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Abstract

Background: The identification of an early biomarker for autism spectrum disorder (ASD)
would improve the determination of risk, leading to earlier diagnosis and, potentially to earlier
intervention and improved outcomes.

Methods: Data were generated from the Early Markers for Autism (EMA) study, a population-
based case-control study of prenatal and neonatal biomarkers of ASD. Newborn bloodspots of
children with ASD (N=370), developmental delay (DD, N=140), and general population (GP,
N=378) controls were analyzed for 42 different immune markers using a Luminex multiplex
platform. Comparisons of immune marker concentrations between groups were examined using
logistic regression and Partial Least Squares Discriminant Analysis.
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Results: Children with ASD had significantly increased neonatal levels of IL-6 and IL-8
compared to GP controls. An increase in IL-8 was especially significant in the ASD group with
early onset compared to the GP group with an adjusted odds ratio of 1.97 (95%CI 1.39-2.83
p=0.00014). In addition, children with ASD had significantly elevated levels of Eotaxin-1, IFN-y,
and IL-12p70 relative to children with developmental delay (DD). We observed no significant
differences in levels of immune markers between the DD and GP groups.

Conclusion: Elevated levels of some inflammatory markers in newborn bloodspots indicated a
higher degree of immune activation at birth in children who were subsequently diagnosed with
ASD. The data from this exploratory study suggest that with further expansion, the development of
neonatal bloodspot testing for cytokine/chemokine levels might lead to the identification of
biomarkers that provide an accurate assessment of ASD risk at birth.
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Introduction:

Autism spectrum disorder (ASD) is a neurodevelopmental disorder defined by social and
communication deficits and repetitive behaviors. ASD is currently estimated to occur in 1—-
2% of children in the United States (1-4). While a number of genetic risk factors have been
identified for ASD, recent evidence has shown that little more than half of the risk for
developing ASD can be attributed to genetic mutations, and over 40% of risk is likely due to
unknown environmental factors (5, 6). There is evidence that a subset of children with ASD
display alterations in immune function including differences in immune cell numbers/
function, immunoglobulin levels, and cytokine/chemokine levels relative to typically
developing controls (7). While activation of the immune system is classically associated
with defense against invading pathogens, there is now evidence that the immune system
plays a significant role in neurodevelopment (8) and in the regulation of neural plasticity
throughout life (9, 10).

Cytokines and chemokines are cell-signaling molecules used by the immune system to
orchestrate the appropriate response to physiological challenges. Most are highly
pleiotropic, serving as immune mediators, growth factors, and chemotactic signals for
cellular migration during development (7, 11, 12). Differences in circulating cytokine/
chemokine levels are amongst the most commonly reported immune abnormalities in
individuals already diagnosed with ASD (13, 14). The numerous studies on immune
dysregulation in ASD suggest that cytokine/chemokine profiles at birth may be useful
biomarkers for predicting risk of ASD (7, 15).

A reliable ASD diagnosis typically not given until at least two years of life (16-18). The
most effective treatment currently available is behavioral intervention, and its success
depends upon initiating treatment as early as possible (19). Neonatal bloodspots are
potentially useful for biomarker discovery. Several large statewide and national programs
conducting universal newborn screening for genetic and metabolic disorders collect and
store newborn bloodspots. These archives provide researchers the ability to retrospectively
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analyze newborn samples for children subsequently diagnosed with various developmental
outcomes. Several studies, including our own group, have examined newborn bloodspots for
cytokine/chemokine differences as potential biomarkers for ASD (20, 21). Inconsistent
results between these studies can likely be attributed to small study sample sizes, differences
in outcome definition and covariate inclusion, as well as assay sensitivity. In our previous
study by Zerbo et al. (20), a significant number of samples had signal levels that fell below
the threshold of detection, limiting the interpretability of the results. However, a high
sensitivity assay has since been developed recently with an expanded set of cytokines and
chemokines for analysis.

The current study was designed to examine whether newborn screening bloodspots cytokine/
chemokine levels could provide early markers for ASD risk in a larger cohort of individuals
than previously analyzed, utilizing a recently expanded high-sensitivity immunoassay.
Moreover, we aimed to examine whether different behavioral subsets within the ASD group
are associated with unique cytokine/chemokine profiles in newborn bloodspots.

Study Population:

Previous publications have described the study population in detail (20, 22). In brief, our
samples were obtained from a large population based, nested case-control study, the Early
Markers for Autism (EMA) study, which was designed to investigate archived biological
samples for markers of exposure and susceptibility to ASD. All study subjects were born
between March 2000 and July 2003 in the same 3 counties in Southern California to women
who participated in California’s prenatal screening program and for whom both a prenatal
maternal blood sample and a newborn bloodspot were available for analysis. The
sociodemographic characteristics of the screened women, which represented 70% of all
preghant women, were similar to the characteristics of all women in study counties and birth
years. Two behavioral groups - ASD and Developmental Delay without ASD (DD) were
initially identified from the California Department of Development Services (DDS) system
of 21 regional centers (RC), which coordinates services for persons with ASD and other
developmental disabilities. A general population (GP) control group was randomly sampled
from the birth certificate files after excluding all past or current DDS/RC clients and
frequency matched to ASD cases by sex, birth month, and birth year. This study was
approved by the institutional review boards of the California Health and Human Services
Agency and Kaiser Permanente of Northern California.

Diagnostic Validation:

For children identified from DDS/RC as ASD or DD, medical record abstractors compiled
detailed diagnostic and clinical data from the RC records according to a protocol developed
by the Metropolitan Atlanta Developmental Disabilities Surveillance Program (23). All
children were between 4.5 and 9 years old at time of record review and abstraction. A
developmental pediatrician subsequently performed an expert clinical review of abstracted
data to confirm the initial DDS/RC diagnosis. A final study classification of ASD was given
if Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-1V) criteria

Biol Psychiatry. Author manuscript; available in PMC 2020 August 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Heuer et al.

Page 4

were met. Final classification of DD was based on standardized cognitive and adaptive test
scores found in RC records, with composite scores of <70 categorized DD, while all scores
>70 or some scores <70 and others =70 was categorized no DD. Additionally, those
classified as ASD were further categorized as “Early Onset” (EO: no statement of loss of
social and/or language skills) or “Regressive” (Reg: clear loss of previously acquired
language and/or social skills); and also classified according to presence (YesID) or absence
(NolD) of intellectual disability. Intellectual disability was defined as developmental/
cognitive score and adaptive composite score <70, as for DD. The final study population
consisted of 378 GP children, 140 children with DD, and 370 children with ASD that were
further broken down into EO/Reg and YesID/NolD subgroups as reported in Table 1.

Specimen Collection:

Capillary blood was collected at birth by heel stick method and spotted onto standardized
filter paper for routine newborn screening of various endocrine, metabolic, and genetic
disorders. After collection, specimens were transported without temperature control by
courier to a regional screening laboratory for testing. Any bloodspots remaining were then
catalogued and stored at —20°C by the California Department of Public Health (CDPH). All
bloodspots included in this study were collected within 72 hours of birth.

Blood Spot Elution:

Dried bloodspot samples were received as three 3mm punches per subject in a single well of
96-well plates and stored at —80°C until elution. For elution, each sample received 200ul of
elution buffer (0.5% BSA in 50ml PBS with 1 tablet of Roche Complete Protease Inhibitor
Cocktail; Roche Applied Science, Indianapolis, IN) and was placed on a plate shaker
overnight at 4°C. The eluates were then isolated from the filter paper spots and a small 4pl
aliquot used for bicinchoninic acid assay (BCA) (Thermo Scientific, Rockford, IL)
determination of total protein to normalize cytokine/chemokine levels against blood sample
quantity variation.

Immune Marker Measurement:

Immediately following overnight elution, neonatal levels of peripheral blood immune
markers were determined using commercially available Luminex multiplex magnetic bead
assays. We combined a Bio-Plex Pro Human Chemokine kit (Bio-Rad, Hercules, CA)
containing a mix of 40 different immune markers (Supplementary Table 1) with two
individual single-plex beads of the same company, interleukin (IL)-12p70 and IL-13. The
assay was run according to the manufacturer’s directions. Briefly, 50 pL of bloodspot eluate
was incubated with fluorescently-labeled capture antibody-coated beads in a 96-well plate
on a plate shaker for one hour at room temperature. After incubation, the sample-bead mix
was removed, washed, and biotinylated detection antibodies added for 1 hour at room
temperature with shaking. The reaction mixture was detected by the addition of streptavidin-
phycoerythrin and incubated on a plate shaker at room temperature for 30 minutes.
Following a repeat of the washing step, beads were resuspended in sheath fluid for 5 minutes
on the plate shaker. Plates were read on a Bio-Plex 200 system (Bio-Rad Laboratories,
Hercules, CA, USA) and analyzed using Bio-Plex Manager software (Bio-Rad Laboratories)
with a five-parameter model used to calculate final concentrations and values (expressed in
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pg/mL). Reference samples were run on each plate to determine assay consistency, and all
samples were run blinded to child developmental outcome.

Statistical Analysis:

Socio-demographic factors were compared across groups using Chi-square tests for
categorical variables and ANOVA for continuous variables. All immune markers were
normalized for sampling variation in blood collection by dividing total protein content in the
eluate as determined by BCA assay. Those that fell below the minimum level of detection
(MLD) were assigned a value of MLD/2. Data were then natural log transformed to reduce
variance and outlier influence. The range for each analyte and median for each behavioral
group, as well as the percentage of samples that fell below the MLD, are reported in
Supplementary Table 1. Immune markers that were highly skewed or had more than 40%
non-detects were divided into quartiles (supplemental Table 2) and dichotomized as follows:
<10% vs. 11-100%; >90% vs. 0-89%. Our previous study on neonatal blood spots indicated
that the most prominent risk effects were found in these strata (20). A single cytokine (GM-
CSF) was detected in less than 50% of samples and was therefore divided into detect vs non-
detect groups for analysis. The majority of analytes were not categorized into quartiles or
dichotomized and were analyzed continuously. Odds ratio (OR) represents a 1 SD change
from the comparison group.

We performed unadjusted and adjusted logistic regression analyses with the child’s
diagnostic group as the outcome of interest and each immune marker as the predictor. We
made comparisons between the three main behavioral classifications, ASD vs GP, ASD vs
DD, and DD vs GP. In addition, the ASD group was further broken down into those with and
without intellectual disability (ASD-YesID and ASD-NolID) and those with Early Onset
ASD (ASD-EO) or Regression ASD (ASD-Reg). Comparisons were then made between
each of these subgroups vs. GP, and vs. DD.

We ran a separate model for each immune marker and included covariates of interest in the
adjusted model that were chosen a priori including: birth type (C-section vs. vaginal),
gender, gestational age at birth, birth weight, postnatal age at bloodspot collection, maternal
and paternal age, maternal and paternal education, birth season, maternal birth place, child’s
birth year, maternal and paternal race, and Bio-Plex plate number. All analyses were run
using SPSS version 22 (IBM, New York, NY).

Partial Least Squares Discriminant Analysis (PLS-DA) was performed to examine whether
different combinations of multiple cytokines could be used to differentiate between child
developmental outcomes (All permutations performed noted in Table 4). Initially, linear
regression analysis was performed on each transformed immune marker individually using
the co-variates stated above to generate residuals for use in the PLS-DA. Eotaxin-2,
ENA-78, GM-CSF, Eotaxin-1, IFN-y, IL-4, MCP-4, and 1L-13 all violated assumptions of
linearity in the linear regression model and were therefore excluded from the PLS-DA. The
PLS-DA was computed using the web-based Metaboanalyst software in accordance with the
protocol by Xia and Wishart (24). Analysis was performed using Leave-One-Out Cross-
Validation (LOOCYV) and prediction accuracy performance measure for determining the
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number of latent variables. The permutation statistic was performed using prediction
accuracy during training with 2000 permutations.

Results:

Population Characteristics:

There were no differences between the GP, DD, and ASD groups with respect to maternal
weight, method of delivery (C-section vs. vaginal), gestational age, age at blood collection,
or year of birth (Table 2). ASD and GP groups were sex-matched by design to reflect the
male bias in ASD, but the DD group was not, resulting in a skew towards females in that
group. Birth weight was significantly lower in the DD group than in the ASD and GP
groups. With respect to parental demographics, the ASD group was more likely to have
parents who were more highly educated, and non-Hispanic when compared to the GP group.
In contrast, children in the DD group were more likely to be born in winter, have parents
who were younger, less educated, of Hispanic heritage, and mothers who were heavier and
born in Mexico when compared to the GP group.

Immune Markers and Diagnhosis:

Only three analytes including ENA-78, Eotaxin-2, and GM-CSF had greater than 10% of
samples with undetectable levels (Supplementary Table 1) and were thus analyzed as
dichotomous variables. Results of all logistic regression analyses for all study group
comparisons are reported in Supplementary Table 2. Table 3 displays analytes with
statistically significant findings for any study group comparisons.

ASD versus GP Controls:

Compared to GP controls, there was increased risk of ASD associated with higher levels of
the inflammatory chemokine IL-8 and cytokine IL-6 (Table 3)(Figure 2).

ASD with and without Intellectual Disability versus GP Controls:

We further divided the ASD group into subgroups based on intellectual disability to
determine if cytokines contributed differently to risk of phenotypically distinct populations
within the spectrum. The inflammatory chemokine IL-8 was the only chemokine for which
higher levels were associated with significantly increased odds of both ASD-NolD and
ASD-YesID compared to GP controls. Higher levels of inflammatory cytokine 1L-12p70,
and chemokines Eotaxin-1 (Q2 and Q4 vs. Q1), and GCP-2 (granulocyte chemotactic
protein 2) were associated with increased odds for the ASD-NolD group only, and the
highest levels of 1L-4 (=90% vs. <90%) were uniquely associated with ASD-YesID.

ASD with Regression or Early Onset vs GP Controls:

We further examined if there were individual cytokines that contributed to risk of developing
either Early Onset or Regressive ASD when compared to GP controls. We found an
increased risk associated with elevated IL-8 in the ASD-EO group relative to GP controls
(Table 3). The ASD-Reg group was unique as a sub-phenotype within ASD, with an increase
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in the chemokines BCA-1 (B cell-attracting chemokine 1) and Eotaxin-3, and the regulatory
cytokine IL-10 in association with elevated risk relative to the GP controls.

ASD versus DD controls:

When compared to DD controls, increased odds of developing ASD were associated with
significantly higher levels of the inflammatory cytokines IL-12p70, IFN-y (Q2 vs Q1), and
the chemokine Eotaxin-1 (Q3 and Q4 vs Q1), but lower levels of TNF-a (<10% vs >10%)
(Table 3).

ASD with and without Intellectual Disability versus DD Controls:

Both the ASD-NolID and ASD-YesID groups demonstrated increased odds corresponding to
higher levels of IL-12p70 and Eotaxin-1 (Q3 vs. Q1) relative to DD controls (Table 3). The
odds of ASD-NolD were elevated with higher levels of Eotaxin-1 (Q4 and Q2 vs. Q1),
6CKINE (T cell chemoattractant with angiogenic properties), 1L-13 (Q4 vs. Q1), and GCP-2
when compared to DD controls. The odds of ASD-YesID were elevated with higher levels of
IFN-y (Q2 vs Q1) and Eotaxin-1 (=90% vs <90%) when compared to DD controls (Table
3).

ASD with Regression or Early Onset vs DD Controls:

Similar to the ASD group as a whole, we found increased odds of ASD-EO associated with
higher levels of IL-12p70, IFN-y (Q2 vs Q1), Eotaxin-1 (Q4 and Q3 vs Q1), and 6CKINE
relative to the DD group (Table 3). The risk of developing ASD-Reg relative to DD is also
increased with higher levels of IFN-y and Eotaxin-1 (Q4 vs. Q1), but unlike ASD-EO,
decreased risk with higher levels of MCP-4 (chemoattractant for monocytes and T cells)
(>10% vs. <10%) (Table 3).

DD versus GP:

We observed no significant differences in any of the immune marker levels measured for the
DD group relative to the GP controls (Supplementary Table 2).

ASD with Intellectual Disability versus ASD without Intellectual Disability:

When considering the ASD-YesID phenotype relative to the ASD-NolD phenotype within
the ASD group we found that elevated levels of Eotaxin-1 and CTACK (cutaneous T-cell-
attracting chemokine) were associated with lower odds of ASD-YesID compared to ASD-
NolD (Table 3).

PLS-DA Multivariate Analysis:

Individual immune marker data, independent of diagnosis, were subjected to a linear
regression analysis with the same covariates as the logistic regression model above.
Residuals generated through this analysis were used as adjusted data points for inclusion in
the PLS-DA model. Figure 1 is a representative analysis comparing the GP and ASD groups,
showing the individual subjects plotted in component space, the cross-validation method,
permutation statistic, and the top 15 Variable Importance in Projection (VIP) scores. The
VIP scores are a weighted sum of squares of the PLS loadings that takes into account the
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amount of Y-variance explained by each component. In Figure 1, when comparing ASD vs
GP we find IL-8 and IL-6 as the most important variables, replicating our findings in the
logistic regression analysis, with all other group comparisons summarized in Table 4. Using
the available immune marker data, we were unable to differentiate between behavioral
groups when plotted in component space. Likewise, a significant number of randomizations
outperformed the predictive power of our behavioral group labels in the permutation test
statistic. These results suggest that while there are individual cytokine and chemokine levels
that are significantly different between ASD and GP controls, there were no obvious
combinations of cytokine and/or chemokines that could differentiate across case status.

Discussion:

The goal of this study was to examine cytokine and chemokine levels in neonatal bloodspots
as potential early markers for ASD risk. The high sensitivity assays used herein proved to be
an efficient detection method as only three analytes remained at undetectable levels in
greater than 10% of the samples, delivering the most extensive analysis of newborn
cytokines and chemokines to date. Most notably, we found an increased risk of ASD
associated with select markers of immune activation when compared to GP and DD controls,
but surprisingly no such associations for the DD group compared to GP controls.

In previous work using a less sensitive assay, Zerbo et al. found increased levels of MCP-1
and decreased levels of RANTES in the newborn bloodspots of ASD cases compared to
general population controls (20). In addition, they also found decreased neonatal levels of
both MIP-1a and RANTES in DD cases compared to GP controls. In the present study,
MCP-1 levels were found to be comparable between all groups, whereas levels of MIP-1a
were slightly higher in the ASD-Reg group compared with the GP controls. Unfortunately,
RANTES was unavailable for inclusion in the high sensitivity Kit used in the present study
so no direct comparisons between studies can be made for this chemokine.

In comparison to previous studies on neonatal bloodspots from non-EMA sample
populations, this study finds an increased risk of ASD with intellectual disability associated
with elevated levels of IL-4 compared to GP controls and IFN-y when compared to DD
controls, which is in direct contradiction to the findings of Abdallah et al. (25) where they
noted decreased levels of IFN-vy, IL-4 and IL-10. However, these data are in agreement with
a study by Krakowiak et al. (21) which demonstrated an increase in IL-4 in individuals with
ASD associated with increased odds of what is referred to as severe ASD (Autism
Diagnostic Observation Schedule comparison score =7). We find a similar tendency in this
study with an increase in IL-4 uniquely associated with greater odds of ASD-YesID, what
some would consider a more impaired form of ASD. The inconsistencies in findings
between this study and previous studies can likely be attributed to advancements in the
Luminex methodology and reagents. In addition, the current study had significantly more
samples per group compared to the three previous studies on neonatal blood spots, providing
more statistical power to the analysis.

Our findings of increased risk of ASD associated with elevated neonatal levels of the
inflammatory cytokines/chemokins IL-8 (ASD compared to GP controls), IL-12p70 and
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Eotaxin-1(ASD without intellectual disability compared to GP controls), and IFN-y (ASD
(total and YesID) relative to DD controls) are of particular interest. The chemokines IL-8
and Eotaxin-1 are upregulated in response to local innate immune activation thereby
recruiting neutrophils and eosinophils that phagocytize debris and aid in tissue remodeling,
respectively. The results for IL-8 suggest early differences in immune function between
those children with early onset ASD, and those with the regressive form of the disorder.
Increased IL-8 in neonatal serum is also associated with other neurological disorders
including Cerebral Palsy (26, 27) and seizures induced by hypoxic-ischemic encephalopathy
(28). Likewise, children experiencing a traumatic brain injury have dramatically increased
IL-8 in the CSF and measurable levels in serum that correlate with unfavorable outcomes
(29). Given these numerous associations between IL-8 and damage to the CNS, our data
may implicate IL-8 as an indicator of early neuro-immune dysfunction in children with
ASD, especially those that experience an early onset of symptoms.

IL-12p70 is an innate immune cytokine that initiates inflammation and drives the
development of IFN-y producing T-cells thereby perpetuating a pro-inflammatory
environment. While very little is known about the exact mechanism by which cytokines may
influence neurodevelopment and ASD related behavioral outcomes, several other studies
have found the presence of pro-inflammatory cytokines to be associated with ASD (7, 12,
30). Previously, circulating levels of IL-6, IL-8, 1L-12, and Eotaxin-1 were elevated in
children with ASD post-diagnosis between the ages of 2-5 years (31, 32). These related
findings suggest that blood levels of these inflammatory cytokines could be a persistent
phenotype of the ASD population. Studies are underway to explore this further.

We also performed a multivariate analysis on select immune markers to assess whether
combinations of immune markers would be able to predict behavioral outcome. The PLS-
DA method was unable to clearly distinguish between behavioral groups. Thus, our results
suggest that there is no obvious neonatal cytokine or chemokine combined profile that
predicts child developmental outcome.

It would be of further interest to explore the relationship between altered cytokine/
chemokine levels in newborn blood spots and the maternal cytokine profile during gestation.
A preliminary analysis using the maternal samples linked to our neonatal specimens was
limited by the lack of measurement of the same analyte in both maternal and neonatal
samples; the 15 cytokines/chemokines that did overlap had no correlation (33). While the
initial exploratory analyses were not conclusive, we will continue to address the relationship
between the maternal and neonatal cytokine profile in ongoing studies.

Limitations of this study, and the EMA population in general, include the method by which
behavioral groups were classified. Subjects from the EMA study did not undergo
standardized clinical evaluation by the research team, but rather diagnosis was dependent on
expert review of abstracted medical records as part of diagnostic eligibility for
developmental services from regional centers. Since we did not have deep phenotypic data
on the children in this study population, we examined associations by standard subgroups
(onset type, ID status) and did report some differences across subgroup. However, a more
refined examination of ASD phenotype in relation to neonatal biological markers is clearly
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important and could be addressed in other study populations with prospective data collection
and longitudinal follow-up of children. Our analyses were limited by the information
routinely collected on birth certificates which did not include many potentially relevant
environmental factors. However, there is no evidence that these factors are associated with
neonatal cytokine/chemokine levels, and as such, they are unlikely to confound the
associations we observed. While no consistent 1Q test was performed on all children, ID
status was determined in a consistent manner based on the cognitive assessment that was
performed. In addition, the environmental conditions of bloodspot samples were not
controlled during transportation, which might have led to degradation of sample integrity.
However, this limitation applies equally to all bloodspots, so while actual levels measured in
the samples may have been subjected to this degradation, the relative levels of cytokines and
chemokines between individual samples should not be affected. Finally, as newborn
bloodspots are taken at a single time point, we are limited in that these data reflect a
snapshot of the infant circulating cytokines and chemokines at birth. Future studies that
evaluate the child’s immune function over time would be of great interest.

Despite these limitations, our study was strengthened by the use of a highly sensitive assay
for immune markers, which resulted in an increase in the number of cytokines and
chemokines detected compared to previous studies. Further, our study utilized a significantly
larger sample size than previous studies, allowing for the examination of different behavioral
subgroups within the ASD population. The findings from this exploratory study require
replication and extension in future studies to examine the involvement of immune molecules
in the development of ASD in early life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:

Representative Multivariate Analysis between ASD and GP groups on Linear Regression
Residuals Using PLS-DA to determine combined cytokine profiles. A.) PLS-DA 2D score
plot. B.) Bar plots showing the three performance measures using different numbers of
components. The red “*” indicates the measure used for this analysis. C.) The top 15
immune markers ranked by VIP score. D.) The results of permutation tests summarized in a
histogram with the observed statistic highlighted by red arrow.
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Figure 2:
Representative scatterplot of data from ASD and GP subject for IL-6 (A) and I1L-8 (B). Data

are presented as a ratio of the cytokine concentration/total protein concentration of the
bloodspot eluate. This was done to normalize differences based on total protein content of
the eluate.

Biol Psychiatry. Author manuscript; available in PMC 2020 August 15.



Page 15

Heuer et al.

Author Manuscript

‘T al1qeL

Author Manuscript

L2 umouxun
08T ON
€91 SOA

Aungesip [enosj el

6 umouxun

6 anissalfoy

69¢ 19sU0 A3
ELTSRENTTe)

suoneayisseld dnoabgns sy

0Le (aswv) Japiosig wnuads wsnny
orT (aq) Aejaq rewswdolanag
8.E (49) uonejndod [essuss
s108lgns Jo JsquinN UOIBINISSE[D [eJ0INRY3g

$103[qng Apms Jo uonealIsse|

Author Manuscript Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2020 August 15.



Page 16

Heuer et al.

JeaA yuig
%9'lz 20T %T'Zl LT %z v8 JETI)
%0€C S8 %T'Zr 65 %98 80T 0AIX3IN
0000 0000  TTO %S'6y €81 %LSY  ¥9 %g6y 981 sn
80e|d YIS [eUIBIEIA
%9TZ 08 %L0Z 62 %ezz  v8 Ired
%9'82 90T %6'7C € %g'LZ  SOT Jswwins
%T'TE  GIT %LOE &Y %STE 6T Bunds
9600  TSTO €660  %98T 69 %LST  9€ %S8T 0L B
uoseas yuig
%r'TZ 6L %0's L %y9T 29 PeI9-1sod
%6'vy 99T %6'LZ 6 %0'9e  9€T Elil[[ve]
%Z6T  TL %008 2¥ %6'SC 86 Peio SH
0000 0000 2000  %9%T  ¥§ %T'LE TS %L1 28 pel SH ss97
uoleINp3 |eulsled
%S6T 2l %9 6 %9YT S PeID-1s0d
%y'sy 89T %982 OF %6'eE 821 aba|j00
%e0Z  SL weVZ  vE %0'LZ 20T peIo SH
0000 0000 0000  %6%T  SS %LOY LS %IvZ €6 pelD SH $597
uoIeINP3 [eulale
%181 19 %9°EY 19 %L LT 19 dlewsd
0000 0000 1680 %618  €0€ %r'9s 6L %eZ8  TIE e
Japuao
%6'T. 992 %y'T. 00T %Szl vz [euIBeA
0ST0 0820 9980  %I'8Z  vOT %982 OF %S'LZ ¥l Uon9ss-o
adALymg
do aa do % u % u % u
sAQd sAdQSVY  sAdSY
anfeA-d (0Lg=U) (ovT=U) (8Le=U)
asv ad d9
uoneindod Apms wsnny Joj siaxteiN Aj4e3 ayl Jo SolsLIsidrRyD
¢ 9l|qeL
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2020 August 15.



Page 17

Heuer et al.

WAONY pue asenbs-1yd Aq paulwslap sanjea-d “uonejndod [elauas) :d9 ‘Aejap eiuswdolana@ :q ‘1apJosip wnioads wsnny :asy

€6000 €500 ¢TI0 Srve TGTST  96'9€ 76'95T €8'€e 68'67T (sg1) 3uB1am [eusoreN
9570 2000  7.TO 96709 29°T€  TSWTL  Y9E0E 20109 809°T€E abyv [eusared
LT00 0000 €600  9529'G G06'62  TCee9  T.89C 6EVY'S 16,82 (s1eaf) 3By [eusareN
€100 T000  6.60  68EV'66Y €EOT6YE TEGEYS LST'E8CE  LSOV'08y  2GE'SSYE  (sweib) ubrom yuig
0660 ¢S60  000T S8BT v29TE  VBLE'ET  LS6CE TGLLTT  LY6'TE uo01399]109 J0ds
poojq 1e (sinoy) aby
T¢60  000T 8050  B0BYET  GEG'S/Z vyy6'yT 98L°GLC  8088CT  V8FLLZ (skeq)
aby [euoneisan
do aa do as  uesy as ues| as uesi
SAQd  SAQSY  SAQSY
anjen-4

%6'T9 62¢ Wy'TE v %695 104 a1uedsiH-uoN

0000 0000  €9T0  %T'8E 14 %989 96 %TEY €97 oluedsiH
Aud1uyig feusred

%Z'C9 0T Wy'TE v %8S L0T a1uedsiH-uoN

0000 0000  ¥00 %8'LE ort %989 96 %2 S LT oluedsiH
Auduyig reussren

%6'7T G5 %TeT LT %0'7T €5 £00C

%LTy 85T %6'.E €S %L 07 ST 2002

%6'vC 26 %y'9e L€ %6'Ge 86 1002

vST0  GECO0 €880  %9LT 59 %9€C €€ %E 6T €L 0002

do aa do % u % u % u
sSAQQ  SAQSY  SAQSY
anfeA-d (0L€=u) (ov1=U) (8L€=U)
asv aa do

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2020 August 15.



Page 18

Heuer et al.

(95
-77) vz, €-NIXVLO3
(g2
-T1)87%, 1vod
(60
-20) m.om AJVLD
(08-2zTTE, Or-01)2T, Z-dDo
(v _
-1, %062 711
(60-10) 70, %0T< B-dNL
Tr-1171%, yO €T-1
(8e-0T)6T, Tv-0117g, INIO9
(80 Gr-11 €7 tTe-0De
-20)50, » 1€-0T)87, Z0 T-NIXV103
o ) 1 (17 ) 1 o ) 1
(6e-11) 1T, -1 12, Ev-01)1g, (6€-TTT7T, €0 T-NIXV.LOT
®9 (8e-0T1)07C (8s-vT)62, (Mr-2TT)CT (Te-118
-eT) 0%, 0 7 7 1e-11)87, O T-NIXVL03
(€9 ) (g ) o
ez, CVTIDG ey €v-cveg, 20 BN
) o (Lg o) 0 pT) ToT) -
(oL ivmmq 0D ¥, (56 @:2@ (T9 ivaQ Lv-11)2T, 0,dzT-11
e 91
-0 YT,
(8z- (82 o) o e
e 61T, -zDer, FTCTTDIL, oy 8-l
2 q q
aloN agsa agsa adsa aasa agsa dosa dosa dosa dosa dosa
-asy sA Bay 03-asv alssA dlIoN asv Boy o3 aissA aloN asv
alssA -asy -asv -asv -asv -asvy -asv -asy
-asvy

Author Manuscript

ApnS VINT 3yl Ut s1axel aunwiw 10y (12 %G6) soley sppo paisnipy Juediiubis
‘€ 9|qelL

Author Manuscript

Author Manuscript

Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2020 August 15.



Page 19

Heuer et al.

1000 VO_Q

700°0< d AHo.oQ

10°0=d <500,

'90U812J8J 3} Se 9%40TS ash (950T<) SOITeJ SPPO 90T SAOQY “32UBIa4a4 BU} Se 906> 3N (%606<)
SOITeJ SPPO %06 3N0qY vO pue ‘€O ‘20 10} 8dualagal sy se pasn sem TO SasAfeue aj1uend) 104 'z ajqel Arejuswalddns wouy [D %S6 pue abueyd s T Bunuasaidal soey sppo paisnipy weaiubis

(80
-10)€0, %0T< v-dOW
(rs-0T1)€2 eT-dIN
(02
~TN L, o

dioN aasa aasa aasa aasa aasa do s dO sA do s dO SA do sA
-dsy sA fiay 03-asv aissA aioN asv Bay o3 aissa aioN asv

aissa -asv -asvy -asv -asv -asv -asv -asv

-asv

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2020 August 15.



Page 20

Heuer et al.

frad] 03-asvsn  Bay-asv
€8T°0 dION-ASV SA  dISsA-ASV
080 aasn Bey-asv
06€°0 aasa  03-asv
L¥80 aasa  dissA-asv
0.¥7°0 daasa  dioN-asv
0T¥'0 aasan  asv

056°0 dosn  Bay-asv
0TL0 dOsA  03-dsv
Lv8°0 dOSA  dIseA-ASVY
0.¥°0 dOSA  dION-ASV
0660 dOsA  ad

08€°0 dOsA  AdsV
anjen-d sdnoio

"VAd-S1d Ag suonaessiul dnoub (e 1oy Sa1ISIelS uoneInwiad

‘¥ al1qeL

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2020 August 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Heuer et al.

Key Resource Table

Page 21

Specific Reagent or

Resource Type Resource

Source or Reference

Identifiers

Additional Information

Add additional rows as
needed for each resource type

Include species and sex
when applicable.

Antibody
Bacterial or Viral Strain
Biological Sample

Cell Line

Roche Complete Protease

Chemical Compound or Drug Inhibitor Cocktail

Pierce bicinchoninic acid

Commercial Assay Or Kit protein assay (BCA)

Bio-Plex Pro Human
Chemokine kit

Deposited Data; Public
Database

Genetic Reagent
Organism/Strain

Peptide, Recombinant Protein
Recombinant DNA

Sequence-Based Reagent
Software; Algorithm

Transfected Construct

Other

Bio-Plex Manager software

Include name of
manufacturer,
company, repository,
individual, or research
lab. Include PMID or
DOl for references;
use “this paper” if new.

Roche Applied
Science, Indianapolis,
IN

Thermo Scientific,
Rockford, IL)

Bio-Rad, Hercules, CA

Bio-Rad, Hercules, CA

Include catalog numbers, stock
numbers, database 1Ds or
accession numbers, and/or
RRIDs. RRIDs are highly
encouraged; search for RRIDs
at https://scicrunch.org/
resources.

Millipore Sigma #11697498001

#23225

#171ak99mr2

Comes with the BioPlex200
reader

Include any additional
information or notes if
necessary.
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