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FIGURE 1. Biological sample collection and processing in the AURORA StudyINTRODUCTION
• Adverse posttraumatic neuropsychiatric sequelae (APNS) such as

posttraumatic stress, depression, and persistent pain are common following
traumatic stress exposures.

• Little is known about the underlying biological mechanisms driving APNS
development and persistence. Increased understanding of genetic and
molecular mechanisms could lead to the development of novel therapeutic
strategies to prevent and treat APNS.

• In addition, few risk biomarkers have been identified that predict APNS1,
limiting the ability of clinicians to accurately identify traumatic stress
survivors who are at high risk of APNS and in greatest need for intervention.

• A recently completed Emergency Department-based longitudinal study of
APNS development, the AURORA study2, collected blood samples from
participants in the Emergency Department (ED; n=3,736) and at 2 weeks
(n=494) and 6 months (n=805) following traumatic stress exposure.

• Here we describe details of blood-based biological sample collection and
data processing from the AURORA study.

AIMS
- To collect high-quality participant blood and blood-plasma samples from men
and women enrolled in the AURORA study at three timepoints following
traumatic stress exposure.
- To process participant samples and generate high-quality blood-based
analyte and -omic data (genetic, epigenetic, transcriptomic, miRNomic).
- To leverage this data to identify promising risk biomarkers and to elucidate
molecular mechanisms of APNS development/persistence.

METHODS  
Sample collection – Blood was collected from participants into DNA PAXgene, RNA
PAXgene, and EDTA tubes in the Emergency Department (ED), and 2 weeks and 6
months following traumatic stress exposure. Venipuncture was performed by research
assistants in the ED. For the follow-up timepoints, participants either returned to the ED,
had blood collected while following up for neuroimaging visits, or had blood collected via
mobile phlebotomy. EDTA tubes were processed into plasma within 30 minutes of
collection. All tubes were frozen at -20C until shipping. To ensure high quality sample
collection, sample metrics such as blood volume, time to process, time to freeze, and
plasma color/turbidity were continuously assessed and improved throughout the study
enrollment and follow-up periods.
Sample shipping and storage – All samples were shipped in batches on dry ice from
study sites to the NIMH Repository & Genomics Resource (NRGR). DNA was isolated
from DNA PAXgene tubes upon arrival to the repository using magnetic bead technology
via Chemagic 360 instrumentation. Samples were immediately processed on a SNP trace
(Fluidigm) to confirm sample identity and quality.
Sample processing – DNA genotyping was performed on all participants using the Global
Screening Array (Illumina). All other blood-based biological sample processing, including
CpG methylation (EPIC array, Illumina), total RNA sequencing, small RNA sequencing,
and plasma protein/hormone quantification (LC-MS, ELISA, MesoScaleDiscovery) was
performed on a subset of AURORA participants, with prioritization of participants whose
blood was collected at all three timepoints.
• DNA sample processing- Genotyping: A total of 3,668 samples were genotyped at the

Stanley Center/Broad Institute using the Infinium Global Screening Array-24 v1.0
(Illumina Inc., San Diego, CA) across five batches between June 2019 and November
2021. A total of 688,032 variants were queried on the array. Genetic data was cleaned
and subsequently imputed to generate over 13 million total SNPs. Genetic data was
used to estimate genetic sex and genetic ancestry and to calculate polygenic risk
scores.

• RNA sample processing- RNA was isolated from PAXgeneRNA tubes using PAXgene
blood miRNA kits (Qiagen) and RNA integrity was assessed using TapeStation
(Agilent). Total RNA: Libraries were constructed using TECAN genomics UniversalPlus
Total RNA Seq kits with rRNA and globin depletion. Sequencing was performed on
NovaSeq S4 (Illumina) using Paired-end, 100bp reads, achieving >100 million reads
per sample. RNA seq reads were aligned to protein coding regions of the genome,
normalized, transformed, and outliers removed. Over 16,000 gene transcripts were
detected above a threshold of five sequencing reads per sample. microRNA: Libraries
were constructed using NextFlex small RNA seq kits v4 (Perkin Elmer/Illumina),
sequenced using NovSeq S4 with Single-end 50bp reads. RNA seq reads were aligned
to mature miRNA sequences, normalized, transformed, and outliers removed. Over
1,100 mature miRNA were detected.

• Plasma processing- Plasma was isolated from whole blood via centrifugation and
aliquoted into 12-250ul aliquots. Aliquots were used to measure multiple analytes. 17β-
estradiol was measured via ELISA. Additional circulating hormones and proteins were
measured via liquid chromatography-mass cytometry (LC-MS). Briefly, the organic
layer was extracted using methyl tert-butyl ether, dried, and resuspended in methanol.
Analyses were performed with a ThermoFisher TSQ Vantage coupled to a Waters
Acquity Classic UPLC. Cytokines were measured via MesoScaleDiscovery following
extensive technical validation testing of multiple analysis platforms.

RESULTS
Blood and blood-plasma were successfully collected from AURORA study
participants at three timepoints following traumatic stress exposure: ED, 2-
weeks, and 6-months. Samples were shipped to NRGR, where they are
currently stored. A subset of these samples were checked out of the
repository and used for data processing as indicated in Boxes A (DNA), B
(RNA), and C (plasma).
Genetic, methylation, total RNA sequencing, small RNA sequencing, and
protein/hormone data from blood-plasma is available for a subset of the
AURORA participants and timepoints as indicated in each box. For data
types with longitudinal samples (i.e. all data types except for SNP-based
genotyping), a further subset of participants have data from multiple
timepoints. For example, n=90 participants have CpG methylation data for all
three timepoints, n=177 have paired CpG methylation data for ED and 2-
week timepoints, and n=553 participants have paired CpG methylation data
for ED and 6-month timepoints.
Limited data analyses were presented. However, data presented, e.g.
polygenic risk scores, differential gene expression analyses, and
assessment of the relationship between peritraumatic 17β-estradiol and
persistent pain outcomes, represents just a small sampling of potential
studies that could be performed with this data.

CONCLUSIONS
•Sample collection is complete, sample processing is still underway (mostly
complete), and data analyses are ongoing. Preliminary quality assessment
data indicate that data collection and processing methods are of high quality
(e.g. blood collected from >95% of all AURORA participants, technical
validation of cytokine level data, etc).
•All processed data will be publicly available via the NIMH Data Archive. For questions
or comments related to this data, please email sarah_linnstaedt@med.unc.edu
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Example analysis using AURORA genetic data: Polygenic risk scores
generated from the largest GWA studies published to date for
posttraumatic stress disorder (PTSD), major depressive disorder (MDD),
and back pain (rows) account for variance in PTS, depressive symptoms,
pain, and somatic symptoms eight weeks following traumatic stress
exposure in an initial subset of the AURORA cohort (genetic ancestry of
participants is ~50%AFR, 35% EUR, and 15% other) (columns).

GWAS (EUR) PTS
(n=854)

Depressive Sx
(n=856)

Pain
(n=838)

Somatic Sx
(n=823)

PTSD 0.75%* 0.54% 1.36%** 1.60%**

MDD 0.56% 0.34% 0.20% 0.14%

Back Pain 0.63%* 1.27%** 1.00%* 0.88%*

Variance (Nagelkerke’s pseudo-R2) explained by polygenic risk scores
(PRS) in predicting posttraumatic stress disorder (PTSD), depression,
pain, and somatic symptoms eight weeks following traumatic stress
exposure in a multi-ethnic cohort. R2 reported is the R2 of the full model
(PRS and age, sex, site, principal component covariates) minus the R2 of
the null model (covariates only). *p<0.05 **p<0.01 n = total number of
cases and controls

Example analysis using
AURORA hormone data.
Relationship between
peritraumatic levels of
circulating 17β-estradiol (E2)
and chronic posttraumatic
musculoskeletal pain severity
in multiethnic women (n=164)
in the AURORA study. For
visualization, data was split
into two groups based on
whether a woman had high
(black circles and black line)
or low (open circles and
dotted line) circulating E2
levels (median split) at the
time of traumatic stress
exposure. # p < 0.05. This
data is consistent with
previously published data
showing the same relationship
between peritraumatic E2 and
chronic pain across three
additional independent sister
cohorts.3

BOX A.1. Single nucleotide polymorphism (SNP)-based genotyping data (n=3,635)

BOX A.2. Methylation data (n=748 ED, n=283 2-week, n=587 6-month
samples)

BOX B. Total RNA sequencing data (sequencing underway, projected final
n=445 ED, n=134 2-week, n=349 6-month samples). microRNA sequencing
data (n=458 ED, n=157 2-week, and n=360 6-month samples).

BOX C.1. 17β-estradiol data (processing underway, projected
final n=746 ED, n=265 2-week, n=581 6-month samples). Interim
data analysis using a subset of the ED samples shown below.

BOX C.2. LCMS derived data, including cortisol,
progesterone, testosterone, norepinephrine, and serotonin
(n=752 ED, n=271 2-week, n=584 6-month samples).

BOX C.3. Mesoscale discovery data, including
IFNγ, TNFα, IL-10, IL-6, IL-8 (n=748 ED, n=165
2-week, and n=583 6-month samples).

Top: For cytokine analyses, our lab performed rigorous comparisons between processing
platforms: Luminex (left), Meso-Scale Discovery (MSD, middle) and singlicate and
multiplex ELISA (ELLA, right). Bottom: We found, using AURORA samples (n=37 across
both platforms) that there was good correlation between quantitation on the MSD and
ELLA. Example graphs shown below for a subset of the cytokines.

Example analysis using AURORA RNA
expression data. Total RNA sequencing data from
samples collected from participants at the ED
timepoint predicts WK8 posttraumatic stress
symptoms (PTSS, assessed via PCL-5 total score,
DESeq2 analysis) (n=254). Statistically significant
predictors of PTSS were identified with a p value
threshold of FDR corrected p < 0.05 (y axis) and
log2 fold change +/- 0.5 (x axis) (red circles). The
top 10 statistically significant gene transcripts are
labeled with their gene names. This analysis will be
repeated/refined following completion of sample
processing for total RNA sequencing, with a final
sample size of n~445. In addition, using this cohort
data, we will be able to examine how PTSS-
associated transcripts persist/change with recovery vs
non-recovery following traumatic stress exposure
(total sample n=928)
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The below correlation
plot shows that
quantitation of IFN-γ
using MSD and ELLA
are highly correlated,
while Luminex does not
correlate with either of
the other platforms, nor
with itself across two
manufacturers. This
analysis was performed
on n=46 pilot samples.

r = 0.794

r = 0.959

r = 0.985Left: methods used to generate
data on genetic variants (SNPs) in
AURORA study participants. Right:
Genetic ancestry as determined
via principal components of SNP
array data from AURORA study
participants (blue dots). Included
as comparison are principal
components of reference super
populations (including AFR
(African), AMR (Ad-mixed
American), EAS (East Asian), EUR
(European), and SAS (South
Asian)).

Right top: Heatmap showing the
top 1000 most variable CpG DNA
methylation sites for the first 600
AURORA samples that were
processed. DNA was isolated at
the NIMH repository, bisulfite
converted (EZ-96 DNA Methylation
Kits by Zymo Research), then
processed on the EPIC beadchip
array (Illumina). Methylation data
was cleaned using the CHAMP
package (R studio), and blood cell
types estimated using this
methylation data. After cleaning,
600,531 autosomal probes
remained (X chromosome CpG
probes will be cleaned at a later
timepoint. Right bottom: DNA
methylation of cytosines at CG
dinucleotides, or CpG sites.
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Left: methods used to quantify
circulating 17β-estradiol levels
in AURORA participant
samples. Right: 17β-estradiol
concentrations in men and
women included in the interim
data analysis shown below.
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Top: Methods used to generate total RNA and microRNA
sequencing data from AURORA study participant samples. Right:
One example of many possible ways in which total RNA/microRNA
sequencing data can be used to test causal relationships between
microRNA and mRNA transcript expression levels (green and gray),
potential mediating factors (yellow), and APNS outcomes (purple).
Shown here is a mediation model using structural equation
modeling to estimate causal relationships. Squares are indicator
variables, ovals are latent variables and λ is the loading factor.

Left: LC-MS methods were used to quantify five analytes (as
indicated) from AURORA blood-plasma samples. Above:
Processing is still underway but preliminary assessment of
analyte detection levels is consistent with published normal
ranges for men and women.

Summary of analyte detection levels (ng/ml) in the first batch of
samples processed from AURORA and two other traumatic stress
survivor studies (n=1039)

Women (n=706) Men (n=333)
mean S.D. mean S.D.

Norepinephrine 0.18 0.15 0.15 0.13
Serotonin 7.35 7.22 8.22 8.99
Cortisol 27.00 17.90 28.00 15.50
Testosterone 0.95 0.64 2.79 2.34
Progesterone 0.55 1.19 0.31 0.54

17β-estradiol concentrations were grouped into high and low
hormone levels based on the median value for each sex.


