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ABSTRACT

Objective: To explore gene expression after moderate blast exposure (vs baseline) and proteomic
changes after moderate- (vs low-) blast exposure.
Methods: Military personnel (N 5 69) donated blood for quantification of protein level, and peak
pressure exposures were detected by helmet sensors before and during a blast training program
(10 days total). On day 7, some participants (n 5 29) sustained a moderate blast (mean peak
pressure 5 7.9 psi) and were matched to participants with no/low-blast exposure during the
training (n 5 40). PAXgene tubes were collected from one training site at baseline and day 10;
RNA-sequencing day 10 expression was compared with each participant’s own baseline samples
to identify genes and pathways differentially expressed in moderate blast-exposed participants.
Changes in amyloid precursor protein (APP) from baseline to the day of blast and following 2 days
were evaluated. Symptoms were assessed using a self-reported form.
Results: We identified 1,803 differentially expressed genes after moderate blast exposure; the most
altered network was APP. Significantly reduced levels of peripheral APP were detected the day after
the moderate blast exposure and the following day. Protein concentrations correlated with the magnitude of the moderate blast exposure on days 8 and 9. APP concentrations returned to baseline levels 3 days following the blast, likely due to increases in the genetic expression of APP. Onset of
concentration problems and headaches occurred after moderate blast.
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Conclusions: Moderate blast exposure results in a signature biological profile that includes acute
APP reductions, followed by genetic expression increases and normalization of APP levels; these
changes likely influence neuronal recovery. Neurol Genet 2017;3:e186; doi: 10.1212/
NXG.0000000000000186
GLOSSARY
ANOVA 5 analysis of variance; APP 5 amyloid precursor protein; AUC 5 area under the curve; cDNA 5 complementary DNA;
CV 5 coefficient of variation; qPCR 5 quantitative PCR; RNA-seq 5 RNA sequencing; TBI 5 traumatic brain injury.

Proximity to a blast explosion results in exposure to an overpressure wave and can result in injury to
the brain and body. In the military, overpressures occur due to a variety of sources including artillery
and improvised explosive devices. At least 30% of military personnel involved in the Operation Iraqi/
Enduring Freedom campaigns had a mild traumatic brain injury (TBI) as a result of blast exposure.1
Thus, there remains an impetus to better understand the molecular mechanisms underlying blast
exposure, and the extent to which these biological changes account for behavioral, psychological, and
cognitive symptoms to guide clinician decision-making and the development of novel therapeutics.
Examination of gene activity through genetic expression analyses allows for the unbiased
identification of pathways related to brain injury, including proteomic candidates. Previous
studies in civilians with acute nonblast injuries,2 as well as in military personnel with a mix
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of blunt force TBIs and blast-induced TBIs
(biTBIs),3 suggest that gene activities change
following head injuries; however, previous
studies have not acquired baseline samples,
resulting in an inability to control for individual variability. The objective of this study was
to identify biological pathways implicated in
biTBIs in a cohort of military personnel who
participated in a blast-related training. We
hypothesized that moderate blast exposure
would result in differential gene activity, determined through RNA sequencing (RNA-seq),
when comparing postmoderate blast blood
samples collected on day 10 with each participant’s own baseline. This study is an initial
examination of the association of changes in
gene activity following moderate blast exposure in humans. Following this, we confirmed
gene expression by performing quantitative
PCR (qPCR) and examined proteins implicated in these gene-activity changes.
METHODS Standard protocol approvals, registrations,
and patient consents. Across 3 separate training sites, 108
active duty military personnel provided written informed consent
to participate in this study while engaged in training as either
students or instructors. All protocols were approved by the Institutional Review Boards at the Naval Medical Research Center
and
Walter
Reed
Army
Institute
of
Research
(NMCR#2011.0002; WRAIR#1796).4 There is no clinical trial
identification number associated with the present study.

Participants. Inclusion criteria for the present study included
the following: (1) be active-duty military service member
participants, (2) be enrolled in an advanced blast training
program at 1 of 3 sites, and (3) be willing to provide blood
samples. The 3 training sites used similar breaching blast exposures across a 2-week period, although the frequency and
type of explosive charges used differed. All sites had standardization of data and biological sample collection. The
participants in this study were representative of the larger
military population from which they were drawn. On day 7,
some participants (site 3) experienced a moderate blast, with
a peak pressure greater than 5 psi (n 5 29), and all were
included in the present study. Participants from the other 2
sites served as no/low-blast controls (n 5 79) but were
excluded if they experienced a blast exposure exceeding 2 psi
during the entire training program (n 5 29), or did not have
blood sampling on the days examined (n 5 10). Prior to laboratory analysis, the moderate blast and no/low-blast groups
were matched on demographic factors (age and duration of
military service) and previous blast exposures; data for race/
ancestry were not available and thus were not used during
matching. We undertook a group matching method, with at
least a 1:1 ratio of cases to controls. At the end of every training
day, regardless of blast exposure, participants had blood drawn
and completed behavioral measures of symptomology.
Demographic and blast characteristics. Baseline data were
collected on day 1 of training, including demographic
2
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characteristics, duration of military service, and prior blast exposure, using a previously described survey.4 Symptoms related to
blast exposure were assessed using a symptom questionnaire4 to
determine the onset of symptoms including headache, dizziness,
nausea/vomiting, sensitivity to sound, sleep disturbance, fatigue,
irritability, depression/sadness, frustration, anxiety, poor memory, poor concentration, longer thinking, blurred vision, light
sensitivity, double vision, and loss of balance. The onset of symptoms was determined if the participant reported symptoms on day
7, 8, or 9, which were not reported at baseline. Participants also
provided blood samples on day 1 and on each day of training.
Bilateral sensors (Micro Data Acquisition System, mDAS;
Applied Research Associates, Inc., Albuquerque, NM) affixed
to each participant’s helmet were used to record blast exposures
on all training days; the average of the right and left sensors was
used as raw data for peak overpressure (measured in psi). The
helmet monitoring system has a threshold of 0.4 psi and records
changes in ambient pressure, based on both the technological
specifications of the sensors and considerations for signal-tonoise ratio.

Blood sampling. Blood for protein quantification was drawn
from all participants on each training day between 1:600 and
1:800 hours, processed for serum, and stored at 280°C until
processing. At 1 of 3 training sites, PAXgene tubes were collected
at baseline and repeated on day 10; because all moderate blast
cases (n 5 29) occurred on day 7 at this site, this enabled us to
evaluate gene expression changes from baseline to 3 days following moderate blast. Tubes were inverted 8–10 times and were
placed upright for 2 hours at room temperature, at which point
they were then moved to a 220°C freezer for 24 hours, and then
to a 280°C freezer until processing.
Laboratory methods. Matching of cases and controls was completed prior to running any laboratory assay. A complementary
DNA (cDNA) library was prepared by random fragmentation
of the cDNA followed by 59 and 39 adapter ligation. A total of
58 samples from 29 participants in the moderate blast-exposed
group obtained at baseline and day 10 were assessed with RNAseq using an Illumina HiSeq 2500 ultra–high-throughput
sequencing system with paired-end 101 base paired-end reads. A
subset of 4 genes that were found to be dysregulated in RNA-seq
were validated using real-time qPCR with TaqMan assay-ondemand. Briefly, a high-capacity reverse transcription kit
(Applied Biosystems, Foster City, CA) was used to synthesize
cDNA from 10 mL of total RNA. One-tenth of diluted cDNA
was mixed with TaqMan assay-on-demand and TaqMan gene
expression master mix solution (Applied Biosystems). Triplicate
reactions each totaling 6 mL were analyzed using qPCR
(QuantStudio 6 Flex; Thermo Fisher Scientific, Waltham, MA);
the data were processed with QuantStudio Real-Time PCR
Software version 1.1 (Applied Biosystems).
For protein analysis, amyloid precursor protein (APP) was chosen
because (1) the statistical significance reflects the upregulation of APP
after moderate blast (vs baseline); (2) the position of APP serves
as a central hub in the ingenuity pathway analysis (IPA) diagram
(figure 1)5; (3) the clear biological plausibility for a role of APP in
biTBI pathology is well established in the preclinical blast literature.6–
10
Specifically, APP concentrations were measured for all participants
with an ELISA kit (Thermo Fisher Scientific); samples were randomized to the plates and run in duplicate. The coefficient of variation
(CV) was assessed as a quality control measure; in the present study,
the average CV was 5.7%, and all samples had CVs less than 10%.
Statistical analysis. Overview of analysis. The Statistical Package for the Social Sciences (SPSS; version 22; IBM Corporation,

Figure 1

Ingenuity pathway analysis results depicting APP as the network with the highest score

The network was generated using IPA (QIAGEN INC., qiagenbioinformatics.com/products/ingenuity-pathway-analysis).
APP 5 amyloid precursor protein.

Armonk, NY) was used for all analysis. All figures were developed
using GraphPad Prism. Analysis of variance (ANOVA) was used
to compare the 2 groups (no/low vs moderate blast exposed); p
values were 2 tailed and adjusted for multiple comparisons. Noncontinuous variables were evaluated using the x2 test. Correlations between APP protein levels and blast parameters (psi) were
calculated using Pearson correlation.
RNA-seq analysis. An accuracy of Q30 or higher was
achieved in 94.95% of base calls. A total of 52.2–75.5 million
read counts were performed for each sample. Bioinformatics
quality control was performed using FastQC, version 0.11.5;
both before and after moderate blast, all samples met the quality
control criteria for sufficient integrity based on RNA Integrity
Number and were sequenced. Spliced Transcripts Alignment to
a Reference version 2.5 was used to align to the hg19 reference
genome. The number of reads mapped to each gene was counted
using HTSeq version 0.6.1p1. Differentially expressed genes were
identified using DESeq2 version 1.12.3; the cutoff for false discovery rate by Benjamini-Hochberg method was set to 0.05.
Pathway analysis was performed using IPA version 27821452.
Protein analysis. To compare changes within the 2 groups
over time, a repeated measures ANOVA was performed, and
Bonferroni correction was applied to determine specific time
points where the groups differed. Mean changes from baseline
to days 7, 8, 9, and 10 were calculated and compared using an
ANOVA. To evaluate the utility of APP as a peripheral biomarker
for predicting moderate blast exposure, receiver operating characteristic plots were generated, and the area under the curve (AUC)

was used to determine the performance of changes in APP levels
(from baseline to days 8 and 9) in discriminating between the 2
groups.
Symptom onset analysis. The onset of symptoms was determined if the participant reported having symptoms on days 2–10
that were mild, moderate, or severe and that were not reported at
baseline. The onset of symptoms was determined as a dichotomous variable, and x2 was used to compare the rates of each of the
symptoms. We also used correlations to examine the relationships
between APP changes on the onset of total and individual symptoms, using Pearson correlations.
RESULTS This sample included active-duty service
members in the Army who were men. The mean age of
the sample was 30.42 years (SD 5 4.84) (table 1). The
mean duration of service was 9.94 years (SD 5 4.88),
and 46.3% had more than 40 previous blast exposures.
The groups did not differ in number of exposures reported at baseline and duration of military service.
The onset of symptoms in the moderate blast cases
and no/low-blast controls was compared on days 7, 8,
and 9. On day 7, the onset of concentration problems
(x2 5 5.43, p 5 0.03) and headaches (x2 5 5.62, p 5
0.03) was greater in the moderate blast group, with
rates of 13.79% and 25.57%. On day 8, headache
onset was higher in the moderate blast groups (x2 5
Neurology: Genetics
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Table 1

Demographics and characteristics for the moderate blast- and no/low blast-exposed groups
Moderate blast
exposed (N 5 29)

Low/no blast
controls (N 5 40)

Significance

Mean age in years (SD)

31.2 (4.4)

29.8 (5.1)

F1,68 5 1.49, p 5 0.23

Mean years of service (SD)

11.2 (4.7)

9.1 (4.7)

0–9

20.7 (6)

12.5 (5)

10–39

34.8 (10)

40.0 (16)

40–99

17.2 (5)

17.5 (7)

100–199

20.6 (6)

20.0 (8)

2001

6.9 (2)

10.0 (4)

7.30, p 5 0.01), with a rate of 25.57%. There were
no differences in any of the symptoms on days comparing groups (moderate blast group and controls) on
days 1–6, or 9–10, p’s . 0.30, or in the onset of these
symptoms between the groups on days 2–6 or 9–10
(p’s . 0.30). Changes in APP did not correlate with
the total number of symptom onset (p . 0.30) or
with any individual symptom onset (p . 0.30).
Statistical analysis of RNA-seq data identified 1,803
genes that were differentially expressed after moderate
blast exposure (vs baseline), as evidenced by a log2 fold
change with an adjusted p value , 0.05. The 1,803
dysregulated genes included 746 upregulated genes and
1,058 downregulated genes following a moderate blast
exposure (tables e-1 and e-2 at Neurology.org/ng); the
top 20 up- and down-regulated genes are summarized in
table 2. The IPA results showed that the APP gene
network had the highest network score (value 5 43)
following moderate blast (figure 1). Real-time qPCR
was used to validate the expression changes for 4 genes
related to APP, including genes involved in APP processing and genes whose products interact with APP,
namely amyloid precursor protein (APP), amyloid
precursor–like protein 2 (APLP2), nicastrin (NCSTN),
and NEDD8-Activating Enzyme E1 Subunit 1
(NAE1). Upon qPCR validation, dysregulation of these
genes was confirmed (p 5 0.00083476, p 5 0.000105,
p 5 0.000673, and p 5 0.043145, respectively).
Differences were observed in the pattern of APP
concentrations over time (F1,68 5 12.39, p , 0.01)
with the moderate blast group having reductions on
days 8 and 9 (all p’s , 0.05), which then returned to
baseline levels on day 10 (figure 2). The mean change
in APP from baseline to day 8 differed (F1,60 5
18.74, p , 0.01) and day 9 (F1,59 5 20.49, p ,
0.01) in the moderate blast exposure group compared
with the no/low-blast group. The mean APP level
reductions on day 8 in the moderate blast group were
4.17 pg/mL (SD 5 3.60), compared with mean
increases of 0.41 pg/mL (SD 5 2.90) in the no/
low-blast group. On day 9, the moderate blast
4
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F1,61 5 3.22, p 5 0.08
x2 5 3.01, p 5 0.32

No. of prior explosive breaches and artillery fires, % (no.)

exposure group had mean APP level reductions of
3.28 pg/mL (SD 5 3.71), compared with reductions
of 0.98 pg/mL (SD 5 3.01) in the no/low-blast
group.
The mean changes in APP from baseline tended to
correlate with the peak pressure measurements on day
8 (r 5 0.62, p , 0.01) and day 9 (r 5 0.59, p ,
0.01). The mean changes in APP from baseline did
not correlate with day 7 peak pressure measurements
(p . 0.10, figure 3, A–C). Last, the AUC analysis
revealed that the change in APP from baseline to day
8 (AUC 5 0.802, 95% confidence interval: 0.683–
0.918, p , 0.001) and to day 9 (AUC 5 0.800, 95%
confidence interval: 0.687–0.914, p , 0.001) distinguished moderate blast-exposed participants from
those who experienced no/low-blast exposure.
DISCUSSION The primary finding of the present
study was that APP protein concentrations significantly reduced acutely following a moderate blast
exposure and returned to baseline levels within 3 days
of the moderate blast, addressing the objective of the
study, and proving that our hypothesis that gene activity would change following moderate blast exposure.
This rapid recovery pattern of protein levels may relate
to the observed increases in APP gene activity on day
10 in the moderate blast group. Taken together, these
findings suggest that blast exposure alters the activity of
APP with temporal changes in the biological activity of
the APP gene after moderate blast exposure. A secondary finding was the onset of headaches, concentration
problems, and taking longer to think on the 2 days
following the moderate blast exposure. These findings
provide unique insights into how peripheral gene activity and proteomic activities change following blast and
provide insights into how these changes may relate to
neuronal and symptomatic risks.
The finding of reduced APP levels within the 2 days
following blast was surprising because most preclinical
studies of blast exposures report acute elevations in
APP in brain tissue. Blast exposure of 22 psi resulted in

Table 2

List of top 20 upregulated (A) and downregulated (B) genes in moderate blast-exposed participants

A. Top 20 upregulated genes in blast-exposed personnel

B. Top 20 downregulated genes in blast-exposed personnel

Neurology: Genetics

Gene name

Abbreviation

Log2 fold change

Adjusted p*

Gene name

Abbreviation

Log2-fold change

Adjusted p*

SH3 and PX domains 2B

SH3PXD2B

0.9249

1.35E-05

COMM domain-containing 6

COMMD6

20.7681

4.02E-04

Transient receptor potential cation channel subfamily V member 4

TRPV4

0.7874

1.08E-04

Ribosomal protein L31

RPS3A

20.7529

9.77E-04

Disheveled associated activator of morphogenesis 2

DAAM2

0.7777

6.50E-04

Ribosomal protein 3A

RPL31

20.7517

7.31E-04

MER proto-oncogene, tyrosine kinase

MERTK

0.6767

9.75E-04

Keratinocyte growth factor–like protein 2

KGFLP2

20.7366

5.62E-04

Solute carrier family 9 member 7 pseudogene 1

SLC9A7P1

0.6504

1.35E-04

Ribosomal protein 7

RPS7

20.7309

1.38E-03

ELOVL fatty acid elongase 3

ELOVL3

0.6408

3.18E-03

Ribosomal protein L9

RPL9

20.7144

1.77E-03

Growth factor receptor–bound protein 10

GRB10

0.6395

2.28E-04

MicroRNA 5195

MIR5195

20.6867

1.44E-03

Syndecan 3

SDC3

0.6183

1.28E-03

Ribosomal protein S27L

RPS27L

20.6828

1.02E-03

V-Set and immunoglobulin, domain containing 4

VSIG4

0.6086

2.12E-03

Ribosomal protein L39

RPL39

20.6782

2.22E-03

Semaphorin 6B

SEMA6B

0.6026

1.05E-02

Zinc finger protein 571

ZNF571

20.6691

1.61E-03

Hypermethylated in cancer 1

HIC1

0.5902

1.32E-03

Zinc finger protein 157

ZNF157

20.6580

4.61E-03

Complement component 1, Q subcomponent, B chain

C1QB

0.5842

1.13E-02

Ribosomal protein S24

RPS24

20.6534

1.97E-03

Calcium/calmodulin-dependent protein kinase kinase 1

CAMKK1

0.5763

3.51E-05

Long intergenic nonprotein–coding RNA 1,431

LINC01431

20.6497

3.22E-03

TBC1 domain family member 8

TBC1D8

0.5704

1.08E-04

Ribosomal protein L23

RPL23

20.6493

3.22E-03

Aldehyde dehydrogenase 2 family

ALDH2

0.5688

1.08E-04

Ribosomal protein L26

RPL26

20.6440

3.71E-03

Phospholipase B domain containing 1

PLBD1

0.5672

2.14E-04

Ribosomal L24 domain-containing 1

RSL24D1

20.6437

4.58E-03

Versican

VCAN

0.5616

2.14E-04

Ribosomal protein 15A

RPS15A

20.6420

3.79E-03

CD177

CD177

0.5616

1.00E-02

Cytochrome C oxidase subunit 7B

COX7B

20.6415

3.52E-03

Potassium voltage-gated channel subfamily E regulatory subunit 1

KCNE1

0.5602

1.65E-03

Tubby bipartite transcription factor

TUB

20.6275

6.50E-04

Gamma-glutamyltransferase 5

GGT5

0.5565

1.52E-02

Uncharacterized

LOC100996579

20.6264

5.78E-03
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Figure 2

Average APP concentrations in the moderate (n 5 29) and no/low (n 5
40) blast-exposed groups during the 10-day period

Differences in APP concentrations over time (F1,68 5 12.39, p , 0.01) were observed, with
the moderate blast group exhibiting reductions on days 8* and 9* (p’s , 0.05). APP 5
amyloid precursor protein.

APP reactive axons within the white matter tracks of the
cervical spinal cord in rats at 6- and 24-hour postexposure.7 In a similar study, bAPP1 axonal profiles were
reported on days 1 and 2 in the white matter following
a 70 psi blast.8 Another study showed that APP levels
increased in the brains of rats and mice after blast overpressure, though no evidence of APP staining in axons
was found.10 A similarly designed study reported that an
open-field blast exposure (peak pressure 5 26.1 psi) in
rats led to decreased cerebral blood flow on days 3 and 5
postinjury and an increase in bAPP in the neuronal
perikarya of the cerebral cortex.9 Notably, most preclinical models use higher blast exposure levels to induce
TBIs and examine central changes by analyzing brain
samples directly. This method, however, is not feasible
in clinical cohorts, where peripheral blood is predominantly studied. This study reports decreases in peripheral
APP in a military cohort exposed to primary blast.
It is possible that the acute decrease on days 8 and
9 reported in this study may have clinical consequences. APP has been well established as being elevated in
the brain acutely after biTBIs,6–10 as well as blunt
force TBIs in preclinical models and penetrating injuries in military personnel.11,12 However, it has been
posited that APP plays a neuroprotective role after
TBI.13 Traditionally, the ubiquitously expressed
APP has been considered a marker of axonal injury,
known to increase after TBI and to relate to the
severity of neuronal injury.14,15 APP has also been
implicated in neuronal plasticity and signaling,16 formation of neurites,17 as well as prevention of iron
accumulation and subsequent iron-induced oxidative
damage after TBI.18 Thus, the observed reductions in
the peripheral APP activity may relate to central
changes, as it has been found for central and
6
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peripheral levels of other biomarkers after TBI.19 However, it is also possible that the APP detected was from
well-studied noncentral sources, including platelets,
mononuclear blood cells, and other extraneuronal cell
types20–23; notably, given the whole-body nature of the
blast exposure the military personnel sustained, peripheral expression changes cannot be excluded. APP
changes after blast exposure also may be relevant to
the identification of potential therapeutic targets.
Measuring symptoms acutely, and the months and
years following a blast injury, is critical for creating an
accurate clinical profile for diagnosing and predicting
the trajectory of recovery for biTBI in military personnel. The onset of reported headaches on days 7
and 8 builds on a previous study that found blastexposed military personnel more frequently reported
headaches and tinnitus than those with nonblast injuries.24 While there are previous reports of minimal
differences between the cognitive symptoms after
biTBIs and nonblast TBIs,25 very little is known
regarding the specific cognitive sequelae of biTBI,
in clinical samples. In a study measuring the acute
symptoms following a biTBI and long-term outcomes, loss of consciousness and altered mental status
predicted posttraumatic stress disorder and postconcussive syndrome.26 In the present study, the onset of
symptoms, including taking longer to think and concentration problems observed on days 7 and 8, suggests that biTBIs may initiate immediate cognitive
repercussions that quickly resolve by day 9. A limitation of this study is the lack of longer-term protein
levels and symptom profiles; the trajectory of symptoms may prove critical for guiding the clinical and
rehabilitation recommendations postinjury. Despite
this limitation, however, these findings have important clinical implications for further understanding
acute symptomatic outcomes following blast exposure. Moreover, though the sample was generally representative of the military, it was composed
exclusively of men of a narrow age range and may
not be generalizable to women or older individuals.
Developing a better understanding of APP changes
after blast is important because it is probable that
APP-related pathology may contribute to risk of chronic
neurodegenerative conditions. One study of World War
II veterans found that moderate and severe TBIs were
associated with increased risk of Alzheimer disease,27
a condition also well characterized by changes in APP.
Moreover, a study using post mortem brain tissue of
military members found that among those with a history
of blast exposure, APP1 axonal varicosities were present
in the white matter of the frontal cortex, corpus callosum, cerebellum, and superior cerebellar peduncle.28 The
findings of this study, in the context of existing published evidence, suggest that changes in APP occur after
blast exposure and remain to be further clarified.

Figure 3

Changes in APP from baseline to days 7, 8, and 9 in the moderate (n 5
29) and no/low (n 5 40) blast-exposed groups

The observations of a restoration of APP levels 3 days
following the blast are likely due to compensatory upregulation of gene expression; in this study, increased APP
gene activity was observed at day 10 (compared with
baseline) using RNA-seq with qPCR validation.
Upregulation of APP messenger RNA has been previously reported after experimental TBI,6 suggesting that
this central activity may result in the rebound of APP
concentrations. Still, future studies should clarify the
mechanism of the changes in APP levels by including
additional time points to relate protein changes to gene
activity. It could be that unexplored changes in gene
expression early after blast lead to downregulation of
APP. Another possible explanation is that sequestration
of APP is occurring somewhere in the CNS leading to
decreased peripheral levels; this speculation may be the
case if APP is playing a protective role within the brain.
Likewise, blast may alter the flow of proteins from the
brain to the periphery through alterations in glymphatic
flow, clearance mechanisms, homeostatic control mechanisms, or currently undiscovered mechanisms. This
study reports temporal changes in APP biological activity
after a moderate blast, suggesting a role for APP in biTBI
pathophysiology; the rebound in APP levels observed
could be due to compensatory mechanisms after moderate blast, representing avenues for further research.
These findings from a well-characterized cohort provide unique insights surrounding how peripheral changes
in gene expression and levels of associated protein are
altered after blast exposure. A major limitation of the current study is that an examination of the impact of lower
blast exposure if not included on gene activity or APP.
Our goal for this pilot study was to optimize discrimination between groups, and for this reason we excluded
those participants with blast between 2 and 5 psi on
any training day, resulting in an inability to determine
the impact of lower level blast exposures. Future studies
would be strengthened by the recruitment of larger, more
diverse samples and the inclusion of a variety of blast exposures and additional time points to gain a comprehensive understanding of the mechanism(s) underlying the
changes in protein biomarkers reported in the present
study. This study makes key contributions to the current
understandings of the implications of biTBIs, while
raising important questions to guide future inquiry.
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