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Abstract

Traumatic brain injury (TBI) is deemed the ‘‘signature injury’’ of recent military conflicts in Afghanistan and Iraq, largely
because of increased blast exposure. Injuries to the brain can often be misdiagnosed, leading to further complications in
the future. Therefore, the use of protein biomarkers for the screening and diagnosis of TBI is urgently needed. In the
present study, we have investigated the plasma levels of soluble cellular prion protein (PrPC) as a novel biomarker for the
diagnosis of primary blast-induced TBI (bTBI). We hypothesize that the primary blast wave can disrupt the brain and
dislodge extracellular localized PrPC, leading to a rise in concentration within the systemic circulation. Adult male
Sprague–Dawley rats were exposed to single pulse shockwave overpressures of varying intensities (15-30 psi or 103.4–
206.8 kPa] using an advanced blast simulator. Blood plasma was collected 24 h after insult, and PrPC concentration was
determined with a modified commercial enzyme-linked immunosorbent assay (ELISA) specific for PrPC. We provide the
first report that mean PrPC concentration in primary blast exposed rats (3.97 ng/mL – 0.13 SE) is significantly increased
compared with controls (2.46 ng/mL – 0.14 SE; two tailed test p < 0.0001). Furthermore, we report a mild positive rank
correlation between PrPC concentration and increasing blast intensity (psi) reflecting a plateaued response at higher
pressure magnitudes, which may have implications for all military service members exposed to blast events. In conclusion,
it appears that plasma levels of PrPC may be a novel biomarker for the detection of primary bTBI.
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Introduction

T

raumatic brain injury (TBI) is the leading cause of mortality and disability in individuals under < 45 years of age in
North America, and is estimated to occur in 600/100,000 people.1–3
Most cases of TBI are a result of a significant impact or penetrating
injury to the head leading to the disruption of normal brain functions.4 The leading causes of TBI include vehicle accidents, falls,
assaults, and sports-related injuries. However, over the past decade,
the scope of concern over TBI has expanded to include injuries
sustained during military operations and urban terrorist activities.5
Since the beginning of the global war on terror, it is estimated that
15–20% of returning service members have sustained a TBI, representing > 300,000 cases for the period between 2001 and
2014.6,7 Therefore, TBI is described as the signature injury of
these conflicts and has been associated with a spectrum of postdeployment health issues, including decline in long-term motor,
1
2

psychosocial, and cognitive ability; sleep disturbance; psychiatric
disorders; post-concussive syndrome; substance abuse; and chronic
traumatic encephalopathy.8–12 Of all military-related TBI incidences, blast exposure is by far the leading cause, accounting for
*47% of TBI cases in Afghanistan and 64% of those in Iraq,
thereupon establishing blast-induced TBI (bTBI) as its own category distinct from the spectrum of non-blast TBI.13,14
The rising incidence of bTBI in the military over the past decade
has been largely the result of the expanded use of various explosive
munitions such as grenades, improvised explosive devices (IEDs),
and land mines.9,15 Moreover, improvements in medical treatment
and protective equipment have increased the survival rate, concomitant with increased TBI reporting in those sustaining injuries
previously considered fatal.16,17 Despite these advancements, bTBI
remains a large concern, as the effects of blast exposure, particularly chronic exposure, to the human brain are not clearly understood because of their complex and heterogeneous nature.18 During
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an explosive detonation, the instantaneous conversion of a solid
material into gas produces a supersonic overpressure wave, termed
the primary blast wave.10 Additional byproducts of this reaction
can include extreme heat, toxic gases, electromagnetic pulses, and
winds generated by the abrupt air pressure changes produced in the
blast wave.10,13,19–21 Considering that the manifestations of bTBI
may be a consequence of certain or even all such blast-induced
forces, there is no clinical standard for assessing bTBI other than
using conventional TBI diagnostic guidelines. Of the various patterns of bTBI, those caused by the primary blast wave itself are the
least recognized and understood.22 Therefore, considerable effort
has been directed toward the development of reliable screening
procedures to help determine the degree of head trauma suffered by
military service personnel.
To date, various clinical assessment guidelines and advanced
neuroimaging techniques remain the standard tools for determining
bTBI; however, there is no guarantee of proper diagnosis and timely
management, because of the inconsistent indications of bTBI. A
promising approach to circumvent these uncertainties has focused on
the detection of protein biomarkers symptomatic of bTBI. Typical
markers examined for bTBI may include such proteins as S100
calcium binding protein B (S100B), glial fibrillary acidic protein
(GFAP), neuron specific enolase (NSE), cleaved tau (C-tau), and
various others.23–27 However, to our knowledge, there are no reports
indicating cellular prion protein (PrPC) as a potential biomarker of
bTBI. The present study seeks to address this question as to whether
assessment of plasma PrPC may also be indicative of bTBI.
PrPC is a ubiquitous glycoprotein distributed throughout many
cell types and tissues in mammals, with preponderance within the
central nervous system (CNS).28–30 PrPC is 208–209 amino acids
long, and is almost entirely located extracellularly on dynamic lipid
raft domains tethered by a glycophosphatidylinositol (GPI) anchor.30,31 Efforts to elucidate the physiological role of PrPC in the
CNS have determined its involvement in various functions, including cellular adhesion, cell signaling, ion homeostasis, and neuroprotection.32–44 Because of PrPC’s extracellular nature, it is possible
that during blast exposure, shearing forces from the primary blast
wave traversing across the brain may cause the tenuously bound
PrPC to dislodge and collect within the systemic circulation. We
addressed this hypothesis by subjecting adult male Sprague–Dawley
(S-D) rats to controlled single pulse shockwaves closely simulating
free field blast and collecting blood plasma afterwards for quantification of PrPC.45 In this study, we established 1) plasma PrPC as a
potential biomarker for primary bTBI and 2) a positive correlation
between plasma PrPC and blast wave intensity exposure.
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is described in a manuscript nearing completion, to be submitted
to the open literature by Sawyer and colleagues.
Animal exposure to simulated blast
In conducting this research, the authors adhered to the Guide to
the Care and Use of Experimental Animals and The Ethics of Animal Experimentation, published by the Canadian Council on Animal Care. Adult male S-D rats were acquired from Charles River
Laboratories (St. Constant, Quebec, Canada) and acclimated for at
least 1 week prior to exposure. The animals were kept on a 12 h
light/dark cycle and fed ad libitum. On the day of use, the animals
(*350–400 g) were anaesthetized with 3% isoflurane in oxygen for
3 min in a closed induction chamber. Anesthesia was maintained
using a face mask, and the animal was placed into a restraint
consisting of a clear plastic cylindrical sleeve, with the neck encircled in a closely fitting plastic collar with the head protruding
from the end. The hindquarters were supported using an end cap
fitted with a piston. To the left of the head, a mesh netting was
secured between two pins placed vertically in line with the side of,
and above and below the head. The head was placed against this
vertical netting, and then held in place using additional netting
around the head. This was locked into place using Velcro on the
side of the head opposite the direction of shockwave propagation.
After a minimum of 8 min of anesthetic exposure, the cylindrical
restraint containing the animal was set into the wall of the ABS,
such that only the head protruded into the test section. Test groups
consisted of sham control, and head-only, side-on exposures of
single pulse shockwave overpressures of 15, 20, 25, and 30 psi or
103.4, 137.9, 172.4, or 206.8 kPa.
After exposure, the animals were immediately removed from the
shock tube and animal restraint, and were closely observed for at
least 30 min post-exposure, or until no signs of stress were evident.
The animals were returned to the dedicated animal holding facility
where they had been observed on a daily basis prior to testing. At
24 h, the animals were anaesthetized and euthanized by decapitation prior to blood sample collection.
Sample collection
Following anesthesia, whole trunk blood samples were collected
from both control (n = 19) and blast (n = 33) group rats following decapitation into potassium ethylene diamine tetraacetic acid
(K2EDTA) coated blood collection tubes. Samples were centrifuged for 10 min at 2000g, and the separated plasma supernatant was collected. To avoid excessive freeze–thaw cycles, blood
plasma aliquots were made and stored at - 20C for short-term use,
and the rest were stored at - 80C.
Plasma PrPC ELISA

Methods
Advanced blast simulator (ABS)
A custom-built ABS (*30.5cm in diameter and 5.79 m in
length) located at Defence Research and Development Canada
(DRDC) Suffield was used for producing simulated blast waves.45
The ABS consisted of a ‘‘driver’’ section filled with high-pressure
gas, and a low-pressure test section, separated by a frangible cellulose acetate diaphragm. Closely controlled pressurization of the
driver causes rupture of the diaphragm, releasing high-pressure gas
into the test section, and generating a shockwave down the length of
the test section. The inclusion of a custom-designed divergent
driver and an end wave eliminator in this ABS system enables the
highly reproducible generation of single pulse shockwaves.45
Compressed helium and varying thicknesses of cellulose acetate
sheets were employed to obtain the desired target pressure. A
complete description of the development and operation of the ABS

For sensitive quantification of full-length soluble PrPC, we
employed an ELISA technique using a commercially available
assay kit (Spi Bio A05201, Paris, France). The kit is typically used
for qualitative screening in animal products; therefore, we modified
the manufacturer’s protocol to allow sensitive and accurate quantification. Pure full-length recombinant PrPC (Prionatis, a-Rec
Mouse PrP-RPA0101S, Zurich, Switzerland) was used for producing serial dilutions (0.625–20 ng/mL) in order to establish the
calibration curve for quantifying samples. All samples and PrPC
protein standards were diluted in the manufacturer’s provided dilution buffer solution (1 M phosphate, 1% bovine serum albumin
[BSA], 4 M NaCl, 10 mM EDTA, and 0.1% sodium azide). Remaining solutions and reagents provided by the manufacturer were
reconstituted and prepared according to the suggested protocol.
Briefly, overall protein concentration of individual samples was
first determined in triplicate using the Bio-Rad DC protein assay
(Sigma-Aldrich, bovine albumin, A-9647, Oakville, ON). Samples
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and standards were loaded in equal volume in triplicate in the kit’s
96 microwell plate strips. Diluted samples were loaded such that
each well contained overall protein amounts of * 75–100 lg. The
plate is then incubated overnight at 4C with shaking to allow
adequate antigen binding to well-embedded monoclonal antibodies, specific to the 144–153 amino acid sequence. After rigorous
washing (4M phosphate, pH 7.4), the wells were incubated with an
acetylcholinesterase- (AChE) Fab’ conjugated antibody solution
for 2 h at room temperature (RT) with shaking, thus completing a
double-antibody sandwich. After another cycle of rigorous washing, Ellman’s reagent was added in equal volume to each well, and
incubated in the dark for 30 min at RT with shaking. Any immobilized AChE-conjugated antibody bound to PrPC therefore
reacted with Ellman’s reagent to produce a colorimetric reaction in
solution proportional to the concentration of PrPC, which was read
using a microplate reader at 405 nm (Molecular Devices, LLC.,
SpectraMax M5, Sunnyvale CA). Raw absorbance values were
interpolated along the standard calibration curve and converted into
PrPC concentration values.
PrPC Western blotting
Western blotting was conducted as previously described.46
Briefly, diluted plasma samples were separated with sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE),
transferred onto a polyvinylidene difluoride (PVDF) membrane,
and probed with an anti-PrPC primary antibody (Santa Cruz, goat
IgG anti-PrP C-20 pAb, 1:500, sc-7693). For sequential reprobing
of the same blots, the membranes were stripped and subjected to
immunoblotting with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) primary antibody (AbCam, mouse IgG2b mAb, 1:2000,
ab9484). Blots were developed using enhanced chemiluminescence detection (Amersham) and exposed to x-ray film. Band intensities were quantified using National Institutes of Health (NIH)
ImageJ software and normalized to the quantity of GAPDH in each
sample lane. Blots were developed in triplicate, and a representative image is provided (see Fig. 1).
Statistical analysis
Statistical analysis for all data was performed using the IBM
SPSS 21 Statistical Package. Nonparametric data were appropriately analyzed using the Kruskall–Wallis test for comparison of
mean rank values of control and the different blast intensity groups.
Post-hoc Mann–Whitney U test with a Bonferroni correction for
95% confidence interval (CI) was used for determining statistical
significance between mean rank values of control and individual
blast group PrPC concentration. The Jonckheere trend test was used
to determine a significant relationship between blast intensity and
PrPC concentration. Kendall’s tau-b test determined the nature and
degree of association for said relationship. Receiver operating
characteristic (ROC) analysis was performed for determining accuracy of classifier performance. The measure of general predictiveness of classifiers was determined by area under the ROC curve
(AUC). Two-graph ROC (TG-ROC) analysis was used for determining the cutoff value, as described by Greiner and coworkers,
between control and blast exposure groups, and positive and negative predictive values (PPV and NPV) were subsequently calculated.47 For all tests, statistical significance was determined when
p £ 0.05.
Results
The use of the ABS system, in concert with the head restraint
configuration employed in this work, has been shown to minimize
concussive and whiplash forces and produce a ‘‘clean’’ primary
single pulse shockwave insult (manuscript in preparation by Sawyer et al.). Figure 2 shows a representative example of the single

FIG. 1. Quantile-quantile Q-Q plot of blast soluble cellular
prion protein (PrPC) distribution. Most of the blast group PrPC
concentration results depart from the normal distribution reference
line (y = x). Therefore, data are not normally distributed and are
considered nonparametric.
pulse shock wave produced with a 25 psi target pressure. The
overpressures obtained for the four test groups were: 15 – 0.2,
20 – 0.8, 25 – 0.3, and 30 – 0.9 psi (mean – SD). Immediately after
exposure, the animals showed no obvious signs of injury and revived from the anesthetic with no visible differences compared
with sham controls with respect to time to revival and time to
mobility. No signs of distress or injury were noted either immediately
after regaining consciousness after exposure, or the following day.
Quantitative analysis of blood plasma PrPC from both control
(n = 19, 0 psi) and blast (n = 33, 15–30 psi) groups was performed
using a modified commercial ELISA kit specific for PrPC; for results summary see Table 1. Graphic representation of PrPC concentration results is provided in a box-and-whisker plot (see Fig. 3)
showing that the majority of blast group values lie above the control
group median value (2.66 ng/mL), indicating that blast group
concentrations are distinct from control results. A quantile-quantile
(Q-Q) plot of blast group results distribution reveals that most data
points deviate from the normal distribution line (y = x), and,
therefore, these data are considered nonparametric (see Fig. 1). As
such, the Kruskall–Wallis test for nonparametrics was appropriately used for determining differences in PrPC concentration
mean rank values of sham controls and individual blast intensity
groups. There was a statistically significant difference (v2 = 31.62,
p < 0.0001) between sham control (mean rank = 11.84, n = 19), 15
psi (mean rank = 31.14, n = 7), 20 psi (mean rank = 40.00, n = 7), 25
psi (mean rank = 37.58, n = 12), and 30 psi (mean rank = 29.14,
n = 7) blast exposure groups. Post-hoc Mann–Whitney U test with a
Bonferroni correction for multiple comparisons with an adjusted
level of significance (a = 0.0125) determined statistical difference
of PrPC concentration mean rank between sham controls and 15 psi
(10.89 vs. 20.57, U = 17, p = 0.004), 20 psi (10.05 vs. 22.86, U = 1,
p = 0.0001), 25 psi (10.16 vs. 25.25, U = 3, p < 0.0001), and 30 psi
(10.74 vs. 21.00, U = 14, p = 0.002) blast exposure groups.
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FIG. 2. Primary blast profile: Representative single pulse wave form generated in the advanced blast simulator (ABS) at the test
location at a target overpressure of 25 psi. The pressure perturbations at * 3.6–4.0 msec are caused by the placement of the head within
the shock flow.

Quantified differences between blast and control group PrPC
concentration is demonstrated with Western blotting (see Fig. 4).
Densitometric analysis using NIH ImageJ software calculated PrPC
band intensity in relation to GAPDH loading control in blast group
plasma determined a 1.60 – 0.41 fold increase (n = 4, two tailed test
p < 0.001) when compared with controls. To determine a significant
relationship between increasing blast pressure intensity (psi) and
plasma PrPC content, Jonckheere trend test was used, which showed
an ordered relationship between blast intensity and PrPC concentration ( J-T = 773.00, p < 0.0001). Additionally, Kendall’s tau-b test
determined the correlation coefficient at 0.446 ( p < 0.0001), reflecting a positive trend association between increasing blast intensity groups and their respective median PrPC concentrations.

ROC analysis was performed for determining accuracy of our
ELISA test based on the predictability of control and blast group
classifiers (see Fig. 5). ROC analysis allows comparison of PrPC
sensitivity against the inverse specificity over a range of thresholds
for evaluating overall test accuracy. The AUC was determined at
0.944 – 0.032 SE (95% CI, 0.881–1.000, p < 0.0001) indicating
ELISA test results to be highly accurate for distinguishing between
control and blast groups. As there is presently no standard reference
database available for rat plasma PrPC, we performed TG-ROC
analysis using values obtained to determine the minimum cutoff
value defining blast exposure. We chose a conservative cutoff of
2.78 ng/mL, which yielded 79.1% sensitivity and specificity, 81.6%
PPV, and 85.7% NPV.

Table 1. Plasma PrPC ELISA Results Summary
PrPC Concentration (ng/mL)
Group
Sham control
Blast

Target pressure (psi)

Actual pressure (psi)

n

Mean – SE

Median

Range

0
15
20
25
30
15-30

0
15 – 0.2
20 – 0.8
25 – 0.3
30 – 0.9

19
7
7
12
7
33

2.46 – 0.14
3.74 – 0.34
4.27 – 0.26
4.18 – 0.18
3.54 – 0.30
3.97 – 0.13

2.66
3.99
4.47
4.26
3.25
4.19

0.67–3.35
2.10–4.67
3.27–5.34
3.06–5.37
2.68–4.84
2.10–5.37

Blood plasma from control (n = 19, 0 psi) and blast (n = 33, 15–30 psi) group rats were assayed using a modified commercial PrPC ELISA kit for
quantification. Individual results not provided.
PrPC, soluble cellular prion protein; ELISA, enzyme-linked immunosorbent assay.
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FIG. 3. Box-and-whisker plot of soluble cellular prion protein (PrPC) concentrations. Box plot comparison of control (0 psi, n = 19)
and blast (15 psi, n = 7; 20 psi, n = 7; 25 psi, n = 12; 30 psi, n = 7) groups illustrate that the majority of blast group PrPC concentrations
(interquartile range Q1-Q3) lie above the median (Q2) of the control group. Data points 20, 40, 45, and 47 are considered outliers from
group distribution.
Discussion

FIG. 4. Western blot of soluble cellular prion protein (PrPC) (A)
Results are semiquantitative, and are for the purpose of simple
visualization of increased PrPC in blast group plasma compared
with control. (B) Numerical (fold) change bar graph represents a
mean fold increase of 1.60 – 0.41 compared with control values,
given an arbitrary value of 1.0 (n = 4, two tailed test p < 0.05).

Increased blast exposure during the recent military conflicts in
Afghanistan and Iraq has not surprisingly been concomitant with
increased reports of TBI among service members.6,16,17 TBI is
typically brought about by direct impact or acceleration forces to
the head, leading to collision between the brain and skull, as well as
shearing strain on brain tissue and vasculature.3,48 Proper diagnosis
of TBI caused by blast is especially difficult, given the potential
absence of physical symptoms or presence of nonspecific ones, thus
confounding the recognition of mild indications such as sleep
disturbance, fatigue, headaches, and loss of concentration that are
often overlooked and underreported by service members.9,49 A
possible approach toward addressing this issue is in screening individuals for protein biomarkers specific for bTBI. Various proteins
have been investigated, but none has been conclusively established
as having clinically practical screening qualities.23,24 For example,
the S100B protein is frequently used as a biomarker for TBI, and
has been thoroughly investigated because of its strong NPV;
however, its value for predicting TBI outcome is questionable,
because of its high correlation with bone fractures without TBI,
extracranial injury, and even melanoma.50–53 Another protein,
GFAP, has shown correlation with TBI outcome, but has been
inconsistent in discerning between those with TBI and uninjured
victims.54 As such, investigation toward establishing both a highly
predictive and reliable protein biomarker continues. Therefore, in
collaboration with the DRDC, Suffield Research Center, we sought
to establish the use of a novel protein biomarker, PrPC, within the
blood plasma of rats exposed to simulated primary blast. This is the
shockwave component of a blast, and is distinct from the other blast
components that may cause injury, such as penetrating fragments (secondary), blast wind effects (tertiary), and noxious gases,
heat, or dust (quaternary). Because of technical difficulties, the
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FIG. 5. Receiver operating characteristic (ROC) analysis of
plasma soluble cellular prion protein (PrPC) for test of blast exposure. Control (n = 19) versus blast (n = 33) area under the curve
(AUC) is 0.944 – 0.032 S.E. (95% CI, 0.881–1.000, p < 0.0001).

experimental replication of clean primary blast conditions has
traditionally been problematic. However, recent developments in
these laboratories have enabled the consistent replication of single
pulse shockwaves with minimal concussive and whiplash forces
(manuscript in preparation by Sawyer et al.), which is highly
reminiscent of a free field blast.45
We subjected adult male S-D rats to single pulse shockwaves of
varying intensities, localized only to the head, in order to determine
whether there was an appreciable rise in plasma PrPC concentration, which we quantified using a modified commercial ELISA kit.
We hypothesized that the blast-induced shearing forces as described by Schardin may cause the predominantly extracellular,
GPI-anchored PrPC to be dislodged from its neuronal lipid raft
location.55 Previous reports have shown increased plasma PrPC
concentration following stroke, and in patients with various neurodegenerative diseases.56,57 Additionally, there is a growing body
of evidence reporting neurodegenerative changes post-TBI, which
may possibly allude to an association with elevated plasma PrPC
levels.58–63
In our current study, we have identified the rise in plasma levels
of PrPC as a novel biomarker for detection of primary bTBI; and
based on current literature search, this is the first report of such an
association. Statistical analysis determined that mean PrPC concentration in simulated primary blast exposed rats was significantly
greater than in controls. Moreover, we also determined a mild
positive correlation between plasma PrPC levels and increasing
blast intensity (psi). Results showed dramatic increase of plasma
PrPC in the 15 and 20 psi blast group, with levels plateauing at
higher intensities. The reason or mechanism for this effect is not yet
known, and will be the subject of further investigation, specifically
at blast exposure of lower intensity ( < 15 psi), to better discern any
functional relationship. In this regard, this initial finding suggests
that subjects exposed to lower blast intensity elicit a similar plasma
PrPC profile to those at higher magnitudes. These findings are in
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agreement with our recent immunohistochemical staining for
neurofilament phosphorylation (unpublished data).
The translation of this finding to humans may mean that military
service members exposed to primary blast waves only, including
those at lower intensities, experience a similar effect to those exposed to waves at higher intensity, but may not receive medical
attention because of lack of apparent injuries. Immunoblotting
additionally confirmed, albeit semiquantitatively, that there is an
apparent increase in plasma PrPC content after blast exposure
compared with controls, which is consistent with quantitative
ELISA results obtained. We determined the PrPC concentration
cutoff value for blast exposure conservatively at 2.78 ng/mL
(79.1% sensitivity and specificity, 81.6% PPV, and 85.7% NPV). It
is noteworthy that there is currently no known standard reference
database for normal rat plasma PrPC concentrations; therefore, the
cutoff value determined is based on the normal concentration values that we have established.
In summary, our findings support our working hypothesis that a
primary blast force of sufficient intensity passing through brain
tissue may dislodge the loosely attached PrPC from its extracellular domain, which subsequently accumulates within the systemic
circulation.
The neuropathology of bTBI is not entirely clear, but reports
have noted, among other symptoms, brain edema, cerebral pseudoaneurysms, intracerebral hemorrhaging, microlesions, cell death,
and axonal injury as a result of blast exposure.5,64–66 Such evidence
establishes the basis that blast exposure can cause damage to brain
tissue and vasculature. Furthermore, recent studies have shown
that patients with cerebrovascular disease or vascular endothelial
damage had higher levels of plasma PrPC than control values.64–66
We cannot at this time discern whether our observation of increased
plasma PrPC following primary blast exposure is exclusively of
neural origin or if it also arises from the surrounding cerebrovasculature, which may also be subjected to primary blast-induced
damage. Furthermore, PrPC has been reported to be upregulated
following focal cerebral ischemia; therefore, it is possible that
the rise in plasma PrPC content may be partially attributed to by
damaged ischemic regions in the brain as a result of blast exposure.67 Because the extent of blast-induced damage in the brain is
unclear, it is possible that PrPC mRNA and protein expression may
also be affected.
It is certain, however, that the rise in PrPC concentration is yet
another part of the unique pathology complex associated with
primary bTBI. In relation to primary bTBI, the neuroprotective
function of PrPC may be of interest, as studies have noted its involvement in the context of hypoxia, epilepsy, oxidative stress,
neurotoxicity, ischemic injury, and even in limiting brain damage
in an animal model of TBI.67–76 Further studies are needed to test
our findings in the acute period following primary bTBI to definitively acknowledge it as a reliable biomarker, as well as to investigate the potential contributions of the other, non-primary aspects
of bTBI (i.e., penetrating bodies, blunt trauma) to PrPC release, and
its subsequent diagnostic utility.
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