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Description

FIELD

[0001] The disclosure relates to methods and kits for analyzing blood to detect a biomarker for traumatic brain injury.
BACKGROUND

[0002] More than any past wars, traumatic brain injury (TBI) has been a prevalent issue for coalition forces serving in
the wars in Afghanistan and Iraq. It is estimated that 15-28% of returning veterans have sustained a TBI through these
conflicts (Okie 2005; Hoge et al., 2008). TBI is associated with long-term disabilities and psychiatric diseases and is
often described as the ’signature injury’ of these wars (Alvarez 2008; Tanielian and Jaycox, 2008), largely as a result of
increased survival rates of service members thanks to advances in medical interventions and protective equipment
(Regan 2004; Warden 2006). There are various causes for TBI, with 68% of military cases reported due to blast exposure
(Hoge et al., 2008). Blast exposure can be a consequence of standard military ordinances, grenades, landmines or, as
prominently seen throughout the recent wars, from attacks using improvised explosive devices (IEDs), accounting for
about 40% of coalition deaths and a similar number of TBI cases in Iraq (Brookings Institution 2008). Worldwide estimates
of terrorist attacks in both warzones and civilian settings increased four-fold from 1999-2006, with related injuries in-
creasing eight-fold (Wolf et al., 2009). The common characteristic of IEDs is the immense wave of blast overpressure
produced. At the point of detonation, there is an instantaneous expansion of gas, producing a blast wave outwards faster
than the speed of sound, accompanied by a blast wind that can reach speeds over several hundred km/h (Elder et al.,
2010; Wolf et al., 2009).

[0003] The underlying mechanisms of how blast waves affect the brain are not fully understood. Animal studies have
established that the blast wave is transmitted through the skull to the brain (Bauman et al., 2009; Chavko et al., 2007).
Schardin described explosive inertial (shearing) forces in which tissues of varying densities move at different speeds in
response to a blast; thus, as the wave passes through an organ, structural components of different densities can be
tethered and damaged by this shearing force (Schardin 1950; Wolf et al., 2009). Furthermore, closed-space explosions,
such as within or surrounding buildings, result in higher injury severity and mortality when compared in open-space due
to the increased magnitude and duration by reflected blast waves off multiple surfaces (Leibovici et al., 1996). Thus,
there is a strong likelihood that those sustaining TBI in Afghanistan and Iraq have experienced such shearing forces in
the brain.

[0004] Traumatic brain injury (TBI) is also the leading cause of death in North America for individuals between the
ages of 1t045. U.S. estimates from the Center for Disease Control report 1.7 million cases of TBI annually, contributing
to a third of all injury-related deaths (CDC 2012). Patients suffering from head trauma are managed according to stand-
ardized guidelines based on their Glasgow Coma Scale (GCS). Computerized tomography (CT) scan is the imaging
method of choice in head trauma and is able to detect brain hematomas and skull fractures. Current guidelines recommend
head CT scan in all patients with GCS 14 or less. Patients are treated based on their neurologic status and findings on
their CT scan. Large epidural hematomas (>30 mlin volume) and subdural hematomas >10 mm in thickness or associated
with more than 5 mm in midline shift should be surgically evacuated. Patients with epidural hematomas and GCS score
<8 who have pupillary abnormalities and patients with subdural hematomas who have GCS score <8 or whose GCS
scored has decreased by >2 points from the time of admission are also candidates for surgery. Evacuation of intracranial
hemorrhage is recommended if it is in the posterior fossa. Open skull fractures and depressed skull fractures, with
displacement more than the thickness of the cranium, are also treated surgically. A course of prophylactic anti-epileptic
treatment is recommended in all patients with brain hematomas for 7 days.

[0005] Concussion is a complex pathophysiological process and is considered as a subset of mild traumatic brain
injury (mTBI). It causes a transient disturbance of brain function resulting in less severe brain injury. Concussions are
the consequence of a direct or indirect blow that results in a sudden angular acceleration or deceleration of the brain
tissue within the calvarium. In the United States alone, 3.8 million cases of sport-related concussions occur annually
and high-contact sports such as American football, hockey, rugby, soccer, and basketball have among the highest
incidence of concussion (Daneshvar et al., 2011; Harmon et al., 2013; Langlois et al., 2006; Meehan et al., 2011).
Considering unreported cases, it is highly likely that the incidence of sport-related concussions is even higher (Meehan
et al, 2013).

[0006] Clinical manifestations of sport-related concussions may include a variety of symptoms such as loss of con-
sciousness, headache, dizziness, amnesia, nausea, confusion, fatigue, sleep disturbances, balance and memory im-
pairment, slurred speech, and light sensitivity. At the molecular pathophysiological levels, most of these symptoms are
direct or indirect results of significant alterations inionic balance, neurotransmitter activation, axonal integrity, and energy
metabolism in the CNS (Barkhourdarian et al., 2011; McKee et al., 2014).

[0007] Although most sport-related concussions are benign and athletes typically will fully recover if they get adequate
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rest, multiple concussions in a short period of time may lead to devastating long-term sequelae and prolonged functional
impairment, including post-concussive syndrome, neurodegenerative diseases, chronic traumatic encephalopathy, as
well as rare catastrophic consequences called second impact syndrome (Boden et al., 2007; Gavett et al., 2011; Halstead
et al., 2010). Second impact syndrome is a post-concussion cerebral edema, which results in coma and severe neuro-
logical deficits and is often deadly. Thus, it is absolutely essential to manage concussions properly and to avoid repetitive
concussive events in those who have already experienced mTBI. Since most mTBI cases show no abnormalities on
computed tomography (CT) and conventional magnetic resonance imaging (MRI), identifying those athletes affected by
concussion remains a challenging issue for coaches and sport medicine specialists (Belanger et al., 2007). A promising
approach to ease these challenges has focused on the detection of protein biomarkers of sport-related concussion.
Protein biomarkers are readily accessible in biological fluids such as plasma and serum, which may serve as valuable
tools in identifying concussive athletes at greater risk for deterioration and in the guidance of immediate post-concussion
therapeutic interventions as well as decision making on return to play. Several potential protein biomarkers have been
identified for TBI, of which a few have been tested in sport related concussion (reviewed in Forde et al., 2014; Guingab-
Cagmat et al., 2013; Jeter et al., 2013; Strathmann et al., 2014; Wolf et al., 2013; Yokobori et al., 2013; Zetterberg et
al., 2013). Among these potential protein biomarkers, S100B, cleaved tau (C-tau), glial fibrillary acidic protein (GFAP),
neuron-specific enolase (NSE), Myelin-basic protein (MBP), Ubiquitin C-terminal hydrolase-L1(UCH-L1), all-spectrin
breakdown products (SBDPs), Interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a) have been more widely
studied (reviewed in Yokobori et al., 2013; Zetterberg et al., 2013).

[0008] WO 2007/136617 and WO 2013/090285 disclose methods for diagnosing brain injury, whereby WO
2013/090285 is specifically about traumatic brain injury.

[0009] Weise et al., 2004, teaches that PrP¢ is upregulated after focal cerebral ischemia and discusses its influence
of lesion severity.

SUMMARY

[0010] The present inventor describes a novel method for quantifying prion proteins to detect traumatic brain injury
associated with increased cellular prion protein (PrPC).

[0011] Accordingly, the disclosure provides a method of detecting traumatic brain injury in a test subject comprising
(a) contacting a blood sample from the test subject with a probe that binds to PrPC, and (b) quantifying the amount of
PrPC, wherein a difference or similarity in the amount of PrPC compared to a control is indicative of the test subject
having suffered a traumatic brain injury.

[0012] In one embodiment, the control is representative of the amount of PrPC from a blood sample of a subject without
brain injury, such as a cut-off value obtained from historical data, and an increased amount of PrPC to the control is
indicative of the subject having a brain injury. In another embodiment, the control is representative of the amount of
PrPC from a blood sample of a subject having a brain injury and a similar or greater amount of PrPC to the control is
indicative of the test subject having a brain injury.

[0013] Inyet another embodiment, the control is representative of the amount of PrPC from a blood sample of a subject
that is an athlete during off-season and an increased amount of PrPC to the control is indicative of the subject having a
brain injury. In a further embodiment, the control is representative of the amount of PrPC from a blood sample of a subject
that recently had a sports-related concussion and a similar or greater amount of PrPC to the control is indicative of the
test subject having a brain injury.

[0014] In another embodiment, the control is a reference baseline level of PrPC of the same test subject. In yet another
embodiment, the control is an average reference baseline level of the general population. In a further embodiment, the
control is an average reference baseline level of athletes taken during the off-season. In yet another embodiment, the
control is an average reference baseline for a subject of the same age. In an embodiment, the subject is a child and the
control is an average reference baseline level of the child population.

[0015] In one embodiment, the method further comprises obtaining a blood sample from the subject prior to contacting
the blood sample with the probe. In one embodiment, the sample is obtained or was obtained 1 to 6 days after a suspected
brain injury or injury event.

[0016] In another embodiment, there is provided a method of monitoring a subject having a traumatic brain injury
comprising:

(i)

(a) contacting a blood sample from the subject obtained at a first time point with a probe that binds to PrPC;
(b) quantifying the amount of PrPC at the first time point;

(ii)
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(a) contacting a blood sample from the subject obtained at a second time point with a probe that binds to PrPC;
(b) quantifying the amount of PrPC at the second time point; and

(iii) comparing the amount of PrPC from the first time point with the amount of PrPC from the second time point;
wherein an increase in the amount of PrPC indicates an increase in the severity of the traumatic brain injury and
wherein a decrease in the amount of PrPC indicates an improvement in the traumatic brain injury.

[0017] In one embodiment, the method further comprises obtaining the blood sample from the subject at the first time
point and/or the second time point prior to contacting the blood sample with the probe.

[0018] Inyetanotherembodiment, there is provided a method of determining whether a subject has suffered a traumatic
brain injury due to an injury event comprising:

(i)

(a) contacting a blood sample from the subject obtained at a first time point prior to the injury event with a probe
that binds to PrPC;
(b) quantifying the amount of PrPC at the first time point;

(ii)

(a) contacting a blood sample from the subject obtained at a second time point after the injury event with a
probe that binds to PrPC;
(b) quantifying the amount of PrPC at the second time point; and

(iii) comparing the amount of PrPC from the first time point with the amount of PrPC from the second time point;
wherein an increase in the amount of PrPC indicates that the subject has suffered a traumatic brain injury due to
the injury event.

[0019] Inoneembodiment, the method further comprises obtaining the blood sample from the subject prior to contacting
the blood sample with the probe in (i)(a) and/or (ii)(a).

[0020] In another embodiment, the first time point provides a baseline level of the subject, such as a pre-combat level
of a subject that may be exposed to combat, or an off-season level of a subject that is an athlete that may be prone to
a head injury, and the second time point is following the injury event, optionally, 1-6 days after the injury event, such as
an explosion, transportation accident or head injury due to a fall or sports-related event.

[0021] In another embodiment, there is provided a method of determining whether a subject has suffered a traumatic
brain injury due to an injury event comprising:

(i)

(a) contacting a blood sample from a subject after the injury event, optionally obtained 1-6 days after, with a
probe that binds to PrPC;
(b) quantifying the amount of PrPC in (a); and

(iii) comparing the amount of PrPC in (b) with a baseline level of the subject; wherein an increase in the amount of
PrPC from the baseline level indicates that the subject has suffered a traumatic brain injury due to the injury event.

[0022] In one embodiment, the baseline level of the subject is a pre-combat level of a subject that may be exposed
to combat, or an off-season level of a subject that is an athlete that may be prone to a head injury.

[0023] In an embodiment, the probe is an antibody or antibody fragment that binds to PrPC. In one embodiment, the
probe comprises a marker or label for detection, such as a radioactive, fluorescent, biological or enzymatic label. In an
alternative embodiment, a secondary binding ligand is used, such as a second antibody or biotin/avidin ligand binding
agent, as is known in the art for detection of the probe.

[0024] In some embodiments, the amount of PrPC is quantified, for example, by fluorescence, radioactivity or spec-
trophotometry depending on the label or marker used. In an embodiment, the amount of PrPC is quantified by a radio-
immunoassay, an enzyme-linked immunoassay, a competitive binding enzyme-linked immunoassay, dot blot, or Western
blot, or other assays known in the art. In another embodiment, a suitable detection technology such as a complementary
metal-oxide-semiconductor (CMOS) or charge coupled device (CCD) is used and a unique wavelength of light is applied
for illumination of the signal. In some embodiments, the method further comprises testing a series of known reference
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standards, such as serially diluted samples containing known amounts of PrPC, optionally at the same time, wherein
the amount of PrPC in the test subject sample or control sample is quantified by comparing to said reference standards.
[0025] Inone embodiment, the probe is in solution. In another embodiment, the probe is immobilized on a solid support
or support pad, such as filter paper, a multiwell plate or a microchip.

[0026] In an embodiment of the method, contacting the blood sample from the subject in (a) with a probe comprises

(a.1) contacting the sample with a first probe that binds to PrPC at a first position; and
(a.2) contacting the PrPC bound to the first probe with a second probe that binds to PrPC at a second position;

wherein either the first or the second probe is detectable.

[0027] In an embodiment, the first probe is an antibody or fragment thereof that specifically binds to PrPC and is
immobilized on a solid support and the second probe is an antibody or fragment thereof that specifically binds to PrPC
at a different epitope than the first probe, is detectable and is in solution. In an alternate embodiment, the first probe is
an antibody or fragment thereof that specifically binds to PrPC, is detectable and is in solution and the second probe is
an antibody or fragment thereof that specifically binds to PrPC at a different epitope than the first probe and is immobilized
on a solid support. In such embodiments, a double antibody-sandwich technique is applied and (b) the amount of PrPC
in the test subject sample is quantified by comparing to reference standards, which may be tested at the same time.
[0028] In one embodiment, the detectable probe comprises an enzyme and enzymatic activity can be used to detect
and quantify the amount of PrPC in the sample and in the reference standards. For example, in an embodiment, the
detectable probe comprises acetylcholinesterase conjugated to the antibody or antibody fragment. In such an embodi-
ment, Ellman’s reagent is mixed with the sample to produce a yellow colour which is indicative of the amount of activity
of the enzyme, which can be measured by spectrophotometry at an absorbance of 405 nm.

[0029] The disclosure also relates to a kit for analyzing a blood sample to detect a traumatic injury comprising:

(a) a probe that detects the amount of PrPC in the blood; and
(b) instructions for use in detecting brain injury.

[0030] In an embodiment, the probe is an antibody or antibody fragment that binds to PrPC. In one embodiment, the
probe comprises a marker or label for detection, such as a radioactive, fluorescent, biological or enzymatic label. In an
alternative embodiment, a secondary binding ligand is used, such as a second antibody or biotin/avidin ligand binding
agent, as is known in the art for detection of the probe.

[0031] In some embodiments, the amount of PrPC is quantified, for example, by fluorescence, radioactivity or spec-
trophotometry depending on the label or marker used and the kit comprises reagents for such detection. Inan embodiment,
the amount of PrPC is quantified by a radioimmunoassay, an enzyme-linked immunoassay, a competitive binding enzyme-
linked immunoassay, dot blot, or Western blot, or other assays known in the art and the kit comprises reagents for such
assays. In another embodiment, a suitable detection technology such as a complementary metal-oxide-semiconductor
(CMOS) or charge coupled device (CCD) is provided with the kit or instructions for such use and a unique wavelength
of light is applied for illumination of the signal.

[0032] Inone embodiment, the probe is in solution. In another embodiment, the probe is immobilized on a solid support
or support pad, such as filter paper, a multiwell plate or a microchip.

[0033] In another embodiment, the disclosure provides a kit for analyzing a blood sample to detect brain injury com-
prising:

(a) an immobilized probe that binds to PrPC at a first position;
(b) a detectable probe that detects PrPC at a second position; and
(c) instructions for use in detecting brain injury.

[0034] In an embodiment, the immobilized probe is an antibody or antibody fragment that specifically binds to PrPC
and the detectable probe is an antibody or antibody fragment in solution that specifically binds to PrPC at a different
epitope than the immobilized probe.

[0035] In one embodiment, the kit further comprises serially diluted samples of PrPC to be used as standards for
quantifying the amount of PrPC and optionally, the instructions provided include a step of testing the serially diluted
samples optionally at the same time as the test sample.

[0036] Other features and advantages of the present disclosure will become apparent from the following detailed
description. It should be understood, however, that the detailed description and the specific examples while indicating
embodiments of the disclosure are given by way of illustration only, since various changes and modifications will become
apparent to those skilled in the art from this detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The disclosure will now be described in relation to the drawings in which:

Figure 1 shows Q-Q plot graph to test normality of the data. a) Net data - control (n=9) vs. net (n=15), b) Restraint
data - control vs. restraint (n=12), c) Whiplash data - control vs. whiplash (n=11); d) Overall three treatment data -
control vs. three treatment groups - net, restraint, whiplash (n=38).

Figure 2 shows box plots of prion concentration distribution. a) Net data - control (n=9) vs. net (n=15). b) Restraint
data - control vs. restraint (n=12). ¢) Whiplash data - control vs. whiplash (n=11). d) Overall treatment data - control
vs. three treatment groups - net, restraint, whiplash (n=38).

Figure 3 shows correlation between PSI and prion concentration. Scatterplot analysis was done to determine the
correlational relationship between pressure (pounds per square inch-PSl) and prion concentration.

Figure 4 shows a two-tailed unpaired student’s t-test showing no significant difference between male (n=54, 1.63
ng/mL * 0.10 SEM) and female (n=49, 1.79 ng/mL = 0.10 SEM) (p = 0.2578). T test of athletes (n=76, 1.59 ng/mL
+ 0.07 SEM) vs. the normal non-athlete population (n=27, 2.02 ng/mL * 0.15 SEM) shows significant difference
between mean PrPC concentrations (p< 0.07).

Figure 5 shows a one-way ANOVA of PrPC concentrations for different age groups showing there is no significant
difference between mean concentrations for subjects between the ages of 18-20 (n=51, 1.66 ng/mL = 0.68 SD),
21-33 (n=33, 1.61 ng/L = 0.58 SD), 24-26 (n=14, 1.89 ng/mL = 0.78 SD), 27-29 (n=4, 2.13 ng/mL = 0.51 SD), and
those 30 and over (n=9, 1.73 ng/mL * 0.90 SD) (p=0.4702).

Figure 6 shows A) two-tailed unpaired student’s t-test showing post-TBI PrPC concentrations (n=6, 2.96 ng/mL *
0.37 SEM) are significantly elevated compared with either offseason athlete baseline concentration (n=76, 1.59
ng/mL * 0.07 SEM)(p< 0.0001), or both athletes and non-athletes combined (n=103, 1.70 ng/mL = 0.07
SEM)(p<0.0001). B) Two-tailed paired t-test showing there was no significant difference between three sets of of
pre-and post-TBI PrPC values (p=0.1666).

Figure 7 shows a 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 illustrating 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.
Figure 8 shows A) a Western blot of PrPC. Results are semiquantitative and are for the purpose of simple visualization
ofincreased PrPC in blast group plasma compared with control. B) The 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, 2-tailed test
p<0.05).

Figure 9 shows a histogram of Gaussian distribution of PrPC concentration results.

Figure 10 shows a sex comparison of PrPC concentration between males and females. Student’s unpaired T test
showed no significant difference of mean PrPC concentration between males and females [mean (ng/mL) = SD;
(males) 2.62 = 0.84 n=58; vs. (females) 2.67 + 0.75 n=67; p=0.739]

Figure 11 shows a scatterplot analysis of PrPC with age. Graphical presentation of PrPC concentration and age.
Correlational analysis shows no significant relationship with age and PrPC concentration in males (Pearson’s
R=0.092, p=0.493), females (R=0.122, p=0.324), or combined (R=0.110, p=0.220).

DETAILED DESCRIPTION

[0038] The present inventor has shown an increased amount of PrPC in the blood of rats subjected to a blast over-
pressure model, and in particular in the whiplash and restraint treatment groups. Whiplash condition simulates displace-
ment of the head and/or neck due to abrupt acceleration/deceleration forces. Whiplash may be caused by any motion
similar to motor vehicle rear-end collisions, amusement park rides, sports injuries, other modes of transportation, falls,
or from being hit or violently shaken. Shaken baby syndrome can also result in a whiplash injury (Caffey 1972). The
restraint condition simulates victims in a condition that only their heads are exposed to a blast shock wave (mostly military
or conflict-zone related TBI), in which there is no significant displacement of the head. The present inventor has also
shown an increased amount of PrPC in the blood of athletes that have suffered a brain injury, i.e. a concussion, compared
to non-athletes as well as compared to baseline levels of the same individual.

[0039] Accordingly, the disclosure provides a method of detecting traumatic brain injury in a test subject comprising
(a) contacting a blood sample from the test subject with a probe that binds to PrPC, and (b) quantifying the amount of
PrPC, wherein a difference or similarity in the amount of PrPC compared to a control is indicative of the test subject
having suffered a traumatic brain injury.

[0040] As used herein, the term "PrPC" refers to the cellular form of a prion polypeptide which is a ubiquitously ex-
pressed, 208-209 amino acid long, glycophosphatidylinositol (GPI) anchored neuronal lipid raft resident protein, which
is highly expressed in neurons. PrPC may be from any species or source. The Genbank Accession number of human



10

15

20

25

30

35

40

45

50

55

EP 3 158 331 B1

PrP is NG009087. The Genbank Accession number of rat PrP is NM012631 or XM346677.

[0041] As used herein, the term "brain injury" refers to an injury to the brain caused by a sudden force or impact, also
called "traumatic brain injury”, and includes without limitation injuries caused by IEDs, transportation accidents, head
banging, excessive shaking, falls and sports-related head injuries, such as concussions. "bTBI" as used herein refers
to traumatic brain injury resulting from a blast force. "mTBI" as used herein refers to a minor traumatic brain injury where
there is no visible skull wound and generally has no conclusive difference by imaging. Both blast induced and sports
related injuries may be minor traumatic brain injuries.

[0042] The phrase "detecting a brain injury" also refers to detecting a brain injury in a pre-symptomatic subject. "De-
tecting a brain injury" also includes detecting the severity of the brain injury.

[0043] In one embodiment, the methods described herein include obtaining a blood sample from a subject. Methods
of obtaining blood samples are well known in the art.

[0044] The methods described herein include the identification of PrPC in the blood of a subject. The presence of PrPC
can be detected using a number of methods. In one embodiment, PrPC proteins are detected using probes that specifically
bind to and/or interact with PrPC.

[0045] As used herein, the term "probe that binds to PrPC" includes both direct and indirect binding to PrPC.

[0046] As used herein, the term "probe" refers to any agent that binds, directly or indirectly, to a PrPC protein and is
detectable either directly or indirectly.

[0047] In one embodiment, the probe is an antibody or antibody fragment that binds to PrPC. Antibodies that bind to
PrPC are well known in the art. Examples of antibodies that bind to PrPC include antibodies specific for the protein
sequence DYEDRYYREN (amino acids 144-153 of the human amino acid sequence, SEQ ID NO:1), optionally mono-
clonal antibodies specific for the protein sequence DYEDRYYREN. Other examples of antibodies that bind to PrPC
include antibodies that recognize the octo-repeat region located in the N-terminal part of PrP¢ (PQGGGGWGQPHG-
GGWGQPHGGGWGQPHGGGWGQPHGGGWGQ; residues 51 to 91 of the human amino acid sequence, SEQ ID NO:
2), optionally acetylcholinesterase Fab’ conjugates which recognize the octo-repeat region located in the N-terminal part
of PrPC. The antibodies may be raised against a preparation of hamster prion protein.

[0048] The term "antibody" as used herein is intended to include fragments thereof which also specifically react with
PrPC. Antibodies can be fragmented using conventional techniques and the fragments screened for utility in the same
manner as described below. For example, F(ab’), fragments can be generated by treating antibody with pepsin. The
resulting F(ab’), fragment can be treated to reduce disulfide bridges to produce Fab’ fragments.

[0049] Conventional methods can be used to prepare antibodies. For example, by using a PrPC or fragment thereof,
polyclonal antisera or monoclonal antibodies can be made using standard methods. A mammal, (e.g., a mouse, hamster,
or rabbit) can be immunized with an immunogenic form of the peptide which elicits an antibody response in the mammal.
Techniques for conferring immunogenicity on a peptide include conjugation to carriers or other techniques well known
in the art. For example, the peptide can be administered in the presence of adjuvant. The progress of immunization can
be monitored by detection of antibody titers in plasma or serum. Standard ELISA or other immunoassay procedures can
be used with the immunogen as antigen to assess the levels of antibodies. Following immunization, antisera can be
obtained and, if desired, polyclonal antibodies isolated from the sera.

[0050] Toproduce monoclonalantibodies, antibody producing cells (lymphocytes) can be harvested from animmunized
animal and fused with myeloma cells by standard somatic cell fusion procedures thus immortalizing these cells and
yielding hybridoma cells. Such techniques are well known in the art, (e.g., the hybridoma technique originally developed
by Kohler and Milstein (1975) as well as other techniques such as the human B-cell hybridoma technique (Kozbor and
Roder, 1983), the EBV-hybridoma technique to produce human monoclonal antibodies (Cole et al., 1985) and screening
of combinatorial antibody libraries (Huse et al., 1989). Hybridoma cells can be screened immunochemically for production
of antibodies specifically reactive with the peptide and the monoclonal antibodies can be isolated. Therefore, the dis-
closure also contemplates hybridoma cells secreting monoclonal antibodies with specificity for a PrPC.

[0051] Specific antibodies, or antibody fragments, reactive against a PrPC may also be generated by screening ex-
pression libraries encoding immunoglobulin genes, or portions thereof, expressed in bacteria with peptides produced
from the nucleic acid molecules encoding PrPC. For example, complete Fab fragments, VH regions and FV regions can
be expressed in bacteria using phage expression libraries (See for example Ward et al., 1996, Huse et al., 1989 and
McCafferty et al.,1991).

[0052] Antibodies may also be prepared using DNA immunization. For example, an expression vector containing a
nucleic acid encoding a PrPC may be injected into a suitable animal such as mouse. The protein will therefore be
expressed in vivo and antibodies will be induced. The antibodies can be isolated and prepared as described above for
protein immunization.

[0053] In one embodiment, the probe comprises a marker or label for detection, such as a radioactive, fluorescent,
biological or enzymatic label. In an alternative embodiment, a secondary binding ligand is used, such as a second
antibody or biotin/avidin ligand binding agent, as is known in the art for detection of the probe.

[0054] The present disclosure provides immunodetection methods in which an antibody contacts a blood sample
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suspected of having PrPC under conditions and times that allow immune complexes to form. After this time, the sample-
antibody composition is washed to remove any non-specific binding and the formed immune complexes are subsequently
detected and/or quantified.

[0055] In some embodiments, the amount of PrPC is quantified, for example, by fluorescence, radioactivity or spec-
trophotometry depending on the label or marker used. In an embodiment, the amount of PrPC is quantified by a radio-
immunoassay, an enzyme-linked immunoassay, a competitive binding enzyme-linked immunoassay, dot blot, or Western
blot, or other assays known in the art.

[0056] In one embodiment, the probe is in solution. In another embodiment, the probe is immobilized on a solid support
or support pad, such as filter paper, a multiwell plate or a microchip.

[0057] Detecting the radioactivity, fluorescence or absorbance of a probe may be accomplished by any method known
in the art and may be referred to as "signal detection from the probe". In an embodiment, a FACS analyzer or a microplate
reader is used. In another embodiment, a suitable detection technology such as a complementary metal-oxide-semi-
conductor (CMOS) or charge coupled device (CCD) is used and a unique wavelength of light is applied for illumination
of the signal.

[0058] In one embodiment, detecting the signal from the probe comprises detecting the intensity or quantity of the
signal from the probe and is not attributable to background signal.

[0059] In some embodiments, the method further comprises testing a series of known reference standards, such as
serially diluted samples containing known amounts of PrPC, optionally, at the same time. The methods optionally further
comprise comparing the signal detection of a test subject sample to the signal detection from a reference sample or
series of standards of PrPC of known quantity.

[0060] In one embodiment, the reference sample or control is derived from a reference subject who has suffered a
brain injury. In another embodiment, reference sample or control is derived from a reference subject who has not suffered
a brain injury. The reference sample or standards are optionally tested at the same time as the subject blood sample.
In another embodiment, the reference sample or standards are tested at different time from the subject blood sample.
As used herein, the term "subject blood sample" refers to a blood sample derived from a test subject.

[0061] Correspondence, or similarity, between the signal from a test subject blood sample and the signal from a
reference sample from a subject that has suffered a brain injury indicates that the subject has suffered a brain injury.
Differences between the signals from the subject sample and the signals from the reference sample from a subject that
has suffered a brain injury indicates that the subject has not suffered a brain injury.

[0062] Likewise, correspondence, or similarity, between the signal detected from a test subject blood sample and the
signal detected from the reference sample from a subject that has not suffered a brain injury indicates that the subject
has not suffered a brain injury. Differences between the signal detected from a test subject sample and the signal detected
from the reference sample from a subject that has not suffered a brain injury indicates that the subject has suffered a
brain injury.

[0063] In another embodiment, the identification of an increase in signal detection, optionally a statistically significant
increase, of a test subject sample compared to a reference sample from a subject that has not suffered a brain injury
indicates that the test subject has suffered a brain injury. In an embodiment, an increase over a cut-off value obtained
from historical data from subjects not having suffered a brain injury indicates that the subject has suffered a brain injury.
[0064] In another embodiment, the identification of a similar amount of signal detection from a test subject blood
sample compared to a reference sample from a subject who has suffered a brain injury or a cut off value obtained from
historical data from subjects having suffered a brain injury indicates that the test subject has suffered a brain injury. In
one embodiment, a "similar amount" of signal detection refers to no statistically significant difference in signal detection.
[0065] In another embodiment, the control is a reference baseline level of PrPC of the same test subject. In such an
embodiment, the reference baseline level is the level of PrPC in the subject prior to the event that is suspected of causing
a brain injury. For example, for an athlete, if the reference baseline level of the athlete is available, the post-concussion
value may be compared with the off-season reference baseline level. For a soldier, the reference baseline level may be
determined prior to any combat.

[0066] In a further embodiment, the control is a reference baseline level of a population of athletes during the off-
season. The term "off-season" as used herein refers to the time an athlete refrains from actively competing in a sport,
for example, for a hockey player, the off-season is typically during the summer months.

[0067] In another embodiment, the control is a reference baseline level of the general population. The term "general
population" as used herein refers to healthy same age individuals without any history of TBI. In one embodiment, the
subject is a child.

[0068] In an embodiment, the reference baseline levels disclosed herein may be obtained from historical data that
may be updated as further samples are tested.

[0069] A reference value in clinical chemistry refers to an average value of an analyte in at least a sample size of 120
healthy individuals. The International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) recommend a
sample size of at least 120 to establish reference values for any analyte (ref: Burtis CA et al. Tietz Textbook of Clinical
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Chemistry and Molecular Diagnostics, 5th Edition 2012, page 106, Elsevier publication).

[0070] Increased signal detection can also be quantified. In one embodiment, at least a 5%, 10%, 25%, 50%, 75% or
100% increase in signal detection from subject samples compared to reference samples from a subject who has not
suffered a brain injury or such a cut-off value indicates that the test subject has suffered a brain injury. In another
embodiment, at leasta 5%, 10%, 25%, 50%, 75% or 100% decrease in signal detection from a test subject blood sample
compared to reference sample from a subject who has suffered a brain injury or such a cut-off value indicates that the
test subject has not suffered a brain injury.

[0071] In another embodiment, samples may be obtained at different time points to detect the progression of the brain
injury of a subject. Accordingly there is provided a method of monitoring a subject with a traumatic brain injury comprising:

(i) (a) contacting a blood sample from the subject obtained at a first time point with a probe that binds to PrPC and
(b) quantifying the amount of PrPC at the first time point;

(i) (a) contacting a blood sample from the subject obtained at a second time point with a probe that binds to PrPC
and (b) quantifying the amount of PrPC at the second time point; and

(iii) comparing the amount of PrPC from (i) to the amount of PrPC from (ii), wherein an increase in the amount of
PrPC indicates an increase in the severity of the traumatic brain injury and a decrease in the amount of PrPC indicates
an improvement of the traumatic brain injury.

[0072] Inyetanotherembodiment, thereis provided a method of determining whether a subject has suffered a traumatic
brain injury due to an injury event comprising:

(i)
(a) contacting a blood sample from the subject obtained at a first time point prior to the injury event with a probe
that binds to PrPC;
(b) quantifying the amount of PrPC at the first time point;

(i)

(a) contacting a blood sample from the subject obtained at a second time point after the injury event, such as
1-6 days after the injury event, with a probe that binds to PrPC;

(b) quantifying the amount of PrPC at the second time point; and

(iii) comparing the amount of PrPC from the first time point with the amount of PrPC at the second time point; wherein
anincreasein the amount of PrPCindicates that the subject has suffered a traumatic brain injury due to the injury event.

[0073] In one embodiment, the method further comprises obtaining a blood sample from the subject prior to contacting
the blood sample with the probe in (i)(a) and/or (ii)(a).

[0074] In another embodiment, the first time point provides a baseline level of the subject and the second time point
is following the injury event.

[0075] In another embodiment, there is provided a method of determining whether a subject has suffered a traumatic
brain injury due to an injury event comprising:

(i)

(a) contacting a blood sample from a subject after the injury event, optionally obtained 1-6 days after, with a
probe that binds to PrPC;
(b) quantifying the amount of PrPC in (a); and

(i) comparing the amount of PrPC in (b) with a baseline level of the subject; wherein an increase in the amount of
PrPC from the baseline level indicates that the subject has suffered a traumatic brain injury due to the injury event.

[0076] In one embodiment, the baseline level of the subject is a pre-combat level of a subject that may be exposed
to combat, or an off-season level of a subject that is an athlete that may be prone to a head injury.

[0077] The term "injury event" as used herein refers to any incident that causes trauma or force to the head, including
without limitation, an explosion, transportation accident or head injury due to a fall or sports-related event.
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[0078] In one embodiment, the probe is an antibody that specifically binds to PrPC. In one embodiment, the probe
comprises a marker or label for detection, such as aradioactive, fluorescent, biological or enzymaticlabel. In an alternative
embodiment, a secondary binding ligand is used, such as a second antibody or biotin/avidin ligand binding agent, as is
known in the art for detection of the probe.

[0079] In some embodiments, the amount of PrPC is quantified at each time point, for example, by fluorescence,
radioactivity or spectrophotometry depending on the label or marker used. In an embodiment, the amount of PrPC is
quantified at each time point by a radioimmunoassay, an enzyme-linked immunoassay, a competitive binding enzyme-
linked immunoassay, dot blot, or Western blot, or other assays known in the art.

[0080] In some embodiments, the method further comprises testing a series of known reference standards, such as
serially diluted samples containing known amounts of PrPC, optionally, at the same time. The methods optionally further
comprise comparing the signal detection of a test subject sample or reference sample to the signal detection from a
series of standards of PrPC of known quantity in order to quantify the amount of PrPC.

[0081] In one embodiment, the probe at each time pointis in solution. In another embodiment, the probe at each time
point is immobilized on a solid support or support pad, such as filter paper, a multiwell plate or a microchip.

[0082] In another embodiment, two probes may be used in a sandwich ELISA assay. In such an embodiment, the
method comprises:

(a) contacting a blood sample from a test subject with a first probe that binds to PrPC; and
(b) contacting the PrPC bound to the first probe with a second probe that binds to a different part of the PrPC;

wherein the first or second probe is detectable.

[0083] In an embodiment, the first probe is an antibody or fragment thereof that specifically binds to PrPC and is
immobilized on a solid support and the second probe is an antibody or fragment thereof that specifically binds to PrPC
at a different epitope than the first probe, is detectable and is in solution. In an alternate embodiment, the first probe is
an antibody or fragment thereof that specifically binds to PrPC, is detectable and is in solution and the second probe is
an antibody or fragment thereof that specifically binds to PrPC at a different epitope than the first probe and is immobilized
on a solid support. In such embodiments, a double antibody-sandwich technique is applied and (b) the amount of PrPC
in the test subject sample is quantified by comparing to reference standards.

[0084] Examples of antibodies that specifically bind to PrPC and useful as first and second probes are well known in
the art. In one embodiment, the first probe is an antibody specific for the encoded protein sequence DYEDRYYREN
(SEQ ID NO:1), optionally a monoclonal antibody specific for the protein sequence DYEDRYYREN. In another embod-
iment, the second probe is an antibody that recognizes the octo-repeat region (PQGGGGWGQPHGGGWGQPHG-
GGWGQPHGGGWGQPHGGGWGQ; SEQ ID NO: 2) located in the N-terminal part of PrPC, optionally a acetylcho-
linesterase Fab’ conjugate which recognizes the octo-repeat region located in the N-terminal part of PrPC.

[0085] In one embodiment, the detectable probe comprises an enzyme and enzymatic activity can be used to detect
and quantify the amount of PrPC. For example, the detectable probe may comprise acetylcholinesterase conjugated to
the antibody or antibody fragment and Ellman’s reagent can be used to produce a yellow colour which is indicative of
the amount of activity of the enzyme, which can be measured by spectrophotometry at an absorbance of 405 nm.
[0086] Other examples of detectable probes are well known in the art. For example, in one embodiment, the detectable
probe comprises biotin conjugated to the antibody or antibody fragment. Avidin and/or streptavidin, which both bind
biotin, can then be used to amplify the detectable signal. Avidin and/or streptavidin can be labelled with reporters including,
but not limited to, horse radish peroxidase (HRP) which can hydrolyze 3,3’,5,5'-tetramethylbenzidine (TMB), alkaline
phosphatase (ALP) which can hydrolyze p-nitrophenyl phosphate (PNPP), beta galactosidase (3-gal) which can hydro-
lyze 2-nitrophenyl B-D-galactopyranoside (ONPG), and beta lactamase (B-lac) which can hydrolyze ampicillin. The
reaction product can be read at specific wavelengths (typically between 400-500nm). Specific wavelength values are
normally provided by the manufacturer or can be determined by a person of skill in the art.

[0087] The methods disclosed herein optionally further comprise treating the test subject for the brain injury if the
amount of PrPC is increased compared to a reference sample from a subject not having a brain injury.

[0088] For example, patients suffering from brain injury may be treated based on their neurologic status and findings
onaCT scan. Large epidural hematomas (>30 ml in volume) and subdural hematomas >10 mm in thickness or associated
with more than 5 mm in midline shift may be treated with surgical evacuation. Patients with epidural hematomas and a
Glasgow Coma Scale (GCS) <8 who have pupillary abnormalities and patients with subdural hematomas who have a
GCS score <8 or whose GCS score has decreased by >2 points from the time of admission may also be treated with
surgery. Evacuation of an intracranial hemorrhage may be recommended if itis in the posterior fossa. Open skull fractures
and depressed skull fractures, with displacement more than the thickness of the cranium, may also be treated surgically.
A course of prophylactic anti-epileptic treatment may be recommended in patients with brain hematomas. The Glasgow
Coma Scale measures the level of consciousness in a person following a brain injury.

[0089] Accordingly, in another embodiment, the method further comprises treating the subject with surgery, such as
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surgical evacuation, if a brain injury is detected. In another embodiment, the method further comprises treating the
subject with anti-epilepsy drugs if a brain injury is detected.

[0090] Having a non-expensive and easy to use diagnostic kit will be a very useful tool to screen victims particularly
those with no visible physical signs by the first responders (paramedics, nurses, and doctors) or in clinics and facilities
with no CT scan. Considering the fact that in the blast-induced TBI (those who experience the blast force far from
epicenter) and sport-related concussions, victims with no apparent physical wound may be ignored or misrepresented,
this kit would assist to screen and find invisible victims for further observation/test and treatment. The methods and kits
disclosed herein can be used as a supportive tool for more comprehensive CT scan imaging as well.

[0091] The present disclosure also provides kits for analyzing blood to detect a traumatic injury.

[0092] In one embodiment, the kit comprises:

(a) a probe that detects the presence or amount of PrPC in the blood; and
(b) instructions for use in detecting brain injury.

[0093] Inone embodiment, the instructions for use provide instructions on how to perform any of the methods described
herein. In another embodiment, the instructions for use provide instruction on further treatment options depending on
presence or amount of PrPC,

[0094] In one embodiment, the probe is an antibody or antibody fragment that specifically binds to PrPC.

[0095] In another embodiment, the kit comprises two probes, an immobilized probe that binds to PrPC at a first position
and a detectable probe that binds to PrPC at a second position.

[0096] In one embodiment, the probe comprises a marker or label for detection, such as a radioactive, fluorescent,
biological or enzymatic label. In an alternative embodiment, a secondary binding ligand is used, such as a second
antibody or biotin/avidin ligand binding agent, as is known in the art for detection of the probe.

[0097] In one embodiment, the kit further comprises serially diluted samples of PrPC to be used as standards for
quantifying the amount of PrPC.

[0098] In some embodiments, the amount of PrPC is quantified, for example, by fluorescence, radioactivity or spec-
trophotometry depending on the label or marker used and the kit comprises reagents for such detection. Inan embodiment,
the amount of PrPC is quantified by a radioimmunoassay, an enzyme-linked immunoassay, a competitive binding enzyme-
linked immunoassay, dot blot, or Western blot, or other assays known in the art and the kit comprises reagents for such
assays, for example, the kit may comprise Ellman’s reagent when the label is the enzyme acetylcholinesterase.
[0099] Inone embodiment, the probe is in solution. In another embodiment, the probe is immobilized on a solid support
or support pad, such as filter paper, a multiwell plate or a microchip.

[0100] The methods and kits disclosed herein can be used in conjunction with other tools that diagnose brain injuries,
including CT scan imaging and magnetic resonance imaging (MRI).

[0101] The above disclosure generally describes the present application. A more complete understanding can be
obtained by reference to the following specific examples. These examples are described solely for the purpose of
illustration and are not intended to limit the scope of the disclosure. Changes in form and substitution of equivalents are
contemplated as circumstances might suggest or render expedient. Although specific terms have been employed herein,
such terms are intended in a descriptive sense and not for purposes of limitation.

[0102] The following non-limiting examples are illustrative of the present disclosure:

EXAMPLES
Example 1:

[0103] The presentinventor hypothesized that blast winds and shock oscillating head acceleration of sufficient intensity
can dislodge cellular prion protein PrPC from neurons into the systemic circulation. PrPC is an ubiquitously expressed,
208-209 amino acid long, glycophosphatidylinositol (GPI) anchored neuronal lipid raft resident protein, which is highly
expressed throughout the central nervous system (Bendheim et al., 1992; Sales et al., 1998; Moser et al., 1995; Aguzzi
and Polymenidou 2004). PrPC’s function is not fully understood, but studies have implicated a neuroprotective role
(Shmerling et al., 1998; Kuwahara et al., 1999; Mitteregger et al., 2007) in response to hypoxia (McLennan et al., 2004),
epilepsy (Walz et al., 1999), neurotoxicity (You et al., 2012) and ischaemic injury (Weise et al., 2004, 2006; Shyu et al.,
2005; Spudich et al., 2005). Thus, the loss of PrPC may be significant as blast-induced ischemia can result from hem-
orrhaging, air emboli, or even vasovagal innervation.

[0104] Male Sprague Dawley (SD)rats (375-400 g) were anesthetized with 3% isoflurane for 3 min in a closed induction
chamber. A helium driven shock tube was used at various shock wave pressures (15 - 30 psi). The exposure system
has been developed so that the animals are exposed head only to a "primary blast" that being a single pulse shock
wave. The animals were subjected to three varying conditions as follows: control (0 PSI); net, restraint, and whiplash
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(15-30 PSI) as previously described in Yarnell et al. 2013. In the "net", "restraint" and "whiplash" conditions, the rats’
bodies were secured with tourniquets. To test "whiplash", a pressure blast was used to cause the rat's head and neck
to jolt while the rest of the body was restrained. Both head and neck were exposed to the blast. In the "restraint" condition,
the neck as well as the body was restrained and only the head was exposed to the blast. In the "net" condition, the rat’s
body was also fixed in place with a tourniquet and the head was exposed to the blast but a safety net prevented movement
of the head and neck. The net absorbed the shock instead of the head and neck. Blood plasma was collected and stored
at -80°C.

[0105] A qualitative PrPC enzyme immunometric assay (SPI-BIO, A05201, Paris, FR) was modified for highly sensitive
quantification of plasma PrPC€ using purified recombinant PrPC (Prionatis, a-Rec Mouse PrP-RPA0101S, Zurich, CH).
The standard provided by SPI-Bio was mixed with milk to use as a qualitative or semi quantitative tool to screen dairy
products which was not suitable for purposes of quantitative analysis of plasma samples. In order to measure absolute
PrPC levels the milk mixed standard (provided by SPI-BIO) was replaced with a pure recombinant prion protein purchased
from Prionatis (Prionatis, a-Rec Mouse PrP-RPA0101S, Zurich, CH) and prepared and optimized quantification with
serial standard dilutions (0, 0.0625, 0.125, 0.25, and 0.5 ng/ml). The double-antibody sandwich technique was applied,
and enzymatic activity of immobilized acetylcholinesterase on Ellman’s reagent was measured with spectrophotometry
(405nm). The reaction’s color intensity was proportional to plasma PrPC concentration (ng/ml).

[0106] Samples were prepared in a Phosphate Buffered Saline (PBS) Enzymatic Immunometric Assay (EIA) buffer
containing 1% BSA (blocking), 10mM EDTA (metal ion sequestration), 0.1% sodium azide (preservative and antibacterial)
and the wash buffer was PBS + Tween-20, pH 7.4.

Results:

[0107] All detected plasma PrPC concentration was measured to ng/mL. All results were statistically analyzed by a
statistician using SPSS 19. QQ plot was used to test the normality of the samples. Mann-Whitney U test was used for
nonparametric data. Nonparametric data included the whiplash, net, and restraint groups. Two sample independent T
test was used for normal data. The normal data was whiplash, net and restraint groups grouped together. When p<0.05,
values were considered statistically different. Pearson’s correlation test was used to determine the relationship between
the PSI and the prion concentration.

[0108] A Q-Q plot graph of net data, restraint data and whiplash is shown in Figure 1. Most of the data points depart
from the normal distribution reference line (y=x) in Fig. 1(a,b,c). Therefore data is not normally distributed and is non-
parametric. Therefore, the Mann-Whitney U test is selected to analyse nonparametric data for net, restraint, and whiplash
groups (See Table 1, 2, and 3 respectively).

[0109] As shown in Table 1, prion concentration between the control and net groups are very similar in mean rank
(12.22 vs 12.67). A two tailed test was used to test the null hypothesis that the control group and net group have the
same prion concentration levels. There was no statistically significant difference between the control and net groups’
prion concentration level (Ucritical=34, Utest=65, P=0.881>0.05).

[0110] As shown in Table 2, prion concentration of restraint group is significantly higher than control in mean rank
(13.50 vs 7.67). A two tailed test was used to identify if the control and restraint group have different prion concentration
levels. There was a statistically significant difference between the control and restraint groups’ prion concentration level
(Ucritical=26, Utest=24, P=0.033<0.05).

[0111] A one tailed test was used to test the hypothesis that restraint groups’ prion concentration level was higher
than the control group. The restraint group elicited statistically significant higher prion concentrations than the control
group (Ucritical=26, Utest=24, p=0.034<0.05). Prion concentration was increased in the restraint group compared to
control as a result of the shock delivered by acceleration/deceleration force while restrained.

[0112] As shown in Table 3, prion concentration of whiplash group is significantly higher than in control group mean
rank (14.09 vs 6.11). A two tailed test was used to identify if the control group and whiplash group has different prion
concentration levels. There was a statistically significant difference between the control and whiplash groups’ prion
concentration level (Ucritical=23, Utest=10, P=0.003<0.05).

[0113] A one tailed test was used to test the hypothesis that whiplash groups’ prion concentration level was higher
than the control group. The whiplash group elicited statistically significant higher prion concentrations than the control
group (Ucritical=23, Utest=10, p=0.002<0.05). Since P value is very small (p=0.002), there is very strong evidence to
prove that the whiplash group had statistically significant higher prion concentration than control. The present inventor
concluded that whiplash group’s higher prion concentration is a result of the violent acceleration/deceleration force of
being whiplashed, which was strong enough to make a noticeable difference in the prion concentration.

[0114] The tri group data points do form a straight line which is the normal reference line (y=x) in Fig. 1(d). This
indicates distribution of overall three groups is normal. Therefore, the student T test was selected to analyse parametric
data (See Table 4).

[0115] As shown in Table 4, the treatment groups elicited a statistically significant higher prion concentration than
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control (Tcritical=1.679, Ttest= - 2.002, p=0.025<0.05). It is suggested to reject the null hypothesis even though it is
correct theoretically (p=0.051>0.05). p=0.051 provides weak evidence to support the null hypothesis. One tailed t-test
had strong evidence to show that the treatment groups had a statistically higher prion concentration than the control
group (p=0.025<0.05). This result also provides a good explanation for the mean prion concentration of the treatment
groups being greater than that of control (7.88ng/mL vs 6.60ng/mL).

[0116] Box plots of prion concentration distribution was analyzed in Figure 2. Mean and median values of the control
group and net group are approximately equal (6.60ng/mL vs. 6.75ng/mL) and (6.76ng/mL vs. 6.43ng/mL) respectively.
This indicates the overall prion concentrations between control and net groups are very similar. This also verifies the
null hypothesis, which indicates there was no statistically significant difference between the control and net groups’ prion
concentration. However, the middle 50% of the net group’s distribution of prion concentration is shifted above that of
the control group. It is possible that the net group has slightly higher prion concentration than control as a result of weak
shock strength, but not enough to elicit significant differences (p=0.881>0.05).

[0117] Mean and median values of the restraint group were significantly higher than of control (8.15ng/mL vs.
6.60ng/mL) and (8.05ng/mL vs. 6.76ng/mL) respectively. Roughly 99% of the restraint group’s distribution of prion
concentration is shifted above the median of the control group. This is a good indication that prion concentration in the
restraint group is significantly higher than in control group. This also verifies the test result of the alternative hypothesis,
which indicates that the restraint group has statistically significant higher prion concentrations than the control group
(p=0.034<0.05). Data points 17, 18, and 20 are outliers.

[0118] Mean and median values of the whiplash group were significantly higher than of control (9.13ng/mL vs.
6.60ng/mL) and (9.14ng/mL vs. 6.76ng/mL) respectively. All concentration points are above control. This is good indi-
cation that prion concentration in the whiplash group is significantly higher than in control group. This also verifies the
test result of the alternative hypothesis, which indicates that the whiplash group elicited statistically significant higher
prion concentrations than control (p=0.002<0.05). Data point 20 is an outlier.

[0119] Three quarter of tri group data are shifted above the median of control group. The above facts show that
accepting the null hypothesis does not provide a good explanation. Though theoretically, it is correct to not reject the
null hypothesis when p>0.05. In order to find reasonable explanation, a one tailed t test was conducted (See Table 4).
The test result was the three treatment groups had statistically higher mean and median prion concentration than the
control group (7.88ng/mL vs. 6.60ng/mL) and (7.87ng/mL vs. 6.76ng/mL).

[0120] Scatterplotanalysis was done to determine the correlational relationship between pressure (pounds per square
inch-PSI) and prion concentration (Figure 3). There is a positive correlation (prion Concentration = 0.3333 * PSI| +2),
showing that when PSl increases in value, prion concentration increases in value as well (See Table 5).

Discussion

[0121] The present inventor for the first time has established a statistically significant general link between the blast-
induced TBI and plasma level of PrPC. This connection is particularly strong and evident among the experimental animals
(whiplash and restraint group) subjected to blast-induced TBI. These findings make it possible to use a small sample of
plasma from people, soldiers and civilians, exposed to any type of blast to assess conditions of the victims in terms of
the possibility of developing TBI, particularly in victims with none or few visible physical signs and symptoms, based on
PrPC levels. This new marker will also assist medical personnel to make decision on the immediate and long-term
treatment and follow-up of the blast-TBl victims. It can also be used as a complementary test along with more sophisticated
medical tests such as MRI.

[0122] Having a non-expensive, and easy to use diagnostic kit such as PrPC based quantitative ELISA kit, will be a
very useful tool to screen victims particularly those with no visible physical signs by the first responders (paramedics,
nurses, and doctors) or in clinics and facilities with no CT scan. Considering the fact that in the blast-induced TBI (those
who experience the blast force far from epicenter) and sport-related concussions, victims with no apparent physical
wound may be ignored or mis-represented, this kit would assist to screen and find invisible victims for further observa-
tion/test and treatment. Finally this kit can be used as a supportive tool for more comprehensive CT scan imaging as well.
[0123] For example, two different measuring devices are envisioned:

The first would be a simple and easy to use diagnostic kit with a sandwich ELISA lateral flow format for the first
responders such as medics, coaches, and emergency personnel. In brief, the plasma samples first come in touch
with colored particles labeled with antibody raised against PrPC(target analyte). An antibody raised against different
epitope of PrP¢ will be used in the test line. The test line will also show a colorful band. The intensity of this band
correlates with PrPC levels. This simple kit will come with a band color intensity meter to assist the judgment on
PrPC level.

The second would be a quantitative device: In this device the intensity of the test line will be measured to determine
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the quantity of PrPC in the sample. A lateral flow reader (a handheld diagnostic device) will be used to provide a
fully quantitative assay result. Using a suitable detection technology (CMOS or CCD) and unique wavelength of
light for illumination, one can obtain a signal rich image from the actual test lines. With an image processing algorithm
specifically designed for a PrPC Elisa measurement, line intensities can then be converted to PrPC concentrations.
This quantitative lateral flow device can be used in the field hospitals and clinics, as well as diagnostic medical
laboratories.

Example 2

[0124] Adult male Sprague-Dawley (SD) rats were exposed to controlled single pulse shock waves closely simulating
free field blast (restraint) (see Ritzel et al., 2011) and blood plasma was collected afterwards for quantification of PrPC.
(Ritzel et al., 2011) to establish plasma PrPC as a potential biomarker for primary bTBI and to establish a positive
correlation between plasma PrPC and blast wave intensity exposure.

Methods
Advanced Blast Simulator (ABS)

[0125] A custom-built ABS (approx. 30.5cm in diameter and 5.79m in length) located at DRDC Suffield was used for
producing simulated blast waves (Ritzel et al., 2011). 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 pressur-
ization of the driver causes rupture of the diaphragm, releasing high-pressure gas into the test section, and generating
a shock wave 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 shock waves (Ritzel et al.,
2011). Compressed helium and varying thickness of cellulose acetate sheets were employed to obtain the desired target
pressure.

Animal Exposure to Simulated Blast (restraint)

[0126] Adult male Sprague-Dawley rats were acquired from Charles River Laboratories (St. Constant, Que, Canada)
and acclimated for at least one week prior to exposure. The animals were kept on a 12 hour 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 (i.e. the restraint position described above). The hind quarters 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 shock wave 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 shock wave overpressures of 15, 20, 25 and 30
pounds per square inch (PSI) or 103.4,137.9, 172.4, 206.8 kilopascal (kPa). After exposure, the animal was immediately
removed from the shock tube and animal restraint, and 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 hours the animals were anaesthetized and euthanized by decapitation
prior to blood sample collection.

Sample Collection

[0127] Following anesthesia, whole trunk blood samples were collected from both control (n=19) and blast (n=33)
group rats following decapitation into K2EDTA coated blood collection tubes. Samples were centrifuged for 10 minutes
at 2,000 x g and the separated plasma supernatant was collected. To avoid excessive freeze-thaw cycles, blood plasma
aliquots were made and stored at -20°C for short-term use and the rest stored at -80°C.

Plasma PrPC ELISA

[0128] Forsensitive quantification of full-length soluble PrPC, an ELISA technique was employed using a commercially
available assay kit (Spi Bio A05201, Paris, FR). The kit is typically used for qualitative screening in animal products;
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therefore the manufacturer’s protocol was modified to allow sensitive and accurate quantification. Pure full-length re-
combinant PrPC (Prionatis, a-Rec Mouse PrP-RPA0101S, Zurich, CH) 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% BSA, 4 M NaCl, 10mM 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 and
standards were loaded in equal volume in triplicate in the kit's 96 microwell plate strips. Diluted samples were loaded
as such that each well contained approximately overall protein amounts of approximately 75-100 p.g. The plate was then
incubated overnight at 4°C 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 two hours at 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 minutes 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 405nm

[0129] (Molecular Devices, LLC., SpectraMax M5, Sunnyvale CA, USA). Raw absorbance values were interpolated
along the standard calibration curve and converted into PrPC concentration values.

PrPC Western Blotting

[0130] Western blotting was conducted as previously described (Taghibiglou et al., 2011). Briefly, diluted plasma
samples were separated with SDS-PAGE, transferred onto a 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 chemilumines-
cence detection (Amersham) and exposed to x-ray film. Band intensities were quantified using NIH ImageJ software
and normalized to the quantity of GAPDH in each sample lane.

Statistical Analysis

[0131] Statistical analysis for all data was performed using the IBM SPSS 21 Statistical package. Non-parametric data
was 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% level of confidence 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 concen-
tration. Kendall’s tau b test determined the nature and degree of association for said relationship. Receiver operating
characteristics (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 cut-off value, as described by Greiner et al., between control and blast exposure
groups, and positive and negative predictive values (PPV and NPV) were subsequently calculated.(Greiner et al., 1995)
For all tests, statistical significance was determined when p < 0.05.

Results

[0132] The use of the ABS system, in concert with the head restraint configuration employed in this Example has been
shown to minimize concussive and whiplash forces and produce a "clean" primary single pulse shockwave insult. 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 to 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.

[0133] 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 7). Graphical
representation of PrPC concentration results is provided in box-and-whisker plot (see Figure 7) showing 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. 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 this data is considered non-parametric. As such, the
Kruskall-Wallis test for non-parametric was appropriately used for determining differences in PrPC concentration mean
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rank values of sham controls and individual blast intensity groups. There was a statistically significant difference
(x2=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
(2=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.

[0134] Quantified differences between blast and control group PrPC concentration was demonstrated with Western
blotting (see Figure 8). Densitometric analysis using NIH Image J 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, 2-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’s trend test was used that showed an ordered relationship between blast intensity
and PrPC concentration (J-T=773.00, p<0.0001).

[0135] 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.

[0136] ROC analysis was performed for determining accuracy of the ELISA test based on the predictiveness of control
and blast group classifiers. ROC analysis allowed 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 S.E. (95% CI,
0.881-1.000, p<0.0001) indicating ELISA test results as highly accurate for distinguishing between control and blast
groups. As there is presently no standard reference database available for rat plasma PrPC, TG-ROC analysis was
performed using values obtained to determine the minimum cutoff value defining blast exposure. A conservative cutoff
of 2.78 ng/mL was chosen which yielded 79.1% sensitivity and specificity, 81.6% PPV, and 85.7% NPV.

Discussion

[0137] 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 (Hoge et al., 2008; Warden 2006; Okie 2005). TBI
is typically brought upon 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 (Rosenfeld et al., 2013; Barkhoudarian et al., 2011).
Proper diagnosis of TBI due to 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 (Tanielian and Jaycox 2008;
DeKosky etal., 2010). A possible approach towards addressing thisissue 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 (Agoston et al., 2009; Agoston et al., 2012). For instance 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 (Unden et al., 2005; Savola et al., 2004; Anderson et al., 2001; Harpio, and Einarsson 2004).
Another protein, GFAP, has shown correlation with TBI outcome, but has been inconsistent in discerning between TBI
and non-injured victims (Metting et al., 2012).

[0138] Assuch, investigationtowards establishing both a highly predictive and reliable protein biomarker has continued.
Thus, in collaboration with the DRDC, Suffield Research Center, the present inventor sought to establish the use of a
novel protein biomarker, the PrPC, within the blood plasma of rats exposed to simulated primary blast. This is the shock
wave 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, dust, etc. (quaternary). Due to technical
difficulties the experimental replication of clean primary blast conditions has traditionally been problematic. However,
recent developments in these laboratories (see Ritzel et al., 2011) have enabled the consistent replication of single pulse
shock waves with minimal concussive and whiplash forces, that is highly reminiscent of a free field blast (Ritzel et al.,
2011). Adult male SD rats were subjected to single pulse shock waves of varying intensities localized only to the head
in order to determine whether there was an appreciable rise in plasma PrPC concentration, which was quantified using
a modified commercial ELISA kit. Without wishing to be bound by theory, the present inventor hypothesized that the
blast-induced shearing forces as described by Schardin (Schardin, 1955) could cause the predominantly extracellular,
GPI anchored PrPC€ to be dislodged from its neuronal lipid rafts location. Previous reports have shown increased plasma
PrPC concentration following stroke and in patients with various neurodegenerative diseases (Mitsios, etal., 2007; Volkel
et al., 2001). 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 (Smith et al., 2003; Uryu et al., 2003; Sidaros
et al., 2009; Stern et al., 2011; Small et al., 2013; Johnson et al., 2013). In the present Example, the present inventor
identified the rise in plasma levels of PrPC as a novel biomarker for detection of primary bTBI; and based on current
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literature search, this is the first report of such an association. Statistical analysis determined that mean PrPC concen-
tration in simulated primary blast exposed rats was significantly greater than control. Moreover, a mild positive correlation
between plasma PrPC€ levels and increasing blast intensity (PSI) was also determined. Results showed dramaticincrease
of plasma PrPC in the 15 and 20 PSI blast group, with levels plateauing at higher intensities. 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 agreement with immunohistochemical staining for neurofilament phosphorylation.
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 at higher intensity, but may not receive medical
attention due to lack of apparent injuries. Immunoblotting additionally confirmed, albeit semi- quantitatively, that there
is an apparent increase in plasma PrPC content after blast exposure compared with control, which is consistent with
quantitative ELISA results obtained. The PrPC concentration cutoff value for blast exposure was determined conserva-
tively at2.78 ng/mL (79.1% sensitivity and specificity; 81.6% PPV; and 85.7% NPV). Itis noteworthy that there is currently
no known standard reference database for normal rat plasma PrPC concentrations, therefore the cutoff value determined
is based from the normal concentration values that were established. In summary, without wishing to be bound by theory,
the present findings support the 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.

[0139] 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 (Ling et al., 2009; Krupinski et al., 2008; Starke et al., 2002; Simak et al., 2002). 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 (Krupinski et al., 2008; Starke et al., 2002; Simak et al., 2002). At this time, it is not possible to discern
whether the 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, the 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 damaged ischemic regions in the brain as a result of
blast exposure (Weise et al., 2004).

[0140] 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 (Weise et al., 2004; McLennan et al., 2004; Walz et al., 1999; Milhavet et al., 2000;
Rangel et al., 2007; You et al., 2012, Weise et al., 2006; Shyu et al. 2005; Spudich et al. 2005; Hoshino et al., 2003).

Example 3

[0141] Because of the PrPC’s extracellular orientation, it is possible that during a concussive event, linear and/or
rotational forces transmitted to the brain may cause the tenuously bound PrPC to dislodge and collect within the systemic
circulation. In this Example, this hypothesis was addressed by collecting blood plasma from the normal healthy university
student population (age 18-30 years old) as well as concussive student athletes for quantification of PrPC. Plasma PrPC
was identified as a potential biomarker for sport-related concussions.

Material and Methods

Athletes and non-athletes recruitment

[0142] Participants of high-contact sports were recruited as follows: 17 ice hockey, 20 football, 4 soccer, 18 basketball
players, and 6 wrestlers. Samples were also collected from athletes in typically low contact sports such as volleyball
and cross country. For normal values, 27 samples were collected from the non-athlete university student population. In
total six concussive athletes were identified using the sports concussion assessment tool (SCAT3) concussion assess-
ment criteria (Guskiewicz et al., 2013) and their post-concussion blood samples collected 1-6 days post-incidence
depending on the subject’s availability. For the summary characteristics of participants involved in this study see Table 6.

Plasma Separation
[0143] Samples were alphanumerically coded and sample testing was performed single blinded. A small sample of

venous blood (2 mL) was collected from both athletes and non-athletes into lithium heparin coated vacutainer tubes (BD
vacutainer PST, #367962). Samples were centrifuged at 10.000G for 10 minutes for plasma isolation. Plasma was
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aliquoted and stored at -80°C for future analysis.
Plasma PrPC ELISA

[0144] For sensitive quantification of full-length soluble PrPC, an ELISA technique was employed using a commercially
available qualitative assay kit (Spi Bio A05201, Paris, FR) and the manufacturer’s protocol was modified to allow sensitive
and accurate quantification. Pure full-length recombinant PrPC (Prionatis, a-Rec Mouse PrP-RPA0101S, Zurich, CH)
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 phos-
phate, 1% BSA, 4 M NaCl, 10mM 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 and standards were loaded in equal volume in triplicate in the kit's 96 microwell
plate strips. Diluted samples were loaded as such that each well contained approximately overall protein amounts of
75-100 pg. The plate was then incubated overnight at 4°C with shaking to allow adequate antigen binding to well-
embedded monoclonal antibodies (specific to the 144-153 amino acid sequence (SPI Biotech, Paris France)). After
rigorous washing

[0145] (4M phosphate, pH 7.4), the wells were incubated with an acetylcholinesterase- (AChE) Fab’ conjugated an-
tibody solution for two hours at 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 minutes
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 405nm (Molecular Devices, LLC., SpectraMax M5, Sunnyvale CA, USA). Raw absorbance values were inter-
polated along the standard calibration curve and converted into PrPC concentration values.

Statistical Analysis

[0146] Statistical analysis for all data was performed using Graphpad Prism 5 statistical package. Student’s T-test for
statistical significance was performed for plasma PrPC mean value comparison of the following groupings: male vs.
female, athletes vs. non-athletes, and post-TBI vs. baseline or combined athletes and non-athletes (representative of
the general population). One-way analysis of variance (one-way ANOVA) was used to determine whether there is
significant variation of mean PrPC concentration among different age groups. Results were considered statistically
significant when p < 0.05.

Results

Plasma levels of soluble cellular prion protein levels in healthy young male and female adults

[0147] In order to investigate the possibility that the plasma level of PrPC rises following mTBI, normal soluble PrPC
levels were first measured in the general population aged 18 years and above without significant confounds due to
illness, health condition, or concussion within the past six months. T-test comparison between male (mean = SEM=1.63
ng/mL = 0.10, n=54) vs. female (1.79 ng/mL = 0.10, n=49) showed no significant difference in mean concentration of
plasma PrPC (p > 0.05) (see Figure 4). Additionally, a slight significant difference was found in mean plasma PrPC
between off season athletes’ baselines (1.59 = 0.073, n=76) vs. normal non-athlete students (2.012 = 0.15, n=27)
(p<0.01) (see Figure 4).

[0148] Furthermore, aggregate results were grouped within five age groups to determine any significant difference in
plasma PrPC across different age brackets (see Figure 5). One-way ANOVA for determining variation between mean
plasma PrPC concentration across age groups showed no significant difference across the different age groups (p>0.05).

Plasma soluble PrPC level increases in concussive athletes

[0149] Blood from six athletes who sustained concussion as assessed using the SCATS3 criteria by teams’ doctors
and physical therapists were collected. Depending on access to the concussive athletes, the blood samples were collected
within 24hrs to 6 days post-mTBI. During the last sport season, Huskies Athletic teams had 4 female and 2 male
concussive players ranging from different sport teams including Canadian football, ice hockey, basketball and wrestling.
Comparison of mean plasma PrPC in post-concussion samples (2.96 ng/mL *+ 0.37, n=6) was found to be significantly
higher (p<0.00017) than levels in baseline samples collected in the offseason (1.59 ng/mL * 0.07, n=76) and against
combined baselines with the normal population (1.70 ng/mL =+ 0.07, n=103) (see Figure 6-A). Of the 76 baseline samples
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collected from athlete participants during the offseason, only three individuals sustained a concussion during the season
to allow pre- and post-TBI comparison (see Figure 6-B). Although an unpaired t-test comparison showed there was no
significant difference between three sets of pre- and post-TBI PrPC values, the number tested was low and did show an
increasing trend in post-concussion PrPC.

Discussion

[0150] Sport-related concussions are the most common cases of mTBIl among children and young adults (Nobel et
al., 2013; Selassie et al., 2013; Stewart et al., 2013). Despite several clinical symptoms and manifestations, it is believed
that the majority of concussive events still remain unreported or ignored. Considering limitations and shortcomings of
diagnostic medical imaging techniques, it is thus necessary to have access to more reliable and easy to use quantitative
diagnostic concussion tests to identify concussive athletes and to reduce the risk of potential catastrophic second impact
syndrome. Protein biomarkers in biological fluids have opened new horizons in TBI and concussion diagnosis. In the
present study, concentrations of plasma soluble PrPC were examined in university student athletes who had a sports-
related concussion (six concussion cases in the last season). It was found that the post-concussion levels of plasma
soluble PrPC were significantly higher when compared with the normal plasma PrPC values in young adults.

[0151] PrPC is a loosely associated lipid raft protein known for several important physiological functions including its
neuroprotective role in the brain. In this Example, it was hypothesized, that in a concussive event, the applied force on
the brain may dislodge PrPC off the neuronal lipid rafts, which may eventually ending up in circulation. Therefore, the
plasma soluble PrPC could be used as a potential biomarker for mTBI diagnosis. Although PrPC is prominently expressed
in CNS, emerging evidence indicates that soluble PrPC could cross the blood brain barrier in a bidirectional manner
(Banks et al., 2009). PrPC levels in biological fluids such as CSF and plasma have been previously used as a useful
biomarker for certain pathological conditions (Krupinski et al., 2008; Meyne et al., 2009; Mitsios et al., 2007; Picard-
Hagen et al., 2006; Roberts et al., 2010; Torres et al., 2012; Volkel et al., 2001). Increased plasma PrPC concentrations
have been previously reported following stroke and in patients with various neurodegenerative diseases (Mitsios et al.,
2007; Volkel etal., 2001). Furthermore, recent studies have shown that patients with cerebrovascular disease or vascular
endothelial damage had higher levels of plasma PrPC than control values (Krupimski et al., 2008; Simak et al., 2002;
Starke et al., 2002). Moreover, the role of soluble PrPC, in the modulation of immune cell activation centrally and pe-
ripherally, was proposed to be used as a biomarker for neuroinflammation and encephalitis; particularly in cases related
to HIV-infected individuals (Roberts et al., 2010).

[0152] Most of the above studies were conducted with older subjects, whereas the subjects studied in the present
examples were young adults who were mainly involved in high contact sports. It appears that the mean plasma PrPC in
healthy young individuals is lower than what has been previously reported in older population (Volkel et al., 2001; Breitling
et al., 2012). The present participants varied between 18-30 years old, whereas recruited individuals in Breitling et al.
study were between 72-76 years old (Breitling et al., 2012). Age-dependent expression of PrPC has been previously
reported, but any significant difference across various age groups was not observed in this population (Politopoulou et
al., 2000). Slightly higher (non-significant) soluble PrPC was also observed in female plasma samples when compared
with that in males. Lower soluble PrPC level was observed among offseason athlete baseline values as compared with
controls (non-athlete students). However, due to unequal sample sizing (76 baseline vs. 27 non-athletes), the possibility
that heterogeneity of results from the normal sample group being more pronounced cannot be ruled out. The soluble
PrPC is also involved in activation of immune cells and immune response (Haddon et al., 2009; Jeon et al., 2013). Thus,
without wishing to be bound by theory, it is possible that the lower soluble PrPC levels in off-season athletes may be
required to accommodate relatively lower pro-inflammatory cytokines condition necessary for promoting off-seasonal
CNS repair. Most recently, Bazarian et al. reported similar differences in serum levels of ApoA1 and S100B autoantibody
titer between off-season athletes and their controls (Bazarian et al., 2014).

[0153] According to the present results, there is indeed a significant rise of the plasma soluble PrPC in post-mTBI/con-
cussion samples compared with both the general control young adult population and offseason athlete plasma samples.
This clearly indicates that a rise in plasma PrPC is associated with sport-related concussion. However, comparison pre-
and post-TBI values (for the same individuals, i.e. the three concussive persons) showed no significant difference (due
to a low n of 3) when evaluated as one set of values, although there is an increasing trend in plasma PrPC levels.
However, not all athletes had submitted a baseline sample during the offseason. Thus, of the six concussion samples
collected the present inventor was limited to only three corresponding baselines to compare against. These pairs showed
an upward trend in plasma PrPC concentration despite delayed periods in collection following injury. It has been reported
that the soluble PrPC could cross the blood brain barrier in a bidirectional manner (Banks et al., 2009) and the blood
brain barrier may be disrupted in some concussive events (Marchie et al., 2013). Due to the limitation in the number of
concussed athletes and variation in the time period between injury and collection, which ranged between 1-6 days
depending on subject availability, it cannot definitively determine whether this rise in plasma PrPC is directly attributed
to protein shedding from the CNS or partly originated from circulatory blood cells following the initial injury. Recent
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evidence suggests that normal PrPC may be also secreted out (on exosomes) from cultured neurons following toxic
challenges such as NMDA-induced excitotoxicity ((Wang et al., 2012). Moreover, PrPC containing exosomes have
recently been isolated from human plasma (Ritchie et al., 2013). Since neuronal excitotoxicity plays a major role in the
pathogenesis of TBI (reviewed in Algattas et al., 2014; Parsons et al., 2014), it is thus plausible to hypothesize that the
CNS is a major contributor to plasma soluble PrPC following the concussion.

[0154] The goal of this Example was to determine the viability of using plasma levels of PrPC in athletes following
concussion to be compared against controls as a biomarker for sports concussion. Results obtained from gender and
different age groups of young adults show no significant difference which means there is no gender and age variation
in human plasma PrPC concentration, making it an ideal parameter for testing as a biomarker. The results presented in
this Example provide first evidence that easily accessible plasma soluble PrPC might have a relevant association with
sport-related concussion/mTBI and may be a useful biomarker to identify concussive athletes at risk.

Example 4

[0155] This Example was carried out to establish age- and sex-specific reference intervals (Rls) for serum soluble
PrPC concentration in healthy children measured by the modified quantitative ELISA method described herein. Results
show that there is no distinctive difference between male and female concentrations, nor is there any significant alteration
with age. Having pediatric RIs available for this analyte may prove to be valuable as the potential use of PrPC as a
biomarker for certain conditions, such as assessing brain injury, expands to children as well.

Methods
Participant Recruitment and Sample Collection

[0156] The CALIPER nitiative was approved by the Institutional Review Board at the Hospital for Sick Children (Toronto,
ON, Canada). As previously described, healthy children (1 to 18 years of age) were recruited in the greater Toronto area
through various community programs to ensure broad multi-ethnic participation (Colantonio et al., 2012). Sample col-
lection was performed following informed parental consent and completion of a brief questionnaire. The exclusion criteria
included history of chronic illness or metabolic disease, acute illness within the previous month, or use of prescribed
medication within the previous two weeks. Serum samples were collected in a serum separator tube (SST vacutainer;
BD) and were centrifuged, separated, divided into aliquots, and stored at 80 °C until analysis. Sample aliquots were
transferred to the University of Saskatchewan on dry ice for PrPC content quantification.

Serum PrPC ELISA

[0157] Sensitive quantification of serum PrPC was performed using a modified commercial PrP ELISA detection kit
(Spi-Bio A05201) as previously described (Pham et al., 2015 a & b). Briefly, the kit utilizes a double-antibody sandwich
allowing for qualitative determination of PrPC in various mammalian biological fluids. For the present purposes, the
manufacturer’s protocol has been modified for sensitive quantification. Full length pure recombinant PrPC (Prionatis,
Zurich, Switzerland; a-Rec Mouse PrP(23-231), cat. # RPA0101S) was used for producing serial protein standards
(0.625-20 ng/mL) to produce the calibration curve. Diluted samples were incubated in antibody-coated wells overnight
at 4°C with shaking to ensure adequate antigen binding. Acetylcholinesterase-conjugated 'Fab antibody solution was
then added and bound to captured PrPC. A colorimetric reaction proportional to captured PrPC is produced using Ellman’s
reagent, the absorbance of which was measured at 405 nm using a spectrophotometer (Molecular Devices, LLC.,
SpectraMax M5, Sunnyvale CA, USA). Sample raw absorbance values were interpolated into protein concentrations
using the calibration curve.

Statistical Analysis

[0158] All statistical analyses and figures were produced using the IBM SPSS 21 and Medcalc software packages.
Data were analyzed in accordance with CLSI| C28-A3 guidelines as previously described (Colantonio et al., 2012). Visual
inspection of the data was done through scatter and distribution plots; outliers were then removed according to Tukey’s
method (1.5*interquartile range) (Tukey 1977). Age- and sex-stratified partitions were determined by visually inspecting
distribution and scatter plots for overall trends. The need for partitioning was statistically evaluated using Harris and
Boyd's test to determine whether subgroups were statistically different to warrant being stratified (Fuentes-Arderiu et
al., 1997). The non-parametric rank method [p*(n+1)] was used to calculate the Rl at the 2.5- and 97.5 percentiles for
sample sizes of n>120. For partitions with sample sizes of n<120, the robust method was used to calculate the RI (Horn
etal., 1998). The 90% confidence intervals were also calculated for the Rl limits. Test of normality was determined using
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the Shapiro-Wilks test. Student’s T test was performed for comparison between mean concentration values between
sexes. One way analysis of variance (ANOVA) was used for multiple comparison of mean concentration values across
stratified age groups. Correlational analysis was performed to determine the potential relationship between serum PrPC
concentration and age. Analyses were considered statistically significant when p<0.05.

Results

Normal distribution

[0159] The pooled results of pediatric serum PrPC concentration displays normal Gaussian distribution as calculated
by the Shapiro-Wilks test (W=0.979, p=0.052). Analysis of distribution based on sex shows that male (W=0.9730,
p=0.2205), and female (W=0.9744, p=0.181) were the same. Graphical representation of normal frequency distribution
is provided in histogram and Q-Q plot (see Figure 9).

Pediatric Reference Interval

[0160] As previously described, the lower and upper limits of the conventional 95% RI was determined by non-para-
metric method by calculating the corresponding data values of the rank products of 2.5- and 97.5-percentiles respectively
(Jung and Adeli 2009). Thus, the limits were set as the 3" and 123 ranked values. The 90% confidence limits for the
lower reference limit was determined at rank values 1 and 7, while those for the upper limit was determined at 119 and
125. In summary, the pediatric RI for serum PrPC is 1.37 (1.18-1.48) to 4.21 (3.88-4.48) ng/mL. The robust method
determined RIs for males at 0.91 (0.64-1.19) to 4.29 (3.98-4.59) ng/mL, as well as females at 1.13 (0.92-1.36) to 4.17
(3.89-4.40) ng/mL.

Age and Sex Effect

[0161] Student’s unpaired T test showed no significant difference between mean PrP¢ concentration between males
(2.62 = 0.84)and females (2.66 = 0.75) (p=0.246; see Table 8). Boxplot representation of concentration values separated
by sex show both male and female data sets share similar medians and interquartile range (see Figure 10). Correlational
analysis shows no significant effect on PrP¢ concentration due to age as calculated by Pearson’s R for males (0.092,
p=0.493), females (0.122, p=0.324), and when combined (0.110, p=0.220) (see Figure 11).

[0162] Results were also stratified into age brackets divided by two year intervals (see Table 8). However, to establish
an Rl a minimum sample size of 40 is typically required. Thus, the present inventor was unable to establish age-specific
Rls. One-way ANOVA of age brackets shows no significant difference when analyzed by males (p=0.931), females
(p=0.900), and both sexes combined (p=0.798).

Discussion

[0163] The flurry of research into biomarkers over the past decade has shown great promise in streamlining effective
care measures for various conditions and even injuries. The ongoing CALIPER initiative is aimed at addressing the issue
of inadequate reference values for biochemical substances in healthy children from 1 to 18 years of age. It is increasingly
clear that children should not be observed in the clinical setting as small adults. Similar to how drug treatments must be
tapered differently when administered in children, interpretation of biological markers should also be able to accommodate
children. The exact function of PrPC is still not fully understood, but it has been suggested the protein serves important
roles in the CNS required for proper functioning. As set out in the previous Examples, the present inventor has demon-
strated the use of PrPC in blood as a biomarker for TBI in an animal model as well as in a preclinical study of sports
concussion victims (Pham et al., 2015 a & b).

[0164] Other groups have also explored PrPC’s usage as a biomarker, but the majority of such investigations have
exclusively focused on older populations (Volkel et al., 2001; Roberts et al., 2010; Torres et al., 2013; Meyne et al.,
2009; Krupinski et al., 2008; Mitsios et al., 2007). This is likely a result of study designs aimed towards neurodegenerative
diseases or conditions, which rarely if ever affect children. Yet the rising incidence of TBI over the past decade poses
a great concern that children are not exempt from degenerative long term neurological and behavioral consequences.
[0165] According to the Centers for Disease Control and Prevention, in 2010 there were approximately 2.5 million
emergency department (ED) visits, hospitalizations, and deaths associated with TBI in the U.S. (CDC 2015). Every year
approximately half a million (473,947) ED visits are made by children (Langlois et al., 2005). Sports and recreation-
related injuries accounted for 248,418 cases of children ED visits that resulted in diagnosis of concussion or TBI. Falls
account for more than half (55%) of children TBI cases, and further disconcerting is that the rate of fall-related TBI has
increased 62% within the last decade. Regardless of the cause, TBI in children may have far-reaching negative conse-
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quences in terms of cognitive, behavioral, social, and potentially even motor functioning later on in life (Thurman 1990;
Barlow et al., 2005). Proper clinical management and precautionary measures are essential in ensuring those who have
suffered TBI recover without looming long-term impediments. However, clinicians agree that the rate of TBI-related ED
visits grossly underestimates the true incidence rate when accounting for underreporting of symptoms perhaps due to
a lack of awareness or fear of being forcibly excluded from participating, which is often seen amongst athletes (Fazio
et al., 2007). Due to practical shortcomings and lack of sensitivity with conventional imaging techniques in detecting
mTBI, for the aim of providing more objective diagnosis and timely decision making, much effort has been put towards
surrogate markers in biological fluids.

[0166] Nearly 100 different biomarkers have been studied in children for TBI, but only a small proportion of which have
shown promise (as reviewed in Papa et al., 2013). The main mechanistic approach towards research into TBI biomarkers
is that injury may cause disruption of cell integrity, due to physical trauma or even prolonged deleterious effects such
as neuroinflammation and toxicity.

[0167] Cellular contents are then released and cleared away via the brain’s glymphatic system allowing their meas-
urement in the CSF and systemic circulation (Plog et al., 2015). Furthermore, PrP®s ability to cross the blood-brain
barrier (BBB) may make it a sensitive marker for mTBI, which can present without extensive BBB disruption, as opposed
to other proteins (Banks et al., 2009; Blyth et al., 2009). In this report the present inventor provides the first Rl for serum
PrPC in children. Small blood samples from 125 children and adolescents (<18 years of age) were collected at Sick Kids
Hospital (Toronto, ON, Can). The inclusion criteria required that donors were healthy without any pre-existing medical
condition or disease. Using a modified commercial ELISA, serum samples were assayed in triplicate for sensitive quan-
tification of full-length soluble PrPC content (see Table 8 for results summary). Frequency distribution of sample con-
centrations displayed Gaussian distribution (see Figure 9), and showed no significant age- nor sex-dependent effects
as determined by correlation analysis and t-test respectively. Therefore this protein may be used as a general marker
for all children. According to CLSI C28- A3 statistical guidelines, non-parametric analysis of the Rl and associated 90%
confidence intervals was calculated at 1.37 (1.18-1.48) to 4.22 (3.88-4.48) ng/mL. Furthermore, the robust method
calculated sex-stratified Rls for males [0.91 (0.64-1.19) to 4.29 (3.98-4.59) ng/mL] and females [1.13 (0.92-1.36) to 4.17
(3.89-4.40)]. Mean PrPC concentration for all pediatric samples is 2.64 ng/mL, which when compared to the other
examples as well as other reports from older populations suggests a potential decline later in life (Pham et al., 2015a;
Krupinski et al., 2008; Mitsios et al., 2007). ELISA validation intra-assay and inter-assay confidence values were deter-
mined at 5.2% and 5.3% respectively.

Table 1: Mann-Whitney U Test for Net: Control (n=9) vs. net (n=15).

Descriptive Statistics

Percentiles
N Mean Std. Deviation | Minimum | Maximum | 25th | 50th (Median) | 75th
Net 24 6.6970 1.51091 3.99 9.99 | 5.7979 6.4387 | 7.6194
Groups 24 1.63 495 1 2 1.00 2.00 2.00
Ranks
Groups N Mean Rank Sum of Ranks

Net 1 9 12.22 110.00

2 15 12.67 190.00

Total 24

Test StatisticsP
Net

Mann-Whitney U 65.000
Wilcoxon W 110.000
z -.149
Asymp. Sig. (2-tailed) .881
Exact Sig. [2*(1-tailed Sig.)] .9072

a. Not corrected for ties.
b. Grouping Variable: Groups
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Table 3: Mann-Whitney U Test for Whiplash: Control (n=9) vs. whiplash (n=11)

Descriptive Statistics

Percentiles
N Mean Std. Deviation Minimum | Maximum 25th 50th (Median) 75th
Whiplash 20 7.9908 1.90403 3.99 11.16 | 6.4692 8.2906 | 9.3011
Groups 20 1.55 510 1 2 1.00 2.00 2.00
Ranks
Groups N Mean Rank | Sum of Ranks
Whiplash 1 9 6.11 55.00
2 11 14.09 155.00
Total 20
Test StatisticsP
Whiplash
Mann-Whitney U 10.000
Wilcoxon W 55.000
z -3.001
Asymp. Sig. (2-tailed) .003
Exact Sig. [2*(1-tailed Sig.)] .0022

a. Not corrected for ties.

b. Grouping Variable: Groups
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Table 5: Pearson Correlation of PSI and Prion Concentration

Correlations

Prion Concentration PSI
Prion Concentration ~ Pearson Correlation 1 151
Sig. (2-tailed) 311
N 47 47
PSI Pearson Correlation 151 1
Sig. (2-tailed) 311
N 47 47
Table 6:
Participant Summary
Age (years) PrPC Concentration (ng/mL)
n Mean = SD | Median | Range | Mean=SEM | Median Range
Non-Athlete | 27 | 24.48+2.99 | 24.00 18-30 | 2.02 = 0.15 2.23 0.72-3.87
Male 15 | 24.67£1.76 | 24.00 22-29 | 212 +£0.18 2.32 1.11-3.41
Female 12 | 24.25+414 | 23.50 18-30 | 1.89 =0.27 2.27 0.72-3.87
Athlete 76 | 20.04+1.84 | 20.00 18-26 | 1.59 = 0.64 1.51 0.56 -3.66
Male 39 | 20.41+192 | 20.00 18-24 | 1.44 *=0.10 1.34 0.56-3.17
Female 37 | 19.65+1.70 19.00 18-26 | 1.75 = 0.10 1.59 1.05-3.66
Combined 103 | 21.20+2.94 | 21.00 18-30 | 1.70 = 0.07 1.55 0.56-3.87
Male 54 | 21.569+267 | 22.00 18-29 | 1.63 = 0.10 1.40 0.56-3.41
Female 49 | 20.78+3.18 | 20.00 18-30 | 1.79 = 0.10 1.62 0.72-3.87
SD = Standard Deviation
SEM = Standard Error of the Mean

Table 7: Plasma PrPC ELISA Results Summary

PrPC Concentration (ng/mL)

Group Target Pressure (PSI) | Actual Pressure (PSI) n Mean = S.E. | Median Range
Sham Control 0 0 19 246 = 0.14 2.66 0.67-3.35
Blast 15 15+ 0.2 7 3.74 £ 0.34 3.99 2.10-4.67
20 20 £ 0.8 7 427 = 0.26 4.47 3.27-5.34
25 25+03 12 418 =0.18 4.26 3.06-5.37
30 30 £0.9 7 3.54 +0.30 3.25 2.68-4.84
15-30 33 3.97 £0.13 4.19 2.10-5.37

S.E. = Standard Error
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.
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Table 8: PrPC concentrations results listed by sex and age

PrPC Concentration (ng/mL)
Sex N Mean Median Min-Max
Male 58 2.62+0.84 2.54 1.18-4.48
Female 67 2.66 =0.75 2.59 1.37-4.22
Age N (males, females)
<2 12 (8, 4) 2.71+0.70 2.38 1.97-4.08
2-4 22 (11,11) 2.51+0.92 2.46 1.18-4.48
4-6 16 (6, 10) 2.51+0.91 2.45 1.52-4.40
6-8 14 (6, 8) 2.61*=0.73 2.68 1.50-4.10
8-10 14 (8, 6) 2.74+0.73 2.90 1.38-3.87
10-12 12 (6, 6) 2.40+0.80 2.54 1.23-3.32
12-14 13(6,7) 2.88 +0.68 3.13 1.73-3.74
14-16 13 (4,9) 2.84+0.68 2.84 1.58-3.87
16-18 9(3,6) 2.75+0.89 2.22 1.88-4.22
Total 125 (58, 67) 2.64+0.79 2.59 1.18-4.48
Table of Sequences
SEQ ID NO | SEQUENCE DESCRIPTION
1 DYEDRYYREN Human amino acid sequence
2 PQGGGGWGQPHGGGWGQPHGGG | Human amino acid sequence
WGQPHGGGWGQPHGGGWGQ
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Claims

An in vitro method of detecting traumatic brain injury in a test subject comprising:

(a) contacting a blood sample from the test subject with a probe that binds to PrPC; and
(b) quantifying the amount of PrPC;

wherein an increase in the amount of PrPC compared to a control is indicative of the test subject having suffered a
traumatic brain injury.

The in vitro method of claim 1 wherein the control is a reference baseline level of PrPC of the same test subject; a
reference baseline level of PrPC of the general population; or a reference baseline level of PrPC of an athlete

population off-season.

The in vitro method of claim 2, wherein the test subject is an athlete and the reference baseline level of PrPC of the
subject is from the off-season.

An in vitro method of monitoring a subject with a traumatic brain injury comprising:
(i)

(a) contacting a blood sample from the subject obtained at a first time point with a probe that binds to PrPC;
(b) quantifying the amount of PrPC at the first time point;

(ii)

(a) contacting a blood sample from the subject obtained at a second time point with a probe that binds to PrPC;
(b) quantifying the amount of PrPC at the second time point; and

(iii) comparing the amount of PrPC from the first time point with the amount of PrPC at the second time point;
wherein an increase in the amount of PrPC indicates an increase in the severity of the traumatic brain injury.

An in vitro method of determining whether a subject has suffered a traumatic brain injury due to an injury event
comprising:
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(i)

(a) contacting a blood sample from the subject obtained at a first time point prior to the injury event with a
probe that binds to PrPC;
(b) quantifying the amount of PrPC at the first time point;

(ii)

(a) contacting a blood sample from the subject obtained at a second time point after the injury event with
a probe that binds to PrPC;
(b) quantifying the amount of PrPC at the second time point; and

(iii) comparing the amount of PrPC from the first time point with the amount of PrPC at the second time point;
wherein an increase in the amount of PrPC indicates that the subject has suffered a traumatic brain injury due
to the injury event.

6. The in vitro method of claim 4, wherein the first time point provides a baseline level of the subject and the second
time point is following the injury event.

7. The in vitro method of any one of claims 1-6, wherein the probe is an antibody or antibody fragment that binds to
PrPC and/or wherein the probe is labeled for detection by fluorescence, radioactivity or absorbance.

8. The in vitro method of any one of claims 1-7, wherein contacting the blood sample from the subject in (a) with a
probe comprises:

(a.1) contacting the sample with a first probe that binds to PrPC at a first position; and
(a.2) contacting the PrPC bound to the first probe with a second probe that binds to PrPC at a second position;
wherein the first or second probe is detectable.

9. The in vitro method of claim 8, wherein the first probe is an antibody or fragment thereof that specifically binds to
PrPC and the second probe is an antibody or fragment thereof that specifically binds to PrPC at a different epitope
than the first probe.

10. The in vitro method of claim 8 or 9, wherein the first probe is immobilized on a solid support and the second probe
is in solution and is detectable.

11. The in vitro method of claim 10, wherein the detectable probe comprises an enzyme conjugated to the antibody or
antibody fragment thereof.

12. The in vitro method of any one of claims 1-11, wherein the traumatic brain injury is a result of a blast force, trans-
portation accident, or sports-related concussion.

Patentanspriiche

1. In-vitro-Verfahren zum Nachweis traumatischer Hirnverletzungen bei einer Testperson, umfassend:

(a) Inkontaktbringen einer Blutprobe von der Testperson mit einer Sonde, die an PrPC bindet; und

(b) Quantifizieren der Menge von PrPC;
wobei ein Anstieg der Menge von PrPC im Vergleich zu einer Kontrollmenge darauf hindeutet, dass die Testperson
eine traumatische Hirnverletzung erlitten hat.

2. In-vitro-Verfahren nach Anspruch 1, wobei die Kontrollmenge ein Referenz-Basisniveau von PrPC von derselben

Testperson, ein Referenz-Basisniveau von PrPC von der Aligemeinbevélkerung oder ein Referenz-Basisniveau von
PrPC von einer auRersaisonalen Athletenpopulation ist.
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In-vitro-Verfahren nach Anspruch 2, wobei die Testperson ein Athlet ist und das Referenz-Basisniveau von PrPC
von der Person aus der Saisonpause ist.

In-vitro-Verfahren zum Uberwachen einer Person mit einer traumatischen Hirnverletzung, umfassend:

(i)
(a) Inkontaktbringen einer Blutprobe von der Person, die zu einem ersten Zeitpunkt genommen wurde, mit
einer Sonde, die an PrPC bindet;
(b) Quantifizieren der Menge von PrPC zum ersten Zeitpunkt;

(i)

(a) Inkontaktbringen einer Blutprobe von der Person, die zu einem zweiten Zeitpunkt genommen wurde,
mit einer Sonde, die an PrPC bindet;
(b) Quantifizieren der Menge von PrPC zum zweiten Zeitpunkt; und

(iii) Vergleichen der Menge von PrPC vom ersten Zeitpunkt mit der Menge von PrPC beim zweiten Zeitpunkt;
wobei ein Anstieg der Menge von PrPC einen Anstieg der Schwere der traumatischen Hirnverletzung anzeigt.

In-vitro-Verfahren zum Bestimmen, ob eine Person eine traumatische Hirnverletzung aufgrund eines Verletzungs-
ereignisses erlitten hat, umfassend:

(i)

(a) Inkontaktbringen einer Blutprobe von der Person, die zu einem ersten Zeitpunkt vor dem Verletzungs-
ereignis genommen wurde, mit einer Sonde, die an PrPC bindet;
(b) Quantifizieren der Menge von PrPC zum ersten Zeitpunkt;

(ii)

(a) Inkontaktbringen einer Blutprobe von der Person, die zu einem zweiten Zeitpunkt nach dem Verlet-
zungsereignis genommen wurde, mit einer Sonde, die an PrPC bindet;
(b) Quantifizieren der Menge von PrPC zum zweiten Zeitpunkt; und

(iii) Vergleichen der Menge von PrPC von dem ersten Zeitpunkt mit der Menge von PrPC zum zweiten Zeitpunkt;
wobei ein Anstieg der Menge von PrPC anzeigt, dass die Person eine traumatische Hirnverletzung aufgrund
eines Verletzungsereignisses erlitten hat.

In-vitro-Verfahren nach Anspruch 4, wobei der erste Zeitpunkt ein Basisniveau der Person bereitstellt und der zweite
Zeitpunkt auf das Verletzungsereignis folgt.

In-vitro-Verfahren nach einem der Anspriiche 1-6, wobei die Sonde ein Antikérper oder Antikbrperfragment ist,
der/das an PrPC bindet und/oder wobei die Sonde zum Nachweis durch Fluoreszenz, Radioaktivitdt oder Absorbanz
gekennzeichnet ist.

In-vitro-Verfahren nach einem der Anspriiche 1-7, wobei ein Inkontaktbringen der Blutprobe von der Person in (a)
mit einer Sonde Folgendes umfasst:

(a. 1) Inkontaktbringen der Probe mit einer ersten Sonde, die bei einer ersten Position an PrPC bindet; und
(a. 2) Inkontaktbringen des an die erste Sonde gebundenen PrPC mit einer zweiten Sonde, die bei einer zweiten
Position an PrPC bindet;

wobei die erste oder zweite Sonde nachweisbar ist.

In-vitro-Verfahren nach Anspruch 8, wobei die erste Sonde ein Antikrper oder Fragment dessen ist, der/das spe-

zifisch an PrPC bindet, und die zweite Sonde ein Antikérper oder Fragment davon ist, der/das bei einem anderen
Epitop als der ersten Sonde spezifisch an PrPC bindet.

36



10

20

25

30

35

40

45

50

EP 3 158 331 B1

10. In-vitro-Verfahren nach Anspruch 8 oder 9, wobei die erste Sonde auf einem festen Trager immobilisiert ist und die
zweite Sonde in einer Lésung ist und nachweisbar ist.

11. In-vitro-Verfahren nach Anspruch 10, wobei die nachweisbare Sonde ein Enzym umfasst, das an den Antikdrper
oder das Antikérperfragment davon konjugiert ist.

12. In-vitro-Verfahren nach einem der Anspriche 1-11, wobei die traumatische Hirnverletzung ein Ergebnis einer
StolRkraft, eines Transportunfalls oder einer sportbezogenen Gehirnerschiitterung ist.

Revendications

1. Procédé in vitro de détection d’une lésion traumatique du cerveau chez un sujet de test, comprenant :

(a) la mise en contact d’un échantillon de sang du sujet de test avec une sonde qui se lie a la PrPC ; et
(b) la quantification de la quantité de PrPC ;

dans lequel une augmentation de la quantité de PrPC comparé a un témoin indique que le sujet de test a souffert
d’une lésion cérébrale traumatique.

2. Procédéin vitro selon la revendication 1 dans lequel le témoin est un niveau de base de référence de PrP¢ du méme
sujetde test ; un niveau de base de référence de PrP¢ de la population générale ; ou un niveau de base de référence

de PrP¢ d’'une population d’athletes hors saison.

3. Procédéin vitro selon la revendication 2, dans lequel le sujet de test est un athléte et le niveau de base de référence
de PrP¢ du sujet est obtenu hors saison.

4. Procédé in vitro de surveillance d’'un sujet présentant une lésion cérébrale traumatique comprenant :

(i)
(a) la mise en contact d’'un échantillon de sang du sujet obtenu a un premier point temporel avec une sonde
qui se lie ala PrP¢;
(b) la quantification de la quantité de PrP¢ au premier point temporel ;

(i)

(a) la mise en contact d’un échantillon de sang du sujet obtenu a un second point temporel avec une sonde
qui se lie ala PrP¢;
(b) la quantification de la quantité de PrP¢ au second point temporel ; et

(iii) la comparaison de la quantité de PrP¢ du premier point temporel a la quantité de PrP¢ au second point
temporel ; dans lequel une augmentation de la quantité de PrP¢ indique une augmentation de la gravité de la
|ésion cérébrale traumatique.

5. Procédé in vitro de détermination du fait qu'un sujet a ou non souffert d’une Iésion cérébrale traumatique due a un
événement de Iésion comprenant :

(i)
(a)lamise en contactd’un échantillon de sang du sujet obtenu a un premier pointtemporel avant’événement

de Iésion avec une sonde qui se lie a la PrP¢;
(b) la quantification de la quantité de PrP¢ au premier point temporel ;

(ii)

(a)lamise en contactd’un échantillon de sang du sujet obtenu a un second point temporel avant’événement
de Iésion avec une sonde qui se lie a la PrP¢;
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(b) la quantification de la quantité de PrP¢ au second point temporel ; et

(iii) la comparaison de la quantité de PrP¢ du premier point temporel a la quantité de PrP¢ au second point
temporel ; dans lequel une augmentation de la quantité de PrP¢ indique que le sujet a souffert d’'une lésion
cérébrale traumatique due a I'événement de lésion.

Procédé in vitro selon la revendication 4, dans lequel le premier point temporel fournit un niveau de base du sujet
et le second point temporel se situe apres I'événement de Iésion.

Procédé in vitro selon I'une quelconque des revendications 1 a 6, dans lequel la sonde est un anticorps ou un
fragment d’anticorps qui se lie a la PrP¢ et/ou dans lequel la sonde est marquée pour la détection par la fluorescence,
la radioactivité ou I'absorbance.

Procédé in vitro selon I'une quelconque des revendications 1 a 7, dans lequel la mise en contact de I'’échantillon
de sang du sujet en (a) avec une sonde comprend :

(a.1) lamise en contact de I'échantillon avec une sonde qui se lie a la PrP¢ au niveau d’une premiere position ; et
(a.2) la mise en contact de la PrP¢ liée a la premiére sonde avec une seconde sonde qui se lie a la PrP¢ au
niveau d’'une seconde position ;

dans lequel la premiére ou la seconde sonde est détectable.

Procédé in vitro selon la revendication 8, dans lequel la premiére sonde est un anticorps ou un fragment de celui-

ci qui se lie spécifiquement a la PrP¢ et la seconde sonde est un anticorps ou un fragment de celui-ci qui se lie

spécifiquement a la PrP¢ au niveau d’un épitope différent de la premiére sonde.

Procédé in vitro selon la revendication 8 ou 9, dans lequel la premiére sonde est immobilisée sur un support solide
et la seconde sonde est en solution et est détectable.

Procédé in vitro selon la revendication 10, dans lequel la sonde détectable comprend une enzyme conjuguée a
I'anticorps ou a un fragment d’anticorps de celui-ci.

Procédé in vitro selon l'une quelconque des revendications 1 a 11, dans lequel la Iésion cérébrale traumatique
résulte d'une commotion liée a une force de déflagration, a un accident de la route ou a la pratique d’un sport.
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Figure 1 (cont)
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Figure 2
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Figure 2 (cont)
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Figure 3
Correlation Between PSI and Prion Concentration
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Figure 4
Group Comparison
2.5 n.s. K
-y
£ 2.0
2
S 15
=
a.
= 1.04
£
@ 0.5
o
0.0+
4
Figure 5
Grouped Age Comparison
> 1 n.s. g
24 | '.
S .
5 &
O 31 A
=
o 2J
«
£ + v
8 1-
-0—- A
0 | | 1 ] ] )
¢ & & & @
o> 1 P AV o
\%I (L\I vl (b

Age (years)

44



Figure 6
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Figure 8
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