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(57) Abstract: A method for detection or monitoring status of traumatic brain injury (TBI) or spinal cord injury (SCI) in a subject is
provided. In one embodiment, the method comprises contacting a specimen of bodily fluid obtained from the subject with reagents
for assaying for a marker of TBI selected from aldolase C (ALDOC) and brain lipid binding protein (BLBP), or a trauma-specitic
break down product (BDP) of ALDOC or BLBP. The method further comprises measuring the amount of marker present in the spe-
cimen as compared to a control sample, and determining the presence of TBI or SCI when an elevated amount of marker is present in
the specimen compared to the control sample. The method can comprises measuring the amount of glutamine synthetase (GS), astro-
cytic phosphoprotein PEA-15 (PEA15), aB-crystallin (CRYAB/HSP27), a cleavage product of ALDOC, GS, PEA15, or CRYAB, or

a combination of two or more thereof.
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ASTROCYTE TRAUMATOME AND NEUROTRAUMA BIOMARKERS

(0001} This application claims benefit of United States provisional patent application number
62/157,389, filed May 5, 2015, the entire contents of which are incorporated by reference into

this application.

REFERENCE TO A SEQUENCE LISTING SUBMITTED VIA EFS-WEB

[0002] The content of the ASCH text file of the sequence listing named "UCLAZ217_SL” which is
3 kb in size was created on May 5, 2016, and slectronically submitted via EFS-Web herewith

the application is incorporated herein by reference in ifs entirety.
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{30031 This invention was made with Government support under NS0O72808, awarded by the

National institutes of Health. The Government has certain rights in the invention,

[0004] This invention was made with Government support of Grant No. FSECSTS EMS#
12339079, awarded by the Dept. of Defense USAMRMC CDMRP award. The Government has

certain rights in the invention.

TECHNICAL FIELD OF THE INVENTION

10005] The present invention relates to compositions of matter, including antibodies, probes,
kits and related materials, and their use for detection, early prediction of severity and ouicome,
monitoring of progression and of treatment of neurotrauma, including traumatic brain injury
(T8, mild TBI (concussion} and traumatic spinal cord injury (SCH) and their distinction from

chronic newrodegenserative diseases.

BACKGROUND OF THE INVENTION

[0006] Each year, 1.7 milion individuals sustain a TBI in the US. Between 1.6 and 3.8 miilion
often unreported concussions occcur annually, making TB! a silent epidemic of great
significance. An additional one million patients are evaluated for spinal injuries every year in the
US emergency departments, with 2-3 percent thereof suffering spinal cord injury. Life-saving
treatment decisions for neurctrauma patients require rapid diagnosis and repeated accurate
risk assessment due to evolving injury progression, as a brain tfrauma victim’s condition
typically changes each day afier a TBI. Assessing moderate and severe traumatic brain and
spinal cord injured patients is critical for safe urgent care, monitoring injury evolution {o be
ready for responding 1o secondary adverse events and for pradicting cuicome that is an early
evaluation of the recovery potential for neurcfrauma patients. Neurotrauma patient assessment
is challenged by a broad heterogeneity in severily among patients. identifying individual
concussion victims at risk of complications, these are mild TBI patients with persistent

symptoms or positive CAT scan finding, is a priority for urgent care responders as well as
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sports and military arena operations. Infants, children and juvenile brain injuries comprise the
leading cause of death and disability in chiidren weridwide, yet the diagnosis is chailenging
because signs and symptoms of TBI are absent or overlap with common childhood ilinesses.
Since the developing brain is more sensitive to the ionizing radiation of CAT scanning, it is
imperative to reduce unnecessary CT scans by providing objective biomarker testing. In
addition to the youth, the elderly are a common target group for T8I due to falls, making it

desirable o distinguish TBI biomarker signals from chronic neurodegenerative marker profiles.

[0007] Diagnosis and monitoring of TBI victims is critical for assessing severity of brain
disturbance and assessing the risk level accurately to respond with the appropriate preventative
care. For severe TBi patients, timely surgical intervention could be life-saving. For mild TEI
patients, the identification of concussion patients at risk for developing chronic pain and
cognitive or psychological deficits will help to provide treatment options, guidance in coping
strategies and prevent exposing the recovering brain to a second impact. Current severity
gvaluations rely mainly on depth and duration of coma using the Glasgow Coma Scale, which
varies daily with the patient’s progressive injury course and is subject to medications that may
be needed to maintain a coma {lankova, 2008). Mild TBI is evaluated by time of
unconsciousness, cognitive or psychological and pain symptoms that are subjective and may
be metivationaily influenced. Neurcimaging tools, especially advanced modaiities, are difficult to
be repestedly administered for intensive care patients and have diverse readout values that
lack standardization, are not everywhere available, and are of limited use for mild TBI and

pediatric patients.

[0008] Measuring biood levels of surrogate chemical biomarkers can provide a simpler,
objective and more easily standardized ool as a diagnostic starting point to classify risk and
needs for TBI patients. Neurctrauma biomarkers should be acutely releasad from traumatized
brain cells, be brain and mechanical trauma specific, readily pass the blood-brain barrier and

show no or consistent low levels in healthy subjecis.

(0091 Currently, there is no sensitive, objective, standardized diagnostic test in clinical use for
concussion patients, who are the majority of TBI patients, nor for pediatric patients with
suspected TBI. These are both target populations particularly in need of objective risk
assessment o prevent repeated hits putting the vulnerable brain at risk for suffering lasting
brain damage. Intensive care unit head ifrauma patients are ansther target group who can
benefit from repeated noninvasive blood sample analysis for monitoring, instead of, or
supplementing time and cost consuming imaging because trauma progression is known for
secondary deterioration on conseculive post-injury days that might require informed
intervention. In addition, there remains a need for repeated biofluid sample analysis of brain
injury biomarkers to determine short-term post-acute severity assessment and to determine

gfficacy of drug or other treatment paradigms administered to TEI patients.
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SUMMARY OF THE INVENTION

(00107 The invention meets these needs and others, by providing a method for detection or
monitoring status of traumatic brain injury {TB1) across the entire severity spectrum including
diagnosis of mild TBI or/and determining mild TBI patients at risk of complications, and/or
detection or monitoring status of spinal cord injury (SCl) in a subject. In one embodiment, the
method comprises contacting a specimen of bodily fluid obtained from the subject with reagents
for assaying for a marker of TB selected from aldolase C (ALDOC) and brain lipid binding
protein (BLBP/ FABPY), or a rauma-specific break down product (BDP) of ALDOC or
BLBP/FABPY. The method further comprises measuring the amount of marker present in the
specimen as compared 1o a confrol sample, and determining the presence of TBI or S3Ci when
an elevated amount of marker is present in the specimen compared to the control sample. In
one embodiment, the marker of TBI is ALDOC andfor a BDP thereof, and BLBP and/or g BDP
thereof. Optionally, the method further comprises measuring the amount of glutamine
synthetase (GS), astrocytic phosphoprotein PEA-15 (PEA1S), aB-crystallin (CRYAB/HSP27}, a
frauma-specific proteolviic cleavage product of ALDOC, GS, PEA1S, or CRYAR, or any
combination of two or more thereof. In one embodiment, the method further comprises
measuring the amount of glial fibrillary acid protein (GFAP), or of a 20-30 kDa BDP of GFAP.

[0011] Representative examples of the trauma-specific proteoiytic cleavage product of ALDOC
include a 38 kDa major fragment, or a 35 kDa fragment, a 30 kDa fragment, and a 25 kDa
fragment. An example of the trauma-specific proteciviic cleavage product for BLEBF/FABPY is a
3 kDa breakdown product. Examples of tfrauma-specific proteolyvtic cleavage product of GS
include a 37+35 kDa doublet, a 32 kDa fragment, a 23 kDa fragment, a 20 kDa fragment, and
18 kDa fragment. Exampies of the trauma-specific proteciylic cleavage product of PEA1S
include a 12+13 kDa doublet and a 8 kDa fragment. Examples of the trauma-specific proteolytic
cleavage product of aB-crystallin is selected from the group consisting of a 18+19 kDa doublet,
a 17 kDa fragment, a 15+14 kDa doublet and a 8 kDa fragment.

[0012] In one embodiment, the method further comprises measuring the amount of a blood
specific protein in a cerebrospinai fluid (CSF) sample obtained from the subject. The detection
and monitoring of such markers can be used to delermine the status of intraventricular brain
biseding post-injury. In ong embodiment, the blood specific protein is apolipoprotein B (APOB).
In another embodiment, the method further comprises measuring the amount of prostaglandin
synthase (PTGDS) in a cerebrospinal fluid (CSF) sample obtained from the subject. PTGDS,
also known as beta trace protein, is abundant in control, non-TBI CSF positively correlated with
a healthy CSF composition. The presence of TBl is determined when the amount of PTGDS is
reduced, and rises with recovery. The detection and monitoring of such markers as an elevated
blood-specific protein or a reduced CSF protein after TBI can therefore be used to determine

the status of recovery {0 control, or normal, levels after injury.
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(00137 In some embodiments of the method, no additional markers are assayed beyond those
recited hersin. In other embodiments, only markers recited herein are assayed. In soeme
embodiments, additional markers known 1o those skilled in the art are assayed in combination
with markers recited herein. In other embodiments, only a subset of possible markers is
assayed. For example, the method can comprise assayingfor 2, 3,4, 5,6, 7, 8, 8, 10, 12, 15,

or 20 markers. In one particular embodiment, no more than 4 markers are gssayed.

[0014] The reagents for use in the method of the invention can comprise antibodies or other
molecules that specifically bind the marker of TBL. In one embodiment, the measuring
comprises immunoassay. Examples of immunoassays include western blotting,
immunocfluorescence, immunoluminescence, radicimmunoassay, and enzyme linked immuno-
sorbent assay (ELISA).

[0015] In another embodiment, the reagents comprise protein-sequence and -fragment-specific
peptides. Such reagenis are useful for methods in which the measuring comprises targsted
gquantitative mass spectrometry. In one embodiment, the measuring comprises quaniitative
signal detection of endogenous (in the sample) protec-typic peptides that are compared {0
added (‘spiked i) labeled (e.g., heavy isotope labeled) known amounts of the same proteoc-
specific peptides (internal standards) using multiple or parallel reaction monitoring mass

specirometry.

[0018] In one embodiment, the control sample is a pre-injury sample obtained from the subject.
In ancther embodiment, the control sample is representative of normal, healthy subjects, such

as an average value obtained from a control cohort of healthy subjects.

[001771 Representative examples of a specimen of bodily fluid for use in the invention include,
but are not limited to, plasma, serum, cerebrospinal fluid (C8F), nasal fluid, cerumen, urine,

saliva, lacrimal tears, and brain microdialysate.

[0018] The invention addilionally provides a kit comprising agents that specifically bind a set of
biomarkers. In one embodiment, the biomarkers comprise aldolase C (ALDOC) and brain lipid
binding protein (BLBP). The agents are typically polynucieotides or antibodies, and optionally
labeled with a detectable marker. The kit optionally further consists of at least one container for
housing the agents and/or instructions for use of the agents for determining status of traumatic
brain injury in a tesi sample. In some embodiments, the kit comprises agents that specifically
hind astrocytic phosphoprotein PEA-15 (PEA1S) and/or a 20-30 KDalton fragment of glial
fibrillary acid protein (GFAP-BDP), either alone or together with additional markers described
herein or known in the art. In one embodiment, the antibodies are monoclonal antibodies. in

one embodiment, the set of biomarkers consists of up 10 3, 4, 5, 8, 7, 8, 9, or 10 biomarkers.

[0018] The invention further provides a method of determining the expression of the

biomarkers ALDOC and BLBP in a sample of serum obtained from a subject. in one
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embodiment, the method comprises contacting the serum sample with a kit of the invention and

measuring the binding of the agents to the biomarkers.

(00207 Also provided is a method of determining the status of traumatic brain injury in a sample
of serum obtained from a subject. In one embodiment, the method comprises contacting the
sarum sample with a kit of the invention and meaasuring the binding of the agents o the
biomarkers, and comparing the binding to a control sample. TBl is then determined o be
present if the binding of the agents to ALDOC and BLBP is increased in the serum sample from
the subject relative to the control sample. The invention further provides a method of detecting
TBI in a subject. in one embodiment, the method comprises assaying a specimen of bodily fluid
from the subject for an elevated amount of ALDOC and BLBP compared to a control sample.
An elevated amount of ALDOC and/or BLEF is indicative of TBL In one embodiment, the
assaying is performed within 24 hours of a suspected injury, and up o one week post-injury. In
some embodiments, the assaying is performed within 1-3 hours, or as early as within 15-30
minutes, of a suspected injury. in some embodiments, the subject is an infant or child,
including, for example, a subject suspected of having experienced shaken baby syndrome.
Suitable for this use is a biomarker expressed in the early developing brain, such as ALDOC or
BLBP. In another embodiment, the subject is elderly, and the method is used o distinguish
ketwsen TBI and chronic neurodegenerative disease, by measuring a ratio of ALDOC to its

breakdown product.

[0021] The invention additionally provides a method of predicting cutcome of TBI and/or
recovery of ambulation after SCl in a subject. In one embodiment, the method comprises
assaying a specimen of bodily fluid from the subject for an elevated amount of PEA1S or small
BDPs of GFAP compared o a control sample or to a sample of a TBI survivor. wherein an
elevated amount of PEA1S5 or small BDPs of GFAP is predicative of mortality. Also provided is
a method of treating TB! in a subject In one embodiment, the method comprises assaying a
sample, obtained from the subject at multiple time points after injury {a longitudinal sample
series) for a marker of TBI as described herein; and treating the patient for TBI if the assay
indicates presence of TBI. This method can be used to monitor the status of the patient over
time, and determine drug treatment efficacy, or whether an interventional treatment of the TEI
patient would be indicated. Those skilled in the art will appreciate that each of the methods
described herein can be performed with any one of the markers due to their very 2arly
pestinjury release and prolonged detection window as well as variable biofiuid clearance
kinetic: ALDOC, BLBP, G&, PEA-15, CRYAR, a BDP of any of the foregoing; alone or in

combination with one or more additional markers.

(00221 The markers ALDQC and BLBP, as well as PEA15 and CRYAB, are released from
wounded, that is transiently compromised human brain cells and can therefore be used to frack

a concussion-relevant pathophysiological process, which is the brain’s vulnerable state after



10

15

20

25

30

WO 2016/179426 PCT/US2016/031043

injury. This association of these markers to a potentially reversible injury state provides patho-
mechanistic information that can aid in making the diagnosis of mild TBI more sensitive, and
can be valuabie for pharmacokinetic monitoring of TBI patients beyond and in addition to

tracking ceil death released markers that reflect tissue oss.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Figure 1: Human neocortical astrocyte cell fates after mechanical trauma illustrated with
bar graphs and photomicrographs of live-stained cells depicting nuclei of viable, leaky and dead

cells.

[0024] Figure Z: Mechanically traumatized human astrocyles show prolonged endurance in a
compromised state after wounding versus mouse astrocytes, as shown with a bar graph, a
series of photomicrographs from time-lapse videos of live cells imaged on a temperature and

gas conirolled stage via confocal microscopy, and a schematic illustration of the protocol.

[0025] Figure 3: Mechanical trauma of human astrocytes causes significant release of
astroglial markers into surrounding fluids, as Hiustrated with immunoblots (A), and bar graphs

showing amounts of marker at various time points after injury (B-G).

[0028] Figure 4. Bipiots showing that neurcirauma biomarkers are associated with cell fates of

human traumatized astrocytes.
[0027] Figure 5. Schematic illustration of astrocyte injury biomarker selsction strategy.

[0028] Figures BA-BI Immunoblots (6A-6C) and scatter-plots plotted jointly with box and
whisker plots (8D-6K) with interquartile ranges (80th and 10th percentiles), median (line) and
geometric mean {dashed line) showing logarithmic scaled oplical densities measured from
immunoblot signals using scaled densitometry {(see Figure 3) in CSF of 20-25 TBI patients on
injury day and subsaquent & post-injury days and 8-11 Controls {1 subjects numbers per day),
showing that astrogiial injury markers are elevated in CSF of TBI patients versus controls in a

retrospective observational cohort on injury day and consecutive 5 days post-injury.
[0028] Figure 7: TBI patient outcome correlation of biomarker CSF amounts.

[0030] Figure 8: Assessing the spectrum of TBI using faciors of grouped astroglial injury
markers.

[0031] Figure 9: Cell wounding over cell death — ratio of BLBP over GFAP differentiates trauma

severity in human fraumatized astrocyies and TBI patients.
[0032] Figure 10: Correlation between ALDOC leveis and TBI patient outcome.

[0033] Figure 11: Acute astroglial marker release correlated with histopathological severity

measures, tissue loss and hemorrhage, after swine spinal cord injury.
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[0034] Figure 12: Qutcome correlation of acutely elevated ALDQOC and GFAP after swine

spinal cord injury.

[0035] Figure 13: Quantitative mass spectrometry, multiple reaction monitoring, documents
concentration of astroglial TBI markers and allows marker amount comparison independent of

antibodies.

[0038] Figure 14: Quantitative antibody-based evaluation of ALDOC and BLEP amounts and

concentration ranges in TBl CSF and blood using known amounts of pure proteins.

(00377 Figure 15 Blood-compatible astroglial biomarkers in biood samples of severe TBl
patients, as shown by immunoblots (A) and graphs of amount measured over time after injury
(B).

[0038] Figure 16: Immunoblots of longitudinal severe TBI serum sample show extended
detection window of ALDOC versus GFAP.

[0039] Figure 17 immunoblots showing BLBPF breakdown product in CSF and plasma after
TBL

(00407 Figure 18: BEvidence for acute circuiatory appearance of asiroghial injury markers due o
direct passage across damaged blood-brain barrier, as shown by immunobiots (A) and graphs

of measured amounts over time after injury.

[0041] Figure 19: Immunobiot data showing top tier astroglial injury markers and PEA1S are
detected robustly and early in serum of mild TBI patients after concussions with or without
complication (CT+: with complication — positive CAT scan; CT-: without complication, no CAT

scan finding).

(0042} Figure 20 Immunoblot data showing acute and robust detection of serum ALDOC in

pediatric TBI, infants.

(00437 Figure 21: Immunoblot data showing that full size ALDOC is present in greater amounts
than the 38 kDa BDP in acute TBI, whereas the two sizes of ALDOC are present in different

ratios {given in Table 2} in the chronic neurodegenerative condition of Alzheimer's disease.
[0044] Figure 22: Partitioning illusiration of Table 3 thresholds.
[0045] Figure 23: Partitioning iliustration of Table 4 threshoids.

[0046] Figure 24 Increased levels of glial trauma-release markers after repeated mild injury in
the human trauma culfure modsi, as indicated by percent astrocytes with acute membrans
wounding and delayed cell death (A), and Conditioned medium (CM) leveis of GFAP and AldoC
after streiching (B).

[0047] Figure 25: Two film exposures of GFAP, showing that calpain and caspase activation

generated GFAP upper and lower breakdown producis after trauma.
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DETAILED DESCRIPTION OF THE INVENTION

[0048] The invention provides several new TBI biomarkers that were initially tested on CSF,
plasma and serum from TBI patients and controls. Mew neurctrauma markers are defined by
their release mechanisms to associate with cell wounding and/or cell death of human brain
astroglia in a trauma model. Data presenied herein demonstrate that select biomarkers show
highly interesting kinetics and stability in body fiuids. Immunological detectability, sensitivity and
specificity is shown and suitable monocional antibodies have been selected. The timing of
appearance of markers in CSF and serum during the first hours and days after TBl are
presented in the accompanying Examples and Appendix. The results show that markers
described herein and detectable in patient serum or plasma can be used to identify moderate
and severe TBL as well as mild TBI, and patterns indicative of fatal TBl The markers are

summarized in Table 1.

Definitions

[0049] All scientific and technical temns used in this application have meanings commonly used
in the art unless otherwise specified. As used in this application, the following words or phrases

have the meanings specified.

[0050] As used herein, “major’, as in "major BDP”, refers to the most frequently and
consistently observed breakdown product, for example the 38 kDa BDP of ALDOC is the major
BDP of ALDOC.

[0051] As used herein, “acute” refers to an early time post-injury time, typical the biofluid
sample was collected on injury day for it {o be considered acute. For example, 15-30min after
injury in trauma models, 1-2 hours post-injury in miid TBI patients, 3 hours to 24 hours post-

injury in moderate and severe TBI patients.

[0052] As used herein, complicated mild TBI is used for concussion patients with positive
computed tomography, CT / CAT scan finding, or more broadly with lasting symptomology,
based on Buki et al., 2015.

[0053] As used hersin, a “significant difference” means a difference that can be detected in a
manner that is considered reliable by one skilled in the art, such as a statistically significant
difference, or a difference that is of sufficient magnitude that, under the circumstances, can be
detected with a reasonable level of reliability. In the Examples provided, herein, log-transformed
data followed Gaussian distribution, and were used for stalistical analyses by an independent
statistician. One can use repeated measures analysis of variance with non-constant variance,
mixed model (Crowder and Hand, 1980} As data are linear when log-transformed, significant
changes are typically manifold, even by orders of magnitude. In ong example, increase or
decrease between TB| and conirols that range between 80 fold to 13,000 fold are observed and

found to be significant. In ancther example, changes across different post-injury days between

8
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& to 32 fold are considered significant. In yet another example, changes between survivors and
non-survivors of TBI are between 4 fold and 1,400 fold are observed and found to be
significant. In yet another example, an increase of two-fold relative to a reference or control

sample is considered significant.

[0054] As used herein, “control” or “conirol sample” refers 1o a sample that is representative of
gither normal levels, or obiained from a subject known {0 be healthy.

[0055] As used herein, "a” or "an” means at ieast one, unless clearly indicated otherwise.

(00567 Table 1. Astroglial iniury markers

Name I, molecular | Breakdown products Release mechanism, marker class
weaight {BDPs) with size Biomarker properties
Top fier markers
Gliai fibrillary GFAPR, 50 iL.ower GFAP BDPs Celi death marker, sirong correlation to
acidic profein kDa 29, 28, (23) kDa human astroglial death, not cell wounding.
19 + 20 doublet, Small fragments are calpain and
sequence defined by caspases activity dependent.
mass spectrometry of | Delayed presence in TBI blood
traumatized Fast clearance from biofluids (CSF,
astrocytes, T8I patient | blood).
CS8F and serum Brain specific and abundant
Associates with TBI and SCI outcome and
predicts SCI severity.
Fructose-1,8- ALDOC, 40 Cell leak marker, strong correlation to
bisphosphate kDa ALDCC BDPs human astrogiial cell wounding, moderate
aldolase C 38 + 37 kDa doublet correlation to cell death.
35+ 30 kDa Fast release & presence in T8I blood
25 kDa Long-lived in bicfluids (CSF, blood)
Has higher levels than GFAP in CSF and
blood on later post-injury days.
Highly brain enriched and abundant.
Strong predictive association with SCI
severity and outcome; trend to relate with
TBI outcome.
ALDOC BDPs present in AD patients.
Muore robust than GFAP in infanis with TBI
and mild T8I patients.
Brain lipid BLEBP, 15 kDa Cell leak and cell death marker
binding protein BLEBP BDP Moderate correlations to both in
FABPRTY I kDa traumatized human astrocyltes.
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Fast release & presence in T8I blood
Fatty acid Short-lived in biofluids (CSF, blood)

binding protein

Brain enriched; Suitable for TBI

protein 27

15 + 14 kDa doublet
8 kDa

7 progression monitoring; BLBP/GFAP ratio
differentiates TBI severity. Moderate
correlation with SCI severity.

Second tier markers
Astrocytic PEA1SE, 18 Cell leak marker, strong correlation with
phosphoprotein kDa PEA1S BDPs human astrocyte cell wounding.

15 13 + 12 kDa doublet Fast release & presence in TBI blood

8 kDa Short-lived in biofiuids (CSF, biood)
Suitable for TB} progression monitoring
Trend to relate with TBI mortality
Giutamine &8, 45 kDa G3 BDPs Maore stable in biofluids as BLBP and
synthetase 37,35, 32 kDs PEA15, but less stable than ALDOC
23, 20, 18 kDa triplet Predictive of SCI severity
a Crystallin, B CRYAB, 21 CRYABE BDPs Cell leak marker, sirong correlation with
chain kDa 19+18, 17 kDa triplet human astroglial cell wounding, moderate
= Heath shock H&P27 correlation with cell death.

Short-lived in biofluids (CSF, biood)
CRYAR differentiates trauma severity

Standards, indicators for CSF sampies

=§ trace protein

Apolipoprotein APORB, 120- Bleeding indicator
8 136 kDa N/A Secreted into blood from intesting & liver;
absent from healthy CSF
Associales with bleeding in TB!I CSF.
Prostaglandin PTGDS, 22 Healthy CSF standard
{32} Synthase kDa MN/A Most abundant CSF protein. Secreted

enzyme,; Associates post-TBI with survival

Meathods of the Invention

[0057] The invention provides a method for detection or monitoring status of traumatic brain

injury {TBI), mild TBI, and/or spinal cord injury {SCH) in a subject. The method can be used to

determine the presence, progression, prediction, and discrimination of severity of TBl or SClin

a subject. In one embodiment, the method comprises contacting a specimen of bodily fluid

obtained from the subject with reagents for assaying for a marker of TBI selected from aldolase
C {(ALDQC) and brain lipid binding protein (BLBP/ FABPY), or a trauma-specific break down
preduct (BDP) of ALDOC or BLBP/FABP7. The method further comprises measuring the

amount of marker present in the specimen as compared 1o a controf sample, and determining
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the presence of TBI or SCI when an elevated amount of marker is present in the specimen
compared {o the control sampie. In one embodiment, the marker of TB! is ALDOC and/or a
BDF thereof, and BLBP and/or & BDP thereof. Optionally, the method further comprises
measuring the amount of giutamine synthetase (GB), astrocytic phosphoprotein PEA-15
(PEA1S), aB-crystallin (CRYAB/HSP27), a trauma-specific protecivtic cleavage product of
ALDOC, GS, PEA15, or CRYAR, or any combination of two or more thereof. In one
embodiment, the method further comprises measuring the amount of glial fibrillary acid protein
(GFAP), or of a 20-30 kDa BDP of GFAP.

[0058] The monitoring of elevation of BLBP and/or PEA15 on subseguent days post-TBI
informs on secondary adverse avents post-injury. For example, the detection of elevated levels
of ALDOC, BLBP, GBS and PEA1S can be used to calculate Factor A, and levels of GFAP,
5100beta and APOB can be used to calculate Factor B, based on marker loadings io each
factor. Factor A and Factor B combined can be used fo partition patients by severity. Factor A
and B thresholds provide boundaries between TBI survivors, non-survivors and controls. A
patient assessment within a clinical trial or study can be more robust by using a kit that provides
multiple biomarker readings and performing factor analysis. This provides a simplified approach
fo track individual patients within a highly variable cohort, as opposed to requiring very large
cohort sizes that may not be financially and otherwise feasible. Each clinical trial or study cohort
biomarker panel data can be entered into a database, standardized and each patient is
assessed based on tissue demise/bieeding versus tissue compromise/wounding Factors. Using
Factors representative of these two classes makes the assessment more robust, as one zero
reading will not prevent the entire factor analyses from providing a relative status cutput for any
given patient. Boundaries pin out the severity specirum of each cohort within which each

patient will have a unique status at a given time post-injury

[0059] In one embodimant, the method further comprises calculating a ratio between amounts
of BLBP, an example of a cell leak marker, and GFAP, a cell death marker. The amounts can
be measured using optical densities. Ratios between amounts of BLBP and GFAF in the
traurmna model range from 0.6-1.2 correspond to mild/moderate trauma, while ratios between
0.1-0.4 correspond o severe trauma. This reflects the finding in the human culture trauma
model that, in severe trauma, there is proportionally more GFAP found than after mild frauma.
BLBP/GFAPR ratios in moderate TBI palients range between (.4-0.3, whereas the rangs in
severe TBI patients is between 0.01 and 0.05, again expressing a proportional larger GFAP {o
BLBP amcount in severe versus moderate TBI patients. As such, using this ratio provides a
more robust patient severity classification. By including two markers, significance is reached,
wheraas one marker alone would require a much larger cchort size. Use of marker
combinations can thereby help in assessing TBI status and monitoring TBI progression, by
reducing minimum required patient enroliment sizes when used as an evaluation tool in clinical

studies or trials.
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[0080] The method for detecting and monitoring staius of TBI in a subject can be used to
identify a subject at risk for complications after mild TBI or concussion. This identification is
made by using acute presence, such as using samples obtained within 1-2 hours and up fo 17
hours post-injury of BLBP and/or PEA15, in addition to ALDOC in serum sampies. ALDOC
elevation alone can identify a concussion, and injury day elevation of ALDOC and BLBP and/or

PEA15 is associated with risk for complications.

[0081] Representative examples of the trauma-spacific proteciytic cleavage product of ALDOC
include a major 38 kDa fragment that was found most consistently, a 35 kDa fragment, a 30
kDa fragment, and a 23 kDa fragment. Examples of the trauma-specific proteociytic cleavage
product of G5 include a 37+35 kDa doublet, a 32 kDa fragment, a 23 kDa fragment, a 20 kDa
fragment, and 18 kDa fragment. Examples of the frauma-specific protecivtic cleavags product
of PEA1S include a 12+13 kDa doublet and a 8 kDa fragment. Examples of the trauma-specific
proteolyiic cleavage product of aB-crystallin is selected from the group consisting of a 18+19
kDa doublet, a 17 kDa fragment, a 15+14 kDa doublet and a 8 kDa fragment.

00821 The ratio of amount of ALDOC full size (40 kDa) to amount of ALDOC cleavage product
(38 kDaj is indicative for time post-injury, as well as distinction of acute versus subacute versus
chronic brain injury or neurcdegenerative brain disease, including Alzheimer's disease (AD).
Thus, in one embodiment, the method of detecting and/or monitoring TBI or SCi comprises
determining the ratio of 40 kDa ALDOC 1o 38 kDa ALDOC levels in the specimen obtained from
the subject. A ratio larger than 1, ranging from 3.6 - 8.6, is indicative of TBI (acute and sub-
acute, over post-injury days 1-5), as full size ALDOC is much more abundant than the 38 kDa
ALDQC BDP. A ratic smaller than 1, ranging 0.4-0.5 is indicative of Alzheimer's disease, as the
38 kDa ALDOC BDP was similar or more abundant than the full size ALDOC optical signal
densily because a chronic degenerative condition allows for iong-term partial degradation and

accumuiation of the fragment than an acute injury condition.

[0083] In one embodiment, the method further comprises measuring the amount of a blood
specific protein in a cerebrospinal fluid (CSF) sample obtained from the subject The detection
and monitoring of such markers can be used {o determine the staius of intraventricular brain
kieeding post-injury. In one embodiment, the blood specific protein is apolipoprotein B (APOB).
In another embodiment, the method further comprises measuring the amount of prostagiandin
synthase (PTGDS) in a cerebrospinal fiuid (CSF) sample obtained from the subject. PTGDS,
also known as beta trace protein, is positively correlated with a healthy CSF composition. The
presence of TBI is determined when the amount of PTGDS is reduced, and rises with recovery.
The detection and monitoring of such markers can therefore be used to determine the status of
recovery to healthy levels afier injury. In some embodiments, recovery of acute trauma-reduced
FPTGDS levels is monitored over subseguent postinjury days and is predictive of survival, while

sustained reduced levels of PTGDS predict mortality.
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(00647 In some embodiments of the method, no additional markers are assayed beyond those
recited hersin. In other embodiments, only markers recited herein are assayed. In some
embodiments, additional markers known 1o those skilled in the art are assayed in combination
with markers recited herein. In other embodiments, only a subset of possible markers is
assayed. For example, the method can comprise assayingfor 2, 3,4, 5, 6,7, 8, 8, 10, 12, 15,

or 20 markers. In one particular embodiment, no more than 4 markers are assayed.

[0088] The reagents for use in the method of the invention can comprise antibodies or other
molecules that specifically bind the marker of TBL. In one embodiment, the measuring
comprises immunoassay. Examples of immunoassays include western blotting,
immuncfiuorescence, immunoluminescence, radicimmunoassay, and ELISA. ALDOC isoform
specific antibodies are available as monoclonal antibodies clones 4A9, 1A1, 5C9 and ES from
EnCor Biotechnology Inc. {Gainesville, Florida). BLBP specific monoclonal antibodies are also

available from EnCor Biotech inc.

[0086] In another embodiment, the reagents comprise protein-sequence and -fragment-specific
peptides. Such reagents are useful for methods in which the measuring comprises targeted
quantitative mass spectrometry. In one embodiment, the measuring comprises quantitative
signal detection of endogenous (in the sample) protec-typic peptides that are compared to
added (‘spiked ir') labeled (e.q., heavy isciope labeled) known amounts of the same profeo-
specific peplides (internal standards) using multiple or parallel reaction monitoring mass

spectrometry.

[0067] In one embodiment, the control sample is a pre-injury sample obtained from the subject.
in another embodiment, the control sample is representative of normal, healthy subjects, such

as an average value obiained from a control cohort of healthy subjects.

[0068] Representative examples of a specimen of bodily fluid for use in the invention include,
but are not limited to, plasma, serum, cerebrospinal fluid (CSF), nasal fluid, cerumen, urine,

saliva, lacrimal tears, and brain micredialysate.

(00887 The invention further provides a method of determining the presence of the biomarkers
ALDOC and BLEPR in a sample of serum or plasma obtained from a subject. In one
embodiment, the method comprises contacting the serum or plasma sample with a kit of the

invention and measuring the binding of the agents to the biomarkers.

[0070] Alsc provided is a mathod of determiining the status of traumatic brain injury in a sample
of serum or plasma obtained from a subject. In one embodiment, the method comprises
contacting the serum/plasma sample with a kit of the invention and measuring the binding of
the agents to the biomarkers, and comparing the binding to a control sample. TBl is then
determined {o be present if the binding of the agents to ALDOC and BLBP is increased in the

serum sample from the subject relative {0 the control sample. For moderate (0 severe THI
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pafients, amounts and concentration ranges for ALDGC and BLBP are given in Figure 14 and
Exampie 13, and biomarker comparisons are given with concentrations in Figure 13 and
Example12. The invention further provides a method of detecting TBI, in a subject. In
particuiar, it can be used to detect mild TBI, where diagnosis is not otherwise obvious. In one
embodiment, the method comprises assaying a specimen of bodily fluid from the subject for an
glevated amount of ALDOC and BLBP compared to a control sample. An elevated amount of
ALDOC and/or BLBP is indicalive of TBL In one embodiment, the assaying is performed within
24 hours of a suspected injury. In some embodiments, the assaying is performed within 1-3
hours, or as early as within 15-30 minutes, of a suspecied injury. In one emboediment, the
assaying is performed up to 7 days after a suspected injury. In some embodiments, the subject
is an infant or child, including, for example, a subject suspecied of having experienced shaken
baby syndrome. The method allows for injury severity 1o be assessed, and cutcome predicted

in a subject, acutely after a spinal cord injury.

[0071] The invention additionally provides a method of predicling cutcome of TBI and/or
recovery after SCI in a subject. In one embodiment, the method comprises assaying a
specimen of bodily fluid from the subject for an elevated amount of PEA15 and/or 20-30 kDa
{small} GFAP fragments compared {0 a control sample, wherein an elevated amount of PEA15
and/or small (i.e. lower) GFAP fragments is predicative of mortality. Also provided is a method
of treating TBI in a subject. In one embodiment, the method comprises assaying a sample
obtained from the subject for a marker of TBI as described herein; and reating the patient for
THI if the assay indicates presence of TBI. The invention further provides a method of
monitoring for reatment guidance in a subject being treated for TBL. In one embodiment, the
method comprises assaying a sample obtained from the subject for a marker of TBI as
described herein; and initiating a treatment of the patient for TBI if the assay indicates
concerning deterioration of the patients status during the days post-injury, i.e. showing
secondary elevated levels of any of the markers described herein. The methods of the
invention additionally provide pharmacokinetic (theragnostic) applications, that is use in
monitoring drug or other patient treatment for early evaluation of freaiment effects and to
monitor TBI progression post-injury. Those skilled in the art will appraciate that, given the
different release and clearance kinstics of the markers described herein the benefit of using
muiltiple markers described herein as a panel. Thus the patients’ assessment can include any
one of the markers: ALDOC, BLBP, GS, PEA-15, CRYAB, a BDP of any of the foregoing; alons

or in combination with one or more additional markers.

(00721 Some embodiments contemplated by the invention include use of a combination of TBI
markers, including aldolase C (ALDQUC), glutamine synthetase (G5), astrocytic phosphoprotein
PEA-15 (PEA1S), aB-crystallin (CRYAB), or brain lipid binding protein (BLBP/ FABPY), a

trauma-specific proteolytic cleavage product of ALDQC, GS, PEA1S, CRYAB, or BLBP/FABR7,

or any combination of fwo or more thereof. For example, embodiments include those in which
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the marker of TB is GS and aldolase C, the marker of TBl is GS and PEA15, the marker of TBI
is GS and aB-crystallin, the marker of TBI is GS and BLBP, the marker of TBl is aldolase C and
FPEA1S, the marker of TBI is aldolase C and aB-crystallin, the marker of TBI is aldolase C and
BLBP, the marker of TBl is PEA15 and aB-crystallin, the marker of TBI is PEA15 and BLEP, the
marker of TBI is aB-crystallin and BLBP, the marker of TB! is GS, aldolase C, and PEA15, the
marker of TBl is GE, BLBP, and PEA15, the marker of TBl is G5, aB-crystallin, and PEA15, the
marker of TBl is GS, aB-crysiailin, and BLBP, the marker of TBI is GS, aB-crystallin, and
aidoiase C, the marker of TBl is G&, BLBP, and aidolase C, the marker of TBIl is aidolase C,
FPEA1S, and aB-crystallin, the marker of TBI is aldolase C, PEA1S5, and BLBP, the marker of
TBl is aldolase C, aB-crystaliin, and BLBP, and the marker of TBl is PEA15, aB-crystallin, and
BLBP. In the above examples, the TBI may be the recited protein, a breakdown product

thereof, or both.

Kits

[0073] The invention additionally provides a kit comprising agents that specifically bind a set of
biomarkers. in one embodiment, the biomarkers comprise aldolase C (ALDOC) and brain lipid
binding protein (BLBP). The agents are typically polynucleoctides or antibodies, and optionally
labeied with a deteciabie marker. The Kit oplionally further consists of at least one cortainer for
housing the agents and/or instructions for use of the agents for determining status of traumatic
brain injury in a test sample. In some embodiments, the kit further comprises agents that
specifically bind astrocytic phosphoprotein PEA-15 (PEA15) and/or a 20-30 kDalton fragment of
glial fibrilary acid protein (CGFAR-BDP). In one embodiment, the antibodies are monocional
antibodies. In one embodiment, the set of biomarkers consists of up10 3,4, 5,6, 7, 8, 2, or 10

biomarkers.
EXAMPLES

[0074] The following examples are presented to lllustrate the present invention and to assist
one of ordinary skill in making and using the same. The examples are notf intended in any way
to otherwise limit the scope of the invention.

Example 1. Human neocortical astrocyie cell fates after mechanical trauma

[0075] This Example shows population scores of human astrocytes 30 minutes and 48 hours
after abrupt pressure-pulse traumatic stretching using different severities (Figure 1; PS8! ranges
from 2.6-4.0 for milder injury and 4.4-5.3 for severe injury). Human astrocyles were isolated
from 16-18 week donated fetal neocortical brain specimen, purified and then differentiated on
deformable membranes (Wanner, 2012). Cell membrane wounding / compromise,
mechanoporation (Barbee, 2005), was determined using Propidium jodide (P uptake in living
cultures accompanied by nuclear shape assessment (middle picture, stained nuclei, Hoechst

stained after fixation, with little pink dots, nucleol that are Pl-stained). Cell death was
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determined by Pl uptake accompanied by condensed nuclei {pyknotic nuclel with compacted
chromatin and bright Hoechst and P! stains). Significant percent of cell integrity compromise is
shown 30min post-injury (left graph) while significant cell death was present two days post-

injury (bars on the right).

Example 2: Mechanically traumatized human astrocyies show prolonged endurance in g

compromised stale

[0076] This Example demonstrates that mechanically traumatized human astrocytes show
profionged endurance in a compromised state after wounding versus mouse astrocytes (Figure
2}. Dve uptake (0.05 mM 10 kDa dextran rhodamine) during stretch as well as cell death by
apoptosis (caspase activation using 10 uM caspase 3 substrate) was monitored using time-
lapse imaging on & temperature and humidity controlled spinning disc confocal microscope
{Levine et al,, 2018). Human traumatized wounded and resealed human astrogha show

proionged endurance after integrity compromise.

[0077] As shown in Figure 3, mechanical trauma of human astrocytes causes significant
release of astroglial marker into surrounding fluids. Figure 3A shows immunobilots of
concentrated, denatured conditioned media (Levine et al., 2016; Sondej et al, 2011) from
traumnatized astrocytes show different release profiles of ghal fibrillary acidic proteins (GFAP)
and its known and newly-identified breakdown products (BDPs) versus aldolase C (ALDOC),
brain lipid binding protein (BLPB), astrooytic phosphoprofein (PEA15) and a crystaliin (CRYABRB).
in order to caplure the full range of signal intensity, signals from multiple exposures of
immunoblots were densitometrically measured (optical densities) and scaled o match a single
exposurs. Scaled densities of signals from indicated number of donors are plotted on log-
spaced axis in the graphs shown in Figure 3B-G. Known upper GFAP BDPs (between 37-
50kDa) showed increased release with time (iriangles) and severity (circle at 5 hours post-
injury}. New, lower GFAP BDPs were significantly elevated only one and two days post-injury,
associating them with cell death (see Figure 1). ALDOC, BLBP and PEA15 were already
significantly elevated 30min post-injury over two orders of magnitude and such elevated levels
remained in fluids at all post-injury times measured. CRYAB levels showed severity distinction

at 5 hours and two days post-injury.

Example 3; Neurotrauma biomarkers associated with cell fates of human traumatized

asirocyies

00781 Shown in Figure 4A are biplots of rauma-released astroglial marker levels {see Figure
3) for ALDOC, BLBP, PEA1S5 and CRYAR over the percent membrane permeable cells (%
woundead, red data, left) as well as correlated o percent of dead human traumatized astrocytes
using Pl-dye-update assay and nuclear morphology (see Figures 1+2). Regression lines (R2-

value) and p-values indicate correlation significance. ALDOC, PEA15 and CRYAB show best
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correlation with human astroglial cell wounding. CRYAB, BLBP and ALDQOC also correlated

with extend of cell death after trauma.

[0079] Figure 48 shows biplots of GFAP trauma-release, which show correlation of GFAP with
cell death inflicted by mechanical trauma and weak / no correlation with cell wounding. Piots
are separated by grouped GFAP fragment sizes (upper bands: 50-37 kD, lower bands: 25-19
kD).

Example 4; Astrocvie Iniury Biomarker Selection Strateqy

(00807 Candidate astrocyte injury biomarkers were selacted by the following strategy (Figure
5). A TBI CSF proteome was compiled by bottom-up mass spectrometry using CSF samples
from 19 severg TBI patients and compared with the CSF proteome from 8 control subjects (Crl).
This TBl CSF proteome (483 proteins) overlapped with 252 proteins from the control CSF
proteome (402 proteins), leaving 231 unique TBI CSF proteins. Sixty percent of the TBI CSF
proteins were aiso present in the published plasma proteomes (Omenn et al., 2005; Schenk et
al., 2008) and, if abundant, may not be suitable as TEI biomarkers. To select candidate brain
injury markers, we determined proteins released from traumatized astrocytes using a proteomic
approach in a simple frauma model 79 differentially released proteins were identified after

pressure-pulse stretching mouse astrocytes (Levine et al., 2015; Sondej et al., 2011).

(00811 From this “raumatome” 48 proteins (B2%), wers present in TB| CSF. Selecting for
highly astrocyte-enriched proteins (»/= 5 foid enrichment over other cell types, Cahoy et al,,
2008) yielded a small candidate pool of 11 injury biomarker proteins (black outlined enclosed 3
fields). These included 3 proteins GFAP and peroxiredoxin 6 {Prdx8, both present in plasma)
and N, N-dimethyl arginine dimethyl aminchydrolase (DDAHT, center field of 3}, Additional 3
proteins were astrocyte enriched, “traumatome” proteins present in TBI CSF and also in control
CSF that were aldolase C (ALDGO), clusterin (CLUS) and apolipoprotein £ (APQE, lower fisld
of 3). Clusterin and APOE are secreted by astrocytes and their levels decreased in fluid after
trauma (arrow). Additional & trauma-released proteins that were highly astrocyie enriched were
not listed in the shotgun mass spectrometry-based TBI CSF proteome list. These 5 were ezrin
(Ezr), F-box only protein 2 (FBX2), Glutamine synthelase (GS), astrocytic phosphoprotein 15
(PEA1S) and brain-lipid binding protein (BLBP, upper field of &, dashed outline). GFAP,
ALDOC, GB, BLBP, PEA1S and CRYAB were included in subsequent immunological and mass

spectrometry testing.

Example 5. Astroglial injury markers are elevalted in CSF of TBI patients on injury day and 5

consecuiive days post-iniury

[0082] This BExample demonstrates that astroglial injury markers are elevated in CSF of TBI
patients versus controls in a retrospective chservational cohort on injury day and for five

consecutive days post-injury. Figure 8A shows immunoblots of GFAP (50 kDa with BDPs 37,
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25, 20 and 18 kDa) and S1001 and ALDOC (40 kDa), GS (45 kBa), BLEP (15 kDa) and PEA1TS
{15 kDa) of a longitudinal set of 30 il CSF samples from injury day (i) and subsequent 5 days
post-iniury (i+1 {o i+5) of a 54 year old male severe TBI patient {1a.-1f) alongside with 30 ul
control CSF (Crl). BLBF and PEA15 showed strongest signals on injury day and second rise on
3rd post-injury day, that associated with this patient's secondary ischemic epigsode. Bleeding
indicator APOB (130 and 250 kDa) had variable intensity over time post-injury and was absent
from healthy CSF; CSF marker PTGDS (22 kDa) had robust signal in Crl CSF but was absent
acutely after TBI and one day post-injury and stepwise recovered signais on subsequent post-

injury days.

[0083] Figure 8B shows six CSF samples (30 ylitane) from four TBI patients (2.-5)}, illustrating
variable signal intensities of GFAP and “upper” BDPs between 50 and 37kDa and “lowear/new”
GFAP BDPs indluding 25/23 kDa doublet, 20 kDa and 18 kDa small BDPs on injury day
(patients 2, 3, 4a) and one day post-injury (4b, 5) alongside control CSF from a heaithy 43 year
old male. Individual bands within upper GFAP BDPs have similar intensities to each other,

while relative abundance between lower GFAP BDPs was distinctly different across patients.

[0084] Figure 6C shows CSF immunoblots (30ul/lane), demonstrating full size ALDOC (40
kDa) in five TBI patients (6.-10.) and 38 kDa ALDOC BDP of variable intensity on four days
post-injury in three TBI patients {8-10). A healthy Conirol subject showed no ALDOC.

[0085] Scatier-plots (Figures 8D-K, same day and patient replicates averaged) are piotted
jointly with box and whisker plots with interquartile ranges (80th and 10th percentiles), median
{line) and geometric rmean (dashed line} showing logarithmic scaled optical densities measuwred
from immunoblot signals using scaled densitomeiry (see Figure 3) in C8F of 20-25 TBI patients
on injury day and subsequent 5 post-injury days and 8-11 Conirols (n: subjects numbers per
day). (Fig. 6D) Upper GFAP signals (50-37 kDJa) were elevated on all TB! days versus Cri (P
<0.06} and declined over time as indicated (P <0.05, repeated measures ANQVA, ses
Methods). (Fig. 8E) Lower GFAR BDPs {25-18 kD} were elevated in TBI versus Cri (P < 0.03)
and declined between first post-injury day later postinjury days (P < 0.05). (Fig. 6F) ALDOC (P
< (.004) and (Fig. 6G) G5 (P < 0.001) were elevated on each day in TBI CSF versus Cris
without decline. (Fig. 6H) BLBP (P< 0.03) and (Fig. 61) PEA15 (P< 0.004) had elevated levels in
T8I versus Cris on indicated days with larger signal ranges. Serum protein APOB (Fig. 8J) was
elevated in TBI versus Crl CSF (P <0.005), whereas CSF standard PTGDS was stronger in Crl
versus TR (P< 0.004) with levels aculely depleted {o various exients followed by cutcome

dependent recovery (see Figure 7).

Example 6;: TBI patient cutcome correlation of biomarker CSF amounts

[0086] This Example demonstrates that CSF levels of new, cell death associated lower GFAP

breakdown products were two orders of magnitude more slevated in non-survivers versus
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survivors of TB! (Figure 7). PEA1S levels were over 2-3 orders of magnitude elevated in non-
survivors versus survivors affer TBI, with p-value on the third post-injury day p=0.07. Levels of
heaith marker PTGDS, which decreased acutely post-injury, showed significant recovery by the

third post-injury day in survivors of TBl while levels remained decreased in non-survivors.

Example 7: Assessing the spectrum of TBI using factors of grouped asiroglial markars

[0087] This Example demonsirates the grouping of astroglial trauma markers to create factors
useful in the assessment of TBI across the spectrum of injury. To combine the diverse data
ancompassed by the marker panel, multivariate analysis of variance that employed an
unsupervised learning algorithm based on Spearman correlation coefficients was used (factor
analysis, Fabrigar and Wegener, 2012; Tucker, 1887). This approach is new to the
neurctrauma biomarker field, and reveals underlying neurotrauma conditions by grouping
markers here based on their TBI CBF signals. Known astroglial marker $1008, cell death
markers GFAP with known and new BDPs, and bleeding indicator APOB were grouped into
Factor A (Fig. 8A, gray, with combined loading using Cronbach's coefficient a = 0.821). New
‘cell leald, cell wounding markers ALDOC with BDP, BLBP, GS and PEA15, were grouped into
Factor B {g=0.872). As shown in Fig. 88, Factor A’s temporal profile significantly decreased
over days post-injury, while Factor B's trajectory did not. Factor A data showed significant
difference between survivor and non-survivors on several post-injury days (Fig. 8C). Factor B
data did not show survival differences (Fig. 8D). Standardized marker density readings from 12
TBI patients with signal present for all markers were converied into the Factors A and B using
the loadings shown in Fig. 8A, and then picited against each other (Fig. 8E). Heterogeneity
among the TBI spectrum is reflected in the spread of the combined panel data in this biplot.
Classification tree analysis (Fig. 8F) determined boundariss that partitioned controls, survivors
and non-survivors of TBI according to given Factor thresholds (Breiman, 1984). Patient
partitioning threshoids using the biomarker levels grouped into factors are llustrated by lines in
Fig. 8E.

[0088] This mathematical muitivariale unsupervised learning approach combines the markers
of this pans! with sach marker given a weight (ilocading) that is derived from correlation
coefficients and expresses how much variance in the patient cohort is captured by this marker's
contribution. Overall high loading of the listed markers (0.8-0.95) documents robust
categorization info the two factors. Factor A reflects markers associated with cell death,
hemorrhage and fissue loss. Factor B reflects markers associated with cell leak, wounding and
tissue compromise (see Figure 84). The resulling values document a unigue position of each
patient based on its biomarker panel readings within a given cohort. This approach refiably
covers the maijority of patient variation abserved in this TBI cohort. Factor analysis provides a
simplified framework for capluring a large patient hetercgeneity observed in TBI using only few

hiomarker readings, (compared to more complex principal component analysis that used many
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different entries). in a clinical frial, these biomarker panel readings from a test kit can be
entered into a growing database that can provide valuable monitoring information of individual
TBI patients compared to other patients. This tool can simplify patient assessment and
strengthen the robusiness of ongoing patient evaluation using biofluid signature of tissue

compromise and tissue demise.

Example 8 Differentiating trauma severity in human fraumatized astrocytes and T8I patienis

[0089] This Example demonstrates that the ratio of BLBP to GFAP levels in a subject’s
specimen can be usad io differentiate trauma severity in human fraumatized astrocyles and TBI
patients. Significant differences in fluid level ratios of ‘cell leak’ marker BLBP over ‘cell death’
marker GFAP are shown in vitro (Fig. 9, CM, conditioned medium, left) and in TBI patients
(CSF, right panel of Fig. 8). Human asfrocyles from 6 donors were traumatized with different
severities using indicated P35I pressure-pulses. Moderate versus severe TBI palients are
distinguished by 14 fold diffsrent BLBP/GFAP ratio in CSF (n=8). Moderate TBI patients are
defined by post-resuscitation Glasgow coma scale (GCS) > 8 while severe TBI patients had
GCSs<«8.

Example 9: Correlgtion between ALDOC levels and TBl patient outcome

[0080] Data presented in Figure 10 show ALDOC and GFAP levels plotted against outcome of
severe TBI patients, assessed using exiended Glasgow outcome score (5OSe) at 6 months
post-TBL Data from 12 (11) TBI patients show ALDOC slevation early (white, i, i+1, +2) and
later post-injury (black, i+3, +4 and +5 post-injury days) in patients with unfavorable cutcome,

while GFAF levels did not as well maintain elevated levels on later post-injury days.

Example 10; Correlation between TBI markers and severity and outcome of spinal cord iniury

[0081] This Example demonstrates the correlation between astroglial frauma markers and
severity of spinal cord injury in a swine animal modsl. Figure 11: Acute UCLA astroglial marker
release correlated with histopathological severity measures, tissue loss and hemorrhage, after
swine spinal cord injury. A} Acute (15-30 min post-injury) C3F signal densities of UCLA
astroglial injury markers ALDOC, BLBP and glutamine synthetase (G3) as well as GFAP are
plotled against rostro-caudal cavity diameters in the Yucatan swine spinal cord one week after
spinal cord contusion injury using an established injury waight drop mode! (Lee et al., 2013).
Spearman correlations indicate acute elevation of these astroglial CSF marker levels
associated significantly with increasing tissue loss. Histopatholegy: Rostro-caudal extension of
the cavity was measures in Sudan biack stained horizontal spinal cord sections (p-values and
R? values given, n=10 animals). B} Acute (15-30min post-injury) CSF signal densities of
ALDOC and GS significantly associated with white matter interstitial fissue bleeding one week

post-injury that was measured using swine immunocglobulin (1gG) fluorescence in injured
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horizontal spinal cord sections and normalized by parallel stained uninjured horizontal spinal
cord sections. Such normalized white matter flucrescence signals of rostro-caudal serial
images were plotted for each animal (n=8 animals) and areas under the curves (AUC) were

determined over distances with above uninjured signal levels.

(00827 Figure 12 shows the correlation of acutely elevated ALDOC and GFAP with outcome
after swine spinal cord injury. Recovery of walking associates with acute CSF levels of ALDOC
and GFAP after swine spinal cord injury. Plotted are acute post-injury CSF levels (15-30 min
post-injury) of ALDOC (black dots) and GFAP {white dots) that pradicts recovery of walking one
week post-injury using the porcine thoracic injury behavioral scale (PTIBS), an established test
for recovery of ambulation in the swine indicating the level of walking recovery after spinal cord
injury in the Yucatan swine {Lee et al., 2013). A significant inverse correlation existed with
higher ALDOC (R? -0.88) and GFAR (R? -0.89) levels in poorly ambulating animals, who were
dragging their hind limbs and crawled at best, and low acute ALDOC and GFAF levels in
animals who walked by one week post-injury. Preliminary biomarker thresholds are indicated by

background color, showing feasibility of very early partitioning of recovering animals.

Example 11 Quantitative mass spectrometry of astroglial TBl markers

[0093] This Example demonstrates that quantitative mass spectrometry confirms the increased
levels of astroglial TBI markers following injury, providing objective marker amount comparisons
that is limited when using immunological methods as these are not standardized. Multiple
reaction monitoring, an antibody independent, simullaneous and quantitative mass
spectrometry approach, was used for the first time in the neurctrauma biomarker field o
compare abundance of known and new astroglial markers in CSF of TBI patients. Marker-
specific peptides are measured in paraliel with defined amounts of added, isolope-labeled
peptides (see Table ). Figure 13A shows that ALDOC and GFAF had the highest
concenirations in TBi CSF on injury day, and both differed significantly from levels of other
markers shown. In addition, BLBP levels were significantly higher than GS levels on injury day.
As shown in Figure 13B, by 3 days post-TBI, ALDOC levels significanily cut-performed GFAP

concentrations, differing by an order of magnitude.

Example 12: Quantitative immunoassay of ALDOC and BLBP in TBI CSF and blood

[0094] This Example provides a quantitative antibody-based evaluation of ALDOC and BLBP
favels in CSF and biood of TBI specimens using standard curves. Box plots in Figure 14 show
median and interquartile concentration ranges of ALDOC {left) and BLBP (right) and their
amounts in CSF and blood (serum and plasma). Inserts show dose-response using known
amounts of isoform-specific recombinant proteins ALDOC and BLBP using two concentration

ranges and immunoblot detection conditions (see Table 7).
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Example 13: Detection of astroglial biomarkers in blood sampies of severe T8I patients

[0095] This Example demonstrates that the astroglial trauma markers are compatible with
blood testing, using samples obiained from patients having severe TB!. Figure 15A shows
ongitudinal plasma samplas from 3 different severse TBI patients alongside one control plasma
samiple (Crl). Abundant proteins are removed using immunoaffinity albumin and
immunogiobulin deplefion calumns (Sigma, ProteoPrep). New GFAP breakdown product of 25
kDa was never defected on injury day (i} but appeared on subsequent post-injury days. ALDOC
was consistently present at all ime points in all 3 patients. Short-lived markers PEA15 and
BLBP were robustly present on injury day and showed different temporal profiles over
subsequent days post-injury in each patient. Plotled in Figure 158 are scaled densitometry
signals for ALDOC (B1), BLBP (82), GFAR/25 kDa BDP (B3) and PEA15 (B4) from 26 serum
and 24 plasma samples derived from 22 severe TBI patients compared with up to 11 control
biood samples (Crl). Longitudinal same patient data are connected by gray lines. ALDOC was
significantly elevated on injury day and every post-injury day, while GFAP was significantly
glevated beginning on the first post-injury day. BLEP and PEA15 had significant elevation on

injury day versus conirol levels.

Example 14 Exiended detection window of ALDOC versus GFAP

[0096] This Example demonstrates, using a longitudinal severe TBI serum sample, the
gxiended detection window of ALDOC versus GFAP. ALDOC was detected 19 hours prior to
first detection of GFAP 25 kDa BDP and ALDOC signals were present over two days beyond
the last specific GFAP signal, a 37 kDa known GFAP BDP (Figure 17).

Example 15 BLBP breakdown product

[0097] In addition to the full size, 15 kDa BLBFP a 3 kDa BLBP-specific fragment was detected
using 2 antibodies in TBI CSF and plasma on injury day and various post-injury days. Results

are shown in Figure 17.

Example 16: Acute circulatory appearance of TBI markers

[0088] Figure 18 presents evidence for acute circulatory appearance of new astroglial injury
markers due to direct passage across damaged blood-brain barrier. Panel A of Figure 18
shows immunoblots for GFAP 25 kDa BDP along with ALDOC, BLBP and PEA15 in CSF and
serum of the same severe TBI patient acutely after TBI (3 hours post-injury), as well as on the
first post-injury day. While GFAP appseared first in the CSF and with a day delay in serum,
ALDOC was present in both biofluids at both time points. BLBP and FPEA1S were first present in
serum and appeared with delay in CSF. Traces on log-spaced axis of all 4 astroglial markers

docurmnent the switch for GFAP 25 kDa BDP from CSF into serum, steadier presence of biofluid-
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stable ALDOC, and the presence of short-lived BLBP and PEA15 in serum prior to their

appearance and delayed elevation in CBF (Figure 18B).

00291 These observations suggest the direct passage of ALDCOC, BLBP and PEA1S from the
injury site into the circulation. All three markers are localized in astrogiial processes, with fing
endings known to entirely wrap capillaries and blood vessels (Mathiisen et al., 2010). Traumatic
injury, even mild TBI, causes rupture of perivascular astroglial fibers, allowing these markers a
direct passage into the blood (Barzo et al., 1896; Hicks et al., 1993; Korn et al., 2005). GFAP is
not localized in astroglial endings, and, as shown in Figure 3, the 25 kDa GFAP BDP takes fime
to be generated, suggesting a delayed release during cell death leading o accumulation first in
the CSF, and subsequent appearance in serum. Advantage of a direct passage of astroglial

endfeet via open blood-brain barrier lays in enabling very acute post-injury blood-testing.

Example 17: Early detection of astroglial iniury markers in serum of mild TBI patients

[C0100] This Exampie demonstrates robust and early detection of top fier astrogiial injury
rarkers in serum of mild TBI patients. Shown in Figure 19 are 10 serum samples from 7 mild
TBI {mTBI) patients early after injury alongside of one confrol serum (Crl). Sampies were
probed for GFAP, ALDOC, BLBP and PEA1S. Specific GFAP signals were faint and limited to4
mT1Bi patients with one patient showing GFAP/2E kDa BDP by 31 hours post-injury (patient #
. ALDOC 38 kDa BDP was consistently and strongly elevated in all mTBI patients versus
control. BLBP and PEA1S showed variable intensity and were present in 5 mTBI patlients.
ALDOC, BLBP and PEA15 were detected already one hour posi-injury. Concussion patients
received computed tomography (CT) scans and those with positive findings of a lesion/bleed
were classified as CT+, potentially complicated mTBI patients, and those without visible
wounds were CT-negative, or uncomplicated (Buki et al., 2015). Robust presence of ALDOC
and differential signals for BLBP and PEA1S are suited to augment risk identification among

concussion patients,

Example 18: Acule and robust detection of serum ALDOC in pediatric TRI

[GG101] Figure 20 shows acute and robust detection of ALDOC in pediatric TBI patient
serum samples. Injury day serum samples from 5 infants (1-4 months of age) suffering TBl are
shown next to a control serum from a child aged 22 months. Robust ALDCC signals are
detected in all infant TBI versus control cases while only two infants showed weak GFAP signal

(34 kDa BDP, not previously described, cases # |, ill).

Example 12 ALDOC as g CSF marker for Alzhsimer's disease

[00102] This Example demonstrates that CSF samples from patients affiicted with the
chronic neurodegenerative condition of Alzheimer's disease exhibit equally distinct levels of full
size (40 kDa) and 38 kDa BDP ALDQC. In confrast, ALDOC detecied in CSF of an acute TBI
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patient shows a distinct preponderance of full size (40 kDa) versus 38 kDa BDP. Shown in
Figure 21 are 7 CSF samples from 5 Alzheimer's disease patients (AD, stage 0.5, cases #li and
lit; stage 1, cases # IV and V, based on Fagan et al., Science Transl. Med. 2014) compared {o
one severe TBI patient (case # 1) and two age-maiched conirols (cases # VI and Vil) and
protein stain for loading {(Ponceau S). The TBI patient had mainly full size ALDOC and little 38
kDa fragment on day 4 post-injury, while the chronic degenerative AD samples showed equal
presence of full size and 38 kDa ALDGC BDP. The data suggest that acute and chronic brain
injury can be distinguished on the basis of ALDOC /ALDOC BDP ratio.

[00103] Table 2; Distinction between TBI and Alzheimer’s disease, using ratio bebween
full size AL DOC and its 38 kDa proteclyiic fragment in patients’ CSF
ALDOC 40kD/38kD ALDOC 40kD/38kD
All antibodies used Same antibody (E9) used
AD 0611025 04210174
T8I 3.63x 326 8.56 £ 0.85
AD v TRI p = 0.0001 p = 0.00002
[00104] The table shows average ratios of full size ALDOC (40 kDa) over its breakdown

product (38 kDa) in CSF of Alzheimer's Disease (AD) patients and modsrate to severs TBI
patienis. Different ALDOC antibodies to different epitopes of the protein resulted in varying
emphasis of the 40 versus 38 kDa band signal intensities. On the left data of all ALDOC
antibodies were combined averaging 20 AD samples and 25 TBI samples. The average AD
ratio was 6 fold smaller than the average TBI ratio that was significant by two-tailed T-test. On
the right 10 AD CSF samples and 8 TBI patient’s samples were analyzed using same antibody
{E£9) for ALDOC detection. There was again a significant 20 x difference between TBI, showing
rore full size signal and AD showing more BDP ALDOC signal. Data examples arg shown in
Figure 21. This provides a distinction between TBI and chronic neurodegenerative disease.
Both data seleclions resulf in significantly different ratios based on the increased abundance of
the ALDOC major 38 kDa BDP signifying the chronic neurodegenerative condition. Acute TBI
can easily be distinguished by a higher abundance of full size 40 kDa ALDOC acutely and up to
5 days post-TBL

Example 20; Multivariate discriminant analysis

[0105] Multivariate Classification Tree Analysis (Breiman, 1984) was used {o determine the
markers that most accurately split the subject cohort inte Control and Surviving or Non-
surviving TBI patients on injury, analyzed by immunoblotiing of 30 yi CSF sample each. Upon
obtaining 100% accuracy with just two markers, AldoC and PTGDS (Table 3), the analysis was
repeated allowing only those markers known {0 be detectable in the blood for future non-
invasive assay {Table 4). Markers used for the data presented in Table 3 were Aldo C and
FTGDS, while the markers considerad, but not used, were: GFAP, PEA1S, GFAP lower,
S100B, BLBP, G8, APOB, PTGDS, and AldeC 38kD. Table 3 thus summarizes the detection of
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T8I and survival outcome pradiction using all markers in the classification tree analysis. This

analysis selected ALDOC and PTGDS as the best partitioning markers. Ameng all inspected

markers, those were utilized by the mathematical unsupervised learning approach. Groups,

n=21, all Controis; and ail injury day TBI of 30 TBi samples. The indicated 7ng/30ul CSF equals

a concentration of 233 ng/ml C3F using immunobiotting. Accuracy was excellent, as grouping

and predicted outcome maich 100% correctly. Figure 22 provides a partitioning illustration of

the Table 3 thresholds.

[0106] Table 3: Detection of TBI and survival outcome prediction

Group n Aldo C PTGDS Prediction
[O0T (ng/30ul [OD]
CSF)
A 8 »>= 0.078 (7ng) <0.174 or TBI survivor (severe)
C »= 0.078 (7ng} >z (202 T8I survivor {moderate)
B 2 »=0.078 (7nQ) 0.174 t0 0.202 TBI non-survivor
D 11 < 0.078 (7ng) > (3,202 Control (healthy subject)

[0107] Table 4 shows the detection of TBI and survival cutcome prediction using the new
blood-compatible glial markers. Markers used for Table 4 (1): Aldo C total. Markers considered
but not used were: GFAP lower, BLBP, PEA 15, Aldo € 38 kD breakdown product (BDP). The
markers NOT considered (omitted) were: GFAP total, S100B, GS, APOB, and PTGDS. Groups
were: n=21 ali Control; and injury day TBI patients of a total of 30 in entire cohort. Accuracy
was 95%; the unweighted probability correct was 20/21, or 0.852. There was a 88% squa
pricrity probability correct = 0.86 = (1.0 + 1.0 + 0.875). Figure 23 provides a partitioning

filustration of the Table 4 thresholds.

[0108] Table 4: Detection of TBI and survival ouicome prediction using TBI markers
Group | n | Aldo C total [OD] Prediction
A 4 0.078100.22 TBI survivor
B 3 0221004 TBI non-survivor
c 3 >= (.4 TBI survivor
D 11 <Q.078 Control (heaithy subject)

[0108] Classification malrix for data in Table 4:

Predicted- | Predicted- Predicted- fotal
control died Survivor
True - control 1 0 0 11
True - died O 2 0 2
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True- survivor

0

1

7

[0110]1 Receiver Operating Characteristic (applicable with higher n):

Group Area N N Prop
correct correct
Control | 1.0000 1K 1" 1.0
Died 0.9737 2 2 1.0
survived | 0.9804 8 7 0.875

Example 21: Spearman Correlations between marker signal density [GD1 and CAT scan

imaging daia

[0111] Secondary TBI progression can cause elevated intracranial pressure (ICP) which is

often associated with secondary injury. Observed is a significant correlation between levels of
cell death marker GFAP lower BDPs (18, 20, 25 kDa doublet) and ICP. Bleading marker APOR

is significantly correlated with extra+intraparenchymal lesion volume and midline shift. Both

these CT findings are associated with brain bleeding, including epidural hematoma, subdural

hematoma, subarachnoid hemorrhage and infraparenchymai lesions. Glial injury markers BLBP

and PEA1E, as well as cell death giial marker GFAP lower BDPs, are correlated with intra-

parenchymal lesions, including brain tissue contusion, intracranial hemorrhage and diffuse

axenal injury.

(0112} Table 5 Spearman Correlations between marker sianal density and CAT scan data

Midline Shift Extratintra intra-

ICPR, Intracranial {edema Parenchymal parenchymal

pressure indication} Lesion Yolume Lesion Volume

New TBI Correla- p- Correla- p- Correla- p- Correla- o~
marker panel fion value fion value tion value fion value

Lower GFAP 80093

BDPs §.834 8 8121 0.733 0.136 0.333
ALDOC -0.185 0.614 -0.0872 | 0.778 0.72 -0.4 0.517
BLBP $.204 0.558 -0.194 0.58 0.803 {8 0.417
PEA1S g.21 0.55 0.373 0.321 0.233 0.333
APOB -0.258 0.446 9.884 0.0361 $.0028 0.233

Example 22: increased levels of glial trauma-release markers afier repeated mild iniury in the

human trauma culiure model

[0113] Figure 24 shows results obtained using a model for repeat mild injury. Human

astrocyies received a single {e) or double (s-e) mild pressure pulse 30 mins apart (30) orone

day apart (1D). Cell populations of acute lesky and delayed dead wers not much changed by
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the repeated trauma (Fig. 24A). Yet, conditioned medium (CM) fluid levels of frauma-release
markers GFAR and AldoC were elevated after shortly-followed repeated mild injury versus a

single mild stretch, and were only slightly elevated when the two insults were one day apart.

AldoC levels nearly reached those of a single severe insult (s} after shortly-followed mild

stretches, indicating its sensifivity 1o repeated injury.

Example 23: Calpain and caspase activation generated GFAP upper and lower breakdown

products after raums

[0114] Shown in Figure 25 are two fiilm exposures of GFAP, upper and lower breakdown
products 48 hour post-injury in conditioned medium samples using the DAKO anti-GFAP
polyclonal antibody. Severely stretched and unstretched cultures received either no drug,
calpain inhibitor PD150606 (100uM, “Cali”} or pan-caspase inhibitor Z-VAD FMK (8.8ulM,
“Casi”). Trauma-released GFAP upper and lower BDPs were reduced by both calpain and
caspase inhibition, suggesting frauma induced activation of both enzymes degrading GFAP
after injury. Part of this enzymatic breakdown occurs in cells, part extraceliular as suggested by
similar analyses of cell lysate fractions of the same experiments. Minor release of lower GFAP

BDPs in unstretched cultures was due to small numbers of non-traumatic cell death.

Example 24: Antibedies and proteins used for western blotling of astroglial injury markers

[0115] Table 6: Antibodies and profeins used for western blofting of markers

27

Name Antibodies, recombinant Epitope Comments
proteins

Rabbit polyclonal anti-GFAP Whole cow GFAP Polyclonal Abs

GFAR | (DAKO, 20334 recognize full
Chicken polycional anti GFAP Whole bovine GFAP size GFAP,
{ThermoFisher Scientific, PA1- upper & lower
10004) BDF sel
Rabbit affinity purified polycional Recombinant ALDOC fragment

ALDOC | anti-ALDOC (Genetex, amino acids 10-163 (PO9872)
GTX102284)
Rabbit Serum 88, 89 (EnCor, Recombinant whole ALDOC, BDPs
Biotech)
Several monocional ALDOC Mab 1A1; C-terminal peplide, does | Standard
antibodies (EnCorn): IgG1 mab 1A1 | not detect ALDOC BDPs, no signal | curves using
(MCA-1A1), taG1 mab ES (MCA- in blood; Mab E9: Recombinant pure
£9), igG1 mab 4A2 (MCA-4AQ), whole ALDOC, detects ALDGC recombinant
lgG1 mab 5C9 (still under BDPs, signal in human blood ALDOC
development) (serum, plasma); Mab 4A8: N- (EnCor) See
Standard: terminal peptide sequence: Fig. 14
His-tagged human ALDOGC MPHSYPALSAEQKKELS (SEG ID
recombinant protein (EnCor NG: 1), signal in human and pig
Biotech. Inc) biood); Mab 5C9: N-terminus,
signal in human blood (serum &
plasmaj.
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Rabbit igG fraction polyclonal anti | GS peptide amino acids 357-373,
GS GS (Sigma, G2781) BDPs are seen, more sensilive
Mouse mab IgG2ZA to GS clone 6 Full size GS, less sensitive no
(ED Transduction, 810517) BDPs
Rabbit polycional affinity purified Human PEA1S peptide surrounding
PEA1E | anti PEA1S (Cell Signaling) Leudd
Standard: Recombinant PEA15
{(EnCon
BLBP | Affinity purified rabbit polycional GS8T-tagged recombinant full size Standard
= anti ~FABPT (Millipore) human FABP7, brain specific curves using
FABP7 | Affinity purified rabbit polyclonal {Millipore) pure
= B- anti- FABPY clone C-terminal human FABP7Y peptide recombinant
FABP | RB22973(Abgent) amino acids 104-132, brain specific | BLEBP (EnCor)
Mouse monocional IgG2b anti- {(Abgent) see Fig. 14
FABPY (Hycult, HM229%9)
Standard: His~-tagged recombinant | Peptide derived from human B-
BLBP protein (EnCor Biotech.inc.) | FABP sequences (Hycul)
CRYAB | Mouse monocional IgG1 anti- Whole bovine CRYAR, recognizes
CRYAB (Enzo, 1B61-3G4) full size and BDPs
= HSP | Rabbit affinity purified polyclonal N-terminus
27 anti-CRYAB (EMD Millipore,
ABN185)
APCB | Rabbil affinity purified polycional Unspecified APOB peptide
lgG anti-APOB (PTGlab, 20578-1- | APOB 120-130 kDa observed band,
AP full size 516 kDa
Rabbit affinity purified 109G anti- Synthetic human PTGDS peptide
PTGDS | PTGDS (USBiological, P8053- amino acids 120-190
2403

Example 25 Multiple Reaction Monitoring mass spectrometry

[0118] Biofluid concentrations of the TBI injury biomarker profeins were measured by targeted

muiltiple-reaction-monitoring (MRM) mass specirometry. Biofluid samples were first digested

using endoproteinase trypsin, cleaving all proteins into their respective tryptic peplides. Protein

specific peptide signals were used as a surrogate measure for their respective proteins. In

MRM-MS, peptide signals are measured by what are known as precursor - to product ion

transitions as shown in Table 7 below (e.qg. 554.821 (24} --> 924.514 (1+, yB)}. Selection of

specific precursor ions of interest allows for increased sensitivity. By measuring signai from

specific product ions from selected precursors, MRM allows for g high degree of analyte

specificity. For quantitation, defined amounts of stable isolope-labeled standard (SI3) peptides

containing sither a heavy lysine [K(Label: 13C(BY15N(2)}] or heavy arginine

[R{Label:13C(8)15N{4))] are spiked info biofluid samples. These heavy standard peptides are

chemically identical 1o their endogenous (light) counterparts but display a mass shift of +8 and

+10 Da (K and R respectively) for differentiation from endogenous biofluid pepfides.

Comparison of the peak area ratios between the light and heavy MRM transitions allows for

absolute quantitation of biomarker concentrations. For our assay, trypsin digested biofluids

were first separated by reversed phase liguid chromatography using a 0.1% formic acid in
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water and 0.1% formic acid in acetonitrile elution system to further reduce sample complexity

and improve signal sensitivity.

[0117] Table 7. Multiple Reaction Monitoring mass spectrometry peplide TBi biomarkers

29

Name Peptide Seguence Measured MRM Transition

GFAP ALAAELNQLR(Heavy) 554 821 (2+) ~> 924.514 (1+, y8)

all within core SEQID NO: 2 554 821 (2+)y ~>» 853 477 (1+, y7)

fragment 554 821 (2+) ~>» 782.438 (1+, y8)

ALAAELNQLRight) 549.816 (2+) ~> 914.505 (1+, y8)

SEQIDNO: 2 549.816 (2+) > B43.468 (1+, y8)

549.816 (2+) > 722.431 (1+, y8)

LADVYQAELR (Heawy) 584,788 (2+) --> 1003.508 {1+, y8)

SEQIDNO: 3 584.758 (2+) ~> 788.413 (1+, y6)

504758 (2+) —-> §26.350 (1+, v5)

LADVYQAELR (Light) 589.314 (2+) --> 983.500 (1+, y8)

SEQIDNO: 3 589.314 (2+) > 778.405 (1+, y6)

589.314 (2+) > 616.341 (1+, y5)

ALDOC TPSALAILENANVLAR (Heavy) 831.974 (2+) > 1193.688 {1+ y11)
SEQIDNO:4 831.974 (2+) —> 1122 651 (1+ y10)

831.974 (2+) --> 1009.566 {1+ y9)
TPSALAILENANVLAR (Light) 826.870 (2+) -> 1183.679 (1+, yi1)
SEQID NGO 4 826.870 (2+) --> 1112.642 (1+, y10)

B826.870 (2+) —> 898.558 (1+, yB)
LSQIGVENTEENR (Haawy) 749.872 (2+) ~> 1170.583 (i+, y10)

SEQIDNO:S 740.872 (2+) --> 1057.478 {1+, y9)

749.872 (2+) --> 801.389 (1+, y7)
LSQIGVENTEENR (Light) 744.868 (2+) —> 1160.554 (1+, y10)

SEQID NG5 744,868 (2+) —> 1047 470 (i+, ¥9)

744.868 (2+) > 881.380 (1+, y7)

GS DIVEAHYR (Heavy) 506.758 (2+) --> 784.388 {1+, y6)
SEQIDNO: 8 506.758 (2+) > 885.329 {1+, y5)

506.758 (2+) --> 556.287 {1+, y4)

DIVEAHYR (Light) 501.753 (2+) ~>» 774.388 (1+, yB)

SEQIDNO: 8 501.753 (2+) —> 675.321 (1+, y5)

501.753 (2+) ~> 546.278 (1+, y4)

PEATS DNLSYIEHIFEISR (Heavy) 582.629 (3+) > 861.354 (1+, v5)
SEQID NO: 7 582.629 (3+) ~» 702.363 2+, y11)

582.629 (3+) ~-» 658,847 (2+, y10)

DNLSYIEMIFEISR (Light) 579.293 (3+) > 851.346 (1+, y5)

SEQIDNO 7 579.293 (3+) --> 697.352 2+, y11)

579.293 (3+) --> 653.843 (2+, y10)

BLBP ALGVYGFATR (Heavy) 451 260 (2+) —> 717.392 (1+ y7)
= FABPY SEQID NO: 8 451.260 (2+) > 860370 {1+, y6)
451.260 (2+) > 561302 {1+, y5)

ALGVGFATR (Light) 446.256 (2+) -->» 707.384 (1+, y7)

SEGID NO: 8 448,258 (2+) --> 850.362 (1+, y6)

448,258 (2+) --> 551.284 (1+, ¥5)

CRYAB HFSPEELK (Heavy) 497.758 (2+) —> 857 450 (1+, y7)
= H8P 27 SEQIDNO: 9 497 758 (24} —> T10.381 (1+, yB)
497 758 (2+) ~> 623.348 (1+, y5)
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HESPEELK (Light) 493.751 (2+) —> 849.435 (1+, y7)
SEQID NO: 9 493.751 (2+) > 702.367 (1+, y6)
493.751 (2+) > 615.335 (1+, y5)
APOB SPAFTOLHLR (Heavy) 380.545 (3+) > 764.429 (1+, yB)
SEQ ID NO: 10 389.545 (3+) —> 663.381 (1+, y5)
389.545 (3+) > 491.771 (2+, y8)
SPAFTDLHLR (Light) 386.208 (3+) > 754.421 (1+ yB)
SEQ 1D NO: 10 386.208 (3+) > 653.373 (1+ y5)
386.208 (3+) --> 486.767 (2+ y8)
PTGDS APEAQVEVOPNFQRDK 897 449 (2+) > 1297.663 (1+, yi1)
(Heavy) SEQ 1D NO: 11 897.449 (2+) > 1198.594 (1+, y10)
897.449 (24) —> 884.435 (1+, y7)
APEAQVSVOPNFQODK 893.442 (24) > 1289.848 (1+, y11)
(Light) SEQ ID NO: 11 893.442 (2+) --> 1190.580 (1+, y10)
893.442 (2+) > 876.421 (1+, y7)
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What is claimed is:

1. A method for detection or monitoring status of raumatic brain injury (TBI) and/or spinal

cord injury (SCH in a subject, the method comprising:

{a) cortacting a specimen of bodily fluid obtained from the subject with reagents for
assaying for a marker of TBI selected from aldolase C (ALDOC) and brain lipid binding protein
(BLBP/ FABP7), or a trauma-specific break down product (BDP) of ALDOC or BLEBP/FABP7,

) measuring the amount of marker present in the specimen as compared io a
control sample; and

{c) determining the presence of TBI or SC! when an elevated amount of marker is

present in the specimen compared to the control sample.

2. The method of claim 1, wherein the marker of TBl is ALDOC or a BDP thereof, and
BLEP or a BDP thereof.

3. The method of claim 1, further comprising measuring the amount of glutamins
synthetase {S8), astrocytic phosphoprotein PEA-15 (PEA1S), aB-crystallin (CRYAB/HSP27), a
trauma-specific proteoiviic cleavage product of ALDOC, GS, PEA1S, or CRYAB, or any
combination of two or more thereof,

4. The method of claim 1, wherein the frauma-specific proteclytic cleavage product of
ALDOC is selectad from the group consisting of a 38 kDa fragment, a 35 kDa fragment, a 30
kDa fragment, and a 23 kDa fragment.

5, The method of claim 3, whersin the frauma-specific proteolytic cleavage product of GS
is selecied from the group consisting of a 37+35 kDa doublet, a 32 kDa fragment, a 23 kDa
fragment, a 20 kDa fragment, and 18 kDa fragment.

&. The method of claim 3, wherein the trauma-specific proteclvtic cleavage product of
FEA1S is selected from the group consisting of a 12+13 kDa doublet and an 8 kbDa fragment.

7. The method of claim 3, wherein the trauma-specific proteolylic cleavage product of aB-
crystaliin is sslected from the group consisting of an 18+19 kDa doublet, a 17 kDa fragment, a
15+14 kDa doublet and a 8 kDa fragment.

8. The method of claim 1, further comprising measuring the amount of a blood specific

protein in a cersbrospinal fluid (CSF) sample obtained from the subject.

8. The method of claim 8, wherein the blood specific protein is apolipoprotein B (APOR).
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10. The method of claim 1, further comprising measuring the amount of prostaglandin
synthase (PTGDS) in a cerebrospinal fluid (CSF) sample obtained from the subject, and the

presence of TBI is determined when the amount of PTGDS is reduced.

1. The method of claim 1, further comprising measuring the amount of a 20-30 kDa BDP

of glial fibrillary acid protein (GFAP).

12. The method of claim 1, wherein the reagents of step {a) comprise antibodies that

specifically bind the marker of TB!, and the measuring comprises immunoassay.

13. The method of claim 12, wherein the immunoassay comprises westemn blotting, or
ELISA.

14. The method of claim 1, wherein the control sample is a pre-injury sample oblained from

the subject.

15. The method of claim 1, wherein the control sample is an average value obtained from a

control cohort of healthy subjects.
16. The method of any of the preceding claims in which no additional markers are assayed.

17. The method of any of the preceding claims in which no more than 4 markers are

assayed.

18. The method of any of the preceding claims in which the specimen of bodily fluid
comprises plasma, serum, cerebrospinal fluid (CSF), nasal fluid, cerumen, urine, saliva,

lacrimal fears, or brain microdialysate.

19. The method of claim 1, wherein the reagents comprise protein-sequence and -fragment-
specific peptides, and where in the measuring comprises {argeted quantitative mass

spectrometry.

20. The method of claim 1, wherein the measuring comprises muitiple or paralisi reaction

monitoring mass spectrometry.

21. A kit comprising agents that specifically bind & set of biomarkers, wherein the

biomarkers comprise:
(@) aldolase C (ALDOC); and
) brain lipid binding protein (BLEP);

wherein the agents are polynucieotides or antibodies, the agents optionally labeled with
a detectable marker, and wherein the kit optionally further consists of at least one container for
housing the agents and/or instructions for use of the agents for determining status of traumatic

brain or spinal cord injury in a test sample.

22. The kit of claim 21, further comprising agents that specifically bind:
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{c) astrocytic phosphoprotein PEA-15 (PEA15S), and/or
{d} a 20-30 kDalton fragment of glial fibrillary acid protein (GFAP-BDP).
23. The kit of claim 21, wherein the antibodies are monoclonal antibodies.
24, The kit of claim 21, wherein the set of biomarkers consists of up to 4 biomarkers.

25. A method of determining the expression of the biomarkers ALDOC and BLBP in a

sample of serum obtained from a subject, the method comprising:
{a) contacting the serum sample with a kit of claim 21; and
{&) measuring the binding of the agents to the biomarkers.

28. A method of determining the status of fraumatic brain injury in a sample of serum

obtained from a subject, the method comprising:
(a) contacting the serum sampile with a kit of claim 21; and
(b) measuring the binding of the agents to the biomarkers;
{c) comparing the binding to a control sample; and

{d) determining TB! to be present if the binding of the agents to ALDOC and BLBP

is increased in the serum sample from the subject relative to the control sample.

27. A method of detecting TBI in a subject, the method comprising assaying a specimen of
bodily fluid from the subject for an elevated amount of ALDOC and BLBP compared to a control

sample, whersin an elevated amount of ALDOC and/or BLBP is indicative of TBL

28, The method of claim 27, wherein the assaying is performed within 24 hours of a

suspected injury.

29. The method of claim 27 or 28, wherein the subject is an infant or child.
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