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(57) ABSTRACT

A diagnostic tool and method of diagnosing brain injury and
brain injury type (traumatic vs. ischemic) by detecting the
level of expression of endothelial monocyte-activating
polypeptide 1T (EMAP-II) and comparing to a control. An
increase of EMAP-II indicates the presence of traumatic
brain injury and a decrease of EMAP-II indicates the pres-
ence of ischemic brain injury. Detection of EMAP-II can be
done in brain tissue, biofluids such as cerebrospinal fluid or
blood (including plasma and serum)
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ENDOTHELIAL-MONOCYTE ACTIVATING
POLYPEPTIDE II, A BIOMARKER FOR USE
IN DIAGNOSIS AND TREATMENT OF BRAIN
INJURY

[0001] This application claims priority of provisional
application No. 60/809,986 filed May 18, 2006.

[0002] The invention described herein may be manufac-
tured, used and licensed by or for the U.S. Government.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The invention apprise to the use of a polypeptide,
Endothelial-monocyte activating polypeptide 11 (EMAP-II)
as a biomarker to determine the presence and type of brain
injury.

[0005] 2. Brief Description of Related Art

[0006] Traumatic brain injury is a leading cause of death
and disability in the United States. One to 1.5 million Ameri-
cans incurs a traumatic brain injury (TBI) each year. TBI is
also a significant health problem for the uniformed services.
Accurate diagnosis of brain-injury, severity and prognosis
cannot be determined without skill and equipment typically
located at an Echelon III facility (usually 1-8 hours after
injury). Combat medics are not equipped with the requisite
skills to accurately diagnose and triage brain-injured casual-
ties. Therefore, a biomarker or biomarkers that can determine
the severity and type of brain injury would be very useful both
in combat and during sporting events.

[0007] Recent attention has focused on the development of
protein biomarkers for the diagnosis and treatment of brain
injury. Acute brain injury can induce a variety of signaling
cascades, involving changes in post-translational protein
modifications and expression of multiple genes that can lead
to secondary injury (Lu et al., 2004). Differentiation of the
pathological mechanisms underlying traumatic and ischemic
brain injuries has been difficult due to the involvement of
overlapping cellular and molecular pathways, presenting a
great challenge for developing injury-specific therapeutics or
management protocols. As such, improvements in methodol-
ogy for the diagnosis/prognosis of the brain-injured patient
can be of immense therapeutic value to define optimal neu-
roprotection strategies.

[0008] Two main categories of experimental models used
to study brain injury are those due to a predominately
ischemic-type injury (i.e., arterial occlusion models) or trau-
matic-induced injury (i.e. fluid percussion, cortical impact,
cortical stab or penetrating missile wound models). Using
these models, post-injury expression of numerous proteins
have been independently identified and reported. Many
cytoskeletal components, transcription factors, programmed
cell death proteins, and protein kinase regulators are
expressed predominantly in neurons, and are candidate biom-
arkers for selective detection of brain damage (Ingebrigsten
and Romner, 2002). These proteins become accessible in
body fluids following brain injury and associated blood-
brain-barrier (BBB) disruption permitting minimally-inva-
sive quantification, an essential characterization for their use
as diagnostic and prognostic markers of brain injury. Conse-
quently, increasing efforts have been devoted to the develop-
ment of high-throughput differential techniques for detection
of injury-mediated changes in proteins.

Mar. 12, 2009

[0009] To date, several proteins have been studied as poten-
tial biomarkers including creatine kinase, glial fibrillary
acidic protein, lactate dehydrogenase, myelin basic protein,
neuron-specific enolase, S-100 protein, as well as others (In-
gebrigtsen and Romner, 2002); however, all of these proteins
have been ineffective as stand-alone markers of brain injury
(Kobeissy et al., 2006). In response, recent efforts have been
aimed at the development of a panel of biomarkers including
not only surrogate markers related to injury outcome (Inge-
brigtsen and Romner, 2002) but also markers providing spe-
cific information about the molecular mechanism of injury
(i.e., true biochemical markers) (Liu et al., 2006a&b).
[0010] In previous studies, we characterized brain-injury
changes in rat gene expression using real-time PCR and
microarray techniques (Berti et al., 2002; Yao et al., 2002; Lu
et al., 2004) and demonstrated the relevance of such data by
using therapies specifically targeting aberrant gene transcrip-
tion (Williams et al., 2004). However, PCR and microarray
techniques focus on changes in gene expression at the mRNA
level and do not necessarily reflect protein changes, for
example due to degradation of transcriptional machinery in
injured cells.

[0011] Whatis needed is a biomarker protein that is present
in brain injury. What is also needed is a biomarker protein that
is differentially regulated based on the type of brain injury.
The biomarker needed could differentiate between an
ischemic injury or traumatic injury.

[0012] These needs have become the objects of the present
invention. The inventors observed changes in 30 out of 998
proteins following acute focal injuries to the brain. They
found that one protein, EMAP-II was differentially expressed
between two types of brain injury (traumatic vs. ischemic).
EMAP-II is known to be an inflammatory cytokine involved
in apoptotic processes. It was found that EMAP-II in brain
and CSF are significantly increased 1.6-1.8 fold following
penetrating ballistic brain injury but decreased 2.1-2.3 fold
after ischemic injury compared to uninjured animals. The
differential expression of EMAP-II is useful for diagnosis of
traumatic vs. ischemic brain injury and provides valuable
information for directing injury-specific therapeutics. Addi-
tionally, the inventors have found that EMAP-II levels were
elevated in CSF in human patient suffering from traumatic
brain injury, when compared to uninjured controls.

SUMMARY OF THE INVENTION

[0013] The present invention is directed to a diagnostic tool
and method of diagnosing brain injury and brain injury type
(traumatic vs. ischemic) by detecting the level of expression
of endothelial monocyte-activating polypeptide 1T (EMAP-
1I) as compared to control levels. Elevated post-injury levels
of EMAP-II indicate the presence of a penetrating/traumatic
type brain injury. In contrast, a decrease in EMAP-II protein
level would indicate the presence of a primarily ischemic type
of brain injury.

BRIEF DESCRIPTION OF THE FIGURES

[0014] FIG. 11s a series of coronal sections of rat brains 24
hours following PBBI or MCAo injury;

[0015] FIG. 2a is a power blot template of PBBI (A) brain
tissue 24 hours post-injury;

[0016] FIG. 25 is a power blot template of the sham (B)
brain tissue 24 hours post-injury;



US 2009/0068691 A1

[0017] FIG. 3ais apower blot template of MCAo (A) brain
tissue 24 hours post-injury;

[0018] FIG. 35 is a power blot template of the sham (B)
brain tissue 24 hours post-injury;

[0019] FIGS. 4a-4c: are diagrams showing comparison of
the number of proteins exhibiting changes in abundance level
from brain tissue of PBBI and MCAo injured rats as indicated
by high throughput immunoblotting (HTPI);

[0020] FIG. 8a is a digital image showing Western Blot
analysis (WB) of changes for selected proteins in both blood
(plasma) and brain;

[0021] FIG. 55 is a graph showing quantitative measure-
ment of WB density in brain tissues;

[0022] FIG. 6is a diagram showing relevance of changes in
expression of each of the five confirmed proteins detectable in
blood of PBBI or MCAo injured rats;

[0023] FIG. 7 is a digital image of Western Blotting results
for p43/EMAP-II protein expression in brain tissues at dif-
ferent time points following MCAo/PBBI;

[0024] FIG. 8 is a digital image of Western Blotting results
for p43/EMAP-II protein expression in different types of
tissue;

[0025] FIG.9is aconceptual drawing of a rat brain showing
MCAo procedure;

[0026] FIG.10is a conceptual drawing of a rat brain show-
ing PBBI procedure.

DETAILED DESCRIPTION

[0027] In the current study, the inventors applied high-
throughput immunoblotting technology (HTPI; BD Power-
Blot™) (Liu et al., 2006a) to study large scale differential
protein patterns in rat brains 24 hours after either a penetrat-
ing ballistic-like brain injury (PBBI) (Williams et al, 2005,
Williams et al. 2006a; Williams et al. 2006b) or middle cere-
bral artery occlusion (MCAo) (Tortella et al., 1999). Specifi-
cally, the inventors focused onidentifying proteins with mea-
surable changes in protein abundance following acute brain
injury. They further hypothesized that a subset of those pro-
teins would cross the BBB to be detected in blood. The value
of this approach was demonstrated when five proteins
(STAT3, Tau, PK Az, 14-3-3H and p43/EMAP-1I), identi-
fied by our HTPI assay, were immunodetected as proteins
released differentially into blood of PBBI or MCAo injured
rats. It was found that the p43/EMAP-II candidate biomarker
proved highly sensitive to detecting and distinguishing types
and severities of brain injury and the underlying pathological
processes, thereby advancing clinical diagnostics for evalua-
tion of acute brain injury and patient monitoring.

[0028] EMAP-II is an inflammatory cytokine. Its pro-
EMAP-II precursor is identical to the auxiliary p43 compo-
nent of the aminoacyl-tRNA synthetase complex. EMAP-II
domain of p43 is released readily from the complex after in
vitro digestion with caspase 7 and is able to induce migration
of human mononuclear phagocytes. P43 compares well with
amolecular fuse that triggers the irreversible cell growth/cell
death transition induced under apoptotic conditions. EMAP
cytokine is released from the mammalian multisynthetase
complex after cleavage of its p43/proEMAP-II component.

Materials and Methods

[0029] Adult male Sprague-Dawley rats (250-300 g;
Charles River Labs, Raleigh, Va.) were used for all studies.
Anesthesia was induced during all surgical manipulations by
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5% isoflurane, and maintained at 2% isoflurane delivered in
oxygen. All procedures were approved by the Walter Reed
Army Institute of Research Animal Care and Use Committee.
Research was conducted in compliance with the US Animal
Welfare Act, Guide for the Care and Use of Laboratory Ani-
mals (National Research Council) and other federal statutes
and regulations relating to animals and experiments involving
animals. Animals were housed individually under a 12 hour
light/dark cycle in a facility accredited by the Association for
Assessment and Accreditation of Laboratory Animal Care
International.

Middle Cerebral Artery Occlusion (MCAo) Model (Ischemic
Injury)

[0030] Transient MCAo was carried out using the intralu-
minal filament model as described previously (Tortella et al.,
1999). Briefly, the right external carotid artery was exposed,
and its branches were coagulated. As shown in FIG. 9, a 3-0
uncoated monofilament nylon suture with rounded tip was
inserted into the external carotid artery ECA, 2 and advanced
until it lodged in the proximal region of the anterior cerebral
artery, thus occluding the origin of the MCA, 1. The endo-
vascular suture remained in place for 2 hours and was then
retracted to allow reperfusion of blood to the middle cerebral
artery (MCA). Sham (control) animals underwernt the same
surgical procedure but without the introduction of the fila-
ment into the MCA.

Penetrating Ballistic-Like Brain Injury (PBBI) Model

[0031] PBBI was produced by insertion of a specially
designed probe, which connected to the Dragonfly Variable
Pressure Waveform Generator (model HPD-1700; Dragonfly
Inc., WV) to induce a rapid pressure pulse for expansion/
contraction of the balloon inside the right hemisphere of brain
(Moshang et al., 2003; Williams et al., 2005; Williams et al.,
2006a; Williams et al., 2006b). Briefly, the balloon inflation
device was constructed from a 20-gauge stainless steel tube
with spatially fixed perforations at one end that were sealed
by an airtight section of elastic tubing (PBBI balloon). The
perforations are arranged in a pattern such that an air pulse
delivered to an air cylinder will inflate the balloon in an
elliptical shape. A “T” type junction, high-pressure manifold
allows transmission of the pressure wave from the pressuriz-
ing piston and cylinder to both the implanted PBBI probe and
the pressure transducer simultaneously. The induced pressure
wave was measured directly by a precisely calibrated pres-
sure transducer through a charge amplifier/coupler to a digital
oscilloscope. The PBBI balloon does not expand until the
pressure cylinder reaches near peak pressure with an average
‘open’ time of less than 10 ms as estimated by videotaping the
balloon expansion event. Sham (control) animals underwent
craniectomy without insertion of the PBBI probe. The rapid
inflation and deflation of the balloon simulated a ballistic
pressure wave causing a temporary intracranial cavity. Sham
animals underwent craniotomy alone without insertion of the
PBBI probe. In FIG. 10, the probe 4 and balloon expansion 3
are shown.

Brain Tissue Collection

[0032] Brain tissue was collected 24 hours following
injury. Four experimental groups were assessed: PBBI,
PBBI-sham, MCAo, and MCAo-sham. All animals were
deeply anesthetized with ketamine/xylaxine (70 and 6 mg/kg,
i.p., respectively) 24 hours post-injury. Brain tissue sections
(2-3 mm thick) were dissected from the core lesion area
(including frontal cortex and striatal brain regions) of each
animal for Western Blot or HTPI analysis.
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1. CSF (Cerebral Spinal Fluid)

[0033] The midline incision in the occipital region was
made from 0.5 cm anterior to interauricular line of 4 cm in
length. Exposing the atlanto-occipital dura mater by separat-
ing the nuchal muscles, the CSF was collected through a
smallhole made by an 18 G syringe needle. Usually 0.05-0.10
ml of the CSF could be obtained, if the injured brain was not
significantly swollen. CSF samples were centrifuged at 2000
rpm at 4° C. for 10 min. The supernatant was collected into
1.5 ml tube and then stored in -80° C. for Western Blot and
proteomics analysis.

2. Brain Tissue

[0034] A 3-mm coronal section of brain tissue was dis-
sected out from each rat brain (to include cortical and striatal
tissue) starting at S mm posterior to the frontal pole. Imme-
diately, the brain tissues were separated from ipsilateral (in-
jured) and contralateral (uninjured) hemispheres and then
stored in -80° C. for HTPI, proteomics and Western blot
analysis.

High-Throughput Immunoblotting

[0035] The HTPI procedure was performed on injured
brain tissue as a custom service by BD Biosciences Trans-
duction Laboratories (Bringamham, Ky.). Briefly, placed 200
mg pooled protein in 5 ml lysis buffer (10 mM Tris pH 7.4, 1
mM Sodium Orth-vanadate and, 1% SDS) on ice for 30
minutes, then sonicated and centrifuged at 3000 pm 4° C. for
15 minutes. Added 2x sample buffer (25 mM Tris pH 6.8, 4%
SDS, 10% Glycerol, 0.006% Bromphenol Blue, 2% b-mer-
captoethanol) in to the samples and then loaded the samples
into a 13x10 c¢cm, 0.5 mm thick, 4-15% gradient SDS-poly-
acrylamide gel (Bio-Rad Criterion IPG well comb) and run
for 1.5 hours at 150 volts. The protein samples were then
transferred to Immobilon-P membrane for 2 hours at 200 mA.
After transfer, the membrane was dried, re-wetted in metha-
noland blocked for one hour with blocking buffer. The mem-
brane was next clamped in a Western blotting manifold to
isolate the 40 channels. A complex antibody cocktail was
added to each channel and allowed to hybridize for one hour
at 37° C. The blot was removed from the manifold, washed
and hybridized for 30 min at 37° C. with secondary goat
anti-mouse conjugated to Alexa 680 fluorescent dye. Fluo-
rescence detection was performed at a wavelength of 700 nm
using an Odyssey infrared imaging systeni.

[0036] Each experimental group consisted of two pooled
samples and was run in triplicate using a 3x3 matrix compari-
son of each of the five HTPI templates (A-E). The HTPI
templates included 39 lanes with 4-7 monoclonal antibodies
probed in each. A 40™ lane was probed with molecular weight
marker-antibodies. Raw and normalized signal intensity of
HTPI data was performed for each blot using BD Biosciences
proprietary software. In total, each sample group was probed
with 998 well-characterized monoclonal antibodies to pro-
duce a protein profile of injured to non-injured brain for
comparison of PBBI and MCAo injuries. Data is reported as
a fold-change increase or decrease between sham and injured
samples for each injury type.

Western Blotting

[0037] Western blotting was performed on brain lysate and
CSF samples (n=3-6 per group) as described previously
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(Chen et al., 1999) with individual protein antibodies taken
from the HTPI panel. 100 ul of plasma with 200 ul lyses
buffer or 100 mg brain tissue with 500 ul lyses buffer (20 mM
Tris, pH7.4, 150 mM NaCl, 5 mM EDTA, 5 mM EGTA, 1%
TritonX-100 and 1 mM DTT and 1x Protease inhibitor) were
well mixed on ice for 30 mins, then sonicated 10 to 20 sec-
onds. Protein lysate were centrifuged at 3000 rpm at 4° C. for
15 mins. Concentrations of the proteins in the preparations
were determined using the BCA™ Protein Assay Kit
(PIERCE, Rockford, Ill.). Twenty micrograms of each
sample were loaded and separated by 4-20% SDS-polyacry-
lamide gradient gel electrophoresis and then transferred to an
Immobilon-P membrane (Chen et al., 2003). After blocking
for one hour in PBST (10 mM sodium phosphate, 0.9% NaCl
and 0.1% Tween 20) containing 5% nonfat dry milk, blots
were incubated overnight at 4° C. with the primary antibodies
STAT3 (Catif 610189), Tau (Cat¥# 610672), PKAg,;, (Cat#
610625), 14-3-3H(Cat#610542), p43/EMAP-II precursor
(Cat# 611884) (BD Bioscience Pharmingen, CA), respec-
tively, in PBST containing 3% nonfat milk. Blots were
washed four times in PBST (40 min) and incubated for one
hour with horseradish peroxidase-conjugated secondary anti-
body in PBST containing 3% nonfat dry milk. Immunoreac-
tivities of the protein bands were detected by enhanced
chemiluminescent autoradiography (ECL kit, Amersham
Pharmacia Biotech, Piscataway, N.J.) as instructed by the
manufacturer. A molecular weight standard (Bio-Rad Labo-
ratories, Hercules, Calif.) was loaded in the last lane of each
gel to assess relative molecular mass of detected bands.

Immunohistochemistry

[0038] Uponremoval from the skull, rat brains were rapidly
frozen in -70° C. isopentane pre-cooled with dry ice. Two
cryostat sections (20 um) were cut coronally through the
cerebral cortex containing the striatum (approximately 5 mm
from the frontal pole cf. the Rat Brain in Stereotaxic Coordi-
nates by Paxinos & Watson, 1986). Every first and second
section of each rat brain was mounted directly on Superfrost
plus slides. The sections of the first set were stained with
hematoxylin & eosin. The sections of the second set were
processed for p43/EMAP-II-immunohistochemistry. Thus,
sections were fixed in 0.1M phosphate buffer (pH 7.4) con-
taining 4% paraformaldehyde for 30 minutes at 4° C., fol-
lowed by washes in 0.01 M phosphate-buffered saline (PBS;
pH 7.4). After inactivating the endogenous peroxidase activ-
ity with hydrogen peroxidase, sections were incubated sepa-
rately with avidin and biotin solutions (Vector Lab, Burlin-
game, Calif.) for blocking nonspecific binding of
endogenouse biotin, biotin-binding protein and lectins. Sec-
tions were then incubated for overnight at 4° C. in 0.01 M PBS
containing 1% normal goat serum, 4% BSA, 0.1% Triton
X-100 (Sigma, St. Louis, Mo.) and a mouse monoclonal
EMAP-II precursor antibody (BD Bioscience Pharmingen,
CA). Subsequently, the immunoreaction product will be visu-
alized according to the avidin-biotin complex method of Hsu
et al. (1981) with the Vectastin elite ABC Peroxidase kit
(Vector Lab., Burlingame, Calif.).). Briefly, sections were
incubated in the PBS with Triton-X and normal goat serum
containing biotinylated goat anti-rabbit IgG for 1 hour and
then in the PBS solution containing avidin-biotinylated
horseradish peroxidase complex for another hour. This was
followed by incubation of the sections for 10 minutes in 0.05
M Tris buffer (pH 7.2) containing 0.03% 3',3'-diaminobenzi-
dine (Sigma)and 0.0075% H,0,. All steps were carried out at
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room temperature, and each step was followed by washes in
PBS. After thorough rinses in distilled water, sections were
mounted on slides, dehydrated in ethanol, cleared in xylene,
and coverslipped in Permount® (Fisher Scientific, Fair Lawn,
N.I).

ELISA Assay

[0039] EMAP-II sandwich ELISA (from Biosource Inter-
national, Invitrogen Corporation, Carlsbad, Calif.) was per-
formed according to manufacturer’s instructions. Individual
or pooled human CSF (20 pl) and serum (50 pl.) were used
for analysis.

Statistic Analysis

[0040] Western blot: Densitometric quantification of the
immunoblot bands was performed using Scion Image (NIH,
Bethesda, Md.). Measurements are presented as mean
valueszstandard error of the mean (S.E.M.). Statistical com-
parisons were done by analysis of variance (ANOVA) fol-
lowed by post-hoc t-test analysis of evaluation between
groups. Values were considered to be significant at p<0.05.

Results
Brain Injury

[0041] Both MCAo and PBBI resulted in brain lesions
throughout the right frontal cortex and striatum (FIG. 1).
MCAo induced a non-hemorrhagic lesion typically involving
a large volume of infarcted tissue as indicated by TTC stain-
ing, while the PBBI lesion was seen as tissue damage with a
distinct hemorrhagic component as indicated by red blood
cell infiltration.

High-Throughput Immunoblotting

[0042] HTPIanalysis was used to detect differential protein
changes in brain tissues of injured animals. Twenty-nine out
of 998 screened proteins had an abundance difference of
1.5-fold or greater following either PBBI or MCAo (Table 1).
Compared to matching sham control samples (FIG. 2b), 18
proteins (8 increased and 10 decreased) from the PBBI model
(FIG. 2a) and 17 proteins (8 increased and 9 decreased) from
the MCAo model (FIG. 3a) showed an altered abundance. Of
those proteins, 79.3% (23/29) were differential in only one
model, 17.2% (5/29) had similarly changed in both models,
while only one protein, p43/EMAP-II, (3.4%) showed an
opposite change between the two models (Table 1 & FIGS.
4a-4c).

Western Blotting

[0043] Thirteen of 29 proteins with altered abundance were
verified by Western Blot analysis using individual protein
antibodies taken from the HTPI panel. Eight of the antibodies
(Fas antigen ligand, minichromosome maintenance protein 2
homolog (BM28), collybistin, F-actin binding protein
b-Nexilin, dopamine- and ¢cAMP-regulated neuronal phos-
phoprotein, microtubule-associated protein 2B (MAP2B),
and MKK7) indicated low-reactivity in the band of interest or
poor resolution in blood or brain samples (data not shown). In
contrast, protein levels of STAT3, Tau, PKA ., 14-3-3H and
p43/EMAP-II all indicated high resolution and good reactiv-
ity in both blood and brain (FIGS. 5a and 55). Western blot
data also confirmed that STAT3 and Tau increased in both
injury models, while PKA . and 14-3-3H decreased in both
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models (Table 2). p43/EMAP-II was also confirmed to
change oppositely in abundance following PBBI (increased)
and MCAo (decreased) in both blood and brain samples
(FIGS. 5a and 556). P=PBBI, PS=PBBI Sham, M=MCAo,
MS=MCAo Sham.

ELISA

[0044] Using sandwich ELISA specific to human EMAP-
11, it was found that EMAP-II levels were elevated in CSF and
serum at different time points in a human patient suffering
from traumatic brain injury, when compared to uninjured
controls (Table 3). In addition, EMAP-II levels in pooled CSF
and serum samples from traumatic brain injury patients at
some time points were also elevated when compared to those
in pooled uninjured controls.

DISCUSSION

[0045] In the current study HTPI technology was used to
compare the altered abundance of 998 proteins following
PBBI or MCAo injuries to the rat brain. Twenty-nine proteins
were found to be altered in abundance post-injury, of which
five proteins were validated using Western Blots from both
blood and brain samples (i.e. STAT3, Tau, PKA,, 14-3-3H
and p43/EMAP-II).

[0046] The most interesting of the identified proteins was
endothelial monocyte-activating polypeptide II (EMAP-II),
which was found to increase in one injury paradigm (PBBI)
and decrease in the other (MCAo). EMAP-II has been
described as an inflammatory cytokine that stimulates the
chemotactic migration of inflammatory cells, and also
induces the expression of endothelial tissue factors necessary
for coagulation (Behrendsdorfetal., 2000). Increased expres-
sion of EMAP-II has been reported in endothelial cells and
microglia/macrophages following a stab wound to the rat
brain (Mueller et al., 2003) or hemisection lesion of the rat
spinal cord (Mueller et al., 2003). Interestingly, EMAP-II is
synthesized from the precursor protein p43/EMAP-II that
lacks a secretion signal peptide (Quevillon et al., 1997).
EMAP-II is released from apoptotic cells following cleavage
by the pro-apoptotic enzymes caspase-3 and -7 (Behrends-
dorf et al., 2000), and may be an important molecule linking
apoptosis and inflammation (Daemen et al., 1999).

[0047] Importantly, p43/EMAP-II was the only protein that
had an opposite abundance change between the two injury
models, potentially allowing distinction between hemor-
rhagic and non-hemorrhagic injuries. The increase of p43/
EMAP-II following PBBI could reflect a pro-coagulatory
response to the marked intracranial hemorrhaging inherent to
PBBI and absent in the MCAo model (Williams et al., 2006a).

[0048] Signal transducer and activator of transcription 3
(STAT3), a cytoplasmic signal transduction and transcription
activator protein, was found elevated in blood samples of both
MCAo and PBBI injured rats. STAT3 has been identified as a
key component linking cytokine signals with transcriptional
events. STAT3 also participates in biological processes such
as cell-cycle progression, apoptosis, tumor angiogenesis,
tumor-cell invasion, and metastasis (Mechoulam et al., 2005;
Lee and Pearce, 2005). In fact. STAT proteins have been
linked with neuroprotection against ischemia/reperfusion
(/R) injury after ischemic preconditioning, and function as
modulators of cytokine signaling and sensors responding to
cellular ischemia (Li and Zhang, 2003; Choi et al., 2003).



US 2009/0068691 A1

[0049] Tau is a microtubular binding protein localized in
the axon of neurons that plays a fundamental role in the
intracellular microtubule dynamics of brain cells (Irazuzta et
al., 2001; Siman et al., 2005). Previous reports have indicated
that brain Tau levels are associated with TBl-induced tissue
loss, and that Tau levels in blood can indicate severity of
TBI-induced brain injury (Gabbita et al., 2005). Increased
blood and brain levels of Tau have also been detected after
ischemic stroke (Funahashi et al., 2003). Similarly, the cur-
rent study verified the increase in Tau protein following both
PBBI and MCAo injuries.

[0050] Blood levels of the RIIP regulatory subunit of pro-
tein kinase A (PKAg;;) and 14-3-3H protein were both
decreased following PBBI or MCAo injuries. PKAz, 18
involved in a variety of cAMP-mediated cellular processes
related to cell growth and differentiation (Budillon et al.,
1995; Li et al., 1995). 14-3-3H is a member of the family of
well-conserved chaperone proteins originally isolated from
mammalian brain preparations and known to possess diverse
biochemical activities related to signal transduction (Conklin
et al., 1995) including regulation of apoptosis (Saito et al.,
2004; Tsuruta et al., 2004). The decrease of PKAg. and
14-3-3H at the protein level may reflect cellular deterioration
orintracellular signaling dysfunction induced by brain injury.

[0051] Our results indicate that HTPI is sensitive to
changes in protein levels following acute injury to the brain
and provide a differential profile of ischemic versus ballistic
type injuries. These studies demonstrate the utility of HTPI
for rapid characterization of the altered neuroproteome fol-
lowing brain injury. However, further evaluation of the iden-
tified proteins must be undertaken, particularly in minimally-
invasive biofluids such as blood (Hu et al., 2006), before a true
biomarker can be developed into a clinical diagnostic. Addi-
tional work will be necessary to evaluate time course profiles
in protein expression, assess brain specificity, and compare to
functional outcome or mechanism of injury. Ideally, changes
in blood protein levels will be useful in tracking brain injury
severity and degree of recovery (Ingebrigsten and Romner,
2002). Future research is underway in our laboratory to meet
these mounting goals.
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[0052] In conclusion, we have demonstrated that HTPI
analysis provides a comprehensive protein screening tool to
facilitate the differential profiling of acute brain injuries. Sev-
eral candidate biomarkers were identified that were either
increased (STAT3 & Tau), decreased (14-3-3e protein &
PKA.;5), or differentially altered (p43/EMAP-II) in abun-
dance following PBBI and MCAo injuries. Further, these
markers were validated and verified in rat CSF to be differ-
entially detectable following both injuries. Lastly, it was also
found that EMAP-II levels were elevated in CSF in human
patient suffering from traumatic brain injury, when compared
to uninjured controls. We have confirmed that these protein
changes can track with the injury type.

[0053] Other protein detection methods that are suitable are
protein chip, Western Blotting and ELISA.

[0054] The measurement of EMAP-II has applications in
human and veterinary medicine. The human sequence of
EMAP-II is well known. Shalak, et al. J. Biol Chem 2001 Jun.
29; 276(26):23769-76. Epub 2001 Apr. 16. EMAP is pro-
cesses by caspase to mature form (EMAP-IT). This invention
covers EMAP-II in full length and in processed form. The
protein accession number for EMAP-II is Q12904 (DNA
accession number NM_004757). Our tests show that the
same result is achieved in rat and mouse EMAP-II, Gene
Bank (PubMed-indexed for MEDLINE) sequence accession
numbers NP__ 446209 XP_ 342345 (rat) and NP_031952
(mouse).

[0055] The data of the invention is useful as a diagnostic
tool that is essentially a differential profile containing levels
of EMAP-II and/or p43/EMAP-11, STAT?3, Tau 14-3-3€ pro-
tein, and PKA .- from one or more patients that have suf-
fered brain injury, and one or more control patients. By com-
paring the differential profile of these proteins from a brain
injury patient with a control, it can be determined whether a
patient has suffered brain injury and whether the injury is
traumatic or ischemic. The differential profiles may be con-
tained on a protein chip or multiplexed ELISA.

[0056] Further, EMAP-II has utilities in detecting any form
of brain injury, e.g. induced by chemical toxins, poisons
(including psycho stimulants methamphetamine, ecstasy),
nerve gas, brain injury induced by seizure and neurodegen-
eration (Alzheimer’s disease, Parkinson’s and ALS).

TABLE 1

Protein level changes after PBBI or MCAo as identified by HTPL'

MW  PBBIvssham MCAo vs sham

Protein Name SwissProlD  (kDa) (fold change]  (fold change)
Adaptors & Tyrosine Kinase Substrates
1 c-Jun N-terminal kinase (JNK)-interacting protein 1 (JIP-1), QIWV1 112 NC div/0
2 Cytoplasmic protein NCK1 P16333 44 NC -1.95
3 Neurotensin Receptor 3 Q99523 107 NC -1.93
4 Nuclear protein BM28 Q97172 39 1.55 NC
Apoptosis
5 P43/Endothelial monocyte-activating polypeptide 2 (p43/EMAP-1T) P31230 37 2.81 -2.33
6 Fas antigen ligand P48023 32 -1.68 NC
Cell cycle and cell proliferation
7 General vesicular transport factor p115 P41542 106 NC 1.87
8 Protein farnesyltransferase subunit beta P49356 44 NC -1.68
9 Protein phosphatase 2C isoform delta Q9QZs67 55 1.67 2.24

10 Retinal-cadherin

Q63149 98 NC 2.46
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TABLE 1-continued

Protein level changes after PBBI or MCAo as identified by HTPL!

MW  PBBIvssham MCAo vs sham

Protein Name SwissProIlD  (kDa) (fold change)  (fold change)
Cytoskeleton
11 F-actin binding protein b-Nexilin Q97274 95 -2.41 NC
12 Microtubule-associated protein (MAP2B) P11137 280 2.56 NC
13 Microtubule-associated protein tau P10636 66 3.62 NC
Ton channel
14 Neurcnal calcium sensor (NCS-1) P36610 19 NC -33
15 Na+, K+ ATPase b2 Q5M9H4 41 NC -2.65
Nucleus & Nuclear Transport
16 Minichromosome maintenance protein 2 homolog (BM28) P49736 129 3.25 NC
17 Nuclear transport factor 2 P13662 20 -4.19 -2.17
18 Retinoblastoma-binding protein (Bog) 088350 20 NC 313
19 Karyopherin a/Rch-1 P52292 60 -2.35 NC
Signal transduction
20 14-3-3 protein epsilon P42655 26 -2.69 NC
21 cAMP-dependent protein kinase type II-beta regulatory subunit (PKARIIP) P12369 48 -2.06 -2.25
22 Collybistin QUQX73 117 NC 3.99
23 MKK7 035406 59 -1.58 NC
Transcription factor
24 Period circadian protein 2 Q97301 104 -2.32 NC
25 Signal transducer and activator of transcription 3 (STAT3) P52631 86 5.52 div/0
Others
26 Tyrosine 3-monooxygenase P04177 95 =21 NC
27 Dopamine- and cAMP-regulated neuronal phosphoprotsin (DARPP) QIUD71 32 NC -9.81
28 Acetylcholinesterase P22303 75 -2.68 NC
29 Syntaxin 6 Q63635 31 2.14 1.97

!Protein level changes (1.5 fold change from sham) after PBBI or MCAo (24 hours) as identified by HTPL “NC” indicates no change or
change less than 1.5 fold, “div/0” represents presence verses absence of a protein (i.e. fold change is increased but immeasurable). MW is

observed molecular weight. Results collected across 5 protein templates.

TABLE 2

Comparison of HTPI and Western Blot data from brain.!

HTPI Western Blotting
Protein PBBI/sham MCAo/sham PBBI/sham MCAo/sham
STAT3 + + + +
Tau + NC + +
PR Az - - - -
14-3-3H - NC - -
p43/EMAP-IT + - + -

LComparison of HTPT and Western Blot data from brain. (+ or - change as
compared to sham). NC represents no change or change less than 1.5 fold.

[0057] FIG. 1: Representative coronal sections of rat brains
24 hours following PBBI or MCAo injury. Infarction is indi-
cated by the bright white regions of TTC staining or neuropil
pallor in H&E slides. Regions with intracranial hemorrhage
are denoted by bright red regions (H&E) throughout the core
lesion of PBBI injured rats.

[0058] FIGS. 2¢ and 2b: Representative power blot tem-
plates of PBBI (A) and sham (B) brain tissue 24 hours post-
injury. Each template consisted of 39 lanes of 4-7 antibody
probes each. The far right lane contains molecular weight
markers for reference. The named protein spots were either
increased or decreased relative to sham animals.

[0059] FIGS. 3¢ and 3b: Representative power blot tem-
plates of MCAo (A) and sham (B) brain tissue 24 hours

post-injury. Each template consisted of 39 lanes of 4-7 anti-
body probes each. The far right lane contains molecular
weight markers for reference. The named protein spots were
either increased or decreased relative to sham animals.
[0060] FIGS. 4a-4¢: Comparison of the number of proteins
exhibiting changes in abundance level from brain tissue of
PBBIand MCAo injured rats as indicated by high throughput
immunoblotting (HTPI). A total of 29 proteins out of 998
indicated an altered abundance level at 24 hours post-injury
(FIG. 4a). The majority of protein changes were detectable in
only one brain injury model as being either increased (FIG.
4b) or decreased (FIG. 4c¢) as compared to sham controls.
Only one identified protein, p43/EMAP-II, was differentially
expressed between the two models.

[0061] FIGS. 5a and 5b: Western Blot analysis (WB) was
performed to verify changes for selected proteins in both
blood (plasma) and brain (FIG. 5¢). Quantitative measure-
ment of WB density confirmed changes in plasma protein
expression (FIG. 55, n=3-6/group). Values are mean+/-S.D.
*P<0.05 as compared to corresponding matched sham con-
trol (Student’s t-test).

[0062] FIG. 6: Potential relevance of changes in expression
of each of the five confirmed proteins detectable in blood of
PBBI or MCAo injured rats (i.e. STAT3, Tau, 14-3-3H p43/
EMAP-II, and PKA,,) with injury-related mechanisms of
apoptosis, neuroinflammation, and intracellular signaling.
Utilization of this type of information in combination with
other known protein markers (i.e. spectrin break-down prod-
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ucts (SBDP), S-100E, myelin break down products (MBDP),
myelin basic protein (MBP), and glial acidic fibrillary protein
(GFAP)) could have mechanistic (i.e. biomarkers) or patho-
logical (i.e. surrogate markers) relevance to the differential
diagnosis/prognosis and treatment of brain-injured patients.

[0063] FIG. 7: Digital image of preliminary Western Blot-
ting results indicating the time course expression profile of
p43/EMAP-II in rat brain at different time points post MCAo/
PBBI. Blots are to be read from left to right in pairs. For
MCAo0/MCAo sham, it can be seen in each of the pairs, the
Pp43/EMAP-II expression in MCAo is less than the sham at
each of 6 h, 24 1, 48 h and 72 hours. For PBBI/PBBI sham, it
can be seen in each of the pairs, the p43/EMAP-1I expression
in PBBI is greater than the sham at each of 6 h, 24 h, 48 h and
72 hours.

[0064] FIG. 8: Digital image of Western Blots indicating
p43/EMAP-II protein expression in different types of tissues.
It can be seen that EMAP-II is primarily expressed in brain
tissue with minimal expression in other types of tissue such as
testes.

[0065] FIG. 9: Conceptual drawing of a rat brain showing
method for inducing MCAo.

[0066] FIG. 10: Conceptual drawing of a rat brain showing
method used for inducing PBBI.

Human Data:

[0067] Using sandwich ELISA specific to human EMAP-
11, CSF (20 pL) and serum (50 pL) samples from a human
traumatic brain injury patient (at different post-injury time
points) and pooled uninjured controls were analyzed. It was
found that EMAP-II levels were elevated in CSF (a) and
serum (b) in human TBI samples, when compared to human
controls. Table 3 shows the results. In addition, EMAPII
levels in pooled CSF and serum samples from TBI patients at
some time points were also elevated when compared to those
in pooled uninjured controls.

TABLE 3
Human CSF [EMAPII]
samples ng/mL
®
pooled Control 0.000
pooled TBI/O h 0.000
pooled TBI/24 h 0.000
pooled TBI/48 h 0.000
pooled TB/72 hr 0.306
pooled TBL/96 hr 0.000
#16/0 hr 0.334
#16/12 h 1.077
#16/24 h 1471
#16/48 h 0.687
#16/72 h 0.509
#16/120h 0.008
#16/168 h 0.000
#34/24 h 0.300
#34/48 h 0.000
#34/72 h 0.002
#34/168 h 0.000
(b)
pooled Control 0.059
pooled TBI/O h 0.133
pooled TBI/48 h 0.043
pooled TBI/72 hr 0.163
pooled TBI/96 h 0.000
#16/0 h 0.902
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TABLE 3-continued
Human CSF [EMAPII]
samples ng/mL
#16/12 h 0.160
#16/120 h 0.178
#16/72 h 0.064
#16/168 h 0.240
#34/0 h 0.045
#34/12 hr 0.204
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What is claimed is:

1. A method of diagnosing brain injury comprising:

obtaining a sample from a patient suspected of having brain

injury;

measuring a level of EMAP-1I and/or p43 EMAP-II in said

sample;

comparing said level to EMAP-II and/or p43 EMAP-Ilina

control, said control comprising a patient that has no
brain injury, wherein if thete is an increase in the level
relative to the control, there is the presence of traumatic
brain injury and if there is a decrease in the level relative
to the control, there is ischemic brain injury.

2. The method of ¢laim 1, wherein the increase is 1.6 to 1.8
fold relative to the control for traumatic brain injury and the
decrease is 2.1 to 2.3 fold relative to the control for ischemic
brain injury.

3. The method of claim 1, wherein said sample is a cerebral
spinal fluid, blood serum, blood plasma or tissue sample.

4. The method of claim 1, wherein said measuring is con-
ducted using a high-throughput immunoblotting technique.

5. The method of claim 1, wherein said patient is a mam-
mal.

6. A method of screening proteins from a brain injury
sample to differentiate traumatic brain injury from ischemic
brain injury comprising:

obtaining a first sample from a brain injury patient;

running a protein detection assay on said first sample to

detect EMAP-IT and/or p43/EMAP-II protein patterns;
obtaining a second sample from a patient with no brain
injury;

running a protein detection assay on said second sample to

detect EMAP-1I and/or p43/EMAP-II protein patterns
for a control;

comparing said EMAP-II and/or p43/EMAP-II protein

pattern of said first and said second samples, and
wherein if said EMAP-II and/or p43/EMAP-1I levels are
increased 1.7-1.8 fold in said first sample relative to said
second sample, determining the presence of traumatic
brain injury in said brain injury patient, and wherein if
said EMAP-II and/or p43/EMAP-I1 levels are decreased
2.1-2.3 fold in said first sample relative to said second
sample, determining the presence of ischemic brain
injury in said brain injury patient.
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7. The method of claim 6, wherein said detection assay is
selected from the group consisting of high-throughput immu-
noblotting, protein chip, Western Blotting and ELISA.

8. The method of claim 6, wherein said sample is a cerebral
spinal fluid, blood serum, blood plasma or tissue sample.

9. The method of claim 6, wherein said patient is a mam-
mal.

10. A method of differentiating ischemic brain injury from
traumatic brain injury comprising:

a) taking a sample from a patient that has suffered brain

injury;

b) measuring EMAP-1I and/or p43/EMAP-I1 level in said
sample and ifthere is an increase in said EM AP-II and/or
p43/EMAP-II level over EMAP-1I and/or p43 EMAP-I1
level in a normal control, the patient has suffered trau-
matic brain injury and if there is a decrease in EMAP-II
and/or p43/EMAP-II level over a normal control
EMAP-II and/or p43 EMAP-II level, the patient has
suffered an ischemic brain injury.

11. The method of claim 10, wherein said increase is 1.6 to
1.8 fold relative to the normal control for traumatic brain
injury and the decrease is 2.1 to 2.3 fold relative to the normal
control for ischemic brain injury.

12. The method of claim 10, wherein said sample is a
cerebral spinal fluid, blood serum, blood plasma or tissue
sample.

13. The method of claim 10, wherein said patient is a
mammal.

14. A diagnostic tool comprising a differential profile con-
taining levels of EMAP-II and/or p43/EMAP-II from one or
more patients that have suffered traumatic brain injury and
one or more patients that have suffered ischemic brain injury,
and one or more control patients.

15. The diagnostic tool of claim 14, wherein said differen-
tial profile is a high-throughput immunoblotting profile, pro-
tein chip profile, Western Blott profile or ELISA profile of
said levels of EMAP-II and/or p43/EMAP-II.

16. A diagnostic tool comprising a differential profile con-
taining levels of EMAP-1I and/or p43/EMAP-II, STAT3, Tau
14-3-3€ protein, and PKA ;- from one or more patients that
have suffered brain injury, and one or more control patients.

17. The diagnostic tool of claim 16, wherein said differen-
tial profile is on a protein chip or multiplexed ELISA.
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