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ABSTRACT 

The present invention identi?es biomarkers that are diagnos 
tic of nerve cell injury and/or neuronal disorders. Detection of 
different biomarkers of the invention are also diagnostic of 
the degree of severity of nerve injury, the cell(s) involved in 
the injury, and the subcellular localization of the injury. 
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NEURAL PROTEINS AS BIOMARKERS FOR 
NERVOUS SYSTEM INJURY AND OTHER 

NEURAL DISORDERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. Ser. No. 
11/107,248, ?led Apr. 15, 2005, Which claims the bene?t of 
US. Provisional Application Ser. No. 60/562,944, ?led Apr. 
15, 2004, the disclosures of Which are hereby incorporated by 
reference in their entirety, including all ?gures, tables and 
amino acid or nucleic acid sequences. 
[0002] The invention Was made With government support 
under National Institutes of Health Grant #R01 NS39091, 
National Institutes of Health Grant #R01 NS40182, US. 
Army Grant #DAMD 17-99-1-9565, and US. Army Grant 
#DAMD 17-01 -1-0765. The government has certain rights in 
the invention. 

FIELD OF THE INVENTION 

[0003] The invention provides for the reliable detection and 
identi?cation of biomarkers, important for the diagnosis and 
prognosis of damage to the nervous system (central nervous 
system (CNS) and peripheral nervous system (PNS)), brain 
injury and neural disorders. The protein/peptide pro?le in 
patients With damage to nerves and brain cells are distin 
guished from normal individuals using inexpensive tech 
niques. These techniques provide simple yet sensitive 
approaches to diagnosing damage to the central nervous sys 
tem, brain injury and neuronal disorders using biological 
?uids. 

BACKGROUND OF THE INVENTION 

[0004] The incidence of traumatic brain injury (TBI) in the 
United States is conservatively estimated to be more than 2 
million persons annually With approximately 500,000 hospi 
taliZations. Of these, about 70,000 to 90,000 head injury 
survivors are permanently disabled. The annual economic 
cost to society for care of head-injured patients is estimated at 
$25 billion. These ?gures are for the civilian population only 
and the incidence is much greater When combat casualties are 
included. In modern Warfare (1993-2000), TBI is the leading 
cause of death (53%) among Wounded Who have reached 
medical care facilities. 

[0005] Assessment of pathology and neurological impair 
ment immediately after TBI is crucial for determination of 
appropriate clinical management and for predicting long 
term outcome. The outcome measures most often used in 
head injuries are the GlasgoW Coma Scale (GCS), the Glas 
goW Outcome Scale (GOS), computed tomography, and mag 
netic resonance imaging (MRI) to detect intracranial pathol 
ogy. HoWever, despite dramatically improved emergency 
triage systems based on these outcome measures, most TBI 
suffer long term impairment and a large number of TBI sur 
vivors are severely affected despite predictions of “good 
recovery” on the GOS. In addition, CT and MRI are expen 
sive and cannot be rapidly employed in an emergency room 
environment. Moreover, in austere medical environments 
associated With combat, accurate diagnosis of TBI Would be 
an essential prerequisite for appropriate triage of casualties. 
[0006] The mammalian nervous system comprises a 
peripheral nervous system (PNS) and a central nervous sys 
tem (CNS, comprising the brain and spinal cord), and is 

Apr. 2, 2009 

composed of tWo principal classes of cells: neurons and glial 
cells. The glial cells ?ll the spaces betWeen neurons, nourish 
ing them and modulating their function. Certain glial cells, 
such as SchWann cells in the PNS and oligodendrocytes in the 
CNS, also provide a protective myelin sheath that surrounds 
and protects neuronal axons, Which are the processes that 
extend from the neuron cell body and through Which the 
electric impulses of the neuron are transported. In the periph 
eral nervous system, the long axons of multiple neurons are 
bundled together to form a nerve or nerve ?ber. These, in turn, 
may be combined into fascicles, Wherein the nerve ?bers 
form bundles embedded, together With the intraneural vascu 
lar supply, in a loose collagenous matrix bounded by a pro 
tective multilamellar sheath. In the central nervous system, 
the neuron cell bodies are visually distinguishable from their 
myelin-ensheathed processes, and are referenced in the art as 
gray and White matter, respectively. 
[0007] During development, differentiating neurons from 
the central and peripheral nervous systems send out axons 
that must groW and make contact With speci?c target cells. In 
some cases, groWing axons must cover enormous distances; 
some groW into the periphery, Whereas others stay con?ned 
Within the central nervous system. In mammals, this stage of 
neurogenesis is complete during the embryonic phase of life 
and neuronal cells do not multiply once they have fully dif 
ferentiated. 

[0008] Accordingly, the neural pathWays of a mammal are 
particularly at risk if neurons are subjected to mechanical or 
chemical trauma or to neuropathic degeneration suf?cient to 
put the neurons that de?ne the pathWay at risk of dying. A ho st 
of neuropathies, some of Which affect only a subpopulation or 
a system of neurons in the peripheral or central nervous 
systems have been identi?ed to date. The neuropathies, Which 
may affect the neurons themselves or the associated glial 
cells, may result from cellular metabolic dysfunction, infec 
tion, exposure to toxic agents, autoimmunity dysfunction, 
malnutrition or ischemia. In some cases the cellular dysfunc 
tion is thought to induce cell death directly. In other cases, the 
neuropathy may induce su?icient tissue necrosis to stimulate 
the body’s immune/in?ammatory system and the mecha 
nisms of the body’s immune response to the initial neural 
injury then destroys the neurons and the pathWay de?ned by 
these neurons. 

[0009] Another common injury to the CNS is stroke, the 
destruction of brain tissue as a result of intracerebral hemor 
rhage or infarction. Stroke is a leading cause of death in the 
developed World. It may be caused by reduced blood ?oW or 
ischemia that results in de?cient blood supply and death of 
tissues in one area of the brain (infarction). Causes of 
ischemic strokes include blood clots that form in the blood 
vessels in the brain (thrombus) and blood clots or pieces of 
atherosclerotic plaque or other material that travel to the brain 
from another location (emboli). Bleeding (hemorrhage) 
Within the brain may also cause symptoms that mimic stroke. 
The ability to detect such injury is lacking in the prior art. 
[0010] Mammalian neural pathWays also are at risk due to 
damage caused by neoplastic lesions. Neoplasias of both the 
neurons and glial cells have been identi?ed. Transformed 
cells of neural origin generally lose their ability to behave as 
normal differentiated cells and can destroy neural pathWays 
by loss of function. In addition, the proliferating tumors may 
induce lesions by distorting normal nerve tissue structure, 
inhibiting pathWays by compressing nerves, inhibiting cere 
brospinal ?uid orblood supply ?oW, and/or by stimulating the 
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body’s immune response. Metastatic tumors, Which are a 
signi?cant cause of neoplastic lesions in the brain and spinal 
cord, also similarly may damage neural pathways and induce 
neuronal cell death. 
[0011] There is thus, a need in the art appropriate, speci?c, 
inexpensive and simple diagnostic clinical assessments of 
nervous system injury severity and therapeutic treatment e?i 
cacy. Thus identi?cation of neurochemical markers that are 
speci?c to or predominantly found in the nervous system 
(CNS (brain and spinal cord) and PNS), Would prove 
immensely bene?cial for both prediction of outcome and for 
guidance of targeted therapeutic delivery. 

SUMMARY 

[0012] The present invention provides neuronal protein 
markers that are differentially present in the samples of 
patients suffering from neural injury and/or neuronal disor 
ders as compared to samples of control subjects. The present 
invention also provides sensitive and quick methods and kits 
that can be used as an aid for diagnosis of neural injury and/or 
neuronal disorders by detecting these markers. The measure 
ment of these markers, alone or in combination, in patient 
samples provides information that a diagnostician can corre 
late With a probable diagnosis of the extent of neural injury 
such as in traumatic brain injury (TBI) and stroke. 
[0013] In a preferred embodiment, the invention provides 
biomarkers that are indicative of traumatic brain injury, neu 
ronal damage, neural disorders, brain damage, neural damage 
due to drug or alcohol addiction, diseases associated With the 
brain or nervous system, such as the central nervous system. 
Preferably, the biomarkers are proteins, fragments or deriva 
tives thereof, and are associated With neuronal cells, brain 
cells or any cell that is present in the brain and central nervous 
system. 
[0014] In a preferred embodiment the biomarkers are pref 
erably neural proteins, peptides, fragments or derivatives 
thereof. Examples of neural proteins, include, but are not 
limited to axonal proteins, amyloid precursor protein, den 
dritic proteins, somal proteins, presynaptic proteins, post 
synaptic proteins and neural nuclear proteins. 
[0015] In another preferred embodiment the biomarkers are 
selected from at least one protein, peptide, variant or fragment 
thereof, such as those proteins listed in Table 1 below. For 
example, Axonal Proteins: 0t II spectrin (and SPDB)-l, 
NF-68 (NF-L)-2, Tau-3, 0t II, III spectrin, NF-200 (NF-H), 
NF-l60 (NF-M), Amyloid precursor protein, 0t intemexin; 
Dendritic Proteins: beta II-tubulin-l, p24 microtubule-asso 
ciated protein-2, alpha-Tubulin (P0255l), beta-Tubulin 
(P0469l), MAP-2A/B-3, MAP-2C-3, Stathmin-4, 
Dynamin-l (P2l575), Phocein, Dynactin (Ql356l), Vimen 
tin (P3 1000), Dynamin, Pro?lin, Co?lin 1,2; Somal Proteins: 
UCH-Ll-(Q0098l)-l, Glycogen phosphorylase-BB-2, 
PEBP (P3l044), NSE (P07323), CK-BB (P07335), Thy 1.1, 
Prion protein, Huntingtin, 14-3-3 proteins (e.g. l4-3-3-epso 
lon (P42655)), SM22-0t, Calgranulin AB, alpha-Synuclein 
(P37377), beta-Synuclein (Q63754), HNP 22; Neural nuclear 
proteins: NeuN-l, S/G(2) nuclear autoantigen (SG2NA), 
Huntingtin; Presynaptic Proteins: Synaptophysin-l, Synap 
totagmin (P2 1 707), Synaptoj anin-l (Q6291 0), Synaptoj anin 
2, Synapsinl (Synapsin-Ia), Synapsin2 (Q63537), Syn 
apsin3, GAP43, Bassoon(NPi003449), Piccolo (acZonin) 
(NPil490l5), Syntaxin, CRMPl, 2, Amphiphysin-l (NPi 
001626), Amphiphysin-2 (NPi647477); Post-Synaptic Pro 
teins: PSD95-l, NMDA-receptor (and all subtypes)-2, 
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PSD93, AMPA-kainate receptor (all subtypes), mGluR (all 
subtypes), Calmodulin dependent protein kinase II 
(CAMPK)-alpha, beta, gamma, CaMPK-IV, SNAP-25, a-/b 
SNAP; Myelin-Oligodendrocyte: Myelin basic protein 
(MBP) and fragments, Myelin proteolipid protein (PLP), 
Myclin Oligodendrocyte speci?c protein (MOSP), Myelin 
Oligodendrocyte glycoprotein (MOG), myelin associated 
protein (MAG), Oligodendrocyte NS-l protein; Glial Protein 
Biomarkers: GFAP(P47819), Protein disul?de isomerase 
(PDI)-P04785, Neurocalcin delta, Sl00beta; Microglia pro 
tein Biomarkers: Ibal, OX-42, OX-8, OX-6, ED-l, PTPase 
(CD45), CD40, CD68, CDllb, Fractalkine (CX3CL1) and 
Fractalkine receptor (CX3CRl), 5-d-4 antigen; SchWann cell 
markers: SchWann cell myelin protein; Glia Scar: Tenascin; 
Hippocampus: Stathmin, Hippocalcin, SCGl0; Cerebellum: 
Purkinje cell protein-2 (Pcp2), Calbindin D9K, Calbindin 
D28K (N Pil 14190), Cerebellar CaBP, spot 35; Cerebrocor 
tex: Cortexin-l (P60606), H-2Zl gene product; Thalamus: 
CD15 (3 -fucosyl-N-acetyl-lactosamine) epitope; Hypothala 
mus: Orexin receptors (OX-1R and OX-2R)-appetite, Orex 
ins (hypothalamus-speci?c peptides); Corpus callosum: 
MBP, MOG, PLP, MAG; Spinal Cord: SchWann cell myelin 
protein; Striatum: Striatin, Rhes (Ras homolog enriched in 
striatum); Peripheral ganglia: Gadd45a; Peripherial nerve 
?ber(sensory+motor): Peripherin, Peripheral myelin protein 
22 (AAH91499); Other Neuron-speci?c proteins: PH8 (S 
Serotonergic Dopaminergic, PEP-l9, Neurocalcin (NC), a 
neuron-speci?c EF-hand Ca2+-binding protein, Encephalop 
sin, Striatin, SG2NA, Zinedin, Recoverin, Visinin; Neu 
rotransmitter Receptors: NMDA receptor subunits (e.g. 
NRlA2B), Glutamate receptor subunits (AMPA, Kainate 
receptors (e.g. GluRl, GluR4), beta-adrenoceptor subtypes 
(e.g. beta(2)), Alpha-adrenoceptors subtypes (e. g. alpha(2c)), 
GABA receptors (e.g. GABA(B)), Metabotropic glutamate 
receptor (e. g. mGluR3), 5-HT serotonin receptors (e.g. 5-HT 
(3)), Dopamine receptors (e.g. D4), MuscarinicAch receptors 
(e.g. Ml), Nicotinic Acetylcholine Receptor (e.g. alpha-7); 
Neurotransmitter Transporters Norepinephrine Transporter 
(NET), Dopamine transporter (DAT), Serotonin transporter 
(SERT), Vesicular transporter proteins (VMATl and 
VMAT2), GABA transporter vesicular inhibitory amino acid 
transporter (VIAAT/VGAT), Glutamate Transporter (e.g. 
GLTl), Vesicular acetylcholine transporter, Vesicular 
Glutamate Transporter 1, [VGLUTl; BNPI] and VGLUT2, 
Choline transporter, (e.g. CHTl); Cholinergic Biomarkers: 
Acetylcholine Esterase, Choline acetyltransferase [ChAT]; 
Dopaminergic Biomarkers: Tyrosine Hydroxylase (TH), 
Phospho-TH, DARPP32; Noradrenergic Biomarkers: 
Dopamine beta-hydroxylase (DbH); Adrenergic Biomarkers: 
Phenylethanolamine N-methyltransferase (PNMT); Seroton 
ergic Biomarkers Tryptophan Hydroxylase (TrH); 
Glutamatergic Biomarkers: Glutaminase, Glutamine syn 
thetase; GABAergic Biomarkers: GABA transaminase 
[GABAT]), GABA-B-R2. 
[001 6] In another preferred embodiment the biomarkers are 
from at least tWo or more proteins, peptides, variants or frag 
ments thereof, such as those proteins listed in Table 1 below. 
For example, Axonal Proteins: 0t II spectrin (and SPDB)-l, 
NF-68 (NF-L)-2, Tau-3, 0t II, III spectrin, NF-200 (NF-H), 
NF-l60 (NF-M), Amyloid precursor protein, 0t intemexin; 
Dendritic Proteins: beta III-tubulin-l, p24 microtubule-asso 
ciated protein-2, alpha-Tubulin (P0255l), beta-Tubulin 
(P0469 l ), MAP-2A/B-3, MAP-2C-3, Stathmin-4, 
Dynamin-l (P2 1 575), Phocein, Dynactin (Q13 561), Vimen 
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tin (P31000), Dynamin, Pro?lin, Co?lin 1,2; Somal Proteins: 
UCH-Ll (Q00981)-1, Glycogenphosphorylase-BB-2, PEBP 
(P31044), NSE (P07323), CK-BB (P07335), Thy 1.1, Prion 
protein, Huntingtin, 14-3-3 proteins (e.g. 14-3-3-epsolon 
(P42655)), SM22-0t, Calgranulin AB, alpha-Synuclein 
(P37377), beta-Synuclein (Q63754), HNP 22; Neural nuclear 
proteins: NeuN-1, S/G(2) nuclear autoantigen (SG2NA), 
Huntingtin; Presynaptic Proteins: Synaptophysin-1, Synap 
totagmin (P21707), Synaptoj anin-1 (Q62910), Synaptoj anin 
2, Synapsin1 (Synapsin-Ia), Synapsin2 (Q63537), Syn 
apsin3, GAP43, Bassoon(NPi003449), Piccolo (acZonin) 
(NPi149015), Syntaxin, CRMPl, 2, Amphiphysin-1 (NPi 
001626), Amphiphysin-2 (NPi647477); Post-Synaptic Pro 
teins: PSD95-1, NMDA-receptor (and all subtypes)-2, 
PSD93, AMPA-kainate receptor (all subtypes), mGluR (all 
subtypes), Calmodulin dependent protein kinase II 
(CAMPK)-alpha, beta, gamma, CaMPK-IV, SNAP-25, a-/b 
SNAP; Myelin-Oligodendrocyte: Myelin basic protein 
(MBP) and fragments, Myelin proteolipid protein (PLP), 
Myelin Oligodendrocyte speci?c protein (MOSP), Myclin 
Oligodendrocyte glycoprotein (MOG), myelin associated 
protein (MAG), Oligodendrocyte NS-1 protein; Glial Protein 
Biomarkers: GFAP(P47819), Protein disul?de isomerase 
(PDI)-P04785, Neurocalcin delta, S100beta; Microglia pro 
tein Biomarkers: Iba1, OX-42, OX-8, OX-6, ED-1, PTPase 
(CD45), CD40, CD68, CD11b, Fractalkine (CX3CL1) and 
Fractalkine receptor (CX3CR1), 5-d-4 antigen; SchWann cell 
markers: SchWann cell myelin protein; Glia Scar: Tenascin; 
Hippocampus: Stathmin, Hippocalcin, SCG10; Cerebellum: 
Purkinje cell protein-2 (Pcp2), Calbindin D9K, Calbindin 
D28K (N Pil 14190), Cerebellar CaBP, spot 35; Cerebrocor 
tex: Cortexin-1 (P60606), H-2Z1 gene product; Thalamus: 
CD15 (3 -fucosyl-N-acetyl-lactosamine) epitope; Hypothala 
mus: Orexin receptors (OX-1R and OX-2R)-appetite, Orex 
ins (hypothalamus-speci?c peptides); Corpus callosum: 
MBP, MOG, PLP, MAG; Spinal Cord: SchWann cell myelin 
protein; Striatum: Striatin, Rhes (Ras homolog enriched in 
striatum); Peripheral ganglia: Gadd45a; Peripherial nerve 
?ber(sensory+motor): Peripherin, Peripheral myelin protein 
22 (AAH91499); Other Neuron-speci?c proteins: PH8 (S 
Serotonergic Dopaminergic, PEP-19, Neurocalcin (NC), a 
neuron-speci?c EF-hand Ca2+-binding protein, Encephalop 
sin, Striatin, SG2NA, Zinedin, Recoverin, Visinin; Neu 
rotransmitter Receptors: NMDA receptor subunits (e.g. 
NR1A2B), Glutamate receptor subunits (AMPA, Kainate 
receptors (e.g. GluR1, GluR4), beta-adrenoceptor subtypes 
(e. g. beta(2)), Alpha-adrenoceptors subtypes (e. g. alpha(2c)), 
GABA receptors (e.g. GABA(B)), Metabotropic glutamate 
receptor (e. g. mGluR3), 5-HT serotonin receptors (e. g. 5-HT 
(3)), Dopamine receptors (e.g. D4), MuscarinicAch receptors 
(e.g. M1), Nicotinic Acetylcholine Receptor (e.g. alpha-7); 
Neurotransmitter Transporters Norepinephrine Transporter 
(NET), Dopamine transporter (DAT), Serotonin transporter 
(SERT), Vesicular transporter proteins (VMAT1 and 
VMAT2), GABA transporter vesicular inhibitory amino acid 
transporter (VIAAT/VGAT), Glutamate Transporter (e.g. 
GLT1), Vesicular acetylcholine transporter, Vesicular 
Glutamate Transporter 1, [VGLUT1; BNPI] and VGLUT2, 
Choline transporter, (e.g. CHT1); Cholinergic Biomarkers: 
Acetylcholine Esterase, Choline acetyltransferase [ChAT]; 
Dopaminergic Biomarkers: Tyrosine Hydroxylase (TH), 
Phospho-TH, DARPP32; Noradrenergic Biomarkers: 
Dopamine beta-hydroxylase (DbH); Adrenergic Biomarkers: 
Phenylethanolamine N-methyltransferase (PNMT); Seroton 
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ergic Biomarkers Tryptophan Hydroxylase (TrH); 
Glutamatergic Biomarkers: Glutaminase, Glutamine syn 
thetase; GABAergic Biomarkers: GABA transaminase 
[GABAT]), GABA-B-R2. 
[0017] In another preferred embodiment, the biomarkers 
comprise at least one biomarker from each neural cell type. 
The composition of biomarkers is diagnostic of neural injury, 
damage and/ or neural disorders. The composition comprises: 
0t II spectrin, SPDB-1,NF-68,NF-L-2, Tau-3, [3III-tubulin-1, 
p24 microtubule-associated protein-2, UCH-Ll (Q00981)-1, 
Glycogen phosphorylase-BB-2, NeuN-1, Synaptophysin-1, 
synaptotagmin (P21707), Synaptojanin-1 (Q62910), Synap 
tojanin-2, PSD95-1, NMDA-receptor-2 and subtypes, myclin 
basic protein (MBP) and fragments, GFAP (P47819), Iba1, 
OX-42, OX-8, OX-6, ED-1, SchWann cell myelin protein, 
tenascin, stathmin, Purkinje cell protein-2 (Pcp2), Cortexin-1 
(P60606), Orexin receptors (OX-1R, OX-2R), Striatin, 
Gadd45a, Peripherin, peripheral myelin protein 22 
(AAH91499), and Neurocalcin (NC). 
[0018] In another preferred embodiment an expanded panel 
of biomarkers are used to provide highly enriched informa 
tion of mechanism of injury, modes of cell death (necrosis 
versus apoptosis), sites of injury, sites and status of different 
cell types in the nervous system and enhanced diagnosis 
(better selectivity and speci?city). This invention is an impor 
tant and signi?cant improvement over existing technologies 
focused on small panel (eg a four-marker panel:-MBP 
Thrombomodulin-S100B-NSE from Syn X Pharma (Missis 
sauga, Canada)- or single markers (e. g. S100B from DiaSorin 
(SWeden)). 
[0019] In another preferred embodiment the biomarkers are 
selected to distinguish betWeen different host anatomical 
regions. For example, at least one biomarker can be selected 
from neural subcellular protein biomarkers, nervous system 
anatomical markers such as hippocampus protein biomarkers 
and cerebellum protein biomarkers. Examples of neural sub 
cellular protein biomarkers are NF-200, NF-160, NF-68. 
Examples of hippocampus protein biomarkers are SCG10, 
stathmin. An example of a cerebellum protein biomarker is 
Purkinje cell protein-2 (Pcp2). 
[0020] In another preferred embodiment the biomarkers are 
selected to distinguish betWeen injury at the cellular level, 
thereby detecting Which cell type has been injured. For 
example at least one biomarker protein is selected from a 
representative panel of protein biomarkers speci?c for that 
cell type. Examples for biomarkers speci?c for cell types 
include myelin-oligodendrocyte biomarkers such as myelin 
basic protein (MBP), myelin proteolipid protein (PLP), 
myelin oligodendrocyte speci?c protein (MOSP), oligoden 
drocyte NS-1 protein, myelin oligodendrocyte glycoprotein 
(MOG). Examples of biomarkers speci?c for SchWann cells 
include, but not limited to SchWann cell myelin protein. 
Examples of Glial cell protein biomarkers include, but not 
limited to GFAP (protein accession number P47819), protein 
disul?de isomerase (PDI)-P04785. Thus, by detecting one or 
more speci?c biomarkers the speci?c cell types that have 
been injured can be determined. 

[0021] In another preferred embodiment, biomarkers spe 
ci?c for different subcellular structures of a cell canbe used to 
determine the subcellular level of injury. Examples include 
but not limited to neural subcellular protein biomarkers such 
as, NF-200, NF-160, NF-68; dendritic biomarkers such as for 
example, alpha-tubulin (P02551), beta-tubulin (P04691), 
MAP-2A/ B, MAP-2C, Tau, Dynamin-1 (P212575), Phoccin, 
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Dynactin (Q13561), p24 microtubule-associated protein, 
vimentin (P31000); somal proteins such as for example, 
UCH-Ll (Q00981), PEBP (P31044), NSE (P07323), CK-BB 
(P07335), Thy 1.1, prion protein, 14-3-3 proteins; neural 
nuclear proteins, such as for example S/G(2) nuclear autoan 
tigen (SG2NA), NeuN. Thus, detection of speci?c biomark 
ers Will determine the extent and subcellular location of 
injury. 
[0022] In another preferred embodiment, biomarkers spe 
ci?c for different anatomical regions, different cell types, 
and/ or different subcellular structures of a cell are selected to 
provide information as to the location of anatomical injury, 
the location of the injured cell type, and the location of injury 
at a subcellular level. Any number of biomarkers from each 
set can be used to provide highly enriched and detailed infor 
mation of mechanism, mode and subcellular sites of injury, 
anatomical locations of injury and status of different cell 
types in the nervous system (neuronal subtypes, neural stem 
cells, astro-glia, oligodendrocyte and microglia cell). 
[0023] In a preferred embodiment at least one biomarker 
speci?c different locations such as for an anatomical region, 
different cell types and/ or different subcellular structures of a 
cell are used to determine the mechanism, mode, subcellular 
sites of injury, anatomical locations of injury and status of 
different cell types in the nervous system, more preferably a 
panel of at least 2 biomarkers are selected from each desired 
location, more preferably at least 3, 4, 5, 6, 7, 8, 9, 10 up to 
about 100 biomarkers are selected from each location. 

[0024] In a preferred embodiment, subcellular neuronal 
biomarkers for diagnosis and detection of brain and/ or CNS 
injury and/or neural disorders, preferably are at least one of 
axonal proteins, dendritic proteins, somal proteins, neural 
nuclear proteins, presynaptic proteins, post-synaptic pro 
teins. 
[0025] In a preferred embodiment, axonal proteins identi 
?ed as biomarkers for diagnosis and detection of brain and/or 
CNS injury or neural disorders, preferably are: 0t II spectrin 
(and SPDB)-1, NF-68 (NF-L)-2, Tau-3, 0t II, III spectrin, 
NF-200 (NF-H), NF-160 (NF-M), Amyloid precursor pro 
tein, 0t intemexin, peptides, fragments or derivatives thereof. 
[0026] In a preferred embodiment, dendritic proteins iden 
ti?ed as biomarkers for diagnosis and detection of brain and/ 
or CNS injury or neural disorders, preferably are: beta III 
tubulin-1, p24 microtubule-associated protein-2, alpha 
Tubulin (P02551), beta-Tubulin (P04691), MAP-2A/B-3, 
MAP-2C-3, Stathmin-4, Dynamin-1 (P21575), Phocein, 
Dynactin (Q13561), Vimentin (P31000), Dynamin, Pro?lin, 
Co?lin 1,2, peptides, fragments or derivatives thereof. 
[0027] In another preferred embodiment, neural nuclear 
proteins identi?ed as biomarkers for diagnosis and detection 
of brain and/ or CNS injury or neural disorders, preferably are: 
NeuN-1, S/G(2) nuclear autoantigen (SG2NA), Huntingtin, 
peptides or fragments thereof. 
[0028] In another preferred embodiment, somal proteins 
identi?ed as biomarkers for diagnosis and detection of brain 
and/ or CNS injury or neural disorders, preferably are: UCH 
L1 (Q00981)-1, Glycogen phosphorylase-BB-2, PEBP 
(P31044), NSE (P07323), CK-BB (P07335), Thy 1.1, Prion 
protein, Huntingtin, 14-3-3 proteins (e.g. 14-3-3-epsolon 
(P42655)), SM22-0t, Calgranulin AB, alpha-Synuclein 
(P37377), beta-Synuclein (Q63754), I-INP 22, peptides, 
fragments or derivatives thereof. 

[0029] In another preferred embodiment, presynaptic pro 
teins identi?ed as biomarkers for diagnosis and detection of 
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brain and/or CNS injury or neural disorders, preferably are: 
Synaptophysin-1, Synaptotagmin (P21707), Synaptojanin-1 
(Q62910), Synaptojanin-2, Synapsin1 (Synapsin-Ia), Syn 
apsin2 (Q63537), Synapsin3, GAP43, Bassoon(NPi 
003449), Piccolo (acZonin) (NPi149015), Syntaxin, 
CRMPl, 2, Amphiphysin-1 (NPi001626), Amphiphysin-2 
(NPi647477), peptides, fragments or derivatives thereof. 
[0030] In another preferred embodiment, post-synaptic 
proteins identi?ed as biomarkers for diagnosis and detection 
of brain and/ or CNS injury or neural disorders, preferably are: 
PSD95-1, NMDA-receptor (and all subtypes)-2, PSD93, 
AMPA-kainate receptor (all subtypes), mGluR (all subtypes), 
Calmodulin dependent protein kinase II (CAMPK)-alpha, 
beta, gamma, CaMPK-IV, SNAP-25, a-/b-SNAP, peptides, 
fragments or derivatives thereof. 
[0031] In another preferred embodiment, identi?ed biom 
arkers distinguish the damaged neural cell subtype such as, 
for example, myelin-oligodendrocytes, glial, microglial, 
SchWann cells, glial scar. 
[0032] In a preferred embodiment, Myelin-Oligodendro 
cyte biomarkers are: Myelin basic protein (MBP) and frag 
ments, Myelin proteolipid protein (PLP), Myelin Oligoden 
drocyte speci?c protein (MOSP), Myelin Oligodendrocyte 
glycoprotein (MOG), myelin associated protein (MAG), Oli 
godendrocyte NS-1 protein; Glial Protein Biomarkers: GFAP 
(P47819), Protein disul?de isomerase (PDI)-P04785, Neuro 
calcin delta, S100beta; Microglia protein Biomarkers: Iba1, 
OX-42, OX-8, OX-6, ED-1, PTPase (CD45), CD40, CD68, 
CD11b, Fractalkine (CX3CL1) and Fractalkine receptor 
(CX3CR1), 5-d-4 antigen; SchWann cell markers: SchWann 
cell myelin protein; Glia Scar: Tenascin. 
[0033] In another preferred embodiment, biomarkers iden 
tifying the anatomical location of neural injury and/or neural 
damage, include, but not limited to: Hippocampus: Stathmin, 
Hippocalcin, SCG10; Cerebellum: Purkinje cell protein-2 
(Pcp2), Calbindin D9K, Calbindin D28K (NPi114190), 
Cerebellar CaBP, spot 35; Cerebrocortex: Cortexin-1 
(P60606), H-2Z1 gene product; Thalamus: CD15 (3-fucosyl 
N-acetyl-lactosamine) epitope; Hypothalamus: Orexin 
receptors (OX-1R and OX-2R)-appetite, Orexins (hypothala 
mus-speci?c peptides); Corpus callosum: MBP, MOG, PLP, 
MAG; Spinal Cord: SchWann cell myclin protein; Striatum: 
Striatin, Rhes (Ras homolog enriched in striatum); Peripheral 
ganglia: Gadd45a; Peripherial nerve ?ber(sensory+motor): 
Peripherin, Peripheral myelin protein 22 (AAH91499); PH8 
(S Serotonergic Dopaminergic), PEP-19, Neurocalcin (NC), 
a neuron-speci?c EF-hand Ca2+-binding protein, Encepha 
lopsin, Striatin, SG2NA, Zinedin, Recoverin, and Visinin. 
[0034] In another preferred embodiment, biomarkers iden 
tifying damaged neural subtypes include, but not limited to: 
Neurotransmitter Receptors: NMDA receptor subunits (e.g. 
NR1A2B), Glutamate receptor subunits (AMPA, Kainate 
receptors (e.g. GluR1, GluR4), beta-adrenoceptor subtypes 
(e.g. beta(2)), Alpha-adrenoceptors subtypes (e. g. alpha(2c)), 
GABA receptors (e.g. GABA(B)), Metabotropic glutamate 
receptor (e. g. mGluR3), 5-HT serotonin receptors (e.g. 5-HT 
(3)), Dopamine receptors (e.g. D4), MuscarinicAch receptors 
(e.g. M1), Nicotinic Acetylcholine Receptor (e.g. alpha-7); 
Neurotransmitter Transporters: Norepinephrine Transporter 
(NET), Dopamine transporter (DAT), Serotonin transporter 
(SERT), Vesicular transporter proteins (VMAT1 and 
VMAT2), GABA transporter vesicular inhibitory amino acid 
transporter (VIAAT/VGAT), Glutamate Transporter (e.g. 
GLT1), Vesicular acetylcholine transporter, Vesicular 
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Glutamate Transporter 1, [VGLUT1; BNPI] and VGLUT2, 
Choline transporter, (e.g. CHTl); Cholinergic Biomarkers: 
Acetylcholine Esterase, Choline acetyltransferase [ChAT]; 
Dopaminergic Biomarkers: Tyrosine Hydroxylase (TH), 
Phospho-TH, DARPP32; Noradrenergic Biomarkers: 
Dopamine beta-hydroxylase (DbH); Adrenergic Biomarkers: 
Phenylethanolamine N-methyltransferase (PNMT); Seroton 
ergic Biomarkers: Tryptophan Hydroxylase (TrH); 
Glutamatergic Biomarkers: Glutaminase, Glutamine syn 
thetase; GABAergic Biomarkers: GABA transaminase 
[GABAT]), GABA-B-R2. 
[0035] Demyelination proteins identi?ed as biomarkers for 
diagnosis and detection of brain and/or CNS injury or neural 
disorders, preferably are: myelin basic protein (MBP), 
myelin proteolipid protein, peptides, fragments or derivatives 
thereof. 

[0036] In another preferred embodiment, glial proteins 
identi?ed as biomarkers for diagnosis and detection of brain 
and/ or CNS injury or neural disorders, preferably are: GFAP 
(P478l9), protein disul?de isomerase (PDI-P04785), pep 
tides, fragments and derivatives thereof. 
[0037] In another preferred embodiment, cholinergic pro 
teins identi?ed as biomarkers for diagnosis and detection of 
brain and/ or CNS injury or neural disorders, preferably are: 
acetylcholine esterase, choline acetyltransferase, peptides, 
fragments or derivatives thereof. 

[0038] In another preferred embodiment, dopaminergic 
proteins identi?ed as biomarkers for diagnosis and detection 
of brain and/ or CNS injury or neural disorders, preferably are: 
tyrosine hydroxylase (TH), phospho-TH, DARPP32, pep 
tides, fragments or derivatives thereof. 

[0039] In another preferred embodiment, noradrenergic 
proteins identi?ed as biomarkers for diagnosis and detection 
of brain and/ or CNS injury or neural disorders, preferably are: 
dopamine beta-hydroxylase (DbH), peptides, fragments or 
derivatives thereof. 

[0040] In another preferred embodiment, serotonergic pro 
teins identi?ed as biomarkers for diagnosis and detection of 
brain and/ or CNS injury or neural disorders, preferably are: 
tryptophan hydroxylase (TrH), peptides, fragments or deriva 
tives thereof. 

[0041] In another preferred embodiment, glutamatergic 
proteins identi?ed as biomarkers for diagnosis and detection 
of brain and/ or CNS injury or neural disorders, preferably are: 
glutaminase, glutamine synthetase, peptides, fragments or 
derivatives thereof. 

[0042] In another preferred embodiment, GABAergic pro 
teins identi?ed as biomarkers for diagnosis and detection of 
brain and/ or CNS injury or neural disorders, preferably are: 
GABA transaminase (4-aminobutyrate-2-ketoglutarate tran 
saminase [GABAT]), glutamic acid decarboxylase (GAD25, 
44, 65, 67), peptides, fragments and derivatives thereof. 
[0043] In another preferred embodiment, neurotransmitter 
receptors identi?ed as biomarkers for diagnosis and detection 
of brain and/ or CNS injury or neural disorders, preferably are: 
beta-adrenoreceptor subtypes, (e.g. beta (2)), alpha-adreno 
receptor subtypes, (e.g. (alpha (2c)), GABA receptors (e.g. 
GABA(B)), metabotropic glutamate receptor (e.g. mGluR3), 
NMDA receptor subunits (e.g. NRIAZB), Glutamate recep 
tor subunits (e.g. GluR4), 5-HT serotonin receptors (e.g. 
5-HT(3)), dopamine receptors (e.g. D4), muscarinic Ach 
receptors (e.g. Ml), nicotinic acetylcholine receptor (e.g. 
alpha-7), peptides, fragments or derivatives thereof. 
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[0044] In another preferred embodiment, neurotransmitter 
transporters identi?ed as biomarkers for diagnosis and detec 
tion of brain and/or CNS injury or neural disorders, prefer 
ably are: norepinephrine transporter (NET), dopamine trans 
porter (DAT), serotonin transporter (SERT), vesicular 
transporter proteins (V MATl and VMATZ), GABA trans 
porter vesicular inhibitory amino acid transporter (VIAAT/ 
VGAT), glutamate transporter (e. g. GLTl), vesicular acetyl 
choline transporter, choline transporter (e.g. CHTl), 
peptides, fragments, or derivatives thereof. 
[0045] In another preferred embodiment, other proteins 
identi?ed as biomarkers for diagnosis and detection of brain 
and/or CNS injury or neural disorders, include, but are not 
limited to vimentin (P3l000), CK-BB (P07335), l4-3-3-ep 
silon (P42655), MMP2, MMP9, peptides, fragments or 
derivatives thereof. 
[0046] The markers are characteriZed by molecular Weight, 
enZyme digested ?ngerprints and by their knoWn protein 
identities. The markers can be resolved from other proteins in 
a sample by using a variety of fractionation techniques, e. g., 
chromatographic separation coupled With mass spectrometry, 
or by traditional immunoassays. In preferred embodiments, 
the method of resolution involves Surface-Enhanced Laser 
Desorption/Ionization (“SELDI”) mass spectrometry, in 
Which the surface of the mass spectrometry probe comprises 
adsorbents that bind the markers. 
[0047] In other preferred embodiments, a plurality of the 
biomarkers are detected, preferably at least tWo of the biom 
arkers are detected, more preferably at least three of the 
biomarkers are detected, most preferably at least four of the 
biomarkers are detected. 

[0048] In one aspect, the amount of each biomarker is mea 
sured in the subject sample and the ratio of the amounts 
betWeen the markers is determined. Preferably, the amount of 
each biomarker in the subject sample and the ratio of the 
amounts betWeen the biomarkers and compared to normal 
healthy individuals. The increase in ratio of amounts of biom 
arkers betWeen healthy individuals and individuals suffering 
from injury is indicative of the injury magnitude, disorder 
progression as compared to clinically relevant data. 
[0049] Preferably, biomarkers that are detected at different 
stages of injury and clinical disease are correlated to assess 
anatomical injury, type of cellular injury, subcellular local 
iZation of injury. Monitoring of Which biomarkers are 
detected at Which stage, degree of injury in disease or physical 
injury Will provide panels of biomarkers that provide speci?c 
information on mechanisms of injury, identify multiple sub 
cellular sites of injury, identify multiple cell types involved in 
disease related injury and identify the anatomical location of 
injury. 
[0050] In another aspect, preferably a single biomarker is 
used in combination With one or more biomarkers from nor 
mal, healthy individuals for diagnosing injury, location of 
injury and progression of disease and/ or neural injury, more 
preferably a plurality of the markers are used in combination 
With one or more biomarkers from normal, healthy individu 
als for diagnosing injury, location of injury and progression of 
disease and/or neural injury. It is preferred that one or more 
protein biomarkers are used in comparing protein pro?les 
from patients susceptible to, or suffering from disease and/or 
neural injury, With normal subjects. 
[0051] Preferred detection methods include use of a bio 
chip array. Biochip arrays useful in the invention include 
protein and nucleic acid arrays. One or more markers are 
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immobilized on the biochip array and subjected to laser ion 
iZation to detect the molecular Weight of the markers. Analy 
sis of the markers is, for example, by molecular Weight of the 
one or more markers against a threshold intensity that is 
normalized against total ion current. Preferably, logarithmic 
transformation is used for reducing peak intensity ranges to 
limit the number of markers detected. 
[0052] In another preferred method, data is generated on 
immobiliZed subject samples on a biochip array, by subject 
ing said biochip array to laser ioniZation and detecting inten 
sity of signal for mas s/ charge ratio; and, transforming the data 
into computer readable form; and executing an algorithm that 
classi?es the data according to user input parameters, for 
detecting signals that represent markers present in injured 
and/ or diseased patients and are lacking in non-injured and/or 
diseased subject controls. 
[0053] Preferably the biochip surfaces are, for example, 
ionic, anionic, comprised of immobiliZed nickel ions. com 
prised of a mixture of positive and negative ions, comprises 
one or more antibodies, single or double stranded nucleic 
acids, comprises proteins, peptides or fragments thereof, 
amino acid probes, comprises phage display libraries. 
[0054] In other preferred methods one or more of the mark 
ers are detected using laser desorption/ionization mass spec 
trometry, comprising, providing a probe adapted for use With 
a mass spectrometer comprising an adsorbent attached 
thereto, and; contacting the subject sample With the adsor 
bent, and; desorbing and ioniZing the marker or markers from 
the probe and detecting the deionized/ionized markers With 
the mass spectrometer. 
[0055] Preferably, the laser desorption/ionization mass 
spectrometry comprises, providing a substrate comprising an 
adsorbent attached thereto; contacting the subject sample 
With the adsorbent; placing the substrate on a probe adapted 
for use With a mass spectrometer comprising an adsorbent 
attached thereto; and, desorbing and ioniZing the marker or 
markers from the probe and detecting the desorbed/ioniZed 
marker or markers With the mass spectrometer. 

[0056] The adsorbent can for example be, hydrophobic, 
hydrophilic, ionic or metal chelate adsorbent, such as, nickel 
or an antibody, single- or double stranded oligonucleotide, 
amino acid, protein, peptide or fragments thereof. 
[0057] In another embodiment, a process for puri?cation of 
a biomarker, comprising fractioning a sample comprising one 
or more protein biomarkers by siZe-exclusion chromatogra 
phy and collecting a fraction that includes the one or more 
biomarker; and/or fractionating a sample comprising the one 
or more biomarkers by anion exchange chromatography and 
collecting a fraction that includes the one or more biomarkers. 
Fractionation is monitored for purity on normal phase and 
immobiliZed nickel arrays. Generating data on immobiliZed 
marker fractions on an array, is accomplished by subjecting 
said array to laser ioniZation and detecting intensity of signal 
for mass/charge ratio; and, transforming the data into com 
puter readable form; and executing an algorithm that classi 
?es the data according to user input parameters, for detecting 
signals that represent markers present in injured and/or dis 
eased patients and are lacking in non-injured and/ or diseased 
subject controls. Preferably fractions are subjected to gel 
electrophoresis and correlated With data generated by mass 
spectrometry. In one aspect, gel bands representative of 
potential markers are excised and subjected to enzymatic 
treatment and are applied to biochip arrays for peptide map 
ping. 
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[0058] In another preferred embodiment, the presence of 
certain biomarkers is indicative of the extent of CNS and/or 
brain injury. For example, detection of one or more dendritic 
damage markers, soma injury markers, demyclination mark 
ers, axonal injury markers Would be indicative of CNS injury 
and the presence of one or more Would be indicative of the 
extent of nerve injury. 

[0059] In another preferred embodiment, the presence of 
certain biomarkers is indicative of a neurological disorder. i.e. 
dendritic damage markers, soma injury markers, demyelina 
tion markers, axonal injury markers, synaptic terminal mark 
ers, post-synaptic markers. 
[0060] Preferred methods for detection and diagnosis of 
CNS/PNS and/ or brain injury comprise detecting at least one 
or more protein biomarkers in a subject sample, and; corre 
lating the detection of one or more protein biomarkers With a 
diagnosis of CNS and/ or brain injury, Wherein the correlation 
takes into account the detection of one or more biomarker in 
each diagnosis, as compared to normal subjects, Wherein the 
one or more protein markers are selected from: neural pro 
teins, such as for example, Axonal Proteins: 0t II spectrin (and 
SPDB)-1, NF-68 (NF-L)-2, Tau-3, 0t II, III spectrin, NF-200 
(NF-H), NF-160 (NF-M), Amyloid precursor protein, 0t 
internexin; Dendritic Proteins: beta III-tubulin-1, p24 micro 
tubule-associated protein-2, alpha-Tubulin (P02551), beta 
Tubulin (P0469l), MAP-2A/B-3, MAP-2C-3, Stathmin-4, 
Dynamin-1 (P21575), Phocein, Dynactin (Q13561), Vimen 
tin (P31000), Dynamin, Pro?lin, Co?lin 1,2; Somal Proteins: 
UCH-Ll (Q00981)-1, Glycogen phosphorylase-BB-2, PEBP 
(P31044), NSE (P07323), CK-BB (P07335), Thy 1.1, Prion 
protein, Huntingtin, 14-3-3 proteins (e.g. 14-3-3-epsolon 
(P42655)), SM22-0t, Calgranulin AB, alpha-Synuclein 
(P37377), beta-Synuclein (Q63754), HINP 22; Neural 
nuclear proteins: NeuN-1, S/G(2) nuclear autoantigen 
(SG2NA), Huntingtin; Presynaptic Proteins: Synaptophysin 
1, Synaptotagmin (P21707), Synaptojanin-1 (Q62910), Syn 
aptojanin-2, Synapsin1 (Synapsin-Ia), Synapsin2 (Q63537), 
Synapsin3, GAP43, Bassoon(NPi003449), Piccolo (acZo 
nin) (NPi149015), Syntaxin, CRMPl, 2, Amphiphysin-l 
(NPi001626), Amphiphysin-2 (NPi647477); Post-Synap 
tic Proteins: PSD95-1, NMDA-receptor (and all subtypes)-2, 
PSD93, AMPA-kainate receptor (all subtypes), mGluR (all 
subtypes), Calmodulin dependent protein kinase II 
(CAMPK)-alpha, beta, gamma, CaMPK-IV, SNAP-25, a-/b 
SNAP; Myelin-Oligodendrocyte: Myelin basic protein 
(MBP) and fragments, Myelin proteolipid protein (PLP), 
Myelin Oligodendrocyte speci?c protein (MOSP), Myelin 
Oligodendlocyte glycoprotein (MOG), myelin associated 
protein (MAG), Oligodendrocyte NS-1 protein; Glial Protein 
Biomarkers: GFAP (P47819), Protein disul?de isomerase 
(PDI)-P04785, Neurocalcin delta, S100beta; Microglia pro 
tein Biomarkers: Iba1, OX-42, OX-8, OX-6, ED-l, PTPase 
(CD45), CD40, CD68, CD11b, Fractalkine (CX3CL1) and 
Fractalkine receptor (CX3CR1), 5-d-4 antigen; SchWann cell 
markers: SchWann cell myelin protein; Glia Scar: Tenascin; 
Hippocampus: Stathmin, Hippocalcin, SCG10; Cerebellum: 
Purkinje cell protein-2 (Pcp2), Calbindin D9K, Calbindin 
D28K (N Pil 14190), Cerebellar CaBP, spot 35; Cerebrocor 
tex: Cortexin-l (P60606), H-2Z1 gene product; Thalamus: 
CD15 (3 -fucosyl-N-acetyl-lactosamine) epitope; Hypothala 
mus: Orexin receptors (OX-1R and OX-2R)-appetite, Orex 
ins (hypothalamus-speci?c peptides); Corpus callosum: 
MBP, MOG, PLP, MAG; Spinal Cord: SchWann cell myelin 
protein; Striatum: Striatin, Rhes (Ras homolog enriched in 
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striatum); Peripheral ganglia: Gadd45a; Peripherial nerve 
?ber(sensory+motor): Peripherin, Peripheral myelin protein 
22 (AAH91499); Other Neuron-speci?c proteins: PH8 (S 
Serotonergic Dopaminergic, PEP-19, Neurocalcin (NC), a 
neuron-speci?c EF-hand Ca2+-binding protein, Encephalop 
sin, Striatin, SG2NA, Zinedin, Recoverin, Visinin; Neu 
rotransmitter Receptors: NMDA receptor subunits (e.g. 
NR1A2B), Glutamate receptor subunits (AMPA, Kainate 
receptors (e.g. GluR1, GluR4), beta-adrenoceptor subtypes 
(e. g. beta(2)), Alpha-adrenoceptors subtypes (e. g. alpha(2c)), 
GABA receptors (e.g. GABA(B)), Metabotropic glutamate 
receptor (e. g. mGluR3), 5-HT serotonin receptors (e. g. 5-HT 
(3)), Dopamine receptors (e.g. D4), MuscarinicAch receptors 
(e.g. M1), Nicotinic Acetylcholine Receptor (e.g. alpha-7); 
Neurotransmitter Transporters: Norepinephrine Transporter 
(NET), Dopamine transporter (DAT), Serotonin transporter 
(SERT), Vesicular transporter proteins (VMAT1 and 
VMAT2), GABA transporter vesicular inhibitory amino acid 
transporter (VlAAT/VGAT), Glutamate Transporter (e.g. 
GLTl), Vesicular acetylcholine transporter, Vesicular 
Glutamate Transporter 1, [VGLUTl; BNPI] and VGLUT2, 
Choline transporter, (e.g. CHT1); Cholinergic Biomarkers: 
Acetylcholine Esterase, Choline acetyltransferase [ChAT]; 
Dopaminergic Biomarkers: Tyrosine Hydroxylase (TH), 
Phospho-TH, DARPP32; Noradrenergic Biomarkers: 
Dopamine beta-hydroxylase (DbH); Adrenergic Biomarkers: 
Phenylethanolamine N-methyltransferase (PNMT); Seroton 
ergic Biomarkers: Tryptophan Hydroxylase (TrH); 
Glutamatergic Biomarkers: Glutaminase, Glutamine syn 
thetase; GABAergic Biomarkers: GABA transaminase 
[GABAT]), GABA-B-R2. 
[0061] In another preferred embodiment, the invention pro 
vides a kit for analyZing cell damage in a subject. The kit, 
preferably includes: (a) one or more biomarkers (b) a sub 
strate for holding a biological sample isolated from a human 
subject suspected of having a damaged nerve cell, (c) an agent 
that speci?cally binds at least one or more of the neural 
proteins; and (d) printed instructions for reacting the agent 
With the biological sample or a portion of the biological 
sample to detect the presence or amount of at least one marker 
in the biological sample. The biomarkers include but not 
limited to: Axonal Proteins: 0t ll spectrin (and SPDB)-1, 
NF-68 (NF-L)-2, Tau-3, or II, III spectrin, NF-200 (NF-H), 
NF-160 (NF-M), Amyloid precursor protein, a intemexin; 
Dendritic Proteins: beta lll-tubulin-l, p24 microtubule-asso 
ciated protein-2, alpha-Tubulin (P02551), beta-Tubulin 
(P0469l), MAP-2A/B-3, MAP-2C-3, Stathmin-4, 
Dynamin-1 (P21575), Phocein, Dynactin (Q13561), Vimen 
tin (P31000), Dynamin, Pro?lin, Co?lin 1,2; Somal Proteins: 
UCH-Ll (Q00981)-1, Glycogen phosphorylase-BB-2, PEBP 
(P31044), NSE (P07323), CK-BB (P07335), Thy 1.1, Prion 
protein, Huntingtin, 14-3-3 proteins (e.g. 14-3-3-epsolon 
(P42655)), SM22-0t, Calgranulin AB, alpha-Synuclein 
(P37377), beta-Synuclein (Q63754), HNP 22; Neural nuclear 
proteins: NeuN-1, S/G(2) nuclear autoantigen (SG2NA), 
Huntingtin; Presynaptic Proteins: Synaptophysin-1, Synap 
totagmin (P21707), Synaptoj anin-1 (Q62910), Synaptoj anin 
2, Synapsin1 (Synapsin-la), Synapsin2 (Q63537), Syn 
apsin3, GAP43, Bassoon(NPi003449), Piccolo (acZonin) 
(NPi149015), Syntaxin, CRMP1, 2, Amphiphysin-l (NPi 
001626), Amphiphysin-2 (NPi647477); Post-Synaptic Pro 
teins: PSD95-1, NMDA-receptor (and all subtypes)-2, 
PSD93, AMPA-kainate receptor (all subtypes), mGluR (all 
subtypes), Calmodulin dependent protein kinase II 
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(CAMPK)-alpha, beta, gamma, CaMPK-IV, SNAP-25, a-/b 
SNAP; Myelin-Oligodendrocyte: Myelin basic protein 
(MBP) and fragments, Myelin proteolipid protein (PLP), 
Myelin Oligodendrocyte speci?c protein (MOSP), Myelin 
Oligodendrocyte glycoprotein (MOG), myelin associated 
protein (MAG), Oligodendrocyte NS-1 protein; Glial Protein 
Biomarkers: GFAP (P47819), Protein disul?de isomerase 
(PDl)-P04785, Neurocalcin delta, S100beta; Microglia pro 
tein Biomarkers: lba1, OX-42, OX-8, OX-6, ED-l, PTPase 
(CD45), CD40, CD68, CD11b, Fractalkine (CX3CL1) and 
Fractalkine receptor (CX3CR1), 5-d-4 antigen; SchWann cell 
markers: SchWann cell myelin protein; Glia Scar: Tenascin; 
Hippocampus: Stathmin, Hippocalcin, SCG10; Cerebellum: 
Purkinje cell protein-2 (Pcp2), Calbindin D9K, Calbindin 
D28K (N Pil 14190), Cerebellar CaBP, spot 35; Cerebrocor 
tex: Cor‘texin-l (P60606), H-2Z1 gene product; Thalamus: 
CD15 (3 -fucosyl-N-acetyl-lactosamine) epitope; Hypothala 
mus: Orexin receptors (OX-1R and OX-2R)-appetite, Orex 
ins (hypothalamus-speci?c peptides); Corpus callosum: 
MBP, MOG, PLP, MAG; Spinal Cord: SchWann cell myelin 
protein; Striatum: Striatin, Rhes (Ras homolog enriched in 
striatum); Peripheral ganglia: Gadd45a: Peripherial nerve 
?ber(sensory+motor): Peripherin, Peripheral myelin protein 
22 (AAH91499); Other Neuron-speci?c proteins: PH8 (S 
Serotonergic Dopaminergic, PEP-19, Neurocalcin (NC), a 
neuron-speci?c EF-hand Ca2+-binding protein, Encephalop 
sin, Striatin, SG2NA, Zinedin, Recoverin, Visinin; Neu 
rotransmitter Receptors: NMDA receptor subunits (e.g. 
NR1A2B), Glutamate receptor subtmits (AMPA, Kainate 
receptors (e.g. GluR1, GluR4), beta-adrenoceptor subtypes 
(e.g. beta(2)), Alpha-adrenoceptors subtypes (e. g. alpha(2c)), 
GABA receptors (e.g. GABA(B)), Metabotropic glutamate 
receptor (e. g. mGluR3), 5-HT serotonin receptors (e.g. 5-HT 
(3)), Dopamine receptors (e.g. D4), MuscarinicAch receptors 
(e.g. M1), Nicotinic Acetylcholine Receptor (e.g. alpha-7); 
Neurotransmitter Transporters: Norepinephrine Transporter 
(NET), Dopamine transporter (DAT), Serotonin transporter 
(SERT), Vesicular transporter proteins (VMAT1 and 
VMAT2), GABA transporter vesicular inhibitory amino acid 
transporter (VlAAT/VGAT), Glutamate Transporter (e.g. 
GLTl), Vesicular acetylcholine transporter, Vesicular Glut 
arate Transporter 1, [VGLUTl; BNPI] and VGLUT2, Cho 
line transporter, (e.g. CHT1); Cholinergic Biomarkers: Ace 
tylcholine Esterase, Choline acetyltransferase [ChAT]; 
Dopaminergic Biomarkers: Tyrosine Hydroxylase (TH), 
Phospho-TH, DARPP32; Noradrenergic Biomarkers: 
Dopamine beta-hydroxylase (DbH); Adrenergic Biomarkers: 
Phenylethanolamine N-methyltransferase (PNMT); Seroton 
ergic Biomarkers: Tryptophan Hydroxylase (TrH); 
Glutamatergic Biomarkers: Glutaminase, Glutamine syn 
thetase; GABAergic Biomarkers: GABA transaminase 
[GABAT]), GABA-B-R2. 
[0062] In another preferred embodiment, the kit comprises 
a composition or panel of biomarkers comprises: 0t ll spec 
trin, SPDB-l, NF-68, NF-L-2, Tau-3, lll-tubulin-l, p24 
microtubule-associated protein-2, UCH-Ll (Q00981)-1, 
Glycogen phosphorylase-BB-2, NeuN-1, Synaptophysin-1, 
synaptotagmin (P21707), Synaptojanin-l (Q62910), Synap 
tojanin-2, PSD95-1, NMDA-receptor-2 and subtypes, myelin 
basic protein (MBP) and fragments, GFAP (P47819), lba1, 
OX-42, OX-8, OX-6, ED-l, SchWann cell myclin protein, 
tenascin, stathmin, Purkinje cell protein-2 (Pcp2), Cortexin-l 
(P60606), Orexin receptors (OX-1R, OX-2R), Striatin, 
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Gadd45a, Peripherin, peripheral 
(AAH91499), and Neurocalcin (NC). 
[0063] Preferably, the biological sample is a ?uid in com 
munication With the nervous system of the subject prior to 
being isolated from the subject; for example, CSF or blood, 
and the agent can be an antibody, aptamer, or other molecule 
that speci?cally binds at least one or more of the neural 
proteins. The kit can also include a detectable label such as 
one conjugated to the agent, or one conjugated to a substance 
that speci?cally binds to the agent (e.g., a secondary anti 
body). 
[0064] 

myelin protein 22 

Other aspects of the invention are described infra. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0065] The invention is pointed out With particularity in the 
appended claims. The above and further advantages of this 
invention may be better understood by referring to the fol 
loWing description taken in conjunction With the accompany 
ing draWings, in Which: 
[0066] FIG. 1 is a schematic illustration shoWing the fate of 
brain injury biomarkers. The pathWay of genesis of biomar 
kers from the brain to the eventual release of such biomarkers 
into bio?uids, such as CSF, blood, urine, saliva, sWeat etc. 
provide a opportunity for biomarker detection With loW inva 
siveness. 
[0067] FIG. 2 is a schematic illustration shoWing sources of 
brain injury biomarkers from different cell types (neurons, 
astro-glia cells, Microglia cells, oligodendrocyte or SchWann 
cell) and from different subcelluar structural structure of a 
neuron (dendrites, axons, cell body, presynaptic terminal and 
postsynaptic density) 
[0068] FIG. 3A is a Western Blot shoWing the detection and 
accumulation of Novel brain-speci?c marker #1: UCH-Ll 
neural protein in CSF of rodents after experimental traumatic 
brain injury in rats. 
[0069] FIG. 3B is a graph shoWing the elevation of Novel 
brain-speci?c marker #1: Ubiquitin C-terminal hydrolase Ll 
(UCH-Ll) in rat CSF 48 h after experimental brain injury: 
craniotomy and controlled cortical impact (CCI)-induced 
brain injury When compared to CSF from nai've control rats. 
[0070] FIG. 4A is a Western Blot shoWing the detection and 
accumulation of Novel brain-speci?c marker #2: neuronal 
microtubule binding protein (p24) in CSF of rodents after 
experimental traumatic brain injury in rats. 
[0071] FIG. 4B is a graph shoWing the elevation of Novel 
brain-speci?c marker #2: neuronal microtubule binding pro 
tein (p24) in rat CSF 48 h after experimental brain injury: 
craniotomy and controlled cortical impact (CCI)-induced 
brain injury When compared to CSF from nai've control rats. 
[0072] FIG. 5A is a Western Blot shoWing the detection and 
accumulation of Novel brain-speci?c marker #3: Neuronal 
protein ot-synuclein in CSF of rodents after experimental 
traumatic brain injury in rats. 
[0073] FIG. 5B is a graph shoWing the elevation of Novel 
brain-speci?c marker #3: Neuronal protein ot-synuclein in rat 
CSF 48 h after experimental brain injury: craniotomy and 
controlled cortical impact (CCI)-induced brain injury When 
compared to CSF from nai've control rats. 
[0074] FIG. 6A is a Western Blot shoWing the detection and 
accumulation of Neuronal biomarker #l UCH-Ll levels are 
elevated in human CSF 24 h after TBI. 
[0075] FIG. 6B is a graph shoWing the elevation of Neu 
ronal biomarker #l UCH-Ll levels are elevated in human 
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CSF 24 h after traumatic brain injury, When compared to CSF 
from neurological controls With no apparent brain injury. 
[0076] FIG. 7A is a Western Blot shoWing the detection and 
accumulation of Novel brain-speci?c marker #2: neuronal 
microtubule binding protein (p24) in human CSF after trau 
matic brain injury 
[0077] FIG. 7B is a graph shoWing the elevation of Neu 
ronal biomarker Novel brain-speci?c marker #2: neuronal 
microtubule binding protein (p24) in human CSF 24 h after 
traumatic brain injury When compared to CSF from neuro 
logical controls With no apparent brain injury. 
[0078] FIG. 8A are the results from a quantitative SW 
ELISA for synaptophysin shoWing the detection of Novel 
brain-speci?c marker #4: synaptophysin in rat CSF after trau 
matic brain injury When compared to CSF from neurological 
controls With no apparent brain injury. 
[0079] FIG. 8B is a graph shoWing the elevation of Neu 
ronal biomarker Novel brain-speci?c marker #2: neuronal 
microtubule binding protein (p24) in human CSF 24 h after 
traumatic brain injury When compared to CSF from neuro 
logical controls With no apparent brain injury. 
[0080] FIG. 9A is a graph shoWing the elevation of Novel 
brain-speci?c marker #1: Ubiquitin C-terminal hydrolase Ll 
(U CH-Ll) as measure by quantitative sandWich ELISA With 
samples from human CSF and serum from patients With 
severe traumatic brain injury 
[0081] FIG. 9B is a graph shoWing the temporal changes 
measured by quantitative sandWich ELISA in levels of UCH 
Ll measured in serum for a patient With severe TBI. Serum 
samples Were taken at the time the patient Was admitted to the 
hospital (0d), and at 12 hours (1d), 48 hours (2d), 72 hours 
(3d), and 120 hours (5d) after the time of injury. 

DETAILED DESCRIPTION 

[0082] The present invention identi?es biomarkers that are 
diagnostic of nerve cell injury and/or neuronal disorders. 
Detection of different biomarkers of the invention are also 
diagnostic of the degree of severity of nerve injury, the cell(s) 
involved in the injury, and the subcellular localiZation of the 
injury. In particular, the invention employs a step of correlat 
ing the presence or amount of one or more neural protein(s) 
With the severity and/ or type of nerve cell injury. The amount 
of a neural protein, fragment or derivative thereof directly 
relates to severity of nerve tissue injury as a more severe 
injury damages a greater number of nerve cells Which in turn 
causes a larger amount of neural protein(s) to accumulate in 
the biological sample (e.g., CSF). 
[0083] Prior to setting forth the invention, it may be helpful 
to an understanding thereof to set forth de?nitions of certain 
terms that Will be used hereinafter. 
[0084] “Marker” in the context of the present invention 
refers to a polypeptide (of a particular apparent molecular 
Weight) Which is differentially present in a sample taken from 
patients having neural injury and/or neuronal disorders as 
compared to a comparable sample taken from control sub 
jects (e.g., a person With a negative diagnosis, normal or 
healthy subject). 
[0085] “Complementary” in the context of the present 
invention refers to detection of at least tWo biomarkers, Which 
When detected together provides increased sensitivity and 
speci?city as compared to detection of one biomarker alone. 
[0086] The phrase “differentially present” refers to differ 
ences in the quantity and/ or the frequency of a marker present 
in a sample taken from patients having for example, neural 
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injury as compared to a control subject. For example, a 
marker can be a polypeptide Which is present at an elevated 
level or at a decreased level in samples of patients With neural 
injury compared to samples of control subj ects.Altematively, 
a marker can be a polypeptide Which is detected at a higher 
frequency or at a loWer frequency in samples of patients 
compared to samples of control subjects. A marker can be 
differentially present in terms of quantity, frequency or both. 

[0087] A polypeptide is differentially present betWeen the 
tWo samples if the amount of the polypeptide in one sample is 
statistically signi?cantly different from the amount of the 
polypeptide in the other sample. For example, a polypeptide 
is differentially present betWeen the tWo samples if it is 
present at least about 120%, at least about 130%, at least 
about 150%, at least about 180%, at least about 200%, at least 
about 300%, at least about 500%, at least about 700%, at least 
about 900%, or at least about 1000% greater than it is present 
in the other sample, or if it is detectable in one sample and not 
detectable in the other. 

[0088] Alternatively or additionally, a polypeptide is dif 
ferentially present betWeen the tWo sets of samples if the 
frequency of detecting the polypeptide in samples of patients’ 
suffering from neural injury and/ or neuronal disorders, is 
statistically signi?cantly higher or loWer than in the control 
samples. For example, a polypeptide is differentially present 
betWeen the tWo sets of samples if it is detected at least about 
120%, at least about 130%, at least about 150%, at least about 
180%, at least about 200%, at least about 300%, at least about 
500%, at least about 700%, at least about 900%, or at least 
about 1000% more frequently or less frequently observed in 
one set of samples than the other set of samples. 

[0089] “Diagnostic” means identifying the presence or 
nature of a pathologic condition. Diagnostic methods differ in 
their sensitivity and speci?city. The “sensitivity” of a diag 
nostic assay is the percentage of diseased individuals Who test 
positive (percent of “true positives”). Diseased individuals 
not detected by the assay are “false negatives.” Subjects Who 
are not diseased and Who test negative in the assay, are termed 
“true negatives.” The “speci?city” of a diagnostic assay is 1 
minus the false positive rate, Where the “false positive” rate is 
de?ned as the proportion of those Without the disease Who test 
positive. While a particular diagnostic method may not pro 
vide a de?nitive diagnosis of a condition, it suf?ces if the 
method provides a positive indication that aids in diagnosis. 
[0090] A “test amount” of a marker refers to an amount of 
a marker present in a sample being tested. A test amount can 
be either in absolute amount (e. g., ug/ml) or a relative amount 
(e.g., relative intensity of signals). 
[0091] A “diagnostic amount” of a marker refers to an 
amount of a marker in a subject’s sample that is consistent 
With a diagnosis of neural injury and/or neuronal disorder. A 
diagnostic amount can be either in absolute amount (e.g., 
ug/ml) or a relative amount (e. g., relative intensity of signals). 
[0092] A “control amount” of a marker can be any amount 
or a range of amount Which is to be compared against a test 
amount of a marker. For example, a control amount of a 
marker can be the amount of a marker in a person Without 
neural injury and/ or neuronal disorder. A control amount can 
be either in absolute amount (e. g., ug/ml) or a relative amount 
(e.g., relative intensity of signals). 
[0093] “Probe” refers to a device that is removably insert 
able into a gas phase ion spectrometer and comprises a sub 
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strate having a surface for presenting a marker for detection. 
A probe can comprise a single substrate or a plurality of 
substrates. 
[0094] “Substrate” or “probe substrate” refers to a solid 
phase onto Which an adsorbent can be provided (e. g., by 
attachment, deposition, etc.). 
[0095] “Adsorbent” refers to any material capable of 
adsorbing a marker. The term “adsorbent” is used herein to 
refer both to a single material (“monoplex adsorbent”) (e. g., a 
compound or functional group) to Which the marker is 
exposed, and to a plurality of different materials (“multiplex 
adsorbent”) to Which the marker is exposed. The adsorbent 
materials in a multiplex adsorbent are referred to as “adsor 
bent species.” For example, an addressable location on a 
probe substrate can comprise a multiplex adsorbent charac 
terized by many different adsorbent species (e.g., anion 
exchange materials, metal chelators, or antibodies), having 
different binding characteristics. Substrate material itself can 
also contribute to adsorbing a marker and may be considered 
part of an “adsorbent.” 
[0096] “Adsorption” or “retention” refers to the detectable 
binding betWeen an absorbent and a marker either before or 
after Washing With an eluant (selectivity threshold modi?er) 
or a Washing solution. 

[0097] “Eluant” or “Washing solution” refers to an agent 
that can be used to mediate adsorption of a marker to an 
adsorbent. Eluants and Washing solutions are also referred to 
as “selectivity threshold modi?ers.” Eluants and Washing 
solutions can be used to Wash and remove unbound materials 
from the probe substrate surface. 
[0098] “Resolve,” “resolution,” or “resolution of marker” 
refers to the detection of at least one marker in a sample. 
Resolution includes the detection of a plurality of markers in 
a sample by separation and subsequent differential detection. 
Resolution does not require the complete separation of one or 
more markers from all other biomolecules in a mixture. 
Rather, any separation that alloWs the distinction betWeen at 
least one marker and other biomolecules suf?ces. 
[0099] “Gas phase ion spectrometer” refers to an apparatus 
that measures a parameter Which can be translated into mass 
to-charge ratios of ions formed When a sample is volatiliZed 
and ioniZed. Generally ions of interest bear a single charge, 
and mass-to-charge ratios are often simply referred to as 
mass. Gas phase ion spectrometers include, for example, 
mass spectrometers, ion mobility spectrometers, and total ion 
current measuring devices. 
[0100] “Mass spectrometer” refers to a gas phase ion spec 
trometer that includes an inlet system, an ioniZation source, 
an ion optic assembly, a mass analyZer, and a detector. 
[0101] “Laser desorption mass spectrometer” refers to a 
mass spectrometer Which uses laser as means to desorb, vola 
tiliZe, and ioniZe an analyte. 
[0102] “Detect” refers to identifying the presence, absence 
or amount of the object to be detected. 

[0103] The terms “polypeptide, peptide” and “protein” 
are used interchangeably herein to refer to a polymer of amino 
acid residues. The terms apply to amino acid polymers in 
Which one or more amino acid residue is an analog or mimetic 
of a corresponding naturally occurring amino acid, as Well as 
to naturally occurring amino acid polymers. Polypeptides can 
be modi?ed, e.g., by the addition of carbohydrate residues to 
form glycoproteins. The terms “polypeptide,” “peptide” and 
“protein” include glycoproteins, as Well as non-glycopro 
teins. 


















































