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Abstract:

Disclosed herein are methods, and kits for use in said methods, that aid in the diagnosis and
evaluation of a pediatric subject for traumatic brain injury (TBI), using ubiquitin carboxy-terminal
hydrolase L1 (UCH-L1), glial fibrillary acidic protein (GFAP), or a combination thereof. Also
disclosed herein are methods, and kits for use in said methods, that aid in determining whether a
pediatric subject would benefit from and thus receive an imaging procedure, such as MRI or head
computerized tomography (CT) scan based on the levels of GFAP, UCH-L1 or GFAP and UCH-L1.
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METHODS OF EVALUATING BRAIN INJURY INA PEDIATRIC SUBJECT
RELATED APPLICATION INFORMATION

{63068 This application claims prority to U.S. Application No. 63/189757 filed on May
18, 2021, and U.S, Apphication No. 63/192 370, filed on May 24, 2021, the contents of each
of which axc herein meorporated by reforence m their entirety.
INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED KLECTRORNICALLY

{0882] Incorporated by reference i ifs entirety heretn is a computer-readahble
nucleotide/amino acid sequence listing submitted concurrently herewith and identified as
follows: One 6,541 Byte ASCH (Texd} file named "39325-601 SEQUENCE-

LISTING ST23TXT.)" created on May 18, 2022

TECHNICAL FIRLD

18803]  The present disclosure relates to methods of evaluating a pediatric subject fora
head injury. In some aspects, the disclosure relates to methods of evaluating a pediatric
subject for head wjury by measuring glial fibnllary acid protein {GFAP) and/or ubiguitin

carboxy-terminal hydrolase L1 (UCH-L1) in a sample obtained from the subject.
BACKGROUND

[60@4]  More than 5 million mild traumatic brain mjuries (TBIs) occur each vear in the
United States alone. Moreover, TBI is the lcading cause of death and disabiliy in children.
Currently, there is no simple, objective, accurate measurement available t¢ help i patient
assessment. In fact, much of TBE evaluarion and diagnosis is based on subjective data.
Unfortunately, objective measurements such as head CT and Glasgow Coma Score (GTS) are
not very comprehensive or sensitive in svaluating mild TBI. Moreover, head CT 1s
unrevealing for the vast majosity of the time for mild TBL 1s expensive, and exposes the
paticant to unnccossary radhation.  Addittonally, a nogative head CT docs not mean the paticnt
has been cleared from having a concussion; rather ¥ just means certain interventions, such as
surgery, are not warranted. Chlimicians and patients need objective, reliable information to
accurately evaluate this condition to promote appropriate triage and recovery. To date,
fimited data have been available for the use of early biomarkers in the acute care setiing o
ard 1n patient cvaluation and managemoent.

[88638]  Muld TBI or concussion is hard to objectively detect and presents an everyday
chalienge 11 emergency care units globally. Concussion frequently causes no gross

pathology. such as hemorrhage, and no abnoroalities on conventional computed tomography
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scans of the brain, but rather rapid-onset neuronal dysfunction that resolves in a spontancous
manner over a few days to a few weeks. There is an unmet need for mild TBI victims to be
cvaluated for their TBI status on scene, 1n emorgency rooms and clinics, in the hosputal, mn the
sports arca and in military activity {e.g., combat}.

SUMMARY

{08 In one aspect, provided herein are methods for evaluating a pediatric subject fora
head myury. In some embodiments, provided herein i1s a method of evaluating a pediatnic
subject for a head injury. In some embodiments, the method comprises perfornung an assay
on a sample which has boen taken from the subject after an actual or suspocted head injury to
measure a level of ublquitin carboxy-terminal hydrolase L1 (UCH-L1), and/or a level of ghial
fibrillary acidic protemn {GFAP) 10 the samaple. In some embodiments, the method comprises
determining that the subject has sustained a traumatic brain wjury (TBI) when the level of
GFAP 1n the sample 1s greater than a reference lovel of GFAP. In some embodiments, the
reference level of GFARP 1s at least about 30 pg/mi. Tn some embodiments, the reference
fevel of GFAP ig at least about 530 pg/mL. In some embodiments, the reference level of GFAP
is at least about 65 pg/mL. In some embodiments, the reference level 1s about 1000 pg/mL.
{80871  In some cmbodimonts, the mothod comprises determining that the subject has
sustained a TBI when the level of UCH-L1 in the sample is greater than a reforence level of
UCH-L1. In somc ombodiments, the reforonce fevel of UCH-L1 13 at least abouat 55 pg/mbL.
Inn some embodiments, the reference level of UCH-L1 is about 300 pg/mL.

{60681 In somoe embodiments, the method comprises determining that the subject has
sustained a TBI when the level of GFAP in the sample 1s greater than a reference level of
GFAP and the level of UCH-L1 in the sample 1s greater than a reference level of UCH-LL

Tu some embodiments, the reference level of GFAR 15 at least about 30 pg/ml and the
reference level of UCH-L1 13 about 360 pg/mi.. 1o some embodiments. the reference level of
GEFAP s about 65 pg/mL and the reference level of UCH-L1 1s about 360 pg/ml.

109Y  In somce cimbodiments, the sample s collecied within about 48 hours after the
actual or suspected head injury.  In other embodiments, the sampie is collected within about
6 hours after the actual or suspecied bead imjury. In other embodiments, the sample is
collocted within about 12 hours aftor the actual or suspected head mjary. In other
cmbodiments, the sample is collected within about 14 hours affter the actual or suspected head
mjury. In other embodiments, the sample 15 collected within about 24 hours after the actual or

suspected head mjury.
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168348 In some embodiments, the subject has received a Glasgow Coma Scale score
before or after the assay is performed. In some embodiments, the subject s suspected as
having a moderate to severg 1BI based on the Glasgow Coma Scale score. In some
embodiments, the reference level is correlated with subjects having moderate to severe TBL
in some embodiments, the subject is suspected as having nuld TBI based on the Glasgow
Coma Scale score. In some embodiments, the reference level is correlated with subjects
having mid TRL

{60331 In some embodiments, the reference level of GFAP i1s determined by an assay
having a sensitivity of at least about 909 and a specificity of at least about 40%. In some
cmbodiments, the reference level of GFAP is determined by an assay having a sensiivity of
at lcast about 30% and a specificity of at lcast about 90%. In somce cmbodiments, the
reference level of GFAP is determined by an assay having a negative predictive value of at
feast about 70%. In some embodiments, the reference level of GFAP 1s determmned by an
assay having a negative predictive value of at least about 90%. In some embodiments, the
reference level of GFAP is determined by an assay having a positive predictive value of at
Ieast aboot 50%. In some embodiments, the reference level of GFAP s determined by an
assay having a positive predictive value of at Icast about 0%,

{0012 In some embodunents, the reference level of UCH-L1 1s determined by an assay
baving a sensitivity of at least about 80% and a specificity of at least about 25%. In some
embodiments, the reference level of UCH-L1 is determined by an assay having a sensitivity
of at least about 30% and a speaificity of at least about 90%. In some embodunents, the
reterence level of UCH-L 1 15 deternmined by an assay baving a negative predictive value of at
Ieast abouot 65%. In some embodiments, the reference level of UCH-L1 is determined by an
assay having a positive predictive vabue of at least about 40% Tn some embodiments, the
reference level of UCH-L 1 15 doternuned by an assav having a positive predictive value of at
feast about 80%.

MII3Y o somce cmbodiments, the reference fevel of GFAP and the reference level of
UCH-L1 are determined by an assay having a sensitivity of at least 70% and a specificity of
at teast about 109 In some embodiments, the reference level of GFAP and the reference
Ievel of UCH-LT are determined by an assay having a scnsitivity of at Icast about 63% and a
specificity of at least about 25%. In some embodiments, the reference level of GFAP and the
reference level of UCH-L1 are determined by an assay having a positive predictive value of
at least about 35%. In some embodiments, the reference level of GFAP and the reference

fevel of UCH-L1 are determined by an assay having a negative predictive value of at least
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about 40%. In some embodiments, the reference level of GFAP and the reference level of
U{CH-L 1 are determinad by an assay having a negative predictive value of at least about 55%.
[8814] In some embodiments, the method further comprises treating the pediatric subject
determined as having a TBI with a treatment for TBI and optionally, monttorng the pediatric
subject after receiving said treatment.

{HESY 1o another aspect, provided herein are methods of evaluating whether to perform a
head computerized tomography (CUT) scan on a pediatric subject. In some embodiments, the
method comprises performing an assay on a sample which has been taken from the subject
after an actual or suspecied head injury to measure a level of ubiguitin carboxy-torminal
bydrolase L1 (UCH-L1}, and/or a level of glial fibsillary acidic protein (GFAP) in the sample.
[6816] In some cmbodumconts, the mothod compriscs detcrmining that a head €1 scan
should be performed on the pediatric subject when the level of GFAP in the sample s greater
than a reference level of GFAP. In some embodiments, the reference fevel of GFAP is at
least about 30 pg/mi. In some embodiments, the reference level of GFAP 13 at least about 50
pg/mL. In some embodiments, the reference level of GFAP 15 at least about 65 pg/ml. In
some embodiments, the reference level 1s about 1600 pg/mL.

{8817  In somc cmbodiments, the mothod comprises determining that a head CT scan
should be performed on the subject when the level of UCH-L1 1n the sample 15 greater than a
refcrence level of UCH-L1. In somce cmbodimcents, the reforence lovel of UCH-LT s at lcast
about 55 pg/ml. In some embodiments, the reference level of UCH-L1 is about 300 pg/mlL.
{6038 In somoe embodiments, the method comprises determining that a head CT scan
should be performed on the subject when the level of GFAP in the sample is greater than a
reference level of GFAP and the fevel of UCH-L1 in the sample is greater than a reference
level of UCH-L1. In some embodiments, the reference level of GFAP 1s at least about 30
pe/ml. and the reference level of UCH-L.{ s about 350 pg/ml.. In some embodiments, the
reference level of GFAP is about 63 pg/mL and the reference level of UCH-L1 is abowt 360
pe/ml.

{36197 1o some ermobodiments, the samiple is collecied within about 48 hours afier the
actual or suspected head ingury.  Tn other embodiments, the sample is collected within about
6 hours after the actual or suspecicd head myary. In other embodiments, the sample s
collected within about 12 hours after the actual or suspected head mjury. In other
embaodiments, the sample is collected within about 14 hours after the actual or suspected head
mjury. In other embodiments, the sample 1s collected withan about 24 hours affer the actual or

suspected head injury.
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{0828 Any of the methods described herein may further comprise performing an assay on
the samples to measure or detect a level of one or more other biomarkers that are not UCH-

L1 or GFAP. For example, one or more other biomarkers may be $S1000, neuron-specific

enoclase (NSE}, Iipoprotein 1, Tau, Coreactive protein (CRP), free brawn-derived neuretrophac
factor (BDNF), p-Tau, total BDNF, troponin § (Tal}), or a combination thercof, In some
embodiments, measunng the level of UCH-L1 comprises performing an tnnwnoeassay. In
some embodiments, measunng the level of UCH-L1 comprises contacting the sample, either
simultancously or sequentially, in any order with a capture antibody, which binds to an
epitope on UCH-L1 or UCH-L1 fragment to form a capture antibody-UCH-L1 antigen
complex, and a detection antibody which includes a detectable label and binds to an epitope
on UCH-L1 that is not bound by the capture antibody, to form a UCH-L1 antigen-detection
antibody complex. such that a capture antibody-UCH-L 1 antigen-detection antibody complex
is formed. In some embodiments, the measuring further comprises measuring the amount or
concentration of UCH-L I in the sample based on the signal generated by the detectable label
in the capture antibody-UCH-L 1 antigen-detection antibody complex.

{80281  In some cobodumconts, measuring the lovel of GFAP compriscs porforming an
immunoassay. In some embodiments, measuring the level of GFAP comprises contacting the
sample, cither simultancouasly or scqueontially, in any ordor with a capture antibody, which
binds 10 an epitope on GFAP or GFAP fragment to form a capture antibody-GFAFP antigen
complex, and a detection antibody which inclides a detectable label and binds to an epitope
on GFAP that 15 not bound by the capture antibody, to form a GFAP antigen-detection
antibody complex, such that a capture antibodyv-GFAP antigen-detection antibody complex s
formed. Tn some embodiments, the measuring further comprises measuring the amount or
concendration of UCH-L.1 in the sample based on the signal goverated by the detectable abel
in the capture antibody~UCH-L | antigen-detection antibody complex.

133221 In somce cimbodiments, the sample is a whole blood sample, a scrum sample, a
cerebrospinal fluid sample, a plasma sample, a tissue sample, a saliva sample, an
oropharyngeal sample, a nasopharyngeal sample, a nasal mucus sample, or a bodily fluid. In
some cmbodiments, the sample 1s obtained after the subjoct sustained a head injury causcd by
physical shaking, bhunt impact by an extemal mechanical or other force that resulisin a
closed or open head trauma, one or more talls, explosions or blasts or other tyvpes of blunt
force trauma. In some embodiments, the sample is obtamned after the subject has mgested or

been exposed to a chemical, toxin or combination of a chemical and toxin. In some
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embodiments, the chemical or (oxin 1s fire, mold, asbestos, a pesticide, an insecticide, an
organic solvent, a paint, a ghie, a gas, an organic metal, a drag of abuse or one or maore
combinations thereot. In some embodiments, the sample 1s obtained from a pediatric subject
that suffers from an autoimmune disease, a metabolic disorder, a brain fumor, hypoxia. a
virus, meningitis, hydrocephalus or combinations thereof.

jHI23)  In some embodiments, the assav 1s an immunoassay or a clinical chemistry assay.
In some embodiments, the assay 1s performed using single molecule detection, or a pomt-of-

care device.

Brier DESCRIPTION OF THE DRAWINGS

{24 FIG. 1 shows an ROC plot for GFAP levels in subjects ages 2-17.

RETR FIG. 2 shows an ROC plot for UCH-L1 levels in subjects ages 2-17

{86626]  FIG. 3 shows a graph evaluating GFAP results by head computed tomography
{CT) status.

{60827  FIG. 4 shows a graph evahiating UCH-L1 results by C7 status.

DurARED DESCRIPTION

j689281  The prosent disclosure relates to methods that aid in the determination of or
determiming whether a pediatne subject that has sustained or s suspected of susianing a head
mjury has sustained a traumatic bramm mjury {TBE), such as muild TBI (m'TEI), based on the
tevels of UCH-L1, GFAP, or a combination thereof. These methods mvelve measuring
fevels of UCH-LI, GFAP, or a combination thereof, in one or more samples taken from the
pediatric subject. For example, the sample or samples may be taken from the subject ata
time pount within abomwt 48 hours, ¢.g., within about 24 hours (e.g., fromg zero 1o about 25
hours), of the actual or suspected head injury. The measurement of fevels of GFAP, UCH-
L1 or GFAP and UCH-L1, fragments thereotf. or combinations thereof, that are equal or
greater than reference levels of GFAP, UCH-L1 or GFAP and UCH- provides an aid in the
determination of or determining whether the pediatric subject has sustamed a TBI, such as a
mild TBI or moderate to severe TBI, and/or is in need of further medical evaluation of the
suspected injury TBI {e.g., CT imaging and/or MRI). In some embodiments, the pediatric

subject 13 a human subject.
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168297 Section headings as used 1o this section and the entire disclosure herein are merely

for organizational parposes and are not intended to be limiting.
1. Definitions

0381 Unless otherwise defined, all techmical and scientific terms vsed herein have the
same meaning as coromonly understood by one of ordinary skill in the art. In case of
contlict, the present document, including definitions, will control. Preferred methods and
maternials are described below, although methods and materials similar or equivalent to those
described herein can be used in practice or testing of the present disclosure.  All publications,
patent applications, patents and other references mentioned herein are incorporated by
reforence m thotr entirety. The materials, methods, and oxamples discloscd hercin arg
tllustrative only and not intended to be limiting.

29

{68317 The terms “comprise(s),” “include{s}.” “having,” “has,” “can.” “contan{s},” and
vanants thereof, as used heren, are mtended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singuldar forms
“a,” “and” and “the” include plural references unless the context clearly dictates otherwise.
The present disclosure also contemplates other embodunents “compunsing.” “consisting of”
and “consisting essentially of,” the embodiments or elements presented herein, whether
explicitly set forth or not.

{3332)  Forthe recitation of numeric ranges herein, each intervening number there between
with the same degree of precision is exphcitly contemplated. For example, for the range of 6-
9, the numbers 7 and 8 arc contemplated in addition to 6 and 2, and for the range 6.0-7.0, the
number 6.0, 6.1,62,63,64,635,66,67,6.8,6.9, and 7.0 are exphicitly contemplated.
f0833]  “Affinity matured antibody” 15 used heremn to refer to an antibody with one or more
alterations 1 one or more CDRs, which result in an improvement in the affiuty (e, Kn, ka
or ko) of the antibody for a target antigen compared 1o a parent aniibody, which does not
possess the alteration{s). Excmplary affinity matured antibodies will have nanomolar or even
picomolar affinities for the target antigen. A variety of procedures for producing affinity
matured antibodies 1s known in the art, including the screemng of a combinatory antibody
Iibrary that has been prepared using bio-display. For example, Marks et af., BioTechnology,
10: 779-783 (1992) describes affinity maturation by VH and VL domain shuffling. Random
mutagenesis of CDR and/or framework residues 1s desenibed by Barbas er o/, Proc. Nai.
Acad. Sci. USA, 91: 3809-3813 (1994); Schicr er o, Gene, 169: 147-155 {1993); Yclton ¢/
al., . Immunocl., 135 1994-2004 {1995} Jackson er al., J. fmmunol | 134(7). 3310-331¢
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{1995); and Hawkms ¢/ o/, J. Mol Biol,, 226; 889-896 {1992). Sclective mutation at
selective mutagenesis positions and at contact or hyvpermutation positions with an activity-
enhancing aming acid residue is deseribed m ULS. Patent No. 6,914,128 Bl

{6034] “Antibodyv” and “antibodies” as used herein refers to monoclonal antibodies,
monospecific antibodies {e.g., which can either be monoclonal, or may also be produced by
other means than producing them from a commeon germ ¢cell}, multispecific antibodics,
human antibodies, humanized antibodies (fully or partially humanized), amumal antibodies
such as, but not himited to, a bird {for example, a duck or a goose), a shark, a whale, and a
mammal, including a non-primate (for example, a cow, a pig, a camel, a llama, a horse, a
goat, a rabbit, a sheep, a hamster, a guinea pig. a cat, a dog, a rat, a Mouse, ¢ic.) or a non-
human primate (for example, a monkey, a chimpanzee, ¢tc.), recombinant antibodies,
chimeric antibodics, single-chain Fvs (UscFv™), single chain antibodies, single domain
antibodics, Fab fragments, F(ab') fragments, F(ab'y: fragments, disulfide-linked Fvs (“sdFv™),
and anti-idiotypic Canti~Id”) antibodies, dual-domain antibodies, dual variable domain
{DVD) or triple variable domain (TVD)} anubodies {dual-vanable domain immunoglobulins
and methods for making them are desceribed in Wa, C ) erf ol ) Narre Biotechnaology,
25(113:1200-1297 {2007) and PCT Intcrnational Application WO 2001/058956, the contents
of each of which are herein incorporated by reference), and functionally active epitope-
binding fragmonts of any of the above. In particular, antibodics mchide immmoglobulin
molecules and immunologically active fragments of imnuwnoglobulin molecules, namely,
molecules that contain an analyte-binding site. Immunoglobuliuy molecules can be of any
type (for example, TgG, IgE, IgM, IgD, IgA, and IgY), class (for example, Ig(Gl, 1g(2, Io(3,
IoG4, IgAl, and IgA2), or subclass. For simplicity sake, an antibody against an analyte ig
frequently referred to herein as being either an “anti-analyte antibody” or merely an “analvte
anttbody” {e.z., an anti-GFAP antibody, a GFAP antibody, an anti-UCH-L 1 antibedy, ora
UCH-L1 antibody).

HMI3SY]  “Antibody fragment” as used hercin refors to a portion of an intact antibody
comprising the antigen-binding stie or vanable region. The portion docs ot include the

constant beavy chain domams (/e CH2Z, CH3, or CH4, depending on the antibody isotype)
of the Fo region of the intact antibody. BExamplcs of antibody fragmoents include, but are not
himited to, Fab fragments, Fab' tragments, Fab'-SH fragments, F{ab') fragments, Fd
fragments. Fv fragments, diabodies, single-chain Fv {(scFv) molecules, single-chamn
polypeptides containing only one hght chain vanable domain, single-cham polypeptides

containing the three CDRs of the light-chain variable domain, single-chain polypeptides

el
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coniaining only one heavy chain vanable region, and single-chain polypeptides contaimng
the three CDRs of the heavy chain vanable region.

{88367  The "arca under curve” or "TAUC” refers to arca under a ROC curve. AUC wnder a
ROC curve 18 a measure of accuracy. An AUC of 1 represents a perfect test, whereas an
AUC of 0.3 represents an insignificant test. A preferred AUC may be at least approxamately
o
{

700, at least approximately 0.750, at least approximately 0.800, at least approximately

-]

850, at least approxamately 0.900, at least approximately 0.910, at least approximately
0.920, at least approximately 0.930, at least approxamately 0.940, at least approximately
0.950, at least approximately 0.960, at least approximately 0.970, at least approximately
(.980, at least approximately 0.990, or at least approximately $.995.

{60371 “Bead” and “particic” arc uscd herein intcrchangcablv and reftr to a substantially
spherical solid support. One example of 2 bead or particle 1s a microparticle. Microparticles
that can be used herein can be anv type known 1o the art. For example. the bead or particle
can be a magnetic bead or magnetic particle. Magnetic beads/particles may be ferromagnetic,
ferrimagnete, paramagnetic, superparamagnetic or ferrofluidic. Exemplary ferromagnetic
materials include Fe, Co, Ni, Gd, Dy, CrQz, MinAs, Mo, BEu(, and NMiGQ/Fe. Examples of
forrimagnotic materials includo NiFc204, CoFoaly, FoszO4 (or FeFea(s). Boads can have a
solid core portion that 1s magunetic and is smrounded by one or more non-magnetic layers.
Altcrnately, the magnctic portion can be a layer around a non-magncetic core. The
microparticles can be of any size that would work in the methods described herein, e.g.. from
about 0.75 to about 5 ., or from about 1 to about 5 nny, or from about 1 to about 3 nm.
J68381 “Binding protemn” 1s used herem to refer to a monomeric or multimenc protein that
binds to and forms a complex with a binding partner, such as, for exampie, a polypeptide, an
antigen, a chemical compound or other molecule, or a substrate of any kind. A binding
protewn specifically binds a binding partver. Binding proteins jnclude antibodies. as well as
antigen-binding fragments thereof and other various fors and derivatives thereof as are
known in the art and described hercin below, and other molccules comprising onc or more
antigen-binding domains that bind 1o av antigen wolscule or a particular site (epitope) on the
antigen molecule. Accordingly, a binding protein includes, but is not houted to, an antbody
a totramoernie immuanoglobulin, an gl molcaule, an gl molecule, a monoclonal antibody, a
chimeric antibody, a CDR-grafted antibody, a humanized antibody, an affinity matured
antibody, and frapments of any such antibodies that retain the ability to bind to an antigen.
(30387 “Bispecific antibody” 1s used herein to refer to a full-length antibody that 1s

generated by quadroma technology (see Milstein e ol Narure, 305(5934): 537-540 (1983)),
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by chemical conjugation of two different monoclonal antibodies (see, Stasrz et al., Naiure,
314(6012): 628-631 (1985)), or by knob-into-hole or simitlar approaches, which introduce
mutations m the Fc region {s¢e Holliger er o/, Proc Natl Acad. Sci USA, 90{14). 6444-644%
{1993}, resulting in multiple different immunoglobulin species of which only one is the
functional bispecific antibody. A bispecific antibody binds one antigen {or eptiope) on one of
its two binding arms (one pair of HC/LC), and binds a different antigen (or epitope) on its
second arm {(a duferent pair of HC/ALC), By this definmion, a bispecific antibody has two
distinet antigen-binding arms (in both specificity and CDR sequences), and 1s monovalent for
cach antigen to which it binds to.

{0848] “CDR” is used herein to refer to the “complementarity determining region” within
an antibody vanable scquence. There arc three CRs in cach of the varnablc rogions of the
heavy chain and the light chain. Proceeding from the N-ferminus of a heavy or light chain,
these regions are denoted "CDRTY, "CDR2™ and "CDR3Y, for each of the variable regions.
The torm "CDR set" as used herein refers to a group of three CDRs that occur in a single
variable region that binds the antigen. An antigen-binding site, therefore, may mclude six
CDRs, comprising the CDR set from cach of a heavy and a light chain vanable region. A
polypeptide comprising a single CDR, {c.g., a CDR1, CORZ, or CDR3) may be reforred to as
a “molecular recognition unit.” Crystaliographic analvses of antigen-antibody complexes
have demonstrated that the amino acid residucs of CDRs form extensive contact with bound
antigen, wherein the most exiensive antigen contact is with the heavy chain CDR3. Thus, the
molecular recognition units may be primarily responsible for the specificity of an antigen-
binding site. In general, the CDR residues are directly and most substantially mvolved in
inflaencing antigen binding.

{6041  The exact boundanies of these UDRs have been defined differently acconding to
different svstemns. The systema described by Kabat (Kabat et al.. Sequences of Proteins of
Immunological Inferest (National Tnstitutes of Health, Bethesda, Md. (1987) and (1991} not
only provides an unambiguous residuc nomberning system applicable to any variable region of
avn aotibody, but also provides precise residue boundarnies defining the three CDRs. These
CDRs may be referred to as "Kabat CDRs". Chothia and coworkers (Chothia and Lesk, J
Mol Biof., 196 901-017 {1987}; and Chothia er af., Nature, 342: 877-883 (1989} {found that
certan sub-portions within Kabat CDRs adopt nearly identical peptide backbone
conformations, despite having great diversity at the level of amino acid sequence. These sub-
portions were designated as "L17, "L2", and "L3", or "HI", "H2", and "H3", where the "L”

and the "H" designate the light chain and the heavy chain regions, respectively. These
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regions may be referred to as "Chothia CDRs", which have boundaries that overlap with
Kabat CDRs. (ther boundaries defining CDRs overlapping with the Kabat CDRs have been
described by Padlan, F4ASER J, 9 133-139 (1995}, and MacCallum, J. Mo/ Hiol., 262{5}:
732-745 {1996}, Sull other CDR boundary definitions may not strictly follow one of the
heremn systems, bot will nonetheless overlap with the Kabat CDRs, although they may be
shortened or lengthened in light of prediction or experimental findings that particuelar residues
or groups of residues or even entire CDRs do not significantly impact antigen binding. The
methods used herein may utilize CDRs defined according to any of these svstems, although
certain embodiments use Kabat- or Chothia~-defined CDRs.

{6042 “Component” “components,” or “at least one component,” refer gencrally to a
capturc antibody, a detection or conjugatce a calhibrator, a control, a scnsmivity pancl, a
container, a bufter, a diluent, a salt, an enzyme, a co-factor for an enzyvine, a detection
reagent, a pretreatment reagent/solution, a substrate {e.g_, as a solution}, a stop solution, and
the like that can be mncluded 19 a kit for assay of a tost sample, such as a patient urine, whaole
blood, serum or plasma sarople, in accordance with the methods described herein and other
methods known in the art. Some components can be m sohstion or yophilized for
reconstitution for usc i an assay.

jo043] “Controls” as used herein generally refers to a reagent whose purpose is to evaluate
the performance of a measurement system 1 order to assure that # continues to produce
results within permissible boundaries {¢.g., boundaries ranging from measuares appropriate for
a rescarch use assay on one end fo analytic boundarics established bv gualsty specifications
for a comynercial assay on the other end). To accomplish this, a control should be indicative
of patient results and optionally should somehow assess the impact of error on the
measurement {¢.g _, error due to reagent stability, calibrator variability) nstrument vanahibity,
and the like). As used herein, a “control subject” relates to a subject or subjocts that have not
sustained a trawmatic bram wjury (TBI). As used herein, a “heathy control” or “healthy
control subject” relates to a subject or subjocts that are considered to be healthy and have
sustained no apparent TRE

j6844] “Correlated 07 as used herein refers to compared .

[8848] “UT scan™ as used horein refCrs to a computerized tomography (CTy scan, A {1
scan combines a series of X-ray images taken from different angles and uses computer
processing to create cross-sectional images, or slices, of the bones, blood vessels and soft
tissues inside your body. The T scan may use X-ray CT, postiron emission tomography

(PET), smgle-photon emission computed tomography (SPECT). computed axdial tomography
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{CAT scan), or computer aided tomography. The CT scan may be a conventional €T scan or
a spiral/helical CT scan. In a conventional T scan, the scan is taken slice by slice and after
cach slice the scan stops and moves down to the next shice, ¢.g., from the top of the abdomen
down to the pelvis. The conventional CT scan requires patients to hold their breath to avoid
movement artefact. The spiral/helical CT scan is a continuous scan whach is taken in a spiral
fashion and is a much quicker process where the scanned images are contiguous.

16846]  “Denvative” of an antibody as used herein may refer to an antibody having one or
more modifications {o its amino acid sequence when compared to a genuine or parent
antibody and oxhibit a modified domain structure. The derivative may still be able to adopt
the typical domain configuration found in native antibodies, as well as an amino acid
sequence, which 1s able to bmd (o targets (antigens) with specificity. Tvpical examples of
antibody derivatives are antibodies coupled to other polypeptides, rearranged antibody
domains, or fragments of antibodies. The dertvative may also comprise at least one further
compound, 2.g.. a protein domain, saud protein domain being linked by covalent or non-
covalent bonds. The linkage can be based on genetic fusion according 1o the methods known
i the art. The additional domain present in the fusion protem comprising the antibody may
preforably be linked by a floxable linker, advantagcously a peptide linker, wherein said
peptide linker compnses plural, hydrophilic, peptide-bonded amiino acids of a length
sufficicnt to span the distancc between the C-terminal ond of the further protein domain and
the N-terminal end of the antibody or vice versa. The antibody may be linked to an effecior
molecule having a conformation suitable for biological activity or selective binding to a solid
support, a biologically active substance {e. g, a cviokine or growth hormone), a chenucal
agent, a peptide, a protein, or a drug, for example.

[0847]  “Determuned by an assay” ts used herein to refer to the determmnation of a reference
tevel by any appropriate assay. The determination of a reference lovel may, in some
embodiments, be achieved by an assay of the same type as the assay that is to be applied to
the sample from the subject (for example, by an wununcassay, chinical chemistry assay, a
single molecule detection assay, profein inununoprecipitation, immunociectrophoresis.
chemical analysis, SDIS-PAGE and Western blot analysis, or protein immunostaiming,
clectrophoresis analysis, a protoin assay, a compcetitive binding assay, a functional protom
assay, or chromatographyv or spectrometry methods, such as high-performance higuid
chromatography (HPLC) or liguid chromatography—mass spectrometry (LC/MS)). The
determnation of a reference level may, in some embodiments, be achieved by an assay of the

same type and under the same assay conditions as the assay that is to be applied to the sample
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from the subject. As noted herein, this disclosure provides exemplary reference levels (e.g.,
calculated by comparing reference levels at different time points). It is well within the
ordinary skill of one i the art to adapt the disciosure herein for other assays to obtain assayv-
specitic reference levels for those other assavs based on the description provided by this
disclosure. For example, a set of traimning samples comprising samples obtained from
subijects known to have sustained an injury to the head {(e.g.. samples obtained from human
subjects) known to have sustained a (1) nuld TBI, and/or (i) moderate, severe, or moderate to
severe TBI and samples obtamed from subjects {o.g., human subjects) known not to have
sustained an injury to the head may be used to obtain assay-specific reference levels, It will
be understood that a reference level “determined by an assay” and having a recited level of
“sensitivity” and/or “specificity” is used herein to refer to a reference level which has been
determined to provide a method of the recited sensitivity and/or specificity when said
reference level is adopted 10 the methods of the disclosure. It 1s well within the ordimary skill
of ong 1n the ant to determine the sonsitivity and specificity assoctated with a given reference
level in the methods of the disclosure, for example by repeated statistical analysig of assay
data using a plarality of different possible reference levels.

[8048]  Practically, when disceriminating between a subjoct as having a traumatic brain
ijury or not having a {raumatic brain injury or a subject as having a mild versus a moderate,
scvere, of moderaic 1o severe traumatic bram imgury, the skilled porson will balance the cfiect
of raising a cutoff on sensitivity and specificity. Raising or lowering a cutoff will have a weil-
defined and predictable impact on sensitivity and specificity, and other standard statistical
meagures. It 1s well known that raising a cutott will improve specificity but 15 hikely to
worsen sensitivity {proportion of those with disease who test positive). In contrast, lowering
a cutoft will improve sensitivity but will worsen specificity {(proportion of those without
disease who test negative). The ranufications for detecting traumatic brain mjury or
determining a mild versus moderate, severe, or moderate 1o severe traumatic brain injury will
be readily apparcat to those skilled in the art. To discriminating whether a subject has or does
not have a traumatic brain injury or a viild versus a moderate, severe, or moderate o severe
traurnatic brain injury, the higher the cutoff, specificity improves as more (rue negatives (e,
subjocts not having a traumatic brain njwry, not having a nuld traumatic brain myary, not
have a moderate traumatic brain injury, not having a severe fraumatic brain infury or not
having a moderate to severe traumatic brain injury) are distinguished from those baving a
traumatic brain mjury, a mild traumatic brain injury, a moderate traumatic brain mjury, a

severs trauwmatic brain injury or a moderate to severe trawmatic brain injury. But at the same
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time, raising the cutoff decreases the number of cases identified as positive overall, as well as
the number of trae positives, so the sensitivity must decrease. Conversely, the lower the
cutoff, sensitivity IMproves as more true posttives {i.¢., subjects having a traumatic brain
mjury, having a mild fraumatic brain injury, having a moderate traumatic bramn injury, having
a severe traumatic brain injury or having a moderate to severe traumatic brain injury} are
distinguished from those who do not have a traumatic brain injury. a mild traumatic brain
mjury, a moderate traumatic brain injury, a severe traurmatic brawn mjury or a moderate to
severe trawmatic brain injury. But at the same time, lowering the cutoff inereases the number
of cases identified as positive overall, as well as the number of false positives, so the
specificity must decreasc.

j8045]  Gonerally, a bigh sensitivity value helps onc of skill rule out discase or condition
{such as a traumatic brain injury, mild traumatic brain injury, moderate traumatic brain
injury, severe traumatic bramn mjury or moderate {0 severe traumatc bras mjury), and a high
specificity value helps one of skill rule i disease or condition. Whether one of skill desires
to rule out or rule in disease depends on what the consequences are for the patient for each
type of error. Accordingly, one cannot know or pradict the precise balancing emploved to
dorive a test cutoff without full disclosurc of the underlving information on how the valuc
was selected, The balancing of sensitivity against specificity and other factors will ditferona
casc-by-casc basis. This i1s why it 15 sometines preferable to provide alicrnatce cutoff (c.g.,
reference) valucs so a physician or practitioner can choose.

{0387 “Diugs of abuse” 15 used heren to refer to one or mwore additive substances (such as
a drug) taken for non-medical reasons {such as for, example, recreational and/or mind-~
altering effects). Excessive overindolgence, use or dependence of such drugs of abuse is
often referred to as “substance abuse” Examples of drugs of abuse include aleohol,

barbiturates, benzodiazepines, cannabis, cocaine, hallucinogens (such as ketamine, mescaline

{including mcthamphetamines). anabolic steroids, mhalants {(namcly, substances which
contain volatile substances that contain psychoactive properties such as, for example, nitriies,
spray patnts, cleaning Huids, markers, glues, etc ) and combinations thereof,

(88581 “Daual-specific antibody”™ 1s uscd horcan to refer o a full-longth antibody that can
bind two different antigens (or epitopes) in each of its two binding arms {a pair of HU/LC)
{sce PCT publication WO 02/02773). Accordingly, a dual-specific binding protein has two
wdentical antigen binding arms, with identical speaficity and identical CDR sequences, and 1s

bivalent for each antigen to which it binds.
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{6982  “Dwual variable domain” 1s used herein to refer to two or more antigen binding sues
on a binding protein, which may be divalent (two antigen binding sites), tetravalent (four
antigen binding sites), or multivalent binding proteins. DY Ds may be monospecific, 1.¢.,
capable of binding one antigen (or one specific epitope), or mutispecific, i.¢., capable of
binding two or more antigens (i.c., two or more epitopes of the same target antigen molecule
or two or more epitopes of different target antigens). A preferred DVD binding protein
comprises two heavy chain DVD polvpeptides and two light chain DVD polyvpeptides and is
referred to as a “DVD immunoglobulin” or “DVD-Ig.” Such a DVDB-Ig binding protem 1s
thus tetrameric and reminiscent of an Ig(G molecude, but provides more antigen binding sites
than an IgG molecule. Thas, cach half of a tetrameric DVD-Ig molecule is reminiscent of
one half of an Igls molecule and comprises a heavy chain VD polvpeptide and a light chain
DVD polypeptide, but unlike a pair of heavy and light chains of an [gG molecule that
provides a single antigen binding domain, a pair of heavy and hight chains of 3 BDVI-Ig

provide two or more antigen binding sites.

{08531 Each antigen binding site of a BVD-Ig binding protein may be denved from a
donor ("parental”} monoclonal antibody and thus comprises a heavy chain variable domain
{VH) and a light chain vanablc domain (VL) with a total of six CDRs involved in antigen
binding per antigen binding site. Accordingly, a DVD-1g binding protein that binds two
different opitopes {i.¢., two diffcront epitopes of two difforent antigen molccules or two
different epitopes of the same antigen molecule) comprises an antigen binding site derived
from a first parental monoclonal antibody and an antigen binding site of a second parental
monocional antibody.

{30584 A description of the design, expression, and characterization of BDVD-Ig binding
molecules 1s provided 10 PCT Publication No. WO 2007/024715, U8, Patent No. 7.612 181,
and Wu et al., Nature Biotech., 25. 1200-1297 {2007). A preferred example of such DVD-Ig
molecules comprises a heavy chain that comprises the structural formula VDI Din-VD2-C-
{X2Zm, wherein YD1 is a fisst heavy chain varniable domain, VD2 is a second heavy chain
variable domain, C is a heavy chain constant domain, X1 is a Hoker with the proviso that it s
not CHI, X2 is an Feregion, and n is O or |, but preferably 1) and a light chain that comprises
the structural formmda VB I-{(X -V D2-C-(X 2, whercin VBT 15 a first hght chain variable
domain, VD2 is a sccond light cham vanable domain, C is a light chain constant domain, X1
is a linker with the proviso that it is not CH1 | and X2 does not comprise an Fe region; and n
1s O or §, but preferably 1. Such a DVD-Ig may comprise two such heavy chams and two

such light chains, wherein each cham comprises variable domains linked in tandem without
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an intervening constant region between vanable regions, wherein a heavy chain and a light
chain associate to fornm tandem functional antigen binding sites, and a pair of heavy and light
chains may associate with another patr of heavy and hight chains to form a tetramernic binding
protein with four functional antigen bindmg sites. In another example, a DVD-Ig molecule
may comprise heavy and hght chains that cach comprise three variable domamns (VD1 VD2,
VI3 linked in tandem without an intervening constant region between variable domaing,
wherein a pair of heavy and light chamns may associate to form three antigen binding sites,
and wherein a pair of heavy and light chaing may associate with another pair of heavy and
light chains to form a tetrameric binding protein with six antigen binding sites.

{0835%]  In a preferred embodiment, a DVD-Ig binding protein not only binds the same
targct molecules bound by iis parcntal monocional antibodics, but also possesses onc or more
desirable propertics of one or more of its parental monocional antibodies. Preferably, such an
additional property 1s an antibody parameter of one or more of the parental monoclonal
antibodies. Antibody parameters that may be coninbuted 1o a DVD-Ig hinding protein from
one or more of its parental monoclonal antibodies include, but are not limited to, antigen
specificity, anfigen affinity, potency, bological funchion, epitope recogmition, protein
stability, protoin sohubility, production ¢fficicncy, immunaogenicity, pharmacokinctics,
bioavailability, tissue cross reactivity, and orthologous antigen binding.

{088 A DVD-Ig binding protein binds at Jeast one epitope of UCH-L1, GFAP, or UCH-
L1 and GFAP. Non-limiting examples of a DVD-1g binding protein include (1) a DVD-ig
binding protein that binds one or more epitopes of UCH-LI, a DVD-Ig binding protein that
binds an epitope of a human UCH-L1 and an eprtope of UCH-L 1 of another species {(for
example, mouse), and a DVD-Ig binding protein that binds an epitope of a human UCH-L1
and an epitope of another target molecule; (23 a DVD-Ig hinding protein that binds one or
mare epitopes of GFAP, a DVD-Ig binding protein that binds an epitope of a human GFAP
and an epttope of GFAP of another species (for example, mouse), and a DVD-1g binding
protein that binds an cpitope of a human GFAP and an ¢pitope of another target molecule; or
{3) a DVD-Ig binding protein that binds one or more epiiopes of UCH-L.1 and GFAP, a
DVD-Ig binding protein that binds an epitope of a human UCH-L1, a human GFAP, and an
cpitope of UCH-L1 of anothoer specics (for example, mousc), and a DV D-Ig binding protain
that binds an ¢pitope of a human UCH-L1, a human GFAP, and an epitope of another target
maolecule.

[3O87]  “Dynamic range” as used heremn refers to range over whach an assay readout i3

proportional to the amount of target molecule or analyte in the sample being analyzed.
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[U988]  “Epitope,” or “epitopes,” or “epitopes of interest” refer (o a site{s) on any molecule
that is recognized and can bind to a complementary stte(s) on its specific binding partner.
The molecule and specific binding partner are part of a specific binding patr. For example,
an epitope can be on a polypeptide, a protein, a hapten, a carbohydrate antigen {such as, but
not limited to, glveolipids, glycoproteins or Hpopolvsaccharides), or a polysaccharnide. Its
spectfic binding partner can be, but 1s not limated fo, an antibody,

{6889]  “Fragment antigen-~-binding fragment” or “Fab fragment” as used herein refers to a
fragment of an antibody that binds to antigens and that contains one antigen-binding site, one
complete lght chain, and part of one heavy chain. Fab is a monovalent fragment consisting
ofthe VL, VH, CL and CH1 domains. Fab is composed of one constant and one variable
domain of each of the heavy and the hight chain. The variable domain contams the paratope
{the antigen-binding sile}, comprising a set of complementarity determining regions, at the
amino terminal end of the monomer. Each arm of the Y thuos binds an epitope on the antigen.
Fab fragments can be generated such as has been desceribed in the art, e g, using the enzyme
papain, which can be used to cleave an immunoglobulin monomer into two Fab fragments
and an Fe fragment, or can be produced by recombinant means.

{88607  “F(ab'y: fragment” as usced heroin rofors to antibodics gencrated by popsin digestion
of whole IgQG antibodies to remove most of the Fe region while leaving intact some of the
hinge region. F{ab'): fragments have two antigen-binding F{ab) portions lnked together by
disulfide bonds. and therefore are divalent with a molecular weight of about 119 kiDa.
Divalent antibody fragments (F{ab'y: fragments) are smaller than whole 1g(G nolecules and
cnable a betler penctration into tissue thus facilitating better antigen recognifion in
imnnmohistochemistry. The use of Flab'): fragments also avoid unspecific binding to Fo
receptor on live cells or to Protein A/G. F(ab'y: fragments can both hind and precipitate
anfigens.

{061 “Framework” (FR) or “Framework sequence” as used herein mav mean the
remaining sequences of a vanable region minus the CDRs. Because the exact definition of a
CDR sequence can be determuned by difforent systems (for example, sec above), the meaning
of a framework sequence 1s subject to correspondingly different interpretations. The six
CDRs (CBR-L1, -L2, and -L3 of light chain and UCBR-H1, -H2, and -H3 of heavy chain) also
divide the framework regions on the fight chain and the heavy chain into four sub-regions
{FR1. FR2 FR3, and FR4) on each chain, in which CDR1 is positioned between FR1 and
FR2, CDR2 between FR2 and FR3, and CDR3 between FR3 and FR4. Without specifyving

the particalar sub-regions as FR1, FR2, FR3, or FR4, a framework region, as referred by
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others, represents the combined FRs within the vanable region of a single, naturally
occurring immunoglobulin chain. As used herein, a FR represents one of the four sub-
regions, and FKs represents two or more of the four sub-regions constituting a framework
region.

j30621  Human heavy chain and hight chain FR sequences are known in the art that can be
used as heavy chain and light chain "acceptor” framework seqguences {or simaply, "acceptor”
sequences) to humanize a non-buman anttbody using technigues known m the art. In one
embodiment, human heavy chain and hight chain acceptor sequences are selected from the

framework sequences listed in publicly available databases such as V-base (hypertext transfor

protocol://vbase mre-cpe.cam.ac.uk/) or in the mternational ImMunoGeneTics® (IMGTE
mformation system (hyperiext transter
protocol//imgt.cines fi/texts/IMG Trepertoire/LocusGenes/).

Hie3]  “Functional antigen binding site” as used herein may mean a site on a binding
protein (¢ g, an antibady) that 1s capable of binding a target antigen. The antigen binding
affimity of the antigen binding site may not be as strong as the parent binding protein, e.g.,
parent antitbody, from which the antigen binding site 1s derived, but the ability to bind antigen
must be measurablo using any onc of a varicty of mothods known for ovaluating protoin, ¢.g.,
antibody, binding to an antigen. Moreover, the antigen brnding affinity of cach of the antigen
binding sites of a multivalont profcin, ¢.g., multivalent antibody, horein need not be
guantitatively the same.

{6064  “GFAP” 1s used herein to describe glial fibnillary acidic protein. GFAP 15 a protein
that 1s encoded by the GFAF gene i humans and by (G747 gene counterparts in other apecies
and which can be produced {e.g., by recombinant means, in other species).

{00651  “GFAP status” can mean cither the level or amount of GFAP at a pomi n time
{such as with a single measure of GFAP), the level or amount of GFAP assomated with
monitoring {such as with a repeat test on a subject to identify an increase or decrease in
GFAP amount), the level or amount of GFAP associated with treatment for traumatic brain
injury {whether a primary brain tnjury and/or a secondary brain trjury) ot cornbinations
thereof.

(88661  “Glasgow Coma Scale” or “GUS” as used herom reters to a 13-pomnt scale for
estimating and catcgorizing the outcomes of brain injury on the basis of overall social
capability or dependence on others. The test measures the motor response, verbal response
and eve opening response with these values: I. Motor Response {6 — Obeyvs commands fully;

5 - Localizes to noxicus stimuli; 4 ~ Withdraws from noxicus stimuli; 3 — Abnormal flexion,

i8



WO 2022/245920 PCT/US2022/029798

CA 03216320 2023-10-20

i.e., decorticate posturing; 2 — Extensor response, /.e., decerebrate postunng: and 1 - No
response); I Verbal Response (5 — Alert and Oriented; 4 — Confused, yet coherent, speech; 3
- Inappropriate words and jumbled phrases consisting of words: 2 — Incomprchensible
sounds; and 1 — No sounds); and T Eve Opening (4 — Spontancous eve opening,; 3 — Eves
open to speech; 2 — Eyes open o pain; and 1~ No eve opening). The final score is
determined by adding the values of I+1i+H1. The final score can be categorized into four
possible levels for survival, with a lower number indicating a more severe mjury and a poorer
proguosis: Mild (13-15); Moderate Disability (9-12) (Loss of consciousness greater than 30
minutes; Physical or cognitive impairments which may or may resolve: and Benefit from
Rehabiluation); Severe Disability (3-8} {(Coma: unconscious state. No meaningful response,
no voluntary activities), and Vegetative State (Less Than 3) (Sleep wake cveles; Arousal, but
no interaction with environment; No localized response to pain). Moderate brain injury i
defined as a brain mjury resulting in a loss of consciousness from 20 nunutes to 6 howrs and a
Glasgow Coma Scale of 910 12, Severe brain ingury 15 defined as a bram tnyjury resulting n a
loss of consciousness of greater than 6 hours and a Glaggow Coma Scale of 3 1o 8.

{88671  “Glasgow Gutcome Scale™ as used herein refers to a global scale for functional
outcomc that ratcs pationt status into onc of five categorics: Dead, Vogoetative State, Scovers
Dhsability, Moderate Disability or Good Recovery,

681 “Extended Glasgow Qutcome Scale”™ or “GOSE™ as used interchangeably herein
provides more detailed categorization into eight categories by subdividing the categories of
severe disability, moderate disabihity and good recovery into a lower and upper category as

shown m Table 1.

Table }

i Dreath D

Condition of unawareness with only refiex responses
but with periods of spontauesus ¢ve opeuing

3 Lower severe disatility SD - Patient who is dependent for daily suppott for mental
ot phyeical disability, usually a combination of both
If the paticat can be lofi alone for more than 8 hours

2 Vegetative state VX

A o e . Jce [ R q
4 Upper severe disability 8D+ | at home it is upper level of SD, i not then it is low
level of 813
Patients have some disability such as aphasia,
3 Lower nioderate disability MD - hemiparesis or epilepsy and/or deficits of memory or

personality but arc able to lock after themsclves. They
are independent at home but dependent ouiside. If
they are able to return o work even with special
arrangement it is upper level of MD, if not thenitis
low level of MD.

& Upper modorate disability MD +
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Resumption of normal life with the capacity
to work even if pre-ingury statos has not been
achieved. Some patients have minor
neurological or psvchological deticits, I
these deficits are not disabling then s
Upper good recovery GR + | upper level of GR, if disabling then itis
lower level of GR.

(0069 “Humanized andibody™ is used bereu to descabe an antibody that comprises heavy

i

Lower good recovery GR -

o]

and light chain variable region sequences from a non-human specics (€.g., a mouse) but in
which at lcast a portion of the VH and/or VL sequence has been altered to be more “human-
bike,” 1.2, more sunilar to hwoan germbine varable sequences. A "hwwanized antibody” 15
an antibody or a variant, denvative, analog, or fragment thereof, which immunospecifically
binds to an antigen of interest and which comprises a framework (FR) region having
substantially the amino acid sequence of a human antibody and a complementary determining
region {CDR) baving substantially the amino acid scquenee of a non-human antibody. As
used herein, the term "substantially” 1o the context of a CDR refers to a CDR having an
amino acid sequence at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at
feast 99% identical to the amino acid sequence of a non-human antibody COR. A humanized
antibody comprises substantially all of at least one, and typically two, variable domains (Fab,
Fab', Flab's, Fab({, Fv) in which all or substantially all of the CDR regions correspond o
those of a non-human immumoglobulin (.o, donor antibody) and all or substantially alt of the
framework regions are those of a human imowumoglobulin consensus sequence. In an
embodiment, a humanized antibody also comprises at least a portion of an yowmunoglobulin
constant rogion {(Fo), typically that of a human immunoglobulin. In somce cmbodiments, a
humanized antibody contains the light chain as well as at least the variable domain of a heavy
chain. The astibody also may mnclude the CHI, hinge. CHZ, CH3, and CH4 regions of the
heavy chain. In some embodiments, a humanized antibody only contains a humanized light
chain. In some embodiments, a bumanized antibody only contains a humanized heavy cham.
In specific embodunents, a humanized antibody only contains a humanized variable domam
of a light chamn and/or humanized heavy cham.

J078] A humanized antibody can be selected from any class of immunoglobulins,
including IgM, 1gG, IgD. IgA, and IgE, and any isotype, mohuiding without initation IgGl,
1g(G2, 153, and IgG4. A bumamzed antibody may comprise sequences from more than one
class or 1sotype, and particular constant domains may be selected (o optimize desired effector

functions using technigues well-known in the art.
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168781 The framework regions and CDRs of a humamzed antibody need not cormrespond
precisely to the parental sequences, e g, the donor antibody CDR or the copsensus
framework may be mutagenized by substitution, insertion, and/or deletion of at least one
ammno acid residue so that the DR or framework residue at that site does not correspond 10
either the donor antibody or the consensus framework. In a preferred embodiment, such
mutations, however, will not be extensive. Usually, at least 80%, preferably at least 85%,
more preferably at least 90%, and most preferably at least 939 of the humantzed antibody
residues will correspond fo those of the parental FR and CDR sequences. As used herein, the
torm "consensus framework” refors to the framework region in the consensus
mmanmoglobulin sequence. As used herein, the term "consensus immunoglobulin sequence”
refers to the sequence formed from the most frequently ocourmng amino acids {or
nuclectides} in a family of related immunoglobulin scquences {see, e.g., Winnaker, #rom
(Grenes o Clones (Verlagsgesellschaft, Weinheun, 19871 A “consensus immunoglobulin
sequence’ may thus comprnise a "consensus framework region{s)” and/or a "consensus
CDRG)". In a family of immunoglobuling, each position in the consensus sequence 18
occupied by the annino acid occurring most frequently at that position n the famly. I two
amine acids oceur cqually frogquently, cither can be included in the consensus sequence.
R72] “Identical” or “identity,” as used herein in the context of two or more polypeptide
or polyvnucleotide sequences, can mean that the sequences have a specified percentage of
residues that are the same over a specified region. The percentage can be calculated by
optinally aligrung the two sequences, conpanng the two sequences over the specified region,
determining the number of posttions at which the identical residue occurs 1 both sequences
to yield the nomber of matched positions, dividing the muymber of matched positions by the
total number of positions in the specified region, and multiplying the vesult by 100 to vield
the percentage of sequsnce identity. To cases where the two sequences are of different
fengths or the alignment produces one or more staggered ends and the specified region of
companson includes only a single sequence, the residucs of the single scquence are included
in the denoniinator but not the numerator of the calculation.

673]  “Imaging procedure” as used herein refers to a medical test that allows the inside
of a body to be scon in order to diagnose, treat, and monitor health conditions. An imaging
procedure can be a non-invasive procedure that allows diagnosis of diseases and injuries
without being mirusive. Examples of imaging procedures nclude MRI, CT scan, X-rays,
positron enmission tomography (PET) scan, single-photon emission computed tomography

(SPECT), and diffusion tensor unaging (D7) scan.
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168074 “Injury to the head” or “head mjury” as used interchangeably herein, refers to any
travma to the scalp, skull, or brain. Such injuries may include only a minor bump on the bead
or may be a sertous bramm mjury. Such tnjuries include primary injurtes to the brain and/or
secondary injuries to the brain. Primary brain injuries occur during the mitial insult and
result from displacement of the physical structures of the brain. More specifically, a primary
brain injury is the physical damage to parenchyma (tissue, vessels) that occurs during the
traumatic event, resulting in shearing and compression of the surrounding bram tissue,
Secondary brain injuries occur subsequent to the primary iigury and may involve an array of
cellular processes. More specifically, a seoondary brain inpury refers to the changes that
cvolve over a perniod of time {(from hours to days} afier the primary braio injury. It includes
an entire cascade of cellular, chemical, tissue, or blood vesscl changes in the brain that
contribute to further destruction of brain Hssue.

HM73]  Aninpury to the head can be either closed or open {penetrating). A closed head
injury refers to a trauma to the scalp, skull or bram where there 18 no penetration of the skull
by a striking object. An open head mjury refers a trauma to the scalp, skull or brain where
there s penetration of the skull by a striking object. An mjuory to the head may be caused by
physical shaking of a person, by blunt impact by an cxtemal mochanical or othor foree that
resubts 10 a closed or open bead trauma (e.g., vebucle acaident such as with an automohbile,
planc, train, cte.; blow to the head such as with a baschall bat, or from a fircarm), a corcbral
vascular accident {¢.g., stroke), one ormore falls {e.g.. as in sporis or other activitics),
cxplosions or blasts {(collectively, “blast injuries™} and by other types of blunt force trauma.
Alternatively, an injury to the head may be caused by the ingestion and/or exposure to a
chemical, toxin or a2 combination of a chemical and toxin. Examples of such chemicals
and/or toxius mclude fires, molds, ashbestos, pesticides and msecticides, organic sofvents,
paints, glues, gases (such as carbon monexide, hydrogen sultide, and cvanide), organic
metals (such as methyvl mercury, tetracthyl lead and organic tin) and/or one or more drugs of
abuse. Altcmatively, an injury to the head may be caused as a result of a subject suffering
from an autoimmune discase, a metabolic disorder, a brain tinor, one or more viruses {e.g.,
SARS-CoV-2), meningitis, hvdrocephalus, hypoxia or any combinations thereof. In some
cascs, it 1s not possible to be cortain whether any sach cvent or injury has occurred or taken
place. For example, there may be no history on a patient or subject, the subject may be
unable to speak, the subject may be aware of what events they were exposed to, ete. Such

circumstances are deseribed herein as the subject “may have sustained an mjury to the head.”
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In certain embodiments herein, the closed head imury does not include and specifically
excludes a cerebral vascular accident, such as stroke.

{88761  “Isolated polvanucleotide” as used herein may mean a polynucleotide {e g, of
genomic, cBNA, or synthetic origin, or a combination thereof} that, by virtue of its origin, the
1solated polvnucleotide is not associated with all or a portion of a polvnuocleotide with which
the “isolated polynucleotide™ is found in nature; is operably linked to a polvnuciectide that it
18 not hinked to i nature; or docs not occur 10 nature as part of a larger sequence.

§08771  “Label” and “detectable label™ as used herein refer to a moidety attached to an
antibody or an analvte to render the reaction between the antibody and the analyvte detectable,
and the antibody or analvite so labeled is referred to as “detectably labeled.” A label can
produce a signal that is detectable by visual or mstrumental means, Varous labels include
signal-producing substances, such as chromagens, floorescent compounds, chemituminescent
compounds, radicactive compounds, and the ke, Representative examples of labels mchude
moigtics that produce Hght, ¢.g., acridinium compounds, and moteties that produce
fluorescence, e.g., fluorescein. Other labels are described herein. In this regard, the moiety,
itself, may not be detectable but may become detectable upon reaction with yet another
moicty. Use of the term “dotectably labeled™ ts intended fo cncompass such labeling.

8781 Any suitable detectable label as is known in the art can be used. For example, the
detectable label can be a radicactive label {such as 3H, 14, 32P, 33P, 355, 90V, 99Tg¢,
11Hn, 1231, 1318 1770y, 166Ho, and 1335m). an cnzymatic label (such as horseradish
peroxadase, alkaline peroxidase, glucose S-phosphate dehydrogenase, and the like), a
chemiluminescent label {such as acndimum esters, thicesters, or sultonamides; huminol,
isoluminol, phenanthridinium esters, and the like}, a fluorescent label {such as fhuorescein
{c.g., 3-fluorescein, G-carboxvfiuorescemn, 3 6-carboxyfluorescein, 5{(6)-carboxyfluorescen,
H-hexachloro-fluorescem, o-tetrachlorofluorescein, fluorescen wsothtocvanate, and the hike}),

rhodamine, phyveobiliproteins, R-phycoerythrin, quantum dots {e.g.,

B

zine sulfide~capped
cadmium selenide), a thermometric label, or an immuno-polymerase chain reaction label. An
introduction to labels, labchng procedures and detection of labels is found in Polak and Van
Moorden, Introduction to Immunocytochemistry, 2nd ed. Springer Verlag, NY. (1997), and
w Haugland, Handbook of Fluorescent Probes and Research Chemicals (1996}, which 1s a
cembined handbook and catalogue published by Molecular Probes, Inc., Eugene, Oregon. A
fluorescent label can be used in FPIA {sece, c o U S Patent Nos. 3 393 8965573 904
5496925 5,359,093, and 5,352,803, which are hereby incorporated by reference in their

entireties). An acridinium compound can be used as a detectable label in a homogeneous
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cherntduminescent assay (see, e.g., Adamczyvk et al,, Bicorg. Med Chem. Leti. 16 1324-1328
{2006}, Adamcevk et al| Bioorg, Med Chem. Lert. 41 2313-2317 {20604}, Adamcryk et al |
Biorg Med Chem. Lett 14 39173921 (2004}, and Adamczyk et al, Crg. Leit 5. 3779-3782
(2003},

30791 In one aspect, the acnidimium compound is an acridinium-9-carboxamide. Methods
for preparing acridinium 9-carboxamides are described in Mattingly, J. Biolumis.
Chemilumin, 6. 107-114 (1991, Adamczvk et al, Jf Org Chem 63 5636-3630 (1908);
Adamczyk er gl Tetrahedron 55, 10890-10014 (1090}, Adamczvk ef of., Org Jers 1. 779~
781 {1999} Adamczvk er of , Bioconjugate Chem. 11: 7142724 (2000}, Mattingly et al., in
Luminescence Biolechnology. Instrumeris and Applicaiions, Dyke, K. V. Ed.; CRC Press:
Boca Raton, pp. 77-105 (2002); Adamczyk et al,, Org. Lew. 5 3779-3782 {2003); and U.S.
Patent Nog. 3,468,646, 3,543,524 and 3,783,699 (each of which is incorporated herein by
reference 1u its entirety for its teachings regarding same).

160881 Another example of an acnidinmuim compound 15 an acridinium-9-carboxvlate aryl
ester. An example of an acnidinium-8-carboxylate aryl ester of formula I 15 10-methyl-9-
{phenoxycarbonyljacndiniom fluorosalfonate {available from Cayman Chemical, Aon Arbor,
Mi). Mocthods for proparing acridinium 9-carboxylate aryl esters are deoscribed in Me{apra ef
al., Photochem. Photobiol. 4 111121 (1965); Razavi er ol Luminescence 15; 245-249
(2000}, Razavi et of., Luminescence 15 239-244 (20003; and U5, Patent No. 5,241,070 {cach
of which is incorporated herein by refercnce in its entirety for ifs teachings regarding same}.
Such acnidimum-9Y-carboxvlate arvl esters are cfficient chemdununescent indicators for
hydrogen peroxide produced in the oxidation of an analyte by at least one oxadase i terms of
the intensity of the signal and/or the rapidity of the signal. The course of the
chemihuminescent emission for the acridimium-9-carboxvlate arvl ester 1 completed rapadly,
r.e.. in under 1 second, while the acridinium-9-carboxamide chemilminescent emission
extends over 2 seconds. Acndinum-9-carboxyviate aryl ester, however, loses its
chemiluminescent properties in the presence of protein. Therefore, its use requires the
absence of protein during signal generation and detection. Methods for separating or
removing proteins in the sample are well-known to those skilled in the art and nclude, but
arc not hmited to, altratiltration, oxtraction, precipitation, dialvsis, chromatography, and/or
digestion (see, o.g.. Wells, High Throughput Bioanalyviical Sample Freparation. Methods and
Autamaiion Strategies, Blsevier {2003)). The amount of protein removed or separated from
the test sample can be about 40%, about 45%, about 50%, about 559, sbout 60%, about 6595,

about 70%, about 75%, about 80%, about 85%, about 90%, or about 95%. Further details
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regarding acnidinium-~9~carboxvlate aryl ester and its use are set forth in U.S. Patent App. No.
11/697 835, filed Apnil 9, 2007, Acridinim-9-carboxylate arvl esters can be dissolved in any
suttable solvent, such as degassed anhvdrous N, N-dimethviformamide (DME) or agueous
sodium cholate.

j3081]  “Linking sequence” or “linking peptide sequence” refers to a nataral or artificial
polypeptide seguence that is connected to one or more polvpeptide sequences of interest {e.g.,
full-length, fragments, ctc.). The tero “connected” refers 1o the joning of the linking

sequence to the polypeptide sequence of interest. Such polypeptide sequences are preferably

joined by one or more peptide bonds. Linking sequences can have a length of from about 4

to about 50 amuno acids. Preferably, the length of the linking sequence is from about 6 to
about 30 amino acids. Natural hinking seguences can be modified by amino aad
substitutions, additions, or deletions o create artificial nking sequences. Linking sequences
can be used for many purposes, inchuding in recombinant Fabs, Exemplary hinking sequences
include, but are not limited to: (i) Histidine (His) tags, such as a 6X His tag, which has an
amino acid sequence of HHFHEH (SEQ 1D NO: 3), are usefu] as hnking sequences o
factlitate the solation and punfication of polypeptides and antibodies of nterest; (1)
Entcrokinase cloavage sites, like His tags, are uscd in the isolation and purification of
proteins and antibodies of interest. Often, enterokinase cleavage sues are used together with
His tags in the isolation and purification of proteins and antibodics of intorest. Various
enterokinase cleavage sites arc known in the art. Examples of enterokinase cleavage sites
mchude, but are not himited to, the anuno acid sequence of DDRDDEK (SEQ 1D NO: 4) and
denvatives thereof {¢.g., ADDDDK (SEQ ID NO: 3}, ete.); (1) Miscellaneous sequences can
be used to link or connect the light and/or heavy chain variable regions of single chain
variable region fragments. Examples of other linking sequences can be found 1 Bird et al |
Science 242: 423-426 {(198R); Huston ot al., PNAS US4 85, 5879-5883 {1988); and
MceCafferty ot al,, Nasure 348: 552-534 {1990). Linking sequences also can be modified for
additional functions, such as attachment of drmugs or attachment to solid supports. In the
context of the present disclosure, the monoclonal antibody, for example, can contam a linking
sequence, such as a His tag, an enterokinase cleavage site, or both.

[08821  “Monoclonal antibodyv™ as used hercin refers to an antibody oblainced from a
population of substantially homogeuncous antibodies, t.¢., the individual antibodics
comprising the population are identical except for possible naturally occurring mutations that
may be present i minor amounis. Monoclonal antibodies are highly specitic, being directed

against a single antigen {e.g., although cross-reactivity or shared reactivity may occur).
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Furthermore, in contrast to polvclonal antibody preparations that typically include different
antibodies directed against different determinants (epitopes), each monoclonal antibody is
directed against a single determinant on the antigen. The monoclonal antibodies herein
specifically include "chimeric” antibodies 1n which a portion of the heavy and/or light chain
1s identical with or homologous o corresponding sequences in anithodies derived from a
particular species or belonging to a particular antibody class or subclass, while the remainder
of the chain{s) is identical with or homologous to corresponding sequences in antibodies
dorived from another species or belonging to another antibody class or subclass, as well as
fragments of such antibodics, so long as they exdubit the desired biological.

{6083 “Magnetic resonance imaging or “MRI” as used interchangeably herein refers w a
medical imaging tocchimiguc uscd in radiology to form picturcs of the anatoray and the
physiological processes of the body in both health and disease (e.g., referred to herein
interchangeably as “an MRT”, “an MR procedure”™ or “an MRI scan”™). MRI is a torm of
medical imaging that measures the response of the atomic nuclet of body tissues to high-
frequency radio waves when placed in a strong magnetic fleld, and that produces images of
the mternal organs. MRI scanners, which is based on the science of noclear magnetic
resonance (NMR), usc strong magnetic ficlds, radio waves, and ficld gradicnts to goncratc
images of the mside of the body.

{3084]  “Mukhuivalent binding protein’” 1s used herein to refer to a binding protein
comprising two or more antigen binding sites (also referred to horein as "antigen binding
domains”). A multivalent binding protemn is preferably engincered to have three or more
antigen binding sites, and 1s generally not a naturally occurning antibody. The term
"multispecific binding protein” refers to a binding protein that can bind two or more related
or unrelated targets, imcluding a bindimg protein capable of hinding two or more different
epitopes of the same target molecule.

[085]  “Negative predictive value™ or "INPV” as used interchangeably herein refers to the
probability that a subject has a negative outcome given that they have a negative tost result.
JOU86]Y As used herein, the phrase “odds ratio” refers 1o a number or value that is used to
compare the relative odds of the ocourrence of an outcome of interest {¢.g., disease, disorder
or mury {(C.g.. such as a traumatic bramn mjury}), given exposure to a variable of mmterest {c.g.,
health characteristic, event {such as, for cxample susiaining an injury or aspect of medical
history. An odds ratio can also be used to determine whether a particular exposure is a risk
factor for a particular outcome, and to compare the magnitude of various nsk factors for that

ouicome.
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{64387} “Pediatric subject” refers to a subject less than 18 vears of age (i.e., not 18 years

of age or older). For example,

a padiatric subject may be less than abowut 18 years old, or
about 17 vears old, about 16 years old, about 15 years old, about 14 vears old, about 13 vears
old, about 12 vears old, about 11 vears old, about 10 yvears old, about 9 vears old, about 3
years old, abowt 7 years old, about 6 vears old, about 3 years old, about 4 years old, about 3
vears old, about 2 vears old, about 1 vear old, or less than about 1 vear old. In some agpects,
the pediatric subject may be less than about 1 vear old to about less than 18 vears old. In
some aspect, the pediatric subjoct may be less than about 1 year old to about 17 vears old. For
example, a podiatric subject may be anywhere from about one day, about two days, about
three davs, about four days, about five days, about six days, about cne week, about two
weeks, about three weeks, about one month, about two months, about three months, about
four months, about five months, about six months, about seven months, about cight months,
about nine months, about ten months, or about cleven months, n total, less than: about 18
vears old, or about 17 vears old, or about 16 years old, or about |5 vears old, or about 4
vears old, or about 13 years old, or about 12 vears old, or about 11 vears old, or about 10
years old, or aboot 9 years old, or about € years old, or about 7 vears old, or about 6 vears
old, or about 5 years old, or about 4 years old, or about 3 yoars old, or about 2 vears old, or
about 1 vear old, or less than about 1 year old.

f{3688] “Pomt-of-care device” refers 10 a device used to provide medical diagnostic
festing at or near the point-of-care {(namely, outside of a laboratory), at the time and place of
patient carc {such as in a hospital, physician’s office, urgent or other medical care facility, a
patient’s home, a nursing home and/or a long-term care and/or hospice facility). Examples of
point-of-care devices inchide those produced by Abbott Laboratories {Abbott Park 1L} (e g,
i-STAT and -STAT Aluvty, Universal Brosensors (Rowville, Australia) (see UK. Patent
Publication No. 2006/0134713), Axig-Shicld PoC AS (Qglo, Norway) and Clinical Lab
Products (Los Angeles, USA).

IR “Positive predictive vadue” or “PPVY7 as used interchangeably hercin refers to the
probability that a subject has a positive outcome (i.¢., the proposed results is present) given
that they have a posifive test result (e, the subject that tested positive for the proposed resule
has the proposcd rosult).

16098 “Quality control reagents”™ in the context of immunoassays and kits described
herein, include, but are not linuited to, calibrators, controls, and sensitivity panels. A
“cabibrator” or “standard” tvpically 1s used {e.g., one or more, such as a plurality) 1 order o

astablish calibration {(standard) curves for interpolation of the concentiration of an analvte,



WO 2022/245920 PCT/US2022/029798

such as an antibody or an analyte. Altematively, a single calibrator, which is near a reference
level or control level (e g, “low”, “medium”™, or “high™ levels), can be used. Multiple
calibrators {i.¢., more than one calibrator or a varyving amount of calibrator{s})} can be used in
conjunction fo comprise a “sensitivity panel.”

30911 A “receiver operating characteristic” carve or “ROC” curve refers to a graphical
plot that illustrates the performance of a binary classifier system as its discrimination
threshold 1s varied. For example, an ROC curve can be a plot of the true positive rate against
the false positive rate for the different possible cutoff points of a diagnostic test. It is create
by plotting the fraction of trug positives out of the positives (TPR = true positive rate) vs. the
fraction of false positives out of the negatives (FPR == false positive rate), at various threshold
settings. TPR 1s also known as sensitivity, and FPR is one minus the specificity or true
negative rate. The ROC curve demongstrates the tradeoff between sensitivity and specificity
{any mcrease 0 sensitivity will be accompanied by a decrease m specificity); the closer the
curve follows the lefi-hand border and then the top border of the ROC space, the more
accurate the test; the closer the curve comes to the 45-degree diagonal of the ROC space, the
less accurate the test; the slope of the tangent line at a cuteff pomnt gives the likebhood ratio
{LR) for that value of the test; and the arca under tho curve s a measurc of tost accuracy.
00821 “Recombmant antibody” and “recombinant antibodies” vefer to antibodics prepared
bv one or more sieps, including cloning nucleic acid sequences encoding all or a part of one
or more monocional antibodics into an appropriate expression vector by recombinant
technigues and subsequently expressing the antibody in an appropriate host cell. The terms
inchude, but are not limited to, recombinantly produced monoclonal antibodies, chimence
antibodies, homanized antibodies (fully or partially humanized), multi-spectfic or muli-
valent structures formed from antibody fragments, bifunctional antibodies, heteroconjugate
Absg, DVD-IgRs, and other antibodios as described i (1) herein, {(Dual-vanable domain
mmmunoglobulins and methods for making them are deseribed in W, C., er al., Nature
Biotechnology, 25:1290-1297 (2007)). The term “bufunctional antibody,” as usced herein,
refers to an antibody that conprises a first amm having a specificity for one antigenic site and
a second arm having a specificity for a different antigenic site, 1.e., the bifunctional antibodies
have a dual spocificity.

160931 “Reference level™ as used herein refers to an assayv cutoff value that 1s used to
assess diagnostic, prognostic, or therapeutic efficacy and that has been hinked or 13 associated
heremn with various clinical parameters (¢ g., presence of disease, stage of disease, severity of

disease, progression, non-progression, or improvement of disease, ete.}. As ased herein, the
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term “cutoff refers to a mit (e.g., such as a number) above which there 18 a certain or
specific clinical outcome and below which there is a different certain or specific clinical
outcone.

[0084]  This disclosure provides exemplary reference levels. However, it 1¢ well-known
that reference levels may vary depending on the nabire of the immunoassay {¢.g., antibodies
employed, reaction conditions, sample purnty, etc.) and that assays can be compared and
standardized. It further is well within the ordinary skill of one in the art to adapt the
disclosure herein for othor immunoassays to obtamn immuncassay-specific reference levels for
those othor immunocassayvs based on the description provided by this disclosure. Whereas the
precise value of the reference level may vary between assays, the findings as described herein
should be generally apphicable and capable of being oxtrapolated to other assays.

JBO9S]  In certain aspects described herem, the reference level is descrtbed as being
determined by any assay having a certain specificity and sensitiviiy.

j3695]  “Riusk assessment.” “risk classtfication.” “nisk wdentification,” or “rigk
stratification” of subjecis {e.g., patients} as used herein refers 1o the evaluation of factors
mchiding biomarkers, to predict the risk of occurrence of futuwre events including discase
onsct or discase progression, so that treatment docisions regarding thoe subjcct may be madce
on a more informed basis.

9T “Rample,” “test sample,” “specimen,” “sample from a subject,” and “patient
samaple”™ as used herein may be used interchangeable and may be a sample of blood, such as
whaole blood (including for example, capiliary blood, venous blood, dried blood spot, etc. ),
tissue, unine, serum, plasma, amniotic fluid, lower respuatory specimens such as, but not
hmited to, spatum, endotracheal aspirate or bronchoalveolar lavage, nasal mucos,
cerchrospinal flurd, placental cells or tissue, endothehial cells, levkocvies, or monocvies. The
gample can be used directly as obtained from a pationt or can be pre-treated, such as by
filtration, distillation, extraction, concentration, centrifugation, inactivation of interfering
components, addition of reagents, and the like, to modify the character of the sample in some
manner as discussed herein or otherwise as is known in the art.

FOO98] A variety of cell types, tissue, or bodily fhud may be utilized (o obtain a sample
Such coll types, tissucs, and thnd may include scetions of tigsucs such as biopsy and autopsy

samples, oropharyngeal specimens, nasopharvogeal specimens, nasal mucus specimens,

frozen sections taken for histolagic purposes, blood {(such as whole blood, dried blood spots
¢te.), plasma, serum, red blood cells, platelets, an anal sample (such as an anal swab

specimen), interstitial flaid, cerebrospinal fluid, etc. Cell types and tissues may also include
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bymph fluid, cerebrospinal fluid, or any fluid collected by aspiration. A tissue or cell type
may be provided by removing a sample of cells from a buman and a non-human animal, but
can also be accomplished by using previously isolated celis {e.g., isolated by another person,
at another time, and/or for another purpose). Archival tissues, such as those having treatment
or outcome history, may also be used. Protein or nocleotide isolation and/or purification may
not be necessary. In some embodiments, the sample is a whole blood sample. I some
embodiments, the sample is a capillary blood sample. In some embodiments, the sampleisa
dried blood spot. In some embodiments, the sample is a serum sample. In vet other
embodiments, the sample is a plasma sample. In some embodiments, the sample is an
oropharyngeal specimen. In other embodiments, the sample is a nasopharyngeal specimen.
In other emboduments, the sample 1s sputum. In other erabodiments, the sample is
endotracheal aspirate. In still vet other embodiments, the sample is bronchoalveolar tavage.
I stitl yet other aspects. the sample 1s nasal mucus.

099 “Sensitivity” refers to the proportion of subjects for whom the ouicome 15 positive
that are correctly identified ag positive {e.g., correctly identifying those subjects with a
disease or medical condition for which they are being tested}. For example, this mught
mehide correctly wdentifying subjoects as having a TBI from those who do not have a TBIL
correctly dentifying subjects having a moderate, severe, or moderate to severe TBI from
thosc having a mild TBI, corrcctly identifying subjcets as having a muld TBI from thosc
having a moderate, severe, or moderate to severe TBI, correctly identifving subjects as
having a moderate, severe, or moderate to severe TBI from those having no TBI or correctly
identifving subjects as having a mild TBI from those having no T8I, etc.}.

{0188 “Specificity” of an assay as used herein refers to the proportion of subjects for
whom the outcome is negative that are correctly identified as negative (e g, correctly
identifying those subjects who do not bave a disease or medical condition for which they are
being tested). For example, this might include correctly identitving subjects having an TBI
from those who do not have a TBI, correcily dentifying subjects not having a moderate,
severe, of moderate o severe TBI from those having a mild TBI, correctly identifying
subjects as not having a mild TBI from those having a moderate, severe, or moderate (o
scvere TBI or corrcctly identityving subjocts as not having anv TBL, or corrcetly identitving
subjects as having a mild TBI from those having no TBI, cic.

(0188 “Series of calibrating compositions” refers to a plurality of compositions
comprising a known concentration of {1) UCH-L1, wherem each of the compositions differs

from the other compositions in the series by the concentration of UCH-L1; and/or (2) GFAP,
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wherein cach composition differs from the other compositions in the series by the
concentration of GFAP.

[8182]  As used herain the term "single molecule detection” refers {o the detection and/or
measurement of a single molecule of an analyte in a test sample at very low levels of
concentration {such as pg/mkL or femtogram/mL levels). A number of different single
molecule analvzers or devices are known in the art and include nanopore and nanowell
devices. Examples of nanopore devices are described in Tntemational Patent Publication No.
WO 2016/161402, which 1s hereby mcorporated by reference 1o its entirety. Examples of
nanowell device are described in International Patent Publication No. W 2016/161400,
which is hereby incorporated by reference in its entirety.

j8183]  “Solid phasc” or “solid support” as used micrchangeably boroin, refers to any
material that can be used to attach and/or attract and immobilize (1} one or more capture
agenis or capture specific binding partuers, or {2) one or more detection agents or detection
specific binding partners. The solid phase can be chosen for its intrinsic ability to attract and
mmmobilize a capture agent. Altematively, the solid phase can have affixed thereto a linking
agent that has the ability to attract and immobilize the (1) captore agent or capture specific
binding partancr, or {2} detoction agent or dotection specific binding partncr. For examplo, the
hnking agent can nelude a charged substance that 1s oppositely charged with respect to the
captarc agent {o.g., capture spocific binding partner) or detoction agent {c.g., deicction
specific binding partner} itself or 1o a charged substance conjugated to the {1} capture agent
or capture specific binding partner or {2) detection agent or detection specific binding partner.
In general, the linking agent can be anv binding partner {preferably specific) that is
immobilized on (attached 1o) the solid phase and that has the ability to immobilize the (1}
capture agent or capture specific binding partner, or {2} detection agent or detection specific
binding partuer through a binding reaction. The linking agent enables the indirest binding of
the capture agent to a solid phase material before the performance of the assay or during the
performance of the assay. For exampies, the solid phase can be plastic, derivatized plastic,
magnetic, or non-maguoetic metal, glass or silicon, inchuding, for example, a test tube,
microtiter well, sheet, bead, microparicle, chip, and other configurations known (o those of
ordinary skill n the art.

[6184]  “Specific binding”™ or “specifically binding™ as used herein may refer to the
interaction of an antibody . a protein, or a peptide with a second chemical species, wherein the
mteraction 1s dependent upon the presence of a particular structure {e.g., an antigenic

determinant or epitope) on the chemical species; for example, an antibody recognizes and
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binds o a specific protein structure rather than to proteins generally, Ifan antibody is
specific for epitope “A”, the presence of a molecule containing epitope A (or fiee, unlabeled
A}, in a reaction contaming labeled “A™ and the antibody, will roduce the amount of labeled
A bound to the antibody.

J3185]  “Specific binding pariner” is a member of a specific binding pair. A specific
binding pair comprises two different molecules, which specifically bind to cach other through
chemical or physical means. Therefore, 1n addition to antigen and antibody specific binding
pairs of common immunoassays, other specific binding pairs can inchude biotin and avidin {or
streptavidin}, carbohydrates and lecting, complemontary nuclectide soquences, offector and
receptor molecules, cofactors and enzymes, enzymes and enzyme inhibitors, and the like.
Furthermore, specific binding pairs can include menmbers that are analogs of the original
specific binding members, for example, an analvte-analog. Immunoreactive specific binding
members include antigens, antigen fragments, and antihodies, mchuding monoclonal and
polyelonal antihodies as well as complexes and fragments thereof, whether isolated or
recornbinantly produced.

j8i86]  “Siatistically significant” as used herein refers to the likelihood that a relationship
between two or more variables ts causced by somcthing othor than random chance. Statistical
bypothesis testing 1s used to deternuvne whether the result of a data set i1s statistically
significant. In statistical hypothesis tosting, a statistical significant rosult is attained
whenever the observed p-value of a test statistic is less than the significance level defined of
the study. The p-value is the probability of obtatning results at least as extreme as those
observed, given that the null hypothesis 1s true. Examples of statistical hypothesis analysis
inchide Wilcoxon signed-rank test, t-test, Chi-Square or Fisher’s exact test. “Significant” as
used herein refers to a change that has not been determined to be statistically significant (e.g..
it may not have been subject to statistical hypothesis testing).

1871 “Subject” and “patient” as used herein interchangeably refers to any vertebrate,
including, but not fimited to, a mammal (e.2., cow, pig, camcl, llama, horse, goat, rabbit,
sheep, hamsiers, guinea pig, ¢at, dog, rat, and mouse, a non-human primate (for example, a
monkey, such as a cynomolgous or rhesus monkey, chimpanzee, etc.) and a human). In some
cmbodiments, the subject may be a human or a non-human. In somce cmbodiments, the
subject is a human, The subject or patient may be undergoing other forms of treatment. In
some embodiments, the subject 1s a human that may be undergoing other forms of treatment.
In some embodiments the subject 1s a buman-helper subject — ¢.g., a horse, dog, or other

species that assists humans in carrying out their daily tasks (e.g., companion animal} or
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occupation {e.g., service amimal}. In some aspects, the subject is a human subject. Tn vet
other aspects, the subject is a pediatric subject, e g, a human pediatric sabiject. In still further
aspects, the subject is an adult subject, e.g.. a human adult subyect.

[0108]  “Treat,” “treating” or “treatment” are each used interchangeably herein to describe
reversing, alleviating, or inhibiting the progress of a disease and/or injury, or one or more
symptoms of such disease, t¢ which such term applies. Depending on the condition of the
subject, the term also refers to preventing a disease, and includes preventing the onsct of a
discase, or preventing the symptoms associated with a discase. A treatmaent may be either
performed in an acote or chronic way. The term also refers to reducing the severity of a
discase or symptoms assoctated with such disease prior to affliction with the discase. Such
prevention or reduction of the severity of a disease prior to affliction refers to adnunistration
of a pharmaceutical composition to a subject that is not at the time of administration afflicied
with the disease. "Preventing” also refers to preventing the recurrence of a discase or of one
or more symptoms associated with such disease. "Treatment” and "therapeutically " refer to
the act of treating, as "treating” is defined above,

{6189  “Traumatic Brain Inpury” or “TBI” as used interchangeably herein refers io a
complex injury with a broad spectrum of symptoms and disabilitics. TBI s most often an
acute event similar to other iygunes. TBI can be classified as “mild,” “moderate,” “moderate
to severe”, or “severe”. The causcs of TBY are diverse. For example, in some aspects, the
causes of TBI can be physical, such as, by shaking by a person, a car accident, injuries from
fircarms, cerebral vascular accidents {e.g., strokes), falls, explosions or blasts and other types
of blunt force trauma. Other causes of TBI mclude the ingestion and/or exposure to one or
more chemicals or toxins {such as fires, molds, asbestos, pesticides and insecticides, organic

solvents, paints, ghies, gases {such as carbon monoxide, hvdrogen sulfide, and cvamde),

> & >

organte metals (such as methyl mercury, tetrasthyl lead and organic tin}, one or more drugs
of abuse or combinations thereof). Altemnatively, in other aspects, TBI can occur in subjects
suffering from an antounmune discase, a metabolic disorder, a brain timor, hypoxia, ong or
more viruses, meningtiis, hvdrocepbalus or combinations thereof. Young adulis and the
clderty are the age groups at highest risk for TBI. Tn certain embodiments herein, traumatic
bram mury or TBI docs not include and spectfically oxclades corchral vascular accidents
such as strokes.

[e1i8]  “Mald TBY” as used herein refers to a bramn mjury where loss of consciousness is
briet and usually a few seconds or mmnutes and/or confusion and disonentation is shorter

than 1 hour. Mild TBI is also referred to ag a concussion, minor head trauma, minor TBI,
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minor brain injury, and ousor bead 1ojury. While MRI and C7T scans may be normal, the
individual with nild TBI may have cogunitive problems sach as headache, difficulty thinking,
memory problems, attention deficits, mood swings and frustration.

[611¥]  Mild TBI is the most prevalent TBY and 1s often missed at time of mitial injury.
Typically, a subject has a Glasgow Coma scale number of between 13-15 {(such as 13-13 or
14-15}. Fifteen percent {15%) of people with mild TBI have symptoms that last 3 months or
more. Mild TBI is defined as the result of the forcetul motion of the head or impact causing a
brief change in mental status (confusion, disorientation or loss of memory) or loss of
consciousness for less than 30 minutes. Common symptoms of mild TBI inchude fatigue,
beadaches, visual disturbances, memory loss, poor attenfion/concentration, sleep
disturbances, dizzness/loss of balance, irmtability-emotional disturbances, feehings of
depression, and seizures. Other symptoms associated with mild TBI include nausea, loss of
smell, sensitivity to hight and sounds, mood changes.

2

otting lost or confused, and/or
slowness i thinking.

18132 “Moderate TBI as used herein vefers to a brain injury where loss of consciousness
and/or confusion and disorientation 18 between | and 24 hours and the subject has a Glasgow
Coma scalc number of botween 9-12. The individual with modcerate TBI have abnormal
brain imaging resulis.

{113] “Bevere TBI7 as used herein refers to a brain ingury where loss of consciousness is
more than 24 hours and memory loss afier the injury or penetrating skull mjury longer than
24 hours and the subject has a Glasgow Coma scale number between 3-8, The deficits range
from impairment of higher level cognifive functions to comatose states. Survivors may have
hmited fimetion of amms or legs, abnormal speech or langoage, loss of thinking ability or
emotional problems. Individuals with severe wjuries can be left 10 Jong-term unresponsive
states. For many people with severe TBI, long-term rehabilitation is ofien necessary to
maxtmize function and mdependence.

13134 Common sympioms of moderate to severe TBI inchude cognitive deficits including
difficultics with attention, concertratton, distractibility, raemory, speed of processing,
confusion, perseveration, impulsiveness, language processing, and/or “exccutive functions”™,
not understanding the spoken word {rocoptive aphasia), ditticulty speaking and being
understood {cxpressive aphasia}, slurred speech, speaking very fast or very slow, problems
reading, problems writing, difficulties with interpretation of touch, temperature, movement,
himb position and fine discnimanation, the integration or patteming of sensory impressions

mto psychoelogically meaningfol data, partial or total loss of vision, weakness of eye muscles
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and double vision (diplopia), blurred vision, problems judging distance, involuntary eye
movements (nystagmus), intolerance of light {(photophobia), bearing, such as decrease or loss
of hearing, ringing in the cars {tinntius), increased sensuitvity to sounds. loss or duntished
sense of smell (anosmia), loss or duminished sense of taste, the convulsions associated with
epilepsy that can be several types and can involve disruption 1n CONSCIOUSNESs, SCNSOTY
perception, or motor movements, control of bowel and bladder, sleep disorders, loss of
stavuna, appetite changes, regulation of body temperature, menstrual difficulties, dependent
behaviors, emotional ability, lack of motivation, irritability, aggression, depression,
disinhibition, or denial/lack of awarencss.

{688  “Ubiguitin carboxy-termunal hydralase 117 or “UCH-L17 as used interchangeably
berein refers to a deubiquitinating enzyme cncoded by the UUH-L/ gone in hwwans and by
UCH-L] gene counterparts in other species. UCH-L, also known as ubiguitin carboxyi-
terminal esterase L1 and ubiguitin thiolesterase. 1s a member of a gene family whose products
hvdrolvrze small C-terminal adducts of ubiguitin to generate the ubiguitin monomer.

116 “UCH-L1 status™ can mean either the level or amount of UCH-L1 at a point in tume
{such as with a single measure of UCH-L1), the level or amount of UCH-L1 associated with
monitoring (such as with a repeat tost on a subjoct to identity an incrcasc or degrease in
UCH-L1 amount), the level or amount of UICH-L 1 associated with treatment for traumatic
brain injury {whgther a primary brain injury and/or a secondary brain injury) or combinations
thereof.

{61377 “Vanant” 1s used herewn to describe a peptide or polvpeptide that differs i amino
acid sequence by the msertion, deletion, or conservative substitution of amino acids, but
retain at least one biological activity. Representative examples of “hiological activity™
mchude the ability to be bound by a specific antibody or to promote an inymune response.
Varant 13 also used herein to describo a protemn with an avuno acid sequence that is
substantially identical to a referenced protein with an amino acid sequence that retains at least
one biclogical activity. A couscrvative substitution of an amino acid, 1.¢., replacing an amino
acid with a different amino acid of similar properties {¢.g., hvdrophilicity, degree, and
distribution of charged regions) is recognized in the ant as typically involving a minor change.
Thesc munor changes can be identificd, i part, by considering the hydropathic mdex of
aming acids, as understood in the art. Kyte etal, J Mol Biol 137:105-132 (1982). The
hydropathic index of an amino acid is based on a consideration of its hydrophobicity and
charge. It 18 known in the art that amino acids of similar hydropathic mdexes can be

substituted and still retain protein function. In one aspect, amino acids having hydropathic
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indexes of £2 are substituted. The hydrophilicity of amine acids can also be used (o reveal
substitations that would result in proteins retaining biological function. A consideration of
the hydrophihicity of aminec acids 10 the context of a pepiide permits calculation of the
greatest local average hyvdrophilicity of that peptide, a useful measure that has been reporied
to correlate well with antigemcity and immunogenicity. U.S. Patent No. 4,554,101,
incorporated fully hercin by reference. Substitution of amino acids having similar
hydrophilictty values can result in peptides retamning biological activity, for example
immunogenicity, as s understood in the art. Substitutions may be performed with amino
acids having hydrophilicity values within 42 of each other. Both the hyvdrophobicity index
and the hydrophilicity valaee of amino acids are influenced by the particular side chain of that
ammo acid, Consistent with that observation, anuno acid substitutions that are compatible
with biclogical function are understood 1o depend on the relative similarity of the amino
acids, and particularly the side chains of those amino acids, as revealed by the
hyvdrophabicity, hydrophilicity, charge, size, and other properties. “Variant” also can be used
to refer to an antigenically reactive fragment of an anti-analvie (such as GFAP, UCH-L1 or
GEFAP and UCH-L1) antibody that differs from the corresponding fragment of anti-analyte
{such as GFAP, UCH-L1I or GFAP and UCH-L1} antibody in amino acid scquence but is
still antigenically reactive and can compete with the conespounding fragment of anti-analvie
{such as GFAP, UCH-L1 or GFAP and UCH-L 1)} antibody for binding with the analytc (such
as GFAP, UCH-L1 or GFAP and UCH-L1) “Variant” also can be used to describe a
polypeptide or a fragreent thereof that has been differentially processed, such as by
proteolysis, phosphorvlation, or other post-translational modification, vet retains s anfigen
Feactivity .

[6HER] “Vecior” 1s used herein to descenibe a nucleic acid molecule that can transport
another nucletc acid to which 1t has been linked. One type of vector 15 a "plasvud”, which
refers to a circular double~-stranded BNA loop into which additional DNA segments may be
higated. Another tvpe of vector is a viral vector, wherein additional DNA segments may be
ligated into the viral genome. Certain vectors can replicate autonomously in a host cell into

which they are mtroduced {¢.g., bacterial vectors having a bactenial origin of replication and

>
cpisomal mammmalian vectors)., Other vectors {(¢.g.. non-cpisomal mammalian vectors) can be
imtegrated into the genome of a host cell upon introduction nto the host cell, and thereby are
replicated along with the host genome. Moreover, certain vectors are capable of directing the
expresston of genes to which they are operatively linked. Such vectors are referred to herein

N

as “recombinant expression vectors” (or stmply, “expression vectors”). In general, expression
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vectors of utility in recombinant DNA technigues are often in the form of plasmids.
“Plasmid” and "vector™ may be used imnterchangeably as the plasmid is the most commonly
used form of vector. However, other forms of expression vectors. such as viral veciors {(e.g.,
replication defective retroviruses, adenoviruses and adeno-~associated viruses), which serve
equivalent functions, can be used. In this regard, RNA versions of vectors {including RNA
viral vectors} may also find use in the context of the present disclosure.

FEI8Y Y as used heren refers to Youden's I statistic (also calied Youden's index) and
i3 a single statistic that captures the performance of a dichotomous diagnostic test. YIis
ropresentod by the below formulas:

{0128]  J=sensitivity + specificity — 1

with the two right-hand quantities being sensitivity and specificity. The expanded formula is
shown below:

true posifives true negatives

trus positives -+ false negatives  irue negatives + falae positives

(3128}
{22 Unless otherwise defined herein, scientific and technical terms used in conmection
with the present disclosure shall have the meanings that are conumonly undersiood by those
of ordinary skill in the art. For cxamplc, any nomenclatarcs usced in conncction with,

and technigques of, cell and tissue culture, molecular biclogy, immunclogy, microbiology,
genetics and protein and nucleic acid chenustry and hybrndization descrbed herein are

those that are well known and commonly used in the art. The meanmg and scope of the
terms should be clear; in the event, however of any latent ambiguity, definitions provided
herein take precedent over any dictionary or exirinsic definttion. Further, unless otherwise
required by context, singular terms shall mchude pluralities and plural teros shall include the

singular,
2, Method of Evaluating A Pediatric Subject

j8323]  The present disclosure relates, among other methods, to a method of evaluating a
pediatric subject for head wgury. The method can aid in determining whether a pediatric
subject with an actual or suspected head injury has sustained a traumatic brain igury (TBI),
such as muld TBE As used hore, “detormining whether the subject bas sustained a TBEP”
rofers to the fact that the aforcmentioned mothod can be used, o.g., with other wfonmation
{c.g., clinical asscssment data}, to determing that the subject is more likely than not to have

sustained a TBI, such as nuld TBI, and/or more likely than not to have a positive or negative
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finding on a head imaging procedure, such as a positive or negative MRI head resuitora
positive or negative CT scan result. Specifically, such a method can comprise the steps of!
performing an assay on a sample obitained from the pediatric subject, such as from a samiple
obtained within about 48 hours {within about O minutes, about 30 minutes, about 60 minutes,
about 90 minutes, about 120 minutes, about 3 hours, about 4 hours, about 5 hours, about 6
hours, 7 hours, about 8 hours, about © hours, about 10 hours, about 11 hours, about 12 hours,
about 13 hours, about 14 hours, about 13 hours, about 16 hours, about 17 hours, about I8
hours, about 19 hours, about 20 hours, about 21 hours, about 22 hours, about 23 hours, about
24 hours, about 25 hours, about 26 hours, about 27 hours, about 28 hours, about 29 hours,
about 30 hours, about 31 hours, about 32 hours, about 33 hours, about 34 hours, about 33
hours, about 36 hours, about 37 hours, about 38 hours, about 39 hours, about 40 hours, about
41 hours, about 42 hours, about 43 hours, about 44 hours, aboat 45 hours, about 46 hours,
about 47 hours, or about 48 howurs after the actual or suspected head injury to measure or
detect a level of GFAP, UCH-L1 or GFAP and UCH-L.1 1 the sample; and (a) dotermining
that the pediatric sabject has sustained a trawmatic brain injury (TBI), such as mild TBI, when
the (1} level of GFAP m the sample 1s equal to or greater than a reference level of GFAP, (it)
level of UCH-LT in the sample 1s cqual to or greator than a roforenec lovel of UCH-LL, or
(111} level of GFAP i the sample 15 equal to or greater than a reference level of GFAP and the
fcovel of UCH-L1 m the samplc 18 cqual to or greater than a refcrence lovel of UCH-L1 (B)
determining that the pediatric subjoct has not sustained a TBI whoen the level of GFAP in the
sample 1s lower than a reference level of GFAP, and/or the level of UCH-L1 i the samiple s
lower than a reference level of UCH-L 1. The sample can be a biological sample, such as a
homan {¢.g., pediatric} sample. In some embodiments, the reference level of GFAP and/or
the reference level of UCH-L1 correlate with subjects (e.g., pediatric subjects) having TBI
and distingutsh subjects with no TBI. In vet other embodiments, the reference level of GFAP
and/or the reference level of UCH-L1 correlate with subjects {e.g., pediatric subjects) having
mild TBI and distinguish subjects with no wuld TBI

{3124) 1o some embodiments, the pediatric subject is determined 1o have sustained a
traurpatic brain injury when the level of GFAP in the sample is equal to or greater than a
rotercnee lovel of GFAP. In somce embodiments, the reforence lovel of GFAP 1s at lcast about
30 pg/mL. In some embodiments, the reference level of GFAP between about 30 pg/mlL and
about 1000 pg/ml.. In some embodiments, the reference lovel of GFAP is about 30 pg/ml,
about 35 pg/mL, about 40 pg/mL, about 45 pg/mL., about SO pg/mL, about 535 pg/mL, about

&0 pg/ml., about 65 pg/mkE, bout 70 pg/mL, about 75 pg/ml, about 30 pg/ml, about 99
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pg/mlL, about 95 pg/mL, or about 100 pg/mL. In some embodiments, the refercnce level of
GFAP is between about 100 pg/mi and about 1000 pg/mi.. For example, the reference level
of GFAF may be at least about 100 pg/mL, at least about 150 pg/ml., at least about 200
pg/mL., at least about 230 pg/ml, at least about 300 pg/mb., at least about 330 pg/mlL., at least
about 400 pg/ml, at leasi about 430 pg/mi.. at least about 500 pg/mL, at least about 550
pg/ml., at least about 600 pe/ml., at least about 650 pg/ml., at least about 700 pg/mL, at least
about 750 pg/mL, at least about 800 pg/mL., at least about 850 pg/ml.; at least about B00
peg/ml, at least about 9530 pg/ml., or about 1000 pg/mL.

{8125] In some embodiments, a pediatric subjoct is detormined to have sustained a
travmatic braig injury whea the fevel of GFAP in the sample is equal to or greater than a
reference lovel of GFAP of at lcast about 30 pg/mi.. For cxampic, the pediatric subjoct may
be determined to have sustained a traumatic brain injury when the level of GFAP in the
sample s equal to or greater than 30 pg/mb. As ancther example, the pediatric subject may
be deternuined to have sustained a traumatic brain injury when the level of GFAP in the
sample is equal to or greater than about 30 pg/ml. In some embodiments, the pediatric
subject may be deterniined to have spstamned a traumatic brain injury when the level of GFAP
i the samplc is cqual {0 or groater than about 65 pg/mb. In somc cmbodiments, the pediatric
subject may be determined to have sustained a traumatic bram ijury when the lfevel of GFAP
i the sample is cqual to or greater than about 1000pg/mL.

13126)  In some cmbodiments, the pediatric subject is determined 1o have sustained a
traumatic brain imjury when the level of UCH-L1 in the sample is equal to or greater than a
reference level for UCH-L1. In some embodiments, the reference level s at least about 53
pg/mL.  In some embodiments, the reference level of UCH-L1T 18 between about 55 pg/mb
and about 1000 pg/ml.. In some embodiments. the reference level of UCH-L1 is about 55
pe/ml., about 50 pg/md.. about 65 pg/ml, about 70 pgfvl., about 75 pg/ml. about 80 pg/mli,
about 85 pg/mL, about 90 pg/ml, about 93 pg/mk., or about 100 pg/mL. In some
embodiments, the reference level of UCH-L1 15 about 100 pg/mL to about 1060 pg/ml. In
some embodiments, the reference level of UCH-L1 15 about 100 pg/ml., about 120 pz/ml,
about 140 pg/ml, about 160 pg/mi., about 180 pgAnl., about 200 pg/mi., about 220 pg/mL,
about 240 pg/mL, about 260 pginl., about 280 pg/mbL, about 300 pg/mi, about 320 pg/mk.,
about 340 pg/mL, about 360 pe/mi.. about 380 pg/mL, about 400 pg/mL, about 450 pg/mk.,
about 500 pe/ml. about 530 pe/mi. about 600 pg/ml., about 650 pg/mi. about 700 pg/ml.
about 750 pg/ml., about 800 pg/mL., about 850 pg/mL., about 900 pg/mL, about 950 pa/mi.,

or abouot 1000 pg/mL.
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161271 In some embodiments, the pediairic subject is determined 10 have sustained a
trapmatic brain injury when the level of UCH-L1 in the sample is greater than a reference
level of UCH-LI of at least about 53 pg/mi.. For example, the pediatric subject may be
determined to have sustained a traumatic brain mjury when the level of UCH-L1 in the
sample is equal to or greater than 55 pg/mbL. As ancther example, the pediatric subject may
be determined to have sustained a traumatic brain infury when the level of UCH-L1 in the
sample is equal to or greater than 300 pg/ml. As another example, the pediatric subject may
be determuned to have sustaned a traumatic brain injury when the level of UCH-LI in the
sample is equal to or greater than 360 pg/mL.

{6828]  In some embodunents, the pediatric subject is determined to have sustained a
traumatic brain mjury when the level of GFAP 10 the samplc 1s greater than a reference level
of GFAP and the level of UCH-L1 in the sample is greater than a reference level of UCH-L 1.
In some embodiments, the reference leve] of UCH-UT is at least about 30 pe/m i and the
reference level of UCH-L 1 15 about 360 pg/ml.. For example, the pediatric subject may be
determined to have sustained a traumatic brain ingury when the level of GFAP in the sample
to 18 equal to or greater than 30 pg/mL and the fevel of UCH-L1 mn the sample s equal to or
greater than 360 pg/mi. In somc cmbodiments, tho reforcnce fovel of GFAP is about 65
pg/mL and the reference level of UCH-L1 is about 360 pg/mL. For example, the pediatnic
subject may be determined to have sustained a traumatic brain injury when the level of GFAP
in the sample to is equal o or greater than 63 pg/mL and the level of UCH-L1 in the sample
is equal to or greater than 360 pg/ml.

§632%91  The present disclosure also relates, among other methods, to a method of
evaluating a pediatric subject to determine whether the subject would benefit from and thos
receive an imaging procedure. such as MRY or head computerized tomography (C1) scan. As
used here, “detenmmming whether the pediatric subject would benefit from and thus receive an
imaging procedure” vefers to the fact that the aforementioned method can be used, ¢.g., with
other information {¢ g, clinical assessment data}, to determing that the pediatric subject is
more likely than not to bave sustained a TBI, such as mild TBI, and more likely than not to
have a positive finding on a head imaging procedure, such as a positive MBI head result ora
positive CT scan result. In some ecmbodiments, provided horcin 1s a mcthod of cvaluating
whether to poerform a head CT scan on a pediatric subject. Specifically, such a methoed can
comprise the steps oft performing an assay on a sample obtained from the pediatric subject,
such as within about 48 hours {¢.g., from zero o about 48 hours); and (a) determining a head

CT scan should be performed on the pediatric subject when the (1} level of GFAP in the

40

CA 03216320 2023-10-20



WO 2022/245920 PCT/US2022/029798

sample 1v equal o or greater than a reference level of GFAP, (1) fevel of UCH-LT in the
sample is equal to or greater than a reference level of UCH-LT or (i1} level of GFAP in the
sample 1s equal to o7 greater than a reference lovel of GFAP and the level of UCH-L 1 10 the
sample is equal to or greater than a reference level of UCH-L1. In some embodiments, the
method further comprises providing the head imaging procedure {e.g. the head CT scan). In
some embodiments, the method comprises determining that the subject has not sustained a
TBI when the level of GFAP in the sample is lower than a reference level of GFAP, and/or
the level of UCH-L1 in the sample is lower than a reference level of UCH-L1. The sample
can be a biological sample, such as a human sample. Conveorsely, a low level of one or more
GFAP and UCH-L1 biomarkers can predict whether the scan is Likely to be negative, as
described herein.

{3138] In some embodiments, 1t 1s determined that a head CT scan should be performed
when the level of GFAP 10 the sample 1s equal to or greater than a reference level of GFAP.
In some embodiments, the referonce level of GFAP 13 at least about 30 pg/mL. In some
embodiments, the reference level of GFAP between about 30 pg/ml and about 1000pg/mL.
In some embodiments, the reference level of GFAP is abowut 30 pg/mL, about 35 pg/mE,
about 40 pg/mL., about 45 pg/mbL, about 50 pg/mkL, about 55 pe/mi.. about 60 pg/mL, about
65 pg/mk, bout 70 pg/ml, about 75 pg/mL, about 80 pg/ml., about 90 pg/ml., about 93
pe/mb. or about 100 pg/mbL. In some cmbodiments, the reference leovel of GFAP 1s betwoen
about 100 pg/ml and about 1000 pg/mL. For example, the reference level of GFAP may be

at least about 100 pg/inl, at least about 150 pp/ml, at least about 200 pe/oil., at least about

250 pg/mL., at least about 300 pg/ml., at least about 350 pg/mi., at least about 400 pg/mL, at
Ieast about 450 pg/ml, at least about 500 pg/ml, at least about 330 pg/mli. at least about 600
pe/mL, at least about 650 pg/ml, at least about 700 pe/mL, at least about 750 pa/mL., at least
about 800 pg/ml., at least about 850 pa/mli., at least about 900 pg/ml. af least about 950
pg/mL, or about 1000 pg/mi.

331} In somce cmbodiments, it is determined that a head CT scan should be performed
when the fevel of GFAYP in the sample is equal to or greater thao a reference level of GFAP of
at feast about 30 pg/mL. For example, it may be determined that a head CT scan should be
performoed when the lovel of GFAP o the samplc 13 cqual to or greater than 30 pg/mbL. As
another example, it may be determined that a head CT scan should be performed when the
fevel of GFAP in the sample 1s equal to or sreater than about 50 pg/mL. In some
embodiments, it 1s determined that a head CT scan should be performed when the level of

GFAP in the sample is equal to or greater than about 63 pg/mi. In some embodiments, it is
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determined that a head CT scan should be performed when the level of GFAP in the sample
is equal to or greater than abouot 1000 pg/ml..

[8132) In some embodiments, it 1s determined that a head CF scan should be performed
when the level of UCH-L1 in the sample 15 equal to or greater than a reference level for
UCH-L1. In some embodiments, the reference level is at least about 535 pg/ml.  In some
embodiments, the reference level of UCH-L1 is between about 35 pg/mL and about 10600
pe/ml. In some embodiments, the reference level of UCH-LT 1s about 535 pg/ml., about 60
peg/ml, about 65 pg/ml, about 70 pg/ml, about 75 pg/ml, about 80 pg/ml., about 85 pg/ml,
about 90 pg/mL, about 95 pg/mi, or about 100 pg/mlb. In some embodiments, the reference
level of UCH-L1 is about 100 pg/mL to about 1000 pe/mL. In some embodiments, the
reference level of UCH-L 1 1s about 100 pg/mL, about 120 pg/mL, about 140 pg/ml., about
160 pg/mi., about 180 pg/mL, about 200 pg/mL, about 220 pg/mL, about 240 pg/mL, about

268 pefmb., about 280 pg/ml, about 300 pe/mi., about 320 pe/ml., abowt 340 pe/mi. about

360 pg/mb. about 380 pg/mL, about 400 pg/mi., about 450 pg/mL., about 500 pg/ml.. about
550 pg/mL, about 600 pg/ml, abowt 630 pg/mi., about 700 pg/iml., about 750 pg/mi., about
800 pg/mL, about 850 pg/mL, about 900 pg/ml. about 950 pg/ml. or about 1000 pg/mb.
{8133}  In somc cmbodiments, i is determined that a head CT scan should bo performed
when the level of UCH-L1 1n the sample 1s greater than a reference level of UCH-L1 of at
fcast about 535 pg/mL. For cxample, it mayv be detormined that a head CT scan should be
performed when the level of UCH-L1 in the sample is equal 1o or greater than 33 pg/ml. As
another example, it may be determined that a head CT scan should be performed when the
fevel of UCH-L1 mn the sample 1s equal to or greater than 300 pg/mL. As another example, 1t
may be determined that a head CT scan should be performed when the level of UCH-L1 in
the sample 15 equal to or greater than 360 pg/mbL.

[0134]  In some emboduments, s determined that a head CT scan should be performed
when the level of GFAP in the sample is greater than a reference level of GFAP and the level
of UCH-L1 in the sample is greater than a refercnce level of UCH-L1. In some
embodiments, the reference level of UCH-L.1 is at lcast about 30 pg/mL and the reference
level of UCH-LT is about 360 pg/mLl. For example, it may be deteomined that a head CT
scan should be portormoed when the fovel of GFAP 1n the sample {0 13 cqual to or greater than
30 pg/mL and the level of UCH-L1 in the sample is equal to or greater than 360 pg/mb. In
some embodiments, the reference level of GFAP 1s about 65 po/mil and the reference level of

UCH-L1 15 about 360 pg/ml.. Forexample, it may be determined that a head CT scan should
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be performed when the level of GFAP in the sample to is equal to or greater than 63 pg/mL
and the level of UCH-L1 in the sample is equal to or greater than 360 pg/mL.

[8138]  For any of the methods described heremn, the method can include obtaining a
samiple within about 48 hours, such as within about 24 hours {¢.g., from zero (0 about 23
hours), of an achual or suspected ingury to the head from the pediatric subject and contacting
the sample with an antibody for GFAP or an antibody for UCH-L1 to allow formation of a
complex of the antibody and GFAP or the anttbody and UCH-L 1. The method also includes
detecting the resulting antibody-GFAFP complex or antibody -UCH-Licomplex.

[8136] In some embodiments, a sample ts taken from the human {(e.g., pediatric buman)
subject within about 48 hours of an actual or suspected injury o the head, such as within
about O to about 4 hours, within about 0 to about 8 hours, within about ¢ to about 12 hours,
within about O to abouot 16 hours, within about 8 to about 20 hours, within about 0 to about 24
hours, and within about 0 to about 48 hours. In some embodiments, a sample 1s taken from
the human {e g, pediairic human) subject within about within about 4 hours to about 8 hours,
within about & hours to about 12 hourg, within about 12 hours to about 16 hours, within about
16 hours to about 20 hours, within about 20 hoars to about 24 hours, and within about 24
hours to about 48 hours. In other cmbodiments, the sample can be taken from the human
{c.g., pediatric human) subject within about O minutes, about 30 minutes, about 60 vunuies,
about 90 mimites, about 120 minutces, about 3 hours, about 4 hours, about 5 hours, about &
hours, 7 hours, about 8 hours, about ¢ hours, about 10 hours, about 11 hours, about 12 hours,
about 13 hours, about 14 hours, about 15 hours, about 16 hours, about 17 hours, about 18
howurs, about 19 hours, about 20 hours, about 21 hours, about 22 hours, about 23 hours, about
24 hours, about 25 hours, about 26 hours, about 27 hours, about 28 hours, about 29 hours,
about 30 hours, about 31 hours, about 32 hours, about 33 hours, about 34 hours, about 35
hours, about 36 hours, about 37 hours, about 38 hours, about 39 hours, about 40 hours. about
41 hours, about 42 hours, about 43 hours, about 44 hours, about 453 hours, about 46 hours,
about 47 hours, or about 48 hours after the actual or suspected mjury. In some cmbodiments,
the onset of the presence of GFAP, UCH-L.1 or GFAP and UCH-L 1 appears within about 0
minutes, about 30 nunutes, about 60 minules, about 940 minutes, about 120 minutes, about 3
hours, about 4 howrs, about 5 howrs, about 6 hours, 7 hours, about 8 hours, about 9 hours,
about 10 hours, about 11 hours, about 12 hours, about 13 hours, about 14 hours, about 13

hours, about 16 hours, about 17 hours, about 18 hours, about 19 hours, about 20 hours, about

>

21 hours, about 22 hours, about 23 hours, about 24 hours, about 28 hours, about 26 hours,

about 27 hours, about 2€ hours, about 29 hours, about 30 hours, about 31 hours, about 32
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hours, about 33 hours, about 34 hours, about 35 hours, about 36 hours, about 37 hours, about

38 hours, about 39 hours, about 40 hours, about 41 hours, about 42 hours, about 43 hours,

about 44 hours, about 45 hours, about 46 hours. about 47 hours, or about 4% hours after the
injury to the head.

31371 In some embodiments, the subject may have received a Glasgow Coma Scale score
before or after the level of the GFAP, UCH-L1 or GFAP and UCH-L1 15 deternuned at one or
more time points. In certain embodinents, the subject may be suspected of having a mid
traumatic brain injury based on the Glasgow Coma Scale score. In certamn embodiments, the
pediatric subjoct may be suspected of having a muld traumatic brain injury based on an
abnormal bead CT. In some embodiments, the pediatric subject has received a O scan
before or afier the assay is performed. In some embodiments, the subject has a normal head
CT.

HI1I38] o some embodiments, the reference level of GFAP, UCH-LT or GFAP and UCH-
L1 15 correlated with pediatric subjects having a moderate to severe traumatic brain injury. In
some embodiments, the reference level of GFAP, UCH-L1 or GFAP and UCH-L1 15
correlated with a Glasgow Coma Scale score 6 3-12. In some embodiments, the pediatnc
subjoct is suspected as having mild traumatic brain injury bascd on the Glasgow Coma Scale
score. In some embodiments, the reference level of GFAP, UCH-L1 or GFAP and UCH-L1
1s corrclated with subjects having mild traumatic brain inpury. In some cmbodiments, the
reference level of GFAP, UCH-L1 or GFAP and UCH-L1 is corrclated with a Glasgow Coma
Scale score of 13-15.

183391 Generally, a reference level of GFAP, UCH-L1 or GFAP and UCH-L1 can also be
emploved as a benchmark against which 1o assess resulis obtained upon assaving a test
sample for GFAP, UCH-L1 or GFAP and UCH-LT. Generally, in making such a
comparison, the reference level of GFAP, UCH-LI or GFAP and UCH-L.1 are obtained by
running a particular assay a sufficient number of times and under appropriate conditions such
that a linkage or association of analyte presence, amount or concentration with a particular
stage or endpoint of TBI or with particular indicia can be made. Typically, the refercnce
fevel of GFAP, UCH-L1 or GFAP and UCH-L 1 1s obtained with assays of reference subjocts
{or populations of subjoets). The GFAP, UCH-L1 or GFAP and UCH-L1 mcasurcd can
nchide fragments thereof, degradation products thercof, and/or enzymatic cleavage products
thereof

[#148]  In certain embodiments, the reference level may be correlated with control subjects

that have not sustained a head injury.
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16341] 1o some embodiments, the reference level of GFAP, UCH-L 1 or GFAP and UCH-
L1 is determined by an assay having a sensitivity (for GFAP, UCH-L1 or GFAP and UCH-
L1} of between at keast about 307 to about 10U% and a specificity of between at least about
309 to about 100%. In some embodiments, the sensitivity 1s between at least about 30% 1o
about 100%, between at least about 30% to about 99%, between at least about 36% to about
§7%, between at least about 30% to about 95%. between at least about 30% to about 90%.
between at least about 30% to about 85%, between at least about 30% to about 80%, between
at least about 3096 to about 73946, between at least about 35% to about 100Y%, between at least
about 35% to about 99%, between at least about 33% to about 97%, between at least about
35% to about 95%, between at least about 33% to about 90%, between at least about 35% o
about 35%, between at least about 35% to about 80%, between at least about 35% to about
75%, between at least about 70% to about 100%, between at least about 70% to about 99%,
between at least about 705 to about 97%, between at least about 70% to about 95%, between
at least about 70% to about 909, between at least about 70% to about 853%. between at least
about 70% to about 80%, between at least about 70% to about 75%. between at least about
75% to about 100%, between at least about 75% to about 99%, between at least abowt 75% to
about 95%, botwoen at least about 75% to about 90%, betwoeen at least about 75% to about
85%, between at least about 75% to about R0%, between at least about 85% to about 100%,
botween at least about 835396 to about 99%, botween at least about 8596 1o about 959, botween
at least about 3% to about 90%, between at least about 93% 1o about 100%, or boetween at
Icast about 95% to about 99%. in some crabodiments, the sensitivity is at least about 70‘0“‘/&,
at least about 75.0%, at least about 80.0%, at least about 81.0%, at least about 85.0%, at least
about 87 3%, at least about 90 .09%, at feast about 95.0%, at least about 99.0%, at least about
90 1%, at least about 99.2%, at least about 99 3%, at feast about 99 4%, at least about 99 5%,
at least about 99.6%, at least about 99.7%, at least about 99.8%, at least about 99.9%, orat
feast about 100.0%
131421 In somce cmbodiments, the specificity {(for GFAP, UCH-L1 or GFAP and UCH-L1)
is between at least about 10% to about 100%, between at least about 13% to about 99%,
between at least about 20% 1o about 85%, between at least about 23% to about 90%, between
at lcast about 309 to about 8539%, between at least about 30% to about 80%, between at Icast
about 30% to about 75%,. between at least about 30% to about 70%, between at least about
3096 to about 60%, between at least about 30% to about 5G%, between at least about 303% to
v

about 409, between at least about 30% to about 35%, between at least about 40% to about

100%, between at least about 40% to about 99%, between at least about 40% to about 95%,
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between at least about 40% to about 80%, between at least about 40% (o aboutl 83%, between
at least about 409 to about 80%, between at least about 40% to about 75%, between at least
about 40% to about 70%, between at least about 40% 1o about 60%. between at least about
40% to about 30%, between at east about 50% to about 100%, between at least about 50% to
about 99%, between at least about 50% to about 95%, between at least aboui 30% to about
O(%, between at least about 50% to about 85%, between at least about 30% to about 80%,.
between at least about 30% to about 75%, between at least about 50% to about 70%, between
at least about 5096 to about 60%, between at least about 60% to about 100Y%, between at least
about 60% to about 99%, between at least about 60% to about 95%, between at least about
60% to about 90%, between at least about 60% to about 83%, between at least about 60% to
about 809%, between at least about 60% to about 75%, between at least about 60% to about
70%, between at least about 70% to about 100%, between at least about 70% to about 99%,
between at least about 70% to about 953%, between at least about 70% to about 90%, between
at least about 709 to about 859%, between at least about 70% to about 80%. between at least
about 70% to about 75%, between at least about 80% to about 100%, between at feast about
80% to about 99%, hetween at least about 0% to about 95%., bebween at least about 80% to
about 90%, between at loast about 80% to about #5%, betwoen at least about 90% to about
100%, between at {east about 0% to about 99%, between at least abowt 90% 1o about 95%,
botwoen at least about 9396 to about 99%, or botween at feast about 95% 1o about 100%. In
some embodiments, the specificity is at least about 30.0%, at feast about 31.0%, at feast about
2.0%, at least about 33.0%, at least about 34 0%, at least about 35.0%, at least about 36.06%,
at least about 37.0%, at least about 38.0%, at least about 39.0%, at least about 40.09%, at least

about 45 0%, at least about 30.0%, at least about 55 0%, at least about 60.0%, at least about

65 0%, at least about 70.0%, at least about 75 .0%, at least about 80.0%, at least about 81 0%,
at loast about 82.0%, at least about 83.0%, at least about 84.0%, at least about 85.0%, at least
about 90.0%, at least about 81.0%, at least about 92.0%, at least about 93.0%, at least about
94.0%, at least about 95.0%, at least about 96.0%, at least about 97.0%, at lcast about 98.0%,
at least about 99 0%, at least about 9%.1%, at fcast about 99.2%, at lcast about 99.3%,, at least
about 99 4%, at least about 99 3%, at least about 99 6%, at least about 99 7%, at least about
90 8%, at Icast about 99.9%, or at Icast about 100.0%. For cxamplc, the scnsitivity 1s at lcast
about 99% and the specificity is at least about 75%, the sensitivity is at least about 99% and
the specificity 1s at least about 99%, or the sensitivity is at least about 10096 and the

spectticity 1s at feast about 1009%,
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163437 1o some embodiments, the reforence level of GFAP 1s determined by an assay
having a sensitivity of at least about $0% and a specificity of at least about 40%. For
cxample, the reference fevel of GFAF may be determmed by an assay having a sensitivity of
about 90Y%, about 91%, about 929%, about 93%., about 4%, about 95%. about 96%, about
7%, about 98%. about 99%, or about 160% and a sensitivity of at least about 46%. at least
about 439%, at least about 30%, at least about 553%, at least about 60%, at least about 63%, at
least about 70%, at least about 75%, at least about 80%, at least about 83%, at least about
90%, at least about 85%, or about 100%,

{8844] In some embodiments, the reforence lovel of GFAP is detormined by an assay
baving a sensitivity of at feast about 50% and a specificity of at least about 90%. For
cxample, the reforcncee fovel of GFAP may be detcrmunced by ao assay baviong a senstiivity of
at least about 30%, at Ieast about 35%, at least about 60%, at least aboat 65%, at least abount
7%, at least about 75%, at least about 0%, at least about 85%, at least about 90%,, at least
about 95%, or about 100% and a spewmficity of at least about 20%, about 919, about 92%
about 93%, about 94%, about 95%, about 969, about 97%, about 989, about 9%, or about
100%.

[8145]  In somc cmbodiments, the referonee Ievel of GFAP is determined by an assay
baving a negative predictive value of at least about 70%. For example, the reference level of
GFAP may be detcrminced by an assay having a nogative predictive value of at Icast about
75%, at feast about %0%, at least about 83%., at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%. at least about 96%. at
feast about 97%, at least about 98%, at least about 99%, or about 100%. In some
embodiments, the reference level of GFAP 1¢ determined by an assay having a negative
predictive value of at {east about 90%.

[8146]  In some embodunents, the reference level of GFAP is determuined by an assay
having a positive predictive value of at least about 50%. For example, the reference level of
GFAFP may be determined by an assay having a positive predictive value of at least about
50%, at least about 55%, at feast about 60%, at least about 63%, at least about 709%, at least
about 75%, at least about 80%, at least about 853%, at least about 90%, at least about 1%, at
Icast about 92%, at least about 3%, at loast about 34%, at lcast about 959, at least about
96%. at least about 97%, at least about 98%, at least about 99%, or about 100%. In some
cmbodiments, the reference level of GFAP 1s determined by an assay having a positive

predictive value of at least about 80%.
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163471 1o some embodiments, the reference level of UCH-L1 15 detemmuned by an assay
having a sensitivity of at least about 30% and a specificity of at least about 23%. In some
cmbodiments, the reference lovel of UCH-L 1 is determined by an assay having a sensifivity
of at least about 83%, at least about 90%, at least about 95%, or about 100% and a specificity
of ai least about 253%, at Ieast about 30%. at least about 35%, at least about 40%, at least
about 439%, at least about 30%, at least about 553%, at least about 60%, at least about 63%, at
least about 70%, at least about 75%, at least about 80%, at least about 83%, at least about
90%, at least about 95%, or about 100%
[8848]  In some embodiments, the referonce lovel of UCH-L1 1s determined by an assay
having a sensitivity of at least about 30% and a specificity of at least about 90%. In some
cmbodiments, the reference lovel of UCH-L 1 15 doterouned by an assay having a sensitivity
of at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least
about 5%, at fcast about 55%, at feast about 60%, at least about 635%. at least about 70%. at
cast about 75%, at least about 80%, at least about 85%. at least about 90%. at least about
5%, or about 100% and a specificity of at least about 90%, at least about 91 “'?/5, at least about
92%. at least about 93%, at least about 94%, at least about 95%, at least about 969, at least
about 97%, at Icast about 98%, at Icast about 99%, or about 100%.
[01498]  In some embodunents, the reference level of UCH-L1 1s determimed by an assay
having a negative predictive value of at least about 65%. In some embodiments, the
reference level of UCH-L1 is determined by an assay having a negative predictive value of at
least about 65%, at least about 70%, at least about 75%, at least about 80%., at least about
85%, at least about 90%, at least about 91%, at least about 929, at least about 939, at least
about 94%. at least about 95%, at least aboot 96%, at least about 97%, at least about 98%, at
least about 99%, or about 100%
[0188]  In some emboduments, the reference level of UCH-L1 1s determined by an assay
having a positive predictive value of at least about 40%, For example, the reference level of
UCH-L1 may be determined by an assay having a positive prediciive value of at least about
40%, at lcast about 43%, at lcast about 50%, at least about 33%, at least about 606%, at least
about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at
Icast about 90%, at least about 5%, or about 100%. In somc cmbodiments, the retorenee
level of UCH-L1 is determined by an assay having a positive predictive value of at least
about 809
[#15¥] In some embodiments, the reference level of GRFAP and the reference level of

UCH-L1 are determined by an assay having a sensitivity of at least about 70% and a
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specificity of at least about 10%. For example, the reference level of GFAP and the reference
level of UCH-L1I may be determined by an assay having a sensitivity of at least about 70%, at

ij’

least about 75%, at least about 80%, at least about 8576, at least about 0%, at least about
G3%, or about 100% and a specificity of at least about 1094, at least about 139, at least about
20% at least about 25%, at least about 309, at least about 35%, at least about 40%, at least
about 439%, at least about 30%, at least about 553%, at least about 60%, at least about 63%, at
least about 70%, at least about 75%, at least about 80%, at least about 83%, at least about
90%, at least about 95%, or about 100%

{81582} In some embodiments, the reference level of GFAP and the reference level of
UCH-L1 are deteomined by an assay having a scasitivity of at least about 65% and a
specificity of at lcast about 25%. For cxample, the referenec fovel of GFAP and the referonce
fevel of UCH-LI may be determined by an assay having a sensitivity of at least about 65%, at
fcast about 7%, at least about 75%, at least about 8(1%, at least about 85%. at least about
9%, at least about 95%. or about 100% and a specificity of at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about 453%, at least about 3G9%, at least

g

about 55%, at least about 60%, at least about 65%, at least about 70%. at least about 75%. at
Icast about 80%, at lcast about 85%. at least about 207%. at loast about 95%, or about 100%.
{31331  In some embodiments, the reference level of GFAP and the reference level of
UCH-L1 are determiuned by an assay having a positive predictive value of at least about 35%.
For example, the reference level of GFAP and the reference level of UCH-L1 may be
deternuned by an assay having a positive predictive value of at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about 55%, at least about 609, at least
about 65%. at least about 70%, at least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, or about 10{(%

[0184]  In some emboduments, the referonce level of GFAP and the reference level of
UCH-L1 are determined by an assay having a negative predictive value of at least about 40%,.
For example, the refercnce level of GFAP and the reference level of UCH-L1 may be
determined by an assay having a negative predictive value of at least about 40%, at least
about 45%, at least about 306%, at least about 35%, at least about 60%, at least about 65%, at
Icast about 70%, at least about 75%, at least about 80%, at lcast about 859, at least about
090%., at least about 95%, or about 100%. In some embodiments, the reference level of GFAP

and the reference level of UCH-L1 are determined by an assay having a negative predictive

value of at least about 35%.
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[6188]  In some embodiments, the sample is selected from the group consisting of a whole
blood sample, a serum sample, a cerebrospinal fhid sample, a tissae sample, a bodily fuid
sample, and a plasma sampie. In some embodiments the sample 15 a whole blood sample
obtained from a human, such as a pediatnc human. In other embodiments, the sample is a
serum sample obiained from a haman, such as a pediatric human.  In yet other embodiments,
the sample is a cercbrospinal fluid obtained from a human, such as a pediatric human, In still
vet other embodiments, the sample 15 a plasma sample obtained from a buman, such as a
pediatric human. More specifically, the pediatnic human from which the sample 13 collected
may be less than about 18 years old.

[6i36]  In some emboduments, the method can be carried out on any pediatric subject
without regard to factors sclected from the group consisting of the pediatric subject’s eltnical
condition, the subject’s laboratory values, and the subject’s classification as suffening from
mild, moderate or severe traumatic bram mjury.

31871 In some embodiments, the method can further include treating the pediatnic subject
determined as having sustained a moild TBI with a traumatic brain injury treatment, as
described below. In some embodimenis, the method can forther include monttonng the
pediatric subjoct determined as having sustained a mild TBI, as doscribed below,

[0138]  The nature of the assay emploved in the methods descrnibed herein is not cntical
and the test can be any assay known in the art such as, for example, imnumoassays, protemn
immunoprecipifation, inynunoclectrophoresis, chemical analysis, SDS-PAGE and Western
blot analysig, or protein immunostaining, clectrophoresis analysis, a protein assay, a
competitive binding assay, a funchional protein assay, or chromatography or spectrometry
methods, such as high-performance liquid chromarography (HPLC) or liguid
chromatography-mass spectrometry (LO/MS). Also, the assay can be emaployed in a clumical
chenustry format such as would be known by one of ordinary skill 1o the art. Such assays are
described in further detail herein. It is known in the art that the values {¢.g., reference levels,
cutodfs, thresholds, specificitics, senstivities, conceontrations of calibrators and/or controls
gte.y used in an assav that emplovs specific sample type {¢.g., such as an immuncassay that
uiihizes serum or a pont-of-care device that employvs whole blood) can be extrapolated to
other assay formats using known technigues in the art, such as assayv standardization. For
cxample, one way in which assay standardization can be performed is by applving a factor to
the calibrator emploved in the assay to make the sample concentration read hugher or lower to
get a slope that ahgns with the comparater method. Uther methods of standardizing results

obtained on one assay to ancther assay are well known and have been described in the
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iterature (See, for example, David Wild, Immunoassay Handbook, 4% odition, chapter 3.3
> p 2 " o > > 9

pages 313-322 the contents of which are herein incorporated by reference).

3. Treatment and Monitoring of Pediatric Subjects Suffering from Traumatic Brain

Injury

101897 The subject wdentified or assessed in the methods descrnibed above as having
traumatic brain injury, such as mild traumatic brain injury or moderate 1o severe {raumatic
brain injury, may be treated or monitored. In some embodiments, the method further
mchides treating the hwman pediatric subject assessed as having traumatic brain imjury with a
traumatic brain injury treatment, such as any treatments known in the art. For example,
treatment of fraumatic bram injury can take a vancty of forms dopending on the scvority of
the injury to the head. For example, for pediatric subjects suffering from mild TBI, the
treatment may include one or more of rest, abstaining from events that aggravate symptoms
{such as sports}, avording hght or wearing sunglasses when out in the Light, symptomatic
management such as medication for relief of 2 headache or migraine, anti-nausea medication,
ctc. Treatment for patients suffering from severe TBI might include administration ot one or
more appropriate medications (such as, for example, diuretics, anti-convulsant medications,
medications to sedate and put an individual in a drug-induced coma, or other pharmaceutical
or biopharmaceutical medications (etther known or developed in the future for treatment of
TBI}, onec or more surgical procedures (such as, for cxample, removal of a hematoma,
repairing a skull fracture, decompressive craniectomy, eic.) and one or more therapies {(such
as, for example onc or more rohabilitation, cognitive boehavioral therapy, anger managoemeont,
coungeling pevchology, ete). In some embodiments, the method further includes moniforing
the human pediatric subject assessed as having trawatic brat ingury (e.g., mild or nwoderate
to severe traumatic). In some embodunents, a pediatnie subject identified as having fraumatic
brain injury, such as mild traumatic brain injury or severe traumatic brain injury, may be
monitored with CT scan or MRL

4. Methods for Measuring the Level of UTH-L1

[8168]  In the methods desceribed above, UCH-L1 levels can be measured by any means,
such as antibody dependent methods, such as tmmunocassays, protein immunoprecipitation,
nanoslectrophoresis, chemical analysis, SDS-PAGE and Westem blot analysis, protein
immunostaining, clectrophoresis analysis, a protein assay, a competitive binding assay, a

functional protein assay, or chromatonraphy or spectrometry methods, such as high-
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performance biquid chromatography (HPLC) or hiquid chromatograpby—mass specirometry
{(LOMS). Also, the assay can be employed in clinical chemistry format such as would be
known by one skilled in the art.

{31611 In some embodiments, measuring the level of UCH-L1 meludes contacting the
sample with a first specific binding member and second specific binding member. In some
embodiments, the first specific binding member ig a capture antibody and the second specific
binding member is a detection anttbody. In some embodiments, measuring the level of UCH-
L1 ncludes contacting the sample, either simultaneously or sequentially, in any order: (1) at
lgast one captare antibody {c.g., UCH-L 1 -capture antibody}, which binds to an epitope on
UCH-L1 or UCH-L1 fragment to form an at least one capture aptibody-UCH-L1 antigen
complex (e.g., UCH-L 1 -capture antibody-UCH-L | antigen complex), and (2} at least one
detection antibody (e.g., UCH-Li-detection antibody}, which includes a detectable label and
binds to an epitope on UCH-LT that is not bound by the capture antibody, to form a UCH-L1
antigen-at least one detection antibody complex {e.g., UCH-L | antigen-UCH-L I -detection
antibody complex), such that an at least one capture antibody-UCH-L 1 antigen-at least one
detection antibody complex {e g, UCH-L 1-capture antibody-UCH-LT antigen-UCH-L1-
detection antibody complex) is formed, and measuring the amount or concentration of UCH-
L1 in the sample based on the signal gencrated by the detectable label in the capture
antibody-UCH-L1 antigen-deicetion antibody complox.

13862)  In some embodiments, the method further comprises a third specific binding
member, such as a second detection antibody which includes a detectable label and binds to
an epitope on UCH-L1 that is not bound by the capture antibody and the first detection
antibody.

{8163]  In some embodiments, the first specific binding member 1s immobilized on a solid
support. In some embodiments, the second specific binding member s immobilized on a
solid support. In some embodiments, the first specific binding member is a UCH-L1
antibody as described below.

{3i64) 1o some embodiments, the sample is diluted or undiluted. The sample can be from
about | to about 25 microhiters, about 1 to about 24 microliters, about 1 to about 23
mucrolitors, about 1 to about 22 micrcliters, about 1 to about 21 microliters, about 1 o about
20 microliters, about 1 to about 18 microliters, about 1 to about 17 microliters, about 1 to
about 16 microliters, about 15 microliters or about | microliter, about 2 nucroliters, about 3
microhiters, about 4 microliters, about 5 microliters, about 6 microhiters, about 7 microbiters,

about 8 microliters, about 9 microliters, about 10 microliters, about 11 microliters, about 12
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microliters, about 13 microliters, about 14 microliters, about 15 microliters, about 16
microditers, about 17 microliters, about 18 microliters, about 19 microliters, about 20
microliters, about 21 microlitors, about 22 microliters, about 23 nucrokiters, about 24
microliters or about 25 microliters. In some embodiments, the sample is from about 1 to
abowut 150 microliters or less or from about 1 to about 25 mucroliters or less.

{1163 Some instruments (such as, for example the Abbott Laboratorics mstrument

ARCHITECT®, and other core laboratory instruments) other than a point-of-care device may
be capable of measuring levels of UCH-L1 in a sample higher or greater than 25,0006 pg/mL.
[8i66]  Other methods of dotection include the use of or can be adapted forascona
panopore device or nanowell device, e.g. for single molecule detection. Examples of
nanopore devices are deseribed m Intemational Patont Publication No, WO 2016/161402,
which i3 hereby incorporated by reference in ifs enfirety. Examples of nanowell device are
described in Intemational Patent Publication No. WO 2016/161400, which s hereby
incorporated by reference in its entivety. Other devices and msthods appropriate for single

molecule detection also can be employed.
8, Methods for Measuring the Level of GFAP

{#167]  In the methods described above, GFAP levels can be measured by any means, such
as antibody dependent methods, such as immuncassays, protein immunoprecipitation,
immunoclectrophoresis, chemical analysis, SDS-PAGE and Western blot analvsis, or protein

Immunaosigining

g, electrophoresis analysis, a protein assay, a competitive binding assay, a
functional profoin assay, or chromatography or spoctromctry mothods, such as high-
performance liquid chromatography (HPLC) or hiquid chromatography-mass spectrometry
{(LC/MS). Also, the assay can be employed in clinical chemistry format such as would be
known by one skilled m the art.

j3168]  In some embodiments, measuring the level of GFAP includes contacting the
saraple with a first specific binding member and second specific binding member. In some
embodiments, the first specific binding member is a capture antibody and the second specific
binding member is a detection antibody. In some embodiments, measunng the level of
GFAP mcludes contacting the sample, cither simultancously or sequentially, in any order: (1}
at least one capture antibody (g, GFAP-~capture antibody), which binds to an epitope on
GFAP or GFAP fragment to form an at least one capture antibody-GFAP antigen complex
{c.g.. GFAP-capturc antibody-GFAP antigen complex), and (2} at loast onc detection

antibody {c.g., GFAP-detection antibody}, which mcludes a detectable label and binds to an
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gpitope on GFAP that 1s not bound by the capture antibody, to form a GFAP antigen-at feast
one detection antibody complex (2.g., GFAP antigen-GFAP-detection antibody complex),
such that an at least one capture antibody-GFAP antigen-at least one detection antibody
complex (¢.g., GFAP~capture antibody-GFAP antigen-GFAP-detection antibody complex) is
formed, and measuring the amoont or conceniration of GFAP in the sample based on the
signal generated by the detectable label in the at least one capture antibody-GFAP antigen-at
feast one detection antibody complex.

{01691 In some embodiments, the first specific binding member 1s immobilized on a solid
support. In some embodiments, the second specific binding member is immobilized on a
solid support. In some embodiments, the first spectfic binding member is a GFAP antibody
as deseribed below.

{31781 In some embodiments, the sample 1s diluted or undiluted. The sample can be from
about 1 to about 25 microliters, about 1 to about 24 microliters, about 1 to about 23
microliters, about | to about 22 nucroliters, about | to about 21 nucroliters, about | to about
20 mucroliters, about 1 to about 18 microliters, about 1 to about 17 microliters, about | to
about 16 microliters, about 15 nucroliters or about 1 microliter, about 2 microliters, about 3
microliters, about 4 microliters, about 5 microliters, about 6 microliters, about 7 microlitors,
about 8 microliters, about 9 microliters, about 10 microliters, about 11 microliters, about 12
microliters, about 13 mucrolitors, about 14 microlitors, about 15 miicroliters, about 16
migroliters, about 17 microliters, about 18 microliters, about 19 microkiters, about 20
microliters, about 21 microliters, about 22 microliters, about 23 microliters, about 24
maeroliters or about 25 microliters, In some embodiments, the sample 1s from about { to
about 130 microliters or fess or from about 1 to about 25 microliters or less.

{6871]  Some mstruments (such as, for example the Abbott Laboratories instnmment
ARCHITECT®, and other core laboratory instruments) other than a point-of-care device may
be capable of measuring levels of GFAP 1 a sample higher or greater than 50,000 pg/mL.
31721 Giher mothods of detection include the use of or can be adapted foruse on a
nanopore device or nanowell device, ¢.g. for single molecule detection. Examples of
nanopore devices are described in International Patent Publication No. WO 2016/161402,
which is horobyv incorporated by reforenee i ifs entircty. Examples of nanowell dovice are
described 1o international Patent Publication No. WO 26G16/161400, which is hereby
incorporated by reference in its entirety. Other devices and methods appropriate for single

molecule detection also can be emploved.
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6. Antibodies

{61731  The methods described berein may use an tsolated antibody that specifically binds
to GFAP, UCH-LI or GFAP and UCH-L1.

a. UCH-L1 Antibodies

{8374} The methods described heremn may use an 1solated antibody that specifically binds
to ubigeitin carboxy-terminal hydrolase L1 ("UCH-L17} {or fragments thercof), referred to as
“UCH-L1 antibody.” The UCH-L1 antibodies can be used to assess the UCH-LI status as a
measure of trawmatic brain yury, detect the presence of UCH-L1 m a sample, guantify the
amount of UCH-LT present in a sample, or detect the presence of and quantify the amount of
UCH-L1 in a sample.

{1} Ubiquitis Carboxy-Terminal Hydrolase L1 (UCH-L.1)
78] Ubiquitin carboxy-terminal hydrolase L1 ("UCH-L 1), which 1s also known as
“gbiguitin C-terminal hydrolase,” is a deubiquitinating enzyme. UCH-L1 is a memberofa
gene tamily whose products hydrolyze small C~terminal adducts of ubiquitin to generate the
ubiquitin movomer. Expression of UCH-L1 1s highly specific to neurons and to cells of the
diffuse neurcondocrine systom and thewr tumors. 1 1s abundantly present i all ncurens
{accounts for 1-2% of total brain protein}, expressed specifically in neorons and testis/ovary.
The catalytic trad of UCH-L1 contains a oyvsteine at position 90, an aspartate at position 176,
and a histidive at position 161 that are respousible for its bydrolase activity.
{91761  Houman UCH-L1 may have the following amino acid sequence:
{1771 MOLKPMEINPEMLINKVLSRLOVAGQWRFVDYVLGLEEESLGSVPAPACALL
LLFPLTAQHENFREKQIEFLKGQEVSPEVYFMKQTIGNSCGTIGLIHAVANNQDKLG
FEDGSVLEQFLSETEKMSPEDRAKCFEKNEAIQAAHDAVAQEGQCRVDDEVNFHFT
LENNVDGHLYELDGRMPFPVNHGUGASSEDTLLKDAAKVCREFTEREQGEVRFSAVAL
CKAA(SEQIDNG 1)
{0178]  The human UCH-L1 may be a fragment or variant of SEQ ID NG 1. The
fragmoent of UCH-L1 may be between 5 and 225 amino acids, between 10 and 225 amine
acids, between 50 and 225 amino acids, botween 60 and 225 amino acids, betwoen 65 and
225 anuno acids, between 100 and 225 amino acids, between 150 and 225 asuno acids,
between 100 and 175 amino acids, or between 175 and 225 amino acids in length. The

fragment may comprise a configaous number of amino acids from SEQ ID NO: 1.



WO 2022/245920 PCT/US2022/029798

CA 03216320 2023-10-20

{2} UCH-L1-Recognizing Antibody

{31791 The antibody is an antibody that binds to UCH-L1, a fragment thereot, an epitope
of UCH-L1, or a variant thercof. The antibody may be a fragment of the anti-UCH-L1
antibody or a vanant or a derivative thereof. The antibody may be a polvclonal or
monocional antibody. The antibody may be a chimerie antibody, a single chain antibody, an
affinity matured antibody, a2 hueman antibody, a humanized antibody, a fully human antibody
or an anttbody fragment, such as a Fab fragment, or a mixture thereof. Antibody fragments
or derivattves may comprise F{ab ), Fv or scFv fragments. The antibody derivatives can be
produced by peptidomimetics. Fuarther, techniques described for the production of single
chain antibodics can be adapicd to produce single chain antibodics.
131861  The anti-UCH-L! antibodies may be a chimeric anti-UCH-L 1 or humanized anti-
UCH-L 1 antibody. In one embodiment, both the humanized antibody and chimeric antibody
are monovalent. In one embodiment, both the humanized antibody and chimenc antibody
comprise a single Fab region linked to an Fc¢ region.
{0181}  Human antibodies may be dernved from phage~display technology or from
transgenic mice that express human immunoglobulin genes. The human antibody may be
generated as a result of a human in vivo immune response and isolated. See, for example,
Funaro er al ., BMC Bicrechnology, 2008(8).85. Thercfore, the antibody may be a product of
the human and not animal repertoire. Because it 1s of lneman ongin, the nisks of reactivity
against self-antigens may be minimized. Altematively, standard veast display libraries and
display technologics may be used to select and isolate lman anti-UCH-L 1 antibodies. For
example, librarics of naive human single chain varable fragments (scFv) may be used to
select human anti-UCH-LT antibodies. Transgenic animals may be used 1o express human
antibodics.
11182 Humanized antibodies may be antibody molecules from non-human species
antibody that binds the desired antigen having one or more complementarity determining
regions (CDRs) from the non-human species and framework regions from a human
immunoglobulin molecule.
{0183]  The antibody is distinguishable from known antibodies m that it possesses different
biological function{s} than those known in the art.

. Epitope
101841  The antibody may immunospecifically bind to UCH-L1 (SEQ IDNG: 1), a

fragment thercof, or a variant thereof. The antibody may immunospecifically recognize and
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bind at least three amine acids, at least four amino acids, at least five amino acids, at least six
aming acids, af least seven amino acids, at least eight amine acids, at least nine aming acids,
or at least ten aminc actds within an epitope region. The antibody may mmmunospecitically
recognize and bind to an epitope that has at least three contiguous amine acids, at least four
contiguous amino acids, at least five contignous amno acids, at feast six contiguous aming
acidg, at least seven contiguous amino acids, at least eight contiguous amino acids, at least
nine contiguous anuno acids, or at least ten contiguous aminoe acids of an epitope region.

{3} Exemplary Anti-UCH-L1 antibodics
{188  Ant-UCH-L1 anubodies may be generated using the techniques described herem
as well as using routing technigues known o the art. In some cmbodiments, the anti-UCH-
1.1 antibody may be an unconjugated UCH-L1 antibody. such as UCH-L1 antibodies
available from United State Biological (Catalog Number: 031320y, Cell Signaling
Technology (Catalog Number: 3524}, Sigma-Aldrich (Catalog Number: HPAUD3993), Santa
Cruz Biotechnology, Inc. (Catalog Numbers: s¢-38593 or s¢-58394), R&D Systems {Catalog
Number: MAB60OO7), Novus Biologicals (Catalog Number: NB600-1160), Biorbyt (Catalog
Numbcer: orb33715}, Enzo Late Scionces, Inc, (Catalog Number: ADE90S-520-1), Biwo-Rad
{Catalog Number: VMAOGO004). BioVision (Catalog Number: 6130-50}, Abcam (Catalog
MNumbers: ab75275 or ab104938), fnviirogen Antithodics (Catalog Numbcers: 4800123,
ThermoFisher Scientific (Catalog Numbers: MA 1-46079, MAS-17235, MA1-90008, or
MA1-83428), EMD Millipore (Catalog Number: MABN438), or Sino Biological Inc. {(Catalog
Number: 50690-R011}. The anti-UCH-L1 antibody may be conjugated to a fluorophore,
such as conjugated UCH-L.1 antibodics available from BioVision (Catalog Number: 6960-23}
or Aviva Systems Biology (Cat. Nos. OAAFO1904-FITC). Other UCH-L1 antibodies that
can be usced in the mothods desceribed herein include thosc described in WO 2018/081649_ the

contents of which are berein incorporated by reference.
b. GFAP Antibodies

[3186]  The methods described herein may use an isolated antibody that specifically binds
to Glial fibnllary acidic protem ("GFAPT) {or fragments thereof), referred to as "GFAP
antibody.” The GFAP antibodies can be used to assess the GFAP status as a measurs of
traumatic brain injury, detect the presence of GFAP in a sample, guantifyv the amount of
GUFAP present 1n a sample, or detect the presence of and quantify the amount of GFAP m a

sample.
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{1} Glial fibrillary acidic protein {GFAP)
{87 Glial fibnllary acidic protein (GFAP) 15 a 50 kba intracyvtoplasmic filamentous
protein that constitutes a portion of the oytoskeleton in astrocyies, and it has proved to be the
most specific marker for cells of astroeviic ongin. GFAP protein 18 encoded by the GFAP
gene in humans, GFAP 15 the principal micrmediate filament of mature astrocvics. In the
central rod domain of the molecule, GFAP shares considerable structural homology with the
other intermediate filaments. GFAP s involved 1o astrocyte motility and shape by providing
structural stability to astrocytic processes. Glial fibrillary acidic protem and its breakdown
products (GFAP-BDP) are brain-specific proteins released into the blood as part of the
pathophysiclogical respousce after traumatic bran injury {(TB1). Following wjury to the
human CNS caused by trauma, genctic disorders, or chemicals, astrocyies proliferate and
show extensive hvpertrophy of the cell body and processes, and GF AP is markedly
apregulated. In contrast, with mereasing astrocyte malignancy, there 1s a progressive loss of
GFAP production. GFAP can also be detected in Schwann cells, enteric glia cells, salivary
gland neoplasms, metastasizing renal carcinomas, epiglottic cartilage, priuicyvtes, mmature
oligodendroceytes, papiliary meningiomas, and mvoepithehial cells of the broast.
j1188]  Humaon GFAP may have the following amine acid sequence:
11891 MERRRITSAARRSYVSSGEMMVYGGLAPGRRLGPGTRLSLARMPPPLPTRY
DFSLAGALNAGFRKETRASERAEMMELNDRFASYIEKVRFLEQONEALAAELNGLRA
KEPTKLADVYQAELREFLRLRLDOQLTANSARLEVERDNLAQDLEATVROKLOQDETNLER
LEAENNLAAYROQEADEATLARLDLERKIESLEEFIRFLRKIBEEEVRELQEQLARQOQY
HVELDVAKPDLTAALKEIRTQYEAMASSNMHEAEEWYRSKFADLTDAAARNAELL
ROAKHEANDYRROLOSLTCDLESLRGTNESLERQMREQEERHVREAASYQEALARL
FEEGOSLKDEMARHLOEY QDLLNVKLALDIEIATYRKLLEGEENRITIPVOTEFENLQIR
ETSLOTKSVSEGHLKRNIVVETVEMRDGEVIKESKQERKDVM (SEQ D NG: 7).
I The human GFAP may be a fragment or varnant of SEQ ID NG 2. The fiagment
of GFAP may be between S and 400 amino acids, between 10 and 400 amino acids, between
30 and 400 amino acids, between 60 and 400 aminc acids, between 63 and 400 aming acids.,
between 100 and 400 anuno acids, between 130 and 400 amino acids, between 100 and 300
ammno acids, or between 200 and 300 amine acids in length. The fragment mav comprise a
contiguous number of amine acids from SEQ ID NO: 2. The human GFAP fragment or
variant of SEQ ID NO: 2 may be a GFAP breakdown product (BDF). The GFAP BDP may
be 38 kDa, 42 kda (fainter 41 kDa), 47 kDa (famnter 45 kDa); 25 kDa (fanter 23 kDa); 19
kDa, or 20 kD,
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[639%] It has been found that using at least two antibodies that bind non-overlapping
epitopes within GFAP breakdown producis (BDP), such as the 38 kDa BDP defined by
aming acids 60-3%3 of the GFAP protein sequence (SEQ 1D NO:Z), may assist with
maimntaining the dvnamic range and low end sensitivity of the immunoassavs. In one aspect,
at least two antibodies bind non-overlapping epitopes near the N-terminus of the 38 kDa
BDP. In another aspect, at least two antibodics bind non-overlapping epitopes betwoen
amino acids 60-383 of SEQ ID NO:2. In ancther aspect, at least one first antibody (such as a
capture antibody) binds to an epitope near the N-termminus of the 38 kDa BDP and at loast one
second antibody {such as a detection antibody) binds to an epitope near the middle of the 38
kDa BDP that does not overlap with the first antibody. In another aspect, at least one first
antibody (such as a capture antibody) binds {0 an epitope between anuno acids 60-383 of
SEQ ID NG:2 and at least one second antibody binds to an epitope between amino acids 60-
383 of SEQ D NG 2 that do not overlap with the first antibody. The eptiope bound by first
antibody may be 10 anuno actds, 11 amino acids, 12 amine acids, 13 ammo acids, 14 ammo
acids or 13 amino acids in length. The epitope bound by the second antibody may be 10
amino acids, 11 amino acids, 12 amino acids, 13 amino acids, 14 amino acids or 15 amino
acids in length. One skilled in the art could readily determine antibodics binding to non-
overlapping epitopes within the 38 kDa BDP defined by amino acids 60-383 of SEQ ID
NGO:2 using routine tochnigues known i the art.
j43921  Likewise, it is possible that other antibodies can be selected which similarly may
assist with mamtaining the dynamic range and low cnd sensitivity of the inuaunoassays. For
example, 1t may be useful to select at least one first antibody {(such as a capture antibody) that
binds to an epitope near the Neterminyg of the 38 kba BDP and at feast one second antibody
{such as a detection antibody) that binds to an eptiope near the nuddle of the 38 kDJa BDP,
¢.g., near the nuddie of the 38 kDa BDP, and that does not overlap with the first antibody.
Other variations are possible and could be readily tested by one of ordinary skill, such as by
confurming antibodics bind to different epitopes by examining binding to short peptides, and
then screening antibody pairs using low calibrator concentration. Morcover, selecting
antibodies of differing affinity for GFAP also can assist with maintaining or increasing the
dynannc range of the assay. GFAP antibodics have boen deseribed wn the hterature and arg
commercially available.

{(2) GFAP-Recognizing Antibody
{63931 The antibody is an antibody that binds to GFAP, a fragment thereof, an epitope of

GFAP, or a vanant thereof. The antibody may be a fragment of the anti-GFAP antibody or a
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variant or a derivative thereof. The antibody may be a polyvclonal or monoclonal antibody.
The antibody may be a chimeric antibody, a single chain antibody, an affinity matured
antibody, a human antibody, a humarnized antibody, a fullv human antibody or an antibody
fragrent, such as a Fab fragment, or a mixture thereof. Antibody fragments or derivatives
may comprise Fab b, Fv or scFy fragments. The antibody derivatives can be produced by
peptidomimetics. Further, techniques described tor the production of single chain antibodies
can be adapted to produce single cham antibodies.
§0194]  The anti-GFAP antibodies may be a chimeric anti-GFAP or humanized anti-GFAP
antibody. In one embodiment, both the humanized antibody and chimeric antibody are
monovalent. In one combodiment, both the hwnanized antibody and chimeric antibody
comprisc a single Fab region linked to an Fe region.
{95 Homan antibodies may be denved from phage-~display technology or from
transgenic mice that express lnman inimunoglobubin genes. The miman antibody may be
generated as a result of a human iz vive mmmune response and isolated. See, for example,
Funare et al., BMC Biotechnology, 2008(8):85. Therefore, the antibody may be a product of
the human and not animal repertotre. Because it 1s of nmman ongin, the nisks of reactivity
against sclf-antigens may bo minimized. Altcmatively, standard yeast display librarics and
display technologics may be used to select and isolate huran anti-GFAP antibodies. For
cxample, librarics of natve human single chain variable fragmoents {scFv) may be ased to
select human anti-GFAFP antibodies. Transgenic antmals may be used to express human
antibodies.
{83196  Humanized antibodies may be antibody molecules from non-human species
antibody that binds the destred antigen having one or more complementarity determining
regions (UDRs) from the non-human species and framework regions from a human
immunoglobulin molecule.
{1971 The antibody is distinguishable from known antibodies in that it possesses different
biclogical function{s) than those known in the art.

i.  Epitope
{63981  The antibody mayv immunospecifically bind to GFAP (SEQ ID NQ: 2), a fragment
thereof, or a vanant thereof. The antibody may mnmunospecifically recogrmize and bind at
Icast three amino acids, at lcast four amino acids, at fcast five amino acids, at lcast six amino
acids, at least seven amino acids, at least eight amino acids, at least nine amino acids, or at

least ten amino acids within an epitope region. The antibody may immunospecifically
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recognize and bind to an epitope that has at teast three contiguous anuno acids, at least four
contiguoas amino acids, at least five contiguous amino acids, at least six contiguoss anino
acids, at least seven contiguous amino acids, at least eight contiguous anuno acids, at least
nine contiguous aminge acids, or at least ten contiguous aming acids of an eptiope region.

{3} Exemplary Anti-GFAP antibodies
{8898 Anti-GFAP antibodies may be generated using the techniques described herein as
well as using routine techniques known i the art. In some embodiments, the anti-GFAP
anftbody may be an unconjugated GFAP antibody, such as GFAP antibodics available from
Dako (Catalog Number: M{O761), ThermoFisher Scientific (Catalog Numbers: MAS-12(023
A-21282, 13-0300, MAIL-19170, MA1-19395, MAS5-15086, MAS3-16367, MA1-35377, MA1-
06701, or MA1-200335), AbCam (Catalog Numbers: ab10062, ab4648, ab68428, ab33922,
ab207165, abl90288, abl 15894, or ab21837), EMD Millipore (Catalog Numbers:
FUMAB257P, MAB360, MAB3402, (4-1031, 04-1062, MAB5628), Santa Cruz (Catalog
Numbers: sc-166481, sc~-166458, s¢-38766, s0-56393, 5¢-51908, s¢~-133921, s¢-71143, sc-
65343, or 5¢-33673), Sipma-Aldnch (Catalog Numbers: G3893 o1 G6171) or Sino Biological
Inc. {Catalog Number: 100140-R012-50). The anti-GFAP antibody may be conjugatcd to a
fluorophore, such as conjugated GFAP antibodies available from Thermolisher Scientific
{Catalog Numbcrs: A-21295 or A-21294), EMD Muhpore {Catalog Numbers: MAB3402X
MAB3402B, MAB3402B, or MAB3402C3) or AbCam {Catalog Numbers: ab49874 or
ab194325). Other GFAP antibodics that can be used in the methods described herein include
those described in WG 2018/081649, the contents of which are herein incorporated by

reference.
¢. Antibody Preparation/Production

j0236467  Antibodics may be prepared by any of a variety of techmigues, mncluding those well
known to those skilled mn the art. In general, antibodies can be produced by cell culiure
techniques, including the gencration of monoclonal antibodics via conveontional tecchniqucs,
or vig transtection of antibody genes, heavy chains, and/or light chains into suitable bacteral
or mammalian cell hosts, in order to allow for the production of antibodies, wherein the
antibodies may be recombinant. The various forms of the term "transfection” are intended to
encompass a wide variety of techniques commonly used for the introduction of exogenous
DNA nto a prokaryotic or eukaryotic host cell, e g, electroporation, calcium-phosphate
precipitation, DEAE-dextran transfection and the hike. Although it 1s possible 1o express the

artitbodies in either prokaryotic or eukaryotic host cells, expression of antibodies m
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gcukaryotic cells is preferable,

B

and most preferable i mammalian host cells, because such
eukaryotic cells (and in particolar mammalian cells) are more Likely than prokaryotic cells to
assemble and secrete a properly folded and tmmunologically active antibody.

{3281]  Exemplary mammalian host cells for expressing the recombinant antibodies
inclade Chinese Hamster Ovary (CHO cells) (mcluding dhfr-CHO cells, desceribed in Urlaub
and Chasin, Proc. Natl Acad Sci. USA, 77 4216-4220 (1980)), used with a DHFR selectable
marker, ¢.g., as described 1n Kautinan and Sharp, J Adol Biol | 159 601-621 (1982), NSO
myveloma cells, COS cells, and 5P2 cells. When recombinant expression vectors encoding
antibody genes are introduced into mammalian host cells, the antibodies are produced by
culturing the host cells for a period of ume sufficient to allow for expression of the antibody
i the host cells or, more preferably, secretion of the antibody into the cultare mediom
which the host cells are grown. Antibodies can be recovered from the culture medium using
standard protein purification methods.

132627 Host cells can also be used to produce functional antibody fragments, such as Fab
fragments or scFv molecules. It will be understood that vanations on the above procedure
may be performed. For example, 1t mav be decirable to transfect a host cell with DNA
cneoding functional fragments of cither the light chain and/or the heavy chain of an antibody.
Recombinant DNA technology may also be used o remove some, or all, of the DNA
encoding cithor or both of the light and heavy chains that 1s not nccessary for binding to the
antigens of interest. The molecules expressed from such truncated DNA molecules are also
cncompassed by the antibodies. In addition, hifunctional antibodies may be produced in
which one heavy and one hight chain are an antibody (1.¢., binds an analyte, ¢.g., human
troponin I, UCH-L1, or GFAP) and the other heavy and hight chain are specific for an antigen
other than the analvie by crosslinking an antibody 1o a second antibody by standard chemical
crosslivking metbhods.

{283]  In a preferred system for recombinant expression of an antibody, or antigen-
binding portion thereof, a recombinant expression vector cnooding both the antibody heavy
chain and the antibody light chain is itroduced into dhte-CHO cells by calcium phosphate-
mediated transfection. Within the recombinant expression vector, the antibody heavy and
hight chain goncs are cach opceratively inked to UMV onhanccr/AdMLP promotor regulatory
clements to drive high levels of transcription of the genes. The recombinant expression
vector also carres a DHFR gene, which allows for selection of CHO cells that have been
transfected with the vector using methotrexate selection/amplification. The selected

transformant host cells are coltured to allow for expression of the antibody heavy and light
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chains and mtact antibody is recovered from the culture medium. Standard molecular
binlogy techniques are used to prepars the secombinant expression vector, transfect the host
cells, select for transformants, culture the host cells, and recover the andtbody from the
culture medium. Stll further, the method of synthesizing a recombinant antibody may be by
culturing a host cell in a suitable culture mediom until a recombinant antibody is synthesized.
The method can further comprise isolating the recombinant antibody from the culture
medium.

{0284 Methods of preparing monoclonal antibodies involve the preparation of immortal
cell lines capable of producing antibodies having the desired specificity. Such cell lines may
be produced from spleen cells obtained from an inmnonized animal. The animal may be
immunized with the analvic {e.g., GFAP, UCH-L1 or GFAP and UCH-L1) or a fragmont
and/or variant thereof. The peptide used to immauonize the animal may comprise amino acids
encoding human Fe, for example the fragment crystallizable region or tail region of human
antibody. The spleen cells may then be immortalized by, for example, fusion with a
myveloma cell fusion partner. A variety of fusion technigues may be emploved. For example,
the spleen cells and myeloma cells may be combined with a nonionic detergent for a few
minutes and then plated at fow donsity on a sclective medium that supports that growth of
bybnd cells, but not myeloma cells. One such techunique uses hypoxanthine, aminoptenn,
thymidine (HAT) scloction. Ancther tochnique inclades clectrofusion. Aftcr a sufficiont
time, usually about 1 10 2 weeks, colonies of hyvbrids are observed. Single colonies are
selected and their culture supematants tested for binding activity against the polypeptide.
Hybridomas having hagh reactivity and specificity may be used.

{0285]  Monoclonal antibodies may be 1solated from the sapernatants of growing
hyvbridoma colonies. In addition, vanous technigques mayv be employed to enhance the vield,
such as mjoction of the hybridoma cell line mto the perntoneal cavity of a suitable vertebrate
host, such as a mouse. Monoclonal antibodies may then be harvested from the ascites fluid or
the blood. Countaminants may be removed from the antibodics by conventional techniques,
such as chromatography, gel filtration, precipitation, and extraction. Affuuty
chromatography is an example of a method that can be used n a process to punify the
antibodics.

16286  The proteolvtic enzyme papain preferentially cleaves IgG moelecules 1o vield
several fragments, twe of which (the F(ab) fragments) each comprise a covalent heterodimer

that includes an intact antigen-binding site. The enzyvime pepsin 15 able to cleave IgG
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molecules to provide several fragments, mcluding the F(ab ™) fragment, which comprises
both antigen-binding sites.

je287]  'The Fv fragmont can be produced by preferential proteolviie cloavage of an Ighi,
and on rare occasions Ig( or IgA immunoglobulin molecules. The Fv fragment may be
derived vsing recombinant techniques. The Fv fragment mclodes a non-covalent VI VL
heterodimer including an antigen-binding site that retains much of the antigen recogunition
and binding capabilitics of the native antibody molecule.

J02881  The antibody, antibody fragment, or derivative may comprise a heavy chain and a
light chain complementarity detormining region ("CDR™Y set, respectively interposed
between a heavy chain and a light chain framework (“FR”) set which provide support to the
CIDEs and define the spatial relationship of the CRs refative to cach other. The COR sct
may contain three hypervariable regions of a heavy or light chain V region.

{2091 Gther suitable methods of producing or 1solating antibodies of the requusite
specificity can be used, including. but not himited to, methods that select recombinant
antibody from a peptide or protein hibrary {(e.g., but not muted to, a bacteriophage, ribosome,
ohgonucleotide, RNA, ¢DNA| yeast or the ke, display library): e.g., as available from
various commeorcial vondors such as Cambridge Antibody Technelogics (Cambridgeshire,
UK}, MorphoSys (Martinsreid/Plancgg, Del ), Biovation (Aberdeen, Scotland, LK)
Biolnvent (Lund, Swoden), using mcthods known i the art. Scc U.S. Patont Nos. 4,704,692
5,723,323 5,763,192; 5,814,476, 3,817,483, 5,824,514; 5,976,862 Alternative methods rely
upon invnunization of transgenic aramals (@ 3., SCID mice, Nguven et al. (1997 Aficrobiol
Impnnol. 41:901-907; Sandhu et al. (1996} Crit. Rev. RBiotechnol. 16:95-118; Eren et al.
(1998} Fmmunol. 93:154-161) that are capable of producing a repertoire of human antibodies,
as known in the art and/or as described herein. Such techniques, melude, but are not bovted
to, rbosome display (Hanes et al. {1997} Proc. Natl Acad. Sci. USA, 94:4937-4942; Hanes ef
al (1998) Proc. Natl Acad. Sci. US4, 95:14130-14135}; single cell antibody producing
technologics (c.g., sclected lymphocyte antibody method ("SLAM™} {(U.5. Paient No.
5,627,032, Wen ot al. (1987 J Immunaol. 17:887-892; Babcook et al. (1996) Proc. Nail.
Acad. Sci. USA 93:7843-7848); gel microdroplet and flow cytometry (Powell et al. (1990}
Biotechnol. 8:333-337; Une Ccll Systems, (Cambridge, Mass).; Gray ¢t al, (19953 | Imum,
Meth, 182:155-163; Kenny ef &/, (1993) Bio/Technol. 13:787-790); B-cell selection
{Steenbakdeers et al. (1994} Molec. FBiol Reports 19:125-134 (1994))

[{#2¥8]  An affinity matured antibody may be produced by any one of a number of

rocedures that are known in the art. For example, see Marks et al., BioTechnology, 10: 779-
p pie, : 8V,
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783 (1992} describes affinity maturation by VH and VL domain shuffling. Random
mgtagenesis of COR and/or framework residues is described by Barbas et al., Proc. Nar.
Acad. Sci. US4, 91 2-3813 {(1994); Schier ef af, Gene, 169 147-1535 (1995} Yelton et
al., J Dumunol., 155 1994-2004 (1993); Fackson et al., .f Fmmumol | 1347y 3310-3319
{(1995); Hawkins et al., J Mol Biol 226: §89-896 (1992). Selective mutation at selective

mutagencsis positions and at contact or hvpermutation positions with an activity enhancing
amine acid residue 1s descernibed m ULS, Patent No, 6,914, 128 B,
[023317 Antibody variants can also be propared using delivering a polynucleotide encoding
an antibody to a suitable host such as to provide transgenic animals or mammals, such as
goats, cows, horses, sheep, and the hike, that produce such antibodies in their mulk. These
methods arc known in the art and arc described for exaraple 1o U5, Patont Nos. 5,827,690;
5849992, 4873 316; 5,849,992 5,994 616, 5,565,362; and 5,304,489,
{12121 Antibody varnants also can be prepared by delivering a polynucleotide to provide
transgenic plants and cultured plant cells {e g, but not linmited to tobacco, maize, and
duckweed) that produce such antibodies, specified portions or variants in the plant parts or in
cells cultwred therefrom. For example, Cramer et al. (1999} Curr. Top. Microbiol. Immunol.
240:95-118 and references gited thorcin, doscenibe the production of transgonic tebacco Icaves
expressing large amoumnts of recombinant proteins, ¢.g., using an inducible promoter.
Transgenic maize has been uscd to oxpress mammalian proteins at commeoercial production
fevels, with biological activities equivalent to those produced in other recombinant systems or
purified from natural sources. See, e.g., Hood ef al, Adv. Fxp. Med. Biol (1999} 464:127-
147 and references cited therein. Antibody vanants have also been produced n large
amourtts from transgenic plant seeds inchiding antibody fragments, such as single chain
antibodies {(scFv's}), including tobacco seeds and potato tubers. See, e.g. Conrad et al (1998)
Plant Mol Biol 38:101-109 and reference ctted therein, Thus, antibodies can also be
produced using transgenic plants, according to known methods.
32331 Antibody denivatives can be produced, for example, by adding exogenous
sequenses to modify tnownogenicity or reduce, enhance or modify hinding, affinity, on-rate,
offerate, avidity, specificity, half-life, or any other suitable characteristic. Generally, part or
all of the non-human or human CBR acquenecs are mantained while the non-human
sequences of the varniable and constant regions are replaced with human or other amino acids.
(0284  Small antibody fragments may be diabodies having two antigen-binding sites,
wherein fragments comprise a heavy cham variable domamn (VH) connected to a hight chamn

variable domain (VL) in the same polypeptide chain (VH VL). See for example, EP 404,097,
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WO 93/11161; and Hollinger et al, (1993) Proc. Nad. dcad. Sci. US4 90:6444-6448. By
using a linker that is too short to allow pairing between the two domains on the same chain,
the domains are forced to pair with the complementary domains of another chain and create
two antigen~binding sties. Sece also, U8, Patent No. 6,632,926 to Chen et al. whach is hereby
mcorporated by reference in s entirety and discloses antibody vanants that have one or more
amino acids inserted mnto a hypervariable region of the parent antibody and a binding affinity
for a target antigen which 1s at least about two-fold stronger than the binding affinity of the
parent antibody for the antigen.

{6285}  The antibody may be a linear antibody. The procedure for making a linear
antibody is known in the art and described in Zapata et al.| (1995} Prosein Eng. 8(10):1057-
1062, Brictly, these antibodics comprise a pair of tandem Fd scgments (VH-CHI-VH-CH)
which form a pair of antigen binding regions. Linear antibodies can be bispecific or
monospecific,

132361 The antibodies may be recovered and purified from recombimant cell cultures by
known methods including, but not limited to, protein A purtfication, ammonium sulfate or
cthanol precipitation, acid extraction, anion or cabion exchange chromatography,
phosphoccliulosc chromatography. hydrophobic interaction chromatography, affinity
chromatography, hydroxylapatite chromatography and lectin chromatography, High
performanee hquid chromatography ("HPLC") can also be used for purification.

1217 Itmay be usetul to detectably label the antibody. Methods for conjugating
antibodies to these agents are known in the art. For the purpose of tllustration only,
antibodics can be labeled with a detectable moiety such as a radicactive atom, a
chromophore, a fluorophore, or the like. Such fabeled antibodies can be used for diagnostic
technigques, either in vivo, ov 1n an isolated test sample. They can he linked to a cyvickine, to a
higand, to ancther antibody. Suttable agents for coupling to antibodies to achieve an anti-
tumor effect include cvtokines, such as interleukan 2 (JL-2) and Tumor Necrosis Factor
{(TNF); photoseusitizers, for use in photodynamic therapy, including aluoioum (1)
phthalocyanine tetrasuifonate, bematoporphyrin, and phthalocyanine; radionuclides, such as
iodine~131 (1315, vitrium~90 (90Y}, bismuth-212 (21281}, bismuth-213 (21384, technetiam-
99m (99mTe), rhomum-186 (186R¢), and rhenmum-188 (188RC): antibiotics, such as
doxorubicin, adriamyein, daunorubicin, methotrexate, daunomycin, neocarzinostating, and
carboplatin: bacterial) plant. and other toxins, such as diphthena toxin, psendomonas
exotoxin A, staphvlococeal enterotoxin A, abrin-A toxin, rniem A {deglycosylated nein A and

native ricin A}, TGF-alpha toxin, cviotoxin from chinese cobra (naja atra}, and gelonin (a
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plant toxin); nibosome inactivating proteins from plants, bacteria and fungi, such as
restrictocin (a ribosome inactivating protein prodoced by Aspergillus restrictus), saporin (@
rthosome inactivating protein from Saponaria officinalis), and BNase; tvrosine kinase
mhibitors; Iv207702 (a difluorinated purine nucleoside); liposomes containing anti cystic
agenis {e.g., antisense ohigonucleotides, plasmids which encode for toxins, methotrexate,
oty and other antibodies or antibody fragments, such as F{ab).
16238 Antibody production via the use of hybridoma technology, the selected Iymphoeyte
antibody method (S8LAM), transgenic animals, and recombinant antibody bibranes is
described in more detail below.

{1} Anti-Analyte Monoclonad Antibodies Using Hybridoma Technology
{32197 Monoclonal antibedies can be propared using a wide varietv of technigues known
i the art including the use of hybridoma, recomnbinant, and phage display technologies, or a
combination thereof. For example, monoclonal antibodies ¢an be produced using hybrnidoma
technigues inchuding those known in the art and taught, for example, in Harlow et al.,
Antibodies: 4 Labhararory Manual, second edition, (Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, 1988); Hammerling, ot al., fn Monoclona! Antibodies and T-Cell
Hybridomas, (Elsevier, NY ., 1981}, It is also noted that the term "monoclonal antibody™ as
uscd herein 1s not luntied to antibodics produccd through hybridoma technology. The torm
"monoclonal antibody” refers to an antibody that is denived from a single ¢lone, including
any eukaryotic, prokaryotic, or phage clone, and not the method by which it is produced.
j82284]  Methods of generating monocional antibodies as well as antibodies produced by
the maethod may comprise culturing a hyvbridoma cell secreting an antibody wherein,
preferably, the hybridoma is generated by fusing splenocytes isolated from an animal, eg., a
rat or a mouse, immunized with the analvic {c g, GFAP. UCH-L1 or GFAP and UCH-L 1}
with mveloma cells and then screenung the hvbridomas resulting from the fusion for
hybridoma clones that secrete an antibody able to bind a polvpeptide. Briefly, rats can be
mmmunized with an analyte {e.g., GFAP, UCH-L1 or GFAP and UCH-L1} antigen. Ina
preferred embodiment, the analvte (e.g., GFAP, UCH-L1 or GFAP and UCH-L1}) antigen is
admuustered with an adjuvant to stimulate the mmune response.  Such adjuvants include
corplete or incomplete Freund's adjuvant, RIBI (muramyl dipeptides) or ISCOM
(mmunostimulating complexes). Such adjuvants may protect the polypeptide from rapid
dispersal by sequestering it in a local deposit, or theyv may contain substances that stimulate
the host to secrete factors that are chemotactic for macrophages and other components of the

immune system. Preferably, if a polypeptide is being administered, the immmunization
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schedule will involve two or more administrations of the polypeptide, spread out over several
weeks:; however, a single administration of the polvpeptide may also be used.

j6228]  After mmmunization of an anumal with an analvte {e.g.. GFAP, UCH-L{ or GFAP
and UCH-L 1} antigen, antibodies and/or antibody-producing cells may be obtained from the
animal. An anti-analyte {e.g., GFAP, UCH-L1 or GFAP and UCH-L 1) antibody-containing
serum is obtained from the animal by bleeding or sacrificing the animal. The sernum may be
used as 1t is obtained from the anumal, an tnmunoglobulin fraction may be obtained from the
serum, or the anti-analyte {e.g., GFAP, UCH-L1 or GFAP and UCH-L 1) antibodies may be
purified from the serum. Serum or immunoglobulins obtained in this manner are polyclonal,
thus having a beterogencous array of propertics.

162221 Oncc an immune responsc is detected, ¢.g., antibodics specific for the antigen
analvte {e.g., GFAP, UCH-L1 or GFAP and UCH-L {} are detected in the rat serum, the rat
spleen 1s harvested and splenocvies isclated. The splenocytes are then fused by well-known
technigues to any suttable mveloma cells, for example, cells from cell ne SP20 available
from the American Type Culture Collection (ATCC, Manassas, Va., US). Hybridomas are
selected and cloned by limited dilotion. The hybridoma clones are then assayed by methods
known in the art for colls that scorcte antibodics capabile of binding the analvte (c.g.. GFAP,
UCH-L! or GFAP and UCH-L1). Ascites flund, which generally comtains lugh levels of
antibodics, can be generated by mmmunizing rats with positive hvbridoma cloncs.

112231 In anothor embodiment, antibody-producing immortalized hybridomas may be
prepared from the imnwnized ammal. After inununization, the anunal 1s sacrificed and the
splenic B cells are fused to immortalized myveloma cells as 1s well known in the art. See, e.g.,
Harlow and Lane, supra. In a preferred embodiment. the myeloma cells do not secrete
mmunoglobulin polypeptides {a non-seeretory cell fime). After fusion and antibiotic
selection, the hyvbridoroas are screened using the analyte (e.g., GFAP, UCH-L1 or GFAP and
UCH-L1)}, or a portion thereof, or a cell expressing the avalvie (e.g., GFAP, UCH-L1 or
GFAP and UCH-L1). In a preforred cmbodiment, the initial screening 1s performed using an
enzyme-linked tnounosorbent assay (ELISA) or a radiciovounocassay (RIA), preferably an
ELISA. Anexample of ELISA screening is provided in PCT Publication No. WO 00/37504.
[8334] Anti-analvie {c.g.. GFAP, UCH-L1 or GFAP and UCH-L1} antibody-producing
hyvbridomas are sclected, cloned, and further screened for desirable characteristics, mcluding
robust hyvbridoma growth, high antibody production, and desirable antibody characteristics.

Hybndomas may be cultured and expanded 7n vivo in svageneic animals, i anumals that lack
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an innung sysiem, ¢.g., nude mice, or in cell culture in vitro. Methods of selecting, cloning
and expanding hybridomas are well known to those of ordinary skill in the art.
j8225] In a preforred embodiment. hyvbridomas are rat hybnidomas. o ancther
embodiment, hybridomas are produced in a non-luiman, non-rat species such as mice, sheep,
pigs, goats, cattle, or horses. In vet another preferred embodiment, the hvbridomas are
human hybridomas, in which a human non-secretory myeloma is fused with a human cell
expressing an anti~-analyte (e.g., GFAP, UCH-L1 or GFAP and UCH-L1) antibody.
[0326]  Antibody fragments that recognize specific epitopes may be generated by known
tochnigues. For example, Fab and F{(ab'): fragments may be produced by proteolyvtic
cleavage of immunoglobulin molecules, using enzyvmes such as papain (to produce two
wientical Fab fragments) or popsin (1o produce an F(ab'y fragment). A F(ab'h fragment of an
{23 molecule retaing the two antigen-binding sites of the larger ("parent”} IeG molecule,
including both light chains {containing the vanable ight chain and constant light chain
regions}, the CHI domaing of the beavy chamns, and a disulfide-forming hinge region of the
parent fgs molecule. Accordingly, an F(ab'): fragment is still capable of crosslinking antigen
molecales like the parent IgG molecale.

{2} Anti-Analyte Monoclonal Antibodies Using SLAM
Ry fn another aspect, recombimant antibodics arc generated from single, isolated
Ivmphocvtes using a procedure referred to in the art as the selected lymphocoyvie antibody
method (SLAM), as described in ULS. Patent No. 5,627 652, PCT Publication No. W
92/02351; and Babcook et al., Proc. Narl Acad. Sci. USA, 93: 7843-7848 (1996}, In this
method, single cells secreting antibodies of interest, ¢.g., lvmphocvies derived from any one
of the immumized amimals are screened using an antigen-specific hemolyvtic plague assay,
whorein the antigen analvic {c.g., GFAP, UCH-L1 or GFAP and UCH-L1}, a subunit of the

analyte {e.g., GFAP, UCH-L1 or GFAP and UCH-L 1), or a fragmeunt thereof, is coupled to

sheop red blood cells vsing a linker, such as biotin, and used to wdentfy single cells that
secrete antibodics with specificity for the analyvte (e.g.. GFAP, UCH-L1 or GFAP and UCH-
L1}, Following identification of antibody-secreting cells of interest, heavy- and light-chain
variable region cDNAs are rescued from the cells by reverse transeriptase~-PCR (RT-PCR)
and these varable regions can then be expressed, in the context of appropriate
immanoglobulin constant regions {(e.g., human constant regions), in mammalian host cells,
such as COS or CHO cells. The host cells transfected with the amplified immunoglobulin
sequences, derived from in vivo selected bymphocvies, can then undergo further analysis and

selection in vitro, for example, by panning the fransfecied cells to isolate cells expressing
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antibodies to the analyte (e.g., GFAP, UCH-L1 or GFAP and UCH-L1). The amplhified
imanmoglobolin sequences further can be manipulated b vitro, such as by /0 vitro affinity
maturation method. See, for example, PCT Publication No. WO 97/2913 1 and PCT
Publication No, W 00/56772.

{3} Anti-Analyte Monoclonal Astibodies Using Transgenic Apbmals
{62281  In another embodiment, antibodies are produced by immunizing a non-human
amimal comprsing some, or all, ot the human rvmunoglobulin locus with an analyte {e g,
GFAP, UCH-L1 or GFAP and UCH-L1} antigen. In an embodiment, the non-human animal
s a XENOMOUSE® transgenic mouse, an engineered mouse strain that comprises large
fragments of the human wununoglobulin loct and 1s deficient in mouse antibody production.
See, e.g., Green ef af., Nature Generics, 70 13-21 {1994} and U.8. Patent Nos. 3,916,771
5,939,598, 5,985,615, 5,998,209; 6,075,181, 6,091,001; 6,114,598, and 6,130,364, Sce also
PCT Poblication Nos. WO 91710741, WO 94/02602; WO 96/34096;, W 96/33735, WO
O8/16654; WO 98/24893; WO 98/50433; WO 99/45031; WO 99/53049; WO 00/09560; and
WO 00/37504. The XENOMOUSE® transgenic mouse produces an adult-like human
repertoire of fullv human antibodics, and gencrates antigen-specific human monoclonal
antibodies. The XENOMOUSE® transgenic mouse contains approximately 80% of the
human antibody repertorre through introduction of megabasc sized, germline configuration
YAC fragments of the buwman beavy chain loct and x light chain loct. See Mendez er ol |
Namre Genetics, 13: 146-136 (1997}, Green and Jakobovits, J. Fxp. Med., 188: 483-493
{1998}, the disclosures of which are hereby incorporated by reference.

{4) Anti-Analvte Monoclonal Antibodies Using Recombinant Antibody
Libraries

{0228]  Jrvirro methods also can be used to make the antibodies, wherein an antibody
hbrary 15 screened to identify an antibody having the desired analyte (e g., GFAP, UCH-L{ or
GFAP and UCH-LI)-binding specificity. Methods for such screening of recombinant
antibody libraries arc well known 1 the art and include methods described m, for example,
U.S. Patent No. 3,223,409 (Ladner ¢t al.), PCT Publication No. WO 92/18619 (Kang ¢t al.};
PCT Pabhcation No, WO 91/17271 (Dower et al.); PCT Publication No. W 92/20791
{Winter et al); PCT Publication No. WO 82/15679 (Markland et al.); PCT Publication No.
WO 93/01288 (Breithing et al ); PCT Publication No. WO 92/01047 (McCafferty et al ), PCT
Publication No. WO 92/09690 (Garrard ot al.); Fuchs et al., Bio/Technology, ¢ 1369-1372
{(1991}); Hay ctal., Hum. Antibod. Hvbridomas, 3. 31-85 (1992); Husc ctal,, Science, 246:

1273-1281 (1989); McCafferty ot al., Nature, 348 532-554 (1990); Griffiths et al., IAMBO J |
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12: 725-734 {1993); Hawkins et al., J. Mol. Biol., 226; §89-896 (1992); (lackson et al,
Nature, 352: 624-628 (1991}, Gram et al | Proc. Notl Acad. Sci. US4, 89 3576-3580 (19923,
Garrard ot al., BioTechnology, Y. 1373-1377 (1991} Hoogenboom ot al., Nuch. Acids Res.,
19 4133-4137 (1991)y; Barbas et al., Proc. Notl dcad Sci. USA, §&: T978-T982 (1991, U.S.
Patent Apphication Publication No. 2003/0186374; and PCT Publication No. W3 97/29131,
the contents of each of which are incorporated herein by reference.

16338 The recombinant antibody library may be from a subject timmuntzed with the
analvte {e.g., GFAP, UCH-L1 or GFAP and UCH-L1), or a portion of the analvte (e g,
GFAP, UCH-LI or GFAP and UCH-L1). Alternatively, the recombinant antibody library
may be from a natve subject, 1.¢. one who has not been immunized with the analyte {e.g.,
GFAP, UCH-LI or GFAP and UCH-L1), such as a human antibody library from a haman
subject who has not been immunized with haman analyte {¢.g., GFAP, UCH-L1 or GFAP
and UCH-L1}). Autibodies are selected by screening the recombinant antibody ibrary with
the peptide comprising human analvie (e g., GFAP, UCH-L1 or GFAP and UCH-L I} to
thereby select those antibodies that recognize the analvte {e.g., GFAP, UCH-L1 or GFAP and
UCH-L1). Methods for condocting such screening and selection are well known in the art,
such as described in the reforences o the preecding paragraph. To scloct antibodics having
particular binding atfinities for the analyvte {(e.g., GFAP, UCH-L1 or GFAP and UCH-L1),
such as thosc that dissociate from human analyvte {c.g.. GFAP, UCH-L1 or GFAP and UCH-
L1} I with a particular Kosr rate constant, the art-known method of surface plasmon resonance
can be used to select antibodies having the desired Ko rate constant. To sclect antibodies
having a particular neutralizing activity for the analyte {e.g., GFAP, UCH-L1 or GFAP and
U{CH-L1), such as those with a particelar ICso, standard methods known in the art for
assessing the mhubition of the analvte (e g, GFAP, UCH-LT or GFAP and UCH-L 1} activity
mav be used.

{23%]  In one aspect, the disclosure pertains to an isolated antibody, or an antigen-~binding
portion thereof, that binds human analyte {c.g., GFAP, UCH-L1 or GFAP and UCH-L 1}
Preferably, the antibody is a neuiralizing anttbody. In various embodiments, the antibody 1s a
recombinant antibody or a monoclonal antibody.

§8332]  For oxample, antibodics can also be gencrated using vanouns phage display
methods known in the art. In phage display methods, functional antibody domains are
displayed on the surface of phage particles which carry the polynuclestide sequences
encoding them. Such pbhage can be utihzed to display antigen-binding domams expressed

from a repertoire or combinatorial antibody library (e.g., human or munine). Phage
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expressing an antigen binding domain that binds the antigen of mterest can be selocted or
identified with antigen, g, using labeled antigen or antigen bound or captured to a solid
surface or bead. Phage used in these methods are typically filamentous phage including £
and M3 binding domains expressed from phage with Fab, Fv, or disulfide stabilized Fv
antibody domains recombinantly fused to either the phage gene I or gene VI protein.
Examples of phage display methods that can be used to make the antibodies include those
disclosed 10 Brinkmann et al., J Immunol Methods, 182 41-50 (1993); Ames et al | J
Impuninol Merhods, 184:177-186 (1995); Kettleborough et al., Fur. J Jmammnol | 24 D52-858
{1994); Persic et al, Gene, 187: 9-18 (1997); Burton ot al., Advances i fmmunciogy, 57.
191-280 €1994); PCT Publication No. WO 92/01047, PCT Publication Nos. WO 90/02809;
WO 91/10737, WO 92/01047, WO 92/186 19, W 93/11236; W 95/15982;, WO 93/20401,;
and U8, Patent Nos. 5,698,426, 5,223 409, 5,403 484 5 580,717, 5,427 908, 5,750,733,
5821047 5571 698, 5427 90%; 5.516,637. 5,780,225, 5,658,727, 5.733.743; and

5,869 108,

18233]  As described in the above references, after phage selection, the antibody coding
regions from the phage can be 1solated and used to generate whole antibodies including
human antibodics or any othor desired antigen binding fragmont, and cxpressed in any
desired bost, 1ncluding maramalian cells, msect cells, plant cells, veast, and bactena, ¢.g., as
desenbed in dotail below. For example, techniques to rocombinantly produce Fab, Fab', and
F(ab")y fragments can also be emploved using methods known in the art such as those
disclosed in PUT publication No. WO 92/22324; Mullinax ¢t al | SioTechnigues, 12(6): 864~
869 (1992); Sawa et al, Am. J Reprod Fmmunol | 34: 26-34 (19935); and Better ¢f o/,
Science, 240: 1041-1043 (1988} Examples of techniques which can be used to produce
single~char Fys and antibodies include those described in U S, Patent Nos. 4,946,778 and
5,258,498, Huston ¢t al., Methods in Enzvmology, 203 46-88 {1991); Shu ¢t al., Proc. Natl.
Aead Sci. US4, 90; 7995-7990 {1993}, and Skerra et al, Scicnce, 240; 1038~1041 {1988).
{1234 Alternative to screening of recombinant antibody libraries by phage display, other
methodologies known in the art for screening large combinatorial libraries can be applied 1o
the wdentification of antibodies. One type of altenative expression svstem is one in which the
rocombinant antibody library 1s exprossed as RNA-protein fusions, as desenbed in PO
Publication No. WO 98/31700 (Szostak and Roberts), and in Roberts and Szostak, Proc Nail
Acad Sci US4, 94 12297-12302 (1997} In this system, a covalent fusion is created
between an mRMNA and the peptide or protein that it encodes by m vitro transiation of

synthetic mRNAs that carry puromvein, a peptidyl acceptor antibiotic, at their 3' end. Thus, a
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specific mRNA can be enriched from a complex mixture of mRNAs {e.g., a combinatorial
Library) based on the propertics of the encoded peptide or protein, g, antibody, or portion
thereot, such as binding of the antibody. or portion thereof, to the dual specificity antigen.
Nucleic acid sequences encoding antibodies, or portions thereof, recovered from screening of
such libraries can be expressed by recombinant means as described above {(e.g.,
mammalian host cells} and, moreover, can be subjected to further affinity maturation by
ctther additional rounds of screening of mRNA-peptide fusions w which mutations bave been
introduced into the onginally selected sequence(s), or by other methods for affinity
maturation in vitro of recombinant antibodies, as described above. A preforred example of
this methodology 1s PRCMusion display technology.

j8235]  In another approach, the avtibodics can also be generated using veast display
methods known in the art. In yeast display methods, genetic methods are used to tether
antibody domains to the veast cell wall and display thent on the surface of veast. In
particular, such veast can be utihized to display antigen~-binding domains expressed from a
repertoire or combinatorial antibodv library {e.g., human or munne}. Examples of yeast
display methods that can be used to make the antibodies include those disclosed in TS,

Patent No. 6,699,658 (Wittrup ef a/.) incorporated herein by reforoncg.
d. Production of Recombinant Analyte Antibodies

{33367 Antibodics may be produced by anv of a number of techniques known in the art.
For example, expression from host cells, wherein expression vector(s) encoding the heavy
and light chaings 1s {arc) transtecicd into a host coll by standard technigques. The various
forme of the torm “transfoection” are indended to encompass a wide vanety of technigues
commonly used for the introduction of exogenous DNA into a prokaryotic or eukaryotic host
cell, e.g., eloctroporation, calcium-phosphate precipitation, DEAE-dextran (ransfection, and
the ike. Although it is possible to express the antibodies in either prokaryotic or eukaryotic
host cells, expression of antibodies in eukaryvotic cells 1s preferable, and most preferable in
mammalian host cells, because such eukaryotic cells (and in particular mammalian cells) are
more likelv than prokaryotic cells to assemble and secieic a properly folded and
mmmunclogically active antibody.

{6237 E
mclude Chinese Hamster Ovary (CHO cells) (Gncluding dhfr-CHO cells, described in Uslaub
and Chasin, Proc. Natl Acad. Sci. USA, 77 4216-4220 (1980}, used with a DHFR aclectable
marker. ¢.g., as described in Kautman and Sharp, J Mol Biol | 159 601-621 {1982}, N&O

cerplary manunahian host cells for expressing the recombinant antibodies
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myeloma cells, COS cells, and 5P2 cells. When recombinant expression vectors encoding
antibody genes are introdaced into mammabian host cells, the antibodies are produced by
culturing the host cells for a period of timie sufticient to allow for expression of the antibody
in the host cells or, more preferably, secretion of the antibody into the culture mediom n
which the host cells are grown. Antibodies can be recovered from the culture medium using
standard protein purification methods.

F238]  Host cells can also be used to produce functional antibody tragments, such as Fab
fragments or scFv molecules. Tt will be understood that vanations on the above procedure
may be performed. For example, it may be desirable to transfect a host cell with DNA
encoding functional fragments of either the light chain and/or the heavy chain of an antibody.
Becombimant DNA technology may also be used to remove some, or all, of the DNA
encoding either or both of the light and heavy chains that is not necessary for binding to the
antigens of mterest. The molecules expressed from such truncated DNA molecules are also
cncompassed by the antibodies. Tn addition, ifunctional antibodies may be produced
which one heavy and one light chain are an antibody {(i.e., binds buman analvie (e.g., GFAP,
UCH-L1 or GFAP and UCH-L1}} and the other heavy and light chain arve specific for an
antigen other than linan analvte (c.g., GFAP, UCH-L1 or GFAP and UCH-L1) by
crosshinking an antibody to a second antibody by standard chemical crosshnking methods.
{32381 In a preforred system for recombinant expression of an antibody, or antigen-
binding portion thereot, a recombinant exprassion vector encoding both the antibody heavy
chain and the antibody light chain is introduced o dhir-CHO cells by calcram phosphate-
mediated transfection. Within the recombimnant expression vecior, the antibody heavy and
hight chain genes are each operatively linked to CMV enhancer/AdMLP promoter regulatory
clements to drive high levels of transcription of the genes. The recombinant expression
vector also carmes a DHFR geve, which allows for selection of CHO cells that have been
transfected with the vector using methotrexate selection/amplification. The selected
transformant host cells are coltured to allow for expression of the antibody heavy and hight
chains and mntact antibody is recovered from the culture medium. Standard molecular
biology techniques are used o prepare the recombinant expression vector, fransfect the host
colls, sclcet tor transformants, culture the host colls, and reeover the antibody trom the
culture medium. Sull further, the disclosure provides a method of synthesizing a
recombinant antibody by culturing a host cell 1n a suitable culture medivm until a
recombinant anfibody is svnthesized. The method can further comprise isolating the

recombinant antibody from the culture medium.
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{1} Humanized Antibody
{32461 The humanized antibody may be an antibody or a variant, derivative, analog or
portion thereof which immunospecifically inds to an antigen of interest and which
comprises a frarnework (FR} region having substantially the amino acid sequence of a human
antibody and a complomoentary detcrmining region (CDR) having subsiantially the amino
acid sequence of a non-human antibody. The humanized antibody may be from a non-human
species antthody that binds the desived antigen having one or more complomentanty
determaning regions (CDRs} from the non-human species and framework regions from a
human immuonoglobulin molecule.
132431 As used herein, the torm "substantially” in the context of a CDR refers to a CDR
having an amino acid sequence at least 90%, at least 93%, at least 98% or at feast 99%
identical to the amino acid sequence of a non~human antibody CDR. A humanized antibody
compnises substantially all of at least one, and typically two, variable domains (Fab, Fab',
F{ab'y, FabC, Fv) in which all or substantially all of the CDR regions correspond to those of
a pon-human immunoglobulin (e donor antibody) and all or substantially all of the
framoework regions are those of a human immuncglobulin consensus scquence. According to
one aspect, a humanized antibody also comprises at least a portion of an immunoglobulin
constant region (Fo), typically that of a buman momunoglobulin. In somc cmbodiments; a
humanized antibody contains both the light chain as well as at least the varzable domain of a
heavy chain. The antibody also may inclade the CHI, hinge, CH2, CH3, and CH4 regions of
the heavy chain. In some embodiments, a humanized antibody only containg a humanized
light chain. In some embodimeoents, a humanized antibody only contains a humanized heavy
chain. In specific embodiments, 3 humanized antibody only contains a humanized vanable
domain of a light cham and/or of a heavy chain
112421 The humanized antibody can be selected from any class of inumunoglobulins,
mchuding IgM, Ie(, IgD, IoA and IgE, and any isotype, including withouwt hmtasion Ig( 1,
IgG2, 153, and Ig(G4. The humanized antibody may comprise sequences from more than
oue class or isotype, and particular constant domains may be selected to optimize desired
effector functions using techuigues well-known 1n the art.
§3243] The framework and CDR regions of a humanized antibody need not correspond
precisely to the parental sequences, ¢.g., the donor antibody CDR or the consensus
framework may be mutagenized by substitution, insertion and/or deletion of at feast one
amino acid residue so that the CDR or framework residue at that site does not correspond fo

either the donor antibody or the consensus framework. In one embodiment, such mutations,
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however, will not be extensive. Usually, at least 90%, at least 953%, at least 98%, or at least
99% of the bumanized antibody residues will correspond to those of the parental FR and
CDIK sequences. As used herein, the term "consensus framework™ refers to the framework
region i the consensus tmmunoglobulin sequence. As used herem, the term "consensus
immunoglobulin sequence” refers o the sequence formed from the most frequently occurring
amino acids {or nucleotides} in a family of related immunoglobulin sequences (Seec e.g.,
Winnaker, From Gepes 1o Clones (Verlagsgesclschaft, Weinheim, Gemmany 1987%). Ina
family of immunoglobulins, cach position mn the consensus sequence is occupied by the
amino acid oocurring most frequently at that position in the family. H two amino acids ocour
cqually frequently. either can be included in the consensus sequence.

j8244]  The humanized antibody may be designed to miininize unwanted immunaoiogical
response toward rodent anti-human antibodies, which limnits the duration and effectiveness of
therapeutic applications of those maieties in human recipients. The humanized antibody may
have one or more amino acid residues introduced into it from a source that 1s non-human.
These non-human residues are often referred to as “import” residues, which are typically
taken from a vanable domain. Humamization may be performed by substituting
hypervariablo region scquences for the corresponding scquences of a human antibody.
Accordingly, such “humanized” antibodies are chimenc antibodies wherein substantially less
than an intact human variable domain bhas boen substituicd by the corresponding scgucnce
from a non-human specics. For example, see U.S. Patent No. 4,816,367, the contents of
which are herein incorporated by reference. The humanized antibody may be a human
antibody 1n which some hypervanable region residues, and possibly some IR residues are
substituted by residhes from analogouns sites in rodent antibodies. Humanization or
engineering of antibodies of the present disclosure can be performed using any known
method, such as but not Iinuted to those described mr U.S. Patent Nos. 5,723,323 5,076,852
5.824.514: 5.817.483: 5.514,476; 5,763,192; 3,723,323; 3,766,886; 3,714,352; 6,204,023,
6,180,37G; 5,693,762, 5,530,101, 5,585,689, 5,225,539, and 4,816,567

j245 The humanized antibody mav retain bigh affinity for the analvie (c.g., GFAP,
UCH-L1 or GFAP and UCH-L1} and other favorable biological properties. The humanized
antibody may be preparcd by a process of analveis of the parental sequences and vanoas
conceptual humanized products using three-dimensional models of the parental and
humanized sequences. Three~-dimensional immunoglobulin models are conmmmoniy available.
Computer programs are available that illustrate and display probable three~-dimensional

conformational structures of selected candidate immunoglobulin seqoences. Inspection of
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these displays permits analysis of the bkely role of the residues 1o the functioning of the
candidate inmmuanoglobulin sequence, 1.e., the analysis of residoes that inflaence the ability of
the candidate vomunoglobulin to bind 1t antigen. In this way, FE residues can be selected
and combined from the recipient and import seguences so that the desired antibody
characteristics, such as mcreased affinity for the analvie (c.g., GFAP, UCH-L1 or GFAP and
UCH-L1}, 1s achieved. In general. the hypervariable region residues may be directly and
most substantially involved i mnflusncing antigen binding,

§02461  As an alternative to bumanization, buman antibodies {(also referred to herein as
“fully human antibodies”™) can be gonerated. For example, it is possible to isolate human
antibodics from libraries via PROfusion and/or veast related technologies. it is also possibie
to producc transgenic anumals {¢.g., mice that arc capable, upon mmmwnization, of producing a
full repertoire of human antibodies in the absence of endogenous immunoglobulin
production. For example, the homozyvgous deletion of the antibody heavy-chain joining
region {(Ju) gene n clumeric and germ-line mutant nuce results in complete mhibition of
endogenous antibody production. Transter of the human germ-line trmunoglobulin gene
array i such germ-line muotant ymuce will resudt in the production of human antibodies upon
antigen challenge. The humanized or fully human antibodics may be propared according to
the methods desenbed in US. Patent Nos, 5,770,429, 3,833,985, 5,837,243, 5,922,845,
6,017,517, 6,096,311, 6,111,166, 6,270,765, 6,303,755, 6,365,116, 6,410,690, 6,682 928,

and 6,984,720, the countents cach of which are herein incorporated by reference.
7. Variations on Methods

18247  The disclosed methods of determining the presence or amowy of analyte of interest
{GFAP, UCH-L1 or GFAF and UCH-L1} present in a sample may be as described herein.
The methods may also be adapted in view of other mcthods for analyzing analvics. Examples
of well-known variations include, but are not limited to, immunoassay, such as sandwich
immunoassay {¢.g., mmonoclonal-monoclonal sandwich immumoassays, monoclonal-
polyelonal sandwich immunoassays, including enzyme detection {enzvme inynunocassay
{EIA} or enzyme-linked immunosorbent assay (ELISAS, competifive inhibition immuanoassay
{c.g., forward and reverse), enzyme multiplied immunocassay techaique (EMIT), a
competitive hinding assav, bioluminescence resonance energy transfer {BRET), one-step
antibody detection assay, homogeneous assay, heterogeneous assay, capture on the fly assay,

single molocule detoction assay, cic.
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a. Immunoassay

[6248]  The analvte of tnterest, and/or peptides of fragments thereof (c.g., GFAP, UCH-L1
or GFAP and UCH-L1, and/or peptides or fragments thereof, 1.¢, GFAP, UCH-L1 or GFAP
and UCH-L Ifragments}, may be analyzed using GFAP, UCH-L1 or GFAP and UCH-L
antibodics in an immunoassay. The presence or amount of analyvte {e.g.. GFAP, UCH-L1 or
GFAP and UCH-L1) can be determined using antibodies and detecting specific binding to the
analvie {e.g., GFAP, UCH-L1 or GFAP and UCH-L1). For example, the antibody, or
antibody fragment thereof, may specifically bind io the analvte (g, GFAP, UCH-L1 or
GFAP and UCH-L1). H desired, one or more of the antibodies can be used in combination
with one or more commercially available mounoclonal/polyelonal antibodies. Such antibodies
are available from companies such as R&D Systems, Inc. (Minneapolis, MN} and Enzo Life
Sciences Intemational, Inc. (Plymouth Mecting. PA}.

162491 The presence or amount of analyte {e.g., GFAP, UCH-L1 or GFAP and UCH-L.1)
present in a body sample may be readily determined using an immunoassay, such as
sandwich immunoassay {(€.g., monoclonal-monoclonal sandwich immunoassays, monocional-
polyvclonal sandwich iinmunoassays, including radioisotope detection (radictmmuunoassay
{RIA}) and enzyvme detection {enzyme immunoassay {(E1A) or enzyme-linked immunosorbent
assay (ELISA)Y (c.g., Quantikine ELISA assays, R&D Systems, Minnecapolis, MN}} An
example of a point-of-care device that can be used 18 i-STAT® (Abbott. Laboratories, Abbott
Park, [L}). Othor mothods that can be used mnclude a chomilummnescont microparticic
immunoassay, in particular one emploving the ARCHITECT® automated analvzer (Abbott
Labogaiones, Abbott Park, 1L}, as an example. Other methods include, for example, mass
spectrometry, and immunchistochemistry {e.g.. with sections from tissue biopsics). using
anti-analvite {¢.g., anti-UCH-L1 and/or anti-GF AP} antibodics (monoclonal, polyclonal,
chimeric, humanized, human, etc ) or antibody fragments thereof against analyte (e.g., GFAP,
UCH-LT or GFAP and UCH-L1}. Gther methods of detection inclnde those described in, for
example, 1.8, Patent Nos. 5,143,576, 6,113,833, 6,019,944, 5 085,379, 3,047,124,
5,939,272, 5,922, 615, 5,885,527, 5,851,776, 5,824 799, 5,670,526, 5,525,524, and
5,480,792, each of which is hereby incorporated by reference in its entirety. Specific
imiumnological binding of the antibody to the analyie {¢.g., GFAP, UCH-L1 or GFAP and
UCH-L1) can be detected via direct labels, such as fluorescont or lumunescent tags. mctals
and radionuclides attached to the antibody or via indirect labels, such as alkaline phosphatase

or horseradish peroxadass.
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10258 The use of immobilized antibodies or antibody fragments thereof may be
incorporated into the impnmoassay. The antibodies may be immobilized onto a variety of
supports, such as magnetic or chromatographic matrix particies, the surface of an assav plate
{such as microtiter wells), pieces of a solid substrate matenal, and the ike. An assay strip
can be prepared by coating the antibody or plurality of antibodies i an array on a solid
support. This strip can then be dipped 1nto the test sample and processed quickly through
washes and detection steps to generate a measurable signal) such as a colored spot.

{02511 A homogeneous format may be used. For example, after the test samople 1s
obtained from a subject, a mixture is propared. The mixture containg the test sample boing
assessed for analvie (e.g., GFAP, UCH-L1 or GFAP and UCH-L1), a first specific binding
partoer, and a sccond speeific binding partoer. The order in which the test sample, the fust
specific binding partner, and the sccond specific binding partner are added to form the
mixture 18 not critical. The test sample is ssmuliancously coutacted with the first specific
bhinding pariner and the second specific binding partner. Tn some embodiments, the first
specific binding pariner and any GFAP, UCH-L1 or GFAP and UCH-Llconiained in the test
sample may form a first specific binding partner-analyte (¢ g, GFAP, UCH-L1 or GFAP and
UCH-L1)-antigen complex and the scoond specific binding partner may form a first spocific
binding partner-analyte of interest (e.g., GFAP, UCH-L or GFAP and UCH-L 1}-second
specific binding pariner complox. In some cmbodimeoents, the sccond speci{ic binding partner
and any GFAP, UCH-L1 or GFAP and UCH-Licontained in the test sample may form a
second specific binding partner-analyte (e g, UCH-L 1)-antigen complex and the firvst specific
binding pariner may form a first specific binding pariner-analvte of interest (e.g., GFAP,
UCH-LI or GFAP and UCH-L1}-second specific binding partner complex. The first specific
binding partner may be an anti-analyte antibody (¢ g., anti-UCH-L1 antibody that binds to an
epitope having an ammo acid seguence comprising at least three contiguous {3) anuno actds
of SEQ ID NG: 1 or anti-GFAP antibody that binds to an epitope having an amino acid
scquenee compnsing at least three contiguous (3} amino acids of SEQ 1D NO: 23, The
second specific binding partner may be an anti-analyie antibody {¢.g., anti-UCH-L1 antibody
that binds fo an epitope having an amino acid sequence comprising at least three contiguous
{3} aming actds of SEQ 1D NG: 1 or anti-GFAP antibody that binds to an cpitope having an
amino acid sequence comprising at least threo contiguous {(3) aming acids of SEQ 1D NG: 2).
Moreover, the sccond specific binding pariner is labeled with or contains a detectable label as

desceribed above.
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102527 A heterogencous format may be used. For example, afler the test sample is
obtatned from a sabject, a first mixture is prepared. The mixtare contains the test sample
being assessed for analyie {e.g., GFAP, UCH-L1 or GFAP and UUH-L 1) and a first specific
binding partner, wherein the first specific binding partner and any GFAP, UCH-LI or GFAP
and UCH-L1 contamed in the test sample form a first specific binding partner-analyte {¢.g.,
GFAP, UCH-L1 or GFAP and UCH-L1}-antigen complex. The first specific binding partner
may be an anti-analyte antibody (¢.g., anti-UCH-L1 antibody that binds to an epitope having
an amine acid scquonce comprising at least three contiguous (3) amino acids of SEQ ID NG
1 or anti~GFAP antibody that binds to an epitope having an aming acid scquence comprising
at least three contiguous {3} amino acids of SEQ 1D NO: 23 The order in which the test
sample and the first specific binding partner are added to form the mixture 18 not eritical
{32831 The first specific binding partner may be immobilized on a solid phase. The solid
phase used in the immuneassay {for the first specific binding partner and, optionally, the
second specific binding partner) can be any sohd phase known 10 the art, such as, but not
himited to, a magnetic particle, a bead, a test tube, a microtiter plate, a cuvette, a membrane, a
scatfolding molecule, a film, a filter paper, a disc, and a chup. In those embodiments where
the solid phasc is a bead, the bead may be a magactic bead or a magnotic particle. Magnctic
beads/particles may be ferromagnetic, fermmagnetic, paramaguetic, superparamagunetic or
ferroflutdic. Excmplary forromagnctic materials inclhude Fo, Co, Ni, Gd, Dy, Cr(3:, MnAs,
MnBi, Eu, and NiQ/Fe. Examples of fornimagnetic materials include NiFe:Qs, CoFerQa,
FesOa {or FeOFex(s3). Beads can have a solid core portion that is magnetic and s surrounded
by one or more non-magnetic layvers. Alternately, the magnetic portion can be a laver around
a non-magnetic core. The solid sepport on which the first specific binding member is
mrmohibized may be stored 1n dry form orin a lupid. The magoetic beads may he sulyected
to a magnetic field prior to or after contacting with the sample with a magoetic boad on which
the first specific binding member is immobilized.

3254 Afier the nuxture containing the first specific binding partncr-analvie {c.g., UCH-
L1 or GFAP) antigen complex is formed, any unbound analvite {(¢.g.. GFAP, UCH-L1 or
GFAP and UCH-L1) is removed from the complex using any technigue known in the art. For
oxample, the wnboand analyic {¢.g., GFAP, UCH-L1 or GFAP and UCH-L1} can be removed
by washing. Desirably, however, the first specific binding partner is present in ex¢ess of any
analyte {e g, GFAP, UCH-L1 or GFAP and UCH-L 1} present in the test sample, such that all
analvie {e.g., GFAP, UCH-L 1 or GFAP and UCH-L 1) that is present in the test sample 18

bound by the first specific binding partner.
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10258537 After anv unbound analyte {e.g., GFAP, UCH-L1 or GFAP and UCH-L1) s
removed, a second specific binding partner is added to the mixtare to form a first specific
binding partner-analvie of mierest (¢.g., GFAP, UCH-L I or GFAP and UCH-Li}-second
specific binding partner complex. The second specific binding pariner may be an anti-analyte
antibody {¢.g., anti-UCH-L1 antibody that binds to an eptiope having an amino acid sequence
comprising at least three contiguous (3) amino acids of SEQ [ NO: 1 or anti-GFAP
antibody that binds to an epitope having an amino acid sequence compnising at least three
contiguous (3} amuno acids of SEQ ID NG: 2). Morcover, the second specific binding
partuer 1s labeled with or contains a detectable Iabel as described above.
{6236]  The usc of mmmobilized antibodies or antibody fragrents thereof may be
mncorporated into the mmunoassay. The anttbodics may be mmmobilized onto a varicty of
supports, sach as magnetic or chromatographic matiix particles (such as a magnetic bead},
fatex particles or modified surface latex particles, polymer or polymer filim, plastic or plastic
film, planar substrate, the surface of an assay plate (such as microtiter wells), pieces of a sohd
substrate material, and the like. An assay strip can be prepared by coating the antibody or
plurality of antibodies in an array on a sohd support. This strip can then be dipped into the
test sample and processed guickly through washes and dotoction stops to generate a
measurable signal, such as a colored spot.

{1) Sandwich immunoassay
{82877 A sandwich immumnoassay measures the amount of antigen between two layers of
antibodics {i.¢.. at lcast one capture antibady) and a detection antibody {i.¢., at lcast ong
detection antibody}. The capture antibody and the detection antibody bind to different
epitopes on the antigen, ¢.g., analyte of interest such as GFAP, UCH-LT or GFAP and UCH-
L1, Besirably, binding of the capturc antibody to an cpitope docs not interfore with nding
of the detection avtibody to an epitope.  Either monoclonal or polyclonal antibodies may be
used as the captore and detection antibodies 1n the sandwich immumonssay.
162581 Generally, at least two antibodics are employed to separate and quantify analvie
{e.g., GFAP, UCH-L1 or GFAP and UCH-L1} in a test sample. More specifically, the at least
two antibodies bind to certain eptopes of analyvie (¢ g, GFAP, UCH-L 1 or GFAP and UCH-
L1} forming an immune complex which 1s referred 1o as a "sandwich”. One or more
antibodies can be used to capture the analyte {¢.g., GFAP, UCH-L1 or GFAP and UCH-L1)
in the test sample {these antibodies are frequently referred to as a "capture” antibody or
"capture” antibodies) and one or more antibodies 1s used to bind a detectable (namely,

quantifiable) label to the sandwich (these antibodies are frequently referred to as the
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"detection” antibody or “detection” antibodies). In a sandwich assay, the binding of an
antibody to its epitope desirably is not diminished by the binding of any other antibody in the
assay to is respective epitope. Antibodies are selected so that the one or more first
antibodies brought into contact with a test sample suspected of containing analvie {e.g.,
GFAP, UCH-L1 or GFAP and UCH-L1) do not bind to all or part of an epiiope recognized
bv the second or subsequent antibodies, thereby interfering with the ability of the one or more
second detection antibodies to bind to the analyte {e.g., GFAP, UCH-L1 or GFAP and UCH-
L.
{8259]  The antibodics may be used as a first antibody in said immuanocassay. The antibody
imaumospecifically binds to epitopes on analyte (e g., GFAP, UCH-L1 or GFAP and UCH-
L.1). In addiion to the antibodics of the prescnt disclosure, said mununoeassay may comprise
a seeond antibody that immumnospecifically binds to epitopes that are not recognized or bound
by the first anttbody.
H268] A teost sample suspected of contaiming analyvie (e g, GFAP, UCH-L1 or GFAP and
UCH-L 1) can be contacted with at least one first capture antibody {or antibodies} and at least
one second detection antibodies etther simuoltanecusly or sequentially  In the sandwich assay
format, a tcst samplo suspected of containing analvte {c.g.. GFAP, UCH-L1 or GFAP and
UCH-L 1} 15 first brought into contact with the at least one first capture antibody that
specifically binds to a particular epitope under conditions which allow the formation of a first
antibody-analyte {¢.g.. GFAP, UCH-L1 or GFAP and UCH-L 1} antigen complex. I more
than onc capture antibody 18 used, a first multiple capture antibodyv-UCH-L1, GFAP or UCH-
L1 and GFAP antigen complex is formed. In a sandwich assay, the antibodies, preferably,
the at least one capture antibody, are vsed in molar excess amowunts of the maximum amouant
of analyte {c g., GFAP, UCH-L1 or GFAP and UCH-L 1} expected in the test sample. For
cxample, from about 5 ug/ml to about | mg/ml of antibody per mi of vucroparticle coating
buffer may be used.

i Anti- GFAP, UCH-L1 or GFAP and UCH-L1 Capture Antibodies
1823631 Optionally, prior to contacting the test sample with the at least one first capture
antibody, the at least one first capture antibody can be bound to a solid support which
facilitates the separation the fiest antibody-analyte (e g, GFAP, UCH-L1 or GFAP and UCH-
1.1} complex from the test sample. Any solid support known m the art can be used, including
but not mited to, solid supports made out of polymeric materials in the forms of wells,

tubes, or beads {such as a microparticle). The antibody {or antibodies} can be bound to the
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solid support by adsorption, by covalent bonding using a chemical coupling agent or by other
means known in the art, provided that such binding does not interfere with the ability of the
antibody to bind analvie {¢.g., GFAP, UCH-L1 or GFAF and UCH-L 1}, Moreover, if
necessary, the sobid support can be denvatized to allow reactivity with various functional
groups on the antibody. Such denvatization requires the use of certain coupling agents such
as, but not limited fo, maleic anhvdride, N-hydroxvsuccinimide and [-ethvi-3-(3-
dimethylammnopropyhearbodiimide.

{03621 After the test sample suspected of contamning avalyvte {e.g., GFAP, UCH-L1 or
GFAP and UCH-L1) is incubated in order to allow for the formation of a first capture
antibody (or multiple antibody)-analvie (¢c.g.. GFAP, UCH-L 1 or GFAP and UCH-L1}
complex. The meubation can be carricd out at a pH of from about 4.5 to about 10.0, ata
temperature of from about 2°C to about 43°C, and for a period from at keast about one (1)
minuie to about eighteen {18) mimutes, from about 2-6 minutes, from about 7 -12 minutes,

from about 5-15 minutes, or from about 3-4 nunutes.

1. Petection Antibody
{8263}  Atficr formation of the first/multiple capture antibodv-analyie {¢.g., GFAP, UCH-
L1 or GFAP and UCH-L 1) complex, the complex 1s then contacted with at least one second
detection antibody (under conditions that allow for the formation of a first/multiple antibody-
analyte {e.g.. GFAP, UCH-L1 or GFAP and UCH-L1) antigen-second antibody complex). In
somc cmbodimoents, the tost samplc 1s contacted with the detection antibody simultancously
with the capture antibody. If the first antibodv-analyte {e.g., GFAP, UCH-L1 or GFAP and
UCH-L1) complex s contacted with more than one detection antibody | then a first/mualtsple
capture antibody-analyte {e.g., GFAP. UCH-L1 or GFAP and UCH-L1-multiple antibody
detection complex is formed. As with first antibody, when the at least sccond (and
subsequent} antibody 18 brought into contact with the first antibody-analyvie (¢ g., GFAP,
UCH-L1 or GFAP and UCH-L 1) complex, a penod of incuhation under conditions similar (o
those described above is required for the formation of the first/multiple antibody-analyvte
{c.g., GFAP, UCH-L1 or GFAP and UCH-L D-second/multiple antibody complex.
Preferably, at least one sccond antibody contains a detectable label. The detectable label can
be bound to the at least one sccond antibody prior fo, simultancously with or after the
formation of the first/roultiplc antibody-analyte {c.g., GFAP, UCH-L1 ot GFAP and UCH-

L1)-second/multiple anttbody complex. Any detectable label known in the art can be used.
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10264 Chemiluminescent assays can be performed in accordance with the methods
described in Adamczyk et ab | dnaf Chim. Acia 379(1): 61-67 (2006). While any suitable
assay format ¢an be used, a microplate chemiluminometer (Mithras LB-940, Berthold
Technologies U.S. A, LLC, Oak Ridge, TN} enables the assay of multiple samples of small
volumes rapidly. The chemiluminometer can be equipped with multiple reagent injectors
using 96-well black polvstyrene microplates (Costar #3792, Each sample can be added into
a separate well, followed by the stmultancous/sequential addition of other reagents as
dotermined by the tyvpe of assay emploved. Desirably, the formation of pseudobases
neutral or basic sohutions emploving an acridiniam aryvl ester is avoided, such as by
acidification. The chemluminescent response is then recorded well-by-well. 1o this regadd,
the time for recording the chemiluminescent response will depend, n part, on the delay
between the addition of the reagenis and the particalar acridinium emploved.

{12631 The order in which the test sample and the specific binding partner{(s) are added to
form the mixture for chenvluminescent assay is not critical. T the first specific binding
partner is detectably labeled with an acridinium compound, detectably labeled first specific
binding pariner-antigen (¢ g, GFAP, UCH-L1 or GFAP and UCH-L1) complexes form.
Altematively, if a scecond specific binding partnor is used and the second specific binding
partuer 1s detectably labeled with an acndiniwn compound, detectably labeled first specific
binding partncr-analyte {c.g., GFAP, UCH-L1 or GFAP and UCH-L1}-3ccond specific
binding partner complexes form. Any unbound specific binding partner, whether labeled or
urdabeled, can be removed front the mixture using any technique known in the ant, such as
washing.

{0266]  Hydrogen peroxide can be generated in sity in the mixture or provided or supplied
to the mixture hefore, simultancously with, or after the addition of an above-described
acridinium compound. Hydrogen peroxide can be generated m situ in g number of ways such
as would be apparent to one skilled m the art.

i267)  Alternatively, a source of hydrogen peroxade can be simply added to the mixture.
For example, the source of the hydrogen peroxide can be one or more bufters or other
solutions that are known to contain hydrogen peroxade. In this regard, a solution of hydrogen
poroxide can simply be added.

{62681  Upon the simultancous or subsequent addition of at least one basic sclution to the
samiple, a detectable signal) namely, a chemuluminescent signal, indicative of the presence of
analvte {e.g., GFAP, UCH-L1 or GFAP and UCTH-L 1} 15 generated. The basic solution

contains at feast one base and has a pH greater than or equal to 10, preferably, greater than or
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equal to 12, Examples of basic solutions include, but are not limited o, sodium hydroxide,
potassiom hydroxide, calciym hydroxide, ammontom hydroxide, magpesinm hydroxide,
sodnim carbonate, sodium bicarbonate, calcium hydroxide, calenumn carbonate, and calcium
bicarbonate. The amount of basic solution added to the sample depends on the concentration
of the basic solution. Based on the concentration of the basic solution used, one skilled in the
art can easily determine the amount of basic solution to add to the sample. Other labels other
than chemiluminescent labels can be employved. For instance, enzymatic labels (including but
not himited to alkaline phosphatase) can be emploved.
{826%]  The chemilumincscent signal, or other signal, that is gencrated can be detected
using routine technigues known to those skilled in the art. Based on the intensity of the
signal gencrated, the amount of analvie of interest {c.g.. GFAP, UCH-L1 ot GFAP and UCH-
L1} in the sample can be quantified. Specitically, the amount of analyte {¢.g., GFAP, UCH-
L1 or GFAP and UCH-L1) in the sample is proportional to the intensity of the signal
generated. The amount of analvie {e.g., GFAP, UCH-L1 or GFAP and UCH-L 1} present can
be quantified by comparing the amount of light generated to a standard curve for analyte
{e.g., GFAP UCH-L1 or GFAP and UCH-L1) or by comparison o a reference standard. The
standard curve can be goncrated using scrial dilutions or solutions of known congcontrations of
analyte {e.g., GFAP, UCH-L1 or GFAP and UCH-L 1} by mass spectroscopy, gravimetnic
mcthods, and other techniques known in the art. Quantitation for pancl assays, and for
multiplex assays likewise has been described in the scientific literature and is known to those
skilled 1n the art.

{2} Forward Competitive Inhibition Assay
({62781 In a forward competitive format, an aliquot of fabeled analvite of mterest {(e.g.,
analvte {c.o.. GFAP, UCH-L1 or GFAP and UCH-L1} having a tlucrcscent label, a tag
attached with a cleavable linker, etc.) of a known concentration is used to compete with
analvte of interest (e g, GFAP, UCH-L1I or GFAP and UCH-L1} in a test sample for binding
to analvie of mnterest antibody {(e.g.. GFAP, UCH-L1 or GFAP and UCH-L1 antibody).
{62781  In a forward competition assay, an immobilized specific binding partner {such as
an antibodv} can either be sequentially or simultancously contacted with the test sample and a
labeled analvite of mterest, analyte of interest fragment or analvie of interest variant thereof
The analvie of interest peptide, analvie of interest fragment or analyie of interest variant can
be labeled with any detectable label, including a detectable label comprised of tag attached

with a cleavable linker. In this assay, the antibody can be tmmobilized on fo a solid support.
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Aliernatively, the antibody can be coupled to an antibody, such as an anti-species antibody,
that has been immobilized on a solid support, such as a microparticle or planar substrate.
[82721  The labeled analyie of interest, the test sample and the antibody are incubated
under conditions similar to those described above in connection with the sandwich assay
format. Two or more different species of antibody-analvte of interest complexes may then be
generated. Specifically, one of the antibody-analyte of interest complexes generated containg
a detectable label (e.g., a fluorescent fabel, ete )y while the other antibody-analyte of interest
complex does not contain a detectable label. The antibody-analyte of mterest complex can
be, but does not have to be, separated from the remainder of the test sample prior to
guantification of the detectable fabel. Regardless of whether the antibody~-analvie of interest
complex 1s separated from the remainder of the test sample, the amount of detectable label 1n
the antibodyv-analyic of interest complex is then quantified. The concentration of analyte of
interest {such as membrane-associated analyte of interest, soluble analvte of wierest,
fragments of soluble analvite of interest, vanants of analyvte of interest (membrane-associated
or soluble analyte of interest) or anv combinations thereof) in the test sample can then be
determined, ¢.g., as described above.

{3} Reverse Competitive Inlubition Assay
{3731 In a roverse competiion assay, an immmohilized analvte of mterest {c.g., GFAP,
UCH-L1 or GFAP and UCH-L1) can either be sequentially or sumultaneously contacted with
a test sample and at least one labeled antibody.
{6274  The analvie of interest can be bound to a solid support, such as the solid supports
discussed above in connection with the sandwich assay tormat.
(2751 The wnmobilized analvie of interest, test sample and at least one labeled antibody
arc incubated under conditions similar to thosc described above 1n connoction with the
sandwich assay format. Two different species of analvie of interest-anitbody complexes are
then generated. Specifically, one of the analvte of interest-antibody coraplexes generated is
mmobilized and contains a detectable label (e.g., a fluorescent label, ete.} while the other
analyte of interest-antibody complex is not immobilized and contains a detectable label. The
non-immobilized analyvte of interest-antibody complex and the remainder of the test sample
are removed from the presence of the immobilized analvie of inferest-antibody complex
through technigues known in the art, such as washing. Once the non-immobilized analvte of
interest antibody complex is removed, the amount of detectable label in the immobilized

analyte of interest-antibody complex is then quantified following cleavage of the tag. The

CA 03216320 2023-10-20



WO 2022/245920 PCT/US2022/029798

conceniration of analyie of interest in the test sample can then be determuned by comparing
the quantity of detectable label as described above.

{4} One-Step lmmunoassay or “Capture on the Fly” Assay
2781 Io a capture on the fly tnmunoassay, a solid substrate is pre-coated with an
immobilization agent. The capture agent, the analvie (¢.g., GFAP, UCH-L1 or GFAP and
UCH-L1) and the detection agent are added to the solid substrate together, followed by a
wash step prior to detection. The capture agent can bind the analyte {e g, GFAP, UCH-L1 or
GFAP and UCH-L1) and comprises a ligand for an immobilization agent. The capture agent
and the detection agents may be antibodies or any other motety capable of captare or
detection as described herein or known 1n the art. The ligand may comprise a peptide tag and
an inunobilization agent may comprise an anti-peptide tag antibody. Alternately, the ligand
and the immobilization agent may be any pair of agents capable of binding together so as to
be employed for a capture on the fly assav (e.g., specific binding pair, and others such as are
known in the art). More than one analyte may be measured. In some embodiments, the solid
substrate may be coated with an antigen and the analvie to be analyzed 19 an antibody.
{2771 In cortamn other ombodiments, in a onc-stop mmmunoassay ot “capture on the fly”, a
solid support {such as a microparticle} pre-coated with an inumobilization agent (such as
biotin, streptavidin, cte.) and at least a first specific bindmg member and a sccond spocitic
binding member {which function as capture and detection reagents, respectively) are used.
The first specific binding member comprises a ligand for the immobilization agent ({for
cexample, if the immobilization agent on the solid sapport is streptavidin, the ligand on the
first specific binding member may be biotin) and also binds to the analyie of mterest {¢.g.,
GFAP, UCH-L1 or GFAP and UCH-L1}. The second specific binding merber comprises a
detoctable label and binds to an analvic of mterest (¢ g, GFAP, UCH-L1 or GFAP and UCH-
L1}, The solid support and the first and sccond specific binding members may be added to a
test sasnple (either sequentially or simultanecusly). The ligand on the frst specific nnding
member binds to the immobilization agent on the solid support to form a solid support/first
specific binding member complex. Any analyte of interest present in the sample binds to the
solid support/fivst specific binding member complex to form a solid support/first specific
binding member/analvie complex. The second specific binding niember binds {o the solid
support/first specific binding member/analyte complex and the detectable label 1¢ detected.
An optional wash step may be emploved before the detection. In certain embodiments, in a
one~step assay more than one analyvte may be measured. In certain other embodiments, more

than two specific binding members can be emploved. In certain other embodiments, multple
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detectable labels can be added. In certain other eoibodiments, multiple analvtes of interest
can be detected, or their amounts, levels or concentrations, measured, determined or assessed.
j827%]  'The use of a capture on the fly assay can be done in a varicty of formats as
described herein, and known n the art. For example, the format can be a sandwich assay
such as described above, but alternately can be a competition assay, can employ a single
spectfic binding member, or use other variations such ag are known.

(5) Single Molecule Detection Assay
[32781  Single molecule detection assave and methods, such as the use of a nanopore
device or nanowell device, can also be used. Examples of nanopore devices are described in
International Patent Poblication No. W0 2016/161402, which is hereby incorporated by
reference in s endirety. Examples of nanowell device are described in foternational Patent
Publication No. WO 2016/161400, which 1s hereby incorporated by reference in its entirety.

Other devices and methods appropriate for single molecule detection can also be emploved.
8, Other Factors

{32861  Tho mothods of diagnosing, prognosticating, and/or asscssing, as described above,
can further include using other factors for the diagnosis, prognostication, and asscssment. In
some embodiments, other factors can include measuring and/or determiming blood urea
nitrogen {BUN} levels and/or sodiumy/creatinine ratics. In some gmbodiments, the methods
can further include measuring and/or determining other biomarkers, such as Myelin Basic
Protem (MBP). Neurofilament Light Protein (NFL), and a-anuno-~3-hydroxy-S-methyi-4-
isoxazoleproptonic acid receptor (AMPAR].

{1281} In some embodiments, traumatic brain injury may be diagnosed using the Glasgow
Coma Scale or the ocutcome of the traumatic bram mjury may be predicied using the
Extended Glasgow Qutcome Scale (GOSE). Gther tests, scales or indices can also be used
either alone or in combination with the Glasgow Coma Scale. An example is the Ranchos
Los Apigos Scale. The Ranchos Los Amigos Scalc measurcs the levels of awarcness,
cognition, behavior and interaction with the covironment. The Ranchos Los Amigos Scale
ncludes: Level T No Response; Level T Generalized Response; Level HE Localized
Response; Level IV Contused-agitated; Level V: Confused-mappropnate; Level VI
Confused-appropriate; Level VII: Automatic-appropnate; and Level VHI: Purposeful-
appropriate.

[62821  Other classification systems based on CT scan results can be used to predict

outcome in patients, such as any classificanion systems known in the art. An example 1s the
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Marshall classification of traumatic brain injury, which places patients mto one of six
categories (1 to VI) of increasing severity on the basis of findings on non-contrast CT scan of
the bramn. Higher categories have worse prognosis and survival, The Marshall classification
1s primarily concermned with two features: 1} degree of swelling, as determined by midline
shift and/or compression of basal cisierns, and 23 presence and size of
contusions/hemorrhages referred to “high or mixed density lesions.” Ancther example is the
Rotterdam score, which incorporates additional vanables {¢.g. subarachnoid hemorrhage) and
attempts to addross some of the recognized hmutations of the Marshall systom, such as
struggling to classifyving patients who have itnjurics of multiple types. The Rotterdam
classification includes four independently scored clements. Simidar to the Marshall system,
the Rotterdam classification includes 1) degree of basal cistem compression and 2) degree of
midline shift. The Rotterdam does not, however, include contusions, but rather restricts mass
festons to 3) epidural bematomas, and adds 4) intraventricular and/or subarachnoid

blood. FEach of these 1s given a score, and these scores are tallied, with the addittion of | to

the total. Higher scores worse progoosis and survival.
9, Samples

{1283]  In some emboduments, the sample is obtained afier the human pediatric subject
sustained an injury to the head caused by physical shaking, blunt impact by an exicrmal
mechanical or other force that resulis in a closed or open head trauma, one or more falls,
explosions or blasis or other types of blunt force trawma. In some embodiments, the sample
is obtamod after the human podiatnic subjoct hag ingested or beoen oxposcd to a chemical,
toxin or combination of a chemical and toxin. Examples of such chemicals and/or toxins
nclude, fires, molds. asbestos, pesticides and insecticides, organic solvents, paints, glues,
gases {such as carbon monoxide, hydrogen sulfide, and cyanide), orgamic metals (such as
methvl mercury, tetracthyl lead and organic tin} and/or one or more drugs of abuse. In some
cmbodiments, the saraple is obtained frorma a human pediatric subject that suffers front an
autoimmune disease, a metabolic disorder, a brain tumor, hyvpoxia, one or more viruses,
menmngitis, hydrocephalus or combinations thereof.

162841  In yet another embodiment, the methods described herein use samaples that also can
be used to determine whether or not a subject has or is at risk of developing mild fraumatic
brain mjury by determining the levels of GFAP, UCH-LI or GFAP and UCH-L1 m a subject
using the anti-GFAP antibodics and anti-UCH-L1 antibodics doscribod above, or antibody

fragments thercof. Thus, in particular embodiments, the disclosure also provides a method
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for determining whether a pediatric subject having, or at risk for, traumatic brain injuries,
discussed herein and known in the art, is a candidate for therapy or treatment. Gengerally, the
pediatric subiect 15 at least one who! (1} has experienced an injury to the head; (11} ingested
astormmune disease, a metabolic disorder, a brain tomor, hypoxia, one or more viruses,
meningitis, hvdrocephalus or suffers from anv combinations thereof] or (iv) any combinations
of (1)-(ii1); or, who has actually been diagnosed as having, or being at nisk for TRY (such as,
for example, subjects suffenng from an autormmune disease, a metabolic disorder, a brain
tumor, hyvpoxia, one or more viruses, meningitis, hydrocephalus or combinations thereof),
and/or who demonstrates an unfavorable (4 ¢, clinically undesirable) concentration or amount

of GFAP, UCH-L I, GFAP fragment, and/or UCH-L 1 fragment, as described herein.
a. Test or Biological Sample

{6388 As used herein, “sample”, “test sample”, “biological sample” refer to thud sample
contatning or saspected of containtng GFAP, UCH-L1 or GFAP and UCH-LI. The sample
may be derived from any suitable source. In some cases, the sample may comprise a liquud,
fluent particulate sohd, or fluid suspension of sohid particles. In some cases, the sample may
be processed prior to the analysis described herein. For example, the sample may be
separated or purified from its source prior to analysis, however, in certain embodunents, an
unprocessed sample containing GFAP, UCH-LT or GFAP and UCH-L 1 may be assaved
directly. In a particular example, the source containing GFAP, UCH-L 1 or GFAP and UCH-
1.1 15 a buman (¢ g, pcdiatric human) bodily substance {¢.g., bodily fhad, blood such as
whole blood, serum, plasma, urine, saliva, sweat, sputum, semen, mucus, lacrimal fluid,
tymph fluid, amniotic fluid, uderstitial fluid, lung lavage, cerebrospinal flusd, feces, tissue,
organ, or the hke). Tissues may nclude, but are not himuted to skelotal muscle tissue, hiver
tissue, fung tissue, kidney tissue, myocardial tissue, brain tissue, bone marrow, cervix tissuc,
skin, etc. The sample may be a liquid sample or a liquid extract of a solid sample. In cortam
cases, the source of the sample may be an organ or tissue, such as a biopsy sample, which
may be solubilized by tissue dismtegration/cell tysis.

182861 A wide range of volumes of the fluid sample may be analvzed. In a fow exemplary
embodiments, the sample volume may be about 0.5 nl., about I nl., about 3 nl., about 0.0}
ph, about 0.1 pl, about 1 pul, about § ul, about 10 pl, about 100 ul., about 1 mL, about §

mi., about 18 mL, or tho hke. In somo cascs, the volume of the fhud sample i3 between about

CA 03216320 2023-10-20



WO 2022/245920 PCT/US2022/029798

0.01 pL and about 10 mL, between about 0.01 L and about 1 mi, between about 0.01 pL
and abouat 100 gl or between about 0.1 pl and aboot 10 pl.

{82871  In some cases, the fluid sample may be diluted prior to use n an assay. For
example, 10 embodiments where the source contatning GFAP, UCH-L1 or GFAP and UCH-
L1 1s a human body fluid (e g, blood, serum), the fluid may be diluted with an appropriate
solvent (¢.g.. a buffer such as PBS buffer). A fluid sample may be diduted about 1-fold, about
2-fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 10-fold, about 100-fold,
or greater, prior to use. In other cases, the fluid sample 1s not diluted prior to use m an assay.
{02381  In some cases, the sample may undergo pre-analytical processing, Pre-analyvtical
processing may offer additional functionality sach as nonspecific protein removal and/or
ctifective vot cheaply mplementable mixing functionality. General methods of pre-analvtical
processing may include the use of electrokinetic trapping, AL electrokinetics, surface
acoustic waves, 1sotachophoresis, diclectrophoresis, clectrophoresis, or other pre-
concentration techniques known in the art. In some cases, the fluid sample may be
concentrated prioy to use in an assay. For example, in embodiments where the source
containing GFAP, UCH-LI or GFAP and UCH-L1 15 a human (e.g., pediatnic) body fluid
{c.g., blood, scrum}, the fhud may be concentrated by procipitation, ovaporation, filtration,
cemtrifugation, or a combination theroof. A fluid sample may be concentrated about 1-fold,
about Z-fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 10-fold, about 100-

foid, or greater, prior to use.
b. Conirols

[82881 It may be degirable to include a control (such as a positive and/or negative control,
which are well known m the art}. The control may be analyzed concurrently with the sample
from the subject as deseribed above. The results obtained from the subject sample can be
compared to the results or information obtained from the control. Standard curves may be
provided, with which assay results for the sample may be compared. Such standard curves
present levels of marker as a function of assay units, 7.e., fluorescent signal intensity, if a
fluorescent label 1s used. Using samples taken from multiple donors, standard curves can be
provided for reference levels of GFAP, UCH-L1 or GFAP and UCH-L1 in normal healthy
subjects, as well as for “at-risk”™ levels of the GFAP, UCH-L1 or GFAP and UCH-L1 in
tissue taken from donors, who may have one or more of the characteristics set forth above. In

some cascs, controls may relate to {¢.g., be based on) samples or information taken from
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healthy subjects that are considered to be healthy and have sustained no apparent TBI
{*“healthy controls™).

[¢298)  Thus, in view of the above, a method for determining the presence, amount, oF
concentration of GFAP, UCH-L1 or GFAP and UCH-L1 in atest sample is provided. The
method comprises assaving the fest sample for GFAP, UCH-L1 or GFAP and UTH-L1 by an
immunoassay, for example, emploving at least one capture antibody that binds to an epitope
on GFAP, UCH-L1 or GFAP and UCH-L.1 and at least one detection antibody that binds to
an epitope on GFAP, UCH-L1 oy GFAP and UCH-L 1 which is different from the epitope for
the captare antibody and optionally includes a detectable tabel, and comprising comparing a
signal generated by the detectable label as a direct or indirect indication of the presence,
amount or concentration of GFAP, UCH-LI or GFAP and UCH-L1 in the test sample to a
signal gencrated as a direct or indirect indication of the presence, amount or concentration of
GFAP, UCH-LY or GFAP and UCH-L1 18 a calibrator. The calibrator is optionally, and is
preferably, part of a series of calibrators in which cach of the calibrators differs from the

other calibrators in the series by the concentration of GFAP, UCH-L1 or GFAP and UCH-L 1
16, Kit

{#291]  Provided herein is a kit, which may be used in the methods desernibed herein for
assaving or assessing a tost sample for GFAP, UCH-L1 or GFAP and UCH-L1 fragment(s).
The kit comprises at least one component for assaving the test sample for GFAP, UCH-L1 or
GFAP and UCH-L1 mstructions for assaving the test sample for . For example, the kit can
comprise nstructions for assaving the ost samplc for GFAP, UCH-L1 or GFAP and UCH-L1
by immunoassay, ¢.g.. chemiluminescent microparticle immunoassay. Instmictions included
i kits can be affixed to packaging matenal or can be included as a package mnsert, or can be
viewed or downloaded from a particular website that 1s recited as part of the kit packaging or
inserted materials. While the instructions are typically writien or printed materials they are
not Jiaited to such. Any medium capable of storing such jnstructions and comnumicating
them 1o an ond user is contemplated by this disclosure. Such media include, but are not
himited to, electromc storage media (¢.g., magnetic discs, tapes, cartridges, chips), optical
media (c.g., CD ROM), and the like. As used herein, the term "instructions” can mclude the
address of an internet site that provides the ingtructions.

{12931 The at least one component may nclude at least one composition comprising one
or more 1aolated antibodics or antibody fragmeoents thoreot that spocifically bind to GFAP,

UCH-L1 or GFAP and UCH-L1. The antibody may be a GFAP, UCH-L1 or GFAP and
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UCH-L1 capture antibody and/or a GFAP, UCH-L1 or GFAP and UCH-L1 detection
antibody.

{32937 Aliernatively or additionally, the kit can comprise a calibrator or control, as
described above, e.g., purified, and optionally Ivophilized, GFAP, UCH-L1I or GFAP and
UCH-L1 | and/or at least one container {c.g., tube, microtiter plates or strips, which can be
already coated with an anti-GFAP, UCH-L1 or GFAP and UCH-L1 monoclonal antibody) for
conducting the assay, and/or a butter, such as an assay buffer or a wash buffer, cither one of
which can be provided as a concentrated solution, a substrate solution for the detectable label
{c.g., an cnzymatic label}, or a stop solution, Preferably, the kit comprises all components,
i.e. reagents, standards, buffers, diluents, ete., which are necessary to perform the assay. The
mstructions also can melude instractions for generating a standard curve,

{3294]  The kit may further comprise reference standards for quantifving GFAP, UCH-L1
or GFAP and UCH-L 1. The reference standards may be emploved to establish standard
curves for interpolation and/or extrapolation of GFAP, UCH-LI or GFAP and UCH-LI
concentrations. The reference standards may include a high GFAP, UCH-L1 or GFAP and
U{TH-L1 concentration level, for example, about 100000 pg/mi. about 1250600 pg/mL, about
1530000 pg/ml., about 175000 pg/ml, about 200000 pg/mi., about 225600 pg/mkb, about
250000 pg/ml, about 275000 pe/mL., or about 300000 pe/ml; a medium GFAP, UCH-L1 or
GFAP and UCH-L1 concentration lovel, for cxample, about 25000 pg/mL., about 40000
pe/mil, about 45000 pe/ml., about 50000 pe/mi., about 35000 pg/ml., about 600006 pe/mL.,
about 75000 pe/mi or about 100000 pa/inl.; and/or a low GFAP, UCH-L1 or GFAP and
UCH-L 1 concentration level, for example, about | pg/mL, about 5 pg/mL., about 10 pg/mL,
about 12.3 pg/ml. about 15 pg/mL, about 20 pg/mi., about 25 pg/mi., aboot 30 pg/ml., abowt
3% pg/mi, about 40 pg/mL, about 45 pg/mi, about 30 pg/mL, about 55 pg/ml, about 60
pe/ml, aboui 65 pg/ml., about 70 pg/ml, about 75 pg/al., about 80 pg/ml. about 85 pg/mli,
about 80 pg/mL, about 95 pg/mlL, or about 100 pg/ol.

3295 Awny antibodies, which are provided in the kit, such as recombinant antibodics
specific for GFAP, UCH-L.1 or GFAP and UCH-L 1, can incorporate a detectable label, such
as a fluorophore, radicactive moiety, enzvme, biotin/avidin label, chromophore,
chomiluminescent label, or the ke, or the kit can incluade reagents for labeling the antibodics
or reagents for detecting the antibodies {(e.g., detection antibodics) and/or for labeling the
analytes {c.g., GFAP, UCH-L1 or GFAP and UCH-L1) or reagents for detecting the analyte
{e.g., GFAP, UCH-L1 or GFAP and UCH-L1}. The antibodies, calibrators, and/or controls

K]
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can be provided in separate contamers or pre~-dispensed into an appropriate assay format, for
example, into microtiter plates.

j8296]  Ogptionally, the kit includes quality control components (for example. sensttivity
panels, calibrators, and positive controls). Preparation of quality control reagents is well~
known in the art and is described on insert sheets for a vanety of immunodiagnostic prodocts.
Sensitivity pancl members optionally are used to establish assay performance characteristics,
and further optionally are useful indicators of the miegnity of the immunoassay kit reagents,
and the standardization of assavs,

{82971  The kit can also optionally include other reagents required to conduct a diagnostic
assay or facilitate quality contral evaluations, such as buffers, salts, enzyimes, enzvime co-
factors, substraics, detection reagents, and the like, Other components, such as butters and
solutions for the isolation and/or treatment of a test sample {¢.g., pretreatment reagents), also
can be included in the kit. The kit can additionally 1nclude one or more other controls. Une
or more of the components of the kit can be lvophilized, in which case the kit can further
comprise reagents suitable for the reconstitution of the lvophilized components.

{86298]  The various components of the kit optionally are provided in suitable contaners as
noCossary, ¢.2., a microtiter plate. The kit can further include containcers for holding or
stormg a sample {¢ 5., a contalner or cartndge for a unne, whole blood, plasma, or serum
sample). Whoere appropriate, the kit optionally also can contain rcaction vesscls, miixing
vessels, and other components that facilitate the preparation of reagents or the test samplc.
The lat can also include one or more mstrument for assisting with obtaining a test sample,
such as a svringe, pipetie, forceps, measured spoon, or the like,

[3299]  Ifthe detectable label is at least one acridinium compound, the kit can comprise at
feast one acndimivm-9-carboxanude, at least one acnidinium-9-carboxylate aryl ester, or any
combination thereof. If the detectable label 15 at least ove actidmsum compound. the kit also
can comprise a source of hydrogen peroxide, such as a buffer, solution, and/or at least one
basic solution. If desired, the kit can contain a solid phase, such as a magneiic particle, bead,
test tube, microtiter plate, cuvetie, membrang, scaffolding molecule, film, filter paper, disc, or
chip.

J03%H Hdeaired, the kat can further comprise onc or more componcuts, alonce or 1n forther
cembination with instructions, for assaying the test sample for another analvte, which can be

a biomarker, such as a biomarker of trawmatic brain injury or disorder.
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a. Adaptation of Kit and Method

[0383]  The kit {or components thereof), as well as the method for assessing or determining
the concentration of GFAP, UCH-L1 or GFAP and UCH-L1 in a test sample by an
wmuanoassay as described herein, can be adapted for use 1in a variety of automated and semi-
automated systems (including those wherein the solid phase comprises a microparticle), as
descrbed, c.g., U.S. Patent No. 3,063,081, U.S. Patent Application Publication Nos.
2003/0170881, 2004/0018577, 2005/0054078, and 2006/0160164 and as commercially
marketed ¢ ., by Abbott Laboratories (Abbott Park, 1L} as Abbott Point of Care (-5TAT®
or I-STAT Alinity, Abbott Laboratories) as well ag those described in U.S. Patent Nos.
5,089.424 and 5,006,309, and as commerctally marketed, ¢.g.. by Abbott Laboratories
{Abboit Park, 11} as ARCHITECT® or the series of Abbott Alimity devices.

{13021 Some of the differcnces between an automated or semit-automated system as
compared to a nov-automated systern {e.g., ELISA) include the substrate to whach the fust
specific binding partner (e.g., analyte antibody or capture antibody) is attached Gwhich can
affect sandwich formation and analyte reactivity}, and the length and timing of the capture,
detection, and/or any optional wash steps. Whereas a non-auntomated format such as an
ELISA may require a relatively longer moubation time with sample and capture reagent {e.g,
about 2 hours), an automated or semi-automated format {e g, ARCHITECT® and any
successor platform, Abbott Laboratories) may have a relatively shorter incubation tune (e.g.,
approximately 18 vunutes for ARCHITECT®), Siilarly, whereas a non-automated format
such as an ELISA may incubate a detection antibody such as the conjugate reagent fora
relatively longer incabation time {e.g., about 2 hours), an avtomated or senp-atomated
format {¢.g., ARCHITECT® and any successor platform) may have a relatively shorter
incubation time {¢.g., approximaiely 4 munuics for the ARCHITECT® and aonv successor
platform}.

{13031 Other platforms available from Abbott Laboratories inchide, but are not limited to,
AxSYM®, IMx® (see, eg., UL.S. Patent No. 3,294 404, which is hereby incorporated by
reference in its enfirety), PRISM®, EIA (bead), and Quantum™ I, as well as other
platforms. Additionally, the assays, kits, and kit components can be employed in other
formats, for example, on electrochemical or other hand-held or point-of-care assay systems.
As mentioncd proviously, the present disclosure 1s, for cxamplc, apphicablc to the commerceial
Abbott Point of Care (i-STATE, Abbott Laboratories) electrochemical immunoassay system

that performs sandwich immunocassays. Immunosensors and thewr methods of manufactare
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and operation in single~-use test devices are described, for example i, U.S. Patent No.
3,063,081, U.S. Patent App. Publication Nos. 2003/0170881, 2004/0018577, 2005/0054078,
and 2006/01601064, which are incorporated in their entircties by reference for their teachings
regarding same.

j1384]  In particular, with regard to the adaptation of an assay to the 1-STAT® sysitem, the
following configuration is preferred. A microfabricated silicon chip is manufactured with a
patr of gold amperometric working electrodes and a silver-gitver chlonde reference clectrode.
On one of the working electrodes, polvstyrene beads (0.2 mm diameter) with immobilized
capture antibody are adhered to a polymer coating of patterned polvvinyl alcohol over the
clectrode. This chip is assembled into an -STAT® cartridge with a fluidics format suitable
for immunoassay. On a portion of the silicon chip, there i1s a specific binding partner for
GFAP, UCH-L1 or GFAP and UCH-L1, soch as one or more GFAP, UCH-LI or GFAP and
UCH-L1 antibodies {one or more monoclonal/polyclonal antibody or a fragment thereof, a
variant thereof, or a fragment of a vanant thereot that can bind GFAP, UCH-L1 or GFAP
and UCH-L1} or one or more antt~-GFAP, UCH-L1 or GFAP and UCH-LI DVD-lIgs (ora
fragment thereof, a variant thereof, or a fragment of a variant thereof that can bind GFAP,
UCH-L1 or GFAP and UCH-L1), cither of which can bo dotectably labeled. Within the fluid
pouch of the cartridge is an aqueous reagent that mcludes p-aminophenol phosphate.

[308]  In operation, a sample from a subject suspected of sutfening from TBI is added to
the holding chamber of the tost cartridge, and the cartridge is inserted into the i-STAT®
reader. A pump clement within the cartridge pushes the sample urto a conduit containing the
chip. The sample is brought it contact with the sensors allowing the enzyme conjugate 1o
dissolve into the sample. The sample is oscillated across the sensors to promote formation of
the sandwich of approximately 2-12 minutes. In the penultimate step of the assay, the sample
ts pushed into a waste chamber and wash fluid, containing a substrate for the alkaline
phosphatase enzyme, is used to wash excess enzyvime conjugate and sample off the sensor
chip. In the final step of the assay, the alkaline phosphatase label reacts with p-aminophenol
phosphate to cieave the phospbate group and permit the liberated p-aminophenol to be
electrochemically cxadized at the working electrode. Based on the measured current, the
rcader 1s able to calculate the amount of GFAP, UCH-L1 or GFAP and UCH-LI in the
sample by means of an embedded algonthm and factory-determingd calibration curve.
Adaptation of a cartridge for multiplex use. such as used for i-5tat, has been described in the
patent hterature, such as for example, U.S. Patent No. 6,438,498, the contents of which are

herein incorporated by reference.



WO 2022/245920 PCT/US2022/029798

103867  The methods and kits as described herein necessarily encompass other reagents and
methods for carrying out the inpnuncassay. For instance, encompassed are various buffers
such as arc known in the art and/or which can be readily prepared or optimized to be
emploved, ¢.g., for washing, as a conjugate diluent, and/or as a calibrator diluent. An
exemplary conjugate diluent is ARCHITECTE® conjugate diluent emploved in certain kits
{Abbott Laboratories, Abbott Park, 1L} and containing 2-(N-morpholinoethanesulfonic acid
{MES), a salt, a protein blocker, an antimicrobial agent, and a detergent. An exemplary
calibrator diluent 1s ARCHITECT® human calibrator diluent emnployed in certain kits
{Abbott Laboratories, Abbott Park, IL}, which comprises a buffer containing MES, other salt,
a proteun blocker, and an antimicrobial agent. Additiopally, as descrbed in U.S. Patent
Application No. 61/142.048 filed December 31, 2008, improved signal generation may be
obtained, e.g., in an i-STAT® cartridge format, using a nucleic acid sequence linked to the
signal antibody as a signal amplifier,

3671 Wile corfain embodiments herein are advantageous when emploved to assess
disease, such as travimatic brain injury, the assays and kits also optionally can be employed to
assess GFAP, UCH-L1 or GFAP and UCH-L1 in other diseases, disorders, and conditions as
appropriate.

[038]  The method of assay also can be used to identify a compound that amcliorates
discases, such as traumatic brain injury. For example, a cell that expresses GFAP, UCH-L1
or GFAP and UCH-L1 can be contacted with a candidate compound. The level of expression
of GFAP, UCH-L1 or GFAP and UCH-L.1 in the cell contacted with the compound can be
compared to that in a control cell using the method of assay desenbed herein.

{0388]  The precent disclosure has multiple aspects, illustrated by the following non-

hmiting examples.
1i. Examples

13381 ft will be readiby apparent to those skilled in the art that other suitabie
modifications and adaptations of the methods of the present disclosure described herein are
readily applicable and appreciable, and may be made using suitable equivalents without
departing from the scope of the present disclosure or the aspects and embodiments disclosed
berein. Having now descrnibed the present disclosure in detail, the same will be more clearly
understood by reference to the following examples, which are merelv intended only to

tllustrate some aspocts and embodimonts of the disclosure, and should not be viewed as

o]
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hmiting to the scope of the disclosure. The disclosures of all journal references, U.S. patents,
and publications referred to herein are hereby incorporated by reference in their entireties.
j6318]  The preseont disclosure has multiple aspects, iliustrated by the following non-

Hmiting examples.

Example 1

Assays Used in Examples
3131 +STAT® UCH-LI Assay. Monoclonal antibody pairs, such as Antibody A as a
capture monoclonal antibody and Antibody B and C as a detection monoclonal antibody,
were tested. Antibody A 1s an exemplary anti-UCH-L1T antibody that was internally
developed at Abbott Laboratories {Abbott Park, IL). Antibody B and C recognize difforent
epiiopes of UCH-L1 and enbance the detection of antigen in the sample that were developed
by Banyvan Biomarkers (Alachua, Flonda). The combination of the antibodics provides a
svoorgistic cffect when used together and provides for an increased signal as compared to use
of the antibodies not combined. Gther antibodies that were mtemally developed at Abbott
Laboratories {Abbott Park, TL.) also show or are expected to show similar enhancement of
signal when used together as capture antibodics or detection antibodies, in various
combinations. The UCH-L1 assay design was evaluated against key performance atiributes.
The cartnidge configuration was Antibody Configuration: Antibody A {Capture
Antibody) Antibody B+ (Detection Antibody): Reagent conditions: 0.8% sohds, 125 pg
/mL Fab Alkaline Phosphatase closter conjugate; and Sample Inlet Print: UCH-L1 standard.
The assay time was 10-15 nuo (with 7-12 mmn sample capture time}. The i-STAT UCH-L1
assay was used in a TBI patient population study.
{1313] i-STAT® GFAP Assay. The i-5TAT® QFAP assay was used in a TBI patient
population studyv. Monoclonal antibody pairs, such as Antibody A as a capture monocional
antibody and Antibody B as a detection monoclonal antibody, were used. Antibody A and
Antibody B are exemplary anti-GFAP antibodies that were internally developed at Abbott
Laboratories (Abbott Park, IL). Antibody A and Antibody B both bind to epitopes within the
same GFAP breakdown product (BDP). The combination of the antibodies provided a
synorgistic offect when used together and provided for an ingreasced signal as compared to use
of the antibodics not combined. The GFAP assayv design was evaluated against key
performance attributes. The cartridge configuration was Antibody Configuration: Antibody

A {Capture Antibodyy Antibody B (Detection Anttbody}, Reagent conditions: 0.8% solids,
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250 ug/ml. Fab Alkaline Phosphatase cluster conjugate; and Sample Inlet Print: GFAP

specific. The assay time was 10-15 min ¢with 7-12 min sample captase time).

Example 2

Evaluation of Pediatric Subjects
{6384} Pediairic patients were evahuated in studies that included the Transforming
Research and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI) study as well as
trauma patients from the Henoepin County Medical Center (Hennepin) in the state of
Minnesota. The TRACK-TBI study is an instifutional and public-private partnership
comprised of over 11 clinical sites, 7 Cores, for a total of nearly 50 collaborating institutions,
corporations, and philanthropy. For the trauma paticnts recrutted at the HCMC, participants
mncluded trauma patients presenting to the HCMC Emergency Department (ED), trauma bay,
or as dircet transfor 1o noorosurgery.
J8318] Subject Groups - TRACK-TBI: Pediatric TBI pationts were ovaluated. Subjoots
consisted of 30 pediatric subjects with biomarker results, 40 pediatnic subjects with a valid
CT scan, 23 pediatric subjects with a valid MRI scan, and O controls.
[3316]  Subject Groups - Hennepin: Pediatric TBI patients were evaluated. Subjects
consisted of 1 pediatric subject with biomarker results and a valid U7 scan and 3 controls {for
atotal of 4 subjects).
{0317]  Subject Eligibility: Pediatnic patients 17 years of age or less were enrolled
presenting fo the Emergency Department (ED) with a listory of acute TBY as per American
Congress of Rehabilitation Medicine {ACRM) Criternia, m which the patient had sustained a
traumatically imduced physiological disruption of brain function, as manifested by = one of
the following: any period of loss of consciousness (LOCY; any loss of memory for events
{e.z.. amnesia) immediately before or afier the accident; any alteration of montal state at the
time of the acaident (feeling dazed., disonented, and/or confused); and/or focal neurclogic
deficits that may or may not be permanent. Trawmatically induced included the head being
struck, the head striking an object, or the brain undergoing an acceleration/deceleration
movement {e. g whiplash} without direct external trauma to the head. Levels of GFAP and
UCH-L1 m samples obtained from pediatnice subjocts ages 2-17 were mcasured using the
prototype i1ISTAT GFAP and UCH-L1 assavs (Abbott Laboratories). A total of 30 subjects
were evaluated, 40 of which had a vahid O scan. 16 out of 40 subjects had a positive CT
scan. 9 subjects had a mild GCS score {13~15}. I should be noted that GCS scores were not

available for most subjects.
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16318]  FIG. | shows receiver operating characteristic (ROC) analysis of GFAP levels for
these 40 TBI samples compared to GFAP levels in all control samples (AU = 0.77, 859 (1
62, .93}, Table 2 shows the sensiivity, specificity, negative predictive value, and positive
predictive value for cutoff values (1.¢. reference values) of 30 pg/mlL and 1000 pg/mi,

respeciively.

Tabie 2
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[8319] FiG. 2 shows receiver operating characteristic (ROC) analvsis of UCH-L1 levels
for these 40 TBI samples compared to UCH-L1 levels in all control samples (AUC = 0.67,
G596 L1 48, 863, Table 3 shows the senstivity, specificity, negative predictive value, and
posttive predictive value for cutoff values (1.e. reference values} of 53 pg/mb and 300 pg/mL,

respectively.

Table 3
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{0328]  Cutoff valnes were further evalvated. A cutoff of ai least 30 pg/mL for GFAP and

at least 360 pg/mi. for UCH-L1 was tested. The results are shown in Tables 4 and 3 below.
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Table 4
1 Btatus
Biomarker Status Positive Negative Towal
Paositive 15 19 e
Negative 1 3 &
Total 140G 24 485
able §
Measure Result Score Meathod 85% Ci
Sensitivity 93.8% (71.7, 98.9)
Specificity 20.8% (8.2, 40.5)
FPositive Fredictive Value 44.1% (38.3, 50.1)
Negative Predictive Value 83.3% {(38.1, 87.5)

133211 One potential outlier was identified, with the results shown in Table 6. Removal of

this outhier led to a sensitivity and negative predictive value of 100%

Table 6

€% - = LEAP LICEFR s
Statas MRT Status Dex Sge g ial} {primi}
Positive Positive Famasian 16 12 (oY

{323} A cutoff of at least 65 pg/ml. for GFAP and at least 360 pg/mb for UCH-L1 was
neoxt evaluated. The resulis are shown in Tables 7 and 8 below.

~5

Table 7

11 Statas
Biomarker Status = Pogitive . Negative Total
Poxilive 1% i3 27
Negative 2 11 13
Total 16 23 0

101

CA 03216320 2023-10-20



WO 2022/245920

CA 03216320 2023-10-20

Table 8

PCT/US2022/029798

Measure Resuylt Score Method 858% CI

Sensitivity 87 5% (84.0, 96.5)

Specificity 45 8% (27.5, 64.9)
Pasitive Predictive Value 51.9% {(41.6, 61.9)
Negative Predictive Value 84.5% {(68.4, 85.86)

19323]

status was available. The results arc shown in Table 9 and FIG.

Tablc 9
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A comparison of GFAP results to CT status was performed for subjects whose OT
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A comparison of GFAP results to CT status was performed for subjects whose CT

status was available. The results are shown in Table 10 and FIG 4.
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Evaluation of Pediatric Subjects Against Adult Controls

Further comparisons of the pediatric data described 1 Example 2 aganst data m

adult subjects {¢.g. subjects ages 18-79) was performed. The cchort, median age, GFAP

fevels, and UCH-L1T levels obtamed are shown in Table 11,

Table 11.
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Cohort

Median Age

(years}

XMean Age (years)

GFAP Median
(pp/md)

UCH-L1 Median (pg/mb)

-STAT
Plasma
Eeference
Interval
Stady {(Age
18-749)

Hennepin
Pediatric
Controls Age
16-17, n=3
Gndividual

subject

resulis)

16,76, 17 & 17}

44.0(0.44 & 77)

[1326)

It s understood that the foregoing detailed desenption and accompanying

examples are merely illustrative and are not to be taken as himitations upon the scope of the

disclosure, which is detined solely by the appended claims and ther equivalents.

16337

Various changes and modifications to the disclosed embodiments will be apparent

to those skalied in the art. Such changes and modifications, including without limitation those

relating to the chemical structures, substituents, dertvatives, intermediates, syntheses,

compositions, formulations, or mcthods of usc of the disclosure, may be madce without

departing from the spirit and scope thereof.

Clause 1 A mothod of cvaloating a pediatnic subjoct for a head injury, the mathod

COMpPIIsing:

a) performing an assay on a sample which has been taken from the subject after

{GFAP) mn the sample; and

an actual or suspected head injury to measure a level of ubkquitin carboxy-

terminal hydrolase L1 (UCTH-LYY, and/or a level of ghal fibnllary acidic protein

b} determining that the subject has sustained a travomatic bram injury {TBI) when:

1. the level of GFAP i the sample is greater than a reference level of

GFAP, wherein the reference level of GFAP is at least about 30

pg/mb,
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i, the level of UCH-L1 in the sample s greater than a reference level
of UCH-L1, wherein the reference level of UCH-L1 s at least

about 33 pg/mi., or

11, the level of GFAP i the sample 1s greater than a reference level of
GFAP and the level of UCH-L1 in the sample is greater than a
reference level of UCH-L1, wheremn the reference level of GFAP 15
at least about 30 pg/mL and the reference level of UCH-L1 15 about

360 pg/mbL.

Clause 2 The method of clause 1, wherein the subject 1s determined to have sustained a TBI
whoen the level of GFAP n the sample 1s greater than a reforence lovel of GFAP, wherem the
reference level of GFAP is at least about 50 pg/mL.

Clanse 3: The method of clause 2, wherein the reference level of GFAP 1s at least about 65
pg/mL.

Clause 4: The method of clause 3, wherein the reference level of GFAP is about 1000 pg/mL.
Clause 5: The method of clause 1, wherein the subject 1s determined to have sustaimed a TR
when the level of UCH-L.1 unthe sample 15 greater than a reference level of UCH-L,
wherein the reference level of UCH-L1 is about 300 pg/mL.

Clause 6. The mcthod of clause 1, wherein the subject 15 determined to bave sustained a TBi
when the level of GFAP in the sample is greater than a reference level of GFAP and the lovel
of UCH-L1 1 the sample 1s greater than a reference level of UCH-L 1, wherein the reference
Iovel of GFAP 18 about 65 pg/mi and the reforence lovel of UCH-LT 18 abowut 360 pg/ml.
Clause 7: The method of any one of clauses 1-6, wherein the sample is collected within about
48 hours after the actual or suspected head vyury.

Clause 8: The method of any one of clauses 1-7, wheremn the subject has received a Glasgow

Coma Scale score before or after the assay is performed.

Clause 9 The method of clause 8, wheren the subject is suspected as having a moderate to
severe TBI based on the Glasgow Coma Scale score, or wherein the reference level is

correlated with subjocts having moderate to severe TBL

Claunge 10 The method of clause 8, wherein the subject 18 suspected as having mild TBI
based on the Glasgow Coma Scale score, or wherein the reference level 1s correlated with

subjects having mild TBL

Claasc 11 The mothod of any of clauses 1-10, wherein:
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ay the reference level of GFAP 15 (1) deternnuined by an assay having a sensitivity

of at least about 90% and a specificity of at feast about 40%; (11) determined by

an assay having a sensitivity of at least about 50% and a specificity of at least
about 9G%: (111} determined by an assay having a negative predictive value of at
feast about 709%: (v} determined by an assay having a negative predictive value
of at least about 90%,; (v} determined by an assay having a positive predictive
value of at least about 30%; or (vi) doternuned by an assay having a positive

predictive value of at least about 80%,;

b) the reference level of UCH-L1 1s {1} determined by an assay having a

sensitivity of at least about 80% and a specificity of at least about 25%; (1)

deterpuined by an assay having a sensibivity of af least about 30% and a

specificity of at least about B0%; {11} determined by an assay having a negative
predictive value of at least about 65%; {iv} determined by an assay having a
posttive predictive value of at teast about 40%; or (v} determined by an assay

having a positive predictive valoe of at least about 809%; and/or

<) the reference level of GFAP and the reference level of UCH-L1 are (1)

determined by an assay having a senstiivity of at least 70% and a specificity of
at least about 10%:; {11} determined by an assay having a seasitivity of at least
about 65% and a specificity of at least about 25%: (1t} determined by an assay
having a positive predictive value of at teast about 359; (1v) determned by an
assay having a ncgative prodsctive value of at Icast about 4096; or (v}
determined by an aseay having a negative predictive value of at least about

55%.

Clause 12: The method of any one of clauses 1-11, further comprising treating the pediatne
subject determined as having a TBI with a treatment for TBI and optionally, momtorning the
pediatric subject after recetving said treatment.

Clause 13 The method of any one of ¢lauses 1-12 wherein the pediatric subject is a human,
Clause 14: A method of evaluating whether to perform a head computenized tomography

(T scan on a pediatric subject, the method comprising:

performing an assay on a sample which has been taken from the subject atier

an actual or suspected head injury to measure a level of ubiguitin carboxy-
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terminal hvdrolase L1 (UCH-L1), and/or a level of ghal fibnllary acidic protein
{GFAP) in the sample; and
b} detemuning that a head CT scan should be pedformed on the pediatric subjoct

when:

i. the level of GFAP in the sample is greater than a reference level
of GFAP, wherein the reference level of GFAP 1s at least about

30 pg/mi.,

1. the level of UCH-L1 1o the samople is greater than a reference
level of UCH-L1, wherein the reference level of UCH-L1 is at

Icast about 55 pg/mi, or

ik, the lovel of GFAP m the samplc is groater than a reforencc fovel
of GFAP and the level of UCH-L.1 in the sample is greater than
a reference level of UCH-L1, wherein the reforence lovel of
GFAP 15 at least about 30 pe/mbl and the reference kevel of

UCH-L 1 about 360 pe/mi.

Clause 13 The method of clause 14, wherein it is determined that a head CT scan should be
performed when the level of GFAP in the sample 1s greater than a reference level of GFAP,
wherein the reference lovel of GFAP 15 at least about 50 pg/mi.

Clause 16 The method of clause 15, wheremn the reference level of GFAP 1s at least about 65
pg/mL.,

Clause 17: The method of clause 16, wherem the reference level of GFAP is about 1000
p/mlL.

Clause 18: The method of clause 14, wherein it is determuined that a head CT scan should be
performed when the level of UCH-L1 in the sample is greater than a reterence level of UCH-
L1, wherein the reference level of UCH-LI is about 300 pg/mL.

Clause 19 The method of clauss 14, wherem if 1s defermined that a head CT scan should be
performed when the fevel of GFARP in the sample is greater than a reference level of GFAP
and the level of UCH-L1 10 the sample 1s greater than a reference level of UCH-L 1, wherein
the reference level of GFAP is about 65 pg/mL and the reference level of UCH-L1 15 about
360 pg/ml.

Clause 200 The method of any onc of clauses [4-19, wherem:
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ay the reference level of GFAP 15 (1) deternnuined by an assay having a sensitivity
of at least about 90% and a specificity of at least about 40%; (1) determined by
an assay having a sensitivity of at least about 50% and a specificity of at least
about 9G%: (111} determined by an assay having a negative predictive value of at
feast about 709%: (v} determined by an assay having a negative predictive value
of at least about 90%:; (v} determined by an assay having a positive predictive
value of at least about 30%; or (vi) doternuned by an assay having a positive

predictive value of at least about 80%,;

b} the reference level of UCH-L1 1s (1) determined by an assay having a
sensitivity of at least about 80% and a specificity of at least about 25%; (1)

deterpuned by an assay having a sensibivity of af least about 30% and a

specificity of at least about B0%; {11} determined by an assay having a negative
predictive value of at least about 65%; {iv} determined by an assay having a
posttive predictive value of at teast about 40%; or (v} determined by an assay

having a positive predictive valoe of at least about 809%; and/or

<) the reference level of GFAP and the reference level of UCH-L1 are (1)
determined by an assay having a senstiivity of at least 70% and a specificity of
at least about 10%:; {11} determined by an assay having a seasitivity of at least
about 65% and a specificity of at least about 25%: (1t} determined by an assay
having a positive predictive value of at teast about 359; (1v) determned by an

assay having a ncgative prodsctive value of at Icast about 4096; or (v}

determined by an aseay having a negative predictive value of at least about

35%.
Clause 21 The method of any one of clauses 14-20, wherein the sample 5 collected within
about 48 hours after the actual or suspected head 1njury.
Clause 22: The method of any ove of clauses 1-21, further comprising performing an assay
on the samples to measore or detect a level of one or more other biomarkers that are not

UCH-L1 or GFAP.

Clause 23: The method of clause 22, wheren the one or more other biomarkers are selected
from the group consisting of S100P, nearon-specific enolase (NSE}, lipoprotein 1, Tau, C-
reactive protein (CRP), free brain-denived noucotrophic facior (BDRNF), p-Tau, total BDNF,

troponin | (T}, and a combination thercof
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Clause 24 The method of any one of clauses 1-23, wherein measuring the level of UCH-L1

comprises perfonning an InHnanNoassay.
Clause 25: The method of clause 24, wheremn measaring the level of UCH-L1 comprises:

{a} contacting the sample, either simultancousty or sequentially, 1n any order with:
{1} a capture anitbody, which binds to an epitope on UCH-L{ or UCH-L.
fragment o form a capture antibody-UCH-L1 antigen complex, and
{2} a detection antibody which includes a detectable label and binds to an
epitope onn UCH-~L 1 that is not bound by the capture antibody, to form a UCH-
L1 antigen~-detection antibody complex,
such that a capture antibody-UCH-L 1 antigen-detection antibody complex 1s
tormed, and

{b) measunng the amount or concentration of UCH-L1 in the sample hased on the
signal generated by the detectable label m the capture antibody-UCH-L1

antigen-detection antibody complex.

Clause 26; The method of any one of clauses 1-25, wherein measuring the level of GFAP

comprises performing an HMMUNOassay.
Clause 27: The method of clause 26, whercin measuring the level of GFAP comprises:

{a) contacting the sample, either simultancously or sequentially, in any order with:
{1} a capturc antibody, which binds to an epiiope on GFAP or GFAP fragment
to foum a capture antibody-GFAP antigen coraplex, and
{2} a detoction antibody which mcludes a detectable label and binds to an
epitope on GFAP that is not bound by the capture antibody, to form a GFAP
antigen~detection antibody complex,
such that a capture antibodv-GFAP antigen-detection antibody complex 1s
formed, and

(b} measuring the amount or concentration of UCH-L1 in the sample based on the

signal generated by the detectable label mn the capture antibody-UCH-LI

antigen-detection antibody complex.

Clause 23: The method of any one of clauses 1-28, wherein the sample is a whole blood
sample, a serum sample, a cercbrospmal fhuid sample, a plasma sample, a tissuc sample, a
saliva sample, an gropharyngeal sample, a nasopharyngeal sample, a nasal mocus sample, or

a bodily fluid.
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Clause 28; The method of any one of clauses 1-29, wherein the sample 1s obtained after the
subject sustaingd a head inpury cansed by physical shaking, blunt impact by an external
mechanical or other force that results in a closed or open head trauma, one or more falls,

explosions or blasts or other types of bhunt force trauma.

Clause 30: The method of any one of clauses 1-28, wherein the sample is obtained after the
subject has ingesied or been exposed 1o a chemical, toxin or comabination of a chemical and
toxin.

Clause 31 The method of clause 30, wheren the chemical or toxin s fire, mold, asbestos, a
pesticide, an insecticide, an organic solvent, a paing, a glue, a gas, an organic metal, a drug of
abusc or onc or more combinations thercof.

Clause 32: The mothod of any coc of clauses 1-31, whercin the samplc s obtained from a
pediatric subject that suffers from an autoimmune disease, a metabolic disorder, a bramn

tumor, hyvpoxia, a virus, mesingitis, hydrocephalus or combinations thereof.

Clause 33 The method of any one of clauses 1-32, wherein the assay (s an unmunoassay or a

chinical chemistrv assay.

Clause 34: The method of any one of clauses 1-33, wherein the assay 18 performed using

single molecule detection or a pomt-of-care device.

Clause 35 The method of any one of clauses 1-6, wherein the sample is collected within

about 6 hours after the actual or suspected head mjury.

Clause 36: The method of any one of clauses 1-6, wherein the sample 1s collected within

about 12 hours after the actual or suspected head 1njury.

Clause 37 The method of any one of clauses 1-6, wherein the sample is collected within

about 14 hours after the actual or suspected head fgury.

Clause 3% The method of any one of clauses §-6, wherein the sample is collected within

about 24 hours aticr the actual or suspocted head mjury.

Clause 39 A method of evaluating a pediatric subject for a head mjury, the method

comprising:
¢) performing an assay on a sample which has been taken from the subject after

an actual or suspected head mpury to measure a level of ubigquitin carboxy-
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terminal hvdrolase L1 (UCH-L1), and/or a level of ghal fibnllary acidic protein
{GFAP) in the sample; and
d}) determining that the subject has more hikely than not sustained a traumatic

brain injury {TBI} when:

1} the level of GFAP in the sample is greater than a reference
fevel of GFAP, wherein the reforence fovel of GFAP is at least
about 30 pg/mi.,

i1} the level of UCH-L1 1n the sample 1s greater than a reference
Ievel of UCH-L1, wherein the reference lovel of UCH-LT 15 at

least about 35 pg/mlL, or

1t} the level of GFAP in the sample is greater than a reference
fevel of GFAP and the level of UCH-L1 in the sample is
greater than a reference level of UCH-L 1, wherein the
reference level of GFAP is at least about 30 pg/mL and the

reference fovel of UCH-L1T 15 about 360 pg/mL.

Clause 40 The method of clause 39, wherein the subject 1s determined to have more hkely
than not sustammed a TBI when the level of GFAP in the sample is greater than a reference
fevel of GFAFP, wherein the reference level of GFAF is at least about 50 pg/mi.

Clause 41: The mothod of clause 40, wherein the reference level of GEFAP 15 at least about 65
pg/mL.

Clause 42 The method of clause 41, wherein the reference level of GFAP (s about 1000
pg/ml.

Clause 43 The method of clause 39, wherein the subject is determuned to have more hikely
than not sustained a TBI when the level of UCH-L1 in the sample is greater than a reference
fevel of UCH-L 1, wherein the reference level of UCH-L.{ 15 about 300 pg/ml..

Clause 44 The method of clause 39, wherein the subject is determined o have more hikely
than not sustained a TBI when the level of GFAP in the sample 15 greater than a reference
level of GFAP and the level of UCH-L1 10 the samaple is greater than a reference level of
UCH-L1, wherein the reference level of GFAP is about 63 pg/mL and the reference level of
UCH-L1 1s about 360 pg/ral..

Clause 45: The method of any one of clauses 39-44, wherein the sample 18 collected within

about 48 hours after the actual or suspected head injury.
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Clause 46; The method of any one of clauses 39-45, wherein the subject has received a

(Glasgow Coma Scale score before or after the assay is performed.

Clause 47: The method of clause 46, wherem the subject 1s suspected as having a moderate fo
severe 1BI based on the Glasgow Coma Scale score, or wherein the reference level is

correlated with subjects having moderate to severe TBL

Clause 48: The method of clause 46, wherein the subject 1s suspected as having mild TBI
based on the Glasgow Coma Scale score, or wherein the refercnce level 1s correlated with

subjects baving vuld TBIL
Clause 49: The method of any of clauses 39-48, wherein:

a) the reforence level of GFAP is (1) deternuned by an assay having a sensitivity
of at least about 90% and a specificity of at least about 40%; (it) determoined by
an assay having a sensifivity of at loast about 530% and a specificity of at loast
about 90%,; (111) determinced by an assay having a negative predictive valuc of at
icast about 70%; (1v) deteruned by an assay having a negative predictive value
of at least about 0%, (v} determined by an assay having a positive predictive
value of at least about 30%; or (vi) determined by an assay having a positive

predictive value of at least about 80%;

b}y the reference level of UCH-L1 s (1) determined by an assay having a
sensitivity of at least about 80% and a specificity of at least about 23%; {i)
ctermined by an assav having a sensitivity of at least about 30% and a
specificity of at lcast about 90%: (11} determined by an assay having a nogative
predictive value of at least about 65%; {iv} determined by an assay having a
positive predictive value of at least about 40%; or (v} determined by an assay

having a positive predictive value of at feast about 80%; and/or

¢} the reforence level of GFAP and the refercnee level of UCH-L1 are (1)
determined by an assay having a sensitivity of at least 70% and a specificity of
at least about 10%; (11} determined by an assay having a sensitivity of at least
about 65% and a speaficity of at least about 25%,; (111) determined by an assay
having a positive predictive value of at least about 35%. (iv) determined by an
assay having a negabtive predictive value of at least about 40%9%6; or (v)

determined by an assay having a negative predictive value of at least about

il

5%.
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Clause 50; The method of any one of clauses 39-49, further comprising treating the pediatric
subject determined as having a TBI with a treatment for TBI and optionally, monitoring the

pediatric subjoct atter receiving said treatmeont.
Clause 51: The method of any one of clauses 38-50 wheren the pediatric subject 15 a human.

Clause 52: The method of any one of clauses 39-44, wherein the sample i1s collected within

about 6 hours afier the actual or suspected head injury.

Clanse 33: The method of any one of clauses 39-44, wherein the sample is collected within

about 12 hours affor the actual or suspected head injury.

Clause 54: The method of any one of elauses 39-44, wherein the sample 1s collected within

about 14 hours after the actual or suspected head mjury.

Clause 35: The method of any one of clauses 39-44, wherein the sample is collected within

about 24 hours after the actual or suspected head tyjury.
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CrLAIMS
What 1s clarmed 1s

i A method of evaluating a pediatric subject for a bead mnjury, the mothod
COmprising:

a} performing an assay on a sample which has been taken from the subject after
an actual or suspected head mpury to measure a level of ubiquitin carboxy-
temmmal hydrolase LY (UCH-L1}, and/or g lovel of ghal fibrillary acidic protcin
(GFAP) in the sample; and

by detenminng that the subject has sustained a travmatic bran injury (TBI when:

1. the level of GFAP in the sample 1s greater than a reference level of
GFAP, wherein the reference level of GFAP 18 at least about 30

pe/mb.,

i, the level of UCH-L1 in the sample s greater than a reference level
of UCH-L1, wherein the reference level of UCH-L1 is at least

about 35 peg/mL, or

111, the level of GFAP in the sample 1s greater than a reference level of
GFAP and the level of UCH-L1 in the sample is greater than a
reference level of UCH-L1, wherein the reterence level of GFAP 15
at teast about 30 pg/foll and the reference level of UCH-L 1 15 about
360 pg/mb.

2 The method of claum 1, wherein the subject 15 deternmuned to have sustamned a

TBI when the level of GFAF in the sample 1s greater than a reference level of GFAP, wherem

the reference level of GFAP is at least about 50 pg/mL.

2

3 The method of claim 2, wherein the reference level of GFAP 1s at least about

65 pg/ml.

4. The method of claim 3, wherein the reference level of GFAP is about 1000

pg/mL.
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5. The method of claim 1, wherein the subject is determined to have sustained a
TEBI when the level of UCH-L1 in the sample is greater than a reference level of UCH-L1,

wherein the reference level of UCH-L. 1 is about 300 pg/mi.

6. The method of claim 1, wherein the subject 1s determined to have sustamed a
TBI when the level of GFAP in the sample is greater than a reference level of GFAP and the
fevel of UCH-L1 in the sample s greater than a reference level of UCH-L1, wherein the
reference level of GFAP is about 65 pg/mL and the reference level of UCH-L1 is about 360

pg/mL.

7. The method of any one of claims 1-6, whersin the sample is collected withun
{a} about 12 hours: (b} about 24 hours; (¢} about 36 hours; or about 48 hours, after the actual

or suspected head inpury.

. The method of any one of claims 1-7, wherein the subject has received a

Gilasgow Coma Scale score before or after the assay 1s performed.

9. The mothod of claim ¥, wherein the subject is suspected as having a moderate
to severe TBI based on the Glasgow Coma Scale score, or wherein the reference fevel 15

correlated with subjects having moderate to severe TBL

10, The method of claim ¥, whercin the subject 15 suspected as having muld TBI
based on the Glasgow Coma Scale score, or wherein the reference level is correlated with

subjects having nuld TBI

i1 The method of any of claims 1-10, wherein:

a) the reference level of GFAP is (1) determined by an assay having a sensitivity
of at least about 90% and a specificity of at least about 40%; (it) determoined by
an assay having a scenstbivity of at Icast about 30% and a specificity of at lcast
about 90%,; (111} determined by an assay having a negative predictive value of at
feast about 709 (v} deternyined by an assay having a negative predictive value

of at least about 30%,; (v} determined by an assay having a positive predictive

1i4



WO 2022/245920 PCT/US2022/029798

value of at least about 50%; or {vi) determuined by an assay having a positive

predictive value of at least about 80%,;

b) the reference level of UCH-L1 1s (1) determined by an assay having a
sensitivity of af least about 80% and a specificity of at least about 25%; (11)
determined by an assay having a sensitivity of af least about 30% and a
specificity of at least about 90%; (111} determined by an assay having a negative
predictive value of at least about 65%; (1v} determined by an assay having g
posttive predictive valae of at feast about 40%; or (v) detenmined by an assay

having a posttive predictive value of at feast about 809%; and/or

¢} the reference lovel of GFAP and the refcrence Iovel of UCH-L1 arc (13
determined by an assay having a sensitivity of at least 70% and a specificity of
at least about 10%:; {11) determined by an assay having a sensitivity of at least
about 65% and a specifiaty of at least about 25%:; (111} determined bv an assay
having a positive predictive valae of at least about 35%; {#v) determined by an
assay having a negative predictive value of at least about 40%; or (v)

determmned by an assay haviog a vegative predictive value of at least about

il

0/
RN

2. The method of any one of elaims 111, further comprsing treating the
pediatric subject determined as having a TBI with a treatment for TBI and optionally,

monitoring the pediatric subject after receiving said treatment.

13. The method of any one of claims 1-12 wherein the pediatric subjectis a

human.

14, A method of evaluating whether to perform a head computenzed tomography
{CT) scan on a pediatric subject, the method comprising:

a) performng an assay on a sample which has been taken from the subject afier
an actual or suspected head myury o measure a fovel of ubtputio carboxy-
terminal hydrolase L1 (UCH-L 1}, and/or a level of ghal fibrillary acidic protemn
{GFAP) in the sample; and

b} determmnmg that a head C1 scan should be performed on the pediatric subject

when:
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i. the level of GFAP in the sample is greater than a reference level
of GFAP, wherein the reference kevel of GFAP is at feast about

30 pg/md.,

1. the level of UCH-L1 in the sample is greater than a reference
level of UCH-L1, wherein the reference level of UCH-L1 is at

least about 55 pg/ml, or

11, the level of GTAP in the sample is greater than a reference level
of GFAP and the level of UCH-L1 1n the sample 1s greater than
a reference level of UCH-LT, wherein the reference tevel of
GEFAPR 53 at loast about 30 pg/mb and the reference Iovel of
UCH-L1 about 360 pg/mL.
15. The method of claim 14, wherein it 1s determined that a head CT scan should
be performed when the level of GFAP in the sample is greater than a reference level of

GFAP, wherein the referonce fevel of GFAP 15 at lcast about 50 pg/mL.

16, The method of claim 15, wheremn the reference tevel of GFAP is at least about

65 pg/mb.

i7. The method of claim 16, wherein the reference level of GFAP is about 1000

pg/mL.

18. The method of claim 14, whercin 1t 18 determined that a head CT scan should
be performed when the level of UCH-L1 1n the sample is greater than a reference level of

UCH-L1, wherein the reference level of UCH-LT 1s about 300 pe/mi.

19, The method of claim 14, wherein it 15 deteomined that a head CT scan should
be performed when the level of GFAP i the sample is greater than a reference level of GFAP
and the level of UCH-L1 i the sample is greater than a reference level of UCH-L1, wherein
the reference level of GFAP is about 63 pg/mi and the reterence level of UCH-L1 is abowt
360 pg/ml.

24, The method of any one of claims 14-19, wherein:

1i6
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ay the reference level of GFAP 15 (1) deternnuined by an assay having a sensitivity
of at least about 90% and a specificity of at least about 40%; (1) determined by
an assay having a sensitivity of at least about 50% and a specificity of at least
about 9G%: (111} determined by an assay having a negative predictive value of at
feast about 709%: (v} determined by an assay having a negative predictive value
of at least about 90%:; (v} determined by an assay having a positive predictive
value of at least about 30%; or (vi) doternuned by an assay having a positive

predictive value of at least about 80%,;

b} the reference level of UCH-L1 1s (1) determined by an assay having a
sensitivity of at least about 80% and a specificity of at least about 25%; (1)

deterpuined by an assay having a sensibivity of af least about 30% and a

specificity of at least about B0%; {11} determined by an assay having a negative
predictive value of at least about 65%; {iv} determined by an assay having a
posttive predictive value of at teast about 40%; or (v} determined by an assay

having a positive predictive valoe of at least about 809%; and/or

<) the reference level of GFAP and the reference level of UCH-L1 are (1)
determined by an assay having a senstiivity of at least 70% and a specificity of
at least about 10%:; {11} determined by an assay having a seasitivity of at least
about 65% and a specificity of at least about 25%: (1t} determined by an assay
having a positive predictive value of at teast about 359; (1v) determined by an
assay having a ncgative prodsctive value of at Icast about 4096; or (v}
determined by an aseay having a negative predictive value of at least about
53%.

AR The method of any one of clamms 14-20, wherein the sample is coflected
within about 48 hours after the actual or suspected hoad mjury.

22, The method of any one of claims 1-21, further comprising performing an
assay on the samples to measuare or detect a level of one or more other biomarkers that are not

UCH-L1 or GFAP.

23, The method of claim 22, wheren the one or more other biomarkers are
selected from the group consisting of 5100, neuron-specific enolase (NSE), lipoprotein 1,
Tau, C-reactive proten {(CRP), free bramn-derived neurotrophuc factor (BDNF}Y, p-Tau, total

BDNF, troponin I {Tol), and a combmation thereof
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24, The method of any one claims 1-23, wheremn measuring the level of UCH-L1

comprises perfonning an InHnanNoassay.
25, The method of claim 24, wherem measuning the level of UCH-L1 comprises:

{a) contacting the sample, erther simultaneously or sequentially, in anv order
with:

{1} a capture antibody, which binds to an epitope on UCH-L1 or UCH-L1
fragment o form a capture antibody-UCIH-L1T antigen complex, and
{2} a detection antibody which ncludes a detectable label and binds to an
epitope on UCH-L 1 that 18 not bound by the capture antibody, to form a UCH-
L1 antigen-detection antibody compicx,
such that a capture antibodv~-UCH-L1 antigen-detection antibody complex is
formed, and

{b) measuring the amount or concentration of UCH-L1 in the sample based on the
signal generated by the detectable label 1n the capture antibody-UCH-L1

antigen-detection antibody complex.

26. The method of any one of claims 125, wherein measuning the level of GFAP

comprises performing an IRMUNOAsSay.

27. The method of claim 26, wheremn measuring the level of GFAP compnises:

{2y contacting the sample, etther simultanesusly or sequentially, in any order with:
{1} a capture antibody, which binds to an epitope on GFAP or GFAP fragment
to foum a capture antibody-GFAP antigen comaplex, and
{2} a detection antibody which mmcludes a detectable label and binds (o an
epttope on GFAPR that is not bound by the capture antibody, to form a GFAP
antigen-detection antibody complex,
such that a capture antibodv-GFAP antigen-detection antibody complex is
formed, and

{b) measuring the amount or concentration of UCH-L in the sample based on the
signal generated by the detectable label m the capture antibody-UCH-1.1

antigen-detection antibody complex.

28, The method of any one of claims 1-28, wherem the sample 1s a whole blood

sample, a serum sapiple, a cerebrospinal fluid sample, a plasma sample, a tissue sample, a
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saliva sample, an oropharyngeal sample, a nasopbharyngeal sample, a nasal mucus sample, or

a bodily fhad.
25, The method of any one of claims 1-29, wherein the sample is obtained after

the subject sustaimed a head wjury caused by physical shaking, blunt tmpact by an oxternal

mechanical or other force that results in a closed or oper head trauma, one or more falls,

explosions or blasts or other tvpes of blud force trauma.
30. The method of any one of claims 1-28, whercin the sample is obtained after
the subject has mgested or been exposed (o a chemical, toxin or combination of & chenucal

and toxan.

31, The method of claim 30, wherein the chemical or toxin is fire, mold, asbestos,
a pesticide, an nscoticude, an organic solvent, a paud, a gluc, a gas, an orgaonie mactal, a dmg
of abuse or one or more combinations thereof.

32. The method of any onc of claims 1-31 whercin the samplc 1s obtamned from a
pediatric subject that suffers from an avtoigunune discase, a metabohic disorder, a brain
tumor, hypoxia, a virus, memngiiis, hvdrocephalus or combinations thereof,

33. The method of any one of claims §-32, wheremn the assay is an immuncassay
or a chinical chemustry assay.

34, The method of any one of claims 1-33, wherein the assay is performed using

single molecule detection or a powt-of-care device.
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