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ANTIBODIES TO UBIQUITIN C-TERMINAL HYDROLASE LI (UCH-L1) AND

GLIAL FIBRILLARY ACIDIC PROTEIN (GFAP) AND RELATED METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. provisional application No. 62/414,569

filed October 28, 2016, entitled "Antibodies to Ubiquitin C-Terminal Hydrolase (UCH-L1) and

Glial Fibrillary Acidic Protein (GFAP) and Related Methods," the contents of which are

incorporated by reference in their entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCII TEXT FILE

[0002] The content of the following submission on ASCII text file is incorporated herein by

reference in its entirety: a computer readable form (CRF) of the Sequence Listing (file name:

750582000140SeqList.txt, date recorded: October 23, 2017, size: 133,320 bytes).

FIELD OF THE INVENTION

[0003] The present disclosure relates to anti-UCH-Ll antibodies and anti-GFAP antibodies

as well as methods, systems and kits for detection of UCH-L1 and GFAP, for example, in a

sample from an individual with or suspected of having a brain injury, such as for diagnosing a

brain injury in an individual.

BACKGROUND OF THE INVENTION

[0004] Numerous types of injuries, diseases and disorders can lead to neurological damage

that, if not detected quickly, can lead to more severe damage. For example, initial injuries

resulting from traumatic, ischemic, and neurotoxic chemical insult can lead to neurological

damage. Diseases or disorders affecting nerve cells (or other brain cells such as glial cells) can

also result in injury or damage that leads to the development of a neurological condition.

Common methods for diagnosing a neurological condition usually involve a neurological

examination and assigning a Glasgow Coma Score to an individual. These methods are of

limited value and often preclude a nuanced diagnosis due to the subjectivity of the testing, and

the ability of a patient to knowingly alter their true response to achieve a desired result. In order

to obtain a diagnosis of a neurological condition resulting from damage or injury, neuroimaging,

such as computed tomography (CT) and magnetic resonance imaging (MRI), is widely used to

help determine the scope of injury and potential for intervention. However, these tests are costly,

time consuming and likely not as sensitive as a biomarker test.



[0005] Thus there remains a need for reagents, devices and methods of detecting damage or

injury in an individual that has a neurological condition, is suspected of having a neurological

condition, or will develop a neurological condition. In particular, reagents, devices and methods

that allow for rapid and/or early in vitro detection of damage in an individual can facilitate

diagnosis and treatment that prevents or lessens the progression of a neurological condition.

Provided herein are embodiments that meet such needs.

SUMMARY OF THE INVENTION

[0006] Provided herein are anti-ubiquitin c-terminal hydrolase LI (UCH-L1) antibodies and

glial fibrillary acidic protein (GFAP) antibodies, including antigen-binding fragments thereof,

compositions containing such antibodies or antigen-binding fragments, combinations of such

antibodies or antigen-binding fragments and methods of use thereof. In particular embodiments,

the antibodies or antigen-binding fragments are used in methods of predicting if a subject is in

need of neuroimaging and/or of diagnosing brain injury or damage in a subject.

[0007] Provided herein are antibodies or antigen-binding fragments thereof, including those

that specifically bind to a UCH-L1, such as a human UCH-L1, wherein the antibodies or

antigen-binding fragments contain particular complementarity determining regions (CDRs),

including heavy chain CDRs (i.e., CDR-H1, CDR-H2, and/or CDR-H3) and light chain CDRs

(i.e., CDR-L1, CDR-L2, and/or CDR-L3), such as any described herein. In some embodiments,

the antibody or antigen-binding fragment thereof includes a heavy chain variable region and a

light chain variable region, such as any described herein.

[0008] In some embodiments, provided herein are antibodies or antigen-binding fragments

thereof that specifically binds to a UCH-L1 (e.g., human UCH-L1), wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising an amino acid

sequence having at least 85% identity to an amino acid sequence selected from any one of SEQ

ID NOs:51-63; and/or a light chain variable region comprising an amino acid sequence having at

least 85% identity to an amino acid sequence selected from any one of SEQ ID NOs:64-76. In

some embodiments, the heavy chain variable region comprises an amino acid sequence having at

least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at

least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at

least 99% identity to an amino acid sequence selected from any one of SEQ ID NOs:51-63; or

has the amino acid sequence selected from any one of SEQ ID NOs:51-63. In some of any of

the embodiments herein, the light chain variable region comprises an amino acid sequence



having at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least

91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least

98% or at least 99% identity to an amino acid sequence selected from SEQ ID NOs:64-76 or has

the amino acid sequence selected from any one of SEQ ID NOs:64-76. In some of any of the

embodiments herein, the heavy chain variable region comprises: (i) a CDR-H1 comprising the

amino acid sequence selected from SEQ ID NOs:l-8; (ii) a CDR-H2 comprising the amino acid

sequence selected from SEQ ID NOs:9-19; and (iii) a CDR-H3 comprising the amino acid

sequence selected from SEQ ID NOs:20-27; and/or the light chain variable region comprises: (i)

a CDR-L1 comprising the amino acid sequence selected from SEQ ID NOs:28-36; (ii) a CDR-

L2 comprising the amino acid sequence selected from SEQ ID NOs:37-44; and (iii) a CDR-L3

comprising the amino acid sequence selected from SEQ ID NOs:45-50. In some of any of the

embodiments herein, the heavy chain variable region comprises a CDR-H1, a CDR-H2, and a

CDR-H3, respectively, comprising the amino acid sequence of a CDR-H1, a CDR-H2, and a

CDR-H3 contained within the heavy chain variable region amino acid sequence selected from

any one of SEQ ID NOs:51-63; and/or the light chain variable region comprises a CDR-L1, a

CDR-L2, and a CDR-L3, respectively, comprising the amino acid sequence of a CDR-L1, a

CDR-L2, and a CDR-L3 contained within the light chain variable region amino acid sequence

selected from any one of SEQ ID NOs:64-76.

[0009] In some embodiments, provided herein are antibodies or antigen-binding fragments

thereof that specifically binds to a UCH-L1 (e.g., human UCH-L1), wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising an amino acid

sequence having at least 85% identity to an amino acid sequence selected from any one of SEQ

ID NOs: 53-62; and/or a light chain variable region comprising an amino acid sequence having

at least 85% identity to an amino acid sequence selected from any one of SEQ ID NOs:66-75. In

some embodiments, the heavy chain variable region comprises at least 85%, at least 86%, at

least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at

least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an

amino acid sequence selected from any one of SEQ ID NOs: 53-62 or comprises the amino acid

sequence set forth in any of SEQ ID NOs: 53-62; and/or the light chain variable region

comprises at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at

least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at

least 98% or at least 99% identity to an amino acid sequence selected from any one of SEQ ID

NOs: 66-75 or comprises the light chain variable region comprises the amino acid sequence set



forth in any one of SEQ ID NOs: 66-75. In some of any of the embodiments herein, the heavy

chain variable region comprises: (i) a CDR-H1 comprising the amino acid sequence selected

from SEQ ID NOs:3-8; (ii) a CDR-H2 comprising the amino acid sequence selected from SEQ

ID NOs:ll-18; and (iii) a CDR-H3 comprising the amino acid sequence selected from SEQ ID

NOs:20-27; and/or the light chain variable region comprises: (i) a CDR-Ll comprising the

amino acid sequence selected from SEQ ID NOs:30-36; (ii) a CDR-L2 comprising the amino

acid sequence selected from SEQ ID NOs:37-44; and (iii) a CDR-L3 comprising the amino acid

sequence selected from SEQ ID NOs:45-49; or the heavy chain variable region comprises a

CDR-H1, a CDR-H2, and a CDR-H3, respectively, comprising the amino acid sequence of a

CDR-H1, a CDR-H2, and a CDR-H3 contained within the heavy chain variable region amino

acid sequence selected from any one of SEQ ID NOs:53-62 and/or the light chain variable

region comprises a CDR-Ll, a CDR-L2, and a CDR-L3, respectively, comprising the amino acid

sequence of a CDR-Ll, a CDR-L2, and a CDR-L3 contained within the light chain variable

region amino acid sequence selected from any one of SEQ ID NOs:66-75.

[00010] In some embodiments, provided herein are antibodies or antigen-binding fragments

thereof that specifically binds to a UCH-L1 (e.g., human UCH-L1), wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region and a light chain variable

region, wherein the heavy chain variable region comprises: (i) a CDR-H1 comprising the amino

acid sequence selected from SEQ ID NOs: 1-8; (ii) a CDR-H2 comprising the amino acid

sequence selected from SEQ ID NOs:9-18; and (iii) a CDR-H3 comprising the amino acid

sequence selected from SEQ ID NOs:20-27; and/or wherein the light chain variable region

comprises: (i) a CDR-Ll comprising the amino acid sequence selected from SEQ ID NOs:28-36;

(ii) a CDR-L2 comprising the amino acid sequence selected from SEQ ID NOs:37-44; and (iii) a

CDR-L3 comprising the amino acid sequence selected from SEQ ID NOs:45-49.

[0010] In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a UCH-L1 comprises (a) a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:l, SEQ ID

NO:9 and SEQ ID NO:20, respectively and/or a light chain variable region comprising CDR-

Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:28, SEQ ID NO:37 and SEQ ID

NO:45, respectively; (b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-

H3 amino acid sequences of SEQ ID NO:2, SEQ ID NO: 10, SEQ ID NO:21, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO:29, SEQ ID NO:38 and SEQ ID NO:46, respectively; (c) a heavy



chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:3, SEQ ID NO: 11 and SEQ ID NO:20, respectively and/or a light chain variable

region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:30,

SEQ ID NO:37 and SEQ ID NO:45, respectively; (d) a heavy chain variable region comprising

CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:4, SEQ ID NO: 12 and

SEQ ID NO:22, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2

and CDR-L3 amino acid sequences of SEQ ID NO:31, SEQ ID NO:39 and SEQ ID NO:47,

respectively; (e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:5, SEQ ID NO: 13 and SEQ ID NO:23, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO:32, SEQ ID NO:39 and SEQ ID NO:47, respectively; (f) a heavy

chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light chain variable

region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:33,

SEQ ID NO:40, SEQ ID NO:48, respectively; (g) a heavy chain variable region comprising

CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and

SEQ ID NO:24, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2

and CDR-L3 amino acid sequences of SEQ ID NO:34, SEQ ID NO:41 and SEQ ID NO:48,

respectively; (h) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:6, SEQ ID NO: 15 and SEQ ID NO:24, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively; (i) a heavy

chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light chain variable

region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:35,

SEQ ID NO:41 and SEQ ID NO:48, respectively; j) a heavy chain variable region comprising

CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:6, SEQ ID NO: 16 and

SEQ ID NO:25, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2

and CDR-L3 amino acid sequences of SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48,

respectively; (k) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:7, SEQ ID NO: 17 and SEQ ID NO:26, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO:36, SEQ ID NO:43 and SEQ ID NO:49, respectively; (1) a heavy



chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:8, SEQ ID NO: 18 and SEQ ID NO:27, respectively and/or a light chain variable

region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:36,

SEQ ID NO:44 and SEQ ID NO:49, respectively; or (m) a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:l, SEQ ID

NO: 19 and SEQ ID NO:20, respectively and/or a light chain variable region comprising CDR-

Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:28, SEQ ID NO:37 and SEQ ID

NO:50, respectively.

[0011] In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a UCH-L1 comprises (a) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO:51 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO:51; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:64 or an amino acid sequence having

at least 85% identity to the amino acid sequence of SEQ ID NO:64; (b) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:52 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:52; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:65 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:65; (c) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:53 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:53; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:66 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:66; (d) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:54 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:54; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:67 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:67; (e) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:55 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:55; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:68 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:68; (f a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:56 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:56; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:69 or an amino acid sequence having



at least 85% identity to an amino acid sequence of SEQ ID NO:69; (g) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:57 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:57; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:70 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:70; (h) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:58 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:58; and/or a light chain variable

region the amino acid sequence of SEQ ID NO:71 or comprising an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:71; (i) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:59 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:59; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:72 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:72; ( ) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:60 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:60; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:73 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:73; (k) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:61 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:61; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:74 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:74; (1) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:62 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:62; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:75 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:75; or (m) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:63 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:63; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:76 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:76. In some of any of the

embodiments herein, the antibody or antigen-binding fragment thereof that specifically binds to

a UCH-L1 comprises (a) a heavy chain variable region comprising an amino acid sequence

having at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least

92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least



99% identity to the sequence of any of the above recited SEQ ID NO and/or a light chain

variable region comprising an amino acid sequence having at least 86%, at least 87%, at least

88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the sequence of any of

the above recited SEQ ID NO.

[0012] In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a UCH-L1 comprises (a) a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:l, SEQ ID

NO:9 and SEQ ID NO:20, respectively and/or a light chain variable region comprising CDR-

Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:28, SEQ ID NO:37 and SEQ ID

NO:45, respectively; (b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-

H3 amino acid sequences of SEQ ID NO:2, SEQ ID NO: 10, SEQ ID NO:21, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO:29, SEQ ID NO:38 and SEQ ID NO:46, respectively; (c) a heavy

chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:4, SEQ ID NO: 12, SEQ ID NO:22, respectively and/or a light chain variable

region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:31,

SEQ ID NO:39 and SEQ ID NO:47, respectively; (d) a heavy chain variable region comprising

CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:6, SEQ ID NO: 14, SEQ

ID NO:24, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO:33, SEQ ID NO:40 and SEQ ID NO:48,

respectively; or (e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:5, SEQ ID NO: 13, SEQ ID NO:23, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:32, SEQ ID NO:39 and SEQ ID NO:47, respectively.

[0013] In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a UCH-L1 comprises (a) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO:51 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO:51; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:64 or an amino acid sequence having

at least 85% identity to the amino acid sequence of SEQ ID NO:64; (b) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:52 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:52; and/or a light chain variable



region comprising the amino acid sequence of SEQ ID NO:65 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:65; (c) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:54 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:54; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:67 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:67; (d) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:56 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:56; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:69 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:69; or (e) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:55 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:55; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:68 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:68. In some of any of the

embodiments herein, the antibody or antigen-binding fragment thereof that specifically binds to

a UCH-L1 comprises (a) a heavy chain variable region comprising an amino acid sequence

having at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least

92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least

99% identity to the amino acid sequence of any of the above recited SEQ ID NO and/or a light

chain variable region comprising an amino acid sequence having at least 86%, at least 87%, at

least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at

least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the amino acid

sequence of any of the above recited SEQ ID NO.

[0014] In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a UCH-L1 comprises (a) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO:51 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO:51; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:64 or an amino acid sequence having

at least 85% identity to the amino acid sequence of SEQ ID NO:64; or (b) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:52 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:52; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:65 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:65. In some of any of the



embodiments herein, the antibody or antigen-binding fragment thereof that specifically binds to

a UCH-L1 comprises (a) a heavy chain variable region comprising an amino acid sequence

having at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least

92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least

99% identity to the amino acid sequence of any of the above recited SEQ ID NO and/or a light

chain variable region comprising an amino acid sequence having at least 86%, at least 87%, at

least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at

least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the amino acid

sequence of any of the above recited SEQ ID NO.

[0015] In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a UCH-L1 comprises a heavy chain variable region comprising

CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:l, SEQ ID NO: 19 and

SEQ ID NO:20 and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO:28, SEQ ID NO:37 and SEQ ID NO:50, respectively.

[0016] In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a UCH-L1 comprises a heavy chain variable region comprising

the amino acid sequence of SEQ ID NO:63 or an amino acid sequence having at least 85%

identity to an amino acid sequence of SEQ ID NO:63; and/or a light chain variable region

comprising the amino acid sequence of SEQ ID NO:76 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO:76. In some of any of the

embodiments herein, the antibody or antigen-binding fragment thereof that specifically binds to

a UCH-L1 comprises (a) a heavy chain variable region comprising an amino acid sequence

having at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least

92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least

99% identity to the amino acid sequence of SEQ ID NO:63 and/or a light chain variable region

comprising an amino acid sequence having at least 86%, at least 87%, at least 88%, at least 89%,

at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at

least 97%, at least 98%, or at least 99% identity to the amino acid sequence of SEQ ID NO:76.

[0017] In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a UCH-L1 comprises (a) a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:3, SEQ ID

NO: 11 and SEQ ID NO:20, respectively and/or a light chain variable region comprising CDR-

Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:30, SEQ ID NO:37 and SEQ ID



NO:45, respectively; or (b) a heavy chain variable region comprising CDR-Hl, CDR-H2 and

CDR-H3 amino acid sequences of SEQ ID NO:4, SEQ ID NO: 12 and SEQ ID NO:22,

respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO:31, SEQ ID NO:39 and SEQ ID NO:47, respectively; or

(c) a heavy chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3 amino acid

sequences of SEQ ID NO:5, SEQ ID NO: 13 and SEQ ID NO:23, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:32, SEQ ID NO:39 and SEQ ID NO:47, respectively; or (d) a heavy chain variable

region comprising CDR-Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:6,

SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light chain variable region

comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:33, SEQ ID

NO:40, SEQ ID NO:48, respectively; or (e) a heavy chain variable region comprising CDR-Hl,

CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID

NO:24, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO:34, SEQ ID NO:41 and SEQ ID NO:48,

respectively; or (f) a heavy chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:6, SEQ ID NO: 15 and SEQ ID NO:24, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively; or (g) a heavy

chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light chain variable

region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:35,

SEQ ID NO:41 and SEQ ID NO:48, respectively; or (h) a heavy chain variable region

comprising CDR-Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:6, SEQ ID

NO: 16 and SEQ ID NO:25, respectively and/or a light chain variable region comprising CDR-

Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:34, SEQ ID NO:42 and SEQ ID

NO:48, respectively; or (i) a heavy chain variable region comprising CDR-Hl, CDR-H2 and

CDR-H3 amino acid sequences of SEQ ID NO:7, SEQ ID NO: 17 and SEQ ID NO:26,

respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO:36, SEQ ID NO:43 and SEQ ID NO:49, respectively; or

( ) a heavy chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3 amino acid

sequences of SEQ ID NO:8, SEQ ID NO: 18 and SEQ ID NO:27, respectively and/or a light



chain variable region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:36, SEQ ID NO:44 and SEQ ID NO:49, respectively.

[0018] In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a UCH-L1 comprises (a) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO:53 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO:53; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:66 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:66; or (b) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:54 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:54; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:67 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:67; or (c) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:55 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:55; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:68 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:68; (d) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:56 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:56; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:69 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:69; (e) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:57 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:57; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:70 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:70; (f a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:58 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:58; and/or a light chain variable

region the amino acid sequence of SEQ ID NO:71 or comprising an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:71; (g) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:59 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:59; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:72 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:72; (h) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:60 or an amino acid sequence having



at least 85% identity to an amino acid sequence of SEQ ID NO:60; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:73 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:73; (i) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:61 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:61; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:74 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:74; or (k) a heavy chain variable

region comprising the amino acid sequence of SEQ ID NO:62 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:62; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:75 or an amino acid sequence having

at least 85% identity to an amino acid sequence of SEQ ID NO:75. In some of any of the

embodiments herein, the antibody or antigen-binding fragment thereof that specifically binds to

a UCH-L 1 comprises (a) a heavy chain variable region comprising an amino acid sequence

having at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least

92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least

99% identity to the amino acid sequence set forth in any of the above recited SEQ ID NO and/or

a light chain variable region comprising an amino acid sequence having at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least

94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the amino

acid sequence set forth in any of the above recited SEQ ID NO.

[0019] In some of any such embodiments herein, the antibody or antigen-binding fragment

binds UCH-L 1 with a binding affinity having a dissociation constant (KD) of less than or less

than about 1.0 x 10 10 M, 2.0 x 10 10 M, 3.0 x 10 10 M, 4.0 x 10 10 M, 5.0 x 10 10 M, 6.0 x 10 10 M,

7.0 x 10 10 M, 8.0 x 10 10 M, 9.0 x 10 10 M, 1.0 x 10 11 M, 2.0 x 10 11 M, 3.0 x 10 11 M, 4.0 x 10 11

M, 5.0 x 10 11 M, 6.0 x 10 11 M, 7.0 x 10 11 M, 8.0 x 10 11 M, 9.0 x 10 11 M, 1.0 x 10 12 M or less;

or the antibody or antigen-binding fragment binds UCH-L 1 with a dissociation constant (KD)

from or from about 2.0 x 10 10 M to 5.0 x 10 12 M, such as from or from about 2.0 x 10 10 M to

1.0 x 10 12 M, 2.0 x 10 10 M to 5.0 x 10 11 M, 2.0 x 10 10 M to 1.0 x 10 11 M, 2.0 x 10 10 M to 5.0

x 10 10 M, 5.0 x 10 10 M to 1.0 x 10 12 M, 5.0 x 10 10 M to 5.0 x 10 11 M, 5.0 x 10 10 M to 1.0 x

10 11 M, 1.0 x 10 11 M to 1.0 x 10 12 M, 1.0 x 10 11 M to 5.0 x 10 11 M or 5.0 x 10 11 M to 1.0 x

10 12 M, for example, from or from about 2.0 x 10 10 M 2.0 x 10 10 M to 4.0 x 10 10 M, 1.0 x 10

1 1 M to 9.0 x 10 11 M, 1.0 x 10 12 M to 5.0 x 10 12 M, or 1.0 x 10 12 M, 2.0 x 10 10 M.



[0020] In some of any such embodiments herein, the antibody or antigen-binding fragment

binds to an epitope within or that is or includes residues 28-36 of UCH-L1 protein, residues 98-

106 of UCH-L1 protein, residues 138-145 of UCH-L1 protein, and/or residues 142-149 of UCH-

Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207.

[0021] In some aspects, provided herein are antibodies or antigen-binding fragments that

specifically binds to a UCH-L1 (e.g., human UCH-L1), wherein the antibody or antigen-binding

fragment binds to an epitope within or that is or includes residues 98-106 of UCH-L1 protein

corresponding to amino acid positions set forth in SEQ ID NO:207. In some embodiments, the

antibody or antigen-binding fragment comprises (a) a heavy chain variable region comprising

CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:l, SEQ ID NO:9 and

SEQ ID NO:20, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2

and CDR-L3 amino acid sequences of SEQ ID NO:28, SEQ ID NO:37 and SEQ ID NO:45,

respectively; (b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:3, SEQ ID NO: 11 and SEQ ID NO:20, respectively and/or

a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences

of SEQ ID NO:30, SEQ ID NO:37 and SEQ ID NO:45, respectively; or (c) heavy chain variable

region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:l,

SEQ ID NO: 19 and SEQ ID NO:20, respectively and/or a light chain variable region comprising

CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:28, SEQ ID NO:37 and

SEQ ID NO:50, respectively.

[0022] In some aspects, provided herein are antibodies or antigen-binding fragments that

specifically binds to a UCH-L1 (e.g., human UCH-L1), wherein the antibody or antigen-binding

fragment binds to an epitope within or that is or includes residues 28-36 UCH-L1 corresponding

to amino acid positions of UCH-L1 set forth in SEQ ID NO:207. In some embodiments, the

antibody or antigen-binding fragment comprises (a) a heavy chain variable region comprising

CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:2, SEQ ID NO: 10 and

SEQ ID NO:21, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2

and CDR-L3 amino acid sequences of SEQ ID NO:29, SEQ ID NO:38 and SEQ ID NO:46,

respectively; (b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or

a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences

of SEQ ID NO:33, SEQ ID NO:40 and SEQ ID NO:48, respectively; (c) a heavy chain variable

region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:6,



SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light chain variable region comprising

CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:34, SEQ ID NO:41 and

SEQ ID NO:48, respectively; (d) a heavy chain variable region comprising CDR-H1, CDR-H2

and CDR-H3 amino acid sequences of SEQ ID NO:6, SEQ ID NO: 15 and SEQ ID NO:24,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively; (e) a

heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences

of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light chain variable

region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:35,

SEQ ID NO:41 and SEQ ID NO:48, respectively; (f) a heavy chain variable region comprising

CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:6, SEQ ID NO: 16 and

SEQ ID NO:25, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2

and CDR-L3 amino acid sequences of SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48,

respectively; (g) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:7, SEQ ID NO: 17 and SEQ ID NO:26, respectively and/or

a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences

of SEQ ID NO:36, SEQ ID NO:43 and SEQ ID NO:49, respectively; or (h) a heavy chain

variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID

NO:8, SEQ ID NO: 18 and SEQ ID NO:27, respectively and/or a light chain variable region

comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:36, SEQ ID

NO:44 and SEQ ID NO:49, respectively.

[0023] In some aspects, provided herein are antibodies or antigen-binding fragments that

specifically binds to a UCH-L1 (e.g., human UCH-L1), wherein the antibody or antigen-binding

fragment binds to an epitope within or that is or includes residues 138-145 of UCH-L1 protein

corresponding to amino acid positions set forth in SEQ ID NO:207. In some embodiments, the

antibody or antigen-binding fragment comprises a heavy chain variable region comprising CDR-

Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:4, SEQ ID NO: 12 and SEQ ID

NO:22, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO:31, SEQ ID NO:39 and SEQ ID NO:47,

respectively.

[0024] In some aspects, provided herein are antibodies or antigen-binding fragments that

specifically binds to a UCH-L1 (e.g., human UCH-L1), wherein the antibody or antigen-binding

fragment binds to an epitope within or that is or includes residues 142-149 of UCH-L1 protein



corresponding to amino acid positions set forth in SEQ ID NO:207. In some embodiments, the

antibody or antigen-binding fragment comprises a heavy chain variable region comprising CDR-

Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:5, SEQ ID NO: 13 and SEQ

ID NO:23, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO:32, SEQ ID NO:39 and SEQ ID NO:47,

respectively.

[0025] In some of any of the embodiments herein, the UCH-Ll (e.g., human UCH-Ll) is

recombinant UCH-Ll (e.g., recombinant human UCH-Ll). In some of any of the embodiments

herein, the UCH-Ll (e.g., human UCH-Ll) is native UCH-Ll (e.g., native human UCH-Ll). In

some further embodiments, the native UCH-Ll is present in or obtained from serum, plasma,

blood, cerebrospinal fluid (CSF), urine, sweat, or saliva.

[0026] Provided herein are antibodies or antigen-binding fragments thereof, including those

that specifically bind to a GFAP, such as a human GFAP, wherein the antibodies or antigen-

binding fragments contain particular complementarity determining regions (CDRs), including

heavy chain CDRs (i.e., CDR-H1, CDR-H2, and/or CDR-H3) and light chain CDRs (i.e., CDR-

Ll, CDR-L2, and/or CDR-L3), such as any described herein. In some embodiments, the

antibody or antigen-binding fragment thereof includes a heavy chain variable region and a light

chain variable region, such as any described herein.

[0027] In some embodiments, provided herein are antibodies or antigen-binding fragments

thereof that specifically binds to a GFAP (e.g., human GFAP), wherein the antibody or antigen-

binding fragment comprises a heavy chain variable region comprising an amino acid sequence

having at least 85% identity to an amino acid sequence selected from any one of SEQ ID

NOs:172-188; and/or a light chain variable region comprising an amino acid sequence having at

least 85% identity to an amino acid sequence selected from any one of SEQ ID NOs:189-206.

In some embodiments, the heavy chain variable region comprises an amino acid sequence

having at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least

91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least

98% or at least 99% identity to an amino acid sequence selected from any one of SEQ ID

NOs:172-188 or has the amino acid sequence selected from any one of SEQ ID NOs:172-188.

In some of any of the embodiments herein, the light chain variable region comprises an amino

acid sequence having at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least

90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least

97%, at least 98% or at least 99% identity to an amino acid sequence selected from any one of



SEQ ID NOs: 189-206 or has the amino acid sequence selected from any one of SEQ ID

NOs: 189-206. In some embodiments, the heavy chain variable region comprises: (i) a CDR-H1

comprising the amino acid sequence selected from SEQ ID NOs:77-90; (ii) a CDR-H2

comprising the amino acid sequence selected from SEQ ID NOs:91-107; and (iii) a CDR-H3

comprising the amino acid sequence selected from SEQ ID NOs: 108-124; and/or wherein the

light chain variable region comprises: (i) a CDR-L1 comprising the amino acid sequence

selected from SEQ ID NOs:125-141; (ii) a CDR-L2 comprising the amino acid sequence

selected from SEQ ID NOs: 142-156; and (iii) a CDR-L3 comprising the amino acid sequence

selected from SEQ ID NOs:157-171. In some of the embodiments, the heavy chain variable

region comprises a CDR-H1, a CDR-H2, and a CDR-H3, respectively, comprising the amino

acid sequence of a CDR-H1, a CDR-H2, and a CDR-H3 contained within the heavy chain

variable region amino acid sequence selected from any one of SEQ ID NOs:172-188; and/or the

light chain variable region comprises a CDR-L1, a CDR-L2, and a CDR-L3, respectively,

comprising the amino acid sequence of a CDR-L1, a CDR-L2, and a CDR-L3 contained within

the light chain variable region amino acid sequence selected from any one of SEQ ID NOs: 189-

206.

[0028] In some embodiments, provided herein are antibodies or antigen-binding fragments

thereof that specifically binds to a GFAP (e.g., human GFAP), wherein the antibody or antigen-

binding fragment comprises an amino acid sequence having at least 85% identity to an amino

acid sequence selected from any one of SEQ ID NOS: 174-188; and/or a light chain variable

region comprising an amino acid sequence having at least 85% identity to an amino acid

sequence selected from any one of SEQ ID NO: 191-206. In some embodiments, the heavy

chain variable region comprises at least 85%, at least 86%, at least 87%, at least 88%, at least

89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least

96%, at least 97%, at least 98% or at least 99% identity to an amino acid sequence selected from

any one of SEQ ID NOS: 174-188 or comprises the amino acid sequence set forth in any of SEQ

ID NOS: 174-188; and/or the light chain variable region comprises at least 85%, at least 86%, at

least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at

least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an

amino acid sequence selected from any one of SEQ ID NOS: 191-206 or comprises the light

chain variable region comprises the amino acid sequence set forth in any one of SEQ ID

NOS: 191-206. In some embodiments, the heavy chain variable region comprises: (i) a CDR-H1

comprising the amino acid sequence selected from SEQ ID NOs:79-90; (ii) a CDR-H2



comprising the amino acid sequence selected from SEQ ID NOs:93-107; and (iii) a CDR-H3

comprising the amino acid sequence selected from SEQ ID NOs: 110-124; and/or the light chain

variable region comprises: (i) a CDR-Ll comprising the amino acid sequence selected from SEQ

ID NOs: 127- 141; (ii) a CDR-L2 comprising the amino acid sequence selected from SEQ ID

NOs: 144- 156; and (iii) a CDR-L3 comprising the amino acid sequence selected from SEQ ID

NOs:159-171; or the heavy chain variable region comprises a CDR-Hl, a CDR-H2, and a CDR-

H3, respectively, comprising the amino acid sequence of a CDR-Hl, a CDR-H2, and a CDR-H3

contained within the heavy chain variable region amino acid sequence selected from any one of

SEQ ID NOs: 174- 188 and/or the light chain variable region comprises a CDR-Ll, a CDR-L2,

and a CDR-L3, respectively, comprising the amino acid sequence of a CDR-Ll, a CDR-L2, and

a CDR-L3 contained within the light chain variable region amino acid sequence selected from

any one of SEQ ID NOs: 191-206.

[0029] In some embodiments, provided herein are antibodies or antigen-binding fragments

thereof that specifically binds to a GFAP (e.g., human GFAP), wherein the antibody or antigen-

binding fragment comprises a heavy chain variable region and a light chain variable region,

wherein the heavy chain variable region comprises: (i) CDR-Hl comprising the amino acid

sequence selected from SEQ ID NOs:77-90; (ii) CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:91-107; and (iii) CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs: 108-124; and/or the light chain variable region comprises: (i) CDR-

Ll comprising the amino acid sequence selected from SEQ ID NOs:125-141; (ii) CDR-L2

comprising the amino acid sequence selected from SEQ ID NOs: 142-156; and (iii) CDR-L3

comprising the amino acid sequence selected from SEQ ID NOs:157-171.

[0030] In some of any such embodiments herein, the antibody or antigen-binding fragment

that specifically binds to a GFAP comprises (a) a heavy chain variable region comprising CDR-

Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:77, SEQ ID NO:91 and SEQ

ID NO: 108, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 125, SEQ ID NO: 142 and SEQ ID NO: 157,

respectively; (b) a heavy chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:78, SEQ ID NO:92 and SEQ ID NO: 109, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 126, SEQ ID NO: 143 and SEQ ID NO: 158, respectively; (c) a heavy

chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:79, SEQ ID NO:93 and SEQ ID NO: 110, respectively and/or a light chain variable



region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 127,

SEQ ID NO: 144 and SEQ ID NO: 159, respectively; (d) a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:77, SEQ ID

NO:94 and SEQ ID NO: 111, respectively and/or a light chain variable region comprising CDR-

Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 128, SEQ ID NO: 145 and SEQ

ID NO: 160, respectively; (e) a heavy chain variable region comprising CDR-H1, CDR-H2 and

CDR-H3 amino acid sequences of SEQ ID NO:80, SEQ ID NO:95 and SEQ ID NO: 112,

respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 126, SEQ ID NO: 142 and SEQ ID NO: 158, respectively;

(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid

sequences of SEQ ID NO:81, SEQ ID NO:96 and SEQ ID NO:113, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 129, SEQ ID NO: 146 and SEQ ID NO: 161, respectively; (g) a heavy chain

variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID

NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a light chain variable region

comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 130, SEQ ID

NO: 145 and SEQ ID NO: 160, respectively; (h) a heavy chain variable region comprising CDR-

Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:82, SEQ ID NO:97 and SEQ

ID NO: 114, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 131, SEQ ID NO: 147 and SEQ ID NO: 162,

respectively; (i) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:83, SEQ ID NO:98 and SEQ ID NO: 115, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 132, SEQ ID NO: 148 and SEQ ID NO: 163, respectively; (j) a heavy

chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:84, SEQ ID NO:99 and SEQ ID NO: 116, respectively and/or a light chain variable

region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:133,

SEQ ID NO: 149 and SEQ ID NO: 164, respectively; (k) a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:85, SEQ ID

NO: 100 and SEQ ID NO: 117, respectively and/or a light chain variable region comprising

CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:134, SEQ ID NO:150

and SEQ ID NO: 165, respectively; (1) a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:86, SEQ ID NO: 101 and SEQ ID



NO: 118, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO:135, SEQ ID NO:151 and SEQ ID NO:166,

respectively; (m) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:78, SEQ ID NO: 102 and SEQ ID NO: 119, respectively

and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 136, SEQ ID NO: 152 and SEQ ID NO: 167, respectively; (n) a heavy

chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:78, SEQ ID NO: 103 and SEQ ID NO: 120, respectively and/or a light chain variable

region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:137,

SEQ ID NO: 142 and SEQ ID NO: 158, respectively; (o) a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:87, SEQ ID

NO: 104 and SEQ ID NO: 121, respectively and/or a light chain variable region comprising

CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:138, SEQ ID NO:153

and SEQ ID NO: 168, respectively; (p) a heavy chain variable region comprising CDR-H1,

CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID

NO: 122, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 139, SEQ ID NO: 154 and SEQ ID NO: 169,

respectively; (q) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID NO: 123, respectively

and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170, respectively; or (r) a

heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences

of SEQ ID NO:90, SEQ ID NO: 107 and SEQ ID NO: 124, respectively and/or a light chain

variable region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID

NO:141, SEQ ID NO:156 and SEQ ID NO:171, respectively.

[0031] In some of any such embodiments herein, the antibody or antigen-binding fragment

that specifically binds to a GFAP comprises (a) a heavy chain variable region comprising the

amino acid sequence of SEQ ID NO: 172 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 172; and/or a light chain variable region comprising

the amino acid sequence of SEQ ID NO: 189 or an amino acid sequence having at least 85%

identity to an amino acid sequence of SEQ ID NO: 189; (b) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO: 173 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO: 173; and/or a light chain variable



region comprising the amino acid sequence of SEQ ID NO: 190 or an amino acid sequence

having at least 85% identity to an amino acid sequence of SEQ ID NO: 190; (c) a heavy chain

variable region comprising the amino acid sequence of SEQ ID NO: 174 or an amino acid

sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 174; and/or a

light chain variable region comprising the amino acid sequence of SEQ ID NO: 191 or an amino

acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO:191; (d) a

heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 175 or an

amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 175;

and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO: 192 or

an amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID

NO: 192; (e) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 176 or an amino acid sequence having at least 85% identity to an amino acid sequence of

SEQ ID NO: 176; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 193 or an amino acid sequence having at least 85% identity to an amino acid

sequence of SEQ ID NO: 193; (f a heavy chain variable region comprising the amino acid

sequence of SEQ ID NO: 177 or an amino acid sequence having at least 85% identity to an

amino acid sequence of SEQ ID NO: 177; and/or a light chain variable region comprising the

amino acid sequence of SEQ ID NO: 194 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 194; (g) a heavy chain variable region comprising the

amino acid sequence of SEQ ID NO: 175 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 175; and/or a light chain variable region comprising

the amino acid sequence of SEQ ID NO: 195 or an amino acid sequence having at least 85%

identity to an amino acid sequence of SEQ ID NO: 195; (h) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO: 178 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO: 178; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO: 196 or an amino acid sequence

having at least 85% identity to an amino acid sequence of SEQ ID NO: 196; (i) a heavy chain

variable region comprising the amino acid sequence of SEQ ID NO: 179 or an amino acid

sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 179; and/or a

light chain variable region comprising the amino acid sequence of SEQ ID NO: 197 or an amino

acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 197; ( ) a

heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 180 or an

amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 180;



and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO: 198 or

an amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID

NO: 198; (k) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 181 or an amino acid sequence having at least 85% identity to an amino acid sequence of

SEQ ID NO: 181; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 199 or an amino acid sequence having at least 85% identity to an amino acid

sequence of SEQ ID NO: 199; (1) a heavy chain variable region comprising the amino acid

sequence of SEQ ID NO: 182 or an amino acid sequence having at least 85% identity to an

amino acid sequence of SEQ ID NO: 182; and/or a light chain variable region comprising the

amino acid sequence of SEQ ID NO:200 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO:200; (m) a heavy chain variable region comprising the

amino acid sequence of SEQ ID NO: 183 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 183; and/or a light chain variable region comprising

the amino acid sequence of SEQ ID NO:201 or an amino acid sequence having at least 85%

identity to an amino acid sequence of SEQ ID NO:201; (n) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO: 184 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO: 184; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:202 or an amino acid sequence

having at least 85% identity to an amino acid sequence of SEQ ID NO:202; (o) a heavy chain

variable region comprising the amino acid sequence of SEQ ID NO: 185 or an amino acid

sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 185; and/or a

light chain variable region comprising the amino acid sequence of SEQ ID NO:203 or an amino

acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO:203; (p) a

heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 186 or an

amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 186;

and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:204 or

an amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID

NO:204; (q) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 187 or an amino acid sequence having at least 85% identity to an amino acid sequence of

SEQ ID NO: 187; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO:205 an amino acid sequence having at least 85% identity to an amino acid sequence

of SEQ ID NO:205; or (r) a heavy chain variable region comprising the amino acid sequence of

SEQ ID NO: 188 or an amino acid sequence having at least 85% identity to an amino acid



sequence of SEQ ID NO: 188; and/or a light chain variable region comprising the amino acid

sequence of SEQ ID NO:206 or an amino acid sequence having at least 85% identity to an

amino acid sequence of SEQ ID NO:206. In some of any of the embodiments herein, the

antibody or antigen-binding fragment thereof that specifically binds to a GFAP comprises (a) a

heavy chain variable region comprising an amino acid sequence having at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least

94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the amino

acid sequence of any of the above recited SEQ ID NO and/or a light chain variable region

comprising an amino acid sequence having at least 86%, at least 87%, at least 88%, at least 89%,

at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at

least 97%, at least 98%, or at least 99% identity to the amino acid sequence set forth in any of

the above recited SEQ ID NO.

[0032] In some of any such embodiments herein, the antibody or antigen-binding fragment

that specifically binds to a GFAP comprises a heavy chain variable region comprising CDR-H1,

CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:77, SEQ ID NO:91 and SEQ ID

NO: 108, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 125, SEQ ID NO: 142 and SEQ ID NO: 157,

respectively.

[0033] In some of any such embodiments herein, the antibody or antigen-binding fragment

that specifically binds to a GFAP comprises a heavy chain variable region comprising the amino

acid sequence of SEQ ID NO: 172 or an amino acid sequence having at least 85% identity to an

amino acid sequence of SEQ ID NO: 172; and/or a light chain variable region comprising the

amino acid sequence of SEQ ID NO: 189 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 189. In some of any of the embodiments herein, the

antibody or antigen-binding fragment thereof that specifically binds to a GFAP comprises (a) a

heavy chain variable region comprising an amino acid sequence having at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least

94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the amino

acid sequence of SEQ ID NO: 172 and/or a light chain variable region comprising an amino acid

sequence having at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least

91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least

98%, or at least 99% identity to the amino acid sequence of SEQ ID NO: 189.



[0034] In some of any such embodiments herein, the antibody or antigen-binding fragment

that specifically binds to a GFAP comprises a heavy chain variable region comprising CDR-H1,

CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:78, SEQ ID NO:92 and SEQ ID

NO: 109, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 126, SEQ ID NO: 143 and SEQ ID NO: 158,

respectively.

[0035] In some of any such embodiments herein, the antibody or antigen-binding fragment

that specifically binds to a GFAP comprises a heavy chain variable region comprising the amino

acid sequence of SEQ ID NO: 173 or an amino acid sequence having at least 85% identity to an

amino acid sequence of SEQ ID NO: 173; and/or a light chain variable region comprising the

amino acid sequence of SEQ ID NO: 190 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 190. In some of any of the embodiments herein, the

antibody or antigen-binding fragment thereof that specifically binds to a GFAP comprises (a) a

heavy chain variable region comprising an amino acid sequence having at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least

94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the amino

acid sequence of SEQ ID NO: 173 and/or a light chain variable region comprising an amino acid

sequence having at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least

91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least

98%, or at least 99% identity to the amino acid sequence provided of SEQ ID NO: 190.

[0036] In some of any such embodiments herein, the antibody or antigen-binding fragment

that specifically binds to a GFAP comprises (a) a heavy chain variable region comprising CDR-

Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:79, SEQ ID NO:93 and SEQ

ID NO: 110, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 127, SEQ ID NO: 144 and SEQ ID NO: 159,

respectively; (b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 128, SEQ ID NO: 145 and SEQ ID NO: 160, respectively; (c) a heavy

chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:80, SEQ ID NO:95 and SEQ ID NO: 112, respectively and/or a light chain variable

region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 126,

SEQ ID NO: 142 and SEQ ID NO: 158, respectively; (d) a heavy chain variable region



comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:81, SEQ ID

NO:96 and SEQ ID NO: 113, respectively and/or a light chain variable region comprising CDR-

Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 129, SEQ ID NO: 146 and SEQ

ID NO: 161, respectively; (e) a heavy chain variable region comprising CDR-H1, CDR-H2 and

CDR-H3 amino acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111,

respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 130, SEQ ID NO: 145 and SEQ ID NO: 160, respectively;

(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid

sequences of SEQ ID NO:82, SEQ ID NO:97 and SEQ ID NO: 114, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO: 131, SEQ ID NO: 147 and SEQ ID NO: 162, respectively; (g) a heavy chain variable

region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:83,

SEQ ID NO:98 and SEQ ID NO: 115, respectively and/or a light chain variable region

comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 132, SEQ ID

NO: 148 and SEQ ID NO: 163, respectively; (h) a heavy chain variable region comprising CDR-

Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:84, SEQ ID NO:99 and SEQ

ID NO: 116, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 133, SEQ ID NO: 149 and SEQ ID NO: 164,

respectively; (i) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:85, SEQ ID NO: 100 and SEQ ID NO: 117, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 134, SEQ ID NO: 150 and SEQ ID NO: 165, respectively; (j) a heavy

chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:86, SEQ ID NO: 101 and SEQ ID NO: 118, respectively and/or a light chain

variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID

NO: 135, SEQ ID NO: 151 and SEQ ID NO: 166, respectively; (k) a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:78, SEQ ID

NO: 102 and SEQ ID NO: 119, respectively and/or a light chain variable region comprising

CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:136, SEQ ID NO:152

and SEQ ID NO: 167, respectively; (1) a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:78, SEQ ID NO: 103 and SEQ ID

NO: 120, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 137, SEQ ID NO: 142 and SEQ ID NO: 158,



respectively; (n) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:87, SEQ ID NO: 104 and SEQ ID NO: 121, respectively

and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 138, SEQ ID NO: 153 and SEQ ID NO: 168, respectively; (o) a heavy

chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of

SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID NO: 122, respectively and/or a light chain variable

region comprising CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:139,

SEQ ID NO: 154 and SEQ ID NO: 169, respectively; (p) a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:89, SEQ ID

NO: 106 and SEQ ID NO: 123, respectively and/or a light chain variable region comprising

CDR-L1, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO:140, SEQ ID NO:155

and SEQ ID NO: 170, respectively; or (q) a heavy chain variable region comprising CDR-H1,

CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:90, SEQ ID NO: 107 and SEQ ID

NO: 124, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO:141, SEQ ID NO:156 and SEQ ID NO:171,

respectively.

[0037] In some of any such embodiments herein, the antibody or antigen-binding fragment

that specifically binds to a GFAP comprises (a) a heavy chain variable region comprising the

amino acid sequence of SEQ ID NO: 174 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 174; and/or a light chain variable region comprising

the amino acid sequence of SEQ ID NO: 191 or an amino acid sequence having at least 85%

identity to an amino acid sequence of SEQ ID NO:191; (b) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO: 175 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO: 175; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO: 192 or an amino acid sequence

having at least 85% identity to an amino acid sequence of SEQ ID NO: 192; (c) a heavy chain

variable region comprising the amino acid sequence of SEQ ID NO: 176 or an amino acid

sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 176; and/or a

light chain variable region comprising the amino acid sequence of SEQ ID NO: 193 or an amino

acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO:193; (d) a

heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 177 or an

amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 177;

and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO: 194 or



an amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID

NO: 194; (e) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 175 or an amino acid sequence having at least 85% identity to an amino acid sequence of

SEQ ID NO: 175; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 195 or an amino acid sequence having at least 85% identity to an amino acid

sequence of SEQ ID NO: 195; (f a heavy chain variable region comprising the amino acid

sequence of SEQ ID NO: 178 or an amino acid sequence having at least 85% identity to an

amino acid sequence of SEQ ID NO: 178; and/or a light chain variable region comprising the

amino acid sequence of SEQ ID NO: 196 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 196; (g) a heavy chain variable region comprising the

amino acid sequence of SEQ ID NO: 179 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 179; and/or a light chain variable region comprising

the amino acid sequence of SEQ ID NO: 197 or an amino acid sequence having at least 85%

identity to an amino acid sequence of SEQ ID NO: 197; (h) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO: 180 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO: 180; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO: 198 or an amino acid sequence

having at least 85% identity to an amino acid sequence of SEQ ID NO: 198; (i) a heavy chain

variable region comprising the amino acid sequence of SEQ ID NO: 181 or an amino acid

sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 181; and/or a

light chain variable region comprising the amino acid sequence of SEQ ID NO: 199 or an amino

acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 199; j) a

heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 182 or an

amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 182;

and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:200 or

an amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID

NO:200; (k) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 183 or an amino acid sequence having at least 85% identity to an amino acid sequence of

SEQ ID NO: 183; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO:201 or an amino acid sequence having at least 85% identity to an amino acid

sequence of SEQ ID NO:201; (1) a heavy chain variable region comprising the amino acid

sequence of SEQ ID NO: 184 or an amino acid sequence having at least 85% identity to an

amino acid sequence of SEQ ID NO: 184; and/or a light chain variable region comprising the



amino acid sequence of SEQ ID NO:202 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO:202; (n) a heavy chain variable region comprising the

amino acid sequence of SEQ ID NO: 185 or an amino acid sequence having at least 85% identity

to an amino acid sequence of SEQ ID NO: 185; and/or a light chain variable region comprising

the amino acid sequence of SEQ ID NO:203 or an amino acid sequence having at least 85%

identity to an amino acid sequence of SEQ ID NO:203; (o) a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO: 186 or an amino acid sequence having at

least 85% identity to an amino acid sequence of SEQ ID NO: 186; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO:204 or an amino acid sequence

having at least 85% identity to an amino acid sequence of SEQ ID NO:204; (p) a heavy chain

variable region comprising the amino acid sequence of SEQ ID NO: 187 or an amino acid

sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 187; and/or a

light chain variable region comprising the amino acid sequence of SEQ ID NO:205 an amino

acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO:205; or (q)

a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 188 or an

amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID NO: 188;

and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:206 or

an amino acid sequence having at least 85% identity to an amino acid sequence of SEQ ID

NO:206. In some of any of the embodiments herein, the antibody or antigen-binding fragment

thereof that specifically binds to a GFAP comprises (a) a heavy chain variable region comprising

an amino acid sequence having at least 86%, at least 87%, at least 88%, at least 89%, at least

90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least

97%, at least 98%, or at least 99% identity to the amino acid sequence set forth in any of the

recited SEQ ID NO and/or a light chain variable region comprising an amino acid sequence

having at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least

92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least

99% identity to the amino acid sequence set forth in any of the recited SEQ ID NO.

[0038] In some of any such embodiments herein, the antibody or antigen-binding fragment

binds GFAP with a binding affinity having a dissociation constant (K ) of less than or less than

about 1.0 x 10 8 M, 2.0 x 10 8 M, 3.0 x 10 8 M, 4.0 x 10 8 M, 5.0 x 10 8 M, 6.0 x 10 8 M, 7.0 x 10

M, 8.0 x 10 8 M, 9.0 x 10 8 M, 1.0 x 10 9 M, 2.0 x 10 9 M, 3.0 x 10 9 M, 4.0 x 10 9 M, 5.0 x 10 9

M, 6.0 x 10 9 M, 7.0 x 10 9 M, 8.0 x 10 9 M, 9.0 x 10 9 M, 1.0 x 10 10 M, 2.0 x 10 10 M, 3.0 x 10 10

M, 4.0 x 10 10 M, 5.0 x 10 10 M, 6.0 x 10 10 M, 7.0 x 10 10 M, 8.0 x 10 10 M, 9.0 x 10 10 M, 1.0 x



10 11 M, 2.0 x 10 11 M, 3.0 x 10 11 M, 4.0 x 10 11 M, 5.0 x 10 11 M, 6.0 x 10 11 M, 7.0 x 10 11 M,

8.0 x 10 11 M, 9.0 x 10 11 M, or 1.0 x 10 12 M; or the antibody or antigen-binding fragment binds
-8 -12GFAP with a dissociation constant (KD) from or from about 1.0 x 10 M to 5.0 x 10 M, such

as from or from about 1.0 x 10 8 M to 1.0 x 10 12 M, 1.0 x 10 8 M to 1.0 x 10 11 M, 1.0 x 10 8 M

to 1.0 x 10 11 M, 1.0 x 10 8 M to 1.0 x 10 10 M, 1.0 x 10 10 M to 1.0 x 10 12 M, 1.0 x 10 10 M to

1.0 x 10 11 M, 1.0 x 10 11 M to 1.0 x 10 12 M, for example, from or from about 1.0 x 10 8 M to

2.0 x 10 8 M, 1.0 x 10 9 M to 6.0 x 10 9 M, 2.0 x 10 10 M to 9.0 x 10 10 M, 1.0 x 10 11 M to 8.0 x

10 11 M, 1.0 x 10 12 M to 5.0 x 10 12 M, or 1.0 x 10 8 M to 1.0 x 10 12 M.

[0039] In some of any such embodiments herein, the antibody or antigen-binding fragment

binds GFAP binds to an epitope within or that is or includes residues 92-106 of GFAP protein,

residues 190-202 of GFAP protein, residues 16-35 and/or 380 of GFAP protein, residues 119

and/or 190 of GFAP protein, residues 380-391 of GFAP protein, residues 119-130 of GFAP

protein, residues 210-221 of GFAP protein, residues 320-329 of GFAP protein, 346-357 and/or

376-387 of GFAP protein and/or within residues 138-149 of GFAP protein corresponding to

amino acid positions set forth in SEQ ID NO:212.

[0040] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds

to an epitope within residues 92-106 of a GFAP protein corresponding to amino acid positions

set forth in SEQ ID NO:212. In some embodiments, the antibody or antigen-binding fragment

comprises a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:91 and SEQ ID NO: 108, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 125, SEQ ID NO: 142 and SEQ ID NO: 157, respectively.

[0041] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds

to an epitope within residues 190-202 of a GFAP protein corresponding to amino acid positions

set forth in SEQ ID NO:212. In some embodiments, the antibody or antigen-binding fragment

comprises a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO:92 and SEQ ID NO: 109, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 126, SEQ ID NO: 143 and SEQ ID NO: 158, respectively.

[0042] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds



to an epitope within residues 16-35 and/or 380 of a GFAP protein corresponding to amino acid

positions set forth in SEQ ID NO:212. In some embodiments, the antibody or antigen-binding

fragment comprises a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:79, SEQ ID NO:93 and SEQ ID NO: 110, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 127, SEQ ID NO: 144 and SEQ ID NO: 159, respectively.

[0043] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds

to an epitope within residues 119 and/or 190 of a GFAP protein corresponding to amino acid

positions set forth in SEQ ID NO:212. In some embodiments, the antibody or antigen-binding

fragment comprises a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:80, SEQ ID NO:95 and SEQ ID NO: 112 respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 126, SEQ ID NO: 142 and SEQ ID NO: 158, respectively.

[0044] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds

to an epitope within residues 380-391 of a GFAP protein corresponding to amino acid positions

set forth in SEQ ID NO:212. In some embodiments, the antibody or antigen-binding fragment

comprises (a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 128, SEQ ID NO: 145 and SEQ ID NO: 160, respectively; (b) a heavy chain variable

region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:77,

SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a light chain variable region

comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 130, SEQ ID

NO: 145 and SEQ ID NO: 160, respectively; or (c) a heavy chain variable region comprising

CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:82, SEQ ID NO:97 and

SEQ ID NO: 114, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2

and CDR-L3 amino acid sequences of SEQ ID NO: 131, SEQ ID NO: 147 and SEQ ID NO: 162,

respectively.

[0045] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds

to an epitope within residues 119-130 of a GFAP protein corresponding to amino acid positions



set forth in SEQ ID NO:212. In some embodiments, the antibody or antigen-binding fragment

comprises (a) a heavy chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:81, SEQ ID NO:96 and SEQ ID NO:113, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 129, SEQ ID NO: 146 and SEQ ID NO: 161, respectively; (b) a heavy chain variable

region comprising CDR-Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:84,

SEQ ID NO:99 and SEQ ID NO: 116, respectively and/or a light chain variable region

comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 133, SEQ ID

NO: 149 and SEQ ID NO: 164, respectively; (c) a heavy chain variable region comprising CDR-

Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:85, SEQ ID NO: 100 and SEQ

ID NO: 117, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 134, SEQ ID NO: 150 and SEQ ID NO: 165,

respectively; (d) a heavy chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3

amino acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID NO: 123, respectively

and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid

sequences of SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170, respectively; or (e) a

heavy chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3 amino acid sequences

of SEQ ID NO:90, SEQ ID NO: 107 and SEQ ID NO: 124, respectively and/or a light chain

variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID

NO:141, SEQ ID NO:156 and SEQ ID NO:171, respectively.

[0046] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds

to an epitope within residues 210-221 of a GFAP protein corresponding to amino acid positions

set forth in SEQ ID NO:212. In some embodiments, the antibody or antigen-binding fragment

comprises (a) a heavy chain variable region comprising CDR-Hl, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:86, SEQ ID NO: 101 and SEQ ID NO: 118, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 135, SEQ ID NO: 151 and SEQ ID NO: 166, respectively; (b) a heavy chain variable

region comprising CDR-Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:78,

SEQ ID NO: 102 and SEQ ID NO: 119, respectively and/or a light chain variable region

comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 136, SEQ ID

NO: 152 and SEQ ID NO: 167, respectively; or (c) a heavy chain variable region comprising

CDR-Hl, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:78, SEQ ID NO: 103 and



SEQ ID NO: 120, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2

and CDR-L3 amino acid sequences of SEQ ID NO: 137, SEQ ID NO: 142 and SEQ ID NO: 158,

respectively.

[0047] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds

to an epitope within residues 320-329 of a GFAP protein corresponding to amino acid positions

set forth in SEQ ID NO:212. In some embodiments, the antibody or antigen-binding fragment

comprises (a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:87, SEQ ID NO: 104 and SEQ ID NO: 121, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 138, SEQ ID NO: 153 and SEQ ID NO: 168, respectively; or (b) a heavy chain

variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID

NO:88, SEQ ID NO: 105 and SEQ ID NO: 122, respectively and/or a light chain variable region

comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 139, SEQ ID

NO: 154 and SEQ ID NO: 169, respectively.

[0048] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds

to an epitope within residues 346-357 and/or 376-387 of a GFAP protein corresponding to

amino acid positions set forth in SEQ ID NO:212. In some embodiments, the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID

NO: 122, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 139, SEQ ID NO: 154 and SEQ ID NO: 169,

respectively.

[0049] In some aspects, provided herein are antibodies or antigen-binding fragments thereof

that specifically binds to human GFAP, wherein the antibody or antigen-binding fragment binds

to an epitope within residues 138-149 of a GFAP protein corresponding to amino acid positions

set forth in SEQ ID NO:212. In some embodiments, the antibody or antigen-binding fragment

comprises a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID NO: 123, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170, respectively.



[0050] In some of any of the embodiments herein, the antibody or antigen-binding fragment

does not bind to an epitope within or that is or includes residues 190-202 of a human GFAP

protein corresponding to amino acid positions set forth in SEQ ID NO:212; and/or does not bind

to the same or overlapping epitope as a reference antibody comprising a variable heavy chain set

forth in SEQ ID NO: 173 and a variable light chain set forth in SEQ ID NO: 190; and/or does not

compete for binding to GFAP with a reference antibody comprising a variable heavy chain set

forth in SEQ ID NO: 173 and a variable light chain set forth in SEQ ID NO: 190.

[0051] In some of any of the embodiments herein, the GFAP (e.g., human GFAP) is

recombinant GFAP (e.g., recombinant human GFAP). In some of any of the embodiments

herein, the GFAP (e.g., human GFAP) is native GFAP (e.g., native human GFAP). In some

further embodiments, the native GFAP is present in or obtained from serum, plasma, blood,

cerebrospinal fluid (CSF), urine, sweat, or saliva.

[0052] In some of any of the embodiments herein, the antibody or antigen-binding fragment

is isolated. In some of any of the embodiments herein, the antibody is a humanized antibody, a

chimeric antibody or a human antibody. In some of any of the embodiments herein, the

antibody is a murine antibody.

[0053] In some of any of the embodiments herein, the antibody is an antigen-binding

fragment thereof. In a further embodiment, the antigen-binding fragment thereof is a Fab, Fab'-

SH, Fv, scFv, or (Fab')2 fragment.

[0054] In some of any of the embodiments herein, the antibody is a full length or intact

antibody.

[0055] In some of any of the embodiments herein, the antibody further comprises a heavy

chain constant domain and/or a light chain constant domain. In a further embodiment, the heavy

chain and/or light constant domain is murine or human. In some further embodiments, the heavy

chain constant domain is IgGl, IgG2a, IgG2b or IgM.

[0056] In some of any of the embodiments herein, the antibody is a monoclonal antibody.

[0057] In some of any of the embodiments herein, the antibody is attached to a label. In a

further embodiment, the label is a fluorescent dye, a fluorescent protein, a radioisotope, a

chromophores, a metal ion, gold particles, silver particles, magnetic particles, a polypeptides, an

enzyme, streptavidin, biotin, a luminescent compound, or an oligonucleotide.

[0058] In some aspects, provided herein is a nucleic acid encoding an antibody or antigen-

binding fragment described herein. In some embodiments, provided herein is a vector encoding



such a nucleic acid. In a further embodiment, the vector is an expression vector. In some

embodiments, provided herein is a host cell comprising such a nucleic acid or vector.

[0059] In some aspects, provided herein is a nucleic acid encoding a heavy chain comprising

a heavy variable region described herein. In some embodiments, provided herein is a vector

encoding such a nucleic acid. In a further embodiment, the vector is an expression vector. In

some embodiments, provided herein is a host cell comprising such a nucleic acid or vector.

[0060] In some aspects, provided herein is a nucleic acid encoding a light chain comprising a

light variable region described herein. In some embodiments, provided herein is a vector

encoding such a nucleic acid. In a further embodiment, the vector is an expression vector. In

some embodiments, provided herein is a host cell comprising such a nucleic acid or vector.

[0061] In some aspects, provided herein is a method of producing an antibody or antigen-

binding fragment thereof described herein (e.g., anti-UCH-Ll antibody or anti-GFAP antibody)

comprising culturing the host cell described herein under a condition that produces the antibody

or antigen-binding fragment. In a further embodiment, the method further comprises recovering

the antibody or antigen-binding fragment produced by the host cell. In some embodiments,

provided herein is an anti-UCH-Ll antibody or antigen-binding fragment thereof produced by

such methods. In some embodiments, provided herein is an anti-GFAP antibody or antigen-

binding fragment thereof produced by such methods.

[0062] In some aspects, provide herein is a composition comprising an antibody or antigen-

binding fragment thereof described herein (e.g., anti-UCH-Ll antibody or anti-GFAP antibody).

In some embodiments, the composition further comprises a pharmaceutically acceptable carrier.

[0063] In some aspects, provided herein is a combination of antibodies or antigen-binding

fragments thereof, wherein the combination comprises two or more anti-UCH-Ll antibodies or

antigen-binding fragments described herein. In some embodiments, the two or more antibodies

or antigen-binding fragments comprise one or more first antibody or antigen-binding fragment

thereof that binds to a first epitope or region within UCH-Ll; and one or more second antibody

or antigen-binding fragment thereof that binds to a second epitope or region within UCH-Ll. In

some further embodiments, the one or more first antibody or antigen-binding fragments thereof,

and the one or more second antibody or antigen-binding fragments thereof bind to a non-

overlapping epitope or region of UCH-Ll (e.g., human UCH-Ll) and/or do not compete for

binding to UCH-Ll.

[0064] In some of any such embodiments, (i) the one or more first antibody or antigen-

binding fragment thereof binds to an epitope within or that is or includes residues 28-36 of



UCH-L1 protein, residues 98-106 of UCH-L1 protein, residues 138-145 of UCH-L1 protein,

and/or residues 142-149 of UCH-L1 protein corresponding to amino acid positions set forth in

SEQ ID NO:207; and (ii) the one or more second antibody or antigen-binding fragment thereof

binds to an epitope that is not the same as or does not overlap with an epitope of (i). In some of

any such embodiments, (i) the one or more first antibody or antigen-binding fragment thereof

binds to an epitope within or that is or includes residues 28-36 of UCH-L1 protein and/or

residues 98-106 of UCH-L1 protein corresponding to amino acid positions set forth in SEQ ID

NO:207; and (ii) the one or more second antibody or antigen-binding fragment thereof binds to

an epitope within or that is or includes residues 138-145 of UCH-L1 protein and/or residues 142-

149 of UCH-L1 protein corresponding to amino acid positions set forth in SEQ ID NO:207.

[0065] In some embodiments, the at least one of the antibodies or antigen-binding fragments

of the combination of two or more anti-UCH-Ll antibodies or antigen-binding fragments

described herein, optionally the one or more first antibody or antigen-binding fragment thereof

or the one or more second antibody or antigen-binding fragment thereof, is conjugated to a label.

In some embodiments, the at least one of the antibodies or antigen-binding fragments, optionally

the one or more first antibody or antigen-binding fragment thereof or the one or more second

antibody or antigen-binding fragment thereof, is attached or immobilized to a solid support. In

some embodiments, the one or more first or second antibody or antigen-binding fragment is

attached or immobilized to a solid support and the other of the one or more first or second

antibody or antigen-binding fragment is conjugated to a label. In some embodiments, the label

is a fluorescent dye, a fluorescent protein, a radioisotope, a chromophore, a metal ion, gold

particles, silver particles, magnetic particles, a polypeptide, an enzyme, streptavidin, biotin, a

luminescent compound, or an oligonucleotide. In some embodiments, the solid support is a bead,

a column, an array, an assay plate, a microwell, a stick, a filter, or a strip.

[0066] In some aspects, provided herein is a combination antibodies or antigen-binding

fragments thereof, wherein the combination comprises two or more anti-GFAP antibodies or

antigen-binding fragments described herein. In some embodiments, the two or more antibodies

or antigen-binding fragments comprise one or more first antibody or antigen-binding fragment

thereof that binds to a first epitope or region within GFAP; and one or more second antibody or

antigen-binding fragment thereof that binds to a second epitope or region within GFAP. In some

further embodiments, the one or more first antibody or antigen-binding fragments thereof, and

the one or more second antibody or antigen-binding fragments thereof bind to a non-overlapping

epitope or region of GFAP (e.g., human GFAP) and/or do not compete for binding to GFAP.



[0067] In some of any such embodiments, (i) the one or more first antibody or antigen-

binding fragment thereof binds to an epitope within or that is or includes residues 92-106 of

GFAP protein, residues 190-202 of GFAP protein, residues 16-35 and/or 380 of GFAP protein,

residues 119 and/or 190 of GFAP protein, residues 380-391 of GFAP protein, residues 119-130

of GFAP protein, residues 210-221 of GFAP protein, residues 320-329 of GFAP protein, 346-

357 and/or 376-387 of GFAP protein and/or residues 138-149 of GFAP protein corresponding to

amino acid positions set forth in SEQ ID NO:212; and (ii) the one or more second antibody or

antigen-binding fragment thereof binds to an epitope that is not the same as or does not overlap

with an epitope of (i). In some of any such embodiments, (i) the one or more first antibody or

antigen-binding fragment thereof binds to an epitope within or that is or includes amino acid

residues 190-202 of GFAP protein corresponding to amino acid positions set forth in SEQ ID

NO:212; and (ii) the one or more second antibody antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 92-106 of GFAP protein, residues 16-35 and/or 380

of GFAP protein, residues 119 and/or 190 of GFAP protein, residues 380-391 of GFAP protein,

residues 119-130 of GFAP protein, residues 210-221 of GFAP protein, residues 320-329 of

GFAP protein, 346-357 and/or 376-387 of GFAP protein and/or residues 138-149 of GFAP

protein corresponding to amino acid positions set forth in SEQ ID NO:212.

[0068] In some embodiments, the at least one of the antibodies or antigen-binding fragments

of the combination of two or more anti-GFAP antibodies or antigen-binding fragments described

herein, optionally the one or more first antibody or antigen-binding fragment thereof or the one

or more second antibody or antigen-binding fragment thereof, is conjugated to a label. In some

embodiments, the at least one of the antibodies or antigen-binding fragments, optionally the one

or more first antibody or antigen-binding fragment thereof or one or more second antibody or

antigen-binding fragment thereof, is attached or immobilized to a solid support. In some

embodiments, the one or more first or second antibody or antigen-binding fragment is attached

or immobilized to a solid support and the other of the one or more first or second antibody or

antigen-binding fragment is conjugated to a label. In some embodiments, the label is a

fluorescent dye, a fluorescent protein, a radioisotope, a chromophore, a metal ion, gold particles,

silver particles, magnetic particles, a polypeptide, an enzyme, streptavidin, biotin, a luminescent

compound, or an oligonucleotide. In some embodiments, the solid support is a bead, a column,

an array, an assay plate, a microwell, a stick, a filter, or a strip.

[0069] In some aspects, provided herein is a combination of antibodies or antigen-binding

fragments thereof, wherein the combination comprises at least one anti-UCH-Ll antibody such



as at least one anti-UCH-Ll antibody described herein or a combination of anti-UCH-Ll

antibodies as set forth herein; and at least one anti-GFAP antibody such as at least one anti-

GFAP antibody described herein or a combination of anti-GFAP antibodies as set forth herein.

[0070] In some aspects, provided herein is a solid support, comprising immobilized thereto

an antibody or antigen-binding fragment described herein (e.g., anti-UCH-Ll antibody and/or

anti-GFAP antibody). In a further embodiment, the solid support is a bead, a column, an array,

an assay plate, a microwell, a stick, a filter, or a strip.

[0071] In some aspects, provided herein is a device comprising a solid support described

herein. In a further embodiment, the device is a rapid detection device or a rapid diagnostic

device.

[0072] In some aspects, provided herein is a kit comprising an antibody or antigen-binding

fragment described herein (e.g., anti-UCH-Ll antibody and/or anti-GFAP antibody), a

composition described herein or a combination of antibodies or antigen-binding fragments

described herein, and optionally instructions for use. In some embodiments, the kit further

comprises a solid support or a device comprising a solid support. In a further embodiment, the

solid support is a bead, a column, an array, an assay plate, a microwell, a stick, a filter, or a strip.

In some of the embodiments herein, the device is a rapid detection device or a rapid diagnostic

device. In some of any such embodiments herein, the instructions specify an assay for detecting

UCH-L1 or GFAP in a sample and/or for determining an amount of UCH-L1 or GFAP in a

sample.

[0073] In some aspects, provided herein is a method of detecting UCH-L1 in a human

subject, the method comprising the steps of: (a) contacting a sample with one or more first

antibody or antigen-binding fragment such as one or more described herein (e.g., anti-UCH-Ll

antibody) under conditions to form a complex comprising the antibody or antigen-binding

fragment and UCH-L1; and (b) detecting the presence or absence of the complex in the sample,

thereby detecting UCH-L1 in the sample. In a further embodiment, the method of detecting

comprises an immunoassay. In a further embodiment, the immunoassay is an enzyme-linked

immunosorbent assay (ELISA). In a further embodiment, the ELISA is a sandwich ELISA. In

some of any such embodiments, detecting the presence or absence of the complex in step (b),

comprises (i) contacting the complex of step (a) with one or more second antibody or antigen-

binding fragments thereof under conditions to bind UCH-L1 in the complex, the one or more

second antibody or antigen-binding fragment thereof being conjugated to a label capable of

producing a detectable signal; and (ii) assessing the presence or absence of the detectable signal.



In a further embodiment, the one or more second antibody or antigen-binding fragment

comprises one or more antibody or antigen-binding fragment described herein (e.g., anti-UCH-

Ll antibody).

[0074] In some aspects, provided herein is a method of detecting human UCH-Ll in a

sample from a subject, the method comprising (a) contacting a sample with one or more first

antibody or antigen-binding fragments that specifically binds human UCH-Ll under conditions

to form a complex comprising the antibody or antigen-binding fragment and UCH-Ll; and (b)

detecting the presence or absence of the complex in the sample, said detecting comprising: (i)

contacting the complex of step (a) with one or more second antibody or antigen-binding

fragments thereof that specifically binds UCH-Ll under conditions to bind UCH-Ll in the

complex, the one or more second antibody or antigen-binding fragment thereof being conjugated

to a label capable of producing a detectable signal; and (ii) assessing the presence or absence of

the detectable signal, thereby detecting UCH-Ll in the sample, wherein at least one of the one or

more first antibody or antigen-binding fragments and one or more of the second antibody or

antigen-binding fragments comprise an antibody or antigen-binding fragment described herein

(e.g., anti-UCH-Ll antibody). In a further embodiment, the one or more second antibody or

antigen-binding fragment binds to an epitope of UCH-Ll that is not the same as or does not

overlap with an epitope bound by the antibody or antigen-binding fragment of (a). In some of

any such embodiments, (1) the one or more first antibody or antigen-binding fragment thereof

binds to an epitope within or that is or includes residues 28-36 of UCH-Ll protein, residues 98-

106 of UCH-Ll protein, residues 138-145 of UCH-Ll protein, and/or residues 142-149 of UCH-

Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207; and (2) the one or

more second antibody or antigen-binding fragment thereof binds to an epitope that is not the

same as or does not overlap with an epitope of (1). In some of any such embodiments, (1) the

one or more first antibody or antigen-binding fragment thereof binds to an epitope within or that

is or includes residues 28-36 of UCH-Ll protein and/or residues 98-106 of UCH-Ll protein

corresponding to amino acid positions set forth in SEQ ID NO:207; and (2) the one or more

second antibody or antigen-binding fragment thereof binds to an epitope within or that is or

includes residues 138-145 of UCH-Ll protein and/or residues 142-149 of UCH-Ll protein

corresponding to amino acid positions set forth in SEQ ID NO:207.

[0075] In some aspects, provided herein is a method of detecting GFAP in a human subject,

the method comprising the steps of: (a) contacting a sample with one or more first antibody or

antigen-binding fragment such as one or more described herein (e.g., anti-GFAP antibody) under



conditions to form a complex comprising the antibody or antigen-binding fragment and GFAP;

and (b) detecting the presence or absence of the complex in the sample, thereby detecting GFAP

in the sample. In a further embodiment, the method of detecting comprises an immunoassay. In

a further embodiment, the immunoassay is an enzyme-linked immunosorbent assay (ELISA). In

a further embodiment, the ELISA is a sandwich ELISA. In some of any such embodiments,

detecting the presence or absence of the complex in step (b), comprises (i) contacting the

complex of step (a) with one or more second antibody or antigen-binding fragments thereof

under conditions to bind GFAP in the complex, the one or more second antibody or antigen-

binding fragment thereof being conjugated to a label capable of producing a detectable signal;

and (ii) assessing the presence or absence of the detectable signal. In a further embodiment, the

one or more second antibody or antigen-binding fragment comprises one or more antibody or

antigen-binding fragment described herein (e.g., anti-GFAP antibody).

[0076] In some aspects, provided herein is a method of detecting human GFAP in a sample

from a subject, the method comprising (a) contacting a sample with one or more first antibody or

antigen-binding fragments that specifically binds human GFAP under conditions to form a

complex comprising the antibody or antigen-binding fragment and GFAP; and (b) detecting the

presence or absence of the complex in the sample, said detecting comprising: (i) contacting the

complex of step (a) with one or more second antibody or antigen-binding fragments thereof that

specifically binds GFAP under conditions to bind GFAP in the complex, the one or more second

antibody or antigen-binding fragment thereof being conjugated to a label capable of producing a

detectable signal; and (ii) assessing the presence or absence of the detectable signal, thereby

detecting GFAP in the sample, wherein at least one of the one or more first antibody or antigen-

binding fragments and one or more of the second antibody or antigen-binding fragments

comprise an antibody or antigen-binding fragment described herein (e.g., anti-GFAP antibody).

In a further embodiment, the one or more second antibody or antigen-binding fragment binds to

an epitope of GFAP that is not the same as or does not overlap with an epitope bound by the

antibody or antigen-binding fragment of (a). In some of any such embodiments, (1) the one or

more first antibody or antigen-binding fragment thereof binds to an epitope within or that is or

includes residues 92-106 of GFAP protein, residues 190-202 of GFAP protein, residues 16-35

and/or 380 of GFAP protein, residues 119 and/or 190 of GFAP protein, residues 380-391 of

GFAP protein, residues 119-130 of GFAP protein, residues 210-221 of GFAP protein, residues

320-329 of GFAP protein, 346-357 and/or 376-387 of GFAP protein and/or residues 138-149 of

GFAP protein corresponding to amino acid positions set forth in SEQ ID NO:212; and (2) the



one or more second antibody or antigen-binding fragment thereof binds to an epitope that is not

the same as or does not overlap with an epitope of (1). In some of any such embodiments, (1)

the one or more first antibody or antigen-binding fragment thereof binds to an epitope within or

that is or includes amino acid residues 190-202 of GFAP protein corresponding to amino acid

positions set forth in SEQ ID NO:212; and (2) the one or more second antibody antigen-binding

fragment thereof binds to an epitope within or that is or includes residues 92-106 of GFAP

protein, residues 16-35 and/or 380 of GFAP protein, residues 119 and/or 190 of GFAP protein,

residues 380-391 of GFAP protein, residues 119-130 of GFAP protein, residues 210-221 of

GFAP protein, residues 320-329 of GFAP protein, 346-357 and/or 376-387 of GFAP protein

and/or residues 138-149 of GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

[0077] In some embodiments of the method of detecting herein (e.g., detecting UCH-Ll

and/or GFAP), prior to step (b) separating or washing the complex formed in step (a) from the

sample not comprised in the complex. In some embodiments of the method, the one or more

first antibody or antigen-binding fragment thereof is attached or immobilized to a solid support.

In some embodiments of the method, prior to step (b)(ii) removing the one or more second

antibody or antigen-binding fragments thereof not bound to the complex. In some of any such

embodiments, the sample is isolated or obtained from the individual. In some of any such

embodiments, the sample is serum, plasma, blood, cerebrospinal fluid (CSF), urine, sweat, or

saliva. In some of any such embodiments, the method further comprises (c) determining the

amount of UCH-Ll detected in the sample. In some of any such embodiments, the method

further comprises (c) determining the amount of GFAP detected in the sample.

[0078] In some aspects, provided herein is a method of diagnosing brain injury or damage in

a subject, the method comprising performing a method of detecting UCH-Ll, such as a method

of detecting described herein, thereby determining the amount of UCH-Ll in the sample; and (i)

if the amount of UCH-Ll in the sample is greater than or equal to or about a UCH-Ll threshold

level, diagnosing the subject as having a brain injury or damage or at risk of having a brain

injury or damage; or (ii) if the amount of UCH-Ll in the sample is below the UCH-Ll threshold

level, diagnosing the subject as not having a brain injury or damage or not being at risk of

having a brain injury or damage. In some embodiments, if the subject is identified as having a

brain injury or damage or of being at risk of having a brain injury or damage administering a

therapeutic agent to the subject to treat the brain injury or damage. In some of any such

embodiments, if the subject is identified as having a brain injury or damage or of being at risk of



having a brain injury or damage, carrying out neuroimaging on the subject's brain. In any such

embodiments, if the subject is identified as not having a brain injury or damage or not being at

risk of having a brain injury or damage, neuroimaging of the subject's brain is not carried out.

[0079] In some aspects, provided herein is a method of diagnosing brain injury or damage in

a subject, the method comprising performing a method of detecting GFAP, such as a method of

detecting described herein, thereby determining the amount of GFAP in the sample; and (i) if the

amount of GFAP in the sample is greater than or equal to or about a GFAP threshold level,

diagnosing the subject as having a brain injury or damage or at risk of having a brain injury or

damage; or (ii) if the amount of GFAP in the sample is below the GFAP threshold level,

diagnosing the subject as not having a brain injury or damage or not being at risk of having a

brain injury or damage. In some embodiments, if the subject is identified as having a brain

injury or damage or of being at risk of having a brain injury or damage administering a

therapeutic agent to the subject to treat the brain injury or damage. In some of any such

embodiments, if the subject is identified as having a brain injury or damage or of being at risk of

having a brain injury or damage, carrying out neuroimaging on the subject's brain. In any such

embodiments, if the subject is identified as not having a brain injury or damage or not being at

risk of having a brain injury or damage, neuroimaging of the subject's brain is not carried out.

[0080] In some aspects, provided herein is a method of diagnosing brain injury in a subject,

the method comprising: (a) performing a method of detecting UCH-L1, such as a method of

detecting described herein, thereby determining the amount of UCH-L1 in the sample; (b)

performing a method of detecting GFAP, such as a method of detecting described herein,

thereby determining the amount of GFAP in the sample; and (i) if the amount of UCH-L1 in the

sample is greater than or equal to or about a UCH-L1 threshold level and/or if the amount of

GFAP in the sample is greater than or equal to or about a GFAP threshold level, diagnosing the

subject as having a brain injury or damage or at risk of having a brain injury or damage; or (ii) if

the amount of UCH-L1 in the sample is below the UCH-L1 threshold level and/or if the amount

of GFAP in the sample is below the GFAP threshold level, diagnosing the subject as not having

a brain injury or damage or not being at risk of having a brain injury or damage. In some

embodiments, if the subject is identified as having a brain injury or damage or of being at risk of

having a brain injury or damage administering a therapeutic agent to the subject to treat the brain

injury or damage. In some of any such embodiments, if the subject is identified as having a

brain injury or damage or of being at risk of having a brain injury or damage, carrying out

neuroimaging on the subject's brain. In any such embodiments, if the subject is identified as not



having a brain injury or damage or not being at risk of having a brain injury or damage,

neuroimaging of the subject's brain is not carried out.

[0081] In some aspects, provided herein is a method of treating a subject for a brain injury or

damage, comprising: a) performing the method of diagnosing such as a method described herein;

and b) if the subject is identified as having a brain injury or damage or being at risk of having a

brain injury or damage administering a therapeutic agent to the subject to treat the brain injury or

damage. In a further embodiment, the therapeutic agent is selected from an N-methyl-D-

aspartate (NMD A) receptor antagonist, a sodium channel antagonist, a nitric oxide synthase

(NOS) inhibitor, a glycine site antagonist, a potassium channel opener, an AMPA/kainate

receptor antagonist, a calcium channel antagonist, a GABA-A receptor modulator, an anti

inflammatory agent or a combination thereof.

[0082] In some aspects, provided herein is a method of predicting if a subject is in need of

neuroimaging for a suspected brain injury or damage, the method comprising (a) performing a

method of detecting UCH-Ll, such as in a method of detecting described herein, thereby

determining the amount of UCH-Ll in the sample; and/or (b) performing the method of

detecting GFAP, such as in a method of detecting described herein, thereby determining the

amount of GFAP in the sample; and (i) if the amount of UCH-Ll in the sample is greater than or

equal to or about a UCH-Ll threshold level and/or if the amount of GFAP in the sample is

greater than or equal to or about a GFAP threshold level, predicting the subject is in need of

neuroimaging; or (ii) if the amount of UCH-Ll in the sample is below the UCH-Ll threshold

level and/or if the amount of GFAP in the sample is below the GFAP threshold level, predicting

the subject is not in need of neuroimaging.

[0083] In some aspects, provided herein is a method of method of predicting if a subject is in

need of neuroimaging for a suspected brain injury or damage, comprising a) performing a

method of diagnosing or detecting UCH-Ll and/or GFAP, such as in a method of diagnosing or

detecting described herein; and b) if the subject is identified as having a brain injury or damage

or being at risk of having a brain injury or damage predicting the subject is in need of

neuroimaging. In some embodiments, the method further comprises carrying out the

neuroimaging on the subject's brain.

[0084] In some any such embodiments of the methods herein, the neuroimaging is by

computed tomography (CT) or magnetic resonance imaging (MRI).

[0085] In some of any such embodiments of the methods herein, the UCH-Ll threshold level

is or is about 30 pg/mL, is or is about 40 mg/mL, is or is about 60 pg/mL, is or is about 80



pg/mL, is or is about 100 pg/mL, is or is about 150 pg/mL, is or is about 200 pg/mL, is or is

about 250 pg/mL, is or is about 300 pg/mL, is or is about 400 pg/mL or is or is about 500

pg/mL. In some embodiments, the UCH-L1 threshold level is or is about 100 pg/mL. In some

embodiments, the UCH-L1 threshold level is or is about 200pg/ml.

[0086] In some of any such embodiments of the methods herein, the GFAP threshold level is

or is about 10 pg/mL, is or is about 20 pg/mL, is or is about 30 pg/mL, is or is about 40 pg/mL,

is or is about 50 pg/ml, is or is about 60 pg/mL, is or is about 70 pg/mL, is or is about 80 pg/mL,

is or is about 90 pg/mL, is or is about 100 pg/mL, is or is about 150 pg/mL, is or is about 200

pg/mL, is or is about 250 pg/mL or is or is about 300 pg/mL. In some embodiments, the GFAP

threshold level is or is about 50 pg/ml. In some embodiments, the GFAP threshold level is or is

about 70 pg/ml.

[0087] In some of any such embodiments herein, the UCH-L1 threshold level is 200 pg/mL

and the GFAP threshold level is 70 pg/mL.

[0088] In some of any such embodiments of the methods herein, the brain injury or damage

is associated with or caused by mechanical damage, hypoxia, infectious disease, disease

affecting nerve cells, toxin damage or neurological disease or condition. In some embodiments,

the mechanical damage is traumatic brain injury or chronic traumatic encephalopathy. In a

further embodiment, the brain injury or damage is traumatic brain injury. In a further

embodiment, the traumatic brain injury is a mild traumatic brain injury. In some embodiments,

the hypoxia is associated with stroke, vasculitis, ischemia, or cardiac disease. In some

embodiments, the infectious disease comprises infection with a Mycobacterium bacteria,

Neisseria meningitidis, a Herpesviridiae virus, a poliovirus, mumps virus, an Enteroviridiae

virus, West Nile virus, or tick-borne encephalitis virus. In some embodiments, the disease

affecting nerve cells is Alzheimer's disease, Lewy body dementia, vascular dementia, diabetic

dementia, Parkinson's disease, ALS, or prion disease. In some embodiments, the toxin damage

is associated with exposure to nerve agents, alcoholic dementia, heavy metal poisoning,

psychoactive agents, chemotherapeutic agents, biological agents, or antibiotics.

[0089] In some of any such embodiments of the methods herein, the sample is obtained from

the subject no more than about 30 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 8 hours, 12 hours,

24 hours or 48 hours after a brain injury or damage or a suspected brain injury or damage

[0090] In some of any such embodiments of the methods herein, the sample is obtained from

the subject no more than about 8 hours after a brain injury or damage or a suspected brain injury

or damage.



[0091] In some of any such embodiments of the methods herein, the sample is serum.

[0092] In some of any such embodiments of the methods herein, the sample is CSF.

[0093] In some of any such embodiments of the methods herein, the method is performed in

vitro.

[0094] It is to be understood that one, some, or all of the properties of the various

embodiments described herein may be combined to form other embodiments of the present

invention. These and other aspects of the invention will become apparent to one of skill in the

art. These and other embodiments of the invention are further described by the detailed

description that follows.

DETAILED DESCRIPTION

[0095] Provided are antibodies that bind ubiquitin c-terminal hydrolase LI (UCH-L1),

including antigen-binding fragment of such antibodies, nucleic acids encoding such antibodies

and antigen-binding fragments, and cells, such as recombinant cells for expressing and

production of these antibodies and antigen-binding fragments. Also provided herein are

antibodies that bind glial fibrillary acidic protein (GFAP), including antigen-binding fragment of

such antibodies, nucleic acids encoding such antibodies and antigen-binding fragments, and

cells, such as recombinant cells for expressing and production of these antibodies and antigen-

binding fragments. Also provided are methods of producing and using the antibodies and

antigen-binding fragments such as in methods for detecting UCH-L1 and/or GFAP in a sample

from an individual, methods of diagnosing a brain injury or neurological condition in an

individual and methods of predicting the likelihood such an individual will need neuroimaging

(e.g., a computed tomography scan) and/or therapeutic intervention.

[0096] All references cited herein, including patent applications, patent publications, and

scientific literature and databases, are herein incorporated by reference in their entirety for all

purposes to the same extent as if each individual reference were specifically and individually

indicated to be incorporated by reference.

[0097] For clarity of disclosure, and not by way of limitation, the detailed description is

divided into the subsections that follow. The section headings used herein are for organizational

purposes only and are not to be construed as limiting the subject matter described.

I. Definitions.

[0098] Unless defined otherwise, all terms of art, notations and other technical and scientific

terms or terminology used herein are intended to have the same meaning as is commonly



understood by one of ordinary skill in the art to which the claimed subject matter pertains. In

some cases, terms with commonly understood meanings are defined herein for clarity and/or for

ready reference, and the inclusion of such definitions herein should not necessarily be construed

to represent a substantial difference over what is generally understood in the art.

[0099] Before describing the invention in detail, it is to be understood that this invention is

not limited to particular compositions or biological systems, which can, of course, vary. It is also

to be understood that the terminology used herein is for the purpose of describing particular

embodiments only, and is not intended to be limiting.

[0100] As used in this specification and the appended claims, the singular forms "a", "an"

and "the" include plural referents unless the content clearly dictates otherwise. Thus, for

example, reference to "a molecule" optionally includes a combination of two or more such

molecules, and the like.

[0101] The term "about" as used herein refers to the usual error range for the respective

value readily known to the skilled person in this technical field. Reference to "about" a value or

parameter herein includes (and describes) embodiments that are directed to that value or

parameter per se.

[0102] It is understood that aspects and embodiments of the invention described herein

include "comprising," "consisting," and "consisting essentially of aspects and embodiments.

[0103] As used herein, "optional" or "optionally" means that the subsequently described

event or circumstance does or does not occur, and that the description includes instances where

said event or circumstance occurs and instances where it does not. For example, an optionally

substituted group means that the group is unsubstituted or is substituted.

[0104] As used herein, "antibody" refers to immunoglobulins and immunoglobulin

fragments, whether natural or partially or wholly synthetically, such as recombinantly, produced,

including any fragment thereof containing at least a portion of the variable heavy chain and/or

light chain region of the immunoglobulin molecule that is sufficient to form an antigen binding

site and, when assembled, to specifically bind antigen. Hence, an antibody includes any protein

having a binding domain that is homologous or substantially homologous to an immunoglobulin

antigen-binding domain (antibody combining site). Typically, antibodies minimally include all

or at least a portion of the variable heavy (VH) chain and/or the variable light (VL) chain. In

general, the pairing of a V H and V together form the antigen-binding site, although, in some

cases, a single V H or V domain is sufficient for antigen-binding. The antibody also can include

all or a portion of the constant region. Hence, it is understood that reference to an antibody



herein includes full-length antibody and antigen-binding fragments, including those that

specifically bind to UCH-L1 or GFAP. The term antibody also includes antibody compositions

with polyepitopic specificity, multispecific antibodies (e.g., bispecific antibodies), diabodies,

and single-chain molecules. Antibodies include polyclonal antibodies or monoclonal antibodies.

Antibody also includes synthetic antibodies or recombinantly produced antibodies. The term

"immunoglobulin" (Ig) is used interchangeably with "antibody" herein.

[0105] Thus, the term antibody includes full-length antibodies and portions thereof including

antibody fragments, wherein such contain a heavy chain or portion thereof and/or a light chain

or portion thereof. An antibody can contain two heavy chains (which can be denoted H and H')

and two light chains (which can be denoted L and L'). Each L chain is linked to an H chain by

one covalent disulfide bond, while the two H chains are linked to each other by one or more

disulfide bonds depending on the H chain isotype. Each H and L chain also has regularly spaced

intrachain disulfide bridges. Each H chain has at the N-terminus, a variable domain (VH)

followed by three constant domains (CHI, CH2 and CH3) for each of the a and γ chains and

four CH domains (CHI, CH2, CH3 and CH4) for µ and ε isotypes. Each L chain has at the N-

terminus, a variable domain (VL) followed by a constant domain (CL) at its other end. In some

cases, the heavy chain can be a full-length immunoglobulin heavy chain or a portion thereof

sufficient to form an antigen binding site (e.g., heavy chains include, but are not limited to, VH

chains, VH-CH1 chains and VH-CH1-CH2-CH3 chains), and/or each light chain can be a full-

length light chain or a portion thereof sufficient to form an antigen binding site (e.g., light chains

include, but are not limited to, VL chains and VL-CL chains). For the structure and properties of

the different classes of antibodies, see e.g., Basic and Clinical Immunology, 8th Edition, Daniel

P. Sties, Abba I . Terr and Tristram G. Parsolw (eds), Appleton & Lange, Norwalk, CT, 1994,

page 7 1 and Chapter 6 . Each heavy chain (H and H') pairs with one light chain (L and L',

respectively).

[0106] The terms "full-length antibody," "intact antibody" or "whole antibody" are used

interchangeably to refer to an antibody in its substantially intact form, as opposed to an antibody

fragment. A full-length antibody is an antibody typically having two full-length heavy chains

(e.g., VH-CH 1-CH2-CH3 or VH-CH 1-CH2-CH3 -CH4) and two full-length light chains (VL-

CL) and hinge regions, such as antibodies produced from mammalian species (e.g. human,

mouse, rat, rabbit, non-human primate, etc.) by antibody secreting B cells and antibodies with

the same domains that are produced synthetically. Specifically whole antibodies include those

with heavy and light chains including an Fc region. The constant domains may be native



sequence constant domains (e.g., human native sequence constant domains) or amino acid

sequence variants thereof. In some cases, the intact antibody may have one or more effector

functions.

[0107] An "antibody fragment" comprises a portion of an intact antibody, the antigen

binding and/or the variable region of the intact antibody. Antibody fragments, include, but are

not limited to, Fab fragments, Fab' fragments, F(ab')2 fragments, Fv fragments, disulfide-linked

Fvs (dsFv), Fd fragments, Fd' fragments; diabodies; linear antibodies (see U.S. Pat. No.

5,641,870, Example 2; Zapata et al, Protein Eng. 8(10) : 1057-1062 [1995]); single-chain

antibody molecules, including single-chain Fvs (scFv) or single-chain Fabs (scFab); antigen-

binding fragments of any of the above and multispecific antibodies from from antibody

fragments.

[0108] "Fv" is composed of one heavy- and one light-chain variable region domain linked

by non-covalent association. From the folding of these two domains emanate six

complementarity determining regions (CDR) (3 in each from the heavy and light chain) that

contribute the amino acid residues for antigen binding and confer antigen binding specificity to

the antibody. However, even a single variable domain (or half of an Fv comprising only three

CDRs specific for an antigen) has the ability to recognize and bind antigen, although, in some

cases, at a lower affinity than the entire binding site.

[0109] "dsFv" refers to an Fv with an engineered intermolecular disulfide bond, which

stabilizes the VH-VL pair.

[0110] An "Fd fragment" is a fragment of an antibody containing a variable domain (VH)

and one constant region domain (CHI) of an antibody heavy chain.

[0111] A "Fab fragment" is an antibody fragment that results from digestion of a full-length

immunoglobulin with papain, or a fragment having the same structure that is produced

synthetically, e.g., by recombinant methods. A Fab fragment contains a light chain (containing a

V and CL) and another chain containing a variable domain of a heavy chain (VH) and one

constant region domain of the heavy chain (CHI).

[0112] A "F(ab')2 fragment" is an antibody fragment that results from digestion of an

immunoglobulin with pepsin at pH 4.0-4.5, or a fragment having the same structure that is

produced synthetically, e.g., by recombinant methods. The F(ab')2 fragment essentially contains

two Fab fragments where each heavy chain portion contains an additional few amino acids,

including cysteine residues that form disulfide linkages joining the two fragments.



[0113] A "Fab' fragment" is a fragment containing one half (one heavy chain and one light

chain) of the F(ab')2 fragment.

[0114] An "Fd' fragment" is a fragment of an antibody containing one heavy chain portion

of a F(ab')2 fragment.

[0115] An "Fv' fragment" is a fragment containing only the VH and VL domains of an

antibody molecule.

[0116] An "scFv fragment" refers to an antibody fragment that contains a variable light

chain (VL) and variable heavy chain (VH), covalently connected by a polypeptide linker in any

order. The linker is of a length such that the two variable domains are bridged without

substantial interference. Exemplary linkers are (Gly-Ser) residues with some Glu or Lys

residues dispersed throughout to increase solubility.

[0117] "Diabodies" are dimeric scFv; diabodies typically have shorter peptide linkers than

scFvs, and preferentially dimerize.

[0118] As used herein, a "variable domain" with reference to an antibody is a specific Ig

domain of an antibody heavy or light chain that are generally the most variable parts of the

antibody (relative to other antibodies of the same class). The amino-terminal domain of each

light chain and each heavy chain has one variable region domain. The variable domains of the

heavy chain and light chain may be referred to as "VH" and "VL", respectively. Each variable

region contains complementarity-determining region CDRs that are part of the antigen binding

site domain and framework regions (FRs). The variable domains, which contain the antigen

binding sites, provide antigen specificity, and thus are responsible for antigen recognition.

[0119] The term "complementarity determining region" or "CDR" refers to sequences of

amino acids within antibody variable regions, which interact with cognate antigen and confer

antigen specificity and/or binding affinity. The CDRs are or are found within a "hypervariable

region" or "HVR" of an antibody, which are hypervariable in sequence and/or form structurally

defined loops ("hypervariable loops"). In some cases, CDRs are also referred to as a

hypervariable region or hypervariable loop. In general, there are three CDRs in each heavy

chain variable region (CDR-H1, CDR-H2, CDR-H3) and three CDRs in each light chain

variable region (CDR-L1, CDR-L2, CDR-L3).

[0120] "Framework regions" and "FR" refer to those variable domain residues of the

variable regions of the heavy and light chains other than the CDR residues as herein defined. In

general, there are four FRs in each full-length heavy chain variable region (FR-Hl, FR-H2, FR-



H3, and FR-H4), and four FRs in each full-length light chain variable region (FR-L1, FR-L2,

FR-L3, and FR-L4).

[0121] It is within the level of a skilled artisan to identify the amino acid sequence

boundaries of a given CDR or FR using any of a number of well-known schemes, including

those described by Kabat et al. (1991), "Sequences of Proteins of Immunological Interest," 5th

Ed. Public Health Service, National Institutes of Health, Bethesda, MD ("Kabat" numbering

scheme), Al-Lazikani et al., (1997) JMB 273,927-948 ("Chothia" numbering scheme),

MacCallum et al., J . Mol. Biol. 262:732-745 (1996), "Antibody-antigen interactions: Contact

analysis and binding site topography," J . Mol. Biol. 262, 732-745." ("Contact" numbering

scheme), Lefranc MP et al., "IMGT unique numbering for immunoglobulin and T cell receptor

variable domains and Ig superfamily V-like domains," Dev Comp Immunol, 2003 Jan;27(l):55-

77 ("IMGT" numbering scheme), Honegger A and Pliickthun A, "Yet another numbering

scheme for immunoglobulin variable domains: an automatic modeling and analysis tool," J Mol

Biol, 2001 Jun 8;309(3):657-70, ("Aho" numbering scheme) and Martin et al., "Modeling

antibody hypervariable loops: a combined algorithm," PNAS, 1989, 86(23):9268-9272, ("AbM"

numbering scheme).

[0122] The boundaries of a given CDR or FR may vary depending on the scheme used for

identification. For example, the Kabat scheme is based structural alignments, while the Chothia

scheme is based on structural information. Numbering for both the Kabat and Chothia schemes

is based upon the most common antibody region sequence lengths, with insertions

accommodated by insertion letters, for example, "30a," and deletions appearing in some

antibodies. The two schemes place certain insertions and deletions ("indels") at different

positions, resulting in differential numbering. The Contact scheme is based on analysis of

complex crystal structures and is similar in many respects to the Chothia numbering scheme.

[0123] Table 1 provides exemplary numbering schemes known to a skilled artisan for

identifying CDRs and FRs in antibodies. The Kabat designation is based on structural

alignments and sequence variability and is the most commonly used (Kabat et al., Sequences of

Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institute of Health,

Bethesda, MD (1991)). The Chothia designation is based on structural information relating to

the location of the structural loops (Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). The

"contact" designation is based on an analysis of the available complex crystal structures. The

AbM designation is another standard for describing CDRs and is used by Oxford's Molecular' s

AbM antibody modeling software.



Table 1

1 - Kabat et al. (1991), "Sequences of Proteins of Immunological Interest," 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, MD
2 - Al-Lazikani et al., (1997) JMB 273,927-948

[0124] Unless otherwise indicated, the variable-domain residues (CDR residues and

framework region residues) are numbered according to Kabat et al., supra. It is within the level

of a skilled artisan to readily determine CDR and FR variable domain residues in accord with

any of the other well-known numbering schemes and designations. It is understood that

embodiments described with respect to Kabat CDRs are also provided herein based on any other

alternative known standard or scheme for describing or classifying a CDR or hypervariable loop

of an antibody.

[0125] The expression "variable-domain residue-numbering as in Kabat" or "amino-acid-

position numbering as in Kabat" or "numbering according to Kabat" and variations thereof,

refers to the numbering system used for heavy-chain variable domains or light-chain variable

domains of the compilation of antibodies in Kabat et al., supra. Using this numbering system,

the actual linear amino acid sequence may contain fewer or additional amino acids

corresponding to a shortening of, or insertion into, a FR or HVR of the variable domain. For

example, a heavy-chain variable domain may include a single amino acid insert (residue 52a

according to Kabat) after residue 52 of H2 and inserted residues (e.g. residues 82a, 82b, and 82c,

etc. according to Kabat) after heavy-chain FR residue 82. The Kabat numbering of residues may

be determined for a given antibody by alignment at regions of homology of the sequence of the

antibody with a "standard" Kabat numbered sequence.

[0126] As used herein, a constant region domain is a domain in an antibody heavy or light

chain that contains a sequence of amino acids that is comparatively more conserved among

antibodies than the variable region domain. Each light chain has a single light chain constant

region (CL) domain, which is either of the kappa or lambda type. Each heavy chain contains

one or more heavy chain constant region (CH) domains that can be assigned to different classes



or isotypes. There are five classes of immunoglobulins: IgA, IgD, IgE, IgG and IgM, having

heavy chains designated , δ , ε , γ and µ , respectively. Full-length IgA, IgD and IgG isotypes

contain CHI, CH2, CH3 and a hinge region, while IgE and IgM contain CHI, CH2, CH3 and

CH4. The γ and a classes are further divided into subclasses on the basis of relatively minor

differences in the CH sequence and function, e.g., humans express the following subclasses:

IgGl, IgG2, IgG3, IgG4, IgAl and IgA2. IgGl antibodies can exist in multiple polymorphic

variants termed allotypes (reviewed in Jefferis and Lefranc 2009. mAbs Vol 1 Issue 4 1-7) any

of which are suitable. An antibody constant region can include an Fc portion. Although the

boundaries of the Fc region of an immunoglobulin heavy chain might vary, the human IgG

heavy-chain Fc region usually includes the region containing the CH2 and CH3 domains and the

hinge region, such as an amino acid residue at position Cys226, or from Pro230, to the carboxyl-

terminus thereof.

[0127] An "isolated" antibody is one that has been identified, separated and/or recovered

from a component of its production environment (e.g., naturally or recombinantly). In some

embodiments, the isolated polypeptide is free of association with all other components from its

production environment. Contaminant components of its production environment, such as that

resulting from recombinant transfected cells, are materials that would typically interfere with

research, diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones,

and other proteinaceous or non-proteinaceous solutes. In some embodiments, the polypeptide is

purified: (1) to greater than 95% by weight of antibody as determined by, for example, the

Lowry method, and in some embodiments, to greater than 99% by weight; (1) to a degree

sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a

spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under non-reducing or reducing

conditions using Coomassie blue or silver stain. Isolated antibody includes the antibody in situ

within recombinant cells since at least one component of the antibody's natural environment will

not be present. Ordinarily, however, an isolated polypeptide or antibody is prepared by at least

one purification step.

[0128] The term "monoclonal antibody" as used herein refers to an antibody obtained from a

population of substantially homogeneous antibodies, i.e., the individual antibodies comprising

the population are identical except for possible naturally occurring mutations and/or post-

translation modifications (e.g., isomerizations, amidations) that may be present in minor

amounts. In some embodiments, monoclonal antibodies have a C-terminal cleavage at the heavy

chain and/or light chain. For example, 1, 2, 3, 4, or 5 amino acid residues are cleaved at the C-



terminus of heavy chain and/or light chain. In some embodiments, the C-terminal cleavage

removes a C-terminal lysine from the heavy chain. In some embodiments, monoclonal

antibodies have an N-terminal cleavage at the heavy chain and/or light chain. For example, 1, 2,

3, 4, or 5 amino acid residues are cleaved at the N-terminus of heavy chain and/or light chain. In

some embodiments truncated forms of monoclonal antibodies can be made by recombinant

techniques. In some embodiments, monoclonal antibodies are highly specific, being directed

against a single antigenic site. In some embodiments, monoclonal antibodies are highly specific,

being directed against multiple antigenic sites (such as a bispecific antibody or a multispecific

antibody). The modifier "monoclonal" indicates the character of the antibody as being obtained

from a substantially homogeneous population of antibodies, and is not to be construed as

requiring production of the antibody by any particular method. For example, the monoclonal

antibodies provided in accord with the present disclosure may be made by a variety of

techniques, including, for example, the hybridoma method, recombinant DNA methods, phage-

display technologies and other technologies known to a skilled artisan for making or producing

antibodies.

[0129] The monoclonal antibodies herein specifically include "chimeric" antibodies

(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or

homologous to corresponding sequences in antibodies derived from a particular species or

belonging to a particular antibody class or subclass, while the remainder of the chain(s) is (are)

identical with or homologous to corresponding sequences in antibodies derived from another

species or belonging to another antibody class or subclass, as well as fragments of such

antibodies, so long as they exhibit the desired biological activity (U.S. Pat. No. 4,816,567;

Morrison et a , Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). As used herein, "humanized

antibody" is used as a subset of "chimeric antibodies."

[0130] "Humanized" forms of non-human (e.g., murine) antibodies are chimeric antibodies

that contain minimal sequence derived from non-human immunoglobulin. In one embodiment, a

humanized antibody is a human immunoglobulin (recipient antibody) in which residues from an

CDR of the recipient are replaced by residues from an CDR of a non-human species (donor

antibody) such as mouse, rat, rabbit or non-human primate having the desired specificity,

affinity, and/or capacity. In some instances, FR residues of the human immunoglobulin are

replaced by corresponding non-human residues. Furthermore, humanized antibodies may

comprise residues that are not found in the recipient antibody or in the donor antibody. These

modifications may be made to further refine antibody performance, such as binding affinity. In



general, a humanized antibody will comprise substantially all of at least one, and typically two,

variable domains, in which all or substantially all of the CDRs correspond to those of a non-

human immunoglobulin sequence, and all or substantially all of the FR regions are those of a

human immunoglobulin sequence, although the FR regions may include one or more individual

FR residue substitutions that improve antibody performance, such as binding affinity,

isomerization, immunogenicity, etc. In some embodiments, the number of these amino acid

substitutions in the FR are no more than 6 in the H chain, and in the L chain, no more than 3 .

The humanized antibody optionally will also comprise at least a portion of an immunoglobulin

constant region (Fc), typically that of a human immunoglobulin. For further details, see, e.g.,

Jones et al, Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-329 (1988); and

Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). See also, for example, Vaswani and Hamilton,

Ann. Allergy, Asthma & Immunol. 1:105-115 (1998); Harris, Biochem. Soc. Transactions

23:1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech. 5:428-433 (1994); and U.S. Pat. Nos.

6,982,321 and 7,087,409. In some embodiments, humanized antibodies are directed against a

single antigenic site. In some embodiments, humanized antibodies are directed against multiple

antigenic sites. An alternative humanization method is described in U.S. Pat. No. 7,981,843 and

U.S. Patent Application Publication No. 2006/0134098.

[0131] "Percent ( ) amino acid sequence identity" with respect to a reference polypeptide

sequence is defined as the percentage of amino acid residues in a candidate sequence that are

identical with the amino acid residues in the reference polypeptide sequence, after aligning the

sequences and introducing gaps, if necessary, to achieve the maximum percent sequence

identity, and not considering any conservative substitutions as part of the sequence identity.

Alignment for purposes of determining percent amino acid sequence identity can be achieved in

various ways that are within the skill in the art, for instance, using publicly available computer

software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled

in the art can determine appropriate parameters for aligning sequences, including any algorithms

needed to achieve maximal alignment over the full length of the sequences being compared. For

example, the % amino acid sequence identity of a given amino acid sequence A to, with, or

against a given amino acid sequence B (which can alternatively be phrased as a given amino

acid sequence A that has or comprises a certain % amino acid sequence identity to, with, or

against a given amino acid sequence B) is calculated as follows:

[0132] 100 times the fraction X/Y



[0133] where X is the number of amino acid residues scored as identical matches by the

sequence in that program's alignment of A and B, and where Y is the total number of amino acid

residues in B. It will be appreciated that where the length of amino acid sequence A is not equal

to the length of amino acid sequence B, the % amino acid sequence identity of A to B will not

equal the % amino acid sequence identity of B to A.

[0134] An antibody that "binds to", "specifically binds to" or is "specific for" a particular a

polypeptide or an epitope on a particular polypeptide is one that binds to that particular

polypeptide or epitope on a particular polypeptide without substantially binding to any other

polypeptide or polypeptide epitope. In some embodiments, binding of an anti-UCH-Ll antibody

described herein to an unrelated, non-UCH-Ll polypeptide is less than about 10% of the

antibody binding to UCH-Ll as measured by methods known in the art (e.g., enzyme-linked

immunosorbent assay (ELISA)). In some embodiments, binding of an anti-GFAP antibody

described herein to an unrelated, non-GFAP polypeptide is less than about 10% of the antibody

binding to GFAP as measured by methods known in the art (e.g., enzyme-linked immunosorbent

assay (ELISA)). Typically, an antibody that immunospecifically binds (or that specifically

binds) to UCH-Ll or GFAP is one that binds thereto with a dissociation constant (K ) of l x 10

M or 1x10 M or less (or an affinity constant KA of about or lxlO 7 M 1 or l x 10 M 1 or

greater).

[0135] "Binding affinity" as used herein refers to the strength of the non-covalent

interactions between a single binding site of a molecule (e.g., an antibody) and its binding

partner (e.g., an antigen). In some embodiments, the affinity of an antibody for a UCH-Ll or a

GFAP can generally be represented by a dissociation constant ( ) . Affinity can be measured

by common methods known in the art, including those described herein.

[0136] The term "UCH-Ll" as used herein refers to a human UCH-Ll protein or isoforms or

variants thereof, including naturally occurring variants of human UCH-Ll, such as splice

variants or allelic variants. The amino acid sequence of an exemplary human UCH-Ll is shown

in SEQ ID NO:207. The amino acid sequence of another exemplary human UCH-Ll is shown

in SEQ ID NO:208. The amino acid sequence of yet another exemplary human UCH-Ll is

shown in SEQ ID NO:209. The amino acid sequence of an exemplary human UCH-Ll is shown

in SEQ ID NO:210. The amino acid sequence of another exemplary human UCH-Ll is shown

in SEQ ID NO:21 1. In some embodiments, human UCH-Ll can refer to a variant, such as an

allelic variant or splice variant, that exhibits at least or at least about 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any of



SEQ ID NOS: 207, 208, 209, 210 or 2 11. In some embodiments, it is understood that the

provided antibodies or antigen-binding fragments may exhibit cross-reactive binding to another

mammalian UCH-L1 protein, such as a murine UCH-L1 or a primate UCH-L1.

Human UCH-L1 isoform 1 amino acid sequence

MQLKPMEINPEMLNKVLSRLGVAGQWRFVDVLGLEEESLGSVPAPACALLLLFPLTAQ

HENFRKKQIEELKGQEVSPKVYFMKQTIGNSCGTIGLIHAVANNQDKLGFEDGSVLKQF

LSETEKMSPEDRAKCFEKNEAIQAAHDAVAQEGQCRVDDKVNFHFILFNNVDGHLYEL

DGRMPFPVNHGASSEDTLLKDAAKVCREFTEREQGEVRFSAVALCKAA (SEQ ID

NO:207)

Human UCH-L1 isoform 2 amino acid sequence

MQLKPMEINPEMLNKVLSRLGVAGQWRFVDVLGLEEESLGSVPAPACALLLLFPLTAQ

HENFRKKQIEELKGQEVSPKVYFMKQTIGNSCGTIGLIHAVANNQDKLGFEDGSVLKQF

LSETEKMSPEDRAKCFEKNEAIQAAHDAVAQEGQCRVDDKVNFHFILFNNVDGHLYEL

DGRMPFPVNHGASSEDTLLKDAAKALKHKQSAQLSTGPLWCELQMVKHSPQCMSCIR

YLTL (SEQ ID NO:208)

Human UCH-L1 isoform 3 amino acid sequence

MQLKPMEINPEMLNKVLSRLGVAGQWRFVDVLGLEEESLGSVPAPACALLLLFPLTAQ

HENFRKKQIEELKGQEVSPKVYFMKQTIGNSCGTIGLIHAVANNQDKLGFEDGSVLKQF

LSETEKMSPEDRAKCFEKNEAIQAAHDAVAQEGQCRVDDKMDECLFR (SEQ ID

NO:209)

Human UCH-L1 isoform 4 amino acid sequence

MQLKPMEINPEMLNKVLSRLGVAGQWRFVDVLGLEEESLGSVPAPACALLLLFPLTAQ

HENFRKKQIEELKGQEVSPKVYFMKQTIGNSCGTIGLIHAVANNQDKLGFEDGSVLKQF

LSETEKMSPEDRAKCFEKNEAIQAAHDAVAQEGQCRVDDKTLPRSAENSPSVSKEKSAS

LPWLSARQPNALWEGLC (SEQ ID NO:210)

Human UCH-L1 isoform 5 amino acid sequence

MQLKPMEINPEMLNKVLSRLGVAGQWRFVDVLGLEEESLGSVPAPACALLLLFPLTAQ

HENFRKKQIEELKGQEVSPKVYFMKQTIGNSCGTIGLIHAVANNQDKLGFEDGSVLKQF



LSETEKMSPEDRAKCFEKNEAIQAAHDAVAQEGQCRVDDKTLPRHLSTSRVHSCPLGH

CGVSFRW (SEQ ID NO:211)

[0137] The term "glial fibrillary acidic potein" or "GFAP" as used herein refers to a human

GFAP protein or isoforms, fragments or variants thereof, including naturally occurring variants

of human GFAP, such as splice variants or allelic variants. The amino acid sequence of an

exemplary human GFAP is shown in SEQ ID NO:212. The amino acid sequence of another

exemplary human GFAP is shown in SEQ ID NO:213. The amino acid sequence of yet another

exemplary human GFAP is shown in SEQ ID NO:214. In some embodiments, human GFAP

can refer to a variant, such as an allelic variant or splice variant, that exhibits at least or at least

about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

sequence identity to any of SEQ ID NOS: 212, 213 or 214. In some embodiments, it is

understood that the provided antibodies or antigen-binding fragments may exhibit cross-reactive

binding to another mammalian GFAP protein, such as a murine GFAP or a primate GFAP.

Human GFAP isoform 1 amino acid sequence

MERRRITS AARRSYVSSGEMMVGGLAPGRRLGPGTRLS LARMPPPLPTR VDFSLAGALN

AGFKETRASERAEMMELNDRFASYIEKVRFLEQQNKALAAELNQLRAKEPTKLADVYQ

AELRELRLRLDQLTANSARLEVERDNLAQDLATVRQKLQDETNLRLEAENNLAAYRQE

ADEATLARLDLERKIESLEEEIRFLRKIHEEEVRELQEQLARQQVHVELDVAKPDLTAAL

KEXRTQYEAMASSNMHEAEEW YRSKFADLTDAAARNAELLRQ AKHEANDYRRQLQS L

TCDLES LRGTNES LERQMREQEERHVREAAS YQEALARLEEEGQS LKDEMARHLQEYQ

DLLNVKLALDIEIATYRKLLEGEENRITIPVQTFSNLQIRETSLDTKSVSEGHLKRNIVVK

TVEMRDGEVIKES KQEHKD VM (SEQ ID NO:212).

Human GFAP isoform 2 amino acid sequence

MERRRITS AARRSYVSSGEMMVGGLAPGRRLGPGTRLS LARMPPPLPTR VDFSLAGALN

AGFKETRASERAEMMELNDRFASYIEKVRFLEQQNKALAAELNQLRAKEPTKLADVYQ

AELRELRLRLDQLTANSARLEVERDNLAQDLATVRQKLQDETNLRLEAENNLAAYRQE

ADEATLARLDLERKIESLEEEIRFLRKIHEEEVRELQEQLARQQVHVELDVAKPDLTAAL

KEXRTQYEAMASSNMHEAEEW YRSKFADLTDAAARNAELLRQ AKHEANDYRRQLQS L

TCDLES LRGTNES LERQMREQEERHVREAAS YQEALARLEEEGQS LKDEMARHLQEYQ



DLLNVKLALDIEIATYRKLLEGEENRITIPVQTFSNLQIRGGKSTKDGENHKVTRYLKSLT

IRVIPIQAHQIVNGTPPARG (SEQ ID NO:213).

Human GFAP isoform 3 amino acid sequence

MERRRITS AARRSYVSSGEMMVGGLAPGRRLGPGTRLS LARMPPPLPTR VDFSLAGALN

AGFKETRASERAEMMELNDRFASYIEKVRFLEQQNKALAAELNQLRAKEPTKLADVYQ

AELRELRLRLDQLTANSARLEVERDNLAQDLATVRQKLQDETNLRLEAENNLAAYRQE

ADEATLARLDLERKIESLEEEIRFLRKIHEEEVRELQEQLARQQVHVELDVAKPDLTAAL

KEIRTQYEAMASSNMHEAEEWYRSKFADLTDAAARNAELLRQAKHEANDYRRQLQS L

TCDLESLRGTNES LERQMREQEERHVREAAS YQEALARLEEEGQS LKDEMARHLQEYQ

DLLNVKLALDIEIATYRKLLEGEENRITIPVQTFSNLQIRGQYSRASWEGHWSPAPSSRA

CRLLQTGTEDQGKGIQLSLGAFVTLQRS (SEQ ID NO:214).

[0138] As used herein, "corresponding" with reference to a sequence of amino acids or "at a

position corresponding to" or recitation that amino acid positions "correspond to" amino acid

positions in a disclosed sequence, such as set forth in the Sequence Listing, refers to amino acid

positions identified upon alignment with the disclosed sequence to maximize identity using a

standard alignment algorithm. In some embodiments, exemplary corresponding residues of a

UCH-L1 can be identified by alignment of a sequence with an exemplary UCH-L1 sequence set

forth in SEQ ID NO:207. In some embodiments, exemplary corresponding residues of a GFAP

protein can be identified by alignment of a sequence with an exemplary GFAP sequence set

forth in SEQ ID NO:212. By aligning the sequences, one skilled in the art can identify

corresponding residues, for example, using conserved and identical amino acid residues as

guides. In general, to identify corresponding positions, the sequences of amino acids are aligned

so that the highest order match is obtained (see, e.g. : Computational Molecular Biology, Lesk,

A.M., ed., Oxford University Press, New York, 1988; Biocomputing: Informatics and Genome

Projects, Smith, D.W., ed., Academic Press, New York, 1993; Computer Analysis of Sequence

Data, Part I, Griffin, A.M., and Griffin, H.G., eds., Humana Press, New.Jersey, 1994; Sequence

Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; and Sequence Analysis

Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991; Carrillo et al.

(1988) SIAM J Applied Math 48: 1073).

[0139] An "isolated" nucleic acid molecule encoding an antibody or antibody chain (L or H

chain) herein is a nucleic acid molecule that is identified and separated from at least one



contaminant nucleic acid molecule with which it is ordinarily associated in the environment in

which it was produced. In some embodiments, the isolated nucleic acid is free of association

with all components associated with the production environment. The isolated nucleic acid

molecules encoding the polypeptides and antibodies herein is in a form other than in the form or

setting in which it is found in nature. Isolated nucleic acid molecules therefore are distinguished

from nucleic acid encoding the polypeptides and antibodies herein existing naturally in cells.

[0140] The term "naked antibody" refers to an antibody that is not conjugated to a moiety or

label.

[0141] As used herein, "antibody conjugate" refers to an antibody that is attached to a

moiety or label via a covalent or noncovalent interaction.

[0142] As used herein, the phrase "conjugated to an antibody," "linked to an antibody" or

"attached to an antibody" or other variations thereof, when referring to the attachment of a

moiety to an antibody or antigen-binding fragment thereof, such as a label or other moiety,

means that the moiety is attached to the antibody or antigen-binding fragment thereof by any

known means for linking molecules, including via covalent or non-covalent interaction.

Conjugation can employ any of a variety of linking agents to effect conjugation, including, but

not limited to, peptide or compound linkers or chemical cross-linking agents. In some

embodiments, the attachment is by any known means for linking peptides, such as, for example,

by production of fusion protein by recombinant means or post-translationally by chemical

means.

[0143] As used herein, detection includes methods that permit visualization (by eye or

equipment) of a protein. A protein can be visualized using an antibody specific to the protein.

Detection of a protein can also be facilitated by fusion of a protein with a tag including an

epitope tag or label.

[0144] The term "label" means any moiety which can be attached or linked, directly or

indirectly, to an antibody and that functions to: (i) provide a detectable signal; (ii) interact with a

second label to modify the detectable signal provided by the first or second label, e.g. FRET

(fluorescence resonance energy transfer); (iii) stabilize interactions or increase affinity of

binding, with antigen or ligand; (iv) affect mobility, e.g. electrophoretic mobility, or cell-

permeability, by charge, hydrophobicity, shape, or other physical parameters, or (v) provide a

capture moiety, to modulate ligand affinity, antibody/antigen binding, or ionic complexation.

[0145] As used herein, a "solid phase binding assay" refers to an in vitro assay in which an

antigen is contacted with a ligand, where one of the antigen or ligand are bound to a solid



support. Upon antigen-ligand interaction, the unwanted or non-specific components can be

removed (e.g. by washing) and the antigen-ligand complex detected.

[0146] By "solid support" is meant a non-aqueous matrix to which an antibody according to

the provided disclosure can adhere or attach. For example, solid supports include, but are not

limited to, a microtiter plate, a membrane (e.g., nitrocellulose), a bead, a dipstick, a thin-layer

chromatographic plate, or other solid medium.

[0147] The term "composition" refers to any mixture of two or more products, substances, or

compounds, including antibodies. It may be a solution, a suspension, liquid, powder, a paste,

aqueous, non-aqueous or any combination thereof. The preparation is generally in such form as

to permit the biological activity of the active ingredient (e.g. antibody) to be effective.

[0148] "Carriers" as used herein include pharmaceutically acceptable carriers, excipients, or

stabilizers that are nontoxic to the cell or mammal being exposed thereto at the dosages and

concentrations employed. Acceptable carriers, excipients, or stabilizers that are compatible for

use in a diagnostic assay or detection assay are also included. Often the acceptable carrier is an

aqueous pH buffered solution. Examples of acceptable carriers include buffers such as

phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular

weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or

immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as

glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and other

carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugar

alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonionic

surfactants such as TWEEN™, polyethylene glycol (PEG), and PLURONICS™.

[0149] As used herein, combination refers to any association between or among two or more

items. The combination can be two or more separate items, such as two compositions or two

collections, can be a mixture thereof, such as a single mixture of the two or more items, or any

variation thereof. The elements of a combination are generally functionally associated or

related.

[0150] As used herein, a kit is a packaged combination that optionally includes other

elements, such as additional reagents and instructions for use of the combination or elements

thereof, for a purpose including, but not limited to, detection, diagnosis, and/or assessment of a

biological activity or property.

[0151] As used herein, an "article of manufacture" is a product that is made and sold. As

used throughout this application, the term is intended to encompass any of the antibodies



provided herein, including compositions and combinations thereof, contained in articles of

packaging.

[0152] As used herein, an individual "at risk" of developing a disorder may or may not have

detectable disease or symptoms of disease, and may or may not have displayed detectable

disease or symptoms of disease. "At risk" denotes that an individual has one or more risk

factors that correlate with development of a brain damage or injury, such as traumatic brain

injury or other neurological injury or condition as known in the art. Non-limiting examples of

such risk factors include, for example, a bolt or jolt to the head, a penetrating head injury, a

change in mental status or consciousness (either brief or for an extended period), memory loss,

or other similar symptom or outcome that may indicate a brain injury. An individual having one

or more of these risk factors has a higher probability of developing the disorder than an

individual without one or more of these risk factors.

[0153] As used herein, the term "treatment" refers to clinical intervention designed to alter

the natural course of the individual or cell being treated during the course of clinical pathology.

Desirable effects of treatment include decreasing the rate of disease progression, ameliorating or

palliating the disease state, and remission or improved prognosis. An individual is successfully

"treated", for example, if one or more symptoms associated with a disorder (e.g., an eosinophil-

mediated disease) are mitigated or eliminated. For example, an individual is successfully

"treated" if treatment results in increasing the quality of life of those suffering from a disease,

decreasing the dose of other medications required for treating the disease, reducing the

frequency of recurrence of the disease, lessening severity of the disease, delaying the

development or progression of the disease, and/or prolonging survival of individuals.

[0154] An "effective amount" refers to at least an amount effective, at dosages and for

periods of time necessary, to achieve the desired or indicated effect, including a therapeutic or

prophylactic result. An effective amount can be provided in one or more administrations. A

"therapeutically effective amount" is at least the minimum concentration required to effect a

measurable improvement of a particular disorder. A therapeutically effective amount herein

may vary according to factors such as the disease state, age, sex, and weight of the patient, and

the ability of the antibody to elicit a desired response in the individual. A therapeutically

effective amount may also be one in which any toxic or detrimental effects of the antibody are

outweighed by the therapeutically beneficial effects. A "prophylactic ally effective amount"

refers to an amount effective, at the dosages and for periods of time necessary, to achieve the

desired prophylactic result. Typically but not necessarily, since a prophylactic dose is used in



subjects prior to or at the earlier stage of disease, the prophylactically effective amount can be

less than the therapeutically effective amount.

[0155] As used herein, an "individual" or a "subject" is a mammal. A "mammal" for

purposes of treatment includes humans, domestic and farm animals, and zoo, sports, or pet

animals, such as dogs, horses, rabbits, cattle, pigs, hamsters, gerbils, mice, ferrets, rats, cats, etc.

In some embodiments, the individual or subject is human.

II. Anti-UCH-Ll Antibodies and Anti-GFAP Antibodies

[0156] Provided herein are anti-GFAP antibodies and anti-UCH-Ll antibodies. In some

embodiments, the provided antibodies detect GFAP and UCH-L1, respectively, such as in a

sample from an individual, such as a human patient. In some embodiments, the sample is from

an individual having or suspecting of having brain damage, such as due to a neurodegenerative

disorder, stroke or damage or injury, such as mild, moderate or severe traumatic brain injury, as

described herein.

[0157] In some embodiments, GFAP and UCH-L1 have been shown to be associated with

neurological damage or brain injury (see e.g., US201 1/0143375). Cells in the brain, including

neuronal cells and non-neuronal cells (e.g., glial cells), may be harmed directly and/or indirectly

due to injury or disease. Several proteins, including GFAP and UCH-L1, can be released from

harmed brain cells or from unharmed brain cells that are associated with the harmed brain cells.

For example, a brain cell that is directly harmed may release a protein indicative of direct

damage. Alternatively or concurrently, an unharmed brain cell, may respond to harm of

surrounding brain cells and release a protein indicative of damage in the area.

[0158] GFAP, a member of the cytoskeletal protein family, is the principal 8-9 nanometer

intermediate filament of glial cells such as mature astrocytes of the central nervous system

(CNS). GFAP is a monomeric molecule with a molecular mass between 35 or 40 and 53 kDa

and an isoelectric point between 5.7 and 5.8. GFAP is highly brain specific protein that,

normally, is not found outside the CNS in appreciable amounts. GFAP can be released into the

body, such as the blood and cerebrospinal fluid (CSF), soon after brain injury. For example, in

some cases, following injury, either as a result of trauma, disease, genetic disorders, or chemical

insult, astrocytes in the CNS can become reactive in a way that is characterized by rapid

synthesis of GFAP by a process termed astrogliosis or gliosis. In some embodiments, GFAP can

be susceptible to proteolytic modifications, which, in some cases, can result in breakdown

products of GFAP (see e.g. Papa et al. (2012) Ann Emerg. Med., 59:10McMahon et al. (2015) J .

Neurotrauma, 32:527-533). In some cases, calpain over-activation at the site of damage or



injury can lead to the release of GFAP breakdown products. In some cases, existing methods for

detecting GFAP in a bodily fluid have not been optimal.

[0159] UCH-Ll is present in neurons and is elevated upon damage to neurons. It is

commonly used as a biomarker in studies of the mammalian CNS. Several isoforms of UCH-Ll

exist with the prototype UCH-Ll known to be about 25 kDa in size. Although UCH-Ll appears

to be a good candidate as a biomarker for detecting brain damage, elevated levels of UCH-Ll are

difficult to detect reliably partly due to the complex structure of UCH-Ll. This is a result of the

knotted tertiary structure folding upon itself and obscuring the binding sites from detection

antibodies raised against UCH-Ll. In some cases, existing methods for detecting UCH-Ll in

bodily fluids have not been optimal.

[0160] The provided antibodies overcome these problems. Exemplary anti-GFAP or anti-

UCH-L1 antibodies are described in the following subsections. In some embodiments, one or

more of the provided anti-UCH-Ll antibodies and/or one or more of the provided anti-GFAP

antibodies can be used, alone or together, in methods of detection or diagnosis of brain damage,

such as due to a neurological condition or other condition associated with a brain injury and/or

in methods to predict whether a subject is in need of, e.g. does or does not need, a CT scan.

A. Anti-UCH-Ll Antibodies

[0161] In one aspect, provided are antibodies that bind to a human UCH-Ll, including a

fragment, isoform or variant of a human UCH-Ll protein. In some embodiments, the human

UCH-Ll protein is one released from damaged cells or tissue and/or present in a bodily fluid

(e.g. serum, cerebrospinal fluid or other bodily fluid as described) as a result of brain damage or

injury. In some embodiments, the anti-UCH-Ll antibody binds to a human UCH-Ll protein

comprising the amino acid sequence selected from any of SEQ ID NOs:207-21 1 or a variant

thereof having an amino acid sequence having at least 85%, at least 86%, at least 87%, at least

88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid sequence

selected from SEQ ID NOs: 207-211.

[0162] In some embodiments, the UCH-Ll variant is a UCH-Ll having at least about 80%

amino acid sequence identity with a UCH-Ll amino acid sequence which is a : (i) full-length

native human UCH-Ll amino acid sequence, e.g. set forth in any of SEQ ID NOS: 207-211 ; (ii)

full-length recombinant human UCH-Ll amino acid sequence, e.g. set forth in any of SEQ ID

NOS: 207-211; (iii) a UCH-Ll amino acid sequence of (i) or (ii) lacking the signal peptide; (iv)

or any other fragment of a full-length UCH-Ll amino acid sequence of (i) or (ii), such as those



encoded by a nucleic acid that represents only a portion of the complete coding sequence for a

full-length UCH-Ll protein. Such UCH-Ll variants include, for instance, polypeptides wherein

one or more amino acid residues are added, or deleted, at the N- or C-terminus of the full-length

native amino acid sequence or full-length recombinant amino acid sequence. Ordinarily, a UCH-

Ll variant will have at least about 80% amino acid sequence identity, alternatively at least about

81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% amino acid sequence identity, to a full-length native UCH-Ll amino acid

sequence (e.g. set forth in SEQ ID NO:207-211), a full-length recombinant UCH-Ll amino acid

sequence (e.g. set forth in SEQ ID NOS:207-211), or an UCH-Ll amino acid sequence thereof

lacking the signal peptide or any other fragment of such full-length UCH-Ll amino acid

sequence. In some embodiments, UCH-Ll variants, including fragments of a full length

sequence, are at least about 10 amino acids in length, alternatively at least about 20, 30, 40, 50,

60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220 amino acids in

length, or more. In some embodiments, UCH-Ll variants will have no more than one

conservative amino acid substitution as compared to the native UCH-Ll amino acid sequence or

recombinant UCH-Ll amino acid sequence, alternatively no more than 2, 3, 4, 5, 6, 7, 8, 9, or 10

conservative amino acid substitutions as compared to the native UCH-Ll amino acid sequence

or recombinant UCH-Ll amino acid sequence.

[0163] In some embodiments, the anti-UCH-Ll antibody binds an epitope or region

corresponding to an epitope or region contained in a human UCH-Ll protein set forth in SEQ ID

NO:207 or the same epitope or region in an isoform or fragment or variant of the UCH-Ll

protein set forth in SEQ ID NO:207.

[0164] In some embodiments, the UCH-Ll protein (e.g., human UCH-Ll protein) is a

recombinant UCH-Ll protein such as a recombinant UCH-Ll protein produced in a bacterial

host cell (e.g., E. coli cell) or mammalian host cell (e.g., CHO cell). In some embodiments, the

UCH-Ll protein (e.g., human UCH-Ll protein) is a native UCH-Ll protein such a native-UCH-

Ll protein present or obtained from serum, plasma, blood (e.g., whole blood), cerebrospinal

fluid, urine, sweat, saliva or any other biological fluid present or obtained from an individual

(e.g., human). In some embodiments, the anti-UCH-Ll antibody binds to a glycosylated UCH-

Ll.

[0165] In some embodiments, the anti-UCH-Ll antibody described herein binds to a linear

epitope of UCH-Ll (e.g., human UCH-Ll). In some embodiments, the anti-UCH-Ll antibody

described herein binds to a conformational epitope of UCH-Ll (e.g., human UCH-Ll).



[0166] In some embodiments, the anti-UCH-Ll antibodies bind to a particular epitope or

region of UCH-Ll. In some embodiments, the anti-UCH-Ll antibody binds to an epitope

containing one or more amino acids that is, includes or is within (or is entirely within) a portion

of UCH-Ll corresponding to positions 98-106 of the human UCH-Ll set forth in SEQ ID

NO:207. In some embodiments, the anti-UCH-Ll antibody binds to an epitope containing one

or more amino acids that is, includes or is within (or is entirely within) a portion of UCH-Ll

corresponding to positions 28-36 of the human UCH-Ll set forth in SEQ ID NO:207. In some

embodiments, the anti-UCH-Ll antibody binds to an epitope containing one or more amino

acids that is, includes or is within (or is entirely within) a portion of UCH-Ll corresponding to

positions 138-145 of human UCH-Ll set forth in SEQ ID NO:207. In some embodiments, the

anti-UCH-Ll antibody binds to an epitope containing one or more amino acids that is, includes

or is within (or is entirely within) a portion of UCH-Ll corresponding to positions 142-149 of

human UCH-Ll set forth in SEQ ID NO:207. For example, in some embodiments, the anti-

UCH-Ll antibody binds to an epitope that is, includes or is within (or is entirely within) a

portion of UCH-Ll corresponding to positions 98-106 of human UCH-Ll set forth in SEQ ID

NO:207.

[0167] In some embodiments, among the provided antibodies are antibodies that bind to the

same or overlapping epitope as one or more of the other provided antibodies and/or compete for

binding to UCH-Ll with one or more of the other provided antibodies. In some embodiments,

among the provided antibodies are antibodies that bind to a different or distinct epitope as

compared to one or more of the other provided antibodies and/or do not compete for binding to

UCH-Ll with one or more of the other provided antibodies. For example, in some embodiments

provided are antibodies that bind to a distinct epitope and/or do not compete for binding to

UCH-Ll as compared to the antibodies designated UCH-Ll - 1 and UCH-Ll -2 as described

herein. In some embodiments, provided are antibodies that bind to a distinct epitope and/or do

not compete for binding to UCH-Ll as compared to the antibody designated UCH-Ll-5 as

described herein.

[0168] In some embodiments, the antibodies bind to an epitope of UCH-Ll that is conserved

among UCH-Ll from different species. In some embodiments, the antibodies bind to an epitope

of UCH-Ll that is present in human UCH-Ll or an isoform or variant thereof but that is not

present in one or more other non-human species.

[0169] In some embodiments, provided herein is an anti-UCH-Ll antibody comprising a

heavy chain variable region and a light chain variable region, wherein the heavy chain variable



region comprises a CDR-H3 comprising an amino acid sequence selected from SEQ ID NOs:20-

27. In some embodiments, the heavy chain variable region further comprises a CDR-H1

comprising an amino acid sequence selected from SEQ ID NOs:l-8 and/or a CDR-H2

comprising an amino acid sequence selected from SEQ ID NOs:9-19.

[0170] In some embodiments, provided herein is an anti-UCH-Ll antibody comprising a

heavy chain variable region and a light chain variable region, wherein the light chain variable

region comprises a CDR-L3 comprising an amino acid sequence selected from SEQ ID NOs:45-

50. In some embodiments, the light chain variable region further comprises a CDR-L1

comprising an amino acid sequence selected from SEQ ID NOs:28-36 and/or a CDR-L2

comprising an amino acid sequence selected from SEQ ID NOs:37-44.

[0171] In some embodiments, the heavy chain CDR sequences comprise the following:

a) a CDR-H1 set forth in SEQ ID NO:l or SEQ ID NO:2;

b) a CDR-H2 set forth in SEQ ID NO:9 or SEQ ID NO: 10; and/or

c) a CDR-H3 set forth in SEQ ID NO:20 or SEQ ID NO:21.

[0172] In some embodiments, the heavy chain CDR sequences comprise the following:

a) a CDR-H1 set forth in SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6;

SEQ ID NO:7 or SEQ ID NO:8;

b) a CDR-H2 set forth in SEQ ID NO: 11; SEQ ID NO: 12; SEQ ID NO: 13; SEQ ID

NO: 14; SEQ ID NO: 15; SEQ ID NO: 16; SEQ ID NO: 17 or SEQ ID NO: 18; and/or

c) a CDR-H3 set forth in SEQ ID NO:20; SEQ ID NO:22; SEQ ID NO:23; SEQ ID

NO:24; SEQ ID NO:25; SEQ ID NO:26; or SEQ ID NO:27.

[0173] In some embodiments, the heavy chain CDR sequences comprise the following:

a) a CDR-H1 set forth in SEQ ID NO:l;

b) a CDR-H2 set forth in SEQ ID NO: 19; and/or

c) a CDR-H3 set forth in SEQ ID NO:20.

[0174] In some embodiments, the light chain CDR sequences comprise the following:

a) a CDR-L1 set forth in SEQ ID NO:28 or SEQ ID NO:29;

b) a CDR-L2 set forth in SEQ ID NO:37 or SEQ ID NO:38; and/or

c) a CDR-L3 set forth in SEQ ID NO:45 or SEQ ID NO:46.

[0175] In some embodiments, the light chain CDR sequences comprise the following:

a) a CDR-L1 set forth in SEQ ID NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID

NO:33; SEQ ID NO:34; SEQ ID NO:35; or SEQ ID NO:36;



b) a CDR-L2 set forth in SEQ ID NO:37, SEQ ID NO:39; SEQ ID NO:40; SEQ ID

NO:41; SEQ ID NO:42; SEQ ID NO:43; or SEQ ID NO:44; and/or

c) a CDR-L3 set forth in SEQ ID NO:45; SEQ ID NO:47; or SEQ ID NO:49.

[0176] In some embodiments, the light chain CDR sequences comprise the following:

a) a CDR-L1 set forth in SEQ ID NO:28;

b) a CDR-L2 set forth in SEQ ID NO:37; and/or

c) a CDR-L3 set forth in SEQ ID NO:50.

[0177] Also provided are antibodies comprising a CDR-H1, CDR-H2, CDR-H3, CDR-L1,

CDR-L2 and/or CDR-L3 sequence that is at least at or about at least 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to any of the above

CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2 and/or CDR-L3 sequences, respectively.

[0178] In one aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy chain

variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:l, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:9, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:20; and/or wherein the light chain variable region comprises (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO:28, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO:37, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO:45. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 98-106 of human UCH-L1 set

forth in SEQ ID NO:207.

[0179] In one aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy chain

variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:2, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 10, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:21; and/or wherein the light chain variable region comprises (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO:29, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO:38, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO:46. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 28-36 of human UCH-L1 set

forth in SEQ ID NO:207.

[0180] In one aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy chain

variable region and a light chain variable region, wherein the heavy chain variable region



comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:3, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 11, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:20; and/or wherein the light chain variable region comprises (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO:30, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO:37, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO:45. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 98-106 of human UCH-Ll set

forth in SEQ ID NO:207.

[0181] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:4, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 12, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:22; and/or wherein the light chain variable region comprises (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO:31, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO:39, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO:47. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 138-145 of human UCH-Ll set

forth in SEQ ID NO:207.

[0182] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:5, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 13, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:23; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO:32, (ii) CDR-L2 comprising the amino acid

sequence of SEQ ID NO:39, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO:47. In some embodiments, the antibody described herein binds to an epitope corresponding

to an epitope within, that is, or includes residues 142-149 of human UCH-Ll set forth in SEQ ID

NO:207

[0183] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:6, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 14, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:24; and/or a light chain variable region comprising (i) CDR-L1



comprising the amino acid sequence of SEQ ID NO:33, (ii) CDR-L2 comprising the amino acid

sequence of SEQ ID NO:40, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO:48. In some embodiments, the antibody described herein binds to an epitope corresponding

to an epitope within, that is, or includes residues 28-36 of human UCH-L1 set forth in SEQ ID

NO:207.

[0184] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:6, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 14, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:24; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO:34, (ii) CDR-L2 comprising the amino acid

sequence of SEQ ID NO:41, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO:48. In some embodiments, the antibody described herein binds to an epitope corresponding

to an epitope within, that is, or includes residues 28-36 of human UCH-L1 set forth in SEQ ID

NO:207.

[0185] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:6, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 15, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:24; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO:34, (ii) CDR-L2 comprising the amino acid

sequence of SEQ ID NO:42, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO:48. In some embodiments, the antibody described herein binds to an epitope corresponding

to an epitope within, that is, or includes residues 28-36 of human UCH-L1 set forth in SEQ ID

NO:207.

[0186] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:6, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 14, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:24; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO:35, (ii) CDR-L2 comprising the amino acid

sequence of SEQ ID NO:41, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO:48. In some embodiments, the antibody described herein binds to an epitope corresponding



to an epitope within, that is, or includes residues 28-36 of human UCH-L1 set forth in SEQ ID

NO:207.

[0187] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:6, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 16, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:25; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO:34, (ii) CDR-L2 comprising the amino acid

sequence of SEQ ID NO:42, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO:48. In some embodiments, the antibody described herein binds to an epitope corresponding

to an epitope within, that is, or includes residues 28-36 of human UCH-L1 set forth in SEQ ID

NO:207.

[0188] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:7, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 17, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:26; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO:36, (ii) CDR-L2 comprising the amino acid

sequence of SEQ ID NO:43, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO:49. In some embodiments, the antibody described herein binds to an epitope corresponding

to an epitope within, that is, or includes residues 28-36 of human UCH-L1 set forth in SEQ ID

NO:207.

[0189] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:8, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 18, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:27; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO:36, (ii) CDR-L2 comprising the amino acid

sequence of SEQ ID NO:44, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO:49. In some embodiments, the antibody described herein binds to an epitope corresponding

to an epitope within, that is, or includes residues 28-36 of human UCH-L1 set forth in SEQ ID

NO:207.



[0190] In another aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-Hl comprising the amino acid sequence of SEQ ID NO:l, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 19, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO:20; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO:28, (ii) CDR-L2 comprising the amino acid

sequence of SEQ ID NO:37, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO:50. In some embodiments, the antibody described herein binds to an epitope corresponding

to an epitope within, that is, or includes residues 98-106 of human UCH-L1 set forth in SEQ ID

NO:207.

[0191] In some embodiments, the anti-UCH-Ll comprises a heavy chain variable region

comprising a CDR-Hl, a CDR-H2, and a CDR-H3, respectively, comprising the amino acid

sequence of a CDR-Hl, a CDR-H2, and a CDR-H3 contained within the heavy chain variable

region amino acid sequence selected from any one of SEQ ID NOs:51-63. In some

embodiments, the anti-UCH-Ll comprises a heavy chain variable region comprising a CDR-Hl,

a CDR-H2, and a CDR-H3, respectively, comprising the amino acid sequence of a CDR-Hl, a

CDR-H2, and a CDR-H3 contained within the heavy chain variable region amino acid sequence

selected from any one of SEQ ID NOs:51 or 52. In some embodiments, the anti-UCH-Ll

comprises a heavy chain variable region comprising a CDR-Hl, a CDR-H2, and a CDR-H3,

respectively, comprising the amino acid sequence of a CDR-Hl, a CDR-H2, and a CDR-H3

contained within the heavy chain variable region amino acid sequence selected from any one of

SEQ ID NOs:53-62. In some embodiments, the anti-UCH-Ll comprises a heavy chain variable

region comprising a CDR-Hl, a CDR-H2, and a CDR-H3, respectively, comprising the amino

acid sequence of a CDR-Hl, a CDR-H2, and a CDR-H3 contained within the heavy chain

variable region amino acid sequence selected from any one of SEQ ID NO:63.

[0192] In some embodiments, the anti-UCH-Ll comprises a CDR-L1, a CDR-L2, and a

CDR-L3, respectively, comprising the amino acid sequence of a CDR-L1, a CDR-L2, and a

CDR-L3 contained within the light chain variable region amino acid sequence selected from any

one of SEQ ID NOs:64-76. In some embodiments, the anti-UCH-Ll comprises a CDR-L1, a

CDR-L2, and a CDR-L3, respectively, comprising the amino acid sequence of a CDR-L1, a

CDR-L2, and a CDR-L3 contained within the light chain variable region amino acid sequence

selected from any one of SEQ ID NOs:64 or 65. In some embodiments, the anti-UCH-Ll

comprises a CDR-L1, a CDR-L2, and a CDR-L3, respectively, comprising the amino acid



sequence of a CDR-Ll, a CDR-L2, and a CDR-L3 contained within the light chain variable

region amino acid sequence selected from any one of SEQ ID NOs:66-75. In some

embodiments, the anti-UCH-Ll comprises a CDR-Ll, a CDR-L2, and a CDR-L3, respectively,

comprising the amino acid sequence of a CDR-Ll, a CDR-L2, and a CDR-L3 contained within

the light chain variable region amino acid sequence selected from any one of SEQ ID NOs:76.

[0193] An anti-UCH-Ll antibody described herein may comprise any suitable framework

variable domain sequence, provided that the antibody retains the ability to bind UCH-L1 (e.g.,

human UCH-L1). As used herein, heavy chain framework regions are designated "HC-FR1-

FR4," and light chain framework regions are designated "LC-FR1-FR4."

[0194] In some embodiments, provided herein is an anti-UCH-Ll antibody comprising a

heavy chain variable domain comprising an amino acid sequence having at least 85%, 86%,

87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity

to an amino acid sequence selected from SEQ ID NOs:51-63. In some embodiments, provided

herein is an anti-UCH-Ll antibody comprising a heavy chain variable domain comprising an

amino acid sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, or 99% sequence identity to an amino acid sequence selected from SEQ

ID NOs:51 or 52. In some embodiments, provided herein is an anti-UCH-Ll antibody

comprising a heavy chain variable domain comprising an amino acid sequence having at least

85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

sequence identity to an amino acid sequence selected from SEQ ID NOs:53-62. In some

embodiments, provided herein is an anti-UCH-Ll antibody comprising a heavy chain variable

domain comprising an amino acid sequence having at least 85%, 86%, 87%, 88%, 89%, 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to the amino acid

sequence selected from SEQ ID NO:63. In some embodiments, an amino acid sequence having

at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

sequence identity contains substitutions, insertions, or deletions relative to the reference

sequence, but an antibody comprising that amino acid sequence retains the ability to bind to

UCH-L1 (e.g., human UCH-L1). In some embodiments, the substitutions, insertions, or

deletions (e.g., 1, 2, 3, 4, or 5 amino acids) occur in regions outside the CDRs (i.e., in the FRs).

[0195] In some embodiments, an anti-UCH-Ll antibody comprises a heavy chain variable

domain comprising an amino acid sequence selected from SEQ ID NO:51-63. In some

embodiments, an anti-UCH-Ll antibody comprises a heavy chain variable domain comprising

an amino acid sequence of SEQ ID NO:51. In some embodiments, an anti-UCH-Ll antibody



comprises a heavy chain variable domain comprising an amino acid sequence of SEQ ID NO:52.

In some embodiments, an anti-UCH-Ll antibody comprises a heavy chain variable domain

comprising an amino acid sequence of SEQ ID NO:53. In some embodiments, an anti-UCH-Ll

antibody comprises a heavy chain variable domain comprising an amino acid sequence of SEQ

ID NO:54. In some embodiments, an anti-UCH-Ll antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO:55. In some embodiments, an anti-

UCH-Ll antibody comprises a heavy chain variable domain comprising an amino acid sequence

of SEQ ID NO:56. In some embodiments, an anti-UCH-Ll antibody comprises a heavy chain

variable domain comprising an amino acid sequence of SEQ ID NO:57. In some embodiments,

an anti-UCH-Ll antibody comprises a heavy chain variable domain comprising an amino acid

sequence of SEQ ID NO:58. In some embodiments, an anti-UCH-Ll antibody comprises a

heavy chain variable domain comprising an amino acid sequence of SEQ ID NO:59. In some

embodiments, an anti-UCH-Ll antibody comprises a heavy chain variable domain comprising

an amino acid sequence of SEQ ID NO:60. In some embodiments, an anti-UCH-Ll antibody

comprises a heavy chain variable domain comprising an amino acid sequence of SEQ ID NO:61.

In some embodiments, an anti-UCH-Ll antibody comprises a heavy chain variable domain

comprising an amino acid sequence of SEQ ID NO:62. In some embodiments, an anti-UCH-Ll

antibody comprises a heavy chain variable domain comprising an amino acid sequence of SEQ

ID NO:63.

[0196] In some embodiments, provided herein is an anti-UCH-Ll antibody comprising a

light chain variable domain comprising an amino acid sequence having at least 85%, 86%, 87%,

88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to an

amino acid sequence selected from SEQ ID NOs:64-76. In some embodiments, provided herein

is an anti-UCH-Ll antibody comprising a light chain variable domain comprising an amino acid

sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% sequence identity to an amino acid sequence selected from SEQ ID NOs:64

or 65. In some embodiments, provided herein is an anti-UCH-Ll antibody comprising a light

chain variable domain comprising an amino acid sequence having at least 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to an amino

acid sequence selected from SEQ ID NOs:66-75. In some embodiments, provided herein is an

anti-UCH-Ll antibody comprising a light chain variable domain comprising an amino acid

sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% sequence identity to an amino acid sequence selected from SEQ ID NO:76.



In some embodiments, an amino acid sequence having at least 85%, 86%, 87%, 88%, 89%,

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity contains

substitutions, insertions, or deletions relative to the reference sequence, but an antibody

comprising that amino acid sequence retains the ability to bind to UCH-L1 (e.g., human UCH-

Ll). In some embodiments, the substitutions, insertions, or deletions (e.g., 1, 2, 3, 4, or 5 amino

acids) occur in regions outside the CDRs (i.e., in the FRs).

[0197] In some embodiments, an anti-UCH-Ll antibody comprises a light chain variable

domain comprising an amino acid sequence selected from SEQ ID NO:64-76. In some

embodiments, an anti-UCH-Ll antibody comprises a light chain variable domain comprising an

amino acid sequence of SEQ ID NO:64. In some embodiments, an anti-UCH-Ll antibody

comprises a light chain variable domain comprising an amino acid sequence of SEQ ID NO:65.

In some embodiments, an anti-UCH-Ll antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO:66. In some embodiments, an anti-UCH-Ll

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:67. In some embodiments, an anti-UCH-Ll antibody comprises a light chain variable

domain comprising an amino acid sequence of SEQ ID NO:68. In some embodiments, an anti-

UCH-Ll antibody comprises a light chain variable domain comprising an amino acid sequence

of SEQ ID NO:69. In some embodiments, an anti-UCH-Ll antibody comprises a light chain

variable domain comprising an amino acid sequence of SEQ ID NO:70. In some embodiments,

an anti-UCH-Ll antibody comprises a light chain variable domain comprising an amino acid

sequence of SEQ ID NO:71. In some embodiments, an anti-UCH-Ll antibody comprises a light

chain variable domain comprising an amino acid sequence of SEQ ID NO:72. In some

embodiments, an anti-UCH-Ll antibody comprises a light chain variable domain comprising an

amino acid sequence of SEQ ID NO:73. In some embodiments, an anti-UCH-Ll antibody

comprises a light chain variable domain comprising an amino acid sequence of SEQ ID NO:74.

In some embodiments, an anti-UCH-Ll antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO:75. In some embodiments, an anti-UCH-Ll

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:76.

[0198] In one aspect, provided herein is an anti-UCH-Ll antibody comprising a heavy chain

variable domain comprising an amino acid sequence selected from SEQ ID NOs:51-63 and/or

comprising a light chain variable domain comprising an amino acid sequence selected from SEQ

ID NOs:64-76. In some embodiments, the anti-UCH-Ll antibody comprises a heavy chain



variable domain comprising an amino acid sequence selected from SEQ ID NOs:51 or 52 and/or

comprises a light chain variable domain comprising an amino acid sequence selected from SEQ

ID NOs:64 or 65. In some embodiments, the anti-UCH-Ll antibody comprises a heavy chain

variable domain comprising an amino acid sequence selected from SEQ ID NOs:53-62 and/or

comprises a light chain variable domain comprising an amino acid sequence selected from SEQ

ID NOs:66-75. In some embodiments, the anti-UCH-Ll antibody comprises a heavy chain

variable domain comprising an amino acid sequence selected from SEQ ID NO:63 and/or

comprises a light chain variable domain comprising an amino acid sequence selected from SEQ

ID NO:76. Also provided are antibodies comprising a heavy chain variable domain and/or a

light chain variable domain sequence that is at least at or about at least 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to any of the above

heavy chain variable domain and/or light chain variable domain sequences, respectively.

[0199] In some embodiments, provided herein is an anti-UCH-Ll antibody comprising a

heavy chain variable domain and/or a light chain variable domain of an antibody shown in Table

6, for example, UCH-Ll-1, UCH-Ll-2, etc.

[0200] In some embodiments, the anti-UCH-Ll antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO:51 and/or comprises a light chain

variable domain comprising an amino acid sequence of SEQ ID NO:64. In some embodiments,

the anti-UCH-Ll antibody comprises a heavy chain variable domain comprising an amino acid

sequence of SEQ ID NO:52 and/or comprises a light chain variable domain comprising an

amino acid sequence of SEQ ID NO:65. In some embodiments, the anti-UCH-Ll antibody

comprises a heavy chain variable domain comprising an amino acid sequence of SEQ ID NO:53

and/or comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:66. In some embodiments, the anti-UCH-Ll antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO:54 and/or comprises a light chain

variable domain comprising an amino acid sequence of SEQ ID NO:67. In some embodiments,

the anti-UCH-Ll antibody comprises a heavy chain variable domain comprising an amino acid

sequence of SEQ ID NO:55 and/or comprises a light chain variable domain comprising an

amino acid sequence of SEQ ID NO:68. In some embodiments, the anti-UCH-Ll antibody

comprises a heavy chain variable domain comprising an amino acid sequence of SEQ ID NO:56

and/or comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:69. In some embodiments, the anti-UCH-Ll antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO:57 and/or comprises a light chain



variable domain comprising an amino acid sequence of SEQ ID NO:70. In some embodiments,

the anti-UCH-Ll antibody comprises a heavy chain variable domain comprising an amino acid

sequence of SEQ ID NO:58 and/or comprises a light chain variable domain comprising an

amino acid sequence of SEQ ID NO:71. In some embodiments, the anti-UCH-Ll antibody

comprises a heavy chain variable domain comprising an amino acid sequence of SEQ ID NO:59

and/or comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:72. In some embodiments, the anti-UCH-Ll antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO:60 and/or comprises a light chain

variable domain comprising an amino acid sequence of SEQ ID NO:73. In some embodiments,

the anti-UCH-Ll antibody comprises a heavy chain variable domain comprising an amino acid

sequence of SEQ ID NO:61 and/or comprises a light chain variable domain comprising an

amino acid sequence of SEQ ID NO:74. In some embodiments, the anti-UCH-Ll antibody

comprises a heavy chain variable domain comprising an amino acid sequence of SEQ ID NO:62

and/or comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:75. In some embodiments, the anti-UCH-Ll antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO:73 and/or comprises a light chain

variable domain comprising an amino acid sequence of SEQ ID NO:76.

[0201] In one aspect, an anti-UCH-Ll antibody described herein is an antibody fragment

(including antigen-binding fragment), e.g., a Fab, Fab'-SH, Fv, scFv, or (Fab ')2 fragment.

[0202] In any of the embodiments herein, the antibody may comprise a heavy chain constant

domain. In some embodiments, the heavy chain constant domain is non-human mammalian. In

some embodiments, the heavy chain constant domain is non-human primate. In some

embodiments, the heavy chain constant domain is non-human primate. In some embodiments,

the heavy chain constant domain is murine (e.g., mouse or rat). In some embodiments, the

murine heavy chain constant domain is IgGl, IgG2a, IgG2b or IgM. In some embodiments, the

murine heavy chain constant domain is murine IgGl. In some embodiments, the murine IgGl

comprises the amino acid sequence of SEQ ID NO:215 or an isoform or variant thereof that has

at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

sequence identity to SEQ ID NO:215. In some embodiments, the murine heavy chain constant

domain is murine IgG2a. In some embodiments, the murine IgG2a comprises the amino acid

sequence of SEQ ID NO:216 or an isoform or variant thereof that has at least 85%, 86%, 87%,

88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to

SEQ ID NO:216. In some embodiments, the murine heavy chain constant domain is murine



IgG2b. In some embodiments, the murine IgG2b comprises the amino acid sequence of SEQ ID

NO:217 or an isoform or variant thereof that has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:217. In some

embodiments, the murine heavy chain constant domain is murine IgM. In some embodiments,

the murine IgM comprises the amino acid sequence of SEQ ID NO:223 or an isoform or variant

thereof that has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% sequence identity to SEQ ID NO:223. In some embodiments, the heavy

chain constant domain is human. In some embodiments, the human heavy chain constant

domain is human IgGl. In some embodiments, the human IgGl comprises the amino acid

sequence of SEQ ID NO:218 or an isoform or variant thereof that has at least 85%, 86%, 87%,

88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to

SEQ ID NO:218. In some embodiments, the human heavy chain constant domain is human

IgM. In some embodiments, the human IgM comprises the amino acid sequence of SEQ ID

NO:224 or an isoform or variant thereof that has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:224.

[0203] There are two types of light chains, kappa and lambda, based on the amino acid

sequences of their constant domains. In any of the embodiments herein, an antibody provided

herein may comprise a light chain constant domain. In some embodiments, the light chain

constant domain is non-human mammalian. In some embodiments, the light chain constant

domain is non-human primate. In some embodiments, the light chain constant domain is non-

human primate. In some embodiments, the light chain constant domain is murine (e.g., mouse

or rat). In some embodiments, the murine light chain constant domain is murine kappa or

murine lambda. In some embodiments, the murine kappa comprises the amino acid sequence of

SEQ ID NO:219 or an isoform or variant thereof that has at least 85%, 86%, 87%, 88%, 89%,

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID

NO:219. In some embodiments, the murine lambda comprises the amino acid sequence of SEQ

ID NO:220 or an isoform or variant thereof that has at least 85%, 86%, 87%, 88%, 89%, 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:220. In

some embodiments, the light chain constant domain is human. In some embodiments, the

human light chain constant domain is human kappa or human lambda. In some embodiments,

the human kappa comprises the amino acid sequence of SEQ ID NO:221 or an isoform or

variant thereof that has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:221. In some embodiments, the



human lambda comprises the amino acid sequence of SEQ ID NO:222 or an isoform or variant

thereof that has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% sequence identity to SEQ ID NO:222.

[0204] In one aspect, an anti-UCH-Ll antibody described herein is a monoclonal antibody.

In one aspect, an anti-UCH-Ll antibody described herein is a humanized antibody, a chimeric

antibody or a human antibody. In one aspect, an anti-UCH-Ll antibody described herein is a

mouse antibody, a rabbit antibody, a rat antibody, or a non-human primate antibody. In some

embodiments, any of the anti-UCH-Ll antibodies are recombinant. In one aspect, any of the

anti-UCH-Ll antibodies described herein are isolated or purified.

[0205] In some embodiments, an anti-UCH-Ll antibody provided herein has a binding

affinity with a dissociation constant -8 -8 -13(KD) of 10 M or less, e.g. from 10 M to 10 M, e.g.,

from 10 9 M to 10 13 M, e.g., from 10 10 M to 10 12 M. In some embodiments, an anti-UCH-Ll

antibody provided herein has a dissociation constant (K ) of less than or equal to ΙµΜ , less than

or equal to 150 nM, less than or equal to 100 nM, less than or equal to 50 nM, less than or equal

to 10 nM, less than or equal to 1 nM, less than or equal to 0.1 nM, less than or equal to 0.01 nM,

or less than or equal to 0.001 nM. In some embodiments, an anti-UCH-Ll antibody provided

herein has a dissociation constant (K ) of less than or less than about 1.0 x 10 10 M, 2.0 x 10 10

M, 3.0 x 10 10 M, 4.0 x 10 10 M, 5.0 x 10 10 M, 6.0 x 10 10 M, 7.0 x 10 10 M, 8.0 x 10 10 M, 9.0 x

10 10 M, 1.0 x 10 11 M, 2.0 x 10 11 M, 3.0 x 10 11 M, 4.0 x 10 11 M, 5.0 x 10 11 M, 6.0 x 10 11 M,

7.0 x 10 11 M, 8.0 x 10 11 M, 9.0 x 10 11 M, or 1.0 x 10 12 M.

[0206] In some embodiments, an anti-UCH-Ll antibody provided herein has a binding

affinity with a dissociation constant (KD) of from or from about 2.0 x 10 10 M to 5.0 x 10 12 M,

such as from or from about 2.0 x 10 10 M to 1.0 x 10 12 M, 2.0 x 10 10 M to 5.0 x 10 11 M, 2.0 x

10 10 M to 1.0 x 10 11 M, 2.0 x 10 10 M to 5.0 x 10 10 M, 5.0 x 10 10 M to 1.0 x 10 12 M, 5.0 x 10

10 M to 5.0 x 10 11 M, 5.0 x 10 10 M to 1.0 x 10 11 M, 1.0 x 10 11 M to 1.0 x 10 12 M, 1.0 x 10 11 M

to 5.0 x 10 11 M or 5.0 x 10 11 M to 1.0 x 10 12 M. In some embodiments, an anti-UCH-Ll

antibody provided herein has a dissociation constant (KD) from or from about 2 x 10 10 M to

about 1 x 10 12 M. In some embodiments, an anti-UCH-Ll antibody provided herein has a

dissociation constant (KD) from or from about 2.0 x 10 10 M to 4.0 x 10 10 M, 1.0 x 10 11 M to 9.0

x 10 11 M, or 1.0 x 10 12 M to 5.0 x 10 12 M. In some embodiments, an anti-UCH-Ll antibody

provided herein has a dissociation constant (KD) of an antibody shown in Table 4, for example,

UCH-Ll-1, UCH-Ll-2, etc.



[0207] In one aspect, nucleic acids encoding anti-UCH-Ll antibodies are provided. In some

embodiments, a nucleic acid may encode an anti-UCH-Ll antibody or antigen-binding fragment

provided herein. In some embodiments, a nucleic acid may encode a heavy chain comprising a

heavy chain variable region of an anti-UCH-Ll antibody or antigen-binding fragment provided

herein. In some embodiments, a nucleic acid may encode a light chain comprising a light chain

variable region of an anti-UCH-Ll antibody or antigen-binding fragment provided herein.

[0208] In certain embodiments, vectors, such as an expression vector, comprising nucleic

acids encoding anti-UCH-Ll antibodies are provided. In certain embodiments, host cells

comprising such nucleic acids and/or vectors are provided. For example, a host cell provided

herein can comprise a vector comprising a nucleic acid encoding a heavy chain of an anti-UCH-

Ll antibody or antigen-binding fragment provided herein. Such a host cell, in some

embodiments, can further comprise a vector comprising a nucleic acid encoding a light chain of

an anti-UCH-Ll antibody or antigen-binding fragment provided herein.

[0209] In another aspect of the invention, compositions comprising anti-UCH-Ll antibodies

or nucleic acids encoding anti-UCH-Ll antibodies are provided. In certain embodiments, a

composition provided herein can be used for the detection of UCH-L1, diagnosis of brain

damage or injury (e.g. due to a neurological condition, stroke or traumatic brain injury) in an

individual having or suspected of having the brain damage or injury and/or in predicting whether

a subject needs a CT scan, such as those methods enumerated herein. In some embodiments, the

provided anti-UCH-Ll antibodies can be used in the methods in combination with any one or

more of the anti-GFAP antibodies provided herein.

B. Anti-GFAP Antibodies

[0210] In one aspect, provided herein are antibodies that bind to a human GFAP protein,

including a fragment, isoform or variant of a human GFAP protein. In some embodiments, the

human GFAP protein is one released from damaged cells or tissue and/or present in a bodily

fluid (e.g. serum, cerebrospinal fluid or other bodily fluid as described) as a result of brain

damage or injury. In some embodiments, the anti-GFAP antibody binds to a human GFAP

protein comprising the amino acid sequence selected from any of SEQ ID NOs:212-214 or a

variant thereof having an amino acid sequence having at least 85%, at least 86%, at least 87%, at

least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at

least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid

sequence selected from SEQ ID NOs:212-214.



[0211] In some embodiments, a GFAP variant is a GFAP having at least about 80% amino

acid sequence identity with a GFAP amino acid sequence which is a : (i) full-length native GFAP

amino acid sequence, e.g. set forth in any of SEQ ID NOS:212-214; (ii) full-length recombinant

GFAP amino acid sequence, e.g. set forth in any of SEQ ID NOS:212-214; (iii) a GFAP amino

acid sequence of (i) or (ii) lacking the signal peptide; (iv) or any other fragment of a full-length

GFAP amino acid sequence of (i) or (ii), such as those encoded by a nucleic acid that represents

only a portion of the complete coding sequence for a full-length GFAP protein. Such GFAP

variants include, for instance, polypeptides wherein one or more amino acid residues are added,

or deleted, at the N- or C-terminus of the full-length native amino acid sequence or full-length

recombinant amino acid sequence. Ordinarily, a GFAP variant will have at least about 80%

amino acid sequence identity, alternatively at least about 81%, 82%, 83%, 84%, 85%, 86%,

87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% amino acid

sequence identity, to a full-length native GFAP amino acid sequence (e.g. set forth in SEQ ID

NO:212-214), a full-length recombinant GFAP amino acid sequence (e.g. set forth in SEQ ID

NO:212-214), or an GFAP amino acid sequence thereof lacking the signal peptide or any other

fragment of a full-length GFAP amino acid sequence. In some embodiments, GFAP variants,

including fragments of a full length sequence, are at least about 10 amino acids in length,

alternatively at least about 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170,

180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360,

370, 380, 390, 400, 410, 420, 430 amino acids in length, or more. In some embodiments, GFAP

variants will have no more than one conservative amino acid substitution as compared to the

native GFAP amino acid sequence or recombinant GFAP amino acid sequence, alternatively no

more than 2, 3, 4, 5, 6, 7, 8, 9, or 10 conservative amino acid substitution as compared to the

native GFAP amino acid sequence or recombinant GFAP amino acid sequence.

[0212] In some embodiments, the anti-GFAP antibody binds an epitope or region

corresponding to an epitope or region contained in a human GFAP protein set forth in SEQ ID

NO:212 or the same epitope or region in an isoform or fragment or variant of the GFAP protein

set forth in SEQ ID NO:212.

[0213] In some embodiments, the GFAP protein (e.g., human GFAP protein) is a

recombinant GFAP protein such as a recombinant GFAP protein produced in a bacterial host

cell (e.g., E. coli cell) or mammalian host cell (e.g., CHO cell). In some embodiments, the GFAP

protein ((e.g., human GFAP protein) is a native GFAP protein such a native-GFAP protein

present or obtained from serum, plasma, blood (e.g., whole blood), cerebrospinal fluid, urine,



sweat, saliva or any other biological fluid present or obtained from an individual (e.g., human).

In some embodiments, the anti-GFAP antibody binds to a GFAP modified by citrullination,

glycosylation, phosphorylation, or other modifications.

[0214] In some embodiments, the anti-GFAP antibody described herein binds to a linear

epitope of GFAP (e.g., human GFAP). In some embodiments, the anti-GFAP antibody

described herein binds to a conformational epitope of GFAP (e.g., human GFAP).

[0215] In some embodiments, the anti-GFAP antibodies bind to a particular epitope or

region of GFAP. In some embodiments, the anti-GFAP antibody binds to an epitope containing

one or more amino acids that is, includes or is within (or is entirely within) a portion of GFAP

corresponding to positions 92-106 of human GFAP protein set forth in SEQ ID NO:212. In

some embodiments, the anti-GFAP antibody binds to an epitope containing one or more amino

acids that is, includes or is within (or is entirely within) a portion of GFAP corresponding to

positions 190-202 of human GFAP protein set forth in SEQ ID NO:212. In some embodiments,

the anti-GFAP antibody binds to an epitope containing one or more amino acids that is, includes

or is within (or is entirely within) a portion of GFAP corresponding to positions 16-35 and/or

380 of human GFAP protein set forth in SEQ ID NO:212. In some embodiments, the anti-

GFAP antibody binds to an epitope containing one or more amino acids that is, includes or is

within (or is entirely within) a portion of GFAP corresponding to positions 119 and/or 190 of

human GFAP protein set forth in SEQ ID NO:212. In some embodiments, the anti-GFAP

antibody binds to an epitope containing one or more amino acids that is, includes or is within (or

is entirely within) a portion of GFAP corresponding to positions 380-391 of human GFAP

protein set forth in SEQ ID NO:212. In some embodiments, the anti-GFAP antibody binds to an

epitope containing one or more amino acids that is, includes or is within (or is entirely within) a

portion of GFAP corresponding to positions 119-130 of human GFAP protein set forth in SEQ

ID NO:212. In some embodiments, the anti-GFAP antibody binds to an epitope containing one

or more amino acids that is, includes or is within (or is entirely within) a portion of GFAP

corresponding to positions 210-221 of human GFAP protein set forth in SEQ ID NO:212. In

some embodiments, the anti-GFAP antibody binds to an epitope containing one or more amino

acids that is, includes or is within (or is entirely within) a portion of GFAP corresponding to

positions 320-329, 346-357 and/or 376-387 of human GFAP protein set forth in SEQ ID

NO:212. In some embodiments, the anti-GFAP antibody binds to an epitope containing one or

more amino acids that is, includes or is within (or is entirely within) a portion of GFAP

corresponding to positions 138-149 of human GFAP protein set forth in SEQ ID NO:212.



[0216] In some embodiments, among the provided antibodies are antibodies that bind to the

same or overlapping epitope as one or more of the other provided antibodies and/or compete for

binding to GFAP with one or more of the other provided antibodies. In some embodiments,

among the provided antibodies are antibodies that bind to a different or distinct epitope as

compared to one or more of the other provided antibodies and/or do not compete for binding to

GFAP with one or more of the other provided antibodies. For example, in some embodiments

provided are antibodies that bind to a distinct epitope and/or do not compete for binding to

GFAP as compared to the antibody designated GFAP-2 as described herein. In some

embodiments, provided are antibodies that bind to a distinct epitope and/or do not compete for

binding to GFAP as compared to the antibody designated GFAP-6 as described herein.

[0217] In some embodiments, the antibodies bind to an epitope of GFAP that is conserved

among GFAP from different species. In some embodiments, the antibodies bind to an epitope of

GFAP that is present in human GFAP or an isoform or variant thereof but that is not present in

one or more other non-human species.

[0218] In one aspect, provided herein is an anti-GFAP antibody comprising a heavy chain

variable region and a light chain variable region, wherein the heavy chain variable region

comprises a CDR-H3 comprising an amino acid sequence selected from SEQ ID NOs:108-124.

In some embodiments, the heavy chain variable region further comprises a CDR-Hl comprising

an amino acid sequence selected from SEQ ID NOs:77-90 and/or a CDR-H2 comprising an

amino acid sequence selected from SEQ ID NOs:91-107.

[0219] In one aspect, provided herein is an anti-GFAP antibody comprising a heavy chain

variable region and a light chain variable region, wherein the light chain variable region

comprises a CDR-L3 comprising an amino acid sequence selected from SEQ ID NOs:157-171.

In some embodiments, the heavy chain variable region further comprises a CDR-L1 comprising

an amino acid sequence selected from SEQ ID NOs:125-141 and/or a CDR-L2 comprising an

amino acid sequence selected from SEQ ID NOs:142-156.

[0220] In some embodiments, the heavy chain CDR sequences comprise the following:

a) a CDR-Hl set forth in SEQ ID NO:77; SEQ ID NO:78; SEQ ID NO:79; SEQ ID

NO:80; SEQ ID NO:81; SEQ ID NO:82; SEQ ID NO:83; SEQ ID NO:84; SEQ ID

NO:85; SEQ ID NO:86; SEQ ID NO:87; SEQ ID NO:88; SEQ ID NO:89 or SEQ ID

NO:90;

b) a CDR-H2 set forth in SEQ ID NO:91; SEQ ID NO:92; SEQ ID NO:93; SEQ ID

NO:94; SEQ ID NO:95; SEQ ID NO:96; SEQ ID NO:97; SEQ ID NO:98; SEQ ID



NO:99; SEQ ID NO: 100; SEQ ID NO: 101, SEQ ID NO: 102; SEQ ID NO: 103; SEQ ID

NO: 104; SEQ ID NO: 105; SEQ ID NO: 106 or SEQ ID NO: 107; and

c) a CDR-H3 set forth in SEQ ID NO: 108; SEQ ID NO: 109; SEQ ID NO: 110; SEQ ID

NO: 111; SEQ ID NO: 112; SEQ ID NO: 113; SEQ ID NO: 114; SEQ ID NO: 115; SEQ ID

NO: 116; SEQ ID NO: 117; SEQ ID NO: 118; SEQ ID NO: 119; SEQ ID NO: 120; SEQ ID

NO: 121; SEQ ID NO: 122; SEQ ID NO: 123 or SEQ ID NO: 124.

[0221] In some embodiments, the heavy chain CDR sequences comprise the following:

a) a CDR-H1 set forth in SEQ ID NO:77; SEQ ID NO:78; SEQ ID NO:79; SEQ ID

NO:80; SEQ ID NO:81; SEQ ID NO:82; SEQ ID NO:83; SEQ ID NO:84; SEQ ID

NO:85; SEQ ID NO:86; SEQ ID NO:87; SEQ ID NO:88; SEQ ID NO:89 or SEQ ID

NO:90;

b) a CDR-H2 set forth in SEQ ID NO:93; SEQ ID NO:94; SEQ ID NO:95; SEQ ID

NO:96; SEQ ID NO:97; SEQ ID NO:98; SEQ ID NO:99; SEQ ID NO: 100; SEQ ID

NO: 101, SEQ ID NO: 102; SEQ ID NO: 103; SEQ ID NO: 104; SEQ ID NO: 105; SEQ ID

NO: 106 or SEQ ID NO: 107; and

c) a CDR-H3 set forth in SEQ ID NO: 110; SEQ ID NO: 111; SEQ ID NO: 112; SEQ ID

NO: 113; SEQ ID NO: 114; SEQ ID NO: 115; SEQ ID NO: 116; SEQ ID NO: 117; SEQ ID

NO:118; SEQ ID NO:119; SEQ ID NO:120; SEQ ID NO:121; SEQ ID NO:122; SEQ ID

NO: 123 or SEQ ID NO: 124.

[0222] In some embodiments, the heavy chain CDR sequences comprise the following:

a) a CDR-H1 set forth in SEQ ID NO:77;

b) a CDR-H2 set forth in SEQ ID NO:91; and

c) a CDR-H3 set forth in SEQ ID NO: 108.

[0223] In some embodiments, the heavy chain CDR sequences comprise the following:

a) a CDR-H1 set forth in SEQ ID NO:78;

b) a CDR-H2 set forth in SEQ ID NO:92; and

c) a CDR-H3 set forth in SEQ ID NO: 109.

[0224] In some embodiments, the light chain CDR sequences comprise the following:

a) a CDR-L1 set forth in SEQ ID NO: 125; SEQ ID NO: 126; SEQ ID NO: 127; SEQ ID

NO:128; SEQ ID NO:129; SEQ ID NO:130; SEQ ID NO:131; SEQ ID NO:132; SEQ ID

NO:133; SEQ ID NO:134; SEQ ID NO:135; SEQ ID NO:136; SEQ ID NO:137; SEQ ID

NO:138; SEQ ID NO:139; SEQ ID NO:140 or SEQ ID NO:141;



b) a CDR-L2 set forth in SEQ ID NO: 142; SEQ ID NO: 143, SEQ ID NO: 144; SEQ ID

NO: 145; SEQ ID NO: 146; SEQ ID NO: 147; SEQ ID NO: 148; SEQ ID NO: 149; SEQ ID

NO:150; SEQ ID NO:151; SEQ ID NO:152; SEQ ID NO:153; SEQ ID NO:154; SEQ ID

NO: 155 or SEQ ID NO: 156; and

c) a CDR-L3 set forth in SEQ ID NO: 157; SEQ ID NO: 158; SEQ ID NO: 159; SEQ ID

NO:160; SEQ ID NO:161; SEQ ID NO:162; SEQ ID NO:163; SEQ ID NO:164; SEQ ID

NO: 165; SEQ ID NO: 166; SEQ ID NO: 167; SEQ ID NO: 168; SEQ ID NO: 169; SEQ ID

NO: 170 or SEQ ID NO: 171.

[0225] In some embodiments, the light chain CDR sequences comprise the following:

a) a CDR-Ll set forth in SEQ ID NO: 126; SEQ ID NO: 127; SEQ ID NO: 128; SEQ ID

NO:129; SEQ ID NO:130; SEQ ID NO:131; SEQ ID NO:132; SEQ ID NO:133; SEQ ID

NO:134; SEQ ID NO:135; SEQ ID NO:136; SEQ ID NO:137; SEQ ID NO:138; SEQ ID

NO:139; SEQ ID NO:140 or SEQ ID NO:141;

b) a CDR-L2 set forth in SEQ ID NO: 142; SEQ ID NO: 144; SEQ ID NO: 145; SEQ ID

NO: 146; SEQ ID NO: 147; SEQ ID NO: 148; SEQ ID NO: 149; SEQ ID NO: 150; SEQ ID

NO:151; SEQ ID NO:152; SEQ ID NO:153; SEQ ID NO:154; SEQ ID NO:155 or SEQ

ID NO: 156; and

c) a CDR-L3 set forth in SEQ ID NO: 158; SEQ ID NO: 159; SEQ ID NO: 160; SEQ ID

NO:161; SEQ ID NO:162; SEQ ID NO:163; SEQ ID NO:164; SEQ ID NO:165; SEQ ID

NO: 166; SEQ ID NO: 167; SEQ ID NO: 168; SEQ ID NO: 169; SEQ ID NO: 170 or SEQ

ID NO: 171.

[0226] In some embodiments, the light chain CDR sequences comprise the following:

a) a CDR-Ll set forth in SEQ ID NO: 125;

b) a CDR-L2 set forth in SEQ ID NO: 142; and

c) a CDR-L3 set forth in SEQ ID NO: 157.

[0227] In some embodiments, the light chain CDR sequences comprise the following:

a) a CDR-Ll set forth in SEQ ID NO: 126;

b) a CDR-L2 set forth in SEQ ID NO: 143; and

c) a CDR-L3 set forth in SEQ ID NO: 158.

[0228] Also provided are antibodies comprising a CDR-Hl, CDR-H2, CDR-H3, CDR-Ll,

CDR-L2 and/or CDR-L3 sequence that is at least at or about at least 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to any of the above

CDR-Hl, CDR-H2, CDR-H3, CDR-Ll, CDR-L2 and/or CDR-L3 sequences, respectively.



[0229] In one aspect, provided herein is an anti-GFAP antibody comprising a heavy chain

variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:77, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:91, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 108; and/or wherein the light chain variable region comprises (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 125, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 142, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 157. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 92-106 of human GFAP set forth

in SEQ ID NO:212.

[0230] In one aspect, provided herein is an anti-GFAP antibody comprising a heavy chain

variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:78, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:92, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 109; and/or wherein the light chain variable region comprises (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 126, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 143, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 158. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 190-202 of human GFAP set

forth in SEQ ID NO:212.

[0231] In one aspect, provided herein is an anti-GFAP antibody comprising a heavy chain

variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:79, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:93, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 110; and/or wherein the light chain variable region comprises (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 127, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 144, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 159 In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 16-35 and/or 380 of human

GFAP set forth in SEQ ID NO:212.

[0232] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:77, (ii) CDR-H2



comprising the amino acid sequence of SEQ ID NO:94, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 111; and/or wherein the light chain variable region comprises (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 128, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 145, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 160. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 119 and/or 190 of human GFAP

set forth in SEQ ID NO:212.

[0233] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:80, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:95, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 112; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO: 126, (ii) CDR-L2 comprising the amino

acid sequence of SEQ ID NO: 142, and (iii) CDR-L3 comprising the amino acid sequence of

SEQ ID NO: 158. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 119-130 of human GFAP set

forth in SEQ ID NO:212.

[0234] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:81, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:96, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 113; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO: 129, (ii) CDR-L2 comprising the amino

acid sequence of SEQ ID NO: 146, and (iii) CDR-L3 comprising the amino acid sequence of

SEQ ID NO:161. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 380-391 of human GFAP set

forth in SEQ ID NO:212.

[0235] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:77, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:94, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 111; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO: 130 (ii) CDR-L2 comprising the amino acid



sequence of SEQ ID NO: 145, and (iii) CDR-L3 comprising the amino acid sequence of SEQ ID

NO: 160. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 380-391 of human GFAP set

forth in SEQ ID NO:212.

[0236] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:82, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:97, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 114; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO: 131, (ii) CDR-L2 comprising the amino

acid sequence of SEQ ID NO: 147, and (iii) CDR-L3 comprising the amino acid sequence of

SEQ ID NO: 162. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 380-391 of human GFAP set

forth in SEQ ID NO:212.

[0237] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:83, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:98, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 115; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO: 132, (ii) CDR-L2 comprising the amino

acid sequence of SEQ ID NO: 148, and (iii) CDR-L3 comprising the amino acid sequence of

SEQ ID NO: 163.

[0238] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:84, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO:99, and (iii) CDR-H3 comprising the amino

acid sequence of SEQ ID NO: 116; and/or a light chain variable region comprising (i) CDR-L1

comprising the amino acid sequence of SEQ ID NO: 133, (ii) CDR-L2 comprising the amino

acid sequence of SEQ ID NO: 149, and (iii) CDR-L3 comprising the amino acid sequence of

SEQ ID NO: 164. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 119-130 of human GFAP set

forth in SEQ ID NO:212.



[0239] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:85, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 100, and (iii) CDR-H3 comprising the

amino acid sequence of SEQ ID NO: 117; and/or a light chain variable region comprising (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 134, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 150, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 165. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 119-130 of human GFAP set

forth in SEQ ID NO:212.

[0240] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:86, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 101, and (iii) CDR-H3 comprising the

amino acid sequence of SEQ ID NO: 118; and/or a light chain variable region comprising (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 135, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 151, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 166. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 210-221 of human GFAP set

forth in SEQ ID NO:212.

[0241] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:78, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 102, and (iii) CDR-H3 comprising the

amino acid sequence of SEQ ID NO: 119; and/or a light chain variable region comprising (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 136, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 152, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 167. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 210-221 of human GFAP set

forth in SEQ ID NO:212.

[0242] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:78, (ii) CDR-H2



comprising the amino acid sequence of SEQ ID NO: 103, and (iii) CDR-H3 comprising the

amino acid sequence of SEQ ID NO: 120; and/or a light chain variable region comprising (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 137, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 142, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 158. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 210-221 of human GFAP set

forth in SEQ ID NO:212.

[0243] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:87, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 104, and (iii) CDR-H3 comprising the

amino acid sequence of SEQ ID NO: 121; and/or a light chain variable region comprising (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 138, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 153, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 168. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 320-329 of human GFAP set

forth in SEQ ID NO:212.

[0244] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:88, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 105, and (iii) CDR-H3 comprising the

amino acid sequence of SEQ ID NO: 122; and/or a light chain variable region comprising (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 139, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 154, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 169. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 320-329, 346-357 and/or 376-

387 of human GFAP set forth in SEQ ID NO:212.

[0245] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-H1 comprising the amino acid sequence of SEQ ID NO:89, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 106, and (iii) CDR-H3 comprising the

amino acid sequence of SEQ ID NO: 123; and/or a light chain variable region comprising (i)

CDR-L1 comprising the amino acid sequence of SEQ ID NO: 140, (ii) CDR-L2 comprising the



amino acid sequence of SEQ ID NO: 155, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 170. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 119-130 and/or 138-149 of

human GFAP set forth in SEQ ID NO:212.

[0246] In another aspect, provided herein is an anti-GFAP antibody comprising a heavy

chain variable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) CDR-Hl comprising the amino acid sequence of SEQ ID NO:90, (ii) CDR-H2

comprising the amino acid sequence of SEQ ID NO: 107, and (iii) CDR-H3 comprising the

amino acid sequence of SEQ ID NO: 124; and/or a light chain variable region comprising (i)

CDR-Ll comprising the amino acid sequence of SEQ ID NO: 141, (ii) CDR-L2 comprising the

amino acid sequence of SEQ ID NO: 156, and (iii) CDR-L3 comprising the amino acid sequence

of SEQ ID NO: 171. In some embodiments, the antibody described herein binds to an epitope

corresponding to an epitope within, that is, or includes residues 119-130 of human GFAP set

forth in SEQ ID NO:212.

[0247] In some embodiments, the anti-GFAP comprises a heavy chain variable region

comprising a CDR-Hl, a CDR-H2, and a CDR-H3, respectively, comprising the amino acid

sequence of a CDR-Hl, a CDR-H2, and a CDR-H3 contained within the heavy chain variable

region amino acid sequence selected from any one of SEQ ID NOs: 172-188. In some

embodiments, the anti-GFAP comprises a heavy chain variable region comprising a CDR-Hl, a

CDR-H2, and a CDR-H3, respectively, comprising the amino acid sequence of a CDR-Hl, a

CDR-H2, and a CDR-H3 contained within the heavy chain variable region amino acid sequence

selected from any one of SEQ ID NOs: 174-188. In some embodiments, the anti-GFAP

comprises a heavy chain variable region comprising a CDR-Hl, a CDR-H2, and a CDR-H3,

respectively, comprising the amino acid sequence of a CDR-Hl, a CDR-H2, and a CDR-H3

contained within the heavy chain variable region amino acid sequence of SEQ ID NO: 172. In

some embodiments, the anti-GFAP comprises a heavy chain variable region comprising a CDR-

Hl, a CDR-H2, and a CDR-H3, respectively, comprising the amino acid sequence of a CDR-Hl,

a CDR-H2, and a CDR-H3 contained within the heavy chain variable region amino acid of SEQ

ID NO: 173.

[0248] In some embodiments, the anti-GFAP comprises a CDR-Ll, a CDR-L2, and a CDR-

L3, respectively, comprising the amino acid sequence of a CDR-Ll, a CDR-L2, and a CDR-L3

contained within the light chain variable region amino acid sequence selected from any one of

SEQ ID NOs: 189-206. In some embodiments, the anti-GFAP comprises a CDR-Ll, a CDR-L2,



and a CDR-L3, respectively, comprising the amino acid sequence of a CDR-L1, a CDR-L2, and

a CDR-L3 contained within the light chain variable region amino acid sequence selected from

any one of SEQ ID NOs: 191-206. In some embodiments, the anti-GFAP comprises a CDR-L1,

a CDR-L2, and a CDR-L3, respectively, comprising the amino acid sequence of a CDR-L1, a

CDR-L2, and a CDR-L3 contained within the light chain variable region amino acid sequence of

SEQ ID NO: 189. In some embodiments, the anti-GFAP comprises a CDR-L1, a CDR-L2, and a

CDR-L3, respectively, comprising the amino acid sequence of a CDR-L1, a CDR-L2, and a

CDR-L3 contained within the light chain variable region amino acid sequence of SEQ ID

NO: 190.

[0249] An anti-GFAP antibody described herein may comprise any suitable framework

variable domain sequence, provided that the antibody retains the ability to bind GFAP (e.g.,

human GFAP). As used herein, heavy chain framework regions are designated "HC-FR1-FR4,"

and light chain framework regions are designated "LC-FR1-FR4."

[0250] In some embodiments, provided herein is an anti-GFAP antibody comprising a heavy

chain variable domain comprising an amino acid sequence having at least 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to an amino

acid sequence selected from SEQ ID NOs: 172-188. In some embodiments, provided herein is

an anti-GFAP antibody comprising a heavy chain variable domain comprising an amino acid

sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% sequence identity to an amino acid sequence selected from SEQ ID NOs:

174-188. In some embodiments, provided herein is an anti-GFAP antibody comprising a heavy

chain variable domain comprising an amino acid sequence having at least 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to an amino

acid sequence of SEQ ID NO: 172. In some embodiments, provided herein is an anti-GFAP

antibody comprising a heavy chain variable domain comprising an amino acid sequence having

at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

sequence identity to an amino acid sequence of SEQ ID NO: 173. In some embodiments, an

amino acid sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, or 99% sequence identity contains substitutions, insertions, or deletions

relative to the reference sequence, but an antibody comprising that amino acid sequence retains

the ability to bind to GFAP (e.g., human GFAP). In some embodiments, the substitutions,

insertions, or deletions (e.g., 1, 2, 3, 4, or 5 amino acids) occur in regions outside the CDRs (i.e.,

in the FRs).



[0251] In some embodiments, an anti-GFAP antibody comprises a heavy chain variable

domain comprising an amino acid sequence selected from SEQ ID NO:172-188. In some

embodiments, an anti-GFAP antibody comprises a heavy chain variable domain comprising an

amino acid sequence of SEQ ID NO: 172. In some embodiments, an anti-GFAP antibody

comprises a heavy chain variable domain comprising an amino acid sequence selected from SEQ

ID NO: 173. In some embodiments, an anti-GFAP antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO: 174. In some embodiments, an anti-

GFAP antibody comprises a heavy chain variable domain comprising an amino acid sequence of

SEQ ID NO: 175. In some embodiments, an anti-GFAP antibody comprises a heavy chain

variable domain comprising an amino acid sequence of SEQ ID NO: 176. In some embodiments,

an anti-GFAP antibody comprises a heavy chain variable domain comprising an amino acid

sequence of SEQ ID NO: 177. In some embodiments, an anti-GFAP antibody comprises a heavy

chain variable domain comprising an amino acid sequence of SEQ ID NO: 178. In some

embodiments, an anti-GFAP antibody comprises a heavy chain variable domain comprising an

amino acid sequence of SEQ ID NO: 179. In some embodiments, an anti-GFAP antibody

comprises a heavy chain variable domain comprising an amino acid sequence of SEQ ID

NO: 180. In some embodiments, an anti-GFAP antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO: 181. In some embodiments, an anti-

GFAP antibody comprises a heavy chain variable domain comprising an amino acid sequence of

SEQ ID NO: 182. In some embodiments, an anti-GFAP antibody comprises a heavy chain

variable domain comprising an amino acid sequence of SEQ ID NO: 183. In some embodiments,

an anti-GFAP antibody comprises a heavy chain variable domain comprising an amino acid

sequence of SEQ ID NO: 184. In some embodiments, an anti-GFAP antibody comprises a heavy

chain variable domain comprising an amino acid sequence of SEQ ID NO: 185. In some

embodiments, an anti-GFAP antibody comprises a heavy chain variable domain comprising an

amino acid sequence of SEQ ID NO: 186. In some embodiments, an anti-GFAP antibody

comprises a heavy chain variable domain comprising an amino acid sequence of SEQ ID

NO: 187. In some embodiments, an anti-GFAP antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO: 188.

[0252] In some embodiments, provided herein is an anti-GFAP antibody comprising a light

chain variable domain comprising an amino acid sequence having at least 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to an amino

acid sequence selected from SEQ ID NOs: 189-206. In some embodiments, provided herein is



an anti-GFAP antibody comprising a light chain variable domain comprising an amino acid

sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% sequence identity to an amino acid sequence selected from SEQ ID NOs:

191-206. In some embodiments, provided herein is an anti-GFAP antibody comprising a light

chain variable domain comprising an amino acid sequence having at least 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to an amino

acid sequence of SEQ ID NO: 189. In some embodiments, provided herein is an anti-GFAP

antibody comprising a light chain variable domain comprising an amino acid sequence having at

least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

sequence identity to an amino acid sequence of SEQ ID NO: 190. In some embodiments, an

amino acid sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, or 99% sequence identity contains substitutions, insertions, or deletions

relative to the reference sequence, but an antibody comprising that amino acid sequence retains

the ability to bind to GFAP (e.g., human GFAP). In some embodiments, the substitutions,

insertions, or deletions (e.g., 1, 2, 3, 4, or 5 amino acids) occur in regions outside the CDRs (i.e.,

in the FRs).

[0253] In some embodiments, an anti-GFAP antibody comprises a light chain variable

domain comprising an amino acid sequence selected from SEQ ID NO: 189-206. In some

embodiments, an anti-GFAP antibody comprises a light chain variable domain comprising an

amino acid sequence of SEQ ID NO: 189. In some embodiments, an anti-GFAP antibody

comprises a light chain variable domain comprising an amino acid sequence of SEQ ID NO: 190.

In some embodiments, an anti-GFAP antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO:191. In some embodiments, an anti-GFAP

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO: 192. In some embodiments, an anti-GFAP antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO: 193. In some embodiments, an anti-GFAP

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO: 194. In some embodiments, an anti-GFAP antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO: 195. In some embodiments, an anti-GFAP

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO: 196. In some embodiments, an anti-GFAP antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO: 197. In some embodiments, an anti-GFAP

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID



NO: 198. In some embodiments, an anti-GFAP antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO: 199. In some embodiments, an anti-GFAP

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:200. In some embodiments, an anti-GFAP antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO:201. In some embodiments, an anti-GFAP

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:202. In some embodiments, an anti-GFAP antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO:203. In some embodiments, an anti-GFAP

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:204. In some embodiments, an anti-GFAP antibody comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO:205. In some embodiments, an anti-GFAP

antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ ID

NO:206.

[0254] In one aspect, provided herein is an anti-GFAP antibody comprising a heavy chain

variable domain comprising an amino acid sequence selected from SEQ ID NOs:172-188 and/or

comprising a light chain variable domain comprising an amino acid sequence selected from SEQ

ID NOs: 189-206. In some embodiments, the anti-GFAP antibody comprises a a heavy chain

variable domain comprising an amino acid sequence selected from SEQ ID NOs:174-188 and/or

comprises a light chain variable domain comprising an amino acid sequence selected from SEQ

ID NOs: 191-206. In some embodiments, the anti-GFAP antibody comprises a a heavy chain

variable domain comprising an amino acid sequence selected from SEQ ID NO: 172 and/or

comprises a light chain variable domain comprising an amino acid sequence selected from SEQ

ID NO: 189. In some embodiments, the anti-GFAP antibody comprises a a heavy chain variable

domain comprising an amino acid sequence selected from SEQ ID NO: 173 and/or comprises a

light chain variable domain comprising an amino acid sequence selected from SEQ ID NO: 190.

Also provided are antibodies comprising a heavy chain variable domain and/or a light chain

variable domain sequence that is at least at or about at least 85%, 86%, 87%, 88%, 89%, 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to any of the above heavy chain

variable domain and/or light chain variable domain sequences, respectively.

[0255] In some embodiments, provided herein is an anti-GFAP antibody comprising a heavy

chain variable domain and/or a light chain variable domain of an antibody shown in Table 10,

for example, GFAP-2, GFAP-6, etc.



[0256] In some embodiments, the anti-GFAP antibody comprises a heavy chain variable

domain comprising an amino acid sequence of SEQ ID NO: 172 and/or comprises a light chain

variable domain comprising an amino acid sequence of SEQ ID NO: 189. In some embodiments,

the anti-GFAP antibody comprises a heavy chain variable domain comprising an amino acid

sequence of SEQ ID NO: 173 and/or comprises a light chain variable domain comprising an

amino acid sequence of SEQ ID NO: 190. In some embodiments, the anti-GFAP antibody

comprises a heavy chain variable domain comprising an amino acid sequence of SEQ ID

NO: 174 and/or comprises a light chain variable domain comprising an amino acid sequence of

SEQ ID NO:191. In some embodiments, the anti-GFAP antibody comprises a heavy chain

variable domain comprising an amino acid sequence of SEQ ID NO: 175 and/or comprises a

light chain variable domain comprising an amino acid sequence of SEQ ID NO: 192. In some

embodiments, the anti-GFAP antibody comprises a heavy chain variable domain comprising an

amino acid sequence of SEQ ID NO: 176 and/or comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO: 193. In some embodiments, the anti-GFAP

antibody comprises a heavy chain variable domain comprising an amino acid sequence of SEQ

ID NO: 177 and/or comprises a light chain variable domain comprising an amino acid sequence

of SEQ ID NO: 194. In some embodiments, the anti-GFAP antibody comprises a heavy chain

variable domain comprising an amino acid sequence of SEQ ID NO: 175 and/or comprises a

light chain variable domain comprising an amino acid sequence of SEQ ID NO: 195. In some

embodiments, the anti-GFAP antibody comprises a heavy chain variable domain comprising an

amino acid sequence of SEQ ID NO: 178 and/or comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO: 196. In some embodiments, the anti-GFAP

antibody comprises a heavy chain variable domain comprising an amino acid sequence of SEQ

ID NO: 179 and/or comprises a light chain variable domain comprising an amino acid sequence

of SEQ ID NO: 197. In some embodiments, the anti-GFAP antibody comprises a heavy chain

variable domain comprising an amino acid sequence of SEQ ID NO: 180 and/or comprises a

light chain variable domain comprising an amino acid sequence of SEQ ID NO: 198. In some

embodiments, the anti-GFAP antibody comprises a heavy chain variable domain comprising an

amino acid sequence of SEQ ID NO: 181 and/or comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO: 199. In some embodiments, the anti-GFAP

antibody comprises a heavy chain variable domain comprising an amino acid sequence of SEQ

ID NO: 182 and/or comprises a light chain variable domain comprising an amino acid sequence

of SEQ ID NO:200. In some embodiments, the anti-GFAP antibody comprises a heavy chain



variable domain comprising an amino acid sequence of SEQ ID NO: 183 and/or comprises a

light chain variable domain comprising an amino acid sequence of SEQ ID NO:201. In some

embodiments, the anti-GFAP antibody comprises a heavy chain variable domain comprising an

amino acid sequence of SEQ ID NO: 184 and/or comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO:202. In some embodiments, the anti-GFAP

antibody comprises a heavy chain variable domain comprising an amino acid sequence of SEQ

ID NO: 185 and/or comprises a light chain variable domain comprising an amino acid sequence

of SEQ ID NO:203. In some embodiments, the anti-GFAP antibody comprises a heavy chain

variable domain comprising an amino acid sequence of SEQ ID NO: 186 and/or comprises a

light chain variable domain comprising an amino acid sequence of SEQ ID NO:204. In some

embodiments, the anti-GFAP antibody comprises a heavy chain variable domain comprising an

amino acid sequence of SEQ ID NO: 187 and/or comprises a light chain variable domain

comprising an amino acid sequence of SEQ ID NO:205. In some embodiments, the anti-GFAP

antibody comprises a heavy chain variable domain comprising an amino acid sequence of SEQ

ID NO: 188 and/or comprises a light chain variable domain comprising an amino acid sequence

of SEQ ID NO:206.

[0257] In some embodiments, the anti-GFAP antibody does not comprise a variable heavy

chain comprising the CDR-H1, CDR-H2 and CDR-H3 set forth in SEQ ID NOS: 78, 92 and

109, respectively, and a variable light chain comprising the CDR-L1, CDR-L2 and CDR-L3 set

forth in SEQ ID NOS: 126, 143 and 158, respectively. In some embodiments, the anti-GFAP

antibody does not comprise a variable heavy chain set forth in SEQ ID NO: 173 and a variable

light chain set forth in SEQ ID NO: 190. In some embodiments, the anti-GFAP antibody is not

the antibody designated GFAP-2.

[0258] In one aspect, an anti-GFAP antibody described herein is a monoclonal antibody. In

one aspect, an anti-GFAP antibody described herein is an antibody fragment (including antigen-

binding fragment), e.g., a Fab, Fab'-SH, Fv, scFv, or (Fab ')2 fragment.

[0259] In any of the embodiments herein, the antibody may comprise a heavy chain constant

domain. In some embodiments, the heavy chain constant domain is non-human mammalian. In

some embodiments, the heavy chain constant domain is non-human primate. In some

embodiments, the heavy chain constant domain is non-human primate. In some embodiments,

the heavy chain constant domain is murine (e.g., mouse or rat). In some embodiments, the

murine heavy chain constant domain is IgGl, IgG2a or IgG2b. In some embodiments, the

murine heavy chain constant domain is murine IgGl. In some embodiments, the murine IgGl



comprises the amino acid sequence of SEQ ID NO:215 or an isoform or variant thereof that has

at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

sequence identity to SEQ ID NO:215. In some embodiments, the murine heavy chain constant

domain is murine IgG2a. In some embodiments, the murine IgG2a comprises the amino acid

sequence of SEQ ID NO:216 or an isoform or variant thereof that has at least 85%, 86%, 87%,

88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to

SEQ ID NO:216. In some embodiments, the murine heavy chain constant domain is murine

IgG2b. In some embodiments, the murine IgG2b comprises the amino acid sequence of SEQ ID

NO:217 or an isoform or variant thereof that has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:217. In some

embodiments, the heavy chain constant domain is human. In some embodiments, the human

heavy chain constant domain is human IgGl. In some embodiments, the human IgGl comprises

the amino acid sequence of SEQ ID NO:218 or an isoform or variant thereof that has at least

85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

sequence identity to SEQ ID NO:218.

[0260] There are two types of light chains, kappa and lambda, based on the amino acid

sequences of their constant domains. In any of the embodiments herein, an antibody provided

herein may comprise a light chain constant domain. In any of the embodiments herein, an

antibody provided herein may comprise a light chain constant domain. In some embodiments,

the light chain constant domain is non-human mammalian. In some embodiments, the light

chain constant domain is non-human primate. In some embodiments, the light chain constant

domain is non-human primate. In some embodiments, the light chain constant domain is murine

(e.g., mouse or rat). In some embodiments, the murine light chain constant domain is kappa or

lambda. In some embodiments, the murine kappa comprises the amino acid sequence of SEQ ID

NO:219 or an isoform or variant thereof that has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:219. In some

embodiments, the murine lambda comprises the amino acid sequence of SEQ ID NO:220 or an

isoform or variant thereof that has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO:220. In some

embodiments, the light chain constant domain is human. In some embodiments, the human light

chain constant domain is kappa or lambda. In some embodiments, the human kappa comprises

the amino acid sequence of SEQ ID NO:221 or an isoform or variant thereof that has at least

85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%



sequence identity to SEQ ID NO:221. In some embodiments, the human lambda comprises the

amino acid sequence of SEQ ID NO:222 or an isoform or variant thereof that has at least 85%,

86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence

identity to SEQ ID NO:222.

[0261] In one aspect, an anti-GFAP antibody described herein is a monoclonal antibody. In

one aspect, an anti-GFAP antibody described herein is a humanized antibody, a chimeric

antibody or a human antibody. In one aspect, an anti-GFAP antibody described herein is a

mouse antibody, a rabbit antibody, a rat antibody, or a non-human primate antibody. In some

embodiments, any of the anti-GFAP antibodies are recombinant. In one aspect, any of the anti-

GFAP antibodies described herein are isolated or purified.

[0262] In some embodiments, an anti-GFAP antibody provided herein has a binding affinity

with a dissociation constant (KD) of 10 M or less, e.g. from 10 M to 10 13 M, e.g., from 10 M

to 10 12 M, e.g., from 10 9 M to 10 13 M. In some embodiments, an anti-GFAP antibody

provided herein has a dissociation constant (KD) of less than or equal to ΙµΜ , less than or equal

to 150 nM, less than or equal to 100 nM, less than or equal to 50 nM, less than or equal to 10

nM, less than or equal to 1 nM, less than or equal to 0.1 nM, less than or equal to 0.01 nM, or

less than or equal to 0.001 nM. In some embodiments, an anti-GFAP antibody provided herein

has a dissociation constant ( -8 -8KD) of less than or less than about 1.0 x 10 M, 2.0 x 10 M, 3.0 x

10 8 M, 4.0 x 10 8 M, 5.0 x 10 8 M, 6.0 x 10 8 M, 7.0 x 10 8 M, 8.0 x 10 8 M, 9.0 x 10 8 M, 1.0 x

10 9 M, 2.0 x 10 9 M, 3.0 x 10 9 M, 4.0 x 10 9 M, 5.0 x 10 9 M, 6.0 x 10 9 M, 7.0 x 10 9 M, 8.0 x

10 9 M, 9.0 x 10 9 M, 1.0 x 10 10 M, 2.0 x 10 10 M, 3.0 x 10 10 M, 4.0 x 10 10 M, 5.0 x 10 10 M, 6.0

x 10 10 M, 7.0 x 10 10 M, 8.0 x 10 10 M, 9.0 x 10 10 M, 1.0 x 10 11 M, 2.0 x 10 11 M, 3.0 x 10 11 M,

4.0 x 10 11 M, 5.0 x 10 11 M, 6.0 x 10 11 M, 7.0 x 10 11 M, 8.0 x 10 11 M, 9.0 x 10 11 M, or 1.0 x

10 12 M.

[0263] In some embodiments, an anti-GFRAP antibody provided herein has a dissociation

constant (KD) from or from about 1.0 x 10 8 M to 5.0 x 10 12 M, 1.0 x 10 8 M to 1.0 x 10 12 M,

1.0 x 10 8 M to 1.0 x 10 11 M, 1.0 x 10 8 M to 1.0 x 10 11 M, 1.0 x 10 8 M to 1.0 x 10 10 M, 1.0 x

10 10 M to 1.0 x 10 12 M, 1.0 x 10 10 M to 1.0 x 10 11 M, 1.0 x 10 11 M to 1.0 x 10 12 M. ,In some

embodiments, an anti-GFAP antibody provided herein has a dissociation constant (K ) from or

from about 1.0 x 10 8° M to 1.0 x 10 12M. In some embodiments, an anti-GFAP antibody

provided herein has a dissociation constant ( -8 -8KD) from or from about 1.0 x 10 M to 2.0 x 10

M, 1.0 x 10 9 M to 6.0 x 10 9 M, 2.0 x 10 10 M to 9.0 x 10 10 M, 1.0 x 10 11 M to 8.0 x 10 11 M, or

1.0 x 10 12M to 5.0 x 10 12 M. In some embodiments, an anti-GFAP antibody provided herein



has a dissociation constant (K ) of an antibody shown in Table 8, for example, GFAP-1, GFAP-

2, etc.

[0264] In one aspect, nucleic acids encoding anti-GFAP antibodies are provided. In some

embodiments, a nucleic acid may encode an anti-GFAP antibody or antigen-binding fragment

provided herein. In some embodiments, a nucleic acid may encode a heavy chain comprising a

heavy chain variable region of an anti-GFAP antibody or antigen-binding fragment provided

herein. In some embodiments, a nucleic acid may encode a light chain comprising a light chain

variable region of an anti-GFAP antibody or antigen-binding fragment provided herein.

[0265] In certain embodiments, vectors, such as an expression vector, comprising nucleic

acids encoding anti-GFAP antibodies are provided. In certain embodiments, host cells

comprising such nucleic acids and/or vectors are provided. For example, a host cell provided

herein can comprise a vector comprising a nucleic acid encoding a heavy chain of an anti-GFAP

antibody or antigen-binding fragment provided herein. Such a host cell, in some embodiments,

can further comprise a vector comprising a nucleic acid encoding a light chain of an anti-GFAP

antibody or antigen-binding fragment provided herein.

[0266] In another aspect of the invention, compositions comprising anti-GFAP antibodies or

nucleic acids encoding anti-GFAP antibodies are provided. In certain embodiments, a

composition provided herein can be used for the detection of GFAP, diagnosis of brain damage

or injury (e.g. due to a neurological condition, stroke or traumatic brain injury) in an individual

having or suspected of having the brain damage or injury and/or in predicting whether a subject

needs a CT scan, such as those methods enumerated herein. In some embodiments, the provided

anti-GFAP antibodies can be used in the methods in combination with any one or more of the

anti-UCH-Ll antibodies provided herein.

C. Methods to Assess Exemplary Features

[0267] The provided antibodies exhibit one or more exemplary features as described. It is

within the level of one of skill in the art to assess features of the antibodies in accord with the

provided description. This section provides description of exemplary methods that can be used

to assess affinity, epitope specificity and one or more other features of the provided antibodies.

[0268] In some embodiments, the provided antibodies or fragments thereof can be assessed

for binding to UCH-L1 or GFAP or to variants or isoforms thereof, including fragments of

UCH-L1 or GFAP. The binding can be assessed in vitro {e.g. in an immunoassay) or ex vivo or

in vivo. In some embodiments, the binding is assessed using an immunoassay. Immunoassays

include competitive and non-competitive assay systems using techniques such as, but not limited



to, western blots or immunoblots, such as quantitative western blots; radioimmunoassays;

ELISA (enzyme linked immunosorbent assay); Meso Scale Discovery (MSD, Gaithersburg,

Maryland); "sandwich" immunoassays; immunoprecipitation assays; ELISPOT; precipitin

reactions; gel diffusion precipitin reactions; immunodiffusion assays; agglutination assays;

complement-fixation assays; immunoradiometric assays; fluorescent immunoassays; protein A

immunoassays; immunohistochemistry; immuno-electron microscopy or liposome

immunoassays (LIA). Such assays are routine and well known in the art (see, e.g., Ausubel et

al., Eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New

York).

[0269] In some cases, depending on the quantitative assay selected to measure antibody

binding, absolute binding can be represented, for example, in terms of optical density (OD), such

as from densitometry or spectrophotometry measurements; arbitrary fluorescent units (AFU),

such as from fluorescence measurements; or lumens, such as from chemiluminescence

measurements. In some examples, the specific activity is calculated by dividing the absolute

binding signal by the antibody protein concentration. In some embodiments, binding activity

can be normalized to a reference antibody.

[0270] In some embodiments, binding activity also can be measured in terms of binding

affinity, which can be determined in terms of binding kinetics, such as measuring rates of

association (ka or k ) and/or dissociation ( r off) half maximal effective concentration (EC50)

values, and/or thermodynamic data (e.g., Gibbs free energy (AG), enthalpy (∆ Η ), entropy (-

TAS), and/or calculating association (KA) or dissociation (K ) constants. Typically,

determination of binding kinetics requires known antibody and antigen or substrate protein

concentrations. Rates of association (ka) and association constants (KA) are positively correlated

with binding affinity. In contrast, rates of dissociation (k^), dissociation constants (K ) and EC50

values are negatively correlated with binding affinity. Thus, higher binding affinity is

represented by lower k , K and EC50 values.

[0271] Assays for determining the binding affinity of an antibody are well known in the art

(see Chen, Y., et al., (1999) J . Mol. Biol. 293:865-881 and Scatchard, G., Ann. N.Y. Acad. Sci.

51:660 (1947)). Affinity constants are expressed in units of reciprocal molarity (i.e. M 1) and can

be calculated from the rate constant for the association-dissociation reaction as measured by

standard kinetic methodology for antibody reactions (e.g., immunoassays, surface plasmon

resonance, biolayer interferometry or other kinetic interaction assays known in the art). The

binding affinity of an antibody also can be expressed as a dissociation constant, or K . The



dissociation constant is the reciprocal of the association constant, K = 1/KA- Hence, an affinity

constant also can be represented by the K - Affinity constants can be determined by standard

kinetic methodology for antibody reactions, for example, immunoassays, surface plasmon

resonance (SPR) (Rich and Myszka (2000) Curr. Opin. Biotechnol 11:54; Englebienne (1998)

Analyst. 123:1599), isothermal titration calorimetry (ITC), biolayer interferometry (Tobias et ah,

Biomolecular Binding Kinetic Assays in the Octet Platform, Application Note 14, ForteBio, Div.

of Pall Life Sciences, 2013) or other kinetic interaction assays known in the art (see, e.g., Paul,

ed., Fundamental Immunology, 2nd ed., Raven Press, New York, pages 332-336 (1989); see also

U.S. Pat. No. 7,229,619 for a description of exemplary SPR and ITC methods for calculating the

binding affinity of antibodies). Instrumentation and methods for real time detection and

monitoring of binding rates are known and are commercially available {e.g., BIAcore 2000,

BIAcore AB, Upsala, Sweden and GE Healthcare Life Sciences; Malmqvist (2000) Biochem.

Soc. Trans. 27:335; Octet QKe, ForteBio).

[0272] In one embodiment, the binding affinity of an anti-UCH-Ll antibody or anti-GFAP

antibody can be determined by a biolayer interferometry assay. For example, UCH-Ll-His

tagged protein is immobilized onto capture sensors (ForteBio), and incubated with increasing

concentrations of an anti-UCH-Ll antibody or anti-UCH-Ll Fab to obtain affinity

measurements using an instrument such as, for example, the Octet QKe System (ForteBio).

[0273] In some embodiments, the provided anti-UCH-Ll or anti-GFAP antibodies bind to

particular epitopes in UCH-L1 or GFAP, respectively, such as an epitope that is or is within or

includes a region of UCH-L1 or GFAP as described. Assays for mapping epitopes bound by the

antibodies and reference antibodies also may be used and are known. In some embodiments, the

epitope can be a linear epitope. In some embodiments, the epitope can be a conformational

epitope.

[0274] In an exemplary epitope mapping assay, a protein antigen, such as recombinant

human UCH-L1 or recombinant human GFAP of particular fragments thereof, is added to a

microplate and incubated so that the protein coats the wells on the plate. In some embodiments,

one or more various truncations of the protein can be assessed, each representing or differing

from one or more other truncated protein by the presence or absence of a particular region or

sequence of amino acids. In some embodiments, a plurality of overlapping truncated proteins

can be generated that each lack up to 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or

more N- or C-terminal amino acid residues. As a comparison, binding to the full-length protein

also can be compared. Each of the truncated fragments or full-length protein can be contacted



with the particular test antibody and binding can be assessed or determined using known

techniques.

[0275] In some embodiments, a provided antibody (e.g. first antibody) binds to a distinct or

non-overlapping epitope compared to the reference antibody (e.g. second antibody). In some

embodiments, two antibodies specifically bind to a different or non-overlapping epitope if all or

essentially all amino acid mutations in the antigen that reduce or eliminate binding of one

antibody do not reduce or eliminate binding of the other antibody. In some embodiments, two

antibodies specifically do not bind to an overlapping epitope if at least some of the amino acid

mutations in the antigen that reduce binding or eliminate binding to the antigen by one antibody

do not reduce or eliminate binding to the antigen by the other antibody.

[0276] In some embodiments, whether an antibody "competes for binding" to a particular

antigen or substrate (e.g. UCH-L1 or GFAP) can be assessed using a competition assay. An

antibody "competes for binding" to an antigen (e.g. UCH-L1 or GFAP) with a reference

antibody if it competitively inhibits binding of the reference antibody to the antigen, and/or if the

reference antibody competitively inhibits binding of the antibody to the antigen. An antibody

competitively inhibits binding of a reference antibody to an antigen if the presence of the

antibody in excess detectably inhibits (blocks) binding of the other antibody to its antigen. A

particular degree of inhibition may be specified. In some embodiments, addition of the provided

antibody in excess, e.g., 1-, 2-, 5-, 10-, 50- or 100-fold excess, as compared to the amount or

concentration of the reference antibody, can be used to assess if either inhibit binding to the

antigen by the other. In some embodiments, an antibody competes for binding if inhibition of

binding is by at least 50%, and in some embodiments by at least 75%, 90% or 99%. In some

embodiments, an antibody does not compete for binding if inhibition of binding is by less than

50%, such as in some embodiments by less than 40%, 30%, 20%, 10% or less. In some aspects,

the competitive inhibition is as measured in a competitive binding assay (see, e.g., Junghans et

al., Cancer Res. 1990:50:1495-1502).

[0277] In some embodiments, among the provided antibodies are antibodies that do not

compete for binding with one or more other reference antibody. In some embodiments,

antibodies that bind to the same antigen (e.g. UCH-L1 or GFAP) but do not compete for binding

thereto can be used as paired antibodies in an assay (e.g. sandwich ELISA) for detecting or

measuring UCH-L1 or GFAP in a sample as described.

[0278] In some embodiments, to determine among the anti- UCH-L1 antibodies which can

be used as pairs, each of the provided anti-UCH-Ll antibodies as described above can be labeled



with a detectable label (e.g. HRP) and tested in a sandwich format individually with each of the

other provided anti-UCH-Ll antibodies.

[0279] In some embodiments, to determine among the anti- GFAP antibodies which can be

used as pairs, each of the provided anti-GFAP antibodies as described above can be labeled with

a detectable label (e.g. HRP) and tested in a sandwich format individually with each of the other

provided anti-GFAP antibodies.

III. Antibody Production and Preparation

[0280] In some embodiments, the provided antibodies or fragments thereof are prepared

using techniques available in the art for generating antibodies, exemplary methods of which are

described in more detail in the following sections.

A. Antibody Formats and Modifications

1. Antibody Fragments

[0281] Among the provided antibodies are antibody fragments. Antibody fragments may be

generated by traditional means, such as enzymatic digestion, or by recombinant techniques. In

certain circumstances there are advantages of using antibody fragments, rather than whole

antibodies. For a review of certain antibody fragments, see Hudson et al. (2003) Nat. Med.

9:129-134.

[0282] Various techniques have been developed for the production of antibody fragments.

Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see,

e.g., Morimoto et al., Journal of Biochemical and Biophysical Methods 24:107-117 (1992); and

Brennan et al., Science, 229:81 (1985)). However, these fragments can now be produced directly

by recombinant host cells. Fab, Fv and ScFv antibody fragments can all be expressed in and

secreted from E. coli, thus allowing the facile production of large amounts of these fragments.

Antibody fragments can be isolated from the antibody phage libraries discussed above.

Alternatively, Fab'-SH fragments can be directly recovered from E. coli and chemically coupled

to form F(ab')2 fragments (Carter et al., Bio/Technology 10: 163-167 (1992)). According to

another approach, F(ab')2 fragments can be isolated directly from recombinant host cell culture.

Fab and F(ab')2 fragment with increased in vivo half-life comprising salvage receptor binding

epitope residues are described in U.S. Pat. No. 5,869,046. Other techniques for the production of

antibody fragments will be apparent to the skilled practitioner. In certain embodiments, an

antibody is a single chain Fv fragment (scFv). See WO 93/16185; U.S. Pat. Nos. 5,571,894; and

5,587,458. Fv and scFv are the only species with intact combining sites that are devoid of

constant regions; thus, they may be suitable for reduced nonspecific binding during in vivo use.



scFv fusion proteins may be constructed to yield fusion of an effector protein at either the amino

or the carboxy terminus of an scFv. See Antibody Engineering, ed. Borrebaeck, supra. The

antibody fragment may also be a "linear antibody", e.g., as described in U.S. Pat. No. 5,641,870,

for example. Such linear antibodies may be monospecific or bispecific.

2. Humanized Antibodies

[0283] Among the provided antibodies are humanized antibodies. Various methods for

humanizing non-human antibodies are known in the art. For example, a humanized antibody can

have one or more amino acid residues introduced into it from a source which is non-human.

These non-human amino acid residues are often referred to as "import" residues, which are

typically taken from an "import" variable domain. Humanization can be essentially performed

following the method of Winter (Jones et al. (1986) Nature 321:522-525; Riechmann et al.

(1988) Nature 332:323-327; Verhoeyen et al. (1988) Science 239:1534-1536), by substituting

hypervariable region sequences for the corresponding sequences of a human antibody.

Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Pat. No. 4,816,567)

wherein substantially less than an intact human variable domain has been substituted by the

corresponding sequence from a non-human species. In practice, humanized antibodies are

typically human antibodies in which some hypervariable region residues and possibly some FR

residues are substituted by residues from analogous sites in rodent antibodies.

[0284] The choice of human variable domains, both light and heavy, to be used in making

the humanized antibodies can be important to reduce antigenicity. According to the so-called

"best-fit" method, the sequence of the variable domain of a rodent (e.g., mouse) antibody is

screened against the entire library of known human variable-domain sequences. The human

sequence which is closest to that of the rodent is then accepted as the human framework for the

humanized antibody (Sims et al. (1993) . Immunol. 151:2296; Chothia et al. (1987) J . Mol.

Biol. 196:901. Another method uses a particular framework derived from the consensus

sequence of all human antibodies of a particular subgroup of light or heavy chains. The same

framework may be used for several different humanized antibodies (Carter et al. (1992) Proc.

Natl. Acad. Sci. USA, 89:4285; Presta et al. (1993) J. Immunol, 151:2623.

[0285] It is further generally desirable that antibodies be humanized with retention of high

affinity for the antigen and other favorable biological properties. To achieve this goal, according

to one method, humanized antibodies are prepared by a process of analysis of the parental

sequences and various conceptual humanized products using three-dimensional models of the

parental and humanized sequences. Three-dimensional immunoglobulin models are commonly



available and are familiar to those, skilled in the art. Computer programs are available which

illustrate and display probable three-dimensional conformational structures of selected candidate

immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the

residues in the functioning of the candidate immunoglobulin sequence, i.e., the analysis of

residues that influence the ability of the candidate immunoglobulin to bind its antigen. In this

way, FR residues can be selected and combined from the recipient and import sequences so that

the desired antibody characteristic, such as increased affinity for the target antigen(s), is

achieved. In general, the hypervariable region residues are directly and most substantially

involved in influencing antigen binding.

3. Human Antibodies

[0286] Among the provided antibodies are human antibodies. Human anti-UCH-Ll

antibodies and/or human anti-GFAP antibodies can be made by the hybridoma method. Human

myeloma and mouse-human heteromyeloma cell lines for the production of human monoclonal

antibodies have been described, for example, by Kozbor J . Immunol., 133: 3001 (1984); Brodeur

et al., Monoclonal Antibody Production Techniques and Applications, pp. 51-63 (Marcel

Dekker, Inc., New York, 1987); and Boerner et al., J . Immunol., 147: 86 (1991).

[0287] Gene shuffling can also be used to derive human antibodies from non-human (e.g.,

rodent) antibodies, where the human antibody has similar affinities and specificities to the

starting non-human antibody. According to this method, which is also called "epitope

imprinting", either the heavy or light chain variable region of a non-human antibody fragment

obtained by phage display techniques as described herein is replaced with a repertoire of human

V domain genes, creating a population of non-human chain/human chain scFv or Fab chimeras.

Selection with antigen results in isolation of a non-human chain/human chain chimeric scFv or

Fab wherein the human chain restores the antigen binding site destroyed upon removal of the

corresponding non-human chain in the primary phage display clone, i.e., the epitope governs the

choice of the human chain partner. When the process is repeated in order to replace the

remaining non-human chain, a human antibody is obtained (see PCT WO 93/06213 published

Apr. 1, 1993). Unlike traditional humanization of non-human antibodies by CDR grafting, this

technique provides completely human antibodies, which have no FR or CDR residues of non-

human origin.

4. Bispecific Antibodies

[0288] In some embodiments, provided herein are bispecific antibodies, which are

monoclonal antibodies that have binding specificities for at least two different antigens. In



certain embodiments, bispecific antibodies are human or humanized antibodies. In certain

embodiments, one of the binding specificities is for UCH-L1 and the other is for any other

antigen (e.g., GFAP). In certain embodiments, one of the binding specificities is for GFAP and

the other is for any other antigen (e.g., UCH-L1). In certain embodiments, bispecific antibodies

may bind to two different epitopes of UCH-L1. In certain embodiments, bispecific antibodies

may bind to two different epitopes of GFAP. Bispecific antibodies may also be used to localize

cytotoxic agents to cells which express UCH-L1 and/or GFAP. Bispecific antibodies can be

prepared as full length antibodies or antibody fragments (e.g. F(ab')2 bispecific antibodies).

[0289] Methods for making bispecific antibodies are known in the art. See Milstein and

Cuello, Nature, 305: 537 (1983),WO 93/08829 published May 13, 1993, and Traunecker et al.,

EMBO J., 10: 3655 (1991). For further details of generating bispecific antibodies see, for

example, Suresh et al., Methods in Enzymology, 121:210 (1986). Bispecific antibodies include

cross-linked or "heteroconjugate" antibodies. For example, one of the antibodies in the

heteroconjugate can be coupled to avidin, the other to biotin. Heteroconjugate antibodies may be

made using any convenient cross-linking method. Suitable cross-linking agents are well known

in the art, and are disclosed in U.S. Pat. No. 4,676,980, along with a number of cross-linking

techniques.

5. Single-Domain Antibodies

[0290] In some embodiments, an antibody according to the provided disclosure is a single-

domain antibody. A single-domain antibody is a single polypeptide chain comprising all or a

portion of the heavy chain variable domain or all or a portion of the light chain variable domain

of an antibody. In certain embodiments, a single-domain antibody is a human single-domain

antibody (Domantis, Inc., Waltham, Mass.; see, e.g., U.S. Pat. No. 6,248,516 Bl). In one

embodiment, a single-domain antibody consists of all or a portion of the heavy chain variable

domain of an antibody.

6. Antibody Variants

[0291] In some embodiments, amino acid sequence modification(s) of the antibodies

described herein are contemplated. For example, it may be desirable to improve the binding

affinity and/or other biological properties of the antibody. Amino acid sequence variants of the

antibody may be prepared by introducing appropriate changes into the nucleotide sequence

encoding the antibody, or by peptide synthesis. Such modifications include, for example,

deletions from, and/or insertions into and/or substitutions of, residues within the amino acid

sequences of the antibody. Any combination of deletion, insertion, and substitution can be made



to arrive at the final construct, provided that the final construct possesses the desired

characteristics. The amino acid alterations may be introduced in the subject antibody amino acid

sequence at the time that sequence is made.

[0292] A useful method for identification of certain residues or regions of the antibody that

are preferred locations for mutagenesis is called "alanine scanning mutagenesis" as described by

Cunningham and Wells (1989) Science, 244:1081-1085. Here, a residue or group of target

residues are identified (e.g., charged residues such as arg, asp, his, lys, and glu) and replaced by

a neutral or negatively charged amino acid (e.g., alanine or polyalanine) to affect the interaction

of the amino acids with antigen. Those amino acid locations demonstrating functional sensitivity

to the substitutions then are refined by introducing further or other variants at, or for, the sites of

substitution. Thus, while the site for introducing an amino acid sequence variation is

predetermined, the nature of the mutation per se need not be predetermined. For example, to

analyze the performance of a mutation at a given site, ala scanning or random mutagenesis is

conducted at the target codon or region and the expressed immunoglobulins are screened for the

desired activity.

[0293] Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions

ranging in length from one residue to polypeptides containing a hundred or more residues, as

well as intrasequence insertions of single or multiple amino acid residues. Examples of terminal

insertions include an antibody with an N-terminal methionyl residue.

[0294] In certain embodiments, an antibody of the invention is altered to increase or

decrease the extent to which the antibody is glycosylated. Glycosylation of polypeptides is

typically either N-linked or O-linked. N-linked refers to the attachment of a carbohydrate moiety

to the side chain of an asparagine residue. The tripeptide sequences asparagine-X-serine and

asparagine-X-threonine, where X is any amino acid except proline, are the recognition

sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain.

Thus, the presence of either of these tripeptide sequences in a polypeptide creates a potential

glycosylation site. O-linked glycosylation refers to the attachment of one of the sugars N-

acetylgalactosamine, galactose, or xylose to a hydroxyamino acid, most commonly serine or

threonine, although 5-hydroxyproline or 5-hydroxylysine may also be used.

[0295] Addition or deletion of glycosylation sites to the antibody is conveniently

accomplished by altering the amino acid sequence such that one or more of the above-described

tripeptide sequences (for N-linked glycosylation sites) is created or removed. The alteration may



also be made by the addition, deletion, or substitution of one or more serine or threonine

residues to the sequence of the original antibody (for O-linked glycosylation sites).

[0296] Another type of variant is an amino acid substitution variant. These variants have at

least one amino acid residue in the antibody molecule replaced by a different residue. Sites of

interest for substitutional mutagenesis include the hypervariable regions, but FR alterations are

also contemplated. Conservative substitutions are shown in Table 2 under the heading of

"preferred substitutions." If such substitutions result in a desirable change in biological activity,

then more substantial changes, denominated "exemplary substitutions" in Table 2, or as further

described below in reference to amino acid classes, may be introduced and the products

screened.

Table 2.

[0297] Substantial modifications in the biological properties of the antibody are

accomplished by selecting substitutions that differ significantly in their effect on maintaining (a)

the structure of the polypeptide backbone in the area of the substitution, for example, as a sheet

or helical conformation, (b) the charge or hydrophobicity of the molecule at the target site, or c)



the bulk of the side chain. Amino acids may be grouped according to similarities in the

properties of their side chains (in A. L. Lehninger, in Biochemistry, second ed., pp. 73-75,

Worth Publishers, New York (1975)):

(1) non-polar: Ala (A), Val (V), Leu (L), e (I), Pro (P), Phe (F), Trp (W), Met (M)

(2) uncharged polar: G y (G), Ser (S), Thr (T), Cys (C), Tyr (Y), Asn (N), G n (Q)

(3) acidic: Asp (D), Glu (E)

(4) basic: Lys ( ), Arg (R), His (H)

[0298] Alternatively, naturally occurring residues may be divided into groups based on

common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, e :

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.

[0299] Non-conservative substitutions will entail exchanging a member of one of these

classes for another class. Such substituted residues also may be introduced into the conservative

substitution sites or, into the remaining (non-conserved) sites.

[0300] One type of substitutional variant involves substituting one or more hypervariable

region residues of a parent antibody (e.g., a humanized or human antibody). Generally, the

resulting variant(s) selected for further development will have modified (e.g., improved)

biological properties relative to the parent antibody from which they are generated. A convenient

way for generating such substitutional variants involves affinity maturation using phage display.

Briefly, several hypervariable region sites (e.g., 6-7 sites) are mutated to generate all possible

amino acid substitutions at each site. The antibodies thus generated are displayed from

filamentous phage particles as fusions to at least part of a phage coat protein (e.g., the gene III

product of M13) packaged within each particle. The phage-displayed variants are then screened

for their biological activity (e.g., binding affinity). In order to identify candidate hypervariable

region sites for modification, scanning mutagenesis (e.g., alanine scanning) can be performed to

identify hypervariable region residues contributing significantly to antigen binding.

Alternatively, or additionally, it may be beneficial to analyze a crystal structure of the antigen-

antibody complex to identify contact points between the antibody and antigen. Such contact

residues and neighboring residues are candidates for substitution according to techniques known



in the art, including those elaborated herein. Once such variants are generated, the panel of

variants is subjected to screening using techniques known in the art, including those described

herein, and antibodies with superior properties in one or more relevant assays may be selected

for further development.

[0301] Nucleic acid molecules encoding amino acid sequence variants of the antibody are

prepared by a variety of methods known in the art. These methods include, but are not limited to,

isolation from a natural source (in the case of naturally occurring amino acid sequence variants)

or preparation by oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis,

and cassette mutagenesis of an earlier prepared variant or a non-variant version of the antibody.

[0302] It may be desirable to introduce one or more amino acid modifications in a constant

domain of the antibodies of the invention, thereby generating a constant domain variant. The

constant domain variant may comprise a human constant domain sequence (e.g., a human IgGl,

IgG2, IgG3 or IgG4 constant domain) or a murine constant domain sequence (e.g., a murine

IgGl, IgG2a, IgG2b, IgG2c, and IgG3 constant domain) comprising an amino acid modification

(e.g. a substitution) at one or more amino acid positions including that of a hinge cysteine.

B. Vectors, Host Cells, and Recombinant Methods

[0303] For recombinant production of an antibody of the invention, the nucleic acid

encoding it is isolated and inserted into a replicable vector for further cloning (amplification of

the DNA) or for expression. DNA encoding the antibody is readily isolated and sequenced using

conventional procedures (e.g., by using oligonucleotide probes that are capable of binding

specifically to genes encoding the heavy and light chains of the antibody). Many vectors are

available. The choice of vector depends in part on the host cell to be used. Generally, host cells

are of either prokaryotic or eukaryotic (generally mammalian) origin. It will be appreciated that

constant regions of any isotype can be used for this purpose, including IgG, IgM, IgA, IgD, and

IgE constant regions, and that such constant regions can be obtained from any human or animal

species (e.g., mouse, non-human primate, etc.).

1. Generating Antibodies Using Prokarvotic Host Cells:

a) Vector Construction

[0304] Polynucleotide sequences encoding polypeptide components of the antibody of the

invention can be obtained using standard recombinant techniques. Desired polynucleotide

sequences may be isolated and sequenced from antibody producing cells such as hybridoma

cells. Alternatively, polynucleotides can be synthesized using nucleotide synthesizer or PCR



techniques. Once obtained, sequences encoding the polypeptides are inserted into a recombinant

vector capable of replicating and expressing heterologous polynucleotides in prokaryotic hosts.

Many vectors that are available and known in the art can be used for the purpose of the present

invention. Selection of an appropriate vector will depend mainly on the size of the nucleic acids

to be inserted into the vector and the particular host cell to be transformed with the vector. Each

vector contains various components, depending on its function (amplification or expression of

heterologous polynucleotide, or both) and its compatibility with the particular host cell in which

it resides. The vector components generally include, but are not limited to: an origin of

replication, a selection marker gene, a promoter, a ribosome binding site (RBS), a signal

sequence, the heterologous nucleic acid insert and a transcription termination sequence.

[0305] In general, plasmid vectors containing replicon and control sequences which are

derived from species compatible with the host cell are used in connection with these hosts. The

vector ordinarily carries a replication site, as well as marking sequences which are capable of

providing phenotypic selection in transformed cells. For example, E. coli is typically

transformed using pBR322, a plasmid derived from an E. coli species. pBR322 contains genes-

encoding ampicillin (Amp) and tetracycline (Tet) resistance and thus provides easy means for

identifying transformed cells. pBR322, its derivatives, or other microbial plasmids or

bacteriophage may also contain, or be modified to contain, promoters which can be used by the

microbial organism for expression of endogenous proteins. Examples of pBR322 derivatives

used for expression of particular antibodies are described in detail in Carter et al., U.S. Pat. No.

5,648,237.

[0306] In addition, phage vectors containing replicon and control sequences that are

compatible with the host microorganism can be used as transforming vectors in connection with

these hosts. For example, bacteriophage such as XGEM.TM.-l 1 may be utilized in making a

recombinant vector which can be used to transform susceptible host cells such as E. coli LE392.

[0307] The expression vector of the invention may comprise two or more promoter-cistron

pairs, encoding each of the polypeptide components. A promoter is an untranslated regulatory

sequence located upstream (5') to a cistron that modulates its expression. Prokaryotic promoters

typically fall into two classes, inducible and constitutive. Inducible promoter is a promoter that

initiates increased levels of transcription of the cistron under its control in response to changes in

the culture condition, e.g. the presence or absence of a nutrient or a change in temperature.

[0308] A large number of promoters recognized by a variety of potential host cells are well

known. The selected promoter can be operably linked to cistron DNA encoding the light or



heavy chain by removing the promoter from the source DNA via restriction enzyme digestion

and inserting the isolated promoter sequence into the vector of the invention. Both the native

promoter sequence and many heterologous promoters may be used to direct amplification and/or

expression of the target genes. In some embodiments, heterologous promoters are utilized, as

they generally permit greater transcription and higher yields of expressed target gene as

compared to the native target polypeptide promoter.

[0309] Promoters suitable for use with prokaryotic hosts include the PhoA promoter, the β-

lactamase and lactose promoter systems, a tryptophan (trp) promoter system and hybrid

promoters such as the tac or the trc promoter. However, other promoters that are functional in

bacteria (such as other known bacterial or phage promoters) are suitable as well. Their

nucleotide sequences have been published, thereby enabling a skilled worker operably to ligate

them to cistrons encoding the target light and heavy chains (Siebenlist et al. (1980) Cell 20: 269)

using linkers or adaptors to supply any required restriction sites.

[0310] In one aspect of the invention, each cistron within the recombinant vector comprises

a secretion signal sequence component that directs translocation of the expressed polypeptides

across a membrane. In general, the signal sequence may be a component of the vector, or it may

be a part of the target polypeptide DNA that is inserted into the vector. The signal sequence

selected for the purpose of this invention should be one that is recognized and processed (i.e.

cleaved by a signal peptidase) by the host cell. For prokaryotic host cells that do not recognize

and process the signal sequences native to the heterologous polypeptides, the signal sequence is

substituted by a prokaryotic signal sequence selected, for example, from the group consisting of

the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin II (STII) leaders, LamB,

PhoE, PelB, OmpA and MBP. In one embodiment of the invention, the signal sequences used in

both cistrons of the expression system are STII signal sequences or variants thereof.

[0311] In another aspect, the production of the immunoglobulins according to the invention

can occur in the cytoplasm of the host cell, and therefore does not require the presence of

secretion signal sequences within each cistron. In that regard, immunoglobulin light and heavy

chains are expressed, folded and assembled to form functional immunoglobulins within the

cytoplasm. Certain host strains (e.g., the E. coli trxB-strains) provide cytoplasm conditions that

are favorable for disulfide bond formation, thereby permitting proper folding and assembly of

expressed protein subunits. Proba and Pluckthun Gene, 159:203 (1995).

[0312] Antibodies of the invention can also be produced by using an expression system in

which the quantitative ratio of expressed polypeptide components can be modulated in order to



maximize the yield of secreted and properly assembled antibodies of the invention. Such

modulation is accomplished at least in part by simultaneously modulating translational strengths

for the polypeptide components.

[0313] One technique for modulating translational strength is disclosed in Simmons et al.,

U.S. Pat. No. 5,840,523. It utilizes variants of the translational initiation region (TIR) within a

cistron. For a given TIR, a series of amino acid or nucleic acid sequence variants can be created

with a range of translational strengths, thereby providing a convenient means by which to adjust

this factor for the desired expression level of the specific chain. TIR variants can be generated by

conventional mutagenesis techniques that result in codon changes which can alter the amino acid

sequence. In certain embodiments, changes in the nucleotide sequence are silent. Alterations in

the TIR can include, for example, alterations in the number or spacing of Shine-Dalgarno

sequences, along with alterations in the signal sequence. One method for generating mutant

signal sequences is the generation of a "codon bank" at the beginning of a coding sequence that

does not change the amino acid sequence of the signal sequence (i.e., the changes are silent).

This can be accomplished by changing the third nucleotide position of each codon; additionally,

some amino acids, such as leucine, serine, and arginine, have multiple first and second positions

that can add complexity in making the bank. This method of mutagenesis is described in detail in

Yansura et al. (1992) METHODS: A Companion to Methods in Enzymol. 4:151-158.

[0314] In one embodiment, a set of vectors is generated with a range of TIR strengths for

each cistron therein. This limited set provides a comparison of expression levels of each chain as

well as the yield of the desired antibody products under various TIR strength combinations. TIR

strengths can be determined by quantifying the expression level of a reporter gene as described

in detail in Simmons et al. U.S. Pat. No. 5,840,523. Based on the translational strength

comparison, the desired individual TIRs are selected to be combined in the expression vector

constructs of the invention.

[0315] Prokaryotic host cells suitable for expressing antibodies of the invention include

Archaebacteria and Eubacteria, such as Gram-negative or Gram-positive organisms. Examples

of useful bacteria include Escherichia (e.g., E. coli), Bacilli (e.g., B. subtilis), Enterobacteria,

Pseudomonas species (e.g., P. aeruginosa), Salmonella typhimurium, Serratia marcescans,

Klebsiella, Proteus, Shigella, Rhizobia, Vitreoscilla, or Paracoccus. In one embodiment, gram-

negative cells are used. In one embodiment, E. coli cells are used as hosts for the invention.

Examples of E. coli strains include strain W3110 (Bachmann, Cellular and Molecular Biology,

vol. 2 (Washington, D.C.: American Society for Microbiology, 1987), pp. 1190-1219; ATCC



Deposit No. 27,325) and derivatives thereof, including strain 33D3 having genotype W3110

AfhuA (AtonA) ptr3 lac Iq lacL8 AompTA(nmpc-fepE) degP41 kanR (U.S. Pat. No. 5,639,635).

Other strains and derivatives thereof, such as E. coli 294 (ATCC 31,446), E. coli B, E. coli

1776 (ATCC 31,537) and E. coli RV308(ATCC 31,608) are also suitable. These examples are

illustrative rather than limiting. Methods for constructing derivatives of any of the above-

mentioned bacteria having defined genotypes are known in the art and described in, for example,

Bass et al., Proteins, 8:309-314 (1990). It is generally necessary to select the appropriate bacteria

taking into consideration replicability of the replicon in the cells of a bacterium. For example, E.

coli, Serratia, or Salmonella species can be suitably used as the host when well known plasmids

such as pBR322, pBR325, pACYC177, or pKN410 are used to supply the replicon. Typically

the host cell should secrete minimal amounts of proteolytic enzymes, and additional protease

inhibitors may desirably be incorporated in the cell culture

b) Antibody Production

[0316] Host cells are transformed with the above-described expression vectors and cultured

in conventional nutrient media modified as appropriate for inducing promoters, selecting

transformants, or amplifying the genes encoding the desired sequences.

[0317] Transformation means introducing DNA into the prokaryotic host so that the DNA is

replicable, either as an extrachromosomal element or by chromosomal integrant. Depending on

the host cell used, transformation is done using standard techniques appropriate to such cells.

The calcium treatment employing calcium chloride is generally used for bacterial cells that

contain substantial cell-wall barriers. Another method for transformation employs polyethylene

glycol/DMSO. Yet another technique used is electroporation.

[0318] Prokaryotic cells used to produce the polypeptides of the invention are grown in

media known in the art and suitable for culture of the selected host cells. Examples of suitable

media include lysogeny broth (LB) plus necessary nutrient supplements. In some embodiments,

the media also contains a selection agent, chosen based on the construction of the expression

vector, to selectively permit growth of prokaryotic cells containing the expression vector. For

example, ampicillin is added to media for growth of cells expressing an ampicillin resistant

gene.

[0319] Any necessary supplements besides carbon, nitrogen, and inorganic phosphate

sources may also be included at appropriate concentrations introduced alone or as a mixture with

another supplement or medium such as a complex nitrogen source. Optionally the culture



medium may contain one or more reducing agents selected from the group consisting of

glutathione, cysteine, cystamine, thioglycollate, dithioerythritol and dithiothreitol.

[0320] The prokaryotic host cells are cultured at suitable temperatures. In certain

embodiments, for E. coli growth, growth temperatures range from about 20° C. to about 39° C ;

from about 25° C. to about 37° C ; or about 30° C. The pH of the medium may be any pH

ranging from about 5 to about 9, depending mainly on the host organism. In certain

embodiments, for E. coli, the pH is from about 6.8 to about 7.4, or about 7.0.

[0321] If an inducible promoter is used in the expression vector of the invention, protein

expression is induced under conditions suitable for the activation of the promoter. In one aspect

of the invention, PhoA promoters are used for controlling transcription of the polypeptides.

Accordingly, the transformed host cells are cultured in a phosphate-limiting medium for

induction. In certain embodiments, the phosphate-limiting medium is the C.R.A.P. medium (see,

e.g., Simmons et al., J . Immunol. Methods (2002), 263:133-147). A variety of other inducers

may be used, according to the vector construct employed, as is known in the art.

[0322] In one embodiment, the expressed polypeptides of the present invention are secreted

into and recovered from the periplasm of the host cells. Protein recovery typically involves

disrupting the microorganism, generally by such means as osmotic shock, sonication or lysis.

Once cells are disrupted, cell debris or whole cells may be removed by centrifugation or

filtration. The proteins may be further purified, for example, by affinity resin chromatography.

Alternatively, proteins can be transported into the culture media and isolated therein. Cells may

be removed from the culture and the culture supernatant being filtered and concentrated for

further purification of the proteins produced. The expressed polypeptides can be further isolated

and identified using commonly known methods such as polyacrylamide gel electrophoresis

(PAGE) and Western blot assay.

[0323] In one aspect of the invention, antibody production is conducted in large quantity by

a fermentation process. Various large-scale fed-batch fermentation procedures are available for

production of recombinant proteins. Large-scale fermentations have at least 1000 liters of

capacity, and in certain embodiments, about 1,000 to 100,000 liters of capacity. These

fermentors use agitator impellers to distribute oxygen and nutrients, especially glucose. Small

scale fermentation refers generally to fermentation in a fermentor that is no more than

approximately 100 liters in volumetric capacity, and can range from about 1 liter to about 100

liters.



[0324] In a fermentation process, induction of protein expression is typically initiated after

the cells have been grown under suitable conditions to a desired density, e.g., an OD550 of about

180-220, at which stage the cells are in the early stationary phase. A variety of inducers may be

used, according to the vector construct employed, as is known in the art and described above.

Cells may be grown for shorter periods prior to induction. Cells are usually induced for about

12-50 hours, although longer or shorter induction time may be used.

[0325] To improve the production yield and quality of the polypeptides of the invention,

various fermentation conditions can be modified. For example, to improve the proper assembly

and folding of the secreted antibody polypeptides, additional vectors overexpressing chaperone

proteins, such as Dsb proteins (DsbA, DsbB, DsbC, DsbD and or DsbG) or FkpA (a

peptidylprolyl cis,trans-isomerase with chaperone activity) can be used to co-transform the host

prokaryotic cells. The chaperone proteins have been demonstrated to facilitate the proper folding

and solubility of heterologous proteins produced in bacterial host cells. Chen et al. (1999) J .

Biol. Chem. 274:19601-19605; Georgiou et al., U.S. Pat. No. 6,083,715; Georgiou et al., U.S.

Pat. No. 6,027,888; Bothmann and Pluckthun (2000) J . Biol. Chem. 275:17100-17105; Ramm

and Pluckthun (2000) J . Biol. Chem. 275:17106-17113; Arie et al. (2001) Mol. Microbiol.

39:199-210.

[0326] To minimize proteolysis of expressed heterologous proteins (especially those that are

proteolytically sensitive), certain host strains deficient for proteolytic enzymes can be used for

the present invention. For example, host cell strains may be modified to effect genetic

mutation(s) in the genes encoding known bacterial proteases such as Protease III, OmpT, DegP,

Tsp, Protease I, Protease Mi, Protease V, Protease VI and combinations thereof. Some E. coli

protease-deficient strains are available and described in, for example, Joly et al. (1998), supra;

Georgiou et al., U.S. Pat. No. 5,264,365; Georgiou et al., U.S. Pat. No. 5,508,192; Hara et al.,

Microbial Drug Resistance, 2:63-72 (1996).

[0327] In one embodiment, E. coli strains deficient for proteolytic enzymes and transformed

with plasmids overexpressing one or more chaperone proteins are used as host cells in the

expression system of the invention

c) Antibody Purification

[0328] In one embodiment, the antibody protein produced herein is further purified to obtain

preparations that are substantially homogeneous for further assays and uses. Standard protein

purification methods known in the art can be employed. The following procedures are

exemplary of suitable purification procedures: fractionation on immunoaffinity or ion-exchange



columns, ethanol precipitation, reverse phase HPLC, chromatography on silica or on a cation-

exchange resin such as DEAE, chromatofocusing, SDS-PAGE, ammonium sulfate precipitation,

and gel filtration using, for example, Sephacryl S-200.

[0329] In one aspect, Protein A immobilized on a solid phase is used for immunoaffinity

purification of the antibody products of the invention. Protein A is a 4 1 kD cell wall protein

from Staphylococcus aureas which binds with a high affinity to the Fc region of antibodies.

Lindmark et al (1983) J . Immunol. Meth. 62:1-13. The solid phase to which Protein A is

immobilized can be a column comprising a glass or silica surface, or a controlled pore glass

column or a silicic acid column. In some applications, the column is coated with a reagent, such

as glycerol, to possibly prevent nonspecific adherence of contaminants.

[0330] As the first step of purification, a preparation derived from the cell culture as

described above can be applied onto a Protein A immobilized solid phase to allow specific

binding of the antibody of interest to Protein A. The solid phase would then be washed to

remove contaminants non-specifically bound to the solid phase. Finally the antibody of interest

is recovered from the solid phase by elution.

2. Generating Antibodies Using Eukaryotic Host Cells:

[0331] A vector for use in a eukaryotic host cell generally includes one or more of the

following non-limiting components: a signal sequence, an origin of replication, one or more

marker genes, an enhancer element, a promoter, and a transcription termination sequence.

a) Signal Sequence Component

[0332] A vector for use in a eukaryotic host cell may also contain a signal sequence or other

polypeptide having a specific cleavage site at the N-terminus of the mature protein or

polypeptide of interest. The heterologous signal sequence selected may be one that is recognized

and processed (i.e., cleaved by a signal peptidase) by the host cell. In mammalian cell

expression, mammalian signal sequences as well as viral secretory leaders, for example, the

herpes simplex gD signal, are available. The DNA for such a precursor region is ligated in

reading frame to DNA encoding the antibody.

b) Origin of Replication

[0333] Generally, an origin of replication component is not needed for mammalian

expression vectors. For example, the SV40 origin may typically be used only because it contains

the early promoter.

c) Selection Gene Component



[0334] Expression and cloning vectors may contain a selection gene, also termed a selectable

marker. Typical selection genes encode proteins that (a) confer resistance to antibiotics or other

toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic

deficiencies, where relevant, or (c) supply critical nutrients not available from complex media.

[0335] One example of a selection scheme utilizes a drug to arrest growth of a host cell.

Those cells that are successfully transformed with a heterologous gene produce a protein

conferring drug resistance and thus survive the selection regimen. Examples of such dominant

selection use the drugs neomycin, mycophenolic acid and hygromycin.

[0336] Another example of suitable selectable markers for mammalian cells are those that

enable the identification of cells competent to take up the antibody nucleic acid, such as DHFR,

thymidine kinase, metallothionein-I and -II, primate metallothionein genes, adenosine

deaminase, ornithine decarboxylase, etc.

[0337] For example, in some embodiments, cells transformed with the DHFR selection gene

are first identified by culturing all of the transformants in a culture medium that contains

methotrexate (Mtx), a competitive antagonist of DHFR. In some embodiments, an appropriate

host cell when wild-type DHFR is employed is the Chinese hamster ovary (CHO) cell line

deficient in DHFR activity (e.g., ATCC CRL-9096).

[0338] Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR)

transformed or co-transformed with DNA sequences encoding an antibody, wild-type DHFR

protein, and another selectable marker such as aminoglycoside 3'-phosphotransferase (APH) can

be selected by cell growth in medium containing a selection agent for the selectable marker such

as an aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or G418. See U.S. Pat. No.

4,965,199. Host cells may include NSO, CHOKl, CHOKISV or derivatives, including cell lines

deficient in glutamine synthetase (GS). Methods for the use of GS as a selectable marker for

mammalian cells are described in U.S. Pat. No. 5,122,464 and U.S. Pat. No. 5,891,693.

d) Promoter Component

[0339] Expression and cloning vectors usually contain a promoter that is recognized by the

host organism and is operably linked to nucleic acid encoding a polypeptide of interest (e.g., an

antibody). Promoter sequences are known for eukaryotes. For example, virtually all eukaryotic

genes have an AT-rich region located approximately 25 to 30 bases upstream from the site

where transcription is initiated. Another sequence found 70 to 80 bases upstream from the start

of transcription of many genes is a CNCAAT region where N may be any nucleotide. At the 3'

end of most eukaryotic genes is an AATAAA sequence that may be the signal for addition of the



poly A tail to the 3' end of the coding sequence. In certain embodiments, any or all of these

sequences may be suitably inserted into eukaryotic expression vectors.

[0340] Transcription from vectors in mammalian host cells is controlled, for example, by

promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus,

adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus,

cytomegalovirus, a retrovirus, hepatitis-B virus and Simian Virus 40 (SV40), from heterologous

mammalian promoters, e.g., the actin promoter or an immunoglobulin promoter, from heat-

shock promoters, provided such promoters are compatible with the host cell systems.

[0341] The early and late promoters of the SV40 virus are conveniently obtained as an SV40

restriction fragment that also contains the SV40 viral origin of replication. The immediate early

promoter of the human cytomegalovirus is conveniently obtained as a Hindlll E restriction

fragment. A system for expressing DNA in mammalian hosts using the bovine papilloma virus

as a vector is disclosed in U.S. Pat. No. 4,419,446. A modification of this system is described in

U.S. Pat. No. 4,601,978. See also Reyes et al., Nature 297:598-601 (1982), describing

expression of human β-interferon cDNA in mouse cells under the control of a thymidine kinase

promoter from herpes simplex virus. Alternatively, the Rous sarcoma virus long terminal repeat

can be used as the promoter.

e) Enhancer Element Component

[0342] Transcription of DNA encoding an antibody of this invention by higher eukaryotes is

often increased by inserting an enhancer sequence into the vector. Many enhancer sequences are

now known from mammalian genes (globin, elastase, albumin, a-fetoprotein, and insulin).

Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples include the

SV40 enhancer on the late side of the replication origin (bp 100-270), the human

cytomegalovirus early promoter enhancer, the mouse cytomegalovirus early promoter enhancer,

the polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. See

also Yaniv, Nature 297:17-18 (1982) describing enhancer elements for activation of eukaryotic

promoters. The enhancer may be spliced into the vector at a position 5 r 3' to the antibody

polypeptide-encoding sequence, but is generally located at a site 5' from the promoter.

f) Transcription Termination Component

[0343] Expression vectors used in eukaryotic host cells may also contain sequences

necessary for the termination of transcription and for stabilizing the mRNA. Such sequences are

commonly available from the 5' and, occasionally 3', untranslated regions of eukaryotic or viral

DNAs or cDNAs. These regions contain nucleotide segments transcribed as polyadenylated



fragments in the untranslated portion of the mRNA encoding an antibody. One useful

transcription termination component is the bovine growth hormone polyadenylation region. See

W094/1 1026 and the expression vector disclosed therein.

g) Selection and Transformation of Host Cells

[0344] Suitable host cells for cloning or expressing the DNA in the vectors herein include

higher eukaryote cells described herein, including vertebrate host cells. Propagation of vertebrate

cells in culture (tissue culture) has become a routine procedure. Examples of useful mammalian

host cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651);

human embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture,

Graham et al., J . Gen Virol. 36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL 10);

Chinese hamster ovary cells/-DHFR (CHO, Urlaub et al., Proc. Natl. Acad. Sci. USA 77:4216

(1980)); mouse Sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980)); monkey kidney

cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587);

human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC

CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC

CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC

CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci. 383:44-68 (1982)); MRC 5 cells; FS4

cells; and a human hepatoma line (Hep G2).

[0345] Host cells are transformed with the above-described-expression or cloning vectors for

antibody production and cultured in conventional nutrient media modified as appropriate for

inducing promoters, selecting transformants, or amplifying the genes encoding the desired

sequences.

h) Culturing the Host Cells

[0346] The host cells used to produce an antibody of this invention may be cultured in a

variety of media. Commercially available media such as Ham's F10 (Sigma), Minimal Essential

Medium ((MEM), Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium

((DMEM), Sigma) are suitable for culturing the host cells. In addition, any of the media

described in Ham et al., Meth. Enz. 58:44 (1979), Barnes et al., Anal. Biochem. 102:255 (1980),

U.S. Pat. No. 4,767,704; 4,657,866; 4,927,762; 4,560,655; or 5,122,469; WO 90/03430; WO

87/00195; or U.S. Pat. Re. 30,985 may be used as culture media for the host cells. Any of these

media may be supplemented as necessary with hormones and/or other growth factors (such as

insulin, transferrin, or epidermal growth factor), salts (such as sodium chloride, calcium,

magnesium, and phosphate), buffers (such as HEPES), nucleotides (such as adenosine and



thymidine), antibiotics (such as GENTAMYCIN™ drug), trace elements (defined as inorganic

compounds usually present at final concentrations in the micromolar range), and glucose or an

equivalent energy source. Any other supplements may also be included at appropriate

concentrations that would be known to those skilled in the art. The culture conditions, such as

temperature, pH, and the like, are those previously used with the host cell selected for

expression, and will be apparent to the ordinarily skilled artisan

i) Purification of Antibody

[§347] When using recombinant techniques, the antibody can be produced intracellularly, or

directly secreted into the medium. If the antibody is produced intracellularly, as a first step, the

particulate debris, either host cells or lysed fragments, may be removed, for example, by

centrifugation or ultrafiltration. Where the antibody is secreted into the medium, supernatants

from such expression systems may be first concentrated using a commercially available protein

concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. A protease

inhibitor such as PMSF (phenylmethylsulfonyl fluoride) may be included in any of the foregoing

steps to inhibit proteolysis, and antibiotics may be included to prevent the growth of adventitious

contaminants.

[0348] The antibody composition prepared from the cells can be purified using, for example,

hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography,

with affinity chromatography being a convenient technique. The suitability of protein A as an

affinity ligand depends on the species and isotype of any immunoglobulin Fc domain that is

present in the antibody. Protein A can be used to purify antibodies that are based on human γ ΐ ,

γ2, or γ4 heavy chains (Lindmark et al., J . Immunol. Methods 62:1-13 (1983)). Protein G is

recommended for all mouse isotypes and for human γ3 (Guss et al., EMBO J . 5:1567-1575

(1986)). The matrix to which the affinity ligand is attached may be agarose, but other matrices

are available. Mechanically stable matrices such as controlled pore glass or

poly(styrenedivinyl)benzene allow for faster flow rates and shorter processing times than can be

achieved with agarose. Where the antibody comprises a CH3 domain, the Bakerbond ABX™

resin (J. T. Baker, Phillipsburg, N.J.) is useful for purification. Other techniques for protein

purification such as fractionation on an ion-exchange column, ethanol precipitation, Reverse

Phase HPLC, chromatography on silica, chromatography on heparin SEPHAROSE™

chromatography on an anion or cation exchange resin (such as a polyaspartic acid column),

chromatofocusing, SDS-PAGE, and ammonium sulfate precipitation are also available

depending on the antibody to be recovered.



[0349] Following any preliminary purification step(s), the mixture comprising the antibody

of interest and contaminants may be subjected to further purification, for example, by low pH

hydrophobic interaction chromatography using an elution buffer at a pH between about 2.5-4.5,

performed at low salt concentrations (e.g., from about 0-0.25M salt).

C. Labeled Antibodies

[0350] The anti-UCH-Ll antibodies and/or anti-GFAP antibodies provided herein may be

attached directly or indirectly to a label. For example, the antibody may be conjugated, coupled

or linked to the label. Labels are well known by one of skill in the art. Labels contemplated

herein include, but are not limited to, fluorescent dyes, fluorescent proteins, radioisotopes,

chromophores, metal ions, gold particles (e.g., colloidal gold particles), silver particles, particles

with stong light scattering properties, magnetic particles (e.g., magnetic bead particles such as

Dynabeads® magnetic beads), polypeptides (e.g., FLAG™ tag, human influenza hemagglutinin

(HA) tag, etc.), enzymes such as peroxidase (e.g., horseradish peroxidase) or a phosphatase (e.g.,

alkaline phosphatase), streptavidin, biotin, luminescent compounds (e.g., chemiluminescent

substrates), oligonucleotides, members of a specific binding pair (e.g., a ligands and its receptor)

and other labels well known in the art that are used for visualizing or detecting an antibody when

directly or indirectly attached to said antibody.

[0351] In some embodiments, the label is useful for qualitatively and/or quantitatively

determining the location of the target antigen (e.g., UCH-Ll or GFAP) bound by the antibody

(e.g., anti-UCH-Ll antibody or anti-GFAP antibody). In some embodiments, the label is useful

for qualitatively and/or quantitatively determining the amount of target antigen (e.g., UCH-Ll or

GFAP) bound by the antibody (e.g., anti-UCH-Ll antibody or anti-GFAP antibody).

[0352] In some embodiments, the label is a detectable label (e.g., a fluorescent dye label). In

some embodiments, the label is an affinity label (e.g., a biotin label).

[0353] Methods for directly or indirectly attaching label to an antibody are well known in

the art. Labels and labeling kits are commercially available such as from Invitrogen Corp,

Carlsbad, Calif.

[0354] In some embodiments, the label is compatible for use in a detection assay. In some

embodiments, the label is compatible for use in a diagnostic assay. For example, an anti-UCH-

Ll antibody directly or indirectly attached to a horseradish peroxidase can be used in a detection

assay or diagnostic assay provided herein. The horseradish peroxidase labeled anti-UCH-Ll

antibody can bind to a UCH-Ll protein (e.g., human UCH-Ll protein) in a sample. Anti-UCH-



LI antibodies that are bound to UCH-L1 protein can be detecting by adding an appropriate

substrate that produces a color change in the presence of horseradish peroxidase. In another

example, an anti-GFAP antibody directly or indirectly attached to colloidal gold particles can be

used in a detection assay or diagnostic assay provided herein. The colloidal gold particle labeled

anti-GFAP antibody can bind to a GFAP protein (e.g., human GFAP protein) in a sample. Anti-

GFAP antibodies that are bound to GFAP protein can be detecting by detecting a color change in

the solution due to aggregation of the gold particles. Other methods for detecting gold particle

labeled antibodies are well known in the art (see Dykman et al. (201 1) Acta Naturae. 3(2):34-

55).

[0355] In some embodiments, the anti-UCH-Ll antibodies and/or anti-GFAP antibodies

provided herein do not need to be attached to a label in order to allow detection of its binding to

a target antigen (e.g., UCH-L1 or GFAP). For example, detection of binding between an anti-

UCH-Ll and a UCH-L1 protein can be achieved through use of a secondary antibody that is

directly or indirectly attached to a label. In some embodiments, a system comprising a primary

antibody and secondary antibody may be used to detect the target antigen (e.g., UCH-L1 or

GFAP) bound by the anti-UCH-Ll antibody or anti-GFAP antibody. Such systems are well

known to those skilled in the art. For example, a primary antibody (e.g., a mouse anti-UCH-Ll

antibody) that specifically recognizes a target protein is exposed to a sample that may contain

the target protein of interest (e.g., human UCH-L1). A secondary antibody with an appropriate

label, such as a label described herein (e.g., colloidal gold particles), that recognizes the species

or isotype of the primary antibody (e.g., an anti-mouse antibody) is then contacted with the

sample such that specific detection of the target protein in the sample is achieved. In some

embodiments, the primary antibody is an anti-UCH-Ll antibody. In some embodiments, the

primary anti-UCH-Ll antibody is a naked primary anti-UCH-Ll antibody. In some

embodiments, the primary anti-UCH-Ll antibody is a labeled primary anti-UCH-Ll antibody.

In some embodiments, the primary antibody is an anti-GFAP antibody. In some embodiments,

the primary anti-GFAP antibody is a naked primary anti-GFAP antibody. In some

embodiments, the primary anti-GFAP antibody is a labeled primary anti-GFAP antibody.

Secondary antibodies contemplated herein can be polyclonal or monoclonal. In some

embodiments, secondary antibodies contemplated herein can be of any immunoglobulin class

including IgG, IgM, IgE, IgA, IgD and any subclass thereof. In some embodiments, secondary

antibody can be reactive against, but not limited to, mouse antibodies, human antibodies, rat

antibodies, non-human primate antibodies, horse antibodies, rabbit antibodies, chicken



antibodies and goat antibodies. In some embodiments, the secondary antibody is an antigen-

binding fragment.

D. Attachment of Antibodies to a Solid Support

[0356] The anti-UCH-Ll antibodies and/or anti-GFAP antibodies provided herein may be

attached directly or indirectly to a solid support. For example, the antibody may be conjugated,

coupled or linked to the solid support. Examples of solid supports encompassed herein include,

but are not limited to, those formed partially or entirely of glass (e.g., controlled pore glass),

polysaccharides (e.g., agarose), polyacrylamides, polystyrene, polyvinyl alcohol, nitrocellulose,

cellulose, nylon, silicones and other material well known in the art that is used in a solid support

for direct or indirect attachment of an antibody. Further examples of a solid support include, but

are not limited to, a bead, column (e.g., chromatography column, etc.), an array (e.g.,

microarray, nanoarray, etc.), an assay plate, a cartridge, a stick, a filter, or a strip. In some

embodiments, the solid support can comprise the well of an assay plate. In some embodiments,

the solid support is a microarray. In some embodiments, the solid support can comprise a bead

or is a bead. In some embodiments, the solid support is a chromatography column (e.g., an

affinity chromatography column). In some embodiments, a solid support is a discontinuous

solid phase of discrete particles, such as those described in U.S. Pat. No. 4,275,149.

[0357] Methods for directly or indirectly attaching an antibody to a solid support are well

known in the art. Methods of attachment generally include non-specific adsorption of the

antibody to the solid support or covalent attachment of the antibody, typically through a free

amine group, to a chemically reactive group on the solid support, such as an activated carboxyl,

hydroxyl, or aldehyde group. Methods of attachment also include indirect attachment of the

antibodies to the solid support such as by coating the solid support with a capture reagent, such

as streptavidin, and adding affinity labeled antibodies, such as biotin-labeled antibodies, to the

solid support so that the interaction between the affinity label (e.g., biotin) and capture reagent

(e.g., streptavidin) link the antibodies to the solid support. In some embodiments, the solid

support comprises one or more antibodies that are not anti-UCH-Ll antibodies or ant-GFAP

antibodies. For example, the solid support may comprise one or more antibodies that bind to

other proteins or molecules associated with neurological damage and/or a neurological condition

or one or more antibodies that serve as control antibodies.

[0358] In some instances, the solid support is part of a device or is compatible or configured

for use with a device, such as a diagnostic device. For example, a solid support described herein



may be a bead, column, an array, an assay plate, microwell, a cartridge, a stick, a filter, or a strip

that is inserted into a device or attached to a device and is used as part of the device in order for

the device to be operable. In some embodiments, the solid support is the device. In some

embodiments, the device is a portable device such as a handheld device. In some embodiments,

the device is a stationary device. The device may be manually operated or automatically

operated. In some embodiments, the device is an electronic device. Any suitable device for use

with the solid supports provided herein or use in the methods provided herein may be used.

Non-limiting examples of suitable devices are described below and include commercially

available devices such as, but not limited to, i-STAT® handheld (Abbott), Minicare 1-20

(Phillips) and similar handheld devices.

[0359] In some embodiments, a device provided herein (e.g., a device comprising a solid

support described herein) is useful for qualitatively and/or quantitatively determining the amount

of target antigen (e.g., UCH-L1 or GFAP) bound by the antibody (e.g., anti-UCH-Ll antibody or

anti-GFAP antibody). In some embodiments, the amount of UCH-L1 qualitatively and/or

quantitatively determined is from about 80 pg/mL to about 2560 pg/mL. In some embodiments,

the amount of GFAP qualitatively and/or quantitatively determined is from about 10 pg/mL to

about 320 pg/mL.

[0360] In some embodiments, the solid support is compatible for use in a detection assay. In

some embodiments, the solid support is compatible for use in a diagnostic assay. In some

embodiments, a sample, e.g. a bodily fluid or other sample as described herein, is contacted with

the solid support. In some embodiments, the solid support is useful for qualitatively and/or

quantitatively determining the location of the target antigen (e.g., UCH-L1 or GFAP) bound by

the antibody (e.g., anti-UCH-Ll antibody or anti-GFAP antibody). In some embodiments, the

solid support is useful for qualitatively and/or quantitatively determining the amount of target

antigen (e.g., UCH-L1 or GFAP) bound by the antibody (e.g., anti-UCH-Ll antibody or anti-

GFAP antibody).

[0361] In some embodiments, the amount of UCH-L1 qualitatively and/or quantitatively

determined by a solid support described herein, such as for use in a detection assay and/or a

diagnostic assay, is from about 80 pg/mL to about 2560 pg/mL. In some embodiments, the

amount of GFAP qualitatively and/or quantitatively determined by a solid support described

herein, such as for use in a detection assay and/or a diagnostic assay, is from about 10 pg/mL to

about 320 pg/mL.



[0362] In general, various methodologies for preparing antibodies for use in research,

testing, and clinical use are well-established in the art, consistent with the above-described

methodologies and/or as deemed appropriate by one skilled in the art for a particular antibody of

interest.

IV. Compositions and Combinations

[0363] Provided herein are compositions of any of the provided antibodies. Any of the

antibody reagents (e.g. anti-UCH-Ll or anti-GFAP antibody), including compositions thereof,

can be used alone or in combination in a detection or diagnostic method in accord with the

present disclosure. Also provided are combinations of any of the provided antibodies or

compositions thereof with one or more other antibodies. The combinations, which can be

provided as kits, can be used together in a detection or diagnostic method in accord with the

present disclosure.

A. Compositions

[0364] In some aspects, also provided herein are compositions (e.g., pharmaceutical

composition) comprising any one or more of the anti-UCH-Ll antibodies and/or anti-GFAP

antibodies described herein. The compositions can be used in the methods provided herein such

as in methods for detecting UCH-L1 and/or GFAP in a sample and methods of diagnosing an

individual with brain damage or injury or neurological condition.

[0365] Compositions are prepared for storage by mixing the active ingredient having the

desired degree of purity with optional acceptable carriers, excipients or stabilizers such as

pharmaceutically acceptable carriers, excipients or stabilizers (Remington: The Science and

Practice of Pharmacy, 20th Ed., Lippincott Williams & Wiklins, Pub., Gennaro Ed.,

Philadelphia, Pa. 2000). In some embodiments, acceptable carriers, excipients, or stabilizers are

nontoxic to recipients at the dosages and concentrations employed. In some embodiments,

acceptable carriers, excipients, or stabilizers do not substantially alter the activity of the antibody

such as when the antibody is used in a diagnostic assay. In some embodiments, acceptable

carriers, excipients, or stabilizers are compatible for use in a diagnostic assay or detection assay.

Acceptable carriers, excipients, or stabilizers include buffers, antioxidants including ascorbic

acid, methionine, Vitamin E, sodium metabisulfite; preservatives, isotonicifiers, stabilizers,

metal complexes (e.g. Zn-protein complexes); chelating agents such as EDTA and/or non-ionic

surfactants.



[0366] Buffers can be used to control the pH in a range which optimizes effectiveness or

activity of the antibody, especially if stability is pH dependent. Buffers can be present at

concentrations ranging from about 50 mM to about 250 mM. Suitable buffering agents for use

with the present invention include both organic and inorganic acids and salts thereof. For

example, citrate, phosphate, succinate, tartrate, fumarate, gluconate, oxalate, lactate, acetate.

Additionally, buffers may be comprised of histidine and trimethylamine salts such as Tris.

[0367] Preservatives can be added to prevent microbial growth, and are typically present in a

range from about 0.2%- 1.0% (w/v). Suitable preservatives for use with the present invention

include azide, methylisothiazolinone (ΜΓΤ), octadecyldimethylbenzyl ammonium chloride;

hexamethonium chloride; benzalkonium halides (e.g., chloride, bromide, iodide), benzethonium

chloride; thimerosal, phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl

paraben; catechol; resorcinol; cyclohexanol, 3-pentanol, and m-cresol.

[0368] Tonicity agents, sometimes known as "stabilizers" can be present to adjust or

maintain the tonicity of liquid in a composition. When used with large, charged biomolecules

such as proteins and antibodies, they are often termed "stabilizers" because they can interact

with the charged groups of the amino acid side chains, thereby lessening the potential for inter

and intra-molecular interactions. Tonicity agents can be present in any amount between about

0.1% to about 25% by weight or between about 1 to about 5% by weight, taking into account the

relative amounts of the other ingredients. In some embodiments, tonicity agents include

polyhydric sugar alcohols, trihydric or higher sugar alcohols, such as glycerin, erythritol,

arabitol, xylitol, sorbitol and mannitol.

[0369] Additional excipients include agents which can serve as one or more of the

following: (1) bulking agents, (2) solubility enhancers, (3) stabilizers and (4) and agents

preventing denaturation or adherence to the container wall. Such excipients include: polyhydric

sugar alcohols (enumerated above); amino acids such as alanine, glycine, glutamine, asparagine,

histidine, arginine, lysine, ornithine, leucine, 2-phenylalanine, glutamic acid, threonine, etc.;

organic sugars or sugar alcohols such as sucrose, lactose, lactitol, trehalose, stachyose, mannose,

sorbose, xylose, ribose, ribitol, myoinisitose, myoinisitol, galactose, galactitol, glycerol, cyclitols

(e.g., inositol), polyethylene glycol; sulfur containing reducing agents, such as urea, glutathione,

thioctic acid, sodium thioglycolate, thioglycerol, a-monothioglycerol and sodium thio sulfate;

low molecular weight proteins such as human serum albumin, bovine serum albumin, gelatin or

other immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; monosaccharides



(e.g., xylose, mannose, fructose, glucose; disaccharides (e.g., lactose, maltose, sucrose);

trisaccharides such as raffinose; and polysaccharides such as dextrin or dextran.

[0370] Non-ionic surfactants or detergents (also known as "wetting agents") can be present

to help solubilize the antibody as well as to protect the antibody against agitation-induced

aggregation, which also permits the composition to be exposed to shear surface stress without

causing denaturation of the active antibody. Non-ionic surfactants are present in a range of about

0.05 mg/ml to about 1.0 mg/ml or about 0.07 mg/ml to about 0.2 mg/ml. In some embodiments,

non-ionic surfactants are present in a range of about 0.001% to about 0.1% w/v or about 0.01%

to about 0.1% w/v or about 0.01% to about 0.025% w/v.

[0371] Suitable non-ionic surfactants include polysorbates (20, 40, 60, 65, 80, etc.),

polyoxamers (184, 188, etc.), PLURONIC® polyols, TRITON®, polyoxyethylene sorbitan

monoethers (TWEEN®-20, TWEEN®-80, etc.), lauromacrogol 400, polyoxyl 40 stearate,

polyoxyethylene hydrogenated castor oil 10, 50 and 60, glycerol monostearate, sucrose fatty acid

ester, methyl celluose and carboxymethyl cellulose. Anionic detergents that can be used include

sodium lauryl sulfate, dioctyle sodium sulfosuccinate and dioctyl sodium sulfonate. Cationic

detergents include benzalkonium chloride or benzethonium chloride.

[0372] In some embodiments, the compositions are sterile. The composition may be

rendered sterile by filtration through sterile filtration membranes. In some embodiments, the

compositions herein are placed into a container having a sterile access port, for example, an

intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle.

B. Combinations

[0373] Provided herein are combinations containing more than one antibody (e.g., one, two,

three, four, or more antibodies) for binding or detecting UCH-L1 and/or GFAP. In some

embodiments, the particular combination can be chosen based on the application, such as use in

a detection or diagnostic assay as provided herein. For example, typically antibody

combinations are chosen with complementary activities such that the antibodies do not adversely

affect each other, e.g. do not compete for binding with each other. Such antibodies are suitably

present in combination in amounts that are effective for the purpose intended. In some

embodiments, the combinations are provided as part of a kit, article of manufacture or system as

described elsewhere herein.

[0374] In some embodiments, provided herein is a combination of two or more anti-UCH-Ll

antibodies, or composition thereof, that bind to UCH-L1 (e.g. human UCH-L1). In some

embodiments, the combination comprises a pair of antibodies and/or antibody sets that are



compatible and can simultaneously bind UCH-L1. In some embodiments, the antibody pair

comprises a first antibody or first set of antibodies and a second antibody or second set of

antibodies, wherein the first antibody or each of the antibodies of the first set of antibodies binds

to a distinct or non-overlapping epitope compared to the second antibody or each of the

antibodies of the second set of antibodies and/or does not compete for binding to UCH-L1 with

the second antibody or set. When provided as a set, the antibodies in a first set of antibodies

typically each bind to the same or overlapping epitope or region of UCH-L1 and/or do not

compete for binding to UCH-L1 with one or more other antibodies in the first set of antibodies

and/or the antibodies in the second set of antibodies each bind to the same or overlapping

epitope or region of UCH-L1 and/or do not compete for binding to UCH-L1 with one or more

other antibodies in the second set of antibodies. In some embodiments, the first antibody or set

of antibodies is for capture of UCH-L1 and the second antibody or set of antibodies is for

detection of bound UCH-L1 or vice versa. In some embodiments, at least one of the antibodies

of the pair is attached to a label (e.g. detectable label) such as a label described herein. In some

embodiments, at least one of the antibodies of the pair is attached to a solid support or capable of

being attached to a solid support, such as a solid support described herein. In some

embodiments, the combination is provided as a kit or as part of a system as described elsewhere

herein for use in connection with an immunoassay (e.g. sandwich ELISA or competitive

ELISA).

[0375] In one aspect, the first (or in some cases the second) anti-UCHLl antibody or set of

antibodies binds to an epitope of UCH-L1 that is, includes or is within (or entirely within) a

region corresponding to amino acid positions 98-106 of human UCH-L1 set forth in SEQ ID

NO:207 (e.g. any as described, such as the antibody designated UCH-Ll-1, UCH-Ll-3, or UCH-

Ll-13 or an antibody comprising the same CDRs as present in the variable heavy chain and

variable light chain of the antibody designated UCH-Ll-1, UCH-Ll-3, or UCH-Ll-13 or an

antibody comprising a variable heavy chain and a variable light chain comprising the sequence

of the variable heavy chain and the variable light chain, respectively, of the antibody designated

UCH-Ll-1, UCH-Ll-3, or UCH-Ll-13) and the other of the first or second antibody or set binds

to a distinct or non-overlapping region and/or does not compete for binding to an epitope within

the region corresponding to amino acid positions 98-106 of human UCH-L1 set forth in SEQ ID

NO:207. In some embodiments, the other antibody or set, which can be the other of the first or

second antibody, binds to an epitope of UCH-L1 that is, or includes or is within (or entirely

within) a region corresponding to amino acid positions 28-36 of human UCH-L1 set forth in



SEQ ID NO:207 (e.g. any as described, such as the antibody designated UCH-Ll-2, UCH-Ll-6,

UCH-Ll-7, UCH-Ll-8, UCH-Ll-9, UCH-Ll-10, UCH-Ll-11 or UCH-Ll-12 or an antibody

comprising the same CDRs present in the variable heavy chain and the variable light chain as

the antibody designated UCH-Ll-2, UCH-Ll-6, UCH-Ll-7, UCH-Ll-8, UCH-Ll-9, UCH-Ll-

10, UCH-Ll- 11 or UCH-Ll-12 or an antibody comprising a variable heavy chain and a variable

light chain comprising the sequence of the variable heavy chain and the variable light chain,

respectively, of the antibody designated UCH-Ll-2, UCH-Ll-6, UCH-Ll-7, UCH-Ll-8, UCH-

Ll-9, UCH-Ll-10, UCH-Ll-1 1 or UCH-Ll-12). In other embodiments, the other antibody or

set, which can be the first or second antibody, binds to an epitope of UCH-Ll that is or includes

or is within (or entirely within) a region corresponding to amino acid positions 138-145 of

human UCH-Ll set forth in SEQ ID NO:207 (e.g. any as described, such as the antibody

designated UCH-Ll -4 or an antibody comprising the same CDRs a present in the variable heavy

chain and variable light chain as the antibody designated UCH-Ll -4 or an antibody comprising a

variable heavy chain and a variable light chain comprising the sequence of the variable heavy

chain and variable light chain of the antibody designated UCH-Ll-4). In other embodiments,

the other antibody or set, which can be the first or second antibody, binds to an epitope of UCH-

Ll that is, includes or is within (or entirely within) a region corresponding to amino acid

positions 142-149 of human UCH-Ll set forth in SEQ ID NO:207 (e.g. any as described, such as

the antibody designated UCH-Ll-5 or an antibody comprising the same CDRs a present in the

variable heavy chain and variable light chain as the antibody designated UCH-Ll-5 or an

antibody comprising a variable heavy chain and a variable light chain comprising the sequence

of the variable heavy chain and variable light chain of the antibody designated UCH-Ll-5).

[0376] In some embodiments, the first (or in some cases the second) anti-UCHLl antibody

or set of antibodies is the antibody designated UCH-Ll- 1 or UCH-Ll-2 or an antibody

comprising the same CDRs as present in the variable heavy chain and variable light chain of the

antibody designated UCH-Ll- 1 or UCH-Ll-2 or an antibody comprising a variable heavy chain

and a variable light chain comprising the sequence of the variable heavy chain and the variable

light chain, respectively, of the antibody designated UCH-Ll-1 or UCH-Ll-2; and the other

antibody, which can be the first or second antibody, is the antibody designated UCH-Ll-5 or an

antibody comprising the same CDRs as present in the variable heavy chain and variable light

chain of the antibody designated UCH-Ll-5 or an antibody comprising a variable heavy chain

and a variable light chain comprising the sequence of the variable heavy chain and the variable

light chain, respectively, of the antibody designated UCH-Ll-5.



[0377] In some embodiments, the combination or kit comprises a first antibody that is an

anti-UCH-Ll antibody comprising a heavy chain variable domain comprising the amino acid

sequence of SEQ ID NO:51 and a light chain variable domain comprising the amino acid

sequence of SEQ ID NO:64, and/or is an anti-UCH-Ll antibody comprising a heavy chain

variable domain comprising the amino acid sequence of SEQ ID NO:52 and a light chain

variable domain comprising the amino acid sequence of SEQ ID NO:65. In some embodiments,

the combination comprises a first antibody set comprising an anti-UCH-Ll antibody comprising

a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO:51 and a

light chain variable domain comprising the amino acid sequence of SEQ ID NO:64, and an anti-

UCH-Ll antibody comprising a heavy chain variable domain comprising the amino acid

sequence of SEQ ID NO:52 and a light chain variable domain comprising the amino acid

sequence of SEQ ID NO:65. In some embodiments, the combination or kit comprises a second

antibody that is an anti-UCH-Ll antibody comprising a heavy chain variable region comprising

the amino acid sequence of SEQ ID NO:55 and a light chain variable domain comprising the

amino acid sequence of SEQ ID NO:68.

[0378] In some embodiments, provided herein is a combination of two or more anti-GFAP

antibodies, or composition thereof, that bind to GFAP (e.g. human GFAP). In some

embodiments, the combination comprises a pair of antibodies and/or antibody sets that are

compatible and can simultaneously bind GFAP. In some embodiments, the antibody pair

comprises a first antibody or set of antibodies and a second antibody or set of antibodies,

wherein the first antibody or each of the antibodies of the first set of antibodies binds to a

distinct or non-overlapping epitope compared to the second antibody or second set of antibodies

and/or does not compete for binding to GFAP with the second antibody or set. When provided

as a set, the antibodies in a first set of antibodies each bind to the same or overlapping epitope or

region of GFAP and/or do not compete for binding to GFAP with one or more other antibodies

in the first set of antibodies and/or the antibodies in the second set of antibodies each bind to the

same or overlapping epitope or region of GFAP and/or do not compete for binding to GFAP

with one or more other antibodies in the second set of antibodies. In some embodiments, the first

antibody or first set of antibodies is used for capture of GFAP and the second antibody or second

set of antibodies is used for detection of bound GFAP or vice versa. In some embodiments, at

least one of the antibodies of the pair is attached to a label (e.g. detectable label) such as a label

described herein. In some embodiments, at least one of the antibodies of the pair is attached to a

solid support or capable of being attached to a solid support, such as a solid support described



herein. In some embodiments, the combination is provided as a kit or as part of a system as

described elsewhere herein for use in connection with a sandwich immunoassay (e.g. sandwich

ELISA) or a competitive immunoassay (e.g. competitive ELISA).

[0379] In one aspect, the first (or in some cases the second) anti-GFAP antibody or set of

antibodies binds to an epitope of GFAP that is, includes or is within (or entirely within) a region

corresponding to amino acid positions 92-106 of human GFAP set forth in SEQ ID NO:212 (e.g.

any as described, such as the antibody designated GFAP-1 or an antibody comprising the same

CDRs as present in the variable heavy chain and variable light chain of the antibody designated

GFAP-1 or an antibody comprising a variable heavy chain and a variable light chain comprising

the sequence of the variable heavy chain and the variable light chain, respectively, of the

antibody designated GFAP-1) and the other of the first or second antibody or set binds to a

distinct or non-overlapping region and/or does not compete for binding to an epitope within the

region corresponding to amino acid positions 92-106 of human GFAP set forth in SEQ ID

NO:212. In some embodiments, the other antibody or set, which can be the other of the first or

second antibody, binds to an epitope of GFAP that is, includes or is within (or entirely within), a

region corresponding to amino acid positions 190-202 of human GFAP set forth in SEQ ID

NO:212 (e.g. any as described, such as the antibody designated GFAP-2 or an antibody

comprising the same CDRs present in the variable heavy chain and the variable light chain as

the antibody designated GFAP-2 or an antibody comprising a variable heavy chain and a

variable light chain comprising the sequence of the variable heavy chain and the variable light

chain, respectively, of the antibody designated GFAP-2). In other embodiments, the other

antibody or set, which can be the other of the first or second antibody, binds to an epitope of

GFAP that is, includes or is within (or entirely within) a region corresponding to amino acid

positions 16-35 and/or 380 of human GFAP set forth in SEQ ID NO:212 (e.g. any as described,

such as the antibody designated GFAP-3 or an antibody comprising the same CDRs present in

the variable heavy chain and the variable light chain as the antibody designated GFAP-3 or an

antibody comprising a variable heavy chain and a variable light chain comprising the sequence

of the variable heavy chain and the variable light chain, respectively, of the antibody designated

GFAP-3). In further embodiments, the other antibody or set, which can be the other of the first

or second antibody, binds to an epitope of GFAP that is, includes or is within (or entirely within)

a region corresponding to amino acid positions 119 and/or 190 of human GFAP set forth in SEQ

ID NO:212 (e.g. any as described, such as the antibody designated GFAP-5 or an antibody

comprising the same CDRs present in the variable heavy chain and the variable light chain as



the antibody designated GFAP-5 or an antibody comprising a variable heavy chain and a

variable light chain comprising the sequence of the variable heavy chain and the variable light

chain, respectively, of the antibody designated GFAP-5). In additional embodiments, the other

antibody or set, which can be the other of the first or second antibody, binds to an epitope of

GFAP that is, includes or is within (or entirely within) a region corresponding to amino acid

positions 380-391 of human GFAP set forth in SEQ ID NO:212 (e.g. any as described, such as

the antibody designated GFAP-4, GFAP-7, GFAP-8, or GFAP-9 or an antibody comprising the

same CDRs present in the variable heavy chain and the variable light chain as the antibody

designated GFAP-4, GFAP-7, GFAP-8, or GFAP-9 or an antibody comprising a variable heavy

chain and a variable light chain comprising the sequence of the variable heavy chain and the

variable light chain, respectively, of the antibody designated GFAP-4, GFAP-7, GFAP-8, or

GFAP-9).

[0380] In one aspect, the first (or in some cases the second) anti-GFAP antibody or set of

antibodies binds to an epitope of GFAP that is, includes or is within (or entirely within) a region

corresponding to amino acid positions 119-130 of human GFAP set forth in SEQ ID NO:212

(e.g. any as described, such as the antibody GFAP-6, GFAP-11, GFAP-12, GFAP-18 or GFAP-

19 or an antibody comprising the same CDRs present in the variable heavy chain and the

variable light chain as the antibody designated GFAP-6, GFAP-11, GFAP-12, GFAP-18 or

GFAP-19 or an antibody comprising a variable heavy chain and a variable light chain

comprising the sequence of the variable heavy chain and the variable light chain, respectively, of

the antibody designated GFAP-6, GFAP-11, GFAP-12, GFAP-18 or GFAP-19) and the other of

the first or second antibody or set binds to a distinct or non-overlapping region and/or does not

compete for binding to an epitope within the region corresponding to amino acid positions 119-

130 of human GFAP set forth in SEQ ID NO:212. In some embodiments, the other antibody or

set, which can be the other of the first or second antibody, binds to an epitope of GFAP that is,

includes or is within (or entirely within) a region corresponding to amino acid positions 210-221

of human GFAP set forth in SEQ ID NO:212 (e.g. any as described, such as the antibody

designated GFAP-13, GFAP-14, or GFAP-15 or an antibody comprising the same CDRs

present in the variable heavy chain and the variable light chain as the antibody designated

GFAP-13, GFAP-14, or GFAP-15 or an antibody comprising a variable heavy chain and a

variable light chain comprising the sequence of the variable heavy chain and the variable light

chain, respectively, of the antibody designated GFAP-13, GFAP-14, or GFAP-15) and the other

of the first or second antibody or set binds to a distinct or non-overlapping region and/or does



not compete for binding to an epitope within the region corresponding to amino acid positions

210-221 of human GFAP set forth in SEQ ID NO:212. In other embodiments, the other

antibody or set, which can be the other of the first or second antibody, binds to an epitope of

GFAP that is, includes or is within (or entirely within) a region corresponding to amino acid

positions 320-390 of human GFAP set forth in SEQ ID NO:212 (e.g. any as described, such as

the antibody designated GFAP- 16 or GFAP- 17 or an antibody comprising the same CDRs

present in the variable heavy chain and the variable light chain as the antibody designated

GFAP- 16 or GFAP- 17 or an antibody comprising a variable heavy chain and a variable light

chain comprising the sequence of the variable heavy chain and the variable light chain,

respectively, of the antibody designated GFAP- 16 or GFAP- 17) and the other of the first or

second antibody or set binds to a distinct or non-overlapping region and/or does not compete for

binding to an epitope within the region corresponding to amino acid positions 320-390 of human

GFAP set forth in SEQ ID NO:212. In further embodiments, the other antibody or set, which

can be the other of the first or second antibody, binds to an epitope of GFAP that is, includes or

is within (or entirely within) a region corresponding to amino acid positions 346-357 and/or 376-

387 of human GFAP set forth in SEQ ID NO:212 (e.g. any as described, such as the antibody

designated GFAP- 17 or an antibody comprising the same CDRs present in the variable heavy

chain and the variable light chain as the antibody designated GFAP- 17 or an antibody

comprising a variable heavy chain and a variable light chain comprising the sequence of the

variable heavy chain and the variable light chain, respectively, of the antibody designated

GFAP- 17) and the other of the first or second antibody or set binds to a distinct or non-

overlapping region and/or does not compete for binding to an epitope within the region

corresponding to amino acid positions 346-357 and/or 376-387 of human GFAP set forth in SEQ

ID NO:212. In further embodiments, the other antibody or set, which can be the other of the

first or second antibody, binds to an epitope of GFAP that is, includes or is within (or entirely

within), a region corresponding to amino acid positions 138-149 of human GFAP set forth in

SEQ ID NO:212 (e.g. any as described, such as the antibody designated GFAP-18 or an

antibody comprising the same CDRs present in the variable heavy chain and the variable light

chain as the antibody designated GFAP-18 or an antibody comprising a variable heavy chain and

a variable light chain comprising the sequence of the variable heavy chain and the variable light

chain, respectively, of the antibody designated GFAP-18) and the other of the first or second

antibody or set binds to a distinct or non-overlapping region and/or does not compete for binding



to an epitope within the region corresponding to amino acid positions 138-149 of human GFAP

set forth in SEQ ID NO:212.

[0381] In some embodiments, the first (or in some cases the second) anti-GFAP antibody or

set of antibodies is the antibody designated GFAP-2 or an antibody comprising the same CDRs

as present in the variable heavy chain and variable light chain of the antibody designated GFAP-

2 or an antibody comprising a variable heavy chain and a variable light chain comprising the

sequence of the variable heavy chain and the variable light chain, respectively, of the antibody

designated GFAP-2; and the other antibody, which can be the first or second antibody, is the

antibody designated GFAP-6 or an antibody comprising the same CDRs as present in the

variable heavy chain and variable light chain of the antibody designated GFAP-6 or an antibody

comprising a variable heavy chain and a variable light chain comprising the sequence of the

variable heavy chain and the variable light chain, respectively, of the antibody designated

GFAP-6.

[0382] In some embodiments, the combination or kit comprises a first antibody that is an

anti-GFAP antibody comprising a heavy chain variable domain comprising the amino acid

sequence of SEQ ID NO: 173 and a light chain variable domain comprising the amino acid

sequence of SEQ ID NO: 190, and a second antibody that is an anti-GFAP antibody comprising a

heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 177 and a light

chain variable domain comprising the amino acid sequence of SEQ ID NO: 194.

[0383] In some embodiments, provided herein is a combination comprising at least one anti-

UCH-L1 antibody described herein or composition thereof and at least one anti-GFAP antibody

described herein or composition thereof. In some embodiments, the combination comprises a

pair or set of anti-UCH-Ll antibodies such as any as described and a pair or set of anti-GFAP

antibodies such as any as described. In some embodiments, the combination comprises at least

two, three, four, five, six, seven, eight, nine but no more than ten antibodies.

V. Methods of Detecting UCH-L1 and/or GFAP and Diagnosis or Predicting Outcomes

[0384] In some aspects, provided herein are methods for detecting UCH-L1 and/or GFAP in

a sample from a subject or individual. In some embodiments, the provided methods involve

immunoaffinity-based detection of UCH-L1 and/or GFAP using any of the antibodies provided

herein. In some embodiments, the methods are performed in vitro. In some embodiments, the

sample is obtained or isolated from the subject or individual. In some embodiments, the subject

or individual is a human.



[0385] In some embodiments, provided are methods of detecting UCH-L1 and/or GFAP in a

sample from a subject in which the method comprises the steps of (a) contacting a sample from

the subject with one or more anti-UCH-Ll antibody provided herein and/or one or more GFAP

antibody provided herein, such as combination or pair of antibodies as described herein; and (b)

detecting the presence or absence of UCH-L1 and/or GFAP in the sample based on binding

between a UCH-L1 and/or GFAP in the sample with the one or more anti-UCH-Ll antibody or

anti-GFAP antibody, respectively. In some embodiments, the contacted is carried out under

conditions to form a complex comprising the antibody or antigen-binding fragment and its

antigen (e.g. UCH-L1 and/or GFAP). In some embodiments, detection of binding can be

achieved by detection techniques commonly known in the art for detecting the binding between

a protein target and binding agent (e.g. an antibody) such as, but not limited to,

spectrophotometry, high performance liquid chromatography (HPLC), immunoassays such as

enzyme-linked immunosorbent assay (ELISA), western blot, automated imaging,

immunohistochemistry, flow cytometry, high-throughput screening of an array such as a

microarray or nanoarray and surface plasmon resonance. In some embodiments, the antibodies

provided herein can detect UCH-L1 or GFAP using any binding assay or immunoassay known

to one of skill in the art including, but not limited to, enzyme linked immunosorbent assay

(ELISA) or other similar immunoassay, including a sandwich ELISA or competitive ELISA;

immunohistochemistry (IHC); flow cytometry, or western blot.

[0386] In some embodiments, a sample for use in the methods herein is obtained from

subjects or individuals known to have or had, or are likely or suspected to have or have had, a

brain damage or injury (e.g. due to a neurological damage and/or a neurological condition, such

as a traumatic brain injury or other damage or injury as described). In some embodiments, the

sample is obtained from the individual no more than about 30 minutes, 1 hour, 2 hours, 4 hours,

6 hours, 8 hours, 12 hours, 24 hours or 48 hours after an injury (e.g., a direct or indirect physical

injury to the brain). In some embodiments, the sample is obtained from the individual no more

than 8 hours after the injury. For example, the sample is obtained from the individual within or

about within 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5

hours, 6 hours, 7 hours but more than about 8 hours after the injury.

[0387] In some embodiments, the sample is serum, plasma, blood (e.g., whole blood),

cerebrospinal fluid (CSF), urine, sweat, saliva or any other biological fluid present or obtained

from an individual (e.g., human). In some embodiments, the sample is serum. In other

embodiments, the sample is CSF. The sample can be used directly in the methods provided



herein after obtaining it from an individual or it can be processed before use in the methods

provided herein. For example, a CSF sample can be obtained from an individual and directly

used in the methods herein by contacting the sample with one or more of the anti-UCH-Ll

and/or anti-GFAP antibodies provided herein. Alternatively, the CSF sample can obtained from

an individual and be processed prior to contacting the sample with one or more of the anti-UCH-

Ll and/or anti-GFAP antibodies provided herein. Processing of the sample includes techniques

commonly used in the art to purify and/or concentrate a protein sample such as washing in a

buffer, incubation, centrifugation, filtration, immunoprecipitation, adsorption and/or addition of

agents that remove contaminants that can interfere with detecting the binding between UCH-Ll -

1 and/or GFAP and an antibody.

[0388] In some embodiments, the method is a sandwich or competitive immunoassay (e.g.

sandwich ELISA or a competitive ELISA assay) and the method comprises (a) contacting a

sample from the subject with at least one first anti-UCH-Ll antibody to capture or bind UCH-Ll

in the sample (e.g., under conditions to form a complex comprising the antibody or antigen-

binding fragment and UCH-Ll) and/or contacting a sample from the subject with at least one

first anti-GFAP antibody to capture or bind GFAP in the sample (e.g., under conditions to form a

complex comprising the antibody or antigen-binding fragment and GFAP); and (b) detecting the

bound UCH-Ll in the sample by adding at least one second anti-UCH-Ll antibody to detect the

presence or absence of UCH-Ll in the sample or associated with the complex and/or detecting

the bound GFAP in the sample by adding at least one second anti-GFAP antibody to detect the

presence or absence of GFAP in the sample or associated with the complex. In some

embodiments, at least one second antibody is directly or indirectly labeled for detection or is

capable of detection.

[0389] In some embodiments, the method comprises detecting or measuring only UCH-Ll

in the sample. In some embodiments, the method comprises detecting or measuring only GFAP

in the sample. In some embodiments, the method comprises detecting or measuring both UCH-

Ll and GFAP in a sample from the subject, in which case the sample in which UCH-Ll and

GFAP is measured or detected is the same sample, a portion of the same sample or a different

sample form the same subject. In some embodiments of any of the provided methods, one or

more other biomarker, such as associated with a brain injury or damage, can be detected or

measured in a sample from the subject.

[0390] Any of the provided antibodies can be used alone or in combination in the provided

methods. For example, in a sandwich ELISA or competitive ELISA, two or more anti-UCH-Ll



antibody (e.g. pair of anti-UCH-Ll antibodies) and/or two or more anti-GFAP antibody (e.g.

pair of anti-GFAP antibody) can be used. In some embodiments, the antibodies provided herein

can be conjugated directly or indirectly to a moiety that is capable of detection. In some

examples, one or more of the antibodies are modified to permit detection of binding. For

example, antibodies can be conjugated to a detectable molecule that permits either direct

detection or detection via secondary agents. In some embodiments, antibodies are directly

labeled as described herein above. In some examples, the antibodies can be detected using a

secondary reagent, such as by a secondary antibody reagent that binds to the primary antibodies

as provided herein and that is coupled to a detectable protein, such as a fluorescent probe or

detectable enzyme, such as horseradish peroxidase.

[0391] In some of the embodiments herein, the one or more antibody is one or more capture

antibody that captures UCH-Ll and/or GFAP in the sample. In some of the embodiments

herein, the one or more antibody is one or more detection antibody that binds UCH-Ll and/or

GFAP in the sample and is detectable (e.g., is attached to a label). For example, the one or more

antibody can be one or more capture antibody (e.g., capture anti-UCH-Ll antibody) and one or

more detection antibody (e.g., detection anti-UCH-Ll antibody).

[0392] In some embodiments, the sample from the subject can be assessed for the presence,

absence or amount of UCH-Ll and/or GFAP using a solid-phase binding assay. Solid-phase

binding assays can detect a substrate (e.g. UCH-Ll or GFAP) in a fluid sample by binding of the

substrate to a binding agent (e.g. a first anti-UCH-Ll antibody or anti-GFAP antibody, such as a

capture antibody) that is fixed or immobilized to a solid surface. In some embodiments, the

contacting in step a) of the methods herein comprises adding the sample (e.g., sample obtained

from an individual) to a solid support or a device comprising a solid support, wherein the solid

support comprises one or more antibody described herein (e.g., an anti-UCH-Ll antibody and/or

an anti-GFAP antibody). In some embodiments, the contacting in step a) of the methods herein

comprises mixing the sample (e.g., sample obtained from an individual) and one or more

antibody described herein (e.g., an anti-UCH-Ll antibody and/or an anti-GFAP antibody) under

conditions to form a complex comprising the antibody or antigen-binding fragment and the

antigen or substrate (e.g. UCH-Ll or GFAP). In some embodiments, the sample is mixed with

the one or more antibody in the presence of or on or in a solid support or a device comprising a

solid support. In some embodiments, the sample is mixed with the one or more antibody to

produce a mixture and the mixture is subsequently applied to a solid support or a device

comprising a solid support. In some of the embodiments herein, the one or more antibody is



directly or indirectly attached to the solid support. In some embodiments, the contacting in step

a) further comprises one or more incubation of the sample and the one or more antibody. The

one or more incubations can be for a time that is suitable to allow the sample to contact the one

or more antibody such as for at least or at least about 30 seconds, 1 minute, 5 minutes, 10

minutes, 15 minutes, 20 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 3 hours, 6 hours, or

12 hours or more but no more than about 24 hours after contacting a sample with the one or

more antibody as described herein. In some embodiments, the contacting occurs at a

temperature of from or from about 0° C to about 50° C, such as typically 2°C to 8°C or 23 °C to

28° C or 37 °C to 42° C. In some embodiments, the contacting in step a) further comprises one

or more washing under conditions to retain bound UCH-L1 and/or GFAP on the solid support

and/or to separate the complex away from portions of the sample not part of the complex.

[0393] In some embodiments, the detecting in step b) of the methods herein comprises

detecting the binding between UCH-L1 and/or GFAP with a second substrate specific antibody

(e.g. a second anti-UCH-Ll antibody or anti-GFAP antibody, such as a detection antibody) that

is capable of detection of the substrate (e.g. UCH-L1 or GFAP). In some embodiments, the

second antibody is a naked (unlabeled) antibody (e.g., naked anti-UCH-Ll antibody or naked

anti-GFAP antibody) and detection is indirect by adding a labeled secondary antibody that binds

to the naked antibody. In some embodiments, the second antibody is a labeled antibody (e.g.,

labeled anti-UCH-Ll antibody or labeled anti-GFAP antibody) and detection is direct. In some

embodiments, the second antibody is a labeled antibody but it not capable of direct detection.

For example, the label can be an enzyme and detection can be effected by addition of a substrate

that produces a signal, e.g. a colorimetric signal. In some embodiments, the second antibody

(detection antibody) is applied or contacted with the bound UCH-L1 and/or GFAP in the

complex and allowed to incubate under conditions to allow binding to the bound substrate (e.g.

UCH-L1 or GFAP) in the complex. In some embodiments, the incubations can be for a time that

is suitable to allow the second antibody (detection antibody) to contact the bound UCH-L1 or

GFAP, such as for at least or at least about 30 seconds, 1 minute, 5 minutes, 10 minutes, 15

minutes, 20 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 3 hours, 6 hours or 12 hours or

more but no more than about 24 hours after contacting a sample with the second antibody as

described herein. In some embodiments, the contacting occurs at a temperature of from or from

about 0° C to about 30° C, such as typically 2°C to 8°C or 23 °C to 28° C. In some embodiments,

the contacting in step b) further comprises one or more washing steps under conditions to retain



binding of the second antibody to the bound substrate or complex and to remove any unbound

second antibody.

[0394] In some embodiments, the presence, such as signal, of the second antibody is then

detected. Detection methods include, but are not limited to, colorimetric, fluorescent,

luminescent or radioactive methods. The choice of detection method is dependent on the

detectable label used. In some examples, a colorimetric reaction is used in which the antibody is

coupled to an enzyme, such as horseradish peroxidase (HRP), alkaline phosphatase or other

detectable enzyme.

[0395] In some embodiments, the method further includes determining or quantitating the

amount of UCH-Ll or GFAP in the sample. In some such aspects, the amount of substrate

present in the sample is proportional to the amount of signal, e.g. color, produced. Methods for

quantification of signals are well known in the art such as through use of a luminometer,

spectrophotometer, or a digital imaging instrument. In some embodiments, a substrate standard

is generally employed to quantitate or determine the amount of substrate (e.g. UCH-Ll or

GFAP) in the sample. In some embodiments, the standard comprises known concentrations (e.g.

serial dilutions) of a recombinant or native form of the protein. In some embodiments, the

concentration of substrate (e.g. UCH-Ll or GFAP) in a sample can be calculated by

interpolating the data to the standard curve. In some embodiments, the amount of UCH-Ll or

GFAP can be expressed as a concentration of fluid sample.

[0396] In some embodiments, provided are methods of detecting UCH-Ll in a sample from

a subject in which the method comprises the steps of (a) contacting a sample from the subject

with one or more anti-UCH-Ll antibody provided herein, such as combination or pair of

antibodies as described herein, under conditions to form one or more complexes comprising the

antibody or antigen-binding fragment and UCH-Ll; and (b) detecting the presence or absence of

UCH-Ll in the sample based on binding between a UCH-Ll in the sample and the one or more

anti-UCH-Ll antibody, which, in some cases, can be by detecting the presence or absence of the

complex containing bound UCH-Ll. In some embodiments, two or more antibodies are

contacted with the sample, or a component of the sample, either simultaneously or sequentially.

In some embodiments, the method is a sandwich or competitive immunoassay (e.g. sandwich

ELISA or a competitive ELISA assay) and the method comprises (a) contacting a sample from

the subject with at least one first antibody or first antibody set to capture or bind the UCH-Ll in

the sample, such as under conditions to form a complex comprising the antibody or antigen-

binding fragment and UCH-Ll; and (b) subsequently, such as after one or more optional



washing steps, contacting the bound UCH-Ll, such as a complex containing the UCH-Ll, with

at least one second antibody or second antibody set to detect the presence or absence of UCH-Ll

in the sample or complex. In some embodiments, one or more first antibody is used to capture

or bind the UCH-Ll, which can be the same or different. In some embodiments, the first

antibody (or each of the first antibodies) is the same as the second antibody and/or competes for

binding to UCH-Ll with the second antibody. In some embodiments, the first antibody (or each

of the first antibodies) is different than the second antibody, such as binds to a distinct or non-

overlapping epitope compared to the second antibody and/or does not compete for binding to

UCH-Ll with the second antibody. In some embodiments, at least one second antibody is

directly or indirectly labeled for detection. In some embodiments, the first and second antibody

can be part of an antibody pair for use in detecting UCH-Ll as described elsewhere herein.

[0397] In some embodiments, the method can be used to determine the amount of UCH-Ll

in the sample. Thus, also provided is a method of determining or quantifying the amount of

UCH-Ll in a sample. In some embodiments, after steps (a) and (b) above, the method further

comprises (c) determining or quantifying the amount of UCH-Ll in the sample by determining

or quantifying the amount of UCH-Ll bound by the one or more anti-UCH-Ll antibody. In

some embodiments, the amount of UCH-Ll is determined by comparison of the detectable

signal to a standard curve, such as a standard curve comprising a series of known concentrations

of a recombinant or native UCH-Ll.

[0398] In an exemplary method, one or more first anti-UCH-Ll antibody that is generally

unlabeled is first immobilized to a solid support (e.g. coated to wells of a microtiter plate),

followed by incubation with a fluid sample containing or potentially containing UCH-Ll (e.g.

serum or plasma or cerebrospinal fluid) to capture any UCH-Ll in the sample, for example,

under conditions to form a complex of the first antibody or antibodies and UCH-Ll. After

washing the fluid sample with an appropriate buffer, the complex containing bound UCH-Ll can

be contacted with one or more second anti-UCH-Ll antibody or antibodies as described that is

labeled (e.g. HRP-conjugated anti-UCH-Ll antibody or biotin-conjugated anti-UCH-Ll

antibody) to bind to the UCH-Ll bound as a complex on the solid support. Following removal

of the unbound labeled second antibody or sets of antibodies, the bound labeled antibody or

antibodies is detected directly or by using a detection reagent. For example, in one non-limiting

example, the HRP label of the second antibody can be detected by the addition of a detection

substrate, such as ABTS (2,2'-Azinobis [3-ethylbenzothiazoline-6-sulfonic acid]-diammonium

salt), OPD (o-phenylenediamine dihydrochloride) or TMB (3,3',5,5'-tetramethylbenzidine)



detection substrate. Other detection reagents suitable for use with particular detectable labels are

well known to a skilled artisan. In some embodiments, the amount of UCH-L1 in the test

sample can be determine or quantified by comparison to the standard curve.

[0399] In some embodiments, provided are methods of detecting GFAP in a sample from a

subject in which the method comprises the steps of (a) contacting a sample from the subject with

one or more anti-GFAP antibody provided herein, such as combination of antibodies as

described herein, under conditions to form one or more complexes comprising the antibody or

antigen-binding fragment and GFAP; and (b) detecting the presence, absence or amount of

GFAP in the sample based on binding between a GFAP in the sample and the one or more anti-

GFAP antibody, which, in some cases, can be detecting the presence or absence of the complex

containing bound GFAP. In some embodiments, two or more antibodies are contacted with the

sample, or a component of the sample, either simultaneously or sequentially. In some

embodiments, the method is a sandwich or competitive immunoassay (e.g. sandwich ELISA or

a competitive ELISA assay) and the method comprises (a) contacting a sample from the subject

with at least one first antibody to capture or bind the GFAP in the sample, such as under

conditions to form a complex comprising the antibody or antigen-binding fragment and GFAP;

and (b) subsequently, such as after one or more optional washing steps, contacting the bound

GFAP, such as a complex containing the GFAP, with at least one second antibody to detect or

determine the presence, absence or amount of GFAP in the sample. In some embodiments, the

one or more first antibody is used to capture or bind the GFAP, which can be the same or

different. In some embodiments, the first antibody (or each of the first antibodies) is the same as

the second antibody and/or competes for binding to GFAP with the second antibody. In some

embodiments, the first antibody (or each of the first antibodies) is different than the second

antibody, such as binds to a distinct or non-overlapping epitope compared to the second antibody

and/or does not compete for binding to GFAP with the second antibody. In some embodiments,

the at least one second antibody is directly or indirectly labeled for detection. In some

embodiments, the first and second antibody can be part of an antibody pair for use in detecting

GFAP as described elsewhere herein.

[0400] In some embodiments, the method can be used to determine the amount of GFAP in

the sample. Thus, also provided is a method of determining or quantifying the amount of GFAP

in a sample. In some embodiments, after steps (a) and (b) above, the method further comprises

(c) determining or quantifying the amount of GFAP in the sample by determining or quantifying

the amount of GFAP bound by the one or more anti-GFAP antibody. In some embodiments, the



amount of GFAP is determined by comparison of the detectable signal to a standard curve, such

as a standard curve comprising a series of known concentrations of a recombinant or native

GFAP.

[0401] In an exemplary method, one or more first anti-GFAP antibody that is generally

unlabeled is first immobilized to a solid support (e.g. coated to wells of a microtiter plate),

followed by incubation with a fluid sample containing or potentially containing GFAP (e.g.

serum or plasma or cerebrospinal fluid) to capture any GFAP in the sample, for example, under

conditions to form a complex of the first antibody or antibodies and GFAP. After washing the

fluid sample with an appropriate buffer, the bound GFAP can be contacted with one or more

second anti-GFAP antibody or antibodies as described that is labeled (e.g. HRP-conjugated anti-

GFAP antibody or biotin-conjugated anti-GFAP antibody) to bind to the GFAP bound as a

complex on the solid support. Following removal of the unbound labeled second antibody or

sets of antibodies, the bound labeled antibody or antibodies is detected directly or by using a

detection reagent. For example, in one non-limiting example, the HRP label of the second

antibody can be detected by the addition of a detection substrate, such as ABTS (2,2'-Azinobis

[3-ethylbenzothiazoline-6- sulfonic acid]-diammonium salt), OPD (o-phenylenediamine

dihydrochloride) or TMB (3,3',5,5'-tetramethylbenzidine) detection substrate. Other detection

reagents suitable for use with particular detectable labels are well known to a skill artisan. In

some embodiments, the amount of GFAP in the test sample can be determine or quantified by

comparison to the standard curve.

[0402] In some embodiments, provided are methods of detecting UCH-Ll or determining

the amount of UCH-Ll in a first sample from a subject as described above and detecting GFAP

or determining the amount of GFAP in a second sample from the subject as described above,

which methods can be performed simultaneously or sequentially in any order. In some

embodiments, the first sample and the second sample are the same or are derived from the same

test sample (e.g. each represent a portion or part of a sample). In some embodiments, methods

of detecting or determining the amount of UCH-Ll and GFAP in the sample can be performed

simultaneously. In some embodiments, to aid in detection of bound UCH-Ll versus bound

GFAP one or more distinct detectable labels can be employed. In some embodiments, detecting

UCH-Ll or determining the amount of UCH-Ll and detecting GFAP or determining the amount

of GFAP are performed separately, such as sequentially.

[0403] In some embodiments, the provided methods can be used to detect, diagnose or

monitor brain injury or damage or likelihood of brain injury or damage, to predict the need for



an alternative diagnostic or assessment (e.g. imaging, such as a CT scan or MRI), to select a

patient for treatment of brain injury or damage, and/or can be used as part of a treatment

protocol in subjects that are being treated for or are candidates for being treated for brain (e.g.

neural) injury or damage. In some of any such embodiments of the methods herein, the

individual has neurological or brain damage or is suspected of having neurological or brain

damage. In some embodiments, any disease, condition or trauma that causes or potentially

causes damage to brain cells (glial or neuronal) is contemplated. In some embodiments, the

brain injury or damage can be external, such as due to an infectious disease or trauma. In some

embodiments, the neurological or brain damage is due to a physical injury. In some

embodiments, the neurological or brain damage is due to a disease or disorder. In some

embodiments, the brain injury or damage can be internal, such as due to a genetic disease

(insufficiency or an excess of a protein encoded by a gene). In some embodiments, the brain or

neurological damage or injury is associated with a neurological condition. In some

embodiments, the brain or neurological damage or injury leads to the development or

progression of a neurological condition.

[0404] Neurological damage can result from direct or indirect injury to brain cells. In some

instances, neurological damage can progress in an individual and lead to a neurological

condition. In some instances, a neurological condition can result in neurological damage that

progressively worsens with time. In some embodiments, the injury may be physical such as a

fall or brunt force hit that directly damages the brain cells or it can be due a disease or disorder

that can lead to neurological damage or is associated with neurological damage. The disease or

disorder can be due to an external agent such as an infectious disease or environmental toxin.

The disease or disorder can be due to a condition of the body such as a genetic disease or a

vitamin or mineral or protein insufficiency. In some embodiments, the disease or disorder is

associated with a dysfunction of sensory-motor coordination. In some embodiments, the disease

or disorder is associated with a dysfunction of sensory-motor coordination. In some

embodiments, the disease or disorder is associated with peripheral nervous system dysfunction

and/or central nervous system dysfunction. In some embodiments, the individual has

neurological damage and/or a neurological condition due to mechanical damage, hypoxia,

infectious disease, disease affecting nerve cells, or toxin damage. The mechanical damage can

be, but is not limited to, traumatic brain injury or chronic traumatic encephalopathy (CTE). In

some embodiments, the brain injury or damage is a traumatic brain injury, including a mild or

moderate traumatic brain injury.



[0405] Traumatic brain injury (TBI) is the leading cause of death and disability in persons

under 45 years of age in industrialized countries (McAllister, T. W. (1992). Neuropsychiatry

sequelae of head injuries. The Psychiatric clinics of North America. 15, 395-413). Of the 1.5

million head traumas estimated to occur each year in the United States, 500,000 are likely to

require hospitalization, and 80,000 result in some form of chronic disability (Langlois et al.,

(2006). Traumatic Brain Injury in the United States: Emergency Department Visits,

Hospitalization, and Deaths, vol. Atlanta (GA) Centers for Disease Control and Prevention,

National Center for Injury Prevention and Control). The Center for Disease Control (CDC)

estimates that at least 5.3 million Americans, or about 2% of the population, currently have a

long-term requirement for assistance with daily living activities as a result of TBI. Furthermore,

total health costs for TBI amount to roughly $35 billion annually.

[0406] Traumatic brain injury can vary in severity from mild, moderate to severe. In some

embodiments, traumatic brain injury is divided into two levels, mild traumatic brain injury

(MBTI) and traumatic brain injury (TBI). An intermediate level of moderate TBI also can be

employed to classify the injury. The spectrum between MTBI and extending through moderate

TBI is also referred to "mild to moderate TBI" or by the abbreviation MMTBI. TBI is defined

as an injury that correlates with greater than a two-fold increase or greater than a two-fold

decrease in molecular marker levels or activities. MTBI is defined as an injury that correlates

with less than a two-fold increase or less than a two-fold decrease in molecular marker levels or

activities.

[0407] In some cases, physicians commonly attempt to distinguish between mild traumatic

brain injury (MTBI) and TBI. MTBI is commonly defined by clinical symptoms including

"[a]ny period of observed or self-reported transient confusion, disorientation, or impaired

consciousness; [a]ny period of observed or self-reported dysfunction of memory (amnesia)

around the time of injury; [o]bserved signs of other neurological or neuropsychological

dysfunction, such as—seizures acutely following head injury; [a]mong infants and very young

children: irritability, lethargy, or vomiting following head injury; [s]ymptoms among older

children and adults such as headache, dizziness, irritability, fatigue, or poor concentration, when

identified soon after injury, can be used to support the diagnosis of mild TBI, but cannot be used

to make the diagnosis in the absence of loss of consciousness or altered consciousness. Any

period of observed or self-reported loss of consciousness lasting 30 minutes or less." (National

Center for Injury Prevention and Control. Report to Congress on Mild Traumatic Brain Injury in

the United States: Steps to Prevent a Serious Public Health Problem. Atlanta, Ga.: Centers for



Disease Control and Prevention; 2003.)· Symptoms traditionally encompassing TBI include

unconsciousness for more than 30 minutes; post traumatic amnesia lasting more than 24 hours;

and penetrating cranial cerebral injury. In some embodiments, the methods provided herein

allow for the detection of UCH-L1 and/or GFAP in an individual having or suspected of having

TBI such as MTBI. In some embodiments, the methods provided herein allow for the diagnosis

of TBI such as MTBI in an individual.

[0408] In some embodiments, the methods provided herein allow for the prediction of the

likelihood an individual that has or is suspected of having MTBI will require neuroimaging such

as a CT scan or MRI.

[0409] In some embodiments, the provided methods are for detecting, diagnosing, or

monitoring the progression of traumatic brain injury or the likelihood of traumatic brain injury,

to predict the need for an alternative diagnostic or assessment of a traumatic brain injury or

likelihood of traumatic brain injury, to select a patient for treatment of a traumatic brain injury

and/or can be used in association with treating a subject having or suspected of having traumatic

brain injury. In some embodiments, the traumatic brain injury is a mild, a moderate or a severe

traumatic brain injury. In some embodiments, the traumatic brain injury is a concussion, such as

caused by a blow or jolt to the head. In some embodiments, a subject at risk for or suspected of

having a concussion can be assessed by the provided methods to detect, diagnose or monitor the

brain injury, to predict the need for an alternative diagnostic or assessment of the brain injury, to

select a patient for treatment of the concussive brain injury and/or can be used in association

with treating a subject having or likely to have or develop a concussive brain injury. In some

embodiments, the subject who has or is suspected of having a traumatic brain injury (e.g.

concussion) may be one that is need of urgent or emergency care, has or is suspected of having a

sports-related head injury or other head injury, or has suffered a fall or traffic accident.

[0410] In some embodiments, the brain injury or damage is due to hypoxia. In some

embodiments, an individual that has neurological damage and/or a neurological condition due to

hypoxia has or had a stroke, vasculitis, ischemia and/or cardiac disease. In some embodiments,

the ischemia is a generalized ischemia, such as resulting from cardiac disease, a heart attack or a

stay in an intensive care unit. In some cases, hypoxia may be considered as a pathological

condition in which the entire body or an area of the body is deprived of adequate oxygen supply.

In some aspects, when the body as a whole is deprived of adequate oxygen supply, it may be

referred to as generalized hypoxia. In other aspects, when a certain region of the body is

deprived of adequate oxygen supply, it may be referred to as tissue or local hypoxia. In some



cases, hypoxia can lead to tissue damage (e.g. brain damage) and even cell death. For example,

a stroke caused by reduced blood flow due to a blocked artery is called an ischemic stroke

because it can result in deficient blood supply and death of tissues in areas of the brain. The

most common ischemic strokes include thrombotic stroke and embolic stroke. Thrombotic

stroke occurs when a blood clot forms in one of the arteries that supply blood to your brain. A

clot may be caused by fatty deposits (e.g., plaque) that build up in arteries and cause reduced

blood flow (e.g., atherosclerosis) or other artery conditions. An embolic stroke occurs when a

blood clot or other debris forms away from your brain, such as in your heart, and is swept

through the bloodstream to lodge in narrower brain arteries.

[0411] In some embodiments, the provided methods can be used for detecting, diagnosing or

monitoring a hypoxic brain injury or likelihood of a hypoxic brain injury, predicting the need for

an alternative diagnostic or assessment of the hypoxic brain injury or potential for hypoxic brain

injury, selecting a subject for treatment of a hypoxic brain injury or damage and/or can be used

in association with methods of treating a subject having or suspected of having a hypoxic brain

injury. In some embodiments, the provided methods can be used for detecting, diagnosing or

monitoring brain damage or injury, or likelihood of brain damage or injury, associated with

stroke, vasculitis or an ischemia; predicting the need for an alternative diagnostic or assessment

of brain damage or injury, or likelihood of brain damage or injury, associated with stroke,

vasculitis or an ischemia; selecting a subject for treatment of a stroke, vasculitis or an ischemia;

and/or can be used in association with methods of treating a subject having or suspected of

having a stroke, vasculitis or an ischemia.

[0412] In some embodiments, the brain injury or damage is due to an infectious disease. In

some cases, an infectious disease can directly damage brain cells or may cause inflammation

(e.g. encephalitis) that causes damage to nearby cells, and the individual has or had an infection

resulting in or associated with in infectious disease. In some embodiments, a subject has or

potentially has brain injury or damage due to infection with a virus, bacteria, fungus, parasite or

prion. Infection with an infectious disease can result in acute or chronic inflammation such as in

the central nervous system. For example, infection with a virus can result in viral encephalitis

(e.g., HIV encephalitis) and infection with bacteria can result in meningitis or abscess formation

in the brain. In some embodiments, the virus is a West Nile virus, a herpes simplex virus (e.g.

HSV-1, HSV-2, HSV-3, HSV-4 or HSV-5), tick borne encephalitis virus, HIV, or a pox virus.

In some embodiments, the bacteria are gram-negative bacteria or gram-positive bacteria. In

some embodiments, the gram-positive bacteria are mycobacteria (e.g. mycobacterium



tuberculosis). Disease due to infection with a virus, bacteria, fungus, parasite or prion may

directly damage cells or cause inflammation which results in injury to nearby cells such as cells

in the brain or of the nervous system. In some embodiments, the provided methods can be used

for detecting, diagnosing or monitoring brain injury or damage, or likelihood of brain damage or

injury, associated with or caused by any such infectious diseases; predicting the need for an

alternative diagnostic or assessment of brain damage or injury, or likelihood of brain damage or

injury, associated with such infectious diseases; selecting a subject for treatment of an infectious

disease; or can be used in association with treating a subject having or suspected of having an

infectious disease.

[0413] In some embodiments, the brain injury of damage is due to a disease process or

condition affecting nerve cells and the individual has or had a disease affecting nerve cells. I

Diseases affecting nerve cells contemplated herein include, but are not limited to, ischemic

stroke, hemorrhagic stroke, subarachnoid hemorrhage, intra cranial hemorrhage, transient

ischemic attack, vascular dementia, corticobasal ganglionic degeneration, encephalitis, epilepsy,

Landau- Kleffner syndrome, hydrocephalus, pseudotumor cerebri, thalamic diseases, meningitis,

myelitis, movement disorders, essential tremor, spinal cord diseases, syringomyelia, Alzheimer's

disease (e.g., early onset Alzheimer's disease or late onset Alzheimer's disease), multi-infarct

dementia, Pick's disease, Huntington's disease, Parkinson's disease, Parkinson syndromes,

frontotemporal dementia, corticobasal degeneration, multiple system atrophy, progressive

supranuclear palsy, Lewy body disease, vascular dementia, diabetic dementia, amyotrophic

lateral sclerosis (ALS), prion disease (e.g., Creutzfeldt- Jakob disease (CJD)), Dandy-Walker

syndrome, Friedreich ataxia, Machado-Joseph disease, migraine, schizophrenia, mood disorders

and depression. In some embodiments, the disease affecting nerve cells is Alzheimer's disease,

Lewy body disease, vascular dementia, diabetic dementia, Parkinson's disease, amyotrophic

lateral sclerosis (ALS), and/or prion disease. In some embodiments, the provided methods can

be used for detecting, diagnosing or monitoring the progression of brain injury or damage in a

subject having or having had a disease or condition affecting nerve cells, such as any described

above; predicting the need for an alternative diagnostic or assessment of brain damage or injury,

or likelihood of brain damage or injury, associated with such a disease or condition; selecting a

subject for treatment of such a disease or condition; or can be used in association with treating a

subject having or suspected of having such as disease or condition.

[0414] In some embodiments, the brain injury or damage is due to damage by a toxin, either

acute or chronic, and the individual has or had exposure to one or more toxins. Exposure to



toxins by the individual may be through any route such as by consumption, inhalation, injection

or physical contact with a toxin. The exposure may have happened once or multiple times over

the time period of up to or up to about one day, about two days, about three days about four

days, about five days, about six days or about seven days. In some embodiments, the exposure

may have happened once or multiple times over the time period of up to or up to about 1 week,

about 2 weeks, about 3 weeks or about 4 weeks. In some embodiments, the exposure may have

happened once or multiple times over the time period of up to or up to about 1 month, about 2

months, about 3 months, about 4 months, about 5 months, about 6 months, about 7 months,

about 8 months, about 9 months, about 10 months, about 11 months or about 12 months. In

some embodiments, the exposure may have happened one or multiple times over the time period

of up to or up to about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 years or more. Toxins contemplated herein

include, but are not limited to, nerve agents (e.g., fluorophosphates), pesticides, alcohol, heavy

metals (e.g., lead), psychoactive agent (e.g., 3,4-methylenedioxymethamphetamine (MDMA)),

chemotherapeutic agents, antibiotics (e.g., streptomycin, cephalosporin, etc.), cosmetic agent

(e.g., BOTOX®) or other biological agents such as those derived from a bacteria, virus, prion,

fungus, or parasite (e.g., botulinum toxin). In some embodiments, the provided methods can be

used for detecting, diagnosing or monitoring brain injury or damage, or likelihood of brain

damage or injury, in a subject having a disease or condition associated with toxin damage, such

as due to due to or associated with a toxin agent including any as described above; predicting the

need for an alternative diagnostic or assessment of brain damage or injury, or likelihood of brain

damage or injury, associated with such a disease or condition; selecting a subject for treatment

of such a disease or condition; or can be used in association with treating a subject having or

suspected of having such as disease or condition or damage.

[0415] In some embodiments, the brain injury or damage is due to other causes that may

damage or affect nerve cells. In some embodiments, nerve cell damage can be associated with

Multiple sclerosis, autoimmune inflammation or direct damage such as resulting in subjects with

Myasthenia gravis or Guillain-Barre syndrome or due to seizure (e.g. subjects with epilepsy). In

some embodiments, the provided methods can be used for detecting, diagnosing or monitoring

the progression of brain injury or damage in a subject having or suspected of having nerve cell

damage, such as in a subject with Multiple sclerosis, Myasthenia gravis, Guillain-Barre

syndrome or other autoimmune disorder or epilepsy or otherwise suffering from or susceptible to

seizure; predicting the need for an alternative diagnostic or assessment of brain damage or

injury, or likelihood of brain damage or injury, associated with such a disease or condition,



selecting a subject for treatment of such a disease or condition; or can be used in association

with treating a subject having or suspected of having such a disease or condition or damage.

[0416] Thus, individuals or subjects who benefit from the provided methods are those

suspected of having or at risk for brain injury or damage, including those having or at risk of

developing abnormal neurological conditions, such as victims of brain injury caused by

traumatic insults (e.g., gunshot wounds, automobile accidents, sports accidents or related

injuries, concussive injuries, shaken baby syndrome), ischemic events (e.g., stroke, cerebral

hemorrhage, cardiac arrest), neurodegenerative disorders (such as Alzheimer's, Huntington's,

and Parkinson's diseases; prion-related disease; other forms of dementia), epilepsy, substance

abuse (e.g., from amphetamines, Ecstasy/MDMA, or ethanol), and peripheral nervous system

pathologies such as diabetic neuropathy, chemotherapy-induced neuropathy and neuropathic

pain. For example, the provided methods can be used to detect, diagnose, or monitor brain

damage, or likelihood of brain damage, associated with certain diseases or conditions; to predict

the need for an alternative diagnostic or assessment of the brain damage, or likelihood of brain

damage, associated with such certain diseases or conditions, selecting a subject for treatment of

a certain disease or condition, and/or can be used in association with treating a subject that has

or is suspected of having a disease or condition, wherein such diseases and conditions include,

but are not limited to, traumatic brain injury, stroke, Alzheimer's disease, epilepsy, hypoxic

ischemic encephalopathy (HIE), chronic traumatic encephalopathy (CTE), autoimmune disease

(e.g., myasthenia gravis, Guillain-Barre syndrome, etc.), multiple sclerosis, seizures, epilepsy,

neural disorders, brain damage, neural damage due to drug or alcohol addiction, or other

diseases and disorders associated with the brain or nervous system, such as the central nervous

system or peripheral nervous system.

[0417] In some embodiments, among the provided methods are methods of diagnosing or

determining if a subject has, or is predicted as being likely to have or develop, a brain injury or

damage (e.g. due to a neurological damage and/or a neurological condition, such as a traumatic

brain injury or other damage or injury as described), which includes steps (a)-(c) as described

above and further comprise, after determining the amount of UCH-Ll and/or GFAP in a sample,

comparing the amount of UCH-Ll and/or GFAP to a respective threshold level or value, such as

a predetermined threshold level. In some embodiments, the threshold level is a level that is at or

about or above (e.g. a level at or about or greater than or greater than about 1.2-fold, 1.5-fold, 2-

fold, 3-fold, 4-fold, 5-fold above) the amount of UCH-Ll and/or GFAP, respectively, found in

the sample on average in a group of healthy or normal subjects or subjects that are not suspected



of having the brain damage or injury. It is within the level of one of skill in the art to determine

the threshold level for diagnosis of a brain injury or damage depending on the particular assay

being used for detection and/or the particular antibody reagent or reagents being used. In some

embodiments, the subject is diagnosed or determined to have, or is likely to have or develop, a

brain injury or damage (e.g. traumatic brain injury or other damage or injury as described) if the

amount of UCH-L1 in the sample is above the threshold level. In some embodiments, the

subject is diagnosed or determined to have, or is likely to have or develop, a brain injury or

damage (e.g. traumatic brain injury or other damage or injury as described) if the amount of

GFAP in the sample is above the threshold level. In some embodiments, the subject is

diagnosed or determined to have, or is likely to have or develop, a brain injury or damage (e.g.

traumatic brain injury or other damage or injury as described) if the amount of UCH-L1 and

GFAP in the sample is above the threshold level.

[0418] In some embodiments, among the provided methods are methods of identifying a

subject in need of treatment and/or selecting or not selecting a therapy for a subject determined

to have, or likely to have or develop, a brain injury or damage (e.g. due to a neurological damage

and/or a neurological condition, such as a traumatic brain injury or other damage or injury as

described), which includes steps (a)-(c) as described above and further comprises identifying the

subject as in need of treatment and/or selecting a therapy for the subject if the determined

amount of UCH-L1 and/or GFAP is above a threshold value for the amount of UCH-L1 and/or

GFAP in the sample or identifying the subject as not in need of treatment and/or not selecting a

therapy for the subject if a determined amount of UCH-L1 and/or GFAP is at or below a

threshold level for the amount of UCH-L1 and/or GFAP in the sample. In some embodiments,

the threshold level is a level that is at or about or above (e.g. no more than 1.2-fold, 1.5-fold or

2-fold above) the amount of UCH-L1 and/or GFAP, respectively, found in the sample on

average in a group of healthy or normal subjects or subjects that are not suspected of having the

brain damage or injury. It is within the level of one of skill in the art to determine the threshold

level for identifying or not identifying a subject in need of treatment and/or selecting or not

selecting a therapy for a subject having or suspected of having or developing a brain injury or

damage depending on factors such as the particular therapy, the particular assay being used for

detection and/or the particular antibody reagent or reagents being used and other factors within

the level of a skilled artisan. In some embodiments, the subject is identified as in need of

treatment and/or selected for therapy for a brain injury or damage (e.g. traumatic brain injury or

other damage or injury as described) if the amount of UCH-L1 in the sample is above the



threshold level or is identified as not in need of treatment and/or not selected for therapy if the

amount of UCH-Ll in the sample is at or below the threshold level. In some embodiments, the

subject is identified as in need of treatment and/or selected for therapy for a brain injury or

damage (e.g. traumatic brain injury or other damage or injury as described) if the amount of

GFAP in the sample is above the threshold level or the subject is identified as not in need of

treatment and/or is not selected for therapy if the amount of GFAP in the sample is at or below

the threshold level. In some embodiments, the subject is identified as in need of treatment

and/or selected for therapy for a brain injury or damage (e.g. traumatic brain injury or other

damage or injury as described) if the amount of UCH-Ll and GFAP in the sample is above each

of the respective threshold level or the subject is identified as not in need of treatment and/or is

not selected for therapy if the amount of UCH-Ll and GFAP in the sample is at or below each of

the respective threshold level.

[0419] In some embodiments, such methods can further include monitoring the progression

of the disease or condition over time. In some embodiments, the above methods of determining

if a subject has, or is predicted as being likely to have or develop, a brain injury or damage (e.g.

due to a neurological damage and/or a neurological condition, such as a traumatic brain injury or

other damage or injury as described), can be repeated periodically after the first test on a sample

from a subject obtained after the initial injury or damage or likelihood or potential of the initial

injury or damage. In some embodiments, the method is repeated from a sample collected within

24 hours after the first test or previous test, within 48 hours of the first test or previous test,

within 72 hours of the first test or previous test, within 96 hours of the first test or previous test,

within one week of the first test or previous test, within 2 weeks of the first test or previous test,

within 3 weeks of the first test or previous test, within one month of the first test or previous test,

within 6 months of the first test or previous test or within 1 year of the first test or previous test.

In some embodiments, after the one or more subsequent tests the subject is diagnosed or

determined to have a brain injury or damage. In some embodiments, after the one or more

subsequent tests, the subject is diagnosed or determined to no longer be at risk of a brain injury

or damage. In some embodiments, after the one or more subsequent tests the subject is selected

as in need of treatment or is selected for therapy of the brain injury or damage. In some

embodiments, after the one or more subsequent tests, the subjected is identified as no longer

being in need of treatment or therapy for the brain injury or damage.

[0420] In some embodiments, any of the above methods further comprises a step of

administering a therapeutically effective amount of one or more therapeutic agent to a subject to



treat the brain damage or injury (e.g. traumatic brain injury or other damage or injury as

described). For example, in some embodiments, if a subject is selected as in need of treatment

or is selected for therapy of the brain damage or injury (e.g. due to a neurological damage and/or

a neurological condition, such as a traumatic brain injury or other damage or injury as

described), the method further comprises treating the subject for the brain injury or damage.

Thus, also provided are methods for treating neurological damage and/or a neurological

condition in a subject which includes steps (a)-(c) above and further comprises administering a

therapeutically effective amount of one or more therapeutic agent to treat the brain damage or

injury (e.g. due to a neurological damage and/or a neurological condition, such as a traumatic

brain injury or other damage or injury as described).

[0421] In some embodiments, the therapeutic agent can be selected based on the diagnosis of

the neurological damage and/or neurological condition. In some embodiments, the therapeutic

agent is an N-methyl-D-aspartate (NMDA) receptor antagonist, a sodium channel antagonist, a

nitric oxide synthase (NOS) inhibitor, a glycine site antagonist, a potassium channel opener, an

AMPA/kainate receptor antagonist, a calcium channel antagonist, a GABA-A receptor

modulator, an anti-inflammatory agent or a combination thereof.

[0422] In some aspects, among the provided methods are methods of predicting the

likelihood of an individual needing or not needing a neuroimaging diagnostic test, such as a CT

(CAT) scan or MRI, for assessing the presence or severity of a brain injury or damage (e.g. due

to a neurological damage and/or a neurological condition, such as a traumatic brain injury or

other damage or injury as described). In some embodiments, it is found that the provided

methods correlate to or are in agreement with more complex methods, such as CT scans, for

assessing or determining whether a subject has or is likely to have or develop a brain injury.

However, abnormal CT scans in general are useful for detecting severe brain damage or injury

(e.g. severe traumatic brain injury), but are not always suitable or reliable for detecting mild or

moderate brain injury (e.g. mild or moderate traumatic brain injury). Further, in some aspects,

neuroimaging methods, such as CT scans, are complex, expensive and not readily available at

the time or near the time of damage or injury. Many neuroimaging methods, including CT

scans, have the potential of causing ionizing radiation exposure, which can be a problem if

overused. Thus, compared to these other methods, the provided methods are quantitative,

obtained more rapidly, safer and are readily available and accessible to subjects including

outside of urgent care or an emergency room and are less expensive. Consequently, the



provided methods can avoid the need for the more complex and expensive diagnostic methods

when such methods are predicted not to be necessary.

[0423] In some embodiments, the provided methods of predicting the likelihood of an

individual needing or not needing a neuroimaging diagnostic test includes steps (a)-(c) as

described above and further comprises, after determining the amount of UCH-L1 and/or GFAP

in a sample, predicting or determining the subject needs a neuroimaging diagnostic test (e.g. a

CT scan) if the determined amount of UCH-L1 and/or GFAP is above a threshold value or

predicting or determining the subject does not need a neuroimaging diagnostic test (e.g. CT

scan) if the determined amount of UCH-L1 and/or GFAP is at or below a threshold value. In

some embodiments, the subject is predicted or determined to need a neuroimaging diagnostic

test (e.g. CT scan) if the determined amount of UCH-L1 is above a threshold level or is

predicted or determined not to need a neuroimaging diagnostic test (e.g. CT scan) if the

determined amount of UCH-L1 is at or below a threshold level. In some embodiments, the

subject is predicted or determined to need a neuroimaging diagnostic test (e.g. CT scan) if the

determined amount of GFAP is above a threshold level or is predicted or determined not to need

a neuroimaging diagnostic test (e.g. CT scan) if the determined amount of GFAP is at or below a

threshold level. In some embodiments, the subject is predicted or determined to need a

neuroimaging diagnostic test (e.g. CT scan) if the determined amount of UCH-L1 and GFAP is

each above a respective threshold level or is predicted or determined not to need a neuroimaging

diagnostic test (e.g. CT scan) if the determined amount of UCH-L1 and GFAP is each at or

below a respective threshold level.

[0424] Neuroimaging techniques are well known in the art and such techniques are

contemplated for use in the methods herein. Neuroimaging techniques contemplated herein

include, but are not limited to, computed tomography (CT), diffuse optical imaging (DOI),

event-related optical signal (EROS) imaging, magnetic resonance imaging (MRI), functional

magnetic resonance imaging (fMRI), magnetoencephalography (MEG), positron emission

tomography (PET), single-photon emission computed tomography (SPECT), and cranial

ultrasound. In some embodiments of the methods herein, the neuroimaging is by computed

tomography (CT). In some embodiments of the methods herein, the neuroimaging is by

magnetic resonance imaging (MRI).

[0425] In some embodiments, for each of the above methods, the threshold level or value is

one that is a cut-off at which there is a good predictive value (e.g. accuracy, sensitivity,

specificity and/or AUC) of the outcome, e.g. that brain damage has or is likely to occur, that the



subject is in need of or likely in need of further neuroimaging (e.g. CT scan) and/or that the

subject is in need of or likely in need of a therapeutic intervention. In some cases, such

threshold level or value can be or is predetermined or known prior to performing the method,

such as from a plurality of subjects previously assessed for the correlation of the biomarker or,

individually, each of the UCH-Ll and GFAP biomarkers, to the presence of a brain damage or

injury (e.g. the presence of traumatic brain injury, such as mild or moderate traumatic brain

damage or injury), the need for neuroimaging and/or the need for a therapeutic intervention.

[0426] In some embodiments, the threshold level or value is based on a receiver operating

characteristic (ROC) curve of the biomarker or each biomarker (UCH-Ll and/or GFAP) in a

population of subjects having or suspected of having a brain injury or damage. In some aspects,

the threshold value is an amount or concentration of the biomarker being assessed, detected or

measured in the subject. In some cases, the threshold value is determined by the Youden Index,

which, in some cases, is the value in which sensitivity and specificity are maximal. In some

embodiments, other methods known to a skilled artisan for determining a threshold or cut-off at

which there is a good predictive value (e.g. accuracy, sensitivity, specificity and/or AUC) also

can be used for determining or setting the threshold value.

[0427] In some embodiments, the threshold level of GFAP or UCH-Ll, or the combination

of threshold values of GFAP and UCH-Ll, in any of the above methods is based on a value or

values that has been predetermined or selected to or does provide a sensitivity or net sensitivity

of greater than 0.50, greater than 0.60, greater than 0.70, greater than 0.80, greater than 0.90 or

greater than 0.95. In some cases, the threshold level of GFAP or UCH-Ll, or the combination of

threshold values of GFAP and UCH-Ll, in any of the above methods is based on a value or

values that has been predetermined or selected to or does provide a specificity or net specificity

of greater than 0.25, greater than 0.30, greater than 0.40, greater than 0.50, greater than 0.60,

greater than 0.70, greater than 0.80, greater than 0.90 or greater than 0.95. In some aspects, the

threshold value, or the combination of the threshold values for each biomarker, has been selected

to or does provide an area under the curve (AUC), such as in a ROC analysis, of greater than or

greater than about 0.65, greater than or greater than about 0.70, greater than or greater than about

0.75, 0.80, greater than or greater than about 0.85, greater than or greater than about 0.90 or

greater than or greater than about 0.95.

[0428] In some aspects of any of the above methods, the threshold level or amount of GFAP

is or is about 10 pg/mL, is or is about 20 pg/mL, is or is about 30 pg/mL, is or is about 40

pg/mL, is or is about 50 pg/ml, is or is about 60 pg/mL, is or is about 70 pg/mL, is or is about 80



pg/mL, is or is about 90 pg/mL, is or is about 100 pg/mL, is or is about 150 pg/mL, is or is about

200 pg/mL, is or is about 250 pg/mL or is or is about 300 pg/mL.

[0429] In some aspects of any of the above methods, the threshold level or amount of UCH-

Ll is or is about 30 pg/mL, is or is about 40 mg/mL, is or is about 60 pg/mL, is or is about 80

pg/mL, is or is about 100 pg/mL, is or is about 150 pg/mL, is or is about 200 pg/mL, is or is

about 250 pg/mL, is or is about 300 pg/mL, is or is about 400 pg/mL or is or is about 500

pg/mL.

[0430] In some aspects of any of the above methods, the threshold level or amount of GFAP

is or is about 0.2-fold, 0.5-fold, 1-fold, 1.2-fold, 1.5-fold, 2-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-

fold, 4.5-fold, 5.0-fold, 6.0-fold, 7.0-fold, 8.0-fold, 9.0-fold or 10.0-fold at or above the amount

of GFAP found in a reference sample. In some embodiments, the reference sample is from a

healthy or normal subject that is not suspected of having the brain damage or injury. In some

embodiments, the reference sample is an average of samples from a group of healthy or normal

subjects that are not suspected of having the brain damage or injury.

[0431] In some aspects of any of the above methods, the threshold level or amount of UCH-

Ll is or is about 0.2-fold, 0.5-fold, 1-fold, 1.2-fold, 1.5-fold, 2-fold, 2.5-fold, 3.0-fold, 3.5-fold,

4.0-fold, 4.5-fold, 5.0-fold, 6.0-fold, 7.0-fold, 8.0-fold, 9.0-fold or 10.0-fold at or above the

amount of UCH-L1 found in a reference sample. In some embodiments, the reference sample is

from a healthy or normal subject that is not suspected of having the brain damage or injury. In

some embodiments, the reference sample is an average of samples from a group of healthy or

normal subjects that are not suspected of having the brain damage or injury.

[0432] In some aspects of any of the above methods, the threshold level or amount of GFAP

is or is about 5%, is or is about 10%, is or is about 20%, is or is about 30%, is or is about 40%, is

or is about 50%, is or is about 60%, is or is about 70%, is or is about 80%, is or is about 90%, or

is or is about 95% at or above the amount of GFAP found in a reference sample. In some

embodiments, the reference sample is from a healthy or normal subject that is not suspected of

having the brain damage or injury. In some embodiments, the reference sample is an average of

samples from a group of healthy or normal subjects that are not suspected of having the brain

damage or injury.

[0433] In some aspects of any of the above methods, the threshold level or amount of UCH-

Ll is or is about 5%, is or is about 10%, is or is about 20%, is or is about 30%, is or is about

40%, is or is about 50%, is or is about 60%, is or is about 70%, is or is about 80%, is or is about

90%, or is or is about 95% at or above the amount of UCH-L1 found in a reference sample. In



some embodiments, the reference sample is from a healthy or normal subject that is not

suspected of having the brain damage or injury. In some embodiments, the reference sample is

an average of samples from a group of healthy or normal subjects that are not suspected of

having the brain damage or injury.

[0434] The particular threshold value for a particular brain injury or damage can be

empirically determined by a skilled artisan. In some embodiments, the amount of UCH-Ll in

the sample of about 200pg/ml or less and/or the amount of GFAP in the sample of about

70pg/ml or less indicates the individual does not require neuroimaging (e.g. CT scan). In some

embodiments, the amount of UCH-Ll in the sample of about 201pg/ml or more and/or the

amount of GFAP in the sample of about 71pg/ml or more indicates the individual requires

neuroimaging (e.g. CT scan).

[0435] In some embodiments, among the provided methods are methods of monitoring the

success of a therapy in a subject treated for a brain injury or damage or likelihood of a brain

injury (e.g. due to a neurological damage and/or a neurological condition, such as a traumatic

brain injury or other damage or injury as described). In some embodiments, the provided

methods include, after treating a subject for a brain injury or damage or likelihood of brain

injury or damage, repeating steps (a)-(c) as described above. In some embodiments, the methods

of monitoring the success of therapy further comprises comparing the amount of UCH-Ll and/or

GFAP in the sample to the amount of UCH-Ll and/or GFAP in a sample after the first test or

after the previous test and if the amount of UCH-Ll and/or GFAP is the same or greater than the

amount in the sample from the first test or previous test the therapy or treatment is not effective

or if the amount of UCH-Ll and/or GFAP is less than the amount in the sample from the first

test or previous test the therapy or treatment is effective. In some embodiments, the methods of

monitoring the success of therapy further comprises comparing the amount of UCH-Ll in the

sample to the amount of UCH-Ll in a sample after the first test or after the previous test and if

the amount of UCH-Ll is the same or greater than the amount in the sample from the first test or

previous test the therapy or treatment is not effective or if the amount of UCH-Ll is less than the

amount in the sample from the first test or previous test the therapy or treatment is effective. In

some embodiments, the methods of monitoring the success of therapy further comprises

comparing the amount of GFAP in the sample to the amount of GFAP in a sample after the first

test or after the previous test and if the amount of GFAP is the same or greater than the amount

in the sample from the first test or previous test the therapy or treatment is not effective or if the

amount of GFAP is less than the amount in the sample from the first test or previous test the



therapy or treatment is effective. In some embodiments, the methods of monitoring the success

of therapy further comprises comparing the amount of UCH-Ll and GFAP in the sample to the

amount of UCH-Ll and GFAP in a sample after the first test or after the previous test and if the

amount of UCH-Ll and GFAP is the same or greater than the amount in the sample from the

first test or previous test the therapy or treatment is not effective or if the amount of UCH-Ll

and GFAP is less than the amount in the sample from the first test or previous test the therapy or

treatment is effective.

[0436] In some embodiments, if the method of treating the subject is determined to not be

effective, the method can further comprise altering the treatment of the brain damage or injury

(e.g. due to a neurological damage and/or a neurological condition, such as a traumatic brain

injury or other damage or injury as described). In some embodiments, the method comprises

increasing the amount (e.g. dose and/or frequency) of one or more of a therapeutic agent that is

administered to the subject, maintaining the amount (e.g. dose and/or frequency) of one or more

of a therapeutic agent that is administered to the subject, or altering the treatment of therapy for

threating the brain damage or injury (e.g. due to a neurological damage and/or a neurological

condition, such as a traumatic brain injury or other damage or injury as described).

[0437] In some embodiments, if the method of treating the subject is determined to be

effective, the method can further comprise altering the treatment of the brain damage or injury

(e.g. due to a neurological damage and/or a neurological condition, such as a traumatic brain

injury or other damage or injury as described). In some embodiments, the method comprises

decreasing the amount (e.g. dose and/or frequency) of one or more of a therapeutic agent that is

administered to the subject, discontinuing treatment with the particular therapeutic agent or

altering the treatment of therapy for threating the brain damage or injury (e.g. due to a

neurological damage and/or a neurological condition, such as a traumatic brain injury or other

damage or injury as described).

VI. Kits, Articles of Manufacture and Systems

[0438] Provided herein are articles of manufacture or kits that comprise an anti-UCH-Ll

antibody, an anti-GFAP antibody or a combination of one or more anti-UCH-Ll and/or anti-

GFAP antibodies such as those described herein. In some embodiments, the kits are compatible

for operation in connection with a system or a device for detecting UCH-Ll and/or GFAP in one

or more samples in accord with any of the provided methods. In some embodiments, the kit

further includes the device. In some embodiments, the kit can be compatible with a device or



system, or include a device or system, for detecting or assessing GFAP and/or UCH-L1, for

example, for assessing a neurological or brain damage or injury and/or a neurological condition

in an individual, such as in accord with any of the provided methods.

[0439] In some embodiments, in addition to containing one or more anti-UCH-Ll and/or

anti-GFAP antibody as described, the kits further contain reagents for performing the methods.

Kits can optionally include one or more components such as instructions for use, devices and

additional reagents (e.g., sterilized water or saline solutions for dilution of the compositions

and/or reconstitution of lyophilized protein), and components, such as tubes, containers and

syringes for practice of the methods. In some embodiments, the kits can further contain reagents

for collection of samples, preparation and processing of samples, and/or reagents for quantitating

the amount of UCH-L1 or GFAP in a sample, such as, but not limited to, detection reagents,

such as antibodies, buffers, substrates for enzymatic staining, chromagens or other materials,

such as slides, containers, microtiter plates, and optionally, instructions for performing the

methods. Those of skill in the art will recognize many other possible containers and plates and

reagents that can be used in accord with the provided methods.

[0440] In some embodiments, the kit or article of manufacturer comprises reagents or

components for carrying out any of the provided methods. In some embodiments, the article of

manufacture or kit comprises a solid support, including a solid support formed of glass (e.g.,

controlled pore glass), polysaccharides (e.g., agarose), polyacrylamides, polystyrene, polyvinyl

alcohol, nitrocellulose, cellulose, nylon, silicones and other material well known in the art that is

used in a solid support for direct or indirect attachment of an antibody. Solid supports included

in the articles of manufacture or kits provided herein include, but are not limited to, a bead,

column (e.g., chromatography column, etc.), an array (e.g., microarray, nanoarray, etc.), an assay

plate, a cartridge, a stick, a filter, a strip or any other solid support described herein. In some

embodiments, the article of manufacture or kit comprises instructions for attaching one or more

anti-UCH-Ll antibodies and/or one or more anti-GFAP antibodies to the solid support. In some

embodiments, the article of manufacture or kit comprises one or more anti-UCH-Ll antibodies

and/or one or more anti-GFAP antibodies attached directly or indirectly to the solid support.

[0441] In some embodiments, the article of manufacture or kit comprises one or more

reagent or other materials desirable from a commercial, therapeutic, and user standpoint

including secondary antibodies, affinity labels, capture reagents, buffers, diluents, signal

detection agents, filters, needles, syringes, capillary tubes, and package inserts with instructions

for use.



[0442] In some embodiments, kits also can contain control samples representing a standard

or reference for measuring UCH-L1 and/or GFAP, such as for determining or quantitating the

amount of protein in a test samples. In some embodiments, the standard or reference can be a

recombinant UCH-L1 or GFAP protein or an isolated or purified native UCH-L1 or GFAP

protein or composition obtained from a tissue or other sample. In some examples, the kit

contains a pair of two or more anti-UCH-Ll antibodies and a UCH-L1 standard or reference

and/or a pair of two or more anti-GFAP antibodies and a GFAP standard or reference.

[0443] In some embodiments, the kit provides for qualitative and/or quantitative

determination of the amount of UCH-L1 in a sample (e.g., human serum). In some

embodiments, the amount of UCH-L1 qualitatively and/or quantitatively that is determined is

from about 80 pg/mL to about 2560 pg/mL. In some embodiments, the kit provides for

qualitative and/or quantitative determination of the amount of GFAP in a sample (e.g., human

serum). In some embodiments, the amount of GFAP qualitatively and/or quantitatively that is

determined is from about 10 pg/mL to about 320 pg/mL.

[0444] In some embodiments, the kits can be provided as articles of manufacture that

include packing materials for the packaging of the antibodies or compositions thereof or the one

or more additional reagents or components. For example,the kits can contain containers, bottles,

tubes, vial and any packaging material suitable for separating or organizing the components of

the kit.

[0445] In some embodiments, the kit includes one or more containers. Suitable containers

include, for example, bottles, vials (e.g., dual chamber vials), syringes (such as single or dual

chamber syringes) and test tubes. The one or more containers may be formed from a variety of

materials such as glass or plastic. The one or more containers hold a composition comprising an

antibody or other reagents for use in the methods. The article of manufacture or kit herein may

comprise the antibodies or reagents in separate containers or in the same container. In one

example, the article of manufacture or kit may comprise a container comprising a composition

comprising a set of two or more anti-UCH-Ll antibodies. In other examples, if two or more

antibodies or reagents are provided in the same container, each component or reagent is

separated from one or more other component in the container, such as by a divider. As another

example, the article of manufacture or kit may comprise a first container comprising a

composition comprising a first anti-UCH-Ll antibody or set of antibodies and a second

container comprising a composition comprising a second anti-UCH-Ll antibody or set of

antibodies. In some embodiments, the article of manufacture or kit may comprise a first



container comprising a composition comprising a first anti-GFAP antibody or set of antibodies

and a second container comprising a composition comprising a second anti-GFAP antibody or

set of antibodies. In some embodiments, the article of manufacture or kit may comprise any

multitude of containers comprising any combination of anti-UCH-Ll antibodies and/or anti-

GFAP antibodies, such as the combinations described herein (e.g., combinations of

compositions). In some embodiments, the one or more containers holding the composition may

be a single-use vial or a multi-use vial, which, in some cases, may allow for repeat use of the

reconstituted composition.

[0446] In some embodiments, the article of manufacture or kit may further comprise a

second container comprising a suitable diluent. The article of manufacture or kit may further

include other materials desirable from a commercial, therapeutic, and user standpoint, including

other buffers, diluents, filters, needles, syringes, therapeutic agents and/or package inserts with

instructions for use.

[0447] In some embodiments, the kit can, optionally, include instructions. Instructions

typically include a tangible expression describing the antibodies and, optionally, other

components included in the kit, and methods for using the antibodies to detect UCH-Ll and/or

GFAP in a sample. In some embodiments, the instructions are provided as a label or a package

insert, which is on or associated with the container. In some embodiments, the instructions may

indicate directions for reconstitution and/or use of the composition. In some embodiments, the

instructions provide directions for use of the one or more anti-UCH-Ll antibody in methods of

in vitro detection of UCH-Ll in an individual. In some embodiments, the article of manufacture

or kit comprises instructions for the use of the one or more anti-GFAP antibody in methods of in

vitro detection of GFAP in an individual. In some embodiments, the article of manufacture or

kit comprises instructions for the use of a combination of antibodies described herein such as

one or more anti-UCH-Ll antibody and/or one or more anti-GFAP antibody in methods of in

vitro detection of UCH-Ll and/or GFAP in an individual. In some embodiments, the

instructions specify that the individual is human. In some embodiments, the instructions specify

that the individual has or is suspected of having a neurological or brain damage or injury, such

as any described above. In some embodiments, the instructions specify the individual has, is

suspected of having or is predicted to have a neurological condition. In some embodiments, the

neurological condition is mild traumatic brain injury (MTBI). In some embodiments, the

instructions, such as the label or package insert, may further indicate that the composition is



useful or intended for in vitro methods of detection of UCH-L1 and/or GFAP, such as in

connection with any of the methods described herein.

[0448] In some embodiments, the kit or article of manufacture is suitable for use or is for

use with a device (also called an instrument) for detecting the bound antibodies in accord with

the provided methods. In some embodiments, the device is one that can be used in association

with the provided antibodies and reagents to permit protein detection using one or more

techniques well known in the art such as, but not limited to, spectrophotometry, high

performance liquid chromatography (HPLC), immunoassays such as enzyme-linked

immunosorbent assay (ELISA), western blot, automated imaging, immunohistochemistry, flow

cytometry, high-throughput screening of an array such as a microarray or nanoarray and surface

plasmon resonance. In some embodiments, the device comprises a system for reading an assay

output, such as comprises an automated cellular imaging system (ACIS), fluorometer,

luminometer, or spectrophotometer for assay detection. In some embodiments, the kit or article

of manufacture includes the device.

[0449] In some embodiments, the device comprises a solid support such as a solid support

described herein. In some embodiments, a solid support may be or comprise a bead, column, an

array, a microwell, an assay plate, a cartridge, a stick, a filter, or a strip. In some embodiments,

the solid support is inserted into the device, attached to the device and/or held by the device, for

example, when the device is operating for detection of one or more protein biomarkers (e.g.

UCH-L1 and/or GFAP) in a sample. In some embodiments, the solid support, e.g. one or more

microwells, may contain at least an immobilized binding agent, for example a capture reagent,

such as an antibody, e.g. a first antibody as described herein for capturing the protein. In some

embodiments, the solid support is configured in the device to receive a sample loaded into the

device. In some embodiments, the sample is added to the solid support prior to its insertion or

attachment of the solid support with or into the device. In some embodiments, the device is

further configured to add solution from a dispenser into the solid support and/or remove solution

from the solid support. In some embodiments, the solution is or comprises a binding agent, for

example a detection reagent, such as an antibody, e.g. a second antibody as described herein for

detecting the protein. In some embodiments, the solution is or comprises a wash solution. In

some embodiments, the solution is or comprises a substrate or stop solution. In some

embodiments, the device is configured to hold one or more of the above solutions and to

individually dispense each solution at an appropriate time into the solid support held or inserted

in the device.



[0450] In some embodiments, a device provided herein (e.g., a device comprising a solid

support described herein) is useful for qualitatively and/or quantitatively determining the amount

of target antigen (e.g., UCH-L1 or GFAP) bound by the antibody (e.g., anti-UCH-Ll antibody or

anti-GFAP antibody). In some embodiments, the amount of UCH-L1 qualitatively and/or

quantitatively determined is from about 80 pg/mL to about 2560 pg/mL. In some embodiments,

the amount of GFAP qualitatively and/or quantitatively determined is from about 10 pg/mL to

about 320 pg/mL.

[0451] In some embodiments, the device automates or partially automates an assay method

that detects a particular biomarker or biomarkers, such as UCH-L1 and/or GFAP. In some

embodiments, actions that may be automated by the instrument include, but are not limited to,

mixing or agitation of a sample during an incubation phase, dispensing or adding one or more

solutions, washing of a sample, controlling incubation times, optical illumination and/or reading

of an assay, and calculation of a biomarker (e.g. UCH-L1 and/or GFAP) amount in the sample.

In some embodiments, the timing of any of the above automated steps can be preset or

predetermined, such as to assay specific guidelines.

[0452] In some embodiments, the device is a portable device such as a handheld device. In

some embodiments, the device is a stationary device. In some embodiments, the device may be

the size of a desktop printer, or smaller, and may be suitable for use in a physician's office,

hospital lab, or residential dwelling. The device may be manually operated or automatically

operated. In some embodiments, the device is an electronic device.

[0453] In some embodiments, the device comprises a computing system or processor. In

some embodiments, the computing system comprises one or more computer executable logic

(e.g., one or more computer program) that is recorded on a computer readable medium. For

example, the computing system or processor is configured to execute some or all of the

following functions: (i) processing a signal representative of the detected protein, (ii) comparing

data as detected from the sample with a reference standard (iii) calculating an amount or

concentration of the protein biomarker in the sample; and/or (iv) displaying or outputting a value

representative of the calculated amount or concentration of the protein. The computing system

can be configured to perform any one of the methods described herein.

[0454] In some embodiments, the calculated amount can be used to determine a neurological

condition and/or neurological damage outcome, e.g. presence, absence or likelihood of having or

developing a brain damage or injury as described. In some embodiments, the determining the

presence, absence or likelihood of having or developing a brain injury or damage comprises



comparing the amount or concentration of protein to a threshold or cutoff value as described

herein. In some embodiments, the comparison to the threshold is performed by a computer. In

some embodiments, the comparison to a threshold or cutoff is performed by an individual.

[0455] The computer executable logic can work in any computer that may be any of a

variety of types of general-purpose computers such as a personal computer, network server,

workstation, handheld device or other computer platform now or later developed. In some

embodiments, a computing system is described comprising a computer usable medium having

the computer executable logic (computer software program, including program code) stored

therein. The computer executable logic can be executed by a processor, causing the processor to

perform functions described herein. In other embodiments, some functions are implemented

primarily in hardware using, for example, a hardware state machine. Implementation of the

hardware state machine so as to perform the functions described herein will be apparent to those

skilled in the relevant arts.

[0456] In some embodiments, the system is a device such as a rapid detection device or

rapid diagnostic device. In some embodiments, the device is configured or automated to

determine the amount of a protein in a sample within or within about 1 minutes, within or within

about 2 minutes, within or within about 4 minutes, within or within about 8 minutes, within or

within about 15 minutes, within or within about 30 minutes, within or within about 1 hour or

within or within about 2 hours of the sample being loaded, applied or added into the device.

Non-limiting examples of a rapid detection device include those adapted or based on a device

described in WO201 1077333; WO2015143387; US20100198142; US20120178186;

US20120168305; US20140370583; U.S. Patent No 7,291,497; U.S. Patent No. 7,419,821; U.S.

Patent No. 7,682,833; U.S. Patent No. 7,723,099; U.S. Patent No. 7,910,352; U.S. Patent No.

8,017,382; U.S. Patent No. 8,168,439; U.S. Patent No. 8,309,364; and U.S. Patent No.

9,023,651. Suitable devices for use in the articles of manufacture or kits provided herein include

commercially available devices such as, but not limited to, i-STAT® handheld (Abbott),

Minicare 1-20 (Phillips) and similar handheld devices.

VII. EXEMPLARY EMBODIMENTS

[0457] Among the embodiments provided herein are:

1. An antibody or antigen-binding fragment thereof that specifically binds to a human

ubiquitin c-terminal hydrolase LI (UCH-L1), wherein the antibody or antigen-binding fragment

comprises a heavy chain variable region comprising an amino acid sequence having at least 85%



identity to an amino acid sequence selected from any one of SEQ ID NOs:51-63; and/or a light

chain variable region comprising an amino acid sequence having at least 85% identity to an

amino acid sequence selected from any one of SEQ ID NOs:64-76.

2 . The antibody or antigen-binding fragment of embodiment 1, wherein the heavy chain

variable region comprises an amino acid sequence having at least 85%, at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least

94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino

acid sequence selected from any one of SEQ ID NOs:51-63; or has the amino acid sequence

selected from any one of SEQ ID NOs: 51-63.

3 . The antibody or antigen-binding fragment of embodiment 1 or embodiment 2, wherein

the light chain variable region comprises an amino acid sequence having at least 85%, at least

86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least

93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity

to an amino acid sequence selected from SEQ ID NOs:64-76 or has the amino acid sequence

selected from any one of SEQ ID NOs: 64-76.

4 . The antibody or antigen-binding fragment of any one of embodiments 1-3, wherein:

the heavy chain variable region comprises: (i) a CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs: 1-8; (ii) a CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:9-19; and (iii) a CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs:20-27; and/or

the light chain variable region comprises: (i) a CDR-L1 comprising the amino acid

sequence selected from SEQ ID NOs:28-36; (ii) a CDR-L2 comprising the amino acid sequence

selected from SEQ ID NOs:37-44; and (iii) a CDR-L3 comprising the amino acid sequence

selected from SEQ ID NOs:45-50.

5 . The antibody or antigen-binding fragment of any one of embodiments 1-4, wherein:

the heavy chain variable region comprises a CDR-H1, a CDR-H2, and a CDR-H3,

respectively, comprising the amino acid sequence of a CDR-H1, a CDR-H2, and a CDR-H3

contained within the heavy chain variable region amino acid sequence selected from any one of

SEQ ID NOs:51-63; and/or

the light chain variable region comprises a CDR-L1, a CDR-L2, and a CDR-L3,

respectively, comprising the amino acid sequence of a CDR-L1, a CDR-L2, and a CDR-L3

contained within the light chain variable region amino acid sequence selected from any one of

SEQ ID NOs:64-76.



6 . An antibody or antigen-binding fragment that specifically binds to a human ubiquitin c-

terminal hydrolase LI (UCH-L1), wherein the heavy chain variable region comprises an amino

acid sequence having at least 85% identity to an amino acid sequence selected from any one of

SEQ ID NOs:53-62; and/or a light chain variable region comprising an amino acid sequence

having at least 85% identity to an amino acid sequence selected from any one of SEQ ID

NOs:66-75.

7 . The antibody or antigen-binding fragment of embodiment 6, wherein:

the heavy chain variable region comprises at least 85%, at least 86%, at least 87%, at

least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at

least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid

sequence selected from any one of SEQ ID NOs: 53-62 or comprises the amino acid sequence

set forth in any of SEQ ID NOs: 53-62; and/or

the light chain variable region comprises at least 85%, at least 86%, at least 87%, at least

88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid sequence

selected from any one of SEQ ID NOs: 66-75 or comprises the light chain variable region

comprises the amino acid sequence set forth in any one of SEQ ID NOs: 66-75.

8. The antibody or antigen-binding fragment of embodiment 6 or embodiment 7, wherein:

(1) the heavy chain variable region comprises: (i) a CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs:3-8; (ii) a CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs: 11-18; and (iii) a CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs:20-27; and/or the light chain variable region comprises: (i) a CDR-

Ll comprising the amino acid sequence selected from SEQ ID NOs:30-36; (ii) a CDR-L2

comprising the amino acid sequence selected from SEQ ID NOs:37-44; and (iii) a CDR-L3

comprising the amino acid sequence selected from SEQ ID NOs:45-49; or

(2) the heavy chain variable region comprises a CDR-H1, a CDR-H2, and a CDR-H3,

respectively, comprising the amino acid sequence of a CDR-H1, a CDR-H2, and a CDR-H3

contained within the heavy chain variable region amino acid sequence selected from any one of

SEQ ID NOs:53-62 and/or the light chain variable region comprises a CDR-Ll, a CDR-L2, and

a CDR-L3, respectively, comprising the amino acid sequence of a CDR-Ll, a CDR-L2, and a

CDR-L3 contained within the light chain variable region amino acid sequence selected from any

one of SEQ ID NOs:66-75.



9 . An antibody or antigen-binding fragment thereof that specifically binds to a human

ubiquitin c-terminal hydrolase LI (UCH-L1), wherein the antibody or antigen-binding fragment

comprises a heavy chain variable region and a light chain variable region, wherein:

the heavy chain variable region comprises: (i) a CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs:l-8; (ii) a CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:9-18; and (iii) a CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs:20-27; and/or

wherein the light chain variable region comprises: (i) a CDR-Ll comprising the amino

acid sequence selected from SEQ ID NOs:28-36; (ii) a CDR-L2 comprising the amino acid

sequence selected from SEQ ID NOs:37-44; and (iii) a CDR-L3 comprising the amino acid

sequence selected from SEQ ID NOs:45-49.

10. The antibody or antigen-binding fragment of any one of embodiments 1-5 and 9, wherein

the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:l, SEQ ID NO:9 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:28, SEQ ID NO:37 and SEQ ID NO:45, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:2, SEQ ID NO: 10, SEQ ID NO:21, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:29, SEQ ID NO:38 and SEQ ID NO:46, respectively;

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:3, SEQ ID NO: 11 and SEQ ID NO:20, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:30, SEQ ID NO:37 and SEQ ID NO:45, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:4, SEQ ID NO: 12 and SEQ ID NO:22, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:31, SEQ ID NO:39 and SEQ ID NO:47, respectively;

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:5, SEQ ID NO: 13 and SEQ ID NO:23, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:32, SEQ ID NO:39 and SEQ ID NO:47, respectively;



(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:33, SEQ ID NO:40, SEQ ID NO:48, respectively;

(g) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:34, SEQ ID NO:41 and SEQ ID NO:48, respectively;

(h) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 15 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;

(i) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:35, SEQ ID NO:41 and SEQ ID NO:48, respectively;

( ) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 16 and SEQ ID NO:25, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;

(k) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:7, SEQ ID NO: 17 and SEQ ID NO:26, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:36, SEQ ID NO:43 and SEQ ID NO:49, respectively;

(1) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:8, SEQ ID NO: 18 and SEQ ID NO:27, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:36, SEQ ID NO:44 and SEQ ID NO:49, respectively; or

(m) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:l, SEQ ID NO: 19 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:28, SEQ ID NO:37 and SEQ ID NO:50, respectively.



11. The antibody or antigen-binding fragment of any one of embodiments 1-5, 9 and 10,

wherein the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:51

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:51; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO:64 or an amino acid sequence having at least 90% identity to the amino acid sequence of

SEQ ID NO:64;

(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:52

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:52; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

65 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:65;

(c) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 53

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:53; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

66 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:66;

(d) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 54

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:54; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

67 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:67;

(e) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 55

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:55; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

68 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:68;

(f a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 56

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:56; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

69 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:69;



(g) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 57

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:57; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

70 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:70;

(h) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 58

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:58; and/or a light chain variable region the amino acid sequence of SEQ ID NO: 7 1 or

comprising an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:71;

(i) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 59

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:59; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

72 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:72;

( ) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 60

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:60; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

73 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:73;

(k) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 6 1

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:61; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

74 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:74;

(1) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 62

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:62; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

75 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:75; or

(m) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

63 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:63; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:



76 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:76.

12. The antibody or antigen-binding fragment of any one of embodiments 1-5 and 9-11,

wherein the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:l, SEQ ID NO:9 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:28, SEQ ID NO:37 and SEQ ID NO:45, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:2, SEQ ID NO: 10, SEQ ID NO:21, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:29, SEQ ID NO:38 and SEQ ID NO:46, respectively;

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:4, SEQ ID NO: 12, SEQ ID NO:22, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:31, SEQ ID NO:39 and SEQ ID NO:47, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14, SEQ ID NO:24, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:33, SEQ ID NO:40 and SEQ ID NO:48, respectively; or

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:5, SEQ ID NO: 13, SEQ ID NO:23, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:32, SEQ ID NO:39 and SEQ ID NO:47, respectively.

13. The antibody or antigen-binding fragment of any one of embodiments 1-5 and 9-12,

wherein the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:l, SEQ ID NO:9 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:28, SEQ ID NO:37 and SEQ ID NO:45, respectively; or

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:2, SEQ ID NO: 10, SEQ ID NO:21, respectively and/or a light



chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:29, SEQ ID NO:38 and SEQ ID NO:46, respectively.

14. The antibody or antigen-binding fragment of any one of embodiments 1-5, and 9-13,

wherein the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:51

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:51; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO:64 or an amino acid sequence having at least 90% identity to the amino acid sequence of

SEQ ID NO:64;

(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:52

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:52; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO:65 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:65;

(c) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:54

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:54; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO:67 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:67;

(d) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:56

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:56; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO:69 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:69; or

(e) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:55

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:55; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO:68 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:68.

15. The antibody or antigen-binding fragment of any one of embodiments 1-5, and 9-14,

wherein the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:51

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID



NO:51; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO:64 or an amino acid sequence having at least 90% identity to the amino acid sequence of

SEQ ID NO:64; or

(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:52

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:52; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

65 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:65.

16. The antibody or antigen-binding fragment of any one of embodiments 1-5 and 10-14,

wherein the antibody or antigen-binding fragment comprises a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:l, SEQ ID

NO: 19 and SEQ ID NO:20 and/or a light chain variable region comprising CDR-Ll, CDR-L2

and CDR-L3 amino acid sequences of SEQ ID NO:28, SEQ ID NO:37 and SEQ ID NO:50,

respectively.

17. The antibody or antigen-binding fragment of any one of embodiments 1-5, 10-14 and 16,

wherein the antibody or antigen-binding fragment comprises a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO: 63 or an amino acid sequence having at

least 90% identity to an amino acid sequence of SEQ ID NO:63; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO: 76 or an amino acid sequence

having at least 90% identity to an amino acid sequence of SEQ ID NO:76.

18. The antibody or antigen-binding fragment of any one of embodiments 1-1 1, wherein the

antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:3, SEQ ID NO: 11 and SEQ ID NO:20, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:30, SEQ ID NO:37 and SEQ ID NO:45, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:4, SEQ ID NO: 12 and SEQ ID NO:22, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:31, SEQ ID NO:39 and SEQ ID NO:47, respectively;

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:5, SEQ ID NO: 13 and SEQ ID NO:23, respectively and/or a



light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:32, SEQ ID NO:39 and SEQ ID NO:47, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:33, SEQ ID NO:40, SEQ ID NO:48, respectively;

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:34, SEQ ID NO:41 and SEQ ID NO:48, respectively;

(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 15 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;

(g) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:35, SEQ ID NO:41 and SEQ ID NO:48, respectively;

(h) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 16 and SEQ ID NO:25, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;

(i) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:7, SEQ ID NO: 17 and SEQ ID NO:26, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:36, SEQ ID NO:43 and SEQ ID NO:49, respectively; or

(k) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:8, SEQ ID NO: 18 and SEQ ID NO:27, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:36, SEQ ID NO:44 and SEQ ID NO:49, respectively.

19. The antibody or antigen-binding fragment of any one of embodiments 1-1 1 and 18,

wherein the antibody or antigen-binding fragment comprises:



(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 53

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:53; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

66 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:66;

(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 54

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:54; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

67 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:67;

(c) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 55

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:55; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

68 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:68;

(d) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 56

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:56; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

69 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:69;

(e) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 57

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:57; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

70 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:70;

(f a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 58

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:58; and/or a light chain variable region the amino acid sequence of SEQ ID NO: 7 1 or

comprising an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:71;

(g) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 59

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:59; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:



72 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:72;

(h) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 60

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:60; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

73 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:73;

(i) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 6 1

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:61; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

74 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:74; or

( ) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 62

or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:62; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

75 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:75.

20. The antibody or antigen-binding fragment of any one of embodiments 1-19, wherein:

the antibody or antigen-binding fragment binds UCH-L1 with a dissociation constant

(KD) of less than or less than about 1.0 x 10 10 M, 2.0 x 10 10 M, 3.0 x 10 10 M, 4.0 x 10 10 M, 5.0

x 10 10 M, 6.0 x 10 10 M, 7.0 x 10 10 M, 8.0 x 10 10 M, 9.0 x 10 10 M, 1.0 x 10 11 M, 2.0 x 10 11 M,

3.0 x 10 11 M, 4.0 x 10 11 M, 5.0 x 10 11 M, 6.0 x 10 11 M, 7.0 x 10 11 M, 8.0 x 10 11 M, 9.0 x 10 11

M, or 1.0 x 10 12 ; or

the antibody or antigen-binding fragment binds UCH-L1 with a dissociation constant

(KD) from or from about 2.0 x 10 10 M to 4.0 x 10 10 M, 1.0 x 10 11 M to 9.0 x 10 11 M, 1.0 x 10 12

M to 5.0 x 10 12 M, or 2.0 x 10 10 M to 1.0 x 10 12 M.

21. The antibody or antigen-binding fragment of any one of embodiments 1-20, wherein the

antibody or antigen-binding fragment binds to an epitope within or that is or includes residues

28-36 of UCH-L1 protein, residues 98-106 of UCH-L1 protein, residues 138-145 of UCH-L1

protein, and/or residues 142-149 of UCH-L1 protein corresponding to amino acid positions set

forth in SEQ ID NO:207.

22. An antibody or antigen-binding fragment thereof that specifically binds to a human

UCH-L1, wherein the antibody or antigen-binding fragment binds to an epitope within or that is



or includes residues 98-106 of UCH-L1 protein corresponding to amino acid positions set forth

in SEQ ID NO:207.

23. The antibody or antigen-binding fragment of embodiment 22, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:l, SEQ ID NO:9 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:28, SEQ ID NO:37 and SEQ ID NO:45, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:3, SEQ ID NO: 11 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:30, SEQ ID NO:37 and SEQ ID NO:45, respectively; or

(c) heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino acid

sequences of SEQ ID NO:l, SEQ ID NO: 19 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:28, SEQ ID NO:37 and SEQ ID NO:50, respectively.

24. An antibody or antigen-binding fragment thereof that specifically binds to a human

UCH-L1, wherein the antibody or antigen-binding fragment binds to an epitope within or that is

or includes residues 28-36 UCH-L1 corresponding to amino acid positions of UCH-L1 set forth

in SEQ ID NO:207.

25. The antibody or antigen-binding fragment of embodiment 24, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:2, SEQ ID NO: 10 and SEQ ID NO:21, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:29, SEQ ID NO:38 and SEQ ID NO:46, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:33, SEQ ID NO:40 and SEQ ID NO:48, respectively;

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light



chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:34, SEQ ID NO:41 and SEQ ID NO:48, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 15 and SEQ ID NO:24, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:35, SEQ ID NO:41 and SEQ ID NO:48, respectively;

(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 16 and SEQ ID NO:25, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;

(g) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:7, SEQ ID NO: 17 and SEQ ID NO:26, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:36, SEQ ID NO:43 and SEQ ID NO:49, respectively; or

(h) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:8, SEQ ID NO: 18 and SEQ ID NO:27, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:36, SEQ ID NO:44 and SEQ ID NO:49, respectively.

26. An antibody or antigen-binding fragment thereof that specifically binds to a human

UCH-L1, wherein the antibody or antigen-binding fragment binds to an epitope within or that is

or includes residues 138-145 of UCH-L1 protein corresponding to amino acid positions set forth

in SEQ ID NO:207.

27. The antibody or antigen-binding fragment of embodiment 26, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:4, SEQ ID NO: 12 and SEQ ID NO:22,

respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO:31, SEQ ID NO:39 and SEQ ID NO:47, respectively.

28. An antibody or antigen-binding fragment thereof that specifically binds to a human

UCH-L1, wherein the antibody or antigen-binding fragment binds to an epitope within or that is



or includes residues 142-149 of UCH-Ll protein corresponding to amino acid positions set forth

in SEQ ID NO:207.

29. The antibody or antigen-binding fragment of embodiment 28, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:5, SEQ ID NO: 13 and SEQ ID NO:23,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO:32, SEQ ID NO:39 and SEQ ID NO:47, respectively.

30. The antibody or antigen-binding fragment of any one of embodiments 1-29, wherein the

UCH-Ll is recombinant UCH-Ll.

31. The antibody or antigen-binding fragment of any one of embodiments 1-29, wherein the

UCH-Ll is native UCH-Ll.

32. The antibody or antigen-binding fragment of embodiment 31, wherein the native UCH-

Ll is present in or obtained from serum, plasma, blood, cerebrospinal fluid (CSF), urine, sweat,

or saliva.

33. An antibody or antigen-binding fragment thereof that specifically binds to human glial

fibrillary acidic protein (GFAP), wherein the antibody or antigen-binding fragment comprises a

heavy chain variable region comprising an amino acid sequence having at least 85% identity to

an amino acid sequence selected from any one of SEQ ID NOs: 172-188; and/or a light chain

variable region comprising an amino acid sequence having at least 85% identity to an amino acid

sequence selected from any one of SEQ ID NOs: 189-206.

34. The antibody or antigen-binding fragment of embodiment 33, wherein the heavy chain

variable region comprises an amino acid sequence having at least 85%, at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least

94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino

acid sequence selected from any one of SEQ ID NOs: 172- 188 or has the amino acid sequence

selected from any one of SEQ ID NOs:172-188.

35. The antibody or antigen-binding fragment of embodiment 33 or embodiment 34, wherein

the light chain variable region comprises an amino acid sequence having at least 85%, at least

86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least

93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity

to an amino acid sequence selected from any one of SEQ ID NOs: 189-206 or has the amino acid

sequence selected from any one of SEQ ID NOs: 189-206.

36. The antibody or antigen-binding fragment of any one of embodiments 33-35, wherein:



the heavy chain variable region comprises: (i) a CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs:77-90; (ii) a CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:91-107; and (iii) a CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs: 108-124; and/or

wherein the light chain variable region comprises: (i) a CDR-L1 comprising the amino

acid sequence selected from SEQ ID NOs: 125- 141; (ii) a CDR-L2 comprising the amino acid

sequence selected from SEQ ID NOs: 142- 156; and (iii) a CDR-L3 comprising the amino acid

sequence selected from SEQ ID NOs: 157- 171.

37. The antibody or antigen-binding fragment of any one of embodiments 33-36, wherein:

the heavy chain variable region comprises a CDR-H1, a CDR-H2, and a CDR-H3,

respectively, comprising the amino acid sequence of a CDR-H1, a CDR-H2, and a CDR-H3

contained within the heavy chain variable region amino acid sequence selected from any one of

SEQ ID NOs:172-188; and/or

the light chain variable region comprises a CDR-L1, a CDR-L2, and a CDR-L3,

respectively, comprising the amino acid sequence of a CDR-L1, a CDR-L2, and a CDR-L3

contained within the light chain variable region amino acid sequence selected from any one of

SEQ ID NOs: 189-206.

38. An antibody or antigen-binding fragment that specifically binds to a human glial

fibrillary acidic protein (GFAP), wherein the heavy chain variable region comprises an amino

acid sequence having at least 85% identity to an amino acid sequence selected from any one of

SEQ ID NOS: 174-188; and/or a light chain variable region comprising an amino acid sequence

having at least 85% identity to an amino acid sequence selected from any one of SEQ ID

NO: 191-206.

39. The antibody or antigen-binding fragment of embodiment 38, wherein:

the heavy chain variable region comprises at least 85%, at least 86%, at least 87%, at

least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at

least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid

sequence selected from any one of SEQ ID NOS: 174-188 or comprises the amino acid sequence

set forth in any of SEQ ID NOS: 174-188; and/or

the light chain variable region comprises at least 85%, at least 86%, at least 87%, at least

88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid sequence



selected from any one of SEQ ID NOS: 191-206 or comprises the light chain variable region

comprises the amino acid sequence set forth in any one of SEQ ID NOS: 191-206.

40. The antibody or antigen-binding fragment of embodiment 38 or embodiment 39,

wherein:

the heavy chain variable region comprises: (i) a CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs:79-90; (ii) a CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:93-107; and (iii) a CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs: 110-124; and/or the light chain variable region comprises: (i) a

CDR-Ll comprising the amino acid sequence selected from SEQ ID NOs:127-141; (ii) a CDR-

L2 comprising the amino acid sequence selected from SEQ ID NOs: 144-156; and (iii) a CDR-

L3 comprising the amino acid sequence selected from SEQ ID NOs:159-171; or

the heavy chain variable region comprises a CDR-H1, a CDR-H2, and a CDR-H3,

respectively, comprising the amino acid sequence of a CDR-H1, a CDR-H2, and a CDR-H3

contained within the heavy chain variable region amino acid sequence selected from any one of

SEQ ID NOs: 174- 188 and/or the light chain variable region comprises a CDR-Ll, a CDR-L2,

and a CDR-L3, respectively, comprising the amino acid sequence of a CDR-Ll, a CDR-L2, and

a CDR-L3 contained within the light chain variable region amino acid sequence selected from

any one of SEQ ID NOs: 191-206.

41. An antibody or antigen-binding fragment that specifically binds to glial fibrillary acidic

protein (GFAP), wherein the antibody or antigen-binding fragment comprises a heavy chain

variable region and a light chain variable region, wherein:

the heavy chain variable region comprises: (i) CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs:77-90; (ii) CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:91-107; and (iii) CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs: 108-124; and/or

the light chain variable region comprises: (i) CDR-Ll comprising the amino acid

sequence selected from SEQ ID NOs: 125- 141; (ii) CDR-L2 comprising the amino acid sequence

selected from SEQ ID NOs: 142-156; and (iii) CDR-L3 comprising the amino acid sequence

selected from SEQ ID NOs:157-171.

42. The antibody or antigen-binding fragment of any one of embodiments 33-37 and 41,

wherein the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:91 and SEQ ID NO: 108, respectively and/or a



light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 125, SEQ ID NO: 142 and SEQ ID NO: 157, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO:92 and SEQ ID NO: 109, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 126, SEQ ID NO: 143 and SEQ ID NO: 158, respectively;

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:79, SEQ ID NO:93 and SEQ ID NO: 110, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 127, SEQ ID NO: 144 and SEQ ID NO: 159, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 128, SEQ ID NO: 145 and SEQ ID NO: 160, respectively;

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:80, SEQ ID NO:95 and SEQ ID NO: 112, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 126, SEQ ID NO: 142 and SEQ ID NO: 158, respectively;

(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:81, SEQ ID NO:96 and SEQ ID NO:113, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 129, SEQ ID NO: 146 and SEQ ID NO: 161, respectively;

(g) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 130, SEQ ID NO: 145 and SEQ ID NO: 160, respectively;

(h) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:82, SEQ ID NO:97 and SEQ ID NO: 114, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 131, SEQ ID NO: 147 and SEQ ID NO: 162, respectively;

(i) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:83, SEQ ID NO:98 and SEQ ID NO: 115, respectively and/or a



light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 132, SEQ ID NO: 148 and SEQ ID NO: 163, respectively;

( ) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:84, SEQ ID NO:99 and SEQ ID NO: 116, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 133, SEQ ID NO: 149 and SEQ ID NO: 164, respectively;

(k) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:85, SEQ ID NO: 100 and SEQ ID NO: 117, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 134, SEQ ID NO: 150 and SEQ ID NO: 165, respectively;

(1) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:86, SEQ ID NO: 101 and SEQ ID NO: 118, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 135, SEQ ID NO: 151 and SEQ ID NO: 166, respectively;

(m) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 102 and SEQ ID NO: 119, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 136, SEQ ID NO: 152 and SEQ ID NO: 167, respectively;

(n) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 103 and SEQ ID NO: 120, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 137, SEQ ID NO: 142 and SEQ ID NO: 158, respectively;

(o) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:87, SEQ ID NO: 104 and SEQ ID NO: 121, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 138, SEQ ID NO: 153 and SEQ ID NO: 168, respectively;

(p) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID NO: 122, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 139, SEQ ID NO: 154 and SEQ ID NO: 169, respectively;

(q) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID NO: 123, respectively and/or a



light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170, respectively; or

(r) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:90, SEQ ID NO: 107 and SEQ ID NO: 124, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:141, SEQ ID NO:156 and SEQ ID NO:171, respectively.

43. The antibody or antigen-binding fragment of any one of embodiments 33-37, 4 1 and 42,

wherein the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

172 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 172; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 189 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 189;

(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

173 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 173; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 190 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 190;

(c) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

174 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 174; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 191 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:191;

(d) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

175 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 175; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 192 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 192;

(e) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 176 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 176; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 193 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 193;



(f a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

177 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 177; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 194 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 194;

(g) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

175 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 175; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 195 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 195;

(h) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

178 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 178; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 196 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 196;

(i) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

179 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 179; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 197 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 197;

j) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

180 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 180; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 198 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 198;

(k) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

181 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 181; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 199 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 199;

(1) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

182 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 182; and/or a light chain variable region comprising the amino acid sequence of SEQ ID



NO: 200 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:200;

(m) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

183 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 183; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 201 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:201;

(n) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

184 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 184; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 202 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:202;

(o) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

185 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 185; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 203 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:203;

(p) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

186 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 186; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 204 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:204;

(q) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

187 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 187; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 205 an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO:205; or

(r) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

188 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 188; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 206 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:206.



44. The antibody or antigen-binding fragment of any one of embodiments 33-37 and 41-43,

wherein the antibody or antigen-binding fragment comprises a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:77, SEQ ID

NO:91 and SEQ ID NO: 108, respectively and/or a light chain variable region comprising CDR-

Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 125, SEQ ID NO: 142 and SEQ

ID NO: 157, respectively.

45. The antibody or antigen-binding fragment of any one of embodiments 33-37 and 41-44,

wherein the antibody or antigen-binding fragment comprises a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO: 172 or an amino acid sequence having at

least 90% identity to an amino acid sequence of SEQ ID NO: 172; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO: 189 or an amino acid sequence

having at least 90% identity to an amino acid sequence of SEQ ID NO: 189.

46. The antibody or antigen-binding fragment of any one of embodiments 33-37 and 41-43,

wherein the antibody or antigen-binding fragment comprises a heavy chain variable region

comprising CDR-H1, CDR-H2 and CDR-H3 amino acid sequences of SEQ ID NO:78, SEQ ID

NO:92 and SEQ ID NO: 109, respectively and/or a light chain variable region comprising CDR-

Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ ID NO: 126, SEQ ID NO: 143 and SEQ

ID NO: 158, respectively.

47. The antibody or antigen-binding fragment of any one of embodiments 33-37, 41-43 and

46, wherein the antibody or antigen-binding fragment comprises a heavy chain variable region

comprising the amino acid sequence of SEQ ID NO: 173 or an amino acid sequence having at

least 90% identity to an amino acid sequence of SEQ ID NO: 173; and/or a light chain variable

region comprising the amino acid sequence of SEQ ID NO: 190 or an amino acid sequence

having at least 90% identity to an amino acid sequence of SEQ ID NO: 190.

48. The antibody or antigen-binding fragment of any one of embodiments 33-43, wherein the

antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:79, SEQ ID NO:93 and SEQ ID NO: 110, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 127, SEQ ID NO: 144 and SEQ ID NO: 159, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a



light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 128, SEQ ID NO: 145 and SEQ ID NO: 160, respectively;

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:80, SEQ ID NO:95 and SEQ ID NO: 112, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 126, SEQ ID NO: 142 and SEQ ID NO: 158, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:81, SEQ ID NO:96 and SEQ ID NO:113, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 129, SEQ ID NO: 146 and SEQ ID NO: 161, respectively;

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 130, SEQ ID NO: 145 and SEQ ID NO: 160, respectively;

(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:82, SEQ ID NO:97 and SEQ ID NO: 114, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 131, SEQ ID NO: 147 and SEQ ID NO: 162, respectively;

(g) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:83, SEQ ID NO:98 and SEQ ID NO: 115, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 132, SEQ ID NO: 148 and SEQ ID NO: 163, respectively;

(h) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:84, SEQ ID NO:99 and SEQ ID NO: 116, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 133, SEQ ID NO: 149 and SEQ ID NO: 164, respectively;

(i) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:85, SEQ ID NO: 100 and SEQ ID NO: 117, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 134, SEQ ID NO: 150 and SEQ ID NO: 165, respectively;

( ) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:86, SEQ ID NO: 101 and SEQ ID NO: 118, respectively and/or a



light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 135, SEQ ID NO: 151 and SEQ ID NO: 166, respectively;

(k) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 102 and SEQ ID NO: 119, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 136, SEQ ID NO: 152 and SEQ ID NO: 167, respectively;

(1) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 103 and SEQ ID NO: 120, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 137, SEQ ID NO: 142 and SEQ ID NO: 158, respectively;

(n) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:87, SEQ ID NO: 104 and SEQ ID NO: 121, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 138, SEQ ID NO: 153 and SEQ ID NO: 168, respectively;

(o) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID NO: 122, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 139, SEQ ID NO: 154 and SEQ ID NO: 169, respectively;

(p) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID NO: 123, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170, respectively; or

(q) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:90, SEQ ID NO: 107 and SEQ ID NO: 124, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:141, SEQ ID NO:156 and SEQ ID NO:171, respectively.

49. The antibody or antigen-binding fragment of any one of embodiments 33-43 and 48,

wherein the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

174 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 174; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 191 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:191;



(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

175 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 175; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 192 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 192;

(c) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 176 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 176; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 193 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 193;

(d) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

177 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 177; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 194 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 194;

(e) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

175 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 175; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 195 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 195;

(f a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

178 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 178; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 196 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 196;

(g) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

179 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 179; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 197 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 197;

(h) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

180 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 180; and/or a light chain variable region comprising the amino acid sequence of SEQ ID



NO: 198 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 198;

(i) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

181 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 181; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 199 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 199;

j) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

182 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 182; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 200 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:200;

(k) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

183 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 183; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 201 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:201;

(1) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

184 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 184; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 202 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:202;

(n) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

185 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 185; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 203 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:203;

(o) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

186 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 186; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 204 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:204;



(p) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

187 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 187; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 205 an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO:205; or

(q) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

188 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ

ID NO: 188; and/or a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 206 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:206.

50. The antibody or antigen-binding fragment of any one of embodiments 33-49, wherein:

the antibody or antigen-binding fragment binds GFAP with a dissociation constant (K )

of less than or less than about 1.0 x 10 8 M, 2.0 x 10 8 M, 3.0 x 10 8 M, 4.0 x 10 8 M, 5.0 x 10 8

M, 6.0 x 10 8 M, 7.0 x 10 8 M, 8.0 x 10 8 M, 9.0 x 10 8 M, 1.0 x 10 9 M, 2.0 x 10 9 M, 3.0 x 10 9

M, 4.0 x 10 9 M, 5.0 x 10 9 M, 6.0 x 10 9 M, 7.0 x 10 9 M, 8.0 x 10 9 M, 9.0 x 10 9 M, 1.0 x 10 10

M, 2.0 x 10 10 M, 3.0 x 10 10 M, 4.0 x 10 10 M, 5.0 x 10 10 M, 6.0 x 10 10 M, 7.0 x 10 10 M, 8.0 x

10 10 M, 9.0 x 10 10 M, 1.0 x 10 11 M, 2.0 x 10 11 M, 3.0 x 10 11 M, 4.0 x 10 11 M, 5.0 x 10 11 M,

6.0 x 10 11 M, 7.0 x 10 11 M, 8.0 x 10 11 M, 9.0 x 10 11 M, or 1.0 x 10 12 M; or

the antibody or antigen-binding fragment binds GFAP with a dissociation constant (KD)

from or from about 1.0 x 10 8 M to 2.0 x 10 8 M, 1.0 x 10 9 M to 6.0 x 10 9 M, 2.0 x 10 10 M to

9.0 x 10 10 M, 1.0 x 10 11 M to 8.0 x 10 11 M, 1.0 x 10 12 M to 5.0 x 10 12 M, or 1.0 x 10 8 M to

1.0 x 10 12 M.

51. The antibody or antigen-binding fragment of any one of embodiments 33-50, wherein the

antibody or antigen-binding fragment binds to an epitope within or that is or includes residues

92-106 of GFAP protein, residues 190-202 of GFAP protein, residues 16-35 and/or 380 of

GFAP protein, residues 119 and/or 190 of GFAP protein, residues 380-391 of GFAP protein,

residues 119-130 of GFAP protein, residues 210-221 of GFAP protein, residues 320-329 of

GFAP protein, 346-357 and/or 376-387 of GFAP protein and/or within residues 138-149 of

GFAP protein corresponding to amino acid positions set forth in SEQ ID NO:212.

52. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope within residues 92-106 of

a GFAP protein corresponding to amino acid positions set forth in SEQ ID NO:212.



53. The antibody or antigen-binding fragment of embodiment 52, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:77, SEQ ID NO:91 and SEQ ID NO: 108,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 125, SEQ ID NO: 142 and SEQ ID NO: 157, respectively.

54. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 190-202 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

55. The antibody or antigen-binding fragment of embodiment 54, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:78, SEQ ID NO:92 and SEQ ID NO: 109,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 126, SEQ ID NO: 143 and SEQ ID NO: 158, respectively.

56. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 16-35 and/or 380 of a GFAP protein corresponding to amino acid positions set

forth in SEQ ID NO:212.

57. The antibody or antigen-binding fragment of embodiment 56, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:79, SEQ ID NO:93 and SEQ ID NO: 110,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 127, SEQ ID NO: 144 and SEQ ID NO: 159, respectively.

58. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope that is or includes residues

119 and/or 190 of a GFAP protein corresponding to amino acid positions set forth in SEQ ID

NO:212.

59. The antibody or antigen-binding fragment of embodiment 58, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:80, SEQ ID NO:95 and SEQ ID NO: 112

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 126, SEQ ID NO: 142 and SEQ ID NO: 158, respectively.



60. The antibody or antigen-binding fragment thereof of any of embodiments 1-59, wherein

the antibody or antigen-binding fragment:

does not bind to an epitope within or that is or includes residues 190-202 of a human

GFAP protein corresponding to amino acid positions set forth in SEQ ID NO:212; and/or

does not bind to the same or overlapping epitope as a reference antibody comprising a

variable heavy chain set forth in SEQ ID NO: 173 and a variable light chain set forth in SEQ ID

NO: 190; and/or

does not compete for binding to GFAP with a reference antibody comprising a variable

heavy chain set forth in SEQ ID NO: 173 and a variable light chain set forth in SEQ ID NO: 190.

61. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 380-391 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

62. The antibody or antigen-binding fragment of embodiment 61, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 128, SEQ ID NO: 145 and SEQ ID NO: 160, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 130, SEQ ID NO: 145 and SEQ ID NO: 160, respectively; or

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:82, SEQ ID NO:97 and SEQ ID NO: 114, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 131, SEQ ID NO: 147 and SEQ ID NO: 162, respectively.

63. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 119-130 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

64. The antibody or antigen-binding fragment of embodiment 63, wherein the antibody or

antigen-binding fragment comprises:



(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:81, SEQ ID NO:96 and SEQ ID NO:113, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 129, SEQ ID NO: 146 and SEQ ID NO: 161, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:84, SEQ ID NO:99 and SEQ ID NO: 116, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 133, SEQ ID NO: 149 and SEQ ID NO: 164, respectively;

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:85, SEQ ID NO: 100 and SEQ ID NO: 117, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 134, SEQ ID NO: 150 and SEQ ID NO: 165, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID NO: 123, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170, respectively; or

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:90, SEQ ID NO: 107 and SEQ ID NO: 124, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:141, SEQ ID NO:156 and SEQ ID NO:171, respectively.

65. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 210-221 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

66. The antibody or antigen-binding fragment of embodiment 65, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:86, SEQ ID NO: 101 and SEQ ID NO: 118, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 135, SEQ ID NO: 151 and SEQ ID NO: 166, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 102 and SEQ ID NO: 119, respectively and/or a



light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 136, SEQ ID NO: 152 and SEQ ID NO: 167, respectively; or

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 103 and SEQ ID NO: 120, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 137, SEQ ID NO: 142 and SEQ ID NO: 158, respectively.

67. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 320-329 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

68. The antibody or antigen-binding fragment of embodiment 67, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:87, SEQ ID NO: 104 and SEQ ID NO: 121, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 138, SEQ ID NO: 153 and SEQ ID NO: 168, respectively; or

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID NO: 122, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 139, SEQ ID NO: 154 and SEQ ID NO: 169, respectively.

69. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 346-357 and/or 376-387 of a GFAP protein corresponding to amino acid

positions set forth in SEQ ID NO:212.

70. The antibody or antigen-binding fragment of embodiment 69, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID

NO: 122, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 139, SEQ ID NO: 154 and SEQ ID NO: 169,

respectively.

71. An antibody or antigen-binding fragment thereof that specifically binds to human GFAP,

wherein the antibody or antigen-binding fragment binds to an epitope within or that is or



includes residues 138-149 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

72. The antibody or antigen-binding fragment of embodiment 71, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID

NO: 123, respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO:141, SEQ ID NO:156 and SEQ ID NO:171 or

CDR-L3 amino acid sequences of SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170,

respectively.

73. The antibody or antigen-binding fragment of any one of embodiments 33-72, wherein the

GFAP is recombinant GFAP.

74. The antibody or antigen-binding fragment of any one of embodiments 1-72, wherein the

GFAP is native GFAP.

75. The antibody or antigen-binding fragment of embodiment 74, wherein the native GFAP

is present in or obtained from serum, plasma, blood, cerebrospinal fluid (CSF), urine, sweat, or

saliva.

76. The antibody or antigen-binding fragment of any one of embodiments 1-75, wherein the

antibody or antigen-binding fragment is isolated.

77. The antibody or antigen-binding fragment of any one of embodiments 1-76, wherein the

antibody is a humanized antibody, a chimeric antibody or a human antibody.

78. The antibody or antigen-binding fragment of any one of embodiments 1-76, wherein the

antibody is a murine antibody.

79. The antibody or antigen-binding fragment of any one of embodiments 1-78, wherein the

antibody is an antigen-binding fragment thereof.

80. The antibody or antigen-binding fragment of embodiment 79, wherein the antigen-

binding fragment thereof is a Fab, Fab'-SH, Fv, scFv, or (Fab')2 fragment.

81. The antibody or antigen-binding fragment of any one of embodiments 1-78, wherein the

antibody further comprises a heavy chain constant domain and/or a light chain constant domain.

82. The antibody or antigen-binding fragment of embodiment 81, wherein the heavy chain

and/or light constant domain is murine or human.

83. The antibody or antigen-binding fragment of embodiment 8 1 or 82, wherein the heavy

chain constant domain is IgGl, IgG2a, IgG2b or IgM.



84. The antibody or antigen-binding fragment of 1-78 and 81-83 that is a full length or intact

antibody.

85. The antibody or antigen-binding fragment of any one of embodiments 1-84, wherein the

antibody is a monoclonal antibody.

86. The antibody or antigen-binding fragment of any one of embodiments 1-85, wherein the

antibody is attached to a label.

87. The antibody or antigen-binding fragment of embodiment 86, wherein the label is a

fluorescent dye, a fluorescent protein, a radioisotopes, a chromophores, a metal ion, gold

particles, silver particles, magnetic particles, a polypeptides , an enzyme, streptavidin, biotin, a

luminescent compound, or an oligonucleotide.

88. A nucleic acid encoding the antibody or antigen-binding fragment of any one of

embodiments 1-87.

89. A nucleic acid encoding a heavy chain comprising the heavy variable region of any one

of embodiments 1-87.

90. A nucleic acid encoding a light chain comprising the light variable region of any one of

embodiments 1-87.

91. A vector comprising the nucleic acid of any one of embodiments 88-90.

92. The vector of embodiment 91, wherein the vector is an expression vector.

93. A host cell comprising the nucleic acid of any one of embodiments 88-90 or the vector of

embodiment 9 1 or 92.

94. A method of producing an antibody or antigen-binding fragment thereof comprising

culturing the host cell of embodiment 93 under a condition that produces the antibody or

antigen-binding fragment.

95. The method of embodiment 94, further comprising recovering the antibody or antigen-

binding fragment produced by the host cell.

96. An anti-UCH-Ll antibody or antigen-binding fragment thereof produced by the method

of embodiment 94 or embodiment 95.

97. An anti-GFAP antibody or antigen-binding fragment thereof produced by the method of

embodiment 94 or embodiment 95.

98. A composition comprising the antibody or antigen-binding fragment of any one of

embodiments 1-87, 96 and 97.

99. The composition of embodiment 98, further comprising a pharmaceutically acceptable

carrier.



100. A combination, comprising two or more anti-UCH-Ll antibodies or antigen-binding

fragments thereof of any one of embodiments 1-32, 76-87 and 96.

101. The combination of embodiment 100, wherein the two or more antibodies or antigen-

binding fragments comprise:

one or more first antibody or antigen-binding fragment thereof that binds to a first

epitope or region within UCH-Ll; and

one or more second antibody or antigen-binding fragment thereof that binds to a second

epitope or region within UCH-Ll.

102. The combination of embodiment 101, wherein the one or more first antibody or antigen-

binding fragments thereof, and the one or more second antibody or antigen-binding fragments

thereof bind to a non-overlapping epitope or region of human UCH-Ll and/or do not compete

for binding to UCH-Ll.

103. The combination of any of embodiment 100-102, wherein:

(i) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 28-36 of UCH-Ll protein, residues 98-106 of UCH-Ll

protein, residues 138-145 of UCH-Ll protein, and/or residues 142-149 of UCH-Ll protein

corresponding to amino acid positions set forth in SEQ ID NO:207; and

(ii) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope that is not the same as or does not overlap with an epitope of (i).

104. The combination of any of embodiments 100-103, wherein:

(i) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 28-36 of UCH-Ll protein and/or residues 98-106 of UCH-

Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207; and

(ii) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 138-145 of UCH-Ll protein and/or residues 142-

149 of UCH-Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207.

105. A combination, comprising two or more anti-GFAP antibodies or antigen-binding

fragments thereof of any one of embodiments 33-87 and 97.

106. The combination of embodiment 105, wherein the two or more antibodies comprise:

one or more first antibody or antigen-binding fragment thereof that bind to a first epitope

or region within GFAP; and

one or more second antibody or antigen-binding fragment thereof that binds to a second

epitope or region within GFAP.



107. The combination of embodiment 106, wherein the one or more first antibody or antigen-

binding fragments thereof, and the one or more second antibody or antigen-binding fragments

thereof bind to a non-overlapping epitope or region of human GFAP and/or do not compete for

binding to GFAP.

108. The combination of any of embodiments 105-107, wherein:

(i) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 92-106 of GFAP protein, residues 190-202 of GFAP

protein, residues 16-35 and/or 380 of GFAP protein, residues 119 and/or 190 of GFAP protein,

residues 380-391 of GFAP protein, residues 119-130 of GFAP protein, residues 210-221 of

GFAP protein, residues 320-329 of GFAP protein, 346-357 and/or 376-387 of GFAP protein

and/or residues 138-149 of GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212; and

(ii) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope that is not the same as or does not overlap with an epitope of (i).

109. The combination of any of embodiments 105-108, wherein:

(i) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes amino acid residues 190-202 of GFAP protein corresponding to

amino acid positions set forth in SEQ ID NO:212; and

(ii) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 92-106 of GFAP protein, residues 16-35 and/or 380

of GFAP protein, residues 119 and/or 190 of GFAP protein, residues 380-391 of GFAP protein,

residues 119-130 of GFAP protein, residues 210-221 of GFAP protein, residues 320-329 of

GFAP protein, 346-357 and/or 376-387 of GFAP protein and/or residues 138-149 of GFAP

protein corresponding to amino acid positions set forth in SEQ ID NO:212.

110. The combination of any one of embodiments 100-109, wherein at least one of the

antibodies or antigen-binding fragments, optionally the one or more first antibody or antigen-

binding fragment thereof or the one or more second antibody or antigen-binding fragment

thereof, is conjugated to a label.

111. The combination of any one of embodiments 100- 110, wherein at least one of the

antibodies or antigen-binding fragments, optionally the one or more first antibody or antigen-

binding fragment thereof or the one or more second antibody or antigen-binding fragment

thereof, is attached or immobilized to a solid support.



112. The combination of any one of embodiments 100-1 11, wherein the one or more first

antibody or antigen binding fragment thereof or the one or more second antibody or antigen-

binding fragment thereof is attached or immobilized to a solid support and the other of the one or

more first antibody or antigen-binding fragment thereof or the one or more second antibody or

antigen-binding fragment thereof is conjugated to a label.

113. The combination of any of embodiments 110-1 12, wherein the label is a fluorescent dye,

a fluorescent protein, a radioisotopes, a chromophores, a metal ion, gold particles, silver

particles, magnetic particles, a polypeptides , an enzyme, streptavidin, biotin, a luminescent

compound, or an oligonucleotide.

114. The combination of any of embodiments 111-113, wherein the solid support is a bead, a

column, an array, an assay plate, a microwell, a stick, a filter, or a strip.

115. A combination, comprising:

at least one anti-UCH-Ll antibody of any one of embodiments 1-32, 76-87,and 96 or a

combination of anti-UCH-Ll antibodies set forth in any one of embodiments 100-104 and 110-

114; and

at least one anti-GFAP antibody of any one of embodiments 33-87 and 97 or a

combination of anti-GFAP antibodies set forth in any one of embodiments 105-114.

116. A solid support, comprising immobilized thereto an antibody or antigen-binding

fragment of any of embodiments 1-87, 96 and 97.

117. The solid support of embodiment 116, wherein the solid support is a bead, a column, an

array, an assay plate, a microwell, a stick, a filter, or a strip.

118. A device comprising the solid support of embodiment 116 or embodiment 117.

119. The device of embodiments 118, wherein the device is a rapid detection device or a rapid

diagnostic device.

120. A kit comprising the antibody or antigen-binding fragment of any one of embodiments 1-

87, 96 and 97, the composition of embodiment 98 or 99 or the combination of any one of

embodiments 100-115, and optionally instructions for use.

121. The kit of embodiment 120, further comprising a solid support or a device comprising a

solid support.

122. The kit of embodiment 121, wherein the solid support is a bead, a column, an array, an

assay plate, a microwell, a stick, a filter, or a strip.

123. The kit of embodiment 121 or embodiment 122, wherein the device is a rapid detection

device or a rapid diagnostic device.



124. The kit of any one of embodiments 120-123, wherein the instructions specify an assay

for detecting UCH-Ll or GFAP in a sample and/or for determining an amount of UCH-Ll or

GFAP in a sample.

125. A method of detecting UCH-Ll in a human subject, the method comprising the steps of:

(a) contacting a sample with one or more first antibody or antigen-binding fragment of

any one of embodiments 1-32, 76-87 and 96 under conditions to form a complex comprising the

antibody or antigen-binding fragment and UCH-Ll; and

(b) detecting the presence or absence of the complex in the sample, thereby detecting

UCH-Ll in the sample.

126. The method of embodiment 125 that is an immunoassay.

127. The method of embodiment 126, wherein the immunoassay is an enzyme-linked

immunosorbent assay (ELISA).

128. The method of embodiment 127, wherein the ELISA is a sandwich ELISA.

129. The method of any of embodiments 125-128, wherein detecting the presence or absence

of the complex in step (b), comprises:

(i) contacting the complex of step (a) with one or more second antibody or

antigen-binding fragments thereof under conditions to bind UCH-Ll in the complex, the one or

more second antibody or antigen-binding fragment thereof being conjugated to a label capable of

producing a detectable signal; and

(ii) assessing the presence or absence of the detectable signal.

130. The method of embodiment 129, wherein the one or more second antibody or antigen-

binding fragment comprises one or more antibody or antigen-binding fragment of any one of

embodiments 1-32, 76-87 and 96.

131. A method of detecting human UCH-Ll in a sample from a subject, the method

comprising:

(a) contacting a sample with one or more first antibody or antigen-binding fragments that

specifically binds human UCH-Ll under conditions to form a complex comprising the antibody

or antigen-binding fragment and UCH-Ll; and

(b) detecting the presence or absence of the complex in the sample, said detecting

comprising:

(i) contacting the complex of step (a) with one or more second antibody or

antigen-binding fragments thereof that specifically binds UCH-Ll under conditions to bind



UCH-Ll in the complex, the one or more second antibody or antigen-binding fragment thereof

being conjugated to a label capable of producing a detectable signal; and

(ii) assessing the presence or absence of the detectable signal, thereby detecting

UCH-Ll in the sample,

wherein at least one of the one or more first antibody or antigen-binding fragments and

one or more of the second antibody or antigen-binding fragments comprise an antibody or

antigen-binding fragment of any one of embodiments 1-32, 76-87 and 96.

132. The method of any of embodiments 129-131, wherein the one or more second antibody

or antigen-binding fragment binds to an epitope of UCH-Ll that is not the same as or does not

overlap with an epitope bound by the antibody or antigen-binding fragment of (a).

133. The method of any of embodiments 129-132, wherein:

(1) the one or more first antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 28-36 of UCH-Ll protein, residues 98-106 of

UCH-Ll protein, residues 138-145 of UCH-Ll protein, and/or residues 142-149 of UCH-Ll

protein corresponding to amino acid positions set forth in SEQ ID NO:207; and

(2) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope that is not the same as or does not overlap with an epitope of (1).

134. The method of any of embodiments 129-132, wherein:

(1) the one or more first antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 28-36 of UCH-Ll protein and/or residues 98-106 of

UCH-Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207; and

(2) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 138-145 of UCH-Ll protein and/or residues 142-

149 of UCH-Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207.

135. A method of detecting GFAP in a human subject, the method comprising the steps of:

(a) contacting a sample with one or more first antibody or antigen-binding fragment of

any one of embodiments 33-87 and 97 under conditions to form a complex comprising the

antibody or antigen-binding fragment and GFAP; and

(b) detecting the presence or absence of the complex in the sample, thereby detecting

GFAP in the sample.

136. The method of embodiment 135 that is an immunoassay.

137. The method of embodiment 136, wherein the immunoassay is an enzyme-linked

immunosorbent assay (ELISA).



138. The method of embodiment 137, wherein the ELISA is a sandwich ELISA.

139. The method of any of embodiments 135-138, wherein detecting the presence or absence

of the complex in step (b), comprises:

(i) contacting the complex of step (a) with one or more second antibody or

antigen-binding fragments thereof under conditions to bind GFAP in the complex, the one or

more second antibody or antigen-binding fragment thereof being conjugated to a label capable of

producing a detectable signal; and

(ii) assessing the presence or absence of the detectable signal.

140. The method of embodiment 139, wherein the one or more second antibody or antigen-

binding fragment comprises one or more antibody or antigen-binding fragment of any one of

embodiments 33-87 and 97.

141. A method of detecting human GFAP in a sample from a subject, the method comprising:

(a) contacting a sample with one or more first antibody or antigen-binding fragments that

specifically binds human GFAP under conditions to form a complex comprising the antibody or

antigen-binding fragment and GFAP; and

(b) detecting the presence or absence of the complex in the sample, said detecting

comprising:

(i) contacting the complex of step (a) with one or more second antibody or

antigen-binding fragments thereof that specifically binds GFAP under conditions to bind GFAP

in the complex, the one or more second antibody or antigen-binding fragment thereof being

conjugated to a label capable of producing a detectable signal; and

(ii) assessing the presence or absence of the detectable signal, thereby detecting

GFAP in the sample,

wherein at least one of the one or more first antibody or antigen-binding fragments

and/or one or more of the second antibody or antigen-binding fragments comprise an antibody or

antigen-binding fragment of any one of embodiments 33-87 and 97.

142. The method of any of embodiments 139-141, wherein the one or more second antibody

or antigen-binding fragment binds to an epitope of GFAP that is not the same as or does not

overlap with an epitope bound by the antibody or antigen-binding fragment of (a).

143. The method of any of embodiments 139-142, wherein:

(1) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 92-106 of GFAP protein, residues 190-202 of GFAP

protein, residues 16-35 and/or 380 of GFAP protein, residues 119 and/or 190 of GFAP protein,



residues 380-391 of GFAP protein, residues 119-130 of GFAP protein, residues 210-221 of

GFAP protein, residues 320-329 of GFAP protein, 346-357 and/or 376-387 of GFAP protein

and/or residues 138-149 of GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212; and

(2) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope that is not the same as or does not overlap with an epitope of (1).

144. The method of any of embodiments 139-142, wherein:

(1) the one or more first antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes amino acid residues 190-202 of GFAP protein

corresponding to amino acid positions set forth in SEQ ID NO:212; and

(2) the one or more second antibody antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 92-106 of GFAP protein, residues 16-35 and/or 380 of

GFAP protein, residues 119 and/or 190 of GFAP protein, residues 380-391 of GFAP protein,

residues 119-130 of GFAP protein, residues 210-221 of GFAP protein, residues 320-329 of

GFAP protein, 346-357 and/or 376-387 of GFAP protein and/or residues 138-149 of GFAP

protein corresponding to amino acid positions set forth in SEQ ID NO:212.

145. The method of any of embodiments 125-144, wherein prior to step (b) separating or

washing the complex formed in step (a) from the sample not comprised in the complex.

146. The method of any of embodiments 125-145, wherein the one or more first antibody or

antigen-binding fragment thereof is attached or immobilized to a solid support.

147. The method of any of embodiments 129-134 and 139-146, wherein prior to step (b)(ii)

removing the one or more second antibody or antigen-binding fragments thereof not bound to

the complex.

148. The method of any of embodiments 125-147, wherein the sample is isolated or obtained

from the individual.

149. The method of any of embodiments 125-148, wherein the sample is serum, plasma,

blood, cerebrospinal fluid (CSF), urine, sweat, or saliva.

150. The method of any of embodiments 125-134 and 145-149, further comprising: (c)

determining the amount of UCH-L1 detected in the sample.

151. The method of any of embodiments 125-150, further comprising: (c) determining the

amount of GFAP detected in the sample.



152. A method of diagnosing brain injury or damage in a subject, the method comprising

performing the method of embodiment 150, thereby determining the amount of UCH-L1 in the

sample; and

(i) if the amount of UCH-L1 in the sample is greater than or equal to or about a UCH-L1

threshold level, diagnosing the subject as having a brain injury or damage or at risk of having a

brain injury or damage; or

(ii) if the amount of UCH-L1 in the sample is below the UCH-L1 threshold level,

diagnosing the subject as not having a brain injury or damage or not being at risk of having a

brain injury or damage.

153. A method of diagnosing brain injury or damage in a subject, the method comprising

performing the method of embodiment 151, thereby determining the amount of GFAP in the

sample; and

(i) if the amount of GFAP in the sample is greater than or equal to or about a GFAP

threshold level, diagnosing the subject as having a brain injury or damage or at risk of having a

brain injury or damage; or

(ii) if the amount of GFAP in the sample is below the GFAP threshold level, diagnosing

the subject as not having a brain injury or damage or not being at risk of having a brain injury or

damage.

154. A method of diagnosing brain injury or damage in a subject, the method comprising:

(a) performing the method of embodiment 150, thereby determining the amount of

UCH-L1 in the sample;

(b) performing the method of embodiment 151, thereby determining the amount of

GFAP in the sample; and

(i) if the amount of UCH-L1 in the sample is greater than or equal to or about a UCH-L1

threshold level and/or if the amount of GFAP in the sample is greater than or equal to or about a

GFAP threshold level, diagnosing the subject as having a brain injury or damage or at risk of

having a brain injury or damage; or

(ii) if the amount of UCH-L1 in the sample is below the UCH-L1 threshold level and/or

if the amount of GFAP in the sample is below the GFAP threshold level, diagnosing the subject

as not having a brain injury or damage or not being at risk of having a brain injury or damage.

155. The method of any of embodiments 152-154, wherein if the subject is identified as

having a brain injury or damage or of being at risk of having a brain injury or damage

administering a therapeutic agent to the subject to treat the brain injury or damage.



156. A method of treating a subject for a brain injury or damage, comprising:

a) performing the method of any of embodiments 152-154; and

b) if the subject is identified as having a brain injury or damage or being at risk of

having a brain injury or damage administering a therapeutic agent to the subject to treat the brain

injury or damage.

157. The method of embodiments 155 or embodiment 156, wherein the therapeutic agent is

selected from a N-methyl-D-aspartate (NMDA) receptor antagonist, a sodium channel

antagonist, a nitric oxide synthase (NOS) inhibitor, a glycine site antagonist, a potassium

channel opener, an AMPA/kainate receptor antagonist, a calcium channel antagonist, a GABA-

A receptor modulator, an anti-inflammatory agent or a combination thereof.

158. The method of any of embodiments 152-154, wherein if the subject is identified as

having a brain injury or damage or of being at risk of having a brain injury or damage, carrying

out neuroimaging on the subject's brain.

159. The method of any of embodiment 152-154, wherein if the subject is identified as not

having a brain injury or damage or not being at risk of having a brain injury or damage,

neuroimaging of the subject's brain is not carried out.

160. A method of predicting if a subject is in need of neuroimaging for a suspected brain

injury or damage, the method comprising:

(a) performing the method of embodiment 150, thereby determining the amount of

UCH-L1 in the sample; and/or

(b) performing the method of embodiment 151, thereby determining the amount of

GFAP in the sample; and

(i) if the amount of UCH-L1 in the sample is greater than or equal to or about a UCH-L1

threshold level and/or if the amount of GFAP in the sample is greater than or equal to or about a

GFAP threshold level, predicting the subject is in need of neuroimaging; or

(ii) if the amount of UCH-L1 in the sample is below the UCH-L1 threshold level and/or

if the amount of GFAP in the sample is below the GFAP threshold level, predicting the subject

is not in need of neuroimaging.

161. A method of predicting if a subject is in need of neuroimaging for a suspected brain

injury or damage, comprising:

a) performing the method of any of embodiments 152-154; and

b) if the subject is identified as having a brain injury or damage or being at risk of

having a brain injury or damage predicting the subject is in need of neuroimaging.



162. The method of embodiment 161, further comprising carrying out the neuroimaging on

the subject's brain.

163. The method of any of embodiments 158, 161 or 162, wherein the neuroimaging is by

computed tomography (CT) or magnetic resonance imaging (MRI).

164. The method of any of embodiments 152 and 154-163, wherein the UCH-L1 threshold

level is or is about 30 pg/mL, is or is about 40 mg/mL, is or is about 60 pg/mL, is or is about 80

pg/mL, is or is about 100 pg/mL, is or is about 150 pg/mL, is or is about 200 pg/mL, is or is

about 250 pg/mL, is or is about 300 pg/mL, is or is about 400 pg/mL or is or is about 500

pg/mL.

165. The method of any of embodiments 152 and 154-164, wherein the UCH-L1 threshold

level is or is about 100 pg/mL.

166. The method of any of embodiments 152 and 154-164, wherein the UCH-L1 threshold

level is or is about 200pg/ml.

167. The method of any of embodiments 153-166, wherein the GFAP threshold level is or is

about 10 pg/mL, is or is about 20 pg/mL, is or is about 30 pg/mL, is or is about 40 pg/mL, is or

is about 50 pg/ml, is or is about 60 pg/mL, is or is about 70 pg/mL, is or is about 80 pg/mL, is or

is about 90 pg/mL, is or is about 100 pg/mL, is or is about 150 pg/mL, is or is about 200 pg/mL,

is or is about 250 pg/mL or is or is about 300 pg/mL.

168. The method of any of embodiments 153-167, wherein GFAP threshold level is or is

about 50 pg/ml.

169. The method of any of embodiments 153-167, wherein GFAP threshold level is or is

about 70 pg/ml.

170. The method of any of embodiments 154-169, wherein the UCH-L1 threshold level is 200

pg/mL and the GFAP threshold level is 70 pg/mL.

171. The method of any of embodiments 152-170, wherein the brain injury or damage is

associated with or caused by mechanical damage, hypoxia, infectious disease, disease affecting

nerve cells, toxin damage or neurological disease or condition.

172. The method of embodiment 171, wherein the mechanical damage is traumatic brain

injury or chronic traumatic encephalopathy.

173. The method of any of embodiments 172, wherein the brain injury or damage is traumatic

brain injury.

174. The method of embodiment 173, wherein the traumatic brain injury is a mild traumatic

brain injury.



175. The method of embodiment 171, wherein the hypoxia is associated with stroke,

vasculitis, ischemia, or cardiac disease.

176. The method of embodiment 171, wherein the infectious disease comprises infection with

a Mycobacterium bacteria, Neisseria meningitidis, a Herpesviridiae virus, a poliovirus, mumps

virus, an Enteroviridiae virus, West Nile virus, or tick-borne encephalitis virus.

177. The method of embodiment 171, wherein the disease affecting nerve cells is Alzheimer's

disease, Lewy body dementia, vascular dementia, diabetic dementia, Parkinson's disease, ALS,

or prion disease.

178. The method of embodiment 171, wherein the toxin damage is associated with exposure

to nerve agents, alcoholic dementia, heavy metal poisoning, psychoactive agents,

chemotherapeutic agents, biological agents, or antibiotics.

179. The method of any of embodiments 125-178, wherein the sample is obtained from the

subject no more than about 30 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 8 hours, 12 hours, 24

hours or 48 hours after a brain injury or damage or a suspected brain injury or damage.

180. The method of any of embodiments 125-179, wherein the sample is obtained from the

subject no more than about 8 hours after a brain injury or damage or a suspected brain injury or

damage.

181. The method of any of embodiments 125-180, wherein the sample is serum.

182. The method of any of embodiments 125-180, wherein the sample is CSF.

183. The method of any of embodiments 125-182 that is performed in vitro.

VIII. EXAMPLES

[0458] The following examples are included for illustrative purposes only and are not

intended to limit the scope of the invention.

Example 1: Generation of mouse anti-UCH-Ll antibodies.

[0459] Antibodies were generated from immunization of mice with recombinant human

UCH-Ll (full length sequence of amino acids set forth in SEQ ID NO:207) and sequenced.

Several strategies were employed for the generation of mouse anti-UCH-Ll antibodies.

[0460] For generation of mouse anti-UCH-Ll antibodies designated UCH-Ll-1 and UCH-

Ll-2, recombinant human UCH-Ll was expressed from E. coli and used as an immunogen.

BALB/c mice or NIH Swiss mice were inoculated with the human UCH-Ll antigen to generate

an immune response. Hybridoma fusions were produced and screened for antibodies that bound



to UCH-L1 using indirect ELISA and sandwich ELISA with either recombinant UCH-L1 or

native UCH-L1 obtained from cerebrospinal fluid (CSF).

[0461] For generation of the mouse anti-UCH-Ll antibody designated UCH-Ll-13, affinity-

purified recombinant human UCH-L1 mixed with Sigma Adjuvant System adjuvant (Catalog

No. S6322) was used for immunization of BALB/c mice or NIH Swiss mice. Hybridoma fusions

were produced and screened by western blot for antibodies that bound to recombinant human

UCH-L1 or UCH-L1 from rat brain lysate as well as screened by indirect ELISA with

recombinant UCH-L1.

[0462] For all other mouse anti-UCH-Ll antibodies (i.e., UCH-Ll-5, UCH-Ll-3, UCH-L1-

11, UCH-Ll-12, UCH-Ll-4, UCH-Ll-6, UCH-Ll-7, UCH-Ll-8, UCH-Ll-9, and UCH-Ll-10),

a strategy was employed to identify antibodies that bind to an epitope that is distinct from that

bound by antibody UCH-Ll-1 (VH chain set forth in SEQ ID NO:51 and the VL chain set forth

in SEQ ID NO:64). In this approach, g of recombinant human UCH-L1 expressed from E.

coli was mixed with g of antibody UCH-Ll-1 and rotated overnight at 4°C to form immune

complexes, then conjugated to KLH (keyhole limpet hemocyanin) and mixed with Freund's

adjuvant for injection in mice. For the second and third injections the process was the same

except incomplete Freund's adjuvant was used. For the final boost, unconjugated recombinant

human UCH-L1 was injected in the mice. Hybridoma fusions were produced and screened for

antibodies that bound to UCH-L1 using indirect ELISA and sandwich ELISA with either

recombinant UCH-L1 or native UCH-L1 obtained from CSF.

[0463] Antibodies that bound to human UCH-L1 protein during screening were identified

and are set forth in Table 3 . Epitope mapping to regions of UCH-L1 and isotype specificity

experiments also were performed to further characterize the antibodies as set forth in Table 3 .

Table 3. Isotype of mouse anti-UCH-Ll antibodies



UCH-Ll-9 IgG2b isotype 28-36
UCH-Ll-10 IgG2b isotype 28-36
UCH-Ll-11 IgG2b isotype 28-36
UCH-Ll-12 IgG2a isotype 28-36
UCH-Ll-13 IgM isotype 98-106

[0464] The affinities of the antibodies that bound to human UCH-Ll protein were

determined and are set forth in Table 4 . The rates of association k ) and dissociation ( 0ff) of

the anti-UCH-Ll antibodies were determined by bio-layer interferometry using an Octet QKe

instrument according to the manufacturer's instructions (ForteBio). See Tobias et al.,

Biomolecular Binding Kinetic Assays in the Octet Platform, Application Note 14, ForteBio, Div.

of Pall Life Sciences, 2013. Polyhistidine-tagged recombinant human UCH-Ll expressed from

E. coli was used as the antigen. The antigen was bound at a concentration of 8.3 g/ml to an

anti-Penta-HIS(HISlK) capture biosensor containing an anti-histidine antibody (ForteBio) for

use with the Octet QKe instrument. The sensor was then incubated with increasing

concentrations of a tested anti-UCH-Ll antibody with concentrations ranging from about 0.006

to about 0.16 µΜ to obtain affinity measurements.

Table 4. Affinities of mouse anti-UCH-Ll antibodies

[0465] Exemplary antibodies were sequenced and SEQ ID NOs are set forth in Table 5 and

Table 6 .



Table 5. Amino acid sequences of CDRs from mouse anti-UCH-Ll antibodies

'Amino acid sequences shown according to Kabat numbering.



Table 6. Amino acid sequences of variable regions of mouse anti-UCH-Ll antibodies

Example 2 : Generation of mouse anti-GFAP antibodies.

[0466] Antibodies were generated from immunization of mice with human GFAP (full

length sequence of amino acids set forth in SEQ ID NO:212) and sequenced. Several strategies

were employed for the generation of mouse anti-GFAP antibodies.

[0467] For generation of the mouse anti-GFAP antibodies designated GFAP-2 anti-GFAP

antibody, recombinant denatured human GFAP was used as an immunogen. BALB/c mice or

NIH Swiss mice were inoculated with the human GFAP antigen to generate an immune

response. Hybridoma fusions were produced and screened for antibodies that bound to GFAP

using indirect ELISA and sandwich ELISA with either recombinant GFAP or native GFAP

obtained from cerebrospinal fluid (CSF).

[0468] For generation of the mouse anti-GFAP antibodies designated GFAP-1 anti-GFAP

antibody, recombinant human GFAP mixed with Freund' s complete adjuvant was used for

immunization of BALB/c mice or NIH Swiss mice. Hybridoma fusions were produced and

screened for antibodies that by indirect ELISA or sandwich ELISA with recombinant GFAP.

[0469] For all other anti-GFAP antibodies (i.e., GFAP-3, GFAP-4, GFAP-5, GFAP-6,

GFAP-7, GFAP-8, GFAP-9, GFAP-10, GFAP-1 1, GFAP-12, GFAP-13, GFAP-14, GFAP-15,

GFAP-16, GFAP-17, GFAP-18, and GFAP-19), g of recombinant human GFAP expressed

from E. coli was mixed with g of GFAP-2 antibody (VH chain set forth in SEQ ID NO: 173

and the VL chain set forth in SEQ ID NO: 190) and rotated overnight at 4°C to form immune

complexes, then conjugated to KLH and mixed with Freund' s adjuvant for injection in mice. For

the second and third injections the process was the same except incomplete Freund' s adjuvant

was used. For the final boost, unconjugated recombinant human GFAP was injected in the mice.

Hybridoma fusions were produced and screened for antibodies that bound to GFAP using



indirect ELISA and sandwich ELISA with either recombinant GFAP or native GFAP obtained

from CSF.

[0470] Antibodies that bound to human GFAP protein during screening were identified and

are set forth in Table 7 . Epitope mapping to regions of GFAP and isotype specificity

experiments also were performed to further characterize the antibodies as set forth in Table 7 .

Table 7. Isotype of mouse anti-GFAP antibodies

[0471] The affinities of the antibodies that bound to human GFAP protein were determined

and are set forth in Table 8. The rates of association k ) and dissociation ( 0ff) of the anti-

GFAP antibodies were determined by bio-layer interferometry using an Octet QKe instrument

according to the manufacturer's instructions (ForteBio). See Tobias et ah, Biomolecular Binding

Kinetic Assays in the Octet Platform, Application Note 14, ForteBio, Div. of Pall Life Sciences,

2013. Polyhistidine-tagged recombinant human GFAP expressed from E. coli was used as the

antigen. The antigen was bound at a concentration of 8.3 g/ml to an anti-Penta-HIS(HISlK)

capture biosensor containing an anti-histidine antibody (ForteBio) for use with the Octet QKe

instrument. The sensor was then incubated with increasing concentrations of a tested anti-GFAP



antibody with concentrations ranging from about 0.006 to about 0.5 µΜ to obtain affinity

measurements.

Table 8. Affinities of mouse anti-GFAP antibodies

[0472] Exemplary antibodies were sequenced and SEQ ID NOs are set forth in Table 9 and

Table 10.

Table 9. Amino acid sequences of CDRs from mouse anti-GFAP antibodies





GFAP-19 RASQNISDFLH YASQSIS QNGHSFPPT
SEQ ID NO: 141 SEQ ID NO: 156 SEQ ID NO: 171

Amino acid sequences shown according to Kabat numbering.

Table 10. Amino acid sequences of variable regions of mouse anti-GFAP antibodies

Example 3 : Diagnostic detection of UCH-Ll and/or GFAP in traumatic brain injury

patients

[0473] The ability of exemplary generated anti-UCH-Ll antibodies and anti-GFAP

antibodies to detect human UCH-Ll and human GFAP, respectively, in serum of human subjects

known or suspected of having a mild or moderate concussion was assessed by ELISA. Samples

from 266 lightly concussed patients were obtained. The samples were obtained from the patients

no more than 8 hours after injury. Each sample was diluted with a diluent containing Tween-20,

mouse IgG isotype antibody, casein and buffer.

[0474] For each assay, a sandwich ELISA was used in which a "capture antibody" was

coated onto wells of a 96-well plate. The capture antibody was contacted with the protein

antigen by addition of a biological sample (e.g. serum) in duplicate or standard curve in triplicate

to wells under conditions to capture/concentrate/hold the antigen. Then, a labeled "detection

antibody" able to bind to a distinct or non-overlapping epitope on the UCH-Ll or GFAP antigen

from the capture antibody was added to detect the captured antigen. The signal was read on a

luminometer and the amount of protein antigen contained in the serum was quantitated by

comparison to the standard curve.



[0475] The subjects all had received a computed tomography (CT) scan for assessing the

brain injury. 60 of the 266 patients tested positive for traumatic brain injury (TBI) after

assessment with a CT scan while 206 of the 266 patients tested negative for TBI by CT scan.

The sensitivity of detection of UCH-L1 and/or GFAP was correlated to the CT results.

A. UCH-L1

[0476] In one exemplary assay, two anti-UCH-Ll antibodies, UCH-Ll-1 and UCH-Ll-2,

were used as capture antibodies and were adsorbed to wells in a 96-well microplate (Nunc,

Maxisorp) at about 10 g/ml per each antibody in a volume of 100 µ ΐ per well. The microplate

was blocked with casein (SurModics) in preparation for incubation with a sample.

[0477] The patient samples or the antigen standard (recombinant UCH-L1) at 0 -1280 pg/mL

for standard curve were then added to the microplate and the microplate was incubated for 1

hour. After incubation, the microplate was washed and a horseradish peroxidase (HRP)-labeled

anti-UCH-Ll detection antibody, UCH-Ll-5, was added to each well of the microplate at a

concentration of about 200 ng/mL +/- 20%. The microplate was incubated for 1 hour. After

incubation, the microplate was washed and the bound HRP was detected by addition of a

luminol containing substrate (SurModics Sensitive Plus). The signal was read by placing the

microplate in a luminometer. The signal emitted by the sample wells was compared to the signal

emitted by control wells containing known amounts of recombinant UCH-L1 protein. The

signal emitted by the control wells was used to establish a calibration curve for assessing the

amount of UCH-L1 in each tested sample (see Table 11) and the amount of UCH-L1 in each

sample was quantitated.

B. GFAP

[0478] In one exemplary assay, an anti-GFAP antibody, GFAP-2, was used as a capture

antibody and was adsorbed to wells in a 96-well microplate (Nunc, Maxisorp) at about 2 g/mL.

The microplate was blocked with casein (SurModics) in preparation for incubation with a

sample.

[0479] The patient samples or the antigen standard (GFAP purified from human brain) at 0-

640 pg/mL for standard curve were then added to the microplate and the microplate was

incubated for 1 hour. After incubation, the microplate was washed and a horseradish peroxidase

(HRP)-labeled anti-GFAP antibody, GFAP-6, was added to each well of the microplate at a

concentration of about 200 ng/mL +/- 20%. The microplate was incubated for 1 hour. After

incubation, the microplate was washed and the bound HRP was detected by addition of a

luminol containing substrate (SurModics Sensitive Plus). The signal was read by placing the



microplate on a luminometer. The signal emitted by the sample wells was compared to the

signal emitted by control wells containing known amounts of native GFAP protein purified from

human brain. The signal emitted by the control wells was used to establish a calibration curve

for assessing the amount of GFAP in each tested sample (see Table 11) and the amount of GFAP

in each sample was quantitated.

C. Results

[0480] Table 11 sets forth the results of exemplary calibration (standard) curves based on the

UCH-L1 and GFAP standards used in the above assays.

Table 11. Calibration curves

[0481] The standard curves were compared to the signal from samples from the 266 lightly

concussed patients and used to quantitate the amount of UCH-L1 and GFAP protein in the

samples. The results are set forth in Table 12, which showed that UCH-L1 and/or GFAP were

detected in patient samples. Shaded cells under column 2 (i.e., UCH-L1 pg/ml) indicate amount

of UCH-L1 under a cut-off value of 200 pg/mL or less and shaded cells under column 5 (i.e.,

GFAP pg/ml) indicate amount of GFAP under cut-off value of 70 pg/mL or less. Shaded cells

under column 7 (i.e., CT Scan Result) indicate false negative patients that were predicted to test

negative for concussion by CT scan based on both GFAP and UCH-L1 measured amounts

falling under their respective cut-off values but tested positive upon CT scan, as discussed

further below.

Table 12. UCH-L1 and GFAP levels in samples from 266 concussed patients

UCH-L1 UCH-L1 GFAP GFAP GFAP CT Scan
Subject ID

pg ml %cv %cv pg/mL Result Result

41009 >1280 0% 2% 229 POS















Pos indicates positive; Neg indicates negative; and CV indicates coefficient of variation.

[0482] The results from the ELISA were compared to the CT results. As shown in Table 13,

it was found that a sensitivity criteria or cut-off based on detection of both UCH-Ll greater

than or about 200 pg/mL and GFAP of greater than or about 70 pg/mL correlated with the CT

results. By these criteria, 57 of the 60 patients that tested positive for TBI by a CT scan were

correctly identified as patients with TBI using the assay with the anti-UCH-Ll and anti-GFAP

antibodies. 66 of the 266 patients that tested negative for TBI by a CT scan were correctly

identified as patients without TBI using the assay with the anti-UCH-Ll and anti-GFAP

antibodies. Thus, these results demonstrated that if a subject has a UCH-Ll value less than 200

pg/mL and a GFAP value less than 70 pg/mL, the subject does not need a CAT scan. Thus, in

some embodiments, the methods can identify or predict subjects who will need a CT scan.

Example 4 : Evaluation of detection capability for UCH-Ll and GFAP by immunoassay

[0483] The ability of exemplary generated anti-UCH-Ll antibodies and anti-GFAP

antibodies to detect human UCH-Ll and human GFAP, respectively, in serum of human subjects

was assessed by an immunoassay. UCH-Ll or GFAP concentrations in human serum were

measured using a 96-well microplate immunochemical chemiluminescent assay. Both UCH-Ll

and GFAP assays were based on the chemiluminescent sandwich immunoassay technique as

described above in Example 3, which used both capture and detection antibodies that recognize

different epitopes on the target analyte (i.e., UCH-Ll or GFAP).

[0484] Generally, samples (i.e., clinical specimens, controls, or standards) were pipetted into

wells of a 96-well microplate that was coated with either a UCH-Ll -specific mouse monoclonal

antibody or GFAP-specific mouse monoclonal antibody that captured the target analyte (i.e.,



UCH-Ll antigen or GFAP antigen, respectively), thereby immobilizing the target analyte to the

well. After washing away any unbound proteins, a second UCH-Ll-specific mouse monoclonal

antibody or GFAP-specific mouse monoclonal antibody, which had been conjugated to the

enzyme horseradish peroxidase (HRP), was added to the well. The HRP-conjugated antibody

completed the immunochemical sandwich. After washing away unbound HRP-conjugated

antibody, a chemiluminescent substrate was added to the well. The HRP enzyme catalyzed a

specific reaction with the chemiluminescent substrate and produced light at 300nm to 700 nm,

which was detected with a 96-well plate-based luminometer. The amount of light generated was

proportional to the amount of conjugated antibody in the well. The results from the wells

containing standards were used to create a dose-response curve to quantify the amount of target

analyte (i.e., UCH-Ll antigen or GFAP antigen) in the sample.

A. Detection capability for UCH-Ll by immunoassay

Study Methodology

[0485] In one exemplary assay, the Lower Level of Quantification (LLoQ) and Upper Level

of Quantification (ULoQ) was assessed by measuring a seven member panel containing UCH-

Ll concentrations spanning the reportable range of the assay. Within laboratory precision was

estimated by testing the seven member panel with three operators, three kit lots for five days

with one run per day at one site. Each panel member was tested in four measurements per run

resulting in sixty measurements for each panel member per kit lot.

[0486] Two anti-UCH-Ll antibodies, UCH-Ll-1 and UCH-Ll-2, were used as capture

antibodies and were adsorbed to wells in a 96-well microplate (Nunc, Maxisorp) at about 10

g/ml per each antibody in a volume of 100 per well. The microplate was blocked with

casein (SurModics) in preparation for incubation with a sample containing the antigen standard.

The antigen standard (i.e., recombinant UCH-Ll) was added to the microplate at concentrations

spanning the reportable range of the assay and the microplate was incubated for 1 hour. After

incubation, the microplate was washed and a horseradish peroxidase (HRP)-labeled anti-UCH-

Ll detection antibody, UCH-Ll-5, was added to each well of the microplate at a concentration

of about 200 ng/mL +/- 20% adjustment. The microplate was incubated for 1 hour. After

incubation, the microplate was washed and the bound HRP was detected by addition of a

luminol containing substrate (SurModics Sensitive Plus). The signal was read by placing the

microplate in a luminometer. The amount of UCH-Ll in each sample was quantitated.

Statistical Analysis



[0487] The analysis was performed in accordance with CLSI EP17-A2 Evaluation of

Detection Capability for Clinical Laboratory Measurement procedures: Approved Guideline-

Second Edition. Analytical precision estimates were generated for the entire Level of

Quantification (LoQ) dataset. A two-factor Restricted Maximum Likelihood (REML) model

was generated to obtain within-laboratory variance component estimates for the precision profile

model.

Results

[0488] A summary of the two-factor nested model is found in Table 14.

Table 14. Variance Components



[0489] Precision profiles using within-laboratory precision as CV and mean measured

concentrations of the panel members were generated (Table 15).

Table 15. LoQ Precision Profile Results

[0490] These results demonstrated that the LoQ (e.g., measurable range) spans the reportable

range for the UCH-L1 assay (i.e., 80 pg/mL to 2560 pg/mL).

B. Detection capability for GFAP by immunoassay

Study Methodology

[0491] In one exemplary assay, the Lower Level of Quantification (LLoQ) and Upper Level

of Quantification (ULoQ) was assessed by measuring a seven member panel containing GFAP

concentrations spanning the reportable range of the assay. Within laboratory precision was

estimated by testing the seven member panel with three operators, three kit lots for five days

with one run per day at one site. Each panel member was tested in four measurements per run

resulting in sixty measurements for each panel member per kit lot.

[0492] An anti-GFAP antibody, GFAP-2, was used as a capture antibody and was adsorbed

to wells in a 96-well microplate (Nunc, Maxisorp) at about 2 g/mL. The microplate was

blocked with casein (SurModics) in preparation for incubation with a sample. The antigen

standard (GFAP purified from human brain) was added to the microplate at concentrations

spanning the reportable range of the assay. The microplate was incubated for 1 hour. After

incubation, the microplate was washed and a horseradish peroxidase (HRP)-labeled anti-GFAP

antibody, GFAP-6, was added to each well of the microplate at a concentration of about 200

ng/mL +/- 20% adjustment. The microplate was incubated for 1 hour. After incubation, the

microplate was washed and the bound HRP was detected by addition of a luminol containing

substrate (SurModics Sensitive Plus). The signal was read by placing the microplate on a

luminometer. The amount of GFAP in each sample was quantitated.

Statistical Analysis

[0493] The analysis was performed in accordance with CLSI EP17-A2 Evaluation of

Detection Capability for Clinical Laboratory Measurement procedures: Approved Guideline-

Second Edition. Analytical precision estimates were generated for the entire Level of

Quantification (LoQ) dataset. A two-factor Restricted Maximum Likelihood (REML) model



was generated to obtain within-laboratory variance component estimates for the precision profile

model.

Results

[0494] A summary of the two-factor nested model is found in Table 16.

Table 16. Variance Components

[0495] Precision profiles using within-laboratory precision as CV and mean measured

concentrations of the panel members were generated (Table 17).



Table 17. LoQ Precision Profile Results

[0496] These results demonstrated that the LoQ (e.g., measurable range) spans the reportable

range for the GFAP assay (i.e., 10 pg/mL to 320 pg/mL).

[0497] The present invention is not intended to be limited in scope to the particular disclosed

embodiments, which are provided, for example, to illustrate various aspects of the invention.

Various modifications to the compositions and methods described will become apparent from

the description and teachings herein. Such variations may be practiced without departing from

the true scope and spirit of the disclosure and are intended to fall within the scope of the present

disclosure.



SEQUENCES

Amino acid sequence of mouse UCH-Ll-1 heavy chain variable domain

QVQLQQPGSELVRPGASVKLSCKASGYTFTSYWMHWVKQRPGQGLEWIGNIYPGSGST

NYDEKFKSKATLTVDTSSSTAYMQLSSLTSEDSAVYYCTREDYWGQGTTLTVSS (SEQ

ID NO:51)

Amino acid sequence of mouse UCH-Ll-2 heavy chain variable domain

EVMLVESGGGLVKPGGSLKLSCAASGFIFSSHAMSWIRQIPEKRLEWVATISSGGSNTYY

PDSVKGRFTISRDNAKNILYLQMSSLRSEDTAIYYCTRHGEVRRGYYFDYWGQGTTLTV

SS (SEQ ID NO:52)

Amino acid sequence of mouse UCH-Ll-3 heavy chain variable domain

QVQLQQPGSELVRPGASVKLSCRASGYTFTSYWIHWVKQRHGQGLEWIGNIYPGS GITN

YDEKFKTKGTLTVDTSSSTVYMHLISLTSEDSAVYYCTREDYWGQGTTLTVSS (SEQ ID

NO:53)

Amino acid sequence of mouse UCH-Ll-4 heavy chain variable domain

AVQLQQSGPELVKPGASVKISCKTSGDTFTEHFMNWVKQSHGESLEWIGIINPYTDGTN

YDQKFKDKATLTVDKSSSTAYMELRSLTSEDSAVYYCARWGGDGEGYWGQGTTLTVS

S (SEQ ID NO:54)

Amino acid sequence of mouse UCH-Ll-5 heavy chain variable domain

EVKLVESGGGSVQPGGSLSLSCAASGFTFTEYYMSWVRQFPGKALEWLAFIRNRAHGY

TTEYSASVKGRFTISRDNSQSILYLQMNALRTEDSATYYCASSYGAPFAYWGQGTLVSV

SA (SEQ ID NO:55)

Amino acid sequence of mouse UCH-Ll-6 heavy chain variable domain

EVQLQQSGPELVKPGASVKISCKTSGYTFTEYTMHWVKQSHGKSLDWIGGINPNNGRT

SYNQKFKGKATLTVDKSSSTAYMDFRSLTSEDSAVYYCARRLGRGFYFD YWGQGTTLT

VSS (SEQ ID NO:56)

Amino acid sequence of mouse UCH-Ll-7 heavy chain variable domain



EVQLQQSGPELVKPGASVKISCKTSGYTFTEYTMHWVKQSHGKSLDWIGGINPNNGRT

SYNQKFKGKATLTVDKSSSTAYMELRSLTSEDSAVYYCARRLGRGFYFDYWGQGTTLT

VSS (SEQ ID NO:57)

Amino acid sequence of mouse UCH-Ll-8 heavy chain variable domain

EVQLQQSGPDLVKPGTSVKISCKTSGYTFTEYTMHWVKQSHGRSLEWIGGLNPNNGRT

SYNQKFKGKATLTVDKSSSIAYMELRSLTSEDSAVYYCARRLGRGFYFDYWGQGTTLT

VSS (SEQ ID NO:58)

Amino acid sequence of mouse UCH-Ll-9 heavy chain variable domain

EVQLQQSGPELVKPGASVKISCKTSGYTFTEYTMHWVKQSHGKSLDWIGGINPNNGRT

SYNQKFKGKATLTVDKSSSTAYMELRSLTSEDSTVYYCARRLGRGFYFDYWGQGTTLT

VSS (SEQ ID NO:59)

Amino acid sequence of mouse UCH-Ll-10 heavy chain variable domain

EVQLQQSGPDLVKPGTSVKISCKTSGYTFTEYTMHWVKQSHGRSLEWIGGFNPNNGRT

SYNQKFKGKATLTVDKSSSTAYMELRSLTSEDSAVYYCSRRLYRGFYFDYWGQGTTLT

VSS (SEQ ID NO:60)

Amino acid sequence of mouse UCH-Ll-11 heavy chain variable domain

EVQLVESGGGLVKPGGSLKLSCAASGFTFSRYAMSWVRQTPEKRLEWVATISTAGSYT

YYPDSVKGRFTISRDNAKNTLYLQMSSLRSEDTALYYCARQGTGTYAMDYWGQGTSV

TVSS (SEQ ID NO:61)

Amino acid sequence of mouse UCH-Ll-12 heavy chain variable domain

EVQLVESGGGLVKPGGSLKLSCAASGFTFSKNAMSWVRQTPEKRLEWVATISTGGTYT

YYPDSVKGQFTISRDNAKNTLYLQMSSLRSEDTAMYFCARQRTGTYAMDHWGQGTSV

TVSS (SEQ ID NO:62)

Amino acid sequence of mouse UCH-Ll-13 heavy chain variable domain

QVQLQQPGSELVRPGASVKLSCKASGYTFTSYWMHWVKQRPGQGLEWIGNI YPGSGTT

NYDEKFKSKATLTVDTSSSTAYMQLNSLTSEDSAVYYCTREDYWGQGTTLTVSS (SEQ

ID NO:63)



Amino acid sequence of mouse UCH-Ll-1 light chain variable domain

DVLMTQTPLSLPVSLGDQASISCRSSQNIVHSNGNTYLEWYLQKPGQSPKLLIYKVSNRF

SGVPDRFSGSGSGTDFTLKISRVEAEDLGVYYCFQGSHVPFTFGSGTKLEIK (SEQ ID

NO:64)

Amino acid sequence of mouse UCH-Ll-2 light chain variable domain

DIQMTQTPSSLSASLGDRVTISCSASQGITNYLNWYQQKPDGTVKLLIYYTSSLHSGVPS

RFSGSGSGTDYSLTISNLEPEDFATYYCQHYSNLPWTFGGGTKLEIK (SEQ ID NO:65)

Amino acid sequence of mouse UCH-Ll-3 light chain variable domain

DVLMTQTPLSLPVSLGDQASISCRSSQSrVHSNGNTYLEWYLQKPGQSPKLLIYKVSNRF

SGVPDRFSGSGSGTDFTLKISGVETEDLGVYYCFQGSHVPFTFGGGTKLEIK (SEQ ID

NO:66)

Amino acid sequence of mouse UCH-Ll-4 light chain variable domain

DIVMTQAAPSVSVTPGESVSISCRSSKSLLHSNGNTYLYWFLKRPGQS PQLLIYRMSNLA

SGVPDRVSGSGSGTAFTLRISRVEAEDVGIYYCMQHLEYPLTFGAGTKLELK (SEQ ID

NO:67)

Amino acid sequence of mouse UCH-Ll-5 light chain variable domain

DIVMTQAAPSVPVTPGESVSISCRSSKSLLHSDGNTYLYWFLQRPGQSPQLLIYRMSNLA

SGVPDRFSGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPLTFGAGTKLELK (SEQ ID

NO:68)

Amino acid sequence of mouse UCH-Ll-6 light chain variable domain

DIVLTQSPASLAVSLGQRATISCRASESVESYGNNLIHWYQQKLGQPPKLLIYLS SNLEPG

IPARFSGRGSRTDFTLTINPVEADDVATYYCQQSNGDPYTFGGGTKLEIR (SEQ ID

NO:69)

Amino acid sequence of mouse UCH-Ll-7 light chain variable domain



DIVLTQSPASLAVSLGQRATISCRASESVDSYGNNLMHWYQQKPGQPPKLLIYLS SNLES

GIPARFSGRGSRTDFTLTINPVEADDVATYYCQQSNGDPYTFGGGTKLEIK (SEQ ID

NO:70)

Amino acid sequence of mouse UCH-Ll-8 light chain variable domain

DIVLTQSPASLAVSLGQRATISCRASESVDSYGNNLMHWYQQKPGQSPKLLIYRASNLE

SGIPGRFSGRGSRTDFTLTINPVEADDVATYYCQQSNGDPYTFGGGTKLEIK (SEQ ID

NO:71)

Amino acid sequence of mouse UCH-Ll-9 light chain variable domain

DIVLTQSPASLAVSLGQRATISCRASESVDSYGNNFMHWYQQKPGQPPKLLIYLS SNLES

GIPARFSGRGSRTDFTLTINPVEADDVATYYCQQSNGDPYTFGGGTKLEMK (SEQ ID

NO:72)

Amino acid sequence of mouse UCH-Ll-10 light chain variable domain

DIVLTQSPASLAVSLGQRATISCRASESVDSYGNNLMHWYQQKPGQSPKLLIYRASNLE

SGIPGRFSGRGSRTDFSLTINPVEADDVATYYCQQSNGDPYTFGGGTKLEIK (SEQ ID

NO:73)

Amino acid sequence of mouse UCH-Ll-11 light chain variable domain

DIQMTQSPASLSASVGETVTITCRASGNIHNYLAWYQQNQGKSPQLLVYNAKTLADGV

PSRFSGSGSGTQYSLKINRLQPEDFGSYYCQHFWSTTWTFGGGTKLEIK (SEQ ID NO:74)

Amino acid sequence of mouse UCH-Ll-12 light chain variable domain

DIQMTQSPASLSASVGETVTITCRASGNIHNYLAWYQQKQGKSPQLLVYNANTLADGV

PPRFSGSGSGTQYSLKVNSLQPEDFGNYYCQHFWSTTWTFGGGTRLEIK (SEQ ID

NO:75)

Amino acid sequence of mouse UCH-Ll-13 light chain variable domain

DVLMTQSPLSLPVSLGDQASISCRSSQNIVHSNGNTYLEWYLQKPGQSPKLLIYKVSNRF

SGVPDRFSGSGSGTDFTLKISRVEAEDLGVYYCFQGSHVPYTFGGGTKLEIK (SEQ ID

NO:76)



Amino acid sequence of mouse GFAP-1 heavy chain variable domain

EVHLQQS GTVLARPG ASVKMSCKASGYSFTSYWMHW VKQRPGQGLE WIGAFYPENSD

TNYNQKFKGKARLTAVTSANTAYMELNSLTNEDSAVYYCTRPLLFSAYFDFWGQGTTL

TVSS (SEQ ID NO:172)

Amino acid sequence of mouse GFAP-2 heavy chain variable domain

DVQLVES GGGLVQPGGS RKLSCAASGFTFSSFGMHW VRQAPEKGLEW VAYISSGSSIIY

YADTVKGRFTISRDNPKNTLFLQMTSLRSEDTAMYYCTGSDWGSFAYWGQGTLVTVS

A (SEQ ID NO:173)

Amino acid sequence of mouse GFAP-3 heavy chain variable domain

EVKLEESGGGLVQPGGSMKLSCVASGFTFTNYWMSWVRQSPEKGLEWVAQIRLKSDN

YATHYAESVKGRFTISRDDSKSSVYLQMNNLRAEDTGIYYCTGGEFLSWFAYWGQGTL

VTVSA (SEQ ID NO: 174)

Amino acid sequence of mouse GFAP-4 heavy chain variable domain

EVQLLQS GTVLARPG ASVKMSCKASGYSFTSYWMHWIKQRPGQGLEWIG AIHPGNRDT

SYNQKFKDKAKLT AVTSASTAYMELSSLTNEDS AVYFCTRED YWGQGTTLT VSS (SEQ

ID NO: 175)

Amino acid sequence of mouse GFAP-5 heavy chain variable domain

EVQLVES GGGLVKPGGS LKLSCAASGFTFSAYGMHW VRQAPEKGLE WIAYISSGSSTIY

YADTVKGRFTIS RDNAKNTLFLQMTS LRSEDTAMYYCASSYALDYWGQGTS VTVSS

(SEQ ID NO: 176)

Amino acid sequence of mouse GFAP-6 heavy chain variable domain

EVQLQQSGAEFVKPGASVKLSCTASGFNIKDTDMHWVRQRPEQGLESIGLIDPAIGNTK

YDPKFQGKATITADTSSNAAYLQLSSLTSEDTAVYYCARSDRYLAWFAYWGQGTLVTV

SA (SEQ ID NO: 177)

Amino acid sequence of mouse GFAP-7 heavy chain variable domain



EVQLLQS GTVLARPG ASVKMSCKASGYSFTSYWMHWIKQRPGQGLEWIG AIHPGNRDT

SYNQKFKDKAKLT AVTSASTAYMELS SLTNEDS AVYFCTRED YWGQGTTLT VSS (SEQ

ID NO: 175)

Amino acid sequence of mouse GFAP-8 heavy chain variable domain

EVQLLQS GTVLARPG ASVKMSCKASGYSFTSYWMHWIKQRPGQGLEWIG AIHPGNRDT

SYNQKFKDKAKLT AVTSASTAYMELS SLTNEDS AVYFCTRED YWGQGTTLT VSS (SEQ

ID NO: 175)

Amino acid sequence of mouse GFAP-9 heavy chain variable domain

DVQLQESGPGLVKPSQSLSLTCSVTGYSITSGFYWSWIRQFPGNKLEWMGYISYDGSNN

YNPSLKNRISITRDTSKNQFFLKLNSVTTEDTATYYCARAYGYDGAWFAYWGQGTLVT

VSA (SEQ ID NO: 178)

Amino acid sequence of mouse GFAP-10 heavy chain variable domain

EVKLVESGGGLVKPGGSLKLSCAASGFTFSYYAMSWVRQTPEKRLEWVASISSGGTTY

HPDSVKGRFTISRDNARNILYLQMSSLRSEDTAMYYCARGGHWYFDVWGAGTTVTVS

S (SEQ ID NO: 179)

Amino acid sequence of mouse GFAP-1 1 heavy chain variable domain

QIQLVQS GPELKKPGET VKISCKASGYTFTN YGMNW VKQAPGEGLKWMGWINTNIGEP

TYAEEFKGRFAFSLEASASTAYLQINNLKNEDTATYFCARWKNYGYFDYWGQGTTLTV

SS (SEQ ID NO: 180)

Amino acid sequence of mouse GFAP-12 heavy chain variable domain

QVQLQQS GAELMKPG ASVKISCKATGYTFSNYWIEW VKQRPGHGLEWIGEILPGS GST

NYNEKFKGKATFTADTSSNTAYMQLSSLTSEDSAVYYCAIYYGNYAGAMDYWGQGTS

VTVSS (SEQ ID NO: 181)

Amino acid sequence of mouse GFAP-13 heavy chain variable domain

EVLLQQS GPELVKPG ASVKMSCKTSGYTFANYIMHWVKQTPGQGLE WIGFINP YNDYT

EYNEKFKGKATLTSDKSSSTAYMEFSGLTSEDSAVYYCSTATFAYWGQGTLVTVSA

(SEQ ID NO: 182)



Amino acid sequence of mouse GFAP-14 heavy chain variable domain

DVQLVESGGGSVQPGGSRKLSCAASGFTFSSFGMHWVRQAPEKGLEWVAYISSDSNTV

YYADTVKGRFTISRDNPKNTLFLQMTSLRSEDTAMYYCARYAMDYWGQGTSVTVSS

(SEQ ID NO:183)

Amino acid sequence of mouse GFAP-15 heavy chain variable domain

DVQLVESGGGLLEPGGSRKLSCAASGFTFSSFGMHWVRQAPEKGLEWVAYISSGSRTIF

YADTVKGRFTISRDNPKNTLFLQMTSLRSGDTAMYYCVRGGYGSSFDYWGQGTTLTVS

S (SEQ ID NO:184)

Amino acid sequence of mouse GFAP-16 heavy chain variable domain

QVQLQQSDAELVKPGASVKISCKASGYTFTDHTIHWVKQRPEQGLEWIGYIYPGDGSTK

YNEKFKGKATLTADKSSSTVYMQLNSLTSEDSAVYFCARPAPYWNFDVWGAGTTVTV

SS (SEQ ID NO:185)

Amino acid sequence of mouse GFAP-17 heavy chain variable domain

EVKLEESGGGLVQPGGSMKLSCVASGFTFSYYWMSWVRQSPEKGLEWIAEIRLKSNIY

ATHYAASVKGRFTISRDDSKSSVYLQMNNLRAEDTGIYFCTRFGTGAMDYWGQGTSVT

VSS (SEQ ID NO:186)

Amino acid sequence of mouse GFAP-18 heavy chain variable domain

EVILVESGGGLVKPGGSLKVSCAVSGFTFSNFAMSWVRQTPEKRLEWVASISSGGTTYY

PDNVKGRFTISRDNARNIMYLQMSSLRSEDTAMYFCARGGLHYFGYWGQGTTLTVSS

(SEQ ID NO:187)

Amino acid sequence of mouse GFAP-19 heavy chain variable domain

EVQLVESGGGLVKPGGSPKLSCAASGFAFSSYDMSWVRQTPEKRLEWVAYISSGGGST

YYPDTMKGRFTISRDNAKNTLYLQMS SLKSEDTAMYYCARHYGTYLYYLDYWGQGTT

LTVSS (SEQ ID NO:188)

Amino acid sequence of mouse GFAP-1 light chain variable domain



DVLMTQTPLS LPVSLGDQASISCRSSQSIVHS YGNTYLEWYLQKPGLS PKLLIYKVS NRF

SGVPDRFS GSGSGTDFTLTIS RVEAEDLGVYYCFQGS HVPYTFGGGTKLEIK (SEQ ID

NO:189)

Amino acid sequence of mouse GFAP-2 light chain variable domain

DVVMTQTPLS LPVSLGDQASISCRSSQSLVYSNGNTYLHWYLQKPGQS PKLLIYKVS NR

FFGVPDRFS GSGSGTDFTLKISRVEAEDLGVYFCS QSTHVPYTFGGGTKLEIK (SEQ ID

NO: 190)

Amino acid sequence of mouse GFAP-3 light chain variable domain

DIVMS QSPSSLAVSAGEKVTMS CKSSQSLFNSRTRKN YLAWYQQKPGQS PKLLIYW AST

RESGVPDRFTGS GSGTDFTLTIS SVQAEDLAVYYCKQSYYLYTFGS GTKLEIK (SEQ ID

NO:191)

Amino acid sequence of mouse GFAP-4 light chain variable domain

DIVMTQS PSSLAMSVGQKVTMS CKSSQSLLNSNNQRNYLDW YQQKPGQS PKLLVYFAS

TRESGVPDRFIGS GSGTDFTLTIS SVQAEDLAD YFCQQHYSIPLTFGAGTKLELK (SEQ ID

NO: 192)

Amino acid sequence of mouse GFAP-5 light chain variable domain

DVVMTQTPLS LPVSLGDQASISCRSSQSLVYSNGNTYLHWYLQKPGQS PKLLIYKVS NR

FSGVPDRFS GSGSGTDFTLKISRVEAEDLGVYFCS QSTHVPYTFGSGTKLEIK (SEQ ID

NO:193)

Amino acid sequence of mouse GFAP-6 light chain variable domain

DIVMTQS PATLSVTPGDRVS LSCRASQSISDFLHW YQQKSHGSPRLLIKYS SQSISGIPSRF

SGSGSGSDFTLSINSVEPEDVGVYYCQNGHTFP YTFGGGTKLEIK (SEQ ID NO: 194)

Amino acid sequence of mouse GFAP-7 light chain variable domain

DIVMTQS PSSLAMSVGQKVTMS CKSSQSLLNSSNQRNYLDW YQQKPGQS PKLLVYFAS

TRESGVPDRFIGS GSGTDFTLTIS SVQAEDLAD YFCQQHYSIPLTFGAGTKLELK (SEQ ID

NO: 195)



Amino acid sequence of mouse GFAP-8 light chain variable domain

DIVMTQS PSSLAMSVGQKVTMS CKSSQSLLNSSNQRNYLDWYQQKPGQS PKLLVYFAS

TRESGVPDRFIGS GSGTDFTLTIS SVQAEDLAD YFCQQHYSIPLTFGAGTKLELK (SEQ ID

NO: 195)

Amino acid sequence of mouse GFAP-9 light chain variable domain

DIVMTQS QKFMSTSVGDRVSITCKASQNVRTAVAWYQQKPGQS PKALIYLAS NRHTGV

PDRFTGSGSGTDFTLTISNVQSEDLADYFCLQHWNNPYTFGGGTKLEIK (SEQ ID

NO: 196)

Amino acid sequence of mouse GFAP-10 light chain variable domain

QIVLTQSPAIMSASPGEKVTMTC SASSSVSYMHWYQQKS GTSPKRWIYDTS KLASGVPA

RFSGSGSGTSYSLTISSMEAEDAATYYCQQWS TNPLTFG AGTKLDLK (SEQ ID NO: 197)

Amino acid sequence of mouse GFAP-11 light chain variable domain

QIVLTQSPAIMSASLGERVTMTCT ASSSVSSSYLHWYQQKPGS SPKLWIYS TSNLASGVP

ARFSGSGSGTSYSLTISSLEAEDAATYYCHQYHRSPYTFGGGTKLEIK (SEQ ID NO: 198)

Amino acid sequence of mouse GFAP-12 light chain variable domain

DIQMTQS PASLSASVGETVTITCRAS ENIYSYLAWYQQKQGKS PQLLVYNAKTLAEG VP

SRFSGSGSGTQFSLKINSLQPEDFGS YYCQLHYGTPYTFGSGTKLEIK (SEQ ID NO: 199)

Amino acid sequence of mouse GFAP-13 light chain variable domain

DVVMTQTPLTLS VTIGQPASISCKSSQSLLDSAGKTYLNWLLQKS GQSPKRLIYLVS KLD

SGVPDRFTGS GSGTDFTLKISRVEAEDLGVYYC WQGTHFPWTFGGGTKLEIK (SEQ ID

NO:200)

Amino acid sequence of mouse GFAP-14 light chain variable domain

QIVLTQSPALMSASPGEKVTMTC SASSSVSYMYWYQQKPRS SPKPWIYLTS NLASGVPA

RFSGSGSGTSYSLTISSMEAEDAATYYCQQWS SNPPTFGAGTKLELK (SEQ ID NO:201)

Amino acid sequence of mouse GFAP-15 light chain variable domain



DVVMTQTPLSLPVSLGDQASISCRSSQSLVYSNGNIYLHWYLQKPGQSPKLLIYKVSNRF

SGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQSTHVPYTFGGGTKLEIK (SEQ ID

NO:202)

Amino acid sequence of mouse GFAP-16 light chain variable domain

DIQMTQSPSSLSASLGGKVTITCKASQDIKKNIAWYQHKPGKGPRLLIWYTSTLQPGIPS

RFSGSGSGRDYSFSISNLEPEDIATYYCLQYDHLRTFGGGTKLEIK (SEQ ID NO:203)

Amino acid sequence of mouse GFAP-17 light chain variable domain

DIVMSQSPSSLAVSVGEKVTMSCKSSQSLLYRTNQKNYLAWYQQKPGQSPKLLIYWAS

SRESGVPDRFSGSGSGTDFTLTISSVKAEDLAVYYCQQYYSYPWTFGGGTKLEIK (SEQ

ID NO:204)

Amino acid sequence of mouse GFAP-18 light chain variable domain

DIVMTQSHKFMSTSVGDRVSITCKASQDVNTAVAWYQQKPGQSLKLLIYSASYRYIGVP

DRFTGSGSGTDFTFTINSVQAEDLAVYYCHQYYSTPLTFGTGTKLELK (SEQ ID NO:205)

Amino acid sequence of mouse GFAP-19 light chain variable domain

DIVLTQSPATLSVTPGDRVSLSCRASQNISDFLHWYQQKSHESPRLLIKYASQSISGIPSRF

SGSGSGSDFTLSINSVEPEDVGVYYCQNGHSFPPTFGGGTKLEIK (SEQ ID NO:206)

Amino acid sequence of mouse IgGl heavy chain constant domain

AKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGYFPEPVTVTWNSGSLSSGVHTFPAVLQS

DLYTLSSSVTVPSSPRPSETVTCNVAHPASSTKVDKKIVPRDCGCKPCICTVPEVSSVFIFP

PKPKDVLTITLTPKVTCVVVDISKDDPEVQFSWFVDDVEVHTAQTQPREEQFNSTFRSVS

ELPIMHQDWLNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKV

SLTCMITDFFPEDITVEWQWNGQPAENYKNTQPIMNTNGSYFVYSKLNVQKSNWEAGN

TFTCSVLHEGLHNHHTEKS LSHSPGK (SEQ ID NO:215)

Amino acid sequence of mouse IgG2a heavy chain constant domain

AKTTAPSVYPLVPVCGGTTGSSVTLGCLVKGYFPEPVTLTWNSGSLSSGVHTFPALLQS

GLYTLSSSVTVTSNTWPSQTITCNVAHPASSTKVDKKIEPRVPITQNPCPPHQRVPPCAAP

DLLGGPSVFIFPPKIKDVLMISLSPMVTCVVVDVSEDDPDVQISWFVNNVEVHTAQTQT



HREDYNSTLRVVSALPIQHQDWMSGKEFKCKVNNRALPSPIEKTISKPRGPVRAPQVYV

LPPPAEEMTKKEFSLTCMITGFLPAEIAVDWTSNGRTEQNYKNTATVLDSDGSYFMYSK

LRVQKSTWERGSLFACSVVHEVLHNHLTTKTISRSLGK (SEQ ID NO:216)

Amino acid sequence of mouse IgG2b heavy chain constant domain

KTTPPSVYPLAPGCGDTTGS SVTLGCLVKGYFPESVTVTWNSGSLSSSVHTFPALLQSGL

YTMSSSVTVPSSTWPSQTVTCSVAHPASSTTVDKKLEPSGPISTINPCPPCKECHKCPAPN

LEGGPSVFIFPPNIKDVLMISLTPKVTCVVVDVSEDDPDVQISWFVNNVEVHTAQTQTHR

EDYNSTIRVVSTLPIQHQDWMSGKEFKCKVNNKDLPSPIERTISKIKGLVRAPQVYILPPP

AEQLSRKDVSLTCLVVGFNPGDISVEWTSNGHTEENYKDTAPVLDSDGSYFIYSKLNMK

TSKWEKTDSFSCNVRHEGLKNYYLKKTISRSPGLDLDDICAEAKDGELDGLWTTITIFIS

LFLLSVCYSASVTLFKVKWIFS SVVELKQKISPDYRNMIGQGA (SEQ ID NO:217)

Amino acid sequence of human IgGl heavy chain constant domain

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG

PSVFLFPPKPKDTLMIS RTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ

YNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS

REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD

KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO:218)

Amino acid sequence of murine kappa light chain constant domain

ADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQD

SKDSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNEC (SEQ ID NO:219)

Amino acid sequence of murine lambda light chain constant domain

QPKSSPSVTLFPPSSEELETNKATLVCTITDFYPGVVTVDWKVDGTPVTQGMETTQPSK

QSNNKYMASSYLTLTARAWERHSSYSCQVTHEGHTVEKSLSRADCS (SEQ ID NO:220)

Amino acid sequence of human kappa light chain constant domain

TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD

SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:221)



Amino acid sequence of human lambda light chain constant domain

GQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPS

KQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO:222)

Amino acid sequence of mouse IgM heavy chain constant domain

SQSFPNVFPLVSCESPLSDKNLVAMGCLARDFLPSTISFTWNYQNNTEVIQGIRTFPTLRT

GGKYLATSQVLLSPKSILEGSDEYLVCKIHYGGKNRDLHVPIPAVAEMNPNVNVFVPPR

DGFSGPAPRKSKLICEATNFTPKPITVSWLKDGKLVES GFTTDPVTIENKGSTPQTYKVIS

TLTISEIDWLNLNVYTCRVDHRGLTFLKNVSSTCAASPSTDILTFTIPPSFADIFLSKSANL

TCLVSNLATYETLNISWASQSGEPLETKIKIMESHPNGTFSAKGVASVCVEDWNNRKEF

VCTVTHRDLPSPQKKFISKPNEVHKHPPAVYLLPPAREQLNLRESATVTCLVKGFSPADI

SVQWLQRGQLLPQEKYVTSAPMPEPGAPGFYFTHSILTVTEEEWNSGETYTCVVGHEA

LPHLVTERTVDKSTGKPTLYNVSLIMSDTGGTCY (SEQ ID NO:223)

Amino acid sequence of human IgM heavy chain constant domain

GSASAPTLFPLVSCENSPSDTSSVAVGCLAQDFLPDSITLSWKYKNNSDISSTRGFPSVLR

GGKYAATSQVLLPSKDVMQGTDEHVVCKVQHPNGNKEKNVPLPVIAELPPKVSVFVPP

RDGFFGNPRKSKLICQATGFSPRQIQVSWLREGKQVGSGVTTDQVQAEAKESGPTTYKV

TSTLTIKESDWLGQSMFTCRVDHRGLTFQQNASSMCVPDQDTAIRVFAIPPSFASIFLTKS

TKLTCLVTDLTTYDSVTISWTRQNGEAVKTHTNISESHPNATFSAVGEASICEDDWNSG

ERFTCTVTHTDLPSPLKQTISRPKGVALHRPDVYLLPPAREQLNLRESATITCLVTGFSPA

DVFVQWMQRGQPLSPEKYVTSAPMPEPQAPGRYFAHSILTVSEEEWNTGETYTCVAHE

ALPNRVTERTVDKSTGKPTLYNVSLVMSDTAGTCY (SEQ ID NO:224)



CLAIMS

WHAT IS CLAIMED IS:

1. An antibody or antigen-binding fragment thereof that specifically binds to a

human ubiquitin c-terminal hydrolase LI (UCH-L1), wherein the antibody or antigen-binding

fragment comprises a heavy chain variable region comprising an amino acid sequence having at

least 85% identity to an amino acid sequence selected from any one of SEQ ID NOs:51-63;

and/or a light chain variable region comprising an amino acid sequence having at least 85%

identity to an amino acid sequence selected from any one of SEQ ID NOs:64-76.

2 . The antibody or antigen-binding fragment of claim 1, wherein the heavy chain

variable region comprises an amino acid sequence having at least 86%, at least 87%, at least

88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid sequence

selected from any one of SEQ ID NOs:51-63; or has the amino acid sequence selected from any

one of SEQ ID NOs:51-63.

3 . The antibody or antigen-binding fragment of claim 1 or 2, wherein the light chain

variable region comprises an amino acid sequence having at least 86%, at least 87%, at least

88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid sequence

selected from SEQ ID NOs:64-76 or has the amino acid sequence selected from any one of SEQ

ID NOs:64-76.

4 . The antibody or antigen-binding fragment of any one of claims 1-3, wherein:

the heavy chain variable region comprises: (i) a CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs:l-8; (ii) a CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:9-19; and (iii) a CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs:20-27; and/or

the light chain variable region comprises: (i) a CDR-L1 comprising the amino acid

sequence selected from SEQ ID NOs:28-36; (ii) a CDR-L2 comprising the amino acid sequence

selected from SEQ ID NOs:37-44; and (iii) a CDR-L3 comprising the amino acid sequence

selected from SEQ ID NOs:45-50.



5 . The antibody or antigen-binding fragment of any one of claims 1-4, wherein:

the heavy chain variable region comprises a CDR-H1, a CDR-H2, and a CDR-H3,

respectively, comprising the amino acid sequence of a CDR-H1, a CDR-H2, and a CDR-H3

contained within the heavy chain variable region amino acid sequence selected from any one of

SEQ ID NOs:51-63; and/or

the light chain variable region comprises a CDR-Ll, a CDR-L2, and a CDR-L3,

respectively, comprising the amino acid sequence of a CDR-Ll, a CDR-L2, and a CDR-L3

contained within the light chain variable region amino acid sequence selected from any one of

SEQ ID NOs:64-76.

6 . An antibody or antigen-binding fragment thereof that specifically binds to a

human ubiquitin c-terminal hydrolase LI (UCH-L1), wherein the antibody or antigen-binding

fragment comprises a heavy chain variable region and a light chain variable region, wherein:

the heavy chain variable region comprises: (i) a CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs:l-8; (ii) a CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:9-18; and (iii) a CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs:20-27; and/or

wherein the light chain variable region comprises: (i) a CDR-Ll comprising the amino

acid sequence selected from SEQ ID NOs:28-36; (ii) a CDR-L2 comprising the amino acid

sequence selected from SEQ ID NOs:37-44; and (iii) a CDR-L3 comprising the amino acid

sequence selected from SEQ ID NOs:45-49.

7 . The antibody or antigen-binding fragment of any one of claims 1-6, wherein the

antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:l, SEQ ID NO:9 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:28, SEQ ID NO:37 and SEQ ID NO:45, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:2, SEQ ID NO: 10, SEQ ID NO:21, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:29, SEQ ID NO:38 and SEQ ID NO:46, respectively;



(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:3, SEQ ID NO: 11 and SEQ ID NO:20, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:30, SEQ ID NO:37 and SEQ ID NO:45, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:4, SEQ ID NO: 12 and SEQ ID NO:22, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:31, SEQ ID NO:39 and SEQ ID NO:47, respectively;

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:5, SEQ ID NO: 13 and SEQ ID NO:23, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:32, SEQ ID NO:39 and SEQ ID NO:47, respectively;

(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:33, SEQ ID NO:40, SEQ ID NO:48, respectively;

(g) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:34, SEQ ID NO:41 and SEQ ID NO:48, respectively;

(h) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 15 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;

(i) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:35, SEQ ID NO:41 and SEQ ID NO:48, respectively;

( ) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 16 and SEQ ID NO:25, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;



(k) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:7, SEQ ID NO: 17 and SEQ ID NO:26, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:36, SEQ ID NO:43 and SEQ ID NO:49, respectively;

(1) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:8, SEQ ID NO: 18 and SEQ ID NO:27, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:36, SEQ ID NO:44 and SEQ ID NO:49, respectively; or

(m) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:l, SEQ ID NO: 19 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:28, SEQ ID NO:37 and SEQ ID NO:50, respectively.

8. The antibody or antigen-binding fragment of any one of claims 1-7, wherein the

antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO:51 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:51; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO:64 or an amino acid sequence having at least 90% identity to the amino acid sequence of

SEQ ID NO:64;

(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO:52 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:52; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 65 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:65;

(c) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 53 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:53; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 66 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:66;

(d) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 54 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:54; and/or a light chain variable region comprising the amino acid sequence of SEQ



ID NO: 67 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:67;

(e) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 55 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:55; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 68 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:68;

(f a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 56 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:56; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 69 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:69;

(g) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 57 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:57; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 70 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:70;

(h) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 58 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:58; and/or a light chain variable region the amino acid sequence of SEQ ID NO: 7 1

or comprising an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:71;

(i) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 59 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:59; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 72 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:72;

( ) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 60 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:60; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 73 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:73;



(k) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 6 1 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:61; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 74 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:74;

(1) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 62 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:62; and/or a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 75 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO:75; or

(m) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

63 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:63; and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:

76 or an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID

NO:76.

9 . The antibody or antigen-binding fragment of any one of claims 1-8, wherein:

the antibody or antigen-binding fragment binds UCH-L1 with a dissociation constant

(KD) of less than or less than about 1.0 x 10 10 M, 2.0 x 10 10 M, 3.0 x 10 10 M, 4.0 x 10 10 M, 5.0

x 10 10 M, 6.0 x 10 10 M, 7.0 x 10 10 M, 8.0 x 10 10 M, 9.0 x 10 10 M, 1.0 x 10 11 M, 2.0 x 10 11 M,

3.0 x 10 11 M, 4.0 x 10 11 M, 5.0 x 10 11 M, 6.0 x 10 11 M, 7.0 x 10 11 M, 8.0 x 10 11 M, 9.0 x 10 11

M, or 1.0 x 10 12 ; or

the antibody or antigen-binding fragment binds UCH-L1 with a dissociation constant

(KD) from or from about 2.0 x 10 10 M to 4.0 x 10 10 M, 1.0 x 10 11 M to 9.0 x 10 11 M, 1.0 x 10 12

M to 5.0 x 10 12 M, or 2.0 x 10 10 M to 1.0 x 10 12 M.

10. The antibody or antigen-binding fragment of any one of claims 1-9, wherein the

antibody or antigen-binding fragment binds to an epitope within or that is or includes residues

28-36 of UCH-L1 protein, residues 98-106 of UCH-L1 protein, residues 138-145 of UCH-L1

protein, and/or residues 142-149 of UCH-L1 protein corresponding to amino acid positions set

forth in SEQ ID NO:207.



11. An antibody or antigen-binding fragment thereof that specifically binds to a

human UCH-Ll, wherein the antibody or antigen-binding fragment binds to an epitope within or

that is or includes residues 98-106 of UCH-Ll protein corresponding to amino acid positions set

forth in SEQ ID NO:207.

12. The antibody or antigen-binding fragment of claim 11, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:l, SEQ ID NO:9 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:28, SEQ ID NO:37 and SEQ ID NO:45, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:3, SEQ ID NO: 11 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:30, SEQ ID NO:37 and SEQ ID NO:45, respectively; or

(c) heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:l, SEQ ID NO: 19 and SEQ ID NO:20, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:28, SEQ ID NO:37 and SEQ ID NO:50, respectively.

13. An antibody or antigen-binding fragment thereof that specifically binds to a

human UCH-Ll, wherein the antibody or antigen-binding fragment binds to an epitope within or

that is or includes residues 28-36 UCH-Ll corresponding to amino acid positions of UCH-Ll set

forth in SEQ ID NO:207.

14. The antibody or antigen-binding fragment of claim 13, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:2, SEQ ID NO: 10 and SEQ ID NO:21, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:29, SEQ ID NO:38 and SEQ ID NO:46, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light



chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:33, SEQ ID NO:40 and SEQ ID NO:48, respectively;

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:34, SEQ ID NO:41 and SEQ ID NO:48, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 15 and SEQ ID NO:24, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 14 and SEQ ID NO:24, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:35, SEQ ID NO:41 and SEQ ID NO:48, respectively;

(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:6, SEQ ID NO: 16 and SEQ ID NO:25, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:34, SEQ ID NO:42 and SEQ ID NO:48, respectively;

(g) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:7, SEQ ID NO: 17 and SEQ ID NO:26, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:36, SEQ ID NO:43 and SEQ ID NO:49, respectively; or

(h) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:8, SEQ ID NO: 18 and SEQ ID NO:27, respectively and/or a light

chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of SEQ

ID NO:36, SEQ ID NO:44 and SEQ ID NO:49, respectively.

15. An antibody or antigen-binding fragment thereof that specifically binds to a

human UCH-L1, wherein the antibody or antigen-binding fragment binds to an epitope within or

that is or includes residues 138-145 of UCH-L1 protein corresponding to amino acid positions

set forth in SEQ ID NO:207.



16. The antibody or antigen-binding fragment of claim 15, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:4, SEQ ID NO: 12 and SEQ ID NO:22,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO:31, SEQ ID NO:39 and SEQ ID NO:47, respectively.

17. An antibody or antigen-binding fragment thereof that specifically binds to a

human UCH-Ll, wherein the antibody or antigen-binding fragment binds to an epitope within or

that is or includes residues 142-149 of UCH-Ll protein corresponding to amino acid positions

set forth in SEQ ID NO:207.

18. The antibody or antigen-binding fragment of claim 17, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:5, SEQ ID NO: 13 and SEQ ID NO:23,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO:32, SEQ ID NO:39 and SEQ ID NO:47, respectively.

19. The antibody or antigen-binding fragment of any one of claims 1-18, wherein the

UCH-Ll is recombinant UCH-Ll.

20. The antibody or antigen-binding fragment of any one of claims 1-18, wherein the

UCH-Ll is native UCH-Ll.

21. The antibody or antigen-binding fragment of claim 20, wherein the native UCH-

Ll is present in or obtained from serum, plasma, blood, cerebrospinal fluid (CSF), urine, sweat,

or saliva.

22. An antibody or antigen-binding fragment thereof that specifically binds to human

glial fibrillary acidic protein (GFAP), wherein the antibody or antigen-binding fragment

comprises a heavy chain variable region comprising an amino acid sequence having at least 85%

identity to an amino acid sequence selected from any one of SEQ ID NOs:172-188; and/or a

light chain variable region comprising an amino acid sequence having at least 85% identity to an

amino acid sequence selected from any one of SEQ ID NOs: 189-206.



23. The antibody or antigen-binding fragment of claim 22, wherein the heavy chain

variable region comprises an amino acid sequence having at least 86%, at least 87%, at least

88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid sequence

selected from any one of SEQ ID NOs:172-188 or has the amino acid sequence selected from

any one of SEQ ID NOs:172-188.

24. The antibody or antigen-binding fragment of claim 22 or 23, wherein the light

chain variable region comprises an amino acid sequence having at least 86%, at least 87%, at

least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at

least 95%, at least 96%, at least 97%, at least 98% or at least 99% identity to an amino acid

sequence selected from any one of SEQ ID NOs: 189-206 or has the amino acid sequence

selected from any one of SEQ ID NOs: 189-206.

25. The antibody or antigen-binding fragment of any one of claims 22-24, wherein:

the heavy chain variable region comprises: (i) a CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs:77-90; (ii) a CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:91-107; and (iii) a CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs: 108-124; and/or

wherein the light chain variable region comprises: (i) a CDR-L1 comprising the amino

acid sequence selected from SEQ ID NOs: 125- 141; (ii) a CDR-L2 comprising the amino acid

sequence selected from SEQ ID NOs: 142- 156; and (iii) a CDR-L3 comprising the amino acid

sequence selected from SEQ ID NOs: 157- 171.

26. The antibody or antigen-binding fragment of any one of claims 22-25, wherein:

the heavy chain variable region comprises a CDR-H1, a CDR-H2, and a CDR-H3,

respectively, comprising the amino acid sequence of a CDR-H1, a CDR-H2, and a CDR-H3

contained within the heavy chain variable region amino acid sequence selected from any one of

SEQ ID NOs:172-188; and/or

the light chain variable region comprises a CDR-L1, a CDR-L2, and a CDR-L3,

respectively, comprising the amino acid sequence of a CDR-L1, a CDR-L2, and a CDR-L3



contained within the light chain variable region amino acid sequence selected from any one of

SEQ ID NOs: 189-206.

27. An antibody or antigen-binding fragment that specifically binds to glial fibrillary

acidic protein (GFAP), wherein the antibody or antigen-binding fragment comprises a heavy

chain variable region and a light chain variable region, wherein:

the heavy chain variable region comprises: (i) CDR-H1 comprising the amino acid

sequence selected from SEQ ID NOs:77-90; (ii) CDR-H2 comprising the amino acid sequence

selected from SEQ ID NOs:91-107; and (iii) CDR-H3 comprising the amino acid sequence

selected from SEQ ID NOs: 108-124; and/or

the light chain variable region comprises: (i) CDR-Ll comprising the amino acid

sequence selected from SEQ ID NOs: 125- 141; (ii) CDR-L2 comprising the amino acid sequence

selected from SEQ ID NOs: 142-156; and (iii) CDR-L3 comprising the amino acid sequence

selected from SEQ ID NOs:157-171.

28. The antibody or antigen-binding fragment of any one of claims 22-27, wherein

the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:91 and SEQ ID NO: 108, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 125, SEQ ID NO: 142 and SEQ ID NO: 157, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO:92 and SEQ ID NO: 109, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 126, SEQ ID NO: 143 and SEQ ID NO: 158, respectively;

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:79, SEQ ID NO:93 and SEQ ID NO: 110, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 127, SEQ ID NO: 144 and SEQ ID NO: 159, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 128, SEQ ID NO: 145 and SEQ ID NO: 160, respectively;



(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:80, SEQ ID NO:95 and SEQ ID NO: 112, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 126, SEQ ID NO: 142 and SEQ ID NO: 158, respectively;

(f a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:81, SEQ ID NO:96 and SEQ ID NO:113, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 129, SEQ ID NO: 146 and SEQ ID NO: 161, respectively;

(g) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 130, SEQ ID NO: 145 and SEQ ID NO: 160, respectively;

(h) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:82, SEQ ID NO:97 and SEQ ID NO: 114, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 131, SEQ ID NO: 147 and SEQ ID NO: 162, respectively;

(i) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:83, SEQ ID NO:98 and SEQ ID NO: 115, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 132, SEQ ID NO: 148 and SEQ ID NO: 163, respectively;

( ) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:84, SEQ ID NO:99 and SEQ ID NO: 116, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 133, SEQ ID NO: 149 and SEQ ID NO: 164, respectively;

(k) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:85, SEQ ID NO: 100 and SEQ ID NO: 117, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 134, SEQ ID NO: 150 and SEQ ID NO: 165, respectively;

(1) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:86, SEQ ID NO: 101 and SEQ ID NO: 118, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 135, SEQ ID NO: 151 and SEQ ID NO: 166, respectively;



(m) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 102 and SEQ ID NO: 119, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 136, SEQ ID NO: 152 and SEQ ID NO: 167, respectively;

(n) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 103 and SEQ ID NO: 120, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 137, SEQ ID NO: 142 and SEQ ID NO: 158, respectively;

(o) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:87, SEQ ID NO: 104 and SEQ ID NO: 121, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 138, SEQ ID NO: 153 and SEQ ID NO: 168, respectively;

(p) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID NO: 122, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 139, SEQ ID NO: 154 and SEQ ID NO: 169, respectively;

(q) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID NO: 123, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170, respectively; or

(r) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:90, SEQ ID NO: 107 and SEQ ID NO: 124, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:141, SEQ ID NO:156 and SEQ ID NO:171, respectively.

29. The antibody or antigen-binding fragment of any one of claims 22-28, wherein

the antibody or antigen-binding fragment comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 172 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 172; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 189 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 189;



(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 173 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 173; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 190 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 190;

(c) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 174 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 174; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 191 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO:191;

(d) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 175 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 175; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 192 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 192;

(e) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 176 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 176; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 193 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 193;

(f a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 177 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 177; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 194 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 194;

(g) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 175 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 175; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 195 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 195;

(h) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 178 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 178; and/or a light chain variable region comprising the amino acid sequence of



SEQ ID NO: 196 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 196;

(i) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 179 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 179; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 197 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 197;

( ) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 180 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 180; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 198 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 198;

(k) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 181 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 181; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 199 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO: 199;

(1) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 182 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 182; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 200 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO:200;

(m) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 183 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 183; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 201 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO:201;

(n) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 184 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 184; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 202 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO:202;



(o) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 185 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 185; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 203 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO:203;

(p) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 186 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 186; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 204 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO:204;

(q) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 187 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 187; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 205 an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO:205; or

(r) a heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 188 or an amino acid sequence having at least 90% identity to an amino acid sequence of

SEQ ID NO: 188; and/or a light chain variable region comprising the amino acid sequence of

SEQ ID NO: 206 or an amino acid sequence having at least 90% identity to an amino acid

sequence of SEQ ID NO:206.

30. The antibody or antigen-binding fragment of any one of claims 22-29, wherein:

the antibody or antigen-binding fragment binds GFAP with a dissociation constant (KD)

of less than or less than about 1.0 x 10 8 M, 2.0 x 10 8 M, 3.0 x 10 8 M, 4.0 x 10 8 M, 5.0 x 10 8

M, 6.0 x 10 8 M, 7.0 x 10 8 M, 8.0 x 10 8 M, 9.0 x 10 8 M, 1.0 x 10 9 M, 2.0 x 10 9 M, 3.0 x 10 9

M, 4.0 x 10 9 M, 5.0 x 10 9 M, 6.0 x 10 9 M, 7.0 x 10 9 M, 8.0 x 10 9 M, 9.0 x 10 9 M, 1.0 x 10 10

M, 2.0 x 10 10 M, 3.0 x 10 10 M, 4.0 x 10 10 M, 5.0 x 10 10 M, 6.0 x 10 10 M, 7.0 x 10 10 M, 8.0 x

10 10 M, 9.0 x 10 10 M, 1.0 x 10 11 M, 2.0 x 10 11 M, 3.0 x 10 11 M, 4.0 x 10 11 M, 5.0 x 10 11 M,

6.0 x 10 11 M, 7.0 x 10 11 M, 8.0 x 10 11 M, 9.0 x 10 11 M, or 1.0 x 10 12 M; or

the antibody or antigen-binding fragment binds GFAP with a dissociation constant (K )

from or from about 1.0 x 10 8 M to 2.0 x 10 8 M, 1.0 x 10 9 M to 6.0 x 10 9 M, 2.0 x 10 10 M to

9.0 x 10 10 M, 1.0 x 10 11 M to 8.0 x 10 11 M, 1.0 x 10 12 M to 5.0 x 10 12 M, or 1.0 x 10 8 M to

1.0 x 10 12 M.



31. The antibody or antigen-binding fragment of any one of claims 22-30, wherein

the antibody or antigen-binding fragment binds to an epitope within or that is or includes

residues 92-106 of GFAP protein, residues 190-202 of GFAP protein, residues 16-35 and/or 380

of GFAP protein, residues 119 and/or 190 of GFAP protein, residues 380-391 of GFAP protein,

residues 119-130 of GFAP protein, residues 210-221 of GFAP protein, residues 320-329 of

GFAP protein, 346-357 and/or 376-387 of GFAP protein and/or within residues 138-149 of

GFAP protein corresponding to amino acid positions set forth in SEQ ID NO:212.

32. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope within residues 92-

106 of a GFAP protein corresponding to amino acid positions set forth in SEQ ID NO:212.

33. The antibody or antigen-binding fragment of claim 32, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:77, SEQ ID NO:91 and SEQ ID NO: 108,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 125, SEQ ID NO: 142 and SEQ ID NO: 157, respectively.

34. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 190-202 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

35. The antibody or antigen-binding fragment of claim 34, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:78, SEQ ID NO:92 and SEQ ID NO: 109,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 126, SEQ ID NO: 143 and SEQ ID NO: 158, respectively.

36. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope within or that is or



includes residues 16-35 and/or 380 of a GFAP protein corresponding to amino acid positions set

forth in SEQ ID NO:212.

37. The antibody or antigen-binding fragment of claim 36, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:79, SEQ ID NO:93 and SEQ ID NO: 110,

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 127, SEQ ID NO: 144 and SEQ ID NO: 159, respectively.

38. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope that is or includes

residues 119 and/or 190 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

39. The antibody or antigen-binding fragment of claim 38, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:80, SEQ ID NO:95 and SEQ ID NO: 112

respectively and/or a light chain variable region comprising CDR-L1, CDR-L2 and CDR-L3

amino acid sequences of SEQ ID NO: 126, SEQ ID NO: 142 and SEQ ID NO: 158, respectively.

40. The antibody or antigen-binding fragment thereof of any one of claims 1-39,

wherein the antibody or antigen-binding fragment:

does not bind to an epitope within or that is or includes residues 190-202 of a human

GFAP protein corresponding to amino acid positions set forth in SEQ ID NO:212; and/or

does not bind to the same or overlapping epitope as a reference antibody comprising a

variable heavy chain set forth in SEQ ID NO: 173 and a variable light chain set forth in SEQ ID

NO: 190; and/or

does not compete for binding to GFAP with a reference antibody comprising a variable

heavy chain set forth in SEQ ID NO: 173 and a variable light chain set forth in SEQ ID NO: 190.

41. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope within or that is or



includes residues 380-391 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

42. The antibody or antigen-binding fragment of claim 41, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 128, SEQ ID NO: 145 and SEQ ID NO: 160, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:77, SEQ ID NO:94 and SEQ ID NO: 111, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 130, SEQ ID NO: 145 and SEQ ID NO: 160, respectively; or

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:82, SEQ ID NO:97 and SEQ ID NO: 114, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 131, SEQ ID NO: 147 and SEQ ID NO: 162, respectively.

43. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 119-130 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

44. The antibody or antigen-binding fragment of claim 43, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:81, SEQ ID NO:96 and SEQ ID NO:113, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 129, SEQ ID NO: 146 and SEQ ID NO: 161, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:84, SEQ ID NO:99 and SEQ ID NO: 116, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 133, SEQ ID NO: 149 and SEQ ID NO: 164, respectively;



(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:85, SEQ ID NO: 100 and SEQ ID NO: 117, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 134, SEQ ID NO: 150 and SEQ ID NO: 165, respectively;

(d) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID NO: 123, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170, respectively; or

(e) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:90, SEQ ID NO: 107 and SEQ ID NO: 124, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO:141, SEQ ID NO:156 and SEQ ID NO:171, respectively.

45. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 210-221 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

46. The antibody or antigen-binding fragment of claim 45, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:86, SEQ ID NO: 101 and SEQ ID NO: 118, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 135, SEQ ID NO: 151 and SEQ ID NO: 166, respectively;

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 102 and SEQ ID NO: 119, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 136, SEQ ID NO: 152 and SEQ ID NO: 167, respectively; or

(c) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:78, SEQ ID NO: 103 and SEQ ID NO: 120, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 137, SEQ ID NO: 142 and SEQ ID NO: 158, respectively.



47. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 320-329 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.

48. The antibody or antigen-binding fragment of claim 47, wherein the antibody or

antigen-binding fragment comprises:

(a) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:87, SEQ ID NO: 104 and SEQ ID NO: 121, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 138, SEQ ID NO: 153 and SEQ ID NO: 168, respectively; or

(b) a heavy chain variable region comprising CDR-H1, CDR-H2 and CDR-H3 amino

acid sequences of SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID NO: 122, respectively and/or a

light chain variable region comprising CDR-Ll, CDR-L2 and CDR-L3 amino acid sequences of

SEQ ID NO: 139, SEQ ID NO: 154 and SEQ ID NO: 169, respectively.

49. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 346-357 and/or 376-387 of a GFAP protein corresponding to amino acid

positions set forth in SEQ ID NO:212.

50. The antibody or antigen-binding fragment of claim 49, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-H1, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:88, SEQ ID NO: 105 and SEQ ID

NO: 122, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 139, SEQ ID NO: 154 and SEQ ID NO: 169,

respectively.

51. An antibody or antigen-binding fragment thereof that specifically binds to human

GFAP, wherein the antibody or antigen-binding fragment binds to an epitope within or that is or

includes residues 138-149 of a GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212.



52. The antibody or antigen-binding fragment of claim 51, wherein the antibody or

antigen-binding fragment comprises a heavy chain variable region comprising CDR-Hl, CDR-

H2 and CDR-H3 amino acid sequences of SEQ ID NO:89, SEQ ID NO: 106 and SEQ ID

NO: 123, respectively and/or a light chain variable region comprising CDR-Ll, CDR-L2 and

CDR-L3 amino acid sequences of SEQ ID NO: 140, SEQ ID NO: 155 and SEQ ID NO: 170,

respectively.

53. The antibody or antigen-binding fragment of any one of claims 22-52, wherein

the GFAP is recombinant GFAP.

54. The antibody or antigen-binding fragment of any one of claims 22-52, wherein

the GFAP is native GFAP.

55. The antibody or antigen-binding fragment of claim 54, wherein the native GFAP

is present in or obtained from serum, plasma, blood, cerebrospinal fluid (CSF), urine, sweat, or

saliva.

56. The antibody or antigen-binding fragment of any one of claims 1-55, wherein the

antibody or antigen-binding fragment is isolated.

57. The antibody or antigen-binding fragment of any one of claims 1-56, wherein the

antibody is a humanized antibody, a chimeric antibody or a human antibody.

58. The antibody or antigen-binding fragment of any one of claims 1-56, wherein the

antibody is a murine antibody.

59. The antibody or antigen-binding fragment of any one of claims 1-58, wherein the

antibody is an antigen-binding fragment thereof.

60. The antibody or antigen-binding fragment of claim 59, wherein the antigen-

binding fragment thereof is a Fab, Fab'-SH, Fv, scFv, or (Fab')2 fragment.



61. The antibody or antigen-binding fragment of any one of claims 1-58, wherein the

antibody further comprises a heavy chain constant domain and/or a light chain constant domain.

62. The antibody or antigen-binding fragment of claim 61, wherein the heavy chain

and/or light constant domain is murine or human.

63. The antibody or antigen-binding fragment of claim 6 1 or 62, wherein the heavy

chain constant domain is IgGl, IgG2a, IgG2b or IgM.

64. The antibody or antigen-binding fragment of any one of claims 1-58 and 61-63

that is a full length or intact antibody.

65. The antibody or antigen-binding fragment of any one of claims 1-64, wherein the

antibody is a monoclonal antibody.

66. The antibody or antigen-binding fragment of any one of claims 1-65, wherein the

antibody is attached to a label.

67. The antibody or antigen-binding fragment of claim 66, wherein the label is a

fluorescent dye, a fluorescent protein, a radioisotopes, a chromophores, a metal ion, gold

particles, silver particles, magnetic particles, a polypeptides , an enzyme, streptavidin, biotin, a

luminescent compound, or an oligonucleotide.

68. A nucleic acid encoding the antibody or antigen-binding fragment of any one of

claims 1-67.

69. A nucleic acid encoding a heavy chain comprising the heavy variable region of

any one of claims 1-67.

70. A nucleic acid encoding a light chain comprising the light variable region of any

one of claims 1-67.

71. A vector comprising the nucleic acid of any one of claims 68-70.



72. The vector of claim 71, wherein the vector is an expression vector.

73. A host cell comprising the nucleic acid of any one of claims 68-70 or the vector

of claim 7 1 or 72.

74. A method of producing an antibody or antigen-binding fragment thereof

comprising culturing the host cell of claim 73 under a condition that produces the antibody or

antigen-binding fragment.

75. The method of claim 74, further comprising recovering the antibody or antigen-

binding fragment produced by the host cell.

76. An anti-UCH-Ll antibody or antigen-binding fragment thereof produced by the

method of claim 74 or claim 75.

77. An anti-GFAP antibody or antigen-binding fragment thereof produced by the

method of claim 74 or claim 75.

78. A composition comprising the antibody or antigen-binding fragment of any one

of claims 1-67, 76 and 77.

79. The composition of claim 78, further comprising a pharmaceutically acceptable

carrier.

80. A combination, comprising two or more anti-UCH-Ll antibodies or antigen-

binding fragments thereof of any one of claims 1-21, 56-67 and 76.

81. The combination of claim 80, wherein the two or more antibodies or antigen-

binding fragments comprise:

one or more first antibody or antigen-binding fragment thereof that binds to a first

epitope or region within UCH-L1; and



one or more second antibody or antigen-binding fragment thereof that binds to a second

epitope or region within UCH-Ll.

82. The combination of claim 81, wherein the one or more first antibody or antigen-

binding fragments thereof, and the one or more second antibody or antigen-binding fragments

thereof bind to a non-overlapping epitope or region of human UCH-Ll and/or do not compete

for binding to UCH-Ll.

83. The combination of any one of claim 80-82, wherein:

(i) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 28-36 of UCH-Ll protein, residues 98-106 of UCH-Ll

protein, residues 138-145 of UCH-Ll protein, and/or residues 142-149 of UCH-Ll protein

corresponding to amino acid positions set forth in SEQ ID NO:207; and

(ii) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope that is not the same as or does not overlap with an epitope of (i).

84. The combination of any one of claims 80-83, wherein:

(i) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 28-36 of UCH-Ll protein and/or residues 98-106 of UCH-

Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207; and

(ii) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 138-145 of UCH-Ll protein and/or residues 142-

149 of UCH-Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207.

85. A combination, comprising two or more anti-GFAP antibodies or antigen-binding

fragments thereof of any one of claims 22-67 and 77.

86. The combination of claim 85, wherein the two or more antibodies comprise:

one or more first antibody or antigen-binding fragment thereof that bind to a first epitope

or region within GFAP; and

one or more second antibody or antigen-binding fragment thereof that binds to a second

epitope or region within GFAP.



87. The combination of claim 86, wherein the one or more first antibody or antigen-

binding fragments thereof, and the one or more second antibody or antigen-binding fragments

thereof bind to a non-overlapping epitope or region of human GFAP and/or do not compete for

binding to GFAP.

88. The combination of any one of claims 85-87, wherein:

(i) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 92-106 of GFAP protein, residues 190-202 of GFAP

protein, residues 16-35 and/or 380 of GFAP protein, residues 119 and/or 190 of GFAP protein,

residues 380-391 of GFAP protein, residues 119-130 of GFAP protein, residues 210-221 of

GFAP protein, residues 320-329 of GFAP protein, 346-357 and/or 376-387 of GFAP protein

and/or residues 138-149 of GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212; and

(ii) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope that is not the same as or does not overlap with an epitope of (i).

89. The combination of any one of claims 85-88, wherein:

(i) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes amino acid residues 190-202 of GFAP protein corresponding to

amino acid positions set forth in SEQ ID NO:212; and

(ii) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 92-106 of GFAP protein, residues 16-35 and/or 380

of GFAP protein, residues 119 and/or 190 of GFAP protein, residues 380-391 of GFAP protein,

residues 119-130 of GFAP protein, residues 210-221 of GFAP protein, residues 320-329 of

GFAP protein, 346-357 and/or 376-387 of GFAP protein and/or residues 138-149 of GFAP

protein corresponding to amino acid positions set forth in SEQ ID NO:212.

90. The combination of any one of claims 80-89, wherein at least one of the

antibodies or antigen-binding fragments, optionally the one or more first antibody or antigen-

binding fragment thereof or the one or more second antibody or antigen-binding fragment

thereof, is conjugated to a label.



91. The combination of any one of claims 80-90, wherein at least one of the

antibodies or antigen-binding fragments, optionally the one or more first antibody or antigen-

binding fragment thereof or the one or more second antibody or antigen-binding fragment

thereof, is attached or immobilized to a solid support.

92. The combination of any one of claims 80-91, wherein the one or more first

antibody or antigen binding fragment thereof or the one or more second antibody or antigen-

binding fragment thereof is attached or immobilized to a solid support and the other of the one or

more first antibody or antigen-binding fragment thereof or the one or more second antibody or

antigen-binding fragment thereof is conjugated to a label.

93. The combination of any one of claims 90-92, wherein the label is a fluorescent

dye, a fluorescent protein, a radioisotopes, a chromophores, a metal ion, gold particles, silver

particles, magnetic particles, a polypeptides , an enzyme, streptavidin, biotin, a luminescent

compound, or an oligonucleotide.

94. The combination of any one of claims 91-93, wherein the solid support is a bead,

a column, an array, an assay plate, a microwell, a stick, a filter, or a strip.

95. A combination, comprising:

at least one anti-UCH-Ll antibody of any one of claims 1-21, 56-67,and 76 or a

combination of anti-UCH-Ll antibodies set forth in any one of claims 80-84 and 90-94; and

at least one anti-GFAP antibody of any one of claims 22-67 and 77 or a combination of

anti-GFAP antibodies set forth in any one of claims 85-94.

96. A solid support, comprising immobilized thereto an antibody or antigen-binding

fragment of any one of claims 1-67, 76 and 77.

97. The solid support of claim 96, wherein the solid support is a bead, a column, an

array, an assay plate, a microwell, a stick, a filter, or a strip.

98. A device comprising the solid support of claim 96 or claim 97.



99. The device of claims 98, wherein the device is a rapid detection device or a rapid

diagnostic device.

100. A kit comprising the antibody or antigen-binding fragment of any one of claims

1-67, 76 and 77, the composition of claim 78 or 79 or the combination of any one of claims 80-

95, and optionally instructions for use.

101. The kit of claim 100, further comprising a solid support or a device comprising a

solid support.

102. The kit of claim 101, wherein the solid support is a bead, a column, an array, an

assay plate, a microwell, a stick, a filter, or a strip.

103. The kit of claim 101 or claim 102, wherein the device is a rapid detection device

or a rapid diagnostic device.

104. The kit of any one of claims 100-103, wherein the instructions specify an assay

for detecting UCH-Ll or GFAP in a sample and/or for determining an amount of UCH-Ll or

GFAP in a sample.

105. A method of detecting UCH-Ll in a human subject, the method comprising the

steps of:

(a) contacting a sample with one or more first antibody or antigen-binding fragment

of any one of claims 1-21, 56-67 and 76 under conditions to form a complex comprising the

antibody or antigen-binding fragment and UCH-Ll; and

(b) detecting the presence or absence of the complex in the sample, thereby detecting

UCH-Ll in the sample.

106. The method of claim 105 that is an immunoassay.

107. The method of claim 106, wherein the immunoassay is an enzyme-linked

immunosorbent assay (ELISA).



108. The method of claim 107, wherein the ELISA is a sandwich ELISA.

109. The method of any one of claims 105-108, wherein detecting the presence or

absence of the complex in step (b), comprises:

(i) contacting the complex of step (a) with one or more second antibody or

antigen-binding fragments thereof under conditions to bind UCH-Ll in the complex, the one or

more second antibody or antigen-binding fragment thereof being conjugated to a label capable of

producing a detectable signal; and

(ii) assessing the presence or absence of the detectable signal.

110. The method of claim 109, wherein the one or more second antibody or antigen-

binding fragment comprises one or more antibody or antigen-binding fragment of any one of

claims 1-21, 56-67 and 76.

111. The method of claim 109 or 110, wherein the one or more second antibody or

antigen-binding fragment binds to an epitope of UCH-Ll that is not the same as or does not

overlap with an epitope bound by the antibody or antigen-binding fragment of (a).

112. The method of any one of claims 109-1 11, wherein:

(1) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 28-36 of UCH-Ll protein, residues 98-106 of UCH-Ll

protein, residues 138-145 of UCH-Ll protein, and/or residues 142-149 of UCH-Ll protein

corresponding to amino acid positions set forth in SEQ ID NO:207; and

(2) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope that is not the same as or does not overlap with an epitope of (1).

113. The method of any one of claims 109-1 11, wherein:

(1) the one or more first antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 28-36 of UCH-Ll protein and/or residues 98-106 of

UCH-Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207; and

(2) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes residues 138-145 of UCH-Ll protein and/or residues 142-

149 of UCH-Ll protein corresponding to amino acid positions set forth in SEQ ID NO:207.



114. A method of detecting GFAP in a human subject, the method comprising the

steps of:

(a) contacting a sample with one or more first antibody or antigen-binding fragment

of any one of claims 22-67 and 77 under conditions to form a complex comprising the antibody

or antigen-binding fragment and GFAP; and

(b) detecting the presence or absence of the complex in the sample, thereby detecting

GFAP in the sample.

115. The method of claim 114 that is an immunoassay.

116. The method of claim 115, wherein the immunoassay is an enzyme-linked

immunosorbent assay (ELISA).

117. The method of claim 116, wherein the ELISA is a sandwich ELISA.

118. The method of any one of claims 114-1 17, wherein detecting the presence or

absence of the complex in step (b), comprises:

(i) contacting the complex of step (a) with one or more second antibody or

antigen-binding fragments thereof under conditions to bind GFAP in the complex, the one or

more second antibody or antigen-binding fragment thereof being conjugated to a label capable of

producing a detectable signal; and

(ii) assessing the presence or absence of the detectable signal.

119. The method of claim 118, wherein the one or more second antibody or antigen-

binding fragment comprises one or more antibody or antigen-binding fragment of any one of

claims 22-67, and 77.

120. The method of claim 118 or 119, wherein the one or more second antibody or

antigen-binding fragment binds to an epitope of GFAP that is not the same as or does not

overlap with an epitope bound by the antibody or antigen-binding fragment of (a).

121. The method of any one of claims 118-120, wherein:



(1) the one or more first antibody or antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 92-106 of GFAP protein, residues 190-202 of GFAP

protein, residues 16-35 and/or 380 of GFAP protein, residues 119 and/or 190 of GFAP protein,

residues 380-391 of GFAP protein, residues 119-130 of GFAP protein, residues 210-221 of

GFAP protein, residues 320-329 of GFAP protein, 346-357 and/or 376-387 of GFAP protein

and/or residues 138-149 of GFAP protein corresponding to amino acid positions set forth in

SEQ ID NO:212; and

(2) the one or more second antibody or antigen-binding fragment thereof binds to an

epitope that is not the same as or does not overlap with an epitope of (1).

122. The method of any one of claims 118-120, wherein:

(1) the one or more first antibody or antigen-binding fragment thereof binds to an

epitope within or that is or includes amino acid residues 190-202 of GFAP protein

corresponding to amino acid positions set forth in SEQ ID NO:212; and

(2) the one or more second antibody antigen-binding fragment thereof binds to an epitope

within or that is or includes residues 92-106 of GFAP protein, residues 16-35 and/or 380 of

GFAP protein, residues 119 and/or 190 of GFAP protein, residues 380-391 of GFAP protein,

residues 119-130 of GFAP protein, residues 210-221 of GFAP protein, residues 320-329 of

GFAP protein, 346-357 and/or 376-387 of GFAP protein and/or residues 138-149 of GFAP

protein corresponding to amino acid positions set forth in SEQ ID NO:212.

123. The method of any one of claims 105-122, wherein prior to step (b) separating or

washing the complex formed in step (a) from the sample not comprised in the complex.

124. The method of any one of claims 105-123, wherein the one or more first antibody

or antigen-binding fragment thereof is attached or immobilized to a solid support.

125. The method of any one of claims 109-1 13 and 118-124, wherein prior to step

(b)(ii) removing the one or more second antibody or antigen-binding fragments thereof not

bound to the complex.

126. The method of any one of claims 105-125, wherein the sample is isolated or

obtained from the individual.



127. The method of any one of claims 105-126, wherein the sample is serum, plasma,

blood, cerebrospinal fluid (CSF), urine, sweat, or saliva.

128. The method of any one of claims 105-113 and 123-127, further comprising: (c)

determining the amount of UCH-Ll detected in the sample.

129. The method of any one of claims 105-128, further comprising: (c) determining

the amount of GFAP detected in the sample.

130. A method of diagnosing brain injury or damage in a subject, the method

comprising performing the method of claim 128, thereby determining the amount of UCH-Ll in

the sample; and

(i) if the amount of UCH-Ll in the sample is greater than or equal to or about a UCH-Ll

threshold level, diagnosing the subject as having a brain injury or damage or at risk of having a

brain injury or damage; or

(ii) if the amount of UCH-Ll in the sample is below the UCH-Ll threshold level,

diagnosing the subject as not having a brain injury or damage or not being at risk of having a

brain injury or damage.

131. A method of diagnosing brain injury or damage in a subject, the method

comprising performing the method of claim 129, thereby determining the amount of GFAP in

the sample; and

(i) if the amount of GFAP in the sample is greater than or equal to or about a GFAP

threshold level, diagnosing the subject as having a brain injury or damage or at risk of having a

brain injury or damage; or

(ii) if the amount of GFAP in the sample is below the GFAP threshold level, diagnosing

the subject as not having a brain injury or damage or not being at risk of having a brain injury or

damage.

132. A method of diagnosing brain injury or damage in a subject, the method

comprising:



(a) performing the method of claim 128, thereby determining the amount of UCH-L1 in

the sample;

(b) performing the method of claim 129, thereby determining the amount of GFAP in

the sample; and

(i) if the amount of UCH-L1 in the sample is greater than or equal to or about a UCH-L1

threshold level and/or if the amount of GFAP in the sample is greater than or equal to or about a

GFAP threshold level, diagnosing the subject as having a brain injury or damage or at risk of

having a brain injury or damage; or

(ii) if the amount of UCH-L1 in the sample is below the UCH-L1 threshold level and/or

if the amount of GFAP in the sample is below the GFAP threshold level, diagnosing the subject

as not having a brain injury or damage or not being at risk of having a brain injury or damage.

133. The method of any one of claims 130-132, wherein if the subject is identified as

having a brain injury or damage or of being at risk of having a brain injury or damage

administering a therapeutic agent to the subject to treat the brain injury or damage.

134. A method of treating a subject for a brain injury or damage, comprising:

a) performing the method of any one of claims 130-132; and

b) if the subject is identified as having a brain injury or damage or being at risk of

having a brain injury or damage administering a therapeutic agent to the subject to treat the brain

injury or damage.

135. The method of claims 133 or claim 134, wherein the therapeutic agent is selected

from a N-methyl-D-aspartate (NMDA) receptor antagonist, a sodium channel antagonist, a nitric

oxide synthase (NOS) inhibitor, a glycine site antagonist, a potassium channel opener, an

AMPA/kainate receptor antagonist, a calcium channel antagonist, a GABA-A receptor

modulator, an anti-inflammatory agent or a combination thereof.

136. The method of any one of claims 130-132, wherein if the subject is identified as

having a brain injury or damage or of being at risk of having a brain injury or damage, carrying

out neuroimaging on the subject's brain.



137. The method of any one of claim 130-132, wherein if the subject is identified as

not having a brain injury or damage or not being at risk of having a brain injury or damage,

neuroimaging of the subject's brain is not carried out.

138. A method of predicting if a subject is in need of neuroimaging for a suspected

brain injury or damage, the method comprising:

(a) performing the method of claim 128, thereby determining the amount of UCH-L1 in

the sample; and/or

(b) performing the method of claim 129, thereby determining the amount of GFAP in

the sample; and

(i) if the amount of UCH-L1 in the sample is greater than or equal to or about a UCH-L1

threshold level and/or if the amount of GFAP in the sample is greater than or equal to or about a

GFAP threshold level, predicting the subject is in need of neuroimaging; or

(ii) if the amount of UCH-L1 in the sample is below the UCH-L1 threshold level and/or

if the amount of GFAP in the sample is below the GFAP threshold level, predicting the subject

is not in need of neuroimaging.

139. A method of predicting if a subject is in need of neuroimaging for a suspected

brain injury or damage, comprising:

a) performing the method of any one of claims 130-132; and

b) if the subject is identified as having a brain injury or damage or being at risk of

having a brain injury or damage predicting the subject is in need of neuroimaging.

140. The method of claim 139, further comprising carrying out the neuroimaging on

the subject's brain.

141. The method of any one of claims 136, 139 or 140, wherein the neuroimaging is

by computed tomography (CT) or magnetic resonance imaging (MRI).

142. The method of any one of claims 130 and 132-141, wherein the UCH-L1

threshold level is or is about 30 pg/mL, is or is about 40 mg/mL, is or is about 60 pg/mL, is or is

about 80 pg/mL, is or is about 100 pg/mL, is or is about 150 pg/mL, is or is about 200 pg/mL, is



or is about 250 pg/mL, is or is about 300 pg/mL, is or is about 400 pg/mL or is or is about 500

pg/mL.

143. The method of any one of claims 131-142, wherein the GFAP threshold level is

or is about 10 pg/mL, is or is about 20 pg/mL, is or is about 30 pg/mL, is or is about 40 pg/mL,

is or is about 50 pg/ml, is or is about 60 pg/mL, is or is about 70 pg/mL, is or is about 80 pg/mL,

is or is about 90 pg/mL, is or is about 100 pg/mL, is or is about 150 pg/mL, is or is about 200

pg/mL, is or is about 250 pg/mL or is or is about 300 pg/mL.

144. The method of any one of claims 132-143, wherein the UCH-L1 threshold level

is 200 pg/mL and the GFAP threshold level is 70 pg/mL.

145. The method of any one of claims 130-144, wherein the brain injury or damage is

associated with or caused by mechanical damage, hypoxia, infectious disease, disease affecting

nerve cells, toxin damage or neurological disease or condition.

146. The method of claim 145, wherein the mechanical damage is traumatic brain

injury or chronic traumatic encephalopathy.

147. The method of any one of claims 146, wherein the brain injury or damage is

traumatic brain injury.

148. The method of claim 147, wherein the traumatic brain injury is a mild traumatic

brain injury.

149. The method of claim 145, wherein the brain injury or damage is associated with

hypoxia and the hypoxia is associated with stroke, vasculitis, ischemia, or cardiac disease.

150. The method of claim 145, wherein the brain injury or damage is associated with

infectious disease and the infectious disease comprises infection with a Mycobacterium bacteria,

Neisseria meningitidis, a Herpesviridiae virus, a poliovirus, mumps virus, an Enteroviridiae

virus, West Nile virus, or tick-borne encephalitis virus.



151. The method of claim 145, wherein the brain injury or damage is associated with a

disease affective nerve cells and the disease affecting nerve cells is Alzheimer' s disease, Lewy

body dementia, vascular dementia, diabetic dementia, Parkinson's disease, ALS, or prion

disease.

152. The method of claim 145, wherein the brain injury or damage is associated with

toxin damage and the toxin damage is associated with exposure to nerve agents, alcoholic

dementia, heavy metal poisoning, psychoactive agents, chemotherapeutic agents, biological

agents, or antibiotics.

153. The method of any one of claims 105-152, wherein the sample is obtained from

the subject no more than about 30 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 8 hours, 12 hours,

24 hours or 48 hours after a brain injury or damage or a suspected brain injury or damage.

154. The method of any one of claims 105-153, wherein the sample is obtained from

the subject no more than about 8 hours after a brain injury or damage or a suspected brain injury

or damage.

155. The method of any one of claims 105-154, wherein the sample is serum.

156. The method of any one of claims 105-154, wherein the sample is CSF.

157. The method of any one of claims 105-156 that is performed in vitro.
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