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ABSTRACT

This document provides methods and materials for detecting
CI90RF72 hexanucleotide (GGGGCC) (SEQ ID NO: 3)
repeat expansion positive (C97) frontotemporal lobar degen-
eration or C9" amyotrophic lateral sclerosis. For example,
methods and materials related to using anti-(GP)y (SEQ 1D
NO: 2) antibodies to identify mammals (e.g., humans) having
C9* FTLD or C9* ALS are provided.
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METHODS AND MATERIALS FOR
DETECTING C9ORF72 HEXANUCLEOTIDE
REPEAT EXPANSION POSITIVE
FRONTOTEMPORAL LOBAR
DEGENERATION OR C9ORF72
HEXANUCLEOTIDE REPEAT EXPANSION
POSITIVE AMYOTROPHIC LATERAL
SCLEROSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 61/756,318, filed Jan. 24, 2013.
The disclosure of the prior application is considered part of
(and 1s incorporated by reference in) the disclosure of this
application.

SEQUENCE LISTING

[0002] Theinstant application contains a Sequence Listing
which has been submitted electronically in ASCII format and
is hereby incorporated by reference in its entirety. Said ASCII
copy, created on Jan. 23, 2014, is named SEQ.txt and is 7,275
bytes in size.

BACKGROUND
[0003] 1. Technical Field
[0004] This document relates to methods and materials for

detecting C9ORF72 hexanucleotide (GGGGCC) (SEQ ID
NO: 3) repeat expansion positive (C97) frontotemporal lobar
degeneration (FTLD) or C9* amyotrophic lateral sclerosis
(ALS). For example, this document provides methods and
materials related to using anti-(GP) (SEQ 1D NO: 2) anti-
bodies to identify mammals (e.g.. humans) having C9* FTLD
or C9'ALS.

[0005] 2. Background Information

[0006] FTD and ALS are both devastating neurological
diseases. FTD is the second most common cause of pre-senile
dementia in which degeneration of the frontal and temporal
lobes of the brain results in progressive changes in personal-
ity, behavior, and language with relative preservation of per-
ception and memory (Graff-Radford and Woodruff, Neurol.,
27:48-57 (2007)). ALS affects 2 in 100,000 people and has
traditionally been considered a disorder in which degenera-
tion of upper and lower motor neurons gives rise to progres-
sive spasticity, muscle wasting, and weakness. However, ALS
is increasingly recognized to be a multisystem disorder with
impairment of frontotemporal functions such as cognition
and behavior inup to 50% of patients (Giordana et al., Neurol.
Sci., 32:9-16 (2011); Lomen-Hoerth et al., Neurology,
59:1077-1079 (2003); and Phukan et al., Lancet Neurol,
6:994-1003 (2007)). Similarly, as many as half of FID
patients develop clinical symptoms of motor neuron dysfunc-
tion (Lomen-Hoerth et al., Neurology, 60:1094-1097 (2002)).
The concept that FTD and ALS represent a clinicopathologi-
cal spectrum of disease is strongly supported by the recent
discovery of the transactive response DNA binding protein
with a molecular weight of 43 kD (TDP-43) as the pathologi-
cal protein in the vast majority of ALS cases and in the most
common pathological subtype of FTD (Neumann et al., Sci-
ence, 314:130-133 (2006)), now referred to as frontotemporal
lobar degeneration with TDP-43 pathology (FTLD-TDP;
Mackenzie et al., Acta Neuropathol., 117:15-18 (2009)).
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SUMMARY

[0007] This document provides methods and materials for
detecting C9* FTLD or C9* ALS. For example, this docu-
ment provides methods and materials related to using anti-
(GP)4 (SEQ ID NO: 2) antibodies to identify mammals (e.g.,
humans) having C9* FTLD or C9* ALS. As described herein,
biological samples obtained from C9" FTLD and C9™ ALS
patients can contain detectable levels or elevated levels of
polyGP polypeptides generated from the expanded hexa-
nucleotide (GGGGCC) (SEQ ID NO: 3) repeat in a noncod-
ing region of COORF72 present within the C9* FTLD or C9*
ALS patient, and antibodies generated against polyGP
polypeptides (e.g., antibodies generated against C-Ahx-
GPGPGPGPGPGPGPGP-amide; SEQ ID NO:1) can be used
to detect those detectable or elevated levels of polyGP
polypeptides within biological samples, thereby identifying
the patient as having C9* FTLD or C9" ALS.

[0008] Having the ability to identify mammals having C9*
FTLD or C9* ALS using the methods and materials provided
herein can allow clinicians to differentiate between those
patients having C9* FTLD and those patients having C9~
FTLD and to differentiate between those patients having C9*
ALS and those patients having C9~ ALS in a quick and
efficient manner without using nucleic acid amplification
techniques. For example, an immunological assay involving
the use of an anti-(GP)g (SEQ ID NO: 2) antibody and a
biological sample from a mammal to be tested (e.g., a human
patient suspected of having FTLD or ALS) can be used to
detect the presence of a detectable or elevated level of polyGP
polypeptides that is indicative of C9* FTLD or C9* ALS,
thereby indicating that the mammal being tested has C9*
FTLD or C9* ALS. In some cases, an immunological assay
involving the use of an anti-(GP); (SEQ ID NO: 2) antibody
and a biological sample from a mammal to be tested (e.g., a
human patient suspected of having FTLD or ALS) can be
used to detect the absence of a detectable or elevated level of
polyGP polypeptides that is indicative of C9~ FILD or C9*
ALS, thereby indicating that the mammal being tested has
C9™ FTLD or C9~ ALS or does not have FTLD or ALS.
[0009] C9 as used herein refers to the absence of an
expanded hexanucleotide (GGGGCC) (SEQ ID NO: 3)
repeat in the noncoding region of both COORF72 alleles. C9*
as used herein refers to the presence of an expanded hexa-
nucleotide (GGGGCC) (SEQ ID NO: 3) repeat in the non-
coding region of at least one COORF72 allele. Healthy
humans generally can have between about 2 and about 30
hexanucleotide (GGGGCC) (SEQ ID NO: 3) repeats in the
noncoding region of CY90RF72. A hexanucleotide
(GGGGCC) (SEQ ID NO: 3) repeat in the noncoding region
of C9ORF72 is considered expanded when there are more
than about 30 hexanucleotide (GGGGCC) (SEQ ID NO: 3)
repeats present. For example, a hexanucleotide (GGGGCC)
(SEQ ID NO: 3) repeat in the noncoding region of COORF72
is considered expanded when there are between about 30 and
about 2000 hexanucleotide (GGGGCC) (SEQ ID NO: 3)
repeats present (e.g., between about 30 and about 1900,
between about 30 and about 1800, between about 30 and
about 1700, between about 30 and about 1600, between about
30 and about 1500, between about 30 and about 1400,
between about 30 and about 1300, between about 30 and
about 1200, between about 30 and about 1100, between about
30 and about 1000, or between about 30 and about 750 hexa-
nucleotide (GGGGCC) (SEQ ID NO: 3) repeats present). In
some cases, a hexanucleotide (GGGGCC) (SEQ ID NO: 3 )re-
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peat in the noncoding region of C9ORF72 is considered
expanded when there are between about 30 and about 5000 or
more hexanucleotide (GGGGCC) (SEQ ID NO: 3) repeats
present (e.g., between about 30 and about 5000, between
about 30 and about 4500, between about 30 and about 4000,
between about 30 and about 3500, between about 30 and
about 3000, or between about 30 and about 2500 hexanucle-
otide (GGGGCC) (SEQ ID NO: 3) repeats present).

[0010] This document also provides anti-(GP), (SEQ ID
NO: 2) antibody preparations. As described herein, an anti-
(GP)g (SEQ ID NO: 2) antibody preparation can be a prepa-
ration that includes one or more anti-(GP), (SEQ ID NO: 2)
antibodies having the ability to bind a (GP), (SEQ ID NO: 2)
polypeptide (GPGPGPGPGP-GPGPGP; SEQ ID NO:2). In
some cases, an anti-(GP)g (SEQ ID NO: 2) antibody of an
anti-(GP); (SEQ ID NO: 2) antibody preparation provided
herein can bind to a (GP), (SEQ ID NO: 2) polypeptide with
no detectable binding to a (PGP), (SEQ 1D NO: 4) polypep-
tide or to a collagen polypeptide. For example, an anti-(GP),
(SEQ 1D NO: 2) antibody preparation provided herein can
include anti-(GP)g (SEQ ID NO: 2) antibodies that bind to a
(GP)g (SEQ ID NO: 2) polypeptide with no detectable bind-
ing to a (PGP)g (SEQ ID NO: 4) polypeptide. Examples of
anti-(GP)g (SEQ 1D NO: 2) antibodies having the ability to
bind to a (GP)z (SEQ ID NO: 2) polypeptide with no detect-
able binding to a (PGP), (SEQ ID NO: 4) polypeptide
include, without limitation, antibodies generated against
C-Ahx-GPGPGPGPGPGPGPGP-amide (SEQ ID NO:1).
Anti-(GP)4 (SEQ ID NO: 2) antibody preparations provided
herein can be used to identify mammals having C9* FTLD or
C9' ALS. For example, anti-(GP), (SEQ ID NO: 2) antibody
preparations provided herein can be used to identify humans
having C9* FTLD or can be used to bind to polypeptides
having eight or more (e.g., from 8 to 2000, from 8 to 1900,
from 8 to 1800, from & to 1700, from 8 to 1600, from 8 to
1500, from 8 to 1000, from 8 to 750, from 8 to 500, from 8 to
250, from 8 to 200, from 8 to 150, from 8 to 100, from 8 to 75,
from 8 to 50, or from 8 to 25) GP repeats. In some cases, an
anti-(GP); (SEQ ID NO: 2) antibody preparations provided
herein can be used to detect a polypeptide having a (GP)g 5000
amino acid sequence.

[0011] In general, one aspect of this document features a
method for identifying a mammal having an expanded hexa-
nucleotide (GGGGCC) (SEQ ID NO: 3) repeat in a noncod-
ing region of at least one COORF72 allele. The method com-
prises, or consists essentially of, (a) contacting a biological
sample obtained from the mammal with an anti-polyGP anti-
body under conditions wherein a polyGP polypeptide present
within the biological sample and the anti-polyGP antibody
form a polyGP polypeptide/anti-polyGP antibody complex,
(b) detecting the polyGP polypeptide/anti-polyGP antibody
complex, and (c) classifying the mammal as having the
expanded hexanucleotide (GGGGCC) (SEQ ID NO: 3)
repeat. The mammal can be a human. The biological sample
can be a cerebrospinal fluid sample. The biological sample
can be a blood sample. The binding affinity of the anti-
polyGP antibody fora (GP), (SEQ IDNO: 2) polypeptide can
be between 10° mol~' and 10"* mol~". The binding affinity of
the anti-polyGP antibody for a (GP)y (SEQ ID NO: 2)
polypeptide can be between 10° mol™ and 10** mol~, and
the binding affinity of the anti-polyGP antibody for a (PGP),
(SEQ ID NO: 4) polypeptide can be less than 10° mol=.

[0012] In another aspect, this document features a method
for identifying a human as having a C9* neurological condi-

Jul. 24,2014

tion. The method comprises, or consists essentially of, (a)
contacting a biological sample obtained from a human with
an anti-polyGP antibody under conditions wherein a polyGP
polypeptide present within the biological sample and the
anti-polyGP antibody form a polyGP polypeptide/anti-
polyGP antibody complex, (b) detecting the polyGP polypep-
tide/anti-polyGP antibody complex, and (c) classifying the
human as having a C9* neurological condition. The biologi-
cal sample can be a cerebrospinal fluid sample. The biological
sample can be a blood sample. The binding affinity of the
anti-polyGP antibody for a (GP), (SEQ ID NO: 2) polypep-
tide can be between 10° mol™ and 10> mol™". The binding
affinity of the anti-polyGP antibody for a (GP), (SEQ ID NO:
2) polypeptide can be between 10° mol ™" and 10" mol ™", and
the binding affinity of the anti-polyGP antibody for a (PGP),
(SEQID NO: 4) polypeptide can be less than 10°> mol~". The
C9* neurological condition can be C9* FTLD. The C9' neu-
rological condition can be C9™ ALS.

[0013] In another aspect, this document features an anti-
polyGP antibody. The binding affinity of the anti-polyGP
antibody for a (GP); (SEQ ID NO: 2) polypeptide can be
between 10° mol ™ and 10'?mol ™. The binding affinity of the
anti-polyGP antibody for a (GP); (SEQ ID NO: 2) polypep-
tide can be between 10° mol™ and 10" mol™', and wherein
the binding affinity of the anti-polyGP antibody for a (PGP),
(SEQID NO: 4) polypeptide can be less than 10° mol™". The
anti-polyGP antibody can be an anti-(GP)s (sz0 > vo: 2)
antibody.

[0014] In another aspect, this document features an anti-
body preparation comprising an anti-polyGP antibody. The
binding affinity of the anti-polyGP antibody for a (GP)s (SEQ
ID NO: 2) polypeptide can be between 10° mol™ and 10**
mol ™. The binding affinity of the anti-polyGP antibody for a
(GP)g (SEQ ID NO: 2) polypeptide can be between 10° mol™
and 10** mol™*, and the binding affinity of the anti-polyGP
antibody for a (PGP)g (sz0 1p wo. 4) polypeptide can be less
than 10° mol™". The anti-polyGP antibody can be an anti-
(GP)g (SEQ ID NO: 2) antibody.

[0015] In another aspect, this document features a method
for detecting a polyGP polypeptide present within the sample.
The method comprises, or consists essentially of, (a) contact-
ing the biological sample with an anti-polyGP antibody under
conditions wherein the polyGP polypeptide present within
the sample and the anti-polyGP antibody form a polyGP
polypeptide/anti-polyGP antibody complex, and (b) detect-
ing the polyGP polypeptide/anti-polyGP antibody complex,
thereby detecting the presence of the polyGP polypeptide
within the sample. The biological sample can be a cerebrospi-
nal fluid sample. The biological sample can be a blood
sample. The binding affinity of the anti-polyGP antibody for
a (GP); (SEQ ID NO: 2) polypeptide can be between 10°
mol~* and 10** mol™.

[0016] Thebinding affinity of the anti-polyGP antibody for
a (GP); (SEQ ID NO: 2) polypeptide can be between 10°
mol™* and 10*2 mol™, and the binding affinity of the anti-
polyGP antibody for a (PGP); polypeptide can be less than
10 mol™". The anti-polyGP antibody can be a monoclonal
antibody.

[0017] In another aspect, this document features a method
for detecting the presence or absence of a polyGP polypeptide
within the sample. The method comprises, or consists essen-
tially of, (a) contacting the biological sample with an anti-
polyGP antibody under conditions wherein the polyGP
polypeptide, if present within the sample, and the anti-
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polyGP antibody form a polyGP polypeptide/anti-polyGP
antibody complex, and (b) determining the presence or
absence of the polyGP polypeptide/anti-polyGP antibody
complex from step (a), wherein the presence of the complex
indicates the presence of the polyGP polypeptide within the
sample, and wherein the absence of the complex indicates the
absence of the polyGP polypeptide within the sample. The
biological sample can be a cerebrospinal fluid sample. The
biological sample can be a blood sample. The binding affinity
of the anti-polyGP antibody for a (GP), polypeptide can be
between 10° mol~* and 10" mol~".

[0018] Thebinding affinity of the anti-polyGP antibody for
a (GP); (SEQ ID NO: 2) polypeptide can be between 10°
mol™" and 10" mol™", and the binding affinity of the anti-
polyGP antibody for a (PGP), (SEQ ID NO: 4) polypeptide
can be less than 10° mol~". The anti-polyGP antibody can be
a monoclonal antibody.

[0019] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar
or equivalent to those described herein can be used to practice
the invention, suitable methods and materials are described
below. All publications, patent applications, patents, and
other references mentioned herein are incorporated by refer-
ence in their entirety. In case of conflict, the present specifi-
cation, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only and not
intended to be limiting.

[0020] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of
the invention will be apparent from the description and draw-
ings, and from the claims.

DESCRIPTION OF DRAWINGS

[0021] FIG. 1is a schematic of translation products of the
three alternate frames of the sense RNA transcript generated
from the expanded C9ORF72 GGGGCC (SEQ ID NO: 3)
repeat that would generate repeating dipeptides of (Glycine-
Alanine), , (Glycine-Proline),,, and (Glycine-Arginine),, and
the translation products of the three alternate frames of the
anti-sense RNA GGCCCC (SEQID NO: 5) repeat that would
generate repeating dipeptides of (Proline-Alanine),, (Pro-
line-Glycine),, and (Proline-Arginine),. FIG. 1 discloses
SEQ ID NOS 14-21, respectively, in order of appearance.

[0022] FIG.2A isaphotograph of a dot blot demonstrating
that MC-001 antibody (a polyclonal antibody raised in rabbits
against a mixture of C-Ahx-GAGAGAGAGAGAGAGA-
amide (SEQ ID NO: 6), C-Ahx-GPGPGPGPGPGPGPGP-
amide (SEQ ID NO: 1), and C-Ahx-GRGRGRGRGRGR-
GRGR-amide (SEQ ID NO: 7)) exhibits high affinity for the
(GP)4 (SEQ ID NO: 2) polypeptide as compared to a (GA)g
(seg 1o No: 8) polypeptide, a (GR)g (SEQ ID NO: 9) polypep-
tide, a (GK) (SEQ ID NO: 10) polypeptide, or a (GX)5 (SEQ
IDNO: 11) polypeptide (“X” represents a random amino acid
that is not glycine, alanine, proline, arginine, cysteine, valine,
or lysine). The unconjugated (GP), (SEQ ID NO: 2) polypep-
tides, (GA)g (SEQ ID NO: 8) polypeptides, (GR); (SEQ ID
NO: 9) polypeptides, (GK), (SEQ ID NO: 10) polypeptides,
and (GX)s (550 > vo: 11) polypeptides were dotted onto a
nitrocellulose membrane at the amounts shown and probed
with 100 ng/mL of the MC-001 antibody. FIG. 2B is a graph
plotting the binding signal (relative absorbance units; A.U.)
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of 500 ng/mL. of the MC-001 antibody to unconjugated (GP),
(SEQ ID NO: 2) polypeptides, (GA), (SEQ ID NO: 8)
polypeptides, (GR), (SEQ ID NO: 9) polypeptides, (GK)g
(SEQ ID NO: 10) polypeptides, and (GX), (SEQ IDNO: 11)
polypeptides as detected using the Meso Scale Discovery
(MSD™) platform.

[0023] FIG. 3 contains photographs of the indicated tissues
from C9* FTLD (C9ORF72+) and C9~ FTLD (C9ORF72-)
patients stained with the MC-001 antibody. The MC-001
antibody detected inclusions in cerebellar granule and
Purkinjie cells throughout hippocampus proper and dentate
fascia and in the frontal cortex of C9* FTLD patients, but not
in C9™ FTLD patients.

[0024] FIGS. 4A-F are photographs of immunohistochem-
istry using the MC-001 antibody to stain tissue from patients
with Alzheimer’s disease (A, B). spinocerebellar ataxia type
3 (C, D), and Huntington’s disease (E, F). Dentate fascia (A)
and hippocampus proper (B) of the Alzheimer’s disease
patient exhibited no MC-001 antibody immunoreactivity.
Pontine nucleus (C) and locus ceruleus (D) of the spinocet-
ebellar ataxia type 3 patient exhibited non-specific diffuse
nuclear staining and melanin in the cytoplasm (a natural
pigment of the neurons of this nucleus). Basal forebrain
nucleus of Meynert (E) and putamen (F) of the Huntington’s
disease patient exhibited non-specific diffuse nuclear staining
[0025] FIG. 5A is a photograph of an immunoblot of a urea
fraction from a sequential extraction of cerebellar tissue using
100 ng/mL of the MC-001 antibody. FIG. 5B is a photograph
of a dot blot of 2 pL, urea fractions blotted onto a nitrocellu-
lose membrane and probed with 50 ng/mlL of the MC-001
antibody. FIG. 5C is a graph plotting the levels of insoluble
material detected in the urea fraction using the MSD™ plat-
form and the MC-001 antibody (t-test; P=0.0004).

[0026] FIG. 6isabargraph plotting the normalized binding
signal of the MC-001 antibody to poly(GP) polypeptides
present in cerebral spinal fluid (CSF) from control patients
(CLT), C9~ ALS patients, and a C9* ALS patient. To measure
anti-poly(GP) polypeptide immunoreactivity in CSF
obtained from healthy controls (CTL, n=2),C9~ ALS patients
(ALS, n=6), and an ALS patient with the COORF72 mutation
(C9* ALS, n=1), 90 uL of CSF was adsorbed to carbon
electrodes at the bottom of a 96-well MSD™ assay plate.
After immobilization and blocking, the MC-001 antibody in
combination with a Sulfo-tagged rabbit secondary antibody
was added to wells. Immunoreactivity was measured by add-
ing MSD™1x Read Buffer to wells and reading the light
emission at 620 nm after electrochemical stimulation using
the MSD™ Sector Imager 2400.

[0027] FIG. 7 is a bar graph plotting the binding signals of
monoclonal antibody preparations made to detect poly(GP)
polypeptides from three different clones to the indicated
polypeptides.

DETAILED DESCRIPTION

[0028] This document provides methods and materials for
detecting C9* FTLD or C9* ALS. For example, this docu-
ment provides methods and materials related to using anti-
(GP)g (SEQ ID NO: 2) antibodies to identify mammals (e.g.,
humans) having C9* FTLD or C9* ALS. As described herein,
biological samples obtained from C9* FTLD and C9' ALS
patients can contain detectable levels or elevated levels of
polyGP polypeptides generated from the expanded hexa-
nucleotide (GGGGCC) (SEQ ID NO: 3) repeat in a noncod-
ing region of C9ORF72 present within the C9* FTLD or C9*
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ALS patient, and antibodies generated against polyGP
polypeptides (e.g., antibodies generated against C-Ahx-
GPGPGPGPGPGPGPGP-amide; SEQ ID NO:1) can be used
to detect those detectable or elevated levels of polyGP
polypeptides within biological samples, thereby identifying
the patient as having C9* FTLD or C9* ALS.

[0029] Any appropriate mammal can be assessed for C9*
FTLD or C9* ALS or can be assessed for the presence of an
expanded hexanucleotide (GGGGCC) (SEQ ID NO: 3)
repeat in a noncoding region of CIORF72 as described
herein. For example, humans, non-human primates, mon-
keys, horses, cows, sheep, pigs, dogs, and cats can be assessed
for the presence of an expanded hexanucleotide (GGGGCC)
(SEQ ID NO: 3) repeat in a noncoding region of C9ORF72
using anti-polyGP polypeptide antibodies such as the MC001
antibody. In some cases, a human diagnosed as having FTLD
or ALS can be assessed for the presence of an expanded
hexanucleotide (GGGGCC) (SEQ 1D NO: 3) repeat in a
noncoding region of C9ORF72 using an anti-polyGP
polypeptide antibody as described herein.

[0030] When assessing a mammal for detectable levels or
elevated levels of polyGP polypeptides generated from an
expanded hexanucleotide (GGGGCC) (SEQ ID NO: 3)
repeat in a noncoding region of C9ORF72, any appropriate
sample can be evaluated. For example, tissue samples, cere-
brospinal fluid samples, or blood samples can be obtained
from a mammal and tested to determine the level of polyGP
polypeptides.

[0031] Any appropriate method can be used to assess the
level of polyGP polypeptides within a sample. For example,
immunological assays such as Western blots, FACS analyses,
ELISAs, and RIAs can be used to determine whether or not a
sample contains a detectable level or elevated level of polyGP
polypeptides generated from an expanded hexanucleotide
(GGGGCC) (SEQ ID NO: 3) repeat in a noncoding region of
CI90RF72.

[0032] In immunological assays, an antibody having spe-
cific binding affinity for a polyGP polypeptide (e.g., a (GP)q
(SEQ ID NO: 2) polypeptide or the MC001 antibody) or a
secondary antibody that binds to such an antibody can be
labeled, either directly or indirectly. Suitable labels include,
without limitation, radionuclides (e.g., "*°1, "*'1,**S, *H, **P,
33p, or 1*C), fluorescent moieties (e.g., fluorescein, FITC,
PerCP, rhodamine, or PE), luminescent moieties (e.g.,
Qdot™ nanoparticles supplied by Invitrogen (Carlsbad,
Calif)), compounds that absorb light of a defined wave-
length, or enzymes (e.g., alkaline phosphatase or horseradish
peroxidase). Antibodies can be indirectly labeled by conju-
gation with biotin and then detected with avidin or streptavi-
din labeled with a molecule described above. Methods of
detecting or quantifying a label depend on the nature of the
label and are known in the art. Examples of detectors include,
without limitation, x-ray film, radioactivity counters, scintil-
lation counters, spectrophotometers, colorimeters, fluorom-
eters, luminometers, and densitometers. Combinations of
these approaches (including “multi-layer” assays) familiar to
those in the art can be used to enhance the sensitivity of
assays.

[0033] Immunological assays for detecting polyGP
polypeptides generated from an expanded hexanucleotide
(GGGGCC) (SEQ ID NO: 3) repeat in a noncoding region of
CY90RF72 can be performed in a variety of formats including,
without limitation, sandwich assays, competition assays
(competitive RIA), or bridge immunoassays. See, for
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example, U.S. Pat. Nos. 5,296,347; 4,233,402; 4,098,876;
and 4,034,074. Methods of detecting polyGP polypeptides
generated from an expanded hexanucleotide (GGGGCC)
(SEQ ID NO: 3) repeat in a noncoding region of COORF72
generally include contacting a biological sample (e.g., a cere-
brospinal fluid sample or blood sample) with an antibody that
binds to a polyGP polypeptide (e.g., a (GP), (SEQID NO: 2)
polypeptide) and detecting binding of the polyGP polypep-
tide to the antibody. For example, an antibody having specific
binding affinity for a polyGP polypeptide (e.g., a (GP)g (SEQ
ID NO: 2) polypeptide) can be immobilized on a solid sub-
strate by any of a variety of methods known in the art and then
exposed to the biological sample. Binding of the polyGP
polypeptide to the antibody on the solid substrate can be
detected by exploiting the phenomenon of surface plasmon
resonance, which results in a change in the intensity of sur-
face plasmon resonance upon binding that can be detected
qualitatively or quantitatively by an appropriate instrument,
e.g., a Biacore apparatus (Biacore International AB, Rapsga-
tan, Sweden). In some cases, the antibody can be labeled and
detected as described above. A standard curve using known
quantities of a polyGP polypeptide can be generated to aid in
the quantitation of the levels of the polyGP polypeptide
within a sample being tested.

[0034] The term “antibody” as used herein refers to intact
antibodies as well as antibody fragments that retain some
ability to bind an epitope. Such fragments include, without
limitation, Fab, F(ab')2, and Fv antibody fragments. The term
“epitope” refers to an antigenic determinant on an antigen to
which the paratope of an antibody binds. Epitopic determi-
nants usually consist of chemically active surface groupings
of molecules (e.g., amino acid or sugar residues) and usually
have specific three dimensional structural characteristics as
well as specific charge characteristics.

[0035] The antibodies provided herein can be any antibody
(e.g., a monoclonal or polyclonal antibody) having specific
binding affinity for a polyGP polypeptide (e.g., a (GP), (SEQ
ID NO: 2) polypeptide). In some cases, an anti-polyGP
polypeptide antibody (e.g., an anti-(GP), (SEQ ID NO: 2)
polypeptide antibody) provided herein can have little or no
detectable binding to a (PGP), (SEQ 1D NO: 4) polypeptide
or to a collagen polypeptide (e.g., ahuman collagen polypep-
tide). In some cases, the binding affinity of an anti-polyGP
polypeptide antibody (e.g., an anti-(GP); (SEQ ID NO: 2)
polypeptide antibody) provided herein for a polyGP polypep-
tide (e.g., a(GP)y (SEQID NO: 2) polypeptide) can be greater
than 10° mol™* (e.g., greater than 10%, 10%, 10°, 105, 107, 105,
107, 10'°, 10*%, 102, or 10" mol™). In some cases, the
binding affinity of an anti-polyGP polypeptide antibody (e.g,,
an anti-(PG), polypeptide antibody) provided herein for a
polyGP polypeptide (e.g., a (GP), (SEQ ID NO: 2) polypep-
tide) can be between 10° mol™ and 10" mol™* (e.g., between
10° mol~* and 10> mol™*, between 10° mol~* and 10" mol ™,
between 10° mol™ and 10'° mol™", between 10° mol™ and
10° mol™*, between 10 mol™" and 10® mol™, between 10°
mol™ and 107 mol™?, between 10* mol™! and 10'? mol™!,
between 10° mol™ and 10" mol ™, between 10° mol™" and
10%2 mol~, between 107 mol~* and 10*2 mol!, between 10®
mol™* and 10" mol™", between 10° mol™* and 10" mol™’,
between 10'° mol™! and 10*2 mol™!, or between 105 mol™!
and 10" mol™"). In some cases, the binding affinity of an
anti-polyGP polypeptide antibody (e.g., an anti-(GP)g (SEQ
ID NO: 2) polypeptide antibody) provided herein for a
(PGP)g (SEQID NO: 4) polypeptide or to a collagen polypep-
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tide (e.g., ahuman collagen polypeptide) can be less than 10°
mol™ binding affinity (e.g., less than 10%, 10°, or 10* mol™?).
[0036] Antibodies provided herein can be prepared using
any appropriate method. For example, a polyGP polypeptide
preparation or a substantially pure (GP); (SEQ ID NO: 2)
polypeptide (e.g., C-Ahx-GPGPGPGPGPGPGPGP-amide
(SEQ ID NO: 1)) can be used as an immunogen to elicit an
immune response in an animal such that specific antibodies
are produced. In some cases, tagged (e.g., GST-tagged) or
untagged polypeptides having a (GP)g 504, sequence can be
used as an immunogen to elicit an immune response in an
animal such that specific antibodies are produced. The immu-
nogen used to immunize an animal can be chemically syn-
thesized or derived from translated ¢cDNA. For example,
polypeptides having a (GP); 00, Sequence can be expressed
exogenously by cells (e.g., mammalian or bacteria cells) and
isolated or used as a crude polypeptide extract. In some cases,
the immunogen can be conjugated to a carrier polypeptide, if
desired. Commonly used carriers that are chemically coupled
to an immunizing polypeptide include, without limitation,
m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS),
keyhole limpet hemocyanin (KLH), thyroglobulin, bovine
serum albumin (BSA), and tetanus toxoid.

[0037] The preparation of polyclonal antibodies is well-
known to those skilled in the art. See, e.g., Green et al.,
Production of Polyclonal Antisera, in IMMUNOCHEMI-
CAL PROTOCOLS (Manson, ed.), pages 1 5 (Humana Press
1992) and Coligan et al., Production of Polyclonal Antisera in
Rabbits, Rats, Mice and Hamsters, in CURRENT PROTO-
COLS IN IMMUNOLOGY, section 2.4.1 (1992). In addition,
those of skill in the art will know of various techniques com-
mon in the immunology arts for purification and concentra-
tion of polyclonal antibodies, as well as monoclonal antibod-
ies (Coligan, etal., Unit 9, Current Protocols in Immunology,
Wiley Interscience, 1994).

[0038] The preparation of monoclonal antibodies also is
well-known to those skilled in the art. See, e.g., Kohler &
Milstein, Nature 256:495 (1975); Coligan et al., sections
2.5.12.6.7; and Harlow et al., ANTIBODIES: A LABORA-
TORY MANUAL, page 726 (Cold Spring Harbor Pub. 1988).
Briefly, monoclonal antibodies can be obtained by injecting
mice with a composition comprising an antigen, verifying the
presence of antibody production by analyzing a serum
sample, removing the spleen to obtain B lymphocytes, fusing
the B lymphocytes with myeloma cells to produce hybrido-
mas, cloning the hybridomas, selecting positive clones that
produce antibodies to the antigen, and isolating the antibodies
from the hybridoma cultures. Monoclonal antibodies can be
isolated and purified from hybridoma cultures by a variety of
well-established techniques. Such isolation techniques
include affinity chromatography with Protein A Sepharose,
size exclusion chromatography, and ion exchange chroma-
tography. See, e.g., Coligan et al., sections 2.7.1 2.7.12 and
sections 2.9.1 2.9.3; Barnes et al., Purification of Immuno-
globulin G (IgG), in METHODS 1N MOLECULAR BIOL-
OGY, VOL. 10, pages 79 104 (Humana Press 1992).

[0039] In addition, methods of in vitro and in vivo multi-
plication of monoclonal antibodies are well known to those
skilled in the art. Multiplication in vitro can be carried out in
suitable culture media such as Dulbecco’s Modified Eagle
Medium or RPMI 1640 medium, optionally replenished by
mammalian serum such as fetal calf serum, or trace elements
and growth sustaining supplements such as normal mouse
peritoneal exudate cells, spleen cells, and bone marrow mac-
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rophages. Production in vitro provides relatively pure anti-
body preparations and allows scale up to yield large amounts
of the desired antibodies. Large scale hybridoma cultivation
can be carried out by homogenous suspension culture in an
airlift reactor, in a continuous stirrer reactor, or in immobi-
lized or entrapped cell culture. Multiplication in vivo may be
carried out by injecting cell clones into mammals histocom-
patible with the parent cells (e.g., osyngeneic mice) to cause
growth of antibody producing tumors. Optionally, the ani-
mals are primed with a hydrocarbon, especially oils such as
pristane (tetramethylpentadecane) prior to injection. After
one to three weeks, the desired monoclonal antibody is recov-
ered from the body fluid of the animal.

[0040] Insome cases, the antibodies provided herein can be
made using non-human primates. General techniques for
raising therapeutically useful antibodies in baboons can be
found, for example, in Goldenberg et al., International Patent
Publication WO 91/11465 (1991) and Losman et al., Int. J.
Cancer, 46:310 (1990).

[0041] In some cases, the antibodies can be humanized
monoclonal antibodies. Humanized monoclonal antibodies
can be produced by transferring mouse complementarity
determining regions (CDRs) from heavy and light variable
chains of the mouse immunoglobulin into a human variable
domain, and then substituting human residues in the frame-
work regions of the murine counterparts. General techniques
for cloning murine immunoglobulin variable domains are
described, for example, by Orlandi et al., Proc. Nat’l. Acad.
Sci. US4 86:3833 (1989). Techniques for producing human-
ized monoclonal antibodies are described, for example, by
Jones et al., Nature 321:522 (1986); Riechmann et al., Nature
332:323 (1988); Verhoeyen et al., Science 239:1534 (1988);
Carter et al., Proc. Nat'l. Acad. Sci. USA 89:4285 (1992);
Sandhu, Crit. Rev. Biotech. 12:437 (1992); and Singer et al.,
J. Immunol. 150:2844 (1993).

[0042] Antibodies provided herein can be derived from
human antibody fragments isolated from a combinatorial
immunoglobulin library. See, for example, Barbas et al.,
METHODS: A COMPANION TO METHODS IN ENZY-
MOLOGY, VOL. 2, page 119 (1991) and Winter et al., Ann.
Rev, Immunol. 12: 433 (1994). Cloning and expression vec-
tors that are useful for producing a human immunoglobulin
phage library can be obtained, for example, from STRAT-
AGENE Cloning Systems (La Jolla, Calif.).

[0043] In some cases, antibodies provided herein can be
derived from a human monoclonal antibody. Such antibodies
are obtained from transgenic mice that have been “engi-
neered” to produce specific human antibodies in response to
antigenic challenge. In this technique, elements of the human
heavy and light chain loci are introduced into strains of mice
derived from embryonic stem cell lines that contain targeted
disruptions of the endogenous heavy and light chain loci. The
transgenic mice can synthesize human antibodies specific for
human antigens and can be used to produce human antibody
secreting hybridomas. Methods for obtaining human antibod-
ies from transgenic mice are described by Green et al., Nature
Genet. 7:13 (1994); Lonberg et al., Nature 368:856 (1994);
and Taylor et al., Int. Immunol. 6:579 (1994).

[0044] Antibody fragments can be prepared by proteolytic
hydrolysis of an intact antibody or by the expression of a
nucleic acid encoding the fragment. Antibody fragments can
be obtained by pepsin or papain digestion of intact antibodies
by conventional methods. For example, antibody fragments
can be produced by enzymatic cleavage of antibodies with
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pepsin to provide a 5S fragment denoted F(ab")2. This frag-
ment can be further cleaved using a thiol reducing agent, and
optionally a blocking group for the sulfhydryl groups result-
ing from cleavage of disulfide linkages, to produce 3.5S Fab'
monovalent fragments. In some cases, an enzymatic cleavage
using pepsin can be used to produce two monovalent Fab'
fragments and an Fc fragment directly. These methods are
described, for example, by Goldenberg (U.S. Pat. Nos. 4,036,
945 and 4,331,647). See also Nisonhoff et al., Arch. Biochem.
Biophys. 89:230 (1960); Porter, Biochem. J. 73:119 (1959);
Edelman et al., METHODS IN ENZYMOLOGY, VOL. 1,
page 422 (Academic Press 1967); and Coligan et al. at sec-
tions 2.8.1 2.8.10 and 2.10.1 2.10.4.

[0045] Other methods of cleaving antibodies, such as sepa-
ration of heavy chains to form monovalent light heavy chain
fragments, further cleavage of fragments, or other enzymatic,
chemical, or genetic techniques may also be used provided
the fragments retain some ability to bind (e.g., selectively
bind) its epitope.

[0046] The antibodies provided herein can be substantially
pure. The term “substantially pure” as used herein with ref-
erence to an antibody means the antibody is substantially free
of other polypeptides, lipids, carbohydrates, and nucleic acid
with which it is naturally associated. Thus, a substantially
pure antibody is any antibody that is removed from its natural
environment and is at least 60 percent pure. A substantially
pure antibody can be at least about 65, 70, 75, 80, 85, 90, 95,
or 99 percent pure.

[0047] In some cases, biological samples obtained from
C9* FTLD and C9* ALS patients can contain detectable
levels or elevated levels of polyGA polypeptides, polyGR
polypeptides, polyPA polypeptides, and/or polyPR polypep-
tides in addition to polyGP polypeptides generated from the
expanded hexanucleotide (GGGGCC) (SEQ ID NO: 3)
repeat in a noncoding region of COORF72 present within the
C9* FTLD or C9* ALS patient. In such cases, antibodies
generated against polyGA polypeptides (e.g., antibodies gen-
erated against C-Ahx-GAGAGAGAGAGAGAGA-amide
(SEQ ID NO: 6)), or a GST-tagged (GA)s, polypeptide that
was exogenously expressed in bacteria and isolated), antibod-
ies generated against polyGR polypeptides (e.g., antibodies
generated against C-Ahx-GRGRGRGRGRGRGRGR -amide
(SEQ ID NO: 7)), or a GST-tagged (GR)s, polypeptide that
was exogenously expressed in bacteria and isolated), antibod-
ies generated against polyPA polypeptides (e.g., antibodies
generated against C-Ahx-PAPAPAPAPAPAPAPA-amide
(SEQ ID NO: 12)), or a GST-tagged (PA),, polypeptide that
was exogenously expressed in bacteria and isolated), and/or
antibodies generated against polyPR polypeptides (e.g., anti-
bodies generated against C-Ahx-PRPRPRPRPRPRPRPR-
amide (SEQIDNO: 13)) or a GST-tagged (PR ), polypeptide
that was exogenously expressed in bacteria and isolated) can
be used instead of or in combination with antibodies gener-
ated against polyGP polypeptides (e.g., antibodies generated
against C-Ahx-GPGPGPGPGPGPGPGP-amide; SEQ ID
NO:1) as described herein to detect those detectable or
elevated levels of polyGA polypeptides, polyGR polypep-
tides, polyPA polypeptides, polyPR polypeptides, and/or
polyGP polypeptides within biological samples, thereby
identifying the patient as having C9* FTLD or C9* ALS. In
addition, the anti-polyGA polypeptide antibodies (e.g., anti-
bodies generated against C-Ahx-
GAGAGAGAGAGAGAGA-amide (SEQ ID NO: 6)), anti-
polyGR polypeptide antibodies (e.g., antibodies generated
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against C-Ahx-GRGRGRGRGRGRGRGR-amide (SEQ ID
NO: 7)), anti-polyPA polypeptide antibodies (e.g., antibodies
generated  against C-Ahx-PAPAPAPAPAPAPAPA-amide
(SEQ ID NO: 12)), and anti-polyPR polypeptide antibodies
(e.g., antibodies generated against C-Ahx-
PRPRPRPRPRPRPRPR-amide (SEQ ID NO: 13)) provided
herein can be made and used using methods similar to those
described herein with respect to the anti-polyGP polypeptide
antibodies.

[0048] The invention will be further described in the fol-
lowing example, which does not limit the scope of the inven-
tion described in the claims.

EXAMPLE
Example 1

Producing a Preparation Containing Anti-polyGP
Polypeptide Antibodies

[0049] The expansion of a hexanucleotide (GGGGCC)
(SEQ ID NO: 3) repeat in a noncoding region of COORF72
was hypothesized to form an mRNA sense transcript with the
capability of expressing polyGA polypeptides, polyGP
polypeptides, and polyGR polypeptides (FIG. 1). To test this
hypothesis, a polyclonal antibody preparation was produced
as follows.

[0050] Briefly, two rabbits were immunized by injection
with a mixture of the following polypeptides: C-Ahx-
GAGAGAGAGAGAGAGA -amide (SEQIDNO: 6), C-Ahx-
GPGPGPGPGPGPGPGP-amide (SEQ ID NO: 1), and
C-Ahx-GRGRGRGRGRGRGRGR-amide (SEQ ID NO: 7).
Prior to immunization of the rabbits, the purity of each
polypeptide was verified by mass spectrometry, and each
polypeptide was conjugated to m-maleimidobenzoyl-N-hy-
droxysuccinimide ester (MBS) as an immune carrier. Repeat
immunizations were performed, and bleeds were subse-
quently collected to obtain antiserum.

[0051] Antiserum was directly used for some experimental
investigations, such as immunohistochemical analysis of
CI90RF72 translated polypeptides in human brain sections
(FIG. 3 and FIG. 5). In addition, polyclonal antibodies were
purified from the antiserum with Protein A or Protein G. This
generated a pool of antibodies that preferentially detect
polyGP polypeptides (FIG. 2). The polyclonal antibody
preparation produced was designated the MC-001 antibody.
[0052] The MC-001 antibody bound to (GP), (SEQ ID NO:
2) polypeptides, and not (GA), (SEQ IDNO: 8) polypeptides,
(GR)g (SEQ ID NO: 9) polypeptides, (GK), (SEQ IDNO: 10)
polypeptides, and (GX); (SEQ ID NO: 11) polypeptides
(FIGS. 2A and 2B).

Example 2

Anti-polyGP Polypeptide Antibodies are Capable of
Detecting C9* FLTD and C9* ALS Patients

[0053] The MC-001 antibody was capable of specific
detection of insoluble inclusions of polyGP polypeptides in
the brains of patients with the COORF72 GGGGCC (SEQ ID
NO: 3) genetic expansion. Cerebellar, hippocampal, and
frontocortical sections exhibited specific MC-001 immu-
noreactivity by immunohistochemistry in FTLD patients
with the genetic GGGGCC (SEQ ID NO: 3) expansion (FIG.
3), but not in sections from FTLD patients without the genetic
expansion. No MC-001 immunoreactivity was detected in
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brain tissue sections from affected areas of Alzheimer’s dis-
ease (AD) or the trinucleotide repeat disorders spinocerebel-
lar ataxia type 3 (SCA3) or Huntington’s disease (HD) (FIG.
4). These results indicate that MC-001 antibody immunore-
activity can be highly specific only to patients with the
CI90RF72 GGGGCC (SEQ ID NO: 3) genetic expansion.
[0054] Sequential extraction of protein from the cerebel-
lum of C9*FTD or C9*ALS cases with increasingly stringent
detergents revealed that the MC-001 antibody labeled
insoluble high molecular weight material. Immunoblots of
the 7M urea fractions from cerebellar tissue revealed the
presence of MC-001 immunoreactive material that, due to its
large size and insolubility, became trapped in the top of the
SDS-PAGE stacking gel (FIG. 5A). To assess MC-001 immu-
noreactivity, dot-blot (FIG. 5B) and MSD immunoassay
(FIG. 5C) were conducted to overcome the problem of the
immobility of the material by SDS-PAGE. The presence of
high molecular weight insoluble material in C9* FTD/ALS
brain was comparable to other neurodegenerative disorders
with insoluble neuronal inclusions such as insoluble tau
inclusions in Alzheimer’s disease. The MC-001 antibody
only exhibited immunoreactivity to insoluble material
extracted from brain regions from patients with the COORF72
GGGGCC (SEQ ID NO: 3) genetic expansion.

Example 3

Anti-polyGP Polypeptide Antibodies are Capable of
Detecting C9* ALS Patients Using Cerebrospinal
Fluid

[0055] To evaluate the potential of the MC-001 antibody
further, cerebrospinal fluid from two normal controls, six
ALS patients negative for CO9ORF72 expanded repeats, and
one C9* ALS patient was assessed using the MSD platform.
As shown in FIG. 6, MC-001 immunoreactivity in the C9*
ALS CSF was increased more than threefold the standard
error of the mean signal in CSF from control ALS patients
(indicated by dashed line). These results demonstrate that the
presence of polypeptides such as polyGP polypeptides in
patient cerebrospinal fluid can serve as a detectable marker
for both diagnostic and prognostic tests for C9* FTD and
ALS.

Example 4

Producing Goat Anti-polyGP Antibodies

[0056] One goat was immunized by injection with a
C-Ahx-GPGPGPGPGPGPGPGP-amide (SEQ ID NO: 1)
polypeptide. Prior to immunization, the purity ofthe polypep-
tide was verified by mass spectrometry, and the polypeptide
was conjugated to m-maleimidobenzoyl-N-hydroxysuccin-
imide ester (MBS) as an immune carrier. Repeat immuniza-
tions were performed, and bleeds were subsequently col-
lected to obtain antiserum. Subsequent antibody purification
by Protein A or Protein G, or antigen-specific purification,
was performed.

Example 5

Producing Rabbit Anti-polyGP Antibodies

[0057] Two rabbits were immunized by injection with a
C-Ahx-GPGPGPGPGPGPGPGP-amide (SEQ ID NO: 1)
polypeptide. Prior to immunization, the purity of the polypep-
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tide was verified by mass spectrometry, and the polypeptide
was conjugated to m-maleimidobenzoyl-N-hydroxysuccin-
imide ester (MBS) as an immune carrier. Repeat immuniza-
tions are performed, and bleeds are subsequently collected to
obtain antiserum. Subsequent antibody purification by Pro-
tein A or Protein G, or antigen-specific purification, is per-
formed.

Example 6

Producing Rabbit Anti-polyGA Antibodies

[0058] Two rabbits were immunized by injection with a
C-Ahx-GAGAGAGAGAGAGAGA-amide (SEQ ID NO: 6)
polypeptide. Prior to immunization, the purity of the polypep-
tide was verified by mass spectrometry, and the polypeptide
was conjugated to m-maleimidobenzoyl-N-hydroxysuccin-
imide ester (MBS) as an immune carrier. Repeat immuniza-
tions were performed, and bleeds were subsequently col-
lected to obtain antiserum. Subsequent antibody purification
by Protein A or Protein G, or antigen-specific purification,
was performed.

[0059] Two rabbits were immunized by injection with
recombinant (GA);, tagged with glutatione S-transferase
(GST). In brief, synthetic ¢cDNA encoding (GA)s, was
inserted into a pGEX-6P-1 vector (GE Healthcare) down-
stream of the GST sequence, and the plasmid was transfected
into Rosetta™(DE3)pLysS Competent Cells
(EMD4Biosciences). For induction of recombinant GST-
(GA),, polypeptide, bacteria were cultured overnight in the
presence of isopropyl p-D-1-thiogalactopyranoside. Cells
were then lysed, sonicated, and centrifuged at 18000xg for 30
minutes. The resulting supernatant was applied to a Glu-
tathione Sepharose 4B column, and the recombinant GST-
(GA),, polypeptide was eluted from the column using Tris-Cl
(50 mM, pH 8.0) containing 20 mM reduced glutathione.
After removal of glutathione from the GST-(GA),, prepara-
tion, GST-(GA)s, was used for immunization of rabbits.
[0060] Repeat immunizations are performed, and bleeds
are subsequently collected to obtain antiserum. Subsequent
antibody purification by Protein A or Protein G, or antigen-
specific purification, is performed.

Example 7

Producing Rabbit Anti-polyGR Antibodies

[0061] Two rabbits were immunized by injection with a
C-Ahx-GRGRGRGRGRGRGRGR-amide (SEQ ID NO: 7)
polypeptide. Prior to immunization, the purity of the polypep-
tide was verified by mass spectrometry, and the polypeptide
was conjugated to m-maleimidobenzoyl-N-hydroxysuccin-
imide ester (MBS) as an immune carrier. Repeat immuniza-
tions are performed, and bleeds are subsequently collected to
obtain antiserum. Subsequent antibody purification by Pro-
tein A or Protein G, or antigen-specific purification, is per-
formed.

Example 8

Producing Mouse Monoclonal Anti-polyGP
Antibodies

[0062] Five mice were immunized by injection with a mix-
ture of C-Ahx-GAGAGAGAGAGAGAGA-amide (SEQ ID
NO: 6), C-Ahx-GPGPGPGPGPGPGPGP-amide (SEQ 1D
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NO: 1), and C-Ahx-GRGRGRGRGRGRGRGR-amide
(SEQ ID NO: 7) polypeptides. Prior to immunization, the
purity of the polypeptide was verified by mass spectrometry,
and the polypeptide was conjugated to m-maleimidobenzoyl-
N-hydroxysuccinimide ester (MBS) as an immune carrier.
[0063] B cells were isolated from the spleen of immunized
mice and were fused with myeloma cells to create hybrido-
mas. Hybridomas were cultured under conditions which pet-
mit growth of only hybridoma cells where each cell produces
an antibody against a single epitope. Single hybridoma cells
were separated and were grown in distinct wells of a micro-
titer plate. Each hybridoma was screened to determine
whether it produces the desired antibody (i.e., antibody
against (GP)y (SEQ ID NO: 2), (GA)g (SEQ ID NO: 8), or
(GR), (SEQ ID NO: 9)). The hybridoma cells producing a
desired monoclonal antibody are cultured, and monoclonal
antibodies are harvested from the supernatant. Monoclonal
antibody purification from the supernatant is performed by
affinity purification using Protein A or Protein G, or using
immobilized antigen (i.e., (GP)y (SEQ ID NO: 2), (GA),
(SEQ ID NO: 8), or (GR)g (SEQ ID NO: 9) polypeptides).
[0064] Antibody clones were tested for the ability to bind
(PA)g, (PR)g, (GP)g, (GA),, or (GR), polypeptides. Briefly,
(PA)g, (PR)g. (GP)g, (GA),, and (GR)4 polypeptides were
adsorbed individually to carbon electrodes at the bottom of
96-well MSD™ assay plates. After immobilization and
blocking, antibodies from individual clones in combination
with a Sulfo-tagged rabbit secondary antibody were added to
the wells. Immunoreactivity was measured by adding
MSD™1x Read Buffer to the wells and reading the light
emission at 620 nm after electrochemical stimulation using
the MSD™ Sector Imager 2400.

[0065] Three monoclonal antibody clones (clones G2, G3,
and H4) produced monoclonal antibodies that bound to the
(GP), polypeptide with no detectable binding to the (PA),,
(PR)g. (GA),, and (GR); polypeptides (FIG. 7).
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Example 9

Producing Rabbit Anti-polyPA Antibodies

[0066] Two rabbits were immunized by injection with the
following polypeptide antigen: C-Ahx-PAPAPAPAPAPA-
PAPA-amide (SEQ ID NO: 12).

[0067] Prior to immunization, the polypeptide purity was
verified by mass spectrometry, and the polypeptide was con-
jugated to m-Maleimidobenzoyl-N-hydroxysuccinimide
ester (MBS) as an immune carrier. Repeat immunizations are
performed, and bleeds are collected to obtain antiserum. Sub-
sequent antibody purification by Protein A or Protein G, or
antigen-specific purification, is performed.

Example 10

Producing Rabbit Anti-polyPR Antibodies

[0068] Two rabbits were immunized by injection with the
following polypeptide antigen: C-Ahx-
PRPRPRPRPRPRPRPR-amide (SEQ ID NO: 13).

[0069] Prior to immunization, the polypeptide purity was
verified by mass spectrometry, and the polypeptide was con-
jugated to m-Maleimidobenzoyl-N-hydroxysuccinimide
ester (MBS) as an immune carrier. Repeat immunizations are
performed. and bleeds are collected to obtain antiserum. Sub-
sequent antibody purification by Protein A or Protein G, or
antigen-specific purification, 1s performed.

Other Embodiments

[0070] It is to be understood that while the invention has
been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and
not limit the scope of the invention, which is defined by the
scope of the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 21

<210> SEQ ID NO 1

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: Zhx
<220> FEATURE:
<223> OTHER INFORMATION: C-term amide

<400> SEQUENCE: 1

Cys Xaa Gly Pro Gly Pro Gly Pro Gly Pro Gly Pro Gly Pro Gly Pro

1 5 10

Gly Pro

<210> SEQ ID NO 2

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

15
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-continued

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 2

Gly Pro Gly Pro Gly Pro Gly Pro Gly Pro Gly Pro Gly Pro Gly Pro
1 5 10 15

<210> SEQ ID NO 3

<211l> LENGTH: 6

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 3

ggggee 6

<210> SEQ ID NO 4

<21l> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 4

Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro
1 5 10 15

Gly Pro Pro Gly Pro Pro Gly Pro
20

<210> SEQ ID NO 5

<211> LENGTH: 6

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 5

ggcccece 6

<210> SEQ ID NO 6

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Ahx

<220> FEATURE:

<223> OTHER INFORMATION: C-term amide

«<400> SEQUENCE: 6

Cys Xaa Gly Ala Gly Ala Gly Ala Gly Ala Gly Ala Gly Ala Gly 2la
1 5 10 15

Gly Ala

<210> SEQ ID NO 7
«211> LENGTH: 18
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-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: 2hx

<220> FEATURE:

<223> OTHER INFORMATION: C-term amide

<400> SEQUENCE: 7

Cys Xaa Gly Arg Gly Arg Gly Arg Gly Arg Gly Arg Gly Arg Gly Arg
1 5 10 15

Gly Arg

<210> SEQ ID NO 8

<21l> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 8

Gly Ala Gly Ala Gly Ala Gly Ala Gly Ala Gly Ala Gly Ala Gly 2Ala
1 5 10 15

<210> SEQ ID NO 9

<21l> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 9

Gly Arg Gly Arg Gly Arg Gly Arg Gly Arg Gly Arg Gly Arg Gly Arg
1 5 10 15

<210> SEQ ID NO 10

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 10

Gly Lys Gly Lys Gly Lys Gly Lys Gly Lys Gly Lys Gly Lys Gly Lys
1 5 10 15

<210> SEQ ID NO 11

<211>» LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: 2Any amino acid except Gly, Ala, Pro, Arg, Cys,
Val or Lys

«<220> FEATURE:
<221> NAME/KEY: MOD_RES
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<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Any amino acid except Gly, Ala, Pro, Arg, Cys,
Val or Lys

<220> FEATURE:

<221> NAME/KEY: MOD _RES

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: 2Zny amino acid except Gly, Ala, Pro, Arg, Cys,
Val or Lys

<220> FEATURE:

<221> NAME/KEY: MOD _RES

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 2Any amino acid except Gly, Ala, Pro, Arg, Cys,
Val or Lys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: 2Any amino acid except Gly, Ala, Pro, Arg, Cys,
Val or Lys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: 2Any amino acid except Gly, Ala, Pro, Arg, Cys,
Val or Lys

<220> FEATURE:

<221> NAME/KEY: MOD _RES

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: 2Any amino acid except Gly, Ala, Pro, Arg, Cys,
Val or Lys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: 2Any amino acid except Gly, Ala, Pro, Arg, Cys,
Val or Lys

<400> SEQUENCE: 11

Gly Xaa Gly Xaa Gly Xaa Gly Xaa Gly Xaa Gly Xaa Gly Xaa Gly Xaa
1 5 10 15

<210> SEQ ID NO 12

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: 2hx

<220> FEATURE:

<223> OTHER INFORMATION: C-term amide

<400> SEQUENCE: 12

Cys Xaa Pro Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro 2Ala
1 5 10 15

Pro Ala

<210> SEQ ID NO 13

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: 2hx

<220> FEATURE:

<223> OTHER INFORMATION: C-term amide



US 2014/0206102 Al
12

-continued

Jul. 24,2014

<400> SEQUENCE: 13

Cys Xaa Pro Arg Pro Arg Pro Arg Pro Arg Pro Arg Pro Arg Pro Arg

1 5 10 15

Pro Arg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 14

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 14
Gly Arg Gly Arg Gly Arg Gly
1 5

<210>
<21ll>
<212>
<213>
<220>
<223>

SEQ ID NO 15

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide
<400> SEQUENCE: 15

Gly Pro Gly Pro Gly Pro Gly
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 16

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide
<400> SEQUENCE: 16

Gly Ala Gly Ala Gly Ala Gly
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 17

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 17

ggggecgggyg ©€cggggecgg ggcec

<210>
<211>
<212>
«213>
«220>
<223>

SEQ ID NO 18

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 18

ggcceoggee ccggeceagg cccac

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic

Synthetic

Synthetic

24

Synthetic

24
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<210> SEQ ID NO 19

<211>» LENGTH: 7

<212>» TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 19

Pro Gly Pro Gly Pro Gly Pro
1 5

<210> SEQ ID NO 20

<21l> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 20

Pro Arg Pro Arg Pro Arg Pro
1 5

<210> SEQ ID NO 21

<21l> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 21

Ala Pro Ala Pro Ala Pro Ala
1 5

Synthetic

Synthetic

Synthetic

What is claimed is:

1. A method for identifying a mammal having an expanded
hexanucleotide (GGGGCC) repeat in a noncoding region of
atleast one COORF72 allele, wherein said method comprises:

(a) contacting a biological sample obtained from said

mammal with an anti-polyGP antibody under conditions
wherein a polyGP polypeptide present within said bio-
logical sample and said anti-polyGP antibody form a
polyGP polypeptide/anti-polyGP antibody complex,

(b) detecting said polyGP polypeptide/anti-polyGP anti-

body complex, and

(c) classifying said mammal as having said expanded hexa-

nucleotide (GGGGCC) repeat.

2. The method of claim 1, wherein said mammal is a
human.

3. The method of claim 1, wherein said biological sample
1s a cerebrospinal fluid sample.

4. The method of claim 1, wherein said biological sample
is a blood sample.

5. The method of claim 1, wherein the binding affinity of
said anti-polyGP antibody for a (GP), polypeptideis between
10° mol™" and 10" mol ™.

6. The method of claim 1, wherein the binding affinity of
said anti-polyGP antibody for a (GP), polypeptideis between
10°mol ™" and 10*2 mol™!, and wherein the binding affinity of
said anti-polyGP antibody for a (PGP), polypeptide is less
than 10° mol™.

7. A method for identifying a human as having C9* neuro-
logical condition, wherein said method comprises:

(a) contacting a biological sample obtained from a human

with an anti-polyGP antibody under conditions wherein
a polyGP polypeptide present within said biological
sample and said anti-polyGP antibody form a polyGP
polypeptide/anti-polyGP antibody complex,

(b) detecting said polyGP polypeptide/anti-polyGP anti-

body complex, and

(c) classifying said human as having a C9* neurological

condition.

8. The method of claim 7, wherein said biological sample
is a cerebrospinal fluid sample.

9. The method of claim 7, wherein said biological sample
is a blood sample.

10. The method of claim 7, wherein the binding affinity of
said anti-polyGP antibody for a (GP)g polypeptide is between
10° mol™" and 10" mol ™.

11. The method of claim 7, wherein the binding affinity of
said anti-polyGP antibody for a (GP), polypeptide is between
10° mol~! and 10'? mol~!, and wherein the binding affinity of
said anti-polyGP antibody for a (PGP), polypeptide is less
than 10° mol™".

12. The method of claim 7, wherein said C9* neurological
condition is a C9* FTLD.

13. The method of claim 7, wherein said C9* neurological
condition is a C9* ALS.

14. An anti-polyGP antibody.
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15. The anti-polyGP antibody of claim 14, wherein the
binding affinity of said anti-polyGP antibody for a (GP)g
polypeptide is between 10° mol™" and 10" mol™".

16. The anti-polyGP antibody of claim 14, wherein the
binding affinity of said anti-polyGP antibody for a (GP),
polypeptide is between 10° mol™ and 10'? mol™, and
wherein the binding affinity of said anti-polyGP antibody for
a (PGP), polypeptide is less than 10° mol™.

17. The anti-polyGP antibody of claim 14, wherein said
anti-polyGP antibody is an anti-(GP) antibody.

18. An antibody preparation comprising an anti-polyGP
antibody.

19. The antibody preparation of claim 18, wherein the
binding affinity of said anti-polyGP antibody for a (GP)g
polypeptide is between 10° mol™" and 10** mol™".

20. The antibody preparation of claim 18, wherein the
binding affinity of said anti-polyGP antibody for a (GP)g
polypeptide is between 10° mol™' and 10> mol™', and
wherein the binding affinity of said anti-polyGP antibody for
a (PGP), polypeptide is less than 10° mol™".

21. The antibody preparation of claim 18, wherein said
anti-polyGP antibody is an anti-(GP) antibody.

* % % k¥
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