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TOP-43 SPECIFIC BINDING MOLECULES

Field of the Invention

18001} The invention generally relates to novel TDP-43 (TAR DNA-binding protein of
43 kDa)-specific binding molecules, such as antibodies, mcluding fragments, derivanves
and variants thereof, that specifically recogmze TDP-43.  In addition, the invention
relates to pharmaccutical and diagnostic compositions comprising such antibodies and
other TBP-43-specific binding molecules and their use to detect and identify TDP-43 in
plasma, cerebrospinal fluid, brain, and other samples, as well as in therapeutic
applications including  for example, passive vaccination strategies for treating disorders
refated to aggregates or other aberrations in TDP-43 expression, such as, frontotemporal
lobar degeneration and/or, amyotrophic lateral sclerosis, Alzheimer’s disease, Parkinson's

disease and other TDP-43 proteinopathies.

BACKGROUND OF THE INVENTION

106002} Fromo‘temp()rai fobar degeneration (FTLD) is the second most common cause of
dementia affecting individuals younger than &5 years; see, g, MoKhann ef g, Arch
Neurol, 58 (2001}, 1803; Forman ef ¢l, Ann. Newrsl. 59 (2006), 952-62. On a cellular
pathologic fevel, the characteristic lesions in the majority of FTLD brains are abnormal
abiquitinated protein inclusions. The biochemieal composition of the ublguitinates
inclusions in the most commeon pathological form of FTLD, namely FTLD-U, remained
unknown untif 2006, when the TAR-DNA binding protes 43 (TDP-43) was identified as
the major disease protein in the majority of sporadic and familial FTLD-U cases.
Subsequently, the ubignitinated compact inclusions, characteristic for amyotrophic lateral
sclerosis {ALS) were also found to be composed of TP-43, thereby providing evidence
that both conditions are mechanistically linked and part of spectrum of diseases which
can be classified as TDP-43 proteinopathies, see, e.g., Neumann ef @, Science 314
(2606), 130-133,

10683} QOther than FTLD asd ALS, TDP-43 is also known to accumulate in the nerve
cells and ghial cells of ALS-Parkinsonism dementia complex of Guam, corticobasal
degeneration, Dementia with Lewy bodies, Huntington’s disease, Lewy body disease,

motor pgeuron disease, frontotemporal dementia, frontotemporal lobar degeneration with



WO 2013/061163 PCT/IB2012/002905
-2

ubiguitin-positive inclusions, hippocampal sclerosis, inclusion body myopathy, inclusion
body myvositis, Parkinson's disease, Parkinson's disease dementia, Parkinson-dementia
complex in Kii peninsula and Pick’s disease and the like; see e g, Lagisr-Tourenne of al.,
Hum. Mol Gen. 19 (2010}, R46-64, which is herein incorporated by reference in its
entirety.  These discases are collectively referred to as TDP-43 proteinopathies.
Abpormal accumulation of TDP-43 is observed at the site of lesions of cach discase
which appears to imply involvement in the cause of nerve degeneration in these diseases.
Increased cytoplasimic localizationn of TDP-43 in brains and spinal cords of patients
termed as “pre-inclusions” has been proposed to be an early event in TDP-43
proteinopathies, with the implication of a possible pathogenic role in these diseases; see,
¢.g. Giordana ez o/, Brain Pathol. 20 (2010}, 351-60. Cousistently, increased cytoplasmic
THP-43 localization at presymptomatic stages has been reported to be found in mice
overespressing wild type TDP-43; see e.g, Wils er @, Proc. Natl Acad. Sei. USA 107
{2010, 3858-63 as well as in an acute rat model with adenovirus-mediated wild-type
TDP-43 expression; see. eg, Tatom ef . Mol Ther, 17 (2009), 607-613.
Commercially available monoclonal murine antibodies are primarily used in the studies
on TDP-43 and to conduct pathological diagnosis of TDP-43 proteinopathies. A
monoclonal rourine anti-TiP-43 antibody, which recognizes the phosphorylated form of
TDP-43 is disclosed in European Patent Application No. 2 189 526 Al. Additional anti-
TDP-43 antibodies are disclosed in Zhang ef af, Proc Natl Acad Sci U S A, 106(18.7607-
12 (2009} and 1.8, Patent Application Pub. No. 20106136573,

[ 6084] The success in generating monocional antibodies rests among other things, on the
efficient and selective fusion of antigen-sttimulated B cells with a murine myeloma cell
line followed by selection of stable antibody producing hybrids as originally described by
Kohler and Milstein, Nature 2536 (1973}, 495-497. However, the therapeutic utility of
murine based antibodies in human is hampered by the human anti-mouse antibody
(HAMA) response as a conseguence of their pon-human origin, Approaches for making
human or human-like monoclonal antibodies became available through genetic
engineering. However, these methods typically suffer from the drawback that they are
not suitable for producing antibodies displaying rany of the characteristics of antibodies
that are endogenously produced by the bwman tmmune system during the course of a

physiological huwman immune response.  Furthermore, these geunetically engineered
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antibodies may show undesired cross-reactivity with other proteins and/or the target
protein in the context of the biologically relevant native conformation and normal
physiological function of the target antigen. The resulting side effects upon systemic
administration of the exogenous antibodies may range from for example, undesired
autoimmune disease to anaphylactic reactions. These side effects have been reported in
so-called “humanized antibodies,” which originally stem from non-humarn organisms,
such as mice, as well as so called “fully human antibodies,” in vitro or in Xenogeneic
mice genetically engineered to express a repertoire of human antibodies, On the other
hand, active immunization with pathologically relevant antigens bears the considerable
risk of patients developing uncontroliable imunune responses against these antigens and
cross-reactivity with endogenous antigens that may counsequently fead to dangerous
autolmmunNe 1eSponses.

{8605] Furthermore, the development of assays to detect and monitor levels of normal
and pathological TDP-43 in plasma, cerebrospinal fluid, and other samples as biomarkers
of FYLD and ALS will provide the ability to diagnose and distinguish TDP-43
proteinopathies  from other clinically similar neurodegenerative disorders, such as
tauopathies or related proteinopathies. In addition, the development of imaging ligands
that cnable the detection and/or quantification of TDP-43 newopathology in living
patients will provide a powerful tool not only for diagnosis, but also for monttoring the
response of patients having a neurodegenerative TDP-43 proteinopathy to disease-
modifying therapies when they become available,

{8006} Thus, there is a need to overcome the above-described limitations and to provide
therapeutic and diagnostic antibodies and other binding molecules that specifically

recognizes biologically relevant conformations of TDP-43.

SUMMARY OF THE INVENTION

186871 The invention relates to TDP-42 (TAR DNA-binding protein of 43 kDa)-specific
binding molecules, such as antibodies, including fragments, derivatives and variants of
antibodies that are capable of specifically recognizing TDP-43. By "specifically
recognizing THP-43%,) "antibody specific to/for TDP-43" and "anti-TDP-43 antibody” is
meant specifically, generally, and collectively, antibodies to TDP-43, or misfolded or

cligomeric or aggregated or posittranslationally modified TDP-43.  According to one



WO 2013/061163 PCT/1B2012/002905
-4 -

embodiment, antibedics of the nvention {inchiding antigen-binding antibody fragments
and dertvatives) specifically recognize full-length, truncated, or aggregated human TDP-
43, In an additional embodiment, the antibodies recognize full-length human TDP-43
having the sequence of SEQ ID NO:94 or a peptide consisting of residues 390-414 of the
C-terminal seguence of SEQ 3 NO:94 phosphorylated at residues 409 and 410.

{80081 In one embodiment, the TDP-43 sgpecihic binding molecude is an antibody
(including antigen-binding fragments or derivatives thereof) having an imumunological
binding characteristic of an antibody described herein, such as, an antibody having the
variable regions Vy and/or Vi of the amino acid sequence set forth in (SEQ 1D NO:1) and
(SEGQ ID NG:6), (SEQ ID NG:10) and (SEQ 1D NO:14y, (SEQ ID NO:IR) and (SEQ 1D
NG:22), (SEQ ) NO:26) and (SEQ 1D NOS31, (SEQ 1D NG:3S) and (SEQ 1D NO4Oy,
{(SEQ ID NQO:45) and (SEQ 1D NO:4S), (SEQ ID NO:53) and (SEQ 1D NO:5T), (SEGQ ID
NO:61) and (SEQ 1D NO:63), (SEQ 1> N(O:69) and (SEQ ID NG:73), (SEQ 1D NG:77
and (SEQ I NOB2), (SEQ ID NO®87) and (SEQ D NO:122), (SEQ D N(:130) and
(SEQ D NG134), (SEQ ID NO:138) and {SEQ ID NO:142), (SEQ D NG:146) and
(SEQ 1D NO:ISG), (SEQ I NO:i146) and (SEQ 1D NO:151), (SEQ D NO:1SS) and
(SEG ID NO:1SS), (SEQ ID NO:H63) and (SEQ 1D NO:167), {(SEQ 1D N7 and
(SEQ ID NO:175), (SEQ ID NO:1UT79) and (SEQ 1D NO:183), (SEQ ID NO:187) and
(SEQ ID NQO:191), {SEQ 1D NO:195) and (SEQ ID NO:199), (8EQ [ NO:203) and
(SEQ 1D NO207), (SEQ 1D NO:211) and (SEQ ID NO:213), (SEQ 3 NO:219) and
(SEQ 1D NG:223), (SEQ ID NO:227) and (SEQ 1D NO:213y, (SEQ 1D NO:235) and
(SEQ I NG:239), (SEQ D NO:243) and (SEQ 1D NOG:247), (SEQ ID NO25t) and
{(SEQ H3 NO:255), (SEQ 1D NOG259) and (SEQ 1D NO:Z63), or (SEQ 1D NO:267) and
(SEQ 1D NG:271), respectively.

160891 The invention alse relates to compositions comprising an antibody of the
invention {including TDP-43-binding antibody fragments and derivalives) or THP-43
agonmists and cognate molecules, or alternately, antagomists of the same and to
immunotherapeutic and immunodiagnostic methods using such compositions in the
prevention, diagnosis or ireatment of a TDP-43 vroteinopathy, wherein an effective
arnount of the composition is administered to a patient in need thereof.

{8010} Polvnucleotides encoding TDP-43-binding molecules such as, aniibodies

{including TDP-43 binding antibody fragments or variants}), are also encompassed by the
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inventiocn. In some embodiments, the polynuclectide encodes at least a variable region of
an immnunoglobulin chain of an antibody of the wvention. In an additional embodiment,
the polynucleotide encodes at least one complementarity determining region {CDR) of a
Yy and/or V) variable region as depicted in Figures | and 3. In an additional
embodiment, the polynucleotide encodes at least one complementarity determining region
(CI2R} of a Vy andfor Vi, variable region encoded by a polynuclestide sequence as set
forth in Table 3. Polvnucleotides encoding dertvatives or analogs of the above-encoded
TDP-43 binding peplides and the polypeptides encoded by these polyvnucleotides are also
encompassed by the vention.

8611} Yectors containing polynucleotides encoding TDP-43-binding molecunles (e.g,
antibodies) of the invention and host cells transformed with these vectors and/or
polynuclectides are also encompassed by the invention, as are their use for the production
of an antibody and equivalent binding rolecules which are specific for TDP-43. Means
and methods for the recombinant production of antibodies and other binding polvpeptides
and mimics thereof as well as methods of screening for molecules, e.g., antibodigs, that
compete with these antibodies or other binding proteins for binding with TDP-43 are
known in the art. As described herein, in some embediments, for example those relating
to therapeutic applications in human, the TDP-43 specific binding antibody of the
invention i1s a human antibody in the sense that application of said antibody is
substantially free of a HAMA response otherwise observed for chimeric and even
humanized antibodies.

16012] in one embodiment, the invention encompasses molecules that specifically bind
TP-43 and the use of these molecules to detect the presence of TDP-43 1n a sample.
Accordingly, TUP-43 binding molecules of the invention, such as, anti-TDP-43
antibodies, can be used to screen human blood, CSF, and urine for the presence of TDP-
43 in samples, for example, by using BELISA-based or surface adapted assay. The
methods and compositions disclosed herein have applications in diagnosing THP-43
proteinopathies such as, amyotrophic lateral sclerosis {ALS) or frontotemporal lobar
degeneration (FTLD). The methods and corspositions of the invention also have
applications in diagnosing presymptomatic disease and in monitoring disease progression
and therapeutic efficacy. According to some embeodiments, an antibody specific for TDP-

43 {e.g, a full-length antibody or a TDP-43 binding fragment or denvative of an
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antibody) is contacted with a sample {e.g., blood, cerebrospinal fluid, or brain tissue) fo
detect, diagnose or monitor frontolemporal lobar degeneration (FTLIY) or Amyotrophic
lateral selerosis {(ALSR).,  In ancther embodiment, an antibody specific for TDP-43 i
contacted with a sample fo detect, diagnose or montior a discase selected from
Alzheimer's disease, Parkinson's disease, and Lewy Body diseaser In another
embodiment, an antibody specific for TDP-43 is contacted with a sample to detect,
diagnose or montior a disecase sclected from argyrophilic grain disease, ALS-
Parkinsonism dementia corplex of Guam, corticobasal degeneration. Dementia with
Lewy bodies, Huntington’s disease, mintor neuron discase, bontotemporal lobar
degeneration (FTLD), frontotemporal dementia, frontotemporal fobar degencration with
ublquitin-positive inclusions, hippocampal sclerosis, inclusion body myopathy, inclusion
body myositis, Parkinson's disecase dementia, Parkinson-dementia complex in Ki
perinsuia, Pick’s disease, and Machado-Joseph disease or dementia.

[BG13] v additional embodiments, the iovention provides methods for treating or
preventing a TDP-43 newrologic proteinopathy,  According o one embodiment, the
methods of the inveniion cowprise adwministering an effective concentration of an
antibody speciiic for TDP-43 (2. g, a foll-length antibody or a TDP-43 binding fragment
or derivative of an antibedy; 0 a subject. 1o an addiional embodiment, the invention
mrovides a method for treating or preventing TDP-43 neurclogic proteinopathics.
According to some embodiments, an antibody specific tor TDP-43 is admimstered {0 treat
or prevent frontotemporal lobar degeneration {FTLIDN or Amyotrophic fateral sclerosis
(ALSY. In another embodiment, an antibody specific for TDP-43 13 administered 1o freat
or prevent a neurndepenerative disease sclected from Alzheimer's disease, Parkinson's
disease, and Lewy Body disease. In another embodiment, an antibody specific for TDP-
43 15 administered to treat or prevent a disease selected from: argyrophilic grain disease,
AbLs-Parkinsonisn dementia complex of Guam, corlicobasal degengration, Dementia
with Lewy bodies, Huntington's disease, motor neuron disease, fromtotemporal lobar
degeneration (FTLD), frontoteroporal dementia, frontoternporal lobar degeneration with
ubigquitin-positive inclusions, hippocarapal sclerosis, inclusion body myopathy, inclusion
body myositis, Parkinson's disease dementia, Parkinson-dementia complex in Ki

peninsula, Pick’s disease, and Machado-Joseph disease or dernentia.
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{8014} Further embodiments of the invention are apparent from the description and

Exaraples that foliow.

BRIEF DESCRIPTION OF THE DRAWINGS

{6015} Figs, 14-1K: Amine acid seguences of the vanable region, e, heavy chain and
kappw’iambda light chain of human astibodies NE205.3F10 (Fig. 1A), NI-2058.51C1
¢.1B), NI-205.210G2 (Fig. 10y, NE205.8A2 (Fig. 1D), NI-205.15F12 (Fig. 1E), NI-
205.113C4 (Fig. 1F), NI-20S25F3 (Fig. 1G), NE20S.87E7 (Fig. 1H), NI-205.21G1 (Fig.
i1, NI205.68GS (Fig. 1)), and WNL20520A1 (Fig. 1K) Framework (FR},
complementarity determining regions (CDRS; underiined), heavy chain joining region
{JH), and light chain joinung region (JK) or (JL) are indicated. Amino acid positions
modified to account for potential PCR-primer tnduced cloning artifacts and that have
been modified to match the corresponding human germ line variable region sequences are

| provided in bold.

{8016} Figs. 2A-2F: Binding of human TDP-43 antibodies to amino terminal His-tapged
i’ragments of Ti3P-43 consisting of amino acid residues 2-106 (domain I (SEQ ID
NG:117)), 99-204 (domain I (SEQ I NO:TIB)), 183-273 (domain I {SEQ ID
NO:119yy, 258-414 (domain 1V {(8EQ 1D NO:120)), or 2-414 (full length (SEQ ID
NCH121))

{Q61 7 Figs. 3A-3R: Aroino acid sequences of the varigble region, fe. beavy chain (VH}
and kappa (VK )/lambda (VL) light chain of human antibodies NIZ0S.41D1 (Fig. 3A),
NI205.29E1] (Fig. 3B), NI205.SE12 {Fig. 3C), NiZ0598HO6 (Fig. 31y), NI205.10D3 (Fig.
3E), NI205,44B2 (Fig. 31), NIZOSA8HZ (Fig. 3G), NI205.36D5 (Fig. 3H), NIZOS38E1]
{Fig. 31, Ni20514H5 (Fig. 3}, NI20531D2 (Fig. 3K}, NI205.8F8 (Fig. 3L},
Ni205.31CHL (Fig. 3M), NI20S.8CIHO (Fig. 3N}, N1205.10H7 (Fig. 30), Ni205.1A9 (Fig.
3P), NIZOS. 14W3 {Fig. 3Q), and NI205.19GS (Fig. 3R). Complementarity detenmining
regions {CDRS) are underlined.

{0618] Figs. 4A-4H: Determination of the half maximal effective concentration (ECq) of
human-derived TDP-43 antibodies by direct ELISA 1o (A-I3) recombinant full lengih
TDP-43 (»), Escherichic coli extract (&) and BSA (®), or (E-H) a synthetic peptide
covering residues 390 to 414 of the Coterminal domain of TDP-43 with phosphorylation

modification af residues 409/410 (#) and BSA (%),
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(80191 Figs. SA-SM: Binding specificity of the human-derived antibodies to TDP-43
dorains comprising amino acids 2-106 {(domain 1}, 99-204 {(domain II), 183-273 (domain
iy, 258-414 (domain V) and 2-414 (full length) of TDP-43 as determined by direct
ELISA.

{0026] Figs. 6A-6{}: Binding of the human-derived aniibodies to TDP-43 domains
comprising amino acids Z-414 (full length), 2-106 (domain 1), 99-204 (domain I}, 183-
273 {domain 11}, and 258-414 {doman IV} of TDP-43 as determined by Western Blot
analysis

{8821 Figs, TA-TC: (A NI-205.41D1 antibody binding to tull length TDP-43 and TDP-
43 fragments comprising amino acid residues 258-414, 258-384, 25&-375, 258-362, 258-
353, 258-319, 317-414 and 340-414. (B} NI-205.41D1 and 12892-1-AP antibody binding
to full length TDP-43, TDP-43 fragiment comprising amine acid residucs 258-414, and to
a mutant TI3-43 polypeptide fragment comprising amino acid residues 258-414 and the
A to G substitution at residue 321, M to G cubstitution at residue 322, and M 0 G
substiintion at residue 323 (TDP-43 258-414 AMM321GGG). () NI205410d
antibody binding to TDP-43 frapments comprising amine acid residues 316-353, 316~
343, and 316-333.

106223 Figs. 8A-8C: Purification of monomeric forms of TIP-43 using mild chaotropic
conditions.  A) Coomassie stained SDS-PAGE gel of puritied TDP-43 forms in the
presence or absence of chaotrope KSCN. Lane 1 to 4, respectively: Molecular Weight
standards, oxHis~TDP-43 (1-414), 6xHis-SUMO-TDP43 (1-4143, 6His-SUMO-TDP-43
{220-414), all puritied in the presence of 1.5M KSCN, and lane 5 and 6 6xHis-SUMOG-
TDP-43 (101-263) punified in the presence of KCI (lane ) or KSON {(fane 6) B} Domain

rrangement of purified proteins ittlustrating location of RNA binding domains (RRM!1
and RRM2) as well as tags (6His and SUMO), ) Apalytical ultracentrifugation
sedimentation coefficient distributions for purified 6His-SUMO and 6His tagged full-
length TDP-43. Sedimentation cocfficients and calculated molecular weights are shown
ahove peaks.

188331 Figs. 9: A) Full-length TIDW-43 binding to specific {{UG)) or control ((Ulik)
RNA in buffer containing 40 mM HEPES, 0.5 M KCi, 0.4 M Arginine, pH 7.4 B), O
and D} RNA binding by TDP-43 {(161-263) w the presence of a physiological buffer

containing 20mM HEPES, 80mM potassium pglutamate, 4mM magnesium acetate, 5%
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glycerol, pH 7.5, ZmM DTT, to determine B} Ky, and stoichiometry purified in €) non-
chaotropic conditions oy D) mild chaotropic conditions.

{80241 Figs. I Turation curves for human N{-205.411031, Ni-205.21G1, NI-205.51C1,
Ni-205.21G2 and NI-205.3F10 antibody binding to A) folded full-length TDP-43, and B)
TDP-43 fragment comprising residues 2206-414 in a capture ELISA assay.

{80251 Figs. 11: Immunohistochemical staining of human FTLD-U hippocampus tissue
with antibodies {A-C} 2E2-D33, (D3-¥ control antibody pd03/p404, {G-I) control antibody
pd09/p410, (5 NI-205.10D3, (X)) NE-205.8C1H0, (1) NI-ZO05.15812, (M) NI-205.8A2, (N)
NE-205.3F10, {O) NE205.21G2, (1) NI-205.8F8, (Q) NI-20531CH, (R) NI-205.36D5,
(S) NI-20531D2, (1) NI-205.10H7, (U) NI-205.14HS, (V) Ni-205.6805, (W) Ni-
205, 14W3, (X3 NI-205.21GE, and (Y} NIL205.41001. (2} immunohistochemical staining

of control hippocampus tissue with Ni-205.41D1.

DETAILED DESCRIPTION OF THE INVENTION

i Pefinitions

16026} As used herein, the plwase "neurcdegenerative diseases” refers to presence of
abnormal protein accumulation, cellular localization, or protein folding in the brain,
spinal cord, or other neural tissue and are caused by the death or functional impairment of
neurons. In some cases of neurodegenerative diseases, genetically defined abnormalities
contribute to the development of the disease. Neurodegenerative diseases include for
example, cerebral degenerative disease {e.g, Alzheimer's disease, Parkinson's discase,
progressive supranuclear palsy, and Huntington's disease) and spinal degenerative
diseases/motor neuron degenerative diseases e g, amyotrophic lateral sclerosis and spinal
muscular atrophy; see, e.g., Forman ef of Nat. Med. 10 (2004}, 1055-63.

{68271 "TDP-43 proteinopathy” relates to the nervous system diseases, in particular o
neurodegenerative diseases and are known as a heterologous group of disorders linked by
the TAR (Transactivation responsive}-DNA-binding protein of 43 kDa. TDP-43
proteiopathies are characierized by the fact that TDP-43 Is a disease protein that
mechanistically links frontotemporal lobar degeneration with ubiquitin-positive inclusions
{(FTLD-1) with and without motor neuron disease to amyotrophic lateral sclerosis {ALS)
argyrophilic grain disease, Aizheimer’'s disease, amyotrophic lateral sclerosis {(ALS),

ALS-Parkinsonism dementia complex of Guam, corticobasal degencration, Dementia
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with Lewy bedies, Huntington’s discase, Lewy body disease, wotor neuron disease,
frontotemporal lobar degeneration (FTLID), frontotemporal dementia, frontotemporal
lobar degeneration with ubiquitin-positive iaclusions, hippocampal sclerosis, inclusion
body myopathy, inclusion body myositis, Parkinson's disease, Parkinson's disease
dementia, Parkinson-dementia complex in Kii peninsula, Pick’s disease, Machado-Joseph
disease and the like; see e.g., Lagier-Tourenne ef ¢/., Huom. Mol Gen. 19 (2010), R46-64,
which is herein incorporated by reference in tis entirety.

{60281 Under normal physiological conditions, TDP-43 predominantly localizes to the
nacleus, However, a substantial loss of nuclear TDP-43 15 observed in neurons bearing
aberrant cytoplasmic TDP-43 inclusions, TDP-43 exhibits a dissase-specific biochentical
signature; pathologically altered TDP-43, TDP-43 proteinopathies are distinet from most
other neurodegenerative disorders in which protein misfolding leads o brain amylsidosis,
as pathologic TDP-43 forms neuronal and plial inclusions lacking the features of brain
amyloid deposits; sce e.g., Neumann ¢f af, Arch Neurol. 64 (2007}, 1388-1394, herein
incorporated by reference in its entirety.

[8019] As used herein, the term "pathologic TDP-43" refers to extracellnlar, cytoplasmic,
neuritic, and nuclear inclhisions, 1s also referred 1o as a "TDP-43 inclusion body" wherein
the protein forms fibril-like clumps. Specifically, pathologic TIXP-43 has been found to
be hyperphosphorylated, ubiquitinated, and N-terminally truncated, thereby generating
abnormal species of TDP-43 that migrate with a higher molecular mass at approximately
45 kDa, as well as a smear of high-molecnlar-mass proteins and C-terminal fragments of
approximately 25 kida; see, e.g., Neumanu ¢t al., Science 314 (2006), 130-133 and Arai
et oi., Biochem. Biophys. Res. Comumun, 351 (2006}, 602-611, each of which is herein
incorporated by reference in its entirety. Additionally, TDP-43 has been found to exhibit
multiple phosphorylation sites in carboxyl-terminal regions of deposited TDP-43 and it is
suggested that phosphorylation leads 1o increased oligomerization and fibrillization of
TIDP-43; see, for example, Hasegawa ¢f ¢, Annals of Neurology 64 (2008), 60-70.

BU36] TOP-43 melusion body formation is accompanied by change in the subeellular
distribution of TIXP-43 with complete lack of normal diffuse nuclear TDP-43 staining in
inciusion-bearing cells. The presence and extent of this pathologic signature in affected
cortical gray and white matter, as well as the spival cord, roughly correspond with the

density of TDP-43-positive inclusions; see, e.g, Neumann ef gf, J. Neuropath. Exp,
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Neurol. 66 (2007}, 177-183. The composition of the ubiquitinated nclusions (UBIs) in
FTLD-U is characterized by a relative low abundance, uneven distribution of UBIs
among different FTLD-U cases, and the non-amyloidogenic nature of them. Thus,
TDP-43 is a specific and sensitive marker to deteet the characteristic ubiguitin-
mmunoreactive lesions in FTLD-U, including neuronal cytoplasmic inclusions (NCis),
dystrophic neuriies, and neuronal intranuclear inclusions (NHs).

16031} As used herein, the terms "TARDBP," "Transactivation responsive-I3NA binding
protein of 43kDa”, "Transactive responsive-I3NA binding protein of 43kDa", "TAR-DNA
binding proiein of 43kDA" and "TDP-42" are used interchangeably to refer o the native
form of TDOP-43, The term "TDP-437 is alse used to refer collectively to all types and
torms of TDP-43. "TDP-43" is also used o generally identify other conformers of TDP-
43, including for example, phosphorylated forms of TIP-43 and ubiguitin-associated
aggregates or aggregaies of TDP-43,

{B0321 The amino acid sequence of human TDP-43 is known in the art; see, eg,
Strausberg ef aof, TARDBP protein (Homo sapiens) GenBank Pubmed:  AAHT1657
version GL:47939520 herein incorporated by reference in its entirety, According o one
embodinent, the amine acid sequence of native human TDP-43 is;

MSEYIRVTEDRENDEPIEIPSERDGTVLLSTVTAQFPGACGLRYRNPVSQUM
ROVRLVEGILHAPDAGWGENLYYVVNY PR DNKRKMDETDASSAVKVER
AVOQEKTSDLIVLGLPWKTYEQGDLKEYFSTFGEVLEMVQVKKDLKTGHSKGF
GEVRFTEYETQVRVMSQGRHMIDGRWCDCKUENSKOQSGDEPLRERKVEVEG
RCTEDMTEDELREFFSQYGDVMDVFIPKPFRAFAFVTFADDQIAQSLCGE
DLIIKGISVHISNAEPKHNSNRQLERSGRFGGNPGGFONQGGFGNSRGGG
AGLONNOQGSNMGUOGMNFGAFSINFAMMAAAQAALGSSWOMMGMLAS
QONQSGPSONNONQGNMOREPNGAPGSGNNSYSGSNEGAAIGWGRASN
AGSGSGFNGGFGSSMDSKSSGWOM {SEQ IBNG:94)

10633] As used herein, the torm “antibody” or "antibodies” is meant to refer to complete,
intact antibodies, and Fab, Fab', F(ab)2, and other antibody fragments. Compiete, intact
antibodies include, but are not limited to, moncclonal antibodies such as murine
monocional antibodies, polycional aniitbodies, chimeric antibodies, human antibodies, and
humanized antibedies.  Various forms of antibodies can be produced using standard
recombinant DNA techniques (Winter and Milstein, Nature 349 (1991}, 293.99. For
example, "chimeric" antibodies can be constructed, in which the antigen binding domain
from an animal antibody is livked to a human constant domain {(an aniibody derived

mnitially from a nonhuman mammal in which recombinant DNA technology has been used
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to replace all or part of the hinge and constant regions of the heavy chain and/or the
constant region of the light chain, with comresponding regions from a human
immunoglobulin light chain or heavy chain} (see, e.g, U.S. Patent No. 4,816,567,
Morrison ef af., Proc. Natl, Acad. Sci. 81 {1984), 6851-6855. Chimeric antibodies reduce
the immunogenic responses elicited by animal antibodies when used jn human clinical
treatruents,

{5034} in addition, recombinant "humanized” antibodies can be synthesized. Humanized
antibodies are antibodies initially derived from a nonhuman mammal in which
recombinant BNA technology has been used to substitute some or all of the amino acids
not required for antigen binding with amino acids from corresponding regions of a human
tmmunogiobulin lighi or heavy chain. That is, they are chimeras comprising mostly
human immunoglobulin  sequences ito which the regious responsible for specific
antigen-binding have been inserted (see, e.g., International Patent Application Publication
No. WO 94/34679). Animals are immunized with the desired antigen, the corresponding
antibodies are isolated and the portions of the vaniable region sequences respounsible for
specitic antigen binding are removed. The animal-derived antigen binding regions are
then cloned into the appropriate position of the human antibody genes in which the
antigen binding regions have been deleted. Humanized antibodies minimize the use of
heterologous {(inter-species) sequences in antibodies for use in human therapies, and are
tess likely to elicit unwanted inunune responses, Primatized antibodies can be produced
strnilarty.

06351 Additional embodiments of the invention relate to human antibodies as well as the
uses of these human antibodies. In one embodiment, the human antibodies are derived
from human B cells or other immune cells and are generally referred to herein as
"completely human antibodies.” Thus, the invention encompasses the immortalized
human B memory lymphocyie and B cell, respectively, that produces the antibody having
the distinet and unigue characteristics as defined below. Alternatively, human antibodies
cen be produced in nonhuman animals, such as transgenic animals harboring one or more
human immunocglobulin transgenes. Such animals can be used as a source for spienocytes
for producing hybridomas, as is described in U.S. Patent No. 5,569,823,

18036] The antigen-binding fragments of antibedies of the invention can be a single chain

Fv fragment, an F{ab'y fragmeot, an F(ab} fragment, and an F{ab’y fragment. In
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additional embodiments, the antigen-binding fragment is a TDP-43-binding fragment that

ecognizes TDP-43 by one or more antibody variable domains, or fragments or variants
thereto, such as, one or more CDRs or a derivative} of one or more CDS. In a specific
embodiment, infra, the antibody or fragment thereof is a human IgG isotype antibody.
Alternatively, the antitbody is a chimeric human-murine or murtnized antibody, the latier
being particularly usefial for diagnostic methods and studies i anumals,

16371 Antibody {ragments, univalent antibodies, and single domain antibodies can also
be used in the methods and compositions of the invention. Univalent antibodies comprise
a heavy chairy/light chain dimer bound to the Fe {or stem} region of a second heavy chain.
"Fab region” refers to those portions of the chains which are roughly equivalent, or
analogous, to the sequences which comprise the Y branch portious of the heavy chain and
to the light chain in its entivety, and which collectively {in aggregates) have been shown
to exhibit antibody activity. A Fab protein includes aggregates of one heavy and one light
chain {commeniy known as Fab"), as well as tetramers which correspond to the two
branch segments of the antibody Y, (commonly known as F(ab)2), whether any of the
above are covalently or non-covalently aggregated, so long as the aggregation is capable
of specifically reacting with a particular antigen or antigen family.

18038} The TDP-43 antibodies of the invention specifically bind TDP-43, epitopes of
THP-43, and to varicus conformations of TDP-43 and epttopes thereof. For example,
disclosed herein are antibodies that specifically bind native TDP-43, fuli-length and
truncated TDP-43, and pathologic TIP-43. As used herein, reference to an antibody that
"specitically binds”, "selectively binds", or "preferentially binds” or even more generally
"binds TDP-43" or "TDP-43 binding", refers to an antibody that binds TDP-43
preferentially over other distinet proteins. As used herein, an antibody that "specifically
binds" or "selectively binds” an TD-43 conformer does not bind at least one other TDP-
43 conformer. For example, disclosed herein are antibodics that selectively bind full-
length TEP-43 as well as those that selectively bind cytoplasmic TIZP-43 over nuclear
TDP-43,

{80391 It is to be noted that the term "a” or "an” entity refers to one or more of that entity;
for example, "an antibody,” is undersiood o represent one or more antibodies. As such,
the termis "a" {or "an"}, "one or more,” and "at least one” can be used interchangeably

herein.
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{3048 As used herein, the term "polypeptide” is used inmterchangeably with the term
"polypeptide” and encompasses a singular polypeptide/protein as well as plural
polypeptides/proteins and refers to any chain or chains of two or more amine acids, and
does not refer to a specific length of the product. Thus, peptides, dipeptides, tripeptides,
oligopeptides, "protein,” "amino acid chain,” or any other term used to refer to a chain oc
chains of two or more amino acids, are included within the definition of "polypeptide,”
and the terms "polypeptide” is used instead of, or interchangeably with any of these
terms.

[8041] As used herein, the terms "polvpeptide™ and "protein™ also refer to products of
post-expression  modifications  of the polypeptide, including  without Hmilation
glycosylation, acetylation, phosphorylation, amidation, derivatization by known
protecting/blocking  groups, proteolytic cleavage, or modification by non-naturally
occwving amino acids or other chemical moteties. A polypeptide can be derived from a
natural biological source or produced by recombinant technology, but neced not
necessarily be translated from a perticular nucleic acid sequence. Polypeptides of the
invention can be generated in any manner, including by chernical synthesis.

{30421 A polypeptide of the invention can be of a size of about 3 or more, 5 or more, [0

~r
/
I

or more, 20 or more, 25 or more, 50 or more, 75 or more, 100 or more, 200 or more, SO0
or more, 1,000 or more, or 2,000 or more amino acids. Polypeptides can have a defined
three-dimensional  structure, although they do not necessarily have such structure.
Polypeptides with a defined three-dimensional siructure can be referred to herein as
folded, and polypeptides which do not possess a defined three-dimensional structure, but
rather can adopt a large number of different conformations, and may be referred to herein
as unfolded. As used herein, the term glycoprotein refers to a polypeptide coupled to at
least one carbohydrate moiety that is attached 1o the protein via an oxygen-containing or a
nitrogen-containing side chain of an amino acid residue, 2.g, a serine residue or an
asparagine residue,

6343} As used herein, an "isolated" polypeptide or a fragment, variant, or derivative
thereof, refers to a polypeptide that is not in its natural milien. No particular level of
purification is required. For exarmpie, an isolated polypeptide can be removed from its
native or natural environment, Recombinantly produced polypeptides and proteins

expressed in host cells can be considered isolated for the purposes of the invention, as are
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native or recombinant polypeptides which have been separated, fractionated, or partially
or substantially puritied by any suitable technigue.

{044 Alse included as polypeptides of the invention are fragments, derivatives, analogs,
or variaats of the foregoing polypeptides, and any combination thereof. The terms

[T

“fragment,” "variant,” "derivative” and "analeg” when referring to antibodies or TDP-43
binding polypeptides of the invention include any polypeptides which retain af least some
of the antigen-binding properties of the corresponding reference antibody or TDP-43
binding molecule. Fragments of TDP-43 binding polypeptides such as antigen binding
antibody fragments, include proteolytic fragments, as well as deletion {fragments, in
addition to additional antibody fragments discussed herein. Variants of TDP-43 binding
molecele, such as antibodies (including antigen binding antibody fragments) and also
polypeptides with altered amino actd sequences due to amino acid substitutions,
deletions, or insertions. Varianis can ocour naturally or be non-naturally cccurring. Non-
naturally occurring variants can be produced using art-known mutagenesis technigues.
Variant polypeptides can comprise conservalive or non-cogservative amino acid
substituiions, deletions or additions. Derivatives of TDP-43 specific binding molecules,
e.g., antibodies and other TDP-43 specific binding molecules, are polypeptides which
have been altered so as 1o exhibit aliered or additional features not found on a reference
polypeptide. Examples of derivatives of TDP-43 specific binding molecules inchude
fusion proteins. Variant polypeptides can also be referred 1o herein as "polypeptide
analogs”. As used herein, a "derivative” of a of TD43 specific binding molecules or
fragment thereof, refers to a subject polypeptide having one or more residues chemically
derivatized by reaction of a functional side group. Also mcluded as "derivatives” are
those peptides which countain oue or more naturally occurring amino acid derivatives of
the twenty standard amino acids. For example, according to some embodiments, 4-
hydroxyproline can be substiluted for proling; S-hydroxylysine can be substituted for
tysine; 3-methyihistidine can be substituted for histidine; homoserine can be substituted

for serine; or ornithine can be substituied for lysine.
{80451 As used herein, the {erm "polynucleotide” or "nucleic acid” encompasses a

singular nucleic acid as well as plural nucleie acids, and includes an tsolated nucleic acid

molecule or construct, e.g, messenger RNA (mRNA)Y or plasmid DNA {(pONAYL A
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polynucieotide can comprise a conventional phosphodiester bond or a non~conventionat
bond (e.g., an amide bond, such as found in peptide nucleic acids (PNA}L

{6346} The term "polynucloetide acid” can also yefer {0 any one or more nucleie acid
segments, e.g. DNA or RNA fragments, present in a polynucleotide. By "isolated”
nucielc acid or polynucieotide is intended a nucleic acid molecule, DNA or RNA, which
has been removed from its npative environment., For example, a recombinant
polynucleotide encoding an antibody heavy or light chain variable domain contained in g
vector is considered isolated for the purposes of the invention. Further examples of an
isolated polynucleotide include recombinant pelynucieotides maintained in heterologous
host cells or purified (partially or substaniially) polynucleotides in solution, Isolated
RNA molecules include in vive or in vitre RNA transcripts of polynucleotides of the
invention.  Isolated polynucleotides or nucleic acids according to the invention further
jnctude such molecules produced synthetically. In addition, polynucleotide or a nucleie
acid can be or can include a regulatory element such as a promoter, ribosome binding site,
or a franscription terminator operably associated with a sequence encoding a2 TDP-43
specific binding polypeptide of the invention,

{80471 As used herewn, a "coding region” is a portion of nucleic acid which consists of
codons translated into amino acids, Although a "stop codon” (TAG, TGA, or TAA) is not
translated into an amino acid, it can be considered to be part of a coding region, bui any
flanking sequences, for example promoters, ribosome binding sites, transcriptional
terminators, introns, and the like, are not part of a coding region. Two or more coding
regions of the invention can be present in a single polynucleotide construet, e.g., on a
single vecior, or in Separate polynucleotide constructs, eg, on separate (different}
vectors. Furthermore, any vector can contain a single coding region, or can comprise two
or more coding regions, ¢.g., a single vector can separately encode an immanoglobulin
heavy chain variable region and an mmmunogiobulin light chain variable region. In
addition, a vector including a sucleic acid of the invention can optionally encode one or
more heterologous coding regions, either fused or unfused to a nucleic acid encoding a
TixP-43 binding polypeptide, including for example, an antibody or a fragment, varian,
or derivative thereof. Heterologous coding regions include without Himitation specialized
clements or motifs, such as a secretory signal peptide or a beterologous functional

domain.
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{3048} in certain embodiments, the polynucieotide or nucleic acid of the invention is
DNA. A polynucleotide cormprising a nucleic acid which encodes a polypeptide
opticnally includes a promoter and/or other transcription or translation control elements
operably gssociated with one or more coding regions. An operable association is present
when a coding region for a gene product, e.g., a polypeptide, is associated with one or
more regulatory seguences in such a way as o place expression of the gene product under
the influence or control of the regulatory sequence{s). Two DNA fragments (such as a
polypeptide coding region and 4 promoter associated therewith) are "operably associated”
or "operably linked" if mduciion of promoter function resulis n the transcription of
mRNA encoding the desired gene product and if the linkage between the two DNA
fragments does not interfere with the ability of the expression regulatory sequences to
direct the expression of the gene product or prevent with the ability of the DNA template
o be transcribed. Thus, a promoter region can be operably associated with a nucleie acid
encoding a polypeptide if the promaoter is capable of effecting transcription of that nucleic
acid. The promoter can be a cell-specific promoter that directs substantial transeription of
the DNA only in predetermined cells.  The promoter can also be constititive or
regulatable. Other transcription control elements that are optionally operably linked with
the nucleic acids of the invention nclude for exampie, enhancers, operators, repressors,
and transcription termination signals, can be operably associated with the polynucieotide
to direct cell-specific transcription. Examples of suitable promoters and other
transcription control regions are disclosed herein or otherwise koown in the art.

{80491 A variety of transcription control regions that can be used to conirol the
expression of the poivanucieotides of the invention arc known in the art. These include,
without limitation, transcription control regions which function in vericbrate cells,
including but not Hrotied to, promoter and enhancer segments from cviomegaloviruses
{(the tmmediate early promoter, in conjunction with intron-A}, stmian virus 49 {the early
promoter), and retroviruses {such as Rous sarcoma virus). Other transcription control

egions inclade but are not limed to, those derived from vertebrate genes such as, actin,
heat shock protein, bovine growih hormone and rabbit f-globin, as well as other
sequences capable of controlling gene expression in eukaryotic cells. Additional suitable

transcription contro} regions include tissue-specific promoters and enhancers as well as
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lymphokine-inducible  promoters {e.g, promoters inducible by interferons or
interieukins).

{3058} Similarly, a variety of suitable translation control elements are known to those of
ordinary skill in the art. These include, but are not Hmited o, ribosome binding sites,
translation initiation and termination codons, and elements derived from picorsaviruses
{(particularly an imternal ribosome entry site, or IRER, also referred to as a CITE
sequence].

RHEREY In other embodiments. a polynucleotide or nucleie acid of the invention is RNA,
for example, 1n the form of messenger RNA (mRNA).

180521 Polynucieotide and nucleic acid coding sequences of the invention can be
associated with additional heterclogous coding seguences which encode for exampie,
secretory or signal peptides, which direct the secretion of a polypeptide encoded by a
polynuclectide of the invention. According to the signal hypothesis. proteins secreted by
mamimalian cells have a signal peptide or secretory leader sequence which is cleaved
from the mature protein once export of the growing protein chain across the rough
endoplasmic reticulum has been initiated. Those of ordinary skill in the art are aware that
polypentides secreted by vertebrate cells generally have a signal peptide fused to the N-
terminus of the polypeptide, which s cleaved from the "full length” polypeptide to
produce g secreted or "mature” form of the polypeptide. In certain embodiments, the
native signal peptide, e g, an immunoglobulin heavy chain or light chain signal peptide s
used, or a functional derivative of thal sequence that retains the ability fo direct the
secrction of a polypeptide to which it is operably associated.  Alternatively, a
heterologous mammalian signal peptide, or a funclional dertvative thereot, can be used.
For example, the native signal peptide sequence can be substituted with the signal
pepiide sequence of human tissue plasminogen activator {TPA}, mouse f-glucuronidase,
or asignal sequence derived from a secreted protein of a preferred host cell.

16053} Unless stated otherwise, the terms "disorder” and “discase” are wusex
interchangeably herein.

{6054] A "binding molecule” as used herein relates primarily to antibodies (including
TDP-43 hinding antibody fragments or derivatives}, but can also refer to other proteins
and polypeptides that specifically recogmize TDP-43 including, but not limited to,

sormones, receptors, ligands, major histocompatibnlity complex (MHC) molecules,
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chaperones such as heat shock proteins (HSPs), and cell-cell adhesion molecules such as,
members of the cadherin, intergrin, C-type lectin and immunoglobulin (Ig) superfamilies.
Fragments, variants, and derivatives of these polypeptides that specifically recognize
Ti3P-43 are also encompassed by the invention. For the sake of clarity only and without
restricting the scope of the invention wost of the following embodiments are discussed
with respect to antibodies (including antibody fragments and derivatives) which represent
one embodiment of the molecules and compositions of the tnvestion that specifically
recognize TDP-43.

{(055] The terms "antibody" and "tmmunoglobulin® are used interchangeably herein. An
antibody or immunoglobulin is an TDP-43-binding molecule which comprises at least the
variable domain of a heavy chain, and normally comprises at least the variable domains
of a heavy chain and a light chain. Basic immunoglobulin structures in vertebrate
systems are well understood; see, e g, Harlow ef o, Antibodies: A Laboratory Manual,
{Cold Spring Harbor Laboratory Press, 2nd ed. 1988}, As will be discussed in more detail
below, the term "immunoglobulin® comprises various broad classes of polypeptides that
can be distinguished biochemically. As generally understood in the art, heavy chains are
classitied as gamma, mu, alpha, delta, or epsilon, {y, u. o, &, &) with some subclasses

5§

arpong them {e.g., vi-v4). 1t is the nature of this chain that determines the "class” of the

antibody as IgG, IgM, IgA, IgG, or Igh, respectively. The immunceglobulin subclasses
(isotypes) e.g., 1¢G1, 1gG2, 1pG3, 1G4, IgAl, etc, are well characterized and are known
to confer functional specialization that can be icorporated or modified in the antibodies
of the invention o wodify fumctional or other properties of these antibodies. Modified
versions of antibedy classes and isotypes of the invention are readily discernible to person
of ordinary skill in the art in view of the disclosure and are within the scope of the
invention. Additionally while all immunogiobulin classes are encompassed by the scope
of the invention, for brevity and cxemplary purposes, the following discussion is
generally directed to the Ig(h class of immunoglobulin molecules. With regard to 1gG, a
standard immunoglobulin molecule comprises two identical light chain polypeptides of
molecitlar weight approximately 23,000 Daltons, and two identical heavy chain
pelypeptides ot molecular weight 53,000-70,000 Daltons. The four chains are typically
joined by disuifide bonds in a "Y" configuration wherein the light chains bracket the

heavy chains starting at the mouth of the "Y" and contimuing through the variable region.
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{8656} Light chain polypeptides are classified as either kappa or lambda {x, »). Fach
heavy chain polypeptide class can be bound with either a kappa or lambda light chain, o
general, the light and heavy chain polypeptides are covalently bonded to each other, and
the "ail" portions of the two heavy chain polypeptides are bonded to each other by
covalent disulfide linkages or non-covalent linkages when the immunoglobulins are
generated either by hybridomas, B cells or genctically engineered host celis. In the heavy
chain polypeptide, the amino acid sequences run from the N-terminus at the forked ends
of the Y configuration to the C-terminus at the bottom of each heavy chain polypeptide.

[0G57] Both the light and heavy chain polypeptides contain regions of structural and
functional homology. The terms "constart” and "variable” are used fonctionally. In this
regard, it will be appreciated that the variable domains of both the light (V) and heavy
(Vi) chain regions determine antigen recognition and specificity.  Conversely, the
constant domains of the light chain (CL) and the heavy chain (CH1, CH2 or CH3)} confer
important biclogical properties such as scoretion, fransplacental mobility, Fc receptor
binding, complement binding, and the like. By convention the nurnbering of the constant
region domains increases as they become meore distal from the antigen-binding site or
armino-terminus of the antibody. The N-terminal portion of the heavy and light chain
polypeptides is a variabie region and at the C-terminal portion i3 8 constani region; the
CH3 and CL domains actually comprise the carboxy-terminus of the heavy and light
chain, respectively.

{BOS8] As indicated above, the variable region allows the antibody (o selectively
recognize and specifically bind epitopes on antigens. That is, the V|, domain and Vy
domain, or subset of the complementarity determining regions (CDRs), of an antibody
combine to form the variable region that defines a three dimensional antigen-binding site.
This quaternary antibody structure forms the antigen-binding site present at the end of
cach arm of the Y structure of the antibody. The antigen-binding site of a complete
antibody is defined by three CDRs on each of the Vy and Vi chains. Any antibody
(including antibody fragments, derivatives, and variantsy which contains sufficient
immunoglobulin related structure so as to allow it to specifically bind to TDW-43 is
referred to herein interchangeably as a "binding {ragmert” or "immunospecific fragment,”

and can generally be referred to as antibody that specifically recognizes TDP-43.
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{00591 In naturally occurring antibodies, an antibody comprises six hypervariable regions
that are offen referred to as "complementarity deterraining regions”™ or "CDRs" present in
each aptigen-binding domain. CDRs are short, non~contiguous seguences of amino acids
that form the antigen-binding domain as the antibody assumes its three dimensional
configuration m an aqueous snvircnment. The "CDRs" are flanked by four relatively
conserved "framework” regions or "FRs" which show less inter-molecular sequence
variability than the CDRs. The framework regions largely adopt a B-sheet conformation
and the CDRs form loops which connect, and tn some cases form part of, the B-sheet
structure.  Thus, the framework regions act to form a scaffold that provides for
positiotung the CBRs in correct orientation by inter-chain, non-covalent interactions. The
antigen-binding domain formed by the collectively positioned heavy and light chain
CDRs defines a surface complementary to the cpifope on the immunoreactive antigen.
This complementary swfgce promotes the non-covalent binding of the antibody to its
cognate epitope, The amino acids comprising the CDRs and the framework regions,
respectively, can be readily identified and defined for any given heavy or light chain
variable region using methods known in the art; see, "Sequences of Proteins of
Immunological Interest,” Kabat, B, e af, U8, Department of Health and Huoman
Services, {1983); and Chothia and Lesk, §. Mol Biol., 196 (19873, 901-917, which arc
herein incorporated by reference in their entireties.

18868} In the case where there are two or more definitions of a term which is used and/or
accepted within the art, the definition of the term as used herein 18 intended to include all
such meanings uvnless expliciily stated to the contrary. A specific example is the wse of
the term "complementarity determining region” ("CDR") to describe the non~contiguous
antigen combining sites found within the variable region of both heavy and light chain
polypeptides. This particular region has been described by Kabat ef ¢f, U.S. Dept. of
Health and Human Services, "Sequences of Proteins of Immunoiogical Interest” (1983)
and by Chothia and Lesk, J. Mol Biol, 196 (1987), 901-917, which are herein
incorporated by reference in their entireties, where the definitions nelude overlapping or
subsets of amino acid residues when compared against each other. Nevertheless,
application of either definition to refer to a CDR of an antibody or variants thereof is
intended to be within the scope of the term CDR as used herein. The appropriate amino

acid residues which encompass the CDRs as defined in each of the above cited references
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are set forth in Figure 1. The exact residue numbers which encorpass a particular CDR
will vary depending on the sequence and size of the CDR. A person of ordinary skill in
the art provided with the variable region sequence of an antibody can routinely determine

which residues comprise a particular hypervariable region or CDR of a human IgG

antibody.

Table 1: CDR Definitions’

. Kabat Chethia
VH CDRI 31-35 26-32
VHCDR2 | 5065 52-58
VHCDR3 | 95102 95-102
VLCDRI = 24.34 26-32
VLCDR2 | 50-56 50-52
VLCDR3 | 8997 51-96

iNmrﬁm—:ring of all CDR definitions in Table 2 is according to the
numbering conventions set forth by Kabat ef ¢f,, {see below).

0661} Kabat ¢f o, also defined a numbering sysiem for variable domain sequences that
is applicable to apy antibody. One of ordinary skill in the art can unambiguously assign
this system of "Kabat numbering” to any variable domain seguence, without reliance on
any experimental data beyond the sequence tself. As used hersin, "Kabat numbering”
refers to the numbering system set forth by Kabat ef ., U8, Dept, of Health and Human
Services, "Sequence of Proteins of Immunological Interest” (1983). Uuless otherwise
specified, references to the numbering of specific amino acid residue positions in an
antibody or antigen-binding fragment, variant, or derivative thereof of the invention are
according to the Kabat numbering system, which, however, s theoretical and may not
equally apply to every antibody of the invention. For example, depending on the position
of the first CDR (ie., CBR1), the following CORs might be shifted 1 either direction.

{80621 In some embodiments, an antibody of the invention is a monoclonal antibody. In
additional embodiments, an antibody of the invention is not a polyclonal antibody.
According to some embodiments, an antibody of the wvention is a bivalent, or
multispecitic antibody. In other embodiments, an antibody of the invention 15 a
polyclonal antibody. In further embodiments, the compositions of the invention contain
monoclonal antibodies. In additional embodiments, the compositions of the invention do

not contain a pelyclonal antibody.
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1904631 in additional embodiments, the antibody is human {e.g., a fully human and/or
compictely human antibody), humanized, primatized, murinized or a chimeric antibody.
In further emnbodiments, an antibody of the invention is a single chain antibody, epitope-
binding fragment, e.g.. Fab, Fab’ and F(ab");, Fd, Fv single-chain Fv {scFv), single-chain
antibedy, disulfide-linked Fv (sdFv), a fragment comprising either a V; or Vg domain, a
fragment produced by a Fab expression library, or an anti-idiotvpic {anti-ld) antibodies
{including, e.g., anti-Id antibodies in antibodies containing a variable domain sequence
provided in Figs. 1, and other antibodies disclosed herein). ScFv molecules are known in
the art and are described, e.g, 1n U.8. Patent No. 5,892,019, Antibodies of the invention
can be of any type {e.g. g, Igh, igM, g3, IgA, and IgV¥}, class {e.g, 1gGl. igG2.
153, 1g(G4, IgAT and IgA2) or subclass of immunoglobulin molecule,

{364} In some cmbodiments, antibodies of the invention are IgGl. In other
embodiments, antibodies of the invention are I1gG3. In a further embodiment, the
antibody of the mvention is not IgM or a derivative thereo! that contains a pentavalent
structure.  More particularly, in certain applications of the invention, especially those
relating to therapeutic use, IgMs are fess desirable than IgG and other bivalent antibodigs
or corresponding binding molecules since IgMs often show unspecific cross-reactivitiss
and very low atfinily as a consequence of their pentavalent stracture and lack of affinity
raturation.

[3665] in a particular embodiment, the antibody of the nvention is not a polyclonal
antibody, 7.¢, 1t substantially cousisis of one particular antibody species rather than being
a roixture obtained fom a plasma immunoglobulin sample.

1

{30661 Agccording to one embodiment, an antibody of the invention is a "completely”
human” monoclonal antibedy that specifically recognizes human TDP-43 and that is
isolated from a human. Compared to other human rmonocional antibodies, such as those
derived from single chain antibody fragments (scFvs) identified using a phage display
library or xenogeneic mice, completely human monoclonal antibodies of the invention are
characterized by (1) being obtained using the human immune response rather than from
animal surrogates, e the antibody has been gencrated in response to native endogenous
TDP-43 in its relevant conformation in the human body, (i) having protected the

individaal or is at least significant for the presence of THP-43, and (iii} having a reduced
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risks of selfereactivity against self-antigens due to the fact that the antibody is of human
origin,

{0067} Thus, while the terms "completely human antibody,” or "human monoclonal
autoantibody "encompasses the terms "human antibody,” "human monoclonal antibody,”
and the like, these terms are used herein o denote a TDP-43 binding molecule which is of
human origin, i.e. which has been derived from a human antibody produocing cell such as
a B celf or hybridoma thereof or a ceil containing nucleie acids sucly as cINA that is the
cDNA of which has been directly cloned from or derived from 2z human antibody
producing cell such as, 8 human memory B cell. An antibody is considered "completely
human” for the purposes of this disclosure when the antibody contains one or more amino
acid substitutions or other alterations of a completely human antibody, e.g., o improve
binding characteristics. Optionally, the framework regions of the completely human
antibody or other antibodies of the invention are or have been modified to conform with a
human germ line variable region sequence or to conform with a portion of 2 human germ
line variable region sequence, such as 2 sequence availsble for example, in Vbase
{(http//vbase.mre-cpe.cam.ac.uk/) hosted by the MRC Centre for Proiein Eugiueering
(Cambridge, UK). Such medifications can be useful, infer afia, to reduce or eliminate
germ line sequence deviations resulting frova cloning artifacts, such as those that may
result from PCR primers.

{6668] Antibodies derived from human immunoglobulin libraries or from animals
transgenic for one or more human are generally referred to herein as human antibodies, or
"human-like antibodies." Such immunoglobuling do not correspond to endogenous
human immunoglobulins, as described infra. See, e.g, U.S. Patent No. 5,939,598). For
example, the pairing of heavy and light chains of human-like antibodies such as synthetic
and semi-synthetic antibodies typically isolated from phage display do oot necessarily
reflect the original pairing as it occurred in the original human B cell. Accordingly, Fab
and scbv fragiments obtained from recombinant expression libraries can be considered to
be artificial and may display immunogenicity and stability effects as a result of their
artificial composition. By contrast, completely human antibodies of the invention are
isolated, affinity-matured antibodies from selected human subjects and the antibodies

have been characterized by their {olerance 1o man,
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As used herein, the term "murinized antibody” or "murinized immunogiobulin®
refers to an antibody comprising one or more CDRs from a human antibody or other
antibody of the iovention; and for exarnple a human framework region that coniains
amino acid subsiitutions and/or deletions and/cr insertions that are based on a mouse
anitbody sequence. In this case, the human or other immunoglobulin providing the CDRs
is called the "parent” or “acceptor” and the mouse antibody providing the framework
changes is called the "dopor.” Censtant regions need not be present, but if they are, they
are usually substantially identical to mouse antibody constant regions, ie. at least about
85-90%, or at least about 95%, about 97%, about 98%, or about 99% or more identical (o
corresponding sequence of the mouse constant region. Hence, in some embodiments, a
complete murinized human heavy or light chain immunoglobulin containg 8 mouse
constant region, one or more human CIDRs, and a substantially human famework that has
a number of "murinizing” amino acid substitutions. Typically, a "murinized antibody" is
an antibody comprising a murinized variable light chain and/or a murinized variable
heavy chain. For example, a murinized antibody would not encompass a typical chimeric
antibody, e.g., because the entire variable region of a chimeric antibody is non-mouse. A
modified antibody that has been "murinized” by the process of "murinization” binds to the
same antigen as the parent antibody that provides the CDRs and is usuvally less
imrmunogenic in mice, as compared to the parent antibody.

As wsed herein, the term "heavy chain portion” includes amino acid sequences
derived from an immunoglobulin heavy chain. A polypeptide comprising a heavy chain
portion comprises at least one of) a CHI domain, a hinge (e g, apper, middle, and/or
lower hinge region) domain, a CH2 domain, a CH3 domain, or a variant or fragment
thereof. For examiple, a binding polypeptide of the invention can comprise a polypeptide
containing g variable region{s) or portions of a variable region {e.g., one or more CDRs,
such as the Vi CDR3), alone or in combination with a polypeptide chain comprising a
CHI domain, at least a portion of a hinge domain, and a CH2 domain; a polypeptide
chain comprising a CH1 domain and a CH3 domain; a polypeptide chain comprising a
CH1 domain, at least a portion of a hinge dowain, and a CH3 domain, or a polypeptide
chain comprising a CH1 domain, at least a portion of a hinge domain, a CH2 domain, and
a CH3 domain. In another embodiment, a polypeptide of the invention comprises a

variable region{s) or portions of a variable region {e.g., one or more CDRs, such as, Vg
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CDR3} and a polypeptide chain comprising a CH3 domain. In a further embodiment, a
polypeptide of the invention [acks at least a portion of a CHZ domain (e.g, all or part of a
CH2 domain). As set forth herein, and as would be appreciated by one of ordinary skill
in the art, the above heavy chain polypeptide domains (e 2., the heavy chain portions) can
be moditied such that they vary in amine acid sequence from the naturally occurring
immunogiobulin molecule.  Accordingly, the invention encompasses polypeptides
comprising fragments, vagiants, and derivatives of the heavy chain portions of the
invention.

{8071 According to some embodiments, the heavy chain portions of one polypeptide
chain of an antibody (including antigen-binding fragments, variants, or derivatives
thereot) are identical to those on a second polypeptide chain of the antibody, In
aliernative embodiments, the heavy chain portions of one polypeptide chain of an
antibody (including antigen-binding tragments, variants, or derivatives thereof) are
different from that on a second pelypeptide chain of the antibody. Thus, each menomer
component of an antibedy of the invention can comprise a different target binding site,
forming, for example, a bispecific antibody or diabody.

{88721 Antibody fragments of the investion, including single-chain antibedies, can
comprise variable region{s} or portions of variable regions {e.g., one or more RS, such
as, VH CDR3 or VL CDR3) alone or in combination with the entirety or a portion of the
following: binge region, CHI, CH2, and CH3 domains. Also encompassed by the
invention agre TDP-43-binding fragments that comprise any combination of varigbie
region(sy with a hinge region, CHI, CH2, and CH3 domains. Antibodies {(including
immunospecific fragments thereof) of the invention can be derived from any animal
origin including birds and mammals, In cne embodiment, the aptibodies are human,
murine, donkey, rabbit, goat, guines pig, camel, lama, horse, or chicken antibodies. In
another embodiment, the variable region can be condricthoid in origin {e.g., {rom sharks).

166731 inn another embodiment, the antibodies disclosed herein are composed of a single
polypeptide chain such as sclvs and are to be expressed intracellularly {(infrabodies) for
petential in vive therapeutic and diagnostie applications.

{64741 The heavy chain portions or light chain portions of a binding polypeptide for use
in the diagnostic and treatment methods disclosed herein can be derived from different

immunoglobulin molecules. For example, a heavy chain portion of a polypeptide can
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comprise a CHI domain derived from an IgG1 molecule and a hinge region derived from
an 1gGG3 molecule. In another example, a heavy chain portion can comprise a hinge
region derived, in part, from an {gG1 reolecule and, in part, from an IgG3 molecule, In
another example, a heavy chain portion can coroprise a chimeric hinge derived, in part,
from an fg(31 molecule and, in part, from an IgG4 molecule.

{B675] As used herein, the term "light chain portion” includes amine acid seguences
derived from an immunoegicobulin light chain. In one erobodiment, the Hght chain portion
comprises at {east one Vi or Cl. domain. As used herein, the term "fight chain portion”
includes amino acid sequences derived from an immunoglobulin light chain. A
polypeptide comprising a light chain portion comprises at least a light chain variable
region(s) or portions of a variable region (e.g., one or more CDRs, such as the V) CIBR3).
In some embodiments, the light chain portion meludes a2 CH1 domain. In anocther
embodiment, the light chain portion comprises at least one of a2 ¥V, or CL domain.
Polypeptides comprising {ragments, variants, and derivatives of these light chain portions
are also encompassed by the invention.

{6876} The minimum size of a peptide or polypeptide epitope for an antibody is thought
to be about four to five amino acids. Peptide or polypeptide epitopes can contain at least
seven, at least nine, or between at least about 15 to abowt 30 amino acids, Since a CDR
can recognize an antigenic peptide or polypeptide in its tertiary form, the amino acids
cornprising an epitope need not be contiguous, and in some cases, may not even be on the
same peptide chain.  According to one embodiment, a peptide or polypeptide epitope
recognized by an antibody of the invention contains a sequence of at least 4, at least 5, at
feast 6, at least 7, at least &, at least 9, at least 10, at least 15, at teast 20, at least 25
contiguous or non-centiguous amino acids of TDP-43. In an additional embodiment, a
peptide or polypeptide epitope recognized by an antibody of the invention contains
between about 5 to about 38, about 10 {0 about 30, or 15 to about 30 contiguous or non-
contiguous amino acids of THP-43.

{60771 The ferms “specifically binding"” and "specifically recognizing” are used
interchangeably herein and generally refer to a binding melecule (e.g., a polypeptide such
as an antibody) that binds to an epitope or antigen more readily than it would bind to a
random. unrelated epi'tope or antigen. As understood 1u the arf, an antibody can

]

specifically bind to, or specifically recognize an isolated polypeptide comprising. or
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consisting of, aminc acid residues corresponding to a linear portion of a non-contiguous
epitope. The term "specificity” is used herein to qualify the relative atfinity by which a
certain antibody binds to a certain epitope or antigen. For example, antibody "A" can be
deemed to have a higher specificity for a given epitope than antibody "B.” or antibody
A" can be said {o bind fo epitope "C" with a higher specificity than it has for related
epitope "I, For example, antibody "A" can be deemed to have a higher specificity for a
given epitope than antibody "B,” or antibody "A" can be said to bind to epitope "C" with
a higher specificity than it has for related epitope "D Likewise, an antibody "A" can be
deemed to have a higher specificily for a given antigen than antibedy "B,” or antibody
"A" can be said to bind to antigen "C" with a higher specificity than it has for related
antigen "D

{B078] Where present, the term "immunological binding characteristics,” or other binding
characteristics of an antibody with an antigen, in all of its grammatical forms, refers to the
specificity, affinity, cross-reactivity, or other binding characteristics of an antibody.

{80794 By "preferentially binding”, it is ineant that the binding molecule, ¢.g,, anmtibody
specifically binds to an epitope or antigen more readily than it would bind to a related,
similar, homologous, or analogous epitope or antigen. Thus, an antibody which
"preferentially binds” to a given epitope or antigen would more likely bind to that epitope
or antigen than to a related cpitope or antigen, even though such an antibody can cross-
react with the related epitope or antigen.

UERHT By way of a non-limiting example, 2 binding molecule, e.g., an antibody can be
considered to bind a first epttope or antigen preferentially if it binds said first epitope or
antigen with a dissociation constant {Kp) that is less than the antibody’s Ky for the second
epitope or antigen. in another non-limiting example, an antibody can be considered to
bind a first antigen preferentially if it binds the first epitope or antigen with an atfimiy
that is at least one order of magnitude less than the antibody’s Kp for the second epitope
or antigen. In another non-limiting example, an antibody can be considered to bind a first
epitope or antigen preferentially if it binds the first epitope or antigen with an affinity that
is at least two orders of magnitude less than the antibody’s Kp for the second epitope or
antigen.

§0081} In another non-limiting example, 3 binding molecule, e.g., an antibody can be

considered fo bind a first epitope or antigen preferentially if it binds the first epitope or
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antigen with an off rate (k{off)} that is less than the antibody’s k{off) for the second
epitope or antigen. In another nop-limiting exarsple, an antibody can be considered to
bind a first epitope or aniigen preferentially if it binds the first epitope with an affinity
that is at least one order of magnitude less than the antibody’s k{off) for the second
epitape or antigen. In another non-limiting example, an antibody can be considered to
bind a first epitope or antigen preferentially if it binds the first epitope or antigen with an
affinity that is at least two orders of magnitude less than the anttbody’s k(ofl} for the
econd epitope or antigen.

{082} According 10 one embodiment, a TDP-43 binding molecule {e g, an antibody,
including an antigen-binding fragment or variant of an antibody or derivative thereof)
binds TDP-43 or a fragment or variant thereof, with an off rate (k{oft)) of less than or
equal to 5 x 1§ gec, 107 see”, 5 x 107 sec or 107 sec”!. In another embodiment, a
THOP-43 binding molecule binds TIXP-43 or a fragment or variant thereof, with an off rate
{kfothy) less than or equal to0 5 ¥ 107 see™!, 10 see™, 5 x 107 see™, or 107 sec 5 x 10
sec”, 100sec™, 5 x 167 sect or 107 5

[B883 According to another ernbodiment, a TRP-43 binding molecule {e. g, an antibody,
meluding an antigen-binding fragment or variant of an antibody or derivative thereof)
binds TIP-43 or a fragment or variant thereof, with an on rate {k{on}) of greater than or
equal to 16" ! sec™, 5 x 107 M gec”! , 10% M see! or 5 x 10° M7 sec!. Inan
additional embodiment, a TIDP-43 binding molecule of the invention binds TIN-43 or a
fragment or variant thereof with an on rate {k{om)} greater than or equal to 10° M sec’, §
107 M see!, 1P M sec, or 5 x 10° M7 see” or 107 M7 see

[B684] The invention also encompasses a TDP-43 binding molecule that competes with
one or more of the TDP-43 binding molecules of the invention for binding with TDP-43.
For the purposes of this invention, 8 TDP-43 binding molecule (e g, an antibody) is said
o competitively inhibit binding of a refersnce TDP-43 binding molecule {e.z., antibody)
10 a given epitope or antigen if it prefercntially binds to that epitope or antigen io the
extent that it blocks, to some degree, binding of the reference antibody to the epitope or
antigen. Competitive inhibition can be determined by any method known in the ar, for
example, cowpetition ELINA assays.  According to one embodiment, an a TDP-43

binding molecule (e.g., an antibody) competitively inbibits binding of a refersnce TDF43
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binding molecule {¢.g., an antibody) to a given epilope or antigen by at least 90%, at least
80%, at least 70%, at least 60%, or at least 54%.

{3085] As used herein, the term "affinity” refers to a measure of the strength of the
binding of an individual epitope or antigen with a TDP-43 binding molecule {e.g, an
antibody, including fragments, variants, and derivatives thereof. See, e.g., Harlow e af,
Antibodies: A Laboratory Manual, Cold Spring Harbor Labovatory Press, 2nd ed. (1988)
at pages 27-28. As used herein, the term "avidity" refers to the overall stability of the
complex between a population of immunoglobulins and an antigen, that is, the functional
combining strength of an immunoglobulin mixture with the antigen; see, e.g., Harlow at
pages 29-34.  Avidity is related to both the affipity of ndividual immunoglobulin
molecules in the population with specific epitopes or antigens, and alse the valencies of
the immunoglobulins and the antigen. For example, the interaction between a bivalent
monoclonal antibody and an antigen with a highly repeating cpitope structure, such as a
polymer, would be one of high avidity. The atfinity or avidity of an antibody for an
antigen can be determined experimentally using any suitable mcethod; see, for exarnple,
Berzofsky ef al, "Antibody-Antigen Interactions” In Fundamenial Immunology, Faul, W.
E., Ed., Raven Press New York, N Y {(1984), Kuby, Janis Imumanology, W. H. Freeman
and Company New York, N Y (1992}, and methods described herein. General fechniques
for measuring the alfinity of an antibody for an antigen include ELISA, RiA, and surface
plasmon resonance. The measured affinity of a particular antibody-antigen interaction can
vary if measured under different conditions, e.g, salt concentration, pH. Thus,
measurements of affinity and other antigen-binding parameters, e.g., Kp, ICs;, are
preferably made with standardized solutions of antibedy and antigen, and a standardized
buffer.

10086} TDP-43 binding molecules {e.g., antibodies ineluding antigen-binding fragments
of antibodies and variants or derivatives thereof) of the invention are alse described or
specified i terms of their cross-reactivity. As used herein, the term "cross-reactivity”
refers to the ability of an TDP-42 binding molecule {e.g., an antibody} specific for one
antigen, to react with a second distinct antigen; a measure often reticctive of the degree of
relatedness between two different antigenic substances.

{6087} For example, certain antibodies have some degree of cross-reactivity, in that they

bind related, but non-identical epttopes or antigens, ¢.g., epitopes with al least 95%, at
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feast 90%, at least §5%, at least 80%, at least 75%, at least 70%, at least 65%, at least
060%, ar least 55%, and at least 50% identity (as calculated using methods described
herein or otherwise known in the art} to a reference epitope or antigen. An antibody can
be deemed "highly specific” for a certain epitope, if it does not bind any other analog,
ortholog, or homolog of that epitope or antigen.  According 10 one embodiment TDP-43
binding melecules {e.g., antibodics including antigen-binding fragments of antibedies,
and variants or derivatives thereof) do not bind epitopes with less than 95%, less than
G0%, less than 85%, less than 80%, less than 75%, less than 70%, less than 65%, {ess than
60%, less than 55%, and less than 50% identity {(as calculated using methods described
herein or otherwise known in the arty to a reference copitope or antigen under
physiological conditions.

| DBEE] TDP-43 binding molecules such as antibodies {including antigen-binding
fraginents of an antibody and variants or derivatives thereof} of the invention can also be
described in terms of their binding aflinily to TDP-43. According to one embodiment
T1P-43 binding molecules {e.g., antibodies including antigen-binding fragments, variants
or derivatives thereot) binding affinities include those with a dissociation constant or Kd
of less than § x 107 M, 167 M, Sx 107 M, 107 M, S x 107 M, 107 M, 5 x 107 M, 167 M,
Sx 10O M, 16°M, 3 x 107 M. 107 M, 5% 107 M, 107 M, S x 107 M, 1078, 5 2 10700,
07OM, S x 0 ML IO ML Sk 10 M, 10T M, S x 10U M, 10 ML S x 107 M, 1o
M, 33 107 M, or 107 M.

{6089 The subumt stractures and three dimensional configuration of the constant regions
of the various immunoglobulin classes are well known.  As used herein, the term "Vy
doman” includes the amine terminal variable domain of an immunoglobulin heavy chain
and the ferm "CHI1 domain” includes the first (most amino terminal) constant region
domain of an inmunoglobulin heavy chain. The CH1 domain is adjacent to the Vy
domain and 18 amino terminal to the hinge region of an immunoglobulin heavy chain
molecule.

{6058} As used herein the term "CHZ domain” includes the portion of a heavy chain
molecule that extends, e.g., from about residue 244 to residue 360 of an antibody using
conventional mumbering schemes (residues 244 to 360, Kabat numbering system; and
residues 231-346, BU numbering systery; see Kabat A ef of,, op. cit). The CH2 domain

is unigue in that it is not closely paired with another domain, Rather, two N-linked
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branched carbobydrate chains are interposed between the two CHZ domains of an intact
native 1gG molecule. It 1s also well documented that the CH3 domain extends from the
{CH2 domain to the C-terminal of the IgG molecule and comprises approximately 108
residues,

{0091] As used herein, the term "hinge region” includes the portion of a heavy chain
molecule that joms the CHI domain to the CH2 domain. This hinge region comprises
approximately 235 residues and is flexible, thus allowing the two N-terminal antigen-
binding regions o move independently. Hinge regions can be subdivided into three
distinct domains: upper, middie, and lower hinge domains; see Roux ef of, J. Immunol.
161 (1998, 4083,

{6092} As used herein the term "disulfide bond” includes the covalent bond formed
between two sulfur aloms. The amino acid cysietne comprises a thiol group that can form
a disulfide bond or bridge with a second thiol group, In mwost naturally occurning IgG
moleculdes, the CH1 and CL regions are linked by a disulfide bond and the two heavy
chains are linked by two disulfide bonds at positions corresponding to 23% and 242 using
the Kabat numbering system {position 226 or 229, EU numbering svstem),

{00931 As used herein, the terms "linked," "fused” or "fusion” are gsed interchangeabiy.
These terms refer to the jolning together of two more elements or components, by
whatever means including chemical conjugation or recombinant means. An "in-frame
fuston” refers 1o the joining of two or more polynucleotide open reading frames (ORFs)
to form a continuous longer ORF, in a manner that maintains the correct translational
reading frame of the original ORFs. Thus, a recombinant fusion protein is a single protein
containing two or mose segments that correspond to polypeptides encaded by the original
ORFs (which segments are not normally so joined in nature). Although the reading frame
is thus made continucus throughout the fused segments, the segments can be physically or
spatially separated by, for example, in-frame linker seguence. For example,
polynucieotides encoding the CDRs of an immunoglobulin variable region can be fused,
in-frame, but be separated by a polynuclestide encoding at least one immuneglobulin
framework region or addittonal CDR regions, as long as the "hused” CDRs are co-
translaied as part of a continucus polypeptide.

18694} The term "expression” as used herein refers to a process by which a gene produces

a biochemical, for example, an RNA or polypeptide. The process includes any
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manifestation of the functional presence of the gene within the cell including, without
limitation, gene knockdown as well as both transient expression and stable expression. it
includes without limutation transcription of the gene into messenger RNA (mRNA),
transfer RNA (tRNA), amall hairpin RNA (shRNA), small interfering RNA (siRNAJ or
any other RNA product, and the translation of such mRNA 1nto polypeptide(s). If the
final desired product is a biochemical, expression includes the creation of that
biochernical and any precursors. Expression of a gene produces a "geue product.” As used
herein, a gene product can be either a nucleic acid, e.g, a messenger RNA produced by
transeription of a geoe, or a polypeptide which is translated from a transeript. Gene
products described herein further include nucleic acids withh post transeriptional
modifications, eg, polyadenylation, or polypeptides with post translational
modifications, ¢.g., methylation, glycosylation, the addiiion of lipids, asseciation with
other protein subunits, profeolytic cleavage, and the [tke.

[8095] As used herein, the term "sample” refers to any biclogical matenial obtained from
a subject or patient. In one embodiment, a sample comprises blood, cersbrospinal fluid
("CSF"), or urine. In another embodiment a sanmiple comprises whole blood, plasma, B
cells enriched from blood samples, or cultured cells (e.g, B cells from a subject). In
another embodiment a sample of the invention contains a biopsy or tissue sample
including neural tissue. In a further embodiment, a sample of the invention comprises
whole celis or a lysate of the cells. Samples of the invention, including blood samples
and C8Y¥ samples can be collected using by methods known i1t the art.

{6096} As used herein, the terms "reat” or "treatment” refer to therapeutic treatment and
prophylactic or preventative measwres, wherein the object is to prevent or slow down
{lessen} an undesired physiological change or disorder, such as the development of
dementia. Beneficial or desired clinical results include, but are not Himited to, alleviation
of symptoms, diminishment of exteni of disease, stabilized (ie., not worsening) state of
disease, delay or slowing of disease progression, amelioration or palliation of the disease
state, and remission {(whether partial or total), whether detectable or undetectable.
"Treatment” can also mean prolonging survival as compared to expected survival if not
receiving treatment. Those in need of treatment include those already with the condition
or disorder as well as those prone to have the condition or disorder or those in which the

manifestation of the condition or disorder is to be prevented.
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{88971 By "subject” or "individual” or "animal” or "patient” or "mammal,” is meant any
subject, particularly a mammalian subject, e g, a human paticut, for whom diagnosis,

prognosis, prevention, or therapy is desired.

3. Antibodies

{60981 Antibodies that selectively bind TDP-43 are encompassed by the invention. As
used herein, the term antibody or antibodies encompasses complete antibodies, as well as
TDP-43-binding antibody fragments and variants and derivatives of these complete
antibedies or antibody fragments that bind TDP-43. In one embodiment, an antibody of
the mvention demonstrates at least one, two, three, four, five or more of the structural
characteristics {e.g., sequence), immunological binding characteristics {(e.g, ICsy, or
epitope binding}, and/or biological properties of the antibodies disclosed in the Examples
and elsewhere in the specification.

{80499} According o some embodiments, the antibody of the invention is a completely
human antibody. The inveniion also encompasses fragments, variants and derivatives of
a completely buman antibody. As disclosed in the Bxamples, the completely human
antibodies disclosed herein were derived from a pool of samples from healthy subjects.
Antibodies of potential interest were analyzed for class and light chain subclass
determination, message front selected memory B cell cultures were transcribed by RT-
PCR, cloned and combined into expression vectors for recombinant production; see the
appended Exampies.  The comwpletely human antibodies were then recombinantly
expressed in HEKZ293 cells and subsequently characterized based on their bimding
specificities towards full-length TDP-43, truncated TIH'-43 and a modified form of TDP-
43 (Figs. 2, 4-7, 10, and i1} This characterization confinmmed that for the first tiroe,
human antibodies have been cloned that are highly specific for TDP-43 and recognize
different epitopes within the TDP-43 protein.

{01063 Thus, according to one embodiment, the nvention generally relates to an antibody
that specifically recognizes TDP-43. In a further embodiment, the invention is directed
to a human antibody that specifically recognizes TUP-43. In yet a further embodiment,
the invention is directed 1o a total human antibody that specifically recognizes TDP-43,
In additional embodiments, the tnvention encompasses a TDP-43 binding fragment,

variant or derivative of a TDP-43 binding intact human (including completely human}

/

antibody of the invention. In ancther embodiment, the antibodies of the nvention
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specifically recognize full length, muncated, or pathologic human TDP-43 in g2 Western
Blot, In a further embodiment, the antibodies of the invention seleciively bind full
fength or pathologic TDFP-42 in a Western Blot. In another erabodiment, the antibodies
ot the invention specifically recognize full length, wuncated, or pathologic human TDP-
4% in an ELISA. In a further embodiment, the antibodies of the invention selectively
bind full length or pathologic TDP-43 in an ELISA. In another embodiment, the
antibodies of the invention specifically recognize any combination of full length,
truncated, or pathologic human TDP-43 in an imymunohistochemistry,  In a further
embodiment, the antibodies of the invention selectively bind full length or pathologic
TDP-43 in an immunchistochemistry. In ancther embodiment, the antibodies of the
invention specifically recognize any comnbination of full length, truncated, or pathologic
human TDP-43 in an immunchistochemistry of the hippocampus.  In a further
embodiment, the antibodies of the mvention selectively bind full length or pathologic
TEP-43 in an immunchistochemisiry of the hippocampus. in a further embodiment, the
antibodies of the invention selectively bind to one or more of nuclear TDP-43,
cytoplasmic THP-43, axcenal TDP-43, or neuritic TDP-43 in an immunehistochemistry
of human FTLD-U hippocampus. In another embodiment, the antibodies of the
wvention selectively bind to one or more of cytoplasmic TDP-43 and neuritic TDP-43
in hippocampal granule cells in an immunohistochemistry of human FTLDU
hippocampus.  According 10 one embodiment, the antibodies of the invention
specifically recognize pathologic human-TDP-43,

In another ernbodiment, the invention encompasses an aniibody (including an
anfigen-binding fragment, variant or derivatives thereof), that specifically binds to the
same epitope of TDP-43 as a reference antibody having the heavy and light chain
variable domain of an antibody selected from the group consisting off WI-205.3F10,
NI-205.51C1, NI-205.21G2, NI-205.8A2, NI-205.15F12, NI-205. 11304, N1-205.25F3,
NI-205.87E7, NI-205.21G1, NI-205.68G3, NI-205.20A1, Ni205S.4101, NIZOS29ELL,
NIZOS.SETZ, NIZ03.98He, NIZ05.10D3, NI205.44B2, NI205.38H2, NI205.3608,
NIZOS.S8ETT, Ni205.14HS, NI205.3102, Ni20S.8F8, NI205.31C11, NI2ZOS.ECHY,
NI205.10H7, NI205.1A%, NI235.14W3, and Ni205.19GS. In a further embodiment, the
antibody (ncluding an antigen-binding fragment, variant or derivatives thereof),

specifically binds to the same epitope of TI3P-43 as a refevence antibody selected from
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the group consisting oft  NL2053F10, NE-205.531CH NI-205.21G2, NI-205.8A2, Ni-
205.15F12, NI-205.113C4, NI-20525F3, NI-205.87E7, Ni-20521G1, NI-205.68G3,
NIL-205.20A1, NIZOS41D1, NIZOS2VETL, NI2OS9EIZ, NIi205.98He, NI203.i10D3,
NI205.44032, NI205.38H2, NI205.36D5, NIZOSS8ELL, NIZ0S.I4HS5, NI205.31D2,
NI205.8F8, NI205.31C1HY, NIZOSBCIO0, NIZOS.I0HT, NIZOS. 1A, NI2O5.14W3, and
NIZ05.19G5.

in another embodiment, the invention encompasses an antibody {including an
antigen-binding fragment, variant or derivanves thereof), that specifically binds to a
TDP-43 polypeptide sequence selected from: QYGDVMDVFIP (SEQ ID NO: 123);
AAIGWGSASNA (SEQ ID NO: 124 DMTEDELREFF (SEQ 1D NO: 125,
EDENDEP (SEQ ID NO: 126), VOQVEKDL {(SEQ D NGO 127, KEYFSTF (SEQ ID
MO 128), HKGISY (BEQ ID NO:315), NQSGPSG (8EQ 1D NO:316), 'NGGFGS
{(SEQ 1 NO3T), FONSRGGGAGL (SEQ 1D NO:318), SNAGSGSGENG (SEQ
NO:219, QLERSGRPGGN (SEQ D NO320), EIPSEDD (SEQ ID NO:321,
FNGGFGSSMIDR {SEQ Y MN{3:322) and
SINPAMMAAAQAALQSSWOMMGMLASQ  (SEQ 1B NO:323) In ancther
emnbodiment, the invention encompasses an antibody {(including an antigen-binding
fragment, variant or derivatives thereof), that specifically binds to TDP-43 polypeptides
FOGNSRGGGAGL (SEQ ID NO:31E) and SNAGSGSGENG (SEQ ID NOS319) In
another embodiment, the invention encompasses an antibody (including an antigen-
binding frapment, variant or derivalives thercof), that specifically binds to TDP-43
polypeptide SINPAMMAAAQAALQSSWGMMGMLABY (SEQ 1D NO:323), but
does not specifically bind to SINPGGGAAAQAALGSSWEMMGMLASG (REQ D
NQO:3 143

In a further embodiment, the invention cncompasses an antibody (including an
antigen-binding fragment, variant or derivatives thereof), that competitively inhibits the
binding to TDP-43 by a reference antibody having the heavy and hight chain variable
domain of an antibody selected from the group counsisting off  NI{-205.3F10, NI-
205 51CEH, NE205.21G2, NI-205.8A2, NI-205.15F12, MNI-203.113C4, NI-205 2583, NI-
205.87E7, NI205.2101, NIZ0S.68GS, NL-20520A1, NI20541D1, NIZOS2RELL,
NI205.9E12, NIZ05.98H6, NI205.10D3, NIZ205.44B2, NI205.38H2, NIZ05.36D5,
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NI20S.58E1L, NIZ0S.14HS, Ni205.31D2, NIZ0OS.8FE, NI20531C11, NIZ0s.BCIg,
NI20S 10H7, NIZGS. TAD, NI205. 14W3, and NI20S5.19G5,

in a further embodiment, the antibody (including an antigen-binding fragment,
varignt or derivatives thereol), competitively inhibits tne binding to TDP-43 by a
reference antibody selected from the group consisting of: NI-2053F10, NI-205.51C1,
NE-20521G2, NI-205.8A2, NI-205.15F12, NI-205.113C4, NI-208 25F3, Ni-205.87E7,
NI-20S5.21G1, NE-205.68(5, NI-205.20A1, NI205.4101, NIZOS29ELL, NI205.9E12,
NIZ205.98H6, NI205.10D3, NI205.44B2, NI20538H2, NIiZ205.36D5, NI20558LE1L,
NI20514HS, NI205.31D2, NIZOS.8FE, NIiZoS31CLI, N205.8CH0, NI205.10H7,
NI205.1A9, Ni205.14W3, and NI205.19GS.

As illustrated in the Examples, the wvention encompasses antibodies that bind to
different portions and epitopes of TDP-43.  According to some embodiments, an
antibody of the invention binds a linecar epitope of TDP-43.  According to other
embodiments, an antibody of the invention binds 0 a conformational epitope of T
43, In an additional embodiment an antibody of the invention selectively binds a TDP-
43 domain sclected from the group consisting oft TDP-43 domain [ {amino acid
residues 2-106 of SEQ ID NG:94), TDP-43 domain 1 {amino acid residucs 99-204 of
SEQ 13 NO:84), TDP-43 domain I} {amino acid residues 183-273 of SEQ 1D NG:94),
and TDIP-43 domain IV {(amino acid residues 258-414 of SEQ 113 N(O:94). In another
embodiment, the anti-TDP-43 antibody does not recognize a truncated form of TOP-43.
in an additional embodiment, the tnvention provides an anti-TDP-43 antibody which
recognizes an N-terminal;gse fragrment of TDP-43. In a further embodiment, the anti-
TDP-43 antibody selectively binds pathologic TDP-43. In a further embodiment, an
anti-TI3-43 antibody specifically binds TDBP-43 domain [V (amino acid residues 258-
414 of SEQ ID NO:94), but does not specifically binds TDP-43 domain IV comprising
the A321G, M322G, and M323G substituiions,

The invention encompasses human anti-TDP-43 antibodies having different TPD-
43 specificities, which are thus particularly useful for diagnostic and therapeutic
purposes. The inveation is also drawn to an antibody comprising an antigen-binding
domain having an ammino acid sequence selected from that present in a reference
antibody selected from the group consisting oft  NI-205.3F10, NI-205.51C1, Ni-
205.2132, NI-205.8A2, NI-205.15F12, NI-208.1 1304, NI-205.25F3, NI-205.87E7, Ni-
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NI205 814,

NIZOS.9EL2,
NIZOS.58H]1,
NiZ05.10H7,

The examples and Figures disclose TDP-43 bhinding molecules that are

characterized by containing in their binding domain at least one complementarity

determining region (CDR) of the Vu and/or Vi variable region comprising any one of

the amino acid sequences depicted in Figs. 1A-1K and 3A-3R and listed in Table 2.

The corresponding nucleotide sequences encoding these variable regions are set forth in

Table 3.

and/or VL region is depicted in Figs. 1A-1K and 3A-3R.

An exemplary set of CDRs of the above amine acid sequences of the Vu

However, as would be

understood by a person of ordinary skill in the art, additional or alternative CDRs can

be used, which specifically bind TDP-43, but which differ in their amino acid sequence

from those set forth in Figs. 1A-1K and 3A-3R by one, two, three or even more amino

acids in case of CDR2 and CDR3.

Table 2. SEQ ID NOs of the Vi region, Vy CDRI1, Vg CDR2, Vi CDR2, V region, Vy, CDR2Z,
Vi CR2, and Vi CDR3 of TDP-43 specific antibodies.

Antibody ViV, CDR1 CDR2 CDR3
V., SEQIDNO:I | SEQIDNG:3 | SEQIDNO4 | SEQIDNO:S

NI205.3F10 bt : : — -
'V,  SEQIDNO: | SEGQIDNO:7 | SEQIDNOS | SEQID NO®
iapssiey (Y SEQIDNO:I0 |SEQIDNO:1I | SEQIDNGI2 | SEQIDNO:I3
V. SEQIDNO:4 | SEQIDNO:IS | SEQIDNO:6 | SEQIDNO:7
Niogsaiy YA SEQIDNOIIS |SEQIDNO9 | SEQIDNO:20 | SEQIDNO21
V., SEQIDNO22 | SEQIDNO23 | SEQIDNO24 | SEQID NOWZS
ispssa, Vi SEQIDNO26 |SEQIDNO28 |SEQIDNO29 | SHQ D NO3U
v, | SEQIDNO3T | SEQIDNOS? | SEQIDNOS3 | SEO 1 NO34
s ispi, Vi SEQIDNO:3S | SEQIDNO:37 | SEQIDNO3S  SEQ D NO3Y
v, SEQIDNO4G | SEQIDNO42 | SEQIDNO43 | SEQ D NOd4
N Vi | SEQ ID NO4S (SEQIDNOM6 | SEQIDNOHT | SEQ ID NOws
V. | SEQIDNO49 | SEQIDNO:SO | SEQIDNOST | SEQIDNOWSY
Uy TSEQIDNGS3 SEQIDNOSA | SEQIDNOSS | SEQ D NOSE
NLZOS.25F) o e L T _ RO Wt ool
VL | SEQIDNO:S7  SEQIDNO:SS | SEQIDNO:SY | SEQ ID NOwO
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Antibody Vv, CDRI  CDR2 CDR3
iansgrpy Vi SEQIDNO6I | SEQIDNO:62 gm\s;z) NG:63 | SEQ 1D NO6d
V. SEQIDNOGS | SEQIDNG:66 | SEGIDNO:6T | SEQ ID NO:6S
\nz%,am Vi | SEQIDNO®#9 |SEQIDNO70 _SEQIDNO7i | SEQID NO:72
V. SEQIDNO:73 | SEQIDNG74  SEGIDNO7S | SEQIDNOT6
ioos caes Vi SEQID NO77 | SEQIDNO79 | SEQID NO:88 | SEQ iD NO:8!
V.  SEQIDNG:S2 | SEQIDNO:S4 | SEQIDNO®S | SEQ D NO:#6
l;n_zos.z@m Vi | SEQIDNO®7 |SEQIDNOSS  SEQID NG9 | SEQIDNO0
V. SEQIDNO:22 | SEQIDNO:91  SEQIDNO:92 | SEQ ID NO:93
osain LY §SEQIE)N'():E;BO SEQ 1D NO:131 ES-’EQIDNO"BZ SEQ ID NO:133
Vi | SEQIDNO:134 | SEQIDNO:135  SEQID NO:136 | SEQID NO:137
i0saop;; Vi SEQIDNO:I3E | SEQIDNO:139 SEQID NO:140 SEQ ID NO: 141
Vi SEQIDNO:142 | SEQIDNG:143 | SEQ ID NO:144 | SEQ ID NO:145
Yy | SEQID NO:146 | SEQID NO:I47 | SEQ ID NO: 148 | SEQ ID NO:149
NI0SSEIZ Y,  SEQIDNO:150  SEQIDNO:326  SEQID NO:327 | SEQ I NO:328
Vi | SEQIDNO:I51 | SEQIDNO:ISZ | SEQID NO:1S3 | SEQID NO:154
ososig LV SEQ D NO:i53 | SEQID NO:156 | SEQ 1{)\1(1“.1‘?5/_‘__‘_8}31@ D NO:158
V. | SEQIDNO:159  SEQIDNO:I60 | SEQID NO:161 | SEQ D NO:i62
NS SEQIDNO:163 | SEQIDNO:164 | SEQIDNO:165 | SEQ IDNO:166
V. | SEQIDNO:167 SEQIDNO:168 | SEQ ID NO:169 | SEQ ID NO:170
N SEQ IDNO:171 | SEQ ID NO:172 SEQIDNO:173 | SEQIDNO:174
V. |SEQIDNO:T7S | SEQ D NO:176 | SEQIDNO:177 | SEQ D NO:IT8
oos g |LVE | SEQ ID NO:179 SEQ D N(}.l&t“)‘m% SEQ ID NO:181 | SEG ID NO:182
V., | SEQIDNO:I83 | SEQ D NO:184 | SEQIDNO:185 | SEQ D NG:186
s acns VA | SEQIDNO:I87 | SEQIDNG:IB8 | SEQ D NO:I89  SEQID NO:190
V., | SEQIDNO:191 | SEQIDNO:192 | SEQID NO:193 | SEQ ID NO:194 |
N Vi SEQID NO:195 | SEQ IDNG:196 | SEQ I3 NG:197 | SEQ 1D NO:98
V. SEQIDNO:199 | SEQID NO:200 | SEQIDNO201 | SEQ ID NO202
pos.ups VA SEQIDNO203 | SEQ ID NO:204 | SEQID NO205 | SEQ ID NO:206
Vi SEQIDNO207 | SEQ IDNO:208 | SEQ IDNO:209 | SEQ 1D NO:210
Wbossipy LY SEQIDNO2IL | SEQIDNO212 | SEQ D NO2I3 | SEQID NO214
V, | SEQIDNOD1S | SEQID NO216 | SEQ ID NO21T | SEQ ID NO:218
Chosgps Vi | SEQIDNO219 | SEQIDNO:220 | SEQ IDNO221 SEQID NO:222
V. | SEQIDNO23 | SEQID NO:224 | SEQ IDNO225 | SEQ ID NO:226
NIR0S3ICIL | Vi | SEQIDNO227 | SEQIDNO228 | SEQ ID NO:229 | SHQ ID NO:230
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Antibody Vi /YL CDR1 CDR. CDR3
V| SEQIDNO231 | SEQ D NO232 | SEQ ID NO:233 | SEQ ID NO234
posgerg Vi SEQIDNOZ3S | SEQIDNO236 | SEQ ID NO:237 | SEQ 1D NO:238.
V. SEQIDNO239 | SEQ D NO:240 | SEQ ID NO:241 | SEQ ID NO:242
Nmostomy LY SEQIDNO243 | SEQIDNO244 | SEQ ID NO:245 | SEQ 1D NO:246.
V. | SEQIDNO:247 | SEQ (D NO:248 | SEQ ID NO:249 | SEQ 1) NO-250
Nmos1ae LY. SEQIDNO2SI SEQIDNO252 | SEQID NO:233 | SEQ ID NO254.
V. | SEOIDNG:255 | SEQ IDNO:256 | SEQ 1D NO:257 | SEQ 1D NO-258
i0s gy | SEQIDNO:259 | SEQIDNO:260 | SEQ ID NO:261 | SEO 1D NO:262
V.  SEQIDNO363 | SEQIDNO264 | SEQIDNO26S | SEQ 1D NO266
oosieqs Y SEQIDNOZ67 | SEQIDNO:268 | SEQID NO: 269 | SEQ D NO:270
V. SEQIDNO27L | SEQIDNO272 | SEQ iD NO273 SEQ 1D NO:274
{B108] In one embodiment, an antibody of the invention comprises at least one CDR

comprising, or consisting of an amino acid sequence selected from the group consisting
of SEQ 1D N 3-5, 7-9, 11-13, 15-17, 18-21, 23-25, 28-30, 32-34, 37-39, 42-44, 46~
48, 50-52, 54-56, 58-60, 62-04, 66-68, 70-72, 74-76, 79-81, 84-86, K&-93, 131-133,
135-137, 139-141, 143-145, 147-148, 152-154, 154-15%, 160-162, 164-166, 168-170,
172-174, 176-178, 180-182, 184-186, 188-190, 192-194, 196-198, 200-202, 204-200,
208-210, 212-214, 216-218, 220-222, 224-226, 228-230, 232-234, 236-238, 240-242,
244-246, 248-250, 252-234, 256-258, 260-262, 264-260, 268-270, 272-274 and 326~
328
{6109 In one embodiment, an aniibody of the invention compriscs one, two, three, four,
five or six CDREs comprising, or consisting of an aming acid sequence selected from the
group consisting of SEQ 1D NO: 3-5, 7-9, 11-13, 15-17, 19-21, 23-25, 28-30, 32-34,
37-39, 42-44, 46-48, 50-52, 54-36, 58-60, 62-64, 66-68, 70-72, 74-76, 79-81, §4-86, §&-
G3, 131-133, 135-137, 139-141, 143-145, 147-149, 152-154, 156-158, 160-162, 164-
166, 168-170, 172-174, 176-178, 18(-182, 184-1806, 188-190, 192-194, 196-198, 200-
202, 204-206, 208-210, 212-214, 216-218, 220-222, 224-226, 228-230, 232-234, 236~
238, 240-242, 244-246, 248-250, 252-254, 256-258, 260-262, 264-2606, 268-270, 272-
274 and 326-328,
10116}

In one embodiment, an antibody of the invention comprises one, two, three, four,

five or six CDRs comprising, or consisting of an amino acid sequence selected from the
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group consisting of SEQ 1D NO: 3-5 and 7-9, 11-13 and 1517, 19-21 and 23-25, 28-30
and 32-34, 37-39 and 42-44, 46-4% and 50-52, 54-56 and 58-60, 62-64 and 66-6%, 70-72
and 74-76, 79-81 and £4-86, 88-03, 131-133 and 135-137, 139-141 and 143-145, 147-
149 and 152-154, 156-158 and 160-162, 164-166 and 168170, 172-174 and 176-1738,
180-182 and 184-186, 1BR-190 and 192-194, 196-198 and 200-202, 204-206 and 20&-
218, 212-214 and 216-218, 220-222 and 224-226, 228-230 and 232-234, 236-238 and
240-242, 244-240 and 248-250, 252-254 and 256-258, 260-262 and 264-266, 268-279
and 272-274, and 147-149 and 326-328.

In one embodiment, an antibody of the invention comprises one, two, or three VH
CDRs comprising, or ¢consisting of an amino acid seguence selected from the group
counsisting of SEQ 1D NO: 3-53, 11-13, 19-21, 28-30, 37-39, 46-48&, 54-56, 62-64, 70-72,
79-81, 88-90, 131-133, 135-141, 147-149, 156-158, 164-166, 172-174, 1R0-182, 188-
190, 196-198, 204-206, 212-214, 220-222, 228-230, 236-238, 244-246, 252-254, 260-
262, and 268-270.

In one embodiment, an aniibody of the invention comprises one, two, or three VL
CDRs comprising, or consisting of an amino acid sequence selected from the group
consisting of SEQ 1D NO: 7-9, 15-17, 23-25, 32-34, 42-44, 50-52, 58-60, 66-68, 74-76,
84-86, 91-93, 135-137, 143145, 152-154, 160-162, 168-170, 176-178, 184-186, 192-
194, 200-202, 208-210, 216-218, 224-226, 232-234, 240-242, 248250, 256-258, 264-
266, 272-274 and 326-328.

According 1o one embodiment, an antibody of the mvention comprises a heavy
chain variable region comprising a VH CDORI1 of SEQ ID NO: 3, 11, 19, 28, 37, 46, 54,
62, 70, 79, 88, 131, 139, 147, 136, 164, 172, 180, 188, 194, 204, 212, 220, 228, 236,
244,252,260, or 268; a VH CDR2 of SEG ID NG: 4, 12, 20, 20, 38, 47, 55, 63, 71, 80,
B9, 132, 140, 148, 157, 165, 173, 181, 189, 197, 205, 213, 221, 229, 237, 245, 253, 261,
or 269; or a VH CIIR3 of SEQ 1D NOG: 5, 13, 21, 30, 39, 48, 56, 64, 72, 81, 90, 133,
141, 149, 158, 166, 174, 182, 190, 198, 206, 214, 222, 230, 238, 246, 254, 262, or 270.
According to another ernbodiment, an antibody comprises a light chain variable region
comprising a VL CDR1 of SEQ ID NO: 7, 15, 23, 32, 42, 30, 58, 66, 74, 84, 91, 135,
143, 152, 160, 168, 176, 184, 192, 200, 208, 216, 224, 232, 240, 248, 256, 264, 272 or
320:a VL CDR2 of SEQ ID NG 8, 16,24, 33,43, 51, 59, 67, 75, 85, 82, 136, 144, 153,
tel, 169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 249, 257, 265,275 0r 327, 0r a
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VL CDR3 of SEQ IDNG: §, 17, 25, 34, 44, 52, 60, 68, 76, 86, 93, 137, 145, 154, 182,
V70, 178, 186, 194, 202, 210, 218, 226, 234, 242, 250, 258, 266, 274 or 328. In another
embodiment, the antibody comprises a heavy chain variable region comprising a VH
DRI of SEQ D NG: 3, 11, 19, 28,37, 46, 54, 62, 70, 79, 88, 131, 139, 147, 156, 164,
172, 180, 18R, 196, 204, 212, 220, 228, 236, 244, 252, 260, or 268; 3 VH CDR2 of SEQ
YNG4, 12, 20,29, 3R, 47, 55, 63, 71, 80, 89, 132, 140, 148, 157, 165, 173, 181, 189,
197, 208, 213, 221, 229, 237, 245, 253, 261, or 269; or a VH CDR3 of SEQ 1D NO: 3,
13,21, 30, 39, 48, 506, 64, 72, 81, 90, 133, 141, 149, 158, 166, 174, 182, 190, 198, 206,
214,222, 230, 238, 246, 254, 262, or 270, and further comprises a light chain variable
region comprising a VL CORT of SEQ ID NO: 7, 15, 23, 32, 42, 50, 58, 65, 74, €4, 91,
135, 143, 152, 160, 168, 176, 184, 192, 200, 208, 216, 224, 232, 240, 248, 256, 264,
272 or 326; a VL CDRZ of SEQ 1D NGOt &, 16, 24, 33, 43, 51, 59, 67, 75, 85, 92, 136,
t44, 153, 161, 169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 249, 257, 265, 273 or
327;ora VL CDR3 of SEQ Y N{x 9, 17, 25, 34, 44, 52, 60, 68, 76, 86, 93, 137, 145,
154, 162, 170G, 178, 186, 194, 202, 210, 218, 226, 234, 242, 250, 258, 266, 274 or 328.
According t¢ one gmbodiment, an anttbody of the invention comprises a heavy
chain variable region comprising 8 VH CDR1Y of SEQ 1D NG: 3, 11, 19, 28, 37, 46, 34,
62, 70, 79, &8, 131, 139, 147, 156, 164, 172, 180, 188, 196, 204, 212, 220, 228, 2386,
244,252,260, or 268; a VH CDRZ of SEQ ID NG: 4, 12, 20, 29, 38, 47, 55, 63, 71, 80,
89, 132, 140, 148, 157, 165, 173, 181, 189, 197, 205, 213, 221, 229, 237, 245, 253, 261,
or 26%; and a VH CDR3 of SEQ ID NO: 5, 13, 21, 30, 39, 48, 56, 64, 72, &1, 9¢, 133,
141, 149, 1358, 166, 174, 182, 150, 198, 206, 214, 222, 230, 238, 246, 254, 262, or 270,
According to another embodiment, ar antibody comprises a hght chain variable region
comprising a VL CDRI of SEQ 1D NG: 7, 15, 23, 32, 42, 50, 58§, 66, 74, 84, 91, 135,
143,152, 160, 168, 176, 184, 192, 200, 208, 216, 224, 232, 240, 248, 256, 264, 272 or
326;a VE CDR2 of SEQ ID NO: 8, 16, 24, 33,43, 51, 59,67, 75, 85, 92, 136, 144, 153,
161, 169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 249, 257,265, 273 or 327 and a
VL CDR3 of SEQ Y NG 9, 17, 25, 34, 44, 52, 60, 68, 76, 86, 93, 137, 145, 154, 162,
170, 178, 186, 194, 202, 210, 218, 226, 234, 242, 250, 258, 266, 274 or 328. In ancther
embodiment, the antibody comprises a heavy chain variable region comprising a VH
CDRI1of SEQ D NO: 3, 11, 19, 28, 37, 46, 54, 62, 70, 79, 88, 131, 139, 147, 136, 164,
172, 180, 188, 196, 204, 212, 220, 228, 236, 244, 252, 260, or 268; a VH CDRZ of SEQ

3
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D NG: 4, 12, 20, 29, 38,47, 55, 63, 71, 80, 89, 132, 140, 148, 157, 165, 173, 181, 189,
197,205, 213, 221, 229, 237, 245, 253, 261, or 269; and a VH CDR2 of SEQ I NO: 5,
13, 21, 30, 39, 4%, 56, 64, 72, 81, 90, 133, 141, 149, 158, 166, 174, 182, 190, 19§, 206,
214, 222, 230, 238, 246, 254, 262, or 270, and further comprises a light chain variable
region comprising a VL CDRI of SEQ ID NG 7, 15, 23, 32, 42, 50, 58, 66, 74, 84, 91,
135, 143, 152, 160, 168, 176, 184, 192, 200, 208, 216, 224, 232, 240, 248, 256, 264,
272 or 326; a VL CDR2 of SEQ I3 NO: 8, 106, 24, 33, 43, 51, 59, 67, 75, 85, 92, 136,
144, 153, 161, 169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 249, 257, 265, 273 or
327, and a VL COR3 of SEQ I NG: 9, 17, 25, 34, 44, 52, 60, 68, 76, 86, 93, 137, 145,
154, 162, 170, 178, 186, 194, 202, 210, 218, 226, 234, 242, 250, 2538, 266, 274 or 328&.

in one embodiment, an antibody of the invention can comprise a heavy chain
varigble region comprising a VH COR1 of SEQ 1D NGO 3, 3 VH CDR2 of SEQ 1D NO:
4, and VH CDR3 of SEQ ID NO: 35, and can further comprise a light chain variable
region comprising 8 YL CDRI of SEQ ID NO:7, a VL CDRZ of SEQ ID NG 8, and a
VL CDR3 of SEQ ID NG: 9.

1 one embediment, an antibody of the invention can comprise a heavy chain
variable region compnsing a VH CDR1I of SEQ D NQO: 11, a VYH CDR2 of SEQ ID
NQO: 12, and VH CDR3 of SEQ 1D NO: 13, and can further comprise a hght chain
variable region comprising a VL CDRI of SEGQ 1D NS, a VL CDR2Z of SEQ ID NO:
16, and a VL CDR3 of SEQ ID NOG: 17,

in one embodiment, an antibody of the nvention can comprise a heavy chain
variable region comprising & VH CDRI of SEQ B NO: 19, 2 VH CDR2 of SEQ ID
NO: 20, and VH CDR3 of SEQ D NO: 21, and can further comprise a light chaip
variable region comprising a VL CDR1 of SEQ ID NO:23, a VL CDR2 of SEQ ID NG
24, and a VL CDR3 of SEQ 1D NO: 25,

In one embodiment, an antibody of the invention can comprise g heavy chain
variable region comprising a VH CDR1Y of SEQ 1D NG: 28, a VH CDR2 of SEQ 1D
NO: 29, and VH CDBR3 of SEQ ID NO: 30, and can further comprise a light chain
variable region comprising a VL CDRI of SEQ ID N{O:32, a3 VL CDR2 of SEQ 1D NO:
33, and a VL CDR3 of SEQ D NO: 34,

In one embodiment, an antibody of the invention can comprise a heavy chain

vartable region comprising a VH CRRI of SEQ ID NQ: 37, a VH CDR2 of SEQ D



WO 2013/061163 PCT/1IB2012/002905

19120

19121}

0122}

15123

16124)

(4125}

- 44 -

Nk 38, and VH CDRS of SEQ 1D Ntk 39, and can further comprise a hight chain
variable region comprising a VL CDR1 of SEQ ID NG42, a VL CDR2 of SEQ Y NO:
43, and a VL CDR3 of SEQ ID NO: 44

fn one embodiment, an antihody of the jnvention can comprise a heavy chain
variable region comprising 8 VH CDRI of SEQ ID NO: 46, a VH CDR2 of SEQ D
NG: 47, and VH CDR3 of SEQ ID NO: 48, and can further comprise a light chain
variable region comprising a VL CDRT of SEQ D NG:56, a VL CDR2 of SEG 13 Nix:
51, and 2 VL CDR3 of SEQ 1D NO: 52.

In one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDBRI of SEQ ID NO: 54, a VH CDR2 of SEQ D
NO: 55, and VH {DR3 of SEQ ID NO: 36, and can further comprise a light chain
variable region comprising a VI CDR1I of SEQ {3 NO: 58, a VL CDR2 of SEQ ID
NO: 59, and a VL CDR3 of SE€ D2 NO: 60.

in one embodiment, an antibody of the jnvention can comprise a heavy chain
variable region comprising a VH CDRI of SEQ ID NG: 62, a VH CDR2 of SEQ I
NG: 63, and VH CDR3 of SEQ D NO: 64, and can further comprise a light chain
variable region comprising a VL CDRI of SEQ D NO:66, 3 VL CDR2 of SEQ 1D NO:
67, and a VL CDR3 of SEQ [ NO: 68.

In one embodinent, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CIRI of SEQ 1D NG: 70, a VH CDR2 of SEQ I}
NO: 71 and VH CDR3 of SEQ H3 NO: 72, and can further compnise a light chain
variable region comprising 2a VL CDR1 of SEQ D NG:74, a VL CDRZ of SEQ 1D NG
75, and a VL CDR3 of SEQ [ NO: 76.

In one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDRI1 of SEQ ID NO: 79, a VH CDR2 of SEQ 1D
NO: 80, and VH CDR3 of SEQ 1D NO: 81, and can further comprise a light chain
variable region comprising 8 VL CDR1I of SEQ ID N84, a VL CDRZ of SEQ 1D NO);
85, and a VL CDR3 of SEQ 13 NO: 86,

in one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDR1 of SEQ 3 NO: 8§, a VH CDR2Z of 8EQ ID
NQO: 89, and VH CDR3 of SEQ {3 NO: 90, and can further comprise a light chain
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variable region comprising a VL CDRI1 of SEQ 1D NG9, a VL CDRZ of SEQ ID NG
92, and a VL CDR3 of SEQ D NO: 93,

In one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDRIT of SEQ 1D NO: 131, a VH CDR2 of SEQ ID
MO: 132, and VH CI3R3 of SEQ 1D NO: 133, and can further comprise a light chain
variable region comprising a VL CDRI1 of SEG ID NO:135, a VL CBR2 of SEQ ID
NO: 136, and a VL CDR3 of SEQ {D NO: 137,

In one embodiment, an antibody of the invemtion can comprise a heavy chatn
variable region comprising a VH CDRI of SEQ 1D NO: 147, a VH CDR2 of SEQ [D
MO 148, and VH CDR3S of SEQ 1D NO: 149, and can further comprise a hight chain
variable region comprising a VL CDRI1 of SEQ ID NO:152, a VI CDRZ of SEQ ID
NO: 153, and a VL CDR3 of SEQ 1D NO: 154,

In one embodinent, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDRI of SEQ 1D NO: 147, a VH CDR2 of SEQ 1D
NO: 148, and VH CDR3 of REQ 1D N{: 149, and can further comprise a light chain
variable region comprising a VL CDRI of SEQ D NO:326, a VL CDR2 of SEQ 1D
NO: 327, and a VL CDR3 of SEQ ID NO: 328,

In one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDRI of SEQ {13 NO: 156, a VH CDR2 of SEQ 1D
NO: 157, and VH CDR3 of SEQ I NO: 158, and can further comprise a light chain
variable region comprising a VL CDRI of SEQ ID NO:160, a VL CDR2 of SEQ D
NG: 161, and a VL CDR3 of SEQ ID NO: 162,

In one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDRI of SEQ D NO: 164, a VI CDR2 of SEQ H
NO: 165, and VH CDR3 of SEQ 1D NG: 166, and can further coraprise a light chain
variahle region comprising a VL CDRI of SEQ ID NO: 148, a VL CDR2 of SEQ 1D
NG 169, and a VL CDR3 of SEQ 1D NO: 170,

in one embodimient, an antibody of the invention can comprise a heavy chan
variable region comprising a VH CDR1 of SEQ ID NO: 172, a VH CDR2 of SEQ ID
NG: 173, and VH CDR2 of SEQ ID N 174, and can further comprise a light chain
variable region comprising a VL CDRI of SEQ ID N(:176, a VL CDRZ of SEQ 1D
NG: 177, and a VL CDR3 of SEQ IDNG: 178,
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In one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDRI1 of SEQ ID NO: 180, a VH CDR2 of SEQ I
NEE 181, and VH CDR3 of SEQ ID NO: 182, and can further comprise 2 light chain
variable region comprising a VL CDRI1 of SEQ 1D NO:184, a VL CDR2 of SEQ ID
NQO: 185, and a VL CDR3 of SEQ ID NO: 186.

In one cmbodiment, an aniibody of the invention can comprise a heavy chain
variable region comprising a VH CDR1 of SEQ ID NO: 188, a VH CDR2 of SEQ I
N 189, and VH CDR3 of SEQ ID NO: 196, and can further comprise a light chain
variable region comprising a VL CDR1 of SEQ ID NO:192, a VL CDRZ of SEQ ID
NG: 193, and a VL CDR3 of SEQ 1D NO: 194,

In one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDRI of SEQ 1D NO: 196, a VH CDR2 of SEQ ID
N 197, and VH CDR3 of SEQ ID NO: 198, and can further comprise a light chain
variable region comprising a VL CDR1 of SEQ ID NO:200, a VL CDRZ of SEQ D
NG: 201, and a VL CDR3 of SEQ 1D NO: 202,

in one embodiment, an anlibody of the invention can comprise a heavy chain
variable region comprising a VH CDR1 of SEQ 1D NO: 2064, a VH CDR2 of SEQ 1D
N 205, and VH CDBR3 of SEQ D NO: 206, and can further comprise a light chain
variable region comprising a VL CDR1 of SEQ 1D NO:208, 2 VL CDR2 of SEQ ID
NG: 208, and a VL CDOR3 of SEQ [DNO: 210,

fr one embodiment, an antibody of the wnvestion can comprise a8 heavy chain
variable region comprising a VH CDR1 of SEQ 1D NG: 212, a VH CDR2 of SEQ ID
NO: 213, and VH CDR3 of SEG ID KO: 214, and can further comprise a light chain
variable region comprising 4 VL CDR1 of SEQ ID NO:216, a VL. CDR2Z of SEQ ID
NQO: 217, and a VL CDR3 of SEQ D NG: 218,

in one embodiment, an antibody of the vention can comprise a8 heavy chain
variable region comprising a VI CDRY of SEQ 1D NG: 220, a VH CDR2 of SEQ D
NO: 221, and VH CDR3 of SEQ ID NO: 222, and can further comprise a light chain
vartable region comprising a VL CDR1U of SEQ 1D N(:224, a VL. CDR2 of SEQ ID
NO: 225, and a VL CDBR3 of SEQ 1D NG 226

In one embodiment, an antibody of the invention can cowprise a heavy chain

variable region comprising a VIH CDRI of SEQ 1D NO: 228, a VH CDR2 of SEQ ID
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NG: 229, and VH CDR3 of SEQ 1D NO: 230, and can further comprise a light chain
variable region comprising a VL CIRIT of SEQ 13 NG:232, a VL CDR2 of SEQ D
NO: 233, and a2 VL CDR3 of SEQ 1D NO: 234,

In one embodiment, an antibody of the mvention can comprise a heavy chain

NG: 237, and VI CDBR3 of SEQ ID NG: 238, and can further comprise a lght chain
variable region comprising a VL CDRT of SEQ [ NG:240, a VL CDR2 of SEQ 1D
NG: 241, and a VL CDR3 of SEQ ID NO: 242.

In one embodinent, an anttbody of the invention can comprise a heavy chain
variable region comprising a VH CDRT of SEQ 1D NO: 244, a VH CDR2 of SEQ D
NG: 245, and VH CDR3 of SEQ ID NO: 246, and can turther comprise a light chain
variable region comprising a VL CDR1 of SEQ D NO:24&, a VL CDR2 of SEQ ID
NG: 249, and a VL CDR3 of SEG 1D NO: 250,

In one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDR1T of SEQ 1D NO: 252, a VH CDR2 of SEQ ID
NOG: 253, and VH CDR3 of SEQ 1D NO: 254, and can further comprise a light chain
variable region comprising a VL CDR1 of SE(} 113 NG:256, a VL CDR2 of SEQ 1D
NG 257, and a VL CDR3 of SEQ 13 NQO: 258,

In one embodiment, an antibody of the invention can comprise a heavy chain
variabie region comprising a VH CDR1 of SEQ 1D NG: 260, a VI CDR2 of SEQ ID
NQO: 261, and VH CDR3 of SEQ 1> NO: 262, and can further comprise a light chain
variable region comprising a VL CDR1Y of SEQ 1D NO:264, a VL CI¥R2 of SEQ 1D
NO: 265, and a VL CDIR3 of SEQ 12 NO: 266,

In one embodiment, an antibody of the invention can comprise a heavy chain
variable region comprising a VH CDRI1 of 8ECG ID NO: 268, a VH CDR2 of SEQ ID
NQ: 269, and VH CDR3 of SEQ D NO: 270, and can further comprise g light chain
vartable region comprising a VL CDR1 of SEQ D NG:272, a VL CDR2 of SEG ID
NO: 273, and a VL CDR3 of SEQ ID NG: 274,

In one embodiment, an antibedy of the invention is an antibody comprising an

amino acid sequence of the Vy and/or Vi region as depicied in Figs. TA-1K and 3A-3R,
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in another embodiment, an antibody of the Invention is characterized by the
preservation of the coguate pairing of the heavy and light chain that is present in a
hurnan B-cell.

In one emboditoent, an antibody of the invention comprises a heavy chain variable
region {VH} comprising, or consisting of an amino acid sequence selected from the
group consisting of SEQ 1D NO: 1. 10, 18, 26, 35, 43, 53, 61, 69, 77, 87, 130, 138, 146,
155,163, 171, 179, 187, 195, 203, 211, 219, 227, 235, 243, 251, 259, and 267. Inove
embodimnent, an antibody of the invention comprises a light chain variable region (VL)
comprising, or consisting of an amino acid sequence selected from the group consisting
of SEQ ID NG: 6, 14, 22, 31, 40, 4%, 57, 65,73, 82, 122, 134, 142, 150, 151, 159, 167,
V75, 183, 191, 199, 207, 215, 223, 231, 239, 247, 255, 263, and 271. In one
cmbodiment, an aniibody of the invention comprises a heavy chain variable region
{VH) comprising, or consisting of an amino acid sequence selected from the group
consisting of SEQ ID NG: 1, 10, 18, 26, 35,45, 53, 61, 69, 77, 87, 130, 138, 146, 155,
163, 171, 179, 187, 195, 203, 211, 219, 227, 235, 243, 251, 259, and 267, and {urther
comprises a light chain variable region (VL) coruprising, or consisting of an amino acid
sequence selected from the group consisting of 8EQ 1D NG: 6, 14, 22, 31, 40, 49, 57,
65,73, 82, 122, 134, 142, 150, 151, 159, 167, 175, 183, 191, 199, 207, 215, 223, 231,
234, 247,255,263, and 271, In a specific embodirent, the antibody comprises 3 VH of
SEQ ID NG: | and a VL of SEQ 1D NO: 6; or a VH of SEQ ID NO: 1§ and a VL of
SEQIDNO: 14 0ora VH of SEQ IDNO: 18 and g VL of SEQ 1D NO: 22; ora VH of
SEQIDNG: 26 and a VL of SEQ IDNG: 31, or a VH of SEQ D NO: 35 and a VL of
SEQ ID NG: 40, ora VH of SEQ ID NG5 and a VL of SEQ [D NQO: 49, or a VH of
REQ 3 NO: 53 and a VL of SEQ ID NG: 575 or a VH of SEQ ID NO: 61 and a VL of
SEG D NO: 65; or a VH of SEQ 1D NG 69 and a VL of SEQ ID NG: 73; ora VH of
SEQ I NG: 77 and a VL of SEQ ID NO: 82, or a VH of SEQ 1D NO:87 and a VL of
SEG I NO: 122, or a VH of SEQ IDNG:130 and a VL of SEQ 1D NO: 134, or s VH
of SEQ ID NG:138 and a VL of SEQ 1D NG: 142, or a VH of SEQ 1D N{O:146 and a
VE of SEQ D NO: 156, or a VH of SEQ ID NO:146 and a VL of SEQ D NO: 151, or
a Vi of SEQ ID NO:155 and a VL of SEQ ID NO: 159, or a VH of SEQ ID NO: 163
and a VL of SEQ ID NQO: 167, or a VH of SEQ 1D NO:171 and a VL of SEQ ID NO:
175, or a VH of SEQ {3 NO:179 and g VL of SEQ ID NG 183, or a VH of SEQ ID
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NO:187 and a VL of SEQ 1D NO: 191, or a VH of SEQ 1D NO:19S5 and a VL of SEQ
I NG: 199, or a VH of SEQ 1D NO:203 and a VL of SEQ ID NO: 207, or a VH of
SEQ ID NOZH and a VL of SEQ ID NG: 215, ora VH of SEQ ID NO:219 and a2 VL
of SEG ID NG: 223, or a VH of SEQ 1D NO:227 and a VL of SEQ 1D NO: 231, or a
VH of SEQ ID NO:235 and 2 VL of SEQ ID NG: 239, or a VH of SEQ ID N(:243 and
a VL of SEQ ID NO: 247, or a VH of SECQ D NO:251 and a VE of SEQ 1D NO: 255,
org VH of SEQ ID N{:25% and a VI of SEQ ID NO: 263, or a VH of SEQ 1D NG:267
and a VL of SEQ ID NO: 271,

Alternatively, the TDP-binding molecule of the invention is a polypeptide such as
an antibody {including an antigen-binding {ragment of an antibody, or a derivative or
variant thereot), which competes for binding to TDP-43, with at least one antibody
having a Vi and/or V| region as depicted in Figs. T A-1K and 3A-3R. Those antibodies
can be human as well, in particular for therapeutic applications.  Aliematively, the
antibody is a murine, murinized or chimeric murine-human antibody, which is
particelarly useful for diagnostic methods and efficacy and safety studies in animals.

As discussed herein, the TDP-43 epitope of a completely human antibody is
particularly relevant for diagnostic and therapeutic applications due to the fact that the
antibody was initially generation as a result of a human immune response. Therefore,
human completely human monocclonal antibodies of the invention recognize epitopes
which are of particular physiciogical relevance and which might not be accessible or
less immunogenic using conventional immumization and other antibody screening
processes for the generalion of for exampie, mouse monoclonal antibodies and
antibodies devived from in viro screening of phage display libraries. Therefore, the
inverttion also extends generally to anii-TDP-43 antibodies and other TDP-43 binding
molecules which compete with a human monocional antibody of the invention for
specific binding to TDP-43. According to one embodiment, the antibody, or other
TDP-43 binding molecule, compeies with an anttbody containing the variable domains
disciosed in Figs. 1A-1K and 3A-3R for binding with TDP-43. In another embodiment,
the antibody or other TDP-43 binding molecule competes with a reference antibody
selected from the group consisting of: NE-205.3F10, NL-205.51C1, NI-205.21G2, Ni-
205.8A2, NI-205.15F12, NEI-205.113C4, NI-205.25F3, NI-205.87E7, NI-205.21G1, Ni-
2056805, NI-205.20A1, NI20541D1, NI205.29E11, NIiZ0S.9E12, NIZ05.98HS6,
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NIZO5.10133, NiZ05.4482, NI20538H2Z, NI205.36D5, NI2O358E1I, NI205.14HS,
NI20531D2, NIZO5.8F8, NIR2OS21CH, NI205.8C10, NI205.10H7, NIZ0S.1AS,
NIZ05. 14W3, and NI205.19G3, for binding with TDP-43,

The invention also cncompasses anti-TDP-43 antibodies and other TDP-43
binding molecules which bind to the same epitope of TDP-43 as a human monoclonal
antibody of the invention. According to one embodiment, the autibody {(including THP-
43 binding antibody fragments and vanant or derivative thereot) or other TDP-43
binding molecule binds 1o the same epitope of TDP-43 as an antibody containing the
variable domains disclosed in Figs. 1A~IK and 3A-3R. In another embodiment, the
antibody {including TDP-43 binding antibody fragments and variant or derivative
thereof) or other TDF-43 binding molecule binds to the same epitope of TDP-43 as a
reference antibody selected from the group consisting of: NI-2053F10, NI-205.51C1,
Ni-205.21G2, NI-205.8A2, Ni-205,15F12, NI-205.113C4, NI-205.25F3, NI-205 8787,
NI-205.21G1, NI-205.68G5, NI-205.20A1, NI20S.41D1, NI205.29E 11, NIZOSSE1LZ,
Ni205.98H6, NI205.10D3, WI205.44132, NIZOS38HZ, NI20536D5, NIZ05.58ELL,
NIZOS. T4HS, NIZOS31D2, WIR205.8F8, NI20S3IICII, NI2US.8CI0, NI205.10H7,
NIZ05.1A9, NIZ0S. 14W3, and NI20S.19GS,

In another embodiment, the wvention encompasses an antibody {(including an
antigen-binding fraginent, variant or derivatives thereot), that specifically binds t© a
TIP-43 polvpeptide sequence selected frome QYGDVMBVEP (SEG 1D NO: 123);
AAIGWGSASNA (SEQ ID NG: 124); DMTEDELREFF (SEQ ID NO: 125},
EDENDEP (SEG ID NO: 126), VOVKEDL (8EQ ID N 127}, KEYFSTY (SEQ 1D
NG 128), BRKGISY (SEQ ID NO:31S), NQSGPSG (SEQ 1D NO:316), FNGGFGS
(SEQ ID NO:317), FONSRGGGAGL (SEQ 1D NO:318), SNAGSGRGING (SEQ ID
NG:319), QLERSGRFGGN (SEQ 1D NOG:32{), EIFSEDD (REQ 1D NO:321),
FNGGFGSSMDS {SEQ iD NQO:322) and
SINPAMMAAAQAALQSSWOMMGMLASG  (SEQ 1D N(:323y o another
embodiment, the invention encompasses an antibody (including an antigen-binding
fragment, variant or derivatives thereof), that specifically binds to TDP-43 polvpeptides
FONSRGGGAGL (SEQ ID NO:318) and SNAGSGSGIFNG (SEQ ID NO:319), In
another embodiment, the nvention encompasses an antibody {including an antigen-

binding fragment, variant or derivatives thereot), that specifically binds to TDP-43
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polypeptide SINPAMMAAAQAALQSSWOMMGMLASG (SEQ ID NG:323), bwt
does not specifically bind to SINPGGGAAAQAALQSSWOMMGMLASQ (SEQ 1D
NG:3 143

Competition between antibodies is determined by an assay in which the
immunoglobulin under test inhibite specific binding of a reference antibody to a
commen antigen, such as TDP-43. Numerous types of competitive binding assays are
known in the art and can routinely be applied or modified {0 test the ability of two
compounds to compete for binding o an antigen, such as, solid phase direct or indirect

¥
H
H

radiotmmunocassay (RIA), solid phase direct or indirect enzyme immunoassay {(EIA),
sandwich competition assay; see Stahli ¢¢ of, Methods in Enzymology 9 (1983), 242-
253; solid phase direct biotin-avidin ElA; see Kirkland ef o/, 1. Immunel. 137 (1986),
3614-3619, and Cheung ef al., Virology 176 (1890}, 546-552; solid phase direct labeled
assay, solid phase direct labeled sandwich assay; see Harlow and Lane, Antibodies, A
Laboratory Manual, Cold Spring Harbor Press (1988); solid phase direct Iabel RIA
using 1'% label; see Morel ef o, Molee. Immunol. 25 (1988}, 7-15 and Moldenhauer 7
al., Scand. I, Immunol. 32 (1990}, 77-82. Typically, such an assay mvolves the use of
purified TDP-43 or aggrepates thereof bound to a solid surface or cells bearing either of
these, an unlabeled test immunoglobulin and a labeled reference immunoglobulin, e g,
a human monoclonal antibody of the invention. Competitive inhibition 1s measured by
determining the amount of label bound to the solid surface or cells in the presence of
the test immunoglobulin. Usually the test immumoglobulin is present in excess. In one
embodiment, the competitive binding assay is performed under conditions as described
for the ELISA assay in the appended Examples, Antibodies identified by competition
assay {compeling antibodies) include antibodies binding to the same epitope as the
reference antibody and antibodies binding to an adjacent epitope sufficiently proximal
to the epitope bound by the reference antibody for steric hindrance to occur. Usually,
when a competing antibody is present in excess, it will inhibit specific binding of a
reference antibody to a common antigen by at least S0% or 75%. Hence, the invention
is further drawn to an antibody (e.g., an antigen-binding fragment of an antibody},
whete the antibody competitively inhibits binding to TDP-43 by a reference antibody
selected from the group consisting of NI-2053F16, NI-205.51C1, NL-205.21G2, Ni-
205.8A2, NEI-20S.i5F12, Ni-205. 1134, NI-2058.25F3, NI-205 87E7, NI-205.21(G1, Ni-
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205.68GS, NI-205.2041, NI205.41831, NI20529E11, NIi205.9E12, NIZ0S.98HS,
NiZ05.10D3, NI205.4482, NI205.38H2Z, NI20S8.36D5, NIZ03.58E11, NIZ0S.14HS,
Ni205.31D2, NI205.8F8 NIZ0531CH, Ni2058CI0, Ni20510H7, NI205.1A9,
NI205.14W3, and NI205.1905.

The invention also provides antibodies that comprise, consist esseniially of, or
consist of, variants (including derivatives) of the antibody molecules {e.g. the Vy
regions and/or Vi, regions} described herein, which antibodies immunospecifically bind
to a TIP-43 polypeptide or fragment or variant thereof. Standard techniques known in
the art can be used to introduce mutations in the nucleotide sequence encoding &
molecule of the invention, tncluding, for exampie, site-directed mutagenesis and PCR-

wediated mutagenesis which result in amino acid substitutions. Preferably, the variants
{(inciuding dertvatives) encode less than 50 amino acid substitutions, iess than 40 amino
acid substitutions, less than 30 amino acid substitutions, less than 25 amino acid
substitutions, less than 20 amino acid substitutions, less than 15 amino acid
substitutions, less than 10 amino acid substitutions, less than § amine acid substitutions,
fess than 4 amino acid substitutions, less than 3 amine acid substitutions, or less than 2
amino acid substituttons relative to the reference Vy region, VuCDRI, Vy{DR2,
VuCDR3, Vi region, VICDRI, V; CDR2Z, or V. CDR3.

According to one embodiment, the inventign provides an isolated polvpeptide
comprising, consisting essentially of, or consisting of an immunoglobulin heavy chain
variable region {Vy), where at least one of V-CDRs of the heavy chain variable region
or at least two of the Vi;-CBRs of the heavy chain variabic region are at least 0%,
85%, 90%, 85%, 9%, 97%, 98% or 99% identical to reference heavy chain Vy-CDR1,
Vi-CDR2 or Vu-CDR3 amino acid sequences from the antibodies disclosed herein
Alternatively, the Vi-CDRY, V-CDR2 and Vy-CDR3 regions of the Vi are at least
BG%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to reference heavy chain Vi -
CDRI, Vy-CDR2 and Viy-CDR3 amino acid sequences from the antibodies disclosed
herein, Thus, according to this embodiment 4 heavy chain variable region of the
invention has Vy-CORI, V-CDR2 and Vi-CIEBR3 polypeptide sequences related to the
groups shown in Figs. TA-1K and 3A-3R. While Figs. 1A-1K and 3A-3R shows V-
CDRs defined by the Kabat systern, other CDR definitions, e g, Vi~CHRs defined by

the Chothia system, are also included in the wvention, and can be easily identified by a
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person of ordinary skill in the art using the data presented in Figs. 1A-TK and 3JA-3R.
in one embodiment, the amino acid sequence of the reference VH CDRI is SEQ 1D
NGO: 3, 11, 19, 28, 37, 46, 54, 62, 70, 79, 88, 131, 139, 147, 156, 164, 172, 180, 18§,
196, 204, 212, 220, 228, 2306, 244, 252, 260, or 268; the amino acid sequence of the
reference VH CDR2 s SEQ ID NO: 4, 12, 20, 29, 38, 47, 55, 63, 71, &0, 8%, 132, 140,
Y48, 157, 165, 173, 181, 189, 197, 205, 213, 221, 229, 237, 245, 253, 261, or 269; and
the amine acid sequence of the reference VH CDR3 is SEQ I NG 5, 13, 21, 30, 39,
48, 56, 64, 72, 8, 90, 133, 141, 149, 188, 166, 174, 182, 190, 198, 206, 214, 222, 230,
238, 246, 254, 262, or 270.

In another embodiment, the invention provides an isolated polypeptide
comprising, consisting essentiaily of, or consisting of an irmmmunoglobulin heavy chain
variable region (Vi) in which the Vii-CDRI, Vi-CBRZ and V~CDR3 regions have
polypeptide sequences which are identical to the Vy-CDRI, Vu-CDR2Z and V-CDR3
groups shown in Figs. 1A-1K and 3A-3R. In one embodiment, the amino acid sequence
ofthe VH CDR1is SEQID NG: 3, 11, 19, 28, 37, 46, 54, 62, 70, 79, 88, 131, 139, 147,
156, 164, 172, 180, 188, 196, 204, 212, 220, 228, 236, 244, 252, 260, or 268; the aming
acid sequence of the reference VH CDRI 15 SEQ ID NG: 4, 12, 20, 29, 38, 47, 55, 63,
71, 80, 89, 132, 140, 148, 157, 165, 173, 181, 189, 197, 205, 213, 221, 229, 237, 245,
253, 261, or 269; and the amino acid sequence of the reference VH CDR3 is SEQ D
NO: 5, 13, 21, 30, 39, 48, 56, 64, 72, 81, 90, 133, 141, 149, 158, 166, 174, 182, 190,
198, 206, 214, 222, 230, 238, 246, 254, 262, or 270

in ancther embodiment, the invention provides an isolated polypeptide
comprising, consisting essentially of, or consisting of an immunoglobulin heavy chain
variable region {(Vy) in which the Vy-CDR1, Vo-CDRZ and V-CDR3 regions bave
polypeptide sequences which are identical to the V-CDRI, Vi-CDR2 and Vi-CDRS
groups shown in Figs. [A~1K and 3A-3R, except for one, two, theee, four, five, six,
seven, eight, ning, or ten amino acid substitutions in any one Vy-CDR. In certain
embodiments the amino acid subsiitutions are conservative. ln one embodiment, the
amino acid sequence of the VH CDR1Y s SEQ ID NG: 3, 11, 19, 28, 37, 46, 34, 62, 70,
79, 88, 131, 139, 147, 156, 164, 172, 180, 188, 196, 204, 212, 220, 228, 236, 244, 252,
260, or 268, the amino acid sequence of the reference VH CDRZ is SEQ D NO: 4, 12,
20,29, 38,47, 55,63, 71, 80, 89, 132, 140, 148, 157, 165, 173, 181, 189, 197, 2053, 213,
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224,229, 237, 245, 253, 261, or 269; and the amino acid sequence of the reference VH
UDR3 s SEQID NG: S, 13, 21, 30, 39, 48, 56, 64, 72, 81, 90, 133, 141, 149, 158, 166,
174, 182, 190, 198, 206, 214, 222, 230, 238, 246, 254, 262, or 270.

In another embodiment, the invention provides an isolated polypeptide
comprising, consisting essentially of, or consisting of an immunoglebulin light chain
variable region (V) where at least one of the V~-CIRs of the light chain variable
region or at least two of the V~CDRs of the light chain variable region are at least 0%,
&5%, 90%, 95%, 96%, 97%, 98% or 9% identical to reference light chain V-CDRI,
Vi-CDR2 or Vi-CDR3 amino acid sequences from anttbodies disclosed herein.
Alternatively, the V -CDRI1, V-CDR2Z and V ~-CDR3 regions of the Vi are at least
80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% dentical to reference light chain V-
CDR1, Vi-CDRZ and V-UBR3 amino acid sequences from antibodies disclosed
herein. Thus, according to this cmbodiment a hght chain variable region of the
invention has V ~-CDR1, V-CDR2 and V -CDR3 polypeptide sequences related to the
polypeptides shown in Figs. TA-IK and 3A-3R. While Figs. 1A-1K and 3A-3R show
V-CERs defined by the Kabat system, other CDR definitions, e g, ¥V ~-CDRs defined
by the Chothia systemn, are also included in the invention. In one embodiment, the
amuing acid sequence of the reference VL CDRY is SEQ 1D NG: 7, 15, I3, 32, 42, 50,
58, 66, 74, 84,91, 135, 143, 152, 160, 168, 176, 184, 192, 200, 208, 216, 224, 232, 240,
248, 256, 264, 272 or 326; the amino acid sequence of the reference YL CDR2 is SEQ
H3NO: 8, 16,24, 33,43, 51, 59, 67, 75, 85, 92, 136, 144, 153, 161, 169, 177, 185, 193,
201, 209, 217, 225, 233, 241, 249, 257, 265, 273 or 327; and the amino acid sequence
of the reference VL CDR3 is SEQ D NG 9, 17, 25, 34, 44, 52, 60, 68, 76, 86, 93, 137,
145, 154, 162, 170, 178, 186, 194, 202, 210, 21§, 226, 234, 242, 250, 258, 266, 274 or
328,

In another cmbodiment, the invention provides an isolated polypeptide
comprising, consisting essentially of, or consisting of an immunoglobulin light chain
varigbie region (VL) in which the V -CDRI, V-CDRZ and V -CDR3 regions have
polvpeptide scquences which are identical to the Vi -CDRI, V-CDR2 and V~CDR3
groups shown in Figs. TA-1K and 3A-3R. In one embodiment, the amineo acid sequence
of the VL CDR1 1 SEQ ID NO: 7, 15, 23, 32, 42, 50, 58, 66, 74, 84, 91, 135, 143, 152,
160, 168, 176, 184, 192, 200, 208, 216, 224, 232, 240, 248, 256, 264, 272 or 328, the
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amino acid sequence of the VL CDR2 15 SEQ 1D NO: 8, 16, 24, 33, 43, 51, 59, 67, 75,
83, 92, 136, 144, 153, 161, 169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 249, 257,
265, 273 or 327; and the aming acid sequence of the VL CDR3 is SEQ D NO: G, 17,
25,34, 44, 52, 60, 68, 76, 86, 93, 137, 145, 154, 162, 170, 178, 180, 194, 202, 210, 218,
226,234, 242, 250, 258, 266, 274 or 328.

in another embodiment, the invention provides an isclated polypeptide
comprising, consisting essentially of, or consisting of an immunoglobulin heavy chain
variable region (Vi) in which the Vp-CDR1, Vi-CDRZ and V~CDBR3 regions have
polypeptide sequences which are ideuntical to the Vy-CDRIE, Vi-CDR2 and Vy-CDR3
groups shown in Figs. TA-1K and 3A-3R, except for one, two, three, four, five, six,
seven, eight, nine, or ten amino acid substitutions o any one V~CDR.  in certain
embodiments the amino acid substitutions are conservative. In one embodiment, the
amino acid sequence of the VI CDRI s SEQ ID NO: 7, 15, 23, 32, 42, 50, 58, 66, 74,
&4, 91, 135, 143, 152, 160, 168, 176, 184, 192, 200, 208, 216, 224, 232, 240, 248, 256,
264, 272 or 326, the amino acid sequence of the VL CDR2 is SEQ 1D NO: 8, 16, 24,
33,43, 51, 59, 67,75, 85, 92, 136, 144, 153, 161, 169, 177, 185, 193, 201, 209, 217,
225,233,241, 249, 257, 265, 273 or 327; and the amino acid sequence of the VL CDR3
is SEQ ID NG 9, 17, 25, 34, 44, 52, 60, 68, 76, 86, 93, 137, 145, 154, 162, 170, 178,
186, 194, 202, 210, 218, 226, 234, 242, 250, 238, 266, 274 or 328.

According to one cmbodiment, the invention provides an isclated polypepiide
comprising, consisting essentially of, or consisting of an immuneglobulin heavy chain
variable region { V) at least 83%, 85%, 90%, 93%, 96%, 97%, 98% or 99% identical to
a reference heavy chain variable region (Vi aming acid sequence from the antibodies
disclosed herein. Thus, according to this embodiment a heavy chain variable region of
the invention has a polypeptide sequence related to the heavy chain variable regions
shown in Figs, TA-1K and 3A-3R. In one embodiment, the amino acid sequence of the
reference heavy chain variable region {Vyy) 13 SEQ 1D NG 1, 18, 18, 26, 35, 45, 53, 61,
69, 77, 87, 130, 138, 146, 155, 163, 171, 179, 187, 195, 203, 211, 219, 227, 235, 243,
251, 259, or 267.

in another embodiment, the inveution provides an isolated polypeptide
comprising, consisting essentially of, or consisting of an immuneoglobulin heavy chain

variable region (Vi) which is identical to a reference heavy chain variable region shown
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in Figs. TA-1K and 3A-3R. In one embodiment, the amino acid sequence of the
reference heavy chain variable region 1s SEQ 1D NO: 1, 10, 18, 26, 35, 45, 53, 61, 69,
77, 87, 130, 138, 146, 155, 163, 171, 179, 187, 195, 203, 211, 219, 227, 235, 243, 251,
259, and 267.

in another embodiment, the invention provides an isolated polypeptide
comprising, consisting easentially of, or consisting of an immunoglobulin heavy chain
variable region (Vi) having a polypepiide sequence which is identical to a reference
heavy chain variable region (Vi) sequence shown in Figs. 1A-~-1K and 3A-3R, except
for one, two, three, four, five, six, seven, eight, nine, or ten amine acid substitutions. In
certain embodiments the amino acid substitutions are conservative. In one embodiment,
the amino acid sequence of the reference heavy chain variable region sequience is SEQ
NG, 10, 18, 26, 35, 45, 53, 61, 69,77, 87, 136, 138, 146, 155, 163, 171, 179, 187,
195,203, 211, 219,227, 235, 243, 251, 239, or 267.

According to ope embodiment, the invention provides an isolated polypeptide
comprising, consisting essentially of, or consisting of an immunoglobulin light chain
variable region (V1)) at least 80%, 85%, 90%, 95%, 96%, 97%, 98%% or 99% identical {o
a reference light chain variable region (Vi} amino acid sequence from the antibodies
disclosed herein. Thus, according to this embodiment a light chain variable region of
the invention has a polypeptide sequence related to the light chain variable regions

shown in Figs. 1A-11 and 3A-3R. In one embodiment, the amino acid sequence of the

reference light chain variable region (V) 1s SEQ 1D NO: 6, 14, 22, 31, 40, 49, 57, 65
73,82, 122,134, 142, 150, 151, 159, 167, 175, 183, 191, 199, 207, 213, 223, 231, 239,
247,255,263, and 271,

In another ewmwbodiment, the invention provides an isolated polypeptide
comprising, consisting essentially of, or consisting of an hmrnunoglobulin light chain
vartable region (V) which is identical to a reference light chain variable region shown
in Figs. 1A-1K and 3A-3R. In onc embodiment, the amino acid sequence of the
reference light chain variable region is SEQ W NO: 6, 14, 22, 31, 40, 49, 57, 65,73, 82,
122, 134, 142, 150, 151, 159, 167, 175, 183, 191, 199, 207, 213, 223, 231, 239, 247,
255,263, and 271,

In another embediment, the invention provides an isolated polypeptide

comprising, consisting essentially ofl or consisting of an immunoglobulin light chain
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vartable region (V) having a polypeptide sequence which s identical to a reference
tight chain variable region (V) sequence shown in Figs. 1A-1K and 3A-3K, except for
one, two, three, four, five, six, seven, eight, nine, or ten amino acid substitutions. In
certain embodiments the aminoe acid substitutions are conservative, In one embodiment,
the amino acid sequence of the reference light chain variable region sequence is SEQ
iDNO: 6, 14, 22, 31, 40, 49, 57, 65,73, 82, 122, 134, 142, 150, 151, 159, 167, 175,
183, 191, 199, 207, 215,223, 231, 239, 247, 255, 263, and 271.

An immunoglobulin or its encoding nucleic acid {e.g.. a ¢DNA) can be {urther
modified. Thus, in a further embodiment the method of the invention comprises any one
of the step(s} of producing a chimeric antibody, murinized antibody, single-chain
anlibody, Fab-fragment, bi-specific antibody, fusion antibody, labeled antibody or an
analog of any one of those. Corresponding methods are known in the art and are
described, e.g, in Harlow and Lane "Antibodies, A Laboratory Manual”, CSH Press,
Cold Spring Harbor (1988). When derivatives of said antibodies are obtamed by for
example, the phage display technigue, surface plasmon resonance as employed in the
BlAcore system can be used 1o increase the efficiency of phage antibodies which bind
to the same epitope as that of any one of the antibodies described herein (Schier,
Human Antibedies Hybridomas 7 (1996), 97-105; Malmborg, J. Immuncl. Methods
183 {1995, 7-13). The production of chimeric antibodies is described, for example, in
international Application Publication No. WO84/09622. Methods for the production of
humanized antibodies are described in, ¢.g., European application EP-AT 0 239 400 and
International Application WOSG/07861. A further source of antibodies to be utihized in
accordance with the invention is so-called xenogeneic antibodies. The general principle
for the production of xenogeneic antibodies such as human-like antibodies in mice is
described in, e.g., Interpational Application Publication Nos. W{91/10741,
WOS4/02602, WOD6/34096 and WO 96/33735.  As discussed above, the antibody of
the inveniion can exist in a variety of forms besides complete antibodies; including, for
exaniple, ¥v, Fab and F(ab), as well as in single chains; see, e g, International
Application Publication No. WOES/(39344,

The antibodies of the invention or their corresponding immunoglobulin chain{s}
can be further modified using conventional technigues known in the art, for example, by

using amino acid deletion{s), insertion{s), substitution{s), addition(s), and/or
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ecombination{s} and/or any other modification{s} known in the art either alone or in

combination. Methods for introducing such medifications in the nucleic acid sequence
encoding the amino acid sequence of an immunegiobulin chain are well known to a
person of ordinary skill in the art; see, e.g., Sambrook, Molecuiar Cloning 4 Laboratory
Manual, Cold Spring Harbor Laboratory {19893 NUY. and Ausubel, Current Protocols
in Molecular Bioiogy, Green Publishing Associates and Wiley interscience, N.Y.
{1994},  Maodifications of the antibody of the inveniion include chemical andfor
enzymatic derivatizations at one or more congtituent amino acids, including side chain
modifications, backbone modifications, and N- and C-terminal modifications including
acetylation, hvdroxylation, methylation, amidation, and the attachruent of carbohyvdrate
or lipid moieties, cofactors, and the like. Likewise, the invention encompasses the
production of chimeric proteins (fe., fusion proteinsy which comprise the TIIP-43
binding polypeptides of the invention such as antibodies, at the amino terminus fused to
heterologous molecule such as an immunostimulatory ligand at the carboxy! terminus;
see, e.g., International Application Publication No. WO00/30680 for corresponding
technical details.

Additionally, the invention encompasses peptides and polypeptides that
specifically bind TDP-43. FPor example containing the CDR3 region of the variable
region of any one of the mentioned antibodies, in particalar CDR3 of the heavy chain
since it has frequently been observed that heavy chain CDR3 (HCDR3) is the region
having a greater degree of variability and a predomunant participation in antigen-
aniibody interaction. Such peptides and polypeptides can readily be synthesized or
produced by recombinant means to produce a TDP-43 binding molecule of the
invention. Such methods are known to those of ordinary skill in the art. Peptides can
be svnthesized for example, using automated peptide synthesizers which are
commercially available. The peptides can also be produced by recombinant techniques
by incorporating the DNA expressing the peptide into an expression vector and
transforming cells with the expression vector to produce the peptide.

Accordingly, the invention relates to TDP-43 binding molecules such as, antibodies
{e.g., a TDP-43 binding fragment of an antibody) that display one or more properties of
the TDP-43 binding molecules described herein.  For example, such antibodies and

binding molecules can be tested for their binding specificily and affinity by for
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example, ELISA or Western Blot and immunohistochemistry as described herein; see,
e.g., the Examples. As disclosed in Example 2, the half maximal effective
concentration (ECsp) of NI-205.3F10, NI-205.51C1, NI-205.21G2, NI-205.8A2, Ni-
20515812, NI-Z05.113C4, NE205.25F3, NI-205.87E7, NI-20521G1, NI-205.68G3,
NI-205.20A1, NI205.41D1, NI205.29E11, NIZO5.9E12, NI205.98H6, NI205.10D03,
NiZ05.44B2, NI205.38HZ, NiZ05.36D335, NI205.58K11, NI205.14HS, NI205.31D2,
NiZ0S.8FE, Ni205.31C1TH1, Ni205.8C10, NI205.10H7, NI205.1A9, Ni205.14W3, and
NI205.19GS5, was determined for human TDP-43 by direct ELISA to bind bhuman TDP-
43 with high affinity at a sub-mid nanomolar ECso {0.18-17.2 nM3,

As an alternative to obtaining immunoglobulins directly from the culture of
immortalized B cells or B memory cells, the imimortalized cells can be used as a source
of rearranged heavy chain and light chain loci for subsequent expression and/or genetic
manipulation. Rearranged antibody genes can be reverse transeribed from appropriate
mRNAs to produce cDNA. If desired, the heavy chain constant region can be
exchanged for that of a diffevent isotype or eliminated altogether. The variable regions
can be linked to encode single chain Fv regions. Multiple Fv regions can be linked to
confer binding ability to more than one target or chimeric heavy and Hght chain
combinations can be employed. Once the genetic material is available, design of
analogs which retain the ability to bind a desired target is straightforward. Methods for
clening antibody variable regions and generation of recombinant antibodics are known
in the art and are described, for example, in Gilliland ef af., Tissue Antigens 47 (1996),
1-20; Doenecke e af, Levkemia 11 (19973, 1787-1792.

Once the appropriate genetic material is obtained and, if desired, modified to
encode an analog, the coding seguences, including those that encode, at a minimum, the
variable regions of the heavy and light chain, can be inserted into cxpression systems
contained on vectors which can be transfected into standard recombinant host cells. A
variety of such host cells can be used; for efficient processing, however, mammalian
celis can be considered. Mammalian cell lines usetul for this purpose inciude, but arg
not Hmited to, CHO cells, HEK. 293 cells, or NSO cells.

The production of the antibody or analog is then undertaken by culturing the
madified recombinant host under culture conditions appropriate for the growth of the

host ceils and the expression of the coding sequences. The antibodies are then recovered
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by isolating them from the culture. The expression systems are designed to include
signal peptides so that the resulting antibodies are secreted into the medium; however,
jntraceliular production is also possible,

In accordance with the above, the invention also relates to a polynucleotide
encoding the aniibody or equivalent binding molecule of the invention. In one
embodiment, the polynucleotide encodes at least a variable region of an
immunoglobulin chain of the antibody described above. Typically, said variable region
encoded by the polynucleotide comprises at least one complementariiy determining
region {CDR) of the Vi and/or Vi of the variable region of sard antibody.

The person of ordinary skili in the art will readily appreciate that the variable
domain of the antibody having the above-described vartable domain can be used for the
construction of other polypeptides or antibodies of desired specificity and bislogical
function. Thus, the invention alse encornpasses polypeptides and antibodies comprising
at least one CDR of the above-described variable domain and which advantageously
have substantially the same or similar binding properties as the antibody described in
the appended examples. As generally understood in the art, binding atfimity can be
enhanced by making aminc acid substitutions within the CDRs or within the
hypervariable loops (Chothia and Lesk, J. Mol Biel. 196 (1987), 801-817) which
partially overlap with the CDRs as defined by Kabat; see, e.g., Riechmann, ef ¢f, Nature
332 (1988}, 323-327. Thus, the invention also relates o antibodies wherein one or
more of the mentioned CDRs comprise one or more, or not more than two amino acid
substitutions. In one embodiment, the antibody of the invention comprises in one or
both of ity immunoglobulin chains two or all three CDRs of the variable regions as set
forth in Figs. 1A-1K and 3A-3R.

Binding molecules such as antibodies (including antigen-binding fragments,
variants, or derivatives thereof ) of the invention, can comprise a constant region which
mediates one or more effector functions. For example, binding of the C1 component of
complement to an antibody constant region can activate the complement system.
Activation of complement is important in the opsonization and lysis of cell pathogens.
The activation of complement also stimulates the inflarmmatory response and can also
be involved in autoimmune hypersensitivity, Further, antibodies bind to receptors on

various cells via the Fe region, with a Fe receptor binding site on the antibody Fe region
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binding to a Fe receptor {FeR) on a cell. There are a number of Fe receptors which are
specific for different classes of antibedy, including IgG (gamma receptors), IgE {epsilon
receptors), IgA {(alpha receptors) and IgM (mu receptors). Binding of antibody to Fe
receptors on cell surfaces triggers a nmumber of important and diverse biological
responses including engulfment and destruction of antibody-coated particles, clearance
of immune complexes, lysis of antibody-coated target cells by killer celis {called
antibody-dependent cell-mediated cytotoxicity, or ADCC), release of inflammatory
mediators, placental transter and control of immunoglobulin production.

Accordingly, certain embodiments of the invention include an antibedy {including
an antibody antigen-binding fragment, variant, or derivative thereof), in which at least a
fraction of one or more of the constant region domains has been substituted, deleted or
otherwise altered so as to provide desired biochemical characteristics such as reduced
effector functions, the ability to non-covalently dimerize, inereased ability to localize at
the site of TDP-43 aggregation and deposition, reduced serum halfilife, or increased
serum half-life when compared with a whole, unaltered antibody of approximately the
same immunogenicity. For example, certain antibodics for use in the diagnostic and
treatment methods deseribed heremn are domain deleted antibodies which comprise a
polypeptide chain similar to an immunoglobulin heavy chain, but which lack at least a
portion of one or more heavy chain domains. For instance, in cerfain embodiments an
antibody of the tovention is missing an entire domain of the constant region of the
modified antibody, such as, all or part of the CH2 domain. In other embodiments,
antibodies of the inveniion useful for example in diagnostic or therapeutic methods
have a coustant region, 2.g., an (g heavy chain constant region, which is altered to
eliminate glycosyiation, referred to clsewhere herein as aglycosylated or "agly”
antibodies.  Such "agly" antibodies can be prepared enzymatically or by other
technigues known in the art including for example, by engineering the consensus
glycosylation site(s) in the constant region. While not being bound by theory, it is
believed that "aglv" antibodies can have an improved satety and stability profile i vive.
Metheds of preducing aglycosylated antibodies, having desired effector function are
found for example in International Application Publication No. WOZO03/018572,

which 1s herein incorporated by reference in its entirety.
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In certain antibodies, including antigen-binding antibody fragments and variants
described herein, the Fe portion can be mutated to decrease effector function using
technigues known in the art.  For example, the deletion or inactivation {through point
muiations or other means} of a constant region dowain can reduce Fe receptor binding
of the circulating modified antibody thereby increasing TIXP-43 Iocalization. In other
cases it can be that constant region modifications consistent with the instant invention
moderate complement binding and thus reduce the serum half-life and nonspecific
association of a conjugated cytotoxin, Yet other modifications of the constant region
can be used to modily disulfide linkages or oligosacchande moieties that allow for
enhanced localization due to increased antigen specificity or antibody flexibility. The
resulting physiological profile, bicavailability and other biochemical effects of the
modifications, such as TDP-43 localization, biodistribution and serum half-life, can
routinely be measured using technigues known in the art.

fn certain embodiments, the Fe portion of antibodies of the invention are mutated
or exchanged for alternative protein sequences to increase the cellular uptake of
antibodies by way of example, by cnhancing receptor-mediated endocytosis of
antibodies via Foy receptors, LRP, or Thyl receptors or by ‘SuperAntibody
Technology', which 13 said o enable antibodies to be shuttled into living cells without
harming them (Muiler, S, er @l Expert Opin. Biol. Ther. (2003), 237-241). For
examnple, the generation of fusion proteins of the antibody binding region and the
cognate protein ligands of cell swface receptors or bispecific or multi-gpecific
antibodies with a specific sequences binding to TDP-43 as well as a cell surface
receptor can be engineered using techuques known in the art.

In certain antibodies, including antigen-binding antibody fragrsents and vartants
described herein, the Fe portion can be mutated or exchanged for alternative protein
sequences or the antibody can be chemically modified to increase its blood brain barrier
penetration.

Modified forms of astibodies (e.g., antigen-binding fragments of antibodies and
variants, ot derivatives thereof) of the invention can be made from whole precursor or
parent antibodies using technigues known in the art.  Exemplary techniques are
discussed in more detail herein. Antibodies of the invention, including antigen-binding

antibody fragmenis and variants described herein, can routinely be made or
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manufactured using techniques known in the art.  In certain embodiments, antibodies
(including antibody fragments and derivatives) are "recombinantly produced,” ie., are
produced using recombinant DNA technology.,  Exemplary techniques for making
antibodies are discussed in more detall eisewhere herein.

Antibedics (including antigen-binding fragments of antibodies and variants, and
derivatives thereof) of the invention also include derivatives that are modified, e g., by
the covalent attachment of any type of molecule to the antibody such that the covalent
attachment does not prevent the antibody from specifically binding to its cognate
epitope. For example, but not by way of limitation, the antibody derivatives include
antibedies that have been modified, e g, by glyvcosylation, acetylation, pegylation,
phosphoryiation, amidation, derivatization by known protecting/blocking groups,
proteclytic cleavage, linkage to a cellular Higand or other protein, efc. Any of mumerous
chemical modifications can be carried out by known techniques, including, but not
timited to specific chemical cleavage, acetylation, formylation, metabolic synihesis of
tunicamycin, etc.  Additionally, the derivative can contain one or more non-classical
amine acids,

In particular embodiments the TDP-43 binding molecules of the invention, are
polypeptides such as antibodies (including antigen-binding fragments, vartants, or
derivatives thereof} do not elicit a deleterious mnmune response in the animal to be
treated, e.2., in a human. In certain embodiments, binding molecules, ¢ g., antibodies
(including antigen-binding fragments of antibodies) of the invention are derived from a
patient, e.g., a human patient, and are subseqguently used in the same species from which
they are derived, e.g. human, thus, alleviating or minimizing the occurrence of
deleterious immune responses.

De-immunization can also be used to decrease the immunogenicity of an anttbody.
As used herein, the lerm "de-immunization” includes alteration of an antibody to
modify T cell epitopes; see, eg, International Application Publication Nos.
WOBE/52976 and WO00/34317. For example, Vg and Y, sequences from the starting
antibody are analyzed and a human T cell epitope "map” from each V region showing
the location of epitopes in relation to complewentarity determining regions (CDRs) and
other key residues within the sequence. Individual T cell epitopes from the T cell

epitope map are analvzed in order to identify alternative amino acid substitations with a
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tow risk of altering activity of the final antibody. A range of alternative Vy and V.
sequences are designed comprising combinations of amino acid substitutions and these
sequences are subsequently incorporated info a range of binding polypeptides, e.g.,
TDP-43-specific antibodies, including immunospecific fragments thereof, for use in the
diagnostic and treatment mwethods disclosed herein, which are then tested for function.
Typically, between 12 and 24 variant antibodies are generated and tested. Complete
heavy and light chain genes compuising modified V and human C regions are then
cloned into expression vectors and the subsequent plasmids introduced into cell lines
for the production of whole antibody. The anitbodies are then compared in appropriate
biochemical and biological assays, and the optimal variant is identified.

Monoclonal antibodies can be prepared using a wide variety of techniques known
in the art inchuding the use of hybridoma, recombinant, and phage display technologies,
or a combination thereof. For example, moncecional antibodies can be produced using
hiviwidoma technigues including those known in the art and taught, for example,
Harlow ef ol., Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press,
Znd ed. (198R): Hammerling ef al., m: Monoclonal Antibodies and T-Cell Hybridomas
Blsevier, N.Y., 563-681 (1981}, cach of which references are herein incorporated by
reference in their entireties. The term "monocional antibody”™ as used herein iz not
firntied to antibodies produced thwough hybridoma techuology. The term "monoclonal
antibody" refers o an antibody that 1s derived from a single isclated clone, including
any cukaryvotic, prokarystic, or phage clone, and not the method by which it is
produced. Thus, the term "monoclonal antibody” is not limited to antibodies produced
through hybridoma technology. In certain embodiments, antibodies of the invention are
derived from human B cells which have been immortalized via transformation with
Epstein-Barr virus, as described herein, For clarity, the term "moncclonal antibody™ as
used herein, does not encompass an endogenous antibody that can be isolated from the
plasma of a host organisia,

In the well known hybridoma process (Kohler ef ol Nature 256 {1975), 495} the
relatively short-iived, or mortal, tymphocytes from a mammal, eg, B cells derived
from a human subject as described heretn, are fused with an immortal tumor cell line
{e.g., a myeloma cell hine), thus, producing hybrid cells or "hybridomas” which are both

immortal and capable of producing the genetically coded antibody of the B cell. The
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esulting hybrids are segregated juto single genetic strains by selection, ditution, and re-

growth with each individual strain comprising specific genes for the formation of a
single antibody. The selected hybridomas produce antibodies, which are homogeneous
against a desired antigen and, in reference to their pure genetic parentage, are termed
"monoclonal”,

Hybridoma cells thus prepared are seeded and grown in a suitable culture medium
that contain one or more substances that inhibit the growth or survival of the unfused,
parental myveloma cells, Reagents, cell lines and methods for forming, selecting and
growing of hybridomas are known in the art.  Generally, culture medium in which the
hybridoma cells are growing is assayed for production of monoclonal antibodies agaiust
the desired antigen. The binding specificity of the monoclonal antibodies produced by
hybridema cells s determined by in virro assays such as imununoprecipitation,
radiotmimanocassay {RIA} or enzvme-linked immunoabsorbent assay (ELISA) as
described hercin. After hybridoma cells are identified that produce antibodies of the
desired specificity, atfinity and/or activity, the clones can be subcloned by limiling
dilution procedures and grown by standard methods; see, eg, Goding, Monoclonal
Antibodies: Principles ond Practice, Academic Press, pp. 58-103 {1986). It wiil further
be appreciated that the monocional antibodies secreted by the hybridoma subclones can
be separated from culture medium, ascites fluid or serum by conventional purification
procedures such as, for example, protein-A, hydroxylapatite chromatography, gel
electrophoresis, dialysis or affinity chromatography.

In another embodiment, lymphocytes are selected by micromanipulation and the
variable genes isolated.  For example, peripheral blood mononuclear cells can be
isolated from an immunized or naturally immune mammal, e g, a hurnan, and cultured
tor about 7 days is vitre. The PBMC cultures are then screened for specific IgGs that
meet the screening criteria and the cells trom positive wells are isolated, Individual ig-
producing B cells can be isolated by FACS or by identifving them in a complement-
mediated hemolytic plaque assay. Ig-producing B cells can be micromanipulated into a
fithbe and the Vy and Vi genes can be amplified using, ¢.g.. RT-PCR. The Vi and Vi
genes can be cloned into an antibody expression vector and transfected into cells {e.g,

cukaryotic or prokaryotic cells) for expression.
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Alternatively, anttbody-producing cell lines ¢an be selected and cultured using or
routinely modifving technigues known in the art.  Such technigues are described in a
variety of laboratory manuals and primary publications. In this respect, techuiques
suitable for use in the invention as described below are described in Current Prorocols
in Immunology, Coligan ef of, Eds., Green Publishing Associates and Wiley~
futerscience, John Wiley and Sons, New York {1991 which is herein incorporated by
reference in its entirety, including supplements,

Anttbody fragments that recognize specific antigens and/or epitopes can be
generated using techniques known in the arl. For example, Fab and F{ab'); fragments
can be produced recombinantly or by proteolviic cleavage of mmmunogiobulin
molecnles, using enzymes such as papain {to produce Fab fragments) or pepsin (1o
produce F{ab"), fragments). F{(ab"); fragments contain the variable region, the light
chain constant region and the CHU domain of the heavy chain. Such fragroents are
sufficient for use, for example, in immunodiagnosiic procedures involving coupling the
immnospecific  portions  of  immonoglobulins  to  detecting  reagents such  as
radioisotopes.

Completely human auntibodies, such as those described herein, are particularly
desirable for therapeutic treatment of human patients. Human antibodies of the
invention are isolated, e.g., from elderly healthy subjects whe because of their age can
be suspected to be at risk of developing a disorder, e.g., amyotrophic lateral sclerosis
and/or frontotemporal lobar degeneration, or a patient with the disorder but with an
unusually stable disease course. However, though it is prudent to expect that elderly
healthy and symptom-free subjects, respectively, more regularly will have developed
protective anti-TDP-43 antibodies than younger subjects, the latter can be used as well
as a source for obtaining a human antibody of the invention. This is particularly true for
younger patients who are predisposed to develop a tamihial form of a TDP-43
proteinopathies but remain symptom-free since their immune system and immune

Antibodies of the invention can be produced by any method known in the art for
synthesis of antibodies, including in particular, chemical synthesis or recombinant

expression techniques as described herein.
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In one smbodiment, an antibody, or antigen-biuding fragment, variant, or
derivative thereof of the invention comprises a synthetic constant region wherein oue or
more domains are partially or entirely deleted {"domain-deleted antibodies™). In certain
embodiments compatible modified antibodies will coruprise domain deleted constructs
or variants wherein the entire CH2 domain has been removed (ACH2 coustructs). For
other embodiments a short connecting peptide can be substituted for the deleted domain
10 provide Hexibility and freedom of movement for the variable region. Those of
ordinary skill in the art will appreciate that such constructs ¢an be desirable due to the
regulatory properties of the CH2 domain on the catabolic rate of the antibody. Domain
deleted constructs can be derived using a vector encoding an IgG, human constant
domain; see, e.g., International Applications WOD2/060955 and WOOZ/096948A2.
This vector is engineersd to delete the CH2 domain and provide a synthetic vector
expressing a domain deleted 1gGy constant region,

in certain embodiments the antibodies (including antigen-binding fragments,
variants, or derivatives thereof) of the invention are mimibodies. Minibodies can be
made using methods known in the art; see, eg, U, Patent No. 5,837,821 or
international Application Publication No. WO 84/09817.

In one embodiment, an antibedy (e.g, antigen-binding fragment, variamt, or
derivative thereof of an antibody) of the nvention comprises an immunoglobulin heavy
chain having deletion or substitution of a few or even a single amino acid as long as it
permits association between the monomeric subunits. For example, the mutation of a
single amino acid in selected areas of the CH2 domain can be enough to subsiantially
reduce Fe binding and thereby increase TDP-43 localization. Similarly, it can be
desirable to simply delete that part of one or more constant region domains that control
the effector function {e.g. complement binding} to be modulated. Such pertial
deletions of the constant regions can improve selected characteristics of the antibody
{serum half-life) while leaviug other desirable functions associated with the subject
constant region domwain infact. Moreover, as alluded to above, the constant regions of
the disclosed antibodies can be synthetic through the mutation or substitution ot one or
more amino acids that enbances the prefile of the resulting consiruct. In this respect it
can be possibie to disrupt the activity provided by a conserved binding site (e g Fc

binding) while substantially maintaining the configuration and immunogenic profile of
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the modified antibody. Yet other embodiments comprise the addition of one or more
aminoe acids to the constant region to enhance desirable characteristics such as eftector
function or provide for more cytotoxin or carbohydraie attachment. In such
embodiments it can be desirable to insert or replicate specific sequences derived from
selected constant region domains.

The invention also provides antibodies that comprise. counsist essentially of, or
consist of, variants {including derivatives) of anlibodics {e.g., the Vy regions and/or Vi
regions)  described  hersin, which  antibodies  {inducing antibody  fragments),
immunospecificaily bind to TDP-43. Standard techniques known to those of skill in the
art can be used to introduce mutations in the nuclestide sequence encoding an antibody, -
fncluding, but not Himited to, site-directed mutagenesis and PCR-mediated mutagenesis
which result in amino acid substitutions. in one embodiment, the variants {inciuding
derivatives) encode less than 50 amince acid substitutions, less than 40 amino acid
substitutions, less than 30 amino acid sobstitptions, less than 25 amino acid
substitutions, less than 20 amine acid sobstitutions, less than 15 amino acid
substitutions, fess than 10 amino acid substitutions, less than 3 amino acid substitutions,
lass than 4 amino acid substitutions, fess than 3 amino acid substitutions, or less than 2
aming acid substitutions relative to the reference Vi region, Vy-CDRI, Vy-CDR2, V-
CDR3, Vi region, Vi-CDRRI, Vi-CDRZ, or V. -CDR3. A "conservative amino acid
substitution” 1s one in which the amino actd residue is replaced with an amino acid
residue having a4 side chain with a similar charge. Families of amino acid residues
having side chains with similar charges have been defined in the art. These families
include amino acids with basic side chains {e.g., lysine, arginine, histidine), acidic side
chains {e.g., aspartic acid, glutamic acid), uncharged polar side chains {e.g, glycine,
asparagineg, glutamine, serine, threonine, tyrosing, cysteine}, noanpolar side chains (e.g.,
alanine, valive, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan),
beta-branched side chains { e.g., threonine, valine, isoleucine) and aromatic side chains
{e.g., tyrosine, phenylalanine, tryptophan, histidine}.  Alfernatively, mutations can be
introduced randomly along all or part of the coding sequence, such as by saturation
mutagenesis, and the resultant mutants can be sereened for biological activity to identify

mutants that retain activity {e.g., the ability to bind TDP-43}.
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For example, it is possible to introduce mutations only in frarsework regions or
only in CDR regions of an antibody. Introduced mutations can be silent or neutral
missense mutations, e.g., have no, or little, effect on an antibody’s ability to bind
antigen, indeed some such mutations do not alter the amino acid sequence whatsoever.
These types of mutations can be useful to optimize codon usage, or improve a
hybridoma’s antibody production.  Alternatively, non-neutral missense mutations can
alter an antibody’s ability to bind antigen. The location of most silent and neutral
missense mutations is likely to be in the framework regions, while the location of most
non~-ueutral missense nwtations is Hkely 1o be in a CDR, though this is not an absolute
requirement. A person of ordinary skill in the art is able to design and test altered
molecules for desired properties including for example, improvements in antigen-
binding activity or change in antibody specificity.  Following mutagenesis, proteins
displaving the desired properties can routinely be expressed and the functional and/or
biclogical activity of the encoded protein, {e.g., ability to immunospecifically bind at
least one epitope of TDP-43) can be determined using or routinely modifying
technigues known 1o the art.

Anti-TDP-43 antibodies of the present invention can be characterized using any in
vivo or in vitro models of TDP-43 proteinopathies. A skilled artisan readily understands
that an anti-TDP-43 antibody of the invention can be characterized in a mouse mode!
for TDP-43 proteinopathies, for example, but not limited to, any one of the animal
models for TDP-43 proteinopathies described in Example 5. Wegorzewska ef af,, Proc.
Natl. Acad. Sci. 118 A, 106 (2009), 18809-14; Gumey of al., Science 264 (19943, 1772~
75, Shan ef ¢f, Neuropharmacol. Letters 438 (2009), 70-74; Wils er al., Proc. Natl
Acad. Sci. USA. 106 (2010), 3858-63; Duchen and Strich, J. Neuwrol. Newrosurg.
Psychiatry 31 {1968), 535-42; Dennis and Citron, Newoscience 185 (2009), 745-50;
Swarup ef gf., Brain 134 (2011), 2610-2026; ipaz ef al, J Clin Invest, 121(2:.725-38
(2011); Caccamo ef al., Am I Pathol. 180(1)293-302 (2012), Cannon e of., Acta
Neuropathol. 123(61807-23 (2012), Custer e of, Hum Mol Genet. 19(9)1741-55
(2010); and Tatom 2f @f., Mol. Ther. 17 {2009}, 607-613.

A skilled artisan understands that an experimental model of TDP-43 proteinopathy
can be used in a preventative setting or il can be used iy a therapeutic sefting. In a

preventative selting, the dosing of animals starts prior to the onset of the TDP-43
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proteinopathy or symptoms thereof. In preventative settings, an anti-TDP-43 antibody
of the invention is evaluated for its ability to prevent, reduce or delay the onset of TDP-
43 proteinopathy or symptoms thereof. In a therapeutic setting, the dosing of animals
start after the onset of TDP-43 protemapathy or a symptom thereoll In a therapeutic
setting, an anti-TDP-43 antibody of the wvention is evaluated for its ability to treat,
reduce or alleviate the TDP-43 proteinopathy or a symptom thercof. Symptoms of the
TDP-43 proteinopathies include, but are not Hmiled to, accumulation of pathological
TOP-43 deposuts, pathological TDP-43  distritntion, phosphorylated TDP-43, or
insoluble TDP-43 fractions in the neurons, brain, spinal cord, cerehrospinal fluid or
serum of the experimental object. A skilled artisan understands that a positive
preventative or therapeutic outcome in any animal model of TDP-43 proteinopathies
indicates that the particular anti-TDP-43 antibody can be used for preventative or
erapeutic purposes in a subject other than the experimental model organism, for
example, 1t can be used to treat TDP-43 proteinopathies in a huwman subject in need
thereof.
in one embodiment, an anti-TDP-43 antibody of the invention can be administered
to a THP-43 proteinopathy mouse model and corresponding control wild type mice. The
antibody administered can be a murinized antibody of the present invention or a human-
murine chimera of an antibody of the present invention. The anti-TDP-43 antibody can
be administered by any means known in the art, for example, by intraperitoneal,
intracranial, intramuscular, intravenous, subcufanecus, oral, and acrosol administration.
Experimental antmals can be given one, two, three, four, five or more doses of the anti-
TDP-43 antibody or a control composiiion, such as PBS. In one embodiment,
experimental animals will be administered one or two doses of an anti-TDP-43
antibody, In another embodiment, the animals are chronically dosed with the anti-TDP-
43 antibody over several weeks or monthis. A skilled artisan can readily design a dosing
regimen that fits the experimental purpose, for example, dosing regimen for acute
studies, dosing regimen for clvonic studies, dosing regimen for toxicity studies, dosing
regimen for preventative or therapewtic studies. The presence of the anti-TDP-43
antibody in a particular tissue compartment of the experimental animals, for example,
bul not limited to, serum, blood, cercbrospinal {fluid, brain tissue, can be established

using well know methods of the art. In one emibodiment, an anti-TDP-43 antibody of
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the invention is capable to penetrate the blood brain barrier. In another embodiment, an
anti-TDP-43 antibody of the invention is capable to enter neurons. A skilled artisan
understands that by adjusting the anti-TDP-43 antibody dose and the dosing freguency,
a desired anti-TDP-43 antibody concentration can be maintained in the experimental
animals. Any effect of an anti-TBP-43 antibody of the present invention in the TDP-43
proteinopathy models can be assessed by comparing the level, biochemical
characteristics or distribution of TDP-43 in the treated and countrol antmals. In one
embodiment, an antibody of the present invention is capable of reducing the level,
amount o1 concentration of TDP-43 inclusions in the brain or spinal cord in an animal
model. The antibody can reduce the level, amount or concentration of THP-43
mclusions by at least about 5%, 10%, 20%., 30%, 50%, 70%, 90% or more. In ancther
embodiment, an antibedy of the present invendion 1s capable of reducing the namber or
frequency of TDP-43 inclusion-positive newrons in the brain or spinal cord in an animal
model, for example, by at least about 3%, 10%, 20%, 30%, 50%, 70%, 90% or more.
The etfect of an antibody of the present invention can also be assessed by examining the
distribution and biochemical properties of TDP-43 following aniibody administration,
in one embodiment, an antibody of the present inveniion is capable of reducing the
amournt or concentration of eytoplasmic TDP-43 protein in the brain or spinal cord of an
animal model, for example, by at least about 5%, 10%, 20%, 30%, 50%., 70%. 90% or
more.  In another embodiment, an antibody of the present invention is capable of
reducing the amount or concentration of neuritic TDP-43 protein in the brain or spinal
cord of an animal meodel, for example, by at least about 5%, 10%, 20%, 30%, 50%,
70%, 90% or more. in a further embodiment, an antibody of the present invention can
reduce the amount or concentration of phosphorylated TDP-43 protein in the brain or
spinal cord in an animal model, for example, by al least about 5%, 0%, 20%, 30%,
50%, 70%, 90% or more. Phosphorylated TDP-43 can be detected using antibodies
specific for pathologically phosphorylated forms of TDP-43, such as pd03/p404 and
p409/p410. Hasegawa ef af., Ann Neurol, 64(1):60-70 (2008) An antibody of the
present invention can also alter, for example, reduce or increase TDP-43 concentration
in the blood, serum or cerebrospinal fluid of an animal model, for example, by at least

~~
!
i

about 3%, 10%, 20%, 30%, S0%, 70%, 90% or more. In one embodiment, the %%

reduciion or increase is relative compared to the level. number, frequency, amount or
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concentration that existed before treatment, or to the level, nuomber, frequency, amount
or concentration that exist 1o an untreated/control treated subiect.

in one embodiment, an antibody of the present invention can prevent or delay the
onset of at least one symptom of a TDP-43 proteinopathy o a subject. In one
embodiment, an antibody of the present invention can reduce or eliminate at least one
symptom of a TIP-43 proteinopathy in a subject. The symptom can be the formation of
pathological TDP-43 deposits, phosphorylated TIP-43 deposits, or insoluble TDP-43
deposita. The symptom can also be the presence, or elevated concentration or amount,
of TDP-43 in the serum, bloed, urine or cerebrospinal fluid, wherein elevated
concentration amount is compared to a healthy subject. The symptom can be a
neurclogical svmptom, for ecxample, altered conditioned taste aversion, aliered
contextual fear conditioning, memory wmpairment, loss of motor function. In one
embodiunent, memory impairment is assessed vsing a two-tdal Y-maze task. In one
embodiment, the at least one symptom is reduced by at feast about 5%, 10%, 15%,
20%, 30%, 50%, 70%, or 90%. In ancther embodiment, the two-trial Y-maze task ratio
i3 significantly higher in an antibody treated subject than in a control subject. In a
specitic embodiment, the two-trial Y-maze task ratio 1s inereased by at least about 5%,
0%, 20%. 30%, 40%, S0%, 6(%, 70%, 80%, or 90%. In ancther embodiment, the
wo-trial Y-maze task ratio is at least about two tmes, three times, four times, five
times, ten times, or twenty times higher. The present wvention also provides a method
of preventing or delaving the onset of at least one symptom of a TDP-43 proteinopathy
in a subject in need thereof, comprising administering a therapeutically effective
amount of an anti-TDP-43 antibody described herein.  The present invention further
provides a method of reducing or eliminating least one symptom of a TDP-43
proteinopathy in a subject n need thereof, comprising administering a therapeutically
effective amount of an anti-TDP-43 antibody described herein. In one embodiment, the
subject is an experimental organism, such as, but not hmited to, ransgenic mouse. in

one embodiment, the subject is a human.

§1i.  Peolynuclestides Encoding Antibodies

A polynucieotide encoding an antibody, or antigen-binding fragment, variant, or
derivative  thereof can be  composed of any polyribonucleotide  or

polydeoxribonucleotide, which can be unmodified RNA or DNA or modified RNA or
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DNA. For exawple, a polynucleotide encoding an antibody, or antigen-binding
fragment, variant, or derivative thereot can be composed of single- and double-stranded
DNA, DNA that is a mixture of singie~ and double-stranded regions, single- and
double~-stranded RNA, and RNA that is mixture of single- and double-stranded regions,
hybrid molecules comprising DNA and RNA that can be single-stranded or, more
typically, double-stranded or a mixture of single- and double-stranded regions. In
addition, a pelynuclestide enceding an antibody, or antigen-binding fragment, variant,
or derivative thereof can be composed of triple~-stranded regions comprising RNA or
DNA or both RNA and DNA. A polynucieotide encoding an antibody {including an
antigen-binding fragment of an antibody, or a variant, or derjvative thereof) can also
contain one or more modified bases or DNA or RNA backbones modified for stability
or {or other reasons. "Modified” bases include, for example, tritylated bases and unusual
bases such as inosine. A variety of modifications can be made to DNA and RNA; thus,
"polyvnucleotide” embraces chemically, enzymatically, or metabolically modified forms.

An isolated polynucleotide encoding a non-natural variant of a polypeptide
derived from an immunoglobubin (e.g., an immusoglobulin heavy chain portion or light
chain portion) can be created by introducing one or more nucleotide substitutions,
additions or deletions into the nucleotide sequence encoding the mrmunoglobulin such
that one or more amino acid substiiuiions, additions or deletions are introduced into the
encoded protein. Mutations can be introduced by standard techniques, such as site-
directed wmutagenesis and PCR-mediated mutagenesis. fn one embodiment,
conservative aming acid substitutions are made at one or more aming acid residue
positions that are non-gssential.

RNA can be isolated from the original B cells, hybridoma ceils or from sther
transformed cells by standard techniques, such as guanidinium isothiocyanate extraction
and precipitation followed by centrifugation or chromatography. Where desirable,
mBNA can be isolated from total RNA using standard technigues such  as,
chromatography on olige dT cellulose. Suitable techrugues are familiar in the art. In
one embodiment, ¢DNAs that encode the ight and the heavy chains of the antibody can
be made, either simultaneously or separately, using reverse transcriptase and DNA
polymerase in accordance with known methods. PCR can be initraied by consensus

constant region primers or by more apecific primers based on the published heavy and
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light chain DNA and amino acid sequences. As discussed above, PUR also can be used
to isolate DNA clones encoding the antibody light and heavy chaing. In this case the
libraries can be screened by consensus primers or larger homologous probes, such as
human constant region probes.

DNA, typically plasmid DNA, can be isolated from the cells wsing technigues
known in the art, restriction mapped and seguenced 1u accordance with standard, known
techniques set forth in detall, e.g., w the foregoing references relating to recombinant
DNA technigques, Of course, the DNA can be synthetic according to the invention af any
point during the isolation process or subsequent analysis.

In one embodiment, the invention provides an isolated polynucleotide comprising,
consisting essentially of, or consisting of a nucleic acid encoding an immunoglobulin
heavy chain variable region (Vy), where at least one of the CDRs of the heavy chain
variable region or at least two of the Vy-CDRs of the heavy chain variable region are at
least 83%, 853%, 90%, 93%, 96%, 98%, ot 99% identical to reference heavy chain Vy-
CDRI, Vy-CDR2, or Vy-CIDR3 amino acid sequences from the antibodies disclosed
berein.  Alternatively, the Vp-CDRI, Vi-CDRZ, or Vi-CDR3 regions of the Vi are at
feast 80%, &5%, 90%, 95%, 96%4, 98%, or 99% identical to reference heavy chain Vy-
CDRI1, Vy-CDRZ, and Vi;-CDR3 amino acid sequences from the antibodies disclosed
heremm. Thus, according to this embodiment a heavy chain variable region of the
invention has Vy-CDRI, Vi-CDRZ, or Vi-CBR3 polypeptide sequences related to the
polypeptide sequences shown in Figs. 1A-1K and 3A-3R. In one embodiment, the
amine acid sequence of the reference VH CDRI iy SEQ 1D NG: 3, 11, 19, 28, 37, 46,
54,62, 70,79, 88, 131, 139, 147, 156, 164, 172, 180, 188, 196, 204, 212, 220, 228, 236,
244, 252, 260, or 268, the amino acid sequence of the reference VH CHRZ s SEQ 1D
NG: 4, 12, 20, 29, 38, 47, 55, 63, 71, 80, 89, 132, 140, 148, 157, 165, 173, 181, 189,
197, 208,213,221, 229, 237, 245, 253, 261, or 26%; and the amino acid sequence of the
reference VH CDR3 is SEQ ID NG: 5, 13, 21, 3¢, 39, 48, 56, 64, 72, 81, 90, 133, 141,
149, 158, 166, 174, 182, 190, 198, 206, 214, 222, 230, 238, 246, 254, 262, or 270, In
one embodiment, the invention provides an isolated polynucieotide comprising,
consisting essentially of, or consisting of a nucleic acid encoding an immunoglobulin
heavy chain varnable region {Vi), in which the V-CDR1, Vy-CDR2 and Vy~CDR3

regions have the polypeptide sequences of the Vy-CDRI, Vi-CDR2 and Vp-CDR3
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groups shown in Figs, IA-1K and 3A-3K, except for one, two, three, {our, five, six,
seven, eight, nine, or ten amine acid substitutions in any one Vy-CDR. In certain
embodiments the amine acid substitufions are conservative. In one embodiment, the
amino acid sequence of the VH CIDRIT 1s SEQ ID NO: 3, 11, 19, 28, 37, 46, 54, 62, 70,
79, 88, 131, 139, 147, 136, 164, 172, 180, 188, 196, 204, 212, 220, 228, 236, 244, 252,
260, or 268; the amino acid sequence of the VH CDR2 is SEQ 1D NO: 4, 12, 20, 29, 3§,
47, 55, 63, 71, 80, 89, 132, 140, 148, 157, 165, 173, 181, 189, 197, 205, 213, 221, 229,
237, 245, 253, 261, or 269; and the amino acid sequence of the VH CDR3 is SEQ ID
NG SEQIDNG: 5, 13, 21, 30, 39, 48, 36, 64, 72, 81, 90, 133, 141, 149, 158, 166, 174,
182, 190, 198, 206, 214, 222, 230, 238, 246, 254, 262, or 270,

In another embodiment, the invention provides an isolated polynucleotide
comprising, consisting essentially of, or consisting of a nucleic acid encoding an
vmunoglobulin light chain variable region (V). where at least one of the V -CDRs of
the light chain variable region or at least two of the Vi -CDRs of the light chain variable
region are at least 80%, 85%, 90%, 95%, 906%, 98%, or 99% identical to reference light
chain Vi -CDR1, Vi -CDR2, or V. -CDR3 amino acid sequences from the antibodies
disclosed herein. Altervatively, the Vi ~-CDR1, V -CDR2, or V-CDR3 regions of the
Vi are at least 0%, 83%, 90%, 95%, 96%, 98%, or 99% 1dentical to reference light
chain ¥V ~CDRI1, V| -CDR2, and V~CDR3 amino acid sequences from the aniibodies
disclosed herein. Thus, according to this embodiment a hight chain variable region of
the invention has Vi~-CDRI1, V -CDR2, or V-CDR32 polypeptide sequences related to
the polypeptide sequences shown wn Figs. 1A-1K and 3A-3R. In one embodiment, the
aming acid sequence of the reference VL CDRI s SEQ ID NO: 7, 15, 23, 32, 42, 50,
38, 66, 74, 84, 91, 135, 143, 152, 166, 168, 176, 184, 192, 200, 208, 216, 224, 232, 240,
248, 256, 264, 272 or 326; the amino acid sequence of the reference VI, CDR2 is SEQ
Y NO:R, 16,24, 33,43, 51, 59,67, 75, 85,92, 136, 144, 153, 161, 169, 177, 185, 193,
201, 209, 217, 225, 233, 241, 249, 257, 265, 273 or 327; and the amine acid sequence
of the reference VL CDR3 s SEQ ID NG G, 17, 28, 34, 44, 52, 60, 68, 76, 86, 93, 137,
145, 154, 162, 170, 178, 186, 194, 202, 210, 218, 226, 234, 242, 25¢, 258, 266, 274 or

328.

D

Vi

In another embodiment, the invention provides an isolated polynuclectide

comprising, consisting essentially of, or consisting of 2 nucleic acid encoding an
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tomunogiobulin light chain variable region (V) in which the Vi -CDR1, ¥V -CDR2Z and
Vi~CHR3 regions have the polypeptide seguences of the Vi ~-CDKI, V;~CDRZ and V(-
CIDR3 groups shown in Figs. 1A-1K and 3A-3R, except for one, two, three, four, five,
six, seven, eight, nine, or ten aming acid substititions m any one Vi -CDR. In certain
embodimenis the amino acid substitutions are conservative. In one embodiment, the
amino acid sequence of the VL CDRI 1 SEQ ID NG 7, 15, 23, 32, 42, 50, 38, 66, 74,
B4, 01, 135, 143, 152, 160, 168, 176, 184, 192, 200, 208, 216, 224, 232, 240, 248, 256,
264, 272 or 326; the aming acid sequence of the VL CDR2 13 SEQ ID NO: §, 16, 24,
33, 43, 51, 59, 67, 75, 85, 92, 136, 144, 153, 161, 169, 177, 185, 193, 201, 209, 217,
225,233,241, 249, 257, 265, 273 or 327 and the amine acid sequence of the VL CDR3
is SEGQ I NG9, 17, 25, 34, 44, 52, 60, 68, 76, 86, 93, 137, 145, 154, 162, 170, 178,
186, 194, 202, 216, 218, 226, 234, 242, 250, 258, 266, 274 or 328.

As known in the art, "sequence identity” between two polypeptides or two
polynuclentides is determined by comparing the amino acid or nucleic acid sequence of
one poivpeptide or polynuclectide to the sequence of a second polypeptide or
polynucleotide. When discussed herein, whether any particular polypeptide is at least
about 40%, 45%, 50%, 53%, 60%, 63%, 70%, 75%, 80%, 85%, 90% or 95% identical
to  another polypeptide can be determined wusing methods and computer
programs/software known in the art such as, but not fimited to, the BESTFIT prograrn
(Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group,
University Research Park, 575 Science Drive, Madison, W1 53711}, BESTFIT uses the
local homology algorithm of Smith and Waterman, Advances ju Apphied Mathematics 2
(1981}, 482-489, 10 find the best segment of homology between two sequences. When
using BESTFIT or any other sequence alignmeni program to determine whether a
particular sequence 18, for example, 5% identical {0 a reference sequence according to
the invention, the parameters are set, of course, such that the percentage of identity is
calculated over the full length of the reference polypeptide sequence and that gaps in
homology of up to 5% of the total number of amnine acids in the reference sequence are
allowed.

In one embodiment of the invention, the polynucieotide comprises, consists
essentially of, or consists of a nucleic acid having a polymucleotide sequence of the V.

or Vi, region of an TDW-43 binding antibody as listed in Table 3. In this respect, a
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person of ordinary skill in the art will readily appreciate that the polynucleotides

encoding at least the variabie domain of the hight and/or heavy chain can encede the
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variable domain of both immunoglobulin chains or only one.

Table 3: Nucleotide sequences of the Vi and Vi region of TDP-43 specific antibodies.

Antibody

: Mucleotide sequences of variable heavy (VH)
i and variable light (VL) chains

NI-205.3F10

Vi

| SEQ ID NO:95

LV,

L SEQID NO96

NI-205.51C1

LWy

SEQ 1D NO:97

Vi

| SEQ 1D NO:98

NI-20521G2

Vi

SEQ D NO99

PV

SEQID NOHG0

P SEQ ID NO:161

NI-205.840 AL
D v, SEQIDNO:OZ
Ty, SEQIDNOmo: T
Ni-205.15F12 : -
NEZ0SISFL2 0 S G TD NOH 04
v, |SEQIDNO:16S
1-205.113C4 _
NE20S T34 o B I N 166
Vy | SEQIDNO:167
N ;
NE-205.2583 v, | SEQTDNO08
- Vy | SEQID NO:169
NI-205 87E7T v, SEQ i NOEiO """
vy | SEQIDNO:1I
NI-205.21G1 e - -
Ni-2.21G1 v TSEQIDNG L2
N vy, | SEQIDNG:1I3 i
NIZOSSROS T SEG TE NG Ta
vy | SEQIDNOIIS
NIV05 204
NI-205.20A1 ) v, | SEQIDNG:116
. Vi | SEQ.ID.NO:2TS
NI205.4113 Bk
Vi | SEQ. ID. NO:276
o Vi | SEQ.ID.NO:27T
NI205.29E11 —
Vi | SEQ.ID. NO:278
. _ Vy | SEQ. ID.NO:279
| NI205.9E12 :
e Vi | SEQ. ID. NO:280
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- Antibody Nucle@tid;sequences of variable heavy (VH)
and variable light {VL) chains
Ve SEQ.IDONO2SI
Vy o SEQLIDONO2S2
Ve SEQ.IDNO283
N Vi o SEQ DO NG:284
NI205.1003 : e :
A SO I NEn285
Vi | SEQ D NOZ86
Yoo SEQ D NOG:287
Vg | SEQ. D NO:288
Vi, | SEQ. H NO:289
: o Vg | SEQ.IDL NG:280
NIZ05.3605 : -
Vi | SEQOID. NO:261

Yy | SEQO D NG:292

NI205.98H6

NI205 44822

NI2G5 3842

NI205.58F 11
Vi | SEQ. 1D NO:293
Vi | SEGQ. 1D, NO:294
NI205.14H5 : _
Vi | SEQ. I NO:295
_. Vi | SEQ. I NO:296
N1205.31D2 :
Vi | SEQ. 1D NO:297
» Vi | SEQ. I NO:298
NI20S.8F8

Yoo SEQ D NOI289
Vi SEQ. 1D NOG:300
Yoo SEQ D NGI30T
Vi SEQH NG:362

NIZ0O5.31CT

| NIZ0S.8C10

Vi | SEQ. I NO:303
. Vi | SEQ. I NO:30%4
NI20S.10H7 : S e
Vi | SEQ. ID. NO:30S
Yy | SEQ. ID. NO:306
Ni205.1A8 o
Vi | SEQ. ID. NO:307
Vi | SEQ. ID. NO:308
NIZ05.14W3 : _
Vi | SEQ. ID. NO:309
) Vi | SEQ.ID.NO3IO
Ni205.19G5 ‘
Vi | SEQ. ID.NO:310
D208} inn one embodiment, the invention provides an isolated polynuclectide comprising,

consisting essentially of, or consisting of a nucleic acid encoding an immunoglobulin
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heavy chain variable region at least 80%, 85%, $0%, 85%, 6%, 5&%, or 99% or 95%
wdentical 1o reference heavy chain VH. In one embodiment, the amino acid sequence of
the reference heavy chain variable region is SEQ 1D NO: 1, 10, 18, 24, 35, 45, 53, 61,
69, 77, B7, 130, 138, 146, 155, 163, 171, 179, 187, 195, 203, 211, 219, 227, 235, 243,
251,259, or 267.

Inn one embodiment, the invention provides an isolated polynucleotide comprising,
consisting essentially of, or consisting of a nucieic acid encoding an immunoglobulin
light chain variable region at least 80%, 85%, 90%, 95%, 96%, 98%, or 99% or 95%
identical to reference light chain VL. In one embodiment, the amino acid sequence of
the reference light chain variable region 1s SEQ 1D NQ: 6, 14, 22, 31, 40, 49, 57, 65,73,
82,122, 134, 142, 150, 151, 159, 167, 175, 183, 191, 199, 207, 215, 223, 231, 239, 247,
255,263, 0or 271

The invention also includes fragments of the polynuclestides of the invention.
Preferably the polynucleotides encode a polvpeptide that binds TDP-43. Additionally
polynuclectides which encode fusion polynucleotides, Fab fragments, and other
derivatives, as described herein, arc also contemplated by the invention.

The polynucleotides can be produced or manutactured by any appropriate method
known in the art. For example, if the nucleotide sequence of the antibody is known, a
polvnucleotide encoding the antibody can be assembled from chemically synthesized
oligonucleotides, e.g, as described in Kutmeler ef @, BioTechnigues 17 (19943, 242,
which, briefly, involves the synthesis of overlapping oligonuclectides containing
portions of the scquence encoding the antibody, annealing and ligating of those
oligonucleotides, and then amplification of the figated oligonucleotides by PCR.

Alternatively, a polynucleotide encoding an antibody (including an antigen-
binding fragment of an anttbody, or variant or derivative thereof) can be generated from
nuclete acid from a suitable source. if a clone comtaining a nucleic acid encoding &
particular antibody is not available, but the sequence of the antibody is known, a nucleic
acid encoding the antibody can be chemically synthesized or obtained from a suitable
source {e.g., an antibody ¢IPNA library, or a ¢DNA library generated from, or nucleic
acid, preferably polyA” RNA, isolated from, any tissue or cells expressing the TDP-43-
specific antibody, such as hybridoma cells selected to express an antibody) by PUR

argplification using synthetic priniers hybridizable to the 3’ and 5" ends of the sequence
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or by cloning using an oligonucleotide probe specific for the particular gene sequence 1o
identify, e.g., a ¢cDBNA clone from a cDBNA library that encodes the antibody. Amplified
nucieic acids generated by PCK can then be cloned into replicable cloning vectors using
any method known in the art.

Once the nucleotide sequence and corresponding amino acid sequence of the
antibody, or antigen-binding fragment, variant, or derivative thereof is determined, its
nucleotide sequence can be manipulated using methods known in the art for the
manipulation of nucleotide sequences, e.g., recombinant DNA technigues, site directed
nugtagenesis, PCR, eic. {see, for example, the techniques described in Sambrook ef al.,
Molecular Cloning, A4 Laboratory Marual, 2d Ed., Cold Spring Harbor Laboraiory,
Cold Spring Harbor, N.Y. (1990} and Ausubel ¢f ol eds., Current Proiocels in

3

Molecular Biology, John Wiley & Sons, NY (199%), the contents of both of which are
herein incorporated by reference in their entireties), to gencrate antibodies having &
different amino acid sequence, for example to create amine acid substitutions, deletions,

and/or Insertions.

iV,  Expression of Antibody Polypeptides

Following manipulation of the isolated genetic material to provide an antibody
{including an antigen-binding fragment of an antibody, or variant or derivative thereof)
of the invention, the polynuclestide encoding the antibody is typically inserted in an
expression vector for infroduction into bost cells that can be used to produce the desired
quantity of antibody. Recombinant expression of an antibody, or fragment, derivative
or analog thereof, e.g, a heavy or light chain of an antibody which binds to a target
muolecule is described herein. Once a polynuclestide encoding an antibody or 4 heavy
or light chain of an antibody, or portion thereof {preferably containing the heavy or light
chain variable domain), of the invention has been obtained, the vector for the
production of the antibody can be produced by recombinant DNA technology using
technigues known in the art. Thus, methods for preparing a protein by expressing a
polyaucleotide containing an antibody enceding nucleotide sequence are described
herein. Methods which are known to those of ordinary skill in the art ean be used to
construct expression vectors containing antibody ecoding sequences and appropriate
transcriptional and translational control signals. These methods include, for example, in

vitro recombinant DNA  techniques, synthetic techmiques, and in vive genetic
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recombination.  The invention, thus, provides replicable veclors comprising a
nucleotide sequence encading an antibody of the invention, or a heavy or light chain
thereof, or a heavy or light chain variable domain, operably linked to a promoter. Such
vectors can include the nucieotide sequence encoding the constant region of the
antibody {see, e.g. Infernational Application Publication No. WO 86/05887 and U5,
Patent No. 5,122,464} and the variable domain of the antibody can be cloned into such a
vector tor expression of the entire heavy or light chain.

kk]

The term "vector” or "expression vector” is used herein to mean vectors used in

accordance with the invention as a vehicle for introducing into and expressing a desired
gene in g host cell. As known in the art, such vectors can readily be selected from the
group consisting of plasmids, phages, viruses and retroviruses. In general, vectors
compatible with the instant mnvention will comprise a selection marker, appropriate
restriction sites 1o facilitate cloning of the desired gene and the ability to enter and/or
replicate in eukaryotic or prokaryotic cells. Numerous expression vector systems can
be employved for the purposes of this invention. For example, one class of vector
utilizes DNA elements which are derived from animal viruses such as bovine papilioma
virus, polvoma virus, adenovirus, vaccinia viras, baculovirus, retroviruses (R3V,
MMTVY or MOMLVY or SV40 virus. Others invalve the use of polycistronic sysiems
with internal ribosome binding sites.  Additionally, cells which have integrated the
DNA into their cluomosomes can be selected by introducing one or more markers
which allow selection of transfected host celis. The marker can provide for prototrophy
to an auxotrophic host, biocide resistance {e.g.. antibiotics) or resistance t¢ heavy
metals such as copper. The selectable marker gene can either be direetly linked to the
DNA sequences to be expressed, or infroduced into the same cell by co-transformation.
Additional elements can also be nceded for optimal synthesis of mRNA. These
clements can include signal sequences, splice signals, as well as transcriptional
promoters, enhancers, and termination signals.

In particuiar embodiments the cloned variable region genes are inserted into an
expression vector along with the heavy and light chain copstant region coding
sequences {¢.g., human heavy or light chain constant region genes) as discussed gbove.
In one embodiment, this is effected using a proprietary expression vector of Biogen

IDEC, Inc., referred to as NEOSPLA, disclosed in U.S. Patent No. 6,159,730, This
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vector contains the cytomegalovirus promoter/enhancer, the mouse beta globin major
promoter, the SY49 origin of replication, the bovine growth hormone polyadenylation
sequence, neomycin phosphotransferase exon 1 and exon 2, the dihydrofolate reductase

gene and leader sequence. This vector has been found to result in very high level
expression of antibodies upon incorporation of variable and constant region genes,
transfection in CHO cells, followed by selection in G418 countaining medium and
methotrexate amplification.  Of course, any expression vector which is capable of
eliciting expression m cukaryotic cells can be used in the invention. Examples of
suitable vectors include, but are not limited to plasmids peDBNAJ, pHUMV/Zeo,
pUR31, pEFU/His, pIND/GS, pRo/HCMV2, p8V4Q/Zes, pTRACER-HCMY,
pUBG6/VS-His, pVAXL, and pZeoSVZ (available from Invitrogen, San Diego, CA), and
plasmid pCl {available from Promega, Madison, Wi}, In genersl, screening large
nurabers of transformed cells for those which express suitably high levels if
immunoglobulin heavy and light chains is routine experimentation which can be carried
oui, for example, by robotic systems. Vector systems are also taught in U8, Patent
Mas. 8,736,137 and 5,658,570, each of which is berein incorporated by reference n s
entirety. This svstem provides for high expression levels, e.g., > 30 pg/eeli/day. Other
exemplary vector systems are disclosed e.g, in ULS. Patent No. 6,413,777,

n other embodiments the antibodies (e.g, antigen-binding fragments of
antibodies and variants or derivatives thereot) of the invention can be expressed using
polycisironic constructs such as those disclosed in U.S. Patent Application Publication
No. 2003-0157641 Al and herein incorporated by reference in its entirety.  In these
expression systeras, multiple gene products of interest such as heavy and light chains of
antibodies can be produced from a single polyeistronic comstruct.  These systemns
advaniageously use an internal ribosome entry site (IRES) to provide relatively high
levels of antibodigs, Compatible IRES sequences are disclosed in U8, Patent No.
6,193,980 which is also incorporated herein.  Those ordinary skill in the art will
appreciate that such expression systems can be used to effectively produce the full
range of antibodies disclosed in the application.

More generally, once the vector or DNA sequence encoding a monomeric sebunit
of the antibody has been prepared, the expression veclor can be introduced into an

appropriate host cell, Introduction of the plasmid into the host cell can be accomplished
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by various techniques known to those in the art. These include, but are not limited to,
transfection including lipotransfection using, ¢.g., Fugene or lipofectamine, protoplast
fusion, calcium phosphate  precipitation, cell fusion with enveloped DNA,
microinjection, and infection with intact virus. Typically, plasmid introduction into the
host is via standard methods known in the art, such as, calciwm phosphate co-
precipitation method. The host cells harboring the expression construct are grown under
conditions appropriate to the production of the lLight chains and heavy chains, and
assaved for heavy and/or light chain protein synthesis. Non-limiting exemplary assay
techmques include enzyme-linked immunosorbent assay (ELISA), radiotmungnoassay
(RIAY,  or  fluorescence-activated  cell  sorter  analysis  {FACS), and
immunohistochemistry.

The expression vector is transferred to a host cell by conventional techniques and
the transfected cells are then cultured by couventional techniques to produce an
antibody for use in the methods described herein. Thus, the invention includes host
cells containing a polynucleotide encoding an antibody of the invention, or a heavy or
light chain thereof, opervably hoked to a heterologous promoter. In particular
embodiments for the expression of double-chained antibodies, vectors encoding both
the heavy and light chains can be co-expressed in the host cell for expression of the
entire immunoglobulin molecule, as detailed below,

The host cell can be co-transtected with two expression veetors of the invention,
the first vector encoding a heavy chain denved polypeptide and the second vector
encoding a light chain derived polypeptide. The two vectors can contain identical
selectable markers which enable equal expression of heavy and light chain
polypeptides. Alterpatively, a single vector can be used which encodes both heavy and
light chain polypeptides. In such situations, the light chain 1s advantageously placed
before the heavy chain o aveid an excess of toxic free heavy chain; see Proudfoot,
Nature 322 (1988}, 52; Kohler, Proc. Natl. Acad. Sci, USA 77 (1980}, 2197, The coding
sequences for the heavy and light chains can comprise eINA or genomic DNA.

As used herein, "host cells” refers to cells which harbor vectors constructed using
recombinant DNA technigues and encoding at least one heterologous gene.  In
descriptions of processes for isolation of antibodies from recombinant hosts, the terms

i

“cell™ and "cell culiure” are used interchangeably to denote the source of an antibody
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uniess it is clearly specified otherwise. In other words, recovery of polypeptide from
the "cells" can mean either from spun down whale cells, or from the cell culture
containing both the mediur and the suspended cells.

A variety of host-expression vector systems can be wtilized to express antibodies
for use in methods deseribed herein. Such host-expression systens represent vehicles
by which the coding sequences of interest can be produced and subseguently purified,
but also represent cells which can, when transformed or transfected with the appropriate
nucleotide coding sequences, express an antibody of the invention in sirse. These include
but are not linited to microorganisms such as bacteria {e.g., & coli, B subtilis)
transtormed with recombinant bacieriophage DINA, plasmid DNA or cosmid DNA
expression veetors containing antibody coding sequences; veast {e.g., Saccharomyces.,
Pichiay transformed with recornbinant yeast expression vectors containing antibody
coding sequences; insect cell systews infected with recombinant virus expression
vegtors {e.g., baculovires) containing antibody coding sequences; plant cell systems
infected with recombinant virus expression vectors {e.g. caulifiower mosaic virus,
CaMV; tobacco maosaic virus, TMV) or transformed with recombinant plasmid
expression veciors {e.g.. Ti plasmid} containing antibody coding seguences; or
mammalian cell systems {e.g, CO8, CHO, NSO, BLK, 293, 3T3 cells) harboring
recombinant expression Constructs containing promoters derived from the genome of
mamimalian cells {e.g., metaliothionein promoter) or {rom mammalian viruses {e.g., the
adenoviras late promoter; the vaccinia virus 7.5K promoter). In one cmbodiment,
bacterial cells such as Fscherichia cefi, and eukaryotic cells, especially for the
expression of whole recombinant antibody, are used for the expression of a recombinant
antibody. For example, marmmalian cells such as Chinese Harmnster Ovary (CHO) cells,
n conjunction with a vector such as the major intermediate egarly gene promoter
clerment from human cytomegalovirus is an effective expression system for antibodies;
see, e.g., Foeeking ef «f., Gene 45 (1986), 101, Cockett ef af,, Bio/Technology & (1990},
2.

The host cell lines used for protein expression of the TDP-43 binding molecules
of the invention inchide, for example cells of mammalian ongin; those of ordinary skill
in the art are credited with ability to determine particular host cell lines which are best

suited for the desired gene product to be expressed therein, Exemplary hast cell lines
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include, but are not limited to, CHG (Chinese Hamster Ovary), DG44 and DUXBIL
{Chinese Hamster Ovary Hnes, DHER minus), HELA (human cervical carcinoma), CV1
(monkey kidney lineg), COS {a derivative of CVI with SV40 T antigen), VERY., BHK
{(baby hamster kidney), MDCK, WI3E, RI610 (Chinese hamster f{ibroblast)
BALBC/3T3 (mouse fibroblast), HAK (hamster kidney line}, SP2Z/0 (inouse myveloma),
P3x63-Ag3.653 {(mouse myeloma), BFA-1c1BPT (bovine endothelial cells), RAJL
(human lymphocyte} and 293 (human kidney}. [n a specific embodiment, host cell lines
are CHO or 293 cells. Host cell lines are readily available and are typicaily available
from commercial services, including for example, the American Tissue Culture
Collection or from published literature.

In addition, a hosi cell strain can be chosen which modulates the expression of the
jnserted sequences, or modifies and processes the gene product in the specific fashion
desired. Such medifications {e.g., glycosylation} and processing {e.g., cleavage) of
protein products can be important for the function of the protein. Different host cells
have characteristic and specific mechanisms for the post-translational processing and
madification of proteins and gene products. Appropriate cell lines or host svstems can

¢ chosen to ensure the correct modification and processing of the foreign protein
expressed. To this end, cukarvotic host cells which possess the cellular machinery {or
proper processing of the primary transeript, glycosylation, and phosphorylation of the
gene product can be used.

For long-term, high-yield production of reconbinant proteins, stable expression is
preferred. For example, cell lines which stably express the antibody can be engineered.
Rather than using expression vectors which contain viral origins of replication, host
cells can be transformed with DNA controlled by appropriate expression control
clements  {eg, promoter, enhancer, sequences, franscrption  terminators,
polyadenylation sttes, etc.), and a selectable marker. Following the introduction of the
toreign DNA, engineered cells can be allowed to grow for 1-2 days in an enriched
media, and then are switched to a selective media.  The selectable marker in the
recombinant plasmid confers resistance o the selection and allows cells to stably
integrate the plasmid into their chromosomes and grow to form foci which in turn can
be cloned and expanded into cell lines. This method can advantageously be used 1o

engincer cell lines which stably express the antibody.
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including but not limited to, the herpes stmplex virus thymidine kinase {Wigler ef ol
Cell 11 (1977}, 223), hypoxanthine-guanine phosphoribosyltransferase {Szybaiska &
Szybalski, Proc, Nail. Acad. Sci. USA 48 (1992), 202), and adenine
phosphoribosyltransferase {Lowy e af., Cell 22 (1988}, 817} genes can be employed in
tk-, hgprt- or apri-cells, respectively. Also, anti-metabolite resistance can be used as the
basis of selection for the following genes: dhir, which confers resistance to
methotrexate (Wigler ef of,, Natl. Acad. Sci. USA 77 (1980, 357; O'Hare of al, Proc,
Nati. Acad. Sci. USA 78 (1981}, 1527); gpt, which confers resistance to mycophenolic
acid {(Mulligan & Berg, Proc. Natl, Acad. Nci. USA 78 {1981}, 2072} neo, which
confers resistance (o the aminogiveoside G-418 Goldspiel ef ¢f,, Clinical Pharmacy 12
(1993}, 488-505; Wu and Wu, Biotherapy 3 {1991), 87-93; Tolstoshev, Ann. Rev.
Pharmacol. Toxicol. 32 (1993}, 573-596; Mulligan, Science 260 (19933, 926-932; and
Morgan and Anderson, Ann. Rev. Biochem. 62 (1993), 191-217; TIB TECH 11 {1993},
155-215; and hygro, which confers resistance to hygromyein (Santerre et af, Gene 30
(15843, 147. Methods known in the art of recombinant DNA technology which can be
used are described in Ausubel ef al, (eds.), Cwrrent Profocols in Molecular Biology,
John Wiley & Sons, NY (1993%; Kriegler, Gene Transfer and Expression, A Laboratory
Manual, Stockton Press, NY (1990); and in Chapters 12 and 13, Dracopeli ¢f of, (eds),
Curreni Protocols in Human Genefics, John Wiley & Sons, NY {1994}, Colberre-
Garapin ef al, I Mol Biol. 150:1 (1981), each of which arc herein incorporated by
reference in their entiveties.

182271 The expression levels of an antibody can be increased using techniques known in
the art, including for exsample, by vector amplification, see e.g. Bebbingion and

Hentschel, The wse of vectors based on gene amplification jor the expression of cloned

genes in mammalion cells in DNA cloning, Academic Press, New York, Vol 3. (1987},

When a marker in the vector system expressing an antibody 18 ampiifiable, increase in
J o

the level of inhibitor present in culture of host cell will increase the nursber of copies of

the marker gene. Since the amplified regilon is associated with the antibody gene,

production of the antibody will also increase; see Crouse ef «f.,, Mol Cell. Bigl. 3

(1983), 257.
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fn vitro production allows scale-up to give large amounts of the desired
polypeptides. Technigques for mammalian cell cultivation under tissue culture conditions
are known in the art and include homogeneous suspension culture, e.g. in an airlift
reactor Or in a continuoeus stirrer reactor, or immobilized or entrapped cell culture, ¢.g.
in bollow fibers, microcapsules, on agarose microbeads or ceramic cariridges. If
necessary and/or desired, the solutions of polypeptides can be purified by the customary
chromatography methods, for example gel filtration, ion-exchange chromatography,
chromatography over DEAE-cellulose or (immuno-)affinity chromatography, e.g., after
preferential biosynthesis of a synthetic hinge region polypeptide or prior to or
subseguent to the HIC chromatography step described herein,

Genes encoding antibodies (ucluding for example, antigen-binding fragments of
antibodies and variants, or derivatives thereof) of the tnvention can also be expressed in
non-mamnmalian cells such as bacteria or insect or yeast or plant cells. Bacteria which

readily take up nucleic acids tnclude members of the enterobacteriaceae, such as strains

of FEscherichia coli or Salmownelln, Bacillaceae, such  as  Bacillus  subtilis;
Pueumococcus;, Sireprococcus, and Haemap!’zi[ys influenzae. 1t will further be

appreciated that, when expressed in bacteria, the heterslogous polypeptides tvpically
become part of inciusion bodies. The heterologous polypeptides must be isolated,
purified and then assembled inte functional molecules. Where tetravalent forms of
antibodies are desired, the subunits will then self-assemble into tetravalent antibodies;
see, e.g., International Application Publication No. WOU2/096544.

in bacterial systems, a wmuwnber of expression vectors can be advantageously
selected depending upon the use intended for the antibody being expressed.  For
example, when a large quantity of such a protein is to be produced, for the genceration of
pharmaceutical compositions of an antibody, vectors which direct the expression of
high levels of fusion protein products that are readily purified can be desirable. Such
vectors include, but are not himited, to the E. colf expression vector plUR278 (Ruther ef
al., EMBO F 2 (1983}, 1791, in which the antibody coding sequence can be Hpated
individually into the vector in frame with the lacZ coding region so that a fusion protein
is produced; pIN vectors {Inouye & fnouye, Nucleic Acids Res. 13 (1985), 3101-3109;
Van Heeke & Schuster, J. Biol, Chen 24 (1989}, 5503-5509); and the hike, pGEX

vectors can alse be used to express foreign polypeptides as fusion proteins with
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glutathione S-transferase (GST). In general, such fusion proteins are soluble and can
easily be purified from lysed cells by adsorption and binding to a matrix of glutathione-
agarose beads followed by elution in the presence of free glulathione. The pGEX
vectors are designed to include thrombin or factor Xa protease clzavage sites so that the
cloned target gene product can be released from the GST moiety.

In addition to prokaryetes, eukaryotic microbes can also be wsed. Saccharemyces
cerevisiae, or common baker's yeast, ¢ the most commonly used among cukaryotic
microorganisis although a nomber of other strains are commonly available, e.g.. Pichia
pastoris,  For expression in Saccharomyces, the plasmad YRp7, for example,
{(Stinchcomb ef @f, Nature 282 (1979), 39; Kingsman ef of, Gene 7 (1979), 141;
Tschemper e¢f af, Gene 10 {(1980), 157) is cormmonly used. This plasmid already
contains the TRPI gene which provides a selection marker for a mutant strain of yeast
lacking the ability to grow in wyptophan, for example ATCC No. 44076 or PEP4-]
{Jones, Genetics 83 (19773, 12). The presence of the trpl lesion as a characteristic of the
yveast host cell genome then provides an effective environment for deteciing
transtormation by growth in the absence of tryptophan.

fn an msect system, Aufographa californica nuclear polvhedrosis virus {AcNPV)

is typically nsed a5 a2 vector to express foreign genes. The virus grows in Spodoplera

frugiperda cells. The antibody coding sequence can be cloned wdividually inte non-

essential regions (for cxample the polyhedrin gene} of the virus and placed under
control of an ACNPV promoter (for example the polyvhedrin promoter).

Onee an antibody of the invention has been recombinantly expressed, the whole
antibodies, their dimers, individual light and heavy chains, or other mmunoglobulin
forms of ihe invention, can be purified according to standard procedures of the art,
including for example, by chromatography (e.g., won exchange, affinity, particularly by
affinity for the specific antigen after Protein A, and sizing columm chromatography),
cenirifugation, differential solubility, e.g ammonium sulfate precipitation, or by any
other standard technique for the purification of proteins; see, e.g., Scopes, "Proteir
Purification”. Springer Veriag, N.Y. (1982). Alternatively, ancther method for
mcereasing the affinity of antibodies of the invention is disclosed in U.S. Patent

Publication No. Z002-0123057 AL



WO 2013/061163 PCT/IB2012/002905

182341

16235

(0236}

1923

oy

-89 .
Y. Fusion Proteins and Conjugates
In certain embodiments, the antibody polypeptide comprises an aming acid

sequence or one of more moieties not normally associated with an antibody. Exemplary
meodifications arc described in more detail below. For example, a single~chain fv
antibody fragment of the invention can comprise a flexible linker sequence, or can be
modified 1o add a functional moiety {e.g, PEG, a drug, a toxin, or a label such as 4
tluorescent, radioactive, enzyme, nuclear magnetic, heavy metal and the like)

An antibody polypeptide of the invention can comprise, consist essentially of, or
consist of a fusion protein. Fusion proteins are chimerie molecules which comprise, for
example, an immunoglobulin TDP-43 -binding domain with at least one target binding
site, and at least one heterologous portion, i.¢., a portion with which it is not naturally
linked in nature. The amino acid sequences can normally exist in separate proteins that
are brought together in the fusion polypeptide or they can normally exist in the same
protein but are placed in a new arrangement in the fusion polypeptide. Fusion proteins
can be created, for example, by chemical synthesis, or by creating and translating a
polynucleotide i which the peptide regions are encoded in the desired relationship,

The term "heterologous” as applied to a polynucleotide or a polypeptide, means
that the polynucieotide or polypeptide is derived from a distinet entity from that of the
rest of the eatity to which it is being compared. For instance, as used herein, a
"heterclogous polypeptide” to be tused to an antibody, or an antigen-binding fragment,
variant, or analog thereof is derived from a non-immunoglobulin polypeptide of the
same species, or an immunoglobulin or non-inununoglobulin polypeptide of a different
species.

As discussed in more detail elsewhere herein, antibodies, {e.g., antigen-binding
fragments of antibodies and vanants or derivatives thereofjor antigen-binding
fragments, variants, or denivatives thereot of the invention can further be recombinantly
fused to a heterologous polypeptide at the N~ or C-terminus or chemically conjugated
(inctuding covalent and nou-covalent conjugations) to polypeptides or other
compositions. For example, antibodies can be recombinantly fused or conjugaied to
molecules useful as labels in detection assays and effecior molecules such as

heterologous polypeptides, drugs, radionuclides, or toxins, see, eg, International
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Application Publication Nos, Wi{392/08495, W{OQ1/14438;, WE9/12624; U5, Patent
No. 5,314,995, and Buropean Patent Application No. EP § 356 387,

Antibodies {e.g., antigen-binding fragments of antibodies and varants, or
derivatives thereef) of the mvention can be composed of amine acids joined to cach
other by peptide bonds or medified peptide bonds, ie., peptide isosteres, und can
comtain amino acids other than the 20 gene-encoded aming acids. Antibodies can be
meodified by natural processes, such as posttransiational processing, or by chemical
modification technigues which are known in the art.  Such modifications are well
described in basic texts and in more detailed monographs, as well as in a8 voluminous
research literature. Modifications can occur anywhere in the antibody, including the
peptide backbone, the amino geid side-chains and the angno or carboxyl iermini, or on
moicties such as carbohydrates. It will be appreciated that the same type of
modification can be present in the same or varying degrees at several sites in a given
antibedy. Also, a given antibody can contain many types of modifications. Antibodies
can be branched, for example, as a result of ubiquitination, and they can be cyclic, with
or without branching. Cyelic, branched, and branched cyelic antibodies can result from
postiranslation natural processes or can be ynade by syuthetic methods. Modifications
wclude acetylation, acylation, ADP-ribosylation, amidation, covalent attachment of
flavin, covalent attachment of a heme maiety, covalent attachment of a nucleotide or
nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent
attachiment of phosphotidylinositol, cross-linking, evelization, disulfide bond formation,
demethylation, formation of covalent cross-links, formation of cysteine, formation of
pyroglutamate, formylation, gamma-carboxylation, glycosyvlation, GPFI  anchor
formation, hydroxviation, iodination, methylation, myristoviation, oxidation,
pegylation, proteolytic  processing, phosphorylation, prenylation, racemization,
selenoylation, sulfation, transfer-RNA mediated addition of amino acids to proteins
such as arginvlation, and ubiquitination; see, e.g., Frofeins - Structure And Molecular
Properiies, T, E. Creighton, W. H. Freeman and Company, New York 2nd Ed., (1993},
Postrransiational Covalent Modification OFf Proteins, B, C. Johnson, Ed,, Academic
Press, Mew York, pgs. 1-12 (1983); Seifier ¢7 o/, Meth. Enzymol. 182 (1990), 626-646;
Rattan ef af., Ann. NY Acad. Sci. 663 {1992}, 48-62),
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The wvention also provides for fusion proteins comprising an antibody, or
antigen-binding fragment, variant, or denvative thereof, and a heterologous
polypeptide. In one embodiment, a fusion protein of the invention comprises, consists
essentially of, or consists of, a polvpeptide having the amino acid sequence of any one
or more of the Vi regions of an antibody of the invention or the amino acid seguence of
any one or more of the Vi regions of an antibody of the invention or fragments ot
variants thereof, and a heterologous polypeptide sequence. In another embodiment, a
fusion protein for use in the diagnostic and treatment methods disclosed herein
comprises, consists essentially of, or consists of a polypeptide having the amino acid
sequence of any one, two, thuee of the Vi-CDRs of an antibody, or fragments, variants,
or derivatives thereot, or the amino acid sequence of any one, two, three of the V-
CIDRs of an antibody, or fragments, variants, or derivatives thereof, and a heterologous
polypeptide sequence. i one embodirpent, the fusion protein comprises a polypeptide
having the amino acid sequence of a Vi-CIDR3 of an antibody of the invention, or
fragment, derivative, or variant thereof, and a heterologous polypeptide sequence,
which fusion protein specifically binds to TDP-43. In another embodiment, a fusion
profein comprises a polypeptide having the amino acid sequence of at least one Vi
region of an antibody of the invention and the amine acid sequence of at least one Vi
region of an antibody of the wvention or fragments, dertvatives or variants thereof, and
a heterologous polypeptide sequence. In one embodiment, the Vi and V) regions of the
fusion protein correspond to a single source antibody {or scFv or Fab fragment} which
specifically binds TIIP-43 . In vet another embodiment, a fusion protein for use in the
diagnostic and treatmment methods disclosed herein comprises a polypeptide having the
aming acid sequence of any one, two, three or more of the Vy CDRs of an antibody and
the amino acid sequence of any one, two, three or more of the V. CDRs of an antibody,
or fragments or variants thereof, and a heterologous polypeptide sequence. In one
embodiment, two, three, four, five, six, or more of the Vyu-CDR(s) or Vi~CDR(s}
correspond to single souwrce antibody (or scFv or Fab fragment) of the inveation.
Nucleic acid melecules encoding these fusion proteins are also encompassed by the
nvention.

Exemplary fusion proteins reported in the literature include fusions of the T cell

receptor {Gascoigne ef a@f., Proc. Natl, Acad. Sci. USA &4 (1987, 2936-2940, C4
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(Capon ei «f., Natare 337 (1989}, 325-531; Traunecker ef of, Nature 339 {1989), 68-70;
Zettmeiss] ef o, DNA Cell. Biol. USA 9 (1990}, 347-353; and By ef o/, Naiure 344
(1990}, 667-670); L-selectin (homing receptor) {Watson ef of, 1. Cell. Biol. 110 (19903,
2221-2229; and Watson ef ¢f, Nature 349 {1991), 164-167; CD44 {Aruffo er al., Cell
61 (1990), 1303-1313); CDZ8 and B7 (Linsley er af, J. Exp. Med. 173 (1991),721-
730y CTLA-4 (Lisley ef af,, J. Exp. Med. 174 (1991), 561-569); C322 (Stamenkovic ¢f
al, Cell 66 {1991}, 1133-1144); TNF receptor ( Ashkenazi e: al, Proc. Natl. Acad. Sci.
USA 88 (1991), 10535-10539; Lesslauer ¢f ai., Eur. J. Immunol, 27 (1991), 2883-2886;
and Peppel er af, J. Exp. Med. 174 (1991), 1483-1489 {1991}; and IgE receptor a
{Ridgway and Gorman, I. Cell. Biol. 115 (1991}, Abstract No. 1448).

As discussed elsewhere herein, antibodies, (e.g., intact antibodies, and antigen-
binding fragments of antibodies and variants, or derivatives thereof) of the mvention
can be fused to heterologous polvpeptides to ineorease the in vive half-life of the
polvpeptides or for use in imununoassays using methods known in the art. For example,
in one embodiment, PEG can be conjugated to the antibodies of the invention o
increase their half-life in vivo; see, eg, Leong ef @l Cytokine 16 (2001), 106-119;
Adv. in Drug Deliv. Rev. 54 (2002), 531, or Weir ¢f ¢/, Biochem. Soc. Transactions 30
(20023, 512,

Moreover, antibodies {e.g, intact antibodies, and antigen-binding fragments of
antibodies and variants, or derivatives thereof) of the invention can be fused to marker
sequences, such as a peptide to facilitate their purification or detection. In particuiar
eynbodiments, the marker amino acid sequence i3 a hexa-histidine peptide {HIS}, such
as the tag provided in a pQE vector (QIAGEN, Inc., 9259 Eton Avenue, Chatswgrth,
Calif,, 91311}, among others, many of which are comymercially available. As described
in Gentz ef af, Proc. Natl Acad, Sci. USA 86 (1989, 821-824, for instance, hexa-
histidine provides for convenient purification of the fusion protein. Other peptide tags
usefid for purification include, but are not timited to, the "HA" tag, which corresponds
to an epitope derived from the influenza hemagglutinin protein (Wilson ef of.. Cell 37
(1984}, 767) and the "flag” tag.

Fusion proteins can be prepared using methods that are well known in the art; see
tor example U.S. Patent Nos. §,116,964 and 5,225,538, The precise site at which the

fusion is made can be selected empirically to optimize the secretion or binding
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characteristics of the fusion protein. DNA encoding the fusion protein is then
transfected into a host cell for expression.

Antibodies of the invention can be used i non-conjugated form or can be
conjugated to at least one of a variety of molecules, e.g, o improve the therapsulic
properties of the molecule, 1o facilitate target detection, or for imaging or therapy of the
patient. Antibodies {2. g, mtact antibodies, and antigen~binding fragments of antibodies
and varianis, or derivatives thereof) of the wywvention can be labeled or conjupated cither
before or after purification, when purification is performed, In particular, antibodies of
the invention can be counjugated o therapeutic agents, prodiugs, peptides, proteins,
enzymes, viruses, lpids, bislogical response modifiers, pharmaceuiical agents, or PEG,

Conjugates that are inumunoiexing including conventional antibodies have heen
widely deseribed in the art.  The toxins can be coupled to the antibodies by
conventional coupling techniques or ImMmuncioxXing comtaining protein (OXin portions
cant be produced as fusion proteins. The annbodies of the invention can be used in a
corresponding way to obtatn such immunotoxins. Hlustrative of such immunotoxins are
those described by Byers. Seminars Celll Bioh 2 (19913, 5970 and by Fanger,
Imrouncl. Today 12 {1991}, 3154,

Those of ordinary skil in the an will appreciate that conjugates can also be
assembied using a varety of wehnigues depending on the selecied agent to be
conjugated. For example, conjugates with biotin are prepared e.g. by reacting an TDP-
43 binding polypeptide with an activated ester of biotin such as the biotin N-
hydroxysuceiniimide ester.  Simuarly, conjugates with a fluorescent marker can be
prepared o the presence of a coupling agent, e.g. those listed herein, or by reaction with
an isothiocyanate, or fluorescein-isothiooyanate, Conjugates of the of the invention are
prepared in an analogous manner,

The invention further encompasses antibodies (e.g., intact antibodies, and antigen-
binding fragments of antibodies and variants, or denvatives thereof) of the invention
conjugated to a diagnostic or therapeutic agent.  The antibodies can be weed
diagnostically to, for example, demonstrate presence of a neurclogical disease, to
indicaie the nisk of getting a sewological disease, 19 monitor the development or
progression of a newrological dissase, 1o TDP-43 proteimopathy as part of a clinical

testing procedure to, ¢ g.. determune the efficacy of & given treatment and/or prevention
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regimen. Detection can be facilitated by coupling the antibody, or antigen-binding
fragment, variant, or derivabive thereot to a detectable substance. Examples of
detectable substances inchude various enzymes, prosthetic groups, fluorescent materials,
luminescent materials, bisluminescent materials, radioactive materials, positron
emifting metals using varions positron emussion tomographies, and nonradioactive
paramagnetic metal ions; see, e g, U.S. Patent No. 4,741,900 for metal ions which can
be conjugated fo antibodics for use as diagnostics according 0 the invention. Examples
of suitable enzymes include horseradish peroxidase, alkaline phosphatase, B-
palactostdase, or acetyicholinesterase; examples of suitable prosthetic group complexes
inchude streptavidin/biotin and avidinbioting examples of suitable fluorescent materials
inclade  umbelliferone,  fluorescein,  fluorescein  isothiocyanate,  rhodamine,
dichlorotriazinylamine Huorescein, dansyl chloride or phycoeryihrin; an example of a
furmnescent material inchudes fuminol; examples of bislumineseent materials include
huctferase, buciferin, and acquorin: and examples of suitable radicactive material inchude
1257 131 il 60 T,

An antibody, or antigen-binding fragment, variant, or derivative thereof also can
be detectably labeled by coupling it to a chemulnminescent compound. The presence of
the chemiluminescent-tagged antibody is then determined by detecting the presence of
lurmnescence that arises during the course of a chemical reaction. Examples of
particularly useful chemiluminescent labeling compounds are huminol, ischuninol,
theromatic acridinium ester, imidazole, acridiniom salt and oxalate ester.

One of the ways in which an antthody, or anfigen-binding fragment, variant, or
derivative thereof can be detectably labeled 1s by hinking the same 1o an enzyme and
using the Hnked produc! in an enzyme immunoassay (E1A) (Voller, A, "The Enzyme
Linked fmmnuncsorbent Assay (ELISAY" Microbiological Associates Quarterly
Publication, Walkersville, Md,, Biagnostic Horizons 2 (19783, 1.7y Voller ef af, J.
{Clin. Pathol. 31 (1978), 507-520; Butler, Mceth. Enzymol. 73 {1981}, 482-323; Maggio,
E. {ed.y, Enzvme Immuncassay, CRC Press, Boca Raton, Fla, (1980); ishikawa, E. ef
al, {(eds.), Funzyme Immunoassay, Kgaku Shoin, Tokyve (1981}, The enzvme, which is
bound to the antibody will react with an appropriate substrate, preferably a chromogenic
substrate, in such a manner as to produce a chernical motely which can be detecied, for

exampie, by spectrophotometric, fluorimetric or by visual means, Fnzyimes which can
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be used to detectably label the antibody include, but are not himited to, malate
dehydrogenase, staphvlococcal nuclease, delta-S-steroid isomerase, veast alcohol
dehydrogenase, alpha-giveerophosphate, dehydrogenase, triose phosphate isomerase,
horseradish peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, beta-
galactosidase, ribomuclease, urease, catalase, glucose-6-phosphate dehydrogenase,
gluccamylase and acetvicholinesterase. Additionally, the detection can be accomplished
by colonmetric methods which employ a chromogenic substrate for the enzyme.
Detection can also be accoruplished by visual comparison of the extent of enzymatic
reaction of a substrate in comparison with similarly prepared standards.

Detection can also be accomplished using any of a variety of gther immunoassays.
For example, by radioactively labeling the antibody, or antigen-binding fragment,
variant, or dertvative thereof, it 1s possible to detect the antibody through the use of a
radioimmunoassay  {RIA}  (see, for example. Weintraub, B., Princivles of
Radicimmunoassays, Sevenih Training Course on Radioligand Assay Technigues, The
Endocnine Society, {March, 1986)), which is heretn incorporated by reference in its
entirety). The radicactive isotope can be detected by means inchiding, but not Hmited
to, a gamma counter, a scintillation counter, or autoradiography.

An antibudy, or antigen-binding fragment, variant, or derivative thereof can also
be detectably labeled using fluorescence emitting metals such as "*Eu, or others of the
lanthanide series. These metals can be attached to the antibody using such metal
chelating Qroups as diethyvlenetriaminepentacetic acid (DTPA) or
gthylenediaminetetraacetic acid (EIDTA).

Technigues for conjugating various moleties to an aptibody, or antigen-binding
fragmenti, variant, or derivative thereot are known; see, e.g., Amon ¢f af, "Monoclonal
Antibodies For Immunotargeting Of Drugs In Cancer Therapy", in Monocional
Antibodies And Cancer Therapy, Reisfeld e af, (eds.}, op. 243-56 (Alan R. Liss, Inc.
{1985); Hellstrom of af., "Anttbodies For Drug Delivery”, in Controlled Drug Delivery
{Zad Ed), Robinson ef af. {eds), Marcel Dekker, Inc., pp. 623-53 {1987); Thorpe,
"Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review”, in Monoclona!
Antibodies ‘84 Bivlogical And Clinical Applications, Pinchera ef of, {eds.}, pp. 475~
306 {1985); "Analysis, Results, And Future Prospective Of The Therapeutic Use Of

13

Radiclabeled Antibody In Cancer Therapy”. in Morocional Amtibodies For Cancer
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Detection And Therapy, Baldwin ef al., (eds.), Academic Press pp. 303~16 (1983), and
Thorpe et al, "The Preparation And Cyvtotoxic Properties (f Antibody-Toxin
Conjugates”, fmmunol. Rev. 62 (1982), 119-158.

As mentioned, in certain embodiments, a moiety that enhances the stability or
efficacy of a binding wolecule, e g, a binding polypeptide, e.g, an antibody or
immunospecific fragment thereof can be corjugated. For example, in one embodiment,
PEG can be conjugated to the binding melecules of the invention to ncrease their half-
life /v vivo. Leong ef al., Cytokine 16 {2001}, 106; Adv. in Drug Deliv. Rev. 54 (2002},

531; or Weir ef @/, Biochem. Soc. Transactions 30 (2002), 512.

Vi. Compositions aud Methods of Use

The invention relates to compositions comprising the aforementioned TDP-43
binding molecule, e.g,, antibody or antigen-binding fragment thereof of the invention or
derivative or variant therecf, or the polvnucleotide, vecior or cell of the invention. The
composition of the invention can further comprise 3 pharmaceutically acceptable
carrier. Furthermore, the pharmaceutical composition of the invention can comprise
further agents such as interieukins or interferons depending on the intended use of the
pharmaceutical composition. For example, for use in the treatment of TDP-43
proteinopathy the additional agent can be selected from the group consisting of small
organic molecules, anti-TDP-43 antibodies, and combinations thereof. Hence, in a
particuiar embodiment the invention relates to the use of the TDP-43 binding melecule,
¢.g., antibody or antigen-binding fragment thereot of the invention or of a binding
molecule having substantially the same binding specificities of any one thereof, the
polynucleotide, the vector or the cell of the invention for the preparation of a
pharmaceutical or diagnostic composition for prophylactic and therapeutic treatment of
a TDP-43 protemopathy, wonitoring the progression of a TDP-43 proteinopathy or a
response to a TDP-43 proteinopathy treatment in a subject or for determining a subject's
risk tor developing a TDP-43 proteinopathy.

Hence, w one embodiment the invention relates to a methed of treating a
neurological disorder characterized by abnormal accumulation and/or deposition of
TDP-43 in the brain and the central uervous system, respectively, which method
comprises administering 1o a subject In need thereof a therapeutically effective amount

of any one of the afore-described TDP-43 binding molecules, antibodies,
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polynucleotides, vectors or cells of the instant invention.  The term "TDP-43
proteinopathy” incledes but is not limited 1o TDP-43 proteinopathies such as
argyrophilic grain disease, Alzheimer’s disease, Amyotrophic lateral sclerosis (ALS),
ALS-Parkinsonisty dementia complex of Guam, corticobasal degeneration, Dementia
with Lewy bodies, Huntington’s discase, Lewy body disease, motor newron disease,
frontotemporal lobar degeneration (FTLDY), frontotemporal dementia, frontotemporal
lobar degeneration with ubiquitin-positive inclusions, hippocampal sclerosis, inclusion
body myopathy, inclusion body myosuis, Parkinson's disease, Parkinson's disease
demergia, Parkinson-dementia complex in Kii peninsula and Pick’s disegse as well as
other movement disorders, neurodegenserative diseases and discase of the central
nervous system (CNS) in general. Unless stated otherwise, the terms neurodegenerative,
neurclogical or newopsychiatric are used interchangeably herein.

A particular advantage of the therapeutic approach of the invertion lies in the fact
that the antibodies of the invention are derived from B cells or B memory cells from
healthy human subjects with no signs of ALS and/or FTLD and thus are, with a certain
probability, capable of preventing a clinically manifest TIDFP-43 proteinopathies, or of
diminishing the risk of the occwrrence of the clinically manifest disease, or of delaving
the onset of the clinically manifest disease. Typically, the antibodies of the invention
also have already successfully gone through somatic maturation, ie. the optimization
with respect fo target selectivity and effectiveness in the high aflinity binding to the
target TUP-43 molecule by means of somatic variation of the variable regions of the
antibody.

The knowledge that such cells in vive, e.g., in 4 human, have not been activated by
means of related or other physiological proteins or cell structures in the sense of an
autonmmunological or allergic reaction is also of great medical immportance since this
signifies a considerably increased chance of successfully living through the clinical test
phases.  So to speak, efficiency, acceptability and tolerability have alrcady been
deronstrated before the preclinical and clinical development of the prophylactic or
therapeutic antibody in at least one iman subject. it can thus be expected that the
human anti-TDP-43 antibodies of the invention, both its target structure-specific
efficiency as therapeutic agent and its decreased probability of side effects significantly

increase its clinical probability of suceess.
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The invention also provides a pharmaceutical and diagunostic, respectively, pack or
kit comprising one or more containers filled with one or more of the above described
ingredierys, g anti-TIP-43 antibody, binding fragment, derivative or variamt thereof,
polvnucleotide, vector or cell of the invention. Associated with such container(s) can be
a notice in the form prescribed by a governmenial agency regulating the manufacture,
use or sale of pharmaceuticals or biclogical products, which notice reflects approval by
the agency of manufaciure, use or sale for human administration. In addition or
alternatively the kit comprises reagents and/or instructions for use in appropriate
diagnostic assays. The compostiion, e.g kit of the mwvention is of course particularly
snitable for the risk assessment, diagnosis, prevention and treatment of a disorder which
s accompanied with the presence of TDP-43, and in particular applicable for the
treatment of neurodegencrative diseases, TDP-43 proteinopathies, argyrophilic grain
disease, Alzheimer’s disease, Amyotrophic lateral sclerosis (ALS), ALS-Parkinsonism
dementia complex of Guam, corticobasal degeneration, Dementia with Lewy bodies,
Huntington’s disease, Lewy body disease, motor neuron disease, frontotemporal lobar
degeneration (FTLD), frontotemporal dementia, frortotemporal lobar degeneration with
ubiguitin-positive  inclusions, hippocarupal  sclerosis, inelusion body myopathy,
inclusion body myositis, Parkinson's disease, Farkinson's discase dementia, Parkinson-
dementia coruplex in Kii peninsnia and Pick’s disease.

In a specific embodiment, the composition of invention i3 in a sterile agueouns
solution. In another embodiment, one or more of the components of a composition of
the invention have been lyophilized. In an additional embodiment, the compaosition of
the invention does not contain serum. In a further embodiment, one or more antibodies
contained in a composition of the mvention are recombinantly produced.  In another
embodiment, the population of antibodies of the invention in the composition
constitutes at least 10% of the immunoglobulin population in the composition.

The pharmaceutical compositions of the invention can be formulated according to
methods known in the art; see for example Remington: The Science and Practice of
Pharmacy (2000} by the University of Sciences in Philadelphia, ISBN 0-683-306472.
Examples of suitable pharmaceutical carriers are known in the art and include
phosphate buffered saline solutions, water, emulsions, such as oil/water emulsions,

various types of wetting agents, sterile solutions ctc.  Compositions comprising such
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carriers can be formulated by known conventional methods. These pharmaceutical
compositions can be administered to the subject at a suitable dose. Administration of
the suitable compositions can be effected by different wavs, e.g, by intravenous,
intraperitoneal, subcutaneous, intramuscular, fopical or intradermal administration.
Aerosol formuations such as nasal spray formulations include purified agueous or other
solutions of the active agent with preservative agents and isotonic agents. Such
formulations are adjusted to a pH and isotonic state corapatible with the nasal micous
membranes.  Formulations for rectal or vaginal ad-ministration can be presented as a
suppository with 2 suitable carrier.

Meore particularly, pharmaceutical compositions suitable for injectable use include
sterile aqueous solutions (where water soluble) or dispersions and sterile powders for
the extemporaneous preparation of sterile injectable solutions or disperstons. In such
cases, the composition must be sterile and should be fluid to the extent that casy
syringability exists. [t should be stable under the conditions of manufacture and storage
and will preferably be preserved agaivst the contaminating action of microorganisms,
such as bacteria and fungi, The carrier can be a solvent or dispersion medinm
contaimng, for example, water, ethanol, polyol {e.g., glycerol, propylene glycel, and
Haguid polvethylene glyesl, and the like), and suitable muxtures thereof. The proper
fluidity can be maintained, {or example, by the use of a coating such as fecithin, by the
maintenance of the reguired particle size in the case of dispersion and by the use of
surfactants.

Furthermore, whereas the invention includes the now standard (though fortunately
nfrequent} procedure of drilling a small hole in the skuil to administer a drug of the
invention, in one aspect, the binding molecule, especially antibody or antibody based
drug of the invention can cross the blood-brain barrier, which allows for intravenous or
oral administration.

The dosage regimen will be determined by the attending physician and clinical
factors. As is known in the medical arts, dosages for any one patient depends upon
many factors, including the patient's size, body surface ares, age, the particular
compound to be administered, sex, time and route of administration, general health, and
other drugs being administered concurrently, A typical dose can be, for example, in the

range of 0.001 to 1000 pg {or of nucleic acid for expression or for inhibition of
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expression inn this range); however, doses below or above this exemplary range are
envisioned, especially considering the aforementioned factors. Generally, the dosage
can range, e.g., from about 0.0001 to 100 mg/kg. and more usually 8.01 o 5 mg/kg
{e.g., 0.02 mg/kg, 0.25 mg/kg, 0.5 mg/kg, 0.75 mg/ke, 1 mg/kg, 2 mg/kg, etc.), of the
host body weight. For example dosages can be 1 mg/'kg body weight or 10 mg/kg body
weight or within the range of 1-10 mg/kg, or at least 1 mg'kg. Doses intermediate in the
above ranges are also mntended 10 be within the scope of the invention. Subjects can be
administered such doses daily, on alternative days, weekly or according to any other
schedule determined by empivical analysis. An exemplary treatment entails
administration in multiple dosages over a prolenged period, for example, of at least six
months. Additional exemplary treatment regimens entail administration once per every
two wecks or once a month or once every 3 to 6 months. Exeraplary dosage schedules
include 1-10 mg/kg or 15 mg/kg on consecutive days, 30 mg/kg on alternate days or 60
mg'ke weekly. In some methods, two or more monocional antibodies with different
binding specificities are administered simultaneously, in which case the dosage of each
antibody administered falls within the ranges indicated. Progress can be monitored by
perigdic assessment,

Preparations for parenteral administration inchude sterile agqueous or nop-aqueous
solutions, suspensions, and emulsions.  Examples of non-agquecus solvents are
propylene glycol, polvethylene glycol, vegetable oils such as olive oil, and injectable
organic esters such as ethy! oleate. Aqueous carriers include water, aleoholic/aqueous
solutions, emulsions or suspensions, including saline and buffered media, Parenteral
vehicles include sodium chloride solution, Ringer's dextrose, dextrose and sodium
chioride, lactated Ringer's, or fixed oils. Intravencus vehicles include fluid and nutrient
replenishers, electrolvte replenmishers {such as those based on Ringer's dextrose}, and the
like. Preservatives and other additives can also be present such as, for example,
antimicrobials, anti-oxidants, chelating agents, and inert gases and the like.
Forthermore, the pharmaceutical composition of the invention can comprise further
agents such as dopamine or psychopharmacologic drugs, depending on the ntended ase
of the pharmaceutical composition.

Furthermore, in a particular embodiment of the invention the pharmaceutical

composition can be formulated as a vaccine, for example, if the pharmaceutical
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composition of the invention comprises an anti-T13P-43 antibody or binding fragment,
derivative or variant thereot for passive immunization. It is prudent to expect that the
human amti TDP-43 antibodies and equivalent TDP-43 binding molecules of the
inveniion are particularly useful as a vaccine for the prevention or amelioration of TDP-
43 proteinopathies such as amyotrophic lateral sclerosis (ALS) argyrophilic grain

1

disease, Alzheimer’'s disease, ALS-Parkinsonisrn dementis complex of (Guam,
corticobasal degeneration, Dementia with Lewy bodies, Huntington’s disease, Lewy
body disease, motor neuron disease, frontoternporal lobar degeneration (FTLD),
{rontotemporal dementia, frontoleroporal lobar degeneration with ubiquitin-positive
inclustons, hippocampal sclerosts, inclusion body myopathy. inclusion body myositis,
Parkinson's disease, Parkinsor'’s disease dementia, Parkinson-dementia complex in Ki
peninsula, Pick’s disease, Machado-Joseph disease and the like.

In one embodiment, it can be beneficial to use recombinant Fab (rFab) and single
chain fragments {(scFvs) of the antibody of the invention, which might more readily
penetrate a cell membrane. For example, Robert ¢f af, Protein Eng. Des. Sel. {(2008)
Ot 16; 51741-0134, published online shead, describe the use of chimeric recombinant
Fab (rFab) and single chain fragments {scFvs) of monoclonal antibody WQO-2 which
recognizes an epitope in the N-terminal region of AB. The engincered fragments were
able to (i) prevent amyloid fibrillization, (1) disaggregate preformed ABI-42 fibrils and
(1i1) minbit AB1-42 oligomer-mediated neurotoxicity in virro as efficiently as the whole
193 molecule. The perceived advantages of using small Fab and scFv engineered
antibody formats which lack the effector function inelude more efficient passage across
the blood-brain barrier and minimizing the risk of iriggering inflammatory side
reactions. Furthermore, besides scFv and single-domain antibodies retain the binding
specificity of full-length antibodies, they can be expressed as single genes and
intracellularly in mammalian cells as intrabodies, with the potential for alteration of the
folding, mteractions, modifications, or subcellular localization of their targets; see for
review, e.g., Miller and Messer, Molecular Therapy 12 {2005}, 394-401.

in a different approach Muller ef ai, Expert Opin. Biol Ther. (2095), 237241,
describe a technology platform, so-called "SuperAntibody Technelogy', which is said to

enable antibodies to be shuttied into living cells without harming them. Such cell-
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penetrating antibodies open new diagnostic and therapeutic windows.  The term
"TransMabs' has been coined for these antibodies.

In a further embodiment, co~administration or sequential administration of other
neuroprotective agents nsetul for treating a TDP-43 proteinopathy can be desirable. In
one embodiment, the additional agent is comprised in the pharmaceutical composition
of the invention. Examples of neuroprotective agents which can be used to treat a
subject include, but are not limited to, an acetylcholinesterase inhibitor, a glutamatergic
receptor antagorust, kinase inhibitors, HDBAC inhibitors, anti-inflammatory agents,
divalproex sodium, or any combination thereof. Examples of other neuroproteciive
agents that can be used concomitant with pharmaceutical composition of the invention
are described in the art; see, eg International Application Publication No.
WO2067/611907. In one embodiment, the additional agent is dopamine or a dopamine
receptor agonist.

A therapeutically effective dose or amount refers to that amount ot the active
toxicity of such compounds can be determined by standard pharmaceutical procedures
in cell cultures or experimental antmals, e g., EDsy (the dose therapeutically cfiective in
50% of the population) and LD {the dose lethal to 50% of the population). The dose
ratio between therapeutic and toxic effects is the therapeutic index, and it can be
expressed as the ratio, LDso/Efs;.  In one embodiment, the therapeutic agent in the
composition is present in an amount sufficient 1o restore or preserve normal behavior
and/or cognifive properties in case of ALS and/or FTLD or other TDP-43
proteinopathies.

From the foregoing, it is evident that the invention encompasses any use of an
TDP-43 bhinding molecule comprising at least one CDR of the above described
antibody, in particular for diagnosing and/or treatment of a T{P-43 proteinopathies as
mentioned above, particularly amyotrophic lateral sclerosis and/or frontoternporal lobar
degeneration.  In one embodiment, said binding moelecule is an antibody of the
invention or an immunoglobulin chain thereof. In addition, the invention relates to anti-
idiotypic antibodies of any one of the mentioned antibodies described hereinbefore.
Anti-idiotypic anftbodies are antibodies or other binding melecules which bind to the

uhigue antigenic peptide seguence located on an antibody's variable region near the
g ] g
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antigen-binding site and are useful, e.g.. for the detection of anti-TDP-43 antibedies in
sample of a subject.

In another embodiment the mvestion relates to a diagnostic composition
comprising any one of the above described TDP-43 binding molecules, antibodies,
antigen-binding fragments, polynucleotides, vectors or cells of the invention and
optionaily suitable means for detection such as reagents conventionally used in immuno
or nucleic acid based diagnostic methods. The antibodies of the invention are, for
example, suited for use in immuncassays in which they can be utilized in liquid phase
or hound o a solid phase carrier. Examples of imumunocassays which can utilize the
antibody of the invention are competitive and non-competitive inmunoassays in either
a direct or indirect format. Examples of such imumunoassays are the radioimmunoassay
{RIA}, the sandwich (immunometric assay), How cytometry and the Western blot assay,
The antigens and antibodies of the invention can be bound to many different carriers
and used to isolate cells specifically bound thereto. Examples of known carriers include
glass, polystyvrene, polyvinyl chloride, polypropylene, polyethylene, polycarbonate,
dextran, nylon, amyloses, natural and modified celivloses, polyacrylamides, agaroses,
and magpetite. The nature of the carrier can be either soluble or insoluble for the
purposes of the invention. There are many different labels and methods of labeling
known to those of ordinary skill in the art. Examples of the types of labels which can
be used 1n the invention include enzymes, radicisotopes, colloidal metals, fluorescent
compounds, chemiluminescent compounds, and bioluminescent compounds; see also
the embodiments discussed hereinabove.

By a further embodiment, the TDP-43 binding molecules, in particular antibodies
of the invention can also be used in a method for the diagnosis of a disorder in an
individual by obtaining a body finid sample from the tesied individual which can be a
blood sample, a lymiph sample or any other body thaid sample and contacting the body
fluid sample with an antibody of the instant invention under conditions enabling the
formation of antibody-antigen complexes. The level of such complexes is then
determined by methods known in the art, a level significantly higher than that formed in
a condrol sample indicating the disease in the tested individual. In the same manner, the

apecific antigen bou : the antibodies of the invention can also be used. Thus, the
specific antipen bound by the antibodies of t} ntion can also t ed. Thus, th
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ivention relates to an in vifre brununoassay comprising the binding molecule, e.g,
antibody or antigen-binding fragment thereof of the wmvention.

In this context, the invention also relates to weans specifically designed for this
purpose.  For example, an antibody-based array can be used, which is for example
lvaded with antibodies or equivalent antigen-binding molecules of the invention which
specifically recognize TDP-43, Design of microarray immunoassays is sumumanzed in
Kusnezow ¢f of., Mol. Cell Proteomics 5 {2006}, 1681-1696, Accordingly, the invention
also relates to microarrays loaded with TDP-43 binding molecules identified in
accordance with the nvention.

In one embodiment, the invention relates 10 a method of diagnosing a THP-43
proteinopathy in a subject, the method comprising:

{a) assessing the fevel of TDP-43 in a sample from the subject
to be diagnosed with an antibody of the invention, an TDP-
43 binding fragment thereof or as TDP-43 binding
molecule having substantially the same binding specificities
of any one thereof; and

{b) Comparing the level of the TDP-43 1o a reference standard
that indicates the level of the TDP-43 n one or more
control subjects,

Wherein a difference or simifarity between the level of the TDP-43

and the reference standard indicates that the subject suffers from a

TDP-43 proteinopathy.

The subject to be diagnosed can be asymptomatic or preclinical for the disease. In
one embodiment, the control subject has a TDP-43 proteinopathy, for example ALS or
FTLD, wherein a similarily between the level of TDP-43 and the reference standard
indicates that the subject to be diagnosed has a TDP-42 proteinopathy. Alternatively, or
in addition as a second conirol the control subject does not have a TDP-43
proteinopathy, wherein a difference between the level of TDP-43 and the reference
standard indicates that the subject to be diagnosed bas a TDP-43 proteinopathy. [, the
subject to be diagnosed and the control subject(s) are age-maiched. The sample 1o be
analyzed can be any body fluid suspected to contain TDP-43, for example a blood, C8F,
ot urine sample.

The level of TDP-43 can be assessed by any suitable method known in the art

comprising, e.g., analyzing TDP-43 by one or more techniques chosen from Western
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blot, immunoprecipitation, enzyme-linked  immunosorbent  assay  (ELISA),
radioimmunoassay (RIA}, fluorescent activated cell sorting {(FACS), two-dimensional
gel  electrophoresis,  1nass  speciroscopy (MS),  matrix-assisted  laser
desorption/ionization-time  of  flight-MS  (MALDIL-TOF), surfacc-enhanced laser
desorption  ionization-time of flight (SELDI-TOF), high performance liguid
chromatography (HPLC), fast protein liquid chromatography (FPLC), multidimensional
Hauid chromatography (1L.C) followed by tandem mass spectrometry (MS/MS), and
laser densitometry. In one emboediment, said in vivo jraging of TDP-43 comprises
positron ernission tomography (PETY, single photon emission tomography {SPECT),
near infrared {NIR) optical imaging or magnetic resonance imaging (MRI).

{9277) Methods of diagnosing a newrodegenerative disease such as AD, Parkinson's
discase, ALS, Huatington's disease, [Dementia with Lewy bodies or FTLD for
monitoring a TDP-43 proteinopathy progression, and wonitoring a THP-43
proteinopathy treatment using aniibodies and related means which can be adapted in
accordance with the invention are also described in International Application
Publication Nos. WO 2010/11 1587 and WO2007/0119047, which is herein incorporated
by reference 1n its entirety. Those methods can be applied as described but with an
TDP-42 specitfic antibody, binding fragment, derivative or variant of the invention.

{3278} These and other embodiments are disclosed and encompassed by the description
and examples of the invention. Further literature concerning any one of the materials,
methods, uses and compounds to be emploved in accordance with the invention can be
retrieved from public libraries and databases, using for example electronic devices. For
example the public database "Medline"” can be utilized, which i1s hosted by the National
{Center for Biotechnology Information and/or the National Library of Medicine at the
Wational Institutes of Health. Further databases and web addresses, such as those of the
Furopean Bioinformatics Institute (EBI), which is part of the Buropean Molecular
Biology Laboratory (EMBL) are known to the person of ordinary skill in the art and can
also be obtained using internet search engines. An overview of patent information in
biotechnology and a survey of relevant sources of patent information useful for
retrospective searching and for current awareness are given in Berks, TIBRTECH 12

{1994}, 352-364.
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The above disclosure generally descrtbes the invention. Unless otherwise stated, a
termn as used herein is given the definition as provided in the Oxford Dictionary of
Biochemustry and Molecular Biology, Oxford University Press, 1997, revised 2000 and
reprinted 2003, ISBN 0 19 850673 2. Several documents are cited throughout the text
of this specification. Full bibliographic citations can be found at the end of the
specification Immediately preceding the claims. The contents of all cited references
(including literature references, issued patents, published patent applications as cited
throughout this application and manufacturer's specifications, instructions, eic.} are
hereby incorporated by reference in their entiretics; however, there 1s no admission that
any document cited is indeed prior art as to the invention,

A more complete understanding can be obtained by reference to the following
specific exampiecs which are provided herein for purposes of illusiration only and are

not intended to limt the scope of the invention.

EXAMPLES

Material and methods

Detailed deseriptions of conventional methods, such as those employed herein can
be found in the cited literature. Unless indicated otherwise below, identification of
TDP-43-specitic B cells and molecular clorung of TDP-43 antibodies displaying
specificity  of interest as well as their recombinamt expression and functional
characterization has been or can be performed as described in the Examwples and
Supplementary Methods section of International Application PCT/EP200&/000653
published as WO2008/081008, each of which are herein incorporated by reference in its

entirety.

Huaman TDBP-43 antibody screening

ELISA

96 well haltf area microplates (Corming) were coated with either:

{a) recombinant full-length His-tagged buman TDP-43 (Biogen Idec, USA},

ar
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(b} a synthetic peptide consisting of residues 390-414 of the C-terminal
domain of TDP-43 with phoesphorylation modification at residues 409 and 410
{Shafer-N, DK}

at a concentration of 5 ug/ml and 3.3 ug/mi, respectively, in carbonate ELISA
coating buffer {pH 9.6) overnigit at 4°C.

Plates were washed in PBS-Tween {pH 7.6 and non-specific binding sites were
blocked for 1 hr. at room temperature with PBS-T containing 2% BSA (Sigma, Buchs,
Switzeriand). B cell conditioned medium was transterred from memory B cell culture
plates to ELISA plates and incubated for § br. at roon temperature. ELISA plates were
washed in PBS-T and then incubated with horse radish peroxidase (HRP)-conjugated
anti-human immunoglobuling polyclonal antibodies (Jackson ImmunoResearch, USA).
After washing with PBS-T, binding of human antibodies was determined by

measurement of HRP activity in a standard colorimetric assay.

MsD

Standard 96 well 10-Spot MULTI-SPOT plates (Meso Scale Discovery, USA)
were coated with 8 mixture of TDP-43 protein fragments corresponding to amino acids
1-259, 260 to 277 and 350-366 {Abcam ple, UK}, respectively, 10 pg/ml of ecach
peptide was vsed and formulated in PBS. Non-specific binding sites were blocked for |
hr, at room temperature with PBS-T containing 3% BSA followed by incubation with B
cell conditioned medium for 1 hr. at room temperature. Plates were washed in PBS-T
and then mcubated with SULFO-Tag conjugated anti-human polvelonal antibody
{Mesoscale Discovery, USAL After washing with PBS-T, bound antibody was detected
by electrochemiluminescence measurement using a SECTOR Imager 6000 (Meso Scale

Discovery, USA).

Molecular cloning of human TDP-43 antibodies

Samples contaiping memory B cells were obtained from healthy buman subjects.
fiving B cells of selected memory B cell cultures were harvested, mRNA was isolated
and ¢DNA was prepared by Reverse Transcriptase (Clontech, USA). Immunoglobulin
heavy and light chain sequences were then obtained using a nested PCR approach.

A combination of primers representing all sequence families of the human

tmmunoglobulin germline repertoire are used for the amyplifications of leader peptides,
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Vesegnments and J-segments. The first round amplification is performed using leader
peptide-specific primers in 5-end and constant region-specific primers in 3-end (Smith
et af., Nat Protoc. 4 (2009), 372.384). For heavy chains and kappa light chains, the
second round amplification is performed using V-segment-specific primers at the '-end
and J-segment-specific primers at the 3’ end. For lambda light chains, the second round
amplification is performed using V-scgment-specific primers at the Send and a C-
region-specific primer at the Yend (Marks er af, Mol. Biol. 222 (1991), 581-597; de
Haard e &, §. Biol. Chen 26 {(1999), 18218-18230).

{demtification of the antibody clone with the desired specificity is performed by re-
sereeming on BELISA  upon recombinant expression of complete antibodies.
Recombinant expression of complete human I1gGl antibodies or chimeric IgGla
antibodies is achicved upon insertion of the variable heavy and light chain sequences
"in the corvect reading frame” into expression vectors that complement the vanable
region sequence with a sequence encoding a leader peptide at the S-end and with a
sequence encoding the appropriate coustant domain{s) at the 3'-end. To that end the
primers contained restriction sites designed to facilitate cloning of the variable heavy
and light chain sequences into  antibody  expression vectors. Heavy chain
immuneglobuling are expressed by inserting the immunoglobulin heavy chain RT-PCR
product in frame into a heavy chain expression vector bearing a signal peptide and the
constant domains of human immunoglobulin gamma 1 or mouse immunoglobulin
gamma 2a. Kappa light chain immunoglobulins are expressed by inserting the kappa
light chain RT-PCR-product in frame into a light chain expression vector providing a
signal peptide and the constant dorsain of human kappa light chain immunogiobulin,
Lambda light chain immunoglobuling are expressed by mnserting the lambda light chain
RT-PCR-product in frame into a lambda light chain expression vector providing a
signal peptide and the constant domain of human or mouse lambda light chain
immunoglobulin.

Functional recombinant monoclonal antibodies are obtained upon co-transfeciion
inio HEK293 or CHO cells (or any other appropriate recipient cell fing of human or
mouse origin} of an Ig- heavy-chain expression vector and a kappa or lambda Ig-light-
chain expression vector. Recombinant human monoclonal antibedy is subsequently

purified from the conditioned medium using a standard Protein A coluron purification.
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Recombinant buman monocional antibody can be produced in unlimited quantities
using either transiently or stably transfected cells. Cell lines producing recombinant
human moneclonal antibody can be established either by using the Ig-expression
vectors directly or by re-cloning of {g-variable regions into different expression vectors.
Derivatives such as F(ab), F(ab), and scFv can also be generated from these ig-variable

regions.

Purification and Characterization of His-fagged TDP-43

An expression vector for 6XHis-tagged TDP-43 (pCGHO26) was generated by
cloning the TDP-43 sequence into the pRSET A expression vector (Invitrogen). BLZ1
Star (DE3wLysS E. coli cells {(Invitrogen) were transformed with pCGBOI6.
Following growth at 37°C to approximately | OD in a 1L shake flask containing LB
broth, IPTG was added to 0.5 mM and the cells were grown overnight at 18°C. Celis
were pelleted by low-speed cenirifugation, the supernatant was decanted and the cell
pellets were frozen for storage at ~20°C.,

Cell pellets were equilibrated to room ternperature and resuspended in 38 mL of
30 mM Trie-HCI pH 7.5, 20 mM imidazole, 15¢ mM NaCl, containing protease
inhibitors {P1) (final concentration PL: 1 mM PMKIF, 5 uM pepstatin A, 1 mM
benzamide, 10 uM bestatin, 10 M Eod, 20 uM leupeptin, 1.5 pM aprotinin},
Following homogenization for 5 min. to break up large particies, the cells were
disrupted under high presswre using a Microfluidizer (Microfluidics, Ine.). The cell
jvsate was centrifuged for 30 min. at 16,0060 rpm at 4°C.  The pellet, containing
inseluble his-tagged TDP-43, was resuspended in 5 mL B-PER solution (Thermo
Scientific) containing 2 mM MgCh, Complete Ef¥TA-free P tablets {Roche}, 100
wg/mbL lysozvme, § U/ml DNase {(Thermo Scientific) and incubated for 1S min. at
room temperature, Additional B-PER/2 mM MgCl/Pi tablet solution was added to a
final volume of 58 mL and the mixture was centrifuged for 10 min. at 10,000 rpm. The
isolated pellet was washed twice in 20 mb of 50 mM Tris-HCU pH 7.5, 20 mM
imidazele, 150 mM NaCl, PI bulfer, followed by centrifugation for 10 nun. at 10,000
rpim. The isolated pellet was then resuspended in 8 M wrea, 20 mM sodium phosphate
pH 7.8 containing PI, mixed for 5 min. by homogenization and centrifuged at 10,000

rpm for 18 min.
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The supernatant was isolated, filtered through a 0.45 m filter, combined with 4
mb of Ni-NTA resin {Invitrogen) equilibrated in 8 M urea, 20 mM sodium phosphate
pH 7.8, (.5 M NaCl, with Pi, and incubated while rocking overmight at 4°C. The flow-
through was collected and the resin was washed with 10 column volumes of 8 M wrea,
20 mM sodium phosphate pH 5.3, 0.5 M NaCl His-tagged TDP-43 was eluted in 0.5
column volums fractions with 8 M urea, 20 mM sodium phosphate pH 4, 8.5 M sodium
chloride. Peak {ractions were pooled, and protein concentration was determined using
UV spectrometry. The total purified yield was ~ 8 mg/L culture.

SDS-PAGE analysis of the purified protein showed a major band at ~ 47 kDa
{data not provided), consistent with the predicted molecular mass of 46.5 kDa. Intact
mass spectrometry on the purified protein indicated a major peak at 46538 Da,
consistent with the predicied mass of 46529.% Ba. The abitity of known commercially
available antibodies against TDP-43 to bind the purified protein was determuned by
BELiSA.  Mouse monoclonal antibody 2E2-D33, recognizing amino acids 205-222
{Zhang, H.-X. ¢t al, 2008, Newroscience Lett., 434, 170-74), and rabbit polyclonal
antibodies AZ60 and (G400, recognizing sequences around amino acids Ala-260 and

Gly-406, respectively, all bound (o the purified His-tagged TDP-43 {data not provided}.

Recombinant expression of human TDP-43 domains

The human TDP-43 domain coding sequences were amplified by PCR from the
ull length ¢DNA sequence (Q13148, TARDBP HUMAN} and cloned into the
expression vector pRSET-A (Invitrogen, USA).  The four expression vectors {(His-
huTDP-43 domain I, His-haTDP-43 domain I, His-hoTTP-43 domain 1§ and His-
haTDP-42 domain V) are coding for the four TDP-43 domains: the N-terminal domain
{amino acid residues 2-106 of SEQ 1D NO:2#4), the RNA binding domain | (amino acid
restducs 99-204 of SEQ 1D NOG:94), the RNA binding domain 2 (amino acid residues
183-273 of SEQ 3 NO:94) and the Glycine-rich domain (amino acid residues 258-414
of SEQ ID NO:94), respectively. DNA constructs comprising the ¢DNA encoding the
TDP-43 domains under the countrol of the T7 promoter were used to ransform an
appropriate Fscherichia cofli strain such as BL2H(DE3) (New England Biolabs, USA}
and expression of 15 mi cell culture was induced by the addition of 0.5 mM isopropyl
8-D-thiogalactopyranoside (IPT(). Cells were harvested after 4 hrs. induction at 37°C

and then resuspended in 1 ml 160 mM KCI, 50 mM HEPES, 2 mM EGTA, | mM
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MgCh, | mM Dithiothreitol, 0.1 mM PMSF, 10% glycerol and 0.1 mg/wl lysozyme
pH 7.5, followed by sonification. Soluble and insoluble fractions were collected after
centrifugation at 9000 rpm at 4°C for 45 min. Similarly, #000g supernatant from mock
Escherichio coli was collected. When required (TDP-43 dorain V), insoluble fraction
was solubilized in 1 ml 8M Urea, 20 mM Tris, 200 mM KCl and 1 mM B-
Mercaptoethanol,  Soluble and solubilized fractions were loaded onto Ni-NTA
Superflow Columas {Qiagen, USA) and His-TDP-43 domains were purified according
to manufaciurer’s protocol. Purity grade of recombinant proteins was estimated by
SDS-PAGE and Coomassie staining.  Coneentration of purified proteins was

determined by 280 nM absorbance measurement.

Direct ELISA
82941 96 well microplates (Corning) were coated with hwnan full length TDP-43, TDP-
43 domain 1 {amino acid residues 2-106 of SEQ [D NO:94), TDP-43 domain I {amino
acid residues 99-204 of SEQ 1D NG:94), TDP-43 domain [l {amino acid residues 183
273 of SEQ ID NG:94), TDP-43 domain IV (amno acid residues 258-414 of SEQ ID
NO:94) or with a synthetie peptide covering residues 320 to 414 of the C-lerrmnal
domain of TDP-43 (see, SEQ ID NO:94) with phosphoerylation modification at residues
409/410 (Schafer-N, DK} diluted to a concentration of 6.6 upg/ml or 3.3 ug/mi,
respectively, in carbonate ELISA coaiing buffer (pH 9.6) overnight at 4°C. Non-
specifie binding sites were blocked for 1 hr. at room temperature with PBST containing
2% BSA {Sigma, Buchs, Switzerland). Antibodies were incubated | hr. at room
temperature.  Binding was determined using either a doukey anti-human 1gGy-specific
auntibody conjugated with HRP (Jackson ImmunocResearch, USA) or a goat-anti mouse
fgG {(H+Lj-specific  secondary anttbody cowjugated with HRP  (Jackson
ImmunoResearch, USA)., followed by measurement of HRP activity in a standard

colorimetric assay.

Western blot analysis
18295; Recombinant full leagth TDP-43, TDP-43 domain | {amine acid residues 2-106 of
SEQ 11 NO:94), TDP-43 domain I (amine acid residues 99-204 of SEQ 1D NO:O4y,
TDP-43 domain L] (amine acid restdues 183-273 of SEQ ID NG:94), TDP-43 domain

IV {amino acid residues 258-414 of SEQ ID N(O:94), 300 ng of each, were resolved by
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SDS-PAGE (NuPAGE 12% Bis-Tris Gel; Invitrogen, Basel, Switzerland} followed by
electroblotting on nitrocellulose membranes. Non-specific binding sites were blocked
for T hr. at room temperature with PBST containing 2% BSA (Sigma, Buchs,
Switzerland}. Blots were incubated overnight with primary antibodies {10 nM} followed
by either a donkey anti-human IgGy-specific secondary antibody conjugated with HRP
{Jackson lmmmoResearch, USA} or a goat-anti mouse gl (H+L}-specific secondary
antibody comjugated with HRP {Jackson ImmunoRescarch, USA). Blots were
developed wsing ECL and ImageQuant 350 detection (GE Healthcare, Otelfingen,

Nwitzerland).

Two-trial ¥Y-maze task

improvement of working memory in astibody treated TDP-43 proteinopathy
mouse model can be tesied using a two-trial Y-maze task {(e.g.,, Pennanen, Genes Brain
Behav, 5 (2006}, 369-79, which is herein incorporated by reference in its entirety). The
three arms of the maze are 22c¢m long, S om wide and 15 cm deep. Black and wihite
abstractive clues are placed on a black curtain surrounding the masze, Experiments are
conducted with an ambient light fevel of 6 lux during the dark phase. Each experiment
comprises a training session and av observation session. During the training session, g
mouse is assigned 1o two of the three arms {the start arm and the second arm), which
can be freely explored during 4 min, with no access to the third anm (the novel arm).
‘The mouse is then removed from the mwaze and kept in a holding cage for 1.5-5 min,
while the maze is thoroughly cleaned with 70% cthanol (o remove any oifactory clues.
The mouse 18 then put back again in the maze for observation with all three arms
accessible for 4 min, Tne sequence of entrics, the number of entry to each arm and the
time spent in each arm is recorded. From that the ratio of time spent in the novel third
arm over the average of time spent in the other two arms (start ann and second arm) is
caleulated and cornpared among different treatment groups in tavopathy mouse model
and corresponding control wild type mice, Rodents typically prefer to investigate a new
arm of the maze rather than returning to one that was previously visited. Effecis of the
antibodies can be monitored in regard of regaining this preference by treated TDP-43
proteinopathy model mice in comparison to non-discriminative behavior of untreated
miice due to their disorder-related working memory impairmeni. Therefore, a ratio close

to 1 indicates impaired working memory. A higher ratio indicates better working
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memory. Impaired working memory in a TDP-43 proteinopathy model mice i3
considered to be due to TDP-43 pathology resulting from the overexpression of human
TP-43. Therefore a significantly higher ratic observed in anti-TDP-43 antibody
treated mice than 1w the control mice will indicate that the anti-TDP-43 antibody has

therapeutic effect on TDP-43 pathology.

Pole Test

(92571 Mice are tested at the beginning of the dark phase when they are most active. The
pole is made of a wooden stick with 50 om fength and 1 cm width covered with cloth to
facilitase climbing. The base of the pole is placed in the home cage of the mouse. The
rmouse s placed on the top of the pole and the time to orient downwards and time to
climb down to the home cage is recorded over S trials with 30 min intertrial intervals.

The best performance trial is analyzed.

Filevated plus maze tost

ey

#2298} Mice are tested at the beginning of the dark phase when they are most active,
Testing is performed in dim Hght (40 tux). The clevated plus maze consists of two open
and two closed arms {arm lengih: 30 em; width: 5 em). Open anms have a small 1 cm
edge and the closed arms are bordered by a 15 ¢m wall, At the beginning of the task,
mice are placed in the center of the elevated plus maze facing an open arm. Mice are
video-tracked while exploring the waze for 5 min. The time spent in the open and

closed arms and the distance covered are measured and analyzed.

Example 11 Human TDP43 antibody binding analysis by ELISA and Western
Blotting

Birect ELINAs

{29%] 96 well microplates (Corning) were coated with polypeptides comprising TDP-43
amine acid residues 2-106 of SEQ ID NO:94 (TDP-43 domain 1}, residues 99-204 of
SEQ I NG:94 (TDP-43 domain II), residues 183-273 of SEQ 1D NO:94 (TDP-43
domain I}, residues 258-414 of SEQ 1D NOC:94 (TDP-43 domain 1V), residues 2-414
of SEQ ID NO:94 (full-fength TIP-43) and a synthetic polypeptide containing residues
390-414 with phosphorylation modification at residues 409/410 of SEQ 1D NO:94, The

polypeptides were coated onto ELISA plates at equal coating concentration of 6.6
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pg/ml {recombinant TDP-43 and TDP-43 fragments) or 3.3 pg/mi {synthetic peptides).
Binding of the human-derived antibodies was determined by divect ELISA.

Antibedies NI-205.51CT (Fig. 2A) and NI-265.3F10 (Fig. 2C) bound specifically
to TDP-43 domain I {amino acid residues 183-273 of SEQ ID NG:%94)., Antibodies
NI-205.8A2 (Fig. 2D), NI-205.15F12 (Fig. 2E), Ni-205.25F3 (Fig. 24) and NI-
20521G1 (Fig. 21) bound specifically 10 TDP-43 domain [V {amino acid residues 238-
414 of SEQ 1D NO:94). Antibody NI-205 87E7 (Fig. 2H) bound specifically to TDN-43
domain [ {amino acid residues 2-106 of SEQ 1D NO:94), Antibodies Ni-205.21G2
{Fig. 2B) and NI-205.113C4 (Fig. 2Fbound specifically to TDP-43 domain I {amino
actd residues 99-204 of SEQ ID NG:94) Al human derived TDP-43 specific
antibodies specifically recogmized fulldength TDP43.  To control for coating
efficiency, of the different TDP-43 domaing, conunercially available antibodies binding
to full-length TDP-43 and a specific TDP-43 domain were used: AB3GY30 (Abcam,
UKD, TDP-43 domain-1; TARDBEP moncclonal antibody (MO1), clone 2E2-D3
{Abnova, Tatwan}, TDP-43 domain I, and Ab8269S (Abcarmn, US), TDP-43 domain

iV, Control antibodies bound to full-length TDP-43 and their specific TDP-43 domain.

Binding to distinet TDP-43 domains by Western Blot

Recombinant full length TDP-43, TDP-43 domain | {amino acid residoes 2-106 of
SEQ 1D NG:%4), TDP-43 domain 1l (amino acid residues 99-204 of SEQ 1D NO:94),
TDP-43 domain I (amino acid residues 183-273 of SEQ 1D NO:94), and TDP-43
domain [V {amino gad residoes 258-414 of SE( 1D NO:84) were resolved by SDS-
PAGE. Commercially available TDP-43 specific antibody TARDBP (MO1), clone
2E2-D3 (Abnova, Taiwan) was used as positive control for human TDP-43 detection
whereas, an anti-human {gG Fey-specific antibody was used as a negative control.
Binding of the human-derived antibodies to specific TDP-43 domains was determined
by Western Blot analysis.

Western blotting indicated that antibodies: {8} NI-205.51C} and NI-205.3F10
antibodies bound specifically to TDN'-43 domain [ {amino acid residues 183-273 of
SEQ 1D NO:94Y; (by NL2058A2 and NI-205.21G1 bound specifically to TDP-43
domain IV {amino acid residues 258-414 of SE ID NO%4) (o) NL-205.21G2
specifically recognized TDP-43 domain I (amino acid residues 99-204 of SEQ ID

NO:94y;, (dy NI-205.51C1, NE2053F10, NI-205.8A2, NI-205.21G1, NI-205.216G2,
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recognized full length human TDP-43 in addition to a domain of TDP-43; and (¢}
human-derived antibodies NI-205.25F3, NI-205.15F12 and NI-205.87E7 recognized
full tength TDP-43 but did not appear to bind a specific TDP-43 domain {data not
provided).  Additionally, the antibodies NI205.68GS and NI-205.204A1, that
preferentially or exclusively bound the phospho-TDP-43 C-terminal peptide {see
Example 2}, did not appear to recognize recombinant full fength TBP-43 or any of ifs

fragments{data not provided).

Example 2  E{ s determination for buman TDP-43 binding antibodies
Determination of half maximal effective concentration (ECsy)

To determine the half maximal effective concentration (ECs) of the homan-
derived TDN-43.specific antibodies for human TDP-43 and io evaluate target-
specificity, 96 well microplales {Corning) were coated with recombinant full length
TDP-43 (Biogen Idec, {ISA), Escherichia coli exiract and BSA {Sigma, Buchs,
Switzerland}, diluted to a concentration of 5 ug/ml in carbonate ELISA coating buffer
{pH 9.0) overnight at 4°C. Alternatively, 96 well half area microplates (Corning} were
coated with a synthetic peptide covering residues 390 to 414 of the C-terminal domwain
of TDP-43 with phosphorylation modification at residues 409/410 (Schafer-N, 3K} and
BSA (Sigma, Buchs, Switzerland}, diluted to a concentration of 3.3 pg/ml in carbonate
ELISA coating buffer (pH 9.0) overnight at 4°C. Non-specific binding sites were
blocked for 1 hr. at room temperature with PBS containing 2% BSA (Sigma, Buchs,
Switzerland). Human TDP-43-specific antibedies were diluted to the indicated
concentrations and incubated ! hr. at room temperatore. Binding was determined using
a donkey anti-human [gGy-specific secondary antibody conjugated with HRP (Jackson
ImmunoResearch, USA), followed by measurement of HRP activity in a standard
colorimetric assay. ECsy values were estimated by a non-lincar regression using
GraphPad Prism software {San Dhego, USA).

As disclosed in Table 4, antibodies N{-205.51C1 and NI-205.21G2 bind w human
TDP-43 with high affinity at subnanomolar ECsy of 180 pM and 240 pM, respectively.
No binding was observed to the phospho-TDP-43 C-terminal peptide for these
antibodies. Antibodies NI-205.3F10, Ni-2Z05.8A2, NI-205.15F12, NI-205.113C4, NI-

2052513, and NI-205.87E7 bound to human TDP-43, but not to the phospho-TDP-43
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C-termiinal peptide. The ECsq values of these antibodies for human TDP-43 proteins
ranged from 1 to 18 oM. NI-205.27G1 bound to full-length TDP-43 at 4.1nM ECs and
recognized phosphor-TDP-43 C-terminal peptide with lower affinity at 49.5 aM ECq,.
Antibodies NI-205.68G5 and NI-2865.20A1 showed preferential or exclusive binding {o
the phosphor-TDP-43 C-terminal peptide at 169 and 15.8 nM ECs. respectively,
suggesting that phosphorylation of serine at position 409 and/or sering at position 410

of TDP-43 is required for the binding by NI-205.68G5 and NI-205.20A1.

Tabie 4: Antibody Affinity {for TDP-43 and phosphorylated TDP-43

Antibody Full-length TDP-43 Phospho-TDP-43 Peptide
BCse (1] ECs {(nM)
NI-20S.51CT 0.8 NA
NIBGE3TER 64 NA.
NI-2053F10 | 1.4-28 NA.
NG 8AT 92 NA.
NI20515712 (72 N.A.
 NL205.073C4 132 N.A.
NE26525F 1A NAL
NI-205.87E7 172 N.A.
NEZ20521GE | 4.1 493
NI-205.68GS ~160 16.9
NI20S20A1 | NA. 15.3

“Table 4: ECs Binding of human derived TDP-43

TDP-43 and phosphor-TDP-43 peptide.

Example 3:

binding antibodies to recombinant

Epitope mapping with synthetic peptides (PepSpotting)

10305]

Scans of overlapping peptides were used to map the epitopes within the human
TDP-43 protein that are recoghized by the human-derived TDP-43 specific antibodies.
Pepscan membranes (PepSpots, JPT Peptide Technologies, Berlin, Germany) with 161
lingar 1Smer peptides of 11 amino acid overlapping sequences that collectively
represent the entive sequence of human TRP-43 (Q13148, TARDBP HUMAN). Tthe
peptides were spotied onto nitrocellalose membranes that were then activated for 5§ min.

in methanel and subsequently washed at room temperature in TBS for 10 min. Non-
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specific binding sites were blocked for 2 hours at room temperature with Roti®-Block
{Carl Roth GmbH (o, KG, Karlsruhe, Germany). Human-derived TDP-43 specific
anithodies {1 ug/mi) were incubated for 3 hours at room ternperature in Roti®-Block.
Binding of primary aniibody was determined using HRP conjugated donkey-antt human
IgGy-specific secondary antibody {(Jackson DmmunoRescarch, USA). Blots were
develeped using BCL and ImageQuant 350 detection (GE Healtheare, Utelfingen,
Switzerland).

Table 4 suramanizes the wentified binding epitopes for the different human-derived
TP-43-specific antibodies identified using PepSpot.

Table §: Identified binding epitopes within the meman TDP-43 protein sequence

Antibody ’ Binding epitope
"""" NI-205.3F10 213-OYGDVMDVFIP223  (SEQ ID NG 123)
NIZOSBAZ | 3BI-AAIGWGSASNAST  (SEQ D NO: 124)
NIL-205.51C1 201-DMTEDELREFF-211 (SEQ 1D NO: 125)
N1-205.8757 9-EDENDEP-15 (SEQ 1D NO: 126)
NI-205.113C4 133-VOVKKDIL-139 (SEQ ID NO: 127)
NI-203.21G2 121-KEYFSTF-127 (SEQ 1D NO: 128)

Example 4+ Binding of buman recombinant TDP-43 antibodies to patholegic

forms of TIP-43 in haman spinal cerd and brain tissue

For validation of TD¥P-43 antibody-binding capacily, spinal cord and brain
sections derived from human ALS patients or patients with FTLD were used. Antibody
binding to TDP-43 pathology was assessed by immunchistechemical staining, Binding
of human recombinant TDP-43 antibodies was characlerized on human FTLD-TDP-43
case tissue {10 patient cases, 7 control cases). Immunochistochemistry was performed
on Sum thick para{fin embedded sections, and included the use of EDTA-based epitope
retrieval prior 1o conducting otherwise standard imynunoperoxidase procedures with
Fitie ABC kits {Vector Laboratorics) with DAB (Pierce). The following primary
antibodies were used: mouse monoclonal antibody 2E2-D3 raised against human TDP-

43 (Abnova) as a positive control; recombinant human TDP-43 antibodies described
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here/above NI205.3F10, NI205.51CT. NIZOS.21G2, Ni205.8A2, NI205.15F12,
NI205.25F3, NI205.87E7, NI205.21GI, NI203.68GS, NIZ0S.20A1. Sections were
counterstained with Haematoxylin te reveal cell nuclet.

The antibodies NI2053.8A2, NI2053F10, NIZ0521G2, and NI205.21G1
preferentially bound to cvioplasmic TDP-43 (i.c., pathologic forms of TDP-43) over
nuclear THP-43. By contrast, the commercially available positive contrel antibody,
2E2 {Abnova, Taiwan) was ghserved to bind both nuclear and cyioplasmic TDP-43.
Interestingly, the binding of the antibody NI205.21G1 demonstrated very specific
binding that appears to be comparable to the binding observed for control antibodies

that recognize phosphorylated TDP-43 (Figure T1E and H).

Example 5: f» vive validation of TDP-43 antibody

Experiments for prechuical validation of the TDP-43 antibodies are performed in
mouse models of TIP-43 proteinopathy., Human TIIP-43 antibodies are administered
by peripheral injection or intraventricular brain infusion via osmotic minipumps.
Treattnent effects are monitored by analysis of bloed and CSF samples, and analysis of
body weight, general clinical impression and signs of motor gr cognitive impairment as
seen through for example, though behavioral tests including open field, Y-mare,
elevated plus maze, novel object recognition, grip strength, paw grip strength
endurance, pole test, challenging bearn walk, rotarod, or otherwise known in the art.

Upon completion of the treatment studies, changes in TDP-43 levels in colfected
blood and CSF are measured and brain and spinal cord tissues are evaluated by
guantitative immunchistocheroical and biochemical technigues for brain and spinal cord
content of physiological and pathological TDP-43 and general neuropathology.

Preclinical models useful for validating the antibodies and other TDP-43 binding
molecules of the invention include the TDP-43-A315T mouse model system as
described by Wegorzewska ef af., Proc. Nail. Acad. Sci. .8 AL 106 (2009}, 18809-14.
The A315T mouse is a transgenic model of TDP-43 proteinopathy, wherein the
phenotype of the mice shows features of both ALS and frontotemporal lobar
degeneration with ubiguitin aggregates (FTLD-U).

Further suitable models include the B6.Cg-Tg (SODURGO3A N Guw/] mouse
model system as described by Gumey ef al., Science 264 (1994}, 1772-73, This mouse

line expresses the G93A mutant form of the human superoxide dismutase 1 and
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evelops signs of motor neuron disease followed by progression to death within 6 to 8
months. These mice show & characternistic redistribution of TDP-43 to the evtoplasm of
motor neurons and the occurrence of TDP-43 imumunoreactive inclusions and are
therefore a suitable model to study pharmacological interventions targeting TDP-43; see
e.g., Shan ef al., Neuropharmacol. Letters 458 (2009), 76-74.

Further experiments for validating the TDP-43 antibodies are performed in the
TDP43WT mouse model system as described by Wils e ¢f, Proc. Natl. Acad. Sci.
USA. 106 (2010), 3858-63. This mouse line expresses wild type human TDP-43 and
develops degeneration of cortical and spinal motor neurons and development of spastic
quadriplegia reminiscent of ALS. A dose-dependent degeneration of nonmotor cortical
and subcortical neurons characteristic of FILD is also observed in this mouse line.
Newurons in the affected spinal cord and brain regions show accumulation of TDP-43
nuclear and cytoplasmic aggregates that are both ubiquitinated and phosphorylated as
observed in ALS/FTLD patients,

Further experiments for validating the TDP-43 antibodies are performed in an
mdependent model of motor peuron  disease, the Wobbler mouse model
(B6.B-Vpsddwi/i, available from the Jackson Laboratories) as described by Duchen
andd Strich, J. Neurol, Newrosurg. Psychiatry 31 (1968}, 535-42. This mouse mode] was
eported {o  display extensive intracellular ubiguitin inclusions and abnormal
cytoplasmic distribution of TDP-43 reminiscent to sporadic ALS, see e.g, Dennis and
Citron, Newroscience 185 (20093, 745-30.

Further experiments for validating the TDP-43 antibodies are performed in
recently characterized TDP-43 G348C transgenic mice overexpressing human genomic
TDP-43 G348C under the control of the endogenous promoter. Swarup ef ¢f, Brain
134 (2011}, 2610-2626.

Further experiments for validating the TDP-43 antibedies are performed in model
svstems, including transgenic cell hunes and transgenic animals, that express or
overexpress TDP-43, TDP-43 mutants, such as C-lerminal truncations of TDP-43, TDP-

3 mutations seen in a patient population, or mutanis that effect cellular localization,
e.g. nuclear localization of THP-43. TDP-43 model systems, e.g., cell lines and animal
madels, for validating the TINW-43 antibodies further include systems with demonstrated

TDP-43 upregulation or accumulation resulting from the changes in the expression of a
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ditferent gene, ¢.g. the Wobbler mouse and models with down-regulation of
progranulin, In one embodiment, experunents for validating the TDP-43 antibodies are
performed in mice expressing human TDP-43 with a defective nuclear localization
signal in the forebrain {Igaz ef «f., J Clin Invest, 121{2):726-38 {2011)); transgenic mice
that selectively express 25-kDa C-terminal fragment of TDP-43 in neurons (Caccamo ef
af., Am J Pathol. 1833(1):293.302 (2012)), transgenic mce that conditionally express
wild-type human TI2P-43 (KTDP-43) in the {orebrain (Cannon ef af., Acta Neuropathol.
123(03:807-23 (2012)), and transgenic mice with ubiquitous expression of wild-type
and disease-causing versions of human VCP/p97 (Custer ef o, Hum Mol Genet.
19(9%:1741-55 (2010)). In another embodiment, experiments for validating the THP-43
antibodics are performed in mice transfected with an AAV vector encoding wild type
TDP-43, nuclear localization signal defective TIdF-43) or a truncated C-terminal
frapment of TDP-43 comprising residues 220-414 of SEQ ID NO: 94, Tatom er o,
fol. Ther, 17 (20093, 607613,

Chronic efficacy study: To assess the pharmacological effects of the human anii-

TI3P-43 antibodies disclosed herein, TDP-43 G348C transgenic mice {Swarup «f al,
Brain 134 {2011}, 2610-2626} are treated weekly with 10 mg/kg i.p. injection of a
human anti-TDP-43 antibody or vehicle control for a period of 16-24 weeks. After 12
wecks of treatment, blood samples are collected by tail vein bleeding. The serum anti-
THIP-43 antibody levels are determined by ELISA. After 12 weeks and 22 weeks of
treatment, neurclogical and cogrutive/motor behavior is evaluated using open field test,
Y-maze test, elevaied phis maze test, novel object recognition test, grip strength test,
paw grip strength endurance {(PAGE) test, pole test, challenging beam walk test, or
rotared test. The neurclogical and cognitive/motor behavior test results for antibody
treated and control animals are compared. Improved performance of antibody treated
animals indicates therapeutic efficacy of the anti-TDP-43 antibody.

Acate efficacy study: TDP-43 G348C wansgenic mice {Swarup ef o, Brain 134

(2011}, 2613-26206) are treated with 1-4 1.p. injections of up 1o 50mg/kg anti-THP-43
antibedy or or vehicle control within a period of one week. At the end of the treatment
period, blood sampies are collected by tail vewn bleeding, The serum anti-TDP-43
antibody levels are determined by ELISA, At the end of the 1-week treatment period,

neurclogical and cognitive/motor behavior is evaluated using open field test, Y-maze
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test, elevated plus maze test, novel object recognition test, grip strength test, paw grip
strength endurance (PAGE} test, pole test, challenging beam walk test, or rotarod test.
The neurological and cognitive/motor behavior test results tor antibody freated and
control animals are compared. Improved performance of antibody treated animals

indicates therapeutic ctficacy of the anti-TDP-43 antibody.

Example & Deferminatien of binding affinity (ECs) for human TDP-43 antibodies by

[0318]

193191

direct ELEISA.

The half maximal effective concentration {ECse) of the human-derived TDP-43-
specific antibodies for humnan TDP-43 and their target target-specificity was determined
substantially as described in Example 2 above. Briefly, %6 well microplates (Corning}
were cogted with recombinant full length TDP-43 (Biogen Idec, USA), Escherichia coli
extract and BSA (Sigma, Buchs, Switzerland), diluted to a concentration of 5 yg/ml in
carbonate ELISA coating buffer (pH 9.6) overnight at 4°C. Alternatively, 96 well half
area microplates (Corning) were coated with a synthetic peptide covering residues 390
to 414 of the C-terminal domain of TDP-43 with phosphorylation modification at
residues 409/416 (Schafer-N, DK) and BSA (Sigma, Buchs, Switzerland}, diluted to a
concentration of 3.3 ug/ml in carbonate ELISA coating buffer (pH 2.6) overnight at
4°C. Non-specific binding sites were blocked for 1 hr. at room temperature with PBS
containing 2% BSA (Sigma, Buchs, Switzerland). Human TDXP-43-specific antibodics
were diluted to the indicated councentrations and incubated 1 hy. at room temperature.
Binding was determined using a donkey anti-human IgGy-specific secondary antibody
conjugated with HRP {Jackson ImmunoResearch, USA), followed by measurement of
HRP activity i a standard colorimetric assay. ECsy values were estimnated by a non-
lincar regression unsing GraphPad Prism software (San Diego, USA).  Exemplary
fitration curves obtained with the 41D1, 2161, 31D2, and 878 antibodies are shown in
Figures 4.

As disclosed in Tabie 6, antibodies NI-205.41D1 (Fig. 4A and E), NL.205.51C1
and NI.205-21G2 bound to human TDP-43 with high affinity at subnanomolar ECsp of
60 pM, 180 pM and 240 pM, respectively. No binding was observed to the phospho-
TDP-43 C-terminal peptide. Antibodies NI-205.1A9, NI-285.3F10, NI-205.14W3, NI-
205.98H6, NI-205.4482, NI-2059E12A, NI-205.8A2, NI-285.15F12, NE205.10D3,
NI-205.38H2, NI-20529E11, NI-205.9E12D, NE20531C11, NI-205.113C4, Nb-
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205252583, NI-205.10H7, NI-205.8C10, and NI-205.87E7 bound to human TDP-43
but not to the phospho-TDP-43 C-lerminal peptide with nanomolar ECsp. For these
antivodies ECsy values ranged from 1 to 18 nM (see Table 6). Antibody NI-205.21G1
(Fig. 4B and F) bound to full length TDP-42 at 4.1 nM ECs and recognized phospho-
TDP-43 C-terminal peptide with lower affinity at 49.5 aM ECsy. Antibodies Ni-
2053102 (Fig. 4C and G), NI-20S8.14HS5, Ni-205.36035, NI-265.18G3 and NI-
205.6805 showed preferential binding to the phospho-TDH¥-43 C-terminal peptide with
ECs values that ranged from 0.7 to 17 oM (see Table 6). In contrast, antibodies Ni-
205.8F8, NI-205.8F8 (Fig. 4D and H) and NI-20520AT1 bound exclusively to the
human phospho-TDP-43 C-erminal peptide with high affinity at nanomolar ECsg of 5
oM, 7 nM and 16 nM, respectively (sec Table 6) consistent with the idea that

phosphorylation of serine 409 and/or serine 410 was required for binding.

Table 6: EC;q binding of human-derived TIIP-43 antibodies to recombinant human TDP-

43 and phospho TDP-43 C-terminal peptide.
. ECsp [

Antibady full fength TDP-43 phospho-TDP-43 peptide
NI-205.41D1 (.06 no binding
NI-205.51C] .18 ne binding
NI-205.21G2 .24 no binding
NI-I05. 1A% 1.0 1o binding
NI-205.3F10 1.4 no binding
NI-205.14W3 1.3 no binding
Ni-205.98H6 2.6 ~ no binding
NI-205.44182 2.8 ne binding

NI-205 9E12A 3.7 no binding
NI-205.8A2 7.2 no binding
Ni-205.15F12 7.2 10 binding
NI-205.10D3 7.3 no binding
Ni.235.38H2 &2 10 binding
NI-205.29E11 104 1o binding
NI-208 9E12D [ 10 hinding
NI-20531C11 11.0 10 binding
NI-205.113C4 13.2 10 hinding
NI-205.25F3 13.3 uo binding
NI-205.10H7 15.3 no binding
~~~~~~~~ Ni-205.8C19 15.6 no hinding
NI-205 8717 i7.2 no binding
NI-205.210G1 4.1 49.5
NI-Z05.31D2 >41.0 0.69
NI-205.14HS > 130 0.90
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NI-205.36D5 > 72.0 4.3
NI-205.19G5 > 200 13.6
NI-205.68G5 > 100 16.9
_____ NI-205.8F8 no binding 5.1
NI-205 58511 no binding 6.9
NE205.20A1 ne binding sy .

Exampie 7: Human TDP-43 antihody binding analysis by ELISA and Western

Blotting

Pireet B1i8As

Direct ELISA assays were performed substantially as described in Example 1.
Briefly, fragments of TRP-43 (SEQ ID NO:94) comprising amino acids 2-106 {domain
1), 99-204 (domain H}, 183-273 (domain HI), 258-414 (domain IV) and full length
THP-43 (2-414) were coated onto ELISA plates at equal coating concentration of 6.6
pg/ml, Binding of the human-derived antibodies was determined by direct ELISA.
Examples of the obtained results are shown in Figure 3. Antibodies KI-205.41D1 (Fig.
5A), NE20S.14W3 (Fig. 5C). Ni-205.44B82 (Fig. S5E), NI-205.10D3 (Fig. 54, and Ni-
205.10H7 (Fig. 5L} bound specifically to TIdP-43 domain IV (aa 258-414). Antibody
Ni- NI-205.98H6 (Fig. SD) bound specifically to TDP-43 domain HI (aa 183-273).
Antibodies NI-205.1AS (Fig. 583, Ni-205.38H2 (Fig. 5H), and NI-20531C1H {Fig. 5K
specifically recognized TDP-43 domain I {aa 99204} whercas antibodies WNI-
205.9812A (Fig. SF), NI-205.29E11 (Fig. 51y, NI-205°5£12D (Fig. 503, and Ni-
205.8C1H0 (Fig. 5M) bound to TDP-43 domain I {(aa 2-106). All the human-derived
TDP-43 specific antibodies also recoguized full length human TDP-43. To control for
coating efficiency of the different recombinant TDP-43 domains, commercially
available antibodies binding to full length TDP-43 and a specitic TDP-43 domain were
used (Fig. SWi 1) AbSG930 (Abcam, UK}, TDP-43 domain I 11) TARDBP monoclonal
antibody (M1}, clone 2E2-D3 {Abnova 23435, Abnova, Taiwan), TDP-43 domain i1
and 111y Ab8269S5 {(Abcam, UK), TDP-43 domain IV. Control antibodies bound o [ul]

length TDP-43 and their specific TIP-43 domain.

Binding to distinet TDP-43 domains by Western Blot

Recombinant full length TDP-43, TDP-43 domain I (amine acid residues 2-106 of

SEG ID NO:94), TDP-43 domain 11 (amino acid residues 99-204 of SEQ 1D N{O:%4),
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TDP-43 domain I {amino acid residues 183-273 of SEQ 1D NO:94), and TDP-43
domain 1V {amino acid residues 258-414 of SEQ iD NO:94} were resolved by SDS-
PAGE. Binding to specific TDP-43 domains of the human-derived antibodies was
determined by Western Blot analysis.

Examples of the obtained results are shown in Figure 6. Antibodies Ni-205.41D1
(Fig. 6A), NI-205.14W3 (Fig. 65, NI-205.8A2 (Fig. 6H), NI-20S 1SF12 (Fig. 61}, Ni-
20510603 (Fig. o5), NI-Z05.10H7 (Fig. oL} and NI-203.21G1 (Fig. 6M) bound
specifically to TDP-43 domain §V {aa 258-414). Antibodies NI-205.51C1 {Fig. 6B8), Ni-
205.3F10 (Fig. 6F) and NI-205.98H6 bound specifically to TDP-43 dormain H (aa 183
273y whereas anttbodies NI-205.21G2 (Fig. 60, NI-205.1A%9 (Fig. 6D) and NI-
205.31C1HT (g 6K) specifically recognized TDP-43 domain H (99-204 aa). These
thirteen human-derived TDP-43 specific antibodies also recognized full length human
TOP-43. Only antibody NI-205.1GD3 (Fig. 6J) recognized an additional unspecific
signal, most probably an £, cofli-derived protein contaminant. Ni-205.68G3S (Fig. 6N)
and NI-205.20A1 (Fig. 60), two antibodies showing preferential or exclusive binding to
the phospho-TDP-43 C-terminal peptide, did not recognize recombinant full length
TDP-43 or any of its fragments. Commercially available TDP-43 specific antibody
2E2-D3 {Abnova 23435, Abnova, Tarwan) (Fig. 6P) was used as positive control for
human TI3P-43 detection whereas the anti-human [gG Fey-specitic antibody (Fig. 60Q)
was used as a negative control.

Human-derived antibodies NI-205.44B2, NI-20539E12A, NE-20538H2, NiI-
205.29E11, NI-20S9E1Z2D, WNi-205.113C4, NI-205.25F3, NI-205.8CH0 and NI-

J

205 87HT recognized full length TDP-43 but did not identify a specific TDP-43

N

fragment {data not shown}.

TUxample 8: Epitope mapping with synthetic peptides (PepSpotting)

The epitopes recognized by the hurvan-derived TIH-43 specific antibodies within
the human TDP-43 protein were mapped using pepscan membranes (PepSpots, JPT
Peptide Technologies, Berlin, Germany} with 101 linear {S-meric peptides with 11 aa
overlap between individual peptides covering the entire human TDP-43 protein
sequence. The pepscan mapping was performed substantially as described in Example
3. Brietly, the peptides were spotted onto nitrocellulose membranes that were then

activated for 5 min. in methanol and subsequently washed at room temperature in TBS
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for 10 min. Table 7 sunumarizes binding epitopes for the different human-derived THP-

43-specific antibodies identified using PepSpot.

Table 7: Binding epitopes within the human TDP-43 protein sequence for the different
human-denived TDP-43-specific antibodies identified using PepSpot. NA —not
applicabic.

e o L ; Effect of phosphor}idtzgnai
Antibody Bmdmg epiiope Serd(9 and/or Serd 10 residues |
317- SINPAMMAAAQAAL :
Ni-205.41131 QSEWOHMMGMILAS(G- 343 NA
______ (SEQ ID NO:323)
o 201-DMTEDELREYFF-211 .
N1-24 i ) . N
NI-205.51C1 (SEQ 1D NC:125) .. NA
., 121-KEYFSTF-127 (8EQ D .
Ny 21432 R L N
NI1-2853.21G ,, NO:128) NA
. 213-QYGDRVMDVFEIP-223 .
i-205 3F1 1 A
NEZOS.IFH0 T ep a1 NO123) N
JLA0E GRLE 249-1IKGISYV-255 (SEQ ID N
NI-205.9816 N3 | o oNA B
- P 345-NOSGPSG-351 (SEG .
NI-20544B2 | 77 mNosle L NA
381 -AAIGWGSASNA- .
NI QA" s
NEZ0S8AZ 1 Tso1(sEQ 1D NOs124) NA
. . 397-FNGGFGR-403 (SEQ .
NT-20 _ s
NI[-285.15F12 D NOB1T) ™NA
289-FGNSRGGGAGL-299
e (SEQ D NG:318) .
NIL205 1 b i (> > g
NE2OS0D3 1 00 SNAGSGSGING-399 NA
(SEQ ID NO:319)
r e P33-VOVKKDL-139 (SEQ .
1.205.112 < BB :
NI-205.113C4 1D NOH2T) NA
N . 269-QLERSGRFGGN-279 o
1.008 10H7 ) LA
NI-Z205.10H7 (SEG ID NO:320) NA
o {7-EIPSEDD I3 (SEQID
NI-Z205.8C10 NOSB2L NA
. - _ S-EDENDEP-I5 (SEQ ID
T » - ]
NE-205.87E7 NOI126) NA
o . - Serd09/Ser416 phosphorylation |
i- G Q- s . NS ‘
Ni-209.216 590 4]4 partially inhibited binding
Bound to peptide
NI-20531D2 3650-414 phosphorylated at Ser409 and
\ merd10
5 e 1A . . Bound o peptide
Ni- 3 39041« x
NI-205.14H3 o0-414 phosphorylated at Serd09
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"""" - : L . Effect of phosphorylation at
Antib Binding epiiope e - . :
Antibody Binding epitope Serd09 and/or Serd 10 residues

and/or Serd10; weak binding
also observed independent of
shosphorylation

Bound to peptide
phosphorylated at Serd(9;
NI-285.36D5 | 390-414 simultaneous Serd10

: phosphorylation abrogates
binding

Bound to peptide
phosphorylated at Serd(}9;
NI-205.19G5 ¢ 380-414 simultaneous Serd 10

‘ ! phosphorylation abrogates
binding

Bound to peptide
Ni-205.68GS | 390-414 phosphorylated at Serd(9
3 and/or Serd1¢

NI-205.8F8 390-414 B not determined
4

NI-205.58E11 380-41+ not determined
Bound to peptide
Ni-205.20A1 | 390-414 phosphorylated at Serd09 and
Serd10

16325

(03261

Determination of NI-203,41B1 binding epitope by ELISA assays.

Full length TDP-43 (2-414) and TDP-43 C terminal fragments comprising amino
acids 258-414 {domain IV}, 258-384, 258-375, 258-362, 258-353, 2158-319, 317-414
and 340-414 were coated onto ELISA plates at equal coating concentration of 10 pg/ml.
Binding of NI-205.41D1 antibody to specific TDP-43 fragments was determined by
direct ELISA. xamples of the data obtained are provided in Figure 74, NL205.41001
bound to all recombinant fragments except fragments 258319 and 340-414, indicating
that NI-205.4101 binding epitope was in the C-terminal TDP-43 region 317-353. Ni-
265.41131 antibody bound to tull tength TDP-43.

Fall length TDP-43 (2-414), wild-type TDP-43 domain IV comprising residues
258-414 of SEQ > N(:94 (TDP-43 258-414) and a mutant TDP-43 domain IV (TDP-
43 258-414 AMMB3216GG) carrving the A to § substitution at residue 321, Mto G
substitution at residoe 322, and M to G substitution at residue 323 were coated onto
ELISA plates at equal coating concemtration of 10 ug/ml Binding of NI-205.41D1

antibody to specific TDP-43 domain 1V variants was determined by direct ELISA
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{Figure 78B). NI-205.41D1 specifically bound to full length TDP-43 and to wild type
TP-43 doman IV, but not to the mutant TDP-43 domain 1V, indicating thal one or
more of the mutated restdues was essential for NI-205.41 D1 binding o human TDP-43.
To control for coating efficiency of the different recombinant TDP-43 specics,
sommercially available antibody 128%2-1-AP binding to full length TDP-43 was used.
Synthetic biotinylated peptides comprising residues 316-353 {(TDP-43 316-3533,
316-343 (TDP-43 316-343) and 316-333 (TDP-43 316-333) of SEQ ID NO:%4 were
coated on streptavidin-coated plates at equal coating concentration of 10 png/mi. Binding
of Ni-205.41D1 antibedy to specific TDP-43 Coterminal peptides was determined by
direct ELISA (Figure 7C). Ni-205.41D1 specifically bound to peptides TDP-43 316-
3523 and TDP-43 316-343 but not to peptide TDP-43 316-333. This result is consistent
with the idea that residues 334-343 of SEQ 113 N(O:94 at the TDP-43 C-terminal region
are involved iy NE-205.4101 antibody binding to human TDP-43.  Our results are
consistent with an understanding that the binding epitope of antibody NI-205.41 is
discontimious between residues 317-343 of SEQ 1D NO:94 and is formed by two
independent binding regions: the first one comprising residues 321-323 of SEQ 1D

NOM4 and the second one comprising residues 334-343 of SEQ 113 NO:94.

Example 91  The buman-derived TDP-43 specific antibodies inferact with native
TDP-43.

Pure full-length TDP-43 protein has a natural propensity o aggregate, Therelore,
only very smail quantitics of soluble, full-length T3P-43 were recovered under standard
purification conditions. We thus developed a recombinant expression and purification
strategy for isolating large guantitics of {onctional 6xHis-SUMO-tagged full-length
human TDP-43 from Escherichio cofi using KSTN and arginine, mild chaotropic agents
known to preserve native protein structure while preventing protein aggregation.

Plasmids: Polynucieotides encoding haman full-length TDP43 (1414 of SEQ ID
NO:94) and iis truncations residues 101-265 and residues 220-414 of SEQ ID NO:%4

ere amplified using standard procedores and subcloned o a modified pETI9-b
{(Novagen) vector resuliing in 6xHis and SUMO tags at the N- terminus of the protein
encoded by the amplified polynucleotides. A schematic representation of the

6xHis/SUMO tagged recombinant polypeptides is shown in Figure §B.
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Protein expression snd purifiestion: GxHis/SUMO tagged TDP-43 expression
plasrids were transtormed  into BLZIMEZY Star Escherichia coli (Tnvitrogen).
Bactertal cultires were grown to an QD600 of 1.0 at 37°C and induced with I mM
PTG for 16 h at 18°C.  After pelleting, cells were lysed by microfhuidization in
purification buffer with protease whibitors (40 mbMM HEPES (pH 7.5}, 1.5 M K3CN, and
I mM tris{Z-carboxyethylphosphine (TCEP), lmM PMEE, 5§ uM pepstatin, T
benzamine, 10uM bestating 10uM E-64, 20 pM leupeptin, L.5uM aprotining.  To
generate property folded full-length TDP-43, TDP-43 (101-2a85) and TDP-43 (220-
4143, the comresponding 6xtHis-SUMO tagged fusions proteins were purified on Ni-
NTA agarose rvesin {(Jiagen) following the manufacturer’s instructions, using
purification buffer for binding and washing., Bound proteins were eluted from NI-NTA
resin with the same buffer containing 250 mM imidazole and further purified on a
preparative 8200 size exclusion column (GE Healthcare) following the manufacturer’s
instructions using purification buffer.  Fractions comtaining monomeric TDP-43
proteins were pooled, and re-formulated in a buffer containing 40mM HEPES (pH 7.5),
400mM arginine, 1 mM TCEP by dialysis,  6xHis-SUMG-TDP43 (1(1-265) was
addittionally purified osing the same purification strategy but altering buffer
compostiions by substituting 1.5 M KSCN with (0.5M KCL To prepare unfolded oxHis-
THP-43, cells were lvsed by microfluidization in a Tris-imdazole buffer (56 mM Tns
(pH 7.5}, 20 mM imidarole, 130 mM NaCly with protease inhibitors. The inscluble
pellet was washed sequentially with the foliowing buffers containing protease
inhibitors: B-PER buffer (Pierce) comaining 2 mM MgCl, followed by Tris-imidarole
huffer. Washed pellets were pext solubilized in & M wurea, 20 mM sodium phosphate
{(pH 7.8}, tirea soluble material was then purified on Ni-NTA agarose resin following
the manufacturer’s jnsiructions, using denaturing washing and elution conditions.
Sedimentation and diffusion coefficients determination (Figure 8C) as well as SDS-
PAGE separation (Figure 84) were carried out by standard methods.( Lave, T, et al..
(1992 1 Analvtical Ultracentrifugation in Biochemistry and Polymer Science
{Harding, 5. E., ed)} Royal Society of Chemistry, Cambridge, UK).

Capture ELISA: 96 well plates (Thermo Fisher Scientific) were coated with apti
6xHis mouse monocional antibody (Clontech) diluted to a concentration of | pg/mi in

PBES buffer (137mM NaCl, R.05mM NapHPG,, 1.5mM KHPO,, 2.7mM KCL pH 7,43
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at 4°C overnight. Non-specific binding sites were blocked for 1 hr at RT with PBS
containing 1% BSA (Sigma) and 0.85% Tween-20 (Fisher Scientific). 6xHis-SUMOG-
TOP43 proteins at a concentration of .7 pM were allowed to bind to antibody-coated
plates for 1 hr at RT in PBS buffer containing | % BSA, 300 mM arginine and 0.1%
PEG 5600, pH 7.5. Plates were incubated for 1 hr at RT with human antibodies of
present invention, titrated in a theee-fold dijution series, followed by HRP conjugated
anti-human {e(G Fe v (Jackson ImmunoResearch) in PBRST containing 1% BSA. HRF
activity was measured in a standard colorimetric assay. ECsp values were calculated
using a four-parameter logistic curve fit on Softmax pro software (Molecular Devices).

RNA binding assay: Equilitrium binding affinitics of TUP-43 constructs for
RNA were determined using Hoorescence polarization. S*TYETM fluorophore tabeled
RNA substrates, specific RNA (TYETM- UGUGUGUGUGUG) (SEQ ID NG 312)
and RNA control (TYETM-UUUUUUUUUUUU) (SEQ ID NG: 313) (lntegrated DNA
Technologies), were incubated at a concentration of § nM for 30 min at 25 °C with
TDP-43 {final concentrations { to 20 uM) in incubation butfer as indicated.
Fluorescence polarization was measwred with the plate reader fluorometer Envision
{PerkinEimer) at each concentration of TDP-43 in a 96 well plate formal with an
excitation at 645 run and emission at 665, Kys were calculated using the quadratic
equation for tight binding (Morrison equation) using Sigmaplot (Systat Software Inc.).
To determine the stoichiometry of RNA/TDP-43 binding, the same fluorescence
polarization experimental set up was used with the addition of 95 aM of unlabeled RNA
of the same sequence for a total 100 oM RNA conceniration (>7x higher than the
previously determined Ky values). Stoichiometries were calculated by measuring the
mtercept of two straight lines, one fit using data points of the partially bound state, and
the other using data points of the fully bound staie.

The recombinant full-length TIDP-43 was monomeric by sedimentation analysis
{Figure &CY in buffer containing 400 mM arginine. A& mintmum of 308 mM arginine
was maiptained in analytical assays when monomeric native TIP-43 was desired,
because aggregation was observed at lower arginine concentrations.  Consistent with
arginine not adversely atfecting TDP-43 activity, our recombinant, full-length THP-43

binds an RNA of previously established specific sequence (UGUGUGUGUGUG {(SEQ
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I NOC312)) with at least 30 fold higher affinity than to a generic unspecific sequence
(LUUUUUUYJUUUU SEQ D NO313)) Figure 9).

We also purified a 6xHis/SUMO tagged fragment of TDP-43 comprising amino
acid residues 161-265 of SEQ I NG: 94 from which the C-terminal domain {amino
acids 265 1o 414) known to mediate apgregation was removed. The 6xHis/SUMO
tagged 101-265 wuncated TDP-43 fragment, purified with or without chaotropes
maintained a binding affinity to the specific RNA scquence very similar to the
previousty reported Ky {(~ 14 oM} in spite of the very ditferent analytical methods used
(Figure 9}, See, Kou Nucleic Acids Res. 2009, 37:1799-808. The stoichiometry of
RNA/ TDP-43 binding was also the same regardless of purificaiion strategy, indicating
that there was no significant difference in the denatured protein population between the
two preparations (Figure 9. Together, these data indicated that the purified
recombinant pure full length TDWP-43 was in its native folding state.

We measured the binding affinity of the human-derived TDP-43 specific
antibodies provided hercin to properly folded 6xHis/SUMO tagged TDP-43 using a
capture ELISA in which native TDP-43 was immobilized without direct adsorption on
the surface of the ELISA plate. This was achieved by immobilizing an anti oxHis
antibody which then captured native TIP-43. Binding to the anti 6xHis tag by folded
oxHis/SUMO tagged full-length human TDP-43 was achieved at 300 mM arginine
concentration, ensuring a monomeric state of TDP-43, After this immobilization step,
binding by human antibodies was tested in regular buffers without interference of TDP-
43 aggregation. An example of the titration curves generated is shown in Figure 10,
Table 8 summarizes affinities (ECs [nM]) to folded, full length 6xHis/SUMO tagged

DP-43, or to a 6xHis/BUMO tagged truncation construct containing the C-terminal,
aggregation prone region of TDP-43 (residues 220-414 of SEQ ID NG: 94) by this
capture ELISA method.

Table §: ECy [nM] binding of human-derived TDP-43 antibodies to properly folded
recombinant OxHis/SUMO tagged full length TDP-43 and 6xHis/SUMO tagged truncated
TDP-43 comprising residues 220-414.

Antibody Hull length TDP-43  TDP-43 residues 220-414
Ni-205.41D1 0.07 0.106
- NI-205 51 CH i1 no binding
NI-205.21G2 3.6 » no binding
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Antibody full length THP-43 TDP-43 residues 220-414
NI-205.1A8 >08 1o binding

NI-208.3F10 >80 no binding
NI-205.14W3 7.4 1.6
NI-205 9846 46 20
MNi-205.4482 >123 33.5

~ NI-205.9E124 no binding -
NI-205.8A2 34 4.6
NI-205.15F12 | 16.3 9.7
NI-205.10D3 >80 20.5
NI-205.38H2 >120 no binding
NI-205.29E11 >160 >Q7

_______ NI-205.9E12D no binding no binding
NI-205.31C1 1 21 no binding
NI-205,11304 no binding no binding
NI-205.25F3 >120 >0
NI-205.10H7 30.9 6.45
NI-205.8C10 no binding -
MNi-205 8757 no binding no binding

- NI-205.2101 44 (.33
NI-205.31D2 41.0 B 194
NI-205.14H5 > 100 -
NI-205.36D5 >72.0 >680
NI-205.1905 no binding -
Ni-205.68G3 no binding ~
NI-205 8F8 >94 -
NI-205. 58E11 no binding -
NI-205.20A1 1o binding .

Example 18: Assessment of human-derived TDHP-43 antibody binding to TDP43 in

FTLD-U case and control hippocampal tissues,

H1336]

Human cortical, hippocampal, and spinal cord FTLD-U and control tissues were
obtained from the IDIBAPS Bicbank (Banc de Teixits Neurologics, Barcelona).
oraunehistochemistry was performed on Sum thick paraffin embedded sections using
EDTA-based eptiope retrieval prior to  conducting the otherwise standard
immunohistochemical procedures with Elite ABC kits (Vector Laboratories) with BAB
{Thermo Scientific). Immunohistochemistry was performed using the human TDP-43
antibodies of the wvention at 50nM concentration. Control stainings were done using
mouse monocional antibody 2E2 against human TDP-43 (Abnova), rabbit polyclonal
antibody p409/p410 raised agawst TDP-43 pd08/pd10 (CosmobBio), and rabbit

polyelonal antibody pd09/p410 raised against TIXP-43 pd09/p410 {(CosmoBio}
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The capacity of the human derived anti-TDP-43 antibodies described herein to
recognize native and pathological forms of TDP-43 was characterized by
immunohistochemistry experiments on human FTLD-U case {13} and control (7}
hippocampal tissues. TDP-43 13 a predominantly nuclear protein which shuttles to and
from the cytoplasm. Under pathological conditions it accumulates in the nuclews and
particularly in the cytoplasm, and the pathology is tvpically characterized/classified
based on cellular localization; NCI - newronal cytoplasmic inclusion, NII — neureonal
intranuclear inclusion, and dystrophic neuritic pathology {(review Mackenzie ef af,
Lancet Neurclogy, 9: 995-—1007 (20100, In FTLD-U and ALS patient tissues, the
protein 15 alse found to be phosphorylated. The human TDP-43 binding characteristics
of the antibodies discisoed herein were compared o that of commercially available
antibodics commonly used io diagnose cases post-mortem. The 2E2-D3 control
antibody {(eptiope mapped to aa2(3-222; Fhang e af, Neuwrosci. Lett., 434:17¢-174
(2008} recognized nuclear and cytoplasmie TDP-43 accumulation in hippocampal
pyramidal neurons (Figure 11A) and granule cells (Figure 118}, as well as TDP-43 in
dystrophic neurites {Figure 11C).  On control case fissues, 2E2-D3 recognized
predominantly nuclear TDP-43.  The phosphoryiation specific antibody, p403/p404
(raised against ONGOGFOS{pIS(pIMDSK (SEQ 1D NO:324); Hasegawa ef af., Ann
Neurol, 64(11:60-70 (2008)) recognized (Figure 11D) evioplasimic TDP-43 in pyramidal
cells, (Figure 11E) nuclear and cytoplasmic accumulation in gramile cells, as well as
(Figure 11F} TDP-43 in dystrophic neurites. A sccond phosphorylation specific
antibody, p409/pd10 {raised against CMDSKSES(MOWGM (SEQ 1D NO3253
Hasegawa ef ¢f., Ann Neuorol, 64(13:60-70 (2008)) bound to TDP-43 accumulating in
the nucleus and cytoplasm of (Figure 11G) pyramidal cells and (Figure 111} granule
cells, as well as (Figure 111 TLP-43 in dystrophic neurites.

The bursan-derived anti-TDP-43 antibodics described herein displaved various
staining patterns, including binding to nuclear, cytoplasmic, and neuritic forms of TDP-
43, Several of the human-derived anti-TDP-43 antibodies described herein specifically
bound to disease forms of TDP-43, compared (o staining on control case tissues from
healthy individuals. (Figure 11, and Table 9). For example, antibodies NIE-203.68GS,
NI-205.14W3, NI-205.21G1, and NI-205.41D1, selectively bound to pathological

forms, te. to neuritic TDP-43, and nuclear and cyloplasnic TDP-43 in hippocampal
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granuie cells.  Antibodies NI-205.14W3, NI-205.21G1, and NI-205.41D1 specifically
bound to pathelogical forms of TDP-43 in FTLD-U patient tissues without binding to
control case tissues (compare for NI-205.41D1 staining in FTLD-U patient tissues
{Figure 11Y) and control case tissue (Figure 112}).

Antibody (Fig. 111} NI-205.10D3 bound predominantly to nuclear TDP-43, while
{Fig. 11K) NI-205 RC10 bound to TDP-43 in cytoplasm and axons. Unlike the control
anti~TP-43 antibodies analyzed, a sub-set of the human anti-TDP-43 antibodies
reported herein bound predominanily evioplasmiic TDP-43, rather than nuclear TDP-43.
Antibodies that bound predominantly cytoplasmic TDP-43 include (Fig. 11L) Ni-
205.15F12, (Fig. FIM) NI-205.8A7, (Fig. 1IN) NE20S.3F10, (Fig. 1105 NI-205.213G2,
{Fig. 11P) NI-205.8F§, (Fig. 11Q) NE-20531C1H, (Fig 11R) NI-20536D35, (Fig. 118}
NI-Z05.3102, (Fig. 11Ty NI-205.10H7, and (Fig, 11U} NI-205 14HS. Antibodies {Fig.
TIVY NI-Z205.68GS, (Fig. 11W) NI-205.14W3, (Fig. 11X) NI205.21G1, and {Fig. 11Y)
NI-205.41 31 bound to neuritic TDP-43 and TDP-43 accumulating in the nucleus and

cvtoplasm in hippocampal granule cells.

Table 9: Assessment of human-derived TDP-43 antibody binding to TDP-43 in FTLD-U
case and control hippocampal tissues. Case and control samples were also stained with

2E2-D3, p403/p404, p409/p4 10 control anti-TDP-43 antibodies. NI — not determined

Antibody Antibody Staining by immunohisi()c\ﬂé.mistry
) FTLD-U Case tissue Control tissue
NT-205.411M cytoplasmic and nuclear in no hinding
_________ granule celis + neuritic
NI-205.51C1 no binding Ni
NI-205.21G2 cyvioplasmic ND
NI-205.1A9 no binding ¢+ ND
NI-205 3110 cytoplasmic cytoplasmic
NI-205.14W3 cytoplasmic and nuclear in 1o binding, cvioplasmic i
granule cells + neuritic neurons (in some cases)
________ NI-203.98Ho no binding ND
_____ NI-205.4482 ne binding ND
______ NI-205.9E12A no binding __ND
Ni-205.8A2 __cytoplasmic cyioplasmic
Ni-205.15F12 cytoplasmic in granule cells ND
Ni-205.10D3 nuclear nuclear
_____ I-205.38H2 no binding ND
NI-205.29E1H no binding __ND
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Antibody

Antibody Staining by Immunschistochemistry

FTLD-1U Case tissue

i
H

Control tissue

NI-2065.8C10

cytoplasmic + axonal {one
Case)

Ni-205.9E12D 1o binding ND
Ni-205.31C11 cytoplasmic cytoplasmic
NI-205.113C4 no binding ND
NI-205.25F3 no binding ND
NI-20510H7 _eytoglasmic 4 cytoplasmic

NI-205.87E7

uo binding

NI-208521G1

eytoplastuie and and nuclear
in granule cells + neuritic

12053102 cytoplasmic __cytoplasmic
NE-205.14H5 eyloplasmic cytoplasmic ¢
NE-205 365 cyioplasmic cytoplasmic :
NI-205.19G5 _ 1o binding ND
Ni-205.68G5 cytoplasmie + neuritic (one ND

case)
NI-205 8F8 cvioplasmic cytoplasmic
NI-205 58511 no binding ND
NI-205.20A1 no binding ND
2E2 Nuclear, cytoplasmic and Nuclear {cytoplasmic in some
neuritic coptrols )
p403/p404 Nuctear, cytoplasmic and no binding
L S
p409/p410 Nuclear, cytoplasmic and No binding
neuritic

{1340}

‘The screen for hwman anti-TDP-43 annbodies using denatured recombinant TDP-
43 and TDP-43 390-414 peptide phosphorylated at residues 8409 and 5410 resulted in
the generation of aniibodies that cover most natural and disease-related epitopes of
human TOP-43. The hursan anti-TDP-43 antibodies disclosed herein identy sew and
interesting epitopes of TDP-43, and provide novel conformational information specific
to the disease process of TDP-43 proteinpathies. For example, the NI-205.14W3, Ni-
205.21GHE, and NI-20541D1 bound to TDP-43 with high affinity and were specific to
pathological forms of TDP-43 on FTLD-U tissues in comparison to control cases.
While these three antibodies had simtlar pathological TDP-43 specific staining patiern
in immunohistochemistry, they recognized distinct epitopes in the aggregation prone C-
termnal region of TDP-43: NI-41D1 bound to a discontinuous epitope n the C-
terminal portion of THP-43 and NI-Z1G1 bound o a phosphorviation prone regiou of

TDP-43, Additionally, the NI-205. 1418 and NI-205.31D2 antibodies had high affinity
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for TI3P-43 phosphorylated at one or both of residues 8409 and S410, and specifically
stained cytoplasmic TDP-43 in immmunohistochemistry. Furthermore, NI-205 2102 and
NI-205.51CH also demounstrated high affinity for TDP-43, and bound to epitopes N-
terminal to the predicted caspase cleavage site, with NI-205.51C1 binding o RNA-
recognition motif 2 {(RRM2). NI-205.10123 specifically stained nuclear TDP-43 in both

TLD-U and control case tissucs, suggesiing that it bound to endogenous/native forms

of TDP.43.

Esample 11: Acuie brain penctration study,

TP-43 G348 transgenic mice {(Swarap ef &, Brain 134 (2011), 2610-2626) are
intraperitoncally imected with 38 ma/kp human anti-TDP-43 antibody or equa] volume
of PBY at day 1 and day 4. At day 5. mice are perfised under anesthesia with PBS
coniaining | Unit/ml heparin. Blood, brain and apinal cord are collected for analyses.
Right hemisphere of the brain is frozen at -80°C, left hewisphere of the brain and the
spinal cord are post fixed i 10% neutralized formalin at 4°C for two days before being
embedded in paralfin block and sectioned. Plasma is stored at -80°C in aliquots.

Brain profein exiraction: brain protein fractions are extracted using standard
experunental methods, for example, frozen right hemisphere is weighed and
homopenized in 5 volumes {5 ml/g of wet tissue) of a solution containing 3¢ mM
NaCl, 0.2% diethyvlamine, protease inhibitors {Roche Dhagnostics GmbH) and
phosphatase inhibitor {Roche Diagnostics GmbH) Samples are then ifransferred to
pelycarbonate tubes and added another 5 volume of homogenization solution, and kept
on jee tor 30 wmin. Soluble fraction is then collected after centrifupation at 100,000 g,
4°C for 30 min. This soluble fraction is used in human {gG assay. The peliet is re-
suspended in 3 volumes of PBS with protease and phosphaiase inhibitor. After
centrifupation at 16,000 g, 4°C for 30min, supernatants and pellets are stored separately
at -80°C for further insoluble TDP-43 extraction.

Human antibody and TDP-43 i detecied apd quantitated in the wain protein
extracts using standard experimental methods.  For example, human IgG-specific
sandwich BLISA: 2 pg/ml of goat anti-human fgG Fab {Jackson} in 56 mM carbonate
ELISA coating buffer (pH9.6) is used as capture antibody. Halfrarea 96-well microtitre
plates are coated with 30 pliwell with capture antibody at 4°C over night. The plate is

theny washed 4 times with PBS containing 0.1% Tween 20 before incubating with 30
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wl/well PBS containing 2% BSA at roont temperature for one hour, Soluble fractions of
brain extracts, plasma sampies and human antibody standard are diluted in PBS
containing 2% BSA and 0.1% Tween 20. 30 pl of the diluted samples are added into
each well and incubated at room temperature for one howr. The plate is then washed
with 200 ul/well PBS containing 0.1% Tween 20 for four times before incubated with
HRP-conjugated donkey anti-human Fey {(Jackson, diluted at 1:10,600 in PBS
containing 2% BSA and 0.1% Tween 20} at room teraperature for one hour, The plate is
then washed with 200 pl/well PBS containing ¢.1% Tween 20 for four times before
adding 20 ul/well TMB (1:20 in 10 mM citrate solution pH=4.1}. The reaction is then
stopped by adding 10wl 1M H;504 to each well. Antibody standard curve is obtained
from serial dilutions of control antibody. Antibody concentrations in plasma and brain
samples are calculated according to the standards. Brain human 1gG level is then
converted to ug antibody/grara fresh brain tissue.

Neuronal penetration of the administered human anti-TDP-43 antibody is detected
by immunohistological staining of the brain tissne sections obtained from human anti-
TDP-43 antibody treated and control animals. For example, free-foating tissoe sections
are washed in Tris-Triton pH7.4 (530mM Tris, 150 mM NaCl, 3.05% Triton X-100),
incubated in 1% H;O: PBS for 30 min, and incubated with a blocking solution
containing 2% normal goat- and horse serum in Tris-Triton and with additional (.2%
Triton X-100 for 1 h at room temperature. The sections are then incubated with
biotinylated donkey anti-human IgG (H+1) (Jackson mmunoresearch Labs, 709-065-
149y at 1:200 in blocking solution for 16 h at 4°C with agitation at 100 rpm to detect
neurenal human IgG. The tissue-bound biotinylated antibody is visualized by
peroxidase chromogenic reaction using the Vectastain Elite ABC kit {Vector
Laboratories, PK6100, 1:100). The enzymatic reaction is stopped with ice cold PBS and
the sections is washed in PBS 3 times, The sections are then mounted on glass shides
and air dried over night before they are counterstained with hemahun solution (Carl
Roth GmbH + Co. T863.1) After dehvdration steps, the slides are covered with
coverslips before being scanned with the Olympus dotShide 2.1 virtual microscopy
systent. Newronal anti-homan {gG staining observed in the antibody treated arumals,
but not in the control animals, indicates that the huwrnan anti-TDP-43 antibody enters the

REUrons,
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Example 12: Chronic study with anti-TDP-43 antibodies.

TDP-43 G348C transgenic mice (Swarup ef of, Brain 134 (2011}, 2610-2626) are
intraperitonsally injected with 10 mgike, 3 mg/kg of antibody solution, or equal volume
of PBS control. Each treatment group has 20-25 mice. The treatment is carried out once
a weck for 26 weeks. Alternatively, the treatment is carried out twice a week for 13
weeks. Body weight is monitored every two weeks, Mice are perfused under anesthesia
at the end of the treatment peried. Brain, spinal cord and blood is collected. Half brain
and spinal cord are post-fixed in 10% formalin for three days before being embedded 1
paraffin block. 4-6 um thick sections cut from these tissue blocks are used for
immunchistochemistry studies. The other half brain is weighted and decp frozen at -
R0°C for biochemical analyses.

Drug etfects are evaluated by comparing the level and disttibution of TDP-43,
including the level and distribution of pathological forms of TDP-43 in antibody treated
and contrel animals using immunochistochemistry.  Tissue sampies' obtained from
antibody treated and control amimals are stained with an anti-TDP-43 antibody, ¢.g., an
anti-TDP-43 antibody specific for pathological forms of TDP-43, using standard
histological methods, In one embodiment, the antibody used in the histochemical
analysis 1s the same as the anttbody administered to the animals. In another
embodiment, the antibody used in the histochemical analysis s different from the
antibody administered to the animals. Therapeutic efficacy of the human anti-TDP-43
antibodies disclosed herein is indicatied by a reduction in the level, or ahsence of
pathological forms of TDP-43 in antibody treated animals relative to control animals,

Drug effects are also evaluated by comparing the level of TDP-43, including the
level of pathological forms of THP-43 in antibody treated and control animals ssing
ELISA or Western-blot.  Therapeutic efficacy of the human anti-TDP-43 antibodies
disclosed herein 1s indicatied by a reduction inn the level, or absence of pathological
forms of TDP-43 1n antibody treated animals relative {0 control animals.

The present invention 18 not (0 be limited in scope by the specific embodiments
described which are intended as single illustrations of individual aspects of the
invention, and any compositions or methods which are functionally eguivalent are
within the scope of this invention. Indeed, various modifications of the invention in

addition to those shown and described herein will become apparent 1o those skilied in
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the art from the foregoing description and accompanying drawings. Such modifications

are intended to fall within the scope of the appended claims.



- 139 -

CLAIMS

1. An anti-TAR-DNA-binding protein 43 kDa (TDP-43) antibody, or a TDP-43 binding
fragment thereof, comprising a heavy chain variable domain (VH) and a light chain
variable domain (VL), wherein the VH comprises complementarity determining regions
(CDRs) H-CDR1, H-CDR2, and H-CDR3, and the VL comprises CDRs L-CDRI, L-
CDR2, and L-CDR3, wherein:

H-CDRI1, H-CDR2, and H-CDR3 consist of the amino acid sequence set
forth in SEQ ID NOs: 131, 132, and 133, respectively, and L-CDRI1, L-
CDR2, and L-CDR3 consist of the amino acid sequence set forth in SEQ
ID NOs: 135, 136, and 137, respectively.

2. An anti-TAR-DNA-binding protein 43 kDa (TDP-43) antibody, or a TDP-43 binding
fragment thereof, comprising a heavy chain variable domain (VH) and a light chain
variable domain (VL), wherein:

the VH consists of the amino acid sequence set forth in SEQ ID NO:130, and the
VL consists of the amino acid sequence set forth in SEQ ID NO:134.

3. The anti-TDP-43 antibody or TDP-43 binding fragment thereof of claim 1 or 2, which

is a human antibody.

4. The anti-TDP-43 antibody or TDP-43 binding fragment thereof of claim 1 or 2, which

is a chimeric antibody.

5. The anti-TDP-43 antibody or TDP-43 binding fragment thereof of claim 1 or 2, which
is a TDP-43 binding fragment.
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6. The anti-TDP-43 antibody or TDP-43 binding fragment thereof of claim 5, wherein
the TDP-43 binding fragment is a single chain Fv fragment (scFv), an F(ab') fragment, an
F(ab) fragment, or an F(ab')2 fragment.

7. An isolated polynucleotide or polynucleotides comprising a nucleotide sequence or
nucleotide sequences encoding the anti-TDP-43 antibody or TDP-43 binding fragment

thereof of claim 1 or claim 2.

8. An isolated polynucleotide or polynucleotides encoding an anti-TAR-DNA-binding
protein 43 kDa (TDP-43) antibody, or a TDP-43 binding fragment thereof, comprising a
nucleotide sequence encoding a heavy chain variable domain (VH) and a nucleotide
sequence encoding a light chain variable domain (VL), wherein:

the nucleotide sequence encoding the VH consists of the nucleic acid sequence set
forth in SEQ ID NO:275, and the nucleotide sequence encoding the VL consists of the
nucleic acid sequence set in SEQ ID NO:276.

9. An isolated vector comprising the polynucleotide or polynucleotides of claim 7 or

claim 8.

10. An isolated host cell comprising the polynucleotide or polynucleotides of claim 7 or

claim 8, or the vector of claim 9.

11. A method for preparing an anti-TDP-43 antibody or TDP-43-binding fragment
thereof, the method comprising:

(a) culturing the host cell of claim 10; and

(b) isolating the anti-TDP-43 antibody or TDP-43-binding fragment thereof from

the culture.

12. An isolated anti-TDP-43 antibody or TDP-43-binding fragment thereof obtained by

the method of claim 11.
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13. The anti-TDP-43 antibody or TDP-43-binding fragment thereof of any one of claims
1 to 6 or 12, which is labeled with a detectable label.

14. The anti-TDP-43 antibody or TDP-43-binding fragment thereof of claim 13, wherein
the detectable label is selected from the group consisting of an enzyme, a radioisotope, a

fluorophore, and a heavy metal.

15. The anti-TDP-43 antibody or TDP-43-binding fragment thereof of any one of claims
1 to 6 or 12, which is attached to a drug.

16. A pharmaceutical composition comprising the anti-TDP-43 antibody or TDP-43-
binding fragment thereof of any one of claims 1 to 6 or 12 to 15, and a pharmaceutically

acceptable carrier.

17. A diagnostic composition comprising the anti-TDP-43 antibody or TDP-43-binding
fragment thereof of any one of claims 1 to 6 or 12 to 15, and an immuno- or nucleic acid-

based diagnostic reagent.

18. A composition comprising an anti-TDP-43 antibody or TDP-43-binding fragment
thereof of any one of claims 1 to 6 or 12 to 15 for use in diagnosing, treating, monitoring
the progression, or monitoring the response to a treatment of a TDP-43 proteinopathy in a

human subject.

19. A method of using level of TDP-43 as an indicator of a TDP-43 proteinopathy in a
human subject, the method comprising:

(a) determining the level of TDP-43 in a sample from the subject with the anti-
TDP-43 antibody or TDP-43-binding fragment thereof of any one of claims 1 to 6 or 12
to 15 ; and
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(b) comparing the level of TDP-43 to a reference standard that indicates the level
of TDP-43 in a control subject,
wherein a difference or similarity between the level of TDP-43 in the sample and the

reference standard indicates that the subject suffers from a TDP-43 proteinopathy.

20. The composition of claim 18, wherein the TDP-43 proteinopathy is selected from the
group consisting of argyrophilic grain disease, Alzheimer's disease, amyotrophic lateral
sclerosis (ALS), ALS-Parkinsonism dementia complex of Guam, corticobasal
degeneration, Dementia with Lewy bodies, Huntington's disease, Lewy body disease,
motor neuron disease, frontotemporal lobar degeneration (FTLD), frontotemporal
dementia, frontotemporal lobar degeneration with ubiquitin-positive inclusions,
hippocampal sclerosis, inclusion body myopathy, inclusion body myositis, Parkinson's
disease, Parkinson's disease dementia, Parkinson-dementia complex in Kii peninsula and

Pick's disease.

21. The composition of claim 18, wherein the TDP-43 proteinopathy is selected from the

group consisting of Alzheimer's disease, ALS, FTLD, and Parkinson's disease.

22. A composition comprising an anti-TDP-43 antibody or TDP-43-binding fragment
thereof of any one of claims 1 to 6 or 12 to 15 for in vivo detection or targeting of a

therapeutic and/or diagnostic agent to TDP-43 in a human body.

23. The composition of claim 22, wherein the in vivo detection comprises positron
emission tomography (PET), single photon emission tomography (SPECT), near infrared

(NIR) optical imaging or magnetic resonance imaging (MRI).

24. A kit useful in the diagnosis or monitoring the progression of a TDP-43
proteinopathy, said kit characterized by comprising at least one anti-TDP-43 antibody or

TDP-43-binding fragment thereof as defined in any one of claims 1 to 6 or 12 to 15.
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25. The kit of claim 24, wherein the TDP-43 proteinopathy is selected from the group

consisting of Alzheimer's disease, ALS, FTLD, and Parkinson's disease.

26. The method of claim 19, wherein the TDP-43 proteinopathy is selected from the
group consisting of argyrophilic grain disease, Alzheimer's disease, amyotrophic lateral
sclerosis (ALS), ALS-Parkinsonism dementia complex of Guam, corticobasal
degeneration, Dementia with Lewy bodies, Huntington's disease, Lewy body disease,
motor neuron disease, frontotemporal lobar degeneration (FTLD), frontotemporal
dementia, frontotemporal lobar degeneration with ubiquitin-positive inclusions,
hippocampal sclerosis, inclusion body myopathy, inclusion body myositis, Parkinson's
disease, Parkinson's disease dementia, Parkinson-dementia complex in Kii peninsula and

Pick's disease.

27. The method of claim 19, wherein the TDP-43 proteinopathy is selected from the

group consisting of Alzheimer's disease, ALS, FTLD, and Parkinson's disease.



