[0010] Against this background, among a large number of phosphorylated sites in the tau
protein which can undergo abnormal phosphorylation in the conditions of Alzheimer’s disease,
the present inventors focused on the phosphorylated site of the serine residue at position 413
(Ser413), and succeeded in producing a polyclonal rabbit antibody and a monoclonal mouse
antibody which are specific to the Ser413-phosphorylated tau. The present inventors also
administered the monoclonal mouse antibodies to model mice of cognitive disorders which
showed abnormal expression of phosphorylated tau proteins, and confirmed that improvement in
cognitive functions was observed (W02013/180238A).
[0010a] In one aspect, the present disclosure refers to an anti-pSer413 tau antibody
comprising:
(A) (i) a variable heavy (VH) domain having an amino acid sequence of SEQ ID NO:20, and

(ii) a variable light (VL) domain having an amino acid sequence of SEQ ID
NO:32, SEQ ID NO:34, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104,
SEQ ID NO:105, SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ
ID NO:110, SEQ ID NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(B) (1) a VH domain having an amino acid sequence of SEQ ID NO:22, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID
NO:34, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105,
SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ
ID NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(O) (1) a VH domain having an amino acid sequence of SEQ ID NO:24, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID
NO:34, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105,
SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ
ID NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(D) (i) a VH domain having an amino acid sequence of SEQ ID NO:26, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID
NO:34, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105,
SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ
ID NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(E) (1) a VH domain having an amino acid sequence of SEQ ID NO:28, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID
NO:34, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105,



SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ
ID NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(F) (i) a VH domain having an amino acid sequence of SEQ ID NO:116, and
(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID

NO:34, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105,
SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ
ID NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114; or

(G) (1) a VH domain having an amino acid sequence of SEQ ID NO:117, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID NO:34, SEQ ID
NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ ID NO:106,
SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ ID NO:111, SEQ
ID NO:112, SEQ ID NO:113, or SEQ ID NO:114.

[0010Db]

In another aspect, the present disclosure refers to a humanized antibody, or

fragment or derivative thereof, which causes an antigen-antibody reaction with a tau protein or a

tau peptide phosphorylated at least on an amino acid residue corresponding to Ser413 of SEQ ID

NO: 1, comprising

(A) a VH domain having:

(i) an amino acid sequence of SEQ ID NO:30 (VH65),

(i1) an amino acid sequence of SEQ ID NO:30 comprising a substitution
of Ala with Thr at position 28,

(ii1) an amino acid sequence of SEQ ID NO:30 comprising a substitution
of Asn with Ser at position 30,

(iv) an amino acid sequence of SEQ ID NO:30 comprising a substitution
of Val with Gly at position 49,

(v) an amino acid sequence of SEQ ID NO:30 comprising a substitution
of Ala with Asp at position 64, or

(vi) an amino acid sequence of SEQ ID NO:30 comprising a substitution
of Gln with Lys at position 78; and
(B) a VL. domain having:

(i) an amino acid sequence of SEQ ID NO:38,

(i1) an amino acid sequence of SEQ ID NO:38, comprising a substitution
of Asp with Glu at position 17,

(ii1) an amino acid sequence of SEQ ID NO:38, comprising a substitution

of Ser with Asn at position 28,
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(iv) an amino acid sequence of SEQ ID NO:38, comprising a substitution
of Gln with Leu at position 42,
(v) an amino acid sequence of SEQ ID NO:38, comprising a substitution

of Gln with Arg at position 50, or

(vi) an amino acid sequence of SEQ ID NO:38, comprising a substitution of Arg with Leu at

position 51.

[0010c] In another aspect, the present disclosure refers to an anti-pSer413 tau antibody
comprising a VH domain having an amino acid sequence of SEQ ID NO:116, and a VL domain

having an amino acid sequence of SEQ ID NO:114.

[0010d] In yet another aspect, the present disclosure refers to the use of the anti-pSer413
tau antibody as disclosued herein in the manufacture of a medicament for treating tauopathy in a
subject.

[0010e] In yet another aspect, the present disclosure refers to a nucleic acid composition
comprising:

(1) a first nucleic acid encoding a heavy chain having an amino acid sequence of SEQ ID
NO:144; SEQ ID NO:145; SEQ ID NO:146; SEQ ID NO:147; SEQ ID NO:148; SEQ ID
NO:149; SEQ ID NO:150; SEQ ID NO:151; SEQ ID NO:152; SEQ ID NO:153; SEQ ID
NO:154; SEQ ID NO:155; SEQ ID NO:156; SEQ ID NO:157; SEQ ID NO:158; SEQ ID
NO:159; SEQ ID NO:160, or SEQ ID NO:161; and

(i) a second nucleic acid encoding a light chain having an amino acid sequence of SEQ ID
NO:162, SEQ ID NO:163, SEQ ID NO:164, SEQ ID NO:165, SEQ ID NO:166, SEQ ID
NO:167, SEQ ID NO:168, SEQ ID NO:169, SEQ ID NO:170, SEQ ID NO:171, SEQ ID
NO:172, SEQ ID NO:173, SEQ ID NO:174, SEQ ID NO:175, SEQ ID NO:176, SEQ ID
NO:177, SEQ ID NO:178, SEQ ID NO:179, SEQ ID NO:180, SEQ ID NO:181, SEQ ID
NO:182, SEQ ID NO:183, SEQ ID NO:184, or SEQ ID NO:185.

[0010f] In yet another aspect, the present disclosure refers to a host cell comprising the

nucleic acid composition as disclosed herein.

[0010g] In yet another aspect, the present disclosure refers to a method of making an anti-
pSer413 tau antibody, comprising culturing the host cell as disclosed herein under conditions

wherein the antibody is expressed, and recovering the antibody.

[0011] In some examples, the present disclosure provides proteins, such as antibodies,

that include an antigen binding portion that specifically binds to Tau protein that is
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phosphorylated at serine residue 413 (pS413-Tau). In some examples, the present disclosure
provides nucleic acids encoding the proteins. In some examples, the present disclosure provides
cells that include such nucleic acids encoding the proteins. In some examples, the present
disclosure provides methods for treating a tauopathy (e.g., Alzheimer’s disease) by

administering the proteins, nucleic acids, or cells disclosed herein to a patient in need thereof.

[0012] Accordingly, in some examples the disclosure provides a humanized antibody or
a fragment or derivative thereof, which causes an antigen-antibody reaction with a tau protein or
a tau peptide phosphorylated at least on an amino acid residue corresponding to Ser413 of SEQ
ID NO: 1. In some cases, the humanized antibody or fragment or derivative thereof has an

equilibrium dissociation constant of 1.86 x 10"® M or less for the tau protein or tau peptide.

[0013] In further examples, the humanized antibody or fragment or derivative thereof
has an improved selective affinity with the phosphorylated tau protein (or tau peptide, e.g. SEQ

ID NO:8) compared to a non-phosphorylated tau protein (or tau peptide, e.g. SEQ ID NO:69).

[0014] In an additional example, the humanized antibody or fragment or derivative
thereof described herein has an improved ability to enter the brain when administered into the

blood.

[0015] In a further example, the humanized antibody or fragment or derivative thereof
comprises CDRs as follows:a CDR-H1 sequence, an amino acid sequence having 80% or more
homology with sequence 1M; as a CDR-H2 sequence, an amino acid sequence having 84% or
more homology with sequence 2M or 2H1; as a CDR-H3 sequence, an amino acid sequence
having 80% or more homology with sequence 3M; as a CDR-L1 sequence, an amino acid

sequence having 87% or more homology with sequence 4L.1 or 4M; as a CDR-L2 sequence, an
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amino acid sequence having 85% or more homology with sequence 5M; and as a CDR-L3

sequence, an amino acid sequence having 77% or more homology with sequence 6M.

[0016] In an additional example, the humanized antibody or fragment or derivative
thereof comprises CDRs as follows: as a CDR-H1 sequence, the amino acid sequence of
sequence 1M; as a CDR-H2 sequence, the amino acid sequence of sequence 2H1 or an amino
acid sequence differs from sequence 2H1 in that Ala at position 15 is substituted with Asp; as a
CDR-H3 sequence, the amino acid sequence of sequence 3M; as a CDR-L1 sequence, the amino
acid sequence of sequence 4L.1 or an amino acid sequence that differs from sequence 4L1 in that
Ser at position 5 is substituted with Asn; as a CDR-L2 sequence, the amino acid sequence of

sequence SM; andas a CDR-L3 sequence, the amino acid sequence of sequence 6M.

[0017] In a further example, the humanized antibody or fragment or derivative thereof
has CDRs as follows: (1) as a CDR-HI1 sequence, the amino acid sequence of 1M; as a
CDR-H2 sequence, the amino acid sequence of 2H1; as a CDR-H3 sequence, the amino acid
sequence of 3M; as a CDR-L1 sequence, the amino acid sequence of 4L.1; as a CDR-L2
sequence, the amino acid sequence of SM; and as a CDR-L3 sequence, the amino acid sequence
of 6M, or (2) as a CDR-H1 sequence, the amino acid sequence of 1M; as a CDR-H2 sequence,
the amino acid sequence of 2H1; as a CDR-H3 sequence, the amino acid sequence of 3M; as a
CDR-L1 sequence, the amino acid sequence of 4M; as a CDR-L2 sequence, the amino acid
sequence of SM; and as a CDR-L3 sequence, the amino acid sequence of 6M, or (3) as a CDR-
HI sequence, the amino acid sequence of 1M; as a CDR-H2 sequence, the amino acid sequence
of 2M; as a CDR-H3 sequence, the amino acid sequence of 3M; as a CDR-L1 sequence,
the amino acid sequence of 4M; as a CDR-L2 sequence, the amino acid sequence of 5M; and as

a CDR-L3 sequence, the amino acid sequence of 6M.

[0018] In additional examples the humanized antibody or fragment or derivative thereof
comprises: as a heavy chain variable region, an amino acid sequence having 90% or more
homology with a sequence selected from sequences VH11, VH12, VH47, VH61, VH62, VH64,
and VHG65; and as a light chain variable region, an amino acid sequence having 90% or more
homology with a sequence selected from sequences VL15, VL36, VL46, VL47, VL48, and
VL50.

[0019] In a further example, the humanized antibody or fragment or derivative thereof
comprises: as a heavy chain variable region, the amino acid sequence of sequence VH65 or an

amino acid sequence which differs from sequence VH65 in comprising one or more



substitutions selected from the group consisting of a substitution of Ala with Thr at position 28
(Kabat numbering: H28), a substitution of Asn with Ser at position 30 (Kabat numbering: H30),
a substitution of Val with Gly at position 49 (Kabat numbering: H49), a substitution of Ala with
Asp at position 64 (Kabat numbering: H61), and a substitution of Gln with Lys at position 78
(Kabat numbering: H75); and as a light chain variable region, the amino acid sequence of
sequence VL47 or an amino acid sequence which differs from sequence VL47 in comprising
one or more substitutions selected from the group consisting of a substitution of Asp with Glu at
position 17 (Kabat numbering: L.17), a substitution of Ser with Asn at position 28 (Kabat
numbering: L27A), a substitution of Gln with Leu at position 42 (Kabat numbering: L37),a
substitution of Gln with Arg at position 50 (Kabat numbering: L45), anda substitution of Arg
with Leu at position 51 (Kabat numbering: L46).

[0020] In a further example, the humanized antibody or fragment or derivative thereof
comprises any of the following sequence combinations: (a) sequence VH11 as a heavy chain
variable region and sequence VL15 as a light chain variable region; (b) sequence VH11 as a
heavy chain variable region and sequence VL36 as a light chain variable region; (c) sequence
VHI1 as a heavy chain variable region and sequence VL46 as a light chain variable region; (d)
sequence VHI11 as a heavy chain variable region and sequence VL47 as a light chain variable
region; (e) sequence VH11 as a heavy chain variable region and sequence VL48 as a light chain
variable region; (f) sequence VH11 as a heavy chain variable region and sequence VL50 as a
light chain variable region; (g) sequence VH12 as a heavy chain variable region and sequence
VLA48 as a light chain variable region; (h) sequence VH47 as a heavy chain variable region and
sequence VL48 as a light chain variable region; (i) sequence VH61 as a heavy chain variable
region and sequence VL48 as a light chain variable region; (j) sequence VH62 as a heavy chain
variable region and sequence VL48 as a light chain variable region; (k) sequence VH64 as a
heavy chain variable region and sequence VL47 as a light chain variable region; (1) sequence
VH64 as a heavy chain variable region and sequence VL48, and (m) sequence VH65 as a heavy

chain variable region and sequence VLA47.

[0021] In an additional example, the disclosure provides an agent for treating or
preventing dementia, comprising the humanized antibody or fragment or derivative thereof as

described herein.

[0022] In a further example, the disclosure provides methods and agents for treating or

preventing dementia or a tauopathy, including Alzheimer's disease, corticobasal degeneration,



progressive supranuclear palsy, Pick's disease, argyrophilic grain dementia (argyrophilic grain
disease), multiple system tauopathy with presenile dementia (MSTD), frontotemporal dementia
and parkinsonism linked to chromosome 17 (FTDP-17), dementia with neurofibrillary tangles,
diffuse neurofibrillary tangle with calcification (DNTC), white matter tauopathy with globular
glial inclusions (WMT-GGI) or frontotemporal lobar degeneration with tau pathology (FTLD-

tau).

[0023] In an additional example, the disclosure provides pharmaceutical compositions
comprising the humanized antibody or fragment or derivative thereof as described herein and a

pharmaceutically acceptable carrier.

[0024] In a further example, the disclosure provides anti-pSer413 tau antibodies
comprising: a) a heavy variable domain comprising a vhCDR1 comprising SEQ ID NO:86, a
vhCDR2 comprising SEQ ID NO:115 and a vhCDR3 comprising SEQ ID NO:88; and b) a light
variable domain comprising a set of vICDRs selected from the group consisting of: i)a
vICDR1 comprising SEQ ID NO:102, a vICDR2 comprising SEQ ID NO:82 and a vICDR3
comprising SEQ ID NO:83; ii) a vVICDR1 comprising SEQ ID NO:91, a vICDR2 comprising
SEQ ID NO82: and a vICDR3 comprising SEQ ID NO:83; iii) a vVICDR1 comprising SEQ ID
NO:92, a vICDR2 comprising SEQ ID NO:82 and a vVICDR3 comprising SEQ ID NO:83; iv) a
vICDR1 comprising SEQ ID NO:93, a vICDR2 comprising SEQ ID NO82: and a vICDR3
comprising SEQ ID NO:83; v) a vICDR1 comprising SEQ ID NO:94, a vVICDR2 comprising
SEQ ID NO:82 and a vICDR3 comprising SEQ ID NO:83; vi) a vICDR1 comprising SEQ ID
NO:95, a vICDR2 comprising SEQ ID NO:82 and a vICDR3 comprising SEQ ID NO:83; vii) a
vICDR1 comprising SEQ ID NO:96, a vICDR2 comprising SEQ ID NO:82 and a vICDR3
comprising SEQ ID NO:83; viii) a vVICDR1 comprising SEQ ID NO:97, a vICDR2 comprising
SEQ ID NO:82 and a vICDR3 comprising SEQ ID NO:83; ix) a vICDR1 comprising SEQ ID
NO:98, a vICDR2 comprising SEQ ID NO:82 and a vVICDR3 comprising SEQ ID NO:83; x) a
vICDR1 comprising SEQ ID NO:99, a vICDR2 comprising SEQ ID NO:82 and a vICDR3
comprising SEQ ID NO:83; xi) a vICDR1 comprising SEQ ID NO:100, a vICDR2 comprising
SEQ ID NO:82 and a vICDR3 comprising SEQ ID NO:83; and xii) a vVICDR1 comprising SEQ
ID NO:101, a vICDR2 comprising SEQ ID NO:82 and a vVICDR3 comprising SEQ ID NO:83. In
some cases, the antibody has a ratio of antibody binding to the phosphorylated peptide of SEQ
ID NO:8 to antibody binding to the non-phosphorylated peptide of SEQ ID NO:69 of at least
about 40.



[0025] In additional examples, the disclosure provides anti-pSer413 tau antibodies
comprising: a) a heavy variable domain selected from SEQ ID NO:116 and SEQ ID NO:117; and
b) a light variable domain selected from SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105,
SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ
ID NO:111, SEQ ID NO:112, SEQ ID NO:113 and SEQ ID NO:114. In some cases, the
antibody has a ratio of antibody binding to the phosphorylated peptide of SEQ ID NO:8 to
antibody binding to the non-phosphorylated peptide of SEQ ID NO:69 of at least about 40.

[0026] In an additional example, the antibodies of the disclosure comprises a heavy
constant domain selected from SEQ ID NO:135, SEQ ID NO:136, SEQ ID NO:137, SEQ ID
NO:138, SEQ ID NO:139, SEQ ID NO:140, SEQ ID NO:141, SEQ ID NO:142 and SEQ ID
NO:144.

[0027] In a further example, the antibodies of the disclosure comprise a light constant

domain selected from SEQ ID NO:79 and SEQ ID NO:80.

[0028] In an additional example, the antibodies of the disclosure comprise a variable

heavy domain selected from SEQ ID NO:116 and SEQ ID NO:117.

[0029] In a further example, the antibodies of disclosure comprise a variable light
domain selected from SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ ID NO:106,
SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ ID NO:111, SEQ
ID NO:112, SEQ ID NO:113 and SEQ ID NO:114.

[0030] In an additional example, the antibodies comprise heavy and light chains selected
from the pairs LC SEQ ID NO:184 and HC SEQ ID NO:144; LC SEQ ID NO:184 and HC SEQ
ID NO:145; LC SEQ ID NO:184 and HC SEQ ID NO:146; LC SEQ ID NO:184 and HC SEQ
ID NO:147; LC SEQ ID NO:184 and HC SEQ ID NO:148; LC SEQ ID NO:184 and HC SEQ
ID NO:149; LC SEQ ID NO:184 and HC SEQ ID NO:150; LC SEQ ID NO:184 and HC SEQ
ID NO:151; LC SEQ ID NO:184 and HC SEQ ID NO:152; LC SEQ ID NO:184 and HC SEQ
ID NO:153; LC SEQ ID NO:184 and HC SEQ ID NO:154; LC SEQ ID NO:184 and HC SEQ
ID NO:155; LC SEQ ID NO:184 and HC SEQ ID NO:156; LC SEQ ID NO:184 and HC SEQ
ID NO:157; LC SEQ ID NO:184 and HC SEQ ID NO:158; LC SEQ ID NO:184 and HC SEQ
ID NO:159; LC SEQ ID NO:184 and HC SEQ ID NO:160; LC SEQ ID NO:184 and HC SEQ
ID NO:161; LC SEQ ID NO:185 and HC SEQ ID NO:144; LC SEQ ID NO:185 and HC SEQ
ID NO:145; LC SEQ ID NO:185 and HC SEQ ID NO:146; LC SEQ ID NO:185 and HC SEQ
ID NO:147; LC SEQ ID NO:185 and HC SEQ ID NO:148; LC SEQ ID NO:185 and HC SEQ



ID NO:149; LC SEQ ID NO:185 and HC SEQ ID NO:150; LC SEQ ID NO:185 and HC SEQ
ID NO:151; LC SEQ ID NO:185 and HC SEQ ID NO:152; LC SEQ ID NO:185 and HC SEQ
ID NO:153; LC SEQ ID NO:185 and HC SEQ ID NO:154; LC SEQ ID NO:185 and HC SEQ
ID NO:155; LC SEQ ID NO:185 and HC SEQ ID NO:156; LC SEQ ID NO:185 and HC SEQ
ID NO:157; LC SEQ ID NO:185 and HC SEQ ID NO:158; LC SEQ ID NO:185 and HC SEQ
ID NO:159; LC SEQ ID NO:185 and HC SEQ ID NO:160 and LC SEQ ID NO:185 and HC
SEQ ID NO:161.

[0031] In a further example, the antibody of the disclosure has a light chain comprising
or consisting of SEQ ID NO:184 and a heavy chain comprising or consisting of SEQ ID
NO:144.

[0032] In an additional example, the antibody of the disclosure has a light chain
comprising or consisting of SEQ ID NO:184 and a heavy chain comprising or consisting of SEQ

ID NO:152.

[0033] In a further example, the disclosure provides nucleic acid compositions
comprising: a) a first nucleic acid encoding a light chain selected from SEQ ID NO:162, SEQ ID
NO:163, SEQ ID NO:164, SEQ ID NO:165, SEQ ID NO:166, SEQ ID NO:167, SEQ ID
NO:168, SEQ ID NO:169, SEQ ID NO:170, SEQ ID NO:171, SEQ ID NO:172, SEQ ID
NO:173, SEQ ID NO:174, SEQ ID NO:175, SEQ ID NO:176, SEQ ID NO:177, SEQ ID
NO:178, SEQ ID NO:179, SEQ ID NO:180, SEQ ID NO:181, SEQ ID NO:182, SEQ ID
NO:183, SEQ ID NO:184 and SEQ ID NO:185; and b) a second nucleic acid encoding a heavy
chain selected from SEQ ID NO:144; SEQ ID NO:145; SEQ ID NO:146; SEQ ID NO:147; SEQ
ID NO:148; SEQ ID NO:149; SEQ ID NO:150; SEQ ID NO:151; SEQ ID NO:152; SEQ ID
NO:153; SEQ ID NO:154; SEQ ID NO:155; SEQ ID NO:156; SEQ ID NO:157; SEQ ID
NO:158; SEQ ID NO:159; SEQ ID NO:160 and SEQ ID NO:161.

[0034] In an additional example, the disclosure provides expression vector compositions
comprising a first and a second nucleic acid, wherein the first nucleic acid is contained in a first

expression vector and the second nucleic acid is contained in a second expression vector.

[0035] In a further example, the disclosure provides an expression vector composition
wherein the first nucleic acid and the second nucleic acid is contained in a single expression

vector.

[0036] In an additional example, the disclosure provides host cells comprising the

expression vector composition, and methods of making an anti-pSer413 tau antibody comprising



culturing the host cell under conditions wherein said antibody is expressed and recovering said

antibody.

[0037] In a further example, the disclosure provides methods of treating a tauopathy in a

subject comprising administering the antibodies of the disclosure.

VI.  BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The invention may be best understood from the following detailed description
when read in conjunction with the accompanying drawings. Included in the drawings are the

following figures:

[0039] FIG. 1A and FIG. 1B collectively show an alignment of various human isoforms

of Tau protein, prepared using ClustalW.

[0040] FIG. 2A shows an alignment of light chain variable region sequences,
highlighting CDR-L1, CDR-L2, and CDR-L3 sequences, according to the Kabat numbering
system, of several anti-pS413-Tau binding proteins, in accordance with some embodiments of

the disclosure.

[0041] FIG. 2B shows an alignment of heavy chain variable region sequences,
highlighting CDR-H1, CDR-H2, and CDR-H3 sequences, according to the Kabat numbering
system, of several anti-pS413-Tau binding proteins, in accordance with some embodiments of

the disclosure.

[0042] FIG. 3 illustrates the selective binding affinity of several anti-pS413-Tau
antibodies for phosphorylated peptide PD17P, relative to non-phosphorylated peptide PD17, in

accordance with some embodiments of the disclosure.

[0043] FIG. 4 illustrates the binding affinity of several anti-pS413-Tau antibodies for
phosphorylated Tau in brain homogenate from an Alzheimer’s patient, in accordance with some

embodiments of the disclosure.

[0044] FIG. 5A and FIG. 5B show pharmacokinetics of humanized antibody variants in
mouse plasma over time. FIG. SA demonstrates that five initial humanized antibody variants 2,
5, 6,9, and 10 exhibited rapid elimination from the mouse plasma. FIG. 5B demonstrates that
three later developed humanized antibody variants L1SH11, L46H11, and L47H65 exhibited

pharmacokinetics profiles comparable to the chimeric antibody.
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CLAIMS

What Is Claimed Is:

1. An anti-pSer413 tau antibody comprising:

(A) (i) a variable heavy (VH) domain having an amino acid sequence of SEQ ID NO:20, and

(i1) a variable light (VL) domain having an amino acid sequence of SEQ ID NO:32,
SEQ ID NO:34, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID
NO:105, SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID
NO:110, SEQ ID NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(B) (i) a VH domain having an amino acid sequence of SEQ ID NO:22, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID NO:34,
SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ
ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ ID
NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(C) (1) a VH domain having an amino acid sequence of SEQ ID NO:24, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID NO:34,
SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ
ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ ID
NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(D) (1) a VH domain having an amino acid sequence of SEQ ID NO:26, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID NO:34,
SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ
ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ ID
NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(E) (i) a VH domain having an amino acid sequence of SEQ ID NO:28, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID NO:34,
SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ
ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ ID
NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114;

(F) (i) a VH domain having an amino acid sequence of SEQ ID NO:116, and

(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID NO:34,
SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ
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ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ ID
NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114; or

(G) (1) a VH domain having an amino acid sequence of SEQ ID NO:117, and
(i1) a VL domain having an amino acid sequence of SEQ ID NO:32, SEQ ID NO:34, SEQ ID
NO:40, SEQ ID NO:42, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ ID
NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, SEQ ID NO:110, SEQ ID
NO:111, SEQ ID NO:112, SEQ ID NO:113, or SEQ ID NO:114.

2. The anti-pSer413 tau antibody of claim 1, wherein the ratio of said antibody’s
binding affinity to a phosphorylated peptide of SEQ ID NO:8 to said antibody’s binding
affinity to a non-phosphorylated peptide of SEQ ID NO:69 is at least about 40 to 1.

3. The anti-pSer413 tau antibody of claim 1, wherein said antibody comprises a
heavy chain constant domain having an amino acid sequence of SEQ ID NO:135, SEQ ID
NO:136, SEQ ID NO:137, SEQ ID NO:138, SEQ ID NO:139, SEQ ID NO:140, SEQ ID
NO:141, SEQ ID NO:142 or SEQ ID NO:143.

4. The anti-pSer413 tau antibody of claim 1 wherein said antibody comprises a light
chain constant domain having an amino acid sequence of SEQ ID NO:79 or SEQ ID NO:80.

5. The anti-pSer413 tau antibody of claim 1, wherein said antibody comprises:

(A) (1) a heavy chain having an amino acid sequence of SEQ ID NO:144, SEQ ID NO:145,
SEQ ID NO:146, SEQ ID NO:147, SEQ ID NO:148, SEQ ID NO:149, SEQ ID NO:150,
SEQ ID NO:151, SEQ ID NO:152, SEQ ID NO:153, SEQ ID NO:154, SEQ ID NO:155,
SEQ ID NO:156, SEQ ID NO:157, SEQ ID NO:158, SEQ ID NO:159, SEQ ID NO:160, or
SEQ ID NO:161, and

(ii) a light chain having an amino acid sequence of SEQ ID NO:184; or

(B) (i) a heavy chain having an amino acid sequence of SEQ ID NO:144, SEQ ID
NO:145, SEQ ID NO:146, SEQ ID NO:147, SEQ ID NO:148, SEQ ID NO:149, SEQ ID
NO:150, SEQ ID NO:151, SEQ ID NO:152, SEQ ID NO:153, SEQ ID NO:154, SEQ ID
NO:155, SEQ ID NO:156, SEQ ID NO:157, SEQ ID NO:158, SEQ ID NO:159, SEQ ID
NO:160, or SEQ ID NO:161, and

(ii) a light chain having an amino acid sequence of SEQ ID NO:185.
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6. A humanized antibody, or fragment or derivative thereof, which causes an antigen-
antibody reaction with a tau protein or a tau peptide phosphorylated at least on an amino acid
residue corresponding to Ser413 of SEQ ID NO: 1, comprising
(A) a VH domain having:
(i) an amino acid sequence of SEQ ID NO:30 (VH65),
(i1) an amino acid sequence of SEQ ID NO:30 comprising a substitution of
Ala with Thr at position 28,
(iii) an amino acid sequence of SEQ ID NO:30 comprising a substitution of
Asn with Ser at position 30,
(iv) an amino acid sequence of SEQ ID NO:30 comprising a substitution of
Val with Gly at position 49,
(v) an amino acid sequence of SEQ ID NO:30 comprising a substitution of Ala
with Asp at position 64, or
(vi) an amino acid sequence of SEQ ID NO:30 comprising a substitution of
GIn with Lys at position 78; and

(B) a VL domain having:
(i) an amino acid sequence of SEQ ID NO:38,
(i1) an amino acid sequence of SEQ ID NO:38, comprising a substitution of
Asp with Glu at position 17,
(iii) an amino acid sequence of SEQ ID NO:38, comprising a substitution of
Ser with Asn at position 28,
(iv) an amino acid sequence of SEQ ID NO:38, comprising a substitution of
GlIn with Leu at position 42,
(v) an amino acid sequence of SEQ ID NO:38, comprising a substitution of
GlIn with Arg at position 50, or
(vi) an amino acid sequence of SEQ ID NO:38, comprising a substitution of

Arg with Leu at position 51.
7. An anti-pSer413 tau antibody comprising a VH domain having an amino acid

sequence of SEQ ID NO:116, and a VL. domain having an amino acid sequence of SEQ ID
NO:114.
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8. The anti-pSer413 tau antibody of claim 7, wherein the ratio of said antibody's
binding affinity to a phosphorylated peptide of SEQ ID NO:8 to said antibody's binding
affinity to a non-phosphorylated peptide of SEQ ID NO:69 is at least about 40 to 1.

9. The anti-pSer413 tau antibody of claim 7, wherein said antibody comprises a heavy
chain constant domain having an amino acid sequence of SEQ ID NO:135, SEQ ID NO:136,
SEQ ID NO:137, SEQ ID NO:138, SEQ ID NO:139, SEQ ID NO:140, SEQ ID NO:141,
SEQ ID NO:142 or SEQ ID NO:143.

10. The anti-pSer413 tau antibody of claim 7, wherein said antibody comprises a light
chain constant domain having an amino acid sequence of SEQ ID NO:79 or SEQ ID NO:80.

11. The anti-pSer413 tau antibody of claim 7, comprising a light chain having an
amino acid sequence of SEQ ID NO:184.

12. The anti-pSer413 tau antibody of claim 11, comprising a heavy chain having an
amino acid sequence of SEQ ID NO:144, and a light chain having an amino acid sequence of

SEQ ID NO:184.

13. The anti-pSer413 tau antibody of claim 11, comprising a heavy chain having an
amino acid sequence of SEQ ID NO:152, and a light chain having an amino acid sequence of

SEQ ID NO:184.

14. Use of the anti-pSer413 tau antibody of any one of claims 1-5 and 7-13 in the

manufacture of a medicament for treating tauopathy in a subject.

15. The use of claim 14, wherein the tauopathy is selected from a group consisting of
Alzheimer's disease, corticobasal degeneration, progressive supranuclear palsy, Pick's
disease, argyrophilic grain dementia (argyrophilic grain disease), multiple system tauopathy
with presenile dementia (MSTD), frontotemporal dementia and parkinsonism linked to
chromosome 17 (FTDP-17), dementia with neurofibrillary tangles, diffuse neurofibrillary

tangle with calcification (DNTC), white matter tauopathy with globular glial inclusions
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(WMT-GGI),frontotemporal lobar degeneration with tau pathology (FTLD-tau), Economo's

encephalitis sequela, subacute sclerosing panencephalitis, and boxer's encephalopathy.

16. A nucleic acid composition comprising:
(1) a first nucleic acid encoding a heavy chain having an amino acid sequence of SEQ ID
NO:144; SEQ ID NO:145; SEQ ID NO:146; SEQ ID NO:147; SEQ ID NO:148; SEQ ID
NO:149; SEQ ID NO:150; SEQ ID NO:151; SEQ ID NO:152; SEQ ID NO:153; SEQ ID
NO:154; SEQ ID NO:155; SEQ ID NO:156; SEQ ID NO:157; SEQ ID NO:158; SEQ ID
NO:159; SEQ ID NO:160, or SEQ ID NO:161; and
(ii) a second nucleic acid encoding a light chain having an amino acid sequence of SEQ ID
NO:162, SEQ ID NO:163, SEQ ID NO:164, SEQ ID NO:165, SEQ ID NO:166, SEQ ID
NO:167, SEQ ID NO:168, SEQ ID NO:169, SEQ ID NO:170, SEQ ID NO:171, SEQ ID
NO:172, SEQ ID NO:173, SEQ ID NO:174, SEQ ID NO:175, SEQ ID NO:176, SEQ ID
NO:177, SEQ ID NO:178, SEQ ID NO:179, SEQ ID NO:180, SEQ ID NO:181, SEQ ID
NO:182, SEQ ID NO:183, SEQ ID NO:184, or SEQ ID NO:185.

17. The nucleic acid composition of claim 16, comprising: (i) a first nucleic acid
encoding a heavy chain having an amino acid sequence of SEQ ID NO:144; and (ii) a second

nucleic acid encoding a light chain having an amino acid sequence of SEQ ID NO:184.

18. The nucleic acid composition of claim 16, comprising: (i) a first nucleic acid
encoding a heavy chain having an amino acid sequence of SEQ ID NO:152; and (ii) a second
nucleic acid encoding a light chain having an amino acid sequence of SEQ ID NO:184.

19. The nucleic acid composition of any one of claims 16-18, wherein the first nucleic
acid is contained in a first expression vector, and the second nucleic acid is contained in a

second expression vector.

20. The nucleic acid composition of any one of claims 16-18, wherein the first nucleic

acid and the second nucleic acid are contained in one expression vector.

21. A host cell comprising the nucleic acid composition of any one of claims 16-18.
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22. A method of making an anti-pSer413 tau antibody, comprising culturing the host
cell of claim 21 under conditions wherein the antibody is expressed, and recovering the

antibody.
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