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(57) Abstract: The invention provides antibodies that specifically bind tau. The antibodies inhibit or delay tau-associated pathologies

and associated symptomatic deterioration.
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ANTIBODIES RECOGNRIZING TAU
CROSS-REFERENCE TO RELATED APPLICATIONS

HEEDE This application claims the benefit under 35 USC 119¢e) of US Provisional
Application No. 62/500,427, filed May 2, 2017 and US Provisional Application No. 62/580,408,

filed November 1, 2017, which are incorporated by reference n their entirety for all purposes.

REFERENCE TO A SEQUENCE LISTING

{0002] The Sequence Listing written in fle 5081 T1SEQLST ixt is 107 kilobytes, was created on

May 2, 2013, and is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

{8003} Tau is a well-known human protem that can exist in phosphorviated forms (see, e.g.,
Goedert, Proc. Natl. Acad. Sci. U5 A 85:4051-4055(1988); Goedert, EMBO J. 8:393-
399{1989); Lee, Neuron 2:1615-1624(1989); Goedert, Neuron 3:319-526(1989); Andreadis,
Biochemistry 31:10626-10633(1992). Tan has been reported to have a role in stabilizing
microtubules, particularty n the central nervous svstem. Total tau (t-tau, i.e., phosphorviated
and unphosphoryiated forms) and phospho-tau (p-tag, ie., phosphorylated tau) are released by
the brain in response to neuronal injury and neurodegeneration and have been reported to oocur
at increased levels in the CSF of Alzheimer’s patients relative to the general population (Jack et

al., Lancet Neurol 9: 119-28 (2010}).

10004} Tau is the principal constituent of nourofibrillary tangles, which together with plagues are
a hallmark charactenistic of Alzheimer’s disease. The tangles constitute abnormal fibnils
measuring 10 nm in diameter occurring 10 pairs wound in a helical fashion with a regular
periodicity of 80 nm. The tau within neurofibrillary tangles is abnommally phosphorvlated
{hyperphosphorylated) with phosphate groups attached to specific sites on the molecule. Severe
mvolvement of neurofibrillary tangles is scen 1n the laver U neurons of the entorhinal cortex, the
CA1l and subicular regions of the hippocampus, the amvgdala, and the deeper layers (layers I,
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V, and superficial VI) of the neocortex in Alzheimer’s disease. Hyperphosphorylated tau has
also been reported to interfere with microtubule assembly, which may promote neuronal network

breakdown.

[0001] Tau inclusions are part of the defining neurophathology of several neurodegenerative
diseases including Alzheimer’s disease, frontotemporal lobar degeneration, progressive

supranuclear palsy and Pick’s disease.

[0005a] Any discussion of the prior art throughout the specification should in no way be

considered as an admission that such prior art is widely known or forms part of common general

knowledge in the field.

BRIEF SUMMARY OF THE CLAIMED INVENTION

[0002] In one aspect, the invention provides an isolated monoclonal antibody that binds
specifically to tau. Some such antibodies compete for binding to human tau with antibody 5GS.

Some such antibodies bind to the same epitope on human tau as 5GS.

[0006a] According to a second aspect, the present invention provides an antibody or antigen-
binding antibody fragment that binds to human tau, comprising three heavy chain CDRs of SEQ
ID NO: 7 and three light chain CDRs of SEQ ID NO: 8.

[0006b] According to a third aspect, the present invention provides a pharmaceutical
composition comprising the antibody of antigen-binding antibody fragment of any one of claims

1-18 and a pharmaceutically-acceptable carrier.

[0006¢] According to a fourth aspect, the present invention provides a nucleic acid encoding the

heavy chain and the light chain of the antibody of the invention.

[0006d] According to a fifth aspect, the present invention provides an in vitro method of

humanizing a mouse antibody, the method comprising:

(a) selecting one or more acceptor antibody sequences;

(b) identifying the amino acid residues of the mouse antibody to be retained;
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(c) synthesizing a nucleic acid encoding a humanized heavy chain comprising CDRs of
the mouse antibody heavy chain and a nucleic acid encoding a humanized light chain comprising
CDRs of the mouse antibody light chain; and

(d) expressing the nucleic acids in a host cell to produce the humanized antibody;
wherein the mouse antibody is characterized by a mature heavy chain variable region of SEQ ID

NO: 7 and a mature light chain variable region of SEQ ID NO: 8.

[0006e] According to a sixth aspect, the present invention provides an in vitro method of

producing an antibody, the method comprising:

(a) culturing cells transformed with nucleic acids encoding the heavy and light chains of the

antibody, so that the cells secrete the antibody; and
(b) purifying the antibody from cell culture media;
wherein the antibody is the antibody of the invention.

[0006f] According to a seventh aspect, the present invention provides an in vitro method of

producing a cell line producing an antibody, the method comprising:

(a) introducing a vector encoding heavy and light chains of an antibody and a selectable
marker into cells;

(b) propagating the cells under conditions to select for cells having increased copy
number of the vector;

(c) isolating single cells from the selected cells; and

(d) banking cells cloned from a single cell selected based on yield of the antibody;

wherein the antibody is the antibody of the invention.

[0006g] According to an eighth aspect, the present invention provides use of an antibody or
antigen-binding antibody fragment of the invention in the manufacture of a medicament for

reducing aberrant transmission of tau.

2a
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[0006h] According to a ninth aspect, the present invention provides use of an antibody or
antigen-binding antibody fragment of the invention in the manufacture of a medicament for

inducing phagocytosis of tau.

[0006i] According to a tenth aspect, the present invention provides use of an antibody or antigen-
binding antibody fragment of the invention in the manufacture of a medicament for inhibiting tau

aggregation or deposition.

[0006j] According to an eleventh aspect, the present invention provides use of an antibody or
antigen-binding antibody fragment of the invention in the manufacture of a medicament for

inhibiting formation of tau tangles.

[0006k] According to a twelfth aspect, the present invention provides use of an antibody or
antigen-binding antibody fragment of the invention in the manufacture of a medicament for
detecting tau protein deposits in a subject having or at risk of a disease associated with tau

aggregation or deposition.

[0006]] According to a thirteenth aspect, the present invention provides use of an antibody or
antigen-binding antibody fragment of the invention in the manufacture of a medicament for
measuring efficacy of treatment in a subject being treated for a disease associated with tau

aggregation or deposition.

[0006m] According to a fourteenth aspect, the present invention provides a method of treating or
preventing a tau-related disease or a disease associated with tau aggregation or deposition said
method comprising the step of administering to a subject in need thereof an antibody or antigen-

binding antibody fragment of the invention.

[0003] Some antibodies comprise three light chain CDRs and three heavy chain CDRs of
monoclonal antibody 5G8, wherein 5G8 is a mouse antibody characterized by a heavy chain
variable region having an amino acid sequence comprising SEQ ID NO: 7 and a light chain
variable region having an amino acid sequence comprising SEQ ID NO:8. In some antibodies,
the three heavy chain CDRs are as defined by Kabat/Chothia Composite (SEQ ID NOs: 11, 12,
and 13) and the three light chain CDRs are as defined by Kabat/Chothia Composite (SEQ ID
NOs: 14, 15, and 16).

2b
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[0004] For example, the antibody can be 5G8 or a chimeric, veneered, or humanized form
thereof. In some such antibodies, the variable heavy chain has > 85% identity to human
sequence. In some such antibodies, the variable light chain has > 85% identity to sequence. In
some such antibodies, each of the variable heavy chain and variable light chain has > 85%

identity to human germline sequence.

[0005] Some antibodies are humanized antibodies. Some antibodies are a humanized or
chimeric 5G8 antibody that specifically binds to human tau, wherein 5G8 is a mouse antibody
characterized by a mature heavy chain variable region of SEQ ID NO:7 and a mature light chain

variable region of SEQ ID NO:8. Some antibodies comprise a humanized mature heavy chain

2¢
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variable region comprising the three heavy chain CDIRs of 5G8 and a humanized mature hight

chain variable region comprising the three light chain CDRs of 5G8.

{0610} In some antibodics, the CDRs are of a definition selected from the group of Kabat,
Chothia, Kabat/Chothia Composite, AbM and Contact. In some antibodies, the humanized
mature heavy chain vanable region comprises the three Kabat/Chothia Composite heavy chain
CDRs of 5G8 (SEQ 1D NGs: 11-13) and the humanized mature light chain vanable region
corapnses the three Kabat/Chothia Composite ight chain CDRs of 5G8 (SEQ 1D NOs: 14-16).

In some antibodies, the humanized mature heavy chain variable region comprises the three Kabat
heavy chain CDRs of 5G8 (SEQ ID NO:17, SEQ ID NG:12_ and SEQ 1D NO:13) and the
humanized mature light chain variable region comprises the three Kabat light chain CDRs of
5G8 (SEQ ID NOs: 14-16). In some antibodies, the humanized mature heavy chain varnable
region comprises the three Chothia heavy chain CDRs of 5G8 (SEQ D NO: 13, SEQ 1D NOG:20,
and SEQ ID NG:13) and the humanized mature light chain variable region comprises the three
Chothia light chain CDRs of 5G8 (SEQ [D NOs: 14-16). In some antibodics, the humanized
mature heavy chaim variable region comprises the three AbM heavy chain CDRs of 5G8 (SEQ
D NG, SEQ ID NO:2E, and SEQ 1D NO:13)) and the humanized mature light chain variable
region comprises the three AbM hight chain CDRs of 5G8 {SEQ ID NOs: 14-16). In some
antibodics, the humanized mature heavv chain variable region comprises the three Contact heavy
chain CDRs of 5G8 (SEQ 1D NG 19, 8EQ ID NG:22, and SEQ ID NO: 23)) and the humanized
mature light chain variable region comprises the three Contact light chain CDIRs of 53G8 (SEQ 1D

NO:24-26).

{8011} Some antibodies comprise a humanized mature heavy chain varnable region having an
amino acid sequence at least 90% identical to any one of SEQ 1D NQO:33-40 and a humanized
G/
7/

mature light chain variable region having an amino acid sequence at least 90% identical to any

one of SEQ 1D NO: 41-46.

18612} In some antibodies, at least one of the following posttions is occupied by the amino acid
as specified: H48 is occupied by L H71 is occupied by 5, H93 15 cocupied by S, and HY%4 s
occupicd by P. In some antibodics, positions H48, H71, H93, and H94 in the VH region arc

occupied by 1, 8, 5, and P, respeciively. In some antibodies, at least one of the following
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posttions is occupied by the amino acid as specified: HI is occupied by E, H48 is occupied by 1,
H71 18 occupied by 8, H93 1s occupied by S, and H% 15 occupied by P. In some antibodies,
positions HE, H4R H71 HO93, and H94 in the VH region are ocoupied by E. L 8, 85, and P,

respectively.

18613} In some antibodies, at least one of the following posttions is occupied by the amino acid
as specified: H1 1s occupied by E, H46 is occupied by D, H48 15 occupied by I, H71 is accupied
bv 8, H93 is occupied by S, and H94 is occupied by P. In some antibodics, positions Hi, H46,
H48, H71, H93, and H94 n the VH region are ocoupied by E, D, L 8§, 8, and P, respectively. In
some antibodies, at least one of the following positions 18 occupied by the amine acid as
specified: H1 1s occupied by E, H11 is occupted by L, H12 is occupied by ¥V, HI9 is occupied
by R, H20 13 occupied by L, H46 is occupied by D, H48 is occupied by 1, H71 15 occupied by §,
H76 is occupied by N, H80 15 occupied by L, H93 15 occupied by 8, and H%4 1s occupied by P.
In some antibodies, positions HE, Hi1, H12, H19 H20, H46, H48 H71 H76, H80, H93, and
H%4 10 the VH region are occupied by E, L, V. R L, D, LS, N, L, 8, and P, respectively.

{8814} In some antibodies, at least one of the following positions is occupied by the aming acid
as specified: HG6 15 occupied by R, H67 is cccupied by V, and H78 is occupied by V. In some
antibodies, positions H66, H67, and H78 in the VH region are occupied by R, V. and V,
respectively

{8615} In some antibodies, at least one of the following positions is oocupied by the aming acid
as specified: H1 s occupied by Q or E, H1l is occupied by V or L, H12 is occupied by K or V,
H1Y 1s occupied by K or R, H20 15 occupied by V or L, H23 15 occupied by K or A, H46 1s
oocupied E or B, H48 is occupied by M or |, HE6 is oocupied by Kor R H67 is cccupied by A
or ¥V, H71 is occupied by Ror 5, H76 15 occupied by S or N, H78 is ocoupied by A or V, H80 is
occupied by Mor L, H93 is occupied by T, S, or A, and H9%4 is occupied by 1, P, or R

8615} In some antibodies, positions H48 H71, HO93, and H94 in the VH region are occupied by
LS. 8, and P, respectively. In some antibodies, positions HI, H48, H71, HY3, and H9%4 in the
VH region are occupied by E, L 8, S, and P, respectively. In some antibodies, positions Hi,
Hdé, H48 H71, H93, and HO94 in the VH region are occcupied by E. DL LS, S, and P,
respectively. In some antibodies, positions Hi, HI1, HI2, H19, H20, H46, H48, HT1, H76, HRO,

4
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HY3, and H94 mthe VH region arc occupied by E, L, V. R L, D, LS, N L, 5, and P,
respectively. In some antibodies, positions Hi, H11, Hi2, H19, H20, H23, H4e6, H48, H71, H76
HS8G, H93, and H94 inthe VH region are occupied by EL L V. R L A B LS N, L, S and P,

B

respectively. In some antibodics, positions H66, H67, H78, H93, and H9%4 in the VH region are
occupied by R, V, V, A and R, respectively. In some antibodies, positions Hi, H46, H43, H66,
H67, H71, H78, H93, and H94 in the VH region are occapied bv E, B LR V. S, V. S and P,

respectively.

{8817} In some antibodies, at least one of the following positions is occupied by the aming acid
as specified: L2 is occupied by V, L7 is occupied by §, L17 15 occupied by E, 136 is occupied by
L, L4535 is occupied by 3, 146 1s occupied by R, and L70 is occupied by D

{8618} In some antibodies, at least one of the following posttions is occupied by the amino acid
as specified: L2 is occupied by V. L36 13 occupied by L, and 146 1s cocupied by R In some
antibodies, positions L2, 136, and L46 m the VL region are occupied by V, L, and K,
respectively. In some antibodies, at least one of the following positions is occupied by the amino
acid as specified: L2 is occupied by V, L36 1s occupied by L, 146 15 occupied by R, and L7015
ococupied by D In some antibodies, positions 12, 136, 146, and L70 in the VL region are
occupied by V., L, R, and D, respectively. In some antibodies, at least one of the following
positions is occupied by the amino acid as specified: 145 is occupied by @ and 170 15 occupied
by B. In some antibodies, positions L43 and L70 in the VL region are occcupied by Q and B,

respectively.

{8819} In some antibodies, at least one of the following positions is occupied by the aming acid
as specified: L2 isoccupied by lorV, L7 isoccupted by Tor S, Li7 s occupied by Qor E, £.36
is occupied by Y or L, 145 is ocoupied by K or , L4615 occupicd by Lor B, and L70 s
occupied by Gor D,

18628} In some antibodies, positions L2, 1.36, and L46 in the VL region are cccupied by V, L,
and R, respectively. In some antibodies, positions L2, 136, 146, and L70 n the VL region are
occupied by V, L. R, and D, respectively. In some antibodies, positions L2, L7, L17, L36, 146,
and L7¢ in the VL region are occupied by ¥V, 5 E, L, R, and D, regpectively. I some antibodies,
positions L45 and L70 1n the VL region are occupied by Q and D, respectively. In some

5
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antibodies, positions L2, 1.36, 145, 146, and L70 m the VL region are occupied by V, L, 3, K,

and B, respectively.

{0021} Some antibodies comprise a mature heavy chain variable region having an anino acid
sequence at feast 95% 1dentical to any one of SEQ D NO: 33-40 and a mature hight chain
variable region having an amino acid sequence at least 95% identical to any one of SEQ ID NO:
41-46. Some antibodies comprise a mature heavy chain variable region having an amino acid
sequence at least 98% identical to any one of SEQ WD NO: 33-40 and a mature light chain
variable region having an amino acid sequence at least 98% identical to any one of SEQ 1D NO:

41-46.

{8622} In some antibodies, the mature heavy chain variable region has an amino acid sequence
of any of SEQ ID NO: 33-40 and the mature light cham variable region has an amino acid

sequence of any one of SEQ 1D NO: 41-46.

{8023} In some antibodies, the mature heavy chain vanable region has an amino acid sequence
of SEQ ID N(:33 and the mature light chain variable region has an amino acid sequence of SEQQ
1D NG:41. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ 13 NO:33 and the mature hight chain varable region has an amino acid
sequence of SEQ 1D N(O:42. In some antibodies, the mature heavy chain vanable region has an
amino acid sequence of SEQ 1D NO:33 and the mature light chain variable region has an amino
acid sequence of SEQ 1D NG43. In some antibodies, the mature heavy chain variable region
has an amino acid sequence of SEQ [D N(:33 and the mature light chain vanable region has an
ammno acid sequence of SEQ ID NG44, In some antibodies, the mature heavy chain variable
region has an amino acid sequence of SEQ ID NGO:33 and the matore light chain variable region
has an amino acid sequence of SEQ ID NO:45. In some antibodies, the mature heavy chain
variablc region has an amino acid sequence of SEQ 1D NO:33 and the mature light chain
variable region has an amino acid sequence of SEQ 1D NO:46.

{6024} In some antibodies, the mature heavy chain variable region has an amino acid sequence
of SEQ 1D NO:34 and the mature light chain variable region has an amino acid sequence of SEQ
D NG:41 In some antibodies, the mature heavy chamn variable region has an aming acid

sequence of SEQ 1D NO:34 and the mature hight chain variable region has an amino acid

5
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sequence of SEQ 1D NO:42. In some antibodies, the mature heavy chain vanable region has an
amino acid sequence of SEQ ID NO:34 and the mature light chain variable region has an amino
acid sequence of SEG 1D NO:43. In some antibodics, the mature heavy chain vanable region
has an amino acid sequence of SEQ D NO:34 and the mature light chain vaniable region has an
amino acid sequence of SEQ 1D NG44, In some antibodies, the mature heavy chain varnable
region has an amino acid sequence of SEQ 1D NO:34 and the mature light chain variable region
has an amino acid sequence of SEQ 1D NO:45. In some antibodics, the mature heavy chain
variabic region has an amino acid sequence of SEQ 13 NO:34 and the mature light chain

variable region has an amino acid sequence of SEQ ID NO:46.

10625} In some antibodies, the mature heavy chain vanable region has an amino acid sequence
of SEQ 1D NO:35 and the mature light chain variable region has an amino acid sequence of SEQ
ID NG:41. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ 1D N{:335 and the mature hight chain vanable region has an amino acid
sequence of SEQ ) NO:42. In some antibodics, the mature heavy chain varnable region has an
amino acid sequence of SEQ ID NG:35 and the mature light cham variable region has an amino
actd sequence of SEQ 1D NO:43. In some antibodies, the mature heavy chain variable region
has an amino acid sequence of SEQ D NG:335 and the matare light chain variable region has an
amino acid sequence of SEQ 1D NG:44. In some antibodies, the mature heavy chain variable
region has an amino acid sequence of SEQ 1D NO:35 and the mature light chain variable region
has an amino acid sequence of SEQ 1D NG:45, In some antibodies, the mature heavy chain
variable region has an amino acid sequence of SEQ H3 NO:35 and the mature lght chain

variabic region has an amino acid sequence of SEQ 1D NO:46.

10026} In some antibodies, the mature heavy chain vanable region has an amino acid sequence
of SEQ 1D NO:36 and the mature light chain variable region has an amino acid sequence of SEQ
ID NG:41. In some antibodics, the mature heavy chain variable region has an amino acid
sequence of SEQ ID N(:36 and the mature hight chain vanable region has an amino acid
sequence of SEQ ID N(:42. In some antibodies, the mature heavy chain variable region has an
amino acid sequence of SEQ 1D NO:36 and the mature light chain variable region has an amino
acid sequence of SEQ H) NG:43. o some antibodies, the mature beavy chain variable region

has an amino acid sequence of SEQ [D N(O:36 and the mature light chain vanable region has an
7
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ammno acid sequence of SEQ ID NG44, In some antibodies, the mature heavy chain variable
region has an amino acid sequence of SEQ ID NO:36 and the matare light chain variable region
has an amino acid sequence of SEQ ID NO:45. In some antibodies, the mature heavy chain
variable region has an anuno acid sequence of SEQ 1D NG:36 and the mature hight chain

variable region has an amino acid sequence of SEQ 1D NO:46.

{6027} In some antibodies, the mature heavy chain variable region has an amino acid sequence
of SEQ 1D NO:37 and the mature light chain variable region has an amino acid sequence of SEQ
IDNG:41. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ ID NO:37 and the mature light chain variable region has an amino acid
sequence of SEQ 13 NO:42. In sone antibodics, the mature heavy chain vanable region has an
amine acid sequence of SEQ 1D NO:37 and the mature light chain variable region has an anmino
acid sequence of SEQ ID NG:43. In some antibodies, the mature heavy chain variable region
has an amino acid sequence of SEQ 1D NO:37 and the mature light chain variable region has an
aming acid sequence of SEQ 1D NG44, In some antibodics, the mature heavy chain variable
region has an amino acid sequence of SEQ 1D NG:37 and the mature light cham variable region
has an amino acid sequence of SEQ [D N(G:45. In some antibodies, the mature heavy chain
variable region has an amine acid sequence of SEQ ID N(G:37 and the mature hight chain

variabic region has an amino acid sequence of SEQ 1D NO:46.

8628} In some antibodies, the mature heavy chaim variable region has an amino acid sequence
of SEQ 1D NO:38 and the mature light chain variable region has an amino acid sequence of SEQ
D NG:41. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ 1D NO:338 and the mature hight chain variable region has an amino acid
sequence of SEQ 1D NO:42. In some antibodies, the mature heavy chain vanable region has an
amino acid sequence of SEQ 1D NO:38 and the mature light chain variable region has an anino
acid sequence of SEQ 1D NO:43. In some antibodies, the mature heavy cham vanable region
has an amino acid sequence of SEQ 1D NO:38 and the mature light chain variable region has an
aming acid sequence of SEQ 1D NG44, In some antibodies, the mature heavy chain variable
region has an amino acid sequence of SEQ 1D NO:38 and the mature light chain variable region

has an amino acid sequence of SEQ 1D NO:45. In some antibodics, the mature heavy chain
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variable region has an amino acid sequence of SEQ ID NO:38 and the mature light chain

variable region has an amino acid sequence of SEQ ID NO:46.

106625} In some antibodies, the mature heavy chain vanable region has an amino acid sequence
of SEQ 1D NO:39 and the mature light chain variable region has an amino acid sequence of SEQ
ID NG:41. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ H) NO:39 and the mature hight chain vanable region has an amino acid
sequence of SEQ ) NO:42. In some antibodics, the mature heavy chain varnable region has an
amino acid sequence of SEQ ID NO:39 and the mature light chain variable region has an amino
actd sequence of SEQ 1D NO:43. In some antibodies, the mature heavy chain variable region
has an amino acid sequence of SEQ D NO:39 and the mature light chain vaniable region has an
amino acid sequence of SEQ 1D NG44, In some antibodies, the mature heavy chain varnable
region has an amino acid sequence of SEQ 1D NO:39 and the mature light chain variable region
has an amino acid sequence of SEQ 1D NO:45. In some antibodics, the mature heavy chain
variabic region has an amino acid sequence of SEQ 13 NO:39 and the mature light chain

variable region has an amino acid sequence of SEQ ID NO:46.

{6630] In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ 13 NO:40 and the mature hight chain varable region has an amino acid
sequence of SEQ 1D NO:41. In some antibodies, the mature heavy chain vanable region has an
amino acid sequence of SEQ 1D NO:40 and the mature light chain variable region has an amino
acid sequence of SEQ ID NG42. In some antibodies, the mature heavy chain variable region
has an amino acid sequence of SEQ 1D NO:40 and the mature light chain variable region has an
amino acid sequence of SEQ ID NG:43. In some antibodics, the mature heavy chain variable
region has an amino acid sequence of SEQ ID NO:40 and the matare light chain variable region
has an anmino acid sequence of SEQ 1D NO:44. In some antibodies, the mature heavy chain
variablc region has an amino acid sequence of SEQ 1D N(U:40 and the mature light chain
variable region has an amino acid sequence of SEQ 1D NG:45. In some antibodies, the mature
heavy chain variable region has an amino acid sequence of SEQ ID NO:40 and the mature hght

chain variable region has an amine acid sequence of SEQ ID NG:46.

a
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{8831} Some antibodies comprise three light chain CDRs and three heavy chain CDRs of
monoclonal antibody 6A 10, wherein 6A10 15 a mouse antibody characterized by a heavy chain
variable region having an amino acid sequence comprising SEQ 1D NO: 63 and a light chain
variabic region having an amine acid sequence comprising SEQ 1D NG:64. In some antibodics,
the three heavy chain CDRs are as defined by Kabat/Chothia Composite (SEQ 1D NQGs: 65, 66,
and 67} and the three light chain CDRs are as defined by Kabat/Chothia Composite (SEQ D
NQOs: 68, 69, and 70).

{8032] For example, the antibody can be 6A10 or a chimeric, vencered, or homanized form
thereof. In some such antibodies, the variable heavy chain has > 85% identity to human
sequence. In some such antibodics, the variable light chain has > 85% identity to buman
sequence. In some such antibodies, each of the vanable heavy chain and vanable hight chain has

> 85% 1dentity to human germbine sequence.

{8833} Some antibodies are humanized antibodies. Some antibodies are a humanized or chimeric
6A10 antibody that specifically binds to human tau, wherein 6A 10 is a mouse antibody
characterized by a mature heavy chain variable region of SEQ 1D NO:63 and a mature light
chain vanable region of SE(Q 1D NG:64. Some antibodies comprises a humanized mature heavy
chain vanable region comprising the three heavy chain CDRs of 6A10 and a humanized mature

hght chain variable region comprising the three hght chain CDRs of 6A10.

{8034} In some antibodies, the CDRs are of a definition selected from the group of Kabat,
Chothia, Kabat/Chothia Composite, AbM and Contact. In some antibodies, the humanized
mature heavy chain vartable region comprises the three Kabat/Chothia Composite heavy chain
CDRs of 6A10 (SEQ 1D NOg: 65-67) and the humanized mature light chain variable region
comprises the three Kabat/Chothia Composite light chain CDRs of 6A10 (SEQ 1D NOs: 68-70).
In some antibodies, the humanized mature heavy chain vanable region comprises the three Kabat
heavy chain CDRs of 6A10 (SEQ ID NG:71, SEQ ID NO:66, and SEQ 1D NO:67) and the
bumanized mature light chain variable region comprises the three Kabat light chain CDRs of
6A10 (SEQ D NOs: 68-70). n some antibodics, the humanized mature heavy chain variable
region comprises the three Chothia heavy chain CDRs of 6A10 (SEQ ID N(G:72, SEQ ID NG 74,

and SEQ 1D N(O:67) and the humanized mature light chain variable region comprises the three

10
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Chothia hight chain CDRs of 6A 10 (8EQ ID NGs: 68-70). In some antibodics, the humamzed
mature heavy chain vartable region comprises the three AbM heavy chain CDRs of 6A10 (SEQ
1D NG:65, SEQ ID NG5, and SEQ 1D NO:67)) and the humanized mature light chain varable
region comprises the three AbM hight chain CDRs of 6A10 (SEQ 1D NOs: 68-70). In some
antibodies, the humanized mature heavy chamm vanable region comprises the three Contact heavy
chain CORs of 6A 10 (SEQ ID NG.73, SEQ ID N(O:76, and SEQ (D NO: 77)) and the humanized
mature light chain variable region comprises the three Contact light chain CDRs of 6A10 (S8EQ

1D NO:78-80).

18635} Some antibodies comprise a humanized mature heavy chain vanable region having an
amino acid sequence at least 90% identical to any one of SEQ 1D NO:85-87 and a humanized
mature light chain variable region having an amino acid sequence at least 90% identical to any

one of SEQ ID NG: 88-90.
{8036} In some antibodies, position H48 i the VH region is occupied by L

10637} In some antibodies, at least one of the following positions in the VH region is cccupied
by the amine acid as specitied: H16 is occupied by A or G, H48 is occupied by Mor |, H69 is

oceupied by T or |, and H80 s occupied by Mor L.

{0038} In some antibodics, position H4¥ in the VH region is occupied by L In some antibodics,
posttions Hi6, H48, H69, and HE0 mn the VH region are occupied by G, L, 1, and L, respectively.
10639} In some antibodies, £46 m the VL region is occupied by L.

8048} In some antibodies, at least one of the following positions in the VL region is occupied

by the amino acid as specified: L12 isoccupied by Por S, L17 isoccupied by @ or E, and 1461
occupicd by R or L.
100641} In some antibodies, position 146 m the VL region 1s occupied by L. In some antibodies,

positions L.12, 117, and 146 in the VL region arc occupied bv S, £, and L., respectively,.

{8042} Some antibodies comprise a mature heavy chain variable region having an amino acid
sequence at least 95% identical to any one of SEQ} ID NG 85-87 and a mature light chain

variabic region having an amino acid sequence at least 95% identical to any one of SEQ ID NO:

i
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38-90. Some antibodies comprise a mature heavy chain variable region having an amino acid
sequence at least 98% identical to any ong of SEQ ID NO: 85-87 and a mature light chain
variable region having an amino acid sequence at least 98% identical to any one of SEQ 1D NO:

38-G4,

18643} In some antibodies, the mature heavy chain variable region has an amino acid sequence
of any of SEQ 13 NO: 85-87 and the mature light chain varable region has an amino acid

sequence of any one of SEQ [D NO: 88-90.

108044} In some antibodies, the mature heavy chain varable region has an amino acid sequence
of SEQ 1D NO:85 and the mature light chain variable region has an amino acid sequence of SEQ
ID NG:88. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ 1D N{:83 and the mature hight chain vanable region has an amino acid
sequence of SEQ ID N{:89. In some antibodies, the mature heavy chain variable region has an
amino acid sequence of SEQ ID NO:85 and the mature light cham variable region has an amino

acid sequence of SEQ 1D NO:S0.

10645} In some antibodics, the mature heavy chain vanable region has an amino acid sequence
of SEQ ID NO:86 and the mature light chain variable region has an amino acid sequence of SEQ
ID NG:88. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ H) NO:86 and the mature hight chain vanable region has an amino acid
sequence of SEQ ) NO:89. In some antibodics, the mature heavy chain varnable region has an
amino acid sequence of SEQ ID NO:86 and the mature light cham variable region has an amino

acid sequence of SEQ 1D NO:S0.

{8646} In some antibodies, the mature heavy chain variable region has an amino acid sequence
of SEQ ID NO:87 and the mature light chain variable region has an amino acid sequence of SEQ
1D NO:#8. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ ) NO:87 and the mature hight chain vanable region has an amino acid
sequence of SEQ 1D NO:89. In some antibodies, the mature heavy chain vanable region has an
amino acid sequence of SEQ ID NO:87 and the mature light chain variable region has an amino

acid sequence of SEQ 13 NG90,



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

{8047} Some antibodies comprise three light chain CDRs and three heavy chain CDRs of
monoclonal antibody 8A4, wherein 8A4 15 a mouse antibody characterized by a heavy chain
variable region having an amino acid sequence comprising SE(} 1D NO: 9land a light chamn
variabic region having an amine acid sequence comprising SEQ 1D NG:92. In some antibodics,
the three heavy chain CDRs are as defined by Kabat/Chothia Composite (SEQ 1D NGs: 93, 94,
and 95} and the three light chain CDRs are as defined by Kabat/Chothia Composite (SEQ D
NOs: 96, 97, and 98).

8848} For example, the antibody can be 8A4 or a chimeric, vencered, or humanized form
thereof. In some such antibodies, the variable heavy chain has > 85% identity to human
sequence. In some such antibodics, the variable light chain has > 85% identity to buman
sequence. In some such antibodies, each of the vanable heavy chain and vanable hight chain has

> 85% 1dentity to human germbine sequence.

{8049} Some antibodies are humanized antibodies. Some antibodies are a humanized or
chimeric 844 antibody that specifically binds to human tau, wherein 844 is a mouse antibody
characterized by a mature heavy chain variable region of SEQ 1D NO:91 and a mature light
chain vanable region of SEQ 1D NO:92. Some antibodies comprise a humanized mature heavy
chain vanable region comprising the three heavy chain CDRs of 8A4 and a humanized mature

Lght chain variable region comprising the three hight chain CDRs of 8A4.

{0650} In some antibodies, the CDRs are of a definition selected from the group of Kabat,
Chothia, Kabat/Chothia Composite, AbM and Contact. In some antibodies, the humanized
mature heavy chain vartable region comprises the three Kabat/Chothia Composite heavy chain
CDRs of 8A4 (SEQ 1D NQOs: 93-95} and the humanized mature lght chain varable region
comprises the three Kabat/Chothia Composite light chain CDRs of 8A4 (SEQ 1D NOs: 96-98).
In some antibodies, the humanized mature heavy chain vanable region comprises the three Kabat
heavy chain CDRs of 8A4 (SEQ 1D N(:99, S8EQ ID NO .94, and SEQ ID N(:93) and the
bumanized mature light chain variable region comprises the three Kabat light chain CDRs of
8A4 (SEQ 1D NOs: 96-98). In some antibodics, the humanized mature heavy chain variable
region comprises the three Chothia heavy chain CORs of 8A4 (SEQ ID NO: 100, 5EQ ID

NG 102, and SEQ ID NO:95) and the humanized mature hght chain variable region comprises

13
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the three Chothia light chain CDRs of 844 (SEQ 1D NOs: 96-98). In some antibodies, the
humanized mature heavy chain variable region comprises the three AbM heavy chain CDRs of
8A4 (SEQ ID NG:93, SEQ ID NO:103, and SE(Q 1D NO:95)) and the humanized mature light
chain varable region comprises the three AbM light chain CDRs of §A4 (SEQ 1D NOs: 96-98).
In some antibodies, the humanized mature heavy chain vanable region comprises the three
Contact heavy chain UDRs of 8A4 (SEQ ID NG: 101, SEQ ID NG: 104, and SEQ ID NG 103))
and the humanized mature light chain variable region compriscs the three Contact light chain

CDRs of 8A4 (SEQ D NO:106-108).

10651} Some antibodies comprise a humanized mature heavy chain vanable region having an
amino acid sequence at least 90% identical to any one of SEQ D NO:113-1135 and a humanized
mature light chain variable region having an amino acid sequence at least 90% identical to any

one of SEQ ID NG: 116-118.
{88532} In some antibodies, position HY3 of the VH region 1s occupied bv 5.

10653} In some antibodies, at least one of the following positions in the VH region i3 cecupied
by the amino acid as specitied: H12 is occupied by ¥V, H16 is occupied by G, H20 15 occupied
by L, and H68 1s cccupied by T. In some antibodies, positions H12, H16, H20, and H68 m the

VH region are occupied by V., G, L, and T, respectively.

{80534} In some antibodies, at least one of the following positions in the VH region is occupied
by the aming acid as specified: H12 is occupied by K or V, H16 is occupied by S or G, H20 15
oocupied by V or L, H48 is occupied by Mor |, H67 is oecupied by A or 1, H68 1s occupied by N
or T, H85 is occupied by D3 or E, and H93 is occupicd by S or A.

{8655} In some antibodies, position H93 in the VH region is occupied by 5. In some antibodies,
positions H12, H16, H20, H6E, and HY3 in the VH region are occupied by V. G, L, T, and §,
respectively. In some antibodies, positions H12, Hi6, H20, H48, H67, H68, and HE5 mn the VH

region are occupted by V, G, L, L A, T, and E, respectively.

{0656} In some antibodics, position L17 in the VL region is occupied by E..
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{86537} In some antibodies, at least one of the following positions in the VL region 18 occupied
by the aming acid as specified: L2 is occupied by Lor V, E17 s occupied by Qor E, and £36 1

oocupied by For L,

08058} In some antibodies, position L17 in the VL region is occupied by E. In some antibodies,
p g p 3

positions L2, L17, and L36 in the VL region are occupied by V, E.and L.

[B039] Some antibodies comprise a mature heavy chain variable region having an amino acid
sequence at least 95% identical to any ong of SEQ ID NO: 113-115 and a mature light chain
variable region having an aming acid sequence at least 95% identical to any one of SEQ 1D NO:

116-118.

{8668} Some antibodies comprise a mature heavy chain variable region having an amino acid
sequence at least 98% identical to any one of SEQ 1D NO: 113-115 and a mature light chain
variable region having an amino acid seguence at least 98% 1dentical o any one of SEQ 1D NO:

1i6-118.

{8661} In some antibodies, the mature heavy chain variable region has an amino acid sequence
of any of SEQ ID NO: 113-115 and the mature hight chain vanable region has an amino acid

sequence of any one of SEQ ID NO: 116-118.

{8062} In some antibodies, the mature heavy chain vanable region has an amino acid sequence
of SEQ ID NG 113 and the matare light chain variable region has an amino acid sequence of
SEQ ID NQO:116. In some antibodies, the mature heavy chain variable region has an amine acid
sequence of SEQ 13 NO:113 and the mature light chain vanable region has an amino acid
sequence of SEQ I3 NO:117. In some antibodies, the mature heavy chain vanable region has an
aming acid sequence of SEQ 1D NO: 113 and the mature light chain variable region has an amino

acid sequence of SEQ ID NG 118,

108063} In some antibodies, the mature heavy chain vanable region has an amino acid sequence
of SEQ ID NO: 114 and the matare light chain variable region has an amino acid sequence of
SEQ 1D NO:116. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ I3 NO: 114 and the mature light chain variable region has an amino acid
sequence of SEQ ID N(:117. In some antibodies, the mature heavy chain vanable region has an

15
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amino acid sequence of SEQ ID NO:114 and the mature light chain variable region has an amino

acid sequence of SEQ ID NG 118

{0064} In some antibodics, the mature heavy chain vanable region has an amino acid sequence
of SEQ ID NO: 115 and the mature light chain variable region has an amino acid sequence of
SEQ ID NG:116. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ ) NO:115 and the mature light chai vanable region has an amine acid
sequence of SEQ ID NO:117. In some antibodies, the mature heavy chain vanable region has an
amino acid sequence of SEQ ID NO: 115 and the mature hight chain variable region has an amine

acid sequence of SEQ D NO: 118

{8665} Some antibodies comprise three light chain CDRs and three heavy chain CDRs of
monoclonal antibody 7G6, wherein 76 1s a mouse antibody characterized by a heavy chain
variable region having an amino acid sequence comprising SEQ D NO: 119 and a light chain
variable region having an amino acid sequence comprising SEQ D NO:120. In some antibodies,
the three heavy chain CDRs are as defined by Kabat/Chothia Composite (SEQ 1D NOs: 121,

122, and 123} and the three light chain UDRs are as defined by Kabat/Chothia Composite (SEQ
D NOs: 124, 125, and 126).

8066} For example, the antibody can be 7(G6 or a chimeric, veneered, or humanized form
thercof. In some such antibodics, the vanable heavy chain has > 83% identity to buman
sequence. o some such antibodies, the variable light chain has 2> 83% identity to human
sequence. In some such antibodies, each of the vanable heavy chain and variable light chain has

> 85% wdentity to human germline sequence.

{8667} Some antibodies are humanized antibodies. Some antibodies are a humanized or
chimeric 706 antibody that specifically binds to human tau, whercin 7066 1s a mouse antibody
characterized by a mature heavy chain variable region of SEQ 1D NG:119 and a mature light
chain variable region of SEQ 1D NO:120. Some antibodies comprise a humanized mature heavy
chain vanable region comprising the three heavy chain CDRs of 736 and a humanized mature

light chain variable region comprising the three light chain CDRs of 7G6.
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[8068] In some antibodies, the CDRs are of a definition selected from the group of Kabat,
Chothia, Kabat/Chothia Composite, AbM and Contact. In some antibodies, the humanized
mature heavy chain variable region comprises the three Kabat/Chothia Composite heavy chain
CDRs of 7G6 (SEQ 1D NGs: 121-123) and the humanized mature light chain variable region
comprises the three Kabat/Chothia Composite hight chain CDRa of 7G6 (SEQ [ NOs: 124-126).
In some antibodies, the humanized mature heavy chain vanable region comprises the three Kabat
heavy chain CDRs of 7G6 (SEQ ID NGO 127, SEQ ID NGO 122 and SEQ 1D NO:123) and the
bumanized mature light chain variable region comprises the three Kabat light chain CDRs of
7G6 (SEQ 1D NOs: 124-126). In some antibodies, the humanized mature heavy chain vanable
region comprises the three Chothia heavy chain CDRs of 766 (SEQ ID NG 128, SEQ ID
NG:130, and SEQ ID NO:123) and the humanized matare light chain variable region comprises
the three Chothia light cham CDRs of 7G6 (8EQ 1D NGOs: 124-126). In some antibodies, the
humanized mature heavy chain variable region comprses the three AbM heavy chain CDRs of
TGO SEQ ID NG 121, SEQ ID NO:131, and SEQ ID NG:123) and the humanized mature light
chain variable region compriscs the three AbM hight chain CDRs of 7G6 (SEQ 1D NOs: 124-
126}. In some antibodies, the humanized mature heavy chain variable region comprnises the three
Contact heavy chain CDRs of 7G6 (SEQ 1D NG: 129, SEQ ID NO:132, and SEQ 1D NG: 133)
and the humanized mature light chain varable region comprises the three Contact light chain

CDRs of 7G6 (SEQ 1D NG:134, SEQ 1D NO: 133, and SEQ 1D NO:136).

80669} Some antitbodies comprise a humanized mature heavy chain variable region having an
amino acid sequence at least 90% identical to anv one of SEQ 13 NO:139-140 and a humanized
mature light cham variable region having an amino acid sequence at least 90% identical to any

ong of SEQ D NO: 141-148,

{6670} In some antibodics, at least one of the following positions in the VH region is occupied
by the ammo acid as specified: H12 is occupied by V, H20 15 occupied by L, H69 is occupied by
I, H76 1s occupied by N, H78 15 occupied by A, H80 is occupied by L, HE1 1s occupied by (3,
H92 is oocupied by 5, and H93 is ocoupied by T, In some antibodies, positions H12, H20, H69,
H76, H78, H80, H81, HY2, H93, H101 in the VH region are occupied by V, L, L N, A, L. Q, 5,

and T, respectively.
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{8871} In some antibodies, at least one of the following positions in the VH region is occupied
by the amino acid as specified: H12 is occupied by K or ¥V, H20 is oocupied by Vor L, H38 1
oocupied by R or K, H69 is occupied by M or |, H76 15 occupied by S or N, H78 is occupied by
WV oor A, HR0 is occupied by M or L, H81 is occupied by E or (3, H92 is occupied by C or 8§, and
H93 isoccupied by Aor T.

{8672} In some antibodics, positions H1Z2, H20, H69, H76, H78, H80, H81, H9Z, H93 inthe VH
region are occupied by V, L, LN, AL B, B, 5, and T, respectively. In some antibodies, positions
Hiz, H20, H38, Ho6Y, H76, H78, H80, H3 1, H92, H93in the VH region are occopied by V, L, K,
LN A L Q5 and T, respectively.

{8673} In some antibodies, at least one of the following positions in the VL region is occupied
by the amino acid as specified: 112 is occupied by S and L103 is occupied by K. In some

antibodies, positions L.12 and L103 in the VL region arc occupied by S and K, respectively.

{8074} In some antibodies, at least one of the following positions in the VL region is occupied
by the amino acid as specified: L12 i3 occupied by S, L36 is occupied by L, and L103 is
occupied by K. in some andtbodies, positions L12, 136, and £.103 1 the VL region are occupied

by S, L, and K, respectively.

{00675} In some antibodies, at least one of the following positions in the VL region is occupied
bv the amino acid as specified: 112 is occupied by 5, 137 is occupied by L, and L1103 s
gecupied by K. In some antibodies, positions D12, 137, and L103 in the VL region are occupied

by 5, L, and K| respectively.

{8676} In some antibodies, at least one of the following positions in the VL region is occupied
by the amino acid as specified: 112 is occupied by S, L36 is occupied by L, L.37 is cocupied by
L, and L.103 15 occupied by K. In some antibodies, positions 112, 1.36, 137, and L103 inthe VL

region are occupied by S, L, L, and K respectivelv.

108677} In some antibodies, at least one of the following positions in the YL region is occupicd
by the amine acid as specitied: L12 is occupied by S, 145 is occupied by K, and L1103 1s
occupied by K. Tn some antibodies, positions 112, 143, and L103 i the VL region are occupied
by S, K, and K, respectively.

I8
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{8678} In some antibodies, at least one of the following positions in the VL region 18 occupied
by the aming acid as specified: L12 15 occupied by 5, L1060 15 occupied by G, and L103 15
oocupied by K. In some antibodies, positions L12, L1006, and L.103 in the VL region are

occupied by S, G, and K, respectively.

18679} In some antibodies, at least one of the following positions in the VL region is occupied
bv the amino acid as specified: 1.36 13 occupied by For L, L37 is occupied by Q or L, 145 15

occupied by R or K, 10015 occupied by Q or G,

{080} In some antibodies. positions 112 and 1103 in the VL region are occupied by S and K,
respectively. In some antibodies, positions 112, L37, and L103 in the VL region are occupied by
S, L, and K, respectively. In some antibodies, positions 112, 136, and L103 in the VL region are
ocoupied by S, L, and K| respectively. In some antibodics, positions 112, 136, 137 and L1003 in
the VL region are occupied by 5, L. L, and K| respectively. In some antibodies, positions £12,
145, and L.103 in the VL region are occupied by 5, K, and K, respectively. In some antibodies,
positions L12, 136, L37, L45, and L103 m the VL region are occupted by S, L, L K, and K,
respectively. In some antibodies, positions £12. 1100, and L103 in the VL region are occupied
by S, G, and K, respectively, as m hu7G6-V1L_v7. In some antibodies, positions L12, 136, £.37,

L1100, and L103 m the VL region arc occupied by 8, L, L, G, and K respectively.

{6081} Some antibodies comprise a mature heavy chain varable region having an amino acid
sequence at least 953% identical to any one of SEQ 1D NO: 139-140 and a mature light chain
variable region having an amino acid seguence at least 953% dentical o any one of SEQ 1D NO:
141-148. Some antibodies comprise a mature heavy chain variable region having an amino acid
sequense at least 98% identical to any ong of SEQ ID NO: 139-140 and a mature light chain
variable region having an amino acid scquence at least 98% identical to any one of SEQ 1D NO:

141-148.

{8082} In some antibodies, the mature heavy chain variable region has an amino acid sequence
of any of SEQ [D NO: 139-140 and the mature light chain varnable region has an amino acid

sequence of any one of SEQ ID NG: 141-148.
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{8083} In some antibodies, the mature heavy chain vanable region has an amino acid sequence
of SEQ ID N(: 139 and the matare light chain variable region has an amino acid sequence of
SEQ ID NQO:141. In some antibodies, the mature heavy chain variable region has an amine acid
sequence of SEQ 13 NO:139 and the mature light chain vanable region has an amino acid
sequence of SEQ [D N(: 142, In some antibodies, the mature heavy chain vanable region has
an amino acid seqaence of SEQ ID NO:139 and the mature light chaimn variable region has an
amino acid sequence of SEQ 1D NG 143, In some antibodies, the mature heavy chain varnable
region has an amino acid sequence of SEQ 1D NG: 139 and the mature light cham variable region
has an amino acid sequence of SEQ [D NO:144. In some antibodies, the mature heavy chain
variable region has an aming acid sequence of SEQ 1D N(O: 139 and the mature light chain
variable region has an amine acid sequence of SEQ ID N(O:145. In some antibodics, the mature
heavy chain varable region has an ammo acid sequence of SEQ 1D NGO 139 and the mature hght
chain vanable region has an amino acid sequence of SEQ ID NO:146. In some antibodies, the
mature heavy chain variable region has an amino acid sequence of SEQ 1D NG:139 and the
mature light chamn variablc region has an amino acid sequence of SEQ 1D NO:147. In some
antibodies, the mature heavy chain variable region has an amino acid sequence of SEQ ID

NG 139 and the matuore light chain variable region has an amino acid sequence of SEQ 1D

NO:148.

80684} In some antibodies, the mature heavy chain variable region has an amino acid sequence
of SEQ 1D NO: 140 and the mature light chain variable region has an amino acid sequence of
SEQ 1D NO:141. In some antibodies, the mature heavy chain variable region has an amino acid
sequence of SEQ 1D NO: 140 and the mature light cham variable region has an amino acid
sequence of SEQ 1D NO:142. In some antibodices, the mature heavy chain vanable region has an
amino acid sequence of SEQ 1D NO: 140 and the mature light chain variable region has an amino
acid sequence of SEQ 1D NG:143. In some antibodies, the mature heavy chain variable region
has an amino acid sequence of SEQ [D NO: 140 and the mature hight chain vanable region has an
aming acid sequence of SEQ 1D NG: 144, In some antibodies, the mature heavy chain vanable
region has an amino acid sequence of SEQ 1D NG: 140 and the mature light chain variable region
has an amino acid sequence of SEQ 1D NO: 145, In some antibodics, the mature heavy chain
variable region has an amino acid sequence of SEQ ID NO: 140 and the mature hight chain
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variable region has an amino acid sequence of SEQ 1D NO:146. In some antibodies, the mature
heavy chain variable region has an amino acid sequence of SEQ 1D NO: 140 and the mature light
chain vanable region has an amino acid sequence of SEGQ 1D NG: 147, In some antibodies, the
mature heavy chain variable region has an anino acid sequence of SEQ 1D NO:140 and the

mature light cham variable region has an amino acid sequence of SEQ D NO:148.

{0085} For example, the antibody can be a chimeric antibody. For example, the antibody can be
aveneered antibody. The antibody can be an ntact antibody. The antibody can be a binding
fragment. In an embodiment, the binding fragment is a single-chain antibody, Fab, or Fab™2
fragment. The antibody can be a Fab fragment, or single chain Fv. Some of the antibodics have

a human IgG1l 1sotype, while others may have a human 1gG2 or Ig(G4 isotype.

8085} Some antibodies have the mature light chain varable region fused to a light chain
constant region and the mature heavy chain variable region fused to a heavy chain constant
region. The heavy chain constant region of some antibodies 1s a mutant form of a natural human
heavy chain constant region which has reduced binding to a Fey receptor relative to the natural
humar heavy chain constant region. In some antibodies, the heavy chain constant region is of

121 isotype.

{80687} Some antibodies may have at least one mutation in the constant region, such as a
mutation that redoces complement fixation or activation by the constant region, for example a
mutation at one or more of positions 241, 264, 265, 270, 296, 297, 318, 320, 322,329 and 331 by
EU numberimg. Some antibodics have an alanine at positions 318, 320 and 322,

10088} Some antibodies can be at least 95% w/w pure. The antibody can be conjugated to a
therapeutic, cytotoxic, cviostatic, neurotrophic, or neuroprotective agent.

{8689} In another aspect, the invention provides a pharmaceutical composition comprising any
of the antibodies disclosed herein and a pharmaceutically-acceptable carrier.

{8090} In another aspect, the invention provides a nucleic acid encoding the heavy chaim and/or
light chain of any of the antibodies disclosed herein, a recombinant expression vector comprising

the nucleic acid and a host cell transformed with the recombinant expression vector.
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{3091} In vet another aspect, the invention provides methods of humanizing any non-human
antibody described herein, for example, mouse antibody 5G38, wherein 5G8 is characterized by a
mature heavy chain variable region of SEQ ID NOG: 7 and a mature light chain variable region of
SEQ 1D NO:E. o vet another aspect, the invention provides methods of humanizing any non-
human antibody described heremn, for example, mouse antibody 6A10, wherein 6A 101
characterized by a mature heavy chain variable region of SEQ 1D NO: 63 and a mature light
chain variable region of SEQ ID NG:64. In vet another aspect, the invention provides methods
of humanizing any non-human antibody described herein, for example, mouse antibody 8A4,
wherein 8A4 1s characterized by a mature heavy chain variable region of SEQ IDNO: 91 and a
mature light chain variable region of SEQ ID NO:92. In vet another aspect, the invention
provides methods of humanizing any non-human antibody descnbed herein, for example, mouse
antibody 7046, wherein 7G6 is characterized by a mature heavy chain vanable region of SEQ ID
NO: 119 and a mature light cham varable region of SEQ 1D NG: 120, Such methods can mvolve
selecting one or more acceptor antibodies, identifving the amino acid residucs of the mouse
antihody to be retained; synthesizing a nucleic acid encoding a humanized heavy chain
comprising CDRs of the mouse heavy chain and a nucleic acid encoding a humanized light chain
comprising CDRs of the mouse antibody light chain, and expressing the nucleic acids in a host

cell to produce a humanized antibody.

{8692} Methods of producing antibodies, such as a humanized, chimernic or veneered antibody,
for example humanized, chimeric or veneered forms of 5G8, 6A10, 8A4, or 7(G6, are also
provided. In such methods, cells transformed with nucleic acids encoding the heavy and light
chains of the antibody arc cultured so that the cells secrete the antibody. The antibody can then

be purified from the cell culture media.

[6693] Cell lines producing anv of the antibodies disclosed herein can be produced by
mtroducing a vector encoding heavy and light chains of the antibodv and a sclectable marker into
cells, propagating the cells under conditions to select for cells having increased copy number of
the vector, isolating single cells from the selected cells; and banking cells cloned from a single

cell selected based on vield of antibody.
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[6694] Some cells can be propagated under selective conditions and screened for cel lines
naturally expressing and secrcting at least 100 mg/L/10° celis/24 hours. Single cells can be
isolated from the selected cells. Cells cloned from a single cell can then be banked. Single cells
can be selocted based on desirable properties, such as the vield of the antibody. Exemplary cell

lines are cell limes expressing 5G8.

{0095] The jovention also provides methods of inhibiting or reducing aggregation of tau i a
subject having or at risk of developing a tau-mediated amyloidosis, comprising administering to
the subject an effective regime of an antibody disclosed hergin, thereby inhibiting or reducing
aggregation of taw 1n the subject. Exemplary antibodies include humamized versions of 5G8,

6A10, 8A4, or 7G6.

18695} Also provided are methods of treating or effecting prophylaxis of a tau-related disease in
a subject, comprising administering an effective regime of an antibody disclosed herein and
therchy treating or effecting prophyiaxis of the discase. Examples of such a discase are
Alzheimer’s disease, Down’s svndrome, mild cogmitive impairment, primary age-related
tavopathy, postencephalitic parkinsonism, posttraumatic dementia or dementia pugihistica, Pick’s
disease, type € Niemann-Pick disease, supranuclear palsy, frontotemporal dementia,
frontoterporal lobar degenceration, argyrophitic grain discase, globular glial tavopathy,
amyvotrophic lateral sclerosis/parkinsonism dementia complex of Guam, corticobasal
degeneration {CBD), dementia with Lewy bodies, Lewy body vanant of Alzheimer disgase
{LBVAD), or progressive supranuclear palsy (PSP}, In some methods, the tau-related discase is

Alzheimer’s disecase. In some methods, the patient is an ApoE4 carrier,

108697} Also provided are methods of reducing aberrant transmission of tau comprising
adomunistering an effective regime of an antibody disclosed herein and thereby reducing

transmission of tau.

180698} Also provided are methods of inducing phagocvtosis of tau comprising administering an

effective regime of an antibody disclosed herein and thereby inducing phagocyviosis of tau.

[8099] Also provided are methods of inhibiting tau aggregation or deposition comprising
administering an effective regime of an antibody disclosed herein thereby inhibiting tan
aggregation or deposition.,
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{108} Also provided are methods of inhibiting formation of tau tangles comprising

administening an effective regime of an antibody disclosed hereimn.

{0101} The invention also provides a method of detecting tau protein deposits in a subjoct having
or at risk of a disease associated with tau aggregation or deposition, comprising admimstening 1o
a subject an antibody disclosed herein, and detecting the antibody bound to tau in the subject.
Examples of such a diseasc are Alzheimer’s disease, Down’s syndrome, mild cognitive
mnpairment, primary age-related tanopathy, postencephalitic parkinsonism, posttraumatic
dementia or dementia pugilistica, Pick’s disease, type € Niemann-Pick discase, supranuclear
palsy, frontotemporal dementia, frontotemporal lobar degeneration, argyrophilic grain disease,
globular glial tanopathy, amvotrophic iateral sclerosis/parkinsonism dementia complex of Guam,
corticobasal degeneration (CBD), dementia with Lewy bodies, Lewy body variant of Alzheimer

disease (LBYADY, or progressive supranuclear palsy (PSP},

{3102} In some embodiments the antibody is administered by intravenous injection into the body
of the subject. In some embodiments the antibody 1s adnunistered directly to the brain of the
subject by intracramal injection or by drilling a hole through the skull of the subject. In some
embodiments the antibody is labeled. In some embodiments the antibody is labeled with a
fluorescent label, a paramaguoetic label, or a radioactive label. In some embodiments the
radioactive label 1s detected using positron emission tomography (PET) or single-photon

emission computed tomography (SPECT).

{3103} The mvention also provides a method of measuring etficacy of treatment in a subject
being treated for a disease associated with tau aggregation or deposition, COmprising measurnng a
first level of tan protein deposits in the subject prior to treatment by administening 1o 3 subject an
antibody disclosed herein, and detecting a first amount of the antibody bound to tau in the
subject, adminisicring the treatment to the subject, measuring a second level of tau protein
deposits in the m subject after treatment by administering {o a subject the antibody, and detecting
the antibody bound to tau in the subiect, wherein a decrease n the level of tau protein deposits
imdicates a positive response to treatment.

{3104} The invention also provides a method of measuring efficacy of treatment in a subiect
being treated for a disease associated with tau aggregation or deposition, comprising measunng a
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first level of tan protein deposits in the subject prior to treatment by administering to a subject an
antibody disclosed herein, and detecting a first amount of antibody bound to tau in the subject,
adoministering the treatment to the subject, measuring a second level of tau protein deposits in the
m subject afier treatment by administering to a subjeoct the antibody, and detecting a second
amount of antibody bound to tan in the subject, wherein no change m the level of tau protein

deposits or a small increase in tau protein deposits indicates a positive response to treatment.

{0105} In one aspect, the invendion provides an isolated monoclonal antibody that specifically

binds to a peptide consisting of residues 199-213 of SEQ 1D NO:3.

{0196] In one aspect, the invention provides an isolated monoclonal antibody that specifically

binds to a peptide consisting of residues 262-276 of SEQ 1D NO:3.

{8187} Some antibodies specifically bind to both the peptide consisting of residues 199-213 of
SEQ I3 NO:3 and a peptide consisting of residues 262-276 of SEQ 1D NO:3.

{3108} In one aspect, the invention provides an 1solated monoclonal antibody that specifically
binds to the polypeptide of SEQ 1D NO:3 at an epitope including at least one residue within 199-
213 of SEQ ID NG:3,

{8189] Some antibodies bind to an epitope within residues 199-213 of SEQ ID NQ:3.

{0110} In onc aspect, the invendion provides an isolated monoclonal antibody that specifically
binds to the polypeptide of SEQ 1D NO:3 at an epitope including at least one residue within 262-
276 of SEQ ID NG:3.

{0111} Some antibodies bind to an epitope within residues 262-276 of SEQ 1D NO:3.

{8112} Some antibodies specifically bind to an epitope including at least one residue from both

199-213 and 262-276 of SEQ 1D NG:3.

{4113} The invention also provides a method of treating or effecting prophylaxis of a tag-related
disease in a subject compnsing administering an immunogen comprising a tau peptide of up to
20 contiguous aming acids of SEQ 1D NG:3 to which antibody 5G8 specifically binds, whercin
the peptide induces formation of antibodies specifically binding to tau in the subject. The
mvention also provides a method of treating or effecting prophylaxis of a tan-related disease n a

subject comprising administering an immunogen comprising a tay peptide of up to 20 contiguous
25
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ammno acids of SEQ ID NO:3 to which antibody 6A 10 specifically binds, wherein the peptide
mduces formation of antibodies specifically binding to tau in the subject. The invention also
provides a method of treating or effecting prophylaxis of a tau-related disease in a subject
comprising administering an immunogen comprising a tau peptide of up to 20 contiguous amino
acids of SEQ D NO:3 to which antibody 8A4 specifically binds, wherein the peptide induces
formation of antibodies specifically binding fo tau in the subject. The invention also provides a
method of treating or effecting prophylaxis of a tau-related discase in a subject comprising
administering an immunogen comprising a tan peptide of up to 20 contiguous amino acids of
SEQ D NO:3 to which antibody 7G6 specifically binds, wherein the peptide induces formation
of antibodies specifically binding {o tau in the subject. The wvention also provides a method of
treating or effecting prophylaxis of a tauv-related disease in a subject comprising administering an
mmunogen comprising a tan peptide of up to 20 contiguous amino acids of SEQ IDNO:3 o
which antibody 306 specifically binds, wherem the peptide induces formation of antibodics

specifically binding to tau in the subject.

[#114] In some such methods, at least two of antibodics 3GR, 6A10, A4, 7G6, and 3D6
specifically bind to the tau peptide.

{8115} In some such methods, the tau peptide epitope consists of 4-11 contiguous ammno acids
from residues 199-213 of SEG 1D NO:3 or from residues 262-276 of SEQ ID NG:3. In some
such methods, the taw peptide epitope consists of two contiguous segments of aming acids, one
segment from residues 199-213 of SEQ D NO:3, the other from residues 262-276 of SEQ 1D

NG:3, wherem the two contiguous segments together consist of 4-11 amino acids.

BRIEF DESCRIPTION OF THE DRAWINGS

{0116} Figures 1A, 1B. and 1C depict results of ELISA screening assays for selected mouse

monoclonal anti-tay antibodies.

{3117} Figure 2 depicts binding kinetics for selected mouse monoclonal anti-tau antibodies to

recombinant human tau.
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{3118} Figure 3 depicts results of functional blocking assays for selected mouse monoclonal

anti-tan antibodies.

{0119} Figure 4 depicts results of experiments showing that 5G8 immunocaptures tau from

human Alzheimer's disease fissue.

10128 Figure 5 depicts an alignment of heavy chain variable regions of the mouse 5G8
antibody, human acceptor alabi-Fab2b-VH, and humanized versions of the 5GE antibody
(hu3G8 VH-vl, huSGE8 VH-v2 , haSG8 VH-v 3, huSGE VH-v4  hu5G8 VH-vS , huSG8 VH-
v6 , hudG8 VH-v7  huSG8 VH-v8).

10121} Figure 6 depicts an alignment of light cham variable regions of the mouse 3G¥ antibody,
human acceptor aDabi-Fab2b-VL, and humanized versions of the 3G8 anttbody (huSG8-VL-vE,

huSGS-VL-v2, hudSG8-VL-v3, haSG8-VL-v4, hudSG8-VL-v5, and buSGS-VL-v6}.

[122] Figure 7 depicts an alignment of heavy chain vanable regions of the mouse 6A10
antibody, human acceptor ACR16112 VH, and humanized versions of the 6A10 antibody
(hutA10 VH-v1, hu6A10 VH-v2 | and hutA10 VH-v 3).

10123} Figure § depicts an alignment of light cham variable regions of the mouse 6A10
antibody, uman acceptor ABC66863 VL, and hemanized versions of the 6A10 antibody
(hu6A10VL-vI, hutA10-VL-v2, and hut A10-VL-v3).

{3124} Figure 9 depicts an alignment of heavy chain varable regions of the mouse 8A4
antibody, human acceptor ADUS7742 VH, and humanized versions of the 8A4 antibody

(husA4 VH-vi, hu8A4 VH-v2  and hu8A4 VH-v 3).

18125} Figure 10 depicts an alignment of hight chain vanable regions of the mouse 8A4
antibody, human acceptor ABA26100 VL, and humanized versions of the 8A4 antibody (hu8A4-
Vi~vl, bu8A4-VL-v2, and hu8A4-VL-v3).

{8126] Figure 11 depicts an alignment of heavy chain varable regions of the mouse 7G6
antibody, hueman acceptor 3UGT VH, and humanized versions of the 7G6 antibody (hu7G6_VH-
viand hu7G6 VH-v2).

18127} Figure 12 depicts an alignment of light chain vanable regions of the mouse 706

antibody, human acceptor 3UCT VL, and humanized versions of the 7G6 antibody (he7G6-VE-
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v, hu7Go-VE-v2, hu7G6-VL-v3, ha7G6-VEL-v4, hu7G6-VL-v5, hu7G6-VE-v6, hu7Go6-V1L-7,
and hu7G6-VL-8).

BRIEF DESCRIPTION OF THE SEQUENCES

[3128] SEQ ID NG| sets forth the amino acid sequence of an isoform of human tau (Swiss-Prot

P10636-8).
{0125} SEQ ID NO:2 sets forth the amino acid sequence of an 1soform of human tau (Swiss-Prot
P10636-7).
{0138} SEQ ID NO:3 sets forth the amino acid sequence of an isoform of human tau (Swiss-Prot

P10636-6), (4RON buman tau).

{4131} SEQ ID NO:4 sets forth the amino acid sequence of an 1soform of human tan (Swiss-Prot
P10636-5).

{8132} SEQ ID NO:5 sets forth the amino acid sequence of an 1soform of human tau (Swiss-Prot
P10636-4).

{3133} SEQ 1D NO:6 sets forth the amino acid sequence of an isoform of human tau (Swiss-Prot
P10636-2).

10134} SEQ ID NO: 7 sets forth the amino acid sequence of the heavy chain variable region of
the mouse SG8 antibody.

{0135] SEQ 1D NO: 8 sets forth the amino acid sequence of the light chain variable region of the
mouse SGE antibody.

{3136} SEQ ID NO: 9 sets forth a nucleie acid sequence encoding the heavy chain variable
region of the mouse 5GR8 antibody with signal peptide.

{8137} SEQ ID NO: 10 sets forth a nucleic acid sequence encoding the hight chain variable
region of the mouse 5G8 antibody with signal peptide.

[3138] SEQ 1D NO: 11 sets forth the anuno acid sequence of Kabat/Chothia composite CDR-HI

of the mouse 5G8 antibody.
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[3139] SEQ 1D NGO 12 sets forth the amino acid sequence ot Kabat CDR-H2 of the mouse 5G3
antibody.
{0140} SEQ ID NO: 13 scts forth the amino acid sequence of Kabat CDR-H3 of the mouse 5G8
antibody.
{0141} SEQ 1D NO: 14 sets forth the aming acid sequence of Kabat CDR-L1 of the mouse 5G8
antibody.
103142} SEQ ID NO: 15 sets forth the amino acid sequence of Kabat CDR-L2 of the mouse 5G8
antibody.
18143} SEQ ID NO: 16 sets forth the aming acid sequence of Kabat CDR-L3 of the mouse 5G8
antibody.
{0144} SEQ ID NO: 17 sets forth the anmino acid sequence of Kabat CDR-H1 of the mouse 5G8

antibody.

10145} SEQ ID NO: 18 scis forth the amino acid sequence of Chothia CDR-H1 of the mouse
58 antibody.

{8146] SEQ ID NO: 19 sets forth the amine acid sequence of Contact CDR-H1 of the mouse
5GH antibody.

10147} SEQ ID NO:20 sets forth the amino acid sequence of Chothia CDR-H2 of the mouse 5G¥
antibody.

{8148} SEQ ID NO:21 sets forth the amine acid sequence of AbM CDR-H2 of the mouse 5G8
antibody.

{3149} SEQ 1D NO:22 sets torth the amino acid sequence of Contact CDR-H? of the mouse 5G8
antibody.

{01586} SEQ ID NO:23 sets forth the anuno acid sequence of Contact CDR-H3 of the mouse 5G8
antibody.

{0151} SEQ ID NO: 24 sets forth the amine acid sequence of Contact CDR-L1 of the mouse 3G

antibody.
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{31532} SEQ ID NO: 25 sets forth the anino acid sequence of Contact CDR-L2 of the mouse 5G8
antibody.

{0183} SEQ ID NO: 26 scis forth the amino acid sequence of Contact CDR-L3 of the mouse 5G8
antibody.

{0154} SEQ 1D NO:27 sets forth the amino acid sequence of madel sequence murine anti-prion
antibody 3F4 heavy chain vanable region Acc # 1CR9Y_H.

13155] SEQ ID NO:28 sets forth the amine acid sequence of acceptor sequence humanized anti-
dabigatran Fab aDabi-Fab2b-VH Acc # 4YHM H.

8156} SEQ ID NO:29 sets forth the amine acid sequence of human germlbine sequence IGHVY 1-
46 Acc# PO1743 2.

{31587} SEQ 1D NO:30 sets forth the amino acid sequence ot model sequence model sequence
murine anti-prion antibody 3F4 light chain variable region Acc# 1CR9 L.

{0188} SEQ ID NO:31 sets forth the amino acid sequence of human acceptor sequence
humanized anti-dabigatran Fab aDabi-Fab2b-VL Acc # 4YHM L.

{8159] SEQ 1D NO:32 sets forth the amino acid sequence of human germline gene IGKV2-29
AccHAINIVS 2,

10160} SEQ ID NO:33 sets forth the amine acid sequence of heavy chain variable region of the
humanized 5G8 antibody hu3G8-VH 1.

8161} SEQ ID NO:34 sets forth the amine acid sequence of heavy chain variable region of the
humanized 5G% antibody hu5G8-VH 2.

{3162} SEQ 1D NO:35 sets torth the amino acid sequence ot heavy chain variable region of the
humanized 5G8 antibody hu5G8-VH 3.

{0163} SEQ ID NO:36 sets forth the anuno acid sequence of heavy chain variable region of the

humanized 5G8 antibody hu5G8-VH 4.

18164} SEQ 1D NO:37 sets forth the amino acid sequence of heavy chain variable region of the
bumanized 5G8 antibody huSG8-VH 3.
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[3165] SEQ 1D NO:38 sets torth the amino acid sequence ot heavy chain variable region of the
humanized 5G8 antibody huSG8-VH 6.

{0166} SEQ 1D NO:39 sets forth the anuno acid sequence of heavy chain variable region of the

humanized 5G% antibody hu3G8-VH 7.

18167} SEQ 1D NO:40 sets forth the amino acid sequence of heavy chain variable region of the
humanized 5G8 antibody huSGE-VH_8.

10168} SEQ ID NO:41 sets forth the amine acid sequence of hight chain vanable region of the
humanized 5G8 antibody huSGR-VE 1.

18169} SEQ ID NO:42 sets forth the amino acid sequence of hight cham variable region of the

humanized 5G8 antibody hu3G8-VE 2.

{3176} SEQ 1D NO:43 sets forth the amino acid sequence ot light chain vanable region of the

humanized 5G8 antibody huSGR-VE 3

{0171} SEQ ID NO:44 sets forth the amuno acid sequence of light chain vanable region of the
humanized 5G§ antibody hu3G8-VE 4.

{8172} SEQ 1D NO:45 sets forth the amino acid sequence of hight chain vaniable region of the
humanized 5G8 antibody huSGE-VE S

10173} SEQ ID NO:46 sets forth the amine acid sequence of hight chain vanable region of the
humanized 5G8 antibody huSG8-VE 6.

18174} SEQ ID NO: 47 sets forth the aming acid sequence of the heavy chain vartable region of

the mouse SG8 antibody with signal peptide.

[8175] SEQ 1D NO: 48 sets forth the amino acid sequence of the light chain vanable region of

the mouse 5G8 antibody with signal peptide.

{0176} SEQ ID NO 49 sets forth the amino acid sequence of the heavy chain vanable region of
the mouse 6A 10 antibody with signal peptide.

{0177 SEQ ID NO: 30 sets forth the amino acid sequence of the light chain variable region of

the mouse 6 A 10 mouse antibody with signal peptide.

3
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[8178] SEQ ID NO: 51 sets forth the anino acid sequence of the heavy chain vanable region of
the mouse 7G6 antibody with signal peptide.

10179} SEQ 1D NO:52 sets forth the amuno acid sequence of the light chain variable region of
the mouse 7(G6 antibody with signal peptide.

{0188] SEQ ID NO: 53 sets forth the amine acid sequence of the heavy chain variable region of
the mouse 8A4 antibody with signal peptide.

13181} SEQ ID NO: 34 sets forth the amine acid sequence of the light chain variable region of
the mouse 8A4 antibody with signal peptide.

{8182} SEQ ID NO: 55 sets forth the aming acid sequence of the mature heavy chain variable
region of the mouse 36 antibody.

{3183} SEQ 1D NO:36 sets torth the amino acid sequence ot Kabat/Chothia composite CDR-H1
of the mouse 306 antibody.

{0184} SEQ ID NO:57 sets forth the anuno acid sequence of Kabat CDR-HZ of the mouse 3D6
antibody.

{0185] SEQ 1D NO: 38 sets forth the aming acid sequence of Kabat CDR-H3 of the mouse 3D6
antibody.

13186} SEQ ID NO:39 sets forth the amino acid sequence of the mature light chain variable
region of the mouse 3D6 antibody.

{8187} SEQ ID NO: 60 sets forth the aming acid sequence of Kabat CDR-L1 of the mouse 3D6
antibody.

[3188] SEQ ID NO: 61 sets forth the anmino acid sequence of Kabat CDR-L2 of the mouse 3D6
antibody.

10185} SEQ ID NO: 62 scis forth the amino acid sequence of Kabat CDR-L3 of the mouse 3D6
antibody.

{8198} SEQ ID NO 63 sets forth the amino acid sequence of the mature heavy chain variable

region of the mouse 6A 10 antibody.

a3
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{3191} SEQ ID NO: 64 sets forth the anuno acid sequence of the mature light chan varable
region of the mouse 6A 10 antibody.

{0192} SEQ ID NO: 65 sets forth the amino acid sequence of Kabat/Chothia composite CDR-H1

of the mouse 6A 10 antibody.

{0193} SEQ 1D NO:66 sets forth the amino acid sequence of Kabat UDR-H2 of the mouse 6A10
antibody.

103194} SEQ ID NO: 67 sets forth the amino acid sequence of Kabat CDR-H3 of the mouse 6A10
antibody.

18193} SEQ ID NO: 68 sets forth the aming acid sequence of Kabat CDR-L1T of the mouse 6A10
antibody.

[3196] SEQ ID NO: 69 sets forth the amimo acid sequence of Kabat CDR-L2 of the mouse 6A10
antibody.

{6197} SEQ ID NO: 70 scts forth the amino acid sequence of Kabat CDR-L3 of the mouse 6A10
antibody.

{0198} SEQ 1D NO: 71 sets forth the amine acid sequence of Kabat CDR-HI1 of the mouse 6A10
antibody.

103199} SEQ ID NO: 72 sets forth the amino acid sequence of Chothia CDR-HI of the mouse
6A10 antibody.

[0208] SEQ ID NO: 73 sets forth the aming acid sequence of Contact CDR-H1 of the mouse
6A10 antibody.

{0201} SEQ 1D NO:74 sets forth the amino acid sequence ot Chothia CDR-H2Z of the mouse
6A10 antibody.

{0202} SEQ ID NO:75 sets forth the amino acid sequence of AbM CDR-H2 of the mouse 6A10
antibody.

{0203} SEQ 1D NO:76 sets forth the amino acid sequence of Contact CDR-H2 of the mouse
6A 10 antibody.
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[0204] SEQ ID NO:77 sets torth the amino acid sequence of Contact CDR-H3 of the mouse
6A10 antibody.

10205} SEQ ID NO: 78 sets forth the amino acid sequence of Contact CDR-L1 of the mouse
6A10 antibody.

10206] SEQ 1D NO: 79 sets forth the amine acid sequence of Contact CDR-L2 of the mouse
6410 antibody.

10207} SEQ ID NO: 80 sets forth the amino acid sequence of Contact CDR-L3 of the mouse
6A10 antibody.

10208} SEQ ID NO:81 sets forth the amino acid sequence of acceptor sequence homan heavy
chain variable region, accession# ACR161172.

[0209] SEQ 1D NO:R2 sets torth the amino acid sequence of human germline sequence IGHV -
2*%02.

{0210} SEQ ID NO:83 sets forth the anuno acid sequence of human acceptor sequence human
kappa hight chain variable region, accession# ABC66863,

{0211} SEQ ID NO:84 sets forth the amino acid sequence of human germline sequence IGKY2-
30702,

10212} SEQ ID NO:E5 sets forth the amine acid sequence of heavy chain variable region of the
humanized 6A 10 antibody hub6A10-VH 1

18213} SEQ ID NO:86 sets forth the amine acid sequence of heavy chain variable region of the
humanized 6A10 antibody hu6A10-VH 2.

{0214} SEQ 1D NO:R7 sets torth the amino acid sequence ot heavy chain variable region of the
humanized 6A 10 antibody hub6A10-VH 3.

10215} SEQ ID NO: 88 sets forth the amuno acid sequence of light chain vanable region of the
humanized 6A10 antibody huSAT0-VEL 1.

{0216} SEQ 1D NO:89 sets forth the amino acid sequence of light chain variable region of the
bumanized 6A10 antibody bu6A10-VL 2
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[0217] SEQ 1D NO:90 sets forth the amino acid sequence ot light chain vanable region of the
humanized 6A10 antibody hutA10-VL 3.

10218} SEQ ID NO 91 sets forth the amino acid sequence of the mature heavy chain vanable
region of the mouse 8A4 antibody.

{0219} SEQ 1D NO: 92 sets forth the aminec acid sequence of the mature light chain variable
region of the mouse §A4 antibody.

10220} SEQ ID NO: 93 sets forth the amino acid sequence of Kabat/Chothia composite CDR-H1
of the mouse 3A4 antibody.

18221} SEQ ID NO:94 sets forth the amine acid sequence of Kabat CDR-H2 of the mouse 8A4
antibody.

{06222} SEQ ID NGO: 95 sets forth the ammo acid sequence of Kabat CDR-H3 of the mouse 8A4
antibody.

{0223} SEQ ID NO: 96 scts forth the amino acid sequence of Kabat CDR-L1 of the mouse 8A4
antibody.

10224} SEQ ID NO: 97 sets forth the amine acid sequence of Kabat CDR-L2 of the mouse 8A4
antibody.

10225] SEQ ID NO: 98 sets forth the amino acid sequence of Kabat CDR-L3 of the mouse 8A4
antibody.

10226} SEQ ID NO: 99 sets forth the aming acid sequence of Kabat CDR-HI of the mouse 8A4
antibody.

{06227} SEQ 1D NO: 100 sets forth the anuno acid sequence of Chothia CDR-HI of the mouse
8A4 antibody.

10228} SEQ ID NO: 101 sets forth the amino acid sequence of Contact CDR-HI of the mouse
8A4 antibody.

10229} SEQ 1D NO: 102 sets forth the amino acid sequence of Chothia CDR-HZ of the mouse
8A4 antibody.
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[08236] SEQ 1D NO:103 sets forth the amino acid seguence of AbM CDR-H2 of the mouse 8A4
antibody.

10231} SEQ ID NO:104 sets forth the amino acid sequence of Contact CDR-HZ of the mouse
A4 antibody.

10232} SEQ 1D NO: 105 sets forth the amino acid sequence of Contact CDR-H3 of the mouse
3A4 antibody.

10233} SEQ ID NO: 106 sets forth the amino acid sequence of Contact CDR-L1 of the mouse
8A4 antibody.

10234} SEQ ID NO: 107 sets forth the aming actd sequence of Contact CBR-L2 of the mouse
8A4 antibody.

[08235] SEQ 1D NO: 108 sets forth the amino acid sequence of Contact CDR-L3 of the mouse
BA4 antibody.

{0236} SEQ ID NO:109 sets forth the amino acid sequence of model sequence 3JAUVH.

18237} SEQ ID NO: 110 sets forth the amino acid sequence of acceptor sequence haman heavy
chain variable region, accession# ADUST742:.

[08238] SEQ ID NO: 111 sets forth the aming acid sequence of model sequence 3JAUVL.

10239} SEQ ID NO: 112 sets forth the amino acid sequence of human acceptor sequence human
kappa light chain variable region, accessionf# ABA26100.

10240] SEQ 1D NO:113 sets forth the amino acid sequence of heavy chain variable region of the
bumanized 8A4 antibody hugA4-VH 1.

168241} SEQ ID NO: 114 sets forth the aming acid sequence of heavy chain variable region of the
humanized 8A4 antibody hu8A4-VH 2.

18242} SEQ ID NO: 115 sets forth the amino acid sequence of heavy chain variable region of the

humanized 8A4 antibody hu8A4-VH 3.

[0243] SEQ 1D NO:116 scts forth the amino acid sequence of light chain variable region of the
humanized 8A4 antibody hu8A4-VE 1.
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[0244] SEQ 1D NO: 117 sets forth the amino acid sequence of light chain vanable region of the
humanized 8A4 antibody hu8A4-VE 2.

10245} SEQ ID NO: 118 sets forth the amino acid sequence of light chain variable region of the
humanized 8A4 antibody hu8A4-VE 3.

10246} SEQ ID NO 119 sets forth the amino acid sequence of the mature heavy chain variable
region of the mouse 7G6 antibody.

10247} SEQ ID NO: 120 sets forth the amine acid sequence of the mature light chain vaniable
region of the mouse 7G6 antibody.

10248} SEQ ID NO: 121 sets forth the aming actd sequence of Kabat/Chotlua composite CDR-
H1 of the mouse 7G6 antibody.

[0249] SEQ ID NO: 122 sets forth the anuno acid sequence of Kabat CDR-H2 of the mouse 7G6
antibody.

10256} SEQ ID NO: 123 sets forth the amino acid sequence of Kabat CDR-H3 of the mouse 7G6
antibody.

{0251} SEQ ID NO: 124 sets forth the amine acid sequence of Kabat CBR-L1 of the mouse 7G6
antibody.

10252} SEQ ID NO: 125 sets forth the amine acid sequence of Kabat CDR-L2 of the mouse 7G6
antibody.

{0253} SEQ ID NO: 126 sets forth the aming acid sequence of Kabat CDR-L3 of the mouse 7G6
antibody.

[02534] SEQ 1D NGO: 127 sets forth the anuno acid sequence of Kabat CDR-H1 of the mouse 7G6
antibody.

{0255} SEQ ID NO: 128 sets forth the amino acid sequence of Chothia COR-H1 of the mouse
746 antibody.

10256] SEQ 1D NO: 129 sets forth the amine acid sequence of Contact COR-HI of the mouse
7(G6 antibody.
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{0257} SEQ 1D NO: 130 sets forth the amino acid sequence of Chothia CDR-H? of the mouse
7G6 antibody.

{0258} SEQ ID NO:131 sets forth the amino acid sequence of AbM CDR-H2 of the mouse 7G6
antibody.

{0259) SEQ 1D NO:132 sets forth the amino acid sequence of Contact CDR-H?2 of the mouse
746 antibody.

10260} SEQ ID NO: 133 sets forth the aming acid sequence of Contact CDR-H3 of the mouse
7G6 antibody.

10261} SEQ ID NO: 134 sets forth the aming actd sequence of Contact CBR-L1 of the mouse
7G6 antibody.

[0262] SEQ ID NO: 135 sets forth the amino acid sequence of Contact CDR-L2 of the mouse
7G6 antibody.

10263} SEQ 1D NO: 136 sets forth the amino acid sequence of Contact CDR-L3 of the mouse
7G6 antibody.

10264} SEQ 1D NO:137 sets forth the amino acid sequence of acceptor sequence homan heavy
chain vanable region, accession# PDB 3U0T VH.

10265}] SEQ ID NO: 138 sets forth the amino acid sequence of human acceptor sequence human
kappa light chain variable region, accession# PDB 3U0T VL

[0266] SEQ ID NO:139 sets forth the amino acid sequence of heavy chain variable region of the
humanized 7G6 antibody hu7G6-VH 1.

{08267} SEQ 1D NO: 140 sets forth the amino acid sequence of heavy chain variable region of the
humanized 7G6 antibody hu7G6-VH 2.

10268} SEQ ID NO:141 sets forth the amino acid sequence of light chain variable region of the
humanized 7036 antitbody ha7G6-VE 1.

10269} SEQ 1D NO: 142 sets forth the amino acid sequence of light chain vartable region of the
bumanized 7G6 antibody hu7G6-VE, 2.
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{06276} SEQ 1D NO: 143 sets forth the amino acid sequence of light chain vanable region of the

humantzed 7G6 antibody hu7G6-VE 3.

10271} SEQ ID NO: 144 sets forth the amino acid sequence of light chain variable region of the
humanized 7G6 anuibody hu7G6-VE 4.

10272} SEQ 1D NO: 145 sets forth the amino acid sequence of light chain vartable region of the
humanized 7G6 antibody hu7Go6-VE S,

10273} SEQ ID NO: 146 sets forth the aming acid sequence of light chain varable region of the
humanized 7G6 antibody hn7G6-VE 6

18274} SEQ ID NO:147 sets forth the amino acid sequence of light chain vartable region of the
humanized 736 antibody he7G6-VE 7.

[06275] SEQ 1D NO: 148 sets forth the amino acid sequence of light chain vanable region of the
humanized 7G6 antibody hu7G6-VE 8.

102761 SEQ 1D NO: 149 sets forth the amino acid sequence of human germbine sequence
IGHV1-69-2%01.

DEFINITIONS
168277} Monoclonal antibodies or other bislogical entities are typically provided in 1solated form.
This means that an antibody or other biologically entity is typically at least 530% w/w pure of
mterfering proteins and other contaminants ansing from its production or punification but does
not exclude the possibility that the monoclonal antibody 1s combined with an excess of
pharmaceutically acceptable carrier(s) or other vehicle intended to facilitate 1is use. Sometimes
monoclonal antibodies are at least 60%., 709%, 80%, 90%, 95% or 99% w/w pure of interfering
proteins and contaminants from production or purtfication. Offen an isolated monoclonal
antibody or other biclogical entity is the predominant macromolecular species remaining after its
purtfication.
{8278} Specific binding of an antibody to 1ts target antigen means an affinity and/or avidity of at

feast 109, 107, 10%, 10%, 10%Y, 10Y or 10°2 M1, Specific binding is detectably higher in

9%
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magnitude and distinguishable from non-specific binding occurring to at least one unrelated
target. Specific binding can be the result of formation of bonds between particular functional
groups or particular spatial fit {e.g., lock and key type) whereas nonspecific binding is usually
the result of van der Waals forces. Specific binding does not however necessarily imply that an

antibody binds one and only one target.

{06279} The basic antibody structural unit is a tetramer of subunits. Each tetramer mcludes two
identical pairs of polypeptide chains, cach pair having one "light” (about 23 kiJa) and one
"heavy" chain {about 50-70 kBa). The amino-termunal portion of cach chain includes a variable
region of about 100 to 110 or more amine acids primarily responsible for antigen recognifion.
This variable region is initially expressed linked to a cleavable signal peptide. The variable
region without the signal peptide 1s sometimes referred to as a mature varable region. Thus, for
example, a light chain mature vartable region means a light chain variable region without the
Light chain signal peptide. The carboxy-terminal portion of cach chain defines a constant region

primarily responsible for effector function.

68280} Light chains are classified as either kappa or lambda. Heavy chains are classified as
gamma, my, alpha, delta, or epsilon, and define the antibody's isotype as IgG, IgM, IgA IgDand
gk, respectively. Within light and heavy chains, the vanable and constant regions are jomed by
a "J" region of about 12 or more amino acids, with the heavy chain also including a "D" region
of about 10 or more amino acids. See generally, Fundamental Immunology, Paul, W, ed., 2nd

ed. Raven Press, N.Y ., 1989, Ch. 7 (incorporated by reference in its entirety for all purposes).

{3281} Animmunoglobulin light or heavy chain varable region (also referred to herein as a

“light chain variable domain™ (VL domain™} or “heavy chain variable domain™ ("VH domain”™

g
r

respectively) consists of a “framework™ region interrupted by three “complementarity
determining regions” or “CDRs.” The framework regions serve to align the CDRs for specific
binding to an epitope of an antigen. The CDRs include the amino acid residues of an antibody
that are primarily responsible for antigen binding. From amino-terminus to carboxyl-terminus,
both VL and VH domains comprise the following framework (FR} and CDR regions: FR1,
CDRI, FRZ, CDR2, FR3, CDR3, and FR4. CDRs 1, 2, and 3 of a VL domain are also referred
to herein, respectively, as CDR-L1, CDR-L2, and CDR-L3; CDRs 1, 2, and 3 of a VH domain
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arc also referred to herein, respectively, as COR-HI1, CDR-H2, and CDR-H3. When the
application discloses a VL sequence with R as the C-terminal residue, the R can alternatively be
considered as being the N-terminal residue of the light chaio constant region. Thus, the

application should also be understood as disclosing the VL sequence without the C~termmal R.

18282} The assignment of amino acids to each VL and VH domain 1s in accordance with any
conventional definition of CDRs. Conventional definttions include, the Kabat definition (Kabat,
Sequences of Proteins of Irmmunological Inferest (National Institutes of Health, Bethesda, MD,
1987 and 1991}, the Chothia definttion {Chothia & Lesk, J Mol Biol. 196:901-917, 1987,
Chothig ef al. | Narure 342:878-883, 1989); a compostte of Chothia Kabat COR i which CDR-
H1 s a composite of Chothia and Kabat CDRs; the AbM definition used by Oxford Molecular’s
antibody modelling software; and, the contact definition of Martin et al (bioinfo.org.uk/abs) (see
Table 1}. Kabat provides a widelv used numbering convention {(Kabat numbering} in which
corresponding residuecs between different heavy chains or between different hight chains are
assigned the same nuraber. When an antibody is said to comprise CDRs by a certam definition
of CDRs (¢.g., Kabat) that definition specifies the mimmum number of CDR residues present in
the antibody (i e., the Kabat CDRs). It does not exclude that other residues falling within another
conventional CDR definition but outside the specified definition are also present. For exampie,
an antibody comprising CDRs defined by Kabat includes among other possibilitics, an antibody
i which the CDIRs contain Kabat CDR residues and no other CDR residues, and an antibody in
which CDR H1 is a composite Chothia-Kabat CPR H1 and other CDRs contain Kabat CDR

residues and no additional CDR residues based on other definitions.
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Composite of

Chothia
Loop Kabat Chothia & AbM Contact
Kabat

Li L24--134 [24--134 1.24--134 L24--1.34 L30--136
L2 L50--L56 L50--L56 L50--1.56 L50--156 146--1.55
L3 L89--LY7 L89--L97 1.89--1.97 L89--197 1.89--1.96
H1 H31--H35B | H26--H32 H34* {H26--H35B* {H26--H33B H30--H35B
H2 H50--H65 H32--H56 H30--H65 H30--H58 H47--HS8
H3 HO3--H102 | HY5--H102 Ho3--H102 Ho5--H102 H93--H101

*CDR-HI by Chothia can end at H32, H33, or H34 (depending on the length of

the loop). This is because the Kabat numberning scheme places insertions of extra

residues at 35A and 358, whereas Chothia numbering places them at 31A and
31B. Ifneither H35A nor H35B (Kabat mumbering) 1s present, the Chothia CDR-
Hi loop ends at H32. Honly H35A is present, it ends at H33. If both H354 and

H35B are present, it ends at H34.

{3283] The term “antibody” includes intact antibodies and binding fragments thereof. Typically,

fragments compete with the intact antibody from which they were derived for specific binding to
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the target including separate heavy chains, light chains Fab, Fab', F{ab"),, F(abjc, Dabs,
nanobodics, and Fv. Fragments can be produced by recombinant DNA techniques, or by
enzvmatic or chemical separation of intact immunoglobulins. The term “antibodyv™ also includes
a hispecific antibody and/or a humanized antibody. A bispecific or bifunctional antibody is an
artificial hybrid antibody having two different heavy/light chain pairs and two different binding
sites {see, e.g., Songsivilat and Lachmann, Clin. Fxp. Immunol., 79:315-321 (1990}, Kostelny of
al, J Immunel, 148:1547-33 (1992%). In some bispecific antibodies, the two different
heavv/light chain pairs include a humanized 5G8, 6A 10, 8A4, or 7G6 heavy chaivlight chain
pair and a heavy chain/light chain pair specific for a different epitope on tau than that bound by
5G8, 6A10, 8A4, or 7G6.

10284} In some bispecific antibodies, one heavy cham/light chain pair 1s a humanized 5G8
antibody, humamzed 6A10 antibody, humanized 8A4 antibody, or humanized 7G6 antibody as
further disclosed below and the other heavy chain/light chain pair is from an antibody that binds
to a receptor expressed on the blood brain barrier, such as an insulin receptor, an insulin-like
growth factor (IGF) receptor, a leptin receptor, or a ipoprotein receptor, or a transferrin receptor
(Friden ef i, Proc. Natl Acad. Sci. USA 88:4771-4775, 1991; Frden ef af ., Science 259:373-
377, 1993}, Such a bispecific antibody can be transferred cross the blood brain barrier by
receptor-mediated transcytosis. Brain uptake of the bispecific antibody can be further enhanced
by engineering the bi-specific antibody to reduce its affinity to the blood brain barrier receptor.
Reduced affinity for the receptor resulted in a broader distribution i the brain (see, e.g., Atwal ef

al., Sci. Trans. Med. 3, 84rad3, 2011, Yu et al., Sci. Trans. Med 3, &4rad4, 201 1),

68285} Exemplary bispecific antibodies can also be: (1} a dual-variable-domain antibody (DVD-
Ig), where each light chain and heavy chain contains two vaniable domains in tandem through a
short peptide linkage {Wu et o/, Generation and Characterization of a Dual Variable Domain
Immunoglobulin (DVD-Ig™) Molecule, In: Antibody Engincering, Springer Berlin Heidelberg
{2010)); (2} a Tandab, which 1s a fusion of two single chain diabodies resulting in a tetravalent
bispecific antibody that has two binding sites for cach of the target antigens; (3} a flexibody,
which ig a combination of scFvs with a diabody resulting in a multivalent molecule; (4) aso-
called "dock and lock” molecule, based on the "dimernization and docking domain” m Protem

Kinase A, which, when applied to Fabs, can yield a trivalent bispecific binding protein consisting
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of two 1dentical Fab fragments linked to a different Fab fragment; or (5) a so-called Scorpion
molecule, comprising, e. 2., two scFvs fused to both termini of a human Fe-region. Examples of
platforms useful for preparing bispecific antibodies include BiTE (Micromet), DART
{MacroGenics), Feab and Mab?2 (F-star), Fe-engineered fg(Gl {Xencor) or DuoBody (based on

Fab arm exchange, Genmab).

{0286} The term “epitope” refers to a site on an antigen to which an antibody binds. An epitope
can be formed from contiguous amino acids or noncontiguous amino acids juxtaposed by tertiary
folding of one or more proteins. Epitopes formed from contiguous amino acids {also known as
linear epitopes) are tvpically retained on exposure to denaturing solvents whereas epitopes
formed by tertiary folding (also known as conformational epitopes) are typically lost on
treatment with denaturing solvents. An epifope typicaily mcludes at feast 3, and more usually, at
least 5 or 8-10 amino acids in a enigue spatial conformation. Methods of determining spatial
conformation of epitopes include, for example, x-ray crystallography and 2-dimensional nuclear
magnetic resonance. See, e.g., Epttope Mapping Protocols, in Methods in Molecular Biology,

Vol 66, Glenn E. Morris, Ed. (1996).

10287} Antibodies that recognize the same or overlapping epitopes can be identified in a simple
mmunoassay showing the ability of one antibody to compete with the binding of another
antibody to a target antigen. The epitope of an antibody can also be defined X-ray
crystallography of the antibody bound to its antigen to identify contact residues. Alternatively,
two antibodics have the same epitope if all amine actd mutations in the antigen that redusce or
climinate binding of one antibody reduce or eluminate binding of the other. Two antibodies have
overlapping eptiopes if some amino acid mutations that redoce or eliminate binding of one

antibody reduce or eliminate binding of the other.

10288} Competition between antibodics is determined by an assay in which an antibody under
test inhibits specific binding of a reference antibody to a common antigen (see, e.g., Junghans er
al., Cancer Res. 50:1495, 1990). A test antibody competes with a reference antibody if an
excess of atest antibody (e g, at least 2x, 5x, 10x, 20x or 100x) inhibits binding of the reference
antibody by at least 50% as measured in a competitive binding assay. Somge test antibodics

mhubit binding of the references antibody by at least 75%, 90% or 99%. Antibodies identified by
g o 5 o

44



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

competifion assay {competing 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 stenic hindrance to ocour.

06289} The term “pharmaceutically acceptabie”™ means that the carnier, diluent, excipient, or
auxibiary 1s compatible with the other ingredients of the formulation and not substantially

deleterious to the recipient thercof

8290} The term “patient” mcludes human and other mammalian subjects that receive either

prophylactic or therapeutic treatment.

{0291} An mndividual 15 at increased risk of a disease if the subject has at least one known rnisk-
factor {e.g., genetic, biochemical, family history, and situational exposure) placing individuals
with that nisk factor at a statistically significant greater risk of developing the disease than

mdividuals without the risk factor.

10292] The term “biclogical sample” refers to a sample of biological material within or
obtainable from a biclogical source, for example a human or mammalian subject. Such samples
can be organs, organclles, tissues, sections of tissues, bodily fluids, peripheral blood, blood
plasma, blood serum, cells, molecules such as proteins and peptides, and any parts or
combinations derived therefrom. The term biological sample can also encompass any material
derived by processing the sample. Dertved material can include cells or their progeny.
Processing of the biological sample may involve one or more of filtration, distillation, extraction,

concentration, fixation, inactivation of interfering components, and the like.

103293} The term “control sample” refers to a bioclogical sample not known or suspected to
melude tau-related disease-affocted regions, or at least not known or suspect to include disease
regions of a given type. Control samples can be obtained from individuals not aftlicted with the
tau-related disease. Alternatively, control samples can be obtained from patients afflicted with
the tau-related discase. Such samples can be obtained at the same time as a biclogical sample
thought to comprise the tau-related disease or on a different occasion. A biclogical sample and a
control sample can both be obtained from the same tissue. Preferably, control samples consist
essentially or entirely of normal, healthy regions and can be used in comparison to a biological
sample thought to comprise tau-related discase-affected regions. Preferably, the tissue in the
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control sample 18 the same tvpe as the tissue in the biological sample. Preferably, the tauv-related
discase-affected cells thought to be in the biological sample arise from the same cell type {e.g.,

neurons or ghia} as the type of cells in the control sample.

0294} The term “disease” refers to any abnormal condition that impairs physiological function.
The term 15 used broadly to encompass any disorder, tllness, abnormality, pathology, sickness,
condition, or syndrome 1n which physiological function is impaired, irrespective of the nature of

the ctiology.

10295} The term “symptom’ refors 1o a subjective evidence of a disease, such as aliered gait, as
perceived by the subject. A "sign" refers to objective evidence of a discase as observed by a

physician.

10296} The term “positive response to treatment” refers to a more favorable response in an
ndividual patient or average response in a population of patients relative to an average response

mn a control population not receiving treatment.

18297} For purposes of classifving aming acids substitutions as conservative or nonconservative,
amino acids are grouped as follows: Group I (hvdrophobic side chaing): met. ala, val, lew, ile;
Group I (neutral hyvdrophilic side chaing): cvs, ser, thr; Group I {acidic side chans): asp, glo;
Group TV (basic side chains}: asn, gin, his, ys, arg; Group V (residues influencing chain
orientation): gly, pro; and Group VI (aromatic side chains): trp, tvr. phe. Conservative

substitutions involve substitutions between amino acids in the same class. Non-conservative

substitutions constituie exchanging a member of one of these classes for a member of another.

10298] Percentage sequence identities are determined with antibody sequences maximally
aligned by the Kabat numbering convention. Afier alignment, if a subject antibody region {e.g.,
the entire mature vanable region of a heavy or light chain} is being compared with the same
region of a reference antibody, the percentage sequence identity between the subject and
reference antibody regions is the number of positions occupied by the same aming acid 1n both
the subject and reference antibody region divided by the total number of aligned positions of the

two regions, with gaps not counted, multiplied by 100 to convert to percentage.
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13299} Compositions or methods “compnsing” or “including” one or more recited elements may
mnclude other elements not specifically recited. For example, a composition that “comprises” or

“includes” an antibody may contain the antibody alone or in combination with other ingredients.

{0304] Designation of a range of values includes all integers within or defining the range, and all

subranges defined by integers within the range.

{08301} Unless otherwise apparent from the context, the term “about” encompasses insubstantial
variations, such as values within a standard margin of error of measurement (e. g, SEM) of a

stated value.
{3302} Statistical significance means p<0.05.

{8303} The singular forms of the articles “a,” “an,” and “the” mclude plural references unless the
context clearly dictates otherwise. For example, the term “a compound™ or “at least one

compound” can include a plurality of compounds, including mixtures thereof,

DETAILED DESCRIPTION
i General

10304} The mvention provides antibodics that specifically bind to tau. Some cxemplary binding
specificities of antibodies of the invention are characterized by specific binding to a peptide
consisting of residues 199-213 or a peptide consisting of residugs 262-276 of SEQ 1D NO:3
{corresponding to residues 257-271 or 320-334, respectively, of SEQ 1D NG: 1), or to both
peptides. Exemplary antibodies of the invention are 5G8, 6A10, 8A4, and 7G6. Some
antibodies bind to an epitope mehuding at least one residue from residues 199-213 or at least one
residue from residues 262-276 of SEQ ID NG:3 or both. Some antibodies bind to an epitope in
which all residues of the epitope are within residues 119-213 or residucs 262-276 of SEQ 1D
NO:3 or both. Some antibodics bind to an epitope formed from amino acids within both residues
199-213 and 262-276 of SEQ ID NG:3. Some antibodics bind to an epitope within residues 199-
213 of SEQ 1D NO:3 or with residues 262-276 of SEQ ID NO:3. Some antibodigs bind to tau
rrespective of phosphorvlation state.  Some antibodies inhibit or delay tau-associated
pathologies and associated symplomatic deterioration. Although an understanding of mechanism
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1s not requured for practice of the invention, a reduction n toxicity may occur as a result of the
antibody mducing phagocytosis of tau, inhibiting tau from inter or intramolecular aggregation, or
from binding to other molecules, by stabilizing a non-toxic conformation, by inhibiting
mtercellular or ingracellular transmission of pathogenic tau forms, by blockade of tau
phosphorvlation, by preventing binding of tau to cells, or by mducing proteolvtic cleavage of tau,
among other mechaniams. The antibodies of the mvention or agents that induce such antibodies
can be used in methods of treating or effecting prophylaxis of Alzheimer’s and other discases

associated with tan.
L Target Molecules

{0303} Unless otherwise apparent from the context, reference to tau means a natural human form
of tau mcluding all 1soforms irrespective of whether posttranslational modification (e. g,
phosphorviation, glveation, or acetvlation} is present. There arc six major isoforms (splice
variants) of tau occurnng 1o the human brain. The longest of these vanants has 441 amino acids,
of which the initial met residue is cleaved. Residues are numbered according to the 441 isoform,
Thus, for example, reference to a phosphorylation at position 404 means position 404 of the 441
isoform, or corresponding position of any other isoform when maximally aligned with the 441

isoform. The amino acid sequences of the isoforms and Swiss-Prot mumbers are indicated below.
P10636-8 (SEQ ID NOG: D)

0 20 30 4 0w

MAEPRGEFEV MEDHAGTYGL GDREDQGGYT MHODOQEGDTD AGLKESPLOT PTEDGSEEPG
W8 % 100 1o 120

SETSDAKSTP TAEDVTAPLY DEGAPGKQAA AQPHTEIPEG TTAEEAGIGD TRFSLEDEAAG
130 10 150 160 176 180

HVTOARMYSK SKDGTGSDDE KAKGADGKTE IATPRGAAPP GOKGOQANATR IPAKTFPAPK
190 200 310 20 230 M0

TPPSSGEPPK SGDRSGYSSP GSPGTPGSRS RTPSLPTEPT REPKKVAVVE TPPKSPSSAK
250 260 270 280 290 300

SRLOTAPYPM PDLENVKSKI GSTENLKHOP GGGKVOIINK KLDLSNVOSK CGSKDNIKHY
30 320 330 M0 350 360

PGGGSVOIVY KPVDLSEVTS KCGSLGNIHE KPGGGOVEVK SEKLDEEDRY OSKIGSLDNI
370 380 390 400 419 420

THVPGGONKE IETHKLTFRE NAKAKTDHGA EIVYESPVVS GDTSPRHLSN VSSTGSIIMY
430 440

DSPOLATLAD EVSASLAKOG L

P10636-7 (3EQ 1D Ni1:2)
00 20 3% W s 60

MADPROEFEY MEDHAGIYGL GDREDOGGY P MBODOEGD D AGLE ESPLOY PTEDGSEEPG
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76 86 % 100 il 120

SETSDAKSTP TABAEBAGIG DTPSLEDEAA GHVTOARMYVS KSKDGTGSDD KEAKGADGET
(30 140 1% te6h 176 180

KIATPRGAAR PGOKGOANAT RIPAK TPPAR KTPPASGEPP KSGRRSGYSS PGSPGTPGSR
(90 260 210 220 236 240

SRTPSLPIPP TREPKK VAVY RTPPKSPSSA KSRLOTAPYVE MPDLKNVESK IGSTENLKHG
250 260 270 280 29%¢ 300

PGGGKVOQIN KKLDLANVOS KUGSKDNIKH VPGGGSVOIY YKPVDLIK VT SKCGSLGMIH
310 320 330 240 350 360

HKPGGGQVEY KSEKLDFKDR VGSKIGSLDN ITHVPGGGNK KIETHKLTFR ENAKAKTDHG
370 380 390 400 410

AEIVYESPVY SGDTSPRHLS NVSSTGSIDM VDSFOLATLA DEVSASLAKQ GL

P10636-6 (4RON human tau) (SEQ 1D NO:3)

1 1 3% 4 e &

MAEPROEFEY MEDHAGTYGL GDRKDOGGYT MHODOEGDTD AGLKAEEAGI GDTPSLEDEA
7% 80 9% 100 18 120

AGHVTIOARMY SESKDGTGSD DKEAKGADGE TKIATPRGAA PPGOKGOANA TRIPAKTPPA
(30 140 1 el 170 180

PKTPPSSGEP PKSGDRSGY S SPGSFGTEGS RSRTPSLETP PTREFEK VAV VRTPPKSESS
(90 W0 210 220 230 240

AKSRLOTAFV PMPDLKNVKS EIGSTENLKH OPGGGK VO NKKLDLSNVD SKCGSKDNIK
250 60 70 280 39¢ 300

HYPGGGSVOL VYKPVYDLSKY TSKCGSLGNI HHEPGGGOVE VESERLDFKD RVOSKIGSLD
310 320 33 340 350 360

NITHVYPGGGN KKIETHELTE RENAKAKTDH GAEIVYKEPY VSGDTEPRHL SNVSSTGRID
370 380

MYDBPOLATL ADEVSASLAK QGL

P10636-5 (SEQ ID NO:4)

10 20 3% 40 s 60

MAEPRQEFEV MEDHAGTYGL GDRKDOGGYT MHODOEGDTD AGLKESPLOT PTEDGSEEPG
70 0BG %0 100 1o 120

SETSDAKSTP TAEDVTAFLY DEGAPGKOAA AQPHTEIPEG TTAEEAGIGD TPSLEDEAAG
130 MO0 156 1e0 170 1%

HVTOARMYVSE SKDGTGSDDK KAKGADGKTK IATPRGAAPP GOKGOANATR IFPAKTPPAPK
190 200 216 220 230 24

TPPSSGEPPK SGDRSGYSSE GSPGIFGSRS RTPSLETPPT REPKKVAVVR TPPESPSSAK
250 260 270 280 290 500

SRLOTAPYPM PDLKNVEKSKI GSTENLKHOP GGG VOIVYK PYDLSKVISK CGSLGNIHHK
310 320 33 30 350 360

PGGOOVEVES EKLDFKDRVO SKIGSLDNIT HVYPGGGNKKI ETHKLTFREN AKAKTRHGAE
370 380 399 400 410

IVYKSPYVEG DTSFRHLSNY SSTGSIDMVD SPOLATLADE VSASLAKOGL

P10636-4 (SEQ ID NOS)

19 28 30 44 50 60
MADPROEFEY MEDHAGIYGL GDREDOGGY P MBODOEGD D AGLE ESPLOY PTEDGSEEPG
78 B0 90 100 1£2¢) 120

SETSDAKSTE TAEAEEAGIG DIPSLEDEAA GHVIQARMYS KSKDGTGSBD KKAKGALGKT
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£30 140 153G t60 176 180

KIATPRGAAR PGUKGOANATRIPAKTPRAR KIPRASHGEPE KSGDRSGYSS PGSPGIPGSR
£90 260 218 220 238 240

SRTPSLPIPP TREPKE VAYVY RTPPKSPSSA KSRLOTARPVP MPDLKNVESK JGSTENLKHO
250 260 278 280 280 300

PGGGEVOIVY KPVDLSKVIS KOGSLGNIEH KPGGGOVEVK SEKEDFKDRV QSKIGSLDNIE
310 320 33¢ 340 350 360

THYPGGONKK [ETHKLETERE NAKAKTDHGA EIVYKSPYVS GDTSPRHLSKH VSRTGIDMY
370 380

DSPQLATLAD EVSASLAKOGL

P10636-2 (SEQ ID NO:6)

10 20 30 49 30 6o
MAEPROEFEY MEDHAGEYGL GDREDOGGY T MHODOEGDTD AGLKAEEAGE GINIPSLEDEA

70 80 o0 100 110 120
AGHVITOARMY SESEDGTGSD DKEAKGADGE TKIATPRGAA PPGOKGOANA TRIPARKTPPA

130 140 150 160 176 180
PRAPPSSGER PKSGDRRGYS SPGRPLGTPGS RERTPSLP IR PIREPKK VAY VRIPPKSPSS

top 206 219 220 230 249
AKSRLOTAPY PMPDLKNVKS EIGSTENLKH QPGGGKVOLY YKEVDLSKVT SKCGSLONIE

230 264 270 280 299 300
HIKPGLGGOVEY KREKUDERDRE VOSKIGSLBN FTHVPGHGGNK KIETHKUTER ENAKAKTDHG

330 326 336 344 350
AEIVYKSPVV SGDTRPRHLS NVSRTGRIDM VDIPOLATLA DEVSASLAKO GL

10306} Reference to tav includes known natural vanations about 30 of which are listed in the
Swiss-Prot database and permutations thereof, as well as mutations associated with tau
pathologies, such as dementia, Pick’s disease, supranuclear palsy, among others {see, e.g.. Swiss-
Prot database and Poorkaj, et al. Ann Neurol, 43:815-825 (1998)). Some examples of tau
mutations numberced by the 441 1soform are a lysine to threonine mutation at amino acid residue
257 (K257T), an isoleucine o valine mutation at aminge acid position 260 {1260V}, a glycing to
valing mutation at amine acid position 272 (G272V); an asparagine to lysine mntation at amino
acid position 279 (N279K); an asparagine to histidine mutation at amino acid posttion 296
{N296H); a proline to serine mutation at amino acid position 301 (P3015}; a proline to leucine

mutation at amingo acid 301 {(P301L); a glveine to valing mutation at amino acid posttion 303
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{(G303V); a serine to asparagine mutation at position 305 (S305N}; a glvcine to serine mutation
at aming acid position 335 (G3355): a valine to methionine mutation at position 337 (V337M); a
glutamic acid to valine mutation at position 342 (E342V}: a lyvsing to isoleucine mutation at
amino acid position 369 (K3691}); a glvcine to arginine mutation at aming acid position 389

((G389R}); and an arginine to tryptophan mutation at arino acid position 406 (R406W).

{3307} Tau can be phosphorylated at one or more aming acid residues including tyvrosine at
aming acid positions 18, 29, 97, 310, and 394, serine at amino acid positions 184, 183, 198, 199,
202,208, 214, 235, 237, 238, 262, 293, 324, 356, 396, 400, 404, 409, 412, 413, and 422; and

threonine at aming acids positions 175, 181, 205, 212, 217, 231, and 403,

Unless otherwise apparent from context, reference to tau, or their fragments includes the natural

human aming acid sequences including isoforms, mutants, and allelic vanants thergof
HE.  Antibodies
A. Binding Specificity and Functional Properties

{8308} The mvention provides antibodies that bind to tau. Some antibodies bind to tau
nrespective of phosphorylation state. Some antibodics bind to an epitope not includimg a residue
subject to phosphorylation. These antibodies can be obtained by immunizing with a tau
polvpeptide purified from a natural source or recombinantly expressed. Antibodics can be
screened for binding tau in unphosphoryiated form as well as a form in which one or more
residues susceptible to phosphorylation are phosphorylated. Such antibodies preferably bind
with indistinguishable affinities or at least within a factor of 1.5, 2 or 3-fold to phosphorylated
tau compared to non-phosphorylated tav (7.e., are “pan-specific™). 5G8, 6A10, 8A4, and 7G6 are
examples of pan-specific monoclonal antibodies. The inveniion also provides antibodies binding
to the same or to an overlapping eptiope as that of 5G8, 6A 10, 8A4, or 7G6. Alse included are
antibodies competing for binding to tau with 5GR, 6A 10, 8BA4, or 7G6. .

3309} The above-mentioned antibodies can be generated de novo by immunizing with a full
length tan polypeptide or peptide fragment thereof. Such peptides are preferably attached to a
heterologous conjugate molecule that helps elicit an antibody response to the peptide.
Attachment can be dircct or via a spacer peptide or anmino acid. Cysteine is used as a spacer

amino acid because its free SH group facilitates attachment of a camier molecule. A polyglyveine
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linker {e.g., 2-6 givcines), with or without a cvsteine residuc between the glyemes and the
peptide can also be used. The camer molecule serves to provide a T-cell epitope that helps elicit
an antibody response against the peptide. Several carriers are commonly used particulady
kevhole hmpet bemocvanin (KLH), ovalbumin and bovine serum albunun (BSA). Peptide
spacers can be added to peptide immunogen as part of solid phase peptide synthesis. Carriers are
typically added by chemical cross-linking. Some examples of chemical crosslinkers that can be
used include cross-N-maleimido-6-aminocaproyl ester or m-malcimidobenzoyi-N-
hvdroxysuccinimide ester (MBS) (see for example, Harlow, E. et al |, Antibodics: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY. 1988; Sinigagha et al,
Nature, 336:778-7380 (1988}, Chicz et al., J. Exp. Med., 178:27-47 (1993}, Hammeret al., (el
74:197-203 (1993); Falk K et al | Immunocgenetics, 39:230-242 (1994}, WO 98/23635; and,
Southwood et al. J. Immunology, 160:3363-3373 {1998)). The carrier and spacer if present can

be attached to either end of the immunogen.

{0310} A peptide with optional spacer and carrier can be used to tanumize laboratory amimals or
B-cells as described 1n more detail below. Hybridoma supernatants can be tested for ability to
bind phosphorviated and non-phosphoryviated forms of tay, such ag, for example, a full-length
isoform of tau with position 404 in phosphorylated form. The peptide can be attached tc a
carricr or other tag to facilitate the screening assay. In this case, the carrier or tag is
preferentially different than the combination of spacer and carrier molecule used for
mmmunization to eliminate antibodies specific for the spacer or carrier rather than the tau pepuide.
Any of the tau isoforms can be used.

{8311} The imvention provides monoclonal antibodies binding to epitopes within tau. Anp
antibody designated SG8 15 one such exemplary mouse antibody. Unless otherwise apparent
from the context, reforence to 3G8 should be understood as referring to any of the mouse,
chimeric, veneered, and humanized forms of this antibodv. The antibody has been deposited as
IBDERPOSIT NUMBER]. This antibody is further characterized by its ability to bind both
phosphorvlated and unphosphorylated tau, both non-pathological and pathological forms and

conformations of tau, and misfolded/aggregated forms of tau.
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{3312} Additional antibodies that compete with 5G8 for binding to tau and/or bind the same or
overlapping eptiope as 5G38 have been isolated designated 6A 10, 8A4, 7G6, and 3D6 and
produced by hybridomas of the same names. 5A10 has variable heavy and light regions
characterized by SEQ ID NO:49 and SEQ D NO:50 respectively and are of mouse isotypes

IgG 1/kappa. 6A 10 has mature vanable heavy and light regions (afier cleavage of signal peptide)
characterized by SEQ ID NO:63 and SEQ 1D NO:64 respectively. Unless otherwise apparent
from the context, reference to 6A 10 should be understood as referning to any of the mouse,
chimeric, vencered, and humanized forms of this antibody. 6A10 has been deposited as
[DEPOSIT NUMBER]. 6A 10 18 further characterized by its ability to bind both phosphorviated
and vophosphoryiated tau, both non-pathological and pathclogical forms and conformations of

tau, and nusfolded/aggregated forms of tau.

18313} 706 has variable heavy and light regions characterized by SEQ 1D NO:51 and SEQ ID
NG:S2, respectively and are of mouse isotypes IgiG2b/kappa. 7G6 has mature variable heavy
and light regions (after cleavage of signal peptide) characterized by SEQ 1D NO:119 and SEQ
1D NG 120 respectively. Unless otherwise apparent from the context, reference to 7G6 should
be understood as referring to any of the mouse, chimenc, veneered, and humanized forms of this
antibody. 7G6 has been depostied as [DEPOSIT NUMBER]. 7G6 is further characterized by its
ability to bind both phosphorviated and unphosphorviated tau, both non-pathological and

pathological forms and conformations of tan, and nusfolded/aggregated tforms of tau.

10314} 8A4 has variable heavy and light regions characterized by SE{} 1 NG:53 and SEQ ID
NO: 34, respectively and are of mouse 1sotvpes IgGl/kappa. 8A4 has mature variable heavy and
light regions (after cleavage of signal peptide) characterized by SEQ ID NO:9T and SEQ ID
NG:92 respectively. Unless otherwise apparent from the context, reference to 8A4 should be
understood as referring to any of the mouse, chimeric, vencered, and humanized forms of this
antibody. 8A4 has been depestied as [DEPOSIT NUMBER]. 8A4 is further characterized by its
ability to bind both phosphorviated and unphosphorylated tag, both non-pathological and

pathological forms and conformations of tan, and misfolded/aggregated forms of tau.

{0315} 3D6 has mature variable heavy and light regions characterized by SEQ 1D NO: 55 and

SEQ D NO:59, respectively and are of mouse isotypes IglG1 kappa. For 3D6, the three heavy
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chain CDRs are as defined by Kabat/Chothia Composite (SEQ 1D NOs: 56, 57, and 38) and the
three light chain CDRys are as defined by Kabat (SEQ ID NOs: 60, 61, and 62). For 3D6 and
humanized variants thereof, sece PCT/IB2017/052544, which is incorporated by reference in itg
entirety for all purposes. Unless otherwise apparent from the context, reference to 306 should
be understood as referring to any of the mouse, chimene, venecred, and humanized forms of this
antibody. 3D6 has been deposited as [DEPOSIT NUMBER]. 3D6 1s further characterized by its
ability to bind both phosphoryiated and unphosphorylated tau, both non-pathological and

pathological forms and conformations of tau, and misfolded/aggregated forms of tau.

68316} Optionally, the antibodies of the invention do not include a2 6A 10 antibody as disclosed in
PCT/IB2017/052544. Optionally, the antibodics of the invention do not include an 8A4
antibody. Optionally, the antibodies of the mvention do not include a 7G6 antibody. Optionally,
the antibodies of the invention do not melude a 3D6 antibody as disclosed in

PCT/IB2017/052544.

{3317} Some antibodies of the invention bind to the same or overlapping epitope as an antibody
designated 508, 6A10, 8A4, 706, or 3D6. The sequences of the heavy and light chain mature
variable regions of SG8 are designated SEQ 1D NOs: 7 and 8 respectively. The sequences of the
heavy and light chain mature varable regions of 6A10 are designated SEQ 1D NOs: 63 and 64
respectively. The sequences of the heavy and light chaim mature vanable regions of 8A4 are
designated SEQ ID NGs: 91 and 92 respectively. The sequences of the heavy and light chain
mature vanable regions of 7G6 are designated SEQ 1D NOg: 119 and 120 respectively. The
sequences of the heavy and light chain mature variable regions of 3036 are designated SEQ 1D
NQOs: 35 and 59 respectively. Other antibodies having such a binding specificity can be
produced by immunizing mice with tau or a portion thereof mcluding the desired epitope and
screening resulting antibodics for binding to tau optionally m competition with an antibody
having the variable regions of mouse 5G8, 6A10, 8A4, 7G6, or 3D6 (1gG1 kappa). Fragments of
tau inclading the desired epitope can be linked to a carrier that helps elicit an antibody response
to the fragment and/or be combined with an adpuivant the helps elicit such a response. Such
antibodies can be screened for differential binding to {au or a fragment thereof compared with
mutants of specified residues. Screening agamst such mutants more precischy defines the

binding specificity to allow identification of antibodies whose bmding 1s inhibited by
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mutagenesis of particular residues and which are likely to share the functional properties of other
exemplified antibodies. The mutations can be systematic replacement substitution with alanine
{or sering if an alanine is present already) one residue at a time, or more broadly spaced mtervals,
throughout the target or throughout a section thercof in which an epitope is known to reside. If
the same set of mutations significantly reduces the binding of two antibodies, the two antibodies

bind the same epitope.

{0318] Antibodies having the binding specificity of a sclected murine antibody (e. g, 5G8, 6A10,
8A4, 7G6, or 3D6) can also be produced using a vartant of the phage display method. See
Winter, WO 92/20791. This method is particudarly suitable for producing haman antibodies. In
this method, either the heavy or light chain vaniable region of the selected munne antibody is
used as a starting material. If, for example, a hight chamn vanable region is selected as the
starting matenal, a phage library s constructed m which members display the same light cham
variable region {J.e., the murine starting material) and a different heavy chain variable region.
The heavy chain vaniable regions can for example be obtained from a library of rearranged
human heavy chain vanable regions. A phage showing strong specific binding fortanora
fragment thereof (e.g., at least 10° and preferably at least 10° M) is selected. The heavy chain
variable region from this phage then serves as a starting matenal for constructing a further phage
library. In this library, cach phage displays the same heavy chain variable region (7.e., the region
identified trom the first digplay hbrary) and a different light chain variable region. The hight
chain variable regions can be obtained for example from a library of rearvanged human variable
light chain regions. Again, phage showing strong specific binding for tau or a fragment therecof
are selected. The resulting antibodies usually have the same or similar epitope specificity as the
murine starting material.

10319} Kabat/Chothia Composite CDRs of the heavy chain of 3G8 are designated SEQ 1D NOs:
11, 12, and 13, respectively, and Kabat CDRs of the light chain of 568 are designated SEQ 1D
NOg: 14, 15, and 16, respectively.

{8328} Table 2 indicates the 5G8 CDRs as defined by Kabat, Chothia, Composiie of Chothia
and Kabat (also referred to herein as “Kabat/Chothia Composite™), AbM, and Contact.

LA
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SGE CDRs as defined by Kabat, Chothia, Compuosite of Chothia and Kabat, AbM, and

Contact

Composite of

SEQ ID NO: 13

SEQ ID NO:13

SEQ ID NO: 13

SEQ ID NO: 13

Loop Kabat Chothia Chothia AbBM Contact
& Kabat

L24--1.34 1.24--134 [24--1.34 L24--1.34 £30--L.36

L1
SEQ D NOG:14 | SEQ D NG:14 SEQ D NQO: 14 SEQ ID NO:14 SEQ ID NO: 24
L30--136 L30--L5¢6 L30--L56 L30--1.56 L46--L55

L2
SEGID NO:15 | SEQID NG 15 SEQIDNO: 15 |SEQID NGO 15 | SEQID NO: 25
1.89--1.97 1.89--1.57 L89--1.97 1.89--1.97 L89--1.96

L3
SEQID NO: 16 | SEQ ID NO:16 SEQIDNG: 16 {SEQIDNG: 16 | SEQID NO:26
H31--H35B H26--H32 H26--H358 H26--H358 H30--H358

Hi
SEQID NG: 17 | SEQ D NG:18 SEQID NO: 11 SEQ ID NO:11 SEQ ID NO:19
H50--H63 H52--H356 H50--H65 H350--H38 H47--H58

H2
SEQID NGO 12 § SEQID NO:20 SEQID NG 12 SEQ 1D NO:2 SEQ D NOZ2
H95--H1062 H95--HI02 HS5--H102 HS5--H102 HS3--H101

H3

SEQID NG:23

{3321} Kabat/Chothia Composite CDRs of the heavy cham of 6A10 are designated SEQ ID
NQOs: 65-67, respectively, and Kabat CDRs of the light chain of 6A 10 are designated SEQ 1D

NQs: 68-70, respectively.
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{0322] Table 3 indicates the 6A 10 CDRs as defined by Kabat, Chothia, Composite of Chothia

and Kabat {also referred to herein as “Kabat/Chothia Composite™), AbM, and Contact,

Table 3

6A10 CDRs as defined by Kabat, Chothia, Composite of Chothia and Kabat, AbM,

and Contact

Composite of

Chothia
Loop Kabat Chothia & AbM Contact
Kabat
L24--1.34
[24--134 1.24--134 L24--1.34 L30--136
L1 SEQ ID NO:6S
SEQ ID NO:68 SEQIDNO:68 | SEQ ID NO:68 SEQ ID NO:78
L30--L36 L50--L36 L50--L56 L30--156 L46--1.55
Lz
SEGID NO6S | SEQID NO:69 SEQIDNGO-6Y | SEQ ID NOw6o SEQ ID NO: 79
L89--LY7 L89--L97 1.89--1.97 LE§9--1LY97 1.89--1.96
L3
SEQ D NO:7¢ | SEQ I NO:70 SEQIDNG:7¢  {SEQID NO: 70 | SEQ ID NC:80
H31--H35B |H26--H32 H34* {H26--H35B* {H26--H35B H30--H35B
H1
SEQID NO:71 | SEQ D NG.72 SEQID NG:63 SEQ ID NO:65 SEQID NG:T3
H50--H65 H52--H56 H50--H65 HS50--H58 H47--H33
H2

SEQ ID NO:66

SEQ ID NO:74

SEQ ID NG:66

SEQ ID NG:75

SEQ ID NO:76
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Composite of
Chothia
Loop Kabat Chothia & AbM Contact
Kabat
H95--H102
HO95--H102 | Hos5--H1025E0 HO95--HI62 H93--HIi1
H3 '
SEQID NOw7 1D NO©6T SEQ ID NO67 SEQ 1D NO77
SEQ 1D NO:67

{3323} Kabat/Chothia Composite CDRs of the heavy chain of 8A4 arc designated SEQ 1D NOs:
93-95, respectively, and Kabat CDRs of the hight chain of 8A4 are designated SEQ 1D NQOs: 96-

98, respectively.

{6324} Table 4 indicates the 8A4 CDRs as defined by Kabat, Chothia, Composite of Chothia

and Kabat (also referred to heremn as “Kabat/Chothia Composite™), AbM, and Contact.
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BA4 CDRs ag defined by Kabat, Chethia, Composite of Chothia and Kabat, AbM, and

Contact

Composite of

Chothia
Loop Kabat Chothia & AbM Contact
Kabat
L24~-L34
L.24--1.34 1.24--1.34 1.24--1.34 1.30--L.36
Li SEG ID NO96
SEQ ID NO:96 SEQIDNG:9 | SEQID NO:96 SEQ ID NG:106
L30--L56 L30--L56 L50--1L56 L50--L36 146--155
L2
SEQ ID NO:97 | SEQ ID NO:97 SEQID NO: 97 | SEQID NO:©7 SEQ ID NO: 107
1.89--1.97 L89--L.97 L.89--1.97 1.89--1.97 1.89--1.96
L3
SEQID NO98 | SEQ ID NO:98 SEQIDNG:98 | SEQ D NO98 SEQ 1D NO:108
H31--H358 | H26--H32 H34% | H26~-H35B* {H26--H33B H30--H335B8
H1
SEQID NOS9 | SEGQID NO:100 SEQID NQO:93 SEQ D NO:93 SEQ ID NO:IoL
H50--H65 H52--H56 H30--Ho6S H50--H53 H47--H58
H2
SEQID NO:94 | SEQ ID NG:102 SEQ ID NO:9%4 SEQ ID NO:103 | SEQID NO:104
HO5--HI102 | HOS--HI102 Ho3--H102 HOo3--HI02 H93--H101
H3

SEQ I NG:85

SEQ I NO:95S

SEQ D NG:9s

SEQ I3 NO:95

SEQ 1D NG: 105
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{8325} Kabat/Chothia Composite CDRs of the heavy chain of 7(G6 are designated SEQ 1D NOs:
121-123, respectively, and Kabat CDRs of the light chain of 7G6 are designated SEQ 1D NQs:
124-126, respectively.

{8326} Table 3 indicates the 7G6 CDRs as defined by Kabat, Chothia, Composite of Chothia

and Kabat {also referred to herein as “Kabat/Chothia Composite™), AbM, and Contact.
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7G6 CDRs as defined by Kabat, Chothia, Composite of Chothia and Kabat, AbM, and Contact

Composite of

Chothia
Loop Kabat Chothia & AbM Contact
Kabat
L24--1.34
L.24--1.34 1.24--1.34 1.24--1.34 1.30--L.36
L1 SEQ ID NO- 124
SEQ D NG:124 SEQID NG: 124 SEQ ID NO:i24 SEQ ID NGO 134
L30--L56 L50--L56 L50--156 L30--L56 1A46--1.55
L2
SEQ ID NO:125 | SEQ I NO:123 SEQID NO: 125 {SEQ D NO:125 | SEQ ID NO:135
L89--1.97 L89--L.97 1.89--1.97 LR9--1.97 1.89--1.96
L3
SEQID NQ:126 | SEQ ID NG:126 SEQIDNG: 126 SEQ ID NO:i26 SEQ ID NG:36
H31--H358 | H26--H32. H34% {H26--H35B* {H26--H35B H30--H35B
Hi
SEQID NG:127 | SEQ ID NG:128 SEQID NG:i21 SEQ ID NO:i21 SEQ ID NG: 129
H50--H65 H52--H56 H50--H65 HS50--H58 H47--H58
H2
SEQ ID NO:122 | SEQ ID NO:130 SEQIDNG:122 {SEQID NG:I31 | SEQIDNG: 132
HO5--H102 {H95--HI02Z H95~-H162 H95--H162 H93--H101
H3

SEGID NO:123

SEQ ID NO: 123

SEQID NO:123

SEQID NO123

SEQID NGI133
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{3327} Gther antibodies can be obtained by mutagenesis of cDNA encoding the heavy and light
chains of an exemplary antibody, such as 5G8, 6A10, 8A4, 706, or 3D6. Monoclonal antibodies
that are at least 70%. 80%, 90%, 95%, 96%, 97%. 98%, or 99% identical to 5GS8. 6A 10, 8A4, or
7G6 m amino acid sequence of the mature heavy and/or ight chain variable regions and maintain
its functional properties, and/or which differ from the respective antibody by a small number of
functionally inconsequential amino acid substitutions {(e.g., conservative substitutions), deletions,
or insertions are also included in the invention. Monoclonal antibodies having at least one or all
six CDR(s) as defined by any conventional definition, but preferably Kabat, that are 90%, 95%,

99% or 100% identical to correspondmg CDRs of 3G8, 6A10, 8A4, or 746 are also meluded.

{06328} The invention also provides antibodics having some orall (e.g., 3, 4, 5, and 6) CDRs
entirely or substantially from 5G8, 6A10, 8A4, or 7G6. Such antibodics can include a heavy
chain variable region that has at least two, and usually all three, CDRs entirely or substantially
from the heavy chain variable region of 5G8, 6A10, 8A4, or 76 and/or a light chain variable
region haviog at feast two, and usually ali three, CDRs entircly or substantially from the light
chamn vanable region of 53G8, 6A10, 8A4, or 7G6. The antibodies can include both heavy and
light chains. A CDR is substantially from a corresponding 5G8, 6410, 8A4, or 7G6 CDR when
it contains no more than 4, 3, 2, or 1 substitutions, insertions, or deletions, except that COR-H?
{when defined by Kabat) can have no more than 6, 5, 4, 3, 2, or 1 substitutions, insertions, or
deletions. Such antibodies can have at least 70%, 80%, 909%, 95%, 96%, 97%, 98%, or ¥9%
wdentity to 5GB, 6A10, 8A4, or 7(6 in the amino acid sequence of the mature heavy and/or light
chain variable regions and mamtain their functional propertics, and/or differ from 5G8 by a small
number of functionally inconsequential amino acid substitutions (2. g.. conscrvative

substitutions}, deletions, or inserions.

106325} Some antibodies identified by such assays can bind to monomeric, misfolded, aggregated,
phosphorvlated, or unphosphorviated forms of tau or otherwise. Likewise, some antibodies are

mnmunorcactive on non-pathological and pathological forms and conformations of tau.
£ Nown-Human Antibodies

68330} The production of other non-human antibodies, e g, murine, guinea pig, primate, rabbit

or rat, against tau or a fragment thereof can be accomplished by, for example, immunizing the
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animal with tau or a fragment thereof . See Harlow & Lane, dntibodies, A Laboratory Marmal
(CSHP NY, 1988} {incorporated by reference for all purposes). Such an immunocgen can be
obtained from a natural source, by peptide synthesis, or by recombinant expression. Optionally,
the immunogen can be admimstered fused or otherwise complexed with a carrier protein.
Optionally, the immunogen can be adminisiered with an adjuvant. Several tvpes of adjuvant can
be used as described below. Complete Freund’s adjuvant followed by mcomplete adiuvant 18
preferred for immumization of laboratory animals. Rabbits or guinea pigs are typically used for
making polycional antibodies. Mice are typically used for making monoclonal antibodies.
Antibodies are screened for specific binding to tau or an epitope within tau. Such screening can
be accomplished by determuining binding of an antibody to a collection of tau vanants, and
determuning which tau variants bind to the antibody. Binding can be assessed, for example, by

Western blot, FACS or ELISA.
. Humanized Antibodies

{3331} A humamized antibody 13 a genetically engineered antibody in which CDKs from a non-
human “donor” antibody are grafted into human “acceptor” antibody sequences (see, e.g.,
Queen, US 5,530,101 and 5,585,089, Wiater, US 5,225,539; Carter, US 6,407,213, Adair, US
5,859,205, and Foote, US 6,881,557}, The acceptor antibody sequences can be, for example, a
mature human antibody sequence, a composite of such sequences, a consensus sequence of
human antibody sequences, or a germline region sequence. Thus, a humanized antibody s an
antibody having at least three, four, five or all CDRs entirely or substantially from a donor
antibody and vanable region framework sequences and constant regions, if present, entirely or
substantially from human antibody sequences. Similarty a humanized heavy chain has at least
one, two and usually all three CDRs entirely or substantially from a donor antibody heavy chain,
and a heavy cham varable region framework sequence and heavy chain constant region, if
present, substantially from human heavy chain variable region framework and constant region
sequences. Similarly a homanized light chain has at least one, two and usually all three CDRs
entirely or substantially from a donor antibody light chain, and a light chain variable region
framework sequence and light chain constant region, if present, substantially from human light
chain variable region framework and constant region seguences. Other than nanobodies and

dAbs, a humanized antibody comprises a humanized heavy chain and a humanized light chan.
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A CDR in g humanized antibody is substantially from a corresponding CDR in a non-human
antibody when at least 83%, 9509%, 95% or 100% of corresponding residucs (as defined by any
conventional definition but preferably defined by Kabat) are identical between the respective
CDRs. The variable region framework sequences of an antibody chain or the constant region of
an antibody chain are substantially from a human vanable region framework sequence or human
constant region respectively when at least 85%, 90%. 95% or 100% of corresponding residues
defined by Kabat are identical. To be classified as humanized under the 2014 World Health
Organization (WHO) fnterpational non-proprictary names (INN) definition of humanized
antibodies, an antibody must have at least 5% identity to human germline antibody sequences
{i.e., pricr to somatic hypermutation). Mixed antibodies are antibodies for which one antibody
chain (e.g., heavy chain) meets the threshold but the other chain {¢.g., light chain} does not meet
the threshold. An antibody s classified as clumeric 1t neither chain meets the threshold, even
though the vanable framework regions for both chains were substantially human with some
muring backmutations. See, Jones ¢t al. {2016} The INNs and outs of antibody nonproprictary
names, mAbs 8: 1, 1-9, DOL 10.1080/19420862 20151114320, See also “WHO-INN:
Intemnational nonpropuetary names (INN) for biclogical and bictechnological substances (a
review)” {Intemet) 2014, Available from: hitp://www.
who.int/medicines/services/inn/BioRev2 014 pdf), incorporated herein by reference. For the
avoidance of doubt, the term “humanized” as used herein 1s not intended to be limited to the
2014 WHO INN definition of humanized antibodies. Some of the humanized antibodies
provided herein have at least 83% sequence identity to human germline sequences and some of
the humanized antibodies provided herein have less than 85% sequence identity to human
germiine scquences. Some of the heavy chains of the humanized antibodics provided herem have
from about 60% to 100% sequence identity to human germ hine seguences, such as, for example,
in the range of about 60% to 69%, 70% to 79%, 809% to 84%, or 85% to 89%. Some heavy
chains fall below the 2014 WHQO INN defimition and have, for example, about 64%, 65%, 66%,
67%, 68%, 69%, 70%, T1%, T2%. T3%, T4%, T3%, 16%, T7%, 78%, 79%, 80%, &1%, or 82%,
83%, or 84% sequence identity to human germ line sequences, while other heavy chains meet
the 2014 WHQO INN definition and have about 85%, 86%, 87%, 88%, 89% or greater sequence

dentity to human germ line sequences. Some of the light chains of the humanized antibodics
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provided herein have from about 60% to 100% sequence identity to human germ line sequences,
such as, for example, in the range of about 80% to 84% or 85% to 89%. Some light chaing fall
below the 2014 WHO INN defimition and have, for example, about 81%, 82%, 83% or 84%
sequence identity to human germ line sequences, while other light chains meet the 2014 WHO
INN definition and have about 85%, 86%, 87%, 88%, 89% or greater sequence identity to human
germ Hine sequences. Some humamzed antibodies provided herein that are "chimenic” under the
2014 WHO INN definition have heavy chams with less than 85% identity to human germ line
sequences patred with light chains baving less than 85% identity to buman germ hine sequences.
Some humanized antibodies provided herein are "mixed” under the 2014 WHO INN definition,
for example, having a heavy chain with at least 85% sequence wlentity to human germ hine
sequences paired with a Hght chain having less than 85% sequence identity to human germ ling
sequences, or vice versa. Some humanized antibodies provided herein meet the 2014 WHO INN
definition of "humanized” and have a heavy chain with at least 85% sequence identity to human
germ line sequences paired with a hight chain having at least 85% sequence identity to human
germ line sequences. Exemplary 5G8 antibodies that meet the 2014 WHO INN definition of
"humanized" mnclude antibodies having a mature heavy chain with the amino acid sequence of
SEQ 1D NO:39 paired with a matore light chain sequence having an aminoe acid sequence of
SEQ ID NO:41, SEQ ID NO:42, SEQ ID NG:43, SEQ 1D NG:45, or SEQ 1D NO:46. Additional
humanized 5G8 antibodies of the invention include antibodies baving a mature heavy chain
having an amuno acid sequence of any of SEQ 1D NOs: 33-40 paired with a mature light chamn
having an amino actd sequence of any of SEQ ID NQs: 41-46. Humamized 6A10 antibodies of
the invention include antibodies having a mature heavy chain having an amino acid sequence of
any of SEQ D NOs: §5-87 paired with a mature light chain having an amino acid sequence of
any of SEQ D NOs: 88-90. Humanized 8A4 antibodies of the invention mmclude antibodies
having a mature heavy chain having an amino acid sequence of any of SEQ ID NQs: 113-115
paired with a mature light chain having an amino acid sequence of any of SEQ 1D NOs: 116-118.
Humanized 7G6 antibodics of the invention include antibodies having a mature heavy chain
having an amuno acid sequence of any of SEQ ID NOs: 139-140 paired with a mature light chain

having an amino acid sequence of any of SEQ ID NQOs: 141-148.
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{3332} Although bumanized antibodies often incorporate all six CDRs (defined by any
conventional definition but preferably as defined by Kabat) from a mouse antibody, they can also
be made with less than all UDRs (e g, at least 3, 4, or 5 CDRs) from a mouse antibody {e.g.,
Pascalis et af., J Immunaol 1693076, 2002; Vajdos et al., J. of Mol Biol., 320: 415-428, 2002,
Iwahashi er of | Mol Bnmuncl. 36:1079-1091, 1999; Tamwra ef al, J Immunc! | 164:1432-1441,
2000).

{3333} In some antibodies only part of the CDRs, namely the subset of CDR residues required
for binding, termed the SDRs, are needed to retain binding in a humamized antibody. CBR
residues not contacting antigen and not in the SDRs can be identified based on previous studies
{(for example residucs H60-H65 1n CDR H2 arc often not required), from regions of Kabat CDRs
Iving outside Chothia hypervariable loops (Chothia, J Mol Biol. 196:901, 1987), by molecular
modeling and/or empirically, or as described in Gonzales er o/, Mol Immunel 41 863, 2004, In
such humanized antibodies at positions m which one or more donor CDR residues is absent or in
which an entire donor CDR 1s omitted, the amino acid occupving the position can be an amino
acid occupving the corresponding position (by Kabat numbering) in the acceptor antibody
sequence. The number of such substitutions of acceptor for donor amino acids in the CDRs to
mchude reflects a balance of competing considerations. Such substitutions are potentially
advantageous in decreasing the number of mouse amino acids in a humanized antibody and
consequently decreasing potential immunogenicity and/or for meeting the WHQO INN defimition
of “humanized”. However, substitutions can also cause changes of affinity, and significant
reductions in affinity are preferably avoided. Positions for substitution within CDRs and amino
acids to substitute can also be sclected empirically.

68334} The human acceptor antibody sequences can optionally be selected from among the many
known human antibody sequences to provide a high degree of sequence identity (e.g., 65-85%
identity} between a himan acceptor sequence variable region frameworks and corresponding

variable region frameworks of a donor antibody chain.

18335} An example of an acoeptor sequence for the 3G8 heavy chain is the humanized anti-
dabigatran aDabi-FabZb-VH with NCBI accession code 4YHM H (SEQ 1D NO:28). Another

example of an acceptor sequence for the 568 heavy chain is the human germline gene IGHV -
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46 with NCBI accession code P01743.2 (SEQ 1D NG:29). An example of an acceptor sequence
for the 5G8 light chain is the humanized anti-dabigatran aDabi-Fab2b-VL with NCBI accession
code 4YHM_ L (SEQ ID N(:31). Another example of an acceptor sequence for the 5G8 light
chain is the human germline gene IGKV2-29 with NCBI accession code AZNIVS 2 (SEQ 1D
NO:32.

{0336] An example of an acceptor sequence for the 6A 10 heavy chain is the human heavy chain
variabic region with accession# ACRI6112 (SEQ 1D NO:81). An cxample of an acceptor
sequenee for the 6A10 light chain is the human kappa hight chain variable region with accession#

ABC66863 (SEQ ID NO:83).

10337} An example of an acceptor sequence for the 8A4 heavy chain is the human heavy chain
variable region with accession# ADU37742 (SEQ ID NQG:110}. An example of an aceeptor
sequence for the 8A4 light chain is the human kappa light cham variable region with accession#

ABA26100 (SEQ ID NO:112).

18338} An example of an acceptor sequence for the 7G6 heavy chain 13 the VH region of a
human antibody with accession# PDB 3U0T VH (SEQ 1B NO:137). An example of an acceptor
sequence for the 7G6 light chain is the VL region of a human antibody with accession# PDB

3U0T VL (SEQ D NO:138).

{3339} If more than one human acceptor antibody sequence is selected, a composite or hybrid of
those acceptors can be used, and the ammo acids used at different positions 1 the bumanized
Light chain and heavy chain variable regions can be taken from any of the human acceptor

antibody sequences used. .

16348} Certain amino acids from the human vanable region framework residues can be selected
for substitution based on their possible influence on CDR conformation and/or binding to
antigen. fnvestigation of such possibie influences is by modeling, examination of the
characteristics of the amino acids at particular locations, or empirical observation of the effects

of substitution or mutagenesis of particular amino acids.

108341} For example, when an amino acid differs between a murnne variable region framework

residue and a sclected human variable region framework residue, the human framework amino
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acid can be substituted by the equivalent framework amino acid from the mouse antibody when

it 1s reasonably expected that the amino acid:
(1) noncovalently binds antigen directly;
{2} is adjacent to a CDR region or within a CDR as defined by Chothia but not Kabat;

) otherwise interacts with a CDR region (e.z., is within about 6 A of a CDR
region), {e.2., iWentified by modeling the hight or heavy chain on the solved structure of a

homologous known immunoglobulin chain); or

{4} is a residue participating in the VL-VH interface.

{0342] The jovention provides hwmanized forms of the murine 3G antibody inchuding 8
excmplified hamanized heavy chain matare variable regions (huSG8-VH vl (SEQ ID N(G:33),
huSG8-VH v2 (SEQ 1D NO:34), huSG8-VH v3 (SEQ ID NG:35), huSGE-VH v4 (SEQ ID
NG:36), huSGS-VH v3 (SEQ D NO:37), hudG8-VH v (SEQ 1D NG:38) , huSGE-VH v7
(SEQ ID NG:39), and buSG8-VH_v8 (SEQ 1D NO:40)). and 6 exemplified humanized hight
chain mature vanable regions (hu3G8-VL vi (SEQ ID NO:41, hu5GS8-VL v2 (SEQ 1D NO:42),
huSGS-VL ¢33 (SEQ D NG:43), huSGS-VL v4 (SEQ [P NG:44), huSG8-VL 5 (SEQ B
NG:45),and hudGE-VL v6 (SEQ 1D NG:463).

[83343] The mvention provides humanized forms of the murine 6A 10 antibody including 3
exeroplified huomanized heavy chain mature variable regions (hutA10-VH vl (S8EQ 1D N85},
hubA10-VH v2 (SEQ 1B NO:86), and hutA10-VH v3 (SEQ 1D NG:87)), and 3 exemplified
humanized light chain mature varnable regions (hu6A10-VL vl (SEQ 1D NO:88), hubA10-

VL v2 (SEQ ID N(G:89), and hus A10-VL v3 (SEQ 1D NO:90)).

{0344] The jovention provides humanized forms of the murine §A4 antibody including 3
exemplified humanized heavy chain mature variable regions (hu8A4-VH vi (SEQ ID NO:113),
hu8A4-VH v2 (SEQ ID NO:114), and hu8A4-VH v3 (SEQ D NO:115)), and 3 exemplified
humanized hight chain mature variable regions (hu8A4-VL vi (SEQ ID NG:116), hu8A4-

VI v2 (SEQ ID NGO:11T7), and huBA4-VL v3 (SEQ ID NO:118)).

{8345} The wvention provides lmanized forms of the murine 766 antibody meluding 2

exemplified humanized heavy chain mature vanable regions (hu7G6-VH v1 (SEQ 1D NG 139)
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and hu7Go-VH v2 (8EQ ID NG: 140}, and 8 exemplified humanized hight chain mature variable
regions (i 7G6-VE vi (SEQ ID NG:141), hu7G6-VL v2 (SEQ 1D NGO 142), hu7G6-VL v3
(SEGQ 1D NG 143), hu7G6-VL v4 (SEQ 1D NO:144), bu7G6-VL v3 (SEQ 1D NG 145), hu7G6-
VI v6 (SEQ 1D NGO 146) | hu7Go-VL v7 (SEQ ID NO:147), and hu7G6-VL v8 (SEQ D
NO:148)).

{3346} In an embodiment, humanized sequences are generated using a two-stage PCR protocol
that allows introduction of multiple mutations, deletions, and insertions using QuikChange site-

directed mutagenesis [Wang, W, and Malcolm, B A (1999} BioTechniques 26:680-682) 1

10347} Framework residues from classes (1) through (3} as defined by Queen, US 5,530,101, arc
sometimes alternately referred to as canomical and vernier residues. Framework residues that
help define the conformation of a CDR loop are sometimes referred to as canonical residaes
{Chothia & Lesk, J Mol Biol 196:901-917 (1987); Thomton & Martin, J. Aol Biol 263.800-
815 (1996)). Framework residues that support antigen-binding loop conformations and play a
role in fine-tuning the fit of an antibody to antigen are sometimes referred to as vernier residues

(Foote & Wmter, J. Mol Biol 224:487-499 (1992}).

10348} Gther framework residucs that are candidates for substitution are residues creating a
potential glvcosviation site. Still other candidates for substitution are acceptor human
framework amino acids that are unusual for a human mmunoglobulin at that position. These
amino acids can be substitoted with amino acids from the equivalent position of the mouse donor

antibody or from the equivalent positions of more typical human immunoglobulins.

68349} Other framework residues that are candidates for substitution are N-terminal glutamine
residues () that may be replaced with glotamic acid {E) to minimize potential for pyroglutamate
conversion | Y. Diana Liu, etal,, 2011, J. Biol. Chem., 286:; 11211-11217]. Glutamic acid (E}
conversion to pyroglutamate (pE) occurs more slowly than from glutamine (Q}. Because of the
loss of a primary amine in the glotamine to pE conversion, antibodies become more acidic.
Incomplete conversion produces heterogeneity in the antibody that can be observed as multiple
peaks using charge-based analvtical methods. Heterogeneity differences may indicate a lack of

process control. Exemplary humanized antibodies with N-terminal glotamine to glutamate
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substitutions are SEQ TD NO:35 (huSGE-VH_v3), SEQ ID NO:36 (hu5G8-VH_v4), SEQ ID
NO:37 (hu5G8-VH_v5), SEQ ID NO:38 (huSGS8-VH_v6), and SEQ ID NO:40 (hu3G8-VH_v8).

10350} Excmplary humanized antibodics arc humanized forms of the mouse 5G8, designated

Hu3GR.

{8351} The mouse antibody 5G8 comprises mature heavy and light chain variable regions having
amino acid sequences comprising SEQ 1D NO: 7 and SEQ 1D NG, respectively. The invention
provides 8 exemplified humanized matire heavy chain variable regions: huSG8-VH vl ha5G8-
YH v2, huSG8-VH v3, hu3G8-VH vd, huSGE-VH v3, hudSGR-VH v6, huSGE-VH v7, and
huSG8-VH v8. The ovention further provides 6 exemplified human mature light chain varniable
regions: huSGE-VL vl he3G8-VL v2, uSGE-VL v3 husG8-VL v4, huSGB-VL v§, and
huSG8-VL v6. Ahgnments of the marine 5G8 and various humanized antibodics are shown for
the light chain variable regions {Table 6 and Figure 6}, and heavy chain variable regions (Table 7

and Figure 5).

13352} For reasons such as possible influgnce on CDR conformation and/or binding to antigen,
mediating interaction between heavy and light chains, mteraction with the constant region, being
a site for desired or undesired post-transiational modification, being an unusual residug for its
position i a human variable region sequence and therefore potentially tmmaunogenic, getting
aggregation potential, and other reasons, the following 23 variable region framework positions of
5(G8 were considered as candidates for substitutions in the 6 exemplified human mature light
chain vanable regions and the 8 exemplified human mature heavy chain vanable regions, as
further specified 1 Example 6: L2 (12V), L7 (T75), L17 (Q17E), L36 {Y36L), 145 (K45(}),
146 {(G46R), L70 {G70D), HI (Q1E), HIL(VI1L), HIZ (K12V), H19 (KI9R), H20 (V20L},
H23 (K23A), H46 (E46D), H48 (M481), H66 (K66R), H67 (A6TV), HT71 (RT71S), H76 (S76N),
H78 (A78V), HRO (MROL), H93 (1938 or T93A), HO4 (I94P or I94R).

{8353} Here, as elsewhere, the first-mentioned residue s the residue of a humanized antibody
formed by grafiing Kabat CDRs or a composite Chothia-Kabat CDIR in the case of CDR-HI into
a human acceptor framework, and the second-mentioned residue is a residue being considered
for replacing such residue. Thus, within vanable region frameworks, the first mentioned residue
1s human, and within CDRs, the first mentioned residue 18 mouse.
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[3354] Excemplhified antibodies include any permutations or combinations of the exemplified
matare heavy and light chain vanable regions of 5G8 e.g., huSGIVH v/ huSGEVE v,
huSG8VH v/ haSGSVL v2, hudSG8VH v/ huSGSVL v3, huSGEVH v/ haSGEVL v4,
huSGEVH v/ bo3G8VL vA, hudGE8VH v/ husG8VL v6, uSGEVH v/ hudGEVE v,
huSGBVH v2/ ho3G8VL v2, huSG8VH v/ husG8VL v3, huSGEVH v/ hudGEVLE, v4,
huSGS8VH v2/ hu3G8VL v5, huSG8VH v2/ husG8VL v6, huSGEVH w3/ husSGEVLE vl
huSGSVH v3/ hu3G8VL vZ, huSG8VH v3/ huSG8VL v3, huSG8VH v3/ hudGEVL v4,
buSGSVH _v3/ huSGEVL vS, budSG8VH v3/ huSGEVL v6, usG8VH vd/ huSGRVE v,
huSG8VH vA/ huSGEVL v2 hudGEVH v4/ huSGEVL v3, husSGEVH vd4/ huSGEVL v4,
huSG8VH v4/ huSGSVL v5, huSG8VH v4/ huSGSVL vo, huSGEVH v/ huSGEVL vi,
huSG8VH v3/ haSGSVL v2, huSGE8VH v53/ huSGSVL v3, huSGEVH v5/ huSGEVL v4,
huSGBVH v5/ hu3G8VL v5, huSG8VH v5/ husG8VL v6, huSGEVH v6/ hudGEVE vi,
huSGBVH v6/ hu3G8VL v2, huSG8VH v6/ husGRVL v3, huSGEVH v6/ hudGEVLE, v4,
huSGSVH v6/ hu3G8VL v, huSG8VH v6/ huSGEVL v6, huSG8VH v7/ hudSGEVLE v,
budSGSVH v7/ huSGEVL vZ, buSG8VH v7/ huSGEVL v3, usG8VH v7/ huSGRVL v4,
huSG8VH v7/ huSGEVL vS, budG8VH v7/ huSGEVL vo, husSGEVH v&/ huSGEVLE vi,
huSGEVH v8/ huSGEVL 2, hudSGEVH v&/ huSGEBVL v3, huSGEVH v&/ huSGEVL v4,
huSGEVH v8/ huSGBVL o5, or huSGRVH vE/ ho3SGE8VL v6.

{8355} The mvention provides variants of the SG8 humanized antibody in which the humanized
mature heavy chain vanable region shows at least 90%, 95%, 96%, 97%, 98%, or 99% identity
to huSG8-VH vi, huSG8-VH vZ, huSG8-VH v3, hudG8-VH v4, huSGE-VH v3, hudSG3-

VH v6, huSGR-VH v7, and huSGE-VH v8. (SEQ 1D NOs: 33-40) and the humanized mature
light chain vanable region shows at east 0%, 95%, 96%, 97%, 98%, or 99% identity to huSGS-
VL vl hud3G8-VL v2, huSG8-VL v3, hudGE-VL v4, huSG8-VL v3, and hu3GR-VL v6 (SEQ
1D NG: 41-46). In some such antibodies atleast 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, or all 23 of the backoutations or other mutations found wn SEQ 1D

NO¢:33-40 and SEQ D NOs:41-46 are retained.

{8356} In some humanized 5GR antibodies, at least one of the following positions is occupied by

the amino acid as specified: H48 is occupied by 1, H71 is occupied by 8, H93 is occupied by §,

71



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

and H9%4 is occupied by P. In some humamzed 5G8 antibodies, positions H4E, H71, H93, and

HY4 in the VH region are occupied by 1L S, 8, and P, respectively

{0357} In some humanized 5G8 antibodies, at least one of the following positions is occupied by
the amino acid as specified: HI is occupied by E, H48 15 occupied by I, H71 is occupied by &,
H93 1s occupied by 5, and HY4 is occupted by P. In some homanized 5G8 antibodics, positions

H1, H48, H71, H93, and HY%4 in the VH region are occupied by E, L S, 8, and P, respectively

3358} In some humanized 5GB antibodies, at least one of the following positions is occupied by
the amino acid as specified: HI is cocupied by E, H46 is occupied by D, H48 15 occupied by §
H71 15 occupied by 8, HY3 1s occupied by S, and HY4 1s occupied by P 1o some humanized 5G8
antibodies, positions Hi, H46, H48, H71, HY3, and H94 in the VH region are occupied by E, D,

L& 8§ and P, respectively

{3359} In some humanized 5G8 antibodies, at least one of the following positions 1s occupied by
the amino acid as specified: H1 is occupied by E, Hi 1 1s occupied by L. HiZ s occupied by ¥,
H19 18 occupied by R, H20 1s occupied by L, H46 is occupied by B, H48 15 occupred by L H71 1
cocupied by 5, H76 is occupied by N, H30 is occupied by L, H93 is occupied by S, and H9%4 15
occupied by P. In some humanized 5G2 antibodies, positions H1, Hi1, HI2, H19, H20, H46,
H48, H71, H76, H80, HS3, and HY%4 n the VH region are occupied by E, L, V. R, L B, L 5, N,
L, 8, and P, respectively

{3360} In some humanized 5G8 antibodies, at least one of the following positions 1s occupied by
the amino acid as specified: H66 15 occupied by R, H67 18 occupied by V, and H78 15 occupied
by V. In some humanized 5G8 antibodies, positions H66, H67, and H78 1n the VH region are

coecupied by R, V, and V, respectively

{6361} In some humanized 568 antibodies, at least one of the following positions 1s occupied by
the amine acid as specified: H1 isoccupied by Qor E, Hll isoccupied by Vor L, HiZ 1g
occupiced by K or ¥V, H19 is sccupied by K or R, H20 1s occupied by V or L, H23 is sccupied by
Kor A, H46 1s occupied E or 3, H48 is occupied by M or [, H66 is occupied by K or R, H67 15
ocecupied by A or V, H71 15 occupied by R or 5, H76 18 occupied by § or N, H78 s occupied by
AorV, HROis occupied by Mor L, H93 is occupied by T, S, or A, and H94 15 cccupied by L P,
or R
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[8362] In some humanized 5GRB antibodies, positions H48, H71, H93, and HY4 m the VH region
are occupred by L §, &, and P, respectively, as in hu3G8-VH v2. In some humanized 5G8
antibodies, positions H1, H48 H71, H93, and HY%4 in the VH region are occupied by E, L 5 K,
and P, respectively, as m hu3G8-VH v3. In some bumanized 5G8 antibodies, positions Hi,
H46, H48, H71, H93, and H%4 in the VH region are occupied bv E, B, L 5, 8, and P,
respectively, as in hu3GE-VH v4. In some humanized 5G8 antibodies, positions HI, H11, Hi2,
H16 H20, H46, H48, H71 H76, HR0, HO3, and H94 in the VH region are occupied by B, L, ¥V,
ROL, D, LS N L, S, and P, respectively, as in huSG8-VH v3. In some humanized 5G38
antibodies, positions H1, H11, H12, HI9, H20, H23, Hde, H48, H71, H76, HE0, HO3, and H94
i the VH regionareoceupied by E, L V. R LA D L 5 N L, S, and P, respectively, asin
husG8-VH v6. In some humanized 3G8 antibodies, positions H66, H67. H78, H93, and H%4 in
the VH region are occupied by R, V., V, A, and R, respectively, as in hu3G8-VH v7. In some
humanized 5G8 antibodies, positions Hi, Hd6, H48, H6o, Ho7, H7 1, H78, H93, and HY%4 in the
VHregionarc occupied by E, DL L RV, 8, V, 8, and P, respectively, as in hu3GE-VH 8.

{8363} In some humanized SGB antibodies, at least one of the tollowing positions s occupied by
the amino acid as specified: L2 15 occupied by V, L3615 occupied by L, and L46 15 occupied by
R. In some humanized 5G8 antibodics, positions 1.2, £.36, and 146 in the VL region are
occupied by V, L, and K, respectively.

8364} In some humanized 5G8 antibodies, at least one of the following positions 1s occupied by
the amine acid as specified: L2 is occupied by V, 136 15 cecupied by L, 146 is ococupied by R,
and 170 i3 occupied by D, In some humanized 5G8 antibodics, positions L2, 136, 146, and L70
in the VL region are occupied by V, L, R, and D, respectively.

103365} In some humanized 5G8 antibodies, at least one of the following positions is occupiad by
the amino acid as specified: 1435 1s occupied by @ and L.70 is occupied by 1. In some humanized
5(8 antibodies, positions 145 and L.70 1n the VL region are occupied by @ and D, respectively
{3366} In some humanized 5G8 antibodies, at least one of the following positions 1s occupied by
the amino acid as specified: L2 1s occupied by L or ¥V, 1.7 1s occupied by T or 8, L.17 is occupied
by Qor E, L36is occcupied by Y or L, 145 1s occupted by K or Q, L46 is occupied by L or R,
and L76 is occupied by G or B.
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{8367} In some humanized 5G8 antibodies, provided positions L.2, 1.36, 146 in the VL region
arc occupted by V, L, and R, respectively, as in hu3G8-VL v2. In some humanized 5G8
antibodies, positions L2, 136, 146, and L.70 in the VL region arc occupied by V. L R, and D,
respectively, as in buSG8-Y1L v3 In some humanized 5G8 anttbodies, positions 1.2, L7, L17,
L36, 146, and L70 m the VL region are occupted by V, 8, E, L, R, and D, respectively, as in
huSGS-VL v4. In some humanized 5G8 antibodies, positions 145 and £70 in the VL region are
oceupied by @ and D, respectively, as in huSG8-VL 95 In some humanized 5GR antibodies,
positions £.2, 136, L45, 146, L70 in the VL region arc occupied by V, L, @, R, and D,

respectively, as in huSG8-VL v6.

{0368} Excmplary humanized antibodics arc humanized forms of the mouse 6A10, designated

Huo6A10.

18369} The mouse antibody 6A10 comprises mature heavy and light cham variable regions
having amino acid sequences comprising SEQ 1D NG: 63 and SEQ 1D NO:64 respectively. The
mvention provides 3 exeroplified bumanized 6 A 10 mature heavy chain variable regions:
hutA10-VH vi, hu6A10-VH v2, and husA10-VH v3. The invention further provides 3
exernplificd human 6A 10 matare light chain vadable regions: ha6A10-YVL vi hubAl0-VL v2,
and hutA10-VL_v3. Alignments of the murine 6A10 and various humanized antibodics arc
shown for the light chain variable regions (Tables 12 and Figure §), and heavy chain vanable

regions {Table 13 and Figare 7).

{3376} For reasons such as possible influence on CDR conformation and/or binding to antigen,
mediating inferaction between heavy and hight chains, inferaction with the constant region, being
a site for desired or undesired post-transiational modification, being an unusual residue for its
position 1o a human vanable region sequence and therefore potentially immunogenic, getting
aggregation potential, and other reasons, the following 7 vanable region framework positions
were considered as candidates for substitutions in the 3 excmplified human mature light chain
variabic regions and the 3 excraplified human mature heavy chain variable regions, as further
specified in Example 7: L12 (P128), L17 (Q17E), L46 (R46L), H16 (A16(G), H48 (M481), H6Y
(T691), and H8C (M8OL).
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[3371] Here, as elsewhere, the first-mentioned residue 1s the residue of a humanized antibody
formed by grafiing Kabat CDRs or a composite Chothia-Kabat CDR in the case of CDR-HI into
a human acceptor framework, and the second-mentioned residue is a residue being considered
for replacing such residue. Thus, within vanable region frameworks, the first mentioned residuc

13 human, and within CBRs, the first mentioned residue 18 mouse.

{0372} Excmplified 6A10 antibodies include any pernmitations or combinations of the
exemplified mature heavy and light chain variable regions e.g., hu6AT0VH v1/hutAIOVL vi,
hutATOVH v/ hubAIOVEL v2, ha6 A10VH v1/ hubATOVE v3, hu6ATOVH v2/

hutATOVL vl hu6ATOVH v2/ hu6AT0VL v2, husATOVH v2/ha6ATOVL v3,

hubATOVH v3/ hu6A1OVEL v1, huo A1OVH v3/ husA10VL vZ, or hubA10VH v3/

hubATOVL v3.

18373} The invention provides variants of the 6A10 humamized antibody in which the humanized
mature heavy chain varnable region shows at least 90%, 95%, 96%, 97%, 98%, or 99% identity
to hu6A10-VH v, hu6A10-VH v2, and husA10-VH_v3, (SEQ ID NQOs: 85-87) and the
humanized mature light chain varnable region shows at least 90%, 95%, 96%, 97%, 98%, or 39%
identity to buSA10-VL vl hu6A10-VL v2 hu6AI0-VL v3 {(SEQ ID NO: 88-90). In some
such antibodics at least 1. 2, 3. 4, 5, 6, or all 7 of the backmutations or other mutations found in

SEQ ID NUs:85-87 and SEQ 1D NGs:88-90 are retamned.
{8374} In some humanized 6A10 antibodies, position H48 in the VH region is occupiad by L

{3375} In some humanized 6A10 antibodies, at least one of the following positions in the VH
region s occupied by the amino acid as specified: H16 is occupied by A or G, H48 1s occupted
bv M or I, H69 is occupied by T or 1, and H80 is occupied by M or L.

{8376} In some humanized 6A 10 antibodies, position H48 in the VH region is occupied by [ as
m hubA10-VH v2. In some humanized 6A10 antibodies, positions H16, H48, H69, and H8(G in
the VH region are cocupied by G, L L and L, respectively, as in hu6A10-VH v3.

{8377} In some humanized 6A10 antibodies, position L46 in the VL region is occupied by L.
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{3378 In some humanized 6A10 antibodics, at least one of the following positions in the VL
region 1s occupied by the amino acid as specified: L12 is occupied by P or §, L17 1s occupied by

Qor E, and 146 is occupied by Ror L.

{8379} In some humanized 6A [0 antibodies, position 146 in the VL region are occupied by L, as
i hubA10-VL v2. In some hamanized 6A10 antibodies, positions L12, £17, and 146 in the VL

region are occupied by 8, B, and L, respectivelv, as i hutA10-VL v3.

68380} Excmplary humanized antibodies are humanized forms of the mouse A4, designated

Hu8A4.

10381} The mouse antibody 8A4 comprises mature heavy and light chain variable regions having
amingo acid sequences comprising SEQ D NO:91and SEQ ID NO:92 respectively. The
mvention provides 3 excraplified humanized mature beavy chain variable regions: hu8A4-

VH vi, huRBA4-VH v2, and hu8A4-VH v3. The invention further provides 3 exemplified
human mature light chain variable regions: hu8A4-VE vi, hu8A4-VL v2 and hu8A4-VL _v3.
Alignments of the murine 8A4 and various humanized antibodies are shown for the light chain
variable regions (Table 18 and Figure 10}, and heavy chain variable regions (Table 19 and Figure

9),

{8382} For reasons such as possible influence on UDR conformation and/or binding to antigen,
mediating interaction between heavy and light chains, nderaction with the constant region, being
a site for desired or undesired post-translational modification, being an unusual residue for its
position in a human variable region sequence and therefore potentially imprnunogenic, getting
aggregation potential, and other reasons, the following 11 variable region framework positions of
A4 were considered as candidates for substitutions in the 3 exemplitied human mature hight
chain vanable regions and the 3 exemplified human mature heavy chain vanable regions, as
further specified in Example 8: L2 (12V), L17 (Q17E}, L36 (F36L), H12 (K12V), H16 (816G),
H20 (V2Z0L), H48 (M481), H67 (167A), H68 (N68T), HE5 (DE5E), and HI3 (A93S).

8383} Here, as elsewhere, the first-mentioned residug is the residue of a humanized antibody
formed by grafiing Kabat CDRs or a composite Chothia-Kabat CDR in the case of CDR-H]I inio

a human acceptor framework, and the sccond-mentioned residue 1s a residue being considered
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for replacing such residue. Thus, within vanable region frameworks, the first mentioned residuc

1s human, and within CDRs, the first mentioned residue is mouse.

10384} Excmplificd 8A4 antibodies include any permutations or combinations of the exemplified
mature heavy and hight chain vanable regions e.g., hu8A4VH v/ hu8A4VL vl huBA4VH vl/
huBA4VE v2, huBA4VH v/ hu8A4VL v3, hu8A4VH v2/huBA4VL vl huSA4VH v2/
bu8A4VE v2, huBA4VH v2/ buSA4VL v3 huBA4VH v3/huSBA4VL v, huRA4VH v3/
buSA4VE, v2, or hu8A4VH v3/ hu8A4VL, v3.

108385} The invention provides variants of the 8A4 humanized antibody in which the humanized
mature heavy chain variable region shows at least 90%, 95%, 96%, 97%, 98%, or 99% identity
to huBA4-VH vl huBA4-VH v2, and hu8A4-VH v3, (SEQ ID NOs: 113-115) and the
humanized matore light chain variable region shows at least 90%, 85%, 96%, 97%, 98%, or 99%
wdentity to hu8A4-VL vl hu8A4-VL v2, huBA4-VL v3 (SEQID NG 116-118). In some such
antibodies at feast 1,2, 3,4, 5,6, 7, 8, 9, 10, or 11 of the backmutations or other mutations found

m SEQ D NQOg: 113-115 and SEQ 1D NOs: 116-118 are retamned.
103386} In some humanized A4 antibodies, position H93 in the VH region is occupiad by S,

18387} In some humanized 8A4 antibodies, at least one of the following positions in the VH
region is occupied by the amino acid as specified: HI2 15 occupied by V, H16 is occupied by G,
H20 is occupied by L, and H68 1s occupied by T. In some humanized 8A4 antibodies, positions

H12, Hi6, H20, and H68 n the VH region are accupied by V., G, L, and T, respectivelv.

{8388} In some humanized 8A4 antibodies, at least one of the following positions i the VH
region is occupied by the amino acid as specified: H12 i3 occupied by Kor V, H16 is occupied
by S or GG, H20 15 occupied by V or L, H48 15 occupied by M or I, H67 1s occupied by A or L,
H68 is occupied by N or T, H8S 18 occupied by D or B, and HY3 1s occupied by S or A,

{3389} In some humanized 8A4 antibodics, position H93 in the VH rogion 1s occupied by 8, as
m hu8A4VH vl. In some humanized 8A4 antibodies, position H12, positions H16, H20, HES,
and H93 in the VH region arc occupied by V, G, L, T, and S, respectively, as in hu8A4VH v2.
In some homanized 8A4 antibodies, positions HIZ, Hi6, H20, H48, H67, H6E, and H8S inthe

YH region are occupied by ¥V, G, L, I, A, T, and E, respectively, as in hu8A4VH_v3.
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{3390} In some humanized 8A4 antibodies, position L17 in the VL region is occupied by E.

13391} In some humanized 8A4 antibodies, at least one of the following positions in the VL
region is occupied by the amino acid as specified: L2 13 occupied by { or V, L17 18 occupied by

QorE, and L3615 occupied by For L.

{0392} In some humanized 8A4 antibodies, position L17 in the VL region is ocoupied by E, as in
hu8A4-VL v2. In some humanized 8A4 antibodies, positions L2, L17, and L36 in the VL

region arc occupied by V, E. and L, respectively, as in hu8A4-VL +3.

10393} Excmplary humanized antibodics arc humanized forms of the mouse 7G6, designated

Hu7Ge.

{18394} The mouse antibody 7G6 comprises mature heavy and light chain variable regions having
amino acid sequences comprising SEQ 1D NO: 119 and SEQ D NO: 120 respectively. The
mvention provides 2 exeraplified humanized mature heavy chamn variable regions: hu7G6-
VH vl and ha7G6-VH v2. The wmvention further provides 8 exemplified humean matore light
chain vanable regions: ha7G6-VL vl hu7G6-VE v2, ha7G6-VL v3, hu7G6-VL v4, hu7G6-

V1 v5, hu7G6-VL ve, bu7G6-VL v7, and u7Go-VE vE. Alignments of the murine 7G6 and
various homanized antibodies are shown for the light chain variable regions (Table 25 and Figure

12}, and heavy chain variable regions (Table 26 and Figure 11).

{8395} For reasons such as possible influence on CDR conformation and/or binding to antigen,
mediating inferaction between heavy and hight chains, inferaction with the constant region, being
a site for desired or undesired post-transiational modification, being an unusual residue for its
position 1o a human vanable region sequence and therefore potentially immunogenic, getting
aggregation potential, and other reasons, the following 16 variable region framework positions of
76 were considered as candidates for substitutions in the 8 exemphified human matore light
chain variable regions and the 2 exemplified buman mature heavy chain vanable regions, as
further specified m Example 9: Li2 (P128), L36 (F36L), L37 (Q37L), 145 (R45K, L1060
(Q100G), L103 (R103K), HiZ (K12V3, H20 (V20L), H38 (R39K), H6Y (MoSi), H76 (876N},
H78 (V78A), H30 (MBOL). H81 (ER14Q), HO2 (C925), and HY3 (A93T).
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[3396] Here, as elsewhere, the first-mentioned residue 1s the residue of a humanized antibody
formed by grafiing Kabat CDRs or a composite Chothia-Kabat CDR in the case of CDR-HI into
a human acceptor framework, and the second-mentioned residue is a residue being considered
for replacing such residue. Thus, within vanable region frameworks, the first mentioned residuc

13 human, and within CBRs, the first mentioned residue 18 mouse.

{0397] Excemplified 7G6 antibodies include any permutations or combinations of the exemplified
mature heavy and light chain vanable regions e.g., hu7Go6VH _v1/ hu7GoVE vl bu7Go6VH v/
hu7GoVE v2, ha7G6VH v/ hu7GoOVL v3, hu7G6VH v/ hu7G6VL vd, he7G6VH vl
hu7GoVE v3, ha7G6VH v/ hu7GoOVL v6, hu7G6VH v/ hu7GoVL v7, he7G6VH vl
hu7GOVE v&, hu7G6VH v2/ hu7GoVL vl bu7GO6VH v2/ hu7GoVL v2, u7G6VH v2/
hu7GOVE V3, hu7G6VH v2/ hu7GOVL v4, bu7GO6VH v2/ hu7GOVL v5, hu7G6VH v2/
hu7G6VE vo, hu7G6VH v2/ hu7GO6VL v7, or hu7G6VH v2/ hu7G6VL v,

{3398} The invention provides variants of the 7G6 humanized antibody in which the humanized
mature heavy chain variable region shows at least 90%, 95%, 969, 97%, 98%, or 99% 1dentity
to hu7Go-VH vl and hu7G6-VH vZ, (SEQ 1D NOgs: 139-140) and the humanized mature light
chain vanable region shows at feast 90%, 95%, 96%, 97%, 98%, or 99% identity to hu7G6-

VI vl hu7Go-VL vZ, bu7G6-VL v3, 7Go-VE vd, bu7G6-VL v3, hu7G6-VL v6, hu7G6-
VL v7, and hu7G6-VL vE (SEQ ID NG: 141-1483. In some such antibodies at least 1, 2, 3, 4,
5,6.7.8,9, 10, 11, 12, 13, i4, 15, 16, or all 17 of the backmutations or other mutations found in

SEQ ID NOs:139-140 and SEQ 1D NOs: 141-148 are retained.

{3399} In some humanized 7G6 antibodies, at least one of the following positions m the VH
region is occupied by the amuno acid as specified: H12 i3 occupied by V, H20 is occupied by L,
H69 is oceupied by |, H76 is oocupied by N, H78 is occupied by A, H80 is occupied by L, H81
1s occupied by 3, H92 is occupied by S, and HO3 is occupied by T. In some humanized 7G6
antibodies, positions H12, H20, H69, H76, H78, HRO, H81, HY2, H93 in the VH region are
ocoupied by V. L LN A L, Q, 5, and T, respectively.

{0400} In some humanized 7G6 antibodies, at least one of the following positions m the VH
region s occupied by the amino acid as specified: H12 is occupied by K or V, H20 1s cccupted

by Vor L, H38 13 occupied by R or K, H69 15 occupied by Mor 1, H76 1s occupicd by Sor N,
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H78 1s occupied by V or A, H80 i1s occupied by M or L, H81 is occupied by E or ¢, HO2 is

oecupied by Cor S, and H93 is occupied by A or T

{0401} In some humanized 7G6 antibodies, positions HiZ, H20, Ho9, H76, H78, HE0, HE1,
H92, H93 in the VH region are occupied by V, L, L N, A, L, @, 8, and T, respectively, as in
hu7(G6-VH vl In some humanized 7G6 antibodies, positions H12, H20, H38, H69, H76, H78
HE86, H81, H92, H93 in the VH region are occupied by V, L KL N AL L Q. S, and T,

B

respectively, as in hu7G6-VH v2.

13402} In some humanized 7G6 antibodies, at least one of the following positions m the VL
region is occupied by the amino acid as specified: L1727 is occupied by & and 1103 is occupied by
K. In some humanized 746 antibodies, posifions L.12 and L103 in the VL region are occupied

by S and K, respectively.

{0403} In some humanized 7Go antibodies, at least one of the following positions m the VL
region is occupied by the amino acid as specified: Li2 is occupied by §, L3618 occupied by L,
and 1.103 is occupied by K. In some humanized 7G6 antibodies, positions L12, 136, and L103

i the VL region are occupied by 5, L, and K respectively.

{8484} In some humanized 766 antibodies, at least one of the following positions in the VL
region is occupied by the amino acid as specified: L12 is occupied by S, L37 is occupied by L,
and L1063 is occupied by K. Tn some hwmanized 7G6 antibodies, positions L.12, L.37, and 1103

i the VL region are occupied by 8, L, and K, respectivelv.

{3465] In some humanized 7G6 antibodies, at least one of the following positions in the VL
region is occupied by the amino acid as specified: L12 1s occupied by S, L36 is occupied by L,
L37 1s occupied by L, and L103 15 occupied by K. In some humanized 7G6 antibodies, positions
112, 136, L37, and L1903 in the VL region are occupied by 8, L, L, and K, respectively.

{0406] In some humanized 7G6 antibodies, at least one of the following positions in the VL
region 1s occupied by the amino acid as specified: 112 1s occupied by S, 145 15 occupied by K,
and 1.103 is occupied by K. In some humanized 7G6 antibodies, positions L12, 145, and L103

i the VL region are occupied by 5, K| and K, respectively.
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[3407] In some humanized 7G6 antibodies, at least one of the tollowing positions in the VL
region 1s occupied by the amino acid as specified: L12 1s occupied by S, L1080 15 occupied by G,
and £.103 is occupied by K. In some humanized 7G6 antibodies, positions 112, L1060, and L1063

m the VL region are occupied by S, G, and K, respectively.

{8488} In some humanized 766 antibodies, at least one of the following positions in the VL
region 1s occupied by the amino acid as specified: L36 is occupied by F or L, 137 is occupied by

Qor b, L45 s occupied by R or K, or L1006 1s occupied by QG or G

103409} In some humanized 7G6 antibodies, positions 112 and 1103 in the VL region are
occupied by S and K, respectively, as in hu7Go-VE, vl. In some humanized 7G6 antibodices,
positions 112, 137, and L1103 in the VL region are occupied by 5, L, and K| respectively, as in
hu7G6-VL v2. In some humanized 746 antibodies, positions L12, 136, and L103 in the VL
region are occupied by 5, L, and K regpectively, as in ha7G6-YL v3. In some humanized 7G6
antihodies, positions L12, 136, 137, and L1103 inthe VL region are occupied by 5, L, L, and K|
respectively, as in hu7Go-VL_v4. In some humanized 7G6 antibodies, positions L12, L45, and
L1103 in the VL region are occupied by S, K, and K, respectively, as in hu7G6-VL v5. In some
humanized 7G6 antibodies, positions L12, 136, 137, 145, and L103 in the VL region are
occupied by S, L, L, K, and K, respectively, as in hu7G6-VEL v6. In some humanized 7G6
antibodies, positions L12, L100, and 1.103 n the VL region are occupied bv 5, G, and K,
respectively, as in hu7G6-VE v7. In some humanized 706 antibodies, positions L12, 136, L37,
L1100, and 1103 in the VL region are occupted by S, L, L, G, and K, respectively, as in hu7G6-
Vi v&

13410} In some humanized 5G8, 6A10, 8A4, and 7G6 antibodigs, the variable heavy chain has >
85% identity to human sequence. In some humanized 5G8, 6A10, 8A4, and 7G6 antibodics, the
variabic light chain has > 85% identity to human sequence. In some humanized 5G8, 6A10,
A4, and 7046 antibodies, cach of the varable heavy chain and vanable hight chain has > §5%
wentity to human germline sequence.

{8411} The CDR regions of such humanized 5GS8, 6A10, 8A4, and 7G6 antibodies can be
identical or substantially identical to the CDR regions of 3G, 6A10, 8A4, or 7G6, respectively,
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The CDR regions can be defined by any conventional defimition {e.g., Chothia, or composiie of

Chothia and Kabat) but are preferably as defined by Kabat,

10412} Vanable regions framework positions are in accordance with Kabat numbering unless
otherwise stated. Other such variants typicallv differ from the sequences of the exemplified
Hu3G8, HubA10, Hu8A4, or Hu7(G6 heavy and light chains by a small namber {e.g., typically

nomore than 1, 2, 3, 5, 10, or 15) of replacements, deletions or insertions.

{3413] A possibility for additional variation tn humanized 5G8, 6A10, 8A4, and 746, variants 13
additional backmutations in the variable region frameworks. Many of the framework residues
not in contact with the CDRs in the humanized mAb can acconunodate substitutions of amino
acids from the corresponding positions of the donor mouse mAb or other mouse or human
antibodies, and even many potential CDR-contact residues are also amenable to substitution.
Even anune acids within the CDRs may be altered. for example, with residues found at the
corresponding position of the human acceptor sequence used to supply vanable region
frameworks. In addition, alternate human acceptor sequences can be used, for example, for the
heavy and/or light chain. H different acceptor sequences are used, one or more of the
backmutations recommended above may not be performed because the corresponding donor and

acceptor residues are already the same without backmutations.

{8414} Preferably, replacements or backmutations in humanized 3G8, 6A10, 8A4, and 7G6
variants (whether or not conservative) have no substantial effect on the binding affinity or
potency of the humanized mAb, that s, its ability to bind to tau.

8415} The humanized 5G8, 6A10, 8A4, and 7G6 antibodies are further characterized by their
ability to bind any or all of phosphorylated tau, unphosphorviated tau, and misfolded/aggregated
forms of tau. The humanized 5G8, 6A10, 8A4, and 7G6 antibodies are further characterized by
their ability to compete with murine 5G8, 6A10, 8A4, or 7(6 for binding to any or all of

phosphorvlated tau, unphosphorylated tau, and misfolded/aggregated forms of tau.
. Chimeric and Veneered Antibodies
13416} The invention further provides chimeric and veneeraed forms of non-human antibodics,

particularly the 5G8, 6A10, 8A4, or 76 antibodies of the examples.
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{8417} A chamernic antibody is an antibody in which the mature variable regions of hight and
heavy chains of a non-human antibody {(e.g., a mouse} are combimed with human light and heavy
chain constant regions. Such antibodies substantially or entirely retain the binding specificity of

the mouse antibody, and are about two-thirds human sequence.

{8418} A vencered antibody is a type of humanized antibody that retaing some and usually all of
the CDRs and some of the non-buman variable region framework residues of a non-human
antihody but replaces other variable region framework residues that may contribute to B~ or T-
cell epitopes, for example exposed residues (Padlan, Mol Immunol. 28:489, 1991} with residues
from the corresponding positions of a human antibody sequence. The result is an antibody n
which the CDRs are entirely or substantially from a non-human antibody and the variablc region
frameworks of the non-human antibody are made more human-like by the substitutions.

Veneered forms of the 5G8, 6A 10, 8A4, and 7(6 antibodies are included in the invention.
£, Human Antibodies

3419} Human antibodics against tau or a fragment thereof are provided by a varicty of
techniques described below. Some human antibodics are selected by competitive binding
experiments, by the phage display method of Winter, above, or otherwise, to have the same
epttope specificity as a particular mouse antibody, such as one of the mouse monoclonal
antibodies described in the examples. Human antibodies can also be screened for a particular
epitope specificity by using ondy a fragment of tay as the target antigen, and/or by screening

antibodies against a collection of tau vanants.

3420} Methods for producing human antibodies include the trioma method of Ogstberg eraf
Hybridoma 2:361-367 {1983); Gestberg, U.S. Patent No. 4,634,664, and Engleman ef of |, US
Patent 4,634,666, use of transgenic mice inchuding human immunoglobulin genes (see, e.g.,
Lonberg ef o, WOO3/12227 (1993); US 5,877,397, US 5,874,299, US 5,814,318, US 5,789,650,
US 5,770,429, UK 5,661,016 US 5,633,425, US 5,625,126, US 5,569,825, 1J§ 5,545,806,
Neuberger, Nat. Biotechnol 14:826 {1996); and Kucherlapati, WO 91/10741 (1991}) phage
display methods (see, e.g., Dower eral., WO 91/17271; McCafferty ef af., WO 92/01047; US
5,877,218 US 5,871,907, US 5,858,657, US 5,837,242, US 5,733,743, and US 5,563,332); and

methods described tn WO 2008/081008 {(c.g., immortalizing memory B cells 1solated from
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humans, e.g., with EBV, screening for desired properties, and cloning and expressing

recombinant forms}.
F Selection of Constant Region

{0421} The heavy and light chain variable regions of chimeric, veneered or humanized
antibodies can be hinked to at least a portion of a human constant region. The choice of constant
region depends, in part, whether antibody-dependent celi-mediated cytotoxicity, antibody
dependent cellular phagocyviosis and/or complement dependent cviotoxicity are desired. For
example, human isotypes [gGl and [5G3 have complement-dependent cytotoxicity and human
1sotypes 1gG2 and 1gG4 do not. Human IgGl and 1gG3 also induce stronger cell mediated
effector functions than human IgG2 and IgG4. Light chain constant regions can be lambda or
kappa. Numbering conventions for constant regions include EU numbering {(Edelman, G M. ot
al, Proc. Natl Acad USA 63, 78-85 {1969)}, Kabat nambering (Kabat, Sequences of Profeins
of immunological Inferest (National Instituics of Health, Bethesda, MD, 1991, IMGT unigue
numbering (Lefranc M-P. et al| IMGT unique numbering for immunogiobulin and T cell
receptor constant domains and Ig superfamily C-like domains, Dev. Comp. Inmumol, 29, 185~

203 (2005}, and IMGT exon numbering {Lefranc, supra).

10422} One or several amino acids at the anino or carboxy terminus of the light and/or heavy
chain, such as the C-terminal lysine of the heavy chain, may be missing or derivatized in a
proportion or all of the molecules. Substitutions can be made in the constant regions to reduse or
merease effector function such as complement-mediated cytotoxicity or ADCC (see, e.g., Winter
etal, US Patent No. 5,624 821; Tso et al,, US Patent No. 5,834,597, and Lazar ¢t al., Proc. Nath.
Acad. Sci. USA 103:40035, 2006), or to prolong half-life in homans (see. e.g., Hinton et al | §.
Biol. Chem. 279:6213, 2004). Exemplary substitutions include a Gin at position 250 and/or a
Leu at position 428 (EU numbenng is used in this paragraph for the constant region) for
mereasing the halttlife of an antibody. Substitution at any or all of positions 234, 235, 236
and/or 237 reduce affimity for Foy receptors, particularly FoyRI receptor {seg, .2, US
6,024,821} An alanine substitution at positions 234, 235, and 237 of human IgG1 can be used
for reducing effector functions. Some antibodics have alanine substitution at positions 234, 235

and 237 of human IgG1 for reducing effector functions. Optionally, positions 234, 236 and/or
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237 i human Ig(32 are substituted with alanine and position 235 with glutanmine (see, e.g., US
5,624,821} In some antibodies, a matation at ong or more of positions 241, 264, 265, 270, 296,
297,322,329, and 331 by EU numbering of human IgGl is used. In some antibodies, a
mutation at one or more of posttions 318, 320, and 322 by EU numbering of human IgGl is
used. In some antibodies, positions 234 and/or 235 are substituted with alanine and/or position
329 15 substituted with glveme. In some antibodies, positions 234 and 235 are substituted with

alamine. In some antibodies, the isotype is human 1gG2 or 5G4,

[3423] Antibodics can be expressed as tetramers containing two light and two heavy chains, as
separate heavy chains, light chams, as Fab, Fab’, F(ab")2, and Fv, or as single chain antibodies in

which heavy and light chamn mature varable domains are linked through a spacer.

18424} Human constant regions show allotypic variation and 1soallotypic vartation between
different individuals, that is, the constant regions can differ in different individuals at one or
maore polymorphic positions. Isoallotypes differ from allotypes i that sera recognizing an
isoallotvpe bind to a non-polymorphic region of a one or more other 1sotypes. Thus, for
example, another heavy chain constant region is of I2G1 Glm3with or without the C-terminal
lysing. Reference to a human constant region includes a constant region with any natural

allotype or anv permutation of residucs occupying positions in natural allotypes.
. Expression of Recombinant Antibodies

{0425] A mumber of methods are known for producing chimeric and humanized antibodics using
an antibody-expressing cell hine (e.g., hvbridoma). For example, the immunoglobulin vanable
regions of antibodies can be cloned and sequenced using well known methods. In one method,
the heavy chain variable VH region is cloned by RT-PCR using mRNA prepared from
hybridoma cells. Consensus primers are emploved to the VH region leader peptide
encompassing the translation inttiation codon as the 5 primer and a g2b constant regions specific
3' primer. Exemplary primers are deseribed in U.S. patent publication US 2005/0009150 by
Schenk er af. (hereinafier “Schenk™). The sequences from multiple, independently derived
clones can be compared to ensure no changes are infroduced during amplification. The sequence
of the VH region can also be determined or confirmed by sequencing a VH fragment obtained by

5'RACE RT-PCR methodology and the 3' g2b specific primer.
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[3426] The hight cham variable VL region can be cloned n an analogous mamner. In one
approach, a consensus primer set is designed for amplification of VL regions using a 5 primer
designed to hybndize to the VL region encompassing the translation initiation codon and a 3'
primer specific for the Ck region downstream of the V-J joining region. In a sccond approach,
5'RACE RT-PCR methodology 1s emploved to clone a VL encoding ¢DNA. Exemplary primers
are described in Schenk, supra. The cloned sequences are then combined with sequences

encoding human {(or other non-human specics) constant regions.

{34271 In one approach, the heavy and light chain varnable regions are re-engineered to encode
splice donor seguences downstream of the respective VDI or VI junctions and are cloned info a
mammalian expression vector, such as pCMV-hvl for the heavy chain and pCMY -Mecl for the
light chain. These vectors encode himan vl and Ck constant regions as exonic fragments
downstream of the inserted variable region cassette. Folowing sequence venfication, the heavy
chain and light chain expression vectors can be co-transfected into CHO cells to produce
chimeric anfibodies. Conditioned media is collected 48 hours post-transfection and assaved by
western blot analysis for antibody production or ELISA for antigen binding. The chimeric

antibodies are humanized as described above.

8428} Chimeric, vencered, humanized, and human antibodies are typically produced by
recombinant expression. Recombinant polynucleotide constructs typically include an expression
control sequence operably linked to the coding sequences of antibodv chains, including naturally
associated or heterologous expression control elements, such as a promoter. The expression
control sequences can be promoter systems in vectors capable of transfornuing or transfecting
eukaryotic or prokaryotic host cells. Once the vector has been incorporated into the appropriate
host, the host is maintained under conditions suitable for high level expression of the nucleotide
sequences and the collection and punfication of the crossreacting antibodics.

18429} These expression vectors are typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA. Commonly, expression vectors contain
selection markers, e.g., ampiciilin resistance or hygromyein resistance, to permit detection of

those cells transformed with the desired DNA sequences.
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{8436} F. coli 1s one prokaryvotic host usetul for expressing antibodies, particularly antibody
fragments. Microbes, such as yeast, are also useful for expression. Saccharomyees is a veast
host with suitable vectors having expression conirol sequences, an origin of replication,
termination sequences, and the like as desired. Typical promoters include 3-phosphoglveerate
kinase and other giveolviic enzymes. Inducible veast promoters include, among others,
promoters from alechol dehydrogenase, isocytochrome C, and enzymes responsible for maltose

and galactose utilization.

13431} Mammalian cells can be used for expressing nucleotide segments encoding
mmmunoglobulins or fragments thereof. See Winnacker, From Genes to Clones, (VCH
Publishers, NY, 1987). A number of suttable host cell lines capable of secrcting intact
heterologous proteins have been developed, and include CHO cell hines, vanious COS cell ines,
HeLla cells, HEK293 cells, L cells, and non-antibody-producing myelomas including Sp2/0 and
NSO, The cells can be nonhuman. Expression vectors for these cells can include expression
control sequences, such as an origin of replication, a promoter, an enhancer {(Queen ef af.,
Immuncl. Rev. 89:49 (1986)}, and necessary processing information sites, such as ribosome
binding sites, RNA splice sites, polvadenylation sites, and transcriptional ternunator seguences.
Expression control sequences can include promoters derived from endogenous genes,
cytomegalovirus, SV40, adenovirus, bovine papillomavirus, and the hike. See Coeral, J

Immunol. 148:1149 (1992).

{0432} Alternatively, antibody coding sequences can be incorporated in transgenes for
mtroduction into the genome of a transgenic animal and subsequent expression in the milk of the
transgenic animal (see, e g, U.S. Pat. No. 5,741 957, U5 Pat. No. 5,304, 489; and UK. Pat. No.
5,846,992} Suitable transgenes include coding sequences for light and/or heavy chains operably
linked with a promoter and enhancer from a mammary gland specific gene, such as casein or
beta lactoglobulin,

18433} The vectors containing the DNA segments of mterest can be transferred into the host cell
by methods depending on the tvpe of cellular host. For example, calcium chlonde transfection is
coramonly utilized for prokarvotic cells, whereas calcium phosphate treatment, clectroporation,

lipofection, biolistics, or viral-based transfection can be used for other cellular hosts. Other
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methods used to transform mammalian ceils include the use of polvbrene, protoplast fusion,
liposomes, electroporation, and micromjection. For production of transgenic animals, transgenes
can be microinjected into fertilized cocytes or can be incorporated intc the genome of embryonic

stem cells, and the nuclel of such cells transferred into enucleated oocyies.

8434} Having mtroduced vector(s) encoding antibody heavy and light chains into cell colture,
cell pools can be screened for growth productivity and product quality in serum-free media.
Top-producing cell pools can then be subiected of FACS-based single-cell cloning to generate
monoclonal ines. Specific productivities above 50 pg or 100 pg per cell per day, which
corrgspond to product titers of greater than 7.5 o/L culture, can be used. Antibodies produced by
single cell clones can also be tested for turbidity, filtration propertics, PAGE, 1HF, UV scan, HP-
SEC, carbohvdrate-ohigosaccharide mapping, mass spectrometry, and binding assay, such ags
ELISA or Biacore. A selected clone can then be banked in multiple vials and stored frozen for

subsecguent use.

{8435} Once expressed, antibodies can be purified according to standard procedures of the art,
mcloding protein A capture, HPLC purification, column chromatography, gel electrophoresis

and the like (see generally, Scopes, Protein Purification (Springer-Verlag, NY, 1982)).
Y, SCop y pring g 3

{0436] Methodology for commercial production of antibodies can be emploved, including codon
optimization, sclection of promoters, selection of transcription elements, selection of terminators,
serurm-free single cell cloning, cell banking, usc of selection markers for amplification of copy
number, CHO ternunator, or improvement of protein fiters {see, e.g., US 5,786,464, US
6,114,148, US 6,063,598; US 7,569,339, W02004/050884; W02008/012142; W02008/012142;
WO02005/019442; WO2008/107388; W02009/027471; and US 3,88%,809).

IV,  Active lmmunogens

10437} The invention also provides methods for treating or effecting prophviaxis of a tav-related
disease in a subject, comprising administering an agent mducing an immune response against
tau. Such an agent used for active immumization serves to induce in a patient the same types of
antibody described in connection with passive immunization above. Some such methods include
administening to a subject an immunogen comprising an epitope to which antibody 5G3
specifically binds in a regime effective to generate antibodics to tau. In some methods, an
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mmmunogen comprises a tau peptide of up to 20 contiguous amino acids of SEQ [D NO:3 1o
which antibody 5G8 specifically binds. In other methods, an immunogen comprising an epitope
to which antibody 6A 10 specifically binds is admnistered. In some methods, an immunogen
comprises a tau peptide of up to 20 contiguous amino acids of SEQ 1D NO:3 to which antibody
6A10 specifically binds. In some methods, an immunogen comprising an epttope to which
antibody 8A4 specifically binds 15 administered. In some methods, an immumogen comprises a
taw peptide of up to 20 contiguous amino acids of SEQ ID NO:3 to which antibody 8A4
specifically binds. In other methods, an immunogen comprising an epitope to which antibody
7G6 specificaliv binds is administered. Tn some methods, an immunogen comprising an epiope
to which antibody 3D6 specifically binds is administered. In some methods, an imownogen
comprises a tau peptide of up to 20 contiguous amino acids of SEQ ID NG:3 to which antibody
3D6 specifically binds. In some methods, an immunogen comprises a tau peptide of up to 20
contiguous amino acids of SEQ 1D NO:3 1s admuinistered, wherein at least two of antibodies 5G¥,
6A10, BA4, 7(6, and 3D6 specifically bind to the tau peptide. In some methods, an immunogen
comprising an epitope to which more than one of the aforc-mentioned antibodies specifically
bind, which epitope consists of a peptide of 4-11 contiguous amino acids from residues 199-213
of SEQ ID NG:3 or residues 262-276 of SEQ D N(:3, or 4-11 contiguous amino acids from
residues 199-213 of SEQ 1D NO:3 and residues 262-276 of SEQ ID NO:3. In some methods, the
tau peptide epitope consists of 4-11 contiguous amino acids from residues 199-213 of SEQ D
NO:3 or from residues 262-276 of SEQ 1D NO:3. In other methods, the tau peptide epitope
consists of two contigaous segments of aming acids, one segment from residues 199-213 of SEQ
1D NGO:3, the other from residues 262-276 of SEQ 1D NO:3, wherein the two contiguous

segments together consist of 4-11 amino acids.

10438} For mducing antibodics binding to the same or overlapping epitope as 5G8, 6A 10, 8A4,
7G6 or 3D, the epitope specificity of these antibodies can be mapped {e.2., by testing binding to
a senies of overlapping peptides spanning tan}. A fragment of tan consisting of or including or
overlapping the epitope can then be used as an immunogen. Such fragments are typically used in

vaphosphorylated form.
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[8439] The heterologous carrier and adjuvant, if used may be the same as used for generating
monoclonal antibody, but may alse be selected for better pharmaceutical suitability for use in
humans. Suitable carners include serum afbumins, kevhole limpet hemocyanin, immunoglobulin
molecules, thyroglobulin, ovalbumin, tetanus toxoid, or a toxoid from other pathogenic bacteria,
such as diphthena {(e.g., CRMI197)}, & coli, cholera, or /. pylori, or an attenuvated toxin
derivative. T cell epitopes are also suitable carrier molecules. Some conjugates can be formed
by linking agents of the invention to an immunostimulatory polvmer molecule (e g., tripalmitovi-
S-glveerine cysteine (Pam:Cys}, mannan (a mannose polymer), or glucan (a B 1-52 polymer}),
cytokines {(e.g., IL-1, IL-1 alpha and B peptides, H.~2, y-INF, IL-10, GM-CSF), and chemokines
{e.g., MIPl-t and B, and RANTES). Immunogens may be linked to the carriers with or without
spacers aming acids {e.g., gly-glvy. Additional carders include viras-like particles. Virus-like
particles (VLPs), also called pseadovirions or virus-derived particles, represent subunit structures
coraposed of multiple copies of a viral capsid and/or envelope protein capable of self~assembly
mto VLPs of defined spherical symmetry in vivo. (Powilleit, et al., (2007) PLoS ONE
2{5).¢415) Altematively, peptide rmmunogens can be linked to at least one artificial T-cell
epttope capable of binding a large proportion of MHC Class I molecules., such as the pan DR
epttope ("PADRE"). PADRE 1s deseribed in US 5,736,142, WO 93/07707, and Alexander J et al,
Immumity, 1:751-761 (1994}, Active immmuenogens can be presented in multimeric form in which

multiple copies of an immunogen and/or its carrier are presented as a single covalent molecule.

{8440} Fragments are often adnunistered with pharmaceutically acceptable adjuvants. The
adjuvant increases the titer of induced antibodies and/or the binding affinity of induced
antibodies relative to the situation 1f the peptide were used alone. A variety of adjuvanis can be
used in combination with an immunogenic fragment of tau to clicit an tuowne response.
Preferred adjuvants augment the mtrinsic response 10 an immunogen without causing
conformational changes in the immuanogen that affect the qualitative form of the response.
Preferred adjuvants mclude aluminum salts, such as aluminum hydroxide and aluminum
phosphate, 3 De-O-acylated monophosphoryl lipid A (MPL™;) (see GB 2220211 (RIBI
InmnunoChem Research Inc., Hamilion, Montana, now part of Corixa). Stimulon™ Q8-21isa
triterpene glveoside or saponin isolated from the bark of the Quillaja Saponana Molina tree
found in South America {see Kensil ef a/., in Vaccine Design: The Subumnit and Adjuvant
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Approach {eds. Powell & Newman, Plenum Press, NY, 1993); US 5,057,.540), (Aquiia
BioPharmaceuticals, Frammgham, MA; now Antigenics, Inc., New York, NY). Other adpuvants
are oil 1n water emulsions {such as squalene or peanut oil}, optionally in combination with
mmune stimulants, such as monophosphory! lipid A (see Stoute er ., N. Engl. J. Med. 336, 86-
91 (1997)), pluronic polymers, and killed mvcobactena. Ribi adjuvants are oil-in-water
emulsions. Ribi contains a metabolizable o1l (squalenc) emulsified with saline containing Tween
80. Ribi also contains refined mycobacterial products which act as immunostimulants and
bacterial monophosphory! lipid A, Another adjuvant 1s CpG (WO 98/40100). Adjuvants can be
admimistered as a component of a therapeutic composition with an active agent or can be
administered separately. before, concurrently with, or after administration of the therapeutic

agent.

{8441} Analogs of natural fragments of tau that induce antibodies against tau can also be used.
For example, one or morg or all L-amino acids can be substituted with B amino acids in such
peptides. Also the order of amino acids can be reversed (retro peptide). Optionally a peptide
meludes all D-amino acids in reverse order (retro-inverso peptide). Peopiides and othe:
compoands that do not nocessanly have a significant amine acd sequence siveidanty with tag
peptides but novertheloss serve as mumetios of tau peptides and mduce a similar mvmme
response. Anti~ whiotypie antibodies against monoclonal antibodies 1o tan as desenibed above can
also be used. Such ant-1d antibodies mumie the antigen and generate an omune responss to it
{see Essential Immunology

ey, Roit ed,, Blackwell Scieniific Publications, Palo Alte, CA dthoed., p.
181}

68442} Peptides (and optionally a carrier fused to the peptide} can also be administered in the
form of a nucleic acid encoding the peptide and expressed i sita in a patient. A mueleic acid
segment encoding an immunogen s tvpically linked to regulatory clements, such as a promoter
and enhancer that allow cxpression of the DNA segment in the intended target cells of a patient.
For expression in blood cells, as is destrable for induction of an immune response, promoter and
enhancer clements from light or heavy chain immunoglobulin genes or the CMV major
mtermediate carly promoter and enhancer are suitable to direct expression. The linked regulatory
clements and coding sequences are often cloned into a vector. Antibodics can also be

administered in the form of nucleic acids encoding the antibody heavy and/or hight chains. If
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both heavy and light chains are present, the chams are preferably linked as a single chain
antibody. Antibodies for passive administration can also be prepared e.g., by affinity

chromatography from sera of patients treated with peptide immunogens.

{8443} The DNA can be dehvered i naked form (i e., without colloidal or encapsulating
materials). Alternatively a number of viral vector systems can be vsed mchuding retroviral
systems {(see, e.g., Lawric and Tumin, Cur. Opin. Genet. Develop. 3, 102-109 (1993));
adenoviral vectors {see, e.g., Bett et al, J. Virol. 67, 391 1 (1993)); adeno~associated virus
vectors {sec, e.g., Zhouetal,, J. Exp. Med. 179, 1867 (1994)}, viral vectors from the pox family
mcluding vacetma virus and the avian pox viruses, viral vectors from the alpha virus genus such
as those derived from Sindbis and Semliki Forest Viruses (see, e.g., Dubensky et al., 3. Virol 70,
508-319 (1996)), Venezuelan cquine encephalitis virus (see US 5,643,576} and rhabdoviruses,
such as vesicular stomatitis virus (see WO 96/346235)and papillomaviruses {Ohe et al, Human
Geng Therapy 6, 325-333 (1995}, Woo et al, WO 94/12629 and Xiao & Brandsma, Mucleic
Acids. Res. 24, 2630-2627 (1996)).

3444} DNA encoding an immunogen, or a vector contaiming the same, can be packaged into
liposomes. Suitable lipids and related analogs are described by US 5,208,036, US 5,264 618, US
5,279,833, and US 5,283,185, Vectors and DNA encoding an immunogen can also be adsorbed
to or associated with particulate carriers, examples of which include polvmethyl methacrylate
polvimers and polylactides and polv{lactide-co-glveolides), (see, e g, MeGee et al., J. Micro

Encap. 1996},
H Antibody Screening Assays

183445} Antibodies can be initially screened for the intended binding specificity as described
above. Active mmmunogens can likewise be screened for capacity to induce antibodics with such
binding specificity. In this case, an active immunogen is used to immunize a laboratory animal

and the resulting sera tested for the appropriate binding specificity.

[#446] Antibodies having the desired binding specificity can then be tested m cellnlar and

animal models. The cells used for such screening are preferentially neuronal cells. A cellular

model of tau pathology has been reported in which neuroblastoma cells are transfected with a

four-repeat domain of tau, optionally with a mutation associated with tau pathology {e.g., delta
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K280, see Khlistunova, Current Alzheimer Research 4, 544-346 (2007}). In another model, tau
is indaced 1n the neurcblastoma N2a cell line by the addition of doxycvelin. The cell models

enable ong to study the toxicity of tau to cells in the soluble or aggregated state, the appearance
of tau aggregates after switching on tau gene expression, the dissolution of tau aggregates atier
switching the gene expression off again, and the efficiency of antibodies in inhibiting formation

of tau aggregates or disaggregating them.

[0447] Antibodics or active immunogens can also be screened in transgenic animal models of
discases associated with tau. Such transgenic animals can include a taw transgence {e.g., any of
the human isoforms) and optionally a human APP transgene among others, such as a kinase that
phosphorvlates tau, ApoE, presenilin or alpha synuclein. Such transgenic animals are disposed
to develop at least one sign or symptom of a discase associated with tau,

{0448] An exemplary transgenic amimal is the K3 line of mice {(ktner et al., Proc. Natl. Acad. Sci.
USA 105(41):15997-6002 (2008)). These mice have a human tau transgene with a K369 1
mutation {the mutation is associated with Pick’s disease) and a Thy 1.2 promoter. This model

shows a rapid course of neurodegeneration, motor deficit and degencration of afferent fibers and

[¢]

crebellar gramile cells. Another exemplary animal is the INPL3 line of mice. These mice have
a human tau transgene with a P301L mutation (the mutation is associated with frontotemporal
dementia) and a Thy 1.2 promoter {Taconic, Germantown, N.Y ., Lews, et al., Nat Genet.
25:402-405 (2000}, These mice have a more gradual course of neurodegeneration. The mice
develop nourcfibrillary tangles in several brain regions and spinal cord, which is hereby
mcorporated by reference in its entirety). This is an excellent model to study the consequences of
tangle development and for screcning therapy that may inhibit the gencration of these aggregates.
Ancther advantage of these animals 1s the relatively early onset of pathology. In the homozygous
line, behavioral abnommalities associated with tau pathology can be observed at least as carlv as 3
months, but the animals remain relatively healthy at least untid 8 months of age. In other words,
at 8 months, the animals ambulate, feed themselves, and can perform the behavioral tasks
sufficiently well to aliow the treatment effect to be momitored.  Active immunization of these
mice for 6-13 months with - AT wl KLH-PHF-1 generated titers of about 1,000 and showed
fewer neurofibrillary tangles, less pSerd22, and reduced weight Joss relative to untreated control
ice.
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{8449} The activity of antibodies or active agents can be assessed by various criteria including
reduction in amount of total tau or phosphorylated tau, reduction in other pathological
characteristics, such as amyloid deposits of AP, and inhibition or delay or behavioral deficits.
Active inumunogens can also be tested for induction of antibodies in the sera. Both passive and
active immunogens can be tested for passage of antibodies across the blood brain bamer into the
brain of a transgenic animal. Antibodies or fragments inducing an antibody can also be tested in
non-human primates that naturally or through induction develop symptoms of diseases
characterized by tau. Tests on an antibody or active agent are usually performed in conjunction
with a control in which a parallel experiment 1s conduct except that the antibody or active agent
is absent (e.g., replaced by vehiclke). Reduction, delay or inhibition of signs or symptoms discase

attributable to an antibody or active agent under test can then be assessed relative to the control.
V. Patients Amenable to Treatment

{0430} The presence of neurofibrillary tangles has been found in several diseases including
Alzheimer’s disease, Down’s svndrome, mild cogmitive impairment, primary age-related
tavopathy, postencephalitic parkinsonism, posttraymatic dementia or dementia pugihistica, Pick’s
disease, type € Niemann-Pick disease, supranuclear palsy, frontotemporal dementia,
frontoterporal lobar degenceration, argyrophitic grain discase, globular glial tavopathy,
amvotrophic lateral sclerosis/parkinsonism dementia complex of Guam, corticobasal
degeneration {CBD), dementia with Lewy bodies, Lewy body vanant of Alzheimer disgase
{LBVAD), and progressive supranuclear palsy {PSP). The present regimes can also be used in
treatment or prophviaxis of any of these diseases. Because of the widespread association
between neurological diseases and conditions and tau, the present regimes can be used in
treatment or prophylaxis of any subject showing elevated levels of tau or phosphoryiated tan
{e.g.. m the CSF) compared with a mean value 1o individuals without newrological discase. The
present regimes can also be used in treatment or prophylaxis of neurclogical disease in
mdividuals having a mutation in tau associated with neurclogical discase. The present methods
are particularly suitable for treatment or prophyiaxis of Alzheimer’s disease, and especially in

patients,
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[34531] Patients amenable to treatment include individuals at risk of disease but not showing
symptoms, as well as patients presently showing symptoms. Patients at risk of disease include
those having a known genectic risk of discase. Such individuals include those having relatives
who have expernienced this disease, and those whose risk is determined by analvsis of genctic or
biochemical markers. Genetic markers of nisk include mutations m tau, such as those discussed
above, as well as mutations in other genes associated with neurological discase. For example,
the ApoE4 allele in heterozygous and even more 5o in homozygous form 1S associated with risk
of Alzheimer’s discase. Other markers of risk of Alzheimer’s discase inchude mutations in the
APP gene, particularly mutations at position 717 and positions 670 and 671 referred to as the
Hardy and Swedish mutations respectively, mtations in the presenihin genes, PST and P52, a
family history of AD, hyvpercholesterolemia or atherosclerosis. Individuals presently suffering
from Alzheimer’s discase can be recognized by PET imaging, from characteristic dementia, as
well as the presence of risk factors described above. In addition, a number of diagnostic tests are
available for identifying individuals who have AD. These include measurement of C5F tau or
phospho-tau and AP42 levels. Elevated tau or phospho-tau and decreased AP4Z lovels signify
the presence of AD. Some mutations associated with Parkinson’s disease. Ala30Pro or AlaS3, or
mutations in other genes associated with Parkinson's disease such as leucine-rich repeat kinase,
PARKS. Individuals can also be diagnosed with any of the neurclogical diseases mentioned

above by the crteria of the DSM IV TR,

18452} In asymptomatic patients, treatment can begin at any age {e.g., 10, 20, 30). Usually,
however, it is not necessary to begin treatment until a patient reaches 40, 50, 60 or 70 vears of
age. Treatment typically entatls multiple dosages over a peried of time. Treatment can be
momitored by assaying antibody levels over time. If the response falls, a booster dosage is
mdicated. In the case of potential Down’s syndrome patients, treatment can begin antenatally by

administening therapeutic agent to the mother or shortly after birth.
i Nucleic Acids

{0453} The invention further provides nucleic acids encoding any of the heavy and light chains
described above {e.g., SEQ ID NOs: 7-8, 47-48, 49-30, 51-52, 53-34, 55, 59). For example SEQ

1D NO: 9 encodes the amino acid sequence of murine 5G8 heavy chain vanable region SEQ ID
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NG:47, and SEQ ID NG 10 encodes the amino acid sequence of murine 5GE light chamn vanable
region SEQ 1D N(O:48. Optionally, such nucleic acids further encode a signal peptide and can be
expressed with the sigoal peptide linked to the constant region. {oding sequenses of nucleic
acids can be operably linked with regulatory sequences to ensure expression of the coding
sequences, such as a promoter, enhancer, ribosome binding site, transcription termination signal,
and the hike. The nucleic acids encoding heavy and light chains can occur in isolated form or can
be cloned into one or more vectors. The nucleic acids can be synthesized by, for example, solid
state synthesis or PCR of overlapping oligonucleotides. Nucleic acids encoding heavy and light
chains can be joined as one contiguous nucleic acid, e.g., within an expression vector, or can be

separate, €.g., cach cloned into ifs own expression vector.
A Conjugated Antibodies

{0454} Conjugated antibodies that specifically bind to antigens, such as tay, are useful in
detecting the presence of tau; monitoring and evaluating the efficacy of therapeutic agents being
used to treat patients diagnosed with Alzheimer’s disease, Down’s syndrome, mild cognitive
mmpairment, primary age-related tavopathy, postencephalitic parkinsontsm, posttraumatic
dementia or dementia pugilistica, Pick’s disease, type € Niemann-Pick disease, supranuciear
palsy, frontotemporal dementia, frontotemporal lobar degeneration, argyrophilic grain discase,
clobular glial tavopathy, amyotrophic lateral sclerosis/parkinsonism dementia complex of Guam,
corticobasal degeneration {CBD), dementia with Lewy bodies, Lewy body vanant of Alzheimer
discase {LBYAD), or progressive supranuclear palsy (PSP}, inhibiting or reducing aggregation
of tau; inhibiting or reducing tau fibnil formation; reducing or clearing tau deposits; stabilizing
non-toxic conformations of tau; or treating or effecting prophviaxis of Alzheimer’s disease,
Down’s syndrome, mild cognitive impatrment, primary age-related tauopathy, postencephalitic
parkinsonism, postiraumatic dementia or dementia pugilistica, Pick’s discase, type C Niemann-
Pick disease, supranuclear palsy, frontotemporal dementia, frontotemporal lobar degencration,
argyrophilic gran disease, globular glial tavopathy, amyotrophic lateral sclerosis/parkinsonism
dementia complex of Guam, corticobasal degeneration (CBD), dementia with Lewy bodies,
Lewy body vanant of Alzheimer discase (LBVAD), or progressive supranucicar palsy (PSP a
patient. For example, such antibodies can be conjuzated with other therapeutic moicties, other

proteins, other antibodies, and/or detectable labels. See W 03/037838; US 8,455,622, Such
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therapeutic moietics can be any agent that can be used to treat, combat, ameliorate, prevent, or
mmprove an unwanted condition or disease in a patient, such as Alzheimer’s disease, Down’s
syndrome, mild cognitive impairment, primary age-related tavopathy, postencephalitic
parkinsonism, postiraumatic dementia or dementia pugilistica, Pick’s discase, type C Niemann-
Pick disease, supranuclear palsy, frontotemporal dementia, frontotemporal lobar degeneration,
argyrophilic gran disease, globular glial tavopathy, amyotrophic lateral sclerosis/parkinsonism
dementia complex of Guam, corticobasal degeneration (CBB), dementia with Lewy bodies,

Lewy body vanant of Alzbeimer discasc (LBVAD), or progressive supranuciear palsy (PSP).

8455} Conjugated therapeutic motetics can include cytotoxic agents, oviostatic agents,
neurotrophic agents, nouroprotective agents, radiotherapeutic agents, immunomodulators, or any
biologically active agents that facilitate or enhance the activity of the antibody. A cytotoxic
agent can be any agent that 1s toxic to a cell. A cvtostatic agent can be any agent that inhibits
cell proliferation. A neurotrophic agent can be any agent, including chemical or proteinaceous
agents, that promotes nouron maintenance, growth, or differentiation. A neuroprotective agent
can be agent, including chemical or proteinaceous agents, that protects neurons from acute insult
or degenerative processes. An mnmunomodalator can be any agent that stinmlates or inhibits the
development or maintenance of an immunologic response. A radiotherapeutic agent can be any
molecule or compound that emits radiation. If such therapeutic moicties are coupled to a tau-
specific antibody, such as the antibodies described herein, the coupled therapeutic moicties will
have a specific affinity for tan-related disease-affected cells over normal cells. Consequently,
administration of the conjugated antibodies directly targets cancer cells with minimal damage to
surrounding nommal, healthy tissue. This can be particularly uscful for therapeutic moicties that
arc too toxic to be admimstered on their own. In addition, smaller quantities of the therapeutic

moieties can be used.

10456} Some such antibodies can be modified to act as immunotoxins. See, e.g., U.S. Patent No.
5,194,594, For example, ricin, a cellular toxan derived from plants, can be coupled {o antibodies
by using the bifunctional reagents S-acetvimercaptosuccinic anhvdride for the antibody and
succimmidyl 3-(2-pyridyldithic)propionate for ricin. See Pictersz ef al., Cancer Res.
48(16):4469-4476 (1998). The coupling results 1n loss of B-chain binding activity of ricin, while
mmpairing neither the toxic potential of the A-chain of ricin nov the activity of the antibody.

97



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

Similarly, saporin, an inhibitor of nibosomal assembly, can be coupled to antibodies viaa
disulfide bond between chemically mserted sulthydryl groups. See Polito ef o, Leukemia

18:1215-1222 (2004).

{8457} Some such antibodies can be linked to radioisotopes. Examples of radioisotopes include,
for example, vitrium® (90Y), indiam'" (111), P, PmT¢, radiosilver-111, radiosilver-199,
and Bismuth®". Linkage of radioisotopes to antibodies may be performed with conventional
bifunction chelates. For radiosilver-111 and radiosilver-199 linkage, sulfur-based linkers may be
used. See Hazra ef al., Cell Biophys. 24-25:1-7 (1994}, Linkage of silver radioisotopes may
mvolve reducing the rmmunoglobualin with ascorbic acid. For radioisotopes such as 111n and
S0Y, ibritumomab tiuxetan can be used and will react with such isotopes to form 1111n-
ibritumomab tiuxctan and 90Y -ibritumomab tiuxetan, respectively. See Witzig, Cancer

Chemother. Pharmacol., 48 Suppl 1:891-895 (2001).

{0458} Some such antibodics can be linked to other therapeutic moictics. Such therapeutic
moigties can be, for example, cytotoxic, cyvtostatic, neurotrophic, or neuroprotective. For
gxample, antibodies can be conjugated with toxic chemotherapeutic drugs such as maytansing,
geldanamycin, tubulin inhibitors such as tubulin binding agents {e.g., auristating}, or minor
groove binding agents such as calicheamicin. Other representative therapeutic moictics nclude
agents known to be useful for treatment, management, or amelioration of Alzheimer’s disease,
Bown’s syndrome, mild cognitive impairment, primary age-related tavopathy, postencephalitic
parkinsonism, posttraumatic dementia or dementia pugilistica, Pick's disease, type € Niemann-
Pick discase, supranuclear palsv, frontotcmporal dementia, frontotemporal lobar degeneration,
argyrophilic grain disease, globular glial tavopathy, amvotrophic lateral sclerosis/parkinsonism
dementia complex of Guam, corticobasal degencration ({CBD), dementia with Lewy bodies,

Lewy body vartant of Alzheimer discasc (LBYAD), or progressive supranuclear palsy (PSP).

{8459} Antibodies can also be coupled with other proteins. For example, antibodies can be
coupled with Fynomers. Fynomers are small binding proteins {e.g., 7 kDa) derived from the
human Fyvn SH3 domain. They can be stable and soluble, and they can lack cvsteine residues
and disulfide bonds. Fynomers can be engineered to bind to target molecules with the same

affinity and specificity as antibodies. They are suitable for creating multi-specific fusion
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proteins based on antibodies. For example, Fynomers can be fused to N-terminal and/or C-
terminal ends of antibodies to create bi- and tri-specific FynomAbs with different architectures.
Fynomers can be selected using Fynomer libraries through screening technologics using FACK,
Biacore, and cell-based assays that allow efficient selection of Fynomers with optimal propertics.
Examples of Fynomers are disclosed m Grabulovski ef ol J Biol. Chem. 282:3196-3204 (2007);
Bertschinger ef i, Protein Eng. Des. Sel 20:57-68 (20073, Schlatter er al., MAbs. 4:497-508
{2011); Banner ef af., Acta. Crysialiogr. D. Biol. Crystallogr. 69(P16):1124-1137 {2013); and
Brack ef al., Mol. Cancer Ther. 13:2030-2039 (2014).

8460} The antibodies disclosed herein can also be coupled or conjugated to one or more other
antibodies (2. g., to form antibody heteroconjugates). Such other antibodics can bind to difforent

epitopes within tau or can bind to a different target antigen.

{0461} Antibodies can also be coupled with a detectable label. Such antibodies can be used, for
cxample, for diagnosing Alzheimer’s discase, Down’s syndrome, mild cognitive impairment,
primary age-related tauopathy, postencephalitic parkinsonism, postiraumatic dementia or
dementia pugihistica, Pick’s discase, tvpe C Niemann-Pick disease, supranuclear palsy,
frontotemporal dementia, frontotemporal lobar degeneration, argyrophilic grain disease, globular
glial tauopathy, amvotrophic lateral sclerosis/parkinsonism dementia complex of Guam,
corticobasal degeneration (CBD), dementia with Lewy bodies, Lewy body variant of Alzheimer
disease (LBYADY, or progressive supranuclear palsy (PSP}, and/or for assessing efficacy of
treatment. Soch antibodies are particularly usefid for performing such determunations in subjects
having or being susceptible to Alzheimer’s disease, Down’s svndrome, mild cognitive
impairment, primary age-related tavopathy, postencephalitic parkinsontsm, posttraumatic
dementia or dementia pugilistica, Pick’s disease, type € Niemann-Pick discase, supranuclear
palsy, frontotemporal dementia, frontotemporal lobar degeneration, argyrophilic grain discase,
globular glial tanopathy, amvotrophic iateral sclerosis/parkinsonism dementia complex of Guam,
corticobasal degeneration {CBD), dementia with Lewy bodies, Lewy body vanant of Alzheimer
disease (LBYADY, or progressive supranuclear palsy (PSP}, or in appropriate biological samples
obtained fron: such subjects. Representative detectable labels that may be coupled or hinked to
an antibody include various enzymes, such as horseradish peroxidase, alkaline phosphatase, beta-

galactosidase, or acetyicholinesterase; prosthetic groups, such streptavidin/biotin and
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avidin/biotin; fluorcscent matenials, such as umbelliferone, fluorescein, fluorescein
isothiocyanate, thodamine, dichlorotriazinviamine flugrescein, dansyl chloride or phycoerythring
lominescent matenials, such as luminol; biolununescent matenals, such as luciferase, lucifenn,
and aequorin; radioactive materials, such as radiostfver-111, radiosilver-199, Bismuth®?, iodine
(U1, 1257, 23 1)), carbon (MO, sulfur (OS), tritium CH), indium ({PIn, 'Vin, W, 1n,),
technetiom (°Tc), thalliom (PVTi), gallium (**Ga, 9'Ga), palladium (17Pd}, molybdenum (*"Mo},
xenon (P Xe). fluorine (¥F). P°Sm, 7Ly, P°Gd. *"Pm, ¥0La, 175YD, 199Ho, WY, ¥7Sc, 1¥0Re,
1880e, 2P, 19RY, YRy, ®Ge, 7Co, ¥Zn, ¥Sr, 7P, 3Gd, YD, °ICr, *Mn, 7Se, *Sn, and

1 Tin; positron emitting metals using various positron emission tomographies; nonradicactive
paramagnetic metal ions; and molecules that are radiolabelled or conjugated to specific
radioisotopes.

8462} Linkage of radivisotopes to antibodies may be performed with conventional bifunction
chelates. For radiosilver-111 and radiosiiver-199 linkage, sulfur-based linkers may be used. See
Hazraer al., Cell Biophys. 24-25:1-7 (1994). Linkage of silver radioisotopes may involve
reducing the tmmunoglobulin with ascorbic acid. For radioisotopes such as [11in and 90Y,
tbritumomab tiuxetan can be used and will react with such isotopes to form 111 In-ibritumomab
tiuxetan and 90Y -ibritumomab tinxetan, respectively. See Witzig, Cancer Chemother.

Fharmacol., 48 Suppt 1:591-895 (2001).

18463} Therapeutic moicties, other protemms, other antibodies, and/or detectable labels may be
coupled or conjugated, directly or indirectly through an intermediate {e.g., a linker), to an
antihody of the invention. See e.g., Amon et g/, "Monoclonal Antibodics For Invmunotargeting
Of Drugs In Cancer Therapy,” in Monoclonal Antibodies And Cancer Therapy, Reisfeld e/ al.
{eds.}, pp. 243-56 (Alan R Liss, Inc. 1985); Hellstrom ef of., "Antibodies For Drug Delivery," in
Controlled Drug Delivery (2nd Ed.), Robinson er a/. {eds ), pp. 623-53 (Marcel Dekker, Inc.
1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review," in
Monoclonal Antibodies 34: Biological And Chinical Applications, Pinchera ef af. (eds.), pp. 475-
506 {1985); "Analysis, Results, And Futore Prospective Of The Therapeutic Use Of
Radiolabeled Antibody In Cancer Therapy,” in Monoclonal Antibodies For Cancer Detection
And Therapy, Baldwin ef a/. {eds.}), pp. 303-16 (Academic Press 1985); and Thorpe er al.,

Immunocl. Rev., 62:119-58 (1982). Suitable hinkers include, for example, cleavabie and non-
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cieavable tinkers. Different linkers that release the coupled therapeutic moieties, proteins,
antibodies, and/or detectable labels under acidic or reducing conditions, on exposure to specific

proteases, or under other defined conditions can be employed.
Vi, Pharmaceutical Compositions and Methods of Use

{0464} In prophylactic applications, an antibody or agent for inducing an antibody ora
pharmaceutical composition the same 15 administered to a patient susceptible to, or otherwise at
nsk of a disease (e.g., Alzheimer’s disease} in regime (dose, frequency and route of
administration) effective to reduce the risk, lessen the seventy, or delay the onset of at least ong
sign or svmptom of the disease. In particular, the regime 1s preferably effective to inhibit or
delay tau or phospho-tau and paired filaments formed from it in the brain, and/or inhubit or delay
its toxic effects and/or inhibit/or delay development of behavioral deficits. In therapeutic
applications, an antibody or agent to induce an antibody is administered to a patient suspected of,
or already suffering from a disease {e.g., Alzheimer’s discase) in a regime (dose, frequency and
route of admunistration} effective to ameliorate or at least mhibit further detenoration of at least
one sign or symptom of the disease. In particular, the regime 1s preferably effective to reduce or
at least inhibit further increase of levels of tau, phosphor-tau, or paired filaments formed from 1t

associated toxictties and/or behavioral deficits.

18463} A regime is considered therapeutically or prophyvlactically effective 1if an mdividual
treated patient achieves an cutcome more favorable than the mean cutcome in a control
population of comparable patients not treated by methods of the invention, or if a more favorable
outcome 1s demonstrated in treated patients versus control patients i a controlied clinical trial

{e.g.. a phase Il phase {I/1ll or phase H1 trial) at the p < 8.65 or 0.01 or even 0.001 level.

10466] Effective doses of vary depending on many different factors, such as means of
administration, target site, physiological state of the patient, whether the patient 1s an ApoE
carrier, whether the patient is human or an animal, other medications administered, and whether

treatment is prophvlactic or therapeutic,

134671 Exemplary dosage ranges for antibodies are from about 0.01 to 60 mg/kg, or from about

6.1 to 3 mg/kg or 8.15-2 mg/kg or 0.15-1.5 mg/kg, of patient body weight. Antibody can be

administered such doses daily, on alternative days, weekly, fortnightly, monthly, quartedy, or
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according to any other schedule determined by empirical analyvsis. An exemplary treatment
entails administration in muiltiple dosages over a prolonged period, for example, of at least six
months. Additional exemaplary treatment regimes entail administration once per every two

weeks or once a mounth or once every 3 to 6 months.

183468} The amount of an agent for active administration varies from 0.1-500 pg per patient and
more usually from 1-100 or 1-10 pg per injection for human administration. The timing of
mjections can vary significantly from once a day, to once a year, to once a decade. A typical
regimen consists of an immunization followed by booster injections at time intervals, such as 6
week intervals or two months. Another regimen consists of an tnmunization followed by
booster injections 1, 2 and 12 months later. Another regimen entails an injection every two
months for life. Altematively, booster injections can be on an wrregudar basis as mdicated by

monitoring of immune response.

18469} Antibodies or agents for inducing antibodies are preferably administered via a peripheral
route {(i.e., one in which an administered or induced antibody crosses the blood bram barrier to
reach an intended site in the brain. Routes of administration include topical, intravenous, oral,
subcutaneous, intraarierial, miracranial, intrathecal, intraperitoneal, intranasal, intraocular, or
mtramuscolar. Preferred routes for administration of antibodies are intravenous and
subcutancous. Preferred routes for active mmunization are subcutancous and intramuscular,
This type of mnjection is most typically performed o the arm or leg muscies. In some methods,
agents are injected divectly into a particular tissue where deposits have accumulated, for example
mtracranial injection.

{3470} Pharmaceutical compositions for parenteral administration are preferably sterile and
substantially 1sotonic and manufactured under GMP conditions. Pharmaceutical compositions
can be provided 1n unit dosage form (i.e., the dosage for a single administration).
Pharmaceutical compositions can be formulated using one or more physiologically acceptable
carriers, diluents, excipients or auxiliaries. The formulation depends on the route of
administration chosen. For mjection, antibodies can be formulated in agueous solutions,
preferably in physiologically compatible buffers such as Hank’s solution, Ringer’s solation, or

physiological saline or acetate buffer (to reduce discomfort at the site of injection). The solution
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can contain formulatory agents such as suspending, stabilizing and/or dispersing agents.
Alternatively antibodics can be i byophilized form for constitution with a suitable vehicle, e. g,

sterile pyrogen-free water, before use.

10471} The present regimes can be administered i combination with another agent effective m
treatment or prophylaxis of the discase being treated. For example, in the case of Alzheimer’s
diseasc, the present regimes can be combined with immunotherapy against AP
{WO/2000/672880), cholinesterase inhibitors or memantine or in the case of Parkinson’s discase
mmmunoctherapy agamst alpha synuelein W0/2008/103472, Levodopa, dopamine agonists,

COMT inhibitors, MA(-B inhibitors, Amantadine, or anticholinergic agents,

18472} Antibodies are adminisiered in an etfective regime meaning a dosage, route of
administration and frequency of administration that delays the onset, reduces the severity,
mhibits further deterioration, and/or ameliorates at least one sign or sympiom of a disorder being
treated. I a patient is already suffering from a disorder, the regime can be reforred to as a
therapeutically effective regime. 1t the patient is at elevated risk of the disorder relative to the
general population but 15 not vet experiencing symptoms, the regime can be referred to as a
prophylactically effective regime. In some instances, therapeutic or prophyvlactic efficacy can be
observed in an individual paticnt relative to historical controls or past experience in the same
patient. In other instances, therapeutic or prophvlactic efficacy can be demonsirated in a
prechinical or clinical trial 1n a population of treated patients relative to a control population of

pntreated patients.

{3473} Exemplary dosages for an antibody are 0.1-60 mg/kg (e.g., 0.3, 3, 10, 30, or 60 mg/kg),
or 0.5-5 mg/kg body weight {e.g., 0.5, 1, 2, 3, 4 or 5 mg/kg) or 10-4000 mg or 10-1500 mg as a
fixed dosage. The dosage depends on the condition of the patient and response o prior
treatment, if any, whether the treatiaent 1s prophvlactic or therapeutic and whether the disorder is
acute or chronic, among other factors.

{0474} Administration can be parenteral, intravenous, oral, subcutancous, mtra-arterial,
ntracranial, intrathecal, intraperitoneal, topical, intranasal or intramuscular. Some antibodies
can be administered into the systemic circulation by intravenous or subcutaneous administration.
Intravenous administration can be, for example, by infusion over a period such as 30-90 nun.
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[3475] The frequencey of administration depends on the half-life ot the antibody m the
circalation, the condition of the patient and the route of administration among other factors. The
frequency can be daily, weekly, monthly, quarterly, or at irregular intervals in response to
changes 1o the patient’s condition or progression of the disorder being treated. An exemplary
frequency tor intravenous administration is between weekly and quarterly over a continuous
cause of treatment, although more or less frequent dosing is also possible. For subcutaneous
administration, an exemplary dosing frequency is daily to monthly, although more or less

frequent dosing is also possible.

18476} The number of dosages admunistered depends on whether the disorder is acute or chronic
and the response of the disorder to the treatment.  For acuie disorders or acute exacerbations of a
chronic disorder, between | and 10 doses are often sufficient. Sometimes a single bolus dose,
opticnally i divided form, 1s sufficient for an acute disorder or acute exacerbation of a chronic
disorder. Treatment can be repeated for recurrence of an acute disorder or acute exacerbation.
For chronic disorders, an antibodv can be administered at regular intervals, e.g., weekly,
fortnightly, monthly, quarterly, every six months for at least 1, 5 or 10 years, or the ife of the

patient.
A. Bigpnostics and Monitoring Methods
In Vivo Imaging, Diagnostic Methods, and Optimizing Immunctherapy

{08477} The invention provides methods of in vivo imaging tau protein deposiis {e.2..
neurofibrillary tangles and tau inclusions) in a patient. The methods work by administering a
reagent, such as antibody that binds tan {e.g., a mouse, humanized, chimeric or vensered 5G8,
6A10, 8A4, or 7G6 antibody), to the patient and then detecting the ageot afier it has bound. A
clearing response to the administered antibodies can be avoided or reduced by using antibody
fragments lacking a full-length constant region, such as Fabs. In some methods, the same

antibody can serve as both a treatment and diagnostic reagent.

[8478] Diagnostic reagents can be administered by miravenous mjection into the body of the
patient, or directly imto the brain by intracranial mjection or by drilling a hole throagh the skull.
The dosage of reagent should be within the same ranges as for treatment methods. Typically, the
reagent is labeled, although 1 some methods, the primary reagent with affinity for tan is
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uniabeled and a secondary labeling agent 1s used to bind to the primary reagent. The choice of
label depends on the means of detection. For example, a fluorescent label is sutable for optical
detection. Use of paramagnetic labels is suttable for tomographic detection withowt surgical
mtervention. Radioactive labels can also be detected using positron emission tomography (PET)

or single-photon emission computed tomography (SPECT).

{0479} The methods of in vivo tmaging of tau protein deposiis arc uscful to diagnose or confirm
diagnosis of a tauopathv, such as Alzheimer's discase, frontotemporal lobar degeneration,
progressive supramuclear palsy and Pick’s disease, or susceptibility to such a disease. For
gxample, the methods can be used on a patient presenting with syvmptoms of dementia. i the
paticnt has abnormal neurofibrillary tangles, then the patient is likely suffering from Alzhemmer's
disease. Alternatively, if the patient has abnormal tau inclusions, then depending on the location
of the inclusions, the patient may be suffering from frontotemporal lobar degeneration. The
methods can also be used on asymptomatic patients. Presence of abnormal tau protein deposits
mdicates susceptibility to future svmptomatic discase. The methods are also useful for
monitoring disease progression and/or response {0 treatment in patients who have been

previously diagnosed with a tau-related disease.

10480} Diagnosis can be performed by comparing the number, size, and/or intensity of labeled
loct, to corresponding baseline values. The base line values can represent the mean levels ina
population of sndiseased individuals. Bascline values can also represent previous levels
determined in the same patient. For example, bascline values can be determined in a patient
before beginning tau tmmunotherapy treatment, and measured values thereaficr compared with
the baseline values. A decrease in values relative to baseline signals a positive response to

treatment.

10481} In some paticnts, diagnosis of a tauopathy may be aided by performing a PET scan. A
PET scan can be performed using, for example, a conventional PET imager and auxiliary
equipment. The scan typically includes one or more regions of the brain known in general to be
associated with tau protein deposits and one or more regions in which few if anv deposits are

generally present to serve as controls.

163



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

{3482} The signal detected 1 a PET scan can be represented as a multidimensional image. The
multidimensional image can be in two dimensions representing a cross-section throngh the brain,
m three dimensions, representing the three dimensional brain, or in four dimensions representing
changes in the three dimensional brain over time. A color scale can be used with different colors
mdicating different amounts of label and, inferentially, tau protein deposit detected. The results
of the scan can also be presented numerically, with nuombers relating to the amount of label
detected and consequently amount of tau protein deposits. The label present in a region of the
brain known to be associated with deposits tor a particular tavopathy {e.g., Alzhcimer's discase)
can be compared with the Iabel present in a region known not 1o be associated with deposits to
provide a ratio indicative of the extent of deposits within the former region. For the same
radiclabeled Hgand, such ratios provide a comparable measure of tau protein deposits and

changes thercof between different patients.

{0483} In some methods, a PET scan is performed concurrent with or in the same patient visit as
an MRIor CAT scan. An MRI or CAT scan provides more anatomical detail of the brain than a
PET scan. However, the image from a PET scan can be superimposed on an MRI or CAT scan
mmage more precisely indicating the location of PET ligand and mferentially tau deposits relative
to anatomical structures in the brain. Some machines can perform both PET scanning and MRI
or CAT scanning without the patient changing positions between the scans facilitating

superimposition of images.

{0484} Suitable PET higands inchude radiclabeled antibodies of the invention (e. g, a mouse,
humanized, chimeric or veneered 5G8, 6A10, 8A4, or 7G6 antibody). The radicisotope used can
be, for example, CU, NP Q5 F'® or 1'%, The interval between administering the PET ligand
and perfornming the scan can depend on the PET ligand and particularly its rate of aptake and

clearing into the brain, and the half- ife of its radiolabel.

{8483} PET scans can also be performed as a prophylactic measure in asymptomatic patients or
in patients who have symptoms of mild cognitive impairment but have not yet been diagnosed
with a tavopathy but are af elevated risk of developing a tavopathy. For asymptomatic patients,
scans arc particularly uscful for individuals considered at clevated risk of tavopathy because of a

family history, genetic or biochemical risk factors, or mature age. Prophylactic scans can
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commence for example, at a patient age between 45 and 73 vears. In some patients, a first scan

is performed at age 50 vears.

10486] Prophvlactic scans can be performed at intervals of for example, between six months and
ten vears, preferably between 1-5 years. In some patients, prophylactic scans are performed
annually. If a PET scan performed as a prophyvlactic measure indicates abnormally high levels of
tau protein deposits, trnmunotherapy can be conunenced and subsequent PET scans performed as
i patients diagnosed with a tavopathy. f a PET scanned performed as a prophviactic measure
mdicates levels of tau protein deposits within normal levels, further PET scans can performed at
mtervals of between six months and 10 vears, and preferably 1-5 years, as before, or in response
1o appearance of signs and svmptors of a tanopathy or mild cognitive impatrment. By
combining prophylactic scans with admimistration of tan-directed immunotherapy if and when an
above normal level of tau protein deposits is detected, levels of tau protein deposits can be
reduced to, or closer to, normal levels, or at least inhibited from increasing further, and the
patient can remain froe of the tauopathy for a longer period than if not receiving prophylactic
scans and tau-directed immunotherapy {e.g., at feast 5, 10, 15 or 20 years, or for the rest of the

patient's life}.

10487} Nommal levels of tau protein deposits can be determined by the amount of neurcfiballary
tangles or tau inclusions in the brains of a representative sample of individuals in the general
population who have not been diagnosed with a particular tavopathy (e.g., Alzheimer's disease)
and arc not considered at elevated risk of developing such discase {e.g., a representative sample
of discase-free individuals under 50 vears ot age). Alternatively, a normal level can be
recognized i an individaal patient if the PET signal according {o the present methods in a region
of the brain in which tau protein deposits are known to develop is not different (within the
accuracy of measurement) from the signal from a region of the brain in which 1t 1s known that
such deposits do not normally develop. An elevated level in an mdividual can be recognized by
comparison to the normal levels {e.g., cutside mean and vanance of a standard deviation) or
simply from an elevated signal bevond experimental error in a region of the brain associated with
taw protein deposits compared with a region not known to be associated with deposits. For
purposes of comparing the levels of tau protein deposits i an individual and population, the tau

protein deposits should preterably be determined in the same region(s) of the brain, these regions
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meluding at least one region m which tau protein deposits associated with a particular tanopathy
{e.g., Alzheimer's discase) are known to form. A patient having an elevated level of tau protein

deposits is a candidate for commencing immunotherapy.

{0488} Afier commencing immunotherapy, a decrease 1 the level of tau protein deposits can be
first seen as an indication that the treatment s having the desired effect. The observed decrease
can be, for example, in the range of 1-100%, 1-50%, or 1-25% of the baseline value. Such effects
can be measured in one or more regions of the brain i which deposits arc known to form or can
be measured from an average of such regions. The total effect of treatment can be approximated
by adding the percentage reduction relative to baseling to the increase in tau protein deposits that

would otherwise occur in an average untreated patient.

18489} Maintenance of tau protein deposits at an approxamately constant level or even a small
merease in tau protein deposits can also be an indication of response to treatment albeit a
suboptimal response. Such responses can be comparcd with a time course of levels of tau
protein deposits in patients with a particular tavopathy (e.g., Alzheimer's discase) that did not
receive treatment, to determine whether the immunotherapy is having an effect in inhibiting

further increases of tau protein deposits.

[0490

[

I Monitoring of changes m tau protem deposits allows adjustment of the immunotherapy or
other treatment regime in response to the treatment. PET monitoring provides an indication of
the nature and extent of response to treatment. Then a determination can be made whether to
adjust treatment and if desired treatment can be adjusted in response to the PET monitoring.
PET monitoring thus allows for tau-directed immunotherapy or other treatment regime to be
adjusted before other biomarkers, MRI or cognitive measures have detectably responded. A
significant change means that comparison of the value of a parameter after treatment relative to
basement provides some evidence that treatment has or has not resulted in a beneficial effect. In
some instances, a change of values of a parameter in a patient tiself provides evidence that
treatment has or has not resulted 1n a beneficial effect. In other instances, the change of values,
if any, in a paticnt, is compared with the change of values, if any, in a representative control
population of patients not undergoing immunotherapy. A difference in response i a particular

patient from the normal response in the control patient (e. g, mean plus vanance of a standard
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deviation} can also provide evidence that an smmunotherapy regime is or 18 not achieving a

beneticial effect in a patient.

{0491} In some patients, monitoring indicates a detectable decline in tau protem deposits but that
the level of tau protein deposits remains above normal. In such patients, if there are no
unacceptable side effects, the treatment regime can be continued as is or even increased in

frequency of administration and/or dose if not already at the maximum recommended dosc.

3492} If the monitoring indicates levels of tau protein deposits in a patient have already been
reduced to nomal, or sear-normal, levels of tau protein deposits, the immunotherapy regime can
be adjusted from one of induction (. e., that reduces the level of tau protein deposits) to one of
maintenance {(i.e. , that maintains tau protein deposits at an approximately constant level}. Such
a regime can be affected by reducing the dose and or frequency of administering

mmmunotherapy.

{3493} In other patients, monitoring can indicate that immunotherapy is having some beneficial
effect but a suboptimal effect. An optimal effect can be defined as a percentage reduction in the
level of tau protein deposits within the top half or guartile of the change in tau protein deposits
{measured or calculated over the whole brain or representative region(s) thereof in which tau
protein deposits are known to form) experienced by a representative sample of tauopathy patients
sndergoing immunctherapy at a given time point after commencing therapy. A patient
experiencing a smatler decline or a patient whose tau protein deposiis remains constant or even
mereases, but to a lesser extent than expected in the absence of immunotherapy {e.g., as mnferred
from a control group of patients not administered immunotherapy) can be classified as
gxperiencing a positive but suboptimal respouse. Such patients can optionally be subject to an
adjustment of regime i which the dose and or frequency of administration of an agent is
mereased.

8494} In some patients, tau protein deposits may increase in similar or greater fashion to tau
deposits in patients not receiving immunotherapy. if such increases persist over a period of time,
such as 18 months or 2 vears, even afier any increase in the frequency or dose of agents,

mmmunoctherapy can if desired be discontinued m favor of other treatments.
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[8495] The foregoing description of diagnosing, monitoring, and adjusting treatment for
taviopathics has been largely focused on using PET scans. However, any other technique for
visualizing and/or measuring tau protein deposiis that i1s amenable to the use of tau antibodies of
the invention {e.g., a mouse, humanized, chimeric or vencered 5G8, 6A10, 8A4, or 7G6

antibody} can be used in place of PET scans to perform such methods.

{0496} Also provided are methods of detecting an immune response against tau in a patient
suffering from or susceptible to discases associated with tau. The methods can be used to
monitor a course of therapeutic and prophyvlactic treatment with the agents provided herein. The
antibody profile following passive immuonization typically shows an immediate peak in antibody
concentration followed by an exponential decay. Without a further dose, the decay approaches
pretreatment levels within a period of days to months depending on the half-hife of the antibody

administered. For example, the half-life of some human antibodies is of the order of 20 days.

{3497} In some methods, a baseline measurement of antibody to tau n the subject 1s made before
admimistration, a second measurement 1s made soon thereafier to determine the peak antibody
level, and one or more further measurements are made at intervals to monitor decay of antibody
levels. When the level of antibody has declined to baseline or a predetermined percentage of the
peak less bascline {e.g., 50%, 253% or 10%), administration of a further dose of antibody is
administered. In some methods, peak or subsequent measured levels less background are
compared with reference levels previcusly determined to constitute a beneficial prophylactic or
therapeutic treatment regime in other subjects. If the measured antibody level is significantly
less than a reference level (e g., fess than the mean minus one or, preferably, two standard
deviations of the reference value n a population of subjects benefiting from treatment)

administration of an additional dose of antibody 1s indicated.

{0498} Also provided are methods of detecting tau in a subject, for example, by measuring taun in
a sample from a subject or by in vivo imaging of {au 1n a subject. Such methods are useful to
diagnose or confirm diagnosis of diseases associated with tay, or susceptibility thereto. The
methods can also be used on asymptomatic subjects. The presence of tau indicaies susceptibility
to future sympiomatic disease. The methods are also usefud for monttoring discase progression

and/or response to freatment in subjects who have been previously diagnosed with Alzheimer’s
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disease, Down’s syndrome, mild cognitive tmpairment, primary age-related tauopathy,
postencephalitic parkinsonism, posttraumatic dementia or dementia pugilistica, Pick’s disease,
type C Niemann-Pick disease, supranuclear palsy, frontotemporal dementia, frontotemporal lobar
degencration, argyrophilic grain discase, globular ghial tauopathy, amyotrophic lateral
sclerosis/parkinsonism dementia complex of Guam, corticobasal degeneration (CBD), dementia
with Lewy bodies, Lewy body variant of Alzheimer discase (LBVAD), or progressive

supranuclear palsy (PSP).

3499} Biological samples obtained from a subject having, suspected of having, or at nisk of
having Alzheimer’s disease, Down’s svndrome, mild cognmitive impairment, primary age-related
taunopathy, postencephalitic parkinsonism, postiraumatic dementia or dementia pugilistica, Pick’s
disease, type € Niemann-Pick disease, supranuclear paisy, frontotemporal dementia,
frontotemporal lobar degeneration, argyrophific grain disease, globular ghial tavopathy,
amvotrophic lateral sclerosis/parkinsonism dementia comaplex of Guam, corticobasal
degeneration {CBD), dementia with Lewy bodies, Lewv body vanant of Alzheimer discase
{LBVAD), or progressive supranuciear palsy (PSP) can be contacted with the antibodies
disclosed heremn to assess the presence of tau. For example, levels of taw 1n such subjects may be
compared to those present in healthy subjects. Alternatively, levels of tau in such subjects
recetving treatment for the discase may be compared to those of subjects who have not been
treated for Alzheimer’s disease, Down’s syndrome, mild cognitive impairment, primary age-
related tavopathy, postencephalitic parkinsonism, postiraumatic dementia or dementia
pugilistica, Pick’s disease, type € Niemann-Pick disease, supranuclear palsy, frontotemporal
dementia, frontotemporal lobar degeneration, argyvrophilic grain disease, globular glial
tauopathy, amvotrophic lateral sclerosis/parkinsonism dementia complex of Guam, corticobasal
degeneration (CBD), dementia with Lewy bedies, Lewy body vanant of Alzheimer disease
{(LBVAD), or progressive supranuciear palsy (PSP}, Some such tests mnvolve a biopsy of tissug
obtained from such subjects. ELISA assays may also be useful methods, for example, for

assessing tau in fhnd samples.
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Vil Kits

13500} The invention further provides kits {(e.g., containers) comprising an antibody disclosed
herein and related materials, such as instructions for use {e.g., package insert). The mstructions
for use may contain, for example, instructions for administration of the antibody and optionally
one or more additional agents. The containers of antibody may be unit doses, bulk packages

fe.g., multi-dosc packages), or sub-unit doses.

{8501 Package maert refers to instructions customarily included in commercial packages of
therapeutic products that contain information about the indications, usage, dosage,
adnunistration, contraindications and/or warnings concerning the use of such therapeutic

products

10502} Kits can also inchude a second container comprising a pharmaceutically-acceptable
buffer, such as bacteriostatic water for injection {BWFI), phosphate-buffered saline, Ringer's
solution and dextrose solution. 1t can also include other materials desirable from a commercial

and user standpoint, including other buffers, diluents, filters, needles, and syringes.
Vili. Other Applications

18503} The antibodies can be used for detecting taw, or fragments thereof, 1n the context of
clinical diagnosis or treatment or in research. For example, the antibodics can be used to detect
the presence of tau 1o a biological sample as an indication that the biological sample comprises
tau deposits. Binding of the antibodies to the biological sample can be compared to binding of
the antibodies to a control sample. The control sample and the biological sample can comprise
cells of the same tissue origin. Control samples and biclogical samples can be obtained from the
same ndividual or different individuals and on the same occasion or on different occasions. If
desired, muitiple biological sampies and multiple control samples are evaluated on multiple
oceasions to protect against random vanation mdependent of the differences between the
samples. A direct comparison can then be made between the biological sample(s) and the
contro} sample(s) to determine whether antibody binding (i.e., the presence of tau} {o the
biclogical sample(s) 1s increased, decreased, or the same relative to antibody binding to the
control sample(s). Increased binding of the antibody to the biclogical sample(s} relative to the
control sample(s} indicates the presence of tan in the biclogical sample(s). In some instances,
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the imcreased antibody binding is statistically significant. Optionally, antibody binding to the
biclogical sample 15 at least 1.5-fold, 2-fold, 3-fold, 4-fold, S-fold, 10-fold, 20-fold, or 100-fold

higher than antibody binding to the control sample.

{6504} In addition, the antibodies can be used to detect the presence of the tau in a biological
sample to momior and evaluate the efficacy of a therapeutic agent being used to treat a patient
diagnosed with Alzheimer’s discase, Down’s syondrome, mild cognitive impairment, primary
age-related tavopathy, postencephalitic parkinsonism, posttraumatic dementia or dementia
pugilistica, Pick’s disease, type € Niemann-Pick disease, supranuclear palsy, frontotemporal
dementia, frontotemporal lobar degeneration, argyrophilic grain discase, globular glial
tanopathy, amvyotrophic lateral sclerosis/parkinsonism dementia complex of Guam, corticobasal
degeneration {CBD), dementia with Lewy bodies, Lewy body varant of Alzheimer disease
(LEVAD), or progressive supranuclear palsy (PSP}, A biological sample from a patient
diagnosed with Alzheimer’s disease, DBown’s syadrome, mild cognitive impairment, primary
age-related tavopathy, postencephalitic parkinsonism, posttraumatic dementia or dementia
pugilistica, Pick’s disease, type C Niemann-Pick disease, supranuclear palsy, frontotemporal
dementia, frontotemporal lobar degeneration, argyrophilic grain discase, globular glial
tauopathy, amyotrophic lateral sclerosis/parkinsonism dementia complex of Guam, corticobasal
degencration (CBD), dementia with Lewy bodics, Lewy body variant of Alzhcimer discase
{(LBVAD), or progressive supranuciear palsy (PSP} is evaluated to establish a baseline for the
binding of the antibodies to the sample (7 e, a baseline for the presence of the tau in the sample)
before commencing therapy with the therapeutic agent. In some instances, multiple biclogical
samples from the patient are evaluated on multiple occasions to establish both a baschine and
measure of random vanation independent of treatment. A therapeutic agent 1s then administere
mn aregime. The regime may include maltiple adminmistrations of the agent over a period of time.
Optionally, binding of the antibodies {i.e., presence of tau) is evaluated on multiple occasions in
multiple biological samples from the patient, both to establish a measure of random varniation and
to show a trend n response to immunotherapy. The various assessments of antibody binding to
the biclogical samples are then compared. If only two assessments are made, a direct
comparison can be made between the two assessments to determine whether antibody binding
{i.e., presence of tau) has increased, decreased, or remamed the same between the two
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assessments. If more than two measurements are made, the measurements can be analyzed as a
time course starting before treatment with the therapeutic agent and proceeding through the
course of therapy. In patients for whom antibody binding to biological samples has decreased
{i.e., the presence of tau), it can be concluded that the therapeutic agent was effoctive n treating
the Alzheimer’s disease, Down’s syndrome, nuld cognitive impairment, primary age-related
tanopathy, postencephalitic parkinsomism, postiraumatic dementia or dementia pugilistica, Pick’s
disgase, type C Niemann-Pick disease, supranuclear palsy, frontotemporal dementia,
frontotemporal lobar degeneration, argyrophific grain disease, giobular glial tauopathy,
amyotrophic lateral sclerosis/parkinsonism dementia complex of Guam, corticobasal
degencration ({BD), dementia with Lewy bedies, Lewy body vanant of Alzheimer disease
{(LBVAD), or progressive supranuciear palsy (PSP} in the patient. The decrease in antibody
binding can be statistically significant. Optionally, binding decreases by at least 1%, 2%, 3%,
4%, 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%. Asscssment of
antibody binding can be made in conjunction with assessing other signs and symptoms of
Alzheimer’s disease, Down's syndrome, mild cognitive impatrment, primary age-related
tauopathy, postencephalitic parkinsonism, posttraumatic dementia or dementia pugilistica, Pick’s
disease, type € Niemann-Pick disease, supranuclear palsy, frontotemporal dementia,
frontotemporal lobar degeneration, argyrophilic grain discase, globular ghial tavopathy,
amyotrophic lateral sclerosis/parkinsonism dementia complex of Guam, corticobasal
degeneration {CBD), dementia with Lewy bodies, Lewy body varant of Alzheimer disease

(LBVAD), or progressive supranuclear palsy (PSP).

{3505} The antibodics can also be used as research reagents for laboratory research in detecting
tau, or fragments thereof. In such uses, antibodies can be labeled with fluorescent molecules,
spin-labeled molecules, enzymes, or radioisotopes, and can be provided in the form of kit with
all the necessary reagents to perform the detection assay. The antibodies can also be used to

purtfy tau, or binding partners of tau, e.g., by affinity chromatography.

18500} All patent filings, websites, other publications, accession numbers and the hike cited
above or below are incorporated by reference in their entirety for all purposes to the same extent
as if cach individual item were specifically and individually indicated to be so incorporated by

reference. If different versions of a sequence are associated with an accession number at
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different times, the version associated with the accession number at the effective filing date of
this application 1s meant. The effective filing date means the earlier of the actual filing date or
filing date of a priority application referning to the accession number if applicable. Likewise if
different versions of a publication, website or the like are published at different times, the
version most recently published at the effective filing date of the application 18 meant unless
otherwise indicated. Any feature, step, clement, embodiment, or aspect of the invention can be
used in combination with any other unless specifically indicated otherwise. Although the present
invention has been described in some detail by way of illustration and example for purposes of
clarity and understanding, it will be apparent that certain changes and modifications may be

practiced within the scope of the appended claims.
EXAMPLES
Example 1. Identification of tau Monoclonal Antibodies

{8507} Monoclonal antibodies against {au were generated as follows. Immunizations were
performed with either recombimant N-terminally His-tagged 383 a.a. lnmnan tau (4RONS,
containing a P301S mutation immunogen Al or recombinant 383 a.a. human tas (4RON},
contaiming a P301S mutation, lacking an N-termunal His-tag [immunogen Bl bumunogens were

emulsified m RIBI adjuvant.

{3508} Five week old female Balb/c mice were intraperitoneally imamunized with 25ug of
mnounogen A on dav 0, and 10ug of immunogen A cach on days 7, 14, 21, 27, 34, 48, 55, and
62. Mice were immunized with 10pg of immunogen B on days 76 and 90. On days 43 and 98,
mice were bled and titered agamst immunogen A; on day 101 the animals with highest titers
were boosted with a terminal immunization of S0ug immunogen B, which was delivered 12
mtraperitoncally and Y2 intravenously. Fused hybridomas were screened via ELISA against both
IMMUnOZens, ).

{0509] Example 2.  Mouse monoelonal antibodics bind tau in ELISA assays

{6516} Methods: Indirect ELISA: 96-well polystyvrene plates were coated with capture
antibodies anti-6xHis (Figare 1A} or polyclonal anti-tau (Dako #A0024, Figure 1B) suspended in
1xPBS for 2 hr at RT or 16 hr at 4°C. Coating was removed, and plates were blocked for 1 hr

with 19%BSA in IxPBS, followed by incubation with human recombinant tau, either with (Figure
S &
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1A} or without (Figure 1B} a polvhistdine tag at the N-terminus of the protein. After washing,
plates were incubated with mdicated antibodies, washed, and incubated with HRP-conjugated
goat anti-mouse secondary antibody. Plates were developed with TMB, and Asso was measured

with a plate reader.

18511} Sandwich ELISA: 96-well polystyrene plates were coated with anti-mouse antibodigs in
1xPBS for 2 hr at RT or 16 hr at 4°C. Coating was removed, and plates were blocked for 1 hr
with 1%BSA in IxPBS. The plate was next incubated with the Indicated antibodies at identical
concentrations, diduted in 0.1% BSA 1n IxPBS. Plates were successively treated with human tau,
polvclonal rabbit anti-tau (Dako #A0024), and HRP-conjugated goat anti-rabbit antibody, all
diluted in 0. 1%BSA in PBS with washes occurring between cach step. Streptavidin-HRP was
added, plates were developed with TME, and Ause was measured with a plate reader. Sece Figure

1C.

18512} Results: A panel of hybridoma-produced antibodies were assayed for binding to tau via a
number of different ELISA formats. Detection of taw was confirmed using an todirect format,
using tau protein immobilized by its N-terminally fused polyvhistidine tag (Figure 1A). Binding to
the native, untagged protein was also confirmed (Figure 1B). To assess the solution affimity of
the various antibodies, a sandwich ELISA format was used m which tested hybnidoma antibodies
were used as capture reagents (Figure 10}

18513] Example 3.  Affinity of mouse monoclonal antibodies to tan

{3514} Methods: SPR analysis was performed using a Biacore T200 to determine the binding
kinetics of murine antibodics to recombinant human tau. To prepare a sensor surface, anti-mouse
antibody (GE Life Sciences) was immobilized on sensor chip CMS via amine coupling, and
antibody was captured at a level to ensure maximoam binding of 50 RU. Various concentrations
of recombinant tau ranging from 10-0.14 nM were passed over the captured higand at a flow rate
of 50 ul/muin in running buffer (HBS + 0.05% P-20, 1 mg/mi. BSA), for 180 sec association and
900 sec dissociation. Data were double-referenced to both an inrelevant sensor not contaiming
antibody bgand, and 0 nM analvte concentration to account for the dissociation of ligand from

the capture moiety. Data was then analyzed using a giobal 1.1 £it.
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[0515] Results: Multiple murine antibodies were selected based on their performance in a
battery of ELISA assays, and their binding affintties were assessed via SPR. Antibodies were
ested in parallel sets, and their binding association and dissociation rates were measured.

Binding affinities are shown in Figure 2.

{0516} Example 4.  Mouse monoelonal antibodies prevent binding of human tau to the surface

of immortalized neuronal celis

10517} Methods: Inhibition of Tau Binding to B103 Neuroblastoma Cells with anti-Tau
Monoclonal Antibodies
L. Resuspend B103 cells in PBS at 5 x 10° cells/mL. Plate 50uL of cell suspension per
well in a MSD High Bind plate. This results in 25K celis/well. Cover the plate and allow celis to
attach at 37°C, 5% COy, for 2 hrs.
2. Following cell attachment, remove PBS from wells by nverting plate and gently tapping
to remove excess buffer. Add 50ul of 3% MSD Blocker A in PBS or other suitable blocking
buffer to each well and incubate plate at RT for 1 hr without shaking,
3. During the plate blocking step co-incubate Tan and anti-Tau antibodies as follows:

a Start with anti-Taw antibody at 2 mg/mL and serial dilute i PBS, 1.2 for 7

additional dilutions.

b. Dhlute Tau to 20 oM 1 PBS. The Tau concentration will be constant in each well,
c. Mix the Tau and anti-Tau antibody, 1.1, for a final Tau concentration of 10 oM

and a starting concentration of anti-Tau of 1 mg/mL.
d. Incubate the mixture for approximately 1 hr at RT with shaking (600rpm}.

4. After plate blocking, step 2, remove blocking buffer from wells by inverting plate
and gently tapping and wash plate 2x with PBS using a multichanne! pipette. Ensure excess
buffer is completely removed. Cool the plated cells to 4°C prior to adding the Tauw: anti-Tau

complexgs.
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5. Add 50ul of cooled complex, step 3, to the plaied cells and incubate on ice for 30
minutes.
6. Wash plate 2x with chilled PBS as previously described.

7. Add 50ul per well of the 16B5 SULFO-TAG for detection of cell surface bound Tau.

Incubate for 30 minutes on ice.
3. Wash plate 2x with chilled PBS again as previously described.

9. Add 150 pb per well of 1X Read Buffer T Without Surfactant (diluted in H20) and read
mmediately on the MSD SECTOR™ 600 mstrument. Avoid introducing bubbles when adding
read buffer.

10, Report the MSD signals vs. concentration of anti-Tau.

{3518} Antibodics tested were anti-tap antibodies 3D6, 16G7, 3HY, 4C5, 5G8, and isotvpe
control.

10519} Results:

18528} Decreasing SulfoTag anti-tau signal ocournng with increasing test antibody mdicates
functional blocking of the binding of tau to neuronal cell surfaces. No blocking was observed
with isotype control, 1607, or 3H9. Increasing amounts of functional blocking activity were

observed with 4CS, 5GE, and 3D6. Sce Figure 3.
{521} Example 8.  3D6 and 5G8 immunocapture tau from human disease tissue.

Methods: High-salt soluble protein fractions were prepared to 1 mg/ml. For cach
mmunoprecipitation, 200 pg of sample was used. 10ug of the indicated antibody (either an
isotype control, anti-tan antibody 306, or 5GB)Y was added to the high-salt sample preparations,
and incubated for 2 hr. Protein G magnetic beads were then added to the mixtures, and mcubated
for a further hour to capture antibodv/antigen complexes. Samples were thoroughly washed with
1xPBS, and beads were boiled in reducmg/denaturing sample buffer to release captured proteins.
Resulting samples were resolved by 5BS-PAGE and Western blotting was performed using a

polvclonal anti-tau antibody {Dako, #A0024).
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{0522} Results: As shown in Figure 4, anti-tau antibodies 3D6 and 5G8 immunoprecipitated tau
from Alzheimer disease tissue. High-salt soluble fractions were immunoprecipitated with the

mdicated antibody, and detected with a polyclonal anti-tau antibody directed towards a separate
region of the tau molecule from the binding sites for 306 and 5GR. Both 3G and 306 captured

tau from this fraction. The mput (lugh-salt soluble sample) 1s shown at night.
{0523] Example 6.  Design of Humanized 5G8 Antibodies

{8524] The starting point or donor antibody for humanization was the mouse antibody 5G8. The
heavy chain vanable amino acid sequence of mature m3GE ig provided as SEQ ID NG9, The
light chain variable amino acid sequence of mature m5GS is provided as SEQ 1D NGO:10. The
heavy chain Kabat/Chothia Composite CDR1, CDR2, and CDR3 anuno acid sequences are
provided as SEQ ID NOs:11-13, respectively. The light chaim Kabat CDR1, CBR2, and CDR3
amino acid sequences are provided as SEQ D NOs:14-16 respectively. Kabat numbering is used

throughout.

3525} The CDRs of 5G8 VH and VL were identified using Martin’s sequence-based CDR-
wdentification rules {Martin ACR (2010}, In: Kontermann R and Dibel § {eds}. Antibody
Ffngineering. Heidelberg, Germany: Springer International Publishing AG.). The vanable kappa
{Vk} of 5G8 belongs to mouse Vk subgroup 2, which corresponds to human Yk subgroup 2 and
the variable heavy (Vh) to mouse VH subgroup 2¢, which corresponds to human VH subgroup 1
IKabat EA | etal, (1991}, Sequences of Proteins of Immunological Interest, Fifth Edition. NIH
Publication No. 91-3242]. 16 residue Kabat CDR-L1 s simular to Chothia canonical class 4, 7
residue Kabat CDR-L2 is of Chothia canomical class 1, 9 residue Kabat CDR-L3 is simular to
Chothia canonical class 1 in Vk [Martin A C, and Thornton J M. (1996} J. Mol Biol. 263:800-
15.} 10 residue Kabat/Chothia Composite CBR-HI is similar to Chothia canonical class 1, 17
residue Kabat/Chothia Composite CDR-H2 and is simular to Chothia canonical class 2 [Martin &

Thomton, 1996]. Kabat/Chothia Composite CDR-H3 has no canonical classes.

{03526} The sequences of 5G8 VH and VL were used to guery the curated antibody database of
BioLuminate software {Schrodinger, LLC; Zhu K, et al, (2014) Profeins. 82(8):1646-1655) for
proteins with similar amine acid sequences and known stractures. The structure of the highly

similar murine anti-prion antibody 3F4 (PDB ID: 1CR9; 1CRY H; SEQ ID NO:27 and 1CRY 1
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SEQ D NO:30), discovered by Kascsak, er of. (1987} J Virol. 61(12):3688-93) and sequenced
by Kanvyo, ef al. ((1999). J Mol Biol. 293(4):855-63 J. with a resolution of 2.9 A, was chosen to
serve as a template for building a model of 5G8 in Bickuminate. A further query of the
BioLuminate database for antibodies of human origin found the frameworks of 3G8 VH and VL
to share a high degree of sequence similanty with the corresponding regions of the VH and VL
regions of humanized anti-dabigatran Fab aDabi-Fab2b (VH Accession No. 4YHM H); VL
Accession No. 4YHM 1), designed by Schicle, er af. ((2015) MAbs. 7(5):871-80.). The varable
domains of 5G8 and aDabi-Fab2b also share identical lengths for the CDR-HI, H2, L1, L2, and
L3 loops. Accordingly, the framework regions of aDabi-Fab2b VH {(acc. no 4YHM_H; SEQ ID
NG:28) and VL {acc. no. 4YHM L SEQ ID NO:31) were chosen as the acceptor sequences for
the CDRs of 5G8.

18527} Heavy and light chain variant sequences resulting from antibody humanization process
were further aligned to human germ line sequences using IMGT Domain GapAlign tool to assess
the humanncss of the heavy and light chain as cutlined by WHO INN committee guidelines.
{WHO-INN: International nonproprietary names (INN) for biological and biotechnological
substances (a review) (Intemet} 2014, Available from: http://www.

who int/medicines/services/inn/BioRev2014 pdf) Residues were changed to align with
corresponding human germ line sequence, where possibie, to enhance hurmnanness. For
humanized VL_v5 and VL_v6 vanants, mutations were introduced to render the sequences more
similar to human germline gene IGKV2-29 (acc. No. AZNJV3.2; SEQ ID NO:32) For
humanized VH v7 and VH_v8 variants, mutations were introduced to render the sequences more

similar to human germline gene IGHV1-46 {acc. No. PO1743.2; SEQ 1D NG:29)

{8528] The amino acid scquences consisting of aDabi-Fab2b frameworks and 5G8 CDRs are
designated huSGE-YH vl and huSG8-VEL vl Additional versions of u3GE-YH and hu3Gs-
V1. were designed to enable assessment of various framework residues for their contributions to
antigen binding and immunogenicity. The positions considered for mutation include those that:
-define the canonical CDR conformations {summarized in Martin 2010}

-arg within the Vermier zone (Foote J and Winter G. (1992) Antibody framework residues
affecting the conformation of the hypervariable loops. J Mol Biol. 224(2):487-99},
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-localize to the VH/VL domam interface (summarized in Léger GJP and Saldanha 1. (Z000)
Preparation of recombinant antibodies from mnmune rodent spleens and the design of their
humanization by CDR grafting. In; Shepherd P and Dean C (eds). Monoclonal Antibodies: a

Fractical Approach. Oxford, UK: Oxford University Press),
-are susceptible to post-translational modifications, such as glyveosylation or pyroglutamination,

-are occupied by residues that are predicted to clash with CDRs, according 1o the model of 5G8

CDRs grafted onto aDabi-Fab2b frameworks, or

-are occupied by residucs that are rare among sequenced human antibodics, where cither the

parental mouse 3G8 residue or some other residue is much more prevalent.

{0529} & humanized heavy chain varable region varnants and 6 humanized light chain variable
region varianis were constructed containing different permutations of substitutions §
exemplified humanized mature heavy chain vanable regions: hudG8-VH_vi, huSGE-VH v2,
huSG8-VH o3, huSGE-VH v4, huSGE-VH v53, haSGB-VH v6, huSG8-VH v7, and huSG8-

YVH v8 (SEQ ID NOs: 33-40, respectively) and hudSG8-VE vi, huSG8-VL v2, huSGE-VL v3,
huSGE-VL v4, huSG8-VL v3, and hudSGE-VL v6 (SEQ 1D NOs: 41-46, respectively). (Tables 4
and 3). The exemplary humanized Vk and Vh designs, with backmutations and other mutations
based on selected human frameworks, are shown in Tables 6 and 7, respectively. The bolded
arcas in Tables 6 and 7 indicate the CDRs as defined by Kabat/Chothia Composite. A “.7 i the
colomns in Table 6 for huSGE-VL vZ, budSG8-VL v3, huSGR-VL v4, huSGE-VL, v5, and
huSG8-VL v6 indicates that the amuno acid at the indicated position 1s the same as that m
huSG8-VL vl A “7 m the columms i Table 7 for huSGE-VH v2, huSG8-VH v3, ha5(G8-

VH v4, huSG8-VH v5, hubG8-VH v6, hudG8-VH v7, and hu5G8-VH v8 indicates that the
amino acid at the indicated position is the same as that in huSGE-VH v A “ i the columns
i Tables 6 and 7 indicates no residue at the mdicated position. SEQ ID NOs: 33-40 and SEQ 1D
NOg: 41-46 contain backmutations and other mutations as shown in Table 8. The amino acids at
positions in bu3G8-VH v, hudGE-VH_v2, uSGE-VH v3, udGE-VH v4, huSGR-VH v5,
budG8-YVH v, hudG8-VH v7, and buSG8-VH_v8 are listed in Table 9. The amino acids at
positions in hud3G8-VL vl haSGR-VL v2, huSGE-VL v3, huSG8-VL v4, l3G8-VL v5, and

huSGR-VL v6 are histed in Table 10. The percentage humanness for humanized VH chaing
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hu3GR-VH vl hudSGE-VH v2, huSGE-VH v3, huSG8-VH v4, huSG8-VH v, hudGR-VH v,
huSG8-VH v7, and hu5G8-VH v8 (SEQ ID NOs: 33-40, respectively} with respect to the most
similar hwman germbine gene KGHV1-46, and for humanized VL chains huSG8-YL vi1, hu5G8-
VL v2, huSGR-VL v3, huSG8-VL v4, huSG8-VL v5, and hu5G8-VL v6 (SEQ 1D NOs:41-46,
respectively) with respect to the most similar human germbine gene IGKV2-29, 15 shown in

Table i1.

Table 6
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Table 8
Vi, Vo Backmutations and Other Mutations for Humanized 3G8
Vuor Vi Variant Vr or Vi Exon Acceptor Changes from Aceeptor
Sequence Framework Residues
{based on Kabat/Chothia
Composite CDRs)
huSG8-VH v (SEQ ID Acceptor Ace. # 4YHM H aDabi- None
NQG:33 Fab2b-VH (SEQ 1D NG:28)
huSGS-VH vZ (SEQ ID Acceptor Acc. # 4YHM H aDabi- H4& H71, HY3, H94
NG:34) Fab2b-VH (SEQ 1D NG:28)
hu5G8-VH v3 (SEQ ID Acceptor Acc. # 4YHM H aDabi- H1, H48 H71, H93, H%
N(:35) Fab2b-VH (SEQ 1D NG:28)
hudGR-VH v4 (SEQ ID Acceptor Ace. # 4YHM _H aDabi- | HI, H46, H48, H71, H93,
NG:36) Fab2b-VH (SEQ 1D NO:28) H94
hudGE-VH v5 (SEQ 1D Acceptor Ace. # AYHM HaDabi- | HI, H11, HIZ Hi9, H20,
NOG:37) Fab2b-VH (SE(Q 1D NG:28) H46, H48, H71, H76, H&0,
H93, H94
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Vaor Vi Variant

Vu or Vi Exon Aceeptor
Sequence

Changes from Acceptor
Framework Residues
{based on Kabat/Chothia
Composite CDRs)

huSGS-VH_v6 (SEQ ID
NO:38)

Acceptor Acc. # 4YHM H aDabi-
Fab2b-VH (SEQ ID NO:28)

HE HIL HIZ2, Hi9, H20,
H23, Hdo, H48, H71, H76,
HB0, HY3, H%4

husGS-VH v7 (SEQ ID

Acceptor Acc. # 4YHM H abDabi-

Ho66, H67, H78 HO3, HY%4

NO:39) Fab2b-VH (SEQ ID NO:28)
hu3G8-VH v8 (SEQ ID Acceptor Acc. # 4YHM_H aDabi- | HI, H46, H48, He6, H67,
NO:40) Fab2b-VH (SEQ 1D NO.2R) H71, H78, H93, HY4
huSGE-VL vl (SEQID Acceptor aDabi-Fab2b-VL Ace. RONE

NG41)

AYHM L #(SEQIDNO: 31

huSG8-VL_v2 (SEQ ID
NO42)

Acceptor aDabi-Fab2b-VL Ace. #
4YHM L (SEQID NG 31)

L2, L36, L46

husG8-VL v3 (SEQ 1D
NO43)

Acceptor aDabi-FabZb-VL Acc.
#AYHM L (SEQ ID NO: 31

L2, 136, L46, L76

hu3G8-VL v4 (SEQ ID
NO:44)

Acceptor aBabi-Fab2b-VL Acc. #
4YHM L (SEQIDNO: 3D

12,17, L17, L36, L46, L70

hu3G8-VL v5 (SEQ ID
NO:45)

Acceptor alabi-Fab2b-VL Acc #
4YHM L (SEQID NG 31)

145, L70

huSGE-VL vo (SEQ ID
N(O:46)

Acceptor aldabi-Fab2b-VL Acc. #
4YHM L (SEQIDNG: 31)

L2, 136, 145, 146, 170
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Table 8
Kabat Numbering of Framework Residues (based on Kabat/Chothia Composite CDRs} for
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Fable 10
Kabat Numbering of Framework Residues (based on Kabat/Chothia Composite CDRs} for
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Backmutations and Other Mutations in Light Chains of Humanized 5G8 Antibodies
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Table 11

PCT/US2018/030739

Percentage Humanness of Heavy and Light Chains of Humanized 5G8 Antibodies

Vg or VL Variant

%% Humanness

husGB-VH v (SEQ 1D NO:33) 84 4%
hu3G8-VH_v2 (SEQ 1D NO:34) &1.4%
husGR-VH v3 (SEQ 1D NO'35) 80.4%
huSGB-VH v (SEQ ID NO:36) 79.4%
hu3G8-VH v (SEQ 1D NO:37) 73.2%
hu3G8-VH_v6 (SEQ ID NO:35) 72.2%
huSGS-VH v7 (SEQ 1D NO:39) §7.8%
FusGB-VH v (SEQ 1D NOW40) 82.5%
huSGE-VL vl (SEQ ID NO 41} 88.0%

huSGS-VL v2 (SEQ 1D NG:42)

85.0%

huSGR-VL v3(SEQ ID NO:43)

86.0%

huSGS-VL_va (SEQ ID NO-44)

%4.0%

HuSGE-VL, vs (SEQ 1D NO45)

90.0%

huSGS-VL_v6 (SEQ 1D NO:46)

87.0%

region as candidates for substitution are as follows.

146

13530} Positions at which Chothia class canonical, vernier, or mterface/packing residues differ
between mouse and human acceptor sequences are candidates for substitution Examples of
Chothia clags canomical residues melude Kabat residues 12, 1278, L27C, L34, 194, H29, H71,
and H94 i Tables 3 and 4. Examples of vernier residues include Kabat residues L2, £.36, 146,
H27, H28, H29, H30, H48, H71, H78, H93, and HY4 in Tables 3 and 4. Examples of
nterface/packing (VH+VL) residucs include Kabat residues £.34, 136, 146, 189, 1L.91, H93, and
HO95, in Tables 3 and4.

10531} The rationales for selection of the positions indicated in Table 6in the hight chain variable



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

{08532} L2 (I2V) 15 a backmutation of a residue ot a canonical and vernier residue.

165833} L7 (T28) 1s a mutation from a residue (1) that is rare in humans at this position to one

that 1s most comumon (8},

{0534} L17 (Q17E) 1s a mutation from a residue (QQ) that 1s rare in humans at this position to one

that 1s most common (E}.

{85835} L36 (Y36L) is a backmutation of a vermier and nterface residue.
{0536} LA5 (K45Q) is a mutation to germiine IGKV2-29 residue.
10537} LA6 {G46R) i1s a backmutation of a vernier and interface residue.

{0538} L70 {G70D) is a backoutation and 1s a mutation to the germlme IGKV2-29 residue. D is

frequent in humans at this position.

103539} The raticnales for humanized vanants as indicated in Table 6 in the light cham variable

region are as follows.

10548] HuSGE-VE v/ consists of the CDR-L1, L2, and L3 loops of 5G8-VL grafted onto the
framework of aDabi-Fab2b-V1L.

10541] HuSGE-VI v2 reverts all framework substitutions at positions that arc key for defining
the Chothia canomical classes, are part of the Vemier zone, or locate to the VH/VL domain
mterface. Kabat position 2 defines the Chothia canonical conformation of CDR-L1; Kabat
positions 2, 36, and 46 are part of the Vernier zong; and Kabat positions 36 and 46 also localize
to the VH/VL intertace. husS(G8-VI vZ incorporates backmutations 12V, Y36L, and L46R, to
enable assessment of these positions” contributions to antigen-binding affinity and

HNMUnogenicity.

10542] HuSGE-VI v3 s the same as buSGR-VL-v2, and additionally reverts all framewaork
substitutions at positions where the parental mouse 5G8-VL amino acid is of higher prevalence
i sequenced human antibodies compared to the aDabi-Fab2b-VL residue. At Kabat position 70,
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the 5G8-VL residue 1s more common in human antibodies than the aDabi-Fab2b-VL residue.
HuSGE-VL v3 incorporates the backmutation G700, which restores a parental 5G8-VL

framework residue while increasing the human-ness of the sequence.

10543} HuSGS-VI v4 is the same as hu5G8-VL-v3, but additionally incorporates substitutions at
framework positions where the residue of neither aDabi-Fab2b-VL nor SG8-VL 1s the most
common among sequenced human antibodies. At Kabat position 7, the most common residuc is
5, which is not present in aDabi-Fab2b-VL (1) or 5G8-VL (1); and at Kabat position 17, the
most common residue is E, which is not present in aDabi-Fab2b-VL (Q) or 3GB-VL ().
HusG3-VL v4 incorporates the mutations T75 and Q17E, to increase the human-ness of the

SCQUCTICS.

10544} HuSGE-VL v3 consmists of the CDR-L1, L2, and L3 loops of 5G8-VL grafied onio the
framework of aDabi-Fab2b-VL, as ha5G8-VL v1, and additionally mcorporates framework
mutations that render the sequence more sinilar to a particular human immunoglobulin kappa
variable germline gene. The framework of aDabi-Fab2b-V1, and thercfore that of hu3G8-

VL vi, shares a high degree of sequence similarity with the human germline gene IGKV2-29,
with differences at Kabat posttions 45 and 70, HuSG8-YVL v5 contains the mutations K45Q and
G70D, as another strategy to increase the human-ness of the sequence.

18545} HuSGS-VI v6 contams the mutations of hu3G8-VL-v3, and additionally incorporates
mutations introduced i hudG8-VL-vZ, namely reverting all framework substitutions at positions
that are key for defining the Chothia canonical classes, are part of the Vemier zone, or locaie to
the VH/VL domain interface (backmutations 12V, Y361, and L46R).

{8546} The rationales for selection of the positions indicated in Table 7 in the heavy chain

variable region as candidates for substitution are as follows.

18547} HI1 (QIE} 15 a backmutation and is a stability enhancing mutation to mitigate

pyroglatamate formation potential. (L, 2011, supra}. 8
{3548} HI1 (V11L)is a backmutation. L is frequent in humans at this position.

{6549} HI2 (K12V)1s a backmutation. V 13 frequent in humans at this position.
142
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[35536] H19 (K19R) is a backmutation. R ig frequent in human at this position.

{65851} H20 (V20L) 15 a backmutation. L 1s frequent in human at this position.

[0552] H23 (K23A) 1s mutation to a residue which is frequent in humans at this position.

10553] H46 (E46D) is a conservative mutation. E46 is predicted to clash with K62 of CBR-H2.
{0554} H48 (M4&1) is a backmutation in the vermier zone. 11s frequent in human at this position,

[3555] Ho6 (Ko66R) 1s a mudation to IGHV1-46 germling residue. K 15 rarg in human at this

position. R is most common at this position.

[8556] HO7 (A6TV)is a mutation to JGHV 1-46 germline residue. A 1s rare in human at this

position. V is most common at this position.

{05571 H71 (R718) 13 a backmutation of a canonical and vernier residue.
{0558} H76 (576N} 15 a backmutation. N is frequent in human at this position.
[05539] H78 (AT78V} is a mutation to [GHV 1-46 germbine residue.

{0566} HEO (MB0L) 1s a backmutation. L is frequent in human at this position.

10561} H93 (1935 or T93A) 'TY38 is a backmutation of a vernier and imterface residue. T93A 15
a mutation to IGHV 1-46 germhine residue. T and S are rare at this position in human. A 15 most

common at this position in human.

10562} HO94 (I94P or 194R) 194P 15 a backmutation of a canonical and vemier residue. 194Risa
mutation to IGHV 1-46 gemmline residue. T and P are rare in human at this position. P is most

conumon at this position in human.

68563} The rationales for humanized vanants as ndicated in Table 7 i the heavy chain vanable

region aic as follows.
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[0564] HuSG8-VH v/ consists of the CDR-HI, H2, and H3 loops of 5G8~VH grafied onto the
framework of aDabi-Fab2b-VH.

10568] FuSGS-VH v2 reverts all framework substitutions at positions that are key for defining
the Chothia canonical classes, are part of the Vernier zone, or localize to the VH/VL domain
mterface. Kabat positions 71 and 94 define the Chothia canonical conformation of CDR-H2Z and
CDR-HI, respectively; Kabat positions 48, 71, 93, and 94 are part of the Vemier zone; and
Kabat position 93 localizes to the VH/VL domain interface. Hu5G8-VH v2 incorporates
backmutations M481, R718, T935, and 194P, tc cnable assessment of these positions’

contributions to antigen-binding affinity and immunogenicity.

10566} HuSGE-VH v3 containg the backmutations of huSG8-YH-v2Z, and additionally reverts the
framework substitution at Kabat position 1. At the N-terminus of proteins, both E and @ are
known to cvelize spontancously to form pvroglutamate; however, the conversion from E occurs
more slowly than from Q (Lin YD, et al,, (2011} J Bio/ Chem. 286(13):11211-7; Schilling §, et
al., (2008} Bio/ Chem. 389(8):983-91 3. HuSG8-VH-v3 incorporates the backmutation Q1E, to

reduce pyroglutamination.

10567} HuS3G8-VH v4 comtaing the backomutations of huSGE-YH-v3, and additionally
incorporates mutations of framework residues that are predicted by BioLuminate to clash with
CDRs. Based on van der Waals interactions, E at Kabat position 46 1s predicted to clash with K

at Kabat position 62 of CBR-H2. Hu5G8-VH v4 incorporates the conservative matation E46D.

18568] HuSGE-VH v5 contains the mutations of huSG8-VH-v4, and additionally reverts all
framework substifutions at positions where the parental mouse 5G3-VH amino acid 1s of higher
prevalence in sequenced human antibodics compared to the alabi-Fab2b-VH residuc. At Kabat
posttions 11, 12, 19, 20, 76, and 80, the 5G8-VH residue is more common in human antibodies
than the aDabi-Fab2b-VH residue. HuSGE-VH v5 mcorporates the backmutations VI1L,
K12V, KI19R, V20L, 876N, and MSOL, which restore parental 5G8-VH framework residucs

while increasing the human-ness of the sequence.
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[0569] HuSG8-VH vo contains the mutations of huSG8-VH-v3, and additionally mcorporates
substitutions at framework positions where the residue of neither aDabi-Fab2b-VH nor SG8-VH
1s the most common among sequenced human antibodies. At Kabat position 23, the most
common residue is A, which is not present in aDabi-Fab2b-VH (K or 5G8-VH (T). HuSGS8-
VH_v6 incorporates the mutation K234, to increase the human-ness of the sequence. Tn huSG3-
VH v6, the followmg Kabat positions were not mutated to the most common residue due to thewr

location in or near the interface or the Vernier zone:

O

position 66 R is most common; aDabi-Fab2b-VH (K} and 3G8-VH (K},
position 67 'V is most common, aDabi-Fab2b-VH (A) and 5G8-VH (A);
position 93 A 15 most common; aDabi-Fab2b-VH (T and SGB-VH (S);
and

position 94: R is most common; aDabi-Fab2b~-VH (I) and 5G8-VH (P).

¢}

e}

e}

10578} HuSG8-VH v7 consists of the CBR-H1, H2 and H3 loops of SG8-VH grafied onto the
framework of aDabi-Fab2b-VH, as hu3SGR-VH v, and additionally incorporates framework
mutations that render the sequence more simular to a particular human immunoglobulim variable
heavy germiline gene. The framework of aDabi-Fab2b-VH, and thercfore that of he3G8-VH vl
shares a high degree of sequence similarity with the human germline gene IGHV1-46, with
differences at Kabat positions 66, 67, 74, 93, and 94. Hu3GE-VH_v7 contains the mutations
K66R, A67V, AT8V, T93A, and 194R, as another strategy to increase the human-ness of the

sequendce.

{0571} HuSG8-VH vE contaims the mutations of huSGE-VH-v7, and additionally mncorporates

93

mutations introduced in Au5GS-VH-v2, 3, and 4, namely

o reverting all framework substitutions at positions that are key for defining the
Chothia canonical classes, are part of the Vernier zone, or localize to the VH/VL
domain interface (backmutations M48L R71S, A938, and R94P),

o reverting the framework substitution at Kabat position | to reduce
pyroglutanunation {backmutation (1K), and

o incorporating mutations of framework residues that are predicted by BioLuminate
to clash with CDRs {conservative mutation E46D).

143



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

{8572} Humanized sequences are generated using a two-stage PCR protocol that allows
mtroduction of multiple mutations, deletions, and insertions using QuikChange site-directed

mutagenesis { Wang, W. and Malcolm, B A (1999) BioTechnigues 26:680-682).
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Heavy chain variable regions

(0573} > 5G8-VH (SEQ ID NO: 7)
EVOLOQSGAELVRSGASVRLSCTASGFNIKDYYMHWVRQRPEQGLEWIGWIDPENGDT
VY APKFQGKATMTSDTSSNTAY LHLSSLTSEDTAVYYCSPLDFWGQGTTLTVSS

18574] >3F4-VH Accession No. 1CR9 H(SEQ 1D NG 27)
KVKLQOSGAELVRSGASVKLSCTASGRNIKDY YIQWVEQRPEQGLEWIGWIDPENGNSE
YAPRFQGKATMTADTLSNTAYLQLSSLTSEDTAVYYCNADLHDYWGQGTTLTYSS

10575} >alabi-Fab2b-YVH Accession No., 4YHM H (SEQ ID NG:28)
QVOLVOSGAEVEKPGASVEKVSCKASGY TFIDY YMHWYVROQAPGOGLEWMGETNPRNG
GTTYNEKFKGKATMTRDTSTSTAYMELSSLRSEDTAVYYCTIGTSGYDYFDYWGQGTL
VTVSS

[0576] >IGHV 1-46 Accession No. P01743.2 (SEQ ID NO:29)
QVOLVOQSGAEVKKPGASVKVSCKASGY TFTSYYMHWYVRQAPGQGLEWMGHNPSGGS
TSYAQKFQGRVIMTRDTSTSTVYMELSSLRSEDTAVYYCAR

[0577] > hu3G8-VH _v1 (SEQ ID NO: 33)
QVQLVQSGAEVEKPGASVKVSCKASGFNIKDYYMHWVRQAPGQGLEWMGWIDPENG
DTVYAPKFQGKATMTRDTSTSTAYMELSSLRSEDTAVY YCTILDFWGQGTLYTVSS

[0578] > huSGS-VH_v2 (SEQ ID NO:34)
QVQLVOSGAEVKKPGASVKVSCKASGFNIKDYYMHWVRQAPGOGLEWIGWIDPENGD
TVY APKFQGKATMTSDTSTSTAY MELSSLRSEDTAVY Y CSPLDFWGQGTLVTVSS

{0579 > huSGS-VH_v3 (SEQ ID NO: 35)
EVOLVQSGAEVKKPGASYKVSCKASGFNIKDYY MHWVRQAPGOGLEWIGWIDPENGD
TVY APKFQGKATMTSDTSTSTAYMELSSLRSEDTAVY YCSPLDFWGQGTLYTVSS

[0586] > huSGS-VH_v4 (SEQ ID NO:36)

EVQLVQSGAEVKKPGASVKVSCKASGFNIKDY YMHWVRQAPGQGLDWIGWIDPENGD
TVY APKFQGKATMTSDTSTSTAY MELSSLRSEDTAVYYCSPLDFWGQGTLYVTVSS
[0581] > huSGS-VH_v5 (SEQ ID NO:37)
EVQLVQSGAELVKPGASVRLSCKASGFNIKDY Y MHWVRQAPGQGLDWIGWIDPENGD
TVY APKFQGKATMTSDTSTNTAYLELSSLRSEDTAVYYCSPLDFWGQGTLVTVSS
[0582] > huSGS-VH_v6 (SEQ ID NO:38)
EVQLVOSGAELVKPGASVRLSCAASGFNIKDY Y MHWYRQAPGQGLDWIGWIDPENGD
TVY APKFQGKATMTSDTSTNTAYLELSSLRSEDTAVYYCSPLDFWGQGTLYVTVSS

[0583] > hu3G8-VH_v7 (SEQ ID NO: 39
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QVOLVOSGAEVKKPGASVKVSCKASGFNIKDYYMHWVRQAPGQOGLEWMGWIDPENG
DTVYAPKFQGRVTMTRDTSTSTVYMELSSLRSEDTAVY YCARLDFWGQGTLVTVSS

[0584] > hu5GS-VH_v8 (SEQ ID NO:40)
EVQLVOSGAEVKKPGASYKVSCKASGFNIKDYYMHWVRQAPGQGLDWIGWIDPENGD
TVY APKFQGRVTMTSDTSTSTVY MELSSLRSEDTAVY YCSPLDFWGQGTLVTVSS

Kappa light chain variable regions

[0585] >5G8-VL(SEQ ID NO-8)
DVVMTOTPLTLS VTIGOPASISCKSSOSLLDSDGKTY LNWLLORPGQSPKRLIYLVSKLD
SGVPDRFTGSGSGTDFTLKIRRVEAEDLGVYYCWOQGTLFPY TFGGGTKLEIK

0586] >3F4-VL Accession No. 1CR9_L (SEQ 1D NO:30)
DVVMTQTPLALSVTIGQPASISCKSSQSLLDASDOGKTYLIWVFQRPGQSPKRLIFLVSKRDS
GVPDRFTGSGSGTDFTLKISRVEAEDVOGVYYCWOQGTHFPHTVGGGTKLEIA

13587} >alabi-Fab2b-VL Accession No. 4YHM L{SEQ ID NO:31)
DIVMTQTPLSLASVTPGQPASISCRSSOSIVHSDGNIYLEWY LOKPGQSPKLLIYKVSYRES
GVPDREFSGSGSGTGFTLKISRVEAEDVGVYYCFQASHYPYTRGGGTKLEIK

[0588] >IGKV2-29 Accession No. AZNIV5 2 (SEQ ID NO:32)
DIVMTQTPLSLSVTPGOPASISCKSSQOSLLHSDGKTYLY WY LQKPGQSPQLLIYEVSSRES
GVPDRFSGSGSGTDFTLKISRVEAEDVGVY YCMQGIHLP

[0589] > huSGS-VL_v1(SEQ ID NO:41)
DIVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTY LNWYLQKPGQSPKLLIYLVSKLD
SGVPDRFSGSGSGTGFTLKISRVEAEDVGVYYCWOGTLFPY TFGGGTKLEIK

[0596] > huSG8-VL v2 (SEQ 1D NO:42)
DVVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTYLNWLLOKPGQSPKRLIYLVSKLD
SGVPDRFSGSGSGTGFTLKISRVEAEDVGVYYCWOQGTLFPY TFGGGTKLEIK

(0591} > huSGR-VL_v3 (SEQ ID NO:43)
DVVMTQTPLSLSVTPGOPASISCKSSQSLLDSDGKTY LNWLLGKPGOSPKRLIVLVSKLD
SGVPDRFSGSGSGTDFTLKISRYEAEDVGVYYCWQGTLFPY TFGGGTKLEIK

[0592] > huSGS-VL v (SEQ ID NO:44)
DVVMTQSPLSLSVTPGEPASISCKSSQSLLDSDGKTY LNWLLQKPGQSPKRLIYLVSKLD
SGVPDRTFSGSGSGTDFTLEISRVEAEDVGVYYCWQGTLFPYTFGGGTKLEIK

[0593] > huSG8-VL_v5 (SEQ 1D NO:45)

DIVMTQTPLSLSVTPGQPASISCKSSQSLLDSDOGKTY INWY LOKPGQSPOLLIYLVSKLD
SGVPDRESGSGSGTDFTLKISRVEAEDVOVYYCWOQGTLFPYTFGGGTKLEIK

148



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

{3594} > huSG8-VL_v6 (SEQ 1D NO:46)
DVVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTYINWLLGKPGOQSPORLIYVLVSKLD
SGVPDRFSGSGRSGTDFTLKISRVEAEDVOGVYYCWQGTLFPY TRGGGTRLEIK

{0595] Example 7.  Design of Humanized 6A 10 Antibodics

{0596] The starting point for monoclonal antibody 6A 10 bumanization is murine antibody 6A 10,
The heavy chain vanable amino acid sequence of mature 6A 10 1s provided as SEQ ID NG:63.
The light chain variable amino acid sequence of mature 6A10 1s provided as SEQ 1D NG:64.
The heavy chain Kabat/Chothia Composite CDR1, CDRZ, and CDR3 amino acid sequences arg
provided as SEQ (D NOs:65-67, respectively. The light chaim Kabat CDRI, CDRZ, and CDR3
amino acid sequences are provided as SEQ 1D NOs:68-70 respectively. Kabat numbering 13

used throughout.

10597} The vanable kappa (Vk) of 6A10 belongs to mouse Kabat subgroup 2 which corresponds
to human Kabat subgroup 3 and vartable heavy (Vh) to mouse Kabat subgroup 2¢ which
corresponds to human Kabat subgroup 1 [Kabat E A | et al, (1991) Sequences of Proteins of
Inununological Interest, Fifth Edition. NIH Publication No. 91-3242 1. 16 residuc CDR-L1
belongs to canonical class 4, 7 residue CDR-L.2 to class 1, 9 residue CDR-L3toclass | in Vk
IMartin A.C. and Thornton I.M. (1996} 1. Mol. Biol. 263:800-815 1. 10 residue CDR-H1 belongs
to class 1, 17 residue CDR-H? to class 1 Martin & Thornton, 1996]. CDR-H3 has no canonical

classes.

10598} The residues at the interface between the Vi and Vh domains are the ones commonly
found, except that 937 in the heavy chain is typically an alanine; therefore, this residue is
analvzed as a target for back-mutation. Simularly, 365 in Vk is typicallv Y or F and 46K is

typically L therefore, these residues are also analvzed for back-mutations.

13599} A search was made over the protein sequences in the PDB database [Deshpande N et al |
{2005} Nucleic Acids Res. 33: D233-D237 | to find structures, which would provide a rough
structural model of 6A10. The crystal structure of antibody fab [pdb code 1CRY, SEQ 1D

~

N30} [Kanve Z.F et al, (1999).7 Mol Biol 293:855-863.} was used for the Vk structure since it
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had good resolution (2.0A) and overall sequence similanty to 6A 10 VK, retaining the same
canonical structures for the loops. Same structure [pdb code 1CRS; SEQ ID NO:27] was used
for the Vh structure since it had good overall sequence similarity and reasonably good resolation
(20/,3\)& In addition, CDRs-H1 and HZ had the same canonical structures as 6A10 Vh.
Bioluminate software was used to model a rough structure of 6A 10, This sottware was licensed

from Schrodinger Inc.

{0600} A scarch of the non-redundant protein scquence database from NCBI allowed selection of
suitable human frameworks into which to graft the murine CDRs. For VK, a human kappa light
chain vanable region with accession# ABC66863 [SEQ ID NO:83; Shriner, AK , etal, (2016}
24:7159-7166] was chosen. This has the same canonical classes for COR-Lland L2 ltisa
member of Kabat human kappa subgroup 3. For Vh, human heavy chain variable region with
accession# ACR16112 {SEQ ID NO: 81;Willhiams, 1.V et al., (2009) Mol. Immunol. 47:407-
414} was chosen, it has same cancnical classes. It is a member of Kabat human heavy subgroup

L.

18601} 3 humanized heavy chain varable region vanants and 3 humanized light cham variable
region variants were constructed containing different permutations of substitutions, hubA10-

VH v1, hutA10-VH vZ, and hu6A10-VH v3, (SEQ ID NOs: 85-87, respectively) and hu6A10-
VL vl huoA10-VL v2 and hu6A10-VL v3 (SEQ D NOs: 88-90, respectively). (Tables 12
and 13}, The exemplary humanized VL and VH designs, with backmutations and other
mutations based on selected human frameworks, are shown in Tables 12 and 13, respectively.
The bolded arcas in Tables 12 and 13 indicate the CDRs as defined by Kabat/Chothia
Composite. A “-"1n the columns in Tables 12 and 13 indicates no residue at the mdicated
position, SEQ 1D NOs:85-87 and SEQ} 1D NOs: 88-90 contain backmutations and other
mutations as shown in Table 14. The amino acids at positions in hutA10-VH v1, hutA10-

YH v2, and hu6A10-YVH v3 are listed in Table 15, The anuno acids at positions in hu6A10-
VL v1, hu6A10-VL v2, and hu6A10-VL v3 are listed in Table 16. The percentage humanness
for humanized VH chains hu6A10-VH 1, ha6A10-VH v2 and husA10-VH v3, (SEQ ID
NOs: 35-87, respectively) with respect to the most similar human germline gene JGHV1-2%02

{(SEQ D NG:82), and for humanized VL chains hubA10-VL vl hu6A10-VL v2, and hu6A10-
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VL v3(SEQ ID NOs:88-90, respectively) with respect to the most similar human germline gene

IGKV2-30%02 (SEQ 1D NG:84), 15 shown in Table 17.
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101 93 Fr3 T A A A A
102 94 Fr3 P R R R R
143 G5 CDR-H3 | L L L i L
164 86 CDR-H3 A
105 97 CDBR-H3 | _ A _ _
196 S8 CDR-H3 | R _ _
167 GO CDR-H3 | |4 _ _
108 166 CDR-H3 £
149 100A CDBR-H3 | _ _ _
116 1668 CDR-H3
111 160 CDR-H3 | _ _ _
ii2 160D CDR-F3 | _ _
113 100K CDR-H3 | _ _ _
ii4 160F CDR-H3
1158 100G CDR-H3
iis 166EH CDR-H3
s 117 1001 CDBR-H3 | _ _ _ _
ii8 1664 CDR-H3
113 100K CDR-H3 | _ _ _
126 ig1 CDR-H3 | D 3] D 1) 3]
121 102 CDR-H3 | Y Y Y Y Y
122 103 Frd Wl W W W W
123 §04 Frd i G G G G
124 103 Frd 0 0 0 O 0
125 106 Frd G G G G O
126 107 Frd T T T T T
127 §08 Frd S L |3 L L
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131 112 Fr4 S S 5 N S
132 §13 Frd S S S S S
Table 14

Va, Vi Backmutations and Other Mutations for Humanized 6A18

Vg or Vi Variant

Vg or Vi Exon Accepior

Changes from Acceptor

Sequence Framework Residues
{based on Kabat/Chothia
Composite CDRg)
hutA10-VH vi (SEQ 1D Acceptor Acc. # ACRI6112 (SEQ None
NO$5) D NGED
husA10-VH 2 (SEQ ID Accepior Ace. # ACRI61I2 (SEQ H48
NO:86) IDNORD
husA10-VH v3 (SEQ ID Acceptor Acc. # ACRI6112 (SEQ Hi6, H4%, H69, H80
NOST) D NGB
hutA10-VE v (SEQ ID Acceptor Acc. # ABC66863 (SEQ None
NOSS) 1D NO:83)
husA10-VL v2 (SEQ ID Acceptor Ace. # ABC66863 (SEQ 146

NO:89)

1D NO:83)
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Vaor Vi Variant

Vu or Vi Exon Aceeptor
Sequence

Changes from Acceptor
Framework Residues
{based on Kabat/Chothia
Composite CDRs)

hubA10-VL_v3 (SEQ ID
NO:90)

ID NO:§3)

Acceptor Ace. # ABC66863 (KEQ

L12. L17, L46

Table 15

Kabat Numbering of Framework Residues {(based on Kabat/Chothia Composite CDRs) for
Backmutations and Other Mutations in Heavy Chains of Humanized 6A10 Antibodies

hu6A10-VH v1 (SEQ 1D NO:85)
hu6A10-VH v2 (SEQ ID NO:56)

Acceptor Ace. # ACRIGHI2Z (SEQ ID NG:81)

Murine 6A10 VH (SEQ 1D NG: 63)

hu6A10-VH v3 (SEQ 1D NO:87)

e
4
=
3
&
5
<
Vi
His 1A A AL A LG
Hag {m 1 (M DT
Heo | T 1 Tt |
H8O IM L MM L
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Table 15

Kabat Numbering of Framework Residues (based on Kabat/Chothia Composite CDRs} for
Backmutations and Other Mutations in Light Chains of Humanized 6A10 Antibodies

Q;
@
<
-
3
s
oy F
et s ) -~ =)
v o % @ N
X Z, Q -] ]
E o~ - - -
L [ < o o
2 |2 |8 |8 |8
N < . - = N
e S = o o e
[ . > > >
= 3 > N ! i
2 < = - = =
Z SR v % =
=] i)
=2 ot W = — =
3 G = < i -
g 8 3 = h =
; 3 = 3 = 3
N = 2 = £ =
1Liz P S P P S
L17 Q Y, Q E
146 R R i L
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Table 17

Percentage Humanness of Heavy and Light Chains of Humanized 6A10 Antibodies

Vaor Vi, Variant % Humanness
hudtA10-VH vl (SEQ 1D NO:RS) 83.7%
hutA10-VH v2 (SEQ 1D NO:86) 82.7%
hu6A10-VH v3 (SEQ ID NO:87) £0.6%
hu6A10-VE v (SEQ ID NO:88) 90.0%
husA10-VL v2 (SEQ 1D NQ:89) 89.0%
hutA10-YVL v3 (SEQ 1D NO:90) 87.0%

10602} Positions at which Chothia class canonical, vemier, or interface/packing residues differ
between mouse and human acceptor sequences are candidates for substitution. Examples of
Chothia class canonical residues mclude Kabat residues H48 and H93 1n Tables 12 and 13.
Examples of vernier residues include Kabat residues in Tables 12 and 13, Examples of
mterface/packing (VH+VL) residues include Kabat residues H35, H37, H39 H45 H47 H91,
HO3, HOS, H103, L34, 136, 138, 144, 146, L87, 1.89, 1.91, 1.96, and L.98, in Tables 12 and 13.

{0603] The rationales for selection of the positions indicated in Table 12 in the light chain
variable region as candidates for substitution are as follows.

R461: This is interface residue and is typically L

P128: P is rare in human framework at this position, § is frequent

Q17E:  is rare in human framework at this position, E is frequent

18604} Light chain variable regions:

10605] mature region of mOA10VL amino acid sequence {SEQ ID NO: 64)
DYVMTOTPLTLSVTIGOPASISCKSSOSLLDSDGKTY ENWLLGRPGOSPKRLIYLVSKLD
SGVPDRFTGSGSGTDFTLKISRVEAEDLGVY YCWOQGTHRPYTRFGGGTRLEIK

[0606] 6A10 VL Acceptor accession #FABC66863 (SEQ ID NO:83)
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DIVMTQSPLSLPVTLGQPASISCRSSQSLVYSDONTYLNWFQQRPGOSPRRLIVEVENRD
SGVPDRESGSGSGTDFTLKISRVEAEDVOVYYCMQGTHRPLTFGGGTKVEIK

18667] >3F4-VL Accession No. 1CRS L (SEQ 1D N{:30)
DVVMTQTPLSLSVTIGQPASISCKSSQSLLDSDGRKTYLIWVFQRPGQSPKRLIFLVSKRDS

GVPDRFTGSGSGTDFTLKISRVEAEDVGVYYCWOQGTHFPHTVOGGGTRLELA

[0608] >IGKV2-30%02 (SEQ ID NO:84)
DVVMTQSPLSLPVTLGQPASISCRSSQSLYHSDGNTY LNWFQQRPGQSPRRLIVKVSNRD

SOVPDRFSGSGSGTDFTLEISRVEAEDVGVYYCMOQGTHWPLTFGGGTKVEIK
{0689] >hu6A10-VL v1 (SEQ 1D NO:88)
DIVMTQSPLSLPVTLGQPASISCKSSQSLLDSDGKTYLNWFQQRPGOQSPRRLIVLVSKLDS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCFGGGTKVEIK
{3610} >husA10-VL _v2 (SEQ ID NO:89)
DIVMTQSPLSLPVTLGQPASISCKSSQSLLDSDGKTY LNWERQQRPGQSPRLLIVLVSKLDS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCFGGGTKVEIK
{0611} >hu6A10-VL _v3 (SEQ ID NO:90)
DIVMTQSPLSLSVTLGEPASISCKSSQSLLDSDGKTYLNWFQQRPGQSPRLLIYEVSKLDS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCFGGGTEVEIK
{0612} The rationales for selection of the positions indicated m Table 13 in the heavy chain
variable region as candidates for substitution are as follows.

M4BIL This 13 a canonical/CDR mteracting residue, backmutated to preserve CDR

interaction.

A16G: Alais rare in human framework at this position, Gly is frequent

T69Y: Thr is rare at this position, Hle is frequent

MB8BOL: Although Met is frequent, Leu 1s most frequent at this position
{0613} Heavy chain vanable regions:

{08614} mature region of mOA 10VH amino acid sequence (SEQ 1D NO: 63)
EVQLOQQSGAELVRSGASVKLSCTASGINIKDYYIHWVKORPEQGLEWIGWIDPENDDTE
YAPKFQGRATLTTDTSSNTAYLQLSSLTSEDTAVYYCTPLDYWGQGTSVTVSS
18613} 6A10 VH Acceptor accession # ACRI61IZ (SEQ ID NG:&4)
QOVOLOESGAEVKKPGASVEVSCRASGY TFTGY YMHWVRQAPGOGLEWMGWINPNSG
DINYAQKFQGRVTTTRDTSISTAYMELSRLRSDDTAVYYCARLAARPLDYWGQGTLVT
V&S
13616} »>3F4-VH Accegsion No. 1CRY H (SEQ ID NG 27)
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KVKLQOSGAELVRSGASVKLSCTASGRNIKDY YIQWVEQRPEQGLEWIGWIDPENGNSE
YAPRFQGKATMTADTLSNTAYLQLSSLTSEDTAVYYCNADLHDYWGQOGTTLTYSS

[0617] > IGHV1-2%02 (SEQ ID NO:82)
QVOLVOQSGAEVKKPGASVKVSCKASGY TFTGY Y MHWVRQAPGOGLEWMGWINPNSG
GTNYAQOKFQGRVTMTRDTSISTAYMELSRLRSDDTAVYY CARSRRGY Y DFWSGSPEDY
WGOQGTLVTVSS

[0618] >hu6A10-VH v1 (SEQ ID NO:55)
QVOLQESGAEVKKPGASVKVSCKASGLNIKDY Y IHWVRQAPGQGLEWMGWIDPENDD
TEYAPKFQGRVTTTRDTSISTAYMELSRLRSDDTAVYYCARLDYWGQGTLVTVSS

[0619] >hubA10-VH _v2 (SEQ ID NO:86)
QVQLOQESGAEVKKPGASVKVSCKASGLNIKDYYIHWVRQAPGQGLEWIGWIDPENDDT
EYAPKFQGRVTTTRDTSISTAYMELSRLRSDDTAVYYCARLDYWGQGTLVTVSS

{0620} >huoA10-VH 3 (SEQ ID NO:87)
QVQLOESGAEVKKPGGSVEKVSCKASGLNIKDYYIHWVRQAPGQGLEWIGWIDPENDDT
EYAPKFQGRVTITRDTSISTAYLELSRERSDDTAVYYCARLDYWGOQGTLVTVSS

{0621} Example 8.  Design of Humanized 8 A4 Antibodies

10622] The starting point for monoclonal antibody 8A4 humanization 1s munine antibody 8A4.
The heavy chain variable amino acid sequence of mature 8A4 is provided as SEQ 1D NO:S1
The light chain variable amino acid sequence of mature 8A4 is provided as SEQ 1D NO:92. The
heavv chain Kabat/Chothia Composite CDRI, CDR2, and CDR3 amino acid sequences are
provided as SEQ 1D NOs:93-95 respectively. The light chain Kabat CDR1I, CBR2, and CDR3
amino acid sequences are provided as SEQ D NQOs:96-98 respectively. Kabat numbering is used

throughout.

{0623} Alignment of the variable region sequences of 8A4 with the consensus sequences of
antibody variable regions from Kabat, ef of. (Kabat EA, Wu TT, Foeller C, Perry HM,
Gottesman KS. (1991) Seguences of Proteins of Immunological Interest (3% edition). Bethesda,
MD: National Institutes of Health ) indicates that the heavy chain variable region (VH) of 8A4
belongs to mouse VH subgroup Z¢, which corresponds to human VH subgroup 1. The kappa
Light chaim varnable region (VL) of 8A4 belongs to mouse Vk subgroup 2, which corresponds to

human Vk subgroup 2.
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13624} The CDRs of 8A4 VH and VL were identified using Martin’s sequence-based CDR-
wdentification rules (Martin ACR. (2018) Protein sequence and structure analysis of antibody
variable domains. In: Kontermano R and Ditbel § {eds}. Aniibody Engineering. Heidelberg,
Germany: Springer International Publishing AG.) The CDRs were then assigned to the Chothia

canomnical classes using the summary of key residues presented in Table 3.5 of Martin:

CDR-HI1 consists of 10 amino acids and 1s stimilar to Chothia canonical class 1.
CDR-H2 consists of 17 amine acids and 18 similar to Chothia canonical class 2.
CDR-H3 consists of 3 anuno acuds; there are no classes for CDR-H3.

CDR-L1 consists of 16 amino acids and is similar to Chothia canonical class 4.

CDR-L2 consists of 7 aming acids and 1s of Chothia canonical clasg 1.

{UDR-1L3 consists of 9 amino acids and 18 similar to Chothia canonical ¢lass 1.
{8623} The residues at the interface between the Vi and Vh domains are the ones commonly
found, except that 938 1n the heavy chain is typically an alanine; therefore, this residue is
analyzed as a target for back-muutation. Simlarly, 36L in vk is typically Y or F therefore, this
residue is also analvzed for back-mutations. Additionally, hight chain CRD3 has an vnpaired

cysteine residue.

13626} A search was made over the protein sequences in the PDB database [Deshpande N et al |
{2005} Nucleic Acids Res. 33: D233-D237 ] to find structures, which would provide a rough
structural model of 8A4. The crystal structure of antibody fab (pdb code 3JAU; SEQ ID
NO:dID) {Ye X etal, (2016} #loS P

s 1 was used for the Vk structure since it had good
resolution (4.8A) and overall sequence similarity to 8A4 VK retaining the same canonical
structures for the loops. Same structwre {pdb code 3JAU; SEQ 1D N(G:109 } was also used for
the Vh structure since it had good overall sequence similanity and reasonably good resolution

{4 .8A). In addition, CDRs-HI and H2 had the same canomical structures as 8A4 Vh.

Bicluminate software was used to model a rough structure of 8A4. This software is licensed from

Schrodinger Inc.

{8627} A search of the non-redundant protein sequence database from NCBI allowed selection of
suitable human framewaorks into which to graft the murine CDRs. For Vk, a human kappa hght

chain variable region with accession#t ABA26100 [SEQ ID NGO 112 ; Rabguer. B, ctal, 2016,
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Dniferential variable gene usage between pneumococcal polvsaccharide specific B cells isolated
5-10 days and 4-6 wecks post-vaccination. Unpublished} was chosen. This has the same
canonical classes for CDR-LT and 1.2 as murine 8A4 VL. i is a member of Kabat human kappa
subgroup 2. For Vh, human heavy chain vanable region with accession# ADUS7742 [SEQ 1D
NGOG Lantto, 1, etal, 2011 7 Virol 85: 1820~1833] was chosen; 1f has same canomcal

classes as murine 8A4 VH. It i1s a member of Kabat human heavy subgroup 1.

{0628} 3 humanized heavy chain vanable region vanants and 3 humanized light cham variable
region variants were constructed containing different permutations of substitutions, hu8A4-

VH v1, huBA4-VH v2, and hu8A4-VH 3, (SEQ ID NOs: 113-115 respectively} and huBA4-
VL vl bu8A4-VL v2. and hu8A4-VL v3, (5EQ ID NOs: 116-118, respectively). (Tables 18
and 19). The exemplary humanized VL and VH designs, with backmutations and other
mutations based on selected human frameworks, are shown in Tables 18 and 19, respectively.
The bolded arcas in Tables 18 and 19 indicate the CDRs as defined by Kabat/Chothia
Composite. A “-“1in the columnps in Tables 18 and 19 indicates no residue at the mdicated
position. SEQ 1D NOs: 113-115 and SEQ 1D NOs: 116-118 contain backmutations and other
mutations as shown in Table 20, The ammo acids at positions in hu8A4-VH v1 huBA4-VH v2,
and hu8A4-VH 3 are listed in Table 21, The amino acids at positions in hu8A4-VL v1,
bu8A4-V1L. v2, and hu8A4-VL. v3 are listed in Table 22. The percentage humanness for
bumanized VH chains hu8A4-VH vi, hu8A4-VH v2, and hu8A4-VH v3, (SEQ 1D NOs: 113-
113, respectively) with respect to the most similar haman germime gene JIGHY1-2%02 (SEQ ID
NQG:82), and for humanized VL chains hu8A4-VE vl ha8A4-VL 2 and hu8A4-VL v3 (SEQ

30*02 (SEQ 1D NO:84), 1s shown i Table 23,
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Table 26

PCT/US2018/030739

YVa, YL Backmutations and Other Mutations for Humanized 844

Vgor Vi Variant

Vi or Vi Exon Acceptor

Changes from Acceptor

Sequence Framework Residues
{hased on Kabat/Chothia
Composite CDRgs)
hu8A4-VH v1 (SEQ ID Acceptor Acc. # ADUS7742 (SEQ H93
NO:113) ID NG 110)
hu8A4-YH vZ (SEQ ID Acceptor Acc. # ADUST42 (SEQ | HI12, Hié, H20, Hog, H93
NO:114) ID NG 110)
hu8A4-VH v3 (SEQ ID Acceptor Ace. # ADUST7742 (S8EQ | HI12, Hlis, H20, H48, Ho7,
NO:115) IDNG:110) Hé8, HRS
huBA4-VL vI{SEQID Acceptor Acc. # ABA26100 (SEQ Nonge
NO-116) I NG 112)
hu8A4-VL v2 (SEQID Acceptor Ace. # ABA26100 (SEQ L7

NO:117)

1D NO:112)

huSA4-VL v3 (SEQ ID
NO:118)

Acceptor Acc. # ABA26100 (SEQ
D NGO 112)

L2, L7, L36
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Table 21

PCT/US2018/030739

Kabat Numbering of Framework Residues {based on Kabat/Chothia Composite
CDRs) for Backmutations and Other Mutations in Heavy Chains of Humanized 8A4
Antibodies

o |gle |8
< =4 g g
SEREERES
R g E yull B 3 o 4
2 } WE i on B Ay
T leqld (B|IEFET
2 lsnfe~ 2l | 3
Qf. = {: Q2 == _,3: { "3:
‘B EIEEIEIERE
3 e =
2 | 2=isF T ,
Hiz | K A KiV Y
H20 1V L YV iL L
H48 M I MiM i
H67 11 A il A
H6g I N N NIiT T
H8: iD E DiD E
HI3 A g S {S A




25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

10629] Table 22

Kabat Numbering of Framework Residues (based on Kabat/Chothia Composite CDRs} for
Backmutations and Other Mutations in Light Chains of Humanized 8A4 Antibodies
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Table 23

Perceniage Humanness of Heavy and Light Chains of Humanized 8A4 Antibodies

Vaor Vi, Variant % Humanness
hu8A4-VH vi (SEQ 1D NO:113) 75.3%
hu8A4-VH v2 (SEQ ID NO:114) 75.3%
hu8A4-VH v3 (SEQ ID NG 115} 75.3%
hu8A4-VL v1I(SEQID NOG:116) 89%
huSA4-VL v2 SEQID NG HIT) 88%
hu8A4-VL v3 (SEQID NG 118) 28%

{10638} Positions at which Chothia class canonical, vemier, or interface/packing residues differ
between mouse and human acceptor sequences are candidates for substitution. Examples of
Chothia class canonical residucs melude Kabat residues H24, H26, H29, H34, H54, H55, H71,
HO4, 12, 125, 1278, L27C, L.29, L33, L34, L71, 190, L94, 193, and L97 in Tables 18 and 19
and v. Hxamples of vernier residues inclade Kabat residues H2, H27, H28 H29 H30, H47, H48,
H49, Ho7, HoY, H71, H73, H78, H93, H94, H103, L2, L4, .35, 136, 146, 147, 148, 149, Lo4,
L66, 168, 164, L71, and 198, in Tables 18 and 19. Examples ot interface/packing (VH+VL)
residues include Kabat residues H35, H37, H39, H45, H47, H91, HO93, H95, H103, L34, 136,
138, 1.44, 146, L.87, 189, L.91, L96, and L9R in Tables 18 and 19,

{8631} The rationales for selection of the positions indicated in Table 18 in the light chain
variable region as candidates for substitution are as follows.
12V 1s a backmutation of a canonical and Vermier residue.
J17E 15 a frequency based mutation as (§ is rare in human frameworks at this position
and E is most frequent.

F361. ts a backoutation of an interface and Verer residue.

108632} Light chain vanable regions:
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[8633] mature region of murine 8BA4VL (SEQ [D NO: 92)
DYVMTQTPLTLSVTIGQPASISCKSSQSLLDSDGKTYLNWLLORPGQSPRRLIYLVSKLD
SGYPDRFTGSGSGTDFTLKISRVEAEDLGVYYCOWQGTHFPCTFGGGTKLEIK

[0634] 3JAUVL (SEQ ID NO: 111)
DVLMTQTPLSLPVSLGDQASISCRSSQSIVHSNGNTY LEWYLOKPGOQSPKLLIYKVSNRF
SGVPDRFSGSGSGTDFTLKISRVEADDYGVYYCYQGSHVPY TFGGGTKLEIK

[0635] ABA26100 (SEQ ID NO: 112)
DVMTSSSVTGASSCRSSSVY SDGSTWNWRGSRRYDVSTRDSGVDRSGSGSGTDTKSRY
ADVGVYYCMDWHTGGTKK

[0636] IGKV2-30%02 (SEQ ID NO: 84)
DIVMTQSPLSLSVTLGQPASISCKSSQSLLDSDGKTY LNWFQQRPGQSPRRLIVLVSKLDS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPCTFGQGTKLEIK

{0637} huSA4-VL_v1 (SEQ ID NO: 116)
DIVMTQSPLSLSVTLGQPASISCKSSQSLLDSDGKTY LNWFQQRPGQSPRRLIVLVSKLDS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPCTFGOGTKLEIK

{0638] hu8A4-VL v2 (SEQIDNOG: 117
DIVMTQSPLSLSVTLGEPASISCRKSSOSLLDSDGKTYLNWEFQORPGOSPRRLIYLVSKLDS
GVPDRFSGRSGSGTDFTLRISRVEAEDVOVYYCWOQGTHFPCTFGOQGTRLEIK

[0639] hu8A4-VL v3 (SEQ ID NO: 118)
DVVMTQSPLSLSVTLGEPASISCKSSQSLLDSDGKTYLNWLOORPGQSPRRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPCTFGQGTKLEIK

[0644] The rationales for selection of the positions indicated m Table 19 in the heavy chain
variable region as candidates for substitution are as follows.

K12V 1s a backmutation and a frequency-based mutation as V s frequent at this position
iy human frameworks,

$16G 1s a frequency-based mutation as G 1s most frequent at this position.

V20L is a backmutation and a frequency-based mutation as L s most frequent at this
position.

M481 15 a backmutation of a Vernier residuc.

167 A 1s a backmutation of a Vernier residue.

N68T is a frequency-based mutation as T is most frequent at this position.

D85E is a frequency-based mutation as E 1s most frequent at this position in human
frameworks. A935 is a backmutation in huBA4-VHv 1 and huRA4VH-v2 of a Vernier
and mterface residue to preserve CDR packing. In hu8A4VH-v3, Kabat position is A as
A 1s most frequent at this position and § is rare.
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[8641] Heavy chain variable regions:

{8642} mature region of muringe 8A4VH (SEQ ID NO: 91)
EVQLOQQSGAELYVRPGALVKLSCKASGINIK DY YIHWVKQRPEQGLEWIGWIDPENGDT
VYDPOFQDEKANITADTSSNTAYLOQLSSLTSEGTAVYYUSTLBFWGOQGTILTYSS

[0643] 3IAUVH (SEQ ID NO: 109)
EVQLOOQSGAELVKPGASVKLSCTASGFNIKDTYTHWVKQRPEQGLEWIGKIDPANGNTE
YDPKFQDKATITADTSSNTAYLQLSSLTSEDTAVYYCANSNY WRDFDYWGQGTTLTVS
S

[0644] ADUS57742 (SEQ ID NO: 110}
OVOLOOSGAEVKKPGSSVKVSCKASGGTFSSNPVSWVRQAPGQGLEWMGGIIPFAQKY
LGAQRVRDRINITADTSTSTAYMELSGLRSDDTAVYYCATGQQLY SLHYWGQGTLVTV
88

[0645] IGHV1-2%02 (SEQ ID NO:82)
QVOLQQSGAEVKKPGSSVKVSCKASGFNIKDY Y IHWVRGQAPGQGLEWMGWIDPENGD
TVYDPQFQDRINITADTSTSTAYMELSGLRSDDTAVYYCSTLDFWGQGTLYTVSS

[0646] huS8A4-VH v1 (SEQ ID NO: 113)
QVOLQQSGAEVKKPGSSVKVSCKASGFNIKDY YIHWVRQAPGQGLEWMGWIDPENGD
TVY DPQFQDRINITADTSTSTAYMELSGLRSDDTAVYYCSTLDFWGQGTLVTVSS

[0647] huSA4-VH v2: (SEQ ID NO: 114)
QVOQLOOSGAEVVKPGGSVKLSCKASGFNIKDY YIHWVRQAPGQGLEWMGWIDPENGD
TVYDPQFQDRITITADTSTSTAYMELSGLRSDDTAVYYCSTLDFWGQGTLVTVSS

[0648] hu8A4-VH_v3 (SEQ ID NO: 115)
OVOLOOSGAEVVEKPGGSVKLSCKASGENIKDY YIHWVRQAPGOGLEWIGWIDPENGDT
VYDPOFQDRATITADTSTSTAYMELSGLRSEDTAVYYCATLDFWGQGTLVTVSS

[0649] Fxample 9. Design of Humanized 7G6 Antibodies

183658} The starting point for monoclonal antibody 7G6 humanization 1s murine antibody 7G6.
The heavy chain variable amino acid sequence of mature 7G6 is provided as SEQ ) NO:119
The light chain variable amino acid sequence of mature 746 18 provided as SEQ 1D NG: 120,
The heavy chain Kabat/Chothia Composite CBR1, CDR2Z, and CDR3 amino acid sequences are
provided as SEQ 1D NOs:121-123, respectively. The light chain Kabat CDR], CDR2, and
CDR32 amino acid sequences are provided as SEQ 1D NOs:124-126, respectively. Kabat

numbering 1s used thronghout.
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{86531} Ahlgnment of the vanable region sequences of 7G6 with the consensus sequences of
antibody variable regions from Kabat, ef af. [Kabat EA, Wu TT, Perry H, Gottesman K, Foeller
C. {1991) Sequences of Proteins of Immunological Interest, Fifth Edition. NIH Publication No.
91-32472} indicates that the heavy chain variable region {VH) of 7G6 belongs to mouse VH
subgroup 2¢, which corresponds to human VH subgroup 1. The kappa light chain variable region

(VL) of 7G6 belongs to mouse Vk subgroup 2, which corresponds to human Vk subgroup 2.

{0652} The CDRs of 7G6 VH and VL were identified using Martin’s sequence-based CDR-
wdentification rules [Martin AC, Thormton IM. (1996} Structural families in loops of homologous
proteins: automatic classification, modeling and application to antibodies. I Mol Biol. 263:800-
15.}. The CDRs were then assigned to the Chothia canonical classes using the sunumary of key
residues presented in Table 3.5 of Martin:

{DR-H1 consists of 7 amino acids and is similar to Chothia canonical class §.

CDR-HZ consists of 6 amino acids and is similar to Chothia canonical class 2.
UDR-H3 consists of 3 amino acids; there are no classes for COR-H3.

CDR-LI consists of 16 amino acids and s stmilar to Chothia canomical class 4.
CDR-L.2 consists of 7 amino acids and is of Chothia canonical class 1.
CDR-L3 consists of 9 amino acids and 15 sinular to Chothia canomnical class 1.

16653} Humanization Rationale tor Immunoglobulin Variable Domam 766

The murnne antibody Prothena-7G6 (just 7G6 hereafter) was humanized by reference to the
acceptor human antibody template denoted as 3UOT [La Porte, 5.1, ¢t al., (2012} ] Mol Biol.
421: 525-536] in the RCSB Protein Data Bank. This antibody template was identified by
antibody-specific sequence homology search, restricted to variable domain residues VL (1-110)
and VH (1-114). Homology search emploved the Schrodinger Biobuminate sofiware, version
3.1, release 2018-1. This software compares the target antibody sequence (7G6) with a
Schrodinger-curated database of human and murine variable domain sequences for which high

quality protein crystals structures have been published.
{6654} Human Antibody Template Selection

Template antibody 3UOT [3UOT VH SEQ ID NQO: 127, 3U0T_VL SEQ ID NO:138] which has
resolotion 2.5 Angstrom, was identified within a group several human antibodies that have greater than
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80% amino acid identity or similanity to 7G6 in respective variable domains VH and VL and also have

crystal structure with resolution below 3.0 Angstroms. Some other antibodics in this group incladed (by

PDE code): 4YVG, 6BOG, 4KY 1, 5TZT, 4HCR, and 5K90. 3U0T was selected because of high

sequence homology to 7G6 at the VH/VL interface positions as numbered by Kabat. VH
[35,37,39,45,47,89.91,93] and VL.{44,45,46,47.48 49]. Among these interfacial residues 7G6 and 3UOT

differ ondy at VL-45 (R vs K) and VH-93 (T vs A). Ovwerall homology variable domain homology in

Chothia-defined framework regions is in Table 24, (The Chothia framework, in contrast to Kabat,

terminates CDR-H2Z at position 38).

Table 24

Sequence homology between 7G6 and 3U0T variable domains

Donin Framework Total Identical Similar Distinct
Residues
VL 81 7 6 5
VH #9 62 13 14

10655} Similar amine acids are grouped by polarity and charge, aromaticity, hydrophobicity, or volume

and shape, for instance (LL.M, V), (8,1, (FY), (E.Q,B,N). VL has greater than 93% identity or

stimilarity i the framework and VH has greater than 84% ideptity or similarity in the framework.

Further inspection identifies the high homology for the very long light chain CDR-1. Among 20 residucs,
7 are identical and 2 are distinct, (3,Y) at VL-7D and {G,A) at VL-29. The crystal structure for 3UOT

therefore should provide an excellent reference for the shape of CDR L-1.

10656] Exemplary differences between 7G6 and 3UOT are:

[0657] Residue 89-W in VL of 7G6. This residue 15 within the VL/VH interface, where it
replaces F from 3UOT.  Initial structiral modeling with BioLuminate Antibody Prediction
vielded structures 1n which W89 had either of two side chain rotamers. Chl={ or 90 degrees.
The rotamer Chi=0 places W89 perpendicular to the VL/VH interface. In this position W9
contributes o the floor of the antigen binding pocket and has potential for van der Waals contact
with both CDR-H3 (especially Lew-95 in VH) and several of the conserved residues that
otherwise structure the VL/VH interface. The rotamer Chi=180 orient the Tryptophan side chain
paraliel to the VH/VL interface; t then has no contact to CDR-H3 but would have van der Waals
contacts with several other conserved residues that structure the VH/VL interface. Exemplary

humanized variants of 7G6 VL use the ¢ch1=0 ornientation of Trp. The invention also
188
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contemplates mutation of other framework anino acids that have van der Waals contact with

W89 at chl = 90 but not chi1=0.

10528] The highlv conserved cysting at Kabat 92H 1s nearly ubiquitous in immunoglobulin folds,
because it forms a disulfide bridge with the equally conserved Cyvs 22-Hvy that precedes CDR
H1. Nonetheless, in sequence 7436 this disulfide bridge of VH is broken by the mutation 94 Cys
to 94 Ser. Initial structural modeling with Bioluminate shows the framework residues have little
distortion derived from the missing disulfide bridge. Novnetheless, the broken disuifide bond doces
mmpart greater Hexibility to the peptide backbone at Ser-94-hvy. Exemplary humanized variants

of 7G6 VH start CDR-H3 at Ser-92 rather than Ser-94.

10528 Even with this extension by two residues, COR H3 of 7G6 antibody has only 6 amino acid
residues: STSLDF. The brevity of CDR H3 opens up the antigen-binding pocket and also
creates room for the exemplary W89 ch1=0 rotamer the light chain VL domain to pack against

the heavy chain.

{0658} The hot spots for mutations of the human acceptor sequence 3UOT are those in which the
framework residue differs from the mouse sequence AND such tramework residue also has best
potential to form van der Waals contacts to rotamers of light chain W89, These positions
melude: Heavy Chain 50W at start of CDR2 and exemplary revertant mutations at Light chain
36 (Fio L), 37{(Q to L}, 45(R to K) and 100 {Q to G). In an embodiment, the murine residue

S0W is used in the heavy chamn because it 1s part of CDR-H2.

18659} 2 humanized heavy chain variable region variants and 8 humanized light chain variable
region variants were constructed containing different permutations of substitotions, hu7G6-
VH viand hu7G6-VH_vZ (SEQ 1D NOs: 139-140, respectivelv) and h7Go-VE vl bu7G6-
VL v2, hu7G6-VL v3, ha7G6-VL v4 hu7Go6-VE v3, hu7G6-VL v6, he7G6-VL v7, and
hu7Go-VL vE, (SEQ ID NQOs: 141-148, respectively). (Tables 25 and 26). The exemplary
humanized VL and VH designs, with backmutations and other mutations based on selected
human frameworks, arc shown in Tables 25 and 26, respectively. The bolded arcas in Tables 23
and 26 indicate the CDRs as defined by Kabat/Chothia Composite. A “-" i the columns in
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Tables 23 and 26 idicates no residue at the indicated position. SEQ 1D NOs:139-140 and SEQ
1D NOs: 141-148 contain backmutations and other mutations as shown in Table 27. The amino
acids at positions in ha7G6-VH_ vl and hu7G6-VH v2 are listed in Table 28. The amino acids
at posttions i bu7G6-VL v, u7G6-VE vZ bu7G6-VL v3, hu7G6-VEL vd hu7Go6-VL v,
hu7Go-VL vo, bu7G6-VE v7, and lw7G6-VE vE are listed in Table 29. The percentage
humanness for impanized VH chams ha7G6-VH vl and li7G6-VH v2 (SEQ 1D NOs: 139-
140, respectively) with respect to the most similar human germbhine gene IGHV1-69-2*01 (SEQ
1D NG:149), and for humanized VL chains hu7G6-VL vl hu7G6-VL v2, hu7G6-VL v3,
hu7G6-VE v, hu7G6-VEL vS,, hu7G6-VL v6, bu7G6-VL v7, and hu7G6-VL v8 (SEQ ID
NOs:141-148, respectively) with respect to the most similar human germline genelGKV2Z-30%02

{SEQ 1D NOG:84), 1s shown i Table 30
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108 | 100 | CDR-H3 - - -
109 | 100A | CDR-H3 -
116 | 100B | CDR-H3 - - - -
111 {1006C | CDR-H3 - - - -
112 | 100D | CDR-H3 - - - -
113 | 100F | CDR-H3 - - - -
114 | 100F | CDR-H3 - - - -
115 | 100G | CDR-H3 - - - -
116 | 100H | CDR-H3 - - - -
s117 10061 | CDR-H3 - - . -
118 {100 | CDR-H3 - - - -
119 | 100K | CDR-H3 - - - -
120 | 161 |CDR-H3 D v D D
121 102 | CDR-H3 ¥ % F F
, . W W
122 103 | Fr4 W W
123 104 | Frd G G G G
124 | 105 | Frd Q Q Q Q
125 106 | Frd G G G G
126 | 107 | Fr4 T T T T
127 1 108 | Frd S T T T
128 | 109 | Fd / v v v
1290 | 110 | Frd T T T T
130 | 111 | Fr4 Y \ \ \
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Table 27

PCT/US2018/030739

Vi, YL Backmutations and Other Mutations for Humanized 7G6

Vyor Vi, Variant

Vu or Vi Exon Acceptor
Sequence

Changes from Acceptor
Framework Residues
{based on Kabat/Chothia
Composite CDRs}

hu7G6-VH_v1 (SEQ ID
NO:139)

Acceptor Acc. # PDB 3UOT _VH
(SEQ I NOG:137)

H12, H20, H69, H76, HTS,
H80, Hg1, Ho2, HY3

hu7G6-VH v2 (SEQ ID
NO-140)

Acceptor Acc. # PDB 3U0T _VH
(SEQ 1D NG:137)

Hi2 H20, H38, He69, HT6,
H78, H80, H81, Ho2, HO3

hu7G6-VL vl (SEQ ID
NO:141)

Ascceptor Ace. # PDB 3U0T VL
(SEQ 1D NO:138)

L12, 1103

hu7G6-VL, v2 (SEQ 1D
NO:142)

Acceptor Ace. # PDB 3U0T VL
(SEQ D NO: 138)

£12, 137, L103

hu7G6-VL,_v3 (SEQ 1D
NO:143)

Acceptor Ace. # PDB 3U0T VL
(SEQ ID NO: 138)

L12, 136, L103

hu7G6-VL v4 (SEQ ID
NO:144)

Acceptor Acc. # PDB 3U0T VL
(SEQ ID NGO 138)

L12, 136, L37, L103

hu7G6-VL v5 (SEQ ID
NO:145)

Acceptor Acc. # PDB 3U0T_VL
(SEQ ID NO: 138)

LE2, 145, 1163

hu7G6-VL_v6 (SEQ 1D
NO:146)

Acceptor Ace. # PDB 3U0T VL
(SEQ D NO: 138)

L12, 136, 137, 145, L103

hu7G6-VL v7 (SEQ ID
NO:147)

Acceptor Ace. # PDB 3UOT_VL
(SEQ 1D NO: 138)

L12, L1606, L1G3
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Vaor Vi Variant

Vi or Vi Exon Acceptor
Sequence

Changes from Acceptor
Framework Residues
{based on Kabat/Chothia
Composite CDRs)

hu7G6-VL_v8 (SEQ ID

NO:148)

Acceptor Ace. # PDB 3U0T VL
(SEQ 1D NG1138)

L1z, 136, L37 L10G, L103

Table 28

Kabat Nomberiong of Framework Residues {(based o Kabat/Chothia Composite CDRs) for
Backemutations and Other Mutations in Heavy Chains of Humanized 746 Antibodies

<
m [S0 o —
= 2 ~ & o~
=+ :F: Cy E r>| - )g ":"
g o B = = 9 il
= ¢ oo o > Z
= e DN Yo &=
o B o 2o =g =g
2 g5 £ Z = @ = @
< [&] D g_:) = o) e’ ~’
o0 < on 2 =
Hi2 K Vv V v
H20 L L T
H38 R K R K
H69 M I I I
H76 S N N N
H78 A% A A
H80 M L L L
H81 E 0 Q Q
Ho9?2 C g S S
H93 T T T
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Table 29
Kabat Numbering of Framework Residues (based on Kabat/Chothia Composite CDRs} for

610C AON §C

Backmutations and Other Mutations in Light Chains of Humanized 7G6 Antibodies
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Table 36

Percestage Humanness of Heavy and Light Chains of Humanized 7G6 Antibodies

Ya or Vi Variant % Humangess
hu7G6-VH v (SEQ ID NG 139) 77.9%
hu7G6-VH v2 (SEQ 1D NG 140} 76.8%
hu7G6-VL v (SEQID NG 141 89.0%
hu7G6-VE v2 (SEQ 1D NG 142) 88.0%
hu7G6-VL v3 (SEQ 1D NG 143) %8.0%
hu7G6-VL v4 (SEQ 1D NG 144) 87.0%
hu7Go6-VL v3 (SEQ ID NO:145) 88.0%
bu7G6-VL v6 (SEQ ID NG: 146) 86.0%
he7G6-VL v7 (SEQ 1D NO:147) §9.0%
hu7G6-VEL v8 (SEQ 1D NO:148) 87.0%

10660} Positions at which Chothia class canonical, vernier, or mterface/packing residues differ
between mouse and human acceptor sequences are candidates for substitufion. Examples of
Chothia class canonical residues mclade Kabat residue L2 1 Tables 25 and 26, Examples of
vernier residues include Kabat residues H66, H67, HE9, and 149 in Tables 25 and 26, Examples
of mterface/packing (VH+VL) residues include Kabat residues H35, H37, H39, H45, H47, HS3,
HOS5, H97, H103, L34, 136, 139, 1L.44, 145, 146, 187, LE9, 191, L96, and 198, in Tables 25 and
26.

{8661} The rationales for selection of the positions mdicated in Table 25 in the hight chamn
variable region as candidates for substitution are as follows.
P12S is a frequency based mutation as P is rare in human frameworks at this position.
F36L is a backmutation of an interface residue.
(3371 Based upon structure model Leu potentially could interfere with W89 (VL) and
VH CBR-H3 93Leu, thercfore a backmutation 1s tested.

R45K 1s a backmutation of an interface residue.
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Q100G Q potentially can interfere with W89 (VL), therefore, Q100G backmutation is
tested.

R103K 1s a frequency-based mutation as R is rare in human frameworks at this position.

8662} Light chain variable regions:

[0663] murine mAb7G6 VL (SEQ ID NO: 120)
DVVMTQTPLTLSVTIGOPA SISCKSTQSLLDSDGK TYLNWLLORPGQSPKRLIVLVSKLD

SGVPDRFTGSGSGTDFTLKISRVEAEDLGVYYCWOQGTHFPY TRGGGTRLEIKR

[0664] Human VL Acceptor PDB 3UOT VL (SEQ ID NO: 138)
DVVMTQSPLSLPVTLGOPASISCKSSQSLLY SDAKTYLNWFQQRPGQSPRRLIY QISRLDP
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCLQGTHYPYLFGQGTRLEIKR

[8665] human germline sequence IGKV2-30%02 (SEQ 1D NO: 84)
DYVMTQSPLSLPVTLGQPASISCRSSQSLVHSDGNTYLNWFEFQQRPGOSPRRLIVEKVSNRD
SGYPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOQGTHWPLTFGGGTKVEIK

[0666] hu7G6-VL _v1 (SEQ ID NO: 141)
DVVMTQSPLSLSVTLGQPASISCKSTQSLLDSDGKTY LNWFQQRPGQSPRRLIVLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPY TFGOGTKLEIKR

[0667] hu7G6-VL v2 (SEQ ID NO: 142)
DVVMTQSPLSLSVTLGQPASISCKSTOSLLDSDGKTY LNWFLORPGOQSPRRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPY TFGQGTKLEIKR

[0668] hu7G6-VL_v3 (SEQ ID NO: 143)
DVVMTQSPLSLSVTLGOPASISCKSTQSLLDSDGETYLNWLQQRPGOSPRRLIVLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGYVYYCWQGTHFPY TFGQGTKLEIKR

[0669] hu7G6-VL_v4 (SEQ ID NO: 144)
DVVMTQSPLSLSVTLGQPASISCKSTQSLLDSDGKTYLNWLLQRPGQSPRRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPY TFGOGTKLEIKR

{0670} hu7G6-VL_v5 (SEQ ID NO: 145)
DVVMTQSPLSLSVTLGQPASISCKSTOSLLDSDGKTY LNWFQORPGQSPKRLIYLYSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPY TFGQGTKLEIKR

[0671] hu7G6-VL_v6 (SEQ ID NO: 146)
DVVMTQSPLSLSVTLGOPASISCKSTQSLLDSDGETYLNWLLORPGQSPKRLIVLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGYYYCWQGTHFPY TFGQGTKLEIKR
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[0672] hu7G6-VL_v7: (SEQ ID NO: 147)
DVVMTQSPLSLSVTLGQPASISCKSTOSLLDSDGKTY LNWFQORPGQSPRRLIVLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPY TFGGGTKLEIKR

10673} hu7G6-VEL vE (SEQ ID NO: 148)
DVVMTQSPLSLSVTLGQPASISCKSTOSLLDSDGKTYLNWLLORPGQSPRRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVOGVYYCWQOGTHFPYTFGGGTRLEIKR
{0674} The rationales for selection of the positions indicated m Table 26 in the heavy chain
variable region as candidates for substitution are as follows.
K12V 18 a frequency-based backmutation as V 18 found more often than K at this
posiiion,
V20L is a frequency-based backmutation as L 1s found more often than V at this position.
R38K: structure model predicts that Arg could mterfere with Tyr91 and could potentiaily

be stabilizing residue, but will also test Lys as backmutation.

M69] 15 a frequency-based backmutation as 1 is found more often than M at this position
m human frameworks and is in proxinuty to CDR-H2. .

876N is a frequency-based backmutation as N is found more often than S at this position
iy human frameworks,

YV78A 1s a frequency-based backmutation as A is found more often than V at this position
in human frameworks,

MB8OL is a frequency-based backnustation as L is found more often than M at this position
in human frameworks,

E81Q 15 a frequency-based backmutation as @ 1s found more ofien than E at this position
in human frameworks,

C92S: In the murine sequence Ser is present. Normally Cyvs at this position forms a
disulfide bond but that bond 1s broken in murine potentially implving flexibility. In order
to conserve CDR loop flexibility, conserve Ser at this position by making C928

backmutation.

A93T s a backmutation of an interface residue
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Heavy chain variable regions:

18675] murine mAb7G6 VH (SEQ ID NG: 119)
EVQLOOSGAFLVRPGALVEKLSCKASGINIKDYYIHWVKOQRPEQGGLEWIGWIDPENGET
VYDPKFQGRKASITSDTSSNTAYLOQLRSLTSEDTAVYYSTSLDFWGQGTSYTVSS

{0676} Human VH Acceptor DB 3UOT_VH (SEQ ID NO: 137)
QVQLVQSGAEVKKPGASVKVSCKASGYYTEAYYIHWVRQAPGOGLEWMGRIDPATGN
TKY APRLODRVTIMTRDTSTSTVYMELSSLRSEDTAVYYCASLY SLPVYWGQGTTVIVS
S

18677} human germline sequence IGHV1-69-2%01 (SEQ ID NO: 149)

EVQLOQSGAELVRPGALVKLSCKASGENIK DY YIHWVEQRPEQGLEWIGWIDPENGE
TVYDPKFQGKASITSDTSSNTAYLQLRSLTSEDTAVYYSTSLDFWGQGTSVTVSS

[0678] hu7G6-VH_v1 (SEQ ID NO: 139)
QVOLVQSGAEVVKPGASVKLSCKASGENIKDY Y IHWVRQAPGQGLEWMGWIDPENGE
TVYDPKFQGRVTITRDTSTNTAYLOQLSSLRSEDTAVYYSTSLDFWGQGTTVIVSS

{0679] hu7G6-VH_v2 (SEQ ID NO: 140)
QVOLVQSGAEVVKPGASVKLSCKASGFNIKDY Y IHWVKQAPGQGLEWMGWIDPENGE

TVYDPKFQGRVTITRDTSTNTAYLQLSSLRSEDTAVYYSTSLDFWGQGTTVTVES
{0680} Example 10 Epitope Mapping of 5G8, 64106, 8A4, 7G6 and 3D6

10681} Overlapping biotinylated peptides spanning the length of the 4RON isoform of tan (383
amino acids) were bound to wells of a streptavidin-coated ELISA plate. The plate was washed
and blocked, and murine forms of antibodies 5G8, 6A 10, 8A4, 7(G6 and 3D6 were apphed. After
washing, a horseradish peroxidase-conjugated anti-mouse antibody was applied to the plate,
followed by treatment with OPD {(o-phenyienedianmune dibydrochloride} to allow color
development. The plate was read at 450 nm absorbance, with background from wells omitting
primary antibody used as a blank subtraction. For antibodies 5G8, 6A10, 8A4, 7(G6 and 3D6,
positive binding was detected with peptides spanning amino acids 199-213 and 262-276 of SEQ
1D NO:3. These peptides correspond to anuno acids 257-271 and 315-329 in the full-length

4RZN human tau protein.

210



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

Listing of Sequences

[0682] P10636-5 (SEQ ID NO:1)

MAEPRQEFEVMEDHAGTYGLGDRKDQGGY TMHODQEGDTDAGLKESPLOQTPTEDGSE
EPGSETSDAKSTPTAEDVTAPLYDEGAPGKQAAAQPHTEIPEGTTAEEAGIGDTPSLEDE

AAGHVTQARMVSKSKDGTGSDDKKAKGADGKTKIATPRGAAPPGOKGQANATRIPAK
TPPAPKTPPSSGEPPKSGDRSGY SSPGSPGTPGSRSRTPSLPTPPTREPKKVAVVRTPPKSP

SSAKSRLOTAPYPMPDLENVKSKIGSTENLKHQPGGGKVQIINKKLDLSNVQSKCGSKD

NIKHVPGGGSVOIVYKPVDLSKVTSKCGSLGNIHHK PGGGQVEVKSEKLDFKDRVOSKT

GSLDNITHVPGGGNEKIETHKLTFRENAKAKTDHGAETVYKSPVVSGDTSPRHLSNVSST
GSIDMVDSPOLATLADEVSASLAKQGL

[0683] P10636-7 (SEQ ID NO:2)
MAEPRQEFEVMEDHAGTYGLGDRKDQGGY TMHQDOEGD TDAGLKESPLQTPTEDGSE
EPGSETSDAKSTPTAEAEEAGIGDTPSLEDEAAGHVTQARMYSKSKDGTGSDDKKAKG
ADGKTKIATPRGAAPPGOKGOANATRIPAK TPPAPKTPPSSGEPPKSGDRSGY SSPGSPG
TPGSRSRTPSLPTPPTREPKKVAVVRTPPKSPSSAKSRLOTAPVPMPDLKNVKSKIGSTEN
LKHQPGGGKVOIINKKLDLSNVQSKCGSKDNIKHVPGGGSVOIVYKPYVDLSKVTSKCGS
LGNIHHKPGGGQVEVKSEKLDFKDRVQSKIGSLDNITHVPGGGNKKIETHKLTFRENAK
AKTDHGAEIVYKSPVVSGDTSPRHLSNVSSTGSIDMVDSPOLATLADEVSASLAKQGL

[0684] P10636-6 (4RON human tau) (SEQ ID NO:3)
MAEPRQEFEVMEDHAGTYGLGDRKDOQGGY TMHODQEGD TDAGLKAEEAGIGDTPSLE
DEAAGHVTQARMVSKSKDGTGSDDKKAKGADGKTKIATPRGAAPPGOKGOANATRIP
AKTPPAPKTPPSSGEPPKSGDRSGY SSPGSPGTPGSRSRTPSLPTPPTREPKKVAVVRTPPK
SPSSAKSRLQTAPVPMPDLKNVKSKIGSTENLKHQPGGGKVQINKKLDLSNVQSKCGS
KDNIKHVPGGGSVOIVYKPVDLSKVTSKCGSLGNIHHK PGGGQVEVKSEKLDFKDRVQ
SKIGSLDNITHVPGGGNKEIETHKLTFRENAKAK TDHGAEIVYKSPVVSGDTSPRHLSNY
SSTGSIDMVDSPOLATLADEVSASLAKQGL

{0685] P10636-5 (SEQ 1D NO:4)

MAEPRQEFEVMEDHAGTYGLGDREKDQGGY TMHODQEGDTDAGLEKESPLOTPTEDGSE
EPGSETSDAKSTPTAEDVTAPLVDEGAPGKQAAAQPHTEIPEGTTAEEAGIGDTPSLEDE
AAGHVTQARMVSKSKDGTGSDDKKAKGADGKTKIATPRGAAPPGOKGOANATRIPAK
TPPAPKTPPSSGEPPKSGDRSGY SSPGSPGTPGSRSRTPSLPTPPTREPKKVAVVRTPPKSP
SSAKSRLOTAPYPMPDLENVESKIGSTENLKHQOQPGGOKVQIVYKPVDLSKVTSKCGSLG
NIHHEKPGGGQVEVKSEKLDFKDRVQSKIGSLDNITHVPGGONKKIETHKLTFRENAKAK
TDHGAEIVYKSPVVSGDTSPRHLSNVSSTGSIDMVDSPOQLATLADEVSASLAKQGL

[0686] P10636-4 (SEQ ID NO:5)

MAEPRGEFEVMEDHAGTYGLGDREKDOGGY TMHODQEGDTDAGLKESPLOTPTEDGSE
EPGSETSDAKSTPTAEAEEAGIGDTPSLEDEAAGHVTQARMVSKSKDGTGSDDKKAKG

ADGKTKIATPRGAAPPGOKGQANATRIPAKTPPAPKTPPSSGEPPKSGDRSGYSSPGSPG

TPGSRSRTPSLPTPPTREPKKVAVVRTPPKSPSSAKSRLOTAPVPMPDLEKNVKSKIGSTEN
LKHQPGGGKVQIVY KPVDLSKVTSKCGSLGNIHHKPGGGQVEVKSEKLDFKDRVQSKI
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GSLDNITHVPGOGONKKIETHELTFRENAKAKTDHGAEIVYKSPVVSGDTSPRHLSNVSST
GSIDMVDSPQLATLADEVSASLAKQGL

[0687] P10636-2 (SEQ ID NO:6)
MAEPRQEFEVMEDHAGTYGLGDRKDOQGGY TMHODQEGD TDAGLKAEEAGIGDTPSLE
DEAAGHVTQARMVSKSKDGTGSDDKKAKGADGKTKIATPRGAAPPGOKGOANATRIP
AKTPPAPKTPPSSGEPPKSGDRSGY SSPGSPGTPGSRSRTPSLPTPPTREPKKVAVVRTPPK
SPSSAKSRLQTAPVPMPDLKNVKSKIGSTENLKHQPGGGKVOQIVYKPVDLSKVTSKCGS
LGNIHHKPGGGOVEVKSEKLDFKDRVQSKIGSLDNITHVPGGGNKKIETHKLTFRENAK
AKTDHGAEIVYKSPYVVSGDTSPRHLSNVSSTGSIDMVDSPQLATLADEVSASLAKQGL

{0688} SEQ ID NO:7; Murine 5G8 VH amino acid sequence without signal peptide
EVRLOQSGAELVRSGASVRLSCTASGFNIKDYYMHWVRQRPEQGLEWIGWIDPENGDT
VYAPKFQGKATMTSDTSSNTAYLHLSSLUTSEDTAVYYCSPLDFWGQGTTLTVSS

{0685} SEQ ID NO:§; Murine 5G8 VL amino acid sequence without signal peptide
DVVMTQTPLTLSVTIGQPASISCKSSQSLLDSDGKTYLNWLLORPGOQSPKRLIYLVSKLD
SGVPDRFTGSGSGTDFTLEIRRVEAEDLGVYYCWQGTLFPY TFGGGTKLEIKR

3690} SEQ ID NO:9: Nucleotide sequence encoding murine 5G8 VH amino acid sequence with
signal peptide

ATGAAATGCAGUTGGGTCATCTTCTTCCTGATGOCAGTGGTTATAGGAATCAATTCA

GAGGTTCAGCTGCAGCAGTCTGGGUGCAGAGCTIGTGAGGTCAGGGGCCTCAGTCAG

GTTGTCCTGCACAGCTTCTGGUTTCAACATTAAGGACTACTATATGCACTGGUGTGAG

GCAGAGGCCTGAACAGGGCUTGGAGTGGATTGGATGOATTGATCCTGAGAATGOTG
ATACTGTATATGCCCCGAAGTTCCAGGGCAAGGCCACTATGACTTICAGACACATCCT
CCAACACAGCCTACCTGCACCTCAGCAGCCTGACATCTGAAGACACTGCCGTICTATT
ACTGTAGCCCCCTTGACTTICTGOGOGGCCAAGGCACCACTCTCACAGTUTCCTCA

18691} SEQ ID NO:10: Nucleotide sequence encoding murine 5G8 VL amino acid sequence
with signal peptide:

ATGATGAGTCCTGCCCAGTICCTGTTTCTGTTAGTACTCTGGATICGGGAAACCAAC
GGTGATGTTGTGATGACCCAGACTCCACTCACTTIGTCGGTTACCATIGGACAACCA
GUCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTTAGATAGTGATGGAAAGACATAT
TTGAATTGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTG
TCTAAACTGGACTCTGGAGTCCCTGACAGGTTCACTGGCAGTGGATCAGGGACAGAT
TTCACACTGAAAATCCGCAGAGTGGAGGCTGAGGATTTGGGAGTTTATTATIGCTGG
CAAGGTACACTTITITCCGTACACGTTICGGAGGGGGGACCAAGCTGGAAATAAAACG
G
10692} SEQ ID NO: 11 Murine 3G8 Kabat/Chothia Composite HCDR-1
GFNIKDYYMH

{0693] SEQ ID NO:12: Murine 5G8 Kabat HCDR-2
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WIDPENGDTVYAPKFQG

[0694] SEQ 1D NO:13: Murine 5G8 Kabat HCDR-3
LDF

18695] SEQ ID NGO 14: Murine 3G8 Kabat LCDR-1
KSSQSL LDSDGKTYLN

{0696] SEQ ID NO:15: Murine 5G8 Kabat LCDR-2
LYSKLDS

{0697] SEQ ID NO: 16 Murine 5G8 Kabat LCDR-3
WQGTLFPYT

[3698] SEQ ID NO: 17 Murine 5G8 Kabat HCDR-1
DYYMH

[0699] SEQ ID NQO: 18 Murine 5G8 Chothia HCDR-1
GFNIKDY

[8708] SEQ ID NO: 19 Murnne 5G8 Contact HCDR-1
KDYYMH

{0781} SEQ 1D NO:20 Murine 5G8 Chothia HCDR-2
DPENGD

{0702} SEQ ID NO:21 Murine 5G8 AbM HCDR-2
WIDPENGDTY

19763} SEQ ID NGO:22 Murine 5G8 Contact HCDR-2
WIGWIDPENGDTVY

[0704] SEQ 1D NO:23 Murime 3G8 Contact HCDR-3
SPLD

{0705] SEQ ID NG:24 Murine 5G8 Contact LEDR-1
KTYLNWL

{4706} SEQ ID NO:25 Murine 5G5 Contact LCDR-2
RLIYLVSKLD

197671 SEQ ID NO:26 Murine 5G8 Contact LCDR-3
WOGTLEPY

[0708] SEQ ID NO:27 >3F4-VH
213
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KVKLQOSGAELVRSGASVKLSCTASGRNIKDY YIQWVEQRPEQGLEWIGWIDPENGNSE
YAPRFQGKATMTADTLSNTAYLQLSSLTSEDTAVYYCNADLHDYWGQOGTTLTYSS

[0709] SEQ ID NO:28 >aDabi-Fab2b-VH
QVOLVOSGAEVKKPGASVKVSCKASGY TFTDY Y MHWVRQAPGOGLEWMGETNPRNG
GTTYNEKFKGKATMTRDTSTSTAYMELSSLRSEDTAVYYCTIGTSGY DY FDYWGQGTL
VIVSS

[0716] SEQ ID NO:29 >IGHV-46
QVOLVQSGAEVKKPGASVKVSCKASGY TFTSYYMHWYRQAPGQGLEWMGHNPSGGS
TSY AQKFQGRVTIMTRDTSTSTVY MELSSLRSEDTAVYYCAR

{0711] SEQ ID N(G:30 >3F4-VL
DVVMTQTPLSLSVTIGOPASISCESSQSLLDSDGKTYLIWVFQRPGOSPERLIFLVSKRDS
GVPDRFTGSGSGTDFTLRKISRVEAEDVGVYYCWQGTHFPHTVGGGTRLEIA

[0712] SEQ ID NO: 31 >aDabi-FabZb-VL
DIVMTQTPLSLSVTPGQPASISCRSSQSIVHSDGNIY LEWYLQKPGQSPKLLIYKVSYRFS
GVPDRFSGSGSGTGFTLKISRVEAEDVGVY YCFQASHVPYTFGGGTKLEIK

10713} SEQ ID NO: 32 >IGKV2-29
DIVMTQTPLSLSVTPGQPASISCKSSOSLLHSDGRIY LY WY LQKPGQSPOLLIYEVSSRES
GVPDRFSGRGSGTDFTLKISRVEAEDVOYVYYCMQGIHLP

10714] SEQ ID NO:33 > huSG8-VH vl
QVOLVQSGAEVEKPGASVEVSCRASGINIKDYYMHWVRQAPGQGLEWMGWIDPENG
DTVYAPKFQGRKATMTRDTSTSTAYMELSSLRSEDTAVYYCTILDFWGOQGTLVTVSS

[0715] SEQ ID NO:34 > huSG8-VH 2
QVOLVOSGAEVKKPGASVKVSCKASGENIKDY Y MHWVRQAPGOGLEWIGWIDPENGD
TVY APKFQGKATMTSDTSTSTAYMELSSLRSEDTAVYYCSPLDFWGQGTLVTVSS

[0716] SEQ ID NO:35 huSG8-VH_v3
EVOLVQSGAEVKKPGASYKVSCKASGFNIKDYY MHWVRQAPGQGLEWIGWIDPENGD
TVY APKFQGKATMTSDTSTSTAYMELSSLRSEDTAVY Y CSPLDFWGQGTLYTVSS

[0717] SEQ ID NO:36 > husGS-VH_v4
EVOLVQSGAEVKKPGASVKVSCKASGFNIKDYYMHWVRQAPGQGLDWIGWIDPENGD
TVY APKFQGKATMTSDTSTSTAYMELSSLRSEDTAVYYCSPLDFWGQGTLVTVSS

[0718] SEQ ID NO:37 > hu5G8-VH_v5
EVOLVQSGAELVKPGASVRLSCKASGFNIKDY Y MHWVROAPGQGLDWIGWIDPENGD
TVY APKFOGKATMTSDTSTNTAY LELSSLRSEDTAVYYCSPLDFWGQGTLVTVSS
[0719] SEQ ID NO:38 > hu5G8-VH_v6
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EVQLVQSGAELVEKPGASVRLSCAASGRNIKDY Y MHWVRQAPGQGLDWIGWIDPENGD
TVY APKFQGKATMTSDTSTNTAYLELSSLRSEDTAVYYCSPLDFWGQOTLVTVSS

[0726] SEQ ID NO:39 > huSG8-VH_v7
QVOLVOQSGAEVKKPGASVKVSCKASGFNIKDY YMHWVRQAPGQGLEWMGWIDPENG
DTVYAPKFQGRVTMIRDTSTSTVYMELSSLRSEDTAVYYCARLDFWGQGTLVTVSS

{4721} SEQ ID NO:40 > huSG8-VH_v§
EVQLVQSGAEVKKPGASVKVSCKASGFNIKDY YMHWVRQAPGQGLDWIGWIDPENGD
TVYAPKFQGRVTMTSDTSTSTVYMELSSLRSEDTAVY YCSPLDFWGQGTLYTVSS

[0722] SEQ ID NO:41 > hu5G8-VL vi
DIVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTYLNWY LQKPGQSPKLLIYLVSKLD
SGVPDRFSGSGSGTGFTLKISRVEAEDVGVYYCWQGTLFPYTFGGGTKLEIK

[0723] SEQ ID NO:42 > hu5G8-VL_v2
DVVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTY LNWLLOKPGQSPKRLIYLVSKLD
SGVPDRFSGSGSGTGFTLKISRVEAEDVGVYYCWQGTLFPY TFGGGTKLEIK

[0724] SEQ ID NO:43 > huSGS-VL_v3
DVVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTY LNWLLOKPGQSPKRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRYEAEDVGVYYCWQGTLEPY TRGGGTKLEIK

[0725] SEQ ID NO:44 > hu5G8-VL_v4
DVVMTQSPLSLSVTPGEPASISCKSSQSLLDSDGKTY LNWLLQKPGQSPKRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTLFPYTFGGGTKLEIK

{0726} SEQ ID NO:45 > husG8-VL_v5
DIVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTY LNWY LQKPGQSPOLLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWOQGTLEPY TEFGGGTKLEIK

[0727] SEQ ID NO:46 > huSGS-VL_v6
DVVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTY LNWLLOKPGQSPORLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRYEAEDVGVYYCWQGTLEPY TRGGGTKLEIK

{0728} SEQ 1D NO:47 > Murine 5G8 VH amino acid sequence with signal peptide
MKCSWVIFFLMAVVIGINSEVOLQQSGAELVRSGASVRLSCTASGFNIKDY YMHWVRQ
RPEQGLEWIGWIDPENGDTVYAPKFGGRKATMTISDTSSNTAYLHLSSLTSEDTAVYYCSP
LDFWGQGTTLTVSS

{0729] SEQ 1D NO:48 > Murine 5G8 VL amine acid sequence with signal peptide
MMSPAQFLFLLVEWIRETNGDVVMTQTPLTLSVTIGQPASISCKSSQSLLDSDGKTYLN
WLLORPGQSPKRLIYLVSKLDSGVPDRFTIGSGSGTDFTLKIRRVEAEDLGVYYCWQGTL
FPYTFGGGTKLEIK
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[6736] SEQ ID NO: 49 > m6A10VH amino acid sequence:
MKCSWVIFFLMAVVIGINSEVQLOQQSGAERLVRSGASVKLSCTASGINIKDYYIHWVKQR
PEQGLEWIGWIDPENDDTEY APKFQGRATLTTDTSSNTAY LOQLSSUTSEDTAVYYCTPLD
YWGQGTSVTVSS

108731} SEQ ID NO: 50 .m6AT0VL amino acid sequence:
MMSPAGFLFLLYVLWIRETNGDBVVMTQTPLTLSVTIGQPASISCKSSGSLLDSDGKTYLN
WLLORPGQSPRKRUYLVSKLDSGVPDRFTGSGSGTDFTLEISRVEAEDLGVYYCWQGTH
FPYTFGGGTKLEIKR

10732} SEQ ID NO: 51 :.m7G6VH amino acid sequence:
MEKCSWVIFFLMAVVTGYNSEVQLOOSGAELVRPGALVKLSCKASGFNIKDYYIHWVKQ
RPEQGLEWIGWIDPENGETVYDPKFQGKASITSDTSSNTAYLQLRSLTSEDTAVYYSTSL
DFWGQGTSVTVSS

10733} SEQ ID NO: 52 m7GOoVE amino acid sequence:
MMSPAQFLFLLVLWIRETNGDVVMTQTPLTLSVTIGQPASISCKSTOSLLDSDGKTYLN
WLLORPGOSPKRUIYLYVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDLGVYYCWQGTH
FPYTFGGGTKLEIKR

{8734} SEQ ID NO: 33 m8A4VH amino acid sequence:
MEKCSWVIFFLMAVVTGVNSEVQLOOSGAELVRPGALVEKLSCKASGFNIKDYYIHWVKQ
RPEQGLEWIGWIDPENGDTVYDPQFODRKANITADTSSENTAYLQLSSLTSEGTAVYYCST
LODFWGQGTTLTYSS

18735} SEQ ID NO: 54 m8A4VLE amuino acid sequence:
MMSPAQFLFLLVLWNRETNGDVVMTQTPLTLSVTIGQPASISCKSSGSLLBSDGRTYLN
WLLOQRPGOSPRRLUIYLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDLGVYYCWOQGTH
FPCTFGGGTRLEIKR

18736} SEQ ID NO:55, Murine 3D6 VH amino acid sequence:
EVRLOQSGADLVRPGALVKLSCKASGFNIKDYY LHWVROQRPEQGLEWIGWIDPENGDT
VYDPKFQGKATITADTSSNTAYLGLGSLTSEDTAVYFCSTLDFWGQGTTLTVSS

10737} SEQ 1D NO:56; Murine 3136 Kabat/Chothia HCDR:
GFNIKDYYLH

18738] SEQ ID NG:57; Murine 3D6 Kabat HCDR2:
WIDPENGDTVYDPKFQG

{0739] SEQ 1D NO:38; Murine 3D6 Kabat HCDR3:
LDF

18740} SEQ ID NO:59; Murine 3D6 VL amino acid sequence:
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DVVMTQTPLTLEVTIGQPASISCKSSQSLLDSDGRKTY ENWLLQRPGQSPKRLIYLVSKLD
SGVPDRFTGSGSGTDFTLKISRVEAEDLGVYYCWOQGTHFPY TRGGGTRLEIKR

18741} SEQ ID NGO:60; Murine 3D6 Kabat LCDRL:
KSSOSLLDSDGKTYLN

18742} SEQ ID NO: 61 ; Murine 3D6 Kabat LCDR2:
LVSKLDS

{0743} SEQ 1D NO:62 ; Murine 306 Kabat LCDR3:
WQOTHFPYT

18744} SEQ ID NO: 63 mature region of m6A10VH amino acid sequence:
EVGLGOSGAELVRSGASVKLSCTASGINIKDYYIHWVKQRPEQGLEWIGWIDPENDDTE
YAPKFQGRATLTTDTSSNTAYLQLSSLTSEDTAVYYCTPLDYWGQGTSVTVSS

10745] SEQ ID NO: 64 :mature region of m6A10VL amino acid sequence:
DVVMTOTPLTLSVTIGOPASISCKSSOSLLDSDGKTY LNWLLORPGOSPKRLIYLYVSKLD
SGVPDRFTGSGSGTDFTLKISRVEAEDLGVY YCWOQGTHRPYTRFGGGTRLEIK

{8746} SEQ ID NO: 65 Munne 6A10 Kabat/Chothia composite COR-H1L:
GLNIKDYYIH

{0747] SEQ ID NG:66 Murine 6A10 Kabat CDR-HZ:
WIDPENDDTEYAPKFQG

[3748] SEQ ID NO: 67 Munne 6A10 Kabat CDR-H3:
Loy

18749] SEQ ID NO: 68 Murine 6A10 Kabat CDR-L1:
KSSOQSLLDSDGKTYLN

10750} SEQ ID NO: 69 Murnne 6A10 Kabat CDR-L2:
LYSKLDS

{0751] SEQ ID NO: 70 Munne 6A10 Kabat CDR-L3:
WQOTHFPYT

[3752] SEQ ID NGO: 71 Munne 6A10 Kabat CDR-H1:
DYYIH

19753} SEQ ID NO: 72 Murine 6A10 Chothua CDR-HL:
GLNIKDY

{8754} SEQ ID NO: 73 Munne 6A10 Contact CDR-HI:
217
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KDYYIH

[O7585] SEQ 1D NO:74 Murine 6A10 Chothia CDR-H2:
DPENDD

19756] SEQ ID NO:75 Murine 6A10 AbM CDR-HZ:
WIDPENDDTE

10757] SEQ ID NO:76 Murne 6A10 Contact CDR-H2:
WIGWIDPENDDTE

{0758] SEQ ID NO:77 Murine 6A10 Contact CDR-H3:
TPLD

{3759} SEQ ID NO: 78 Murine 6A10 Contact CDR-L1:
KTYLNWL

[8768] SEQ ID NG: 79 Murine 6A10 Contact CDR-L2:
RLIYLVSKLD

{8761} SEQ ID NO: 80 Munne 6A10 Contact CDR-L3:
WOGTHFPY

10762} SEQID NO: 81 6A10 VH Acceptor accession # ACRIG1IZ:
QVQLOESGAEVKKPGASVKVSCKASGYTFIGY YMHWVRQAPGQGLEWMGWINPNSG
DINYAQKFQGRVTTTRDTSISTAYMELSRLRSDDTAVYYCARLAARPLDYWGOQGTLYT
V&S

{3763} SEQ 1D NO: 82 human germline sequence IGHY 1-2*02:
QVOLVOSGAEVKKPGASYRKVSCKASGYTFIGY Y MHWVROQAPGOGLEWMGWINPNSG
GINYAQKFQGRVTMTRDTSISTAYMELSRERSDDTAVYYCARSRRGYYDFWSGSPEDY
WGQOGTLVTVSS

[0764] SEQ ID NO: 83 6A10 VL Acceptor accession #ABL66863:
DIVMTOQSPLSLPVTLGOPASISCRSSQSLVY SDGNTYLNWFQOQRPGQSPRRLIYKVSNRD
SGYPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOQGTHRPLTFGGGTKVEIK

18765} SEQ ID NO: 84 human gembine sequence IGKV2-30%02;
DVVMTQSPLSLPYVTLGQOPASISCRSSQSLVHSDOGNTYLNWFQOQRPGOQSPRRLIVKVSNRD
SGVPDRFSGSGSGTDFTLEISRVEAEDVOGVYYCMOQGTHWPLTFGGGTKVEIK

{0766} SEQ ID NO: 85 hubA10-VH_ vi:

OVOLOQESGAEVRKKPGASVRKVSCKASGINIKDYYIHWVRQAPGOGLEWMGWIDPENDD
TEYAPKFQGRVTTTRDTSISTAYMELSRERSDDTAVYYCARLDYWGQGTLVTVSS
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{4767} SEQ ID NO: 86 hu6A10-VH v
QVQLQESGAEVKKPGASVKVSCKASGLNIKDYYIHWVRQAPGQGLEWIGWIDPENDDT
EYAPKFQGRVTTTRDTSISTAY MELSRLRSDDTAVYYCARLDYWGQGTLVTVSS

[0768] SEQ ID NO: 87 huSAI0-VH v3:
OQVQLOESGAEVKKPGGSVKVSCKASGLNIKDY YIHWVRQAPGQGLEWIGWIDPENDDT
EYAPKFQGRVTITRDTSISTAYLELSRLRSDDTAVYYCARLDYWGQGTLVTVSS

10769] SEQ ID NO: 88 hubAl0-VL vL:
DIVMTQSPLSLPYTLGQPASISCKSSQSLLDSDOGRTY LNWFQQRPGQSPRRIIYLVSKLDS
GVPDRESGSGSGTDFTLRKISRVEAEDVOVYYCWOQGTHFPYTFGGGTKVEIK

{0770} SEQ ID NO: 89 hu6A10-VL +2:
DIVMTQSPLSLPVTLGQPASISCKSSQOSLLDSDGKTY LNWFQORPGQSPRLLIYLVSKLDS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPYTFGGGTKVEIK

{0771] SEQ ID NG: 90 hubAI0-VL v3:
DIVMTOQSPLSLSVTLGEPASISCKSSQSLLDSPGKTYENWFQORPGQSPRLLIYEVSKLDS
GVPDRFSGSGSGTDFTLEISRVEAEDVOVYYCWQGTHFPYTFGGGTRVEIK

{8772} SEGQ ID NO: 91 mature region of murine 8A4VH:
EVQLOQOSGAELVRPGALVELSCKASGINIKDYYIHWVKQRPEQGLEWIGWIDPENGDT
YVYDPOQFQDRKANITADTSSNTAYLQLSSLTSEGTAVYYCSTLDFWGQGTTLTVSS

{8773} SEQ ID NO: 92 mature region of muring 8A4VL:
DVYVMTQTPLTLSVTIGOPASISCKSSQSLLDSDGKTYENWLELQRPGOQSPRRLIYLVSKLD
SGVPDRFTIGSGSGTDFTLEISRVEAEDLGVYYCWQGTHFPCTFGGGTRKLEIK

{3774} SEQ 1D NO: 93 murine 8A4 Kabat/Chothia composite CDR-H1:
GENIKDYYIH

{775} SEQ ID NO:94 murine 8A4 Kabat CDR-HZ:
WIDPENGDTVYDPQFQD

10776} SEQ 1D NO: 95 munne 8A4 Kabat CDR-H3:
LDF

18777} SEQ ID NO: 96 murine 8A4 Kabat CDR-L1:
KSSQSLLDSDGKTYLN

[0778] SEQ 1D NO: 97 murine 8A4 Kabat CDR-L2:
LVSKLDS

{0779} SEQ ID NO: 98 murine 8A4 Kabat CDR-L3:
WQGTHFPCT
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{3780} SEQ ID NG: 99 munne 8A4 Kabat CDR-HI:
DYYIH

198781} SEQ ID NO: 100 murine 8A4 Chothia CDR-HL:
GFNIKDY

18782} SEQ ID NO: 181 murine 8A4d Contact CDR-HT:
KDYYIH

{0783} SEQ 1D NO: 102 murine 8A4 Chothia CDR-H2:
DPENGD

18784] SEQ ID N(O: 103 murine 8A4 AbM CBDR-H2:
WIDPENGDTVY

{0785} SEQ 1D NO: 104 murine 8A4 Contact CDR-H2:
WIGWIDPENGDTY

[8786] SEQ ID NO: 105 murine 8A4 Contact CDR-H3:
STLD

{O787] SEGQ 1D NO: 106 murine 8A4 Contact CDR-L1:
KTYLNWL

{8788} SEQ ID NO: 107 murine 8A4 Contact CDR-L2:
RLIYEVSKLD

{07859} SEQ ID NO: 108 murine 8A4 Contact CDR-L3:
WOGTHFPC

18798] SEQ ID NO: 109 3JAUVH:
EVQLOQSGAELVKPGASVELSCTASGINIKDTY IHWVKQRPEQGLEWIGKIDPANGNTR
YDPEFQDKATITADTSSNTAYLQLSSLTSEDTAVYYCANSNYWFDEFDYWGQGTTLTVS
S

[0791] SEQ ID NO: 110 ADUS7742:
OVOLOOQSGAEVKKPGSSVKVSCKASGGTFSSNPY SWVROAPGQGLEWMGGIPFAQKY
LGAQRVRDRINITADTSTSTAY MELSGLRSDDTAVYYCATGQQLY SLHYWGQGTLVTV
88

[0792] SEQ ID NO: 111 3JAUVL:
DVLMTQTPLSLPVSLGDQASISCRSSQSIVHSNGNTY LEWYLOKPGOSPKLLIYKVSNRF
SGVPDRFSGSGSGTDFTLKISRYEADDVGVYYCYQGSHVPY TFGGGTKLEIK
[0793] SEQ ID NO: 112 ABA26100:
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DVMTSSSVTGASSCRSSSVY SDGSTWNWRGSRRYDVSTRDSGVDRSGSGSGTDTKSRY
ADVGVYYCMDWHTGGTKK

{794} SEQ ID NO: 113 hu8A4-VH v1:
QVOLOOSGAEVKKPGSSVKVSCKASGFNIKDY YIHWVRQAPGQGLEWMGWIDPENGD
TVY DPOFQDRINITADTSTSTAYMELSGLRSDDTAVYYCSTLDFWGQGTLVTVSS

[4795] SEQ ID NO: 114 huRA4-VH v2:
QVQLOQSGAEVVEPGGSVKLSCKASGFNIKDYYIHWVRQAPGOGLEWMGWIDPENGD
TVYDPQFODRITITADTSTSTAY MELSGLRSDDTAVY YCSTLDFWGQGTLYTVSS

(0796} SEQ ID NO: 115 huSA4-VH v3:
QVOQLQOSGAEVVKPGGSVKLSCKASGFNIKDY Y IHWVRQAPGQOGLEWIGWIDPENGDT
VYDPQFQDRATITADTSTSTAYMELSGLRSEDTAVYYCATLDFWGQGTLVTVSS

{0797} SEQ ID NO: 116 hu8A4-VL vi:
DIVMTQSPLSLSVTLGQPASISCKSSQSLLDSDGKTY LNWFOQRPGOSPRRLIVLVSKLDS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVY YCWQGTHFPCTFGQGTKLEIK

[0798] SEQ ID NO: 117 hu8A4-VL v2:
DIVMTOQSPLSLSVTLGEPASISCKSSQSLLDSDGKTY LNWFQQRPGQSPRRLIYLYSKLDS
GVPDRFSGSGSGTDFTLKISRVEAEDVGVY YCWQGTHFPCTFGOGTKLEIK

{0799} SEQ ID NO: 118 huSA4-VL v3:
DVVMTQSPLSLSVTLGEPASISCKSSQSLLDSDGKTY LNWLQOQRPGQSPRRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRYVEAEDVGVYYCWQGTHFPCTFGOGTKLEIK

10800} SEQ ID NO: 119 murine mAb7G6 VH:
EVQLOQOSGAELVRPGALVEKLSCKASGINIKDYYIHWVKOQRPEQGLEWIGWIDPENGET
VYDPKFQGKASITSDTSSNTAYLGLRSLUTSEDTAVYYSTSLDFWGQGTSVTVSS

[0801] SEQ ID NO: 120 murine mAb7G6 VL

DVVMTQTPLTLSVTIGQPASISCKATOSLLDSDGKTYLNWLLQRPGOQSPKRLIYLVSKLD
SGVPDRFTGSGSGTDFTLKISRVEAEDLGYVYYCWOGTHFPYTFGGGTKLEIKR

{0802 SEQ ID NO: 121 murine 7G6 Kabat/Chothia composite CDR-H1L:
GENIKDYYIH

[0803] SEQ ID NO: 122 munne 7G6 Kabat CDR-H2:
WIDPENGETVYDPKFQG

10804] SEQ ID NO: 123 murine 7G6 Kabat CDR-H3:
LDF

{8803} SEQ ID NO: 124 murine 7G6 Kabat CDR-L1:
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{0806] SEGQ ID NO: 125 murine 7G6 Kabat CDR-L2:
LVSKLDS

10807] SEQ ID NO: 126 murine 7G6 Kabat COR-L3:
WOQGTHEPYT

[0808] SEQ ID NO: 127 murine 7G6 Kabat CDR-H1:
DYYIH

{0809} SEQ 1D NO: 128 murine 7G6 Chothia CDR-HL:

GFNIKDY

[0818] SEQ ID NO: 129 murnne 766 Contact CDR-H1:

KDYYIH

[6811] SEQ ID NO: 130 murine 7G6 Chothia CDIR-H2:
DPENGE

[0812] SEQ ID NO: 131 murine 7G6 AbM CDR-HZ:
WIDPENGETVY

{0813} SEQ 1D NO: 132 murine 7G6 Contact COR-H2:
WIGWIDPENGETVY

[0814] SEQ ID NO: 133 munne 7G6 Contact CDR-H3:
TSLD

10815} SEQ ID NO: 134 murine 7G5 Contact CBR-LL;
KTYLNWL

{8816} SEQ ID NO: 135 murine 7G6 Contact CDR-L2:
RLIYLVSKLD

{0817} SEQ ID NO: 136 murine 7G6 Contact CBR-L3:
WQGTHFPY

[O818] SEQ ID NGO: 137 Human VH Acceptor BB 3U0T_VH:

PCT/US2018/030739

QVOQLVQSGAEVEEKPGASVEVSCRASGYYTEAYYIHWVRQAPGOGLEWMGRIDPATGN

S

[0819] SEQ ID NO: 138 Human VL Acceptor PDB 3U0T VL.

222

TKYAPRLODRVTMIRDTSTSTVYMELSSLRSEDTAVYYCASLY SLPVYWGQGTTIVIVS



25 Nov 2019

2018263935

WO 2018/204546 PCT/US2018/030739

DVVMTQSPLSLPVTLGQPASISCKSSQSLLY SDAKTY LNWFQQRPGQSPRRLIYQISRLDP
GVPDRFSGSGSGTDFTLKISRVEAEDVGYYYCLQGTHYPVLFGQGTRLEIKR

[0820] SEQ ID NO: 139 hu7G6-VH_ vi:
QVOLVOQSGAEVVKPGASVKLSCKASGFNIKDY YIHWVRQAPGQGLEWMGWIDPENGE

TYYDPRKFQGRVTITRDTSTNTAY LQLSSLRSEDTAVYYSTSLDFWGQGTTYVTVSS

18821} SEQ ID NO: 140 hu7G6-VH v2:
QVOLVQSGAEVVKPGASVKLSCKASGENIKDYYIHWVKQAPGOGLEWMGWIDPENGE

TVYDPRFQGRVTITRDTSTNTAYLQLSSLRSEDTAVYYSTSLDFWGQGTTVTVSS

{0822} SEQ ID NO: 141 bu7G6-VL_vi:
DVVMTQSPLSLSVTLGQPASISCKSTOSLLDSDGKTY LNWFQORPGQSPRRLIVLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPY TFGOGTKLEIKR

[0823] SEQ ID NO: 142 hu7G6-VL v2:
DVVMTQSPLSLSVTLGQPASISCKSTQSLLDSDGKTY LNWFLGRPGQSPRRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRYEAEDVGVYYCWQGTHFPY TFGQGTKLEIKR

[0824] SEQ ID NO: 143 hu7G6-VL v3:
DVVMTQSPLSLSVTLGQPASISCKSTQSLLDSDGKTYLNWLQOQRPGQSPRRLIYLYSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPYTFGQGTKLEIKR

[0825] SEQ ID NO: 144 hu7G6-VL vd:
DVVMTQSPLSLSVTLGOPASISCKSTOSLLDSDGKTYLNWLLOQRPGOSPRRLIVLYVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVOVYYCWOQGTHFPYTFGOQGTKLEIKR

[0826] SEQ ID NO: 145 hu7G6-VL v5:
DVVMTQSPLSLSVTLGOQPASISCKSTOSLLDSDGKTYLNWFQQRPGQSPKRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPY TRGQGTKLEIKR

{0827} SEQ ID NO: 146 hu7G6-VL v6:
DVVMTOSPLSLSVTLGQPASISCKSTOSLLDSDGKTY LNWLLORPGQSPKRLIYLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPY TFGQGTKLEIKR

[0828] SEQ ID NO: 147 hu7G6-VL_v7:
DVVMTQSPLSLSVTLGQPASISCKSTOSLLDSDGKTY LNWFQQRPGQSPRRLIVLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGTHFPY TFGGGTKLEIKR

[0829] SEQ ID NO: 148 hu7G6-VL v&:

DVVMTQSPLSLSVTLGQPASISCKSTOSLLDSDGKTYLNWLLORPGOSPRRLIVLVSKLD
SGVPDRFSGSGSGTDFTLKISRVEAEDVOGVYYCWQGTHFPY TFGGGTRLEIKR
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10830} SEQ ID NO: 149 human germline sequence IGHV1-69-2*%01

EVQLOOSGAELVRPGALVEKLSCKASGFNIKDY YIHWVKQRPEQGLEWIGWIBPENGET
VYDPKFQGRKASITSDTSSNTAYLQLRSLTSEDTAVYYSTSLDFWGOGTSVTYSS
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CLAIMS
1. An antibody or antigen-binding antibody fragment that binds to human tau, comprising

three heavy chain CDRs of SEQ ID NO: 7 and three light chain CDRs of SEQ ID NO: 8.

2. The antibody or antigen-binding antibody fragment of claim 1, wherein the antibody or
antigen-binding antibody fragment is a humanized antibody or antigen-binding antibody
fragment comprising a humanized mature heavy chain variable domain and a humanized mature

light chain variable domain.

3. The antibody or antigen-binding antibody fragment of claim 2, wherein the humanized
mature heavy chain variable domain comprises the three Kabat heavy chain CDRs of SEQ ID
NO: 17, SEQ ID NO: 12, and SEQ ID NO: 13, and the humanized mature light chain variable
domain comprises the three Kabat light chain CDRs of SEQ ID NOs: 14-16.

4. The antibody or antigen-binding antibody fragment of claim 2 or 3, wherein the
humanized mature heavy chain variable domain comprises an amino acid sequence at least 90%
identical to any one of SEQ ID NOs: 33-40 and the humanized mature light chain variable
domain comprises an amino acid sequence at least 90% identical to any one of SEQ ID NOs: 41-

46.

5. The antibody or antigen-binding antibody fragment of claim 4 wherein at least one of
the following positions is occupied by the amino acid as specified: Kabat position H1 is occupied
by Q or E, Kabat position H11 is occupied by V or L, Kabat position H12 is occupied by K or V,
Kabat position H19 is occupied by K or R, Kabat position H20 is occupied by V or L, Kabat
position H23 is occupied by K or A, Kabat position H46 is occupied E or D, Kabat position H48
is occupied by M or I, Kabat position H66 is occupied by K or R, Kabat position H67 is
occupied by A or V, Kabat position H71 is occupied by R or S, Kabat position H76 is occupied
by S or N, Kabat position H78 is occupied by A or V, Kabat position H80 is occupied by M or L,
Kabat position H93 is occupied by T, S, or A, and Kabat position H94 is occupied by I, P, or R.
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6. The antibody or antigen-binding antibody fragment of claim 5, provided Kabat
positions H1, H11, H12, H19, H20, H23, H46, H48, H71, H76, H80, H93, and H94 in the VH
region are occupied by E, L, V, R, L, A, D, I, S, N, L, S, and P, respectively.

7. The antibody or antigen-binding antibody fragment of any one of claims 4-6 wherein
at least one of the following positions is occupied by the amino acid as specified: Kabat position
L2 is occupied by V, Kabat position L7 is occupied by S, Kabat position [.17 is occupied by E,
Kabat position L36 is occupied by L, Kabat position L45 is occupied by Q, Kabat position L46 is
occupied by R, and Kabat position L.70 is occupied by D.

8. The antibody or antigen-binding antibody fragment of claim 7, provided Kabat
positions L2, 1.7, .17, L36, L46, and L.70 in the VL region are occupied by V, S, E, L, R, and D,

respectively.

9. The antibody or antigen-binding antibody fragment of claim 3, wherein the humanized
mature heavy chain variable domain comprises an amino acid sequence of any one of SEQ ID
NOs: 33-40 and the humanized mature light chain variable domain comprises an amino acid
sequence of any one of SEQ ID NOs: 41-46.

10. The antibody or antigen-binding antibody fragment of claim 9, wherein:

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO:_33 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 41;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 33 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 42;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 33 and the humanized mature light chain variable domain comprises an amino acid

sequence of SEQ ID NO: 43;
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the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 33 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 44;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 33 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 45;

the humanized mature heavy chain variable domain comprises has an amino acid
sequence of SEQ ID NO: 33 and the humanized mature light chain variable domain comprises
has an amino acid sequence of SEQ ID NO: 46;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 34 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 41;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 34 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 42;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 34 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 43;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 34 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 44;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 34 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 45;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 34 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 46;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 35 and the humanized mature light chain variable domain comprises an amino acid

sequence of SEQ ID NO: 41;
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the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 35 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 42;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 35 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 43;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 35 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 44;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 35 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 45;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 35 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 46;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 36 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 41;

the humanized mature heavy chain variable domain comprises an amino acid sequence

of SEQ ID NO: 36 and the humanized mature light chain variable domain comprises an amino
acid sequence of SEQ ID NO: 42;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 36 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 43;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 36 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 44;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 36 and the humanized mature light chain variable domain comprises an amino acid

sequence of SEQ ID NO: 45;
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the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 36 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 46;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 37 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 41;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 37 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 42;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 37 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 43;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 37 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 44;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 37 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 45;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 37 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 46;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 38 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 41;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 38 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 42;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 38 and the humanized mature light chain variable domain comprises an amino acid

sequence of SEQ ID NO: 43;
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the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 38 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 44;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 38 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 45;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 38 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 46;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 39 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 41;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 39 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 42;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 39 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 43;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 39 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 44;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 39 and the humanized mature light chain variable domain comprises has an amino
acid sequence of SEQ ID NO: 45;

the humanized mature heavy chain variable domain comprises has an amino acid
sequence of SEQ ID NO: 39 and the humanized mature light chain variable domain comprises an
amino acid sequence of SEQ ID NO: 46;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 40 and the humanized mature light chain variable domain comprises an amino acid

sequence of SEQ ID NO: 41;
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the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 40 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 42;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 40 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 43;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 40 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 44;

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 40 and the humanized mature light chain variable domain comprises an amino acid
sequence of SEQ ID NO: 45; or

the humanized mature heavy chain variable domain comprises an amino acid sequence of
SEQ ID NO: 40 and the humanized mature light chain variable domain comprises an amino acid

sequence of SEQ ID NO: 46.

11. The antibody or antigen-binding antibody fragment of any one of claims 1-10 that is

an antibody.

12. The antibody or antigen-binding antibody fragment of any one of claims 1-10 that is

an antigen-binding antibody fragment.

13. The antibody or antigen-binding antibody fragment of claim 12 wherein the antigen-

binding antibody fragment is a single-chain Fv, a Fab fragment, or a Fab’, fragment.

14. The antibody or antigen-binding antibody fragment of any one of claims 1-11,

wherein the antibody has an isotype of human IgG1.

15. The antibody or antigen-binding antibody fragment of any one of claims 2-10,

wherein the humanized mature light chain variable domain is fused to a light chain constant
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region and the humanized mature heavy chain variable domain is fused to a heavy chain constant

region.

16. The antibody or antigen-binding antibody fragment of claim 15 wherein the heavy
chain constant region is a mutant form of a natural human heavy chain constant region which has

reduced binding to a Fcy receptor relative to the natural human heavy chain constant region.

17. The antibody or antigen-binding antibody fragment of any one of claims 1-11,
wherein the antibody has an isotype of human IgG2 or 1gG4.

18. The antibody or antigen-binding antibody fragment of any one of claims 1-17,
wherein the antibody or antigen-binding antibody fragment is conjugated to a therapeutic,

cytotoxic, cytostatic, neurotrophic, or neuroprotective agent.

19. A pharmaceutical composition comprising the antibody of antigen-binding antibody

fragment of any one of claims 1-18 and a pharmaceutically-acceptable carrier.

20. A nucleic acid encoding the heavy chain and the light chain of the antibody of any

one of claims 1-11, 14, and 17.

21. An in vitro method of humanizing a mouse antibody, the method comprising:

(a) selecting one or more acceptor antibody sequences;

(b) identifying the amino acid residues of the mouse antibody to be retained;

(c) synthesizing a nucleic acid encoding a humanized heavy chain comprising CDRs of
the mouse antibody heavy chain and a nucleic acid encoding a humanized light chain comprising
CDRs of the mouse antibody light chain; and

(d) expressing the nucleic acids in a host cell to produce the humanized antibody;

wherein the mouse antibody is characterized by a mature heavy chain variable region of

SEQ ID NO: 7 and a mature light chain variable region of SEQ ID NO: 8.
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22. An in vitro method of producing an antibody, the method comprising:

(a) culturing cells transformed with nucleic acids encoding the heavy and light chains of
the antibody, so that the cells secrete the antibody; and

(b) purifying the antibody from cell culture media;

wherein the antibody is the antibody of any one of claims 1-11, 14, and 17.

23. An in vitro method of producing a cell line producing an antibody, the method
comprising:

(a) introducing a vector encoding heavy and light chains of an antibody and a selectable
marker into cells;

(b) propagating the cells under conditions to select for cells having increased copy
number of the vector;

(c) isolating single cells from the selected cells; and

(d) banking cells cloned from a single cell selected based on yield of the antibody;

wherein the antibody is the antibody of any one of claims 1-11, 14, and 17.

24. Use of an antibody of antigen-binding antibody fragment of any one of claims 1-18 in
the manufacture of a medicament for inhibiting or reducing aggregation of tau in a subject

having or at risk of developing a tau-mediated amyloidosis.

25. Use of an antibody or antigen-binding antibody fragment of any one of claims 1-18 in
the manufacture of a medicament for treating or effecting prophylaxis of a tau-related disease in

a subject.

26. The use of claim 25, wherein the tau-related disease is Alzheimer’s disease, Down’s
syndrome, mild cognitive impairment, primary age-related tauopathy, postencephalitic
parkinsonism, posttraumatic dementia or dementia pugilistica, Pick’s disease, type C Niemann-
Pick disease, supranuclear palsy, frontotemporal dementia, frontotemporal lobar degeneration,

argyrophilic grain disease, globular glial tauopathy, amyotrophic lateral sclerosis/parkinsonism
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dementia complex of Guam, corticobasal degeneration (CBD), dementia with Lewy bodies,

Lewy body variant of Alzheimer disease (LBVAD), or progressive supranuclear palsy (PSP).

27. Use of an antibody or antigen-binding antibody fragment of any one of claims 1-18 in

the manufacture of a medicament for reducing aberrant transmission of tau.

28. Use of an antibody or antigen-binding antibody fragment of any one of claims 1-18 in

the manufacture of a medicament for inducing phagocytosis of tau.

29. Use of an antibody or antigen-binding antibody fragment of any one of claims 1-18 in

the manufacture of a medicament for inhibiting tau aggregation or deposition.

30. Use of an antibody or antigen-binding antibody fragment of any one of claims 1-18 in

the manufacture of a medicament for inhibiting formation of tau tangles.

31. Use of an antibody or antigen-binding antibody fragment of any one of claims 1-18 in
the manufacture of a medicament for detecting tau protein deposits in a subject having or at risk

of a disease associated with tau aggregation or deposition.

32. Use of an antibody or antigen-binding antibody fragment of any one of claims 1-18 in
the manufacture of a medicament for measuring efficacy of treatment in a subject being treated

for a disease associated with tau aggregation or deposition.
33. A method of treating or preventing a tau-related disease or a disease associated with

tau aggregation or deposition said method comprising the step of administering to a subject in

need thereof an antibody or antigen-binding antibody fragment of any one of claims 1-18.
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Asp Glu Gly Ala Pro Gly Lys Gln Ala Ala Ala Gln Pro His Thr Glu
85 90 95

Ile Pro Glu Gly Thr Thr Ala Glu Glu Ala Gly Ile Gly Asp Thr Pro
100 105 110

Ser Leu Glu Asp Glu Ala Ala Gly His Val Thr Gln Ala Arg Met Val
115 120 125

Ser Lys Ser Lys Asp Gly Thr Gly Ser Asp Asp Lys Lys Ala Lys Gly
130 135 140

Ala Asp Gly Lys Thr Lys Ile Ala Thr Pro Arg Gly Ala Ala Pro Pro
145 150 155 160

Gly Gln Lys Gly Gln Ala Asn Ala Thr Arg Ile Pro Ala Lys Thr Pro
165 170 175

Pro Ala Pro Lys Thr Pro Pro Ser Ser Gly Glu Pro Pro Lys Ser Gly
180 185 190

Asp Arg Ser Gly Tyr Ser Ser Pro Gly Ser Pro Gly Thr Pro Gly Ser
195 200 205

Arg Ser Arg Thr Pro Ser Leu Pro Thr Pro Pro Thr Arg Glu Pro Lys
210 215 220

Lys Val Ala Val Val Arg Thr Pro Pro Lys Ser Pro Ser Ser Ala Lys
225 230 235 240

Ser Arg Leu Gln Thr Ala Pro Val Pro Met Pro Asp Leu Lys Asn Val
245 250 255

Lys Ser Lys Ile Gly Ser Thr Glu Asn Leu Lys His Gln Pro Gly Gly
260 265 270

Gly Lys Val Gln Ile Ile Asn Lys Lys Leu Asp Leu Ser Asn Val Gln
275 280 285

Page 2



508111SEQLST.TXT
Ser Lys Cys Gly Ser Lys Asp Asn Ile Lys His Val Pro Gly Gly Gly
290 295 300

Ser Val Gln Ile Val Tyr Lys Pro Val Asp Leu Ser Lys Val Thr Ser
305 310 315 320

Lys Cys Gly Ser Leu Gly Asn Ile His His Lys Pro Gly Gly Gly Gln
325 330 335

Val Glu Val Lys Ser Glu Lys Leu Asp Phe Lys Asp Arg Val Gln Ser
340 345 350

Lys Ile Gly Ser Leu Asp Asn Ile Thr His Val Pro Gly Gly Gly Asn
355 360 365

Lys Lys Ile Glu Thr His Lys Leu Thr Phe Arg Glu Asn Ala Lys Ala
370 375 380

Lys Thr Asp His Gly Ala Glu Ile Val Tyr Lys Ser Pro Val Val Ser
385 390 395 400

Gly Asp Thr Ser Pro Arg His Leu Ser Asn Val Ser Ser Thr Gly Ser
405 410 415

Ile Asp Met Val Asp Ser Pro Gln Leu Ala Thr Leu Ala Asp Glu Val
420 425 430

Ser Ala Ser Leu Ala Lys Gln Gly Leu
435 440

<210> 2

<211> 412

<212> PRT

<213> Homo sapiens

<400> 2
Met Ala Glu Pro Arg Gln Glu Phe Glu Val Met Glu Asp His Ala Gly
1 5 10 15

Thr Tyr Gly Leu Gly Asp Arg Lys Asp Gln Gly Gly Tyr Thr Met His
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Val

200
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225 230 235 240

Pro Gly Gly Gly Lys Val Gln Ile Ile Asn Lys Lys Leu Asp Leu Ser
245 250 255

Asn Val Gln Ser Lys Cys Gly Ser Lys Asp Asn Ile Lys His Val Pro
260 265 270

Gly Gly Gly Ser Val Gln Ile Val Tyr Lys Pro Val Asp Leu Ser Lys
275 280 285

Val Thr Ser Lys Cys Gly Ser Leu Gly Asn Ile His His Lys Pro Gly
290 295 300

Gly Gly Gln Val Glu Val Lys Ser Glu Lys Leu Asp Phe Lys Asp Arg
305 310 315 320

Val Gln Ser Lys Ile Gly Ser Leu Asp Asn Ile Thr His Val Pro Gly
325 330 335

Gly Gly Asn Lys Lys Ile Glu Thr His Lys Leu Thr Phe Arg Glu Asn
340 345 350

Ala Lys Ala Lys Thr Asp His Gly Ala Glu Ile Val Tyr Lys Ser Pro
355 360 365

Val Vval Ser Gly Asp Thr Ser Pro Arg His Leu Ser Asn Val Ser Ser
370 375 380

Thr Gly Ser Ile Asp Met Val Asp Ser Pro Gln Leu Ala Thr Leu Ala
385 390 395 400

Asp Glu Val Ser Ala Ser Leu Ala Lys Gln Gly Leu
405 410

<210> 3

<211> 383

<212> PRT

<213> Homo sapiens
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Glu Val Met Glu Asp
10

Asp Gln Gly Gly Tyr
25

Ala Gly Leu Lys Ala
45

Glu Asp Glu Ala Ala
60

Ser Lys Asp Gly Thr
75

Gly Lys Thr Lys Ile
90

Lys Gly Gln Ala Asn
105

Pro Lys Thr Pro Pro
125

Ser Gly Tyr Ser Ser
140

Arg Thr Pro Ser Leu
155

Ala val val Arg Thr
170

Leu Gln Thr Ala Pro
185

Lys Ile Gly Ser Thr
205
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Lys His Gln Pro Gly Gly Gly Lys Val Gln Ile Ile Asn Lys Lys Leu
210 215 220

Asp Leu Ser Asn Val Gln Ser Lys Cys Gly Ser Lys Asp Asn Ile Lys
225 230 235 240

His Val Pro Gly Gly Gly Ser Val Gln Ile Val Tyr Lys Pro Val Asp
245 250 255

Leu Ser Lys Val Thr Ser Lys Cys Gly Ser Leu Gly Asn Ile His His
260 265 270

Lys Pro Gly Gly Gly Gln Val Glu Val Lys Ser Glu Lys Leu Asp Phe
275 280 285

Lys Asp Arg Val Gln Ser Lys Ile Gly Ser Leu Asp Asn Ile Thr His
290 295 300

Val Pro Gly Gly Gly Asn Lys Lys Ile Glu Thr His Lys Leu Thr Phe
305 310 315 320

Arg Glu Asn Ala Lys Ala Lys Thr Asp His Gly Ala Glu Ile Val Tyr
325 330 335

Lys Ser Pro Val Val Ser Gly Asp Thr Ser Pro Arg His Leu Ser Asn
340 345 350

Val Ser Ser Thr Gly Ser Ile Asp Met Val Asp Ser Pro Gln Leu Ala
355 360 365

Thr Leu Ala Asp Glu Val Ser Ala Ser Leu Ala Lys Gln Gly Leu
370 375 380

<210> 4

<211> 410

<212> PRT

<213> Homo sapiens

<400> 4
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Glu Val Met Glu Asp
10

Asp Gln Gly Gly Tyr
25

Ala Gly Leu Lys Glu
45

Glu Glu Pro Gly Ser
60

Glu Asp Val Thr Ala
75

Ala Ala Ala Gln Pro
90

Glu Ala Gly Ile Gly
105

His Val Thr Gln Ala
125

Ser Asp Asp Lys Lys
140

Thr Pro Arg Gly Ala
155

Thr Arg Ile Pro Ala
170

Ser Gly Glu Pro Pro
185

Gly Ser Pro Gly Thr
205
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30
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Glu

Pro

His
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110
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Ala
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190
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Arg Ser Arg Thr Pro Ser Leu Pro Thr Pro Pro Thr Arg Glu Pro Lys
210 215 220

Lys Val Ala Val Val Arg Thr Pro Pro Lys Ser Pro Ser Ser Ala Lys
225 230 235 240

Ser Arg Leu Gln Thr Ala Pro Val Pro Met Pro Asp Leu Lys Asn Val
245 250 255

Lys Ser Lys Ile Gly Ser Thr Glu Asn Leu Lys His Gln Pro Gly Gly
260 265 270

Gly Lys Val Gln Ile Val Tyr Lys Pro Val Asp Leu Ser Lys Val Thr
275 280 285

Ser Lys Cys Gly Ser Leu Gly Asn Ile His His Lys Pro Gly Gly Gly
290 295 300

Gln Val Glu Val Lys Ser Glu Lys Leu Asp Phe Lys Asp Arg Val Gln
305 310 315 320

Ser Lys Ile Gly Ser Leu Asp Asn Ile Thr His Val Pro Gly Gly Gly
325 330 335

Asn Lys Lys Ile Glu Thr His Lys Leu Thr Phe Arg Glu Asn Ala Lys
340 345 350

Ala Lys Thr Asp His Gly Ala Glu Ile Val Tyr Lys Ser Pro Val Val
355 360 365

Ser Gly Asp Thr Ser Pro Arg His Leu Ser Asn Val Ser Ser Thr Gly
370 375 380

Ser Ile Asp Met Val Asp Ser Pro Gln Leu Ala Thr Leu Ala Asp Glu
385 390 395 400

Val Ser Ala Ser Leu Ala Lys Gln Gly Leu
405 410
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<210> 5
<211> 381
<212> PRT
<213> Homo sapiens
<400> 5
Met Ala Glu Pro Arg Gln Glu Phe Glu Val Met Glu Asp His Ala Gly
1 5 10 15

Thr Tyr Gly Leu Gly Asp Arg Lys Asp Gln Gly Gly Tyr Thr Met His
20 25 30

Gln Asp Gln Glu Gly Asp Thr Asp Ala Gly Leu Lys Glu Ser Pro Leu
35 40 45

Gln Thr Pro Thr Glu Asp Gly Ser Glu Glu Pro Gly Ser Glu Thr Ser
50 55 60

Asp Ala Lys Ser Thr Pro Thr Ala Glu Ala Glu Glu Ala Gly Ile Gly
65 70 75 80

Asp Thr Pro Ser Leu Glu Asp Glu Ala Ala Gly His Val Thr Gln Ala
85 90 95

Arg Met Val Ser Lys Ser Lys Asp Gly Thr Gly Ser Asp Asp Lys Lys
100 105 110

Ala Lys Gly Ala Asp Gly Lys Thr Lys Ile Ala Thr Pro Arg Gly Ala
115 120 125

Ala Pro Pro Gly Gln Lys Gly Gln Ala Asn Ala Thr Arg Ile Pro Ala
130 135 140

Lys Thr Pro Pro Ala Pro Lys Thr Pro Pro Ser Ser Gly Glu Pro Pro
145 150 155 160

Lys Ser Gly Asp Arg Ser Gly Tyr Ser Ser Pro Gly Ser Pro Gly Thr
165 170 175
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Pro Gly Ser Arg Ser Arg Thr Pro Ser Leu Pro Thr Pro Pro Thr Arg
180 185 190

Glu Pro Lys Lys Val Ala Val Val Arg Thr Pro Pro Lys Ser Pro Ser
195 200 205

Ser Ala Lys Ser Arg Leu Gln Thr Ala Pro Val Pro Met Pro Asp Leu
210 215 220

Lys Asn Val Lys Ser Lys Ile Gly Ser Thr Glu Asn Leu Lys His Gln
225 230 235 240

Pro Gly Gly Gly Lys Val Gln Ile Val Tyr Lys Pro Val Asp Leu Ser
245 250 255

Lys Val Thr Ser Lys Cys Gly Ser Leu Gly Asn Ile His His Lys Pro
260 265 270

Gly Gly Gly Gln Val Glu Val Lys Ser Glu Lys Leu Asp Phe Lys Asp
275 280 285

Arg Val Gln Ser Lys Ile Gly Ser Leu Asp Asn Ile Thr His Val Pro
290 295 300

Gly Gly Gly Asn Lys Lys Ile Glu Thr His Lys Leu Thr Phe Arg Glu
305 310 315 320

Asn Ala Lys Ala Lys Thr Asp His Gly Ala Glu Ile Val Tyr Lys Ser
325 330 335

Pro Val Val Ser Gly Asp Thr Ser Pro Arg His Leu Ser Asn Val Ser
340 345 350

Ser Thr Gly Ser Ile Asp Met Val Asp Ser Pro Gln Leu Ala Thr Leu
355 360 365

Ala Asp Glu Val Ser Ala Ser Leu Ala Lys Gln Gly Leu
370 375 380
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85 90 95

Ser Thr Leu Asp Phe Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
100 105 110

<210> 115
211> 112
<212> PRT
<213> Artificial

<220>
<223> Synthesized

Page 67



508111SEQLST.TXT
<400> 115

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Val Val Lys Pro Gly Gly
1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Ile His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Ile
35 40 45

Gly Trp Ile Asp Pro Glu Asn Gly Asp Thr Val Tyr Asp Pro Gln Phe
50 55 60

Gln Asp Arg Ala Thr Ile Thr Ala Asp Thr Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Gly Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Thr Leu Asp Phe Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
100 105 110

<210> 116
211> 112
<212> PRT
<213> Artificial

<220>
<223> Synthesized

<400> 116
Asp Ile Val Met Thr Gln Ser Pro Leu Ser Leu Ser Val Thr Leu Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Ser Gln Ser Leu Leu Asp Ser
20 25 30

Asp Gly Lys Thr Tyr Leu Asn Trp Phe Gln Gln Arg Pro Gly Gln Ser
35 40 45
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Pro Arg Arg Leu

50

Asp Arg Phe Ser

65

Ser Arg Val Glu

Thr His Phe Pro

<210>
<211>
<212>
<213>

<220>
<223>

<400>

117
112
PRT

100

Ile

Gly

Ala

85

Cys

Artificial

Synthesized

117

Asp Ile Val

1

Glu

Asp

Pro

Asp

65

Ser

Thr

Pro

Gly

Arg

50

Arg

Arg

His

Ala

Lys

35

Arg

Phe

Val

Phe

Met

Ser

20

Thr

Leu

Ser

Glu

Pro
100

Thr

Ile

Tyr

Ile

Gly

Ala

85

Cys

Tyr

Ser

70

Glu

Thr

Gln

Ser

Leu

Tyr

Ser

70

Glu

Thr

Leu

55

Asp

Phe

Ser

Cys

Asn

Leu

55

Gly

Asp

Phe

Val

Ser

Val

Gly

Pro

Lys

Trp

40

Val

Ser

Val

Gly
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Ser Lys Leu Asp Ser Gly

Gly

Gly

Gln
105

Leu

Ser

25

Phe

Ser

Gly

Gly

Gln
105

60

Thr Asp Phe Thr Leu

75

Val Tyr Tyr Cys

90

Gly Thr Lys Leu

Ser Leu
10

Ser Gln

Gln Gln

Lys Leu

Thr Asp
75

Val Tyr
90

Gly Thr
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Ser

Ser

Arg

Asp

60

Phe

Tyr

Lys

Val

Leu

Pro

45

Ser

Thr

Cys

Leu

Trp

Glu
110

Thr

Leu

30

Gly

Gly

Leu

Trp

Glu
110

Val

Lys

Gln

95

Ile

Leu
15

Asp

Gln

Val

Lys

Gln

95
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Pro

Ile

80

Gly

Lys

Gly

Ser

Ser

Pro

Ile

80

Lys



<210>
<211>
<212>
<213>

<220>
<223>

<400>

118
112
PRT

Artificial

Synthesized

118

Asp Val Val Met

1

Glu

Asp

Pro

Asp

65

Ser

Thr

Pro

Gly

Arg

50

Arg

Arg

His

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ala

Lys

35

Arg

Phe

Val

Phe

119
112
PRT

Ser

20

Thr

Leu

Ser

Glu

Pro
100

Thr

Ile

Tyr

Ile

Gly

Ala

85

Cys

Artificial

Synthesized

119

Gln

Ser

Leu

Tyr

Ser

70

Glu

Thr

Ser

Cys

Asn

Leu

55

Asp

Phe

Pro

Lys

Trp

40

Val

Ser

Val

Gly
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Leu

Ser

25

Leu

Ser

Gly

Gly

Gln
105

Ser
10

Ser

Gln

Lys

Thr

Val

90

Gly

Leu

Gln

Gln

Leu

Asp

75

Tyr

Thr

Ser

Ser

Arg

Asp

60

Phe

Tyr

Lys

Val

Leu

Pro

45

Ser

Thr

Cys

Leu

Thr

Leu

30

Gly

Gly

Leu

Trp

Glu
110

Leu
15

Asp

Gln

Val

Lys

Gln

95

Ile

Gly

Ser

Ser

Pro

Ile

80

Gly

Lys

Glu Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Arg Pro Gly Ala

1

5

10
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Leu Val Lys Leu Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Ile His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu Glu Trp Ile
35 40 45

Gly Trp Ile Asp Pro Glu Asn Gly Glu Thr Val Tyr Asp Pro Lys Phe
50 55 60

Gln Gly Lys Ala Ser Ile Thr Ser Asp Thr Ser Ser Asn Thr Ala Tyr
65 70 75 80

Leu Gln Leu Arg Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Ser
85 90 95

Thr Ser Leu Asp Phe Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser
100 105 110

<210> 120
<211> 113
<212> PRT
<213> Artificial

<220>
<223> Synthesized

<400> 120
Asp Val Val Met Thr Gln Thr Pro Leu Thr Leu Ser Val Thr Ile Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Thr Gln Ser Leu Leu Asp Ser
20 25 30

Asp Gly Lys Thr Tyr Leu Asn Trp Leu Leu Gln Arg Pro Gly Gln Ser
35 40 45

Pro Lys Arg Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro
50 55 60
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Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Trp Gln Gly
85 90 95

Thr His Phe Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

Arg

<210> 121

211> 10

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 121
Gly Phe Asn Ile Lys Asp Tyr Tyr Ile His
1 5 10

<210> 122

211> 17

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 122
Trp Ile Asp Pro Glu Asn Gly Glu Thr Val Tyr Asp Pro Lys Phe Gln
1 5 10 15

Gly

<216> 123

<400> 123
000
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<210> 124

211> 16

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 124

Lys Ser Thr Gln Ser Leu Leu Asp Ser Asp Gly Lys Thr Tyr Leu Asn
1 5 10 15

<210> 125

211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 125

Leu Val Ser Lys Leu Asp Ser
1 5

<210> 126

211> 9

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 126
Trp Gln Gly Thr His Phe Pro Tyr Thr
1 5

<210> 127

211> 5

<212> PRT

<213> Artificial

<220>
<223> Synthesized
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<400> 127

Asp Tyr Tyr Ile His
1 5

<210> 128

211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 128

Gly Phe Asn Ile Lys Asp Tyr
1 5

<210> 129

211> 6

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 129

Lys Asp Tyr Tyr Ile His
1 5

<210> 130

211> 6

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 130

Asp Pro Glu Asn Gly Glu
1 5

<210> 131

211> 10

<212> PRT

<213> Artificial
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<220>
<223> Synthesized

<400> 131

Trp Ile Asp Pro Glu Asn Gly Glu Thr Val
1 5 10

<210> 132

211> 13

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 132
Trp Ile Gly Trp Ile Asp Pro Glu Asn Gly Glu Thr Val
1 5 10

<210> 133

211> 4

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 133
Thr Ser Leu Asp
1

<210> 134

211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthesized

<400> 134

Lys Thr Tyr Leu Asn Trp Leu
1 5
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

135

10

PRT
Artificial

Synthesized

135
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Arg Leu Ile Tyr Leu Val Ser Lys Leu Asp

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5
136
8
PRT
Artificial
Synthesized
136

Trp Gln Gly Thr His

1

<210>
<211>
<212>
<213>

<400>

5

137
116
PRT
Homo sapiens

137

Gln Val Gln Leu Val

1

5

Ser Val Lys Val Ser

20

Tyr Ile His Trp Val

35

Gly Arg Ile Asp Pro

50

Gln Asp Arg Val Thr

Phe Pro Tyr

Gln

Cys

Arg

Ala

Met

Ser

Lys

Gln

Thr

55

Thr

Gly

Ala

Ala

40

Gly

Arg

Ala

Ser

25

Pro

Asn

Asp

10

Glu Val

10

Gly Tyr

Gly Gln

Thr Lys

Thr Ser
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65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Ser Leu Tyr Ser Leu Pro Val Tyr Trp Gly Gln Gly Thr Thr Val
100 105 110

Thr Val Ser Ser
115

<21e> 138

<211> 113

<212> PRT

<213> Homo sapiens

<400> 138

Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Leu Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Ser Gln Ser Leu Leu Tyr Ser
20 25 30

Asp Ala Lys Thr Tyr Leu Asn Trp Phe Gln Gln Arg Pro Gly Gln Ser
35 40 45

Pro Arg Arg Leu Ile Tyr Gln Ile Ser Arg Leu Asp Pro Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Leu Gln Gly
85 90 95

Thr His Tyr Pro Val Leu Phe Gly Gln Gly Thr Arg Leu Glu Ile Lys
100 105 110

Arg
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<210> 139
211> 112
<212> PRT
<213> Artificial

<220>
<223> Synthesized

<400> 139

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Ile His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asp Pro Glu Asn Gly Glu Thr Val Tyr Asp Pro Lys Phe
50 55 60

Gln Gly Arg Val Thr Ile Thr Arg Asp Thr Ser Thr Asn Thr Ala Tyr
65 70 75 80

Leu Gln Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Ser
85 90 95

Thr Ser Leu Asp Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
100 105 110

<210> 140
211> 112
<212> PRT
<213> Artificial

<220>
<223> Synthesized

<400> 140

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Val Lys Pro Gly Ala
1 5 10 15
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Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Ile His Trp Val Lys Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asp Pro Glu Asn Gly Glu Thr Val Tyr Asp Pro Lys Phe
50 55 60

Gln Gly Arg Val Thr Ile Thr Arg Asp Thr Ser Thr Asn Thr Ala Tyr
65 70 75 80

Leu Gln Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Ser
85 90 95

Thr Ser Leu Asp Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
100 105 110

<210> 141
<211> 113
<212> PRT
<213> Artificial

<220>
<223> Synthesized

<400> 141
Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Ser Val Thr Leu Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Thr Gln Ser Leu Leu Asp Ser
20 25 30

Asp Gly Lys Thr Tyr Leu Asn Trp Phe Gln Gln Arg Pro Gly Gln Ser
35 40 45

Pro Arg Arg Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro
50 55 60
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Asp Arg Phe Ser Gly Ser Gly Ser

65

70

Ser Arg Val Glu Ala Glu Asp Val

85

Thr His Phe Pro Tyr Thr Phe Gly

Arg
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<400>
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100
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Synthesized

142

Asp Val Vval

1
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65

Ser
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Arg
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35

Arg
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Gly
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85
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Ser
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Ser

70

Glu
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Ser
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Leu
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Gly
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Phe
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Lys

Trp

40

Val

Ser

Val

Gly
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Gly Thr Asp Phe Thr Leu Lys Ile
75 80

Gly Val Tyr Tyr Cys Trp Gln Gly
90 95

Gln Gly Thr Lys Leu Glu Ile Lys
105 110

Leu Ser Leu Ser Val Thr Leu Gly
10 15

Ser Thr Gln Ser Leu Leu Asp Ser
25 30

Phe Leu Gln Arg Pro Gly Gln Ser
45

Ser Lys Leu Asp Ser Gly Val Pro
60

Gly Thr Asp Phe Thr Leu Lys Ile
75 80

Gly Val Tyr Tyr Cys Trp Gln Gly
90 95

Gln Gly Thr Lys Leu Glu Ile Lys
105 110
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Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

143
113
PRT

Artificial

Synthesized

143

Asp Val val

1
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Asp

Pro

Asp

65

Ser

Thr

Arg

Pro

Gly

Arg

50

Arg

Arg

His

<210>
<211>
<212>
<213>
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Lys

35

Arg

Phe
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Phe

144
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PRT
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Ser

20

Thr

Leu

Ser

Glu

Pro
100
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Gly

Ala

85

Tyr
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55

Gly
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Phe

Pro
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Trp

40

Val

Ser

Val

Gly
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105
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10
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Val
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Gly
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<220>
<223>

<400>

Synthesized
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1
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Asp

65

Ser

Thr

Arg

Pro

Gly

Arg

50

Arg

Arg
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<212>
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<400>
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Lys

35

Arg
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Val

Phe

145
113
PRT

Ser

20

Thr

Leu

Ser

Glu
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100

Thr
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Ile

Gly
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85

Tyr

Artificial

Synthesized

145
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Ser
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Ser

70

Glu

Thr

Ser

Cys

Asn

Leu

55
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Phe

Pro

Lys

Trp

40

Val

Ser

Val

Gly
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Gly
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105

Ser

10
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Gly
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Gln Pro Ala Ser Ile Ser Cys Lys Ser Thr Gln Ser Leu Leu Asp Ser
20 25 30

Asp Gly Lys Thr Tyr Leu Asn Trp Phe Gln Gln Arg Pro Gly Gln Ser
35 40 45

Pro Lys Arg Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Trp Gln Gly
85 90 95

Thr His Phe Pro Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105 110

Arg

<210> 146
<211> 113
<212> PRT
<213> Artificial

<220>
<223> Synthesized

<400> 146
Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Ser Val Thr Leu Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Thr Gln Ser Leu Leu Asp Ser
20 25 30

Asp Gly Lys Thr Tyr Leu Asn Trp Leu Leu Gln Arg Pro Gly Gln Ser
35 40 45

Pro Lys Arg Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro
50 55 60
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Asp Arg Phe Ser Gly Ser Gly Ser

65

70

Ser Arg Val Glu Ala Glu Asp Val

85

Thr His Phe Pro Tyr Thr Phe Gly

Arg
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<400>

147
113
PRT

100
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Synthesized
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Asp Val Val Met

1

Gln Pro

Asp Gly

Pro Arg
50

Asp Arg
65

Ser Arg
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35

Phe
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Ser

20

Thr

Leu

Ser
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Thr
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Tyr
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Gly
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85
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Ser
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Ser

70

Glu

Ser

Cys
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Leu

55

Gly
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Trp

40

Val

Ser
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Gly Thr Asp Phe Thr Leu Lys Ile
75 80

Gly Val Tyr Tyr Cys Trp Gln Gly
90 95

Gln Gly Thr Lys Leu Glu Ile Lys
105 110

Leu Ser Leu Ser Val Thr Leu Gly
10 15

Ser Thr Gln Ser Leu Leu Asp Ser
25 30

Phe Gln Gln Arg Pro Gly Gln Ser
45

Ser Lys Leu Asp Ser Gly Val Pro
60

Gly Thr Asp Phe Thr Leu Lys Ile
75 80

Gly Val Tyr Tyr Cys Trp Gln Gly
90 95
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Thr His Phe Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

Arg

<210> 148
211> 113
<212> PRT
<213> Artificial

<220>
<223> Synthesized

<400> 148
Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Ser Val Thr Leu Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Thr Gln Ser Leu Leu Asp Ser
20 25 30

Asp Gly Lys Thr Tyr Leu Asn Trp Leu Leu Gln Arg Pro Gly Gln Ser
35 40 45

Pro Arg Arg Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Trp Gln Gly
85 90 95

Thr His Phe Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

Arg

<210> 149
<211> 112
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<212> PRT
<213> Homo sapiens
<400> 149
Glu Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Arg Pro Gly Ala
1 5 10 15

Leu Val Lys Leu Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Ile His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu Glu Trp Ile
35 40 45

Gly Trp Ile Asp Pro Glu Asn Gly Glu Thr Val Tyr Asp Pro Lys Phe
50 55 60

Gln Gly Lys Ala Ser Ile Thr Ser Asp Thr Ser Ser Asn Thr Ala Tyr
65 70 75 80

Leu Gln Leu Arg Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Ser
85 920 95

Thr Ser Leu Asp Phe Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser
100 105 110

Page 86



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings
	Gene Sequence

