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POLYPEPTIDES COMPRISING A MODIFIED BACTERIOPHAGE G3P
AMING ACID SEQUENCE LACKING A GLYCOSYLATION SIGNAL

~

8661} This application claimos the beneiit of 1.5, Provisional Application No. 62/687,052, filed
December 3, 2014, which is incorporated here by reference in its entirety to provide continuity of
disclosure
(3682} The mvention relates to polypeptides that comprise a portion of filamentous bacteriophage gene
3 protein (23p) sufficient to bind to and/or disaggregate arayloid, i.e., the N1-N2 portion of g3p and
routants and fragments thereof, wherein that 23p amino acid sequence has been modificd through amino
acid deletion, insertion or substitution o remove a putative glyveosylation signal.  The invention further
elates to such polypeptides that are also modified through additional amino acid substitution to be
substantially less immunogenic than the corresponding wild-type g3p amino acid sequence when vsed
m vive. The polypeptides of the invention relain their ability to bind and/or disaggregate amyloid. The
mvention further relates to the use of these g3p-modified polypeptides in the treatment and/or
prevention of discases associated with misfolding or aggregation of amyloid.
(6843} Filamentous bacteriophage g3p protein, and in particuiar the polypeptide portion thereof
conprising the N1-N2 rezion of g3p, has been demonstrated to bind 1o and disaggregate various
amylioids, such as B-anwyloid, tau protein, and prion proteins. Sce co-pending PCT application

61/861,349, and US 61/801,849, the

PCT/AIS2012/066793, and US provisional applications US
disclosure of each of which is incorporated herein by reference. Sce alse, R, Krshnan ot al,, J Mol

Biol (2014). Despite that efficacy, it is expected that production of such polypeptides in recorohinant

mararaabian cell systerus could be deleteriously affected by glycosylation at a putative asparagine-linked

glycosylation signal in the g3p sequence. In addition, systemic administration of polypeptides

compnising g3p or the N1-N2 region thereof to humans could cause  deletertogs immune respouse.
MNong of these prior art teachings identify any potential problems relating to putative glycosylation.
(8084} The efficacy of many recombinant or otherwise non-native therapeutic proteins or polypeptides
may be linited by unwanted immune reactions of patients to the therapeutic protein or polypeptide. A
principal factor in the induction of an immune response by a protein is the presence of T-cell epitopes
within the protein, i.e., amino acid sequences that can stimulate the activity of T-cells via presentation
on major histocompatibility complex (MHC) class i molecules. T-cell epitopes are conumonly detined
as any arnino acid sequences with the ability o bind to MHC class 1T molecules. When bound to MHEC

1

molecules, T-cell epitopes can be recognized by & T-cell receptor (TCR), and can cause the activation of

T-ceils by engaging a T-cel recepior fo promote a T-cell response. 1t s, however, generally understood
that certain T-cell epitopes which bind to MHC class 11 maniecules do not stiraulate T-cell response,

hecause these peptides are recognized as “self” within the organism to which the protein is

adrmstered.
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[6885] Some T-cell epitopes may be released as peptides during the degradation of the therapeutic
protein or polypeptide within cells and then presented by molecules of the MH to frigger the activation
of T-celis. For peptides presended by MHC class 1T molecules, such activation of T-cells can then give
rise, for example, to an antibody response by direct stimnulation of B-cells to produce such antibodies.
[¢886] MHC class H molecules are a group of lughly polymorphic proteins which play a central role in
helper T-cell selection and activation. The human leukocyle antigen group DR (HLA-DR) are the
predominant isotype of this group of proteins. However, 1sotypes HLA-DQ and HLA-DP perform
similar functions. In humans approximately 70 different allotypes of the DR isotype are known, for DQ
there are 30 different allotypes and for DP 47 different allotypes are known. Each individual bears two
to towr DR alleles, two DO and two DP alleles

18887} The immune response to a protemn or polypeptide in an individuoal is heavily influenced by T-
cell epitope recognition which is & function of the peptide binding specificity of that individual's HLA-
DR allotype. In order to identify T-cell eptfopes within a protein or polypeptide in the context of a
=lobal population, it is desirable to consider the binding properties of as diverse a set of HLA-DR
allotypes as possible, thus covering as high a percentage of the world population as possible.

(36881 T-cell epitope identification s the first step to epttope chnuination. Methods enabling the
detection of T-cell epitopes are known in the art and are disclosed in WO 98/52976, WO (0/34317,
US2007/0269435; US 7,208,147, Kern et al., Narnure Medicine 4:975-978 {(199%); and Kwok et al.,

11
H
i

Trends in Immunology 22:583-588 (2001}, In these approaches, predicted or identified T-cell epitopes

are removed by the use of judicious amino acid substitutions within the primary sequence of the
therapeutic protein or polypeptide. Although these references enable putative identification of T-cell
epitopes, the selection of amino acid substitutions that avoid negative impact on biological activity
cannot be reasonably predicted. That can only be determined by testing each of the modified
polypeptides for such activity.

[686%] Thus, it would be desirable to examine and reduce the glycosylation, either alone or together
with reducing the immunogenicity of the N1-N2 portion of @3p without destroying its amyloid-
binding/disaggregation properties. This would allow the polypeptide comprising the N1-N2 portion of

¢3p o be made 1o mamuaalian cells without the manufacturing difficoliies associated with

glycosylation. In addition, reduced imvrmnogenicity will allow a polypeptide comprising that N1-N2

portion to be chronically administered systemically for therapeutic and/or diagnostic purposes. The
present tnveniion meels this need, by identifying the putative glycosylation signal in the N1-N2 portion
of g3p and providing modifications thereof thal prevent glycosylation while preserving activity of g3p
polypeptides. as deseribed in PCT/USI3/62862 (WO 2014/055515) or of g3p polypeptides that have
been modified to reduce or eliminate immunogenicity as described in PCT/US2014/039760, both of
which are incorporated herein by reference. Thus, certain g3p polypeptides of the invention are not only
modified to prevent glycosylation, but also comprise specific amino acids substitutions within these
poteriial T-cell epitopes to produce a variant NM1-N2 sequence that will reduce or eliminate the

2
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immmunogenicity of that T-cell epitope without destroying the ability of the variant N1-N2 to bind to

amtyloud, prevent amyloid aggregation, and/or effect disaggregation of amyloid plagues.

£ 41

$6018] In certain embodiments of the mnvention, the polypeptides comprise ¢3p or an amvleid binding
x & < ped

~

fragroent thereof that has been modified to romove a glycosylation signal. In one embodiment, the
invention also provides polypeptides comprising a vaniant of an N1-N2 amino acid sequence, or a
mutant or fragment thereof, having reduced inmunogenicity due 1o one or more ammo acid
substitutions within one or more of the 1dentified T-cell epitopes and lacking a glycosylation signal. In
one aspect, the invention provides fusion proteins comprising the variant N1-N2 sequence fused to a
human immunoglobulin Fc region.

(8611} In another embodiment, the invention provides pharmaceutical compositions comprising the
polypeptides of the invention and methods of treating or preventing discases associated with misfolded
and/or aggregated amyloid proteins by administering such pharmaceutical compositions to a subject

suffering from or susceptible to such disease.

(8012} Ina further embodiment, the invention provides racleic acid nolecules which code for the
polypeptides of the invention, as well as vectors coraprising those nucleic acid raolecules and cells

harboring such vectors.
(8¢13] In another embodimert, the invention provides methods for producing the polypeptides of the
mvention. In particular, such methods employ the nucleic acid molecudes and/or cells harboring

vector that comprises such nucleic acid molecules.

BRIEF DESCRIPTION OF THE FIGURES

(8014] FIG. 1 presents the amine acid sequence of an N1-N2-hig(G1-Fe fusion protein (SEQ 1D NO:1)
with five T-cell epitopes identified by bold and underline and the putative glycosylation signal
italicized, bolded and underlined. Amino acids 1-217 constitute the N1-N2 portion of the wild-type g3y
sequence. Araion acids 218-256 represent a finker region consisting of the wild-type 23p elycine-rich
N2-C-termumal finker present m M13 bacteriophage. This region s identified by shading. Amino acids
257-261 represent amino acids encoded by the multiple cloning site used to construct a nucleic acid
molecule encoding the fusion protem. The Ig(G-Fe portion of the protein begins at amino acid 262,
[68158] FIG, 2 presents the amino acid sequence of another g3p-higGi-Fe fusion protein (SEQ 1D
NOG:2} with three T-cell epitopes identified by bold and underline and the putative glycosylation signal
italicized, bolded and underlined. The fourth T-cell epitope has been eliminated by substitution of
V215A and G220F as compared to SEQ 1D NO:1 and the §ifth T-cell epitope has been eliminated by
deletion of amino acids corresponding to araino acids 258 and 259 of SEQ 1D NO:1.

[6816] FIG. 3 presents a DNA sequence (SEQ 1D N(:3) encoding the g3p-higGl-Fe fusion protein of
SEQ TD NGt with 2 N-terminal roaownalian sigual sequence.

(6817} FIG. 4 prescents a DNA sequence (SEQ 1D NG:4) encoding the ¢3p-higG1-Fe fusion protein of

SEQ D NG:2 with 2 N-termunal uanunalian signal sequence.
~ o 1
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[0018] FIG. § provides a comparison of the frequency of donor allotypes exprossed in the study
described 1o Exampie |

(6818} FIG. 6 prescots the amine acid sequence {SEQ 1D NG:5) of a polypeptide of the nvertion that
is 2 g3p-big(s1-Fe fusion protein with amaion acid changes in the putative glycosylation signal (T41G),
epitope 1 {TS6H), and epilope 3 (K174R), as conpared to SEQ IDNO:Z. The substituted amino acids
are bolded, mtalicized, underlined and by gray highlighting,

[6828] FIG. 7 presents a DNA sequence (SEQ 1D N(:6) of a plasrnd encoding Pobvpeptide 86 with 4
MN-terminal mammalian signal sequence. The coding sequence, including the signal sequence is
indicated by bolding. The codon changes as compared to the DNA encoding SEQ 1D NO:1 are
indicated by underlining.

(8021} FIG. 8 presents a DNA sequence (SEQ ID NO:Tofa plasmid gncoding Polypeptide 86 T41G
with a N-terminal mammalhan signal sequence. The coding sequence, including the signal sequence is
mndicated by bolding. The codon changes as compared to the DNA encoding SEQ ID NO:1 are
mdicated by underlining.

(3622} FIG, 9 depicts 2 SDDS-PAGE analysis comparing the polypeptide of SEQ 1D NO: 1 with
Polypeptide 86 and Polypeptide 86 T41G.

(36231 FIG, 18 depicts the resulis a filter retardation assay comparing the polypeptide of SEQ 1D
NO:1 with Polypeptide 56 and Polypeptide 86 T41G

(8824} FIG, 11 depicts comparalive binding of a polypeptide of SEQ ID NO:1 with Polypeptide 86

T41G for three different types of fibers as measured by ELISAL

DETAILED DESCRIFTION OF THE INVENTION

(8251 In the prescot application the term “variant” {and its cogrates) with respect to a reforence
(vorondified) amino acid or nucleic acid sequence refers to a sequence that cortaing one or more araino
acids substitutions, deletions or wsertions, or cortesponding substitution, delction or 1nsertion of
codons. The reference sequence is also referred to as 3 “starling amino acid sequence” or “starting
sequence.” A variant does not necessarily reqoire physical manipulation of the reference sequence. As
long as a sequence contains a different amino acid as compared to a reference sequence it will be
considered a “variant” regardless of how it was synthesized.

[6826] Asused herein, the term “mutant” (and its cognates) refers to a starting sequence that has been
modified as compared to a specific sequence set forth in the application {e.g., SEQ 1D NO:1, SEQID
NO:2, ete).

16827} Asused herein, the torm “modified” (and its cognates) refers to change in a reference amino
acid sequence or nucleic acid sequence. When a starting sequence is modified the resulting sequence is
a variant. & modification includes one or more amino acids substitutions, deletions or insertious, or

comresponding substitution, deletion or insertion of codous.

'~
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(60828} The term “comesponding substitution” as used herein means a substitution in a mutant or
fragraent of anuno acids 1-217 of SEQ 1D NO: i that corresponds fo the equivalent amino acid
substittition in Table , Table 2, Table 6 or Table 7 when such mutant or fragment i aligned with amino
acids 1-217 of SEQ ID NG L

(6029} An cxample of a fragrment of aming acids 1-217 of SEQ 1D NO: 1 that binds to and/or
disaggregates amyloid includes, but 1s not limited to, any fragrment that comprises anino acids 1-67 of
SEQ ID NO: 1. Example of mutants of amine acids 1-217 of SEQ D NO: 1 that bind o and/or
disaggregate amyloid include, but are not limited to: (1) amuino acids 1-217 of SEQ 1D NG:Z; (2) anuno
acids 1-217 of SEQ 1D NO:1, amino acids 1-217 of SEQ ID NO:2, or amino acids 1-217 of SEQ 1D
NO:5 bearing substitution of VVV at amino acids 43-45 with AAA; (3) amino acids 1-217 of SEQ 1D
NO:1, amune acids 1-217 of SEQ 1D NOG:Z, or amine acids 1-217 of SEQ D NO:S having the
substitution C53W; (4) amine acids 1-217 of SEQ 1D NO: 1, amnino acids 1-217 of SEQ 1D NG:2Z, or
amino acids 1-217 of SEQ ID N(O:3 having a deletion of amino acids 96-103; (5) amino acids 1-217 of
SEQ ID NO: I, amino acids 1-217 of 3EQ 1D NG:2, or amino acids 1-217 of SEQ D NO:3 bearing the
substitution of QPP at amino acids 212-214 with AGA; (6) amino acids 1-217 of SEQ D NG: 1, amino
acids 1-217 of SEQ 1D N2, or amino acids -217 of SEQ ID NO:S having the substitutions WIB1A,
FI90A and F194A; (7} other active mutants and fragments disclosed in PCT/USZ012/066793; (8)
amino acids 1-217 of SEQ ID NG:5; (9) amino acids 2-217 of 5EQ D NO: 1, amino acids 2-217 of
SEQ 1D NO:2, or amnino acids 2-217 of SEQ 1D NG:3; (10) amino acids 3-217 of SEQ ID NG: 1, amino
acids 3-217 of SEQ D NO:2, or amino acids 3-217 of SEQ IB NG:5; (11 any one of amimno acids 1-
217 of SEQ ID NG:1, amino acids 1-217 of SEQ 1D NO:2, or amino acids 1-217 of SEQ 1D NG5
containing an additional N-termimnal methionine residue.

[6838] The N1-NZ portion of filamentous bacteriophage g3p protein has previously been shown to
possess amyloid binding and disaggregation properties (see PCT/USZO12/066793). The N1-N2 portion
ot native M 13 phage s represented by amino acids 1-217 of SEQ 1D NO:1. The same N1-N2Z amino
acid sequence 1s also present in fd and £1 filamentous bacteriophage. {1t should be understood that
amino acids 218-256 of SEQ ID NO:1 are also part of the npative 23p sequence and are typically referred
to as the glycine-tich linker connecting the N2 region of g3p to the C-terminal dorain of @3p (CT), also
known as the N3 domain. Apino acids 257-261 of SEQ D NGt represent amnino acids encoded by the
multiple cloning site used to construct a mucleic acid molecule encoding the fusion protein of SEQ D
NGt

Polvpeptides

{8831} Thus, in one embodiment, the invention provides a polypeptide comprising & variant of &
starting aniino acid sequence, wherein the starting amino acid sequence is selected fronu: anuno acids 1-
517

7 of SEQ 1D NO:1 or amino acids 1-217 of SEQ ID NO:2 and mutants of any of the foregomng having

one or more of the following modifications: substitution of VVV at amino acids 43-45 with AAA;
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substitution C33W; deletion of aming acids 96-103; substitution of QPP at amino acids 212-214 with
AGA; substitutions WIB1A, F190A and F194A; deletion of amaing acid 1 deletion of amino acids | and

2: and addition of a N-terminal maethiomine residue, wherein:

pmty

(a} the starting araino acid sequence is modified to reruove the putative glycosylation signal a

armno acids 39-41; and

{b} the polypeptide binds to and/or disaggregates amyloid.
(6832} In one aspect of this embodiment, the starting amino acid sequence 1s selected from: ammo
acids 1-217 of SEQ 1D NO:1, and amino acids 1-217 of SEQ 1D NG:2
18633} Elimination of the putative glycosylation signal is achieved by amino acid sebstitution of one or
more of N39, A4Q and/or T41; deletion of one or more of N39, A40 and/or T41; insertion of one or
more antino acids between N39 and A40; and insertion of one or more amino acids between A4Q and
T4l msofar as such substitution, deletion or insertion docs not regencrate a giycosylation signal. The
mutative glycosylation sequence is Asn-X-The/Ser, wherein X is any amino acid other than Pro or Cys.

1
}

Thus, only cortain substitutions for A40 will eliminate the glycosylation sequence. Ton one aspect of

is achieved by amino acid

paniiy

these embadiments cliination of the putative glycosylation signa

substitution of one or yuore of N39, 440 and/or T41. Tn a more specific aspect of these emboduments

slimination of the putative glycosylation signal 18 achieved by amino acid substitution of T41. Inan
even more specific aspect of these embodiments elimination of the putative glycosylation signal is
achieved by any of the following sobstititions: T41G, T41W, T41H, T41V, T4i1, T41L, T41R, T41K,
T41Y, T41F, T41D, T41E, T41Q, T4IN, or T41A, In the most specific aspect of these embodiments,
elimination of the putative glycosylation signal 1s achieved by a T41G substitution.

[6834] In another embodiment of the invention the polypeptide that has been modified to remove the
putative glycosylation signal at anuno acids 39-41 additionally has reduced immunogenicity as
compared to a corresponding polypeptide comprising the starting amino acid sequence; and the variant
has from 1 to 9 amsino acid substitutions (in addition to any substitutions that have eliminated the
glycosylation signal) as compared to the starting amino acid sequence, wherein cach amino acid
substitution is sclected from the group of arnine acid substitutions set forth in Table | and Table 2. The

terrn “corcesponding polypeptide corprising the starting arnine acid sequence” as used berein rueans a
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(66351 polypeptide which, except for the modification of the glycosvlation signal and the additional

substitution(s), has the same amino acid sequence as the polypeptide comprising the starting amino acid

soquened.

Table 1. Deounmunizing Amuno Acid Substitutions to Amine Acids 1-217 of SEQ ID NO:t or SEQ 1D

NG:3,

Epitope Aming Acid # Aming Acid preseut at Substitution
the indicated Aming
Acid # of SEQ ID NO: 1
48 G HKRST
51 T G HKRPQN
34 Y O HKRP
56 T G HKRP

mwmw/mwﬁm

135 M ADGKNTHR
146 ] L H O, A G
141 ¥ D.F
143 N A G
. b L . .
3 173 8 G, P K
3 174 j 18 R
3 176 M G H K N R
3 T78 D NG 8T
3 183 W G, H KR
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Table 2. Alternate or Additional De-Immunizing Amino Acid Substitutions to Anino Acids 1-217 of
SEQ ID NG, or SEQ 1D NO:3.

Epitope Amine Acid # Asming Acid present at Substitation
the indicated Aming
Acid # of SEQ ID NO: 1*
i 48 G D P
H 38 E G HEKPRR
i 51 T W
i 33 C FHKKNGGR WY
2 lﬁg 3 3’ i G H PGS T
2 14¢ R M,N, P, S, Y
2 143 F GNP, QY
3 173 5 DHERT
3 175 A GHKPR
3 176 M PG W
3 178 B FHELRWY
3 174 A HEPR
3 181 W P

#ln Tables 1 and 2, each of the indicated amino acids is the same in SEQ ID NOS: 1 and 3.

[B836] The amino acid substitations set forth in Tables 1 and 2 were dertved by dentifying the T-cell

epitopes present completely withmn the Ni-N2 amino acid sequence. This was done by incubaling

different overlapping peptide portions of the N1-N2 sequence against the peripheral blood mononuclear

cells {(PBMC) from a cohort of community blood donors best representing the world population of

HLA-DR allotypes to identify the potential T-cell epitopes. This information was then subjected to

software analysis against a database of known T-cell epitopes to identify optimal amino acid

substitutions within those potential epitopes. These procedures are described in detail in the Examples.



WO 2016/090022 PCT/US2015/063476

(6837} To one aspect of these embodiments, the 1-9 additional amino acid substitutions (in addition to
any substitutions that have elirainated the glycosylation sigual) are selected from those set forth in Table
1. Ina more specific aspect of the embodiment set forth above, the polypeptide comprises a variant of
amtino acids £-217 SEQ TD N1 or a variant of amino acids 1-217 of SEQ 1D NO:2 having only a
specific single amino acid substitution, wherein the substitulion 1s selected from one of the substitutions
set forth in Table 3:

Table 3. Specific De-lmmunizing Single Amino Acid Substitutions i Amino Acids 1-217 of SEQG ID
N1, or Amino Acids 1-217 of SEQ D NO:2

G48H 48K G48R G485
G48T T51G T51H T51K

T51P T5IR T310 TSIN
Y54G Y54H Y54K Y54F
Y54R 1560 T56H T56K

T56P T56R M135A M13s5D
MIi35G Mi335H MIi33K MI135N
MI35R MI35T R140A R140D
R140E R40G Ri40H R1400
Fi41D Fi4lE N143A Nid3G
S173CG S173P M176QG M176H
Mi76K M176N D78G D178N
D178 D1788 WI81G WiniH
WiglK WIsIR S173K Ki74R
MIi76R DI73T

(3638} Inan even more specific aspect of these embodiments, the specific single amino acid
substitution is not in epitope 2 (amino acids 135-143 of SEQ 1D NG:1).

(3839} Insome eombodiraents, the polypepiide comprises a variant of arino acids 1-217 SEQ 1D NO:1
or a vanant of arnino acids 1-217 of SEQ ID NO:2 having 2-9 amine actd substitations {in addition to
any substitutions that have ebminated the glycosylation signal), wherein the substitutions are 1 al least
two of epitopes 1, 2 and 3, and wherein the substitutions are selected from those set forth in Tables 1
and 2. In a more specific aspect, at least two substitutions in the variant of amino acids 1-217 SEQ ID

NO:1 or the variant of amino acids 1-217 of SEQ 1D NO:2 are selected from those set forth in Table 1.

9
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In an even more specific aspect the polypeptide comprises a variant of SEQ 1D NO: 1 or SEQ ID NO:2
that bas aoly two arnino acid substitutions, wherew the substitutions are selected from any of the
specific two amino acid substitutions setf forth in Table 4:

Table 4. Specific De-Tmwmunizing Two Amino Acid Substitutions in Amino Acids 1-217 of SEQ D
NG, or Amine Acids £-217 of 3EQ ID NG:2:

Y34K and M135K

Y54K and M135T

Y354K and R140Q

Y54R and MI33K

Y34R and M135T

Y54R and R1400Q

TS6H and M135K

TS6H and M135T

T36H and RI40G

T36K and M135K

T36K and M135T

T36K and R146Q

YS4K and D178N

Y 54K and Wis1H

Y 54K and W1B1R

Y 54K and K174R

Y354R and D178N

Y54R and WISIH

Y54R and WISIR

Y54R and K174R

TS6H and B178N

TS6H and Wis1H

TS6H and W1HIR

TS6H and K174R

T36K and D178N

T36K and WISIH

T36K and WISIR

T36K and K174R

MI35K and DI78N MI35K and WiB1H MI135K and WISIR MI135K and K174R
MI135T and DL78N MI35T and WIBIH MI35T and WISIR MI35T and K174
R1400Q and D178N R140Q and WIB1H R1400Q and WISIR R1400¢ and K174R

(6848} In a more speeific aspect of these embodiments, neither of the two amino acid sebstitutions are
in epitope 2 {amino acids 135-143 of SEQ I NO:1). In an even more specific aspect of these
embodiments, the two amine acid substitutions are T56H and K174R.

{6841} In another embodiment, the polypeplide comprises a variant of ammno acids 1-217 SEQ ID
NO:1 or a variant of amino acids 1-217 of SEQ [D NO:2, having 3-9 amino acid substitutions (in
addition to any substitutions that have eliminated the glycosylation signal}, wherein at least one amino
acid substitittion is in each of epitopes 1, 2 and 3, and wherein the substitutions are selected {from
substitutions set forth in Table | and Table 2. To a more specific aspect, at least three amino acids
substitution in the variant of amino acids 1-217 SEQ 1D NO:1 or the variant of amino acids 1-217 of

SEQ ID NO:2 are selected from substitutions set forth in Table 2. In an even more specific aspect, the
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polypeptide conprising the variant of aming acids 1-217 SEQ 1D NO:1 or the variant of amino acids 1-
217 of SEQ 1D NG:2 has only three amino acid substitutions, wherein the substitations are selected
froim awy of the specific three armine acid substitutions set forth in Table 5.

Table 5. Specific De-Tmmunizing Three Amino Acid Substitutions 1o Arowe Acids 1215 of SEQ ID
NG, Amino Acids 1-217 of SEG 1D NG 2:

Y54K, M135K and Y54K, M135T and Y54K, R140Q and Y54R, M135K and
DI78N DI78N D178N DH178N
Y54R, M135T and Y54R, R140¢ and T56H, MI35SK and T56H, MI35T and
D178N D178N D178N D78N
T36H, R140Q and TS56K, MI33K and T36K, M135T and T56K, R146Q and
D178N D178N Di78N D178N
Y54K, M135K and Y541, M135T and YS4K, R140Q and Y54R, M135K and
WigIH WIigIH WIigIH WIs1H
Y54R, M135T and Y54R, R140¢ and T56H, Mi35K and T56H, MI35T and
WIBIH WislH WislH WISIH
TS6H, R140Q and T56K, MI35K and T56K, M135T and T56K, R1400 and
WI8IH WIsTH WIsTH WI181H
Y 54K, M135K and Y54K, M135T and YS4K, R140Q and YS4R, MI35K and
WI8IR WI8IR WI8IR WInI1R
Y541, MI35T and Y34R, R140( and T36H, Mi35K and T36H, M135T and
WIBIR WIBIR WIBIR WISIR
TS6H, R1400 and T56K, MI35K and T56K, M135T and T56K, RI400Q and
WISIR WISIR WISIR WI181R
Y54K, M135K and Y 54K, MI35T and Y54K, R1400Q and Y54R, Mi35K and

Ki74R KI174R KIi74R K174
Y548, MI35T and YS54R, R1400Q and TS6H, M135K and T56H, M135T and
KIi74R KI174R KI174R K174R
TS6H, R140Q and T356K, Mi35K and T56K, M135T and T56K, R140Q and
K174R K 174R K174 KIi74R

(6842} In another embodiment, the invention provides a polypeptide comprising a g3p variant wherein
one of the 1 to 9 substitution is a substitution in epitope 4 selected from V2i5A, V213§, V215G or
V2I5T, V215C, V213D, V2I5E, V2I5F, V215H, V215K, V215N, V215P, V2I13Q, or V215R. Instll
another emabodiment, the invention provides a polypeptide comprising a variant of amino acids 1-217 of
SEQ ID NG: 1, wherein one of the 1 to 9 substifutions is a substitution in epitope 4 selected from
V2I5A, V2SS, V215G, VZI5T, V215C, V21513, V2I5E, V21I5F, V2I5H, V2i5K, V213N, V215P,
V2150, or V215R, Through testing of overlapping potential T-cell epitope peptide portions of the N1~
N2 sequence, appiicants bave determined that V215 1o SEQ IDNG: 1 15 part of a potential T-cell
epitope {epitope 4 in FIG. 1) spanning aminc acids 215-223 of SEQ D (the end of N2 through a portion
of the ghycine-rich huker). In 2 more specific aspect of this embodiments, epilope 4 has a V2154 and
(32208 substitution {as in SEQ ID NO:2) . In addition, a single V215G substitution in epitope 4 as
compared to SEQ ID NO:1 did not affect the ability of the polypeptide to bind to or disaggregate
amyloid. Each of the other substitutions for V215 set forth above are similarly predicted by software
and database analysis to eliminate the T-cell epitope, while having little or no effect on amyloid

hinding.
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(6843} To a more specific aspect, the polypeptide comprising a variant of amino acids 1-217 SEQ ID
NG 1 bas a modification that removes the putative glycosylation site at amnino acids 39-41; any one of
the V215 substitutions set forth above; as well as -8 of the amino acid substitutions set forth in Table |
or Table 2. In an even raore specific exnbodiment, the 1-8 arninoe acid substitutions are selected from
those set forth in Table 1. In an even more specific aspect, the polypeptide has a T41 substitution
selected from T4EG, T4IW, T41H, T41V, T41L, T41L, T4IR, T41K, T41Y, T41F, T41D, T41E, 1414,
T4IN, and T41A; a V2135 substitution selected from V218A, V2158, V215G or V215T, V215C,
V215D, V2158, V215F, V215H, V215K, V215N, V215P, V215Q, and V2158; and one additional
single amino acid substitution selected from those set forth in Table 3, wherein the single amino acid
substitution is not in epitope 2. In a more specific aspect, the polypeptide comprising a variant of amino
acids 1-217 SEQ [D NO:1 has a modification that removes the putative glycosylation site at amino
acids 39-41; any one of the V215 substitutions set forth above; and 2-8 additional amino acid
substitutions, wherein the additional substitutions are in at least two of epitopes 1, 2 and 3, and wherein
the substitutions are selected fro those set forth in Table 1 or Table 2. In an even more specific
embodimert, the at leagt one substitution 1 at least two of epitopes 1, 2 and 3, is selected from the
substitutions set forth in Table 1. Tuo a still more specific erobodiment, the polypeptide has a T4]
substitution selected from T41G, T4IW, T41H, T4V, T4LE, T41L, T41IR, T41K, T41Y, T41F, T41D,
TA1E, T410), T41N, and T41A; a V215 substitution selecled from V213A, V2158, V215G or V215T,
/215C, V215D, VZISE, V21SE, V21SH, V215K, V215N, V2158, V215Q, and V215R; and one of the
spectfic two amino acid substitutions set forth in Table 4, wherein the netther of the amino acid
substitutions are in epitope 2.
[6844] In a more specific aspect, the polypeptide comprising a variant of amino acids 1-217 of SEQ 1D
NO:1 has a modification that removes the putative glycosylation site at amino acids 39-41; any one the
V215 substitutions set forth above; and 3-8 additional aminoe acid substitutions selected from those set
forth in Tabie 1 or Table 2, wherein cach of epitopes 1, 2 and 3, comprise one of the additional
substitutions. In an even more specific embodinent, the substitution in each of epitopes 1, 2 and 3, 18
sclected froa those set forth in Table 1. In a still more specific embodiment, the polypeptide has a T41
substination selected Gom TALG, T4IW, T41H, T41V, T41L T41L, T41R, T41K, T4lY, T41F, T41D,
T41E, T4iQ, T4IN, and T41A; a V215 substitution seiected froma V2ISA, V2155, V215G or V215T,
V215C, V218D, V21SE, VZ15F, V215H, V215K, V215N, V215P, V2153, and V215K, an optional
(3220F substitution; and one of the specific three amine acid substitations set forth in Table 5.
(6845} In an even more specific embodiment, the polypeptide comprises a vanant of amino acids 1-217
of SEQ ID NO:2 having a T41 substitution selected from T41G, T41W, T41H, T41V, T4l T41L,
TA4IR, T4IK, T41Y, T41F, T4iD, T41E, T41Q, T4IN, and T41A; and a pair of substitations selected
from those set forth in Table 4, wherein one of the substitutions is in epitope 1 and the otheris in
gpitope 3. In one aspect of this embodiment, the T41 substitiition is T41G, In an alternate aspect of this
embodimert, the pair of substitutions, wherein one of the substitutions 18 1n eptiope | and the other s in

12
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epitope 3 18 T56H and K174R. In an even more specific aspect of this embodiment, the polypeptide
comprises amino acids 1-215 of SEQ ID NG:5. In another ewmbodimeny, the polypeptide of the
invention is a fusion protein consisting essentially of 2 human or humanized romunoglobulin Fe
polvpeptide sequence fused via a peptide Hnker or divectly to the C-terminus of the variant @3p amino
acid sequence. The term “peptide linker” as used herein refers to a series of consecutive amino acids
that will not mterfere with the function of the polypeptide. As set forth above, in SEQ ID NOs: 1 and 3,
amino acids 218-256 represent the glycme-rich hinker that is normally present in the M13 g3p protemn.
That linker may be used or a different linker may be substituted therefor in the polypeptides of the
invention. Alternatively, the Fe polypeptide sequence may be linked directly to the last amino acid
encoding N2 {e.g., anuino acid 217 of SEQ 1D NOs land 3). The choice of linker sequence and/or its
absence may be made by those of skill in the art taking into account vectors available for the

recornbinant expression of the polypeptide of the invention, and any secondary or tertiary structure such
a linker may imapart to the polypeptide. In one aspect of this embodinient, the Fe polypepiide is the Fo
portion of a hursan Iz, In a more specific aspect the polypeptide is a variant of SEQ 1D NO:1 or SEQ
1D NO:3 baving a rucdification that removes the putative glycosylation site at amine acids 39-41. Inan
gven more specific aspect, the polypeptide is a variant of SEQ 1D NG: 1 or 3EQ D NO:2 having a
ruodification that removes the putative glycosylation site at amino acids 39-41; and 1 o § additional
aming acid residoe substitations therein selected {rom the group of amino acid substitutions set forth in
Table 1, Table 2, or Table 6, or Table 7, below:

Table 6. Delmmunizing Amino Acid Substitutions to Amino Acids 215-223 of SEQ ID NO: L,

Epitope Aming Acid # Aming Acid present in Sabstibution
Aming Acids 1215 of
SEGID NG §

4 215 Vv A* S G, T
4 218 G C.E.N.P,Q.S, T
4 220 i EE D F, W

3 221 S DL G

4 223 G D, P
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Table 7. Alterrate and Additional Deimmunizing Amino Acid Substifutions to Amino Acids 215-223
of SEQ ID NO:1.

Epitope Amins Acid # | Amino Acid presentin Substitution
Aming Acids 1-215 of
SEQ D NOg §-3

4 215 v CDEFRHENPQGR
4 218 G AH W

4 228 5% MY

4 223 G ERNRT

*V215A and G220F are already substituted in SEQ D NO:2 s¢ that a variant of SEQ 1D NG:2 would
not contain a further substitution at these amino acid residues.

(8046} In one ermbodinernt, the polypeptide is a variant of SEQ ID NO:1 having a modification that
removes the putative glycosylation site at amino acids 39-41; and 2-9 additional amino acid
substitutions, wheretn one of the additional substitutions is a substitution set forth in Table 6 and Table
and at least one other of the substitutions is a substitution set forth in Table | and Table 2. Tu a more
specific aspect of this erobodiment, one of the additional substitutions is a substitution set forth in Table
6; and at least one other of the substitutions is 2 substitution sef forth in Table |, In an even more
spectfic aspect of this embodiment, the polypeptide does not have a substitution in epitope 2. In another
even more specific aspect of this embodiment, the polypeptide has a T41 substitution selected from
TA1G, T41W, T41H, T41V, T41E T41L, T41R, T41K, T41Y, T41F, T41D, T41E, T41Q, T41N, and

T41A. Ina sull more specific aspect of this embodimnent, the polypeplide has a T41G substitution.
(6847} In another embodiment, the polypeptide is a variant of SEQ 1D NO:1 having a modification that
removes the putative glycosylation site at amino acids 39-41; and has 3-9 additional amino acid
substitutions, wherein at least one of the additional substitutions 15 selected {from substitutions set forth
in Table 6 and Table 7, and wherein at least two of epitopes 1, 2, and 3 contain at least one substitution
sclected from the substitutions set forth in Table 1 and Table 2. In a more specific aspect, the
polypeptide has at [east one of the substitutions set forth in Table 6 and at least one substitution in at
least two of epitopes |, 2 and 3 selected from the substinrtions s¢t forth in Table 1. In an even more
specific aspect of this embodirnent, the polypeptide does oot bave a substiiution o epitope 2. In ancther

even more specific aspect of this embodiment, the polypeptide has 2 T41 substitution selected from
T41G, T41W, T41H, T41V, T41E T41L, T4IR, T41K, T41Y, T41F, T4iD, T41E, T41Q, T41N, and
T41A. Ina still more specific aspect of this embodiment, the polypeptide has & T41G substitation. In
an alternate aspect of this embodiment, the polypeptide has only two additional substitutions, wherein
on is in epitope 1 and the other is in epitope 3. In an even more specific aspect of this embodiment, the
polypeptide has only two additional substitutions, wherein one is T56H and the other 1s K174R.

[#848] In another embodiment, the polypeptide is a variant of SEQ 1D NO:1 having a modification that
removes the putative glycosylation site at amino acids 39-41; and bas 4-9 amino acid substitutions; at

least one of substitutions set forth in Table 6 and Table 7; and at least one substitution in cach of
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epitopes 1, 2 and 3 selected from the substitutions set forth in Table 1 and Table 2. In a specific aspect
of this embodiment, the polypeptide has at least one of the substitutions set forth 1o Table 6 and at least
one substiuiion 1o cach of eptiopes 1, 2 and 3 selected from those set forth in Table 1. In another more
specific aspect, the polypeptide bas at least one of subsiitutions set forth in Table 6; at Jeast one of
the specific substitutions one, two or three anino acid substitutions set forth in Table 3, Table 4 or
Table 5, respectively. In still another more specific aspect of this ermbodiment, the polypeptide is 2
variant of SEQ D NO:1 and has only one of the amino acid substitutions set forth in Table 6 and only
one, two or three additional anino acid substitutions selected from one of the specific one, two or three
amino acid substitutions set forth in Table 3, Table 4 or Table 5, respectively. In ancther even more
specific aspect of this embodiment, the polypeptide has a T41 substitution selected from T41G, T4HIW,
T41H, T41V, T41], T41L, T41R, T41K, T41Y, T41F, T41D, T41E, T41Q, T41N, and T41A. fnasull
more specific aspect of this ernbodiment, the polypeptide has a T414(5 substitution.

(8049] Inan alternate embodiment, the polypeptide is a variant of SEQ 1B NO:2 having a modification
that remaoves the putative glycosylation site at amino acids 39-41; and 1 fo 9 additional amino acid
residue substiutions selected from the group of amino acid substitutions set forth i Table 1, and Tahle
2. Tu a more specific aspect, at least one additional substitution 18 set forth in Table 1. In aneven roore
specific aspect of this erobodiment, the polypeptide does not have a substitution in epitope 2. In another
even more specific aspect of this embodiment, the polypeptide has a T41 substitution selected from
TA1G, T41W, T41H, T41V, T41L T41L, T41R, T4IK, T41Y, T41F, T41Dy, T41E, T41Q, T41N, and

T41A. Ina sull more specific aspect of this embodimnent, the polypeplide has a T41G substitution.
[6888] In another embodiment, the polypeptide is a variant of SEQ 1D NO:Z having a modification that
removes the putative glycosylation site at amino acids 39-41; and 2-9 additional amine acid
substitutions and at least one substitution in at least two of epitopes 1, 2 and 3 selected from any of the
substitutions set forth in Table 1 and 2. In a more specific aspect, at least one substitution in at [east two
of epitopes 1, 2 and 3 is selected from those set forth in Table 1. To an even muore specific agpect of this
embodiment, the polypeptide does not have a substitution in epitope 2. In ancther even more specific
aspect of this embodiment, the polypeptide has a T41 substitution selected from T41G, T4IW, T4l

T41V, T41L T4EL, T41R, T41K, T41Y, T41F, T41iD, T41E, T41Q, T4IN, and T41A. In a still raore
specific aspect of this embodiment, the polypeptide bas a T41G substitution. Tu an alternate aspect of
this embodiment, the polypeplide comprises at least one amine actd substitation in epitope | and at least
one amino acid substitation in epitope 3. In an even more specific aspect of this embodiment, the
polypeptide comprises 2 T56H and 3 K174R substitution.

(6851} In another more specific aspect, the polypeptide is a variant of SEQ ID NO:2 or SEQ D NO:S
and has 3-9 amino acid substitutions, wherein at least one substitistion is in each of epitopes 1, 2 and 3
and is selected from any of the substitutions set forth in Table 1 and 2. In a more speeific aspect, the at

5

ieast one substitution in cach of epitopes 1, 2 and 3 is selected from those set forth in Table 1. Inan

gven more specific embodiment, the polypeptide is a variant of SEGQ 1D NG:2 or SEQ 1D NO:5 and has

SE
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only one, two or three amino acid substitutions sclected from one of the specific one, two or three
amtino acid substitutions set forth in Table 3, Table 4 or Table §, respectively. To another even more
specific aspect of this embodimend, the polypeptide has a T41 substitution selected from T41G, T4IW,
T41H, T41V, T411, T41L, T4IR, T41K, T41Y, T41F, T41D, T41E, T410Q, T4IN, and T41A, Inasull
more specific aspect of this embodiment, the polypeptide has a T41G substituton.

(68582} In another embodiment, the polypeplide of the invention is a variant of SEQ ID N2 having a
T41 substitution selected from T41G, T41W, T41H, T41V, T411, T41L, T4IR, T41K, T41Y, T41F,
T41D, T41E, T41Q, T4IN, and T41A; and only 2 additional amino acid substitutions selected from any
of the specific two anuno acid substitutions set forth in Table 4. In a specific aspect of this
embodiment, the polypeptide has a T41G substitution. In a more specific aspect of this embodiment,
the polypeptide has a T41G substitution. In another more specific aspect of this embodiment, one
additional amino acid substitution is in epitope 1 and the other additional amino acid substitution is in

1
H
i

epitope 3. In 2 stili more specific aspect of this embodiment, one additional amino acid substitution is
T56H and the other additional amino acid substitution is K174R. Tn an even more specific aspect of this
embadimend, the polypeptide bas the amino acid sequence set forth n SEQ ID NG5

(36531 Inanother embodiment, the polypeptide of the fnvention is a variant of 3EQ 1D NO:2 having a
T41 substitution selected from T41G, T4LW, T41H, T41V, T41l, T41L, T41R, T41K, T41Y, T41F,
T4lhy, T41E, T41Q, T41N, and T41A; and only 3 additional amino acid substitutions selected from any
of the specific three amine acid substitutions set forth in Table S, In a specific aspect of thas
embodiment, the polypeptide bas a T41G substitution,

Nueleic Acid Molecules, Sequences, Vectors and Host Cells

[8054] In other embodiments, the invention provides an isolated nucleic acid molecule that comprises a
nucieic acid sequence coding for any of the polypeptides or fusion proteins comprising 2 @3p variant
described above. I one aspect of this embodiment, the isolated nucicic acid molecule comprises a
raviant of ruclieotides 64-714 of SEQ ID NO:3 or nucleotides 64-708 of SEQ ID NO:5, that 18 modified
by a codon substitution, an in-frame codon insertion or an in-frame codon delction that destroys the
putative glycosylation site encoded by nucleotides 181-189 of SEQ ID NOS:3 or 4 (corresponding to
the amino acids NAT at amino acids 39-41 of SEQ ID NGS:1 or 3}, In a more spectfic aspect of these
embodiments, the variant of nucleotides 64-714 of SEQ 1D NOS:3 or 4 s reodified by a codon
substitution that destroys the putative glycosylation site encoded by mucleotides 181-188 of SEQ ID
NOS:3 or 4. Inan even more specific aspect of these embodiments, the variant of nucleotides 64-714 of
SEQ ID MNOS:3 or 4 13 modified by a codon substitiiion at nucleotides 187-189 {which encodes T41 of
SEG ID NOS: 1 and 2} that encodes an amino acid substitation selected from T41G, T41W, T41H,
T41V, T411, T41L, T41R, T41K, T41Y, T41F, T41D, T41E, T41Q, T41IN, and T41A. In an even more
specific aspect of these embodiments, the substituted codon substitotion is selected from gga, tgg, cat,

eit, att, cit, agg, aaa, tat, tte, gac, gag, cag, aat, and get. In an even more specific aspect of these
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embodiments, the variant of nucleotides 64-714 of SEQ ID NOS:3 or 4 1s modified by a codon
substitution at nucleotides 187-189 that encodes the arnino acid substitution T41G. Inan even wore
specific aspect of these embodirnents, the substituted codon substitution is gga.

(6855} Tu another eimbodinnent, 1 addition to the modification that destroys the putative glyoosylation
site encoded by mucleotides 181-189 of SEQ D NOS:3 or 4, the variant of nucleotides 64-714 of SEQ
1D NOS:3 or 4 further consists of 1-9 codon substitutions, wherein each codon substitution corresponds
to an amino acid substitition selected from the substitutions set forth 1n Table 1, and Table 2, and any
one of the following V215 amino acid substitutions: V2154, V2158, V215G or V2157, V21I5C,
V215D, V2158, V215F, V21SH, V215K, V215N, V215P, V215Q, and V2158, In an even more
specific aspect of these embodiments the variant nucleic acid sequence is modified by one codon
substitution selected to code for any one of the V215 amino acid substitutions set forth above; and from

-8 additional codon substitutions, wherein cach of the additional codon substitutions is selected to code

.
H
i

for an amino acid substitution set forth in Table 1. In a still more specific aspect of these enmbodiments

the variant nucleic acid sequence is modified by one codon substitution selected to code for any one of
the V215 aming acid substitutions set forth above; and from 2-8 additional codon substitutions, wherein
each additional codon substitutions encodes an amino acid substitution set forth in Table |, and a codon

substitution is present 1o cach of at least two of epitopes 1, 2 and 3. Ina still more specific embodiment,

the variant mucleic acid sequence is modified by one codon substitution selected to code for any one of

5
H
i

the V215 amung acid substitutions set forth above; and from 3-8 additional codon substitations, wherein
each additional codon substrtution encodes an amino acid substitution set forth in Table 1, and a codon
substitution is present in cach of epitopes 1, 2 and 3. In a still more specific embodiment, the variant
nucleic acid sequence is modified by one codon substitution selected to code for a V215A amino acid
substitution; and one additional codon substitution selected to code for one of the single amino acid
substitutions set forth in Table 3. In a more specific aspect of this embodiment, the one additional
codon substitution selected to code tor one of the single amine acid substitutions set forth in Table 3
does not code for an amino acid substitution in epitope 2. In another specific emnbodiment, the variant
nucicic acid sequence is modified by one codon substitution sclected to code fora V2134 amino acid
substitution set forth above; and two additional codon substitutions sclected 1o code for one of the
specific two amino acid substitutions set forth 1 Table 4. In a more specific aspect of this embodirent,
the two additional codon substitutiosn selected (o code for one of the specific two amine acid
substitutions set forth in Table 4 does not code for an aminoe acid substitution in epitope 2. Inasull
more specific embodinent, the vartant nucleic acid sequence is modified by one codon substitution
selected 1o code for a V215 amino acid substitution set forth above; and three additional codon
substitutions selected to code for one of the specific three amino acid substitutions set forth in Table 5.
[8¢36] Iun still other embodiments, the isolated nmucleic acid molecule comprises a variant of micleotides
64-1530 of SEQ 1D NO:3 or micleotdes 64-1524 of SEQ D NO:6, wherein the sequence is modified
by a codon substitution, an in-frame codon insertion or an in-frame codon deletion that destroys the

17
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putative glycosylation sife encoded by nucleotides 181-189 of SEQ 1D NOS:3 or 4 (corresponding to
the amino acids NAT at amino acids 39-41 of SEQ ID NGS:1 or 3}, In a more spectfic aspect of these
embodiments, the variant of nucleotides 64-1530 of SEQ 1D NO:3 or nuclectides 64-1524 of SEQ ID
MNC:4 is modified by a codon substitution that destrovs the putative glveosylation site encoded by
micleotides 181-1898 of SEQ D NOS:3 or 4. In an even more specific aspect of these embodiments, the
variant of nocleotides 64-1530 of SEQ 3 NG:3 or nucleotides 64-1524 of SEQ ID NG:4 1s modified by
a codon substitution at nocleotides 187-189 {ace, which encodes T4l of SEQ D NOS:i and 2} that
encodes an amino acid substitiion selected from T41G, T41W, T4 H, T41V, T411, T41L, T41R,
T41K, T41Y, T41F, T41D, T41E, T413, T4IN, and T41A. In an even more specific aspect of these
gmbodiments, the substituted codon substitution is selected from gga, tgg, cat, gtt, att, ctt, agg, aaa, tat,
tic, gac, gag, cag, aat, and gct. In an even more specific aspect of these embodiments, the variant of
muclootides 64-714 of SEQ D NOS:3 or 4 is modified by a codon substitution at nucleotides 187-189
that encodes the anino acid substitution T41G. In an even more specific aspect of these embodiments,
the substituted codon substitution is gga
[B857} Inanother embodiment, in addition to the modification that destroys the putative glycosylation
site encoded by nuclectides 181-189 of SEQ 1D NOS:3 or 4, the variant of nucleotides 64-1538 of SEQ
I3 NO:3 or nucleotides 64-1524 of 3EQ ID NO:4 further consigts of 1-9 codon substitutions, wherein
each codon substitution corresponds to an amino acid substilution selecled from the substitutions set
forth in Table 1, Table 2, and any one of the following V2135 anumo acid substitutions: V2188, V215G
or VZI5T, V215C, V2150, V213E, V215F, V2I5H, V215K, VZISN, VZI5P, V2I15Q, and VZ15R. Ina
more specific aspect of this embodiment, cach codon substitittion corresponds to an anuno acid
substitution selected from the substitutions set forth in Table 1, and any one of the V215 substitutions
set forth above. In an even more specific embodiment, the variant nucleic acid sequence 1s modified by
one codon substitution selected to code for any one of the V2135 amino acid substitutions set forth above
and fron 1-8 additional codon substitutions, wherein cach of the additional codon substitutions
cotresponds to an amino acid substitution selected from the substitutions set forth in Table 1. Ina more

pecitic aspect, the variant bas one additional codon substitution corresponding to one of the specific

()

o

one aming acid substitutions set forth 1o Table 3. In a more specific agpect of this embodiment, the one
dditional codon substitution selected to code for one of the single aming acid substitations st forthiin
Table 3 does not code for an amine acid substitotion in epitope 2.
(68588} In another embodiment, 1n addition to the modification that destroys the putative glycosylation
site encoded by mucleotides 181-189 of SEQ ID NOS:3 or 4, the variant of nuclectides 64-153¢ of SEQ
1D NO:3, or nucleotides 64-1524 of SEQ 1D NO:6 has 2 modification that congsists of one codon
substitution selected to code for any one of the V215 amino acid substitution set forth above; and from
Z-8 additional codon substitations, wherein each additional codon substitution corresponds o an amino
acid substitiition set forth in Table 1, and a codon substitution is present in each of at least two of
epitopes 1, 2 and 3. Tn a more specific aspect, the variant bas two additional codon substitutions
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cotresponding to one of the specific two amino acid substitutions set forth in Table 4. Ina more

specific aspect of this embodiment, the two additional codon substitutions selected 1o code for one of

the specific two amino acid substitutions sct forth 1o Table 4 does oot code for an anino acid
substitution i epitope 2. In an even more specific aspect of this embodiment, the specific two amino
acid substitutions from Table 4 is T56H and K174R. In an even more specific aspect of this
embodiment, the variant nucleotide sequence is SEQ ID NO:8.

(68583} In another embodiment, 1n addition to the modification that destroys the putative glycosylation
site encoded by nucleotides 181-189 of SEQ D NOS:3 or 4, the variant of any one of nucleotides 64-
1530 of SEQ 1D NO:3, or nucieotides 64-1524 of SEQ 1D N(:6, has a modification that consists of one
codon substitiution selected to code for any one of the VZ15 amino acid substitution set forth above; and
from 3-8 additional codon substitutions, wherein each additional codon substitution corresponds to an
aming acid substitution set forth in Table 1, and a codon substifistion is present in each of epifopes 1, 2
and 3. In a more specific aspect, the variant has three additional codon substitutions corresponding to

one of the specific three aminge acid substitutions set forth in Table 5.

SE

(86687 In still other embodiments of the nucleic acid molecules of the invention, the nucleic acic
raodecule further coraprises nucleic acid sequences encoding a signal sequence fused 1o phase and
directly to the 5 end of the nucleic acid sequence encoding the variant g3p. In ooe aspect of these
embodiments, the nucleic acid sequence encoding the signal sequence s nucleotides 1-63 of SEQ ID
NO:3

(3861} The nucleic acid molecules of the mvention encormpass mucleic acid sequences that are
degenerative to, but encode the same ammo acid sequence as encoded by any of the nucleic acid mucleic
acid molecules described above.

[8662] For recombinant production, any of the mucleic acid molecules of the invention may be ingerted
mto an appropriate expression vecior which contains the necessary elements for the transcription and
transiation of the inserted coding sequence, or in the casc of an RNA viral vector, the nocessary
clements for replication and transiation. The encoding vucleic acid is inserted info the vector in proper
reading frame. Accordingly, the invention provides vectors comprising rucleic acid molecule and
scquences of the invention. Such vectors include, but are not lirnited to, DNA vectors, phage vectors,
viral vectors, retroviral vectors, ete. The choice of appropriate vector in which to clone the nuclsic acid
moleciles and sequences of the nvention may be made by those of skill in the art using well-known
knowledge of the compatibility of the vector with the chosen host cell in which to carry out expression.

o3
H
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This may be done in any of mammalian cells, plant cells, insect cells, bactenal cells, yeast cells, ete,
Appropriate vectors for each of these cell types are well-known in the art and are generally
commercially available.

[8863] In another embodiment, the imvention provides a host cell harboring the vector containing a
mucleic acid molecule or nucleic acid sequence of the invention. Methods of transfecting or
transforming or vtherwise getting a vector of the invention into a host cel are known in the art. A cell
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harboring the vector, when culiured under appropriate conditions, will produce the polypeptides of the

invention. Specific exaruples of vectors aud celis used for the recombinant production of the

o]

polvpeptides of the tuvention are set forth in the example section below.

Pharmaceutical Compositions

[8864] In some embodiments, the invention provides a pharmaceutical composition coniprising any
polypeptide or fusion protein comprising & vanant g3p, optionally together with a pharmaceutically
acceptable carrier, diloent or excipient. A "pharmaceuatical composition” refers to a therapeutically
gffective amount of a composition as described herein with a physiologically suitable carrier and/or
excipient. A pharmaceutical composition does not cause significant irritation to an organism. The
phrases "physiologically suitable carrier” and "pharmaceutically acceptable carrier” which may be used
mterchangeably refer to a carrier or a diluent that does not cause significant irritation to an organism
and does not abrogate the biological activity and properties of the administered composition. The term
"excipicnt” refers to an inert substance added to a pharmaceutical composition to further facilitate
adromisiration of an active ingredient. Examples, without limttation, wnclude, for exaraple, saline,
calcium catbonate, calcium phosphate, various sugars and types of starch, cellalose dexivatives, gelatin,

vegetable oils, polysthyiene glycols, and surfactants, including

aly g, for example, polysorbate 20,

(3665} Pharmaceutical compositions for use in accordance with the preseut invention maay be
formlated in a conventional manner using one or more physiclogically acceplable carriers comprising
excipients and auxiliaries, which facililate processing of the active ingredients into compositions which
can be used pharmacewtically. Proper formulation is dependent apon the route of adnunistration chosen
and upon the nature of the composition delivered {e.g., s17e and solubility of the polypeptide). In one
aspect of these embodiments, the pharmaceutical composition is formuilated for injection or infusion

a patient. In another aspect of these embodiments, the pharmaceutical

~
£
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into the bloodsiream of
conposition is fornuilated for direct administration to the brain or central nervous system of the patient,

~

for example, by direct intramedullary, intrathecal, or intraventricular injection.

[6866] The compositions described herein may be formuiated for parenteral adnunistration, e.g., by
bolus injection or continuous jnfusion. Pharmaceutical compositions for pareaferal administration
include aquecus solutions of the composition in water-soluble form. f‘xdditionaﬂy; suspensions of the
ctive ingredients raay be prepared as oily or water based injection suspensions. Suitable lipophilic
solvents or vehicles include fatty oils such as sesame oil, or synthetic falty acids esters such as ethyl
oleate, triglycerides or liposomes. Agqueous mjection sgspensions may contain substances, which
increase the viscosity of the suspension, such as sodium carboxymethy! celhilose, sorbitol or dextran.
Uptionally, the suspension may also contain suitable stabilizers or agents {e.g., surfactants such as

polysorbate (Tween 207} which increase the solubility of the active ingredients to allow for the

preparation of highly concentrated solutions. A protein based agent such as, for example, albumin may
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be used to prevent adsorption of polypeptide of the invention to the delivery surface (i.c., IV bag,
satheter, needle, ete.).

(80671 For oral administration, the compositions can be formwlated readily by combining the active
compounds with pharmaceutically acceptable carriers well known in the art.

{6868} Formulations may be presented in unit dosage {orm, €.g., in vials, amupoules or in multidose
containers with optionally, an added preservative. The compositions may be suspensions, solotions or
emulsions mn oily or agueous vehicles, and may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. Single dosage forms may be in a liguid or a solid form. Single
dosage forms may be administered directly to a patient without modification or may be difuted or
reconstituted prior to administration. In certain embodiments, a single dosage form may be
administered in bolus form, e.g., single injection, single oral dose, including an oral dose that comprises
multiple tablets, capsule, piils, ¢te. In alternate embodiments, a2 single dosage form may be
administered over a period of time, such as by infusion, or via an toplanted purop, such ag an ICV
rump. In the latter embodiment, the single dosage form may be an infusion bag or pump reservoir pre-

flled with the appropriate amount of a polypeptide or fusion protein comprising a variant g3p.

Alternatively, the infusion bag or pump rescrvoir may be prepared just pricr to administration to a
patient by mixing an appropriate dose of the variant 23p with the infusion bag or pusp reservoir
sohution.

(3869} Another aspect of the invention includes methods for preparing 2 pharmaceutical compesition
of the invention. Techmagues for formmilation of drigs may be foond, for example, m "Remington's
Pharmaceutical Sciences,” Mack Publishing Co., Easton, Pa., latest edition, which is incorporated herein
by reference in its entirety.

[6878] Fharmaceutical compositions suitable for use in the context of the present invention include
compositions wherein the active ingredients are contained in an amount effective to achicve the
intended purpose.

(66717 Determination of a therapeutically or diagnostically effective amount is well within the
capability of those skilled in the art, especially in light of the detailed disclosure provided herein,

(6872} Dosage amount and interval roay be adjusied individually 1o provide brain levels of the phage
display vehicle which are sufficient to treat or diagnose a particular brain disease, disorder, or condition
{minimal effective concentration, MEC). The MEC will vary for each preparation, but can be estimated
from in vitro data. Dosages necessary to achieve the MEC will depend on individual characleristics

o3
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{6073} Dosage intervals can also be determimed using the MEC value. Preparations should be

i

administered using a regimen, which maintains brain levels above the MEC for 16-90% of the time,

o/

preferable between 30-90% and most preferably 50-90%.
{8874} Depending on the severily and responsiveness of the condition to be treated, dosing can be of a
single or a plurality of administrations, with course of treatment lasting from several days to several

Py
s
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weeks or until cure s effected or diminution of the disease state s achieved.
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(6875} The amount of a composition ¥ be administered will, of course, be dependent on the subject
being treated or diagnosed, the severity of the atfliction, the judgment of the prescribing physician, ¢tc.
T certain erabodiments, the amount of polypeptide to be admunistered s selected from 0.1-100 rag/ke

subject body weight; 0.5-30 me/kg; 1-30 mglkg;

ikl

1-10 me/kg; 3-30 me/kg; 1-3 roke/ke: 3-10 me/ke; and
10-30 mg/kg. In some embodiments, the peptide is administered to the subject once a week, onece every
two weeks, once every three weeks, once every four weeks, or once a month.
{6876} Compositions of the present invention may, if desired, be presented in a pack or dispenser
device, such as an FDA approved kit, which may contain one or more unit dosage forms containing the
active ingredient. The pack may, for example, comprise metal or plastic foil, such as a blister pack.
The pack or dispenser device may be accompanied by mstructions for administration. The pack or
dispenser may also be accommodated by a notice associated with the container in a form prescribed by
a governmental agency regulating the manufactire, use or sale of pharmaceuticals, which notice is
reflective of approval by the agency of the form of the compositions or furman or veterinary
adminisiration. Such notice, for example, may be of labeling approved by the U.5. Food and Drug
Administration for prescription drugs or of an approved product insert. Compositions comprising a
preparation of the invention formulated 1o a corapatible pharmaccutical cartier maay also be prepared,
placed 1o an appropriate container, and Jabeled for treatroent of an indicated condition, as if further
detailed above.
(88777 1t is to be understood that both the foregoing and following description are exerplary and
explanatory only and are not restrictive of the mvention, as claymed.

Therapeutic Uses

[8078] Another agpect of the invention relates to the use of any of the polypeptides, nucleic acid
molecules, or compositions of the invention, in the treatment of protein misfolding discases, ncluding,

but not himited to, those diseases involving any oft fAB42, fusyn or flau.
2 f r b o

LN

[B879] Inthe coutext of freatments, the terms “patient”, “subject” and “recipient” are usec

wterchangeably and include humans as well as other marnmals. In some embodinents, a patient s 2
human who is positive for a blomarker agsociated with a protein misfolding disease. In one
embodirnent, the paticnt exbibits B-amyloid deposits as detected by PET iruaging with flothetapir.
[6686] The term “treating” and its cognates are intended to mean reducing, slowing, or reversing the
progression of a disease in a patient exhibiling one or more clinical symptoms of a disease. “Treating”

is also irdended to mean reducing, slowing, or reversing the symaptoms of a discasce in a patient

gt

exhibiting one more clinical sympioms of a disease. In one embodiment, the patient exhibits B-amyloid
deposits as detected by PET imaging with florbetapir and the number of 8-amyloid deposits is reduced
by the treatment. In one emabodiment, the patient exhibits §-amyloid deposits as detected by the
polypeptide or polypeptide compositions of the present invention and the pumber of 8-amyloid deposits

arve reduced or maintained by the treatment. In another emabodiment, the patient exbibits any type of



WO 2016/090022 PCT/US2015/063476

amyioid deposits as detected by PET imaging and the cognitive fiznction of the patient is imaproved by
the treatment. Improvement in cognitive function may be assayed by the ruethods and tests of

fcKhann et al., 4lzheimer’s & Dementia 7{3).263-9(2011).
[6881] “Prophylaxis” is distinct from treating and refers to administration of a composition ¥ an
indwvidual before the onget of any chnical symptoms. Prophylaxis using any of the polypeptides or
compositions thereof of the present invention is encompassed. Prophylaxis may be imphcated in
individuals who are known o be at increased risk {or a disease, or whom are certain to develop a
disease, solely on the basis of one or more genetic markers. Many genetic markers have been identified
for the various protein misfolding diseases. For examples, individuals with one or more of the Swedish
mutation, the Indiana mutation, or the London mutation in homan amyloid precursor protem (hAPP) are
at increased risk for developing early-onset Alzheimer’s Disease and so are candidates for prophylaxis.

Likewise, individuals with the trinucieotide CAG repeats in the huntingtin gene, particularly those with
2 & 5
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36 or more repeats, will eventually develop Huntington’s Discase and so are candidates for prophylaxis.
(8682} The term "protein misfolding” refers to diseases characterized by formation of ammyloid protein
by an aggregating protein (arayloid forming peptide), such as, hot not lyuited to, B-amyloid, serum
amyloid A, cystatin C, 1gG kappa light chain, or a prion protein. FHseases known to be agsociated with
misfolded and/or aggregated amyloid protein nclude Alzheumer’s disease, which includes early onset
Alzheimer's disease, late onset Alzheimer's disease, and presymptomatic Alrhermer's disease,
Parkinson’s disease, SAA amyloidosis, cystatin C, hereditary Icelandic syndrome, senility, multiple

myveloma, prion diseases meluding but not limated to kurg, Creutzfeldt-Jakob disease (CIE,
Gerstmann-Straussler-Scheinker disease ((GS8), fatal familial insommnia (FF1), scrapie, and bovine
spongiform encephalitis (BSE); amyotrophic lateral sclerosis (ALS), spinocerebellar ataxia (SCA1),
(SCA3), (SCAS6), (SCAT), Huntington disease, entatorubral-paliidolaysian atrophy, spinal and bulbar
muscular atrophy, hereditary cerebral amyloid angiopathy, familial amyloidosis, frontotemporal lobe
dementia, British/Danish dementia, Progressive Supranuclcar Palsy (PSP), and familial encephalopathy.
The polypeptides and compositions of the invention may be used to freat “protein misfolding” discascs.
(6883} Many of these misfolded and/or aggregated anwloid protein discases occur in the central
pervous systera {CNS). Some examples of diseases occurring in the CNS are Parkinson’s Disease;
Alzheimer’s Disease; frontotemporal dementia (FTD) including those patients having the following
clinical syndromes: behavioral vanant FTD {(bvFTD), progressive non-fluent aphasia (PNFA} and

T

semantic dementia {SD); frontotemporal lobar degenerations (FTLDs); and Huntington’s Phsease. The

. L3 SN - S . s 41 .. P St Ataoacoa chapator e .
polypeptides and compositions of the mvention may be used {o treat diseases characterized by
misfolded and/or aggregated amyloid protein that occur in the central nervous system (CNS).
[6884] Mistolding and/or aggregation of proteins may also occur outside the CNS. Amyloidosis A
{AA) (for which the precursor protein is serum acute phase apolipoprotein, SAA) and multiple nyeloma
{precursor proteins immunoglobulin light and/or heavy chain} are two widely known protein misfolding
and/or aggregated protein discases that occur outside the CNS. Other examples include discass

23



WO 2016/090022 PCT/US2015/063476

involving amyioid formed by e2-microglobulin, transthyretin (Familial Amyloidotic Polyneuropathy
[EAP], Familial Amylowdotic Cardiorayopathy [FAC], and Senile Systemic Awmyloidosis [SSA]),
{apamserum A4, apolipoproteins Al, AlL, and ATV, gelsolin (Fionish form of Familial Arayleidotic
Polyneuropathy), fysozyme, fibrinogen, cystatin C {Cersbral Amyloid Angiopathy, Hereditary Cercbral
Hemorrhage with Amyloidosis, Icelandic Type), (projcalcitonin, islet amyloid polypeptide JAPP
amyloidosis), atrial natrivretic factor, prolactin, insulin, lactahedrin, kerato-epithehn, lactoferrin,
odontogenic ameloblast-associated protein, and semenogelin . The polypeptides and compositions of
the mmvention may be used to treat diseases involving misfolding and/or aggregation of proteins that
occur outside the CNS.

[80388] Neurodegenecrative diseases may also involve tau lesions. Reviewed in Lee ¢t al., dnnu. Rev.
Newrosci. 24:1121-159 (2001). Tau proteins are microtubule-associated proteins expressed m axons of
hoth central and peripheral nervous systern neurons. Neurodegenerative tauopathies (sometirnes
referred to as tauopathies) are encompassed. Examples of tauopathies include Alzheimer’s Disease,
Amyotrophic lateral scierosis/parkinsonism-dementia complex, Argyrophilic grain dementia,

b

Corticobasal degeneration, Creutzfeldt-Jakob discase, Dementia pugilistica, diffuse neurofi

xi illary
tangles with caleification, Bown’s syndrome, Frontoteniporal dementias including frountotemporal
dernentia with parkingonism hoked to cheromosome 17, Gerstroann-Straussior-Scheinker discase,
Hallervorden-Spatz discase, Myotonie dystrophy, Niemann-Pick disease type C, Non-Guamanian motor
neuron disease with neurofibritlary tangles, Pick’s disease, Postencephalitic parkinsonism, Prion protein
cerebral amyloid angiopathy, Progressive subcortical gliosis, Progressive supranuciear palsy, Subacute
sclerosing panencephalitis, and Tangle only dementia. Some of these discases may also inclade

deposits of fib

Sr%)

brillar amyloiwd B peptides. For example, Alzheimer’s discase exhibils both amyloid 8

deposits and tau lesions. Sumilarly, prion-mediated discases such as Creutzicldi-Jakob disease, prion

. I
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protein cerebral amyloid angiopathy, and Gerstmaonn-Stréussier-Scheinker syndrome may have also

have tau lesions. Thus an indication that a disease is a “tavopathy” should not be mterpreted as

excluding the disease from other neurodegenerative disease ¢

oupings, which are
provided merely as a convenience. The polypeptides and compositions of the inveuntion may be used fo
treat neurodegenerative discases as well as diseases involving {au lesions.

[B886] In one emnbodiment, a pharmaceutical composition or formolation is for use in a method of
reducing amyloid 1o a patient exhibiting syraploms related to the presence of amylotd or that is positive
for a biomarker associated with a protein misfolding disease, such as florbetapir (AV-45, Eli Lilly),
comprising administering to the patient an effective amount of a pharmaceutical composition or
formulation as described herein. In one embodiment, the route of adnunistration is selected from
mftrathecal injection or infusion, direct intraventricular injection or infusion, intraparenchymal injection
or infusion, or infravenous injection or infusion.

(6887} To one embodiment, a pharmaccutical composition or formulation is for use in a method of
maintaining the level of amnyloid in & patient exhibiting symptoms related to the presence of amyloid or

24
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that is positive for a biomarker associated with a protein misfolding disease, such as florbetapir (AV-45,
El Ladly), comprising administering to the patient an effective amount of a pharmaceutical composition
or formulation as described herein. In one embodiment, the route of adminisiration is selected from
intrathecal injection or infusion, direct intraventricular injection or infusion, intraparenchymal injection
or wfusion, or inlravenous injection or infusion.
{6888} In one embodiment, a pharmaceutical composition or formulation 1s for use in a method of
disaggregating amyloid 1 a patient compnising administering o 3 patient having awmylowd an effective
amount of a pharmaceutical composition or formulation as described herein. In one embodiment, the
route of administration is selected front intrathecal injection or infusion, direct intraventricular injection
or infusion, intraparenchymal injection or infusion, or intravenous injection or infusion.
[#889] Inone embodiment, a pharmaceutical composition or formulation of the invention is foruse ina
sthod of causing the disaggregation of 3-amyloid deposits 1o the brain, comprising injecting directly

Py
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into the brain of a patient in need thereof an effective amount of pharmaceutical composition as
described herein, thereby causing a reduction in B-amyloid deposits in the brain. In an alternate
embodinent, a pharmaceutical composition or formuiation of the nvention is for use in a method of
causing the disaggregation of B-arayloid deposits in the brain, comprising injecting intravenous delivery

5
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into a patient 10 need thereof an effective amount of pharmaceutical composition as deseribed herein,
thereby causing 2 reduction in 8-amyloid deposits 1o the brain.

(6896} To one embodiment, a pharmaccutical composition or formulation is for use in a method of
reducing angvioid formation in the brain. Reducing amyloid formation in the brain may preveunt, treat or

reduce the symptoms or severity of a protein-misfolding or neurodegenerative discase. o ong
embodiment, the route of administration is selected fron intrathecal injection or infusion, direct
intraverdricular injection or infusion, intraparenchyroal injection or infusion, or ntravensus igjection or
infusion.

(6893} Tu one embodiruent, a pharmaceutical composition or formulation of the invention is forusec in a
method for promoting amyloid clearance in the brain. Promoting amyloid clearance may prevent, treat
or reduce the symptoms or severity of a protein-mistfolding or nevrodegenerative discase. In one
embodiment, the route of administration is selected from ntrathecal injection or infusion, direct
intraveniricular injection or infusion, mtraparenchymal injection or infusion, or intravenous injection or

nilision.

-te

[#892] Inone embodiment, a pharmaceutical composition or formulation of the invention is foruse m a
nethod for inhibiting anyloid aggregation in the brain. Inhibiting amyloid aggregation in the brain
may prevent, freat or reduce the symptoms or severity of a protein-misfolding or neurodegenerative
disease. In one emmbodimert, the route of administration is selected from intrathecal injection or
mfusion, direct intraventricular injection or infusion, intraparenchymal imjection or infusion, or

wtravencus injection or infusion,
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[6393] In one embodiment, a pl"ﬁrm’v‘c‘u*‘("ﬂ composition or formulation of the invention is for use in a
method for clearing toxic amyloid oligomers in the brain. Clearing foxic arayloid oligoraers in the brain
may prevent, treat or reduce the symptoms or severity of a protein-naisfolding or neurodegenerative
disease. Iu one embodient, the route of administration is selected from irdrathecal wnjection or
infusion, direct intraveniricular mjection or infusion, intraparenchymal injection or infusion, or
intravenous njection or infusion.
[6894] In one embodiment, a pharmaceutical composilion or formudation of the invention is foruse ina
method for preventing the formation of toxic amyloid oligomers in the brain. Preventing the formation
of toxic oligomers in the brain may prevent, treat or reduce the symptoms or severity of a protein-
misfolding or neurodegenerative discase. In one embodiment, the route of administration is selected
from intrathecal injection or infusion, direct intraventricular injection or infusion, intraparenchymal

mjection or infusion, or intravenous injection or infusion.

(86958} Inone emmbodinent, a pharmaceutical composition or forpwlation of the invention is for use ina

method for protecting neurons from amyloid damage. Protecting neurons from amyloid damage may

prevent, treat or reduce the symptoras or severity of a protein-misfolding or neurodegenerative disease.

In one erabodiment, the route of administration is selected from otrathecal injection or infusion, divect

wtraventricular ingection or infusion, mtraparenchymal injection or wnfsion, or indravenous injection or
mfusion. In one embodiment, a pharmaceutical composition or formulation of the invention foruse in
protecting neurons from amylowd damage 1s given prophylactically.

(8896} In some embodiments, the patient is positive for @ biomarker associated with a protein

[
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nusfolding and/or aggregation disease. In one embodiment, the biomarker is florbetapir (AV4S5, E
Lally}.

[8897] Insome embodiments, the patient is exhibiting symptoms of a neurodegenerative disease that is
associated with the presence of amyloid. In variovs embodiments, the amyloid is any of FAB42, fasyn
or ftau.

[8¢98] In certain embodiments, the neurodegenerative discase is Parkinson’s discase, Alzheimer’s
disease, or Huntington’s disease. Tn one embodiment, the neurodegenerative disease 1s Alzheimer’s
disease. In one embodiment, the newwodegenerative disease is Alzheimer’s disease and the patient
exhihits B-amyloid as detected by the imaging agent florhetapir (AV-45, Bl Lilly).

(B899} In some embodiments, the patient is exhibiting symptorms of 3 prion-mediated discase,
[8360] In certain embodiments, the prion-mediated disease is chosen from Creutzfeldt-Jakob disease,
kury, fatal fannilial insomnia, or Gerstmann-Stréussier-Scheinker syndrome.

(3181} Insome embodiments, the patient is exhibiting symptoms of a neuradegenerative tavopathy
other than Alzheimer’s disease. In certain embodiments, the disease 1o be treated is selected from
Argyrophilic grain dementia, Corticobasal degeneration, Dementia pugilistica, diffuse neurofibrillary
tangles with calcification, Bown’s syndrome, Frountotermporal dementias including frontotemporal
dementia with parkinsonism linked to chromosome 17, Hallervorden-Spatz disease, Myotonic
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dystrophy, Niemann-Pick disease type C, Non-Guamanian motor neuron disease with neurofibriilary
tangles, Pick’s discase, Postencephalitic parkinsonisi, Progressive subcortical gliosis, Progressive
supranuclear palsy, Subacute sclerosing paneucephalifis, and Tangle only demeutia.

(61821 In ancther embodiment, any of the discase conditions described above may be treated by

g
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dministration of a nucleic acid molecule of the invention (i.e., one that encodes a variant g3p that
extubits reduced immunogenicity and possessing the ability 1o bind to amyloid, disaggregate awylod
Py E 3/t - -« afl i . Tt o . e et o rth o @vita AP aT QTIOR 9 o
plagues, and/or prevent aggregation of amyloid) alone or associated with a suitable camier, such as, e.g.,
a lipid nanoparticle. a polymeric carrier, or a vector, such as a viral vector directly to a patient by any
suttable route, such as, ¢.g., inhalation and mtravenous infusion. The nucleic acid moleciile encoding

the variant g3p of the invention suitable for this treatment may be DNA or RNA.

Biagnostics

[#183] Inanother aspect of the mvention, the polypeptides and compositions described herein, are used
in diagnostic applications associated with the various discases described herein. For example, binding
of a composition of the invention when used as an imaging agent cither in vivo or in vitro may be part of

1

a diagnosis of one of the protein misfolding diseases described. When used as diagnostic agends, the
polypeptides of the irvention may further conprise a detectable label, or may be otherwise detected in
vivo., Various lahels can be attached to the amyloid binding component of the diaguostic coraposition

using standard techuiques for labeling proteins. Exaraples of labels include fluorescent labels and
radic]abels. There are a wide variety of radiolabels that can be used, but 1o general the label is ofte
selected from radiolabels including, but not Bmited to, F, 'C, and "1, These and other radinisctopes
can be attached to the protein using well known chemistry. In one embodiment, the label is detected
using positron emission tomography (PET). However, any other suitable technique for detection of
radioisctopes may also be used to detect the radiotracer.

[33184] The polypeptides and compositions of the mvention may be used as diagnostic imaging agents
n combination with an imaging agent that is specific for S-amyloid such as, for example, F18-AV-45,
El Lilly. Since there are currently no known imaging agents for non-B-amyloid aggregates, the use of a

diagnostic composition of the fnvention together with a B-anyloid-specific imaging agent will

o

resuit in
the detection of non-B-amyloid aggregates based on differential detection. Thus, in one embodiment, a
diagnostic composition of the jnvention is used as an imaging agent in combination with a B-amyloid
irpaging agent to detect non-B-amyloid aggrogates.

(6385} To another embodinnent, the polypeptides or compositions of the invention isused as a
diagnostic imaging agent to detect B-amyloid i the CNS, including the brai

[6186] Diagnostic composttions of the invention may be adnumstered using the same routes described
for therapeutic compositions. In one embodiment, the route of admmistration is selected from
intrathecal mection or infusion, direct intraventricolar injection or infision, intraparenchymal mjection

or wfusion, or inlravenous injection or infusion.
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Examples

Example 1: Mapping of CB4+T Cell Epitopesin glp

(63187} 87 overlapping peptides spanning the sequence of amino acids 1-240 of SEQ 1D NO:1 (15
amino acids fong with 12 amino acid overlaps) were synthesized and tested in 2 T cell epitope mapping
assay for resporses from human CD4+ T cells. Tndividual peptides were tested in sextuplicate PBMC
cultures and T cell responges were assessed 1 order o dentify the location of epitapes as well as thew
reiative potency.

(6188} PBMC (peripheral blood monoruclear cells) were isolated from healthy conununity donor
bufty coats (from blood drawn within 24 hours} obtained from the UK National Blood Transfusion
Service {Addenbrooke’s Hospital, Cambridge, UK} and according to approval granted by
Addenbrooke’s Hospital Local Research Ethics Commnittee by Lymphoprep (Axis-shield, Dundee, UK)
density centrifugation. CD8" T cells were depleted using CD®” RosetteSep™ (StemCell Technologies
Ine, London, UK). Donors were characterized by identifying HLA-DR haplotypes using an HLA S5P-
PCR based tissue-typing kit (Biotest, Solihull, UK). T cell responses to a control neoantigen protein
{(KLH protein (Pierce (Perbio), Cramiington, UK) and peptides derived from IFV and EBV) were also
determined. PBMC were then frozen and stored in liquid nitrogen uxntil reguired.

i3189] A cohort of 535 donors was selected for the assay to best represent the nuraber and frequency of
HLA-DR allotypes expressed in the workd population. Analysis of the allotypes expressed in the cohort
against those cxpressed in the world population revealed that coverage of >%0% was achieved and that
all major HLA-DIR alleles (individual allotypes with a frequency >5% expressed 1 the world
population} were well represented. Details of ndividual donor haplotypes and a comparison of the
fregquency of MHC class 1T haplotypes expressed in the world population and the samiple population are
shown in Table 8 and FIG. 3, respectively.

Table 8. Donor details and haplotypes

Donor No, Haplotvpe
1 DRBI*04:01 DRB1*16:01L,DRBA*01:03, DOQB1#03:02;DOB1¥05:02
2 DEBI*01:01, DRB1I*13:02;DRB3*03:01,DOQB1*05:0 1, DOQB1*06:04
3 DRB1I*03:01,DEB1*07:01: DRB3*01:01; DRB4*01:03;DQB1*02:01; DOB1*03:03
4 DRBIF00:0L,DRBI*13:01,DRB3*02:02; DRB4*01:03;DQRB *03:03:DOB1*06:03
5 DRBI*13:01, DRB1*13:02;DRB3*01:01,DRB3*03:01;DOB1*06:03: DOB1*06:04
6 DRB1I*04:01, DREBI*04:07:DRB4*01:03;DOB 1 *03:01
7 DRBI*13:01,DRE3*01:01;DOB1*06:03
8 DRBIFI3:0LDRBI*1S5:0LDRB3*02:02. DRBS*01:0L,DOQRB*06:02:DOB1*06:03
G DRBI*04:01, DRB1*1 1:05;DRB3*02:02, DRB4*01:03;DOB1*03:01 . DOB1*03:02
10 DRB1I*04:04, DRBI*12:01: DRB3*02:02, DRB4*0 1:03; DOB 1 *03:01,DOB%03:02
il DRBI*13:02,DRBI*15:01:DRB3*0L:01L,DRBS*01:0:DQB 1 *06:02;DOB1*06:04
i2 DRBI*04:01 DRB1*15:0L,DRBA*GL:03, DRBS*01:0L,DOQB*03:02: DOB*06:02
i3 DREB1*04:02, DRB1I*07:05L,DRB4*01:01, DRB4*01:03,DOB1*02:01
14 DRB1*03:01,DRB1I*16:01: DRB3®01:01, DRBS*02:02; OB *02:0 1, DOB1%05:02
i3 DRBI*03:01,DRBI*13:01LDRB3*02:02;, DOBI*02:01; DOB1*06:03
i6 DRBIFOL:O0LDRBI®IS:0L,DRBI*01:01,DOQB1I*05:.01,DOB1¥06:02

28
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Donor No, Haplotype
17 DREBI*01:01, DRB1I*07:0L:DRB4*01:03; DOB*03:03; DB 1*05:01]
13 DRB1*01:01,DRBIF09:01,DRB4*01:03; DORBI*03:03,DOB1*05:01
19 DREBI*3:01L,DRBI*11:02;DRB3*01:01;,DRB3*02:02; DQB 1 *02:01,DQB1*03:01
20 DRBI*13:0L,DRB3*01.01;DREI*02:02; DOB1%06:03
21 DRBI*0L:01,DRBI*13:02: DRB3*03:0 L, DOB*05: 0L, DOB 1 *06:04
22 DRB1*04:01,DRB1*04:03; DRB4*01:03;,DOBI*03:02
23 DRBIF0R:0L,DRBI13:05L,DRB3*01:01. DOBI*04:02, DOB1%06:03
24 DRB1*03:01, DRBI*15:0L,DRB3*01:01, DRBS*01:01L,DGB1*02:01 . DOB1*06:02
25 DRB1I*03:01, DREB4*0 L0 DRB3I*01:0L, DRB4*0 103, OB *02:01:;DOB1*03:01
26 DRBI*01:01,DRBI*15:01;DRBS*01:01,DOBI*05:01, DOR1*06:02
27 DRBI*04:04,DRB1*07:01;DRB4*01:01, DRB4A*01:03;DQB1H02:02; DOB1*03:02
28 DEBI*11:01L, DRBI*15:0L,DRB3*02:01, DRBS*01:01;DOBI*03:01 . DOR1*06:01
29 DRB1*08:01,DRBI*15:0L,DRBS*01:01, DORIF04:02,DOB1*06:02
30 DRBI*13:02,DRBI*15:01:DRB3*03:01,DRB5*01:0L,DQB 1 *06:02; DOB 1*06:00
31 DREBI*04:01, DRB1*16:0L,DRBA*01:03, DRBS*02:02; DOB1%03:02;DOB1%06:03
32 DEB1*13:02, DRBI*15:0L:DRB3*03:01; DRBY*01:01, DOBI*06:02;DOQB1*06:04
33 DRB1I*07:01,DRBI*1 104, DRB3*02:02; DRBA*01:01,DOBI*02:02; DOB1*03:01
34 DRBI*01:03,DRBI*I5: 01 DRBS*01:01,DOB1I*03:01;: DORB1*06:02
35 DRBIF3:01,DRB1*14:0L,DRB3*01:01,DRB3*02:02; DORB%02:01;DOB1*05:03
36 DRBI*03:01, DRBI*08:01: DRB3*01:0L,DOB*02:01L,DOB1*04:02
37 DRBI*03:01,DEBI*11:01:DRB3*01:01, DRB3*02:02; DOQBI*02:01,DOB1*03:01
38 DRBIFO7:0LDRBI{S:0LDRB4A*CLO3,DRBS*01:0L,DOQB F02:02;:DOBI*06:02
39 DEB1*03:01, DRB1*13:02;DRB3*02:02; DRB3*03:0;DOB1*02:01 . DOB1*06:09
40 DRBIU*01:01, DRBI*13:02: DRB3*01:0 L, DOB*05: 01, DOB 1 *06:04
4 DRB1¥04:07 DEB1*15:01:DRB4*01:03; DRB5*01:01;DQBI*03:01L,DOB1*06:02
42 DRBIFOT7:0LDRB4A*01:03;DOB1*02:02;DOB #0303
43 DRB1*03:01, DRBI*15:0L,DRB3*01:05, DRBS*01:01L;,DOB1*02:01 . DOB1*06:02
44 DRBI*07:01, DREBI*1 104 DRB3*02:02; DRB4*0 1:01; DOB1*02:02;:DOB1*03:01
45 DRB1¥03:01, DEB1*04:04; DRB3*01:01;, DRB4*01:03;DQBI*02:01L,DOB1*03:02
46 DRBI*04:04,DRBI*15:0LDRB3*02:02,DRB4*01:03, DOB%03:02;DOB1%06:03
47 DEB1*04:01, DRB1I*1 0L DRB3*02:02; DRB4*0 1:03;,DOB1*03:01
43 DRB1*03:01,DRB1I*04:01;DRB3*01:06;,DRB4*01:03, QB 1*02:01, DORB1¥03:02
49 DRBI*01:02,DRBI*13:03; DRB3*01:01,DOBI*03:01; DOB1*05:01
30 DREBI*04:07 DRB1*15:0L,DRB4A*0103, DRBS*0 L0 DOBI*03:01,DOB1%06:02
51 DEB1*04:07, DRB1*13:02: DRB3*03:01; DRB4*01:03;DOBI*03:01:DOQB1*06:04
52 DRBI*0Z:0L,DRRB3*01:05,DOR1I*02:01
53 DRBI*03:01,DRBI*07.01L:DREB3*01:01; DRB4*01:01;DQBI*02:05,DOB1*02:02
54 DREB1*04:04 DRB1*15:0L,DRBA*0 103, DOBI¥03:.02;,DOB1¥06:02
35 DREB1*03:01, DRB1*04:05:DRB3*01:01; DRB4*01:03; DOB1I*02:01:DOB1*03:01

(8118 PBMC from each donor were thawed, counted and viability was assessed. Cells were revived
1o room femperature AIM-V® culture mediom {(Invitrogen, Paisley, UK) before adjusting the celi
density to 2-3x10° PRMC/md {proliferation cell stock), The 15 amino acid long peptides were
synthesized on a -3 mg scale with free Neterminal amine and C-terminal carboxylic acid., Peptides
were dissolved in DMSO to a concentration of 16 mM and peptide calture stocks prepared by dibiling
mto AIM-V® culture mediom {o a final concentration of § uM m the well. For each peptide and each
donor, sextuplbcate cultures were established 1 a flat bottomed 96 well plate. Both pesitive and
negative control cultures were also tested in sextuplicate. For each donor, three controls (KLH protein
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and peptides derived from IFVY and EBV) were also included. For a positive control, PHA (Sigma,
Dorget, UK) was used at 2 final concentration of 2.5 ug/ml

(0111} Cultures were incubated for a total of 6 days before adding ¢.75 uCi “[Hl-thymidine (Perkin
Elmer®, Beaconstield, UK to each welll Cultures were incubated for a further 18 hours before
harvesting onto filter mats using & TomTec Mach IH cell harvester. Cpm for each well were determined
by Meltilex™ {Perkin Elmer®, Beaconsfield, UK} scintillation counting on a Microplate Beta Counter
{Perkin Blmer®, Beaconsfield, UK} m parahux, low background counting mode.

[#112] For analysis of the data, a threshold of a stinmlation index (SI) equal to or greater SE22.00 was
used {with consideration of borderiime SI21.90-1.99 responses). Positive responses were defined by the

following statistical and empirical thresholds:

[

Significance {p <0.05} of the response by comparing cpm of test wells against medium control

wells using unpaired two sample Student’s t-test;

[

Stimulation index greater than 2.00 (51 =2.00), where SI = mean cpm of test weils /mean cpm

o

medinm control wells, Data presented in this way is indicated as ST 22.00, p <0.05.
> O

(3113} Inaddition, intra-assay variation was assessed by calculating the CV and 8D of the raw data
from replicate cultures. Proliferation assays were set up in sextuplicate cultures (“non-adjusted data”}.
To eosure that intra-assay variability was low, the data were also analysed afier removing the maximum
and rapmimum cpm values (Madjusted data”} and the ST of donor responses was conpared using both
data sets. T cell epiiopes were identified by calculating the average frequency of positive responses
{(defined above) o all peptides in the study plus SD o give a background response rate. Any peptide
that induced proliferative responses above the background response rate in both the adjusted and non-
adjusted data was considered to contamn a T cell epitope. When two overlapping peptides indoced a
proliferative response rate the T-cell epitope was considered 1o be in the overlap region. Based upon
thig the following T-cell epitopes were identified in the tested polypeptide:

Bpitope I: CTGDETQCY GTW {(amino acids 46-57 of SEQ ID NOG: 1)

Bpitope 2: TFMF QNNR FRNR (amino acids 133-144 of SEQ ID NO: 1

Bpitope 3: SSKAMY DAY W NG (amino acids of 172-183 of SEQ ID NO:1)

Epitoped: PYNAGGGSGGGS (amino acids 214-225 of SEQ 1D NO: )

Epitope 5: SGSGAMVRSDKTHTC (aminc acids 233-267 of SEQ D NG:1)

Example 2: Design of Substitutions in T Cell Epitopes 4 and 8 by fn Silico Analysis

[8314] The sequences of peptides that were positive 1n the T cell assay were analysed using
overlapping 9-mers from the epitope region using iTope™ and TCED™ § o technologies. [Perry
gt al, Drugs R D 9(63:385-96 (2008}.] Fach 9-mer was tested against a database of MHC class [
alleles (34 1o total) and scored based oo the §t and interactions with the MHC class [ molecules. In
addition, each 9-mer was BLAST searched against a database of known CIM+ T cell epitopes in order

to identify any high sequence homology between that of the 9-mer and of database peptides from
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unrelated proteins that stimulated T cell responses in previous T cell assays, On the basis of
information from the in silico analysis, substitutions were identified for potential removal of CD4+ T
cell epitope activity from the identificd epitopes.
(6315} Epitope 5 spans the C-torminus of the native N2-CT Gly-rich linker, the amino acids coded for
by the multiple cloning site (“MCS”} of the pFUSE vector used to produce the N1-N2-human Ig Fe
fusion protein of SEQ ID NO:1, and the N-terminus of the human Ig Fe region. I sifico analysis
imiphicated M258 and V259 of SEQ D NO:1 as the P1 anchors responsible T-cell activity. Based on
their location outside of the N1-N2 coding region, removal of these two amino acids was not expected
to cause a loss of Rinction. These two amino acids were encoded by the MCS. Therefore, a double-
stranded DINA molecule that modified the MCS and eliminated the nucleotides encoding M258 and
V259 of SEQ ID NO:1 was produced by site-directed mutagenesis wising appropriate oligonucieotide
primers. This was followed by recloning the resulting mutagenized DNA sequence back into the
pFUSE vector using the using Feof{ and Bgl/if restriction sites in the MCS. The resulting mature
(lacking the signal sequence) fusion protein omitted M258 and V259, That fusion protein retained the
same ability 1o bind Abeta in the assay described below as the SEQ 1D NG: 1 fusion profein.
(#1136} Epitope 4 ovedaps the N2 domain and the pative Gly-rich linker. Crystal structure of the g3p

protein (not shown) suggested that Epitope 4 is located away fror amyloid binding vegion and therefore
would be lolerant to amine acid substitutions without affecting activity. V215 (SEQ D NO: 1y, which
was identified as a Pl anchor, 18 surface exposed with slight orientation of side chain towards the
protein core. From structural analysis, any of the substitutions for V215 set forth in Tables 6 and 7
should remove the epitope. In addition any of the substitutions of other amine acids withm this epitope
as set forth in Tables 6 and 7 should also be accommodated. A nucleic acid sequence encoding an N1-
N2-Ig Fe comprising a V215A substitition (SEQ D N(:4) and omitting M258 and V259 was derived
from the above-described nucleotide sequence by site-directed mutagenesis using appropriate
oligonucleotide primers. The resulting mature fusion protein (SEQ 1D NO:2) demonstrated increased
binding to Abeta in the binding assay as compared 1o a fusion protein having the amino acid sequence
of cither SEQ TD NO:1 or the mature fusion protein lacking M258 and V239, described above. The
nucleic acid sequence of SEQ D NO:4 was used as the parent soquence 1o create genes incorporating

all roodifications in epitopes 1, 2 and 3.
Example 3: Decign of Substitutions in T Cell Epltepes 1, 2 and 3 by fn Sifice Analysis

6317} Ephzope 1 Hies just C-ferminal o a putative Abeta binding portion of N1-N2. fn silico analysis

of Epitope | highlighted amino acids 48-56 of SEQ 1D NO: 1 as an area for amino acid substiiution and

~

removal of the T-cell epitope. Amino acids within

e->

his 9-mer were targeted for substitution based upon
the natore of the existing amino acid, surface exposure, and interaction with the amvioid binding region
& 5 5 o £ Pl

of g3p, as interpreted from the X-ray crysial strocture of g3p.  In particular, G48, T51, Y534 and T56
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(4

targeted for substitution with the changes indicated in Table 1. Other potential amino acid

substitutions in this tegion are set forth in Table 2.

N
HLG

[0118] iTope™™ analysis of Epitope 2 pointed 0 amino acids 135-143 of SEQ ID NO:{ as a target for
reducing or elimwating that epitope. Based on the X-ray crystal structure, amine acids 136-139 of SEQ
D NO:1 form a loop region that forms bonds with the hinge region of N1-N2 and thus may be
important for anyloid binding activity., Changes to these amino acids are less preferred and are only
presented in Table 2. The more preferred changes are to M135, R14¢, F141 and N143 and are set forth
in Table 1. Other potential changes to this nine amine acid region are set forth in Table 2.
(8119} Amino acids 173-182 of SEQ D NG: 1 were identified within Epitope 3 as targets for
substitiution by in sifico analysis. Epitope 3 is located in an alpha helical portion of the N2 domain, thus
the strategy was to avoid introduction of hydrophobic residues and small polar uncharged residucs. In
addition, we wanted to avoid introducing polar residues acidic residues towards the C-termainus of this
epitope. Based on X-ray crystaliographic data, we targeted 8173, D174, M176, D178 and W12 for
substitution with the changes indicated in Table 1. Other potential amino acid substitutions in this

region are set forth in Table 2,
Example 4: Generation of NI-N2-Human IgG Fe Polypeptides Having Reduced T-Cell Eptiopes

(3128 Fifty-cight different nucleic acid molecules, cach encoding N1-N2-human IgG Fe fusion
proteins containing a different single amino acid substitution st forth in Table 3 were prepared. This
was achieved by site-directed rutagenesis of SEQ 1D NG:4 using appropriate oligonucleotide primers
1o introduce the desired substitution, followed by recloning of the PCR-amplified rautagenized sequence
mto the pFUSE-WgG1-Fc2 vector (Invivogen®, Toulouse, France, Catalogue No. pfuse-hglfe2).

(#3123} Genes encoding these “detmmumized” Fo fusion polypeptides were transiently expressed in
mdividoal pFUSE-hlg(G1-Fe2 vectors in FreeStyle 293-F cells (Invitrogen, Paisley, Scotland, Catalogue
#R790-07). On the day of transfection, cells were dilited to 1 x 10° /mL in FreeStyle 293 Media
(Invitrogen, Catalogue # 12338) ensuring a viability of >90%. Plasmid DNA and polyethyleneinine
(PEL} were diluted separately in Optimem (Invitrogen, Catalogue # 31985) and incubated for 5 minutes
following which the PE] was added slowly to the DNA, and the DNA/PEI mixtures were incubated for
5 minutes at roont femperature. After incubation, the DNA/PEL mixtures were added dropwise to the
2G3-F ceils whilst swirling the flask, Transfected cultures were incubated at 37°C, 8% C0O; on an
orbital shaker platforo rotating at 135 rpro for 6-7 days, following which they were harvested.

(6322} Culture medium condaining the polypeptide was harvested by centrifugation and pH adjusted
using 10x PBS. Proteins were bound to Protein & Sepharose beads (Sigma, Dorset, UK) by rotating
overnight at 4°C. The beads were washed twice with [x PBS and transferred to SigmaPrep spin colummns
{Sigmna}. Samples were chuted by centrifugation using 6.1 M Glycine pH3.¢ and neulralized in the

collection tube using 1/10" volume 1M Tris-HC1 pHE.D. Eluates were buffer exchanged into [x PRS
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using 2ml ZebaSpin columns (Pierce, Cramnlington, UK, Catalogue #89890). Samples were filter-

sterilized and the absorbance at 280om was rueasured for each sarple.

Exampie 5: ABeta Binding Analysis of Deinnnunized Polypeptides

10323] 4. ABeta (Af) Fiber Preparation. APA2 (Ing, Peptide A-1002-2) was disselved in
bexatiuoroisopropanol (HFIP, od.), vortexed thoroughly and incubated at room teraperature for 2-18
bours unidl a clear solution appears. Aliquots (100ul, 100ug) were placed in 1.5mL Eppendorf tubes
and dry under vacuum {speed Vae, Eppendort, Concentrator 5301) for 2-3tr. The resulting monomers
were resuspended 1 20pL BMSO, pipetied and vortexed thoroughly until completely disselved. The
solotion was diloted with 260pL of 10mM HCL solution (final AB42 concentration is 80pM) and
vortexed for 20 seconds. The clear solubion s mmcubated {without shaking) for 3 days at 37°C to allow
for aggregation.

[#124] Foruse in the assay AP42 fibers from the resulting stock solution were diluted 50-fold t0 1.6
1M final concentration in PBS.

[0325] B ELISA Plate Preparafion. To cach well of a 96-well plate (F96 MAXISORP NUNC-
IMMIING PLATE,; Catalog number: 442404, Lot 125436 and 128158, Denmark) was added 200 pl of
a 1% BSA sohition. The plates were sealed and incubated at 7°C for 3 hr. Plates were then washed with
PRS (250 pl/well) x3. We added 50 pl of the diluted AB42 fiber solution (1.6 uMj to each well and
incubated uncovered at 37°C overnight to complete dryness. PBS (536 plwell) is added 1o control wells
{without AB42 fibers). Plales were then washed 2X with water and 1X with PBS (258 pl/well for each
washing).

{8126} C FLIS4 Assay. Varying concentralions of each polypeplide {as well as the polypeptide of
SEQ 1D NO:2) in 30 L were added to cach well, as well as to non-AB42 fiber coated wells and
meubated for 1h at 37°C. Plates were then washed 3X with PBS-T (0.05% Tween 20 in PBS) and 3X
with PBS (250 uL/well for each washing). We then added 50 ul of HRP-conjugated Goat anti-Human
anti Foy (Jackson Labs, Catalog number, 109-035-008, Lot number: 106617) diluted 1:2500 (0.32
pg/ml finaly in PBRS-T + 1% Milk (Difeo™ Skim Milk, Becton, Dickinson and Company. USA,
Catalog mumber: 232100, Lot number: 7320448} to each well and incubated for 40 min at 37°C. Plates
were then washed 6X with PBS-T and 2X with PBS (250 pL/well for each washing). We then added 50
wliwell OPD solution (15 mg/7.5 ml 0.05 M Citrate buffer pH-5.5/3 1l Hy(y) and let color to develop
for 3-6 min. We next added 25 pi/well of 4N HCI solution to stop reaction. Plates were read for
absorbance at 492 nm and 405 nm. The 405 nm absorbance was subtracted from the 492 nm absorbance
and the results plotted as a fumction of polypeptide concentrations. An ICs, for binding for each
detmimumized polypeptide was then calculated and compared to the 1Cs calculated for the polypeptide
of SEQ D NO:2. The results are shown in Table 9, below.

Table 9. Relative Change in ABeta Binding 1Cs for Polypeptides with a Single Additional Amine

Acid Substitution in Epitope 1, 2 or 3 as Compared to Polypeptide of SEQ 1D NO:Z
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Annnoe Acid Isq Anino Acid s Amino Acid s
Suhstitution Relative to Substitution Relative (o Substitution Relative to
SEQ D SEG D SEG D
NG2# N 2* NO:2*
Epitope | G48H 1.8 Epitope | T56P 0.1/0.09 Epitope 2 NI43G | 0.19/0.08
Epitope 1 G48K 11 Epitope 1 TS6R. 0.8 Epitope 3 81734 0.2
Epitope 1 348R 1.9 Epitope 2 MI35A 0.4 Epitope 3 S173P 0.4
Epitope § G488 1.2 Epitope 2 M135D 0.5 Epitope 3 M176G 03
Epitope 1 G48T 10 Epitope 2 M135G 0.2 Lpitope 3 M176H 0.4
Epitope | TS1G 0.3 Epitope 2 M135H 0.1 Epitope 3 M176K 0.2
Epitope 1 TS1H 1.5 Epitope 2 MI3SK. | 0.4/02 Epitope 3 M176N 0.5
Epitope I T51K 2.5 Epitope 2 MI35N 0.3 Epitope 3 D178G 0.2
Epitope 1 T31P 0.2 Epitope 2 M135SR 01 Epitope 3 D178N 0.5/04
Epitope 1 T51R 28 Epitope 2 MI35T | 0.14/03 Epitope 3 D178Q 0.6
Epitope 1 T51€0 0.8 Epitope 2 R140A 0.2 Epitope 3 DI78S 0.3
Epitope 1 TSIN 0.5 Fpitope 2 R140D 0.3 Epitope 3 WIS1G 0.5
Epitope 1 Y340 | 0.02/0.2 Epitope 2 R140F 0.3 Epitope 3 WISIH | 0.47/087
Epitope 1 YS54H 03 Epitope 2 R140G 0.2 Epitope 3 WISIK 0.3
Epitope 1 YS4K | 0.13/0.32 Epitope 2 R140H 0.2 Epitope 3 WIBIR | 0.5/0.8
Epitope 1 Y547 0.07 Epitope 2 R140Q | 0.28/0.22 Epitope 3 SI73K | 0.17/007
Epitope 1 Y54R | 0.15/0.25 Epitope 2 F141D 0.2 Epitope 3 K174R 1210
Epitope 1 TS6G 0.1 Epitope 2 F141E 0.2 Yipitope 3 M176R 0.2
Epitope | TS6H 0477097 Epitope 2 NI143A 19/11 Epitope 3 D178T 0.4

Epttope 1 TS6K

0.5/0.66

*Numbers reflect 1Cs, (substituted polypeptide)/TCs {polypeptide of SEQ 1D NO:2). Muitiple values
reflect duplicate testing m the binding assay.

Exampie 6: Analysis of Whole Protein CB4+ T cell Responses

{6127} In order to analyze CD4+ T cell respouses from any of the polypeptides of the invention 1o

comparison to SEQ ID NGO: 1, a whole protein T cell assay was paerformed. PBMCs were isolated from 20

healthy human donor buffy coats prepared as in Example 1. PBMCs were revived from frozen in AIM-

V& culture medium and CD147 cells were isolated using Miltenyt CD14 Microbeads and LS columns

(Miltertyt Birotech, Oxford, UK}, Moncoytes were resuspended in AIM-V® supplemented with

1000U/o TL-4 and 1000U/rel GM-CSF (“DC culture medium™) to 4-6x10° PBMC/ml and then

distributed 1n 24 well plates (2ol final culture volume). Cells were fed on day 2 by replacement of a half

volume DC culture medium. By day 3, monocytes had differentiated to senu-mature dendnitic cells (DC)

which were pre-incubated with antigens comprising either 40ug/mi of test polypeptide or 40ug/ml of the

polypeptide of SEQ ID NO:1 and 100pg/ml KLH or medium ooly. Semi-mature DC wers incubated with

antigen for 24 hours after which exoess antigen was removed by washing the cells twice and resuspending

tn DC cultre medium supplemented with 50og/ml TNF-a (Peprotech, London, UK). DC were fod on
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day 7 by replacerment of a half volume DC culture mediom supplemented with 50ng/md TNFo and mature
DC were harvested on day 8. The harvested mature DC were counted and viability assessed vsing trypan
blue dye exclusion. The DC were then y-irradiated (4000 rads) and resuspended at 2x10° cells per ml in
AIM-V medium before use analysis in T cell proliferation and ELISpot assays as below. Additiosally, on
day 8, fresh CD4+ T cells were also prepared. To purify CD4+ T cells, PBMCs were revived in AIM-V®
culture medium and CD4” cells isolated using Miltenyi CD4 Microbeads and LS columns (Miltenyi
Biotech, Oxford, UK} and resuspended in AIM-V® medium at 2x10° cells/mi.

0128] Onday 8§, T cell proliferation assays were established whereby 1x107 autologous CD4™ T cells
were added to 1x10” antigen-loaded D (ratio of 10:1) in 96 well U-bottomed plates, with AIM-V®
medium added to a final volume 200ul/well. On day 14, assay plates were pulsed with 1uCi ['H] {Perkin
Elmer, Beaconsfield, UK} per well in 250l AIM-V® for 6 howrs before harvesting onto filter mats (Perkin
Elmer) using a TomTec Mach 11 (Hamden CT, USA) cell harvester. All polypeptides were tested
sextuplet cultures. Counts per muoute {opm) for cach well were deterroined by Melttiex™ (Perkio Elmen)
scintiflation counting on a 1450 Microbeta Wallac Trilux Liguid Scintiflation Counter (Perkio Elmer) n
paralux, low background counting. Counts per mumte for each antigen were normalised to the AIM-V®
medium only control.

101298} For ELISpot assays, ELISpot plates (Millipore, Watford, UK) were coated with 100ul/well 1L-2
capture antibody (R&D Systerns, Abingdon, UK} in PBS. Plates were then washed twice in PBS,
tacubated overnight in block buffer (1% BSA (Sigma} in PBS) and washed 1o AIM-V® mediim. Oun day
8, 1x1¢° autologous CD4" T eclls were added to 1x1¢° antigen {paded DC (ratio of 1(:1) in 96 well
ELISpot plates. All polypeptide preparations were tested m sextuplet cultures. For each donor PBMC, a
negative control {AIM-V® medium alone), no cells control and a PHA (10ug/ml) positive control were
also included.

[B13¢] After a fiwther 7 day incubation peried, ELISpot plates were developed by three sequential
washes in dH,0 and PBS prior to the addition of 100l filtered biotinylated detection antibody (R&D
Systems, Abingdon, UK) n PBS/1% BSA. Following incubation at 37°C {or 1.5 hour, plates were
further washed three times 10 PBS and 100w filtered streptavidin-AP (R&D Systems) in PBS/1% BSA
was added for 1 howr (incubation at room teruperature). Streptavidin-AP was discarded and plates were
washed four times in PBS. BCIP/NBT (R&D Systems) was added to each well and incubated for 30
minuies at room temperature.  Spot development was stopped by washing the wells and the backs of the
wells three times with dH,O. Dried plates were scanned on an Immunoscan Analyser and spots per well

. N . . ™ o .
{spw} were determined using Innnuinoscan Version 4 software,

(5]
(9%,
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[6133] For both proliferation and IL-2 ELISpot assays, results were expressed as a Stimulation Index
{5} defined as the ratio of cpm (proliferation assay) or spots {ELISpot assay) for the test polypeptide
against a medium-only control using a threshold of SI equal to or greater than 2 (81>2.0) for positive T
celt responses.

Example 7: Design of Bouble and Triple Substitotions in Tweo or More of T Cell Epitopes 1, 2 and
3

16132] Based on the results of the binding assay, the following substitutions were chosen at epitopes 1, 2
and 3 to be present in polypeptides that contain two asunc acid subsiifutions as coropared to SEQ D
NO:2, each substitution in a different epitope.

Table 1¢. Amino Acid Substitutions for Vartants Comprising Two Epitope and Theee Eptiope
Maodifications,

Epitope Amino Acid Original Amino Acid Substitution Amino Acids
in SEQ ID NO:2
i 54 Y K. R
i 56 T H, K
2 135 M KT
2 140 R QG
3 174 K R
3 178 D N
3 igl W H.R

{3133} DNA encoding N1-N2-Human IG Fo fusion protemns having two of the amino acid substitutions
set forth in Table 10, each n a different epitope, were prepared by using site-directed mutagenesis of the
appropriate starting DNA {(typically the DNA encoding for one of the two substitutions prepared as set
forth i Exaraple 3. The resulting DNA encoding these fusion proteins were used to transform oslls and
were expressed and purified as set forth in Exarople 4, and tested for binding as set forth in Example 5.
Polypeptides having one substitution in each of epitopes 1, 2 and 3 were then designed based on the
results of the binding assay on the two amino acid substituted polypeptides. Polypeptides having one
substitution 1o cach of epitopes 1, 2 and 3 are assaved for both ABeta binding, as well as T-csll response
as set forth in Example 6. In particular, the following double and triple epttope variants were made by
substituting certain aroino acids in SEQ 1D NG:2 as indicated in Table 11, below.

Table 11. Dooble and Triple Epitope Vanant Polypeptides of the Invention.

: e e Epitope 1 Epttope 2 Epitope 3
Poly e No.  Starting Sequenc e e et
Polypeptide No.  Starting Sequence Substitution Substituiion Substitution
63 SEQ IDNG:2 Y54K M135K
&4 SEQ ID NG:2 Y 34K M135T
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Polypeptide No.

0]
94
a9
100
101
102

Starting Sequence

SEQ D NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ TDNO2
SEQ ID NO:2
SEQ D NO:2
SEQ D NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ D NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ 1D NO:2
SEQ 1D NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ TDNO:2
SEQ 1D NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ D NO:2
SEQ 1D NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ D NO:2
SEQ 1D NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ D NO:2
SEQ 1D NO:2

Epitope |
Substitufion
YS4K
Y54R
YS54R
Y54R
T56H
T56H
T56H
T56K
T56K
T56K
YS54K
YS4K
Y354K
YS4K
Y354R
Y54R
Y S4R
Y54R
T56H
T56H
T56H
T56H
T56K
T56K
TS6K
T56K

~

Lo

Epttope 2
Substitution
R1400
MI35K
MI35T
RI40Q
M135K
M1357
RI400
MI35K
MI357T
R1400

DI78N

MI35K
M135K
MI35K
MI35K
MI35T
M135T
M1335T
MI35T
R1400Q
R1400Q
R1400Q
R1400

PCT/US2015/063476

Epttope 3
Substitution

D178N
WIgIH
WIRIR
K174R
DI78N
WIEIH
WISIR
Ki74R

WIg1H
WIRIR
Ki74R
D178N
WISIH
WIEIR
Ki74R
DI78N
WIEIH
WiBIR
K174R
D178N
WIRTH
WIgIR
K174R
D178N
WISIH
WIBIR
Ki74R
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[6134] The above-indicated polypeptides were assayed for binding to beta-amyvioid using the ELISA

assay set forth in Example 5. The results are set forth in Tables 12 and 13. Relative binding values

reflect 1Cso (polypeptide of SEQ 1D NO:2)/1Cse (tested polypepiide) (e.g., the lower the value the greater

the binding of the polypeptide as compared to a polypeptide of SEQ 1D N(O:2). Multiple values refloct

duplicate testing in the binding assay.

Table 12, Relative Binding Vahies of a Polypeptide of SEQ ID NG:2 Versus Exemplary Polypeptides of

the Iovention.

Example 8: Cellulose acetate filter retardation assay.

Polypeptide Relative Polypeptide Relative Polypeptide Relative
No, Binding Value No, Bioding Value No. Binding Value
63 0.12 76 (.13 G0 1.43, 1.64
64 0.14 77 0.18, .16 91 (.14
65 0.1¥ 78 0.24, 0.20 92 (.24
66 0.0% 79 (.08 93 (.34
67 0.1 %G (.16 94 0.53, 0.48
68 0.1 #1 (.14 a5 0.07
69 (.29, (.37 82 0.2 96 0.15
T (.43, (.45 83 0.18, 0.3% 7 (.14
71 0.42 84 0.26, (.48 98 0.21, 0.61
72 0.40,0.27 85 (.24, 6.7¢ 99 .11
73 0.25, 0.39 &6 (.51, 1.08 104 (.36
74 0.26 &7 0.51, 0.83 101 0.2
73 611 88 .65, 1.30 102 (.23
89 0.71, 1.05

{3135] This assay was used to monitor the destabilization (disaggregation) or remodeling of

amyloid fibers into non-amyloidogenic or soluble aggregates. The assay was primarily adapted

from Chang, E. and Kuret, J., Anal Biochem 373, 330-6, (2008) and Wanker, E. E. ¢t al,

Methods Enzymol 309, 375-86, (1999). Specifically, 2.5 uM preparations of fAP amyloid fibers

were pre-incubated with different concentrations of the variant fusion polypeptides of the

mvention {1 nM to 2 pM) at 37°C for 3 days. After incubation, fibers with and without fusion

potypeptide were dituted and spotted on cellulose acetate membranes on vacuun: blots. The

membranes were extensively washed with P8BS and probed with an antibody specific for the N-

terminal of AB for § br. HRP-conpigated secondary Ab was used to quantitate the fibeillar

aggregates retained on the membrane. Spot color was analyzed and digitized using a
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densitometric scanncr. An ECsy (half maximal effective concentration} was calculated based
upon the intensitics of the signal of each spot versus the concentration of fusion polypeptide
added to cach spot.

{3136] As can be seen from the above Examples, the variant polypeptides of the invention all
exhibited binding to AR as determined by the ELISA assay. Muost of the vanant polypeptides

tested also exhibited disaggregation of AB, as determined by the dot blot assay.
Example 9: Construction and Analysis of Polypeptides with a Modified Glveosylation
Signal

{0137] We constructed polypeptides lacking a glycosylation signal at amino acids 39-41 of SEQ
1D NO:1 or SEQ 1D NO:2Z using the mucleotides sequence of either SEQ 1D NO:3 or a modified
version of nucleotide sequence SEQ ID NG:4 that enceded Polypeptide No. 86 as starting
material for site-direct mutagenesis.

{6138] A plasmid vector derived from pFUSE-bigG1-Fe2 vector (InVivogen) and encoding
Polypeptide 86 fused to a masunalian signal sequence, was sutagenized using the QuickChange
Site-Directed Mutagenesis Kit (Agilent) and the following primers:

Forward primer: GCTGTCTGTGGAATGCTGGAGGCGTTGTAGTTTG (SEQ ID NO:E)
Reverse primer: CAAACTACAACGCCTCCAGUCATTCCACAGACAGC (SEQ 1D NG9
following manufacturer’s directions to oreate a T41G substitution. The resulting vector (SEQ 1D
NO:7) was used to fransform NEB S-alpha competent E. coli cells in order to 1solate and
sequence the desired plasmid using standard technigues.

{613%9] The purified vector was then used to transform Expi293 cells osing the commercially
available Expi293"™ Expression System (Life Tehenologies). One day before transfection,
Expi293 cells were seeded at a density of 2 x 10" viable cells/mi. On the day of transfection, 500
ug of the filter-sterihized plasmid was diluted into Opti-MEM 1 to a total volume of 25 mil. Ina
separate tube, 1.333 mi ExpiFectamine’™ 293 Reagent was diluted in 25 mi Opti-MEM I and
mixed by inverting. After five minates incubation at room temperature the diluted DNA was
added to the dituted ExpiFectamine’™ 293Reagent and incubated for an additional 20-30 minutes.
The DNA-ExpiFectamine " 293Reagent complex was slowly added to 500 mf cells { >3 x 10°
cells/mi) while geotly swirling the flask. ExpiFectaroine™ 293 Transfection Eghancers [ and 1,
2.5ml and 23mi respectively, were added to the transfected cells after approximately 18 hours and
cells are incubated for another 5 days at 37°C, 8% CO,, 135 rpm on an orbital shaker. The
expressed fusion proten (termed “Polypeptide 86-T41G7)-containing media was harvested by
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centrifugation at 10,000 rpm at 4°C for 20 minutes. The supernatant was purified on a 5mi HiTrap
rProtein A FF column (GE Healthcare), with all steps being performed at 4°C. The column was
regenerated with 3 volumes of elution buffer (0.1M glycine, pH 3), and washed in 5-10 volumes
20 mM sodium phosphate buffer before applying the cell media using a fiow rate of Smi/ioin. The
cofumn was washed with 5-10 volumes 20 mM sodiim phosphate butfer before eluting off bound
Polypeptide 86-T41G with 0.1M glyeine pH 3. One to three ml fractions were collected i tubes
with 1M Tris-HCI pH 9 to adjust pH. Yield was determined by absorbance at 280 nmon a
Nanodrop 2000C. Five pl of each protein-containing fraction was separated on a SDS-PAGE
TGX gel (BioRad) and Coomassie stained for 2 hours. Fractions containing Polypeptide 86-T41G
were pooled and dialyzed in D-PBS overnight at 4°C. The final Polypeptide 86-T41G sample was
sterifized on Ultrafree spin filters and the concentration was measured on the Nanodrop 2000C.
{0148} Purified Polypeptide 86-T41G (SEQ 1D NO:6) was analyvzed by SDS-PAGE and
migrated as a single band with slightly lower molecular weight {(apparent ~500 dalton less) than
Polypeptide 86 (Figure 9). We helieve thus lower molecular weightis ductoboth the Tto G
change at amino acid 41, as well as the loss of glycosylation on N39.

{3141] Punfied Polypeptide 86-T41G was also analyzed by size exclusion chromatography on a
Superdex200 ncrease 10/300 column. The column was washed and equilibrated with 100 md of
phosphate buffered saline (“FBS”™). One hundred snicrograms {100 ug) of Polypeptide 86-T41G
was diluted tn PBS to a final volume of 200 plb and loaded onto the coluron. The coburnn was
then eluted with 1.5 coluron volumes of PBS at a rate of 0.75 ml/minute. Protein in fractions
was monttored by spectrophotometrically at 214 nm and 280 nm and demonstrated a sharp peak
mdicating homogeneity {(data not shown).

{6142] Purified Polypeptide 86-T41G was avalyzed for Absta binding using the ELISA
described in Example 5. The ECs, for Abeta binding in this assay was calculated to be 13.15 nM,
compared to 20.6-27.01 nM for the polypeptide of SEQ {D NG:1 and 34.5 nM for Polypeptide
6.

{3143} Purified Polypeptide 86-T41G was also compared to the polypeptide of SEQ 1D NG:1
and Polypeptide 86 for Abeta binding using the cellulose acetats filter retardation assay described
in Example 8. The results of this assay are shown in Figure 10.

{0144] Purified Polypeptide 86-T41G was then compared to Polypeptide 86 and the polypeptide
of SEQ 1D NO:1 {as well as bumamized A33 antibody and kevhole limopet hemocyanin as positive

controls) tn the whele protein CD4+ T cell Response assay using 50 different PBMC dovors
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representing 95% of the human HLA haplotypes; and in the ELESpot cytokine (FL-2) assays
described in Example 6. The results are shown in Tables 13 and 14, below.

Table 13, PBMC T-cell Profiferative Response Assay Results,

Sample Mean S1 | SD | % Response
SEQ ID NGO 2.21 .32 12
Polypepude 86 2.66 1.02 4
Polvpeptide 86 T41G 2.11 (.15 4
Humamzed A33 3.29 1.83 12
KLH 4.74 3.28 84

Table 14. ELISpot IL-2 Assay Results.

Sampie Mean S | SD | % Response
SEQ IDNG:1 2.51 .64 14
Polypeptide 86 2.83 1.03 4
Polypeptide 86 T41G 2.33 (.22 4
Humamized A33 2.46 .33 24
KLH 4.57 4.32 86

{3145] As can be scen from the above Tables the polypeptide of SEQ 1D NO:1 (no amioo acid
changes i either the putative glycosylation site at arino acids 39-41 or any putative T-cell
epitopes) ehicited profiferative responses (“57) >2 times background for 12% of the donors
{6/50). Polypeptide 86 and Polypeptide 86 T41G elicited proliferative responses from
significantly fewer dovnor PBMCs (4%; 2/50) with responders baving proliferative response also
slightly higher than 2 times background. This indicates lower projected mmmusogenicity of
Polypeptide 86 T41G for human subjects. The IL-2 assay confirms the T-cell response assay
resuolts.

{6146} Polypeptide 86 T41G was also compared to the polypeptide of SEQ 1D NO:1 for binding
to Abetad? fibers, NAC fibers and tau-mibr fibers.

{3147} Fiber and FLISA Plate Freparation. AP4Z peptide (rPeptide A-1002-2) was dissolved in
hexafluorcisopropancl by vortexing and moubation at room temperature for 18 hours. Aliguots
were dried under vacvum and stored at -20°C. 100 ug of AB42 monomers were dissolved in 26 ul
DMSO, dissolved by vortex and diloted to 80 pM in 16 mM HCI solution. The AB42 pepuide
solution was iocubated for 3 days at 37°C and fiber forreation verified with ThT fluorescence

3S53Y.
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{3148] The non-amylowd beta component (NAC) of sentle plaque 15 an aggregated fragment of
alpha-synuclein, the aggregate that is the hallmark of Parkinson’s disease. NAC peptide
{{Bachem H2598) was dissclved in 20mM NaHCO; at 600uM and centnifinged for 1 hour,
100,000xg at 4°C. Supernatant was neutralized with 2N HCU and meixed 1:1 with 10maM HCL The
peptide was incubated for 4 days at 37°C and fiber formation confirmed by ThT fluorcscence
3S53Y.

{6149] Fibers comprising the mucrotubule binding portion of Tau (Vau-mtbr fibers) were made
according to Frost et al. J Biol Chem. 2009 May 8;284(19):12845-52. Briefly, 40uM of tau-mthr
protein was incubated with 40uM low-molecular weight heparin (Fisher Scientific, BP2524) and
2mM DTT for 3 days at 37°C. Fibnil formation was confirmed by ThT fluorescence assay.

{31561 Fibers were diluted to 1uM in PBSA-0.02% and dry-coated on Maxisorp Nonc
Imounoplate ELISA plates {ThermoFisher Cat no.442404) by incubation over might at 37°C.
Wells were blocked, 200ul/well, in Superblock (ThermoFisher Cat ne. 37515) for 1 hour at room
temperature and washed m PBST-0.05%.

{6158] Binding Assav and Results. The polypeptide of SEQ ID NO:1 and Polypeptide 86 T41G
were separately added to the fiber ELISA at 50 and 200aM and incubated for 1 hour at 37°C.
Wells were washed 10 PBST-0.05% 6x200ul before incubation with goat anti-human 1gG Fe
fragmeot spectfic-HRP (Jackson labs Cat no. 109-035-008), 1:2500 i TBST-0.05%; 1% mulk
block (LabScieniific Cat no. 732-291-1940), for 45 muoutes in roor teraperature. Plates were
washed 1n 4x200 ul TBST-0.05%, 2x200 vl PBS before adding 50 ul TMB solution {Sigma
T0444) per well. The reaction was left to develop for & minutes and stopped by adding 50 pl 2N
HCI per well. The absorbance at 450 nm was recorded 1o a Tecan plate reader {(Infinite
MI1000Pro).

{3152] Duata points were taken from the average of triplicate wells with standard deviation
calcolated with GraphPad Prism. The vahues were corrected for background by subtracting the
mean absorbance in wells incubated without cither polypeptide for each substrate.

{3153} Asshows 1o Figure 11, Polypeptide 86 T41G biod All4Zmo NAC and tau-motbr fibers with
the same or higher affinity compared to the polypeptide of SEQ 1D NO:1.

{3154] We also constructed by staular protocols the following variants of SEQ 1D NO:1
modified only to elimunate the putative glycosylation site (substitution indicated in parentheses):

Polvpeptide 200 (N3%A) Polvpeptide 202 {T41M) Polvpeptide 204 {T41H)

Polypeptide 21 (N39() Polypeptide 203 (T41W) Polypeptide 205 (T41V)
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Polypeptide 206 (T411} Polypeptide 211 {T41F) Polypeptide 216 {T41A)
Polypeptide 207 (T41L} Polypeptide 212 {T41D) Polypeptide 217 {T41G).
Polypeptide 208 (T41R) Polypeptide 213 (T41E)
Polypeptide 209 {T41K) Polypeptide 214 {T41Q)
Polvpeptide 210 {T41Y) Polvpeptide 215 {T4IN)

Example 10: Pharmacgkinetic (PK) Siundies of Polypeptide 217 and SEQ ID NO:L

{6158) Animal treatment and sample collection. C37BI6 nuce (8 - 12 wks; Hilltop Lab Animals)
were adminstered a single 20 mg/kg intraperitoneal dose of the polypeptide of SEQ 1D NO:i
(=22} or Polypeptide 217 (0=22) used. The polypeptide of SEQ ID NO:1 was administered once
(20 mg/kg, 1.p.) to 22 mice. Polypeptide 217 was administered once (20 mg/kg, 1.p.) to a separate
set of 22 muce. Blood was collected once cach amimal at different ttimes (0Oh, 6h, 8h, 12h, 14, 34,
7d and 14d post-dosing). Plasma was 1solated from the blood samples, stored i 106 pl. aliguots,
and used for all subsequent analyses. After collection of the blood, mice were euthanized,
transcardially perfused with PBS aod their brains harvested. The brains were hemisected and
cach hemisphere further sectioned into a rostral, caudal, hippocampus and corebellum portion,
Plasma was shipped to Intertek (San Diego, CA) for pharmacokinetic analysis, while left frontal
cortex was shipped to Cambnidge Biomedical (Boston, MA) for PK analysis.

10156] FPlasma ELISA Analysis. All standards and samples that were analyzed were exposed to
217 mM acetic acid for 30 min at room temperature (“RT7), and then neutralized in (L 1.5 v/iv IM
Tris pH 9.5:sample}. The acid dissociation step sohibilized polypeptide present in an nsoluble
fraction.

16157] A sandwich ELISA assay was used to measure polypeptide fevels in plasma. MaxiSorp' ™
plates weee coated with cabbit anti-M13 (Abcam: ab6188) at 11,000 dilution from stock (3.7
ug/mi, 0.37 pg/well) overnight in carbonate buffer (pH 9.6} at 4 "C. Plates were washed three
tmes with PBS contaimng 0.1% Tween-20 (“PBST”) and blocked with 1% nulk 0 PBS for 2h at
37 °C followed by That RT. Plates were again washed three times with PRST and then samples
or standards were added to wells and incubated for 1h at 37 °C. Wells were then washed 3X with
PBST, and incubated with HRP-labeled goat anti-Human IgG (heavy & light chains, Bethel:
AR(-219P; 1:10,000) for 30 mun at BT, Wells were washed 3x with PBST, and the plates were
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then developed at RT with TMB substrate. Reactions were stopped after the Auso of the highest
standards was between 0.6 — 0.8, Levels of polypeptide were quantified from the absorbance read
at 450 nm, minus the reference absorbance at 650 nm. Plasma was analyzed at dilutions of 1:20,
1:300 and 1:3,000; no matnx interference was obscrved at these ditutions. The results are shown
below in Table 15,

Table 15, Plasma Pharmacokinetic Parameters.

(Jma,;r; 14() Hg
Tmax 6 h
Beta-phase 14 life 5 days 13 days

Clearance

24.5 ml/dav/kg

8.3 mL/day/kg

AUC

816.33 day*ug/ml

2396.1 day*ug/ml

{158] Brain ELISA Analysis. Brain tissue {left frontal cortex ) was bomogenized jo cold PBS
using teip Pure M-Bio Grade beaded tubes and a Precellys(24 Lysis Hooogeoizer (5,000 RPM
twice for 20 sec, with a 5 sec interval between bomogemzation cycles). Homogenate was
centrifuged at 14,000 rpm for 5 min at 4 °C. Supermatant was removed to a new tube and used for
all subsequent analyses. Protein content of brain lysate was determined using a Pierce BCA
protein agsay kit. Lysate was used at a 1.2 dilution,

[6189] A sandwich ELISA assay was used to measure polypeptide levels in brain. MaxiSorp™
plates were coated with rabbit anti-M13 {Abcam: ab6188) at 1:1,000 (3.7 ug/mbL, 0.37 pg/well)
overnight in carbonate buffer at 4 °C. Plates were washed 3x with PBST and biocked with 1%
milk in PBS for 2h at 37 °C, followed by 1h at BT, Plates were then washed 3x with PB3T, and
sarapies or standards were added to wells and ncubated for th at 37 °C. Plates were again
washed 3x with PBST, and then wells were incubated with HRP-labeled donkey anti-Human {gG
(heavy & Light chains, Jacksen ImmuonoRescarch: 709-035-149; 1:10,000) for 30 mun at RT. After

3x washes with PBST, plates were developed for 15 min at RT with TMB substrate. Reactions
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were stopped and absorbance read at 450 nm. Levels of polypeptide in brain were expressed

relative to protein content of lysates. The results are shown below in Table 16.

Table 16. Bram Pharmacokinetic Parameters

Cinax 2.5 ng/mg 2.7 ng/mg
Tinex 3d 3d
Beta-phase 14 life 3 days 7 days
AUC

i4.44 day*ng/mg

2.90 day*ng/mg
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Claims:

1. A polypeptide comprising a variant of a starting anminc acid sequence, wherein the
starting amino acid sequence is sefected froov amino acids 1-217 of SEQ ID NO:1 or amivo acids 1-217
of SEQ ID NG:2 and mutants of any of the foregoing having one or more of the following modifications:
substitution of VVV at amino acids 43-45 with AAA; substitition C53W; deletion of amino acids 96-103;
substitution of QPP at avuno acids 212-214 with AGA; substitutions WI1R1A, FI90A and F194A;
deletion of amino acid 1; deletion of amino acids 1 and 2; and addifion of a N-terminal methioning
residue, wherein:

{a} the starting amino acid sequence is modified to remove the putative glycosylation signal at

amning acuds 39-41; and

(b} the polypeptide binds to and/or disaggregates amyloid.

2. The polypeptide according to claim §, wherein the modification at arino acids 39-41 1s
selected from substitution of one or more of N39, A4( and/or T41; deletion of one or more of N39, A40
and/or T41; insertion of one or more aming acids between N39 and A40; and msertion of one or more

amino acids between A40 and T41,

3. The polypeptide of clairo 1 or 2, wherein the starting amine acid sequence is selected

from: aming acids 1-217 of SEQ D NO:1, and aminoe acids 1-217 of SEQ ID NG:2.

4. The polypeptide of any one of claims 1-3, wherein the modification at amino acids 39-41
of SEQ I NG:1 or SEQ ID NO:2 is selected from amine acid substitution of one or more of N39 and/or

T41.

5. The polypeptide of claim 4, wherein the modification that removes the potative
glycosylation signal at amino acids 39-41 of 5EQ 1D NO:1 or S3EQ 1D NO:2 1s an amino acid substitution
selected from T41G, T41W, T41H, T41V, T41L, T41L, T4IR, T41K, T41Y, T41F, T41D, T41E, T414Q,
T41IN, and T41A.

6. The polypeptide of claim 5, wherein the medification that removes the putative

glycosylation signal at amino acids 39-41 of SEQ 1D NO:1 or SEQ 1D NO:2 15 a T41G substitution.

7. The polypeptide of any one of claims 3-6, wherein:
(0} the polypeptide has redoced nnmunogenicity as compared to a corresponding polypeptide

comprising the starting amino acid sequence; and
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() the variant has from 1 {0 9 amino acid substitutions in addition to any amino acid substtution
at amino acids 39-41 of SEQ 1D NO:1 or SEQ 1D NO:2 or nustants thereof, wherein cach amuino

acid substitution is selected from the group of amino acid substitutions set forth below:

Amino Acid # Amino Acid present in the Amino Acid Substitutions
Starting Amino Acid Sequence
48 G HOKR ST, D,P
56 E G H KPR
51 T G H KR PO, N, W
53 C FFHEKNGQGRWY
54 Y G, H. KR, P
56 T G, H KR, P
135 M ADGRENTHRCEPQS
137 Q DE
138 N DEGHPQST
140 R D,EH QA G MNPSY
141 F D,E
143 N AG
173 S G P KD HRT
174 K R
175 A G, H.K PR
176 M G H KN R P, QW
178 D G NG S TFHEKRWY
179 A H KPR
181 W G, H. KR, P
and

(¢} when the starting amino acid sequence 1s amunoe acids 1-217 of SEQ ID NO:l any ofthe 1 t0 9
amioo acid substitutions is opticnally additionally selected from the group of amino acid

substitutions set forth below:

Amino Acid # Amino Actd present in the Amino Acid Substitutions
Starting Aoune Acid Sequense

215 v 5, T.C,D,E,F,H,K.N,P, O, R
218 o C.EN.P,Q 8 T,AHW

220 G ED,F,W, MY

221 S D.E G

223 G D, P E K, NRT
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8. The polypeptide of claim 7, wherein each of the 1 to 9 amino acid substitutions s

selected from the group of amine acid subsunitions sct forth below:

Amino Acid # Amino Acid present in the Starting Amino Acid Amino Aad
Sequence Substitutions
48 G H, KR, 8, T
51 T C.ILERP,QN
54 3% G.HL KR, P
56 T G, H KR P
135 M A DG ENT,HR
140 R DLEH.QAG
141 F DE
143 N A, G
173 S G, P K
174 K R
176 M G,ILK N R
178 B G,N, Q57T
i&1 W G, H KR
9. The polypeptide of any one of claims 3-8, wherein the starting anmno acid sequence is

selected from amino acids 1-217 of 3EQ D NO:1, and aming acids 1-217 of SEQ [D NO:2,

10. The polypeptide of any one of claims 3-9, wherein the variant anuno acid sequence has 2
to 9 amino acid substitutions 1o addition to any amino acid substitution at aroino acids 39-41 of SEQ ID
NO:1 or SEQ ID NG:2 or mutants thereof, wherein at ieast one substitution i present in epitope 1,
comprising amine acids 48-56 of SEQ 1D NO:lor SEQ 1D NG:2; and wherein at [east one substitution is

present in epitope 3, comprising amino acids 173-181 of SEQ 1D NG, or SEQ 1D NO:2.

11, The polypeptide of claioy 10, wherein the varaint amino acid sequeoce bas only two

amino acid substitutions, i addition to any aoune acid substitution at amino acids 3941 of SEQ D NO:1
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or SEQ ID NG:2 or mutants thereof; and wherein the substitutions are selected from the group of two

amino acid substitutions set forth below:

Y 34K and DI78N Y54K and WI81H Y54K and WIRIR Y 54K and K174R

Y54R and D178N ’S4R and WIBIH Y54R and WIBIR Y54R and K174R

T56H and DI7EN TS6H and WIEIH TS6H and WIRIR T56H and K174R

T36K and D178N TS6K and WIHIH T56K and WISIR T56K and K174R
12, The polypeptide of any ong of clairas 1-11, consisting cssentially of a human or

humasized iovnunoglobulin Fo pelypeptide sequence fused either via a peptide finker or durectly to the C-

termimis of the variant amino acid sequence.

13. The polypeptide of claim 12, wherein the immunoglobulin Fo polypeptide sequence 15 the

Fc portion of a bioan fgG.

14 The polypeptide of claim 13, wherein the armino acid sequence of the peptide linker and
Fe portion of human {g( 1s selected from amimo acids 218-488 of SEQ ID NO:1, and amino acids 218-
486 of SEQ IDNO:2,

15. A polypeptide consisting of 2 varant of a starfing aming acid sequeonce, wherein the
starting amino acid sequence is selected from SEQ IDNO:T or SEQ [D NO:2 and the starting amino acid
sequence 1s modified to remove the putative glycosylation signal at amino acids 39-41 of SEQ [D NG
or SEQ 1D NG:2, wherein the modification is selected from anunc acid substitution of one or more of
N39, A40 and/or T41; deletion of onc or more of N39, A40 and/or T41; msertion of one or more anung

acids between N39 and A40; and msertion of one or more aming acids between A40 and T41.

16. The polypeptide of claim 15, wherein the modification that removes the putatve
glveosylation signal at amino acids 39-41 of SEQ 1D NO:1 or SEQ 1D NO:2 15 selected from amino acid

substitution of one or more of N39 and/or T41.

17. The polypeptide of claim 16, wherein the modification that removes the putative
glycosylation signal at amino acids 39-41 of SEQ ID NO:1 or SEQ 1D NO:2 15 an anuno aicd sabstitution
selected from T41G, T41IW, T41H, T41V, T411, T41L, T4IR, T41K, T41Y, T41F, T41D, T4IE, T41Q,
T41N, and T41A.

18. The polypeptide of claim 17, wherein the modification that removes the putative

glycosylation signal at amino acids 38-41 of SEQ D NG:1 or SEQ D NO:2 15 a T41G substitution.
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9. The polypeptide of any one of claims 15-18, wherein the starting amino acid sequence is
SEQ 1D NO:2, and the polypeptide has two amino acid substitutions in addition to any amine acid

substitotion at amine acids 39-41 of SEQ D NO:2 sclected from any of the followmng:

. . Epitope 1 Epitope 2 Epitepe 3

PolspepideNo. BT Subitwion Subsinaion
75 Y54K None D178N
76 Y 354K None WISIH
77 Y54K None WIBIR
78 Y 54K Noge KIi174R
79 Y54R None D178N
R0 Y54R None WIRIH
81 Y34R None WIEIR
82 YS4R Nong K174R
83 TS6H None D178N
84 T56H None WISIH
RS TS6H None WISIR
86 T56H None K174R
87 T36K None D178
88 TS6K None WIgIH
89 T56K None WISIR
90 T56K None K174R
20. The polypeptide of claim 19, wherein the polypeptide bas the amino acid sequence of

SEQ D NG:S.

21, A pharmaceniical compoesition comprising the polypeptide of any ove of clatms 1-20 and

a pharmaceutically acceptabie camer,

22, The pharmaceutical composition of claim 21, wherem the composition 1s formulated for

injection or infusion into the bloodstream of a patient.

23. The pharmaceutical composition of clatm 21, wherem the coroposition is formulated for

direct administration to the brain or CNS.

24, A method of reducing amyvloid or tan protein aggregates in a patient in need thereof,
comprising admioisiering to the patient an effective amnount of the polypeptide of any one of claims 1-18

or the pharmaceutical composition of aoy one of clamms 21-24.
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25. The method of claim 24, wherein the patient is exhibiting symptoms of 2

neurodegenerative disease that is associated with the presence of amyloid or tau protein aggregates.

T

29, The method of claim 24 or claim 235, wherein the patient is positive for the blomarker

florbetapir when that biomarker ts used as an imaging agent o positron Cruission teraography.

27. The method of any one of claims 24-26, wherein the patient is suffering from a
neurodegenerative disease selected from Alzheimer’s disease, which includes sarly onset Alzheimer's
discase, late onset Alzbeimer's disease, and presymptomatic Alzhsimer's disease, Parkinson’s disease,
SAA amyloidosis, cystatin C, hereditary loelandic syndrome, seniity, roultiple maveloma, prion diseases
including but not hmited to kury, Creutzfeldt-Jakob discase (CID), Gerstmann-Straussier-Schemnder
discase (GSS), fatal familial insomma (FF1), scrapic, and bovine spongiform encephalitis (BSE);
amyotrophic fateral sclerosis (ALS), spinocercbeliar ataxia (SCATL, SCA3, SCAS, or SCAT), Huntington
discase, entatorubral-pallidoluysian atrophy, spinal and bulbar muscular atrophy, hereditary cerebral
arnylowd angiopathy, familial amyloidosis, British/Danish dementia, familial encephalopathy,
Amyotrophic lateral sclerosis/parkinsomsm-dementia compiex, Argyrophilic grain dementia,
Corticobasal degeneration, Dementia pugihstica, diffuse neurofibnillary tangles with calcification,
Down’s syndrome, Gerstoann-Strdussier-Scheinker disease, Hallervorden-Spaty disease, Myotonic
dystrophy, Niemann-Pick disease type C, Noo-Guamanian motor nouron disease with seurofibniliary
tangles, Pick’s disease, Postencephalitic parkinsonism, Prion protein cercbral amyloid angiopathy,
Progressive subcortical glicsis, Progressive supranuclear palsy, Subacute sclerosing panencephalitis,
Tangle only dementia, frontotemporal lobar degenerations (FTLDs), and frontotemporal lobe dementia
{(FTD) including a paticnt having onc or more of the following clinical syndromes: behavioral variant
FTD (bvFTD), progressive non-fluent aphasia (PNFA), frontotermporal dementia with parkinsonism

hioked to chromosome 17, Progressive Supranucicar Palsy (PSP), and semaantic dementia (8D).

28, The method of claim 27, wherein the neurodegencerative discase 1s Parkinson’s disease,

Alzheimer’s disease, or Huntington’s discasc,

29, The method of claim 28, wherein the nourodegenerative disease is Alrheimer’s disease.
30. The method of claim 27, wherein the patient s suffering from prion-mediated disease

selected from Creutzfeldt-Jakob disease, kuru, fatal fanubial insommia, or Gerstmann-Straussler-Scheinker

syadrome,

o2
[y

A nucleic acid sequence encoding any one of the polypeptides of claims 1-20.
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32. The oucleic acid sequence of claim 31 further encoding a mammalian signal sequence

fused to and m frame with the polypeptide encoding sequence.

33, The nucleic acid sequence of claim 32, whorein the nucleic acid sequence in SEQ ID

NG,

34. A vector comprising a nucleic acid sequence of any one of claims 31-33, wherein the

nucleic acid sequence is operatively finked to an expression control sequence in the vector.

35. A host cell containing the vector of claim 34.
36, A method of making a polypeptide of any one of claims 1-20 comprising the steps of

expressing the protein encoded by the nucleic acid sequence of any one of claims 31-33; and 1solating the

expressed polypeptide.

37. A method of making a polypeptide of any one of claims 1-20 comprising the steps of
cultaring the host cell of claim 35 ander conditions sufficient to allow expression of the polypepuide; and

1solating the expressed polypeptide.
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FIG. 1 (SEQ ID NO:1)
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FIG. 2 (SEQ ID NO:2)
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SEQ ID NO:6 7/11

. - FONCRECOE -
GGATCICCGATCGCTCCGGETECCCLTCACTEGECACAGCGLACRTCCCCCACE

| AGTTGA0G0GACE0CTCOOCARTTCARCGO0T

ATC
PR
TR ACAARCTOCC o RCaaTAAACTAG STORTOTCATATACTL O COACOCTACOCACAACT e -
GCCTAGAGAAGGT GCGEGGTAAACTGECAAAGTGATETCR ACTG ( ‘ (3] JGGGAGAACC ATAAGTGC
j\/ L o\ -\J ./\. J A \]\J \jl) /J\/ \]J-l-.lJ-\.o) o ./v\/ \.j\. \\Jl) £
LT AGTC OO CTRAACS T TP T T T AR COaCT T TaC L AL AAC AC RGO TG G T A G REC OGO ATCTOTCT creernn
;ULHU Chwu( unﬁba TCTTTTTCGCAACGGGTTTGCCECCAGAACACAGCTGAAGD l\uCAJU~H C ATCTCTCCTTCACGCGCCCELC

e Yelelelaletel Iala ol ey Yatelatalaliialidatalslaiaialial alalal sl sl sl alau aialatila UL ah W X el Talalalal TOPRITR
\'IvC u\“w U\ VG\,‘W VT p\C\Tv r'*‘s'\u(‘ GTTCT '\/‘\.[\:C'\/,L 'C'\I'\JLC i u\/\..l CCJ \:A‘* C(‘ C\T(,CFJ CLAGGTA B}\J !
il faralny Falalit faTalalil

ACCCRACTOTOCACGE!
050

‘BGACTCAGCCEE LA

CRACTCTACCTCTTIGTITCGTTTTCTGTTCTGCGCCETTACAGATCCAAGC TETGACCGECGCCTACCTCAGATCACCLECGRAGGAGGECCA
CCATG”ACAGCATGCAACTCC”GTC”TGCATTQCACTAAGTCTTGCACT”CTCACGAATTCGAT@GCTGAAAC”CTTGAAAGTTG”TTAGCAAAR
COCCATACAGRRARTTCATTTACTAACCTCTGCARAGACGACAAALCTTTAGATCGTTACGCT AR TATGAGGGCTGTCTGTGRARTGCTACAGE
CETTGTAGT I TG ACTGGTCACCRAACTCAGT T TACGETCAT TGRETTCCTATTGOGCT TG TATCCCTGARAATCAGGETCETGECTCTCAG
GTGGCGETTCTGAGGETGGCGETT T GRGLET GGG TACTAARCCTCCT CAGTACGETGATACACCTATTCCGGGCTATACT TATATCAACCCT
CTCGACGECACTTATCCGCCTEETACTEAGCAARACCCCECTART CUTARTCCTTCTC T TRAGGAGTCTCAGCCTCTTARTACTTTCATGTTICA
GARTAATAGETTCCCAMATAGGCAGEGEECATTARCTCTTTATACGEGCACT TTTACTCAAGECACTEACCCCETTAAAACTTATTACCAGTACA
CTCCTGTATCATCARGAGCCATCTATGACGCTTACTGCAACECT AR TTCACAGRCTCCGCTTTCCATICTEGC T TTAATGAGGATCCATTCETT
TGTGAATATCAAGGCCARTOGTCTGACCTGCCTCAACCTCCTGCCARTGCTGECGECGAGTCTERT CETGETTCTCETCECEGCTCTGRGGETEE
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GCCCTACCTCAGGCCECCATCCACGLCLGTTOACTCLCETTCTGCCGCCTCCCCCCTETRLTGCCTCCICAACTCCETCCGLCGTCTAGGTAAGT
TTAAA: ”TCiCG“LbAcACCCCGCCT””ST“TCSCGC’CCCT””CAGTCTACCZAGA“””“CCC;{ TCCACGCTTTGCCTGACCCECCTT

TCRACTCTACGTCTTTGTITTICCTTITCTGITCTGLGCCET TACAGRTCCAAGCTOTGACCGCCGCCTACCTGAGATCALCLGCGAAGGAGGECCA
CCATCTACAGGATGCAACTCCTETCTTGCAT TG CACT AAGTCTTGCACT TGTCACGAATTCCATGECTGAARCTCTTCARAGTTGTTTAGCAARR
CCOCATACAGARAARTTCATTTACTAACGTCTGGAAMGACGACARARCT T TAGATCL T TACGCTARCTAT GAGGGCTETCTGTGGARTGCTGEAG
CETTGTACTTTGTACTGETGACGARACTCAGT CTTACGET CATTCEET TCCTATTGEECT TECTATCCCTGARART GAGEETGGTCECTCTGAGE
GIEGCEETICTGAGGETGECEETTCTCAGGETGECECTACTAAACCTCCTCAGTACGGTGATACACCTATTCCGEGCTATACTTATATCAACCCT
CTCGACEGCACTTATCCGCCTGETACTCAGCAARACCCCGCTAATCCTAATCCTTCTCTTGRGGAGTCTCAGCCTCTTARTACTTTCATGTTTCA
GARTARTAGGTTCCCAMATAGGCAGCEEECATTAACTCTTTATACCLECACT TTTACTCAAGECACTCACCCCCTTAARACTTATTACCAGTACA
CTCCTGTATCATCARGACCCATGTATCACGCT TACT GEAACGETARRT TCAGAGRCTGCGCTTTCCATTCTGGCTT TART GAGGATCCATTCGTT
TGTGRATATCAAGGCCARTCEICTGRCCTCOCTCAACCTCCTECCART GLTGECEECCRAGICTERIGET GETTCTEE IGECCECICTCAGLETGE
TGRCTCTCAGELTGECGETTCTGAGGET GEOGLCTCT GAGEGRGECGET TCOGETGETRECTCTGETTCCGETGCCAGATCTCACRRRACTCACA
CATGCCCACCGTGCCCAGCACCTGRACTCCTGEGGGCRCCETCAGTCTTCCTCTTCCCCCCAAAACCCARGGACACCCTCATGATCTCCCGEACE
CCTGAGGTCACATGCETERTGETGRACGTGAGCIACGRAGACCCTGAGGTCAAGT TCARCTGLTACGTGCACCLOGTCRAGETCCATARTGCCAA
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FIG. 11.
Binding to Ab42 fibers Binding to tau-mibr fibers Binding (o NAC fibers
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