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

(86817 This application claims the beneiit of U.S. Provisional Application No. 62/687,052, filed
December 3, 2014, which is incorporated here by reference in its entirety to provide continuity of
disclosurs
(36827 The mvention relates o polypeptides that comprise a portion of filamenious bacteriophage gene
3 protein (g3p) sufficient fo hind to and/or disaggregate arayloid, Le., the N1-N2 portion of g3p and
routants and fragments thereof, wherein that g3p amino acid sequence has been modified through amino
acid deletion, insertion or substitution 1o rewove a putative glveosylation signal.  The invention further
relates to such polypeptides that are also modified through additional amine acid substitution to be
substantially less immonogenic than the corresponding wild-type g3p amino acid sequence when vsed
m vivo. The polypeptides of the invention retain 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.
(6883} Filamentous bacteriophage g3p protein, and in particuiar the polypeptide portion thereof
conprising the N1-N2 region of g3p, has been demonsirated 1o bind 1o and disaggregate various
amyloids, such as B-amyloid, tau protein, and prion proteins. See co-pending PCT application
PCT/AIS2012/066793, and US provisional applications US 61/801,349, and US 61/801,849, the
disclosure of each of which is incorporated herein by reference. See also, R. Kushuan et al, 7 3ol
Biol (2614}, Despite that efficacy, it is expected that production of such polypeptides in recorabinant
mararoalian cell systeras could be deleteriously affocted by glycosylation at a putative agparagine-linked
glycosylation signal in the g3p sequence. In addition, systemic administration of polypeptides
comprising g3p or the N1-N2 region thereof to homans could cause a deleterious mvme response.
None of these prior art teachings identify any potential problems relating to potative glycosylation,
{6884} The efficacy of many recombinant or otherwise non-native therapeutic proteins or polypeptides
may be limited by unwanted immine 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
an major histocompatibility complex (MHC) class H molecules. T-cell epitopes are conunonly detined
as any araino acid sequences with the ability to bind to MHC class [T molecules. When bound to MHC
molecules, T-cell c—:p%top@s can be recognized by a T-cell receptor (TCR), and can cause the activation of

T-celis b ecoptor 1o promote a T-cell tesponse. Tt s, however, gencrally understood

that certain T-cell epitop(-:s which bind 1o MEC class I meolecoles do not stiraulate T-cell response,
hecause these peptides are recogrized as “self” within the organisma to which the protein is

adrummsiered.
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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 MHEC to frigger the activation
of T-celis. For peptides presenied by MHC class IF molecules, such activation of T-cells can then give
rise, for example, to an antibody response by direct stivoudation of B-cells fo produce such antibodies.
{6886} MHC class Hmolecules are a group of highly polymorphic proteins which play a central role in
helper T-cell selection and activation. The buman leukocyte antigen group DR (HLA-DR) are the
predominant isotype of this group of proteins. However, isotypes 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 DG and two DP alleles

18887} The immune response to a proten or polypeptide in an individual is heavily infhienced by T-

cell epitope recognition which is a function of the peptide binding specificity of that individual's HLA-
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DR allotype. In order to identify T-cell epitopes within a protein or polypeptide in the contextof 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-ccll epitope identification s the first step to epifope chimination. Metbods enabhing the
detection of T-cell epitopes are known tn the art and are disclosed in WO 98/52976, WO G0/34317,
US2007/0269435; US 7,208,147, Kern et al., Narure Medicine 4:975-978 {199%); and Kwok et al,,
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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 1dentification of T-cell
epitopes, the selection of amino acid substitations 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.

(6889} 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 g3p without destroying its amyloid-
binding/disaggregation properties. This would allow the polypeptide comprising the N1-N2 portion of
o he made 1o mamunalian cells without the manufacturing difficuliies associated with
glycosylation. To addition, reduced impwnogenicity will allow a polypepiide comprising that N1-N2
portion 1o be chronically adiministered systemically for therapeutic and/or diagnostic purposes. The
present tnvention meets this need, by identifying the putative glycosylation signal in the NI-N2 portion
of g3p and providing modifications thereof that prevent glycosylaton while preserving activity of g3p
polypeptides. as deseribed in PCT/US13/62862 (WO 2014/055515) or of g3p polypeptides that have
been modified to reduce or ehiminate 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 substituiions within these
poteriial T-cell epitopes to produce a variant N1-N2 sequence that will reduce or eliminate the
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immunogenicity of that T-cell epitope without destroving the ability of the variant N1-N2 to bind 1o

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

41
t

68181 In cortain embodiments of the invention, the polypeptides coraprise @3p or an aravieid binding
o o gl

~

fragroent thereod that has becn modified to remove a glycosylation sigoal. To one embodiment, the
invention also provides polypeptides comprising a variant of an NI-N2 amino acid sequence, or a
mutant or fragment thereof, having reduced imumunogenicity doe to ong or more aming acid
subslititions within one or more of the identified T-cell epitopes and lacking @ glycosylation signal. In
one aspect, the invention provides fusion proteins comprising the variant N1-N2 sequence fused to a
human immunoglobulin Fe region.

(8613} In another embodiment, the invention provides pharmaceutical compositions coniprising 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 diseasc.

(8012] Ina further embodiment, the invention provides nucleic acid molecules which code for the

polypeptides of the invention, as well as vectors comprising those nucleic acid ranlecules and cells

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

vector thal comprises such nucleic acid molecules.

BRIEF DESCRIPTION OF THE FIGURES

(8614} FIG. 1 presents the amino acid sequence of an N1-N2-higG1-Fc fusion protein (SEQ 1D NO:1)
with five T-cell epitopes ideniified by bold and undetdine and the putative glycosylation signal
italicized, bolded and underlined. Amino acids 1-217 constitute the N1-N2 portion of the wild-type g3y
sequence. Araine acids 218-256 represent a linker region consisting of the wild-type ¢3p glycine-rich
N2-C-termumal Hinker present in M 13 bacteriophage. This region is 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 proten. The IgG-Fe portion of the protein begins at amino acid 262
[68158] FIG, 2 presents the amino acid sequence of another g3p-higG1-Fe fusion protein (SEQ 1D
NG: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 ID NG:1 and the fifth T-cell epitope has been eliminated by
deletion of amino acids corresponding to aming acids 258 and 259 of SEQ 1D NO:1.

[6816] FIG. 3 prosents a DNA sequence (SEQ ID N(O:3) encoding the g3p-higGl-Fc fusion protein of
SEGQ ID NG: 1 with a N-termunal ruammal ian sigual sequence.

(6017} FIG. 4 presents a DNA sequence (SEQ 1D NO:4) encoding the ¢3p-hlgGl-Fe fusion protein of

SEQ 1D NG:2 with a N-terminal manwnalian signal sequence.
~ o 1
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(00187 FIG. § provides a conmparison of the frequency of donor allotypes expressed in the study
described 1o Exaople |

(6818} FIG. 6 proscots the amino acid sequence (SEQ 18 NG:5) of a polypeptide of the ruvention that
is 2 g3p-biag(1-Fo fusion protein with araine acid changes o the putative glycosylation signal (T41G),
epitope 1 {TS6H), and epilope 3 (K174R), as compared to SEQ 1D NO:2. The substituted amino acids
are bolded, mtalicized, underlined and by gray highlighting,

[6828] FIG. 7 presents a DNA seguence (SEQ 1D NO:6)Y of a plasrmid encoding Polypeptide 86 with 4
M-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 ID KO:1 are
indicated by underlining.

(8021} FIG. 8 presents a DNA sequence (SEQ ID NO:TYofa plasmid gncoding Poiypeptid’c 86 T41G
with a N-terminal mammalian signal sequence. The coding sequence, including the signal sequence s
mdicated by bolding. The codon changes as compared to the DNA encoding SEQ ID NO:1 are
mdicated by underlining.

[B622} FIG, 9 depicts 2 SDS-PAGE aualysis comparing the polypeptide of SEQ 1D NO: 1 with
Polypeptide 86 and Polypeptide 86 T41G.

[B623] FIG, 18 depicts the resulis a Olier retardation assay comparing the polypeptide of SEQ 1D
NO: I with Polypeptide %6 and Polypeptide 86 T41G

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

TA1G for three different types of fibers as measured by ELISAL

DETAILED DESCRIPTION OF THE INVENTION

(86251 In the proscot applhication the term *variard” {and its cognates) with respect o a reference
(vorondified) amino acid or nucleic acid sequence refers to a seguence that containg one or more aring
acids substitutions, deletions or wsertions, or corresponding substitution, deletion or rosertion of
codons. The reference sequence is also referred to as 3 “starting amino acid sequence” or “starting
sequence.” A variant does not necessarily require 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, SEQ ID
NO:2, ete).

(6827} As used berein, the term “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 iusertions, or

corresponding substitution, deletion or ingertion of codous.

™~



WO 2016/090022 PCT/US2015/063476

(60828} The term “coresponding substitution” as used herein means a substifiztion in & mutant or
fragraent of andno acids [-217 of SEQ D NO: 1 that corresponds o the equivalent amino acid
substittition in Table |, Table 2, Table 6 or Table 7 when such mutant or fragment s aligned with amino
acids 1-217 of SEQ ID NGOt

(6029} An cxample of 3 fragment of aming acids 1-217 of SEQ ID NG:1 that binds to and/or
disaggregates amyloid includes, but is not Himited to, any fragrment that comprises anmuno acids 1-67 of

SEQ ID NO: 1. Example of mutants of amine acids 1-217 of SEQ D NO: i that bind to and/or

disaggregate amyloid include, but are not limited to: (1) amino acids 1-217 of SEQ 1D NO:2; (2) amino
acids 1-217 of SEQ 1D NO:1, amino acids 1-217 of SEQ 1D NG:2, or amino acids 1-217 of SEQ ID
NO:5 bearing substitution of VVV at amino acids 43-45 with AAA; (3) amino acids 1-217 of SEQ ID
NO:1, amuno acids 1-217 of SEQ 1D NO:Z, or amino acids 1-217 of SEQ ID NO:S having the
substittion C53W; (4) amine acids 1-217 of SEQ ID NO:1, amino acids 1-217 of SEQ ID NOG:2Z, or
amino acids 1-217 of SEQ ID N3 having a deletion of amino acids 96-103; (5) amino acids 1-217 of
SEQ ID NO:I, amino acids 1-217 of SEQ ID NO:2, or amino acids 1-217 of SEQ 1D NO:3 bearing the
substitution of QPP at amino acids 212-214 with AGA; (6) amine acids 1-217 of SEQ 1D NG, aminc
acids 1-217 of SEQ 1D NO:2, or amino acids 1217 of SEQ ID NO:5 having the substitutions WI181 A,
FI90A and F1944; (7} other active mutants and fragimenis disclosed in PCT/US2012/066793; (8)
aming acids 1-217 of SEQ 1D NG:3; (9} amino acids 2-217 of SEQ 1D NO:1, amino acids 2-217 of
SEQ 1D NO:2, or aming acids 2-217 of SEQ ID NG:5; {(10) amino acids 3-217 of SEQ ID NO: 1, amino
acids 3-217 of SEQ 1D NO:2, or amino acids 3-217 of SEQ ID NO:5; {11} any one of amino acids 1-
217 of SEQ ID NO:1, amino acids 1-217 of SEQ ID NG:2, or amino acids 1-217 of SEQ 1D NO:5
containing an additional N-termunal 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/USZ012/066793). The NI-N2 portion
ot native M 13 phage is represented by amino acids 1-217 of SEQ 1D NO:1. The same N1-N2 amino
acid sequence is also prosent in fd and £1 filamentous bacteriophage. It should be understoad that
amino acids 218-256 of SEQ TD NO:1 are also part of the native g3p sequernce and are typically referred
to as the glycine-tich linker connecting the N2 region of @3p 1o the C-terminal doroain of @3p (CT), also
kniown as the N3 domain. Amino acids 257-261 of SEQ [D NO: 1 represent arnino acids encoded by the
multiple cloning site used to construct a nucleic acid molecule encoding the fusion protein of SEQ (D
NGt

Polyvpeptides

16831} Thus, in one embodiment, the invention provides a polypeptide comprising a variant of a
starting aniino acid sequence, wherein the starting amino acid sequence is selected from: anuno acids 1-
217 of SEQ 1D NO:1 or amino acids 1-217 of SEQ 1D NO:2 and mutants of any of the foregomng having

one or more of the following modifications: substitation of VVV at amine acids 43-45 with AAA;
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substitution C33W; deletion of amnino acids 96-103; substitution of QPP at anxino acids 212-214 with
AGA,; substitutions W1B1A, Fi90A and F194A; deletion of arving acid | deletion of amino acids | and

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

pmt

(a) the starting amino acid sequence is modified to reruove the putative glycosylation sigoal a

amng acids 39-41; and

{b} the polypeptide binds to and/or disaggregates amyloid.
(6832} In one aspect of this embodiment, the slarting ammeo acid sequence 1s selected from: amino
acids 1-217 of SEQ D NO:1, and amino acids 1-217 of SEQ 1D NO:2
[#633] Elimination of the putative glycosylation signal is achicved by amino acid substitution of one or
more of N39, A48 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 anino acids between A4¢ and
T4l msofar as such substitution, deletion or insertion does not regencrate a givcosylation signal. The
putative glycosyiation sequence 18 Asn-X-Thr/Ser, wherein X 1s any amino acid other than Pro or Cys,
Thus, only certain substitutions for A40 will eliminate the glycosylation sequence. Tn one aspect of
these embodiments elirsnation of the putative glycosylation signal is achieved by amino acid

substitution of one or roore of N39, Add and/or T41. To a more specific aspect of these embodinents
slimination of the putative glycosylation signal 18 achieved by amino acid substitution of T4, Jo an
even more specific aspect of these embodiments elimination of the putative glycosylation signal is
achieved by any of the following substitutions: T41G, T41W, T41H, T41V, T41], T41L, T41R, T41K,
T41Y, T41F, T41D, T4IE, T41Q, T4IN, or T41A. In the most specific aspect of these embodiments,
elimination of the pulative glycosylation signal is achieved by a T41({ substitution.

[6834] In another embodiment of the invention the polypeptide that has been modified to remove the
putative glycosylation signal at amino 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 amine acid substitutions (in addition to any substitutions that have climinated the
glycosylation signal} as compared to the starting amino acid sequence, wherein sach amino acid
substitution 18 selected from the group of amine acid substitutions set forth in Tabie | and Table 2. The

terrn “corcesponding polypeptide comprising the starting arnino acid sequence” as used berein ucans a
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(006351 polypeptide which, except for the modification of the glycosyiation signal and the additional

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

sequened.

Tablke 1. Deounmunizing Anuno Acid Substitutions to Amwine Acids 1-217 of SEQ ID NOG: | or SEQ 1D

NG:3,

Epitope Aming Acid # Aming Acid present at Substitution
the indicated Aming
Acid # of SEQ ID NO: 1
48 G HKRAST
51 T G HEKRPQN
34 Y O HKRP
56 T G, H K RP

mwmw/mwﬁm

M ADGKNTHR

146 R DL H O, A G

141 ¥ D.F

143 N AG

. b L . .

3 173 8 G, P K
3 174 j8 R
3 176 M GHE N R
3 T78 D GoN, 8T
3 183 W G, H KR
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Table 2. Alternate or Additional De-Immuomzing Amino Acid Substitetions to Aming Acids 1-217 of
SEQ ID NG, or SEQ D NG:3.

Epitope Amine Acid # Asming Acid present at Substitation
the indicated Aming
Acid # of SEQ ID NO: 1*
i 48 G Dy
H 38 E G HKEKPER
i 51 T W
i 33 C FHENGOGR WY
2 lﬁg 3 3, i G H PGS T
2 14¢ R M, N, BES, Y
2 143 F GNP QY
3 173 5 DHRT
3 175 A G H KPR
3 176 M POW
3 178 B FHIGR WY
3 174 A HEPR
3 181 W P

*1n Tables 1 and 2, each of the indicated amine acids is the same in SEQ D NOS: 1 and 3.

[B836] The amino acid substitutions set forth in Tables 1 and 2 were denved by wdentifying the T-cell

epitopes present completely within the Ni-N2 amino acid sequence. This was done by meubating
s x o o gl

different overlapping peptide portions of the Ni-N2 sequence agaiust 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 poteuntial epitopes. These procedures are described in detail in the Examples.
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(6837} To one aspect of these embodiments, the 1-9 additional amino acid substitutions (in addition to

any substituiions that have climeinated the glycosylation signal) ave selected from those set forth in Table

1. Ina more specific aspect of the exnbodiment sei furth above, the polypeptide comprises a variant of

amiioo acids [-217 SEQ I NO: 1 or a variant of amino acids 1-217 of SEQ ID NO:2 having only 2

specific single amino acid substitution, wherein the substitution 1s selected from one of the substitations

set forth i Table 3:

Table 3. Specific De-Immunizing Single Aniino Acid Substititions i Amino Acids 1-217 of SEQ ID

NG, or Amine Actds [-217 of SEQ IDNO:2

G48H 48K G48R G485
G4BT T51G T5SIH T51K
T51P T5IR 1310 TSIN
Y54G Y54H Y54K Y54F
Y54R 1560 TS56H T56K
T56P T56R MI135A M13s5D
MIi35G MIi335H MI35K MI135N
MI35R MIi357T R140A R140D
R140E RI40G RI40H R1400
Fi41D Fi4lE N143A Nid3G
S173G S173P M176G M176H
Mi76K M176N DH78G D178N
D178 D1788 WI81G WiniH
WiIgIK WIsIR S173K Ki74R
Mi76R DI73T

[B638] Inan even more specific aspect of these embodirnents, the specific single amino acid

substitution s not in epitope 2 {amino acids [35-143 of SEQ 1D NO:1).

(3839} Insome embodiuents, the polypeptide comprises a variant of araino acids 1-217 SEQ 1D NG:1

or a vanant of amino acids 1-217 of SEQ 1D NO:2 having 2-9 amino acid substitutions (in addition to

any substitutions that have ehminated the glycosylation signal), wherein the substitutions are 1n al least

1

two of epitopes 1,

2 and 3, and wherein the substitutions are selected from those set forth m 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 ID NO:2 are sclected from those set forth in Table 1,
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o an even more specific aspect the polypeptide comprises a variant of SEQ 1D NO:1 or SEQ 1D NOG:2
that bas only two amino acid substitutions, wheretn the substitutions are selected from any of the
specific two amino acid substitutions set forth 1 Table 4:

Table 4. Specific De-lomunizing Two Amino Acid Substifutions in Amino Acids 1-217 of SEQ 1D
NG, or Aming Acids -217 of SEQ ID NG:2:

Y34K and M135K

Y54K and M135T

Y354K and R1400

Y54R and MI35K

Y34R and M135T

Y54R and R1400Q

TS6H and M135K

TS6H and MI35T

T36H and R140Q

T36K and M135K

T36K and M135T

T36K and R146Q

Y S4K and D178N

Y 54K and Wis1H

Y 54K and W1BIR

Y 54K and K174R

Y354R and D178N

Y54R and WISIH

Y54R and WISIR

Y54R and K174R

TS6H and B178N

TS6H and Wis1H

TS6H and WIBIR

TS6H and K174R

T36K and D178N

T36K and WISIH

T36K and WISIR

T36K and K174R

MI35K and D178N MI35K and WiBIH MI135K and WIRIR MI135K and K174R
MI135T and D 178N MI35T and WIBIH MI35T and WIBIR MI35T and K174
R146Q and D178N R140Q and WISIH R1400Q and WIBIR R1400¢ and K174R

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

{6841} In another embodiment, the polypeptide coniprises a variant of amino 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 sebstitutions {(in
addition to any substitutions that have eliminated the glycosylation signal}, wherein at least one amino
acid substitution is i cach of epitopes 1, 2 and 3, and wherein the substitutions are selected from
substitutions set forth in Table | and Table 2. Tn a more specific aspect, at loast three andino acids
substitution in the variant of amino acids 1-217 SEQ 1D NO:1 or the variant of anuino acids 1-217 of

SEQ ID NO:2 are selected from substitutions sct forth in Table 2. In an oven more specific aspect, the
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polypeptide conprising the variant of amine acids 1-217 SEQ 1D NO:1 or the variant of amino acids 1-
217 of SEQ TD NOG:2 bas only three amuno acid substitutions, whercin the substitutions are selected
froim any of the specific three arnioe acid substitutions set forth i Table 5.

Table 5. Specific De-lmmunizing Three Amino Acid Substitutions 1o Aroine Acids 1-215 of SEQ ID
NG, Amino Acids 1-217 of SEGQ 1D NG:2:

Y54K, M135K and Y54K, M135T and Y 54K, R1400Q and Y54R, M135K and
DI78N DI78N D178N DH78N

Y 54R, M135T and Y34R, R140¢ and T56H, MI35K and T56H, MI35T and
D178N D178N D178N DH78N

T36H, R140Q and TS56K, MI33K and T36K, M135T and T56K, R146Q and
DI78N Di78N DI78N D178N

Y54K, M135K and Y541, M135T and Y 54K, R140Q and Y54R, M135K and
WIBIH WIgIH WIgIH WIsTH

Y54R, M135T and Y54R, R140¢ and T56H, Mi35K and T56H, MI35T and
WIiglH WIislH WIiglH WISIH

T56H, R140Q and T561, MI35K and T56K, M135T and T56K, R140Q and
WIsIH WIsTH WIsTH W181H

Y 54K, MI135K and Y54K, M135T and YS4K, R140Q and YS4R, MI35K and
WISIR WI8IR WISIR WInI1R

Y541, M135T and Y34R, R140( and T36H, Mi35K and T36H, M135T and
WIBIR WIBIR WIBIR WISIR

TS6H, R140C and T56K, MI35K and T56K, M135T and T56K, Ri400Q and
WISIR WISIR WISIR WI181R

Y54K, MI135K and Y 54K, MI35T and Y54K, R1400Q and YS54R, Mi35K and
Ki74R KI174R Ki74R Ki74

Y548, M135T and YS54R, R1400Q and TS6H, M135K and T56H, M135T and
K174R KI174R KI174R K174R

TS56H, R140Q and T356K, Mi35K and T56K, M135T and T56K, Ri40Q 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 @ substitution is a substitution in epitope 4 selected from VZI35A, V213§, V215G or
V215T, V215C, V213D, V2I3E, VZI5F, VZ15H, V215K, V215N, V215P, V2i3Q, or V215R. In still
another emabodiment, the invention provides a polypeptide comprising 2 variant of amino acids 1-217 of
SEQ ID NG: 1, wherein one of the 1 to 9 substitutions (s a substitution in epitope 4 selected from
V2I5A, VZISS, V215G, V2I5T, V2I5C, V215D, V21I5E, V21I5F, VZISH, VZI5K, VII5N, V2i5P,
V2150, or V215R. Through testing of overlapping potential T-cell epitope peptide portions of the Ni-
N2 sequenice, applicants have determined that V215 in SEQ 1D NO: | i part of 2 potential T-cell
epitope {epitope 4 in FIG. 1) spapning amino acids 215-223 of SEQ 1D (the end of N2 through a portion
of the ghycine-rich hnker). In a more specific aspect of this embodiments, epiiope 4 has a2 V215A and
(32208 substitution {(as in SEQ ID NO:2) . In addition, a single V215G subslitution in epitope 4 as
compared to SEQ 1D 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 2 variant of andno acids 1-217 SEQ ID
NG 1 has a modification that removes the putative glycosylation site at amino acids 39-41; any ong of
the V215 substitutions set forth above; as well as 1-8 of the amino acid substitutions set forth in Table |
or Table 2. In an even ruore specific emshodiment, the 1-8 arnioe acid substitutions are selected from
those set forth in Table 1. Inan even more specific aspect, the polypeptide has a T41 sobstitution
selected from T41G, T4IW, T4LH, T41V, T41L, T41L, T41R, T41K, T41Y, T41F, T4113, T41E, T4,
T4IN, and T41A; a V215 substitution selected from V218SA, V2158, V215G or V215T, V215C,
V215D, V2158, V215F, V215H, V215K, V215N, V215P, V215Q, and V215K, 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 substifistions 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 fron those set forth o Table § or Table 2. In an even more specific
embodiment, the at least one substitution w at least two of epitopes 1, 2 and 3, is selecied from the
substitutions set forth inTable 1. To a still more specific embadiment, the polypeptide bas a T4]
substitution selected from T41G, T4IW, T41H, T4V, T4lE, T4k, T4IR, T41K, T41Y, T41F, T41D,
TA1E, T41}, T41N, and T41A; a V215 substitution selecied from V2134, V2158, V215G or V2I5T,
/215C, V2153, VZI3E, V218F, V215H, V215K, V215N, V2158, VZ15Q, and V2I3R; and one of the
spectfic two amine acid substitutions set forth in Table 4, wherein the neither of the anuno 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 amino acid substitutions selected from those set
forth in Tabie 1 or Table 2, wherein cach of epitopes 1, 2 and 3, conprise one of the additional
substitutions. In an even more specific embodiment, the substitution in each of epitopes 1, 2 and 3, 18
sclected from those set forth in Table 1. In a still more specific emmbodiment, the polypeptide has a T4l
substination selected from T4LG, T4IW, T41H, T41V, T41L T41L, T41R, T4IK, T4lY, T41F, T41D,
T41E, T4iQ, T4IN, and T41A; 2 V215 substitution selected froma V2ISA, V2155, V215G or V2157,
V215C, V218D, V21S8E, V2I5F, V215H, V215K, V215N, V215P, V2153, and V215R; an optional
(3220F substitution; and one of the specific three amino acid substitutions set forth in Table 5.
[#845] In an even more specific embodiment, the polypeptide comprises a variant of amino acids 1-217
of SEQ 1D NO:2 having a T41 substitution selected from T41G, T41W, T41H, T41V, T41], T41L,
TA4IR, T41K, T41Y, T41F, T41D, T4IE, T41Q, T4IN, and T41A; and a pair of substitations selected
from those set forth in Table 4, wherein one of the substitutions 1s in epilope 1 and the other isin
gpitope 3. In one aspect of this embodiment, the T41 substitution is T41G. In an alternate aspect of this
embodimerd, the pair of substitutions, wherein one of the substitutions is in epitope | and the other is in

12
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epitope 3 18 T56H and K174R. In an even more specific aspect of this erabodiment, the polypeptide
comprises amino acids 1-215 of SEQ ID NG:3. In another embodiment, the polypeptide of the
invention is a fusion protein consisting essentially of a hurnan or humanized puraunogiobulin Fo
polvpeptide sequence fused via a pepiide Hinker or divectly to the C-terminus of the variant @3p amino
acid sequence. The term “peptide linker” as used herein refers to @ series of consecutive amino acids
that will not mterfere with the fimction of the polypeptide. As set forth above, in SEQ ID NOs: { and 3,
amiino acids 218-256 represent the glycme-rich inker that is normally present in the M13 g3p protemn.
That linker may be used or a ditferent 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 {c.g., anuno 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
recorabinant expression of the polypeptide of the invention, and any secondary or tertiary structure such
a Hnker may opart to the polypeptide. In one aspect of this embodinent, the Fe polypeptide is the Fe
portion of a human [2G. In 2 more specific aspect the polypeptide is a variant of SEQ 1D NO:1 or SEQ
1D NO:3 having a roadification that removes the putative glycosylation site at araioo acids 39-41. Inan

even wore specific aspect, the polypeptide is a variant of SEQ 1D NO:1 or SEQ D NO:2 having a

ruodification that removes the putative glycosylation site at amino acids 39-41; and | fo 9 additional
aming acid residue substitutions therem selected from the group of amine acid substitutions set forth in
Table 1, Table 2, or Table 6, or Table 7, below:

Table 6. Deimmunizing Amino Acid Sabstitutions to Amine Acids 215-223 of SEQ ID NO: L

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

4 215 Iz A* S G, T

4 218 G C.ENPO.ST
4 220 i X DL F, W

3 221 S DL G

4 223 G D, 7
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Table 7. Alternate and Additional Deimmunizing Amino Acid Substitutions to Anuno Acids 215-223
of SEQ ID NO: 1.

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

4 215 v CDEFHENPGK
4 218 G A H W

4 228 5% MY

4 223 G ER,NRT

*V215A and G220F arc already substituted 1n SEQ ID NO:2 s¢ that a variant of SEQ ID NG:2 would
not contain a further substitution at these amino acid residues,

i8648] Inone emmbodiment, the polypeptide is 2 variant of SEQ [D NO: 1 having a modification that
removes the putative glycosylation site at anino acids 39-41; and 2-9 additional anuno acid
substitutions, wheretn one of the additional substitutions is a substitution set forth tnn Table 6 and Table
7; and at least one other of the substitutions is a substitution set forth in Table | and Table 2. Tn a morc
specific aspect of this ernbodiment, one of the additional substitutions is a substitution set forth in Table
6; and at least one other of the substitutions is a substitution set 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 & T41 substitution selected from
TA1G, T41W, T41H, T41V, T411, T411, T41R, T41K, T41Y, T41F, T41Dy, T41E, T41(, T41N, and

T41A. Ina sull more specific aspect of this embodiment, the polypeplide has a T41G substitution.
[6847] In another embodiment, the polypeptide 1s 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 1s selected from substitutions set forth
in Table 6 and Table 7, and wherein at 1cast two of epitopes 1, 2, and 3 contain at least one substitittion

o
}

sclected from the substitutions set forth in Table | and Table 2. Tn a more specific aspect, the
polypeptide has at least one of the substitutions set forth in Table 6 and at least one substitution in at

least two of epiiopes |, 2 and 3 selected from the substititions set forth in Table 1. In an ¢ven more

specific aspect of this embodiment, the polypeptide does not have a substiution v epitope 2. In another

even more specific aspect of this embodiment, the polypeplide has 3 T41 substitution selected from
T41G, T4IW, T41H, T41V, T41L T41L, T4IR, T41K, T41Y, T41F, T41D, T41E, T41Q, T41IN, and
T41A. Ina still more specific aspect of this ernbodiment, the polypeptide has a T41G substitation, In
an alternate aspect of this embodiment, the polypeptide has only two additional substitations, wherein
onis 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.

[6848] In another embodiment, the polypeptide is a vanant of SEQ D NO:1 having a modification that
removes the putative glycosylation site at anuno acids 39-41; and bhas 4-9 amino acid substitutions; at

least one of substitutions set forth in Table 6 and Table 7; and at Ieast 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 bag at least one of the substitutions set forth in Table 6 and at least
one subsiiuiion w cach of epuiopes i, 2 and 3 selected from those set forth in Table 1. In another more
specific aspect, the polypeptide has at least one of substitutions set forth in Table 6; at Jeast one of
the specific substitations one, two or three amino acid substitations set forth in Table 3, Table 4 or
Table 5, respectively. In still another more specific aspect of this embodiment, the polypeptide is a
variant of SEQ ID NO: i and has only one of the amino acid sobstititions set forth in Table 6 and only
one, two or three additional amino 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 another even more
specific aspect of this embodiment, the polypeptide has a T41 substitution selected from T41G, T41W,
T41H, T41V, T411, T41L, T41R, T41K, T41Y, T41F, 141D, T41E, T41Q, T41IN, and T41A. Inasull
more specific aspect of this ermmbodiment, the polypeptide has a T41( substitution.

[B649] Inan aliernate embodiment, the polypeptide s a variant of SEQ 1D NO:2 having a modification
that remaoves the putative glycosylation site at amino acids 39-41; and 1 to @ additional amino acid
residue substiutions selected from the group of amino acid substitutions set forth in Table 1, and Table
2. Tu a more specific aspect, at least one additional substitution 1s set forth in Table 1. In an even more
specific aspect of this erabodiment, 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
T41G, T41W, T41H, T41V, T411, T41L, T41R, T41K, T41Y, T41F, T41ly, T41E, T41Q, T41N, and

T41A. Ina sull more specific aspect of this embodiment, the polypeplide has a T41G substitution.
[6888] In another embodiment, the polypeptide 1s a variant of SEQ 1D NO:2 having a meodification that
removes the putative glycosylation site at amino acids 39-41; and 2-9 additional amino 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 least two
of epitopes 1, 2 and 3 is selected from those set forth in Table 1. Tn an even more specific 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 sclected from T4iG, TAIW, T41

T41V, T41L, T41L, T41R, T4IK, T4lY, T41F, T41D, T41E, T41Q, T4IN, and T41A. Tna still more
specific aspect of this embodiment, the polypeptide bas a T41G substitution. T an alternate aspect of
this embodiment, the polypeptide coniprises al least one amino acid substitution in epitope 1 and at least
orne aming acid substitution in epitope 3. Inan even more specific aspect of this embodiment, the
polypeptide comprises a2 TS6H and 3 K174R substitution.

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

0

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 2 variant of SEQ 1D NO:Z or SEQ 1D NO:5 and has

SE
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only one, two o1 three amino acid substifutions selected from one of the specific oune, two or thres
amino acid substitutions set forth in Table 3, Table 4 or Table §, respectively. To anotber even more
specific aspect of this embodimenyt, the polypeptide bas a T41 substitution selected om T41G, T41W,
T41H, T41V, T411, T4lL, T41R, T41K, T41Y, T41F, T41D, T41E, T41Q, T4IN, and T4l A, Inasuii
more specific aspect of this embodiment, the polypeptide has 2 T41G substituion.

(6852} In another embodiment, the polypeptide of the invention is a variant of SEQ 1D NG:2 having a
T41 substitution selected from T41G, T41IW, T41H, T41V, T41], T41L, T41R, T41K, T41Y, T41F,
T41D, T41E, T41Q, T41IN, and T41A; and only 2 additional amino acid subsuitutions selected from any
of the specific two amino acid substitations 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 T41( 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. Ina still 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
embadiment, the polypeptide bas the amino acid sequence set forth in SEQ 1D NO:3

(36531 Inanother embodiment, the polypeptide of the invention iz a variant of 3EQ ID NO:2 having a
T41 substitution selected from T41G, T4IW, T4LH, T41V, T411, T411, T4iR, T41K, T41Y, T41F,
T41h, T41E, T41Q, T41N, and T41 A; and only 3 additional amino acid substitations selected from any
of the specific three amine acid substitutions set forth in Table 5. In @ specific aspect of thus
embodiment, the polypeptide has a T41G substitution,

Nueleic Acid Mslecules, Seqguences, 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 a g3p variant
described above. In one aspect of this embodiment, the isolated nucieic acid mwolecule comprises a
variant of nucicotides 64-714 of SEQ 1D NO:3 or nucleotides 64-708 of SEQ ID N3, that s modified
by a codon substitution, an in-frame codon insertion or an -frame codon deletion that destroys the
puiative glycosylation site encoded by nucleotides 181-18% of SEQ 1D NOS:3 or 4 (corresponding to
the amino acids NAT at amino acids 39-41 of SEQ 1D NOS:1 or 3). In a meore specific aspect of these
embodirnents, the variant of pucleotides 64-714 of SEQ 1T NOS:3 or 4 1« maadified by a codon
subslitution that destroys the putative glyeosylation site encoded by mucleotides 181-159 of SEG ID
NOS:3 or 4. Inan even more specific aspect of these embodiments, the variant of nucleolides 64-714 of
SEQ ID NOS:3 or 4 1s modified by & codon substibution at nucleotides 187-189 {(which encodes T41 of
SEG ID NOS: 1 and 2) that encodes an amine acid substitution selected from T41G, T4IW, T41H,
T41V, T411, T41L, T41R, T41K, T41Y, T41F, T41D, T41E, T41Q, T4IN, and T41A. Inan cven more
specific aspect of these embodiments, the substituted codon substitution is selected from gga, tgg, cat,

eit, att, cit, agg, aaa, tat, tie, 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 1D NOS:3 or 4 1s modified by a codon
substiiution at nucleotides 187-189 that encodes the amino acid substitution T41G. Inan even more

specific aspect of these embodimuents, the substituted codon substitution is gga.

(6855} Tu another embodiment, 1 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 nucleotides 64-714 of SEQ
D NOS:3 or 4 further counsists of 1-9 codon substitutions, wherein each codon substitution corresponds
to an amino acid substitution selected from the substitutions set forth 1 Table 1, and Table 2, and any
one of the following V215 amino acid substitutions: V215A, V2158, V215G or VZ15T, V215C,
V215D, V2158, V215F, V215H, V215K, V215N, V215P, V215Q, and V215K, 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

1-8 additional codon substitutions, wherein cach of the additional codon substitutions is selected to code

£

for an arpine acid substitution set forth in Table 1. In a still more specific aspect of these embodiments
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 from 2-8 additional codon substitutions, wherein
each additional codon substitutions encodes an aruinog acid substitution set forth in Table |, and a codon

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

the varianl nucleic acid sequence is modified by one codon substitution selected to code for any one of

5
H
i

the V215 amnge acid substitutions set forth above; and from 3-8 additional codon substitutions, wherein
each additional codon substitution encodes an amino acid substitution set forth in Table |, 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 substitiition selected to code for one of the single anino acid
substitutions set forth in Table 3. In a more specific aspect of this embodiment, the one additional
codon substitution selected to code for one of the single amino acid substitutions set forth in Table 3
does not cods for an amino acid substitution in epitope 2. In another specific embodiment, the variant
nucicic acid sequence is modified by one codon substitiztion selected to code for a V2134 amino acid
substitution set forth above; and two additional codon substitations sclected (o code for one of the
specific two amino acid substitutions set forth 1 Table 4. In a more specific aspect of this embodiraent,
the two additional codon substitutiosn selected o code for one of the specific two amino acid
substlitutions set forth 1 Table 4 does not code {or an amino acid substitution in epitepe 2. Inasull
more specific embodiment, the vartant nucleic acid sequence is modified by one codon substituton
selected 1o code for a V215§ amino acid substitution set forth above; and three additional codon
substitutions sciected to code for one of the specific three amine acid substitutions set forth in Table 5.
[8¢56] Iun stull other embodiments, the 1selated nucleic acid molecule comprises a variant of nucleotides
64-1530 of SEQ ID NG:3 or micleotides 64-1524 of SEQ 1D NO:6, wherein the sequence is modified
by a codon substitution, an in-frame codon insertion or an in-frame codon deietion that destroys the

17
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putative glycosylation site encoded by nucleotides 181-189 of SEQ 1D NOS:3 or 4 (corresponding to
the aminoe acids NAT at amino acids 39-41 of SEQ 1D NOS:1 or 3). Tu a more specific aspect of these
embodiments, the variant of nucleotides 64-1530 of SEQ ID NG:3 or nuclectides 64-1524 of SEQ 1D
NC:4 is modified by a codon substitution that destrovs the putative giveosylation site encoded by
micleotides 181-189 of SEQ ID NOS:3 or 4. In an even more specific aspect of these embodiments, the
variant of noclectides 64-1530 of SEQ I NG:3 or nucleotides 64-1524 of SEQ D NO:4 is modified by
a codon substtution at nucleotides 187-189 (aca, which encodes T41 of SEQ [D NOS: i and 2} that
encodes an amino acid substitution sefected from T41G, T41W, T41H, T41V, T411, T41L, T41R,
T41K, T41Y, T41F, T41D, T41E, 7410, T41N, and T41A. In an even more specific aspect of these
gmbodiments, the substituted codon substitution is selected from gga, tgg, cat, git, att, Cft, agg, aaa, at,
tic, gac, gag, cag, aat, and gct. In an even more specific aspect of these embodiments, the variant of
muclootides 64-714 of SEQ 1D NOS:3 or 4 is modified by a codon substitution at nuclectides 187-189
that encodes the amino acid substifution T41G. Tn an even more specific agpect of these erabodiments,
the substituted codon substitution is gga
(86571 In another embodiment, in addition to the modification that destroys the putative glycosyiation
site encoded by nucleotides 181-189 of SEQ 1D NOS:3 or 4, the vartant of nucleotides 64-1530 fSEQ
1D NO:3 or nucleotides 64-1524 of SEQ ID NO:4 further consigis of 1-9 codon substitutions, wherein
each codon substitotion corresponds to an amino acid substlitution selected from the substitutions set
forth in Table 1, Table 2, and any one of the following V215 amino acid substitutions: V2158, V215G

or V25T, V215C, V2150, V215K, V215F, V215H, V213K, V2ZISN, VZI3P, VZi5(, and VZI5R. Ina

more specific aspect of this embodiment, each codon substitition corresponds 1o an antino 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 is modified by
one codon substitution selected to code for any one of the V215 amino acid substitutions set forth above
and front 1-8 additional codon substifutions, 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 has one additional codon substitution corresponding to one of the specific

[22)

o

one aming acid substitutions set forth 1n Table 3. In 2 more specific aspect of this embodiment, the on¢
dditional codon substitution seiected to code for one of the single amino acid substitutions sct forthoin
Table 3 does nol code for an aming acid substitetion 1 epitope 2.
{68588} In another embodiment, i addibion to the modification that destroys the putative glycosylation
site encoded by nucleotides 181-189 of SEQ D NOS:3 or 4, the variant of nucleotides 64-1530 of SEQ
D NO:3, or nucleotides 64-1524 of SEQ ID NG:6 has a modification that consists of one codon
substitution selected to code for any one of the V215 amino acid substitation set forth above; and from
Z-8 additional codon substitations, wherein cach additional codon substitution corresponds to an amino
acid substitution set forth in Table 1, and & codon substitiition 1s present in each of at least two of
epitopes 1, 2 and 3. In 2 more specific aspect, the variant bas two additional codon substitutions

i

@5



WO 2016/090022 PCT/US2015/063476

cotresponding to one of the specific two amino acid substitutions set forth in Table 4. In a2 more
specific aspect of this embodiment, the two additional codon substitutions selected to code for ong of
the specific two anino acid substituiions sei forth 1o Table 4 does not code for an amino acid
substitution i epitope 2. In an even mwore specific aspect of this embodiment, the specific two amino
acid substitutions from Table 4 1s T56H and KI174R. In an even more specific aspect of this
embodiment, the variant nucleotide sequence is SEC ID NO:S.
(68533} In another embodiment, 1 addition to the modification that destroys the putative glveosylation
site encoded by nucleotides 131-189 of SEQ D NOS:3 or 4, the variant of any one of mucleotides 64-
1530 of SEQ 1 NO:3, or nucleotides 64-1524 of SEQ 1D NO:6, has a modification that consists of one
codon substitiution selected to code for any one of the VZ15 ammo acid substitution set forth above; and
from 3-8 additional codon substitutions, wherein each additional codon substitution corresponds 1o an
aming acid substitution set forth in Table 1, and a codon substitition is present in cach of epitopes 1, 2
and 3. Tn a2 more specific aspect, the variant bag three additional codon substitutions corresponding to

one of the specific three amino 2¢id substitutions set forth in Table 5.

SE

(00687 Instill other embodiments of the nucieic acid molecules of the invention, the nucleic acic
raodecule further coruprises nucleic acid sequences encoding a signal sequence fused 1o phase and
directly to the 5 end of the nucleic acid sequence encoding the variard g3p. In one aspect of these
embodiments, the nucleic acid sequence encoding the signal sequence s pucleotides 1-63 of SEQ ID
NO:3

(3861} The nucleic acid molecules of the invention encompass nucleic acid sequences that are
degenerative to, but encode the same amino acid sequence as encoded by any of the nucleic acid nucleic
acid molecules described above.

[86362] For recombinant production, any of the nucleic acid molecules of the invention may be mserted
mto an appropriaie expression vector which contains the necessary elements for the transcription and
transiation of the inserted coding sequence, or in the case of an RNA viral vector, the necessary
clements for replication and tranglation. The encoding nucieic acid is inserted info the vector in prape:
reading frame. Accordingly, the invention providss vectors comprising rnucieic acid molecule and
scquences of the invention. Such vectors include, but are ot liraited to, DNA vectors, phage vectors,
viral vectors, retroviral vectors, ete. The choice of appropriate vector in which to clone the nucleic acid
molecules and sequences of the mvention 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.

5
H
i

This may be done in any of mammalian cells, plant cells, insect cells, bactenial cells, yeast cellg, ¢le.
Appropriate vectors for each of these cell types are well-known in the art and are generally
commercially available.

[8863] In another embodiment, the invention 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 otherwise getting a vector of the invention nto a host cell are known in the art. A cell

19



WO 2016/090022 PCT/US2015/063476

harboring the vector, when cultured under appropriate conditions, will produce the polypeptides of the
invention. Specific exaraples of vectors and cells used for the recombinant production of the
polvpeptides of the 1nvention are set forth in the exampie section below,

Pharmaceutical Compositions

[6864] In some embodiments, the invention provides a pharmaceutical composition comprising any
polypeptide or fusion protein comprising a variant g3p, oplionally together with a pharmaceutically
acceptable carrier, diluent or excipient. A "pharmaceutical composition” refers to a therapeutically
gffective amount of a composition as described herein with a physiologically suitable carrier and/or
gxcipient. A pharmaceutical composition does not cause significant irritation to an organism. The
phrases "physiologically suitable carrier™ and "pharmaceutically acceptable carrier™ which may be used
mnterchangeably 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
"excipient” refers 1o an inert substance added to a pharmaceutical composition to further facilitate
adromisiration of an active ingredicot. Examples, without lirnitation, inchude, for example, saline,

calcium carbonate, calcium phosphate, various sugars and types of starch, cellulose derivatives, gelatin,

vegetable oils, polyethylene glycols, and surfactants, including

b g, for example, polysorbate 20.

(3865} Pharmaccutical compositions for use in accordance with the present jnvention may be
formdated in a conventional manner using one or more physiologically acceplable carriers comprising
excipients and auxihiaries, which facilitate processing of the active ingredients into compositions which
can be used pharmaceutically. Proper formulation is dependent upon the route of adnunistration chosen
and upon the nature of the composition delivered {e.g., size and solability of the polypeptide). In one
aspect of these embodiments, the pharmaceutical composition 1s formilated for injection or mfusion

into the bloodsireant of a patient. In another aspect of these embodiments, the pharmaceutical
conposition is fornuilated for divect administration to the brain or ceniral nervous systern of the patient,

Yol .

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

1

[6866] The compositions described herein may be formulated for parenteral adounistration, ¢.g., by
bolus injection or continvous infusion. Pharmaceutical compositions for parenteral 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 hased injection suspensions. Suitable lipophitic
solvents or vehicles mclude fatty oils such as sesame o1, or synthetic faity acids esters such as ethyl
oleate, triglycerides or liposomes. Agueous mjection suspensions may contain substances, which
increase the viscosity of the suspension, such as sodium carboxymethyl celhilose, sorbitol or dextran.
Uptionally, the suspension may alse contain suttable stabilizers or agents {(e.g., surfactants such as

polysorbate (Tween 20)) 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 fo prevent adsmption of polypeptide of the invention to the delivery surface (i.c., TV bag,
satheter, needie, ete,

{6867} For oral admunistration, the compositions can be forowlated readity by corabining the active
compounds with pharmaaceutically acceptable carriers well knowa in the art.

{6868} Formulations may be presented in unit dosage form, €.g., in vials, ampoules or in rltidose
containers with optionally, an added preservative. The compositions may be suspensions, solutions or
emulsions i oily or aguecus 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 niay 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, pills, ete. Inalternate embodiments, a single dosage form may be
administered over a period of time, such as by inflsion, or via an iaplanted pump, such as an ICV

<

pump. In the latter embodiment, the single dosage form rmay be an infusion bag or pump reservoir pre-
flled with the appropriate arnount of a polypeptide or fusion protein comprising a variant g3p.
Alternatively, the infusion bag or purnp reservoir may be prepared just prior to administration to a
patient by mwixing an appropriate dose of the variant 23p with the infusion bag or pump reservoir
sohition.

(8869} Another aspect of the invention includes methods for preparing a pharmaceutical composition
of the invention. Techmqgues for formmilation of drugs may be found, for example, 1 "Remington's
Pharmaceutical Sciences,” Mack Publishing Co., Easton, Pa., latest edition, which ig 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 ingredienis 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 Hght of the detailed disclosure provided herein.

(6072} Dosage araount and interval raay 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 characteristics

5
i
1N

{6873} Dosage inlervals can also be determined using the MEC value. Preparations should be

administered using a regimen, which maintains brain levels above the MEC for 18-20% of the time,
preferable between 30-90% and most preferably 50-90%.

18874} Depending on the severity 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 is effected or diminution of the disease state is achieved.

2
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[6875] The amount of a composition 1o be administered will, of course, be dependent on the subject
being treated or diagnosed, the severity of the affliction, the judgment of the prescribing physician, etc,
Tu certain erobodiments, the amount of polypeptide to be adiministered s selected fom 0.1-100 rog/ke
subject body weight; 0.5-50 mg/ke; 1-30 mglkg; 1-10 mglkg; 3-30 me/kg; 1-3 rokekg; 3-10 me/'kg; and
10-30 mg/kg. In some embodiments, the peptide is administered to the subject once a week, once 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 3 pack or dispenser
device, such as an FDA approved kit, which may contamn 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 human or veterinary
administration. Such notice, for example, may be of labsling approved by the U.5. Food and Prug
Administration for prescription drugs or of an approved product insert. Compositions comprising 2

preparation of the invention formulated 1o 2 compatible pharmaceutical carrier raay also be prepared,

placed 1o an appropriate container, and labeled for reatruent of an indicated coundition, as if further
detailed above.

(38777 1t is to be understood that both the foregoing and following description are exemplary and
explanatory only and are not restrictive of the mvention, as claymed.

Therapeutic Uses

[8078] Anocther 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 diseases, including,

but not hmited o, those diseases Involving any oft fAR42, fusyn or ftau,
2 f r b o

LN

[B6791 Inthe context of treatments, the terms “patient”, “subject” and “recipient” are used

wterchangeably and include huimans as well as other marnmals. In some embodiments, a patient s a
human who is positive for a biomarker associated with a protein musfolding disease. In one
embodirnent, the paticut exhibis B-amyloid deposits as detecied by PET iaging with flothetapir.
[80883] The term “weating” and its cognates are intended 1o mean reducing, slowing, or reversing the
progression of a disease in a patient exhibiting one or more clinical symptoms of a disease. “Treating”

is also irdended to mean reducing, slowing, or reversing the syroptoms of a disease in a patient

0

exhibiting one more clinical syrmaptoms of a disease. Tn one embodiment, the patient exhibits B-amyloid
deposits as detected by PET inaging with florbetapir and the number of B-amyloid deposits is reduced
by the treatment. In one erabodiment, the patient exhibits 8-amyloid deposits as detected by the
polypeptide or polypeptide compositions of the present jnvention and the number of 8-amyloid deposiis

are reduced or maindained by the treatment. In another crabodiment, the paticnt exbibits any type of

22



WO 2016/090022 PCT/US2015/063476

amyioid deposits as detected by PET imaging and the cognitive finction of the patient is improved by
the treatment. Improvement in coguitive function may be assayed by the ruethods and fests of
McKhann et al, dzheimer’s & Dementic 7{3):263-9201 ).
(6881} “Prophylaxis” is distinct from treating and refers to administration of a composition o an
indwvidual before the onset of any chinical symptoms. Prophylaxis using any of the polypeptides or
compositions thereof of the present invention is encompassed. Prophylaxis may be implicated in
individuals who are known o be al increased risk for a disease, or whom are ceriain lo 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 human amyloid precursor protem (hAPP) are
al increased risk for developing early-onset Alzheimer’s Disease and so are candidates for prophylaxis.

Likewise, individuals with the trinucleotide CAG repeats in the huntingtin gene, particularly those with
2 & 5

te]

-
H
i

36 or more repeats, will eventually develop Huntington’s Disease and so are candidates for prophylaxis.
(B682] The term "protein misfolding” refers to diseases characterized by formation of amyloid protein
by an aggregating protein (arayloid forming peptide), such as, but not linited to, B-amyloid, serum
amyloid A, cystatin C, TgG kappa light chain, or a prion protein, Thseases known to be associated with
msfolded and/or ageregated amylotd protein include Alzhewmer’s disease, which includes carly onset
Alzheimer's discase, late onset Alzheimer's disease, and presymiptomatic Alzhetmer's disease,
Parkinson’s disease, SAA amyloidosis, cystatin C, hereditary Icelandic syndrome, senility, multiple

myeloma, prion diseases mcluding but not linuted to kure, Creutzfeldt-Jakob disease (CI0),
Gerstmann-Straussler-Scheinker disease ((GS8), fatal familial insomnia (FFI), scrapic, and bovine
spongiform encephalitis (BSE); amyotrophic lateral sclerosis {ALS), spinocerebellar ataxia (SCAL),
(SCA3}, (SCASG), (SCAT), Huntington disease, entatorubral-pallidoluysian atroply, spinal and bulbar
muscular atrophy, hereditary cerebral amyloid angiopathy, familial amyloidosis, frontotemporal lobe

dementia, Britisi/Danish dementia, Progressive Supranucicar Palsy (PSP), and familial encephalopathy.

The polypeptides and compositions of the invention may be used to reat “protein misfolding” discases.
[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 Discase;
Alzheimer’s Disease; frontotemporal dementia (FTD) including those patients having the following
clinical syndromes: behavioral vanant FTT (bvFTD), progressive non-fluent aphasia (PNFA} and

-

semantic dementia {SD}; frontolemporal lobar degenerations (FTLDs); and Huntington’s [hisease. The
= 1 3 M ;
polypeptides and compositions of the invention may be used 1o treat diseases characterized by
misfolded and/or aggregated amyloid protein thal occur in the central nervous system (CNS).
[6884] Mistolding and/or aggregation of proteins may also ocour outside the CNS. Amyloidosis A
{AA) (for which the precursor protein is serum acute phase apolipoprotein, SAA) and multiple myyeloma
{precursor proteins immunoglobulin light and/or heavy chain} are two widely known protein misfolding
and/or aggregated protein diseases that occur outside the CNS. OUther exanples include discase
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involving amyioid formed by aZ-microglobulin, transthyretin (Familial Amnyloidotic Polyneuropathy
[FAP], Familial Amyloidotic Cardioravopathy [FAC], and Senile Systemic Amyloidosis [SSAT,
{apamserum A4, apolipoproteins Al, Al and ATV, gelsolin (Fionish form of Familial Amayloidotic
Polyneuropathy}, lysozyme, fibrinogen, cystatin € {Cerebral Amyloid Aungiopathy, Hereditary Cerebral
Hemorrhage with Amylowdosis, leelandic Type), {projealcitonin, islet amyloid polypeptide JAPP
amtyloidosis), atrial natriuretic factor, prolactin, insulin, lactahedrin, kerato-epithelm, lactoferrin,
odontogenic ameloblast-associated protein, and semenogelin L The polypeptides and compositions of
the mmvention may be used 1o treat disgases involving misfolding and/or aggregation of proteins that
occur outside the CNS.

[80388] Neurodegenerative diseases may also involve tay lesions. Reviewed in Lee ¢t al., Annu. Rev.
Newrosci. 24:1121-159 (2001). Tau proteins are microtabule-associated proteins expressed m axons of
both central and peripheral nervous system neurons. Neurodegenerative tauopatbies {sometires
referred to as tauopathies) are encompassed. Examples of tauopathies include Alzheirner’s Disease,

Amyotrophic lateral scierosis/parkinsonism-dementia complex, Argymphilic grain dementia,

Corticobagal degencration, Croutzfeldt-Jakob discase, Dementia pugilistica, diffuse neurofibrillary
tangles with caleification, Down’s syndrome, Frontotemporal dementiag inctuding frontotemporal
dementia with parkinsonism linked to chromosorne 17, Gerstroann-Stréussler-Scheinker di
Hallervorden-Spatz discase, Myotonic dystrophy, Niemann-Pick disease type C, Non-Guamantan motor
neuron disease with neurofibritlary tangles, Pick’s disease, Postencephalitic parkinsonism, Prion protein
cerebral amyloid angiopathy, Progressive subcortical gliosis, Progressive supranociear palsy, Subacute
sclerosing panencephalitis, and Tangle only dementia. Some of these diseases may also include

deposits of fib

Sr%)

brillar amyloid B peptides. For example, Alzheimer’s disease exhibits both amyloid §

deposits and tau lesions. Similarly, prion-mediated diseases such as Creutzieldi-Jakob discase, prion

. I
e
i

protein cerebral amyloid angiopathy, and Gerstmaon-Striussicr-Schetnker syndrome may have also

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

excluding the disease from other neurodegenerative disease classifications or groupings, which are

provided raerely as a convenience. The polypeptides and compositions of the invention may be used to
treal negrodegenerative diseases as well as diseases involving tau lesions.

[B886] In one embodiment, & pharmaceutical composition or formulation is for use in a method of
reducing amyloid 1 a patient exhibiting symptoms related 1o the presence of amyloid 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 herem. In one embodiment, the route of adnunistration is selected from
mitrathecal injection or infusion, direct intraventricular injection or infusion, intraparenchymal injection
or infusion, or infravenous ingection or infusion.

(6887} To one embodiment, 2 pharmaceutical coraposition or formulation is for use in a method of
maintaining the level of amyloid in a patient exhibiting symptors related to the presence of amyloid or

24
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that is positive for a biomarker associated with a protein nustolding disease, such as florbetapir (AV-45,
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El Ladly), comprising administering to the patient an offective amount of a pharmac . §
or formulation as described herein. Inone embodiment, the route of adminisiration is selected from
intrathecal injection or infusion, direct intraventricular injection or infusion, wiraparenchyraal injection
or mfusion, or infravenous injection or infusion.

(6888} In one embodiment, 3 pharmaceutical composition or formulation is for use in a method of
disaggregating amyloid i a patient comprising administering o a patient having amylowd an effective
amount of a pharmacetilical composition or formulation as deseribed herein. In one embodiment, the
route of administration is selected from intrathecal injection or mnfusion, direct intraventricular injection
or infusion, infraparenchymal injection or infusion, or intravenous injection or infusion.

16889} Inone embodiment, a pharmaceutical composition or formulation of the invention is for use ina
nethod of causing the disaggregation of B-amyloid deposits 1o the brain, comprising injecting directly
mto the brain of a patient 1n need thercof an effective amount of pharmaceutical composition as
described herein, thereby causing a reduction in B-amyloid deposits in the brain. In an alternate
embodirnent, a pharmaceutical composition or formulation of the invention is for use in a method of
causing the disaggregation of B-amyloid deposits in the brain, comprising injecting intravenous delivery

5
H
e

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

(6896} To one embodiment, 2 pharmaceutical coraposition or formulation is for use in a method of
reducing angvioid formation in the brain. Reducing amyloid formation in the brain may prevent, treat or

reduce the symptorns or severity of a protein-raisfolding or neurodegenerative disease. Tnone
embodiment, the route of administration is selected fron intrathecal injection or infusion, direct
intraverdricular injection or infiision, intraparenchyrual njection or infusion, or intravenous injection or
infusion.

[6893}] In one embodiment, a pharmaceutical coraposition or formulation of the nvention s foruse o a
method {or promoting amyloid clearance in the brain. Promoting amylod clearance may prevent, treat
or reduce the symptoms or severity of a protein-misfolding or nevgodegenerative disease. Inone
embodiment, the route of administration is selected from intrathecal injection or infusion, direct
intraveniricular injection or infiision, intraparenchymal injection or infusion, or infravenous injection or

nilision.

-te

[#892] Inone embodiment, a pharmaceutical composition or formulation of the invention is for use ina
nethod for inhibiting amyloid aggregation in the brain. Tnhibiting amyloid aggregation in the brain
may prevent, freat or reduce the symptoms or severity of 2 protein-misiolding or neurodegencrative
disease. In one emmbodiment, the route of administration is selected from intrathecal injection or

mnfusion, direct intraveniricular injection or infusion, intraparenchymal injection or infusion, or

mtravencus injection or wnfusion,
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(6893} To one embodiment, 2 pl"ﬁrm’v‘c‘u*‘("ﬂ composition or forruulation of the inveuntion is forusc in a
method for clearing toxic amyloid oligomers in the brain. Clearing foxic amyloid oligomers in the brain
may prevent, treat or reduce the symploras or severnity of a protein-raisfolding or neorodegenerative
disease. Tu one embodiment, the route of administration is selected from intrathecal injection ot
infusion, direct intraveninicular mjection or infusion, intraparenchymal injection or infusion, or
intravenous 1njection or infusion.

[#894} In one embodiment, 3 pharmaceutical composition or formulation of the invention is foruse na
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-

1

misfolding or nevrodegenerative disease. In one embodiment, the route of administration is selected

from intrathecal injection or infusion, direct intraventricular injection or infusion, intraparenchymal

v

mgjection or infusion, or intravenous injection or infusion.

[B098] Inone embodiment, a pharmaceutical composition or fornwilation of the invention is foruse ina
nethod for protecting neurons from amyloid damage. Protecting neurons from amyloid damage may
prevent, treat or reduce the sywmplores or severity of a protein-ruisfolding or neurodegenerative disease.
In one erabodiment, the route of administration is selected from wntrathecal injection or infusion, direct
wtraventricular injection or nfusion, indraparenchymal igection or infusion, or dravencus injection or
mfusion. In one embodiment, a pharmaceutical composition or formulation of the invention for use in

protecting nearons from amyloid damage 1s given prophylactically.

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

[
josrs

nusfolding and/or aggregation disease. In one embodiment, the biomarker is florbetapir (AV4S, E
Lally).

[6897] In some embodiments, the patient is exhibiting symptoms of a ncurodegenerative disease thatl is
associated with the presence of amylowd. In various embodiments, the amyloid is any of fAB42, fasyn
or ftau.

(8698} In certain embodimen

e->

s, the neurodegencerative disease is Parkinson’s discase, Alzheimer’s

. Tn one embodiment, the neurodegenerative disease 1s Alzheimer’s

disease, or Huntingio
disease. In one embodiment, the neuwrodegenerative discase is Alzheimer’s disease and the patient
exhibits B-amyloid as detected by the imaging agent florbetapir (AV-45, Eli Lilly},

(B899} In some embodiments, the patient is exhibiting symptoms 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-Striussier-Schemker syndrome.

(3181} Insome embodiments, the patient is exhibiting symptoms of a neurodegencrative tavopathy
other than Alzheimer’s disease. In certain embodiments, the disease to be treated 1s selected from
Argyrophilic grain dementia, Corticobasal degencration, Dementia pugilistica, diffuse neurofibrillary
tangles with calcification, Down’s syndrome, Frontotemporal dementias including frontotemporal
dementia with parkinsonism linked to chromosome 17, Hallervorden-Spatz disease, Myotounic
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dystrophy, Niemann-Pick disease type C, Non-Guamanian motor neuron disease with negrofibrilfary
tangles, Pick’s discase, Postencephalitic parkinsonism, Progressive suhcortical gliosis, Progressive
Supramlci car palsy, Subacute sclerosing pancucephalitis, and Tangle only deruentia

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

g
Tee
Cic

dministration of a nucleic acid molecole of the invention {1.¢., one that encodes a variant g3p that
extubits reduced immunogenicity and possessing the ability to bind to amyleid, disaggregate amylod
}« . 4{‘/« - - . afl .f, H ‘{ 1 . e \',f.i{ ].'El\.(~b1 A e gy \h,\,
plagues, and/or prevent aggregation of amyloid} alone or associated with a suitable carmrier, 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 intravenous infusion. The nucleic acid moleaile encoding
the variant g3p of the invention suitable for this treatment may be DNA or RNA.
Biagnostics
[#183] In another aspect of the invention, the polypeptides and compositions described herein, are used
i diagnostic applications associated with the various discases described herein. For example, binding
of a composition of the invention when used as an imaging ageunt either in vivo or in vifro may be part of

1

a diaznosis of one of the protein mistolding dissases described. When used as diagnostic agents, the
polypeptides of the invention may further comprise a detectable label, or may be otherwise detected 1o
vivo., Various lahels can be attached to the amyloid binding component of the diagurostic coraposition

using standard techniques for labelhing proteins. Exanaples of labels include fluorescent labels and

radiclabels. There are a wide variety of radiclabels that can be used, but 1o general the label is often

selected from radiolabels including, but not imited to, ¥F, V'C, and I es¢ and other radivisctopes
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 technigue for detection of
radioisctopes may also be osed to detect the radiotracer.

[3384] The polypeptides and compositions of the invention may be used as diagnostic imaging agenis
n combination with an imaging agent that is specific for B~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 nvention together with a §-amyloid-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 iovention is used as an imaging agent in combination with a H-amyloid
irpaging agent o detect non-B-arnyloid aggregates.

(6385} Tu another embodiment, the polypeptides or compositions of the invention isused as a
diagnostic imaging agent to detect B-amyloid in the CNB, including the brau

[6186] Diagnostic compositions of the invention may be admimstered using the same routes descnibed
for therapeutic compositions. In one embodiment, the route of administration is selected from
intrathecal mection or infusion, direct intraventricular tnjection or infusion, ntraparenchymal mjection

or mfusion, or infravenous injection or infusion.
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Examples

Example 1: Mapping of CD4+ T Cell Epitopesin g3p

(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 a T cell epitope maapping
assay for responses from human CD4+ T cells. Tndividual peptides were tested in sextuplicate PBMC
cultures and T cell responses were assessed 1o order 1o dentify the location of epiiopes as well as thelr
reiative potency.

(6188} PBMC {peripheral blood mononuciear cells) were isolated froimn healthy commuunity donor
bufty coats (from blood drawn within 24 hours) obtained from the UK National Blood Traustfusion
Service {Addenbrooke’s Hospital, Cambridge, UK) and according to approval granted by
Addenbrooke’s Hospital Local Research Ethics Committee by Lymphoprep (Axis-shield, Phindee, UK)
density centrifugation. CD8' T cells were depleted using CDI8” RosetteSep™ (StemCell Technologies
Ine, London, UK). Donors were characterized by identifying HLA-DR haplotypes using an HLA S5P-
PCR based tissue-typing kit (Biotest, Solihall, UK). T cell responses to a control neoantigen protem
{(KLH protein (Pierce (Perbio), Cramlington, UK) and peptides derived from IFV and EBV) were also
determined. PBMC were then frozen and stored in liquid nitrogen unti required.

i#169] A cohort of 55 donors was sclected for the assay to best represent the nurnber and frequency of
HLA-DR allotypes expressed in the world population. Analysis of the allotypes expressed in the cohort
against those cxpressed in the world population revealed that coverage of >80% was achieved and that
all major HLA-DR alleles (individual allotypes with a frequency >5% expressed 1o the world
population} were well represeunted. Details of individual donor haplofypes and a comparison of the
frequency of MHC class I haplotypes expressed in the world population and the sample population are
shown in Table 8 and FIG. 3, respectively.

Table 8. Donor details and haplotypes

Donor No, Haplotvpe
1 DRBI*04:01 DRB1%16:01,DRBA*01:03, DOB1*03:02;DOB1%05:02
2 DREBI*01:01, DRB1I*13:02;DRB3*03:01, DOQBI*05:0 1, DOQB1*06:04
3 DRB1I*03:01,DEB1I*07:01: DRB3*01:01; DRB4*01:03;DQB1*02:01;,DOB1*03:03
4 DRBIF0:0LDRBI*13:0LDREB3*02:02: DRB4*01:063;DOB 1¥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*03:01
7 DRBI*13:01,DRE3*01:01;DOB1*06:03
8 DRBIFI3:00LDRBI*1S5:0LDRB3*02:02: DRBS*01:GLDOB I¥06:02: DOB1*06:03
G DRBI*04:01, DRB1*11:05;,DRB3*02:02, DRB4*01:03;DOB1*03:01: DOB1%03:02
10 DRB1I*04:04, DREBI*12:01: DRB3*02:02; DRB4*0 1:03, DOBI*03:0 1, DOBI%03:02
il DRBI*13:02,DRBI*15:01:DRBI*01L:01,DRBS*01:01:DOBI*06:02; DOB 1*06:04
i2 DRBI*04:01 DRB1*15:0L,DRB4A*01:03, DRBS*01:0L,DOBI*03:02: DOB1%06:02
i3 DREB1*04:02, DRB1*07:0L,DRB4*01:01, DRB4*01:03,DOB1*02:01
14 DRB1*03:01,DRB1I*16:01:DRB3*01:01, DRBS*02:62. DOB1*02:0 L, DOB1%05:02
i3 DRBI*03:01,DRBI*13:01:DRB3*02:02; DOBI*02:01;DOB1*06:03
i6 DRBIFOL:0LDRBI®1S:0L,DRBS*01:01, DOQB1I*05:01L,DOB1%06:02
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Donor No, Haplotype
17 DREB1*01:01, DRB1*07:0L:DRB4*01:03; DOQB*03:03;, DOB1*05:0]
13 DRB1*01:01, DRB1I#09:01;DRB4A*01:03;DORBI*03:03,DORB1*05:01
19 DREBI*3:01L,DRBI*11:02;DRB3*01:01;,DRB3*02:62;DQB 1 *02:01,DOB1*03:01
20 DREBIF13:0L,DRB3*01.01;DREI*02:02; DOB1%06:03
21 DRBI*0L:01L,DRBI*I3:02: DRB3*03:01, DOBI*05: 0L, DOB1#06:04
22 DRB1*04:01,DRB1*04:03;: DRB4*01:03;,DOBI*03:02
23 DRBIF0R:0L,DRBI*13:01:DREB3*01:01, DOBI*04:02,DOB1%06:03
24 DRB1*03:01, DRBI*15:0L,DRB3*01:01, DRBS*01:01,DOBI*02:01: DOB1¥06:02
25 DRB1I*03:01, DRB4*0 101 DRB3I*01:0L, DRB4A*0 103, DOB1I*02:01: DORI*03:01
26 DRBI*01:01,DRBI*15:01: DREBS*01:01,DOBI*05:01: DORB1%06:02
27 DRBI*04:04,DRB1I*07:0;DRB4*01:01, DRB4*01:03:DOQB 1 *02:02;DOB1I*03:02
28 DEBI*11:01, DRBI*15:05,DRB3*02:01, DREBS*01:01;DOBI*03:01: DOB1%06:01
29 DRB1*08:01,DRBI*F15:0LDRBS*01:01L,DORBIF04:02: DOB1#06:02
30 DRBI*13:02,DRBI*15:01:DRB3*03:01,DRB5*01:0 1, DOB1*06:02: DOB 1*06:09
31 DREBI*04:01, DRB1*16:0L;DRBA*01:03, DRBS*02:02; DORB I*03:02;, DOB1TF06:03
32 DEB1*13:02, DRB1*15:0L:DRB3*03:01; DRBY*01:01,DOBI*06:02: DB 1 ¥06:04
33 DRBE1*07:01,DRBI*1 1:04;DRB3*02:02;DRB4*01:01,DOQB1*02:02;DOQB1%03:01
34 DRBIF01:03 DRBI*I5: 0L DRBS*01:01,DOBI*03:01: DOB1*06:02
35 DREBIF3:01,DRB1*14:0L,DRB3*01:01,DRB3*02:02; DORB I*02:01,DOQB1TF05:03
36 DRBI*03:01, DREBIF08:01: DRB3I*01:0L,DOBI*02:0L,DOB1#04:02
37 DRBI*03:01,DEBI*11:01:DRB3*01:01,DRRB3*02:02; DOBI*02:01,DOB1*03:01
38 DRBIFO7:.0LDRBIIS:0LDREB4A*CLO3, DRBS*01:0L,DOBI*02:02: DOB1*06:02
39 DEB1*03:01, DRB1*13:02;DRB3*02:02;: DRB3*03:01;DOBI*02:01:DOB1%06:09
40 DRBIU*01:01, DRBIFI13:02: DRB3I*01:0L, DOB 0501, DOB1H06:04
4 DRB1*04:07 DRB1*15:01;DRB4*01:03;DRRB5*01:01;DOQBI*03:0L,DOB1*06:02
42 DRBIFO7:0LDRB4A*01:03:, DOB1*02:02;DOR %03:03
43 DRB1*03:01, DRBI*15:0L,DRB3*01:05, DRBS*01:01,DOBI*02:01: DOB1¥06:02
44 DRBI*07:01, DRBI*1 104 DRB3I*02:02, DRB4*0 101, DOB1*02:02: DOR1*03:01
45 DRB1*03:01, DRB1*04:04; DRB3*01:01;DRB4*01:03; DOQBI*02:0L,DOB1*03:02
46 DRBI*04:04,DRBI*15:0LDRB3*02:02, DRB4*01:03;DORBI*03:02, DOB1T*06:03
47 DEB1*04:01, DRB1*1 1.0 DRB3*02:02; DRB4*01:03;DOB1*03:01
43 DRBE1*03:01,DRB1I*04:01;,DRB3*01:06;,DRBA*01:03, DOQBI*02:0 L, DOB1*03:02
49 DRBI*01:02,DRBI*13:03: DRB3*01:01,DOBI*03:01: DOB1*05:01
30 DREBI*4:07 DRB1*15:.0LDRB4A*0103,DRBS*0 LG LDORB IF03:0 1, DOBI*06:02
51 DEB1*04:07, DRB1*13:02;DRB3*03.01,DRB4*0 1:03;, DOB 1*03:01,DQB1#06:04
52 DRBI*0Z:0L,DRRB3*01:05,DOR1I*02:01
53 DRBI*03:01,DRBI*07.01:DRB3*01:01,DRB4*01:01;DQBI*02:05,DOQB1*02:02
54 DREB1I*04:04 DRB1*15:0L,DRBA*0103, DOBI*03:02;DOB1¥06:02
35 DEB1#03:01, DRB1*04: 01 DRB3*01:01; DRB4*01:03,DOBI*02:01: DOB1*03:01

(8118 PBMC from cach donor were thawed, countad and viability was asgessed. Cellg were revived
1o room femperature AIM-V® culture yoediom {(Invitrogen, Paisley, UK) hefore adjusting the cell
density to 2-3x10° PRMC/ml (proliferation cell stock). The 15 amine acid long peptides were
synthesized on a [-3 mg scale with free Neterminal amine and C-lermyinal carboxylic acid. Peptides
were dissolved in DMSO to a concentration of 10 mM and peptide culture stocks prepared by dihiting
mto AIM-V® cuolture medivm 1o a final conceniration of § uM 1 the well. For each peptide and each
donor, sextuplbcate cultures were established 1n a flal bottomed 96 well plate. Both positive and
negative control cultures were also tested in sextuplicate. For each donor, three controls (KLH protein
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and peptides derived from IFV and EBV) were also included. For a positive control, PHA (Sigma,
Dorget, UK) was used at a final concentration of 2.5 pg/ml

[0113] Cultures were incubated for a total of 6 days before adding ¢.75 pCi “[Hl-thymidine (Parkir
Elmer®, Beaconsficld, UK) to each well, Cultures were incubated for a further 18 hours before
harvesting onto flter mats using a TomnTec Mach IH cell harvester. Cpn for each well were determined
by Melulex™ (Perkin Elmer®, Reaconsficld, UK} scintiflalion counting on a Microplate Beta Counter
{Perkin Elmer®, Beaconsficld, UK) m paralux, low background counting mode.

16112} For analysis of the data, a threshold of a stimulation index {S1) equal to or greater ST 22.00 was
used {with consideration of borderline SI >1.90-1.99 responses). Positive responses were defined by the

following statistical and empirical thresholds:

[

Significance {7 <0.05) of the response by comparing cpm of test wells against medium control

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

2. Stirsulation index greater than 2.00 (51 22.00), where SI = mean cpm of test wells /mean com

&

medium control wells. Data presented in this way is indicated as ST 22,00, p <0.05.

$113} In addition, intra-assay variation was assessed by calculating the OV and 8D of the raw data
, ¥ Y

‘o

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 after removing the maximurm
and rammum cpm values (Cadjusted data”) and the ST of donor responses was compared using hoth
data sets. T cell epiiopes were identified by calculating the average frequency of positive respousss
{(defined above) to ail peptides m the study phus SD {o give a background response rate. Any peptide
that induced proliferative vesponses above the background response rate in both the adjusted and non-
adjusted data was counsidered to contain a T cell epitope. When two overlapping peptides induced 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 tesled polypeptide:

Epitope I CTGDETQCY GTW {amino acids 46-57 of SEQ ID NO: 1)

Bpitope 2: TFM F QN NRF RN R {(amino acids 133-144 of SEQ D NO:1)

Epitope 3: SSKAMY DAY W NG (anuno acids of 172-183 of SEQ IDRO:1)

Epitoped: PYNAGGGSGGEGES (amino acids 214-225 of SEQ D NG:L)

Epitope 5: SGSGAMVRSDKTHTC (amsine acids 253-267 of SEQ ID N(:1)

Example 2: Design of Substitutions in T Cell Epitopes 4 and 3 by fn Silico Analysis

[8314] The sequences of peptides that were positive in the T cell assay were analysed using
overlapping 9-mers {from the epitope region using iTope™ and TCED™ | o technologies. [Perry
et al, Drugs R 13 9(6):385-96 {2008).] Each 9-mer was tested against a database of MHC class I
alleies (34 m total) and scored based oo the §it and interactions with the MHC class Il molecules. In

addition, each $-mer was BLAST searched against a database of known CD4+ T cell epitopes in order

to identify any high segquence homology between that of the 9-mer and of database peptides from
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unrelated proteins that stimulated T cell responses in previcus T cell assays. On the basis of
information from the in silico analysis, substitutions were identified for potential rewmoval of CD4+ T
cell epiiope activity from the identified epitopes.
(6315} Epitope 5 spans the C-terminus of the native N2-CT Gly-rich binker, the amino acids coded for
by the multiple cloning site (“MCS”} of the pFUSE vector used to produce the N1-N2-human {g Fe
fusion protein of SEQ D NO: 1, and the N-terminus of the human Ig Fe region. fn sifice analysis
muplicated M258 and V259 of SEQ 1D NO:1 as the P anchors respousible T-cell activity. Based on
their location outside of the N1-N2 coding region, removal of these two amine acids was not expected
to cause a loss of function. These two amino acids were encoded by the MCS. Therefore, a double-
stranded DINA molecule that modified the MCS and eliminated the nuclectides encoding M258 and
V259 of SEQ ID NO: 1 was produced by site-directed nustagenesis using appropriate oligonucieotide
primers. This was followed by recloning the resulting mutagenized BNA sequence back into the
pFUSE vector using the using Feol and B¢/l restriction sites n the MCS.  The resulting mature
(lacking the signal sequence) fusion protein omitted M258 and V259, That fusion protein retained the
same ability to bind Abeta in the assay described below as the SEG 1D NG:1 fusion protein.
(#1116} Epitope 4 overdaps the N2 domain and the native Gly-rich linker. Crystal structure of the @3p

protein (not shown) suggested that Epitope 4 is located away from amyloid binding region and therefore
would be lolerant {0 amino acid substitutions without affecting activity. V215 (SEQ ID NO: 1}, which
was identified as a P anchor, 15 surface exposed with slight oriendation 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 amino acids within 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 substitution (SEQ D NO:4) and omitting M258 and V259 was derived
from the above-described nucleotide sequence by site-direcied 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 {0 a fusion protein having the amino acid scquence
of cither SEQ T 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 sequence to create genes incorporating

all roodifications in epitopes 1, 2 and 3.
Example 3: Design of Substitutions in T Cell Epltopes 1, 2 and 3 by fr 3¥fice Analysis

[6117} Epi1zope 1 Hies just C-terminal 1o 2 putative Abeta binding portion of NI-N2. fn silico analysis
of Bpitope | highlighted amino acids 48-56 of SEQ 1D NO: 1 as an area for amino acid substiiution and

~
i
H

removal of the T-cell epitope. Amino acids within this 9-mer were targeted for substitution based upon
the nature of the existing amino acid, surface exposure, and interaction with the amyloid binding region

of g3p, as interpreted from the X-ray crystal structure of g3p.  In particular, G48, T51, Y54 and TS6
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were targeted for substifution with the changes indicated in Table §. Other potential amino acid
substitutions in this region are set forth in Table 2.

[¢118] iTope'

" analysis of Epitope 2 pointed to amino acids 135-143 of SEQ ID NO: 1 as a target for
reducing or elimmnating that epttope. Basced on the X-ray crvstal structure, aming acids 136-139 of SEQ
D NO:1 form a loop region that forms bonds with the hinge region of N1-N2 and thos 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, R14G, F141 and N143 and are set forth
in Table 1. Other potential changes to this nine amino acid region are set forth in Table 2.
(8119} Amino acids 173-182 of SEQ D NO: 1 were identified within Epitope 3 as targets for
substitution by in sifico analysis. Epitope 3 is located in an alpha helical portion of the N2 domain, thus
the stralegy was to avoid introduction of hydrophobic residues and small polar uncharged residues. In
addition, we wanted o avoid introducing polar residues acidic residues towards the C-terminus of this
epitope. Based on X-ray crystallographic data, we targeted S173, D174, M176, D178 and W182 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-MN2-Human igG Fe Polypeptides Having Reduced T-Cell Eptiopes

(8128] Fifty-cight different nucleic acid molecules, each encoding N1-N2-human Ig(G Fe fusion
proteins containing a different single amino acid substitution set forth in Table 3 were prepared. This
was achieved by site-directed yutagenesis of SEQ 1D NO:4 using appropriate obigonucleotide primers
1o introduce the desired substitution, followed by recloning of the PCR-amplified mutagenized sequence
mto the pFUSE-hleG1-Fc2 vector (Invivegen®, Toulouse, France, Catalogue No. pfuse-hgife2).
(#3123} Genes encoding these “deimmumized” Fe fusion polypeptides were transiently expressed in
mdividoal pFUSE-hlg(G1-Fe2 vectors in FreeStyle 293-F cells (Invitrogen, Paisley, Scotland, Calalogue
#R790-07). On the day of transfection, cells were dihited to 1 x 10° /mL in FreeStyle 293 Media
(Invitrogen, Catalogue # 12338) ensuring a viability of >90%. Plasmid DNA and polyethyleneimine
(PEL} were diluted separately in Optimem (Invitrogen, Catalogue # 31985} and incubated for 5 minutes
following which the PEI was added slowly to the DNA, and the DNA/PET nmixtures were incubated for
5 minuies at toon femperature. After incubation, the DNA/PET mixtures were added dropwise to the
2G3-F ceils whilst swirling the flask. Transfected cultures were incubated at 37°C, 8% CO, on an

vhital shaker platforo rotating at 133 rpro for 6-7 days, following which they were harvested.
(6322} Culture medium condaining the polypeptide was harvested by centrifugation and pH adjusted
using 10z PBS. Proteins were hound to Protein & Sepharose beads {Sigma, Borset, UK) by rotating
overnight at 4°C. The beads were washed twice with 1x PRS and transferred to SigmaPrep spin columns
{Sigma}. Samples were cluted by centrifugation using 6.1M Glycine pH3.0 and neutralized i the

collection tube using 1/10" volume 1M Tris-HC1 pHE.D, Eluates were buffer exchanged into 1x PRS
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~

using 2ml ZebaSpin columns (Pierce, Cramiington, UK, Catalogue #89896). Samples were filter-

sterilized and the absorhance at 2800y was roeasured for each sample.

Exampile 5: ABeta Binding Analysis of Beimmunized Polypeptides

[0323] 4. ABeta (43 Fiber Preparation. AR4A2 (Img, tPeptide A-1002-2) wag dissclved in
bexafiuoroisopropanol (HFIP, [ml.), vortexed thoroughly and incubated at room teraperature for 2-18
bours unidl a clear solution appears. Abiquots (100ul, 100ug) were placed m 1.5md. Eppendorf tubes
and dry under vacuum (speed Vac, Eppendort, Concentrator 5301) for 2-3hr. The resulting sonomers
were resuspended m 20pL DIMSO, pipetied and vortexed thoroughly until comapletely dissolved. The
solotion was diluted with 260pL of 10mM HCU sohution (final AB42 concentration is 8¢uM} and
vortexed for 20 seconds. The clear solution is incubated {(without shaking) for 3 days at 37°C o allow
for aggregation.

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

[0325] B ELIS4 Plate Preparation. To each well of a 96-well plate (F96 MAXISORP NUNC-
IMMIINO PLATE,; Catalog rumber: 442404, Lot 125436 and 128158; Denmark) was added 200 pb of
a 1% BSA sohution. The plates were sealed and incubated at 7°C for 3 hr. Plates were then washed with
PRS (250 pl/well) 3. We added 50 pL of the diduted AB42 fiber sohution (1.6 uM) to cach well and
incubated uncovered at 37°C overnight to corplete dryness. PBS (30 uliwell) is added 1o contral wells
{withowut AB42 fibers). Plates were then washed 2X with water and 1 X with PBS (250 uL/well for cach
washing).

{8126} €. F1IS4 Assay. Varying concentrations of each polypeptide (as well as the polypeptide of
SEQ 1D NO:2Y i 50 uL were added to cach well, as well a3 to non-AP42 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 pl/well for each washing}). We then added 56 pl of HRP-conjugated Goat anti-Human
antt Foy (Jackson Labs, Catalog number, 109-035-008, Lot number: 106617) diluted 1:2500 (0.32
pg/ml final) in PRS-T + 1% Milk (Difee™ Skim Milk, Recton, Dickinson and Company. USA,
Catalog mumber: 232100, Lot number: 7320448) 1o each well and incibated for 40 min at 37°C. Plates
were then washed 6X with PBS-T and 2X with PBS (250 uL/well for each washing). We then added 50
uliwell OPD solution (15 mg/7.5 mi 0.05 M Citrate bufter pH-5.5/3 11l H(Oy) and let color to develop
for 3-6 min. We next added 25 pl/weli 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 function of polypeptide concentrations. An ICs, for binding for each
detmimumized polypeptide was then calcalated and compared to the ICs, calculated for the polypeptide
of SEQ D NO:2. The results are shown in Table &, below.

Table 9. Relative Change in ABeta Binding 1Cs6 for Polypeptides with a Single Additional Amino
Acid Substitution in Epitope 1, 2 or 3 as Compared to Polypeptide of SEQ 1D NG:2
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Annunoe Acid Isq Anino Acid s Amino Acid s
Suhstitution Relative to Substitution Relative (o Substitution Relative to
SEQID SEGID 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 Bpitope 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 1 (G488 1.2 Epitope 2 M135D 0.5 Epitope 3 M176G 0.3
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 TSIH 1.5 Epitope 2 MI3SK. | 04/02 Epitope 3 M176N 0.5
Epitope I TS1K 2.5 Epitope 2 MI35N 03 Epitope 3 DI78G 02
Epitepe ET51P 0.2 Lpitope 2 M13SR 0.1 Epitope 3DI78N | 05/04
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 | TSIN 0.5 Epitope 2 R140D 0.3 Epitope 3 WIB1G 0.5
Epitope 1 Y343 | 0.02/02 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 Y54K | 0.13/032 Epitope 2 R140H 0.2 Epitope 3 WISIR 0.5/0.8
Epitope 1 Y54P 0.07 Epitope 2 R140Q | 0.28/0.22 Epitope 3S173K | 0.17/0.07
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 0.47/0.97 Epitope 2 NI143A 19/11 Epitope 3 D178T 0.4

Epitope 1 TS6K

0.5/0.66

*MNumbers reflect 15, (substituted polypeptide)/TCsy (polypeptide of SEQ 1D NO:2). Multiple values
reflect duplicate testing in the binding assay.

Exampie 6: Analysis of Whele Protein CD4+ T cell Responses

{6127} In order to analyze CB4+ T cell responses from any of the pelypeptides of the tnveniion in

comparison to SEQ ID NGO, a whole protem T cell assay was performed. 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 D14 Microbeads and LS columns

(Miltertyt Biotech, Oxford, UK). Monccytes were resuspended i AIM-V® supplemented with

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

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

voluome DC culture medium. By day 3, monocytes had differentiated to semu-mature dendrine cells (BC)

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

polypeptide of SEQ 1D NG:1 and 100pg/ml KLH or medium ooly. Semi-mature DC were tncubated with

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

tn DC cultre medium supplemented with 50ng/ml TNF-a (Peprotech, London, UK). DC were fed on
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day 7 by replacerment of a half volume DC culture mediom supplemented with 50ng/od TNFu and mature
DC were harvested on day 8. The harvested mature DC were counted and viability assessed using 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. Additionally, on
day 8, fresh CD4+ T cells were also prepared. To punify CD4+ T cells, PBMCs were revived in AIM-V®
culture medium and CD4 cells isclated using Miltenyi CD4 Microbeads and LS colurns (Miltenyi
Biotech, Oxford, UK) and resuspended in AIM-V® medium at 2x10° cells/mi.

0128] Onday 8§, T cell profiferation assays were established whereby 1x10° autologous CD4™ T cells
were added to 1x10” antigen-ivaded DXC (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 1nCi "H] (Perkin
Elmer, Beaconsfield, UK) per well m 23ul AIM-V® for 6 hours before harvesting onto filter mats (Perkin
Elmer} using a TomTec Mach 11 (Hamden CT, USA) cell harvester. All polypeptides were tested in
sextuplet cultures. Counts per mioute (cpm) for sach well were deterroined by Meltlex™ (Perkin Elmer)
scintiflation counting on a 1450 Microbeta Wallac Trilux Liguid Scinillation Counter (Perkio Elmer) in
paralux, low background counting. Counts per minute for each antigen were normalised to the AIM-V®
medium only control.

101298 For ELISpot assays, ELISpot plates (Millipore, Wattord, UK) were coated with 100ul/well 11L-2
capture antibody (R&D Systems, Abingdon, UK) in PBS. Plates were then washed twice in PBS,
tacubated overnight in block buffer (196 BSA (Sigma) in PBS) and washed in AIM-V® medium. On day
8, 1x1¢° autclogous CD4" T eclls were added to 1x1¢° antigen paded BC (ratio of 10:1) in 96 well
ELISpot plates. All polypeptide preparations were tested n sextuplet cultures. For each donor PBMC, a
negative control {AIM-V® medium along), no cells control and a PHA (10ug/mi) positive control werg
also jncluded.

[B13¢] After a fiwther 7 day incubation pericd, ELISpot plates were developed by three sequential
washes in dH,0 and PBS prior to the addition of 100ul filtered biotinylated detection antibody (R&D
Systems, Abingdon, UK) in PRS/1% BSA. Following mcubation at 37°C for 1.5 hour, plates were
further washed three times 1n PBS and 100w filtered streptavidin-AP (R&D Systems) tn PBS/1% BSA
was added for 1 howr (incubation at room teraperature). 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
minuics 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 Irmmunoscan Analyser and spots per well

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

(5]
(7
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{6133} For both proliferation and IL-2 ELISpot assays, resuits were expressed as a Stimulation Index
{5} defined as the ratio of opm (proliferation assay) or spots (ELISpot assay) for the test polypeptide
against a medium-only control using a threshold of S equal to or greater than 2 (5122.0) for positive T
celt responses.

Example 7: Design of Double and Triple Substitations in Twe or More of T Cell Epitopes 1, 2 and
3

16132] Based on the results of the binding assay, the followmng substitutions were chosen at epitopes 1, 2
and 3 to be present in polypeptides that contain two anune acid substiutions as corspared to SEQ ID
NO:2, each substitution in a different epitope.

Table 1¢. Amino Acid Substitutions for Vanants Comprising Two Epitope and Three Eptiope
Maodifications,

Epitope Amino Acid Original Armno Acid Sabstitution Amino Acids
in SEQ ID NO:2
i 54 Y KR
i 56 T H K
2 135 M KT
2 140 R Q
3 174 K R
3 178 D N
3 igl W H R

{3133} DNA encoding N1-N2-Human IG Fe tusion proteins having two of the amino acid substitotions
set forth in Table 10, each i 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 transtorm cells 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 i 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, 7 and 3 are assayed for both ABcta binding, as well as T-cell response
as set forth in Example 6. In particular, the following double and triple epitope variants were made by
substituting certain armino acids in SEQ D NO:2 as indicated in Table 11, below.

Table 11, Dogble 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 D NG:2 Y54K MI35K
&4 SEQ ID NG:2 Y 34K M135T
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Polvpeptide No.

83

0]
94
a9
100
101
102

Starting Sequence

SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO2
SEQ ID NO:2
SEQ D NO:2
SEQ D NO2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ IDNO:2
SEQ ID NG:2
SEQ ID NO:2
SEQ 1D NO:2
SEQ 1D NO2
SEQ IDNO:2
SEQ ID NG:2
SEQ ID NO:2
SEQ ID NO:2
SEQ 1D NO2
SEQ IDNO:2
SEQ ID NG:2
SEQ ID NO:2
SEQ 1D NO:2
SEQ 1D NO2
SEQ IDNO:2
SEQ ID NO:2
SEG ID NO:2
SEQ D NO2
SEQ 1D NO2
SEQ IDNO:2
SEQ ID NO:2
SEQ ID NO:2
SEQ D NO2
SEQ 1D NO2

Epitope 1
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

4

Lo

Epttope 2
Substitution
R140Q
MIi35K
MI135T
RI40Q
Mi35K
MI35T
R1400Q
MI35K
MI3ST
R1400

DI78KN

Mi35K
M135K
Mi3sK
MI35K
MI3ST
MI35T
MI135T
M135T
R14043
R140C
R140Q
R1400

PCT/US2015/063476

Epttope 3
Substitution

D178N
WI8IH
WIRIR
K174R
DI78N
WIEIH
WISIR
Ki74R

WIgTH
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-amylod using the ELISA

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

reflect 1Csy (polypeptide of SEQ 1D NO:2)Y1Cs (tested polypeptide) (e.g., the lower the value the greater

the binding of the polypeptide as compared to a polypeptide of SEQ 1D NO:2). Muitiple values reflect

duplicate testing it the binding assay.

Table 12, Relative Binding Values of a Polypeptide of SEQ ID NO: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 96 1.43, 1.64
64 0.14 77 0.18, .16 91 (.14
65 0.1% 78 (.24, 0.20 92 (.24
60 0.08 749 .08 93 .34
67 0.1 &0 0.16 94 (.53, 0.48
68 0.19 #1 (.14 95 0.07
59 0.29,0.37 82 0.2 96 0.15
70 0.43,0.45 83 0.18, 0.36 7 (.14
71 0,47 84 0.26, (.48 98 0.21, 0.61
72 {140, 0.27 85 (.24, 6.7¢ 99 .11
73 0.25, 0.39 86 (.51, 1.08 100 0.35
74 0.26 &7 0.5, 0.83 101 0.2
73 611 88 (.65, 1.30 102 0.23
89 0.71, 1.05

{0135] This assay was used to monitor the destabihzation (disaggregation) or remodeling of

amyloid fibers 10to 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. et al.,

Methods Enzymol 309, 375-86, (1999}, Specifically, 2.5 uM preparations of fAR amyloid fibers

were pre-incubated with differont concentrations of the vanang fusion polypeptides of the

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

polypeptide were diluted and spotted on cellulose acetate membrances on vacuum blots, The

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

terminal of AB for | br. HRP-conjugated secondary Ab was used to quantitate the fibrillar

aggregates retained on the membrane. Spot color was analyzed and digitized using a
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densitometric scanncr. An ECs, (half maximal effective concentration} was calculated based
upon the intensities 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 vartant polypeptides of the invention all
exhibited binding to Al as determined by the ELISA assay. Most of the vanant polypeptides

tested also exhubited disaggregation of A, as determined by the dot blot assay.
Example 9: Construction and Analysis of Polypeptides with 2 Modified Glycosylation
Signal

{3137] We constructed polypeptides lacking a glycosylation signal at amino acids 39-41 of SEQ
D NO: or SEQ ID NG:2 using the ruclentides sequence of either SEQ 1D NG:3 or a medified
version of nucleotide sequence SEQ 1D NO:4 that encoded Polypeptide No. 86 as starting
material for site-direct matagenesis.

{6138] A plasmid vector derived from pFUSE-higG1-Fo2 vector (InVivogen) and encoding
Polypeptide 86 fused to a maounahian signal sequence, was vwitagenized using the QuickChange
Site-Directed Mutagenesis Kit (Agilent) and the following primers:

Forward primer: GCTGTCTGTGGAATGCTGGAGGCGTTGTAGTTTG (SEQ ID NO:8)
Reverse primer: CAAACTACAACGCCTCCAGCATTCCACAGACAGC (SEQ ID NG9
following manufacturer’s directions to create a T41G substitution. The resalting vector (SEQ 1D
NO:7) was used to transform NEB S-alpha competent E. coli cells in order to 1solate and
sequence the desired plasmid vsing standard techanigues.

{613%] The puritied vector was then used to transform Expi293 cells using the commercially
available Expi293™™ Expression System (Life Tehcnologies). One day before transfection,
Expi?93 colls were soeded at a deonsity of 2 x 10° viable colis/mi. On the day of teansfection, 500
ug of the filter-sterihized plasraid was diluted into Opti-MEM [ to a total volume of 25 ol Ina
separate tube, 1.333 ml ExpiFectamine’™ 293 Reagent was dihuted in 25 mi Opti-MEM I and
mixed by inverting. After five minutes incubation at room temperature the diluted DNA was
added to the diluted ExpiFfectamine’ " 293Reagent and incubated for an additional 20-30 minutes.
The DNA-ExpiFectamine' ™ 293Reagent complex was slowly added to 500 mi cells { >3 x 1¢°
cells/mi) while gently swirling the flask. ExpiFectarmne™ 293 Transfection Enhancers [ and 1§,
2.5mt and 23mi respectively, were added to the transfected cclls after approximately 18 hours and
cells are incubated for another 5 days at 37°C, 8% C0Oy, 135 rpm on an orbital shaker. The
expressed fusion protem (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 5ol HiTrap
rProtein A FF column (GE Healthcare), with all steps being performed at 4°C. The cohummn was
regenerated with 5 volumes of clution buffer (0.1M glycine, pH 3), and washed in 5-10 volumes
20 mM sodium phosphate buffer before applying the cell media using a flow rate of Smi/roin. The
cofumn was washed with 5-10 volumes 20 mM sodium phosphate buffer before ehuting off bound
Polypeptide 86-T41G with 0.1M glycine pH 3. One to three ml fractions were ocotlecied in tubes
with 1M Tris-HCl pH 9 to adjost pH. Yield was determined by absorbance at 280 mmon a
Nanodrop 2000C. Five pl of each protein-containing fraction was separated on a SDS-PAGE
TGX gel (BioRad) and Coorpassic stained for 2 howrs. 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.
{314¢] Purified Polypeptide 86-T41G (SEQ 1D NO:6) was analyzed by SDS-PAGE and
migrated as a single band with shightly lower molecular weight (apparent ~500 dalton less) than
Polypeptide 86 (Figure 9). We believe thus lower maclecular weight is duc to both the To G
change at aming acid 41, as well as the loss of glycosylation on N39.

{3141} Punified Polypeptide 86-T41G was also analyzed by size exclusion chromatography on a
Superdex200 ncrease 10/300 columm. The column was washed and equilibrated with 100 ml of
phosphate buffered saline (“FBS”). One hundred vucrograms (100 pg) of Polypeptide 86-T41G
was diluted tn PBS to a final volome of 200 ub and toaded onto the cohimn. The colirnn was
then eluted with 1.5 cohuron volames 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
dicating homogeneity {data not shown).

{6142] Purified Polypeptide 86-T41G was analyzed for Absta binding using the ELISA
described 1o Example 5. The ECy, 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:{ and 34.5 aM for Polypeptide
6.

{3143} Purified Polypeptide 86-T41G was also compared to the palypeptide of SEQ 1D NO:1
and Polypeptide 86 for Abeta binding using the cellulose acstate filter retardation assay described
in Example 8. The results of this assay are shown e Figure 10

{0144] Purified Polypeptide 86-T41G was then compared to Polypeptide 86 and the polypeptide
of SEQ 1D NO:1 (as well as humanized A33 antibody and keyhole limpet hemocyanin as positive

conirols) tn the whole protein CD4+ T cell Response assay using 50 different PBMC donors
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representing 95% of the human HLA haplotypes; and in the ELISpot oytokine {IL-2} assays
described in Example 6. The results are shown in Tables 13 and 14, below.

Table 13, PBMC T-cell Proliferative 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 2.1 (.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 ID NGO 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 seen from the above Tables the polypeptide of SEQ 1D NGO (no amino acid
changes 1o either the putative glycosylation site at amino acids 39-41 or any putative T-cell
epitopes) ehicited proliferative responses (507} >2 times background for 12% of the donors
{6/50). Polypeptide 86 and Polypeptide 86 T41G elicited proliferative responses from
significantly fewer dosor PBMCs {4%; 2/50) with responders baving proliferative response also
slightly higher than 2 times background. This indicates lower projected immunogeoicily of
Polypeptide 86 T41G for human subjects. The IL-2 assay confirms the T-cell response assay
results.

{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 ELISA Plate Preparation. AP42Z peptide (rPeptide A-1002-2) was dissolved in
hexafluoreisopropancl by vortexing and incubation at room temperatare for 18 hours. Aliquots
were dried under vacuum and stored at -20°C. 100 ug of AB42 monomers were dissolved mn 20 ul
DMSO, dissolved by vortex and diluted to 80 M in 10 mM HCI solution. The AB42 pepude
solution was iocubated for 3 days at 37°C aed fiber formation verified with ThT fluorescence

3553Y.
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{3148] The non-amyloid beta component (NAC) of senile plaque 1s an aggregated fragment of
alpha-synuclein, the aggregate that is the hallmark of Parkinson’s disease. NAC peptide
{{Bachem H2398) was disselved in 20mM NaHCO; at 600uM and centrifuged for 1 hour,
100,000xg at 4°C. Supernatant was neutralized with 2N HCl and roixed 1:1 with 10maM HCL The
peptide was incubated for 4 days at 37°C and fiber formation confirmed by ThT fluorescence
3553Y.

{6149] Fibers comprising the microtubule binding portion of Tau (Tau-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 inoubated with 40uM low-ractecular weight heparin (Fisher Scientific, BP2524) and
20M DTT for 3 days at 37°C. Fibril formation was confirmed by ThT flucrescence assay.

{31561 Fibers were diluted to 1gM in PBSA-0.02% and dry-coated on Maxisorp None
Immunoplate ELISA plates (ThermoFisher Cat no.442404) by incubation over mght at 37°C.
Wells were blocked, 200ul/well, in Superblock (ThermeFisher Catne. 37515) for 1 hour at room
temperature and washed in PRST-0.05%.

{6158] Binding Assay and Resuits. The polypeptide of SEQ ID NO:1 and Polypeptide 86 T41G
were separately added to the fiber ELISA at 50 and 200nM and incabated for 1 hour at 37°C.
Wells were washed 10 PRST-0.05% 6x200ul before incubation with goat anti-human 1gG Fe
fragroeot specific-HRP {Jackson labs Cat no, 109-035-008), 12500 m TBST-0.05%; 1% roilk
block (LabScientific Cat no. 732-291-1940), for 45 munutcs in room temperanure. Plates were
washed in 4x200 ul TBST-(.05%, 2x200 6l PBS before adding 50 ol TMB solution (Sigma
T0444) per well. The reaction was feft to develop for & nunutes and stopped by adding 50 pl 2N
HCI per well. The absorbance at 450 nm was recorded 1n a Tecan plate reader (Infiute
MI1000Pro).

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

{3153} Asshown in Figure 11, Polypeptide 86 T41G biod AB42m NAC and tau-motbe fibers with
the same or higher affuuty compared to the polypeptide of SEQ D NO:1.

{3154] We also constructed by stmilar protocols the following variants of SEQ [ NG
modified only to ehiminate the putative glycosylation site (substitution indicated in parentheses):

Polvpeptide 200 (N39A) Polvpeptide 202 {T41M) Polvpeptide 204 {T41H)

Polypeptide 201 (N38(}) Polypeptide 203 (T41W) Polypeptide 205 (T41V)
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Polypeptide 206 (T411} Polypeptide 211 {T41F) Polypeptide 216 {T4LA)
Polypeptide 207 (T41L} Polypeptide 212 {T41D) Polypeptide 217 {T41G).
Polypeptide 208 (T41R) Polypeptide 213 (T41E)
Polypeptide 209 (T41K) Polypeptide 214 (T41Q)
Polypeptide 210 (T41Y) Polypeptide 215 (T41N)

Example 10: Pharmacekinetic (PK) Studies of Polypeptide 217 and SEQ ID NO: L

16138) Animal treatment and sample collection. C57B16 mice (8 - 12 wks; Hilltop Lab Animals)
were adminstered a single 20 mg/kg intraperitoneal dose of the polypeptide of SEQ ID NO:
(=22} or Polypeptide 217 (=22} used. The polypeptide of SEQ ID NO: 1 was administered once
(20 mg/kg, Lp.) to 22 mice. Polypeptide 217 was administered once (20 mg/kg, 1.p.) to a separate
set of 22 muce. Blood was coliected once cach armimal at different times (Oh, 6h, Sh, 124, i4d, 3d,
7d and 14d post-dosing). Plasma was isolated from the blood samples, stored in 100 uyL. aliquots,
and used for all subsequent analyses. After collection of the blood, mice were euthanized,
transcardially porfused with PBS and their brains harvested. The bratns were hemiscoted and
cach hemisphere further sectioned into a rostral, caudal, hippocampus and corebelium portion.
Plasma was shipped to Intertek (San Diego, CA} for pharmacokinetic analysis, while left frontal
cortex was shipped to Cambridge Biomedical (Boston, MA) for PK analysis.

101536] FPlasma ELISA Analvsis. All standards and samples that were analyzed were exposed to
217 mM acetic acid for 30 min at room temperature ("RT7), and then newtralized wn (LS viv IM
Tris pH 9.5:sample). The acid dissociation step solubilized polypeptide present in an insoluble
fraction.

16157] A sandwich ELISA assay was used to measure polypeptide fevels in plasma. MaxiSorp
plates weee coated with rabbit anti-M i3 (Abcam: ab6188) at 1:1,000 dilution from stock (3.7
ug/mi, 0.37 pe/well) overnight in carbonate buffer (pH 9.6) at 4 *C. Plates were washed three
tmes with PBS contaiming 0.1% Tween-20 (“PBST”) and blocked with 1% mulk in PBS for 2h at
37 °C foliowed by That RT. Plates were again washed three times with PRST and then samples
or standards were added to wells and jucubated for 1h at 37 °C. Wells were then washed 3X with
PBST, and incubated with HRP-labeled goat anti-Human 1gG (heavy & light chains, Bethel:
AR(-219P; 1:10,000) for 30 mun at RT. 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 Aus of the highest
standards was between 0.6 - 0.8, Levels of polypeptide were gquantified from the absorbance read
at 450 nm, minus the reference absorbance at 650 nm. Plasma was analyzed at dilutions of 120,
1:300 and 1:3,000; no matnix inderference was observed at these dilutions. The resulis are shown
below in Table 15,

Table 15, Plasma Pharmacokinetic Parameters.

Crnax
Tinax
Beta-phase 1 life 5 days 10 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 in cold PBS
using trip Pure M-Bio Grade beaded tubes and a Precellys024 Lysis Homogenizer (5,000 RPM
twice for 20 sec, with a 5 sec nterval between homogenization cycles). Homogenate was
centrifuged at 14,000 rpm for 5 min at 4 °C. Supernatant was removed to a new tibe and used for
all subsequent analyses. Protein content of brain lysate was determined using a Pierce BCA
protein assay 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: ab61388) at 1:1,000 (3.7 ug/mbL, 0.37 pg/well)
overnight in carbonate butfer at 4 °C. Plates were washed 3x with PBST and blocked with 1%
milk in PBS for 2h at 37 °C, followed by 1h at RT. Plates were then washed 3x with PBST, and
sarapies or standards were added to wells and incubated for That 37 °C, Plates were again
washed 3x with PBST, and then wells were incubated with HRP-labeled donkey anti-Human {gG
(heavy & Light chains, Jackson ImmuonoRescarch: 709-035-149; 1:10,000) for 30 mun at RT. After

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

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

Table 16. Bram Pharmacokinetic Parameters

Conax 2.7 ng/mg
Tonax 3d
Beta-phase 2 life 3 days 7 days
AUC

i4.44 day*ng/mg

32

50 day*ng/mg
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Claims:

1. A polypeptide comprising a vartant of a starting asuno acid sequence, wherein the
starting amino acid sequence s selected froou amino acids 1-217 of SEQ B NO:1 or amiso acids 1-217
of SEG 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; substtution C53W; deletion of amuno acids 96-103;
substitation of QPP at anuno acids 212-214 with AGA; substitutions WIR1A, FI90A and F194A;
deletion of amino acid 1; deletion of amino acids 1 and 2; and addition of a N-terminal methionine
esidue, 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 1, wherein the modification at arnino acids 39-41 1s
selected from substitotion of one or more of N39, Ad( and/or T41; deletion of one or more 6f N39, A40
and/or T41; insertion of ong or more aminge acids between N39 and A40; and insertion of one or more

amino acids between A48 and T41,

3. The polypeptids of clairn 1 or 2, wherein the starting aminge acid sequence is selected

from: aming acids 1-217 of SEQ 10 NG:1, and amino acids 1-217 of SEQ IDNG:2 .

4. The polypeptide of any one of claims 1-3, wherein the modification at amino acuds 39-41
of SEQ [ NO:1 or SEQ 1D NO:2 15 selected from amino acid substitution of one or more of N39 and/or
T41.

5. The polypeptide of claim 4, wherein the modification that removes the putative
glycosvlation sigoal at amino acids 39-41 of 3EQ ID NO:1 or SEQ ID NO:2 is an amino acid substitution
selected frome T41G, T41W, T41H, T41V, T41E T41L, T4IR, T41K, T41Y, T41F, T41D, T41E, T4140,
T41N, and T41A.

6. The polypeptide of claim 5, wherem the modification that removes the putative

glycosylation signal at anmino 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:

(v} the polypeptide has redoced mmmunogenicity as compared to a corresponding polypeptide

comprising the starting amino acid sequence; and
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() the variant has from 1 to 9 amino acid substitutions in addition o any amino acid substitution
at amino acids 39-41 of SEQ 1D NG:1 or SEQ ID NO:2 or mustants thercof, wherein cach amino

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 8, T,0,P
56 E G H K, PR
51 T G H KR P QN W
53 C FHEKNGRWY
54 Y G, H, KR, P
56 T G, H K, R, P
135 M ADGENTHRCEPQS
137 Q DE
138 N DEGHPQST
140 R D,EH QA GMMNPESJRY
141 F D,E
143 N AG
173 S G P KD HRT
174 K R
175 A G, HK PR
176 M G H KN R P QW
178 D G NG S TFHKRWY
179 A H KPR
181 W G, H, KR, P
and

(e} when the starting amino acid sequence is avunce acids 1-217 of SEQ IDNO:l any of the 1 t0 §
amaino acid substitutions is optionally 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, LK. NP, QR
218 o C.EN.P,Q. S T,AH W

220 G E.D,F,W, MY

221 S D.E G

223 G D,PE K, NRT

s
i
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8. The polypeptide of claim 7, wherein each of the 1 to 9 amine acid substitutions is

selected from the group of amino acid substinitions set forth below:

Amino Acid # Amino Acid present in the Starting Amino Acid Amino Aad
Sequence Substitutions
48 G H, KR8, 8, T
51 T C.HLERP QN
54 3% G.HLK R, P
56 T G, H KR P
135 M A D, G KN, TH R
140 R DLEH.QAG
141 F DE
143 N A, G
173 S G P K
174 K R
176 M G, H K,N.R
178 B G,N, Q5,7
181 W G.H KR
9. The polypeptide of any one of claims 3-8, wherein the starting amino acid sequence is

selected from amino acids 1-217 of SEQ ID NG: 1, and aming acids 1-217 of SEQ 1D 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 NO:2 or mutants thereof, wherein at least one substitution is present in epitope 1,
comprising amine acids 48-36 of SEQ [D NO:dor SEQ ID NO:2; and wherein at least one substitution is

present in epitope 3, comprising amino acids 173-181 of SEQ ID NO: L, or SEQ ID NO:2,

11 The polypeptide of claion 10, wherein the varaind amino acid sequence bas only two

amino acid substituiions, i addition to any asunc acid substitution at amino acids 39-41 of SEQ 1D NO:

48



WO 2016/090022

PCT/US2015/063476

or SEQ ID NO:2 or mutants thereof; and wherein the substitutions are sciected from the group of two

amino acid substitutions set forth below:

Y 54K and D178N

Y54K and WISIH

Y54K and WIRIR

YS54K and K174R

Y54R and BIT8N "54R and WI8IH YS54R and WIBIR Y54R and K 174R
T56H and DI78N TS6H and WiS1H TS56H and WIRIR T56H and K174R

T56K and 178N

TS6K and WiE1H

T56K and WISIR

T56K and K174R

12, The polvpeptide of any onc of clairas 1-11, consisting essentially of a human or
humasized iovnunoglobulin Fo polypeptide sequence fused either via a peptide linker or directly to the C-

termimis of the variant amino acid sequence.

13. The polypeptide of claum 12, wherein the immunoglobulin Fo polypeptide sequence is the

Fc portion of a buoan fgG.

14 The polypeptide of claim 13, wherein the amino acid sequence of the peptide finker and
Fe portion of human {gG 1s selected from amino acids 218-488 of SEQ ID NO:1, and amino acids 218-
486 of SEQ 1D NO:2,

15. A polypeptide consisting of 2 variant of a starfing amine acid sequence, wherein the
starting amino acid sequenos is selected from SEQ D NO: 1 or SEQ 1D NO:2 and the starting amino acid
sequence 1s modified to remove the putative glycosylation signal at amino acids 39-41 of SEQ [D NO:1
or SEQ D NG:2, wherein the modification 1s selected fron anuno acid substitution of one or more of
N39, A40 and/or T41; deletion of one or more of N39, A4 and/or T41; msertion of one or more anuno

acids between N39 and A40; and insertion of ong or more amine acids between A40 and T41,

16. The polypeptide of claim {5, wherem the modification that removes the putative
glveosylation signal at amino acids 39-41 of SEQ 1D NO: or SEQ 1D NO:2 15 selected from anuno acid

e

substitution of one or more of N3¢ and/or T41.

17. The polypeptide of claim 16, wheremn the modification that removes the putative
glycosylation signal at amino acids 39-41 of SEQ 1D NO:1 or SEQ ID NO:2 is an amuno aicd sobstitution
selected from T41G, T41W, T41H, T41V, T411, T41L, T41R, T41K, T41Y, T41F, T41D, T41E, T41Q,
T41N, and T41A.

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

glycosylation signal at amino acids 39-41 of SEQ D NG: 1 or SEQ D NG:2 15 a T41 G substitution,
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9. The polypeptide of any one of claims 15-18, wherein the starting amino acid sequence is
SEQ 1D NOG:2, and the polypeptide has two amino acid substitutions in addition to any amino acid

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

. e Epitope 1 Epitope 2 Epitope 3

PolspepideNo. B Suinrion  Subattton
75 Y54K None DI78N
76 Y 354K None WISIH
77 Y54K None WIBIR
78 Y 54K Noge Ki74R
79 Y54R None D178N
R0 Y54R None WIRIH
81 Y34R None WIEIR
82 YS4R Nong K174R
83 TS6H None D178N
84 T56H None WIBIH
RS TS6H None WISIR
86 TS6H MNoneg K174R
87 T36K None DI78N
88 TS6K None WIgIH
89 T56K None WIRIR
90 T56K None K174R
20. The polypeptide of claim 19, wherein the polypeptide has the amine acid sequence of

SEQ D NG:S.

21, A pharmaceutical composition comprising the polypeptide of any one of clatms 1-20 and

a pharmaccutically acceptable carrier.

22, The pharmaceutical composition of claim 21, wheremn the composition is formulated for

injection or infusion inte the bloodstream of a patient.

23. The pharmaceutical composition of clatm 21, wherein the compuosition is formulated for

direct administration to the brain or ONS.

24, A method of reducing amyloid or tau protein aggregates in a patient in need thereof,
comprising admioisteriog to the patient an effective amount of the polypeptide of any one of claims 1-1%

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

neurodegenerative discase that is associated with the presence of amyloid or tan protein aggregates.

T

29, The method of clam 24 or claum 25, wherein the patient 1s positive for the biomarker

florbetapir when that biomsarker is used as an imagiog agent in posttron ernission tornography,

27. The method of any one of claims 24-26, wherein the patient is suffering from a
neurodegencrative disease selected from Alzheimer’s disease, which includes early onset Alzheimer's
discase, {ate onset Alzheimer's disease, and presymptomatic Alzheimer's disease, Parkinson’s disease,
SAA amyloidosis, cystatin C, hereditary loelandic syndrome, senibity, moultiple myveloma, prion dissases
tocluding but not himited to kury, Creutzfelde-Jakob discase (CID), Gerstmann-Steaussler-Scheinker
disease (GSS), fatal familial insomma (FF1), scrapic, and bovine spongiform encephalitis (BSE);
amyotrophic fateral sclerosis (ALS), spinocercheliar ataxia (SCATL, SCA3, SCAS, or SCAT), Huntington
discase, entatorubral-palidoluysian atrophy, spinal and bulbar muscular atrophy, hereditary cerebral
arnyloid angiopathy, familial amoyloidosis, British/Danish dementia, farmilial encephalopathy,
Amyotrophic lateral sclerosis/parkinsonism-dementia compiex, Argyrophilic grain dementia,
Corticobasal degeneration, Dementia pugilistica, diffuse neurcfibnllary tangles with caloification,
Down’s syndrome, Gerstmann-Striussier-Scheinker disease, Hallervorden-Spatz disease, Myotonic
dystrophy, Niemang-Pick disease type C, Noo-Guamanian motor neuron disease with seurofibrillary
tangles, Pick’s disease, Postencephalitic parkinsontsm, Prion protein cerebral amyloid angtopathy,
Progressive subcortical gliosis, Progressive supranuciear palsy, Subacute sclerosing panencaphalitis,
Tangle only dementia, frontotemporal lobar degenerations (FTLDs), and frontotemporal lobe dementia
{(FTD) including a patient having one or more of the followmg clinical syndromes: behavioral variant
FTD (bvFTD), progressive non-flucnt aphasia (PNFA), frontotemporal dementia with parkinsomism

hioked to chromosome 17, Progressive Supranucicar Palsy (PSP), and scmantic dementia (SD).

28, The method of clamm 27, wherein the neurodegencrative discase is Parkinson’s disease,

Alzheumer’s disease, or Huntington’s discase.

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

selected from Creutzfeldi-Jakob disease, kury, fatal fanubial insommnia, or Gerstmann-Striussler-Schemker

syadrome,

(]
[U—

A nacleic 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 1 frame with the polypeptide encoding sequence.

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

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

nucleic acid sequence is operatively linked to an expression control sequence 1o the vector.

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

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

expressed polypeptide.

37. A method of making a polypeptide of any one of claims 1-20 cormprising the steps of
cultaring the host cell of claim 335 under conditions safficient to allow expression of the polypeptide; and

1solating the expressed polypeptide.



