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POLYPEPTIDES COMPRISING A MODIFIED BACTERIOPHAGE G3P
AMING ACID SEQUENCE WITH REDUCED IMMUNOGENICITY

{6611 The invention relates to polypeptides that comprise a portion of filamentous
bacteriophage gene 3 protein (g3p) sufficient to bind to and/or disaggregate amyvioid, e.g., the NI-N2Z
poriton of £3p and mutants and fragments thereof, wherein that g3p amino actd sequence has been
modified through amino acid substiiution to be substantially tess immunogenic than the corresponding
witd-type g3p amino acid sequence when used in vive, The polypeptides of the invention retain their
ability to bind and/or disaggregate amyloid. The invention further relates to the use of these g3p-
modified polypeptides in the treatment and/or prevention of diseases associated with mistolding or
aggregation of amyloid.

1602]  Filamentous bacteriophage g3p protein, and in particular the polypeptide portion thereof
comprising the N1-N2 region of g3p has been demonstraied to bind to and disaggregate various amyloids,
such as B-amylold, tau protein, and prion proteins, See co-panding PCT application
POTAIS201 /065793, and US provisional applications US 61/801,349, and US #1/801,449, the
disclosure of each of which is incorparated herein by reference. See also, R Krishnan et sl J 8ol Biol
(2014). Despite that efficacy, it 1 expected that systemic adnvinistration of polypeptides comprising g3p
or the M1-M2 region thereof (o nimans could cause a deleterious immune response. However, none of
these teachings identify specific T cell epitopes that resull in immunogenic propecies of g3p or suggest
ihe specific modifications provided here 1o reduce or climinate these immunogenic properties.

{663]  The efficacy of many recombinant or otherwise non-native therapeutic proteins or
potypeptides may be limited by unwanted fromune reactions of patients to the therapoutic protein or
polypeptide. A principal factor in the induction of an immune response by 4 protein is the presence of T-
cedf gpitopes within the protein, Le., amino acid sequences that can stimulate the activity of T-cells via
presentation on major histoeompatibility complex (MHC) olass H molecules. Teosll epitopes are
commonly definad as any amino acid residue sequence with the ability 1o bind o MHC clags I

molacules. When bound 1o MHC molecules, T-celi epitopes can be recognized by a T-cel recepior
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{TCR), and can cause the activation of T-cells by engaging a T-cell receptor 10 promote a T-cel} response.
it I, however, generally undersiond that certain T-cell epitopes which bind to MHC class H molecules do
not stimutate T-celi response becauss these peptides are recognized as “self” within the organism o
which the protein is administered.

[084]  Some T-cell epitopes may be released as peptides dwring the degradation of the
therapeutic protein or polypeptide within cells and then presented by molecules of the MHC to wigger the
activation of T-cells. For peptides presented by MY class H molecules, such activation of T-cells can
then give rise, for exampie, 1o an antibody reaponse by direct stimolation of B-cells o produce such
antibodies,

{608 MHC class H molecules are a group of highly polvmorphic proteins which play a central
role in helper T-celf sefection and activation. The haman leukocyie antigen group DR (HLA-DR) are the
predominant fsotype of this group of proteins. However, isotypes HLA-DQ and HLA-DP perform similar
tunciions. In humans approximately 74 different allotypes of the DR isotype are known, for D there are
30 different allotypes and for DF 47 different allotypes are known. Each individual bears two to four DR
atleles, two DG and twoe DP alleles.

1086] The immune response 1o a protein or polypeptide in an individuat s heavily influenced
by T-ceil epitope recognition which is a function of the peptide binding specificity of that individual's
HLA-DR ghiotype. In order o identify T-cell epitopes within a protein or polypeptide in the context of 2
global population, # is desirable to consider the binding properties of as diverse a set of HLA-DR
aliotypes as possible, thus covering as high a percentage of the world population as possibie.

{607 T-cell epitope identification is the first step 1o epitope elimination. Methods enabling the
detection of T-cell epitopes are known in the art and are disclosed in WO 98/52976, WO 00/34317,
URZ607/0269435; US 7,208,147, Kem et al, Narwre Medicine 4975-978 {(1998); and Kowok et al., Trends
i Impmunology T2:583-585 (2001}, In these approaches, predicted or identified T-cell epitopes are
remaved by the use of judicious amino acid substitutions within the primary seguence of the therapeutic

priviein or polypeptide. Although these references enable putative identification of Tcell epitopes, the

2
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selection of amino acid substitutions that avoid negative impact on biological activity cannot be
reasonably predicted. That can only ke determined by testing each of the modified polypeptides for such
activity,

f08]  Thus, it would be desirable (o examine and reduce the immunogenicity of the N1-NZ
portion of g3p without destroying its amyloid-binding/disaggregation properties so that a polypeptide
comprising that N1-N2 portion can be chronically administered systemically for therapeutic and/or
diagnestic purposes, The present invention mests this need, by identifying potential T-cell epitopes
within the MI-NZ sequence. The invention further identifies specific aming acids substitutions within
these potential T-cell epitopes to produce a variant N1-N2 sequence that will reduce or eliminate the
tmrnunogenicity of that T-cell epiiope without destroying the ability of the variant N1-NZ to bind to
amyloid, prevent amyloid aggregation, and/or effect disaggregation of amyloid plaques.

B8]  In one embodiment, the invention also provides polypeptides comprising a variant of an
N1-N2 amino acid sequence, or a mutant or fragment thereof, having reduced immuonogenicity due (0 one
or more amino acid substitutions within one or more of the identified T-celf epifopes. o one aspect, the
invention provides fusion proteins comprising the vartant N1-NZ sequence fused to a human
nmumoglobulin Fo region,

{318]  In another embodiment, the invention provides pharmaceutical compositions comprising
the polypeptides of the invention and methods of treating or preventing diseases associated with
misfolded and/or aggregated amyloid proteins by administering such pharmaceutical compositions t¢ g
subject suffering from or susceptible to such disease.

{831} In a further embodiment, the invention provides nucleic actd molecules which code for
the polypeptides of the invention, as well as vectors comprising those nusleie acid molecules and cells
harboring such veciors.

18121  In another embodiment, the invertion provides methods for producing the polypeptides
of the invention. In particular, such methods employ the nucleic acid molecules and/or cells harboring a

vecior that comprises such nucleic acid molecules.
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BRIEF DESCRIPTION OF THE FIGURES

{313]  FIG. 3 presents the amine acid sequence of an IN1-N2-higG1-Fe fusion prowein (SEQ 1D
WO with five T-cell epiiopes identified by bold and underline. Aming acids 1-217 constitute the N1-
N2 portion of the wild-type g3p sequence. Amino acids 218-256 represent a linker region consisting of
the wild-type g3p glycine-rich N2-C-terminal Hinker prosent in M13 bacteriophage. This region is
identified by shading. Amino acids 257-261 represent amine acids encoded by the muitiple cloning site
usad to construct 2 nucleic acid molecule sncoding the fusion protein. The IgG-Fe portion of the protein
hegins at amino acid 262,

{814] FIG. 2 presents the amino acid sequence of an alternate embodiment of a g3p-higGi-Fo
fusion protein (SEQ 1D KO with four T-cell epitopes identified by underline. The fifth T-cell epitope
has been eliminated by deletion of amino acids corresponding to amine acids 258 and 259 of SEQ ID
NG

{015} FI1G. 3 presents the amino acid sequence of another shternate embodiment of a glp-
hlgGi-Fe fusion protein (SEQ 1D NO:3) with three T-celi epitopes identified by bold and underiine. The
fourth T-cell epitope has heen eliminated by substitution of V2135A and G220F as compared 1o SEQ 1D
NO: 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.

{816 FIG, 44 prosents 2 DNA sequence (SEQ 1D NG:4) encoding the glp-higG1-Fe fusion
protein of SEQ 1D WO with a N-terminal mammalian signal sequence. FI1G, 48 presents a DNA
sequence (SEQ 1D NG5 encoding the gdp-higGl-Fo fusion protein of SEQ 1D NO:2 with a N-terminal
mammalian signal sequence.

{017 ¥ 5 presents a BMA sequence (SEQ 1D NO8S) encoding the g3p-higG1-Fe fusion
protein of SEQ ID NG:3 with a N-terminal mammalian signal sequence,

[B18] FIG. 6 provides a comparison of the frequency of donor allotypes expressed in the study

described in Example 1.

N
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(119]  FIG, 7 presents the amine acid sequence of ancther alternate embodiment of a g3p-
Hlgl-Fo fusion protein (REQ 1D NO:TY with three T-cell epitopes identified by bold and underline. The
fourth T-cell epitope has been eliminated by 2 V2150 subatitution as compared to SEQ H3 MO:L

{628] FIC. B presents 3 DNA sequence (SEQ 1D NO®) encoding the g3p-higlG1-Fe fusion
protein of SEG 1D NOT with a N-terminal mammalian signal sequence.

DETAILED DESCRIPTION OF THE INVENTION

{02311  In the present application the term “modified” (and Hs cognates) with respect ic a
reference funmodified) amine acld or nuclels acid sequence refers to a sequence that containg one or more
aming acids substitutions or corresponding substitution of codons. A modification does not necessarily
require physical manipulation of the reference sequence. As long a8 a sequence containg such
substitutions as compared to a reference sequence it will be considered “modified” regardiess of how it
was synthesized. The term “variant” refers 1o an aming acid or nucleic actd sequence that has been
modified to reduce immunogenicily as compared o the reference sequence. As used herein, a “variant
230 or “variant N1-N2refers to an aming acid sequence {or the nucleic acid sequence encodes it) that
comprises {a) an W1-N2 portion of filamentous bacieriophage @3p profein {e.g., amino acids 1217 of
SEQ ID WO, or (b} a mutant or fragment of that amine acid sequence {g.g., aming acids 1-217 of 3EQ
1D MO:3) that binds to and/or disaggregates amyloid, wherein the amino acid sequence {or the nucleis
acid sequence that encodes it} has been modifled to redoce immunogenicity as compared to the reference
{unmodified) amino acid sequence; and wherein the modifications consists of | 19 9 aming acid
substifutions selected from the group of amine acid substitutions set forth in any of Table |, Table 2,
Table 6 or Table 7, or a corresponding substitition, The term “corresponding substitution” as used herein
means a suhstitution in a mutant or fragment of aminoe actds 1-217 of SEQ 10 MO:T that corresponds o
the equivalont aming acld substitution in Table 1, Table 2, Tabie 6 or Table 7 when such mutant or
fragment is aligned with aming acids 12217 of SEQ D NO:L

(G221 Anexvample of a fragment of amine acids 1-217 of SEQ 1D MO that binds to and/or

disaggregates amvloid includes, but is not Himited o, any fragment thet comprises amino acids 1-67 of

ol b
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SEQ I NGO Example of mutants of amino acids §-217 of SEQ HI MO that bind to and/or
disaggregate amyloid include, but are not limited tor (1} amwing acids 1-217 of SEQ ID NG:3; () amino
acide 1-217 of SEQ I NG, amine acids 1-217 of SEQ 1D MNOS, or amine acids 1-217 of SEQ ID NGY
bearing substitution of VVV at amino acids 43-43 with AAA; (3} amino acids 1-217 of SEQ 1D NOey,
aming acids 12217 of SEG 1D NG:3, or amino acids 12217 of SE 1D NO:7 baving the substitotion
C53W, {4y aming actds £-217 of SEG D NO:E, amine acids 1-217 of SEQ 1D NG:3, or amino acids 1-
217 of SEQ D MNOT having a deletion of aming acids 96~103; (5) amine acids 1-217 of SEQ 1D NG,
amino acids 1217 of SEQ 1D NO3, or andno acids 1-217 of SEQ ID NOWT bearing the substitution of
3PP at amino acids 212-214 with AGA; (6} aminoe acids 1.217 of SEQ ID NG, amine acids 12217 of
SEQ D WNGS, or amine acids 1-217 of SEQ H NOHT having the substitutions WIS1A, F1904 and
F1944; (7 other active mutanta and fragments disclosed in PCT/AIS2012/066793; (8) amino acids 1-217
of SEQ 1D NO:T (9 amine acids 2-217 of SEQ D MO, amine acids 2-217 of SEQ I N3, or aminoe
acids 2-217 of SEGQ 1D NOGT; (10 amine acids 3-217 of SEQ I3 NG, amino acids 3-217 of SEQ 1D
N3, or amino acids 32217 of SEQ 1T MO

i833]  The NI-M2 portion of fitarnentous bacteriophage g3p protein has previously been shown
to possess amylold binding and disaggregation properties {see PCT/URZGIZ/A66743), The N1-M2 portion
of native M13 phage is represented by amine acids 1-217 of SEQ 1D NG, The same NI1-MN2 aming acid
sequence is alao present in fd and £ filamentous bactenophage. 1t should ba understond that aming acids
21E-256 of SEQ 1D NO:T are also pant of the native 23p sequence and are typically referred 1o as the
giveine-rich linker connecting the N2 region of g3p to the C-arminal domain of g3p {CT7, also known as
the N3 domain. Amine acids Z57-261 of SE(G 1D N represent amino acids encodad by the multiple
cioning site used to construct a nucleic acid molecule encoding the fusion protein of SEQ 1D NG:LL
Polypeptides

{8241 Thuos, in one embodiment, the invention provides a polypeptide comprising a variant g3p
or variant N1-NZ. A more specific embediment of the invention provides a polypeptide comprising 2

variant of a starting amino acid sequence selected from amino acids 1-217 of BEQ ID NG, amino acids
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{217 of SEQ D NG-3, and aming acids 12217 of SEG ID NG, wherein: {a) the polypeptide binds 1o
and/or disaggregates amyioid; (b} the pohypeptide has reduced bmmunoganiclly as compared 1o a
corresponding polypeptide comprising the starting amino acid sequence; and (¢} the variant has from 1 1o
G aminc acid substitutions as compared to the starting amine acid sequence, wherein each amino acid
substitution is selected from the group of amino acid substitutions set forth in Table | and Table 2. The
term “corresponding polypeptide comprising the starting amino acid sequence” as used herein means a
polypeptide which, except for the substitution(s), has the same amine acid sequence as the polypaptide
cormprising the starting aming acid sequencs,

Yable 1. Deimmunizing Amine Acid Substinitions to Amino Acids 1-217 of SEQ D NG, SEQ D
N, SEGID MNO:3 ar SHQ D MO,

B N N TN
1 48 s H KR ST
i " _"f. _%-fa ER %} ex
i i:? , }; """ ) %« }% U fk -
e — \\\\\\\\\\\\Wﬁ
“““ 3 174 X R I
—— 5 SR
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Table 2. Alternate or Additional De-Inmununizing Amino Acid Substitutions to Amine Acids 1-217 of
SEQ D NG, SEC D N2, SEGID WG:3 or SEQ NG

Epiiepe Amine Acid # Aming Acd present at Substitution
. the indicatled Amino
Acid # of SE€3 11} NO: 1%

VVVVV i 48 G Y
i : S@ i 2 ii; HKBR
E “ F, i K N Q K, W, Y
i i g; VVVVVV g """ g i(; H‘ P G, 5.7
= vvvvvvvvvv
L — A —
2 ggg W

*In Tables 1 and 2, each of the indicated amine aclds is the same in SEQ IDNOS: 1, 3and 7

{1281 The amino acid substitutions set forth in Tables 1 and 2 were derived by identifving the
T-zeli epitopes present completely within the NE-DM2 amino acid sequence. This was done by incubating
different overlapping peptide portions of the N1-N2 sequence againat the peripheral blood mononuciear
cells (PBMC} from a eohort of community blood donors best representing the world population of HLA-
DR alloiypes 1o identify the potential T-cell epitopes. This information was then subjecied to software
anaiysis against a database of known T-cell epitapes to identtly optimal aming acld subsiiturions within
those poteniial epitopes. These procedures are deseribed in detall in the Examples,

f026] 1o one aspect of these embodiments, the 1-9 aming acid substititions are selected fram
those set forth in Table 1. In & more specific aspect of the embodiment set forth above, the polypeptide

comprises a variant of amino acids 1-217 SEQ D NG or a variant of amino acids 1-217 of SEG 1D
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W3, or a variant of amine acids 1-217 3B D NG7 having only g speeific single amino acid

substittion, wherein the substitution 15 selected from one of the substitutions set forth in Table 3

Table 3. Specific De-Immunizing Single Aming Acid Substitutions in Amino Acids 1-217 of SEG 1D
MO0, Amino Acids 1217 of SEGIDNDS, or Amine Acids E-217 of SEC IDNG7

gastl [0 GASK (48R G4RS
_______ G4BT TSIG T51H 131K
T51P T5IR TS0 PSIN
V4G Y S4H Y 4K Y 54p )
________________ YS4R T56G _T36H T36K
T56P T36R MI35A MI3SE
M135G MIZSH MI3SK MI35N
__________________ MIISR MIST R140A 71400
RI40E R140G Ri40H R140Q
Fl41D Fi4lE Ni434 Mi43G
81730 Si7ap M 176G M176H
MIT6E M176N Dige D178N
DITRG D788 WI1B1G WIBTH
.................. WISIK WislR LBIT3E K174R
MIT6R oigr )
71 In some embodiments, the polypeptide comprises a variant of amine acids 1-217 SEQ 1D

MO or a variant of amino acids 1-217 of SEQ IDINGS, ora

variant of aming acids 1-217 of SEQ 1D

NO:T baving 2-9 aminoe acid substitutions, whereln the substitutions are in at least two of epitopes 1, 2

and 3, and wherein the sobstitutions are selected from those set forth in Tables 1 and 2. In a more apacific
aspect, at least two substifutions in the variant of amine acids 1-217 SEQ 1D NG or the variant of aming
acids 1-217 of SEQ 1D NO:3 or the variant of amino acids 1-217 of SEQ 1D NOLT are selecied from those
ot forth in Table 1. In an even more specific aspect the polypeptide comprises a variant of SEQ 1D NG
of BEG D NGE3 or SEQ D NOT that has only two amino acid substitutions, wherein the substitutions
are selected from any of the apecific two amine acid substitutions set forth in Table 4

Table 4. Specific De-Imimunizing Two Amine Acid Substitutions in Amino Acids 1-217 of SEQ 1D
NG, Aminoe Acids 12217 of SEQ 1D NO3, or Amine Acide 12217 of 3EQ 1D RGT:

Y EAK and MK

Y354K and M1357
Y 54R and R14H}

WS4R and M135K

TS6H and M135T

T86H and M135K

T56H and RIA00 | 56K and MIZSK | 56K and MI3ST 1 TaaK and RIGGG
Yad and DI7EN | V34K and WIBIH | 54k and WIBTR V3K and K174R

YS4R and KIT4R

YSAR and B174N

Y 5 and ¥
Ta6H and WI8IR
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TS6K and D178N

T56I and WIB1H

T56K and WiBIR

1561 and EE7 AR

M135K and DITEN

MI3SK and WiGIH

MI35K snd WIBIR

MI35K and K 1748

MI35T and D 78N

M135T and WiRIH

M135T and WISIR

MI3ST and K174R

R14003 and 178N

1400 and WiSIR

RI400 and K174R

{68281  In another embodiment, the polypeptide comprises a variant of amino acids 1-217 SEQ
D MO or a variant of amine acids 12217 of SEQ 1D NO:3, or a variant of amine acids 1-217 of SEQ 1D
}OHT, baving 3-9 amino acid substituiions, wherein at least one aming acid substitution is in cach of
epttopes 1, 2 and 3, and wherein the substitutions are selected from substitutions set forth in Table | and
Tabla 2. In a more specitic aspect, at feasi three amine acids substitution in the variant of amino acids 1-
217 SEQ D NG or the variant of amino acids 1-217 of SEG 1D NO:3, or the variant of mmino acids 1-
217 of SEQ [0 NO:T are selected from substitutions set forth in Table 2. In an even move specific aspaci,
the polypeptide comprising the variant of aming acids 1-217 SEQ 1D NG or the variant of anino acids
1-217 of SEG 1D N3 | or the variant of amino acids 12217 of 3EG 1D KG:7 has only three aming acid
substitutions, wherein the substitutions are selccted from any of the specific three amino acid substitutions
set forth in Tabie 5.

Table 8, Specific De-lmmunizing Three Aming Acid Substitutions in Amino Acids 1-213 of SEQ D
MG, Amine Acids 1-217 of SEQ 1D NG:3, or Aming Acids 1-217 of SEQ 1D NO:T:

CUVEAR, MIZ5K and | Y34K, M13AT and Y SAK, R140G and YE4R, MI35K and
D178N DI7AN DI7EN DI7EN
Ya4R, M135T and Y541, R1400 and TS6H, M135K and T56H, MI35T and
DI7T8N | DI7TEN D178 D17EN
Ta6H, R1400 and T56K, M135K and T36K, #1357 and T36K, B 140C and
DI78N Dy7eN D178 ) £3178N
Ya4K, M135K and Y 34K, Mi335T and Y 54% R140GC and Y SAR, M135H and
WigiH WigiH WisiH WIS
Y 54K, M135T and Y 54R, R1400) and T56H, Mi35K and TS6H, M135T and
WiZiH WIg1H WisiH W1gIH
T56H, R140Q and TS6k, M13SE and T56K, M135T and T36K, R140C and
ﬂﬂﬂﬂﬂ WiklH Wig1H  WISIH ) WigiH
V543, Mi35K and V54K, M135T and YVSAK, R140G and | YS54R, Mi3sK and
e ABIR WIBIR WISIR WIEIR
Ya4R, 8M135T and | Y541, R1400 and TS6H, M135K and TSH, MI3ST and |
W1BIR WigiR WISiR WIRIR
T36H, R1400 and T36K, MI35K and Ts6K, Mid5Tand | T36K, R140Q and
_ WigiR WIBIR WIsiR WISIR
Y A4, M135K and Y341, Mi35T and VSAR, R140Q and | Y S4R, MI35K and
KI748 Ki74R KiTAaR O 0 K1748
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| Y34R, MI35T and VR R{0Qand ] TS6H MI35Kand | T36H, MI35T and |
s K174R KI74R KI7T4R L KITAR

| TS6H, R140Q and T56K, M135K and T56K, MI35T and T56K, R1400Q) and
- Kingp KiT4g K 174K KI74R

[328]  In another embodiment, the invention provides a pelypeptide comprising 2 g3p variant
wherein one of the | to 9 substitution is a substitution in epitope 4 selected from VZI5A, V2155, V215G
or V28T, V2I5C, Y2150, V2ISE, V2ISF, V215K, V215K, V2SN, VZ18P, V2150, or VZISR, Instill
another embodiment, the invention provides a polypeptide comprising a variant of amino acids 1-217 of
SEQ 1D NGO, wherein one of the 1 to 9 substitutions i & substibstion in epitope 4 selected from VIISA,
VIIAS, V215G, VZI5T, V215C, V215D, V21585, VIISF, V2I5H, VR13K, V215N, V21I5P, VI8, or
V215R. Through testing of overlapping potential T-cell epitape peptide portions of the Ni-M2 sequance,
applicants have determined that V215 in SEC 1D NGO is part of a potential T-cell epitope (epitope 4 in
FIG. 1) spanning amine aeids 215-223 of SEG 1D (the end of N2 through a portion of the glycine-rich
tinker), Y2154 and G220F substitutions in epitope 4 (ses SEQ 10 140:3) do not affect the ability of the
pobypeptide to bind to amyloid, but subsequent analysia suggested that one or both of these subsatitutions
when combined with certain of the changes indicated in Tables 1 and 2 in cach of epitopes 1, 2 and 3
reduce the ability of the resulting polypeptide to disaggregate amyicid, A single VZ13G substitution in

epttope 4 as compared to SEQ I3 MO {seq SEQ 1D NOT) did not affect the ability of the polypeptide to
bind to or disaggregate amyloid, Bach of these epitope 4 substitutions were predicted by software and
database analyais to eliminate the T-cell epitope. Each of the other substifutions for V21§ set forth sbove
are shimilarly predicted to eliminate the T-cell epitope, while having little or no affect on amyloid binding,

1838]  In a more specific aspect, the polypeptide comprising a variant of aming acids 1-217 SEQ
£ MO has any one of the V215 substitutions set forth above, as well as 1-8 of the amino acid
subatitutions set forth in Table 1 or Table 2. In an even more specific embodiment, the 1-8 aming acid
substitutions are selected from thase set forth in Table 1. In an even more specific aspect, the polypeptide
has any one of the V215 substitutions set forth above, and one additional single amino acid substitution

selecied from those set forth in Table 3. In a mors specific aspect, the polypeptide comprising a variant
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of amnine acids 1-217 SEQ 1D NO:T has any one of the V215 substitutions set forth above and 2-8
additional amine acid substitutions, wherein the additional substiiutions are in at least two of epitopes 1, 2
and 3, and wherain the substitutions are selected from those set forth in Table 1 or Table 2. Inan sven
more specific embodiment, the at least one substitution in at teast two of epitopes 1, 2 and 3, is selecied
from the substitutions set forth in Table 1. fn a still more specific embodiment, the polypeptide bas one

of the V215 substitutions set forth above, and one of the specific two amine acid substituiions set forth in

{831  In amore specific aspect, the polypeptide comprising a variant of amino acids 12217 SEQ
HD NG has any one the V215 substitutions set forth above, and 3-8 additional amino acid substitutions
selected from those set forth in Table 1 or Table 2, wherein each of epitopes 1, Z and 3, comprise one of
the additional substitutions, In an even more specific embodiment, the substitution in each of epitopes |,
2 and 3, is selected from those set forth in Table 1. B oa still more spacific embodiment, the polypeptide
has one of the V215 substitutions set forth sbove, and one of the specific three amino acid substitutions

forth in Table 5. In an even more apecific embodiment, the polypeptide has a2 V215G substitution and
thres amino acid substitutions selectad from: T36H, MI3SE and DE78M; T36K, MI35K and DI7EN
TSBK, MI3ST and DTN, T36H, M135K and WIBIR; TS6H, MI35T and WIIR; V34K, MI135T and
KIT4R; YS4R, MIASK and KIT4R; YS4R, MI35T and K174R; TA6H, MI33K and K174R; and T36H,
MI3ST and K174R.

(832} In another embodiment, the polypeptide of the invention is a fusion protein consisting
essentially of a human or humanized immunoglobulin Fo polypeptide sequence fused via g peptide linker
or divectly to the Cterminus of the varfant g3p aming acid sequence. The term “peptide linker” as used
hierein refers to a series of consecutive aming acids that will not interfere with the function of the
polvpeptide. As set forth above, in SEQ 1D NOs: 1-3 and 7, amino acids 218-256 represent the glycine-
rich linker that is normally preserd in the M13 g3p protein, That linker may be used or a different linker
may be substituted therefor in the polypeptides of the invention, Alternatively, the Fe polypaptide
seruence may be linked directly to the last amino acid encoding N2 {e.g., aming acid 217 of SEQ 1D NOs

12
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-3} The choice of linker sequence andfor its absence may be made by those of skilt in the art teking into
account vectors available for the recombinant expression of the polypeptide of the invention, and any
secondary or tertiary structure such a linker may impart to the polypeptide. In ove aspect of this
erahodiment, the Fe polypeptide is the Fe portion of 2 human 1g5. In a more specific aspect the
polypeptide is a varfant of 3BEQ 1D MO, SEQ D NO:2, SEQ D NG or SEQ ID MO having the | 1o
9 amino acid residue substitutions therein selected from the group of amino actd substittions set forth in
Tahle |, Table 2, or Table 6, or Table 7, below:

Table 6. Deimmunizing Amino Acid Substitutions to Aming Acids 215-223 of SEQ D NOL

Epiiope Arsine Acid # Amine Acid presentin | Substitution
Aming Acids 12158 of
SEQID NG 1

4 2158 Y AR R GYT

4 218 e CCOE N PO ST
4 334 . £ SOV ER R W i
4 221 8 DB G

4 223 & oDy

Table 7. Aliernate and Additional Detmmunizing Amine Acid Substitutions to Amino Acids 215-223 of
SEGID NG or 8EQ D NG,

Epitope Tamine Acd # | Amino Acd present in ' Substitution
Amine Acids 3215 of
SELE I MNOs 1-3

4 315 1B (FEIRE TEDETH XN RO
4 718 e AH W '
4 226 a0 M, Y

PR 233 e ERMNR T

contain a further substitution at thess amino acid residoes.
¥ Y2150 substitution 15 already present in SEQ 10 N7 so that & variant of SEQ ID NG7 wouid not
contain a further substituiion at these amino acid residucs.

10331 In an even more specific aspact, the polypeptide is a variant of SEQ 1D NG, or SEQ D
N2, having 2-9 amine acid substingtions, wherein one of the substitutions is a substitution set forth in

Table 6 and Tabls 7; and at least one of the substitutions is a substitution set forth in Table T and Table 2.

13
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In a meove specific aspact, the polypeptide is a variant of 8EQ TR MNO:, or SEQ D NOG2 and hag 2-9
ansino acid substitutions; at least one of the substitutions set forth in Table 6; and at least one ot the
substitutions set forth in Table 1. In another mora specific aspect, the polypeptide i1s a variant of 3EQ D
N1, or SEQ 1D MNO:Z and has 3-9 aming acid substittions, wherein at least one of the substifutions is
selected from substitutions set forth in Table 8 and Table 7, and wherein at least two of epitopes 1, 2, and
3 contain at jeast one substitution selected from the substitutions set forth in Table | and Table 2. fna
more specific aspact, the polypeptide is a variant of 8EQ 1D NG, or 8EQ 1D NG:2 and hag at least one
of the substitutions set forth in Table 6 and at least one substilution in at least two of epitopes 1, 2 and 3
selectad from the subatittions set forth in Table 1. In another more specific aspect, the polypeptide is a
variant of SEQ 1D NG, or SEQ 1D NG:2 and has 4-9 amino acid substitutions; at least one of
aubstitutions set forth in Table 6 and Table 7, and al least one substitution in each of epitopes 1, 2 and 3
selected from the substitutions set forth in Table | and Table 2. In a more specific aspect, the polypeptide
ia a variant of SEQ ID NG, or SEG ID NG:2 and has at least one of the substitutions set forth in Table 6
and at least one substitution in each of epitopes 1, 2 and 3 selected from those set forthin Table 1. In
another more specific aspect, the polypeptide is a variant of SEQ ID N1, or SEG 1D NOZ and has at
fsast one of substitutions set forth in Table 8; and al least one of the spenific sobstitutions one, two or
three amino actd substitutions set farth in Table 3, Table 4 or Table S, respectively. In stili another more
specific aspect of this embodiment, the polypeptide is a variant of 3EQ D NG, or SEQ 1D NOZ and
has only one of the amine acid substitutions set forth in Table 6 and only one, two or three additional
amine acid substitutions selected from one of the specific one, two or three amine acid substitutions set
forth in Table 3, Table 4 or Table 5, respectively.

1034] in an alternate embodiment, the polvpeptide s 2 variant of SEQ 1D NO:3 or SEQ I3
MO:7 and has 1 1o 9 amino acid residue substitutions sefecied from the group of aming acid substitutions
set forth in Table 1, and Table 2. In a more specific aspect, al least one substitution is set forth in Table 1.
fny another more specific aspect, the polypeptide is a varfant of SEQ 1 MG:3 or SEQ 13 MO and has 2-

8 amino acid substitutions and af least one substitution in at Jeast two of epitopes 1, 2 and 3 selected from
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any of the substitutions set fowth in Table | and 2. In a more specific aspect, at teast one substitution in at
least two of epitopes 1, 2 and 3 is selected from those set forth in Table 1. In another more specific
aspect, the polypentide is a variant of SBQ I N3 or SEQ 1D NO:7 and has 3-9 amins acid
substifutions, wherein at teast one substitution is in cach of epitopes 1, 2 and 3 and is selected from any of
the substitutions set forth in Table | and 2. In a move specific aspect, the at least one substiiotion in each
of epitopes 1, Z and 3 s selecied from those set forth in Table 1. 1o 2n even more specific embodiment,
the polypeptide is a variant of SEQ 1D NG:3 or SEQ 1D NO:7 and has only one, two or three aming acid
substitutions selected from one of the specific one, two or three amine acid substitutions set forth in Table
3, Table 4 or Table 5, respactively.

{0351 In another embodiment, the polypeptide of the invertion is a variant of SEQ ID NG 3 or
SEQ ID NOWT having only 2 aming acid substitutions selected from any of the specific two amino acid
substitutions sef forth in Table 4. In another embodiment, the polypeptide of the Invention is a variant of
SECQHD WNG3 or 8EQ 1D MO having only 3 amine acid substitutions selected from any of the specific
threa amino acid subsiifutions set forth in Table 5. In a more specific embodiment, the polypepiide of the
invention is a variant of 8EQ 1D MO having only 3 amine acid substitutions selected from any of the
specific three amino acid substitutions set forth in Table 5. In another more specific embodiment, the
polypeptide of the invantion is a variant of SEQ 1D NG:7 having only 3 aming acid substilutions selected
from any of the following sets of specific three amino acid substitutions: TS6H, MI35K and DTEN;
T36K, MI35K and DITEN; T56K, MI35T and DI78N; T36H, MI133K and WIBIR; T36H, M135T and
WISIR; Y54K, MI35T and K174K; Y548, MI3SE and K I174R;Y34R, MI135T and K174R; T56H,
MI33K and K174R; and TS6H, MI35T and K174R.
Nucleic Acid Molecales, Beguences, Vectors and Host Cells

{836]  In other embodiments, the inventon provides an isolated nucleic actd modecule that
comprises a nucleic acid sequence coding for any of the polypeptides or fusion proteins comprising a glp
vartant deseribed above. In one aspect of this embediment, the isolated nucleic acid molecule comprises

a variant of nucleotides 64-714 of 8EQ [y NO4, that s modified by 1-9 codon substitutions, whersin
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each codon substitition corresponds o an amine acid substitution selected from the substitutions set forth
in Table 1, and Table 2, and any one of the following Y215 amine acid substitutions: V2134, V21385,
2EVSG or VST, V215G, V2150, V213K, VZISE, V2I5H, V215K, V215K, V215F, V2150, and
V213K, In an even more specific aspect of theae embodiments the variant nucleic acid sequence is
madified by one codon substitution selecied to code for any one of the V213 amino acid substitutions set
forth above; and from 1-3 additional codon subsiitutions, wherein each of the additional codon
substitutions is selected 1 code for 2n amino acid sobstitution set forth In Table 1. In a still more specific
aspect of these embodiments the vartant nucleic acid sequence is moditied by one codon substitution
selected fo code for any one of the V213 amino acid substitutions set forth above; and from 2-8 additional
codon substitetions, whergin each sdditional codon substitutions encedes an amuno acid substitution set
forth in Tabie 1, and a codon substitution is present in each of at least two of epitopes 1, 2 and 3. Ina siili
more specitic embodiment, the variant nucleic acid sequence is modified by one codon substitution
selecied to code for any one of the Y215 amino acid substitutions set forth above; and from 3-8 additional
cadon substifutions, wherein each additional codon substitution encodes an aming acid substifution set
forth in Table 1, and & codon substitution is present in each of epitopes 1, 2 and 3. In a still more spacific
embadiment, the variant nucleic acid sequence is modified by one codon substitution selected to code for
a Y2154 aming actd substitution; and one additionsl codon substitution selectad to code for one of the
single armnine acid subsiifutions set forth in Table 3. In a still more specific embodiment, the variand
nucieic ackd sequence is modified by one codon subsiitution selected to code for a V215G amine acid
substitution; and one sdditional cadon substitution selected 1o code for one of the single aming acid
substiiutions set forth in Table 3. In another specific embadiment, the variant nucieic acid sequence is
maodified by one codon substitution sefected to code for 2 V213A aming acid subsiiiution set forth above;
and two sdditional codon substitutions selected to code for one of the spacific two amino agid
substitutions set forth in Table 4. In another specific embodiment, the variant nucleic acid sequence is
modiiied by one codon substitution selected to code for a V215G amino acid substitution set forth above;

and two additional codon substitutions selecied (0 code for one of the specific two amino acid
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substitutions set forth in Table 4. In & still more spacific embodiment, the variant nucleic acid sequence s
modified by one codon substitution selected 1o code for a V215 amino actd substibtion set forth above;
and three additional codon substitutions selected to code fir one of the specitic thres aming acid
substitutions set forth in Table 5. In & still more specitic embodiment, the variant nuclele acid sequence is
maodified by one codon substitution selected 1o code for a V215G amine acid substitution set forth above;
and three additional codon substitutions selected to code for one of the specific three aming acid
substitutions set forth in Table 5.

{637} In still other embodiments, the jsolated nucleic acid molecule comprises a variant of
nucleotides 64-1530 of SEQ 1 NG or nucieotides 64-1524 of SEQ ID NG5, wherein the sequence is
madified by 1-9 codon substititions, wherein sach codon substitution corresponds to an aming acid
substitution selected from the substitutions set forth in Table 1, Table 2, and any one of the following
Y215 anuno acid substitutions: V2158, V215G or VZ15T, V215C, V215D, V2158, VZ15F, V215H,
V215K, V215K, VZI3P, V2150, and Y2I5R, Tn a more specific embodiment, sach codon substitution
corresponds 1o an amino acid substitution selecied from the substitutions st 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 from §-8 additional codon substitutions, wherein 2ach of the additional
codon substitutions corresponds 0 an amino acid substitution selected from the substitotions set forth in
Table §. In 3 more specific aspect, the variant bas one additional codon substitution corresponding 1o one
of the specific one amine acld substitutions set forth in Table 3. In a stil more specific embodiment, the
variant of nucleotides 64-15380 of SEQ D NGO, ar nucleotides 84-1524 of SEQID NGS5 has s
modification that consists of one codon substitution selected to code for any one of the V215 amino acid
substitution set forth above; and from 2-3 additional codon substiiutions, wherein each additional codon
substitution corvesponds to an amino acid substitution set forth in Table 1, and 2 codon substitation 18
present in each of at least two of epiiopes 1, 2 and 3. In a more speeitic aspest, the variant has two

additional codon substitutions corresponding to one of the specific two amine acid substitutions set forth
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in Table 4. In a stll moore specific embodimant, the variant of any one of nuclestides 541530 of 3EQ 1D
M4, or nuclestides 64-1324 of SEQ 13 MO:S, has a madificetion that consists of one codon substitution
selected to code for any one of the V2158 amine acid substitution set forth above; and from 3-8 additional
coden subsiitutions, wherein each additional codon substitution corresponds 10 an amino acid substitution
set forth in Table 1, and 2 codon substitution is present in each of epitopes 1, 2 and 3. In & more specific
aspect, the variant has three additions] codon substitufions corresponding to one of the specific three
amine acid substitutions set forth in Table 3.

[838]  In still other embodiments, the fsolated nucleic acid molecule comprises a variant of
nucleotides 64-1524 of SEQ 1D NO:6 or nuclentides 64-1524 of 3EQ 1D NGHE, wherein the variant
nucieie acid aequence 1s medified by 1-9 codon aubstitutions, wherein each codon substifution
corresporids 1o an aming acid substiution selected from the substitutions set forth in Table 1 or Table 2.
in a more specific embodiment, each codon substitution corresponds to an amine acid substitution
selected from the substiiutions set forth in Table 1. In an even more specific ambodiment, the variant has
one codon substitition corresponding to one of the specific ane amino acid substivetions set forth in Table
3. in g atill more apecific embodiment, the variant of nucleotides 64-1524 of SEQ 11 NO:6 or nuclentides
64-1524 of SEG ID NG:§ is modified by 2-8 codon substitutions, wherein cach codon substitution
corresponds 1o an amine acld substitution set forth in Table 1, and g codon substitution is present iv each
of at ieast two of epitopes 1, 2 and 3. In a more specific aspecy, the variant has two additional codon
substitutions corresponding 1o one of the apecific two amino acid substitutions set forth in Tabic 4. Ina
st more specific embodiment, the variant of nuclectides 64-1524 of SEQ 1D MNO:6 or nucleotides 54-
1524 of SEG I N8 is modified by 3-8 codon substniutions, wherein each codon substilution
correspords 10 an aming acid subatitution set forth in Table 1, and a codon substitntion is present in each
of epitopas 1, 2 and 3. o 2 more specific aspeact, the variant has three additional codon substitations
corresponding o one of the specific three amine acid substitutions set forth in Table 3. In an even more
specific aspect, the variant has three additional codon substitutions corresponding to one of the following
specific sets of three aminoe acid substitutions: T56H, M135K and DI78M; TS6K, MI133K and DITEN;
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TEOR, MIZST and DE7EM; TS6H, MI35K and WIEIR; T56H, MI35T and WIBIR; YS54K, MI35T and
FOI74R: YH4R, MI35SK and KIT4RY54R, MI3ST and K174K; T36H, Mi35SK and K174R; and T56H,
BMI3ST and K174R.

381 In stilt gther embodiments of the nucleic acid molecules of the invention, the nucleic acid
mecule further comprises nucleic acid sequences encoding a signal sequence fused in phase and directly
1o the 537 end of the nucleie acid sequence encoding the variant gip. In one aspect of these embodiments,
the nucleic actd sequance encoding the signal sequence is nucleotides 1-63 of SEQ HI MO4.

1840] The nucicic acid molecules of the invention encompass nucleic acid sequences that are
degenerative to, but encode the same aming acld sequence as encoded by any of the nucieic soid nucleic
acid molecules describad above.

(341} Forrecombinam production, any of the nucleic acid melecules of the invention may be
ingeried info an appropriate expression vector which contains the necessary elements for the transeription
and translation of the inserted coding sequence, or in ihe cage of an RMA viral vector, the necessary
elements for replication and trarslation. The encading nucleie acid is inserted into the vector In proper
reading frame. Accordingly, the invention provides vectors comprising nueleic acid molecnle and
seqrences of the invention. Such vectors include, bt are not imited to, DNA vectors, phage vectors,
viral vectors, retroviral veciors, ete. The cholce of appropriate veetor in which o clons the nucleic acid
molecules and sequences of the ivvention may be made by those of skill in the art using well-known
knowledge of the compatibility of the veetor with the chosen host cell in which to camy out expression.
This may be done in any of mammalian cells, plant cells, insect cells, bacterial cells, yeast cells, etc.
Appropriate vectors for each of these cell types are well-known in the art and are generally commercially
available.

(342}  In ancther embodiment, the invention provides a host cell harboring the vector containing
s nucleic acid molecols or nucleic acid sequence of the invention, Methods of transfecting or
rransforming or otherwise getiing a veotor of the invention into a host cell are known in the art, A cell

harhoring the vector, when culiured under appropriate conditions, wili produce the polvpeptides of the
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invention, Spacific exampies of vectors and celis used for the recombinant production of the polypeptides
of the invention are set forth in the exarople section below,

Pharmaceutical Compositions

043} 1 some ernbodiments, the invention provides & pharmaceutical composition comprising
any polypeptide or fusion protein comprising a vartant ¢3p, optionally togsther with a pharmaceutically
acceptable carrier, difuent or excipient, A "pharmaceutical composition” refers to 3 therapeutically
effective amount of & composition as described herein with a physiologically suitable carrier and/or
excipient. A pharmaceutical composition does not cause significant frritation to an organism. The

phrases "physiologicsally suitable carrier” and “pharmaceutically acceptable carrier” which may be used
interchangeably refer to a carrier or a diluant that does pot cause significant frrifation to an organism and
doss not abrogate the biclogical activity and properties of the administered cornposition. The term
"excipient” refers to an inert substance added to a pharmaceutical composition to further facititate
adminisiration of an active ingredient. Examples, without Himitation, include, for example, saline,
calcium carbonate, calcium phosphate, various sugars and types of starch, cellulose derivatives, gelatn,
regetable oils, polvethylene glycols, and surfactants, including, for example, polysorbate 20.

{{144] Fharmaceulical compositions for use in accordanse with the present inveniion may be
formulated in a conventional manner using one or more physiologically aceeptable carriers comprising
excipients and auxiliaries, which faciiitate processing of the active ingredients nto compositions which
can be used pharmaceutically. Proper formulation iz dependent upon the route of administration cheosen
and upon the nature of the composition delivered (e.g., size and solubility of the polypeptide). In ong
aspect of these embodiments, the pharmaceutical composition is formulated for injection or infusion into
the blondstream of a patient. In another aspect of these embodiments, the pharmaceutical composition is
formulated for direct administration to the brain or central nervous systern of the patient, for example, by
divect intramedullary, intrathecal, or intraventricular injection.

{845  The compositions described herein may be formulated for parenteral administration, e.g.,
by bolus injection or continuous infision. Pharmaceutical compositions for parenteral administration
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include aqueous solutions of the composttion in water-soluble form. Additionally, suspensions of the
active ingredients may be prepared as oily or water based injection suspensions. Suitable lipophilic
solvents or vebicles include fatty oils such as sesame oil, or synthetic fatty acids esters such as athyt
oleate, triglycerides or liposomes. Aqusous injection suspensions may contain substances, which increase
the viscosity of the suspension, such as sodium carboxymethyl cethioss, sorbital or dextran, Optionally,
the suspension may also contain suitable stabilizers or agents {e.z., swrfactants such as polysorbate
(Tween 207} which increase the selobility of the active ingredients to allow for the preparation of highly
concenirated solutions. A protein based agent such as, for exampile, albumin may be used to pravent
adsorption of polypepiide of the invention to the delivery surface (Le., IV bag, catheter, needle, eic).

{6461  For oral admimstration, the compositions can be formulated readily by combining the
active compounds with pharmaceutically aceoptable carriers well known in the art,

16471 Formgiaiimls may be presented in unit dosage form, e.g., in vials, smpoules or in
muitidose containers with optionally, an added preservative. The compositions may be suspensions,
solutions or enmwisions in oily or agueous vehicles, and may contain fornulatory agents such as
suspending, stabilixing and/or dispersing agents. Single dosage forms may be in a Heuld or a solid form,
Single dosage forms may be administered directly {0 a patient without modification or may be diluted or
reconstitufed prior to administration. In cerlain embodiments, a single dosage form may be administered
in bolus form, e.g., single injection, single oral dose, inciuding an oral dose that comprises multiple
tablets, capsule, pills, etc. In ahternate embodiments, a single dosage form may be administered over a
period of time, such as by infusion, or via an implanted pump, such as an ICV pump. In the later
srobodiment, the single desage form may be an infusion bag or pump reservoir pre-filled with the
appropriate amount of a poiypeptide or fusion protein comprising a variant g3p. Alternatively, the
infusion bag or pump reservoir may be prepared just prior to administration to a patient by mixing an
appropriate dose of the variant g3p with the infusion bag or pump reservolr solution.

[848] Ancther aspect of the nvention includes roethods for preparing a pharmaceutical

compasition of the invention. Techniques for formulation of drugs may be found, for example, in

1
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"Kemington's Pharmaceutical Scignces,” Mack Publishing Co., Easion, Pa., latest edition, wiuch is
incorparated herein by reference in its entirety,

{349} Pharmaceutical compositions suitable for use iny the context of the present invention
include compositiona wherein the active ingredienis are contained in an amount effective to achisva the
intended purpose.

{858]  Determination of a therapestically or diagnesticably effective amount is well within the
capability of those skilled in the art, especially in light of the detailed disclosure provided herein,

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

[352)  Dosage intervals can also be determined using the MEC value. Preparations should be
administered using a regimen, which maintains brain levels above the MEC for 10-90% of the time,
preferable between 36-20% and most preferably $0-90%.

{053 Depending on the severity snd responsiveness of the condition to be treated, dosing can
be of a single or a plurality of administrations, with course of treatrent fasting from several days (o
sevaral weeks or until cure is effected or diminution of the disease state is achieved,

{3541 The amount of 3 composition o be administerad will, of course, be dependent on the
subject being treated or dingnosed, the severity of the affliction, the judgment of the preseribing
physician, eic.

{385]  Compuositions of the present invention may, if desired, be presented in a pack or dispenser
device, such as an FDA approved kit, which may contain one or more unit dosage forms containing the
active ingredient. The pack may, for example, comprise metal or plastic foil, such as 2 blister pack. The
pack ar dispenser device may be accompanied by instructions for administration. The pack or dispenser

may also be accommodated by a notles assoeiated with the container in a form prescribed by a
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goverrumental agency regulating the manufactare, use or sale of pharmaceuticals, which notice is
refiective of approval by the agency of the form of the compositions or human o veterinary
administration. Such notice, for example, may be of labeling approved by the U5, Food and Drug
Administration for prescription drugs or of an approved product insert. Compositions comprising a
preparation of the invention formulated in a compatible pharmaceutical carrier may also be prepared,
piaced in an appropriate container, and labeled for treatment of an indicated condition, as i further
detailed above.

[056] It is 10 be undersiond that both the foregoing and following description are exemplary and
explanatory only and are not resirictive of the invention, s claimed.

Therapeutic Uses

8571 Another aspect of the invention relates to the use of any of the polypeptides, nuclaic acid
miolecules, or compositions of the invention, in the treatment of protein misfoiding diseases, including,
but not Bmited to, those diseases involving any of! FAR42, fusyn, INM, or Bau.

9581 In the context of wreatments, the lerms “patient”, “subject” and “recipient” are used
interchangeably and inchude humans as wedl a8 other mammals. [n some ombaodiments, a patientis a
human who s positive for a biomarker associated with 2 protein misfolding disease. In one embodiment,
the patient exiibits B-amyloid deposits ag detected by PET imaging with florbetapir.

19397 The term “treating” and 1S cognates are iptended to 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 intended to mean reducing, slowing, o reversing the symptorms of a disease in a patient
exhibiting one more clinical sympioms of a disesse. In one embaodirent, the patient exhibiis f-amyloid
deposits a3 deiected by PET imaging with florbetapir snd the rmumber of B-amyloid deposits is reduced by
the treatment. In one embodiment, the patient exhibits B-amyloid deposits as detecied by the polypeptide
or polypeptide compositions of the preaent invention and the number of B-amyloid deposits are reduced or

mainiained by the ireatroent. In ancther embodiment, the patient exhibits any type of amyloid deposits as
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detected by PET Imaging and the cognifive function of the patient is improved by the treatment,
improvement in cognitive function may be assayed by the methods and tests of McKhann et al,,
Alzheimer's & Dementio 7(3y263-9(2011)

66} “Prophylaxis” is distinet from reating and refers to administration of a compostion o an
individual before the onset of any clinical symptoms. Prophyiaxis using any of the polypeptides or
compositions thereof of the present invention is encompassed. Prophylaxis may be implicated in
individuals who are known to be at inoreased risk for a disease, or whom are certain 1o develop a disease,
solely on the basiz of one or more genetic marksrs, Many genetic markers have been identified for the
various protein miafolding diseases. For examples, individuals with ane or more of the Bwedish
mufation, the Indiana nustation, or the London mutation in human amyloid precursor protein (hAPP) are
at increased risk for developing early-onset Alzheimer’s DHseass and so are candidates for prophylaxis.
Likewise, individuals with the trinuclectide CAG repeats in the huntinglin gene, particularty those with
36 or more repeats, will eventually develop Huntinglon’s Disease and 3¢ are candidates for prophylaxis.

{861} The term "protein misfolding” refers to diseases characterized by formation of amyloid
profein by an aggregating protein {amyloid forming peptide), such as, but not limited to, §-amyloid,
serum amyloid A, cystatin C, 1g6 kappa light chain, or g prion protein, Diseases known to be associated
with mistolded and/or aggregated amyloid protein include Alzheirer's disease, which includes early
orsel Alzheimer's disease, late onael Alrzheimer's disease, and presymptomatic Alzheimer's disease,
Parkinson’s disease, SAA amyloidosis, cystatin C, hereditary Icelandic syndrome, senibity, multiple
myeloms, prion diseases including but not Hiited to kury, Crewzfeldi-lakob disease {CID), Gerstroarm-
Strausster-Scheinker disease (GS8S), fatal familial insomnia (FFI), scrapie, and bovine spongiform
encephalitis (BSEY, amyotrophic lateral sclerosiz { ALS), spinocercbellar ataxia (BCAL), (SCAZ), (SCAG),
(SCATY, Huntington disease, entatorubral-pallidoiuvsian atropby, spina and bulbar muscular atrophy,
hereditary cerebral amylotd angiopathy, familial amyloidesis, frontotemporal lobe derentia,
British/Danish dementia, Progressive Supranuclear Palsey (PSP), and familial encephalopathy. The

polypeptides and compositions of the nvention may be used to treat “protein misfolding” diseases.
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6621 Many of these misfolded and/or aggregated amyioid protein diseases ocour in the central
nervous systent {CNS) Some examples of diseases ocoursing in the ONS are Parkinson’s Disease;
Alzheimer’s Disease; frontotemporal dementia (FTD) including those patients having the following
chinical syndromes: behavioral variant FTD (byFTD), progressive non-fluent aphasia (PNFA) and
semantic dementia (8D}, frontstemporal lobar degenerations (FTLD:); and Huntington’s Disease, The
polypeptides and compositions of the invention may be used o treat diseases characterized by nustolded
and/or aggregated amyloid protein that ocour in the central nervous system (CNS)

{63 Misfolding andfor aggregation of proteins may also ocour outside the CNS. Amyloidosis
A {AA) (for which the precursor profein is serum acuie phase apolipoprotein, SAA) and multiple
miveloma {precursor proleins Immumoglobulin ight and/or heavy chain} sre two widely known protein
misfolding and/or aggregaied protein dissases that cocur outside the CNS. Other examples include
diseage involving arayloid formed by a2-microghobulin, fransthyretn (Familial Amyloidotic
Polyneuropathy [FAP], Familial Amyloidetic Cardiomyopathy [FACYE, and Senile Systemic Amyloidosis
[SSAT, (apojserum Ak, apolipoproteing Al, AL and ALY, gelsolin (Finnish form of Famifial
Amyloidotic Polyneuropathy), lysozyme, fibrinogen, eystatin C {Carebral Arnyloid Angiopathy,
Hereditary Cerebral Hemorrhage with Amyloidosis, Icelandic Type), (projealcitonin, islet amyloid
polvpeptide (IAPP amyloidosis), atrial natriuretic factor, prolactin, insulin, lactahedrin, kerato-epithelin,
lactoferrin, odontogenic ameloblast-associated protein, and semenogelin I, The polypeptides and
compositions of the invention may be used to treat diseases involving misfolding and/or aggregation of
profeins that ocour outside the CHS

64 MNeurodegenaraiive diseases may also involve tan lesiong. Reviewed in Lee el al., 4o
Rev, Newrosci. 24:1121-159 (2001}, Tau proteins are microtubule-associated proteins expressed in axons
of both central and peripheral nervous system neurons. Neurodegenerative tauopathies (sometimes
referved 10 as tauopathies) are encompassed, Examples of tauopathies include Alzheimer’s Disease,
Amyotrophic lateral sclerosis/parkinsonism-dementia complex, Argyrophilic grain dementia,

Corticobasal degeneration, Creutzfeldt-Jakob disease, Dementia pugiiistica, diffuse newrefibritlary tangles
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with calcification, Down's syndrome, Frontotemporal dementias including frontotemporal dementia with
parkinsoniam linked to chromosome 17, Gersimann-Striussier-Scheinker disesse, Hallervorden-Spatz
disease, Myotonic dystrophy, Niemann-Pick disease type C, Non-Guamanian motor neuron dissase with
nearcfibrillary tangles, Fick’s disease, Postencephalitic parkinsonism, Prion protein cerebral amyloid
angiopathy, Progressive subcortical ghiosis, Progressive supranuciear paisy, Subacuie sclerosing
panencephalitis, and Tangle only dementia. Some of these diseases may also include deposits of fibrillar
amyloid [} peptides. For example, Alzhelmer’s disease exhibits both amyloid B deposits and tau lesions.
Stmitarly, prion-mediated diseases such as Crewtzieldt-Jakob discase, prion protein cerebral amyloid
angiopathy, and Gerstmann-Striussler-Seheinker ayndrome may have also have tau lesions, Thus an
indication that & diseass is 2 “tauvnpathy” should not be interpreted as excluding the disesse from other
neurodegencrative disease classifications or groupings, wiich are provided merely as a convenience. The
polypeptides and compositions of the invention may be used to treat neurodegenarative diseases as well
as disgases involving tau lesions.

{83651 In one embodiment, a pharmaceutical composition or formulation is for use in a method
of reducing amylold in 3 patient exhibiting symptoms relatad to the presence of amyloid or that is positive
for a biomarker associated with a protein misfolding disease, such as florbetapir (AV-43, Efi Lilly},
comprising administering 1o the patient an effective amount of a pharmaceutical composition or
formulation as described hersin, In one embodiment, the route of administration is selecled from
intrathecal injection or infusion, direct intraventricular injection or infuston, intraparenchymal injection or
infusion, or infravenous irnjection or infusion.

{6661  In one embodiment, a pharmaceutical compasgition or formulation is for use in 3 method
of maintaining the level of amyicid in & patient exhibiting symptoms related to the presence of amyloid or
that is positive for 2 biomarker associated with a protein misfolding disease, such as florbetapir (AV-43,
Bl Lilly), comprising administering to the patient an effective amount of a pharmaceutical composifion or

formulation as described herein. In one embodiment, the route of administration 1s selected from
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intrathecal injection or infusion, direct intraventricular injection or fntusion, infraparenchyrpal injection or
infuaion, or intravenous injection or infusion.

[B67]  in one embodiment, a pharmaceutical composition o formulation is for use in a method
of disaggregating amyloid in a patient comprising administering to 8 patient baving amylold an effective
amount of a pharmaceutical composition or formulation as described herein. In one embodiment, the
rote of administration is selected fromn intrathecal injection or infusion, direct intraventricular injection
or infusion, intraparenchymal injection or infusion, or intravenous injection or infusion,

[368]  In one embodiment, a pharmaceutical composition or formulation of the invention s for
use in & method of causing the disaggregation of B-amyloid deposits in the brain, comprising injecting
direcily into the brain of 8 patient in need thereof an effective amount of pharmaceutical composition as
described herein, theveby causing & reduction in B-amyloid deposits in the brain. In an aliernate
embodiment, a pharmaceutical composition or formulation of the invention is for use in a method of
causing the disaggregation of R-amyloid deposits in the brain, comprising injecting intravenous delivery
into a patient in rieed thereof an effective amount of pharmaceutical composition as described herein,
thereby causing a reduction in B-amyloid deposits in the brain.

{069 1n one embodiment, a pharmaceutical composition or formulation is for use In a method
of reducing amyloid formation in the brain. Reducing amyloid formation in the brain may prevent, treat
or reduce the symptoms or severity of a protein-misfolding or neurodegenerative disease. Inone
embaodiment, the route of administration is selecied from intrathecal injection or infusion, direct
intraventricular injection or infusion, intraparenchymal infection or infusion, or intravenocus injection or
infusion.

178 In one embodiment, 2 pharmaceutical composition or formulation of the invertion is for
use in a method for promoting amyloid clearance in the brain, Promoting amyloid clearance may prevent,
treat or reduce the symptoms or severity of a protein-mistolding or nevrodegenerative disease. In ons

ewibodiment, the route of administration is selected from intrathecal injection or intusion, direct
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intraventricular injection or infusion, intraparenchymal injection or infusion, or intravenous injection or
infusion,

{071} In one embodiment, a pharmaceutical composition or formulation of the invention i3 for
yse in a method for inhibiting amyloid aggregation in the brain. Inhubiting amylold aggregation in the
Brain may prevent, ireat or reduce the symptoms or severity of a protein-misfolding or neurodegenerative
disease. In one embaodiment, the route of administration is selected from bitrathecal infection or infusion,
divect intraventricular injection or infusion, intraparenchymal injection or infusion, or infravenous
injection or infusion,

10721 In one embaodiment, @ pharmaceutical composition or formulation of the invention is for
use in a method for clearing toxic amyloid cligomers in the brain. Clearing toxic amyloid aligomers in
the brain may prevent, treat or reduce the symptoms or severity of a protein-nusfolding or
newrodegenerative disease. In one embodiment, the route of administration is selected from intrathecal
injection or infuston, divect intraventricular injection or infusion, intraparenchymal injection or infusion,
or intravenous injection or infusion.

[073] In one embodiment, a pharmaceutical composition or formulation of the invention is for
use in a method for preventing the formation of toxic smyloid oligomers in the brain. Preventing the
formation of toxic oligomers in the brain may prevent, treat or reduce the symptoms or severity of a
protein-misfolding or neurodegenerative dissase. In one embodiment, the route of administration is
selected from intrathecal injection or infusion, direct intraventricular injection or infusion,
intraparenchymal injection or infusion, or intravenous fnjection or mfusion.

[#74]  In one embodiment, a pharmacewtical composition or formulation of the invention is for
use in a method for protecting neurons from amyloid damage. Protecting neurcns from amyloid damage
may prevent, treat or reduce the symptoms of severity of a protein-misfolding or neurodegenerative
discase. In one embodiment, the route of administration is selecied from intrathecal injection or infusion,

direct intraventricular injection or infusion, intraparenchymal injection or infusion, or infravencus
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injection o infusion. In one embodiment, a pharmaceutical composition or formulation of the invertion
for use in protacting neurons from amyiold damage is given prophylactically.

{078 In some embodiments, the patient is positive for a biomarker associated with a protein
misfolding and/or aggregation disease. In one embodiment, the biomarker is forbetapir {AV45, Bl
Litiy),

9761 1o some embodiments, the patient is exhibiting symptoms of a neurodesenerative disease
that is associated with the presence of amyloid. In various embodiruents, the amyloid is any of FAB42,
fuayn, INM, or ffa,

18771  In certain embadiments, the neurodegenerative disease is Parkinson’s disease,
Alzheimer’s diseass, or Huntington's disease. In one embodiment, the neurodegenerative disease is
Alzheimer’s disease. I one embodiment, the neurodegenerative disease is Alzheimer’s dissase and the
patient exhitbits B-amyioid as detected by the imaging agent florbetapir (AV-45, Bl Lilly).

0781 Insome embodiments, the patient is exhibiting symptoms of a prion-mediated dissass,

{079]  In certain embodiments, the prion-mediated dizense is chosen from Creutzfeldi-Jakob
disease, kury, fatal farnilial insomnia, or Gerstmarnn-SirBussler-Scheinker syndrome.

I68G]  In some embodiments, the patient i3 exhibiting symwtoms of 3 nevrodegenerative
taunpathy other than Alzheimer’s disease. In certain embodiments, the disease to be treated is sefected
rom Argyrophitic graln dementia, Corticobasal degensration, Dementia pugilistica, diffuse
newrolibritiary tangles with calcifivation, Down’s syndrome, Fronfotemporal dementias nclhuding
frontotemporal dementia with parkinsonism lHinked to chromosome 17, Hallervorden-Spatz disease,
Myotonic dystrophy, MNiemann-Pick disease type C, Non-(uamanian maotor nevron disease with
newrcfibrilary fangles, Pick’s disease, Postencephalitic parkinsoniam, Progreasive subcortical gliosis,
Progressive supranuclear palsy, Subacute sclerosing panencephalitis, and Tangle only dementia.

{081} In another embodiment, any of the disease conditions described above may be treated by

adminisiration of a nucleic acid molecule of the invention (L.e., one that encodes a variant gip that
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exhibits reduced immunogenicity and posaessing the ability to bind to amyloid, disaggregate amyloid
plagues, and/or prevent aggregation of amyloid) alone or associated with a suitahle carrier, such as, e.g., a
liptd nanoparticle, a polymeric carrier, or a veetor, such as a viral vector directly to a patient by any
suitable route, such as, e, inhalation and intravenous infusion. The nucleic acid molecuie encoding the
variant g3p of the invention suitable Tor this treatment may be DNA or RKA.

Diagnostics

[082]  In another aspect of the invention, the polypeptides and compositions described hevein,
are used in diggnostic applications associated with the various diseases described herein. For example,
hinding of a composition of the invention when used as an imaging agent either fx viva of in vifro may be
nart of a diagnosis of one of the protein misfolding disesses desertbed. When used as diagnostic agents,
the poiypephtides of the invention may further comprise a detectable label, or may be otherwise deiected in
vive. Yarious labels can be attached to the amyvioid binding component of the diggnostic composition
gsing standard technigues for labeling proteins, Examples of labels include fhuorescent labels and
radioiabels. There are a wide variety of radiolsbels that can be used, but in general the label is often
selected from radiclabels including, but not limited to o, UF, VO, and 'P1 These and other radioisciopes
can be gttached to the protein using well knowno chemistry. In one embodiment, the label is detected
using posiiron emission tomography (PETY. However, any other suitable technigue for detection of
radioisotopes may also be used to detect the radiotracer.

{3831 The polypeptides and compositions of the invention may be used as diagnostic imaging
agents in combination with an imaging agent that is specific for S~-amyloid such as, for example, F18-AV-
45, Bl Lillv. Since there are currently no known imaging agenis for non-fl-amyiold aggregates, the use of
a diagnostic composition of the invention iogether with a Bamyloid-specific imaging agent will result in
the detection of non-f-amyvloid aggregates based on differential detection. Thus, in one embodiment, a
diagnostic composition of the Invention is used as an broaging sgent in combination with a B-amyioid

imaging agent fo detect non-B-amyloid aggregates.
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[G84]  In another embodiment, the polypeptides or compositions of the invention s used as a
diagnostic imaging agent to Jetect Bamyloid in the ONS, inchiding the brain
{1881 Dhagnostic compositions of the invention may be administered using the same routes
describad for therapeutic compositions. In one embodiment, the route of adminiatration is selected from
intratirecal injection or infusion, direct Intraventricular injection or infusion, intraparenchymal injection or
infusion, or iniravenous injectian or infusion.
Hxamples

Example 1: Mapping of CB4+ T Cell Epitopes in gip

{086] 87 overlapping peptides spanning the sequence of amino acids 1240 of SEQ 1D NGO
{15 amino acids long with 12 amino acid overiaps) were aynthesized and tested in 3 T cell epitope
mapping assay ior responses from human CD44 T cells, Individual peptides were tesied in sextuplicate
PBMC cultures and T cell responsas were assessed in order to identify the igcation of epiiopes as well as
their relative potency.

19871 PBMUOC {peripheral blood mononuciear cells) were isolated from healthy conununity
donor bufly coats (from blood drawn within 24 hours) obtained from the UK Matinnal Bload Tranafusion
Service { Addenbrocke’s Haospital, Cambridge, UK) and according 1o approval granted by Addenbrooke’s
Hospitsl Locsl Research Ethics Committee by Lymphoprep {Axis-shield, Dundes, UK} density
centrifugation. CDE' T cells were depleted using CDR RosetieSep™ (SternCell Technologies Ing,
Lomndon, UK. Donors were characterized by identifying HLA-DR haplotypes using an HLA S3P-PCR
hased tissue-typing kit (Bintest, Solihull, UKD T cell responses (o g control neosntigen protein (KLH
protein {Pierce {(Perbio}, Cramiingion, UK) and peptides derived from IFY and BBV were aisn
determined. PBMC were then frozen and stored in liguid nitrogen until required.

[B88] A cohort of 35 donors was selectad for the assay 1o best represent the sumber and

i

frequency of HLAER allotypes expressed in the world population. Analysis of the allotypes expressed in
the oohort against those expressed in the world popuiation revealed that coverage of »80% was achieved

and that all major HLA-DR alleles (individual aliotypes with a freguency >5% expressed in the world
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population) were well represented. Detatls of individual donor haplotypes and a comparison of the
frequency of MHC class I haplotypas expressed in the world population and the samople population are
shown in Table 8 and FlGure 3, respectively,

Table 8. Donor detatls and haplotypes

 Donor Haplotvpe

¥

i
S BRE 2 «:3 Tkl fmaw«ma DREI0L 9@51*05 6 ;)Qm*ﬂom
6 UDRETRO40LDRETROL0T.DREAMOT01DOB T 301 |
5

g

s

DRBI*13:01,DRBINI ] R %06:03

DRB1®

301 DREI* 150 LDRBIZOZDRBI0LDOR I 0602 DOBT¥ 608 |
O DRBIA040TDRBIFTLOLDREI0I0LDRBAF 03 DOBI*03:0DOBI*03:02
10| DRBUF04:04,DRB Y1201, DRBIF0Z0ZLDRE4A01 03, DOB 0101, DOB 0102

11 DRBI 13 {2 DPBI 13 {)1 1}%{8’5 01 0 T‘*?BJ*HE Ui DQBi*sz 092 i)()Bl 06 0’ |

13 E}RBI*M f;zwmsw:; 01 DRB4*01 o1 D}zm*m o nom*o AT

14 DRBIMIGOLDRBI*IS0LDRBINOLDRESA02:02,DORI*02:0 1. DOB1¥05:02
15U ORBIFGICLDRBIFIN0LDRBIMZ0LDOB 20 LDOBIY06:03
16 | DRBUYO0L DEBTF S0 LDRES 101 DGB TS0 DORTH6:02

17 DRBE*U} Ui LRBI *07 01 E‘?RB—’E*{H GJ,DQBE*CJ 01 ‘mf%i*m ﬂi

9 Dmﬂ*m GiBREITG DRB»*(H i me}wm DO BLDOR V03 0T
20 DRBIFI3OLDRBI0T01,DREIFZ02DOBI #0643 ’
21 DRBIFOLOTDRBIFI30%ORBIFGS 0100850501001 *00:04

N2
~EDON

I

[iaNel

Gt el B2 bl b

RS S

(AR RS SR ON]

TN LA

TAFRERES S RV
[ AR RN




WO 2014/193935 PCT/US2014/039760

[ Haplotvpe
\0" \\\\\\\\\\\\\\
413 ”D}{Bl Oi {l DPBE*J 07Z; I)RB**OE il !}QBE*OS Ol DUBE*% M

48 DRBi*o«ui'immw m
45T BREI*01:02,DRBI713:03; mx e .a’)l,DQBl «:)3.@1,@%1*0% G
50 DRBT 07D i’m*.su n \a‘ #0103 ﬂRBv*Ol 0f; f\'{"}m*m mnqm*os 02

53| DRBI*(% m mbim oL DRB?:*()I OTDRERGTET: DOBUOLG1,DOB1F02:02

34 DRB1¥4:04, DRB 11501 DRBA 03, ;OOR ] 30208140607

35 DRBI*03:01, DRBIY04:01,DRBI*OL.0L,DRB4Y0 03, OB M0 DOBIA0T 01

[IRG] PRMC from sach donor were thawed, counted and viability was assessed, Cells wers
revived in room temperature AIM-VE culture medium (Invitrogen, Paisley, UK} betore adjusting the celi
density to 2-3210° PBMOC ! (proliferation cell steeky. The 15 amino acid long peptides were
synthesized ona 1-3 myg scale with fres N-terminal amine and C-terminal carboxylic acid. Peptides were
dissolved in DMSO to a concentration of 10 mM and peptide culture stocks prepared by diluting inta
AIM-YV® culture medium 1o a final concentration of 5 uM in the well. For each peptide and each donor,
sextuplicate cultures were established in a flat bottomed 96 well plate. Both positive and negative control
cultures were also tested in sextuplicate. For each donor, three controls (LH protein and peptides
derived from IFVY and EBVY) were also included. For a positive control, PHA (Sigma, Dorset, UED) was
used at a final concentration of 2.5 pg/mh

901 Cultures were incubated for a total of 6 days before adding 0.75 uCi *[Hi-thymidine

(Perkin Elmer®, Beaconsfield, UK) to sach well, Cultures were Incubated for a further 18 hours before
harvesting onto filter mats using a3 TomTec Mach 1 esll harvester. Cpm for each well were determingd
by Melitlex™ {Perkin Flmer®, Beaconafield, UKD scintillation counting on a Microplate Beta Counter

{Perkin Elmer®, Beaconsiield, UK) in paralux, low background counting mode,

Lo
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[091] For analysis of the data, a threshold of a stimulation index (SI) equal to or greater SI
>2.00 was used (with consideration of borderline SI >1.90-1.99 responses). Positive responses were
defined by the following statistical and empirical thresholds:

1. Significance (p <0.05) of the response by comparing ‘cpm of test wells against medium
control wells using unpaired two sample Student’s t-test.
2. Stimulation index greater than 2.00 (SI>2.00), where SI = mean cpm of test wells /mean cpm

_medium coritrol wells. Data presented in this way is indicated as S1>2.00, p <0.05.

[092] In addition, intra-assay variation was assessed by calculating the'CV and SD of the
raw data from replicate cultures. Proliferation assays were set up in sext_uplicate cultures (“non-
adjusted data”). To ensure that intra-assay variability was low, the datavwere also analysed after
removing the maxirnum and minimum cpm values (“adjusted data”) and the SI of donor responses

| was compared using both data sets. T cell epitopes were identiﬁedv_by calculating the average

frequency of positive responses (deﬁned above) to all peptides in the study plus SD to give a

background response rate. Any peptide that 1nduced proliferative responses above the background
response rate in both the adjusted and non- adJusted data was con51dered to containa T cell epitope
When two overlappmg peptides induced a proliferative response rate the T-cell epitope was
conSidered to be in the overlap region. Based .upon this the following T-cell epitopes were identiﬁed
in the tested polypeptide:

Epitope 1: CTGDETQCY G T W (amino acids 46-57 of SEQ ID.NO:1)

‘Epitope 2: T F MTF Q NNRF R NR (amino acids 133-144 of SEQ ID NO:1)

Epitope 3: SSKAMYDA -Y\W N Ci'(amino acids 172-183 of SEQ ID NO:1)

Epitope 4: PVNA G GGSGGGS (amino acids 214-225 of SEQ ID NO:l)

‘Epitope 5: SGSGAMVRSDKTH TC (amino acids 253-267 of SEQ ID NO:1)

Example 2: Design of Mutations in T Cell Epitopes 4 and 5 by In Silico Analysis

[093] 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™ iri silico technologies. [Perry
et al Drugs R D 9(6):385-96 (2008) ] Each 9-mer was tested agamst a database of MHC class II |
alleles (34 in total) and scored based on the fit and interactions with the MHC class 11 molecules In-

addition,
-34-
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sach S-mer was BLAST searched against a database of known CD4+ T cell epitopes in order to identify
any high sequence homology between that of the 9-mer and of database peptides from unrelated profeins
that stimulated T cell responsges in previous T cell assays. On the basis of information from the in sifico
analysis, mutations were identified for potential removal of CD4+ T cel epiiope activily from the
identified epitopes.

894} Epitope 5 spans the C-terminus of the native N2-CT Gly-rich Hiker, the amine acids
coded for by the multiple cloning site (“MCS”) of the pFUSE vecior used to produce the N1-M2-human
fg Fe fusion protein of SEQ 1D MOk 1, and the N-terminus of the human Ig Fo region. fn sitico analysis
implicated M258 and V259 of SEQ 1D WO:1 as the P1 anchors responsible Tecell activity. Based on their
loration outside of the WI-N2 coding region, removal of these two amine acids was not expected to cause
a ioss of function. These fwo aming acids were encoded by the MCS, Therefore, 3 double-stranded DMA
molecule that modified the MCS and eliminated the nucleotides encoding M25% and V259 of SEQ ID
MO:1 was produced by site-direcied mutagenesis using appropriste oligonucleotide primers, This was
followed by recloning the resuliing mutagenized DMA sequence back into the pFUSE veetor using the
using Feolf and Belif restriction sites in the MCS,  The resulting mature (Jacking the signal sequence)
fusion protein omitied M258 and Y259, Its amino acid sequence i set forth fn SEQ 1D MOZ and
encoded by SEQ ID NG5, That fusion proiein refained the same ability to bind Abeta in the assay
described below as the SECQ ID NO:E fusion protein.

{095]  Epitops 4 overlaps the N2 domain and the native Gly-rich linker. Crystal structure of the
23p protein (not shown) suggesied that Epitope 4 is locaied away from amyioid binding region and
therefore would be tolerant to amino actd substiintions without affecting activity, V215 (8EQ D NO2),
which was identified as a P1 anchor, is surface exposed with slight orientation of side chain towards the
protein core, From siructural analysis, any of the substitutions for V215 set forth in Tables 6 and 7 should
remove the epitope. In addition any of the substinutions of other amino acids within this epitope as set
forth in Tables & and 7 should aiso be accommodated. A nucleic acid sequence encoding an N1-N2-fg Fe

comprising 8 V215A substitution (SEQ 1D NO:6) was derived from the SEQ 1D NO:5 by site-directed
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mutagenesis using appropriate oligonuclectide primers. The resulting mature fusion protein {(SEQ 1D
PO3)Y demonstrated increased binding to Abeta in the binding assay as compared (o a fusion protein
having the amine acid sequence of either SEQ 1D Nt or SEQ 1D NG:2. The nucleic acid sequence of
SEC D NO6 was used as the parent sequence to oreate genes incorporating all modifications in epitopes
1,2 and 3
Example 3: Dexign of Muoistions in T Cell Epitopes 1, 2 and 3 by Iy Silics Analysis

[696] fpitope 1 Hes just C-terminal to 2 putative Abeta binding portion of WI1-N2. 1 sifico
analysis of Epitope | highlighted amine acida 48-36 of SEQ D NO: | as an area for amine acid
substitution and removal of the T-cell epitope.  Aming acids within this S-mer were targetad for
substitution based upon the nature of the existing amino acid, surface exposure, and interaction with the
amylold binding region of g3p, as interpreted from the Xeray orystal siruchure of g3p.  In particular, (348,
131, Y54 and T56 were targeted for substitution with the changes indicated inn Table 1. Other potential
arning acid substitutions in this region are set forth in Table 2.

971 iTope™ analysis of Epitope 2 pointed to aming acids 135-143 of SEQ 1D MO a8 a
target for reducing or climinating that epitope. Based on the X-ray orystal sfructure, amine acids 136-139
of SECQ 1D N form a loop region that forms bonds with the hinge region of W1-N2 and thus may be
important for amyloid binding activity, Changes to these amino acids are less preferred and are only
presenied in Table 2. The more preferred changes are 1o M135, R149, F141 and M143 and are set forth in
Table 1. Other potential changes to this nine amine acid region are set forth in Table

{98} Arcino acids 173-182 of SEQ 1D NG were identified within FEpitope 3 as targets for
substitution by in pilico analysis. Bpitope 3 is {ocated in an alpha helical portion of the M2 domain, thus
the strategy was to avoid introdustion of hydrophobie residues and small polar uncharged residues. In
addition, we wanted 1o avoid introducing polar residues acidie residues towards the C-terminus of this
epitope. Based on Xeray crystallographic data, we targeted S173, D174, M176, 3178 and W182 for
substitution with the changes indicated in Table 1. Other potential amine acld substitetions in this region

-

are set forth in Table 2
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Exampie 4: Generation of WI-MN2-Human ig6 Fe Polypeptides Having Redueed T-Coll Eptiopes

{099]  Fifty-eight different nucleic acid molecules, each encoding N1-M2-human 1gG Fo fusion
proteins containing a different single amino acid substitution set forth in Table 3 were prepared. This was
achieved by site-directed mutagenesis of SEQ I NO:6 using appropriate oligonuclentide primers to
introduce the desired substitution, foliowed by recloning of the PCR-amplified mutagenized sequence
into the pFLUSE-hlgli1-Fol vecior {Invivogen®, Toulouse, France, Catalogue Mo, pluse-hgife}

168] Genes encoding these “deinununized” Fe fusion polypeptides were transiently expressed
i individual pFUSE-hIgG1-Fo2 vectors in FreeStyle 293-F cells (Invitrogen, Paisley, Scotland,
Catalogue # R780-07) On the day of transfection, cells were diluted to § % 16" /ml. in FreeStyle 293
Media {Invitrogen, Catalogue # 12338) enauring a viability of >90%. Plasmid DNA and
polvethyleneimine (PRI were diluted separately in Optimem (Invitrogen, Catalogue # 31985} and
incubated for 5 minutes foliowing which the PEY was added slowly 1o the DMA, and the DNA/PEL
mixtures were incubated for 5 minutes al room lemperature. Afier incubation, the DNA/PEL mixtures
were added dropwise to the 203-F cells whilst swirling the fask. Transtected cultures were incubated at

e 1)

37°C, 8% CO, on an orbital shaker platform rotating at 135 rpm for 67 days, following which they were
harvesied,

(63411 Culture medium containing the polypeptide was harvesied by centrifugation and pi
adiusted using 10x PBS. Proteins were bound to Protein A Sepharose beads (Sigma, Dorset, UK} by
rotating overnight at 4°C. The beads were washed twice with 1x PBS and transferred to SigmaPrep spin
columns (Sigma). Samples were eluted by centrifugation using G.1M Glycine pH3.0 and nevtralized in
the onllection tube using 110" volume 1M Tris-HC] pHB.0. Bluates were buffer exchanged into 1x PBS
using %l ZebaSpin colurans (Fierce, Crambingion, UK, Catalogue #59890). Samples were filies
stertiized and the absorbance st 280nm was measured for sach sample,

Example 5: ABets Binding Analysis of Beimmunized Polypeptides
IB102) 4 ABeta (AF) Fiber Preparation. AR42 {1mg, rPeptide A-1002-2) was dissolved in

hexafiuorcisepropanc! (HFIP, Iral), vortexad thoroughly and incubated at room temperature for 2-1%

(]
]
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hours unti! a clear solution appears. Aliguots (1001, 1001g) were placed in 1.3mL Eppendorf tubes and
dry under vacuum {speed Vac, Eppendorf, Concentrator 5301} for 2-3br. The resulting monomers were
resuspended 10 20ul, DMSO, pipetted and vortexed thoroughly until completely dissolved, The soiution
was diluted with 260uL of 10mb HC schution (final AB4Z concentration is 80uM) and vortexed for 20
seconds. The clear solution is incubated {without shaking) for 3 days at 37°C o allow for aggregation,
For use in the assay AB42 fibers from the resuiting stock solution were difuted 50-fold to 1.6 pM final
concentration in PBS.

[QIG3) B RLISA Plare Preparation. To each well of a 96-well plate (F86 MAXISGRP MUNC-
IMBMUNO PLATE; Catalog number: 442404, Lot 123436 and 12815%; Denmark) was added 200 ul of a
1% BSA solution. The plates were sealed and incubated at 7°C for 3 hr. Plates were then washed with
PBS (256 pl/welly 13, We added 50 ul of the diiuted AB42 Bher solution (1.6 ub} to cach well and
incubated uncovered al 37°C overnight to complete drvness, PBS (50 pifwell} is added o controd wells
{without AB42 fibars), Plates weve then washed 2X with water and 1X with PRS (230 ul/well for each
washingl.

101034] © ELISA Assav. Varying concentrations of each polvpeptide (as well as the polvpeptide
of SEO D MOy i 50 pl were added 1o gach well, as well as 1o non-AB42 fiber coated wells and
mcubated for Th at 37°C. Plates wers then washed 32X with PBS-T {0.05% Tween 20 in PBS) and 3X
with PRS 50 alfwell for cach washing), We then added 50 (i of HRP-conjugsted Goat anti~-Human
anti Foy {Jackson Labs, Catalog number. 109-035-G08, Lot number: 106617} dituted 1:2500 (0.37 ug/mlL
final) in PBS-T + 1% Milk (Difeo™ Skim Mitk, Becton, Dickinson and Company, USA, Catalog
number: 232100, Low number: 7320448) to each well and incubated for 40 min at 37°C. Plates were then
washed 6X with PRS-T and 22 with PBS (250 pl/well for each washing), We then added 50 pliwell
OPD sodution (15 mg/7.5 ml 8.05 M Curate buffer pH-5.5/3 1l H:0,) and fet color to develop for 3-6
min, We next added 25 piiwell of 4N HO! solution o stop reastion. Flates were read for absorbance at

497 v and 405 nm. The 405 nm abeorbance was subiracted from the 497 nm absorbance and the results
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piotted as a function of polypeptide concentrations. An 1Cs, for binding for each detmmumized
potypeptide was then caleulated and comparad 1o the IC, calculated for the polypeptide of SEQ D NG

The results are shown in Table 2, below.

Table 2. Relative Change in ,’LB"“tu Binding 1y for Polypeptides with a Single Additional Amine Actd
Substitution in Epitope 1, 2 or 3 as Compared to Polypeptide of SEQ 1D NG3

Amine Acid | 1T Amino Acid LIPS Amino Acid ECA
Subsiiiution Relative Substitution Relative Substitution Relative
1o SEC to SEC ‘ to SEQ
D I 19
SIRALOE SO R S NE3® N N
it \pe, T GasH 1.8 Lm%pe 1 156K 057 Epitope 2 N143A | 197101
sitope | GABK i 6.65 Hpitope 2 N3G T 5.157
Cotiope 1 T3 1R (30
Epitope 1 G48R 1.9 Epiiope 1 TI6P v DR
Ty = T 5,09 Epitope 3 81730 8.2
Epiiepe 1 GABS 1.2 Epitrpe 1 T8 : e
. “pitope 3 TSGR 0.8 NN 0
Epitope 1 G48T 1.9 e 3 I35 A Y LDIORE 7 R
“piope 1 TSTETTTEE T GRS RN Epitope S MI76G | 03
}.fp%'ow T ; 3 Epitops © MISSH | 8.3 Exitops 5 M1T6H | 04
LG : A3 o 3 Py
- ; ff( o : ,{,,j T S Bpitope 2 M135G Z pitope 5 MIT6K | 0.2
. LD!:“)G : .1_:;1‘?’ (/;"' ..... Epiii)pﬁ 2 MI3EH 8.1 Epitops T T 05
pRope L - g Epitope 2 MI3SK | 0.4/02 Epiiome 3 BTG )
Epitope § 1518 2.8 it - , :
TR i Epitope TMIISN 3 63 Epitope 3 DI7EN | ¢.5/04 |
Machidn 2 ? o Epitope 2 MI3SR | .0 Epitope 3 B760 T o6
Epitope | 131 {0 Epitope 3 MTISF T 00T7 “Epitope 3 DI78S |03
Epitope ] Y34G 3.02 ¢ 8.3 ) E—
: I - E})l‘tﬁpu 3 WIS {.5
- — GA% | Epitope I R140A 0.2 CEpitape 3 TWIsTH T 04Y)
ip“‘)p@ i : ’:;f 851 Epitope 3 Ri400 | 043 - .
E:‘l Up") {3 U 3 B S RO ‘{'

_______ 9.32 Epitope 2 Rmﬁh :“ Epitope 1 WIRIK |03
Epiope 1 V83 T 047 Epitope 2 R146G | 0.2 CEpitope 3 WIRIR | 0.5/0.8
Epitope | Y54R | 005/ pitope 2 R140H 0.2 Epitope 3 5173K U007

0.2% Epitope 2 RI1460 | 028/ 607

G477 Epitope 2 F141D fope 4 K 7R | 12110

0.77 }‘c lik ‘L ) Fl"@}E Ep}i()p&l% .1?\’1 i 7(}R Q.A‘ \\\\
.......... Epitope 3 DI78T 8.4

*Numbers reflect I, {substituied polypeptide}1Csy {(polypeptide of SEQ I NO:3Y Multiple values
reflect duplicate testing in the binding assay.

Example & Analysiz of Whole Protein OD4+ T cell Responses

{81831 In order to analyze D4+ T cell responses from any of the polypeptides of the invention
in comparison to SEQ 1 NGO, a whole proiein T cell assay was performed. PBMCs were isolated from
20 bealthy human donor buffy coats prepared as in Example |, PBMCs were revived from frozen in
AIM-VEB culture medium

and CD47 cells were isolated using Milienyi CD14 Microbeads and LS
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columns (Miltenyi Biotech, Oxford, UK}, Monooytes were resuspended in AIM-V® supplemented with
1000U/m] 1L-4 and 1OO0U /i GM-CSE ¢“DC culiure medium”) 1o 4-6x10" FRMC/m] and then
distributed in 24 well plates (2! final culture volume). Cells were fed on day 2 by replacement of g half
volume DC culture medivm. By day 3, monocytes had differentiated to semi-mature dendritie cells (8C)
whicl were pre-incebated with antigens comprising either 40ug/mi of test polypeptide or 40ug/mi of the
polypeptide of SECQ ID NG and 100ug/m] XKLH or medium only. Semi-mature DC wers incubated with
antigen for 24 hours after which excess antigen was removed by washing the cells twice and resuspending
in D culture medium supplemented with 50ng/m] TNF-g {Peprotech, London, UK}, DC wers fod on
day 7 by replacernent of a half volume DC culture mediuvm supplemented with S0ng/ml TNFo and mature
DC wers harvested on day 8. The harvested mature DC were counted and viability assessed using frypan
blue dyve exclusion. The DC were then y-irradiated (4000 rads) and resuspended at 2x10° cells per b 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 preparad. To purify CD4+ T cells, PBMCs were revived in AIM-V®
cuiture mediun and CD4” cells isclated using Miltenyi CD4 Microbeads and LS columns {Miltenyi
Biotech, Oxford, UK) and resuspended in AIM-V® medium at 2x10° celis/ml.

H0105] On day &, T cell profiferation aasays were established whereby 151¢° autologous CD4" T
cells were added to 110" antigen-loaded DC {ratio of 1013 in 96 well U-bottomed plates, with AIM-V®
medium added to a final vohume 200ul/well. On day 14, assay plates were pulsed with 1uCi PH] (Perkin
Eimer, Beaconsfield, UK per well in 250! AIM-V® for 6 hours before harvesting onto filter mats (Perkin
Ehmer) using a TomTec Mach U (Hamden CT, USAJ cell harvesier. All polypeptides were tested in
sextupiet culiures. Counta per mimste {cpm) for cach well were determined by Meltilex™ (Perkin Elmer}
scintiflation counting on a 1450 Microbeta Wallac Tritux Liguid Scintiliation Counter (Perkin Elmer} in
paratux, low background counting. Counts per minute for cach antigen were normalised to the AIM-V&
medivm only control.

{0107} For ELISpot assays, BELISpot plates {Millipore, Watford, UK) were coated with

100ul/well IL-2 capture antibody {R&D Systems, Abingdon, UK} in PBS. Plates were then washed twice
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in PBS, incubated overnight in block buffer (1% BSA (Sigma) in PBS) and washed in AIM-V® medium,
On day 8, 1x1¢ autologous CD4' T cells were added to 1210 antigen Joaded £3C (ratio of 10:1) in 96
well ELISpot plates. Al polypeptide preparations were tested in sextuplet culiures, For sach donor
PBMC, a negative contral (AIM-Y® medium alone), no cells controd and a PHA (10ug/ml) positive
conirol were alsg included,

{0108) After a further 7 day incubation perted, ELISpot plates were developed by three
sequential washes in dH;0 and PBS prior to the addition of 100! filtered biotinylated detection antibody
(R&Iy Systems, Abingdon, UK} in PBS/19¢ BSA. Following incubation at 37°C fiw 1.5 hour, plates were
further washed three times in PBS and 100u] Bltered streptavidin-AP (R&D Systems) in PBS/1% BSA
was added for T hour (ncubation at room temperature), Streptavidin- AP was discarded and plates ware
washed four times in PBS. BCIP/KBT (R&D Systems) was added to each well and incubsted for 30
minutes at room temperature. Spot development was stopped by washing the wells and the backs of the
wells three tirnes with dH.0. Dried plates were scanned on an fmunoscan Analvser and spots per wel)
{spw} were determined using frnmunoscan Version 4 software.

{03091 For both prohferation and 1L-2 ELISpot assays, results were expressed a5 a Stimulation
index (81} defined as the ratio of cpm {proliferation assay) or spots (ELISpot assay) for the test
polvpeptide against a medivro-only control uaing g thrashold of S equal to or greater than 2 (5822.40) for
pusitive T cell responaes.

Example 7: Design of Double and Triple Mutations in Twe or More of T Cell Epliopes 1, 2 and 3.

18138] Bascd on the results of the binding sssay, the following substitutinng ware chosen at
epitopes 1, 2 and 3 o be present in polypeptides that coniain two amino acid substitutions as compared o

SEQ 1D NO:3, sach substitution in a different epiiope,
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Table 10, Amino Acid Substiiutions for Variants Comprising Two Epitope and Three Eptiope

Epitope Amino Acid Original Amino “Suhstitution Anuno
Acid in SEQ ID Acids
............. NO3 L
........... L .38 Y . ! LR
"""" - B TS S HE
....... 2 e 435 M S
ol 140 R Qo
5 174 A R
........ E — v R B
- E I W HoR

{131} DNA encoding N1-M2-Human IG Fe fusion proteins having two of the amino acid
substitutions set forth in Table 10, each in a different epitope, were preparad by using site-directed
mutagenesis of the appropriate starting DNA (typically the DNA encoding for one of the two nustations
prepared as set forth in Example 3. The resulting DNA encoding these fusion proteins were used to
transform celis and were expressed and purified as set forth in Example 4, and tested for binding as set
forth in Example 5. Polypeptides having one substitution in cach of epitopes 1, 2 and 3 were then
designed based on the results of the binding assay on the fwo amino acid substituted polypeptides.
Polypeptides having one substitution in each of epitopes 1, 2 and 3 are assayed for both ABeta binding, as
well as T-cell response as set forth in Bxample 6. In particular, the following double and friple epitope
variants were made by substinting certain aming aclds in SEQ ID NG:3 or SEQ 1D NG, as indicated in
Table 11, below.

Table 11, Double and Triple Epitope Variant Polypeptides of the Invention.

olypeptide | . Ipitope | Ipitope pitope 3
? JE)I}\JIS)E“JL Starting Sequenee S};E;%t?ii;n ‘)iiii;‘nin Siéiifzﬁon
""""""""" 63 UREQ D NOG Y 54K UMK

56 SEG 1D NO3 YSaE Mmizst |

“““ 63 SEQIDNGE V54K RI40Q
66 SEQID NG | S4R MIZSK 1
67 SEQIDNOS | YS4R MI35T | |
68 SEQ N0 | yS4E R1400 |
59 SEQ D NOG T36H TMI3SK
70 SEQIDNGS T56H MssT
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Polypeptide | Starting Epitope 1 Epitope 2 Epitope 3
No. Sequence Substitution Substitution Substitution
71 SEQ ID NO:3 T56H R140Q
72 SEQ ID NO:3 T56K M135
73 SEQ ID NO:3 T56K M135T
74 SEQ ID NO:3 T56K R140Q
75 SEQ ID NO:3 Y54K D178N
76 SEQ ID NO:3 Y54K WI181H
77 SEQ ID NO:3 Y54K WI181R
78 SEQ ID NO:3 Y54K K174R
79 SEQ ID NO:3 Y54R D178N
80 SEQ ID NO:3 Y54R WI181H
81 SEQ ID NO:3 Y54R WI181R
82 SEQ ID NO:3 Y54R K174R
83 SEQ ID NO:3 T56H D178N
84 SEQ ID NO:3 T56H WI181H
85 SEQ ID NO:3 T56H WI181R
86 SEQ ID NO:3 T56H K174R
87 SEQ ID NO:3 T56K DI178N
88 SEQ ID NO:3 T56K WI181H
89 SEQ ID NO:3 T56K WI181R
90 SEQ ID NO:3 T56K K174R
91 SEQ ID NO:3 MI135K DI78N
92 SEQ ID NO:3 M135K WI181H
93 SEQ ID NO:3 M135K WI181R
94 SEQ ID NO:3 M135K K174R
95 SEQ ID NO:3 M135T D178N
96 SEQ ID NO:3 M135T WI181H
97 SEQ ID NO:3 M135T WI181R
98 SEQ ID NO:3 M135T K174R
99 SEQ ID NO:3 R140Q D178N
100 SEQ ID NO:3 R140Q WI181H
101 SEQ ID NO:3 R140Q WI181R
102 SEQ ID NO:3 R140Q K174R
110 SEQ ID NO:7 T56H M135K D178N
111 SEQ ID NO:7 T56H MI135K WI181H
112 SEQ ID NO:7 T56H M135K WI81R
113 SEQ ID NO:7 T56H MI135K K174R
114 SEQ ID NO:7 T56H M135T D178N
115 SEQ ID NO:7 T56H MI135T WI181H
116 SEQ ID NO:7 T56H M135T WI181R
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slypeptide T Spito “pitope 2 nitope
: IJ‘E}?ZP e Starting Sequence S}i}g;tiiti?ie})n %Zi;':i?fﬁun Siit;ii;in
"""" 117 SEQIDNGT | T36H MISST K1748
118 SEE 1D NOY CTsek Migse | D178N
119 SEQIDNGT 36K M13SK WislH
I SEQIDNGT | TSk M13SK CWIRIR
""" 121 SEGIDNGT 156K M135K K174R
122 REQ 1D MO T36K M135T D176N
123 REQ 13 NO TH6K M135T WigiH
24 SEG D NOT 56K M13ST WisiR
125 SEQ 1D ND:7 TS6K MI3ST F174R
126 SEQIDNOT Y 54K M135K K 174K
127 SRO D NO:T Y 54K #135T KIT4R
124 SEQ T NO:T Y548 MilSK K1748
129 SEQID NG | Y541 MI135T K174R
"""" 130 SEQ 1D NOYT T36H DI7EN
37 SEG 1D NOYT rseH | WIStH
LY SEQIDNGT | TSeH WISIR
133 SEQID W07 57 U K174k
134 SEQ 1D NOT R O Or7EN
135 SEQ D NOYT T56K CWigiH
136 SEQ 13 NOT 56K WIRIR
137 SEQ 1D NOT ISEK EI7AR

The above-indicated polypeptides were assayed for binding to beta-amyloid using the ELISA assay set
5. The resulfs are set forth in Tables 12 and 13, Relative binding values reflect [C,

forth in Example

{polypeptide of SEQ 103 NO3VIC,, (ested polypeptide) e
of the po] vpeptide as compared 1o a polypeptide of SEQ D O 3

testing in the binding assay.

B

the bower the value the greater the binding
Multiple valoes reflect duplicate

Talkle 12. Relative Binding Values of 3 Poeiypeptide of SEQ [T MO Versus Exemplary Polypeptides of

the Invention.

Polypeptide R?’m} vg
Ney Binding
YVahue
63 812
64 0,14
o 53 ais
&6 0.08
&7 {1
68 (.15
69 .29, 0, 32""
70 043,04

et Relative
E“Olygzptzds Binding
T Yalue
71 042
Ti | 040,027
............. 7 3 {} ”? 0 39
74 026
75 811
““““““ 76 .13
77 0.18,0.16
,,,,, 78 10.24.0.20

: Reiative
P(ﬂ}ﬁ??hde Binding
NG, o

Valug
RE 508
........... 50 0,16
81 {14
82 0.2
53 6.18,0.35
84 .26, 0.48
85 .04, 075
‘‘‘‘‘‘‘‘‘‘ 86 1 051,1.08
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Polypeptide R‘?iat'z e Pelypeptide Rdﬂ :w-a Polypeptide R(}Eﬂi}m—:
. Binding RBinding A Binding
No, g 2 Mo. ; i Nao, g
Value + Ll Value Value
87 0.51, 0.83 23 L I R 99 0.1
88 0.65, 1.30 44 $.53, 048 10 .36
29 0.71, 1.05 85 ...8.07 o 0.2
8G 1143 164 45 LS I T 102 07:
_____ 21 0.4 57 2.14
92 (.24 ' 98 0.21, 8,

Table 13, Relative Binding Vaiues of a Polypeptide of SEQ ID N7 Versus Exemplary Polypeptides of
the Ivention.

L Relative - - | Relative temss s | Relative
Polypeptide Binding Polylyiupt.ide Binding Pulyp;cptsm Binding
Ne, . Mo, . No, -
Yajug Yale . Vaiue
110 0.671 Py 8.513 124 | 0538
i1t ) {3.348 118 035 » 125 6.575
o osed L b T ( )“ “““““““ 26 oo
LRSI X 120 8754 127 0,44
P14 3.447 . ' 128 72
! 0@1. 121 0,488 C’,»
1B 05871 57 ; o 129 0,048
i oa e : ‘0‘4)&
B A : ) 123 0.88

Example & Cellulose acetate fHer retardation assay.

fGE12] This sesay was used {o monitor the destabilization {disaggregation) or remodeling of
amyloid fibers into non-amyloidogenic or soluble sggrogates. The assay was primarily adapted from
Chang, E. and Kuret, J,, Anal Biochem 373, 330-8, (2008} and Wanker, E. E, ¢t al., Methods Bnzymal
309, 375-86, {1999, Specifically, 2.5 uM preparations of fAJ amyloid fibers were pre-incubated with
different concentrations of the variant fusion polypeptides of the nvention {1 oMt 2 pM)at 37°C for 3
days. After incubation, fibers with and without fusion polypeptide were diluted and spotted on cethidose
acetate membranes on vacuum blots, The membranas were extensively washed with PBS and probed with
an antibody specific for the M-terminal of AR for 1 hr. HRP-conjugated secondary Ak was used to
guantitate the fibrillar aggregates retained o the membrane. Spot color was analyzad and digitized using
a densitoretric acanner. An BCy (half maximal effective concentration) was caleulated based upon the

intensities of the signal of each spot versus the concentration of fusion polypeptide added to each spot.
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{8113} When the polypeptide of SEQ 13 NO:3 was tested in this assay, the ECs was determined
to be greater than 2 uM, indicating that this polypeptide had low disaggregation activity. The
polypeptides of SEQ D NO:T and SEQ D NG7 were also tested in this assay and each demonsirated an
B0 of 100 nM, indicating significant disaggregation activily. Based upon this result, all subsequent
numbered poiypeptides aftor polypeptide 102, including all of the variant polypeptides containing a
deimmunizing substitution in each of epitopes 1, 2 and 3, were made using the polypeptide of SEQ 1D
W07 as the starting amine acid sequence to be modified, The ECs, values for tested polypeptides are st
forth below in Table 14,

Table 14. A} Amvioid Fiber Disaggregation Activity of Exemplary Variant Polypeptides of the
Inventian.

v;oi‘v'pepiide ‘ ié\ﬁ Amyi_eid Fib.e ’ Polypeptide | . .fA_E 'A‘Eﬂ}li,()id.ﬁib? :
EON Dlsaggrsgation Activity N, i)xsaggregauon Activity
{ECs} {ECs)
e 160 6M 123 nd
"""""" 11 100 1M 14 nd o
112 100 aM 125 106 1M
NI 106 o 126 190 1M
114 nd* 127 106 1A
s s2pM 128 100 nM
""" 116 106 i 129 10enM
117 100 nM 130 nel
118 wosM 13t L60-400 M
15 160 M L nd
56 ! R 4001800 nM
121 100 nM 3 o
172 Y A R Y 135 0nM
= S 136 400-800 1

*nd = a concentration range of the polypeptide was not tesied (o determine ECs,. At the highest
concentration tested these polypeptides did no demonstrate a significant BCse.

[6114)

exhibited binding to AS as determined by the ELISA assay. Maost of the variant polypeptides tested also

exhibited disaggre

=2

As can be seen from the sbove Examples, the vartant polypeptides of the invention all

gation of Afl, as determined by the dot blot assay.
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[0115] The term “comprise” and variants of the term such as “comprises” or
“comprising” are used herein to denote the inclusion of a stated integer or stated integers but
not to exclude any other integer or any other integers, unless in the context or usage an

exclusive interpretation of the term is required.

[0116] Any reference to publications cited in this specification is not an admission that

the disclosures constitute common general knowledge in Australia.
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CLAIMS

1. A polypeptide comprising a variant of a starting amino acid sequence, wherein the
starting amino acid sequence is amino acids 1-217 of SEQ ID NO: 1,
wherein:
(a) the polypeptide binds to and/or disaggregates amyloid,;
(b) the polypeptide has reduced immunogenicity as compared to a polypeptide
comprising the starting amino acid sequence;
(¢) the variant has from 1 to 9 amino acid substitutions as compared to the starting
amino acid sequence, wherein each 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 H,K,R,S, T,D,P
50 E G, H,K,P,R
51 T G HK,R,P,Q N W
53 C FH KN QR WY
54 Y G, H,K,R,P
56 T G HKR,P
135 M AD G K NTHRCE,P,Q,
S
137 Q D,E
138 N D,E,G H,P,Q,S, T
140 R D,E,H, Q. A,G,M,N,P, S, Y
141 F D,E,G,N,P,Q, Y
143 N A, G
173 S G,P,K,D,H,R, T
174 K R
175 A G, HK,P,R
176 M G, HK,N,R P QW
178 D G,NQST,FEHKR WY
179 A H,K,P,R
181 Y G,H, K,R, P
215 \Y% S, T,C,D,E,F,H,K,N, P, Q,R
and

(d) the variant optionally further comprises one or more of the following modifications

as compared to the starting amino acid sequence:

(i) substitution of VVV at amino acids 43-45 with AAA;
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2.

(i1) substitution C53W;

(iii) deletion of amino acids 96-103;

(iv) substitution of QPP at amino acids 212-214 with AGA;
(v) substitutions W181A, F190A and F194A;

(vi) deletion of amino acid 1; and

(vii) deletion of amino acids 1 and 2.

A polypeptide comprising a variant of a starting amino acid sequence, wherein the

starting amino acid sequence is amino acids 1-217 of SEQ ID NO:3, wherein:

and

(a) the polypeptide binds to and/or disaggregates amyloid;

(b) the polypeptide has reduced immunogenicity as compared to a polypeptide
comprising the starting amino acid sequence;

(c) the variant has from 1 to 9 amino acid substitutions as compared to the starting
amino acid sequence, wherein each 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 in the
# Starting Amino Acid Variant
Sequence

48 G H,K,R, S, T,D,P

50 E G, H K,P,R

51 T G, H,K,R,P,Q,N, W

53 C F,H KN, QR W, Y

54 Y G H K,R,P

56 T G HK,RP

135 M AD G KN T,HR,CE,P,
Q.S

137 Q D,E

138 N D,E,G,H,P,Q,S, T

140 R D,E,H,Q,A,G,M,N,P, S, Y

141 F D,E,G,N,P,Q, Y

143 N A, G

173 S G,P,K,D,H,R, T

174 K R

175 A G,H,K,P,R

176 M G, H K NRP QW

178 D GNQSTFHKRWY

179 A H,K,P,R

181 W G, H, K,R,P

49



23 May 2018

2014274253

(d) the variant optionally further comprises one or more of the following modifications
as compared to the starting amino acid sequence:

(i) substitution of VVV at amino acids 43-45 with AAA;

(ii) substitution C53W;

(iii) deletion of amino acids 96-103;

(iv) substitution of QPP at amino acids 212-214 with AGA;

(v) substitutions W181A, F190A and F194A;

(vi) deletion of amino acid 1; and

(vii) deletion of amino acids 1 and 2.

3. A polypeptide comprising a variant of a starting amino acid sequence, wherein the
starting amino acid sequence is amino acids 1-217 of SEQ ID NO:7, wherein:
(a) the polypeptide binds to and/or disaggregates amyloid;
(b) the polypeptide has reduced immunogenicity as compared to a polypeptide
comprising the starting amino acid sequence;
(c) the variant has from 1 to 9 amino acid substitutions as compared to the starting
amino acid sequence, wherein each amino acid substitution is selected from the group of

amino acid substitutions set forth below:

Amino Acid | Amino Acid present inthe | Amino Acid Substitutions in the
# Starting Amino Acid Variant
Sequence

48 G H,K,R,S,T,D,P

50 E G, H,K,P,R

51 T G, HKRPQNW

53 C F,H KN QR W, Y

54 Y G, H K,R,P

56 T G, H K,R,P

135 M A,D,G KN T, HR,CE,P,
Q,S

137 Q D,E

138 N D,E,G,H P, QST

140 R D,E,H, QA G,M,N, P, S Y

141 F D,E,G,N,P,Q, Y

143 N A, G

173 S G,P,K,D,H, R, T

174 K R

175 A G, H K,P,R

176 M G, H,KN,R P QW

178 D G,N,Q,S, T,F, H,K,R, W, Y
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179 A H,K,P,R
181 W G, H KR, P
and
(d) the variant optionally further comprises one or more of the following modifications
as compared to the starting amino acid sequence:
(i) substitution of VVV at amino acids 43-45 with AAA;
(ii) substitution C53W;
(iii) deletion of amino acids 96-103;
(iv) substitution of QPP at amino acids 212-214 with AGA;
(v) substitutions W181A, F190A and F194A;
(vi) deletion of amino acid 1; and
(vii) deletion of amino acids 1 and 2.
4. The polypeptide of any one of claims 1-3, wherein cach of the 1 to 9 amino acid

substitutions in the variant as compared to the starting amino acid sequence is selected from the

group of amino acid substitutions set forth below:

Amino Acid # | Amino Acid present in the Starting Amino Acid Amino Acid
Sequence Substitutions
48 G H,K,R,S, T
51 T G, HKRP,QN
54 Y G H K,R,P
56 T G, H K,R,P
135 M A, D, G KN, T, H,
R
140 R D,E,H,Q,AG
141 F D,E
143 N A, G
173 S G,P,K
174 K R
176 M G, H, K,N,R
178 D G,N,Q,S, T
181 A\ G, H, K, R
5. The polypeptide of any one of claims 1-4 , wherein the variant amino acid sequence has

2 to 9 amino acid substitutions relative to the starting amino acid sequence, and wherein at least

one substitution is present in at least two of: epitope 1, comprising amino acids 48-56 of SEQ

ID NO:1, SEQ ID NO:3 or SEQ ID NO:7; epitope 2, comprising amino acids 135-143 of SEQ
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ID NO:1, SEQ ID NO:3 or SEQ ID NO:7; and epitope 3, comprising amino acids 173-181 of

SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO:7.

6.

The polypeptide of claim 5, wherein the variant amino acid sequence has only two

amino acid substitutions, and wherein the substitutions are selected from the group of two

amino acid substitutions set forth below:

Y54K and M135K Y54K and M135T Y54K and R140Q Y54R and M135K
Y54R and M135T Y54R and R140Q T56H and M135K T56H and M135T
T56H and R140Q T56K and M135K T56K and M135T T56K and R140Q
Y54K and D178N Y54K and W181H Y54K and W181R Y54K and K174R
Y54R and D178N Y54R and W181H Y54R and W181R Y54R and K174R
T56H and D178N T56H and W181H T56H and W181R T56H and K174R
T56K and D178N T56K and W181H T56K and W181R T56K and K174R
M135K and D178N M135K and W181H | M135K and W181R | MI135K and K174R
M135T and D178N M135T and W181H | M135T and W181IR M135T and K174R
R140Q and D178N R140Q and WI181H R140Q and W181R R140Q and K174R

7. The polypeptide of any one of claims 1-4, wherein the variant amino acid sequence has

3 to 9 amino acid substitutions relative to the starting amino acid sequence, and wherein at least
one substitution is in each of epitope 1, comprising amino acids 48-56 of SEQ ID NO:1, SEQ
ID NO:3 or SEQ ID NO:7; epitope 2, comprising amino acids 135-143 of SEQ ID NO:1, SEQ
ID NO:3 or SEQ ID NO:7; and epitope 3, comprising amino acids 173-181 of SEQ ID NO:l,
SEQ ID NO:3 or SEQ ID NO:7.

8. The polypeptide of claim 7, wherein the variant amino acid sequence has only three
amino acid substitutions compared to the starting amino acid sequence, and wherein the
substitutions are selected from any of the following sets of amino acid substitutions: T56H,
MI35K and DI78N; T56K, M135K and D178N; T56K, MI35T and D178N; T56H, M135K and
WISIR; T56H, M135T and W181R; Y54K, MI35T and K174R; Y54R, MI35K and K174R;
Y54R, MI35T and K174R; T56H, M135K and K174R; and T56H, M135T and K174R.

9. The polypeptide of any one of claims 1-8, consisting essentially of a human or
humanized immunoglobulin Fc polypeptide sequence fused either via a peptide linker or

directly to the C-terminus of the variant amino acid sequence.

10. The polypeptide of claim 9, wherein the immunoglobulin Fc polypeptide sequence is the

Fc portion of a human IgG.

52



23 May 2018

2014274253

11. The polypeptide of claim 10, wherein the amino acid sequence of the peptide linker and
Fe¢ portion of human IgG is selected from amino acids 218-488 of SEQ ID NO:1, amino acids

218-486 of SEQ ID NO:3, and amino acids 218-488 of SEQ ID NO.7.

12. A polypeptide variant consisting of a modified starting sequence, wherein the starting

sequence is selected from SEQ ID NO:3 or SEQ ID NO:7 and the modification is two or three

amino acid substitutions, the polypeptide being selected from any one of the polypeptides set

forth below:
Polypeptide Starting Epitope 1 Epitope 2 Epitope 3
No. Sequence Substitution Substitution Substitution

63 SEQ ID NO:3 Y54K M135K None
64 SEQ ID NO:3 Y54K M135T None
65 SEQ ID NO:3 Y54K R140Q None
66 SEQ ID NO:3 Y54R M135K None
67 SEQ ID NO:3 Y54R M135T None
68 SEQ ID NO:3 Y54R R140Q None
69 SEQ ID NO:3 TS6H M135K None
70 SEQ ID NO:3 T56H M135T None
71 SEQ ID NO:3 T56H R140Q None
72 SEQ ID NO:3 TS56K M135K None
73 SEQ ID NO:3 TS6K M135T None
74 SEQ ID NO:3 T56K R140Q None
75 SEQ ID NO:3 Y54K None D178N
76 SEQ ID NO:3 YS4K None W181H
77 SEQ ID NO:3 YS54K None WI181R
78 SEQ ID NO:3 YS4K None K174R
79 SEQ ID NO:3 Y54R None D178N
80 SEQ ID NO:3 Y54R None WI81H
81 SEQ ID NO:3 Y54R None WI181R
82 SEQ ID NO:3 Y54R None K174R
83 SEQ ID NO:3 T56H None D178N
84 SEQ ID NO:3 T56H None WI181H
85 SEQ ID NO:3 TS6H None WI181R
86 SEQ ID NO:3 T56H None K174R
87 SEQ ID NO:3 T56K None D178N
88 SEQ ID NO:3 T56K None WI181H
89 SEQ ID NO:3 T56K None W181R
90 SEQ ID NO:3 T56K None K174R
91 SEQ ID NO:3 None M135K D178N
92 SEQ ID NO:3 None M135K Wi181H
93 SEQ ID NO:3 None M135K WI18IR
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Polypeptide Starting Epitope 1 Epitope 2 Epitope 3
No. Sequence Substitution Substitution Substitution
94 SEQ ID NO:3 None M135K K174R
95 SEQ ID NO:3 None M135T D178N
96 SEQ ID NO:3 None MI135T WI81H
97 SEQ ID NO:3 None M135T WISIR
98 SEQ ID NO:3 None M135T K174R
99 SEQ ID NO:3 None R140Q D178N
100 SEQ ID NO:3 None R140Q WI181H
101 SEQ ID NO:3 None R140Q WI181R
102 SEQ ID NO:3 None R140Q K174R
110 SEQ ID NO:7 T56H M135K D178N
111 SEQ ID NO:7 T56H M135K W181H
112 SEQ ID NO:7 T56H M135K WI8IR
113 SEQ ID NO:7 T56H M135K K174R
114 SEQ ID NO:7 TS6H M135T D178N
115 SEQ 1D NO:7 T56H M135T WI181H
116 SEQ ID NO:7 T5S6H M135T WI8IR
117 SEQ ID NO:7 T56H M135T K174R
118 SEQ ID NO:7 T56K M135K D178N
119 SEQ ID NO:7 T56K M135K WI181H
120 SEQ ID NO:7 T56K M135K WI81R
121 SEQ ID NO:7 T56K M135K K174R
122 SEQ ID NO:7 T56K M135T D178N
123 SEQ ID NO:7 T56K M135T WI181H
124 SEQ ID NO:7 T56K M135T WI8IR
125 SEQ ID NO:7 TS6K M135T K174R
126 SEQ ID NO:7 Y54K M135K K174R
127 SEQ ID NO:7 Y54K M135T K174R
128 SEQ ID NO:7 YS4R M135K K174R
129 SEQ ID NO:7 Y54R M135T K174R
130 SEQ ID NO:7 T56H None D178N
131 SEQ ID NO:7 T56H None WI181H
132 SEQ ID NO:7 T56H None WI181R
133 SEQ ID NO:7 TS6H None K174R
134 SEQ ID NO:7 TS6K None D178N
135 SEQ ID NO:7 T56K None WI181H
136 SEQ ID NO:7 TS6K None WI81R
137 SEQ ID NO:7 T56K None K174R

13. The polypeptide of claim 12, selected from any one of Polypeptide Nos. 110, 112, 113,
116,117,118, 122,127, 128 and 129.
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14. A pharmaceutical composition comprising the polypeptide of any one of claims 1-13

and a pharmaceutically acceptable carrier.

15. A method of reducing amyloid or tau protein aggregates in a patient in need thereof,
comprising administering to the patient an effective amount of the polypeptide of any one of

claims 1-13 or the pharmaceutical composition of claim 14.

16. The method of claim 14 or claim 15, wherein the patient is positive for the biomarker

florbetapir when that biomarker is used as an imaging agent in positron emission tomography.

17. The method of claim 15 or claim 16, wherein the patient is suffering from a disease
selected from Alzheimer’s disease, early onset Alzheimer’s disease, late onset Alzheimer’s
disease, presymptomatic Alzheimer’s disease, Parkinson’s disease, SAA amyloidosis, cystatin
C, hereditary Icelandic syndrome, senility, multiple myeloma, familial amyloidotic
polyneuropathy (FAP), Finnish form of FAP (aggregation of gelsolin), familial amyloidotic
cardiomyopathy (FAC), senile systemic amyloidosis (SSA), islet amyloid polypeptide (IAPP)
amyloidosis, disease characterized by amyloid formed by aggregation of IgG light chain, prion
diseases, kuru, Creutzfeldt-Jakob disease (CID), Gerstmann-Straussler-Scheinker discase
(GSS), fatal familial insomnia (FFI), scrapie, bovine spongiform encephalitis (BSE),
amyotrophic lateral sclerosis (ALS), spinocerebellar ataxia (SCA1, SCA3, SCAG6, or SCAT),
Huntington’s disease, dentatorubral-pallidoluysian atrophy, spinal and bulbar muscular atrophy,
hereditary cerebral amyloid angiopathy, familial amyloidosis, British/Danish dementia, familial
encephalopathy, Amyotrophic lateral sclerosis/parkinsonism-dementia complex, Argyrophilic
grain dementia, Corticobasal degeneration, Dementia pugilistica, diffuse neurofibrillary tangles
with calcification, Down’s syndrome, Hallervorden-Spatz disease, Myotonic dystrophy,
Niemann-Pick disease type C, Non-Guamanian motor neuron disease with neurofibrillary
tangles, Pick’s disease, Postencephalitic parkinsonism, Prion protein cerebral amyloid
angiopathy, Progressive subcortical gliosis, Progressive supranuclear palsy, Subacute sclerosing
panencephalitis, Tangle only dementia, frontotemporal lobar degenerations (FTLDs), and
frontotemporal lobe dementia (FTD) including a patient having one or more of the following
clinical syndromes: behavioral variant FTD (bvETD), progressive non-fluent aphasia (PNFA),
frontotemporal dementia with parkinsonism linked to chromosome 17, Progressive

Supranuclear Palsey (PSP), and semantic dementia (SD).
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18. The method of claim 17, wherein the patient is suffering from a disease selected from

Parkinson’s disease, Alzheimer’s disease, and Huntington’s disease.

19. The method of claim 17, wherein the patient is suffering from a disease selected from
SAA amyloidosis, multiple myeloma, familial amyloidotic polyneuropathy (FAP), Finnish form
of FAP (aggregation of gelsolin), familial amyloidotic cardiomyopathy (FAC), senile systemic
amyloidosis (SSA), islet amyloid polypeptide (IAPP) amyloidosis, disease characterized by
amyloid formed by aggregation of IgG light chain, hereditary cerebral amyloid angiopathy,

familial amyloidosis, and prion protein cerebral amyloid angiopathy.
20. A nucleic acid sequence encoding any one of the polypeptides of claims 1-13.

21. A vector comprising a nucleic acid sequence of claim 20, wherein the nucleic acid

sequence is operatively linked to an expression control sequence in the vector.
22. A host cell comprising the vector of claim 21.

23. A method of making a polypeptide of any one of claims 1-13 comprising the steps of
expressing the protein encoded by the nucleic acid sequence of claim 20 or culturing the host
cell of claim 22 under conditions sufficient to allow expression of the polypeptide; and isolating

the expressed polypeptide.

Date: 23 May 2018
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