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

{61} The invention relates 1o polypeptides that comprise 3 portion of filamentous
bacteriophage gene 3 protein (g3p) sufficient 1o bind to and/or disaggregate amyiod, £.g., the NI.NZ
poriton of £3p and mutants and fragments thereof, wherein thet g3p amino acid sequence has been
modified through amino acid substitution to be substantially less immumogenic than the coreaponding
witd-type g3p amino acid sequence when used in vive. The pelypeptides of the fnvention retain their
ability to bind and/or disaggregate amyloid. The invention further relates to the use of these g3p-
modified polypeptides in the treatmaent and/or provention of discases associated with mistolding or
aggregation of amyloid.

1602} Filamentous bacteriophage g3 protein, and in paricular the polypeptide portion thereof
comprising the Ni1-NZ region of @3p has been demonstraied to bind to and disaggregate various amyloids,
such as B-amyloid, tau protein, and prion proteins, See co-pending PCT application
PCTAIS201 066793, and US provisional applications US 61/801,349, and US 61/801.849, the
disclosure of esch of which is incorporated herein by reference. See also, R Krishnan et sl J Aol Biol
(2014). Despite that efficacy, it is expected that systemic administrafion of polypeptides comprising g3p
or the M1-M2 region thereof to lnimans could cause a deleterious mimine response. However, none of
these teachings identify specific T cell epitopes that resulf in nmunogenic properties of g3p or suggest
ihe specific maditications provided here to reduce or climinate these immunogenic properties.

{663)  The efficacy of many recombinant or otherwise non-native therapeutic profeins or
potvpeptides may be lmited by unwanted irsmune reactions of patients to the therapeutic protein or
polypeptide. A principal factor in the induction of an immune response by a protein is the presence of T-
cedl gpitopes within the protein, {.e., amino acid sequences that can stimuofate the activity of T-cells via
presentation on major histocompatibility complex (MEC) olass [ molecules. T-cell epitopes are
commonly definad as any amine acid restdue sequence with the ability 1o bind to MHC class I

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

0047 Some T-cell epitopes may be released as peptides Guring the degradation of the
therapeutic profein or polypeptide within cells and then presented by molecules of the MHC to irigger the
activation of T-cells. For peptides presanted by MHC class H molecules, such sctivation of T-cells can
ihen give rise, for example, 1o an antibody response by direct stimelation of Becells o produce such
antibodies.

(608} MEC class I molecules are a group of bighly polymorphic proteins which play 8 central
role in helper T-cell selection and activation. The human leukocyie antigen group DR (HLA-DR)Y are the
predominant isotype of this group of proteins. Flowever, isotypes HLA-DQ and HLA-DP perform similar
functions. In humans approximately 70 different allotypes of the DR isotype are known, for D} there are
30 ditferent allotypss and for DF 47 different allotypes are known. Hach individual bears two to four DR
atieles, two D0 and two DF alleles.

18861 The immoune response 10 a protein or polypeptide in an individual is heavily influenced
by T-ceil epiiope recognition which is a function of the pepiide binding specificity of that individual's
HLA-DR shiotype. In order o identify T-cell apitopes within a profein or polypeptide inthe context of &
global population, # is desirable to consider the binding properties of as diverse a set of HLA-DR
allotypes as possible, thus covering as high a percentage of the world population as possible.

{077 T-cell eptiope identification is the first step to epitope climination. Methods enabling the
detection of T-cell epitopes are known in the art and are disclosed in WO 98/52876, W 00/34317,
USZO07/0269435; US 7,208,147, Kemn et al, Natwre Medicine 4:975-978 (1998); and Kwok et al., Trends
in Swmunology 22:583-58% (2001} In these approaches, predicted or identified T-cell epitopes are
removed by the use of judicious amino acid substitutions within the primary segquence of the therapeutic

priviein or polvpeptide. Although these references enable puiative idemtification of T-cell epitopes, the
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selection of amino acid substitutions that avoid negative impact on biclogical activity cannot be
reasonably predicted. That can only be determined by testing each of the modified polypeptides for such
activity,

f08]  Thus, it would be desirable 1o 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
diagnostic 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
tvrpunogenicity of that T-cell epilope without destroying the ability of the variant M1-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 varlant of an
N1-N2 amino acid sequence, or a mutant or fragment thereof, having reduced immunogenicity due to one
or more amino acid substitutions within one or muore of the identified T-celi gpiiopes. o ove aspect, the
invention provides fusion proteins comprising the variant N1-NZ sequence fused to a human
tnmumoglobulin Fo region,

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

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

18121  In another embodiment, the invention provides methods for producing the polypeptides
of the invention. In particular, such methods employ the nucleie acid molecules andfor cells harboring a

vector that comprises such nucleie acid molecules.
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BRIEF DESCRIPTION OF THE FIGURES

[613]  FIG. 1 presents the amino acid sequence of an NI-N2-higGi-Fe fusion protein (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 linker present in M13 bacteriophage. This region is
identified by shading. Amine acids 257-261 represent amino acids encoded by the multiple cloning site
used to construct 2 nucleic acid molecule encoding the fusion protein. The IgG-Fe portion of the protein
hegins at amino acid 262,

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

{015} FIG. 3 presents the amine acid sequence of ancther slternate embodiment of a glp-
hlg(1-Fe fusion protetn (SEQ 10 NO:3) with three T-cel epitopes identified by bold and underling. The
fourth T-cell epitope has heen eliminated by substitution of V213A and G2Z20E as compared to SEQ ID
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 NO4) ancoding the g3p-higG1-Fe fusion
protein of SEQ 1D WO with a N-terminal mammalian signal sequence. FIG. 48 presents a DNA
sequence (SEQ 1D NG5 encoding the g3p-higG1-Fo fusion protein of 3EQ 1D NG:2 with a N-terminal
mammalian signal sequence.

{017 ¥ 5 presents a BMA sequence (SEQ 1B NO:S) encoding the g3p-higlG1-Fe fusion
protein of SEQ ID NG:3 with a N-terminal mammalisn signal sequence.

(018} FIG. 6 provides a comparison of the frequency of donor allotypes expressed in the study

described in Example 1.

N
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{319]  FEIG, 7 presents the aming acid sequence of ancther aliernate embodiment of a g3p-
higG1-Fo fusion protein {REQ 1D NOG:TY with three T-cell epitopes identified by bold and underline. The
fourth T-cell epltope has been eliminated by & Y2150 substingtion as compared to SEQ 1D MO

{628] FIC. B presents 3 DNA sequence (SEQ 1D NO:8) encoding the g3p-higlGl-Fe fusion
protein of SEG 1D NOT with a N-terminal mammalian signal sequence.

DETAILED DESCRIPTION OF THE INVENTION

{02311  Inthe present application the term “modifiad” (and Hs cognates) with respectic a
reference funmodified) amine acid or nucleic acid sequence refers to g sequence that containg one of more
aming acids substitutions or corresponding substitution of codons. A modification does not necessarily
require physical manipulation of the reference sequence. As long as 3 sequence containg such
substitutions as compared to a reference sequencs it will be considered “modified” regardiess of how it
was synthesized. The term “vartant” refers to an aming acid or nucleic acid sequence that has been
modified to reduce immunogenicily as compared {o the reforence sequence. As used herein, 3 “variant

b

g3p” or “variant N1-N27refers to an aming acid sequence {or the nucleic acid sequence encodes 1t) that
comprises {a) an W1-N2 portion of filamentous bacteriopbage g3p protein (e.g., amino acids 1217 of
SEQ ID WO, or (b) a mutant or fragment of that amino acid sequence {e.g., aming acids 1-217 of 3EQ
1D MO:3) that binds to and/or disaggregates amyloeid, wherein the amino acid sequence {or the nucleis
acid sequence that encodes it} has been modifled to reduce immunogenicity as compared to the reference
{unmodified) amino acid ssquence; and wherein the modifications consists of | 10 9 amine acid
substifutions selected from the group of amine acid substilutions set forth i any of Table 1, Table 2,
Table 6 or Table 7, or a corresponding substitution. The term “corresponding substitution” as used herein
means a substitution in & mutant or fragment of amino acids 1-217 of SEQ 10 MOt that corresponds o
the equivalent aming acld substitution in Table 1, Table 2, Tabie 6 or Table 7 when such mutant or
fragment is aligned with aming acids 1-217 of SEQ 1D NG

(G221 Anevample of a fragment of amino acids 1-217 of SEQ [T NO: 1 that binds to and/or

disaggregates amyloid inciudes, but is not imiled to, any fragment that comprises aminge acids 1-67 of

v
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SEQ I NGO Example of muotants of amino acids 1-217 of SEGQ 1D MO that bind (o and/or
disaggregate amyloid include, but are not fimited o0 (1} amino acids 1-217 of SEQ D NG:3; {(2) amino
acide 1-217 of SEQ D NG, amunoe acids 1-217 of SEQ I3 MNO3, or amine acids 12217 of SEQ ID NG
bearing substitution of VVV at amino acids 43-45 with AAA; (3} amino acids 1-217 of SEQ 1D NO,
aming acids 12217 of SEG 1D NG, or snuno acids 1217 of SEQ 1D NOT having the substitotion
C33W, {4y aming actds £-217 of SEG D NO:L, amino acids 1-217 of SEQ 1D NG:3, or amino acids 1-
217 of SEQ I NOT having a deletion of aming scids 96-103; (3) aming acids 1-217 of SEG ID NG,
amino acids 1217 of SEQ 1D MO:3, or anvino acids 1217 of SEQ ID KOT bearing the substiution of
3PP at amino acids 212-214 with AGA; (6} amine acids 1-217 of SEQ 2 NG, amino scids 1217 of
SEQ D NGOG, or amine acids 1-217 of SEQ 1D NOT having the substiintions WISTA, F1904A and
F1944; (7 other active mutants and fragments disclosed in PCT/AS2012/066793; (8) aminoe acids 1-217
of SEQ D NO:T, (9 aming goids 2-217 of SEQ 1D MO, amine acids 2-217 of SEQ ID N3, or aminoe
acids 2-217 of BEGQ 1D NOT; (10 amine acids 3-217 of SEQ 1D NG, amino acids 3-217 of 3EQ D
N3, ar amino acids 32217 of 8EQ [0 MNG7.

i813]  The NI-N2 portion of fitamerntous bacteriophage g3p protein has praviously bean shown
to possess amyleid binding and disaggregation properties (see PCT/USI0IZ/066793). The N1-M2 portion
of native M13 phage is represented by amino acids 1-217 of SEQ 1D NO:1. The same NI-N2 amino acid
sequence is alao present in fd and £1 filamentous bacienophage. It should be understond that aming acids
21E-256 of SEQ 1D NO: are also pant of the pative p3p sequence and are typically referred to as the
giveine-rich finker connecting the N2 region of 23p to the Cerminal domain of g3p {CT7, also known ags
the N3 domain. Amino acids 257-261 of SEQ 1D N represent amino acids encodad by the multiple
cioming site used to construct a nucleic acid molecule enceding the fusion protein of SEQ ID NG: L
Polypeptides

{8241 Thuos, in one embodiment, the invention provides a polypeptide comprising a variant g3p
or variamd N1-N2Z. A more specific embodiment of the invention provides a polypeptide comprising 2

variant of a starting aming acid sequence selectad from amine seids 1-217 of SEQ 1D NG, amino acids
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1-217 of SEQ D NG, and aming acids 1217 of SEQ ID NGO, wherein: {a) the polypeptide binds to
and/or disaggregates amylotd; {b) the polypeptide has reduced bmmunogeniclly as compsared 1o a
corresponding polypeptide comprising the starting amino acid sequence; and {c} the variant has from | to
G aminc acid substitutions as compared to the starting aming acid asquence, 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 aminoe acid sequence™ as used herein means a
polypeptide which, except for the substitulion(s), has the same amine acid sequence as the polypeptide
cornprising the starting aming acid sequence,

Yable 1. Deimmunizing Amine Acid Substinitions to Amine Acids 1-217 of 8EQ [ RO, SEQ 1D
N, SEGID MNO:3 ar SHQ D MO,
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Table 3. Alternate or Additional De-Innununizing Amino Acid Substinustions o Amine Acids 12217 of
SEQ D NG, SEQ D MO:2, SEGQID WNG:3 or SEQ HI MO

Epitope Aming Acid # Aming Acd present at Substitution
. the indicaied Amine
Acid # of SEQ 1D NG: §¥

; T G P
,,,,,, ; : 5@ ¥ G H KPR
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*In Tabies | and 2, each of the indicated arnine acids is the same in SEQ IDNOS: 1, 3 and 7.

(3257 The amino acid substitutions set forth in Tables 1 and 2 were derived by identifying the
T-cell epitopes present completely within the N1T-M2 amino acid sequence. This was done by incubating
different overlapping peptide portions of the N1-N2 sequence againat the peripheral blood mononuciear
cells (PRMC) from a echort of coromunity biood donors best representing the world population of HLA-
DR allotypes to identify the potential T-cell epitopes. This information was then subjected to software
analyais against a database of known T-cel epitopes to identtly optimal aming acid substitutions within
those potential epitopes. These procedures are deseribed in detail in the Examples,

{028}  In one aspect of these embediments, the 1-9 aming acid substitutions are selected from
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 1D NG or 3 varlant of amino acids 1-217 of SEQ I3
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W3, or a variant of amine acids 1-217 BEG ID NOGLT having only a specific single aming acid

substituion, wherein the subsiitution 15 selected from one of the substitutions set forth in Table 3:

Table 3. Specific De-Immunizing Single Amine Acid Substitutions in Aming Acids 1-217 of SEGQID
MO, Amino Acids 1217 of SEGID NG, or Amine Acids [-217 of SEQ HDNOT

gastl [T GA4SK (48R G413
_______ G4BT TSIG T51H T3IK
T51P TSR T30 PSIN
V4G YS4E Y 4K Y 54p N
________________ YS4R T56G L Tsek T36K
T56P TS6R MI35A MI3SD
#1356 MIZSH MI3SK MI35N
__________________ MIISR Mi3ST CRI4DA #1400
RI40E R140G Ri40H 1 R140Q
Fl41D Fi4lE N1434 Mi43G
81730 Sijap b M 176G M175H
MIT6E MIT6N DiRe | D178N
DITRG D788 WI1BIG WIBTH
.................. WISIK WIBIR LI K17AR
MIT6R opgr 4 )
71 In some embodiments, the polypaptide comprises a variant of amino acids 1-217 8EQ 1D

MY or a variant of amino acids 1-217 of SEQ I MNO3, or 3 variant of amino acids 1-217 of SEG 1D
NO:T baving 2-9 amino acid substitutions, wherein the substititions are in at feast two of epttopes 1, 2
and 3, and wherein the sebstitutions are selected from those set forth in Tables 1 and 2. Tn a more apacific
aspect, at least two substitutions in the variant of aming acids 1-217 SEQ 1D NG:T or the variant of aming
acids 1-217 of SEQ 1D NO:3 or the variant of amino acids 1-217 of SBEQ ID NO:7T are selecied from those
ot forth in Table 1. In an even more specific aspect the polypeptide comprises a variznt of SEQ 1D NG
of BEG ID WNGE3 or SEQ 1D NOT that has only two amino acid substituiions, whereln the substitutions
are selected from any of the apecific two amine acid substituttons set forth in Table 4;

Table 4. Specific De-Immunizing Two Amine Acid Substitutions in Amine Acids 1-217 of 8EQ 1D
NG, Amine Acids 12217 of SEQ 1D NO3, or Amino Acids 1-217 of 3EQ ID KOG

strK and M} 35}_ ......
Y 54R and RI140K)

, Y SAR and M135K

CTA6H and M135K | TSAH and M35

TS6H and M135T

T36H and R140Q CTS6K and MI3SK 1 T36K and MI35T CTS6K and B140Q
Yo4K and D178N 1 Y534K and WISIH ’ and Wi8IR Y354K and KITAR

YRR and KI74R

Land W

T4 and WIGTR

G
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TS6K and D178N

T56K and WIBLH

T56K and WiBIR

T56¥ and EE7 AR

MI35SK and DITEN

MI3SK and WIETH

MI35K and WIBIR

MI135K and K 1748

MI3ST and D 78N

M135T and WISIR

MI3ST and K174R

R14003 and 178N

1400 and WiSIR

140G and K174R

{8281  In another embodiment, the polypeptide comprises 3 variant of amino acids 1-217 SEQ
D MO or a variant of amine acids 12217 of SEG 1D NO:3, or a variant of aming acide 1-217 of SEQ 1D
WHT, having 3-% amino acid substituiions, wherein at least one amine acid subsiitution 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 aspeet, gt least ihree amino 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 amino acids 1-
217 of SEQ D NO:T are selected from substitutions set forth in Table 2. Inoan even more spacific aspec,
the polypeptide comprising the variant of amine acids 1-217 SEQ 1D NG or the variant of amine acids
1-217 of SEG 1D N3 | or the variant of aming acids 12217 of 5EQ 1D KG:7 has only three aming acid
substitutions, wherein the substitutions are selected 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 1-215 of SEQID
MG, Amino Acids 1-217 of SEQ 1D NG:3, or Amino Acids 1-217 of SEQ 1D NO:T:

Y EAR, MI35K and V54K, M135T and Y SAK, R140G and Y54R, M135K and
DI78N DI7TEN DI78N DI7EN
Ya4R, M135T and Y54, R1400 and TS6H, M135K and T56H, M135T and
DI7EN | DITAN. D178 D17EN
T36H, R1400 and T56K, MI35K and T36K, #1357 and T36K, R 1400 and
D178N Di7eN D178% ” £3178N
Y 4K, M135K and Y 34K, Mi35T and Y 54% R140GC and Y SAR, M135H and
WisiH WiglH WisiH WISIH
Y 54K, M135T and Y S54R, R1460) and T56H, Mi35K and TS6H, M135T and
WY WikiH WisiH W1gIH
T56H, R140Q and TS6K, M13SE and T56K, M135T and T36K, R140C and
ﬂﬂﬂﬂﬂ WikIH Wig1H  WIRIH ) WIgIH
V543, Mi35K and V54K, M135T and YVSAK, R140G and | YS54R, Mi3sK and
e ABIR WIBIR WISIR WIEIR
Ya4R, 8M135T and | Y54R, R1400 and TS6H, M135K and TSGH, MI3ST and |
WIBIR WIBIR l Wisip WIEIR
T36H, R1400 and T36K, M135K and Ts6K, Mid5Tand | T36K, R140Q and
e ABIR WIZIR wagiR L WIBIR
Y S4K, M13I5K and Y54K, Mi35T and YVSAE, R140Q and | YS4R, MT35K and
KI748 Ki7ap EATAR KIT4R
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VAR, MI35Tand | YS4R, R140Q and T56H, Mi35Kand | TS6H, MI35Tand |
- K174R K174R. KI7T4R o kmar
| TS6H, R140Gand | T56K, MI35K and T56K, M135T and T56K, R140Q and |
e RIMR RIZR .. KITAR ol KiaR

H029]  In another embodiment, the Invention provides a polypeptide comprising 4 g3 variant
wherein one of the | 1o 9 substitution is a substitution in epitops 4 selected from V2154, V2155 V215G
or V2IAT, VZISC, V215D, V21SE, VZI5F, V2Ii5H, VIISK, V215N, VI8P, V2150, or VZ15R. In st
another embodiment, the invention provides a polypeptide comprising a variant of amino acids 1-217 of
SEQ ID NGO, wherein one of the 1 o @ substitutions is 3 substitution in epitope 4 selected from V21354,
VIISS, V218G, V2187, VZI5C, V215D, V2ISE, VRIS, V2ISH, V213K, V218N, V2i5P, V2150, or
VZI158R, Through testing of overlapping potential T-cell epitape peptide portions of the NI-MZ sequence,
apphicants bave determined that V213 in SEQ 1D NGO s part of 2 potential Treell epitopes (epitope 4 in
FIG. 1) spanning eming acids 213223 of SEQ 1D (the end of N2 through a portion of the

glycine-rich

Hnkers, V2154 and GZ20E substitutions in epitope 4 (see SEQ 11D MNO:3) do not affect the ability of the

polypeptide to bind fo amylold, but subsequent analysis suggested that one or both of these subatitutions

when combined with certain of the changes indicated in Tables | and 2 in each of epitopes 1, 2and 3

reduce the ability of the resuliing polypeptide to disaggrogate amyloid, A single V2150 substitution in

epiiope 4 as compared 1o SEQ I3 NOT {see SEQ D MONT) did not affect the ability of the polypeptide to
bind to or disaggregate amyloid, Fach of these epitope 4 substitutions were predicied by software and
database analysis to eliminate the V-cell epllope, Each of the other substitutions for V215 set forth sbove
are simifarly predicted to eliminate the T-cell epitope, while having litle or no effect on amylold binding.
{38]  In a more specific aspect, the polypeptide comprising a variant of arpine acids 1-217 SEQ
FD3 MO:T has any one of the V215 substitutions set forth above, as well as 1-8 of the amino acid

substitutions set forth i Table T or Table 2. In an even more specific embodiment, the 1-8 aming acid

substitutions are selected from those set forth in Table 1. Inan even more spacific aspect, the polypeptide

hias any one of the V215 substitutions set forth above, and one additional single amino acid substitution

selected from those set forth in Table 3. In a more specific aspect, the polypeptide comprising a variant

1
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of amine acids 1-217 SEQ 13 NG has any one of the V213 substitutions set forth above and 2-8
additional amine acid substiiutions, wherein the additional substitutions are in at least two of epitopes |, 2
and 3, and wherein the substitutions are selected from those set forth in Table 1 or Table 2. Inaneven
more specific embodiment, the at least one substitution in at leas two of epitopes 1, 2 and 3, is selected
froro the substitutions set forth in Table 1. fn a 563l more specific embodiment, the polypeptide has one
of the V215 substitutions set forth above, and one of the specific two amino acid substitutions set forth in
Table 4.

{331} In amore spacific aspect, the polypeptide comprising a variant of amino acids 1-217 SEQ
1D NG has any one the V215 substitutions sat forth above, and 3-8 additional amino acid substitutions
selected from those set forth in Table 1 or Table 2, wherein each of epitapes |, 2 and 3, comprise one of
the additional substitutions. In an even more specific embodiment, the substitution in gach of epitopes |,
2 and 3, is seiected from those set forth in Table 1. In a st more specific embodiment, the polypeptide
has one of the ¥215 substibitions set forth above, and one of the specific three amine acid substitationg

forth in Table 5. In an even move apecific embodiment, the polypeptide has a V215G substintion and
three amino acid substintions selected from: TS6H, MIASE and DIT8MN; T50K, M135K and D178N
TSOK, MI3ST and DTN, T36H, M135K and WI18IR; T56H, MI3ST and WIRIR; Y54K, M135T and
EI7T4R; YS4R, MI3SK and WIT4R; Y84R, MI35T and K174K; T36H, MI35K and K748, and T36¥,
MI3ST and K174R.

{832} In ancther embediment, the polypeptide of the invention is a fusion protein consisting
essentially of 8 human or humanized immunoglobulin Fo polypeptide sequence fused via 2 peptide linker
ar directly to the C-terminug of the varfant g3p amino acid sequence, The ferm “peptide Hinder” as used
heremn refers to a series of consecutive amino acids that will not imterfere with the function of the
polypeptide. As set forth above, in SEQ 1D NOs: §-3 and 7, aming acids 218-256 reprasent the glycine-
rich linker that is normally preserd in the M13 glp protein. That linker may be used or a different linker
maay be substituted therefor in the polypeptides of the invention, Alternatively, the Fe polypeptide

sequence may be finked directly fo the last amine acid encoding N2 {e.g., aming acid 217 of SEQ 1D NOs

12
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1-3}. The choice of linker sequence and/or i3 absencs may be made by those of akill in the art teking into
account veotors available for the recombinant expression of the polypeptide of the invention, and any
secondary or terdary structure such a linker may impart to the polypeptide. In one aspect of this
ernbodiment, the Feo polypeptide is the Fe partion of o human 1gG. In a more specific aspact the
polypeptide is a varfant of SEQ 1D NG, SEQ D NO:2, SEQ YD NG:3 or SEQ 1D W17 having the | to
% amino acid residue substititions therein selected from the group of amino acid substitutions set forth in
Table 1, Table 2, or Tabkle 6, or Table 7, balow:

Table 6. Deimnumizing Arming Acid Substitutions to Amino Acids 213-223 of BEG 1D NOLL

Eptiope Arine Acid # Amine Acid presentin | Subsiitution
Amine Acids 1215 of
SEQ I NG 1

4 215 Y AR G

4 218 el O E N PGS, T
4 234 . e P EA DL R W .
4 221 8 0.E G

4 223 G AN 2

Table 7. Aliernate and Additional Detmmunizing Amino Acid Substitutions to Amino Acids 215223 of
SEQID NG or SEQ IDNG:2

Epitope T Amine Acid# | Amino Acid presemnt in ' Substitution
Aminoe Acids 1-215 of
SELED MO 123

4 T8 i R TODE FH NP GRS
3 218 e A H W |
= e = WY

e 53 T EXCMR T

contain a further substitution at these amino acid residoes.
¥ 2150 substitution i3 already present in SEQ 1D N7 so that a vanant of SEGQ ID NO!7 would not
contain a further subatitution at these amino acid residues.

1333} In an even more specific aspect, the polypeptide is a variant of SEQ 1D NG, or SEQ H
N2, having 2-9 amino acid substibitions, wheregin one of the substitutions is a substitution set forth in

Table 6 and Table 7; and at least one of the substitilions is a substifuiion sat forth In Table | and Table 2.
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In a more specific aspact, the polypeptide is a variant of SEQ 1D MO, or S3EQ D N2 and has 2-9
amino acid substitutions; af least one of the substihsions set forth in Table &; and at least one of the
sebstitutions set forth in Table 1. In another more specific aspeet, the polypeptide is a variant of SEQID
N, or SEG 1D MNOZ and has 3-9 amino acid substinitions, wherein st least one of the substitutons {s
selected from substitutions st forth in Table  and Table 7, and wherein at least two of epliopes 1, 2, and
3 contain at Jeast one substitution selecied from the substitutions set forth i Table T and Table 2. Ing
more specific aspect, the polypeptide is a variant of 8EQ 1D MO, or SEQ 12 NO:2 and has at least ong
of the substitutions set forth in Table 6 and at least one substifution in at least two of epitopes 1, 2 and 3
selected from the substindions set forth in Table . In another more specific aspect, the polvpeptide iz a
variant of SEQ ID NG, or SEQ ID NG:2 and has 4-9 amino acid substitotions; at least one of
substitutions set forth in Table 6 and Table 7, and at least one substitution in each of epitopes 1, 2 and 3
selected from the sobstitufions set forth in Table 1 and Table 2. In a more specific aspect, the poiypeptide
i3 a variant of SEQ ID NG, or SEQ ID NO2 and has at least ong of the substitutions set forth in Tabie 6
and af least one substitution in each of epttopes 1, 2 and 3 selecied from those set forth in Teble 1. In
another more specific aspect, the polypeptide is a variant of SEQ ID MOnt, or SEQ 1D NO:2 and has at
ipast one of substitutions set forth in Table &; and =t least one of the specific sebstitutions one, two or
iree amino acid substiivtions set forth in Table 3, Table 4 or Table §, respoctively. o still another more
specific aspect of this embodiment, the polypeptide 15 3 variant of SEQ 1D NG, or SEQ 3 NOWZ and
has only one of the amino acid substinutions set forth in Table & and only one, two or three additional
aming goid substitutions sslected from one of the specific one, 1wo or three amine acid sebstitutions set
forth in Table 3, Table 4 or Table 5, respactively.

{834}  in an alternate embodiment, the polypeptide is 8 variant of SEQ 1D NOS or SEQ D
MNO:T and has | 1o 9 aming acid residue substitutions sefectied from the group of amino acid substifutions
set forth in Table 1, and Table 2. In & more specific aspect, al least one aubstitution is set forth in Table 1
{n another more specific aspect, the polypeptide ts a variant of SEQ D N0 or SEQ 18 MOT and hes 2-
3 aming soid substitutions and at least one substittion in at least two of epitopes 1, 2 and 3 selected from

14
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any of the substitutions set forth in Table | and 2. In a more specific aspect, at least one substiution in at
least two of epitopes 1, 2 and 3 is selected from those set forth in Table 1. In another more speeific
aspeet, the polypentide is a variant of SBQ 1D NG:3 or SEQ 1D NG:7 and has 3-9 aming acid
substitutions, wherein at feast one substitution is in cach of epitopes 1, 2 and 3 and iz selected from any of
the substitutions set forth in Table 1 and 2. In a more specific aspect, the st least one substitution in each
of epitopes 1, Z and 3 is selecied from those set forth in Table 1. In an even more specific embodiment,
the polypeptide is a variant of SEQ ID NG:3 or SEQ 1D NG:7 and has only one, two or three aming acid
aubstitutions selected from one of the specific one, two or three amine acid substitutions set forth in Table
3, Table 4 or Table §, respactively.

{8357 In another embodiment, the polypeptide of the inverttion is a variant of SEQ IDNOS3 or
SEQ 1D NO7 having only 2 aming acid substitutions selected from any of the specific two amino acid
substitutions set forth in Table 4. In another embaodiment, the polypeptide of the Invention is a variant of
SEQ I NG or SEQ 1D MNOT having only 3 amino acid substitutions selected from any of the specific
thres amine acid substitutions set forth in Table 5. In a more specific embodiment, the polypeptide of the
invention is a variant of 8EQ 1D MO:7 having only 3 amino acid substitutions selected from any of the
specific three amino acid substitutions set forth in Table 5. In another more specific embodiment, the
polvpeptide of the invention is a variant of SEQ 1D NG:7 having only 3 amine acid substilutions selested
from any of the following sets of specific three amine acid substitutions: T36H, MI3SK and 3178N;
T36K, MI35K and DB178N; T36K, MI35T and DIT8N; T36H, MI33K and WIBIR; T36H, MI35T and
WIGIR: Y534K, MI35T and KI174K; Y548, M13SE and FA74RY54R, MI35T and K 174R; TS6H,
MII3K and K174R; and TS6H, MI35T and K174R.
Nucleie Acid Molecales, Seqguences, Vectors and Host Cells

1036]  In other embodiments, the Invention provides an isolated nucleic acid molecule that
comprises a nucieic acid sequence coding for any of the polypeptides or fusion proteins comprising a g3p
vartant deseribed above. In one aspect of this embodiment, the isolated nucleic acid molecule comprisag

a variant of nucieotides 64-714 of 3EQ [ MNO:4, that is maedified by 1-9 codon substifutions, wherein
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each codon substittion corresponds to an amino acid substitution selected from the substitutions set forth
in Table 1, and Table 2, and any one of the following V2135 amine acid substitutions: VZ13A, V2155,
V215G or VEIST, V215G, V215D, VZISE, VZI8F, V215K, V2ISE, V215K, VZI5P, V2i50, and
V213K, In an even more specific aspect of these 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 1-8 additional codon substnutions, wherein each of the additional codon
substitutions is selected 1o code for an aming acid sobstitution set forth in Table 1. In a siill more specific
aspect of these embodiments the variant nucleic acid sequence is moditied by one codon suhstitution
selested fo code for any one of the V213 amino acid substitutions set forth above: and from 2-8 additional
codon substitetions, wherein each additional codon substitutions encodes an anuno scid substitution sot
forth in Tabie 1, and a codon substitution is present in each of af teast two of epitopes 1, 2 and 3. Ina sill
more specitic embodiment, the variant nucieic acid sequence is madified by one codon substitotion
selecied to code for any one of the Y215 amino acid substitutions set forth above; and from 3-8 additional
codon substitutions, wherein each additional cadon substitution encodes an aming acid substitution set
forih in Table 1, and & codon substitution is present in each of epitopes 1, 7 and 3. In a still more specific
embadiment, the variant nucleic acid sequence is modified by one codon substitution selected to code for
a Y2154 aming actd substitution; and one additions! codon substitution selectad to code for one of the
single amning acid substifutions set forth in Table 3. In a st} more specific embodiment, the variand
nucieic ackd sequence is modified by one codon substiiution selected to code for a V215G amine acid
substitution; and one sdditional codon substitution selected o code for one of the single aming acid
substiiutions set forth in Table 3. In another specific embadiment, the variant nucleic acid sequence is
modified by one codon substitution sefected to code for a V213A aming acid substiiution set forth abave;
and two additional codon substitutions selected to code for one of the specific two amino agid
substitutions set forth in Table 4. In another specific embodiment, the variant nucleie 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 selected (o code for one of the specific two amino acid

5
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substitutions set forth in Table 4. In s still more specific embodiment, the variant nucleic acid sequence is
modified by one codon substitution selected 1o code for a V215 amino actd substibution set forth above;
and three additional codon substititions selected to code for one of the specific thres aming acid
substiugtions set forth in Table 5. In a still more specitic embodiment, the variant nueleie acid sequence ig
madified by one codon substifution selected 1o code for 8 V215G amino 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 3.

{837]  In still other embodimants, the isolated nucleic acid molecule comprises a variant of
nucleotides 64-1530 of SEQ 1D NG or nuclestides 64-15324 of SEQ ID NG: S, wherein the sequence is
modified by 1-9 codon substittions, wherein cach codon substitution corresponds {6 an aming acid
substitution selected from the substitutions set forth in Table 1, Table 2, and any one of the following
Y215 amine acid substitutions: V2158, V2I50 or VZI5T, V2150, V215D, V2I5E, VZ18F, V2154,
V215K, V215N, VZI5P, V215, and VZI5R, in a more specific embodiment, sach codon sebstitution
corresponds 10 an amino acid substitution selecied from the substitutions set forth in Table 1, and any one
of the V215 substitutions set forth above. In an even mors specific ervbodinment, the variant nucleic acid
sequence is modified by one codon substitution selected to code for any one of the V215 aming acid
substitutions set forth above and from [-8 additional codon substitutions, wherein each of the additional
codon substitutions corresponds 1o an amine acid substitution selected from the subsitutions set forth in
Table 1. In a more specific aspect, the variant has one additional coden substilation corresponding 1o one
of the specific one amine acid substitutions set forth in Table 3. In a still more specific embodiment, the
variant of nuclectides 64-1530 of SEG ID NOw, ar nuclectides 84-1524 of BEQ D NGS5 has a
maodification that consists of one codon substitition selected to code for any one of the V215 amino acid
substitution set forth above; and from 2-3 additional codan substitutions, whersin each additional codon
substitution corresponds to an amino acid substitution set forth in Table 1, and 2 codon substitution 19
presert in cach of at lkeast two of epiiopes 1, 2 and 3. In a more specific aspect, the variant has two

addittonal codon substitutions corresponding to one of the spacific two amine acid substitutions set forth
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in Table 4. In a still more specific embodiment, the variant of any one of nuclestides $4-1530 of 3EQ 1D
M4, or nuclestides 64-1324 of SEQ 1D MO:S, has a modification that consista of one codon substitution
selected to code for any one of the V218 amino acid substitution set forth above; and from 3-8 additional
coden subsiitutions, wherein each additional eodon substitution corresponds 1 an amino acid substitution
set forth in Table 1, and a codon substitution s present in each of epiiopes 1, 2 and 3. In & more specific
aspect, the variant has three additions] codon substitutions corresponding to one of the specific thrae
amino acid substitutions set forth in Table 3.

[638]  In still other embodiments, the isolated nucleic acid molecude comprises a variant of
nuclaotides 64-1524 of SEQ 1D NO:6 or nucientides 64-1524 of SEQ 1D NG:E, wherein the variant
nucieie acid aequence is modified by 1-9 codon substitutions, wherein each codon substifution
corresporids 1o an aming acid substitution selected from the substitutions set forth in Table 1 or Table 2.
in a more specific embodiment, each codon substitution corresponds to any amine acid substitution
selected from the substilutions set forth in Table 1. In an even more specitic erabodiment, the variant has
one codon substitition corresponding to one of the specific one amino acid substittions set forth in Table
3. in g atill more apecific embodiment, the variarg of nucleotides 64-1524 of SEQ 11 RO:6 or nuclentides
64-1524 of SEG ID NG is modified by 2-8 codon substitutions, wherein each 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 aspect, the variant has two additional codon
substitutions correspornding 1o one of the apecific two aming acid substitutions set forth inTabie 4. Ina
st more specific embodiment, the variant of nucleotides 64-1524 of SEQ 1D NO:6 or nucleotides 54~
1524 of SEG 1D N8 is modified by 3-8 codon substitutions, wherein each codon substitution
correspords 1o an aming acid substitution set forth in Table 1, and a codon substilution is present in each
of epitopas 1, 2 and 3. o 2 more specific aspect, the variant has three additional codon substitutions
correaponding o one of the specific three amino acid substittions set forth in Table 3. In an even more
specific aspect, the variant has three additional codan substitutions corresponding to one of the following
specific gets of three amino acid substitations: TS6H, M135K and D7EM; T36K, M135K and DI17EN;
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TEOR, MIAST and BT7EMN; TS6H, MI3SK and WIEIR; T36H, MI35T and WIBIR; YS4K, MI35T and
FOI74R: YH4R, MI35K and KIT4RY54R, MI3ST and KI174K; T56H, MI35K and K174R; and T56H,
BMI3ST and K174R.

381 In stilt gther embodimenis of the nucleic acid molecules of the tnvention, the nucleic acid
slecule further comprises nucleic acid sequences ancoding a signal sequence fused in phase and directly
io the 537 end of the nucleie acid sequence encoding the variant g3p. In one aspect of these ermbodiments,
the nucleic actd sequance encoding the signal sequence is nucleotides 1-63 of SEQ HI MO:4.

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

(341} Forrecombinam production, any of the nucleic acid molecules of the inventon may be
ingeried indo an appropriate expression vector which contains the necessary elements for the transcription
and translation of the inserted coding sequence, or in the case of an RMA viral vector, the necessary
elements for replication and transiation. The encoding nucleic acid is inserted into the vector in proper
reading frame. Accordingly, the invention provides vectors comprising nusleic acid moleenle and
sequences of the invention. Such vectors include, but are ot Himited 1o, DNA vectors, phage vectors,
viral vectors, retroviral veciors, ete. The choice of appropriste vector in which o clone the nueleie acid
molecules and sequences of the fvention may be made by those of skill in the art using well-known
knowledge of the compatibility of the vector with the chosen host cell in which to camry out expression.
This may be done in any of mammalian cells, plant cells, insect calls, bacterial cells, yeast cells, ste.
Appropriate vectors for each of these cell types are weil-known in the art and are generally commercially
available.

(3421 In ancther embodiment, the invention provides a host cell barboring the vector containing
s nucleic acid molecols or nucleic acid sequence of the invention, Methods of transfecting or
wransforming or otherwise getiing a veotor of the invention into a host cell are known in the art, A cell

harharing the vector, when coltured under appropriate conditions, witl produce the polypeptides of the

[y
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invention. Specific examples of vectors and cells used for the recombinant production of the polypeptides
of the invention are set forth in the exarmple section below,

Pharmaceutical Compositions

(8431 In some embodiments, the invention provides a pharmaceutical composition comprising
any polypeptide or fusion protein comprising a variant ¢3p, optionally fogsther with a pharmaceutically
acceptable carrier, diluent or excipient. A "pharmeaceutical composition” refers to 2 therapsutically
effective amount of a composition as describad herein with a physiologically suitable carrier and/or
excipdent. A pharmaceutical composition does not cause significant jrritation to an organism. The
phrases "physiclogically suitable carrier” and "pharmaceuticaily acceptable carrier” which may be used
interchangeably refer to a carvier or 4 diluent that does ot cause significant frritation to an organism and
doss not abrogate the biclogical activity and properties of the administered composition, The term

"excipient” refers to an inert substance added o & pharmaceutical composition to further facilitate
adminstration of an active ingredient, Examples, without Himitation, inchude, for example, saling,
calcium carbonate, caleium phasphate, various sugars and types of starch, cellulose derivatives, gelaun,

regetable oils, polyethvlene glveols, and surfactants, including, tor exampla, polysorbate 20

{B44]  Pharmaceutical compositions for use in accordanse with the present inveniion may be
formulated in a conventional manner using one or more physiclogically aceeptable carriers comprising
excipients and auxiliaries, which faciiitate processing of the active ingredients into compositions which
can he used pharmaceutically, Proper formulation is dependent upon the route of administration chosen
and upon the natare of the composition delivered {(e.g., size and solubility of the polypeptide). Inone
aapect of these embodiments, the pharmacoutical compesition is formulated for injection or infusion into
the biondstream of a patient. In another aspect of these embodiments, the pharmaceutical composition is
formulated for direct administration to the brain or ceniral nervous systemn of the patient, for example, by
direct inbrameadullary, intrathecal, or intraventricular injection.

{8451 The commpositions described hersin may ba formulated for parenteral administration, e.g.,
by bolus injection or continuous infusion. Pharmaceutical compositions for parenteral administration

26
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include aqueous solutions of the composition in water-soluble form. Additionally, suspensions of the
aotive ingredients may be prepared as oily or water based injection suspensions. Suitable Hpophilic
solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acids esters such as ethyl
sleate, triglycerides or Hposomes. Aqueous injection suspensions may contain substances, which increase
the viscosity of the suspension, such as sodium carboxymethyl celhidoss, sorbited or dextran, Optionally,
the suspension may also confain sultable stabilizers or agents {e.g., surfactants such as polysorbate
{Tween 207} which increase the solubility of the active ingredients to allow for the preparation of highly
concentrated solutions. A profein based agent such as, for exampile, albumin may be used o prevent
adsorpiion of polypeptide of the invention to the delivery surface (ie., IV bag, catheter, needle, st}

18461  For oral adminisiration, the compositions can be formulated readily by combining the
active compounds with pharmacoutically acceptable carviers well known in the art.

{9471 Pormgiaiimls may be presented in unit dosage form, e.g., in vials, ampoudes or in
muliidose containers with optionally, an added preservative. The compositions may be suspensions,
solutions or emwuilsions in oily or agueous vehicles, and may contain fornudstory agents such a3
suspending, stabilizing and/or dispersing agents, Single dosage forms may be in a Hauid or a solid {orm.
Single dosage forms may be administerad directly to a patient without modification or may be diluted or
reconstituted prior to administration. In certain embodiments, a single ge form rosy be administered
in bolus form, e.z., single injection, single oral dose, including an oral dose that comprises multiple
tablets, capsule, pills, ete. In slterpate embodiments, a single dosage form may be adminisiered over a
period of time, such as by infusion, or via an implanted pump, such as an IOV pump. In the later
ermbodiment, the single dosage form may be an infusion bag or pump reservoir pre-filled with the
appropriate amount of & polypeptide or fusion protein comprising a variant g3p. Aliernatively, the
infusion bag or pump reserveir 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 reserveir solution.

(48] Ancther aspect of the invention includes methods for preparing a pharmaceutical
compuosition of the invention. Techniques for formulstion of drugs may be found, for example, in

1
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"Remington's Pharmaceutical Sciences,” Mack Publishing Co., Easton, Pa., latest edition, wiuch is
incorparated herein by reference in its entirety,

{349} Pharmaceutical compositions suitable for use in the context of the present inventios
include compositiona wherein the active ingredients are contained in an amount effective to achisve the
intended purpose.

J858]  Determination of a therapeutically or diagnostically effective amount i3 well within the
capability of those skilled in the art, especially in light of the detatled disclosure provided herein,

{81 Dosage amount and interval may be adjusted individually to provide brain levels of the
phage display vehicle which are sutficient 1o treat or diagnoese & particular brain disease, disorder, or
candition {minimal effective concentration, MECY, The MEC will vary for each preparation, but can be
estimated from in vitro data. Dosages necessary to achieve the MEC will depend on individual
characieristics.

[B352)  Dosage inervals 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 S0-90%.

{053]  Depending on the severity and responsiveness of the condition 1o be treated, dosing can
be of a single or a plurality of adeinistrations, with course of ireatment lasting from several days {o
sevaral weeks or until cure is effected or diminution of the disease state is achieved,

{3541 The amount of a composition 1o be administered 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 dispenaer
device, such as an FDA approved kit, which may contain one or more unit dosage forms containing the
active ingredient. The pack may, for example, comprise metal or plastic foil, such as a blister pack. The
pack ar dispenser device may be accompanied by instructions for administration. The pack or dispenser

may also be accommodated by a notics associated with the container in a form prescribed by a
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goverrumental agency reguiating the manufacture, use or sale of pharmaceuticals, which notice is
refieciive of approval by the agency of the form of the compositions or hurman ar veteripary
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 raay alse 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
exphanatory only and are not resirictive of the invention, a8 claimed.

Therapeutic Uses

8571 Another aspect of the invention relates to the use of any of the polypeptides, nucleis acid
miolecules, or compositions of the invention, in the treatmant of protein mistolding diseases, including,
but not Emited to, those diseases involving any of) fAR42, fosyn, INM, or flau.

[058]  In the contexs of wreatments, the ferms “patient”, “subject”™ and “reciplent” are used
interchangeably and inchude humans as wel as other mammals. In some embodiments, g patientis a
human who s positive for a biomarker associated with 2 protein misfolding disease. In one embodiment,
the patient exiibits S-amyloid deposits ag detecied by PET imaging with florbetapir.

19397 The term “treating” and ifs 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 disgase,

“Treating” is also intended to mean reducing, slowing, or reversing the symptoms of a disease in a patient
exhibiting one more clinical symptoms of a disease. In one embodimernt, the patient exhibits f-amyloid
deposits a3 deiected by PET imaging with florbetapir and the rumber of B-amyioid deposits is reduced by
the treatment. In one embodiment, the patient exhibits S-amyloid depesits as detecied by the polypeptide
or polypeptide compositions of the present invention and the number of B-amyloid deposits are reduced or

maintained by the ireatroent. In ancther emnbodiment, the patient exhibits any type of amyloid deposits as

et
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detected by PET imaging and the cognitive 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 T(3Y263-520114)

66} “Prophyiaxis” is distinet from treating and refers to administration of a composition 1o an
individual before the onset of any clinical symptoms. Prophylaxis using any of the polypeptides or
compositions thereof of the present invention is encompassed. Prophylaxis may be implicated in
individuals who are known 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 markers, Many genetic markers have been identified for the
various protein misfolding diseases. For examples, individuals with one or more of the Bwadish
mufation, the Indiana nuttation, or the London mutation in human amyloid precursor protein (hAPP) are
at increased risk for developing early-onset Alzheimer’s Dseass and so are candidates for prophylaxis.
Likewise, individuals with the trinucleotide CAD repeats in the huntinglin gene, particularty those with
36 or more repeats, will eventually develop Huntingion’s DHsease and 50 are candidates for prophylaxis.

{061} The term "protein misfolding” refers o diseases sharacterized by formation of amyloid
profein by an aggregating protein {amyloid forming peptide), such as, but not Himited to, §-amyloid,
serum amyloid A, cystatin C, 1g( kappa light chain, or a prion protein, Diseases known o be associated
with mistolded and/or aggregated amyloid protein include Alzheirmer's disease, which includes early
onsel Alzhelmer's disease, late onsel Alzheimer's disease, and presymptomatic Alzheimer's disease,
Parkinson’s disease, SAA amyloidosis, cystatin C, hereditary Icelandic syndrome, sentlity, multiple
myeloms, prion diseases including but not Himited fo kury, Creuizfeldi-Takob disease {CID), Gerstmoarm-
Strausster-Scheinker disense (G8S), fatal familial insornnia (FFD), scrapie, and bovine spongiform
encephalitis (BSEY, amyotrophic lateral sclerosis (ALS), spinceerebellar ataxia (8CA L), (SCA3), {(SCAL),
(SCATY, Huntington disease, entatorubral-pallidoluysian atrophy, spinal and bulbar muscular atrophy,
hereditary cerebral amylotd angiopathy, familial smyloidosis, frontotemporal lobe derpentia,
British/Danish dementia, Progressive Supranuclear Palsey (PSP), and familial encephalopathy. The

polypeptides and compositions of the invention may be used to treat “protein misfolding” diseasea.



WO 2014/193935 PCT/US2014/039760

9621  Many of these misfolded and/or aggregated amyloid protein diseases ocour in the central
nerviaus system (NS Some examples of diseases oceurring in the UNS are Parkinson’s [Hsease;
Alzheimer’s Disease; frontotemporal dementia (FTD) including those patients having the following
chinieal syndromes: behavioral variant FTD (bvFTD), progressive non-fluent aphasia (PMNFA) and
semantic dementia (SO frontoterporal lobar degenerations (FTLDs); and Huntington’s Disease, The
polypeptides and compositions of the invention may be used o treat diseases characterized by mistolded
and/or aggregated amyloid protein that occur in the central pervous system {CNS),

{63]  Misfolding and/or aggregation of proteins may also occur outside the CNS. Amyloidosis
A {AAY (for which the precursor protein is serum aciie phase apolipoprotein, SAAY and multiple
mveloma (precursor prolein: immunoglobulin light and/or heavy chain) are two widely known prifein
misfolding and/or aggregaied protein discases that cocur outside the ONS. Gther examples include
disease involving amyloid formed by a2-microglobulin, fransthyretin (Familial Amyloidotic
Polyneurcpathy [FAP], Familial Amyloidetic Cardiomyopathy [FACH, and Senile Systemic Amyloidosis
[SEAY, (spojserum AA, apolipoproteing Al ALL and AlY, gelsolin (Finnish form of Tamilial
Amyloidoiic Polyneuropathy), tysozyme, fibrinogen, oystatin C {Cerebral Arnyloid Angiopathy,
Hereditary Cerebral Hemorrhage with Amylotdosis, Icelandic Type), {projealcitonin, istet amyioid
polvpeptide (IAPP amvioidesis), atrial natrivretic factor, profactin, insulin, lactahadrin, kerato-epithelin,
lactoferrin, odontogenic ameloblast-associated protein, and semenogelin 1. The polypeptides and
compositions of the invention may be used to treat diseases involving nusfolding and/or aggregation of
proteins that ocour outside the TS,

iB64]  Meurodegeneraiive diseases may also invelve tau lesions. Reviewsd in Lee ef al., domn
Rev. Newrosci 24:1121-159 (2001 Tau proteins are microtubule-associated profeins expressed in axons
of both central and peripheral nervous system neurons. Neurcdegenerative tauopathies (sometimes
reterred 10 a5 tauopathies) are encompassed, Examples of tavopathies include Alzheimer’s THeease,
Amyotrophic lateral selerosis/parkinsonism~-dementia complex, Argyrophilic grain dementia,

Corticobasal degeneration, Creutzfeldt-Jakob disease, Dementia pugilistica, diffuse neurcfibriiary tangles

23
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with calcification, Down's syndrome, Frontotemparal dementias including frontotemporal dementia with
parkinsoniasm linked to chromosome 17, Gersimann-Striussier-Scheinker disesse, Hallervorden-Spatz
disease, Myotonic dystrophy, Niemann-Pick disease type €, Non-Guamanian motor neuron disease with
nearcfibrillary tangles, Fick’s disease, Postencephalitic parkinsonism, Prion protein carebral amyloid
angiopathy, Progressive subcortical ghiosis, Progressive supranuciear paisy, Subacuie sclerosing
panencephalitis, and Tangle only demerntia. Some of these diseases may also include deposits of fibrillar
amyloid [} peptides. For example, Alzheimer’s disease exhibits both amyloid § deposiiz and tau lesions.
Stmitarly, prion-mediated diseases such as Cremizieldt-Fakob disease, prion protein cerebral amyloid
angiopathy, snd Gerstmann-Striussler-Scheinker ayndrome may have also have tau fesions. Thus an
indication that & diseass is 2 “taunpathy” should not be interpreted as excluding the disesse from other
neurodegencrative disease classifications or groupings, which are provided merely as & convenience. The
polvpeptides and compositions of the invention may be used o treat neurodegenerative diseases as weil
as disgases involving tau lesions.

63]  In one embodiment, a pharmaceutical composition or formulation is for use in a method
of reducing amylold in 3 patient exbibiting symptoms related to the presence of amyloid or that is positive
for a biomarker associated with a protein misfolding disease, such as florbetapir (AV-45, EH Lilly},
comprising administering 1o the patient an effective amount of a pharmaceutical composition or
formulation as deacribed herain, In one embodiment, the route of administration is selected from
intrathecal injection or infusion, direct intraventricular injection or infusion, intraparenchymal injection or
infusion, or intravenos injection or infusion.

{6661  In one embodiment, a pharmaceutical commposition or formulation is for use in 3 roethod
of maintaining the level of amyioid in & patient exhibiling symptoms related to the presence of amyloid or
that is positive for 2 biomarker associated with a protein misfolding diseass, such as florbetapir (AV-45,
Bl Litly), comprising administering to the patient an effective amount of a pharmaceutical composition or

formulation as described herein. In one embodiment, the route of administration is selected from
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intrathecal injection or infusion, direct intraventricular injection or infusion, intraparenchymal fnfection or
infusion, or intravenous injection or infusion.

{6671 o one embodiment, a pharmaceutical composition or formulation is for use in a methad
of disagoregating amylcid in a patient comprising administering to a patient having amylold an effective
amount of a pharreaceutical composition or formulation as described herein. Inone embodiment, the
roste of administration is selected froon mirathecal injection or infusion, direct intraveniricular injection
or infusion, intraparenchymal injection or infusion, or infravenous injection or infusion,

{868}  In one embodiment, a pharmaceutical composition or formulation of the Invention is for
use in a method of causing the disaggregation of B-amyleid deposits in the brain, comprising injecting
divectly into the brain of a patient in need thereof an effective amount of pharmaceutical composition as
described herein, thereby causing a reduction in B-amyloid deposiis in the brain. In an aliernate
embodiment, a pharmacesutical compaosition or formulation of the invention is for use in a method of
causing the disaggregaiion of Bamylcid deposits in the brain, comprising injecting intravenous delivery
into a patient in need thereof an effective amownt of pharmaceutical composition as described herein,
thereby causing a reduction in B-amyioid deposits in the brain.

(368}  In one embodiment, g pharmaceutical composition or formulation ia 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. Inong
embadiment, the route of administration is selected from intrathecal injection or infusion, direct
intraventricuiar injection or infusion, intraparenchymal injection or infusion, or intravenous injection or
infusion.

{761 In one embodiment, & pharmacewiical composition or formulation of the fnvention is for
use in a method for promoting amyloid clearance in the brain, Promoting amyiold clearance may prevent,
freat o reduce the symptoms or severity of 3 protein-mistolding or nevrodegenerative disease. In ons

embodiment, the route of administration 1s selected from intrathecal injection or infusion, direct



WO 2014/193935 PCT/US2014/039760

intraventricular injection or infusion, intraparenchymal injection or infusion, or intravenous injection or
infusion,

{711 In one embodiment, a pharmaceutical composition or formulation of the inveantion is for
use in a method for inhibiting amyleid aggregation in the brain. Inhibiting amyicid aggregation in the
brain reay prevent, treat or raduce the symptoms or severity of a protein-misfoiding or neuwrodegenerative
disease. In one embodiment, the route of administration is selected from inirathecal injection or infusion,
divact intraventricular injeclion or infusion, intraparenchymal injection or infusion, or intravenous
injection or infusion.

18721 In one embadiment, & pharmaccutical composition or formulation of the invention is for
use in a roethod for clearing toxic amyloid oligomers in the brain. Clearing toxic amyloid oligomers in
the braln roay prevent, fraat or reduce the symptoms or severity of 2 protein-misfolding or
neurodegenerative disease. In one embodiment, the route of administration is selected from intrathecal
injection or infusion, direct intraventricitiar Infection or infousion, intraparenchymal injection or infusion,
ot Imtravenous injection or infusion.

i873]  In one embodiment, a pharmaceutical composition or formuziation of the invention s for
use in a method for preventing the formation of toxic amyloid oligomers in the brain, Preventing the
formation of toode oligomers m the brain may prevent, treat or reduce the symptoms or severity of a
protein-misfolding or neuredegenerative dissase. In one embodiment, the route of administration is
selected from intrathecal injaction or infusion, direct intraventricular injection or infusion,
intraparenchymal injection or infusion, or intravenous injection or infusion.

{#74]  In one embodiment, & pharmacetical composition or formulation of the invention 1s for
use in a method for protecting nevrons from amyioid damage. Proteciing neurons from amylold damage
may prevent, treat or reduce the symptorms or severity of a protein-mistolding or newrodegenerative
disease. In one embodiment, the routs of administration is selected from intrathecal injection or infusion,

direct intraventricular injection or infusion, intraparenchiymal injection or infusion, or intravenous

o
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injection or infusion. In one embodiment, a pharmaceutical composition or formulation of the invention
for use in protacting nevrons from amyioid damage is given prophyviactically.

781 In some embodiments, the patient is positive for a biomarker associated with a protein
misfolding andfor aggregation disease. In one embodiment, the biomarker i Horbetapiv (AV45, Bl
Lilly)

78] In some embodiments, the patient is exhibiting symptoms of a neurcdegenerative disease
that s associated with the presence of amyloid. In various embodiments, the amyloid is any of TAPB42,
fosyn, M, or fiau

[877F  in certain embodiments, the neurodegenerative disease 15 Parkinson’s disease,
Alzheimer’s disease, or Huntington's disease. In one embodiment, the neurodegenerative disease ia
Alzheimer’s disease. It one embediment, the neurodegenerative disease is Alzheimer’s disease and the
patient exiibits B-amyloid as detected by the imaging agent florbetapir (AV-45, Ei Lillyy

1978]  In some embodiments, the patient is exhibiting syrmptoms of a prion-mediated disease,

{9791 In ceriain embodiments, the prion-mediated disesse 15 choasen from Creutzfeldi-Jaioh
disease, kury, famal familial insomnia, or Gerstmann-Sirdussler-Scheinker syndrome.

{3801 In some embodiments, the patiant is exhibiting symptoms of a neurodegenerative

N .

taunpathy other than Alzheimer’s disease. o certain embodimnents, the disease to be treated is selected
rom Argyrophilic grain dementia, Corticobasal degeneration, Dementia pugilistics, diffuse
newrofibritiary tangles with calciflcation, Down’s syndrome, Fronfotemporal dementias inchuding
frontotamporal derpentie with parkinsonism hnked to chiromosome 17, Hallervorden-Spatz disease,
tMyotonic dystrophy, MNiemann-Pick disease type C, Non-{uamanian motor neuron disesse with
newrofibrillary tangles, Pick’s disease, Postencephalitic parkinsonism, Progressive subcortical ghioais,
Progressive supranuclear palsy, Subacute scierosing panencephalitia, and Tangle only dementia.

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

administration of & nucleic acid molecule of the invention {i.o., one that encodes a variant g3p tha

TG
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exhibits reduced immunogenicity and possessing the ability to bind to amyloid, disaggregale amyloid
plagues, and/or prevent aggregation of amyloid) alone or associated with a suiteble carrier, suchas, eg, a
liptd nanoparticle, a polymeric carrier, or a veotor, such as 2 viral vector directly 1o a patient by any
suitable route, such as, ez, inhalation and intravenous infusion. The nuelele acid molecuie encoding the
variant g3p of the invention suitable Tor this treatment may be DNA or RKNA.
Diagnostics
[082]  In another aspect of the invention, the polypeptides and compositions described herein,

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 in vive or in vitro may be
part of a diagnosis of one of the protein misfolding diseases desertbed. When used as diagnostic agents,
the poiypeptides of the invention may further comprise a detectable label, or may be otherwise delected in
vive. Yarious labels can be attached to the amyioid binding compovpent of the disgnostic composition
using standard technigues for labeling proteins. Examples of labels include fluorescent iabels and
radiolabels. There are a wide variety of radiolabels that can be used, but in general the label is often
selected from radiolabels including, but not Hmited 1o, g UG and PP These and other radioisotopes
can be gttached i the protein using well known chemistry. In one embodiment, the label is detected
using posiiron emission tomography (PET). However, any other suitable technique for detection of
radioisotopes may 2iso be used to detect the radiotracer.

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

imaging agent fo detect non--amyloid agpregates.

(]
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[G84]  In another embodiment, the polypeptides or compositions of the invention s vaed as a
diagnostic imaging agent to Jetect B-amyloid in the NS, including the brain
{1881  Dunagnostic compositions of the invention may be administered using the same routes
describad for therapeutic compositions. In one embodiment, the route of admivistration s selected from
intratirecal injection or infusion, direct infraventricular injection or infusion, intraparenchymal injection or
infusion, or iniravenous injection or infusion.
Hxamples

Example 12 Mapping of CD4+ T Celf Epitopes in gip

0861 87 overlapping peptides spanning the seguencs of amino acids 1.240 of SEG 1D NGO
{15 amino acids long with 12 amino acid overlaps) were synthesized and tested in s T cell epitope
mapping assay ior responses from human CD4+ T cells. Individual peptides ware tesied in sextuplhicats
PBMC cultures and T cell responses were assessed in order to identify the location of epliopes as wall as
their relative potency.

19871  PBMLC {peripheral blood mononuclear cells’ were isolated trom healthy conununity
donor bufly coats (from blood drawn within 24 hows) obtainad from the UK Mational Blood Transfustion
Service { Addenbrocke’s Haspital, Cambndge, UK) and according o approval granied by Addenbrooke’s
Hospitsl Locsl Research Ethics Committee by Lymphoprep {Axis-shiald, Dundes, UK} density
centrifugation. (D& T cells were depleted using CD8 RosetieSep™ (SternCell Technologies Ing,
Lomndon, UK). Daonors were characterized by identifying HLA-DR haplotypes using an HLA S8P-PCR
hased tissue-typing kit (Bioiest, Solihull, UK} T cell responses to & controf necantigen protein {(KLH
protein {Pierce {Perbio), Cramiingion, UK) and peptides derived from IFY and ERV ) were aisn
determined. PBMC wore then frozen and stored in Higuid nitrogen until required.

[088] A cohort of 35 donors was selected for the assay o best represent the number and
frequency of HLA-DR allotypes expressed in the world population. Analysis of the aliotypes expressed in
the cohiort against those expressed in the world popuiation revealed that coverage of »80% was achisvad

and that all maior HLA-DR alleles (individual allotypes with g freguency >5%% axpressed in the world
¥ ¥i 4
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population) were well represented. Detaths of individual donor hapliotypes and a comparison of the
frequency of MHC class I haplotypas expressed in the world population and the samplie population are
shown in Table 8 and FiGure 3, respectively,

Table 8. Donor detatls and haplotypes

5

4o ;
5 DRB;"E G DRBE*E’ 0“’ DRB#*GE 0 DRBZ*GZ Hi DQBI*O( 01 I)QHE*G@ 04
5 E)Fb!*(ﬁi (}1 DRBI*04:07, DRB4A*01:03; BT ué o 5
:

8

8

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

DRBI1*13:01 DRBI*15:0LDRBI*C2.02,DRBI 01 DOBIF06:02,BOB1*06:03 |

O DRBIA060TDRBIF LOLDREI0202DRBAF 03 DOBTF03:0DOBI*03:02
10| DRBU*04:04,DRB1¥12:01,DRB3*02:02:DRBAY 0101, DURTHIE0T,DOBTR03:02

11 DRBI l%.iﬁ,DE{BI 13 {)1 1}%{83 01 0 T‘RBJ*HE Ui DQBi*(,{; 092 i)()Bl 06 0’ |

13 E}RBI*M(}ZE}RBI*HME DRB4*01 1 D}zm*m o nom*o Al
14 | DRBI*03:0LDRBI*I601,DRBITOLDRES*02:02, DRI 020 L DOB %0502

15U ORBIFGI.0LDRBIFIN0LDRAIMNLOLDOB 210, DORIY06:03
16 | DRBIUYOIOLDAB *m GLDRBIYOTOT; ;mm*u< 01 m n*% 02

9 Dmﬂ*m GiBRETF 3. DRB»*(H i me}wm 0 ugmzmz EBORTEIET
20 DRBIFI30LDRBIY0T01,DREZ*02:02.DOB1¥06:03 ’
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N2ib
~ON R

I

D

Gattadd Lol N2l eod b

R RS

Lol o

L}

N

EERCTEWERNCS SOC
SRS




WO 2014/193935 PCT/US2014/039760

Phener - T Haplotvpe
\0.\

43 DRBE*O* ‘Ji 1')}?3}*()4 GE
49 __VI)RB PR OZ,DRBI*E 3:03; I?R "(3 ()1 DQBI 03 ﬁl D(*b‘ *0‘? (‘i
56 DRRBL* 0’ 07! %’NE*.‘J U D \i‘ *01 Gs HRBB*{H Qi f‘{}Bl*GB {31, DQHH*OG 02

53 DRBI*(% m mbim 01 DRB?:*()I O BREAAT T DOBUOLG1DGB1F02:02

34 DRB1H4:04, DRB 1] 501, DRBA*1:03; ;OQR ] 30208140607

35 DRBI*03:01, DREBIY04:01,DRBI*0T:0LDRB4A01:D3; QB0 DOBIA0T: 01

[IRG] PRMC from each donor were thawed, counted and viability was assessed. Cells were
revived in room emperatire AIM-VE culiure medium (Invitrogen, Paisley, UK} betore adjusting the celi
density to 2-3x10° PBMC/ral (protiferation cell stoeky. The 15 amino acid long peptides were
synthesized on g 1-3 mg seale with free 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 dijuting into
AIMLYVE culture medium 1o 2 fnal concentration of 5 b in the well. For each peptide and each donor,
sextuplicate cultures were established in a flat botiomed 96 well plate. Both pasitive and negative control
cultures were also tested in sextuplicate. For each donor, three controls (LH protein and peptides
derived from IFVY and EBV) were also included, For a positive control, PHA (Sigma, Dorset, UE) was
used at a final concentration of 2.5 pg/ml.

901 Cultures were incubated for a total of 6 days before adding 0,73 uCi *[Hi-thymidine

(Perkin Elmer®, Beaconsfieid, UK) to each well, Cultures were incubated for a further 18 hours before
harvesting onto filter mats using 3 TomTec Mach 11 cell harvester. Cpm for each well were determingd
by Melitlex™ {Perkin Flmer®, Beaconsfield, UK) scintillation counting on a Microplate Beta Counter

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

(S
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{8931 For analysis of the data, 3 threshold of a stimudation index {81 equal to or greater 81
>2.00 was used {with conaideration of horderling 31 »1.90-1.99 responses). Positive reaponses were

defined by the Iollowing statistical and empirical thresholds:

b Significance (p <0.05) of the response by comparing cpm of fest wells against medium control
wells using unpaived two sample Student’s -test.
2. Sumulation index greater than 2.00 (51 >2.00),

where S = mean cpro of test wells /mean opim

medium control wells. Data presented in this way is indicated as ST =2.00, p <0.05.

{1921 In addition, intra-assay variation was assessed by caleulating the CV and 8D of the raw
data from replicate cultures. Proliferation assays were set up in sextuplicate cultures {“non-adiusted
data™). To ensure that intra-aasay variability was low, the dats were also analysed after remaoving the
maximum and minimum cpm values Madiusted data”™) and the ST of donor responses was compared using
both data sets. T colt epitopes were identified by calculating the sverags frequency of positive responses
{defined above} to all peptides in the study plus 813 to give & background response rate. Any peptide that
induced proliterative responses above the background response rale in both the adjusted and non-adjusted
data was considered to contain a T cell epilope. When two overlapping pepiides induced a profiferative
response rate the T-cel] epitope was considered to be in the overlap ragion, Based upon this the following
T-cell epitopes were identified in the tested polypepiide:

Epitope 1 CTODETQRQCY GT Wiamino acids 46-37 of SEQ IDNO:D

Epitope 20 TFMFOMNNRFR N R (amine acids 133-144 of SEG 1D NG

Epitope 3: SSKAMY DAY WN G {amine acids of 194205 SEQ D NG

Epitoped: PYNAGGGSGGGE (amino acids 214223 of SEG 1D N1}
Epitone 0 SGEGAMVYVRSDETHTC (amino acids 253-267 of SEQ D NG

Example 2: Design of Mutations in T Cell Epltopes 4 and & by I Sifico Analysis

{#93] The sequences of peptides that were positive in the T cell assay were analysed using

overtapping S-mers from the epitope region using iTope™ and TCED™ in silico technologies, [Perry et

ab,, Drugs B D 9{63:385-96 (200831 Each Y-mer was lested against a database of MHC clags I alleles

{34 intotal) and scored based on the it and inferactions with the MHC class 1f molecules. In addition,

a3
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gach 9-mer was BLAST searched against a datebase of known CD44 T cell epitopes in order to identify
any high sequence homology between that of the S-mer and of database peptides from unrelated profeins
tha: stimulated T cell responses in previous T call assays. On the basis of informstion from the in sificn
analysis, mutations were identifiad for potential removal of CD4+ T cell epitope activity from the
identified epitopes.

894} Epitope 5 spans the C-terminus of the native N2-CT Gly-rich linker, the amino acids
coded for by the multiple cloning site ("MCE™) of the pFUSE vecior used to produce the N1-MN2-human
fg Fe fusion protejn of SE( 1D MO, and the N-terminus of the human Ig Fo region. fn silico analysis
implicated M258 and V259 of SEGQ D WNG: 1 as the P1 anchors responsible Tecell activity. Based on thair
jocation cuiside of the WI-N2Z coding region, removal of these two amine acids was not expected 1o cause
a ioss of fupction. These two aming acids were encoded by the MCE. Therefore, 3 double-stranded DMA
molecile that modified the MCS and eliminated the nucleotides encoding M25% and V259 of SEQ ID
MO:1 was produced by site-direcied mutagenesis using appropriate oligonucleotide primers, This was

followed by recloning the resuliing mutagenized DNA sequencs back into the pFUSE veetor using the

o

using Feoll and Bellf vestriction sites in the MOS,  The resulting mature (Jacking the signal sequence)
tfusion protein omitted M2538 and V259, s amino achd sequence is set forth in SEQ 1D MO and
encoded by SEQ ID M3, That fusion protein retajned the same ability to bind Abeta in the assay
described below as the SEQ 1D NO: T fusion protein.

{95]  Epitops 4 overlaps the NZ domain and the native Gly-rich Hinker. Crystal structure of the
g3p protein (not shown) suggesied that Epitope 4 is located away trom amyloid binding region and
therefore would be tolerant to amine acid substiwtions without affecting activity, V215 {SEQ HY NG:2Y,
which was identified as a P anchor, is surface exposad 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 substitutions of other amino acids within this epitope as sef
forth in Tables 6 and 7 should also be accommuodated. A nucleic acid sequence encoding an N1-M2-ig Fe

comprising 3 V2154 substitution {SEQ 1D NO6) was derived from the SEQ 1D NG:S by site-directed
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mutagenesis using appropriate oligonuclectide primers. The resulting mature fusion protein (SEQ (D
MO demonstrated increased binding to Abeta in the binding assay as compared o a fusion protein
having the amino acid sequence of either SEQ ID NG or SEQ ID NOZ. The nucleic acid sequence of
SEQ D NO:6 was used as the parent sequence to oreate genes incorporating ail modifications in epitopes
1,2 and 3.
Example 3: Dexign of Muotations in T Celi Epitopes 1, 2 and 3 by Ju S¥ico Analysis

[696)  Dpitope | les just C-terminal to 2 putative Abeta binding portion of MI-N2. v sifico
analysis of Epitope [ highlighied amine acids 48-56 of SEQ YD NGO} as an ares for aming acid
substitution and removal of the T-cell epitope. Aming acids within this 9-mer were targeted for
substitution based upon the nature of the existing amino acid, surface exposure, and interaction with the
amyloid binding region of g3n, as interpreted from the X-ray crystal structure of ¢3p.  In particular, G48,
T31, %54 and T56 weore targeted for substitution with the changes indicated in Table 1. Uther potential
aroing acid substitutions in this region are set forth in Tahle 2,

971 iTope™ analysis of Epitope 2 pointed to amino acids 135-143 of SEQ D MO as a
target for reducing or eliminating that epitope. Based on the X-ray orystal sfructure, aming acids 136-139
of SECG ID NO:E form a loop region that forms bonds with the hinge reglon of W1-N2 and thus may be
important for amvioid binding activity. Changes (o these amino acids are less preforred and are anly
presenied in Table 2. The more preferred changes are to M135, R140, F141 and M143 and are set forth in
Table 1. Gther potential changes to this nine amine acid region are set forth in Table

098] Arino acids 173-182 of 5EQ 1D NG were identified within Fpitope 3 as targets for
substitution by in sifico analysis, Bpitope 3 is located in an alpha helical portion of the N2 domain, thu
the strategy was to avoid introduction of hydrophobic residuss and small polar unchargad residues. In
addition, we wanied to avoid introducing polar restdoes acidic residues towards the C-ierminusg of this
epitope. Based on X-ray crystallographic data, we targeted S173, D174, M176, 3178 and W182 for
substitution with the changes indicatad in Table 1. Other potential aming acld substitutions in this region

are set forth in Table 2

35
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Example 4: Generation of NI-MN2-Human iglc ¥Fe Polypeptides Having Beduced T-Coll Eptiopes

{99 Fifty-cight different nucleic acid molecules, sach encoding N1-M2-human 1g0 Fe fusion
proteins comtaining a different single amino acid substitution sei forth in Table 3 were preparad. This was
achieved by sie-directed mutagenesiz of SEQ [T NO:6 using appropriste oligonuclestide primers to
infroduce the desired substiiution, followad by recloning of the PCR-amplified mutagenized sequence
into the pFUSE-hlgG1-Fe vecior {nvivogen®, Toulouse, France, Uatalogue No. pfuse-hghfe?)

HE08] Genes encoding these “deimmunized” Fe fusion polypeptides were transiently expressed
i individual pFUSE-RIgG1-Fe2 vectors in FreaStyle 293-F calls (Invitrogen, Pasley, Scotland,
Catalogue # R790-07). On the day of transfection, cefls were diluted t3 3 % 167 /mlL in FreaStyie 293
Media (Invitrogen, Catalogue # 12338) ensuring a viability of >90%. Plasmid DNA and
poivethyleneimine (PEF) were diluted separately in Optimem (Invitrogen, Cstalogue # 31985) and
incubated for § mimaes foliowing which the PEY was added slowly 1o the DMNA, and the DRNA/MPEL
mixtiyres were incubated for 5 minutes at room lemperature. After incubaiion, the DN A/PET mixtores
were added dropwise to the 293-F cells whilst swirting the {lask. Transtected culbures were incubated at

37°C, 8% 0, on an orbital shaker platform rotating at 133 rpm for 67 days, following which they wers
harvesied,

{038 Culture medium containing the polvpepiide was harvesied by centrifugation and pH
adivsted using 10x PBE. Proteins were bound (o Protein A Sephaross beads (Sigma, Dorset, UK) by
rotating overnight at 4°C. The beads wers washed twice with 1x PBS and transferred to SigmaPrep spin
columms (Sigma). Samplos were eluted by cemrifugation using G.1M Glyeine pH3.0 and neutralized in
the oodiection fube using 17107 volume 1M Tris-HCT pHR.O. Bluates were buffer exchanged into 1x PRS
using dmi ZebaSpin columns (Frerce, Crambingion, UK, Catalogoe #89890). Samples were fike
stertlized and the absorbance at 280nm was measured for each sample,

Example 5. ABeta Binding Analysis of Deimmunized Polypeptides
I0102) A ABeta (4F) Fiber Preparation. AR42 {Img, rPeptide A-1002-2) was dissolved in

hexativoroisopropanc] (HFIP, Il vortexad thoroughly and incubated at room temperature for 2-18

[
]



WO 2014/193935 PCT/US2014/039760

hours unti! a olear solution appears. Aliguots (100!, 1001g) were placed in 1.5mL Eppendorf ibes and
dry under vacuum {speed Vac, Eppendorf, Concentrator 33013 for 2-3hr. The resulting monomers were
resuspended 10 20ul, DMSO, pipetted and vortexed thoroughly until completely dissolved, The sohution
was diluted with 260uL, of 10mbM HC schution (final AB4Z concentration is 80uM) and vortexed for 20
seconds. The clear solution iz incubated {without shaking} for 3 days at 37°C to allow for aggregation,
For use in the assay AB42 fibers from the resuiting stock solution were diluted 50-fold to 1.6 pM final
concentration in PBS.

[GHG3] B FLISA Plate Preparation. To each well of a 96-well plate (F86 MAXISGRP MUNC-
IMBMUND PLATE; Catalog number: 442404, Lot 125436 and [12815%; Denmark) was added 200 gl of 2
1% BSA solution. The plates were sealed and incubated at 7°C for 3 hw. Plates were then washed with
PBS (256 pl/well) 3. We added 50 ul of the dituted ABAZ Bber solution (1.6 M) to each well and
incubated uncovered at 37°C ovarnight to complete dryness. PBS {50 pifwell) is added to control wells
{without AB42 fibars), Plates weve then washed 2X with water and VX with FBS (250 uL/well for each
washing).

10104] © ELISA Assayv. Varying concentrations of each polvpeptide {as well as the polvpeptide
of SEO D MOy i 50 pl were added to each well, as well as 1o non-AB42 fiber coated wells and
mncubated for Th al 37°C. Plates wers then washed 3 with PBS-T ¢6.05% Tween 20 in PBS) and 3X
with PRS (350 al/fwell for cach washing). We then added 50 pl of HRP-conjugated Goat anu-Human
anti Foy {Jackson Labs, Catalog number. 109-035-G08, Lot number: 106617} difuted 1:2560 (0.32 ug/ml
final) in PBS-T + 19 Milk (Difeo™ Skim Milk, Becton, Dickinson and Company, USA, Catalog
number: 232100, Lod 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 pifwel]
OPD sodution (15 mg/7.5 ml 8.05 M Curate buffer pH-3.5/3 121 H:0,) and let color to develop for 3-6
min, We next added 25 pirwel of 4N HOT sohution 1o stop reaction.  Plates were read {or absorbance at

497 wn and 405 nm. The 405 nm aheorbance was subtracted from the 497 run absorbance and the results
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polypepiide was then caleulated and compsred 1o the 1, calculated for the polypeptide of SEQ D NG5,

The results are shown in Table 2, below.

Table 2. Relative Change in ABeta Binding 1C, for Polypeptides with a Single Additional Amine Acid
Substitution in Epitope 1, 2 or 3 as Compared 1o Polypeptide of SEQ 1D NG:3

Armine Acid
Subsiiiution

| Epitope | GASH

1‘:50

Relative
1o SEC
n

Epi:('s'g‘)c 1 G4BK

Amino Acid
Substitution

-

Hlsg
Relative
1o SEG

I

Epitope | G48R

Epiiepe 1 GABS

Epitope 1 T56K 0.5/
O, 0'66
Eptiope 1 T36P gt/
4,09

Epitope 1 G48T

~ Epitope 1 T51G

Epitope 1 TSOR

Epitope 2 M13SA

Epitope 2 M35

Epitepe | 1310 | 1.5
 Epiiope L E5IK | 15
" Bpitope 1 1510 0.2

Epitope | T31E 2.0

Epitope 1 T510

Epitope 2 M135G 2
Epitope 2 MI35H 0.1
Fpitope 2 MI3SK | 0.4/02

Epitope 2 M135T

Epitope 1 Y34H

Y

: Epito;ﬁ

i

-7 RIG0A |

Epttops 1 VA4K.

Epitope 2 R1460 |

Epitope 2 F141D |

‘“Egzii@:)e 2FI41E |

Amino Acid
Substitution

Epitops 2 N1434 |

Relative
to SEG

NO3E

i

i

RYER

Epitope 2 N143G | 0.19/
8,08

Hpitope 3 51730 0.2

Epitope 3 §173P 8.4

63

Epitope 3 M176H

0.4

Bpitops 3 MIT6K | 0.2
Hpitops 3 MITEN ¢.5

Eptiope 3 THT78G

0.2

Epitope 3 378N

it

5704

3
Epitope 3 1780

Epitope 3 D1788

Epitope 3 W181Q |

i Epiops IWISTH

6.87
Epttope 3 WISIK 3

Eplope 3 WIBTR

i Epitope 3 3173K

CHpitope KATAR | 1.2

Lpitope 3 DI7ET

*Numbers reflect ICs, {(substituied polypeptide)ICsy (polyvpeptide of SEQ H3 NO3Y Multiple values
reflect duplicale testiog in the binding assay,

Example & Analysiz of Whole Protein CD4d+ T cell Responses

§i057 In order to analvze CD44+ T cell responses from any of the polypeptides of the invention
3 i : poIYpep

in comparison to SEQ I NG, a whole protein T cell assay was performed. PBMCs were isolated from

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

ATM-V® culture medium and CD47 cells were isolated using Milienyi CD14 Microbeads and LS

39



WO 2014/193935 PCT/US2014/039760

columns (Miltenyt Biotech, Oxford, UK). Monooyies were resuspended in AIM-V& supplemented with
1E00U/ml YL-4 and 1000U/mE GM-CSF (“DC cubiure medium™) 1o 4-6x10° PRMO/mi and then
distributed 1n 24 well plates (Il final culture volome) Cells were fed on day 2 by replacement of 4 half
volume DC culture medivm. By day 3, monocyies had differentiated to semi-mature dendritie cells (BC
which were pre-incubated with antigens comprising either 40ug/mi of test polypeptide or 40ug/mi of the
polypeptide of SEQ 1D NG and 100ug/ml KLH or medium only. Semi-mature DC were incubated with
antigen for 24 hours after which excess antigen was removed hy washing the cells twice and resuspending
in DT culture medium supplemented with 50ng/md THNF-g (Pepratech, London, UK} BC were fod on
day 7 by replacement of a half volume DU culture medivm supplemented with S0ng/fmi TNFe and matwe
DC were harvestad on day 8. The harvested mature DO were counted and viability assessed using irvpan
blue dve exclusion. The DC were then v-irradiated (4000 rads) and rosuspended at 2x10° cells per mi in
AIM-Y medium bafore use analysis in T celf proliferation and ELISpot assays as below. Additionally, on
day &, fresh CDd+ T cells were alao preparad. To purify CD44 T cells, PBMCs were revived in AIM-V®
culture medium and CD47 cells isolated using Miltanyi CD4 Microbeads and LS colurnns {Miltenyi
Biotech, Oxford, UK) and resuspended in AIM-VE medium at 2x10% calls/mi.

103061 On day 8, T cell proliferation assays were established whereby 1514 autologous CD4° T
ceils were added to 110" antigen-loaded DC (ratic of 1{:1) in 96 well U-bottomed plates, with AIM-V&
medivm added to 3 final vohume 200cl/well. On day 14, assay plates wers pulsed with 1uCi UH] {Perkin
Eimer, Beaconsfield, UK) per well in 250] AIM-V® for 6 hours before harvesting onlo {iltar mats {Perkin
Elroer) using 3 TomTec Mach U {(Humden CT, USA) cell harvesier. All polypeptides were tested in
sextopiet culiures, Counta per minmse (cpm) for cach well were determined by Meltilex™ (Perkin Elmer)
scintiflation counting on a 1450 Microbeta Wallac Trilux Liguid Scintifigtion Counter (Perkin Ehuery in
paraluy, low background counting. Counts per minute for each antigen wers normalised to the AIM-V&
medium endy control.

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

100ul/well IL-2 capture antibody {R&D Systams, 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 1x19" antigen Joaded DC (ratic of 10:1) in 96
well ELISpot plates. Al polypeptide preparations were tested in sextuplet culiures. For each donor
PBMC, a negative contral (AIM-V® medivm alone), no cells control and a PHA (10ug/nl) poaitive
conirol were alsg included,

{0108] After a further 7 day incubation pertod, ELISpot plates were developed by three
sequential washes in dH;0 and PBS prior to the addition of 100ul filtered biotinylated detection antibody
(R&Iy Systems, Abingdon, UK) in PBS/1%6 BSA. Foliowing incubation at 37°C fiw 1.5 hour, plates were
further washed three times in PBS and 1000} filtered streptavidin-AP (R&D Systems) in PBS/1% BSA
was added for 1 hour (ncubation at room terparature). Streptavidin- AP was discarded and plates ware
washed four tmes in PBS. BCIP/KNBT (R&D Systems) was added to sach 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 diH0. Dried plates were scanned on an Jmmunoscan . Anabyser and spots per well
{spw} were determined using fmmunoscan’ Version 4 software.

{0809 For both prohiferation and 1L-2 ELISpot assays, results were expressed a5 a Stimulation
index (81} defined as the ratic of cpm {proliferation assay) or spots (ELTSpot assay) for the test
polvpeptide against a medivro-only control using a threshold of ST equal to or grester than 2 (8122.0) for
pusitive T cell responaes.

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

18138} Bascd on the results of the binding assay, the following substitutions ware chosen at
epitopes 1, 2 and 3 {o be present in polypeptides that contain two amino acid substitutions as compared {6

SEQ 1D NO:3, each substitution in a different epilope,
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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
. S se T HE
....... 2 N - S Mo S
""" 2 140 R Qo
5 174 K R
........ E - e R R
. T LTI W LR

{0131} DNA encoding N1-M2-Human IG Fo 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 mutations
prepared as set forth in Example 3. The resplting DNA encoding these fusion proteins were used to
transform celis and were expressed and purified as set forth in Example 4, and teated 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 two amino acid substituted polypeptides.
Polypeptides having one substitution in each of epitopes 1, 2 and 3 ave assaved 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 amine acids in SEQ ID NOG:3 or SEQ 1D N0, as indicated in
Table 11, below.

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

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

6 SEG 1D NO3 ysae | Mmizst |

“““ 63 SEQIDNGE V54K RI40Q
66 SEQIDNGY | S4R MIZSK
67 SEQIDNOI | YS4R MI35T | |
68 SEQIDNOD | ysam R140G
5 SEQ D NOG T36H MI3SK
70 SEQIDNGS T56} MBS
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Polypeptide

- Starting Sequence

Epitope |
Substifuiion

Briope 3

Substitution

Epitope 3
Substitution

7 SEO 1D NO:S TSEH | R1400
7 SEG 1D NO3 T56K M13SK

SEQ D MNO3

T56K

SEQ D NGS3

T56K

75 SEG 10 NOS3 V34K 178N

7% SEQ 1D NO:3 N WIgIH
”””” 77 SEQ 1D NO:3 Y54% WisiR

78 SEQ 1D NO:3 vsaK K174R

79 SEQ D NO: Y54R Duisn

N
2
=
3

SEQ D NO:

Y54R

TWISTH

SEQ I NO:3

SRy

WIEIR

SEC IDNO3

Y54R

Ki74R

SEO 1D NO3

TI6H

SEQ NG

TS6H

WisiH

SEQ ID NO3

T56H

WISIR

SEQ 1D NO:3

T36H

K174R

SE( 1D NO3

T36K

DI178N

SEG D NQ3

T56K

WIg1H

SEQ 1D NG3

56K,

WISIR

SEQ D NOS3

TS6K

REQ 1D 103

M133K

SE 1D NO:3

8115K

WIEIH

SEG 1D ND:3

MI135K

WISIR

SECID NO:3

SEQIDNO3I

MI3sK

K174R

OMI3ST

DI78KN

SEQ D NOS

MI3ST

WIRIH

SEQIDNOS3

MI135T

CWISIR

TSEQ 1D NOS3

MI3ST

K174R

RI40Q

DITN

SEQ 1D NG3

R 1400

WIRIH

SEQ 1D NG3

R1400

WISIR

SEQ ID NO:3

R1400

Ki74R

SEQ D NO:T

T56H

MIISK

D178N

SEQ I MO

T36H

Mi35K

WIgH

SEQ D NOT

SEQIDNOT |

T36H

M1i3sK

WIRIR

TS6H

K1T4R

SEQ ID NO7

178N

MI3ST

M13ST
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slypeptide L Tt 4s) > 7 nitope
: IJ‘E}?ZP e Starting Sequence S}i}g;tiiti?ie})n %Zi;':i?fﬁun Siit;ii;in
"""" 117 SEQIDNGT | TAGH MIZST K174R
118 SE( 1D NOY CTsek 1 MI3sK | D178N
119 SEGIDNOT 56K M13SK WIRIH
e SEQIDNGT L TSk M13SK CWIRIR
""" 121 SEGIDNGT T56H M135K K174R
122 REQ 1D MO T36K M135T D176N
123 REQ 1D NOT T56K M135T WigiH
24 SEQIDNOT 56K M13ST WIZiR
125 SEQIDNDT | TS6K MI3ST K174R
126 CSEQIDNGT ¥ 54K ME35K KITAR
127 SEQ D NGO Y 34K MLIST KIT4R
124 SEQ T NO:T Y548 MilSK K1748
129 SEQIDNGT | Y541 MI13ET K174R
"""" 130 SEGQ 1D NOYT T36H DI7EN
31 SEC 1D NOYT rseH | WIStH
LY SEGIDNGT | TS6H WISIR
133 SEQID W07 5 S K174k
134 SEQ 1D N7 TieK 7EN
138 SEG 1D MO T36K CWigiH
136 SEQ 13 NOT TS6K WIRIR
17 SEQ IDNOJ IS6K RAR

The above-indicated polypeptides were assayed for binding to beta-amyiold using the ELISA assay sat

forth in Example

{polypeptide of SEQ 1D NO:3VICs, (ested polypeptide) (e

of the po] vpeptide as compsared to a polypeptids of SEQ 1D MO 3

testing in the binding assay.

B

5. The resulfs are set forth in Tables 12 and 13, Relative binding values reflect IC.,
the bower the value the greater the binding
Multiple valoes reflect duplicate

Talkle 12. Relative Binding Values of 3 Polypeptide of SEQ [ NO3 Versus Exemplary Polypeptides of

the Invention.

. Relative . Relative Rejative
3 /3 . 2 YT { v . -
Polypeptide Binding Efl)lpeptzde Binding Poh prf ptide Hinding
Na, . No. , Mo,
Yalug i Yalue § Value
63 812 71 0,42 79 0.08
64 514 ZAN N0 R S 50 0.1
_____________ H3 818 Rz 0,75, 0. 19 81 0.4
66 gog8 o+ 74 0.26 82 0.2
87 1 g AT 83 0.18,0.35
777777 68 0,19 '7:6 ()15 84 {1, 26 0.48
63 i 0.28, . ”i/ 7 GS é 3 85 0.24.0.79
AL .43, 0.4 7Y :‘)l‘;d,’ 0"0 ............. 86 0 ’:}»zi-“g



WO 2014/193935 PCT/US2014/039760

Polypepiide R‘?iat'z e Pelypeptide Rd a:g e Polypeptide Rg%ai.sw'e
. Binding N Binding N Binding
N, . Mo. ; i M. .
Yalue Value | Value
87 85,083 ¢ LB Lo e b 9 i O
88 0.65, 1.30 13 .36
B9 0.71, 1.05 1 0.2
RS T T 20 1o 2 R A s N LS I R 102 0.2
_____ 91 014
92 6.24

Table 13, Relative Binding Vaiues of a Polypeptide of SEQ 1D N7 Versus Exemplary Polypeptides of
the Ivention.

L Relative : - | Relative temss s | Relative
Polypeptide Binding Polylyiz,,pt.ide Binding Pulyp;cptsm Binding
Ne, . Mo, . No, -
Yaiue Yale . Vaiue
110 0,671 P17 8.513 124 | 0.538
i1t ) {3.348 118 0.35 o 125 6.575
o osed L e ha ( )6§ ;;;;;;;;;; 26 e
H3 0,407 120 8755 127 0,44
14 | 0.447 DY e 128 72
! 0{1. 121 0,488 C’,»
PS8 0.5871 57 : o 129 G648
i AP e : ‘0‘4)&
" 2 : ) 123 0.88

Example & Cellulose avetate fHer retardation assay.

{GE12] This sesay was used (o monitor the destabilization {disaggregation) or remodeling of
amyloid fibers into non-amyloidogenic or soluble sggregates, The assay was primarily adapted from
Chang, E. and Kuret, J,, Anal Biochem 373, 330-6, (2008} and Wanker, E. E. ¢ al., Methods Bnzymol
309, 375-86, {1999, Specifically, 2.5 uM preparations of fAD amyloid fibers were pre-incubated with
different concentrations of the variant fusion polypeptides of the Invention {1 nM to 2 uMY at 37°C for 3
days. After incubation, fibers with and without fusion polypeptide were diluted and spotted on cethilose
acetate membranes on vacuum blots, The membranes were extensively washed with PBS and probed with
an antibody specific for the M-terminal of Al for 1 hw. HRP-conjugsted secondary Al was used to
guantitate the fibrillar aggregates retained on the mernbrane. Spot color was analyzed and digitized using
a densitoretric acanner. An BECy (half maximal effective concentration) was calenlated based upon the

intensities of the signal of each spot versus the concentration of fusion polypeptide added (o each spot.
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{0113] When the polypeptide of SEQ 1D NS was tested in this assay, the ECs was determined
to he greater than 2 M, indicating that this polypeptide had low disaggregation activity. The
polypeptides of SEQ U NO:T and SEQ D N7 were also tested In this assay and each demonstrated an
B0 of 100 nM, indicating significant disaggregation activily, Based upon this reault, all subsequent
numbered poiypeptides aftor polypeptide 102, including all of the variant polypeptides containing a
deimmunizing substitution in sach 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 ara sat

forth below in Table 14,

Table 14. A} Amyioid Fiber Disaggregation Activity of Bxemplary Variant Polypeptides of the

Irmvention,

v;oi‘v'pepiide ‘ iL‘\ﬁAWwiod Fiblezi Palypeptide | _pr ./%z‘.":},"i})id"ﬁi‘f_)?r‘

EON Dlsaggrsgation Activity N, i)xsaggregauon Activity
{ECq3 {E )

e 100 1ib 123 nd

"""""" 111 100 1M 14 nd o
112 100 aM 125 100 1M
s 100 oM 126 100
114 nd* 127 106 ndd

""" 15 B TV 12% 100 aM

""" 116 106 i 179 10enM
17 100 nM 130 nel
118 WwosM 2 L60-400 1M
119 Vo0 uh el nd
o o REEN 4001800 nM
12 100 pM i3 e
72 Y e R 135 0nM
- - 136 400-800 1

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

[0114)

exhibited binding to AB as delermined by the FLISA assay. ®Muost of the variant polypeptides tested also

exhibited disaggre

=2

As can be seen from the above Examples, the vartant polypeptides of the invention sl

gation of Afl, as determined by the dot blot assay.
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Claims:
I. A polypeptide comprising a variant of a sfarting amino acid sequence, whergin the

starting amino acid sequence ia selected from: amine scids 12217 of SEQ 1D NO:, amino acids 1217 of
SEQ U N3, amino acids 1-217 of SEQ ID NGO, and mutanis of any of the foregoing having one or
more of the following modifications: suhatitution of VVV al aming acids 43-45 with AA A, substitution
C53%W: deletion of aming aoids 86-103; substitution of QPP at amino acids 212-214 with AGA,;
substitutions WI81A, F1904A and FI94A; deletion of amine acid 1) and deletion of amino acids 1 and 2,
wherein:

{a} the polypeptide binds fo and/or disaggregates amyloid;

{b} the polypeptide has reduced immunogenicity as compared 1o a corresponding polypeptide

comprising the starting amino acid sequence;

{c} the variant has from 1 o 9 amino acid substitutions as compared to the starting amino acid

sequence, wherein each amino acid substitution is aclected from the group of aming acid

substitutions set forth below;

Amino Acid # | Aming Acid present in the Amine Acid Substitutions
Starting Aminc Acid Seguence

HKRSTDP

8 G,H, K P R

T CGH R P ON, W
T FIL KN, O R W, v
54 i v GHKRP
S& T G KR P

N
o
]

<

LAy W
(2] e

7~

{

7 o D.b

138 7 DR G HP QST

149 o O 0 H, O, A G MNP S Y

14} ¥ DE
143 N AG

76 M B OOH KON R P QW
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H K, PR

GH KR, P

and

{4} when the starting amino acld sequence is amino acids 1-217 of RSEQ D NO: any of the 1 {0 9

amino acid substitutions is optionally additionally selected from the group of amine acid

substitutions set forih below:

Aming Acid #

Aming Acid present in the
Starting Amine Actd Sequence

Aming acid Substitutions

i

v

STCDEFTHEN?OR

IO S

o]

G

G

B, D FLW,

et 3T

8

IS N
75 o) R r] e
B

ik

.

G

BP KN R T

starting amine acid sequence is selected from the group of amine acld substitutions set forth below:

2. The pobypeptide of clatm 1, wherein each of the | to 9 aming acid substitutions in the

Amino Acid # |

Amino Aeld present inthe
Starting Aming Acid Sequense

Amino Acid Substitutions

4%

8§

H KR ST

G H K R P QN

G H, KR P

GHK KR

A GRKUON T H R

140

DB H G A G

D E

A

G, PR

R

M

G, HKNK

B

GNORT

W

G H KR

48
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3 The polypeptide of claim 1 or claim 2, wherein the starting amino acid sequence is
selecied from amino goids 1-217 of SEQ 1B NG, aming acids 1-217 of SEQ 1D NO:3 and amino acids

=217 of SEQ 1D NG,

4. The polypeptide of any one of claims 1-3, wherein the vartant amino acid sequence has 2
to 9 amino acid substitutions relative to the slarting amine acid sequence, and wherein at least one
substittion is present in at least two oft epiiope 1, coraprising aning acids 48-56 of SECQ U3 NO:, SEQ
153 N3 or SEQ 1D NOYT; epitope 2, comprising aming acids 1353-143 of SEQ ID NG, SEQ D ROG:E
or SEQ ID NC:7: and epitope 3, comprising amine acids 173181 of SEQ [T NO: L, SEQ ID NO:3 or
SEQ 1D NOT.

S The polypeptide of claim 4, wherein the modified amine acid sequence has only two

aming acid substitutions, and wherein the substitutions are selacted from the group of two amine acid

substitutions set forth below:

V34K and MI35K | Y54K and M135 V4K and R1400 1 VS4R and MI35K
CY5AR and MI3ST | Y 54R and RM{}Q TTS6H and MI3SK 1 TS6H and MI3ST
T56H and R146Q [T and MI3SK 156K and MIIST VTS8R and R1400

Y S54¥ and DI78K

Y54K and WI81H

Y&4K and WigIR

Y54K and K174R

YBAR and DTSN | | V54R and WISTH | VSAR and WIEIR | Y54R and K174R
T56H and 178N TS6H and WISIH | T56H and WISIR TS6H and K174R
T56K and D1 78N TS6K and WIG1H | T36K and WIBIR TS6HK and K174
- MI3SK and DI78N | MI3SK and WIEIH | MI35K and WIHIR | MI3SK and KIT4R
MI3ST and DI7EN | MI3ST and WIgIH | MI35T and WISIR | MI3ST and K174R
R140Q and DI74N | RU40C and WISTH | R140Qand WISIR | RU40G and K174R
5. The polypeptide of any one of claimes 1-3, whersin the variant aming acid sequence has 3

o 9 aming acid substitutions relative 1o the starting amino acid sequence, and wherein af least one
substitation is in cach of epltope 1, comprising aming acids 48-56 of SEQ D NG, SEQ MO or
SEQ HD NGO, epitope 2, comprising amine acids 135-143 of SEG ID NO:, SEQ ID KNGS or SEQ ID
RO 7 and epitope 3, comprising aming acids 173181 of SEQ D WG, SEGQ HY MO or SEQ ID MO

7. The polypeptide of claim 3, wherein the vartant amine acid sequence has only three

amine acid substitutions comparad to the starting amino acid sequensce, and whergin the substitutions arg
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selected From any of the following sets of amino acid substitutiona: T56H, MI35SK and 178D, TS6K,
MIA5K and D78, TS6K, MI3ST and DTEN; T56H, MI35K and WIBIR; T56H, MI3ST and WiBIR;
Y34K, MI35T and K1T4AR; Y34R, MI35K and KI74RYS4R, MI35T and RIT4R, TS6H, MI35K and
KAT4R; and TS6H, MI35T and K 174R.

& The polvpeptide of any one of claims 1 1o 7, consisting essentially of a human or
hurnanized imnwmogiobulin Fo polypeptide sequence fused either via a peptide linker or directly to the C-
tarminus of the variant aming acid sequence,

9. The polypeptide of claim & wherein the immunoglobulin Fe polypeptide sequence is the
Fe portion of a human 1g(,

PG The polypeptide of ¢laim 9, whevein the amino acid sequence of the peptide finker and Fe
portion of human 190 is selected from aming acids 218-48% of SEQ 1D N, amino acids 218-486 of
SEG 1D NG:3, and amino soids 218-488 of SEQ 1D NOT,

11 A polypeptide variant consisting of a modified starting sequence, wherein the starting
sequence is sefectad from SECQ 3 MO or SEQ I NOT and the modification is two or three amino acid

substititinns, the polypeptide being selecied from amy one of the polypeptides set furth below:

olypept . “pit “pitope 2 Cpitope 3
PJE}ﬁii}Ude | Sarting Sequense Sié);?’fiiiin Sigzs?igﬁion sifjsﬁ;;:i;n
83 SEG D ND3 | Y S4E MIZSK Mone
""""""" 64 SEQ 1D NO:3 ¥ 54K MUY THone
& SEQIDNOS vaak R1400 None
66 SEQ ID NG Y84R MI35K None
&7 SE D NOV YS4R M13ST None
s& | SEGIDNOGG | VSR R140G "Nome
s9 SEG 1D NO3 T56H M135K Nowe
70 SEQ D NO3 T56H MI35T Mone
71 SEQ 1D NO:3 T56H R1400 Mone
SEQ 1D NO3 TSEK MI35K None
SEQDNOT | T56K M135T None
SEQIDNOS | TSEK, R140GQ None
“““““ REQ O MO | YS4K None o
SEG 1D NO YS4K T Nane WiRiH




WO 2014/193935

PCT/US2014/039760

Palypeptide
No,

Starting Sequence

“Epitope |
Substitution

Epitope 2
Substitution

)

Epi‘({r; 8
Substitution

[
i

SE QD NO3

Y 54K

SEQ 10 MO

Y54K

WIEIR

None

7%

SEQ 153 NO:3

YS4R

&G

SEQ 1D NO:3

Y54R

Mone

K174R

D8N

None

WisiH

SEQ 1D NO3

YH4R

None

WI8IR

SEQ D NGS3

Y34R

N ong

SEQID NG

TS6H

R

SEQ I NO:3

Ta6H

None

WISiH

SEQ 1D NOG

Ta6H

Mone

WI8IR

SEGID N3

SEQ ID NO:S3

TseH

TS6K

KITR
7 tsN

SEQ ID NO3

T56K

SEQ 1D NO:

T56K

~
3
~
3

SEQ 1D NO:

T56K

SEQ 1 NO:3

Mone

Wig1H

WIBIR
KITAR

D178N

SEQ 1D NO3

Mone

WIBIH

SEQ 1D NO3

None

SEG ID NGS3

None

WISIR

KI74R

SEQ D NO3

SEG 1D NO3

WIgIH

WISIR

SEQ [D NO:3

K174R

SEG 1D NO:3

78N

SEQ D NG:3

T WigiH

SEQIDNO3

R1400)

WIgIR

SEQ D MO

R1400

K174R

SEG H3 N

SEG 1D NO:7

MI3SK

178N

MI3SK

WIs1H

'SEQ ID NO:T

MI3SK

WIEIR

SEQ D NO:7

TMI3SK

Ki74R

-

SEQ D NO:7

“““ M135T

~

SEQ 1D NO:

.

MI3sT

SEQ 1D NOYT

MI3ST

SEQ D NO7

COMI3ST

SEGID NOT

SEQ 1D NC:7

MI35SK

MI3SK

SEQ D NOT

SEQ D MO

MIi35 K e

Mi33K

SEQ 1D NO:

MI3ST

DI78N

¥
7
3
1
~
7
i

SEG 1D NO:

MI3ST

T WIgIH
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Starting Sequence

Epiope |
Substitition

Epitope 2
Substitution

Epitope 3
Substinut

SEOQ 1D NO:T

TH6K

M13ST

ME3ST
M133K
M135T
MI35K
MI35T
“Hors

SEG D NG 56K
SEQ 1D N7 Y 54E
REQ D NG YSaK,
e
SEQ 1D NO:T
SEG 1D NO7

K174R

KITAR
KI7AR
K174R
Ki74R
D17EN

3 SEQ 1D NO:T TI6H Naone WiElH
1y MU 1 NOSY TS6H \011@ """"""""""""""" ‘v‘»l?ﬂ}{
"""" 133 | SEQIDNGT _ TS&H None RiTAR
B SEQIDNGT | 156K None DITRN
............. TR TNG . o S

Ry iR

KiTaR

BEQ 1D NOT
SEQ D NO:7

Nope

12, The polypeptide of claim 11, selected from any one of Polypeptide Mos. 110, 112, 113,
116, 117, 118,122, 127, 128 or 129,

X3 A phermaceutical composition comprising the polypeptide of any one of claims 1-12 and
& pharmacentically acceptable carrier,

14, The pharmaceutical composition of claim 13, wherein the composition is formudaied for
injection o infision into the bloodsiream of 2 patient.

15. The pharmaceutical composition of claim 13, wherein the composition s formulated for
direct adninistration to the brain or ONS,

16. 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 claima 1-12

of the pharmaceutical composition of any one of claims 13-15.
17. The method of claim 16, whersin the patient is exhibiting symptoms of a

neuradegenarative disease that is associated with the presence of amyloid or tau protein aggregates.
18. The method of ciaim 16 or claim 17, whercin the patient is positive for the bimmarker

florbetapir when that blomarker is used a3 an imaging agent o positron emisaion tomography.

Y
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19, The method of any one of claims [6-18, wherein the patient is suffering from a
neurodegenerative disease selected from Alzheimer’s disease, which includes sarly onset Alzheimer's
dizease, late onset Alzheimer's disease, and presymiptomatic Alzheimer's disease, Parkinson’s disease,
SAA amylotdosis, cystatin €, heveditary leelandic syndrome, senility, multiple mveloma, prion diseases
inciuding but not Honted to kury, Creutzleidt-Jakob disease (CID), Gerstmann-Siranssier-Scheinker
disease ((388), fatal familial insomnia (FF1), scrapie, and bovine spongiform encephalitis {(BSEY,
amyoirophic lateral sclerosis (ALK, spinocerebellar ataxia (SCAL, SCAS, SCAS, or SCAT), Hunlington
disease, entatorubral-pallidoluyaian atrophy, spinal and bulbar museular atrophy, hereditary cersbral
amyloid sngiopathy, familial amyloidosis, British/Danish dementia, familial encephalopathy,
Amyotrophic lateral scierasis/parkinsonism-dementia compliex, Argyvrophilic grain dementia,
Corticobasal degeneration, Dementia pugiiistica, diffuse neurofibrillary tangles with caleification,
Down'’s syndrome, Gerstmann-Sivdussier-Scheinker disease, Hallervorden-Spatz disease, Myotonic
dystrophy, Niemann-Pick dissase type C, Non-Guamanian motor neuron disease with neurofibrillary
tangles, Pick’s disease, Postencephalitic parkinsoniam, Prion protein cerebral amyloid angiopathy,
Progressive subcortical gliosis, Progressive supranuciear palsy, Subacute sclerosing panencephalitis,
Tangle only dementia, frontotemporal lobar degenarations (FTLIDs), and fontotemporal lobe dementia
{F113) including a patient having one or more of the following chinjcal svndromes: behavioral variant
FTD (bvETD), progressive non-fluent aphasia (PNFA), fronictemporal dementia with parkinsonism
finked to chromosome 17, Progressive Sopranuclear Palsey (PSF), and semantic dementia (8D).

26 The method of claim 19, wherein the neurodegenerative disease is Parkinson’s disesse,

Alzheimer’s diszase, or Huntingron’s discase.

21, The method of claim 20, wherein the neurodegenerative disease is Alzheimer’s disease,
22 The method of claim 19, wherein the patient i3 sutfering from prion-mediated discase

selectad from Creutzfeldt-dakob disease, kury, fatal familial insomnia, or Gerstmano-Strdussier-Scheinker

23 A nucleic acid sequence encoding any one of the polypeptides of claims 1412,

I
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24. The nucleic scid sequence of claim 23 further encoding 2 mammalian signal sequence
fused to and in frame with the polypeptide encoding sequence.
23, A vector comprising a nucleic acid sequence of ¢laim 23 or 24, wherein the nucleic acid

sequence is operatively Hinked o an expression control sequense in the vestor.,

26, A host cell containing the vector of claim 23,
27 A method of making a polypeptide of any one of claims 1-12 comprising the steps of

expressing the protein encoded by the muclelc acld sequence of claim 23 or 24; and fsolating the
expressed polypeptide,

28 A method of making 2 polypeptide of any one of clalms [-12 comprising the steps of
culturing the host cell of claim 26 under conditions sufficient to aliow expression of the polypeptide; and

isolating the expressed polypeptide.



