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MULTIEPITOPE VACCINE FOR THE TREATMENT
OF ALZHEIMER’S DISEASE

RELATED APPLICATIONS

{0801} This application claims the benefit of US, Provisional Patent
Application No, 637140917 filed January 24, 2021, US. Provisional Patent
Apphication Serial No, 63062 903, filed August 7, 2020, and 1.5, Provisional Patent
Application Serial No. 63027 150, filed May 19, 2020, each of which is incorpovated
by reference herein in ifs entirety.

SEQUENCE LISTING STATEMENT

{002} A compuier readable form of the Sequence Listng is filed with this
application by electronic subimission and ts mcorporated inte thus application by
reference in its entivety. The Sequence Listing 1s contained s the file created on May
19,2021, having the file name “20-050-WO_Sequence-Listing ST25.:xt” and is 143
kb inosize.

FIELD

{0803} The disclosure relates to the technival ficlds of inmumology and
medicine, and in particudar to the trestment of Alzheimer’s disease and other discases

of protein misfolding.
BACKGROUND

{0004] Alzhelmer's disease (ADYIC g progressive disease resulting in sowle
dementia. Broadiv speaking, the disease falls into two categories: late onset, which
occars in old age (634 years) and carly onset, which develops well before the senile
period, 2.e., between 35 and 60 vears. In both types of disease, the pathology s the
same, bt the abuormalitics tead to be more sovere and widespread in cases beginning
at an earlier age. The discase is charactertzed by af least two tvpes of lesions in the
brain, neurofibrillary tangles and senile plagues. Nawrofibrillary tangles are
mtraceliular deposits of micratubule associated tau protein consisting of two flaments
twisted about cach other in pawrs. Servle plagues (Le., anvvloid plagues) are arcas of
disorganized neuropil up to 1530 1w across with extraceifular amyloid deposits at the
center which are visiblo by microscopic analysis of sections of brain tssue. The

accunmudation of anyloid plagues within the central nervous system is also associated
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with Down's syndrome and other cognitive disorders, Cercbral amvlord angiopathy

{CAA), and the ocalar disease Age-Related Macular Degeneration.

{8065] A principal constituent of the plagues is a peptide twrmed AP or B
amyioid peptide. Afl peptide is a 4-kDa interoal fragment of 38-43 anuno acids of a
larger transmembrane glyeoprotein named amyloid precursor protein (APPY Asa
result of protestytic processing of APP by different secretase enzymes, Afi is
primarily found in both a shovt form, 40 amino acids in length, and a long form,
ranging front 42-43 amino acids in length, Part of the hydrophobic transmembrane
dornain of APP i found at the carboxy ond of AR, and may account for the ability of
Ap to aggregaie into plaques, particularly in the case of the Jong form. Accumulation
of araylond plaques in the brajn eventually feads (0 newronal coll deathy The cognitive
and physical svmptoms assoctated with this type of neural deterioration characterize

Alzhcimer's discase.

b6} Another protein reported to deoer at increased levels i Alzhebmer’s
pationts relative to the general poprdation s oy, the primcipsl constituent of
neurofibritlary tangles, which together with amyloid plagues ave a hallmark
characteristic of Alzheimer’s disease. Tau tangles constitute abnormal fibrils
measaring 10 mw in diameter occwring in pairs wound i @ helical fashion with a
regular penodicity of 80 nm. The tay within nearefibeiflary tangles i3 abnormally
phosphorylated (hyperphosphorviated) with phosphate groups attached to specific
sites on the moleeale. Severe ivelvement of newroibrillary tangles is seen in the
layer H nearouns of the entorlunal cortex, the €A and subicelar regions of the
hippocampus, the amyedala, aad the deeper lavers (lavers HI, V. and superficial Vi)
of the neocortex in Alzhetimer’s disease. Tau pathologies are known to corvelate to
cognitive dechine,

{ooa7y Accordingly, there exists the need for new therapies and reagents for
the prevention or eatment of Alzheimer's disease, i particular, therapies and
reagents capable of causing an nyme response to the A and Tau present in
patients.

St

TARY

{0008} In some cbaditaents, disclosure is directed to a polypeptide mcluding

a fivst peptide comprising 3-10 aminoe acids from resichees 1-10 of SEQ 1D NGO
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linked to a second peptide including 3-13 anuno acids from residues 244400 of SEQ
I NCH02. For example, the second peptide miav be from the microtubule binding
region {MTBR) of tau {residucs 244-372 of SEQ 1D NO02). The first pepiide may
be Neternuinal o the second peptide or the first peptide vaay be Crterminal o the
second peptide. In addition, the first peptide may inchude an amino acid sequence of
one of SEQ D NOS: 3 1o 3% or SEQ ID NOS: 1002 to 1057 and the second peptide
may melude an amino acid sequence of one of SEQ 1D NOS: 39-36, 83-86, or 146~
936, For example, the first polypeptide may be DAEFRHD {(SEQ ID NO:6),
DAEFR (SEQ ID NO:0RY, or EFRHD (SEQ 1D NO:21), and the second polypeptide
may be 5-13 aminoe acids, for example QIVYKPV {(SEQ 1D NQ:39), EIVYRSY (8EQ
1D NQOA2), EIVYKSP (SEQ 1D NO:43), EIVYKPV {SEQ 1D NG44}, NIKHVP
{(SEQID NO:4R), VKSKIGST (SEQ ID NOROTS, SKIGSTEN (SEQ ID NQ:&D,
TENLKHQP (SEQ 1D NG-60S), ENLKHQPG (SEQ 1D NO-6R9y, SKIGSTDNIKH
{SEQ 1D NOOES), SKIGSKDNIKH (SEQ 1D NOOS6), or SKIGSLDNIKH (SEQ 1D
NOHER).

{6609 In other embodiments, the first pepiide and second pephide may be
tinked by & cleavable hinker, which may be an ambne acid segquence. A cleavable
peptide Huder, if present, can be 1-10 amino acids in length. In some embodiments,
the linker comprises between about 1-10 amine acids, aboat 1-9 amino acids, about |-
& gamine acids, about 1-7 amino geids, about 1-6 amine acids, about -3 amino acids,
about -4 amino acids, abowut 1-3 amino acids, aboat T amino acids, or one (1) anino
acid. I some embodiments, the cleavable peptide linker is 1 amino acid, 2 amine
acids, 3 amino acids, 4 amino acids, 3 amine acids, & anuno acids, 7 aming acids, &
amino acids, 9 amino acids, or 10 amino acids. For example, the inker may b
grginine-argimne (Arg-Arg), arginine-valine-arginine-argnine {Avg-Val-Arg-Arg
{SEQ 1D NO:6YY), valine-citrulline (Val-Cit), valine-arginine (Val-Asg), valine-lysine
{Val-Lys}, valinc-alanine (Val-Alg), phenylalanine-tysing (Phoe-Lys), glyveine-alanine-
ghycine-alanine (Gly-Ala-Gly-Ala; SEQ 1D NO:8O), Ala-Glv-Ala-Gly (SEQ ID
NO:R1), or Lve-Gly-Lys-Gly (SEQ 1D NOR2). In particular embodiments, the
potypeptide may be DAEFRHDRRQIVYKPV (SEQ ID KO:57),
DAEFRHDRREIVYKSVY (SEQ ID NO:58), DAEFRHDRRVKSKIGSTGGC (SEQ
1D NOAT), DAEFRHDRRSKIGSTENGGC (SEQ 1 NO-998),
DAEFRHDRRTENLEHQPGGU (SEQ 1D NO:999),
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DAEFRHDRRENLKHQPGGGC (SEQ 1D NO:1000), or
DAEFRHDRRSKIGSKDNIKHGGC (SEQ ID NO:1001).

{0014 In further embodiments, the polypeptide may inchade a linker to a
carrier at & C-torminal portion of the polypeptide, or at & N-terminal portion of the
polvpeptide. A linker, if present, can be 1-10 amino acids infength. In some
entbodiments, the linker comprises between abowt 1-10 apuno acids, about 1-9 amino
acids, abeut -8 antino acids, aboot -7 amino acids, about 1-6 amano acids, aboat 13
anuno acids, about 1-4 amino acids, abowt 1-3 amino acids, about 2 amino acids, or
ane (1) anuno acid, Iin some embodiments, the Hnker s 1 aminoe scid, 2 amino acids, 3
amino geids, 4 ammo acids, 5 amino acids, § amino acids, 7 amino ackds, 8 amins
acids, ¥ amino acids, or Hhamino acids, For example, the linker may melade an
amnine acid sequence of GG, GGG, AA, AAA, KK, KKK, 55 and S8S. In addition,
the linker 1o the carrier, if present at the C-terminus, may include a Coterminal
eysteine {C). Alternatively, the linker to the carder, if present at the N-erminus, may
include a N-terminad eysteine (C). For example, the polypeptide may include the
amino acid sequence of DAEFRHDRROIVYKPVXXT (SEQ 1D NO:70), wherein
XX and C are independently optional and, i present, XX can be GG, AA, KK, 8K,
GAGA {(SEQ ID NOED), AGAG (SEQ ID NGO:&H), or KGKG {SEQ ID NO:82). For
example, the polypepude may include the aming acid sequence of
DAEFRHDRREIVYKSVYXC (SEQ ID NO:T9), wherein XX and € are
independently optional and, 1f prosent, XX can be GG, AA, KK, 88, GAGA SEQ ID
NO:RG), AGAG (SEQ IDNO:S), and KGKG (SEQ IDNOSK2).

{6611 in other embodiments, the disclosure 1s directed 1o an mnmumotherapy
composition including the polypeptides of the disclosure, wherein the polypeptide
may be lmked to a carviey. The carvier may include scram albwomins, mananoglobdin
melecales, thyroglobulin, ovalbamin, totamss foxoid {TT), diphtheria toxoid (071, a
genetically modified cross-reacting material (CRM) of diphtheria toxin, CRM197,
meningococeal outer membrane protein complex {OMPC) and H. influenzae protem
D {HiD). rEPA (Psawdomonas seruginosa exotoxin A, KLH (kevhole lmper

hemocymn, and flagellin,

{0812} Stilt further, embodinents of the disclosure are directed to a
pharmaceutical fornndation ineludes the polypeptides or the immunotherapy

compositions of the disclosure, and including at feast one adjuvant, The adjuvant may
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be aluminunt hydroxide, alundnam phosphbate, alumtnum sulfate, 3 De-O-aeviated
monophosphoryl lipid A (MPL), QS-21 Q8-18, 38-17, Q8-7, TQL 1035, Complete
Freund's Adjavant {CFA), Incomplete Fround's Adpevant (JFA), ol in water
emulsions {such as squalene or peanut oily, CpQG, polvdutamic acid, polylysing,
AddaVax™ MFSo®R,

and combinations thereof. In addition, the formusdation may
inchude a Hiposomat formuslation, a diluent, or a mudtiple antigen presenting systom
{(MAP). The MAP may melude one or more of a Lys-based dendritic scaffold, helper
T-cell epitopes, inwnune stimulating Hpophilic meieties, coll penctrating peptides,
radical induced polvmerization, scif-assembling nanoparticles as antigen-presenting

platfornss and gold nanoparticles,

{8613} Seilt further, combodimients of the discloswre are directed toan
immimotherapy composition inclading a first peptide sequence comprising 3-18
aniing acid residues from the first on N-terminal residues of SEQ IDNO:01 and a
sccond peptide sequence comprising 3-13 anuno acids from residues 244-400 of SEQ
1D NOO2. The first peptide pay mclade an anune acid sequence of one of SEQ D
NOS: 3 1o 38 or SEQ ID NOS: 1802 to 1037, and the second poptide may include an
anine acid sequencs of one of SEQ ID NOS: 39 1o 56, SEG 1D NOS:#3-86 or SEQ
D NOS: 146-996.  Each of the first peptide and fhie second peptide mayv include &
hinkver fo a carvier at a C-terminal portion of the polypeptide, orat a N-ferminal portion
of the polypeptide. When presud, the Haker miay inchude an anino acid sequence
selected from GG, GOG, AA, A8A, KK, KKK, §8, S55, GAGA (SEQ 1D NOWROy,
AGAG (SEQ ID NG:RT, and KGKG {SEQ 1D NO:B2), and may inchede o {-ternunal

are either IVYKEPV (SEG ID NO194), VYKPV (SEQ D NOUIS), YREPV (SEQ 1D
NO:196), KPV, or PV the hinker 1s an avuno acid Huker that does not have a N+~
wrminal glycine {e.g, GG, GAGA (SEQ ID NOBRG)Y). The carvier may inchude seram
albumins, inmmoglobulin molecudes, thyroglobuldin, ovalbunun, teianes toxoid (TT),
diphtheria toxotd (DT}, a genetically modified cross-reacting material (CRM) of
diphtheria toxin, CRM197, meningococcal outer membrane protein complex (OMPQO)
and . fnflsenzae protein D (HID), tEPA (Psendomonas aeruginosa exotoxin A,

KELH tkevhole lanpet hemocyanin, and Hagellin,

{0014 T addition, the invnenotherapy composition sy nclude at least one

pharmaceutically acceptable diluent andfor a multiple antigen presenting system
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{(MAP). The MAP may include one or move of a Lys-based dendritie scaffold, belper
T-cell epitopes, immone stimudating lipophilic moteties, cell pencirating peptides,
radical induced polymerization, scif-assembling navoparticles as antigen-présenting

platforms and gold nanoparticles.

{0015] The tanunotherapy composition may be included 1 a phanmaceutical
composition mchading the inununotherapy composition and at keast ong adjuvant such
as ataminun hydroxade, abanivum phosphate, dlonunony salfiate, 3 De-Gracyiated
monophosphoryd lipid A (MPL), QS-21, Q5-18, Q8-17, Q8-7, TQL1035, Complete
Freund's Adjuvant {CFA), Incomplete Freund's Adjuvant (IFA) ol inwater
emudsions {such as squalene or peanut oil), CpQ, polvelutamic acid, polyvlysing,

AddaVax™ MESUSE, and combinations thercof,

{0616] Embodiments of the disclosure are also directed to nucleic acid
sequences encoding the polvpeptides and the immunotherapy compositions of the
disclosure. The nucleic acids may be included in a nucleic acid immunotherapy

composition mcleding the nucleic gotd and at least one adprvant.

{Bo17y Stilf further, embodiments of the diselosure are directed to 2 nothods
for geating vr effecting prophylaxis of Alzhetmer's discase 18 subject, and methods
for inhibiting or reducing aggregation of at least one of AP and tau tn a subject having
or at risk of developing Alzheimer’s disease. The methods include administrating to
the subject an wwnanotherapy composition, a neclee acids mmunotherapy

composition, or a pharmaceutical fornulation of the disclosure.

{6018} The methods of the disclosure may include repeating the admibustering
at least a second time, at least a third time, at least a fourth time, at least a fifth time,
or at least a sixth thne, and may mcluds repeating the administering at an biterval of

about 21 1o aboot 28 days,

{9019} Sull further, methods of the disclosure are divected 1o inducing an
imnmme response 1o an animal. The methods include adnunistering to the animal a
polypeptide, an immunotherapy compasition, a pharmaceutical formulation or a
sucleic acid imnumotherapy composition of the discloswre 1 a reginen effective o
generale an imnune response including antibodics that specifically bind to AR, taw, o
both AP and tau. The bnomme vesponse may include anttbodics that specifically bind

to the N-terminal region of Afbandfor the microtubule region of tau.
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{0820} In other embodiments, the disclosure is divected to an immunization kit
including an immenotherapy composition of the disclosure and mway inchide an
adpavant, wherein the inununotherapy composition may be in a first contatner and the

adjavant may be a seeond container,

{0621 Still further, the disclosuse 15 directed to a kit including a nucleic acid
mnpunotherapy composition of the disclosure and may mclude an adjuvant. The

wucleic acid may be in a first container and the adipeant may be bva second container,

BRIEF DESCRIPTION OF THE FIGURES

{8022} FIG. 1 shows the results of an experiment compaving the geometric
mean tters of Gainea Pig serwm for invnenogen DAEFRHDRROIVYKPY (SEQ ID
NO:57) on mononeric AP anuno ackds 1-28
{DAEFRHDSGYEVHBOKLFFAEDVGSNKG, SEQ 1D NOu67y, soluble aggregate
species of AR (AP 42), foll tenpth tay, and au MTBR epitope containing
GOGSVOIVYRPVDLS (SEQ D NO:6Y) containing an N-terminal biotin.

{8023] FEG. 2A shows the results of an experiment comparning the titers of
Cuinea pig serum for a single peptide ynmnunogen versus dual peptide inmunogens of
the disclosure on all formy of AP and full-length tay protein {DAEFRHD is SEQ 1D
NO:6; QIVYKPV s SEQ D NO: 39, DAEFREHDRROIVYKPY is SEQ 1D NOQSTY

{0424 FIG. 2B shows the resulfs of an oxperiment comparing the titers of
Guines pig serum for a single peptide invounogen vorsus dust pepiide invnunogens of
the disclosure on all forms of AP and full-length tan proten {DAEFRHD 1« SEQ 1D
NCRE; QIVYKPV 15 SEQ D NOJY; EIVYKSP is SEQ 1D NOw43;
DAEFRHDRROIVYKPV is SEQ 1D NOST).

{025 FIG. 3A shows staining of Afand Tag pathology in fresh frozen
fnsman AD brain tissee asing serum {1300 diliation) trom a Guinea pig vaccinated
with Immunogen 9 (DAEFRHDRROQIVYKPVGGC; SEQ 1D NO:59).

{0626} FHG. 3B shows staining of Aff and Tau pathology in fresh frozen
human AD brain tissue using scrum (1:300 dilution} from a Guines pig vacginated

with Immunogen 9 {DAEFRHDRROIVYKPVGGC; SEQ IDNO:39).
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{0027} F16. 3C shows staining of AR and Tau pathology in fresh frozen
aman AD brain tissae vsing serym {11500 dilution) from a Goinea pig vaceinated
with Innnoenogen @ {DAEFRHDRROIVYEPVGGC; SEQ 1D NOG:SH).

{0028] FIG. 3D shows lack of statning of AP and Tau pathology in fresh
frozen homan AD braln fssug using serom {12300 dilation} from an wvaccinated

Cuunga pig.

{028] FIG. 3E shows lack of staiming of AR and Tau pathology w fresh
frozen muman AD brain tissue using serum (1:300 dilution) from an envaccinated

Guinea pig.

{0036} FHG. 3F shows lack of stainimyg of A and Tae pathology in fresh
frozen human AD brun tissue ysing serum (1: 1500 ditution) from an wnvaccinated

Guinea pig.

{8831} FIG, 4A shovws that Guinea pig serum from aninials vaccinated with a
dual immunogen peptide, DAEFRHDRROQIVYKPVGGC (SEQ 1D NO3Y;
Inunenogen 9}, ivhibited Abeta soluble aggregates binding to primary neurons in a

dose-dependent manner.

{0n32} FI1G. 4B shows examples of Ab staining on primary newrons in the
presence of absence of Guainea piy serum from animals vaccinated with a doal

mmenogen peptide, DAEFRHDRROQIVYKPVYGGC (SEQ ID NQ:39; Invnanogen 9).

{8033} FEG. 54 shows that mice vaccinated with dual peptide antigens with

varrous Hkers produce sinstiar titers 10 AP and Tau.

{0034} FHG. 5B shows that mice vaccinated with dual peptide antigens with
the Tau sequence EIVYRSP (SEQ ID NO43) produce thters to AR and T

{8835] FIG. 6A shows staining of AP and Tau pathology in fresh frozen
hwman AD brain tissue using serum (11000 difution) from a mouse vaceinated with

Inununogen 19,
{0036} FIG, 6B shows stafinng of AR and Tau pathology in fresh frozen
baaman AD brain tissue using serym { 121000 diluton) frony s mouse vaceinated with

Imammogen 19
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{0037} FIG. 6C shows lack of staining of Af and Taw pathology 1 fresh
frozen human AD brain tissue vsing serum (11000 dilution) fom an anvaceinated
MOUSE.

{0038} FIG. 6B shows staiung of Tau pathology m fesh frozen lnonan AD
brain tissac using anti-Tao antibody meH3 (L1 peimb.

{0839 FIG. 6E shows comparahle stabung of Tauw pathology in fresh frozen
Buman AD brain tissue vsing serym {1:1500 dilution) from a Guinea pig vaceinated
with Inpnenogen @ {DAEFRHDRROIVYRPVGGC, SEQ D NGSY).

{0641 FIGS. 7A and 7B show titers of dual AB-tau immunogen 1n two
imjection paradigms. Titors o AB1-28, full-length tau and the carrier (RM protein of

the two injection schedales ((FIG, TA) showing §, 4, 12 and 24 weeks; (FIG. TB)

showing U, 8 and 24 woeks) aver the experiment are expressed as mean titer +5 SEM.
{6041} FIG. 84 shows mdividual animal siters to AP and taw two weekis post

cach injection for the injection schedule of Fig. 7A, Lo, at weeks 2, 6, 14 aad 26

{0042 FIG. BB shows mdividual antmal tHors to AP and tag two woeks post
cach injection for the igection schedude of Fig, 78, e, at weeks 2, 14 and 26,
0843 FIG. 9A shows statning of AD and Tas pathology in fresh frozen

Iman AD brain tissae using week 26 seram (1:300 dilution) from cynomolgus
monkey #1001 vaccinated with Insmunogen {3 (DAEFRHDRROQIVYRKPVGGC, SEQ
1D NQ:39) on a fowr injection vaccination schedule.

{0044} FIG, 98 shows a zoomed viow of the rectangle mndicating staining of
AP pathology in FIG. 9A.

{045 FIG. 9C shows a shows a zoomed view of the rectangle indicating
statning of Tau pathology in FIG, 9A,

{0046} FHG. 10A shows staining of A pathology in fresh frozen lnopman AD

brain fissue using serum {1300 dilution) from cynomoigus monkey #1003 vaccinated

with Inomstogen |3 (DAEFRHDRROQIVYKEVGGC, SEQ D NGEG)

{0047} FIG, 108 shows modest stapmng of Tau pathology i fresh frozen
hurman AD brain tissee using serwn {300 dilution) from cynomolgus monkey

#1003,
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{0048] F16G. 11A shows staining of AP pathology in fresh frozen human AD
brain tissue using serum (1300 dilotion) from cynomolgus monkey #1501 vacoiated
with Inunenogen 15 (BAEFRHDRRQIVYKPVGGC; SEQ 1D WNO:39).

{0049] FIG, 118 shows nunimal staining of Tau pathology i fresh frozen
human AD brain tssue using seram (1300 diletion} from cynomolgus monkey
#1501,

{0030) FIG. 12A shows staining of A pathology in fresh frozen hunen AD
brain tissye using serum (1300 dilation) from cvnomolgus monkey #2501 vacoinated

with Immunogen 15 (DAEFRHDRROQIVYKPVGGC; SEQ 1D XO:539)

{0051} FIG. 128 shows a lack of staining of Tau pathelogy in fresh frozen
human AD braun tissuc using scrus {17300 dilution} from cynomolgus monkey

#2501,

{52 FIG. 13 shows anmmaal titors to AP and tau 9 weeks post injection af
day £, at 4 wecks sud at 8 weeks for the dual Abeta-tau constructs
DAEFRHDRRVEKSKIGSTGGC (SEQ 1D NOWeT): DAEFRHDRRSKIGSTENGGC
{SEQ ID NO:YUE); DAEFRHDRRTENLKHQPGGC (SEQ ID NOwy,
DAEFRHDRRENLKHOPGGGC (SEQ D NO:H00); and
DAEFRHDRRSKIGSKDNIKHGGC (SEC 1D NCH1001).

{0053 FIG. 14 shows blocking of tau binding to Heparin by sera from Afl-tag
constructs DAEFRHDRRVESKIGSTGGC {(SEQ ID NQOHOTY,
DAEFRHDRRSKIGSTENGGC (SEQ 1D NO:H9R): DAEFRHDRRTENLKHQPGGC
{SEQ ID NO:%%9); DAEFRHDRRENLKHOQPGGGC (SEQ ID NO:1000j; and
DAEFRHDRRSKIGSKDNIKHGGC (SEQ ID NO:1001).

{0054] FIG. 15A shows competition of tag by sera from

DAEFRHDRRVEKSKIGSTGGC constract (SEQ I NO:9OTY
{00551 FIHG. 138 shows competition of tau by sera from
DAEFRHDRRSKIGSTENGGC constract {SEQ 1 NO:DUE)
{0036} FIG. 15C shows competition of tau by sera from

DAEFRHDRRTENLKHQPGGC construct (SEQ 1D NO:99%).

{0057} FIG. 130 shows competition of taw by sera front
DAEFRHDRRENLKHQPGGGC constract (SEQ ID NO:1000).
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{0038] F16. 15E shows competition of tauw by sera from
DAEFRHDRRSKIGSKDNIKHGGC construct (SEQ 1D NO: 161,

{0059 FIG. 15F shows competition of tau by sera from controls.
{0860] FHG. 158G shows competition of tan by sera from

DAEFRHDRRSKIGSKDNIKHGGC construct (SEQ 2 WO 1001 ),

{61} FIG, 16A shows AbetaTau Dl Vaceine Mouse Seram 23 031521
{1:300) Example of staining with DAEFRHDRRVKSKIGSTGGU (SEQ 1D NOSYT.

{0062} FIG. 168 shows Abeta/Tau Dual Vaceine Mouse Seram 3.1 031521
{13000 Example of staining with DAEFRHDRRSKIGSTENGGC {SEQ 1D NO:DYR).

{0863} FIG. 16C shows Abeta'Taw Dual Vaceine Mouse Serum 8.4 (031521
£1:300) Example of staiming with DAEFRHDRRTENLKHOQPGGC (SEQ 1D
N9,

{0064} FEG. 16D shows Abeta/Tau Dual Vaceme Mouse Scram 82031821
{1:300) Example of staintng with DAEFRHDRRENLEKHQPGGGC (SEQ 1D
NO:H000),

{063} FEG. 18E shows Abeta/Tan Dual Vaccine Mouse Serum 111031521
{1:300) Example of staining with DAEFRHDRRSKIGSKDNIKHGGC (SEQ 1D NO:
1001).

DESCRIPTION
{8666] The disclosure provides peptide compositions and innnmothorapy

compositions comprising an amylotd-beta CAR) peptide and ataa peptide. The
disclosure giso provides methods of treating or effecting prophylaxis of Alzheuner's
disease or other discases with beta~-amylowd deposition in a subject, including methods
of clearing and preventing formation of deposits, inhibiting or redocing aggregation of
AP andfor tay, blocking the binding sndior uptake of AR amdlor tau by nearons,
inhibiting transrmission of tau specics between cells, and inbibiting propagation of
pathology between brain regions in a subject having or at visk of developing
Alzheimer’s discase or other diseases containing tag andfor annoid-beta
acowmulations. The methods include administoring to such pationts the compositions

contprisiing an antyloid-beta (AP) peptide and a tau peptide.
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o867} A number of terms are defined below. As used herein, the singudar
forms “a," "an™, and "the" inchude plural referents unless the context clemly dictates
otherwise. For example, the torm "a compound” or "at least one compound” can

include a plurality of compounds, including mixtures thereof.

{0068] Unless otherwise apparent fromy the context, the torm "abowt™
encompasses insubstantial variations, such as values within a standard margin of esror
of measurersent (&g, SEM) of g stated value. For example the term "aboot” as used
herein when referring to a measurable valoe sach as a parameter, an amount, 8
temporal duration, can encompass variations of +/-10% or less, +/-5% or less, or +/-
% or less of less of and from the specified value. Designation of a range of values
includes all integers witdin or defining the range, and all sebranges defined by
integers within the range. Asused herein, statistical sigmificance means pO.03.
{1069] Compositions or methods "comprising™ or "inclading” one or more
recited elements may include other elements not specifically rectied. For example, a
composition that “comprises” ov "includes™ a polypeptide sequencs may contamn the

sequence alone or in cormbination with other sequences or ingredients,

{0070 An individead is at ncreased risk of a disease i the subject has at least
one known tisk-factor {e.g., age, genetic, biochomical, family lustory, and situational
exposure} placing individuals with thatrisk factor at a statistically significant greater

nsk of developing the discase than mdividuals without the risk factor,

{9671} The term "patient” includes human and other mammalian subjects that
recetve cither prophylactic or therapeutic treatment, including reatment natve
subjects. As used herein, the terms "subject” or "patient” refer to mwy single sabject
for which freatment is desired, including other marnmahian sebjocts such as, hunwng,
cattle, dogs, guinea pigs, vabbits, and so on, Also bitended to be inchuded as a subject
are any subjects involved in clintcal fesearch trials not showing any clinical sigiy of

disease, or subjects mvolved in epidenticlogical studies, or subjects used as controls.

{9072} The term “disense” refers to any abnormal condition that impairs
physiological function. The term is used broadly 1o encompass any disorder, 1llness,
abnormality, pathology, sickncss, comdition, or syadrome in which physiclogical

funciiom is impaired, wrespective of the natwe of the etiology.
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{0073} The term "symptom” vefers o a subjective evidence of & discase, such

as attered gait, as perceived by the subject. & “sign” refers to obijective evidenceof'a
discase as observed by a physician.

{0074 As used herein, the torms "treat” and "ireatment” refer to the
alleviation or amchoration of one or more symptoms or effects associated with the
disease, prevention, bilubition o delay of the onset of one or more sypytoms of
effects of the disease, lessening of the severity or frequency of oue or more symptoms
or gffects of the discase, andfor increasing or tronding toward desived outcomes as

described herein.

{0675] The terms "prevention”, "prevent”, ov “preventing” as used herein refer
to contacting {for example, administering) the peptide(s) or imanmotherapy
compositions of the prosent disclosure with a sebject before the onset of a disease,
with or without AR andfor tan pathology alveady present (rimary and secondary
prevention), thereby delaying the onset of clinical symptoms and/or alleviating
sympioms of the disease after the onset of the discase, compared to when the subjedt
is not contacted with the peptide or immunotherapy compositions, and does not sefer
o completely suppressing the onset of the discase. In some cases, prévention may
ocear for Hmited time after administration of the peptide or imsmmotherapy
compositions of the present disclosure. I other cases, prevention may oceur for the
durntion of a trestment regimen comprising admintstering the peptide or
immanotherapy compositions of the present disclosure.

oo

{00761 The terms “reduction”, “reduce”, or "reducing” as used herein refer to
decreasing the amount of AP and/or tau present in a subject or in tissue of the subject,
of suppressing an increass in the mmount of AR and/or tats present in 3 subject or i
tissux of the subjeet, which oncompasses decreasing or suppressing an increase in
{e.g. dovrepsing the rate of incrvase) the amount of AS andfor tau present,
accunulated, aggregated, or deposited 1n the subject or tissue in the subject, In certain
cmbodimcnts, the decrease in or suppression of an increass i (e.g., decreasing the
rate of increasc) the amount of AR aadior tau present, accumulated, aggregated, or
deposited 1 the sabject refers to an amount of AR andior tau present, accunmsdited,

coregated, or deposited 1n the central nervous systern (CNS) of the subject. In contain

embodiments, the decrease i or suppression of an inorease in (e.g., deorcasing the

rate of increase) the amount of AP andfor tau present, accumulated, aggregated, or

goc
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deposited iy the subject refers to an amount of AR andfor tau presomt, acowmulated,
aggregated, or deposited in the periphery {e.g., peripheral cirealatory systemy) of the
subect, In cortain embodiments, the deercase i or suppression of an increase in {e.g,
decreasing the rate of increase) the amount of AR andfor tau present, accumulated,
agoregated, or deposited in the subject vefers to an amount of AP andfor taa present,
acowmnulated, aggregated, or deposited in the brain of the subject. Insome
embodiments, the Af andfor tav reduced is the pathological form(s) of the AR {eg,
extracellular plaque deposits of the f-amyloeid peptide (AB), neuritic amyloid

plagues), andfor tag (e, newrofibnillary tangdes of tag, dystrophic nawwtes). hayet

other embodiments, pathological indicitors of vewrndegenerative discase are

decreased.

{0677} The terms "epitope” or "antigenic determinmt” vefers o a'site onan
antigen {o which B andior T cells respond, or to a site on an antigen to which an
antibody binds. Epitopes can be formed both from contiguous anuno actds or from
noncontigious amino acids juxtaposed by tertiary folding of a protein. Epitopes
formed from contiguous mmine acids are typically retained on exposure fo denatusing
solvents whereas opitopes formed by tertiary thlding are typically lost on treatment
with denataring solvents, An epitope typically includes at least 3, at least 4, at Teast §,
at least 6, af least 7, at least 8, at least 9, at feast 10, at feast 11, at feast 12, orat least
13 amino acwds 1o a unigue spatial contormation. Methods of determining spatial
conformation of epitopes include, for example, x-ray ervstallography and 2-
dimensional puclear magnetic resonmce. See, eg., Epitope Mapping Protocols in

Methods in Moleaudar Biology, Vol. 66, Glenn E. Morris, Ed. {1998},

{9078} An "wnmuwogenic agent” or "immuncgen™ or “antigen” is capable of
inducing an munanclogical response against #self or modificdfprocessed versions of
itself upon administration to an amimal, optionally in conjunction with an adjuvant.
The terms “brmunogenc agent” or "immunogen” or "aatigen” refer o a compound or
composition comprising a peptide, polypeptide or protein which is "antigenic” or
“imprmogenic” when admimsicred in an appropriate amoant (an “mmunogenically
effective amount”), £2., capable of inducmg, chiciting, augmenting or boosting a
celiular andfor lnmoral e response and of being recognized by the products of
that reaponse (T cefls, antthodies). An immunogen can be & peptide, or a comtbination

of two or more same or different peptides, that includes at least 3, at least 4, at least 5,
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atleast &, at least 7, at least ¥, at least 9, at least 10, at least 11, at least 12, or at least
13 amino acids in a Hner or spatial conformation.

{0079 An immunogen may be effective when given alone or in combination,
or Hinked to, or fused to, another substance (which can be administered at one time or
over several intoreals). An immanogenic agont or immanogen may inclade an

antigenic peptide or polypeptide that s Hoked to a cwrrier as deseribed hevem.

{0080} A nuclete acid such as DNA or RNA that encodes an antigenic peptide,
or polypeptide is reforred 0 as a "DNA {or RNA] immunogen,” as the encoded
peptide or polvpeptide is expressed i vive after administration of the DNA or RNA.
The peptide or polypeptide can be recombinantly expressed from a vaceine vector,
which can be naked DNA or RNA that comprises the peptide or polypeptide coding
sequence oporably lnked to 3 promoter, ¢ g, an exprossion vector of cassgtic as

desorthed herein,

{0081} The term "adjrvant” refors 1 3 compound that, when administored in
conpaiction with i antigen, augments the snowme response to the antigen, but when
administered alone does not gencmie an hunume response 1o the aatigen. Adjuvants
can agnent an munene response by several mechamsms including Iymphoevie
regruitment, stinulgtion of B and/or T cells, and stimudation of macrophages. An
adjuvant may be a natwal compound, a modified version of or derbvative of a paturat

compound, or a symthetic compound.

{6682 The terms "peptide” and "polypeptide” are used interchangeably hereia
and refer {0 a chain of two or more consecutive aniinoe acids. Wand whena
distinction is made, context makes the meaning clear. For example, if bwo or mote
peptides deseribed herein are joined to make 2 dimeric or maltimeric peptide,

polypepude may be ased to ndicate "poly™ or "more than ome” pepride.

{0083 The term "pharmaceutically acceptable” means that the carrier, diluens,
excipient, adiuvant, or auxiliary is compatible with the other ingredicnts of a

pharmaceuntical fornndation and not substantially deleterious to the recipient thercof.

{0084 The terms "inwounctherapy” or “imnuune response” refer to the
development of a beneficis! humoral (sutibody mediated) andfor a cellular (mediated
by antigen-speeific T cells or their scerction products) response directed against an AR

and/or tau peptide in a recipient. Such a response can be an active response induced
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by adounistraion of mmurogen (e an AP andfor tan peptide). A cellular imonwe
response 1s eleited by the presentation of polypeptide epitopes in association with
Class Lor Class I MHU molecules o activate antigen-specific CD4" T helper cells
andéor CD8 eytotoxie T cells. The response may also involve activation.of
monocytes, macrophages, NK cells, bagophils, dendritic cells, astrocytes; microglia
cells, cosinophils or other components of innate immunity. The presenee of a cell-
mediated immumological response can be detenmined by proliferation assays ({CD4™ T
cellsy or CTL (cytotoxic T lymphocyte) assays. The relative contributions of Tusmoral
and ecthdar responses to the protective or therapestio effoct of an inunanogen can be
distinguinhed by separately 1solating antibodics and T-celly frone an immunized

syngeneie anmal and messuning profective or therapeutic effect in a second subject.

{0085] Amyloid Beta (AR
{086} Af (alvo referred o herein as beta amyloid peptide or Abet) peptide iy

about a 4-kDa internat fragment of 3843 anvino acids of APP (AB39, AR40, AfdL,
AR42, and AB43) AR, for example, consists of restdues 672-F11 of APP and AB42
consists of restdues 673-713 of APP. As a result of proteolytic processing of APP by
different secvetase enzynies & vive or i sitn, AR is found in both a "shont form™, 40
amine acids in loogth, and a "long form”, ranging from 42-43 amino acids in kength.
Epttopes or antigenic deternunants, as described boremn, are located within the N-
terminus of the AR peptide and inchude residues within amino actds 1-10 and 12-28 of
AR, for example from residacs 1-3, 1-4, 1-8, 16, 1-7, or 3-7, 2-4, 2-5, 2-6, 2-7, or 2-§
of AD. residues 3-8, 3-6, 3-7, 3-8, or 3-9 of AR, or residues 47, 4-8, 4-9, or 4-10
residues 12-24, 12-23, 1222, 13-25, 13-24_ 13-23 1322, 1428 14-24, 1423 14.22,
15-25, 15-24, 15-23, or 15-22 of AB. For example, from residues 12-17, 12-18 12~
19, 12-20, 12-21, 13-17, 13-18, 13-19, 13-20, 13-21, 13-22, 14-17, 14-18, 14-19, 14-
20, 1421, 1422, 14-23, 1517 15-18, 15-19, 15-20, 15-21, 15-22, 15-23, or 15-24 of
AB42. Additional examples of epitopes or antigenic determinants include residues
1618, 16-19, 16-28, 16-21, 16-22, 16-23, 16-24, 1625, 17-19 1720, 1721, 1722,
V723, 1724 or 17-25 of AP42. Other examples of cpitopes or antigeniv determinants
include residues 1820, 1821, 1822, 1823, 1824, 1R-25, 1921, 1922, 1023, 10-

24, 19258, 20-32 20-23, 20-24, 20-25, 2123, 2124 or 2125 of AR42.

{0087} AP {Abeta) is the principal component of characteristic plagues of

Alzheimer's discase. Af is generated by processing of a larger protein APP by two
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cnzymes, termed beta and gamma seoretases. Known nutations in APP associated
with Alzheimer's discase ocour progimate to the site of beta or ganyma secretase, or
within AP, Part of the hydrophobie transmembrane domain of APP is found at the
carhoxy end of A, and may account for the ability of AR to ageregate into plaguies,
particelarly in the case of the long form. Accumulation of amyloid plaques 1n the
brain eventually leads to nevronal cell death. The physical symptoms associated with

this type of newral deterioranion characterize Alzhermer's disease.
{088] Tan

{80891 Tau is a protein with a molecular weight of about 50,000 that is
nonnally present in nerve axons or the tike, and contributes to microtubular stabibity,
The ta protemns {ov tprotetns) are a group of six fughly-sotoble protety isoforms
produced by alternative splicing from the gone MAPT {microtubule-associated
protein ta). They have roles primarily i maintaiung the stability of micronsholes in
axons and ave abundant in the newrons of the central nervous system (CNS). They are
less conunon elsewhere but ave alvo expressed at very low levels i ONS astrocyvies
and oligodendrocytes. Pathologies and dewnentias of the nervous system such as
Alzheimer's disease and Packinson's discase are associated with tau proteins that have
become hyperphosphorylated mwsoluble aggregates called newrofibrillary tangdes.
Pathogemic tau species causes toxie offects through dircet binding to colls and/ or
accumudation inside cells andfor mitiation of misfolding processes (seeding) and is
can be propagated from one ceoll to another via cell-to-cell ansmission. Toxicity
could alse bappen by neerofibriflacy tangles (NFTs}, which leads to cell death and
cognitive deeline. . Other tauopathies mehude, for example, progressive supranuclear
palsy, corticobasal syndrome, some frontotempora] dementins, and chronie trasmatic

cncephalopathy.

{0090} AP/¥au Polvpeptides of an Immunogen
{0691} Anagent used for active mumunization can induce in 3 pationt an

immune response atd can serve as an immunotherapy, Agents used for active
imnumization ¢an be, for example, the same types of invmunogens used for generating
monoclonal antibodies in faboratory animals, and may mchede 3, 4, 5,6, 7,8, 9, 10,

11, 12, or 13 or move contiguons anuno ackds from a region of AR anddor tau peptide.
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In cach of the embodiments of the peptides deseribed herein, the peptides may

comprige, consist, or conaist cssentially of the recited sequences.

{6692} In some embodiments of the disclosure, an Aflftau mmunogen can

the N-terminal sequence of AR {SEQ ID NODT) linked to a tay peptide compriging 3«
10 apuno acids from residues 244-400 of the fong S of tau (SEQ 1D NOWB2), For
example, the tau pepude nuay comprise 3-13 amino acids from the microtubale
binding region of tan {revidues 344-372 of SEQ ID NO:{2).

[0093] In some embodiments of the disclusure, the Afi peptide can inchude 3~
10 amino acids from residues 1210 0r 1328 of

DAEPRHDSGY EVHHOKLVFFAEDVOSNKGAHOGEMVGOGVVIA (SEQID

N{01). Forexample, the AR peptide 1s selected from the following:

PCT/US2021/033222

DAEFRHDSGY (SEQ ID NO:03),
DAEFRHDSG  (SEQ ID NO:04),
DAEFRHDS  (SEQID NO:05),
DAEFRHD (SEQ ID NO:06},
DAEFRH (SEQ ID NO:07},
DAEFR (SEQ ID NO:08),
DAEF (SEQ ID NO:09).
DAE (SEQ ID NO:10),
AEFRHDSGY  (SEQID NO:11),
AEFRHDSG  (SEQID NO:12),
AEFRHDS (SEQ ID NO:13),
AEFRHD (SEQ ID NO:14),
AEFRH (SEQ ID NO:15),
AEFR (SEQ ID NO:16),
AFF (SEQ ID NO:17),
EFRHDSGY  {SEQ {D NO:IR),
EFRHDSG (SEQ 1D NO:19),
EFRHDS (SECY 1D NO:20),
EFRHD (SEQ ID NO:21),
EFRH (SEQ ID NO:22),
EFR (SEQ ID NO:23),
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FRHEDSGY
FRHDSG
FRHDS
FRHD
FRH
RHDSGY
RHDSG
RHDS
RHD
HDSGY
HDSG

VHHQKLVFFA
VHHQKLVFF
VHHQKLVF
VHHQKLV
VHHOQKL
HHQKLVFFAE
HHQKLVFFA
HHQKLVFF
HHQKLVF
HHQKLV
HHQKL
HQKLVFFAED
HOQKLVFFAE
HOKLVFFA
HOKLVEF
HQKLVF
HQKLV

HQKL
QKLVFFAEDV

19

(SEQ ID NO:24),
(SEQ 1D NO:23),
(SEQ 1D NO26),
(SEQ ID NO:27),
(SEQ ID NO:28),
(SEQ ID NQ:29),
(SEQ ID NO:30),
(SEQ 1D NO:31),
(SEQ ID NO:32),
(SEQ ID NO:33),
(SEQ ID NO:34),
(SEQ ID NO:35),
(SEQ 1D NO36),
(SEQ 1D NQ:37),
(SEQ ID NO:3%).

(SEQ ID NO:1002),
(SEQ ID NO:1003),
(SEQ ID NO:1004),
(SEQ ID NO:1005),
(SEQ ID NO:1006),
(SEQ ID NO: 1007),
(SEQ ID NO: 1),
(SEQ ID NO: 1119},
(SEQ ID NO:1010),
(SEQ ID NO:1011),
(SEQ ID NO:1012),
(SEQ ID NO:1013),
(SEQ 1D NO: 1014y,
(SEQ ID NO-1015),
(SEQ ID NO:1016),
(SEQ ID NO:1017),
(SEQ ID NO:1018),
(SEQ ID NO:1019),
(SEQ ID NO:1020),

PCT/US2021/033222
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QKLVFFAED  (SEQID NO21),
ORLVEFAE {SEQ 1D NO:Hi22),
QELVFFA {SEQ D NO:HR23),

QKLVFF (SEQ ID NO:1024),
QKLVF (SEQ ID NO:1025),
QKLV (SEQ ID NO:1026),
QKL (SEQ ID NO:1027),

KIVFFAEDVG (SEQ ID NO:H28),
KLVFFAEDV  (SEQID NO:1029),
KLVFFAED (SEQ TD NO:1030),

KLVFFAE {(SEQ D NO:1031D),
KLVFFA {SEQ 1D N(:1032),
KLVFF (SEQ D NG:1033,
KLVF {SEQ 1D NO: 1034,
KLV {(SEQ D NO: 1035,

LVFFAEDVG  (SEQID NO: 1136},
LVFFAEDV (SEQ ID NO: 1637},

LVFFAED (SEQ ID NO:1038),
LVFFAE (SEQ ID NO:1039),
LVFFA (SEQ ID NO:1040),
LVFF (SEQ D NO1041),
LVF (SEQ 1D NO:1342),
VFFAEDVG  (SEQ ID NO:1043),
VFFAEDV (SEQ ID NO:1044),
VFFAED (SEQ ID NO:1045),
VFFAE (SEQ 1D NO:1046),
VFFA (SEQ ID NO:1047),
VEE (SEQ ID NO:1048),
FFAEDVG (SEQ ID NO:1049),
FFAEDV (SEQ ID NO:1050),
FFAED (SEQ ID NO:1051),
FFAE (SEQ ID NO:1052),
FFA (SEQ ID NO:1053),

FAEDVG (SEQ ID NO:1054),
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FAEDV (SEQ ID NO: 1053},
FAED {SEQ 1D NOHB6), and
FAE {(SEQ D NOHBT).
{0094] n certain cmbodiments, the AR peptide is DAEFRHEB (SEQ 1D

N6}, DAEFR (SEQID NGOR) or EFRHD (SEQ D NG2).

{095] The tau peptide can comvespond o a peptide comprising 313 amino
acids from residues 244-400 of SEQ 1D NO:OZ. Iy some ebodiments, the fragment
is unphosphorylated, In some embodiments, the fragment 1s phosphorviated, In some
embodiments, the tau peptide comprises an amino acid sequence represented by the
consensus motf {BHVYKSP) (SEQ ID NO:396L. In some embodiments, the tau
peptide comprises w amino acid sequence represented by the consensus motif
KXXSXANXKIDH (SEQ 1D NO: 995 where X is goy aminn acid. Insome
embodivaents, the taw'peptide is selected from SEQ ID NOS: 146-946. In some

embodiments, the tau peptide s selected from the following:

OIVYKPY (SEQ ID NO:39),
QIVYKP (SEQ ID NO:0),
QIVYKSV (SEQ ID NO:4 1),
BIVYKSV (SEQ 1D NOw42),
QIVYKS (SEQ 1D NOS3),
EIVYKSP (SEQ ID NQ:43),
EIVYKS (SEQ ID NO:84),
EIVYKPY (SEQ 1D NO:44),
ETVYKP (SEQ ID NO:RS).
IVYKSPY {SEQ ID NOHS),
VYK (SEQ ID NO46),
CNIKHVPG (SEQ D NO:86),
CONIKHVP (SEG ID NO47),
NIKHVP (SEQ 1D NOaR),
HVPGGG (SEQ 1D NOw49),
HVPGG (SEQ 1D NO-50),
HEKPGGG (SEQ ID NO:s 1),
HKPGG (SEQ 1D NO:32),
KHVPGGG SEQ ID NO:33),
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KHVPGG (SEQ 1D NOS43,

HOPGGG (SEQ ID NO:5S),

HOPGG (SEQ 1D NO:56)

VKSKIGST (SEQ 1D NO:RO),
SKIGSTEN (SEQ ID NO:%17),
TENLKHQP (SEQ ID NOw69s),
ENLKHOPG (SEQ 1D NO:6RY),
SKIGSTDNIKH (SEQ 1D NO:985),
SKIGSKDNIKH (SEQ ID NO:986}, and
SKIGSLDNIKH (SEQ ID NO:98#).

In cach of these cmbodiments, the peptide may comprise, consist, or consist

essentially of the recited sequences.

{1096} In'some embodiments, the AR and tag peptides are Hnked to forma
dual AR Tau polypeptide. The A and tau peptides can be linked by an intra-peptide
linker, For example, a polypeptide hoker located between the Caterminal of the Hiest
peptide and the N ternunal of the second peptide. With or without the intra-peptide
linker, the Af peptide and the tau peptide nay be positioned in a dual Afitan
polvpeptide in any order. For example, the AP peptide may be posittonsd at the N-
terominal portion of the dual polypeptide and the tas peptide may be positioned at the
C-terminal portion of the dual polypeptide. Or, the tau peptide may be positioned a1
the N-terminal portion of the dual polypeptide and the AR peptide may be positioned
at the C-terminal portion of e dual polypeptide side of the tau peptide. Reference to
a first peptide or 3 second peptide heremn 15 not mtended to suggest an ovder of the AR

or tan peptides in the polvpeptide of the immuanogens.

{0097] I addition, the C-torminal portion of the AR peptide, the fau pepide,
or the dual AP-tau polypeptide can nclude a hinker for conjugating the peptides or the
polypeptide to a carrfer. Linkers that couple the peptides ov dual polyvpeptide to the
carrior may include, for example, GG, GGG, KK, KKK, AA, AAA, 85,888, GAGA
(SEQ ID NO:SU), AGAG (SEQ 1D NOST), KOKG (SEQ 1D N8, and the fike
between the peptides or dual polvpeptide and the carnter and may further include a O«
termunal or & N-terminal eysteie to provide a short peptide Hinker (e, G-G-O-, KAK-
-, A-A-C-, or 8-8-C-). In some entbodiments, where the C-terminal residues in the

innnunogen are either IVYKPY (SEQ IDNO:194), VYKRV (SEQ ID NO:195),
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YEKPV (SEQ 1D NO: 196y, KPV, or PV the hinker is an amino acid Hinker that does not
have a Netermyinal glyeine {e.g., GG, GAGA (SEQ IDNOD:ROY. Insome
embodiments, the linker comprises an amine scid sequence any one of AA, AAA,
KK, KKK, 55, SS8, AGAG (SEQ ID NO:81), GG, GGG, GAGA (SEQ 1D NO:8H),
and KGKG (SEQ 1D NOE2Y. In some embodiments, any of the AR peptide, the tau
peptide; and the dual Af/fas polvpeptide may elude a C-roominal oystoine without
the spacer. Tn some embodiments, any of the A peptide, the tau peptide, and the dual

Aftan polypeptide may inchude a N-tenminal cysteme without the spacer.

{1398} When the AR and tauw polypeptides are linked to form a dual APfau
polypeptide, the Haker may be a cleavable Hnker. As used herein, the ferm "¢leavable
Hoker” refors to any Huker betweon the antigénic peptides that promots or othersvige
renders the AR peptide and the tau peptide more susceptible to separation from cach
other by cleavage (for example, by endopeptidases, proteases, low pH or any other
means that may occur within or around the antigen-presenting cell) and, thereby,
processing by the antigen-presenting cell, than equivalent poptides lacking such a
cleavable linker. In some conmpositions, the cleavable Hoker is o profease-sensitive
dipeptide or oligopeptide cleavable linker, In cortain embodiments, the cleavable
hinker is sensitive to cleavage by & protease of the trvpsin family of proteases. In
some compositions, the cleavable Hoker comprises an anninoe actd sequence selected
from the group consisting of argininc-argine {Arg-Arg), arginine-valing-argimne-
arginine (Arg-Vab-Arg-Arg, SEQ 1D NOwY), valine-eitrallive (VabkCiy), valine~
argimne (VabArg), valine-tysine (Val-Lyg), valine-alamine (Val-Ala), phenylalanine-
ysine {Phe-Lys), GAGA (SEQ 1D NO:BO), AGAG (SEQ 1D NO:SD), and KGKG

(SEQ X NOE2}. In some composifions, the cleavable linker is arginine-arginine

{Arg-Arg).
{0699} In some cobodiments of the disclosare, the dual APftau polypeptide

comprises, consists or comsists essentially of an aming ackd sequence selected from
DAEFRHDRROIVYKPV (SEQ D NO:ST)Y or DAEFRHDRREIVYKSY {SEQ ID
NQ:38), or DAEFRHDRRQIVYKPVXXC{SEQ ID NO:70), wherein XX and the C-
terosinal cysteng are each independently optional, or DAEFRHDEREIVYKSVIXC
{SEQ 1D NO:79), wherein XX and { are independently optional and, if pregent, XX
can be GG, AAL KK, 8S, GAGA (SEQ ID NO:RD), AGAG (SEQ ID N(rR Vi and
KGKG (SEQ ID NO:82).
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{00106} Insome embodiments, the dual Aftau polvpéptide is as follows:
first peptide)-Jlinker 1{-[second peptidel-[inker 2}-{Cysi,

whevein, if the {first peptide] 1s an AP peptide then the {second peptide] i a tan
peptide, and if the [frst peptide] is a tau peptide, then the {sceond peptide] s an AR
peplide. cach of {linker 1}, [linker 2} and {Cys} are optional, and fhinker 1 and [linker

2§ ave the same or different linkers.
{10101} In certain embodiments, the daal AfAau polypeptide is ax follows:
[Cys]-[linker 2}-[first peptide]-[linker 1}-[second peptide]

wherein, if the {fivet peptide] s an AD pepiide then the {seeond peptide] is a tau
pephide, and if the {fivst peptide] is o tau pepide, then the {second peptide] 15 an AR
poptide, and each of [hinker 1], {Hnker 21 and [Cys} are optional, -and {linker 1] and

Hinker 2} are the same or different linkers.

{He162] Examples of the AP peptide include any one SEQ 1D NOS 3-38 oy
SEQ ID NOS: 1002-1087.

{00183 Examples of the tyu peptide inclide any one of SEQ ID NOS: 39-56,
83-86, ov 146-996,

{60104] [Linker 1] s optional, and when prosent, may be a cleavable linker. A
cleavable linker, if present, can be 1-1) apuno acids n length. In some enbodiments,
the linker comprises between about 110 amino acids, about 1-9 anyne acids, about |-
& amino acids, about 1-7 amino acids, about 1-6 amino acds, about 1-5 amino acids,
about 1-4 anyino acids, about §-3 amine acids, abowt 2 amino acids, or one {1} amind
acid. In some embodimenis, the cleavable linker 5 1 anuino actd, 2 amino acids, 3
amine acidy, 4 amine acids, 5 muino soids, 6 anuno acids, 7 anino acids, 8 amine
geids, § smino acids, or 1 amino acids. In some embodinenis, the Hoker may be g
cleavable Hoker having an amine acid sequence selected from the group eonsisting of
arginime-arginine (Arg-Arg), arginine-valine-arginine-arginine (Arg-Val-Arg-Arg;
SEQ 1D NO:69}, valine-cindline {Val-Cit), valine-argining {Val-Arg), valine-lysine
{Val-Lys), valine-alanine (Val-Als), phenylalanine-fysine {Phe-Lys), glycine-alanine-
glycine-alanine (Gly-Ala-Gly-Ala; SEQ 1D NORO)Y, alanine~-glyeine-alanine-glycine
{Gly-Ala-Gly-Ala; SEQ ID NQ:BL), and lysine-glveine-lysine-ghycine {(Lys-Gly-Lys-
Gly: SEQ ID NO:82).
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{00105} [Linker 2] is optional, and when prosent is a linker that couples the
polypeptide (o a carrier. A& linker, if present, can be 1-10 amine acids in length. In
some embodiments, the linker comprises between abowt 1-10 aming acids, about 1-9
amino acids, about 1-8 anino acids, about 1-7 smino acids, about 1-6 amino acids,
about 1-5 amino acids, about 1-4 amino acids, about 1-3 amino acids, aboat I amino
acidy, or one {1} amine acid. In some embodiments, the linker s 1 aminoe acid, 2
anuno acids, 3 aming scids, 4 amino acids, 5 anuno acids, 6 amino acids, 7 amino
acids, 8 anuno acids, 9 mmine acids, or 10 amino acids. In some embodiments, the
anune acid composition of a hnker can mimic the composition of Hinkers found n
natural multidomain proteins, where cortain aming acids are overrepresented,
underrepresented or equi-represented in natural linkers as compared 1o their
abundance in whole protein. For example, threonine {Thy), serine {Ser), proline {Proj,

tvetne (Gly), aspartic acid (Asp). hestne {Lys), glotamine (Glny, asparagine (Asn),

us

arginine (Arg), pheayialanine (Phe), glutamic agid (Ghe) and alanine {Ala) are

overrepresented in natural linkers. In contrast, isoleveine (He, tyrosine (Tyn),

tryptophan (Trp), and cysteing (Cys) are underrepresented. In goneral,
overrepresented amino acids were polar uncharged or charged residues, which
constituse approxmately 30% of naturally eneoded aming ackds, and Pro, Thy, and
Gl were the most preferable aming acids for naturad Hinkers. In some embodiments,
the anuno acid composition of a linker can numie the composition of linkers
comurmdy found By recombinant prodesns, which can goeneratly by clagsified o
flexible or nigid hokers. For exanmple, flexible Hukers found In reeombinant proteins
are generally composed of small, non-polar (e.g. Gly) or polar (e.g. Ser or Thy) amine
acids whose small size provides Hexibility and altows for mobihity of the cotinesting
fimetional domams. The incorporation of, e.g.. Ser or Thy can maintain the stability of
the linker in agueous solutions by forning hydrogen bonds with the water molecudes,
and therefore can reduce interactions between the hnker and the inwnunogens, In
some crabodiments, a finker corprises stretehes of Gly and Ser residaes {("GS”
tinker). An example of a widely tsed flexible finker is (Gly-Gly=Sedn, (Gly-Gly-Gly-
Serin (SEQ 1D NO1062) or (Ghy-Gly-Gly-Gly-Senn (SEQ 1D NOHI63), where n=l-
3. Adjusting the copy nuntber ™’ can optinize a lnker to achiove safficiont
separation of the functional impumogen denaing o, €., TIAKENIZS A HINMUBOZERC
response. Many other flexible linkers have been designed for recombinant fusion

proteins that can be used herein. In some cmbodiments, linkers can be rich in small or
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polar amino acids such as Gly and Ser but also contain additional amino acids such as
Thy and Ala to maintain Sexibility, as well as polar amino acids such as Lys and Gl
to unprove solubility. See, eg., Chen, X, of o, "Fusion Protein Linkers: Property,
Design and Functionality™ dofv Dyug Deliv Rev. | 15; 653(10): 1337-1369 (203). In
certain embodiments, when present, the Hker can be an amine aeid sequence selected
from the group consisting of as GG, GGG, KK, KKK, AA, AAA, §8, 885, G-A-G-A
{SEQ 1D NOBOY, A-G-A-G (SEQ ID NO:H1), and K-G-K-G (SEQ 1D NO:RY).
{08106} [Cys] is optional and can be helpfid t© conjegate the polypeptide to-a
varrier. When present, the Cys can be at the C-teensinal portion of the polypeptide, or
at the N-ternuinal portion of the polypeptide.

{86187} Examples of the {fivst poptideP-{linker 1}-{sccond peptide}-{linker 2}

[Cys] dual APdau polypeptide of the disclosure include the following:

Table 1
Abeta tau
SEG Endao SEQ
Imnuniogen] Abeta In  (peptidase Tan ID | C-Termminal Immuriogen
Lab ID |Sequance! NO. linker |Sequence| KG. linker Cys {BEQ ID WO
ig DAEFRHD | 06 RR GIVYKPV | 39 None c 60
18 DAEFRHD | 0¢€ RR QIVYKPV | 3¢ AR c €1
ig DARFRHD | ©C¢ RR QIVYKPV | 38 KK c 62
20 DAEFRHD 93 RR EIVYKSP | 43 felel c 63
21 DAEFRHD | 06 RR BEIVYKSE | 43 AA o 64
22 DAEFRHD d¢ RR BEIVYKSP | 43 None c 65
23 DAEFRHD Ge RR BEIVYKSE | 43 KK o 66
12 i3 RE MEIKHVE 48 GG c 78
{00188} Polypeptide lmmunogens
{0109) The AP peptide, the tan peptide and, the dual Af%au polypeptide are

imnanogens i accordance with the disclosure. In some embodiments, the peptides
and the dual Afi<tag peolypeptide can be linked fo a suitable carrier to help ehait an
imnune response, Accorduly, one of more the peptides and dual Afl-au
polvpeptides of the disclosure can be Hinked to & carvier. For exaniple, each of the AR

peptide, tau peptide and the AB-tau polypeptide may be Hnked to the varvicr with ov
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without spacer aniino acids (e g, Gly-Gly, Gly-Gly-Gly, Ala-Ala, Ala-Ala-Ala, Lys-
Lys, Lys-Lys-Los, Ser-Ser, Ser~Ser-Ser, Giy-Ala-Glv-Ala (SEQ D RO0), Als-Gly-
Ala-Gly (SEQ ID NO:&1), or Lys-Gly-Lovs-Gly (SEQ 1D NO:S2Y). In cortain
cinbodiments, the dual Af-tau polypeptide can be nked to o suitable carrier using a
Cotorminal oysteine fo provide a Haker between the peptide(s) and the carricr or the
daat APtau polypeptide and the carrier, Int certain embodiments, the dual Af-tau
polypeptide can be linked 1o a suitable carrier osing an Neternunal cysteine to provide
a lunker between the peptidets) and the carvier. In some cmbodiments, where the C-
tevimivial restdues mthe inananogen are cither IVYKPV (SEQ ID NO: 194, VYKPY
(SEQ ID NG 193, YRPV (SEQ D NO:196), KPPV, or PV the linker is an amine acid
linker that does not have a N-terminal glyeme (e g, GG, GAGA (SEQ 1D NO:8O).

{oo114g} Swuttable cavriers include, but are not lmited to serum albuming,
keyhole impet hemocyanin, immunoglobulin melecudes, thyroglobulin, ovalbumin,
tetanus toxotd, or a toxoid from other pathogenic bacteria, such as diphtheria {e.g.,
CRMINT}, £ cofi, cholera, or H. pyderd, or an attenuated toxin dertvative. T cell
cpitopes are also surtable carmier niolecules. Scane conjugates can be formed by
Linking peptide tomwunogens of the mvention to an immunostimulatory polymer
molecale {e.g., tripalmitoyl-S-glycerine cysteine (Pam3Cys), maman {a mannose
polvimer), or ghucan (a P 1-2 polvmer)), cvickines {eg., -1, -1 alpha and
pepiides, TL-2, v-INF, IL-10, GM-CSF}, and chemokines (e.g., MIP1-q and J. and
RANTES). Additional casriers inclode viras-like particles: In some compositions,
imvpanogenic peptides can also be linked to carrters by chenncal erpsshnking.
Technigues for Hnking an timpwmogen toa cavrier trehyde the formation of disylfide
linkages using N-succmnimidyl 3-{2-pyridyithiopropionate (SPDRF), and suceinimidyl
A-(N-maleimidomethyDevelohexane-tocarboxylate (SMCC) (i the peptide lacksa
sulfhowdryl group, this can be provided by addition of a cysteine residue). These
reagents create a disulfide inkage between themselves and peptide cysteine resides on
one protein and an amide Hinkage through the epstlon~-amine on a bysine, or other free
anuno group it other mino acids. In some ewbodiments, chemical crosslinking can
comprise use of SBAP {succimmidyl 3-(hromoacctamido)propionate), which is 3
short {6.2 angstrom) cross-linker for amine-to-sulthydry! conjugation via N-
hydroxysucchunude (NHS) ester and bromoacety! reactive groups. A variety of such

disuliide/annde-fornung agents are deseribed by Jansen o of., “Imnmmotoxing:
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Hybrid Moleeules Combining High Specificity and Potent Cytotoxicity”
fmemofogice! Reviews 62:188-216 (Febraary 1982). Other bifunctional coupling
agenis form a thioether rather than a disulfide linkage. Many of these thio-ether-
forming agents are comnercially available and inchede reactive ostors of 6~
maleimidocaproie acid, 2-bromoacetic acid, and 2odoacetic acid, 4-{Nanaleinndo-
methylloy- clobexane-1-carboxylic acid. The carboxyl groups can be sctivated by
combiming them with sueciiminude or -hvdronyl-2-nitro-4-sulfonic acid, sodium salt.
Virus-like particles {VLPs), also called pseudovirions or virus-derived particles,
represent subunit structures composed of multiple copies of a viral capsid andfor
envelope protein capable of self-assembly into VLPs of defined spherical synunetey
i vivo, (Powillelt, e gl Q0073 PLoS ONE 2(8ye415)) Alternatively, peptide
impumogens can be linked 1o at least one artificial T-cell epiiope capable of binding a
large propartion of MEC Class I molecules, such as the pan DR epitope ("PADRE™).
Pan DR-binding peptides (PADRE) are doseribed in US 3,736 142, WO 8507707,

and Adexander, o of, Firoeadisy, 1751761 (1994),

{00111} Active inmunogens can be prosented o pmiltimerie fvm i which
multiple copies of an mununogen (peptide of polypeptide) arve presented on g carvier
as a single covalent molecule. Tn some embodinments; the carrier inclades various
forms of the dual Afifau polypepiide. For instance, the dual AP/tau polypeptide of
the immunogen can include polypeptides that have the AR antigen and the tou antigen
in different orders, or may be present with ov without an mtrapeptide Haker sudior a
tinker to acarrier.

{60112) in some compositions, the mapnmogeme pepiides can also be
expressed as fusion proteing with carviers. In certatn compositions, the Immunogenic
peptides can be Hpked at the amino termings, the carboxnyd terminas, or intornally to
the carrier. In some compositions, the earvicr s CRMIYY. 1o some composgtions, the

cartier is diphtheria toxoid,

{06113} Nucleic Acids
{00114] The disclosure further provides nucleic acids encoding any of the

amyloid-beta (AR) peptides and the tav peptides as disclosed herein. The nucleie acid
immmoetherapy compasitions, as disclosed hevein, comprise, consist of, or consist

essentially of, a first nucleic acid sequence encoding an amyloid-beta (Af) peptide,
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and a sccond nucleie acid sequence encoding a tau peptide as disclosed herein. For
example, the AR peptide is a sequence that is 3-1{ amino acid residues in fength and
from the first fen N-torminal residues of SEQ 1D NOHOL, and the tau peptide is a
sequence that 15 3-13 amino acids in lengthand from residues 244-400 of SEQ ID
N{:02. Accordingly, a nucleie acid encoding any of SEQ 1D NOS: 3-38 or SEG ID
NS 1002- 157 may be combined with a pucleic acid encoding any of SEQ 1D NOS:
356, R3-86, or 146-996 to provide an immunogen and a conponent of
phannaceutical composition of the disclosure. Likewise, one or more nucleie acids
encoding sy of Abeta and tan sequences may inchide the codons for an RR- N-
termmal or -RR C-teeninal dipeptide. In certmn embodiments, the AR and tau
peptide sequences may be encoded by the same nuclere acid sequence or by separate
nuclete acid sequences. Tn some embodiments, the nucleie acid sequences may also
encode a linker to a carvier andfor a C-terminal cvsteine a5 desertbed herein, In
addition, when a single nueleic acid sequence encodes both peptides, the sequence
may dso encode an intra-peptide linker as desenbed herein. The nucleie acid
compostions deseribed herein (pharmaceutical compositionsy can beased i methods
for treating or effecting prophylagis andf/or prevention of Alzheimer's disease. In
another embodiment, the nucleic acid nwmmotherapy compositions as disclosed
herein provide compositions for reducing pathogenic forms of AR andfor tay in the
subject andfor tn the gssue of the subjeet. In some cmbodintents, the AR andfor fau
reduced by the invnunotherapy compaositions is the pathological formds) of the AR
{e.g extracellolar plague deposits of the f-amyltoid peptide (AR newritic amyloid
plagues), andior tag (eg. Hame-shaped newrofibriliary tangles of tau; nearofibrillary
tangdes of ). by yet other embediment, pathological indicators of
neurodegenerative disease are decreased by the nucleie acid immunotherapy
compositions. o another embodiment, the nuclele acid immumotherapy composiions

as disclosed heveln provide compositions for redecing brain A and brain taw.

{0B115] A nucleie aoid such as DNA that encodes an immunogen and s used as
a vageine can be referved © as 2 "DNA pnmogen” or "DNA vaceine” as the
encoded polvpeptides are expressed in vive after administration of the DNA. DNA
vacoines are intended to induce antibodics against the proteins of mterest they cocode
in 2 subject by infegrating DNA encoding the proteins of interest o a vector {a

plastid or vires), adiministering the vector to the subject; and expressing the proteins
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of iterest in the subject in which the vector bas been adninistered to stimulate the
immane system of the subject. A DNA vaccine remains in the body of the sabject for
a long time after the adminisivation, and coutinges o slowly produce the encoded
profeins. Thus, excessive wmune responses can be avoided. DNA vaccines can also
be miodified asing & genctic engincering technigues. Optionally, such nucleic acids
further encode g signal peptide and can be expressed with the signal peptide linked to
peptide. Coding sequences of nucleic acids can be operably linked with regulatory
sequences tn ensure expression of the coding sequences, such as a promoter,
exhaneer, ribosome binding site, trascription termination signal, and the ke, The
msckeie aotds encodimg AR and tay can occor m polated form or can be cloned fnto
ane or more vectors. The nucleie actds can be synthesized by, for example, solid state
synthesis or PCR of overlapping oligonucleonides. Nucleie acids encoding A and tau
peptides and polypeptides with and withowt linkers or cleavable Hnkers and with owr
without protein based carviers can be joined as one contiguous mucleic acid, e,

within an expression veetor,

ja6116} DNA is move stable than RNA, but involves some potential safoty risks
such as induction of anti-DNA antibodies, thus i some cmbodiments, the nucleic actd
can be RNA. BNA nacleie acid that encodes an immunogen and is used a8 a vaceine
can be referred to as a "RNA immunogen” or "RNA vaccine™ or "mRNA vaceine” as
the encoded polvpeptides are expressed in wive atier adininistration of the RNA.
Ribomucleic acid {RNA) vaceines can safely divect a sabject’s celtular machinery to
prodace one or more polypeptide(s) of nterest. In some emboduments, a RNA
vaceing can be a non-replicating mBNA {messenger-RNA)Y or a vigally derived, self-
amplifying RNA. mRNA-based vaccines encode the antigens of interest and contain
5% and ¥ ontrmslated regrons (UTRs), whereas self-aophifying RNAs encode not ondy
the antigens, but also the vival replication machinery that enables intraceltular RNA
amplification and abundant protein expression. Ju vire transcribed mRNA canbe
produced from a Bncar DNA enphste using a T7, 2 T3 or an Spt phage RNA
polymerase. The resulting product com contain an open reading frame that encodes the
peptides of interest as disclosed herein, flanking §'- and 3-UTR sequences, a § cap
and a poby(A) tal. Insome embodiments, a RNA vaccine e conpwise trans-
mophifying RNA (for example, see Beissent et ol Molecnlar Therapy Ianuary 2020

2B 119-125). In certain embodiments, BNA vaccines sncode an AR peptide and a
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taut peptide as disclosed herein, and we capable of expressing the Af and a tan
peptides, in particudar if ransferred fnto a cell sacl as an immature antigen presenting
cell, RNA may also contain sequences which encode other polypeptide sequences
such as impume stinelating clemients. In some embodiments, the RNA of a RNA
vaceine ean be modified RNAL The term "modified” 1o the context of the RNA can
inchede any modification of RNA which is not neturally present in RNAL Foy
example, modified RNA can refer 1o RNA with a S-cap; however, RINA may
comprise further modifications. & 5-cap can be modified to possess the ability to
stabilize RNA when attached thereto, In cortatn embodiments, a fuvther modification
may be an extension or tnmcation of the naturally ocvarring poly(A) tail or
alteration of the 8- or 3-untranslated regions (LUTR}). In some embodiments, the RNA
ez or mRNA vaccine is formulated 1n an effective amount to produce an antigen
spectic inmwnane response i asabject. For example, the RNA vaceing fornvalation is
admimstered © a subjeet i order o stimudate the humoral andfor eclivlar immune
systent of the subject against the AP and tav antigens, and s may finther conprise
one of more adjuvant(s), diluents, carriers, andfor excipients, and is applied to the
subject in any suitable route in order to clicit a profective and/or therapeutic inunang

reaction against the AP and tau antigens.

{00117} Basic texts disclosing general methods of moelecubar bindogy, ol of
whicly gre incorporated by reference, include: Sambrook, § er of., Molecular Cloning:
A Laboratory Mamsal, 2** Editon, Cold Spring Harbor Press, Cold Spring Harbor,
NY ., 1989; Avsabel, F M eral. Current Protocols in Molecular Biology, Vol 2,
Wiloy-Interscience, Now York, {current edition); Kriegler, Gene Transfer and
Expression: A Laboratory Manaal (1990); Glover, D M, ed, DNA Cloning: A
Practical Approach, vol. L& T, IRL Presy, 1985; Albers, B. er o/, Moleoudar Biology
of the Cell, 2% Ed., Garland Poblishing, Inc., New York NUY. {1989} Wason, I D er
@i, Recombinant DNA, 2% BEd., Scientific American Books, New Vork, 1992; and
Old, R W er g, Principles of Gene Manipulation: An Tntroduction to Genetic

Engineering, 2 Ed., University of California Press, Berkeley, Calif. (1981).

{00118} Techniques for the manipulation of nucleic avids, such as, e.g,
gererating motations in scquences, sub-cloning, labeling probeg, sequencing,
hybridization and the ke are well deseribed in the sclentific and patent Inerature.

See, ¢.g., Sambrook, ed., MOLECULAR CLONING: A LABORATORY MANUAL
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{2ND B, Vols, 143, Cold Spring Harbor Laboratory, (1989 CURRENT
PROTOCOLS IN MOLECULAR BICGLOGY, Ausubel, ed. John Wiley & Sons, Inc,
New York {1997y LABORATORY TECHNIQUES IN BIOCHEMISTRY AND
MOLECULAR BIOLOGY: HYBRIDIZATION WITH NUCLEIC ACID PROBES,
Part §. Tiissen, ed. Elsevier, NJY. (1993,

{00119 Nucleie acids, vectors, eapsids, polvpeptides, and the hike can be
analyzed and quantified by any of a wumber of general means well known 0 those of
skiflin the art. These include, e g, analytical biochenvcal methods such as NMR,
speetrophotometry, radiography, electrophoresis, caplfary clestrophoresis, high
performance lguid chromatography (HPLO), thin layer chromatography (TLC), and
hyperdiffusion clvomatography, vartous inmunological methods, eg fluid or gel
precipitin regetions, fmmumodiffusion, mmmeno-clectrophoresis, radiciomunoassays
{RIAS), enzyme-linked inununosorbent assavs (ELISAS), imonmofluorescence
assays, Southern analysis, Novthern analysis, dot-blot analysis, gel electrophoresis
{e.e., SDS-PAGE)Y, RT-PUR, qantitative PCR, other nucleic acid or target or signal
amplification methods, radiolabelinng, scintillation counting, and affinity

chromatography.

[00120} Pharmaceutical Compositions
{00121} Each of the peptides and immunogens described herein can be

presented in a pharmaceutical composition that is adoinistered with pharmaceutically
aceeptable adjuvants and pharmaceutically acceptable excipients. The adjuvant
ncresses the titer of induced antbodies andfor the hinding affinity of induced
antibodies relative to the situation if the peptide were wsed alone. A vagisty of
aditvants can be used v combination with sp immunogen of the disclosure to elicit an
imnae response, Some aditvants augiment the intriasie response (0 an immunogen
without causing conformational changes in the immunogen that affect the qualitative
form of the response. An adjuvant may be a natural compoand, & wodified version of
or derivative of a nataral compound, or a svathetic compound.

{08122} Seme adjuvants include alominum salis, such as alumbman hydroxde

and sluminum phosphate, 3 De-O-acylated monophosphoryt tipid A (MPL™) (see

GB 2220211 (RIBI himmunoChem Research Inc., Hamilton, Montana, now part of
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Corixa). A¢ used herein, MPL refers to natural and syothetic versions of MPL.
Examples of synthetic versions include PHAD®, 3D-PHAD™ and 3D{AA)-BHAD®
{Avant Polar Lipids, Alabaster, Adabama).

{00123} Q5-21 is a miterpene glycoside or saponin isolated from the bark of the
Quiliaa saponaria Moling tree found i South Amenica (see Kensil ef af, in Vaceine
Desir The Subunit and Adjuvant Approach {eds. Powell & Newman, Plesum
Pregs, NY, P98 Q95-21 products include Stimulon®: (Antigenics, Inc, New York,
NY; now Agemss, Ine. Lexngton, MAY and Q5-21 Vaccine Adjuvant (Desert King,
San Diego, CA). QS-21 has been dinclosed, characterieed, and evataated in US
3,087 540, and US 8,034 348, the disclosures of which are herein incorporated by
reforence. Additionally, OS-21 bas been evaluated in munerous clinical talsin
vartous dosages. See, KCTGOU60531

{clintcaltrials. govicr2/show/study/NCTOOWO53 Ty, HUll er ad., Qupr Alsheimer Res,
01T Juby 147y 696-70R {evakmted 30 moeg of QS-21 in with vadous doses of
vaceine ACC-001 ¥ Gilman ¢ ol “Chnical effects of Abeta invnuanization (ANT7Y2)
in pationts with AD m an intervapted fwial” Newrology, 2003 May 10; 64(93 135302
Wald er o/, “Safety and immumogenicity of tong HSV-2 peptides conaplexed with
rhHse 760 i HSV-2 seropositive persons™ Vaccine 201 F; 2947 38520-8529; and
Conningham ef gl “Efficacy of the Herpes Zoster Subunit Vaceine in Adulis 70
Years of Age or Ofder.” VA& 2016 Sep 15 3750 1019-32, Q8-21 is used in
FDA approved vacoines including SHINGRIX. SHINGRIX contains 56 mog of Q5
21 In certmin embodiments, the ansount of (3821 1 from abowt 10 pg to sbout 300

HE.

{00124} TOL 1035 is an analogue of Q5-21 (Adjuvance Techuolagies, Lincoln,
NE} The semi-synthetic TOL HOSS has been characterized in comparison 10 QS-21 as
having high purity, Increased stability, decreased local tolerability, decreased systemic
tolerability. TQLI03S has been disclosed, characterized, and evaluated in
US20186327436 AL WO20I8191588 AL, WOZ018200636 Al and WOZOIR0TH 60
Ad, the discloswres of which are herein incorporated by reference: US20180327436
Al teaches that 2.3 fold more TQIUSS was superior to 20 pg Q5-21 but there was not
awt improvenient over 30 pg TQLHOSS. However, untike Q5-21 there was no increase in
either weight loss or hemolysis of RBC as the TQLIG3S dose increased.

WOZO18200656 Al teaches that with an optimal muowt of TQIO3S, one can lower
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the amount of antigen and achieve superor titers. In certain ombodiments, the amount

of TOLIOSS s from abowt HY go o alyad 300 g

?

{90125} {ither adivvants are oil in water emulsions {such as squalene or peanat
oil), optionally in combination with inomme stimalants, sach as monophosphoryd
lipid A (see Stowte ef af . N Engl. J Med, 338, 86-91 (1997}, pluronic polvmers, and
killed mycobacteria. Ribi adjuvants are off-in-water emudsions. Ribi contains a
metabolizable off (squalene) emulsified with saline contalming Tween 80, Ribi also
contains refined mycohacterial products which dot as mnpunostimulants and bacterial
monophosphoryd hpid A, Other adjuvants can be UpG oligonecieatides (vee WO
OR40100), evtokines {eeg., 1L~1, 1L~1 alpha and § peptides, 1L-2, v-INF, {L~18, GM-
CSFY, chemokines (o, MIPL-q and §, and RANTES), saponing, RNA, andfor TLR
agonists (for example, TLRA agonists sach as MPL and synthetic MPL molecules),
anunoatkyl glucosaminide phosphate and other TLR agonists. Adjuvants can be
adnunistered as a component of a therapeutic composition with an active agent or can
bo admbustered separately, before, conourvently with, or after admbustration of the

therapeutic agent.

{60126] In varous embodimentis of the disclosure, the adjuvant is QS-21
{Stimulon™). In some compostions, the adjuvant is MPL. In cortain embodiments,
the amount of MPL is from about 10 pg fo about 300 pg. In some compositions, the
adivant is TQLI0SS. In certain embodiments, the amount of TOLIGSS is from about
1 pg toabout 500 yg 1o some compositions, the adjuvant is 9521, In certain
embodiments, the amount of Q521 is from aboat 18 pg to about 300 g, In some
compositions, the adpvant is a combination of MPL and Q8-21. Insome
compositions, the adiuvant is 2 combination of MPL and TQLIOSS. Iy some

compositions, the adiuvant can be ina liposomal formulation.

{00127 I addition, some cmbodiments of the disclosure can comprise a
multiple andigen presenting svsteny (MAP). Multiple antigen-presenting peptide
vaceine systems have been developed to avoid the adverse pifocts associated with
conventional vacemes {L.e., Bve-atteruated, killed or inactivated pathogens), carrier
proteins and eyiotoxic adjuvants. Two man approaches have been used to develop
mftiple antigen presenting peptide vaceine systems: (1) the addiston of functional
components, e.g., T-cell epitopes, coli-penetrating peptides, and lipophalic moietiss;

and (2} synthetic approaches using size-defined nanomaterials, e g., self-assembling
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peptides, non~peptidic dendrimers, and gold nanoparueles, as antigen-displaving
platforms. Use of 2 muoltiple antigenic peptide (MARY system can improve the
sometines poor imumenogenicity of subunis peptide vaccines. Ina MAP system,
multiple copics of antigenie peptides are simuliancously bound to the a- and s~amino
groups of @ non-immunogenic Lys-based dendritie seaffold, helping to confor stability
fromy degradation, thes enhancing molecular recognition by immune cells, and
induction of stronger immune responses compared with small antigenic peptides
alone. In some compositions, the MAP comprises one or move of & Lys-hased
dendritic scaffold, helper T-cell epitopes, bmmune stinulating Hpophilic motetids, coll
penctrating peptides, radical indaced polvimerization, self-assembling nanoparticles as

antigen-presenting platforms and gold nanoparticles.

{00128} Pharnmaceatical compositions for parenterad administration are
preferably sterile and substantially isotonic and manufactured under GMP conditions.,
Pharmaceutical eompositions can be provided in wnit dosage form (f.e., the dosage for
a single adounistration). Phanmaceutical compositions can be fornmiated using ong or
more physiologically acceptable carriers, diluenis, excipionts or auxiliaries. The
firmulation depends on the route of administration chosen,  Foranjection, the peptides
of the disclosure can be formudated in agueous sohations, preferably in physiologically
compatible butfers such as Hank's solution, Rmger’s solution, or physiological saline
or acetate budfer {10 reduce discomfort ab the site of injection). The solution can
contain formulatory agents such as suspending, stabilizing andéor disporsing agents.
Alternatively, peptide compositions can be i Ivophilized form for constitation with a

suitable vehicle, e, sterile pyrogen-free water, before use,

{06129} Pepiides (and optionally a cavriér fused to the pepuidels)) can also be
admimustered in the form of a nucleie acid encoding the peptide(s) and expressed &7
sifu 1 a subject. A mueleie acid segment eacoding an inununogen is typically linked

to regulatory elements, such as a promoter and enhancer that allow expression of the

DINA segment i the Intended target cells of asabject. For expression in blood cells,
as 48 desirable for induction of an e response, promoter and enhancer clements
from, for example, Heht or heavy chain impwmoglobulin genes or the CMV major
intermediate early promoter and enhancer sre suitable o divect expression. The

linked regalatory choments and coding sequences are often cloned into a vector,
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{08138} DNA and RNA can be delivered in naked form (e, without colloidal
or encapsulating materials). Alternatively a nwmber of viral vector systems can be
used inclading retrovival systoms (see, e.g, Bons-Lawrie and Taumin, Cur, Opin
Gener. Develop, (1 102-108 (1993)); adenovival vectors (see, eg, Betteral J
Firad 67105881121 {1999 adeno-associated vires vectors (see, e.¢. , Zhou et al.,
JoExp. Med, Y706 1867-75 {1994)), viral vectors from the pox family including
vacchma vivus and the avian pox viruses, viral vectors from the alpha virus genus such
as those dertved from Sindbis and Semiiki Forest Vivuses {vee, eg., Dubensky ef al,
o Fired TOOLRS0E-319 (1996)), Veneruclan cqguine encephalitis virus (see US

5,643, 5376) and rhabdoviruses, such as vesicular stomatitis virus {see W 96/346235)
and papillomaviruses (WO 94/12629; Ohe et of |, Hhronan Gene Therapy 6{33323-333

{1995} and Xiao & Brandsma, Nuclele doids. Res, 24(1332630-2622 (19983,

{06131} DNA and RNA encoding an impmumogen, Of & vector containing the
same, can be packaged o liposmmes, nanoparticles or hipoproteins complexes.
Suitable other polymers, include, for example, protaming liposomes, polysaccharide
particles, cationic nanoemulsion, cationic polymier, cationie polymer liposone,
cationic lipid nanoparticles, cationic lipid, cholesterol nanoparticles, catioic hipid-
cholesterol, PEG nanoparticle, or dendrimer nanoparticles. Additional suitable Hpids
and related analogs are described by US 5,208,036, US 5264618, US 5279333, and
U8 8,283,185, vach of which are herein incorporated by reference in their entirgty.
Veotors and DNA encoding an mmmonogen can also be adsorbed o or associated with
particulate carviers, examples of which include polvmethyl methaeryiate polymers and
patylactides and poly(lactde-co-glyveolides), (see, g, MeGex et ol., J. Micro Encap.
Mar-Apr 1997, 142y 197210}

{00132} Pharmaceatically acceptable carrier compositions can also inclade
additives, including, bat not Hmited to, water, pharmaceutically accoptable organic
solvents, collagen, polyvinyi alcohol, polvvinyipyrralidone, carboxyving! polvimers,
carboxymothyviceHulose sodiany, sodbum polyacrylate, sodiom alginate, water-soluble
dextran, carboxymuethyt starch sodiom, pectin, nuthyvieelinlose, ethyleelhudose,
xanthan gumy, cum arabic, casein, agar, polyethylene glyeol, diglveerine, glveerine,
propyiene glycol, potrolatom, pavaffing deary! alcobol, stearic acid, haman sonw
albontn, mannitol, sorbitol, lactose, and surfactants acceptable as pharmaceutical

additives.
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{08133} Subjects Amenable to Treatment
{08134 The presence of A plagues andfor newrofibrillary tangles has been

found in several diseases including Alzheimer’s disease, Down's syndrome, mild
cognitive impatrment, corchral amyloid anglopathy, primary age-related tavopathy,
postencephalitic packinsontsm, postirasmatic dementia or dementia pugtlistics, Piek’s
disease, type C Niemana-Fick disense, supranuclenr palsy, frontotemporal dementia,
frontotemporal fobar degeneration, argyrophulic grain disease, globolar ghial
tauopathy, amyotrophic lateral selerosis/parkingonism dementia complex of Guan,
corticobasal degeneration {CBD), dementia with Lewy bodics, Lewy body variant of
Alzheimer’s disease (LBVYAD), chronic traumatic encephalopathy {CTE), globulwr
ghial tanopathy (GGT), Parkinson’s disease, progressive supranaciear palsy (PSP), dry

age~refated waculnr degeneration (AMD), and inclusion-body myositis,

{00135} The compositions and methods of the disclosure can be ased in
treatment or prophyviaxis of any of these diseases. Because of the widespread
assoviation between newrolowical discases and AD andifor tay, the compositions and
methods of the disclosure can be used n treatment or prophytaas of any subject
showing elevated fevels of AR and/or tau (e g, in the USF) compared with a mean
valoe in individuals withowt neerological disease. The compositions and methods of
the disclosure can also be ased m freatment or prophyviaxis of nevrological disease in
individuals having a mutation in A} andfor tau associated with neurclogical disease.
The methods ave particulaely suitable for treatment or prophylaxis of Aleheimer’s

disease.

{68136} Suthjects smenable to treatment include 1ndividuals at risk of disease
bat not showing symptoms, as well as paticnts presently showing symiptons,
moluding treatment natve subjects that have not been previous troated for disease,
Subjocts at risk of discase include those in an aging population, asyviopiomatic
subjects with AR andfor tau pathologies and having a known genetic visk of disease.
Such individualy mclade those having relativies who have expenienced this discase,
and those whose risk is determined by analysis of genetic or biochenucal markers.
Genetie markers of visk inclede matations in AP andior tag, as well as mutations
other genes associated with newrologioat discase. For example, the ApoBd allele n
heterozygous and even more so in homozygous form is associated with risk of

Alzhetmer’s discase (AD), Other markers of risk of Alzhetmer’s discase thehude
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mutations in the APP gene, particularly sudations at position 717 and positions 670
and 671 referred to as the Hardy and Swedish motations respectively, nustations in the
presenilin gencs, PST and PS2, 2 family history of AD, hypercholesterolomia or
atherosclerosis. Individuals presently suffering from Alzhebmer's disease can be
recogrized by PET inwaging, from chavacteristic dementia, as well as the presence of
rizk factors described above. 1o addition, a nember of disgnostic tests are available
for identifving individuals who have AD. These include measurement of CSF or
bload tau or phospho-tan and AR42 levels. Elevated tau or phospho-tau and
decreased AP42 levels signify the presence of AD. Sonde muatations associated with
Parkinson’s discase, for example, Ala30Pro or Alad3Thr, or matations in other genes
associated with Parkinson's discase such as leveine-rich repeat kinase (LRBR2 or
PARKE). Subjects can also be diagnosed with any of the neurological discases

mentioned above by the oriterta of the DSM IV TR,

{8137 In asymptomatic subjects, treatnient can begin at any age {a.g, 10, 34,
3 ormore) Usually, however, i is not necessary 1o begin treatment witil a subject
reaches 20, 30, 40, 80, 60, 70, R4, or 90 years of age. Treatment typically endails
maltiple dosages overa period of time. Treatment can be monmitored by assaying
antibody fevels over time. I the response falls, a booster dosage is indicated. In the
case of podential Down’s syndromie pationts, ircatment can bogin antenatalty by

administering therapeutic agent to the mother of shortly after bisth.

[00138] Methods of Treatments and Uses

{00139] The disclosare provides methods of inhibiting or reducing aggregation
of Abeta andfor tag in a subjeat ha\fmg or 1t risk of developing a nearodegeneragive
disease (e, Alzheimer’s discase). The methods include admunistering to the sahject
the composittons as disclosed herein. A therapeutically effective amount is o dosage
that, when given for an effective period of time, achieves the desired inunanological
or olinieal effect. Dosage vegimens may be adiusted to provide the optimam
therapeetio response, For example, several divided doses may be administered at set
intervals (e, weekly, nonthly) or the dose may be proportionally reduced as

indicated by the exigencies of the therapeutic situation.
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{00140} In prophyviactic applcations, the compositions deseribed herein can be
adnrinistered to & subject susceptibie to, or stherwise at visk of a disease (e g,
Alzheimer’s disease) In a regimen {dose, freguency and routs of adonunistration)
effective to reduce the risk, lessen the seventy, or delay the onset of at least one sign
or symptom of the disease. In partitudar, the regimen is effective to mhibit or delay
AR plague formation andfor inhibit or delay taw or phospho-tau and paired filaments
formed from if in the brain, andfor inhibit or delay its toxic effects andfor mhubitéor
delay development of behavioral defieits. In therapeutic applications, the
composttions deseribed herein are administered to a sabject suspected of, or a patiemt
already suffering from a diseast (g, Alzheuner’s discasel in a regimen {dosc,
frequency and route of administration) effective to ameliorate or at least inlubit
further deterioration of at least one sign or symptom of the discase. In particuiar, the
regimen is preferably effective to reduce or at least inhibit fusther increase of levels of
AR plagues andfor tau, phosphor-tay, or paired filaments formed from i, assoeiated

toxicities mdfor behavioral deficits.

{00141} A regimen s comsidered therapeuticatly or propbytactically effective if
an individual treated achizves an outcome more favorable than the mean outcome ina
control population of comparable subjects not treated by methods of the yvention, or
if & move favorable catconie s demonstrated i weated sabjects versas control
subjeets in & controlled clitucal tnal (e.g., a phase 1}, phase A or phase T trialy at

the p < 0.03 or .01 or even 0.001 level.

{08142 Effective doses of vary depending on many different factors, such as
means of admimstration, target site, physinlogical state of the patient, whether the
patient is an ApoE carrier, whether the pationt is human or ansmumal, other

awedications administered, and whether treatment is prophylactic or therapeutic.

{00143} It some embodiments, the effective amount 1s a total dosc of 28 ugte
0D g, or SO pg to TOHG pe. In some embodiments, the effective amount is a total
doscof 10 pg. In some embodiments, the offective amount is & dose of 25 ug
adiministered to the subject a total of two times. It some embodiments, the effective
amoeent is a dose of 100 pg administered to the subject o otal of two times. In some
ewbodiments, the effective amount is a dose of 400 g administered to the subject a
total of two times. In some crabodinweats, the effective amount is.a dose of 360 ug

adnsinistered to the subjoct a total of two tmes. Insome embodiments, a RNA {eg.,
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mRMNA} vaceine is administered to a subject by intradermal, intramuscular injection,

or by intranasal administration.

{00144} In some embodinents, the amount of an agent for active
nonanotherapy vacies from 1 to 1,000 mricrograms (ug), or from 4.1-5300 gg, or from
10 to 500 yg, or from 5 to 25U pg per patient and can be from 1-100 or 1-10 pg per
wiection for huovan administration. The thning of iyections can vary significantly
fromonce a day, 1o once a week, fo-once a month, 1o once 4 vear, to onee a decade.
A typical regimen consists of an bmmunizasion followed by booster injections af ime
indervals, such as & week infervals of two months. Another regimen consists of an
immunization followed by one or more bonster injections 1,2, 3.4, 5,6, 7.8, 8, 10,
11, ov 12 mooths fater. Another regimen eatails an ijection every two roonths for
hife. Alternatively, booster injections can be on an irregelar basis ay indicated by
monttoring of inwnwae response. The frequency of adounistration maay be onee oF

more as long as the side effects are within a clindeally acceptable range.

{08145] In some embodinents, the compositions ov niethods as disclosed
heremn comprise adimbmistering to a sabject a nuckeic aoid vaceine comprising ong or
miore DNA or RNA polynucleotides having an open reading frame encoding a first
peptidi and a second peptide wherein 3 dosage of between 10 ugke and 400 gg kg of
the mucleic acid vacome i1s administered to the sebject, In some cmbuodiments the
dosage of the RNA pelynuclteotide is 15 pg, 5-10 pe, 10-158 g, 1520 pe, 1023 pg,
20-25 pg, 20-50 pg, 30-50 pg, 40-50 pg, 40-60 pg, 60-80 ug, 60-100 pg, 50-100 pg,
80-120 pg, 40-120 pg, 40-150 pg, 50-150 pg, 50-200 ug, 80-200 ug, 100-200 pg,
120-250 pg, 150-250 pg, 180-280 pg, 200-300 pg, 50-300 pg, 80-300 pg, 100-300 pg,
40-300 pg, 50-350 pg, 100-350 pg, 200-350 pg, 300-350 pg, 320-400 pg, 40-380 pg,
401 g, 100400 pg, 20400 uy, or 300-408 pg por dose. In sonie embodaments,
the mucleie acid is adonnistered to the subject by intradermal or intramuscular
wmjectim. In some embodiments. the nucleie acid is adnunistered o the subject on
day zero. In some embodiments, a sevond dose of the mucleio acid is adnunistered to

the subject on day seven, or fourteen, or twenty one,

{00146} The compositions deseribed herein are preferably administered via a
peripheral route (e, one in which the administered composition results i & robust
immune response and/or the induced antibody population crosses the blood brain

barrier to reach an intended site in the brain, spinal cord, oreye). For peripheral
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digeases, the induced antibodics leave the vascolature 1o reach the ntended peripheral
organs. Routes of administration include oral, subautancous, itranasal, mtradermal,
or mdramuscular. Some routes for active immesization are suboutancous and
intrmnusautir. Introoscular administration and suboutancous administration can be
made at a-single site or nudtiple sites. Intramuscuelar injection is most typically
performed in the arm or leg mascles. In some methods, agents are injected directly

into @ particular tssue where deposits have accunmulated.

{00147} The number of dosages administered can be adjusted to result in a
more robyst immane response {for example, higher titers}. For acute disorders or
acute exacerbations of a chronie disorder, between 1 and 10 doses are often sufficient.
Sometimes & single bolus dose, optionadly 1o divided form, 15 sufficient for an acute
disorder or acute exacerbation of a chronic disorder.  For clwonic disorders, a
vageine/inununatherapy as disclosed herein can be administored af regular butervals,
e.¢., weekly, fortoightly, monthly, quarterly, every six months for atleast 1, S or 10

years, or the life of the patient.

{80148} An effective amount of a DNA or RNA encoded immunogen canbe
between about I nanogram and about 1 gram per kilogram of body weight of the
recipiont, or about between about 0.1 ugikg and about 10 mygkg, or about between
about 1 kg and aboot | mghe. Dosage forms saitable for mtornal adminstration
preferably contain (for the latter dose range) from about 0.1 pg to 100 ng of active
ingredient per anit. The active ingredient may vary from 8.8 {0 93% by weight based
on the total weight of the composition. Alternatively, an effective dose of dendritic
celis loaded with the antigen is between about 10 and 10° cells. Those skilled i the
art of iImmunotherapy swill be able to adjust these doses without wndue

exporimeniation,

{00149} The meclee seid compositions may be administered v g convenient
manner, ¢, njection by a convenient and effective route. Routes can include, bt
arc not limied to, intradermal “gene gun® delivery or intramuscular iyection. The
moditicd dendritic colls are pdmimistered by subcutancous, infravenous or
intramuscular routes. Other possibie routes include oral administration, intrathecal,

inhalation, transdermal application, ov rectal administration.
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{00150} Depending on the route of admustration, the conposition may be
coated i1 a material o protect the compound from the action of enzvmes, acids and
other nataral conditions which may activaie the compound. Thus, it mayv be
necessary 1o coat the composition with, or co-adminster the composition with, a
material to prevent its nactivation. For example, an enzyne inhibitors of nucleases
of profeases {e.g., pancreatic rypsin inhibisor, ditsopropyvifluorophosphate and
trasviol) or inan appropriate carvier such as liposores Gncluding water~-in-oil-in-
water epndsions) as well as conventional hposomes (Strejan et ol J. Nawoimmunal
7(1):27-41, 1984).

{88151} The mmmunotherapeutic compositions disclosed herein may also be
ased in combination with other treatroonts for discases associated with the
atcunmdation of AR or tau, for example, anti-AP antibodics such as antibodies that
specifically bind to any of the AP epitopes disclosed herein, For example,
adicanumab or any of the antibodies disclosed in, for example, US. Patert
Publicatton No. 20100202968 and U.S. Patend No. &,906,367, andfor anti-tay
anttbodies such as anttbodies that specifically bind to any of the au epitopes disclosed
horein, ABBV-SEI2, gosuranemab, zagotenenab, RG-6100, BIHBOT6 or any of the
antibodies disclosed m WOZO 165271, US 10,501 531, WQO2017/191339,
WOROT7AR 560, WO2017/191568, US 20190330314, US 20180330310, and
WOZHIS204540. In some combination therapy methods, the pationt receives passive
imnnmotherapy prior to the active immanotherapy methods disclosed herein. In other
maethads, the patient recelves passive and active immmotherapy during the same
period of treatiment. Alternatively, patients may receive active immunotherapy prior
to passive immunotherapy, Combinations may also include small molecude therapies
and non-immunogenic therapies such as RAZADYNE® (yalantamine), EXELON®
{rivastigmine), and ARICEFT™ (donepexil) and other compositions that improve the

function of nerve cells fa the bramn.

{00152} The compositions of the disclosure may be used in the manufacture of

medicamoents for the treatment regimens described berein,
{0153 Treatment Regimens

{60154] Diesired sutcomes of the methods of treatment as disclosed herein vary

according to the disease and patient profile and are determinable to those skilled in the
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art. Desired ovtcones iclode an myprovement in the patient’s health status,
Generally, desired outcomes inctode measurable indices such as reduction or
clearance of pathologic anvvlowd fibrifs, decreased or inhubited amvloid aggregation
andfor deposition of amyloid fibrils, and inereased immune response to pathologic
and’or aggregated amyloid fibrils. Desired outcomes also inclade ametioration of
amyloid discase-specitic symptoms. As wsed herein, relative torms such as
“improve,” "increase,” or "reduce” indicate values relative toa control, such as a
measurement in the smne individoat prior to inttdation of teatment descrthed herein,
or a measurement in a control individual or group. A control individaat is an
individual afflicted with the same amyloid disease as the individual being treated,
who s about the same age as the ndividual boing treated (1o cnsure that the stages of

the discase in the treated individual and the control individual are comparable, bt

who has not recetved troatment using the disclosed tmpumotherapy/vacoing
formulations. Alteratively, a confrol individual is a healthy indbvidhaal, whe is about
the same age as the individual being treated. Changes or boprovenients in response to
therapy are gencrally statistically significant and described by 3 p-value less than or
cqual to 0.1, Tess than 003, loss than 0.01, less than 0.003, or less than 0.00] may be

regarded as significant.

{06155} Effective doses of the compositions as disclosed herein, for the
freatmend of @ subject vary depending upon many differeat factors, including means
of administration, target site, physiological state of the padeny, whether the patient is
busman or an animad, other medications adminstered, 1 any, and whether teatment s
prophylactic or therapeutic. Treatment dosages can be titrated to optinize safety and
efficacy. The amount of mymuonogen can alse depend on whether adjuvant is alse
administered, with higher dosages being required in the absence of adjovant. The
ameant of an immunogen for administration sometimes varies from 1-300 g per
patient axd more vsaally from 3-300 ug porinjection for hwnan administration.
QOccasionally, a higher dose of 1-2 my per dosage s used, Typieally, sbowt 16, 20, 50
or HI0 pg is used for cach human dosage. The tmng of dosages can vary
significantly from once s day, to ones 3 year, to once a decade. On any given day that
a dosage of inwmunogen is given, the dosage is groater than 1 pedpatient and usually
greater than 13 pgdpatient if adjuvant s also admindstered, and greater than 1)

pefpationt and vsually greater than 100 pg/patient n the absence of adjuvant. A
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typical regimen consists of an imbnuzation followed by booster dosage(s) at H-week
intervals. Another regimen consists of an immienization followed by booster
dosage(s) 1,2,3,4, 3,.6,7, 8, 9, 10, 1Lor 12 months later, Anocther regimen entails
dosuge(s) every two months for life, Alternatively, booster dosagefs) can be onan

irregolar basis as ndicated by monitoring of inmune response.

{00156 When adounistered in combanation with a second treatment for

Alzhetmer’s disease, sueh as, Razadyne® (galantaming), Exelon® (rivastignuine), and

Arteepti {(donepesil}, the second treatment can be administered according the product

label or as necessary m view of the treatment with the compositions of the discloswre,
{60137} Kits

{00 158] The discloswe frther provides kits {e.g., containers) comprising the
compositions disclosed hereiin and related materials, such as instructions for use (2.¢.,
package insert). The instractions for use may contain, for example, nstructions for
adeunistration of the compositions and optionaily one or more additional agents. The
containgrs of peplide andfor nacleie acid corapositions may be unit doses, bulk

packages {e.g , multi-dose packages), or sub-unit doses.

{00159} Package tscrt refers to instctions castomarily included in
commercial packages of therapeutic products that contain information about the
indications, wsage, dosage, admimstration, contraindications andior warnings
concerning the use of such therapeutie produets. Kits can alse include a second
container comprising a pharmaceutically acceptable butfer, such as bactetiostatic
water for igection (BWF1, phosphate-buffered saline, Ringer's solution and dextrose
solution. It can also include other materials desirable from a commercial and user

standpotnt, including other buffers, dilaents, filters, needles, and syringes.
{1In168] Eises

{6161} Each of the peptides, polypeptides, immunogens, and pharmacentical
compositions described heretn iy be for use in treating one or more of the diseases
ay described heremn. In addition, each of the peptides, polvpeptides, imnumogens, and
pharmacewtical compositions described herein may be fir use in moethods for treating
one or mune of the discases as described herein, Each of the peptides, polvpepiides,

immunogens, and pharmaceutical compositions described herein may beused ing
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method for manufacturing a medicament for treating or use in treating one or more of

the diseases as described herein,

{00152} The following are provided for exemplification purposes only and are
not intended to Hanit the scope of the nvention described in broad terms above.

{00163} AR US. and international paterd applcations identified herein are

ncorporated by reference In their eairety.

Examples
[00164} Example 1: Immunization of Guinea Pigs
{00165} Chutnea pigs wore injected mramuoscalarty with 50 pe of g test

immumogen, 23 ue Q821 in 200 plof Addavax on day 0, 21, 49 and 77, Bloeds were
done 7 dayvs post immunization. The peptides tested mcluded DAEFRHD (SEGQ ID
NO06), QIVYKPV (SEG IDNG:39), and DAEFRHDRRQIVYKPY (SEQ D
NQO:587). The speeific immunogens were DAEFRHEDC (SEQ 1D N7,
QIVYKPVGGC (SEQ ID NOC72), and DAEFRHDRROIVYKPVGGC (SEQ 1D
NQO:39). The peptides were coupled through the C-terminal cysteine to CRM-197 with

3 maleimide linkage.

{00166} Female Guinea Pigs wers af least 5 weeks old at the start of the study
having an approximate body weight of 330-300g. Appropriate antmal housing and
research procedires for antmal husbandry and care were conducted bvan accredited
facility in accordance with the geidelines of the ULS. Department of Agricelturc's
{USDAY and the Assessment and Acercditation of Laboratory Animal Care

(AAALAC) International.

{08167} The inmunogen concentration was 4.5 my/mi, Prior to each
administration of the test immunogen, approximately a 3 om® arca on cach hind fimb

was shaved and wiped with ethanol for visualization of the mjoction site. Each animsl
received atest mmmunogen dose of 20 microliters (0.23 nucrograms/microliter)
divided into two scparate sites cach of 100 microliter per injection (£, animals
received 50 pg of mumunogen i 100 1 PBS + 25 e of QS21 in 100 pl MFS9). A
23G-27G pesdle was serted intramuscalardy into g hind hmb, approximately .25

~ 1.5 em deep, and mjected at 100 microliters per site. Injection sites were votated
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cach administration between four separate sites per hind finb and separated by at feast

2 om.
{00168} Example 2: Measurcment of Antibody Titers
{88169} Whole blood samples were collected e clot activator tubes via

Juguiar vom at 250-350 microliters per coflection at weeks 1, 4, and 8. The maxtmum
volame of whole blood was collected intoclot aetivator fabes vin cardiae punctare at
termination on week 12 All blood samples were altowed to clot at room temperate
fir greater thas 3 minutes, contrifuged at antbient temperature {approximately 20~
257C) at 3,000 RPM for 10-15 minutes, and sonun supematant was transferted
individually into clean ervovials. Serum supematant was stored frozen at =30 *C ¢+

12°Ch

{00176} Titer Guinea pig bleed on soluble AR agaregates
{68171} 2.5 pg/ml of a soluble ageregate AR prep (HFIP Him of AR 42 was

resuspended and incabated overnight with shaking, then spun to reinove insoluble
ageregate) was coated on to the plate at 100 gl per well in PBS and incabated
overnight at room temperature. Plates were blocked for 1 howr with 1% BSA in PBS.
Plates were aspitated and to row A, 200 ul of 0.1% BSA in PBS Tween was added o
-4 b 1 oneg GF serum was added at 1710 while 2-4 contained 17100 test seram.
Rows B-H contained 100 gl of 1.1% BSA i PBS Tween. Rows were serially dilated
¥ down the plate giving dihetion of VH00 fo 112800, Wells were maudbated 2 houts
at room temperature, then were washed and a 15000 dilution of antt Guined Pig 1gG
HRP 10 0,19 BSA m PBS Tween was prepared and then 100 ul added to the washed
well, This incubated for 1 hour and was washed, OPD substrate was prepared using
Thermo-Fisher OPD tablets at | tablet per 1 mds. Thermo fisher suhstrate buffer was
added at 1710 and cach well had 100 1 added and incubated for 15 muinutes, 80wl of
IN HaSOs was added 1o stop the' reaetion and plates were read on a molsoular devices
speetromay af 490 aM. Tier defined as the difution giving 50% maxiroum QD and

was oxtrapolated if it foll borween ditutions

{88172} Titer Guinea Pig bleeds on Tay
{80173} 2 pg/ml recombinant WT Tauw 4R2N was coated on to the plate using

100 1 per well in PBS and incubated overight at room temperatire. Plates were

blocked for | hour with 1% BSA in PBS. Plates were aspivated and fo row A 200 pl
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of 0.1% BSA in PBS Tween was added. Incolonm | neg. GP seram was added
17100 while the rest of the row contained 1100 test serums. Rows were sevially
diluted ¥ down the plate giving dilation of 17100 to 1712800, Wells incubated 2
hours at room temperature then were washed and a 175000 dilution of anti-Guinen Pig
TG HRP in 0.1% BSA 1n PBS Tween was prepared and then 106 gl added to the
washed well. This incebated for 1 howr and was washed. OPD substrate was prepared
using Thermo-Fisher OPD tablets at 1 tablet por 10 mis. Thermo fisher substrate
buffer was added at 1710 and cach well had 100 pl added and was incubated for 15
minmstes, 30 pl of 2N H:S04 was added 1o stop the reaction aad plates were read on g
molecudar devices speotromax at 490 oM, Titer was defined as the dilution giving

50% maximumm OD and was extrapolated 1f 1t foll between dilutions.

{06174} Titer Guinea Pig Bleed on AR 128 or 88 1-158
{oR175] AR E-15 and AP 1-28 were both used at different parts of the stady.

Roth of these will not fornt aggregates. I pgfml AR monomers were coated at coated
on o the plate 100wl por well in PBS and incubated overnight at room temperatare.
Plates were blocked for | hour with 1% BSA in PBS. Plates were aspirated and to
row A 200 pl of 0,196 BSA i PBS Tween was added. In cohumn | neg. GPF serum
was added at 17100 while the rest of thevow contained 1/ 100 tost serums. Rows were
serially dhhited 3% down the plate giving dilution of 17100 to 1712800, Wells
incubated 2 hours at rovnn terperature then were washed and a 15000 dilution of antl
Guinea Pig lpG HRP in (11% BSA in PBS Tween was prepared and then 100
added to the washed well. This incobated for 1 howr and was washed. OPD substrate
was prepared using Thermo-Fisher OPD tablets at | tablet per 10 mis. Therme fisher
substrate buffer was added at 1/10 and cach well had 100 pi added and was incubated
for 15 mimutes. 50 pl of 2N H:S504 was added to stop the reaction and plates were
read on a molecudar devices spoctromax at 490 M. Titer was defined as the dilation

giving 50% maximuem OD and was extrapolated if it fell between dilutions.

{00176} Titorng the tau agatnst a poptide contalning is epitope
{00177} Thermofisher neutavidin plates were rebydrated with 0.058% Tween in

TBS and aspirated. Peptide GOGSVQIVYKPVDLS (SEQ 1D NO:6Y) comtaining a
biotin was made up in & 1500 dibdion in 6.1% BSA in PBS tween., Adding 10w

perwell for 1 hour and then washed. To row A of the plate 200 pl of 0.1%:BSA m
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PBS Tween was added. In colomn | neg. GP seram wias added at 1100 while the rest
of the rows contained FHOD test serams. Rows were serially diluted ¥4 down the plate
giving dilution of 17100 to /128000 Wells incubated 2 howrs at room temperatire
then were washed and a 175000 dilution of anti Guinea Pig lpG HRP in 0.1% BSA in
PBS Tween was prepaved and then 100 1 added to the washed well. This incubated
for 1 hour and was washed. OPD sebstrate was propared using Thermo-Fisher OPD
tablets at | tablet per 1 mis. Thermo fisher substrate buffor was added at 110 and
each well had 100 1l added and was incubated for 15 minutes. 50 pl of 2N H:S04
was added to stop the reaction and plates were read on a molecudar devices
spectromax af 490 nM, Titer defined ag the difetion giving 30% maximum 0D and

was extrapolated if it fell between difutions.

{06178} FIG. 1 shows the results comparing the geometric mean titers of
Guinea Pig serum for immunogen DAEFRHDRROIVYKPV {(SEQ 1D NOQ37) titeved
on monomeric AP 1-28 | soluble aggrepates of AP, full length tay, and taw MTBR

gpitope containing GGGSVOIVYRPVDLS (SEQ 1D NO:6K).

{80179} FIG. 2 shows the results for a single peptide invmunogen AP and tan
peptides (DAEFRHD (SEQ ID NOQ:6) and QIVYKPY (SEQ 1D NQ:39)) versus dual
peptidis inmanogen DAEFRADRRQINVYKPY (SEQ ID NG:S7y on AP 1-28 and full-

length tan.

{5186} Example 3; Staining of Alzhetmer’s brain tisswe with sera from

Guinen pigs immunized with a vaccine as disclosed berein.

{00181} Autopsy blocks of fresh frozen human brain tissue {~ 0.5 g} were
embedded in optimal cutting temperatare compound (OCT compound) and cut using
a cryostat to gencrate 10 e scetions, The sections were placed info a sobstion of
glucose oxidase and beta D-ghucose, in the presonce of sodivm azide, o block
endogenous peroxidase. Oude tssue sections were prepared, the staining with the
speetfied Guinea pig svra from Guinea pigs immunized with a vaceing as disclosed
herein was carried out st two dilutions {1:300 and 1:1500}, using a rabhit anti-guinga
pig secondary anttbody and a DAKO DAB Detection Kit as per the manufacturer’s
imstructions. The staining was processed using an astomated Leica Bond Stainer. The

results indicate that seva from Quinea pigs imamanized with a vaccing as disclosed
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herein comprises antibodies specific to A and tav i human braun tissue of

Alzhetmer’s patients {ee FIG, 3A-3F).

{80182} Example 4: Serum from vaccinated animals blocks seluble Af

aggregates from binding to newrons.

{00183} ELS primary rat hippocampal nowrons were oultwred as described
previously (Zago, e of. “Neutralization of Sofoble, Synaptotoxie Amyloid B Species
by Antibodies s Epitope Specifie,” f Newrased, 2012 Feb 22 32(8) 2696-2702).
Soluble AP aggregate was pre-incubated with or withowt guinea pig vaccine serum on
culture DIVI4-21 to block soluble AP agpregate from neuritic binding. Guinea pig
serwm was Isolaied from animals vaceinated with dual innmnenogen peptide:
DAEFRHDRROIVYKPYVGGC (SEQ ID NO:3Y; Innmenogen 9). Fresh unlabeled,
biotinylated or {9:1) soluble AP was prepared one day privw and Incubated overnight
at4°C. Each diteted serum smaple (11000, 1:300, and 1:100) and soluble A$
solution was prepared at 2x the final coscentration o one-half of final treatiment
voteme using NawoBasal-no phenol red {(NB-NPR) medium,  This was combined
with one-half final volume of 2x soluble AR and with one-half final volome of 2x
dituted guinea pig vaccing scrom 1o make up a 1x final concontration in toral final
treatment vohwne, which was mixed well and then pre-incebated for 30 minates at
ITC. ELE noarons were rinsed with NB-NPR at 130pLavell before addimg bindimg
treatroent. Gunea pig senum from vaccinated mumals?AD treatment was added to EIS
nearons at Gtubiwell, and then weubated for 30 minutes &t 37°C under normal
incubator conditions (3% CQO2; 9% 02} Cells were rinsed twice using 1 uliwell of
NB-NPR, and then fixed by 4% paraformaldehyde in Ix DPFBS for 20 minutes. Cells
were permeabilized using 0.1 TX-100 for § minutes, and blocked using 1% normal
goat sevany (NGS) for 1 howr at roony tomperature (RT). Cells wore incubated with
MAP2 & NeuN primary antibodies in 100aLswell, Ix DPBS containing 1% BSA +
1% NGS overught at 4°C. The next day, cells ware rinsed twice 1 150pLiwell 1x
DPBS for 5 mimses each wash. Secondary antibodies were added for 1 hour at RT in
il well B DPBS + 1% BSA + 1% NGS. High-content anaging (HCTY analysis
was performed o quantify soluble aggregate AR neoritic binding using Opereita HTCE
CLS pstroment {Perkin Elmer, modified Merite Outgrowdtivalgorithmy 40x Hx0
objective; 40 flelds per well; (=3} per condition; data shows as mean () SD);

MAP2 & NeuN (Abcant) neuronal markers used to cach trace neurite tree and count
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cell body namber per optical field; Neuritic A souble aggrogate spots detected using
streptavidin-d8% or polyclonal AR antibody {Thermo: Millipored; and data reported as
AP soluble aggregate spots/nawmon (or as hategrated Intensity)).

{00184 Approximately BU-150 nowrons were observed per well for cach
condition fested. The results demonsirate that Gaimea piy serum from animals
vaceinated with a dual intnunogen peptide, DAEFRHDRROQIVYKPVGOC (SEQ 1D
NO:A9; Immunogen ), inhibited Abeta inding to veurons in a dose dependent
manner (see Figure 4,

{80185 Exaniple §: Mice vaccinated with dual peptide antigens produce
titers to AP and Tau.

{06186} Swiss Webster Fomale mice wore injocted on day (0, 14 and 28 with 23
ag of a doal peptide inunonogen (Table 2y and 28 pe QS2H{Desert King) in PRS total
200 phiimgection.  Each mwouse received 200 pl suboutancously. Mice wers bled on

day 21and 35,

Table 2.

Immunogen | Dual peptide immunogen sequence (SEQ ID NO.)

9 DAEFRHDRRQIVYKPVGGC (SEQ ID NO:59)
10 DAEFRHDRRQIVYKPVC — (SEQ ID KO:80)
18 DAEFRHDRRQIVYKPVARC (SEQ ID NO:61)
19 DAEFRHDRRQIVYKPVEKC (SEQ ID NO:62)
20 DAEFPHDRREIVYKSPGGC (SEQ ID NC:63)
21 DAEFRHDRREIVYKSPAAC (SEQ ID KO:64)
22 DAEFRHDRREIVYKSPC  (SEQ ID NO:6%)
3 DAEFREDRPEIVYNAIHED {8EQ IT MNC:88)
{00187} The immunogens containing Tau peptide EIVYKSE (SEQ 1D No:d3)y

see Pigure SBY showed greater variability overall in ta titers (with the exception of
imnanogen 23} than those with the tay MTBR sequence QIVYKPY (SEQ D
NQ:39), therefore the base miceotabule binding vegion {(MTBR) peptide containing
DAEFRHDRROIVYKPV (SEQ 1D NO:AT) was also tested {Figure 5A)Y, Titers of
three immunogens with difforent linkers (no linker, AA and KK) compared 1o the

GO tinker ase shown in Figwee 3

{00188] Titers observed from the second bleed are set forth in Tables 3 and 4:
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Table 3
Titer Against dbeta 128
(at S0% Max O}
mouse # geomeieic
Immunogen geometric | mean S
number 1 2 3 4 b5 T3 factor
9 4000 2006 6000 HEEY 263213 220
10 13000 2000 4000 1000 319344 298
18 2000 2800 1200 5000 2407.6 1.80
19 7200 2500 1500 1860 2640.34 2.02
20 4000 2000 6000 1000 2470 1.96
21 {3000 2000 4000 1000 1665 271
22 300 7000 2000 7000 2329 4.43
23 350 3400 4000 7000 2403 3.74
Table 4
Titer Against Tau
(at 50% Max OD)
mouse # geometric
Tmmunogen genmetric | nwan 8D
number 1 2 3 4 mean factor
9 400 800 piih] RO} £78.7 .04
10 400 3200 3200 1300 15744 2.67
18 1500 100 6000 100 5477 772
19 10000 1000 13000 1500 37389 3.68
20 300 3200 No titer 1000 313 12.07
21 1500 100 6000 100 2783 7.75
22 100 4000 No titer 13000 477.5 27.33
23 300 3000 1300 500 874.8 2.78
{00189} Titers observed in guinea plgs immunized with Tnvbunogen 9

DAEFRHDRRQIVYKPVGGC (SEQ 1D NQ:59) are set forth in Table 3 below,

Table 5
Titer Against
Abeta Titer Againd bie-
Guinea Titer Against soluble Titer GGSQIVYKPVYDLS

Pig Abeta 1-28 aggregate Against Tan {(SEQ D NG:TH)

1 3100 1500 1608 1000

2 3200 4000 G360 GA00G

3 3300 2000 3200 4000
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{80190} Example 6: Serum from vaccinated animals stains Af plaques and

Tau pathologies in human brain tissue.

{08191} Fresh frozen hunman brain tissues from autopsicd Aleheimer’s discase
donors or non-discased controls was cmbedded w QCT, and cut in a crvostat 1o
generate 1 pun frozen seottons. The tissue sections were incubated in a sohution of
glucose oxidase and beta D-glucose, inthe presence of sodium azide, to block
gndogenous peroxidase. The staiming with sera front vaccinated mace, Mice were
vaccinated with the following dual antigen peptides: DAEFRHDORRQIVYKPVGGC
{(SEQ ID NO:§Y, Innwvanogen 9); DABFREDRROIVYKPVC (SEQ 1D NOu6G,
Invnenogen 10} BAEFRHDRROIVYKPVAAC (SEG ID NCka !, Immumogen 18}
and DAEFRHDRROIVYKPVEKC (SEQ 1D NO62, Imnunogen 19)or control
mice. Staining was then carried out at 110 diketion, in an astomated Leica Bond
Rx Stainer (Letca Blosystems). Antthody binding wis detected using the Bond
Polymer Refine Detoction Kit (DS9930, Leica Bosystems), which is based on an
snti-mouse polymer detection, DAB visuahization and homatoxvlin nuclear counter-
staining. After cover-shpping, the stauined tissue shides were digitally imaged with a
Hamamatsu NanoZoomer 2.0HT slide scanner { Hamamatsu Corporation) with an
NDP.sean, 2.5.85 software. The digitized images were viewed and analyzed asmy the
NDPview, 2.7 43.0 software.

{00192} Results demonsirate AP plagues and tau newrofibrillary tangles ware
idengificd based on thelr typical histopathological characteristics. Such pathologies
were absent from tssues incubated with coutrol mouse senum. Also, non-diseased
tssue had no such pathological statning after incubation with the sera from vaceinated
mice. Figures 6A-E and Table 6 sunmarize the resulis of Afl and Tau staining using
mouse sera from animals vaccinated with dual antigen peptides (1:1000 ditution of

sera used to stain human brain tissue from AD patients).

Table 6
Serwmn 1D AB staining Tau pathology Background
94 + Clear
9.3 + Dark
9-3 e Clear
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9-4 ++ Clear
10-1 +H++t 0K
10-2 +++ Clear
16-3 ++++ * OK
10-4 ++++ * Dark
18-1 ++ Dark
18-3 + Clear
19-1 4+ +++ OK
19-2 ++ * OK
19-3 + ++ Dark
19-4 ++ OK

9: DAEFRHDRRQIVYKPVGGC (SEQ ID NO:59)

10: DAEFRHDRRQIVYKPVC (SEQ ID NC:€0)

1&: DAEFRHDRRQIVYKPVAAC (SEQ ID NC:61)

1%: DAEFREDREGL CO{SEQ ID WOEd)

* possible tau patholagy, oo weak to cloarty identify siaining as mu

{08193} Example 7: Immunization and Determination of Tilers in

Cynomolgus monkeys.

{80194] The study desortbed in this example wag desigrned to assess the
development of titers to AP and tau iy eynomotgus monkeys using the dual antigen
peptide DAEFRHDRROIVYKPVOGC (SEQ IDNO:59). We also assessed two

injection schedules and persistence of titers,
{86195} Immunizations

{80196} Several doal Af-tau linear bnouerogens with a dendnite cell cleavage
site were screened in mice for balanced titer on A} and tau proteins (see Example §,
above). A subset of imenmogens were finther evalnated i1 guinea-plg {vee Examples
1-5, above} and cvnomolgus monkey {this oxample). Two groups of fowr monkeys
were immnwtized ntramuscularly with 36 we of smommogen (SE(Q 1D N(H59;
DAEFRHDRROIVYKPVGGO) coupled to CRMIST carrier protein, and 30 pg of the
adiuvant QS21. Group | was injected onweek O, 4, 12 and 24 with bleeds taken
every 2 weeks through week 38, Group 2 was injected at week 0, 8, 24 with bleeds
taken every 2 weeks thraugh week 38, Serwm titer levels were defermined against A
and full-length tau. Frosh frozen human AD or control bram sections were stained

with sera frow imanumized and control antmals. The activity of the guinea-pig
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inwnune sera was alse assessed on soluble & oligomer binding in primary rat

hippocampal neerons.
{60197] Titer Protocol
{00198 Measurement of antibody titer to Af 118 in cynomelgus monkey

{00199 Cynomolgus monkey bleeds were titered by enzyme-linked
immaenosorbent assav {ELISAY. Plates were costed overnight at 2 ue/mL with AR 1~
28 {(SEQ 1D NO:67) in phosphate-buffored saline (PBS} and then blocked 1 how with
4 bovine serum albumin (BSA) in PES. Pre-bleed cynomolgus monkey was used as
& negatbve control while known positive anti-serum frowm previous mouse studies was
gsed as a posittve controd af the same dilutions of test serum.  Bleeds were diluted in
PBS/0.1% BSA S 1% Tween 20 (PBSBSAT) starting at 17100 and serially diluted
1:2 down the plate. Plates were washed with TBS / Tween 20 and goat anti-muonkey
imnasoglobulin & (IgGy (heavy + Hght chains) horseradish peroxidase (HRP) (IgG
fHHL] HRP; nvitrogen} was added and incabated 1 howr at reom tempuratare. Plates
were washed b TBS Tween 20, and antibudy binding was detected with o-
phetvienediamine dihydrochloride (OPD) substrate (Thenmo Fisher Scieiitifie,
Waltham, MA) following manofacturer’s instructions. Plates were read af 490 M on
a Molecular Devices Spectromax. Titer was defined as the dilution giving 30%
Maximum OD or X background (defined in graphs and tables) extrapolation was

used Wi fell in between dilutions.
{00260] Measurement of aniibody titer to fau in cynomolgus monkey

{86261] Cynomolgis monkey bleeds were thiersd by sneyme-tinked
imimmosorbent assay {ELISA) against full-length recombinant tag (Proteos,
Kalamazoo, ML SEQ 1D NO02). Plates were coated overnight at 2 pgiml fav in
phosphate-buffered saline (PRS) and then blocked 1 hour wath 1% bovine serum
albwmin (BSA) in PBS. Pre-bleed guines pig serom was ased as a pegative control
while known positive anti-serum from provious mouse studics was used 88 a positive
control at the same ditutions of test sorum. Bleeds were dihated in PBS/G. 100 BSAS
6/1% Tocen 20 {PBY/BSAT) starting at 1100 and serially diluted 122 down the
plate. Plates were washed with TBS Tween 26 and goat anti-monkoy
wummogtobulin G {IgG) (heavy -+ Hght chains) horseradish poroxidase (HRPY (1gG

{H+L] HRP: Invitrogen) was added and incobated 1 howr af room temperatoare. Plates
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were washed 1 TBS/Tween 20, and antibody binding was detected with o-
phenviencdismine dibydrochioride (OPD) substrate (Thermo Fisher Seientific,
Walthany, MA) following mamdactorer’s instractions.  Plates were read at 490 oM on
a Molecular Devices Spectroman. Titer wiss defined as the dilution giving 56%
Maxinnen O0Y or 4X backeround {defined in graphs and tables) extrapolation was

ased i fell in between difations,

ja0202} Titer Cynomolgus monkey bleads on the carvier profein CRMI97
{08283 Cynomolgus monkey bleeds were tiered by enzyme-tinked

immunosorbent assay (ELISAY against CRMI197 (FinaBio. Maryland) carrier protein.
Plates were conted overnight at 2 pgdmi tay in phosphate-buffered saline (PBSY and
then blocked 1 hoor with 1% bovine serum albanun (BSAY in PBS. Pre-bleed guinea
Pl senam was used as a negative control while known positive anti-serum from
previous mouose stadies was used as & positive control af the same difetions of test
servm. Bleeds were diluted in PBSAL1%S BSAS 0/1% Tween 20 (PRS/BSAT)
starting at 1100 and serially diluted 1.2 down the plate. Plates were washed with
TBS Tween 20 and goat anti-monkey immunoglobutin G (Te(3) (heavy -+ Hght chains}
horseradish peroxidase (HRP) (TaG {HLTHRP; Invitrogen) was added and incubated
1 hour at room temperatwe. Plates were washed in TBSTween 20, and antibody
binding was detected with o-phenvlenediamine dibydrochlonde {OPDY substrate
{Thermo Fisher Scientific, Waltham, MA) following manufheturer’s instructions,
Plates were read at 490 oM on a Molecular Devices Spectromax. Titer was defined ag
the difation giving % Maximam O or 4X background {defined in graphs and

tables) extrapoiation was used if i fell in between dilutions.
{80264} Results

{08205 Titers levels were stilar for AP and tae. Monkeys subjectio the
group 1 vaccination schedude had titers with & greater area ander the aurve than those
of group 2 but did not show 3 significant bnprovemaent inrmaximum titer under these
conditions (FIG. 7A, FIG. 7B). Ovorall titer Tovels were lower than the guinea pig
study deseribed above. This change may be attributable to a change of adjuvant from
3521 in ADDVAX in the Guinea pig to Q521 in phosphate buffered saline (PBSY in
cynomolges monkeys to match approved vaccines. Persistence of fitor was modest

for both four injection and three injection vaceination schedules (FIG. 8A FIG. 88).
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These results demonstrate that these inwnunogens can generate a balanced innpune
response 10 Aff and tan in primates. Optissization of dosing schedule andior

formulation may improve titer fovels and persisience.

{00266} Example 8; Immunohistochemistry on AD and Control Brain
Sections
{02087} Sera from imnumized mounkevs were evaluated for the ability te bind

pathological AR plagues and tay tangles in buman brain tissue from subjects with AD.
Binding both AR plagues and ty tangles is expeoted reduce plaque burden and reduce

tau franemission which in furn should reduce the signs and symptoms of AD.

{00208} Autopsy blocks of fresh frozen human brain tissue wore embedded 1
optitmal cutting temperature compound {OCT compound} and cut using a cryostat o
generate 10 micron sections. The sections were placed into asohution of glhwose
oxidase and beta D-glucose, in the presence of sodiom azide, to bock endogenous
poroxidase. Onge Hssug scotions were preparcd, the staining with the specified
cynomolgus numaie sera was carried out at two dilutions {1:300 in 5% goat senen
with €.25% Triton for ¥ howr st RT) Binding wis detected with o nouse anti-
monkey 1gG secondary antibody purified unlabeled (Mybiosowee 3mgimiy for 1
hour at RT, and a goat anti-oouse [gG sccondary antibody (Jackson, 1:200) for | howr
at RT, avidin-biotin complex (ABC; Veetor PR-2000Y and a DAKO DAB Detection
Kit according to manufacturer mstructions. The staiming was processed using an

automated Letca Bond Stauner.

{00269} Table 7 shows a summary of the staining 1o the cybomolgus monkey
stady. All angmal except 10602 had postiive staiing Tor AR, Only animal 1K had
strovng tan staining (FIG, 94 - FIG, 9O), with 1003 (FIG. 10A - FiG. 10B) and 1301
(FIG. 1A ~FIG. 11B) demonstrating modest staining. Amimal 2501, for example,
did not dewmonstrate sighificant tag staining {(FIG. 124 - FIG. 12B), There did not
appear to be a correlation with tau staining and fau Giets as evidenced by snimal JU0G,

which did not have o strovg tau titer but stained tau strongly,

Table 7

Animal AP Tau
AP Titer Tau Titer
Number | Staining | Staining
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1001 + ++ 800 150
1002 - - 25 25

1003 +++ + 15000 6000
1501 +++ +/- 8000 3200
2001 ++ - 9000 350
2003 ++ - 200 1500
2102 +++ - 8000 800
2501 +++ - 8000 1660

{218} Inpmune sera bound svidly to AR plagues and tau tangles in human AD

brain sections at concentrations expected to be achieved 1n ONS under in vivo
conditions. Mounkeys with the strongest titers at week 26 stained AB, and one monkey

with low to moderate taw thers statned both AP and tau.

{00211} These results demonstrate that the serurm anttbody binding of the
cynomolgis monkey antibody response to be balanced and bind to pathological AR

plagues and tau tangles.

{80212} Example % Serum Blocking of Soluble AP} Aggregates from
Binding to Newrons and T~-Cell Activity

{08213] Primary hippocanpal neurons isolated from E1¥ rat were cultured as
described above. Fresh unlabeled, brotinylated or {9:1) soluble AP was prepared ong
day prior to assay and tncubated overmight at 4°C. Newrons were rinsed with NB-
NPR at 130pLiwell before adding Ab/serum treatment. An 1gG o of cynomolgus
monkey bleeds from vaceinated antmals was added o E18 nearons at 6pliwell, and
then incubated for 30 rabutes at 37°C under normal incubator condittons (3% CO2;
9% 02). Cells wore ninsed twice using 150ulAwell of NB-NPR | and they fixed in 4%
paratormaldehyde iy Ix DPBS for 20 mimstes. Cells wore permwabilized using .1
TX-100 for § punutes, and blocked using 10% normal goat serum {(NGS;
Thermofisher) for 1 hour at roon fenperature (BT Cells were incubated with
MAPZ & NeuN prinary antibodies in 100uL/well, 1o Ix DPBS containing 1% BSA +
1% NGS overmight at 4°C.

{00214 The next day, cells were rinsed twice m P30ul/well Ix DPBS for 5

mimistes cach wash, Secondary antibodies were added for 1 hour at RT w 100ulAwel)
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1x DPBS + 1% BSA + 1% NGS. AP soluble aggregate spots were detected using
streptavidin-48% or polyclonal AR antibody {Thermofisher; Millipore); High-content
imaging (HCI analvsis was performed to quantify soluble aggregate AR neuritic
binding using Operetta HCL CLS instrament (Perkin Elmer; modificd Newrite
Outgrowth algorithoy: 4ix HZO objective; 40 ficlds per well; (n=3} per condition; data
shown as megn (+/-) 8D MAP2 & NeoN {Abcam} neyronal markers were used o
each frace peurite tree and count cell body mumber per opticat field; Neuritie data
were reported as AR soluble aggregate spots/sewron {or as {ntegrated Tntensity)).
Approximately 80-130 newrons were observed per well for each condition tested

{Zago, etal, 20125

{06215] T-cell reactivity was also investigated, Imonuwe sera inhibited the
hinding of soluble AR aggregates fo hippocimpal newrons. Immaenogens did not eliert

cytotoxic T-goll responscs to A or ta.

{8216} Example 18: Anymals vaccinated with dual peptide antigens

produce titers to Af and Tau.

{96217} The study deseribed i this example was designed to nasess duat AR
and taw antigen peptides in mice. The dual Af-tan constructs in this example
efectively demonstrated: high tiers for both amtigens; blocking of tau binding o
heparing and staining/binding to AP and tau peptides in brain tissue fronm humean
Alzhebmer’s patients, Furthermore, titers aganst tau for an enpinecred {ag
imnwgsopen (Bual #11) were conwparable, and in some cases, better than other tau
tmmunogens degpite including a nov-native tau sequence. This domonstrates that

engincered inununogens are usefil in vaccine constructs.

Table 8
Abeta tau
Dual SEQ Endo SEQ
Construct| Abeta ID |peptidase Taun ID |C-Terminal
in # Segquencs | NO. linker Seguance NO. linkey |(Oys
3 O% RR 841
3 DARFRED 8% KR G& &
3 DAEFRHD (653 RR TENLKHZP €95 GG c
2 DAEFRHD 35 RR ENLKHQPG 689 GG C
11 DAEFRHD ce RR SKIGSKDNIKH | 986 GG C
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Table 9
Dual
Construct Sequence SE;?O _ID
ID # :
2 DAEFRHDRRVKSKIGSTGGC 997
3 DAEFRHDRRSKIGSTENGGC 998
8 DAEFRHDRRTENLKHQPGGC 399
G DAEFRHDRRENLKHQPGGGC 1000
11 DAEFRHDRRSKIGSKDNIKHGGC 1001
{218) Conjugation-Peptides were made by Biopeptide {(Sah Diego, CA}

CRM-bromoacetate was reevived fromw Fina Biosolutions (Rockville, MIX) peptides

were coupled to CRM following the below protagol.

{00219} M Tris HCL pH 8.0, Mith(Q DI Watker and 30 oM Borate, 10 mM
Na(l, 5 mM EDTA pH 8.5 were sterile filtered and degassed. 1 myg of cach peptide
was dissolved i1 0.2 mis of degassed water, then 0.1 rols degassed Tris HCL was
added. This was followed by 0.2 aids of the stock CRM-Bromoacetate (1 my total),
finally 0.5 mis of the Borate buffer was added. This incubated 24 howrs at 4 degrees
C on a putator to provide mixing, Samples were desalted into PBS and § i was am

on g 10%: Tris gel o confinm conjugation.

{06226} Enjection of animals: Fowr (4) fomale Swiss webster mice were used
i cach group. byommogen preparation was 23 pg Iovnunogen, 35 pg Q521 and 150
il of 0.02% Tween &0/ PBS per injection. Each mouse recetved 200 3
subcutancousty. Mice were imjected at day O, at 4 weeks from day 9, and at 8 weeks
from day 0, with bleeds taken for titer at 5 weeks from day © and animals sacnificed

and terminal bleed collected at 9 weeks from day 0 (vee Figure 13}

{08221 Titer Assay: Mouse scrum was titered by enzvme-linked
invnunosorbent assay (ELISA) Plates were coated overnight at 2 pgiml with either
Abeta 1-28 {Anaspec, San Jose, CA), or recombinant taa {Proteos, Kalamazoe, Ml in
phosphate-buffered saline (PBS), and then blocked 1 howr with 1% bovine scram
albumin (BSA) in PBS. Normal mouse serum was used as a negative control while
known positive anti=¢erum from provious mouse studios was used as a posttive comtrol
at the same dilutions as tost serem,  Bleeds were diluted in PBS/0. 1% BSAS 0.19%

Tween 20 (PBS/BSAST) starting at 17100 and sertally diluted 122 down the plate,
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Plates were washed with TBS/ Tween 20 and goat anti-niouse immunoglobulin G
{1el3) (heavy + Hight chains} hosseradish peroxidase {HRP) (ThermoFisher} 175000
was added and incubated 1 howr 3t room temperabwre. Plates were washed in
TBSTween 20, and anmtbody hinding was detected with o~phenylencdiamine
diftvdrochionde (OPD) substrate {Thermo Fisher Sclentifie, Waltham, MA) following
manofactyrer’s instruetions, Plates were read at 490 1M on a Melecular Devices
Spectromax. Titer was defined as the dilution giving 4X background (defined 1w
graphs and tables) extrapolation was used if it foll in between ditutions.

{00222} MTBR Binding

{00223} Certain antibodies that bind to MTBR can bind to more than one
MTBR region due to the homology of the various MTBR regions. Antiseram is

tered on foar MTBR regions using peptides of MTBR 1-4 purchased from Anaspee
{San Jose, TA)

MTBR peptide | QTAPVPMPDLKNVKSKIGSTENLKHQPGGGK
(SEQ 1D NO:1058)

MTBR peptide 2 VOUNKKLDLSNVQSKCGSKDNIKHVPGGGS
(SEQ ID NO: 1059

MTBR peptide 3 VOIVYKPVDLSKVTSKCGSLGNIHHKPGGGQ
(SEQ 1 NO:1060)

MTBR peptide 4 VEVKSEKLDFKDRVQSKIGSLDNITHVPGGGN
(SEQ ID NO:1061)

{80224} Mougse seram s titered by ensyme-linked invnunosorbent assay
{ELISA). Plates are coated overmight at 2 we/mb with each the vavicns MTBR
peptides in phosphate-butfored saline {(PBS) and then blocked 1 boar with % boviag
sorum albwmin {BSA) i FBS. Normal mouse serum 15 used as & negative control.
Bleeds are dituted in PRS0, 1% BSAS 0.1% Tween 20 (PBS/BSAST) starting at 17100
and serfally dituted £:2 down the plate, Plates are washed with TBSTween 20 and
goat anti-roouse bopunogiobulin G (gG) (heavy + hight chams) horseradish
peroxidase (HRPY (ThermoFisher) 175000 i added and incubated { hour at room

temperature. Plates are washed m TBS/Tween 20, and antibody binding is detected
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with o-phenylenediamine dihydrochloride (OPDY) substvate {Thermo Fisher Sciontific,
Waltham, MA) following mamsfacterar’s instroctions.  Plates ave read at 490 sMon a
Molecular Devices Spectromax. Titer is defined as the dilution giving 4X

hackground {(defined in graphs and tables); extrapolation is vsed if 1t falls in botween

dilutrons.
{00225] Blocking of tan binding to Heparin
{0226] As a potential surrogate marker for the ability of the serum to block

uptake of tau into cells an ELISA measuring the blocking of tae binding to Hepatin
plates was developed. Recombinant tau was biotinylated in-house. Heparin coated
plates {Broworld, Dublin, OH) were blocked with 2% BSA/PBS for | howr. Ina
separate deep well polypropylene 96 well plate { ThornoFisher) Seran way dihuted
from 1/25-1/3200 ta 2% BSAPBS, 68 gl total, to this 60 pl 200 ng/ml Motinglated
tau i 22BSAPRS was added for a final concentration of senan 130 176400 and tau
at 100 ng/ml. The mixtee of serum and tau incebated for 2 howrs then 10 wiwell
was transferred fo the blocked heparin plates and invebated 1 howr. Plaics were
washed in §.1% Tween 20/TBS and soat mti-mouse immupoglobalin G g theavy
+ fight chains) horseradish peroxidase (HRP) (ThermoFisher) 185000 was added and
ingubated 1 howr at room emperatare.  Plawes wore washed in TBS Tween 20 and 180
ul ThermoFisher TMB added and incubated 8 minutes stopped H2504 and read at
450,

{60227) THC binding of Serum
{00228 Autopsy blocks of fresh frozen Tuuman brain tissue were embedded in

optimal cutting temperature compound {OCT compoand) and cat using a cryostat to
gererate 10 pm sections. The seetions were placed mio 3 solution of glacose oxidase
and beta D-glucose, in the presence of sodiam azide, to block ehdogenons peroxidase,
Once tssue seotions were prepaved, the staining with the specified moase inmae
sera was carried out gt L300 4 3% poat senmm with Q.23% triton for | howr a1 RT.

To ttage the binding to plagucs and fangles, Biotia-SP-Conjugated Goat anti mouse
1aG from Jackson (Lot # 115-065-166) at 1206 ditution were incubated with the
sections. DAKQ DAB Detection Kit as por the mamsfacturet's instractions. The

staining was processed asing an automated Leica Bond Stainer. The results indicate
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that sera from Guinea pigs immunized with a vaceine as disclosed hevein comprises

antibodies speeific to Abetw and tay ny uonawy brain tissue of Alzheimer’s patients

{00229 Serum blocking of Abeta binding to neuwrous
{00234} EI8 primary rat hippocampal neurens are cultwred as described

previously (Zagn, ef al. “Neutralization of Soluble, Synaptotoxic Amyioid fi Species
by Antibodies Is Epitope Specific,” J Newrasef, 2012 Feb 220 32{8) 2686-2702).
Soluble AR ageregate is pre-incabated with or without vaccine seram on culture
DIVI4-21 1o block soluble AP aggregate from nawitic binding. Fresh wnlabeled,
hiotinylated or (911} soluble Af is prepared one day prior and incubated ovemight at
4°C. Fach dituted serwm sample and soluble AR solation is prepared at 2x the final
coneentration in one-half of final treatment vohmme wsing NewroBagal-no phenol ved
{NB-NPR) mediam. This is combined with ong-half final volume of 2x sohuble AR
and with one-half finad vohane of 2x ditated vaceine seram to make up a 1x final
concentration in total fingd treatmont vohume, which s nuxed well and then pre-
incubated for 30 minutes at 37, EIS nowons are tinsed with NB-NPR at 130
pldwell before adding bindimg treatment. Serum from vaccimated animals/AR
wreatment 1o is added to B8 neurons at 60uLiwell, and then incubated for 30 miunutes
at 37°Cunder novmal incubator conditions (3% CQq; 9% Gq). Cells are rinsed twice
asing 130 pLiwell of NB-NPR, and then fixed in 4% paratormaldebyde in Ix DFBS
for 2 minutes. Cells are permenbilized using 0.1 TXA100 for § minutes, and blocked
using 1% notmal goat serony (NGSY for 1 how at roons wmperature (RT). Cells are
incubated with MAP2 & NeaN primary antibodies in 100uLiwel], Ix DPBS
containing 1% BSA + 1% NGS overnight at 47C. The next day, cells ave rinsed twice
i 130 plAwell 1x DPBS for § mibnutes cach wash, Secondary antibodies are added
for 1 bour at RT in Wtuliwell {x DPBS + 1% BSA + 120 NGS. High-content
imaging CHCTY anabysis i3 performed to quantify soluble aggregate AP nawritic
binding ssing Operetta HCTCLS instrwment (Perkin Elmer; modified Newrite
Outgrowth algorithm: 40x a0 objective; 4 fields per welly (=3} per condition; data
shown as mean (3 SDY;, MAP2 & NeuN (Abcam) nearonal markers 1s used 1o cach
trace neurite troe and count cell body number per optical field; Newritic AR souble
ggoregate spots detected using streptavidine-48R or polyclonal AR antibody (Thermo;

Miltipore); and data repovted as Af soluble aggregate spotsfoewron {or as Integrated
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Tntensity)). Approximately 80-150 neurons are observed per wiell for cach condition

tested.
{08331} Resuits
{80232} Data for Abeta and tau titers and staining is summarized in Table 10
and Table 11
Table 10
(39,
snimar| - Titr Titer blz(c)k/:n IHC THC
Abeta Tau A .g Abeta Tau
tau binding
o 121 35,000 35000 1:300 et +
TE| o2 21,060 75,600 1:225 S +
e Jiecs
& g 2.3 12000 21,000 1:550 ++ -+
“ob g 30,000 7000 1:200 ++ .
w | 33 22,000 12,000 1:275 ++ et
= 2| 32 000 2,600 1:200 ~ +HH+
8o
2% 33 7,000 40,0000 1:125 -+ ++
“oo3d oG 25,000 1:200 + H
= | A 5000 IR 800 1275 | ++ (or +%4) Y
FE 1 82 7000 6,800 1:675 | ++ (or +%) ++
» &
SE L83 60,000 10,000 1:200 +++ -
bl I 20,000 20,060 1:200 -t +H++
o | %1 a0 1 S0.000 1:525 + SEEY)
81 92 | sooe | 20000 325 ++ I
kR IEE 1LO0G | 30,000 1:325 4+ et
P94 | 72000 | 30000 1:625 et n
- 111 3000 6,000 1:375 HHt 4
5
% g 112 HODG0 30,000 1:875 ~ o+
2 St
S €70 s | otoee | ozeoee | 1325 | e ++
C
114 10,000 10,000 1:275 et +
Table 11
Dual Tan
Abeta/Tan A-bets Notes
Mouse Celt o
Sera bodies Neurites
2.1 -+ + 3
2.2 ++++ ++ + Fresonce of muclear staining
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2.3 +++ +H+++ b

2.4 ++ -+ et

3.1 +++ -+t -+

3.2 - -+t -t

3.3 ++++ ++ +++ Strong nuclear staining

3.4 + -+t 4

8.1 ++ ++++ fofeger

8.2 ++ +++ b

8.3 +H+ - -

8.4 +H+ ++++ o

9.1 + -+t e

9.2 ++ +H++ o

9.3 +++ 4+ R

9.4 +H +H+ b

111 -+ ++ EXRS

11.2 + 4 +

113 -+ ++ ~

11.4 ++++ + - Some nuclear staiming
{06233} Titers
{00234} Ag seen n Figure 13 and Tables 10-13, alf groups wost aninals

prodaced high and balanced Abeta and tay titers, though some bad a less variable Gter

response.
Table 12
Titers for the dual Abetadtay constructs.
Abuta tau

el SMousel | Mouse | Mouse | Mouse Mouse | Mouse | Mouse | Mouse
Consiruct 1 2 3 4 1 2 3 4
Bleed § 30000 28000 | 2300 12000 150 5000 3000 4000
Blewed 2 35000 21008 F2040 28000 35000 | 75000 | 21000 7000
Phyad Mowse 3 | Mowse | Mowse | Mouse Mouse | Mouse | Mouse | Mouse
Constrigt 3 S S N . i 2 3 4
Bleed 1 400 800 15000 130 4000 6400 5000 2000
Bleed 2 22000 22600 TOOH 1000 12000 2000 406000 2500
Dual Mouse I | Mouse | Mouse | Mouse Mouse | Mouse | Mouse | Mouse
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Cantstract & 2 3 4 1 2 3 4
Bleed 100 T3 24000 R{(00 10006 | 25000 2600 8000
Bled 2 151} iy GOH00 | 30000 100000 | 6800 1000 20000
Duat Mouse T} Mouse | Mouse | Mouse Mouse | Mouse | Mouse | Mouse
Construel @ 2 3 3 1 2 3 4
Blesd § 2000 P00 13800 400 800 6000 7000 2000
Bleed 2 FS0000 | 30000 13400 | 72000 5000 21000 | 30000 | 30000
Duat Mouse | Mouse | Muouse | Mouse Mouse | Mouse | Mouse | Mouse
Consiruct 2 3 4 1 2 3 4
i1
Bloed § HOHD 2000 A000 00 6400 7000 2500 4000

30000 10000 11000 10000 6000 40000 | 20000 10000

Table 13

Remaining tau bound atier senum incubation

difution | DAEFRHDRRVESKIGSTGGC
(SEQ 1D NG9O

Moase T | Mouse 2 Mouse 3 | Mouse 4
kit 19.57 2912 16.66 12.70
100 28.93 38.25 26.51 2521
200 41.16 53.48 29.64 46.53
400 59.88 89.43 4315 81.31
86043 9514 13321 6300 13497

difution | DAEFEHDBRENLKHOQPGGGC
(SEQ 1D NO:1908)
Mouse 1 | Mouse 2 Mouse 3 | Mousg 4

50 16.44 21.90 2426 1535
160 22.07 47.55 39.93 19.39
200 37.10 44.06 48.36 43.65
400 58.32 86.61 86.41 51.98
800 93.54 98.76 11550 | 86.00

dilution | DAEFRHDRRSKIGSTENGESC
(SEQ 1D NQ:oy&y
Mouse 1 | Mouse 2 Mouse 3 | Mouse 4

50 16.84 27.2% 28.01 2856
100 25.18 39.02 53.18 42.60
200 55.66 73.61 93.32 75.38
400 92.87 120.00 131.15 125.27
00 IBLATS 132,77 130.90 135.93

difution | DAEFRHDRREKIGSKDNIKHGGC
{SEQ 1D NOLNGDH
Mouse 1 | Mouse 2 Mouse 3 | Mouse 4
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50 15.25 13.15 14.73 17.81
100 19.45 11.20 26.64 37.79
200 37.65 14.59 36.17 54.57
400 74.17 39.69 78.69 91.10
80 9038 G216 96.30 109.00

ditution | DAEFRHDRRTENLKHQPGGC
{SEQ 1D NO:99Y
Mouse 1 | Mouse 2 Mouse 3 | Mouse 4

50 2001 12.36 35.04 42.63
H30 I 2844 44.45 47.62
200 54.86 4797 66.72 61.84
400 114.93 48.51 91.94 87.67
R0 P60 8135 100.01 97.15

difution | Nogative Control

Mouse 1 | Mouse 2 Mouse 3 | Mouse 4

50 83.35 71.98 84.30 83.96
100 114.78 94.03 103.43 98.98
200 104.03 100.60 97.80 96.83
400 86.73 11t.16 95.31 91.72
800 96.20 110.05 99.38 94.45
{88235} Blocking of Tan binding to heparin
{00236] All constructs showed the ability to Mock the binding of taw 1o hepavin,

wr particalar, construet DAEFRHDRRVEKSKEGSTOGO (SEQ ID NOSB9T) and
construct DAEFRHDRRENLKHQPGOGGO (SEQ 1D NOL0M) showing the most

robust blocking. See Figure 13, Table 10 and Table 11

[00237} IHC on Alzheimer Brain

{00238} Most animals had staining of pathological Abeta and tan, see Figure

186.

{00239} Example 11: hmnunogens

{00246] Immuaogens  were selected  for evaluation i vaceine  peptide

conpstniets, Constructs comprise AR mmunogens and  tau iownenogens. Some
imnmnegens comprise a taw peptide comprising 3-14 anuno aads from tan. Other

imprinegens comprise an engincered tau immunogen.

{oa241] Enginecred Tau Immunogens
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{00242} Certain inununogenic peptides wore designed and selected 1o (i) raise
antibodies that bind within the within microtubule binding repeats (MTBRs) of
lmnan Tau protein, () be less Hkely to gonorate an wowanted T cellamediated
sutolmmune response, and (1H) be Tess ikely to ruse antitbodies that would eross-reagt

with ather human proteins.

{00243 First, sequence analysis and 3D modeting of Tau MTBRs was
conducted to tdentify anune acid residues that may be Important for raising sntibodies
that bind MTBR. The results of these analyses were wsed to design synthetic Tan
immenogenic pepiides with conserved restdues and shuffled interspersed residues.

Resulting engineered synthetic peptides are Hsted in Table 14,

Table 14
Engincercd Tau immunogenic poptides
Engineered tau immunogenic - .
. SEQ ID NO:
peptides sequence
SKIGSTENLKH 975
SKIGSTENIKH 97G
SKIGSKDNLEKH 280
SKIGSKENIKH 981
SKIGSLENLKH 982
SKIGSLENIKH 983
SKIGSTDNLKH 984
SKIGSTDNIKH Q8%
SKIGSKDNIKH Q86
SKIGSLDNLKH Q87
SKIGSLDNIKH UBE
SKIGSTGNLKH 989
SKIGSTGNIKH 980
SKIGSKGNLKH 991
SKIGSKGNIKH 992
SKIGSLGNLKH 993
SKIGSLGNIKH 994
{80244] Next, to assess the potemtial of an aswanted T cell-mediated

autoinunune response, the engincored peptides were subjected to 7 yilico analvsis to
predict MHC I binding wsing the IEDB (Tnvmme Epitope Database} from National
Institute of Allergy and Infectiony DiscasesLa Jolla Imnumology Institute. MHC
class I binding 15 considered o good indicator of a sequence containing & T-celt

epitope. A panel of alleles were used for MHC { binding prediction. Enginsered
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peptides with a predicted half maximal inbubitory concentration (1050} above a
specified cotodt were considered to bave a low probability of MHC I binding and

were selected for further analysis.

{00245 Finally, the cogineered peplides with low predicted MHC H binding
ware evaluated 1o predict i the anti-Tau MTBR antibodies that would be raised by the
peptides could have unwanted cross-reactivity with other bumsan protens. Sequences
of the engineered peptides were subjected fo bioinformatic analysis agamst a now-
redundant buman proteome database © determine homology with husman proteins.
Engineered peptide sequences with low homeology to seercted or cell-sarface proteins
were selected as top candidates t© be used as antigens. Top candidate engineered Tau
iroonmogemc peptides are Bisted o Table 15,

Table 15

Top candidate engmeered Tau immuonogenic peptides.

Engineered tau inmunogenic SEQ ID NO:
peptides sequence i NO:

SKIGSTDNIKH ' 983

SKIGSKENIKH IRG
SKIGSLDNIKH 988
{80246} The dual AP-tau constructs comprising an engineered tau immunogen

(e, Dual #11) demonstrated results that were comparable, and in some cases, better
than other taw immumogens despite including a non-native tay sequence. Figure
13shows high titers for both Abeta and taw antigens, including an enginecred tau
sequence. Figure 14 shows blocking of tau binding to hepavin, Figure 156 shows
resulting taw antihady binding to MTBR region peptides. Figure 16 E shows
stating/binding w AR and tau peptides in bratn Gssue from human Alebetmer’s

paticnts. This denonstrates that engineered immunogens are useful m vaccine

construcis
{00247} Conclasion
{00248 Dual invmunogen Af-tay vaceine constructs were developed and it was

shown that these constructs raised balanced titers to AP and tau in mice, giinea-pigs,
and eynomelgus monkeys. The antibodies wore immunorcactive with both A
plagues and newofibrillary tou tangles w buman AD brain sections and blocked the

binding of soluble AP agpregates {(oligomers) to neurons without eliciting T-cell
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responses for AP or taw. These resudts support the development of a single-agent.
dual-inumanogen vaccine with the ability to target the pathogenic forms of AR and
tan. These

tarpet pathogenic AP and tau for the prevention andfor treatment of AD.

fosults sepport the developnient of a dual AP-tau vaceing with the ability to

{06249

been described herein, it is to'be understood that the tnvention is not Hnted to those

Although various specific ombodiments of the prosent tnvention have

precise ersbodiments and that various changes or modifications can be affected
therein by ong skilled in the art without departing from the scope and spinit of the

invention.

{08230} In each of the emwbodiments of the peptide described herein, the peptide

fray comprize, consist, or consist essentially of the recited sequences. Thass,
ingorporated in this disclosure {see Table 16) are the following sequences that can be
part of the compositions comprising an amyloid-beta { AR} peptide and a tau peptide
as diselosed herein,

Fable 16. SEQUENCES
SEQ 1D NOWOT ~ Abeta 1-42

DANTRHDIGYRVHEQRLVERAR

WEOSNREATIGIMVGGVVIA

SE(}‘ H) \IU 02 - TAU (UNIPROTKE - PHOO36 (Homo sapieny)

Y (Iaoform

3 39 54
v P MEGROEGDTD RGLERSPLOY
30 50 100
PTEDGSEEPG SETSDAKSTP TAEDVTAFPLYV DEGAPGKQAA AQPHTEIPEG
116 120 130 140 159
TTAEEAGIGD TPSLEDEAAG HVTQARMVSK SKDGTGSDDK KAKGADGKTK
160 170 180 190 200
IATPRGAAP? GOKGQANATR IPAKTPPAPK TPPSSGEPPK SGDRSGYSSP
210 220 230 240 250
GSPGTPGSRS RTPSLPTPPT REPKKVAVVR TPPKSPSSAK SRLQTAPVPM
260 27¢ 280 290 300
PDLKNVESKI GSTENLKHQP GGGKVQIINK KLDLSNVQSK CGSKDNIKHV
310 320 330 340 350
PGGGSVQIVY KPVDLSKVTS KCGSLGNIHH KPGGGQOVEVK SEKLDFKDRV
360 376 230 390 400
QOSKIGSLDNI THVPGGGNKK IETHKLTFRE NAKAKTDHGA EIVYKSPVVS
410 20 430 440
GDTSPRHLSN VSSTGSIDMV DSPQLATLAD EVSASLAKQG L
A-beta immunogens:
DAEFRHDSGY (SEQ ID NO:03)
DAEFRHDSG (SEQ ID NO:04)
DAEFRHDS (SEQ ID NO:05)
DAEFRHD (SEQ ID NO:06¢)
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DAEFRH (SEQ ID NO:07)
DAEFR (SEQ ID NO:08)
DAEF (SEQ ID NO:09)
DAE (SEQ ID NO:10)
AEFRHDSGY (SEQ ID NO:11)
AEFRHDSG (SEQ ID NO:12)
ABFRHDS (SEQ ID NO:13)
AEFRHD (SEQ ID NO:14)
AEFRH (SEQ ID NO:15)
AEFR (SEQ ID NO:16)
AEF (SEQ ID NO:17)
EFRHDSGY (SEQ ID NO:18)
EFRHDSG (SEQ ID NO:19)
EFRHDS (SEQ ID NO:20)
EFRHD (SEQ ID NO:21)
EFRH (SEQ ID NO:22)
EFR (SEQ ID NO:23)
FRHDSGY (SEQ ID NO:24)
FRHDSG (SEQ ID NO:25)
FRHDS (SEQ ID NO:26)
FRHD (SEQ ID NO:27)
FRH (SEQ ID NO:28)
RHDSGY (SEQ ID NO:29)
RHDSG (SEQ ID NO:30)
RHDS (SEQ ID NO:31)
RHD (SEQ ID NO:32)
HDSGY (SEQ ID NO:33)
HDSG (SEQ ID NO:34)
HDS (SEQ ID NO:35)
DSGY (SEQ ID NO:36)
DSG (SEQ ID NO:37)
SGY (SEQ ID NO:38)
VHHOKLVEFA (SEQ ID NO:1002)
VHHQKLVEF (SEQ ID NO:1003)
VHHOKLVE (SEQ ID NO:1004)
VHHQKLV (SEQ ID NO:1005)
VHHOKL (SEQ ID NO:1006)
HHOKLVEFAE (SEQ ID NO:1007)
HHQKLVFFA (SEQ ID NO:1008)
HHQKLVEF (SEQ ID NO:1009)
HHQKLVE (SEQ ID NO:1010)
HHOKLY (SEQ ID NO:1011)
HHOKL (SEQ ID NO:1012)
HOKLVFFAED (SEQ ID NO:1013)
HOKLVFFAE (SEQ ID NO:1014)
HOKLVEFA (SEQ ID NO:1015)
HOKLVEF (SEQ ID NO:10186)
HOKLVE (SEQ ID NO:1017)
HORLV (SEQ ID NO:1018)
HOKL (SEQ ID NO:1019)

( )

QKLVEFFAEDV SEQ ID NO:1020
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VEFA SEQ ID NO:1047
VFF (SEQ ID NO:1048

QRLVFFAED (SEQ ID NO:1021)
OKLVFFAE (SEQ ID NO:1022)
QKLVFFA (SEQ ID NO:1023)
QKLVFEF (SEQ ID NO:1024)
QKLVF (SEQ ID NO:1025)
QKLV (SEQ ID NO:1026)
QKL (SEQ ID NO:1027)
KLVFFAEDVG (SEQ ID NO:1028)
KLVFFAEDV (SEQ ID NO:1029)
KLVFFAED (SEQ ID NO:1030)
KLVFFAE (SEQ ID NO:1031)
KLVEFFA (SEQ ID NO:1032)
KLVFF (SEQ ID NO:1033)
KLVF (SEQ ID NO:1034)
KLV (SEQ ID NO:1035)
LVFFAEDVG (SEQ ID NO:1036)
LVFFAEDV (SEQ ID NO:1037)
LVFFAED (SEQ ID NO:1038)
LVEFAE (SEQ ID NO:1039)
LVEFFA (SEQ ID NO:1040)
LVEF (SEQ ID NO:1041)
LVF (SEQ ID NO:1042)
VEFAEDVG (SEQ ID NO:1043)
VEFAEDV (SEQ ID NO:1044)
VEFAED (SEQ ID NO:1045)
VFFAE (SEQ ID NO:10486)
{ )
)
FFAEDVG (SEQ ID NO:1049)
FFAEDV (SEQ ID NO:1050)
FFAED (SEQ ID NO:1051)
FFAE (SEQ ID NO:1052)
FFA (SEQ ID NO:1053)
FAEDVG (SEQ ID NO:1054)
FAEDV (SEQ ID NO:1055)
FAED (SEQ ID NO:10586)
FAE (SEQ ID NO:1057)

Tau immunogens:

QIVYKPV (SEQ ID NO:39)
QIVYKP (SEQ ID NO:40)
QIVYKSV (SEQ ID NO:41)
EIVYKSV (SEQ ID NO:42)
QIVYKS (SEQ ID NO:83)
EIVYKSP (SEQ ID NO:423)
EIVYKS (SEQ ID NO:84)
EIVYKPV (SEQ ID NO:44)
EIVYKP (SEQ ID NO:85)
IVYKSPEV (SEQ ID NO:45)
IVYK (SEQ ID NO:46)
CNIKHVPG (SEQ ID NO:8¢)
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VQIVYKP (SEQ ID NO:187}%
IVYKP (SEQ ID NO:188}
VYKP (SEQ ID NO:189}
YKP (SEQ ID NO:190}
GSVQIVYKPV (SEQ ID NO:191}
SVQIVYKPV (SEQ ID NO:192)
VQIVYKPV (SEQ ID NO:193}
IVYKPV (SEQ ID NO:194)
VYKPV (SEQ ID NO:195}
YKPV (SEQ ID NO:196)
KPV (SEQ ID NO:197}
SVQIVYKPVD (SEQ ID NO:198)
VQIVYKPVD (SEQ ID NO:199)
QIVYKEVD (SEQ ID NO:200)
IVYKPVD (SEQ ID NO:201}
VYKPVD (3EQ ID NO:203}
YKPVD (SEQ ID NO:204)
KPVD (SEQ ID NO:205}
PVD (SEQ ID NO:206)
VQIVYKPVDL (SEQ ID NO:207)
QIVYKPVDL (SEQ ID NO:208)
IVYKPVDL (SEQ ID NO:209}
VYKPVDL (SEQ ID NO:210}
YKPVDL (SEQ ID NO:211})
KPVDL (SEQ ID NO:212}
PVDL (SEQ ID NO:213}
VDL (SEQ ID NO:214)
QIVYKPVDLS (SEQ ID NO:215}
IVYKPVDLS (SEQ ID NO:216)
VYKPVDLS (SEQ ID NO:217}
YKPVDLS (SEQ ID NO:218)
KPVDLS (SEQ ID NO:219}
PVDLS (SEQ ID NO:220}
VDLS3 (SEQ ID NO:221}
DLS (SEQ ID NO:222)
IVYKPVDLSK (SEQ ID NO:223)
VYKPVDLSK (SEQ ID NO:224)
YXKPVDLSK (SEQ ID NO:225})
KPVDLSK (SEQ ID NO:226}
PVDLSK (SEQ ID NO:227)
VDLSK (SEQ ID NO:228}
DLSK (SEQ ID NO:229)
L3K (SEQ ID NO:230}
VYKPVDLSKV (SEQ ID NO:231}
YRPVDLSKV (SEQ ID NO:232}
KPVDLSKV (SEQ ID NO:233}
PVDLSKV (SEQ ID NO:234}
VDLSKV (SEQ ID NO:235)
DLSKV (SEQ ID NO:236}
LSKV (SEQ ID NO:237)
SKV (SEQ ID NO:238}
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YKPVDLSKVT (SEQ ID NO:239}
KPVBLIKVT (SEQ ID NO:240}
PVDLIKVT (SEQ ID NO:241)
VDLSKVT (SEQ ID NO:242Z}
AKTDHGAETIV (SEQ ID NO:243}
KTDHGAEIV (SEQ ID NO:244)
TDHGAEIV (SEQ ID NO:245}
DHGAEIV (SEQ ID NO:246})
HGAEIV (SEQ ID NOC:247}
GAEIV (SEQ ID NO:248)
AEIV (SEQ ID NC:249;}
EIV {(SEQ ID NO:250}
KTDHGAEIVY (SEQ ID NO:251}
TDHGAEIVY (SEQ ID NO:2523%
DHGAEIVY (SEQ ID NC:253}
HGAETIVY (SEQ ID NO:254}
GAEIVY (SEQ ID NC:255}
AEIVY (SEQ ID NO:2563)
EIVY (SEQ ID NO 257}
IvY (SEQ ID :258)
TDHGAEIVYK (SEQ ID NO:259}
DHGAEIVYK (SEQ ID NO:260}
HGAEIVYK (SEQ ID NO:261}
GAEIVYK (SEQ ID NO:262})
AEIVYK (SEQ ID NO:263}
EIVYK (SEQ ID NO:264}
IVYK (SEQ ID NO:265}
DHGAEIVYKS (SEQ ID NO:26¢6}
HGAEIVYKS (SEQ ID NO:267}
GAEIVYKS (SEQ ID NO:268}
AEIVYKS (SEQ ID NO:269}
EIVYKS (SEQ ID NC:270}
IVYKS {(SEQ ID NO:271}
VYKS (SEQ ID NC:272}
YXS (SEQ ID NO:273}
HGAEIVYKSP (SEQ ID NOC:274}
GAEIVYKSP {(SEQ ID NO:275}
AEIVYKSP (SEQ ID NC:276}
EIVYKSP (SEQ ID NO:2773
IVYKSP (SEQ ID NC:278}
VYKSP (SEQC ID NO:279;%
YKSF (SEQ ID NC:280}
KSP (SEQ ID NO:281}
GAEIVYKSEV (SEQ ID NO:282Z}
AEIVYKSPV (SEQ ID NO:283%
EIVYKSEV (SEQ ID NO:284}
IVYKSPV (SEQ ID NO:285}
VYKSPV (SEQ ID NO:286})
YKSPV (SEQ ID NC:287}
KSPV (SEQ ID N 1288}

)

SPV (SEQ ID :289})
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AERIVYKSPVV (SEQ ID NO:250}
EIVYKSEVV (SEQ ID NO:291}
IVYKSPVV (SEQ ID NO:252)
VYKSPVV (SEQ ID NO:293}
YKSPVV (SEQ ID NO:254}%
KSPVV (SEQ ID NO:295})
SPVV (SEQ ID NO:296}
PVV (SEQ ID NO:297})
EIVYKSPVVS (SEQ ID NC:298}
IVYKSPVVS (SEQ ID NO:299)
VYKSPVVS (SEQ ID NC:300}
YXKSPVVS (SEQ ID NO:301}
KSPVVS (SEQ ID NOC:302}
SPVVS (SEQ ID NO:303})
PVVS (SEQ ID NC:304;
A (SEQ ID NO:305}
IVYKSPVVSG (SEQ ID NC:306}
VYKSPVVSG (SEQ ID NO:3073)
YRKSPVVSG (SEQ ID NC:308}
KSPVVSG (SEQ ID NO:309}
SPVVSG (SEQ ID NO:310}
PVVSG (SEQ ID NO:311y
VVSG (SEQ ID NO:31Z}
V3G (SEQ ID NO:313})
VYKSPVV3GD (SEQ ID NO:314}
YKSPVVSGD (SEQ ID NO:315}
KSFVVSGD (SEQ ID NO:316}
SPVVSGD (SEQ ID NO:317}
PVVSGD (SEQ ID NO:318
VVSGD (SEQ ID NO:319}
VSGD (SEQ ID NO:320}
SGD (SEQ ID NC:321}
YKSPVVSGDT {(SEQ ID NO:322}
KSPVVSGDT (SEQ ID NC:323}
SPVVIGDT (SEQ ID NO:324}
PVVSGDT (SEQ ID NO:325}
VV3GDT {(SEQC ID NO:326}
VSGDT (SEQ ID NC:327}
SGBT (SEQ ID NO:328:
GDT (SEQ ID NC:329}
KSPVVSGDTS (SEQC ID NO:330}
SPVVSGDTS (SEQ ID NC:331}
PVVSGDTS (SEQ ID NO:332})
VVSGDPTS (SEQ ID NO:333}
V3GDTS (SEQ ID NO:334}%
SGDTS (SEQ ID NO:335}
GDTS (SEQ ID NO:336}
DTS (SEQ ID NO:337})
SPVVSGDTSP (SEQ ID NOC:338}
PVVSGDTSP (SEQ ID NO:339})
VVSGDTSP (SEQ ID NO:340}



WO 2021/236809

V3GDTSP
SGDTSP?
GDTSP

DTSP

T3P
PVVSGDTSPR
VVSGDTSPR
VSGDTSPR
SGDTSPR
GDTSPR
DTSPR
TSPR

SPR
HOPGGGKVQT
QPGGGRVQI
PGGGKVQI
GGGRVQI
GGRVQI
GKVQI

KVQI

VoI
QPGGGRVQII
PGGGKVQII
GGGKVQIIL
GGKVQIXI
GKVQOIT
KVQII

VQII

QIT
PGGGKVQIIN
GGGKVOIIN
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QIVYRSV (SEQ ID NO:546}
IVYRSV (SEQ ID NO:547}
VYRSV (SEQ ID NO:548}%
YKSV (SEQ ID NO:549)
SVQIVYKSVD (SEQ ID NO:550%
VQIVYKSVD (SEQ ID NO:551)
QIVYKSVD (SEQ ID NO:552}
IVYKSVD (SEQ ID NO:553)
VYRSVD (SEQ ID NO:554}
YKSVD (SEQ ID NO:555)
KSVD (SEQ ID NO:556}
SVD (SEQ ID NO:557)
VQIVYKSVDL (SEQ ID NO:558})
QIVYKSVDL (SEQ ID NO:559)
IVYKSVDL (SEQ ID NO:560}
VYKSVDL (3EQ ID NO:561}
YKSVDL (SEQ ID NO:562)
KSVDL (SEQ ID NO:562}
SVDL (SEQ ID NO:564)
QIVYKSVDLS (SEQ ID NO:565)
IVYKSVDLS (SEQ ID NO:566)
VYKSVDLS (SEQ ID NO:567}
YKSVDLS (SEQ ID NO:568)
KSVDLS (SEQ ID NO:569)
SVDLS (SEQ ID NO:570)
IVYKSVDLSK (SEQ ID NO:571%
VYKSVDL3K (SEQ ID NO:572)
YKSVDLSK (SEQ ID NO:573}
KSVDLSK (SEQ ID NO:574)
SVDLSK (SEQ ID NO:364}
VYKSVDLSKV (SEQ ID NO:575)
YKSVDLSKV (SEQ ID NO:576}
KSVDLSKYV (SEQ ID NO:577)
SVDLSKV (SEQ ID NO:578}
YKSVDLSKVT (SEQ ID NO:579)
KSVDLSKVT (SEQ ID NO:580)
SVDLSKVT (SEQ ID NO:581)
DLSKVT (SEQ ID NO:582)
LSKVT (SEQ ID NO:582}
SKVT (SEQ ID NO:584)
KVT (SEQ ID NO:585}
HGAEIVYKSV (SEQ ID NO:586)
GAEIVYKSV (SEQ ID NO:587})
AEIVYKSV (SEQ ID NO:588})
GAEIVYRSVV (SEQ ID NO:589}
AEIVYKSVV (SEQ ID NO:590}
EIVYKSVV (SEQ ID NO:591}
IVYKSVV (SEQ ID NO:592)
VYRSVV (SEQ ID NO:593}
YKSVV (SEQ ID NO:594)

KSVV (SEQ ID NO:595}
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SVV (SEQ ID NO:5563)
AEIVYKSVVS (SEQ ID NO:597}
EIVYKSVVS (SEQ ID NO:598})
IVYKSVVS (SEQ ID NO:599}
VYKSVVS (SEQ ID NO:600}
YKSVVS (SEQ ID NO:601}
KSVVS (SEQ ID NO:602}
SVVS (SEQ ID NO:603}
EIVYKSVVSG (SEQ ID NOC:604}
IVYKSVVSG (SEQ ID NO:605}
VYKSVVSG (SEQ ID NC:606}
YKSVVSG {(SEQ ID NO:607}
K3VVSG (SEQ ID NC:608}
SVVSG (SEQ ID NO:609}
VVSG (SEQ ID NC:610}
VSG (SEQ ID NO:6il}
IVYKSVVSGD (SEQ ID NC:612}
VYKSVVSGD (SEQ ID NO:613)
YRSVVSGD (SEQ ID NC:614}
KSVVEGD (SEQ ID NO:615}
SVVSGD (SEQ ID NO:616}
VVSGD (SEQ ID NO:617}
VYKSVVSGDT (SEQ ID NO:618}
YRSVVSGDT (SEQ ID NO:619}
KSVVSGDT (SEQ ID NO:620}
SVVSGDT (SEQ ID NO:621}
YXKSVVSGDTS (SEQ ID NO:622}
KSVVSGDTS (SEQ ID NO:623}
SVVSGDTS (SEQ ID NO:624}
YKSVVSGDTS (SEQ ID NO:625}
KSVVSGDTS (SEQ ID NO:626}
SVVSGDTS (SEQ ID NC:627}
VV3GDTS {(SEQ ID NO:628}
KSVVSGDTSP (SEQ ID NC:629}
SVVSGDTSP (SEQ ID NO:630}
SVVSGDTSPR (SEQ ID NO:631}
DHGAEIVYKP {(SEQC ID NO:632}
HGAEIVYKP (SEQ ID NC:633}
GAEIVYKP (SEQ ID NO:634:
AEIVYKP (SEQ ID NC:635}
HGAEIVYKPV (SEQC ID NO:636}
GAEIVYKPV (SEQ ID NC:637}
ARIVYKPV (SEQ ID NO:638})
GAEIVYKPVV (SEQ ID NO:639}
AEIVYKPVV (SEQ ID NO:640}
EIVYKPVV (SEQ ID NO:641}
IVYKPVV (SEQ ID NO:642}
VYKEVV (SEQ ID NO:643})
YKPVV (SEQ ID NOC:644}
KPVV (SEQ ID NO:645})

AERTIVYKPVVS (SEQ ID NO:64¢6}
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EIVYKPVVS (SEQ ID NO:647}
IVYKPVVS (SEQ ID NO:648}
VYKPVVS (SEQ ID NO:649}
YKPVVS (SEQ ID NO:650)
KPVVS (SEQ ID NO:651}
EIVYKPVVSG (SEQ ID NO:652)
IVYKPVVSG (SEQ ID NO:653})
VYKPVVSG (SEQ ID NO:654)
YRPVVSG (SEQ ID NO:655)
RPVVSG (SEQ ID NO:656)
IVYRPVVSGD (SEQ ID NO:657}
VYKPVVSGD (SEQ ID NO:658
YKPVVSGD (SEQ ID NO:659)
KPVVSGD (SEQ ID NO:660)
VYKPVVSGDT (SEQ ID NO:661}
YKPVVSGDT (3EQ ID NO:662}
KPVVSGDT (SEQ ID NO:663)
YKPVVSGDTS (SEQ ID NO:664}
KPVVSGDTS (SEQ ID NO:665)
PVVSGDTS (SEQ ID NO:666)
VVSGDTS (SEQ ID NO:667)
KPVVSGDTSP (SEQ ID NO:668}
CNIK (SEQ ID NO:669)
CNIKH (SEQ ID NO:670)
CNIKHV (SEQ ID NO:671})
CNIKHVPGG (SEQ ID NO:672%
CNIKHVPGGG (SEQ ID NO:673)
CNIKHVPGGGS (SEQ ID NO:674}
ENLKHQPGGG (SEQ ID NO:675)
NLKHOPGGG (SEQ ID NO:676}
LKHOPGGG (SEQ ID NO:677)
KHOPGGG (SEQ ID NO:678}
HOPGGG (SEQ ID NO:679)
QPGGG (SEQ ID NO:680}
TENLKHQPGG (SEQ ID NO:681)
ENLKHQPGG (SEQ ID NO:682)
NLKHQPGG (SEQ ID NO:683)
LKHQPGG (SEQ ID NO:684})
KHQPGG (SEQ ID NO:685}
HOPGG (SEQ ID NO:686)
QPGG (SEQ ID NO:687}
TENLKHQPG (SEQ ID NO:688})
ENLKHQPG (SEQ ID NO:689)
NLKHQPG (SEQ ID NO:690)
LKHOPG (SEQ ID NO:691}
KHOPG (SEQ ID NO:692}
HOPG (SEQ ID NO:693}
QPG (SEQ ID NO:694)
TENLKHQP (SEQ ID NO:695}
ENLKHQP (SEQ ID NO:696)

NLKHQP (SEQ ID NO:697}
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LKHQP (SEQ ID NO:698})
KHOP (SEQ ID NO:699}
HOQP (SEQ ID NO:700%
TENLKHO (SEQ ID NO:701}
ENLKHQ (SEQ ID NO:702}
NLKHO (SEQ ID NO:703)
LKHQ (SEQ ID NO:704}
KHQ (SEQ ID NO:705)
TENLKH (SEQ ID NO:706}
ENLKH (SEQ ID NO:707)
NLKH (SEQ ID NO:708}
LKH (SEQ ID NO:709)
TENLK (SEQ ID NO:710}
ENLK (SEQ ID NO:711)
NLK (SEQ ID NO:712}
TENL (3EQ ID NO:713}
ENL (SEQ ID NO:714)
TEN (SEQ ID NO:715}
KDNIKHVPGGG (SEQ ID NO:716)
KDNI (SEQ ID NO:717)
KDN (SEQ ID NO:718})
IKHVGGGE (SEQ ID NO:719}
IKHVGG (SEQ ID NO:720)
IKHVG (SEQ ID NO:721)
KHVGGG (SEQ ID NO:722)
KHVGG (SEQ ID NO:723%
RHVG (SEQ ID NO:724)
LGNIHHKPGGG (SEQ ID NO:725}
GNIHHKPGGG (SEQ ID NO:726)
NIHHKPGGG (SEQ ID NO:727}
IHHKPGGG (SEQ ID NO:728)
HHKPGGG (SEQ ID NO:729}
KPGGG (SEQ ID NO:730)
LGNIHHKPGG (SEQ ID NO:731}
GNIHHKPGG (SEQ ID NO:732)
NIHHKPGG (SEQ ID NO:733)
IHHKPGG (SEQ ID NO:734)
HHKPGG (SEQ ID NO:735)
KPGG (SEQ ID NO:736}
LGNIHHKPG (SEQ ID NO:737)
GNIHHKPG (SEQ ID NO:738}
NIHHKPG (SEQ ID NO:739)
THHKPG (SEQ ID NO:740}%
HHKPG (SEQ ID NO:741})
HKPG (SEQ ID NO:742}
KPG (SEQ ID NO:743}
LGNIHHKP (SEQ ID NO:744}
GNIHHKP (SEQ ID NO:745)
NIHHKP (SEQ ID NO:746}
THHKP (SEQ ID NO:747)

HHKP (SEQ ID NO:748}
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HKP (SEQ ID NO:749)
LGNIHHK (SEQ ID NO:750}
GNIHHK (SEQ ID NO:751%
NIHHK (SEQ ID NO:752
THHK (SEQ ID NO:753}
HHK (SEQ ID NO:754)
LGNIHH (SEQ ID NO:755})
GNIHH (SEQ ID NO:756)
NIHH (SEQ ID NO:757}
THH (SEQ ID NO:758)
LGNIH (SEQ ID NO:759)
GNIH (SEQ ID NO:760)
NIH (SEQ ID NO:761}
LGNI (SEQ ID NO:762)
GNI (SEQ ID NO:763}
LGN (3EQ ID NO:764}
LDNITHVPGGG (SEQ ID NO:765)
DNITHVPGGG (SEQ ID NO:766}
NITHVPGGG (SEQ ID NO:767)
ITHVPGGG (SEQ ID NO:768)
THVPGGG (SEQ ID NO:769)
LDNITHVPGG (SEQ ID NO:770%
DNITHVEGG (SEQ ID NO:771}
NITHVEGG (SEQ ID NO:772)
ITHVEGG (SEQ ID NO:773})
THVPGG (SEQ ID NO:774}
LDNITHVPG (SEQ ID NO:775)
DNITHVPG (SEQ ID NO:776}
NITHVEG (SEQ ID NO:777)
ITHVPG (SEQ ID NO:778}
THVPG (SEQ ID NO:779)
LDNITHVP (SEQ ID NO:780}
DNITHVP (SEQ ID NO:781})
NITHVP (SEQ ID NO:782)
ITHVP (SEQ ID NO:783)
THVP (SEQ ID NO:784)
LDNITHV (SEQ ID NO:785)
DNITHV (SEQ ID NO:786)
NITHV (SEQ ID NO:787}
ITHV (SEQ ID NO:788)
THV (SEQ ID NO:789}
LDNITH (SEQ ID NO:790}
DNITH (SEQ ID NO:791}
NITH (SEQ ID NO:792)
ITH (SEQ ID NO:793}
LDNIT (SEQ ID NO:794}
DNIT (SEQ ID NO:795}
NIT (SEQ ID NO:796)
LDNI (SEQ ID NO:797}
LDN (SEQ ID NO:798)

KNVKSKIGST (SEQ ID NO:799}
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NVKSKIGST (SEQ ID NO:S00}
VKSKIGST (SEQ ID NO:801}
KSKIGST (SEQ ID NO:802}
SKIGST (SEQ ID NO:&03)
KIGST (SEQ ID NO:504}
IGST (SEQ ID NO:805)
GST (SEQ ID NO:806}
NVKSKIGSTE (SEQ ID NO:807)
VKSKIGSTE (SEQ ID NO:808}
KSKIGSTE (SEQ ID NO:809)
SKIGSTE (SEQ ID NO:810}
KIGSTE (SEQ ID NO:811)
IGSTE (SEQ ID NO:812}
GSTE (SEQ ID NO:8132)
STE (SEQ ID NO:814}
VKSKIGSTEN (3EQ ID NO:815}
KSKIGSTEN (SEQ ID NO:816)
SKIGSTEN (SEQ ID NO:817}
KIGSTEN (SEQ ID NO:&818)
IGSTEN (SEQ ID NO:819)
GSTEN (SEQ ID NO:820)
STEN (SEQ ID NO:821%
KSKIGSTENL (SEQ ID NO:822)
SKIGSTENL (SEQ ID NO:823)
KIGSTENL (SEQ ID NO:824)
IGSTENL (SEQ ID NO:825%
GSTENL (SEQ ID NO:826)
STENL (SEQ ID NO:827}
SKIGSTENLK (SEQ ID NO:828)
KIGSTENLK (SEQ ID NO:829}
IGSTENLK (SEQ ID NO:830)
GSTENLK (SEQ ID NO:831}
STENLK (SEQ ID NO:832)
KIGSTENLKH (SEQ ID NO:833})
IGSTENLKH (SEQ ID NO:834)
GSTENLKH (SEQ ID NO:E&35)
STENLKH (SEQ ID NO:836)
IGSTENLKHO (SEQ ID NO:&837)
GSTENLKHQ (SEQ ID NO:538}
STENLKHQ (SEQ ID NO:E&39)
GSTENLKHQP (SEQ ID NO:540}
STENLKHQP (SEQ ID NO:&841})
STENLKHQPG (SEQ ID NO:842}
SNVQSKCGSK (SEQ ID NO:£843})
NVQSKCGSK (SEQ ID NO:544}
VQSKCGSK (SEQ ID NO:845})
QSKCGSK (SEQ ID NO:846}
SKCESK (SEQ ID NO:847)
KCGSK (SEQ ID NO:848}
CGSK (SEQ ID NO:849)

GSK (SEQ ID NO:850}
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NVQSKCGSKD (SEQ ID NO:851}
VQSKCGSKD (SEQ ID NO:8&5Z2
QSKCGSKD (SEQ ID NO:853})
SKCGSKD (SEQ ID NO:E854}
KCGSKD (SEQ ID NO:8553%
CGSKD (SEQ ID NO:856}
GSKD (SEQ ID NO:857}
SKD (SEQ ID NO:8328
VQSKCGSKDN (SEQ ID NOC:859}
QSKCGSKDN (SEQ ID NO:860}
SKCGSKDN (SEQ ID NC:861}

SEQ ID NO:8¢62}

(
CGSKDN (SEQ ID NO:863)
GSKDN (SEQ ID NO:864)
SKDN (SEQ ID NO:865}
QSKCGSKDNI (3EQ ID NO:566}
SKCGSKDNI (SEQ ID NO:867)
KCGSKDNI (SEQ ID NO:S568}
CGSKDNI (SEQ ID NO:&69)
GSKDNI (SEQ ID NO:870)
SKDNI (SEQ ID NO:871})
SKVTSKCGSL (SEQ ID NO:872)
KVTSKCGSL (SEQ ID NO:873)
VTSKCGSL (SEQ ID NO:874)
TSKCGSL (SEQ ID NO:875%
SKCGSL (SEQ ID NO:876)
KCGSL (SEQ ID NO:877}
CGSL (SEQ ID NO:878)
G5L (SEQ ID NO:879}
KVTSKCGSLG (SEQ ID NO:880)
VTSKCGSLG (SEQ ID NO:881}
TSKCGSLG (SEQ ID NO:882)
SKCGSLG (SEQ ID NO:883})
KCGSLG (SEQ ID NO:884)
CGSLG (SEQ ID NO:E&85)
GSLG (SEQ ID NO:886)
SLG (SEQ ID NO:&887)
VTSKCGSLGN (SEQ ID NO:588}
TSKCGSLGN (SEQ ID NO:&89)
SKCGSLGN (SEQ ID NO:590}
KCGSLGN (SEQ ID NO:891})
CGSLGN (SEQ ID NO:892)
GSLGN (SEQ ID NO:£893})
SLGN (SEQ ID NO:594}
TSKCGILGNI (SEQ ID NO:895})
SKCGSLGNI (SEQ ID NO:896}
RCGSLGNI (SEQ ID NO:897)
CGSLGNI (SEQ ID NO:898}
GSLGNI (SEQ ID NO:899)

SLGNI (SEQ ID NO:900}
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SKCGSLGNIH
KCGSLGNIH

CGSLGNIH
GSLGNIH
SLGNIH

KCGSLGNIHH
CGSLGNIHA

GSLGNIHH
SLGNIHH

CGSLGNIHHK
GSLGNIHHK

SLGNIHHK

GSLGNIHHKP
SLGNIHHKP
SLGNIHHKPG
DRVQOSKIGSL
RVOSKIGSL

VOSKIGSL
QSKIGSL
SKIGSL
KIGSL
IGSL

RVOSKIGSLD
VOSKIGSLD

QOSKIGSLD
SKIGSLD
KIGSLD
IGSLD
GSLD

SLD

VOSKIGSLDN
QSKIGSLDN

SKIGSLDN
KIGSLDN
IGSLDN
GSLDN
SLDN

OSKIGSLDNT
SKIGSLDNI

KIGSLDNI
IGSLDNI
GSLDNI

SKIGSLDNIT
KIGSLDNIT

IGSLDNIT
GSLDENIT
SLDNIT

KIGSLDNITH
IGSLDNITH

GSLDNITH
SLDNITH

ib
ib
ib
ib
ib
ib
Ib
ib

ib
ID
ib
ib
Ib
Ib
ib
IDb
b
ID
ib
ib

ib
ib
ib
ib
ib
Ib
ib
Ib
Ib
Ib
ib
ID
ib
ID
ib
ID
Ib
ID
b
ID
ib

ib
ib
Ib
ib
Ib
ib
Ib

87

NO: 901}
NQO:902}
NO:903}
NO:904}
NO: 905}
NO: %06}
NC: 907}
NO: 308}
NC:909)
NO: %10}
NC:911}
NO:912}
NO: 913}
NO:914)
NC:915}
NO:916}
NO:917)
NO:918)
NOC:919}
NO:920}
NO:921})
NO:922%
NO:923}
NO:924)
NO:925}
NO:926}
NO:927}
NC:928}
NO:929)
NC: 930}
NO: 931}
NQO:932}
NO: 933}
NC:934}
NO:935)
NO: 936}
NO: 937}
NO: 938}
NO: 939}
NO: 940}
NO: 941}
NO:942}
NO:943)
NO: 944}
NO: 945}
NO:946}
NC:947}
NO: %48}
NC:949)
NO: 950}
NC:951}

PCT/US2021/033222
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IGSLDNITHV (SEQ ID NO:9523%
GSLENITHV (SEQ ID NO:953}
SLDNITHV (SEQ ID NO:954)
GSLDNITHVP (SEQ ID NO:98&5
SLENITHVP (SEQ ID NO:9563%
SLDNITHVPG (SEQ ID NO:957)
PDLENVKS (SEQ ID NO:958}
DLENVKSK (SEQ ID NO:929)
LENVKSKI (SEQ ID NOC:960}
KNVKSKIG (SEQ ID NO:9%6l}
NVKSKIGS (SEQ ID NC:962}
DLSNVQSK {(SEQ ID NO:9¢3}
LSNVQOSKC (SEQ ID NOC:964}
SNVQSKCG (SEQ ID NO:9¢5)
NVQSKCGS (SEQ ID NC:966}
VDLSKVTS (SEQ ID NO:9€7}
DLSKVTSK (SEQ ID NC:968}
LSKVTSKC (SEQ ID NO:969)
SKVTSKCG (SEQ ID NC:970}
KVTSKCGS (SEQ ID NO:971}
LDEFKDRVQ (SEQ ID NO:972}
DFKDRVQS (SEQ ID NO:973}
FKDRVQSK (SEQ ID NO:974}
KDRVQSKI (SEQ ID NO:975})
DRVQSKIG (SEQ ID NO:976}
RVQSKIGS (SEQ ID NO:977}
SKIGSTENLKH (SEQ ID NO:978}
SKIGSTENIKH (SEQ ID NO:979}

SKIGSKDNLKH (SEQ ID NO:9580}
SKIGSKENIKH (SEQ ID NO:981}%
SKIGSLENLKH SEC ID NO:982%
S
S
S

KIGSLENIKH SEQ ID NO:983}

KIGSTDNLKH SEQ ID NO:984}
KIGSTDNIKH SEQ ID NC:985}
SKIGSKDNIKH SEQ ID NO:986}

(

(

(

(

(

SKIGSLDNLKH (SEQ ID NO:987)

SKIGSLDNIKH (SEQ ID NO:988)

SKIGSTGNLKH (SEQ ID NO:989)

SKIGSTGNIKH (3EQ ID NO:990}
(SEQ ID NO:991)
( NO:992)
{ RO 59%)
{ ID ROG: 694)

SKIGSKGNLKH

Yaay Azn Xaas Xaag His (SEQ 1ID
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DAEFRHDRREIVYKSPKKC
DAEFRHDSGYEVHHOKLFEFAEDVGSNKG
GGGSVQIVYKPVDLS

SEQ ID NC:¢6
SEQ ID NO:67
SEQ ID NOC:¢€8

89
Xaag is K, H or T.

(Q/E) IVYK(S/P) (SEQ ID NO: 956)
DAEFRHDRRQIVYKPV (SEQ ID NO:57)
DAEFRHDRREIVYKSV (SEQ ID NOC:58)
DAEFRHDRRQIVYKPVGGC (SEQ ID NO:59)
DAEFRHDRRQIVYKPVC (SEQ ID NO:60)
DAEFRHDRRQIVYKEVAAC (SEQ ID NO:61)
DAEFRHDRRQIVYKPVKKC (SEQ ID NOC:62)
DAEFRHDRRE IVYKSPGGC (SEQ ID NO:63
DAEFRHDRREIVYKSPAAC (SEQ ID NO:64
DAEFRHDRREIVYKSPC (

(

(

(

)
)
SEQ ID NO:65)
)
)
)

';U

Arg-Val-Arg-Arg

(RVRR; SEQ ID NO:6

Gly-Ala-Gly-Ala ( 8
{
{

SAGA; SEQ ID NGC:&
AGAG; SEQ ID NO:S§
KGKG; SEQ ID NO:&

9

Ala-Gly-Ala-Gly
Lys-Gly-Lys-Gly

DAEFRHPRROIVYKPVXXC

(SEQ ID NO:70)
If present, XX ca

n be GG or AA or KK or S3S.

DAEFRHDRREIVYKSVXXC (SEQ ID NO:79)
If present, XX can be GG or AA or KK or S3.

DAEFRHDC (SEQ ID NO:71)
QIVYKPVGGC SEQ ID NO:72)
GGSQIVYKPVDLS SEQ ID NO:73)
DAEFRHDRREIVYKSVGGC SEQ ID NO:74)
DAEFRHDRREIVYKSVAAC SEQ ID NO:75)
DAEFRHDRREIVYKSVC SEQ ID NO:76)
DAEFRHDPRREIVYKSVKKC SEQ ID NO:77)
DAEFRHDRRNIKHVPGGC SEQ ID NO:78)
DAEFRHDRRVKSKIGSTGGC SEQ ID NO:3997)
DAEFRHDRRSKIGSTENGGC SEQ ID NO:998)
DAEFRHPRRTENLKHQPGGC SEQ ID NO:999)
DAEFRHDRRENLKHQPGGGC

DAEFRHDRRSKIGSKDNIKHGGC

SEQ ID NO:1000)
SEQ ID NO:1001)

P e T P NG

MTBR peptide 1 QTAPVPMPDLKNVKSKIGSTENLKHQOPGGGK
(SEQ ID NO:1058)

MTBR peptide 2 VQIINKKLDLSNVQSKCGSKDNIKHVPGGGS
(SEQ ID NC:1059)

MTBR peptide 3 VQIVYKPVDLSKVTSKCGSLGNIHHKPGGGO
(SEC ID NO:106D)
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MTBR peptide 4 VEVKSEXKLDFKDRVQSKIGSLDNITHVPGGGN
(SEQ ID NO:10C¢l)

GGGS (SEQ ID NO:1062)
GGGGS (SEQ ID NO:1063)
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WHAT IS CLAIMED IS

1. A polypeptide comprising a first peptide comprising 3-10 aminoe geids from
residues 1-10 of SEQ ID NO:01 Hoked to 2 second peptide comprising 3-13 amino

acids from rosidues 244-400 of SEQ 1D NO:0Z.

2. The polypeptide of claim 1, wherein the second peptide 1¢ from the microtubule

binding region {MTBR) of taw {residues 244372 of SEQ ID NO:2).

3. The polypeptide of clatm |, wherein the first peptide 1s Neterminal 1o the sccond

peptide.

4. The polypeptide of elaim 1, wherein the first peptide is C-terminal to the second

peptide.

§. The pobypeptide of gny of clanss 1 to 4, wherehy
{a}  the fivst peptide comprises ag anuno actd sequence sclfected from the group
consisting of

DAEFRHDSGY (SEQ 1D N6y,

DAEBFREDSG (SEQ 1D NO04),

BAEFRREDS (SEQ ID NGG3),

DAEFRHD (SEQ ID NO:06),

DAEFRH (SEQ 1D NO:07),

DAEFR (SEQ ID NO:08),

DAEF (SRQ ID NO:(9),

DAE {(SEQID NO:10),

AEFRHDSGY (SEQ 1D NOU 1y,

ARFRHEDSG (SEQ ID NO:12),

AEFRHDS (SE€} D N 13},

AFFRHD (SEQ IDNO: 14y,

AEFRH (SEQ 1D N1 S),

AEFR (SEQ 1D NO16),

AEF {SEQ IDNO:17),

EFRHDSGY (SEQ ID NO:18),
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EFRHDSG (SEQ D NO:19),
EFRHDS (SEQ ID NO:2iy,
EFRHD{SEQ ID NQ:21),
EFRH (SEQ I NO2Y),
EFR (SEQ ID NO2Z3),
FREDSGY (SEQ 1D NO:24y,
FRHDSG (SEQ 1D NO23),
FRHDS (SEQ 1D NO:26),
FRHD (SEQ 1D NG27,
FRH (SEQ ID NG:2R),
RHDSGY (SEQ IDNO:2w),
RHDSG (SEQ ID NO:30),
RHDS (SEQ ID NG:31),
RHD (SEQ 1D NQ3,
HOSOY (SEQ ID NGA3),
HDSG (SEC 1D NCx34),
HDS (SEQ 1D NOsy,
DSGY (SEQ ID NGO,
DSG (SEQ ID NO:3T), and
SGY (SEQ 1D NO:3E), and
(b the second peptide comprises an amino acid sequence selected from
the group consigting of
QIVYKPY {SEQ ID NO:39),
QIVYKP (SEQ ID NO:40),
QIVYKSV (SEQ ID NO:4 D),
EIVYKSY (SEQ 1D NG42y,
CIVYKS (SEQ 1D NO:RS),
EIVYKSP (SEQ IDNO:43),
EIVYKS (SEQ ID NQO:84),
EIVYKPV (SEQ ID NO:44),
EIVY KPR {(SEQ D NO:RS),
IVYKSPY (SEQ 1D NOMS),
VYK {SEQ ID NOM&),
ONIKHVYPG (SHQ H NO:Say,
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CNIKHVP (SEQ 1D NOw4Ts,
NIKFVP (SEQ ID NOHR),
HVPGGG (SEQ ID NO:49),
HVPGG (SEQ ID NO:50),
HKPGGG (SEQ ID NO:51),
HKPGG (SEQ ID NO:S2),
KHVPGGG SEQ 1D NO:SH),
KHVPGG (SEQ ID NO:54),
HQPGGG (SEQ ID NO:55),
HQPGG (SEQ ID NQ:56),
VESKIGST (SEQ 1D NO:801),
SKIGSTEN (SEQ 1D NORIT).
TENLKHOP (SEQ ID NO:695),
ENLKHQPG (SEQ 1D NO:689),
SKIGSTDNIKH (SEQ 1D NOW9RS Y
SKIGSKDNIKH (SEQ 1D NO:9§6),
SKIGSLDNIKH (SEQ ID NO:988), and
SEQ YD NO:146-996,

PCT/US2021/033222

&, The polvpeptide of any of claims 1 to 5, wherein the first peptide and second

peptide are inked by 3 cleavable linker,

7. The polypeptide of claim 6, wherein the cleavable Hinker comprises an amino acid

sequence.

&. The polypeptide of claim 7, wheremn the amine acid sequence comprises argining-

arginine (Arg-Arg), arghune-valing-arginine-arginne {Arg-Vab-Arg-&vg (SEQ ID

NO:69 1, valme-citralline (Val-Cit, valine-argmine {(Val-Arg), valine-lvsine (Val-

Lys), valinc-alanine (Val-Ala), pheaylalaning-lysine (Phe-Lys), glycine-alanine-

glyvoine-alanine (Gly-Ala-Gly-Ala; SEQ 1D NO:RO), alanine-ghyeine-alanine-glyeine
{Ala-Glv-Ala-Gly; SEQ 1D NQ:R1), or lysine-glycine-lysine-glycine (Lys-Gly-Lys-

Gly: SEQ 1D NOS2),
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9. The polypeptide of any of clatms | o 8, further comprising a hinker to a carrier at
gither a C-terminal portion of the polypeptide, or a N-terminal portion of the

palypepiide.

10. The polvpeptide of claim @, wherein the linker comprises an amino acid segquence
selected from the group consisting of GG, GGG, AA, AAA, KK, KKK, 85, S8§,
GAGA (SEQ 1D NO8G), AGAG (SEQ 1D NO:RY), and KGKG (SEQ 1D NO:R2).

11, The polypeptide of sy of claims 1 to 10, wherein the polvpeptide or inker to the

carrier, if present, Bether comprises a U-ferinal cysteme (C)

12, The polypeptide of any of claims 1 to 11, wherein the first peptide s DAEFRHD
{SEQ ID NO:G6).

13, The polypeptide of any of claims | to 11, wherein the first peptide is DAEFR
(SEQ 1D NCHo8).

14, The polypeptide of any of claims 1 to 11, wherein the first peptide is EFRHD
{SEQ ID NO:21).

15, The polypeptide of any of claims 1 fo 1], wherein the second peptide comprizes 5-

1 amino acids.

16, The polypeptide of any of claims 1 to 1], wherein the sceond peptide coanprises
the amine acid sequence QIVYKPY {(8EQ 1D NO:39),

17. The polypeptide of any of clabms 1 1o 11, wherewn the second peptide comprises

the poino aad sequence BEIVYKSP {SEQ 1D NO:43)

18, The polvpeptide of any of claims | to 1], wherein the second peptide comprises
the amin acid sequence NIKHVP {(SEQ 1D NO:48).

19. The polypeptide of any of claims 1 to 11, wherein the second peptide comprises

the amino acid sequence VRSKIGST (SEQ H NOSBO1)
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20, The polypeptide of any of claims 1 to ¥, wherein the second peptide comprises

the amino acid sequence SKIGSTEN {SEQ 1D NO:BIT).

21, The polypeptide of any of claims | to 11, wheremn the second peptide comprises
the amino acid sequence TENLKHQP (SEQ 1D NO:RO3).

22, The polypeptide of any of claims | to 1, wherein the sccond peptide comprises
the aming acid sequence ENLKHQPG (SEQ ID NO:689).

23. The polypeptide of any of claims | to 11, wherein the scoond peptide comprises
the anuno scid seguence SKIGRTTINIKH (SEQ TDYNOG85).

24, The polypeptide of any of claims | to 1, wherein the second peptide compiises
the wmino acid sequence SKIGSKDNIKH (SEQ 1D NO:98o).

25, The palypeptide of any of claims § to 11, wherein the second peptide comprises

the aning scid sequence SKIGSLDNIKH (SEQ 1D KO:98%).

26. The polypeptide of claim 1, comprising an amino acid sequence of
DAEFRHDRROQIVYKPV (SEQ ID NO:5T).

27. The polypeptide of claim 1, comprising an amino acid sequence of

DAEFRHDRREIVYKSV (SEQ ID NO:583,

28. The polypeptide of claim |, comprising an amino acid sequence of
DAEFRHDRROIVYKPVGGC (SEQ ID NO:59).

29, The polvpeptide of claim |, comprising an amino acid sequence of

DAEFRHDRROIVYEPVC {(SEQ 1D NO:00).

34, The polypeptide of claim 1, comprising an amino acid sequence of
DAEFRHDRRQIVYKPVAAC (SEQ ID NO:61).
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31 The polypepiide of claim 1, comprising an mmine acid sequence of

DAEFRHDRROIVYKPVEKC (SEQ 1D NOw62).

32. The polypeptide of clatm 1, comprising an amino acid sequence of

DAEFRHDRREIWWVYKSPGGT (SEQ Iy NO:63).

33 The polypeptide of elamn {, comprising an amine acid sequence of

DAEFRHDRREIVYKSPAAC (SEQ 1D NO:64).

34. The polypeptide of claim 1, comprising an amino acid sequence of
DAEFRHDRREIVYKSPC (SEQ ID NO:65).

33, The polyvpeptide of cladm 1, comprising an amino acid sequence of

DAEFRHDRREIVYKSPRKC (SEQ 1D NO:66).

36, The polypeptide of clabm 1, comprising an amino acid sequence of

DAEFRHDRRNIKHVPGGT (SEQ D NGTS).

37. The polypeptide of clatm 1, comprising an anuino acid sequence of

DAEFRHDRRVKSKIGSTGGC (SEQ ID NOwan.

38. The polypeptide of clatin 1, comprising an amino acid sequence of
DAEFRHDRRSKIGSTENGGC (SEQ 1D NO:99R).

39. The palypeptide of claim 1, comprising an amino acid sequence of
DAEFRHDRRTENLKHQPGGC (SEQ 1D NO:999).

40, The polvpeptide of clarst 1, comprisiing an asune acd sequenes of

DAEFRHDRRENLKHOQPGGGC (SEQ 1Dy NO:100M),

41, The polypeptide of clasm 1, comprising anaming acid sequence of

DAEFRHDRRSKIGSKDNIKHGGC (SEQ 1D NO:1601 )
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42, The polypeptide of claim |, comprising the amino acid sequence of
DAEFRHDRROIVYKPVXXC (SEQ 1D NOT), wherein XX and C are
independently optional and, if prosent, XX can be GG, AA, KK, 85, GAGA (SEQ 1D
NQ:BOY, AGAG (SEQ IDNORD, or KGKG (SEQ ID NOIRY).

43, An immuetothorapy composition, comprising the polypeptide of any of claims | to

42, wherein the polypeptide 1s inked 1o a camier,

44, The wanunotherapy composition of clainy 22, wherein the carrier comprises
serum atbunins, immunoglobalin molecudes, thyroglobuding ovalbunmn, tetanus
toxoid ¢1T), diphihera toxord (DT}, a genctically modified cross-reacting material
(CRM) of diphthoria toxin, CRM 197, memingococen! outer membrane protein
complex (OMPC) and #. infhronzae protetn D (D), sEPA { Prawdomnas

aeruginesa exotoxin A, KLH (kevhole limpet hemocvanin), and flageiim.

43, The immenotherapy composition of claim 23, wherein the catrier is CRMIST,

46. The imnwnotherapy composition of claim 23, wherein the carrier 1s diphtheria
46. Th it y t fel 2 h i tiphth

toxoid.

47, A pharmaceutical formulation comprising {a} the polypeptide of any one of claims
1 10 42 or the inwmanotherapy composition of any of claims 43 10 46 and (b) at feast

oue adjuvant.

48. The pharmacentical formutation of claim 47, wherein the adjpvant is selected
from the group consisting of aluminum hydroxide, aluminam phosphate, slamnem
sulfate, 3 De-O-acylated monophosphory! Bpid A (MPL3, QS-21, TOLI03S, Q§-18,
358-17, Q8-7, Complete Freend's Adpevant {CFA), Incompdete Frownd's Adjvant
{IFA), otl in water emulsions (such as squalend or peamit oily, CpG, polyghiamic

acid, polyvlyvsine, AddaVax™, MFSSR, and combinations thereof.

49, The pharsaceutical formulation of clain 48, wherein the adiuvant is Q8-21 or
TQL10335.
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3. The pharmaceuntical formulation of claim 48, wherein the adjwvant 1s MPL.

31 The pharmaceatical formalation of clatm 48, wheretn the adpevant is a

contbination of MPL and QS-21 or a combination of MPL and TQL 10355,

52. The pharmaceuticat fornndation of any of claims 47 to 31, wherein the adjuvant

comprises a iposonal formulation.

b4

3. The pharmaceutical formaelation of any of claims 47 10 32, whergin the

composition comprines at least one pharmaceutically accepiable dilyent.

34, The pharmaceutical formudation of any of claims 47 to 33, conprising a muliiple

antigen presenting system {MAP).

55, The phannaccutical formulation of clatm 84, wherein the MAP comprises one of
more of a Lvs-based dendritic scaffold, helper T-cell epitopes, immane stimulating

lipophilic moieties, cell penctrating peptides, radical induced polyinerization, self

asscmbling nanoparticles 35 antigen-presenting plattorms and gold nanoparticles,

56, An immanotherapy composition, comprising a first peptide sequence comprising
3-10 amine actd residues from the first ten N-icrnunal residues of SEQ 1D NO:OT and
a seeond peptide sequence comprising 3-13 anuno acids from residoes 244-400 of
SEQ ID NGHd2.

57. The immunotherapy composition of claim 56, wherein:

() the first peptide sequence comprises an amino acid sequence selected from
the group comsisting of

DAEFRHDSGY {SEQ 1D NO3)Y,

DAEFRHDSG (SEQ 1D NO:04),

DAEFRHDS (SEQ IDNOWS),

DAEFRHD (SEQ ID NO:06),

DAEFRH (SEQ ID NO:07),

DAEFR (SEQ ID NO0OS),

DAEF (SEQ D NOo9),
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DAE (SEQ ID NO: 1),
AEBFRHDSGY (SEQ IDNO: Ly,
AEFRHDSG (SEQ ID NOD),
AEFRHDS (SEQ ID NO:13),
AEFRHD (SEQ ID NO:14),
AEFRH (SEQ 1D NO1S),
AEFR (SEQ ID NG 6),
AEF {(SEQ ID NQ:7y,
EFRHDSGY (SEQ 1D NOE),
EFRHDSG (SEQ D NO:19),
EFRHDS (SEQ ID NO:20),
EFRHD (SEQ ID NO:21),
EFRH (SEQ ID NO2D,
EFR {(SEQ 1D NO:23),
FRHDSGY (SEGID NO:24),
FRHDSG (SEQ ID NQu2 sy,
FRHDS (SEQ 1D NO:26),
FRED (SEQ ID NO2T,
FRH (SEQ IDNO2R),
RHDSGY (SEQ IDNO:2W,
RHEDSG (SEQ 1D NO:3O),
RHDS (SEQ 1B NO3 ),
RHD (SEQ 1D NO:32),
HDSGY (SEQ ID NO:33),
HDSG (SEQ IDNO:34),
HEOS (SEQ ID NO:35),
DSGY (SEQ 1D NO:36),
DSG{SEQ ID NO:3T), and
SGY (SEQ 1D NO:3Ry: and
{by  the second peptide sequence comprises an amino acid sequence
sefected from the grogp consisting of
QIVYKPV (SEQ 1D NO:39y,
QIVYKP (SEQ D NO:4h,
QIVYKSY (SEQ 1D NG,
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QIVYKS (SEQ 1D NO:83),
EIVYRKSP (SEQ 1D NG4dy,
EIVYRS (SEQ 1D NO:S4y,
BIVYEPV (SEQ 1D NO:44),
EIVYKP {(SEQ 1D NOhRS),
IVYKSPV (SEQ 1D N(O435),
VYK (SEQ 1D NOd6),
CNIKHVPG (SEQ 1D NO:R6),
CNIKHVP (SEQ 1D NOedTy,
NIKHVP (SEC ID N4,
HVPGGG (SEQ 1D NO4®y,
HVPGG (SEQ 1D NO:3OY,
HKRGGG (SEQ 1D NO:AT,
HEPGO (SEQ D NOE2Y,
KHVPGGG SEQ D NO:S3),
KHVPGG (SEQ ID NO:54),
HQPGGG (SEQ ID NO:55),
HQPGG (SEQ ID NQ:56),
VRSKIGST {SEQ ID NO:EO),
SKIGSTEN (SEQ ID NOSIT),
TENLKHOP (SEQ D NO:695),
ENLKHQPG {(SEQ 1D NO:689),
SKIGSTDNIKH (SEQ ID NCh9gsy,
SKIGSKDNIKH (SEQ ID NO:986),
SKIGSLDNIKH (SEQ ID NO:988), and
SEQ I NO: 146996

wherein each of the first peptide sequence and the second peptide sequence yay

optionatly comprise a C-toenminad oysivine.

§8. The mununotherapy composition of any one of claims 5610 537, wherein the at
least one of the first peptide and the second peptide further comprise a inkerto a
carrier at vither a C-ternungl portion of the polypeptide, or a N-ternunal portion of the

polypeptide.
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39, The mununotherapy composition of claim 58, wherein the hinker comprises an
amine acid sequence sefected from the growp consisting of GG, GGG, A4, AAA, KK,
KKK, 55, 855, GAGA (SEQ 1D NOSG), AGAG (SEQ 1D NOS), and KGKG (SEQ
ID NO:82).

60. The mmmymotherapy composition of claim 59, wherein the linker to the carrier

may optionally comprise a C-terminal cysteine (),

61, The immenotherapy composition of myy one of claims 39 o 60, wherein the
carricr comprises serum atbenuny, immunoglobulin molecules, thyvoglobudin,
ovatbumin, tetanus toxoid {TT), diphtheria toxoid (DT}, a genctically modified cross-
reacting material ({CRM) of diphtheriatoxin, CRM197, meningococes] outer
membrang protein complex (OMBC) and H. influenzae protein D (D), (EPA
{Frewdomonas aeruginosa exotoxin A), KLH (kevhole fimpet hemocyaning, and

flageliin,

62, The imwnunotherapy composition of claim 61, wherein the carrier is CRMI97.

63. The immunotherapy composition of clatm 61, wherein the carrter is diphtheria

toxoid.

64, The mumunotherapy composition of any one of claims 56 to 63, further

comprising at feast one pharmaceuticatly acceptable diluent.

&35, The smmunotherapy composiion of any ong of claims 56 1o 64, fnther

comprising a sudtiple antgen presenting system (MAP).

66, The immarotherapy composition of clwm 63, wherein the MAP comprises one or
more of a Lys-based dendritic scaffold, helper T-cell opitopes, inunune stinulating
lipophilic moieties, cell penetrating peptides, radical induced polymerization, self-

assembling nanoparticles as antigen-presenting platforms and gold nanoparticles.

67. A pharmaceutical compaosition comprising the immunotherapy composition of any

of claims 56 o 66 and at least ong adjuvant.
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6%, The pharmaceutical composition of claim 67 wheretn the adjuvant 1s selected
from the group consisting of aluminum hydroxide, alaminum phosphate, ahamiman
sulfate, 3 De-O-peylated monophosphory! Bpsd A (MPL), QS-21, TOL10335, QS-18,
3517, OS-7, Complete Freond's Adpevant {TFA), Incomiplete Fround's Adjuwvant
{IFA), ol in watcr ennsdsions {such as squalens or pranmut ofl), UpG, polvehstamic

acid, polylysine, AddaVax™L MF59®, and combinations thereof.

69, The pharmaceutical composition of clam 68, wherein the adjuvant 38 Q821 ar

TOLIOSS.

70, The pharmaceutical composition of claim 68, wherein the adjuvant is MPL,

71. The phanmaceutical composition of claim 68, wherein the adiuvantis a

combination of MPL and QS-21 or g combination of MPL and TQLIG35,

72, A muclele acid comprising a nucleie acid sequence encoding a polypeptide of any

one of chims | 1o 42 of the immunotherapy composition of claims 36 1o 60,

73. A nucleie acid mpumotherapy composition comprising the nucleie acid of claim

72 and at least one adjovant.

74, A method of treating or effecting prophyviags of Alzhemmer's disease in a subject,
comprising adminitrating to the subject the imimanotherapy composition of any of
plaims 43 to 46 and 56 o 66 or the pharmaceutical formulations of any of claims 47
to SSand 67 o 71

75, A mcthod of infubiting or reducing aggregation of at least one of AR and tauing
subject having or at risk of developing Alzheimer’s disease, comprising,
admunistering fo the subject the mmunotherapy composition of any of clatms 43 to 46
and 36 to 66 or the pharmaceutical fornmalations of any of claims 47 to 55 and 67 to

71,
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76, A method of treating or effecting prophylads of Alrheimer's discase in a subject,
compriging administrating to the sabject the mucleic acid immienotherapy composition

of claim 73,

77. A method of inhibiting or reducing aggregation of at least one of AB and tau in a
subjeet having or at risk of developing Alzheimer’s discase, comprising sdministering

to the subject the nueleic acid mmonotherapy composition of claim 73

78, The method of any of claims P4 w 77, farther comprising repeating the
administering at least 8 second thme, at least o third time, at least a fourth time, at least

a fifth time, or at least a sixth time,

79 The method of claim 78, firther comprising repeating the administering at an

mierval of about 21 to abowt 28 days.

BLA method of inducing an fmmune responss in an animal, conyuising
administering to the animal any ane of the polypeptide of claims 1 0 42, the
immanotherapy composifion of claims 43 o 46 gnd 36 to 66, the pharmaceutical
formulations of claims 47 t0 35 and 67 to 71 or the nuclete acid immunotherapy
composition of claim 73 in @ regimen effcotive 1o gonerato an MDA response
comprising antibodies that specifically bind to AP, tay, or both Aff and tau.

31, The method of claim B, whevein the imomae response comprises antibodies that

speetfically bind 1o Af and antibodies that specifically bind to tau.
&2. The method of any of clabms 80 to 81, wherein the fnducing the immune response
comprises antihodies that specifically bind to the Neterminal region of AB andior the

muerotubule region of taw

83, Aninumunization kit comprising the immunotherapy composition of any of claims
43 to 46 and 56 to 66.

R4. The kit of claim 83, further comprising an adjuvant.
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85, The kit of claim 84, wherein the imoumotherapy composition is in a first container

and the adjuvant is in a second container.

&6, A kit comprising the nucleic acid irpumotherapy composition of clatm 73,

&7, The kit of clainy 86, finther comprising an adjuvant.

%8, The kit of claim 87, wherein the nucleic acid is m a first container and the

adjuvant is in a second container.



