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f-AMYLOID VACCINE FOR THE TREATMENT
OF ALZHEIMER'’S DISEASE

RELATED APPLICATION
{0001} This application claims the benefit of U.S. Provisional Patent Application No.
63/079,806, fited September 17, 2020, which 1s incorporated by reference hevein in its entirety,
SEQUENCE LISTING STATEMENT
{6002] A computer readable form of the Sequence Listing s filed with this application by
electronic suhmission and 15 meorporated into this application by reference in uts entivety. The
Sequence Listing 1s contained in the file created on May 18, 2021, having the file name “20-

T083-WQ_Sequence-Listing ST25 ™ and 15 18 kb in size.
FIELD

{80631 The disclosure refatss to the technical fields of inmunology and medicine, and in

particular 1o the treatment of Alzhenner’s disease and other diseases of protein musfolding,

BACKGROUND
{8004] Alrbeiner's disease {AD) 1s a progressive disease resulting m semle dementia.

Broadly speaking, the disease falls into two categories: late onsef, which occurs in old age
{65-+years) and early onset, which develops well before the senile period, L.e., between 35 and 60
years. Inboth types of disease, the pathology is the same but the abnormalities tend o be more
severe and widespread in cases beginning at an earlier age. The disease is chavavierized by at
least two types of lestons i the bram, neurofibrillary tangles and senuz plaques. Senile plagues
{i.e. amvioid plagues) ave areas of disorganized nearopil ap to 150 wm across with extracelludar
amyloid deposits at the center which are visible by microscopic analysis of sections of brain
tissue. The accumudation of amyloid plagues within the central nervous system is also associated
with Down's syndronte and other cognitive disorders, Cerebral amyiod angiopathy (CAA), and

the ocular disease Age-Related Macular Degeneration,

j8005) A principal constituent of the plaques 18 a peptide termed AP or B-amyloid

peptide. Af peptide is a 4-KDa mternal fragment of 38-43 amino gouds of a larger transmembrane
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glveoprotein named amyloid precursor protein {APPY. As a resalt of proteolytic processing of
APP by ditferent secretase enzymes, AR s primanily found in both a short form, 40 amino acids
in length, and a long form, ranging Fom 42-43 amino acids o length, Part of the hydrophobic
transmembrane domain of APP 1§ found at the carboxy end of A, and may account for the
ability of A to aggregate mio plaques, particularly i the case of the fong form. Accumudation of
amylond plaques 1w the bram eventually leads to newronal cell deatly. The cognutive and physical

symptoms associated with this type of newral deterioration charactertze Alzheimer's disease.

{0006] Accordingty, there exists the nead for new theragnes and reagentis for the
prevention o treatment of Aleheimer's disease, 1 particalar, therapies and reagents capable of

causing an imyame response to the Af present in patients,

SUMMARY

{0007] In some embodiments, disclosure 13 directed to one or more peptides comprising
3-10 wmnino acids from residues 1-10 or vestdues 12-25 of SEQ IDNO:0I. For example, the
peptide may include an ammno acid sequence selected from the group consisting of any one of
SEQ D NCO2 io SEQ D NO:96. In some embodiments, the peptide is from residues -7 of
SEQ ID NO:0! and optionally a C-terminal eysteine and, as an example, include any one of SEQ
2 NOAS 10 SEQ HY NOWOS, SEQ ID NO:13 1o SEQ D NO: 16, SEQ 1D NOR20 1o SEQ ID
NEO:22, SEQ D NO:26, SEQ ID NO2T, or SEQ 1D N(:31. iIn some embodiments, the
disclosure is dirscted to a peptide from residaes 2-8 of SEQ ID NO:0O1 and optionally a C-
terminal cvsteme that, for example, include any one of SEQ ID NO:1Z o SEQ 1D NO: 14, SEQ
2 NO 19 to SEQ 10 NO:22, SEQ I NO2S o SEQ ID NO:27, SEQ ID NO:30, SEQ ID NO:31
or SEQ I3 NO:34. In some embodiments, the disclosure is directed to a peptide from residues
12-24 or from residues 12-23 or from residues 12-22 or from residues 13-25 or from residues 13-
24 or from residues 13-23 or from residues 13-22 or from residues 14-25 or from residues 14-24
or from residues 14-23 or from residues 14-22 or from residues 153-25 or from residues 15-24 or
from residues 15-23 or frony residnes 15-22 of SEQ 1D NO:0L. Ineach of the embodiments, the

peptide may include a C-termunal cysteine

{2008 In some embaodiments, the disclosure is directed 1o a peptide of structore: [first
peptide}-{inker 1}-{second peptide]-{linker 2}-{Cys], where the first peptide and the second

pephide are the same or different and include, eg., 3-10 amino acids from residues 1-10, 3-10
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aming acids from residues 12-25 of SEQ D NO:01, SEQ 1D N2 dwough SEQ D NO:96, and
ke sequences with an -RR dipeptide sequence appended to an end {e.g., SEQ ID NO: 131}, In

addation, limker 1 and hinker 2 may be the same or different.

{0009] I some embodiments, the peptide may melude a linker, for example to a carrier,
at a Cternyinal portion of the peptide, which may inchude an amivo acid sequience of AA, AAA,
KK, KKK, 88, 888, AGAG {SEQ 1D NO:99), GG, GGG, GAGA{SEQ 1D NO:98} and KGKG
ESEQ ID NO00)Y. In some embodiments, the linker (o the carmer, if present, may melade a C-
termmal cvsteme (). For example, the polypeptide may inchade the anuno acid sequence of
DAEFRHD-XXC (SEQ 1D NO:05) or DAEFRHDRR-XXC (SEQ 1D NO:101), wherein XX and
€ are independently optional and, if present, XX can be AA, AAA, KK, KKK, 88, 88§ AGAG
(SEQ ID NO99), GG, GGG, GAGA (SEQ D NO98) and KOKG (SEQ ID NG100) . In some

embodiments, the peptide further comprises a blocked amine at the N-ternunus .

{0016] In other embodiments, the disclosure is divected to an immunotherapy
composition inchuding the polypeptides of the diselosure, wheremn the polypeptide may be linked
to a carrier, The carrier may include serum albumins, immunoglobulin molecules, thyroglobulin,
ovathbumin, tetands toxoid (1T}, diphthenia texoid (DT, a genetically modified cross-reacting
material (CRM) of diphthena toxin, CRM 197, meningococcal outer membrane protein complex
FOMPCY and H. influenzae protemn D (HLD), r1EPA (Pseudomonas aeruginosa exotoxin A), KLH

tkevhale Iimpet hemocyanin), and Hlagelhn,

{0011] in other embodiments, the disclosure are directed to a pharmaceutical
composition that includes the polvpeptides andfor the immunotherapy compositions of the
disclosure, angl including at least one adjuvant. The adjuvant may be aluminum hydroxide,
ahuningm phosphate, aluminum sulfate, 3 De-O~acylated monophosphory! hipid A (MPL) and
synthetic analogs thereof, O8-21, O8-18_Q8-17, Q8-7, TOL1055, Complete Freund's Adjuvant
{CFA), Incomplete Frennd's Adjuvant (JFA), oil in water emulsions (such as sgualene or peanut
oil}, CpG, polyelotamic acid, polylysine, AddaVax™, MFES%E, and combmations thereof. In
addition, the fornmdation may include one or more of g liposomal fornuddation, a dituent, ora
undtiple antigen presentmg systeny (MAP). The MAP may include one'or moove of 8 Lys-based

dendritic seaffold, helper T-cell epitopes, immune stmulating hpophitic moletieg, cell

el
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penetrating peptides, radical induced polymerization, self-assembling nanoparticles as antigen-

presenting platforms and gold nanoparticles.

{6012} Ewbodiments of the disclosure are also directed to nucleic acid sequences
encoding the polypeptides and the immunotherapy compositions of the disclosure. The nuclewe
acids moay be imncluded in a nucleic acid immunotherapy composition inclading the wmucleic acid

and at least one adjuvant.

{8013] in some ersbodiments, the disclosure ts directed to a methods for treating or
effecting prophviaxis of Alzheimer's disease 1 a subyect, and methods for inhibiting or reducing
aggregation of AP v a subyect having or af tisk of developing Aleheimer’s disease. The methods
mclude administrating to the subject an immunotherapy composition, a sucleir acds

wmmunotherapy composition, or a8 pharmacegtical formalation of the disclosure.

{60 14] The methods of the disclosure may inchude repeating the adnunistering at leasta
second Hime, at least a third tme, at least a fourth time, at least a fifth time, or at least a sixth
time, and may include repeating the administering at an interval of about bimonthly, of about 21

to about 28 days, of about quarterly, of about biannually, or of about annually,

{8015] Still further, methods of the disclosure are directed to inducing an Inmune
response i ananimal. The methods include administering to the animal a polypeptide, an
wanunctherapy composition, a pharmaceatical formvalation or a nucleic acid immunotherapy
composition of the disclosure i a regimen effective 1o generate an fmune response including
antibodies that speaifically bind to AP, The immune response may mclude antibodiss that

specifically bind to the N-ternunal region of AP,

{0016] in other embodiments, the disclosure is directed to an imnunization kit inchuding
an wununotherapy composition of the disclosure and may include an adjuvant, wherem the
wnmunetherapy composition may be ina first containgr and the adpsvant may be a second

contatner.

{6017} Stll further, the disclosure is directed to a kit including a nucleic acid
wumunotherapy conmpoesition of the disclosure and way wnclude an adjuvant. The nucleic acid

may be in a first contaner and the adjuvant may be m a second contamer.
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BRIEF DESCRIPTION OF THE FIGURES

{8018] FIG. 1 shows the results of an experiment comparing the titers of Guinea pig
serum for amylowd beta single peptide mmunogens QRLVFFARC (SEQ ID NO-40) and
DAEFRHDC (SEQ ID NO:39). All immunogens comprised a Cterminal cysteine for coupling
to maletnude activated CRMIST carrier. QS21 was vtilized as an adjuvant in AddaVax

squalene-based oil-in-water nano-emulsion.

{8019] FIG. 2 shows the results of an experiment measuring the titer of murine serum for
amyloid beta single peptide inwnunogen AEFRHDSGC (SECQ I3 NO:38) and DAEFRHDC

{SEC D NO39)L The peptides were coapled to maleinnde activated CRM 97 carner through

the N-termunal cvsteme. QS21 was used as an adjuvant,

DESCRIPTION

{0028] The disclosure provides peptide compositions and immunotherapy compositions
comprising an amyloid-beta (AP} peptide. The disclosure alse provides methods of treating or
effecting prophyviaxis of Alzheimer’s disease or other diseases with beta-amylotd deposition ina
subject, including methods of clearig and preventing formation of deposits, intubitiag or
redacing aggregation of AR, blocking the binding andfor uptake of AP by newrons, inhibiting
sransmission of Af species between cells, and ulubitiog propagation of pathology between brain
regions 1 a subject having or at risk of developing Alzhemmer’s disease or other diseases
contaming amyloid-beta accumulations. The methods include administering to such patients the
compositions comprising an amyloid-beta {AR) peptide.

[0021] A number of terms are defined below. As ased herein, the smgular forms "a”

Yan", and "the" include plural referents unless the context clearly dictates otherwise. For
sxample, the term “a compound”™ or “at least one compound” can include a plarality of

compaunds, mcluding mixtures thereod,

{8822] Unless otherwise apparent from the contaxt, the term “about™ encompasses
msubstantial varations, such as values within a standard margin of error of measwrement {e.g.,
SEM) of a stated valne. For example, the term "about” as used herein when referting to a
measurable value such as a parameter, an amount, & temporal duration, cav encompass variations

of +/-10% or less, +/-5% or less, or +/-1% or less or less of and from the specified value.
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Designation of a range of values mcludes all integers within or defining the range, and all
subranges defined by integers within the range. As used herein, statistical significance means

p0.08,

kL)

{0023] Composittons or methods “comprising”™ or “melading™ one or more recited
clernents may include other elements not specifically recited. For example, a composition that
“conyprises” or Yincludes” a polvpeptide sequence may contain the sequence alone or In

combmnation with other sequences of ingredignts.

[0024] An individual 1s at increased risk of a disease if the subject has at least one known
nisk-factor {e.g., age, genetic, biochemcal, fanuly hustory, and situational exposure) placmg
ndividuals with that risk factor at a statistically significant greater risk of developmy the dissase

than individuals withouat the nsk facior.

{6025] The term "patient” includes human and other mammalian subjects that receive
gither prophyiactic or therapautic treatment, mcluding treatment naive sebjects. A used herein,

the terms "subject” or "patient” refer to any single subject for whiclk treatment is desired,
cluding other mammalian subjects such as, humans, cattle, dogs, gumea pigs, rabbits, and so
on. Also mtended to be mcluded as a subject are any subjects involved m clinical research trials
not showing any clinical sign of disease, or subjects mvolved in epidemiiological studies, or

subjects used as controls,

{8026] The term "disease” refers to any abnormal condition that inpairs physiological
function. The term 1s used broadly to encompass any disorder, illness, abnormality, pathology,
sicknass, condition, or syndrome in which physiological function s impaired, irrespective of the
tature of the etinlogy.

[a027] The term "symptom” refers to a subjective evidence of a disease, such as altered
gait, as perceived by the subject. A "sign” refers to objective evidence of a disease as observed
by a physician,

{0028] As used hereln, the terms “ireat” and "treatment” refer to the alleviation or
smelioration of one or more symptoms or effects associated with the disease, prevention,

mhibition or delay of the onset of one or more symptoms or effects of the disease, lessening of

6
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the severity or frequency of one or more symptoms or effects of the disease, and/or increasing or

trending toward deswred outcomes as described herein.

{0029] The terms "prevention”, "prevent”, or "preventing” as used herein refer to
contacting {(for example, admimsterig) the peptide(s) or immunotherapy compositions of the
present disclosure with a subject before the onset of a disease, wath or without AP pathology
already present {primary and seconslary prevention), thereby delaying the onset of clinical
symptoms and/or alleviating symptoms of the disease after the onset of the disease, compared 1o
when the subject is not contacted with the peptide or immunotherapy compositions, and does not
refer to completely suppressing the onset of the disease. In some cases, prevention may occur for
hnited time after adnbustration of the peptide or immunotherapy compositions of the pressnt
disclosure. In other cases, prevention may ocowr fr the deration of a treatment regimen
comprising admnstering the peptide or imumunctherapy compositions of the present disclosure,

#on

{0036] The terms "reduction”, "reduce”, or "reducing” as gsed herein refer to decreasing
the amount of AP andfor tau present 10 a subyect or i tissue of the subject, or suppressing an
merease 1n the amount of AR present in a subject or tissug in a subject, which encompasses
decreasing or suppressing an increéase m {(e.g., decreasing the rate of intrease) the amount of AR
present, accumulated, appregated, or deposited in the subject or tissue in the subject. In certain
embodiments, the decrease m or suppression of an mcrease in (e, decreasing the rate of
increase) the amount of AP present, accumulated, aggrsgated, or deposited 1 the subject refers
to an amountt of AR present, accumulated, aggregated, or deposited i the central nervons gystem
{CNS) of the subject. In certain embodiments, the decrease in or suppression of an ncrease n
{e.g., decreasing the rate of tncrease) the amount of AP present, accumulated, aggregated, or
deposited iy the subject refers 1o an amount of AP present, accuwnlared, agpregated, or deposited
n the periphery {e.g. peripheral circulatory systern) of the subject. In certain embodiments, the
decrease in or suppression of an increase in {e. &, decreasing the rate of increase) the amount of
AB present, accumulated, aggregated, or deposited in the subject refers to an amount of AR
present, accunutdated, agpregated, or deposited 1o the bran of the sulyect. Tn some embodiments,
the AP reduced 15 the pathological formis) of the AR {e.g. extracellular plaque deposits of the B-
anmyloid peptide {AB); newritic amyloid plaques). In vet other embodiment, pathological

indicators of newodegenerative dizsease andfor B~amyloidopathies are decreased.

3
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{6031 The terms "epttope” or "antigenic determinant” refers to a site on an antigen to
which B andfor T cells respond, or to a site on an antigen to which an antibody binds. Epitopes
can be formed both from contiguous amino acids or from noncontiguous ammo acids juxiaposed
by tertiary folding of a protein, Epitopes formed from contiguous amine acids are typically
retained on exposure 1o dendtaring solvents whereas epitopes formed by fertiary folding are
typically Iost on treatment with denaturing solvents. An epitope typically mcludes at least 3, at
least 4, at least 3, at least 6, at least 7, at least 8, at least 9 or at {east 10 amno acids iy a vrique
spatial conformation. Methods of determining spatial conformation of epitopes inchude, for
example, x-ray orystallography and 2-dimensional nuclear magnetic resonance. See, eg., Epope

Mapping Protocols 1n Methods m Moelecular Biology, Vol. 66, Glenn E. Morris, BEd. (1996},

{8032 An "immunogenic agent” or Yinunanogen” or "antigen” is capable of wductmg an
wmunelogical response against itself or modified/processed versions of itself upon
administration to an animal, optionally in conjunction with an adjuvant. The terms
“munogenic agent” or "imimunogen” or Yantigen” vefer to a compound or composition
comprising & pepude, polypeptide or protein which is "antigenic” or "mumunogenic” when
administered 1n an appropriate amount {an "immunogenically effective amount™), Le., capable of
tnducimg, eliciting, augmenting or boosting a vellular andfor lnumoral imuune response and of
bemg recognized by the products of that response {T cells, antibodies). An mmmumogen canbea
peptide, or a combination of two or more peptides, that includes at least 3, at least 4, at feast 3,
feast 6, at least 7, at least 8, at least 9, or at least 10 amino acids w a buer or spatial
conformation. An immunogen may be effective when given alone or in combmation, or linked
to, or fused to, another substance (which can be administered at one time or over several
mtervals). An invmunogese agent or inmunogen may inglude an antigenic peptide or

polvpeptide that is linked to a carrer as deseribed heram,

{0033 A nucleic acid such as DNA or RNA that encodes an antigenic peptide or
polypeptide is referved to as a "DNA [or RNAT mmumogen,” as the encoded polypeptide 1§
expressed fr vivo after adnunistration of the DNA or RNA. The peptide or polypeptide can be
recombinantly expressed from a vacemne vector, which can be naked DNA or RNA that
comprises the peptide or polypeptide coding sequence operably linked to a promoter, eg, an

expression vector or cassette as deseribed heren.

bed
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{8034] The term "adpuvant” refers to a compound that, when administered in conpnction
with an antigen, avgments the mmme response to the antigen, but when administered alone
doss not generate an immune response (o the antigen. Adjvants can augment an unpnums
responsg by several mechanisms including lymphocyvie recruitment, stimulation of B andéor T
cells, and stinnddation of macrophages. An adjavant may be 8 nateral compound, a modified

verston of or dertvative of a natural compound, or a synthetic compound.

{6835] The terms “peptide” and “polvpeptide™ are used interchangeably herem and refer
to a chain of two or more consecutive amino acids. If and when a distinction is made, context
makes the meaning clear. For example, if two or more peptides described herein are joined to
make a dimerie or nndtimeric peptide, polypeptide may be used to mndicate “poly™ or “more than

one” peptide.

{0036] The term "pharmacewtically acceptable” meany that the carrier, diluent, excipient,
adiavant, or apxiliary is compatible with the other igredients of a phanmaceutical formadation

and not substantially deleterious fo the recipient therzof.

{8037] The terms "immumotherapy” or “immune response” vefer to the development of 3
beneficial mimoral {antibody mediated) andfor a cellular {mediated by antigen-specific T cells or
their secretion products) response directed against an AR peptide in g recipient. Such a response
can be an active response induced by adminisivation of mymunogen {e.g. an AP peptide). A
cellufar immune response is elicited hy the presentation of polypeptide epitopes in association
with Class 1 or Class I MHC molecules to activate antigen-specific CD4 T helper cells andior
CDE cytatoxic T cells. The response may also invelve activation of monocytes, macrophages,
NK cells, basophils, dendritic cells, astrocytes, mivroghia cells, eosinopluls or other components
of inate immuonity. The presence of a cell-medinted immunological response can be determmed
by proliferation assays (CD4 T cells) or CTL {oytotoxic T lymphooyte) assays. The relative
contributions of humoral and cellular responses o the protective or therapeutic effect of an
unmnogen can be distinguished by separately isolating antibodies and T-cells from an

tmumunized syngeneic ammal and measuring protective or therapeutic effect in a second subject.
{8038] Awmyloid Beta (Af)

[0033] Af (also referved to herein as beta amylnid peptide or Abeta) peptide is about a 4-
kDa internal fragment of 38-43 amuno acids of APP (AB39, AP40, AB41, AB42, and AB43).
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AB40, for example, consists of residues 672-711 of APP and APM42 consists of residues 673-713
of APP. As a result of proteolytic processing of APP by different secretase enzymes in vive or in
sitze, A s found 1n both & "short form”, 40 amino acids i length, and a "long form™, rangme
from 42-43 aming acids i length. Epitopes or antigenic deternunants, as described herein, are
focated within the N-terminus of the AP peptide and melude residues within anuno acids 110 of
AP, for example from residuss 1-3, 14, 1-5, 1-6, 1-7, or 3-7 of AP42. Additional examples of
eptopes or antigenic deternnnants inclade residues 244, 2.8, 2<6, 27, or 2-8 of AR, residues 3-3
3-8, 3-7, 3-8, or 3-9 of AD, or residues 4-7, 4-8, 4-9, or 4-10 of AP42. Epitopes or antigenic
determinants, as described hereln, are alse located in a central region of the AR peptide and
molude residues within amine acid residuss 12-25, within residues 12-24, within residues 12-23,
within restdues 12-22, within residues 1325, within residues 13-24, within residuses 13-23,
within residues 13-22 within resicdues 14-25, within residues 14-24, within residues 14-23,

5

within residaes 14-22, within residues 15-25, within residues 15-24, within residusgs 1523, or

within residues 13-22 of AR, For example, from residues 12-17, 12-18, 12-19, 1220, 12-21, 13-
17, 13-18, 13-19, 13-20, 13-21, 13-22, 14-17, 14-18, 14-19, 1420, 14-21, 14-22, 14-23, 1517
15-18, 15-19, 15-20, 15-21, 15-22, 15-23, or 15-24 of AP42. Addinonal examples of epitopes or
antigenic deternunants inchade residues 16-18, 16-19, 1620, 16-21, 16-22, 16-23, 16-24, 16-25,
17-19, 17-20, 17-21 17-22, 17-33, 17-24 or 17-25 of AB42. Other examples of epitopes or
antigenic deternunants inchude vesidues 18-20, 18-21, 18-22, 18-23, 1824, 18-25, 19-21, 19-22,
1923, 19-24, 19-25, 20-22, 20-23, 20-24, 20-25, 21-23, 2124 or 21-25 of AP42. AP is the
principal component of characteristic plaques of Alzheimer's disease. AD is generated by
processing of a larger protetn APP by two enzvimes, termied beta and garnma secretages.. Known
mtations in APP associaied with Alzhenner's disease ocowr proximate o the site of beta ov
gamima secretase, or within AR, Partof the hydrophobic ransmembrane domam of APP s found
at the carboxy end of AP, and may account for the ability of AR to aggregate wio plagues,
particularty in the case of the long form. Accurmlation of amyloid plaques im the brain
eventually leads to neuronal cell death. The physical symptoms associated with this type of
newral deterioration characterize Alzhetmer's disease.
{o046] Peptide Immunogens
{8041] An agent used for active immunization can mduce in & patient an immune

response and can serve as an immunotherapy. Agents ased for active immunization can be, for

10



WO 2022/060424 PCT/US2021/033180

gxample, the same types of immunogens used for generating monoclonal antibodies i laboratory
antmals, and may melude 3, 4, 5,6, 7, 8,9, 10, 11, or 12 ov more contiguous aming acids from a
region of AP peptide.

{0042}

peptide comprising 3-10aming acids from residues 1-10 of the Netermunal sequence of AR {(SEQ

In some embodiments of the disclosare, the tomuonogen can include an AR

1D NO01Y. I some embodiments of the disclosure, the immunogen can include an AP peptide
comprising 3-10 aming acids from residues 12-25 of AB (SEQ 1D NO:01). In some
embodiments, the peptide is unphosphorylated. In some embodiments, the peptide 1s
phosphervlated at serine (S), threonine (T), and/or tyrosine (Y) phosphorvlation sites. In each of
the embodunents of the peptide described herein, the peptide may comprise, consist, or consist

essentially of the recited sequences.

{0043] in some gmbodiments of the disclosure, the AR peptide immunogen can include
3-10 amino acids from residues 1-10 or residues 12-25 of
DAEFRHDSGYEVHHOKLVFFAEDVGENKGATGLMVGOVVIA {SEQ 1D NO:OT). For

example, the AP peptide includes the following:

DAEFRHDSGY (SEQ ID NO:02)
DAEFRHDSG  (SEQ ID NO:03)
DAEFRHDS  (SEQ ID NO:04
DAEFRHD {(SEQ ID NO:05)
DAEFRH (SEQ 1D NO:06)
DAEFR (SEQ ID NO:07)
DAEF (SEQ 1D NO:08)
DAE (SEQ ID NO:09)
AEFRHDSGY  (SEQ ID NO:10)
AEFRHDSG  (SEQIDNO:11)
AEFRHDS (SEQ 1D NO:12)
AEFRHD (SEQ 1D NO:13)
AEFRH (SEQ ID NO:14)
AEFR (SEQ ID NO:15)
AEF (SEQ ID NO:16)

11
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EFRHDSGY
EFRHDSG
EFRHDS
EFRHD
EFRH

EFR
FRHDSGY
FREDSG
FRHDS
FRHD

FRH
RHDSGY
RHDSG
RHDS

RHD

HDSGY
HDSG

HDS

DSGY

DSG

SGY
AEFRHDSGC
DAEFRHDC
QKLVEFAEC
VHHOKLVFFA
VHHOKLVEF
VHHOKLVF
VHHQKLV
VHHOKL
HHOQKLVEFAE
HHQKLVFFA

(SEQ ID NO:17)
(SEQ ID NO:18)
(SEQ ID NO:19)
(SEQ ID NO:20)
(SEQ 1D NO:21)
(SEQ ID NO:22)
(SEQ 1D NO:23)
(SEQ 1D NO:24)
(SEQ ID NO:25)
(SEQ ID NO:26)
(SEQ ID NO:27)
(SEQ ID NO:28}
{SEQ ID NO:29)
(SEQ ID NO:303
(SEQ ID NO:31)
(SEQ ID NO:32)
(SEQ ID NO:33)
(SEQ 1D NO:34)
(SEQ ID NO:3%)
(SEQ ID NO:36)
(SEQ ID NO:37)
(SEQ 1D NO:38)
{SEQ ID N(:39)
(SEQ 1D NO:40)
(SEQ ID NO:41)
(SEQ 1D NO:42)
(SEQ ID NO:43)
(SEQ ID NO:44)
(SEQ ID NO:45)
(SEQ 1D NO:46)
(SEQ ID NO:47)

PCT/US2021/033180
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HHOKLVEF
HHOKLVE
HHOKLY
HHOKL
HOKLVFFAED
HOKLVFFAE
HOKLVFFA
HOKLVFF
HOKLVF
HQKLV
HQKL
QKLVFFAEDV
GKLVEFAED
QKLVFFAE
OKLVEFA
QKLVFF
QKLVF
QKLV

QKL
KLVFFAEDVG
KLVFFAEDV
KLVFFAED
KLVFFAE
KLVFFA
KLVFF
KLVF

KLV
LVFFAEDVG
LVFFAEDV
LVFFAED
LVFFAE

(SEQ ID NO:48)
{SEQ ID NO:49)
(SEQ ID NO:50)
(SEQ 1D NO:3 1)
(SEQ 1D NO:52)
(SEQ 1D NO:53)
(SEQ 1D NO:54)
(SEQ ID NO:55)
(SEQ 1D NO:56)
(SEQ ID NO:57)
(SEQ ID NO:58)
(SEQ ID NO:59}
{SEQ 1D NO:60)
(SEQ ID NO:6 1}
(SEQ 1D NO:62)
(SEQ 1D NO:63)
{SEQ ID NO:64)
(SEQ 1D NO:65)
(SEQ 1D NO66)
(SEQ ID NO:67)
(SEQ ID NO:68)
(SEQ 1D NQ:69)
(SEQ ID NO:70)
(SEQ 1D NO:T1)
{(SEQ ID NO:72)
(SEQ 1D NO:73)
(SEQ 1D NO:74)
(SEQ ID NO:75)
(SEQ ID NO:76)
(SEQ ID NO:77)
(SEQ ID NO:78)

13
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{0044

LVFFA (SEQ 1D NO:79)
LVFF {SEQ ID NO:80)
LVF (SEQ 1D NO:&1)

VEFAEDVG
VFFAEDV

(SEQ ID NO:82}
(SEQ 1D NO:83)

VFFAED {SEQ 1D NO:&4)
VEFAR (SEQ 1D NO:85)
VFFA (SEQ ID NO:86)
VEFF (SEQ IDNO:87)
FFAEDVG (SEQ 1D NO:RS)
FFAEDV (SEQ IDNO:89)
FFAED (SEQ ID NO:90)
FFAE {SEQ D NG
FFA (SEQ ID NO:92)
FAEDVG (SEQ 1D NOD3)
FAEDY (SEQ ID NO:94)
FAED {SEQ 1D NO:95)
FAE (SEQ 1D NO:96)
DAEFRHDRR  (SEQ ID NO:101)

PCT/US2021/033180

in some embodiments, the AP peptide 1s DAEFRHD (SEQ ID NOOS),

further comprises a C-rermingl cysteine like, for example, AEFRHDSGC (SEQ 1D NO:38),
DAEFRHDC (SEQ ID NO:39) and QKLVFFAEC (SEQ 1D NOG40). In each of these

embodinents, the peptide may comptise, constst, or consist essentially of the recited sequences

j0045] In some embodiments, the AR peptide according to SEQ 1D NO-1 through SEQ
1D NO:96 fwrtherincludes an argintne-arginine dipeptide (RR) at the N-terminal, the Ctermunsl
or both terminir. For exanple, SEQ ID NO: 101 (DAEFRHDRR ) is comprised of DAEFRHD
(SEQ ID NQO:05) with an ~RR dipeptide at the Crterminus.

[046] It some embodinents, the inmumnogen as deseribed herein forther comprises a

imker {for example, to a carvier} at a C-tenminal portion or N-ternunal portion of the polypeptide.
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In some embodiments, the linker comprises an amine acid sequence including AA, AAA, KK,
KKK, S8, S8S, AGAG (SEQ ID NO:99), GG, GGG, GAGA {(SEQ 1D NO:9B), and KGKO
{SEQ ID NO100). Insome embodiments, the peptide further comprises a U-termunal oysteine,
and some embodiments that comprise a linker further comprise a C-terminal eysteing on the C-
terminal end of the hnker. ln some embodinents, the peptide further comprises a N-ternunal
cystetie, and some emboediments that comprise a linker further comprise a N-terminal cysteine

on the Neterminal end of the hinker. In some embodiments, the impumnoegen peptides forther

comprise a blocked amine at the N-termunus,

18047] in some emhodiments, the two or more A peptides are linked to form an AP
polypeptide. The one or more AP peptides can be linked by an intra-peptide linker{s), which
fimker 15 as described above and herein. For example, a polvpeptide linker located between the C-
terminal of the first peptide and the W terminal of the second peptide. 'With or without the intra-
peptide linker, the AD polypeptide may be arranged in oy order. For example, a specific Af
peptide (“AP 1) may be posttioned st the N-terminal portion of a dual AR polypeptide and the
same or a different Af peptide (for this example, a different AR, “AB 27) may be posttioned at
the C-ternmunal portion of the dual polypeptide. O, the AP peptides in this example could be
arranged in the opposite onentation (AD 2 N-terminal to AP 1), Reference to a fustpeptide ora
second peptide herein is not intended to suggest an order of the A peptides in embodiments that

comprise more than one A peptide of the inununogens.

{8048] In addition, the etther the N-termmnal or Ceternmnal portion of the A peptide or
AP polypeptide can include a hinker for conjugating the peptides or the polypeptide to a carrier,
whigh Hnker 1t a5 described above and herein. In some embodiments, the A} peptide or
polypeptide that comprise a hnker further comprise a C-lemyinal cysteine on the C-terminal or
N-terminal end of the hinker. In some embodiments, the irmunogen peptides further comprise a
blocked amine at the N-ternunus. In some embodiments, any of the A peptides or polypeptides

may wchade a Cotermmnal cvsteine without the linker

{8049] When the Al peptides are linked to form a AP polvpeptide, the tmker may be a
cleavable nker. As used herein, the term “cleavable hnker™ refers w any hnker between the
antigenic peptides that promotes or otherwise renders the AR polypeptide more susceptible to

separation from each other by cleavage (Tor example, by endopeptidases, proteases, low pH or
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any other means that may oceor within or aroand the aptigen-presenting cell) and, thereby,
provessing by the antigen-presenting cell, than equivalent peptides lacking sach a cleavable
hinker. In some embodiments, the cleavable linker is a protease-sensitive dipeptide or
oligopeptide cleavable linker. In certain embodiments, the cleavable linker s sensitive to
cleavage by a protease of the trypsin fanuly of proteases. In some embodiments, the clegvable
Hoker conywises an amino acid sequence inchuling argimine-arginine {Arg-Arg), arginine-
argmime-valine-argmimne (Arg-Val-Arg-Arng;, SEQ 1 NOOT), Gly-Ala-Gly-Ala {SEQ D
NQG:98), Ala-Gly-Ala-Gly {SEQ 1D NO:99), Lys-Gly-Lys-Gly (SEQ 1D NO:109), valine-
citruiline {Val=Cit), valing-argbune (Val-Arg), valine-tysine (Val-Lys), valine-alanine (Val-Ala),
and phenvialanine-lyvsine {Phe-Lys). In some embodiments, the cleavable linker is arginine-

arginme {(Arg-Arg).

{0054] in some smbodiments, the linker comprises between about 1-10 amino acids,
about 1-9 amine acids, about 1-8 amine acids, about 1-7 amine acids, about 1-6 anuno acids,
about 1-5 amino aciuds, about 1-4 amino acids, about 1-3 amino acids, about 2 amino acids of one
(1) amino acid. In some embodiments, the linker is one amino acid, two amino geids, three
amine acids, four amine acids, five amine acids, six amine acids, sevan anuno acids, eight amno

acids, nine amino acids, or ten amino acids.

[0051] In some embodiments, the amino acid composition of a linker can mimic the
composition of linkers found in natural muktidomain protains, where certain anino acids are
overrepresented, underrepresented or equi-represented in nataral lukers as compared to thewr
abundance in whole protein. For example, threonine (Thr), serine (Ser), prohine (Pro), glycine
{Glyy, aspartic acid (Asp), bysine {Lyvs), ghatamine (Gin), asparagine (Asn), arginine (Arg),
phenylalanie (Phe), ghutamic acid (Ghu) and alanine (Ala) are overrepresented in natural linkers.
T contrast, 1solevcine (He), tyrosine {Tyr), tryptophan (Trp), and cysteine {Cys) are
underrepresented. In general, overrepresented amnino acids were polar uncharged or charged
restcues, which constitute approximately S0% of naturally encoded mmine acids, and Pro, Thy,
and Gla were the most preferable mnino acids for natural finkers. See, e.p., Chen, X et al |
“Fusion Protein Linkers: Property, Design and Functionality™ Adyv Drug Deliv Rev,, 15: 65(10)

13571369 (2013).
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{8052] In some embodiments, the amino acid composition of a tinker can mimic the
composition of Hnkers convnonly found in recombinant proteins, which can generally by
classified as Sexble or nigad fimkers. Forexample, Sexible linkers found i recombinant proteins
are generally composed of small, non-polar (e.g. Gly} er polar (e.g. Ser or The) amino acids
whose small size provides flexibilty and allows for mobility of the connecting functional
domains. The meorporation of, e.g., Ser or Thr can maintain the stability of the linker m agueous
solutions by formung hydrogen bonds with the water molecules, and therefore can reduce
mieractions between the linker and the smnumogens. In some embodiments, a linker comprises
sirgtches of Gly and Ser residues ("GS™ linker). An example of a widely used flexible linker is
{Gly-Gly-Serin, {Gly-Gly-Glv-Senn or (Gly-Gly-Gly-Gly-Seth, where n=1-3. Adjusting the
copy number “n” can optimize a linker to achieve sufficient separation of the funciional
immunegen domains {0, 8.2, maxinize an immunogenic response. Many other flexible linkers
have been designed for recombinant fusion proteins that can be used herein. In some
embodiments, Hokers can be rich i small or polar amine acids such as Gly and Ser but alse
contain additional amino acids such as Thr and Ala to maintain Rexibility, as well as polar amino
acids such as Lys and Glu to maprove solubility. See e.g., Chen, X et al.| Adv Drug Deliv Rev,

15 65(10): 13571369 (2013},

{8053] In some embodiments of the disclosure, the AR polypeptide comprises, consisis
essentially of or consists of an amino actd sequence selected from DAEFRHD (SEQ 1D NO:DS),
DAEFRHDRR (SEQ ID NO:101), EFRHDSG (SEQ ID NO:18), AEFRHDS (SEQ 1D NO:12),
of QKLVFFAE {SEQ 1D NO:61) wherein XX is optionally appended to the C-terminal end of
SEQ ID NQOS:05, 101, 12, or 18, and a ¢ysteine is optionally appended 1o the C-terminal end of
SEQ IDNOX:05, 101,12, or 18, or if XX 18 present, to the C-ternunal end of the XX, XX can
be the same or &ifferent amine acids and i some embodiments are AA, AAA, KK, KKK, 88,
S8S, . GG and GGG, Inaddition, XX may represent AGAG (SEQ 1D NO:99), GAGA {(SEQ ID
NOG&), and KGKG (5EQ 1D KO:100).
[8054] Int some embodiments, the dual AR polypeptide i¢ as follows, from Neternuual to
Crterminal

{first peptide}-{linker 1]-{second peptide]-[linker 2]-[Cys], or

[Cysl-{linker 1-{first peptide}-{linker 2]-[second peptide],
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wherein, the first peptide 158 AP peptide and the second peptide 15 the same or differant AR
peptide, and each of linker 1, linker 2 and [Cys] is optional. In some embodiments, both the first
peptide and the second peptide ave from residues 1-10 of SEQ ID NOXOL, and may be the same
ot different. s seme emboduments, both of the first peptide or the second peptide ars from
residues 12-25 of SEQ 1D NO:GE, and may be the same or different. In some embodunents,
either the first or the second peptide 15 from residues 1-10 of SEQ ID'NO:01 and the other
peptide 15 from residaes 1225 of SEQ ID NO:©01. In some embodiments, tinker 1 and hoker 2

may be the same or different.

{0055] In some embodiments, at least one of the first peptide or the second peptide is
selected fram SEQ D NOO2 through SEQ D NO:39, and in some embodiments, both the first
peptide and the second peptide are selected from SEQ 1D NO:02 through SEQ ID NGO In
some embodiments, at least one of the first peptide or'the second pepiide is selected from SEQ
1D NO:A40 through SEQ D NO:96, and mn some embodiments, both the fivst peptide and the
second peptide are selected from SEQ 1D NO40 through SEQ ID NO96. In some
embodiments, either the first or the second peptide is selected from SEQ 1D NO:02 through SEQ
1D NQ:39 and SEQ D2 NO: 101, and the other peptide is selected from SEQ 1D NO40 through
SEQ ID NOS6 and SEQ ID NO:10T, In some embodiments, either the first pepuide or the second
peptide includes a peptide according to SEQ 1D NO:02 through SEQ 1D NO:96 further
comprismg an RR- or -RR at the N-termunal or C-terminal end, respectively. In some
embodiments, both the first and the second peptide incluodes a peptide according to SEQ ID
NO:02 through SEQ 1D NO:96 further comprising an RR- or -RR dipeptide at the N-terminal or

Coterminal end, respectively. 1n some embodiments, the -RR dipeptide is on the Cenminos,

[oa36] {1t some embodiments, each of the first peptide and the second peptide include
residues 1-10 0f SEQ 1D NO:0L, or residaes 12-25 of SEQ ID NO:OL, or one of SEQ 1D NO:O2
through SEQ 1D NO:96, or SEQ 1D NO: 101, or a peptide according to SEQ 1D NO:02 through
SEQ 1D NO:96 further comprising an RR- or -RR at the N-erminal or C-ternunal end,

respectively.

{8057] Now-linuting examples of the AP pepuides inclade SEQ 1D NO:02 w0 SEQ ID
NO96, and like sequences further iacloding 8 Coterminal eysteine or C-termunal ~RR dipeptide,

for example SEQ ID NO:101.

18
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{0058] Peptide-Carrier Inumunogens
[0039] AR peptides {and polypeptides thereof) are immunogens 1 accordance with the

disclosure. In some embodiments, the peptides deseribed herein can be hinked to a suntable
carrier fo help eheit an immune response. Accordingly, one or more the peptides and
polypeptides of the disclosure can be bnked to a carrier. For example, the AP peptide moay be
tinked to the carrier with oy without a linker as described shove and herein and, optionally, a C-
terminal cysteine at Ceterminat end of the binker and, 1f a linker i3 absent, at the C-termmal end
of the peptide. For example, each AP peptide or polypeptide may be linked to the carrier with or
without spacer amino acids (e.g., Gly-Gly, Gly-Gly-Gly, Ala-Ala, Ala-Ala-Ala, Lys-Lys, Lys-
Lys-Lys, Ser-Ser, Ser-Ser-Ser, Gly-Ala-Gly-Ala (SEQ TD NG:98), Ala-Gly-Ala-Gly (SEQ 1D
NO99), or Lys-Gly-Lys-Gly (SEQ 1D NO: 100 and optionally, a C-ternynal cysteine or Ne

termunal cysieine to provide a hoker between the pepiideds) and the carrier.

{0066] Suitable carrigrs inchude, but are pot limited to serum albumng, keyhole limpet
hemooyvanin, mununoglobulin molecules, thyroglobulin, ovalbumin, telanus toxoid, or a toxoid
from other pathogenic bactena, such as diphtheria {e.g,, CRMI97y, . coli, cholera, or H. pylori,
or an attenuated toxin derivative. T cell epitopes are also suitable carrier molecules. Some
conjugates can be formed by hinking pepride inmunogens of the tnvention to an
mnmunestimulatory polvimer molecule {o.g., inpalmatoyl-S-glycere cysteine {(Pam3Cys),
mannan {a mannoss polymer), or ghucan {a  1-2 polymer)), ovtokines (e.g., HL-1, IL-1 alpha and
P pepudes, IL-2, v-INF, IL-10, GM-CSF), and chemokines (e.g., MIPl-¢ and §, and RANTES).
Additional carriers include virus-hike particles. Tnosome compositions, immunogenic peptides
can also be linked to carriers by chemical crosshinking. Techniques for Buking an inununogen to
a-carrier include the formation of disulfide hinkages using Nesocciminudyl-3-{2-pyridyl-thu-
oypropionate {SPDP), and succimmidy] 4-(N-maletmidomethyleyclobexane-1-carboxylate
{SMCC) (3t the peptide lacks a sulfhydry! group, this can be provided by addition of a cysteine
restchue). These reagems create a disuifide Hnkage between themiselves and peptide cysteine
resides on one protein and an amide hinkage through the epsilop-amino on a lysing, or other free
aming group n other anuno sads. In some embodiments, chemucal crosslinking can comprise
use of SBAP {succinimidy! 3-{bromoacetamideipropionate), which is a short (6.2 angstrom)
cross-tinker for amine-to-sulthydry! conjagation via N-hydroxysuccinmide (NHS) ester and

bromoacety! reactive groups. A variety of sach disulfidefamide-forming agents are described by
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Jansen ¢f ¢f., “Immmanotoxins: Hyvbrid Molecudes Combining High Specificity and Potent
Cytotoxiety” lemmumological Reviews 62:185-216 (Febroary 1982). Other bifunctional coupling
agents form a thioether rather than a disulfide inkage. Many of these thio-ether-forming agents
ave commercially available and include reactive esters of 6-maleimidocaproic scid, 2-
bromoacetic acid, and 2-odoacetic acid, $-(N-maletmido-methylley- clohexane-I-catboxylic
actd. The carboxyl groups can be activated by combining them with succimmnude o T-hydroxyl-
L-nitro~d-suifomic acid, sodiam salt. Virus-hke particles {VLPs), also called pseadovirions or
virus-desived particles, represent subunit structures composed of multiple coptes of a viral capsid
andior envelope protein capable of self-assembly into VLPs of defined sphertcal symumeiry in
vive, {(Powilleit, ¢f of , (3007) PLoS ONE 2{5)e415) Alternstively, peptide immunogens can be
linked to at least one artificial T-cell epitope capable of binding a large proportion of MHC Class
1 molecules, such as the pan DR epitope ("PADRE™). Pan DR-binding peptides {PADRE) are

described in US 5,736,142, WO 95/07707, and Alexander, ef of, Immanity, 1:7531-761 (1994).

{60611 Active immuynogens can be presented in multimerie form in which multiple copies
of an immunogen are presented on a carrier as g single covalent molecule. Insome
embodiments, the carrier includes various forms of the AD peptide. For mstance, the AR peptide
of the immunogen can nwlude peptides that have different AP antigens in different arders, or

may be present with or without an tntrapeptide hnker andfor a linker to a carrier.

[6062] In some compasitions, the immunogenic peptides can also be exprassed as fosion
protetns with carviers. In certain composutions, the immuanogenic peptides can be hnked at the
aming terminus, the carboxyl terminus, or fnternally to the carrter. In some compositions, the

carrier is CRM197. In some composiions, the carrier is diphtheria toxoid.

j0063] Nueleie Acids
{0064] The disclosure further provides nucleic acids encoding any of the amyloid-beta

{AB) peptides as disclosed heretn. The nuclec acid smmunotherapy compositions as disclosed
herein, comprise, consist essentially of, or consist of a nucleic acid sequence encoding one or
more amyloid-beta {AB) peptides as disclosed herein. For example, the Af peptide includes a
sequence that 13 3-10 anmno acid ressdues in ength and from the fiest teo N-termmal residues of
SEQ ID NGOG0 or from residues 12-25 of SEQ 1D NO:01. Accordingly, and as g non-limiting

example, one or more nuclete acids encoding any of SEQ 1D NOS:2-95 and 101 provide an
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immunogen and a component of a pharmaceutical composition of the discloswre. Likewise, one
or more nucleic actds may encode any of SEQ 1D NOS:2-96 with an RR- N-ternunal or -RR C-
terminal dipeptide. In certain embodiments, the peptide seqguences may be encoded by the same
or separate nucleic acid sequences that may also encode 3 linker to the cartier and an N- or -
tetninal cysteme as deserbed beretn. In addition, when a single nuclewe aoid sequence encodes
more than one AP peptrle, the sequence may also encode a linker or cleavable linker as

described herenn.

{6065] A aucleie acid such as DNA thatencodes an immunogen and is used as a vaccine
can be referved to as a "DNA immunogen” or "DNA vaeccine" as the encoded polypeptides are
expressed in wive after administration of the DNA. DNA vaccings are intended to induce
antibodies against the proteins of interest they encode in a subject by integrating DNA encodmng
the protemns of mterest into a vector {a plasmid or virus); advnnistering the vector to the subject;
and expressing the protemns of interest in the subject in which the vector has been administered to
stimulate the inumane system of the subject. A DNA vaccing remains in the body of the subject
for a long time after the adnunistration, and continues to slowly produce the encoded proteins.
Thus, excessive mnnune responses can be avoided. DNA vaccines can also be modified using a
genetic engineering techniques, Optionally, such nucleic acids funrther encode a 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 to ensure expression of the coding
sequences, such as a promoter, enhancer, ribosome binding site, transeription termination signal,
and the like. The nucleic acids encoding AP can occur in isolated form or can be cloned into one
or more vectors. The nucleic acids can be svnthesized by, for example, solid state synthesis or
PCR of overlapping oligonucleondes. Nucleie acids encoding AP peptide or AP polvpeptides
with and withont Hinkers andfor cleavable hokers and with or withowt protein-based carriers can

be jomed as one contiguous nucleie acid, e.g., within an expression vector,

|8066] DNA 18 more stable than RNA, bot tnvolves some potential safety vigks such as
mduction of ant-DINA anttbodies, thus 1o some embodiments, the noclete acid can be RNA.L
RNA nacleic scid that encodes an smmunogen and 1s used as a vacome can be referred to as a
YRNA immuanogen” or "RNA vaccine” or "mRNA vaccine” as the encoded polypeptides are
expressed 7z wive after administration of the RNA. Ribonucleic actd (RNA) vaceines can safely

direct a subject’s cethilar machinery to prodace one or more polypeptide(s) of interest. In some
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embodiments, a RNA vaceine can be a non-replicating mRNA {messenger-RNAJ or a virally
derived, self~amplifying RNA. mRNA-based vaccmes encode the antigens of interest and
contain 5 and 37 antranslated regions {UTRS), whereas self~amplitving RNAs encode not only
the antigens, but also the vival replication machinery that enables intracellular RNA
amplification and abundant protem expression. o viso transenbed mRNA can be produced
from a linear DNA template using a T7, a T3 or an Sp6 phage RNA polyvmerase. The resulung
product can contam an open readmg frame that encodes the peptides ofinterest as disclosed
herein, flanking 3~ and 3-UTR sequences, 2 3 cap and a polv{A) tail. In some embodiments, a
RNA vacoine can comprise trans-amplifving RNA {for example. see Beissert ef al., Molecidar
Therapy January 2020 28(13119-128). In certain embodiments, RNA vaccines encode an A
peptide and a tau peptide as disclosed herein, and are capable of expressing the AP and a tau
peptides, in particular if transferred into & call such as an iinmature antigen presenting vell. RNA
may also contan sequances which encode other polvpeptide sequences such as immune
stimulating elements. iy some embodiments, the RNA of a RNA vaceine can be medified RNA,
The term "modified" in the context of the RNA can mclude sny modification of RNA which i
not naturally present in RNAL For example, modified RNA can refer to RNA with a S-cap;
however, RNA may comprise further modifications. A -cap can be modified to possess the
ability to stabatize RNA when attached thereto, In certain etmbodiments, 8 further modification
may be an extension or truncation of the naturally occurving poly(A) tail or an alteration of the
5% or Y-antransiated regions (UTR}. In some embodiments, the RNA e gor mRNA vaceine 15
formulated in an effective amount to produce an antigen spectfic nmmune response inva subject.
For example, the RNA vaceme formulation is administered to a subject in order o stimulate the
humoral andfor cellular inmune system of the subject agatnst the AP and tau antigens, and thus
may further comprise one or more adjuvant{s}, difaents, carrters, and/or excipients, and is
apphied to the subject in any suttable route i order to ehelt a protective anddor thetapeutic

mamune reaction against the AP and tau antigens.

{0067] Bagic texts disclosing general methods of molecular biotogy, all of which are
corporated by reference, nclude: Sambrook, 1 ef o/, Molecular Cloning: A Laboratory
Manual, 2™ Edition, Cold Spring Harbor Press, Cold Spring Harbor, N.Y ., 1989; Ausabel, F M
er af. Current Protocols m Molecular Biology, Vol 2, Wiley-Tuterscience, New York, {oorrent

edition); Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); Glover, I M,
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ed, DNA Clomng: A Practical Approach, vol. L& 11, IRL Press, 1985 Albers, B. et/
Molecular Biolopy of the Cell, 2% Bd., Garland Publishing, Inc., New York, N.Y. {(1989};
Watson, J I er af., Recombinant DNA, 2 Ed., Scientific American Books, New York, 1992;
and Old, R W er ol Principles of Gene Mampulation: An Introduction to Genetic Enginegring,

g University of California Press, Berkeley, Califl (1981}

{6068] Technigues for the mampulation of nucleic acids, such as, .y, generating
nutations wm sequences, sub-clomng, labeling probes, sequencing, hybridization and the hike are
well deseribed n the svientific and patent lderature. Seég, e.g., Sambrook, ed., MOLECULAR
CLONING: A LABORATORY MANUAL (2ND ED), Vols. 1-3, Cold Spring Harbor
Laboratory, {1989} CURRENT PROTOCOLS IN MOLECULAR BIOLOGY ., Ausubel, ad.
John Wilev & Sons, Inc., New York {1997} LABORATORY TECHNIQUES IN
BIOCHEMISTRY AND MOLECULAR BIOLOGY: HYBRIDIZATION WITH NUCLEIC
ACID PROBES, Part 1. Tijssen, ed. Elsevier, NUY. {1993).

{8069 Nucleic acids, vectors, capsids, polypeptides, and the hike can be analvzed and
guantified by anv of a number of general means well known to those of skall in the art. These
include, e.g., analytical blochemical methods such as NMR, spectrophotometry, radingraphy,
electrophoresis, capillary electrophoresis, high performance iquid chromatography (HPLQ), thin
laver chromatography {TLC), and hyperdiffusion chromatography, various immunological
nethods, e g fluid or gel precipitin resctions, inwnunodiffusion, wmuno-alectrophoresis,
racholmmunoassays {(RIAs), enzyme-linked immuonosorbent assavs {ELISAs),
wumunofluorescence assavs, Southern analysis, Northern analysis, dot-blot analysis, gel
electrophoresis {e.g., SDS-PAGE), RT-PCR, quantitative PCR, other nucleic acid or target ov

signal anplification methods, radiolabeling, scitillation counting, and atfinnty clwomatography.

{9070 Pharmaceutical Compositions
[ea71] Each of the peptides and nmunogens described herein can be presented in a

pharmacentical composition that s administered with pharmaceuticslly acceptable adjuvants and
pharmaceutically acceptable excipients. The adjuvamt increases the titer of induced antibodies
andfor the binding affinity of induced antibodies refative to the sttuation if the peptide were used
alone. A vartety of adiuvants ¢an be used i combination with an immunogen of the disclosare

to elicit an immune response. Some adjuvants augment the intrinsic response 10 an innumogen
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without causing conformational changes in the inmenogen that affect the qualitative form of the
response. An adjuvant may be a natural compound, a modified versionof or denvative of a
nataral compound, or @ synthetic compound.

{0872} Some adjuvants include alummnam salts, such as alwnom hydroxide and
aluminum phosphate, 3 De-Q-acylated monophosphoryl liptd A (MPL™) {see GB 2220211
{RIBI ImmunoChem Research inc., Hamilton, Montana, now part of Corixa). As used heretn,
MPL refers to natural and synthetic versions of MPL. Examples of synthelic versions inchude

PHAD® 3D-PHAD® and 3D{6APHADY (Avanti Polar Lipids {Croda), Alabaster, Alabama).

{0073 0Q5-21 15 a writerpene glycoside or saponn ixolated from the bark of the Quillaje
Saponana Molina tree found in South America {see Kensil er of. 10 Vaccine Design: The
Sabanyt and Adpsvant Approach {eds. Powell & Newman, Plenum Press, NY |, 19951 Q521
products include Stimulon®™ (Antigenics, Ine., New York, NY; now Agenus, Inc. Lexington,
MAY and Q5-21 Vaccine Adjuvant {Desert King, San Diego, TA) Q5-21 has been disclosed,
charactenized, and evaluated 1n US 5,087 540, and US &,034 348 the disclosures of which are
herein incorporated by reference. Additionally, Q3-21 has been evaluated in numerous clinical
trials in various dosages. See, NCT0096053 1 (chintcalivials. goviat2ishow/study/NCTO96033 1),
Halt e o, Curr Alzhetmer Res. 2017 Jul; 14{7): 696708 {evaluated 50 meg of QS-21 m with
various doses of vacoine ACC-001); Gilman §, er ¢, “Clinical effects of Absta immunization
fANI792) 1o patients with AD in an interrupted wial” Neurology. 2005 May 10; 64(9):1553-62;
Wald A, er af,, Safety and immumogenicity of tong HSV-2 pepiides complexed with thHse70 i
HEV-2 seropositive persons Vaceine 2011 32947 38520-8529; and Cwmungham ¢f /., Efficacy
of the Herpes Zoster Subunit Vactine in Adulis 70 Years of Age or Older, NEIM, 2016 Sep
13375011 1:1019-32.. QS-21 is used in FDA approved vaccines inchuding SHINGRIX.
SHINGRIX containg 50 meg of Q8-21 I certain embodiments, the ammount of Q8-21 s from

abowt 10 pg to about 500 pg

{8074] TQL 1033 15 an analogue of Q8-21 {Adjuvance Technologies, Lincoln, NE). The
semi-synthetic TQL 033 has been characterized in comparison to'(35-21 as having hgh purity,
nereased stability, decreased local tolerabnility, decreased systenuoe tolevability. TQL O3 has
been disclosed, characterized, and evaluated in US20180327436A 1, WOZ018191598A1,

WO20182006356A1, and WO2019079160A1, the disclosures of which are heremn mcorporated by
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reference. LIS20180327436A1 teaches that 2.3 fold more TQ1033 way soperior to 20 gg Q8-21
but there was not an improvement over 50 ug TQLOSS, However, unlike QS-21 there was no
crease meither weight loss or hemolvsis of RBC as the TQL 1055 dose increased,
WO2018200636A1 teaches that with an optimal amonnt of TQ1033, one can lower the amount
of antigen and achieve superior tiers. In certain embodiments, the amouont of TQLI03S 1s from

about 10 pg to about 300 pg.

{6875] Other adjuvants are o m water emulsions (such as squalene or peanut o1},
optionally in combination with immune stimulants, such as monophosphoryl Hpid A {see Stoute
et af , No Engl. 1 Med. 336, 86-91 {1997}, pluronic polymers, and killed mycobacteria. Ribi
adjuvanis are oil-in-water emulsions. Ribi contains & metabolizable oil {squalene} emulsified
with saline contaming Tween 80, Ribi also contains refined mycobactenal prodacts which act ax
immunestimulants and bacterial monophosphoryd Hipid AL Other adjuvants can be CpG
oliognucieotides {see WO 98/40100), evtokings {e.g., IL-1, IL-1 alpha and B peptides, 11-2, -
INF, IL-10, GM-CSF), chemokines {e.g., MiPi-u and §, and RANTES), saponins, RNA, andfor
TLR agonists {for example, TLR4 agomsts such as MPL and synthetic MPL molscules),
aminocalky! glucosaminide phosphate and other TLR agonists. Adjuvants can be adimmistered as
a component of a therapeutic composition with an active agent or can be administered separataly,

before, concurrently with, or after administration of the therapeutic agent.

[6076] In various embodiments of the disclosure, the adjuvant s Q8-21 (Stimulon™). In
some compositions, the adjuvant 1s MPL. In certain embodinsents, the amount of MPL 1« from
about 10 ug to about 500 pg. In some compositions, the adjuvant is TQLIOSS, In cenain
embaodiments, the amount of TOQL 1055 15 from gbout 10 pg to about 500 pg. In some
compositions, the adinvant is QS21. In certain embodiments, the amount of Q821 is from about
16 pg to aboot J00 pg.. In some compositions, the adjuvant is g combination of MPL and Q5-21.
In some compositions, the adjuvant is a combination of MPL and TQLI055. In some

compuositions, the adprvant can be i a posomal formmdation,

{8077) In addition, some embodirments of the disclosure can comprise g multiple antigen
presenting svsters (MAP). Muoltiple antigen-presenting peptide vaccine systéms have beéen
developed to avoid the advetse effects agsoctated with conventional vaccines {Le., Hve-

asenuated, kifled or iactivated pathogens), carrier protemns and cytotoxic adjuvants. Two mam
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approaches bave been used to develop multiple antigen presenting peptide vaccine systems: {1)
the addition of functional componeuts, e.g., T-cell epitopes, cell-penetrating peptides, and
Lipophilic moteties; and (27 svathetic approaches using size-dehned nanomaterials, e.g., self-
assembling peptides, non-peptidic dendrimers, and gold nanoparticles, as antigen-displaying
platforms. Use of a multiple antigenic peptide {MAP) svstem can mprove the sometimes poor
munogencily of subumul peplide vaccmes. Ina MAP system, multiple copres of antigenig
peptides are simultaneousty bound to the a~ and e~amme groups of a non-imnmnogenic Lys-
hased dendritic scattold, helping to confer stability from degradation, thus enhancing molecular
recognifion by unmume cells, and indaction of stronger thmune responses compared with small
antigenic peptides alone, In some compositions, the MAP comprises ong or more of a Lys-based
dendritic scaffold, halper T-call epitopes, immung stimulating lipophilic moieties, cell
penstrating peptides, radical induced polymerization, self-assembling nanoparticles gs antigen-

presenting platforms and pold nanoparticles.

{0078] Pharmaceutical compesitions for parenteral administration are preferablv sterile
and substantially isotonic and manufactured under GMP conditions. Pharmaceutical
compuositions can be provided in unit dosage form (4.¢., the dosage for a single administration).
Pharmaceutical compositions can be formulated using one or more physiologically acceptable
carriers, diluents exciptonts or awxiliaries. The formulation depends on the route of
admunistration chosen. For injection, the peptides of the disclosure can be formulated in agueous
solutions, preferably i physiologically compatible buffers sach as Hank's solution, Ringer’s
solution, or physiological saline or acetate buffer (to reduce discomfort at the site of injection),
The solution can contain fornmlatory agents such as suspending, stabilizing sndfor dispersing
agents. Alternatively, peptide compositions can be m Ivophilized form for constitution with a

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

{0079 Peptides {and optionally a carrier fused to the peptide(s}} can also be administered
m the form of & noclete acid encoding the peptide(s) and expressed in sinen a subject. A nucleie
acid segment encoding an immumogen is typroally tinked o regulatory elements, suchas a
promoter and enhancer that allow expression of the DNA segment in the intended target cells of
a subject. For expression In blood cells, as s desirable for induction of an immune response,

promoter and enhancer elements from, for example, light or heavy chain invmunoglobulin genes
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or the UMY major mtermediate early promoter and enhancer are suitable to direct expression.

The hinked regulstory elements and coding sequences are often closed wto a vector,

{6086] DNA and RNA can be delivered m naked form (ie., without collordal or
encapsulating materials). Alternatively, a pumber of viral vector systems can be used meluding
retrovival systems (see, e.g., Boris-Lawrie and Teunun, Cur: Opi. Genet. Develop. 3, 102-109
{1993y adenoviral vectors (see, e.g, Better gl . Virel, 67{10), 591 1 (1993)); adenc-associated
virus vectors (see, eg., Fhouneral, J Exp. Med. 179, 1867 (1994)), vival vectors from the pox
famuly inchuding vacoimia virus and the avian pox viruses, viral vectors from the alpha virus
genus such a8 those derived front Smdbis and Sembikt Fovest Viruses {see, ez, Dubensky er af,,
J.Virpl, 70, 308-319 (19961}, Venezuelan equine encephalitis virns {see US 5,643,576} and
rhabdoviruses, such as vesicular stomatitis virus {see WO 96/3462 Dand papilomaviruses (Ohe
el af., Humar Gene Therapy 6, 325-333 (1993); Woo ef af, WO 94712629 and Xiae &

Brandsma, Nucleic Acids. Res. 34, 3620-2622 {19961,

{8081} DONA and RNA encoding an immunogen, of 8 vector contaimng the same, can be
packaged into liposomes, nanoparticles or ipoproteins complexes. Other suitable polvmers,
include, for example, protanite liposomes, polysacchande particles, cativnic nandemulsion,
cationic polymer, cationic polymer liposome, cationic hiptd nanoparticles, cationic lipid,
cholesterol nanoparticles, cationic lipid-cholesterol, PEG nanoparticle, or dendrimer
nanoparticles. Additional suitahle lipids and velated analogs are describad by US 5,208,036, US
5,264,618, US 5,279 833, and US 5 283,185, each of which & moorposated by reference 1 thew
entirety. Vectors and DNA encoding an tmmunogen can also be adsorbed to or associated with
particulate carriers, examples of which inchide polymethyl methacrylate polymers and
polviacudes and poly{lactide-co-plveolides), (see, eg, MoGee efal, ). Micro Encap. 1997,
1402y 197-210).

{0082] Pharmaceutically acceptable carrier compositions can also include additives,
maclhuding bat not houted to water, pharmaceutically acceptable organic solvents, collagen,
polvvinyl alechol, polyvinvipyrrolidone, carboxyvinyl polymers, carboxymethylcelinlose
soddiums, sodiurg polyscrylate, sodium alginate, water~-soluble dextran, carboxymethyt starch
sodium, pectin, methylcelinlose, ethyvicellubose, xanthan gam, gom arabie, casein, ngar,

polyethylene glycol, diglycerine, glycerine, propyiene glycol, petrolstum, paraffin, stearyl

3]
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alcohol, stearic acid, human serum atbamin, mannitol, sorbitol, lactose, and surfactants

acceptable as pharmaceutical additives.
{6083] Subjects Amenable to Treatment

[0084] The presence of AP plagues has been found in several diseases including
Alzhetmer’s disease, Down's syndrome, mild cognitive impatmment, cergbral amiylowd
angiopathy, postencephalitic parkinsonism, postiraumatic derentia or demenita pugilistica,
Pick’s disease, type C Niemann-Pick disease, saupranoclear palsy, frontotemporal dementia,
frontotemporal lobar degeneration, argyrophilic grain disease, amyotrophic lateral
sclerosis/parkinsonism dementia complex of Guam, corticobasal degeneration {CBD), dementia
with Lewy bodies, Lewy body variant of Alzhenner’s disease {LBVAD), chronic traumatic
encephalopathy (CTE}, Parkinson’s disease, progressive supranuclear palsy {PSP), dry age-

related macular degeneration {AMD), and inclusion-body myositis.

{0085] The compuositions and methods of the disclosure can be used m treatment or
proghyviaxis of any of these discases. Because of the widespread association betwesn
newrological diseases and AP, the compositions and methods of the disclosure can be used in
treatment or prophviagis of any subject showing elevated levels of AP (e.g., in the CSF)
compared with @ mean value in individuals without neurological disease. The compositions and
methods of the disclosure can also be used in treatment or prophylaxis of neuwrological disease m
mdividuals having a mutation int AP associated with neurological discase. The methods are

particularly suitable for treatment or prophylaxis of Alzhemner’s disease.

|0086] Subjects amenable to treatment include individuals at risk of disease but not
showing symptomns, as well as patients presently showing symptoms, including treatment naive
subjects that have not been previous tregted for disegse. Subjects at risk of disease melude those
in an aging population, asymptomatic sublects with AR pathologies and having a known genetic
risk of disease. Such individuals include those having relatives who have experienced this
disease, and those whose risk is determined by analysis of genetic or biochemical markers.
Genetic markers of risk include mtations in AP, as well as mutations in other genes associated
with newrological disease. Forexample, the ApoE4 allele 1 heterozygous and even more o in
homozygous form is associated with risk of Alzhetmer’s disease {AD). Other markers of risk of
Alzhetmer’s disease include mutations in the APP gene, particularly mutations at position 717

~
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and positions 674 and 671 referred to as the Hardy and Swedish mutations respectively,
mutations in the presemiin genes, PST and PS2, a family history of AD, hypercholesterolemia or
atherosclerosis. Individuals presently suttering from Alcheuner’s disease can be recognrzed by
PET unaging, from charactenstic dementia, as well as the presence of risk factors described
above. In addition, a number of diagnostic tests are available for identifying individuals who
have AD. These mclude measurement of CSF oy blood APR42 levels. Decreased AB42 fevels can
signify the presence of AD, aswell as mcreased AP0 and a reduced ABS2/AB40 ratio. Some
mutations associated with Parkinson’s disease, for example, Ala30Pro or AlaS3Thr, or mutations
i ofher genes associated with Parkinson's disease such as leucine-tich repeat kinase (LRRK2 or
PARKS) Subjects can also be diagnosed with any of the neurological disesses mentioned above
by the criteria of the DSM IV TR

{0087] In asymptomatic suljects, treatment can beuin at any age {e.g., 10, 20, 30, or
maore). Usually, however, # 15 nol necessary to begin treatment untd a subject reaches 20, 30, 40,
56, 60, 70, 30 or 90 vears of age. Treatment tvpically entails multiple dosages over a peried of
time. Treatwent can be monitored by assaying anttbody levels over time. If the response falls, a
booster dosage is indicated. In the case of potential Down's syadrome patisats, treatment can

begin antenatally by administering therapeutic agent to the mother or shortly after birth.
{0088] Methods of Treatments and Uses

{608Y] The disclosure provides methods of inhibiting or reducing aggregation of Al a
subject having or at risk of developimg Alzheimer’s disease. The methods include administering
to the subject the compositions as disclosed herein. A thevapeutically effective amount is 8
dosage that, when given for an effective period of thne, achieves the desired immunological or
chntcal effect. Dosage regimiens may be adjusted to provide the optimum therapeatic response,
For example, several divided doses may be adwinistered at set intervals (e.g.. weekly, monthly)
or the dose may be proportionally reduced as indicated by the exigencies of the therapeuntic
situation.

{0036] The compaositions described herein (phanmaceutical compositions) can be used in
methods for treating or effecting prophylags and/or prevention of Alzbeter's disease. In
certain embodiments, the compositions as disclosed herein provide composttions for reducing

Afl in a subject andfor in the pssue of the subject. In another embodimen, the compositions as
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disclosed herem provide compositions for reducing AR in the brain of & subject. In some
embodiments, the AP reduced by the compositions is the pathological form(s) of the AR (e.g
extracellular plague deposity of the B-amvloid peptide {AR); neurttic amviod plagues). In vet
other embodiment, pathologival indicators of neurodegensrative disease andfor -

amyloidopathies are decrgased by the mumumotherapy compositions.

{0091] in prophviactic applications, the compositions described hevein can be
admirustered to a subject sasceptible to, or otherwise at risk of a disease {e.g., Alzhetmer’s
disease) in a regimen {dose, frequency and route of adnunisiration} effective to reduce the nisk,
lessen the severity, or delay the onset of at least one sign or symptom of the disease. In
particular, the regimen is effective to inlubit or delay AP plague formation, andfor inhibit or
delay #s toxic effects andfor mhibitfor delay development of behavioral deficits. In therapeutic
applications, the compositions desgribed herein are administerad to a subject suspected of, ov a
patient already suffering from a disease {e.g, Alzheimer’s disease) in a regimen (dose, frequency
and route of administration) effective to amelorate or at least inhibit further detericration of gt
least one sign or syimptom of the disease. In particular, the regimen is preferably effective to
reduce or at teast mhibit further increase of levels of AP plagues associated toxicities andfor

behavioral deficits.

{00921 A regunen is vonsidered therapsutically or prophylactically effective if an
tndividual treated achieves an outcome more favorahle than the mean outcome in a control
population of comparable subjects not weated by methods of the inventton, or i g more favorable
outeome 1s demonstrated in treated subjects versus control subjects i g controlled clinical tral

{e.g., a phase 11, phase 1/ or phase 111 trial} at the p < 0.05 or 0.01 or even 0.001 level.

{a093] Effective doses of vary depending on many different factors, such as means of
administration, target site, physiclogical state of the patient, whether the patient is an ApoE
carrier, whether the patient is luman or an animal, other medications administered, and whether

treatment ts prophylactio or therapestic.

ja084] in some embodiments, the effective amount is a total dose of 25 pg to 1000 ug, or
SO pgto 1000 pg. 1o some embodiments, the effective amoant ig a total dose of 100 pg. In some
embodiments, the effective amount is a dose of 25 pp administered 1o the subject a total of two

times. In some embodiments, the effective amount 1s a dose of 100 pg administered to the
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subject a total of two times. In some embodiments, the effective amount is a dose of 40 g
acministered to the subject a total of two times. In some embodiments, the effective amount is a
dose of 300 ny administered to the subject a total of two times, In some embodiments, 8 RNA
{e.r, mRNA} vaceine is administered 1o a subject by inteadermal, intramwscular ingection, or by

mtranasal administration.

{8095] in some embodiments, the amount of an agent for active mmunotherapy varies
from 1 to 1,000 nucrograms (pg}, or from Q.1-3 gy, or from 10 1o 300 pg, or from 50 to 350
ug per patient and can be from 1-100 or 1-10 ug per injection for human administration. The
timing of injections can vary significantly from once a dav, to once a week, to once a month, to
once a year, o once a decade. A typical regimen consists of an mmunization followed by
booster injections at tume mtervals, such ax 6 week intervals or two months.  Another regimen
consists of an immunization followed by one or more booster injections 1,2, 3, 4, 3, 6, or 12
months later. Another regimen entails an injection every two months for hfe. Altermatively,
biooster injections can be on an regular basis as indicated by monitoring of immune response,
The frequency of administration may be once or more as long as the side effects are within a

chimically acceptable range.

[8096] In some embodiments, the compaositions or methods as disclosed herein comprise
admuustering to a subject a aucleie acid vaccine comprising one or move DNA or RNA
polynucleotides having an open reading frame encoding & first peptide and a second peptide
whergin a dosage of between 10 pgfky and 400 g &g of the nuclerc acid vaccing 18 administered
to the subject. Tn some embodiments the dosage of the RNA polynucleotide s 1-3 pg, 3-10 ug,
10-15 pg, 15-20 pg, 10-25 pg, 20-25 pg, 20-50 pe, 30-50 pe, 40-50 pg, 40-60 pg, 60-80 pg, 60-
100 pg, 50-100 pg, 80-120 ug, 40-120 pg, 40-150 pug, 50-150 pg, 50-200 pg, 80-200 pg, 100-200
pg, 120-250 pg, 150-250 pg, 180-280 pg, 200-300 pg, 50-300 pg, 80-300 ug, 100-300 pg, 40-
300 pg, 50-350 pg, 100-350 pg, 200-350 pg, 300-350 pg, 320-400 ug, 40-380 pg, 40-100 ug,
100-400 yg, 200-400 pg, or 300-400 yg per dose. In some embodiments, the nucleie actd is
adrunistered to the subject by wtradermal or intrarmuscular injection.  In some emboduments, the
nucleic acid is administered to the subject on day zere. In some embodiments, a second dose of

the nucleic acid 1s administered to the subject on day seven, or fourteen, or twenty one.
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{8097] The compositions described herein are praferably administered via a peripheral
route {7.¢, one i which the admimstered composition resalts in a robust imnune responge
andior the mduced antibody population crosses the blood bram bavrier 1o reach an intended site
i the brain, spinal cord, or eve. For peripheral diseases, the induced ansibodies leave the
vascuiature to reach the ntended peripheral organs. Routes of administration welude oral,
subcutaneous, intranasal, intradermal, or intramuscular. Some routes for active immunization
are subcutaneous and intramuscular. Intramuscular administration and subcutaneous
administration can be made ata single site or multiple sites.  Intramuscular njection is most
typically performed in the arm or leg muscles. In some methods, agents are imjected divectly into

a particular tissue where deposits have accumulated.

{6098] The namber of dosages admunistered can be adjusted to result in a more robust

wmmune response (for example, higher titers).

{0099] An effective amount of a DNA or RNA encoded immmuanogen can be between
about 1 nanogram and about 1 gram per kilogram of body weight of the recipient, or about
between about 0.1 pg/ke and about 10 mp'ke, or about between about | pp'ke and about 1
mgfke. Dosage forms suitable for internal adnunistration preferably contain {for the latter dose
range) from about 0.1 pgto 100 pg of active ingredient per unit. The active ingredient may vary
from .5 1o 83% by weight based on the total weiglt of the compuosition. Alternatively, an
effective dose of dendritic cells loaded with the antizen is between about 16% and 10° cells.
Those skalied 1n the art of immunotherapy will be able to adjust these doses without undue

experimentation.

{60106] The nucleic ack! compositions may be administered n a convenient manner, e.g.,
mjection by a'conventent and effective route. Rootes can inchude, but are not hmited to,
intradermal "gene gun® delivery or inframuscular injection. The modified dendritic cells are
adnunistered by suboutaneous, intravenous or intramuscular routes.  Other possible routes
moelude oral administration, intrathecal, inhalation, transdermal application, or rectal
administration.

{80101] Depending oo the route of adnunistration, the composition may be coated iIna

material to protect the compound from the action of enzymes, acids and other natural conditions

which may inactivate the compound. Thuas, it may be necessary 1o coat the composition with, or

ot
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co-adnunister the composition with, a material to prevent its inactivation. For example, an
enzyme inhibitors of nucleases or proteases (e g.. pancreatic trypsin inhibitor,

diisopropy ilaorophosphate and trasviol} or s an appropriate capner such as liposomes
{ncluding water-in-otl-in-water enmulsions as well as conventional liposomes (Strejan ef ol 1.

Neuroimmanol 7:27, 1984).

{80102] The immunotherapentic compositions disclosed herein may also be used
combination with other treatments for diseases associated with the accunralation of A, for
example, anti-AD antibodies such as antthodies that specifically bind 1o anyv of the AP epitopes
disclosed herein, aducamumab or any of the antibodies disclosed in, for example, U.S. Patent
Publication 2010/202968 and U.S. Patens No. 8,906,367, ABBV-8E 12, gosuranemab,
zagotenemab, RG-6100, BUBO76 or any of the antibodies disclosed i WOR014/165271,

USTO, 561 331, WO201 77191560, US2019/03303 14, WQ2017/191561, USZQ19/03303 16,
WO 7191559, and WO2018/204546, In some combingtion therapy methods, the patient
receives passive immuonotherapy prior to the active immunotherapy methods disclosed herein. In
other methods, the patient recetves passive and active inmumotherapy during the same perod of
treatment. Alternatively, patients may recetve active imununotherapy prior o passive
wunotherapy. Combinations may also inelude small molecule therapies and non~
tmmunogenic therapies such as RAZADYNE" (galantaming), EXELON® (rivastigmine}, and
ARICERT™ {donepezil) and other compositions that improve the function of nerve cells in the

brain.

{98103] The compositions of the disclosure may be vsed 1n the manufacture of

medicaments for the treatment regimens descrihed herein.
{00164] Treatment Regimens

[a0105] Desired ontcomes of the methods of treatment as disclosed herein vary according
oy the disease and patient profile and are detenninable fo those skilled m the art. Degired
outcomes include an wmprovement in the pattent’s health status. Generally, desived ontcomes
include measurable indices such as reduction or clearance of pathologic anvloid fbrils,
decreased or mnhibited amyloid aggregation andfor deposition of amyloid fibrils, and inereased
e response to pathologic and/or aggregated amylowd fibrils. Desired ontcomes also include

amelioration of anmyloid disease~-specific symptoms: As used heremn, relative terms such as
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“aaprove,” "morease,” or "reduce” indicate values relative to a control, such as 3 measurement in
the same individual prior to mtation of treatiwent described herein, or a measurement in g
control indrvidieal or group. A control individual is an indrvidual afflicted with the same amvioid
disease as the individual beiny treated, who is about the same age as the individual being treated
{to ensure that the stages of the disease 1n the treated individusl and the control mdividual are
comparable}, but whe has not recetved treatment using the disclosed fonmulations.

Alternatively, a control indtvideal 18 a healthy individual, wheo 15 about the same age as the
mdividual being treated. Changes or improvements in response to therapy are generally
statistivally significant and described by a p-value less than or equal to 0.1, less than 0.03, less

than 0.01, less than 0.005, or less than 0.001 may be regarded gs signafivant.

{80106] Effective doses of the compositions as disclosed herein, for the treatment of a
subject vary depending upon many different factors, including means of administration, target
site, physiclogical state of the patient, whather the patient is human or an animal, other
medications admunstered, if any, and whether treatment is prophylactic or therapiutic.
Treatment dosages can be titrated to optimize safety and efficacy. The amouat of immunogen
can also depend on whether adjuvant is also administered, with higher dosages being required in
the absence of adjuvant. The amount of an inwnunegen for administration sometimes varies
from 1-5300 pg per patient and more usually from 5-500 pg per tngection for human
adnmunistration. Qccasionally; a higher dose of 1-2 my per dosage is used. Typically, about 10,
20, 50 or 100 ug s used for cach human dosage. The tming of dosages can vary significantly
from once a day, 1o once a vear, to once a decade. On any given day that a dosage of
mnnmegen 15 given, the dosage is greater than 1 ugfpatient and usually greater than 10
pgfpatient if adjuvant is also administered, and greater than 10 pg/patient and usually greater
than 100 pefpatient in the absence of adjovant, A typical regimen consists of an inummization
followed by booster dosage(s) at 6-week intervals. Another regimen consists of an ymmization
followed by booster dosage(s) 1, 2, 3, 4, 3, 6, or 12 months later. Another regimen entails
dosage(s) every two wonths for life. Alternatively, booster dosage(s} can be on an irregalar

basis s indicated by monitoring of e tesponse.

{00107] When administered in combination with a second treatment for Alzhetmar’s

disease, such as, Razadyne® (galantamine}, Exelon® {rivastipmine), and Artcept® (donepeal),
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the second treatment can be admustered according the product label or as necessary in vigw of

the treatment with the compositions of the disclosare.
{00108 Kits

[60189] The disclosure further provides kits {e.g.. containers) compnising the compositions
disclosed heretn and related matenials, such as mstructions for use {e.¢., package msert). The
mstroctions for use may contain, for example, nstractions for admmistration of the compuositions
and optionally one or more additional agents. The containers of peptide andfor mueleic acid

compositions may be umt doses, bulk packages (e.g, mudit-dose packages), or sub-umt doses,

{00116 Package insert refers to instructions customarily included in commercial packages
of therapeutic products that contain information about the mdications, usage, dosage,
administration, contraindications anddfor warnings concering the use of such therapeutic
products, Kits can also incliude a second container comprising a pharmaceutically acceptable
buffer, sach as bacteriostatic water for mjection {BWTY), phosphate-baffered saling, Ringer's
solation and dextrose solution. It can also include other materials desirable from 8 commeraial

and oser standpoint, mchoding other bufiers, difaents, filters, needles, and syringes.

{80111 The following are provided for exemplification purposes only and are not
wtended to himil the scope of the mvention described in broad terms above. All referenges cited

m this disclosure are mcorporated hevein by reference.
[00112] Uses

{00113] Each of the peptides, polypeptides, mamunogens, and pharmaceutical
compositions described herein may be for use in treating one or more of the diseases as deseribed
herein,  In addition, each of the peptides, polypeptides, immunogens, and pharmaceutical
compositions described herein may be for use in methods for weating one or more of the diseases
as described herein. Each of the peptides, polypeptides, imimunogens, and pharmaceutical
compositions described heretn may be used in a method for manufacturing a medicament for

treating of use in treating one or more of the diseases as described herein.

jae114] ARUS, and international patent applications identified herein are incorporated by

refergnce in their entirety.

i
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Examples
[00115] Example 1: Animal Immunizations
{88116] Fenmale Swiss Webster nuce were mjected subcstansously at two sites with 100 gl

of test arbicle on day 6, 14, 42 and 70, Test article was prepaved by combining 23 pp of test
mmnunogen and 23 pr of Q821 adjovant 200 al phosphate buffered saline (PBS). Mice were
bled on day 21, 49 and 77 by nicking tails and collecting 50 i of blood, followed by processing
to senan. The peptides tested included AEFRHDSGUC (SEQ 1D NO:38) and DAEFRHDC (SEQ
ID NO:39) homonogens contained one AR pepuide, a C-terminal linker and a C-terminal

cysteine and were conpled through the Coternungl cysteine to CRM-197 with & malenide

hinkage.
{86117] Guinea pigs were injected mamuscudarly with 50 gg of a test wmunoger, 25 pg

Q821 in 200 @l of Addavax on day 0, 21, 49 and 77. Bleeds ware done 7 days post
wununization. The peptides tested mctuded BAEFRHDC (SEQ ID NO39) and QKLVYFFAEC
(SEQ ID NG40). Immunogens again containgd one AP peptide, a C-terminal linker. and a C-
terminal cysteine and were coupled through the C-termmal cysteineto CRM-197 with a

malemnde linkage.

{00118} Female Guinea Pigs were at least 5 weeks old at the start of the study having an
approximate body weight of 350-300g. Appropriate antmal bousing and research procedures for

apimal hushandry and care were conducted i an aceradited facility in accordance with the
guidelines of the U.S. Departmient of Agricnltare’s (USDA) and the Assessment and

Accreditation of Laboratory Animal Care (AAALAC) International.

[06119) The immunogen concenfration was 0.5 mgfml. Prior to-each administration of the
test immunogen, approximately a 3 em® grea on each hind Hiob was shaved and wiped with
gthano! for visualization of the jection site. Each anumal veceivad a test mmunogen dose of
200 microliters {0.25 micrograms/nucroliter) divided o two separate sites each of 100
nucroliter per injection (7.e., animals veceived 50 pg of mnnwmogen 1n 100 9l PBS + 25 pgof
QS5-21 in 100 W Addavax). A 25G-270 needle was inserted intvamuscularty into the hind Himb,
approximately 4.25 - 0.5 cm deep, and injected at 100 microliters per site. Injection sites were
rotated each administration between four separate sites per hind limb and sepgrated by at least 2

cm.
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{66120] Example 2: Measorement of Antibody Titers
[e0121] Whole blood samples were collected into clot activator tubes via jugalar vemn at

280-350 microliters per collection at weeks 1, 4, 8 and 12 for Guinea pigs and S0 microhiers per
collection at weeks 1, 3, 7 and 11 by nicking tails for mice. The maximurn volume of whole
blood was collected into clot activator tubes via cardiac poncture at termination on the final
collection week. All blood samples were allowed to clot at room temperature for greater thaun 30
minates, centrifuged ambient {approximately 20-25% “CY at 3,000 RPM for 10-15 mimates, and
serurh supermdtant was fransferred individually into clean cryvovials, Serum supernalant was

stored frozen at 80 “C (4 12 °Ch
{oa122] Trers on AP Gumea Pig

{80123 AB 1415 and AR 1-28 were both used at different parts of the study. Both of these
will not form aggregates. 2 pg'ml A-beta monomers were coated at coated on to the plate 100 @
per-well m PBS and mcabated overnight at room temperature.  Plates werg blocked for 1 hour
with 1% BSA in PBS. Plates were aspirated and o row A 200 gl of 0.1% BSA in PBS Tween
was added. In cotumn | negattve Guinga pig serum wias added at 1100 difation winie the rest of
the row contained 17100 test serums. Rows ware serially diluted by 50% per step down the plate
giving dilution range of 17100 to 112800, Wells were incubated for 2 hours at room temperature
then were washed., A 1/3000 dilution of anti-Guinea pig {gQ HRP m 0.1% BSAn PBS Twean
was prepaved and then 100 ul added w the washed well. Saraples were tncubated for ¥ how and
then washed. OPD substrate was prepared using Thermo-Fisher OPD ablets at 1 tablet per 10
mls. Thermofisher substrate butfer was added as 1710 and sach well had 100 ul added and was
incubated for 15 nunutes. 50 i of 2N HzSOy was added to stop the reaction and plates wete
read at 490 wn on a Molecular Devices Spectromax. Titer defined as the ditubion giving 50%

maximum OD and was extrapolated if it fell between dilutions.
jou124) Tiers on AP mouse

[00125] 2 pgiml recombinant AR was coated on to the plate 100 ul per well in PBS and
meubated overnight at room temperature. Plates were blocked for 1 hous with 1% BSA in PBS.
Plates were aspivated and 0 row A 200 yl of 0,19 BSA i PBS Tween was added. In colunm 1,
negattve monse serum was added at 1100 while the rest of the row contained 17100 test sera,

Rows were senally diloted by 50% per step down the plate giving dilution of 1/100 to 1712800

o
i}
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Wells were incabated 2 hours at room temperatore then were washed, A 173000 dilation of anti-
mouse JoG HRP 11 0.1% BSA in PRS Tween was prepared and then 100 gl added 1o the washed
well, The reaction mixture was incuabated for 1 hovr and was washed., QPD substrate was
prepared using ThenmoFisher OPD tablets at 1 tablet per 10 mis. ThermoFisher substrate buffer
was added at 1710 dilution and each well recetved 100 pl and was incebated for 15 munutes. 50
ul of 2N HaS80s was added to stop the reaction and plates were read at 490 nm on a Molecular
Devices Spectromax. Titer was defined as the dilution giving 50% maximom 0D measarement
and was extrapolated if i fell between dilutions.
HU R Antibody titers observed i Gumea pigs imnmnized as described above are shown
in Table 1. mmunizations were conducted with (3821 in Addavax. The titers reported are for the
bleed after the third ijection. These resulis ave represented in Figure 1

Table 1

Antibody titers in Guinea pigs {GP) imnaunized with AP epiiopes.

Ap Epitope in immunogen SEQID | GPY | GP2 GP3
Titer | Titer | Titer

QRLVFFARC Abeta 15-22 40 THOO | 20000 | 18000
DAERFHDC Abeta 1-7 39 200 200 200
{60127 Antibody titers observed in mice inunanized as described above are shown in

Table 2. Imnuouizations were conducted with 3521, The titers reported age for the bleed after the
third injection. These results are represented in Figure 2,

Table 2

Antibody titers in mice immusized with A epitopes.

Af Epitope in SEQ 1D Mouse 1 Mouse 2 Mouse 3 Mouse 4

immunogen Titer Titer Titer Titer

AEFRHDSGC Abeta 2-3 38 8000 15000 400

DAEFRHDC Abeta 1-7 39 S000 10000
{80128] Example 3: Staining of Alzheimer's brain tissue with sera from Guinea pigs

immuanized with a vaccine as disclosed herein.

[o0129) Autopsy blocks of fresh frozen human bramn tissoe (~ 0.5 g) are embedded in

optimal cotting temperatore compound (QCT compound) and cut wsmg a eryostat 1o generate 140
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pat sections. The sections are placed into a solution of glicose oxidase and beta D-glucose, i
the presence of sodnon azide, to block endogenous peroxidase. Once tissue sections are
prapared, the staning with the specified Ginnea pig sera from Guinea pigs immumzad with a
vaccine as disclosed hergin is carried out at two dilutions {1:300 and 11300}, using a rabbit anti-
guinea pig secondary antibody and a DAKO DAB Detection Kit as per the manufacturer’s
mstructions. The staming 15 processed using an avtomated Leica Bond Staiser. The resulis
mdicate yhether sera from Guinea pigs smmunized with a vaccine as disclosed herein comprise

antibodies specific to AP m human brain tissue of Alzheimer’s patients.

{00130] Although various specific embodiments of the present invention have been
described herein, # 18 to be understood that the mvention 15 not Linited 1o those pregise
embodiments and that various changes or modifications can be affected therein by one skilled m

the art without departing from the scope and spirit of the invention.
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In each of the embuodiments of the peptide deseribed herein, the peptide may

comprise, consist, or consist essentially of the recited sequences. Thas, incorporated in this

disclosige (see Table 13} ave the following sequences that can be part of the compositions

comprising, consisting of or consisting essentially of an amyloid-beta {AR) peptide as disclosed

hersin.

SEQ ID NGO - Af1-42
DAEFRHDSGYEVHHOKELVIFAEDVGSNKGAHGLMVGGVVIA

DAEFRHDSGY
DAEFRHDSG
DAEFRHDS
DAEFRHD
DAEFRH
DAEFR
DAEF

DAE
AEFRHDSGY
AEFRHDSG
AEFRHDS
AEFRHD
AEFRH
AEFR
EFRHDSGY
EFRHDSG
EFRHDS
EFRHD
EFRH
FRHDSGY
FRHDSG
FRHDS
FRHD

FRH
RHDSGY
RHDSG
RHDS

RHD
HDSGY
HDSG

HDS

(SEQ ID NO:02)
(SEQ ID NC:02)
(SEQ ID NO:04)
(SEQ ID NO:03)
(SEQ 1D NO:06)
(SEQ ID NO:0T)
(SEQ ID NO:08)
(SEQ ID NO:09)
(SEQ ID NO:10)
(SEQ ID NO:1D)
{SEQ ID NO12)
(SEQ ID NO:13)
{SEQ ID NO: 14}
{SEQ ID NO:15)
{SEQ ID NO:16;
{SEQ 1D NO:17}
(SEQ ID NO:18)
{SEQ ID NO:19)
(SEQ ID NO:20;
{SEQ 1D NO:21;
(SEQ ID NO:22
{(SEQ 1D NO:23;
{SEQ 1D NO: 24}
(SEQ ID NO:25)
{SEG 1D NO:26)
{SEQ 1D NO:27)
(SEQ TD NO:28)
(SEQ 1D NO:29)
{SEQ 1D NO:30)
{SE0 1D NO:31)
{SEQ 1D NO:32;
{SEQ 1D NO:33}
{SEQ 1D NO:34)

Table 3

3

DSGY

DSG

SGY
AEFRHDSGC
DAEFRHDC

OKLVFFAEC
VHHOKLVFFA
VHHOKLVFF
VHHOQELVF
VHHOKLV
VHHOKL
HHOKLVEFAE
HHOKLVFFA
HHOKLVFFE
HHOKLVE
HHOKLV
HHOKL
HOKLVFRAED
HQKLVFFAR
HQKLVEFA
HOKLVFF
HOKLVF
HOKLY

HOKL
QKLVFFAEDV
QKLVFFAED
OKLVFFAE
OKLVEFA
QKLVFF
QKLVF

OKLV

QKL

(SEQ ID NO:35)
(SEQ ID NO:36)
(SEQ ID NO3T)
(SEQ ID NO:38)
(SEQ ID NO:39)

(SEQ ID NO:40)
(SEQ ID NO:41)
(SEQ ID NO:42)
(SEQ ID NO:43)
(SEQ 1D NO:44)
(SEQ D NO-45)
(SEQ ID NO46)
(SEQ ID NO:4T)
(SEQ ID NO:48)
(SEQ 1D NO:49)
(SEQ 1D NO:50}
(SEQ 1D NO:S1)
(SEQ D NO:52;
(SEQ D NO:S3;
(SEQ 1D NO: 545
(SEQ D NO:55)
(SEQ D NO:56}
(SEQ ID NO:57)
(SEQ 11 NO:38}
(SEQ 1D NO:59)
(SEQ D NO:60)
(SEQ ID NO:61)
{SEQ 1D NO:62)
(SEQ ID NO:63)
{SEQ ID NO:64)
(SEQ 1D NO:65)
(SEQ 1D NO:66)
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KLVFFAEDVG
KLVFFAEDY
KLVFFAED
KLVFFAE
KLVFFA
KLVFF

KLVF

KLV
LVFFAEDVG
LVEFFAEDV
LVFFAED
LVYFFAE
LVFEA

LVFF

LVF
VFFAEDVG
VFFAEDY
VFFAED

(SEQ D NO:67)
{SEQ 1D NO:68)
{SEQ 1D NO:69}
{SEQ D NO:70)
{SEQ D NO:71)
(SEQ D NO:72)
{SEQ D NO:73)
{SEQ D NO:74)
(SEQ 1D NO:75)
(SEQ 1D NO:76)
(SEQ D NO:77)
{SEQ D NO:78)
{SEQ 1D NO:79)
(SEQ 1D NO:80)
(SEQ 1D NO:§1)
(SEQ 1D NO:82)
(SEQ 1D NO'83)
(SEQ ID NO:84)

VFFAE

VEFA

VFF

FFAEDVG
FFAEDV
FFAED

FFAE

FFA

FAEDVG
FAEDV

FAED

FAE
Arg-Val-Arg-4re
Gly-Ala-Gly-Ala
Ala-Gly-Ala-Gly
Lvs-Gly-Lys-Gly
DAEFRHDRR

PCT/US2021/033180

{(SEQ ID NO:85)
(SEQ ID NO:R6)
(SEQ 1D NO:87)
(SEQ 1D NO:88)
(SEQ ID NO:89)
(SEQ 1D NO:90)
(SEQ 1D NO$1)
{SEQ 1D NO:92)
(SEQ 1D NO:93)
(SEQ 1D NO:94)
(SEQ 1D NO:95)
(SEQ 1D NO:96)

(RVER; SEQ ID NO:97)
(GAGA: SEQ ID NO:98)
(AGAG: SEQ 1D NO199)
(KGKG: SEQ 1D NO:100)

(SEQ 1D NO:101),
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WHAT IS CLAIMED IS:

1. A peptide comprising 3-10 amino acids from residues 1-100f SEQ 1D NOOT or from
residues 12-28 of SEQ D NO:01.

2. The peptide of claim 1, wherein the peptide comprises an amino acid sequence selected
from the group consisting of any one of SEQ 1D NO:02 to SEQ ID NO:37 or SEQ ID NO:41 to
SEQ IDNO:96.

3 The peptide of claim 1, whevein the peptide is from residues 1-7 of SEQ ID NGO

4, The peptide of clatm 1, wherein the peptide 1s from residues 12-24 or from residues 12-
2% or from residues 12-22 or from residues 13-25 or from residues 13-24 or from residues 13-23
or from residues 13-22 or from residues 14-25 or from residues 14-24 or from residues 14-23 or
from residues 14-22 or from vesidues 15-25 or from residues 15-24 or from residues 15-23 or

from residues 15-22 of SEQ 1D NQ:01L

3 The peptide of claim {, wherein the peptide comprises an amino goid sequence selected
from the group consisting of any cne of SEQ 1D NO:05 to SEQ 1D NO:09, SEQ ID NO:13 o
SEQ ID NO:16, SEQ ID NO:20 to SEQ ID NO:22, SEQ ID NO:26, SEQ ID NO:27, or SEQ ID
NO:31.

6. The peptide of claim 1, wheremn the peptide s from residues 2-8 of SEQ D NO0Y .

7. The peptids of claim 1, whergin the peptide comprises an amino acid sequence selected
from the group consisting of any one of SEQ I NO:12 to SEQ ID NO:16, SEQ ID NO:19 to
SEQ ID NO:22, SEQ ID NO:25 to SEQ ID NO:27, SEQ ID NO:30, SEQ ID NO:31 or SEQ ID
NO:34.

8. The peptide of claim 1, wherem the peptide comprises an amino acid sequence selected

from the group consisting of SEQ 1D NOS 2-96.
Q. The peptide of claim &, further comprising a -RR at a C-terminal end.

10, 'The peptide of claim 9, comprising an amine acid sequence of DAEFRHDRR (SEQ 1D
NO:101).
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it The peptide of any one of claims 1-180, firther comprisimg a C-terminal cysteine.

12, The peptide of clamm |, comprising an amine acid sequence of AEFRHDSGC (SEQ ID
NO3E).

13, The peptide of claim 1, comprising an amine acid sequence of DAEFRHDC (3EQ ID
NO39).

14, The peptide of claim |, comprising an amine acid sequence of QKLVFFAEC (SEQ ID
NO:40).

15, The peptide of claim 1, comprising an aminoe acid sequence of DAEFRHD (SEQ 1D

NQO0E),

16, The peptide of clainy 1, comprising an amine acid sequence of EFRHDSG (SEQ 1D
NO:18)

17.  The peptide of claim |, comprising an amine acid sequence of AEFRHDS (SEQ ID
NO:123

18. A pepude comprising the structure:

{first peptide|-{linker 1}-{second peptide]-{linker 2}-[Cys],
wherein, the first peptide s g peptide according to claim 1, the second peptide 15 the same or
different pepuide according to clatm 1 each of linker 1, linker 2 and {Cys] are optional, and linker

1 and linker 2 may be the same or different.

19, The peptide of claim 18, wherein the first peptide or the second peptide comprises 3-10

amino gotds from residues 1-10 of SEQ 1D NO:OL.

0. The peptide of claim 18, wherein both the first peptide and the second peptide comprise
3-10 amino acids from residues 1-10 of SEQ ID NOQ:OLL

21 The pepticle of claim 18, whergin the first peptide or the second peptide comprises 3-10

amino acids from restdues 12-25 of SEQ 1D NOG:0L
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22, The peptide of clasm 18, wherein both the first peptide and the second peptide comprise

3-10 amino acids from residues 12-25 of SEQ 1D NO:0L.

23 The peptide of claim 18, wherein the first peptide or the second peptide is selected from

the group cousisting of SEQ 1D NO:02 through SEQ ID NO39,

24 The peptide of clamm 18, wherein both the first peptide and the second peptide are

selected from the group consisting of SEQ ID NO:02 through SEQ 1D NO:39,

25, The peptide of claim 18, wherein the first peptide or the second peptide is selected from

the group consisting of SEQ 1 NO:40 through SEQ 1D RO96.

26, The peptide of claim 18, wherein both the first peptide and the second peptide are
selected from the group consisting of SEQ 1D NOQ0 through SEQ 1D NO:96,

27.  The peptide of claim 18, wherein the first peptide or the second peptide comprises 3-10
amino acids from residues 1-10 of SEQ 1D NOOL, and the other peptide comiprises 3~10 amino

acids from residuss 12-38 of SEQ 1D NOGI01.

28.  The peptide of claim 18, wherein the first peptide or the second pepride 1s selected from
the group consisting of SEQ 1D NO:02 through SEQ 1D NO:39, and the other peptide is selected
from the group consisting of SEQ 1D NO40 through SEQ ID NO:9s,

29, The peptide of claim 18, wherein the first peptide or the second peptide is an amino acid

seguence selected from the group consisting of SEQ 1D NOG:02 through SEQ 1D NO:96,

30, The peptide of claim 18, wherein botl of the first peptide and the second peptide is an
amino acid sequence selected from the group consisting of SEQ 1D NOWO2 through SEQ ID
N96,

31, The peptide of claim 18, wherein at least one of the first peptide or the second peptide is

selected from the group consisting of the peptides of claim 8.

32, The peptide of claim 18, wherein both the first peptide and the second peptide are

selected from the group consisting of the peptides of claim 8.
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33

The peptide of claim 18, wherein the first peptide or the second peptide 13 SEQ D

NQO: 1401

34, The peptide of claim 18, wheretn both the first peptide and the second peptide are SEQ
D NO: 0L
35, The peptide of clamm 18, wherern the first peptide and the second peptide ave gach

selected from the group consisting of SEQ ID NO:02 through SEQ 1D NO:96, and SEQ ID
NO:101.

36, The peptide of any of claims 1 to 8, frther comprising a linker at a C-ternunal portion of

the peptide.
37.  The peptide of claim 36, wherein the linker comprises an amino acid sequence.

38, The peptide of claim 37, wherein the linker comprises an amino acid sequence selected
from the group consistng of AA, AAA, KK, KKK, S5, 585, AGAG (SEQ 1D NG99, GG,
GGG, GAGA (SEQ 1D NO:98), and KGKRG (SEQ 1D NO:100).

39, The peptide of claim 38, wherein the linker further comprises a C-terminal cysteine (C)
40, The peptide of elaim 38, wheram the peptide further comprises a blocked amine at the N-

fErmins,
41, The peptide of ¢laim 18, wherem the fivst linker, 1s a cleavable linker.

42. An immunotherapy compaosition, comprising one or more of the peptides of any of claims

Prodi.

43, The immanotherapy composition of claim 42, wherein the one or more peptides further

comprises a linker to a carrier at a C-terminal poriton of the pepude.

44, The immunotherapy composition of clatm 43, wherein the hoker comprisas an amino
acid sequence selected from the group cousisting of AA, AAA, KK, KKK, 8§, 8588, AGAG
(SEQ ID NOS%), GG, GGG, GAGA {SEQ I NO:98), and KOKG {SEQ 1D NO: 100}
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45, The inmmunotherapy composition of either of claim 43 or 44, wheremn the carrier compriges
serum albumans, inmuneglobuiin molecules, thyroglobulin, ovatbumin, tetanus toxod (TT),
diphtheria toxoid (DT), a genencally modilied cross-reactmg material {URM) of diphthenia
toxin, CRM197, meningococcal outer membrane protein complex {OMPC) and H. influenzae
protem 13 (Hild), rEPA (Pyendomonay aeruginosa exotoxin A), KEH (kevhole limpet

hemocyanm), and flagethin
46 The inmunotherapy composition of ¢laim 45, wherem the carnter 1s CRM 197,
47. The ynmunotherapy compostion of claim 43, wherein the carrier 1s diphtheria toxoid.

48, The nomaenotherapy composition of any one of claims 42-47, further comprising at least

one pharmacentically acceptable diluent.

49, The immunotherapy composition of any one of clatms 43-47, further comptising a

multiple antigen presenting system (MAFP).

50, The immnotherapy composition of claiin 49, wherein the MAP comprises one or more
of a Lys-based dendrine scaffold, helper T-cell epitopes, invmune stimulating lipophilic moieties,
cell penetrating peptides, radical induced polymertzation, self-assembling nanoparticles as

antigen-presenting platforms and gold nanoparticles.

S1. A pharmaceutical composition comprising {a) one or more of the polypeptide of any oue
of claims 1 to 41 or {b) the immnunotherapy composition of any of claims 42 to 50 and at least

one adjuvant.

32. The pharmacentical composition of claim 51, wherein the adjuvant is selected from the group
consisting of aluminum hydroxide, aluminum phosphate, aluminum sulfate, 3 De-Q-acylated
monophosphoryl lipid A (MPL)Y, Q8-21, TOLIGSS, Q8-18, QS-17, Q8-7, Complete Freund's
Adjuvant (CFA), Incomplete Freund's Adjuvant (IFA), il m water emulsions {such as squalene
or peanut otl), CpG. polyghutamic acid, polvivsine, AddaVax™, MF39&, and combmations

thereof

53 The pharmaceutical composition of claim 32 wherein the adjuvant 1s Q5-21 or TQL1035.
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54, The pharmaceutical composition of claim 52, wherein the adjuvant is MPL.

35, The pharmacentical composition of clatm 32, wherein the adjuvant is 8 combination of MPL

and Q8S-21 or a combination of MPL and TQL10SS,

56, The pharmaceutical composition of any of claims 51 to 55, wherein the adjuvant comprises g

Hiposomal formelation.

87, The pharmaceutical composition of any of claims 51 to 56, wherein the composition

comprises at least one pharmaceutically acceptable diluent.

38, The pharmaceutical composition of any of claims 51 to 56, comprising & maltiple antigen

presenting system {(MAP).

9. The pharmaceutical composition of claim 38, whereim the MAP comprises one or more
of g Lys-based dendritic scaffold, helper T-cell epitopes, mmmune stimulating hipophilic moteties,
cell penetrating peptides, radical induced polymernization, self-gssembhing nanoparticles as

antigen-presenting platforms and gold nanoparticles.

60, A nuclete acid comprising a nucleie aoid sequence encoding a peptide of any one of

claims 1 to 41 or the immunotherapy composition of claims 42 1o 50,

61, A suclete acid immunotherapy composition comprising the nucleie acid of claam 60 and

at [2ast one adjuvant.

62, A msthod of tresting or effecting prophylaxis of Alzhermaer's disease in 8 subject,
comprising administrating to the subject the immunotherapy composition of any of claims 42-50

or the pharmaceutical compaositions of any of claims 31 to 59,

53, A method of bihibiting or reducing aggrepation of AR tn a subject having or at risk of
developimg Alzheimer’s disease, comprising, adoyunistering to the subject the immunotherapy
composition of any of claims 42 to 50 or the pharmaceutical composition of any of claims 31 to

59.
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64 A method of treating or effecting prophylaxis of Alzheimer's disease in a subject,
comprising administrating to the subject the mucleic acid timmunotherapy composition of claim

60 or claim 61,

65. A method of inhibiting or reducing aggregation of AP nx a subject having or at risk of
developing Alzheimer’s disease, comprising administering to the subject the nacleic acid

immunotherapy composition of claim 60 or claim 61.

56, The method of any of clanus 62 10 63, further comprising repeating the admimistering at

{east a second time, g least a third time, at least a fourth time, at least a fifth time, or at least a

sixth time.
67, The method of claim 56, further comprising repeating the administering at an interval of

about 14 days, or about 21 to about 28 days, or about quarterly, or about biannually, or about

annually.

68, A nwethod of mducing an immune response m an ammal, comprising adnimstering to the
animal any one of the polypeptide of claims | 1o 41, the immumotherapy composition of claims
42 to 30, the pharmaceutical compositions of claims 51 to 39 or the nucleic acid inununotherapy
composition of claim 60 or claim 61 n a regimen effective to generate an mnmme response

comprising antibodies that specifically bind to A

69.  The method of claim 68, wherein the immune response comprises antibodies that

specifically bind to AB.

7 The method of éther of claims 68 or 62, wherem the mducing the imomune response

comprises antthbodies that specifically bind to the N-terminal region of Af.

71, Animwmamuization kit comprising the immunotherapy composition of any of claims 42 ©
50,

72, Thekuof claim 71, further comprising an adjuvant,

73, The kat of claim 72, wherein the immunotherapy composition 1s i a first container and

the adjuvant is in a second container.
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74, A kit comprising the nocleic acid immuanotherapy composition of claim 60 or claim 61
75, The ku of clasm 74, farther comprising an adjuvant,
76, The kit of clamm 73, wherein the nucleic acid is in a first container and the adjuvant is in a

second contamer,



