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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, filed Septeraber 17, 2020, which 1s mncorporated by reference heren 1 its entirety,

SEQUENCE LISTING STATEMENT
{00021 A computer readable form of the Sequence Listing is filed with this application by
electromic subnussion and 1s ncorporated into this application by reference in s entirety. The
Sequence Listing 1s contained in the file created on May 18, 2021, having the {ile name “20-

1083-WQO_Sequence-Listing ST25.txt”™ and s 18 kb 1n size.

FIELD
{0003] The disclosure relates to the technical fields of immumnology and medicine, and in

particular to the treatment of Alzheimer’s disease and other diseases of protein misfoldmg.

BACKGROUND
{0004] Alzhemer's disease {AD) 18 a progressive disease resglting m sente dementia.

Broadly speaking, the disease falls into two categonies: late onset, which occurs in old age
{65-+vears) and early onset, which develops well before the sentle peniod, £.¢., between 35 and 68
vears. fnboth types of disease, the pathology is the same but the aboormalities tend 0 be more
severe and widespread in cases beginning at an earlier age. The disease 1s characterized by at
least two types of lesions in the bram, neurofibrillary tangles and senile plaques. Senile plagues
{i.e., amyloid plaques) are areas of disorpanized neuropil up to 150 um across with extracellular
amvloid deposits at the center which are visible by microscopic analysis of sections of brain
tissue. The accumulation of amyloid plagues within the central nervous system is alse associated
with Down's syadrome and other cognitive disorders, Cerebral amyiod angiopathy (CAA), and

the ocular disease Age-Related Macular Degeneration,

[3003] A principal constituent of the plaques is a peptide termed AD or f-amylowd

peptide. Af peptide is a 4-kDa internal fragment of 38-43 amino gcwds of a larger transmembrane
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glveoproten named amyloid precursor protein (APP). As a resalt of proteolytic processmyg of
APP by different secretase enzymes, Al 15 primarily found i both a short form, 40 amino acids
i length, and a long form, ranging Trom 42-43 anuno acids wn length. Pact of the hydrophobic
transmembrane doman of APP is found at the carboxy end of A, and mav account for the
ability of AP to aggregate into plaques, particalarly in the case of the fong form. Accumulation of
amylend plagues w1 the bram eventually leads to neuronal cell death. The cognitive and physical
symptoms associated with this type of neural detersoration charactenize Alzheimer's disease.
{6006] Accordingty, there exasts the nead for new therapies and reagents fov the
prevention of treatment of Alsheimer's disease, m particalar, therapies and reagents capable of

CRUSING an ummune response to the AR present m patients,

SUMMARY

{0087] In some embodiments, disclosure 15 divected to one or more peptides comprising
3-10 amino acids from residues 1-10 or vesidues 12-23 of SEQ ID NQO:0OI. For example, the
peptide may imclude an ammo acid sequence selected from the group consisting of any one of
SEQ D NO:O2 1o SEQ D NO:86. o some emboduments, the peptide s from residues {27 of
SEQ ID NO:0T and oplionally a C-termuinal cysteine and, as an example, inchade any one of SEQ
2 NOEDS to SEQ D NO08, SEQ ID NO: 13 to SEQ 1D NO:16, SEQ ID NOR20 to SEQ ID
NEO22, SEQ D NO:26, SEQ ID NO27, or SEQ ID NO31L In some embodiments, the
disclosure is dirscted to a peptide from residues 2-8 of SEQ ID NO:01 and optionally a C-
terminal cysteineg that, for example, mclude any one of SEQ ID NO12 to SEQ 1D NO: 16, SEQ
D NOS 19 to SEQ 1D NO:22, SEQ ID NOZS w0 SEQ ID NO:27, SEQ ID NO:30, SEQ ID NO:31
or SEQ 1D 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 153-23 or from residues 13-24 or
from residues 15-23 or from residues 15-22 of SEQ 1D NMO:01. In each of the ambodiments, the

peptide may inctude a C-termunal cysteine

Q008 In some embodiments, the disclosure is divected 1o a peptide of structure: [first
peptide}-{ inker 1 }-[second peptide}-{hinker 2} Cys], where the first peptide and the second

peptide are the same or different and melude, e g, 3-10 amino acids from residues 1-10, 3-10

2]
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anune acids from ressdues 12-23 of SEQ D ROGE, SEQ 1D N2 through SEQ H NO:96, and
ke sequences with an -RR dipeptide sequence appended to an end {e.g., SEQ ID NO: 101}, In

adduiion, limker 1 and haker 2 may be the same or different.

{0009] In some embodiments, the peptide may include a hnker, for example to a camer,
at a C-tervunal portion of the peptide, which may include an amuno acid sequence of AA, AAA|
KK, KKK, 88, S85, AGAG {(SEQ 1D NO:99), GG, GGG, GAGA{SEQ 1D NO:98) and KGKG
{(SEQ ID NO:100). In some embodiments, the binker to the carmer, if present, may inctude a C-
ternunal cysteme (C). For example, the polypeptide may include the anuno acid sequence of
DAEFRHD-XXC (SEQ ID NO:05) or DAEFRHDRR-XXC (SEQ ID NO:101), wharem XX and
€ are mdependently optional and, f present, XX can be AA. AAA, KK, KKK, 58, 885 AGAG
{(SEQ ID NO:99), GG, GGG, GAGA (SEQ 1D NO98) and KOKG (SEQ ID NO:100) . In some

embodiments, the peptide further comprises a blocked amme at the N-termunus .

{8016} In other embodiments, the disclosure 1s directed to an immunotherapy
composition inchuding the polypepudes of the disclosure, wherem the polypeptide may be {inked
o a carrier. The carrier may mnclude serum atbuwming, immunoglobulin molecules, thyroglobulin,
ovatbumin, tetanus toxoid (TT), diphtheria toxoid (DT}, a geneucally modified cross-reacting
material (CRM} of diphthenia toxin, CRM 197, meningococcal outer membrane protemn complex
{OMPC) and H. influenzae protein D (HaD), tEPA (Pseudomonas aerugmosa exotoxin A), KLH

{kevhaole limpet hamocyanin), and flagelhn,

{8011 In other embodiments, the disclosure are directed to a pharmaceutical
compositon that inclades the polvpepludes and/or the mmunotherapy compositions of the
disclosure, and mncluding at least one adjuvant. The adjuvant may be aluminum hydroxide,
aluminum phosphate, alumium sullite, 3 De-O-acylated monophosphory! hipad A (MPL) and
synthetic analops thereof, (OS-21, Q8-18, Q8-17, Q8-7, TQL1055, Complete Freund's Adjuvant
{CFA}, Incomplete Freund's Adjuvant (IFA), ol in water emulsions (such as squalene or peanut
oly, Cps, polvelatamic acid, polylysine, AddaVax™ MESOE, and combinations thereofl In
addition, the formulation may include one or more of g liposomal formudation, a dituent, ora
mttiple antigen presenting system (MAP)., The MAP may include one or more of 8 Lys-based

dendritic scaffold, helper T-cell epiiopes, immune stimulating bipoplulic moreties, cell

Led
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penetrating peplides, radical mduced polymernzation, self-assembling nanoparticles as antigen-

presenting platforms and gold nanoparticles.

{6012} Embodiments of the disclosure are also dected to nucleie acid sequences
encoding the polypeptides and the immunotherapy compositions of the disclosure. The nuelew
actds may be mcloded in a nucleie acid mmunotherapy compositon including the nuclec acid

and at least one adjuvant.

j8013] In some ernbodiments, the disclosure 1s directed to a methods for treating or
effecting prophviaxis of Alzheimer’s disease 1 a subject, and methods for whibtting or reducing
aggregation of AP m a subject having or at tisk of developing Alsheimer’s disease. The methods
mclude admimistrating to the subject an immunotherapy composition, a nucleic acids

wmmunotherapy composition, or a pharmacestical formuolation of the disclosure.

{0014} The methods of the disclosure may inchude repeating the adnunistering at least a
second thne, at least a third nme, at least a fourth time, at least a ffth e, or at least a sixth
tinte, and may include repeating the adnunistering at an interval of about bimonthly, of about 21

o about 28 davs, of aboat quarierly, of about biannually, or of about anmsally.

{8015} Still further, methods of the disclosure are directad to nducing an hnmune
response i ananimal. The methods include administermg to the animal a polypeptide, an
mmunotherapy composition, a phanmaceatical formelation or a nuclee acid immuanotherapy
composition of the disclosure in a regimen effective 10 generate an mnwune response including
antibodies that speaifically bind to AP, The immune response may include antibodies that

specificatly bind to the N-termunal region of AP,

{0016} {n other embodiments, the disclosure s divectad to an immuynization kit inchuding
an mmunoctherapy composition of the disclosure and may mclade an adjuvant, wherein the

mwnunotherapy composition may be in a first contamer and the adjuvant may be a second

comainer,
{0017} Still further, the disclosure is directed to a kit including a nucleic acid

wamunotherapy composition of the disclosure and may wmclude an adjuvant. The nucleic acid

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

j0018] FIG. 1 shows the results of an experiment comparing the titers of Guinea pig
serum for amyvlowd beta single peptide immunogens QKLVFFAEC (SEQ ID NO:40) and
DAEFRHDC (SEQ ID NO:39). Al immenogens comprised a C-termmal eysteine for coupling
to maletnude activated CRMIO7 carnier. Q821 was utitized as an adjuvant in AddaVax

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

{0019} FI1G. 2 shows the results of an experiment measuring the titer of murine serum for
amyloid beta single peptide tmununogen AEFRHDSGC (SEQ 1D NO:38) and DAEFRHDC

{SEC D NCE39). The pepuides were cogpled 1o maleimde activated CRM 197 carner through

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

DESCRIPTION
joa20] The disclosure provides peptide compositions and immunotherapy compositions

comprising an amyloid-beta (AP} peptide. The disclosure also provides methods of treating or
effecting prophyviagis of Alzheumer's disease or other diseases with beta~-amyviowd deposition in a
sabject, mcloding methods of clearmg and preventing formation of deposits, mtubiting or
reducing aggregation of AR, blocking the binding andfor uptake of A by newrons, inhibiting
transmission of Aff species between cells, and mlubiting propagation of pathology between bran
regions 3 a subject having or at nsk of developing Alzheimer’s disease or other diseases
contatning amyloid-beta accumutations. The methods mclude administerimg to such patients the
compaositions comprising an amylotd-beta (Af}) peptide.

j0021] A number of terms are defined below. As used herem, the singalar forms "a,”

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

compoumnds, mcluding mustures theveot.

8022} Unless otherwise apparent from the context, the term “sbout”™ encompasses
msubstantial vanations, such as valses within a standard margin of error of measurement {e.g.,
SEM) of a stated value. For example, the term "about” as used herein when referting to a
measurable value such as a parameter, an amownt, a temporal duration, can encompass variations

of +/-10% or less, +/-5% or less, or +/-1% or less or less of and from the specified value.

Ly
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Designation of a range of values meloades all integers withm or defining the range, and all
subranges defined by integers within the range.  As used heremn, statistical stgnmificance means

=005,

joa23] Composittons or methods “comprising”™ or “mcluding™ one or more recited
elerpents may melude other elements not specifically recited. For example, a coraposition that
“comymisas” or “mncludes” a polvpeptide sequence may contain the sequence alote or in

combination with other sequences or ingredients.

[0024] An individual 1s at imncreased risk of a disease if the subject has at least one known
risk-factor {(e.g., age, genatic, hiochemmcal, fanuly hustory, and sttuational exposure) placing
mdividuals with that risk factor at a statistically significant greater sisk of developmg the dissase

than wndividuals withoat the nisk factor,

[0025] The term "patient” includes human and other mammalian subjects that receive
etther prophylactic or therapeutic treatment, mcludmyg treatment naive subjects. Ax used herein,
the ternis "subject” or “patient” refer to any single subject for which treatment is desired,
melading other mammalian subjects such as, humans, catile, dogs, guinea pigs, rabbits, and so
on. Also mtended 1o be included as 8 subjedt are any subjects wvolved 1 clinical research trials
not showing any clinical sign of disease, or subjects wvolved in epidenuological studies, or

subjects used as controls.

jo026] The term "disease” refers to any abnormal condition that impairs physiological
function. The term is used broadly to encompass any disorder, illness, abnormality, pathology,
sickness, condition, or syndrome in which physiological function is impaired, rrespective of the
naturg of the etinlogy.

0027} The term "symptom” refers to a subjective evidence of a disease, such as altered

gait, as perceived by the subject. A Vsign" refers to objective evidence of a disease as observed

by a physician,

{0028 As used herein, the terms "treat” and "treatment” refer to the alleviation or
amelioration of one or more sympioms 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

&
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the severity or frequency of one or more symptoms or effects of the disease, and/or increasing or
trending toward deswed outcomes as described herein.

#on

{6029} The terms "prevention”, "prevemt”, or "preventing” as used hevein refer to
contacting {for example, admumstermg) the peptide(s) or immunotherapy compositions of the
present disclosure with a subject before the onset of a disease, wiath or without A pathology
already present (primary and secondary prevention), thereby delaying the onset of clinical
symptoms andéor alleviating symptoms of the disease after the onset of the disease, compared to
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 occuy for
hmited time after administration of the peptide or immunotherapy compositions of the present
disclosure. In other cases, prevention may ocour for the doration of a treatment regimen

comprisig adounistering the peptide or mmanotherapy compositions of the present disclosure,

{8036} The terms "reduction”, "reduce”, or "reducmyg” as used herem refer to decreasing
the amount of AP and/or tau present i a subject or i tissue of the subject, or suppressing an
mcrease n the amount of AR present in a subject or tissue 10 a subject, which encompasses
decreasing or suppressing an increase w {e.g., decreasing the rate of increase) the amount of AP
present, accumulated, appregated, or deposited 1n the subject or tissue in the subject. In certain
embodiments, the decrease m or suppression of an mcrease 1n {(e.g., decreasing the rate of
ncrease) the amount of AP present, accamulated, aggregatad, or deposited n the subject refers
to an amount of AR present, accumulated, aggregated, ov depostied 1w the central nervoas system
{CNS) of the subject. In centan emmbodiments, the decrease in or suppression of an increase in
{e.g. decreasing the rate of merease) the amount of AP present, accumulated, ageregated, or
depostied nx the subject refers to an amount of AP present, accumulated, aggregated, or deposited
1 the periphery {e.g, peripheral circulatory systern) of the subject. In certain embodnments, the
decrease in or suppression of an increase in {e.g., decreasing the rate of increase) the amount of
AR present, accumulated, aggregated, or deposited in the subject refers to an amount of AP
present, accunnidated, aggregated, or deposited 1 the bramn of the subject. In some embodiments,
the Aff reduced 1s the pathological formi{s) of the AP {e.g extracellular plaque deposits of the B-
amyloid peptide (AB), newnitic amyloid plagues}). In vet other embodiment, pathological

mdicators of newodegenerative disease andéor B~amyviodopathies ave decreased.

~3
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{8031} The terms "eprtope” or "antigenic determinant” refers to a site on an antigen to
which B andior T cells respond, or to a site on an antigen to which an antibody binds. Epitopes
can be formed both from contiguous amino ackds or from noncontiguons ammo acids juxtaposed
by tertiary fokding of a protem. Epitopes formed from contiguous amine acids are typically
retained on exposure to denaturing solvents whereas epttopes formed by terttary folding are
typically lost on treatment with denaturing solvents. An epitope typically includes at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9 or at {east 10 ammno acids in a unigue
spatial conformation. Methods of determining spatial conformation of gpitopes inchude, for
example, x-ray orystallography and 2-dimensional muclear magnelic resonance. See, e.g., Epiiope

Mapping Protocols i Methods in Melecular Biology, Vol 66, Glenn E. Morris, Ed. {1996}

{6032} An "immunogenic agent” or "mmuwenogen” or "anhigen” 1s capable of mducing an
mnwmelogical response against itself or modified/processed versions of #tself upon
administration to an animal, optionally in conjunction with an adjuvant. The terms
"wmmunogenic agent” or "tmmunogen” or “antigen” refer to a compound or composition
comprising a pepnide, polvpeptide or protemn which is "sntigenic” or "mumumogenic” when
administered m an appropriate amount {an "mmunogenically effective amount™), f.¢., capable of
wducimg, eliciting, augmenting or boosting a cellular and/or lnumoral inunune response and of
bemg recognized by the products of that response {T vells, antibodies), An mmmunogen canbea
peptide, or a combination of two or more peptides, that includes at least 3, at least 4, at feast 3, at
least 6, at least 7, at least 8, at least 9, or at least 10 amyno acids my a bner or spatial
conformation, An inumunogen may be effective when given alone or in combmation, or linked
to, ot fused to, another substance (which can be administered at one time or over several
mtervals), An immunogemsc agent or immunogen may mnclude an antigenic peptide or

polyvpeptide that s hnked to a carvier as deseribed heremn,

jo033] A nuclee acid such as DNA or RNA that encodes an antigenic peptide or
polypeptde 1s referred to as a "DNA [or RNA] mmmogen,” as the encoded polypeptide i
expressed i vivo after admunistration of the DNA or RNA. The peptide or polypeptide can be
recombinantly expressed from a vaccine vector, which can be naked DNA or RNA that
comprises the peptide or polypeptide coding sequence operably linked to a promoter, ez, an

eXpressIon vector or cassette as deseribed herem.

fe )
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{8034] The term "adprvant” refers to a compound that, when administered 1 conpunction
with an agtigen, avgments the mumume response to the antigen, but when admmistered alone
does pot generate an immane response to the antigen. Adjuvants can augment an INNREGLE
respense by several mechanisms inclading lymphocyie recruitment, stimulation of B andfor T
cells, and stimulation of macrophages. An adpuvant may be a natural compound, a modified

version of ot derivative of a natural compound, or a synthetic compound.

|8035] The terms “peptide” and “polypeptide” are used mterchangeably heremn 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 heremn are joined to
make a dimeric or multimernic peptide, polypeptide mayv be used to mndicate “polv™ or “more than

one” peptide.

{0036] The term "pharmaceutically acceptable” means that the carrier, diluent, excipient,
adjovant, or aoxihiary 18 compatible vith the other mgredients of a pharmaceutical formugation

and not substantially deleterious to the recipient thergof.

{8037} The terms "immunotherapy™ or "immune response” refer o the development of a
beneficial humoral {(antthody mediated) andfor a cellular {mediated by antigen-specific T eells or
their secretion products) response directed against an A peptide in a recipient. Such a response
can be an active response induced by admmistration of immunogen {e.g. an AP peptide). A
cellular immuane respouse s elicited by the presentation of polypeptide epitopes in association
with Class 1 or Class 1T MHC molecules to activate antigen-specific CD4" T helper cells andior
CDE cytotoxic T cells. The response may also involve activation of monocytes, macrophages,
NK vells, basophils, dendiitic cells, astrocyies, microghia cells, eosinopluls or other components
of mnate inunonity. The presence of a celbmedisted nmmunological response can be determmed
by proliferation assays {CD47 T cells) or CTL {oytotoxic T Iymphooyte) assavs. The relative
contributions of humoral and cellular responses o the protective or therapeutic effect of an
ummunogen can be distinguished by separately isolating antibodies and T-cells from an

imununized syngeneic animal and measuring protective or therapeutic effect in a second subject.

{0038] Amyloid Beta (AB)
[oR39] AR (also referred to herein as beta amyloid peptide or Abeta) peptide 1s about a 4-

kDa internal fragment of 38-43 anuno acids of APP (AB39, AP40, AB41, AB42, and AP43).
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AR4O, for example, consists of resrdues 672-711 of APP and APM42 consists of residues 673-713
of APP. Ag a result of proteolytic processing of APP by different secretase enzymes in vive or Iin
sire, AR as found 1 both g "shoat formy”, 40 amino acids w leagth, and a "long form”, rangimg
from 42-43 amine acids i length. Epitopes or antigenic deterninants, as described herein, are
focated wathin the N-termunos of the AP peptide and melude residues withim amino acds 110 of
AR, for example from residugs 1-3, 1-4, 1-5, 1.6, 1-7, or 3-7 of AP42. Additional examples of
epitopes or antigenic determunants inchade residues 244, 2.5, 246, 227, or 2-8 of AR, residues 3-3,
3-6, 3-7, 3B, or 3-9 of AB, or residues 447, 4-8, 4-9, or 4-10 of AR42. Eputopes or antigemic
determiinants, as described herein, ave also located in a central region of the AR peptide and
mclude residues within amino acid residues 12-25, within residues 12-24, within vesidues 12-23,
within residuss 12222, within residues 13-25, within residues 13-24 within residues 13-23,
within residues 13-22, within restdues 14-25, within restdues 14-24, within residues 14-23,
within residues 14-22, within residues 15-25, within residues 13-24, within residuss 15-23, or
within residues 15-22 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 14-20 14-21, 14-22, 14-23 15-17,
15-18, 15-19, 15-20, 15-21, 15-22, 15-23, or 15-24 of AB42. Additonal examples of epitopes or
antigenic determinants include residues 16-18, 16-19, 16-20, 16-21, 16-22, 16-23, 1624, 1625,
17-19, 17-20, 17-21, 17-22, 17-23, 17-24 ov 17-25 of AP42. Other examples of epiopes or
antigenic determimants include vesidues 18-20, 18-21, 1822, 18-23, 18-24, 1825, 19-21, 19-22,
19-23, 19-24, 19-25, 20-22 20-23, 20-24, 20-25, 21-23 21-24 or 21-25 of AP42. Afis the
principal component of charactenistic plaques of Alzheimer's disease. AD s generated by
processing of a larger protein APP by two enzvines, termed beta and gamnma secretases. Known
natations in APP associated with Alzhenner's disease ocowr proximate to the site of beta or
ganuna secretase, of withi AR Part of the hvdrophobic transmembrane domam of APP 15 found
at the carboxy end of AP, and may account for the ability of AP to aggregate mto plagues,
particularly i the case of the long form. Accumulation of amyloid plaques in the brain
eventually leads to neoronal cell death. The physical symptoms associated wath this type of

neural deterioration characterize Alrheimer's discase.

{0040 Peptide Immunogens
[8041] A agent used for active inmuntzation can induce 1n a patient an immune

response and can serve as an immmotherapy. Agents used for active imnunization can be, for

)
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example, the same types of mmunogens ased for generatimg monoclonal antibodies m faboratory
antmals, and may mchade 3,4, 5, 6, 7, &, 9,10, 11, ov 12 or more contiguous amine acids from a
region of A peptide.

{0042}

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

In some embodiments of the disclosure, the immunogen can inchude an AR

1D NGO o some embodiments of the disclosure, the immunogen can include an A peptide
comprising 3-10 aminoe acids from residues 12-25 of AR (SEQ ID NO:01), In some
embodiments, the peptide is unphosphorylated. In some embodiments, the peptide 1s
phosphorvlated at serine (S). threonine (T), and/or tyrosine (Y) phosphorvlation sites. In each of
the embodiments of the peptide described herein, the peptide may comprise, consist, or consist
essentially of the recited sequences.

{0043} {n some embodiments of the disclosure, the AR peptide mamumogen can melude
3-10 amino actds from residues 110 or residues 12-25 of
DAEFRHDSGYEVHHQKLVFFAEDVGENKGAHGLMVGGVYVIA {SEQ 1D NO:OT). For

example, the AP peptide includes the following:

DAEFRHDSGY  {(SEQ ID NO:OZ)

DAEFRHDSG  (SEQ ID NO:03)
DAEFRHDS  (SEQ ID NO:04)
DAEFRHD (SEQ 1D NO:05)
DAEFRH (SEQ ID NO:06)
DAEFR {(SEQ 1D NO:0T)
DAEF (SEQ ID NO:08)
DAE (SEQ ID NO:09)
AEFRHDSGY  (SEQ ID NO:10)
AEFRHDSG  (SEQIDNO:11)
AFFRHDS (SEQ IDNO:12)
AEFRHD (SEQ ID NO:13)
AFFRH (SEQ 1D NO:14)
AEFR (SEQ ID NO:15)
AEF (SEQ ID NO:16)

11
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EFRHDSGY
EFRHDSG
EFRHDS
EFRHD
EFRH

EFR
FRHDSGY
FRHDSG
FRHDS
FRHD
FRH
RHDSGY
RHDSG
RHDS
RHD
HDSGY

DSGY

DSG

SGY
AEFRHDSGC
DAEFRHDC
QKLVEFAEC
VHHOKLVFFA
VHHQKLVFF
VHHOKLVF
VHHQKLY
VHHOKL
HHOKLVEFAE
HHQKLVFFA

(SEQ ID NO:17)
(SEQ ID NO:18)
(SEQ 1D NO:19)
(SEQ 1D NOQ:20)
(SEQ 1D NO:21)
(SEQ ID NO:22)
(SEQ 1D NO:23)
(SEQ ID NO:24)
(SEQ 1D NO:25)
(SEQ ID NO:26)
(SEQ ID NO:27)
(SEQ 1D NO:28)
{SEQ 1D NO:29)
(SEQ 1D NO:30)
(SEQ ID NO:31)
(SEQ ID NO:32)
(SEQ ID NO:33)
(SEQ 1D NQ:34)
(SEQ 1D NO:35)
(SEQ ID NO:36)
(SEQ ID NO:37)
(SEQ TD NQ:3%)
{SEQ ID NO:39)
(SEQ 1D NO:40)
(SEQ ID NO:# 1)
(SEQ 1D NO42)
(SEQ ID NO#3)
(SEQ 1D NO:44)
(SEQ ID NO:45)
(SEQ 1D NO:46)
(SEQ ID NO:47)

PCT/US2021/033180
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HHOKLVEF
HHOKLVF
HHOKLY
HHOKL
HOKLVFFAED
HOKLVEFAE
HOKLVFEA
HOKLVFF
HOQKLVF
HQKLV
HOKL
QKLVFFAEDV
GKLVEFAED
QRLVFFAE
GKLVFFA
QKLVFE
QKLVF
QKLV

QKL
KLVFFAEDVG
KLVFFAEDV
KLVFFAED
KLVFFAE
KLVEFA
KLVFF
KLVE

KLY
LVFFAEDVG
LVFFAEDV
LVFFAED
LVFFAE

(SEQ 1D NO:48)
(SEQ ID NO:49)
(SEQ 1D NO:50)
(SEQ ID NOS )
(SEQ 1D NO:S2
(SEQ 1D NO:53)
(SEQ 1D NO:54)
{(SEQ ID NO:55)
(SEQ 1D NO:56)
(SEQ ID NO:37)
(SEQ ID NO:58)
(SEQ 1D NO:59)
{SEQ 1D NO60)
(SEQ ID NO:61)
(SEQ ID NO:62)
(SEQ 1D NO:63)
{(SEQ ID NO:64)
(SEQ 1D NO:65)
(SEQ ID NO:66)
(SEQ 1D NO:67)
(SEQ ID NO:68)
(SEQ 1D NQ:69)
(SEQ ID NO-70)
(SEQ 1D NO:71)
(SEQ ID NO:72)
(SEQ 1D NO:73)
(SEQ ID NO:T4)
(SEQ ID NO:75)
(SEQ ID NO:76)
(SEQ ID NO:77)
(SEQ ID NO:78)

13
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[0044]

LVEFFA (SEQ 1D NO:79)
LVFF (SEQ 1D NO:BO)
LVF (SEQ 1D NO:81)

VFFAEDVG
VEFAEDYV

(SEQ 1D NO:R2)
(SEQ 1D NO:83)

VFFAED (SEQ ID NO:84)
VEFAE (SEQ 1D NO:85)
VEFA (SEQ ID NO:86)
VFF (SEQ IDNO:8T)
FFAEDVG (SEQ 1D NO:RS)
FFAEDV {(SEQ 1D NO:§9)
FFAED (SEQ 1D NO:90)
FFAE {SEQ 1D NO:91)
FFA (SEQ ID NO:92)
FAEDVG (SEQ 1D NO:93)
FAEDY (SEQ ID NO:94)
FAED {SEQ ID NO5)
FAE (SEQ 1D NO:96)
DABFRHDRR  (SEQID NO:10D)

PCT/US2021/033180

In some embodiments, the AP peptide ts DAEFRHD (SEQ ID NO®O3S),
AEFRHDS (SEQ 1D NO:12), or EFRHDSG (SEQ 1D NO:18). Each AP sequence optionally
further comprises a C-terminal cysiemne like, for example, AEFRHDSGC (SEQ 1D NO:38),
DAEFRHDC (SEQ ID NO:39) and QKLVFFAEC (SEQ 1D NOA40). In each of these

emboduments, the peptide may comprise, consist, or consist essentially of the recited sequences
jo04 5] in some embodiments, the AP peptide according to SEQ 1D NO: 1 through SEQ

ID NQ:96 further includes an arginine-argmine dipeptide (RR) at the N-terminal, the C-tenmunal
or both terminn. For example, SEQ ID NO101 (DAEFRHDRR ) is comprised of DAEFRHD
{SEQ ID NO:03) with an ~RR dipeptide at the C-terminus.

[0046] I some embodiments, the mmunogen as described herean further comprises a

finker {for example, to a carrier) at @ C-terminal portion or N-termunal portion of the polypeptide.
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In some embodiments, the linker comprises an ammmo acid sequence including AA, AAA, Kk,
KKK, S5, S88, AGAG (SEQ 1D NOQ9), GG, GGG, GAGA (SEQ ID NOSE), and KGKG
{(SEQ ID NG00). Insome embodiments, the peptide further comprises a C-termunal oystene,
and some embodiments that comprise a linker further comprise a C-terminal cysteing on the C-
termunal end of the hinker. In some embodiments, the peptide further comprises a N-terpunal
cysteinte, and some embodmments that comprise a linker further comprise a N-teuminal cvsteing
on the N-termuinal end of the hmker. In some embodiments, the immunogen peptides forther

comprise a Mocked anune at the N-termunus,

|0847] In some embodiments, the two or more Af peptides are linked to form an AP
polypeptide. The one or more AP peptides can be linked by an mitra-peptide linker{s), which
hinker 15 as described above and hevein. For example, a polyvpeptide hinker located between the C-
ternuinal of the first peptide and the N terminal of the second peptide. With or without the intra-
peptide linker, the AD polypeptide may be arranged in any order. For example, a specific AP
peptide (AP 1) may be positioned at the N-termunal portion of a dust AP polypeptide and the
same or a different Af} peptide {for this example, a different AP, “AB 27) may be positioned at
the C-terminal portion of the dual polypeptide. O, the AP peptides in this example could be
arranged in the opposite onentation {(AD 2 Neerminal to AP 1), Reference to a first peptide or a
second peptide hergin is not intended to suggest an order of the A peptides in embodiments that

pactan

comprise more than one AR peptide of the inwnunogens.

{0048] In addition, the etther the N~termunal or Ctermumal portion of the AP pepuide or
AP polvpeptide can include a hnker for conjugating the peptides or the polypeptide to a carrier,
which hnker is as described above and herein. In some embodiments, the AP peptide or
polvpeptide that comprise a hoker further comprise a C-termunal cysteine on the Cotermunal or
N-terminal end of the hnker. In some embodunents, the imamunogen peptides further comyprise a
blocked amine at the N-termunus. In some embodiments, any of the A peptides or polypeptides

may include a Cotermnal cysterne without the linker,

[0049] When the Afl peptides are linked to form a AP polvpeptide, the linker may be a
cleavable Imker, As used hevemn, the term “eleavable hinker™ refevs to any hnker between the
antigenic peptudes that promotes or otherwise renders the A polypeptide more susceptible to

separation from each other by cleavage (for example, by endopeptidases, proteases, low pH or
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any other means that may oceur within or aroand the antigen-presenting cell) and, thereby,
processmg by the antigen-presenting cell, than equavalent peptides lacking such a cleavable
hinker. In some emboduments, the cleavable linker 13 a protease-sensitive dipeptide or
oligopeptide cleavable linker. In certam embodiments, the cleavable hinker 1s sensitive to
cleavage by a protease of the rypsin fanuly of proteases. In some embodiments, the cleavable
fnker comyprises an amino acid sequence mchuling argmine-arginme {Arg-Arg), arginine-
argmme-valine-argmme (Arg-Vab-Arg-Asg SEQ H NO97), Gly-Ala-Gly-Ala (SEQ IR
NQ:98), Ala-Gly-Ala-Gly {SEQ 1D NG:99), Lys-Gly-Lys-Oly (SEQ 1D NO:100), valie-
curudiine {(Val-Cit), vabime-arginme (Val-Arg), valine-lysme (Val-Lys), valme-alanme (Val-Ala),
and phenvialanme-lysine (Phe-Lys). In some embodiments, the cleavable linker is arginine-

arginne {Arg-Arg).

{60540 in some embodiments, the hinker comprises between about 1-10 amino acids,
about 1-9 aminoe acids, abeut 1-8 amine acids, about 1-7 aminoe acids, about 1-6 amino acids,
about 1-5 ammo aoids, about 1-4 anuno acids, about 1-3 amino acids, about 2 amino acids or one
{1) amino acid.  In some embodiments, the linker is one amine acid, two amino scuds, three
amine acids, four aminoe acids, five aminoe acids, six amine amds, seven amine acids, eight amino

acids, nine amino acids, or ten amino acids.

{0051] In some embodiments, the amino acid composition of a linker can nmimic the
composition of linkers found in natural multidomain proteins, whers cartain anuno acids are
overrepresented, undestepresented or equisrepresented i natoral linkers as compared to then
abundance m whole protem. For example, threomne {Thr), serine {Ser), proline (Pro}, glycine
{Glv, aspartic acid (Asp), ysme (Lys), glutamine {Gln), asparagine (Asn}, argtnine {Arg),
phenvialanime (Phe), ghutanue acid (Glu) and alanine (Ala) are overrepresented m natural linkers.
i contrast, solevcine (He), tyrostne (Tyr), tryptophan (Trp), and cysteine (Cys) are
underrepresented. In general, overrepresented amino acids were polar uncharged or charged
residues, which constitute approximately S0% of naturally encoded amino acids, and Pro, Thy,
and Gla were the most preferable amimo acids for natural linkers. See, ep., Chen, X et al,
“Fusion Protemn Linkers: Property, Design and Functionality™ Ady Drug Debiv Rev,, 15, 65(10)

13571369 (2013).

1o
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{8052} In some embodiments, the amino acid composition of a linker can mymic the
composition of linkers conmmonly found 10 recombinant proteins, which can generally by
classified as fexible or nigd linkers, Forexample, flexible hnkers found i recombanant proteins
ave generally composed of small, non-polar {e.g. Gly} er polar (e.g. Ser or Thr) amumo ackds
whose small size provides flexibility and allows for mobility of the connecting hunctional
domains. The mcorporation of, e.g.. Ser or Thr can maintam the stability of the hinker i agueous
solutions by formung hydrogen bonds with the water molecules, and therefore can reduce
mteractions between the linker and the mmunogens. In some emboxliments, a linker comprises
stretches of Gly and Ser residues ("GS™ linker). An example of a widely used flexible linker 13
{Gly-Gly-Serin, (Gly-Gly-Gly-Senm o (Gly-Gly-Gly-Gly-Serin, where n=1-3. Adjusting the
copy number “n” can optimize a hinker to achieve sutficient separation of the functional
pannmogen domamns {0, 8.2, MAxinmize an mnnunogenic response. Many other flexible linkers
have been designed for recombinant fusion proteins that can be used herein. In some
embodiments, Hokers can be rich m small or polar amino acids such as Gly and Ser but also
contain addumonal amino gouds such as Thr and Als to mamtain Rexibality, as well as polar amino
acids such as Lvs and Glu to nmprove selubility. See, e.g, Chen, X et al., Adv Drag Deliv Rev,

15; 65(10): 13571369 (2013},

[0053] In some embodiments of the disclosure, the AR polypeptide comprises, consists
essentially of or consists of an amino acid sequence selected from DAEFRHD (SEQ 1D NO:0S),
DAEFRHDRR (SEQ ID NO:10), EFRHDSG (5EQ 1D NO:18), AEFRHDS (SEQ 1D NO:12),
or QKLVFFAE (SEQ 1D NG:61) wherein XX is optionally appended to the C-termnal end of
SEQ ID NQS:05, 101, 12, or 18, and a cysteine is optionally appended to the C-terminal end of
SEQ IDNOS:05, 101, 12, or 18, orif XX s present, to the C-ternunal end of the XX, XX can
be the same or &dfferent amino acids and m some embodimments are AA, AAA, KK, KKK, 8§,
S8S, GG and GGG, Inaddition, XX may represent AGAG (SEQ I NO:99), GAGA (SEQ ID
NO&), and KGKG (SEQ 1D NO100).
[oas4] in some embodinents, the dual AP polypeptide 15 as follows, from N-ternuual to
Coterminal:

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

{Cysl-{linker 1}-{first peptide}-{linker 2]-[second peptide],
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wherewn, the first peptide 13 3 AP peptide and the second peptide 15 the same or dufferent AR
peptide, and each of linker 1, linker 2 and [Cys] is optional. In some embodiments, both the first
peptide and the second peptide are from residues 1-10 of SEQ 1D NO:0OL, and may be the same
ot different. o some embodiments, both of the first peptide or the second peptude are from
residues 12-25 of SEQ 1D NO:01, and may be the same or different. In some embodunents,
either the first or the second peptide 15 from residues 1-10 of SEQ IDNOO1 and the other
peptide 13 from residues 12-25 of SEQ ID NQO:01. In some embodiments, imker 1 and hnker 2

may be the same or different.

|00S55] In some embodiments, at least one of the first peptide or the second peptide is
selected from SEQ D NOO2 through SEQ ID NO:39, and in some smbodiments, both the first
peptide and the second peptide are selected from SEQ ) NO:O2 through SEQ 1D NO39. In
some embodiments, at least one of the first peptide or the second pepiide Is selected from SEQ
ID NOA0 through SEQ ID NO:96, and m some embodiments, both the first peptide and the
second peptide are selected from SEQ 1D NQ:40 through SEQ ID NO:96. In some
embodiments, either the first or the second peptide is selected from SEQ 1D NO:02 through SEQ
1D NO:39 and SEQ D NO: 101, and the other peptide is selected from SEQ 1D NO:40 through
SEQ D NO:96 and SEQ ID NO:10T In some embodiments, either the first peptide or the second
peptide inchudes a peptide according to SEQ ID NG:02 through SEQ 1D NO:96 further
comprising an RR~ or ~RR at the N-terminal or C-terminal end, respectively. In some
embodiments, both the first and the second peptide includes 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

Cternunal end, respectively. In some embodiments, the -RR dipeptide is on the Cterminos,

[o036] {n some embodiments, esch of the first peptide and the second peptide include
restdues 1-10 0f SEQ 1D NO:OI, or restdues 12-25 of SEQ 1D NO:OL, or one of SEQ ID NO:O2
through SEQ 1D NO:96, or SEQ 1D NO: 101, or a peptide accordmg to SEQ ID NO:02 through
SEQ ID NQ:96 firther comprising an RR- or -RR at the N-terminal or C-ternunal end,

respectively.

{57] Nou-linuting examples of the AP peptides include SEQ 1D NO:02 10 SEQ 1D
NO:96, and hike sequences further mcluding 8 Cternumal eysteme or C-ternumngl -RR dipeptide,

for example SEQ ID NO:101.

1R
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H Peptide-Carrier lmmunogens
{0039 Af peptides (and polypeptides thereot) are rmamuanogens 1n accordance with the

disclosure. In some embodiments, the peptides described heremn can be linked to a suitable
carrier fo help el an mmmune response. Accordmgly, one or more the peptides and
polvpeptides of the disclosure can be hnked to a carmier. For example, the AP peptide moay be
hinked to the carrier with or without a linker as described above and herein and, optionally, a C-
termunal cysteme at Ceternunal end of the tinker and, #f a finker 15 absent, at the C-termnal 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 1D NO:98), Als-Gly-Ala-Gly (SEQ ID

NO99), or Lyve-Gly-Lys-Gly (SEQ 1D NO: 1003 and optionally, a Ctermunal cvsteine or N-

termumal cystgine to provide a hoker between the peptide(s) and the carmer.
{0066 Swuitable carriers mchude, but are not imsted to serum albwmins, keyhole hmpet

hemocyvanin, imumunoglobulin molecules, thyroglobuling, ovaltbumin, telanus toxoid, or a toxond
from other pathogenic bactena, such as diphthenia {e.g.. CRMI97), F. coll, cholera, or H. pylori,
or an attenuated toxin derivative. T cell epitopes are also suitable carrier molecules. Some
conjugates can be formed by linking peptide smmunogens of the nvention to an
mmunestimulatory polvimer molecule {e.g, npalomtoyl-S-glycarme cysteine {Pam3Cys),
nannan {a mannose polvmer), or glucan {a § 1-2 polvmer)), oytokines (e g IL-1, IL-1 alpha and
P pepudes, L2, vINF, IL-10, GM-CSF), and chemokines {e.g., MIPl-w and §, and RANTES).
Additional carriers include virus-like particles. Tnsome compositions, mmmunogenic peptides
can also be linked to carriers by chemical crosslinking. Techniques for hoking an imununogen to
a carrier include the formation of disulfide hinkages using Nesucointmidyl-3-2-pyridyl-thu-
oypropronate { SPDF), and succiumidy! 4-{N-malemudomethyhoyclobexane-1-carboxylate
{SMCC) (it the peptide lacks a sulfhyvdryl group, this can be provided by addition of a cysteine
residue). These reagents create a disuifide linkage between themselves and peptide cysteine
restdes on one protein and an amide linkage through the epsilop-amimo on a lysing, or other free
amino group m other anuno acids. In some embodiments, chenucal crosshinking can comprise
use 0f SBAP {succmumidy! 3-(bromoacetamdolpropionate), which is a short (6.2 angstrom)
cross-iker for amme~to-sulthydeyl conjugation via N-hydroxysucctmide (NHS) ester and

bromoacety! reactive groups. A variety of sach disulfide/amide~forming agents are described by
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Jansen ¢f of., “Immunotoxing: Hybnd Molecules Combining High Specificity and Potent
Cytotoxiety” Ismmunological Reviews 62:185-216 (February 1982). Other bifunctional coupling
agents form a thioether rather than a disulfide hinkage. Many of these thio-ether-forming agenis
are commercially available and include reactive esters of 6-malemudocaproic acid, 2-
bromoacetic acid, and 2-1odoacetic acid, 4-(N-malemmido-methylley- clohexane--carboxyhe
acid. The carboxy! groups can be activated by combining them with sucommude or 1-hydroxyl-
2-nitro~4-sulfomce acid, sodmn salt. Virus-hike partictes {VLPFs), also called pseadovirions or
virus-derived particles, represent subunit structures composed of multiple copies of a viral capsid
andior envelope protein capable of self~assembly into VLPs of defined sphetical symmetry in
vive, (Powilleit, ¢f ol (2007) PLoS ONE 2(5)e415) Alternatively, peptide immunogens can be
tinked to at least one artificial T-cell epitope capable of binding a large proportion of MHC Class
1 modecules, such as the pan DR epitope ("PADRE"). Pan DR-binding peptides {PADRE) are

described in US 5,736,142, WO 9507707, and Alexander, ¢f of, Immunity, 1:751-761 (1994).

{0061} Active immunogens can be presented in multimeric form in which multiple copies
of an immunogen are presented on g carvier as g single covalent molecule. In some
embodiments, the carrier includes various forms of the AP peptide. For instance, the A peptide
of the mamunogen can include peptides that have different AP antigens i different orders, ot

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

[0062] in some compositions, the immunogenic peptiddes can also be expressed as fusion
protetns with carriers, In certatn compostiions, the mmuanogenic peptides can be hnked at the
amino terminus, the carboxyl terminus, or mternally to the cammer. In some compositions, the

carrier is CRMI197. In some compositions, the carrier 1s diphtheria toxoid.

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

{AD) peptides as disclosed heretn. The nuclere acid snmunotherapy compositions as disclosed
hetein, comprise, consist essentially of, or consist of a nucleic acid sequence encoding one or
more amylotd-beta {Af) peptides as disclosed herein. For example, the Af} peptide includes a
sequence that is 3-10 anuno acid residues in length and from the first ten N-termnal residues of
SEQ 1D NO:OL or from residues 12-25 of SEQ D NO:01. Accordmgly, and as g non-limiting

example, one or more nucleie acids encoding any of SEQ 1D NOS:2-95 and 101 provide sn
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mmmanogen and a component of a pharmaceutical composition of the discloswre. Likewise, one
or more nuclete acids may encode any of SEQ 1D NOS:2-96 with an RR- N-ternunal or -RR -
termmal dipeptide. In certain embodiments, the peptide sequences may be encoded by the same
ot separate nucleic acid sequences that may also encode a linker to the carner and an N- or -
termunal cysteme as described berein. In addition, when a single nuclewe acid sequence encodes
more than one AP peptide, the sequence may also encode a linker or cleavable linker as

described herem.

{0065 A nuvleie acid such as DNA that encodes an immunogen and is used as a vaccine
can be referred to as a "DNA mmmunogen” or "DNA vaccine” as the encoded polypeptides are
expressed in vive after administration of the DNA. DNA vaccings are intended to induce
antibodies against the protens of interest they encode 1 a subject by integrating DNA encoding
the protems of mierest into a vector {a plasmud or virus); adounistering the vector to the subject;
and expressing the protems of interest in the subsect in which the vector has been admnistered to
stimulate the immune system of the subject. A DNA vaccine remains in the body of the subject
for a long time after the adnunistration, and continues to slowly produce the encoded proteins.
Thus, excessive imamune responses can be avoided. DNA vaccines can also be modified using a
genetic engineering techniques, Optionally, such nucleic acids further 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 termmation signal,
and the Hike. The nucleic acids encoding AL can occur i isolated form or can be cloned into one
or more vectors. The nucleie acids can be synthesized by, for example, solid state synthesis or
PCR of overlapping oligenucleondes. Nuclete acids encoding AP peptide or AP polvpeptides
with and withouot lnkers andfor cleavable hiokers and with or without protein-based carniers can

be jomed as one contiguous nuclaie acid, ¢ g, within an expression vector.

[0066] DNA 18 more stable than RNA, bat tnvolves some potential safety nisks such as
mduction of anti~-IINA antibodies, thus in some embodiments, the noclete acid can be RNAL
RNA nucleic acid that encodes an ymmmwnogen and 15 used as a vaceine can be referred to as a
"RNA smmunogen” or "RNA vaccine” or "mRNA vaccine” as the encoded polypeptides are
expressed fo vive after adminsstration of the RNA. Ribonocleie acid (RNA) vacemes can safely

direct a subject’s cellular machinery to produce one or more polypeptide(s) of interest. In some
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embodiments, a RNA vaccmne can be a non-replicating mRNA {messenger-RNA} or a varally
dertved, setf-amplifying RNA. mRNA-based vaccmes encode the antigens of mterest and
contain 8 and 37 antranslated regions (UTRS), whereas self-amplifving RNAs encode not oaly
the antigens, but also the viral replication machmery that enables intracellular RNA
amplification and abundant protem expression. o vigro transeribed mRNA can be produced
from a hinear DNA template using a2 T7, a T3 or an Sp6 phage RNA polymerase. The resulting
product can contam an open readmyg frame that encodes the peptides of interest as disclosed
herein, fanking 5'- and 3-UTR sequences, a 3 cap and a polviA) il In some embodiments, a
RNA vacome can comprise trans-amphifving RNA {for example., yee Beissert ef g, Moleadar
Therapy January 2020 28(1):119-128). In certam embodiments, RNA vaccines encode an AR
peptide and a tau peptide as disclosed herein, and are capable of expressing the AP and a tau
peptides, in particular if fransterred imto 3 call such as an immature antigen presenting cell. RNA
may also contan sequences which encode other polvpeptide sequences such as mmune
stimulating elements. In some embodiments, the RNA of a RNA vaccine can be modified RNA.
The term "modified” in the context of the RNA can mclude any modification of RNA which is
tof naturally present in RNA. For example, modified RNA can refer to RNA with a $'-cap;
however, RNA may comprise further modifications. A S-cap can be modified to possess the
ability to stabnlize RNA when attached thereto. In certain embodiments, 8 further modification
may be an extension or truncation of the naturally cccurring poly(A) tail or an alteration of the
S or S-antransiated vegions (UTR). In some embodiments, the RNA e g.or mRNA vacome 13
formulated 1 an effective amoant to produce an antigen spectfic immune response in a subject.
For example, the RNA vactine formulation s admimistered to a subject in order to stinulate the
homoral andfor cellular immune system of the subject against the Af and tan antigens, and thos
may further comprise one or more adjovant(s), difuents, carriers, and/or excipients, and 15
applied to the subject in any switable route n ovder to ehett a protective andfor therapeutic

mmune reaction against the AR and tau antigens.

{0067} Basic texts disclosing general methods of molecular biology, all of which ave
meorporated by reference, mnclude: Sambrook, Fer o/ Molecular Clonng: A Laboratory
Manual, 2™ Edition, Cold Spring Harbor Press, Cold Spring Harbor, N.Y ., 1989; Ausubel, F M
et ol Current Protocols m Molecular Brology, Vol 2, Wiley-Interscience, New York, {carrent

edition); Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); Glover, T M|

R
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ed, DNA Clonmg: A Practical Approach, vol. T & H, IRL Press, 1985 Albers, B. et af,,
Molecular Biology of the Cell, 2° Ed., Garland Publishing, Tnc., New York, NY. {1989}
Watson, J D e o/, Recombinant DNA, 2™ Ed, Scientific American Books, New York, 1992;
and Ok, R Wer ol Principles of Gene Mampulation: An Introduction to Genetic Engmeering,

P University of Californma Press, Berkeley, Calit. {19811

{0068 Technigues for the mampulation of nucleie acids, such as, ey, generating
mutations w sequences, sub-clonng, labeling probes, sequencmyg, hvbridization and the hike are
will described in the suientific and patent lierature. See, 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, ed.
John Wiley & Sons, Inc., New York (1997 LABORATORY TECHNIQUES IN
BIOCHEMISTRY AND MOLECULAR BIOLQGY: HYBRIDIZATION WITH NUCLEIC
ACID PROBES, Part | Tyssen, ed. Elsevier, NUY, {1993),

{0069 Nucleic acads, vectors, capsids, polypeptides, and the fike can be analyzed and
guantified by anv of a namber of general means well known 1o those of skill 1o the ant. These
mclude, e.g., analytical biochemical methods such as NMR, spectrophotometry, radiography,
electrophoresis, capillary electrophoresis, high parformance hquid chromatography (HPLO), thin
laver chromatography {TLC), and hyperdiffusion chromatography, various immunological
methods, eg. fluid or gel precipitin reactions, inwaunodiffusion, wnmumo-alectrophoresis,
racioinmmunoassays (RIAs), enzviue-tinked immnanosorbent assavs (ELISAs),
wamunofluorescence assays, Southern analysis, Northern analysis, dot-blot analysis, gel
electrophoresis {e.g., SDS-PAGE), RT-PCR, quantitative PCR, other nucleic aculd or target or

sumal amplification methods, radwlabeling, scmtiliation counting, and affinity clromatography.

{0070} Pharmaceutical Compositions
[0071] Each of the peptides and smmunogens described herein can be presented in a

pharmaceutical composition that s sdmunistered with pharmaceutically acceptable adjuvants and
pharmaceutically acceptable excipients. The adjuvant increases the nter of induced antibodies
andfor the binding affinity of wduced anttbodies relative to the sttuation if the peptide were used
alone. A vanety of adjuvants can be used in combmation with an immunogen of the disclosare

to elicit an nomune response. Some adfuvants augment the wtrinsic response 10 an iInnulogen
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withowt causing conformational changes in the immuanogen that affect the qualitative form of the

response. An adjuvant may be a natural compound, a modified version of or dervative of a

natural compound, or a synthetic compoind,
joa72] Some adjuvants mchade alummam salts, such as alummoum hydroxade and

aluminuwm phosphate, 3 De-O-acylated monophosphoryl lipid A (MPL™) {see GB 2220211
{RIB! ImmunoChem Research ine., Hanulion, Montana, now part of Corixa). As used herein,
MPL refers to natural and syathetic versions of MPL. Examples of synthetic versions include

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

0073] 35-21 15 a triterpene glycoside or saponin olated from the bark of the Quillaja
Saponaria Molina tree found in South America {see Kensil ef &f. 1n Vaccine Design: The
Subomt and Adpevant Approach {eds. Powell & Newman, Pleaum Press, NY, 199581 Q58-21
products include Stinulon™ (Antigenics, Ine., New York, NY; now Agenus, Inc. Lexinaton,
MA)Y and Q5-21 Vaccowme Adjuvant {Desert King, San Diego, CA). 5-21 has been disclosed,
charactenized, and evaluated 1n US 5,057 5340, and US £,034 348 the disclosures of which are
heremn incorporated by reference. Additionally, QS-21 has been evaluated in numerous clinical
trials in various dosages. See, NCTO09603531 (chintcalinials govict2ishow/studyNCTO096033 1),
Hiill ¢r o, Curr Alzhenmer Res, 2017 Jul; 14(7): 696-708 {evaluated 50 nicg of QS-21 m with
various doses of vacome ACC-001); Gilman 8, er &l , “Clinical effects of Absia immunization
{AN1792} w pattents with AD in an interrupted wal”™ Newrology. 2003 May 10; 64(931533-62;
Wald A, er ol , Safety and immumogenicity of long HSV-2 pepiides complexed with thHse70
HSV-2 seropositive persons Vaccine 2011 32947 1:8520-8529; and Cunningham ¢f o/, Efficacy
of the Herpes Zoster Subunit Vaccine m Adults 70 Years of Age or Older. NEIM. 2016 Sep
15:375(11101019-32. QS-21 15 used in FDA approved vaccines inchuding SHINGRIX.
SHINGRIX contains 50 meg of Q8-21 1o certam emibodiments, the amount of Q8-21 s from

about 10 ug to about 500 pg.

[0074] TOQL 1053 1s an analogue of Q58-21 {Adjuvance Technologes, Lincoln, NE). The
semi-synthetic TQL 1033 has been charactenized in comparison to (3S-21 as having high purity,
wereased stability, decreased local tolerability, decrensed systenue tolevability. TQLTO33 has
been disclosed, characterized, and evaluated in US20180327436A 1, WO2G18191598A1,

WO2018200656A1, and WO2019079160A1, the disclosures of which are herein mceorporated by
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reference. LIS20180327436A1 teaches that 2.5 fold more TQ1035 was supenior (0 20 gy Q8-21
but there was not an improvement over 50 ug TQIOSS, However, unlike QS-21 there was no
merease i either weight loss or hemolvsis of RBC as the TQL1055 dose creased.
WO2018200636A1 teaches that with an optimal amouns of TQ1033, one can lower the amount
of antigen and achieve supernior titers. In certain embodiments, the amouont of TQL10SS 1s from
about 10 gy to about 300 pg.

[6075] Other adjuvants are oif i water emulsions (soch as squalene or peanut o),
optionally in combination with nmune stimulants, such as monophosphoryl lipid A {see Stoute
et al N, Engl. § Med. 336, 86-91 {1997)), pluromic polymers, and killed myeobacteria, Rib
adjuvanis are oil-in-water emulsions. Ribi contains & metabolizable oil {squalene} emulsified
with saline contaming Tween 80, Ribi also contains refined mycobactenal prodocts which act as
mumestimulants and bacterial monophosphoryl ipid AL Other adjuvants can be CpG
oliognucizotides {see WO 98/40100), cviokings (v.g., IL-1, IL-1 alpha and B peptades, IL-2, v-
INF, IL-10, GM-CSF), chemokines (e g, MiP1-i and §, and RANTES), saponing, RNA, andfor
TLR agonists {for example, TLR4 agowmists such as MPL and synthetic MPL molecules),
aminealkyl glucosaminide phosphate and other TLR agomsts. Adjuvants can be administered as
a component of a therapeutic composition with gn active agent or can be administered separately,

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

{0076} In various embixlirnents of the disclosure, the adjovant s Q8-21 (Stimudon™). In
some cormpositions, the adjuvant 1s MPL. In certain embodinents, the amount of MPL 1§ from
about 10 pg to about 500 pg. In sowme compositions, the adjuvant 1s TQLIO3S, In certain
embodiments, the amount of TQL 1085 ts from about 10 pg to about 500 pg. In some
compositiong, the adjuvant 18 QS21. In certain embodiments, the amown of QS21 is from about
10 ug to aboat 500 pg.. In some compositions, the adpevant 18 g combination of MPL and Q8-21.
In some compositions, the adjuvant is a combination of MPL and TQLI055. In some

compogitions, the adpuvant can be w a hposomal formmdation,

{0077} in addition, some embodiments of the disclosure can comprise a multiple antigen
presenting svstern (MAP). Multiple antigen-presenting peptide vacaine systems have been
developed to avoid the adverse effects assoctated with conventional vaccines {(L.e, live-

attenuated, kifled or iactivated pathogens), carmer proteins and cytotoxie adjuvants. Two main

| 3
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approaches have been used to develop multiple antigen presenting peptide vaceome systems: (1)
the addition of functional components, e.g., T-cell epttopes, cell-penetrating peptides, and
hpophilic moteties; and (2} syathetic approaches using size-defined nanomaterals, e.g., seif-
assembling peptides, non-peplichc dendrimers, and gold nanoparticles, as antigen-displaying
platforms. Use of a multiple antigenic peptide {MAP) svstem can mmprove the sometimes poor
mamunogemciy of subumt peptide vaccings. Ina MAP system, nuiltiple copies of antigenic
peptides are sumultaneousty bound to the a- and s-ammo groups of a non-tmmmogenic Lys-
based dendritic scaffold, helping to confer stability from degradation, thus enhancing molecudar
recognition by iwnmame cells, and wmdaction of stronger mmmune responses compared with small
antigenic peptides alone, In some compositions, the MAP comprises one or more of a Lys-based
dendritic scaffold, helper T-call epitopes, impume stimulating lipophilic moieties, cell
penetraiing peptides, radical induced polymerization, self-assembling nanoparticles as antigen-

presenting platforms and gold nanoparticles.

{0078 Pharmaceutical compositions for parenteral administration are preferably sterile
and substantiglly 1sotonie and manufactured under GMP conditions. Pharmaceutical
compositions can be provided in unit dosage form (4e., the dosage for a single adminisiration).
Pharmaceutical compositions can be formulated using one or more physiologically scceptable
carriers, diluents, excipients or auxilianies. The formulation depends on the route of
adnunistration chosen. For injection, the peptides of the disclosure can be formulated in aqueous
solutions, preferably in physiologically compatible buffers such as Hank's solotion, Ringer’s
solution, or physiological saline ov acetate buffer {to reduce discomfort at the site of myjection).
The solution can contam formmudatory agents such as suspending, stabtlizing andior dispersing
agents. Alternatively, peptide composations can be i Ivophilized form for constitution with a

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

jaR7Y9] Peptides {and optionally a carrier fused to the peptide(s}) can also be administered
i the form of a nuclete acid encoding the peptide(s) and expressed i site in a subject. A nuclere
acid segment encoding an immunogen is typreally Inked to regulatory elements, suchas a
promoter and enhancer that allow expression of the DNA segment in the intended target cells of
a subject. For expression mn blood cells, as s deswrable for induction of an mnmune response,

promoter and enhancer elements from, for example, Hight or heavy chain mmmoglobudin genes

i
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or the CMV major mtermediate early promoter and enhancer are sutable to direct expression.

The linked regulstory elements and coding sequences are often cloned nto a vector,

{3080 DNA and RNA can be delivered m naked form (Le. | without colloidal or
encapsulating matertals). Ahernatively, a number of viral vector systems can be used meladmg
retrovival systems (see, e.g., Boris-Lawrie and Teunmn, Cur: Opin. Genet. Develop. 3, 102-109
{1993); adenoviral vectors (see, e.g., Bett er af, §. Virol 67{10), 591 1 {1993)); adenc-associated
virus vectors (see, eg., Zhoueral., ] Exp. Med. 179, 1887 (1994)), viral vectors from the pox
fanuly inchuding vacoisa virus and the avian pox viruses, viral vectors from the alpha virus
genus such as those dernved from Smdbas and Sembiba Forest Viruses {see, ez, Dubensky et ai |
T Virol, 70, 308-319 (1996)), Venezuelan equine encephalitis virus {see US 5,643,576} and
rhabdoviruses, such as vesicular stomatitis virus {see WO 96/3462 5and papilomaviruses (Ohe
el af., Human Gene Therapy €, 3253-333 (1993}, Woo e af, WO 94/12629 and Xmo &

Brandsma, Nucleic Acids. Res. 24, 2620-2622 (19961

{00811 DNA and RNA encoding an innnunogen, of a vector containng the same, can be
packaged mio liposomes, nanoparticles or hpoproteins complexes. Other suitable polvmers,
mclude, for example, protamine hiposomes, polysacchanide particles, cationic nancemulsion,
cationic polymer, cationic polymer liposome, cationic hiptd nanopanicles, cationic hipid,
cholesterol nanoparticles, cationic lipid-cholesterol, PEG nanoparticle, or dendrimer
nanoparticles. Additional suitahle Lipids and related analogs are describad by LIS 3,208,036, US
5264618, US 5279833, and US 5,283,185, cach of which s mcorporated by reference 1 thew
entirety. Vectors and DNA encoding an mumunogen can also be adsorbed to or associated with
particulate carriers, examples of which include polymethyl methacrylate polymers and
polviacndes and poly{lactide~-co-glveolides), (see, ez, MoGee eral 1. Micro Encap. 1997,
142y 197-210)

jous2] Pharmaceutically acceptable carrier compositions can also include additives,
wcludimg but not houted to water, pharmacentically acceptable organe solvents, collagen,
potvvinyl alcohol, polvevmylpyrrolidone, carboxyvingt polymers, carboxymethvleeltulose
sodiun, sodiem polyacrylate, sodiom algmate, water-soluble dextran, carboxymethyl starch
sodium, pectin, methylcelhulose, ethylcelhudose, xanthan gom, gom arabie, casem, agar,

polyethylene glycol, diglycerine, glycerine, propylene glycol, petrolatum, paraffin, stearyl

2
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aleohol, stearic acid, human serum atbamun, mannitol, sorbitol, lactose, and surfactants

acceptable as pharmaceutical adduives.

{6083 Subjects Amenable to Treatment
[0084 The presence of AP plaques has been found in several diseases including

Alzhemmer’s disease, Down's syndrome, mild cognitive impamment, cerebral amylod
angiopathy, postencephalitic parkisontsm, postiraumatic dementia or demeniia pugilistica,
Pick’s disease, type C Niemanmn-Pick disease, supranuclear palsy, frontotemporal dementia,
frontoiemporal lobar degeneration, argyrophilic grain disease, amyotrophic lateral
sclerosis/parkinsonism dementia complex of Guam, corficobasal degeneration {CBD), dementia
with Lewy bodies, Lewy body varant 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 mvositis.

{6085 The compositions and methods of the disclosure can be used m treatment or
propinviaxis of any of these diseases. Because of the widespread association between
newrological diseases and AP, the compositions and methods of the disclosure can be used n
ireatment or prophviagis of any subject showing elevated levels of AP {e.g., W the USF)
compared with a mean value i individuals without neurological disease. The compositions and
methods of the disclosure can also be used in treatment or prophyvlaxis of neuwrological disease m
wdividuals having a mutation in AP associated with neurological disease. The methods are

particularty suitable for treatment or prophylaxis of Alzheimer’s disease.

[0086] Subjects amenable to treatment include mdividuals at risk of disesse but not
showing symptoms, as well as patisnts presently showing symptoms, including treatment naive
subjects that have not been previous tregted for disease. Subjects at nisk of disease melude those
0 an aging population, asympiomatic subjects 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 s determined by analvsis of genetic or hiochemical markers.
Genetic markers of risk mchade mutations in AP, as well as mutations m other genes associated
with newrological disease. For example, the ApoE4 allele 1 heterozygons and even more so
homozygous form is associated with nisk of Alzhetmer’s disegse {AD). Other markers of risk of
Alzhetmer’s disease include mutations i the APP gene, particularly nmutations at positton 717

-~
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and posttions 670 and 671 referred 1o as the Hardy and Swedssh mutations respectively,
nutations i the preserntin genes, PST and PS2, a family history of AD, hypercholesterolenua or
atherosclerosis. Individuals presestly suftering fromm Aldhiemner’s disease can be recognizad by
PET umaging, from charactenistic dementia, as well as the presence of risk factors described
above. In addition, a munber of diagnostic tests are available for identifying mdividuals who
have AD. These include measurement of CSF oy blood AP42 levels. Decreased AP42 fevels can
signity the presence of AD, as well as moreased AR40 and a redaced AB42/AB40 ratio. Some
mutations associated with Parkinson’s disease, for example, Ala30Pro or Ala33Thr, or mutations
i other genes associated with Parkinson's disease such as leacme-rich repeat kinase (LRRK2 or
PARKZR). Subjects can also be diagnosed with any of the neurological diseases mentioned above
by the cniteria of the DSM IV TR

{0087} {n asympiomatic subjects, treatiment can begn at any age {e.g.. 10, 20, 30, or
muora). Usually, however, it 1s not necessary to begin treatment untd a subject reaches 20, 30, 40,
56, 60, 70, 80 or 90 vears ofage. Treatment typically entatls multiple dosages over a penod of
time, Treatment can be monitored by assaying antibody levels over time, It the response falls, a
booster dosage 15 indicated. In the case of potential Down’s syndrome patisids, treatment can

begin antenatally by adiministering therapeutic agent to the mother or shortly after birth.

{0088} Methods of Treatments and Uses
[O08Y] The disclosure provides methods of inhibiting or reducing aggregation of Al ina

subject having or at risk of developmy Alzhetmer’s disease. The methods include administering
to the subyect the compositions as disclosed herein. A therapeutically effective amount is 3
dosage that, when given for an effective period of time, achieves the desired inmnunological or
chnical etfect. Dosage regimens may be adjusted to provide the optimum therapeatic response.
For example, several divided doses may be administered at set imtervals {e.g.. weekly, monthiy}
or the dose may be proportionally reduced as indicated by the exigencies of the therapeutic

&

situation.

j0056] The compositions described herein (pharmaceutical compositions) can be used in
methods for treating ov effecting prophylaxs andfor prevention of Alzhenmer's disease. In
certain embodiments, the compositions as disclosed herein provide compositions for reducing

A 0 a subject andfor 1 the tssoe of the subject. In another embodiment, the compositions as

29
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disclosed herem provide compositions for reducing AR m the bram of a subject. In some
embodiments, the A reduced by the compositions is the pathological form{s) of the A} {e.g.
extracellidar plague deposity of the B-amylod peptide (AD): neuritic amvioid plagues). In vet
other embodiment, pathological mdicators of neurodegenerative disease andior -

amvylowdopathies are decreased by the imumotherapy compositions.

{0091 in prophviactic applications, the compositions described herein can be
admimistered to a sulyject susceptible to, or otherwise at risk of a disease {e.g., Alzheimer’s
disease) in a regimen (dose, frequency and route of adnunistration} effective to reduce the risk,
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 delav AP plaque formation, and/or inhibit or
delay s toxic effects andfor mbubit/or delay development of behavioral deficits. In therapeutic
applications, the composiions described herein are adminisiered to a subject suspecied of, or a
patient already suffering from a disease (e.g., Alzheimer’s disease) in a regimen {dose, frequency
and route of admimstration) effective to ameliorate or at least inhibit further deterioration of at
least one sipgn or symptom of the disease. In particular, the regimen is preferably effective to
reduce or at least mhibit further increase of levels of AR plagues associated toxicities andfor

behavioral deficits.

{00921 A regimen is considered therapeutically or prophylactically effective if an
wdividual treated achieves an outcome more favorable than the mean outcome in a control
population of comparable sabjects not treated by methods of the invention, ot 1f a more favorable

outcome 15 demonstrated in treated subjects versus control subjects i a controlled chinical tual

{e.g.. a phase 1, phase 1711 or phase {H trial} at the p < 0.05 or 0.01 or even 0.001 level.
[0093] Etfective doses of vary depending on many different factors, such ag means of

administration, target site, physiological state of the patient, whether the patient 1s an ApoE
carvier, whether the patient s luman or an animal, other medications administered, and whether

treatment is prophylactic or therapeutic.

0094 In some embodiments, the effective amount is a total dose of 23 pg o 1000 ug, or
_ } ug

=

S0 pg to 1000 pg. In some embodiments, the effective amount 15 & total dose of 100 pg. In some

embodiments, the effective amount 1s g dose of 25 pp admnistered to the subject a wotal of two

times. In some embodiments, the effective amount 1s a dose of 100 ug administered to the
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sabject a total of two times. In some embodiments, the effective amount s a dose of 400 pg
admuntstered to the subject a total of two times. In some emboduments, the effective amountis a
dose of 300 uy admimstered to the subject a total of two imes.  In some embodiments, a RNA
e, mRNAY vacome 18 admunistered to a subject by intradermal, intramuscular igection, or by

intranasal admmisiration.

{0095] {n some embodiments, the amount of an agent for active immunotherapy varigs
from 1 o 1000 micrograms (pg), or from G.1-5300 g, or from 10 to 5300 pg. or from 30 10 230
pg 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
otice a vear, 1o once a decade. A typical regimen consists of an mmmunizanon followed by
booster mjections at time mtervals, such as 6 week intervals or two months. Another regimen
consists of an immumization followed by one or more booster myjections 1, 2, 3, 4, 3, 6, or 12
muonths later. Another regimen entails an ingection every two months for Iife. Alternatively,
booster injections can be on an wregular basts as indicated by monstoring of immune response.
The frequency of admimstration may be once or more as long as the side effects are within a

chinically acceptable range.

[0096] in some embodiments, the compostiions or methods as disclosed herein comprise
admumustering to a subject a nuclete acid vacomne comprising one or more DNA or RNA
polynucientides having an open reading frame encoding & first peptide and a second peptide
wherein a dosage of between 10 pefkg and 400 ug &g of the nuclere acid vaccine 15 adminsterad
to the subject. Tn some embodiments the dosage of the RNA polynucleonde is 1-5 pg, 510 ug,
10-15 pg, 15-20 pe, 10-25 pg, 20-25 g, 20-50 pg, 30-50 pg, 40-50 pg, 40-60 pg, 60-80 pg, 60-
100 pg, 50-100 pg, 80-120 pg, 40-120 pg, 40-150 pg, 50-150 pg, 50-200 pg, 80-200 pg, 100-200
ng, 120-250 pg, 150-250 pg, 180-280 pg, 200-300 pg, 50-300 pg, 80-300 g, 100-300 pg, 40-
300 pg, 50-350 pg, 100-350 pg, 200-350 g, 300-350 pg, 320-400 pg, 40-380 pg, 40-100 g,
100-400 pg, 200-400 pg, or 300400 ug per dose. In some ersbodiments, the nucleic acid is
adrunistered 1o the qubject by intradermal or imtramuscular injection. In some embodiments, the
nucleic acid is administered to the subject on day zere. In some embodiments, a second dose of

the nucleic acid 1s admmistered to the subject on dav seven, or fourteen, or twenty one.
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{0097] The compuositions desertbed herein are preferably admuistered via a peripheral
route {1.¢., one i which the admistered composition results in a robost immune response
andior the wmduced antibody population crosses the blood brain barvier 1o reach an intended site
m the brain, spinal cord, or eve. For peripheral diseases, the induced antibodies leave the
vasculature to reach the intended penpheral organs. Routes of admunstration mclude oral,
subcutaneous, intranasal, intradermal, or inframuscular. Some routes for active Immunization
are subcutaneous and intramuscular. Intramuscular administration and subcutaneous
adsmmstration can be made at a single sie or multiple sites.  Intramuscular iyection is most
tymcally performed m the arm or leg muscles. In some methods, agents ave myjected duectly wto

a particular tissue where deposits have accumulated.

{8098} The nomber of dosages administered can be adjusted to result in a more robust

e response (for example, higher titers).

{009%] An effective amount of a DNA or RNA encoded mmmunogen can be beteeen
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 mg/ke, or about between about | p'ke and about |
mgike. Dosage forms saitable for internal admunistration preferably contain {for the latter dose
range) from about 0.1 pg to 100 g of active mgredient per unit. The active ingredient may vary
from 0.5 to 83% by weight based on the total weight of the composition. Alternatively, an
effective dose of dendritic cells Ioaded with the antipen is batween about 16* and 10° cells.
Those skalled 1 the art of immunotherapy will be able to adjust these doses withowt undue

experimentation.

{60106] The nucletc acid composttions may be administered 1 a convenient manner, &.g.,
myechion by a conventent and effective route. Rootes can mclude, but are not hmited to,
tradermal "gene gun” delivery or inframuscular injection. The modified dendritic cells are
adnunistered by suboutaneons, intravenous or intramuscular routes. Other possible rontes
wmclude oral adnunistration, intrathecal, mhalation, transdermal application, or rectal
administration.

[p0101] Depending on the route of admuarstration, the composition may be coated m a

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

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

bl
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co-admunister the compostion with, a material to prevent its mactivation. For example, an
enzyime inhibitors of nucleases or proteases {e.g., pancreatic trypsin inhibitor,

dusopropy tuorophosphate and trasviol) or s an appropriate carner such as iposomes
{ncluding water-m-otl-in-water evaulsions as well as conventional liposomes (Swrejan ef af., 1

Neuwrpmmmunol 7:27, 19843,

{00102] The immunotherapeutic compositions disclosed herem may also be used m
combination with other treatments for diseases associated with the accumulation of AR, for
example, anti-Af antibodies such as antibodies that speeifically bind 1o any of the AJ epitopes
disclosed herein, aducamunab or any of the antibodies disclosed 1n, for example, U.S. Patent
Publication 2010/202968 and ULS. Patent No. 8,906,367, ABBV-8E12, gosuranemab,
zagotenemab, RG-6100, BIIBO76 or any of the antibodies disclosad 1n WQOR014/165271,

USTO, 501,531, WO20L7/191 560, US2019/03303 14, WQZ01 7191561, US2019/8330316,
WO2017/191539, and WO2018/204546, In some combination therapy methods, the patient
receives passive immunotherapy prior to the active immunotherapy methods disclosed hervein. In
other methods, the patient recetves passtve and active mmunotherapy during the same period of
treatment. Alternatively, patients may recetve active tiumunotherapy prior to passive
wmnumetherapy. Combinations may also welude small molecule therapies and non~
tmmunogenic therapies such as RAZADYNE" (galantamine), EXELON® (nivastigmine), and
ARICEPT® (donepezil) and other compositions that improve the function of nerve cells in the

hrai.

{80103} The compositions of the disclosure may be used 1n the manafacture of

medicaments for the treatment regimens described herein.

[80104] Treatment Regimens
{00105 Desired outcomes of the methods of treatment as disclosed heremny vary according

to the disease and patient profile and are determinable to those skilled m the art. Desired
outcomes include an improvement in the patient’s bealth status. Generally, desired ontcomes
mclude measurable mdices such as redaction or clearance of pathologic amyiod fibnils,
decreased or mnhibited amyloid aggregation andfor deposttion of amylowd fibrils, and mnereased

mmune response to pathologic andfor aggregated amylowd fibrids. Desired ontcomes also include

amelioration of amyiowd disease~-specific symptoms. As used heren, relative teoms such as
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non;

“improve,” "morease,” or “reduce” imdicate values relative to a control, such as a measurement 1n
the same individual prior to mutiation of treatment desertbed heren, or a measurement in g
control mdavidual or group. A control individual 3¢ an individual atflicted with the same amyloid
disease as the individual beinyg treated, who is about the same age as the individual being treated
{to ensure that the stages of the disease m the treated individual and the control mdividual are
comparable}, but who has not recetved treatment using the disclosed formulations.

Alternatively, a control mdivideal 18 a healthy mdividual, who 18 about the same age as the
mdividual being treated. Changes or improvements in response to therapy are generally
statistically signficant and described by a p-value less than or equal to 0.1, less than 0.03, less

than 0.01, less than 0.003, or less than 0.001 may be regarded 85 significant.

[80166] Effective doses of the compostions as disclosed herein, for the treatment of a
subject vary depending upon many different factors, including means of adminisiration, target
site, physiological state of the patient, whether the patient is human or an animal, other
medications adnumsterad, if anv, and whether treatment is prophylactic or therapeutic.
Treatment dosages can be titrated to optimize safety and efficacy. The amount of immunogen
can also depend on whether adjuvant is also adminsstered, with higher dosages being required in
the absence of adjuvant. The amount of an inmunogen tor administration somenmes varies
from 1-300 pg per patient and more usually from 5-300 ug per injection for human
admunistration. Occasionally, a higher dose of 1-2 mg per dosage is used. Typically, about 16,
20, 50 or 100 pg 15 used for each human dosage. The timng of dosages can vary sigmificantly
from once a day, to once a vear, to once a decade. On any given day that a dosage of

e gen 18 given, the dosage is greater than 1 ugfpatient and usually greater than 10
pgfpatient if adpuvant 1s also adminstered, and greater than 10 pg/patient and usually greater
than 100 ug/patient in the absence of adjovant. A typical regimen consists of an mmumization
followed by booster dosage{s) at 6-week mtervals. Another regimen consists of an mmmouzation
foltowed by booster dosage{s) 1, 2, 3, 4, 3, 6, or 12 months later. Another regimen entails
dosage{s) every two months for life. Alternatively, booster dosage{s) can be on an jrregulay

basis as mdicated by monttoring of mmune response.

{oa147] When administered in combination with a second treatment for Alzheimer’s

disease, such as, Razadyne® {(galantarmne}, Exelon® (rivastigmine), and Anicept® (donepeal),
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the second treatment can be admustered accordmg the product label or as necessary 1 view of

the treatment with the compositions of the disclosure.

j00108] Kits
[00109] The disclosure further provides kits (€. g, containers) compnising the compositions

disclosed herein and related matenals, such as mstructions for use {e.g., package msert). The
mstroctions for use may contain, for example, mstroctions for admmistration of the compositions
and optionally one or more additional agents. The coutaimers of peptide and/or nuclec awid

compositions may be umit doses, bulk packages (e, nulii-dose packages), or sub-umt doses,

{00116} Package msert refers to instructions customarnity included in commercial packages
of therapeutic products that contain mformation about the mdications, usage, dosage,
administration, coatrandications andfor warnings concerming the use of such therapeutic
products. Kits can also inchude a second comtainer compusing a pharmaceutically acceptable
buffer, such as bacteriostatic water for injection {BWFY), phosphate~-baffered saling, Ringer's
solution and dextrose solution. It can also mchude other materials desirable from a commercal

and user standpoint, mctadimg other buffers, difuents, filters, needles, and syringes.

[po111 The following are provided for exemplification purposes only and are not
wiended to hmit the scope of the mvention described in broad terms above. All references cited

m this disclosure are mcorporated herein by refevence.
[00112] Uses

[00113] Each of the peptides, polypeptides, mamunogens, and pharmaceutical
compositions described herein may be for use in treating one or mwre of the diseases as desertbed
lerein. In addition, each of the peptides, polypeptides, immunogens, and pharmaceutical
compositions described herein may be for use 1n mathods for treating one or more of the diseases
as described herein. Each of the peptides, polypeptides, immunogens, and pharmaceutical
composittons described heretn may be used in a method for manufacturing a medicament for

treating of use m treating one of maove of the diseases as described hergin.

jat 14} AR US. and nternational patent applications identified herein are mcorporated by

reference m thew entirety.

"y3
A



WO 2022/060424 PCT/US2021/033180

Examples
[00115] Example 1: Animal Immunizations
{60116} Female Sywiss Webster miuce were mjected subcstaneously at two sites with 100 gl

of test article on day 0, 14, 42 and 70. Test article was prepared by combimng 23 pg of test
mununogen and 23 pr of Q821 adjovant in 200 i phosphate buffered salme (PBS). Mice were
bled on day 21, 49 and 77 by mickmg tails and collecting 50 wl of blood, followed by processing
to senuwm, The peptides tested included AEFRHDSGC (SEQ ID NO:3&) and DAEFRHDC (SEQ
ID NO:39). hmuonogens containgd one AP pepude, a C-terminal linker and a C-terminal

cysteine and were conpled through the Coterminal cysteine to CRM-197 with a malemide

hinkage.
{80117} Guinea pigs were igjected mramusadarly with 30 gg of a test wmmamogen, 25 ug

Q521 m 200 gl of Addavax onday €, 21, 49 and 77. Bleeds were done 7 days post
mamunization. The peptides tested meloded RBAEFRHDC (SEQ ID NQO:39) and QKLVFFAERC
{SEQ ID NO40). Immunocgens again contained one AP peptide, a C-terminal linker. and a C-
termmal cysteine and were coupled through the C-termmnal cysteineto CRM-197 with a

maleinide hinkage.

{00118} Female Guinea Pigs were at least 5 weeks old at the start of the study having an
approximate body weight of 350-5300g. Appropriate anmmal housmg and research procedures for
animal husbandry and care were conducted in an aceredited facihity 1o accordance with the
guidelines of the ULS. Department of Agniculture’s (USDA) and the Assessment and

Accreditation of Laboratory Animal Care {AAALAC) International.

[00119] The mmunogen concentration was 0.5 mgfml. Prior to gach administration of the
test immunogen, approximately a 3 o’ area on each hind Hmb was shaved and wiped with
gthanol for visualization of the injection site. Each anumal received a test mmunoegen dose of
200 microttters (0,25 micrograms/nucroliter) divided o two separate sites each of 100
nucroliter per injection {i.e., animals recetved 50 gg of mnmunogen 1o 100 1l PBS + 25 pgof
(08-21 in 100 Wl Addavax}). A 25G-27G needle was inserted intramuscularly into the hind limb,
approximately 0.25 - 0.5 ¢m deep, and injected at 100 microliters per site. Injection sites were
rotated each administration between four separate sites per hind limb and separated by at least 2

<m.
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[00120] Example 2: Measurement of Antibody Titers
foa121] Whote blood samples were collected mnto clot activator tubes via jugular vein at

250-350 nucrolters per collection at weeks 1, 4, 8 and 12 for Guinea pigs and 50 microlners per
collection at weeks 1, 3, 7and 11 by mickig tails for mice. The maxmmuan volume of whole
blood was collected into clot activator tubes via eardiac puncture at ternunation on the fnal
collection week. All blood samples were allowed to clot at room temperature for greater than 30
munates, centrifuged ambient {approxumately 20-25 “C) at 3,000 RPM for 10-15 munutes, and

serurn supernatant was fransferred individaally into clean orvovials, Serum supernalant was

stored frozen at -80 ¥C (2 12 °Ch

{60122 Tyers on AP Gumea Pig
{08123} AP 1-15 and AP 1-2% were both used at different parts of the studv. Both of these

will not form aggreeates. 2 pg/ml A-beta mononmers were coated at coated on to the plate 100 i
per well m PBS and meobated overmight at room temperature.  Plates were blocked for 1 hour
with 19 BSA in PBS. Plates were aspirated and o row A 200 gl of 0.1% BSA 1 PBS Tween
was added. In colammn 1 negative Gumea pig serum was added at 17100 dilotion winle the rest of
the row contained 1/100 test serums. Rows were senally diluted by 50% par step down the plate
giving dilution range of 1/100 to /12800, Wells were incubated for 2 hours at room temperature
then were washed, A 173000 dilution of anti-Guinea pig 1o HRP i 0.1% BSA i PBS Tween
was preparved and then 100 ul added to the washed well. Saraples wers tncubated for | how and
then washed. OPD substrate was prepared using Thermo-Fisher OPD tablets at | tablet per 10
mils. Thermeofisher substrate buffer was added as 1710 and each well had 100 i added and was
incubated for 15 nunutes. 5O pl of IN HaSOs was adided to stop the reaction and plates were
read at 480 i on a Molecular Devices Spectromax, Titer defined as the dilution giving 50%

maximum OD and was extrapolated if &t fell between dilutions.

[00124] Titers on AP mouse
{00125] 2 ugfml recombinant AR was coated on to the plate 100 ul per well in PBS gnd

wcubated overnight at room temperature.  Plates were blocked for | hour witle 196 BSA in PBS.
Plates were gsprrated and to row A 200 uyl of 0.1%5 BSA in PBS Tween was added. In colomn 1,
negative mouse serym was added at 17100 whale the rest of the row contained 17100 test sera.

Rows were sertally diluted by 50% per step down the plate piving dilution of 1/100 to 1712800,

ot
gt
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Wells were meobated 2 howrs at room temperatore then were washed, A 1/3000 dilation of ang-
mouse 1e(G HRP 11 0.1% BSA 1 PBS Tween was prepared and then 100 pl added to the washed
well. The reaction mixture was incabated for 1 hour and was washed. OQPD substrate was
prepared using ThenmoFisher OPD tablets at 1 tablet per 10 mis. ThermoFisher substrate buffer
was added at 110 dilution and each well recerved 100 pl and was weabated for 15 vumates. SO
wl of 2N HaS0s 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% maximum 0D measarement

and was extrapolated 1f it fell between dilutions.

[08126] Antibody tiers observed w Gunea pigs immunized as described above are shown
m Table 1. Immunizations were conducted with (3821 in Addavax. The titers reported are for the

bleed after the third sgection. These results ave represented m Figure 1

Table 1
Antibody titers m Guimea pigs {GP) immumized with AP epitopes.

AP Epitope in immunogen SEQID | GP1 | GP2 | GP3
Titer | Titer | Titer

QRLVEFAERC Abeta 1522 40 TO00 | 20000 | 18000
DAERFHDC Abeta 1.7 39 200 200 200
{80127} Antbody titers observed m mice munanized as deseribed above are shown i

Table 2. Immunizations were conducted with 521, The titers reported are tor the bleed after the
third mjection. These resulis are represented in Figure 2.
Table 2

Antibody titers in mice immumnized with AR epitopes.

Af Epitope in SEQID | Mousel Mouse 2 Mouse 3 Mouse 4

immunogen Titer Titer Titer Titer

AEFRHDSGC Abeta 2-8 38 8000 15000 400

DAEFRHDC Abeta 1-7 39 S000 10000
j0128] Example 3;: Staining of Alzheimer's brain tissue with sera from Guinea pigs

immuanired with a vaccine as disclosed herein,

{80129] Autopsy blocks of fresh frozen human bram tissue {~ 0.5 g) ave embedded in

optima] cotting temperatere compound (OCT compound) and cut using a eryvostat to generate 10
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umt sections, The sections are placed into a sohution of glucose oxadase and beta D-glucose, m
the presence of sodnun azide, to block endogenous peroxidase. Once tissue sections are
prepared, the staining with the specified Guinea pig seva from Guinea pigs immunized with a
vaceme as disclosed herein 1s carried out at two dilutions {1300 and 1:1500), using a rabbit anti-
guinen pig secondary antibody and a DAKQ DAB Detection Kit as per the manufacturer's
mstructions. The staming 15 processed using an automated Leica Bond Stainer. The resulis
mdicate whether sera from Guinea pigs immmunized with a vaccine as disclosed herein comprise

antibodies specific to AP in huunan brain tissue of Alzheimer’s patients.

|00 136] Although vanous specific embodiments of the present invention have been
described hergin, it 1§ to be understood that the invention 15 not limited to those precisa
embodiments and that various changes or modifications can be affecied theremn by one skilled m

the art without departing from the scope and spirit of the invention.
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In each of the embodiments of the peptide desersbed herem, the peptide may

comprise, consist, or consist essentially of the recited sequences. Thas, mcorporated m thas

disclosure (see Table 13} are the following sequences that can be part of the composiiions

compnising, consisting of or consisting essentially of an amvioid-beta (AR} pepude as disclosed

heram.

SEQ D NO:OT - A2
DAEFRHDSGYEVHHQKLVFFAEDRDVGSNRKGAIIGLMVGGVVIA

DAEFRHDSGY
DAEFRHDSG
DAEFRHDS
DAEFRHD
DAEFRH
DAEFR
DAEF

DAE
AEFRHDSGY
AEFRHDSG
AEFRHDS
AEFRHD
AEFRH
AEFR

AEF
EFRHDSGY
EFRHDSG
EFRHDS
EFRHD
EFRH

EFR
FRHDSGY
FRHDSG
FRHDS
FRHD

FRH
RHDSGY
RHDSG
RHDS

RHD
HDSGY
HDSG

HDS

(SEQ ID NO:02)
(SEQ ID NO:03)
(SEQ 1D NO-04)
(SEQ ID NO-03)
(SEQ 1D NO:06)
(SEQ ID NO:OT)
(SEQ ID NO:08)
(SEQ 1D NO:09)
(SEQ ID NO: 10}
(SEQ ID NO:1D)
(SEQ ID NOAD)
(SEQ ID NO:13)
(SEQ 1D NO:14)
(SEQ ID NO:15)
{SEQ ID NO: 16
{SEQ D NO:17
(SEG ID NO:18)
(SEQ ID NO:19)
(SEQ ID NO:20;
(SEQ ID NO:21;
(SEQ ID NO:22
(SEQ 1D NO:23)
{SEQ 1D NO:24)
{SEQ ID NO:25)
{SEG I NO:26)
{SEQ 1D NO:27)
(SEQ 1D NO:28}
(SEQ ID NO:29)
{SEQ D NO:30)
{SEQ 1D NO:31)
{SEQ T3 NO:32;
(SEQ 1D NO:33)
{SEC) ) NO:34)

Table 3

40

DSGY

DSG

SGY
AEFRHDSGC
DAEFRHDC

OKLVFFAEC
VHHOKLVFFA
VHHOKLVFF
VHHOKLVF
VHHOKLV
VHHOKL
HHOKLVFFAE
HHQKLVFFA
HHOKLVEF
HHOKLVF
HHOKLY
HHOKL
HOQKLVFRAED
HQKLVFFAR
HOKLVEFA
HOKLVFF
HOKLVF
HOKLV

HOKL
OKLVFFAEDV
OQKLVFFAED
OKLVFFAE
OKLVEFA
QKLVFF
QKLVF

OKLV

QKL

{(SEQ 1D NOR3S)
(SEQ ID NO:36)
(SEQ ID NO3T)
(SEQ ID NO:38)
(SEQ D NO3Y

(SEQ 1D NO-40)
(SEQ ID NO:41)
(SEQ ID NO:42)
(SEQ ID NO:43)
(SEQ 1D NO:4)
(SEQ 1D NO:45)
(SEQ 1D NO46)
(SEQ 1D NO:4T)
(SEQ ID NO:48)
(SEQ 1D NO:49)
(SEQ 1D NO:S0)
(SEQ 1D NO:51)
(SEQ 1D NO:52)
(SEQ 1D NO:53)
(SEQ 11y NO: 545
(SEQ 1D NO:55)
(SEQ 1D NO: 56}
(SEQ ID NO:57)
(SEQ 1D NO:S8)
(SEQ 1D NO:59)
(SEQ 1D NO:60)
(SEQ ID NO:61)
(SEC 1D NO:62)
(SEQ 1D NO:63)
{SEQ T3 NO:64)
(SEQ 1D NO:65)
(SEQ 1D NO:66)
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KLVFFARDVG
KLVFFAEDY
KLVFFAED
KLVFFAE
KLVFFA
KLVFF

KLVF

KLV
LVFFAEDVG
LVFFAEDV
LVFFAED
LVYFFAR
LYFEA

LVFF

LVE
VEFAEDVG
VFFAEDY
VFFAED

{SEQ D NO:67)
{SEQ 1D NO:68)
{SEQ ID NO:69)
{SEQ 1D NO:70)
{SEQ ID NO:7H
{SEQ 1D NO:72)
{SEQ 1D NO:73)
{SEQ D NO:74)
{SEQ 1D NO:75)
{SEQ 1D NO:76)
{SEQ 1D NO:77

{SEQ 1D NO:78)
(SEQ 1D NO:79)
{SEQ 1D NO:80)
(SEQ ID NO:81)
{SEQ 1D NO:82)
{(SEQ 1D} NO:83)
(SEQ ID NO:84)

41

VFFAE

VEFA

VFF

FFAEDVG
FFAEDV

FFAED

FFAE

FFA

FAEDVG
FAEDY

FAED

FAE
Arg-Val-Arg-Avg
Gly-Ala-Gly-Ala
Ala-Gly-Ala-Gly
Lvs-Gly-Lys-Gly
DAEFRHDRR

PCT/US2021/033180

(SEQ 1D NO:85)
(SEQ 11 NO:86)
(SEQ 1D NO:87)
(SEQ 1D NO:88)
(SEQ ID NO:89)
(SEQ 1D NO:90)
(SEQ 1D NO:31)
{SEQ 1D NO:92)
(SEQ ID NO:93)
(SEQ D NO:94)
(SEQ ID NO:95)
(SEQ 1D NO:96)

(RVRR; SEQ ID NO:97)
(GAGA: SEQ 1D NO:08)
(AGAG: SEQ 1D NO:99)
(KGKG: SEQ 1D NO: 100}

(SEQ 1D NO:101),
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WHAT IS CLAIMED IS:
1. A peptide comprismg 3-10 amino acids from residues 1-10 of SEQ 1D NO:01 or from

residues 12-28 of SEQ D NO:0OL.

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 ID NQO:ge.

3 The peptide of claim 1, wherein the peptide 18 from residues 1-7 of SEQ 1D NO:OL
4. The peptide of claim 1, wherem the peptide 1s 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 14422 or from residues 15-23 or from residues 15-24 or from residues 15-23 or

from resicues 15-22 of SEQ ID NO01.

b The pepide of claim 1, wherein the peptide comprises an anuno gcid sequence selected
from the group consisting of any one of SEQ 1D NQO:05 to SEQ 1D NO:09, SEQ ID NO: 13 w0
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 clamm 1, wherein the peptide 1s from residues 2-8 of SEQ 1D NO:GL .

7. The peptide 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 clang 1, wherein the peptide comprises an aninoe acid segquence selected

from the group consisting of SEQ 1D NOS 2-96.
Q. The peptide of claim &, further compnising 8 -RR at a C-terminal end.

10, The peptide of claim 9, comprising an anmune acid sequence of DAEFRHDRR (SEQ 1D
NO:101).
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it The peptide of any one of claims 1- 10, further comprismyg a C-tenmnal cysteine.

12, The pepude of claim |, comprising an amino acd sequence of AEFRHDIGC (SEQ ID
NO3&)

13, The peptide of claim |, comprising an amine amd sequence of DAEFRHDC (SEQ 1D
NO:39).

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

13, The peptide of claim 1, comprising an amine soid sequence of DAEFRHD (SEQ 1D

NO:05),

16, The peptide of claum |, comprising an amine acid sequence of EFRHDSG (SEQ ID
N 18},

17.  The peptide of claim 1, comprising an amine amd sequence of AEFRHDS (SEQ 1D
NO:12)

18. A peptide comprising the structure:

{first peptide}-{linker 1{-|second peptide]-[linker 2}-[Cys],
wherein, the first peptide 15 g pepnde according to claim 1, the second peptide is the sgme or
different peptide according to claim 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 elaim 18, wherein the first peptide or the second peptide comprises 3-10

amino acids from residues 1-10 of SEQ ID NOQ:OL

20, The peptide of claim 18, wherein both the first peptide and the second peptide comprise

3-10 amino acids from residues 110 of SEQ D NO:OL.

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

amino aoids from restdues 12-25 of SEQ 1D NO:01.

43



WO 2022/060424 PCT/US2021/033180

22, The peptide of claum 18, wherem both the first peptide and the second peptide comprise

3-10 amino acids from restdues 12-25 of SEQ 1D NO:01.

23 The peptide of clamm 18, wherem the first peptide or the second peptide 1s selected from

the groap conssting of SEQ D NO:02 through SEQ ID NO:39.

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

selected from the group consisting of SEQ ID NO:O2 through SEQ 1D NO:39.

315, The peptide of clazm 18, wherem the first peptide or the second peptide 1s selected from

the group consisting of SEQ 1 NO:40 through SEQ 1D R0O96.

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

selected from the group consisting of SEQ 1D NO:0 through SEQ 1D NO:S6.

27, The peptide of claim 1R, wherein the first peptide or the second peptide comprises 3-10
amino acids from residues 110 of SEQ 1D N0, and the other peptide comprises 3~10 amino

acids from residues 12-25 of SEQ 1D NQ:0L

28, The peptide of claim 18, wherein the first peptide or the second peptide 1s selected from
the group consisting of SEQ 1D NO:02 thwough SEQ 1D NO:39, and the other peptide is selected
from the group consisting of SEQ 1D NO:40 through SEQ D NO:96.

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

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

30, The peptide of claim 18, wherein both of the first peptide and the second peptide s an
amino acid sequence selected from the group consisting of SEQ 1D NO:O2 through SEQ ID
N 96,

31, The pepuide of clamm 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 claum 18, wherem the first peptide or the second peptide 18 SEQ ID

NO: 161

34, The peptide of clamm {8, wherem both the first peptide and the second peptide are SEQ

IDNO:0L

35 The peptide of claim 18, wherein the first peptide and the second peptide are sach
selected from the group consisting of SEQ ID NO:02 through SEQ 1D NO:96, and SEQ ID
NO:101.

36, The pepude of any of clatnis 1 1o 8, further comprising a tinker at a C-ternunal portion of

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

38, The peptide of claim 37, wherein the hinker comprises an amino acid sequence selected
from the group comsisting of AA, AAA, KK, KKK, 8§, 5§85, AGAG (SEQ ID NO:99)y, GG,
GGG, GAGA (SEQ 1D NO:9E), and KGKG (SEQ 1D NO:100).

39, The peptide of claum 38, wherein the linker further comprises a C-terminal oysteine (C)
40.  The peptide of ¢laim 38, wherein the peptide further comprises a blocked amine at the N-

ferminus,
4%, The peptide of claim 18, whergmn the first linker, 1s a cleavable linker.

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

ttodl.

43.  The immuonotherapy composition of claim 42, wherein the one or move peptides further

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

44 The immanotherapy composstion of claim 43, wherein the hinker comprises an anmino
acid sequence selected from the group vonsisting of AA, AAA, KK, KKK, 85, 558, AGAG
{(SEQ ID NO:99), GG, GGG, GAGA (SEQ D NO:98), and KGKG {SEQ 1D NO: 100}
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45, The immunotherapy composition of either of clamm 43 or 44, wherem the carnier comprises
seram athunuus, rmmuonoglobeho molecules, thyroglobulin, ovatbamin, tetanus toxoid (TT),
diphtheria toxord (DT), a genencally modified cross-reacting matenal (CRM) of diphtheria
toxin, CRM197, meningococcal onter meambrang protein complex {OMPC) and H. influenzae
protem 13 (Hil3), rEPA (Pseadomonas aeruginosa exotoxin A), KEH (kevhole limpet

hemocyanm), and Hageltlin
46, The inmunotherapy composition of claym 45, whereni the carvter 1s CRM 197,
47. The mumunotherapy composition of claxm 45, wherein the camrier i1s diphtheria toxoid.

48, The immmuonotherapy composition of any one of clams 4247 further comprismg at least

one pharmacentically acceptable diluent.

49, The immunotherapy composition of any one of claims 42-47, further comprising a

multiple antigen presenting system (MAP).

50.  The nmmunotherapy composition of claim 49, wherein the MAP comprises one or more
of a Lys-based dendnitic scaffold, helper T-cell epitopes, invnune stimulating Hpophilic moleties,
cell penetrating peptides, radical induced polymertzation, self-assembling nanoparticles as

antigen-presenting platforms and gold nanoparticles.

31 A pharmaceutical composition comprising (a) one or more of the polypeptide of any one
of claims 1 to 41 or {b) the mmunotherapy compaosition of any of claims 42 to 50 and at least

one adjuvant.

52. The pharmaceuntical composition of claim 31, wherein the adjuvantis selected from the sroup
consisting of aluminum hydroxide, ahuninum phosphate, shuninum sulfate, 3 De-Q-acylated
monophosphoryl ipid A (MPL), QS-21, TQL1OSS, QS-18, QS-17, QS8-7, Complete Freund's
Adjuvant (CFA), Incomplete Freund’s Adjuvant (IFA), oif 10 water emulsions {such as squalene
or peanut oil), CpG, polyghiamic acid, polyvlysine, AddaVax™, MF39%, and combmations

thereot,

53, The pharmaceutical composition of claim 32 wherein the adjuvant 1s Q5-21 or TQL10S5,

46
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54, The pharmaceutical composttion of claim 32 wherein the adjpvant is MPL.

35, The pharmaceutical composition of clatm 32, wheremn the adjevant s a combination of MPL

and Q8-21 or a combination of MPL and TQLI10SS.

36, The pharmaceutical composition of any of claims 51 to 55, wherein the adjuvant comprises a

liposomal formualation.

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

comprises at least one pharmaceutically acceptable diluent.

58, The pharmaceatical composition of any of clatms 51 o 56, comprising a maltiple antigen

presenting svsterm (MAP).

39, The pharmaceutical composition of claim 38, wherein the MAP comprises one or more
of a Lys-based dendritic scatfold, helper T-cell epttopes, mmune stunulating hipophilic moeties,
cell penetrating peptides, radical induced polymenzation, self-assembhing nanoparticles as

antigen-presenting platforms and gold nanoparticles.

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

claims 1 to 41 or the immunotherapy composition of claims 42 1o 30,

61, A nuclee acid immunotherapy composition comprising the nucleie acid of ¢laim 60 and

at least one adjuvant.

62, A method of treating or effecting prophylaxis of Alzheimer's disease i 3 subject,
comprising administrating to the subject the immunotherapy coraposition of any of claims 42-50

or the pharmaceutical compositions of any of claims 31 to 59

63, A method of whibiting or reducing aggregation of AP} in a subject having or at risk of
devalopmg Alzheimer’s disease, comprismg, admmistering to the subyject the immunotherapy
composition of any of claims 42 to 30 or the pharmaceutical composition of any of claims 31 to

59.
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64, A maethod of treating or effecting prophylaxis of Alzhemmer's disease i a subject,
comprising administrating to the subject the muclerc acid bnmunotherapy composition of claim

60 or claim 61,

65, A method of inhibiting or reducing aggregation of A 1 a subject having or at nisk of
developing Alzhenmer’s disease, comprismng adnunisterig to the subject the nacleie acid

immunotherapy composition of claim 60 or claim 61

66, The method of any of claims 62 10 65, fwther comprising repeating the admimistering at

{east a second time, at least a third time, at least a fourth tone, at least a Hfth tme, or at least a

3

sixth time.

&7. The method of claim 66, further compnising 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 method of mducing an tnenune response i an ammal, comprising admimstering to the
animal any one of the polypeptide of clatms | to 41, the immunotherapy composttion of claims
42 to 34, the pharmaceutical compositions of claims 31 to 39 or the nucleic acid immunotherapy
composttton of clamm 60 or claim 61 m a vegimen effective to generate an innmme response

comprising anttbodies that specifically bind to A

69.  The method of clanm 68, wheremn the nnmune response comprises antibodies that

specifically bind to AB.

Fits The method of either of clamms 68 or 68, wheremn the mducmyg the immune response

comprises anttbodies that specifically bind to the N-terminal region of AR

71, Aninwununzation kit compristg the innnunotherapy composition of any of claims 42 o
SO,

72, The ki of clanm 71, further comprising an adjuvant,

73.  The kit of clamm 72, wherein the immunotherapy composition 1s mn a first container and

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

second container,
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Artificial Sequence

Synthetic peptide

1
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1
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<210>
<211>
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<220>
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<400>

35 40

2

10

PRT

Artificial Sequence

Synthetic peptide

2

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr

1

<210>
<211>
<212>

5 10

3
9
PRT



<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 3

Asp Ala Glu Phe Arg His Asp Ser Gly
1 5

<210> 4

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 4

Asp Ala Glu Phe Arg His Asp Ser
1 5

<210> 5

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 5
Asp Ala Glu Phe Arg His Asp
1 5

<210> 6

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 6
Asp Ala Glu Phe Arg His
1 5

<210> 7



<211> 5
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 7

Asp Ala Glu Phe Arg
1 5

<210> 8

211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 8

Asp Ala Glu Phe
1

<210> 9

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 9

Asp Ala Glu
1

<210> 10

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 10

Ala Glu Phe Arg His Asp Ser Gly Tyr
1 5



<210> 11

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 11

Ala Glu Phe Arg His Asp Ser Gly
1 5

<210> 12

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 12

Ala Glu Phe Arg His Asp Ser
1 5

<210> 13

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 13
Ala Glu Phe Arg His Asp
1 5

<210> 14

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 14

Ala Glu Phe Arg His



<210> 15

211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 15

Ala Glu Phe Arg
1

<210> 16

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 16

Ala Glu Phe
1

210> 17

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 17

Glu Phe Arg His Asp Ser Gly Tyr
1 5

<210> 18

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 18



Glu Phe Arg His Asp Ser Gly
1 5

<210> 19

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 19

Glu Phe Arg His Asp Ser
1 5

<210> 20

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 20

Glu Phe Arg His Asp
1 5

<210> 21

211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 21

Glu Phe Arg His
1

<210> 22

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide



<400> 22

Glu Phe Arg
1

<210> 23

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 23

Phe Arg His Asp Ser Gly Tyr
1 5

<210> 24

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 24

Phe Arg His Asp Ser Gly
1 5

<210> 25

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 25

Phe Arg His Asp Ser
1 5

<210> 26

211> 4

<212> PRT

<213> Artificial Sequence



<220>
<223> Synthetic peptide

<400> 26

Phe Arg His Asp
1

210> 27

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 27

Phe Arg His
1

<210> 28

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 28

Arg His Asp Ser Gly Tyr
1 5

<210> 29

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 29
Arg His Asp Ser Gly
1 5

<210> 30
<211> 4
<212> PRT



<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 30

Arg His Asp Ser
1

<210> 31

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 31
Arg His Asp
1

<210> 32

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 32
His Asp Ser Gly Tyr
1 5

<210> 33

211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 33

His Asp Ser Gly
1

<210> 34



<211>
<212>
<213>

<220>
<223>

<400>

3
PRT
Artificial Sequence

Synthetic peptide

34

His Asp Ser

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

35

4

PRT

Artificial Sequence

Synthetic peptide

35

Asp Ser Gly Tyr

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

36

3

PRT

Artificial Sequence

Synthetic peptide

36

Asp Ser Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

37

3

PRT

Artificial Sequence

Synthetic peptide

37

Ser Gly Tyr

1



<210> 38

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 38

Ala Glu Phe Arg His Asp Ser Gly Cys
1 5

<210> 39

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 39

Asp Ala Glu Phe Arg His Asp Cys
1 5

<210> 40

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 40
Gln Lys Leu Val Phe Phe Ala Glu Cys
1 5

<210> 41

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 41

Val His His Gln Lys Leu Val Phe Phe Ala



<210> 42

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 42

Val His His Gln Lys Leu Val Phe Phe
1 5

<210> 43

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 43

Val His His Gln Lys Leu Val Phe
1 5

<210> 44

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 44

Val His His Gln Lys Leu Val
1 5

<210> 45

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 45



Val His His Gln Lys Leu
1 5

<210> 46

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 46

His His Gln Lys Leu Val Phe Phe Ala Glu
1 5 10

<210> 47

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 47

His His Gln Lys Leu Val Phe Phe Ala
1 5

<210> 48

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 48

His His Gln Lys Leu Val Phe Phe
1 5

<210> 49

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide



<400> 49

His His Gln Lys Leu Val Phe
1 5

<210> 50

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 50

His His Gln Lys Leu Val
1 5

<210> 51

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 51

His His Gln Lys Leu
1 5

<210> 52

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 52

His Gln Lys Leu Val Phe Phe Ala Glu Asp
1 5 10

<210> 53

<211> 9

<212> PRT

<213> Artificial Sequence



<220>
<223> Synthetic peptide

<400> 53

His Gln Lys Leu Val Phe Phe Ala Glu
1 5

<210> 54

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 54

His Gln Lys Leu Val Phe Phe Ala
1 5

<210> 55

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 55

His Gln Lys Leu Val Phe Phe
1 5

<210> 56

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 56
His Gln Lys Leu Val Phe
1 5

<210> 57
<211> 5
<212> PRT



<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 57

His Gln Lys Leu Val
1 5

<210> 58

211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 58

His Gln Lys Leu
1

<210> 59

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 59
Gln Lys Leu Val Phe Phe Ala Glu Asp Val
1 5 10

<210> 60

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 60
Gln Lys Leu Val Phe Phe Ala Glu Asp
1 5

<210> 61



<211> 8
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 61

Gln Lys Leu Val Phe Phe Ala Glu
1 5

<210> 62

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 62

Gln Lys Leu Val Phe Phe Ala
1 5

<210> 63

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 63

Gln Lys Leu Val Phe Phe
1 5

<210> 64

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 64

Gln Lys Leu Val Phe
1 5



<210> 65

211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 65

Gln Lys Leu Val
1

<210> 66

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 66

Gln Lys Leu
1

<210> 67

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 67
Lys Leu Val Phe Phe Ala Glu Asp Val Gly
1 5 10

<210> 68

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 68

Lys Leu Val Phe Phe Ala Glu Asp Val



<210> 69

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 69

Lys Leu Val Phe Phe Ala Glu Asp
1 5

<210> 70

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 70

Lys Leu Val Phe Phe Ala Glu
1 5

210> 71

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 71

Lys Leu Val Phe Phe Ala
1 5

210> 72

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 72



Lys Leu Val Phe Phe
1 5

<210> 73

211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 73

Lys Leu Val Phe
1

210> 74

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 74

Lys Leu Val
1

<210> 75

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 75

Leu Val Phe Phe Ala Glu Asp Val Gly
1 5

<210> 76

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide



<400> 76

Leu Val Phe Phe Ala Glu Asp Val
1 5

210> 77

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 77

Leu Val Phe Phe Ala Glu Asp
1 5

<210> 78

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 78

Leu Val Phe Phe Ala Glu
1 5

<210> 79

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 79

Leu Val Phe Phe Ala
1 5

<210> 80

211> 4

<212> PRT

<213> Artificial Sequence



<220>
<223> Synthetic peptide

<400> 80

Leu Val Phe Phe
1

<210> 81

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 81

Leu Val Phe
1

<210> 82

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 82

Val Phe Phe Ala Glu Asp Val Gly
1 5

<210> 83

211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 83
Val Phe Phe Ala Glu Asp Val
1 5

<210> 84
<211> 6
<212> PRT



<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 84

Val Phe Phe Ala Glu Asp
1 5

<210> 85

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 85

Val Phe Phe Ala Glu
1 5

<210> 86

211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 86

Val Phe Phe Ala
1

<210> 87

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 87
Val Phe Phe
1

<210> 88



<211>
<212>
<213>

<220>
<223>

<400>

7
PRT
Artificial Sequence

Synthetic peptide

88

Phe Phe Ala Glu Asp Val Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

89

6

PRT

Artificial Sequence

Synthetic peptide

89

Phe Phe Ala Glu Asp Val

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

90

5

PRT

Artificial Sequence

Synthetic peptide

90

Phe Phe Ala Glu Asp

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

91

4

PRT

Artificial Sequence

Synthetic peptide

91

Phe Phe Ala Glu

1



<210>
<211>
<212>
<213>

<220>
<223>

<400>

92

3

PRT

Artificial Sequence

Synthetic peptide

92

Phe Phe Ala

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

93

6

PRT

Artificial Sequence

Synthetic peptide

93

Phe Ala Glu Asp Val Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

94

5

PRT

Artificial Sequence

Synthetic peptide

94

Phe Ala Glu Asp Val

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

95

4

PRT

Artificial Sequence

Synthetic peptide

95

Phe Ala Glu Asp



<210>
<211>
<212>
<213>

<220>
<223>

<400>

96

3

PRT

Artificial Sequence

Synthetic peptide

96

Phe Ala Glu

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

97

4

PRT

Artificial Sequence

Synthetic peptide

97

Arg Val Arg Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

98

4

PRT

Artificial Sequence

Synthetic peptide

98

Gly Ala Gly Ala

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

99

4

PRT

Artificial Sequence

Synthetic peptide

99



Ala Gly Ala Gly
1

<210> 100

211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 100
Lys Gly Lys Gly
1

<210> 101

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 101

Asp Ala Glu Phe Arg His Asp Arg Arg
1 5



	Abstract
	Description
	Claims
	Drawings
	Gene Sequence

