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(57) Abstract: The disclosure provides peptides, peptide compositions, immunotherapy compositions, pharmaceutical compositions
and nucleic acids comprising one or more tau peptides. The disclosure also provides methods of treating or effecting prophylaxis of
Alzheimer's disease or other diseases characterized at least in part by aberrant tau pathology (e.g., aggregation in neurofibrillary tangles)
in a subject, including methods of clearing deposits, inhibiting or reducing aggregation of tau, blocking the uptake by neurons, clearing
tau, and inhibiting propagation of tau seeds in a subject having or at risk of developing Alzheimer's disease or other diseases containing
tau accumulations. The methods include administering to such patients the compositions comprising one or more tau peptides.
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TAU VAUCINE FOR THE TREATMENT
OF ALZHEIMER'’S DISEASE

RELATED APPLICATIONS
[0001] This application clamms the benefit of US. Provisional Patent Application No.
63/062 971, fited August 7, 2020, which is wncorporated by reference herein s entirety.
SEQUENCE LISTING STATEMENT
[0002] A computer readable form of the Sequence Lasting s filed with this application by
electronic subnussion and is mcorporated mio thus appheation by refevence m its entirety. The
Segquence Listing is contained in the file created on Mav 19, 2021 having the file name “20-
1088-WO _Seqguence-Listing ST25.txt” and is 188 kb in size.
FIELD

j0003] The disclosure relates to the technical fields of immunology and medicine, and n

particudar to the treatment of Alxheimer’s disease and other diseases of protein misfoldimg.

BACKGROUND
HEHIRY Alzhetmer's disease (AD) is a progressive disease resulting o senile dementia.

Broadly speaking, the disease falls mito two categories: late onsel, which ocours in old age
{65 +years) and early onset, which develops well before the seunile peniod, f.e., between 35 and 60
vears, In both types of disease, the pathology is the same but the abnormalities tend 1o be more
severe and widespread in cases beginning at an earlier age. The disease is characterized by at
teast two types of lestons i the braw, neurofibrillary tangles and senile plaques. Newofibrillary
tangles are imtracellolar deposiis of microtubule associated taw protein cousisting of two
filaments twisted about each other in pairs. Seaile plaques (Le.. amvilowd plagques) are areas of
disorganized neuropil up to 150 pm across with extracellular amyloid deposits at the center

which are visible by microscopic analvsis of sections of brain tissue.

[0003] Tau tangles constitute abnormal fibrils measuring 10 nm in digmeter ocourring in
pairrs wound m a helical fashion with a regular penodicity of 80 nm.  The tau withm
newrofibriflary tangles 15 abnormally phosphorylated (hvperphosphorviated) with phosphate

groups attached 1o specific sites on the molecule. Severe mvolvement of neurofibrilary tangles
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15 seen m the laver H neurons of the entorhinal cortex, the CAl and sulwcular regions of the
hippocampas, the amyegdala, and the deeper lavers (layers HI V|, and superficial V) of the

neocortex m Alzheimer's disease. Tau pathologies are known to correlate 1o cognitive decling.

joo06] Accordingly, there exists the need for new therapies and reagents for the
prevention or treatment of Alzhemner's disease, m particular, therapies and reagents capable of

CRUSING an HMNUne response to the tau present m patients.
SUMMARY

[0007] In some embodiments, disclosure is directed to a peptide comprising 3-13 anuno
acids from residues 244400 of SEQ 1D NO:©1 or from residues 1-150 of SEQ 1D NO:738. For
example, the peptide may comprise an anuno acid sequence of one of SEQ 1D NO:02 to SEQ 1D
NO:19, SEQ ID NO:2S o SEQ ID NO:320, SEQ ID NOALE, SEQ D NOAS4, SEQ ID
NG456, SEQ ID NO:438 o SEQ 1D NO:T42, SEQ 1D NO747 to SEQ ID NO749, or SEQ ID
NO:7SS to SEQ ID NOI776. In some embodinents, the peptide is from the microtubule binding

region {MTBR) of tau (residues 244-372 of SEQ 1D NxO1) and, as an example, comprise any
one of SEQ ID NO:O2Z to SEQ 1D NO:19, SEQ 1D NO28 o SEQ ID NO: 102, SEQ IDNO:185
to SEQ 1D NG:320 or SEQ D NGGS8 1o SEQ 1D NO: 742, gach optionally further comprising a

(-ternunal cysteine.

{6008 In some embodiments, the disclosure 13 directed to a peptide comprising, eg., 3-

13, 7-13, 7-10 or € anuno ackls from residues 244-300 of SEQ 1D NO:0OT or from residues 1-150
of SEQ 1D NO:730, further comprising a C-terminal -GGC or -GGG or an N-terminal CGG- or
CGGG-. For example, the pepuide can comprise an gmmo agid sequence of SEQ D NO:777 to
SEQ 1D NO: 785 or SEQ 1D NO786 to SEQ 1D NO:908,

{0009] {n some embodiments, the peptide mayv mclude a linker to a carrier at a €
terminal portion of the peptide or at a N-termunal portion of the pepuide, wluch may mclude an
aming acud sequence of for example, AA. AAA, KK, KKK, 85, 8§88 AGAG, GG, GGG,
GAGA, and KGKG, In addition, the linker to the carner, if present, may include a terminal
cysteine (). As an example of a C-terminal hinker, the polvpeptide may include the amine acid
sequence of NIKHVPG-XXC (SEQ 1D NQ:03), wheremn XX and € are independently optional
and, if present, XX can he, for example, AA, KK, S5, AGAG, GG, GAGA, or KGKG. In some

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

I
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{0016} In other embodiments, the disclosare s directed to an wnmunotherapy
composition meluding the polypeptides of the disclosure, wheren the polypeptide may be hnked
toa carrier. The carmer may nclude serum athumins, mmumoglobulin molecules, thyroglobulin,
ovatbunin, tetanus toxoid {171}, diphtheria toxoud (DT, a genetically modified cross-reacting
material {CRM) of diphthena toxin, CRMI97, meningococeal outer membrane protein complex
{OMPC) and H. influenzae pretein D (HiD), tEPA (Pseadomonas asrugmosa exotoxin A), KLH

{kevhole bmpet hemocyanin}, and flagetlin,

[0011] Still further, embodiments of the disclosure are directed to a pharmaceutical
compositions comprising the peptides and/or the mmmunotherapy compositions of the disclosure,
and including at least one adjuvant. The adjuvant may be aluminum hydroxide, alominum
phosphate, aluminum sulfate, 3 De-O-acviated monophosphoryl bpid A (MPL) and syathetic
analogs thereof, Q8-21, 5-18, Q8-17, ©QS8-7, TQL-1035, Complete Freund's Adjuvant (CFA),
Incomplete Freund's Adjuvant {(IFA), oif m water emulsions {such as squalene or peanut o),
Cpls, polyglutanue acid, polylysine, AddaVax™, MFS9R, and combunations thereof In
addition, the formulation may include one or more of a hposomal formulation, a diluent, or a
multiple antigen presenting system (MAP). The MAP may mnclude one or more of a Lys-based
dendritic scatfold, helper T-cell epitopes, munune stimulating hpophilic moteties, cell
penetrating peptides, radical induced polymenization, self-assembling nanoparticles as antigen-

presenting platforms and gold nanoparticles.

{9012} In addiion, the wnmunotherapy composition may include 8t least one
pharmaceutically acceptable dilvent and/or a multiple antigen presenting system {MAP). The
MAP may include ong or miore of a Lys-based dendritic scaffold, helper T-cell epitopes, wnnwune
stinmutdating hpophilic moieties, cell penetrating peptides, radical induced polymenzanon, self-

assermbling nanoparticles as gntigen-presenting platforms and gold nanoparticles.

jou 13 Embodiments of the disclosure are also directed to nucleic acid sequences
encoding the polypeptides and the mumumotherapy compositions of the discloswre. The noclete
acids may be included 10 8 nuclete acid immunotherapy composition including the nucleic acid

and at least one adjovant.

jaR 4] Suill further, embodiments of the disclosure are directed to methods for treating or

effecting prophylaxis of Alzhemmer's disease in a subject, and methods for inhibiting or reducing

i
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aggregation of tag n a subject having or at risk of developmg Alzhenmer’s disease. The methods

=

mclude admibnstrating o the sabject an momoenotherapy  composition, a auclese acids

wmunotherapy composition, or a pharmacesiical formulation of the disclosure.
jo015] The methods of the disclosure may mclade repesting the admunstering at least a

second time, at least a third thme, at least a fourth time, at least a fifth time, or at least a sixth
time, and may include repeating the administering at an uerval of about bimonthly, of about 21
to about 28 days, of aboat quarierly, of about biannually, or of about anmually.

~

j6016] Still farther, methods of the disclosure are directed to inducing an immune
response w an ammal.  The methods mchude admumistermyg to the animal a polypeptide, an
munotherapy composition, a pharmaceutical formulation or a nucleic acd mymunotherapy
composition of the disclosure m a regimen effective to generate an immnmne response mchadmg
antibodies that specifically bind to tau. The unmune response may inchude antibodies that

specifically bind to the nucrotubule regron of tau.

{00171 n other embodiments, the disclosure is directed to an immunization kit including
an wmunotherapy composition of the disclosure and may inchude an adjuvant, wherein the
mununotherapy composition may bg m a first contamer and the adpivant may be a second

contatner.

{0018] Sull farther, the discloswre is directed to a kit inchiding a nucleic acid
tmmunotherapy composition of the disclosure and may inclade an adjuvant. The nucletc acid

may be in a first container and the adjuvant may be m a second container.

[0019] In each of the embodiments of the peptide described hergin, the peptide may
comprise, consist, or consist essentially of the recited sequences.
BRIEF DESCRIPTION OF THE FIGURES

{0620} FHG. 1 shows the results of an expermment comparmg the tifers of Guinea pig
serum for tau single peptide immunogens AGHVTQAR (SEQ ID NO:453), GYTMHOD (SEQ
D NO4S4), QIVYKPY (SEQ ID NO:02) and EIVYKSPY (SEQ ID NO: 141 All immunogens
further comprised a C-rerminal linker of GG and a cysieine for coupling to maleimde activated
CRMI9T7 carnier. QS21 was utihized as an adjuvant i AddaVax sgualene-based oil-in-water

nano-entulsion.
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{0021} FIG, 2 shows the resulis of an experiment measaring the tuer of murine seram for
tau single peptide tmmunogen UNIKHVPG (SEQ 1D NO:24).  The peptide was coupled to

malesmude activated CRMIOT carvier through the N-erminal cystemne. Q821 was used as an

adjuvant,
{8022} FI(. 3 shows the resudts of an expertment measaring the titer of murine seram for

tau single peptide immunogens described by SEQ ID NO777 to SEQ 1D NO: 78S and SEQ ID
NCHO63 to SEQ D NOH96S.

{6023} FIG. 4 shows the results of an experiment measuring the titer of murine serum for
taug smyle peptide immunogens described by SEQ ID NO:963, SEQ ID NO:964 and SEQ ID
NO:96s.

{0624 FHG, SA(H) shows the resulis of an experiment measunng the binding of
various muring sera from animals vacomnated with immunogenic compositions of the disclosure

agamst MTBRI, MTBR2, MTBR3 and MTBR4.

{0025] F1G. 6 shows the results of an experiment measuting the ability of mouse serum
with antibodies raised against VRKSKIGSTEGOC (SEQ D NO777) to block tan bmding to
heparin as a potential surrogate marker for the abihity of the serum to block uptake of tau mio
cells. For Figures 6-12, filled circles (“neg™} are a negative control. Samples fabels eg., 117,
2T, 13 and AT i Figure 6, refer to the peptide construct number {17, followed by a
period, and a second number, which represents an animal. Thus, Figure 6 tlustrates the resulis

g g

of experiments on four mice using construct 1, which corresponds to SEQ 1D NO:777.

[0026) Fig, 7 shows the results of an experiment measuring the ability of mouse serom
with antibodies raised agamst KSKIGSTEGGC (SEQ ID NQO:778) to block tan binding to
heparin as a potential surrogate marker for the ability of the serum to block uptake of tau mto

cells.

[0027] FI1G, 8 shows the results of an experiment measuring the ability of mouse serum
with antibodies raised agamnst SKIGSTENGGC {(SEQ ID NO779) to block tan binding to
heparin as a potential surrogate marker for the ability of the serum 1o block uptake of 1au nto

cells.

g
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{8028} FIGL 9 shows the results of an experiment measuring the abibity of mouse serom
with antibodies vatsed agamst STENLKHQGGC (SEQ ID NO:783) to block tau bindmmg to
heparin a3 a potential swrogate marker for the abilay of the senwm to Mock uplake of tag mio
cells.

{8029 FI(. 10 shows the results of an experiment measuring the abthty of mouse serum
with antibodies mised against TENLKHOQPGGC (SEQ 1D NO784) 1o block taw bmnding to
heparin as a potential survogate marker for the abidity of the serum to block aptake of tas mto
cells.

|0036] FHG. 11 shows the results of an experiment measuring the ability of mouse seram
with antibodies raised agamst ENLKHOQPGGGC (SEQ 1D NOTES) o block tauw binding to

heparm as a potential surrogate marker for the abily of the serum to block aptake of tas mto

cells.
{8031} FHG, 12 shows the results of an expermment measurmg the ability of mouse serom

with antibodies ratsed agamst CGGSKIGSKDNIKH (SEQ 1D NO:964) to block tau bindling to
heparm as a potential surrogate marker for the ability of the serum to block sptake of tag mto
cells.

{8032} FIG, 13 shows the results of an experiment measuring the abality of mouse serum
with antibodies rased agamst CGGSKIGSLDNIKH (SEQ 1D NO:9638) to block tau binding to

heparin as a potential surrogate marker for the ability of the seram 1o block uptake of tau wto

cells.
0033 FIG, 14 shows staming of Tau pathology m fresh frozen human AD bram tissue

{versus normal tssue m the right side panel) usmg a 1300 didution of serum from mige

vacceinated with SEQ D NO778.

{0034} F1G. 15 shows staining of Tau pathology in fresh frozen human AD brain ussue
{versus normal tissue in the right side panel} using g 1500 dilution of serum from mice
vacomated with (SEQ ID NOW779)

[0033] Fig. 16 shows staiing of Tau pathology i fresh frozen human AD bramn tissue

{versus normal tissue m the nght side pacel} using a 1300 didution of serum from mice

vaccinated with (SEQ 1D NO:784).
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{8036} Fig, 17 shows staming of Tau pathology m fresh frozen human AD brain tissae
{versus normal tssue n the night side panel) using a 1500 dilution of serum from mice

vacomaied with (SEQ 1D NG783)

joa37y Fig. I8 shows staming of Tau pathology i fresh frozen homan AD bran tssue
{versus normal tissue m the reght side panel} wsmg a 13060 dilution of serum from nuce

vacomated with (SEQ ID NOR9IRY

DESCRIPTION

[0038] The disclosure provides peptide compositions and immunotherapy compositions
comprising one or more tan pepiides.  The disclosure also provides methods of treating or
effecting prophylaxis of Alzheumer's disease or other diseases charactenized at least i part by
aberrant tau pathology (e.g., aggregation in newsofibriflary tangles) in a subject, including
methods of clearing and preventing formation of deposits and aggregates, inhibiting or reducing
ageregatton of tay, blocking the bindmyg andfor uptake of tau by newrons, inhibwting transmission
of tae species between cells, and wmhibiting propagation of pathology between bram regions i a
subject having or at risk of developing Alzheimer’s disease or other diseases containmg tas
accunmilations. The methods inchude administering to such patients the compositions comprising

an one or more tau pepiides.

{0039 A number of terms are defined below. As used herein, the singular forms "a"
“an, and “the" mclude plural referents unless the context clearly dictates otherwise. For
example, the term “a compound™ or “at least ong compound” can mcelude a plurality of

compounds, mcluding mixiures theveot.

{0040] Unless otherwise apparent from the comtext, the term “aboul” encompasses
msubstaniial variations, such as values within a standard margin of error of measorement {e.g.,
SEM) of a stated value. For example, the term "abowt" as used herein when referring to a
megsurable value such as g parameter, an amount, a temporal duration, can encompass vanations
of +-10% or less, +/-5% or less, or +/-1% ov less or less of and from the specified valus
Designation of a range of valuss mncludes all mtegers within or defining the range, and all
subranges defined by integers withun the range.  As used herein, statistical significance means

0 05,
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{0041} Compositions or methods “comprising”™ or “mclading” one or more recited
elements may mehude other elements not spectfically reaited.  For example, a composition that
“pomprises” of “meludes” a polypeptide sequence way contain the sequence alone or i

combination with other sequences or ingredients.

{8042} Ayn indnadual 15 at mereased nisk of a disease if the subject has at least one known
risk-factor {ep., age, genetic, biochemical, family history, and situational exposure) placing

mdivideals with that risk factor at 8 statistically sigarficant greater nisk of developing the disease

than mndividuals without the rnisk factor.

[0043] The term "patient” moludes human and other mammalian subjects that recerve
either prophylactic or therapeutic treatment, ncluding treatment naive subjects. As used heremn,
the terms “subject” or "patient” refer to any single subject for which treatment is desired,
mcluding other mammalian subjects such as, humans, cattle, dogs, guinea pigs, rabbits, and so
on. Also miended to be mncluded as a subject are any subjects mvolved m cliical research trals

pot showing any chuncal sign of disease, or subjects involved in epidemiological studies, or

subjects used as controls.

{0044 The term "disease” refers (o any abnormal condition that mmpairs phvsiological
function. The term is used broadly 1o encompass any disorder, illness, abnormahity, pathology,
sickness, condition, or syndrome 1 which physiological function 15 impaired, trrespective of the

nature of the etiology.

[0045] The term "symptom" refers to a subjective evidence of a disease, such as altered
2ait, as perceived by the subject. A "sign” refers to objective evidence of a disease as observed
by a physician.

j0046] As used herein, the ferms “treat” and “treatment” refer to the alleviation or
amehioration of ong or morg symptoms or effects associated with the disease, prevention,
whibition or delay of the onset of one or more symptoms or effects of the disease, lessening of
the severity or frequency of one or more symptoms or effects of the disease, andior increasing or

rending toward desired outcomes as described herein

{0047] The terms "prevention”, "prevent”, or "preventing” as used herein refer to

contacting {for example, adnunistering) the peptide{s) or mmunotherapy compositions of the
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present disclosure with a subject before the onset of a disease, with or wathowt tan pathology
already present (primary and secondary prevention), thereby delaving the onset of clincal
syimptoms andfor alleviating svmptoms of the disease after the onset of the disease, compared o
when the subject 1s not contacted with the peptide or immunotherapy compositions, and does not
refer to completely sappressing the onset of the disease. In some cases, prevention may occur for
fmited time afler adnunustration of the peptide or immunotherapy compositions of the present
disclosure. In other cases, prevention may ocvcur for the duration of a treatment regimen

comprising adwunisterning the peptide or invmanctherapy compositions of the present disclosure,

8048} The terms "redaction”, "reduce”, or "reducing” as wsed hevemn refer to decreasing
the amount of tau present in a subject or in tissue of the subject, or suppressing an morease m the
amoant of tau present in a subject or 1 tissue of a subject, which encompasses decreasing or
suppressing an mcrease i {e.g., decreasing the rate of increase) the amount of tau present,
accunulated, agerepgated, or deposited 1 the sulyect or tissue m the subject.  In certam
embodiments, the decrease in or suppression of an increase in {g.g., decreasing the rate of
wcrease) the amount of tan present, accumulated, appregated, or deposited in the subject vefers
to an amount of tau present, accumulated, aggrepated. or deposited in the central nervous system
{CNS} of the subject, In certgin embodiments, the decrease in or suppression of an mcrease in
{e.u., decreasing the rate of increase} the amount of tau present, accumulated, aggregated, or
deposited in the subject refers to an amount of tau present, accunnulated, apgrepated, or deposited
w the penphery (e.g., peripheral cireulatory system} of the subject. In centam embodiments, the
decrease in or suppression of an mnerease in {e.g., decreasing the rate of increase) the amount of
tau present, accumulated, agpregated, or deposited 1 the subject refers to an amount of tau
present, acowmulsted, sgeregated, or deposited in the bram of the subject. In some
embodiments, the tau reduced is the pathologieal form(s) of tau (e g, nawofibnllary tangles of
tau, dyvstrophic neurites). In yet other embodiment, pathological mdicators of neurodegenerative

disease andfor tavopathies are decreased.

j0049] The terms “epitope” or "antigenic determinant” refers to a site on an antigen to
which B andfor T cells respond, or 1o a site on an antigen to which an antibody binds. Epitopes
can be formed both from contignons amino acids or from poncontiguous ammo actds juxtaposed
by tertiary folding of a proten. Epitopes formed from contigeous amno acuds are typically

retained on exposure to denaturing solvents whergas epitopes formed by tertiary folding are

&
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)

typically lost on trestment with denaturing solvents. An epitope typrcally meloedes at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, or at
least I3 amino acids m a unigue spatial conformation. Methods of determining spatial
conformation of epiopes molude, for example, x-ray crystallography and 2-dimensional nuclear
magnetic resonance. See, e.g, Epttope Mapping Protocols m Methods m Molecular Biology,

Vol. 66, Glenn E. Morris, Ed. (1996},

8056} An "mmmenogenic agent” or “mmmunogen” or "antigen” 1s capable of mducing an
mmunological response against itself or modified/processed versions of itself upon
administration to an ammal, optionally m conpunction with an adjuvant.  The terms
"unmunogenic agent” or "imumunogen” or antigen” refer to a compound or composition
comprising & peptide, polypeptide or protem which s "antigenic” or "immumogenmic” when
admmstered in an appropriate amount (an "mnunogemcally effective amount™), ie., capable of
mducmg, ehiciting, augmenting or boosting a cellular andfor humeoral immune response and of
being recognized by the products of that response (T cells, antibodies). An mamunogen can be a
peptide, or a combination of two or more same or different peptides, that includes at least 3, at
least 4, af least 3, at least 6, at feast 7, at least 8, af least 9, at least 10, at {east 11, at least 12, or at

least 13 anuno acids in a lner or spatial contormation,

{0051} An immunogen may be effective when given alone or m combunation, or hoked
to, or fused o, another substance {which can be administered at one time or over several
wtervals),  An nnmunogenic agent or immunogen may include an antigenic peptide or

potvpeptide that is linked to a carrier as described herein

[0052] A nucleic acid such as DNA or RNA that encodes an antigenic peptide or
polypeptide 1 referred 1o as a "DNA {or RNA] nomunogen,” as the encoded peptide or
polypeptide is expressed in vive after administration 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 comprizes the peptide or polypeptide coding sequence operably linked to a promoter,

.., A1t SXPression vector ot cassette as deseribed herein.

{053} The term "adjovant” refers o a compound that, when adoumstered in compunction
with an antigen, anpments the sumuone response to the antigen, but when adminstered alone

docs not generate an mnmune response o the anngen. Adjuvants can sugment an mmnmune

34
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response by several mechanisms inchuding lvmphoeyte recruttment, stimulation of B andfor T
cells, and stimulation of macrophages. An adjpvant may be a natural compound, a modified

varsion of or derivative of a natural compound, or a synthetic compownd.

jo054] The ferms “peptide”™ and “polypeptide” are wsed miterchangeably herewn and veter
to a chain of two or more consecutive amine acids.  If and when a distinction 1s made, context
makes the meaning clear. For example, if two or more peptides described herein are joingd 1o
make a dimene or mutimernic peptide, polypeptide may be used to mdicate “poly™ or “more than

one” peptide.

{0055 The term "pharmaceutically accepiable” means that the carsier, diluent, excipient,
adpuvant, or auxihiary 1s compatible with the other ingredients of a pharmaceutical formulation

and not substantially deleterious to the recipient thereof

{0056| The terms "vnmunotherapy” or "mumune response” refer to the development of a
beneficial humoral {antibody mediated) andfor a cellular {mediated by antigen-specific T cells or
their secretion products) response directed against a tau peptide 1n a recipient. Such a response
can be an active response mduced by administration of nymunogen {e.g. tau peptide(s)). A
cellobar tnmune response s ehiented by the presentation of polypeptide eptiopes m association
D8 evtotoxic T cells. The response may also mvolve activation of monocytes, macrophages,
NK cells, basophils, dendritic cells, astrocytes, microglia cells, sosinophils or other components
of mnate immunity. The presence of a cell-mediated immunclouical response can be determined
by proliferation assays (CD47 T cells) or CTL {cviotoxic T lymphocyte) assays. The relative
contributions of humoral and cellular responses 1o the protective or therapeutic effect of an
snunogen can be distinguished by separately isolating antibodies and T-cells from an

imnuntzed svingeneie animal and measuring protective or therapeutic effect in a second subject.

[0057] Tau
{0058] Tau 15 a protem with a molecular weight of about 30 000 that 1s normally presemt

i nerve axons, or the like, and contribotes to microtubular stability.  The tau protems {or 1
proteins) are a group of six highly-soluble protein tsoforms produced by alternative splicing from
the gene MAPT (microtubule-associated protein tan). They have roles prmarily in maintaning

the stabibity of nucrotubules in axons and are abundant in the neurons of the central nervous
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systera (ONS). They are less common elsewhere but are also expressed at very low levels m
{UNS astrocytes and oligodendrocytes. Pathologies and dementias of the nervous system such as
Alzhemmer's disease and Parkinson's disease are associated with tau proteins that have become
hyperphosphorviated msoluble aggregates called newrofibrillary tangles. Pathogenic tau species
causes toxic effects through dwect binding o cells andior accumulation made cells andior
mitiation of misfolding processes (seeding) and can be propagated from one ceil to another via
cell-to~cell transmission.  Toxicity could also happen by neurofibriflary tangles (NFTx), which
feads 1o cell death and cognitive declme. Other tavopathies inwclude, for example, progressive
supranuclear palsy, corticobasal syndrome, some frontoiemporal dementias, and chronic

traumatic encephalopathy.
HEDO Peptide Immmaogens

{0060} An agent used for active immunization can induce in & patient an immune
response and can serve as an mununotherapy. Agents ased for active imynunization can be, for
example, the same types of immunogens used for generating monocional antibodies m laboratory
animals, and may mclade 3,4, 5, 6,7 8,9, 10, 11, 12, 13 or more contighous amino acids from a
region of tau peptide.

joo6l] In some embodiments of the disclosure, the immunogen can comprise, cousists of,
or consists essentially of, a tau peptide compnising 3-13 {e.g., 7-13, 3-10, 7-11, 8) amino acuds

from residues 244-400 of the long form of tau (SEQ 1D NO:G1).

{0062} residues 1-150 of full-length tau (SEQ ID NO:750). {n some embodiments, the
fragment is unphosphorylated. In some embodiments, the fragment is phosphoryvlated at serme

=

{3), threonme (T}, andfor tyrosime {Y) phosphorylation sites,

{0063 In some embodiments, the immunogen comprises, consists of, or consists
essentially of, an amino acid sequence represented by the consensus monf (QENVYK{(S/T)
{SEQ ID NO:748)  In some embodiments, the mwmunogen comprises an amino acid sequence
represented by the consensus motf KXXSXXNX{K/HH (SEQ 1D NO74TY where X 5 any
amuino ackl.  In some embodiments, the immuonogen comprises an anuno acid seguence

represented by the consensus mottf SK(I/CIGS (SEQ 1D NO:749).
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{8064] In some embodiments, the tau peptide comprises, consists of, Or consists
essentially of, an anuno acid sequence selected from the group consisting of any one of SEQ ID
NO:02 to SEQ ID NO:19, SEQ ID NO:25 to SEQ 1D N(O:320, SEQ ID NOIZE, SEQ 1D
NO:411, SEQ ID NO:454, SEQ ID NO:456, SEQ 1D NO:438 to SEQ ID NO:742, SEQ ID
NO:747 to SEQ ID NO:749, or SEQ ID NO:755 o SEQ ID NOG776. In some embodiments, the
maneget comprises a tau peptide from the nucrotubule hinding region (MTBR) of tau
fresrdues 244-372 of SEQ D NO:{GL In some embodiment, the peptide comprises an amino
acid sequence selecied from the wroup consisting of any one of SEQ ID NO:O2Z (o SEQ ID
NG9, SEQ 1D NO:28 to SEQ ID N(x102Z, SEQ ID N(O:XIES 1o SEQ 1D NO:320, SEQ ID
NO:4SES to SEQ ID NO:742, or SEQ 1D NO:747 to SEQ 1D NO:749, In some embodiments, the
HBMunogen can comprise, consists of, or consists essentially of, an amino acul sequence selected

from the group consisting of

QIVYKPV {(SEQ 1D NO:02),
QIVYKP (SEQ 1D NO:033,
NIKHVP {SEQ 1D NO:04),
NIKHVPG (SEQ 1D NO:0S),
HVPGGG (SEQ 1D NO:06),
HVPGG (SEQ ID NO:0TY,
HKPGGG (SEQ 1D NO08),
HKPGG (SEQ 1D NO:09),
KHVPGGG (SEQ 1D NO:10),
KHVPGG (SEQ ID NO:1 1),
HOPGGG (SEQ ID NO:12),
HOPGG (SEQ ID NO:13),
VOIINK (SEQ ID NO:14),
VOUNKK (SEQ 1D NO:135),
VOUNKKL {SEQ ID NO:16).
QIINK (SEQ ID NO:1 7,
OHNKK (SEQ ID NO:IB).
QIINKKL (SEQ ID NO:19),
FIVYKSP {(SEQ ID NO:25).
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IVYKSPV
VYK
QIVYKS
EIVYKS
EIVYKP
GYTMHOD
QGGYTMHQD
VKSKIGSTE
KSKIGSTE
SKIGSTEN
KIGSTENL
IGSTENLK
GSTENLKH
STENLKHOQ
TENLKHOP
ENLKHQPG
VKSKIGST
PDLENVKS
DLENVKSK
LKNVKSKI
KNVESKIG
NVKSKIGS
NLKHQPGG
LKHOPGGG
LDLSNVQS
DLSNVQSK
LSNVQSKC
SNVQSKCG
NVOQSKCGS
VOSKCGSK
OSKCGSKD

(SEQ 1D NO:26),
(SEQ ID NO27).
(SEQ 1D NO:325)
(SEQ ID NO:128)
(SEQ ID NO411)

(SEQ 1D NO454),
(SEQ 1D NO:456),
(SEQ ID NO:589),
(SEQ 1D NO:590),
(SEQ 1D NO:598).
(SEQ ID NO:605),
(SEQ 1D NO611).
{(SEQ 1D NO:616),
(SEQ 1D NO6203,
(SEQ ID NO@76),
{SEQ 1D NOAT03,
{SEQ ID NO:582),
(SEQ 1D NO:755),
(SEQ 1D NO:756),
(SEO ID NOW757).
(SEQ 1D NO:758),
(SEQ 1D NO:759).
{SEQ ID NO465),
(SEQ 1D NO:460),
(SEQ ID NO:760),
(SEQ 1D NO:761),
(SEQ ID NO:7623,
(SEQ 1D NO:763).
{SEQ ID NO:764),
(SEQ 1D NO:626),
{SEQ ID NO:634).

PCT/US2021/033189
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SKCGSKDN
KCGSKDNI
CGSKDNIK
GSKDNIKH
SKDNIKHV
KDNIKHYP
DNIKHVPG
NIKHVPGG
IKHVPGGO
VDLSKVTS
DLSKVISK
LSKVTSKC
SKVTSKCG
KVISKCGS
VISKCGSL
TSKCGSLG
SKCGSLGN
KCGSLGNI
CGSLGNIH
GSLGNIHH
LGNIHHKP
GNIHHKPG
NIHHKPGG
THHKPGGG
LDFKDRVO
DFKDRVQS
FKDRVOSK
KDRVOSKI
DRVOSKIG
RVQSKIGS

(SEQ 1D NO642),
(SEQ ID NO:649),
(SEQ 1D NO:258),
(SEQ 1D NO:653Y,
(SEQ 1D NO271),
(SEQ ID NO:2783,
(SEQ 1D NO:285),
{(SEQ ID NO:292),
(SEQ 1D NO:297),
(SEQ 1D NO:765),
{(SEQ 1D NO:766),
(SEQ 1D NO767T3,
{SEQ 1D NO:768),
(SEQ 1D NO:7693,
(SEQ ID NO:770),
(SEQ 1D NO:6663,
(SEQ ID NO©74),
(SEQ 1D NQ:681),
(SEQ ID NO:687),
(SEQ ID NO:692).
(SEQ ID NO:696),
(SEQ 1D NQ:324),
{SEQ ID NO:S1B),
(SEQ ID NO:513),
(SEQ ID NO:308),
(SEQ 1D NOTT1),
(SEQ ID NO:7723,
(SEQ ID NO:773),
(SEQ ID NO:7743,
(SEQ 1D NO:775),
(SEQ ID NO:776),

PCT/US2021/033189
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VOSKIGSL {SEQ 1D NO:702),
(ISKIGSLD {(SEQ ID NO:709),
SKIGSLDN {(SEQ IDNOT17,
KIGSLDNI {SEQ 1D NQ:7243,
IGSLDNIT {SEQ 1D NO729),
GSLDNITH {SEQ D NQ:7343,
SLDNITHV {SEQ 1D NO:738},
LDNITHVP {SEQ D NO:S61),
DNITHVPG (SEQ 1D NO:5335),
NITHVPGG (SEQ 1D NO:351), and
ITHVPGOG {SEQ 1D NO:5347).

{0065 in some emboduments, the vninunogen comprises a (au peptide comprising,
consisting of, or consisting essentially of, an ammo amd sequence selected from the group
consisiing of any one of SEQ D NO20 to SEQ 1D NO24, SEQ 1D NO312 10 SEQ ID
NO4S57,. Fach tau sequence optionally further comprising g C-ternunal cysteine.  In some
embodiments, the imnumogenic peptide comprises and anuno acid sequence selected from the

group consisting of

QIVYKSY
EIVYKSV
EIVYKPY
CNIKHVP
CNIKHVPG

(SEQ 1D NO:203,
(SEQ 1D NO:21),
(SEQ 1D NO:22),
(SEQ ID NO:23),
(SEQ 1D NO:24),

FAAGHVTQC (SEQ ID NO:449),
EAAGHVTQAR (SEQ 1D NO:450),
AAGHVTOQAC (SEQ ID NO:451),
AGHVTQARC (SEQ 1D NO:452).
AGHVTOAR (SEQ ID NO:A53),
QGGYTMHC (SEQ 1D NO:w455), and
GGYTMHOQC {(SEQ ID NOM43T),

i6
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{0066] In some embodiments, the mmunogenic peptide comprises, consists of, or

conststs essentially of, an amimo aad sequence from the MTBRI region (SEQ 1D NOL751) of the
tong form of tau (SEQ 1D NOHOT ), each with a Caermunal ovsteme, -GGC, o Caermmat -GGG,
a N-termunal cysteine, CGG- or a N-termmal CGGG-. Examples molude SEQ 1D NOT77 w
SEQ ID NO7ES, SEQ 1D NO786 to SEQ ID N 793, SEQ ID NO:43 1o SEQ 1D NO:85), and
SEQ 1D NO:S5T to SEQ 1D NO:839, In some embodiments, the peptide includes:

VIKSKIGSTEGGE
FSKIGSTEGGC
SKIGSTENGGC
KIGSTENLGGC
IGSTENLKGGC
GSTENLKHGGO

(SEQ 1D NO:TT7).
(SEQ ID NO:778),
{(SEQ ID NO:779),
(SEQ 1D NO:7805,
(SEQ ID NO:781).
(SEQ 1D NO:782),

STENLKHOQGGC
TENLKHOQPGGC
ENLKHOPGGGC

{SEQ 1D NO:783),

{SEQ 1D NO:784), and
(SEQ 1D NO:785).

{8067} In some embodiments, the immunogenic peptide compnises, consists of, or
consists essentially ofl an anmino acid sequence from the MTBR2 region (SEQ 1D NO752) of the
long form of tau (SEQ 1D NO:01), each with a C-termunal cysteing, -GGC, a C~ermunal -GGG,
a N-ternunal cysteme, UGG- or a N-terminal CGGG-. Examples inchude SEQ 1D NO794 o
SEQ ID NO:809 and SEQ 1D NOWRGD to SEQ 1D NORTS. hy some embodiments, the peptide

mcindes:

VOSKCGSKGGC
OSKCGSKDGGO
SKCGSKDNGGC
KCGSKDNIGGC
CGSKDNIKGGC
GSKDNIKHGGC
SKBNIKHVGGC
KDNIKHVPGGC
DNIKHVPGGGC

(SEQ ID NO:799).
(SEQ 1D NO:B0OO),
(SEQ ID NOROI),
(SEQ ID NO:§02),
(SEQ 1D NO:803),
{SEQ 1D NO:804),
(SEQ 1D NO:R0S),

{SEQ ID NO:806), and

(SEQ 1D NO:807).
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{0068] In some embodiments, the mmunogenic peptide comprises, consists of, or

consists essentially of, an amine acid sequence from the MTBR3 region (SEQ 1D NC:733) of the
tong form of tau (SEQ 1D NOHOT ), each with a Caermunal ovsteme, -GGC, o Caermmat -GGG,
a N-termunal cysteine, CGG- or a N-termmal CGGG-. Examples molude SEQ 1D NOSB10 1w
SEQ D NO:E2S and SEQ 1D NO:876 to SEQ ID NOB9L In some embodiments, the peptide

wmcludes:

VISKCOCGSLGGC
TSKCGSLGGGO
SKOGSLONGGC
KCGSLOGNIGGC
CGSLONIHGGO
GSLONIHHGGO
SLGNIHHKGGC

(SEQ 1D NO:815),
(SEQ ID NO:B16),
(SEQ ID NO:817),
(SEQ 1D NORIS),
(SEQ ID NO:819),
(SEQ 1D NORIO),
{SEQ 1D NO:821),

LONIHHKPGGO
GNIHHKPGGGC

{SEQ 1D NO:822), and
{SEQ 1D NO:E23).

{8069] In some embodiments, the mmmunogenic peptide comprises, consists of, or
consists essentially of, an anmino acid sequence from the MTBR4 region (SEQ 1D NO754) of the
long form of tau (SEQ 1D NO:01), each with a C-termunal cysteing, -GGC, a C~ermunal -GGG,
a N-ternunal cysteine, CGG- or a N-termunal CGGG-. Examples inchude SEQ 11D NO:B26
SEQ ID NO:842 and SEQ 1D NO:892 to SEQ 1D NO:908. ht some embodiments, the peptide

mcludes:

RVQSKIGSGGC
VOSKIGSLGGO
QSKIGSLDGGC
SKIGSLDNGGC
KIGSLDNIGGC

IGSLDNITGGC

GSLDNITHGGC
SLONITHVGGC
LDNITHVPGGC

(SEQ ID NO:831).
(SEQ 1D NO:832),
(SEQ ID NO:R33),
(SEQ ID NO:§34),
(SEQ ID NO:833),
{SEQ 1D NO:§36),
(SEQ 1D NO:837).
(SEQ ID NO:83IB),

(SEQ ID NO:839), and
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DNITHVPGGGC {SEQ 1D NO:840).
[oa78] in some embodiments, the wmmumogene peptide comprises, cousists of, or

consists essentially of, 5-13 anuno ascids from residues 244-400 of SEQ 1D NODL or from
resicdues 12130 of SEQ ID NO:750, comprismg at least one anyno acid sebstitution.  In one
embodiment, the pephide comprises an amino acid sequence from within the Taa MTHERI
sequence {SEQ 1D NO751) that comprises SKIGSTENLKH (SEQ 1D NO:S09), and vartanis
thereof. In some embodiments, the at least one amino acid substitutions comprises an moleucine
substitution for a lysine at position 10. In some embodiments, the at least one amino acid
substitutions comprises a lysine or leucine substitution for a tyrosine at position 6, and n some
embodunents, the at least one anuno acid substitutions comprises an aspartic acid or glyome

o
]

sabstiution for a glatamic acid at position 7.

{0071 In some smbodiments, the peptide comprises an amino acid sequence selected

from the groap consisting of

SKIGSTENLKH

SKIGSTENIKH

SKIGSKDNLKH

SKIGSKENIKH
SKIGSLENLKH
SKIGSLENIKH
SKIGSTDNLKH
SKIGSTDNIKH
SKIGSKDNLKH
SKIGSKDNIKH
SKIGSLDNLKH
SKIGSLDNIKH
SKIGSTONLKH

SKIGSTOGNIKH

(SEQ 1D NO:909),
(SEQ 1D NO:910),
(SEQ 1D NO9113.
(SEQ 1D NO:912),
(SEQ 1D NO:913),
(SEQ 1D NO:914),
{SEQ ID NOD15),
(SEQ 1D NO:916),
(SEQ ID NO1T),
(SEQ 1D NO:918),
(SEQ ID NO919),
(SEQ 1D NO:920),
(SEQ 1D NO®21),

(SEQ 1D NO:922),

io



WO 2022/031342

SKIGSKGNLKH
SKIGSKGNIKH
SKIGSLONLKH

SKIGSLGNIKH

18072} In some embodiments, the peptide comprises, consists essentially of, or consists

of an ammo acd sequence selected from the group consisting of SKIGSTDNIKH (SEQ 1D

(SEQ 1D NO:923),
(SEQ ID NO924),
(SEQ 1D NO:925).

(SEQ ID NO:926),

PCT/US2021/033189

NOG16), SKIGSKDNIKH (SEQ 1D NO:9IS), or SKIGSLDNIKH (SEQ 1D NO920).

10073 In some emboduments, the peptides further comprises, consists essentially of. or

consists of, a Crtermmnal eystemme (<O, ~GGC or <GOGGC or an Neternunal cysteine (), CGG-

or CGGG-.

[8074] In some embodunents, the peptide comprises an ammo acid sequence selected

from the group consisting of
SKIGSTENLKHGGC
SKIGSTENIKHGGC
SKIGSKDNLKHGGC
SKIGSKENIKHGGC
SKIGSLENLKHGGC
SKIGSLENIKHGGC
SKIGSTDNLKHGGC
SKIGSTDNIKHGGC
SKIGSKDNLKHGGC
SKIGSKDNIKHGGC
SKIGSLONLKHGGC
SKIGSLDNIKHGQGC

SKIGSTGNLKHGGC

(SEQ 1D NO:927),
(SEQ ID NO:928),
(SEQ 1D NO:929},
(SEQ ID NO:930),
(SEQ ID NO:931),
(SEQ ID NO:93),
(SEQ 1D NO:933),
(SEQ ID NO:934),
(SEQ 1D NO:935),
(SEQ ID NO:936),
(SEQ ID NO:93 7).
(SEQ ID NO938),

(SEQ 1D NO:9393,

20
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SKIGSTONIKHGOGO
SKIGSKOGNLKHGGC
SKIGSKGNIKHGGO
SKIGSLGNLKHGGC
SKIGSLONIKHGOGO
SKIGSTENLKRGGGC
SKIGSTENIKHGGGC
SKIGSKDNLKHGGGC
SKIGSKENIKHGGGC
SKIGSLENLKHGGGC
SKIGSLENIKHGGGC
SKIGSTDNLKHGGGC
SKIGSTONIKHGGGC
SKIGSKDNLKHGGGC
SKIGESKDNIKHGGGC
SKIGSLDNLKHGGGC
SKIGSLDNIKHOGGGCO
SKIGSTONLEHGGGO
SKIGSTONIKHGGGC
SKIGSKGNLKHGGGO
SKIGSKGNIKHGGGC
SKIGSLONLRHGGGC
SKIGSLONIKHGGGO

CGGSKIGSTDNIKH

(SEQ 1D NO:940),
(SEQ ID NO:941),
(SEQ 1D NO:942),
(SEQ ID NO:943),
(SEQ 1D NO:944),
(SEQ ID NO:945),
(SEQ 1D NO:946).
(SEQ ID NO:947),
(SEQ 1D NO:94R),
(SEQ ID NO:949),
(SEQ 1D NO930),
(SEQ ID NO951),
(SEQ 1D NO:9523,
(SEQ ID NOws3),
(SEQ 1D NO:9543,
(SEQ ID NO:955),
(SEQ 1D NO:9363,
{(SEQ ID NO:957),
(SEQ 1D NO93R),
(SEQ 1D NO:959),
(SEQ 1D NO:960),
(SEQ 1D NO:961),
(SEQ 1D NO:9623,

{SEQ ID NO:963),

PCT/US2021/033189
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CGOSKIGSKDNIKH  (SEQ 1D NO:064),
COGSKIGSLDNIKH  (SEQ ID NO:965),
CGOGSKIGSTDNIKH  (SEQ 1D NO:966),
CGGGSKIGSKDNIKH  {SEQ ID NO:967). and
CGOGSKIGSLDNIKH  (SEQ 1D NO:968).

[o075] In some embodiments, the peptide or hnker to the carrier, if present, further
comprises a C-ternunal cysteme {C). In some embodiments, the peptide finther comprises a

hlocked ammime at the N-termunus.

[0076] In some embodiments, the mmunogen as deseribed heremn forther compnises a
hoker to a carnier at a Cotermumal portion of the polypeptide. In some embodiments, the
mnomanogen as described herem further comprises a linker to a carmer at @ N-termmal portion of
the polypeptide. In some embodiments, where the Cutermimal residoes 1 the mmmmogen are
erther IVYKPV, VYKPY, YKPV, KPV, or PV, the hnker ¥ an amino acid hnker that does not
have a N-termmal glyeme {e.g, GG, GAGA {(SEQ ID NO744)).

{8877 In some embodiments, the hnker comprises between about 1-10 amine acids,
aboot 1-9 anuno acids, about -8 amino acuds, abowt 1-7 ammo aoids, about 1-6 amine acids,
about 1-3 anuino acids, about -4 amino acids, about 1-3 amino acids, about 2 amno acids o one
{1) amino acid.  In some embodiments, the linker is one amino acid, two amine aads, three
amine acids, four amine acids, five ammeoe acids, six ammeo acids, seven amuno acids, eight anuno

acids, mine amino acids, or ten amino acids.

10078] In some embodiments, the amino acid composition of a hinker can mumic the
composition of linkers found in natural multidomain proteins, where cerlain anuno acids are
overrepresented, underrepresented or equi-represented m natural binkers as compared to thew
abundance i whole protemn. For example, threonme {Thrl, serine (Ser), proline (Pro), glycne
{Gly), aspartic acid (Asp), bysine (Lys), glotamine (Gln), asparagme {Asn), argmme (Arg),
phenylalaning (Phe), glutamic acid (Glu) and slanine {Ala) are overrepresented in natwral linkers.
In contrast, wsoleucine (He), tyrosine (Tyry, wyptophan (Trp), and cysteme (Cys) are
underrepresented. In general, overrepresented amino acids were polar uncharged or charged

residues, which constitite approximately 50% of naturally encoded amino acids, and Pro, Thy,
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and Gin were the most preferable amine acids for natural linkers, See, eg., Chen, X et al,
“Fasion Protein Linkers: Property, Design and Functionality” Adv Drug Deliv Reve, 15, 65310y

1357-1369 (2013

{0079 In some embodiments, the amino acid composition of a linker can minic the
composition of linkers conwuonly found i recombinant protems, which can generally by
classified as flexible or nigid Hakers. For example, flexible linkers found in recombinant proteins
are generally composed of small, non-polar {e.g. Gly) or polar {e.g. Ser or Thr) ammo acids
whose small size provides flexibidity and allows for mobility of the connecting functional
domams. The incorporation of, e.g., Ser or Thr can mamtain the stability of the linker in aqueous
solutions by forming hvdrogen bonds with the water molecules, and therefore can reduce
mteractions betyween the linker and the immunogens. In some embodiments, a hinker comprises
siretches of Gly and Ser residues (UGS” hinker). An example of a widely used flexible linker is
{Gly-Gly=-Serin, {(Glv-Gly-Gly-Serin (SEQ ID NO:969Y, or (Gly-Gly-Gly-Gly-Sern (SEQ 1D
NO:970), where n=1-3. Adjusting the copy sumber “n™ can optimize a linker to achigve
sufficient separation of the functional mmunogen domains to, e.g., MaXMize an MMUNOZeRIC
response. Many other flexible Hinkers have been designed for recombinant fusion proteins that
can be used herein. In some embodiments, hinkers can be rich in small or polar amine acids such
as Glv and Ser but also contain addifional amuno acids such as Thr and Ala to mamtam
RAexibility, as well as polar amino acids such as Lys and Glu to improve solubility. See, ey,

Chen, X. et al. | ddv Drug Deliv Rev. 15, 6510} 13571369 (2013},

{0088 In some embodiments, a linker to a carrier may be included at the N-terminus of

the peptide or polypeptide immunogen.

[0081] in some embodiments, the linker comprises an amuno ackd sequence of one of
AAL AAA KK, KKK, S8, 858 AGAG, GG, GGG, GAGA, KGKG, {(GGSm, (GGGS (SEQ 1D
NOD6), and (GOGGS i (SEQ ID NO:970), where n=1-3, In some embodiments, the peptide
further comprises a N- or C-terminal cysteine (vegardless whether the peptide has a N- or (-
terminal  cysteine in  the sequence identificgtion number, eg, SEQ D NOTIR
{KSKIGSTEGGC) can have a further CHamminal ovsteme to yield KSKIGSTEGGC-C), and

some embodiments that comprise a T~ or N-termunal linker finther comprise a C- or N-terminad

b
L
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cysteme on the C- or Naermunal end of the bnker. In some smbodiments, the immunogen

peptides further comprise a blocked amine at the N-terminus.

{0082] In some embodiments, the two or more tau peptides are hnked to form a tau
polypeptide. The one or more tau peptides can be linked by an witra-peptide binker, which hoker
1 as desoribed above and herein. For example, a polypeptide linker located between the C-
ternninal of the first peptide and the N terminal of the second peptide. ' With or withowt the mtra-
peptide hinker, the tau polypeptide may be arranged 1 any order. For example, a specific tay
peptide (Mtau A7) may be positionad at the N-fgrminal portion of a dual tau polypeptide and the
same or a different tau peptide (for this example, a different tau, “tau B”) may be positioned at
the Ctermunal portion of the dual polypeptide. O, the tau peptides 1n this example could be
arranged in the oppostie onentation {tau B N-termunal to tag A). Reference to a first peptide or a
second peptide herein is not intended to suggest an order of the tau peptides in embodiments that

comprise more than one tau peptide of the immunogens.

{0083 in addiion, the C-ternunal portion of the tau peptide or tau polypeptide can
mclude a hinker for conjupating the peptides or the polypeptide to a camier, which linker is as
described above and herein. In some embodiments, the tau peptide or polvpeptide that comprise
a linker further comprise a C-terminal cysteine on the C-ternunal end of the hinker. In some
embodiments, the mununogen peptides further comprise a blocked anune at the N-termunus. In
some embodiments_ any of the tau peptides or polypeptides may include a C-terminal cysteine or

a N-terramal cysteme without a hnker,

[0084] When the tau peptides are hinked to form a tau polvpeptide, the linker may be a
cleavable hinker. Ay used herem, the term “cleavable hinker™ refers to any lnker between the
antigenic peptides that promotes or otherwise renders the tau polypeptide more susceptible to
separation from each other by cleavage (for example, by endopeptidases, protesses, low pH or
any other means that may occur within or around the antigen-presenting cell} and, thereby,
processing by the antigen-presenting cell, than equivalenmt peptides lacking such a cleavable
linker. In some embodiments, the cleavable linker s a protease-sensitive dipeptide or
oligopeptide cleavable huker. In certam embodiments, the cleavable huker 15 sensitive to
cleavage by a protease of the trypsin family of proteases. In some embodiments, where the C-

terminal residues in the immunogen are either IVYKPV (SEQ ID NO:61), VYKPV (SEQ ID



WO 2022/031342 PCT/US2021/033189

NO@62), YKPV (SEQ 1D NO:6e3), KPV, or PV the cleavable linker 1s an anmuno acid linker that
does not have a Neterminal ghyome (e.g, GAGA). In some embodiments, the cleavable hoker
comprises an anno acid sequence ncluding arginme-arginime (Arg-Arg), srginme-argnine-
valine-arginine {Arg-Val-Arg-Arg; SEQ 1D NO:743), Glv-Ala-Gly-Ala (SEQ 1D NO744), Ala-
Gly-Ala-Gly (SEQ 1D NOT45), Lys-Glv-Lys-Gly (SEQ 1D NO748), valme-citrutlime {(Val-Cit),
valine-argimine (Val-Arg). valing-tysine {(Val-Lys), valine-alanine {Val-Ala), and phenylalanine-

vsine (Phe-Lys). In some embodiments, the cleavable hinker 1s arginine-argimne { Arg-Arg).

{BO8%] in some embodiments of the disclosure, the tau polvpeptide comprises an amino
acld sequence selected from QIVYKPY (SEQ 1D NOw@Q2), or NIKHVP (SEQ ID NO:O4), or
NIKHVPG (SEQ ID NOWDOS), or EIVYKSVY (SEQ 1D NGO, wherein XX v optionally
appended to the C-termunal end of SEQ ID NOS:02, 04, 05, or 21, and a cvsteine 13 optionally
appendad to the C-ternunal end of SEQ 1D NOS:02, 04, 05 or 21, or if XX 15 present; to the C-
terninal end of the XX, XX can be AA, KK, 8§85, AGAG (SEQ 1D NO:743), and KGKG (SEQ
D NO:746), and in some embodiments GG or GAGA (SEQ ID NO:744).
j0086] o some embodiments, the dual tau polvpeptide is as follows:

{first peptide}-{linker 1}-{second peptide]-[linker 2]-]{Cys],
wherem, the fivst peptide 15 a tau peptide and the second pepude s the same or different tau
peptide, each of hoker 1, hnker 2 and [Cys] s optional, and linker 1 and hinker 2 may be the
same or different,
j0087] Examples of the tau peptide include any one of SEQ D NOWI 1o SEQ ID
NO:742, SEQ ID NO:747 to SEQ 1D NO:749, and SEG I NOUTSS 10 SEQ 1D NG9S,
[0088] {Linker 1} is optional, and when present, may be a linker or a cleavable Huker,
both as described above and herein.  [Linker 2} 15 optional, and, when present, comprises a
linker as described above and herein. Cys 1s optional and can be used to conjugate the

polypeptide to a carrier.
008y e some embodiments, the dual tau polypeptide 1s as follows:

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

b
LA



WO 2022/031342 PCT/US2021/033189

wherein, the first peptide is a tau peptide and the second peptide is the same or different tan
peptide, each of lnker 1, linker 2 and [Cys] 1s optional, and haker 1 and linker 2 may be the
same or different.

{0096 {Linker 1} 1s optional, and when present. may be a hinker or a cleavable hnker,
both as desertbed shove and herein.  {Linker 2} 15 optional, and, when present, comprises a
Hinker as described above and herem. Cys is optional and can be used to vomugate the

polvpeptide to a carrer,

[0091] Peptide-Carrier Inmunogens
{8092} Tau peptides (and polypeptides thereof} are immunogens m accordance with the

disclosure. in some embodiments, the peptides described herein can be hinked to a saitable
cartier 10 help elictt an mmmune response. Accordingly, one or more the peptides of the
disclosure can be linked to a camnier. For example, the tau peptide may be linked to the carrier
with or without a hinker as desertbed above and berein and, optionally, a C-termmal cysteme at
C-ternunal end of the hoker or N-termunal eysteine at the Netermunal end of the linker and, ifa
finker 15 absent, at the C-ternunal end or N-ternmunal end of the peptide, respectively. For
example, each tan peptide nmay be huked to the camer with or without spacer amo acids {eg.,
Gly-Gly, Ala-Ala, Lys-Lys, Ser-Ser, Gly-Ala-Gly-Ala, Ala-Gly-Ala-Gly, or Lys-Gly-Lys-Gly
and, optionally, a C-ternunal or N-terminal cysteing 10 provide a linker between the peptide{s)

and the carrier.

{0093} Suitable carriers mclude, but are not limited to serum albununs, kevhole limpet
hemocyanin, mmunoglobulin molecules, thyroglobulin, ovalbumin, tetanus foxoid, or a toxoud
from other pathogenic bacteria, such as diphtheria (e, CRMI197), £ coli, cholera, or H. pvlori,
or an aitenuated toxin derivative. T cell epitopes ave alse suitable carrier molecules. Some
conjugates can be formed by hnking peptide immunogens of the invention 1o an
swmunostinulatory polymer molecule {eg, tripalmitovh-S-ghyvcering  cvstemne  (Pam30ys),
mannan (a mannose polyimer), or glucan {a § 1-2 polymer}), evtokines {e.g., IL-1, TL-1 glpha and
{} peptides, 1L-2, y-INF, 1L-10, GM-CSF), and chemokmes {e.g., MiPl-o and f, and RANTES).
Additional cartiers mclude virus-like particles.  In some composttions, immunogenic peptides
can also be hinked to carniers by chemical crosslinking. Techmigues for inking an immunogen to

a carrier Include the formation of disulfide Hukages wsing N-succtnraidyl-3-(2-pyridyl-
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thioypropronate (SPDP), and succmmmidy] 4-(Nemalermidomethyilevelohexane-1-carboxylate
{SMCC) (if the peptide lacks 8 sulfhydryl group, this can be provided by addiion of a cysteine
restdue).  These reagents create a disulfide hnkage between themselves and peptide cvsteme
resides on ong protein and an amide linkage through the epsion-anuno on a lyvsine, or other free
amino group i other anmuno acids. In some embodiments, chemical crosshnking can comprise
use of SBAP (succinmidyl 3-{bromoacetanudo)propionate), which is a short (6.2 angstrom)
cross-lmker for amne-to~-sutfhydryl conjugation via Nebydroxysacommmde {NHS) ester and

bromoacely! reactive groups. A vanety of such disulfidedamide-fornung agents ave desertbad by

ag
Jansen ¢ «f., “lmmunoioxms: Hybrid Molecudes Combiing High Specificity and Potent
Cytotoxicwy™ Imsnunological Reviews 62:185-216 (Febroary 1982}, Other bifunctional coupling
agents form a thiosther rather than a disulfide linkage. Many of these thio-gther-forming agenis
are conunercially available and include reactive esters of G-maletmidocaproic acid, 2-
bromoacetic acid, and 2-iodoacetic acid, 4-(N-malemnido-methyljoy- clohexane-l-carboxylic
acid. The carboxyl groups can be activated by combining them with sucominude or 1-hvdroxvl-
2-nitro~d-sulfonic gcid, sodium salt, Vivus-like particles (VLPs), also called pseudovivions or
virus-derived particles, represent subunit structures composed of multiple copies of a viral capsid
andfor envelope protein capable of self-assembly nto VLPs of defined sphencal symmetry in
vive, {Powilleit, ¢f ¢/, (20073 PLoS ONE 2(53e415) Alrernatively, peptide inmmanogens can be
linked to at least one aniificial T-cell epitope capable of bmding a large proportion of MHC Class
I molecudes., such as the pan DR epitope ("PADRE"). Pan DR-binding peptides (PADRE) are

described in US 5,736,142, WO 95/07707, and Alexander J e of, Inmmunaty, 1751-761 {1994

{0004] Active immumogens can be presemted in nultimeric form m which multiple copies
of an immuncgen are presented on a carier as a single covalent moelecule.  In some
embodiments, the carrter includes vartous forms of the tau peptide. For mstance, the tan peptide
of the immunogen can inchude peptides that have different tav antigens 1 different orders, or

may be present with or without an inrapeptide linker andfor a linker to 3 camier.

[oa9s] In some composttions, the immanogenic peptides can also be expressed ag fusion
protemns with carmers. In certain compositions, the mmmumogenic peptides can be {inked at the
aming termnnus, the carboxyl ternunus, or mtermally to the carnier. In some compositions, the

cartier is CRMI197. In some compositions, the carner is diphthena toxoid.

-2
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{8096] Nucleic Avids
{0097} The disclosure finther provides mucleie acids encoding any of the tan peptides as

disclosed hereir. The nucleie acid immuanotherapy compositions as disclosed herein, comprise,
consist of or consisting essentially of a nuclete acid sequence encoding one or more tau peptides
as disclosed berein. For example, the tau pepoide can compnse a sequence of 3-13 {e.g., 7-13, 5~
10, T-11, 8) amine acids i length and from residuss 244-400 of SEQ D NO:01 or 1-1530 of SEQ
ID NO:750. Accordingly, and as a non-limiting example, one or more nucleic acds encodmg
any of SEQ 1 NO:OZ to SEQ D NO:742, SEQ ID NO:747 to SEQ ID NO:749, or SEQ ID
NECHTES 4o SEQ ID NO:Y6S provide an wnnuumogen and pharmaceutical composition of the
disclosure. In certain embodiments, the peptide sequences may be encoded by the same or
separate nucletc scid sequences. In some embodiments, the nucleic acid sequences may also
encode a hinker to a carmer andior a N- or C-lernmunal oystemne as described herem.  In addition,
when a single nucleit acid sequence encodes more than one tau pepuide, the sequence nay also
encode a linker 3s described herein.  The nucleic acid composiions described herein
{pharmaceutical compositions) can be used in methods for treating or effecting prophviaxis
andfor prevention of Alzheimer's disease.  In another embodiment, the nucleic amd

wamunotherapy compositions gs disclosed hevein provide compositions for reducing bram tau,

{0098] A nucleie acid such as DNA that encodes an immunogen and 1s used as a vaccine
can be veferred to as a "DINA immunogen” or "DNA vacome” as the encoded polypeptides are
expressed i vive afier admumstration of the DNA. DNA vaccines are mtended to induce
antibodies against the proteins of mterest they encode in a subject by integrating DNA encoding
the proteins of interest into a vector {(a plasmid or virus); administening the vector 1o the subject;
and expressing the protemns of mterest in the subject in which the vector has been adnmustered to
stimalate the immune system of the subject. A DNA vaccine remains m the body of the subject
tong after its administration and continues to slowly produce the encoded proteins.  Thus,
excessive immune responses can be avoided. DNA vaccmes can also be modified vsing genetic
engineering techniques. Optionally, sach nuclete acids further encode a signal peptide and can
be expressed with the signal peptide linked o peptide. Coding sequences of nucleic acids can be
operably Iimked with regulatory sequences 1o ensure expression of the codmg sequences, such as
a promoter, enhancer, sibosome bindmg site, transeription termination signal, and the hke. The

nucleic acids encoding tau can occur in isolated form or can be cloned into one or more vectors.
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The nuclere acids can be synthesized by, for example, solid state synthesss or PCR of
overfapping ohgonucleotides. Nuclete acids encoding tau peptide and tau polypeptides with and
without bnkers andfor cleavable linkers and with or withowt protem-based carriers can be joined

as one contigucus nueleic acid, ¢.g., within an expression vector.

{8099 DNA 18 more stable than RNA, but DNA javoelves some potential safety rigks
surh as induction of ant-DNA antibodies, thus 1 some embodiments, the nucletr acid can be
RNA. RNA nucleie acid that encodes an mmmunogen and is used as a vaccine can be referred to
as a "RNA mumunogen” or "BNA vacome” or "mRNA vaccine” as the encoded polypeptides are
expressed i vive after adomstration of the RNAL Ribonucleiv acid {RNA) vacomes can safely
direct a subject’s cellular machinery to produce one or more a polvpeptiddel(s) of mterest. In
some embodiments, & RNA vaccme can be a non-rephcating mBNA (messenger-RNA)Y or a
virally derived, self-amplifying RNA. mRNA-based vaccines encode the antigens of interest and
contain 3 and 3 untranslated regions {UTRs), whereas self-amplifving RNAs encode not only
the antigens, but also the viral replication machinery that enables ntracellular RNA
amplification gnd abundant protem expression. g vifro transcribed mRNA can be produced
from a linear DNA template using a T7, a T3 or an Sp6é phage RNA polymerase. The resulting
product can contain an open reading frawe that encodes the pepiides of mterest as disclosed
herein, flanking 57~ and 3-UTR sequences, a 5 cap and a poly(A) tail. In some embodiments, a
RNA vaccine can compyise trans-amplifying RNA {for example, see Beissert ¢f aof,, Molecidar
Therapy January 2020 28(11119-128).  In cenn embodiments, RNA vaceines encode a tau
peptide as disclosed herem, and are capable of expressing the tau peptides, v particular if
transferred mto a cell such as an immature antigen presenting cell. RNA may also contamn
sequences which encede other polypeptide sequences such as immuone stimulating elements. In
some embodiments, the RNA of a RNA vaccme can be modified RNA. The term "modifted”
the context of the RNA can inclode any modification of RNA which ¢ not naturally present m
RNA. For example, modified RNA can refer to RNA with a Scap; bowever, RNA may
comprise further modifications. A S-cap can be modified to possess the abality to stabthize RNA
when attached thereto.  In certain embodiments, a further modification may be an extension or
trancation of the natwally occavmg poly(A) il or an alteration of the 5~ or F-unnanslated
regions {UTR). 1o some embodiments, the RNA {e.g, mRNA) vacome s formulated wn oan

effective amount fo produce an antigen specific mmune response i a sabject. For example, the
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RNA vaccoine formulation 1 adrministered to a subject in order to stimulate the humoral andfor
cellolar mymuane system of the subject agamnst the tau antigens, and thus may further comprise
ong of more adipvant{s), diluents, earriers, andfor exciprents, and 15 apphed 1o the subject 1 any
suitable route in order to elicit a protective and/or therapeutic immune reaction agamnst the tau

antigens,

{00100] Basic fexts disclosing general methods of molecular biology, all of which are

meorporated by reference, mclude: Sambrook, I ef @l Molecular Clonmg: A Laboratory
Manual, 2™ Edition, Cold Spring Harbor Press, Cold Spring Harbor, N.Y., 1989; Ausubel, F M
et of. Current Protocols 1n Molecular Biology, Vol 2, Wilsv-Interseience, New York, (carrent
edition);, Kriegler, Gene Transfer and Exprassion: A Laboratory Manual {1990);, Glover, D M,
ed, DNA Clonmg: A Practical Approach, vol. T & H, IRL Press, 1985, Albers, B, & of,
Molecular Biology of the Cell, 2™ Ed.. Garland Publishing, Inc., New York, NY. {1989);
Watson, J D ¢ af. Recombinant DNA, 2% Ed., Scientific American Books, New York, 1992;
and Old, R W e &/, Principles of Gene Manpulation: An Introduction to Genetic Engineering,

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

{00101] Techmgues for the mampulation of nucleic acids, such as, eg, generating
mutations in sequences, sub-cloning, labeling probes, sequencing, hybnidization and the hike are
wedl described in the scientific and patent lterature. See, e.g, Sambrook, ed., MOLECULAR
CLONING: A LABORATORY MANUAL {IND 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 BIOLOGY: HYBRIDIZATION WITH NUCLEIWC
ACID PROBES, Part L. Tyjssen, ed. Elsevier, N Y. (1993),

{00102} Nucleic acids, vectors, capsids, polvpeptides, and the like can be analvzed and
guantified by any of a number of general means well known to those of skill in the art. These
mclude, eg, analvtical biochenucal methods such as NMR, spectrophotometry, radiogeaphy,
electrophoresis, capillary electrophoresis, high performance hiquid chromatography (HPLC), thin
layer chromatography (TLC), and hyperdiffision chvomstography, various mnmunologics!
methods, eg. fhud or gel precipitin reactions, wmnunodiffusion, immuno-electrophoresis,

radivinmunosssays (RIAs),  enzyme-linked  mwmnosotbent  assays {ELISAs),

3
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mmunefluorescence  assays, Southern  analysis, Northem analysis, dot-blot analysis, gel
electrophorests (¢ g, SDS-PAGE), RT-PCR, guanttative PCR, other nuclete actd or target or

signal amphification methods, radiolabehing, scintillation counting, and affauty chromatography.

{00103] Pharmacentical Compositions
[00104] Each of the peptides and muymusogens deseribed herein can be presented i a

pharmaceutical composiion that s often admnmstered with pharmacentically  acceptable
adjovams and pbhammaceatically acceptable exciprents.  The adjuvant mcreases the tuer of
mduced antthodies andfor the binding atfinity of induced antibodies relative to the sutuation if the
peptide were used alone. A vanety of adjuvants can be used in combination with an immunogen
of the disclosure to elicit an imunupe response. Some adjuvants augment the mtrinsic response o
an imumunogen without causing conformational changes in the mmunogen that affect the
qualitative torm of the response. An adpuvant nmray be a natoral compound, a modified version of

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

{00105 Some adjovants include aluminom salls, such as alominum hydroxide and
aluminum phosphate, 3 De-O-acviated monophosphoryl lpid A (MPL™) (see GB 2220211
{RIB! InmmunoChem Research Ine., Hanulton, Montana, now part of Corixa). As used herem,
MPL refers to natural and synthetic versions of MPL. Examples of synthetic versions mclude

PHAD® 3D-PHAD? and 3D(6A-PHADY {Avant Polar Lipids {Crada), Alabaster, Alabama).

jo0106] 05-21 is a triterpene glycoside or saponin isolated from the bark of the Quillaga
Saponarty Molma tree found m South America {see Kensil ef af., m Vaccme Design: The
Subumit and Adjvant Approach {eds. Powell & Newman, Plenum Prass, NY, 1993)) Q58-21
products include Stimulon™ (Antigenics, Tuc., New York, NY; now Agenus, Inc. Lexington,
MAY and QS-21 Vaccing Adjuvamt {Desert King, San Diego, CA). Q8-21 has been disclosed,
chargcterized, and evaluated 1 US 5,087 540, and US 8,034,348 the disclosures of which are
herem mcorporated by reference. Additionally, Q8-21 has been evaluated in numerous ¢lmical
trials 1o vartous dosages. See, NCTOO960531 {clindcaltmials gov/atishow/study NCTO096053 1),
Hill er ¢/, Corr Alzheimer Res. 2017 Rl 14(7): 696708 {evaluated 50 meg of QS-21 in with
various doses of vaceme ACC-001); Gilman S, ef ol, "Clinucal effects of Abets immunization

{ANT792} i patients with AD 1 an mterrupted tnal”, ANI792{QS-213-201 Study Team.
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Neurology. 2005 May 10; 64(9):1553-62; Wald A, et ol “Safety and immunogenicity of long
HSV-2 peptides complexed with thHse70 i HSV-2 seropositive persons” Vaccine 2011
November 3247185208529, and Cunningham ¢ af., Efficacy of the Herpes Zoster Sebuntt
Vaccme iy Adults 70 Years of Age or Older. NEJM. 2016 Sep 13375(1 1101932, Vacomne
2011 November 3:29(47)8520-8529. Q8-21 1 used i FDA approved vacomes incladmyg
SHINGRIX. SHINGRIX contains 50 mog of QS-21. In certam smbodiments, the amount of QS-

21 is from about 10 pg to about 500 ue.

{80107] TR 0SS 15 an analogue of OQ8-21 {Adjuvance Technologes, Lineoln, NE). The
semi-syathetic TQL 1055 has been charactenized w companison to QS-21 as having high punty,
moergased stability, decreased local rolerabulity, decreased systemic tolerability, TOQUIOSS has
been disclosed, characterized, and evaluated m USZ0180327436A1, WQOZOIBISIS9BAL,
WO2018200636A1, and WOZ013079160A 1, the disclosures of which are herein incorporated by
reference. US20180327436A1 teaches that 2.5 fold more TQIOSS was superior to 20 ug Q8-21
but there was not an improvement over 30 wg TOQLO3S, However, unlike Q5-21 there was no
wmerease W either weight loss or hemolysis of RBC as the TQLIOSS dose ncreased.
WO201B200636A1 teaches that with an optimal amount of TQ1055, one can lower the amount
of antigen and achieve superior titers, Tn certain embodiments, the amount of TQLIOSS s fiom

about 10 pg to abowt 500 pg

jo0 108} Other adjuvants are o v water eawlsions (such as squalens or peanut o),
optionally in combmation with mmune stimulangs, such as monophosphory! Hpid A (see Stoute
ef al., N Engl. I, Med. 336, 86-91 {1997, pluronic polymers, and killed myvcobactenia. Ribi
adjuvants are oibin-water emulsions. Ribi contains a metabolizable ol (squalene} emulsified
with saline contwning Tween Q. Ribt also contains refined mycobacterial products which act as
wmunostimudants and bacterial monophosphoryl hiptd A0 Other adjuvants can be CpG

oligonucleotides (see WO 98/40100), cviokines {e.g., IL-1, TL-1 alpha and B peptides, 1L-2, v
INF, IL-10, GM-CSF), chemokines (e.g., MIPl-g and §. and RANTES), sapowins, RNA, andior
TLR agomsts (for example, TLR4 agomsts such as MPL and synthetic MPL molecules),
aminoalkyl glucosammide phosphate and other TLR4 agomists.  Adjuvants can be adminmistered
as @ compouent of a therapeutic composition with an active agent or can be adminisiered

separately, before, concurently wath, or after adpmmstration of the therapeatic agent.



WO 2022/031342 PCT/US2021/033189

{80169] In various embodiments of the disclosure, the adpsvant is Q8-21 {‘St’im’uiﬁnﬂ"}, In
some composthions, the adiuvant ¢ MPL. In cortn embodioonts, the amount of MPL & from

shaout 10 g o show S0 ge. In some compositions, the adpuvant s TQLIGSS, | In cwrtmin
embodiments, the amount of TQLIOSS i3 from aboat 16 pg to abouwt 300 pg.  In some
compositions, the adjovant 13 Q8210 In certany embodiments, the amount of (3521 s from abowt
HO pg o about SOG4y In some compositions, the adjavant 15 a combination of MPL and Q8-21.
In some composttions, the adpvant 13 a combmation of MPL and TQLIOSS. In some

compositions, the adjuvant can be n a liposomal formulation.

j00116] In addition, some embodiments of the disclosure cap comprise a multiple antigen
presenting system (MAP).  Multiple antigen-presenting peptide vaccine systems have been
developed to avoid the adverse effects associated with conventiopal vacomes {(ie, hive-
attenuated, killed or mactivated pathogens), carmigr protews and cytotoxic adjuvants. Two mamn
approaches have been used to develop multiple antigen presenting peptide vacoine systems: {1}
the additon of functional compovents, eg.. T-cell epuopes, cell-pevetraung peptides, and
lipophilic moieties; and (2) svathetic approaches using size-defined nanomatenals, ¢ g, selt
assembling peptides, non-peptidic dendnmers, and gold nanoparticles, as antigen-displaving
platforms, Use of a multiple antigenic pepuide (MAP) system can improve the sometimes poor
wnmunogencity of subunit peptide vaccines. In a MAP svstem, multiple copres of antigenic
peptides are simultaneously bound to the a- and s-amine groups of a non-immunogenic Lys-
based dendritie scaffold, helpmg to confer stability from degradation, thus enhancing molecular
recogmition by wnmune cells, and wduction of stronger tmmune responses compared with small
antigenic peptides alone. In some compositions, the MAP comyprises one or more of a Lys-based
dendritic scaffold, helper T-cell epstopes, inunune stinulating  hpophilic  moieties, cel
penetrating pephides, radical imdoced polymerization, self-assembling nanoparticles as antigen-

presenting platforms and gold nanoparticles.

jon11 Pharmacentical compositions for parenteral admunistration are preferably stenle
and substantially sotome and  manofactured vnder GMP conditions.  Pharmaceutical
compositions can be provided m wut dosage form (4o, the dosage for a single administration).
Pharmacentical compositions can be formulated usmg one or more physiologically acceptable
carriers, dilaents, exciprents or auxibanies.  The formulabon depends on the route of

admunistration chosen. For injection, the peptides of the disclosure can be formulated in aqueous
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soluttons, preferably i physiologically companble buffers such as Hanlk's solabion, Ringer's
solution, or physiological saline or acetate buffer (to reduce discomfort at the site of injection).
The solution can contain formulatory agents such as suspending, stabiliming andior dispersing
agents. Alternatively, peptide compositions can be in hvophilized form for constitution with a

swtable vehicle, e g sterde pyrogen-free water, before use.

{00112} Peptides {and optionally a carner fused to the peptide{s}) can also be admumnistered
1 the form of a nucleie acid encoding the peptide(s) and expressed fo yine 1w a subject. A nucleie
acid segment encoding an immunogen is typieally linked to regulatory elements, such as a
promoter and enhancer that allow expression of the DNA segment i the mitended target cells of
a subject. For expression in blood cells, as 15 desirable for induction of an lnunune response,
promoter and enhancer elements from, for example, fight or heavy cham imnunoglobulin genes
or the UMY major intermediate early promoter and enhancer are suitable to direct gxpression.

The linked regulatory elements and coding sequences are often cloned into a vector.

{88113} DNA and RNA can be dehivered m naked form (ie, withoal collmdal or
encapsulating matenials). Alernatively, a number of viral vector systems can be used including
retroviral systems (seg, e.g., Boris-Lawrie and Tenun, Cur. Opin. Genet. Develop. 3(1), 102-109
{1993Y)); adenoviral vectors {see, eg.. Bett e &/, J. Viol 67(10), 5911-21 (1993})) adeno-
associated virus vegtors {see, ez, Zhou ef &, 1. Exp. Med. 179(6), 1867-75 (1994}, viral
vegtors from the pox family including vaccinig vivus and the avian pox viruses, viral vectors
froma the alpha vitus genus such as those dertved from Sindbis and Sembiki Forest Virnses (see,
e.g., Dubensky e af., 1. Virel, 70(1), 508-519 {1996)), Venezuelan equine encephalitis virus (see
US 3,643.576) and rhabdoviruses, such as vesicular stomatitis vires {see WO 96/34625 jand
papiliomavirases (WO 94/12629; Ohe ¢ of., Huwman Gene Therapy 6(3), 325-333 {1995); and

Xiao & Berandsma, Nucleie Acuds. Res. 24(133:2620-2622 (1996)).

joR114] DNA and RNA encoding an inununogen, or a vector contaimng the same, can be
packaged mto liposomes, nanoparticles or hpoprotems complexes. Other sattable polymers
wmelude, for example, protamine liposomes, polysacchanide particles, cationic nancemulsion,
cattomic polymer, catiomie polymer lposome, cationic lipid nanoparticles, catomie hipud,
cholesterol  nanoparticles,  catiomic  hpid-cholesterol, PEG  nsnoparticle,  or  dendrimer

nanoparticles. Additional suitable lipids and related analogs are described by US 5208036, US
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§264,618, US 5,279,833, and US 5283185, each of which 15 herein mcorporated by reference
i its entirety. Vectors and DNA encoding an inmumogen can also be adsorbed to or associated
with partivulate cartters, examples of which inchude polvmethyl methacrviate polviiers and
polylactides and poly{lactide-vo-glycolides), (see, ey, McGee ef al., §. Micro Encap, Mar-Apr
1997: 14(2)197-210).

{00115] Pharmaceutically acceptable carner compositions can also mclude additives,
meluding water, pharmacestically acceptable orgamic solvents, collagen, polyvinyl akeohol,
polyvinvipyrrolidone,  carboxyvinyl  polymers, carboxymethylcellulose sodium, sodium
polvacrviate, sodim algmate, waler-soluble dextran, carboxvmethyl starch sodium, pectin,
methyvicellulose, ethvlcellulose, xanthan pum, pum arabic, casein, agar, polyethyvlene glveol,
diglyeerine, glycerme, propylene glvcol, petrolatam, paraftin, stearvl alcohol, stearic acid,

haman serum albumin, mamnitol, sorbitol, lactose, and swrfactants acceptable ax pharmacentical

acdditives.
j08116] Subjects Amenable to Trestment
{80117} The presence of neurofibrillary tangles has been found in several diseases and

tamuopathies inchuding Alzheimer’s diseass, Down’s syndrome, mild cognitive imparment,
primary age-related tauopathy, postencephalitic parkinsonism, posttraumatic dementia or
dementia pugilistica, Pick’s disease, type € Niemann-Pick disease, supranuclear palsy,
frontotemporal dementig, fronotemporal lobar degeneration, argyrophilic gram disease, globular
chial tavopathy, ganglioghoma and gangliocytoma, meningioangiomatosis, amyotrophic lateral
sclerosis/parkinsonism  dementia complex of Guam, subacute sclerosing panencephalitis,
corticobasal degeneration (CBD), dementia with Lewy bodies, Lewy body varant of
Alzheymer’s disease (LBVAD), chronmic traumatic encephalopathy (CTE), ¢lobular glial
tauopathy {GGT), Parkinson’s disease, progressive supranuclear palsy (PSP), drv ape-related

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

{00118} The compositions and methods of the disclosure can be used i treatment or
prophylaxis of any of these diseases. Because of the widespread association hetween
newrolomeal diseases and tag, the compositions and methods of the disclosire can be used m
treatment or prophvlaxis of any subject showing elevated levels of tau {e.g., m the CSF)

compared with a mean value i individualg without neurological disease. The compositions and
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methods of the disclosure can also be used m treatment or prophylaxis of newrological disease

mdividuals having a mutation 10 fau associated with neurological disease.  The wmethods are

particularty suttable for treatment or prophyviaxs of Alzheimer’'s disease.
jo0119] Subjects amenable to treatment melade mdnaduals at nisk of disease but not

showing svioptoms, as well as patients presently showing symptoms, wcluding treatment natve
subjects that have not been previous treated for disease. Subjects at nisk of disease include those
i an aging population, asvmptomatic subjects with tau pathologies and having a known genetic
risk of disease. Such individuals include those having relatives who have experienced this
disease, and those whose nisk is determuned by analysis of genetic or biochemical markers.
Genetic markers of risk mclude mutations in tau, as well as nmutations it other genes associated
with nesrological disease. For example, the ApoEd allele m heterozygous and even more 30 m
homozygous form is associated with risk of Alzheimer’s disease (AD). Other markers of risk of
Alzheimer’s disease inchude mutations in the APP gene, particularly mutations at postion 717
and postiions 670 and 671 referred to as the Hardy and Swedish nutations respectively,
mutations in the presenthin genes, PS1 and PS2, & family history of AD, hypercholesterolemia or
atherosclerosis. Individuals presently suffering from Alzheimer’s disease can be recognized by
PET imaging, from characteristic dementia, as well as the presence of risk factors described
above. In addition, a number of diagnostic tests are available for identifving individuals who
have AD. These include measurement of CSF or blood tau or phospho-tau levels. Elevated tau
or phospho~-tan levels sipnify the presence of AD. Some mutations associated with Parkimson’s
disease, for example, Ala30Pro or AlaS3Thr, or mutations in other genes associated with
Parkinson's disease such as leucine-nich repest kinase {(LRRK2 er PARKS) appear to be
associated with some AD. Subjects can also be dirgnosed with any of the neurological diseases

mentioned above by the erteria of the DSM IV TR,

jo0 1204 In asymptomatic subjects, trestment can begin at any age {eg. 10, 20, 30, or
more). Usually, however, it 15 not necessary to begin treatment until a subject reaches 20, 30, 40,
30, 60, 70, 80 or 90 years of age. Treatment typically entals multiple dosages over a penod of
time. Treatment can be monitored by assaying snttbody levels over time. 1f the response falls, a
booster dosage 18 mdicated.  In the case of potential Down’s syodrome patients, treatment can

begmn antenatally by admimstering therapeutic agent to the mother or shortly afier barth.
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{80121} Methods of Treatments and Uses
j60122] The disclosure provides methods of inhibiting or reducing aggregation of or tau in

a subject having or at sk of developmg Alzhemmer’s disease.  The methods melude
admimstering to the sebject the compositions as disclosed herem. A therapeutically effective
amouant 15 a dosage that, when given for an effective pertod of time, achieves the desired
manwmological or clinical effect.  Dosage regimens may be adjusted to provide the optimum
therapeutic response.  For example, several divided doses may be admmistered at set intervals
{e.g., weekly, monthiy} or the dose may be proporhionally reduced as mdicated by the sxagencies

of the therapeuiio sihuation.

{00123 in prophylactic applications, the compositions described herein can be
administered to a sebject sosceptible to, or otherwise at sk of a disease (g, Aldheimer’s
disease) i a regimen (dose, frequency and route of admimstration) effective to reduce the risk,
lessen the severity, or delay the onset of at least one sign or svmptom of the disease. In
particular, the regimen is effective to mhibit or delay tau or phospho-tau and pared filaments,
tangles, andfor ageregates formed from them in the bran, and/or mhibit or delav its toxic effects
andfor inhibitior delay development of behavioral deficits.  In therapeutic applications, the
compositions described herein gre admmnistered to a subject suspected of, or a patient already
sufferig from a disease {e.g., Alzhemmer’s disease) i a regimen {dose, frequency and route of
adnmanistration) effective to ameliorate or at least inlubi further deterioration of at least one sign
or symptom of the disease. In particular, the regimen s preferably effective to reduce or at least
wmhibit further increase of levels of tau or phospho-tan and paired filaments, tangles, andior

aggregates formed from them, associated toxicities and/or behavioral deficits.

jo0124] A vegimen s considered therapeutically or prophyvlactically effective of an
mdividual treated achieves gn outcome more favorable than the mean outcome in a control
population of comparable subjects not treated by methods of the invention, or if a more favorable
outcome 15 demonstrated n treated sobjects versus controb subjects 1 a controlled clinteal gl

{e.g., & phase 11, phase W1 or phase HI trial) av the p < 0.05 or 0.01 or even 0.001 level

{00128 Effective doses of vary depending on many different ¥actors, such as means of

adnunistration, target site, physiological state of the patient, whether the patient is an ApoE
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carrier, whether the patient 15 human or an animal, other medications administered, and whether

treatment 1s prophylactic or therapeutic,

{80126} In some embodiments, the effective amount 18 a total dose of 28 pg to 1000 ug, or
50 pp to 1000 pe. In some embodiments, the effective arsount 15 & total dose of 100 pg. In some
embodiments, the effective amount s 8 dose of 25 py admnistered to the subject 8 total of two
timies. in some embodiments, the effective amount is a dose of 100 yg adoumstered to the
subject a total of two tmes. In some embodiments, the effective amount is a dose of 400 ug
adminstered to the subject a total of two times. In some embodiments, the effective amount is a
dose of 300 pe admmisiered to the subject a iofal of two times. In some embodiments, a RNA
{e.u.. mRNAY vaccing is administerad fo a subject by mtradermal, mtramuscular injection, or by

ntranasal admmisiration.

{00127} {n some embodiments, the amount of an agent for active immunotherapy varies
from | to 1,000 micrograms {ug), or from 0.1-530 pug, or from 10 to 330 ug, or from 30 10 250
pg per patient and can be from 1-100 or 1-10 pg per injection for human administration. The
timing of mjections can vary significantly from once a day, to once a week, to once a month, to
once a vear, to once a decade. A typical regimen consists of an immunization followed by
booster injections at time intervals, such as 6 week tntervals or two months. Another regimen
consists of an immunization followed by one or more booster iyections 1, 2, 3,4, 5,6, or 12
nuonths fater.  Another regimen entatls an injection gvery two months for life.  Alternatively,
booster injections can be on an trregular basis as mdicated by monttoring of mmmane response.
The frequency of administration may be once or more as long as the side effects are within a

clinically acceptable range.

[00128] in some embodiments, the composttions or methods as disclosed heremn comprise
admimistering to a subject a nuclere acid vacoine comprising one or more DNA or RNA
polynucleotides having an open reading frame encoding a peptide and, opuionally, a second
peptide, wherein a dosage of between 10 yg'kg and 400 ug ke of the auclere acid vacome 18
adnunistered to the subject. In some embodiments the dosage of the RNA polvmucleotide is 1-5
ug, 5-10 pe, 10-15 pg, 15-20 pg, 10-25 pg, 20-25 pg, 20-50 pg, 30-50 pg, 40-50 ug, 40-60 pg,
60-80 g, 60-100 pg, 50-100 pg, 80-120 pg, 40-120 pg, 40-150 pg, 50-150 g, 50-200 pg, 80-
200 pg, 100-200 pg, 120-250 pg, 150-250 pg, 180-280 pg, 200-300 pg, 50-300 pg, 80-300 ug,
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100-300 ug, 40-300 ug, 50-350 pg, 100-350 pg, 200-35G pg, 300-350 pg, 320400 pg, 40330
pg, 40-100 pg, 100-400 pug, 200-400 pg, or 300-400 up per dose. In some embodiments, the
nuclete actd 18 advumstered to the subject by wtradermal or ntranuscular mjection.  In some
embodiments, the nucleic acid s administered to the subject on day zero. In some embodiments,
a second dose of the nucleic acid 1 admsmstered to the sebject on day seven, or fowrteen, or

twenty one.

[60129] The compositions described herem are preferably admumistered via a peripheral
route (i.e., one in which the administered composition results in a robust immune response
and/or the induced antibody population crosses the blood bram barrier to reach an mtended site
m the brain, spinal cord, or eye. For peripheral diseases, the mduced antibodies leave the
vasculabwe to reach the mtended penpheral organs.  Routes of admnistration mclude oral,
subcutaneous, intranasal, intradermal, or intramuscular.  Some routes for active imumpuzation
are subcutaneous and intramuscular.  Intramuscular administration and  subcutaneous
administration can be made at a single site or multiple sites.  Inframuscular mjsction 15 most
tvpically performed in the arm or leg muscles. In some methods, agents are wjected directly into

a particular tssue where deposits have accumulated.

00130} The number of dosages administered can be adjusted to result in a more robust
mmune response (for example, hgher titers). For acute disorders o acute exacerbations of a
chronic disorder, hetween 1 and 10 doses arve often safficient. Sometimes a single bolus doss,
optionally o divided form, 15 sufficient for an acute disorder or acute exacerbation of a chronie

disorder. Treatment can he vepeated for recurrence of an gcute disorder or acute exacerbation.

[00131] An effective amount of a DNA or RNA encoded mununogen can be between
about 1 nanogram and about 1 gram per kilogram of body weight of the recipient, or about
between about 0.1 nug'ke and about 10 mg/kg, or about between about 1 pg'ke and about 1
mgke. Dosage forms suitable for imtemnal administration preferably contain (for the Iatter dose
range} from about 0.1 pg o 100 pg of active maredient per unit. The active ingredient may vary
from 0.5 to 95% by weight based on the total weight of the composition.  Alternatively, an
effective dose of dendritic cells loaded with the antigen is between about 10% and 10% cells.
Those skilted i the art of immunotherapy will be able 10 adjost these doses without undue

experimentation.
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{80132} The nucleic acid compositions may be admumistered in a convenient manner, e.g.,
tyjection by a convement and effective route.  Routes can include, but are not hinuted to,
mitradermal "gene gun” delivery or mtramuscular tjection.  The modified dendric cells are
admumistered by subcutaneous, mtravenous or ntramuscular routes.  Other possible routes
melade  oral  adeumistration, mtrathecal, mhalation, tansdermial  apphbeation, or  rectal

adminisiration,

[80133] Depending on the route of admumstration, the composstion may be coated m a
material to protect the compound from the action of enzymes, acids and other natural conditions
which mayv inactivate the compound. Thus, 1t may be pnecessary to coat the composition with, or
co-administer the composition with, a material to prevent s inactivation. For example, an
enzyme inhibitors  of  nucleases  or  protesses  {eg. pancreatic  trypsin  nbubitor,
dusopropyifluorophosphate and trasvlel} or m an appropriate camer such as liposomes
{includimg water-in-oil-in-water emulsions as well as conventional Hposomes {Strejan e ol L

Nearoimmunol 7(13:27-41, 1984),

jo0 1344 The mmmunotherapeutic compositions disclosed hersin may also be used
combination with other treatments for diseases assoviated with the accumulation of tan, for
example, anti-tay antthodies such as antibodies that specifically bind 1o any of the tau epitopes
disclosed herein, ABBV-8E12, sosuranemab, zagotenamab, RG-6100, BUBOT6 or any of the
antibodies disclosed i WO20I4/16527Y, UST0S01 531, WO2017/1915589, WO2017/191560,
WO2017/191561, US2019/40330314, US2019/0330316, and WO0IB/204546.  In some
combination therapy methods, the patient receives passive inununotherapy prior to the active
winunotherapy methods disclosed heremn.  In other methods, the patient regeives passive and
active mynutotherapy during the same pertod of treatment. Ahernatively, patients may receive
active mununothergpy prioy to passive tmmunotherapy. Combingtions may also melude small
molecule therapies and non-immnupogenic therapies such as RAZADYNE® (galantamine),
EXELONY (rivastigmine), and ARICEPT®™ (doneperil) and other compositions that mprove the

function of nerve cells i the bram.

{0135 The compositions of the disclosure may be used in the manufacture of

medicarnents for the treatment regimens described herem.

{00136] Treatment Regimens
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{80137} Desired outcomes of the methods of treatment as disclosed herein vary accordmg
to the disease and patiemt profile and are determinable to those skilled m the art.  Deswred
putcomes molude an improvenment m the patient’s health statas. Generally, desived outcomes
mclude measuwrable mdices such as reduction or clearance of pathologic tau tangles andior
aggregates, we well as other associated pathologies sach as amvloid fibnls, decreased or
mhibited amviowd aggregation andfor deposiion of amylmd fibrds, and increased immune
response to pathologic species, .., tag-containing fangles andfor tau-contaming aggregates.
Desired oulcomes also include amelioration of tay disease-specific sympioms. As used herein,

%ons - 1

relative terms such as "umprove,” Mmcrease.” or "reduce” mdicate values relative to a controd,
such as g measurement 1 the same individual prior 1o mittation of tregtment described heram, or
a measurement I a control mdividual or group. A control mdividual is an individual afflicted
with the same disease or tauopathy as the individual being treated, who s about the same age as
the mdividual being treated (to ensure that the stages of the disease in the treated individual and
the control mdividual arg comparable), but who has not recaived treatment using the disclosed
mmunogens.  Ahernatively, a control individual is & healthy mdividual, who is about the same
age as the mdividual betng weated. Changsgs or improvements in response to therapy are
generally statistically significant and described by a p-value less than or egual to 0.1, less than

0.03, less than 0.01, less than 0.005, or less than 0.001 may be regarded as significant.

joB138] Effective doses of the compositions as disclosed herein, for the treatment of a
sabject vary depending upon many different factors, ncluding means of admmistration, target
site, physiological state of the patient, whether the patient s human or an animal, other
medlications  admunistered, i any, and whether treatment is prophylactic or therapeutic,
Treatment dosages can be titrated to optimize safety and efficacy. The amount of invnunogen
can also depend on whether adjovant 15 also adminsstered, with lugher dosages bemng required in
the absence of adjuvant. The amoust of an wymmogen for admimstration sometimes varies
from 1-8830 pg per patitent and more usually from 5-300 ug per injection for human
adrunistration. Occasionally, a higher dose of 1-2 my per dosage is used. Typically, about 10,
20, 30 or 100 ug w used for each human dosage. The tming of dosages can vary sigmficantly
from once a day, to once a vear, to once a decade. On any gven day that a dosage of
imnmunegen 15 piven, the dosage s greater than 1 pg/patient and usually greater than 10

ugpatient if adpvant s also adnumistered, and greater than 10 pg/panent and usually greater
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than 100 pg/patient m the absence of adjuvant. A typical regimen consists of an snmunization
followed by booster dosage{s) at -week mtervals. Another regimen consists of an mmmmization
followed by booster dosage{s) 1, 2, 3, 4, 3, 6, or 12 months later.  Another regimen entails
dosage(s) every two months for Iife. Alternatively, booster dosage(s) can be on an mregular

basis as mdicated by montoning of e response.

{00139] When adminstered in combunation with a second treatment for Alzhenmer’s
disease, such as, Razadvue® (palantamine), Exelon® (nvastigmime), and Aricept® (donepeat},
the second treatment can be administered according the product label or as necessary in view of
the treatment with the compositions of the disclosure.

{00140 Kits

{08141} The disclosure further provides kits (e.g., containers) comprising the compositions
disclosed herein and related materials, such as nstructions for use {e.g., package msert). The
mstructions for use may contam, for example, instractions for adnmumistration of the compositions
and optionally one or more addiional agemts. The contaipers of peptide andéor nucleic acid

compositions may be unit doses, bulk packages {e.¢., molti-dose packages), or sub-anit doses.

[80142] Package insert refers fo mstructions castomantly mehaded i commercial packages
of therapeutic products that contain mformation about the indications, usage, dosage,

adnunstration, contramdicatons and/or wammgs concernmng the ase of such therapeutic
products. Kits ¢can also mchude a second contamer comprising a pharmaceutically acceptable
buffer, such as bacteriostatic water for injection {(BWFI), phosphate-buffered saline, Ringer's
solution and dextrose solution. [t can also include other materials desirable from a conunercial

and user standpoint, including other buffers, diluents, filters, needles, and syringes.

j00143] The following are provided for exemplification purposes only and are not
mtended to limit the scope of the invention described i broad terms above, All references cited
1 this disclosure are incorporated herein by refevence.

{00144 Uses

jaR145] Each of the peptides, polypepudes, immunogens, and pharmaceutical
compositions described herein may be for use in treating ong or more of the diseases as describad

herein. In addition, each of the peptides, polypeptides, mimunegens, and pharmaceutical
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compositions described herem may be for use w1 methods for treating one ot more of the diseases
as described heremn. FPach of the peptides, polypeptides, mmmunogens, and pharmaceutical
compositions described herein may be used i a method for manufacturing a medicament for

treating or use it treating one of more of the diseases as described heremn.

{80146} AR US. and imernational patent applications identified herein are corporated by

reference in their entirety.

Examples
[00147] Example 1: Immunogens
[00148] Immunogens were selected for evaluation m vacome peptide construets. Some

Hmmunegens compnise a tau peptide comprising 3-10 anuno acids from s, Other mmumogens

comprise an engineered tan pnnmmogen.

{00149 Engineered Tau Innmmmogens
[oa130] Certam mmunogenc peptides were destgned and selected to (1) raise antibodies

that bind within the within mmevotubule binding repeats (MTBRs) of homan Taw protem, (1) be
less hkely to generate an unwanted T cell-mediated autormmane response, and (111) be less Tikely
to raise antibodies that woudd cross-react with other homan protems.

[00151] First, sequence analyss and 3D modeling of Tas MTBRs was conducted to
wWentity ammo acid residues that may be important for raising antibodies that bmd MTBR. The
resalts of these analyses were used to design synthetic Tau imwmunogenic pepudes with
conserved residues and shuffled tmterspersed residues. Resulting engineered syathetic peptides
are listed m Table 1.

Table 1

Engineered Tau immunogenic peptides

Engineered tau immuanogenic
peptides sequence SEQ D NO:
SKIGSTENLKH 909
SKIGSTENIKH 910
SKIGSKDNLKH 911
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SKIGSKENIKH 912
SKIGSLENLKH 913
SKIGSLENIKH 914
SKIGSTDNLKH 915
SKIGSTDNIKH 916
SKIGSKDNLKH 917
SKIGSKDNIKH 918
SKIGSLDNLKH 919
SKIGSLDNIKH 920
SKIGSTGNLKH 921
SKIGSTGNIKH 922
SKIGSKGNLKH 923
SKIGSKGNIKH 924
SKIGSLGNLKH 925
SKIGSLGNIKH 926
[o0132] Next, to assess the potential of an onwanted T cellbnediated awtonmmune

response, the engineered peptides were subjected to 1 silico analysis to predict MHC I binding
using the IEDB (Imunune Epitope Database} from National Institvie of Allergy and Infectious
Diseases/La Jolla Immunotogy Instihute. MEC class H binding 18 considered a good mdicator of
a sequence contaming a T-cell epitope. A panel of alleles were wsed for MHC I binding
prediction. Engmeered peptides with a predicted half’ maximal mbibutory concentration {(1C30)
above a specified cutoff were considered to have 8 low probability of MHC I binding and were

selected for further analysis.

{80153} Finally, the engmeered peptides with low predicted MHC II bmdmg were
evaluated to predict 1f the anti-Tan MTBR antibodies that would be raised by the peptides could
have umwanted cross-reactivity with other lnpnan protems. Sequences of the engmeered peptides
were subjected to bioinformatic analysis agamst a non-redundant buman proteome database o
determine homology with human protems. Engineered peptide seguences with low homology to
secreled or cell-surface protems were selected as top candidaies to be used as antigens. Top
candidate engineersd Tauw immunogenic peptides are listed in Table 2.
Table 2

Top candidate engineered Tau inmunogenic peptides
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Engineered tau immunogenic
peptides sequence SEQ ID NO:
SKIGSTDNIKH 916
SKIGSKDNIKH 918
SKIGSLDNIKH 920
{00134} Comgugation.  The peptides described 1 the examples (Biopeptide, San Diego,

CA) were coupled to CRM {CRM-bromoacetate. Fina Biosohutions, Rockville, MDD} as follows:

{80155] Example 2: Animal bmmunizations
{80 156] Conjogation.  The peptides deseribed i the examples (Biopeptide, San Dhego,

CAY were coupled to CRM (CRM-bromoacetate, Fina Biosotutions, Rockvitle, MD) as follows:

{80157} 1M Tris HCL {pH 8.0), Milh(} DI water, 56 mM borate, 100 mM NaCl, and 5
mM EDTA pH 8.5 were sterile filtered and degassed. | mg of each peptide yeas dissolved in 3.2
mi. of degassed water, then 8.1 mL degassed Tris HCL was added, followed by 0.2 ml. of the
stock CRM-Bromoacetate (1 myg total} and 0.5 mb of the borate buffer. The peptide mxtares
were meubated for 24 hours at 4 degrees on a nutator to provide mixing. Samples were desalted

o PBS, and 5 pl. was vun on a 10% Tog gel to confirm comjugation.

[00158] In certam expernments, female Swiss Webster muce were myected subcutaneousty
at two stes with 100 wl of test article on day 0, 14, 42 and 70, Test article was prepared by
combining 25 pg of test invmwogen and 25 pg of Q821 adjvant m 200 ul phosphate baffered
saling (PBS). Mice were bled on day 21, 49 and 77 by nicking tails and collecting 56 ul of
blood, followed by processing 1o serum. The peptides tested included AGHVTQAR (SEQ 1D
NO:AS3), GYTMHOD (SEQ 1D NO:AS4), IVYKPV (SEQ 1D NO:02) and EIVYKSPY (SEQ
ID NOI4D. Immunogens contained one tau peptide, a C-termunal linker and a C-ternunal
cysteine {Le., ~Gly-Gly-Cys-} and were coupled through the Cotermunal cysteine to CRM-197

with a mateimide linkage.

{00159 In certain experiments, ummunogen preparation compised 23 gy of peptide
wnomanogen, 28 ug Q821 and 150 Wl of 0.02% Tween BG/PBS. The peptides tested inchuded

b=

VRKSKIGSTEGGC {SEQ 1D NQTTTY, KSKIGSTEGGC  (SEQ D NOUT78), SKIGSTENGGC
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{SEQ 1D NO:779), KIGSTENLGGC {SEQ 1D N80, IGSTENLKGGC (SEQ 1D NO:T81),
GSTENLKHGGC (SEQ ID NO:782), STENLKHQGQGC (SEQ 1D NO:783), TENLKHOQPGGC
{(SEQ ID NG:TR4), and ENLKHOPGGGE {(SEQ D NOTES). Female Swiss webster nuige
recetved 200 ul. subcutaneously {four mice per group, each woup receiving one unmunogen).
Mice 1 these expeniments were wyected at 0, 4 weeks and 8 weeks with bleeds taken for titer at

5 weeks, Animals were sacrificed and a ternunal bleed collectad at B wesks.

[60160] Ouinea pigs were injected intramuscudarly with SO pg of a test mmmunogen, 25 ug
821 i 200 @l of Addavax on day 0, 21, 49 and 77, Bleads were done 7 days post
wnmamization. The peptides tested included AGHVTQAR (SEQ D NO433), GYTMHOD
{SEQ ID NO454), QIVYKPY (SEQ 1D NO©2) and EIVYKSPY (SEQ D NO:idl)
Immunogens contamed one tau peptide, a C-termmal linker and a C-ternunal cysteme (e, ~Gly-

Gly-Cys-} and were coupled through the C-termmal cvsteme to CRM-197 with a maletmide

tinkage.
{60161} Female Gumea Pigs were at feast 3 weaks old af the stant of the study having an

approximate body weight of 330-300.  Appropriate animal housing and research procedures for
animal husbandry and care were conducted in an accredited facility in accordance with the
gutdelines of the U.S. Department of Agniculture’s {(USDA) and the Assessment and

Accreditation of Laboratory Anumal Care (AAALAC) International.

jo162] The mmunogen concentration was 0.5 mgfml. Prior to each adnunistration of the
test immuynogen, approxinately a 3 cm’ area on gach hind limb was shaved and wiped with
gthanol for visuahization of the injection site. Each animal received 3 test mmmunogen dose of
200 microliters (0.25 micrograms/nucroliter) divided into two separate sttes each of 100
nucroliter per wjechion (e, ammals received 50 pg of wumumogen w100 pd PBS + 25 pg of
QS-21 in 100 pl Addavax). A 25G-27G6 needle was inserted intramuscularly into the hind hmb,
approximately 0.25 ~ 0.5 om deep, and injected at 100 microliters per site. Injection sites were

rotated cach admumstration between four separate sites per hind finb and separated by at least 2

am.
{00163 Example 3: Measurement of Antibody Titers
jo0164] Whole blood sanuples were collected into clot activator tubes via jugular vein at

250-350 microhiters per collection at weeks 1, 4, 8 and 12 for Guinea pigs and 30 nueroliters per
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collection at weeks 1, 3, 7 and 11 by mcking tasls for nuce. The maxmmum volume of whole
blood was collected into clot activator fubes via cardiac punctre at termination oun the finat
collection week, Al blood samples were allowed © clot at room temperature Tor greater than 30
mimtes, centrifuged ambient {approximately 20-23 °Cy at 3,000 RPM for 10-15 minutes, and
serum supernatant was tramsferred mdividually mto clean crvovials.  Serum supernatant was

stored frozen at -80 °C (& 12 °C).

[801685] Trter on Tau Guinea Pigs
{00166] 2 uu'ml recombinant WT Taa 4R2N was coated on to the plate 100 ul per well in

PBS and mcubated overmight at room temperatare. Plates were blocked for | hour with 1% BSA
m PBS. Plates were aspavated and to row A 200 pl of 0.1% BSA in PBS Tween was added. In
column 1, negative (Guunnea pig serum was added at a 17100 dilotion wiile the rest of the row
contained 1100 test serums. Rows were senally diluted by 50% per step down the plate giving
ditution of 17100 to 1/12800. Wells were meubated 2 hours at room temperature and then were
washed., A 173000 dilution of ant-Guinea Pig IgG HRP m 0.1% BSA m PBS Tween was
prepared and then 100 ul added to the washed well. This incubated for 1 hour and was washed.
OPD subsirate was prepared using ThermoFisher OPD tablets at 1 iablet per 10 mls.
ThermoFisher substrate buffer was added at 1710 and each well had 100 pl added and was
meubated for 15 mmutes. 30 gl of IN HaSOx was added to stop the reaction and plates were
read at 490 nm on a Molecular Devices Spectromax. Titer defined as the dilution piving 50%

maxinm OD and was extrapolated if @ fell between dilutions.

joaieT) Antibody titers ohserved i Guinea pigs wmumunized as described above are shown
in Table 3. Iimmuntzations were conducted with Q521 in Addavax. The titers reported are for the

bleed after the fourth injection. These results are represented 1 Figure 1.
Table 3

Antibody titers in Guinea pigs (GP) immunized with tau epitopes.

Tan Epttope in tmmunogen | SEQID GP 1 Titer | GP 2 Titer | GP 2 Titer
AGHVTQAR 453 1600 3200 1600
OYTMHOQD 454 55000 73000 19000
QIVYKPY a2 4000 8500 2000
EIVYSPV 141 7000 2200 2600
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[00168] Titers on Tau mouse

{00169 Mouse serum was utered by enzyme-bnked mumunosorbent assay (ELISA)
Plates wers coated overnight at 2 pg/mb wath recombinant tag (4RIN) in phosphate-buffered
saline {PBS) and then blocked for 1 hour with 1% boving senan albumin (BSA) in PBS. Plates
were blocked for 1 hour with 196 BSA i PBS. Plates were aspirated and to row A 200 d of
0.1% BSA n PBS with 0.1% Tween 20 (PBS/BSA/T) was added. Normal mouse sevum was
used as a negative contvol while known positive anti-serum from previous yaouse studies was
used as a positive control at the same diloBions as test serum. In colunm 1, negative mouse
serum and positive mouse serum was added at 17100 while the rest of the row contained 1/100
test sera. Rows were sersally dituted by 3% per step down the plate giving dilution of 1100 to
12800, When needed, due to tugh nters. 173 dilutions were used giving 17100 to 17218000
dilutions.  Wells were incubated 2 howrs ai room temperatwre then were washed with
THSTween 20, A /5000 dilwion of anti-mcuse IgG HRP i 0.1% BSA wm PBS Tween was
prepared and then 100 ul added to the washed well. The regetion muxture was imcabated for 1
hour and then washed with TBS Tween 20 Antibody binding was detected with o-
phenylensdianune dibydrochloride {OPD) substrate (Thermo Fisher Scientific, Waltham, MA)
following manufacturer’s nstructions. OPD substrate was prepared using ThermoFisher QPD
tablets at 1 tablet per 10 mls. ThermoFisher substrate buffer was added at 1710 didution and each
well recerved 100 pd and was incubated for 15 numaes. SO pl of 2N H:804 was added to stop
the reaction and plates were read at 490 am on a Molecular Devices Spectromax.  Titer was
defined as the diution giving 50% maximum OD measurement and was extrapolated if i fell
between dilutions 1n certain expermments. In other experiments, titer was defined as the dilotion

giving 4X background {defined 10 graphs and tables): exteapolation was used f 1t fell in between

ditutions.
[00170] Tier results
{00171} Antithody titers observed in mice mmunized as descrihed above are shown in

Table 4. nmunizations were conducted with Q521. The titers reported are for the bleed after the
third injection. These results are represented m Figure 2 (sample 13), Figure 3 {samples 1-12)

and Figure 4 (samples 10-12).
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Table 4

Antibody titers in mice inununized with tau epitopes.

Tau Epitope in immunogen mouse 1 | mouse 2 | mouse3 | mouse 4
FOVKSKIGSTEGGC Q821 0.02%
{SEQ IDNO: 7T PS80
Bleed 1 TO00 55000 35000 20000
Blead 2 475 20000 7000 1000
2 KSKIGSTEGGC Q821 0.02%
{SEQ 1D NO:778}) PS80
Bleed 1 30000 20000 10000 15000
Bleed 2 15000 14000 7000 14500
3 SKIGSTENGGC Q821 0.02%
{SEQ 1D NOTT9 PS80
Bleed 1 40000 35000 15000 35000
Bleed 2 25000 13000 4000 25000
4. KIGSTENLGGC Q821 0.02%
{SEQ D NOT80) PS80
Bleed 1 6000 3000 1000 dead
Bleed 2 3200 1600 3200 dead
3 OHGSTENLKGGC {2521 0.02%
{SEQ D NOT&L) PSEO
Bleed | 25 25 25 dead
Bleed 2 25 25 25 dead
6. GSTENLEKHGGC QS21 0.02%
{SEQ 1D NO: 78} PS80
Bleed | 200 25 25 12000
Bleed 2 100 25 25 400
7. STENLKHQGGU QS21 0.02%
{SEQ ID NG:783} PS80
Bleed 1 20000 18000 10000 dead
Bleed 2 25000 5000 7000 dead
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8. TENLKHOPGGC QS21 0.02%
(SEQ ID NO:784) PSSO
Bleed 1 40000 [ 40000 | 35000 | 30000
| Bleed 2 22000 | 28000 | 20000 | 25000
9. ENLKHOPGGGE 0521 0.02%
(SEQ ID NO:785) PS80
Bleed 1 43000 | 60000 | 20000 | 45000
Bleed 2 21000 | 30000 15000 | 25000
10. CGGSKIGSTDNIKH | QS21 0.02%
(SEQ ID NO:963) PSLO
Bleed | 1000 6400 10000 15000
Bleed 2 00 2000 3000 20000
11 CGGSKIGSKDNIKH | 0821 0.02%
(SEQ ID NO:964) PS80
Bleed 1 10000 | 20000 10000 | 20000
Bleed 2 10000 | 7000 3000 20000
12, CGGSKIGSLDNIKH | Q821 0.02%
(SEQ 1D NO:965) PS]0
Bleed 1 7000 10000 10000 | 20000
Bleed 2 3500 2000 4500 15000
13.CNIKHVPG
(SEQ 1D NO:24) 1000 1300 300 4000

00172

Figure 3 shows the resudiy with SEQ 1D NO:

SEC D NO:963 1o SEQ ID NO:96S, Central peptides 4-6 (Fig. 3) did not generate high tiges to

e ted
rrd

taw and, thus, werg not run 1 the heparin blocking assay of Example 4.

{00173

jo0174

MTBR regron due fo the homology of the vanious MTBR regions,  Antiseram was titered on all

four MTBR regions using peptides of MTBR -4 purchased from Anaspec {San Jose, CA}

MTBR peptide 1

Example 4: Binding of antibody to MTBRI - MTBR4

QTAPVPMPDLEKNVESKIGSTENLKHQPGGGK (SEQ ID NO:751)

50

through SEQ 1D NO785, and

Certain antibodies that bind 1o MTBR have been shown to bind to more than one
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MTBR peptide 2
VOINKKLDLSNVQSKCGSKDNIKHVPGGGS (SEQ ID NO:752)

MTBR peptide 3

VOIVYKPVDLSKVTSKOGSLONIHHKPGGGQ (SEQ ID NO:753)
MTBR pepuide 4

VEVKSEKLDFKDBRVOSKIGSLDNITHVPGGGN (SEQ ID NO:754)

{00175] Mouse sertum was agam titered by enzyme-tinked mmmosorbent assay (ELISA)
Plates were coated overnight at 2 ugfml. with each the various MTBR peptides in phosphate~
buffered saline {(PBS) and then blocked 1 howr with 1% bovine serum albupun (BSA) m PBS.
Normal mouse serum was used as a nepative control, Bleeds were diloted n PBSA 196 BSA/
0.1% Tween 20 (PBS/BSAST) starting at 17100 and senally difated 1:2 down the plate. Plates
were washed with TBS/Tween 20, and goat anti-mouse wmmmmoglobubin G (JgG) theavy + hght
chaing) horseradish peroxidase (HRP) {(from ThermoFisher) was added at a 1/3000 dilution and
meubated for 1 hour at room temperature. Plates were washed in TBS/ Tween 20, and antibody
binding was detected with o-phenvienediamine dibvdrochionde (OPD) substrate (Thermo Fisher
Scientific, Waltham, MA) following manufacturer's instructions. Plates were read at 490 nM on
a Molecular Devices Spectromax, and titer was defined as the dilution giving 4X background
{defined 1 graphs and tables): extrapolation was used if it fell in between ditutions.

j08176] Peptrde bmding 1s showing m Frgure S{ARSH)  Overall, VESKIGSTEGGC
{SEQID NOSTTT Fig, S(A)), KSKIGSTEGGC (SEQ D NOTTS; Frg. 3B), SKIGSTENGGC
{SEQ 1D NO:779; Fig. S(C}h bound strongly to MTBR 1 and 4. STENLKHOQGGC (SEQ 1D
NO:783; Fig. (DY) bound strongly to only MTER 1. TENLKHOPGGC (SEQ 1D NO:784; Fig.
3EN bound strongly to MTBR 1 and 2, while ENLKHOPGGGC {SEQ ID NO:7835; Fig. 5(F)

bound to all four MTBR.

jo0177 Example 3¢ Blocking of tau binding to Heparin
{60178] As a potential surrogate marker for the ability of the serum to block uptake of tan

ato cells, an ELISA measuning the blocking of tau binding to heparin plates was developed.
Recombinant tau was biotinylated in-house. Hepann coated plates {Bioworld, Dublin,OH) were

blocked with 2% BSA/PBS for | how. In a separate deep-well polypropylene 96 well plate

b3 |
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{ ThermoFisher), serum was diluted from 1730 to 176400 mn 2% BSAPBES, in 60 1 total volume.
To thig, 60 pl of 200 ng/mi blotmylated tau i 2%BSA/PBS was added for a final concentration
of senan 100- 112308, wath tay af 100 ngfml, The mixture of serwm and tau was moubated for
2 howrs, thes 100 gliwell was transferred to the blocked heparmn plates and mcubated 1 howr,
Plates were washed m 0.1% Tween 20/TBS and goat ant-mouse mmumoglobulin G {Ig(a)
{heavy + light chains) horseradish peroxidase (HRPY (ThermoFisher) was added at a 175000
difotion and mceubated for 1 bour at room temperatore.  Plates were washed m TBS/Tween 28,
and 100 ul ThermoFisher TMB was added and incubated for 8 minuies and then stopped with
HaSO4 and read at 450 nm,

{60179] Figures 6-13 show blocking of tau binding to heparm. Figure 6 shows results for
VKSKIGSTEGGU (8EQ ID NO:T77y Figure 7 shows results for KSKIGSTEGOGC {SEQ 1D
NO:778); Figure 8 shows results for SKIGSTENGGC (SEQ 13 NO:779); Figure 9 shows resulis
for STENLKHQGGC (SEQ 1D NO:783); Figure 10 shows results for TENLKHQPGGC {SEQ
1D NO784); Figure 11 shows results for ENLKHOPGGGC (SEQ 1D NOTES ), Figure 12 shows
results for CGQGSKIGSKDNIKH (SEQ ID NO®64), and Figure 13 shows results for
COGSKIGSLDNIKH (SEQ 1D NO:963).

00180} Quantitative megsurement of the inhibitton of tav binding to heparin 1s shown

Table 3 below,

Table 5

{1) VKSKIGSTEGGC (SEQ HX NO:¥77), animals 1-4

neg/NMS
dilution | control 1.1 1.2 1.3 1.4
100 100.00 52.52 | 3648 |4634 | 5840
200 113.45 9526 |5294 |6531 |76.23
400 111.02 102.94 | 57.01 |[82.73 | 86.02
300 93.01 12016} 84.63 | 90.68 | 86.36
1600 G198 12181} 1OROS [ 11551 | 114.49

{2) KSKIGSTEGGC (SEQ 1D NO:778), animals 1-4

neg/NMS
dilution | contvol 24 2.2 2.3 2.4
100 10000 3728 {3400 |77.89 |18.32
200 113.45 56.86 | 45.67 | 76.90 | 34.63
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400 111.02 7647 |59.74 | 81.08 | 43.94
800 95.01 9425 | 8262 |9475 | 6434
1600 91.98 10952 |1 9798 | 99.67 | 76.62
{3} SKIGSTENGGC (SEQ 1D NO:779), animals 1-4
neg/NMS

dilution | conirol 3.1 3.2 3.3 34
100 100.000 5299 14246 |7294 | 7724
200 115.000 70.24 5295 | 7271 |90.63
400 91.000 67.02 | 6132 |116.24| 10692
800 114.000 70.32 16947 |87.73 | 101.75
1600 93.000 7535 | 72.74 | 129.27 | 97.90

(4} STENLKHOQGGC (SEQ 1D NO:783), animals 1-3

peg/NMS
dilution | control 7.1 7.2 7.3
100 100.000 | 74.48 | 74.48 | 76.38
200 115.000 |93.77 |93.77 |93.15
400 91.000 91.77 | 91.77 | 111.09
800 F14.000 | 99.83 | 9983 | 9448

1600 93.000 14000 | 140.00 | 140.00

{8) TENLKHOQPGGU (SEQ 11 N(O:784), animals 1-4 and
{0 ENLKHOQPGGGC (SEQ ID NO:78S), ammals §-2

neg/NMS
dilution | control 8.1 8.2 8.3 84 8.1 9,2
100 100.600 44.74 | 4787 | 55.01 |[38.00 |42.14 12.67
200 115.000 | 6090 | 6896 |67.15 |54.05 |52.02 |22.85
400 91.000 93.69 |10192|91.70 | 6221 |37.51 |28.48
800 114.000 | 81.74 | 7599 |72.19 | 6093 |59.88 |29.26
1600 93.000 116,63 | 109.21 | 111.64 | 7437 | 8191 |51.70

{9 ENLKHOQPGGGC (SEQ ID NO:785), ammals 34 and
{11) COGSKIGSKDNIKH (SEQ ID NO:964), amimals 1-4

neg/NMS
dilution | control 9.3 9.4 11.1 11.2 1.3 11.4
100 100.00 4987 |33.33 |50.19 |4957 | 6996 |29.61
200 125.44 70.11 | 5525 |66.19 |57.12 | 8040 |46.60
400 111.94 79.63 | 6235 | 8892 |90.49 | 95091 72.05
00 PEL72 913 [ T780 | 94.14 | 10511 | 104.90 | 86.62
1600 11021 10014 19596 | 102.60 | 114.72 | 109.67 | 100.38

{12}y CGGSKIGSLDNIKH (SEQ 1D NQ:965), animals 1-4
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neg/NMS
dilution | control 12.1 12.2 12.3 12.4
100 100.00 S515 1784 | 4533 | 46.65
200 125.44 60.51 | 7683 |57.06 |5793
400 111.94 87.44 | 9586 |59.71 |73.17
800 111.72 9385 (8973 [ 8034 |67.75
1600 110.91 10058 1 9920 | 82.68 |83.47

{80181} Example 6: Staining of Alzheimer’s brain tissue with sera from mice and

Guinea pigs immunized with vaccines as disclosed herein.

[00182] Autopsy blocks of fresh frozen buman brain tissue {(~ 0.3 2) were embedded i
optimal cutting temperature compound {OCT compound) and cut using a crvostat to generate 10
um sections, The sections are placed nfo a solution of glucose oxidase and beta D-glucose, m

the presence of sodium azide, to block endogenous peroxidase.

{00183} Once tissue sections were prepared, the staming with the specified mouse mmmuyne
sera was carried out at 1500 i 539 goat serum with 0.25% triton for 1 hour at RT. To tmage the
binding 1o plagues and tangles, Biotin-SP-Conjugated Goat antt mouse 1gG from Jackson (Lot #
115-065-166) at 1:200 dilution was mcubsted with the sections. A DAKO DAB Detection Kit
was used according to the manufactorer's mstructions, and staining was processed using an
automated Leica Bond Stainer. The results indicate that sera from mice immunized with a
vaceme as disclosed herein comprise antibodies speaific w0 tau m human brain gssue of

Alzheimer’s patients.

{01841 For Guinea pigs mmpumized with a vaccine as disclosed herein, once tissue
sections were preparved, the staining with the specified Guinea pig sera was carried out at two
ditations (1300 and 1:1500), usimg a rabbit anti-guineg pig secondary antibody and ¢ DAKQO
DARB Detection Kit as per the manufactarer's instructions. The stamning was processed gsing an
automated Leica Bond Stainer. The results mdicated whether sera from Guinea prgs mnmunized
with a vaccmne as disclosed heremn comprise antibodies specific to tag tn human brain tissve of

Alzheimer’s patients.
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[00185] Table 6 shows a summary of the ability of the mouse sera 1o bind {0 pathological
tau i Alzhetmer patient brains. Figores 14-18 ave examples of that binding. ND mdicates not
detected; -+ signs indicate biading.

Table &6

Ranking of mouse sera binding to pathological Tau in Alvheimer’s brain

Construct Mouse 1 Mouse 2 Mouse 3 Mouse 4

VKSKIGSTEGGO

(SEQ ID NO:777) i AR e
KSKIGSTEGGC N N )

{SEQ 1D NO:778) i IS i *
SKIGSTENGGC et b + o
(SEQ 1D NO-779)

KIGSTENLGGC

ot ) N ) ++ + J
(SEQ 1D NO:780) i ND
IGSTENLKGGC B :
(SEQ 1D NO:781) Astrovyie only - - ND
GSTENLKHGGC ] ] - ]

{SEQ 1D NOT82)
STENLKHOGGC
{SEQ 1D NO:T33)
TENLKHQPGGC
{SEQ 1D NO:T84)
ENLKHOPGGGC e
{SEQ 1D NO:785) Astrocytes
CGOSKIGSTDNIKH
{SEQ 1D NQ:963)
CGOGRKIGSKDNIEH
{SEQ 1D N(:964)
CGOSKIGSLDNIKH
{SEQ 1D NO96S)
-~ negative
+weak
++ ¢ moderate
A strong
A asirocyie Siaimng

4+ ++ ++ o+

A . . .

j00186] Example 71 Mice vaccinated with Tau antigens produce titers to Tau.
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[00187)

peptide mymuogen {e.g., SEQ IDs herewn) and 25 pp QS21 (Desert Kig) m PBS total 200

Swiss Webster Female muce are mected on day 0, 14 and 28 with 25 ug of a tau

plintection. Each mouse recetves 200 wl subcutaneously. Mice are bled on dav 21 and 35,

[00188]

desenbed herem, 33 1o bhe anderstood that the mvention s not hoted to those precise

Although vanous specific embodiments of the present mvention have been

embodiments and that various changes or modifications can be affected therein by one skilled in
the art without departing from the scope and spint of the invention.  In addition, i each of the
embodiments of the peptide described heremn, the peptide may comprise, consist, or consist
essentially of the recited sequences.

{00189 in each of the embodiments of the peptide described herein, the peptide may
comprise, consist, or consist essentially of the recited sequences. Thus, meorporated m thas
disclosure {vee Table 7) are the following sequences that ean be part of the compositions

comprising, consisting of or consisting essentially of an tan peptide as disclosed herein.
TABLE 7

SEQUENCES

i AGTYGET AGLKESPLQOT PTEDGSEEPG
SE REETR FERPLY S TTAEEAGIGD TPSLEDEAAG
HVTQARMVSK SKDGTGSDDK KAKGADG IATPRGAAPP GOKGQANATR IPAKTPPAPK
TPPSSGEPPK SGDRSGYSSP GSPGTPGSRS RTPSLPTPPT REPKKVAVVR TPPKSPSSAK
SRLOTAPVPM PDLKNVKSKI GSTENLKHQP GGGKVQIINK KLDLSNVOSK CGSKDNIKHV
PGGGSVQIVY KPVDLSEVTS KCGSLGNIHH KPGGGOVEVK SEKLDEFKDRV QSKIGSLDNI
THVPGGGNKK IETHKLTFRE NAKAKTDHGA BEIVYRKSPVVS GDTSPRHLSN VSSTGSIDMV
DSPQLATLAD EVSASLAKQG L

OIVYKPY (SEQ ID NO:02)

OIVYKP Q ID NC:03)

NIKHVP (SEQ ID NO:04)

NIKHVPG (SEQ ID NO-05)

HVPGGE (SEQ ID NO:06)

HVPGG (SEQ ID NO-0T)

HKPGGG (SEQ 1D NOO8)

HKPGG (SEQ 1D NO:09)

KHVPGGG (SEQID NO: 10y

KHVPGG (SEQ ID NO: 1)

HOPGGG (SEQ ID NO:12)

HQPGG (SEQ ID NO:13)
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VOQINK
VOINKK
VQIINKKL
QIINK
QIINKK
OINKKL
QIVYKSY
EIVYKSV
EIVYKPV
CNIKHVP
CNIKHVPG
EIVYKSP
IVYKSPV
VYK
VPGGGSVOLY
PGGGSVOLY
GGGSVQIV
GGSVOLY
GSVOQIV
SVQIV

VOIV

QIV
PGGGSVQIVY
GGGSVOQIVY
GGSVOIVY
GSVOIVY
SVQIVY
VOIVY
QIVY

VY
GGGSVQIVYK
GGSVOIVYK
GSVOIVYK
SVQIVYK.

OIVYK

VYK
GGSVOIVYKP
GSVOIVYEP
SVYQIVYKP
VOIVYKP
IVYKP

VYKP

YKP
GSVOIVYKPY
SVQIVYKPV

{SEQ D NO:14)
(SEQIDNO:S)
{SEQ IDNO:16)
{SEG I NGO
{SEQ 1D NO:18)
{SFQ ID NO:19)
{SEQ D NO:20)
{SEQ 1D NO:21)
{SEQ 1D NO:22)
{SEQ D NO:23)
{SEQ D NO:24)
{SEQ IDNO:2%)
{SEQ 1D NO:26)
{SEQ 1D NO:27)
(SEQ 1D NO:28)
{SEQ 1D NO:29)
{SEQ 1D NO:30)
{SEQ 1D NO:3D)
{SEQ D NO:32)
{SEQ 1D NO:33)
{(SEQ 1D NQ:34)
(SEQ 1D NO:35)
{SEQ 1D NO:36)
{SEQ 1D NO:3N
(SEQ ID NO:3§)
{(SEQ ID NO:39)
{SEQ 1D NQ:40)
{SEQ ID NO:41)
{(SEQ 1D NO42)
(SEQ ID NOw3)
(SEQ ID NOw4)
{(SEQ 1D NO:4%)
{(SEQ 1D NO46)
{(SEQ 1D NOHD
(SEQ 1D NO:48)
(SEQ ID NO4%
{(SEQ ID NO:50)
{(SEQ ID NO:31D
(SEQ ID NO:3D)
(SEQ D N33
{(SEQ ID NO:538H)
(SEQ ID NO:55)
(SEQ ID NO:36)
{(SEQ ID NO:3T
(SEQ ID NO:38)
(SEQ ID NO:59)

PCT/US2021/033189
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VOIVYKPY
IVYKPV
VYKPV

YKPV

Kpy
SVOIVYKPYD
VOIVYKPVD
QIVYRPVD
IVYKPYD
VYRPVD
YKPVD

KPVD

PVD
VOIVYKPVDL
QIVYKPVDL
IVYKPVDL
VYKPVDL
YKPVDL
KPYDL

PYDL

VDL
QIVYKPVDLS
IVYKPVDLS
VYKPVDLS
YKPVDLS
KPVDLS
PVDLS

VDLS
IVYKPVDLSK
VYKPVDLSK
YKPVDLSK
KPVDLSK
PYDLSK
VDLSK
VYKPVDLSKV
YKPYDLSKY
KPVDLSKV
PYDLSKV
VDLSKY
YKPYDLSKYT
KPVDLSKVT
PYDLSKVT
VDLSKVT
AKTDHGAEIV
KTDHGAEIV
TDHGAEIV

{SEQ 1D NO:60)
{SEQ 1D NO:61)
(SEQ 1D NO:62)
(SEQ 1D NO:63)
(SEQ ID NO:64)
{(SEQ 1D NO:63)
(SEQ 1D NO:66)
{SEQ 1D NO:67)
(SEQ 1D NO:68)
(SEQ D NO:69)
(SEQ 1D NO:70)
{(SEQ 1D NO:71)
(SEQ D NO:72)
(SEQ D NO:T3)
(SEQ 1D NO:74)
(SEQ 1D NO:75)
(SEQ 1D NO:76)
(SEQ 1D NOTT)
(SEQ ID NO:78)
(SEQ 1D NO:79)
(SEQ 1D NO:80)
(SEQ 1D NO:81)
(SEQ 1D NO:82)
(SEQ 1D NO:83)
(SEQ ID NO:§4)
(SEQ ID NO:85)
(SEQ ID NO:86)
(SEQ ID NO:87)
(SEQ 1D NO:88)
(SEQ ID NO§9)
(SEQ ID NO:90)
(SEQ ID NO91)
(SEQ ID NO:92)
(SEQ ID NO:93)
(SEQ ID NO:94)
(SEQ ID NO:95)
(SEQ ID NO96)
(SEQ ID NO:97)
(SEQ ID NO:98)
(SEQ ID NO-99)
(SEQ ID NO:100)
(SEQ ID NO:101)
(SEQ ID NO:10)
(SEQ ID NO:103)
(SEQ ID NO:104)
(SEQ ID NO:105)

PCT/US2021/033189
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DHGAEIV
HGAERLY
GAFIV

AEIV

EiY
KTDHGAEIVY
TOHGAERIVY
DHGAEIVY
HGAEIVY
GAEIVY
AEIVY

EIVY
THHGAEIVYK
BHGAEIVYK
HGAEIVYK
GAEIVYK
AEIVYK
EiIVYK
DHGAEIVYKS
HOGAEIVYKS
GAEIVYKS
AEIVYKS
FIVYKS
IVYKS

VYKS

YRS
HGAEIVYKSP
GAEIVYESP
AEIVYKSP
IVYKSP
VYKSP

YKSP

KsP
GABIVYRSPY
ABIVYKSPY
EIVYKSPV
VYKSPY
YESPY

KSPY

SRV
AEIVYKSPVY
BIVYKSPVY
IVYKSPVY
VYKSPVY
YKSPVY
KSPVV

{SEQIDNO: 106}
{(SEQIDNO:1GT)
{SEQ D NO:108)
{SEQ D NO:109)
{SEQ IDNO: 1)
{SEQ D NO:1 ¥ }
{(SEQIDNO:HR
{SEQIDNO:H
{SEQ IDNO:1Y
{SEQ IDNOE
{SEQ IDNO:
{SEQ IDNO:
{SEQ D NO:
{SEQIDNO:1

(SEQ 1D NO: m‘
(SEQ 1D NO: 121)
(SEQ 1D NO: 122)
(SEQ 1D NO: 123)
(SEQ 1D NO: 124)
(SEQ 1D NO: 125)
(SEQ 1D NO: 126)
(SEQ 1D NO: 127)
(SEQ 1D NO: 128)
(SEQ 1D NO: 129)
(SEQ ID NO: 130)
(SEQ ID NO: 131)
(SEQ ID NO: 132)
(SEQ 1D NO: 133)
(SEQ 1D NO: 1 w

(SEQ ID NO: 1
(SEQ ID NO: 13
(SEQ ID NO:

{(SEQ 1D NO: 15
(SEQ ID NO:

(SEQ ID NO: 141)
(SEQ ID NO: 142)
(SEQ ID NO: 143)
(SEQ ID NO: 144
(SEQ ID NO: 145)
(SEQ ID NO: 146}
(SEQ ID NO: 147)
(SEQ ID NO: 148)
(SEQ ID NO: 149)
(SEQ ID NO: 150)
(SEQ ID NO: 151)

i

i

b
{(SEQ 1D NO- 138)
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SPVV
PVY
EIVYKSPVVS
IVYKSPYVS
VYKSPVVS
YKSPVVE
KSPYVS
SPVVS

VS
IVYRSPYVSG
VYKSPYVSG
YKSPVVSG
KSPVVSG
SPVVSG
PVVSG
VYKSPVVSGD
YKSPYVSGD
KSPVVSGD
SPVVSGD
PYVSGD
VVSGD
YKSPYVSGDT
KSPVVSGDT
SPVVSGDT
PVVSGDT
KSPVVSGDTS
SPVVRGDTS
PVVSGDTS
VVSGDTS
SPVVSGDTSP
PVVSGDTSP
VVSGDTSP
PYVSGDTSPR
HOPGGGRVO!
QPGGGKVO!
PGGGKVOL
GGGRVQL
GGKVOI
GRVOL

KVOI

VOI
QPGGGKYOH
PGGGRVOI
PGGGRVON
GGGRVOI
GGKVOQI

{SEQ 1D NO: 152
{(SEQIDNO: 133)
{SEQ IDNO: 154)
{(SEG I NG 138
{SEQ 1D NO: 156)
{SEQ 1D NO: 138)
{SEQ 1D NO: 159
{SEQ 1D NO: 160y
{SEQ IDNO: 161
{SEQ D NO: 162)
{SEQ IDNO: 163)
{SEQ IDNO: 164)
{SEQ 1D NO: 165)
{SEQ 1D NQ: 166)
{SEQ 1D NQO: 167}
{SEQ 1D NO: 168)
{(SEQ 1D NQO: 169)
{SEQ 1D NO: 170)
{SEQIDNO: 171}
{SEQ 1D NQ: 172}
{SEQIDNQO: 173)
{SEQ IDNO: 174
{SEQ 1D NO: 1753
(SEQIDNQ: 176)
(SEQIDNO: 17T7)
{SEQ ID NQ: 178)
{SEQ 1D NO: 179)
{(SEQ 1D NO: 180)
(SEQ ID NO: 181)
{SEQ ID NQ: 182)
(SEQ 1D NO: 183)
(SEQ ID NO: 184)
(SEQ ID NO: 18%)
(SEQ ID NO: 188)
(SEQ ID NO: 187
(SEQ ID NO- 188)
{SEQ ID NO: 139)
(SEQ ID NO: 190)
(SEQ ID NO: 181)
(SEQ ID NO: 192)
{(SEQ ID NG: 18%)
(SEQ ID NO: 194)
{(SEQ ID NO: 19%)
{SEQ ID NO: 196)
(SEQ ID NO: 197)

{SEQ I NO: 157)

&

PCT/US2021/033189



WO 2022/031342

GKVOH
KVOI

VOIl

Ol
PGGGKVOIN
GOGGRVOIN
GORVOIN
GRVOQIN
KVOIIN
VOIIN

OIIN

IIN
GOGGRVOINK
GOGKVOIINK
GKVOINK
KVOIINK
JINK

INK
GOKVOIINKK
GRVOHNKK
KVOINKK
HNKK

INKK

NKK
GEVOHINKEL
KVOINKKL
IINKKL
INKKL

NKKI

KKL
KVQINKKLD
VOIINKKLD
QUNKKLD
HINKKLD
INKKLD
NKKLD
KKLD
VOIINKKLDL
OUNKKLDL
HINKKLDL
INKKLDL
NKKLDL
KKLDL
OUNKKLDLS
FINKKLDLS
INKKLDLS

(SEQ ID NO:
{SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:;
(SEQ 1D NO:
{(SEQ 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ D NO:
(SEQ 1D NO:
{(SEQ 1D NO:
{(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ {D NO:
(SEQ {D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO: 20
(SEQ ID NO-
(SEQ ID NO: 2
(SEQ ID NO:
(SEQ ID NO: 20
(SEQ ID NO: 23
(SEQ ID NO: 2
(SEQ ID NO: T
(SEQ ID NO:
(SEQ ID NO: |
(SEQ ID NO-
(SEQ ID NO-

198)
199)
200)
201)
202)

203)

204}
205)
206)
207)
208y
209
21
210
212)
2133
2143
215)
216}
217
218)
219)
2209
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"'?"?"‘;‘}

e L s
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22%)
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229)
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NKKLDLS
KKLBDLS
HNKKLDLAN
INKKLDLSN
NEKLDLSN
KXLDLSN
INKELDLSNY
NEKKLDLSNY
REKLDLSNY
NRKLDLSNVQ
KKLDLSNVQ
KKLDLSNVQS
SKCGSKDNIK
KCGSKDNIK
CGSKDNIK
SKDNIK
KDNIK

DNIK

NIK
KCGSKDNIKH
CGSKDNIKH
SKDNIKH
KDNIKH
DNIKH

NikH

IKH
CGSKDNIKHY
SKDNIKHY
KDNIKHYV
DNIKHY
NIKHV

IKHV

KHY
SKDNIKHVP
KDNIKHVP
DNIKHVP
IKHVP

KHVP

HVP
SKDNIKHVPG
KDNIKHVPG
DNIKHVPG
IKHVPG
KHVPG

HVPG

VPG

{(SEQ 1D NO:
{SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
{(SEQ 1D NO: 2
{SEQ 1D NO: 255
{(SEQ IDNO: 2
(SEQ 1D NO: 2
(SEQ D NO: 2
(SEQ 1D NO: 25
(SEQ D NO: 2
(SEQ 10 NO: 2
(SEQ {D NO: 2
(SEQ 1D NO: 2
(SEQ 1D NO:
(SEQ 1D NO: 2
(SEQ 1D NO: 2
(SEQ 1D NO: 2

244)
245)
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247)
248)

249)
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251)
253
253
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(SEQ 1D NG 268]

(SEQ ID NO: 26
{(SEQ IDNQO: 2
(SEQ 1D NO: 2
(SEQ ID NO: 2
{(SEQ ID NO: &
(SEQ 1D NO: 2
(SEQ ID NO: 2

{SEQ 1D NO: 27

(SEQ 1D NO:
(SEQ ID NO: 2
(SEQ ID NO- 2
(SEQ ID NO: 2
(SEQ ID NO: 2
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO: 2
(SEQ ID NO: 28
(SEQ ID NO: 2
(SEQ ID NO: 28

{(SEQ ID NO- 28¢
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KDNIKHVPGG
DNIKHVPGG
NIKHVPGG
IKHVPGG
PGG
DNIKHVPGGG
NIKHVPGGG
IKHVPGGG
VPGGG

PGGG
NIKHVPGGGS
IKHVPGGGS
KHVPGGGS
HVPGGGS
VPGGGS
PGGGS

GGGS
IKHVPGGGSY
KHVYPGGGSY
HVPGGGSY
VPGGGSY
PGGGSY
GGGSY
KHVPGGGSVO
HVPGGGSVO
VPGGGSVOQ
PGGGRVO
GGGSVQ
HVPGGGSVQL
VPGGGSVOL
PGGGSVEH
GGSVOIVYKS
GSVOIVYRS
SYOQIVYKS
VOIVYKS
OIVYKS
GSVOIVYKSY
SVQIVYKSY
VOIVYKSY
VYRSV
VYKSY

YRSV

K8V
SVOIVYKSVD
VOIVYKSVD
QIVYKSVD

{SEQ 1 NO: 290)
{(SEQ 1D NO: 291)
(SEQ ID NO: 292)
(SEQ 1D NO: 293)
(SEQ 1D NO: 294)

{SEQ D NO: 295)

{(SEQ 1D NQO: 296}
{SEQ 1D NO: 297
{SEQ D NO: 298)
(SEQID NO: 299
{SEQ 1D NO: 300)
{SEQ D NO: 301
{SEQ D NO: 302y
{SEQ D NO: 303y
(SEQ 1D NO: 304)
{SEQ D NO: 305
{SEQ 1D NO: 306)
{SEQ 1D NO: 307)
{SEQ 1D NO: 308)
{SEQ D NO: 309)
{SEQ 1D NO: 31
{SEQIDNQ: 311)
{SEQIDNO: 312)
{SEQ D NO: 3133
(SEQ IDNQ: 314)
(SEQ ID NO: 315)
(SEQ 1D NO: 316)
{SEQ D NQ: 317)
{(SEQ 1D NO: 318)
(SEQ ID NO: 319)
{SEQ 1D NQ: 3209
(SEQ 1D NO: 321)
(SEQ 1D NO: 322)
(SEQ D NO: 323}
(SEQ ID NO: 32
(SEQ ID NO: 32
{(SEQ ID NO: 32
(SEQ ID NO: 327)
(SEQ ID NO: 328)
(SEQ I NO: 329)
(SEQ 1D NO: 330)
(SEQ ID NO: 331)
{(SEQ D NO: 332)
{(SEQ D NO- 333)
(SEQ ID NO: 334)
(SEQ ID NO: 335)
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IVYRSVD
VYRKSVD
YKSVD

KSVD

SV
VOIVYKSVDL
QIVYKSVDL
IVYKSVDL
VYKSVDL
YRSVEL
KSVDL

SVDL
QIVYKSVDLS
IVYKSVDLS
VYKSVDLS
YKSVDLS
KSVDLS
SVDLS
IVYKSVDLSK
VYKSVDLSK
YRKSVDLSK
KSVDLSK
SVDLSK
VYKSVDLSKY
YRSVDLSKY
KSVIDLSKY
SVDLSKY
YRKSVDLSKVT
KSVDLSKVT
SVDLSKVT
HGAEIVYKSY
GAEIVYESY
AEIVYKSY
GAEIVYRSVY
AEIVYKSVY
EIVYKSVV
IVYKSVV
VYKSVV
YRSVY

KSVY

SVV
AEIVYKSVVS
EIVYKSVYS
IVYKSVVS
VYKSVVS
YKSVVS

{(SEG I NO:
{SEQ D NO:
(SEQ) 1D NO:
{SEQ D NO:
{SEQ 1D NO:
{SEQ 1D NO:
{SEQ 1D NO-
{SEQ D NO:
{SEQ IDNO:
{SECQ D NO:
(SEQ 1D NO:
{SEQIDNO:
{(SEQ D NO;
{SEQ D NO:
(SEQ 1D NO:
{SEQ IDNO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
{SEQIDNO:
{SEQ 1D NO:
{SEQ ID NO:
{SEQ 1D NO:
{SEQ D NO:
(SEQ 1D NO:
(SEQ ID NO:
{(SEQ IDNO:
(SEQ 1D NO-
(SEQ 1D NO
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO: 3
(SEQ D NGO 3
(SEQ D NO: 3
(SEQ D NO: 3
(SEQ ID NO: 3
(SEQ 1D NO: -
(SEQ ID NO: 2
SEQID NG ¥
{(SEQ D N ;
(SEQ ID NO- 3
(SEQIDNO: ¥
(SEQ ID NO- 3
{(SEQID NG 3
(SEQ ID NO: 3
(SEQ ID NO:

336)
337
338)
339)
340)

341y

347)
343)
344)
345)
346)
347)
348)
349)
350)
351)
352)
353)
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KSVVS

SVVS
EIVYKSVVSG
IVYKSVVSG
VYKSVVSG
YKSVVSG
KSVVSG
SVVSG

VVSG
IVYRSVVSGD
VYRSVVSGD
YKSVVSGER
KSVVSGD
SVVSGD
VYKSVVSGDT
YRSVVSGRT
KSVYVSGDT
SVVSGDT
VVSGDT
YESVVSGDTS
KSVYVSGDTS
SVVSGDTS
KSVVSGDTSP
SVVSGDTSPR
VVSGDTSPR
DHGAEIVYKP
HGAEIVYKP
GAEIVYRP
AEBIVYKP
EIVYKP
HGAEIVYKPY
GAEIVYEPV
AEIVYKRYV
GAEIVYRPVY
AEIVYKPVY
EIVYKPVV
IVYKPVV
VYKPVV
YRKPVY
KPVY
AEIVYKPVVS
EIVYKPVVS
VYKPVVS
VYKPVVS
YRPVVS
KPVVS

(SEQ ID NO:
{SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:;
(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ D NO:
{(SEQ ID NO:
{(SEQ 1D NO:
{(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
{(SEQ 1D NO:
(SEQ {D NO:
(SEQ {D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO-
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO-
(SEQ ID NO:
(SEQ ID NO:

383)
384)
385)
386)
387)
288)
389)
390)
391)
392)
393)

394)
3953
396)
397}
30%)
399)
400)
401}
4012
4033
4043
405)
406)
407)
408)
409)
410)
411)
4123
4133
414)
41%)
416)
417)
418)
419)
420)
421)
422

423)
424)
423)
426)
427)
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PVVS
EIVYKPVVSG
IVYKPVVSG
VYKPVVSG
YKPVVSG
KPYVSG
VVSG
IVYKPVVSGD
VYKPVVSGD
YEPVVSGD
KPVVSGD
VYKPVVSGDT
YEPVVSGDT
KPVVSGDT
YKPVVSGDTS
KPYVSGDTSP
CNIK

CNIKH
CNIKHV
CNIKHVPGG
CNIKHVPGGG
BEAAGHVTOC
EAAGHVTOAR
AAGHVTOAC
AGHVTOARC
AGHVTOAR
GYTMHOD
QGGYTMHC
QGGYTMHOD
GGYTMHOC
ENLKHOPGGG
NLKHOPGGG
LKHOPGGG
KHOQPGGE
QPGGG
TENLKHOPGG
ENLKHOPGG
NLKHOQPGG
LKHOPGG
KHOQPGOG
QPGG
TENLKHOPG
ENLKHOPG
NLKHGPG
LKHOPG
KHQPG

(SEQ ID NO:
{(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:;
(SEQ 1D NO:
{(SEQ 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ D NO:
{(SEQ ID NO:
{(SEQ 1D NO:
{(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ {D NO:
(SEQ {D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO-
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:

428)
429)
430)
431)
432)

433)

434y
435
436)
437
438)
4393
$4(h
441
442)
4433
444)
445)
446)
447)
448)
449)
4309
451
4523
453}
454)
455)
456}
4573
458}
459)
460)
461)
462)
463}
464)
463}
466)
467}
468)
46%)
470)
471
472

473)
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HOQPG

OPG
TENLKHOP
ENLKHOP
NLKHQP
LKHOP
KHOP

HOP
TENLKHQ
ENLKHQ
NLKHOQ
LKHO

KFI)
TENLKH
ENLKH
NLKH

LKH

TENLK
ENLK

NLK

TENL

ENL

KDNI

DNI

KDN
IKHVGGO
IKHVGG
IKHVG
KHVGGG
KHVGG
KHVG
GNIHHKPGGEG
NTHHKPGGG
HHKPGGG
HHKPGGG
KPGGG
LGNIHHKPGG
GNIHHKPGG
NTHHKPGG
THHKPGO
HHKPGG
KPGG
LGNIHHKPG
GNIHHKPG
NIHHKPG

(SEQ 1D NO:
{SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEG 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
{(SEQ 1D NO:
(SEQ D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ {D NO:
(SEQ ID NO:
(SEQ 1D NO:;
(SEQ ID NO:
(SEQ 1D NO:
(SEQ D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:

(SEQID N S

(SEQ ID NO-
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ D NO:
(SEQ ID NO:
(SEQ ID NO:

474
475)
476)
477
478)

479)

480}
481)
482)
483
4843
48353
3863
4873
488)
4893
4903
491)
492)
493)
494
495}
496)
497
498}
499)
5003
S01)
562)
503)
S04)
S05)
506}
507}
508)
509)
510)
St
M2
§13)
514)
S15)
516)
SthH
518}
519)
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IHHKPG
HHKPG
HKPG

KPG
LGNIHHK?P
GNIHHKP
NIHHKP
IHHKP
HHKP

HKP
LGNIHHK
GNTHHK
NIHHK
THHK

HHK
LGNIHH
GNIHH
NTHH

IHH

LGNIH
GNIH

NIH

LGNI

GNI

LGN
DNITHVPGGG
NITHVPGGG
ITHVPGGG
THVPGGG
LDNITHVPGG
DNITHVPGG
NITHVPGG
ITHVPGG
THVPGG
LDNITHVPG
DNITHVPG
NITHVPG
ITHVPG
THVPG
HYPG

VPG
LDNITHVP
DNITHVP
NITHVP
ITHVP
THVP

{(SEQIDNO: 320y
{(SEQIDNO: 321
{SEQ I NO: 5223
{SEQ D NO: 323)
{SEQ 1D NO: 524)

{SEQ D NO: 325)

{SEQ 1D NO: 3269
{SEQ 1D NO: 527
{SEQ D NQ: 528)
{SEQ 1D NO: 528
{SEQ 1D NO: 330
{SEQ IDNO: 531)
{SEQ 1D NQ: 532)
{SEQ 1D NQ: 533)
(SEQ 1D NO: 534}
{SEQ 1D NQO: 5353
{SEQ 1D NO: 5363
{(SEQIDNQO: 337)
{SEQ D NQ: 538}
{SEQ D NQ: 539)
{SEQ 1D NQ: 540
{SEQ 1D NQ: 541)
{SEQ IDNQ: 542)
{SEQ D NO: 543)
(SEQ 1D NO: 5443
(SEQ ID N 545)
{SEQ ID NQO: 548)
{SEQ ID NQ: 547)
{(SEQ 1D NO: 548)
(SEQ ID NO: 549)
{SEQ 1D NQ: 5503
(SEQ 1D NO: 551}
(SEQ ID NO: $52)
(SEQ ID NO: $53)
(SEQ ID NO: $54)
(SEQ ID NO: $58)
(SEQ ID NO: 556)
(SEQ ID NO: 557)
(SEQ ID NO: 358)
(SEQ I NO: §59)
(SEQ I NO: 560)
(SEQ 1D NO: 561}
(SEQ ID NO: $62)
{(SEQ ID NO: 363)
{SEQ ID NO: 564)
(SEQ ID NO: 565)
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LDNITHY
DNITHY
NITHY

ITHV

THYV

LONITH
DNITH

NITH

ITH

LDNIT

DNIT

NIT

LIINI

LDN
KNVKSKIGST
NVKSKIGST
VKSKIGST
KSKIGST
SKIGST
KIGST

IGST

GST
NVKSKIGSTE
VKSKIGSTE
SKIGSTE
KIGSTE
IGSTE

GSTE

STE
VKSKIGSTEN
KSKIGSTEN
SKIGSTEN
KIGSTEN
HGSTEN
OSTEN

STEN
KSKIGSTENL
SKIGSTENL
KIGSTENL
IGSTENL
GSTENL
STENL
SKIGSTENLK
KIGNTENLK
IGSTENLK

(SEQ 1D NO: 5
{SEQ D NO: 5
{(SEQ 1D NO: §
(SEQ IDNO: 5

{SEQ D NO: 570)

{SEQ 1D NO: §
(SEQ IDNO: §
(SEQ 1D NO: §
(SEQ 1D NO:
(SEG 1D NO:
{(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
{SEQ D NO:
(SEQ 1D NO: S
(SEQ 1D NO: §
(SEQ 1D NO: §
(SEQ 1D NO: 5
(SEQ {D NO:
(SEQ 1D NO:
(SEQ IDNO: 5
(SEQ ID NO: 587
(SEQ 1D NO: S
(SEQ 1D NO: 3
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(SEQ D NGO 5903

{(SEQID NO: S
{(SEQIDNO:S

(SEQ 1D NO: 593,

(SEQ 1D NO: ¢
(SEQ ID NO: S
(SEQ ID NO: 56
(SEQ 1D NO: 5
(SEQ ID NO: §
(SEQ ID NO: §¢
(SEQ ID NO: 6
(SEQ ID NO:- 6
(SEQ ID NO: 6
(SEQ ID NO: 6

(SEQ ID NO: 604

(SEQ ID NO
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO-
(SEQ ID NO:
(SEQ ID NO:

607)
608)
60%)
610)
611)
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GSTENLK
STENLK
KIGSTENLKH
IGSTENLKH
GSTENLKH
STENLKH
IGSTENLKHO
GSTENLKHOQ
STENLKHO
GSTENLKHOQP
STENLKHOP
STENLKHOPG
SNVOQSKCGSK
NVOQSKOGSK
VOSKCGSK
QSKCGSK
SKCGSK
KCGSK

CGSK

GSK
NVQSKCGSKD
VQSKCGSKD
QSKCGSKD
SKOGSKD
KCGSKD
CGSKD

GSKD

SKD
VOSKCGSKDN
QSKCGSKDN
SKOGSKDN
KCGSKDN
CGSKDN
GSKDN

SKDN
OSKOCGSKDNI
SKCGSKDNI
KCGSKDNI
COGSKDNI
GSKDNI
SKDNI
GSKDNIKH
GSKDNIKHVY
GSKDNIKHVP
SKVTSKCGSL
KVTSKCGSL

(SEQ ID NO:
{(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:;
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ D NO:
(SEQ 1D NO:
{(SEQ 1D NO:
{(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
{(SEQ 1D NO:
(SEQ ID NO:
(SEQ {D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO-
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO-
(SEQ ID NO:
(SEQ ID NO-

612)
613)
61:4)
615)
616)

617}

618}
619
G203
621}
6223
623}
6243
625}
(620}
627}
628}
6529
630}
631)
632}
633}
634}
635}
636}
637)
#3R)
H39)
640}
641)
642}
643}
6544)
545}
546)
647}
648}
649}
630)
651)
652)
6553}
654)
633)
6356}
637}
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VTISKOGSL
TSKCGSL
SKCGSL
KCGSL

CGSL

GSL
KVTSKCGSLG
VISKCGSLG
TSKCGSLG
SKCGSLG
KCGSLG
CGSLEG

GSLG

SLG
VISKCGSLGN
TSKCGSLGN
SKCGSLGN
KCGSLON
CGSLGN
GSLGN

SLON
TSKCGSLGNI
SKCGSLGNI
KCGSLGNI
CGSLGNI
GSLGNI
SLGNI
SKCGSLGNIH
KCGSLGNIH
CGSLGNTH
GSLGNIH
SLGNIH
KOGSLONTHH
COSLGNIHE
GSLGNIHH
SLOGNIMH
CGSLGNTHHK
GSLGNIHHK
SLGNIHHK
GSLGNTHHKP
SLOGNIHHKP
SLGNIHHKPG
DRVOQSKIGSL
RVOQSKIGSL
VOSKIGSL
QSKIGSL

{(SEGQ I NO:
{SEQ D NO:
(SEQ) 1D NO:
{SEQ D NO:
{SEQ 1D NO:
{SEQ IDNO:
{SEQ 1D NO-
{SEQ D NO:
{SEQ IDNO:
{SECQ D NO:
{SEQ 1D NO:
{SEQIDNO:
{SEQIDNO:
{SEQ D NO:
(SEQ 1D NO:
{SEQ D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ D NO:
{SEQIDNO:
{SEQ 1D NO:
{SEQ 1D NO:
{SEQ IDNO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
{(SEQ IDNO:
(SEQ 1D NO-
(SEQ 1D NO
{SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO-
(SEQ D NO:
(SEQ 1D N
(SEQ HD NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO-
{(SEQ 1D NO:
{(SEQ D NOx
{(SEQ ID NO:
{(SEQ 1D NO:
(SEQ ID NO-
{(SEQ D NO-
(SEQ ID NO-
(SEQ ID NO:

658)
659)
660)
661)
662)

663)

664)
665)
666)
667
H68)
S
a7
671)
#72)
673}
674)
675)
676)
877}
678)
H79)
680)
681}
682}
683)
684)
H85)
6R6)
687)
688)
689}
590)
591)
592)
693)
£94)
695)
696)
697)
698)
699)
700)
701)
702)
703)
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SKIGSL
KIGSL

IGSL.
RVOSKIGSLD
VOSKIGSLD
OSKIGSLD
SKIGSLD
KIGSLD
IGSLD

GSLD

SLD
VOSKIGSLDN
QSKIGSLDN
SKIGSLDN
KIGSLDN
IGSLDN
GSLDN

SLDN
QSKIGSLDNI
SKIGSLDNY
KIGSLDNI

SKIGSL D\Yi 1}
KIGSLDNIT
IGSLDNIT
GSLDNIT
SLONIT
KIGSLDNITH
IGSLDNITH
GSLIINITH
SLDNITH
HGSLDNITHY
GSLDNITHY
SLDNITHY
OSLDNITHVP
SLDNITHVP
SLDNITHVPG

Lys Xaa: Xaaz Ser Xaay Xaas Asn Xaas Xaas His

whereln
KagrisTor
Kaaris {3y

Xaazis T, Korl,
Kaasis E, Doy G,

Xaasis L or I,

(SEQ ID NO:
{SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
{SEQ 1D NO:
{SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ D NO:
{(SEQ ID NO:
{SEQ 1D NO:
{(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO: 7
(SEQIDNO: 7
(SEQ IDNO: 72
(SEQ ID NO: 7.
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(REQ ID NO: 7:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO: T
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO: 7
(SEQ ID NO:°
(SEQ ID NO:

T04)

705)

706)

707)
708)

709
T
710

712)

713)
714)

iS5

716}
7N

718)
7%
7203
7*1}
7223
723
724)
725)

(SEQ ID NO: 742

PCT/US2021/033189
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Xaacis K, Hor T.

Arg-Val-Arg-Arg
Gly-Ala-Gly-Ala
Ala-Gly-Ala-Gly
Lys-Gly-Lys-Gly

{SEQ I NO: 743y,
{(SEQ D NQO:
{SEQ IDNO;
{SEQ D NO: 746),

T4y,
745},

PCT/US2021/033189

Lys Xaar Xaar Ser Xaar Naar Asn Xaar Xaas His (SEQ ID NO: 747),

wherein

Xaar 1s any anuno acid, and

Xaaz s Koor 34334,

Xaas e Val Tyr Lys Xaaw

wherein

Xaas s Gln or Glg, and
Xaaw is Ser or Pro.

Ser Lys Xaays Gly Ser

whetein

Xaanr s lor C

SEQ ID NO:750

MAEPRQEFEY
PTEDGSEERPG
TTAEEAGIGD
SGMPGAPLLP
PPLKGAGGKE
REATSIPGEF
FTFHVEITEN
LPEPSEKQPA
AKTLKENRFPCL
SSGAKEMKLK
SSGEPPKSGD
KSPSSAKSRL
LSNVQSKCGS
GGOVEVKSEK
AKTDHGAETIV

DT ARCWRT
ol Bt o

MEDHEAGTYGEL
SETSDARSTP
TPSLEDEAAG
EGPREATRQF
REGSKEEVDE
AEGAIPLPVD
VOKEQAHSEER
AAFRGKPVSR
SPKHPTPGSS
GADGKTKIAT
RSGYSSPGSP
OTAPVPMPDL
KDNIKHVPGG
LBFKDRVQSK
YKSPVVSGDT

(SEQ ID NO: 748),

- Tay P10636-1,

{SEQ ID NO: 7493,

¥ MHQDQEGDTD

HVTQEPESGK
SGTGPEDTEG
DRDVDESSPQ
FLSKVSTEIP
HLGRAAFPGA
VPOLKARMVS
DPLIQFSSFA
PRGAAPPGQOK
GTPGSRERTP
ENVESKIGST
G3VQIVYKPV
IGSLDNITHV
SPRHLSNVESS

MTBR peptide | (SEQ ID NQ: 751}
QTAPVPMPDLENVKSKIGSTENLKHOQPGGGK

MTBR peptide 2, (SEQ D NO:

752y

DEGAPGKQAA
VVOQEGEFLREP
GRHAPELLKH
DSPPSKASPA
ASEPDGPSVG
PGEGPEARGF
KSKDGTGSDD
VCPEPPSSFK
GOANATRIPA
SLPTPPTREP
ENLKHOQPGGG
DLSKVTSKCG
PGGGNEKKIET
TGSIDMVDSPE

VOINKKLDLSNVQSKCGSKDNIKHVPGGGS

MTBR peptide 3, {(SEQ D NO: 753)

AGLKESFLQOT
AQPHTEIPEG
GPPGLSHOLM
QLLGDLHQEG
QODGRPPOTAA
RAKGQODAPLE
SLGEDTKEAD
KKAKTSTRSS
YVSSVTSRTG
KTPPAPKTPP
KKVAVVRTPP
KVOIINKKLD
SLGNIHHKPG
HKLTEFRENAK
QLATLADEVS
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VIHVYKPVDLEKVTSKOOGSLGNIHHK PGGGQ

MTBR peptide 4, (SEQ ID NO: 754)

VEVKSEKLDFRKDRVQSKIGSLDNITHVPGGGN

PDLENVKS
DLENVKSK
LENVESKI
KNVKSKIG
NVESKIGS
LDLSNVOS
DLSNVQSK
LSNVQSKC
SNVQSKCG
NVQSKCGS
VDLSKVTS
DLSKVTISK
LSKVTSKC
SKVTSKCG
KVTSKCGS
VTSKCGSL
LDFKDRVQ
DFKDRVQS
FKDRVOQSK
KDRVQSKI
DRVQSKIG
RVOQSKIGS
VKSKIGSTEGGC
KSKIGSTEGGC
SKIGSTENGGC
KIGSTENLGGC

GSTENLEHGGC
STENLKHQGGC
TENLKHQPGGC
ENLKHQPGGGC
VRESKIGSTGQGC
PDLENVKSGGC
DLENVESKGGO
LENVKSKIGGC
KNVESKIGGGO
NVKSKIGSGGC
NLKHOQPGGGGO
LXHQPGGOGGO
LDLSNVQSGOGC
DLENVOQSKGGO

(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
{SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
{SEQ ID NO:
(SEQ 1D NO:
{(SEQ ID NO:
{(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
{SEQ ID NO:
{SEQ ID NO:
{SEQ ID NOx:
(SEQ ID NO:
(SEQ ID NO:

{SEQ 1D NO
SEQ ID NO-

{SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:;
{(SEQ 1D NO:
{SEQ 1D NO:
{SEQ 1D NO:
{SEQ ID NO:
{(SEQ ID NO:
{SEQ ID NO:
{SEC D NO:
(SEQ ID NO:
{SEQ ID NO:
(SEQ ID NO:
{SECQID NO:
{SEQ 1D NO:
{SECID NO:
{SEQ ID NO:

L2
LA
aral”

. Tergl i gl o hmami N,

g 2

RSN JEESE JE |
vl
[y

B s N S §
DN O Ot L L L

o M S RS |
N

o
R R T N S R BN v

e anit’ g g gt “ompee’

=
o)

768)
769}
770
7713

I
P}

7733
774}
775
776}
- 7T
778)

779
780}
7813
782)
783}
784)
785)
786}
787)
788)
789)
790}
7913
7923
793}
794)
7953

T4
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LSNVOSKCGGO
SNVOSKCGOGE
NVOSKCGSGGE
VOSKCGSKGGO
QSKCGSKDGGE
SKCGSKDNGGO
KCGSKDNIGGC
CGSKDNIKGGC
GSKDNIKHGGC
SKONIKHVGGE
KDNIKHVPGGC
DNIKHVPGGGE
NIKHVPGGGGE
IKHVPGGGGGE
VDLSKVTSGGC
DLSKVISKGGC
LSKVTSKCGGC
SKVTSKCGGGE
KVTISKCGSGGE
VISKCGSLGGC
TSKCGSLGGGC
SKCGSLGNGGC
KCGSLGNIGGC
CGSLGNIHGGC
GSLGNIHAGGC
SLONIHHEGGO
LGNTHHKPGGE
ONIHHEPGGGO
NIHHEPGGGGC
IHHKPGGGGGE
LDFKDRVQGGC
DFKDRVQSGGC
FKDRVOSKGGC
KDRVOSKIGGO
DRVOSKIGGGE
RVOSKIGSGGO
VOSKIGSLGGE
OSKIGSLDGGE
SKIGSLDNGGC
KIGSLDNIGGO
IGSLDNITGGE
GSLDNITHGGO
SLDNITHVGGC
LDNITHVPGGO
DNITHVPGGGE
NITHVPGGGGE

(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
{SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
{SEQ ID NO:
(SEQ 1D NO:
{(SEQ ID NO:
{(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
{SEQ ID NO:
{SEQ ID NO:
{SEQ ID NOx:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
{SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
{(SEQ ID NO:
{SEQ ID NO: 82
{SEQ 1D NO: 830
{SEQ ID NO: 831

796}
797
798}
799}
R0O0Y
801}
8023
RO3 Y
804
803}
806}
8073
R08
809
810}
8113
8123
813}
814}
8153
8163}
8173
R18}
8193
820}
821}
822}
823}
8243
825}
826}
827}
828}

(SEQ ID NO: 832
{(SEQ ID NO: 83

{SEQ 1D NO:
{SEQ ID NO:
{(SEQ ID NO:
(SEQ ID NO: &
(SEQID NO: 8
(SEQ 1D NO:
{(SEQ 1D NO:
{SEQ ID NO:
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ITHVPGGGGOO

VKSKIGSTEGGGE
KSKIGSTEGGGC
SKIGSTENGGGC
KIGSTENLGGGO
IGSTENLKGGGO
GSTENLKHGGGC
STENLKHOQGGGC
TENLKHOQPGGGC
VKSKIGSTGGGC
PDLKNVKSGGGE
DLENVESKGGGE
LENVESKIGGGC
KNVKSKIGGGGO
NVKSKIGSGGGC
ENLKHOPGGGGC
NLKHQPGGGGGC
LKHOPGGGGGGE
LDLSNVOSGGGC
DLSNVQSKGGGE
LSNVOQSKCGGGC
SNVOQSKCGGGGE
NVOSKCGSGGGE
VOSKCGSKGGGC
QSKCGSKDGGGE
SKCGSKDNGGGE
KCGSKDNIGGGC
COSKDNIKGGGE
CRKDNIKHGGGO
SKDNIKHVGGGC
KDNIKHVBGGGO
DNIKHVPGGGGE
NIKHVPGGGGGE
KHVPGGGGGGO
VOLSKVTSGGGE
DLSKVTSKGGGO
LSKVTSKCGGGE
SKVTSECGGGAT
KVISKCGSGGGE
VISKCGSLGGGC
TSKCGSLGGGGE
SKCGSLONGGGO
KOGSLONIGGGE
COSLGNIHGGGE
GSLGNIHHGGGC

(SEQ 1D NO:

(SEQ ID NO:
(SEQ IR NO:
{(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
{(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
{(SEQ IR NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ IDNO:
{(SEQ ID NO:
(SEQ 1D NO:
{(SEQ 1D NO:
{SEQ 1D NO:
(SEQ 1D NO:
(SEQ 1D NO:
{(SEQ ID NO:
{SEQ ID NO:
{SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
{SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:;
{SEQ ID NO:
{SEQ ID NO:
{SEQ ID NO:
{SEQ ID NO:
{(SEQ ID NO:
{SEQ 1D NO:
{SEQ ID NO:
(SEQ 1D NO:
{SEQ ID NO:
(SEQ ID NO:
{SEQID NO:
{SEQ 1D NO:
{(SEQ ID NO:
(SEQ ID NO:

842}

8433
844}
845
8463
8473
B4R}
849}
8507
8313
852}
8333
R34
835}
B36)
8571
838}
850
860}
8613
862}
RO3}
8643
865}
866}
R6T)
868}
860}
{703
871}
872}
873}
874}
875}
876}
R77}
878}
{79
8803
8813
882}
883)
884}
885)
886)
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SLGNIHHK GGG
LONIHHKPGGGC
GNIHHKPGGGGO
NIHHKPGGGGGO
HHHKPGGGGGEC
LRFKDRVOQGGGC
DFKDRVQSGGHGO
FRKDRVOQSKGGGC
KDRVQSKIGGGE
DRVOSKIGOGGU
RVOQSKIGSGGGU
VOSKIGSLGGGO
QSKIGSLDGOGGC
SKIGSLDNGGGC
KIGSLDNIGGGUT
IGSLDNITGGGC
GSLDNITHGGGO
SLONITHRVGGGC
LDNITHVPGGGC
DNITHVPGGOGGC
NITHVPGGGOGGC
THVPGOGGGGET
SKIGSTENLKH
SKIGSTENIKH
SKIGSKDNLKH
SKIGSKENIKH
SKIGSLENLKH
SKIGSLENIKH
SKIGSTDNLKH
SKIGSTDNIKH
SKIGSKDNLKH
SKIGSKDNIKH
SKIGSLINLKH
SKIGSLDNIKH
SKIGSTOGNLKH
SKIGSTONIKH
SKIGSKOGNLKH
SKIGSKOGNIKH
SKIGSLGNLKH
SKIGSLOGNIKH

SKIGSTENLKHGGC
SKIGSTENIKHGGC
SKIGSKDNLKHGGO
SKIGSKENIKHGGC
SKIGSLENLKHGGC
SKIGSLENIKHGGO

(SEQ 1D NO: 887}
(SEQ ID NO: 888}
(SEQ ID NO: 589}
(SEQ 1D NO: 890}
{(SEQ 1D NO: 881}
(SEQ 1D NO: 892)
(SEQ 1D NO: 8933
(SEQ ID NO: 894}
(SEQ ID NO: 895}
(SEQ 1D NO: 896}
(SEQ 1D NO: 897}
(SEQ 1D NO: 898}
(SEQ 1D NO: 8993
(SEQ 1D NO: 900}
(SEQ 1D NO: 901}
(SEQ 1D NO: 902}
{(SEQ ID NO: 903}
(SEQ 1D NO: 9043
{(SEQ ID NO: 905}
{SEQ 1D NO: 906}
(SEQ ID NO: 907}
(SEQ 1D NO: 908}
{SEQ ID NO: 909}
{SEQ 1D NO: 9103
{SEQ ID NO: 911}
(SEQ ID NO: 912}
(SEQ ID NO: 9133
(SEQ ID NO: 9143
(SEQ ID NO: 915)
(SEQ ID NO: 916)
(SEQ 1D NO: 917}
(SEQ ID NO: 918}
(SEQ ID NO: 9193
{SEQ ID NO: 920
{SEQ ID NO: 9213
(SEQ ID NO: 9223
(SEQ ID NO: 923}
{(SEQ ID NO: 924}
{SEQ ID NO: 925)
(SEQ ID NO: 926
{SEQ ID NO: 927)
(SEQ ID NO: 928)
{SEQ ID NO: 929)
{(SEQ ID NO: 930
(SEQ ID NO 931

{SEQ ID NO: 932)
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SKIGSTDNLEHGGC
SKIGSTDNIKHGGO
SKIGSKDNLKHGGC
SKIGSKDONIKHGGC
SKIGSLDNLKHGGC
SKIGSLDNIKHGGC
SKIGSTONLERGGC
GNIKHGGC
SKIGSKGNLKHGGC
SKIGSKGNIKHGGC
SKIGSLGNLEHGGC
SKIGSLGNIKHGGC
SKIGSTENLKHGGGC
SKIGSTEMIKHGGGO
SKIGSKDNLKRGGGC
SKIGSKENIKHGGGC
SKIGSLENLKHGGGC
SKIGSLENIKHGGGO
SKIGSTDNLRHGGGC
SKIGSTDNIKHGGGC
SKIGSKDNLKHGGGC
SKIGSKDNIKHGGGC
SKIGSLDNLKHGGGC
SKIGSLDNIKHGGGC
SKIGSTONLKHGGGC
SKIGSTONIKHGGGO
SKIGSKGNLKHGGGO
SKIGSKONIKHGGGC
SKIGSLONLKHGGGC
SKIGSLONIKHGGGO
CGOSKIGSTDNIKH
CGOSKIGSKDNIKH
COGSKIGSLDNIKH
COOGGSKIGETDNIEH
COGGSKIGEKDNIKH
COGOGSKIGSLDNIKH
GGGS

GGGGS

(SEQ 1D NO:
(SEQ IDNO: 9
(SEQ ID NO: ¢
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
{SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
{SEQ ID NO:
(SEQ 1D NO:
{(SEQ ID NO:
{(SEQ ID NO:
(SEQ 1D NO:
(SEQ 1D NO:
{SEQ ID NO:

{SEQ IDNO

{SEQ 1D NO:

{SEQ ID NO

(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NO:
{SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:;
{SEQ ID NO:
{SEQ 1D NO:
{SEQ 1D NO:
{SEQ ID NO:

(SEQ ID NO
{SEQ ID NO

b ¥

el
Ly e L
AR L LA

o)
o3 I L

> N2 WD O\
Tad Lad Led L3 tsd

el
o et oot S temt et

939}
940
9411
9423
9431
944}
945}
946
947}
948}
9493
930
951}
9321
933
9343
955}
- 936}
957}
£ 958}
939}
960}
9613
Q62)
963}
964}
965)
966)
967}
968
969)
970y,

T8
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WHAT IS CLAIMED IS:;

i. A peptide comprising 3-13 ammo acids from residues 244-400 of SEQ 1D NO:01 o from
restdues 1-150 of SEQ D NO:730,

2 The peptide of clazm 1, wherein the peptide is from the microtubule binding region
{MTBR) of tau (rexdues 244-372 of SEQ ID NGO

3 The peptide of clauw 1, wherem the peptide comprises an amino acid sequence selected
from the groap consisting of any ong of SEQ D NO:02 to SEQ ID NG9, SEQ D NO:25 o
SEQ ID NO:320, SEQ ID NO:411, SEQ ID NO:454, SEQ ID NO:456, SEQ ID NO:458 to SEQ
ID NO:742, SEQ ID NO:747 to SEQ ID NO:749, or SEQ ID NO:755 to SEQ ID NO:776.

4, The peptide of claim 3, wherein the peptide comprises an amuno goid sequence selected
from the group consisting of any one of SEQ 1D NO:02 to SEQ ID NO:S, SEQID NO:28 o
SEQ IDNO: 102, SEQ D NO 185 10 SEQ 1D NO320, SEQ ID NOR4S8 1o SEQ D NOT42, or
SEQ D NG 747 1o SEQ 1D NO749.

3, The peptide of any one of claims 1-4, wherein the peptide further comprises a C-terminal
cysteme {-0) or an Netermunal cvsteme {{-).

6. The peptide of any one of claims 1-4, wherein the peptide finther comprises a C-terminal
-GGC or -GGG,

7. The pepude of any one of claims 1-4, wherem the peptide Rother comprises a N-termmal
CGG or CGGG-.
8. The peptide of any one of claims 1-7, wherem the peptide comprises 7-13 anuno actds

from residues 244-400 of SEQ ID NO:G1T or from residues 1-1530 of SEQ D NO750.

9, The peptide of any one of claims 1-7, wherein the peptide comprises 8 amino acuds from
residues 244-400 of SEQ ID NO:O1.

10, The peptide of any one of clams 1-7, wherein the peptide comprises 8 amino acids from
residpes 1-150 of SEQ D NGH730.

11, The peptude of any one of clanms 1-7, wherein the peptide comprises an amino acid
sequence selected from the group consisting of any one of SEQ ID NOT777 10 SEQ 1D NQ:SOS.

12, A pepoide comprising an amino acid sequence selected from the group conststing of any
one of SEQ ID NO:20 1o SEQ 1D NG:24, SEQ 1D NG3 12 1o SEQ 1D NO:4ST, each optionally

further compnismyg a C-terminal cysteine.

13 The peptide of any one of claims 1-7, wheremn the peptide comprises an ammo acid
sequence selecied from the group consisting of

TG
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QIVYKPV
QIVYKP
NIKHVP
NIKHVPG
HVPGGG
HVPGG
HKPGGG
HKPGG
KHVPGGG
KHVPGG
HOPGGG
HOPRGO
VOIINK
VOUNKK
VOUNKKL
QIINK
QUNKK
OIINKKL
EIVYKSP
IVYKSPV
VYK
OIVYKS
EIVYKS
EIVYKP
GYTMHOD
QGGYTMHQD
VKSKIGSTE
KSKIGSTE
SKIGSTEN
KIGSTENL
IGSTENLK
GSTENLKH
STENLKHOQ
TENLKHOP
ENLKHQPG
VKSKIGST
PDLKNVKS
DLENVESK
LKNVKSKI
KNVKSKIG
NVKSKIGS
NLKHOQPGG
LKHOPGGE

LDLSNV(QS
DLSNVQSK

(SEQ 1D NO:02),
(SEQ 1D NO:03),
(SEQ 1D NO:04),
(SEQ 1D NO:05),
{(SEQ 1D NO:06),
(SEQ 1D NO:07),
(SEQ 1D NO:08),
{(SEQ 1D NO:09},
{SEQ ID NO:10).
(SEQ ID NO:t1),
(SEQ 1D NO:12),
{SEQ 1D NO:13),
(SEQ 1D NO:14),
(SEQ ID NO:15),
(SEQ 1D NO:16),
(SEQ 1D NO:17),
{SEQ IDNO:18),
(SEQ 1D NO:19),
{SEQ 1D NO:25),
{SEQ 1D NO:26),
(SEQ IDNO2T),

(SEQ 1D NO:325),
{SEQ 1D NO:131),
{SEQ D NO:411),
{(SEQ ID NO454),
(SEQ ID NO456),
(SEQ ID NO:589),
(SEQ ID NO:590),
(SEQ ID NO:598),
{(SEQ ID NO:605),
(SEQ ID NO:611),
(SEQ ID NO616),
(SEQ ID NO620),
{SEQ ID NOATS),
{SEQ ID NOAT0),
(SEQ ID NO:S82),
(SEQ ID NO:755),
{(SEQ ID NO:756),
{SEQ ID NO:7S7),
{(SEQ ID NO:7S8,
{SEQ ID NO:759),
(SEQ ID NO465),
{SEQ ID NO:460),

{SEQ 1D NO:T760),
(SEQ ID NO:761),

w3
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LSNVQSKC
SNVQSKCG
NVOSKCGS
VOSKCGSK
QSKCGSKD
SKCGSKDN
KCGSKDNI
CGSKDNIK
GSKDNIKH
SKDNIKHV
KDNIKHVP
DNIKHVPG
NIKHVPGE
IKHVPGGG
VDLSKVTS
DLSKVTSK
LSKVTSKC
SKVTSKCG
KVTSKCGS
VISKCGSL
TSKOGSLG
SKCGSLGN
KCGSLGNI
CGSLGNIH
GSLGNIHH
SLGNIHHK
LONTHHKP
GNIHHKPG
NIHHKPGG
HHKPGGG
LDFKDRVQ
DFKDRVOS
FKDRVOSK
KDRVOSKI
DRVQSKIG
RVOSKIGS
VOSKIGSL
OSKIGSLD
SKIGSLDN
KIGSLDNI
IGSLDNIT
GRLDNITH
SLDNITHY
LDNITHVP
DNITHVRG
NITHVPGG

(SEQ 1D NO:762),
(SEQ 1D NO763),
(SEQ 1D NO:764),
(SEQ 1D NO:626),
(SEQ ID NO634),
(SEQ 1D NO:642),
(SEQ 1D NO:649),
(SEQ ID NO:258),
(SEQ ID NO:653),
(SEQ 1D NO271),
(SEQ 1D NO:278),
{SEQ ID NO:285),
(SEQ ID NO:292),
(SEQ ID NO:297),
(SEQ ID NO:765),
(SEQ ID NO:766),
{SEQ ID NO:T67),
(SEQ 1D NO:768),
{SEQ ID NO:769),
{SEQ ID NO:770),
(SEQ ID NO:666),
(SEQ ID NO:674),
{SEQ ID NO:681),
{SEQ 1D NO:6§7),
{SEQ ID NO:692),
(SEQ ID NO:696),
(SEQ ID NO:524),
(SEQ ID NO:518),
(SEQ ID NO:513),
{SEQ ID NO:S08).
(SEQ ID NO:771),
(SEQ ID NO:772),
{SEQ ID NOT73),
{SEQ ID NOT74).
{SEQ ID NO:775),
{SEQ ID NO:776),
(SEQ ID NO:702),
{(SEQ ID NO:709),
{(SEQ ID NO:T17),
(SEQ ID NO:7243,
{SEQ ID NO:729),
(SEQ ID NO:734),
{SEQ ID NO:738Y,
(SEQ 1D NO:$613,
{SEQ ID NO:SSSY,

(SEQ ID NO:551), and

&1
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ITHVPGOG

14
from the group consisting of
QIVYKSY
EIVYKSY
EIVYKPV
CNIKHYP
ONIKHVYPG
EAAGHVTQC
EAAGHVTQAR
AAGHVTQAC
AGHVTQARC
AGHVTOAR
QGGYTMHC
GGYTMHQC

14

16,
from the group consisting of
VKSKIGSTE
KSKIGSTE
SKIGSTEN
KIGSTENL
IGSTENLK
GSTENLKH
STENLKHQ
TENLKHOP
ENLKHQPG

17

from the group consisting of
VEKSKIGSTEGGC
KSKIGSTREGGC
SKIGSTENGGC
KIGSTENLGGC
HGSTENLRKGGC
OSTENLKHGGO
STENLKHQGGU
TENLKHQPGGO
ENLKHOQPGGGC
YRSKIGSTOGGO
PDLENVKSGGO
DLENVESKGGC

PCT/US2021/033189

{SEQ 1D NO34T.

The peptide of claim 12, wherem the peptide comprises and ammo acid sequence selected

{SEQ 1D NO:20),
(SEQ 1D NO:21),
(SEQ ID NO:22),
(SEQ ID NO:23),
{SEQ ID NO:24),
{SEQ 1D NO:449),
{SEQ 1D NO:450),
{SEQ 1D NO«451},
{SEQ 1D NO«452),
(SEQ 1D NO:453),
{SEQ 1D NO:455), and
{SEQ ID NQO«457).

The peptide of either one of ¢laims 13 or 14, wherein the pepiide further comprises a C-
tenminal oystemne {-C), ~-GGC

or -GGG or an N-termunal ovsteime (C-), CGG- or CGGG-.

The peptide of claim 13, wheretn the peptide comprises an amino acid sequence selected

{SEQ 1D NO:589),
{(SEQ D NO:590),
{SEQ ID NO:598),
(SEQ ID NO:605),
(SEQ ID NO:611),
(SEQ 1D NO:616),
(SEQ ID NO:620),
{(SEQ ID NO:476). and
(SEQ 1D NO:AT0).

The peptide of clamm 1, wherein the peptide comprises an smmo acid sequence selected

{SEQ ID NO:777),
{SEQ ID NO:778),
(SEQ ID NO:779).
{(SEQ ID NO:780),
{SEQ ID NO: 781},
(SEQ ID NO:T7823,
{SEQ ID NO:783),
(SEQ ID NO:784),
{SEQ 1D NO:788),
{SEQ ID NO:786),
{SEQ ID NOT8TY,
{SEQ ID NO:788).



I8

from the groap consisting of

19,

from the group consisting of
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LENVKSKIGGC
KNVKSKIGGGO
NVESKIGSGGC
NLKHOQPGGHGC
LEKHOQPGGGGGC

(SEQ 1D NO:789),
(SEQ 1D NO:790).
(SEQ 1D NO:791).
(SEQ ID NO:T92),
(SEQ 1D NO:793).

and

PCT/US2021/033189

The peptide of clazm 11, wherein the peptide comprises an amino acid sequence selected

LDLSNVQSGGC
DLSNVQSKGGC
LANVQSKCGGC
SNVQSKCGGGE
NVQSKCGSGGC
VOSKOGSKGGC
QSKCGSKDGGC
SKCGSKDNGGC
KCGSKDNIGGC
COSKDNIKQGC
GSKDNIKHGGC
SKDNIKHVGGC
KDNIKHVPGGO
DNIKHVPGGGC
NIKHVPGOGGC
IKHVPGGGGGC

(SEQ D NO:794),
(SEQ 1D NO:795),
(SEQ 1D NO:796).
(SEQ 1D NO:797),
(SEQ 1D NO:798),
(SEQ ID NO:799),
(SEQ ID NO:§00),
(SEQ 1D NO:801),
{SEQ ID NO:802),
(SEQ 1D NO:§03),
{SEQ 1D NO804),
{SEQ 1D NO-805),
(SEQ ID NO:806),
(SEQ 1D NO:807),
{SEQ 1D NO808),
{SEQ 1D NO:809),

and

The peptide of clamm 11, wherein the peptide comprises an anuno acud sequence selected

VDRLSKVTSIGGC
DLSKVTSKGGC
LSEVTSKOCGGC
KVTSKOGSGGC
VISKCOGSLGGO
TSKCGSLGGGO
SKCGSLOGNGGO
KCGSLONIGGO
COGSLGNIHGGC
GSLGNTHHGGC
SLOGNIHHKGGC
LONIHHKPGGO
ONIHHKPGGGC
NIHHKPGGGGC
HHKPGGGGGC

(SEQ ID NO:§10),
(SEQ ID NO:811),
(SEQ ID NO:812),
(SEQ ID NO:813),
(SEQ ID NOS$14),
(SEQ ID NO:§15),
{SEQ ID NO:316),
{SEQ ID NOBI7),
(SEQ 1D NO:BIS),
(SEQ ID NO:819),
{(SEQ ID NO:820),
{(SEQ ID NO:E21),
(SEQ ID NO:8223,
{SEQ ID NO:823),
(SEQ ID NO:B24),
{SEQ ID NO:B25),

and

20 The peptide of claim 11, wherein the peptide comprises an anmino acid sequence selected
from the group consisting of



21

from the group consisting of

A
22

from the group consisting of

23

from the group consisting of

WO 2022/031342

LDFKDRVQGGC
DFRDRVQSGGO
FKDRVOQSKGGC
KBRVOQSKIGGT
DRYVQSKIGGGC
RVQSKIGSGG
VOSKIGSLGGO
QSKIGSLEDGGC
SKIGSLDNGGC
KIGSLDNIGGC
IGSLENITGGC
GSLDNITHGGC
SLDNITHVGGC
LDNITHVPGGC
DNITRVPGGGC
NITHVPGGGGC
ITHVPGOGGGGC

(SEQ 1D NO:826),
(SEQ 1D NO:827).
(SEQ 1D NO:828).
(SEQ 1D NO:829),
(SEQ 1D NO:§30),
(SEQ I NOR31.
(SEQ 1D NO:832),
(SEQ 1D NO:833),
{(SEQ D NO:834),
(SEQ 1D NO835).
(SEQ 1D NO:836),
(SEQ 1D NO:837).
(SEQ 1D NO:838),
(SEQ 1D NO:839),
(SEQ ID NO:§40),
(SEQ 1D NO:841),
{(SEQ 1D NO:842).

and
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The peptide of claim 17, wherein the peptide comprises an amino acid sequence selected

VKSKIGSTEGGO
KSKIGSTEGGC
SKIGSTENGGC
KIGSTENLGGC
IGSTENLKGGC
GSTENLKHGGC
STENLKHQGGC
TENLKHOPGGC
ENLKHOPGGGC

(SEQ 1D NO:TT7),
(SEQ 1D NO:778),
{SEQ ID NO:779),
{SEQ 1D NO:780),
{SEQ ID NO:781),
(SEQ ID NO:782),
(SEQ ID NO:783),
(SEQ 1D NO:784),
(SEQ ID NO:785).

and

The peptide of claim 18, whevein the peptide comprises an amino acid sequence selected

VOSKCGSKGGO
SKCGSKDGOGC
SKCGSKDNGGC
KCOGSKDNIGGC
COSKDNIKGGC
GSKIDNIKHGGC
SKDNIKHVGGC
KDNIKHVPGGC
DNIKHVPGGGC

(SEQ ID NO:799),
(SEQ ID NO-SO0),
{SEQ ID NO:SO1),
(SEQ ID NO:BO2),
(SEQ ID NO:BO3),
{(SEQ ID NO:304),
{(SEQ ID NOB0S),
{(SEQ ID NO:806),
{SEQ ID NO:BOT).

and

The peptide of claim 19, wheremn the peptide comprises an amino acid sequence selected

VISKOGSLGOO
TSKCGSLGGOO

{SEQID NOBIS),
{SEQID NO:BI6),
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SKCGSLONGGO
KCGSLGNIGGO
CGSLONIHGGO
GSLONIHHGGC
SLONIHHKGGO
LEONIHHKPGGO
GNIHHKPOGGGO

(SEQ 1D NO:§17),
(SEQ 1D NO-R18),
(SEQ ID NO:819).
(SEQ 1D NO:820),
{(SEQ 1D NOS$21),

(SEQ 1D NO:822), and

{(SEQ ID NO&23).

PCT/US2021/033189

24, The peptide of claim 20, wherein the peptide comprises an amino acid sequence selected

from the groap consisting of

RVOSKIGSGGO
VOSKHGSLGHC
QSKIGSLDGGC
SKIGSLDNGGC
KIGSLDNIGGC

IGSLDNITGGC

GSLDNITHGGC
SLONITHVGGC
LDNITHVPGGC
DNITHVPGGGC

(SEQ 1D NO:831).
{(SEQ 1D NO:832),
(SEQ ID NO:833),
(SEQ 1D NO:834),
(SEQ 1D NO:§35),
(SEQ 1D NO:836),
{SEQ 1D NO:837),
(SEQ 1D NO:§38),

{(SEQ ID NO:§39), and

{SEQ 1D NO:3340).

23 The peptide of claim 21, comprising an amine acid sequence of KSKIGSTEGGC (SEQ

ID NO:T78).

26.  Thepeptide of claim 21,

ID NO:TT9).

27, The peptide of claim 21,

D NC: T84,

28, The peptide of claim 21,

D NQOT785).

29, The peptide of claym §

from the group consisting of

VKSKIGSTEGOGGC
PDLEKNVKSGGGC
DLENVEKSKGOGC
LENVKSKIGGGO
KNVRSKIGGOGGO
NVKSKIGRGGGE
VRSKIGSTEOGGGO
KSKIGSTEGGGC
SKIGSTENGOGGC
KIGSTENLGGGO

1,

(SEQ ID NO:851),
(SEQ ID NO:852),
(SEQ ID NO:ES3),
(SEQ ID NO:8S4y,
{SEQ ID NO:8SS),
(SEQ ID NO:856),
{SEQ ID NO:843),
(SEQ ID NO:R44Y,
{SEQ ID NO:845),
{SEQ ID NO:846).

comprising an amine acid sequence of SKIGSTENGGC {SEQ

comprising an amino acid sequence of TENLKHOQPGGC (SEQ

comprising an amino acid sequence of ENLKHQPGGGC (SEQ

wherein the peptide comprnises an amino acid sequence selected



30.

from the groap consisting of

WO 2022/031342

IGSTENLKGGGC

GSTENLKHGGGO
STENLKHOQGGGC
TENLKHOQPGGGO
ENLKHQPGGGGC
NLKHOQPGGGGGE
LRBOQPGGGHGGGE

(SEQ 1D NO:84T),
(SEQ 1D NO:84R).
(SEQ 1D NO:849),
(SEQ 1D NO:850),
(SEQ ID NO85T),

{SEQ 1D NO:858), and

{(SEQ ID NOR39).
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The peptide of claim 11, wherein the peptide comprises an amino acid sequence selected

LDLSNVOQSGGGC
DLSNVOSKGGGE
LSNVOQSKCGGGC
SNVQSKCGGGGT
NVOSKCGSGGGE
VOSKCGSKGGGT
QSKCGSKDGGGC
SKCGSKDNGGGE
KOGSKDNIGGGE
CGSKDNIKGGGE
GSKDNIKHGGGC
SKDNIKHVGGGC
KDNIKHVPGGGC
DNIKHVPGGGGC

(SEQ 1D NO:860).
(SEQ 1D NO:861).
(SEQ 1D NO:862),
(SEQ 1D NO:863),
(SEQ ID NO:§64),
(SEQ 1D NO:865),
{SEQ ID NO:866),
(SEQ 1D NO:§67),
{SEQ 1D NO:§68),
{SEQ 1D NO:869),
(SEQ ID NO:870),
(SEQ ID NO:§71),
{SEQ 1D NOST2),
{SEQ 1D NOST3).

NIKHVPGGGGGT
IKHVPGGGGOGGU

{SEQ ID NO:874), and
{(SEQ ID NO:875).

31, The peptide of claim 11, wherein the peptide comprises an amino acid sequence selected
from the group consisting of

VDLSKVTSGGGU
DLSKVTSKGGGC
LSKVTSKOGGGC
SKVTSKCGGGHO
KVTSKOGSGGGO
YTSKOGRLGGGO
TSKCGSLGGGGO
SKCGSLOGNGGGC
KOGSLGNIGGGO
COSLGNIHGGGO
OSLGNIHHGGGO
SLGNIHHKGGGO
LONIHHKPGGGC
OGNIHHKPGGGGO
NIHHKPOGGGGO
HHKPGGGGGGU

(SEQ ID NO:876),
(SEQ 1D NOSTT),
(SEQ ID NO:S78),
(SEQ ID NO:S79),
{(SEQ ID NO:3B0),
{SEQ ID NOEB1),
(SEQ ID NO:ES2),
(SEQ ID NO:8S3),
{SEQ ID NO-854),
{SEQ ID NO:EBS),
(SEC D NO:886),
{SEQ ID NO:88T),
(SEQ ID NO:888),
{SEQ ID NOESY),

{SEQ 1D NO:RSOY, and

{SEQID NO:ESI).

3¢
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32, The peptide of clasm 11, wherem the peptide comprises an ammo acid sequence selected
from the groap consisting of
LDFKDRVQGGGC
DFKDRVQSGGGC
FKDRVQSKGGGC
KBRVOSKIGGGE
DRVOQSKIGGGGO
RVOSKIGSGGGU
VOSKIGSLGGGC
QSKIGSLDGGGC
SKIGSLDNGGGC
KHGSLDNIGGGC
IGSLENITGGGC
GSLDNITHGGGC
SLDNITHVGGGC
LDNITHVPGGGC
DNITHVPGGGGC
NITHVPGGGGGC
ITHVPGGGGGGO

(SEQ 1D NO:892).
(SEQ 1D NO:893),
(SEQ ID NO$94),
(SEQ 1D NOR95),
(SEQ 1D NO:896),
(SEQ ID NO:897),
{(SEQ D NO:89§),
(SEQ 1D NO:899),
(SEQ 1D NO:900),
{SEQ ID NO:901),
(SEQ 1D NO:902),
(SEQ 1D NO:903),
(SEQ ID NO:904),
(SEQ ID NO:905),
{SEQ 1D NO:906),
(SEQ 1D NO907), and
{(SEQ ID NO908).

>

3. The pepuide of clanm 11, wherein the peptide comprises an ammo acid sequence selected
from the group consisting of
CGGGSKIGSTDNIKH  (SEQ 1D NOwos),

CGGGSKIGSKDNIKH  {(SEQ 1D NO®6T),
COGGSKIGSLDNIKH  (SEQ 1D NOH6S),
CGGSKIGSTDNIKH  (SEQ ID NO:963),
COGGSKIGSKDNIKH  (SEQ ID NG964),
CGGSKIGSLDNIKH  (SEQ ID NO9635).

L

L

4. The peptide of clam 29, wheremn the peptide comaprises an anuno acid sequence selected
from the group consisting of
VKSKIGSTEGGGC {SEQ 1D NO:E43),

KASKIGSTRGGGC
SKIGSTENGGGC
KIGSTENLGGGC
HGSTENLKGGGO

{(SEQ ID NO:sa),
{SEQ ID NO-§45),
{SEQ 1D NO-§46),
(SEQ ID NO:847),

GSTENLKHGGGC
STENLKHQGGGC
TENLKHQPGGOO
ENLKHOPGGGGU

(SEQ ID NO:848),
{SEQ ID NO:849),
{SEQ ID NO:#50), and
{(SEQ ID NO:85T).

33, The pepude of clam 30, wherein the peptide comprises an amino acid sequence selected
from the group consisting of

YQSKCGESKOGGGC
{ISKCGSKDGGGE
SKCGSKDNGGGT

{SEQ D NO:B6S),
{SEQ ID NO:B66),
{SEQ ID NO:B6TY,
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KOGSKPNIGGGO
CGSKDNIKGGGE
GSKEDNIKHGGGC
SKONEKHVGGGCE
KDNIKHVPGGGC
DNIKHVYPOGGGGC

PCT/US2021/033189

(SEQ 1D NO:868),
(SEQ 1D NO:869),
(SEQ 1D NO870).
(SEQ ID NO:8T1),
(SEQ 1D NO:872), and
(SEQ ID NO:873).

36 The peptide of claim 31, wherein the peptide comprizes an ammo acid sequence selected

from the group consisting of

VISKCOGSLGGGE
TSKCOGSLGGGGE
SKOGSLONGGGO
KCGSLGNIGGGC
CGSLONIHGGGC
GSLGNTHRGGGC
SLGNIHHK GGG
LGNIHHKPGGGC
GNIHHKPGGGGC

(SEQ 1D NOS81).
(SEQ 1D NO:882).
(SEQ 1D NO:883),
(SEQ 1D NO:884),
(SEQ 1D NO:885),
(SEQ ID NO:§86),
(SEQ 1D NO:SET),
{SEQ ID NO:888), and
(SEQ 1D NO:§8§9).

37, The peptide of claim 32, wherein the peptide comprises an anuno acid sequence selected

front the group consisting of

RVOSKIGSGGGC
VOSKIGSLGGGC
QSKIGSLDGGGC
SKIGSLDNGGGC
KIGSLDNIGGGC

IGSLDNITGGGC

GSLDNITHGGGC
SLDNITHVGGGC
LDNITHVPGGGC
DNITHVPGGGGC

(SEQ ID NO:§97),
{SEQ 1D NO g},
{SEQ 1D NO:3899},
(SI*Q 10D NO:S90),
(SEQ ID NO:891),
{SEQ ID NG:89Y),
(SEQ ID NO:§93),
{SEQ ID NO:8#),
{SEQ ID NO:B9S), and
{SEQ 1D NO:SY6).

38, The peptide of claim 33, comprising an aming acid sequence of CGGGSKIGRKDNIKH

{SEQ ID NO:96T)

39.  The pepude of claim 33, comprising an amino acid sequence of CGGSKIGSKDNIKH

(SEQ ID NO:964),

40, The peptide of claim 34, comprising an amino acid sequence of VKSKIGSTEGGGC

{SEQ D NO:B43)

41, The pepude of clam 34,

D NGB

42 The peptide of claim 34,

D NO:845).

comprising an amino aad sequence of KSKIGSTEGOGC (SEQ

comprising an amino acid sequence of SKIOSTENGOGC (SEQ
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43, The peptide of clann 34,
{SEQ ID NO-846).

44, The peptide of clamm 34,
{SEQ ID NO:&47).

45, The peptide of claim 34,
{SEQ ID NO848).

46, The pepude of claim 34,
{(SEQ ID NO:849).

47, The peptide of claim 34,
(SEQ ID NO:850).

48, The peptide of claim 34,
{(SEQ 1D NOEST).

49, The peptide of clam 13,

PCT/US2021/033189

comprising an amino acid sequence of KIGSTENLGGGC

comprising an aminoe acid sequence of IGSTENLKGGGC

comprising an anuno acid sequence of GSTENLKHGGGC

comprising an amino acid sequence of STENLKHQGGGC

conyising an anuno acd sequence of TENLKHOPGGGC

comprising an amine agid sequence of ENLKHQPGGGGC

comprising an amune acd sequence of QHUNK (SEQ ID NOT).

50, The pepude of claim 13, comprising an amino acid sequence of QIVYKPY (SEQ 1D NO:02).

31. The pepuide of claim 13, comprising an amino acid sequence of NIKHVP (SEQ 1D NG04,

52, The peptide of claim 13,
NO:0S).
33, The pepude of claim 14

NO:2E).

34 The peptide of claim 16,
NO:589).
53, The peptide of claim 16,
NO:S9).
56 The peptide of claim 16,
NQO:3938)
57, The pepuide of clam 16,
NO:6OS).
58, The pepude of claim 16,
NQO:st)

copprising an aming soid segaence of NIKHVPG (SEQ T
P ¢ 1 seq fNIKHVPG (SEQ ID

. comprising an amine aad sequence of BIVYKSV (SEQ 1D

comprising an amino acid sequence of VKSKIGSTE (SEQ 1D

comprising an amino acid sequence of KSKIGSTE (SEQ 1D

comprising an ammo acd seqaence of SKIGSTEN (SEQ 1D

comprising an amino aord sequence of KIGSTENL (SEQ D

comprismg an ammo acid sequence of HGETENLK {(SEQ D

KO
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59 The peptide of clasm 16, comprising an amino acid sequence of GSTENLKH (SEQID
NQGel6).

&0, The peptide of clazm 16, conyrising an anuno acid sequence of STENLKHG{SEQ 1D
NOB20).

61 The peptide of clatm 16, comprising an amine acid sequence of TENLKHQP (SEQ D
NEHAT6)

61 The peptide of claym 16, comprising an anmune acid sequence of ENLKHOQPG (SEQ 1D
NO470).

62. A peptide comprising 3-13 amino acids from residues 244-400 of SEQ 1D NO:01 or from
residues 1-150 of SEQ 1D NO:730, comprising at least one ammo acid substitution.

63.  The peptide of claim 62, comprising an amine acid sequence of SKIGSTENLKH {(SEQ
1D NO:909)

64.  The peptide of claim 63, wherein one of the at least one anuno acid substitutions
comprises an isoleucine substitution for a lysune at position 10

63 The peptide of either one of claims 63 or 64, wherein one of the at least one gmino acid
substitutions comprises a lysine or leucine substitution for a tvrosine at position 6.

66.  The peptide of any one of claims 63-65 wherein one of the at least one amino acid
substitutions comprises an aspartic acid or glycine substitution for a glutarme acid at posttion 7.

67.  The peptide of claim 62, wherein the peptide comprises an amino acid sequence selected
from the group consisting of

SKIGSTENLKH
SKIGSTENIKH
SKIGSKDNLKH
SKIGSKENIKH
SKIGSLENLKH
SKIGSLENIKH
SKIGSTDNLKH
SKIGSTDNIKH
SKIGSKDNLKH
SKIGSKDNIKH
SKIGSLDNLKH
SKIGSLDNIKH
SKIGSTGNLKH
SKIGSTGNIKH

SKIGSKONLKH

SKIGSKONIKH
SKIGSLGNLKH

(SEQ ID NO:909),
(SEQ ID NO910),
(SEQ ID NOH11),
(SEQ ID NO:912),
{SEQ ID NO-913),
{SEQ ID NO:914),
(SEQ ID NO:915),
(SEQ ID NO:916),
{(SEQ ID NO:917),
{SEQ ID NO:9 18},
(SEQ ID NO:919y,
{SEQ ID NO:920),
(SEQ ID NO:921),
(SEQ ID NO:922),
(SEQ ID NO:9233,
(SEQ ID NO:9243,
(SEQ ID NO:925),

pat
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SKIGSLGNIKH {SEQ 1D NO:926),

63, The peptide of clatm 67, wherein the peptide comprises an anuno actd sequence
selected {rom the group consisting of SKIGSTDNIKH (SEQ D NGo1s), SKIGSKDNIKH
{SEQ ID NO®18), or SKIGSLDNIKH (SEQ 1D NQO:920}.

69, The peptide of any one of claims 62-68, wherein the peptide further comprises a C-
ternunal oystemng (<C), ~GGC or ~-GGGC or an N-terminal cvsteine {C-), CGG- or CGGG-

70. The peptide of clanm 69, wherem the peptide comprises an amino acid sequence selected
from the groap consisting of

SKIGSTENLKHGGC
SKIGSTENIKHGGC
SKIGSKDBNLKHGGC
SKIGSKENIKHGGO
SKIGSLENLKHGGC
SKIGSLENIKHGGC
SKIGSTDNLKHGGC
SKIGSTDNIKHGOGC
SKIGSKDNLKHGGC
SEIGSKDNIKHGGC
SKIGSLDNLKHGGC
SKIGSLDNIKHGGC
SKIGSTONLKHGGC
SKIGSTONIKHGGC
SKIGSKOGNLKHGGC
SKIGSKGNIKHGGC
SKIGSLONLKHGGC
SKIGSLGNIKHGGC
SKIGSTENLKHGGGC
SKIGSTENIKHGGGC
SKIGSKDNLKHGGGC
SKIGSKENIKHGGGO
SKIGSLENLKHGGGO
SKIGSLENIKHGGGC
SKIGSTONLKHGGGC
SKIGSTDNIKHGGGO
SKIGSKDNLKHGGGC
SKIGSKDNIKHGGGO
SKIGSLDNLKHGGGC
SKIGSLDNIKHGGGO
SKIGSTGNLKHGGGC
SKIGSTONIKHOGGO
SKIGSKONLEKHGGGC
SKIGSKONIKHGGGO
SKIGSLGNLKHGGGC

(SEQ 1D NO:927),
(SEQ ID NO:928),
(SEQ ID NO:929),
(SEQ ID NO:w30),
(SEQ 1D NO931),
{SEQ ID NO:932),
(SEQ 1D NO:933),
{SEQ 1D NO934),
{SEQ 1D NO:935),
(SEQ ID NO:936),
(SEQ ID NO:937),
{SEQ 1D NO:938),
{SEQ 1D NO:939),
{(SEQ ID NOW40),
(SEQ ID NO:941),
(SEQ ID NO:942),
(SEQ ID NO:943),
(SEQ ID NO44),
(SEQ ID NO:945),
(SEQ 1D NO:946),
(SEQ 1D NO94T),
(SEQ ID NO:948),
{SEQ ID NO:949),
{SEQ ID NO:950),
(SEQ ID NO9SI),
(SEQ ID NO:952),
(SEQ ID NO:953),
{SEQ ID NO:9s4),
(SEQ ID NO:9S5y,
{SEQ ID NO:956),
(SEQ ID NO957),
{SEQ ID NO:9SB),
{SEQ 1D NO:939Y,
{SEQ ID NO:9603,
{SEQ ID NO:9613,

91
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SKIGSLGNIKHGGGC  (SEQ 1D NOw962),
CGOSKIGSTDNIKH  (SEQ 1D NO-063),
CGOSKIGSKDNIKH  (SRO ID NO:064),
CGOSKIGSLDNIKH  (SEQ 1D NO:065),
CGGGSKIGSTDNIKH  (SEQ ID NO:966),
CGOGSKIGSKDNIKH  (SEQ ID NO:967), and
CGOGSKIGSLDNIKH  (SEQ ID NO:968).

71 The peptide of any one of claims [-70, further comprising & linker to a carrier at a C-
termunal portion of the peptide or at a N-termunal portion of the peptide.

3

2. The peptide of claim 71, wherem the hinker comprises an amino acid sequence.

w3
Tk

The pe;‘}txde of clasm 72, wherem the hiner amio ackd sequence comprises betwesn

bmzt 1-10 amino acids, abcmt 1-9 aming acids, about 1-8 amino acids, about 1-7 anyino acids,
about 1-6 amino acids, about 1-3 amuno acids, about 1-4 aminoe acids, about 1-3 amino acids,
about 2 amine acids or ong (1) amino acid.

74, The peptide of claim 72, wherein the linker comprises an amino acid sequence selected
from the group consisting of AA, AAA, KK, KKK, 8§, 858 AGAG, GG, GGG, GAGA, KGRG,
{GOSIn, (GGGS I, and (GLGGGS N, where w=1-3,

73, The peptide of any one of clamms 1 o 74, wherem the peptide or hinker to the carrier 1
present, further comprises a C-terminal cysteme (C),

76, The peptide of any one of claims 1 10 75, wherein the peptide further comprises a blocked
amine at the N-terminus.

7. Aninwnunotherapy composition, conprising one or more of the peptides of auy of clanns
fto76
78, The muwnunotherapy composition of claim 77, wherein the one or more peptides further

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

79. The immumotherapy composition of elaim 78, wherein the hnker to the carrier comprises
an amuno acid sequence selected from the group consisting of AA, AAA, KK, KKK, §5, 858
AGAG, GG, GGG, GAGA, KGKG, (GGSn, (GGOSm, and {GGGGS ), where w13,

&0 The mmunotherapy composition of either one of claims 78 or 79, wherein the carrier
comprises serum atbumms, mmunoeglobelin molecules, thyroglobulin, ovalbumm, tetanus toxord
{TT), diphthera toxord (DT), a genetically modified cross-reacting matecial (CRM) of diphtheria
foxi, CRMI97, menmngococeal outer membrane protemn complex {OMPC) and A influenzoe
protemy D (HaD), vBEPA (Psewdomonas geruginosa exotoxmm A}, KLH (kevhole limpet
hemocvaning, and flagethn.

&1. The ummmaotherapy composthion of olam 30, wherein the carrier s CRM187.

o2
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82, The mmunotherapy composition of clatm &1, wherein the carrier is diphtheria toxoid.

33, The mmmunotherapy composition of any one of clams 77 to 82, frther comprisimg at
least one pharmaceutically acceptable diluent.

34 The mmmoenoctherapy composition of any one of clamms 77 to 83, finther comprismg a
muitiple antigen presenting system {MAP).

BS. The immoenotherapy composttion of claim 84, wherem the MAP comprises one or more
of a Lys-based dendntic scatfold, helper T-cell epttopes, immmune stimudating hipophilic moeties,
cell penetrating peptides, radical mduced polymerization, self-assembimg nanoparticles as
antigen-presenting platforms and gold nanopasticles.

86, A pharmacentical composition compristng (a) one or more of the peptides of any of
claims 1 1o 76 or (b) the immunotherapy composition of anv of clatms 77 to 85 and at least one
adjuvant.

87.  The pharmacentical composition of claim 86, wherein the adjuvant is selected from the
group consisting of aluminem hydroxide, aluminum phosphate, aluminum sulfate, 3 De-O-
acylated monophosphoryl ipid A (MPL), QS-21, TQL-1055, QS-18, O5-17, Q8-7, Complete
squalene or peanut i), CpG, polvelutamic acid, polviysine, AddaVax™, MFSO®, and
commbinations thereof,

88.  The pharmaceatical composition of clatm 87, wherein the adjuvant 1s Q5-21 or TQL-
1035,

89.  The pharmaceutical composition of claint 87, wherem the adjuvant s MPL.

90, The pharmacentical composition of claim 87, wheremn the adjuvant is a combination of
MPL and QS-21 or a combination of MPL and TQL-~1055,

91. The pharmaceatical composition of any of clatms 86 1o 90, wheren the adjuvant
comprises a liposomal formulation.

92.  The pharmaceatical composition of any of clabms 86 1o 91, wheremn the composition
comprises at least one pharmaceutically acceptable dituent.

93.  The pharmacentical formulation of any of claims &6 10 92, conprising a multiple antigen
presenting system (MAP).

94, The pharmaceatical formalation of claim 93, wherein the MAP comprises one or more of
a Lys-based dendritic scatfold, helper T-cell epitopes, immune stimulating hpophilic moteties,
cell penetrating pepiides, radical induced polymerization, self~assembling nanoparticles as
antigen-presenting platforms and gold nanoparticies.
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95, A nuclete acid comprising @ mucleic atid sequence encoding a peptide of any one of
clavms 1 to 76 or the immunotherapy composition of clatms 77 to §5.

96. A nucleir agid immunotherapy composition comprising the nucleic acid of claim 95 and
at least one adjuvant.

97, A method of ireating or effecting prophylaxis of Alzhemmer's disease in a subject,
comprising administrating to the subject the immunotherapy composition of any of claims 77 to
35 or the pharmaceutical composttions of any of clamms 86 1o 94

98, A method of mbibiting or reducing aggregation of tan w a subyect having or at nisk of
developmyg Alzhenmer’s disease, comprising, admmstermg to the subyect the immunothertapy
composition of any of clamims 77 to 85 or the phamiaceutical formudations of any of claims 86 to
94,

99, A maethod of treating or effigcting prophylaxis of Alzhemmner's disease in a subject,
conprismg administrating to the subject the nucleic acid immunotherapy composition of claim
93 or 96,

100, A method of mhibiting ov reducing aggregation of tau 1 a subject having or at risk of
developing Alzheimer's disegse, comprising administering to the subject the nucleic acid
smmunotherapy composition of ¢lamm 96 or 96,

101, The method of any of claims 97 to 100, further comprising repeating the administering at
least a second time, at least a thurd tune, at least a fourth fime, at least a Hfth time, or at least a
sixth time,

102, The method of clann 101, further comprising repeating the administering at an mterval of
about 21 to about 2R days.

103, A method of mducing an immune response i an animal, comprising admnisteting 1o the
animal any-one of the peptide of claims 1 to 76, the mwmunotherapy composttion of clamms 77 to
&3, the pharmacennieal formudations of claims 86 1o 94 or the nucleie acid immunotherapy
composition of claims 935 to 96 m a régimen effective 1o generate an mnmwie response
comprising anttbodies that spectfically bind to tau.

104, The method of clamn 103, wherem the nomuone response comprises antibodies that
specifically bind to tau.

105, The method of any of clawms 103 to 104, wherem the inducing the immune response
comprises antibodies that specifically bind to the microtubude region of tau.

106, An mnyumization kit comprising the impmmotherapy composition of any of claims 77 to
&5.
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Y7 The kit of clamm 106, further comprising an adjuvant.

108, The kit of elatm 107, wherain the immunotherapy composizon 13w a fivst contaiper and the
adjuvant 1s 1 a second container.

109 A kit comprising the nuclee scd mmnmotherapy composition of claim 96,
110, The kit of claim 109, fusther comprising an adjuvant.

111 The kit of claim 110, wherein the nucleie acid 1s 1 a first container and the adjuvant is in a
second container.
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Tau Epitope Titers in Guinea pigs after four injections
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Titers after 3 injections of Designed Tau epitopes
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Construct Binding to MTBR1-4
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Construct Binding to MTBR1-4

SEQ ID NO:779 - 3 SKIGSTENGGC
100000
Lk TI a e

10000~

1000+

Geometric mean titer 4X bkyg

4
i
&

SEQ ID NO:783 - . STENLKHQGGC

£ 100000~
£
3 o
g 10000~ 3
& Y
‘é’ 1000+ )| .
(& ennafrennne
b
'“E“’ 100~ .!.
] L
O ; Y ¥ e
Y N
& & o &
S % <& & S
» & & &8
L&A < 4 A

PCT/US2021/033189



WO 2022/031342 PCT/US2021/033189

6/16

Construct Binding to MTBR1-4
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Construct Binding to MTBR1-4
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Competition of tau from binding to heparin

SEQ 1D NO:777 VKSKIGSTEGGC immunized mice ability to inhibit Tau binding to heparin
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Competition of tau from binding to heparin

SEQ 1D NO:779 SKIGSTENGGC immunized mice ability to inhibit Tau binding to heparin
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Competition of tau from binding to heparin
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Competition of tau from binding to heparin
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

carried out on the basis of a sequence listing:

a. m forming part of the international application as filed:
% in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

only in the form of an Annex C/ST.25 text file.

3. Additional comments:

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

b. D furnished together with the international application under PCT Rule 13ter 1(a) for the purposes of international search

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer: 1(a)).

D on paper or in the form of an image file (Rule 13rer.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

l. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 8-11, 13, 15-52, 54-60, 61A, 618, 66, 69-111
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Continued on Supplemental Page

1. D As al} required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [___] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-7 and 62 limited to SEQ ID NO: 2

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

EI No protest accompanied the payment of additional search fees.
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Continued from Box No. Ill Observations where unity of invention is lacking

Group t+: Claims 1-7, 12, 14, 53, 62-65 and 67-68 directed to an isolated (immunogenic) tau peptide. The tau peptide composition will
be searched to the extent that the peptide is from the microtubule binding region (MTBR) of tau (residues 244-372 of applicant SEQ ID
NO:01, a splicing isoform of human tau), and comprises SEQ ID NO: 2 (QIVYKPV), and further comprises C-terminal amino acids GGC.
Itis believed that claims 1-7 and 62 limited to said peptide encompass this first named invention, and thus these claims will be searched
without fee to the extent that the peptide encompass the sequence QIVYKPVGGC. Additional tau peptides will be searched upon the
payment of additional fees. Applicants must specify the claims that encompass any additionally elected tau peptides. Applicants must
further indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated above for this
group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first
claimed invention to be searched. An exemplary election would be a tau peptide comprising 5-13 amino acids from residues 244-400 of
SEQ ID NO:01, comprising SEQ ID NO: 9009 (SKIGSTENLKH) comprising an isoleucine amino acid substitution at position 10
(SKIGSTENLIH)(claims 62-64 and 67).

The inventions listed as Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features
No technical features are shared between the peptide amino acid sequences of Group I+, accordingly, these groups lack unity a priori.

Additionally, even if the inventions listed as Group |+ were considered to share technical features, these shared technical features are
previously disclosed by the prior art, as further discussed below.

Common Technical Features

The inventions of Group I+ share the technical feature of a tau peptide of 3-13 amino acids from residues 244-400 crf SEQ 1D NO:01 or
from residues 1-150 of SEQ ID NO:750 (i.e., splicing isoforms of human tau protein, instant specification, para [0058]), which may
comprise one or more amino acid substitutions relative to SEQ ID NOs 1 and 750. However, this shared technical feature does not
represent a contribution over prior art, because the shared technical feature is anticipated by US 2016/0318975 A1 to Toagosei Co. Ltd.
et al. (hereinafter 'Toagosei')

Toagosei discloses a peptide comprising 3-13 amino acids from residues 244-400 of SEQ ID NO:01 or from residues 1-150 of SEQ ID
NO:750 (para [0115] - “The amino acid sequence of SEQ ID NO:71 corresponds to an amino acid sequence comprising a total of 11
amino acid residues that is a partial amino acid sequence of a tau protein.”; SEQ ID NO: 71 of Toagosei, consisting of 11 residues,
exhibits 100% identity with residues 305-315 of SEQ ID NO: 01 of the instant application”, para [0020] “"a peptide ...comprising an amino
acid sequence represented by any of SEQ ID NOS: 6 to 74, or a modified amino acid sequence formed by substitution, deletion and/or
addition of 1, 2 or 3 amino acid residues in any of these amino acid sequences.").

As the technical feature was known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the inventions.

Group I+ therefore lack unity under PCT Rule 13 because they do not share the same or corresponding special technical feature.
Item 4, continued: claims 8-11, 13, 15-52, 54-60, 61A, 61B, 66, 63-111 are not drafted in accordance with the second and third

sentences of Rule 6.4(a) regarding multiply dependent claims.

Note: There are two claims numbered 61. For the purposes of this application, the first is referred to as claim "61A" and the second is
referred to as claim "61B".
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