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PHARMACEUTICAL COMPOSITION

The present invention is related to methods and compositions for the therapeutic
and diagnostic use in the treatment of diseases and disorders which are caused by
or associated with neurcfibrillary tangles. in particular, the invention relates to
methods and compositions for the therapeutic and diagnostic use in the treatment of
tauopathies including Alzheimer’s Disease (AD).

Neurofibrillary tangles are a major neuropathological hallmark in AD. They originate
by the aggregation of hyper-phosphorylated protein tau and its conformers. AD
shares this pathology with many neurcdegenerative tauopathies, in particularly with
specified types of frontolemporal dementia (FTD).

Protein Tau is a freely soluble, "naturally unfolded” protein that binds avidly to
microtubuli (MT) to promote their assembly and stability. MTs are of major
importance for the cytoskeletal integrity of neurons - and thereby for the proper
formation and functioning of neurenal circuits, hence for learning and memory. The
binding of tau to MT is controlled by dynamic phosphorylation and de-
phosphorylation, as demonstrated mainly in vitro and in non-neuronal cells. Due
the large number of possible phosphoryiation sites (>80), the exact contribution of
each, and the identily of the responsible kinases remains largely undefined in vivo,

in AD brain, tau pathology develops later than, and therefore probably in response
io amyloid pathology, which constitutes the sssence of the amyloid cascade
hypothesis. This s based on and indicated by studies in AD and Down syndrome
patients, and is cerroborated by studies in transgenic. mice with combined amyloid
and tau pathology (Lewis et al,, 2001; Oddo et al,, 2004, Ribe et al., 2005; Muyllaert
et al, 2008; 2008 Terwel et al, 2008).

The exact timing of both pathologies in human AD patients as well as mechanisms
that fink amyloid to tau pathology remain largely unknown, but are propesed io
involve activation of neuronal signaling pathways that act on or by GSK3 and cdk5
as the major "tau-kinases" (reviewed by Muyllaert et al, 2006, 2008).
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The hypothesis that taucpathy is not an innocent side-effect but a major pathological
exacuter in AD is based on sound genetic, pathological and sxperimental
observations that corroborate each other fully:

= in early-onset familial AD cases thal are due fo mutations in amyloid protein
precursor {APP) or presenilin, the obligate pathogenic cause is amyloid
aceumuiation, but invariably the pathology comprises collateral tauopathy,

identical to that in the lgle-onsetl sporadic AD cases

» sevetity of cognitive dysfunction and dementia correlates with tauopathy, not
with amyloid pathology, exemplified most recently by several clinical phase-
1&2 studies that include PIB-PET imaging for amyloid and identify many
“false positives”™: cognitively normal individuals with high brain amyloid load.

s in familial FTD, the tauopathy is provoked by mutant tau and causes

neurodegeneration directly, without amyloid pathology

s in experimental mouse models the cognitive defecls caused by amyloid
pathology are nearly completely alleviated by the absence of protein tau
(Roberson et al, 2007).

The combined arguments support the hypothesis that protein tau is a major player in

the cognitive demise in AD and related neurcdegenerative tauopathies.

A prominent emerging treatment of AD is by passive immunotherapy with specific
mAbs, o clear amylold peplides and their aggregates thal are presumead fo be

neuro-foxic or synapto-toxic.

immunotherapy targeting tau pathology, as proposed here, is anticipated to
counteract the pathological protein tau-conformers that are known or postulated to
cause neurodegeneration. Amyloid pathology in AD caused and infra-neuronal
aggregates of hyper-phosphorylated protein tau are proposed to act synergistically
in the cognitive and degenerative cascade of pathological events that leads from
mild cognitive impairment (MC1) to the severe dementia of AD. The combination of
tau-directed with amyloid directed (or any other) medication will therefore constitute

the preferred and, and substantially more efficacious treatment of AD.
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Qther therapeutic approaches that target protein tau are scarce and comprise
mainiy:

s inhibitors of the kinases that are thought {o increase the phosphonyation of
tau to pathological levels

s compounds that block the cytoplasmic aggregation of hyper-phosphorylated
proten tau,

These approaches suffer various draw-backs of specificity and efficacy, a problem
they share with atlempts to modify the metabolism of APP and amyloid, all
emphasizing the importance of a continuous search for additional treatment options,

including immunotherapy against tau,

Practically no efforts have been devoled {o define - let alone target - the pathological
tau conformers in vivo. in the AB42 phase i clinical tnal, the tangle pathology did not
appear o be well considered nor analyzed in much depth (Nicoll et al,, 2003;
Mastiah et al., 2005). On the other hand, experimental immunotherapy targeting
amyloid in a preclinical mouse model with combined AD-like pathology
demonstrated also an effect on tau pathology although fau aggregates persisted
(Oddo et al., 2004).

Some doubis have been cast on the feasibilily of approaching intra-celiular protein
tau by immunotherapy. These have been countered by the most recent
experimenta] study in a tauopathy mouse model! by Asuni and colleagues {Asuni &t
al., 2007). They showed reduction in {angle pathology and functional improvementis
by vaccination with a protein tau derived phospho-peptide. These data corroborate
previous reports of immunotherapy targeting e-synuclein in a Parkinson’s disease
(PD) model (Masliah et al., 2005} and of superoxide dismutase in an amyotrophic
lateral sclerosis (ALS) model (Urushitiani et al, 2007). These two diseases are
examples of intra-celiular proteins that lead to neurcdegeneration by as yet not fully
understeod mechanisms. On the other hand, full-length recombinant protein tau
produced in and isolated from bacteria appears not suitable as vaceine, although
the adjuvanits used, ie complete Freunds and pertussis foxin, could have

contributed to the negative outcome of that study {Rosenmann et al,, 2008},



There is an unmet need for passive and/or active immunotherapies that work o
counteract the pathological protein conformers that are known - or presumed - {o
cause neurcdegenerative disorders, such as amyleid pathology in AD caused, for
example, by intra-neuronal aggregates of hyper-phosphorytated protein tau that are
as typical for AD as amyloid.

This unmet need could be mat within the scope of the present invention by providing
passive and active immunization methods using liposome-based vaccines {Nicolau
et al., 2002; Muhs et al., 2007) and mAbs based on phospho-peplides mimicking
major pathological phospho-epitopes of protein tau. These combined actions
generate novel specific mabs against linear and conformational, simple and
complex phospho-epitopes on profein tau that are thought to be responsible for

synaplo- and neuro-toxicity in tauopathies, including AD.



Summary
in one aspect, there is provided an antigenic construct comprising an antigenic peptide

corresponding to a sequence within the tau protein comprising a phospho-epitope, which
peptide is {a) modified through linkage to a lipophilic or hydrophobic moiety that facilitates
insertion into the lipid bilayer of a liposome and (b) reconstituted in a liposome such that the
peptide is presented on the surface of the liposome.

in another aspect, there is provided the antigenic construct as defined herein, or a
combination thereof, for use in the ftreatment of neurodegenerative disorders such as

tauopathies.

in another aspect, there is provided the antigenic construct as defined herein for use in the

freatment of Alzheimer's Disease.

In another aspect, there is provided a pharmaceutical composition comprising the antigenic
construct as defined herein or a combination thereof.

In another aspect, there is provided a pharmaceutical composition comprising an antigenic
peptide of SEQ ID NQO: 5, which peptide is modified by palmitic acid covalently bound to
each of the termini of the peptide, and further comprising a pharmaceutically acceptabie
carrier and/or a pharmaceutically acceptabie adjuvant and/or an immunomodulator and/or a

diluent and/or an excipient.

in another aspect, there is provided a pharmaceutical composition comprising an antigenic
peptide of SEQ ID NO: 3, which peptide is modified by paimitic acid covalently bound o
each of the termini of the peptide, and further comprising a pharmaceutically acceptabie
carrier and/or a pharmaceutically acceptable adjuvant and/or an immunomodulator and/or a

diluent and/or an excipient.

in another aspect, there is provided a pharmaceutical composition comprising an antigenic
peptide of SEQ ID NO: 3 and SEQ ID NO: 4, which peptides are modified by palmitic acid
covalently bound to each of the termini of the peptides, and further comprising a
pharmaceutically acceptable carrier and/or a pharmaceutically acceptable adjuvant and/or

an immunomodulator and/or a diluent and/or an excipient.
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in another aspect, there is provided a pharmaceutical composition as defined herein for use
in the treatment of a neurodegenerative disorder such as tauopathy.

In another aspect, there is provided the use of a therapeutic pharmaceutical composition as
defined herein in the manufacture of a medicament for the treatment of a neurodegenerative
disease or disorder such as tauopathy in an animal, particuiarly in a mammal, but especially
in a human.

in another aspect, there is provided the use of an antigenic peptide or a therapeutic
composition as defined herein in the manufacture of a medicament for inducing an immune

response in an animal, particularly a mammal or a human, suffering from a
neurodegenerative disorder such as tauopathy.

Description

The present invention provides novel methods and antigenic peptides according to
the invention and as described herein and functional fragments thereof including
compositions comprising said antigenic peptides or fragments thereof for eliciting a
highly specific, particularly a conformation specific, immune response in an
organism, but particularly within an animal, particularly & mammal or a human,
which is highly effective and capable of preventing or alleviating tauopathies, or the
sympioms associated with tauopathies, a group of diseases and disorders
associated with the formation of neurcfibrillary lesions, the predominant brain

pathology in this group of neurodegenerative disorders.

The present invention also relaies fo the antibodies, particularly monoclonal
antibodies, including functional parts thereof, and pharmaceulical compositions
comprising said antibodies, which are resulting from the highly specific, particularly
the conformation specific, Immune response In an organism upon administration of
the antigenic peptide according fo the invention and as described herein or a
functional fragment thereof and the composition comprising said antigenic peptide
or fragment thereof for preventing or allevialing tauopsthies, or the symptoms
associated with tavopathies, a group of diseases and disorders associated with the
formation of neurofibrillary lesions, the predominant brain pathology in this group of

neurodegenerative disorders.
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This group of neurcdegenerative disorders may be subdivided into two sub-
categories. In a first category diseases or disorders are comprised which show co-
existence of tau and amyloid pathologies including, but not limited to, Alzheimer's
Disease, Creutzfeldt-Jacob disease, Dementia pugilistica, Down's Syndrome,
Gerstmann-Stréussler-Scheinker disease, inclusion-body myositis, prion protein

cerebral amyioid angiopathy and traumatic brain injury,

in a second category diseases or disorders are comprised without distinet amyloid
pathology including, but not limited to, amyolrophic lateral sclerosis/parkinsonism-
dementia complex, argyrophilic grain dementia, corticobasal degeneration, diffuse
reurofibriliary tangles with calcification, frontotemporal dementia with parkinsonism
finked to chromosome 17, Hallevorden-Spaiz disease, multiple system atrophy,
MNiemann-Pick disease, type C, Pick's disease, progressive subcortical gliosis,

progressive supranuclear panencephalitis.

in particular, the present mvention provides novel methods and pharmaceutical
compositions comprising the antigenic peptides according to the invention and as
described herein or functional fragments thereof and antibodies, parficularly
monoclonal  antibodies, including functional parls thereof oblainable upon
adminisiration of the antigenic peptides according fo the invention and as described
herein or funclionat fragments thereof to a host animal, for retaining or improving,
but particularly for restoring, more particularly for completely restoring the cognitive
memory capacity in a mammal, particutarly a human, suffering from a disease or

disorder associated with the formation of neurofibrillar lesions.

It is an object of the invention to provide an antigenic peptide, particularly a modified
antigenic peptide or a functional fragment thereof and pharmaceutical compuasitions
comprising said antigenic peptide or a functional fragment thereof, which peptide is
obtainable from a tau protein. In particular, the Invention relaies to an antigenic
peptide, particularly an antigenic phospho-peptide, or a functional fragment thereof,
mimicking a major pathological phospho-epitope of protein tau, which peptide or
fragment is further modified through attachment to or reconstifution into a carrier, a
pharmaceutical composition comprising sald antigeric peplide or a functional
fragment thereof and a method of producing such a peptide or a funclional fragment

thereof and pharmaceutical composition, respectively, for the treafment of diseases

~
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and disorders which are caused by or associated with the formation of neurofibrillary
lesions, the predominant brain pathology in tauopathy comprising a heterogensous
group of neurodegenerative diseases or disorders including diseases or disorders
which show co-existence of tau and amyloid pathologies including, but not limited fo,
Alzheimers Disease, Creulzfeldi-dacob disesase, Dementia pugilistica, Down's
Syrndrome, Gersimann-Straussier-Scheinker disease, inclusion-body myositis, and
prion protein cersbral amylold angiopathy, traumatic brain injury and further
diseases or disorders which do not show a distinet amyloid pathology including, but
not limited fo, amyotrophic lateral sclerosis/parkinsonism-dementia complex of
Guam, Non-Guamanian motor neuron disease with neurofibrillary  tangles,
argyrophilic grain dementia, corticobasal degeneration, diffuse neurofibritlary tangles
with calcification, frontotemporal dementia with parkinsonism linked to chromosome
17, Hallevorden-Spatz disease, multiple sysiem atrophy, Niemann-Pick disease,
type C, Pick’s disease, progressive subcortical gliosis, progressive supranuclear
palsy, Subacute sclerosing panencephalilis, Tangle only dementia, Postencephalitic

Parkinsonism, Myoctonic dystrophy.

In one embodiment, the invenlion relates to an antigenic peptlide or a functional
fragment thereof and a pharmaceutical compositions comprising said antigenic
peptide or a functional fragment thereof, which peplide or fragment comprises of
between § amino acid residues and 30 amino acid residues, particutarly of between
10 amino acid residues and 25 amino acid residues, particularly of between 12
amino acid residues and 22 amino acid residues, particularly of between 14 amino
acid residues and 20 aminc acid residues, particularly of between 18 amino acid
residues and 18 amino acid residues, respectively, of an amino acid sequence
selected from the group of sequences depicted in SEG 1D NO: 2, SEGQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ 1D NO: 6, SEQ ID NG: 7, SEQ 1D NO: 8 and
SEQ ID NG: 8 wherein sald sequences featwe a characteristic phosphorylation
pattern which is associated with a pathologic condition or disorder, particularly a

condition or disorder associated with the formation of neurofibrillary lesions.

in one embodiment, the present invention relates o a nucleic acid molecule or
fragments thereof encoding the antigenic peptide or g functional fragment thereof
selected from the group of sequences depicted in SEQ 1D NO: 2, BEQ 1D NO: 3,
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SEQ ID NO: 4, SEQ 1D NO: 5, SEQ 1D NO: 6, SEQ ID NO: 7, SEQ 1D NQ: 8 and
SEQ D NG 9

in one embodiment, the invention relates to an antigenic peptide, particularly an
antigenic peptide modified according to the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic
peptide or a functional fragment thereof, which peptide or fragment exhibits an
amino acid segquence which shows at least BO%, particularly at least 85%,
particularly at least 80%, particularly at least 95%, particularly at least 98%,
particularly at least 88%, sequence identity to the sequence depicted in SEQ 1D NO:
2 and has substantially the same immunogenic activity as said antigenic peptide of
SEQ 1D NO: 2, wherein the amine acid residus corresponding o amino acid residue
18 {P-Tyris) of SEQ 1D NO: 2 is phosphorylated (T1).

in one embodiment, the invention relates fo an antigenic peptlide, particularly an
antigenic peptide modified according o the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic
peptide or a functional fragment thereof, which peptide or fragment exhibits an
amino acid sequence as depicled in SEQ ID NO: 2, wherein amino acid residus 18
(P-Tyrg) ia phosphorylated (T1).

in one embodiment, the invention relates to an antigenic peplide, particutarly an
antigenic peplide modified according to the present invention, or a functicnal
fragment thereof and a pharmaceutical composition comprising said antigenic
peplide or a funclional fragment thereof, which peplide or fragment exhibits an
amino acid sequence which shows at least 80%, particularly at least 85%,
particutarly at least 80%, parficularly at least 88%, particdarly at least 98%,
particutarly at least 88%, sequence identity to the sequence depictad in SEQ 1D NO:
3 and SEQ ID NO: 4, respectively, and has substanfially the same immuncgenic
activity as said antigenic peptide of SEQ D NO: 3, wherein at least one, particularly
at least 2, paticularly af least 3, but especially all of amino acid residues
corresponding to amino acid residues 202 (P-8eryg), 205 (P-Thrags), 212 (P-Thryp),
and 214 (P-Seryw) of SEQ D NO: 3 and 4, respectively, are phosphorylated.

In one embodiment, the invention relates to an antigenic peptide, particularly an

antigenic peplide modified according fo the present invention, or a functional
7
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fragment thereof and & pharmaceutical composition comprising said antigenic
peplide or a functional fragment thereof, which peptide or fragment exhibits an
amino acid sequence as depicted in SEQ 1D NO: 3 and SEQ ID NO: 4, respectivaly,
wherein at least one, particularly at least 2, particularly at least 3, but especially all
of amine acid residues 202 (P-Seryg), 205 (P-Thrgsy, 212 (P-Threy), and 214 (P-
Sers) are phosphorylated.

In one embodiment, the invention relates to an antigenic peptide, particularly an
antigenic peptide modified according 1o the presant invention, or a functional
fragment thersof and a pharmaceuiical compeosition comprising said antigenic
peptide or a functional fragment thereof, which peptide or fragment exhibits an
amine acid sequence which shows at least 80%, particularly at least 85%,
particularly at least 90%, particularly at least 95%, particularly at least 58%,
particularly at least 99%, sequence identity {o the sequence depicted in SEQ 1D NO:
4 and has substantially the same immunogenic activity as said antigenic peptide of
SEQ D NG 4, wherein at least one, particularly at least 2 of amine acid residuss
corresponding to amino acid residues 202 (P-Seryg) and 205 (P-Thrys) of SEQ ID
MO: 4 are phosphorylated.

in one embodiment, the invention relates {o an antigenic peplide, particularly an
antigenic peptlide maodifled according to the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic
peptide or a functional fragment thereof, which peptide or fragment exhibits an
amino acid sequence as depicted in SEQ 1D NO: 4, wherein at least one,
patticularly at least 2 of amino acid residues 202 {P-Serg) and 205 (P-Thryes) are
phosphoryiated.

In one embodiment, the invention relates to an antigenic peptide, particularly an
antigenic peplide modified according fo the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic
peptide or a functional fragment thereof, which peptide or fragment exhibits an
aming acid sequence which shows at least 8%, particularly at least B5%, particularly
at least 80%, particularly af least 85%, particularly at least 98%, particularly af least
99%, sequence identity to the sequence depicted in SEQ ID NO: 3 and has

substantially the same immunogenic aclivity as said aniigenic peplide of SEQ 1D
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NG: 3, wherein at least one, particularly at least 2 of amino acid residues
corresponding to amino acid residues 212 (P-Thrayz) and 214 {P-Serp) of SEQ D
NO: 3 are phosphorylated.

in one embodiment, the invention relates to an antigenic peptide, particularly an
antigenic peplide modified according to the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic
peptide or a functional fragment thereof, which peplide or fragment exhibits an
aming acid sequence as depicted in BEQ 1D NO: 3, wherein at least one,
particularly at least 2 of amino acid residues 212 (P-Thryg) and 214 (P-Serys) are
phosphorylated.

In one embodiment, the invention relates {o an antigenic peplide, particularly an
antigenic peptide modified according to the present invention, or a funclional
fragment thereof and a pharmaceulical composition comprising said antigenic
peptide or a functional fragment thereof, which peptide or fragment exhibits an
amino acid sequence which shows at least 80%, particularly at least 85%,
particularly at least 80%, particularly at least 95%, particularly at least 98%,
particularly at least 89%, sequence jdentity to the sequence depicted in S8EQ 1D NG
5 and has substantially the same immunogenic activity as said antigenic peptide of
SEQ 1D NO: 5, wherein al least one, but especially all of amino acid residues
corresponding 1o amine acid residues 396 (P-Sersgs) and 404 (P-Serygs) of SEQ D
NO: 5 are phosphorylaied.

in one embodiment, the invention relates to an aniigenic peplide, particularly an
anligenic peptide modified according tfo the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic
peplide or a functional fragment thereof, which peplide or fragment exhibits an
amino acid sequence as depicted in SEQ 1D NO: §, wherein at least one, but
especially all of amino acid residuss 388 (P-Seryes) and 404 (P-Sersgs) are

phosphorylated.

In one embodiment, the invention relates o an antigenic peptide, particularly an
anfigenic peptide modified according to the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic

peptide or a functional fragment thereof, which peptide or fragment exhibits an
9
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amino acid sequence which shows at least 80%, parficularly at least 85%,
particularly at least 90%, particularly at least 95%, particularly at least 98%,
particularly at least 98%, sequence identity {o the sequence depicted in SEQ 1D NG:
6 and has substantially the same immunogenic activily as said antigenic peptide of
SEQ ID NO: 8, wherein at least one, but especially all of amino acid residues
corresponding to amino acid residues 404 (P-Serps) and 408 (P-Serg) of SEQ 1D
NQ: 8 are phosphoryiated.

In one embodiment, the invention relates o an antigenic peptide, particularly an
antigenic peptide modified according to the present invention, or a functional
fragment thereof and a pharmaceutical composttion comprising sald antigenic
peptide or a functional fragment thereof, which peptide or fragment exhibits an
amino acid sequence as depicted in SEQ ID NO: 6, wherein at least one, but
gspecially all of amino acid residuss 404 (P-Ser) and 408 (P-Serys) are
phosphoryiated.

in one embodiment, the invention relates to an anfigenic peptide, particularty an
antigenic peptide modified according to the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic
peptide or a funclional fragment thereof, which peptide or fragment exhibite an
amino acid seguence which shows at least 80%, particularly at least 85%,
varticularly at least 90%, particularly at least 85%, particularly at least 58%,
particularly at least 88%, sequence identily to the sequence depicted in SEQ {D NO:
7 and has substantially the same immunogenic activity as said antigenic peptide of
SEQ 1D NG 7, wherein al least one, particularly at least 2, particularly a least 3, but
especially all of amine acid residues corresponding to amino acid residues 202 (P-
Sersnr), 205 (P-Thraes), 212 {P-Thiyay), and 214 (P-Serp) of SEQ ID NO: 7 are
phosphorylated.

in one embodiment, the invention relates o an antigenic peptide, particularly an
antigenic peptide modified according fo the present invention, or a functional
fragment thereof and a pharmaceutlical composition comprising said antigenic
peptide or a functional fragment thereof, which peptide or fragment exhibits an
aming acid sequence as depicled in SEQ 1D NO: 7, wherein at least one,

particularly at least 2, particularly a least 3, but espeacially all of amine acid residues
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202 {P-'S@fzgg}: 205 {@*Thﬂzgs}, 212 (P~Thl’212). and 214 (p-SEFQm} are
phosphorylated.

in one embodiment, the invention relates to an anligenic peplide, particularly an
antigenic peptide modified according to the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic
peptide or a functional fragment thereof, which peptide or fragment exhibits an
aming acid saguence which shows at least 80%, particularly at least 85%,
parficularly at least 90%, particulary at least 95%, particularly at least 98%,
particidarly at least 89%, sequence identity {o the sequence depicted in SEQ 1D NO:
8 and has substantially the same immunogenic activity as said antigenic peptide of
SEQ 1D NO: 8, wherein the amino acid residue corresponding to amine acid residue
408 (P-Seraq) of SEQ 1D NO: 8 is phosphorylated.

Irt one embodiment, the invention relates to an antigenic peptide, particularly an
antigenic peptide modified according to the present invention, or a functional
fragment thereof and a pharmaceutical composition compriging said antigenic
pepiide or a functional fragment thereof, which peptide or fragment exhibits an
amino acid sequence as depicted in SEQ 1D NO: 8, wherein the amino acid residue
corresponding to amino acid residue 408 (P-Serue) of SEQ 1D NO: 8 is
phosphorylated.

in one embodiment, the invention relates fo an antigenic peptlide, particularly an
antigenic peplide modified according to the present invention, or a functional
fragment thereof and a pharmaceutical composition comprising said antigenic
peptide or a functional fragment thereof, which peplide or fragment exhibits an
amino acld sequence which shows at least 80%, particularly at least 85%,
particularly at least 90%, particulady at least 95%, particularly al least 88%,
particularly at least 99%, sequence identity fo the sequence depicted in SEQ {D NO:
8 and has substantially the same immunogenic activity as said antigenic peplide of
SEQ D NO: 9, wherein the amino acid residue corresponding fo amino acid residue
404 (P-Sergs) of SEQ 1D NO: § is phosphorylated.

in one embediment, the invention relates o an antigenic peptide, particularly an
antigenic peptide modified according io the present invention, or a functional

fragment thereof and a pharmaceutical composition comprising said antigenic
i1
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peptide or a functional fragment thereof, which peplide or fragment exhibits an
amino acid sequence as depicted in S8EQ [D NO: 8, wherein the amino acid residue
corresponding to amino acid residue 404 (P-Sergs) of SEQ ID NO: 9 is
phosphorylated.

Also comprised by the present invention is a antigenic peptide modified according to
the present invention or a functional fragment thereof and a pharmaceutical
compuositions comprising said madified antigenic peptide or a functional fragment
thereof, which peptide is essentially identical 1o the above mentioned antigenic
peptides as shown in SEQ ID NOs: 2 fo 8@ and has substantially the same
immunogenic activily as said anligenic peptides of SEQ 1D NOs: 2 to 9, but
particular a varant peplide fragment thal is a conservatively modified variant of said
fragments, wherein the alterations resul in the substitution of ane or more amino
acids, particularly of between one to 10 amino acids, more particularly of between
one to & amino acids, even more particularly of between one to 4 amino acids, but
especially of between one o 3 amino acids, with a chemically similar amino acid.
Conservative substitution tables providing functionally similar amino acids are well
known in the arl and disclosed hersin below. The conservative subsiitufion is
preferably to be made such that the overall net charge of the peplide and slso the
charge distribution over the peplide molecule remains essentially the same.

Also comprised by the present invention is a variant peptide fragmant, particularly a
variani anfigenic peptide modified according io the present invention and a
pharmaceutical composition comprising said variant peptide fragment, which
peptide is essentially identical fo the above identified fragments of the invention and
has subsiantially the same biological activity of said fragments, wherein ong ar more

amino acid residues are deleted.

in a further embodiment, the peptide according to the invention or a functional
fragment thereof is provided in form of a polymer selected from the group consisting
of a 2-mer, a 3-mer, a 4-mer, a 5-mer, a 6-mer, a 7-mer, g 8-mer, a B-mer, a 10-
mert, a 11-mer, a 12-mer, & 13-mer, a 14-mer, a 15-mer, a 18-mer, a 20-mer, a 30-
mer and a 50-mer, wherein the monomer units constituting sald polymer are atways
identical or are different monomer units and selected from the group consisting of a
peptide according o the invention and as described herein, particularly a peptide as
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shown in SEQ 1D NO: 2, SEQ 1D NO: 3, SEQ ID NG: 4, SEQ ID NO: 5, SEQ 1D NO:
6, SEQ 1D NO: 7, SEQ ID NO: 8, and SEQ D NO: 9 or a functional fragment thereof

and variant peptides.

In one embodiment, the antigenic peplide according to the invention and as
described herein or a {functional fragment thereof, is modified through attachment to
or reconstiution into a carrier, particularly a carrier that has also functionality as an
aduvant resulting a supramolecular antigenic construct. In a spacific embodiment,
the anfigenic peptide according fo the invention and as described herein or a
funciional fragment thersof, is modified through attachment to or reconstitution into
a liposome such as to produce an "supramolecular antigenic construct” as described
in WO publication WO 2005/081872, the description of which is enclosed herewith
by reference in its entirety. The antigenic peptide or a functional fragment thereof is
further modified such that i exhibits a unigue presentation of the antigenic peptide
on the carrier swface, which leads to an enhanced exposure of the antigen and
ulfimately to the generation of antibodies which show a high degree of
conformational sensitivity. in parficular, the antigenic peplide according to the
invention and as described herain, is modified through association with a lipophilic
or hydrophobic molety, that facilitates insertion into the lipid bilayer of the liposome
carrier/immune adjuvant, particularly by a lipophitic or hydrophobic moiety which
functions as an anchor for the peptide in the liposome bilayver and has a dimension
that leads to the peplide being positioned and stabilized in close proximity o the

liposome surface.

In a further embodiment of the invention, the lipophilic or hydrophobic moiety is a
fatty acid, a triglyceride or a phospholipid, particularly a fatly acid, a triglyceride or a
phospholipid containing a carbon chain of between C12 and C24, but especially a
palmitic acid.

in & specific embodiment of the invention an antigenic peptide according to the
invention and as described herein is provided, or a functional fragment thereaof,
modified by at least two molecules of palmitic acid covalently bound to the N- and C-
terminal ends of said antigenic peptide or a functional fragment thereof, and by

reconstitution into a liposomal carrier.
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in one embodiment of the invention, the peptides or fragments in the conjugates are
each coupled to four molecules of palmitic acid, they are therefore
tetrapalmitovlated.

In one embodiment of the invention, two molecules of palmitic acid are coupled to
the N-terminal end and two molecules of palmitic acid are coupled o the CAermingl

and of the peptide or fragment.

in still a further embodiment, the present invention provides an antigenic peptide
according to the invention and as described herein, or a functional fragment thereof,
modified through association with a lipophilic or hydrophobic molety such as, for
example, palmilic acid and reconstituted in a liposome, wherein the liposomal
preparation may in addifion coniain an adjuvant such as, for example, lipid A, alum,
calcium phosphate, interleukin 1, andfor microvapsules of polysaccharides and
proteins, but particularly a detoxifled Bhpid A, such as monophosphoryt or

diphosphory lipid A, or alum resulting in a supramolacular antigenic consiruct,

In ope embodiment, the invention relates to a supramolecular construct of the
nvention and as described herein, which comprises per carrier moleculs one or
more antigenic peptides, particularly two or more antigenic peplides, according o
the invention and as described hersin, or a funclional fragment thereof,

i one embodiment of the invention, said carrier molecule is a liposome.

In one embodiment of the invention, the two or more anfigenic peptides are the
sarne or different peptides, particularly peptides selected from the group consisting
of SEQ iD NO: 2, SEQ 1D NO: 3, SEQ ID NO: 4, SEQ D NO: 5, SEQ ID NO: 8,
SEQ D NO: 7, SEQ ID NG 8, and SEQ 1D NO: 9 or functional fragments thersof

and variant peptides.

in one embodiment, the invention relates to a supramoiecular construct of the
invention and as described herein, which comprises per carrer molecule
combination of fwo or more antigenic peplides of SEQ 1D NG: 3 and SEQ 1D NO: 4,
ar functional fragments thereof.

In one embodiment, the invention relates {o an antibody, particularly a monocional
antibody including any functionally equivalent antibedy or functional parts thereof,

which antibody recognizes and binds a phosphorylated pathologieal protein tau-
14
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conformer or those parts of the conformer which causes the pathological properties

of said conformer, particularly a pathological phospho-epitope of protein tau.

In particular, the present invention provides an antibody, particularly a monocional
antibody including any functionally equivalent antibody or functional pars thereof,
which antibody recognizes and binds a phosphorylated, pathological protein tau-
conformer or those parts of the conformer which causes the pathological properties
of said conformer, particularly a pathological phospho-epitope of protein tau, with a
high specificity.

In a specific embodiment, the antibody, particularly the monoclonal antibody
ncluding any functionally equivalent antibody or funclional parts thereof according
to the invention binds the pathological protein tau-conformer or those parts of the
contormer causing the pathological properties of said conformer with an affinity that
is at least 40%, particularly at least 50%, particularly at least 60%, particularly at
least 70%, particularly at feast 80%, particularly at least 80%, particularly at least
85% and up fo 100% higher than the binding affinity for the unphosphorylated, non-
pathologial tau conformer,

In & specific embodiment, an antibody, particularly a monocional antibody including
any funclionally equivalent antibody or functional parts thereof according to the
invention is provided, which binds specifically to neurcfibrilfar tangles (NFTs) and
neuropil threads in human Alzheimer Disease brains.

it is another object of the present invention to provide antibodies, particularly
monocional antibodies or functional parts thereof, that directly and specifically binds
to an epitope on the tau protein, or to a combination of epitopes, particularly to an
epitope specific to a phosphorylated, pathological protein tau-conformer, particularly
a pathological phospho-epitope of protein tau such as, for example, an epitope as
represenied by or comprised in a peplide sequence selected from the group of
sequences as given in SEQ 1D NO: 2, SEQ 1D NG: 3, SEQ D NO: 4, SEQ 1D NO: 5,
SEQ D NO: g, SEQ 1D NO: 7, SEQ {D NO: B, and SEQ D NO: 8 and variant
fragments thereof.

In particular, the present invention provides an antibody including any functionally

equivalent antibody or functional parts thereof particularly a monoclonal antibody

1
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including any functionally equivalent antibody or functional parts thereof obtainable
by immunizing a suilable animal with an antigenic peptide, particularly a peptide
composition according to the invention and as described herein before, particularly a
compaosition comprising an antigenic peptide comprising an amino acid sequence as
given in SEQ 1D NO; 2, SEQ D NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, 8EQ 1D NO:
8, SEQ 1D NO: 7, SEQ 1D NO: 8, and SEQ 1D NO: 9, including a functional fragment
or a varant fragment thereof,

in one embodiment, the invention relates to an antibody, particularly a monogslonal
antibody including any functionally equivalent antibody or functional parts thereof,
which antibody has the characteristic properties of an antibody produced by
hybridoma cell line ACH41-Ab1 deposited on March 3, 2010 as DSM ACCR043.

More particularly, the invention relates to an antibody, particularly a monecional
antibody including any functionally equivalent antibody or functional parts thereof
produced by hybridoma cell line ACH41-Ab1 deposited on March 3, 2010 as DSM
ACC3043.

In one embodiment, the invention relates to an antibody, particularly a monoclonal
antibody including any functionally equivalent antibody or functional parts thereof,
which antibody has the characleristic properties of an antibody produced by
hybridoma cell line 286 deposited on March 10, 2010 as D8M ACC3044.

More particularly, the invention relates fo an antibody, particularly a monocional
antibody including any functionaily equivalent antibody or functional parts thereof
produced by hybridoma cell line 288 deposited on March 10, 2010 as DSM
ACC3044.

In one embodiment, the invention relates to an antibody, particularly @ monocional
antibody including any functionally equivalent antibody or functional parts thereof,
which antibedy has the characteristic properties of an antibody produced by
hybridoma cell line 3A8 deposited on March 10, 2010 as DSM ACC3045.

More particularly, the invention relates 1o an antibody, particularly a monocional
antibody including any funclionally equivalent antibody or functional parts thereof
produced by hybridoma cell line 3A8 deposited on March 10, 2010 as DSM
ACC3045.
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In one embodiment, the invention relates to an antibody, particularly a monoclonal
antibody including any functionally eguivalent antibody or funclional paris thereof,
which antibedy has the characteristic properties of an antibody produced by
hybridoma cell fine 4C1 deposited on March 10, 2010 as DSM ACC3048,

More particularly, the invention relates fo an antibody, particularly a monaclonal
antibody including any functionally equivalent antibody or functional parts thereof
prodiced by hybridoma cell line 4C1 deposited on March 10, 2010 as DSM
ACC30486.

in cne embodiment, the invention relates to an antibody, particularly a moenoclonal
antibody including any functionally equivalent antibody or functional parls thereof,
which antipody has the characteristic properties of an antibody produced by
hybridoma cell line 8D10A3 deposited on March 10, 2010 as DSM ACC3047.

More particularly, the invention relates to an antibody, particularly a monoclonal
antibody including any functionally equivalent antibody or functional parts thereof
produced by hybridoma cell line SD10AS3 deposited on March 10, 2010 as DSM
ACC3047.

In one embodiment, the invention refates fo an antibody, particularly a moneclonal
antibody including any functionally equivalent antibody or functional parfs thersof,
which antibody has the characteristic properties of an antibody produced by
hybridoma cell line 8C10 deposited on March 10, 2010 as DSM ACC3048.

More paticulatly, the invention relates to an antibody, particularly a monoclonal
antibody including any functionally equivalent antibody or functional parts thereof
oroduced by hybridoma cell line 6C10 deposited on March 10, 2010 as DSM
ACC3048.

in one embuodiment, the invention relates to an antibody, particularly 2 monoclonal
antibady including any functionally equivalent antibody or functional parts thereof,
which antipbody has the charactenstic properties of an antibody produced by
hybridoma cell line 6H1 deposited on March 10, 2010 as DSM ACC3048.

More particularly, the invention relates to an antibody, particularly a monoclonal
antibody including any functionally equivalent antibody or functional paris thersof
produced by hybridoma cell fine 8H1 deposited on March 10, 2010 as DSM
ACC3048.

17
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In one embadiment, the invention relates to an antibody, particularly a monoclonal
antibedy including any functionally equivalent antibody or funciional paris thersof,
which antibody has the characteristic properties of an aniibody produced by
hybridoma cell line 7C2 deposited on March 10, 2010 as DSM ACC3050.

More particularly, the invention relates to an antibody, particularly a moncclonal
antibody including any functionally eguivalent antibody or functional parts thereof
produced by hvbridoma cell line 7C2 deposited on March 10, 2010 as DSM
ACC3050.

The antibody may be provided in form of a chimeric antibody or a humanized

antibody still exhibiting the specific binding characteristics as disclosed above.

in one embodiment, the invention relates to a cell iine producing an antibody of the
invention as described herein.

in a specific embodiment, the invention relates to hvbridoma cell line ACI-41-Ab1
deposited on March 3, 2010 as DSM ACC3043.

in ancther specific embodiment, the Invenlion relales hybridoma cell fine 2B6
deposited on March 10, 2010 as DSM ACC3044,

In another specific embodiment, the invention relates to hybridoma cell line 3A8
deposited on March 10, 2010 as DSM ACC3045.

In ancther specific embodiment, the invention relates to hybridoma cell ling 4C1
deposited on March 10, 2010 as DSM ACC3048.

In another specific embodiment, the invention relates to hybridoma cell line 50D10A3
deposited on March 10, 2010 as DSM ACC3047.

in another specific embodiment, the invention relates to hybridoma cell line 8C10
deposited on March 10, 2010 as DSM ACC3048.

in another specific embodimeant, the invention relates {o hybridoma cell line 8H1
deposited on March 10, 2010 as DSM ACC3048.

in ancther specific embodiment, the invention relates to hybridoma cell ling 702
deposited en March 10, 2010 as DEM ACC3050.

Also enclosed herewith are subciones and variant clones of the above listed specific
hybridoma cell lines, which still produce an antibody with the specific tau-binding

properties of the present invention.
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in a specific embodiment the invention provides a pharmaceutical compaosition and
a method of producing a pharmaceutical composition comprising an antigenic
peptide fragment, particularly an antigenic peptlide fragment modified through
attachment to andfor reconstitution info a carrier, particularly a liposomal carrier,
according to the invention and as described herein or a funclional fragment thereof,
together with a pharmaceutically acceptable carrier and/or diluent and/or excipient,
for retention or improvement, particularly for complete restoration of the cognitive
memory capacily of an animal, particularly a mammal or a human, suffering from

memaory impairment.

in one embodiment, a pharmaceutical composition is provided comprising an
antibody including any functionally equivalent antibody or functional parts thereof
particularly a monocional antibody including any functionally equivalent antibody or
functional parts thereol according to the present invention in a therapeutically
effective amount together with a pharmaceutically acceptable carrier andfor diluent
andfor excipient.

it is also an object ‘of the invention to provide a pharmaceutical composition
according fo the invention and as described herein, and/or a method, for the
treatment of diseases and disorders which are caused by or associated with the
formation of neurofibrillary lesions, the predominant brain pathology in tauopathy
comprising a helerogernieous group of neurodegeneralive diseases of disorders
including diseases or disorders which show co-existence of tau and amyloid
pathologies including, but not limited to, Alzheimer's Disease, Creutzfeldi-Jacob
dissase, Dementia pugilistica, Down's Syndrome, Gerstmann-3traussier-Scheinker
disease, inclusion-body myositis, and prion protein cerebral amyloid angiopathy,
traumatic brain injury and further diseases or disorders which do not show a distinst
amyloid pathology  including, but not  limited to, amyotrophic laleral
sclerpsis/parkinsonism-dementia complex of Guam, Non-Guamanian motor neuron
disgase with neurofibrillary tangles, argvrophilic grain dementia, corticobasal
degeneration, diffuse neurofibrillary tangles with calcification, frontotemporal
dementia with parkinsonism linked to chromosome 17, Hallevorden-Spatz disease,
muttiple system atrophy, Niemann-Pick disease, type C, Pick's disease, progressive

subcortical gliosis, progressive supranuclear palsy, Subacute sclerosing
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panencephalitis, Tangle only dementia, Posiencephalitic Parkinsonism, Myotonic
dystrophy, said method comprising administering to an animal, particularly a
mammal or & human, a pharmaceutical composition according to the invention and
as described herein in a therapeutically effeclive amount together with a

pharmaceutically acceplable carmer and/or diluent and/or excipient,

In a specific embodiment the invention provides pharmaceutical composition
according to the invention and as described herein, and/or a method, for retaining or
increasing cognitive memory capacity but, particularly, for fully restoring the
cognitive memory capacity of an animal, particularly a mammal or a human,
suffering from memory impairment, said method comprising administering o an
animal, particularly a mammal or a human, a pharmaceutical composition according
fo the invention and as described herein in a therapeutically effective amount

together with a pharmaceutically acceptable carrier and/or diluent and/or excipient.

it is another object of the invention {o provide a pharmaceutical compaosition and a
method of producing such a composition, as well as a method for inducing an
immune response in an animal, particularly 8 mammal or a human suffering from a
disease and condition which is caused by or associated with the formation of
neurofibrillary lesions, by administering {o said animal or human a pharmaceutical
composition according to the invention in a therapeutically effective amount fogether

with a pharmaceudically acceptable carrier and/or diluent andfor excipient.

in one embodiment of the invention, a method is provided for inducing an immune
response in an animal, particularly & mammal or a human suffering from
neurcfiprillary lesions resulting in a taucpathy, {o such an extent that a retention or
improvement of the symptoms associated with this disease or condition such as, for
example, memory impalirment can be obtained, particularly a2 complete restoration of

the original condition,

The pharmaceutical composition comprising an antigenic peptide according o the
invention and as described herein upon adminisiration {o an animal, particularly a
mammal, but especially a human, results mainly in the generation of antibodies of
non-inflammatory Th2 sublypes such as, for example, isotype lgG1 and lgGzb
and/for antibodies of the T-cell independent IgG subclass such as, for example, IgG3

andfor doses not lead 1o a significant increase in inflammation markers in the brain,
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particularly of inflammation markers selected from the group consisting of IL-1 B, IL-
&, IFN-y and TNF a.

In a further aspect of the invention, the pharmaceutical composition comprising an
antigenic peptide secording to the invention and as described herein may be used
for inducing a T-cell independent immune response upon treatment of a disease,
condition or disorder in a patient, particularly an animal or human patient,
particularly a patient in need of such a T-cell independent response such as, for
example, an immune tolerant patient or a2 T-cell aclivaled patlient wherein said
antigenic peptide is modified through aitachment to andfor reconstitution into a
carrier, particularty a liposomal carrier such that the antigen is presented on the
surface of the carrier, particularly the liposome.

In one embodiment, the antigenic composition of the invention as described herain
is effective as an inmune stimulant.

in a specific embodiment of the invention, saild peplide antigen is presented in a
highly repetitive array on the surface of the liposome. In a further specific
embodiment, said antigen does not contain a T-cell epitope.

In one embodimant of the invention, the antigenic composition of the invention as
described herein is used for treating an immune tolerant patient or a T-cell activated
patient, particularly a immunocompromised. patient, particularly a patient suffering
from an auloimmune disgase, particularly a8 patient who suffers from a T-osll
deficiency, particularly a T-cell deficiency, which is caused by a depietion within said
patients of CD4 T-cells andfor a reduced expression of CO14 and/or the CD40L on
Chd T-calls.

The antibodies according to the invention may be used in a method of diagnosing a
fau-protein-asscciated disease or condition in a palien! comprising detecting the
immunospecific binding of an antibody or an active fragment thereof {o an epitope of
the tau protein in a sample or in sifu which includes the steps of
(a)  bringing the sample or a specific body part or body area suspected to
contain the {au protein info contact with said antibody, which antibody
binds an epitope of the tau protein;
{0y  allowing the antibody tv bind fo the teu protein fo form an

immunological complex;
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{c}  detecting the formation of the immunological complex; and

(d) correlating the presence or absence of the immunological complex
with the presence or absence of tau protein in the sampie or specilic
hody part or area.

in one embodiment, a method is provided for diagnosing a predisposition fo {au-
protein-associated disease or condition in & patient comprising detecting the
immunospecific binding of 2 monoclonal antibody or an active fragment thereof to
an epitope of the {au profein in a sample or in sifu which includes the steps of
{a)  bringing the sample or a specific body part or body area suspected fo
contain the tau antigen into contact with an antibody according to the
invention and as described herein before, which antibody binds an
epitope of the tau profein;
{b) allowing the aniibody fo bind 1o the fau antigen to form an
immunological complex;
{ty  detecting the formation of the immunological complex; and
{d) correlating the pressnce or absence of the immunclogical complex
with the presence or absence of tau antigen in the sample or specific
body patt or area,
(e} comparing the amount of sald immunelogical complex to a normal
conirol value,
whersin an increase in the amount of said aggregate compared 1o a normal control
value indicates that said patient is suffering from or s at risk of developing an tau

profein-associated disease or condition,

in another embodiment, the invention refates {0 a meihod for moenitoring minimal

residual disease in a paflent following freatment with an antibody or a

pharmaceutical composition according to any one of the preceding claims, wherein
said method comprises:

(a}y  bringing the sample or a specific body part or body area suspected 1o

contain the tau antigen into contact with an antibody according to the

invention and as described herein before, which antibody binds an

epitope of the tau protein;
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{by aliowing the antibody to bind 1o the tau antigen to form an
immunological complex;

{cy  detecting the formation of the immunological complex; and

(dy correlating the presence or absence of the immunological complex
with the presence or absence of tau antigen in the sample or specific
body part or area,

(&) comparing the amount of said immunological complex to a normal
control value,

whergin an increase in the amount of said aggregate compared to a normal control

vaiue indicates that said patient still suffers from a minimal residual disease.

In still another embodiment, the invention provides a method for predicting
responsiveness of a patient being treated with an antibody or a pharmaceutical
composition according to any ong of the preceding claims comprising
(a)  bringing the sample or a specific body part or body area suspected to
contain the tau antigen intc contact with an antibody according fo the
gvention and as described herein before, which antibody binds an
apitope of the tau protein;
(b) allowing the antibody to bind to the fau antigen to form an
immunological complex;
(¢)  detecting the formation of the immunciogical complex; and
()  correlating the presence or absence of the immunociogical complex
with the presence or absence of tau antigen in the sample or specific
body part or area,
() comparing the amount of said immunological complex before and after
onset of the treatment,
wherein an decrease in the amount of said aggregate indicates that said patient has

a high potential of being responsive {o the treatment.

In another embodiment of the invention, the antibody according to the invention may
be used in a {est kit for detection and diagnosis of tau-associated diseases and

conditions.

in particular, a test kit is provided for detection and diagnosis of tau protein-

assoclated diseases and conditions comprising antibodies according to the
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invention, in particular a test kit comprising a confainer holding one or more
antibedies according to the present invenfion and instructions for using the
antibodies for the purpose of binding to tau antigen to form an immunological
complex and detecting the formation of the immurological complex such that
presence or absence of the immunclogical complex correlates with presence or

absence of tau antigen,

These and other objects, features and advaniages of the present invention will
become apparent afler a review of the following detailed description of the disclosed
embodiment and the appended claims.

Brief Description of Flaures and Sequences

Figure 1a: Anti-Taub-20 [pY18] tgG antibodies in WT mice immunized with ACH-
33. Analysis of anti-Taub-20 [p¥ 18] IgG antibodies in the sera of CH7BLIE wild-
type mice receiving 3 injections of ACE33 a1 d0, d13 and d28 and being bleed at
d-1, d27 and d47. Results are expressed as mean O.D + siandard deviation
obtained in the group of 8 mice.

Figure 1h: Anti-Tau5-20 [pY 181 lgG antibodies in TKO mice immunized with ACI-
33. Analysis of anti-Tau5-20 [pY18] lgG antibodies in the sera of C57BLIIB wild-
type mice receiving 3 injections of ACI33 at d0, d13 and d28 and being bleed at
d-1, d27 and d47. Resulis are expressed as mean 0.0 + standard deviation
obtained in the group of 8 mice.

Figure. 2a Anti-Taul383-408 [pS386/pS404] gG antibodies in WT mice
immunized with ACIE-35. Analysis of anti-Tau393-408 [pS306/p8404] igG
antibodies in the sera of C57BLA wild-type mice receiving 5 injections of ACI-35
at d0, d16, d30, d99 and d113 and being bleed at d-1, d28, d42, d898 and d128.
Results are expressed as mean 0.0 + standard deviation obtained in the group
of 6 mice.

Figure 2b: Anti-Tau383-408 [pS396/pS404] IgG antibodies in TKO rmice
immunized with ACI-35. Analysis of anti-Tau383-408 [pS396/pS404] IgG
antibodies in the sera of TKO mice receiving § injections of ACE35 at d0, d18,
430, d89 and d113 and being bleed at d-1, d28, d42, d88 and 4128, Resulis are
expressed as mean 0.D + standard deviation obtained in the group of 8 mice.
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Figure 3a: Anti-Taud01-418 [pS404/8408] IgG antibodies in WT mice immunized
with ACI-368.Analysis of anti-Taud01-418 [p5404/5409] IgG antibodies in the sera
of C57BL/B wild-type mice receiving 3 injections of ACI-36 at d0, d13 and d28
and being bleed at d-1, d27 and d47. Results are expressed as mean O.D +
standard deviation obtained in the group of 6 mice.

Figure 3b: Anti-Taud01-418 [pS404/8409] IgG antibodies in TKO mice
immunized with ACI-38 Analysis of anti-Taud(1-418 [pS404/8408] 1o antibodiss
irt the sera of TKO mice receiving 3 injections of ACH-36 at d0, d13 and d28 and
being bleed at d-1, d27 and d47. Resulls are expressad as mean 0.0 + standard
deviation obiainad in the group of 8 mice for d-1/d27 and in the group of 5 mice
for d47.

Figure 4a/db: Anti-Tau2086-221 [pT212/p5214] and anti-Tau186-211 [pS202/pT205]
lgG antibodies in WT mice immunized with ACH41. Analysis of anti-Tau206-221
[pT212/pS214] and anti-Tau196-211 [p3S202/pT205] IgG antihodies in the sera of
CB7BLAB wild-type mice receiving 3 injections of ACI-41 at dO, d20, d35 and being
blead at d-1, d34, d48. Results are expressed as mean 0.D + standard deviation
obtained in the group of 6 mice. Same sera were fested on both pTau peptides.
Figure  4cidd:  Anti-Tau206-221  [pT212/pS214] and  anti-Tauif88-211
[pS202/pT205] IgG antibodies in TKO mice immunized with ACI-41 Analysis of
anti-Tau206-221 [pT212/pS214] and anli-Taut86-211 [pS202/pT205] lgG
antibodies in the sera of TKO mice receiving 3 injections of ACI41 at d0, d20,

d35 and being bleed at d-1, d34, d48. Resulls are expressed as mean 0.0 +
standard deviation obtained in the group of 8 mice. Same sera were fested on
both pTau peplides.

Figure Ba: Anti-Taub-20 [pY18] gl isclypes and lgM antibodies in WT mice
immunized with ACI-33. Analysis of anti-Tau5-20 [pY18] IgG1, 22, 2b, 3 and igM
antibodies in the sera of CS7BL/G mice 47 days after the first ACI33
immunization. Resulls are expressed as O.D. at a dilulion of /100 {igG1), 1/100
(lgG2a), 1100 {igG2b), 1/100 (IgG3) and 1/3200 (igM) showing mean + standard
deviation obtained in the group of 6§ mice.

Figure 5b: Anti-Taub-20 [pY18] lgG isotypes and IgM antibodies in TKO mice
immunized with ACE33. Analysis of anti-Tau8-20 [pY18] 1gG1, 2a, 2b, 3 and igh
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antibodies in the sera of TKO mice 47 days after the first ACK-33 immunization.
Resulis are expressed as O.D. at a dilution of 1100 (IgG1), 17100 (1gG2a), 1/100
(lgGeby, 1100 (1gG3)y and 1/3200 {IgM) showing mean + standard deviation
obtained in the group of 6 mice,

Figure 8a; Anti-Tau393-408 [p8386/pS404] igG isolypes and IgM antfibodies in
WT mice immunized with AC 35 Analysis of anti-Tau393-408 [pS396/p5404]
gG1, 2a, 2, 3 and IgM antibodies in the sera of CS7BL/G mice 42 days after the
first ACI-35 immunization. Resulis are expressed as 0.0, at a dilution of 1/100
{igG1), 171600 (lgG2a), 1/1600 (lgG2b), 17800 (IgG3) and /1800 (Igh) showing
mean + standard deviation obtained in the group of § mice

Figure 8h: Anti-Tau393-408 [pS396/pS404] IgG isotypes and IgM antibodies in TKO
mice immunized with ACH 35. Analysis of anti-Tau393-408 [pS386/pS404] 1gG1, 2a,
2b, 3 and |gM antibodies in the sera of TKO mice 42 days after the first ACI-35
immunization. Results are expressed as 0.D. at a dilution of 1/100 (Ig31), /1600
(lgG2a), 171600 (lgG2b), 1/800 (1gG3) and 141600 (IgM) showing mean + standard
deviation obtained in the group of 6 mice.

Figure 7a; Anti-Taud01-418 [p8404/5408] IgG isolypes and IgM antibodies in WT
mice immunized with ACI 38. Analysis of anti-Taud01-418 [pS404/8409] 1gG1, 2a,
2b, 3 and igM antibodies in the sera of C57BL/G mice 47 days after the first ACI-36
immunization. Results are expressed as O.D. at a dilution of 17100 (1gG1), 1/400
(tgG2a), 1400 (lgG2b), 17100 {IgG3) and 1/400 (igM) showing mean + standard
deviation obtained in the group of § mice. |

Figure 7h: Anti-Taud01-418 [pS404/5409] 1gG isotypes and IgM antibodies in TKO
mice immunized with ACE 38, Analysis of anti-Taud01-418 {pS404/5409] IgG1, 2a,
2b, 3 and IgM antibodies in the sera of TKO mice 47 days after the first ACI-38
immunization. Resulls are expressed as 0.0, at a dilution of 17100 {lgG1), 14100
(lgB32a), 1100 (jgGe2b), 17100 (IgG3) and 1/400 (igM) showing mean + standard
deviation obiained in the group of § mice.

Figure 8a: Anti-Taui98-211 {pS202/pT205] lyC isotypes and igM antibodies in WT
mice immunized with AC! 41, Analysis of anti-Tau196-211 [p8202/pT205] 1gG1, 2a,
2k, 3 and Igh antibodies in the sera of C57BL/G mice 48 days after the first ACH-41
immunization. Results are expressed as 0.0, at a didution of 17100 (1gG1), 1100
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(lgG2a), 1/3200 (IgG2h), 1/160C (IgG3) and 1/3200 {IlgM) showing mean + standard
deviation obiained in the group of 6 mice.

Figure 8b:. Anti-Tau196-211 [pS202/pT205] igG isotypes and g antibodies in
TKO mice immunized with ACl 41, Analysis of apti-Tau196-211 [pS202/pT205]
IgG1, 2a, 2b, 3 and IgM antibodies in the sera of TKO mice 48 days after the first
ACH41 immunization. Results are expressed as O.D. at a dilution of 1/100 (1lgG1),
1100 {1gG2a), 173200 (ig2b), 111600 (IgB3) and 1/3200 {igM) showing mean +
standard deviation obtained in the group of 8 mice.

Figure 8a/9b. ACI-36 Hybridoma supernatants from T26 flasks: TAUPIR and Tau
ELISA screen. Ba. TAUPIR staining of old biGT mouse using undiluted supernatant,
8b Analysis of anti-pTau peplide T4.5, anti-Tau peplide T4.8, anti-pTau protein and
anti-Tau protein titers of undiluted clone supernatant samnples. Results are
expressed as 0.0,

Fiqure 10a/10b/10c; AGI-41 Hybridoma supernatants from T25 flasks; TAUPIR and
Tau ELISA screen. 10a. TAUPIR staining of old biGT mouse using undiluted

supernatant. 10b. Analysis of anti-pTau peptide 78.5, anti-Tau peptide 78.6, anti-
pTau protein and anti-Tau protein titers of undiluted clone supernatant samples.
Results are expressed as 0.D. 10c. Analysis of anti-pTau peptide T9.5, anti-Tau
peptide 79.6, anti-pTau protein and anti-Tau protein titers of undiluted clone
supernatant samples. Results are expressed as 0.0

Figure _11. Hybridoma supernatant on plate coled with T8 Tau208-221
[pT212/p8214], T9: Taul06-211 [pS202/pT2058] and hP-Tau. Analysis of anii-
Tau206-221 [pT212/pS214], anii-Tau186-211 [pS202/pT205] and anti-hP-Tau
antibodies from hybridoma clones supernatant, Resulls are expressed as 0.D.
Same supernatant was tested undiluted on both pTau peptides and hP-Tau.

Figure 12: Antibody clone ACI-41-Ab1 (T88-F4) stains NFTs in

human AD brains., Brain sections from AD (g, b, and ¢}, PSP
{progressive supranuclear palsy) {d, €, and f), and hesalthy control (g,

h, and i) subjects were stained using AT100 (&, d, and g), or AC}-41-

Ab1 {T89-F4yat 1/1 (b, e, and h) or at 1/30 {¢, 1, and i} dilutions.

Figure 13: Antibody 8D10 stains NFTs in human AD brains.

Cortical brain sections from AD subjects were stained using 5010 {a) or AT100 (b)
antibodies.
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Figure 14: Anti-Tau393-408 [pS396/p5404] igG antibodies in mice immunized with
ACI-35. Analysis of anti-Tau393-408 [pS386/pS404] IgG antibodies in the plasma of
C87BL/G mice receiving 3 injections of ACI-35 at di, d14 and d28 and being bled at
d-7, d7, d21, d35 and o56. Results are expressed as mean Q.0. + standard
deviation obtained in the groups of 10 mice.
Figure 15 Ant-Tau383-408 [pS386/p5404] IgG isotypes antibodies in mice
immunized with ACI-35. Analysis of anti-Tau3983-408 [pS306/pS404] IgG1, 22, 2b
and 3 antibodies in the plasma of C57BL/6 mice 35 days after the first ACK35
immunization. Results are expressed as 0.D. al a non-saturated dilution of
11800 (gG1), 1/3200 (lgG2a), 1/3200 (lgG2b) and 1/800 (IgG3) showing mean
+ standard deviation obtainad in the groups of 10 mice.
Figure 18a: Anti-Tauld83-408 [pS306/5404] IgM antibodies in mice immunized
with ACI-35. Analysis of Tau383-408 [pS386/5404] lght antibodies in the plasma
of CB7BL/B mice 35 days after the first ACI-35 immunization. Results are
expressed as 0.D. at a dilution of 1/6400 showing mean + standard dewviation
obtained in the groups of 10 mice.
Figure 18b; Anti-Tau383-408 1gG antibodies in mice immunized with ACH35,
Analysis of Tau393-408 1gG antibodies in the plasma of C57BL/S mice 35 days
after the first ACI-35 immunization. Results are expressed as C.0. at a dilution of
17100 showing mean + standard deviation oblained in the groups of 10 mice.
Figure 17: Proliferation of cells from spleen restimulated with Con A or pTawTau
peptide. Analysis of Tau-specific T cell proliferation by MTT at d568. Splenocytes
were pooled from 10 mice of each group and restimulated with ConA, Taudg3-
408 [pS386/5404] or Taul383-408 peplides.
Figure 18. Cylokine production by ELISPOT of splenceyies restimulated with
Tau303-408 [pS386/3404] and Taul383-408 peplides. ELISPOT analysis of
cytokine production by P-TawTau-specific T cells. Splenocyles were pooled from
10 mice of each group and re-stimulated with Tau383-408 [pS396/S404) and
Tau3g3-408 peptides.
Figure 19; Anti-Tau5-20 [pY 181 1gG antibodies in mice immunized with ACI-33.
Analysis of anti-Taub-20 [pY18] igG antibodies in the sera of TPLH mice
receiving 5 injections of ACI-33 at dO, d13, d28, d81 and d133 and being bleed at
d-1, d27, d41, d78, d104 and d135 Results are expressed as mean O.D +
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standard deviation obtained in the group mice. d-1 n=10 mice. d27, d41 and d78
n=9 mice, 1 mouse died because of fighting. d104 n=6, 3 mice died from the
pathology. d135 n=2, 4 mice died of the pathology.

Figure 20: Anti-Tau393-408 [pS396/pG404] igG antibodies in mice immunized
with ACI-35. Analysis of anti-Tau393-408 [pS396/p5404] 1gG antibodies in the
sera of TPLH mice receiving 5 injections of ACI-35 at d0, d13, d27, d91 and d133
and being bleed at d-1, d26, d40, d75, d103, d145 and d155. Results are
axpressed as mean 0.0 + stendard deviation obtained in the group mice. d-1,
d26 n=10 mice. d40 n=9 mice. d75 n=6. d103 and d145 n=4. d1585 n=3, All mice
died of the pathology.

Figure 21 Anti-Tau208-221 (pT212, pS214] {gG antibodies in mice immunized
with ACI-38. Analysis of anti-Tau206-221 [pT212, p8214] igis antibodies in the
sera of TPLH mice receiving 5 injections of ACI-38 at d0, d13, d28, d81 and d133
and being bleed at d-1, d27, d41, d78, d104 and d135. Results are expressed as
mean O.D + siandard deviation oblained in the group mice. d-1, d27 and d41
n=10 mice, d76 n=7 mice, d104 n=8, d135 n=2, All mice died of the pathology.
Figure 22: Anti-Tau196-211 [p8202, pT205] igG antibodies In mice immunized
with ACI-40, Analysis of anti-Tau186-211 [pS202, pT205] 1gG antibodies in the
sera of TPLH mice receiving 5 injections of ACI-40 at dB, d13, 428, d91 and d133
and being bleed at d-1, d27, d41, d76, d104 and d135. Results are expressed as
mean 0.D + standard deviation obtained in the group mice. d-1, d27 and d41
n=10 mice, d76 n=8 mice, d104 n=6, d135 n=5. All mice died of the pathology.
Figure 23: Anti-Taub-20 [pY18] lgG isolypes and IgM antibodies in mice
immunized with ACI-33. Analysis of anti-Taub-20 [pY18] 1gG1, 2a, 2b, 3 and lg
antibodies in the sera of TPLH mice at dd41 after three ACL33 immunizations.
Resulls are expressed as non-saturated 0.0, at a dilution of /100 (IgG1), 1/200
{tgG2a), 1100 (IgG2b), 1/100 (IgG3) and 1/100 {lgM) showing mean + standard
deviation obtained in the group of 8 mice.

Figure 24 Anti-Tau393-408 [pS396/pS404] 1gG isotypes and IgM antibodies in
mice immunized with ACE35. Analysis of anti-Tau383-408 [pS3088/p8404] 1gG1,
2a, 2b, 3 and igM antibodies in the sera of TPLH mice at d40 after threa ACI-35

immunizations. Resulis are expressed as non-saturated O.D. at a dilution of

29



WO 2010/115843 PCT/EP2010/054418

1100 (lgG1), 17100 (lgG2a), 1/100 (lgG2b), /100 (1gG3) and 17100 (IgM)
showing mean + standard deviation obtained in the group of 8 mice.
Figure 25: Anti-Tau208-221 [pT212, pS2141 1gG isotypes and IgM antibodies in
mice immunized with ACI-38. Analysis of anti-Tau206-221 [pT212, p8214] igG1,
2a, 2b, 3 and igM antibodies in the sera of TPLH mice at d41 after three ACE39
immunizations. Results are expressed as non-saturated 0.0 at a dilition of
17100 (1gG1), 1200 (igGRa), 1200 (IlgGZb), 1100 (lgG3) and Y100 (lgM)
showing mean + standard deviation obtained in the group of 10 mice.
Figure 26 Anti-Tau198-211 [pS202, pT205] G isolypes and Ight antibodies in
mice immunized with ACH-40. Analysis of anti-Tau186-211 {pS202, pT205] lgG1,
2a, 2b, 3 and IgM antibodies in the sera of TPLH mice at d41 after three ACI-40
immunizations, Results are expressed as non-saturated 0.0 at a dilution of
1100 (lgG1), 1400 (igG2a), 1/200 (lgG2b), 1/800 {(igG3) and 1/100 (Igh)
showing mean + standard deviation obtained in the group of 10 mice.
Figure 27. lgG antibodies titers on different Tau peptides and proteins in mice
immunized with ACI-33. Analysis IgG antibodies titers in the d-1 and d41 sera of
TPLH mice after 3 injections of ACI-33. Resulls are expressed as O.D. showing
mean + standard deviation obtained in the group of 8 mice,
Figure 28: 1gG antibodies titers on different Tau peptides and proteins in mice
immunized with ACH-35. Analysis IgG antibodies tiers in the d-1 and d40 sera of
TPLH mice after 3 injections of ACI-35. Resulls are expressed as O.D. showing
mean + standard deviation obtained in the group of 8 mice.
Figure 29 lgG antibodies titers on different Tau peplides and proteing in mice
immunized with ACH-39. Analysis 1gG antibodias titers in the d-1 and d41 sera of
TPLH mice after 3 injections of ACH-39. Resulls are expressed as 0.0, showing
mean + standard deviation oblained in the group of 10 mice.
Figure 30; g3 antibodies titers on different Tau peptides and proteins in mice
immunized with ACI-40. Analysis igG antibodies titers in the d-1 and d41 sera of
TPLH mice after 3 injections of ACI-40, Results are expressed as 0.D. showing
mean + standard deviation obtained in the group of 10 mice.
Figure 31: Rotarod of mice immunized with ACI-33 versus PBS injected mice.
Rotarod trials were performed on five different occasions referred by age {months)
of the TPLH mice.
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Figure 32. Correlation between anti-Tau5-20 [pY 18] antibody titers and rotarod test.
Correlation was measured for the ACI-33 injected TPLH at age 7.8 months.
Antibodies tifers in mouse serum was measured by ELISA (O.D) and the rotarod
test measured the time the animals stayed on the apparatus (time).

Figure 33: Rotarod of mice immunized with ACH-35 versus PBS injected mice.
Rotarod results of 9.5 mice TPLH mice immunized with ACI-35 vs PBS control
group. ACI-35 n=5 and PBS n=4 the other mice diad because of the pathology
displayed by the model

Figure 34: CD3+CD4+ quantification by FACS in nude and wild-type mice treated
with ACI-33. The percent gated cells, which were stained positive for CD3 and
CD4, of nude or wt mice or receiving ACK33. Lefl panel schematic
representation of FACS analysis in two mice of nude and wt groups. Right panel:
Each column represents mean and SD for groups of 6 mice. Mouse#5 and 8:
nude mice; Mouse#7 and 8: wild type mice

Figure 35 Antl-Taub-20 [p¥18] lgG antibodies in nude and wi mice immunized
with ACH33. Analysis of anti-Tau5-20 [pY 18] lgG aniibodies in the sera of nude
and wi mice receiving 3 injections of ACI-33 at d0, d14 and d28 and being blead
at d2, d7, d21, d35 and d56. Resulls are expressed as mean 0.0 + standard
deviation obtained in the group of 6 mice.

Figure 38 Anti-Taub-20 [pY18] 1gG isotypes and gl antibodies in nude and wit
mice immunized with ACI-33. Analysis of anti-Taub-20 [pY18] I1gG1, 2a, 2b, 3
and igM antibodies in the sera of nude and wt mice at d38 after three ACI-33
immunizations. Resulls are expressed as non-saturated O.D. at a dilution of
17100 (1gG1), 1100 (lgG2a), 1/100 (igG2h), 1100 (1gG3) and 1100 (Igh)
showing mean + standard deviation obiained in the group of 6 mice.

Figure 37: igG antibodies titers on different Tau peptlides and proteins in nude
and wt mice immunized with ACHE33. Analysis oG antibodies titers in the d35
sera of nude and wt mice after 3 injections of ACI-33. Resulls are expressed as

0.D. showing mean + standard deviation obtained in the group of 6 mice.

SEQIDNO: 1 Amino ackd sequence of control Sequence T5; Tau 378-408
[pS398, pS404]
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SEQIDNO: 2 Amino acid sequence of Sequence 1 (T1) Tau 5-20 [pY18 ]
SEQIDND: 3 Amino acid seguence of Sequence 8 {T8) Tau 206-221 [pT212,

pS214]

SEQID MO 4 Amino acid sequence of Sequence 9 {T8): Tau 186-211 [p8202,
pT205

SEQIDNO. S Amino acid seguence of Sequence 3 (T3} Tau 383-408 [pS386,
pS404]

SEQID NO:8  Amino acid sequence of Sequence 4 (T4): Tau 401-418 [p3404,
p5408]

SEQIDMNO'7  Amino acid sequence of Sequence 2 (T2): Tau 200-218 {pS202+
pT205 & pT212+pS214]

SEQIDNO: 8  Aming acid seguence of Sequence 10 (T10)  Tau 407-418
[(pS408]

SEQIDNO'9 Amino acid seqguence of Sequence 11 (T11): Tau 389408
[pS404]

Definition of Terms

The terms ‘“polypeptide”, “"peptide”, and “protein”, as used herein, are
interchangeable and are defined to mean a biomolecule composed of amino acids

linked by a peptide bond.

The term "peptides,” are chains of amino acids (typically L-amino acids} whose
alpha carbons are linked through peptide bonds formed by a condensation reaction
bhetween the carboxyl group of the alpha carbon of cne amine acid and the amino
group of the alpha carbon of another amino acid. The terminal amino acid at one
end of the chain (i.e., the aming terminal) has a free amino group, while the terminal
aming acid at the other end of the chain (Le., the carboxy terminal) has a free
carboxy! group. As such, the term "amino terminus” {abbreviated N-terminus) refers
to the free alpha-amino group on the amino acid at the amino terminal of the
peptide, or to the alpha-amino group (imino group when paricipating in a peptide
bond) of an amine acid at any other location within the peptide. Similarly, the term
"carboxy terminus” (abbreviated C-terminus} refers to the free carboxyl group on the
amino acid at the carboxy terminus of a peptide, or to the carboxy! group of an
amino acid ai any other location within the peplide.
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The terms “fragment thereo? or “fragment” as used herein refer {o a functional
peptide fragment which has essentially the same (biological) activity as the peplides
defined herein {e.g. as shown in SEQ 1D NOs 2 to 8, respectively}, i.e. said
fragmentis are still capable of eliciting a highly specific, particularly a conformation
specific, immune response in an organism, but paricularly within an animal,
particularly a mammal or a human, which is highly effective and capable of
preventing or alleviating tauaopathies, or the symptoms associated with tauopathies.
i particutar, said fragmenis still contain the specific pathological phospho-epitope

or -epitopes of the tau peplide, as used and defined herein.

Typically, the amino acids making up a peptide are numbered i order, starting at
the amino terminal and increasing in the direction toward the carboxy terminal of the
peptide. Thus, when one amino acid is said 1o "follow" another, that amino acid is
positioned closer {o the carboxy terminal of the peptide than the preceding amino

acid.

The term "residue” is used herein to refer to an amino acid that is incorporated inte
a peplide by an amide bond. As such, the amino acid may be a naturally cocurring
amino acid or, unless otherwise limited, may encompass known analogs of natural
amino acids that function in a manner similar to the naturally occurring amino acids
{i.e., amino zcid mimetics). Moreover, an amide bond mimetic includes peplide
backbone modifications well known to those skilled in the art.

The phrase "consisting essentially of” is used hersin to exclude any elements that
would subsiantially aller the essential properties of the peptides to which the phrass
refers. Thus, the description of a peptide "consisting essentially of . . " excludes
any amino acid substitutions, additions, or deletions that would substantially alter
the bioingical activity of that peptide.

Furthermore, one of skill will recognize that, as mentioned above, individual
substitutions, deletions or additions which alter, add or delete a single amino acid or
a small percentage of amino acids (typically less than 5%, more typically less than
1%) in an encoded sequence are conservalively modified variations where the
alterations resuilt in the substitution of an amino acid with a chemically similar amino

acid. Conservalive substitution {ables providing functionally similar amino acids are
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well known in the art. The following six groups each contain amino acids that are
conservative substitutions for one another:

1) Alanine (A), Serine (S), Threonine (T);

2) Aspartic acid (D), Glutamic acid (E);

3} Asparagine (N}, Glutamine (Q);

4} Argining (R), Lysine (K);

5) lsoleucine (1}, Leucine (L}, Methionine (M), Valine (V); and

8) Phenvlalanine {F}, Tyrosine {Y), Tryptophan (V).

The phrases "isolated" or "biclogically pure" refer to material which is substantially
or essentially free from components which normally accompany it as found in is
native state. Thus, the peptides described herein do not contain materials normally
associated with their in situ enwironment. Typically, the isolaled, immunogenic
peptides described herein are at least about 80% pure, usually at least about 80%,
and preferably at least about 95% as measured by band intensity on a silver stained

gel

Protein purity or homogeneity may be indicated by a number of methods well known
in the art, such as polyacrylamide gel electrophoresis of a protein sample, followed
by visualization upon staining. For cerlain purposes high resclution will be needed
and HPLC or a similar means for purification utilized.

When the immunogenic peptides are refatively short in length (e, less than about
50 amino acids), they are often synthesized using standard chemical peptide

synthesis techniques.

Solid phase synthesis in which the C-erminal amino acid of the sequence is
attached to an insoluble support followed by sequential addition of the remaining
amino acids in the sequence (s a preferred method for the chemical synthesis of the
immunogenic peptides described herein. Technigues for solid phase synthesis are
known o those skilled in the art.

Alternatively, the immunogenic peplides described herein are synthesized using
recombinant nucleic acid methodology. Generally, this involves creating a nucleic
acid sequence that encodes the peptide, placing the nucleic acid in an expression

cassette under the control of a particular promoter, expressing the peptide in a host,
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isolating the expressed peptide or polypsplide and, if required, renaturing the
peptide. Techniques sufficient fo guide one of siili through such procedures are
found in the literature.

Once expressed, recombinant peplides can be purified according to standard
procedures, including ammonium sulfate precipitation, sffinity columns, column
chromatography, gel electrophoresis and the ke, Substantially pure compositions
of about 50 % 1o 85 % homogeneity are preferred, and 80 % io 85 % or greater
homogenaity is most preferred for use as therapeutic agents.

One of skill in the art will recognize thal after chemical synthesis, biological
expression or purification, the mmunogenic peplides may possess a conformation
substantially different than the native conformations of the constituent peplides. in
this case, it is often necessary fo denature and reduce the antiproliferative peptide
and then fo cause the peptide to re-fold into the preferred conformation. Methods of
reducing and denaturing proteins and indueing re-folding are well known to those of
skit in the art.

Antigenicily of the purified protein may be confirmed, for example, by demonsirating

reaction with immune serum, or with antisera produced against the protein itself,

The terms "g", "an” and "the" as used herein are defined {o mean "one or more” and

include the plural unless the context is inappropriate.

The terms “detecting” or "detected” as used herein mean using known tachnigues
for detection of biologic molecules such as immunochemical or histological methods
and refer {o qualitatively or quantitatively determining the presence or concentration

of the biomolecule under investigation.

By “isolated” is meant a biclogical molecule free from at least some of the

componenis with which it naturally oceours.

The terms "antibody”, “antibodies” or “functional parts thereol” as used herein is an
art recognized term and is understood to refer to molecules or active fragments of
moiecules that bind to known antigens, particularly to immunoglobulin molecules
and to immunologically active portions of immunogiobulin molecules, i.e molecules
that contain a binding site that immunospecifically binds an antigen. The
immunoglobulin according to the invention can be of any type (1gG, Igh, igD, Igk,

L9
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lgA and 1gY) or class (IgG1, 1gG2, 1gG3, IgG4, IgA1 and IgAZ) or subclasses of
immunoglobulin molecule.

“Antibodies” are intended withinn the scope of the present invention to include
monoclonal antibodies, polyclonal, chimeric, single chain, bispecific, simianized,
hurnan and humanized antibodies as well as aclive fragments thereof. Bxamples of
active fragments of molecules that bind o known antigens include Fab and F{ab'),
fragments, including the products of a Fab immunoglobulin expression library and
epitope-binding fragments of any of the antibodies and fragments mentioned above.
These active fragments can be derived from an antibody of the present invention by
a number of technigues. For sxample, purified monoclonal antibodies can be
cleaved with an enzyme, such as pepsin, and subjected to HPLC gel filtration. The
appropriate  fraction containing Fab fragments can then be collected and
concentrated by membrane filtration and the like, For further description of general
technigues for the isclation of active fragments of antibodies, see for example,
Khaw, B. A. et al. 4. Mucl. Med. 23:1011-1018 (1882), Rousseaux et al. Msthods
Enzymology, 121:863-69, Academic Press, 1986,

A "humanized antibody” refers {o a type of engineered antibody having its CDRs
derived from a non-human denor immunoglobulin, the remaining immunogiobulin-
derived parts of the molecule being derived from one {(or morg) human

immunoglobulins}.

A humanized antibody may further refer to an anfibody having a variable region
where one or more of its framework regions have human of primate amino acids. In
addition, framework support residues may be aliered to preserve binding affinity.
Methods to obiain “hurmanized antibodies” are wall known 1o those skilled in the art,
(see, e.g., Queen et al., Proc. Natl Acad Sci USA, 86:10028-10032 (1889), Hodgson
et al., Bio/Technoloy, 8421 (18891)).

A "humanized antibody” may also be obtained by a novel genetic engineering
approach that enables production of affinity-matured humaniike polyclonal
antibodies in large  animals  such  as. for  example, rabbits

(hitp:fiweww retech.comibioventures/therapeutic php).
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The term “monoclonal antibody” is also well recognized in the art and refers {0 an
antibody that is mass produced in the laboratory from a single clone and that
recognizes only one antigen. Menoclonal antibodies are typically made by fusing a
normally short-lived, antibody-producing B cell to a fast-growing cell, such as a
cancer cell (sometimes referred to as an “immortal” cell). The resulting hybrid cell, or
hybridoma, multiplies rapidly, creating a clone that produces large quantities of the
antibody.

The term “antigen” refers to an entity or fragment thereof which can induce an
immune response in an organism, particularly an animal, more particularly a
mammal including a human. The term includes immunogens and regions

responsible for antigenicity or antigenic determinants.

As used herein, the term “soluble” means partially or completely dissclved in an
agueous solulion.

Alsc as used herein, the term "immunogenic” refers 1o substances which eliclt or
enhance the producltion of antibodies, T-cells and other reactive immune cells
directed against an immunogenic agent and contribute fo an immune response in
hurmans or animals.

An immune response ocours when an individual produces sufficient antibodies, 7-
cells and other reaclive immune cells against administered immunogenic
compositions of the present invention to moderate or alleviate the disorder to be

treated.

The term "hybridoma" is art recognized and is understood by those of ordinary skill
in the art to refer to a cell produced by the fusion of an antibody-producing cell and
an immortal cell, e.g. a multiple mysloma cell. This hybrid cell is capable of
producing a continuous supply of antibody. See the definition of "monoclonal
antibody” above and the Examples below for a more detailed description of the
method of fusion.

The term "carrier” as used herein means a siructure in which anfigenic peptide or
supramolecular consiruct can pe incorporated infe or can be associated with,
thereby presenting or exposing aniigenic peplides or part of the peptide fo the
immune systemn of a human or animal. Any particle that can be suitably used in
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animal or human therapy such as, for example, a vesicle, a particle or a particulate

body may be used as a carrier within the context of the present invention.

The term “carrier” further comprises methods of delivery wherein supramolecular
antigenic construct compositions comprising the antigenic peplide may be
transported to desired sites by delivery mechanisms. One example of such a
delivery system utilizes colloidal metals such as colioidal gold.

Carrier proteing that can be used in the supramolecular antigenic construct
compositions of the present invention include, but are not fimited to, maltose binding
protein "MBP", bovine serum albumin "BSA", keyhole lympel hemooyanin "KLH",
ovalbumin, flagelling thyroglobuling serum albumin of any species; gamma globulin of
any species; syngeneic cells; syngeneic cells bearing ta anligens; and polymers of

D- andfor |- amino acids,

in the “supramotecular antigenic construct” according to the present invention, the
iposome may have a dual function in that it can be used as a carrier comprising the
supramolecular construct as described herein before and, at the same time, function
as an adjuvant to increase or stimulate the immune response within the target
animal or human to be treated with the therapeutic vaccine according to the
invention. it s also fo be understood that the supramolecular antigenic construct
compositions of the present invention can further comprise addilional adjuvants
including, but not limited to, keyhole limpel hemocyanin (KLH), bovine serum
albumin (BSA) and other adjuvants such as, for example, lipid A, alum, caleium
phosphate, interleukin 1, andfor microcapsules of polysaccharides and proteins, but
particularly a detoxified lipid A, such as monophosphory! or diphosphoryt lipid A, or
alum, further preservatives, diluents, emulsifiers, stabilizers, and other components
that are known and used in vaccines of the prior art.  Moreover, any adjuvant
systern known in the art can be used in the composition of the present invention.
Such adijuvants include, but are not limited to, Freund's incomplete adjuvant,
Freund's complete adjuvant, polydispersed B-(1,4) linked acetylated mannan
{"Acemannan™), T mermax®  (polyoxyethylene-polyoxypropylene  copolymer
adjuvants from CytRx Corporalion}, modified lipid adjuvants from Chiron
Corporation, saponin derivative adjuvants from Cambridge Biotech, killed Bordelella

pertussis, the lipopolysaccharide (LP8) of gram-negalive bacleria, farge polymeric
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anions such as dextran sulfate, and inorganic gels such as alum, aluminum

hydroxide, or aluminum phosphate.

Further, the term “effective amount” refers to the amount of antigenic/immunogenic
composition which, when administered {o & human or animal, elicits an immune
response. The effective amount is readily determined by one of skill in the art
following routine procedures.

An Yimmune tolerant patient” as used herein refers to an animal or human patient
which shows a limited ability to respond to antigens, particularly non-self antigens,
but especially new antigens such as, for examples, new antigens present in newly
emerging diseases. This limitation may be due, al lsast in pari, to the chronological
age of CD4+ T cells. Further, an “immune {olerant patient” may exhibit an impaired
iongterm CD4+ T-cell immune response {o antigen exposure due fo defects in the
proliferation and cytokine secretion of memory T cells during recall responses.

A “T-cell activated patient” as used herein refers to an animal or human patient
which exhibits T-cell activation and where a further stimulation of the T-cell
response would cause a medical risk.

An “immunocompromised patient” as used herein refers to an animal or human
patient having an immune system that has been impaired by age, disease such as
HIV, or cancer, or by fireatment such as, for example, treatment against
inflammatory diseases including, but not limited to, Rheumaloid Arthrilis, Psoriasis,
Systemic Lupus Erythrematosis, Wegener's Granulamatosis, etc.

Within the scope of the present invention. it was demonstrated that the antibody
induced response to the antigenic composition according to the invention is largely
T-cell independent. A nude mouse model was used in this respect and nude mice
were vaccinated and antibody responses measured {o evaluale the Af-specific
antibody response induced by the anfigenic composition according to the invention
in the immunized nude mice. The nude mice carry the Foxninu mutation and as a
conseguence, have reduced T-cell function due to the lack of a proper thymus.

A “pharmaceutically effective amount” as used herein refers to a dose of the active
ingredient in a pharmaceutical composition adequate o cure, or al least partially
arrest, the symptoms of the disease, disorder or condition o be freated or any

complications associated therawith,
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in a specific embodiment, the present invention makes use of an antigen
presentation, parficularly on the surface of a carrier molecule such as a liposome
that resulls in enhanced exposure and stabilization of a preferred antigen
conformation, which ultimately leads to a highly specific immune response,
parficularly a T-cell independent immune response, and resulis in the generation of
antibodies with unigue properties.

in particular, the anfigenic peptide is presented on the surface of the carrier
molecule in a highly repetitive array, particularly a repelitive array comprising at
least 10 repetitive antigenic units/carrier molecule, particularly at least 50 repetitive
antigenic units/carrier molecule, particularly at least 100 repetitive antigenic
units/carrier molecule, particularly at least 200 repetitive antigenic units/carrier
molecule, parlicularly at least 300 repetiive antigenic units/carrier molecule;
particularly at least 400 repetitive anfigenic units/carrier molecule, particularly at
least 500 repetitive antigenic units/carrier molecule.

The modified phospho-peplide antigen according to the invention and as described
herein, particularly a phospho-peptide antigen mimicking a major pathclogical
phospho-epitope of protein tau, may be synthesized following a modified method
reported in Nicolau 2t al. (2002) Proc Nail. Acad. Sci USA 98, 2332-23237. This
approach invoives stepwise assembling of the construct by solid phase peptide
synthesis on an amide resin using standard FmochBu chemistry. The orthogonal
protecting groups of the terminal lysines werg then removed and the free amino
groups acylated with palmitic acid.

Deprotection of the side-chain protecting groups and concomitant release of the
peptide from the resin was achieved under acidic conditions, providing the dasired

tetrapalmyloylated phosphopeptide as a crude product.

The final product can then be obtained in high purity and its identity and purity
confirmed by methods known in the art such as, for example, electrospray mass

spectrometry andfor HPLC analysis.

in one embodiment, the present invention provides immunogenic compositions
comprising a phospho-peplide antigen according o the invention and as described

herein mimicking a major pathological phospho-epitope of protein tau, which peptide
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antigen is modified such that it is capable of maintaining and stabilizing a defined
conformation of the antigen. This defined conformation leads to the induction of a
strong and highly specific immune response upon introduction info an animal or a
human.

One way of achieving the formation and stabilization of the desired conformation of
the aniigenic peptide is by presenting the antigenic peplide altached to, or
incorporated or reconstituted, pariially or fully, into a carrier, particularly a carrier

that can also function as an adjuvant.

A catrier that may be contemplated within the scope of the present invention is, for
example, a vesicle, a pariiculate body or molecule; bacterial membrane profeins,
enferocbacterial Omp proteins, nanoparticles, micelles, gold particles, microbeads
and/or virosomeas or any other means that can sultably serve as s carrierfadjuvant

for the antigenic peptide, but, parlicularly, a iposome.

In a specific embodiment of the invention, the antigenic peptide is attached o, or
incorporated or reconstituted in the carrer through weak interactions such as, for
example, van der Waal's, hydrophobic or electrostatic interaction, or a combination
of two or more of said interactions, such that the peplide is presented with a specific
conformation, which is maintained and stabilized by restricting said antigenic
peptide in its three dimensional fresdom of movement so that conformational

changes are prevented or severely restricted.

When a vesicle, a particle or a particulate body is used as a carrer/adjuvant such
as, for example, 8 lipesome, the composition of the antigenic peplide may be
chosen such that ifs overall net charge is identical to that of the carrier/adjuvant
sutrface to which the peptide is allached. Electrostalic repulsion forces being
effective between the ideniically charged carierfadjuvant surface and the antigenic
peptide, buf parficularly the identically charged carrier surface and the amino acid
residuss constituting the antigenic peptide and more particularly the identically
charged carrier surface and the identically charged amino acid residues comprised
in the antigenic peptide, may lead (o the anligenic peplide taking on a defined,
highly specific and stabilized conformation which guarantees a high biological
activity. As a resull, the anligenic peplide is exposed and presented in a

canformation that is highly biologically active in that it allows the immune system of
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the target organism to freely interact with the antigenic determinants contained in
the antigenic construct in the biologically active conformation, which, upon
administration {o an animal or & human, leads to a strong and conformation-specific
immune response, resulting in, for example, a high antibody titer in the target

prganism.

The immunogenic response may be further increased by using a liposome as a
carrier, which liposome may function as an adjuvant to increase or stimulale the
immune response within the farget animal or human fo be ireated with the
pharmaceutical composition according to the invention. Optionally, the liposome
may, in addition, contain a further adjuvant such as, for example, lipid A, alum,
caloium phosphate, interleukin 1, andfor microcapsiules of polysaccharides and
proteins, but particularly a detoxified lipid A, such as monophosphoryl or
diphosphoryt lipid A, or alum.

In a specific embodiment of the invention, an antigenic peptide according to the
invention and described herein, particularly an antigenic peplide the overall net
charge of which is negative, is used reconstituted in a liposome, particularly a
liposome the constituents of which are chosen such that the net overall charge of
the liposome head group is negative. In particular, the liposome is composed of
constituents selected from the group consisting of dimyristoyl phosphatidyl choline
(DMPO), dimyristoyl phosphatidyl ethanolamine (DMPEA), dimynistoy! phosphatidyl
glycerol (DMPG) and cholesterol and, oplionally, further contains monophosphoryl
lipid A or any other adjuvant that can be suilably used within the scope of the
present invention such as, for example, alum, calcium phosphate, interleukin 1,

and/or microcapsules of polysaccharides and proteins.

in another specific embodiment of the invention a modified peplide antigen
according to the invention and as described herein before is provided covalently
bound to an anchoriype molscule which is capable of inserting into the
carrierfadjuvant thereby fixing the peplide fo the carrier/adjuvant and presenting i
on or in close proximity to the surface of a carrierfadjuvant molecule such that

electrostatic forces can become effective as described herein before,

When liposomes are used as a carriev/adjuvant, the antigenic peptide construct
generally has a hydrophobic tail that inserts into the liposome membrane as it is
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formed. Additionafly, antigenic peptides can be maodified to contain a hydrophobic
tail so that it can be inserted info the liposome.

The antigenic composition of the present invention particularly comprises peptides
modified to enhance antigenic effect wherein such peplides may be modified via
pegylation (using polyethylene glycol or modified polyethylene glycol), or medified
via other methods such by paimitic acid as described herein before, poly-amino
acids {eg poly-glycine, poly-histidine), poly-saccharides {(eg polygalacturonic acid,
polylactic acid, polyglycolide, chitin, chitosan), synthetic polymers {(polyamides,
polyurethanes, polyesters) or co-polymers {(eg. poly(methacrylic acid) and N-(2-
hydroxy} propyl methacrylamide) and the like,

in a specific embodiment of the invention, antigenic peptides according to the
invention and as described herein before are provided, which are madified o
contain a hydrophobic tail 50 that said peptides can be inserted into the lipecsome. In
particular, the phospho-peptide antigen according 1o the invention and as described
herein mimicking a major pathological phospho-epitape of protein tau, may be
modified by a lipophilic or hydrophobic moiely thai facilitales insertion inio the lipid
bilayer of the carrier/adjuvant. The lipophilic or hydrophobic moieties of the present
invention may be faity acids, triglycerides and phospholipids, particularly fatly acids,
triglycerides and phospholipids, wherein the faity acid carbon back bone has at least
10 carbon atoms pariicularly lipophilic moisties having fally acids with a carbon
backbone of at least approximately 14 carbon atoms and up to approximately 24
carbon atoms, with each individual number of carbon atoms falling within this range
also being part of the present invention. In particular, the invention relates {o an
antigenic peptide according to the invention and as described herein before, which
is modified to contain a hydrophobic tall, particularly & hydrophobic tall comprising
hydrophobic moieties having & carbon backbone of at least 14 carbon atoms, but
especially 16 carbon atoms. Examples of hydrophabic moieties include, but are not
limited to, palmitic acid, stearic acid, myristic acid, laurie acid, oleic acid, linoleic
acid, linolenic acid and  cholesterol  or 1 Z2-distearoyl-sn-giycero-3-
phosphatidylethanolamine (DSPE). In a specific embodiment of the invention the
hydrophaobic molety is palmitic acid.
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in one embodiment, the antigenic peptide according to the invention and as
described herein, is covalently aftached to the lipophilic or hydrophobic moiety. In
the context of the present invention, the covalent attachment of the anligenic
peptide may be mediated by means of amino acid residues, which extend the amino
acid seguences corresponding to the sequences of the antigenic peptide according
to the invention, in particular at their end(s), particularly at their N- and C-ferminal
end(s), and to which the fatly acid residues are coupled.

in particular, sach conjugate comprises al least four molecules of fatly acid
containing a carbon chain of between C12 and €24, particularly a carbon chain of
C16, wherein the fally acid molecules are covalently allached at the N- and C-
terminal ends of the antigenic peptides. Other distributions may also be envisioned,
including within the amino acid seguence. These peplides are alsu coupled
covalently to the fatty acid molecules,

The pharmaceutical compositions of the present invention may thus comprise
liposomes made by reconstituling liposomes in the presence of purified or partially
purified or modified antigenic peptides according to the invention and as described
herein. Additionally, peptide fragments may be reconstifuted into fiposomes. The
present invention also includes antigenic peptide fragments modified so as fo
increase their antigenicity. For example, antigenic moleties and adjuvanis may be
attached 1o or admixed with the peptide. Examples of antigenic moieties and
adjuvants include, but are not limited fo, lipophilic muramyl dipeplide derivatives,
nenionic block polymers, aluminum hydroxide or aluminum phosphate adjuvant, and

mmixtures thereot.

Liposomes that can be used in the compositions of the present invention include
those known o one skilled in the arl. Any of the slandard lipids useful for making
linosomes may he used. Standard bilayer and multi-layer liposomes may be used {o
make compositions of the present invention. While any method of making liposomes
known fo one skilled in the art may be used, the most preferred liposomes are made
according to the method of Alving et al., infect. Immun. 60:2438-2444 1982, hereby
incorporated by reference. The liposome can optionally contain an adjuvant or and
immunomodulator or both. A preferred immunomedutator is lipid A, padicularly a

detoxified lipid A such as, for example, monophosphoryt or diphosphory! lipid A,
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Liposomes may be prepared by the crosstlow injection fechninue as described, for
example, in Wagner et al {2002} Journal of Liposome Research Vol 12(3), pp 259 —
270. During the injection of lipid solutions into an agueous buffer systern, lipids tend
to form “precipitates”, followed by self arrangement in vesicles. The obtained vesicle
size depends on factors such as lipid concentration, stirring rate, injection rate, and
the choice of lipids. The preparation system may consist of a crossfiow injection
module, vessels for the polar phase {e.g. a PBS buffer solution), an ethanolflipid
solution vessel and a pressure device, bul particularly a nitrogen pressure device.
While the agueous or polar solution is pumped through the crossflow injection
module the ethanollipid solufion is injected into the polar phase with varying
pressures applied.

In one embodiment, the modified antigenic peptide according to the invention and
as described herein may thus be further modified by reconstitution into liposomes
consisting  of phospholipids  and  cholestercl  {phosphatidylethanol  aming,
phosphatidy! glycerol, cholesterol in varied molar ratios. Other phosphalipids can be
used. Lipid A is used at a concentrafion of approximately 40 ug/pmole of

phospholipids.

The liposome may have a dual function in that it can be used as a carrier comprising
the supramolecular construct as described herein before and, st the same time,
function as an adjuvant to increase or stimulale the immune response within the
target animal or human o be trealed with the therapeulic vaccine according to the
invention. Optionally, the liposome may, in addition, contain a further adjuvant or
and immunomodulator or both such as, for example, lipid A, alum, calcium
phosphate, interleukin 1, and/or microcapsules of polysaccharides and proteins, but
particularly a lipid A, more particularly a detoxified lipid A, such as monophosphoryl
or diphosphoryl lipid A, or alum.

in a specific embodiment of the invention liposomes with lipid A are used as
adjuvant 1o prepare the pharmaceutical composition of the invention.
Dimyristoylphosphatidyt-choline, -glycerol and -cholesterol are mixed, particularly in
a molar ratic of 917, A strong immunmodulator such as, for example,
monophosphoryt lipid A Is then added sl a suilable concentration, particularly at a
concentration of between 20 mg and 50 mg per mymol, more particularly al a
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concentration of between 30 mg and 40 mg per mmol of phospholipids. The
modified antigenic peptide is then added at a molar ratio peplide to phospholipids of
between 1:30 and 1:200, particularly at a molar ratio of between 1:50 and 1:120,
more particularly of 1:100. Solvents are removed, for example through evaporation,

and the resulting film hydrated with sterile buffer selution such as, for example PBS.

in a specific embodiment of the invention an antigenic peptide according to the
invention and as described herein is provided modified by af least two molecules of
palmitic acid covalently bound to the N- and C- terminal ends of said antigenic

peptide and by reconstifution into a liposomal carrier.

Palmitoylation, while providing an anchor for the peptide in the liposome bilayer, due
{o the relative reduced length of the Gy fatly acid moiety leads to the peptide being

presenied exposed on Or in close proximity to the liposome surface.

The pharmaceutical composition of the present invention comprising a peptide
antigen according to the invention and as described herein, particularly a phospho-
peplide mimicking major pathological phospho-epitopes of protein tau, particularly in
a pharmaceutically effective amount, may be prepared in the form of a liquid
solution, or of an injectable suspension, or else in a solid form suitable for
solubilization prior fo injection in the context of, for example, a kit for making use of

the present composition, as described below.

Suitable pharmaceutical carriers, diluents and/or excipienis are well known in the art
and include, for example, phosphate buffered saline solutions, waler, emulsions

such as oilfwater emulsions, various fypes of wetling a2gents, sterile solutions, etc.

Formulation of the pharmaceutical composition according to the invention can be

accomplished according o standard methodology know {o those skilled in the art

The pharmaceutical composition of the present invention comprising a peptide
antigen according to the invention and as described herein, padticularly a phospho-
peptide mimicking major pathological phospho-epitopes of protein tau, particularly in
a pharmaceutically effective amount, may be administered to a human or animal
suffering from a tauopathy, or the symploms associated with a tauopathy, to induce

an immune response in said human or animal to alleviale symptoms associated with
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the disease or to restore a condition found in healthy individuals which are

unaffected by the disease.

The compositions of the present invention are administered o a human or animal by
any appropriate standard routes of administration in form of a solid, liguid or aerosol
al a suitable, pharmaceufically effective dose. In general, the compesition may be
administered by topical, oral, rectal, nasal or parenteral (for example, infravenous,
subcutaneous, or intramuscuian routes. In addition, the composition may be
incorporated info sustained release mailrices such as bicdegradable polymers, the
polymers being implanted in the vicinity of where delivery is desired, for example, at
the sile of a tumor. The method includes administralion of a single dose,
administration of repeated doses at predetermined time intervals, and sustained

administration for a predetermined petiod of time.

i a specific embodiment of the invention the antigenic construct according to the
invention, particularly a vaccine composition comprising said antigenic construct in a
pharmaceutically acceptable form, is administered in repeated doses, in particular in
1 to 15 doses, more particularly in 2 to 10 doses, more particularly In 3 to & doses
and even more particwlarly in 3 doses, in time intervals of between 1 week and 20
weeks, particularly in fime intervals of between 1 and 10 weeks, particularly in time
irtervals of between 1 and 6 weeks, more particularly in time intervals of between 1
and 4 weeks, and even more particularly in time intervals of betwesn 2 and 3
weeks, The immune response may be montored by taking sera/plasma samples at
a suitable time after boosting, particularly 3 fo 10 days after boosting, more
particularly 4 {o 8 days after boosting and more padicularly 7 days after boosting
and determining the immunogenicity of the antigenic construct using known
methodology, particularly one of the commonly used immunoassays such as, for
example, an ELISA assay.

fn particular, the antigenic peplide composilion sccording to the invention is
administered by parenteral, particularly by intrasperdoneal, intravenous,
subcutaneous and intra-muscular injection.

Preparations for parenteral administration include sterile agueous or non-agusous
golutions, suspensions and emulsions. Non-agueous solvents include without being

fimited to it, propylene glycol, polyethylene glycol, vegetable oil such as olive oll, and
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injectable organic esters such as ethyl oleate. Agueous solvents may be chosen
from the group consisting of water, alcoholfagueous solutions, emulsions or
suspensions including saline and buffered media. Parenteral vehicles include
sodium chivride solution, Ringer's dextrose, dextrose and sodium chioride, lactated
Ringer's, or fixed oils. Infravenous vehicles include fluid and nutrient replenishers,
electrolyle replenishers (such as those based on Ringer's dextrose) and others,
Preservalives may aiso be preseni such as, for example, antimicrobials, anti-

oxidants, chelating agents, inert gases, efc.

The dosage of the composition will depend on the condition being treated, the
parficutar composition used, and other clinical factors such as weight, size and
condition of the patient, body surface area, the particular compound or composition
to be adminisiered, other drugs being administered concurrently, and the route of
adminisiration.

The pharmaceutical composition according fo the invention may be administered in
combination with other biologically aclive subsiances and procedures for the
freatrnent of diseases, parlicularly neurodegensralive diseases.  The other
biologically active substances may be part of the same composition already
comprising the pharmaceutical composition according to the invention, in form of a
mixture, wherein the pharmaceutical composition of the invention and the other
biclogically active substance are intermixed in or with the same pharmaceutically
accepiable solvent and/or carrier or may be provided separately as part of a
separate composition, which may be offered separately or together in form of a kit of

paris.

The pharmaceutical composition according fo the invention may be administered
concomitantly with the other biologically active substance or substances,
intermitiently  or sequentially. For example, the pharmaceutical composition
according to the invention may be administered simultanecusly with a first additional
biologicaily active substance or sequentially after or before administration of the
pharmaceutical composition. i an application scheme is chosen where more than
one additional biotogically active substance are administered together with the at

least one pharmaceutical composition according to the invention, the compounds or
p P
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substances may partially be administered simultaneously, partially sequentially in
various combinations.

it is another object of the present invention to provide for midures of a
pharmaceutical composition according {o the invention and, oplionally, one or more
further biclogically active substances, as well as to methods of using a
pharmaceulical composition according to the invention, or mixtures thereof including
compositions  comprising  said  pharmaceutical  composition  orf  mixiures  of
pharmaceutical composition for the prevention and/or therapeutic treatment andfor
alleviation of the effects of tauopathies, a group of diseases and disorders
associated with the formation of neurofibrillary lesions, the predominant brain
pathology in this group of neurcdegenerative disorders including, but not limited fo,
Alzheimer Disease, Creulzfeldi-Jacob disease, Dementia pugilistica, Down's
Syndrome, Gersimann-Strédussier-Scheinker disease, inclusion-body myvositis, and
prion protein cerebral amyloid angiopathy, traumatic brain injury and further
amyotrophic lateral sclerosis/parkinsonism-dementia complex of Guam, Non-
Guamanian motor neuron disease with neurofibrillary {angles, argyrophilic grain
dementia, corticobasal degeneration, diffuse neurofibrillary tangles with calcification,
frontotemporal dementia with parkinsonism linked to chromosome 17, Hallevorden-
Spatz dissase, mulfiple system atrophy, Niemann-Pick disease, type C, Pick’s
disease, progressive subcortical gliosis, progressive supranuclear palsy, Subacute
sclerosing panencephalitis, Tangle only dementia, Postencephalitic Parkinsonism,

Myotonic dystrophy.

The mixiures according to the invention may comprise, in addifion fo a
pharmaceutical composition according to the invention, a biologically active
substance such as, for example, known compounds used in the medication of
tauopathies and/or of amyloidoses, a group of diseases and disorders associated
with amyloid or amyloid-like proiein such as the amyloid B protein involved in

Alzheimer's Disease.

in ancther embodiment of the invention, the other biologically active substance or
compourid may also be a therapeutic agent that may be used in the treatment of

diseases and disorders which are caused by or associated with amyloid or amyloid-
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like proteins including amyloidosis caused by amyloid $ or may be used in the

medication of other neurological disorders.

The other bivlogically active substance or compound may exert iis biclogical effect
by the same or a similar mechanism as the therapeutic vaccine according to the
invention or by an unrelated mechanism of action or by a multiplicity of related

andfor unrelated mechanisms of action.

Generally, the other biclogically active compound may include neutron-transmission
enhancers, psychotherapeutic drugs, acetylcholine esierase inhibitors, calcium-
channel blockers, biogenic amines, benzodiazepine tranquillizers, acetylcholine
synthesis, storage or release enhancers, acetyicholine postsynaptic receptor
agonists, monoamine oxidase-A or -8B inhibitors, N-methyl-D-aspartate glutamate
receptor  antagonists, non-steroidal anti-inflammatory  drugs, anfioxidants, and

serotonergic receptor antagonisis,

in particular, the mixture according to the invention may comprise at least one other
biologically active compound selected from the group consisting of compounds
agains! oxidatlive siress, anti-apoplolic compounds, melal chelators, inhibitors of
DNA repair such as pirenzepin and metabolites, 3-amino-1-propanesulfonic acid
(3APS), 1,3-propanedisulfonate (1,3PDS), secretase activators, - and v —secretase
inhibitors, tau proteins, neurotransmitter, B-sheet breakers, anti-inflammatory
molecules, or cholinesterase inhibitors {ChEls) such as tacrine, rivastigmine,
donepezil, and/or galantamine and other drugs and nutritive supplements, together
with an therapeutic vaccine according to the invention and, optionally, a

pharmaceutically acceptable carrier and/or a diluent and/or an excipient.

in a further embodiment, the mixiures according to the invention may comprise
niacin or memantine together with a therapeutic vaccine according to the invention
and, optionally, a pharmaceutically acceplable carrier andfor & diluent and/or an

exciptant.

in still another embodiment of the invention mixtures are provided that comprise
“atypical antipsychotics” such as, for example clozapine, ziprasidone, risperidone,
aripiprazole or clanzapine for the treatment of positive and negative psychotic

symptoms including hallucinations, delusions, thought disorders (manifested by
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marked incoherence, derailment, tangentiality), and bizare or disorganized
behavior, as well as anhedonia, flatlened affect, apathy, and social withdrawal,
together with an therapeutic vaccine according to the invention and, optionally, a

pharmaceutically acceptable carrier and/for a diluent andfor an excipient.

In a specific embodiment of the invention, the compositions and mixtures according
to the invention and as described herein before comprise the pharmaceutical
composition according to the invention and the biologically active substance,

respectively, in a therapeutically or prophylactically effective amount,

Other compounds that can be suitably used in mixtures in combination with the
pharmaceutical composition according to the invention are described, for example,
in WO 2004/058258 (see especially pages 16 and 17} including therapeutic drug
targets (page 36-39), alkanesulfonic acids and alkanolsulfuric acid (pages 39-51),
cholinesterase inhibitors {pages 51-56), NMDA receplor antagonisis {pages 56-58),
estrogens (pages 58-58), non-steroidal anti-inflammatory drugs (pages 80-81),
antioxidants {pages 61-62), peroxisome proliferators-activated receptors {(PPAR)
agonists (pages 83-87), cholestercl-iowering agenis (pages 68-75); amyloid
inhibitors {pages 75-77), amyloid formation inhibitors (pages 77-78), metal chelators
(pages 78-789), anli-psychotics and anti-depressants {pages 80-82), nutritional
supplements (pages 83-89) and compounds increasing the availabllity of biclogically
active substances in the brain (see pages 89-93) and prodrugs (pages 83 and 84 3,
which document is incorporated herein by reference, but especially the compounds

mentioned on the pages indicated above,
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Eight sequences derived from the phospho-lau protein were designed as antigen for

vaccing development. A previously used immunogenic peptide was used as a

control (Asunt ef al,, 2007).

Table 1. Tau sequence description

398-408 [p3404]

ACH43

DESCRIPTION VACCINE SEQUENCE
. 18: Control seguence: ACL3T RENAKAKTDHGAEIVYKS(pIPVVEGRTS{(p)PRH
Tau 379-408 [pS396, L (n=30) (SEQIDNO: 1)
p5404]
T1: Sequence 1: Tau 6 pppay | ROEFEVMEDHAGTY(IGL (0= 16) (SEQ ID
20 [pY18 ] | NO 1 2)
18 : Sequence 8: Tau PGSRSRT(DPS(PILPTPPTR (n = 16) (SEQ ID
206-221 [p1212, ACESS 03
pS214] *
79 Sequence @ Tau | acigg | CYSSPOSOIPCT(RIPGSRSR (n = 16) (SEQ ID
196-211 [pS202, pT205) NO 4)
T3: Sequence 3: Tau ncras | VTKS(PIPVVSCDTS(IPRHL (1= 16) (SEQID
393-408 [pS5396, pS404] NO 8
T4 : Sequence 4: Tau ACIL-38 GDTS(RPRHLS(RINVSSTGSID (n = 18) (SEQ
401-418 [pS404, pS408] IDNO:6)
12 : Sequence 2 Tau .
200-216 [pS202+  PGS(pIPGT(p)PGSRSRT(PIPS(RILP (0 = 17)
0T205 & pT212+p5214] | 2034 | srqipno - 7
40 Sequence 10: Tau s HLS(pINVSSTGSID (= 12) (SEQID NO
L 407-418 [pS408] 8)
111 Sequence 11 Tau VSGDTS(p)PRHL (n = 10} (SEQ ID NO : 9)
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EXAMPLE 2: Preparation of the Tau-derived fetrapalmyioviated phospho-
peptides

The antigenic peplide sequence flanked by the 2 pairs of Lysines was assembiled
stepwise by solid phase peptide synthesis on an amide resin using standsrd
Fmoe/tBu chemistry. The orthegonal protecting groups of the terminal lysines were
then selectively removed and the free amino groups acviated with palmitic acid.
Deprotection of the side-chain protecting groups and concomitant release of the
peplide from the resin was achieved under acidic conditions, providing the desired
tetrapaimytoylated phosphapeptide as a crude product. The identity and purity was
further confirmed by MALDI-TOF mass spectrometry and HPLC analysis,

Sequences of the Tau-derived tetrapalmyioviated phosphopeptides:

T H-K(Psll-K(Pal)- RQEFEVMEDHAGTY(P)GL-K({Pal)-K{Pal)}-NH;

T2: H-K(Pal}-K(Pal)-PGS{p)PGT(p)PGSRERT(p)PS{p)LP-K({Pal)-K(Pai)-NH;
T3: H-K(Pall-K{Pal-VYKS(p)PVVSGDTS{(p)PRHL-K(Pal-K(Pal}-NH,

T4: H-K(Pal-K{Pal)-GDTS({p)PRHLS(p)NVESTGSID-K(Pal-K{Pal)-MNH,

T8 ; H-K(Pal)-K(Pal) PGERSRT(p)PS(pLPTPPTR-K{Pal)-K(Pai)-NH;

T8 H-K(Pal}-K(Pal)- GYSSPGS{p)PCT(p)PGORSR-K(Pal)-K{(Pall-NH,

T48: H-K{Pal)-K{Pal-HLS{(pINVSETGSID-K(Pal-K{Pal)-NH,

T4 H-K(Pah-K(Pah)-VSGOTS(p)PRHL-K{Pal-K{Pal}-NH2

andt

2.1, Synthesis of peptide anticgen 71

The orthogonally protected aminoe acid Froc-Lys{Mii)-OH (3 eg) was manually
loaded fo an amide resin (Rink amide MBHA resin, 1 eg, 0.26 mmol) in the
presence of 2 eq of DIC/HOBL in DMF. The resin was then washed with DMF (3 x 1
min). After removing the N-terminal Fmoc group with 25% piperidine in DMF {1 x 1
min and 2 x 15 min), the second residue of Fmoc-Lys(Mt)-OH (3 eq), was
automatically coupled using 5 eq of PyBOPHOBYDIEA in DMF (2 x 15 min). The
following 168 aminocacids bearing the Fmoc standard side-chain protecting groups
were automatically incorporated applying the previously described coupling protocot.
The phosphoaminoacids were introduced as monobenzyl esters at the phosphate
group. Each coupling step was followed by a wash step with DMF (3 x 30 s}, Fmoc
remaval step with 25% piperidine in DMF (3 x 3 min) and a second wash step with
DMF (6 x 30 s), After the coupling of the Tyr(PO(OBzh2), 0.5% DBU in DMF was
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usad for the Fmoc-deprotection siep. The assembly of the peplide seguence
finished with the addition of the last fwo Fmoc-Lys(Mi)-OH using 2 eq of
PyBOP/HOBYDIEA in DMF.

Then, the Mit groups of the terminal lysine residues were selectively cleaved undsr
nitrogen by treatment of the resin (1 eq, 800 mg, 0.092 mmol) with 10 mbL of a
degassed mixture of TIPS/TFA/DCM (1:1:88) during several cycles of 10 min. The
resin was washed with DCOM (x3) and DMF (x3). Then Palmitic acid (20 eq, 473 myg,
1.85 mmol) was coupled to these deprotected amino groups using TBTU (20 eqg,
583 mg, 1.85 mmol) and DIEA (40 eq, 843 pl, 3.70 mmol) In DCWDNMF (1.1) (6
mi). The resin was washed with DCM (x5) and DMF (x5}. Then the N-terminal
Fmoc group was removed with degassed 20% piperidine in DMF (3 x 10 min} and
ihe resin was washed with DMF (x3) and DCM {xB). Finally simultaneocus resin
cleavage and side-chain deprolections were caried out under nitrogen with a
degassed mixture of TFA/TIPSMHO/EDT (85:1:2.52.8) (4 ml) during 4.5 h
Trituration from cold diethyl ether gave the crude product T1 as a white solid (189
myg, 80% vieldy with a purity of 56% (from HPLC analysis). MALDLTOF mass
spectromelry confirmed the identity of the major product {m/z expecied: 3427.12
[MH+], found: 3426.87).

2.2 Synthesis of peplide antigen T3

The orthogonally protected amino acid Fmoc-Lys(Mit)-OH (3 eq) was manually
loaded o an amide resin (Rink amide MBHA resin, 1 eq, 0.4 mmol) in the presence
of PyBOP/HOBUDIEA in DMF. The resin was then washed with DMF (3 % 1 min}.
After removing the N-terminal Fmoc group with 25% piperidine in DMF {1 x 1 min
and 2 x 15 min), the second residue of Fmoc-Lys{Mi)-OH (3 eq), was coupled
using the same loading conditions. The following 16 aminoacids bearing the Fmoc
standard side-chain protecting groups were manually incorporated applying the
previously described coupling protocol. The phosphoamincacids were introduced as
monchenzyl esters at the phosphate group. The coupling time was determined by
TNBT test or chlorany! test after & Profine. If necessary, a second coupling was
performed with 2 eq of Fmoc-amincacid in the presence of DIC/HOBt or
HATWDIEA. Each coupling step was followed by a wash step with DMF (3 x 1 min),
Fmuoc removal step with 25% piperidine in DMF (1 x 1 min and 2 x 15 min) and a
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second wash step with DMF {7 x 1 min). After the coupling of the first
Ser{(PO{OBzHOH), 0.5% DBU in DMF was used for the Fmoc-deprotection step.
The assembly of the peptide sequence finished with the addition of the last two
Fmoc-Lys{(Mit)-OH.

Then, the Mit groups of the terminal lysine residues were selectively cleaved by
treatment of the resin (1 eg, 185 mg, 0.01 mmol) with 10 mbL of TIPS/TFA/DCM
(1:1:98) during several cycles of 10 min. The resin was washed with DCM (x3) and
DMF (x3). Then Palmitic acid (20 eg, 51 mg, 0.2 mmol} was coupled {o these
deprotected amino groups using TBTU (20 eq, 64 mg, 0.2 mmel) and DHEA {40 eq,
70 wl, 0.4 mmol) in DCM/DMF (1:1) (2 mbL). The resin was washed with DCM (x5)
and DMF (x5). Then the N-terminal Frmoc group was removed with 20% piperidine
in DMF (3 x 10 min) and the resin was washed with DMF (x3) and DCM (x5). Finally
simultaneous resin cleavage and side~-chain deprotections were carried out using a
mixture of TFA/MIPS/HLO (85:2.5:2.8) (2 mb) during 2 h. Trituration from cold disthyl
ether gave the crude product T3 as a white solid (34 mg, 100 % yield) with a purity
of 67% (from HPLC sanalysis). MALDI-TOF mass spectrometry confirmed the
identity of the major product (m/z expected: 336515 [MH+], found: 3369.66).

2.3 Synthesis of peptide anfigen T4

The orthogonally protected amine acid Fmoc-Lys(Mif)-OH (5-fold excess) was
aulomatically attached fo the Tentagel R RAM amide resin (0.19mmfy, 750 mg,
0.1425 mmol) using DCCI and HOBt as aclivaling agents in DMF. After removing
the N-terminal Fmoc group, a second residue of Fmoc-Lys(Mi)-0OH (5-fold excess)
was coupled in the presence DCCI and HOBL The following 168 aminoacids bearing
standard side-chain protecting groups were automatically incorporated applying
similar coupling/depratection protocols. The phosphoaminoacids were introduced as
monobenzyl esters al the phosphate group. Double couplings of 80 min were
performed for all the residues followed by a capping step with acetic anhydride. The
assembly of the peptide sequence finished with the addition of the las{ two Fmoc-
Lys{itt)-OH.

Then, the Mit groups of the ferminal lysine residues were selectively cleaved by
treatment of the resin (1 eg, 750 mg, 0.075 mmol} with 10 mb of TIPS/TFA/DCM
{1:1:98) during several cycles of 10 min. The resin was washed with DOM (%3} and
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DMF (x3). Then, Palmitic acid (20 eg, 51 mg, 0.2 mmol) was coupled {o these
deprotected amino groups using TBTU (20 eq, 482 mg, 1.5 mmeol} and DIEA (40 eq,
536 ph, 3.0 mmol) in DCM/DMF (1.1} (7 mL}. The resin was washed with DCM (x5)
and DMF (x5). Then the N-terminal Fmoc group was removed with 20% piperidine
in DMF (3 x 10 min) and the resin was washed with DMF (x3) and DCM (x8). Finally
simultaneocus resin cleavage and side-chain deprotections were carried out using a
mixture of TFAMTIPS/HO (85:25:2.5) (6 ml) during 3.5 h. Trituration from cold
diethy! ethar gave the crude product T4 as a white solid (86 myg, 37% yield) with a
purity of 50% (from HPLC analysis). MALDI-TOF mass spectromelry confirmed the
identity of the major product {im/z expected: 3455.10 {MH+], found: 3456 13).

2.4:  Synthesis of peptide anticen T8

The orthogonally prolected amine acid Fmoc-Lys{Mt)-OH (5 eq, 781 mg, 1.25
mmot) was manually attached to Rink amide PEGA resin (1 eq, 0.33 mmol/g, 758 g)
using DIPCD!E (5 eq, 186 mi, 1.25 mmel) and HOBt (5 eqg, 169 mg, 1.25 mmol} in
DME (B mL) for two couplings of 8 h. The resin was then washed with DMF (¢ 5).
After removing the N-terminal Fmoc group with 20% piperidine in DMF (7 mL x3 x5
min}, a second residue of Fmoc-Lys(Mity-OH {10 eq, 1.56 g, 2.5 mmaoly was coupled
in the presence of TRTU (10 eg, BO3 mg, 2.5 mmol), HOBt {10 eq, 338 mg, 2.5
mmoel) and DIEA (20 eqg, 871 mi, 5.0 mmol). The following 16 aminoacids bearing
standard side-chain protecting groups were manually incorporated through similar
couplingfdeprotectionfwash cycles. Exceptionally, the phosphoaminoacids were
introduced as monobenzyl esters at the phosphate group (10 eg) with TBTU {10
eq), HOBt (5 eq) and DIEA {15 eq) in DMF. A coupling time of 1 h was used
throughout the synthesis. The assembly of the peptide sequence finished with the
addition of the last two Fmoc-Lys{Mt}-OH,

Then, the Mit-groups of the terminal lysine residues were selectively cleaved by
freatment of the peplidyl resin {1 eq, 385 myg, 0.0189 mmol) with 10 mbL of
TIPS/TEA/DCM (1:1.988) during several cycles of 10 min. The resin was washed with
DM (x3) and DMF (x3). Then Palmitic acid (20 eq, 868 mg, 3.8 mmol) was coupled
to these deprotected amino groups using TBTU (20 eq, 1.21 g, 3.8 mmol) and DIEA
(40 eq, 1.31 mi, 7.6 mmol) in DCM/DMF (1:1) (4 mL). The resin was washed with
DCM (x8) and DMF (x8). Then the N-terminal Fmoc group was removed with 20%
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piperidine in DMF (3 x 10 min) and the resin was washed with DMF (x3) and DCM
(x5). Finally simultaneous resin cleavage and side-chain deprotections were carried
out using a mixture of TFAMIPSHO (85:2.5:2.5) (4 ml) during 3.5 h. Trituration
from cold diethy! ether gave the crude product T8 as a white solid (0.2 mg, 10 %
vield) with a purity of 55% (from HPLC analysis). MALDETOF mass spectrometry
confirmed the identity of the major product {mfz expected: 3331.17 [MH+], found:
3335.19).

2.5 Synihesis of peptide antigen T8

The orthogonally protected amino acid Fmoc-Lys(Mit}-OH (3 eq) was manually
loaded to an amide resin (Rink amide MBHA resin, 1 ey, 0.4 mmol) in the presence
of PyBOP/HOBYDIEA in DMF. The resin was then washed with DMF {3 x 1 min).
After removing the N-terminal Fmoc group with 25% piperidine in DMF {1 x 1 min
and 2 x 15 min), the second residue of Fmoc-Lys(Mt)-OH (3 eq), was coupled
uging the same loading conditions. The following 16 amino acids bearing the Fmog
standard side-chain protecting groups were incorporated applying the previously
described coupling protocol. The phosphoaminoacids were introduced as
moncbenzyl esters at the phosphate group. The coupling time was determined by
TNBT test or chlorany! test after a Proline. f necessary, a second coupling was
performed with 2 eg of Fmoc-aminoacid in the presence of DICHOBL or
HATU/DIEA. Each coupling step was followed by 8 wash step with DMF (3 x 1 min},
Frmoc removal step with 25% piperidine in DMF (1 x 1 min and 2 x 15 min) and a
second wash step with DMF (7 x 1 mm)', After the coupling of the Thr{PO{OBzlOH),
0.5% DBU in DMF was used for the Fmoc-deprotection step. The assembly of the
peptide sequence finished with the addition of the last two Fmoc-Lys{Mit)-OH.

Then, the Mit-groups of the terminal lysine residues were selectively cleaved by
treatment of the resin (1 eq, 650 mg, 0.1568 mmol} with 10 mbL of TIPS/TFA/DCM
(1:1:98) during several cycles of 10 min. After washing with DCM (x3) and DMF
(x3), Palmitic acid (20 eq, 1.01 g, 3.15 mmol) was coupled fo those deprotecied
amino groups using TBTU {20 eg, 814 mg, 3.15 mmol} and DIEA {40 eqg, 1.1 mi,
6,30 mmol) in DCM/DMF (1:1) (8 mL). The resin was washed thoroughly with DCM
(x5) and DMF {x8). Then the N-erminal Fmoc group was removed with 20%
piperidine in DMF (3 x 10 min) and the resin was washed again with DMF (x3) and
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DCM (xB). Finally simultaneocus resin cleavage and side-chain deprotections were
caried out using a mixture of TFATIPSMHO (85:2.5:2.5) (8 mi) during 3 h,
Trituration from celd diethyl ether gave the crude product 79 as a white solid {291
mg, 58% vield) with a purity of 89% (from HPLC analysis). MALDLTOF mass
spectrometry confirmed the identity of the major product (m/z expected: 3172.08
IMH+, found: 3172.90).

2.6:  Synihesis of peptide antigen T10

Tetrapaimitoylated peptide T10 was prepared following a similar protocol as for T8
{peptide synthesis scale: 0.25 mmol). In addition, a pseudo proline [ps(Gly-Ser)]
was used as building block before the problematic sequence Asn-Val-Ser-Ser. The
crude product T10 was obtained as a white solid (809 myg, quantifative yield) with a
purity of 56% (frorm HPLC analysis). MALDI-TOF mass spectrometry confirmed the
identity of the major product {m/z expected: 2761.9 [MH+], found: 2758.2}.

2.7.  Synthesis of peplide antigen T11

Tetrapaimitoylated peptide T11 was prepared following a similar protocol as for T9
{peptide synthesis scale: 0.25 mmol). The crude product T11 was obtained as a
whife solid (495 mg, 76% vyield) with a purity of 80% (from HPLC analysis). MALDI-
TOF mass spectrometry confirmed the identity of the major product (m/z expected:
2613.8 (MH+], found: 2612.2).

EXAMPLE 3¢ Vaccine preparation {Process A)

Tau-derived tetrapalmitoylated phosphopeptide was weighed (see {able 2 below for
gquantity), and put infe 250 ml glass round bottom flask. Then Dimyristoyl
phosphatidyicholine (DMPC), Dimyristoy! phosphatidylglycerol (DMPG), Cholesterol
and adjuvant Monophosphoryt Lipid A (MPLA) (all Avanti Polar Lipids Inc. AL, UBA)
wera weighed and added at molar ratio of 8:1.7:0.2 respectively. Then Chioroform
was added giving & clear sclution with fine parlicles. After gently agitation during 15
min, the organic solvent was removed by evaporation under reduced pressure at
40°C and then under high vacuum for 3 h. The resulting thin-film was rehydrated by
addition of sterile PBS in a lamellar hood and gently agitated at RT for 18 h. The
final peptide / phospholipid molar ratioc was 1:100. The liposomal suspension was
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then aliquoted into sterile 15 mi falcon tubes (& mi productiube) prior fo storage at
2-8°C. Final peptide concentration was 40 p.

EXAAMPLE 4 Characlerization of Tau liposomal vaccines

4,1, Methods

4. 1.1 Peptide, DMPC and Cholesterol quantification by HPLC
For analysis of the liposomal tau vaccines (ACK33, ACI-35, ACE368, ACK38, ACIH-
40 and ACI-41 all prepared according to the process A described in EXAMPLE

3y, samples were prepared by adding water (20 ul) to the vaccine sample (20 ub)
in a glass HPLC vial, followed by isopropanol (140 uly and TFA (20 ul). The &-fold
diluted sample was briefly vortexed prior to injection (20 uf). Analysis was
performed using a C3-reverse-phase Zorbax 300SB-B3 column {250 x 4.6mm,
Sum, 300A, Agilent) thermostated to 75 °C, with detection at 207 and 214 nm.
Fluent solvents were as follows: solvent B, 85% Isopropanci, 5% Water, 0.1%
TFA; solvent A, 10% Acstonitrile, 80% Water, 0.1% TFA. A gradient from 40% B
to 60% B was applied during 20 min with a flow rate of 1 mi/min. Standards of tau
peptides (T1, T3, T4, T8 and T9) and DMPC/Cholestercl were used separately at
different concentrations for calibralion purposes. For i{au peptides, a siock
solution of 1 mgfml in TFAAPTOHMLO0 (1:7:2) was prepared and (1:1) serially
diluted from 400 pg/mi to 12.5 ug/mi. For the lipids, a stock solutions of 8.0 mg/fmi
of DMPC and 3.5 mg/mi of Cholesterol in 70% isopropans! and 30% water and
diluted {1:5), (1:10) and (1.50) with the same mixiure.

41,2 MPLA guantification by HPLC

MPLA within tau liposomal vaccine was quantified by HPLC with UV defection

following derivatization of the adjuvant with the UV aclive chromophore 3,5-
Dinitrobenzyloxyamine (DNBA). Briefly, 20 i of liposomal tau constructs were
added to a solution of DNBA in pyridine {10 mg/mi, total volume 100 ul), heated
at 80 °C for 3h and then the pyridine was removed by evaporation. The resulting
pellet was resclubilized in chioroform/methans! (2:1, viv) for HPLC analysis.
MPLA (Avanti Polar Lipids) was used for calibration purposes at four different
concentrations and was derivatized and analyzed as for the liposomal tau

constructs. HPLC analysis was performed using an Agilent XDB-C18 reverse-
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phase column (250x4.6 mm, 120 A 5 pm), thermostated to 50 °C, with detection
al 254 nm. Eluent solvents were as follows: scolvent A, 85% Acetonitrile, 5%
Water, 4.8 mM phosphoric acid; solvent B, 95% isopropanol, 5% Water, 4.8 mM
phosphoric acid, A gradient from 10% B to 70% B was applied during 30 min with
a flow rate of 1 mi/min,

4 1.3 Liposome surface potential

Tau liposomal construct samples were diluled 100-fold with PBS. Analysis was
performed using a Zetasizer Nano (Malvern, USA) at 25 °C. Measuremsnt
duration and voliage selection were performed in automatic mode, with a typical
applied voltage of 50 mV. Data was iransformed using the Smoluchowski
equation automatically using DTS 5.0 (Malvern) software {o calculale the zela
potential. As the tsu liposomal constructs are composed of a mixiure of
DMPC/OMPG/Cholesterc/MPLA al molar ratio of 9:1:7:0.2; the expected nst
charge will be negative.

4 1.4 Conformational analysis by Circular Dichroism

Tay liposomal constructs were diluted (1:1) with PBS 1o give a final peptide
concentration of 18 uM. Liposomes with identical composition but lacking the {au
peplide were used as the blank solution for baseline subtraction. CD spectra
were acquired on a Jasco-B15 spectropotarimeter with a 0.1 cm path length
quarzt cuvette (Hellma, Germany) at 23 °C. Measurements were made over a
185-250 nm wavelength range with a 1.0 nm bandwidth and 0.5 nm resolution. A
scan speed of 50 nm/min with response time of 1 sec was employed. Blank
spectra {from 8 scans) were averaged and substracted from the average of 8
scans of each sample spectra. The oblained spectrum ([Bl.s, degrees) was
smoothed after being converted io mean residue molar ellipticity ([8], degrees
am? dmol’) with the equation [8] = [8les X{MRW/10lc), where MRW is the mean
residue molecular weight (MWinumber of residues), | is the optical path length

(cm) and ¢ is the concentration {g/lem®),

4 1.5 Thi fluorescence assay

ThT flucrescence measurements were acguired on a microplate reader Infinite
M200 (Tecan Group Lid, Switzeriand). As a general procedure, Tau liposomal

constructs were diluted to different concentrations with PBS (Table 2). Liposomes
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of same composition but lacking tau peptide were diluted simflarly to be used as
negative control (batch ACI-35-081015-B). To 98 ul of each vaccine or biank
solution, ThT (2 ul, 1.2 mM in water) was added to give a final concentration of 24
ubd. After brief vorlexing, an aliquot from each sample (70 pl) was added onio a
black opague 384-well Perkin Eimer microtiter plate and fluorescence emission
was measured at 485 nm after 30 min upon excifation at 440 nm. The excitation
bandwidth was 8 nm and the emission bandwidth 20 nm. y-Cyclodexirin was
used as an internal control. Serial 2-fold dilutions in PBS were made from a 840
mi stock solution in PBS to obtain 320, 160, and 80 mM y-cyclodextrin control

soiutions.

Table 2: Samples prepared for ThT assay

Peptide Yaccine Batch Dilution | Cone. Peptide
{pglmit)
11 ACI-33 ACEH33-081031-A 2-fold 23
ACI33-081031-A 3-foid 15
AC-33-081031-A 4-fold 7.7
ACI-33-081031-A | 12-fold 38
T3 ACE-35 ACI-35-081015-A 2-fold 39
ACH-35-081015-A 3-fold 28
ACE3IS-081015-A A-fald 20
ACE35-081015-A | 12-fold 5
T4 ACI-38 ACE-36-081110-A 2-fold 16.5
ACH-36-081110-A 3-fold 14
ACI36-081110-A 4-foid 8.3
ACI-38-081110-A 12-fold 21
T8 ACH30 ACH30-080202-A 2-fold 24
AC-B38-080202-A {  3-fold 18
ACI-39-050202-A 4-fold 12
ACI-38-090202-A 12-fold 4
TS L A0 ACI-40-090202-A 2-fold 30
'  ACI-40-090202-A 3-fold 20
ACHA0-080202-A 4-fold 15
] ACI-40-080202-A | 12-fold 5
T8+T9 ACI-41 ACH-41-081204-A 2-fold 11.5
ACH41-081204-A 3-fold 7.7
ACH-4T-081204-A 4-fold 58
» ACH-41-0B1204-A 12-foid 1.8
Negative Negative ACI-35-081015-B 2-fold nfa
Controd conirod ACIH-35-081015-B 3-fold n/a
ACH-35-081015-B 4-fold n/a
ACI-35-081015-B 12-fold nfa
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4.2, Resulls

4 2.1 Peptide, DMPC and cholestero! guantification by HPLC

The HPLC chromatogram at the detection wavelength of 207 nm oblained from
the injection of the vaccine samples showed the presence of the tau peptide,
DMPC and cholesterol (see {able 4). From the calibration curves determined with
the standards, the quantity of each component in the vaccine was calculated. The
detected tau peptide, DMPC and Cholesters! conient in the tau liposomal

suspensions was close {o the target values.

4.2.2 MPLA quantification by HPLC

The HPLC chromatogram at the detection wavelength of 254 nm obtained from the

mjection of the DNBA-derivatized tau vaccine sample showed the presence of
jabelied MPLA {see table 4). Using the calibration curve oblained with the standard,
the quantity of MPLA in the tau liposomal vaccines was calculated, The dstecied

MPLA content in the tau liposomal suspensions was close (o the target values.,

4 2.3 Liposome suiface potential

The measured zeta potential of tau liposomal vaccines is shown in {able 4.

4 2 4 Conformational analysis of tay peptide within liposomal vaccines by CD

The conformation of tau liposomal vaccines prepared according to the description

before was determined by circular dichroism, The resulls are shown in table 3.

425 ThT assay of iau peptide within liposomal vaccings

The aggregated siates of tau peplides of the liposomal vaccines (prepared by
above-described process A} determined by ThT fluorimetric assay are shown in
table 4.
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Table 3. Summary of vacecine characteristics

PCT/EP2010/054418

Vao- Compo- | Retention | Target | Resuill Lipo- Conforma - THT |
cine nent Time value | {(pg/ml} | some tion assay
{ngimi} Sur- Circular {peptide
face Bichroism aggrega
Potent tion}
s Fhioras-
ial cence
{mV} sigrat
ACI-33 | Peptide T1 1 19.3 min 130 48 -18.7 beta-sheet Aggreg
Cholesterol | 11.2 min 1027 g23 and beta-turn | ation
D#MPC 10.0 min 2314 2463 mixed
DMPG M 2514 nd conformation
_MPLA 38.8 min 135 62
CACH-35  Peplide 73 | 19.5 min 130 78 -18.2 random coil No
‘: - Cholesterol | 11.6 min 1046 1438 conformation | aggreg
- DMPC 10.3 min 2357 nd ation
DMPG nd 286 nd
MPLA 29.7 min 135 124
ACH-36 | Peptide T4 | 20.3 min 130 33 -17.8 random coil | Aggreg
Cholestern! | 11.2 min 1018 1387 conformation ation
DMPC 10.0 min 2296 nd with some
DMPG nd 259 nd befa-sheet
MPLA 29.7 min 135 83 contribution
ACE-39 | Peplide T8 | 19.3 min 130 48 ~16.8 beta-sheet Mo
Cholesterol i 11.8 min 1056 1906 conformation | aggreg
OMPC 10.6 min 2381 4318 ation
DMPG nd 269 nd
MPLA 30.89 min 135 144
ACH-40 i FPeptide T9 | 21.0 min 130 60 ~14.7 random coil No
Cholesterol | 11.8 min 1109 1855 conformation | aggreg
DMPC 105 min | 2500 2894 ation
DMPG nd 269 nd
WMPLA 30.8 min 138 122
ACH-41 Peptide 18.3 min+ | G5+65 | 23434 -17.3 mixture of | Mo
TB+TY random coil | aggreg
19.9 min and beta- ation
{ Cholesterel | 11.2min 1109 34 sheet
DMPC 9.9 min 2500 1574 conformation
DMPG nd 282 3828
MPLA 30.9 min 135 80
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EXAMPLE S: Immunogenicity of tau Palmitoylated Antigens in Wild Type
and Tau-/- KO mice

5.1, Methods

5.1.1 Tau knock-out mice (TKO)

Knocking oul of the fau gene was achieved using a targeting vector which

inserted the EGFP (Enhanced Green Fluorescent protein} cDNA in exon 1 of the
gene in-frame with the endogenous initiation codon. This produced a fusion
protein with the first 31aa of tau followed by EGFP (described by Tucker KL. et
al.,, Mature Newroscience, 2001). The deletion of the gene was confirmed by
westerny blot of whole brains lysales. Tau protein levels using several anti-tay
antibodies showed that all tau isoforms were absent in the homoezygous mutant,
with a 50% reduction in the heterozygous mutant. The mutation was maintained
on CH7BL/6 background.

5 1.2 Preparation of the vaccine

Vaccines were prepared by process A described in EXAMPLE 3.

5.1.3 Immunizations

CA7BLG or Tau-/~ KO mice (TKO} received i.p. injections of the vaccine {ACI-33,
ACH35, ACE-36 and ACI-41) on three oceasions (Scheme 1) {Table 43,

For ACE33, ACE35, ACI-36 and ACH41 immunization, the three immunizations
were done with a 2 weeks inlerval between each administration (day (d)0, d13, d28)
according to Scheme 1. 1 day {(d-1) before the first immunizations then after the
second (d27) and third (d47) immunizations blood samples were collected and sera
prepared. Serum was prepared by letting the blood samples clot ovemight then
taking the supernatant after cenirifugation. Tau phosphopeptide-specific 1gG and
igM antibody titers and IgG isotype patterns were determined by ELISA. As control,
non-pTau peptide-specific IgG antibody titers were also determined by ELISA.
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Table 4: Mice Immunization
Group | mice | Age Number | Treat | Vaccine | Route Dose Quantity
months | of ment | Batoh of favel of MPLA
Animals |/ ‘ Admint | Quantity | ugl/dose®
and Volu stration | of
Gender | me’ ? peptide
ug/dose®
ACEI33 | WT 8 39 ACH | ACE-33~ {ip. g 12
{T1 34 33 081031~
peptid gz2mitA _ _
&) KO |45 3¢ ACl- | ACI-33- |ip. g 12
34 33 081031-
0.2 A
11l
ACH35 | WT 8 3L ACE | ACI-35- lip. 16 23
(T3 34 35 | 0B1015-
peptid 0.2 A
8) mi
KO 8-8 3¢ ACI- | ACI-35- lip. 18 23
3a 35 0B1015-
0.2 A
. st
ACH36 | WT 8 3¢ ACH 1 ACE-36- tip, 7 13
{T4 34 38 081110~
peptid 0.2 A
[5)] - mi
KO 4 39 ACH § ACE3B- |ip, 7 113
33 38 081110~
0.2 A
mi
ACH41 | WT 7 39 ACE [ ACK41- ip, 5 7
(T8+7 33 41 081204~
9 02 A
¢ peplid mi
;s KO 4 39 ACH 1 ACH41- Hip. 5 7
34 41 081204-
0.2 A
mi

°: thearetical vofume
Poip o intra-peritoneal

S measured quantily delermined after analysis

Zcheme 1: Schedule of immunizations and blsedings for ACL33, ACL.25, ACI-38 and

ACH41

037




WO 2010/115843 PCT/EP2010/054418

5.1.4 Quantification of Tau peptide-specific anfibodies

Spegcific 1gG antibodies for pTau peplides were determined by ELISA in the 3 sera
bleeding samples. Tau peptlides-specific IgG were delermined in the sera from d-1
and dd7. Peplides pTau-specific IgM and IgG isotype antibodies were determined
by ELISA in the d47 sera bleeding sample. Plates were coated with 10 ug/mi of
corresponding Tau peplide overnight at 4°C. After washing each well with PBS-
0.05% Tween 20 and blocking with 1% BSA In PBS-0.05% Tween 20, serial
dilutions of sera were added o the plales and incubated at 37°C for 2 hours. After
washing, plates were incubated with an alkaline phosphatase (AP)-conjugated anti-
mouse lgG fotal antibody (Jackson Laboratoties, Baltimore, PA, USA) or isctype
specific antibodies (horseradish Peroxidase (HRP)-conjugated anti-mouse IgM, AP-
conjugated anti-mouse [gG1, biolin-conjugated anti-mouse 1gG2a and 1gG3,
purchased from Pharmingen BD, San Diego, CA, USA and HRP-conjugated anti-
mouse 1gG2b from Zymed Laboratories, San Francisco, CA) for 2 hours at 37°C.
After washing, plates were incubated with pNPP {para-nitro-phenyl-phosphate), the
phosphatase substrate for AP, or ABTS (2 2.azino-bis{3-ethylbenzthiazoline-8-
sulphonic acid)), the substrate for HRF and read at 405 nm using an ELISA plate
reader. A suppiemental step was dane for the biotin conjugated antibodies where
plates were incubated for 45 min in sireptavidin-HRP (R&D Systems, Minneapolis,
MN, LUSA) before defection using ABTS. Resulls are expressed as O.D. (Optical
Density) at the first dilution and a non saturated dilution for igG and at a non-
saturated 0.0 for IgG isotypes and IgM.

5 1.5 Binding of anti-Tau antibodies to Tau tangles on brain slices from transaenic
animal (TAUPIR)

Binding of antibodies present in the serum of vaccinated animals to tangles on brain

slices was done by TAUPIR immunohistochemistry.

Brain slices used were from Tau P301L (TPLH: longest isofrom (441aa) of human
Tau with the P301L mutation) transgenic animal at a terminal stage and from old
(>15 months) double transgenic biGT mice (GSK-3 transgenic mice cross with
TPLH mice).

Rrain seclions were washed for 5 min in PBS then incubated for 15 min at RT in
1.5 % HzOp in PBS:MeGH (1:1) to block endogenous peroxidase. After washing the
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sections 3 times in PBST (PBS/0.1% TritonX 100} they were incubated for 30 min at
RT in PRET+10 % FCS (fetal calf serum) blocking solution. The incubation with the
serum containing the anti-Tau anfibodies was done overnight at 4°C. Serum was
diluted in PBET/10 % FCS using several different dilutions from 1/2'500 to 1/10°000.
Sections were washed 3 times in PBST before incubation with an HRP-conjugated
goat anti-mouse {purchased from Dako, Glostrup, Denmark)) secondary antibody in
PBST/10% FCS for 1 hour at RT. Prior fo defection sections were washed 3 times
with PBST and incubated in 50 mM Tris/HCI pH7.6 for 5 min. Detection was done
using by incubating the sections for 3min in Diaminobenzidine (DAB: 1 tablet in 10
mi of 50 mM Tris. HC + 3 ul Hy0, 30 %) (MP Biomedicals, Solon, OH, USA). The
reaction was stopped by washing the sections 3 fimes in PBRST. The sections were
then transferred onto silanized glass-plates and air-dry on warm-plate at 50°C for 2
hours. A counterstaining was done using incubation with Mayers hematoxylin (Fluka
Chemie, Buchs, Swilzerland) for 1 min followed by a washing step for 4 min in
running tap-water. Sections were dehydrated by passing in 50 %, 70 %, 80 % and
twice in 100 % ethanol bath then in Xylol for 2 times 1 min. Finally sections were
mounted with DePeX (BDH Chemicals Lid.,, Poole, England) under glass cover-

stips.

51.68 Western Blot (NB)

Binding of antibodies present in the serum of vaccinated animals to pTau in brain

extract from fransgenic animal was done by WEB.

Brain homogenization of wild-type FVB, TPLH, biGT and Tau knock-ouf (TKO)
mouse was done in the following buffer: 25 mM Tris/HC pHY7.6, 180 mM Nall, 1
mM EDTA, 1 mM EGTA, 30 mM MNaF, 0.2 mM NasVOs, 1 nM Okadaic acid, 1 mM
phenyimethylsulfony! fluoride (PMSF), 5 mM NadP207, 1 tablet complete protease
inhibitor cocktail (CPIC) per 12 mi total. To cobtain lofal brain homogenate the brain
was homogenize on ice in 1 vol / weight hemisphere {ml / g} with a motor-driven

potterdike (glass tube / teflon pestle) used at 700 rpm.

Total brain homogenate was diluted half in sample buffer (125 mM Tris/HC! pHB.8,

4% {wiv) sodium dodecyl sulfate (8D8), 20% glycerol, 0.01% bromopheno! biug) +

5% beta-mercapto-ethanotl then heat rapidly 1o 85°C. Samples were kept 5 min,

diluted % in sample buffer, heat again to 95°C then coocled down and spin at 14000
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rpm for & min to clear debris that were not solubilized. Supermatants were collscted
and loaded on a BDS-PAGE gel The transfer to the nitroceliulose membrans
{Hybond-ECL) was done in fransfer buffer (25 mM Tris pH 8.6, 180 miM Glycine,
20% methanol). Membrane was transferred {o the blocking solution {0.1% Tween in
TBS (80 mM Tris.HCl, pH7 .6, 150 mM NaCl) + 5% milk-powder) prior io overnight
incubation at 4°C with the mouse serum diluied in the blocking solution. Incubation
with secondary antibody HRP-conjugated goat anti-mouse (Dako, Glostrup,
Denmark) diluted 1/10°000 in blocking solution was performed at RT for 1 hour.
Detection was dorne using the ECI Western Blotting Deteclion Reagents from GE
Healthcare.

5.2, Resulls

5 7.1 Speciicily of antibody from sera of vaccinated mice

Sera from vaccinated mice were tested for the specificity of their antibodies in
ELISA assay against both pTau and Tau peptide, tau tangles in TAUPIR and pTau
in western blot.

ACI-33 vaccine induced an anti-Taub-20 [p¥18] lgG response following Lp.
injection. After 2 immunizations {d27), the IgG response remained stable with no
increase with the third immunization (d47) (Figure 1a: WT mice, T-way Anova P<
0.05 d-tvs d27, P<0.001 d-1 vs dd47 and Figure 1b: TKO mice, 1-way Anova P<
0,001 d-1 vs d27/47),

ACI35 vaccine induced a robust anti-Tau3B83-408 [pS396/p8404] IgG response
foflowing i.p. injection, After 2 immunizations (d28), the 1gG response remained
stable (442, 98 and 126) with no increase with the 3 immunization (d42) and no
decrease in bleadings before, in between and after boosting (Figure 2a. WT mice:1-
way Anova P<0.0001 d-1 vs dR28/42/98/126 and Figure 2b: TKG mice:t-way Anova
P<0.0001 d-1 vs d28/42/98/126).).

ACH-36 vaccine induced a Taud01-418 [pS404/8408) igG response following Lp.
injection. After 2 immunizations (d27), the igG response remained stable with no
increase with the third immunization {d47) (Figure 3a; WT mice: t-way Anova P<
0.001 d-tvs d27, P<0.0001 d-1 vs d47 and {Figure 3b: TKO mice: 1-way Anova
P<0.0001 d-1 vs d27/47).
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ACI-41 vaccine induced a robust IgG response following ip. injection on both
Tau208-221 [pT212/pS214] and Taul98-211 [pS202/pT205] peptides, After 2
immunizations {d34), the 1gG response remained stable (d48) with no increase after
third immunization {d48) (Figure 4a: WT mice, anti-Tau206-221 [pT212/p5214)-1gG,
1-way Anova P<0.0001 d-1 vs d34/48) (Figure 4b: WT mice, anti-Taut198-211
[pS202/pT205}gG, 1-way Anova P<0.0001 d-1 vs d34/48). (Figure 4c: TKO mice,
anti-Tau206-221 [pT212/p82141-1gG, t-way Anova F<0.0001 d-1 vs d34/48) (Figure
4d:, TKO mice, anti-Tau196-211 [pS202/pT2051]-1gG. 1-way Anova P<0.0001 d-1 vs
d34/48),

Sera from vaccinated mice were further lested for the specificity of the anti-tau
antibodies in TAUPIR immunohisfochemistry and western plot. The data from all
liposemat constructs and for each mouse madel are summarized in the table 5

Delow,

Table 8: synopsis of antibody specificity from sera of vaccinated mice

Vaccine | mice | ELISA TAUPIR Wastern Blot
{positive/total mice) | {(positiveftotal mice) | {positive/total mice)
ACI-3% | WT | 4/8 206 1/6
KO |56 2/6 2/6
ACE3S [WT |56 1% 56 11 516 ; 1t
KO | e/ms 3/6 B/6
l;‘%CMﬁ WT | 5/6 R 406 1/6
| KO | 5/6; 1t 361t 118, 11
ACH4T | WT | 6/8 476 418
KO | 6/6 178 36

522 Analvsis of the Isotype response  from Wild-type CH7BLEB and Tau-i- KO
(TKOY immunized mice

ACH33
ACI-33 vaccine induced in WT mice antibody titers for ail 1gG2a, 2b and 3 isotypes

as well as IgM following 3 Lp. immunizations (Figure Sa; WT mice). There was
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almost no lgG1 and there is a significant difference between igG1 and IgG2b and 3
(Figure 5a; WT mice;t-way Ancva P<0.05 IgG1 vs IgG3, P<0.001 igG1 vs [gG2b).
ACI-33 vaccine induced in TKO mice antibody titers for all 1gG2a, 2b and 3 isotypes
as well as Igh following 3 ip. immunizations (Figure 5b; TKO mice). There was
almost no 1gG1 with a significant difference between this subclass and the other IgG
isotypes {Figure 5b, 1-way Anova P<0.05 IgG1 vs IgG2a/lgB3, P<0.001 igG1 vs
igG2h).

ACI-35

ACH-35 vaccine induced in WT mice high antibody titers for all igG isotypes as weall
as igM following 3 i.p. immunizalions (Figure 6a; WT mice). The only significant.
difference is a higher IgM response compared to 1gG3 (Figure Ba, WT mice, 1-way
Anova P<0.05 IgM vs 1gG3)}.

ACH-35 vaccine induced in TKO mice high antibody titers for all IgG isolypes as well
as lgM following 3 L.p. immunizations (Figure 8b; TKO mice).

ACH-38 vaccine induced in WT mice antibody titers for all IgG isotypes as well as
igh following 3 L.p. immunizations (Figure Ta, WT mice).

ACI-36 vaccine induced in TKO mice antibody titers for all IgGs isotypes as well as
ight following 3 Lp. immunizations (Figure 7b; TKO mice). There was a statistically
significant higher level of IgG2b compared to igG1 (Figure 7b; TKO micge, 1-way
Anova P<0.056 1gG2b vs IgG1).

AGH-41

ACHH41 vaccine induced in WT mice high anti-Tau186-211 [pS202/pT205] antiboady
titers for all 1gG isotypes as well as Igh following 3 Lp. Immunizations {Figure 8a;
WT mice).

ACI-41 vaceine induced in TKO mice high anti-Tau186-211 [pS$202/pT205] antibody
titers for all IgG isolypes as well as IgM following 3 Lp. immunizations (Figure 8b;
TKO mice).

3. Conclusion
Tau vaccine induced igG titers in all mice. There was a low IgG1 antibody response

compared fo IgG2b and 1gG3 in ACI-33 immunized mice. In all other tau vaccinated
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mice, the induced antibody titers for all 1gG2a, 2b and 3 isotypes as well as IgM

were comparable,

Antibodies generated from {au vaccine immunized mice specifically hind pTau with
marginal binding to Tau peplides. The generated antibodies were as well able fo
recognize fangles in Tau fransgenic mouse brain and pTau from Tau {ransgenic

mouse brain exiract by WB

EXAMPLE 8. CGeneralion and screening of hybridomas and antibadies

The objective of this study was to generate and screen anti-Tau mAbs {monoclonal
antibodies). Mybridomas were generated by fusion of fau vaccine immunized mouse
spleen with a myeloma cell line. The hybridomas were assessed for reactivily
against both phosphorylated and non-phosphorylated full-dength Tau protein, as well
as the phosphorylated and non-phosphoryiated Tau antigenic peplides used in the
vaccine preparation. Hybridoma screening was also performed for reactivity of
hybridomas supernatant for tau tangles using iImmunochemistry on Tau fransgenic
mouse brain slices.

£.1. Methods

8.1.1 Fusion

A wild type CS57BL/E mouse vaccinated with ACI-33 (Tau5-20 [pY18]) and AGI-35
was used for hybridoma production. The mouse was boosted with ACE33 vaccine
on day 0 then again on day 4 and the fusion was performed on day 7. 173x10° (ACI-
33), splenocytes from the immunized mouse were fused with SP2-C-Ag14 myeloma
cells at a ratio of 5 splenocytes / 1 myeloma cell.

A wild type C57BL/G mouse vaccinated with ACK38 (Taud01-418 [pS404/5408])
was used for hybridoma production. The mouse was boosted with ACI-36 vaccine
on day O then again on day 4 and the fusion was performed on day 7. 84x106
splenccytes from the immunized mouse were fused with SP2-0-Agtd myeloma

cells at a ratio of 5 splenocytes /1 myeloma cell.

A wild type CB7BL/S mouse vaccinated with ACI41 (mix of Tau208-221
IpT212/pS214] and Taul186-211 [pS202/pT205]) was used for hybridoma
productior.. The mouse was boosted with ACI-41 vaccine on day 0 then again on

71



WO 2010/115843 PCT/EP2010/054418

day 4 and the fusion was performed on day 8. 162x106 splenocytes from the
immunized mouse were fused with SP2-0O-Agt4 myeloma cells at a ratic of &

aplenocytes / 1 myeioma cell.

The three fusions resulted in Bx96 well plates and the clones were name according
to the plate {1-8) then the row (A-G) and finally the column {1-12).

B.1.2 Screening method to select clones

The 8x98 well plates were first screened twice for IgG expression. Positive
expressing clones were then transferred in 24 well plates and cell supematants
(=clones) of growing cells were fested in a Tau ELISA screen and a
immunchistochemistry TAUPIR screen. Posilive supermatants in ELISA andior
TAUPIR were fransferred to T25 flasks and clones were screened again for 1gG
expression, Tau ELISA screen and TAUPIR

6.1.3 laG screen

Elisa plates were coated with 50 uliwell of anti-mouse 1gG antibody {CER Groupe,
Maricie, Belgium) in coaling buffer for 18 hrs at 4°C. After washing plates with
PBS/Tween 100 uliwell of a blocking solution was applied for 1 hr at RT. 50 ulf of
undiluted hybridoma supematant were incubated for 1 hr at RT. Afler a washing
step, a mix of the HorseRadish Peroxydase (HRP}-conugated anti-mouse lgG1,
lgG2a, lgG2b and 1gG3 (Ab Serotec, Raleigh, NC, USA) was applied on the plates
for 1 hr at RT. After a final washing, detection was performed with TMB (3-3',5,5'-
tetramethylbenzidine), the phosphatase substrate for HRP, and plates were read at
405 nm using an ELISA plate reader. Resulls are expressed as O.D. {Optical
Density).

5.1.4 Hybridomas Tau ELISA screen

Hybridomas ELISA screen was performed on pTau peptide (ACES33, T1.5 Taub-20
[pY18]; ACI36, T4.58 Taudl1-418 [pS404/5408); ACI41, 185 Tauz06-221
[pT212/pS214] and T9.5: Taul188-211 [pS202/pT205] PolyPeptide Laboratories,
Hillerad, Denmark), corresponding Tau pepfide (ACH-33, T1.6:! Taub-20;, ACH38,
T4.6: Taudli-4;, ACK4T, T8.6: Tau208-221 and T9.8 Taulds-211, PolyPeptide
Laboratories, Hillersd, Denmark), phosphorylated full-dength {441aa) Tau protein
{pTau protein, Vandebroek et al., 2005) and fuillength (441as) Tau protein (Tau
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protein, SignaiChem, Richmond, Canada). Finally Bovine Serum Albumin (BSA)
was used as negative control.

Plates were coated with 10 ug/mi of corresponding Tau peplide and 1 ug/mi of
corresponding Tau protein overnight at 4°C. After washing each well with PBS-
0.05% Tween 20 and blocking with 1% BSA in PBS-0.05% Tween 20, undiluted
hybridoma supematant or mediurn negative control were added to the plates and
incubated at 37°C for 2 hours. After washing plates were incubated with an alkaline
phosphatase {AP)-conjugated anti-mouse g5 total antibody (Jackson Laboratories,
Baliimore, PA, USA) for 2 hours at 37°C. After washing plates were incubated with
pNPP (para-nitro-phenyl-phosphate), the phosphatase subsirate for AP, and read at
405 nm using an ELISA plate reader. Resuits are expressed as O.D. (Optical
Density).

& 1.5 Hvbridomas IHC screen: Binding of anfi-Tau antibodies to tangles in brain

sections from transgenic mice {TAUPIR)

TAUPIR experiments were done according to profocol from EXAMPLE 5.1.5.

§.1.6 T25 flasks o3 screen

Elisa plates were coated with Bug/ml of anti-mouse IgG F(ab’)2 fragment specific

antibody (Jackson Laboratories, Ballimore, PA, USA) in carbonate-bicarbonate
coating buffer pH 9.8 (Sigrna, Buchs, Swilzertand) overnight at 4°C. After washing
plates, undiluted hybridoma supernatand, positive control IgG1 antibody (BE10 at
Tug/mb Covance, Emeryville, CA, USA) or negative control {culture medium alone)
were incubated for 1 hr at RT. After a washing step, the secondary AP-conjugated
goat anti-mouse 1gG (subclasses 1+2a+2b+3) Foy fragment specific antibody
(Jackson Laboratories, Baltimore, PA, USA) was incubated on the plates for 2 brs at
37°C. After a final washing, detection was performed with pNPP (para-nitro-phenyl-
phosphate), the phosphatase substrate for AP, and plates were read at 405 nm
using an ELISA plate reader. Results are expressed as O.D. {Oplical Density).

8.2. Rasults

ACH-33 hybridomas

The cell supematants from the 8x86 well plates resulting from the fusion were

screened for production of igG. In the 768 wells (8x96 wells) lested 277 wells were
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positive for 1gG expression and were transferred to 24 wells plates. In the 24 well

plates 79 clones were growing and supematant from those cells were analysed.

Positive clones were further transferred in T25 flasks and supernatants screened for
igG production, ELISA and TAUPIR (Table 6).

Table &

24 well plale screen 125 Flasks screen
Positive in | Positive in | Positive Positive Positive in
ELIBA TAUBIR in gl in ELISA | TAUPIR

: BCresn
1A7 187

1A
1011 1611
2C8 2C9
3C3 3C3 : 3C3

 3C5 achs

3E8 3E8
3610 3G10 3G10

BCAO o UBEAG S EeE0 R BGA R
6F3 B6F3

{BF8 8F8 ;

The clone 8C10 was the only one posilive in the 3 screens and was selected for

subcloning.

ACI-36 hybridomas

The cell supernatants from the Bx88 well plates resulting from the fusion were

scregned for production of igG. I the 768 wells (8x96 wells) tested 333 wells were

posifive for lgG expression and were transferred {o 24 wells plates. in the 24 well

plates 75 clones were growing and supemnatant from those cells were analysed.

Positive clones were further transferred in T25 flasks and supermnatants screened for
lgG production, ELISA and TAUPIR (Table 7).
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Table 7

24 well plate screen T25 Flasks screen
Positive in | Positive in | Positive Positive Positive in
ELISA TAURIR in g in ELISA | TAUPRPIR
screen 3
261 261, BT .
3A8 3A8 3AB. 13,
389 8Bg. . 138O
3F 11 3F11 3Fit T
443

401

4C12
4E12
BE10
5F5

DB TRE
6H1 |

In order to select clones for the nexd steps a ranking of all supermatants posifives for
IgG/ELISA/TAUPIR screens was performed based on the ELISA and TAUPIR
results. Ranking the ELISA and TAUPIR resulls was performed as explained in the
mathods section. TAUPIR staining was almost identical for the five first clones and
this corresponded to the ELIBA results. 4C12 was discarded as it was found in the
same plaie as 4C1 which increased the likelhood of the 2 clones being the same
(recognizing the same epilope). The best 4 clones selected were 3A8, 2B6, 4C1
and 8H1. The other 8 clones (4C12, 2031, 2F9, 7D6, 3BY, 4E12) were kept as back-
up.

A ranking of the 10 clones that showed positivily in ELISA screen and TAUPIR
screen was performed fo select the best ones (Table 8). Highlighted in grey are the
best & clonss.
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Table §: Ranking for positive clonas in ELISA and TAUPIR

ranking for ELISA lranking for TAUPIR
4612

261

2F9

706

389

4E12 AE4D

ACH41 hybridomas

The cell supernatanis from the 8x88 well plates resulting from the fusion were

screened for production of IgG. In the 788 wells (8x88 wells) tested 215 wells were
positive for lgG expression and were transferred fo 24 wells plates. In the 24 well
plates 81 clones were growing and supermatant from those cells were analysed.
Positive clones were further transferred in T25 flasks and supematants screened for
lgG production, ELISA and TAUPIR (fable 8).

Table B:

24 welf plate screen T25 Flasks screen
Positive in Positive in Positive in Positive in Pogitive in
FLISA TAURIR igG soresn ELIBA TAURIR

3D 3D 3011
AW T AHe I
5D10 5D10 .5D10 1 9D10 5010,
5E8 5E6 R S
5F10 5F10
887 6B7 BB7
702 A 0¥ 703 702 7C2
8G8 8G8
8HB BH8 8H8

The clones 5D10 and 7C2 were the only ones positive in the 3 screens and were
selected Tor subcloning. The clone 5010 binds anly the peptide T8.5, while the clone
7C2 binds to the two peplides of the ACI-41 vaccine (TB.5 and T2.5) (Figure 10).
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The subclone 5D10A4 eriginating from 5010 was specific for pTau peplide.

8.3, Conclusion

The antibodies generated have shown high specificity to pTau peplides with only

marginal binding to non-phosphorylated peptides.

From the 3 fusions (ACH33, ACH-36 and ACH-41), a total of 7 clones were deposited
at DEMZ (table 10) and selected for further subcloning.

Table 10: List of deposiied hybridoma

[pS202/pT205}]

T Tau196-211 |

| AGC3050

Antigen Yaceine Hybridoma Deposit Date of |
name mumber deposit
T8 Tau206-221 | ACK41 ACI-41-Ab1 DSM ACC3043 | March 3, zms’f
[pT212/p8214] :
+
T9: Taulo6-211
[pS202/pT205]
T4:Tau 401~ ACI-38 Z2B6 DSM March 10,
418 [pS404, ACC3044 2010
pS409]
T4 Tau  401- 1 ACK38 3A8 DSM March 13,
418 [pS404, ACC3045 2010
pS406]
“TaTau  401-: ACI-36 4C1 S March 10, |
418 [pS404, L ACC3046 2010
pS4081
T8 Tal206221 | AGI41 5D10A3 DSM TMarch 1D,
[pT212/p5214] ACC3047 2010
..[..
T9: Tau1s6-211
IpS202/pT205)
T1. Tau 5-20 ) ACI-33 6C10 DEM March 10,
[pY18] AGC3048 2010
T4:Tau  401- | ACI-36 6H1 DSM March 10, |
418 [pS404, ACC3049 12010
| pS409] |
T8 Tau206-221  ACI-41 7C2 DSM Warch 0,
pT212/pS214] | 2010 "
..i..

77



WO 2010/115843 PCI/EP2610/054418

EXAMPLE 7 Human AD brain slice spegific staining by two antibodies (AC1-
41-Ab1 and D10}, derived from ACH41 vaccinated mice

The objective of this study was to stain neurcfibrillary fangles (NFTs) in human
Alzheimer's disease (AD) brain using antibody ACI-41-Ab1 (8H3 subclone T88-F4)
and 5010, generated from two different fusions of mice immunized with the ACH41
vaccing. To test this, a phospho-Tau proteln immunoreactivity staining assay
(TAUPIR) using human AD brain sections, was employed.

7.1, Misthods

7.1.1 5D10 antibody generation
5010 was generated as described in EXAMPLE 8.

7.1.2 ACI41-Abl gensralion

7.1.2.1 Fusion

A wild type C57BL/G mouse vaccinated with ACH41 (ACH-41 vaccine confains a
mixture of two phospho-Tau peptides, Tau206-221 [pT212/pS214} and Tau196-
211 [pS202/pT205]) was used for hybridoma production. The mouse was boosted
with ACI-41 peptide five days prior to fusion. 58x106 splenocytes from the
immunized mouse were fused with SP2/0-0-Ag 14 myeloma cells at a ratic of 5
splenocytes / 1 myeloma cell. The fusion resulied in 10x96 well plates that were

then screened o determine interesting clones.

7.1.2.2 Hybridomag ELISA screen
Hybridomas ELISA screen was performed on T8 Tau208-221 [pT212/p8214), TS
Tau196-211 [pS202/pT2051 or hyperphosphoryiated (hWP)-Tau {explained under the

Western Blot seclion) coated plates.

Plates were coated with 2 ug/ml of hP-Tau overnight at room temperature (RT).
After washing each well with PBS and blocking with 2% FCS in PBS, hybridoma
supernatant was added {o the plates and incubated for 1 houwr at RT. After a
washing step, plates were incubated with peroxidase conjugated AffiniPure Goat
Anti-Mouse total Ig {Detection of 1gG + igM, Dako Glostrup, Denmark) in PBS 1%
FCS for 1 hour at RT. Plates were developed with TMB (3,355-
tetramethylbenzidine). The reaction was stopped with 2N H,80, and read at 450nm
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using an ELISA plate reader. Results were expressed in optical density {0.D.) for
each hybridoma clones.

For the peptides, plates were coated with 10 ug/m| of Tau206-221 [pT212/p5214] or
Taul196-211 [pS202/pT205] overnight at 4°C. After washing with PBS and blocking
with 2% NHS in PBS, hybridoma supernatant was added fo the plates and
incubated for 1 hour at room temperature (RT). After a washing step, plates were
incubated with biotinylated anti-mouse lgG (purchased from Vector 1abs) in PBS 1%
NHS for 1 hour at RT. A supplemental step was done for the biotin conjugated
antibodies and plates were incubated for 30 min in streplavidin-HRP (ABC kit
Vector labs) before detection. After a washing siep, plates were developed with
TMB (3,35 5 tetramethylbenziding). The reaction was stopped with 2N H,80, and
read at 450nm using an ELISA plate reader. Resulis were expressed in optical
density (0.0} for each hybridoma clones.

7.1.2.3 Hybridomas IHC sereen: Binding of anti-Tau antibodies o lanales in brain

sections from ransgenic mice {TAUPIR)

Binding of antibodies to tangles produced by hybridoma cells was done by

immunohistochemistry (IHC) on brain sections of Tau transgenic mice.

Brain sections from old (20 months) double transgenic biGT mice (GSK-3
fransgenic mice crossed with TPLH (human Tau longest soform (441aa) with the
P301L mutation expressing mice) and from Tau knock-out {(TKO} mouse as

negative control.
TAUPIR staining was done according fo profoco! from EXAMPLE 5.1.5.

7.1.2.4 Hybridormnas Western Blol Screen (WB)
Binding of antibodies produced by hybridoma cells to pTau in brain extract from

transgenic animal and/or hP-Tau extract was done by WE.

Brain homogenization of wild-lype FVB, TPLH, biGT and Tau knock-out {TKO)
mouse was done in the following buffer: 25 mM Tris/HCI pH7 8, 150 mM NaCl, 1
m EDTA, 1 mM EGTA, 30 mM NaF, 0.2 mM NaV0Q,, 1 nM Okadaic acid, 1 mi
phenyimethyisulfonyl fluoride (PMSF), & mM NadP207, 1 tablet complete proteass
inhibitor cocktail {CPIC) per 12 mi total. To obiain tolal brain homogenale the brain
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was homogenize on ice in 10 vol / weight hemisphere {mi / g) with a motor-driven
potter-like {glass fube / teflon pestie) used at 700 rpm.

For hP-Tau extraction, brain of TPLH and TKO mouse was homogenized with the
following buffer: 100 mM MES pH 6.8, 1mM B-mercapto-ethanol, 5 mM EDTA, 2.5
mivi PMSF, 5 ug/mi tosyl-L-lysine chioramethyl ketone (TLCK), 100 mM NaF, 1 nM
Okadaic acid, 0.2 mM Na;VOs and 1 tablet complete protease inhibitor cockiail
(CPICY per 12 ml fotal. The brain was homogenized on ive in 6 vol / weight
hemisphere {mi / g} with a motor-driven potier-like (glass iube / teflon pestlie) used
at 700 rpm. The homogenate was centrifuged at 20000xg 30 min at 4°C and the
supernatant transferred and heatled rapidly to 95°C where it was kept for 10 min
after cooling i in meliing ice. A cenlrifugation step was done before supernatant
aliquots were done and stored at -20°C as "hP-Tau”

Total brain homogenate was diluted half in sample buffer (125 mM Tris/HCI pH8 .8,
4% {wiv) sodium dodecy! sulfate (SDS), 20% glycerol, 8.01% bromophenol blue) +
5% beta-mercapto-ethanol then heat rapidly to 95°C. Samples were kept 5 min,
diluted ¥ in sample buffer, heat again to 95°C then cooled down and spin at 14000
pm for 8 min fo clear debris that were not solubilized. Supernatants were collected
and lpaded on a SDS-PAGE gel The transfer to the nitrocsiiulose membrane
{Hybond-ECL) was done in transfer buffer (20 mM Tris pH 8.6, 180 mM Glycine,
20% methanol). Membrane was {ransfered lo the blocking solution (0.1% Tween in
78S (50 miM Tris HCL pH7.8, 150 miM NaCly + 5% milk-powder) prior to overnight
incubation at 4°C with undiluted hybridoma supematant. Incubafion with secondary
antibody HRP-conjugated goal anti-mouse {(Dako, Glostrup, Denmark) diluted
1710°000 in blocking solution was performed at RT for 1 hour. Detection was done

using the ECH Western Biotfting Detection Reagents from GE Healthcare.

7.1.3 Binding of anti-phospho-Tau antibodies to Tau fangles in a human AD brain
The anti-phospho Tau antibody clones ACI-41-Ab1 {9H3 T89-F4 subclone) (mouse

igM isotype) and 5D10 {mouse igG isatype) were generated from two separate
fusions of ACI-41 vaccinated mice, The ACE41 vaccine contains & midure of two
phospho-Tau  peptides,  Tau206-221  [pT212/pS214] and  Taul196-211
[pS202/pT205]. Binding of antibody clone T89-F4 io tangles on brain slices from
human AD brain was done by TAUPIR immunohistochemistry.  Cortical brain
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sections from individuals with AD, progressive supranuciear palsy (PSP), and
healthy controls were used. Brain sections were washed for & min in PBS then
incubated for 15 min at RT in 1.5% HyO; in PBS:MeOH (1:1) {o block endogenous
peroxidase. After washing the sections 3 times in PBSET (PB&/0.1% TritonX100)
they were incubated for 30 min at RT in PBST+10% FCS (fetal calf serum) blocking
solution. The incubation with the primary antibodies (clone 8H3 T88-F4 |, 5D10 and
AT100 as a positive control) was done overnight al 4°C. Sections were washed 3
times in PBST before incubation with an HRP-conjugated goast anti-mouse
{purchased from Dako, Glostrup, Denmark) secondary antibody in PBST/10% FCS
far 1 hour at RT. Prior to detection, sections were washed 3 times with PBST and
incubated in 50 mM Tris/HCl pH7.8 for 8§ min. Detection was done by incubating the
sections for 3 min in Diaminobenzidine (DAB: 1 tablet in 10 mil of 50 mM Tris HCI +
3 ul M0, 30%; MP Biomedicals, Scolon, OH, USA). The reaction was stopped by
washing the sections 3 times in PBST. The sections were then transferred onto
silanized glass-plates and airdried on a wamm-plate at 50°C for 2 hows.
Counterstaining was done by incubating with Mayers hematoxylin {Fluka Cheamig,
Buchs, Switzerland) for 1 min followed by a washing step for 4 min in running tap-
water. Sections were deparaffined by passing in Xylol 2 times for 5 min and 2
times for 1 min in 100% EtOH, followed by 1 min wash in 90%, 70%, 50% EtOH and
distilled water. For antigen retrival, sections were boiled for 10 min in a 0.01 M citric
acid solution {pH 6.0) and cooled dowa for 20 min. Finally, sections were mounted
with DePeX (BDH Chemicals Lid., Poole, England) under glass cover-siips. Stained
sactions were examined microscopically with epiflucrescence illumination optics and
a 3CCD camera {Leica, Wetzlar, Germany). Images were captured and analyzed
using dedicated software (IM500, Leica).

7.2. Resuits

7.2.1 Hybridomas screening

ELISA screens were performed as described in the methods and 172 hybridomas
clones were selected and transferred fo 12 well plates. Subsequent ELISAs were
performed {0 evaluate the specificity of the antibodies produced against the pTau
peptides Tau208-221 [pT212/p5214], Taul196-211 [pS202/pT205] and/or hP-Tau
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exiract. This resulied in 25 posilives clones for the pTau peplides and 21 clonss
showed specificity for hP-Tau (Figure 11).

immunochistochemistry studies were done in parallel with ELISA analysis. Different
staining patterns were found in the clones transferred to 12 well plates. Unspecific
glial, nuclear and cyloplasmatic staining was observed on some biGT sections
incubated with undiluted supernatant from the selectad clones

Supematant from clone SH3 (ACH41-Ab1) was staining with high specificity
eytoptasmic fangle structures

WEB screen on brain and hP-Tau exiracts from different mice was performed
using the undiluted supernatant from selecied hybridomas. No reaction with Tau

was ohserved for any of the hybridoma supernatants tested.

7.2.2 Staining of Neurofibrilary Tangles in Human Alzheimer's Disease Brain

Sections

The ability of antibody clones ACI-41-Ab1 (8H3 subclone TBA-F4) and 5010 to bind
to NFTs in human AD brain was examined by TAUPIR immunohistochamistry. The
anti-phospho Tau antibody clone T83-F4 bound to phospho-Tau containing NFTs in
human AD brain (Figure 12).

The ability of antibody 5D10 to bind fo NFTs in human AD codical brain sections
was examined by TAUPIR immunohistochemistry. The anti-phospho Tau antibody
ctone 8D10 bound to phospho-Tau containing NFTs and neuropil threads in human
AD brain cortical sections (Figure 13).

7.3. Conclusion

Screening of ACK41 generated hybridoma clones by ELISA vielded 38 clones
binding fo phosphorylated peptides andfor il length hP-Tau extract. Screening
by TAUPIR of these 36 clones confirmed staining to cytoplasmic tangle structure
by one clona (9H3), ACI-41-Ab1.

The two antibodies ACK41-Abt (S8H3-F4) and 5010 demonstrated specific
binding to NFTs and neuropil threads in human AD brain section.
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EXAMPLE 8: Potency of ACI-35 produced by 2 different processes o

induce pTau-specific lal responses afisr iL.p. or 8.¢c.

nmunizations in wild-tvpe mice {C57BLE)

The objective of this study was to evaluate the potency of ACK35 {Tau383-408
[pS386/p5404)) produced by 2 different processes, Process A ACI or Process L3
AC| to induce antibody titers following subcutaneous (s.c.) or infraperitoneal (i.p.)
injection in wild-type C57BL/S mice. Mice were immunized 3 times with 2 weeks
intervals and were bled 1 week belore the first injection and then 1 week after each
immunization. Total anti-pTau (Taul303-408 [p8396/p8404Y) igG responses were
measured by ELISA. In addition, the isotypes patlern of the antibody response was
analyzed after 3 immunizations to evaluate the distribution of the different
subclasses of lgGs as well as IgM. Antibody titers against the corresponding non-
nTau (Taul83-408) peptide were analyzed. T cell responses induced by ACI35
were analyzed using the ELISPOT technique.

g.1. Bethods

8.1.1 Preparation of the vaccine ACI-35 Process A ACI
ACL-35 vaceines were prepared according to protocol from EXAMPLE 3. The

liposomal suspension {(batch ACHK35-081103-B) was then aliguoted prior to
storage at 2-8°C. The final peptide / phospholipid molar ratio was 1:100,

8.1.2 Preparation of the vaccine ACI-38 Process 1.3 ACH

Tau-derived tetrapalmitoylated phosphopeptide Tau383-408 [pS386/pS404]
{(human Tau 383-408 with phospho group on 5396 and S404) (4.0 mg) was
weighed into a 25 mi glass vial to which was added hexafluoroisopropano! (HFIP)

{5 mi). This clear solution was then added to a stirred solution of Dimyristoy
phosphatidyicholine  (DMPC), Dimyrisioyt  phosphatidylglycerol  (DMPG),
Cholesterol and adjuvant Monophosphory! Lipid A (MPLA) (alt Avanti Polar Lipids
inc. AL, USAY in Chioroform {35 mi) (molar ratio 9:1:.7:0.2 respectively). The
resulting solution was then filtered through a 0.2 um hydrophobic PTFE filter
mambrane into a 250 mi glass round-bottom flask. Organic solvent was then
removed by evaporation under reduced pressure at 40 °C and then under high
vacuum for 3 hours. The resuiting thin-film was rehydrated by addition of PBS (40
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ml} and gently agitation at RT for 18 hours. The liposomal suspension (batch
ACI-35-081103-A) was then aliquotad prior to storage at 2-8 °C. The final peptide
f phospholipid molar ratio was 1:100,

8.1.3 lmmunizations

13 weeks old C57BL/E mice {10 mice per group) received s.c. or Lp. injections of
the vaccing on three ocecasions with a 2 weeks interval between each
administration (day{d}0, d14, d28) according to Table 11. 1 week (d-7) before the
first immiunizations then 7 days after the injections (e, d7, d21, d38), and at
sacrifice (d58) klood samiples were collected and plasma prepared. Taul383-408
[pS386/p5404 -specific 1gG and 1gM antibody titers and 1gG isolypes patferns
were determined by ELISA. As control non-pTau383-408-specific 1gG antibody
titers were determined by ELISA.

Tabie 11: Mice Immunization

Numbe | Dose i
r of Treatm Route of leval inﬂm
Grou | Animal [ent/ Yaccine Proce Administrati  Quantity ?‘;W? A
R g and | Volume ( Bateh &8 an? cof Tau safdose
Gende |° : peptide | 19
il ugldose®
10 ACI-35 | ACI-35- , ( f
! fernales| 0.2 ml | 081103-A L3IACH Lp. 10 18
10 ACE-35  { ACH-35- N
2 lfemales|02ml 081103 | -SACHse 10 16
10 ACH35 | ACI-35- o 1.
¢
? females| 02 ml | 081103-8 | AAU (iR 13 19
10 ACIH-35 | ACH-35- . :
* ltemales|02mi |0st103B  |RAC[SC 3 19

- theoreticel volurme
b g.c. subcutantous
“ measured gquantity determined affer analvsis

8 1.4 Quantification of Tau peptide-specific antibodies

Specific 1gG antibodies for Taul393-408 [pS386/pS404] were determined by
ELISA in the 5 plasma bleeding samples. Specific Tau383-408 igG antibodies,
Tauldg3-408 [pS396/S404t-specific lgM and 1gG isolypes antibodies were
determined by ELISA in the d35 plasma biseding sample. Plates were coated
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with 10 ug/ml of corresponding Tau peptide overnight at 4°C. After washing each
well with PBS-0.05% Tween 20 and blocking with 1% BSA in PBES-0.05% Tween
20, serial dilutions of plasma were added to the plates and incubated at 37°C for
2 hours. After washing, plates were incubaled with an alkaline phosphatase (AP)-
conjugated anti-mouse Ig(> antibody (Jackson Laboratories, Baltimore, PA, USA)
or isotype specific antibodies (horseradish Peroxidase (HRP)-conjugated anti-
mouse 1gM, AP-conjugated anti-mouse g1, biotin-conjugated anii-mouse
lgG2a and 1gG3, purchased from Pharmingen BO, San Diego, CA, USA and
HRP-conjugated anti-mouse fgG2b from Zymed Laboratories, San Francisco,
CA) for 2 hours at 37°C. After washing, plates were incubated with pNPP (para-
nitro~phenyl-phosphate), the phosphatase substrate for AP, or ABTS {2,2-azino-
bis(3-ethylbenzthiazoline-6-sulphonic acid)), the substrate for HRP and read at
405 nm using an ELISA plaie reader. A suppiemental step was done for the hiotin
conjugated antibodies where plates were incubated for 486 min in streptavidin-
MRP (R&D Systems, Minneapolis, MN, USA) before detection using ABTS.
Results are expressed as O0.D. (Optical Densily) al the first dilution and a non

saturated dilution for [gG and at non-saturated O.0. for igG isotypes and Ight.

8 1.5 Quaniification of Tau peplide-specific cvickine producing T cells by
ELISPOT

Cytokine production of Tau383-408 [pS386/p8404] and Tauld83-408-specific T
cells was assessed by ELISPOT. Mulliscreen 86-well nitrocellulose plates

{Millipore, Molsheim, France) were coated overnight with anti-mouse IFN-y and
iL-4 monocional  antibodies according o the manufacturers’ instructions
{Pharmingen BD, San Diego, CA, USA). Single cell suspensions were prepared
from spleens of immunized mice and incubated at serial dilutions with Tau383-
408 [pB386/pS404] and Tau393-408 (10 and 1 ug/mi) and Concavalin A (5 ug/mi,
Amersham)} at 37°C under 5% CO; for 72 hours. The plates were then washed
and incubated 1 hour at 37°C with bictinylated anti-mouse FN-y and L4
monocional antibodies. After washing, the plaies were incubated for 1 hour at
37°C with Streptavidin-HRP and after washing, spots were developed by adding

a substrate (AEC, 3-amino-8-ethyicarbazole). The number of spots per well was
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counted by eye under a stereo-microscope and the resulls were expressed as

spots per 10° cells, Spleen of naive mice were used as negative controls.

8.1.8 Non Radicactive Cell Proliferation assay

Single cell suspensions were prepared from spleens of immunized mice and
incubated at serial dilutions with Tau383-408 {pS386/p3404] and Tau383-408 (10
and 1 ug/mi) and Concavalin A (5 ug/mi, Amersham) at 37°C under 5% CO; for
72 hours. To measure profiferation, a non-radicactive cell proliferation assay
(MTT) kit was used {Promega, Dlbendorf, Switzerland}, according to the
manufacturer's instructions. Briefly, 15 ul of Dye solution was added {o each well
and plales were incubated during 4 hours at 37°C. Next, 100 u
solubilization/Stop solutions was added per well and the plaies were incubated at
4°C for a minimum of an additional 1 hour. The O.D. was measured at 570 nm
and 890 nm wavelengths.

8.2, Resulls

8.2.1 Evaluation of the antibody response ingduced by different vaccines
The ACI-35 vaccine induced a robust ant-pTau383-408 [pS386/pS404] 1gG

response Tollowing ip. or s.c. injection independent of the process used. In

general robust antibodies tilers were already present af 7 days after the first
vaccing immunization. For the same process there was a higher response for s.c.
injection compared to L.p. injection for d21 and d35 for Process L3 AC] vaccinated
animals (Figure 14, 2-way Anova, P<0.001 d21/d35) and for d21, d35 and db6 for
Process A ACI injected animals (Figure 14, 2-way Anova, P<0.001 d21/d35,
P<0.01 dB6). For ip. injected animals, the response was higher with the L3 ACI
Process compared {o the A AC] Process at the early bleeding d7 and d21 (Figure
14, 2-way Anova, P<0.001 d7/d21) whereas there was no difference for s.c.
injected animals. In summary the two processes seemed eguivalent when they
were injectad s.¢.

Analyzes of the resulls al a non-saturated O.D. dilution confirmed the difference
betweern Lp. and s.¢. injection of the different ACI-35 vaccine process. In summary

the results remained the same showing that s.c. injection give higher Ab fiters then
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L.p. injection and that for s.c. injection there is no significant differences between the

2 processes

To determine the isotypes of vaccine-induced antibodies, plasma from d35 were
analyzed by isolype specific g ELISA. ACI-35 induced in all groups antk-
pTau393-408 [pS396/pS404] 1gG of the InG1, IgG2a, 1gG2b and 1gB33 isotypes.
lgG2b was the dominant isolype with high O.D. even at a dilution of 1/3200. For
the IgG1 subclass there was a higher response for s.c. compared to Lp. injection
for both processes (Figure 15, 1-way Anova, P<0.05). The same difference was
observed for the 1gG3 subclass. For 1gG2a and 2b subclasses there was no
difference between the 2 processes tested nor between L.p. or s.c. injection of the

vacoine.,

There was no difference between the 2 tested processes in term of anti-pTau393-
408 [p5396/pS404] g antibody responses whereas there was a significant higher
lgM titers with i.p. injection compared to s.c. injection {(Figure 18a, 1-way Anova,
P<0.001).

Antibody titers against non phospho Tau383-408 were also analyzed for all the
groups. Antj-Tau383-408 specific IgG antibodies were detected for all the groups
but those fiters were lower than the anti-pTau393-408 [p8396/n5404]. There was no
difference in anti-TaudB3-408 1gG titers befween {o the 2 processes or the mode of
injection {Figure 18b, 1-way Anova, P>0,.05).

The mean of the first three IgG titers for the different Tau peptides are shown in
Table 12:

Table 12: Mean of the firsf three anti-Taul383-408 [p8396/5404] IgC titers
{O.D. at 11100 dilution)

. . Process o | Mods of |
Vaccine pTau generate | injection d7 | d21 | 435 | Mean
peplide :
vaccine .
ip. | 1.800 22841825 2.003
!_3 AC’ s i 2 e o s b iar ) .,.
T au393-408 5.0, | 1485|2956 | 2.444 2205
[p5396/pS404] A ACH | ip. | 0.902 1.467 | 1.708 | 1.359
o 5. 1.2?6‘;2.964 2426 | 2.222
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8.2.2 Evaluation of the T cell response induced by ACH-356
In vifro restimulation of splenocytes with Con&, pTau383-408 [pS386/pS404] or
Tau393-408 peptides did not result in proliferation differences between the tested

groups (Figure 17} whereas it was positive for ConA,

Re-stimulation using 10 ug/mi of Taul83-408 [pS386/5404] induced cytokine
secrefion thal was higher for splenocytes from vaccinated mice compared to the
naive mice (Figure 18). Process 1.3 ACI injected s.c. induce the higher level of both
cytokine analyzed with no clear difference between IFN-y and iL-4. The ip. or s.c.
injection of Process A AC! induce cylokine secretion that is mainly -4 and the
lsvels are higher for the i.p. injection. Re-stimulation using 1 ug/mi of Taul83-408
[pS386/5404] induced comparable results to the re-stimulation using 10 ug/ml of
Tau383-408 [pS386/3404].

The re-stimulation using the non-pTaud38-408 peptide induced comparable results
fo the pTau peptide counterparts (Figure 18). Again the use of Process A ACI

incuce cytokine secretion that is mainly 1L-4.

8.3, Conclusion

ACI-35 vaccine induced robust IgG titers already after 1 immunization
independently of the Process or the mode of injection tested. In term of
comparison, s.c. injection of the vaccines independently of the process used gave
the higher ig(G antibndies titers. Lp. injection of ACI35 Process A ACH resulted in
fess 1gG1 and 1gG3 titers compared to the other group. Lp. injection of ACI-35
resulted in significant higher igM iiters than s.c. injection. Finally, all groups have
IgG titers against the non-pTau3983-408 peptide.

Re-stimulation using pTau or Tau peplides induced cyickine production in the

ELISPOT study that was mainly tL-4 for the Process A ACI vaccinated mice.

Example $: Immunogenicily of tau vaceing in Tau P30L transgenic mice

{TPLH}

The objective of this study was fo analyze the immunogenicity of anti-Tau

vactination using subcutaneous (8.¢.) injection of the tau liposomal vaccines (ACIH-
33, ACE35, ACIE-39 and ACTH40)Y in Tau P301L transgenic mice.
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8.1, Methods

8.1.1 Tauy P201L transgenic mice (TPLH)
Homozygous Tau P301L fransgenic mice (TPLH) with FVB/N background were
used to test the efficacy of s.c. ACI-33 or ACI-35 vaccination. These mice express

the longest human tau isoform with the P301L mutation under control of the mouse
thy1 promoter. The clinical symptoms set in at age 6 to 7 months, and aging TPLH
mice develop a moribund tauopathy with progressive neuronal impairment and
formation of neurofibrillary fangles (NFT). In terminal stages they lose weight and
die suddenly {likely by breathing-problems {asphyxia}, maost of them at age 9 to 11
months and without exception before 12 months.

8. 1.2 Preparation of the vaccine ACE33 and ACI-35

¥

Vaccines were prepared according o process A described in EXAMPLE 3.

-

The liposomal suspension (batch ACH-33-081031-A and batch ACK35-081015-A +
ACI-35-080402-A) was then aliquoted prior to storage at 2-8°C. The final peptide /
phospholipid molar ratio was 1:100.

8.1.3 immunizations

ACE33, ACH39 and ACI-40

TPLH mice between 21 and 31 weeks {8-10 mice per group: mix of females {(§) and

males () received s.c. injections of the vaccine on five occasions (Table 14). The
three first immunizations were done with a 2 weeks interval belween each
administration {day(d)Q, d13, d28) according 1o Scheme 1. The animals were then
boosted once per month for two months (d81 and d133). 1 day (d-1) before the first
immunizations then after the second (dZ27) and third {d41) immunizations blood
samples were collected. Blood collection was also performed before, in between
and after the boosts (d76, d104, d135). Serum was prepared with the blood by
lefiing the samples clot overnight then taking the supernatant after centrifugation,
Phospho-tau peplide specific igG and (gl antibody titers and g3 isolype patterns
were determined by ELISA. Specific IgG antibodies titers for non-pTau, fulldength
(441aa) Tau protein and phosphorylated fuli-length {441aa} Tau protein were also
determined by ELISA.
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ACI-38

TPLH mice between 22 and 31 weeks (10 mice per group: mix of females {£) and

males (o)) received s.c, injections of the vaccine on five occasions (Table 13). The
three first immunizations were done with a 2 weeks interval between each
administration (day(d)0, d13, d27) according to Scheme 1. The animals were then
boosted once per month for two months (d81 and d1338). 1 day (d-1) before the first
immunizations then afler the second {(d2B) and third (d40) immunizations blood
samples were collected. Blood collection was also performed before, in between
and after the boosts {d75, d143, d148, d155). Serum was prepared with the blood
bv letting the samples clot overnight thern taking the supernatant after centrifugation.
Tau383-408 [pS386/p3404)-specific 1gG and IgM antibody titers and 1gG isotype
patterns were determined by ELISA. Specific IgG antibodies titers for non-pTaul83-
408, fulllength (441aa) Tau protein and phosphorylated full-length (441aa) Tau
nrotein were also determined by ELISA

Table 13: Mice Imynunizaton

Group | Number | reatmen | Yaccine Batch Route Dose Quantity
of )] of level of MiPLA
Animals | Volume® Admin Quantity | ugldose®
and istra- of fau ;
Gender tion® peptide

ugldose®

1 5¢ ACH-33 ACE33-081031-A | s.c. g 12
58 0.2 ml :
5¢ PBS NA 5.¢. MA. P NLA
38 G.2mi

2 59 ACI-35 | ACI-35-081015-A | s.c. 16 23
54 0.2 mi ACH35-060402-A 8 27
5 4 PBS N.A. 5.C. NLA, NA.

57 .20

3 59  ACI-38 ACHE32-080202-A | s.c. a6 28.8
54 P 0.2 mi E
59 PRS CNLAL s.c. MNA. N.A,
3¢ 0.2ml {

4 (5 Q ACI-40 ACI-40-DEU202-A | s.c. 12 24.4

(52 0.2 ml
15§ PBS NA. 5.C. NA. N.A
133 0.2m

NA, = not applicanie
*: theorelical volume
b s subcutansous
¢ measured guantity delermined after analysis
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9. 1.4 Quantification of Tau peptide-specific antibodies

For ACI-33, ACI-39 and ACI-40 treated mice, specific IgG antibodies for respectively
Taub-20 [pY18], Tau206-221 [pT212, pS214] and Taul96-211 [p8S202, pT205]
were determined by ELISA in the 6 sera bleeding samples. Tau5-20-, full-length
{441aa) Tau protein- and phosphorylated full-length (441aa) Tau protein-specific
lgG were determined in the sera from d-1 and d41. Phospho-tau peptide-specific
ight and igC isolype antibodies were determined by ELISA in the d41 sera blesding
sample.

For ACI-35 treated mice, specific 1gG antibodies for Tau383-408 [p3396/p5404]
were determined by ELISA in the 7 sera bleeding samples. Tau383-408-, ful-length
(441aa) Tau protein- and phosphorylated full-length (441aa) Tau protein-specific
IgG were determined in the sera from d-1 and d40. Tau383-408 [pS366/pS4043-
specific igM and igG isctype antibodies were determined by ELISA in the d40 sera
bleeding samples.

Plates were coated with 10 ug/ml of corresponding Tau peptide and 1 ug/mi of
corresponding Tau protein overnight al 4°C. After washing each well with PRS-
0.05% Tween 20 and blocking with 1% BSA in PBS-0.05% Tween 20, serial
dilutions of sera were added to the plates and incubated at 37°C for 2 hours, After
washing, plates were incubated with an alkaline phosphatase (AP)-conjugated anti-
mouse lgG total antibody {Jackson Laboratories, Baltimore, PA, USA) or isclype
spedific antibodies (horseradish Peroxidase (HRP)-conjugated anti-mouse IgM, AP-
conjugated anti-mouse igG1, biotin-conjugated anti-mouse [gB33, purchased from
Pharmingen BD San Diego, CA, USA; biolin-conjugated anti-mouse JgG2a
purchased from Invitrogen CA, USA and HRP-conjugated anti-mouse 1gG2b from
Zymed Laboratories, San Francisco, CA) for 2 hours at 37°C. After washing, plates
were incubated with pNPP  (para-nitro-phenyl-phosphate), the phosphatase
subsirate for AP, or ABTS (2,2%-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)),
the substrate for HRP and read at 405 nm using an ELISA plate reader. A
supplemental step was done for the biolin conjugated antibodies where plates wers
incubated for 48 min in streptavidin-HRP (R&D Systems, Minneapolis, MN, USA)
before detection using ABTS. Resulls are expressed as 0.D. (Optical Density) at a
non-saturated 0.0, for IgG, oG isotypes and ighd.
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8.1.5 Binding of anti-Tau antibodies to Tau tanagles on brain slices from transgenic
animal (TAUPIR)

Binding of antibodies present in the serum of ACI-33, ACI-35, ACI-39 and ACH4D

vaccinated animals to tangles on Dbrain slices was done by TAUPIR

immunohisiochemistry.

TAUPIR staining was done according to protocol from EXAMPLE 5.1.5.
8.1.6 Western Blot (WE)

Western Biol were done according to protocol from EXAMPLE 5.1.8 except that
washing was performed before detection with the Qdot 825 streptavidin conjugate
solution {Invitrogen, CA, USA) for 30-60 min at RT.

8.2, Rosults

§.7.1 lgG antibody response

All vaccine canstructs have generated specific IgG antibody titers.

ACI-33 vaccine induced a specific igG response following s.c. injection. After 2
immunizations (d27), the lgG response remained stable with no increase with the
third immunization (d41) (Figure 19 T-way Anova P< 0.001 d-1 vs d27, P=0.05
d27 vs d41). A decrease in antibody titers was observed at d76 (Figure 19, 1-way
Anova P<0.001 d41 vs d76) and boosting of the animals increased slightly again
the titers at d104.

ACI-35 vaccine induced an anti-Taulb3-408 [pS3086/pS404-gG response following
s.¢. injection. After 2 immunizations (d28), the IgG response was not increased with
the third inmunization (d40) (Figure 20, 1T-way Anova P< 0.001 d-1 vs d28 and
d40). Boosting of the animals increased again the titers at 4103 (Figure 20, 1-way
Angva P< 0.05 d-1 vs d104 and P<0.001 d-1 vs d145).

ACI-38 vaccine induced an anti-Tau206-221 [pT212, pS214] 1gG response following
s.¢. injection. After 2 immunizations (d27), the igG response remained stable with
no increase with the third immunization (d41) (Figure 21, T-way Anova P<0.001 d-1
vs d27/d41). There was a drop in the titers at d76 and boosting of the animals
restored the fiters to same level as after 3 immunizations (Figure 21, 1-way Anova
P< 0.05 d-1 vs d76 and P> 0,05 d41 vs d104).
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Analyzes of the resulls at a non-saturated 0O.D. dilution showed the same
conciusions as the saturated 17100 dilution (1-way Anova P<Q.05 &1 vs
d27/d41/d104 and P>0.05 d-1 vs d76).

ACH-40 vaceine induced an anti-Taut86-211 [pS202, pT205] lgG response following
s.c. injection. After 2 immunizations (d27), the igG response remained stable with
no increase with the third immunization (d41) (Figure 22, t-way Anova P< 0,001 d-1
vs d27, P>0.05 d27 vs d41). A decrease in antibody iters was observed at d78
{(Figure 22, 1-way Anova P<0.001 d41 vs d76) and boosting of the animals
increased slightly again the titers at d104.

Analyzes of the results at a non-saturated O.D. dilution showed the same
conclusions as the saturated 1100 dilution (1-way Anova P< 0.001 d-1 vs d27,
P>0.05 d27 vs d41 and P<0.01 d41 vs d78).

g 2.2 isotvpe analysis

ACIH-33 vaccination induced antibody titers that were mainly of the 1gG2a and 2b
subclasses following 3 s.c. immunizations (Figure 23). IgG1, 1gG3 and g level
were low and there was a significant different between the levels of 1gG2ai2b and
lgG1/igM (Figure 23, 1-way Anova P<0.05 lgG1 vs 1gG2a/2b, P<0.001 lgM vs
lgG2a/2b).

ACI-35 vaccination induced antibody titers that werg mainly of the igG2a and 2b
subclasses following 3 s.c. immunizations (Figure 24). 1gG1 level were fower with a
significant difference between 1gB1 and IgG2a (Figure 24, T-way Anova P<0.05
lgG1 vs 1gG2a). 1gG3 and IghM level were low and there was a significant different
between the levels of lg2a/2b and IgG¥igM (Figure 24, 1-way Anova P<Q.05
lgG3/igh vs igGeb, P<0.0001 IgG3/igM vs igG2a).

ACH39 vaccination induced antibody fiters that were mainly of the IgGZa and Zb
subclasses following 3 s.c. immunizations (Figure 25). IgG1, 1gG3 and igM level
were significantly lower than 1gG2a/2b titers (Figure 25, 1-way Anova P<0.05 IgG2b
vs lgG1gG3, P<0.01 1gG2a vs IgG1/1aG3, P<0.001 1gG2a/2b vs Igh).

ACIH-40 vaccination induced antibody titers that were mainly of the IgG2b subclass
following 3 s.c. immunizations (Figure 28, 1-way Anova P<0.05 IgG2b vs 1gG2a and
F<0.001 1gG2h vs IgG1/igG3/igM). 1gG2a titers were also higher then lgM (Figure
26, 1-way Anova P<0.01 IgG2a vs igM).
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9.2.3 Antibody specificity

lgG titers induced after 3 s.c. injection of tau vaccines were also analyzed on
different Tau peptides (pTeu peptide and Tau peplide} and proteins (anti-
phosgphorylated full-length (441aa) Tau protein = anti-pTau protein and anti-full-
length (44 1aa) Tau protein = anti-Tau protein.

In ACI-33 vaccinated mice, the d-1 bleeding was used as a conirol and for each
different coaling there was a difference between the pre-bleeding and the sera
collected after 3 immunizations for Taub-20 [pY18] and Tau protein coatings (Figure
27, 1-way Anova P<0.001 d-1 vs d41 for Taub-20 [pY 18], P<C.05 d-1 vs d41 for Tau
protein }.

in ACI-35 vaccinated mice, the d-1 bleeding was used as g control and there was a
significant difference between d-1 and d40 only for anti-Tau383-408 [p8396/pS404]
fitters (Figure 28, 1T-way Anova P<0.00071 d-1 vs 44 for anti-Tau383-408
[pS396/pS404] titters). The d40 anlibody levels obiained on the Tau393-408
[pS386/pS404] peplide were also significantly different then the levels obtained on
all the other coatings {Figure 28, 1-way Anova P<0.0001 d40 anti-Tau393-408
[pS396/pS404] vs d4G anti-Taud83-408 / pTau protein / Tau protein).

frn ACI-38 vaccinated mice, the d-1 bleeding was used as a conidrol and only for the
Tau206-221 [pT212, pS214]} coaling there was a difference between the pre-
bleeding and the sera collected after 3 (Figure 29; t-way Anova P<0.001 d-1 vs d41
for Tau206-221 [pT212, pS214]).

in ACI-40 vaccinated mice, the d-1 bleeding was used as a control and there was a
difference between the pre-blesding and the sera collected after 3 immunizations for
Tau186-211 [pS202, pT205] and Tau 198-211 coatings {(Figure 30, T-way Anova
P<D.001 d-1 vs dd1 for Tau196-211 [p8202, pT205], P<0.05 d-1 vs d41 for Tau196-
291).

Mouse serum was further used in TAUPIR experments o determine  anti-Tau
antibodies present in the serum could recognize tangles in brain slices from Tau
fransgenic animal,

WE on brain exiract from different mice were also performed using mouse sera or
the control antibody Tau-5 detection ail form of Tau (pTau and Tau).
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Data are summatized in the fable 14 hersafier.

Table 14: Summary of TAUPIR and WE experimant on TPLH vaceinated

mice

Yaccine TAUPIR Western Blot
{positive/ total {positivef total
mice} mice)

ACH33 B0 3/9

ACE-35 4710 0l4

ACH2Y 7110 175

ACH40 10110 | 37

$,3. Conclusion

Antidau antibody titers were analyzed for their binding to different Tau and pTau
peptides as well as the full-length pTau or Tau protein. Tau liposomal immunization
generated IgG antibodies binding specifically to pTau peplides and phospho-tau
protein with weaker binding to non-phosphorylated peptides and protein.

In tarm of IgG isotypes there was a low IgG1 antibody response compared 1o 1gG2b
and IgG3. Low igM response was observed which is in accordance with the mode

(s.¢.} of immunization.

The specificity of the antibodies gensraled by tau vaccine immunized mice were
tested in TAUPIR and almost all mouse serum show high binding o Tau tangles

present in the brain slices for mutant Tau animals.

EXAMPLE 10 : Efficacy in Tau P301L ransgenic mouse model following
AGE3T or ACLAE vaccination

The obijective of this study was 1o analyze the efficacy of anti-Tau vaceination using
subcutaneous (s.¢.) injection of the ACI-33 (Taub-20 [pY18)) or ACI-35 (Tau33-408

[pS396/p8404]) vaccines in Tau P301L transgenic mice, Mice were immunized 5
timas and behavior changes were analyzed by rotarod analyzes performed during

the life span of the animal.
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10.1 Methods

10.1.1 Vaccine preparation
ACE33 and ACI-35 vaccines were prepared according to the profocol from
EXAMPLE 3.

10.1.2 Immunization

Animals were immunized with either ACI-33 or ACI-35 according to the protocol
described in EXAMPLE 8 (Scheme 2 for ACH33 and scheme 3 for ACI-35)

Scheme 2 SBchedule of immunizations, bleedings and rotared trials for ACL32

D 0% OFE i
inipctions | ! \
Y o \E\-' i
gieeding ‘§

10.1.3 Behaviour (rotarod)
To ohserve the motoric condition of the animals, the automated rotarod fest was

parformed. Five mice were simullaneously tested on a revolving rofating rod
{diameter 3 crn), separated by non-transiucent dividers. During the test, the rod
accelerates from 4 1o 40 rpm in 5 min. For each mouse the time it remained on the

revolving rod was scored, with a maximum of & min.
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183.2 Resulis

To evaluate the motoric condition of the TPLH after ACI-33 or PBS treatments, the
mice were subjectad to the rotarod test on five different occasions (Figure 31} A
significant difference between ACI-33 and PBS injecled animals was observed at
age 7.3 months (Figure 31, 2-way Anova P<0.001 age 7.3 months). This effect of
ACI-33 on mouse motor behavior was correlated to anti-Taub-20 [pY 18] antibodies
titers in the mice sera at 7.8 months (Figure 32, Spearman r P< 0.001).

To evaluate the motoric condition of the TPLH after ACI-35 or PBS treatments, the
mice were subjacted to rotarod testing (Figure 33). Although there was no significant
differences between the treatment and control group, a trend for ACI-35 efficacy
could be observed in the rotarod trial preformed when mice where 8.5 months old
(Figure 33, Mann-Whitney test P= 0.1805 age 8.5 months).

13,3 Conclusion

ACE33 vaccination in TPLH mice showed a beneficial effect on mouse motor
deficits during rotarod trial versus PBS injected animals. This posilive effect was
correlated to anti-Tau antibody titers in mouse serum.

ACI-35 vaccination in TPLH mice showed a trend in efficacy on mouse motor

deficits during rotarod trial at 8.5 months versus PBS injected animals.

EXAAMPLEYTD: Anti-nTau antibody responss in female nude mice

The objective of this study was 1o evaluale the antib-pTau antibody response
induced by injection of ACI-33 (Taub-20 [pY18]) vaccine in female nude mice.
The nude mice carry the Foxn1™ mutation, have a reduced T cell function due fo
the fack of properly functioning thymic gland. Thus, the aim of this study was to

analyze whether the antibody response nduced by ACH-33 is T-cell independent.

Nude mice with a C57BL/6 background and corresponding wild-type littermates at
an age of 11 or 13 weeks were injecled subcutansously {s.c.). Mice were
immunized 3 times with 2 week intervals and were bled 1 week after each
immunization. Total anti-pTau (Taub5-20 [pY1i8}) paplide {gG responses were
measured by ELISA, In addition, the isotype pattern of the antibody response was

analyzed after 3 immunizations io evaluate the distribution of the different
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subclasses of igGs as well as lgM. Antibody titers against corresponding non-
oTau (Taub-20), full-length (441aa) Tau protein and phosphorylated full-length

{441ag) Tau protein were also analyzed.

To verify the absence of T-helper cells in the nude mice, the percentage of

CD3YCD4T cells was evaluated by fluorescence-activated cell sorter (FACS).

144 Meathods

11.1.1 Preparation of the vaccine ACE33

The ACE33 vaccines were prepared according to EXAMPLE 3.

The liposomal suspension (batch ACI-33-080818-A) was then aliquoted prior to
storage at 2-8°C. The final peptide / phospholipid molar ratic was 1:100.
Vaccines were shipped {o JB3W Life Sciences GmbH {Austria).

11, 1.2 immunizations
Al JSW Life Sciences GmbH nude mice (B6.Cg-Foxninull) with a C57BLS

background and corresponding wild-type littermates (8 % mice/group) received
s.¢. injections of ACI-33 on three occasions with a Z-week interval between each
administration {day 0, 14, 28} according to Table 156, Plasma samples from the
facial veinfarlery were collectad 7 days before and 2, 4, 7, 21, 35 and 58 days
after the first injections. Taub-20 [pY18]-speciiic IgG and IgM antibody titers and
lgG isotype paiterns were determined by ELISA. Specific 1gG antibodies titers for
non-pTaus-20, fulklength (441aa) Tau profein and phosphorylated full-length
(441aa) Tau protein was also determined by ELISA. Blood samples were also
collected on d-7 for FACUS analysis io determine the percentage of CD3+CD4A+

pails,

11 1.3 Quantification of Tau peptide-spacific antibodies

Specific igG antibodies for Taub-20 [pY 18] were mesasured by ELISA in 5 sera
bleading samples {d2, d7, d21, d35 and db8). Taud-20-, full-length (441aa). Tau
protein- and phosphorylated full-length {(441aa} Tau protein-specific igG were
determined in the sera from d35. Taub-20 [pY18l-specilic igM and 1gG isotype
antibodias were determined by ELISA in the d35 sera bleeding sample. Plates

were coated with 10 ug/mi of corresponding Tau peptide and 1 ug/ml of
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corresponding Tau protein overnight at 4°C. After washing each well with PBS-
0.05% Tween 20 and blocking with 1% BSA in PBS-0.05% Tween 20, serial
dilutions of serg were added {o the plales and incubsted at 37°C for 2 hours.
After washing plaies were incubaled with an alkaline phosphatase (AP)-
conjugated anti-mouse g tofal antibody (Jackson Laboratories, Baitimare, PA,
USA) or isotype specific antibodies (horseradish Peroxidase (HRP)-conjugated
anti-mouse IgM, AP-conjugated anti-mouse IgG1, biotin-conjugated anti-mouse
lgG3, purchased from Pharmingen BD San Diego, CA, USA; biotin-conjugated
antl-mouse lgG2a purchased from Invitrogen CA, USA and HRP-conjugated anti-
mouse lgG2h from Zymed Laboralories, San Francisco, CA) for 2 hours at 37°C.
After washing plates were incubated with pNPP {para-nitro-phenyl-phosphate),
the phosphatase substrate for AP, or ABTS (2,2"-azino-bis(3-ethylbenzihiazoline-
G-sulphonic acid)), the substrate for HRP and read at 405 nm using an ELISA
plate reader. A supplemental step was done for the biotin conjugated antibodies
where plates were incubaled for 45 min in streptavidin-HRP (R&D Systems,
Minneapolis, MN, USA) before detection using ABTS. Resulis are expressed as
0.0, (Optical Density) at a non-saturated O.D. for igG, IgG isotypes and igh.

11.1.4 CD3+/C D4+ cell quantification

Mouse blood samples were lysad with ammonium chloride untll cleared, then

centrifuged at 400x g for 7 minutes and pellsts were resuspended in PRS
containing EDTA. Then cells were blocked with CD16/CD32 blocking reagent and
stained with CD4 (PE conjugate) and CD3 (PE-Cy5) antibodies for 30 min at 4°C.
Samples were washed with PBS, resuspended In fixalive solution (DB Cellfix
diluted 1:40 in BD FACS Flow) and acquired on a BD FACS Calibur cviometer.
The percentage of gated cells, which slained positive for CD3+ and CD4+ (T-

helper cells) was evaluated.
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Table 15 Mice Immunization

Group | Mumber Treat- Vaccine| Process| Route of | Dose | Quantity
of ment/ Batch Administr | level of MPLA
Animals | Volume® ation® CQuanti | ugldose®
and ty of
Gender T4
ugido
se°
i 6 ¢ ACI-33 ACE33- | ACEA 5., 12.6 158

nude mice |1 0.2 mi 0o0818

-

A
z g9 ACL-33% ACH33- 1 ACEA 5.C. 12.8 - 15.8
Wit mice 0.2mt 080818
-A

“ theoretical volume
bom e subcutaneous
°: reeasured quanifly determined after analysis

1.2  Resulls

11.2.1 General Observations

None of the animals died prematurely and no side effects due to the treatment
were reported. For all B6.Cg-Foxninu/d animals, the typical nude phenotype
was present, while the wild-type (wi} littermates had a normal fur.

11.2.2 CD3HC D4+l quantification

CO3+0D4+ staining followed by FAUS analysis revealed significant reduction

i T-helper cell counts (CD3+/CD4+ cells) in nude mice, compared fo wt
animals (Figure 34).

11.2.3 Imimune response analvais

The anti-Taub-20 [pY18] IgG tiers generated by ACH33 vaccination were
analyzed to study the immunogenicity of the vaccine in wi and nude mice. The
anti-Taub-20 [pY18] lgG titers of nude were analyzed o study whether the
response Induced by ACH-33 was independent on T cell function. The vaccine
induced an anti-Taub5-20 [pY18] 1gG response in nude mice and there was no

significant difference between the antibody response induced by ACI-33 in wt
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or nude mice at all time points tested (Figure 35; 2-way ANOVA P<0.05 for all
bleedings between nude and wi mice).

ACI-33 vaccine induced in both mouse types an anti-Taub-20 [pY18] igG
response following s.c. injection that peaked after 2 immunizations (d27)
(Figure 35},

ACI-33 vaccination induced antibody titers of the same profile for the different
lgG subclass and igM between nude and wi mice as there was no significant
differences between the two mouse types following 3 s.¢. immunizations of the
vaccine (Figure 36, 1-way ANOVA P>0.05 IgG1 nude vs. IgG1 wt, IgG2a/Zh
nude vs. lgG2a/2b wt, 1gG3 nude vs. 1gG3 wi, IgM nude vs. IgM wt). In both
rmouse type there was a significant lower level of lgG1 compared to IgG2b and
ight (Figure 38, T-way ANOVA, nude mice: P<0.01 IgG1 vs. IgG2b or igh; Wi
mice: P<0.05 igG1 vs. 1gG2b or igM). Furthermore nude mice showed a
significant lower level of IgG1 compared to 1gG3 (Figure 38, 1-way ANOVA,
rude mice: P<0.05 IgG1 vs. IgG3) and the level of lgGla were also lowsr
compared io IgG2b, 1gG3 and IgM (Figure 36, 1-way ANOVA, nude mice:
P<0.056 IgG2a vs. lgG2Zb, 1gG3 or igM).

igG titers induced after 3 s.c. injection of ACK33 were also analyzed on
different Tau peptides (anti-Taud-20 [pY18] and anti-Taub-20) and proteins
{anti-phosphorylated full-length {d41aa) Tau protein = anti-pTau protein and
anti-full-length (441aa) Tau protein = anti-Tau protein (Figure 37). There was
no difference in the tilers on the different peptides and proiein between wi and
nude mice. In the nude mice group there was a significant difference in the
anti-Taub-20 [pY18] being higher then the anti-Taub-20 titers (Figure 37, 1-
way ANOVA, P<0.05 anti-Taub-20 [pY18] titers vs. anti-Taub-20 titers).

1.3 Conclusion

Despite the small percentage of CD3+ and CD4+ cells in nude mice, ACK33
vaccine induced a robust anli-Taub-20 [pY18] 1gG response. The persistence
of the antibody response and the IgG isolype distribution were similar in wt and
nude mice suggesting that these parameters are independent on T cells in the

context of ACI-33 vaccination. Compared fo immune-competent mice, ACI-33
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irnmunization induced an identical antibody titer and kinetic with similar 1gG
nrofile in T cell deficlent mice. Furthermore the antibody titers on the different
Tau peptides and proteins were similar between immune-competent and T cell
deficient mice. These data indicated that ACI-33 induced a T cell-independent
antibody response in both nude and wt mice.
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Deposits:

The following hybridoma cell lines were deposited in the name of AC IMMUNE S.A.
with the “Deutsche Sammiung von Mikmmganismeh und Zellkulturen GmbH
(DSMZ) in Braunschweig, inhoffenstr. 78, D-28124 Braunschweig, under the
provisions of the Budapest Treaty:

Hybridema name Accession number Date of deposit
ACE-41-Ab1 DSM ACC3043 March 3, 2010
2886 DSM ACC3044 March 10, 2010
3AE DSM ACC3048 darch 10, 2010
4CH DSM ACC3048 March 10, 2010
5D10A3 DSM ACC3047 March 10, 2010
6C10 DSM ACC3048 March 10, 2010
6H1 DEM ACC3048 March 10, 2010
702 DSM ACC3050 March 10, 2010

RECTIFIED SHEET (RULE 91)

ISAJEP
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CLAIMS

w

An antigenic construct comprising an antigenic peptide corresponding to a
sequence within the tau protein comprising a phospho-epitope, which
peptide is (a) modified through linkage to a lipophilic or hydrophobic moiety
that facilitates insertion into the lipid bilayer of a liposome and (b)
reconstituted in a liposome such that the peptide is presented on the

surface of the liposome.

The antigenic construct of claim 1, wherein said peptide consists of

between 5 and 25 amino acid residues.

The antigenic construct of any one of the preceding claims, wherein said
peptide comprises a major pathological phospho-epitope of protein tau
corresponding to a sequence within the tau protein featuring a
characteristic phosphorylation pattern which is associated with a pathologic

condition or disorder.

The antigenic construct of any one of the preceding claims, wherein said

peptide does not contain a T-cell epitope.

The antigenic construct of any one of the preceding claims, wherein said
peptide is presented in a highly repetitive array on the surface of the

liposome.

The antigenic construct of any one of the preceding claims, wherein said
peptide upon administration to an animal or a human in form of a
pharmaceutical composition, is capable of eliciting a conformation specific

and T-cell independent immune response.

The antigenic construct according fo any one of the preceding claims,
wherein the lipophilic or hydrophobic moiety is a fatty acid, a triglyceride, a

diglyceride, a steroid, a sphingolipid, a glycolipid or a phospholipid.

The antigenic construct according to any one of the preceding claims,
wherein the lipophilic or hydrophobic moiety is a fatty acid, particularly a
fatty acid with a carbon back bone of at least 10, particularly at least 12

carbon atoms, particularly at least 16 carbon atoms.
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10.

11.

12.

14.

The antigenic construct according to any one of the preceding claims,

wherein the hydrophobic moiety is palmitic acid.

The antigenic construct according to any one of the preceding claims,
wherein said hydrophilic or hydrophobic moiety is covalently bound to each
of the termini of the peptide or peptide fragment through at least one,

particularly one or two amino acids such as, for example, lysine, glutamic
acid and cysteine.

The antigenic construct according {o any one of the preceding claims,
wherein said peptide is further modified through linkage to a hydrophilic
moiety.

The antigenic construct according 1o claim 11, wherein said hydrophilic

moiety is polysthylene glycol.

The antigenic construct according fo any one of the preceding claims,

wherein said tau protein is a human protein.

The antigenic construct according to claim 13, wherein said antigenic

peptide has an amino acid sequence of:

a. SEQ ID NO: 2 or an amino acid sequence of SEQ ID NQO: 2 modified
through conservative subsiitution, deletion or insertion of at least one
but not more than 5 amino acids and still has the same antigenic

potential as the unmodified sequence;

b. SEQ ID NO: 3 or an amino acid sequence of SEQ D NO: 3 modified
through conservative substitution, deletion or insertion of at least one
but not more than 5 amino acids and still has the same antigenic

potential as the unmodified sequence;

c. SEQ ID NO: 4 or an amino acid sequence of SEQ ID NO: 4 modified
through conservafive substitution, deletion or insertion of at ieast one
but not more than 5 amino acids and still has the same or essentially

the same antigenic potential as the unmodified sequence;

d. SEQ ID NO: 5 or an amino acid sequence of SEQ ID NO: 5 modified
through conservative substitution, deletion or insertion of at ieast one
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but not more than 5 amino acids and still has the same antigenic

potential as the unmodified sequence;

SEQ ID NO: 6 or an amino acid sequence of SEQ ID NO: 6 modified
through conservative substitution, deletion or insertion of at least one
but not more than 5 amino acids and still has the same antigenic

potential as the unmodified sequence;

SEQ ID NO: 7 or an amino acid sequence of SEQ ID NO: 7 modified
through conservative substitution, deletion or insertion of at least one
but not more than 5 amino acids and still has the same antigenic

potential as the unmodified sequence;

SEQ ID NO: 8 or an amino acid sequence of SEQ ID NO: 8 modified
through conservative substitution, deletion or insertion of at least one
but not more than 5 amino acids and still has the same antigenic

potential as the unmodified sequence; or

SEQ 1D NO: 8 or an amino acid sequence of SEQ ID NO: 9 modified
through conservative substitution, deletion or insertion of at least one
but not more than 5 amino acids and still has the same antigenic

potential as the unmodified sequence.

15.  The antigenic construct according fo claim 14, wherein the antigenic

peptide corresponds to a human tau protein between

a.
b.

O

position 5-20 and wherein the tyrosine at position 18 is phosphorylated;
position 196-221 and wherein at least one, particularly at least two,
particularly at least 3, but especially all 4 of the amino acids at
positions 202, 205, 212, 214 are phosphorylated,

position 393-408 and wherein at least one of the aminc acids, but
especially all amino acids at positions 396, 404 are phosphorylated;
position 401- 418 and wherein at least one of the amino acids, but
especially all amino acids at positions 404 and 409 are phosphorylated;
position 200-216 and wherein at least one of the amino acids, but
especially all amino acids at positions 202, 205, 212 and 214, are
phosphorylated;
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f. position 407-418 and wherein the serine at position 409 is
phosphorylated; or
g. position 399-408 and wherein the serine at position 404 is

phosphorylated.

16. The antigenic construct according o claim 14, wherein said antigenic

peptide has an amino acid sequence identity to:

a. SEQ ID NO: 2 of at least 95%, and the immunogenic activity of said
antigenic peptide of SEQ ID NO: 2, wherein the amino acid residue
corresponding to amino acid residue 18 (P-Tyrqg) of SEQ ID NO: 2 is
phosphorylated;

b. SEQ ID NO: 3 of at least 95%, and the immunogenic activity of said
antigenic peptide of SEQ ID NO: 3, wherein at least one, particularly at
least 2 of amino acid residues corresponding to amino acid residues
212 (P-Thrasz) and 214 (P-Serzi4) of SEQ D NO: 3 are phosphorylated;

c. SEQ ID NO: 4 of at least 95%, and the immunogenic activity of said
antigenic peptide of SEQ ID NO: 4, wherein at least one, particularly at
least 2 of amino acid residues corresponding to amino acid residues
202 (P-Seryg,) and 205 (P-Thrygs) of SEQ 1D NO: 4 are phosphorylated;

d. SEQ ID NO: 5 of at least 95%, and the immunogenic activity of said
antigenic peptide of SEQ ID NO: 5, wherein at least one, but especially
all of amino acid residues corresponding fo amino acid residues 396
(P-Sersgs) and 404 (P-Serqgs) of SEQ 1D NO: 5 are phosphorylated;

e. SEQ ID NO: 6 of at least 95%, and the immunogenic activity of said
antigenic peptide of SEQ ID NO: 6, wherein at least one, but especially
all of amino acid residues corresponding fo amino acid residues 404
(P-Sergo4) and 408 (P-Serggg) of SEQ 1D NO: 6 are phosphorylated;

f. SEQ ID NO: 7 of at least 95%, and the immunogenic aclivity of said
antigenic peptide of SEQ 1D NO: 7, wherein at least one, particularly at
jeast 2, particularly a least 3, but especially all of amino acid residues
corresponding to amino acid residues 202 (P-Serpgp), 205 (P-Throgs),
212 (P-Thra), and 214 (P-Serzyyy of SEQ D NO: 7 are
phosphorylated;
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17.

18.

19.

20.

21,

22.

23.

g. SEQ ID NO: 8 of at least 95%, and the immunogenic activity of said
antigenic peptide of SEQ 1D NO: 8, wherein the amino acid residue
corresponding to amino acid residue 408 (P-Serygg) of SEQ ID NO: 8 is
phosphorylated; or

h. SEQ ID NO: 9 of at least 95%, and the immunogenic activity of said
antigenic peptide of SEQ ID NO: 9, wherein the amino acid residue
corresponding to amino acid residue 404 (P-Serys) of SEQ ID NO: 9 is
phosphorylated.

The antigenic construct according to claim 14, wherein said tau peptide has
an amino acid sequence of SEQ ID NO: 2; SEQ ID NO: 3; SEQ ID NO: 4;
SEQ ID NO: 5; SEQ ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8, or SEQ ID
NO: 9.

The antigenic construct according to any one of the preceding claims, or a
combination thereof, for use in the freaiment of neurodegenerative

disorders such as tauopathies.

The antigenic construct according fo claim 18 for use in the treatment of

Alzheimer's Disease.

A pharmaceutical composition comprising the antigenic construct of any

one of the preceding claims or a combination thereof.

A pharmaceutical composition according to claim 20, which contains a
pharmaceutically acceptable carrier and/or a pharmaceutically acceptable

adjuvant and/or an immunomodulator and/or a diluent and/or an excipient.

A pharmaceutical composition comprising an antigenic peptide of SEQ 1D
NO: 5, which peptide is modified by palmitic acid covalently bound to each
of the termini of the peptide, and further comprising a pharmaceutically
acceptable carrier and/or a pharmaceutically acceptable adjuvant and/or an

immunomodulator and/or a diluent and/or an excipient.

A pharmaceutical composition comprising an antigenic peptide of SEQ D
NO: 3, which peptide is modified by palmitic acid covalently bound to each

of the termini of the peptide, and further comprising a pharmaceutically

108



24,

25.

26.

27.

28.

29.

G
o

acceptable carrier and/or a pharmaceutically acceptable adjuvant and/or an

immunomodulator and/or a diluent and/or an excipient.

A pharmaceutical composition comprising an antigenic peptide of SEQ ID
NO: 3 and SEQ 1D NO: 4, which peptides are modified by paimitic acid
covalently bound to éach of the termini of the peptides, and further
comprising a pharmaceutically acceptable carrier and/or a pharmaceutically
acceptable adjuvant and/or an immunomoduiator and/or a diluent and/or an

excipient.

The pharmaceutical composition of any one of claims 22 to 24, wherein
said antigenic peptide of SEQ 1D NO: 5, SEQ ID NO: 3 and SEQ 1D NO: 4,
respectively, is a tetrapalmitoylated peptide, wherein two palmitic acid

moieties are bound to each of the termini of the peptide.

A pharmaceutical composition according {o any one of claims 21 o 25,
which is a vaccine comprising detoxified lipid A, such as monophosphoryl

or diphosphoryl lipid A, as an immunomodulator.

The pharmaceutical composition of claim 26 comprising the peptide of SEQ

ID NO: 5, which is tetrapaimitoylated and monophosphoryl Lipid A.

The pharmaceutical composition of claim 27, wherein two molecules of
palmitic acid are covalently attached to the N-terminal end and two
molecuies of palmitic acid are covalently attached to the C-terminal end of

the antigenic peptide.

A pharmaceutical composition according fo any one of claims 20 to 28 for

use in the freatment of a neurodegenerative disorder such as tauopathy.

A pharmaceutical composition according to claim 28 for the treatment of
diseases and disorders which are caused by or associated with the
formation of neurofibriilary lesions, the predominant brain pathology in
tauopathy comprising a heterogenous group of neurodegenerative
diseases or disorders including diseases or disorders which show co-
existence of tau and amyioid pathologies including, but not limited to,
Alzheimer's Disease, Creutzfeldt-dJacob disease, Dementia pugilistica,

Down's Syndrome, Gerstmann-Straussler-Scheinker disease, inclusion-
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31.

body myositis, and prion protein cerebral amyloid angiopathy, traumatic
brain injury and further diseases or disorders which do not show a distinct
amyloid pathology including, but not limited to, amyotrophic lateral
sclerosis/parkinsonism-dementia complex of Guam, Non-Guamanian motor
neuron disease with neurofibrillary fangles, argyrophilic grain dementia,
corticobasal degeneration, diffuse neurofibrillary tangles with calcification,
frontotemporal dementia with parkinsonism linked to chromosome 17,
Hallevorden-Spatz disease, multiple system atrophy, Niemann-Pick
disease, type C, Pick's disease, progressive subcortical gliosis, progressive
supranuciear palsy, Subacute sclerosing panencephalitis, Tangle only

dementia, Postencephalitic Parkinsonism and Myotonic dystrophy.

A pharmaceutical composition according to claim 30 for use in the

treatment of Alzheimer's Disease.

Use of a therapeutic pharmaceutical composition according to any one of
claims 20 to 28 in the manufacture of a medicament for the treatment of a
neurodegenerative disease or disorder such as fauopathy in an animal,

particularly in a mammal, but especially in a human.

Use according to claim 32 for the freatment of diseases and disorders
which are caused by or associated with the formation of neurofibrillary
lesions, the predominant brain pathology in tauopathy comprising a
heterogenous group of neurodegenerative diseases or disorders including
diseases or disorders which show co-existence of tau and amyloid
pathologies including, but not limited to, Alzheimer's Disease, Creutzfeldt-
Jacob disease, Dementia pugilistica, Down's Syndrome, Gerstmann-
Straussier-Scheinker disease, inclusion-body myaositis, and prion protein
cersbral amyloid angiopathy, tfraumatic brain injury and further diseases or
disorders which do not show a distinct amyloid pathology including, but not
limited to, amyotrophic lateral sclerosis/parkinsonism-dementia complex of
Guam, Non-Guamanian motor neuron disease with neurofibrillary tangles,
argyrophilic  grain  dementia, corticobasal degeneration, diffuse
neurofibrillary tangles with calcification, frontotemporal dementia with
parkinsonism linked to chromosome 17, Hallevorden-Spatz disease,

multiple system atrophy, Niemann-Pick disease, type C, Pick's disease,
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34.

progressive subcortical gliosis, progressive supranuclear palsy, Subacute
sclerosing panencephalitis Tangle only dementia, Postencephalitic

Parkinsonism and Myotonic dystrophy.

Use of an antigenic peptide or a therapeutic composition as claimed in any
of the preceding claims in the manufacture of a medicament for inducing an
immune response in an animal, particularly a mammal or a human,

suffering from a neurodegenerative disorder such as tauopathy.
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