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NEUROPROTECTIVE BETA AMYLOID CORE PEPTIDES AND PEPTIDOMIMETIC DERIVATIVES

FIELD OF THE INVENTION
{01} The preasent invention relates o slabilized derivatives and peplidomimetics of 2 cors amino acid

sequence in f-amyloid (AR} for ireatment and prevention of f-amyloid-induced toxicity.

REFERENCE TO SEQUENCE LISTING

002} Applicant asserts that the information recorded in the form of an Annex G/8T.25 text file submitted
undar Rule 13fer 1{a), entiled UNIA_16_48 PCT_Sequance Listing ST25.0d, is identical 1o that forming
part of the international application as filed. The cordent of the sequence listing is incorporatad hersin by

referance in its entiraty.

BACKGROUND OF THE INVENTION

HI063] Alzheimer's disease {AD) is a progressive neuradegenerative disorders leading 1o dementia. lisa
prograssive neurodegenarative disesse having symptoms such by memory loss, cognitive decling, and
language dysfunction, AD is characterized by various pathological hallmarks including extracefiular
plaques composed primardly of B-amyioid (AR} intraceliular newrofibrillary fangles formed from
hyparphosphorylated tau, synaplic loss, losal inflammation, and neurcdegeneration in brain regions
criticat for memory processes. The anset of AD is best comrelated with increasad lavels of A, Thereis a
substantial body of research 1o indicate that AP is one of the key triggers of the disease, lsading 1o loss of
synapsas (the points of communication between nerve calls) and nerve cells flines of communication) in
regions of the brain involved with memory and cognilion, both of which eventually Tail in AD.

{04] The S-amylold is a small, toxic peptide cleaved from the amyloid precursor protein (APPY. APP is a
single spanning transmembrane {TM) protein whoss function iz still largely unknown hut is believer! to be
valved in neurite oulgrowth, neuronal protein trafficking, signal transduction, csll adhesion, and calciim
metabiofism. As shown in FIG. 2, the 1518 aming acld N-erminal AJ fragment ON-AR fragment™) s
produced via an o-secretase-inked pathway {o- and P-secratases) and is present al significant levels in
cerabrospinal fluid {CSF).

{8051 The plaques are primarily composed of fituiffar famyioid, bul the noted devaelopment of synaptic
impairment iz best correlaled with the level of soluble A sarly in AD, ollowed by the accumulabion of
neurofibrillary tangles. in the absence of disease, the production of Al from synapses and the high rate of
trnover of soluble AP raise tha possibility that the peptide can function as a nauromodutator under normal
physiclagical conditions. Later, as AP accumulates, its aclion may then become disruptive, leading o

compromised synaptic sighaling.

{o006] Currently approved treatments Tor Alzheimers disease (and redated dementias) are limited o
transient relief of sardy symptoms {e.g. shart-term mamory deficll) with no significant impact on the state
of progression of the disease, particulardy nsurcdegeneration. in addition, the currant freatments are only
effeciive in a portion of the population of individuals with Alzheimer's disease and ondy for & limited period
of me. To dale, there is no affective cure for the disease, but identifving and characterizing the celiuiar

-
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mechanisms undetdying AD will potentially elucidate a target pathway for potantiad tnsatment.

{87} Lawrence s al. has recantly showh that at low concentrations {(plcomalar {MEnanormolar (i)},
the N-iarminal Af fragment s nearly twice as affective as full-length ARl as a nauromodulater, stimolating
receptor-linked increases in Ca®", enhancing long-term potentiation (LTP) and enhancing contextual fear
conditioning {Lawrence et al., J. Neurcaciegnce, 34: 1421014218, 2014). The activity of the N-Af fragment
was localized {0 a core hexapeplide sequence within the N-AR fragment ("AB core sequenca”). The
presence of high-affinity nicotinic acetylcholine recepiors {(NACHHS) was found o sensitize neurons o Afl-
induced toxic effects (Arora et al., 4. Biol, Cheny, 288! 11175-11180, 2013}, Models show that application

of high concenirgtions (M levels) of AR induces agopfosis in the absence of nACHhRs.

{0008} As will he described herein, the present invention focuses on the polential activily of the core
sequence in neurotoxicity and synaplotoxicity models. Without wishing o limit the invention 10 a particutar
theory or mechanism, i is proposed thal nACHhRs sensitize Ai-induced newronal death by intersecting
with & comumon newrotoxicity pathway involving distinct A target receptor(zs). The N-erminal A fragrment
were found o inhibit this neurotoxicity and reverse inhibition of synaptic dynamics triggered by fulidangth

AB, suggesting the possibility of neuroprotection.

SUMMARY OF THE INVENTION

{8009} The inventors have discovered a core six amdng acld sequence In beta amyinid, Tyrosing-
Glutamate-Valing-Histidine-Histidine-Glutamine {(YEVHHQ, BEQ No. 1, sihgie lstter abbyeviation), which
may be referred to herein as “core™ or "AB corg”. Unexpeciedly, this core demonsirales potent and highly
effactive neuroprotective activity against the foxic action of beta amyiold In killing synapses and nerve
calls. The present invention transforms this peptide sequence into a siabilized dervalive andior a
peplidomimetic (non-peptide small molecule), which may be used as a therapeulic for trealment of

Alzhaimers diseassg and related dementias.

[0816{ The subject disclosure is directed to aclive slabiized peptide derivatives (bialogic)y andior
peptidomirmetics {synthetic) derived from the AR core sequence. Without wishing fo limit the invention fo
any theory or mechanism, it is believed that the fachnical featurs of the present invention advantageously
overcomes the issues perdalning to the delivery of peplides inlo the brain, thereby allowing protection
against synaptic dysfunction and neurodegeneration in the brain arising from B-amyioid toxiclty, such as
those associated with Alzheimer's disease and olher related neurodegenerative disarders. The present
invention is 3 unique approach that is qualitatively better and more affective, and that it benelits a larger
portion of the population. More imporantly, the present invention has the potential to significantly slow
down or arrest the neurcdegensrative process. None of the presently known prior references or work has
the unique nventive technical feature of the present invention.

a1 Any Teature or combination of features described herein are included within the scope of the
present invention provided that the features included in any such combination are nob mutuslly
inconsisient as will e apparent from the cordaxt, this specification, and the knowiadge of one of ordinary
skill in the art. Additional advantages and aspects of the presant Invention are apparent in the following

#
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detailed dascription and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
{12 The festures and advantages of the present inveniion will becomse apparent from a consideration of
the following detailed description presented in connection with the accompanying drawings in which:

{813} FIG. 1A shows a diagrammatic reprasentation of prasynaplic regulation oocurring via nerve activity
and for residant recaplors.

{HoE4} FIG. 18 shows a model of how plagques and tangles affect the synapse (Wong et af, Nalure
Meurosct, 5, §33-638, 2002).

{0151 FIG. 1C shows s maodel of progression of AD pathology {ingsisson & al., Newrol, 62, 925-832,
2004).

[09t6] FIG. 2 shows the funclional domains in famyloid. Bamyloid is cleaved from the amyloid precursor
protein (APR] by the action of the 8- and y-sacretases, and encompasses part of the APP transmembrane
domain {TM). The N-terminal fragment {from the lefl, is produced from B-amyloid by the action of a-
secretase,

{817 FIG. 3 shows the f-amyloid core fragment and f-amyloid in'a competitive mechanism {direct or via
differential receptor-based signaling).

jO818] FIG. 4 shows that the N-Aj fragment protects against Afi-iaduced oxidalive stress in the prasence
of high-affinity AB receplor {nicotinic receptors: nAChRs} in a differentiated neuronatl cell fine (NG108-15).
Concentrations for combination daily treatmenis wers 10nM, 100nM or 500nM of either N-AJ fragment or
MN-Afcore in combination with 100nk AB1-42. Timing experiments were performed with N-AR fragment
{100nM) introduced one day prior, codreated, or 1 day postireated with AR1-42 (100nM} (=4
axperiments).

H919] FIGs. SA-BB show that the AR core sequence {NWABcore) protects against Af-indured cellular
toxicity in the presence of high-affinity AP receplor. FIG. 5A shows oxidalive stress {(RGS, reactive tivgen
species) and FIG. 5B shows DNA fragmentation in apoplosis. Treatment is with 100nM N-Afcoreg after O-,
1-, 2-day treatment of 100aM AR1-42 in the presente a4P2-nACHR {n1=5 experiments).

jaoan; FiGs, 6A-BB show that the Afcore ssquence and N-AP fragment prodect against Ap-induced
cellular foxicily in the absence of high-affinity AR receplor (RACHR). FIG. BA shows oxidative stress {ROS)
angd FIG. 68 shows DNA fragmentation in apoplosis. Treatment of 100nm or 1uM N-AB core or N-AB
fragmant is glone and in combination with 1ubt AB1-42 (n=5 experiments) Note that in the absence of
nAChRSs, uM concenirations of AR1-42 are required fo increase ROS, Co-freatments with AR1-42 are
representad by closed (grey) bars.

{0021} FiGs, 7A-TB show thatl the N-ADR fragment and N-AD core sequencs profect against Afl-induced
cellular toxicity {oxidative stress (ROB)Y) in mouse primary hippocampat neurons, FIG. 7A shows Sday
and FIG. 78 shows 10-day daily treatments with tudd AB1-42, 1uM N-AB fragment, or 1uM N-ABcore and
combination freatments of 1uld AR1-42 and 1uM N-AR fragment or 1uM N-Allcore {(n=4 experiments).
{022} FIG. & shows that the N-A} fragment prolects against cellular foxicity (oxidative stress: ROS)

inducad by endoganousty produced AR {from transfected APPY.
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{9823} FiGs. DA-GB show the requirement for the histidine residuss in the N-AR care sequence and the
stabilization of the N-A§ core sequencs by N-acetylation and C-amidation in the protection against Af-
induced ceftular toxicity, FIG. 9A shows co-treatment of H0aM AR1-42 with 100nM (HIZAHI3A] N-
Afcore or 100nM [Q15H] N-ABcore {n=d experiments). FIG. 9B shows daily co-treatment with 100nM
Af1-42 and 100nM cappad-Afcora, DjARcore] or Capped-D-jAfcore] reduces ROS. Mock-transfected
cells are represented by open bars; 0482- nAChRransfecied calls ave raprasentad by dosed {(grey) hars.
[24} FiGs. 10A-10B show that the N-terminal AR fragment is non-toxic and protects against Afi-induced
cell death. FIG. 10A shows nomalized cell counts in a mode! neuronal call lines (NG108-15 cells) with, or
without, cd4B2-nAChRs treated daily with 100nM AB1-42, N-AB fragment or N-Afcore alone, or
combination ireatments with AB1-42 and N-AB fragment or N-ARcore over 7 days {b=4 experiments). FiG.
10R shows cell counts in primary hippocampal cell cultures {mouse primary hippocampal newrons) treated
daily with 1pM AB1-42. N-AR fragment or N-Alcore slons, or combinalion dally treatments with AR 142
and N-AR fragment or N-ABcore for 10 days {(n=4 experimenis).

HI923] FIG. 11 shows that the N-AR fragment protects against Af-linked deficits in synaplic plasticity {from
Lawrance et al., J Neuroscl. 34, 14210-14218, 2014},

{0426 FIG. 12 shows that the N-AS fragment protects against Ap-linked deficits in contextual fear memory
it BXFAD (familial Alzheimer's disease) APP mice.

jo027 FiGs, 13A-13C show siructure-activity analysis of the N-AR core sequence, peplide stabilization
and comparison o Kinetics of A In FIG. 134, the fop graph shows average peak Ca® responses in
varicosities of cells expressing oF-nACKhRs 10 100nM ART-42 (n=d4} N-ABcors (n=70), N-AQ fragmeni
{n=178}, [Y10A] N-APcore {n=14), HI3AN14A] N-Afcore {(n=19), and [Q18H] NABcore (n=33). The
battom gaph shows average peak Ca’’ responses in varicosities of cells expressing wdf2-nACHRs to
100nM AR1-42 {(n=38), N-ABcore {n=32}, N-AP fragmaent {n=35), [Y10A] N-AfBcore {n=21), [H13A H14A]
N-Afcore (n=18), and [Q15H] N-ABcore {n=29}. Averaged data are means + SEM and dashed lines
indicate the baseline (hackground) and average maximal responses of N-ABcore. *p<0.085 and
*a<(.0001. FIG. 138, top, shows average peak Ca™ responses in varicosities of cells expressing adfie-
nACHhRs 1o 100nM N-ABcors (n=81) and “capped™ABcore {n=23). Protection of N-Aflcore via N-dsrminal
acabylation and C-terminal amidation {capped) retains activity compared o N-Afcore. FIG. 13B, bottom,
shows peak responses fo 100nM D-JABcore] (n=57} and Capped-D-[ABcore] (n=65). Enanliomsr
conversion and stabilization of N-Afcore retains aclivity. Averaged data are mean & S.E.M, and dashed
lines indicate the average maximal responses of N-APcore. FIG. 13C shows average 0a®™ responses
{FiFg} In varicosities of NG108-15 ceils expressing ndB2-nAChRs to 100nM N-ABcore (p=33}, 100nM N-
AR Fragment {(n=17} and 1000M AR, .« (=40} over 13 minutes of reatment. Averaged dala are means £
SEM and n represents the total number of varicosities examined

{028 FiGs. 14A-14B N-AB core sequence rescus of DNA fragmentation in apoplosis {TUNEL staining)
with or without nACHhRs in the differentiated neuronal cell line (NG108-158). FIG. 14A shows co-treatment
with 100nM N-Aflcore afler G-, 1-, 2-, J-day trealiment of 100nM AB1-42 in the presence of ad4p2-nACHRs
{n=3 experiments). Mock-lransfected cells are represented by open bars; ad4f2- nAChR-fransfected celis
are representad by closed {grey) hars. FiG. 14B shows dailly reatmant of 1000M or 1M N-Afcore or N~
AP fragment alone and in combinadion with 1uM AR1-42 (n=3 experiments). Note that in the absence of

4
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nACHhRs, uM concenirations of AB1-42 are required to induce cell death. Co-treatmenis with AR are
reprasentad by closed (gray) bars.

DETAILED DESCRIPTION OF THE INVENTION

[6029] As the neuroprotective potential of the N-erminal A fragment lo inhibit andior reverse cellular
neurotoxicity and synaplic dysfunction riggered by fulldength Aj through target recepiors was shown 1o
reside in the N-Aficors, this present invention focuses on derivation andfor stabilization of the core

saquence and analogues thereof,

{030} Az used herain, the “natural amino acids” refers 1o the twenly amino acids that are found in rature,
e, ocour naturally. The natural aming acids are as Tollows: alaning, argining, glycing, asparagine, aspartic
acid, cysteing, glutamine, ghidamic acid, serine, threonine, histiding, lysing, methionineg, proline, valine,
incleycing, feudine, tyrosine, tryplophan, and phenylalanine. This application adheres to the UPAC rules

of standard abbraviations for amine acids.

[H031} As used hersin, the “urnalural amino acids” refers to amino acids that are not naturally encoded or
found in the genetic code of any organisms. Typically, the unnatural amino acids are different from the
twenty naturally ocourring amino acids in their side chaln functionatity.

0321 A "peplide” is defined as an amine acid sequence from three aming acids to about 700 aming acids
in length. As used hersin, a ‘peptide analogue” includes allelic variants; fragments; derivatives;
substifution, deletion, inseion varlants, fision polypeptides and orthologs. Each aming acid of each such
ralated peptide anslogue may be efther natural or unnatiwal of the "I or "L" configuration which
corresponds fo the sterecchemical designation "S" and "R,” respectively, as defined in the RS system of
Cahn at al., (Pure Applied Chemistry, 45:11-30 {1874}, and referances cited therain). As known 1o one of
ordinary skill in the art, only L-amino acids are manufactured in cells and incorporated indo profsins. As
used herein, the latter “D" preceding any tHwee-letter abbreviation for an amino acid, e.g. as in “D-His",
danotes the D-form of the amino acid, and a lack thersaof refers o the Lform.

10331 As defined herein, the lerm "agonist” refers 1o compound that enhances a response.  The agonist
binds 1o the samea site as the endogenous compound and produces the same type of signal, usually of
agual or greater magnitude than the endogenous agent. As defined herein, the term "antagaonist” refers to
compound that binds io the same site as the endogenous compound and diminishes er blocks the signal

generated by the endogancus agant.

{034} As used herein, for each amino acid, the amino acid residue of the peptide analogue may be
preserved, which is defined as keeping said amino acid in the sequence. However, preserved does not
imply unmodified. The aming acid may be preserved, bt can also be modifisd. For example, a Histidine

residue may be modified to g D-Mis, N-alkyfated His {8.g. N-melhylated His), or a f-substituted His.

{0435} In contrast, & conservative substifution, as knowt 1o one of ordinary skill in the art, refers to a
comnplete replacement of an amine acld residue with a different residue having similar biochemical

characieristics, such as size, charge. polarily, etc. For instance, the aromatic Tyrosine may be

441
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conservalively substituled with aromatic phenylalanine, or basic. Anginine may be conssrvalively
substituted with basic Lysine, TABLE 1A and 1B show non-limiting examples of conservative aming acid
substitutions.

1636} TABLE 1A

Original Residue Conservative Substitutions

Ala (A Gys, Gly, Ser, Thy, Val

Arg (R} Asn, Gln, Glu, His, Lys

Asn {N) Arg, Asp. Gin, Glu, His, Lys, Ser, Thr
Asp (D) Asn, Gin, Glu, Ser

Cys () Ala, Ser

Gl {3 Arg, Asn, Asp, Glu, His, Lys, Mat, Sar
Glu {E) Arg, Asn, Asp, Gin, Mis, Lys, Ser

Gy {G) Ala, Ser, Glu, Asp

fe {1 Len, Met, Phe, Val

Leu (L} e, Met, Phe, Val

Lys (K} Arg, Asn, Gin, Glu, Ser

Met (M} Gin, Hle, Leu, Pha, Val

Phe {F} fle, Leu, Met, Trp, Tyr

Pro {F} None

Ser {8) Ala, Asn, Asp, Gin, Glu, Gly, Lys, Thr
Thr (T) Ala, Asn, Ser, Val

Trp (W) Phe, Tyr

Tyr (V) Hig, Phe, Trp,

Val {V) Alz, Ha, Lau, Met, Thr

j0037{ TABLE 1B

Amino Acid Propsrty | Amino Acid Substitutions

Hydrophabic Cys, He, Ley, Met, Phe, Pro, Trp, Val
Aliphatic Alag, Be, Leu, Fro, Val

Aromatic His, Phe, Trp, Tyr

Amide Asn, Gin

Nucleophilic Cys, Ser, Thr

Polar Arg, Asp, Asn, Gin, Glu, Lys
Negalive Asp, Glu

Pasitive Arg, Lys, His

Small Ala, Gly, Pro, Ser

C-beta He, Thr, Val

j0038} As defined herein, the term “N-methylation” refers to a form of alkylation wherain a methy! group,
CH,, replaces the hydrogen atom of the NH muoiety in the backbone amide NHs of the peptide analogue.

{0039} 5-Subsiitution
HI840§ For sach amino acid, a f-aming acid or -peptide refary to an amine.acid-in which the aming group
of -NH; is attached o the secondary carbon rather than the « carbon. For example, a mathylens group

{CHy) is inserted into the side chain at the bela position of that side chain, The flexibility o generale a vast
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range of sterso- and regloisomers, together with the possibility of disubstihiion, significantly expands the
structural diversity of f-amino acids. For instance, the incorporation of f-aming adids has been successiul
in creaiing peplidomimedics thal nol only have potent biclogical activity, but are also resistant 1o
profeclysis.

{9641} N-Terminal Modification

{043} As used herain, the N-terminal modification refers {o the nwdification of the NH, at the N-leradnus,
resuiling in an R1 being linked {o the NH moiely. N-lerminal modifications are known o one of ordinary
shill in the art. In some embodiments, N-terminal modificalion may comprise acylation. For exampls, an
acylstion modification comprising sostylation of the N-erminal resulls in R1 being an acetyl, -COCH,,
such that the N-terminus is CHCO-HN-. in other embuodiments, R may comprise a —CO-A, whersin A s
an optionally substituted alkyl group. For instance, R1 may comprise —~CO-{0H;),CHy or ~CO-{CH,),CFy,
whers “n" can range from D to 10. When n=0, the R1 of the Nterminal is an acelyl. Withoul wishing 1o limit
the invention {0 a particular theory or mechanism, N-ferminal modifications may play a role in stabifity,
protedn folding, cellular altachment, and funclion modulation of the peplide analogue.

{0043} C-Terminal Modification

{4} As used herein, C-terminal modification refers to the modification of the carboxyl moisty at the C-
{erminus. C-erminat modifications are known o one of ordinary skiff in the arl. Ax used harein, R2 refers
i the standard ~COO0OH of the Cderminal. Examples of C4erminal modifications include, bid are not
limited o, amidation, esterification, or reduction. In some embodiments, the C-lerminal may be modified to
be ~CONHR;, -COO-A, of ~CH,OH, where Ry may be an M, NH,, OH or an optionally substituted alkvl,
and where A is selected from an optionally substituted alkyl group. For example, the C-terminal can be an
amidated {e.g. “CONHM,). Withoul wishing fo limil the invention {o a particular theory or mechanism, C-
terminal modifications, such as amidation, can enhange the bislogical activity of the peplide analogue,
increase its stability, efficacy, and ability 1o enter calls, as well as increase s abllity o resist snzymatic
degradation.

{43} Glycosylation

HNd6] As usad hareln, the tean “ghveosylatad” is defined as a saccharide {or sugar} covalently allachad,
i.a. linked, to an amino acid, resulting in & glycan. Specifically, the saccharide is linked o the side-chain of
the aming acid, In some embodiments, the peplide analogue may be muodified via glveosylation or with a
givcan, at the N-lerminal or C-terminal. Glycosylation processes and glycans are wedl known to one of
ovdinary skill in the art. In one aspect, the glycosylated amino acid may comprise a saccharide O-linked,
N-finked, CHinked, or S-linked o a natural amino acid.

{0047} In soms embodimants, the saccharide is ailached o the hydroxyl group of the side-chain of the
aminc acid, such as Ser, Thr, or Tyr. In another aspant, the glycosylated amine acid may comprise a
saccharide N-inked to a natural amino. For example, the saccharide is atfached to the amine group of the
sida-chain of the amino acid, such as Asn or Lys. In other embodiments, glycosylation of the Clerminal
may lake place via an exterification reaction. Examples of saccharides include, bl are not iimited o,
glucose, fructosa, and lactoss. In ancther aspedt, the glycan may be selerded from mono-, di-, - and

s
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poly-saccharides. in some ambodiments, the glycoaylated peptlide analogus has an inoreased ahbilily o
cross & blood brain barrier {BBB) as compared to a paptide lacking the glvoosylation.

048] Isosteres

{0649} As known o one of ordinary skill in the arl, replacing of the peptide bond, Le. the CONH, results in
a peptide isosters. Without wishing o limit the invention o a parlicular theory or mechanism, the
application  of peplide isosteres with the objeciive fo increase the metsbolic stabllily of
oligopeptides and o reduce their conformational flexihility can provide for peplide based bicactive
modecutes. Peptide isosieres are nal composed of alpha amine acids but have structures and properties
ressmbling those of “commuon” peptides.  For sxample, dipeplide isosterss are designed o replace two
aminge acids and awe funclionalized with an amine and a carboxylate funclionality. Non-limiting example of
groups that can replace the peptide bond include, but are nat fimited to ester, N-altkylation, alkane,
alyneamide to double bond, thicamids, amideoxy, azapeptide, and dehydroaminoarid.

{30} Cyelization

{0951} The peplide analoguss of the present invention may be cyclized thorough bridging of the residues
via ring closing reactions. In particular, the side chain of a residue is linked o the side chain of another
residue via a linker, In some embodiments, the linker Ly s & carba, lactam, disuffide, thicsthar, or succinic
finker. As understond by one of ardinary skill in the art, the linker i3 not fimited o the aforementioned
examplas, and may depend upon the spaoific oyclization chamistry used to produce the cyclic peplids. As
a non-limiting example, residues can be linkad via an amide bond formation reaction, which may form & -
{CHL}CO-NH-{CH; §,- bridge, where n=1,2,3,4. In addition, carbon-carbon bonds, {aclone, thicather, ather,
disulfide and other covalent bonds can be used as a part of the ring closing reactions. Without wishing fo
imit the invention fo a particular theory or mecharnism, the type of linker can affect the structural,
chemical, and biological activity of the peplide ligand.

{0032 Blood-Brain Bamiar, The blood-brain barrier is made up of brain microvessel endothelial cells
characterized by light infercelislar junclions, minimat pinocytic activity, and the absence of fenastra. These
charactenstics endow these cells with the abilily to restrict passage of most small polar blood-borne
molecules {e.g., neurotransmitier catecholaminas, small peptides) and macromolecules (e.g., proteins)
from the cerehwovascular circulation o the brain. The blood-brain barrer contains highly aclive enzyme
systems as wall, which further enhance the already very effective protactive function. # is recognized that
transport of molecules to the brain is not determined solely by malecular size but by the permsabilities
governed by specific chemical characieristics of the parmeating substance. Thus, besides molecular size
and lpophilicity, the affinity of the substances 1o various blood proteins, specific enzymes in the blood, or

the blood-brain barrier may influsnce the amount of the drug and/or peplide analogue reaching the brain.

{053} As used herein, the lerms "treal”, “Ireating”, or “reatment” refer (o both therapeutic lreatment and
prophyiactic or preventalive measures, with the objactive of preventing, reducing, slowing down {lessent,
inhilsifing, or elminating an undesired physiblogical change, symptum, or disorder, such as the
development or spread of B-anwloid toxicity, for example, B-amyloid depasits and Alsheimer's dissase.
For purposes of this irvendion, beneficial or desired clinlcal results include, but are not limited o,

[
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allevialion of symploms, diminishment of extent of discase, siabilized {ie., nob worsening) slate of
disease, delay or slowing of disease progression, amelioration or palliation of the disease state, and
remission {whether partial or fofal), whether detectable or undetectable. For example, treatment with the
peplide anslogue of the vention may include reduction of undesirable B-amviold oxicity, such as
oxidative stress, synaptic dysfunction, and apoptosis or cell death. "Treatment” can also mear prolonging
survival as compared 1o expected survival i not receiving treatment. Those in need of reatment include
those already with the condifion or disorder as well as those prone 1o have the condition or disorder or
those in which the cordition or disorder is fo be prevented or onset delayed. Oplionally, the subject or
patient may be identified {a.g., diagnosed) as one suffering from the disease or condition {a.g.,
Alzheimer's disease) prior o adminisiration of the peplide analogue of the invention.

{034} A “thevapeutically effective amount” refers to an amount that is sufficient to achieve the desired
therapeutic result or to have an effect on undesired symploms, but is generally insufficient to cause
adverse side effects. The specific therapautically effective dose lavel for any particular patient will depend
upon a variety of factors including the disease being freated and the seventy of the disease; the specific
composition emploved; the age, body weight, general health, sex and diet of the patient; the fime of
administration; the route of administration; the rate of excretion of the specific compound employed; the
duration of the treatment; drugs ussd in combination or coincidentat with the specific compound emploved
and ke factors wall known in the medical ants. For example, i is well within the skili of the art o start
doses of a compound at levels lowsr than those required {o achinve the desired therapeutic effec! and o
gradually increase the dosags uniil the desired effect is achieved. I desired, the effective daily dose can
be dividad info multiple doses for purposas of administration. Consequently, single dose compositions can
contain such amounis of submultiples thereof (o make up the dally dose. The dosage can be adjusted by
the individual physigian in the event of any confraindications. Dosage can vary, and can be administered
in ong or more dose administrations daily, for one or several days. Guidance can be found in the literature
for appropriate dosages for given classes of pharmaceutical products.

HOO5S] A “subject” is an individuat and includes, but is not limitad 1o, 8 mammald {8.4., 3 human, horse, pig,
rabbit, dog, sheep, goal, non-human primate, cow, cai, guinea pig, or rodent), a fish, a bird, a reptile or an
amphibian. The term does nol denole a pardicutar age or sax. Thus, adull and nawbom subjecis, as wall
as feluses, whether male or female, are intended (o be included. A “patient” is a subject afflicted with 2
diseass or disorder. The lerm "patient” includes human and velerinary subjecls.

{0636} The terms “administering” and “administration” refer to methods of providing a pharmaceutical
composition {0 a subject. Such methods are well known to those skilled in the art and include, but are not
limited to. administering the compositions orally, parenierally {s.4.. infravenously and subcutansously), by
inframuscular injection, Dy intraperitoneal injection, intrathecally, transdearmally, extracorporsally, topically
of the like.

{857} Ax descoribed above, the compositions can b admiinisiered tr 3 subjedd in 8 pharmaceutically
acceptable carrigr. By “pharmaceutically acceplable” ls rogant a malerial that is not biologically or
otharwise undesirable, i.e., the material may be administered 1o a subject withou! causing any undesirable
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biologizal effects or inleracling in a deloterious manner with any of the ofher components of the
gharmmaceutical compaosition in which it is contained. The carrier would naturally be selectad to minimize
any dagradation of the active ingredient and to minimize any adverse side effects in the subject, as would
be well known to one of skill in the art.

{058} Pharmaceutical carrers are known o those skilled in the arl. These most typically would be
standard carfiers for administration of drugs 1o humans, including sclulions such as sterlle waler, saling,
and buffered sohdions al physiological pH. Typically, an appropriale amount of a pharmacsutically-
acceplable salt is used in the formulation to render the Tormulation isolonic. Examples of the
phamaceulically-acceplable carrier include, bul are not limited 10, saline, Ringer's solution and dextrose
solution. The pH of the solution may be about 5 to about 8, such as from about 7 o about 7.5, Further
carriers inclurle sustained releass preparations such as semi-permeable natrices of solid hydrophobin
polymars cordaining the disclosed compounds, which matrices are in the form of shaped arlicles, e.g..
films, liposomes, microparticles, or microcapsules. it will be apparent 1o those persons skillad in the anl
that sertain camiers can be more desirable depending upon, for instance, the route of administration and
concentration of composition being administered. Other compounds can be administered according to
standard proceduras used by those skilled in the ant.

H05e] Pharmaceutical formulations can include additional camiarg, as well as thickeners, diluents, buffers,
presarvatives, surface active agents and the like in addition o the compounds disglosed herein.
Pharmaceutical formuiations can also include one or more additional aclive ingredients such as
antimicrobial agents, antiinflammatory agents, anesthetics, and the like.

{is0} The pharmaceutical formulation can be administered in & number of ways depending on whather
focal or systemic treatment is desired, and on the area 10 be reated. Administration may be fopically
{including ophthalmically, vaginally, rectally, intranasally), orally, by inhalation, or parenterally, for example
by infravencus drip, suboutaneocus, intraperitoneal or intramuscular injection. The disclosed compounds
can be administered intravenously, intrapertoneally, intramuscularly, subcuianeously, intracavily, or

transdermally.

{461} For example, preparations for parentaral adminisiration include sterife aguetus oF hon-agusdus
solutions, suspensions, and emuisions. Examples of non-aquecus solvents are propylens glyood,
polyethyiens glycol, vegetable oils such as olive oil, fish olls, and irjectable organic-esters such as sthyl
oleate. Aguecus carriers include water, alcoholicfagueous solutions, emulsions or suspensions, including
saline and buffered media. Parenteral vehicles include sodium chioride soluion, Ringer's dextrose,
dextrose and sodium chloride, lactated Ringer's, or fixed ofls. Intravenous vehicles include fluid and
nutrient replenishers, electralyte replenishers {such as thase hasad on Ringer's dextrose), and the like.
Preservalives and other additives may also be presant such as, for exampls, anlimicrobials, anti-oxidants,

chalating agents, and inert gases and the ke,

{0062} Pharmaceutical Tormulations for topical administration indlude bl are not Hnsled 16, ointments,
lotions, creams, gels, drops, supposilories, sprays, liquids and powders. Conventional pharmaceutical
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carriers, aqueocus, powder or oily bases, thickeners and {he ke may bs necessary o desirable.
Pharmaceutical formulations for oral administration include, but ave nod limited 1o, powders or granules,
suspensions or solufions in water o non-aqueocus media, oapsules, sachets, or lablets. Thickeners,
flavorings, diluents, emuisifiers, dispersing aids or binders may be desirable.

{063} Nerve oells, of which there are nearly 100 hilion In the human brain, communicate by special
contacts callad ‘synapses’ (FIG. 1A). Complex communicalion in the brain oocurs via approximately 100
trillion synapses. Each synapse is highly dynamic and can be regulated positively or negatively, short~
and long-term potentiation, and fongterm deprassion. Prior 1o AD, AD is released from nerve endings at
synapsas in response to nerve activity. AR in pM-nM concentrations has agonistlike activity at
presynaptic nicotinic receptors (RACHRSs) and can increase ©a® in isolated synaplic terminals via
nAChRs. in pM concentrations, AP augments long-lerm polentialion. Therefore, AR is aclive as a
neuromodutator,

{64} In FIG. 1B, the plaques, which are composed of a sticky peplide called bela amyloid (A8},
accumulate in the brain in AD, pimarily near synapses. Abnormal fau, manifested as neurcfibrillary
tangles, is linkad 1o neuroloxicity leading o neurodegensration. In AD, the most notable early change is
the dramatic loss of synapses. Referring to FIG. 10, most balas amyloid is soluble and difiusible, therefore
“floating” around the brain. s lsvels rise sharply 515 vears before the diagnosis of AD. After this rise,

synapsas and nerve cells start to die off

{65 As discussed, FIG. 2 shows that B-amylold is claaved fron the amylold pracursor protein (APP). N-
terminat Af fragments (1-14; 1-15; 1-18} are generated by the combines action of "o and f-secretasss,
and resident carbowypeplidase. The N-terminal AR fragment is prasent in the braing and CSF of healthy
adulis as well as in Alzheimer's patients. Uniike full-length oligomeric f-amyinid, the N-emninal AR
fragment I8 monomaic and nondonde. In oa’ imaging studies, the N-terminat AR fragment has proven (o
be highly potent and more effective than fulldength B-amylold in #s agonist-like aclion on nicotinic
raceptors. Mderminal AG fragments increase when AR production is blocked undsr conditions of reduced

y-secretase achvily,

o] Refering to FIG. 3, although high levels of Bramyioid interferes with synaptic dynamics and kills
neurons, the addition of the non-loxic N-terminal AP fragments can prevent synaptic inhibition and cell
death. Withou! wishing o imit the present inverttion 1o particular theory or mechanism, these N-termingl
AP fragments are belleved to parlicipate in a dirsct or indirect competitive mechanism against the -
amylold andior Ag-linked intraceliular signaling pathways, hence, these N-fragments are newroprotactive.
The prasent invention features peptide derivatives and peplidomirmelics based on the neuroprotective
core sequance fragment for use in treating Alzheimar’s disease.

{867 Acording to one embodiment, the present invention featwes a maodifiad B-amyloid peptide
analogue comprising 8 sequence at least 50% identical fo YEVHHG (8EQ 1D NO. 1) in preferred
ambodiments, the MM is preserved. In some embodiments, any one of the residues may be conservatively
substituted. In one embodiment, one, two, or three residues may be conservatively substituted. In ancther

A
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embodiment, the modified S-amyloid peplide analogus conprizes a sequence thal is at least B0%
identicat lo SEQ 1D NO. 1. For example, ong or lwo residuss may be conservatively substituted. In yet
ancther embodiment, the modified B-amyloid peplide analogue comprises 8 sequence that is at least 80%
identical to SEQ D NQ. 1. For example, at most ong residue may be conservatively substituled. For
sxample, the 0 may be conservatively substituted with H. 1n further embodiments, the Y residue is
presarved. In most instances, it may be desirable that any of the peplide analoguss of the present
invention be non-toxic and neuroprotective. Non-limiting saxamples of analogues hased on SEQ 1D NO. 1
arg provided in Table 2.

jogeB] TABLE 2. Sequences of modified f-amyloid peplide analogues based on SEQ D NG 1. 7D-amino
Acid, “N-methylated, ‘Beta-substituted aming acid. “4/ refers to the residue being a D-amino Acid andfor
N-methylated andfor a Bela-substituled amino acid. R1 can be an acelyl, ghycosylation, or ~CO-(CH; CH;
from N-lerminal modifications. R2 can be amidation, reduction or glycosyiation from C-erminal
modifications. In somg embodiments, n can range from 1 fo 1Q. it is undersiood that olher permutations
are possible and within the scope of the invention.

SEQ H NO 1 2 3 4 5 8 Feature
4 Ri|{Xaa i k& ¥ HY THY 0 RZ | XagisF. XY, orW
8 Ri|Y Xaa iV M HY 1@ RZ | XaaisDwE
8 R11Y E Xaa i HY THY O R2 | XaaisV. L Lor M
7 RI{Y [E [V MY #HY {Xaa | R2 | XaaisH NorQ
8 Ri|Xsa|Vaalv | W iq |gp|R@@BSHY,0rW
YagisDork
‘ P ) SR BTN I L. | XaaisF Y, or W,
e RijXaa i E Yaa | H H 3 RZ Yazis V. L 1 or M:
Xaais F, Y, or W,
- an ' i i oy L :
10 Ri|{XaalE y H H Yaa | RZ Yazis H N or O
Xagis Do E;
11 R1iY Xaa | Yaa | H H G R2 vaais V. L { or M
o ER IS S A~ XaaisDorE;
12 R11IY Xaa | V H H Yaa | R2 vaais M. N or Q
1 Ry £ Xaa LR 15 | vaa | RO XazisV, L L or M;

YaaisH NorQ
Xaais F Y, or W,
14 RiiXaalYaa{Zaa [H™ ™1 Q [ R2iYaaisDorg
Zaais V. L. Lor M;
Xaais F, Y, or W,
15 Ri{Xaa|YasalVv [H™ | H™ |Zaa |R2|VYaaisDorE;
ZaalsH, NorQ
XaaisF. Y, or W

16 Rt{Xaa lE |Yaa |H™ | H™ | Zaa | R2 | Yaais V. L. 1, or M;

b témaisH NOrQ
XaaisDorE;

17 RilY {Xaa|Yaa | H™ H™ {Zaa | R2| YaasV,L LorM;

ZagisH . NorQ

{869} According to vet another embodiment, the present lnvention fealures a modified B-amyloid peptide
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analogue comprising a sequence at least 50% idantical io DAEFRHDSGYEVHREQ (SEQ 1 NO. 2}, with
the caveat thet MM is preserved. For example, at least 8 rasidues, including HH, of SEQ 1D NO. 2 are
presarved. According 1o another embaodiment, the modified -amyloid peptide analogue may comprise a
seqguence that is at least 80% identical to SEQ 1D NO. 2. For example, & least 9 residues, including HH,
of SEQ 2 NO. 2 are preserved. According to vet another embodiment, the moadified B-amylaid peplide
analogus may comprise a sequence that is at least 70% identical to SEQ 1D NO. 2. For example, at least
11 residues, including HH, of SEQ 1D NQ. 2 are preserved. According to a further embodiment, the
modified famylold peplide analogue may comprise a sequence thal is al least 80% identical to SEQ 1D
NO. 2. For example, st feast 12 residues, including HH, of BEQ 1D NO. 2 are preserved. In an exemplary
ambodiment, the Y residue is presarvad. In another exemplary embodiment, G may be conservatively
subsiftuted with H. In most instances, it may be desirable that any of the peptide analogues of the prasent

inveniion is non-foxic and neuroprotective.

8761 In some embodiments, at most ¥ residues of the 112" and 15" residues in SEQID NQ. 2 may be
conservatively substituted. in other embodiments, at most B residuss of the 112" and 15" residues in
BEQ D NO. 2 may be consarvatively substituted. In still other embadiments, at most § residues of the 1°-
12" and 15" residues in SEQ ID NO. 2 may be conservatively substituled. i one embodiment, at most 4
residues of the 112" and 15" residues in SEQ 1D NO. 2 may be conservatively substituted. in another
embodiment, at most 3 residues of the 15-12% and 158% residues in SEQ 1D NO. 2 may be conservatively
substituted. In yet another embodiment, at most 2 residues of the 17-12" and 15" residues in SEQ 1D NO.
2 may be conservatively substituted. In a further smbodiment, only 1 residue of the 1912° ang 18"
residues in SEQ 1D NQ. 2 may be conservalively substiluled. Non-limiting examples of said analoguss
based on SEQ 1D NO. 2 are provided in Table 3.

j0071 TABLE 3. Sequences of modified B-amylold peptide analogues based on SEQ D NO. 2. "D-aming
Acid, "N-methylated, ‘Beta-substituted amino acid. /2 refers to the residus being a D-amino Acid andfor
N-methylated and/or a Beta-substituted amino acid. R1 can be an acetyl, ghveusylation, or —-CO-{CH, . CH;
from Ndemminal modifications. R2 can be amidation, reduction or glycosviation from Coerminal
modifications. In some embodiments, n can range from 1 o 10.1 is understood that other permutations

are possible and within the scope of the invention.

SEQ D NO 1-8 10 |11 112 113 (14 |15 Featurs
18 R {DAEFRVHDSG { Xas | E | V HYTHY 1O [R2iXsaisF. Y. orw
19 R { DAEFRYHDSG | Y Xaa | V HY ITHY 1 Q (R2iXasalsDork
20 RY | DAFFRYHDSG | Y £ IXaa |HY [HY|Q [R2iXaaisV, L LorM
21 R IDAEFRVHDSG Y [E |V [HY [HY [ Xea iR2{ XeaisH. NorQ

wrafs . R o § 4 1 L ":
29 R1 | DAEFR™HDSG | Xaa | Yaa | v | WS W | g gp | 8RE Y oW
Yoaais DorE
23 R1 | DAEFR™HDSG | Xas | B | Yas | 6% | W™ (o (rp i (R8BE Y orW
Yaais V, L. |, or M;
24 R1 | DABFR™HDSG | Xas | € |V | #5 | 1% | vag | R | PABE Y. or W
Yagfs M. NorQ
25 R I DAEFRVYHDSG Y [XealYaa MY [HY |Q [R2iXeaisDorE;
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Yaais V., L, 1, or M

R1

DAEFR Y HDRG

Xaa

v

Yaa

R2

Xaais DorE;
Yagis H, NorQ

g1

DAEFR™HDSG

Xaa

Yaa

R2

Xaais V. L | or M
Yaz s H. NorQ

R

DAEFR™HDSG

Xaa

Yaa

Zaa

R2

XagisF. Y, or ¥,
Yaais Dar E;
ZaaisV, L, L or M

R1

DAEFRYHDSG

Xaa

Yaa

%

Zaa

XazaisF, Y, or YW
Yaais DorE;
ZoaisH Nord

R1

DAEFR™HDSG

Xasa

Yag

Zaa

R2

XagisF, Y, or W,
Yaais V, L, |, or M
ZagisH. NorQ

R

DAEFR™HDSG

Xaa

Yas

Zaa

R2

Kaais Dork;
Yaais V. L | or;
ZaaisH, NorQ

R

>

DAEF ™ Waa-
HDSG

Xaa

Yaa

Zaa

R2

Waagis H K, or R;
XagisF, Y, or W,
Yaals DorE;
Laais V. L, L or M;

33

R1

DAEF % \Waa-
HDSEG

Aan

Zaa

R2

WaaisH, K, or R;
XagisF, Y, or W,
Yaais DorkE;
ZaaisH, NorQ

34

R1

......

Xaa

Yaa

£aa

Rz

WaaisH, K, ar R;
XaaisF. ¥, or W
Yagis V, L 1 or M

faaisH. NorQ

35

11

DAEF™ " Waa-
HDSG

Xas

Yaa

faa

R2

Waaia H K or R;
Xaals Dor k)

Yag sV, L.l orM;
ZagisH Nor ()

36

R1

e

DA-Vaa-F ™ -~
Waa-HDSG

Xaa

Yaa

Laa

]2

Vagis Dor
Waasis H K. or R
XagisF, Y, or W,
Yaais DorkE;
Zaais V, L, L or M;

37

11

DA-Vaa-F .
Waa-HDSG

Xas

Yag

v

faa

R2

Vaais Dork;
Wagis H, K, or R;
Kagis F Y, or W,
Yazis Dor E;
ZaaisH, NorQ

38

R1

DAVaa-F ¥
Waa_H D S G

Xaa

Yaa

£an

Rz

Vaails DorE;
WaaisH K or R;
XazisF, Y, or W
Yaais V, L. 1 or M;
Zaaia H NorQ

g1

DA-Vaa-F -
Wanr-HDSG

Xaa

Yaa

faa

R2

Vaaz is Dor E;
Waagis H K, or R;
Waa is H, K, or R;
Xaals Dor k)
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Yaais V., L, 1, or M
ZagisH. NorQ

40

R1

D-Uaa-Vaa-£ -
Waa-HDBG

Xaa

Yaa

Zna

R2

Uaais A, G, or §;
Vagis Dor E;
Wamis H, K, ot R,
XaaisF. Y, or W,
Yagis DorE;
faais WV, L L or M

41

R

D-Uaa-Vaa-F .
Waa-HDSG

Xaa

Yaa

Zaa

R2

Unais A, G . or S;
Vaais DorE;
WaaisH K. or R;
XazisF, Y, or W
Yaais Dork;
Zaaia H NorQ

42

R1

D-Uaa-Vaa-E ™.
Waa-HDSG

rag

Y aa

Zan

RZ

Uaais A G, or &
Vaails DorE;
Waa s H, K, or R;
Xaals B Y, or W
YagisV, L. LorM;
ZagisH Nor

43

R1

D-laaVag-F e
Waa-HDSG

Y as

Zaa

R2

Uaais A G or §;
Vaais DorE;
Waa is M, K, or R;
XaaisDork;
Yaais V, L, L orM;
ZaaisH. Nor

44

g1

Taa-Uaa-Vaa-
F Waa-HDSG

Xaa

¥aa

Zan

R2

Taais D org;
Uaais A, G, or §;
Vagis Dor E;
Wamis H, K, ot R,
XaaisF. Y, or W,
Yagis DorE;
faais WV, L L or M

45

R1

Taa-Uaa-Vaa-
£ \Waa-HDSG

Aan

Zaa

R2

TaaisDork;
Uagis A, G, or §;
VaaisDor E;
WagisH, K, or R;
XaaisF,Y, or W,
Yazis Dor E;
ZaaisH NorQ

46

R1

Taa-Uaa-Vaa-

Xaa

Yaa

Zan

R

Tagis D ork;
Uaais A G or&;
Vaais Dork;
Waais H K, or B;
XaaisF, Y, or ¥,
Yagis V, L. 1, or M;
ZagisH Nor ()

47

R1

Taa-Uaa-Vaa-

......

Yas

apin

Zan

R2

TaaisDorE;
Ugais A, G or S;
Vaais Dork;
WaaisH, K, or R;
XagisDork;




WO 2018/038973 PCT/US2017/046953

Yaais V., L, 1, or M
ZagisH. NorQ

{072 According to another embodiment, the present invention features a modifiad famylold peptide
analogus being at least 50% kientical to al least a YEVHHG fragment of DAEFRHDEGYEVHMO (SEQ D
NG, 2). with the caveat that HH s preserved. In ong embodiments, the peptide analogues may comprise a
sequence according {o the fnllowing:

XXz XX XeXe KoXs XaXig XX 2HHX 5 (SEQ 1D NO. 3)

H73 In another emboddimant, the peplide analogue may be at least 60% identical o YEVHHRQ of SEQG D
NO. 2. In yat another embodimeant the peplide analogus is at least 80% identicad to YEVHHG of SEQ 1D
NC. Z. in some embodiments, any of the X-X, residues may ba oplionally present in the peplide
analogua. In oither embodimernts, one or more residues from X-Xg may be absend {Le, no amino arid
may be in those positions). In one smbodiment, the first amino acid of the peplide analogue may be at
position X, Xz Xi Xs, Xa, X7, X3 X, of X0 In other embodiments, the Xis residue may be optionally
present, L.e. the X;; residue may be absent. For example, the last aming acid may be the terminal His.

{00741 In some smbodiments, the peplide analogue is 8t least 5 amino acids in length. In other
embodiments, the peplide analogue is at least § amine acids in length. In yet other embodimants, the
peptide analogue is al least 7 aming acids in length. in still other embodiments, the peplide analogue is at
least 8§ amino acids in Jength. In further embodiments the peplide analogue is atl least § amino acids in
length. In zome embodiments, the peplide analogus s at teast 10 amino acids in fength. In other
embodiments, the peplide analogue is af least 11 amine acids in length. In yet other smbodimants, the
peplide analogus is at least 12 aming acids in length. in stilt other ambodirmends, the peplide analogus is
at least 13 amino acids in length. in further embodiments, the peptide analogue is at least 14 amino acids
in length. In stili further embodiments, the paptide analogue is af least 15 amine acids in length.

{075] In one embodiment, X, may be Asp, or a conservative substitution thereof {e.g. Asn, Gln, Glu, Ser).
Consarvative substitulions for sach natural amino acld ara listed in TABLE 1A and 1B. In anothar
ambodimant, X; may be Ala, or a conservative substiiution thereof. In yel another embaotfimant, X, may be
Glu, or & conservative substitution thereof. In a further embodiment, X; may be Phe, or a conservative
substifution therecof. in vel a further embodimant, X; may be Arg, of a conservative subslitution thereof. In
ong embodiment, Xg may be His, or 8 conservative substitution thererd. In another emmbodiment, X may
be Asp, Or a conservalive subsiitufion thereof. In vel ancther embodiment, X; may be Ser, or a
conservative substitution thereol. In still ancther embodiment, X, may be Gly, or a conservative
substitution thereo!. In a further ambodiment, the Xy, may be Tyr that is preserved. In an alternative
embodiment, X, may be Ty, or a consaervative substitution thereof. In yel a further embodiment, Xy may
be Glu, or a conservative aubstifution thereof. In stilf 3 further embodiment, X may be Val, or a
conservative substitulion thereof. In one embodiment, X may be Ghy, Hig or a conservalive substitution
theraof. in vet a further embodiment, X-X and X5 may each ba independently selected from natural and

unnaliral amino acids.

{0976} According o yel ancther embodiment. the modified B-amyloid peplide analogue is derived from

is
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DAEFRHDSGYEVHHD {(SEQ 1D NG 2), with a caveat that HH is preservad. in one embodiment, the
papticle analogue may comprise a sequance actording to the following:

KRy Koo WXy KeKg Xodlsp Kpi XX s (SEQ 1D NO. 3}
Consistent with previous embadiments, the XX residues may oplionally be praserd in the peptide
analogue. In other embodiments, the Xi-Xy and Xys residues may each be independently selected from
natural and unnastural amine acids.

[077] Nor-limiting examples of said peplide analogues according fo SEQ 1D NO. 3 are provided in Table
4. [tis understood that other permutations are possible and within the scope of the invention.

[I78] TABLE 4. Sequences of modified f-amyloid peptide analogues according to SEQ 1D NO. 3. *D-
amina Acid, “Ne-methylated, "Beta-substitited aming acid. */#/° refers lo the residue being a D-amino Acid
andfor Nemethylated andior a Beta-substituted amino acid. R1 can be an acetyl, glvcosyiation, or ~CO-
{CH,1,CH;, from N-terminal modifications. R2 can be amidation, reduction or glycosyiation from C-terminal
maddifications. In some embodiments, n can range from 1 fo 10. In some embodiments, n can range from
110 106

SEQ
D NO XXy X Xy | Xpp [ X | X | X Featurg
DAEF ' R-Taa- N , ‘ T R, Taais M, K, or R;
48 R1 DSG Xaa E Y H H G R2 Xaais £.Y, or W-
b . . TaaisH, K or R;
49 Ry | DABFTR-Taa- Yaa |V JHY W™ Q@ (ReiXasisF Y.orw
DSG ) )
Yaais Dorg;
A Tagis H, K, or R;
DAEF*"R-Taa- Xanis F, Y, or W,
50 R nSG Xaa E Yaa | H H Zan | R2 Yaais V. L | or M:
TaagisH Nl
Taais H, K, or R;
DABF AR Xaais D or E;
f oy BN R - »
51 R S Y Xaa | Yaa | H H Zag | Rz Yaais V. L1, or M;
ZagimH Nord
S TaaisH, K or R
52 R1 gAEZE Taa Ly de Iy e inela iRl UsasborE:
aa- Xaals B, Y, or W,
Tasis M, K, or R;
DAEFR ™ -Taa- Uaais DarE;
&% . g by R 4
53 K1 Uan5G Xaa Yaa iV H M G R2 Xaa is F. Y. or W:
Yaais Dor E;
Taais H, K, or R;
o4 R SAEI;@ foa Xaa E Yaa | K | M | Zaa | R2 | Xaais F, Y, or W,
aa Yaais V. L, L or M;
ZaaisH, NorQ
Tagis H, K, or R;
. . | DAEFR™ Taa- |, , N B . | UsaisDorE;
a5 &1 Uaa S Y Xaa| Yaa | H H Zag i R2 Xaais D or E:
Yaaifs V, L. L orM;

o
i
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FaaisH. Nor Q
Tagis H, K, orR;

DAEFR-Taa - Uaais DorE:
= E - f s R
56 Rt Uaa-Vaa-G Xaa & v H H Q R2 Vaais A, G, or 5;

Xaais F, Y, or W,
TagisH, K or R;
Uaais Dor &

57 Ry | DAEFR-Taa - ya Ivaalv WY IR Q| R2| VeaisA G.or S,
Uaa-Vae-G o )
Xaais P, Y, or W,
Yagis DorE;
Taais H, K, orR;
o Uaais Dork;
58 R1 S:gii:éa Yaa £ Yaa | H™Y | HY | Zaa | R2 ;(zz : ': $ ;}:@;
Yaais V, L, |, or M;
ZaaisH, NorQ
Taais H, K, or R;
Uagis Dork;
DAEFR-Taa - . . iVaais A, G, or B;
58 81 UgaVaa-G ¥ Xaa | Yag | H™ [ H Zaa | R2 Xaa is D of E-
Yaais V, L L or M;
ZaaisH, NorQ
Tagis H, K, orR;
UVaais Dork;
80 R1 U:iz;fjaa Xaa®™ L E v [H™ W™ Q [R2{VaaisA G orS
Wanis A G, or 8;
Xagis F, Y, or ¥,
Tagis H K, or R;
Uaais DorE;
.. EFR-Taa- . e |y e - i Vaais A G or §;
o1 RUI Qaavas-waa |00 [Yaa Y I HE RO IR s AL G, or &

Xaals F. Y, or W,
Yagis Dor k;
Taais H, K, or R;
UaaisDorE;
FR Taa. . _ Vaais A, G, or §;
62 R1 " Xaa 1B |vaa | HY IH™ | Zaa | R2 i Waals A G, or &
Uaa-Vaa-Waa .

Xagis F, Y, or W,
Yaais V, L. L orM;
ZagizH, Mor
Taais H, K, o R;
lhais DorE;

‘ Vaais A, G or §;
R-Taa- Siade P e ML - Foves i .
R1 ‘ ¥ Xaa | Yaa | H H Zag | R2 | WaaisA, G o §;

taa-Vaa-Waa . )
Xaris Dor E;
Yaais V. L, |, or M;
FaaisH. Nor Q

s
L

8791 lo preferred embodiments, it may be desirable that the peptide analogues of the present invention
be non-toxic and neuroprotective. Without wishing (o be bound to a parlicular theory or mechanism, the
peptide analogues of the prasent invention are capable of competifive binding against §-amyioid for targst

o
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sites or activation of pathways, such as allernalive pathways (2.9, anti-apoplotic pathways andior anli-
oxidatives pathways), thereby blocking or reversing the process by which the B-amvioid induces

neuwsotoxicity.

{980} In some embodiments, any of the modified f-amyloid peplide analogues described herein may
comptise an N-terminal modification such as, for example, acetylation or glycosyiation. In other
aembodimants, any of the modified f-amyloid peptide analoguss may comprise a C-lerminal modification
such as, for example, amidation, esterification or glycosylation. In further embodiments, any of the

mosdified B-amyloid peplide analogues may be cyclized.

{81 In one embodiment, al least one of the residues in SEQIDNO. 1, SEQIDNQ. 2, or SEQ IDNO. 3
may be n-methylated. in another embodiment, at least one of the residues in SEQ 1D NO. 1, SEQ 1D NQ
2, or SEQ 1D NQ. 3 may be a D-amino acid. In g further embodimert, al least ong of the residues in SEQ
D NG, 1, SEQ 1D NO. 2, or SEQ D NO. 3 may be a P-substituled amino acid. In vt another
embodiment, at least one of the residues in SEQ 1D NOQ. 1, SEQ ID NO. 2, or SEQ 10 NO. 3 can have
mutiiple modifications. For example, the residus may be a D-amino acid that has been Nemethndated. In
other embodiments, at least one of the residuss in SEG 1D NO. 1, SEQ 1D NO. 2, or BEQ 1D NO. 3 may
be a peplide isostere.

{6821 According to another embodiment, the present invention featiras a8 method of treating Alzhsimer's
disease in a subject in nead of such treatment. The methiod may comprise admirdstering 1o the subject a
therapeutivally effective amount of a composition comprising any of the modified B-amyloid peptide
analogues described herein, in a pharmacedlically acceptable carrier. Without wishing to limit the
invention o a particular theory or mechanism, i is believed that the peplide anslogues can be
administered in a manner {0 effectively reducs or lerminate synaptic inhibition and neuron death, thereby

reducing the neuwrodegenarative affects of Alzheimer's diseasea.

{083 According to & further embodiment, the present invention features a method of preventing
Alzheimer's disease in a subject. The method may comprise administering to the subject a therapeutically
effective amount of a composition comprizing any of the modifisd f-amyiold peptide analogues described
hereln, in a pharmaceutically acceptable carvier. Without wishing o limit the invention to a particular
theory or mechanism, it is believed thal the peptide analogues can be administered in a mannsr {o
effeclively prevent synaplic inhibition and neuron death, theraby preventing Alzheimers disease in the

sukdect.

{9684} According to some embodiments, the present invention features a method of treating or preventing
a symplom associated with Alzheimer's Disease {AD} in a subject. In exemplary embodiments, the
symptom may be associsted with S.amyloid deposits, such as B-anwioid plagues. The method may
comprise administaring to the subject a therapeulically effective amount of a composition comprising any
of the modified f-amylnid peptide anatogues desoribed herain, in a pharmacautically acoeplable carrier,
Without wishing to be bound to a parlicular theory or mechanism, the peptide anaslogue may be

administered in 8 manner o efectively lerminate synaplic inhibition and neuron death,

19
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[0085] According tn other ambodiments, the present invention features-a method of treating or preventing
a sympiom associated with B-amyloid-induced loxicity in a subject. in exemplary embodiments, the B-
amyloid-induced toxicity may be associated with oxidative siress and apoptosis. The method may
comprise administering fo the subiec! a therapeutically effective amount of a composition comprising any

of the modified -amyloid peplide analogues described herein, in a pharmaceutically acceplable carrier.

{aga] According fo further embodiments, the present invention features a method of treating, reducihg or
inhibiling a disease or condilion in a subject by adminisiering 1o the subject a therapeutically sffective
amount of a composition comprising any of the madified f-amyloid peptide analogues described herein, in
a pharmaceutically acceptable carer. In exemplary embodiments, the disease or condition may be
associated with synaplic inhibition or neuron death, such as, for example, Alzheimer's disease.

{487] In some embodiments, the present invantion featurss a composition for use in trealing or
preventing Alzheimer's disease. The composition may comprise any of the modified -amyloid peptlide
analogues described hersin, in 8 pharmacautically accepialle carmer. In preferred embotimeants, the
composition is administered 10 a subject, where the composition comprises a therapeutinally effective

amount of the modified B-amyvioid peplide.

0088} In other embodiments, the present invention features a compostiion for use in Ireating or praventing
a8 sympiom associated with Alzheimer's Disease. The symplom may be associated with B-amyloid
deposits, such as B-amyicid plagues. The composition may comprise any of the modified B-amyloid

peplide analogues desaribed herein, in a pharmaceutically accepiable carrier.

{80891 In yel other embodiments, the present inveniion fealures a composition for use in trealing or
preventing a symplom associaled with B-amylold-induced ltoxicity. For exampia, the S-amylnid-inducad
toxicily may ba associaled with oxidative stress and apoplosis. The conpasition may comprise any of the

modified B-amyloid peplide analogues described herein, in a pharmaceutically acceptable carrier,

{600} In further embodiments, the prasent invention features a composition for use in ireating, reducing
or inhibiting a disease or condifion being assodaled with synaptic inhibiion or nesuron death. The
compaosition may comprise any of the modified P-amyloid peplide analogues described herein, in a

pharmaceutically acceptable carrler. In one embadiment, the disesse may be Alzheimer’s diseasa.

091} In preferred ambodiments, the compoaition comprdsing a therapeudically effective amount of the
mwodified framyioid peplide is administered 1o & subject. Withoul wishing o limit the nvention o a
particular theory or mechanizsm, the compositions described harein may be effective for delivering the
modified B-amyiold peptide analogue through the biood brain barrier. The modifled Pramyioid peplide
analogue may also be effective o reduce or terminale synaptis inhibiion and neuron death. Further stil,

the madifisd f-amyloid peplide analogue can reduce a neurndegensrative effect of Alzhelmer's dissase.

{092} According to some embodiments, the present invention features the use of a therapeutically

effactive amount of any of the modified B-amyloid peptide analogues described hersin in praparation of 8
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medicament for freatment or provention of Alzheimer’s disease it 2 sublest In one embodiment, the
medicament may comprise the modifled P-amyiold peptide is In a pharmaceutically-acceptable carrer.
The medicament may be adminisiered to the subjest twice a day, daily, or every other day. Also, the
meadicament may be administered o the subject ivtranasally, infravenously, transdermally, or orally. In
soma embodiments, the medicament is effective for delivering the modified B-amyloid peplide analogue
through the blood brain barrier.  Withowt wishing o vt the invantion to a particidar theory or mechanism,
the modified J-amyloid peptide analogue is effective {o reduce or terminate synaptic inhibition and neuron

death, or t reduce a neurcdegenerative effect of Alzhsdimer's disease.

{093} According to other ambodiments, the present inverdion features the use of a therapeutically
effective amount of any of the madified f-amyloid peplide analoguas described herein in preparation of a
medicament for reatment or prevention of a symplom associated with Alzheimer's Disease . in exemplary
embodiments, the symplom may associated with B-amyloid deposits, such as B-amyloid plagques, Without
wishing to be bound by a particular theory or mechanisr, the modified B-arnylold peplide analogue may

be sffective to prevent, reduce or terminate synaptic inhibition and neuron death.

HI994f {n still other embodimeants, the present invantion features the usse of a therapeutically effective
amount of any of the modified f-amyioid peplide analoguas desoribad herein in preparation of a
medicament for for reatment or prevention of a symplom associated with B-amvwloid-induced toxicity.
Without wishing 1o be bound by a partioular theory or mechaniam, the modified B-amyioid peplide
analogue may be sffective 1o pravent, reduce or terminate the B-amyleid-induced toxicily assosiated with

oxidative stress and apoptosis,

[095] According 1o further embodiments, the present inverdion featurss the use of a therapeutically
sffactive amount of any of the modified f-amyloid peptide analogues describad hersin in preparation of a
medicament for trealing, reducing or inhibiting a disease or condition being associated with synaptic
inhibition or nouron death. In an exemplary smbodiment, the disease may he Alzheimer's disease,
Without wishing to be bound by a particular theory or mechanism, the modified B-amyioid peptide

analogue may be effective fo prevend, reduce or terminate synaplic inhibition and neuron death.

{6} For any of the methods or uses of the compaosition describad above, in some embodimants, the
therapeutically effective amount of the modified f-amyloid peplide analogue is from about 6.001 mgikg to
500 mogikg of body weight, or any range in between. In some embodiments, the therapeutically affective
amount is within the range of about 0.001 mg'kg 1o about 0.01 mgfkg, or within the range of about 0.01
mg/kg to about 0.1 mo/kg. or within the range of aboul 0.1 mg/kg 1o about 0.5 ma'kg. or within the range
of about 0.5 mgihg to about 1 mg/ky. In other embodiments, the therapeutically effective amount is within
the range of about 1 mg/kg o aboul 2.5 myfkyg, or within the range of about 2.5 molkg 1o about 10 mglhg,
of within the range of about 10 mgikg o about 5¢ mgfkg. in still other embodiments, the therapeutically
effactive amount is within the range of about 50 mgfkg o about 108 mgihyg, or within the range of about
100 mygikg to about 250 mofkg, or within the range of about 250 mgfkg to about 508 mgikg. In another

ernbodiment, the therapeutically effsctive armaunt is an amount that is therapeutically effsctive in 8 mouse
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moded. In further embodiments, the therapeutically sffective araount of the modiffied B-amyicid paptide
analogue may be administered twice a day, daily, or every other day. In still futher embodiment, the
therapautically effective amount of the modified J-amyloid peptide analogue is administered infranasally,

intravenoustly, ransdermadly, or orally.

[I997] The terms “dose” or “dosage” as used herein refers to a physically discrele unlit of & formulation
appropriate for a subject 1o be treated {e.g., for a sibgle dose). Each dose conlaing & predetermingd
guardity of an active agent, e.g. the modifisd f-amyloid peptide analogue, selectad to produce a desired
therapautic effect whan administered according to a therapeutic regimen {t being understood that muiliple
doses may be requirad to achieve a desired or optimum effect). The dosa may be, for example, a volume
of liguid {s.g., an acceplable carrier) conlaining a predetermined quantity of ong or more therapsutic
agents, a predetermined amount of one or more therapsutic agents in solid form, a sustained relgase
forrmulation or drug delivery device containing a pradetermined amount of one or more therapeutic agents,
efo, it wilt be understood, however, that the total dafly usage of a Tormulation of the present invention wifl
ba dacided by the attending physician within the scope of sound medicat judgment. The specific sffective
dose leval for any particular sulject or organisn may depend upon & varely of factors including the
sevarity of the disease; activity of the spacific aclive peptides emplayed; spscific composition emploved;
age, body weight, general health, sex and diet of the subject; time of administration, and rate of excretion
of the spacific active peptides ampioyed, duration of the treatmaent; drugs andfor additional therapies used
in combination or coincidental with specific compound{s) employed, and like factors weall known in the
medical arts.

[9981 In some embodiments, the modified f-amyloid paplide analogue s administered in a dosage of
about 0.001 molkg o 500 mgiky of body weight, or any range in befvean. For sxampds, the dosage of the
peplide analogue may be 0.001 mgikg of body weight, or 0.01 mg/kg of hody weight or 0.1 mglkg of body
weight. For sxample, & human weighing 55 kg may be administerad about 0.055 mg of the peplide
analogue per dosea. in other embodiments, the composilion is admindstered twice a day, daly, or svery
other day.

H8991 In one aspect, the modifind Bamyloid peptide analogue composition can be admirdstered in an
intravenaus dosage. This dosage can be administered 1o a8 subject once dally or in divided dosages
throughowt a day, as determined by methods known in the arl. In some embodiments of reatment, the
dosage to a subject will require long term application 1o provide for a steady, long term stimulation of CNS
issus, which may reguire days, wesks, or months of reatmant. it is contemplated that the dosage of the
modified B-amyloid peptide analogue composition can be administered as infrequently as once every
week or every two weeks, or at any interval in between, depending on a subjecls clinical response o the
meadication. Moreover, i a subjec! does not respond o the inilial dosage and adminisiration of the
modified B-amylold peplide analogue composition, a person of skill can administer the medication daily for
savisral days until such response ocours, A parson of skill can monitor a subject's dlinical response o the
administration of the modifled B-amylold peplide analogue composition, and administer additional

dosages as hesded. H is contemplated that the moedified {-amyioid peplide analogue composition can be

%4
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adminisiered to a subject on a daily basis, on an alternating daily basis, on & woekly basgis, on a monthly
basis, or at any interval in between.

0160} In another aspect, the modified B-amyioid peplide analogue composition can be adrinistered to a
subject transdennaily, by using an adherent palch, by using lontophoresis, or by using any other method
known to a person of siill, The dosage of the modified B-amyloid peplide analogus composition,
administerad transdermally can be given dailly or infrequently as once every 1 o 4 weeks. A person of
skill, monitoring & subject's dlinical response and improvement, can determing the frequency of
administration of the medication by methods known in the art.

9101} In certain embodiments, the modified f-amyiold peplide analogue composition can be
adntnisterad to a subject by lopical intranasad administration {intranasally} or administraiion by inhalant, in
a dosage laken once dally or in divided doses. Further, the medication can be administersd as
infrequently as once evary 1 o 4 weeks. A persor of skill, mondtoring a subjact's clinical response o e
administration of the medication, can adjust the frequency of administration accarding fo methads known
in the art. As used herein, “lopical intranasal administration” means delivery of the compositions inlo the
noge and nasal passages through one or both of the nares and can comprise delivery by a spraying
mechanism {device} or droplet mechanism {device), or Hiwough aerosolization of the composition.
Administration of the compositions by iphalant can be through the nose or mouth via delivery by a
spraying or droplal mechanism. As used herain, "an inhaler” can be a spraying device or a droplel device
for delivering the modified B-amylold peptide analogue, in a pharmaceulically acceptable carrier, 1o the
nasal passages and the upper andfor lower respiratory Wracts of a subject. Delivery can also be direclly to
any area of the respiratory system {e.g., fungs} via intratracheal intubation. The exact amount of the
compaositions required wilt vary from subject o subject, depending on the spacies, age, weight and
general condition of the subject, the severdty of the disorder being treated, the particular composition
used, its mode of administration and the like. Thus, it is not possible o specify an exact amount for every
composition. However, an appropriate amount can be delermined by one of ordinary skill in the art using
only routing experimentation.

F0162] inanother aspect, the modified B-amylold peplide analogue composition can be adminisleredido a
subjest v a dosage taken once daily or in divided doses. Furthermore, the medication can be
adminisiered as infrequently as once every 1 10 4 weeks. A parson monitoring a subject’s clinical
response can adiust the frequency of administration of the medication based on meathods known in the art,

9103 Transient reversible modification of the blood-brain barder can be accomplished by csmalic
opaning, which is based on increasing capiliary permeabilily by osmoticalfy-induced shrinkage of the
aendothelial celis which caused widening of the intercellular tight junctions. The osmotic load is genarally a
hyperosmotic water-soluble agent such as mannitol or avabinose. Briefly, under general anesthesia, a
transfemoral cathetsr is introduced into the internal carotid or vertebiral artery and 100-300 nd infusion of
25% mannilol s adminislered at 610 mgfsec for 30 seconds. An infravencus infusion of the
phammaceutical composition is begun approximately five fo seven minutes before the mannitol infusion
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and is continued for 158 minules. The transfemoral cathalsris removed and the patlient observed for 24-48

haurs.

[0} Alternatively, the modified f-amyioid peptide analogue may be linked o the osmolic agent
{mannitol, arabinose, glusose or other sugar molety), and a single infusion may be used. Conventional
techniques may be used o link the modified B-amyicid peplide analogue and the osmaolic agent. The
linked agent itself will then cause the osmolicaliv-induced shrinkage of the endothelial cells in order to
widen the tight interceliular junclions. The linked agent may be designad such that the modified B-amyloid

peptide analogue is cleaved from the linked agent after the BBB has been crossed.

{8103} EXPERIMENTAL

iatoel Current experimants refating o the invention have been preclinical using cell culture and animal
models. Without wishing to limit the nvention to a pariicular theory or mechanism, the core sb-amino-acid
beta anwloid peplide (N-ABcore) has consistently prevented or reversed baels amyloid-induced
neurotoxicity, inhibition of synaptic dynamics and spatial memory deficits.

00T In Vitro Neorons! Models. The studies were performied on the NGI08-15 rodent hybrid
naursblastoma cell ling and primary hippocampal neuron cultures. The cell line can be differentiated,
vielding axonal neurifes with presynaplic-liike varicosifies that have the ability to release acetvicholine via
exouytosis in response o stimulation. In addition, this model system does nol endogenously sxpress
nicolinie receplors, allowing selective exogenous gene sequence exprassion of the larget. The primary
hippocampal neuron cudtures provide a physiologically relevant model. Non-imiting examples of resuits
are shown in FIGs. 4, BA-8B, 6A-BB, TA-7B, 8, 8A-B8, 10A-10B, 13A-13,0 and 14A-14B.

{068 Newroblastoma Clonal Cell Culture and Transfection. Rodent hybrid neuroblastoma NG108-15
cells ware used as a model nerve cell system allowing reconstifution with defined larget receptors for AR,
The cefls were cultured in Dulbeces’s modified Eagle’s madium (DMEM) containing 15% fetal bovine
serum {FBS) and differentiated in the presence of reduced serum (1% FBS) and 1mM dibutyryl cyelie
AMP for 72h Expression vectors {pcDNAJ 1Y conlaining mouse sequences for od and B2 nACHR
sybunits {14 ratio respeclively} were ransiently transfectad inlo the cells using FuBGENE HD
{ThermoFisher, catalog # PREZ311) for 48h. Mock-ransfocted NG108-15 cells, expossd only lo FUGENE
HD and not plasmid DNA, were used as controls.

{09 Mippocampal Newron Culture, All arimal procedires followed an 1IACUC-approved protocst in
accordance with animal welfare guidelines. Hippocampal newon cultires were preparved fom neonatal
rmouse pups {§-2d old} of sither gender {roughly equivalent numbers) obtained from established colordes
of wild-type B8.8JL {background} mice. Following rapid decapitation, brains were removed info ice-cold
Neurchazal A medium {NB} containing B-27 supplament, 5% felal bovine serum and Genlamicin {serum
NB}. Hippocampl were then isolated under a stersomicroscope. The hippocampi were digested with
papain {(Warthington, catalog # 38N18202) in MHanks with 10mi&d cyslaine at 37°C for 15mins. The
preparations were washed by centrifugalion in serum NB. The cells were dissocialed using ssquentiad
trituration with polished Pasteur pipsites of decreasing diamster and collectsd by low-spesd

24
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centrifugation. The dissociated calls were preplated in standard tissue cillure dishes 16 remove adherant
noneneuronal cells (gl firoblasts) for 10415 mins. The neuron-enriched supsrnatant was diluted to 11 o°
celtsimb and plated inte poly-D-lysinge-coated 24-well dishes or onto Celt Tak-coated coversiips i serum
NB. The cultures were maintained in Neurcbasal A mediura containing B27 and Gerdamicin for 7-10 days
prior fo treatment,

00110} Ca®* Imaging. Fiuo-4. a Ca™" indicator dve, was loaded into cells on coverslips and visualization
of {Ca’“ was done via a Nikan POM 2000 Camseleon AQTE confocal microscope. Each ime-serles was
normalized to baseline fluorescence intensily at lime zero (F/FG} After recording a baseline image saries,
each treatment was perfused over cells for 2.5 minutes or 18 minutes and quantification of relalive
flunrescence changes was analyzed through imagad. Non-imiting sxamples of resulls are shown in FIG.
13A-13C.

{1 11} Synaptic Function Assay. Extraceliular recording of acutely isolaied miouse hippouampal slices
was performed to assess changes in synaplic plasticily as measured by changes in long-term
polentiation. Slices under perfusion with artificial cerebrospinal fluid (aCSF) werg stimulaied via the
Schaffer collateral axons {(HFS: high-drequency stimulation), recording responses in the CAY pyramidat
cell region with or withowl prior perfusion with the Ndeoninal AR fragment. Non-limiting examples of

rasulls are shown in FIG. 11,

HiI01 12} Cell Sfress Assays. Cells were plated, differenfialed and treated for 3 days prior o assay. Call
count and fluorescence intensity of reactive oovgen spedcies {ROS)-positive cells were assassed as a
rgans o measure cellular oxidative stress using an image-TR LIVE Green Reactive Oxygen Species
Datection Kil. In iiel, the cells were treated for thrae days for NG108-15 cultures and five or ten days for
primary hippocampal neuronat culfures. The media was changed svery day, thus replenishing with fresh
AR every 24h, unless ptherwise noted. Thereafler, the cells were incubated with carboxy-HDCFDA
{componant AY at 37°C for 30min. During the last Smin of ihcubation, 2 ugiml of HOECHST stain
{component B) was added 1o assess, in parallel, the integrily of the celf nuclel, The cells were washed
bwice with HBS and visualized using an Olympus 1X81 epifluorescence microscope al excitation/emission
of 485528 am (ROS} and 38(/481 rwn (HOECHET), respectively. Exemplary resulfs are shown in FiGs.
4, 5A, 6A, TA-TB, 8, and 8A-0B.

{04113 Celf Survival. Cell survival was determined by counting cells everyday for 7 or 10 days of
treatment. For each condition, alf cells in § randor flelds of view were counted and averaged. Percent call
death was caiculated based on daily call counts as a proportion of starting celf count numbers {i.e. day 0).

{0114 Celf Death {Apopiosis) Assay. Calls were piated, differantiated and trealed for sither 3 or4 days
prior 10 assay. Apoplolic colls were delectsd as DNA fragmentation by Glck4dT TUNEL Alexa fluor 488, In
briad, the cells were tresded Tor four days, exchanging madia each day. Afler the fourth day of realment,
thie cells were fined with frashly prepared 4% paraformaldebyde in PBS at room teraperature for 20 min
and permeabifized with Triton X-100 {0.25% in PBS) for ancther 20 min. The culfures were then washed

twice and incubated with 50 gl of terminal deoxynucheotidyl transferase reaction buffer {Compuanent A) for
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10 min at room {emperature. The bulfer was replaced with TUNEL reaction mixiure containing terminal
denxynuciestidy! transferase and incubated in & humidifisd chambsr at 37°C for 60 min. The cells were
then washed three imes with 3% BSA in PBS for 2 min sach and then incubated with 50 gl. of Click-iT
reaction mixture {containing Alexa 488 azide) for 3¢ min at room lemperalure, protecled from fght
exposure. The cells weare again washed with 3% BSA in PBS and the cell nuclel were counterstained with
Hoechst 33342 for 15 min at roont tempersture, proteciad from light. The coverslips were washed twice
with PBS before mounting onio & slide with Vectashisld mounting medium. Nordlimiting examples of
results are shown in FIG. 14A-14B.

[B01E5} RESULTS

LI6) The M-APcore and the N-AS Tragrment prolect against fuli-length AB-induced oxidalive stress.
9117} To assess the potential neuroprotective effects of the non-toxic N-ABcare, N-Aficore mutants or N-
AP feagment against ART-42-induced toxicity, thess indicators were assessed following administration of
the N-terminal peptides under various conditions with daily treatmeant with 10000 AB1-42. Co-reatnent
with the N-AP fragment a1 similar or higher concentrations was able 1o prevent AR1T-42-inducsd oxidative
stress {FIG. 4; p<0.0001). Priming {pre-treatment) with the N-AB fragment also significantly reduced ABt-
42-induced ROS (FIG. 4; p<0.0001). The rescue treabtment, in which the N-AR fragment was infroduced
into the culture 1 day after AB1-42, also attenuated ROS 1o a significant axtent (FIG. 4; p<0.0001). In
addition, treatment with a cell-permeant anlioxidant, N-acetdoysteine (NAC) verified that the ART42-
induced axidative changes were the result primarily of reaclive oxygen species. Tuming 1o the N-Aficore,
co-treatment at nbd concentrations or post-ireatment {rescue) for 3-, 2-, or 1-day reduced AR1-42-induced
ROS back 1o baseling fovels (FIG. BA; p<0.0001}, suggesting that the N-ABcore also protects against of
AR1-4Z-Induced toxicity, including late stages of oxidative strass,

{41181 In mock-transfected cells {absent nACHRS), higher concantrations {pM) of AR1-42 are required to
induce significant levels of ROS. Co-treatment with nM-gM concentrations N-ARcore or N-AR fragment
reduced this oxidative stress comparad 1o AR1-42 alone (FIG. 64A; p<0.0001), demonstrating that the N-
Aflcore or N-AR fragment can protect against AR T-42-induced toxicily independently of vdBE-nACHRs,
The inactive [H13AH144] and highly active [Q15H] Napoore mulants were further examined on whether
they had any profective effect on elevated oxidalive siress from ABT-42. H{ was found that co-reatment
with riM concentrations of the active mudant redurced ROS compared o ABR1-42 glone {p<0.001}, whergas
the ingctive mutant had no significant effect (FIG. 9A} al the conceniration lested. Thase resulls
substantiate the specificity of action of the N-Afcare in neuroprofection against AB1-42-induned oxidative

shrass.

{19 N-AfBcore and N-AS fragment protects against ABT-d2-induced oxidalive stress in primary
Hppocampal newrons,

{91201 The experiments were repeated in primary hippocampal cultures 1o assess the proteclive action of
N-A fragment or N-ABoore in a relevant primary neuronal model. Primary mouse hippocampal neuron
cultures were either ireated daily with 1uM ABR1-42, N-AS fragment or N-AR core alone, or po-reated with
AR1-42 and N-AR ragment or N-ABcore for § days (FIG. 7TA) or 10 days (FIG. 7B}, As expecied, treatment



WO 2018/038973 PCT/US2017/046953

with Tuh AB1-42 reaulted in 40-580% ROS-positive cells al five days and close to 70% RQS-posilive celis
at 10 days across the cell population. Co-treatment of cultures with 1uM AB1-42 and 1M N-AR fragmant
or 1uM N-ABrore reduced the levels of ROS down to untreated (baseline) levels when comparad io daily
treatment with AR1-42 alone {p=<0.0001}, demonstrating that the N-ferminal AR peptides were also able to
fully protect against AR-induced oxidative stress in primary neurons.

{9121} Prolonged exposure fo N-Afcore or NYAS fragment protects against AR1-42-induced apoptosis.
{01221 In addiion o inducing oxidative slress, expression of a4B2-nACHRs sensilizes differentiated
neurobiastoma NG108-15 cells to AR1T-42-induced apoplosis, while elevated AB1-42 triggers apopiosis in
the absence of nACKhRs. Therefore, N-Aficore or N-A fragment were Turther assessed on whether they
can protect againsl ABl-dZ2-induced apoplosis with or withoul the presenne of adB2-nACHRs. Co-
reatment with nM concentrations of the N-Aficore in the presence odf2-nAChRs on day 1, 2 or 3
following the start of daily AR1-42 Wreatment reduced apoptosis comparad 1o AR1-42 alone {p<0.00G1), as
measured by TUNEL staining for apopiotic cells (FIG. 14A}, suggesting that the N-Afcore can profect
agains! lale stages of AR1-42-induced neuronal death. Iy addition, high concardrations of AR1-42 induced
apoptosis in the absence of the sensitizing g4P2-nACHRs, and co-lreatments with nM-uM concentrations
N-Afcore or N-Af fragment over four days also reduced DNA-fragmentation compared {o AR1-42 alone
{p=<0.0001 for 100nM and 1M N-APcore; p<0.001 and p<0.0001, 100nM and 1uM N-AR fragment,
respectively), with g trend of greater reduction at 1M concentrations {(FIG. 148). This indicates that the N-
Apcore or N-AB fragment can also protect against Af1-42-induced neuronal death independently of the
a4B2-nACHRs.

01231 NeABcore and N-AR fragmen! protect against AR 142 -induced celf destit

241 In ceoll survival assays, the impact of co-freatments with N-AR fragmeant or N-Afcors on A81-42-
induced call death was assessed for cultres of either differentiated NG10B-15 cells or mouse
hippocampal neurons over 7- or 10-days through cell counts. As expected, 7-day cell counts in NG108-15
culturas showed significant cell daath in cdfB2-nAChR-ransfectad cells treated with AR1-42 alone {FIG.
10A). Co-treatment with 100rd N-ABcore as well as the N-AR fragment was able to fully protect against
Aff-d4Z2-induced cell death at 7 days comparsd fo AR1-42 alone {p<0.0001). Similardy, at high
concentrations (1), both N-Af fragment and N-Aficore protected primary hippocampal neurons against
Ap1-42-induced cell death over 10-day treatmenis compared to AR1-42 alone {(FIG. 108; p<0.0001}L

{1251 Sigbilization of N-Aficore refaing its receplor-linked ca™ activity and profects agamnst ABT-42-
induced neurcloxiciy In q4B82-nACHR-lranstfected cells.

(86126] To protect the N-ABcore from exopeptidase degradation in vivo, the N-lerminus was capped with
an acalyl group and its CHerminus with an amide group. Relative 1o the N-ABcore, the capped-N-ABcore
retained its potent activity (FIG. 138), with a frend towards an increased Ca”* responsa. To further profect
the N-Afcore from endopeptidase aclivity, the enantiomeric convarsion from the L-configuration to the D-
configuration for each amino acid retained aclivily (FIG. 13B). In addilion, the stabilized N-ABcore, at nM
concentrations, was as neuroprotective against AR1-42-induced oxidative stress as the N-Afcore {FIG.
B8; p<0.05 vs. AR1-42 alone), indicating the polential for use of the stabilized paptide in vivo.
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{8127} The pressnt inventions dernonstrales that trealment with the N-Af fragment or NeABoore can
effactively and polently protect against AR1-42 -induced oxidative stress and apoplosis. Remarkably,
treatment with the N-AB fragment or N-Aflcore after the induction of oxidative stress by AR1-42 also
rascued the cells fram this neurotoxicity. Furthermaore, the fragment or N-Afcore were alse protective
against neurofoxicily induced by high concenirations of AR1-42 in the absence of sensitizing nACHRs,
again either with co-breatment or post-ireatment rescue. In addition, only high levels (e} of the N-AB
fragmeant protected against sxcitofoxicity in present model newronal cultures. Together, these findings
would suggest that the N-AD fragment and N-Acore may be neuroprotective through aitered binding of
ABR1-42 for key larget sHes andior activalion of allernative pathways, such as an anli-apoplolic patinvay
andfor anti~axidative pathway, blocking of reversing the process by which AR1-42 induces naurotoxdcity.

HI1 28] As usad herain, the term "abowtl” refers to 'plus or minus 10% of the refersncead numbat.

{01291 Various modifications of the invention, in addition o those described herain, will be apparent {o
those skilled in the art from the foragoing description. Such modifications are also intended to fall within
the scope of the appended claims. Each reference cited in the present application is incorporated hersin

by reference in iis entirely,

{00130} Although there has been shown and described the praferred ambodiment of the present invention,
it wilt be readily apparent t© those skilled in the ant that modifications may ba made thereto which do not
axceed the scope of the appended clalms. Therafore, the scope of the invention is only to be limited by
the following claims. in some embodiments, the figures presanted in this patent application are drawn to
scale, including the angies, ratios of dimensions, efc.  In some smbodiments, the figures mre
representative only and the claims are not limiled by the dimensions of the figures. In some
ambodiments, descriptions of the inventions described berein using the phrase “comprising” includes
embodiments that could be describsd as “consisling of’, and as such the written description requirement
for claiming one or more embodimants of the preasent invention using the phrase “consisting of’ is met.

£
9]
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WHAT IS CLAIMED 1S

1. A modified B-anwioid peptide analogue comprising a sequence at least §0% identical to YEVHHG
{SECG D NG, 1), with the caveat that HH is praserved.

Z. The paptide analogue of claim 1, wharein at least one of the residues in SEQ ID NO, 1 is n-

maethylated.

3. The peplide analogue of cladm 1 or 2, wherein at least one of the residues in SEQIDNQ. 1isa D-

aming acid.

4. The peptide analogue of any one of claims 1-3, wharein at least one of the residues in SEQ 1D NG

1 is a f-substituted amino acid.

8. The peplide analogue of any one of daims 1-4, wherein at least ong of the residues in SEQ 1D NQ.

1is a peplide isostere.

§. The peptide analogue of any one of clalms 1-5, wherain the sequence i al least 80% identical to
SEQ 1D NO. 1.

7. The peplide analogue of any ore of claims 1-8, wherein the sequence is ai least 80% identical to
SEQ D NO. 1.

8. A modified B-amyiold peptide analogue being at least 50% idantical to at least YEVHMO of
DAEFRHDOSGYEVHHQO (SEQ 1D NQ. 2}, with a caveat that HH s preserved, wharein the peplide
analogue comprises a sequence according o the following:

M Xy KaXy XX KX Koo XX aHHK 5 (SEQ D NO. 3}
wherein the XXy residues are oplionally prasent in the peplide analogue, wherain the X,-Xy; and
X5 residugs are sach indepandently selected from natural and unnatural aming acids.

9. A modified B-amyloid peplide analogue of DAEFRHDSGYEVHHO {SEQ 1D NO. 3), with a caveat
that HH is preserved, wherein the peplide analogue comprises a sequence according o the
following:

KXy KaXy KX KX XoXio Xy XiaHHX 5 (SEQID NO. 3)
wherein the XX, residuss are oplionally present in the peplide analogus, whersin the XX and
Xig residues are sach indepandsnily selected from natural and unnatural aming acids,

10. The peptide analogue of claim 9, wherein the peptide analogue is at fenst 50% identical to
YEVHHQ of SEQ 1D NQ. 2.

11. The peplide analogus of any one of claims 8-10, wherein at least one of the residues in SEQ 1D
NO. 3 is n-methylated,

12. The peptide analogue of any one of claims-8-11, wherein al lsast one-of the residuss in SEQ 1D

NG, 3is a D-aming ackd.
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13

14.

185.

17.

18.

21

22.

23.

24,

28,

The peptide analogue of any one of claimsa 812, wherein al Izasi one of the residues in SEQ 1D

NO. 3 is a f-substituled amino acid.

The peptide analogue of any one of claims 513, wherein at least ons: of the residugs in SEQ.ID
NO. 3 is 2 peptide isostere.

The peptide analogue of any one of claims 8-14, wherain the peplide analogue is at laast 80%
identical to YEVHHQ of SEQIDNO. 2.

. The paptide analogue of any ona of claims 8-14, wherain the paptide anslogue is at Inast 80%

pdantical o YEVHHQ of SEQID NO. 2.

The peptide analogue of any one of claims 1-16, wherein the peplide analogue is non-toxic and

neuroprotective,

The peptide analogue of any one of claims 1-17, wherain the peptide analogue s configured to

cornpatitively bind against fi-amyloid for target sites or activation of pathways.

. The peptide analogue of any one of claims 118, whersin the peplide analogus comprises an N-

terminal modification.

. The peptide anslogue of claim 19, wherein N-tarmina! micdification is acetyiation or gheosylation

The peptide analogue of any ohe of claims 1-20, wherein the peplide analogus comprises a G-
terminal modification.

The peptide anglogue of daim 21, wherein the CHenmningl mwodification s amidation or

asterification.
The peptide analogue of any one of cdaims 1-32, wharein the peplide analogus is cyolized.

The peptlide analogue of any one of daims 1-23, wherein the ¥ residue is preservad.

5 The peplide analogus of any one of clabms 1-34, wherdly the O resiiue s conservatively

substituted with H.

A method of tresting or preventing & symplom associated with Alzhelmer's Disease (AD) in a
subject, wherain said symplom is assoclaled with B-amyloid deposits, said method comprising
administaring to the subject a therapeutically effective amount of & composition comprising the
peplide analogus of any one of claims 1-25 in a pharmaceutically acceptable carrier, wherein the
peplide analogue is administered in a manner {0 offechively terminale synaplin inhibition and

neuron death.

7. A method of bealing v praventing & svmplon associated with B-amyvioil-induced - toxicly in.a

subjedt, said method comprising adninistering o the subject & therapeuticaly affective amourd of
a composition comprising the peptide analogue of any one of claims 1-28 in a pharmaceutically

39
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28,

3.

32,

33

35.

36,

accaptable carrigr.

. The method of claim 27, wharein'the B-amyloid-induced foxicity is associated with oxidative stress

and apoplosia.

A method of trealing, reducing or inhibiting a disease or condition in a subject, said disease or
condition being associated with synaplic inhibition or neuron death, sald method comprising
administering to the subject a therapeutically-effective amount of a composition comprising a
modified B-amyiold peptide analogue of any one of claims 1-25 in 3 pharmaceutically acceptable

narrier.

The method of cialm 28, wherein the dissase is Alzheimar's disease,

. The method of any one of claims 26-30, wherein the subject is a manmmal.

The method of claim 31, wharein the mammal is a2 human,

The method of any one of claims 26-32, wharein the peptide analogue is adminisiered it a

dosage of about 0.001 mg'kg 1o 100 mg/kg of body weight.

. The method of any one of claims 26-33, wherein the composition is administered hwice a day,

daily, every other day, or weakly,

The method of any one of claims 26-34, wherain the composition is adminisiered infranasally,

intravennusly, transdermally, or orally.

The method of any one of claims 26-35, wherein the composition is effective for delivering the
peptide analogue through e blood brain barrier.

A composition for use in treating or preventing a symptom associated with Alzhsimer's Disease

{AD}, wherein said symptom s associated with f-amyloid deposits, wherein sald composition
comprises g modified Bramyicid peplide analogue of any one of claims 1-28 in a

pharmaceutically acceplable carrier,

. A composition for use in treating or preventing a synplors associaled with B-amyinid-induced

toxicity, said composition comprising a modified B-amyloid peplide analogus of any one of claims
1-25, in a pharmaceutically acceptable cariar,

38. The composition of claim 38, wherein the f-amyloid-induced toxicily is associated with oxidalive

44,

41,

stress and apoptosis.

A composition for use in freating, reducing or inhibiting a diseass or condition being associated
with synaptic inhibition or neuron death, said composition comprising a modified B-amyloid

peplide analogue of any one of claims 1-25 in a phareaceutically acceptable carriar.

The cormposition of claim 40, wherein the disease is Alzhedmer's disease.
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42.

44,

45,

48,

48,

50.

52,

The composition of any one of claims 37-41, wherein the modified B-antwioid paptide analogue s

administerad, in a therapeulically effactive amount, to a subject.

. The compasition of any one of claims 37-4Z, wherein the modifisd J-amyioid peplide analogue s

affective to prevent, reduce or terminate synaptic inhibition and neuron death.

The composition of any one of claims 37-43, wherein the therapeutically effective amount of the
maodifind f-amyloid peplide analogue is from about 0.001 mgikg fo 100 mglky of body weight.

The compasition of any ong of claims 37-44, wherein the therapeutically affective amount of the
modified f-amyvioid peplide analogue is administered fwice a day, daily, every other day, or

weekly.

The compaosition of any one of claims 37-45, wherein the therapeutically sfective amount of the
modified B-amyloid peptide analogue is administerad intranasally, infravenously, fransdermally, or
arally.

. The composition of any one of claims 37-46, wherein the compuosition is effective for delivering the

madified f-amyloid peplide analogue through the blond brain bagrisr.

. Use of & tharapeutically effective amount of a modified f-amyioid peptide analoque of any of

claims 1-25 in preparation of a medicament for freatiment or prevention of a symiplom associated
with Alzheimer's Disease (AD), wherain said symplom is associated with $-amyloid deposits.

Use of a therapeutically effective amount of 8 modified J~amyloid peplide analogue of any of
claimns 1-25 in preparation of a medicament for treatment or grevention of a symplom associated

with R-amyloid-induced toxicity.

The use according to claim 48, wherein the B-amyloid-induced toxicily is associated with oxidative

siress and apoplosis,

. Use of a therapeutically effective amount of a modifisd R-amyloid peptide analogue of any of

claims 1-25 in preparation of a medicament for trealing, reducing or inhibiting a disease or

condition being associatad with synaptic inhibition or neuron death.

The use according o olaim §1, wherein the disease is Alzhaimer's disease.

Lo
b
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/046953

A. CLASSIFICATION OF SUBJECT MATTER

CPC -

IPC(8) - AB1K 38/00; A61K 38/04; AG1P 25/28; CO7K 7/00 (2017.01)
AB1K 38/00; A61K 38/04; CO7K 7/00; GO1N 33/6896 (2017.08)

According to International Patent Classification (TPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 514/2; 514/14; 514/17; 514/1.1; 514/17.8; 530/326 (keyword delimited)

Electronic data base consulted during the international search (name of
See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

entire document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2009/0123488 A1 (GOLDSTEIN) 14 May 2009 (14.05.2009) entire document 1-3, 8-11
A US 2007/0264276 A1 (CHALIFOUR et al) 15 November 2007 (15.11.2007) entire document 1-3, 8-11
A US 2013/0136747 A1 (HOFFMANN-LA ROCHE INC. et al) 30 May 2013 (30.05.2013) entire 1-3, 8-11
document
A US 2011/0076323 A1 (MONSONEGO et al) 31 March 2011 (31.03.2011) entire document 1-3, 8-11
A WO 2004/058239 A1 (NEUROCHEM (INTERNATIONAL) LIMITED) 15 July 2004 (15.07.2004) {1-3, 8-11

D Further documents are listed in the continuation of Box C.

D See patent family annex.

hd Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
_cited to establish the publication date of another citation or other
special reason (as specified)

“0Q” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority

date and not in conflict with the apﬂliqation but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

D'&

“Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art
“&” document member of the same patent family

Date of the actual completion of the international search

13 October 2017

Date of mailing of the international search report

07 NQV 2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. §71-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
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Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

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

carried out on the basis of a sequence listing;

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

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

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

C. D furnished subsequent to the international filing date for the purposes of international search only:

D in the form of an Annex C/ST.25 text file (Rule 13zer. 1(a)).

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

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
SEQ ID NOs: 1-20 were searched.

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. I:] Claims Nos.:

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

2. D Claims Nos.:

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

3. K‘ Claims Nos.: 4-7, 12-52
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international application, as follows:

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

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

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

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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