ANTI - AWLO DOGENI C, ALPHA- HELI X BREAKI NG ULTRA- SMALL PEPTI DE THERAPEUTI CS
The invention provides ultra-small peptide inhibitors that are capabl e of
prevent i ngoamaioizdof or mat i on/ anyl oi dosi s. The i nvent or s Phaxer201emersvé y f ound
that a class of systematically designed ultra-small peptides is able to
formanyloid structures by a stepwise formation. The initiation step occurs
via crucial a-helical internmediate structures that are established before
the final p-type anyloid structure is forned. The rationale for the

devel opnment of anti-anyl oi dogeni c peptide therapeutics is based on the idea
of wusi ng, d.nhj Qi ti V. f t] - '
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prot ei naceous fibrils that are rich in cross |3-pleated sheet structure.
The process of anyloid fibril formation is a key event in diverse and
structurally unrel ated pat hol ogi cal processes. These include many chronic,
debi | i tAel iCerBA prdVede8 ABtAIghl PépRide iiibito HESeTapdbd oL feveiBinp ARGy
classified as: 1) neuro-degenerative, e.g. Al zheiner's, Parkinson's,

Hunt i nofosmation/amylaidasisneur opat hi ¢ 1 ocal i zed anyl oi dosis such as in Type |

D abetes, and 3) system c anyloidosis that occurs in nultiple tissues.
Despite differences in synptons and protein nononers associated with these
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structurally unrelated pathological processes. These include many chronic, debilitating and
increasingly prevalent diseases that can be broadly classified as: 1) neuro-degenerative, e.g.
Alzheimer’s, Parkinson’s, Huntington’s, 2) non-neuropathic localized amyloidosis such as in
Type II Diabetes, and 3) systemic amyloidosis that occurs in multiple tissues. Despite
differences in symptoms and protein monomers associated with these protein misfolding
disorders (PMDs), there seems to be a common mechanism underlying protein aggregation at
the molecular level. The formation of amyloid fibrils is through a molecular recognition and
self-assembly process that typically starts with a thermodynamically unfavourable lag phase
for the formation of a ‘nucleus or seed’. This is followed by a thermodynamically favourable
exponential growth phase, where monomers/oligomers are added to the growing nucleus. The
conformational transition of the protein from a random-coiled soluble form via an a-helical
intermediate into insoluble, cross f-pleated fiber aggregates is thought to be a key event in

amyloidogenesis.

While recent scientific research has focussed on gaining more insight into the mechanism of
molecular recognition and self-assembly in amyloidosis for inhibiting this process, there are

still no effective preventions or treatments for any of these diseases. Small molecules that



saf el y antagoni ze and prevent anyl oi dogenesis are desperately needed as

t herapeutics. The anti-anyl oi dogeni ¢ candi dates should al so be able to

ful fil stwOngsmo439equi rements, such as efficient and ea®P¢TEPR@ER®)2890
sufficient half-life and circulation4inme in vivo, non-toxicity, and
perneability through the bl ood-brain barrier (BBB), which is needed for
treating neurodegenerative conditions. Furthernore, since there is

i ncr easvafely anthgparzeand paevept amylodogenesisiago Aesperpishonseded as dsrapgytisse T en nore
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sel f-asse y process at an ear stage. Thus, it Wwas an object of the
pr esentefficions rand @asyt uptprep sufficienvhaf-lifeoand minsulstioth time linwevat, iInen-4@xasity, and

ti ; ' . t o ' | | at ed
D1 0ber  kESeanlIE (BRLEF IR Blogk i AARRD BB RHAN FeEachol kol Absol ot e
Z- ( X) r ndeBenerative - dfoxflitionwhBurdienmdrej sirge thert eis minahsipg aiveleheenghay reqfibriX i s, at

each occurrence, independently selected fromam no.agids .and am no. acid
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der i vatdmégSoradv@drsa it selftaegfitly prodexsangdesikly ytagel ected from1l to 5 with m+ n
being <6. Proline is abbreviated using either the three-letter code (Pro)
or one-letter code (P). In one enbodinent, m+ nis <5, preferably < 4,

nore pref8l #Rla¥ ahidbject of the present invention to provide novel compounds that have the

above properties.

The objects of the present invention are solved by an isolated alpha-helix breaking peptide
having the general formula
Z-(X)m-Proline-(X)n,

wherein

Z is an N-terminal protecting group;

X is, at each occurrence, independently selected from amino acids and amino acid

derivatives; and
m and n indicate the number of amino acids and amino acid derivatives and are integers

independently selected from 1 to 5, with m + n being < 6.
Proline is abbreviated using either the three-letter code (Pro) or one-letter code (P).
In one embodiment, m + n is < 5, preferably < 4, more preferably < 3.

“Amino acids and amino acid derivatives” include naturally and non-naturally occurring L-
and D-amino acids and amino acid derivatives, peptidomimetic amino acids and non-standard
amino acids that are not made by a standard cellular machinery or are only found in proteins
after post-translational modification or as metabolic intermediates, such as hydroxyproline,
selenomethionine, carnitine, 2-aminoisobutyric acid, dehydroalanine, lanthionine, GABA and

beta-alanine.

In one embodiment, X is, at each occurrence, independently selected from naturally occurring

amino acids.



"Am no acids and am no acid derivatives" include naturally and
non-naturally occurring Land D-am no acids and am no acid derivatives,
pept i domwetn3/@mmiono aci ds and non-standard am no aci ds PChaP2@2z@0230¢ nade
by a standard cellular machinery or age only found in proteins after
post-translational nodification or as netabolic internedi ates, such as
hydr oxypr ol i ne, sel enonet hi oni ne, carnitine, 2-am noisobutyric acid,
dehydr oal ani ne, | anthi oni ne, GABA and bet a-al anine. WO
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D-am no acid or a péeptidomnetic amno ac I'n one enbodiment, X is, at

each occurrence, independently selected fromnon-aromatic am no acids and
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(Leu, L3miny atidnand(awehq ad] deradativésne (Al a, A), glycine (Ay, G, aspartic
acid (Asp, D), asparagine (Asn, N), glutamc acid (Qu, E), glutamne (Gn,
Q, serine (Ser, S), threonine (Thr, T) and lysine (Lys, K). In one

enbodi niandne etbodiblehe 4t Mah-afimatio agindacids Basdeqieipfroahé gronp censisyidg oHhobi c
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Z- X-Prol I ne- X . .
(Ser, S), threonine (Thr, T) and lysine (Lys, K).

In one embodiment, the N-terminal amino acid of said peptide is more hydrophobic than the
C-terminal amino acid of said peptide. In one embodiment, the hydrophobicity decreases from

the N-terminus to the C-terminus.

In one embodiment, m and n are 1, i.e. said peptide has the general formula
Z-X-Proline-X.

In one embodiment, said N-terminal protecting group has the general formula —C(O)-R,
wherein R is selected from the group consisting of H, alkyl and substituted alkyl. In one
embodiment, R is selected from the group consisting of methyl, ethyl, propyl, isopropyl, butyl
and isobutyl.

In a preferred embodiment, said N-terminal protecting group is an acetyl group (R = methyl).

In one embodiment, the C-terminus of said peptide is amidated or esterified, wherein,
preferably, the C-terminus has the formula -CONHR, with R being selected from the group
consisting of H, alkyl and substituted alkyl, or the formula -COOR, with R being selected
from the group consisting of alkyl and substituted alkyl.

In one embodiment, said peptide is provided in an aqueous solution, optionally comprising a

physiological buffer.



I n one enbodi nent, said N-termnal protecting group has the general formula
-C(0)-R, wherein Ris selected fromthe group consisting of H, alkyl and
substi t utwo 2a13kpk3991 n one enbodi nent, R is sel ected frorCrEP2¢g2003390

consi sting of methyl, ethyl, propyl, 4sopropyl, butyl and isobutyl. In a
preferred enbodinent, said N-term nal protecting group is an acetyl group
(R =methyl). In one enbodinent, the Ctermnus of said peptide is am dat ed
or est dnioh embodimenteissid ppptideds Abteg ontahreptive salagtad fsorh dke gTRBP FeNsHtiNgOf CONHR,
with R t n stituted
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is replaced with a Proline (Pro, P). For exarrpl e, the isol ated al pha-helix

br eaki rhglipduraking peptide acceeling tq Fhe RrREaEHVRLARIRRY éﬁ basag %thsa&eeadeoﬁ t he
pept i dgﬁ«g&% R [%)Wtheggbo% hEthanﬂlﬂQé/Ge Lditted R0 ATPPAL gm ed from

Z- LPVA NO 21), Z- LI PAGD ﬁ@% -LIVPGD

23) andN@: 2)\VAPRIP AGBQSEQ IIU\IOM)Z), ZI-InIVd’Iﬁ?éD é?ﬂSbHP t23) gad 4-1d¥

sel eCt@‘?é )t he group consisting of fromZ-LPVAGD (SEQ ID NO 21)

Z- LI PA E%IDNO 22), Z-LIVPGD (SEQ I D NO 23), ZLIVAPD(SEQIDNO
24) , ZIPD(SEQIDNQ 25), Z- NP (SEQIDNO 26), Z-1PN (SEQ ID NO 27),

(SEQ 1 BRI embpdingtip bpid Feplfd 15 e S0 5 Hriun Sopeloing IO P YARD, Sy
(gEg : DsNQ ID3KD; 2B, IZHDP(AﬁiQ(SHQ) MN@?z) ZLIVAGI) SEEQIID NO: 23)6)5 LIXAPPK- g:gégz
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are further ‘sol ved by an i sol ated pha- hel i x br eaki n eptide as defined

above {0, 44&D (SEQ tN@aﬁweZtIPBf(SEQdH%bTQsé%sZsH’CS & NQ éQiyZdPWom S.
(SEQ ID NO: 41), Z-APS (SEQ ID NO: 42), Z-NPK-CONH, (SEQ ID NO: 43) and Z-LPG

(SEQ ID NO: 44). SEQ ID NOs: 45 to 60 represent particular embodiments of the above

sequences.

The objects of the present invention are also solved by an isolated alpha-helix breaking

peptide as defined above for use as a medicament.

The objects of the present invention are further solved by an isolated alpha-helix breaking

peptide as defined above for use in the treatment of a disease associated with amyloidosis.

In one embodiment, said disease associated with amyloidosis is selected from the group
consisting of Neuro-degenerative diseases, such as Alzheimer’s disease, Parkinson’s disease,

Huntington’s disease, Amyotrophic lateral sclerosis (ALS) and Prion-related or Spongiform



I n one enbodi nent, said di sease associated with anyloidosis is selected
fromthe group consisting of Neuro-degenerative di seases, such as
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In one embodiment, said peptide is administered orally.

The objects of the present invention are also solved by a pharmaceutical composition

comprising an isolated alpha-helix breaking peptide as defined above.

In one embodiment, said pharmaceutical composition further comprises at least one

pharmaceutically acceptable carrier, diluent and/or excipient.

In one embodiment, said pharmaceutical composition further comprises a monovalent or

divalent metal salt, preferably a divalent metal salt.

In one embodiment, said metal is selected from the group consisting of sodium, magnesium,

calcium and zinc.

The objects of the present invention are further solved by the use of an isolated alpha-helix
breaking peptide as defined above in the manufacture of a medicament for the treatment of a

disease associated with amyloidosis.



I n one enbodi nent, said pharnmaceutical conposition further conprises a
nonoval ent or divalent netal salt, preferably a divalent netal salt. In one
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exi sti ng a € presence O nbno- salts
prefer r®d31dered as a-helical breakers. They are capable of recognizing and interacting with the

short, amyloidogenic recognition motifs of misfolded proteins, while themselves having a
very poor propensity to self-assemble into ordered supramolecular structures. By virtue of
their short length, especially for the 3-mers, they have the potential to evade protease
recognition and degradation, while facilitating easy oral delivery and BBB permeability. In
addition, these ultra-small peptides are non-toxic, since they are made of non-toxic amino
acids and amino acid derivatives, preferably naturally occurring amino acids. Furthermore, in
order to assist disaggregation of already existing amyloids, the presence of mono- or divalent

metal salts is preferred.
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pancreatic cell death. Several of the current drugs also have serious side-effects that will be
overcome by the use of natural occurring biological macromolecules. In this regard, the ultra-
small inhibitor peptides according to the present invention have promising potential to address
current therapeutic needs, while simultaneously trying to overcome the problems and

limitations of existing drugs.
Reference is now made to the figures, wherein

Figure 1 shows circular dichroism (CD) spectra of the peptides Ac-LDs, Ac-NLg and Ac-1D;

in solution (at lower concentrations) and in hydrogel form (at higher concentrations);

Figure 2 shows Thioflavin T (ThT) binding to Alzheimer’s core sequence KE7 correlating
with an increase in fluorescence over time (= positive control; 100uM). Nine independent

samples were measured at each time point (gain value set for the experiment: 55);



8 Figures 3 to 17 show Thioflavin T (ThT) binding to Al zheinmer's core
sequence KE7 in absence and presence of inhibitor peptides 1 to 5 and 7 to
16. N ne wodepand®at sanpl es were nmeasured at each ti nePpoiEPROI2MEISH0 val ue
set for the experinment: 55); Figure 18 shows the distribution of control
val ues (water and ThT dye); Figures 19 and 20 show that the inhibitor

pepti des thensel ves do not give enhanced ThT fl uorescence; Figure 21
sumari zes the screeni ng procedure for inhibitor peptides of the present

I nventi gpureki O §7 280w MBNGRAVRY RNENTY ibfritfingS tol Al ASinRs! O BéduhicePRE) ifles of
the presént invention using field em ssion scanning el ectron mcroscopy
( FESEM abs¢tice andpregsnshefishilitorepeptigesi Istodsandy/ tod §t Ning indepensiencamplasitsirg i ty of

i nhi bit ' .Of fond tion: FEigure 24 shows the storage
nmodul uslgésgr% 9%%%%12%?18 Fﬂlgﬁmenng Sg*‘ﬁ%y reogée}rn%g{ctigrﬁ?’ved from 10 ny/ nL of
Ac-LD6 (L) as a function of angular frequency (rad/sec) at different Nad

concentg.ations, Figure 25 .sho i rcul ar. dic i (CD) spectrum of the
pept i deﬁlgateﬁlr_kéhg‘flsﬁlﬁrdésggbd‘lnf’? 8¥€Wg"°§5ﬂ%eér{’fvﬁt§f ?"c?@o[l(%%’and hydro gel s of the
pepti des Ac-NL6 and Ac-LD6 (B); Figure 26 shows rheol ogi cal data for
hydrogel s forned . 5mM of Ac-.KE7 reen) an eptide-inhibitar | uti ons
(no gel W&fﬁ)lgevﬂ?g%ls.]hgwhﬁtf thﬁc‘mP{E‘%’r “ﬁ‘?sx E“@ﬁ(li‘fq% ‘%c‘-“ffli%ve( W}ﬁﬁceaeﬁ)sloand

Ac- LPG fiuoesiterices a 1: 20 nol ar ratio. The graphs display the storage nodul

(G in Pa) as a function of (A) angular frequency (rad/sec) under 1% strain
and (B) oscillation strain (% at an angular frequency of 1 rad/sec at room

t enper afjphR Mfsusmfarizes the screening procedure for inhibitor peptides of the present invention;

Figure 22 shows morphological studies of inhibitor peptides of the present invention using

field emission scanning electron microscopy (FESEM);

Figure 23 shows a hemolysis assay testing the biocompatibility of inhibitor peptides of the

present invention;

Figure 24 shows the storage modulus G / mechanical strength of hydrogels derived from 10
mg/mL of Ac-LDg¢ (L) as a function of angular frequency (rad/sec) at different NaCl

concentrations;

Figure 25 shows a circular dichroism (CD) spectrum of the peptide Ac-NLg at three different
concentrations (A) and hydrogels of the peptides Ac-NLg and Ac-LDs (B);

Figure 26 shows rheological data for hydrogels formed by 1.5SmM of Ac-KE; (green) and
peptide-inhibitor solutions (no gelation) when 1.5mM of Ac-KE; was mixed with Ac-LPE
(wine red) and Ac-LPG (red) in a 1:20 molar ratio. The graphs display the storage moduli (G’
in Pa) as a function of (A) angular frequency (rad/sec) under 1% strain and (B) oscillation

strain (%) at an angular frequency of 1 rad/sec at room temperature of 25°C;

Figure 27 shows the results of a live/dead cytotoxicity assay using U87 human glioblastoma
cells for the inhibitor peptides Ac-LG3 and Ac-LE; at different concentrations and with or

without neutralization of the inhibitor solution;



Figure 27 shows the results of a |ive/dead cytotoxicity assay using U87
human gl i obl astoma cells for the inhibitor peptides Ac-LG3 and Ac-LE3 at

di fferentwoeozoiieati ons and with or w thout neutrali zapcemkpredi2ioh9o

i nhi bitor solution; WD 2013/004399PGI/ EP2012/ 002890 9 Figure 28 shows the
results of a WET-1 assay for the inhibitor peptides Ac-LG3 and Ac-LE3 at
different concentrations and with or without neutralization of the

i nhibitor solution; Figure 29 shows the results of a |ive/dead cytotoxicity

assay i ( t zglil.s for. I g bi 108 . pepti de of
Tho. pr cogRf AR eLiRY o BT U3 BT R iR 092 AN OLe FEDL
neut r al at dfferam cafcentrmionnimdwitloor withant hatralixdion e thexphibisw edlution;ng/ M ref er
to the final concentration of the inhibitor in each well of a 96-well

pl ate; Figure 30 shows the I C50 signoidal curves of the inhibitor peptides

Ac- LPG EigalreA29 lshibys Hegteswts3df s Nivedeal sypberieitpfasialyeusiig HdLphad SHEHY de
synt hesi s ed for the. production of the i.nhibitor peptides of .the present
i nvent irl?Hr°§ togR &8 PE B¥ 1{11be1t9r @ﬁ&?%ctoérf anea?PtbngVFPﬁ‘ l"Nl\?% glhgreﬂ - VB;
and Fi odon€en@is3iQing viiflCor withdut sewtfalidat@al oEtthemhivitof Yol@fior: Valyee pkpressed Ac- KE7
and Ac-NL6 in absence and presence_ of  inhibjtor peptidga 1 and 2 (A and
FESEM i ineregal wsfer s the disalgongentratienofthe phibitor mesach well pt 2 PorvgHPiadsh (B). The

present invention is now further described by nmeans of the foll ow ng

exanpl es, which are neant to illustrate, but not to limt the present
i nvent i Figure 30 shows the ICsy sigmoidal curves of the inhibitor peptides Ac-LPG and Ac-LPE;

Figure 31 shows a scheme of the solid-phase peptide synthesis used for the production of the
inhibitor peptides of the present invention and an example of their characterization by 'H

NMR and LC-MS; and
Figure 32 shows the results of a gelation study of the peptides Ac-KE; and Ac-NLs in
absence and presence of inhibitor peptides 1 and 2 (A) and FESEM images of an inhibitor

according to the present invention (B).

The present invention is now further described by means of the following examples, which

are meant to illustrate, but not to limit the present invention.

Experimental Procedures

Peptide-based hydrogel preparation. All peptides (purity > 95%) were purchased from the
American Peptide Company, Sunnyvale; following stringent quality control measures and
amino acid analysis. All the peptides were acetylated at the N-terminus to suppress the effect
of end charges. The peptides were dissolved in hot milliQ water (60-70°C) by vortexing for S
minutes and left undisturbed at room temperature to form hydrogels. Depending on the
peptide concentration, the self-assembly process occurred immediately, within hours or even

within days (experimental time frame for gelation).

Circular dichroism (CD) studies. CD spectra were collected with an Aviv 410 CD
spectrophotometer fitted with a Peltier temperature controller, using a rectangular quartz
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(measuring storage modulus (G’) vs. oscillation strain % (y)) were done using 0.01-100%

strain with a constant angular frequency of 1 rad/s. All measurements were carried out at 25

°C.

Biocompatibility: cell toxicity/viability assays. Biocompatibility of inhibitor peptide solutions
with mammalian cells was evaluated qualitatively as well as quantitatively. For the qualitative
assay, the live/dead cytotoxicity assay was employed to stain live and dead cells after
incubation with the peptide solutions for 48-96 hours. Quantitative determination of cell

viability was performed using the WST-1 reagent from Roche. Cell lines, such as U87
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emission bandwidth 20 nm; gain value 45; temperature 26 to 28 °C. Varying molar excess of

¢

inhibitors was added to 100 uM of KE;. The ICso sigmoidal curve was plotted from the results
of five independent assays with at least 5 replicates in each assay. For the sigmoidal curve, the
ThT fluorescence intensities detected at a particular time point (where the difference was

maximum) were plotted against the log values of the concentrations of inhibitors.



Results CD spectra and rheol ogy data of hydrogel-formng tri- and

hexapepti des Ac-LD6 refers to the hexapeptide Ac-LIVAGD (see SEQ ID NO 3),
Ac- NL6 r evensidm4idhe hexapepti de Ac-NFGAIL (SEQ I D NGO @t/Eracd/ofzs9d D3
refers to the tripeptide Ac-1VD (see12EQ ID NO 20). The peptide NFGAIL is
a naturally occurring core sequence in human Anylin inplicated in diabetes
type 2, while the peptides LIVAGD and |VD are rational |y designed pepti des.
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for theundisibdd for paphinde sequence) . AII spectra were measured at room
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nm . \ighid0d3/ QARS8 RRT/ SRR, A48 30lid Bhdst Peptede2Synfhedis SWasShaemediai t he
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hexapeptide Ac-NFGAIL (SEQ ID NO: 61), and Ac-ID; refers to the tripeptide Ac-IVD (see
SEQ ID NO: 20). The peptide NFGAIL is a naturally occurring core sequence in human

Amylin implicated in diabetes type 2, while the peptides LIVAGD and IVD are rationally
designed peptides.

Figure 1 shows CD spectra of 1.2 mg/ml Ac-LDg (A), 0.5 mg/ml Ac-NLg (C) and 5 mg/ml
Ac-ID; (E), which demonstrate transition of the ultra-small peptides from random coil
conformation to the meta-stable, transient a-helical state (minimum at 222 nm). At higher
concentrations of 2.5 mg/ml Ac-LDg (B), 1.2 mg/ml Ac-NLg (D) and 7.5 mg/ml Ac-ID; (F),
B-type structures are observed (minimum at around 220 nm; slightly blue shifted for the
aromatic peptide sequence). All spectra were measured at room temperature of 25 °C. In (F),
the equilibrium transition process from a-helical intermediates to B-type structures can be

seen (shoulder at 208 nm).




Thioflavin T (Basic Yellow 1 or Cl 49005) is a benzothi azol e salt obtained
by the nethylation of dehydrothiotoluidine with methanol in the presence of
hydr ochl owocoBgios399see Figure 21 B). The dye is w dely wsedrea@29izsoal i ze
and quantify the presence of m sfol dgqd protein aggregates called anyl oi d,
both in vitro and in vivo (e.g., plaques conposed of anyloid beta found in
the brains of Al zheiner's disease patients). Wien it binds to beta
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brains of Alzheimer's disease patients). When it binds to beta sheet-rich structures, such as

those in amyloid aggregates, the dye displays enhanced fluorescence. In the following
experiments, the peptide KE7, a naturally occurring core sequence of Amyloid-Beta(1-42),
which forms amyloid aggregates, is used as the model system and positive control (see

Figures 2 and 18).

For the inhibition studies, KE; was mixed with inhibitor peptides in a 1:10 molar ratio (see
Figure 21 C). The concentration of dye added was the same as that of the positive control,

and the fluorescence signal was monitored over the course of an hour.



Figures 22 A and B show the typical norphol ogy of an inhibitor peptide
according to the present invention at different magnifications using Field
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The vials depicted in Figure 21 A show that the proline-containing inhibitor peptides
according to the present invention can be dissolved in water. Good solubility in aqueous
solutions is an advantage for drug development applications, especially when compared to

aromatic compounds, which require organic solvents to dissolve completely.

Figures 22 A and B show the typical morphology of an inhibitor peptide according to the
present invention at different magnifications using Field Emission Scanning Electron
Microscopy (FESEM). A 10 mg/ml peptide solution was made by completely dissolving the
inhibitor peptide in water. This solution was then shock frozen, lyophilized and coated with a
thin layer of platinum to make the sample conductive for electron microscopy. Usually,
amyloid fibers can be seen even under a normal optical microscope and in the case of amyloid

core sequences that form hydrogels, fiber structures are clearly visible at magnifications



WD 2013/ 004399PCT/ EP2012/ 002890 16 Clains 1. An isol ated al pha-heli x

breaki ng peptide having the general formula Z-(XymProline-(X)", wherein Z
is an N-twornhrsalo43spot ecting group; X is, at each occurr @ect&EP200esendent | y
sel ected fromam no acids and anm no gei d derivatives; and mand n indicate
t he nunber of am no acids and am no acid derivatives and are integers

i ndependently selected from1l to 5 with m+ n being < 6. 2. The isol ated
al pha- reariing Boaaki HPOpeper éthititos entidey 1+ o dibgrsnvere Pvef revsn jag higher each

occurr 6RERifdaAGRRERI V0D ¥nd oRFEEFaIld PFuRAIUBRIh ¥rdlf fH'd by BUsEE! dS.
as an effective inhibitor drug for amyloidosis, it is necessary to ensure that the inhibitor can
effectively recognize and bind to natural amyloids/growing amyloid fibrils without itself

forming fibers.

Figure 23 shows the results of a hemolysis assay testing the biocompatibility of the inhibitors.
Any drug candidate has to be first tested for biocompatibility with blood and biological tissue.
Here, a hemolysis assay was performed to determine whether the inhibitor peptides had any
adverse effect on red blood cells. Three of the inhibitor peptides were used at concentrations
of 2.5, 5 and 10 mg/ml in water. The pH of these solutions were measured and it was found
that samples with a higher concentration of the peptides were acidic (pH <4). Thus, a set of
neutralized peptide solutions (neutralized with 1% w/v NaOH) was prepared at the same
concentrations for comparison. No lysis was observed with low peptide concentrations (2.5
mg/ml) and with neutralized solutions of the inhibitor peptides, indicating that the 25% lysis
observed for higher concentrations of 5 and 10 mg/ml was due to the acidic pH rather than the

peptide itself.

Similar results were obtained in a WST-1 assay and live/dead cytotoxicity assays using

various cell lines (see Figures 27 to 29).

Influence of salt concentration on the mechanical stability of peptide-derived hydrogels

Figure 24 shows that increasing the concentration of NaCl decreased the storage modulus G*

/ mechanical strength of hydrogels derived from 10 mg/mL of Ac-LDg (L).

The features of the present invention disclosed in the specification, the claims, and/or in the
accompanying drawings may, both separately and in any combination thereof, be material for

realizing the invention in various forms thereof.



3. The isol ated al pha-helix breaking peptide according to claim1l or 2,
wherein at least one Xis a Damno acid or a peptidomnetic am no acid. 4.

The i sol ayedossgisehel i x breaki ng peptide according to aoy/rpholoaise® 1 to
3, wherein X is, at each occurrence, fsndependently selected from

non-aromati c am no acids and am no acid derivatives. 5. The isol ated

al pha-hel i x breaking peptide according to claim4, wherein said
non-aromati ¢ am no acids are selected fromthe group consisting of

i sol euci ne, |eucine, valine, alanine, glycine, aspartic acid, asparagine,
glutamc acid, glutam ne, serine, threonine and |ysine. 6. The isol ated

al pha- hel i x breaki ng peptide accor 'ﬁgnto any of the foregoing clains,
wherein the Ntermnal am no acid d peptide is nore hydrophobic than
the C-terminal amno acid of said peptide. 7. The isolated al pha-helix

br eaki ng pepti.de accordi to . any of..the.foregoing.clains, wherein m+ nis
< 5, prgfera‘\51‘§°elit3, a‘ﬁ[}?'h&g?‘é%?%%w@egﬁvm gpp PCT/ EP2012/ 002890
17 8. The isol ated al pha-hel i x pppaPréltheq®p, i de according to any of the

foregoing clainms, wherein mand n are 1. 9. The isol ated al pha-helix
br eaki ng pepticE# according to any of the foregoing clains, wherein said

N-term nal prigheRieRgnaRoecti@Srédpe general formula -C(0)-R wherein Ris
sel ected fromthe group consisting of H alkyl and substituted al kyl.

X is, at each occurrence, independently selected from amino acids and amino acid

derivatives; and

m and n indicate the number of amino acids and amino acid derivatives and are

integers independently selected from 1 to 5, with m + n being < 6.

2. The isolated alpha-helix breaking peptide according to claim 1, wherein X is, at each

occurrence, independently selected from naturally occurring amino acids.

3. The isolated alpha-helix breaking peptide according to claim 1 or 2, wherein at least

one X is a D-amino acid or a peptidomimetic amino acid.

4. The isolated alpha-helix breaking peptide according to any of claims 1 to 3, wherein X
is, at each occurrence, independently selected from non-aromatic amino acids and

amino acid derivatives.

5. The isolated alpha-helix breaking peptide according to claim 4, wherein said non-
aromatic amino acids are selected from the group consisting of isoleucine, leucine,
valine, alanine, glycine, aspartic acid, asparagine, glutamic acid, glutamine, serine,

threonine and lysine.

6. The isolated alpha-helix breaking peptide according to any of the foregoing claims,
wherein the N-terminal amino acid of said peptide is more hydrophobic than the C-

terminal amino acid of said peptide.

7. The isolated alpha-helix breaking peptide according to any of the foregoing claims,

wherein m + n is < 5, preferably < 4, more preferably < 3.



10. The isol ated al pha-helix breaking peptide according to claim9, wherein
said NNtermnal protecting group is an acetyl group. 11. The isol ated

al pha- helw® 2br3gmkiong pepti de according to any of the foregmpreg20bmpos,
wherein the Ctermnus of said peptid€ is am dated or esterified, wherein,
preferably, the C-termnus has the fornula -CONHR, with R being sel ected
fromthe group consisting of H alkyl and substituted al kyl, or the fornula
-COOR, with R being selected fromthe group consisting of alkyl and

substityuted.al kyl . 12, The isolate pha- hel i x_hr eaki t accordi ng
to any of cl@Fﬁ%’ﬁaﬁedtagphf'l}fe & (raeraléllnﬁ pg%ﬁ%(f aﬁgelopr?ﬁééo?n Ogﬁ%evt:?)%«gg%%r?&agﬁs’aqueous
sol uti on, opthefsivainl and @aegpt.i sSing a physi ol ogi cal buffer. 13. An isol ated
al pha-hel i x breaking peptide according to any of clains 1 to 12 for use as
a medi canent. 14. An isol ated al pha-helix breaking peptide according to any
of claigrs 1 The isbfatdduiphasielik Brdakinglpepiaderietdrding @i cfaksRraadigelangd W th

anyl oi dosi s. [15. The_lI sol ated al pha-hel i x breaking pepti ccording to
cl ai m 14, W&‘%S%Nﬁewlgﬁé’é‘ﬁe‘é‘é’g&?“@t@ﬂ%%W‘ﬁr@?‘b‘ﬁg‘g{j@ﬁswgﬁwct ed from

the group cqngisgbddBnéh tNestbRSSIRNREARSS M Calicl] 36RSMStitukHGlkyRS Al zhei ner's
di sease, Parkinson's disease, Huntington's disease, Amyotrophic |ateral
sclerosis (ALS) and Prion-rel ated or Spongiform encephal opat hi es, such as

Creut zf g d- Jgg 1atéaeﬂ§mtﬂe rw}éatamg;wﬁd%oa@&&amg | aa&hp?,evm%ﬁkai&lmnti a wth

Par ki nsoni sm Spi noeer ebel [ ar at axias, Spinocerebell'ar ataxia 17, Spinal

and bul bar rnerscnal protegtinggioyp isHaraselyt gnoyp.dent at or ubr al - pal |'i dol uysian WD
2013/ 004399PCT/ EP2012/ 002890 18 atrophy, Famlial British denentia,

Fam | ial Dani sh denentia, Non-neuropathic |ocalized di seases, such as in
Type |111di ali@t ésolateel dipHatie]ix becking peytideaccirdingto afy dftlee foregoing claims,

wherein the C-terminus of said peptide is amidated or esterified, wherein, preferably,
the C-terminus has the formula -CONHR, with R being selected from the group
consisting of H, alkyl and substituted alkyl, or the formula -COOR, with R being
selected from the group consisting of alkyl and substituted alkyl.

12.  The isolated alpha-helix breaking peptide according to any of claims 4 to 11, wherein
said peptide is provided in an aqueous solution, optionally comprising a physiological
buffer.

13.  Anisolated alpha-helix breaking peptide according to any of claims 1 to 12 for use as

a medicament.

14.  Anisolated alpha-helix breaking peptide according to any of claims 1 to 12 for use in

the treatment of a disease associated with amyloidosis.

15.  The isolated alpha-helix breaking peptide according to claim 14, wherein said disease
associated with amyloidosis is selected from the group consisting of Neuro-
degenerative diseases, such as Alzheimer’s disease, Parkinson’s disease, Huntington’s
disease, Amyotrophic lateral sclerosis (ALS) and Prion-related or Spongiform
encephalopathies, such as Creutzfeld-Jacob, Dementia with Lewy bodies,
Frontotemporal dementia with Parkinsonism, Spinocerebellar ataxias, Spinocerebellar

ataxia 17, Spinal and bulbar muscular atrophy, Hereditary dentatorubral-pallidoluysian



thyroid, Atrial anyloidosis, Hereditary cerebral haenorrhage with
anyl oi dosis, Pituitary prolactinoma, Injection-|ocalized anyloi dosis,

Aortic nmeslbabizaayieei dosis, Hereditary lattice corneal dystr/eppdig0isos neal
anyl oi dosi s associated with trichiasis, Cataract, Calcifying epithelial
odont ogeni ¢ tunors, Pul nonary al veol ar proteinosis, Inclusion-body
myositis, Cutaneous |lichen anyl oidosis, and Non-neuropathic systemc

anyl oi dosi s atreplyhFasilial Batishl deimdota, $amajal Bayislodeinentia, Neman¢uropathidedi t er r anean

fever, Senile tem c amyl 0i.dasi =AWk LRl i | yneur.opat hy,
Henodi al ysi éo-cfaﬁé%/egtags asaenyﬁr&‘cc()}? olgﬁsg? ?deg%:éleg#y%blbl dose:agﬁ%%ﬂﬁ%"ér?ﬁ Si dosi S,
ApoAl V anyl dhydeidj AtriaFamyloglosikidHezetlitagy gerebmat lhe¢mlarshage withsomyaidosisry | oi dosi s,
Fi bri nogen l oidosis, lcelandic hereditary cergebr.al | 0i.d. angi opat hy,
fanilial am? ititafy eredactinpma. dpigeoloc %ﬁf%‘f‘%i@%‘%ﬁ?‘@ﬁ megial Y I0iOR ¢ bl e

ti ssues, sugierelstatyilgiite €dtadan dpisphy, @osieal anlydoidddieadsscihtad adth alighidishel i x
breaki ng peptide according.ta, any of clains to 15, erein said peptide
i s adnini st &a@(ﬂac&rc_éllq'@'.mgl }thﬂlaﬁﬂ%q%%t%%fﬁ’%&%m N"\é\ga‘bﬁﬁﬁm%‘ﬁ’ng an

i sol ated al phdusiBlbodyRhRAks CutRedhi HéheA 6mOToMd3B, Ad NON-nSlrofdtiicms 1 to 12.
18. The pharmaceutical conposition according to claim17, turther

conpri si ng &ystreigamylyidosighachas dluamyleidgsis, dpidesisdamidal di | uent and/ or
exci pi ent. wedit_l%eemervg@%fné s?/é"tk:mmcﬁh&éié??axﬁﬁfapérq}rl'aﬁlo?@ claim1l7 or 18,
further conprising a nonoval enf or divalent netal salt. 20. The
phar maceut i palynowegati, Hemedabisisrrdiated amyloidasisnipon] aindeidosis.saiodlhet al i s
sel ected fr ot he. Qr RUPARPHR}15b08 FfniS Al ddfary BAIGIL ALy G fleum and zi nc.
amyloidosis, Fibrinogen amyloidosis, Icelandic hereditary cerebral amyloid
angiopathy, familial amyloidosis, and systemic amyloidosis which occurs in multiple

tissues, such as light-chain amyloidosis.

16.  The isolated alpha-helix breaking peptide according to any of claims 13 to 15, wherein

said peptide is administered orally.

17. A pharmaceutical composition comprising an isolated alpha-helix breaking peptide

according to any of claims 1 to 12.

18.  The pharmaceutical composition according to claim 17, further comprising at least one

pharmaceutically acceptable carrier, diluent and/or excipient.

19.  The pharmaceutical composition according to claim 17 or 18, further comprising a

monovalent or divalent metal salt.

20.  The pharmaceutical composition according to claim 19, wherein said metal is selected

from the group consisting of sodium, magnesium, calcium and zinc.



