WO 03/ 082906 Neurotrophic and Neuroprotective Peptide s Technical Field
PCT/ AT03100065 This invention relates to peptides that are 4 to 14 am no
acids in length. The peptides according to the invention can be used as
active ingredients in pharmaceutical agents for treating degenerative

di sea central nervous system such as Al zheiner's di sease, Lewy
Body §§§H@%Wh§66Parkinson's di sease, Huntington's diseﬁ§1W¥Eﬁ%$M&§,

mul ti system atrophy and other simlar diseases. Prior Art In
neur odegenerati ve di seases, aggregates of proteins in the brain generally
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neurofibrillary tangles, intracellular protein glonmeruli from

hyper ghespRlekiipated tau protein. Wth Parkinson's disease, intracellular

i ncl usion bodres, consisting of aggregated al pha- synuclein, are found.
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Anal ogously to this, aggregates of prion protein are found in
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deposits in Huntington's chorea. In many of the patients, nutated proteins
are pseilaRdiseases have an especial |y pronounced aggregation behavior. In
the majority of patients, however, the aggregates consist of nornma

w | d-type proteins. Various factors that suddenly change the solubility
behavkor gf the proteins are assuned, whereby, for exanple, increased

oxi da tress during the aging process should play an essential role.

Even c hangﬁlsnéupodgge%efaﬁggﬁfséz}ées? ];igg\f raite%%? pR)rtgﬁseljn%edber%glrg%gaiaﬁ}gocecﬂrz &S are
common feature. In the case of Alzheimer’s disease, the so-called senile plaques are
extracellular albumin deposits that first and foremost consist of amyloid-beta peptides and the so-
called neurofibrillary tangles, intracellular protein glomeruli from hyperphosphorylated tau
protein. With Parkinson’s disease, intracellular inclusion bodies, consisting of aggregated alpha-
synuclein, are found. According to the most recent scientific findings, it was possible to detect
such inclusion bodies, namely Lewy Bodies, in more than 70% of patients suffering from
familial and sporadic Alzheimer’s disease; they are also found in patients who suffer from
Down’s syndrome. Aggregates of alpha-synuclein in glia cells occur in the multisystem atrophy.
Analogously to this, aggregates of prion protein are found in Creutzfeldt-Jakob disease and
related diseases, and ultimately Huntington deposits in Huntington’s chorea.

In many of the patients, mutated proteins are present that have an especially pronounced
aggregation behavior. In the majority of patients, however, the aggregates consist of normal
wild-type proteins. Various factors that suddenly change the solubility behavior of the proteins
are assumed, whereby, for example, increased oxidative stress during the aging process should
play an essential role. Even changes in the capacity of various protein-decomposing enzymes are

also suitable as factors, since albumins that are improperly modified by disorders can result,



al so suitable as factors, since albumns that are inproperly nodified by
di sorders can result, 2 which are then deposited and can no | onger be
further processed by various disposal enzynmes. Another triggering

pat hophysi ol ogi cal nmechani smconsists in a disrupted equilibrium between
aggregatory and anti-aggregatory proteins. The discovery that the synaptic
protein al pha-synuclein represents the main conponent of the so-called
Lewy Bodies and that nmutations in this protein |ead to the famli al
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neuronal function loss is conpletely prevented
alpha-synuclein also showed an advantageous action, in the therapeutic sense, of beta-synuclein,
which further normalized the adhesion, survival and growth of neurites in these cultures. Mice,
which are transgenic for alpha-synuclein, show an elevated production of this albumin and
therefore exhibit a disrupted ratio in the amounts between alpha- and beta-synuclein. Over the
course of aging, they form intraneuronal inclusion bedies that are similar to Lewy Bodies and
also show progressive motor disruptions, which are comparable to the disruption of function in
Parkinson’s disease. If these animals with beta-synuclein are crossed with transgenic animals,
which show an elevated expression of this albumin, a significantly higher level in the overall
expression of the synucleins can restore a homoeostasis. As a result, the number of inclusion
bodies is highly significantly reduced, and the characteristic neuronal function loss is completely
prevented.

Alpha-synuclein should also play an especially important role in the pathology of

Alzheimer’s disease, however. This is also indicated by the fact that a portion of this protein, the



Al pha-synucl ein should al so play an especially inportant role in the

pat hol ogy of Al zheiner's disease, however. This is also indicated by the
fact that a portion of this protein, the 3 NACP (Non-Anyl oi d Conponent
Protein) domain, could be denonstrated as part of the senile plaques
(Yoshinoto et al., Proc. Natl. Acad. “Sci 92, 9141-5 [1995] and

WO 9506407), and in addition the fact that - as nentioned above - about
70% of patients suffering fromAl zheiner's disease exhibit Lew y Bodies
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various transcription factors, other positive influences, which could have a neuroprotective
effect, were contceivable with these modes of action.

The use of beta-synuclein and in particular peptides derived therefrom in connection with
alpha-synuclein is known; see, for example, octapeptides according to WO-A-(2/04482 and three
additional peptides in WO-A-02/04625. WO-A-002/0020 and WO-A-01/60794 describe the use
of beta-synuclein as a whole molecule or methods that increase its expression in vivo for therapy
of neurological diseases that are associated with alpha-synuclein. WO-A-01/60794 in particular
also teaches the use of a peptide with the amino acid sequence MDVFMKGLSMAKEGYV, which
corresponds to the N-terminal amino acids 1 to 15 of the beta-synuclein, for preventing the
binding of alpha-synuclein and beta-amyloid. WO-A-01/60794, however, does not yield any
evidence of an actual protective action of this peptide on living, neuronal cells and does not
contain any references to other active peptides in this sequence range. Shorter peptides were very

advantageous for use as pharmaceutical agents, however, since in general with decreasing chain



evi dence of an actual protective action of this peptide on living,
neuronal cells and does not contain any references to other active
peptides in this sequence range. Shorter peptides were very advantageous
for use as pharnmaceutical agents, however, since in general wth
decreasing chain 4 length, the proble of chem cal and bi ol ogi cal
stability as well as bioavailability are greatly reduced. Presentation of
the Invention The object of this invention is to avoid the drawbacks that

are k 0 h 1,Or . ao-According.to t i nvent.i.q eptides are
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Presentation of the Invention

The object of this invention is to avoid the drawbacks that are known from the prior art.
According to the invention, peptides are proposed that are selected from the group

DVFMKGLSMAKEGV

VFMKGLSMAKEGYV

FMKGLSMAKEGV

MKGLSMAKEGYVY

KGLSMAKEGV

GLSMAKEGV

LSMAKEGV

SMAKEGV

MAKEGV

AKEGYV

KEGV
MDVFMKGLSMAKEG
MDVFMEKGLSMAKE
MDVFMKGLSMAK
MDVFMKGLSMA
MDVFMKGLSM
MDVFMKGLS
MDVFMKGL
MDVFMKG
MDVFMK
MDVFM



MOVFMKG MDVFMK MDVFM 5 MDVF  DVFMKGLSMAKEG DVFMKGLSMAKE DVFMKGLSMAK
DVFMKGLSMA  DVFMKGLSM  DVFMKG.S DVFMKGL DVFMWKG DVFMK  DVFM  DVF
GLSMAKEG GLSMAKE GLSMAK G.SMA @ GLSM GLS G LSMAKEG LSMAKE  LSMAK
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MDVF
DVFMKGLSMAKEG
DVFMKGLSMAKE
DVFMKGLSMAK
DVFMKGLSMA
DVFMKGLSM
DVFMKGLS
DVFMKGL
DVFMKG
DVFMK

DVFM

DVF

GLSMAKEG
GLSMAKE
GLSMAK
GLSMA

GLSM

GLS

GL

LSMAKEG
LSMAKE
LSMAK

LSMA

These peptides according to the invention are derived from the N-terminal sequence of



LSM LS These peptides according to the invention are derived fromthe
N-term nal sequence of 6 the beta-synuclein and antagoni ze the infl uence
of toxic or vitality-danmagi ng noxae, as they exist in neurodegenerative
di seases. Surprisingly enough, it turned out, as could not have been
derived fromthe prior art, that ev I ndi vi dual peptides, which conprise
only half or even only one-third of the sequence of 15 am no acids that
is described in WO 0160794, in nodels of pathol ogical processes, as they
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Other advantageous embodiments of the peptides according to the invention are disclosed
in the subclaims.

In addition, the invention relates to pharmaceutical agents that contain the peptides
according to the invention as pharmaceutical active ingredients.

The peptides of the invention can be synthetically produced in various ways.

The chemical synthesis of a peptide represents a conventional process and can be
achieved by, for example, the Merrifield Solid-Phase Synthesis Technique (Merrifield, J., Am.
Chem. Soc., 85:2149-2154 [1963); Kent et al., Synthetic Peptides in Biology and Medicine, 29 ff
eds. Alitalo et al., Elsevier Science Publishers 1985; Haug, J. D. Peptide Synthesis and the
Protecting Group Strategy, American Biotechnology Laboratory, 5 (1): 40-47 [1987]).

Processes of chemical peptide synthesis also involve the use of automatic peptide synthesizers
with use of commercially available protected amino acids, such as, for example, Biosearch
(Models 9500 and 9600), Applied Biosystems inc. (Model 430); Miligen (Model 9050), etc. In
addition to the chemical processes, these peptides can be produced by means of recombinant
technology in the cells of bacteria, fungi or mammals and can be purified by means of

conventional processes.



(Mbdel s 9500 and 9600), Applied Biosystens Inc. (Mdel 430); MIligen
(Model 9050), etc. In addition to the chem cal processes, these peptides
can be produced by neans of reconbinant technology in the cells of
bacteria, fungi or mamral s and can bg purified by nmeans of conventiona
processes. 7 Independently of whether’ the synthesis of the peptides
according to the invention is performed with chem cal nethods or by
reconbi nant technologies, it my be desirable to nodify the peptides in
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or termnal radicals. For exanple, tysteinyl radicals™react wth

al pha-thaledaTetli anl, fardample,the RUOWindné@hdistas be ustdch as chl oroacetic acid
or chloroacetanmide , and in this case produce carboxynethyl or

car boxyam donet hyl derivatives. Cysteinyl radi cal s can al so be
derivatized by the reaction with bronotrifl uoroacetone, al pha- brono-beta
( 5- i mAdtyantggepps Methods for Implementinghthe Invantiiny | - phosphate , N-al kyl mal eni des,
3-nitro2-pyridyidisulfide, nethyl-2 - pyridyidisulfide, E-chLoronercu
benzoat el) Soraenmnditicatipnss iwhich pisdetermined aspino aeif sadicajs. of the peptide can

ni trobenzo- 2- oxa- 1, 3-di.azole , The am no acid hjstidine can also easily

be deri vat FEREJVEY organic derivatization sybpstancen Qi sslpcted sidg chaipberderanipgl radicalyy of
5.5-7, i t hi bst. N | at.i | ific.to th i stidyl i d
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agents has the’effect of reversing the charge of the lysinyl" radical.
Qt her sui tadahmmemgmhﬁnﬁmfordahaon@arpmmfdnz(abew(B-ﬁxiidmgl)F@bﬁmm@id, contain

al pha-am no include imdo-esters, such as nethyl bicolinimdate,

pyri doxal - chloroacetyl-phosphate, N-alkylmalemides, 3-nitro2-pyridyldisulfide, methyl-2-
pyridyldisulfide, p-chloromercuric benzoate, 2-chloromercuric-4-nitrophenol or chloro-7-
nitrobenzo-2-oxa-1,3-diazole. The amino acid histidine can also easily be derivatized by
the reaction with diethyl procarbonate at-a pH of 5.5-7, since this substance is relatively
spectfic to the histidyl side chain. Parabromophenazyl bromide is also a possibility,
whereby the reaction is preferably implemented in 0.1 molar sodium cacodylate at pH
6.0.

2) Lysine and amino-terminal radicals can also be derivatized with succinate or other
carboxylic acid anhydrides. The reaction with these agents has the effect of reversing the
charge of the lysinyl radical. Other suitable reagents for the derivatization of radicals that
contain alpha-amino include imido-esters, such as methyl bicolinimidate, pyridoxal-
phosphate, pyridoxal, chloroborohydride, trinitrobenzenesulfonic acid, O-methyl isourea,
2, 4 pentanedione, and transaminase-catalyzed reactions with glyoxylate. The arginyl

radicals can be modified by the reaction with one or more conventional reagents, such as

phenyl glyoxal, 2,3 butanedione, 1,2-cyclohexanedione and ninhydrin. The derivatization



phosphat e, pyridoxal, chloroborohydride, trinitrobenzenesulfonic acid,
O-nethyl i sourea, 2, 4 pentanedione, and transam nase-catalyzed
reactions with glyoxylate. The arginyl radicals can be nodified by the
reaction with one or nore conventiongl reagents, such as phenyl glyoxal,
2,3 Dbutanedione, 1,2-cycl ohexanedi orie and ni nhydrin. The

derivatization 8 of the arginyl radicals requires that the reaction be
performed under al kaline conditions because of the high PK value of the
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with the peptides presented according to the invention are
the corresponding glutamyl and aspartyl radicals.
5) Other modifications contain the hydroxylation of proline and lysine, the phosphorylation
of the hydroxyl groups of seryl and threonyl radicals, the methylation of the alpha-amino

group of lysine, argenine and histidine side chains, as well as the acetylation of the N-

terminal amino group and the amidation of the C-terminal carboxyl groups.
Such derivatizations can be used to improve the solubility, absorption, the biological half-
life and the like. Alternatively, the derivatizations can also be used to minimize some

undesirable side effects of the proteins.

Determination of Biclogical Activity:

Since the targets of the therapy with the peptides presented according to the invention are
various neurodegenerative diseases, different model systems for detecting the biological activity
of the peptides according to the invention in the case of neurodegenecrative diseases were used.

Later, the individually used model systems and the results thus achieved are described.



vari ous neurodegenerative diseases, different nodel systens for detecting
the biological activity of the peptides according to the invention in the
case of neurodegenerative diseases were used. Later, the individually
used nodel systens and the results thus achieved are described. 9 It is
common to these biological test systens that cortical neurons that are
obtained from chicken enbryos are cultivated in culture plates for eight
days and then are exposed to a specific noxa (Pettnmann et al., Nature 281
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was rreasured As a whole, in this test, 31 of 45 tested peptide fragnents
had netuponioaiof tHeisul liviigtneurons is determined with a metabolic colorimetric assay (the

reaction of the yellow chromophore MTT to a biue formazan product is carried out only by living

cells).

See Table 1 in connection with the amino acid sequences of the cited peptides.

Example 1: Serum-Withdrawal Assay

By the withdrawal of growth factors (reduction of the admixing of fetal calf serum to 2%
v/v), a slow and progressive cell death by apoptosis and neurodegeneration is created. This
simulates the disruptions in the stimulation of neurons with nerve growth factors that are
assumed to be one of the possible causes of neurodegenerative diseases. The effectiveness of the
new peptides in preventing cell death was measured.

As a whole, in this test, 31 of 45 tested peptide fragments had neuroprotective, anti-
apoptotic potential. In this case, substances BH#16 and BH#37, whose effects were 150% over
the effects of the control (=100%), were especially efficient. In the case of octapeptide BH#7
(LSMAKEGYV sequence), the effects were approximately 450%.



apoptotic potential. In this case, substances BH#16 and BH#37, whose
effects were 150% over the effects of the control (=100%, were
especially efficient. In the case of octapeptide BH#7 (LSMAKEGY
sequence), the effects were approxing%ely 450% 10 Exanple 2: Chronic

Di sruption of the Cal ci um Metabolisniby |ononycin It is expected that in
the case of various neurodegenerative di seases, chronic cal cium

overl oadi ng occurs because of netabolic mal functions, which ultimately
produces cell death via the activation of various enzyne systenms. In this
nodel , this damage is induced over 24 hours by an addition of iononycin
in metfhapgld £ @mbfﬁ&mgiu,é}fdnnﬁkhc@ﬂaﬁﬁtm%?dgﬁ{nh&y%ﬂam%&#t hanol, diluted in

a medium Is used as a vehicle control. I's 1 schem ¢ danage nodel, 6

subst ances |48 egpedRY HRPINOthE 64sk YEVHioRS hétbdegbhdr e idistasds, RiARI ANGRE are
advant ageous: BH#8, BH#13 and BH#34 resulted in an increase in cel

vi t al iovgridadingalaits bdda9bof mretdbplie malfukdtions) Wwhich viimasEy fhyducedeelldeklvide
Long-lasting treatnent with iron chloride represents a chronic oxidative
st r es she &tivatoaud esriousenzyencobiems. buthisahsdel,ahik damage! ik induted dvecDhBounecr ot i C.
Since disruptions in the iron balance are described both for Al zheinmer's
di seady anpddition ofignemyminin metbinobia selptioniffinabgpacéndriatign: | 10 e Methenddf

Reckl i nghausen- Appel baum di seases, such as the Hall ervorden- Spatz di sease,
this GHded in 3 pedisge isusedias ayediclgfonrakt system On the 8 h cul ture day,

nerve cel l te damaged by addi 10 VIIl1 of Fed 2 solution_(final
concent r at {b¥S ! q’ﬁwmg‘%masémgg’gg“%msesfwe EW‘%B‘F%‘.‘VC%@OPH‘F-SP gy 3 23
peptid ragment s _exhi bit NIt eur otective action, .and an
Prer eSS pRAFEAGafeoply BhE AR RBASHOBEY B ihorte WetPpBRar o
t he sgpﬂtqmg. More substances than in any other danage assay resulted
in a ce vitality increase of over 200% (BH#8, BH#10, BH#11l, BH#13) or
250% ( BH#15, BH#6, BH#27, BH#28). Exanple 4: Oxidative Stress By Hydrogen
Super oxi de By the addition of hydrogen superoxide to the culture nmedium
free Exeinpli3s Giidative Sttezad IrdnlGHloddel Ng about nassive cell death in nerve

cell cultures. Since this represents a ubiquitous
Long-lasting treatment with iron chloride represents a chronic oxidative stress that causes

nerve cells, but also other cells, to become necrotic. Since disruptions in the iron balance are
described both for Alzheimer’s disease and for Parkinson’s disease, but especially in the case of
Recklinghausen-Appelbaum diseases, such as the Hallervorden-Spatz disease, this model
represents a relevant test system. On the 8" culture day, nerve cells are damaged by adding 10 ul
of FeCl2 soiution (final concentration: 1 mmol). Damage is done for 24 hours.

In this assay, 23 peptide fragments exhibited a definitive neuroprotective action, and an
increase in the vitality to over 150% was present in more than one-half of the substances. More
substances than in any other damage assay resulted in a cell vitality increase of over 200%

(BH#8, BH#10, BH#11, BH#13) or 250% (BH#15, BH#6, BH#27, BH#28).

Example 4: Oxidative Stress By Hydrogen Superoxide
By the addition of hydrogen superoxide to the culture medium, free radicals are produced
that bring about massive cell death in nerve cell cultures. Since this represents a ubiquitous

mechanism of cell damage, this model has relevance both for acute and for chronic nerve



mechani sm of cell danmage, this nodel has rel evance both for acute and for
chronic nerve 11 degeneration. On the 8 culture day, HZO Z is added to

the nerve cell cultures to a final concentration of 100 rim A total of
30 peptides showed neuroprotective pﬂenti al here. Wth effects of over

200% conpared to the damaged control “(=100%, the substances BH#5, BH#8,
BH#9 and BH#29 were especially significant. The peptides BH#13, BH#29 ,
BH#37, BH#38 and BH#46 al so showed a neuronal vitality increase to 145%
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represe I'n aggreg ate neuro oxin tion to the

nerve cﬁﬁéehtr&tiﬂntdfrlﬁééghf?su' ts in a quick and progressive cell death. Since
bet a-anyloird peptides constitute an essential role in the pathogenesis of
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of nemeerona vitaléty linanease to ket Sfhand mesasur enent paraneter. Six of the tested 45

pepti de fragnments could partially conpensate for the neurotoxic action of
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(B-A 25_35)), consisting of am no acids 25 to 35, Is dissolved in

phos p badstiehidl cspacely gelevann sal t ( 1 mol ) and stor ed for at

This biological test is a process for testing anti-aggregatory substance potential that is
specially developed for this project. The newly synthesized peptides are added directly to a fresh
solution of amyloid-beta peptides to prevent the formation of neurotoxic aggregates. The effect
that aggregates that still develop have on growth and survival of nerve cell cultures is the
measurement parameter.

Six of the tested 45 peptide fragments could partially compensate for the neurotoxic
action of B-amyloid 25-35. The peptides BH#24 and BH#26, which result in an increase of
neuronal vitality by 44 or 74%, are significant. However, it was possible to test other peptides,
whose synthesis was difficult or since only a little material was available, only once. It therefore

cannot be ruled out that one or the other peptide also could be effective.

Example 6: Cytotoxic Action of Pre-Aggregated Beta-Amyloid Peptide
In contrast to the above-described test, the latter operates with pre-formed neurotoxic
amyloid aggregates. To produce the latter, a beta-amyloid peptide (B-A,,; ;5), consisting of the

amino acids 25 to 35, is dissolved in phosphate-buffered common salt (1 mmol) and stored for at



12 least 72 hours for conplexing at roomtenperature. On the 8 h culture
day, this solutionis pipetted into the culture in a final concentration
of 20 um and as usual the proportion of living cells is determ ned after
24 hours of exposure. 21 of the 45 pﬁgtides exam ned showed

neur oprotective potential. The effectS were between 120 and 150% conpar ed
to the undanaged vehicle control, whereby partial effects can already be
detected in very | ow dosages. Except for the aggregati on assay (Exanple
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i npl e tion of the tests was carried out on

di ffer&ng,sg%},mﬂé@mr@mhgﬁ;gopg,q,og),yredl fferent individuals. For sorre
peptides, two nunbers were issued (#1=#23 or #6=#35 or #7=#43), but the

resul ts wi 2hof thesis peptides 8eanined shotl Yesbprofctvtgdtentihl. e effelts efesSi bl e to
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sone detveen $2bsdl SO conpaerdao termdpnagedeebiclercontrdl pwherosiugdriif Bffe@ncant hus
only smal|l anmounts were available, and it was not possible to test the
subst altrcasly berdetekted itheernbyagasages12, 14, 17, 35 and #48). In general, only a

few peptides were not effective in any assay (, 18,, 32,, 41, ). The
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the results with these peptides were only shown once. It was not possible to test a peptide, since

it could not be brought into solution (#49). With some other substances, there were problems in
the production, and thus only small amounts were available, and it was not possible to test the
substances in all the assays (#12, 14, 17, 35 and #48). In general, only a few peptides were not
effective in any assay (, 18, , 32, , 41, ). The peptides with numbers #12, 20, 30, 33, 39 and 45
were effective in only one screening assay. As could be seen from the figures, the standard
deviations, i.c., the fluctuations between the independent experiments, are to some extent quite

large. These flucteations can be attributed to stability problems.



NO vs C) BH#1 DVFMKGLSMAKEGV 1413228, 6126: 51, 323% 8H#2

VFMKGA.SMAKEGV13t 33: 6, 2184* 119, 5140* 33, 2 BH#3 FMKGA.SMAKEGV

12146159. 2144: 77, 7 BH#¥4 MKG.SMAKEGV 11155316, 2148: 31. 315131, 1 BH#5
KGLSVAKEGV1014332, 4137119, 414570, 0 Bg§f6 GLSMAKEGV 9163211, 5130330. 012011, 2
BH#7 LSMAKEGV8183: 113.712222,912411273 BF8 SMAKEGV7139129, 8156119, 423%
BFf #9 MAKEGV613351, 0 BH#10 AKEGV5139*3+. 8 BH#11 KEGV413250, 1131: 11, 4
BFWL2 MDVFMKGLSMAKEGL41' 36182. 9X BH#13

I\/DVFM%@ AKE1316811, 1151154, 212914, 0 BH#14 MDVFMKGLSMAK12122125, 9XXXX

SH* 15 VKGLSVA11149491126228, 0 BH#16 MDVFMKGLSML014420, 413241, 6 BH#17

MDVEM&ah 8 Wertil Sedmdrc2d of thd #l&o@ﬁ&%ﬁé%%ég@ §'§tl}@§wﬁlt§ﬁe}g@fl}@¥% MKGr131

33, 5127232, 113214, 920% BH#20 NDVF

M YVFMhdioditfSreSiliktehid o B34 Bids ¢ 1P6#F22 MDVF41691103, 1140136, 0120310. 8
BH#24 QS 519 DALty bR ecNT M5B, MRIJFASH-8943, 814921, 0
(% n{% viability) (% {% reag
viability) viability) viability) viability) 9.
{ctiff
vs
C)
BH#1 DVFMKGLSMAKEGY 14 132:288 125:51.3 3%
BH#2 VFMKGLSMAKEGY 13 13346,2 18441195 1402332
BH#E3 FMKGLEMAKEGY 12 1461592 1442777
BH#4 MKGLSMAKEGY 11 152162 148231.2 1514311
BHAS KGLSMAKEGY 10 143524 1378184 1452700
BH#6 GLSMAKEGY & 1534715 1302300 1202112
BH#7 LSMAKEGY 8 18351137 1224225 1242123
BHa#8 SMAKEGY 7 1351298 1562154 23%
BH#9 MAKEGY 6 1234810
BH#10 AKEGY 5 131ue
BH#11 KEGY 4 1324500 1312114
BH#12Z MOVFMKGLSMAKEG 14 1562829 x
BH#13 MDVFMKGLSMAKE 13 18611 151254.2 1242140
BH#14 NMDVFMKGLSMAK 12 269 X X X X
BHE#15 MOVFMKGLSMA 11 1452498 1264280
BHR®16 MDVFMKGLSM 0 1442204 1321446
BH#17 MDVFMKGLS 9 18821031 124373 150£1188 X 1442267
BH#18 MODVFMKGL 8
BH#19 MDVFMKG 7 1316336 1272321 1322145 20%
BHE20 NDVFMK 6 1324387
BHEZ21T MDVFM 5 1511888 1264103 1372330
BH#22 MOVF 4 188£103 1404360 120£10.8
BHEZ24 DVFMKGLSMAKEG 13 1252180 122230
BHEZES DVFMKGLSMAKE 12 16944338 149221.0
BHE26 DVFMKGLSMAK 11
BH#27 DVFMKGLSMA 10 147£78 1208148
BH#28 DVFMKGLSM 9 130577.) 144336
BM#29 DVFMKGLS 8 1571221 1543427
BH¥30 DVFMKGL 7 126£32,0
BHMIt DVFMKG B TIBATS 124437 6 1451559
BH¥IZ DVFMK 5
8H#33 DVEM 4 1452209
BH#34 DVF 3 1382134 19%
BH#IE GLSMAKEG A 183148 125288 1343239
BHMIT GLSMAKE 7 1442325
BH#3Z GLSMAK § 1Tavaa 1524728 1472143
BH#IS GLSMA 5
BHESC GLSM 4 642728 1441304
BH#41 GLS 3
BH#42 GL 2 120,018 4 128184
BH#44 | SMAKEG 7 1832971 12102280
BH#45 LSMAKE B em534
BH4E LSMAK 5 1474220
BH#47 LSEMA 4 1385275
BH#48 LSM k) 1202154 120426.5



BH126 DVFMKGLSMAK11l BH#27 DVFMKG.SMA1014717,9128314, 6 BF#628
DVFMKGLSMB130*77. 314420, 6 BH#29 DVFMKGA.Sal57322,1154142. 7 BH+* 30
DVFMKGA.712632, 0 BH#31 DVFMKG6138347, 5124137614355, 9 9H#32 DVFMKS SH#33
DVFMA14520, 8 SH#34 DVF3136x13. 419% B@BG GLSMAKE&318314, 5125326, 6134123, 9
8HO37 GLSMAKE714432,5 BH138 GLSMA#(6172: 741152#72, 8147: 14, 3 BH#39 GLSMAS
BH#40O GLSWMA154172,514430.4 BH#41 GE . S3 BH#42 (G.2120, 0118, 4128118. 4 BH#44
LSMAKEG716397, 1121, 0128, 0 BH#45 LSMAKEB148153, 4 BH#46 LSMAK5147122, 0 BH#47
LSMA413517: “Lﬁl}ﬂ%}&% : = re .1 he
characteri gt§l|) IE?% gﬁ) t he mstéﬁhﬁggﬁﬁ%sag%%s}ggﬁggs}% ?ﬁéﬁ?%q%sq%ﬁoé@%éng.
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Bet a- Synucl ein Peptides with Respect to Their Neuroprotective Action

Table 2:
Summarized Presentation of the Most Significant Beta-Synuclein Peptides with Respect to Their

Neuroprotective Action

Code AA Sequence: AA | Active in: Comments

BH#8 SMAKEGVY 7 | 50f 7assays | Small peptide, extremely
high effects, active in a great
number of assays,
therapeutically advantageous

BH#13 MDVFMKGLSMAKE | 13 |5 of 7 assays | Active in a great number of
assays

BH#16 MDVFMKGLSM 10 | 4 of 7 assays | Active in a great number of
assays

BH##2 DVFMKGLSMAK 11 | 2of 7 assays | Especially advantageous as a

6 group, since very similar,

BH#2 DVFMKGLSMA 10 | 4 of 7 assays | very high effects from the

7 amino acid sequence

BH#2 DVFMKGLSM 9 | 4 of 7 assays

8

BH#4 LSMAK 5 | 2of7assays | High effects, smallest

6 peptide, therapeutically
advantageous




CodeAA Sequence: AAActive in: Comrents BH#8SMAKEGV75 of 7 assaysSnal
peptide, extrenely high effects, active in a great nunber of assays,
t herapeutical |l y advant ageous BH#13MDVFMKGLSMAKE 135 of 7 assaysActive in a
great nunber of assays BH#16NMDVFVKGL 04 of 7 assaysActive in a great
nunber of assays BH{2DVFMKGLSMAK112 7 assaysEspeci al |l y advant ageous as
a 6group, since very simlar, BH#2DVFMKG.SMA104 of 7 assaysvery high
effects fromthe 7am no acid sequence BH#2DVFMKG.SMB4 of 7 assays 8
BH#4L SMAKS L g ef f I 6pepti de, therapeutically
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advant ageous scription, and in Tables 1 and 2: A
stands for D or L-alanine, D stands for D or L-asparaginic acid, E
stands for D- or L-glutamnic acid, F stands for D or L-phenylal anine,
G stands far D si@hidslfodDy6d Nelanite st ands for D- or L-lysine, L stands for
D- or L-Ieucine,

D stands for D- or L-asparaginic acid,

stands for D- or L-glutaminic acid,
stands for D- or L-phenylalanine,
stands for D- or L-glycine,

stands for D- or L-lysine,

stands for D- or L-leucine,

stands for D- or L-methonine,

stands for D- or L-serine, and

< v 2z - R o m

stands for D- or L-valine.

Dosages and forms of administration:

In general, the compounds according to the invention are administered in therapeutically
effective amounts in pharmaceutically acceptable vehicles or solvents. Such vehicles include
(but are not limited to) physiological common salt solution, buffered common salt solution,
dextrose, water, glycerol, ethanol and combinations made therefrom. The respective formulation
is to be matched to the type of administration.

If necessary, the composition can also contain different amounts of moisture donors or
emaulsifiers or pH-buffered substances. The pharmaceutical composition can be a liquid solution,
a suspension, an emulsion, a tablet, a pill, a capsule, a timed-release formulation or a powder.
The preparation can also be produced as a suppository with traditional binding agents and
vehicles such as triglycerides. Oral formulations can contain standard vehicles such as mannitol,
lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, etc., in
a pharmaceutical degree of purity. Various administration systems are known and can be used to

ensure the therapeutic use of the substances according to the invention, such as, e.g.,



M stands for D- or L-nethonine, S stands for D- or L-serine, and V
stands for D or L-valine. Dosages and fornms of adm nistration: In
general, the conpounds according to the invention are admnistered in
therapeutically effective anounts in_pharmaceutically acceptable vehicles
or solvents. Such vehicles include ? ut are not limted to) physiol ogical
common salt solution, buffered coomon salt solution, dextrose, water,

gl ycerol, ethanol and conbi nati ons made therefrom The respective
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vehi cl es such as mannitol, |actose, starch, magnesium stearate, sodium
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degree of purity. Various adm nistration systems are known and can be used
to ersglubrélzcrhemi/ losallyastive enesideticsfio aliryiateiths painaethe anjediogisite t o t he

i nvention, such as, e.g., 16 encapsulation in |iposomes, microparticles,

m cr ocaps ufk&eneral,dhe componenss afe slads availablecither separately oy apxeddn aidasage Bitdance
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preparagian can al so contain solubilizers and locally active anesthetics
to alleviate the pain at the injection site. In general, the conponents

are made avwaichdR dsRindihe formaR Pl dvnifisterfd48 8n infustort R0 Be BRédIved ih O
exanple as a dry freeze-dried powder or anhydrous concentrate in a

her nefiifasidn flaskahdt @dntaig® stefile Waiter o8 bl sohRioalin A pR@tlaceutiodl débrie€ bf puriey.alyount  of
the active pharmaceutical agent is

the preparation is always administered by injection, an ampoule with sterile water for injection

purposes or common salt solution can be made available, such that the individual components

can be mixed according to directions before administration.

The therapeutic substances, which are described in the invention, can be formulated both
as a neutral form and as a salt. Pharmaceutically acceptable salts include those that were formed
with the free amino groups, e.g., those that originate from the hydrochloric acid or the oxalic acid
and those that are formed with free carboxyl groups, such as those derived from sodium,
potassium, ammonium, calcium, iron oxides, isopropylamine, triethylamine, 2-
(ethylaminc)ethanol, histidine, procaiane, etc.

The amount of the therapentic agent, which is described in the invention, must be
effective for the treatment of the special disease or the condition, is dependent on the nature of
the disease or the condition, and is determined by standardized clinical processes. The exact
dose, which must be used in the invention, also depends on the type of administration and the

degree of severity of the disease or the disorder, and this amount should be adapted with

allowance for the specific circumstances of the patient, based on the attending physician’s



i ndi cated. Wen the dispensing formhas to be adm nistered as an i nfusion,
it can be dissolved in an infusion flask that contains sterile water or
salt solution in a pharnaceutical degree of purity. If the preparation is
al ways adm ni stered by injection, anlﬁnpoule with sterile water for
injection purposes or comnmon salt solution can be nade avail abl e, such
that the individual conmponents can be m xed according to directions
before adm nistration. The therapeutic substances, which are described in
the i 100, QG I g : I salt.
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oxi des, isopropylam ne, triethylamne, 2- (etbylam no)ethanol, "histidine,
pr ocaibody weight. Bifeetieendosages @6r drileapphicatiafeatt irctha gmge of Whigab 1j080 dpgRr ked i n
the invention, nust be effective for the treatnment of the special disease
or t hef bedyowtightrand iper digp dhel efficctive dodagesvat extmpolhated tftven diiss-eespanse cutvhg
condition, and is determ ned by standardized clinical processes. The exact
dose, Whishre dersved from jgeiirg moddivor appmsltmasis] tegtisygemidpends on the type of

adm nistration and the degree of severity of the disease or the disorder,
and this amount shoul d be adapted with all owance for the specific
circunstances of the patient, based on the attendi ng physician's 17
assessnent. Suitable dosage ranges for intravenous admnistration in
general are between 20- 4,000 My of the active conponent per kg. of body
wei ght. Suitabl e dosages for intranasal applications are in the range of
between 0.01 ng per kg of body weight up to 1 ng per kg of body weight.

Ef fective dosages for oral applications are in the range of 1 ng to 1,000
ng per kg of body weight and per day. The effective dosages are

extrapol ated from dose-response curves, which are derived fromin Wro
nodel s or animal nodel test systens. 18 Cd ai ns:



1. New peptide, selected fromthe group that consists of DVFMKGLSMAKEGY
VFMKGLSVAKEGY FMKGLSMAKEGY MKGLSMAKEGY KGLSMAKEGY GLSMAKEGY LSMAKEGVY
SMAKEGVY MAKEGY AKEGY KEGV MDVFMKGLSMAKEG MDVFMKGLSMAKE — NMDVFMKGLSMVAK
MDVFMKGLSVA  MDVFMKGLSM  MDVFMKGLS VFMKGL MDVFMKG MDVFMK MDVFM  MDVF
DVFMKGLSMAKEG DVFMKGLSMAKE 19 DVFMKGLSMAK

Claims:

1. New peptide, selected from the group that consists of

DVFMKGLSMAKEGYV
VFMKGLSMAKEGYV
FMKGLSMAKEGV
MKGLSMAKEGYV
KGLSMAKEGV
GLSMAKEGV
LSMAKEGV
SMAKEGYV
MAKEGV
AKEGV
KEGV
MDVFMKGLSMAKEG
MDVFMKGLSMAKE
MDVFMKGLSMAK
MDVFMKGLSMA
MDVFMKGLSM
MDVFMKGLS
MDVFMKGL
MDVFMKG
MDVFMK
MDVFM
MDVF
DVFMKGLSMAKEG

DVFMKGLSMAKE



DVFMKGLSMA DVFMKGE.SM DVFMKAS DVFMKG. DVFMKG DVFMK DVFM  DVF
GLSMAKEG GLSMAKE  GLSMAK GLSMA GLSM G.S G LSMAKEG LSMAKE
LSMAK LSMA LSM LS. 2. Peptides according to claim1, whereby the

i ndi vi dual conmponents are L-amino acigds. 3. Peptides according to claim
1, whereby the individual amno acids"are D-am no acids. 4. Peptides
according to claiml1l or 2, in which the amno acid proline is substituted
in the N-termnal position. 20 5. Peptides according to claim1 or 2, in

which the am no acid prolhyppMEcEealiki tuted in
DVFMKGLSMA
DVFMKGLSM
DVFMKGLS
DVFMKGL
DVFMKG
DVFMK
DVFM
DVF
GLSMAKEG
GLSMAKE
GLSMAK
GLSMA
GLSM
GLS
GL
LSMAKEG
LSMAKE
LSMAK
LSMA
LSM

2. Peptides according to claim 1, whereby the individual components are L-amino acids.
3. Peptides according to claim 1, whereby the individual amino acids are D-amino acids.
4. Peptides according to claim 1 or 2, in which the amino acid proline is substituted in

the N-terminal position.



the C-termnal position. 6. Peptides according to claiml1l or 2, in which
the amno acid proline is substituted in the N-termnal position and in
the C-termnal position. 7. Peptides according to one of clains 1 to 6,

whi ch are acetylated in the NNtermn b position. 8. Peptides according to
one of clains 1 to 7, which are amdated in the Ctermnal position. 9.
Peptides according to claim7 or 8, which are acetylated in the N-term nal
position and amdated in the Ctermnal position. 10. Peptides according

to one of g g‘g@tﬁgat@erﬁ E)'l?ddﬁcltcﬁri mih,% hteQ%&nt}%E 1Hé31s§ﬁl5sﬂfu‘{@d jnne

is replaced e anln aci prolfn e ceutlca agent for
use i Mhd OferiiiR po8NtidY. di seases in which the i ncreased occurrence of free
radi cal s plays a pat hophysiol ogical role, characterized by at |east one

peptide aecPegtidegadcordditto@iaim120r1P5 inlwhith e amlb acRhPORCR Whbstifthedg@ent for
use in the therapy of diseases with acute hypoxia or 1ischema in an

or gan tiseyN4erminal pddisorbadyin therC-paninaCpdsitioni N t he central nervous system
characterized by at | east one peptide according to one of clains 1 to 10.
13. Phar ma@eUltpinias acrguimg tbome obedaims It theé, whizh apyacetylated in the N-terminal

Reckl i nghausen- Appel baum di seases, such as the Hal |l ervorden- Spat z

di seapesitigfhar acteri zed by at |east one peptide according to one of clains
1to 10. 1 &ém&tceutlcal Fr]t for use in the therap é?

neur odegen8r RERUASS agcerding e ong pf claimst; to fj whichpreamidated i the Cdermuinalt he Lewy
Body var{ant of Al zheinmer's disease, Parkinson's disease, the nultisystem
atroplwS The Lewy Body denentia or Huntington's chorea, and all stat es

s i ar -t oot BesRNRULARRABIREAY OFS, Wi REARSRe IR HSE ARt odllog S One
PR RUARAGIRE ol 8, M REIRTEeu bpection s

pepti de accor an active

Phar ngﬁl%tédqﬁtthqu%uﬁpﬁ&mnng to one of clains 11 to 14, V\:hl chis
prepared for oral

10. Peptldes accordmg to one of claims 1 to 9, characterized in that the amino acid valine
(V) is replaced by the amino acid proline (P).

11. Pharmaceutical agent for use in the therapy of diseases in which the increased
occurrence of free radicals plays a pathophysiological role, characterized by at least one peptide
according to one of claims 1 to 10.

12. Pharmaceutical agent for use in the therapy of diseases with acute hypoxia or
ischemia in an organ system of the body, irn particular in the central nervous system,
characterized by at least one peptide according to one of claims 1 to 10.

13. Pharmaceutical agent for use in the therapy of Recklinghausen-Appelbaum diseases,
such as the Hallervorden-Spatz disease, characterized by at least one peptide according to one of
claims 1 to 10.

14. Pharmaceutical agent for use in the therapy of neurodegenerative diseases, in
particular Alzheimer’s disease, the Lewy Body variant of Alzheimer’s disease, Parkinson’s
disease, the multisystem atrophy, the Lewy Body dementia or Huntington’s chorea, and all states
similar to these neurodegenerative diseases, characterized by at least one peptide according to
one of claims 1 to 10 as an active ingredient.

15. Pharmaceutical agent according to one of claims 11 to 14, which is prepared for oral



adm ni stration. 16. Pharnmaceutical agent according to one of clains 11 to
14, which is prepared for rectal admnistration. 17. Pharmaceutical agent
according to one of clainms 11 to 14, which is prepared for admnistration
by inhal ation. 18. Pharnmaceuti cal aggpt according to one of clainms 11 to
14, which is prepared for transdernal adm nistration. 19. Pharnmaceuti cal
agent according to one of clains 11 to 14, which is prepared for
transmucosal adm ni stration. 20. Pharnaceutical agent according to one of
claingmﬁkﬁﬁgﬁaﬂ, which is prepared for admnistration via active

i ngredient-containing inplants. 21. Pharmaceutical agent according to one

of clains 3§ P&rﬁﬂwu%ﬂ%ﬁeﬂt%c&"nﬁﬂ?fcﬁﬂlefo@Elairﬁsﬂflr@QQ[ﬁﬂfcRYﬁﬁ}Eéﬂr%ﬁr

adm ni stration. 22. Pharrmaceutical agent according to one of clains 11 to
14, whéddl admindiepani.ed for adm nistration by injection. 23. Pharnaceutica
agent according to one of clains 11 to 14, which is prepared for
t ransnasal 1adRhhamateutital @gent adcordihgtonome of tlaitad 11a19dd; which ¢s epuged for one of
claims 11 to 14, which is prepared for adm nistration by infusion. 25.
Use ofadminigtzation by inhalatipn.i de according to clains 1 to 9 for the production
of a pharnmaceutical agent according to one of clains 11 to 14. 26. Use
accor di ng 48 Rhamacentcyl ggent pecoptingtpcane of cloimsal IghdAnvwkich is preparesfont
according to SIaLnB,ll to 24.
transdermal administration.
19. Pharmaceutical agent according to one of claims 11 to 14, which is prepared for
transmucosal administration.
20. Pharmaceutical agent according to one of claims 11 to 14, which is prepared for
administration via active ingredient-containing implants.
21. Pharmaceutical agent according to one of claims 11 to 14, which is prepared for
intracerebroventricular administration.
22. Pharmaceutical agent according to one of claims 11 to 14, which is prepared for
administration by injection.
23. Pharmaceutical agent according to one of claims 11 to 14, which is prepared for
transnasal administration.
24. Pharmaceutical agent according to one of claims 11 to 14, which is prepared for
administration by infusion.
25. Use of at least one peptide according to claims 1 to 9 for the production of a
pharmaceutical agent according to one of claims 11 to 14.

26. Use according to claim 25 for the production of a pharmaceutical agent according to

claims 11 to 24.



