; e3ed. *64TY xWD 03/ 082906 PCT/ ATO3/ 00065 Neur ot rophi ¢ and Neuroprotective

Peptid ical Field This invention relates to peptj 4 to
14 aniﬁ@“&ggﬁgﬁﬂkflength. The peptides according to the i%@iﬁ?ﬁ@ﬁB@@ﬁFbe
used as active ingredients in pharmaceutical agents for treating
degenerative di seases of the central nervous system such as Al zheiner's

di seasene kMR INd NeiBpiditivEBEMideson' s di sease, Huntington's di sease
(chorea), murtisystem atrophy and ot her simlar di seases. i

neur odegener ati ve di seases, aggregates of proteins int hejﬁyﬂ‘mwl“@&mmml |y
occur as a conmon feature. In the case of Al zheiner's dis , e

so- cal | BsthaRai Fieldo! aques are extracel lul ar al bunin deposits tH&E"*first and
forenost consi st of anyl oi d-beta peptides and the socalled neurofibrillary
t angl es, i ntTiis@&ventian repates o ipepidesnieat atd 4 for Binanhinp acidh aslehgthy Tht @dptides
protein. Wth Parkinson's disease, intracellular inclusion bodies,

consi stacagrdifg taghe myenteuh ahbhassdasccty aingeadeentoinpdiarnteseatichl agentsofot treatingst
recent scientific findings, it was possible to detect such inclusion

bodi es, dagaperpijve dsgpsaaditiescenirgl nasyaisshigiemyawh 88 Adzheiraer! ssdisesse, deMyPddyom
fam |ial and sporadi ¢ A zheiner's disease;, they are . also found i atients
who. suf eERCNiAJPATEIRN S disgasar lAmingioygt @a%aﬁfe @%#%mﬁ%gﬂm@mhm apd ogwer a
cells oceur i.n the multisystem atrophy. Anal ogously to this, aggregates of
prion pPOH& HSESE f ound in Creut zf el dt - Jakob di sease and rel ated di seases,
and ultimately Huntington deposits in Huntington's chorea. In many of the
patients, nutated proteins are present that have an especially pronounced

aggregag . on behavior. In the mgjority of patients, however, the aggregates
consis?égﬁzﬁgrnal wi | d-type proteins. Various factors that suddenly change

the sol ubi | i oy RRRRYIRFaRE dﬁs@@se@,rdggﬁigﬁ‘t%s 8f SrofthRun®Eb br%ﬁ%egg}ﬁlly beduraxanpl e,

i ncreased oxidative stress during € agi ng process sho play an

essent i @mmheh Gatfey.eTh 6B ageT Alshdiher Capast ithe &f-calRt isenik i fe- deconposi ng
enzynes are al so suitable as factors, since albumns that are inproperly
nmodi f i egktlayeltlilgaiislaia deposits elsatlfirst and fatembstcbnsgistefahgividdepagicprdesand tioesso- no

| onger be further processed by various disposal enzynes. Another triggering
pat hophgatlied hepotibtillarg tdvgldssimtracailsiag psotéin ghoraérsli dyoneklypemhiospherylated hat ween
aggregatory and antL-aggngatony proteins. The discovery that the synaptic
pr ot ei npratephaWéihrRackiasan’s disease.dniracetipler inglusionbegishconsigiing ofcrggeegatsf jalbat ewy
Bodi es and that nutations in this protein |ead. t (ﬁhe fam |ial, Parkinson's
di seaseSEUEmAEdOYM: SAGRORLIAG 1P R Eosbieasnt ﬁ@PWfﬁfoﬁn B8eHiYasipossIg & ARRCt | n

addition o al pha-synucl ei.n amre- synucl ei n bet g- synugl ei n.as Ll -as
The r ecuishry ARt paiFe BBy o TPt o Sl ShaRieRs s Hedhg SPm ARy
this protein fam ( Sur gur.cho t ; i ~. 95-103
[1999])¢15W°Fﬁgn%§§855 S%%?%%hﬁw éﬁﬁg%%%gﬁ%Ph@?%e“&?§§§§§§?°%ﬁ§§ﬁ%ération
of the -\ [ - i, ndjjvi - el s to the
ot ent. DA e D e e P P G O ORI T s
possi bl gn419 &ﬁlyet%,tthi's,rh%‘gkég'éfés bhﬁﬁo brlofei® ¥rUSHRI iR Créuty Rldt-JakSS@iséagl atd ve of
alpha-synuc%eln, is abl'e to inhibit the aggregation of al pha-synuclein in a
dose- depeinéidibeasay) Bed ulfiasdly Muhtngbn aépositdNaUM@ingfnlPohioredl 3- 23 [ 2001 ]).
Tests in cell cultures in which a disruption of the normal cel

proliferati ommagy ofithé pateents, atutadetl prainsrargpresad tHay haweemn-erepidbgpromowtced

al pha-synucl ein al so showed an advantageous action, in the therapeutic
sense, aggregation behmyidreilmthewndjetityfof patirnts, howeredri the dggragatesdioasisioef, nosmalj val
and growm h of neurites in these cultures. Mce, which are transgenic for

al pha- syHddyns nioteiiso asique fastest gt saddenly: change die solybilitybshawior oftbe PIosiRs or e
exhibit a disrupted ratjo in the anoupts between al pha- and beta-synycl ei n.
Over t h¥casmsss i er&él"rf@r, EXARWe, ARFFFASPh O MBS SHRSS ‘ﬁﬁrﬂ%&aﬂﬂ%‘%‘ﬁg B‘i?&?ség{?‘ﬂét are
simlar to Le Badies_and al so .show progressi.ve notor .di sruption i.ch
re conlal AbFECREAINE: BVEt cEOHT AR SRAGH O T Bt g e e R e

t hese api . i = ' : i e L j ' S,

uni on Shsneuol] SRR RL R o ek BRaREHy MK BRSBTS s

| evel in the overall expression of the synucleins can restore a
honoeostasis. As a result, the nunber of inclusion bodies is highly
significantly reduced, and the characteristic neuronal functj i
conpl etely prevented. Al pha-synuclein should also play an 3iMﬁN“ﬁmmﬂmmml
inportant role in the pathol ogy of Al zheiner's disease, ho :

also indicated by the fact that a portion of this protein, the *G00002*




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

menti oned above - about 70% of patients suffering fromAl zheinmer's di sease

X 1 bR S 0 Ao 38 PR, o By elgpt B o 1
rensgent ¢ MRSRer g indiShpamb Lt AErSR AR HU AL SR e

(21): 15240eofbot2@RH dnd Adbi-Aieédat R protéindVeBheXascovBlyahitahe inapeic protie! ei n,

as a synaptic protein, to play an inportant role in the initial synaptic
degener abhNEynadidin Rpfesdrts He Gty cémpenént of e bdcalbidIeugBsdics andithithwationse,

no causal ly ‘effective therapi es what soever of Al zheiner's disease, Lewy
Body deim®hisipgoteiidedd toshanfamitialFasdrsonty disdabehaveenadedbis attensn itheefodal peasef ar e
avai l able. A prevention of abnornmal protein aggregation by an endogenic
fact or tchmsific oesearche pr adkition @ alphasyynsdeleip, gammarsgnugleirand bata-sgiugledn as well

al pha-synucl ein and beta-synuclein interact in addition wth varjous
endogenische regautly diseaysredsyieratin existagadditiopalenieseptabives of tRispatgindapyly
phosphol i pase D2 and vari ous transgrjiption f S, other positive

i nf | uencaEgurghavch abopl qqgv@(e‘é{"’%u]r%bﬁ cﬁsé@pi @géﬁgf ect, were conceivabl e

ith th d f ion. Th f - | ef. i | .
bept i des. der TG CHR AR SFHGR 1SHRBSHRBERTB A S Eh 0 pracy AL aAR TR
, f I .0Gt tid ' - 02/.04
2ddi 11 ofeivegepe SR ES BT B SR SR SR A R R o
descr i Dg it faRlasOE 324 BUGHAL B @feck i 1 Byt BeBCihelth, SRLD RS Keitve
i ncreas® ts expression in vivo tor teherapy of neur ol ogi cal di seases that

ar e assgelIat LAtk & deoSHRmBE e i 6F AIph£QHQdieininRatoké-aepente! SO
teachesgft:éhgkﬁ u%él of a pept iode W th tgééé?r;i no aI():i d@sequence MDVFMKGL SMAKEGYV,

whi ch CcRERRSRARGSMb® dthAe, Nedron BR B 28812302601 |)ISTdstd ia c&B cofurtehitn which a
bet a- synucl ein, for preventing the binding of al pha-synuclein and

bet a- amiisRiption WOHRkh8IEA4roliferseiur and didfesenniationywed liggergd by iosemegreskioarnf
actual protective action of this peptide on living, neuronal cells and does
not conalphmsynyleireiles smvesl anadvartiageons adtivs, pshe thempeutic senss o8 befasheucledinnge.
Shorter peptides were very advantageous for use as pharmaceutical agents,
howev er whishrfoghérmogmalized|thavidhesigacusdyal pgd ernyth of newrjtesigithese cpiurss. oMietrs  of
chem cal and biological stability as well as bjoayai] ability are %'rgeatly

r educ edwhishese Hensepwia feralphiesynie/eing show amelewissdpdustioppf this Albumin g i s t o
id t wbacks that K f i £ i

vent | Bl SFEpisA ARt Rapoay BSePLPhy T prfer B D O ia®

DVFMVKGLSMAKEGY VEMKGL SIVAKE SVAKE S - : KEGV

L SAKE G SRS TG AR P Do A T i

MOVENKGL SV WM Gy oM i d R EMS R s My N VK B MBYE MG a MRV Gt Wb inVDVFM

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. Asa 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



5 MDVF DVFMKGLSMAKEG DVFMKGLSMAKE DVF SMAK DVFMKGLSMA DVFMKGLSM DVFMKGLS
DVFMKG. DVFMKG DVFMK DVFM DVF GLSMAKEG GLSMAKE GLSMAK GLSMA GLSM GLS G
LSMAKEG LSMAKE LSMAK LSMA LSM LS These peptides according to the invention
are derived fromthe N-term nal sequence of t he beta-synuclein and

ant agony t i LG haia! doule Wd@&i exi st
in neu:}géggedr}gp a’?%’\%@?daﬁg%‘gé%@?p@?@ clldsﬂll%% dfhe%oug , n??att@ g?ﬁﬁ%}[ gﬁtth E Q%}sﬂecoul d

not havlﬁar%ég (Y S&finytht bl OPhRa@ ARl S b2, 91%@15 [299s) dnddivoLosIBUOPERAd BES,

whi ch co Ise only half or even only one-third of the sequence 'of 15 am no

aci ds thRltidnshé @€ iHabeds nnt¥red B8V 4 abdul 70RAT patigts ARk FWnt AllzHRIm&asses,
as they are present or expected in neurodegenerative di seases, exert

excel | editeagettibit LEwy BodRs Garidue afvapbiyhe pidinldn SHdiEhasndutlbm ipald dpapt | de
LSMAK. Not only peptides whose individual conponents are L-am no acids, but
al so pefitizcdesl.\Wesesdinkiy 280 al), £ 0A1H2000ht Inartenizeait moussanatk], betacamyloldd n t he
scope of the invention. Also within the scope of the invention, N or

C- t er i inetiehses ghet asceniulatipn pokkthe acurogaxiei tyc aditha-spnwdein AMaalinhay ebulroc. Natl.
enbodi ments of the peptides according to the invention are disc|losed in the
subcl aifead. b¢i R 6%4%%[%09\1/1%11{4 %ﬁ%lﬁ“&a #es nogsI iR dPralRRBnuele N gidt s t hat
contain the, peptides according to the. invention as pharnaceutical active

i ngr edi YRRRIC PFH@“bé‘bPli%HéE"BPO AL TG, et injfie) sypehsls @gmeFFg'?}P@B RSP SECHPEd i n
vari ous m%ys .The.chem cal synthesis of a peptide represents a conventi onal
pr ocess® SdOledR BRSNS By ed by, for exanple, the Merrifield Solid-Phase

cont ot al . SEH e bl et s SERbovER e AT G U LAIPE
et al. 113(';:&85&\{{1&@,%%% G6n PRbdss NG othel ABRrodbitbrative difkasBERt W@gIBKNtAesi s and

the Protecting oup Strategy, American Biotechnol ogy Laboratory, 5 ( 1 ):

40- 47 [préP&hfioh of BERERBE AL agdiehiea by BR BhdSheniRRdtbER IS cAlll® feprdvem avferst he
use of ‘automatic peptide synthesizers with use of commercially avail able

pr ot ect &¢b MthRAiREH6E , Siaccdlplssynicleineandrijetaesynielomdaatecdet {n\adélon wilt) Garaoud
9600), Applied Biosystens Inc. (Mdel 430); MIligen (Mdel 9050), etc. In
addi t i ogndogertibsigailaransdictipn oasesdssssuch he prwtgie pinaste€ oc phodpbolipase D2etdby nmeans
of reconbi nant technol ogy in the cells of bacteria, fungi or mammal s and
can be yariouf tragschiption factors fothos positivé mflabngss.oxkiels eeuld have a neuroprotective

effect, were conceivable 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-02/04482 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 MDVFMKGLSMAKEGV, 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



| ndependent |y of whether the synthesis of the peptides according to the
invention is perfornmed with chem cal nethods or by reconbi nant
technologies, it nmay be desirable to nodify the peptides in particular to
increase the stability after introduction into the organismto be treated.

To thi , - 4 pwt - : eous
Met hod:le?%g’ tP%ﬁ{ogﬁen i n"gle?#e‘l‘??‘%%h@’%ﬁ%@‘%ﬁa\gz‘ﬁgﬁ# %&?ﬁ?@%ﬁ%@ El| n whi ch
predet gkgilagd am no acid radicals of the peptide can react with organic
derivatization substances on sel ected side chains or term nal radicals. For
exanpl e, cysteinyl radicals react with al pha-hal oacetates and correspondi ng
am nes, such as chloroacetic acid or chloroacetamde, and in this case

pr oduc epresenbmdoy BEtHRhvéitiogar boxyam domet hyl derivatives. Cysteinyl radicals
can al so be derivatized by the reaction with bronotrifl uoroacetone,

al pha- br onp-Tiat @ébjédhof thigimxentionis apavaid theatawhackhthat rakedwh fphothp paibeart.

N- al kyl mal em des, 3-nitro2-pyridyldisulfide, nethyl-2pyridyldisulfide,

p- chl orAceerding tathb émeotivs, peptiddslaos poposed that are-selacted froom e gyoup

chl oro- 7ni t robenzo- 2- oxa- 1, 3-di azol e. The am no acid histidine can al so
easily be derivatPYEMBGLENAKEGYt i on with diethyl procarbonate at a pH of
5.5-7, since this_substance is relatively specific to the histidyl side
chai n. Par abronop“E%i‘SW%}é is also a possibility, whereby the
reaction is pref | ted in 0.1 nolar sodium cacodyl ate at pH
6.0. 2) Lysine a%ﬁ%ﬁﬁal radi cal s can al so be derivatized with
succi nate or othe i&y,aci d anhydrides. The reaction with these
agents has the ef&é@?ﬂo %’)rﬂeﬁ:/(g\r/si ng the charge of the lysinyl radical. O her
sui tabl e reagents ivatization of radicals that contain

al pha-am no i ncl uléfe}?{SMfg%lEgg ers, such as nethyl bicolinimdate,

pyri doxal phosphat g spyAkdgxal . chl oroborohydride, trinitrobenzenesulfonic
acid, Onethyl isourea, 2, 4 pentanedi one, and transam nase-catal yzed
reactions with gl yomaratey The arginyl radicals can be nodified by the
reaction with one or nore conventional reagents, such as phenyl gl yoxal,

2, 3 but anedi one, IMAKKGVohexanedi one and ni nhydrin. The derivatization

of the arginyl radicals requires that the reaction be perfornmed under

al kal i ne condi ti oMAKEBGYuUse of the high PK val ue of the guanidine group. In
addition, these reagents can also react with groups of lysine, as well as
with the argini neAK%ﬁVon am no group. 3) Tyrosyl radicals are known
targets for the introduction of spectral |abelings by the reaction with
aromati ¢ di azoni ukE&0bst ances or tetranitromethane. N-Acetylimidizole and

tetrani tronet hane are nost Wﬂﬂg&%&o produce O acetyltyrosyl and
3-nitro derivatives. 4) The oup (aspartyl or glutanyl) is
nodi fied sel ectively by reagjd i diimdes (R-NCNR) such as
1- cycl ohexyl - 3- (2- nor phol i n@]}w&%@ﬁ}??‘%r bodi i m de or

1- et hyl - 3- (4-azoni a- 4, 4- di ejfpVPeRiyl Imvagr bodi i mi de. Aspartyl and gl utanyl
radi cals are converted into asparaginyl and glutam nyl radicals by the
reaction with anmoni um i onsMEV&GIRNIAand aspar agi nyl radicals are
frequently deam dated to the correspondi ng glutanyl and aspartyl radicals.
5) Other nodifications cont MDVFWM&EGDHSNMoxyl ati on of proline and |ysine, the
phosphoryl ati on of the hydroxyl groups of seryl and threonyl radicals, the

met hyl ati on of the al pha- anMIVEMEKGLSf |ysi ne, argenine and histidine side
chains, as well as the acetK/}ation of the N

DVFMKGL
MDVFMKG
MDVFMK

MDVFM



term nal am no group and the am dation of the C-term nal carboxyl groups.
Such derivatizations can be used to inprove, the solubility, absorption, the
biological half life and the |like. Alternatively, the derivatizations can
al so be used to mnimze sone undesirable side effects of the proteins.

Det ermi nati on of Bi ol ogi cal pvity: Since the targets of the therapy with
the peptides presented according to the invention are various

neur odegener ati ve di seases, DUrMeGESMARGE! systens for detecting the

bi ol ogi cal activity of the peptides according to the invention in the case
of neurodegenerative di seasbVFMHKELSMAKELater, the individually used nodel
systens and the results thus achi eved are descri bed. 91t is conmmon to

t hese bi ol ogi cal test syst cDVFMIGGLSMIAK cal neurons that are obtained from
chi cken enbryos are cultivated in culture plates for eight days and then
are exposed to a specific ndXEMKEGLEMEnN et al., Nature 281 (5730): 378-80
[1979]). To this end, a one-day-old, fertilized hen's egg is incubated for
ei ght days at +12 +/ 0.1 C:BNEKQQGL$N1596atnospheric hum dity. On the
enbryonal day 0, the eggs are transferred into an incubator and incubated
up to the enbryonal day 8 W VERKGLSy 5C and 55 +/- 5% After the brains
are renoved, the cortices 3¢§Fhﬁﬁéﬁted, honogeni zed, and neurons are taken
into primary culture (cult tions: Dul becco's Mdified Eagle's

Medi um 20% v/v fetal calf §§% 0.01% gentamcin, 1 g/1 of glucose, 2
mmol of L-glutam ne, +37C, 5% and 95% at nospheric humdity). After 8
days in the culture, the pq%g%%ﬁ<to be exam ned is added (final
concentrations of 1.56 to 2 I'm and the specified noxa is renoved. In
each test, the result is a ggpRrped control and a vehicle control. After the
end of the specified stress period, the proportion of the still living
neurons is determned with pypetabolic colorinetric assay (the reaction of
t he yell ow chronophore MIT to a blue formazan product is carried out only
by living cells). See Tabl eGLSMAKBEGnecti on with the am no aci d sequences
of the cited peptides. Exanple 1: Serum Wthdrawal Assay By the w thdrawal
of growth factors {reducti cdiLBMAKIe adni xi ng of fetal calf serumto 2%
v/iv), a slow and progressive cell death by apoptosis and neurodegenerati on
is created. This simul ates ¥h8Mdiksruptions in the stinulation of neurons
with nerve gromh factors that are assuned to be one of the possible causes
of neurodegenerative di seas€kSMthe effectiveness of the new peptides in
preventing cell death was qﬁﬁagted. As a whole, in this test, 31 of 45
tested peptide fragnents ha roprotective, antiapoptotic potential. In
this case, substances BH#16 ﬁ d BH#37, whose effects were 150% over the
effects of the control (:1d8A§, were especially efficient. In the case of
oct apeptide BH#7 (LSMAKEGV ggquence), the effects were approxi mately 450%

LSMAKEG
LSMAKE
LSMAK
LSMA
LSM

LS

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



i 10 Exanple 2: Chronic Disruption of _the Cal ci um Met aboli sm by I ononycin
It is expected that in the case of vari dus neur odegener ati ve di seases,
chroni c cal ci um overl oadi ng occurs because of metabolic mal functions, which
ultimately produces cell death via the activation of various enzyne

oy e ST SO RS AR U B 0

of iononycrin net hano concenttratio

Met hanol, mefiddui&drative disgRAs UM is used as a vehicle control. In this
i schem ¢ gamage nodel, 6 substances were neuroprotectively active.

Primarily 3 wpﬁéiagg%ﬁo@%}gitadme@bagspwld RbtiBve Bedhldriabdl B84 priesatt,tted 1 n
an increase in cell vitality to about 150% Exanple 3: Oxidative Stress by
| ron Chdvenhiistividogsighepadds] WhichlcemipriBnonlwhalf ot even oy ere-tthird rof piecse qidnge af 15
chroni c oxidative stress that causes nerve cells, but also other cells, to
beconme amiao atids thaBisndescribedrin pYOdX16079, ithmodelonf prhangiealprecedsss casitheydarbot h
for Al zheinmer's disease and for Parkinson's disease, but especially in the
case ofprRsenkor exphetad enncpedsighiaanati i dissaspssexegtieshellent adctionHer esgrople dleh- Spat z
di sease, this nodel represents a relevant test system On the 8th culture
day, nelreptapeptidesS, Mege thenentageptids LOMAK. of " Fed 2 sol ution (final
concentration: 1 nmol). mage i s, done for 24 hours. In.this assay, 23
bept i de. fr agMare Bdes PEa-Indis ! SO Ar Bt 30 Bika Shoettie an
increase in.the. vitality to over 150%. was present in no t han..one- hal f of
the subSPeAREVidel Srnghers aredd g aqid A i e 8dedlbe UEHiREC Lt ed i n

(o1, ' Brrorspau5h el of e nvenion, N Eetbaft o Rl o B en

Super ox{ J&;iBqt he addition of hydrogen superoxide to the culture medium
free radical's are produced that bring about massive cell death in nerve

cel | cul tur egthePhd\afitdgBbus nfRIIRREHN Sf the PotRIds hQSSdiAR ARSI Eén &eldiscrBRge,
this nodel has rel evance both for acute and for chronic nerve 11

degenertth®subcf@imthe 8 " culture day, H202 is added to the nerve cell
cultures to a final concentration of 100 Wn. A total of 30 peptides showed
neur opr ot ect inveldjtiwinethiciiavention eslat¥y tolphafrh@etiscab hgamsthatX@ptirc thepepedest o t he
damaged control (=100%, the substances BH#5, BH#8, BH#O and BH#29 were
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.



especially significant. The peptides Bl—gtl& BH#29, BH#37, BH#38 and BH#46

al so showed a neuronal vitality increase to 145% and nore. Exanple 5:

Anyl oi d- Bet a Aggregati on Assay Beta- Anyl oi d peptides represent, in

aggregated form a potent neurotoxin whose addition to the nerve cell

cultures res ' | HekheR i YHNGEIS BB InY &s ab&Rlilg 1otRGRvdnEbAIAMY | oi d
I‘ﬂhEer nhghtgln(ﬁg’!ggelg}]t :ﬂc%l 99,rgjlel In tﬁ)gﬁgdat ﬁoge leg' f Al 1 S

pepti des constitute nesis o zhei nmer'

di seaseperfopinsd Wp&hemfal RRiHeAHS! BiErcBsmBRRAGERNbYgle8] iEHADbe difitabldiothaafycal
test is a process for testing ant’i-aggregatory substance potential that is
speci al thy peisurk appatibdar tolihdedie egibilitfhienBoliludioatineshe edamisptio des are
added directly to a fresh solution of anyloid-beta peptides to prevent the
f or mat i wentefl Teethisadndxfoe eaggplegtht éslowihg mefHods tart beatsedggr egat es that stil |
devel op have on grow h and survival of nerve cell cultures is the

measur enent paraneter. Six of the tested 45 peptide fragnents could
partially conpensate for the neurotoxic action of (3-anyloid 25-35. The
pept i deddwist@eousietbiods Bor Implententing thetlnyantign | ncr ease of neuronal vitality
by 44 or 74% are significant. However, it was possi bl eaﬁo tIﬁSt of her

pepti des, Ihneevalensmasbiicagionsdn whichjnseflefergyncdjamino g yadicals ofithe pepiidscen|  was
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culture in arehitid witRBRtFiAldoicetne 28 pha! Bloatdbals (L inidbzdylprdpienioasidon of
living cells is determ ned after 24 hours of exposure. 21 of the 45

pepti des exaghloRdcaiopuRephings) Noglkoinedérnides, patiro2-palidyldibelfidé fraethyl-2ver e

bet ween 120 and 150% conpared to the undamaged vehicle control, whereby

partial eff epgrizlybdisulfitle, pachjoromerbatie bemabaten 2 cbloyorherantiiod aitesphenol 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
specific 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



Except for the aggregation assay (Exanple No. 5), for which only one round
of the testing took place, the nean value (MN and the standard devi ation
(Stabw) of at |east two i ndependent experinents (n>6) are shown in al
figures. That is to say, the inplenentation of the tests was carried out on
different d ] I ol i ' [ s
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i ndependent experinents, are to sone extent quite |large. These fluctuations
can be attridaivadveso stability probl ens. 13 Table 1: Amino Acid Sequences
of the Tested Beta-Synucl ein Peptide
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bel ow summari zes the characteristics of the nost inportant substances from

this screening. These peptides are the peptides that are preferred within
the scope of the invention. Table 2: Summarized Presentation of the Mst

Si gni f | Paretmbation &f/Biotdmcah AREpity:des wit h Respect to Their Neuroprotective

Acti on _ '
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 neurodegenerative diseases were used.

Later, the individually used model systems and the results thus achieved are described.
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e.g., 16 encapsulation in |iposones, mcroparticles, mcrocapsules, i.a.
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buffer solution. If necessary, the preparation can also contain
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The amount of the therapeutic agent, which is described in the invention,
nust be effective for the treatment of the special disease or the

dition, is dependent on the nature of the disease or the condition, and

detern1ned by standardi zed clinical processes. The exact dose, which

e used in the invention, also depends on the type of adm nistration

and the degree of severity of the disease or the disorder, and this anpunt
i3 .d be adapted with all owance for the specific ci rcumst ances of the
'pa | ent, based on the attendi ng physician's 17 assessnent. Suitable
dosage ranges for intravenous adm nistration in general are between 204, 000
,ug of the active conponent per kg of body wei ght. Suitable dosages for
i ntranasal applications are in the range of between 0.01 ng per kg of body
wei ght up to 1 ng per kg of _body wei ght. Effective dosages for oral

applications are j*s II igt of 1 ny to 1,000 ng per kg of body wei ght and
0 e

per day. The ef are extrapol ated from dose-response curves,

whi ch are derlv- . oD i or ani mal nodel test systens. 18
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DVFMKGLSMAK DVFMKGLSMA DVFMKA.SM DVFMKGE.S DVFMKG. DVFMKG DVFMK DVFM DVF
GLSMAKEG GLSMAKE GLSMAK GLSMA GLSM G.S LSMAKEG LSMAKE LSMAK LSMVA LSM LS.
2. Peptides according to claiml1, whereby the individual conmponents are
L-am no acids. 3. Peptides according to claim1, whereby the individual
amno acids are D-amno acids. 4. Peptides according to claiml or 2, in
which the amno acid proline is substituted in the N-term nal position.

20 5. Repingles: ahedHidDIGuptdndrahdTdicim Rietdbblish b lorddigcain no aci d proline
is substituted in the Cterm nal position. 6. Peptides according to claiml
or 2, in whills dxpectadilaointhé Gaselofvameusintudbgdnitative distades, khrdiid eldtinnal
position and in the C-termnal position. 7. Peptides according to one of
cl ai ns dvetloading utiuchbarnesead et etdbmiie dnal funttivensNvhieh mdtimadtely psoducescellBleatPepia i des
according to one of claims 1 to 7, which are anmdated in the Ctermnal
posi t i ohe a@ivaHepof daouacozymek sygtems. dh thisnmpdelr this dankrge s iadecedoweyPhheuts by
the N-term nal position and amdated in the Ctermnal position. 10.,
Pept i dean afditinndifienamaycinin methanodicselution ¢fimal cenpenlietiqry | Igm). tMethgnoly didutedi no
acid valine ' I ' i i

%nla me i1\1/1)n, {ssuséfgs a?gggclg)clorgtpo?. amno acid proline (P).

In this ischemic damage model, 6 substances were neuroprotectively active. Primarily 3
substances are advantageous: BH#8, BH#13 and BH#34 resulted in an increase in cell vitality to

about 150%.

Example 3: Oxidative Stress by Iron Chloride

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 1
of FeCl2 solution (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#3, 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



11. Pharmaceutical agent for use in the therapy of diseases in which the
I ncreased occurrence of free radicals plays a pat hophysiol ogi cal role,
characterized by at | east one peptide according to one of clains 1 to 10.
12. Pharmaceutical agent for use in the therapy of diseases with acute
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central ‘Aeérvous’system character east one peptide according to
one of &h@éxﬁﬁti&nbpl m13. Pharmaceutical agent for use in the therapy of
Reckl i nghausen- Appel baum di seases, such as the Hal |l ervorden- Spatz di sease,

charact eri zeg (fy] &30 RPEYcSAAEWEE REUrBRORSH NS Fdtoitial BereNaViEH efféotd dffovkr RO0%0.
14. Pharmaceutical agent for use in the therapy of neurodegenerative

di seasefmpafediaithéd garhaed BbaRei(FE00%), diesbstances BEIFSeBI#BOBHAY and BHE29fwere

Al zhei nmer's di sease, Parkinson's disease, the multisystem atrophy, the Lewy
Body desspedialty dgnificaniti Thé peptrles Bbi#é 3, BIA#2D, 8H#33: BHE38 sndBHA46 tlso shegal a

neur odegener ative di seases, characterized by at |east one peptide according
t 0 one meurariabvitality irtceeas@toalst Simabmpree i ngr edi ent. 15. Phar maceutical agent
according to one of clains 11 to 14, which is prepared for oral 21

adm ni stration. 16. Pharmaceutical agent according to one of clains 11 to
14, which is grepared for rect al,onzigm' nistration. 17. Pharmaceutical agent

gccprﬁi?@@@e némpyloidr Beta Aegreepllom ASSaypi ch i s prepared for administration
y tnhalati Oﬁéta—Amyloid peptides represent, in aggregated form, a potent neurotoxin whose addition

to the nerve cell cultures results in a quick and progressive cell death. Since beta-amyloid
peptides constitute an essential role in the pathogenesis of Alzheimer’s disease, this model can be
considered especially relevant.

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-As.35)), consisting of the

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



18. Pharmaceutical agent according to or}e of claims 11 to 14, which is
prepared for transdermal adm ni stration® 19. Pharmaceuti cal agent according
to one of clainms 11 to 14, which is prepared for transnucosal

adm ni stration. 20. Pharmaceutical agent according to one of clains 11 to
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for adnidnk $§ deddr@hedoiftel Dt B6his @R expodurePhar maceut i cal agent according to one
of clains 11 to 14, which is prepared for transnasal adm nistration. 24.

Phar maceut i czil ofaiens pasrides dkaifinkd sivvedafeutdpadtedivé botedtidid, Thateifebtsivier@r epar ed
for adm nistration by infusion. 25. Use of at |east one peptide according

t o cl aibeswdent 120%nklds 0Vhe nppaoetitotthomdamagepirdricte centtdl caherelgepdrtid eoffectdicay t o
one of clains 11 to 14. 26. Use according to claim25 for the production of
a phar micedy be dé¢tectedint vearc boy désagest o cl ains 11 to 24. . Ayn. A5 . AyH

Except for the aggregation assay (Example No. 5), for which only one round of the testing
took place, the mean value (MW) and the standard deviation (Stabw) of at least two independent
experiments (n>6) are shown in all figures. That is to say, the implementation of the tests was
carried out on different days with different cell preparations and by different individuals. For
some peptides, two numbers were issued (#1=#23 or #6=#35 or #7=#43), but 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.¢., the
fluctuations between the independent experiments, are to some extent quite large. These

fluctuations can be attributed to stability problems.
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BH#1E MOVFMKGLSMA 44 1493490 1264280

BH#18 MDVFMKGLSM 10 1442204 1322446
BH#17? MDVEMKGLS g 18081031 124473 15021188 X 1442267
BH#18 MDVFMKGL 8

BH#190 MDVFMKG 7 1344338 1278321 1322145 20%
BH#20 MDVFMK 8 1324387

BH#21 MDVFM 5§ 1511868 126£10,3 1372300
BH#22 MDVF 4 1882103, 140436 0 120£10.8
BH#24 DVFNIKGLSMAKEG 13 125:190 12243.0
BH#25 DVFMKGLSMAKE 12 1691438 1492210

BH#26 DVFMKGLSMAK 11

BH#27 DVFMKGLSMA 10 147478 128¢14.6
BH#E28 DVFMKGLSM 8 1304773 144186
BHE28 DVFMKGLS g 147222, 1544427
BH#30 DVFMKGL 7 1262320
BH#31 DVFMKG 8 1382475 1242378 1432559
BH#32 DVFMK 5

BHA33 DVFM 4 1452209
BH#34 DVF 3 138£13,4 19%
BHE28 GLSMAKEG 8 183149 1254268 $34£23.9
BH#3? GLSMAKE 7 144232,5
BH#38 GLSMAK B 1744 1524728 1478143
BH#3D GLSMA 5

BHI4O GLSM 4 1844728 1444304

BH¥#41 GLS 3

BH#42 GL 2 120.0¢18.4 1284184
BH#44 LSMAKEG 7 1834971 12104280

BH#45 LSMAKE 6 1482534

BH#4E LSMAK 5 1474220
BH#Z47 LSMA 4 135472.8

BH#48 LSM 3 1201154 120428 5
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Table 2:
Summarized Presentation of the Most Significant Beta-Synuclein Peptides with Respect to Their

Neuroprotective Action

Code AA Sequence: AA | Activein; Comments

BH#8 SMAKEGV 7 | Sof7assays | Small peptide, extremely
high effects, active in a great
number of assays,
therapeutically advantageous

BH#13 MDVFMKGLSMAKE | 13 |[5o0f7assays | Active in a great number of
assays

BH#16 MDVFMKGLSM 10 |4 of7assays | Active in a great number of
assays

BH#2 DVFMKGLSMAK 11 | 2of7assays | 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 of7 assays

8

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

6 peptide, therapeutically
advantageous
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stands for D- or L-alanine,

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

< »wz o R QW @O >

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
emulsifiers 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.,



101 10tyst- 10% & ()= y:110%& ()- " 100 ()
F1&10% & ()-2!10% & ()-fZ10% & () - 66KFF770BAEPE: 10! 10t LOt ! 10% & () -
. @0% & ()-y*10% & ()-y(-

1006 & ()-y' 110% & () - ySH#310% & () - CB8Yi 9j 9k9I 9n9f : b@ 10!

101 ' $100%6 A& 6 hn SLAWE () - 400 105 105 W& ()- 4F#10% & ()-

"5$10 %]%K%ésﬁﬂaﬁl:bp?%gé@&ﬁ@n}_ bpattftles! Qllégcalngdféég,‘l.ﬁ.

10t Ut U F9% S04 &1 adm!did@Bida g /ér@f)efréd /RS With 4 FUMAHE plocest 3% & () -1 3
LOYRRE' () - AMAAAAABCECUL Ul | F$10% t & () - F$10% } & () - S10% & () - 10- 10-

10- Fs 10Q$kadnideudical @drk &F administration that is adapted for intravenous administration in humans

or other mammals. Typically, the compositions for the intravenous administration are solutions
in sterile isotonic aqueous buffer solution. If necessary, the preparation can also contain
solubilizers and locally active anesthetics to alleviate the pain at the injection site.

In general, the components are made available either separately or mixed in a dosage unit,
for example as a dry freeze-dried powder or anhydrous concentrate in a hermetically sealed
container, such as an ampoule, on which the amount of the active pharmaceutical agent is
indicated.

When the dispensing form has to be administered as an infusion, it can be dissolved in an
infusion flask that contains sterile water or salt solution in a pharmaceutical degree of purity. If
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-
(ethylamino)ethanol, histidine, procaine, etc.

The amount of the therapeutic 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
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body weight. Effective dosages for oral applications are in the range of 1 mg to 1,000 mg per kg

of body weight and per day. The effective dosages are extrapolated from dose-response curves,

which are derived from in vitro models or animal model test systems.
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MDVFMKGLSMA
MDVFMKGLSM
MDVFMKGLS
MDVFMKGL
MDVFMKG
MDVFMK
MDVFM
MDVF
DVFMKGLSMAKEG
DVFMKGLSMAKE
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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.
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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.



