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[0016] Chronic Effects of Radiation. Chronic effects of radiation
result from danage 10to the genetic material in dividing cells. These
alterations may cause abnormalities of cell growth, such as cancer.
In severely irradiated ani nals, damage to reproductive cells has been
shown to lead to defective offspring (birth defects). However, little
deformties mesn21gs fromirradi ati on have been obsergedLiTOSHoE

of fspring of survivors of the nuclear blasts in Japan. It nmay be that
radi ati on exposure below a certain (unknown) |evel does not alter
genetic material 15enough to cause birth defects. [0017]
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injury. In particular, invention provides anti- radiation

pepti des hatf wgmhta'aeg%atw@%wrpwnﬁaﬁ qutmmmpo?g%ﬁ Ff%'lfosﬁﬂfulﬁ EDdhol e
body i rq@dipplo@a tetfuseih pitﬁﬁs iecelv:ﬂg(bherﬁcawlapibaﬁadiaioefhmaﬂab&tas Byrfotr@uate- ng

whi ch d f | e hod t 50% t al
At 30 days ‘Cerltyaty e Rt Elof S b Pl
mce) tr eateédlrﬁstratbnmhidespapmml frofessidhaist belayailghie. . (pher phafiachlogie &em,t er
VBI,  ver susy the ndQepsedoliRls fsmanng%awrﬁa%ow hjuef) HRa§BE §s8d det-Mbeibn B0

days (LD50/30) 1n an_untreated control
2007/ 10273WNE%@W/QJ%@9‘Z”@?IBhﬁfﬁ“"a&ﬁ’&]‘ r\?\ﬁﬁ'@f"éﬂ pstiqtignspipgsushaisgmpke i) at ed
by divi ¢§ ngmbﬂaﬁlchl%Qr‘eaﬂlgﬂa’ﬁgiln&hb@d’bfdﬁ&a&tn@Huﬁrﬂ@@ﬂﬂ&pbﬁﬁkﬁonst Amiiosick are

s by th { imals.
?Bbg?:] SThe ciow{e}'lgrh Iusgcrll %glf_e%t\%ge lzftgcttaous seciuﬁlee (?t]]:radt oq?grcalel{x_]uneseou% tli]ea egti ant nmal s

suffering fapmmr@telmlmt@vedfch@vebférestm«ﬁmqum@dﬁndwmnpww‘mmI@Jmfeptmnwvle

sai d net hod, GRS ediRgbdAERYdl Hitelthal dfersbitta@Gla, mna&dﬁeséngathp#a@e Hﬁ‘ﬁﬁé&ﬁ]ycm
corrp05| tion conprising an anti-radi ati on peptid an 30

ami no aci dimiedmpdcH coRRERME RS EETRAIYTS: LR cempgprd, aendaos%wwﬁm
nature o0 Cwhipkil &el.|Bxpg@inepalBiclogysns Medicias226 ¥ DEATIEDL)), Fhﬁ)emlasemmdy

i nvention d| cI 0sS c ALP

are smal | er® ﬁ'ﬁ %éogﬁ%aﬁaggglg%o gﬁeg‘?ﬂé‘%qﬂ 9%*}%@/‘7\%31\/ tecti o u"gsahloﬁg and
t reat ment cgbocrdﬂqaex asemadnomomctyntwﬁmadmtrestefwdrpsrprtpnrnélailqn challergedymeusat a

peptide druyggtSmprRahisg tmunr.\eﬁu&b BisededVRh RED Saf ﬁ%rﬁst&& @fsc fpetioAt i on
when it is admnistered after exposure to radiatjon has taken F?I ace.

For exanpl deMeseddibeioraandi? b pfes grnipasradiatiop pifaips plogsiredypfion oot 1 15vaf
28, Uup 2D Zdlcultpd frdn pobit suﬁuvtalbuﬂés fouﬁe idﬁmﬂéir,atldil@rlbnao 2\331 Riqiection @, up to
21, up to 2 13 19, u

am no aci ds%serveg in'b thdr&&eﬂnﬁ) fe{ngle mtchebwever w]thdu} S%Qsecignt nhoc atloHQv dt}'x ?ethjaf
is smal | er dotranf Xigpsaid proveariadNo m@tr@wasewect Wigh wbermﬁ@!hwwws

peptide pr Qfe@dﬁ)@ﬁﬂndﬁb@t@l%heg@ﬁ{ﬂf) sWHAdrbRend 4B TBPI7BerélgAEﬁﬁnalgsténgdloﬂép)rt 0
11, 15up to 10, 5‘2@ or upto8amno acid

anppl-es
usef ul pepﬁt&*@@ ewspexawe‘é/wwgwmmﬁewmaﬂﬂ? s&eﬁﬂw thegibirar |
when pepd i depregationhede IND appidationalicd SHAEDY1s faf leds effocangtha imthe mBuse
provi ded herein with an autoinjector, froma safety viewoint it is
preferred that said peptide is smallersthan 7 am no acids. Such a
peptide will generally not bind to the M-1C receptors, .thereby
decreasing the risk of the devel opnent of autoinmmunity 20initiated by



nost benefit will cone fromthe anti-gastrointestinal syndrone
activity of the small peptides, notably of the 3- and 4-ner peptides
at dosages of above 1 ng/kg, preferably of above 5 ng/kg, nore
preferably of above 10 ng/ kg bodywei ght. Considering the | ow

i mmunogeni ¢ nature of the small peptides (i.e. those of 3 to 4 aa),
dosi ng to upWma®e7¥g/ kg with small peptides, and i nPCBENB1#/068Y%eS
when need for treatnent is determned to be acute considering the
condition of the subject in need of treatnment, of up to 200 ny /Kkg,
500 ng/ kg or even 1 g/kg will be possible. Consequently, the

t reat ment j ec ave.radiati,on.injur at .c mage
of the Iini nﬁ%d%o‘ft’)ll'ef' ﬁéemmlv\{fgred £ A &fiopre %Pt bB{]y‘%‘g%d&m}satbeécé'tm t‘ﬂ?ﬁéﬂp g%ﬁ’ﬁ?"ed
gastroi nt estmmﬂterWhmhmmal1yh1a®rliddwebérenlyrﬁqildeingbtadnaﬂmne t he peptides
allowing the epithelial lining to slowy recover. 20100411 For a
better activity of peptides under high radjiation dosage it is
preferred to sel®@td aP e Bedigdian f?{ﬂrwrﬁerteug#ldwn fliess epRrabhsE BN PEoRI

conposi t § onwiake dnti bdeﬁﬂBdeﬁ)ékp@Jed {oQididtios: | AtSiteQ@dlliatibn BResOptb@bskds GEduRh
according tg factor

agai nst ac u%everari' Sta ages, \{)egmmn tlti1 cat SB?’IPI:&IPS&: é é){neﬁanafg)tu g bd a tong QF\;
det er mi nabl mrlmlm@satag% Vitidus Iswndugsles (ofttema dff ssinptoms) failow) degentling 506
mortality aime3@ o@lamaloc,%gls&%eﬁé& Ofhe graaafehmqym r)ﬁ%laroh [ela I{qc\é@é&ere n a

test group 25 of mce treated with sard peptide at hours after VB
and, testi rif° KAPORS gRddes %rkegamaosreewnrfe%ret%ﬂx ﬁmsew F?d'i'etaﬁW“FItSVdﬁ’EmSO
days (LDBO/ ”gﬁ)sylﬁft&n&ran&\ﬁiﬁé @uh@dycdnaderﬁﬁbﬁmerédﬂm berd(cj)ﬂfoaa §1062]1taﬁﬁhnt@f oup of
mce treate t1de at ours,after
Uit and it o b ges Wl SRS LR GRroie i O 30 R Bk e
pept i de- t r edthedyreptidnesa Pocthyy dwﬁeawww@lon syfldrplh@ ivethres lgoupsbeset ewithe main

ani mal s. 3Q)rga“@s%ﬂ%?fé&&zﬁéﬁéfﬂhkmlrmga]ﬂ(zﬁ]g se groups. [ 0042] It is even

nore preferred 10 use a g havi ng ose feduction factor (DRF)
of at |east 1.2§%13p ke efrl%ﬂsrswdrnea%carse%@tthaeﬁzds ofgadintien o thsboffen
sai d rad atme@ﬂ‘dw! dpjeeHt, ynd]&npﬂﬁoﬁ#al{elpﬁmaﬂy@jtddb?b]ooﬂuahprﬁtﬁlﬂidn(ﬂl&'&laﬁﬁmes:s)
identified her ant i rad at.i an.,pe

nvent i on Arorames BadeR B Be? fndlh b LR BN S RER PR e Plosos e
treat ment cXGy qrmdz ofradighons Thesg F)yﬂpiqmse@ple@;mﬂwmé@ krars aftdrexposuté.and on

is emtted tﬁypefs&dfeaﬁﬁ&ll ¥fa ﬁ&?ﬁﬁﬁ&@%r&ﬁﬁ@s%ﬁ%%@ﬁ}md %%ﬁo@ﬁroducmg
ur ani um rad utonium qr is produced by nan- made sources,

such as x- rca&ﬁ 14 thg Ewmaarr SAleqnRaA Higiph pere bagindo waste away and gupapt rqpplered,

i nventi 2m aéaﬂmg mmveﬁb&hoﬂageof&fhltablpcﬂpbllsdﬁlhfﬁed$§TﬁbHoﬂigebfl;ﬂﬂelélﬁ)a1ﬂmheﬂ€bd
acids for t t co !

reatment 2000 BIBCHRES SR i R LER) e OTRRBI, e il 3E

from radi atnlaéﬂiﬁtﬁi TRy gpYpe Ulﬂsﬂt@!}medlm The SW@fﬁéHOQMHS (8rgimdp) pRagss| de be

snmal | er t haRigh® w@iﬂl&@ p@l@ﬁeﬁissand@ﬁﬂeultﬁ BreatRify (funHE lySigd ERRioR! Ak Four to five
adm ni stration n .nore cgorredtg)ﬂt sai d thrde

be snal | er "feﬁl%fn%‘ °B °H6“r§8?5d1§°°d§3§§?%‘f o e @ ﬂH"e REFOTROHt TReER 5815 use
i n the P oduesk andmiredfforanopthar naceuti cal conposition for treat ment of

Cadi at i on 11 iyt b lRnl ikl SRESRDS B WY kA ARy AR Al 0044

Simlarly, seve diati on
injury ar e liningte digRsiigs; travAT FRgvere@sea, vemigg, anddipuheabegimp2 tO\ﬁ@d}QurS FMLQ
EMFQ  AVAL exdoMlssno mmolegﬂadlaﬂ: O%Wf‘hef t@ns ﬁﬁr\e{ad th-Seldee d%@on%{fl{e}/
APSL, |ITTL, QA‘L% C, NLILN, SPIE, L ?

EALE, EPPE esPisrilier (yedpys Rpmg ther '@%&Wfélh%”e desey the Rsesat (oS BelhByt hseplsi des
for trext rmmtng chfe drgasﬂwa&acowh;bmmgjlyactes 4 prAtettive WintdXldie A0 ara siatd L MitsAlthis
useful 6-ner peptides for treatnent of radiation injury are VLPALP,
MSGTWA, LTCDDP, useful 7-net peptides for treatnent of radiation
injury are VLPAPLQ VCNYRDV, and CPRGVNP, a useful 8-ner peptide for
treatnment of radiation injury is QPLAPLVG and a useful 9-ner peptide




10pneumati c, el ectronechanical, or chem cal, as described in U S.

Pat. Nos. 6,149, 626, 6,099,504, 5,957,897, 5,695,472, 5,665,071,
5,567160, 5,527,287, 5,354,286, 5,300,030, 5,102,393, 5,092, 843,
4,894,054, 4,678,461, and 3,797,489, the contents of each such patent
bei ng i ncorporated herein by reference. International Publications
nunber ed WO YO 209759335 WD 98/ 00188, WD 95/ 29720, WO 95PG/RIBI7/0344¢#E \\D
94/ 13342 al so descri be various injectors 15including different drive
mechani snms. Mbst autoinjectors are (optionally spring-Ioaded)
syringes. An autoinjector of the present invention, in particular the

body or houg) i LS | irect contact with th eptide,

is prefer ab?@a_%ﬁ%gg%r?&g_\ég%ngo?ﬁogf_ﬁfnghmEeargor%reﬁ% tﬁnlgﬁ%%(&ggﬁ‘uf’rhﬁ%egao o

pepti des. T disestive teetdnyeds therhren preducing sevsiedifectipnss Péoplkeivig hayt repdpditide s

to the aut Ohith@shaAbn 41 1Rel é%bleymbhe%;a\eﬁsi&ic%w&&&' FhibRE&I it blebding and

pol ypr opyl e.nﬁ, N g%d?artl cyl ar, essentially pure 20 pol ypropyl ene.

[ 0049] Aut oS8 fHTRTRRET e Bk 9T 4fay  designed to overcome the

hesi t ati ®n asso{ou]edhabdrddbroyakdlargistain)sysdrongt deqifs wifen 1R €l Gosb asadlatidh UGS

Exanpl es of - LN i pene .or the recently .introduced

T nlecte. SRape IR 508 RplaeldRp SR ki IR ey sy

anaphy! axi sand gieek. W¥ithimhaurspbleod pfessire fallst astanjpenieddyy s¢iiresiand Rebi Thect e f or

interferon RRbRVASEH sindrolt BbnseMbitvhyRIeRa SCl er osi s. Autoinjectors are
ersonnel from chem cal warfare

of ten usedint@ﬁt{pk}tary 0 roagl_e_ct 8 DI (

agents. In the UMY e sisidecny Redigioy Chuppicsiteess ofjratiation repult frgmydpmage
every Bi®| agihegéneths maGiviahin dividindeelpoissReeplions Makidise abiormdgitisfugid t 0
every SOl di i BuchdEeteh SR iTRec 3650 Bl0h ATILR

ocre ro&xgtivgggﬁa%%leen
Weapons. The needl e automatically njects’t er o once you
activat e i tshosi tekeed fegefarilye effspringdbinh defects). niitveerqsl listld dafpemitiys reshléingrigm be
vearing. Anmaiioh Rive5deR bbsBioédah the BRprid T BlrViv&O8MAd HEiSar BRAVIA 1485 af hiied
i njection ggw %g% " t hat usu%lg% I ségrl%-dr%%en, vlvhereb_y t he skin
WO 2007/ 102738PE4H1GR 569 DB G0N Etmar s eLedten ot aletRensif matetial o of
t he drudp t akegh plcacebiatitiefamt i cal |y, but al so conprises pre-filled
syringes, or auj,i-nj . ] i . 0] The
i nvention provi @gisﬁs%%g%nqgg{ytﬁ Sﬂ%gﬁﬁd%pgrﬁég%ﬁb lbégg?lest‘%%ﬂetr F%%@%ent of
(i r)radi at iTefetiomiherpRy ar peiagqyeesed t eadigtion i an aveident. it speqificdesisare availablaiot t ed

by radi oactdidgfoss#b sdndift6:s Sl lghaeiAH S04 I8 hised TR ctdSeddbR THwbRod cAHON,
and pl ut oni um i nnoge squrces, such as x-ray and

or ks .:)ralgudced .bey man-
radi ati on tTh&EHPY? é’?ﬁ%‘%'n odeterppine the Ryvsip; of Frdfie P xpgspyG dgeers mgasure the
aut oi nj ¥t eembwplynghiongesda yheofrhitehitddeal) ictbaidosli Tholowedrdysthbayg of a
peptide of SRk iR bl He WP b il a! 5O cal | ed

anti-radiation e&ti . and a suit _exciprent. Suitable excipients
are known in t hl80%8} ¢ Radjeagtivegpntaminatipn. anlikp srafigtinabies ke dsterminedrhyaereeringeal
g/g 2 g ];, igz g B i pBgonFy ot hviat 4 @ageaécﬁd{brt, @ﬁkv%@thb%fetggg -lfa@iﬁt)%ﬁ. Kwdds &3{? éhg?%%,l\l:

nd incorporate rei reference).
Sui t abl e e@?agiagn"fng 5?£5§%%&5&5$@r%8’%8§'gd of water, propylene
gl ycol ,2%t hyl alb@idholthe @ivdineivfirsitizomivey dzpaidhamnizolose, duse dicdiowhpickigitis,
and benzyl e%_logﬁ?@ﬁgs o@:ﬁn&ﬁ,gﬁ@éiﬁﬁﬁuﬁ&%ve fie IQ)B)IF %}%&ﬂ'agwthe ggﬁgu@% .t state

al bum n, sodium acetate;, acetic acid, SO ydr oxi'de, an er for
i nj ecti ons of eelferln eeHpPay yeopls o BIVe Feticcdmere thrrddnt e Mel dic of
admi ni st r atghs@BindéstMaldfndediie) Bejatye d6tiorsldré BMIkeIAR kil 86 bAB o bitthidiRdE a OF

suspensi ons whi.ch may contain, for exanple, suitable nqn-toxic,

o ont or al PR EUaEaR % RS by B R petonissapr e i o

1, 3- but #¥nedérdirpvassaiaeyndr@heig bital witlsohautsitomfewalaysi S gastiointestrall yyndrerd or i de
solution, or other suitable dispersing or wetting and suspendi ng
agents, including synthetic nono- or djglycerides, and fatty acids,

i ncluding oleic acid. 20[0052] In one enbodi nent, an autoi njector
conprises as an active ingredient an anti- radiation peptide (or




100l i gopeptides are particularly useful when said radiation injury
conprises irradiation injury. The invention also provides a

phar maceuti cal conposition for the treatnent of radiation injury
conprising an oligopeptide obtai nable or derivable fromthe peptide
MIRVLQGVLPALPQWC or fromthe peptide LPGCPRGVNPWS, such as an

ol i gopept i dewosogwabxest ed from t he group of MIR, MIRV, PLID8,2007Q802
VLPALP, VLPALPQ QWC, WC, 15 AQG AQGV, LAG LAGVY, LPGC, CPRGVNP
and PGCP, and conbi nati ons of any thereof and use of an such
(oligo)peptide(s) for the production of a pharmaceutical conposition
for the treat tion in

opor ted | AT e/ A & Ryl aren oms shepra e RRE S R nel. pervie
(VLPALP) deeppleshd reaive pioper bedicel cdwaiuryisfihethematepoitiosndning dgontion thepi n
nor Mone. Al il 2o HRHREhsL BA) acSBN SRR oRIDRIGSHOId o) g L1 et I ¢

peptides up) peptid erived from | oop he beta chain of hCG
(resi dues 41- 57100204 dradistiort e np Guaens Efﬁﬁrgﬁ‘ﬁl@h‘{?a‘mems‘éﬁt geckEsFiasge@oniigt e ned

byt al an:c :*i"le p%té@zﬁibf ﬂxé«hﬂe{[véllspn?fnt (ﬁ'tﬁagluﬁmﬁ%d}&nﬁ@hdjtﬁeat thﬁéé(fhpﬁamﬂhé tRdy arise. Als]?,
anti-in a r 1 VI e re we | de. our or
ool et 'ng. 0 WS v il bR e i bl P e oaleid B

t her apeut i coxjotigs tharwn fegult fromoaitieant rad)ﬁlogqah ttacksn Coraamieation ipquitenidhinteiliatn s
after acci dgntal or@%PRRYLSe aé&f@%t a&tmmfnrbelagiaﬁén'ugeyme body. BIGR59]

Human chori oni ¢ gonadotropin a heterodi neric Iacental
gl ycopr ot eicAntpwipsieshiy f?"é&ﬁﬂ"? é’@te’i“ﬂs P‘é‘b??éﬁ'@?b"d FH“?S‘[?F?BH”‘B’#%’WEVS fri ne
and i n e®OMEBipGh@ivattrGHEwk £ RAftioh ddeiedifér tmgﬁwose ivRenavaiiable.e3nyallgimciuas N5,

i ncl udi ng breakd duct.s. Several have, st udi t he
of fect's of EPEOG R REHT Bl F o e e e P Sp B
because of mdyehuse pairt. &lontamin®ed ksfirds dlinped pé“mehtthawg—tsmmg epedradote gfin ande
fetal allogy %}on@a&maﬂ& DL, sﬁﬂyﬂg@omrn@a%&ﬁhewg%r cowaer shows that
20071102735PCT/ NL200// 050092 sudgest ed nodul ati on of

syst em by ithrradieackly pqas- Imﬂersgm reggntly swyalloygd rm@afkva&mﬂﬂrvaaﬂwﬁ? have
not beers r aptddedomdzadibdctive lﬂﬂ&:nélls(hzaeﬂ spatifit antiddtbsnhat tampreneit abs@p@a of an;

63(1):1-7), orted.i of septic ack 6- mer
ol i gopept i d&? lc@‘i_ﬁ)ﬂﬁtﬁ)‘al z‘ﬁrl \S/uec erd?)t?ﬁ veBe't]lﬁp(Pﬁ%PIe &8§p (ﬁt%n?{ or i oni ¢
gonadot r opiradidaciveneneamisetiod, sugh es frameamaenteacipf achidenhpraueieny a?[@é’ﬁlpi' de 5after

hi gh dose lg.ponpl HSAE: BRft m@thsnlo anll Hbrﬁ%sbx@ﬁskdaibhéﬁ'v& REnSARdwersHROCK
in mce. Benner an cand- 1. mune!

1: 62-6) stutik éUthﬂécaﬁE%sPéFréi“fgﬁTﬂﬁ'?(ﬂf ghrispe wigpine peniapodsie %‘HMM Vo
| i ber at g p;ﬂ@teheﬂl&nﬁﬁea@mﬁ&cmr(ﬁm@asnupgud‘:ltaﬁfnemaﬁke gigndftratdneusiyeguence

MTRVLQGVLPALP %ues he bet a- subunit of
hCG Here i't™9& cerrtg or‘foa Weﬁle?enésea\%%rr aﬁyh% %%na Sogjr?%i no aci d-1on

pepti des taken lﬂﬂliﬂn MBopcataginatidnds #pé sugpestad ntisea and)vamigngpan be reduced by
al ani ne-r epliAGERRE L pREB b%ﬁnﬂ%ﬂe?ﬁ&ﬁs}oiucﬁﬁﬂﬁ are réltRAY siv&@do pdopgi f i cant
1t

anti-inflamuatory activity as peasur % i.nhi bi.ti on of septic
shock syndrBfEsdis rpdiatien ‘éi?fa’yapéhﬂé’f}ﬂ‘rfﬂtr?"ﬁiﬂt Hids QEPdiarreastt for
treat mepd of rap)oﬂql Bevplenyithihe, gastmmparnhllo@hénﬁtop&étndsgﬁ&rc&ﬁﬂanerkepm;o[ateyl S0
conprising tga(flﬁ-n ono con{actl eciglgl}é {{Qor nf?’m%j élg({d tltag's%usgépaqgﬁg Bdbs 81f grd%vth
phar maceutica Ion ment o n1njury,
particul ar fedory @Wa& rphropaigtinpyd asisnytinsilating Geien that shmelate blaed Cekl5

syndrome. Ty 68 kiveto dbesebih auﬁre@staaroma&oam&nmh b&RFRASH fsi ON

havi ng anti-cell cycle activity e i.s an ordered set of
events, culSRicrit demgeeryibeseervy lf‘?in Sf?’ea’ﬁ"(ftem"&l ‘%‘?%’H‘e PRESORS 8 ught er

cel |l s. 3he imhppestiafis ferfermedlalthoaycthesvagess it sB02- M The 3 st age
stands for "GAP I". The S stage stands for "Synthesis". This is the
stage when DNA replication occurs. Theg02 stage 20 stands for "GAP
2". The M stage stands for "mtosis", and is when nucl ear
(chronosones separate) and cytoplasm c (cytokinesis) division occur.



25t he first dose). So the dosing continued on until Day 13. Note that
this prolonging of the treatnent was associated with conplete
protection (no nortality whatsoever in this group). The animals in
this group showed no signs of sickness. What we can conclude from
this data is that when the aninmals got two doses of peptide in the
first day (wwdretthe27ssi rst one being 1V), there was CORpPL/EL®07/050092
protection against a highly-lethal dose of WBI. Wen the animals got
| ower -1 evel WD 2007/ 102735PCT/ NL2007/ 050092 treatnent (SC only), if
the treatnment was prolonged until the 2nd week, here again there was
conpl ete prot ectb n ‘L0064 ure 2 Second set of radioprotection
experiments witH '%ébt ??Beﬂ%iﬁ asfrejpigsiipal pardioms foapiee gtieseticyluigpgive Body
| rradi at i on intd&hJuslyydnt! kedaves. SSofg b&ple X2 badbi t@eweﬂaﬂdoimanalntm&h&sl ﬁbﬂ a%r

cohort, and J I ressive for. ea
subs eq Uent 8%0%13} ?)%pe&q\%{'n ?0 lﬁl?§a§tg§zg in 6 1%%%% tﬁ emﬁp\in%aa g\tﬁvﬁnnblotics as Well
admi ni st er eds antifyeg ﬁﬁ@@nygwrugbm giggrt ihiravenorshmehen n@essay gtremment for thr ee

days (72 5 hr hr@aﬁ&v@iculﬁﬂ?n%e is geafd toRadd pl'o%ldﬁ@ bt LRI S it Qmﬂag léﬁ& ion

Factor (" g h] defined as ratj o between the LD50 of

treated grodf tP‘Bg ?."Fﬂé?“ EﬁS@“@F arg glverndg AeniBl seigrup. The LD5O ref er s t 0

t hat dose whi ch [0624] ekdaple witlhchb@iib ebikctd &%d&ﬁbmﬁﬁorﬁe&s&aeﬁd bAadiatadptapl e
DRF val ue i ?ec&v&gaﬁgﬂéﬁeﬁ a% tﬁ&g}%ﬁ%ms agc?re xyl.{lcﬁzrs can l§Se rér{m\"e orar%p%% od/(l) dat e

drug nust have ose
hi gher (an Puigisatinand chybedielpedto beal with the @ pf hlﬁamessuﬁeﬂammn@@meri tberayhe

control 1ani K&distion-inkiu®@d BuketdAs &dRA wﬁt@&heﬁabﬁer&gnﬁaio@h ceh?cmle F@ia&:d't}%u%h 2

Gy, then, the 4.5 0 for a candi date drug wo have | east 20%
hi gher, whi EFPsiUSoRsHNg “&aé'&eé‘t%aﬁva“%sé%ﬂtyab‘ﬂl?g’éwﬁlﬁ 0%96’2'“3{’"&“626? aresyfholy g
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and may be adm ni stered by paramedi cal personnel. Mbreover, such
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rate of separate drug rel ease by selection of mcrocapsule or

m crosphere size, drug |oading and dosage adm ni stered. Further, they
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Table 1. Effects of Intraperitoneal treatnent 1.5 hours before whole
body Mortality with peptide (10 ng/kg) in 12-wks old fenale
BALB/ ¢ m ce exposure o (10 Gy) y irradiation. Days after

i rradiation 034567 PBS 0/9 0/9 0/9 0/9 5/9 9/9 LQGV 0/ 8
0/8 0/8 0/8 7/8 8/8 VLPALP 0/8 0/8 0/8 0/8 7/8 8/8 L PGCPRGVNPWS
0/ 8 WO 2007/102735 PCT/NL2007/050092

PHK, GLPP, RALC, LNTF, LSHA, ATFW, PSPI, AHEF, WRTV, FVLK, VQYL, KFFG,
FPFR, IYSA, and FDGI, and others

[0030] DISCLOSURE OF THE INVENTION

The invention relates to the field of developing drugs against acute radiation
injury caused by exposure to high-energy electromagnetic waves (x-rays/photons and/or
natural gamma rays} and/or other high energy ionising particles (alpha particles, beta
particles, neutrons, protons, pi-mesons ). To date, there is no effective drug to ameliorate

10 radiation injury after accidental exposure to ionizing irradiation, or after damage to healthy
tissues during therapeutic radiation or radio-mimetic agents; nor is there an effective
prophylactic drug to prevent or minimize such injuries when administered before the event
(for example, to first responders). The present inventors surprisingly observed that relatively
small, non-toxic peptides can be effective as drugs against radiation damage. Importantly, the

15 anti-radiation peptides of the invention are not only useful as prophylactic agents but can also
protect when administered several hours after exposure to radiation. This makes them
extremely suitable for use in a military radiation scenario e.g, when dealing with the terror of
nuclear terrorism. Accordingly, the invention provides a method of preventing or treating
radiation injury of a subject in need thereof comprising administering to the subject a

20 peptide, or functional analogue thereof, of smaller than 30 amino acids. Preferably, said
peptide or functional analogue thereof is administered to said subject post radiation, i.e.
following exposure of said subject to a source of radiation. Furthermore, the invention
provides use of a peptide, or functional analogue thereof, of smaller than 30 amino acids for
the production of a pharmaceutical composition for the treatment of a subject suffering from

25 or believed to be suffering from radiation injury. In particular, the invention provides anti-
radiation peptides having a dose reduction factor (DRF) against acute whole body irradiation
of at least 1,10, said DRF determinable by testing which dose of whole body irradiation
(WBI) results in 50% mortality at 30 days (LD50/30) in a test group of experimental rodents
(e.g. mice) treated with said peptide immediately or up to 72 hours after WBI, versus the

30 dose of WBI that results in 50% mortality at 30 days (LD50/30) in an untreated control

13



0/8 0/8 0/8 4/8 8/8 MIRVLQGVLPALPQAC 0/8 0/8 0/8 0/8 7/8 8/8
Watery eves Weight |oss Days after irradiation Days after
irradiation 04 04 PBS0/90/9 0/9 919 LQGY 0/8 0/8
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15

20

25
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group, and wherein the DRF is calculated by dividing the LD50/30 radiation dose of the
peptide- treated animals by the LD50/30 radiation dose of the vehicle-treated animals,

[0031] The invention provides a method for treating a subject suffering from.or
believed to be suffering from radiation injury, said method comprising providing the subject with
a pharmaceutical composition comprising an anti-radiation peptide of smaller than 30 amino
acids. Current radioprotection agents are of a non-peptide nature or comprise large proteins such
as cytokines, The present invention discloses that peptides, such as MTRYVLQGVLPALPQVVC,
that are smaller than 30 amino acids are useful for protection against and treatment of radiation
injury, For the first time it is shown that a peptide drug is capable of reducing damaging effects
of radiation when it is administered after exposure to radiation has taken place. For example, the
anti-radiation peptide consists of up to 29, up to 28, up to 27, up to 26, up to 25, up to 24, up o
23, upto 22, upto 21, up to 20, up to 19, up to 18, up to 17, up to 16 or up to 15 amino acids.

[0032] It is however preferred that said peptide is smaller than 15 amino acids. For
example, the anti-radiation peptide preferably consists of up to 14, up to 13, upto 12, up to 11,
up to 10, up to 9 or up to 8 amino acids, Some examples of useful peptides are
LPGCPRGVNPVVS, DINGFLPAL and QPLAPLVG. However, when peptides are used for
self-medication, for example as is provided herein with an autoinjector, from a safety viewpoint
it is preferred that said peptide is smaller than 7 amino acids.Such a peptide will generally not
bind to the MHC receptors, thereby decreasing the risk of the development of autoimmunity
injtiated by an immune response against administered peptide.

[0033] This size of smaller than 7 amino acids (aa) is also particularly preferred
because it was determined (when comparing peptides derived from the human proteome with
those derived from pathogen proteomes, in particular of viruses or bacteria (Burroughs et al.,
Immunogenetics, 2004, 56: 311-320)) that with a peptide size of 7 aa only 3% overlap between
self or non-self is found. For peptides of 6 aa, that overlap in human self with pathogen non-self
was determined to be 30%, for peptides of 5 aa, 90%, and for 4 aa long (and smaller) peptides,
100% overlap between the peptides present in the human proteome and the peptides present in
the proteome of pathogens was determined. Based on these data, it is now herein recognized that

when the self-non-self difference is not present, risk-of adverse immune reactions, such as
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anaphylactic shock, is greatly diminished, which is a distinct advantage when non-medically
trained persons administer any drug to themselves or to others,

[0034] From the viewpoint of preventing adverse reactions such as anaphylactic shock
it is thus preferred that the peptide consists of 2 to 6 amino acids, more preferably consists of 3 to

5 5 amino acids, and most preferably consists of 3 or 4 amino acids, From the viewpoint of
activity, based on a general insight that activity is broader with increasing peptide size, if only to
withstand full proteolysis longer whereby metabolic fragments of 3 aa still have activity, it is
herein preferred that said peptide consists of 4 amino acids. Above and below described
compositions are preferably used for the treatment of acute radiation injury.

10 [0035] The use of peptides to protect against radiation injury has been proposed in the
art. The Japanese patent applications JP09157291 and JP09157292 describe specific 6-mer and
9-mer peptide sequences having an in vitre inhibiting effect on activated oxygen, scavenging
actions of activated oxygen free radicals and antioxidizing activity. It is speculated that the
peptides are useful in vivo to suppress the adverse effects of various types of events known to be

15  associated with active oxygen formation, including radiation damage. No irn vive radiation
experiments were conducted.

[0036] JP09176187 teaches a histidine-containing 6-mer peptide analog having active
oxygen-scavenging activity. Peritoneal administration of a peptide at 660 mg/kg of body weight
20 minutes prior to irradiation increased the survival rate of mice from 10% in the control group

20  to 70% in the treated group. No irn vive post-radiation experiments were conducted.

[0037] WO2006/032269 describes a homogenate of blood cells from which
components having a molecular weight of more than 3 kDa have been removed. The homogenate
is reported to be suitable for improving the cellular immune response in a subject. Among a long
list of diverse immunological diseases and pathological conditions, it is proposed that the

25  homogenate can be administered to a patient in a prophylactic fashion in a treatment using
chemotherapeutical agents and/or radiation in order to optimize the patient's general condition. It
is noted that the study does not involve any radiation experiments. Furthermore, although the
homogenate likely comprises among others a mixture of proteins, the identity of the active
component(s) is not clear at all and they may well be of non-proteinaceous nature. At any rate,

30 no distinct peptides have been isolated or identified therein,
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[0038] EP 0572688 discloses a specific peptide comprising 14 amino acid residues
which at 20 mg/kg body weight was found to confer protection in mice against whole body
radiation. The effect was only observed when the compound was applied 1 hour before radiation.
However, no difference relative to control data was observed when peptide was administered 1
hour after exposure to irradiation.

[0039] These prior art disclosures are in marked contrast to the present invention; the
anti-radiation peptides as disclosed herein can provide protection even if administered several
hours after whole body irradiation.

[0040] Subjects having received sub-lethal radiation doses will already benefit from the
anti-inflammatory properties of some of the small peptides identified herein, but surprisingly
most benefit will come from the anti-gastrointestinal syndrome activity of the small peptides,
notably of the 3- and 4-mer peptides at dosages of above 1 mg/kg, preferably of above 5 mg/kg,
more preferably of above 10 mg/kg bodyweight. Considering the low immunogenic nature of the
small peptides (i.e. those of 3 to 4 aa), dosing to up to 100 mg/kg with small peptides, and in
some cases when need for treatment is determined to be acute considering the condition of the
subject in need of treatment, of up to 200 mg /kg, 500 mg/kg or even 1 g/kg will be possible.
Consequently, the treatment of subjects who have radiation injury that comprises damage of the
lining of the intestinal tract of said subject, the so-called gastrointestinal syndrome, has now been
made possible; the peptides allowing the epithelial lining to slowly recover.

[0041] For a better activity of peptides under high radiation dosage it is preferred to
select a peptide for inclusion in a pharmaceutical composition of the invention or for inclusion in
an autoinjector according to the invention that has a dose reduction factor (DRF) against acute
gamma irradiation of at least 1.10, said DRF determinable by testing which dose of radiation
results in 50% mortality at 30 days (LD50/30) after whole body radiation (WBI) in a test group
of mice treated with said peptide at 72 hours after WBI and, testing which dose of radiation
results in 50% mortality at 30 days (LD50/30) after whole body radiation (WBI) in a control
group of mice treated only with the vehicle of said peptide at 72 hours after WBI and, wherein
the DRF is caleulated by dividing the LD50/30 of the peptide-treated animals by the LDD50/30 of

the vehicle-treated animals.
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[0042] It is even more preferred to use a peptide having a dose reduction factor (DRF)
of at least 1.20, more preferably of at least 1.25, especially when said radiation injury is
irradiation injury. Such peptides as identified herein are also called anti-radiation peptide. The
invention provides a method and pharmaceutical composition for the treatment of irradiation

5  injury irrespective whether the radiation is emitted by radioactive substances (radioisotopes),
such as uranium, radon, and plutonium, or is produced by man-made sources, such as x-ray and
radiation therapy machines,

[0043] The invention also provides use of a peptide of smaller than 30 amino acids for
the production of a pharmaceutical composition for the treatment a subject suffering from or

10 believed to be suffering from radiation injury. As above, it is preferred that said peptide be
smaller than 15 amino acids, and, for self-medication or for administration by laymen, it is even
more preferred that said peptide be smaller than 7 amino acids. Several useful 3-mer peptides for
use in the production of a pharmaceutical composition for treatment of radiation injury are
identified herein as VVC, LAG, and AQG.

15 [0044] Similarly, several useful 4-mer peptides for treatment of radiation injury are
LQGY, QVVC, MTRV, AQGV, LAGV, LQAYV, PGCP, VGQL, RVLQ, EMFQ, AVAL, FVLS,
NMWD, LCFL, FSYA, FWVD, AFTV, LGTL, QLLG, YAIT, APSL, ITTL, QALG, GVLC,

‘ NLIN, SPIE, LNTI, LHNL, CPVQ, EVVR, MTEV, EALE, EPPE, LGTL, VGGI, RLPG,
LQGA, and LCFL, useful 5-mer peptides for treatment of radiation injury are TLAVE, VEGNL,

20 and LNEAL, useful 6-mer peptides for treatment of radiation injury are VLPALP, MGGTWA,
LTCDDP, useful 7-mer peptides for treatment of radiation injury are VLPAPLQ, VCNYRDYV,
and CPRGVNP, a useful 8-mer peptide for treatment of radiation injury is QPLAPLVG and a
useful 9-mer peptide for treatment of radiation injury is DINGFLPAL.

[0045]  Other peptides, especially 3 or 4-mer peptides, can be found by testing for anti-

25 cell cycle activity in proliferation assays, for example by using the plant growth assay as
provided herein. Use of a peptide for the production of a pharmaceutical composition for the
treatment a subject suffering from or believed to be suffering from radiation injury wherein said
peptide consists of 2 to 6 amino acids is herein particularly provided. Again, from the viewpoint
of preventing adverse reactions such as anaphylactic shock it is thus preferred that tﬁe

30  pharmaceutical composition is made with a peptide that consists of 2 to 6 amino acids, more

17



0/8 0/8 ea  MIRVLQGVLPALPQAC 0/9 0/9 0/9 9/9 5 Example 3

[ 00103] Six oligopeptides (Le., A- LACY , B AQGV , C LAG D AQG
EE MIR, and F: MIRV ) were tested and conpared with PBS (control) in
a double blind animal study for each peptide's relative ability to
aid recovery in a nmouse renal ischema reperfusion test. In this
test, the m s®wnersnest heti zed, and one ki dney fronresgRiRITDSBE WaS
renoved. The other kidney 10 was tied off for 25 mnutes, and the
serumurea |levels were allowed to increase. Both before and after
Eyi ng off, each of the separate peptides was adm nistered to thirty
30) di f ferent 2007/ 102735 NL2007/ 50 92,

01 1 Gopept | BT aBURPT ARSI Py GHOUET Fyiaeel ERPo apifg sid. I
nortal ity ahlytifos thd isvpalmsofdeaividy, risadeh f genera asightohat gaipieps brdsleagithwel | as

was the BUl\ch gglgﬁlfbﬁa%%j gnf 0@1% t(%) SQ]QCH{I!? 0%31?/&9 (H%% amﬁiistz r@%ﬁ%ﬁ'} 'whg-

results are s ow ex e resu ptide
A (LAGV ( SEwtabelicN@emynys ftf@F?aﬁ“ﬁé@lve|aﬁlvéxaﬁ1®he€ﬂllﬁ)f3feﬂﬂd@1®w]mma@?ﬂS'StS of 4

| nhial at |dpn ARstikesi a, the | eft Ki dney with its artery and vei n was

i sol ated and oc for nut usi crova | ar cI

During surgery @L\#ﬂﬁ?‘éﬂl\ﬁﬂc’é" psparag %W “éeﬁﬂg‘ﬁsl“w&“sp'ﬁfl?? Eeﬁtﬁ]eﬁtt % n body
t enper at ur eadidtioBiRfury dai u@v bd trcatt::éﬂa Haére subcyddna@is ngintrdyeuschlaniicctian thelsby

o nut e 0elfbfind SISERE0R h1 G SloiRer & Bk b0 horERE Hipn Hlegag! ved 11

0.1 nL of s € sa n| stere travenous
reper f usi orpeisinneliiberphyfareatly @ﬁbﬁ@nr‘gﬁ@ opgagjpptionkefdipla {n agEEeEy S@éﬁ#@w@re

Ki dney fdJnQﬁduﬁbHds\/@ﬁeogﬁ%ﬁ%&@tomé tORASHOAIN hirkeRNd ot SRR Hiky A@@peribator e
cl anpi ng, and after, reperfusi kﬁ[ert
‘Hﬁk A

Reaul 1o, TABPEEA 6 Purd o be et bRetinac st Foreptiedl)
(LAGV) B ( Adefonfpared Wi®) to DiesiA@B)n that élfd[ﬂ&)xdrﬁnl@mm@o@ﬂ@ﬁ)as&mﬁmje&b&@re4/ 10
4/ 10 4/ 10 %{'ojvgied ﬂ%relr(.vs PBS) NS 0.01 0.01 0.01
[0047] In particular, the invention also provides use of a peptide smaller than 30 amino
15  acids for the production of a pharmaceutical composition for the treatment of radiation injury
wherein said pharmaceutical composition is contained in an autoinjector. An autoinjector is a
medical device designed to deliver a single dose of a particular (typically life-saving) drug,
sometimes also described as a pre-filled syringe for self-injection or injection by non-medical
personnel or laymen. As used herein, the term "autoinjector” does not refer to an injector for the
20  automated application of a biological {e.g. peptide) sample in an analytical system, such as a
chromatography apparatus, as is described for example in Husek et al. (J. of Chromatography B:
Biomedical Sciences & Applications, Elsevier, Amsterda, Vol. 767, no.1, (2002) pg. 169-174).
[0048] By design, autoinjectors are easy to use and are intended for self-administration
by patients or administration by laymen to patients. The site of injection typically is into the
25  thigh or the buttocks, wherein said treatment comprises subcutaneous or intramuscular injection
with said peptide. Because autoinjectors may be designed to automatically and i-eliab]y delivera
desired dose of medicament, they facilitate quick, convenient, and accurate delivery of
medicaments. In particular, autoinjectors are well suited for use by subjects who must self-
administer therapeutic substances or by heaithcare workers who must inject multiple subjects

30  over arelatively short period of time, for instance in an emergency situation. Moreover,
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25  Multiple Sclerosis. Autoinjectors are often used in the military to protect personnel from
chemical warfare agents. In the United States Military, an autoinjector is part of every Biological
or Chemical Weapons Response kit. it is issued to every soldier in the event they may face
Biological or Chemical Weapons. The needle automatically injects the person once you activate
it, piercing any clothes (even multiple layers) one may be wearing. An autoinjector ﬁerein not

30  only comprises above described injection devices, that usually is spring-driven, whereby the skin
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penetration and/or the injection of the drug takes place automiatically, but also comprises pre-
filled syringes, or autoinjector cartridges and the like.

[0050] The invention 'provides such an autoinjector useful for the treatment of
(ir)radiation injury irrespective of whether the radiation is emitted by radioactive substances

5 (radioisotopes), such as uranium, radon, and plutonium, or is produced by man-made sources,
such as x-ray and radiation therapy machines. The invention also provides an autoinjector
comprising a pharmaceutical composition consisting of a peptide of smaller than 30 amino acids
(herein also called anti-radiation peptide} and a suitable excipient. Suitable excipients are known
in the art, see for example the Handbook of Pharmaceutical Manufacturing Formulations (edited

10 by Sarfaraz K Niazi; [SBN: 0849317460 and incorporated herein by reference),

[0051] Suitable excipients for example are composed of water, propylene glycol, ethyl
alcohol, sodium benzoate and benzoic acid as buffers, and benzyl alcohol as preservative; or of
mannitol, human serum albumin, sodium acetate, acetic acid, sodium hydroxide, and water for
injections. Other exemplary compositions for parenteral administration via an autoinjector

15  include injectable solutions or suspensions which may contain, for example, suitable non-toxic,
parenterally acceptable diluents or solvents, such as mannitol, 1,3-butanediol, water, Ringer's
solution, an isotonic sodium chloride solution, or other suitable dispersing or wetting and
suspending agents, including synthetic mono- or diglycerides, and fatty acids, including oleic
acid.

20 [0052] In one embodiment, an autoinjector comprises as an active ingredient an anti-
radiation peptide (or functional analog thereof) that is capable of reducing adverse effects of
radiation in & subject when administered after the subject has been exposed to radiation.
Preferably, said peptide can confer at least a partial protection against radiation damage if
administered at least 30 minutes, more preferably at least one hour, most preferably at least

25  several hours or even several days (e.g. 3 days) post irradiation. This type of autoinjector is also
referred to as an "emergency-autoinjector”, reflecting its applicability in unexpected emergency
situations. »

[0053] n one embodiment, the invention provides an autoinjector containing a sterile
solution packaged within a syringe-like device that delivers its entire 5 mL contents

30  automatically upon activation. Each mL contains 100 mg, preferably 200 mg, anti-radiation

20
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peptide compounded with an excipient, such as an excipient comprising propylene glycol, ethyl
alcohol, sodium benzoate and benzoic acid as buflers, and benzyl alcohol as preservative, Ina
preferred embodiment, the autoinjector for the treatment of radiation injury carries an anti-
radiation peptide smaller than 15 amino acids, more preferably smaller than 7 amino acids.

[0054] Preferred are autoinjectors for the treatment of acute radiation injury carrying a
peptide of 3 to 4 aa in length, preferably a peptide which has a dose reduction factor (DRF)
against acute gamma irradiation of at least 1.10, said DRF determinable by testing which dose of
radiation results in 50% mortality at 30 days (LD50/30) after whole body radiation (WBI) in a
test group of mice treated with said peptide at 72 hours after WBI and, testing which dose of
radiation results in 50% mortality at 30 days (LD50/30) after whole body radiation (WBI) in a
control group of mice treated only with the vehicle of said peptide at 72 hours after WBI and,
wherein the DRF is calculated by dividing the LD50/30 of the peptide-treated animals by the
LD50/30 of the control animals.

[0055] Even more preferred is an autoinjector carrying a peptide which has a dose
reduction factor (DRF) of at least 1.20, more preferably of at least 1.25. Suitable peptides for
inclusion in an autoinjector are also those that have anti cell-cycle activity in plants, as
determined herein. Very suitable peptides for use in an autoinjector of the invention are VVC,
LAG, AQG, LQGV, QVVC, MTRY, AQGV, LAGV, LQAYV, PGCP, VGQL, RVLQ, EMFQ,
AVAL, FVYLS, NMWD, LCFL, FSYA, FWVD, AFTYV, LGTL, QLLG, YAIT, APSL, ITTL,
QALG, GVLC, NLIN, SPIE, LNTI, LHNL, CPVQ, EVVR, MTEV, EALE, EPPE, LGTL,
VGGI, RLPG, LQGA, LCFL, TLAVE, VEGNL, or LNEAL.

[0056] The invention also provides a pharmaceutical composition for the treatment of a
subject suffering from or believed to be suffering from radiation injury, said pharmaceutical
composition comprising: a pharmacologically effective amount of anti-radiation peptide, or a
functional analogue thereof, or pharmaceutical composition as identified herein together with a
pharmaceutically acceptable diluent. The invention herewith provides a method of treating or
preventing radiation injury in a subject in need thereof or in potential need thereof, said method
comprising: administering to the subject a pharmaceutical composition comprising: means for

treating or preventing radiation injury, and a pharmaceutically acceptable excipient, wherein said
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means comprise an anti-radiation peptide or pharmaceutical composition as identified herein, in
particular wherein said radiation injury comprises irradiation injury.

[0057] In one embodiment, the invention provides a method of treating radiation injury
of a subject in need thereof comprising administering to the subject a composition comprising an

5 oligopeptide obtainable or derivable from the peptide MTRVLQGVLPALPQVVC or from the
peptide LPGCPRGVNPVYVS. 1t is preferred that the oligopeptide is selected from the group
consisting of MTR, MTRYV, LQG, LQGV, VLPALP, VLPALPQ, QVVC, VVC, AQG, AQGV,
LAG, LAGYV and any combination thereof. In another embodiment, it is preferred that the
oligopeptide is selected from the group consisting of LPGC, CPRGVNP and PGCP. Such

10 oligopeptides are particularly useful when said radiation injury comprises irradiation injury. The
invention also provides a pharmaceutical composition for the treatment of radiation injury
comprising an oligopeptide obtainable or derivable from the peptide
MTRVLQGVLPALPQVVC or from the peptide LPGCPRGVNPVVS, such as an oligopeptide
is selected from the group of MTR, MTRYV, LQG, LQGV, VLPALP, VLPALPQ, QVVC, VVC,

15 AQG, AQGV,LAG, LAGV, LPGC, CPRGVNP and PGCP, and combinations of any thereof
and use of an such (oligo)peptide(s) for the production of a pharmaceutical composition for the
treatment of radiation injury.

[0058] Earlier we reported inhibition of septic shock in mice by a 6-mer oligopeptide
(VLPALP) derived from the beta-chain of human chorionic gonadotropin hormone. Also, we

20  showed that several other short (from trimeric peptides up) peptides derived from loop 2 of the
beta chain of hCG (residues 41-57), and modifications of some of said peptides obtained by
alanine substitution of single amino acids, have similar anti-inflammatory activity. Furthermore,
we provide our rational for selecting several of these for continuing development towards a
therapeutic compound for treatment of acute inflammatory conditions after accidental exposure

25  to ionizing irradiation.

[0059] Human chorionic gonadotropin (hCG) is a heterodimeric placental glycoprotein
hormone required in pregnancy. In human pregnancy urine and in commercial hCG preparations
it occurs in a variety of forms, including breakdown products. Several investigators have studied
the effécts of heterodimeric hCG and its variants on the immune system because of fheir putative

30 role in preventing the rejection of the fetal allograft during pregnancy. Several reports have

22



13. 33867 20.92728 N 30 10 9 7 WD 20071102735 PCT/ NL2007/ 050092
mean 7.518182 17.53333 56.08333 73. 17778 NWF-4 LQGY SD 1.537356
2.956913 14.53573 23. 3083 N22 318 9 mean 7.82069 16.75 26.74
83. 95714 NWPF-3 LQG SD 1. 330515

10

15

20

25

30

WO 2007/102735 PCT/NL2007/050092

suggested modulation of the immune system by intact hormone, but such effects of breakdown
products have not been reported. Earlier we (Khan et al., Hum. Jmmunol. 2002 Jan; 63(1):1-7),
reported inhibition of septic shock in mice by a 6-mer oligopeptide (VLPALP) derived from the
beta-chain of human chorionic gonadotropin hormone. A single treatment with this hexapeptide
after high dose lipopolysaccharide (LPS) injection inhibited septic shock in mice. Benner and
Khan (Scand, .J, Immunol, 2005 Jul; 62 Suppl 1:62-6) studied the possible immunological
activity of the in vive liberated peptide fragments originating from nicking of the sequence
MTRVLQGVLPALPQVVC (residues 41-57) of loop 2 of the beta-subunit of hCG. Here it is
reported that several of 3 — 7 amino acid-long peptides taken from loop 2 of the beta-subunit
--and alanine-replacement peptides derived of some-- displayed significant anti-inflammatory
activity as measured by the inhibition of septic shock syndrome in mice and are beyond that
considered useful for treatment of radiation injury, in particular of radiation injury comprising
gastrointestinal syndrome and for the production of a pharmaceutical composition for the
treatment of radiation injury, in particular of radiation injury comprising gastrointestinal
syndrome,

The invention also provides a pharmaceutical compaosition having anti-cell cycle activity.
The cell cycle is an ordered set of events, culminating in cell growth and division into two
daughter cells. The stages of the cell cycle are G1-8-G2-M. The G1 stage stands for "GAP 1",
The S stage stands for "Synthesis". This is the stage when DNA replication occurs. The G2 stage
stands for “GAP 2". The M stage stands for "mitosis", and is when nuclear (chromosomes
separate) and cytoplasmic (cytokinesis) division occur. The term “’anti-cell cycle activity’’ as
used herein is meant to indicate that the peptide is capable of altering cell cycle dynamics. For
example, it comprises altering, i.e. increasing or reducing, the frequency of cell division. In one
embodiment, it refers to an anti-proliferative activity.

[0060] Provided is a pharmaceutical composition having anti-cell cycle activity
comprising PGCP, a pharmaceutical composition having anti-cell cycle activity comprising
VGQL, a pharmaceutical composition having anti-cell cycle activity comprising RVLQ, a
pharmaceutical composition having anti-cell cycle activity comprising EMFQ, a pharmaceutical
composition having anti-cell cycle activity comprising AVAL, a pharmaceutical composition

having anti-cell cycle activity comprising FVLS, a pharmaceutical composition having anti-cell
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1.44123 15.51796 40. 32129 N 29 8 9 8 PBS nean 8.172414 15. 0875
56.81 82.075 control SD 1.549169 2.215167 22. 4659 34.82713 N 29 8
15 4 At 2 hour post-reperfusion statistical analyses reveal ed
P-val ues of: Ap=0.0491 NWPF-47 LAGY p=0.0008 NWPF-46 AQGV 5

- Cp=0. 9248 NWVPF-44 LAG p=0.4043 NWPF-43 AQG p=0.1848 NWVPF-12 MIR
Fp=0. 0106 NMPEAYW/RARY p=0.1389 NWPF-7 VLPALPQ 10 - HRSHNZBTASWPF- 6
VLPALP | p=0. 9301 NWPF-4 LQGV Jp=0.0030 NWPF-3 LQG At 24 hour

post -reperfusion statistical analyses reveal ed P-val ues of: Ap=0.0017
NVPF- 47 LAGV 15 - Bp<0. 0001 NWPF-46 AQGV (Cp=0.8186 NWVPF-44 LAG

p=0. 2297 NNEﬁTe‘li@tivﬁ%mlsﬂfiQ Riotd, Melrmdedud Vi RodiRisiBoPikethg MvEEN LtieMiRYy
203=0. 0049 NWPE- 7 VL ALP%} . . . . .
comprising LCFL, a pharmaceutical composition having anti-cell cycle activity comprising
FSYA, a pharmaceutical composition having anti-cell cycle activity comprising FWVD, a
pharmaceutical composition having anti-cell cycle activity comprising AFTV, a pharmaceutical
5  composition having anti-cell cycle activity comprising LGTL, a pharmaceutical composition
having anti-cell cycle activity comprising QLLG, a pharmaceutical composition having anti-cell
cycle activity comprising YAIT, a pharmaceutical composition having anti-cell cycle activity
comprising APSL, a pharmaceutical composition having anti-cell cycle activity comprising
ITTL, a pharmacentical composition having anti-cell cycle activity comprising QALG, a
10  pharmaceutical composition having anti-cell cycle activity comprising GVLC, a pharmaceutical
composition having anti-cell cycle activity comprising NLIN, a pharmaceutical composition
having anti-cell cycle activity comprising SPIE, a pharmaceutical composition having anti-cell
cycle activity comprising LNTI, a pharmaceutical composition having anti-cell cycle activity
comprising LHNL, a pharmaceutical composition having anti-cell cycle activity comprising
15  CPVQ, a pharmaceutical composition having anti-cell cycle activity comprising EVVR, a
pharmaceutical composition having anti-cell cycle activity comprising MTEYV, a pharmaceutical
composition having anti-cell cycle activity comprising EALE, a pharmaceutical composition
having anti-cell cycle activity comprising EPPE, a pharmaceutical composition having anti-cell
cycle activity comprisfng LGTL, a pharmaceutical composition having anti-cell cycle activity
20  comprising VGGI, a pharmaceutical composition having anti-cell cycle activity comprising
RLPG, a pharmaceutical composition having anti-cell cycle activity comprising LQGA, a
pharmaceutical composition having anti-cell eycle activity comprising LCFL, a pharmaceutical
composition having anti-cell cycle activity comprising TLAVE, a pharmaceutical composition
having anti-cell cycle activity comprising VEGNL, a pharmaceutical composition having anti-
25  cell cycle activity comprising LNEAL, a pharmaceutical composition having anti-cell cycle
activity comprising MGGTWA, a pharmaceutical composition having anti-cell cycle activity
comprising LTCDDP, a pharnimaceutical composition having anti-cell cycle activity comprising
VCNYRDYV, a pharmaceutical composition having anti-cell cycle activity comprising
CPRGVNP, and a pharmaceutical composition having anti-cell cycle activity comﬁrising
30 DINGFLPAL.
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p=0. 3297 NMPF-6 VLPALP WD 2007/102735PCT/ NL2007/ 050092 | p=0. 8328
NVPF-4 LQGV -Jp=0.9445 NWPF-3 LQG P val ues were cal cul ated by Mann
Whitney U-test (SPSS for Wndows). 5 Exanple 6 1001101 To
determ ne dose-response rel ationships, two peptides (D (AQG having a
good effect on nortality on the mce tested in Exanple 3) and B (AQGV
), al so havi m@superisor effect on BUN of the m ce tespenNiznBs9pl €
3) were also tested in a dose-response manner in the nouse renal
failure test as described above. Peptides were tested at 0.3, 1, 3,
10 and 30 10 ny/ kg dosages given as described in Exanple 3. P val ues
(cal cul ated by Mann Wiitney U-test (SPSS for Wndows)) of serum urea
| evel s of PBS conpared to peptide D groups at 72 hours post-clanpi ng
were at 0.3 ny/ [0g61). WBgendsat 1 ng/ kg 0. 009, at 3 ng/ kg 0.02, at 10

ng/ kg 0.000, and at 30 ng/ kg 0.23, for peptide B groups these

P-val ues were 0.88, 0.054, 0.000, 0.001 and 0.003. As can be seen,
peptide D (AQG) [0862d Fistied SViiNBade [resfliation of pick atedIwithWIQY @eptidhBALHDer
15 dosages tested, as corrpared with peptide B (AQGV), while the
benefi ci al effect on 1Pgﬂwas also still_notable at the |ower

dosages t est ed. [993hp( ‘é’Bg’ SWB?‘St Wiale By [pdiatiqnaRadiniendameesrqisplien 7 3ot
72h PBS 0- Gvad a8esAQERE. VBBIE5 kop. Wy ] Philibs BIGADG! 10 y/mi) bgaﬁstmzeﬁmmm 3.0

1,020 kb P A
AQGV 10.0 rg’ge/fkg ingection \@Lt]'g)ep((ggw @@lclg (qqgt,qu gm@alg 3hogrgafier the WB The group that

10 got a placebo injection experienced 80% mortality, as predicted in this model. The dose of
radiation of 8.6 Gray(= 8.6 Gy) is known, in this species, to cause about an 30% mortality, so it
is called the LD80 (lethal dose for 80%). The deaths starting around Day 10 - which is typical for
what happens in WBI to animals or humans: By around Day 10, the gut lining is so damaged and
leaky from the radiation that bacteria get into the circulation and cause gastrointestinal

15  syndrome, and the bone marrow is so damaged that there aren’t encugh white blood cells to fight
the infection (“Bone Marrow Syndrome™), and death ensues, The group with "x" as the symbol
got the first injection IV, and the second injection subcutaneously (SC) 3 hours after that first
injection. 100% of these animals survived, What the graph does not show is that they didn’t show
any signs of sickness at all. To an outside observer, they would look like perfectly normal mice.

20  The group with the triangle symbol got its first injection of the peptide via the SC route. Then it
got additional SC injections every 48 hours, for a total of 3 doses (in addition to the first dose) -
meaning, on Day 3, Day 5, and Day 7. Note that only one of these animals died. The group with
the square symbol was identical in procedures to the group with the triangle symbol, except that
the 48 hour SC injections continued on until a total of 6 doses had been injected (in addition to

25  the first dose). So the dosing continued on until Day 13. Note that this prolonging of the
treatment was associated with complete protection (no mortality whatsoever in this group). The
animals in this group showed no signs of sickness. What we can conclude from this data is that
when the animals got two doses of peptide in the first day (with the first one being IV), there was

complete protection against a highly-lethal dose of WBI. When the animals got lower-level
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Table 6- Urea Levels in dose-response experi ment 24h 72h PBS 57.8
85.4 Peptide D (AQG 0.3 ng/kg 38.4 30.4 Peptide D (AQG 1.0 ng/kg
48.4 38.4 Peptide D (AQG 3.0 ng/kg 39.3 40.3 Peptide D (AQG 10.0
ng/ kg 46.8 25.8 Peptide D (AQG 30.0 ng/kg 52.8 58.9 Peptide B (AQGV
0.3 ng/ kg 62.4 86.7 Peptide B (AQGY 1.0 ng/kg 50.0 52.6 Peptide B
(AQGV 3.0 noMape®ne#3s19. 6 Peptide B (AQGY 10.0 ny/ kg #2&T1/802B /030092
Peptide B (AQGY 30.0 ng/kg 47.8 38.0 standard error 24h 72h PBS
7.1

treatment (SC only), if the treatment was prolonged until the 2nd week, here again there was

complete protection.
[0064] Figure 2 Second set of radioprotection experiments with peptide AQGV

[0065] Escalating doses of Whole Body Irradiation (WBI), with one single exposure
given to any particular cohort, and the exposure dose going progressively higher, for each
subsequent cohort. A single dose of peptide EA-230 (AQGV) was administered subcutaneously,
but with treatment delayed until three days (72 hr) after the WBL The test is called the Dose

10 Reduction Factor (“DRF”), which is defined as ratio between the LD50 of the treated group to
the LD50 of the control group. The LD50 refers to that dose which is lethal to 50% of the
animals tested. An acceptable DRF value is 1.20. To pass the test, at Day 30 after WBl a
candidate drug must have an LD50 at a radiation dose that {s at least 20% higher (an increase by
a factor of 1.20) than the LD50 dose for the control animals. If e.g. the LD5¢ for the control

15  animals is 8.2 Gy, then, the LD50 for a candidate drug would have {o be at least 20% higher,

which in this case would mean a dose of 8.2 x 1.20 = 10.4 Gy.

[0066] Figure 3 An example of the effect of oligopeptides in Arabidopsis thaliana cell-
cycle analysis. Compounds NAK 4 (LQGV) and NAK & (VVC) show a clear effect on the tested
20  markers. For the cell cycle marker (pCDG), a clear effect was observed, for both time points, in
the roots. In the transition zone and cotyledons the effect was observed in a time- and/or dose-
dependent manner. In the case of the auxin responsive marker (DR3::GUS) the same was
observed as with the cell cycle marker. NAK 26 (DINGFLPAL) shows less consistent and time-
dependent effect. An effect was only observed in time in the roots. No effect was observed in the

25  ftransition zone and cotyledons.

[0067] Figure 4. A test on representative oligopeptides for their effect on proliferation
during rapid growth of murine monocytes induced by CD3 when avid cell division occurs, Mice
(n=5) were treated i.p. PBS, Nak4 (LQGYV), Nak47 (LAGYV), Nak46 (AQGYV) provided by
30  Ansynth BV,The Netherlands, or Nak46*(AQGV provided by Diosynth BV, The Netherlands).
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143 Peptide D (AQG 0.3 ng/kg 8.6 3.5 Peptide D (AQG 1.0 ng/kg 7.2
10.2 Peptide D (AQG 3.0 ng/kg 3.5 10.7 Peptide D (AQG 10.0 ng/kg
8.0 3.4 Peptide D (AQG 30.0 ng/kg 9.5 12.9 Peptide B (AQGV ) 0.3

ng/ kg 10.8 14.1 Peptide B (AQGV) 1.0 ng/kg 11.7 14.3 Peptide B (AQGV)
3.0 ng/kg 7.6 2.6 WD 2007/ 102735PCT/ NL2007/ 050092 Pepti de B (AQGV)
10. 0 ng/ kg 8w B@RPEpt i de B (AQGY) 30.0 ng/ kg 5.8 7. 8CT/Nedoe7éys0p92
statistical significance / p values (Mann Whitney U Test) of serum
urea | evel s in dose-response experinment 72 hours post-clanpi ng. PBS
control conpared to peptide adm ni stered groups. 72h PBS NA AQG 0. 3

n’g/ kg 0. 00 %{gA %ﬂﬁ }r%aéerggv r;g) 5 mg%)ggof 'g\ g/kg peptlgyt[oi( e gou? gﬁe’?\%cﬂ'smeerﬁ / kg

1000 AQG

isolated and spleen cell suspensions were made. Spleen cell suspensions were pooled per group
and cultured i vifro (in three-fold) in the presence of PBS or of anti-CD?3 antibody and

proliferation was tested at 0, 12, 24 and 48 hours after culture.
[0068] DETAILED DESCRIPTION OF THE INVENTION

[0069] As used herein, a “purified, synthetic or isolated” peptide is one that has been
purified from a natural or b'ioltechnological source, or, more preferably, is synthesized as

10 described herein.

[0070] “Composition,” as used herein, refers to chemical compounds that contain or
consist of the oligopeptide. The oligopeptide is preferably isclated before inclusion within the
composition. The oligopeptide preferably consists of two (2) to six (6) amino acids, most
preferably of three (3) to four (4) amino acids.

15 [0071] For instance, a preferred compound could, in one embodiment be: NTAQGYV
CT wherein NT at the N-terminus is selected from the group of H--, CH3--, an acyl group, or a
general protective group; and CT at the C-terminus is selected from the group of small (e.g. I to
5 amino acids) peptides, --OH, --OR', --NH,, --NHR!, -NR! R?, or --N(CH3)1.s NR' R?, wherein
R' and R?, when present, are independently selected from H, alkyl, aryl, (ar)alkyl, and wherein

20  R'and R? can be cyclically bonded to one another.

[0072] “Alkyl” as used herein, is preferably a saturated branched or unbranched
hydrocarbon having one to six carbon atoms, for example, methyl, ethyl, and isopentyl.

[0073] “Aryl” as used herein, is an aromatic hydrocarbon group, preferably having 6 to
10 carbon atoms, such as pheny! or naphthyl.

25 [0074] “(Ar)alkyl” as used herein, is an arene group (having both aliphatic and
aromatic portions), preferably having 7 to 13 carbon atoms such as benzyl, ethylbenzyl,
n-propylbenzyl, and isobutylbenzyl.

[0075] “Oligopeptide™ as used herein, are peptides having from 2 to 12 amino acids
joined together by peptide bonds. Equivalent to oligopeptides are compounds having the same

30  or equivalent side chains as the particular amino acids used in an oligopeptide, and arranged
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AQGV 0.3 ng/ kg 0.88 AQGY 1.0 ng/ kg 0.054 AQGV 3.0 ng/ kg 0. 000 AQGV
10.0 nmg/ kg 0.001 AQGVY 30.0 ng/ kg 0.003 [ 00111] Septic shock
experinments were set up to determ ne which peptide was best 5suited
to battle acute inflanmation. [00112] Mce used in sepsis or septic
shock experinments: Female BALB/c mice of 8 to 12 weeks of age were
used for all wexpenbents. The animals were bred in ourctRCiéivsyezunder
speci fic pathogen-free conditions according to the protocols
described in the Report of European Laboratory Animl Science

Associ ati ons (FELASA) Wrking group on Aninmal Health 10 (Laboratory
Animals 28: 1-24, 1994). [00113] Injection protocols: For the

endot oxi n _niSeHePtialipiathy same prder ag b pepyi ée@elaedot?qsthewtnﬁn-mededmds; ety by PS
(E. colt O02fosBfc lifkkdes Such adthe keldaéoktore thydiky isdstor) dikeldifste] or@eOUPS Wer e
WO 2007/ 1021(7?5 IOII\IHL%OQ7IIOOSStOer%92 treated with PBS i.p. only. To test
the effect © pepf ges Were dissolved in PBS and injected i.p.
at predet er m ne®opdi htfismlvqaltltm”mbo &fludss, rRRample art aveeptable salt of the Olgbpeptide
Mce werg S&QEa%QeJ@{g%;ﬁktlgiénﬁ%se&ﬁ‘e\‘&J koo tasve@&’wmsméléfs%ﬂgm the desired

nmeasur enent schene: abnor na| i tI es. 1Percol
det ect abl e 3SEAXGf BF oligopepded eivalenspmpaspd, P Prerably d°r‘i‘PtcS’§t“"‘2‘Pélf*3’é‘8”F°&t ed
fur, huddl ehs2fivigrofthe elsgamd&e dr etha{cbm;Hnbm ()seus@heraﬁn vhdh ueHs tHe @G peptilid)St

as active CB{ & o}}%uc Alts eac a %’I ! haY ane% thP ln0f%a||1|f: acleetSrpexam@%t 0 tap

on cage, passi €‘e or en cutTous "10when
alone in a hyémphé@lctawﬁglydmb_ranﬂ@ agd, suiﬂlrlpm phosphiori¢ dcidenitsic a¢idy andtbpliese t o

stimuligg qlﬂatt@méyrmlgé %oﬁned%ﬁ%%aﬁga(%sgﬁ% hi Iﬁﬂexah’fﬂ@bdcleﬁcta}{quaﬁlagw to
sel f-right after being ont o Srm)“ sacrificed). Dead

15 [ 0TFLS 1‘°I%S‘FF'F‘§PC‘%"ca'e&fac‘é’efﬂP?fE agf &&ﬁ"%@ﬁ@r fitie Atid Mplg asidg et up
to det er m recovdid 2fl, ehzdidweidpempiid dﬂﬂ&aﬁn@amﬂ,%ﬁ;c a\ﬂdHﬁh@lmt&Mﬁﬂé’dH@d TR,

MIRV, WC | LPS
i nduced Sep{ke %ﬁm\l\ebe%‘ormeg) Q[ll I yyv€lent n{elapca 1onsguck1 Y %(? coca clsu"xa‘nc al’d&% eu('n(j f )

pepti de at magmesmuﬂ@malﬁm,@ppngps)b@iﬁeakérirerrdtthe leeled’eas 0m1ecausre@n@ﬂ figm

g/ kg bwngaﬁen%@et Q{Izﬁmﬁg(ﬁ@th Ve @iathin %Fécﬁﬂmbtmﬂsth%&f% E5CAahhA0
doses LPS (E. coli :B6; Difco Lab Detroit

pr edet er m fé to be Ieadl ng to 80 - 100%m)rtallty in 24 72 hours.
Control groups eT® SuchatpdmadettitalRBbpdsition mayieyadainibtesd eveesubjoct

nortality. ] t] j ment s
were set ug a'ie%tergl(le{ (gg%ﬁﬁgesﬁu?@% g%?eu'? ﬁaté COEIeD Bﬁﬁcg‘enga? fé@g{‘:&l‘%@ﬂyﬁ PALP,
VLPALPQ MPpitgopkmtid/and\PBE. &ris preficred K@l oligpreptideds i synthati\origisy Suigghlsabl e of
i nhi bi t 519 1Rhent dRSanlpR2nialelam ekt Pk shggﬂ%gﬁd@ it e PhafiBachlificd] EMaHokifkGh
mce with a doub] e dose %F tlde gé and 24 hours fte

treat ment . 'Ahe BHEH HEAERPRE = {RABRICHEY™ BROFE- LIS BRpULt %P%mass ofthe
bodywei ght .sullpét Bt @ayheaigefuleaethe p‘l'ja&mbﬂldcal cqmpostiidniroiisgglasseloisigsof BB ofido
coli 026:B troit, , USA), predeterm ned to be

| eadi ng to%&gﬁﬁgﬁb}%ﬁp ality in 24 - 72 hours. Control groups were
treated with PB8YTS] p Theyhvadeypimpedthomied criiy orp P adniinisiered apghintroduced in vivo
2(;07{( 1025735?s€€ﬂ1.%uh§2 Q&YdaﬁgB&?&?auy The peﬂtu@@ Slitlmofirkatioh, RET besa@&m@ferea gﬂhé E
shoc experlnen S were se ete n e i des
Gy, VL PALPD s e * s e e en By 5t 2
suited to bethusadrgesie doid (Buehl adtydioeti@icadid,dydrolirorhib ad) gérciudrictakia, nitric acid,

devel opnen K C ock
sar vi ol afayioentd 1d§a% PR il P RO LDl Ui BRAOR Pk 00
wer e i nj ectagatic pcig propjorin add Glyerlic pEd lacHc ac@oﬁﬂr“v@?@d%ﬂh@*ﬂcﬁ?'@wmd

Det r oi t30 MsuccldioAbid, ili@ERIEARIIRRAEIC hAd)DR bl RAGLAFIH & ilQB PR Rt &Y 1 n
48 hours w t hout peptl de treatment. Control groups were treated with
PBS i.p. only and showed no nortali ty., [00118] A conparative trial
was set up to conpare peptide MIR and ,& each obtained fromtwo
commerci al sources. The conparative tri aI corrpri sed six groups of six



Septic shock experinments 25[00120] To test the effect of peptide
early in the devel opnment of devel opnent of shock, mce were treated
at two hours or at 24 hours after treatnent with varying doses of LPS
by i.p. injection with test peptide at 5 ng/ kg bodyvveight. Al LPS
doses resulted in 100% nortality at 48 - 72 hours in the non-peptide
treated m ceVOrAE W EEults are shown in Table 8. O thECE%V@%mﬂ@%tides
tested, peptide VLPALP and LQGY showed a narked protective effect

agai nst 30LPS-i nduced sepsi s. Table 8 singl e dose admi nistration
5 ng/ kg effect at t=24 hr effect at t=48 hr Peptide tested LPS

dose n 0  gbddfh DydroideQdmifonunfhydrofide pSradsfl? hidrofide); or wiiBan organic base (such

as mono-, di-, trialkyl and aryl amines and substituted ethanclamines). A selected peptide and

any of the derived entities may also be conjugated to sugars, lipids, other polypeptides, nucleic

acids and PNA; and function in-situ as a conjugate or be released locally after reaching a targeted
5  tissue or organ.

[0079] A “substitution” with regard to the varicus amino acids generally relate to
substituting a group such as alkoxy, halogen, hydroxy, nitro, or lower alkyl onto an aromatic ring
for hydrogen that would usually be present, Substitutions can also be made on the alkyl chain
connecting the aromatic portion to the peptide backbone, with, for instance lower alky! groups

10 substituting for hydrogen. Still further substitutions can be made at the alpha position of an
amino acid, also using an alky] group.

[0080] Preferred substitutions involve the use of fluorine or chlorine as a halogen, and
methoxy as an alkoxy group. With regard to alkyl and lower alkyl, generally alkyl groups
having fewer (1 to 3) carbon atoms are preferred.

15 [0081] The compounds according to the generai formula may be prepared in 2 manner
conventional for such compounds. To that end, suitably N alpha protected (and side-chain
protected if reactive side-chains are presenf) amino acid analogs or peptides are activated and
coupled to suitably carboxyl protected amino acid or peptide derivatives either in sclution orona
solid support. Protection of the alpha-amino functions generally takes place by urethane

20  functions such as the acid-labile tertiary-butyloxycarbonyl group (“Boc™), benzyloxycarbonyl
(*Z”) group and substituted analogs or the base-labile 9-fluoremyl-methyloxycarbonyl (“Fmoc™)
group. The Z group can also be removed by catalytic hydrogenation, Other suitable protecting
groups include the Nps, Bmv, Bpoc, Aloc, MSC, etc. A good overview of amino protecting
groups is given in The peptides, Analysis, Synthesis, Biolagy, Vol. 3, E. Gross and J. Meienhofer,

25  eds. (Academic Press, New York, 1981). Protection of carboxyl groups can take place by ester
formation, for example, base-labile esters like methyl or ethyl, acid labile esters like tert. butyl
or, substituted, benzyl esters or hydrogenolytically. Protection of side-chain functions like those
of lysine and glutamic or aspartic acid can take place using the aforementioned groups.
Protection of thiol, and although not always required, of guanidino, alcohol and imidazole groups

30 can take place using a variety of reagents such as those described in The Peptides, Analysis,
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Synthesis, Biology, id. or in Pure and Applied Chemistry, 59(3), 331-344 (1987). Activation of
the carboxyl group of the suitably protected amino acids or peptides can take place by the azide,
mixed anhydride, active ester, or carbodiimide method especially with the addition of eatalytic
and racemization-suppressing compounds like 1-N-N-hydroxybenzotriazole,
N-hydroxysuccinimide, 3-hydroxy-4-oxo-3,4-dihydro-1,2,3,-benzotriazine, N-hydroxy-5
norbornene-2,3-dicar-boxyimide. Also the anhydrides of phosphorus based acids can be used.
See, e.g., The Peptides, Analysis, Synthesis, Biology, supra and Pure and Applied Chemistry,
59(3), 331-344 (1987).

[0082] It is also possible to prepare the compounds by the solid phase method of
Merrifield. Different solid supports and different strategies are known see, e.g. Barany and
Merrifield in The Peptides, Analysis, Synthesis, Biology, Vol. 2, E. Gross and J. Meienhofer, eds.
(Acad. Press, New York, 1980); Kneib-Cordonier and Mullen, fnt. J. Peptide Protein Res., 30,
705-739 (1987); and Fields and Noble, Int. J. Peptide Protein Res., 35, 161-214 (1990). The
synthesis of compounds in which a peptide bond is replaced by an isostere, can, in general, be
performed using the previously described protecting groups and activation procedures.
Procedures to synthesize the modified isosteres are described in the literature, e.g., for the
--CH;--NH-- isostere and for the --CO--CH; -- isostere.

[0083] Removal of the protecting groups, and, in the case of solid phase peptide
synthesis, the cleavage from the solid support, can take place in different ways, depending on the
nature of those protecting groups and the type of linker to the solid support. Usually
deprotection takes place under acidic conditions and in the presence of scavengers. See, e.g.
volumes 3, 5 and 9 of the series on The Peptides Analysis, Synthesis, Biology, supra.

[0084] Another possibility is the application of enzymes in synthesis of such
compounds; for reviews see, e.g., H.D. Jakubke in The Peptides, Analysis, Synthesis, Biology,
Vol. 9, 8. Udenfriend and J. Meienhofer, eds. (Acad. Press, New York, 1987).

[0085) Although possibly not desirable from an economic point of view, oligopeptides
according to the invention could also be made according to recombinant DNA methods. Such
methods involve the preparation of the desired oligopeptide thereof by means of expressing
recombinant polynucleotide sequence that codes for one or more of the oligopeptides in question

in a suitable microorganism as host. Generally the process involves introducing into 2 cloning
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vehicle (e.g., a plasmid, phage DNA, or other DNA sequence able to replicate in a host cell) a
DNA sequence coding for the particular oligopeptide or oligopeptides, introducing the cloning
vehicle into a suitable eukaryotic or prokaryotic host cell, and culturing the host cell thus
transformed. When a eukaryotic host cell is used, the compound may include a glycoprotein
portion.

As used herein, a “functional analogue™ of a peptide includes an amino acid sequence, or other
sequence monomers, which has been altered such that the functional properties of the sequence
are essentially the same in kind, not necessarily in amount.

[0086] The functionality of a peptide or a functional analogue thereof can be
determined using an in vivo and/or in vitro testing. In vitro testing is preferred. In one
embodiment, a functional peptide analogue is subjected to comparative testing using a reference
or control peptide, for instance a peptide analog consisting solely of L-amino acids. A suitable
test comprises determining the capability of the candidate peptide to affect cell cycle dynamics.
For example, the effect on cell cycle progression may be determined using a plant model system,
e.g. the Arabidopsis system exemplified herein below, or using cultured (mammalian) cells. In a
further aspect it involves determining the ability of the candidate peptide to inhibit apoptosis, for
example by inducing a (temporary) G2-M cell cycle arrest.

[0087] An analogue can be provided in many ways, for instance, through
“conservative amino acid substitution.” Also, peptidomimetic compounds can be designed that
functionally or structurally resemble the original peptide taken as the starting point but that are
for example composed of non-naturally occurring amino acids or polyamides. With
“conservative amino acid substitution,” one amino acid residue is substituted with another
residue with generally similar properties (size, hydrophobicity), such that the overall functioning
is likely not to be seriously affected. However, it is often much more desirable to improve a
specific function. An analogue can also be provided by systematically improving at least one
desired property of an amino acid sequence. This can, for instance, be done by an Ala-scan
and/or replacement net mapping method. With these methods, many different peptides are
generated, based on an original amino acid sequence but each containing a substitution of at least
one amino acid residue. The amino acid residue may either be replaced by alanine (Ala-scan) or

by any other amino acid residue (replacement net mapping). This way, many positional variants
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of the original amino acid sequence are synthesized. Every positional variant is screened for a
specific activity. The generated data are used to design improved peptide derivatives of a certain
amino acid sequence.

An analogue can also be, for instance, generated by substitution of an L-amino acid residue with
a D-amino acid residue. This substitution, leading to a peptide that does not naturally occur in
nature, can improve a property of an amino acid sequence. It is, for example, useful to provide a
peptide sequence of known activity of all D-amino acids in retro inversion format, thereby
allowing for retained activity and increased half-life values. By generating many positional
variants of an original amino acid sequence and screening for a specific activity, improved
peptide derivatives comprising such D-amino acids can be designed with further improved
characteristics. It has been shown in the art that peptides that are protected by D-amino acids at
either one or both termini were found to be more stable than those consisting of L-amino acids
only, Other types of modifications include those known in the art of peptide drug development to

have beneficial effects for vse of the peptide in a pharmaceutical composition. These effects may

" include improved efficacy, altered pharmacokinetics, increasing stability resulting in a longer

shelf-life and less stringent cold chain handling requirements.

[0088] In one embediment of the invention, an anti-radiation peptide comprises a
sequence of amino acids joined together in a chain by peptide bonds between their amino and
carboxylate groups, wherein at least one amino acid is a D-amino acid. For example, the anti-
radiation peptide is selected from the group consisting of VVC, LAG, AQG, LQGY, QVVC,
MTRV, AQGV, LAGV, LQAYV, PGCP, VGQL, RVLQ, EMFQ, AVAL, FVLS, NMWD, LCTL,
FSYA, FWVD, AFTV, LGTL, QLLG, YAIT, APSL, ITTL, QALG, GVLC, NLIN, SPIE, LNTI,
LHNL, CPVQ, EVVR, MTEV, EALE, EFPE, LGTL, VGGI, RLPG, LQGA, LCFL, TLAVE,
VEGNL, LNEAL, VLPALP, MGGTWA, LTCDDP, VLPAPLQ, VCNYRDV, CPRGVNP,
QPLAPLVG and DINGFLPAL, wherein at least one of the amino acid residues indicated by the
standard one-letier code is a2 D -amino acid.

[0089] A person skilled in the art is well able to generate analogous compounds of an
amino acid sequence. This can, for instance, be done through screening of a peptide library,
Such an analogue has essentially the same functional properties of the sequence in kind, not

necessarily in amount. Also, peptides or analogues can be circularized, for example, by
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providing them with (terminal) cysteines, dimerized or multimerized, for example, by linkage to
lysine or cysteine or other compounds with side-chains that allow linkage or multimerization,
brought in tandem- or repeat-configuration, conjugated or otherwise Jinked to carriers known in
the art, if only by a labile link that allows dissociation. Synthetic versions of these oligopeptides
as described above, and functional analogues or breakdown products, are herein provided to be
used in methods to the treatment of radiation injury and subsequent disease.

[0090] As used herein, a “functional analogue™ of a peptide is preferably smaller than
the peptide from which it is derived and thus rather made by deletions and/or substitutions than
by additions in size. Also, as used herein, a “functional analogue” of a peptide, does not refer to a
larger protein or peptide merely containing an amino acid sequence identified as an anti-radiation
peptide that is flanked by more amino acids at one or both sides.

[0091] The term “pharmaceutical composition™ as used herein is intended to cover both
the active composition of the invention alone or a composition containing the composition of the
invention together with a pharmaceutically acceptable carrier, diluent or excipient. Of course, a
pharmaceutical composition may comprise a mixture of at least two anti-radiation peptides or
analogs as disclosed herein. Acceptable diluents of an oligopeptide as described herein in the
detailed description ére, for example, physiological salt selutions or phosphate buffered salt
solutions. In one embodiment, an oligopeptide or composition is administered in an effective
concentration to an animal or human systemically, for example, by intravenous, intra-muscular
or intraperitoneal administration. Another way of administration comprises perfusion of organs
or tissue, be it in vivo or ex vive, with a perfusion fluid comprising an oligopeptide or
composition according to the invention, The administration may be done as a single dose, as a
discontinuous sequence of various doses, or continuously for a period of time sufficient to permit
substantial modulation of gene expression. In the case of a continuous administration, the
duration of the administration may vary depending upon a number of factors that would readily
be appreciated by those skilled in the art. '

{0092] The administration dose of an active molecule may be varied over a fairly broad
range, The concentrations of an active molecule that can be administered are typically limited by
efficacy at the lower end and the solubility of the compound at the upper end. The optimal dose

or doses for a particular patient should and can be determined by the physician or medical
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specialist involved, taking into consideration well-known relevant factors such as the condition,
weight and age of the patient, etc.

[0093] The active molecule may be administered directly in a suitable vehicle, such as,
for example, phosphate-buffered saline (“PBS”) or solutions in alcohol or DMSO. Pursuant to
preferred embodiments of the present invention, however, the active molecule is administered
through a single dose delivery using a drug-delivery system. A suitable drug-delivery system
would be pharmacologically inactive or af least tolerable. It should preferably not be
immunogenic nor cause inflammatory reactions, and should permit release of the active molecule
so as to maintain effective levels thereof over the desired time period. Alternatives are known in
the art as suitable for purposes of sustained release and are contemplated as within the scope of
the present invention. Suitable delivery vehicles inchude, but are not limited to, the following:
microcapsules or microspheres; liposomes and other lipid-based release systems; viscous
instillates; absorbable and/or biodegradable mechanical barriers and implants; and polymeric
delivery materials, such as polyethylene oxide/polypropylene oxide block copolymers,
polyesters, cross-linked polyvinyl alcohols, polyanhydrides, polymethacrylate and
polymethacrylamide hydrogels, anionic carbohydrate polymers, etc. Useful delivery systems are
weil known in the art.

[0094] One formulation to achieve the active molecule release comprises injectable
microcapsules or microspheres made from a biodegradable polymer, such as poly(dl-lactide),
poly(dl-lactide-co-glycolide), pelycaprolactone, polyglycolide, polylactic acid-co-glycolide,
poly(hydroxybutyric acid), polyesters or polyacetals. Injectable systems comprising
microcapsules or microspheres having a diameter of about 50 to about 500 micrometers offer
advantages over other delivery systems. For example, they generaily use less active molecules
and may be administered by paramedical personnel. Moreover, such systems are inherently
flexible in the design of the duration and rate of separate drug release by selection of
microcapsule or microsphere size, drug loading and dosage administered. Further, they can be
successfully sterilized by gamma irradiation.

[0095] The design, preparation, and use of microcapsules and microspheres are well
within the reach of persons skilled in the art and detailed information concerning these points is

available in the literature. Biodegradable polymers (such as lactide, glycolide and caprolactone
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polymers) may also be used in formulations other than microcapsules and microspheres; e.g.,
pre-made films and spray-on films of these polymers containing the active molecule would be
suitable for use in accordance with the present invention. Fibers or filaments comprising the
active molecule are aiso contemplated as within the scope of the present invention.

[0096] Another highly suitable formulation for a single-dose delivery of the active
molecule in accordance with the present invention involves liposomes. The encapsulation of an
active molecule in liposomes or multilamellar vesicles is a well-known technique for targeted
drug delivery and prolonged drug residence. The preparation and use of drug-loaded liposomes
is well within the reach of persons skilled in the art and well documented in the literature.

[0097] Yet another suitable approach for single-dose delivery of an active molecule in
accordance with the present invention involves the use of viscous installates. In this technique,
high molecular weight carriers are used in admixture with active molecule(s), giving rise to a
structure that produces a solution with high viscosity. Suitable high molecular weight carriers
include, but are not limited to, the following: dextrans and cyclodextrans; hydrogels;
(cross-linked) viscous materials, including (cross-linked) viscoelastics; carboxymethylcellulose;
hyaluronic acid; and chondroitin sulfate. The preparation and use of drug-loaded viscous
instillates is well known to persons skilled in the art.

[0098] Pursuant to yet another approach, active molecule(s) may be administered in
combination with absorbable mechanical barriers such as oxidized regenerated cellulose. The
active molecule may be covalently or non-covalently (e.g., ionicaily) bound to such a barrier, or
it may simply be dispersed therein.

{0099] The invention is further explained with the aid of the following iflustrative

examples.
EXAMPLES

Peptide selection

[08100] Selection was based on the known preferential cleavage sites of the sequence
MTRVLQGVLPALPQVVC (residues 41-57) of [oop 2 of the beta-subunit of hCG (Cole et al,,
J. Clin. Endocr. Metab. 1993; 76:704-710; H. Alfthan, U.H. Stenman, Mol Cell. Endocrinol.
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1996; 125:107-120; A. Kardana, et al., Endocrinology 1991; 129:1541-1550; Cole et al,,
Endocrinology 1991; 129:1559-1567; S. Birken, Y. Maydelman, M.A, Gawinowicz, Methods
2000; 21:3-14), and on aa sequences taken from C-Reactive Protein (CRP) (Beta-catenin, e.g.,
human CTNB}, Bruton's tyrosine kinase (e.g., human BTK), matrix metalloproteinase-2 and p-
53.

Peptide synthesis

[00101] Peptides mentioned here were prepared commercially by a proprietary process
{Diosynth BV) or by solid-phase synthesis (Ansynth BV) using the fluorenylmethoxycarbonyl
(Fmoc)/tert-butyl-based methodology with 2-chlorotrityl chloride resin as the solid support. The
side-chain of glutamine was protected with a trityl function. The peptides were synthesized
manually. Each coupling consisted of the following steps: (i) removal of the alpha-amino
Fmoc-protection by piperidine in dimethylformamide (DMF), (ii) coupling of the Fmoc amino
acid (3 eq) with diisopropylcarbediimide (DIC)/1-hydroxybenzotriazole (HOBt) in
DMF/N-methylformamide (NMP) and (jii) capping of the remaining amino functions with acetic
anhydride/diisopropylethylamine (DIEA) in DMF/NMP. Upon completion of the synthesis, the
peptide resin was treated with a mixture of trifluoroacetic acid (TFA)/H,Of/triisopropylsilane
(TIS) 95:2.5:2.5. Adfter 30 minutes, TIS was added until decolorization, The solution was
evaporated in vacuo and the peptide precipitated with diethyl cther. The crude peptides were
dissolved in water (50-100 mg/ml) and purified by reverse-phase high-performance liguid
chromatography (RP-HPLC). HPLC conditions were: column: Vydac TP21810C18 (10 x 250
mm); elution system: gradient system of 0.1% TFA in water v/v (A) and 0.1% TFA in
acetonitrile (ACN) v/v (B); flow rate 6 ml/minute; absorbance was detected from 190-370 nm.
There were different gradient systems used. For example for peptides LQG and LQGV:
10 minutes 100% A followed by linear gradient 0-10% B in 50 minutes. For example for
peptides VLPALP and VLPALPQ: 5 minutes 5% B followed by linear gradient 1% B/minute.
The collected fractions were concentrated to about 5 ml by rotation film evaporation under
reduced pressure at 40°C, The remaining TFA was exchanged against acetate by eluting two

times over a column with anion exchange resin (Merck II) in acetate form. The elute was
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concentrated and Iyophilized in 28 hours. Peptides later were prepared for use by dissolving
them in PBS,

Example 1 and Example 2
5 [00102] In the first experiment, 12-week-old female BALB/c mice were treated

intraperitoneally with a single injection of either PBS (n=9) or with a peptide (LGQV, VLPALP,
LPGCPRGVNPVVS, MTRVLQGVLPALPQVVC; n=8, 10 mg/kg). One and a half hours after
the treatment mice were exposed whole body to a single dose of 10 Gy '*'Cs-y-irradiation, In the
second experiment 12-week-old female BALB/c mice were first exposed whole body to a single

10 dose of 10 Gy '*'Cs-y-irradiation and then 1.5 hours after the irradiation treated intraperitoneally
with a single injection of either PBS (n=9) or with a peptide (n=8 or 9, 10 mg/kg). During the
experiment mortality and clinical signs (e.g., watery eyes indicating conjunctivitis and weight
loss) were observed at different time points. As can be seen from Table 2, all peptides tested had
good effect on reducing conjunctivitis in the treated mice, however, no effects were seen on

15 mortality, leading us to select a peptide most suited to combat acute inflammation for testing at a

later phase with repeated doses and lowered irradiation.

37



22

10

2 VLPALPQ 7* 6 33 222 7** 6 51

WO 2007/102735 PCT/NL2007/050092

Table 1. Effects of Infraperitoneal treatment with peptide (10 ma/kg) in 12-wks old female BALB/c mice
1.5 hours before whole body exposura to (10 Gy) y-irradiation.

Mortality Days after irradiation

0 3 4 5 6 7
PBS 0/ 0/9 /g 0/9 5/9 9/9
LOGV 0/8 __0/8 0/8 0/8 78 8/8
VLPALP 0/8 0/8 0/8 0/8 718 218
LPGCPRGVNPVVS 0/8 0/8 0/8 0/8 4/8 818
MTRVLQGVLPALPQWC 0/8 0/8 0/8 0/8 7/8 g8/8
Watery eyes Days after irradiation Weight loss Days after irradiation

1] 4 0 4
PBES 0/5 0/8 0/9 99|
LQGV 0/8 0/8 0/8 8/8
VLPALP 0/8 0/8 0/8 8/3
LPGCPRGVNPWWS 0/8 1/8 0/8 a/8
MTRVLQGVLPALPQVWC 0/8 1/8 0/8 1/8

Table 2. Efiecis of Intraperitoneal treatment with peptide (10 mg/kg) in 12-wks old female BALB/c mice
1.5 hours after whole body exposure to {10 Gy) y-Irradiation.

Meortality Days after irradiation

0 3 4 5 [ 7
PBS [E] 0/9 0/9 0/9 6/9 9/9
LQGV 0/9 o/ 0/9 1/9 5/9 9/9
VLPALP 0/9 [\E] 0/9 0/9 3/9 9/9
LPGCPRGVNPWS /8 0/8 0/8 0/8 6/8 818
IMTRVLQGVLPALPQWWGC 0/9 09 0/9 0/9 5/9 9/9
Walery eves |Days after Irradiation Weight logs Days after irradiation

0 4 0 4
[FES 018 619 075 EEE
fLacy 0/9 319 09 9/9
VLPALP 0/9 0/9 0/g 9/9
LPGCPRGVNPVVS 0/8 o8 0/8 8/8
[MTRVLQGVLPALPQVVC 0/9 0/9 0/9 9/9

Example 3

[00103] Six oligopeptides (i.e., A:LAGV ,B: AQGV , C: LAG, D; AQG, E: MTR, and
F: MTRYV ) were tested and compared with PBS (control) in a double blind animal study for each
peptide’s relative ability to aid recovery in a mouse renal ischemia reperfusion test. In this test,
the mice were anesthetized, and one kidney from each mouse was removed. The other kidney
was tied off for 25 minutes, and the serum urea levels were allowed to increase. Both before and

after tying off, each of the separate peptides was administiered to thirty (30) different mice (5 mg
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oligopeptide / kg body mass intravenously), after which, the mortality of the mice was
determined for each oligopeptide as well as was the BUN concentration at two hours, 24 hours
and 72 hours, The results are shown in Table 3 below (excluding the results of peptide A
(LAGV (SEQ ID NO:4)) obtained in example 3).

[00104] Under inhalation anesthesia, the left kidney with its artery and vein was isolated
and occluded for 25 minutes using a microvascular clamp. During surgery animals were placed
on a heating path to maintain body temperature at 37°C. Five minutes before placing the clamp,
and 5 minutes before releasing the clamp, 5 mg/kg of peptide, dissolved in 0.1 mL of sterile
saline, was administered intravenously. After reperfusion of the left kidney the right kidney was
removed. Kidney function was assessed by measuring blood urea nitrogen before clamping, and

at 2, 24, and 72 hours after reperfusion,

[00105] Results - Table 3 (mortality at 72 hours post-reperfusion).

PBS A B C D E F
(LAGV) { (AQGY) | (LAG) (AQG) (MTR) (MTRV})

6/10 6/10 0/10 410 4710 410 2/10

*P< (vs PBS) | NS 0.01 0.01 0.01 0.01 0.01

#2x2 Chi-square test. df=1

[00106) Peptide A (SEQ ID NO:4) was the first peptide administered in the renal
ischemia reperfusion test. The personnel who performed the experiments went through a
learning curve while working with peptide A. During administration of the peptide in the
inferior caval vein, some animals experienced moderate blood loss from the site of injection,
whereas others did not.. Inadvertently the animals were returned to the stable without drinking
water present in their cages the first night after surgery. Also, by mistake, the animals that were
intended to be sacrificed at 72 hours were killed 48 hours after reperfusion. None of these or
other problems were encountered during the experiments with peptides B-F.

[00107] As can be seen, mice administered the oligopeptides MTRYV and éspecially

AQGV did much better in terms of both survival (a significant reduction in mortality versus the
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PBS control group) and reduced BUN concentration than the control group (PBS) or the group
administered the other oligopeptides, with more mice surviving and the serum urea levels being
much lower than in the other groups. However, the oligopeptides LAG, AQG, and MTR, in this
experiment having no reducing effect on BUN concentration, each caused a significant reduction
of mortality compared to the PBS controi, where MTR did significantly raise BUN levels in the

tested mice at 72 hours.

Example 4

[00108] One oligopeptide (A) was retested for its capacity to reduce BUN levels in the
mice test for the reasons as described above. The results are shown in Table 4 below. As can be
seen, mice administered the oligopeptide LAGV now did much better in terms of both survival (a
significant reduction in mortality versus the PBS control group) and reduced BUN concentration

than the control group (PBS).

Example 5

[00109] Four additional oligopeptides (G (VLPALPQ), H (VLPALP ), I (LQGV) and J
(LQG)) were tested for their capacity to reduce BUN levels in the mice test as described above.
The results are shown in Table 4 below. As can be seen, mice administered the oligopeptide
LQG did show reduced BUN concentration early in the experiment (at 24 hours
post-reperfusion) and mice administered VLPALPQ did much better in terms of reduced BUN
concentration late in the experiment (at 72 hours post-reperfusion) than the control group (PBS)
or the group administered the other oligopeptides, with more mice surviving and the serum urea

levels being much lower than in the other groups.
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TABLE 4. BUN after 25 min renal ischemia tested in mice

with peptides A-J

Peptide =0 hr 2hr 24 hr 72 hr C-sterm:  CARBOXYL

N-term:  FREE

A Mean 8.166667 14,03333 38.86364 32.8875 | NMPF-47 | LAGV
sd 1.774658 1.011599 14.54711 14.31228
N 18 3 11 8

B Mean 9.713333 16.62 26.36 2231 NMPF-46 | AQGV
sd 1.882722 2.185203 20.62105 15.96444
N 30 10 20 10

C Mean 10.15185 18.13333 5924375 744 NMPF-44 | LAG
| SD 1.789794 1.88326 16.19662 33.12546
N 29 6 16 6

D Mean 9.303846 17.7 66.75625 91.18333 | NMPF-43 | AQG
SD 1.502127 1.561135 24.50445 51.22154
N 26 8 16 6

E mean 8.403846 17,13 66.23333 104.0167 | NMPF-12 | MTR

' SD 1.739076 1.625526 17.55069 48.97193
N 26 10 6 6

F mean 7.462963 15,08571 34.57368 39.8375 | NMPF-11 | MTRV
SD 1.338526 1.422941 15.18083 21.45973
N 30 7 18 8

G mean 8256667 13.58 37.79375 37.6375 |NMPF-7 | VLPALPQ
SD 1.304021 1.927462 18.33007 29.32872°
N 30 7 18 8 _

H mean 8.423333 1624 62.4 47.05 NMPF-6 | VLPALP
SD 1.255521 1,370482 13.33867 20.92728
N 30 10 9 7
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| mean 7.518182 17.53333 56.08333 73.17778 | NMPF-4 | LQGY
SD 1.537356 2.956913 14.53573 23.3083
N 22 3 18 9
J mean 7.82069 16.75 126.74 83.95714 | NMPF-3 | LQG
SD 1.330515 1.44123  15.51796 40.32129
N 29 8 9 8
PBS mean 8.172414 15.0875 56.81 82.075
control SD 1.549169 2.215167 22.4659 34.82713
N 29 3 15 4

At 2 hour post-reperfusion _statistical analyses revealed P-values of:

A

DT mgyg O w

¥

p=0.0491 NMPF-47 LAGV
p=0.0008 NMPF-46 AQGY
p=0.9248 NMPF-44 LAG
p=0.4043 NMPF-43 AQG
p=0.1848 NMPF-12 MTR
p=0.0106 NMPF-11 MTRV
p=0.1389 NMPF-7 VLPALPQ
p=0.5613 NMPF-6 VLPALP
p=0.9301 NMPF-4 LQGV
p=0.0030 NMPF-3 LQG

At 24 hour post-reperfusion statistical analvses revealed P-values of’

A

T o m g aw

p=0.0017 NMPF-47 LAGV
p<0.0001 NMPF-46 AQGV
p=0.8186 NMPF-44 LAG
p=0.2297 NMPF-43 AQG
p=0.0242 NMPF-12 MTR
p=0.0021 NMPF-11 MTRV
p=0.0049 NMPF-7 VLPALPQ
p=0.3297 NMPF-6 VLPALP
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P values were calculated by Mann Whitney U-test (SPSS for Windows).

Example 6

[00110] To determine dose-response relationships, two peptides (D (AQG, having a

good effect on mortality on the mice tested in Example 3} and B (AQGV ), also having superior

effect on BUN of the mice tested in Example 3) were also tested in a dose-response manner in

the mouse renal failure test as described above. Peptides were tested at 0.3, 1, 3, 10 and 30

mg/kg dosages given as described in Example 3. P values (calculated by Mann Whitney U-test

(SPSS for Windows)) of serum urea levels of PBS compared to peptide D groups at 72 hours
post-clamping were at 0.3 mg/kg 0.001, at 1 mg/kg 0.009, at 3 mg/kg 0.02, at 10 mg/kg 0.000,
and at 30 mg/kg 0.23, for peptide B groups these P-values were 0.88, 0,054, 0.000, 0.001 and
0.003. As can be seen, peptide D (AQG) did reduce BUN levels surprisingly well at the lower

dosages tested, as compared with peptide B (AQGV), while the beneficial effect on mortality

was also still notable at the lower dosages tested.

Table 5 Mortality in dose-response experiment 24h 72h
PBS 0-9 4-8
AQG 0.3 mg/kg 0-10 |28
AQG 1.0 mg/kg 0-10 1-8
AQG 3.0 mg/kg 0-10 0-10
AQG 10.0 mg/kg 0-8 1-10
AQG 30.0 mg/kg 0-8 1-8
AQGV 0.3 mg/kg 0-9 2-10
1 AQGV 1.0 mg/kg 0-10 1-8
AQGV 3.0 mg/kg 1-10 0-10
AQGV 10.0 mg/kg 0-10 0-8
AQGYV 30.0 mg/kg 0-8 3-10
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5
Table 6 — Urea Levels in
dose-response experiment

24h 72h
PBS 57.8 85.4
Peptide D (AQG) 0.3 mg/kg 384 30.4
Peptide D (AQG) 1.0 mg/kg {48.4 38.4
Peptide D (AQG) 3.0 mg/kg 393 40.3
Peptide D (AQG) 10.0 mg/kg 46.8 25.3
Peptide D (AQG) 30.0 mg/kg [52.8 58.9
Peptide B (AQGV 0.3 mg/kg [62.4 86.7
Peptide B (AQGV 1.0 mg/kg (50.0 52.6
Peptide B (AQGV 3.0 mg/kg 374 19.6
Peptide B (AQGV 10.0 mg/kgd1.2 37.1
Peptide B (AQGY 30.0 mg/kg 47.8 38.0
standard error 24h 72h
PBS 7.1 14.7
Peptide D (AQG) 0.3 mg/kg 8.6 3.5
Peptide D (AQG) 1.0 mg/kg (7.2 10,2
Peptide D (AQG) 3.0 mg/kg 3.5 10.7
Peptide D (AQG) 10.0 mg/kg 8.0 3.4
Peptide D (AQG) 30.0 mgtkg 9.5 12.9
Peptide B (AQGV ) 0.3 mg/kg |10.8 14.1
Peptide B (AQGV) 1.0 mg/kg [11.7 143
Peptide B (AQGV) 3.0 mg/'kg |7.6 2.6
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Peptide B (AQGYV) 10.0 mg/kg|8.5 6.9
Peptide B (AQGV) 30.0 mg/kg[5.8 7.8
Table 7 statistical significance / p values (Mann Whitney
U-Test) of serum urea levels in dose-response
experiment 72 hours post-clamping, FBS control
compared to peptide administered groups. 72h
PBS NA
AQG 0.3 mg/kg T0.001 |
AQG 1.0 mgrkg 70.009 |
AQG 3.0 mg/kg 0.02 |
AQG 10.0 mg/kg 0.000 |
AQG 30.0 mg/kg 023 |
AQGV 0.3 mg/kg 0.88 |
AQGV 1.0 mg/kg 0.054 |
AQGV 3.0 mg/kg 0.000 |
AQGYV 10.0 mg/kg "0.001 |
AQGV 30.0 mg/kg 0.003 |

suited to battle acute inflammation.
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[00111] Septic shock experiments were set up to determine which peptide was best

[00112] Mice used in sepsis or septic shock experiments: Female BALB/c mice of 8 to

12 weeks of age were used for all experiments. The animals were bred in our facility under

Laboratory Animal Science Associations (FELASA) Working group on Animal Health
(Laboratory Animals 28: 1-24, 1994).
[00113] Injection protocols: For the endotoxin model, BALB/c mice were injected i.p.

with 150-300 pg LPS (E. coli 026:B6; Difco Lab., Detroit, M1, USA). Control groups were

5

specific pathogen-fiee conditions according to the protocols described in the Report of European



11 6 24 1 6 VLPALPQ 10.5 5 12 2 3 2 11 6

WO 2607/102735 PCT/NL2007/050092

treated with PBS i.p. only. To test the effect of peptides, they were dissolved in PBS and
injected i.p. at predetermined points in time after LPS treatment

[00114] Mice were scored for sickness severity using the following measurement

scheme:
5 0 No abnormalities.

1 Percolated fur, but no detectable behavior differences compared to normal mice.

2 Percolated fur, huddle reflex, responds to stimuli (such as tap on cage), just as
active during handling as healthy mouse.

3 Slower response to tap on cage, passive or docile when handled, but still curious

10 ‘when alone in a new setting.

4 Lack of curiosity, little or no response to stimuli, quite immobile.
Labored breathing, inability or slow to self-right after being rolled onto back
(moribund, sacrificed).

D Dead

15
[00115] A first set of septic shock experiments were set up to determine which of the
peptides LQG, LQGV, VLPALP, VLPALPQ, MTR, MTRY, VVC or QVVC were capable of
inhibiting lipopolysaccharide (LPS) induced septic shock in mice by treating mice with a single
dose of peptide at two hours after LPS treatment. Peptides were used at 5 mg/kg bodyweight
20 BALB/c mice were injected i.p. with escalating doses LPS (E. coli 026:B6; Difco Lab., Detroit,
MI, USA), predetermined to be leading to 80 - 100% mortality in 24-72 hours. Control groups
were treated with PBS i.p. only and showed no mortality. _
[00116] A second set of septic shock experiments were set up to determine which of the
peptides LQG, LQGV, VLPALP, VLPALPQ, MTR, MTRV, VVC or AQG, AQGV, LAG and
25  LAGV were capable of inhibiting high dose LPS induced septic shock in mice by treating mice
with a double dose of peptide at 2 and 24 hours after LPS treatment. At each treatment, peptides
were used at 5 mg/kg bodyweight. BALB/c mice were injected i.p. with high doses LPS (E. cofi
026:B6; Difco Lab., Detroit, MI, USA), predetermined to be leading to 80 - 100% mortality in
24 - 72 hours. Control groups were treated with PBS i.p. only and showed no mortéiity.
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[00117] A further set of septic shock experiments were set up fo determine which of the
peptides L.QG, LQGV, VLPALP, VLPALPQ, MTR, MTRYV, VVC or AQGYV under study were
most suited to be used early and/or late after or throughout the development of shock. - For
determining the percent of endotoxin shock survival after late or early treatment with peptide,
BALB/c mice were injected i.p. with 300 ug LPS (£. coli 026:8B6; Difco Lab., Detroit, MI,
USA), predetermined to be leading to 100% mortality in 48 hours without peptide treatment.
Control groups were treated with PBS i.p. only and showed no mortality.

[00118] A comparative trial was set up to compare peptide MTR and AQGV, each
obtained from two commercial sources. The comparative trial comprised six groups of six
animals; two groups (1A and 1B) receiving placebo (PBS), one group (2) peptide MTR (source
Pepscan), one group (3) receiving peptide MTR (source Ansynth), one group (4) receiving
peptide AQGYV (source Pepscan) and one group peptide AQGYV (source Ansynth).
Peptide/placebo in these groups was administered two hours after LPS. LPS (source) was used

at 10-11 mgskg. Sickness scores were done at 0, 2, 22 26 42 and 48 hours after LPS injection.

Results
Peptide selection

[60119] We selected for synthesis the peptides MTR, MTRV, LQG, LQGY, VLPALP
and VLPALPQ, as well as QVVC and VVC. In a later phase of the study we also selected for
synthesis alanine-replacement-peptides variants derived from LQG and LQGYV, whereby a single
substitution of one amino acid with alanine was made; four (AQG, AQGV, LAG, and LAGV) of

which the results are presented here.

Septic shock experiments

[00120] To test the effect of peptide early in the development of development of shock,
mice were treated at two hours or at 24 hours after treatment with varying doses of LPS by i.p.
injection with test peptide at 5 mg/kg bodyweight. All LPS doses resulted in 100% mortality at
48 - 72 hours in the non-peptide treated mice. The results are shown in Table 8. Of the seven
peptides tested, peptide VLPALP and LQGYV showed a marked protective effect agéinst
LPS-induced sepsis.
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Table 8 single dose administration 5
mg/kg
effect at =24 hr effect at =48 hr
Peptide tested LPS n0(1[{2(3(4(5|D|J0;1]|2}|3|4]|5}D
dose
LQG 7* 6 313 2|4
TH* 6 321 1
8 6 2|13 11213
8 6 1(4]1
10 6 214 4
_ 10 6 1]2 1
LQGV 7* 6 2|4 6
TH* 6 6
8 6 511 511
8 6 313 412
10 6 6 6
10 6 2121791 411 1
VLPALP 7* 6 4|2 511
TH¥ 6 511 511
8 6 511 31201
3 6 313 2131
8 6 2|4 511
8 6 24 511
9 3 3(11]1 1211 1
2 6 214 5101
9 6 3121 2111 2
10 6 3 3 3 2 1
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Table 8 single dose administration 5
mg/kg
effect at t=24 hr effect at t=48 hr
Peptide tested LPS nf0|1(2{3|4|5{DJ0|12|3|4]5|D
dose
10 6 4 2 212 2
VLPALPQ 7* 6 313 21212
TH* 6 5|1
-8 6 1132 113]2
8 6 1 2 6
10 6 2 115
10 6 1 3 1|5
vvVC 7* 6 412 4 2
TH* 6 2111201 11111 3
10 6 2122 212 2
MTRV T* 6 313 4 2
T 6 2131 1 2
10 6 2(1]2]1 2(1¢1 1|1
‘ 10 6 1212 3 3
MTR 7* 6 313 2131
T 6 11391}1 3
10 6 213 ; 2 113
Table 9

dose

peptide administered twice (t=2 hr and t=24 hr) 5 mg/kg at high LPS
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effect at =24 hr effect at =48 hr
Peptide tested LPS n|0i{1;2[3(4!5|D}0)1{2]3|4|5{D
dose
LQG 10.5 5 5 5
11 6 6 6
LQGV 10.5 5 50 5
11 6 214 2 4
VLPALP 10.5 5 5 5
11 6 214 1 6
VLPALPQ 10.5 5 112 2 3 2
11 6 6 4 2
il 6 6 2 301
VvvVC 10.5 5 2|3
11 6 6 2|4
MTRYV 10.5 5 1111}3 213
11 6 4 2 6
MTR 10.5 5 41 5
11 6 6 6
AQG 10.5 5 21112 2|3
i1 6 4 2 6
LAG 10.5 5 6
11 6 6 6
AQGV 10.5 6 2 5
11 4 214 6
LAGY 10.5 5 1 4 1
11 6 141 1 2 4
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[00121] To evaluate the effect of peptide treatment at an early or late point in time of
development of shock, mice were treated at two hours or at 24 after LPS injection by i.p.
infection with test peptide at 5 mg/kg bodyweight. The mice were followed for 84 hours instead
of for 48 hours in the earlier experiments. The results are shown in Table 10. Of all tested

5  peptides, only AQGYV showed 100% sur\;ival and no remaining clinical signs of shock at 84
hours after LPS-treatment when given both early or late in the development of shock.
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[00122] Table 10
Percent of mice surviving LPS-induced sepsis after treatment with a single injection of test peptide(at 5 mg/kg body weight) at 2 or 2F°

hours after induction of sepsis by treatment with LPS,

only AQGY showed 100% survi va

| ate in the devel opnent of shock.
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[06123] Comparative trial MTR and AQGYV, each derived from two sources, all at

Smg/kg.

Table 11

LPS=10-11
mg/kg
#970=5 mg/kg
#971=5 mg/kg
#Ansynth 12
#Ansynth 46

2
o

Group 1A
PBS

Group 1B
PBS

= Oy th AW RN o= 3 R W e

Group 2

#970 2

LPS compound
treatment  ireatrnent
Sickness
scores
Ohrs 2hrs 22hr | 26hrs | 4Zhrs | 48hrs
s
0 2 4 4 5 dead
0 2 3 3 5 dead
0 2 5 dead
0 2 3 3 3 2
0 2 4 4 dead
0 2 5 5 dead
0 2 4 4 4 dead
0 2 5 dead
¢ 2 3 3 2 1
0 2 4 dead
0 2 4 4 5 dead
0 2 5 5 dead
0 2 Dea
d
0 2 3 3 5 dead
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Survival %

17%
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Table 11
LPS=10-11
mg/kg
#970=5 mg/kg LPS compound
#971=5 mglkg treatment  treatment
#Ansynth 12
#Ansynth 46 Sickness
scores
No | Ohrs 2hrs 22hr | 26hrs | 42hrs | 48hrs | Survival %
s
Diosynth 3 |0 2 2 2 2 2
BV
MTR
4 10 2 2 2 2 2
5 |0 2 2 2 4 dead
6 |0 2 4 5 dead 33%
Group 3 1 0 2 2 1 1 1
#Ansynth12 2 |0 2 2 2 2 1
MTR 3 |0 2 4 5 dead
4 |0 2 3 4 4 dead
5 |0 2 2 3 5 dead
6 |0 2 2 2 2 2 50%
Group 4 1 0 2 2 2 2 2
#971 2 |0 2 3 3 2 1
Diosynth 3 ] 2 2 2 2 2
BV
AQGV
4 |0 2 2 2 2 2
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Table 11
LPS=10-11
mg/kg
#970=5 mg/kg LPS combound
#971= 5 mg/kg treatment  treatment
#Ansynth 12
#Ansynth 46 Sickness
scores
No | Ohrs 2hrs 22hr | 26hrs | 42hrs | 48hrs | Survival % |
s
5 |0 2 4 5 dead
6 0 2 2 3 2 1 83%
Group 5 1 0 2 3 3 2 1
#Ansynth46 2 |0 2 3 3 3 i
AQGV 3 |0 2 2 2 I 1
4 10 2 4 4 5 dead
5 0 2 2 2 l 1
6 |0 2 2 2 1 1 83%

[00124] Several reports have suggested modulation of the immune system by intact
hCG, but such effects of breakdown products have not been reported in the scientific literature,
Benner and Khan (Scand. J. Immunol. 2005 Jul; 62 Suppl 1:62-6) studied the possible
immunological activity of the in vivo liberated peptide fragments originating from nicking of the
sequence MTRVLQGVLPALPQVVC (residues 41-37) of loop 2 of the beta-subunit of hCG, in
lieu of the fact that peptides as small as three to seven amino acids generally are not supposed to
have significant biological activity.

[00125] We have designed peptides that block completely LPS induced septic shock in

mice, in several cases even when treatment with these peptides is started up to 24 hours after
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LPS injection, These peptides are also able to inhibit the production of MIF. This finding
provides the possibility of therapeutic use of these peptides for the treatment of patients suffering

from radiation injury.
[00126] Example 7

[00127} This example shows the results of experiment with peptide AQGV on Whole
Body Irradiation (WBI} of mice with 8.6 Gy whereby all groups of mice got the first injection 3
hours after the WBI. The group that got a placebo injection experienced 80% mortality, as
predicted in this model. The dose of radiation given (8.6 Gray = 8.6 Gy) is known, in this
species, to cause about an 80% mortality, so it is called the LD80 (lethal dose for 80%). The
deaths starting around Day 10 - which is typical for what happens in WBI to animals or humans:
By around Day 10, the gut lining is so damaged and leaky from the radiation that bacteria get
into the circulation and cause sepsis because of Gastrointestinal (GI) Syndrome, and the bone
marrow is so damaged that there aren’t enough white blood cells to fight the infection (“Bone

Marrow Syndrome™), and death ensues,

[00128] A first group of peptide treated mice group with "x" as the symbol (figure 1) got
the first injection with AQGV IV, and the second injection subcutaneously (SC) 3 hours after
that first injection. Surprisingly, 100% of these survived. Furthermore, the animals didn't show
any signs of sickness at all. To an outside observer, they would look like perfectly normal mice,

in particular, the peptide-treated mice did not show the GI syndrome,

[00129] A second group of mice got its first injection of the peptide via the SC route.
Then it got additional SC injections every 48 hours, for a total of 3 doses (in addition to the first
dose) - meaning, on Day 3, Day 5, and Day 7. Note that only one of these animals died, others

were not showing any symptoms of the Gl syndrome.

[00130] The third group of mice was identical in procedures to the group with the

second group, except that the q48 hour SC injections continued on until a total of 6 doses had
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been injected (in addition to the first dose). So the dosing continued on until Day 13. Note that
this prolonging of the treatment was associated with compleie protection (no mortality
whatsoever in this group). The animals in this group showed no signs of sickness, again not

showing any symptoms of the GI syndrome.

[00131] What we can conclude from this data is that when the animals got two doses of
peptide in the first day (with the first one being V), with AQGYV there was complete protection
against a highly-lethal dose of WBI, and in particular against the GI syndrome associated with
that dose. When the animals got lower-level treatment (SC only), if the treatment was prolonged
until the 2nd week, here again there was complete protection and in particular against the GI

syndrome associated with the high dose used.

[00132]) When comparing these results to published information on studies describing
the radiation protection activity of a drug code-named ON-(1210 that were presented at the 51st
Radiation Research Society (April, 2004), it shows that this particular drug ON-01210 (like
several other non-peptide drugs that are currently under investigation for radiation-exposure) is
protective only if it is given pre-radiation exposure. That makes it not very useful for protection
against dirty bombs. This particular drug has a sulfhydryl component (4-carboxystyrl-4-
chlorobenzylsulfone)} that works as an antioxidant, scavenging the free radicals that are generated
as the radiation damages the cells. If it’s not present in the body at the time of the radiation
exposure, it has no effect whatsoever. In contrast, treating with a peptide according to the

invention works after exposure,

[00133] Also, when reviewing treatment with other available drugs all the current data
given on such drugs (i.e. on treatment with anabolic steroids) show the need for current non-
peptide drugs to being given prior (i.e. 24 hours) to the WBI, later administration has no

supportive effect whatsoever on protection against acute radiation injury.

[00134] Exampie 8, DRY studies.
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[00135] In this example we report on escalating dose studies of Whole Body Irradiation
(WBI), with one single exposure given to any particular cohort, and the exposure dose going
progressively higher, for each subsequent cohort. A single dose of peptide AQGV (10mg/kg)
was administered subcutaneously, but with treatment delayed until three days (72 hr) after the
WBL The test is called the Dose Reduction Factor (“DRF”), which is defined as ratio between
the LD50 of the treated group to the LDS0 of the control group. The LD50 refers to that dose
which is lethal to 50% of the animals tested.

[00136] An acceptable DRF ratio is a factor of at least 1.10; but preferred is at least 1.20
or even at least 1.25. To pass the test for DRF 1.20, at Day 30 after WBI a candidate drug must
have an LD50 at a radiation dose that is at least 20% higher (an increase by a factor of 1.20) than
_ the LD50 dése for the control animals. If e.g. the LD50 for the control animals is 8.2 Gy, then, to
pass this test, the LD50 for a candidate drug would have to be at least 20% higher, which in this
case would mean a dose of 8.2 x 1.20 = 10.4 Gy.

[00137] Numbers of animals tested and results in DRF test can be found in Table 12.

Table 12

Dose (Gy) “n” The absolute Percent Percent dead
number of aliveat day | at day 30
animals alive at 30
30 days post WBI

7.4 50 45 20% 10%

] 100 60 | 60% 40%

8.6 120 24 20% 80%

9.2 30 0 0% 100%

8.6 +AQGVatday3 |20 20 100% 0%

9.2+ AQGV at day 3 10 10 100% 0%

9.8+ AQGVatday3 |10 10 100% 0%

104 + AQGVatday 3 | 10 4 40% 60%

11.0+ AQGVatday 3 | 10 0 0% 100%
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[00138] It is important to discuss the rationale for the decision to delay treatment for 72
hours: In some scenarios of radiocactive exposure (e.g., explosion of a nuclear fission device on a
cargo ship, or a plane crashing into a nuclear reactor near metropolitan centers, etc.), the amount
of destruction could be such that it could take several days to get all the victims to treatment
centers. Therefore military scientists (intérested in protecting the first responders) and civilian
scientists {interested in treating the mass casualties) would naturally want to determine if a
candidate drug can do anything to diminish the acute radiation toxicity (GI Syndrome, Bone

Marrow Syndrome) that will otherwise be fulminant after so long a delay.,

[60139] Results of DFR test with AQGV. The radiation dose that kills 50% of the
controls toms out to be ~8.2 Gy. Peptide AQGYV is so protective that one has to increase the
radiation dose by 25% (a factor of 1.23), all the way to ~10.4 Gy, to kill 50% of the animals, and
this is with treatment delayed for three (3} days. If the treatment had been given sooner, e.g. at 24

hr or 48 hr, it would have taken an even higher dose of radiation to kill 50% of the animals.
[00140} Example 9

To further study anti-cell cycle activity of various oligopeptides a proliferation experiment in
Arabidopsis Thaliana seedlings was performed. The aim was to test a group of 140 oligopeptides
of varying length for their effect on plant marker gene expression during rapid growth when avid
cell division occurs. Both marker genes are related to the cell-cycle process, high marker activity
represents high cell-cycle activity and no marker activity represents no ceil-cycle activity and
hence no proliferation. Examples of the effect of oligopeptides in Arabidopsis Thaliana cell-

cycle analysis is given in figure 3.
Method

The peptides were re-suspended in 1x Phosphate Buffer Saline (PBS) pHS to a final
concentration of 5 mg/ml. The obtained solutions were then divided through 96-well round

bottom plates (Corning Incorporated) at 40 microliters per well. Plates were stored before use at
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additional SC injections every 48 hours, for a total of 3 doses (in
addition t&eedie first dose) - neaning, on Day 3, Day 5, and Day 7.
Not e that oghie i@ Bdteditias efaDbn Mdriter Sdnd SkprddiidhUnFapy Goviag AbiaWsiBg any

synptons of the Q. sypdrone. . 00130 t.hird, group of mce was
Tont Loal  PASSeCE BE Bo e PB R o e ttahis Yy s

t hat t he g4&thgurotd@Gansitjor edne amisotyddns.nued on until a total of 6 doses
had WD 20071102735PCT/ NL2007/ 050092 been injected (in addition to
the first dose). So the dosing continued on until Day 13. Note that
thi s prol ofginnge &0 compoundsdested fpttal ofds shoyed e plaar stfechipn the eptsfsioagboth
protect i on y{aARrsidfel AxhhpesWh ABRANMRhank R childédhyIKeQtst conlgd@ndd e AW it N

this group showed no signs of sickn in Wi ng any

synpt ons of°%E @tlﬁm'%rﬁsﬁ@g‘bﬁ’ée?m’PeP“é(esFé%ﬁ??éewmjs‘@hm%&egude from
t hi s dat a iSerptikiadly, aeffedshverenidaripielted ot the lewgthd e anirius pepiides gteged. As tdne
first day (with the first one being 1V), with AQGV there was conplete
protection against a highly-lethal dosg of WBI, and in particul ar

agai nst the G syndrone associated wth that dose. Wen the animals
got lower-level treatnent (SC only), if the treatnment was prol onged




"n" The absol ute nunber of animals alive at 30 days post WBI Percent
alive at day 30 Percent dead at day 30 7.4 50 45 90% 10% 8 100
60 60% 40% 8.6 120 24 20% 80% 9.2 30 0 0% 100% 8.6 + AQGV at day 3 20
20 100% 0% 9.2 + AQGV at day 3 10 10 100% 0% 9.8 + AQGV at day 3 10

10 100% 0% 10. 4 + AQGV at day 3 10 4
WO 2007/102735 PCT/NL2007/050092

be seen in Table 13 below, anti-cell cycle activity was over-represented in the short peptides,
none of the peptides longer than 9 amino acids gave reduction of cell cycle activity. Of the
peptides of 5 to 9 amino acids in length, about 22% showed reduction, but of the trimers and

tetramers tested more than 50% showed reduction of cell cycle activity.
Table 13
Frequency distribution of peptides tested positive/peptide length as found in cell cycle test in

Arabidopsis Thaliana. #AA = peptide length in amino acids; # = number tested; #+ = number

found positive; %+ = percentage positive

#AA 3 4 5 6 7 8 9 10 (12 113 | =14
# 6 65 9 11 10 2 17 7 3 5 5
#+ 3 38 3 3 3 1 1 0 0 0 0
%ot 50% 58% 33% 27% 30% 50% 6% 0% 0% 0% 0%

Example 10

To further study anti-cell cycle activity of various oligopeptides an i vitro experiment in
peripheral blood cells of mice stimulated with anti-CD3 was performed. The aim was to test
representative oligopeptides for their effect on proliferation during rapid growth induced by CD3
when avid cell division occurs. Mice (n=5) were treated i.p. PBS, Nak4 (LQGYV), Nak47
(LAGV), Nak46 (AQGV) provided by Ansynth BV, The Netherlands, or Nak46*(AQGY
provided by Diosynth BV, The Netherlands). Mice were treated with 0.5 mg/kg or 5 mg/kg
peptide for one hour after which spleens were isolated and spleen cell suspensibns were made,
Spleen cell suspensions were pooled per group en cultured in vitro (in three-fold) in the presence
of PBS or of anti-CD3 antibody and proliferation was tested at 0, 12, 24 and 48 hours after
culture. All tested peptides showed a reduction of proliferation (see figure 4).
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40% 60% 11.0 + AQGV at day 3 10 0 0% 100% WO

2007/ 102735PCT/ NL2007/ 050092 [00138] It is inmportant to discuss
the rationale for the decision to delay treatnment for 72 hours: In
sonme scenari os of radioactive exposure (e.g., explosion of a nuclear
fission device on a cargo ship, or a plane crashing into a nucl ear
react or near WHAWEHGH t an centers, etc.), the anount SFTHEXYFWPE on
could be such that it could take several days to get all the victins
to treatnent centers. Therefore mlitary scientists (interested in
protecting the first responders) and civilian scientists (interested
in treating the mass casualties) would naturally want to determ ne if
a candidate drug can do anything to dimnish the acute radiation
toxicity (G Syndrone, Bone Marrow Syndrone) that will otherw se be
Rum nant afRegdlts HOmleunpla odel @y . [ 00139] Results of DER test

Wi th AQGV. The radiation dose that kills 50% of the controls turns
out to be -8.2 Gy. Peptide AQGY is so protective that one has to
increase t Hieom ealficatle gudigdrsplaritnand bosiereduatingr profiferh@d)studias in peripberslay t 0
-10.4 Gy, tfol 'célis %%3%ergéb%dé%rmn%cnt Wdlgt{ah E]glé}?g% Fd@nt{ﬂ%@ W@ﬂk(’i

del ayed for thr ee he treat ment een gi vén sooner,

e.g. at 24 ARG érmllﬂéy’hlﬁeﬁﬂﬂtm%mlépsﬁwéat%meﬁfadaw%w ¢ BREV: 6%e of
radi ati on tmrfkv |AQ(5»Q%AGW Losvaraorls QL 000E MFRXANBL e STRMWD, tLiver,

orol o at PoNeS P AT aftsfl S AT, SRREC BV g v

per f or med. LFAN. GPHQMESVR, HITEYs EARE.GPBEA.CIL, (40l BLPGAREPL, LOB, uedfl 5-
varying |e Img}perp 101 ﬁ(;r G@At&wn%fraﬁ&mﬁ F‘J‘ﬁ SOTLABE, K%hﬂeﬂﬁEﬁﬁ( rage%ﬁ%'ngp

during rap when avi d VI Sl on occurs. mar ker genes
are rel at edest estfﬁ’émé@el“ of ipdiptiondpipry @< LPﬁL&M%?Wé,L’%@QI?Pque@l T-mer

repr elant S plhpt@as mﬁ}ehm@mmdlaﬁdnm\gu@yreMAp?Q VEINGERD W@PRGN]NY aﬁ@éﬂil@ﬁ ents
no cell-cycle a nce .no_proli tipn, es.,0of the
oftect of O bR et RARER D RPN S Lisp T AT R o gR r o
is given |mwﬂmgupéMGmmwbmhwdIﬂﬁéﬂﬁéﬂt|des were re-suspended in |x
Phosphate Buffer Saline (PBS) pH3 to a final concentration of 5

ng/ M. The obtained solutions were then divided through 96-well round
bottom pl ates (Comi ng Incorporated) at 40 microliters per well.

Pl at es wer ®REFERERCEDef ore use at WO 2007/ 102735PCT/ NL2007/ 050092

-200C for four da S l. i ana.ecot

surface steril |I§1e g%cd%lf%rs?ﬁea 19’f}?eac %'bdrl X &%g%l%mﬁﬁ yan
and washed ofigopeptigé mthﬂmt#rclgm@f hurgan [ riggic e«rnadomn bewmdse. iamelmpiea.
re- suspendg@oz\%ﬁ B3@).iL90 agar and plated on MS20 plates suppl enented
with 80 ng/1 Kanamycin. The plates were placed at 40C for 2 nights,
and then transf3mped- Nt Kbay. |I?Jr%§[“é'°’i‘ Bféﬁﬁte&is’ osH pepvisfiens andieylesuley eand. /.
phot operi OdmmiﬁqfoLEUOSfJﬂUGZ si:ap{s 60f6. growt h, the seedlings vvere
transferred to t.ai the tlde

seedl i ngs per \A‘/‘g%l\jl\ﬁ dﬁ?rﬁagﬁﬁa?gp 'Grﬂ% gl%pﬁoﬂ?agtwa E]%(?Qymékmg
experlnentaﬂh@bﬂ@@g@n&Ch@#b%ygé@@b§@%ﬂﬂﬁﬂ@%ﬂﬂarbourlng tmo reporter

genes fused to %n‘ﬂpr@H%&%n Tﬂ%oﬁﬂyﬁ@fog&a@ﬂ%ﬁﬁ'&e &Q%uy§1§gcu‘ﬁ@§mﬂs gel |
cycl e marker, (Carnona et al ant_Jour nal , 999, 20(4),

503- 508), ah‘aa“t ﬂ’@“%@@%‘ﬂ‘&’r’é{h %HQHEP@gfwhé?%I%HPT(&O DR5: : GUS
(U masov et a] . ,Kafdaga & RINI. BEDdtd, M. A/Gﬂawmewlczlgﬁﬁrkiﬂllb) Col%f Thy heteﬁ:(gkﬁaﬁji éfon
with the C% %H%?ohln%gn%dagﬁ gﬁ% acterlz on o%d a{)ttlgelb enelttl §t ai ni ng

reacti on was per 7.0)

t hat cont aumle@ﬂualmrmmtmmcm%@v@@,logﬂ.Ias% Wllﬁﬁnﬁﬁ@ 100, 2 nmM X-d uc,
0.5 MM K3Fe(CN)6 and 0.5 nM K4Fe(CN)6 at 370C for 16 hours. To stop
the GUS reaction and renove chl orophylgz the seedlings were
subsequently treated for one hour with 96% et hanol and then stored in
70% et hanol . Stai ned seedlings were observed under a stereom croscope



7355 # 338 333110000 % 50%58% 33% 27% 30% 50% 6% 0% 0%
0% 0% Exanple 10 To further study anti-cell cycle activity of

various oligopeptides an in vitro experinent in peripheral blood
cells of mce stimulated with anti-CD3 was perfornmed. The aimwas to
test representative oligopeptides for their effect on proliferation
during rapi d¥t8%R¥nduced by CD3 when avid cell di viPSTSRGHSWPS
Mce (n=5) were treated i.p. PBS, Nak4 (LQGV), Nak47 (LAGV), Nak46
(AQGV) provided by Ansynth BV, The Netherl ands, or Nak46*( AQGV

provi ded by Di osynth BV, The Netherlands). Mce were treated with 0.5
mo/kg or S Mo/ KQ\ACRT kAl PORGAOWoraBE VER, It b@,ﬁ!@mﬁfs@ke

i sol ated and spleen tel |l suspensions were ma >pl een cel |

suspensi onBefget & Qeennat S Frkery (The petespgeaity of fregn sheriorie gogadofrepin (hCG). 111

t hr ee- f ol d)nd dtcilrRfceRAESABEEI Hd iRBMmoVgicAactiitict ofGldBedHTd, LREriRRISLY
proliferation V\kgé {?est,?d at 0, 12, 24 and 48 hours after culture. Al
tested pepll?gdelg 8’ a reducti on. of proliferation (see figure 4).
WO 2007/ 1027 35 RGké8. 20 0 ayQH080R. R&awinbwict. rRiepamtiarapd aslyds offite cbmokr om

cell-cycle ' ' S . {.n- vt i anof proliferation
studi es i nu%i%%%rogﬁmgi}’%ﬁ%g %","ﬂﬁ‘}é’éf’ﬁf?”“’%’?ﬂl}g?’ 216%9# i des for
treatnent of radiation injury were identified, WC, LAG AQG
Simlarly, useful 4-ner peptides for treatnent of radiation injury
are LQGV, QWC, MRV, AQGV, LAGV, LQAV, PGCP, VG, RVLQ EMFQ AVAL,
FVLS, NMLND, LCFL, FSYA, FWD, AFTV, LGIL, QLG YAIT, APSL, ITTL,
QALG GVLC, NUN, SPIE, LNTI, LHNL, CPVQ EVWWR, MIEV, EALE, EPPE,
LGTL, VGE, RLPG LQGA, LCFL, useful 5- ner peptides for treatnent of
radiation injury are TLAVE, VEG\L, LNEAL, useful 6-ner peptides for
treatnment of radiation injury are VLPALP, MGGTWA, LTCDDP, useful
7-mer peptides for treatnment of radiation injury are VLPAPLQ
VCNYRDV, CPRGVNP, a useful 8- ner peptide for treatnent of radiation
injury is QPLAPLVG and a useful 9-nmer peptide for treatnent of
radiation injury is DI NGFLPAL. REFERENCES Khan N. A., A Khan,
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pepti de consisting of the am no acid sequence AQGY, for the

manuf acture of a medi canent for the tmreatnment of a subject suffering
fromor believed to be suffering fromradiation injury. 2. Use
according to claiml1l, wherein said radiation injury conprises acute



3. Use according to claim1 or 2, wherein said radiation i
conprises damage of the lining of the intestinal tract of
subj ect, the so-called gastrointestinal syndrone. 4. Use
to claim1, wherein said radiation injury is irradiation i

njury
sai d
accordi ng
njury. 5.

Use according to any one of clains | to 4, wherein said treatnent

conpri ses subcutaneous or intranuscular injection with sai

6. Use according to any one of clains | to 5, wherein said

d peptide.

phar maceut £841S conposition is contained in an autoinjector. 7. An

aut oi nj ector conprising a peptide consisting of the am no acid
sequence AQGV
1. Use of a peptide consisting of the amino acid sequence AQGYV, for the

manufacture of a medicament for the treatment of a subject suffering from or believed to

be suffering from radiation injury.

2. Use according to claim 1, wherein said radiation injury comprises acute radiation
injury.
3. Use according to claim 1 or 2, wherein said radiation injury comprises damage of

the lining of the intestinal tract of said subject, the so-called gastrointestinal syndrome.

4. Use according to claim 1, wherein said radiation injury is irradiation injury.

5. Use according to any one of claims 1 to 4, wherein said treatment comprises

subcutaneous or intramuscular injection with said peptide.

6. Use according to any one of claims | to 5, wherein said pharmaceutical

composition is contained in an autoinjector.

7. An autoinjector comprising a peptide consisting of the amino acid sequence

AQGV.
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