METHODS OF PROTECTI NG AGAI NST APOPTCOSI S USI NG LI POPEPTI DES FI ELD OF THE

| NVENTI ON [ 0001] This invention relates to the use of inducers of NF-KB to
protect me2adag138238m t he effects of apoptosis. Mre spe®CliusSartcip2286hi s
invention relates to the use of inducers of NF-KB to protect mammals from
exposure to stress, such as radiation and cancer treat ments. BACKGROUND OF

THE | NVENT, [ [ umor_cell's
i nvol ves aid.gyslj 8@%@@3&%@#

i 5 Simoan e di ng
resistance to growmh inhibitory stl mul i and a Iack of dependence on growth
factors and hornones. Tradi tgipp Opq@fﬂemgmfe?mﬁnts that are based on

radiation or cytotoxic drugs re y on the erences in growth control of

normel ap@oiR! i gnafiis medkisn reli@db tHeAREbS HAREE' fTNrPQ boriRiefil cells to
severe genotoxic stress. Under these conditions, e majority of nornal

cel | s befemshaeffaststod dpeptatist Marespseidically s invrition retlajmip thealsk of indmteisnues to

divide a i U8 of gony | onal cancer t r eat ment
strat egi g@\jﬁg%sta%ﬁoq%ﬁh%ﬁ%}réﬁ{a é ‘35@?{0 né‘sroa g{%'b?ﬂ o&l"€T prone ti ssues
are at riredtmeddamage to these nor rral rapi dIy d| viding cells causes the

wel | -known side effects of cancer treatnent (sensitive tissues:
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pr ocedur es t'hat caus In nornal sensitive tissues
ef f ect i vaeghanisan o€ gropdi fegulat@mnineltling mesistace torgoewthtighibitony stumdl dnde ladkde

effects ‘lf dHANRRLe Vgie‘gtﬂlfgeﬁ%g‘El?d k%?r%gﬁtzso Rrdafl ongﬁc‘éh&%&a%%s gel Ares b%'?(r:ef N

suscepti ble’to treat ng cancer t
t unor ceblh mdiagipn @mﬁmvmmgmlyrcegbﬂélﬁatdnm 1mgrowdr cmmtrotofmsuml aﬂd er treatnent

(e.g. et t hese, however as
it oo AOERPANEL T Scer S hnicb S Brsedel FfopiR RS L i,
t her apeuthess @géitibss, the nm;drltgaitrmrmhlle:ess beomt heedial «nd siecdfat ashed) while
chenot he[ H? F‘?lpdﬁoét?ﬁ%géo “%e%@rda%y in t_he treat nent of cancer. This

i nventio and provi des ot her rel ated advant ages.
SUMVARY [DB0IHE | N\IEWelvENthe a4 d:frCOMied&&lahéﬁ’neérﬁreh&eat eﬁfﬁte@ﬁ:d isaghiclpihet ecting a

manmal from r..more conditjons or treatnents. that e poptosis. A
nmanmal nﬁgf“’ﬁgraﬁdﬁ?{ Wn@fn&oedpoﬁtos\mr%dﬁ%é@%ﬁ SQ@?@ %?9%3‘83“ onposi tion
conpri si pgidly &hﬁlﬁﬁg&féﬂy&du%hﬁewaplﬁﬁmn%Me%fﬂﬂf@ UNdan6dr tRateRANEeHIEivef the

fornul a: X 1 N wherein, Rl

r epr esentiSUET: g?m@te@wf; sl m‘R@‘“&n}&P“ﬁ%llﬁcg@ed@ﬁd@%aﬂ §ensifixity plsuchigspesnal | y
subst i t utsedmphcdtefbyahd PbAhdtCancr dells BeHRAY BRpuirdBstects in suicidal (apoptotic)

machinery and therapeutic procedures that cause death in normal sensitive tissues may not be

effective on cancer cells. Conventional attempts to minimize the side effects of cancer
therapies are based on (a) making tumor cells more susceptible to treatment, (b) making
cancer therapies more specific for tumor cells, or (¢) promoting regeneration of normal tissue
after treatment (e.g., erythropoietin, GM-CSF, and KGF). Each of these, however, has
limited effectiveness. As a result, there continues to be a need for therapeutic agents to
mitigate the side effects associated with chemotherapy and radiation therapy in the treatment

of cancer. This invention fulfills these needs and provides other related advantages.

SUMMARY OF THE INVENTION

[0004] Provided herein is a method of protecting a mammal from one or more

conditions or treatments that trigger apoptosis. A mammal may be administered a



Zis S or Cll12. 10005] The peptide nmay conprise a sequence set forth in SEQ
1D NGs: 1-52. The first five am no acids of the peptide may be chosen from
t he am noweach@s138238t he positions referred to in Tabl e 2PCTRS200/0R28651d nay
be an RR or RS stereoisonmer, or mxture thereof The conpound may al so be of
the formula: Cl12 0 - ro _ Cl12 0O HN_0,0 _NC160 H8 N N NaCs )ONa dti 40
[ 0006] The condition.that. tri i i at undi ng,

poi soncloﬁ’é’,oSl ails 8%??%%n%?pp %fr‘%‘p"‘ggtg‘{%lr@gg‘i%%@.e e %Pg%% % (?In!tdﬁgfthétl\?i ggers
apopt gdsigulgay be a cancer treatnment. The cancer treatnment nay be

chenot herapy or radi ation therapy. The tissue WO

2006/ 138238PCT/ US2006/ 022865 wherg n apoptosis is triggered may be the

spl een, thynmus, G tract, lungs, Kidneys, liver, cardiovascul ar system

bl ood vessel endothelium nervg tem (central or peripheral),
hemat opoi eti c progenitor cells ‘¢bone 20wW), immune system hair
follicles, or the reproductiveRsyst gH007] The conmpound may be

adm ni stered in conbination wt radilgpr ot ectant. The radi oprotectant may

be an anti oxi dant, such as am fospH ne 2vitam ne E. The radioprotectant
may al so be a cytokine, such as stern gell factor. The radi oprotectant may
also be flagellin, latent TGFp, or an dgtivator of a TLR BRI EF DESCRI PTI ON
OF THE DRAW NGS [0008]Fig. 1 illustratesithat p53 deficiency accel erated

t he devel opment of radiation- inq@di{gpstr intestinal syndrome in m ce.
Panel A presents graphs of the perteNf s al of mce exposed to 9, 12.5,
25, or 5 x 2.5 Gy of total body gamm# radilati on foll owi ng pretreatment wth
an inhibitor of p53, pifithrin-alpha (PFTY, or DMBO (control). p53-nul

m ce were al so exposed to the fractioned cunul ative radi ati on dose of 12.5
G (5 x 2.5§ﬁy%- Panel B presents graphs of the percent survival of wld
type and p5 -nJPr mce after exposure to low (10 Gy) or high (15 Gy) doses
of total body gamm rRdieptésemts HRan€O-Rspresents a graph illustrating the

percent survival of njce, ex ed, t AR cLdl ation
foll ow ng reconstituPkﬁagﬁﬁﬁﬁaﬁ%%@%%gigg%#%%ﬁ§8?€%ﬁ®&§¥%£%ypecg?g%SS-nuI
m ce. Panel D pr esent L HHERRt oxylin-eosin stained paraffin intestinal
sections fromw ld tyRresapdphgaml | mce at the indicated time points

after 15 Gy of gamma radiation. Insets at 24h show TUNEL staining of crypt
regi ons. [0009] Fig. 2Zii$ P@&{iHht es the dynamics of cell proliferation and

survi VfHOO%P the ?H@béptide may comprise a sequence set forth in SEQ ID NOs: 1-52. The
first five amino acids of the peptide may be chosen from the amino acids at the positions
referred to in Table 2. The compound may be an RR or RS stereoisomer, or mixture thereof.
The compound may also be of the formula:
c1z Q.
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[0006] The condition that triggers apoptosis may be radiation, wounding, poisoning,
infection or temperature shock. The treatment that triggers apoptosis may be a cancer

treatment. The cancer treatment may be chemotherapy or radiation therapy. The tissue



intestines of wild type and p53-null mce. Panel A (left) shows

aut or adi ogr aphs of whol e- body sections of wild type and p53-null m ce

i nj ect ed WO2hoe1¥&23Bhym di ne that were treated with 15 GpCofUSgandoeessadi at i on
or not treated. Arrows point to the intestines. Panel A (right) shows

phot om crographs of BrdU incorporation in the small intestine of wild type
and p | 1 Ge: al: g i 0j Bhct i K e radi ation.
Regi oﬁ\gﬁeor M@hgﬁbﬁ%l&ﬁhﬁ%&g&é %agr%ﬁ%é %169’ Wgﬁ‘é’fé fmagcn’l fﬁln at ?%lrel%Panél B

pr esendasdiavagtelphsysfent, bioodurbet endotiRdilbl, pesiots wysteoe(destralrorperiplrerslhe smal |
intestine of wld type and p53-null mce at different tine ints after 15
Gy of RFARAIRPOIHiPIRgHHOT ?ﬁ‘gﬁé oRe IBP%%‘@H@%HBFWD&% r"ffalHPE eso?ﬂé?dw abel ed
cell's joBdin&ivem®likml Ntestine of wild type and p53-null mice at different
time pofnts af s Gy of gamma WO 2006/ 138238PCT/ US2006/ 022865

radi at j06A7] Br dU Tieescanmosod ethy3® admibistetaddn icembiiation oiithariddiopetentand wer e

sacrificed . at the indicated t. oints. [0010] F1 Q.. .3:1]ku ates the

r adi opJF § REOPYRLCS "Tnllgi‘f’tycb(?fmta}?imgﬁﬁﬁtoﬂ%h,as &%ﬁ%é?ﬂe dr%/ﬁtg\)ﬁ\lﬁllﬁéai?'eﬂglé aphs of the
per cenfadRfpratétisit iy 2o B8 £6yt6RiAOSAh 40st8n cd12 fetor?2 The @udibprotedtant &3y of t ot al
body ganma radi ation foll owm ng pretreatnent with CBLB601 or PBS. [0011] Fig.

4 il uslse be Bagedlin, datentiTEHEP, ion a8 pridatorif 2d 1.t er exposure to 13 Gy of total
body ganma irradiation followi ng pre treatnent with CBLB601 or PBS. On the

left is a graph of s ' reated mce, and on
i PR oY PR AR, DRAREINGS

the right are inages or treated m ce.

[ 0012] Fi 5 illust es th eter,m nat i opt. | i

i nt rap@ﬂlﬂ{;]oneal ]ﬁj gﬁhsﬁﬁte%fh %Blg_gg%lfl&lgg%g?e?%&aéeﬁgjﬁs@%’le{;&?gngh{ %@a{h%em%er cent
sur vi valduedd giseeinR¥pes eghdromd 0n ficeofPanelt Al prowlis grapiadif sid wmcepTRIryivebl | owi ng
intraperitoneal admnistration of PBS or %58601 24, 6, 1. or 0.5 hr prior
to irrefmiecicsposehin®l 1285.2RoMs & 2ot GpRT italdndy gapmadpdialion fV QMg i ce
expose : TR - al : it r I (R Aty PBS or
oL Booreygtiygt i Bl o g8 i ARG L ERERDNT G ooyl

i | | ust radeesert Ao drpeeditatic fractiofied tenwgtvieradiatiosdosefof CBOEGD M. x Parfey)- A shows

a graph of the percent rvival of mce. e sed t0.10 .of JBl follow ng
i 1 apBRFa Bruisten et SR Ry et o i B3 Sl B Taulftils gy S
CBLB60{ 8 (érlﬁ oPhighl(1 9Gyh aoéersgﬁ@dtﬁtﬂgqgi gaﬁ?xﬁ%di@ticsm OPEncBCraRhtsaf t he

percent surviv of “'m'ce éxposed to 1 of TBlI follow ng intraperitoneal
admi ni gtaphtillustratiig HBBPewenOsutyival,  mige exgrosadio 19r Gy 8f jata) befly eBP®B01/ mouse 24

h ior,.to i diation..[0014}Fiqg. 7 il - ' ' f th
dose. ofsindphnErePls bl A Bt e Gt ol B GR e EELFRTLABI b ©f TR
per cenpasdl Y présenisHaeMatik yHin {20858 tdied Haraffid intdRinallsdetidab, fran wikl t@ye atd TBI

follow ng intraperitoneal adm nistration of PBS 24 hr i&;i r to 4rhradi ation.

Panel BS&mullaniee dfitbpindisptedfisngpeoinispttes |y Gy whgagmarpdiat dyakghio, 11,
12, 13 15 . i i nt it | dm ni strati f 3
Fh%ggm %%l%gongf}'ﬁjrt r%@hﬁs‘?"“ ng intraperitoneal administration o

i.tg o lor to irradiation. [0015]Fig. 8 illustrates
t he ragoeno] ot ect Fire 2éffmtesdhe dytandenistoell prolifemtion std surviyal iofthCBLEE01.

Sh [ ) h_of th t . i val of. . m dto 1 f TBI
Fol | owiigHing: P PRBABA Pkt gt Saeo G e o PR artrge i wpdle”

dm nistrati f.. L 1 f. . . '

i SRR I s f e SRR SR

radi at ivath BNdy ef £4reme Mdisteses ot tEReB6ARowShoiuntd the antgstaph PaficltA érighty cent
survival of mce exposed to 10, 11, or 1

2 . :
2006/ 13BWMYGSMW}GM§%U?}@FPQ%¢Q%%%§SJIB§J }W\/S\gaﬁﬁgw}ﬁéﬁfpeéa‘ﬂipé?'st ration
f PBS . 30 4 ) ;
iOr cadi élt(\)lfl fed ?t(g%qﬁln_ll tége g%m% httek 95 @y %@\?ﬁﬁgﬁﬂéﬁ %ié%llaﬁs Of th@ D6k ﬁnagefs

1 on. conpares s ter f erent doses_o
CBL B60 hratioenad higheismegréfication. dlahéldd presentoageph oStimwuniter af BatU pgesafpre of t he

t i val_of i, to 10 Gy of TBI following int i toneal
O |t ARG ROSHFAIEERAL ORISR P B St Foe l BHoR] BB L2 A1 pri or

o MUS T . ; f
Cg L:3 g B i}@l X%fgéaé%rié%&gg&l%hg Parel (CHIERGHEshobsthi¢tosdphad bt BrdUiliHepddedells domes o

small intestine of wild type and p53-null mice at different time points after 15 Gy of gamma



ttg/ kg, were adm nistered via different routes. Shown is a graph of the
percent survival of mce exposed to 10 Gy of TBlI follow ng intraperitoneal
or intramiecodea3szdm ni stration of different doses of CBCBAB32008421865 pri or
toirradiation. [0019]Fig. 12 illustrates the determ nation of the optinal
time for intramuscular injection of CBLB601. Panel A shows a graph of the
percen i :af cul ar
B i ol S0 s TR S ARR el bR and Ble R s R RO RIS P
i rradi atdncml:edd:m&pmntsB hr after irradiation. Panel B shows a graph of the

ercen vi val ] ose to 10. foll ow muscul ar
gdn‘i ni qui | on of! @égl?ﬁ?m?s appﬁﬁ%%f%@iﬁ@mwngBtggb?0r 6 hr
prior BRowhh %Hs%théaﬁ@@ént Qfﬁﬂﬁ%l &f HiceRRpAbd t® 126, 08Nér KDV GRbf of mice
exposed to 10 of TBI" follow ng intranuscul ar adm ni stration of PBS or 1,
3, 10, tagal l@dngra@n@fram«asﬁilpmggetreﬁmem with CBLESHI ar PBS, [oozo] Fig. 13
conpar rviva te of
adm ni @rﬁri on o% %%L@é%rf eséﬁer%tlgﬁs lInhS eeh gﬁe gﬁ%&%' %lLé]&o r?)tf%s][glr}J\;/o:21 al of

mce eé@ﬁﬁﬁdrrhdlatl&l ﬁﬂo@ingﬁﬁb ufe@ﬂnhammm (EBl]LBﬁ]lecBrIHme@h tl&rleftﬁi sgmphofd| ar
adm nistration_ o B601/ npuse at varlogihtlrres prlor to

i rradi 8l F@hwel[gm@f]l’ﬁsgandQBLWQ}SF%@%@I%éndd@t@Pm aedmagss afiseleppse

Modi fi gatd @8 EACHIV 1 gteglﬁﬁce’so (DMF30) for CBLB601 under the optimal
radi oprotective con t| ons. Shown is a graph of the percent survival of

m ce ef@dged to Vg |501]1$st1dtfse]$e ddtemadatain afithd optinoalitimte fonintmpesootalr

d t.rat f CBLB6 24 .h t j ation.
[ 0022) Pt tong ! g Pandd ik Era ERBh a0 e Rg R grire Brgpetned s "
i rradi ghedsabsd/ 1nﬁﬂﬁgt1&5{—m%lld’vﬁﬁg ?Iﬁra?bﬁ@ned? lhehifsrdtdntrPBSMreen wei ght

per body weight ratio for m ce exposed , or 10 Gy of TBI follow ng
i nt r anGBIBE 24 i hosd.5 At poer tofirrmbstion. Panel B shwoBE@eb Of theusecspt hr pri or

to irradiati 0023] Fi S

o0 FEL bR S et A 0 R o P PR ETRR Bon ofPBS s
af ter OBIgBHAtIOM, 43apebr Ahs povsiotiRadibtignine response of the different
groups one nonth after the first inmmunizatjon. K Panel B shows e

Sone? s UsboeShosmboht oyl GaPERo! oFersba one

mont h ﬂ&%?g hoH epéeﬁﬁgmear@*nfg SR ohﬂ)é §oe t; vmr;gge response to

fl agel In o e d| fer ent gr oups ter ni zati on.
[ 0024] Hitgppefifoneal admiuistpetionfof PR arct, By &, |2@n3(bttg af GJBLBI6Ql/rn&p13c 2 hr pyjonar i ous

doses of CBLBG LB601 in 93 cells sing the TLR2/TL

het er odI3EF1ON %,D@le]g gB w§ 8 S %p?rﬁ%’téﬁvf@;?f%}?e%f‘p%eﬁ;oﬁﬁ Bﬁ[e'?b[orter
by var 'fmtﬁwﬁglnﬁra%&%%mqgmhﬁs@a%nwlﬁas SR, SHi1Ng, toher T4 RRFLRE

het erodi nmer. "Panel A presents NF-icB acti vation by vari ous doses of

CBLBGOQBICM_(BﬁmQuSG(ZBIl‘BQmArtOdrradBt_l%15 Panel B presents NF-KB activation by

Lo USRS o A SRR R G BB B0 et vt o

act i vatgdpirsaf1. abki- Kehdvaposiaph obthe@fdeﬁtl@rﬁ@&l&ﬁ miite E6idsed o BO)d1CRLBBOL in
293 cel |l s expressi n(I:] the TLR2/ TLR6 het er odi ner. 002?4&5 ‘820 il I ustrates
H)I‘

the radfopr by €xof VB! fllowing iptigperispesd pdminggEfian o€ PRS f tq KRdiEpRent
survi v n&f Bg]r%&g? g é%%ﬁ ¢ tl‘%cbse}&{l@%g{vibﬁl 1&%}9 lek?ﬂgg' %\ @tlrl am’ SQUh &lor 15

adni ni stTat | of "CBL'B613/ nouse
24 hr (@i eff TBDfollowirgy 1atrapmmtor{e@Déth]uElsgat1@riLoﬁ 3 hgisf €BLB§Ot/trr&>uusaa41 bppodEot i ve
activity <§f CBLB612, CBLB614, and CBLB615. Shown is a graph of the percent

sur vi vaIragtion ce exposed to 10 Gy of TBI followi ng intranuscul ar

admi ni 1661%‘]' on OfFléD%SﬂlﬁitraYc%rthQHﬁil(ﬂﬂ%@tl\%fef@@!—@fiﬁﬁam%ﬁ@ hmifSuBLBE1S 24

hr prior to irradiation. Fig. 22 illustrated the mtigative activity
of CBLESIB6Bhdhewings a gtap mfﬁ tl@fpercent survival of mice exposed to 10 Gy of TBI

following intraperitoneal administration of PBS or intramuscular administration of 1, 3, or 10

ug of CBLB601/mouse 24 hr prior to irradiation.
[0016] Fig. 9 depicts survival after different doses of radiation and different doses of
CBLB601. Shown is a graph of the percent survival of mice exposed to 10, 11, or 12 Gy of



t he percent survival of mce treated wwth 50 ftg of CBLB612/ nobuse or PBS 1
hr after exposure to 8.5, 9, or 10 Gy of TBI. DETAI LED DESCRI PTI ON

[ 0030] Pr owpee/138238i n i s a net hod of protecting normal @ENIGS2@60228635sues
from apoptosis caused by a variety of stresses. Apoptosis normally
functions to "clean"” tissues fromwounded or genetically danaged cells,

whi | e telbRes dFekkihd@ulhsidRientgen sFBBS 0f3, 1 1% 100g30igmBfagai nst t he
stress. However, under conditions of severe injury, both stress response
mecharGBBo@dmobse Ihlerprisr yebradiatiods causes of death. For exanple, lethality
fromrgdi.ation sul t from. i L C LN

nemat dB0I L o gl ERtitsres LR RELBARRAPLAR, e EEHE0L Bknt

2006/ 13830k WSAT0H4A228685 HINGIE Rvar graph ef thegeneposurvizglhemises
controlling apoptosis in the cell: the r o- apoptoti.c) .and_.t he NP-KB

e cell: 53
pat hweSxppsastip JQ@b@%TBE@lOWH{gHHB%R%WJ%‘Q&EIPB%%H £ W‘rﬂ'%t%aé‘ﬁﬂlogt ed in
t unor sj; [ : NF- s becone constitutively active.
Hence,dlffg%ﬁg??s%é%ﬁfegiaﬂgggl g%?ﬁ grrlé\}ggtnﬁecg?% of NF-KB in normal cells may
pr ot ecjo018jem f r ofgdEhtdmomesseavibgl after difkeent dsesiof &BLANON oeraiessed ancer

treatnments woul d not ke 1. r.cells re.resi t t.decause
e St R R T S R e BT e

cont r agi e tegpb28 16 2D BB TBIAbIINVRY iftRarREiBorRALrNtrabsdulanbdatniaradon ofisi der ed
as targets ?or activation and repression, respectively. [0032] As descri bed

her ei ndiffisEnkK@oses of CBLPB6RA YA be pripigdeddiedomr ot ect nornal cell's from

apopt O@igiﬂr EB(;mi ggl‘ggi%g}us rét??th%%tete\éﬁgfnéti%)f? oﬂﬁ%ﬁgmal tife FBhtrg@hiciay be

pr ot ec s attribu 0 ce ar stress. Once the nornal
cel | s ppea¥Ebf CBUBELNE Paiidl @sshowk\al draftBofahe pericent smeyvab ef meet axpesed to 1Ror mal

| evel s. "By tenporarily inducing N :7-KB actiyity, cel be prqgtected

f r om aGyat I8 yolgwisg ﬁ@%%@k‘?mﬂﬁdémﬁbfff%?’bﬁc}g%éle’b%flg8? Cﬁ%’g}%{ﬁnﬁ“ﬁ |2§rr§>at ory
response MARE I i i68! Panel BARbWEA dfitesues and
o gane 3 PirR S Ltdfaidfidh d of ik SRATTAAGE, banel BALHO D ) T

t r ans Cpérpérit enBtvadof it dxpnsedfto Iy ofl EBlfleHewingduirsmuscslar admitisiation®6pt ot i c

proteins that blo maj o t oL 1 ¢ pat hways. . h) ..cyt gki growt h

fact or EBSRAS HM@%&@VWE¥a{8F g&fozg‘ng_ﬂ’s%ra\(}ln 5]}6@_%(; ! a@%‘% %’pg{é%e{?f%iShgn %ot her

stem Cg} g%ofaﬁdpeﬁ)enpahﬁ%l R SRAYRBAINTD @Rtoif ORI delitwipg diteinmmsculstich as

MhSCD § 2). ‘Thus, for exanple, by transient aCtIV%&I qn of .NP-KB for

r adi opadmindstiatinn of PBfwy 103 feesdbire of 6BABRIbmouseL 1hATS 1HaHEHYsi on of

apoptosjs.in cancer .patients il weRiohhadrate of

secondE@OLancer ?31&?&8“’83&53%2{&}5&%340%&#@@%%%ltu%%e%fggﬁl?%unulr?psti rrrul atory

ef f ect §f aMineiratiBRYT UBLABGDI eSksvi fs sledrigvathi afthoperddt KB vival abuictestossy

Toll -1ike receptors. [0034] Anagt her, attractive 0, ert\é of ghe F- KB pat hway
ool B

as a t to feByiod TRIJolewing Artrapsriiongal, oy AEFAIS AT Afbng t hese,

are ”“'(fﬂL%b%lﬂ%&&%%Oér?oﬁé?ﬁﬁe@ %@rgﬂ%%ﬁiéh@ﬁ. patterns (PAWPs). PA MPs are
present™only i'n nm croorganis and are not found in the host organism are

char ac{@21$t i ¢ f g 1arifestgtes tirsdaémpeatihogdils DasedVegifisatioroEacty<tt gy At at ed.

They are_recogniz Toll-1i ke receptors..(TL h . ment s
o 1 nndoMEaantCyBo pederhe il Ead FRABMRIG NS Ribomn S 1P ERRE oFHETE
syst e"}ﬁ;@éehm}kﬁw%f%% alpogsy RNArid6s doses bPrdbifioh fallovng alttesndeulect |y or
t hrough cytokine release. TLRs are type | nenbrane, proteins, known to work

as honadmansirdiener PHShersie GHSRLBOGHmeuss Hohmpyiorte peadiatiopyi t MyDB8 prot ei n,

an i ndi sabl e _si | i ng, adapt,0 1LRS. [ b scade

t hat f&ﬁm/s I eaﬁg'?lga pé?%eggtasgrlglﬁ}:(%futh?%‘ég?g‘% \)V‘E'I';t-lgiti?\(/)gtI g?\n%cfgﬂ? {lﬂlﬁl[:&??%@pat hway,
and  VQoRR06hiITVSRATHr 4520060 PRREA if the)sphet imeight per tofidy Mgty ratimfdrudi ng
Jun N-termnal kinase (INK). Unlike cytokines, man .PAIVP@ ha%lg%%i %gl g
ef f ect nbies pxpmseditq O-baer HYOTIRS Bl piowing dntramuyscylay adpupiptipionp & itde
effects. r WIBY, : -TLRIO are present in humans.

Consi stogrgﬁ‘v]\?@]i%ﬂ%%gr fu (&:{tglricg)hﬁ%?{aﬁ%nocyte activation, all TLRs are

expr esgee3|n spl e&p. Hndtpis thphemaine bdspousel efikdEROES-repted Anid HEL WER speci fi ¢

A of IemRnERGvigh DGR by PR BRI e BB Ao SR g e oot e
epi t hel tdr&1R oPdiiph oRE thonfieafte? S fidt Rintunizations anellB skarves the
geni toﬁkﬁﬁggiéiit?%g{fs. 1.g§éé)iep1‘gioni ti onsa [0035] 1t is to be understood that the

term nol ogy used herein is for the purpose of describing particular

enbodi nents only and is not intended to be limting. It nust be noted that,
as used in the specification and the pended cl ai nms, the singular forns
"a," "an" and "the" include plural referents unless the context clearly

di ctates otherwi se. [0036] The term "adm ni ster”, when used to describe the
dosage of an agent that induces NF-KB activity, neans a single dose or
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or unbranehed, saturated aliphatic group. Representative exanpl es of alkyl
groups include, but are not limted to, nmethyl, ethyl, n-propyl, isopropyl,
n- butyl , weabesws38sec-butyl, tertbutyl, octyl, decyl, PETARA@OPLI865
hexadecyl, eicosyl, tetracosyl and the like. [0039] The term "al kenyl" as
used herein alone or in conbination refers to a branched or unbranched,

unsat urimtrexe alsppiatof chegdidfefene pivuips Phdgoth alilepmt MADISAT PaRscRLRAN toubl e
bond whi ch nmay occur at any stable point along the chain. Representative

exanpl S&oBfaryipENDe respgnsssioiflieriline! the different grovpy 1daysaftenthe diitbny| , E- and
Z- pent eRlunidg&eny! and the like. [0040] The term "al kynyl" as used herein
alone or in combination refers to a branched or unbrant hed, unsaturated

al i phatl¥®@4gr oup Femtldiina gppatofileastivaiva cfaNiBrBaephest byrvafibes dwaegomhi ch may

occur st [{nt ong the chain. esent ati ve exanpl es of
al kynyl B&%S@?@éﬁ(ﬁg@l 18@? ga?F WcsﬁmﬁiﬂﬂeemTL&WP@mﬁ-opynyl ,
propar §§025] but yn¥ig. 189xsRNls thdR%xMdn mpﬂﬁlﬂehgﬁ?%rgby ious CBL

2006/ 138238PCT/ US2006/ 022865 [ 0041] The term "a en used in the
cont exoBpoynds ip29Yeecllsrexprsissing frei R 2/ HbRA Setgrquimes. dRanol A podsgie PEH-dB

conpri g} : . mr r ] i r aQ ruct ur al

var | at anaudR By Ph R o CAE RS 12 SR PR P Ve et m

"ant i bpgéntaNFuddctharion by Ve d8esdTICBIORE0 19 TBIIBsSeeBL 8614/ GM 1 gA 1gD
or IgE (Lr?g r;%ﬁents or derivatives thereof, including Fab, F(ab')2, Fd,
and si WIS =gt DOActiNgiprRY theicapeopding ice perfidesc ant i bodi es, bi f uncti onal
ant i boggoag and dejd vyatd fo: Na© a_nonocl on

ant i bogo , 8]pol ycl g%gé?{gtéén%(gidgh3;?&%%?}1?1%%@9%839}@%5%%9bggﬁr,lo%sr HkPlur es

t her eo 6d A apsk KIB3iB &) 150208 celésdxphissidg tig BR2/TLRGI Heyerbdinr.desi red epi t ope
or as ce derived.therefrom The anti body may_ al so be a chineric

ant i boﬁyﬁﬂ'he an }goggytll}%tegéheor@ﬁliop%qc?ggagvXttyﬁgyCaQIf%@Mho“@ﬂs a8gerr nore
chemi caf the peRkbhtdRrviesl dFhik®eRIJsEENI G} bP?BFﬂHW%é‘inttﬂa&m fiar The anti body
may be conjugated with a chem cal noiety. [0043] Thé term "apoptosis" as
used hedminisiraterpEPBY on 031 n3,d0, 3&Ior 8A8ateriCREB6 idnude4tirqyioe ssi ve
contraglifmof cell volume with the preservation of the integrity of

cytopl asm ¢ organdi es; condensation of chromatin (i.e., nuclear
conden$28bn) , aBigy 2 ewhktiags kiedhlioproteti®s hétRAky Hf TSSO CRUBH1! arfdNA

cl eavaﬁﬁéh%tgr nucl eosone-si zed fragnents, as determ ned by centrifuged
sedi ne by ABQHY & a giaph ofj s peresBicrg valted miehexneserbicadeGy af €BEi ty of the
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as usetBh&6é$ 34 meprisr taripadietich.t i on characteri zed by resistance to apoptotic

stinmulj 045] The rm " cancer treatnment! as used herein nmeans an

t r eat nls%.zgf or caﬁ’@e{zf QH‘BM@? Ahe mEieafiye aohwity 8? RELBAJE. RBpwhilse giagh P%,
chenot B paR¥nEReyivAN Mt RedtBELARB0 HoQRFBITHE b FPHY AL {Qp Wi th" when
used to describe adm nistration of 5‘% agent that ]iligr?dﬁuces K@{#%?acti vity and
an addexposwalo 8.5edtardMGyreBBBLt hat the agent may be adninistered prior to,
together with, or after the additional treatnment, or a conbination thereof

[ 0047] The term "derivative" i text of a peptide or
DYIAOT PESe Ry

pol ypepti de, means a peptide or po erent other than in primry

struct (amn i m.no, aci g apal.ogs). of illustration,
deri vaw)g%]s nayOPd?) g %dgg h%%grbgian%“@?@8%9%5{‘%%?&5}?@?1$%d6’f““5 from

post - t apmptisitchosed bynpeirfetcat st@Bses. FADo S AFRb Sl RERAERS tO*IRAPYRERLT des may
exhi bi{@glé%/coaél ation patterns due to expression in heterol ogous systens.
If at FEESYOUSARH o gnshtadly damaged pelly, While extakinesumobilian thervs&mspeystanet or
pol ypeft | i j ' ' WO 2006/ 138238PCT/ US2006/ 022865
Phe s arebis Gafl iy She ke SIORERE Shitd (oRaigtfd S BV ROl S fusi on
pept i disspopse hashanisnpolanbepthérdedves avi asganses 0F aéint Fyr avadipld, @dhdity 8om
C-term.nu PEGyl at ed pepti.des or pol ypeptides, peptides or polypeptides
associ rﬁ?@gbwnta%‘fsiuhﬁwnﬁﬁfaéfl?’% gpopQS%Acaﬁg@gﬁ% pEaeRoigHe. JBImyRe gRd des,

pept i déigestive P@tapepti des |inked via an am no acid side-chain functional
group to other peptides, polypeptides or chem cals, and additional

nodi fi cati ons as woul d be understood in the art. [0048i The term"ftagnent"
when used in the context of a peptide or polypeptide,
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may nean a peptide of fromabout 6 to about 10 amino acids in length. The
fragnent may be 6, 7, 8, 9 or 10 amno acids in length. [0049] The term
"“honol og"Wot2ers/138338 i n t he context of a peptide or polypeEpttisd@s/ opsahs a
pepti de or polypeptide sharing a common evol uti onary ancestor. [0050] The
term "saturated" as used herein refers to a group where all avail able

val encqgogpnds of %n i [,L00511The
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[ 0056] Hlediatedrbyn TollalikecanetEptadsen used in the context of a peptide or

pol ype tide, neans pepti de or polypeptide that differs in amno acid
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| ocal average hydrophilicity of that beptide, a useful nmeasure that has
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[0057] A |'i popeptide nay be used as an agent to induce NF-KB activity.

Li popeptides are part of the outer nenbranes of G amnegative bacteria,

G am posiwpOweodsas38ri a, and mycopl asma. Bacterial |i pop@pTiuseésioazses no
shared sequence honol ogy, but are characterized by the unusual N-termn nal
am no acid S-(2,3-di hydroxypropyl)-L-cysteine that is acylated by two or
three f(@A}dgtivatodlsf MBERSIHchldidd Rﬂmﬁérh‘?ﬁaﬁ kﬁ{age ngjﬂl Efotkm)du' ators that

activate early host responses after 1nfection |gna ATLR-
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hydrocarbon group, which may be substituted or unsubstituted, and which may be saturated

or unsaturated, but which is not aromatic. The term aliphatic further includes aliphatic
groups, which comprise oxygen, nitrogen, sulfur or phosphorous atoms replacing one or more
carbons of the hydrocarbon backbone.

[0038] The term "alkyl" as used herein alone or in combination refers to a branched
or unbranched, saturated aliphatic group. Representative examples of alkyl groups include,
but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl, octyl, decyl, tetradecyl, hexadecyl, eicosyl, tetracosyl and the like.

[0039] The term "alkenyl" as used herein alone or in combination refers to a branched
or unbranched, unsaturated aliphatic group containing at least one carbon-carbon double bond
which may occur at any stable point along the chain. Representative examples of alkenyl
groups include, but are not limited to, ethenyl, E- and Z-pentenyl, decenyl and the like.

[0040] The term "alkynyl" as used herein alone or in combination refers to a branched
or unbranched, unsaturated aliphatic group containing at least one carbon-carbon triple bond
which may occur at any stable point along the chain. Representative examples of alkynyl
groups include, but are not limited to, ethynyl, propynyl, propargyl, butynyl, hexynyl,
decynyl and the like.
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[0041] The term “analog” when used in the context of a peptide or polypeptide,
means a peptide or polypeptide comprising one or more non-standard amino acids or other
structural variations from the conventional set of amino acids.

[0042] The term “antibody” as used herein means an antibody of classes IgG, IgM,
IgA, IgD or IgE, or fragments or derivatives thereof, including Fab, F(ab"),, Fd, and single
chain antibodies, diabodies, bispecific antibodies, bifunctional antibodies and derivatives
thereof. The antibody may be a monoclonal antibody, polyclonal antibody, affinity purified
antibody, or mixtures thereof which exhibits sufficient binding specificity to a desired epitope
or a sequence derived therefrom. The antibody may also be a chimeric antibody. The
antibody may be derivatized by the attachment of one or more chemical, peptide, or
polypeptide moieties known in the art. The antibody may be conjugated with a chemical
moiety.

[0043] The term “apoptosis” as used herein refers to a form of cell death that includes
progressive contraction of cell volume with the preservation of the integrity of cytoplasmic
organelles; condensation of chromatin (i.e., nuclear condensation), as viewed by light or
electron microscopy; and/or DNA cleavage into nucleosome-sized fragments, as determined
by centrifuged sedimentation assays. Cell death occurs when the membrane integrity of the
cell is lost (e.g., membrane blebbing) with engulfment of intact cell fragments ("apoptotic
bodies") by phagocytic cells.

[0044] The term “cancer” as used herein means any condition characterized by
resistance to apoptotic stimuli.

[0045] The term “cancer treatment” as used herein means any treatment for cancer
known in the art including, but not limited to, chemotherapy and radiation therapy.

[0046] The term “combination with” when used to describe administration of an
agent that induces NF-«kB activity and an additional treatment means that the agent may be
administered prior to, together with, or after the additional treatment, or a combination
thereof.

[0047] The term “derivative” when used in the context of a peptide or polypeptide,
means a peptide or polypeptide different other than in primary structure (amino acids and
amino acid analogs). By way of illustration, derivatives may differ by being glycosylated,
one form of post-translational modification. For example, peptides or polypeptides may
exhibit glycosylation patterns due to expression in heterologous systems. If at least one

biological activity is retained, then these peptides or polypeptides are derivatives according to
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the invention. Other derivatives include, but are not limited to, fusion peptides or fusion
polypeptides having a covalently modified N- or C-terminus, PEGylated peptides or
polypeptides, peptides or polypeptides associated with lipid moieties, alkylated peptides or
polypeptides, peptides or polypeptides linked via an amino acid side-chain functional group
to other peptides, polypeptides or chemicals, and additional modifications as would be
understood in the art.

[0048] The term “fragment” when used in the context of a peptide or polypeptide,
may mean a peptide of from about 6 to about 10 amino acids in length. The fragment may be
6,7, 8,9 or 10 amino acids in length. |

[0049] The term “homolog” when used in the context of a peptide or polypeptide,
means a peptide or polypeptide sharing a common evolutionary ancestor.

[0050] The term "saturated" as used herein refers to a group where all available
valence bonds of the backbone atoms are attached to other atoms.

[0051] The term "substituted" as used herein refers to a group having one or more
hydrogens or other atoms removed from a carbon and replaced with a further group,
Substituted groups herein may be substituted with one to five, or one to three substituents.
Representative examples of such substituents include, but are not limited to aliphatic groups,
aromatic groups, alkyl, alkenyl, alkynyl, aryl, alkoxy, halo, aryloxy, carbonyl, acryl, cyano,
amino, nitro, phosphate-containing groups, sulfur-containing groups, hydroxyl,
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonyl, acylamino, amidino, imino, alkylthio, arylthio, thiocarboxylate,
alkylsulfinyl, trifluoromethyl, azido, heterocyclyl, alkylaryl, heteroaryl, semicarbazido,
thiosemicarbazido, maleimido, oximino, imidate, cycloalkyl, cycloalkylcarbonyl,
dialkylamino, arylcycloalkyl, arylcarbonyl, arylalkylcarbonyl, arylcycloalkylearbonyl,
arylphosphinyl, arylalkylphosphinyl, arylcycloalkylphosphinyl, arylphosphonyl,
arylalkylphosphonyl, arylcycloalkylphosphonyl, arylsulfonyl, arylalkylsulfonyl,
arylcycloalkylsulfonyl, combinations thereof, and substitutions thereto.

[0052] The term “treat” or "treating" when referring to protection of a mammal from
a condition, means preventing, suppressing, repressing, or eliminating the condition.
Preventing the condition involves administering a composition of this invention to a mammal
prior to onset of the condition. Suppressing the condition involves administering a

composition of this invention to a mammal after induction of the condition but before its
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clinical appearance. Repressing the condition involves administering a composition of this
invention to a mammal after clinical appearance of the condition such that the condition is
reduced or maintained. Elimination the condition involves administering a composition of
this invention to a mammal after clinical appearance of the condition such that the mammal
no longer suffers the condition. |

[0053] The term “tumor cell” as used herein means any cell characterized by
resistance to apoptotic stimuli.

[0054] The term "unsaturated" as used herein refers to a group where at least one
available valence bond of two adjacent backbone atoms is not attached to other atoms.
[0055] The term "unsubstituted" as used herein refers to a group that does not have
any further groups attached thereto or substituted therefor.

[0056] The term “variant” when used in the context of a peptide or polypeptide,
means a peptide or polypeptide that differs in amino acid sequence by the insertion, deletion,
or conservative substitution of amino acids, but retains at least one biological activity. For
purposes of this invention, “biological activity” includes, but is not limited to, the ability to
be bound by a specific antibody. A conservative substitution of an amino acid, i.e., replacing
an amino acid with a different amino acid of similar properties (e.g., hydrophilicity, degree
and distribution of charged regions) is recognized in the art as typically involving a minor
change. These minor changes can be identified, in part, by considering the hydropathic index
of amino acids, as understood in the art (Kyte et al., J. Mol. Biol. 157:105-132, 1982). The
hydropathic index of an amino acid is based on a consideration of its hydrophobicity and
charge. It is known in the art that amino acids of similar hydropathic indexes can be
substituted and still retain protein function. In one aspect, amino acids having hydropathic
indexes of +:2 are substituted. The hydrophilicity of amino acids can also be used to reveal
substitutions that would result in proteins retaining biological function. A consideration of
the hydrophilicity of amino acids in the context of a peptide permits calculation of the
greatest local average hydrophilicity of that peptide, a useful measure that has been reported
to correlate well with antigenicity and immunogenicity. U.S. Patent No. 4,554,101,
incorporated herein by reference. Substitution of amino acids having similar hydrophilicity
values can result in peptides retaining biological activity, for example immunogenicity, as is
understood in the art. In one aspect, substitutions are performed with amino acids having
hydrophilicity values within 2 of each other. Both the hyrophobicity index and the

hydrophilicity value of amino acids are influenced by the particular side chain of that amino
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acid. Consistent with that observation, amino acid substitutions that are compatible with
biological function are understood to depend on the relative similarity of the amino acids, and
particularly the side chains of those amino acids, as revealed by the hydrophobicity,
hydrophilicity, charge, size, and other properties.

2. Lipopeptides

[0057] A lipopeptide may be used as an agent to induce NF-kB activity.
Lipopeptides are part of the outer membranes of Gram-negative bacteria, Gram-positive
bacteria, and mycoplasma. Bacterial lipopeptides have no shared sequence homology, but
are characterized by the unusual N-terminal amino acid S-(2,3-dihydroxypropyl)-L-cysteine
that is acylated by two or three fatty acids. Bacterial lipopeptides are strong immune
modulators that activate early host responses after infection by signaling through TLR2—
TLR1 or TLR2-TLR6 heterodimers, leading to the activation of NF-xB and cytokine
production. Synthetic analogues of the N-terminal lipopeptides of natural lipopeptides are
potent activators of TLRs and NF-«B, as well as being immunoadjuvants in vivo and in vitro.

[0058] The lipopeptide may be a compound of the formula:

O

R3/U\O—(|)H2
RZ\H/O—(I)H
CH

o) [ 2
T
(|3H

1\ /(H;TX
O

wherein,
R; represents H or -CO-Ry,

R,, Rs and R4 independently are H or optionally substituted
aliphatic;

X is H or a peptide; and

Z is S or CH,.
[0059] The lipopeptide may comprise two or three fatty acids. The aliphatic
substituents of Ry, R3 and R4 may comprise from 6 to 20 carbon atoms. Ry, R3 and Rq may be

Cg-Cap alkyl, Cs-Cao alkenyl, or Ce-Cap alkynyl. Representative examples of alkyl
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15 35 CGDKTPSTKSAGKVENK 16 36 GETDKEGKI | RI FDNSF 17 37 SSTSENNGNGNGNGGID 17
38 GNNDESNI SFKEKSEEEE 18 39 GNNDESN SFKEKSKI CKK 18 40 GNNDESNI SFKEKSPPPP 18
41 SSNKSWQOS@eIBIRAGT 18 42 CGNNDESNI SFKEKSKI CKK 19 PCT/US2006/022865

substituents at Ry, R3 and R4 include Cg, Cg, Co, Cio, Ci2, C14, and Ci6. Representative
examples of alkenyl substituents at R;, R3 and Ry include C101° ™, C1g.1™°, and Cyg,> 12,
[0060] The peptide may comprise between at least 4 or 5 amino acids and no more
than 20, 30 or 40 amino acids. The peptide moiety may be essential for activity and the
activity of the lipopeptide may by modulated by the amino acid sequence, but biological
activity may be insensitive to most peptide sequences (Spohn et al., Vaccine, 22(19):2494-9,
2004). The peptide may comprise a sequence set forth in Table 1, any sequence at least 80%,
85%, 90%, or 95% identical thereto, or any analog, derivative, fragment, homolog, variant or

substitution thereof. The peptide may carry a net negative charge.

Table 1
Sequence Length SEQ ID NO
SNNA 4 1
GSSHH 5 2
KQNVS 5 3
NNSGK 5 4
QPDRY 5 5
RPDRY 5 6
SEEEE 5 7
SKKKK 5 8
SNNNA 5 9
SPPPP 5 10
GQHHM 5 11
GQHHH 5 12
SSHHM 5 13
GSHHM 5 14
SQMHH 5 15
GETDK 5 16
GEESN 5 17
GEEDD 5 18
TENVKE 6 19
QGEESNDK 8 20
VQGEESNDK 9 21
FEPPPATTT 9 22
GDKYFKETE 9 23
GDPKHPKSF 9 24
GGQEKSAAG 9 25
GPCPGCPPC 9 26
PPCPGCPPC 9 27
DNEEKPTPEQD 11 28
GNGGAPAQPKG 11 29
FEPPPATTTKSK 12 30
GNNDESNISFKEK 13 31
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43 GSPLSFESSVQLI VSDNSS 19 44 SNYAKKWKQKNHVYTPVY 19 45

ADVI AKI VEI VKGLI DQFTQK 21 46 GAASSLTYESSVQLWSDNSS 21 47

GCEPAAQARRE PPVRABSBAAS 21 48 GOTDNNSSQSQOPGSGITNT 21 49 PCT/US2006/022865
SGALAATSDDDVKKAATVAI VA 22 50 SI VSTI | EVWKTI VDFVKKEKK 22 51

GDPKHPKSFTGWVA 14 32
AQNPNKTNSNLDSSK 15 33
NKDNEAEPVTEGNAT 15 34
SKEGNGPDPDNAAKS 15 35
GDKTPSTKSAGKVENK 16 36
GETDKEGKIIRIFDNSF 17 37
SSTSENNGNGNGNGGTD 17 38
GNNDESNISFKEKSEEEE 18 39
GNNDESNISFKEKSKKKK 18 40
GNNDESNISFKEKSPPPP 18 41
SSNKSTTGSGETTTAAGT 18 42
CGNNDESNISFKEKSKKKK 19 43
GSPLSFESSVQLIVSDNSS 19 44
SNYAKKVVKQKNHVYTPVY 19 45
ADVIAKIVEIVKGLIDQFTQK 21 46
GAASSLTYESSVQLVVSDNSS 21 47
GGEPAAQAPAETPAAAAEAAS 21 48
GQTDNNSSQSQQPGSGTTNT 21 49
SGALAATSDDDVKKAATVAIVA 22 50
SIVSTIIEVVKTIVDIVKKFKK 22 51
SSGGGGVAADIGAGLADALTAP 22 52
[0061] The first four to five amino acids of the peptide moiety of a lipopeptide may

be selected from those listed for each position in Table 2. This table is based upon Spohn et
al., Vaccine, 22(19):2494-9, 2004; and Reutter et al., J. Peptide Res., 65, 375-383, 2005.

Table 2
1 2 3 4 5
D |D |A D |D
E |E |D E E
F G |E H |H
G |K |G N | K
K |P H R |M
Q |Q |M IS N
R |R |R T R
S S S S
T |T
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SSGGGGVAADI GAGLADALTAP 22 52 [00611The first four to five am no acids of
the peptide noiety of a |ipopeptide my be selected fromthose listed for
each posiwpanoe/1382Babl e 2. This table is based upon SpohRC&{USa006/02286ECi ne,
22(19):2494-9, 2004; and Reutter et al., J. Peptide Res., 65, 375-383,
2005. Table 2 1 2 345 DD ADD EED E F GE

[0062] The lipopeptide may be an RR- or RS-stereoisomer, or mixture thereof, with
respect to the stereochemistry of the N-terminal lipoamino acid. The lipopeptide may be
water-soluble.
3. Treatment of Stress
[0063] An agent that induces NF-kB activity may be used to protect normal cells
from conditions or treatments that cause cellular stress, thereby triggering apoptosis.
Representative examples of conditions or treatments include cancer treatments, e.g., radiation
therapy or chemotherapy; temperature shock; exposure to harmful doses of radiation, e.g.,
workers in nuclear power plants, the defense industry or radiopharmaceutical production, or
soldiers; cell aging; wounding; poisoning; and infection.
[0064] The agent may be administered simultaneously or metronomically with other
treatments. The term "simultaneous" or "simultaneously" as used herein, means that the the
agent and other treatment be administered within 48 hours, preferably 24 hours, more
preferably 12 hours, yet more preferably 6 hours, and most preferably 3 hours or less, of each
other. The term "metronomically" as used herein means the administration of the agent at
times different from the other treatment and at a certain frequency relative to repeat
administration.
[0065] The agent may be administered at any point prior to exposure to the stress
including, but not limited to, about 48 hr, 46 hr, 44 hr, 42 hr, 40 hr, 38 hr, 36 hr, 34 hr, 32 hr,
30 hr, 28 hr, 26 hr, 24 hr, 22 hr, 20 hr, 18 hr, 16 hr, 14 hr, 12 hr, 10 hr, 8 hr, 6 hr, 4 hr, 3 hr,
2 hr, or 1 hr prior to exposure. The agent may be administered at any point after exposure to
the stress including, but not limited to, about 1 hr, 2 hr, 3 hr, 4 hr, 6 hr, 8 hr, 10 hr, 12 hr,
14 hr, 16 hr, 18 hr, 20 hr, 22 hr, 24 hr, 26 hr, 28 hr, 30 hr, 32 hr, 34 hr, 36 hr, 38 hr, 40 hr,
42 hr, 44 hr, 46 hr, or 48 hr after exposure.

a. Constitutively Active NF-xB Cancer
[0066] The condition may be a constitutively active NF-kB cancer. The agent that
induces NF-kB activity may be administered in combination with a cancer treatment, such as
chemotherapy or radiation therapy.
[0067] The cancer treatment may comprise administration of a cytotoxic agent or
cytostatic agent, or combination thereof. Cytotoxic agents prevent cancer cells from
multiplying by: (1) interfering with the cell's ability to replicate DNA and (2) inducing cell
death and/or apoptosis in the cancer cells. Cytostatic agents act via modulating, interfering or

inhibiting the processes of cellular signal transduction that regulate cell proliferation.
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[0068] Classes of compounds that may be used as cytotoxic agents include the
following: alkylating agents (including, without limitation, nitrogen mustards, ethylenimine
derivatives, alkyl sulfonates, nitrosoureas and triazenes): uracil mustard, chlormethine,
cyclophosphamide (Cytoxan®), ifosfamide, melphalan, chlorambucil, pipobroman,
triethylene-melamine, triethylenethiophosphoramine, busulfan, carmustine, lomustine,
streptozocin, dacarbazine, and temozolomide; antimetabolites (including, without limitation,
folic acid antagonists, pyrimidine analogs, purine analogs and adenosine deaminase
inhibitors): methotrexate, 5-fluorouracil, floxuridine, cytarabine, 6-mercaptopurine, 6-
thioguanine, fludarabine phosphate, pentostatine, and gemcitabine; natural products and their
derivatives (for example, vinca alkaloids, antitumor antibiotics, enzymes, lymphokines and
epipodophyllotoxins): vinblastine, vincristine, vindesine, bleomycin, dactinomycin,
daunorubicin, doxorubicin, epirubicin, idarubicin, ara-c, paclitaxel (paclitaxel is
commercially available as Taxol®), mithramycin, deoxyco-formycin, mitomycin-c, 1-
asparaginase, interferons (preferably IFN-o), etoposide, and teniposide.

[0069] Other proliferative cytotoxic agents are navelbene, CPT-11, anastrazole,
letrazole, capecitabine, reloxafine, cyclophosphamide, ifosamide, and droloxafine.

[0070] Microtubule affecting agents interfere with cellular mitosis and are Well
known in the art for their cytotoxic activity. Microtubule affecting agents that may be used
include, but are not limited to, allocolchicine (NSC 406042), halichondrin B (NSC 609395),
colchicine (NSC 757), colchicine derivatives (e.g., NSC 33410), dolastatin 10 (NSC 376128),
maytansine (NSC 153858), rhizoxin (NSC 332598), paclitaxel (Taxol®, NSC 125973),
Taxol® derivatives (e.g., derivatives (e.g., NSC 608832), thiocolchicine NSC 361792), trityl
cysteine (NSC 83265), vinblastine sulfate (NSC 49842), vincristine sulfate (NSC 67574),
natural and synthetic epothilones including but not limited to epothilone A, epothilone B, and
discodermolide (see Service, (1996) Science, 274:2009) estramustine, nocodazole, MAP4,
and the like. Examples of such agents are also described in Bulinski (1997) J. Cell Sci.
110:3055 3064; Panda (1997) Proc. Natl. Acad. Sci. USA 94:10560-10564; Muhlradt (1997)
Cancer Res. 57:3344-3346; Nicolaou (1997) Nature 387:268-272; Vasquez (1997) Mol. Biol.
Cell. 8:973-985; and Panda (1996) J. Biol. Chem 271:29807-29812.

[0071] Also suitable are cytotoxic agents such as epidophyllotoxin; an antineoplastic
enzyme; a topoisomerase inhibitor; procarbazine; mitoxantrone; platinum coordination

complexes such as cis-platin and carboplatin; biological response modifiers; growth
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inhibitors, Src kinase inhibitors, and PDGF inhibitors.

[0075] The cancer treatment may comprise radiation therapy. The radiation therapy

may be external beam radiation, internal radiation therapy, or conformal radiation therapy, in

which a computer is used to shape the beam of radiation to match the shape of the tumor.

The radiation used in radiation therapy may come from a variety of sources, including an x-

ray, electron beam, or gamma rays. The doses and timing of administration of the radiation

during radiation therapy can and will vary depending on the location and extent of the cancer.

The agent that induces NF-kB activity may be administered with a radioprotective agent (see

section 3d) in combination with the radiation therapy, as described above.

[0076] Cancers that may be treated include, but are not limited to, the following:

carcinoma including that of the bladder (including accelerated and metastatic bladder cancer),

breast, colon (including colorectal cancer), kidney, liver, lung (including small and non-small

cell lung cancer and lung adenocarcinoma), ovary, prostate, testes, genitourinary tract,

Jymphatic system, larynx, pancreas (including exocrine pancreatic carcinoma), mouth,
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the free radicals and and reduce the oxidjz rotelns d i
Cel | ul #0830 200@7@9@??&% BQ@G@/%@?Q@SO E‘H@E’I@E?ﬁt ttY%@Fé? a%ls@raeéem to

det ect (f@leoe% el aEHS ARt %ﬂlé@(mﬁ 1atﬁ%celvgnt9 r QPHERS tPIOwHIskS off he danage i's
repai red”or a decision to commt the cell to growth arrest or progranmed
cel | deatistiocpapdptios adinigercd as pad of {:m&lt}lﬁtapy he noclgamacsidehisy dMoreoves,

CAurgot sHige FPorH BB -G T e i A SR T A Gl BUFSP, G | o At
hi gher 1 r@@ebt%@ts,l @fi{?ﬁh‘% bk REe PR d&ﬁiﬂn@ﬁoﬁ%ﬁ{&H&‘r@&bﬁro@é&@arﬁsaﬂ{e&@ym esti naI

syndrones rt term radi ati on-1 nduced deat The hemat opoi etic
syndr odmrmamcalﬂbamamasangz}mobcbly dfh»mtbcﬂmfnfmh&nmng)mdlaéltonc cells and their

rogen t hereby .making.it inmpo bl e to.regenerate

Fyngho:‘gogéistem i%ﬁé’t“?nﬁ]é'l {?g}(’:p\POtISgtE‘?fF Eaﬁsgeae%xg’gah%rﬁ%ld&fl aﬁﬁé&‘*‘? |“h due to
| MUNOSURRAESSL BBth syRMERE ElPGuANANREe RB&T2cytdhifedart ot Rstotdladvesyndr one
is characteri zed by massi ve cel|l death in the jntestinal epithelium

pr teolo [nbnetmddyd itonthe fist CSfrftadllopi‘OlﬁQCé@ltS,n]@,ﬂ mﬁ@an@wezf tbglr tad@mwgmmregr ation ?f t he
intestin angd de S ic
synar ofBiet R SEH GERMREEEL HhERRerRERRRend 1, HETRI PRRIET T,

del ayegk gledbdr fha@nblndstgrsibh beRces thetalo @wp:i;rcﬂ‘mahoﬁlﬁfeytahtsghome,simfe
radi ati on can cause nearly instant dea &}"H by eliciting, neurgnal
degeneSF GHO F’G@E@P@@&ﬁ?‘%ﬁ?ﬁsl%% th GeNy reAniopdRRIGHOEINSaRIGH 85 PURBEIEY of

radiati g}%} rO%de o glf’afrset HQO]j') @rﬁMQﬁelf hatmiy6d Mflanfagdhat i on-i nduced
car ci nogenesi s an rosis op I'n exposed organs (e g., kidney,

l'i ver ¢0085)ings) r‘fdmtrstthomntztcmnmnn%ebﬂ anyafgentr thatrireatti the effects of @B8ph nducers of
NF- X. B possess stro sur i val ivity at..the cellular, lLevel and may
be use&XP‘bsufer’é‘&]Pd’t“ﬁgﬁg gh’f"éte fo, ﬁ&??ﬁléﬁmt? g‘ée 5%41662 SeayEneds: WK e to | ow
doses of radiation, radiation adm nistered as part of cancer therapy, or
nucl ear accidents. Mreover, since inducers of NF-KB acts through

mechani sns different fromall presentl?/ known radi oprotectants, they may be
used in conbination with other radi oprotectants, thereby, dramatically

i ncreasing the scale of protection fromionizing radiation.

[0084] H| st or| caI I Yy, rad| opr ot ect ant S have gener aI I y been ant| oxXi dant s and

o o oy




WD 2006/ 138238PCT/ US2006/ 022865 flagellin and | atent TGF[3. Anti oxidants
and free radical scavengers that may be used include, but are not limted
to, thiolWQ 28138288 cystei ne, cysteam ne, gl utathi one amGTRISRNGORISHT

am fostine (WR-2721); vitamin A, vitamin C vitamn E, and flavonoi ds such
as Indian holy basil (Ccinmum sanctum), orientin and vicenin. Cytokines and
gr owt ma%élﬁh%& AR FIRIFH, AhRI @R CArdRed I dic SRk SRin 56tk Mgkt 3/ HRruspd ot ect i ng t he
radi osensitive stemcell populations. Cytokines that may be used jnclude

st em dedlhde, hot ae n6SGRtedstokihiolk,i syalnay cystiine, Systéageine, slitatheqneanibirgdm; agment

| L-1b-rd, and ratinocyte qrowth. fact.or .(KGE I S,
o | @ Fofost ok RZR' By hinin AL Mg G it Kool IRV SISl Aol

| MMUNQGYT BScinARfsdnBidsh), stiRand $R@nin] BA6kihacdnddeowr fAEOrs confer
(5-androstenediol), which is a steroid that_ stinulates the expression of

cyt okiradisprotastion hyirepdenihingndbenmasteciingthe sadigsenphygsipm cell populations.

trichlgorao(.di oxoet hyl ene- ' I tent: 17 flagellin and
fl ageI(?}ftﬁ&a%srt?%%talfl?%iéesu%ggnc(s?ltldrez)srtlégrﬁic%% E%tg%s((SQP ’ ﬁ@%a@i Fl\? i3t11 as shown in

| nt er Aadeilenléh- 1 edeeitint BpPb-rd,ainid deratascytPERoviBZade/ (BADDS5 Gearrdl other

PCT/ US2004/ 040753, and U.S. Patent ?gl i catjion No. .60/.693, 826 thg\1 contents
of whifatiomsy whilnaeirqyéniascs ymerus gy late femplisration offipiBuniogyes. and

[ 00861}[#?1550\%5';0% Red etiksebRMddr 8- AAaTPLahdb MBS EANRILIS RG sterbfdanapeut i cal |y

ef fectivé armount- of an inducer of NF-KB. The conposition nay be a

phar netieuflitesthe expressirnt ¢fayfokibscindeypthstic geopeiswls, Weh AyamBIRBER el | known

TR L IS (LSS R, SR e
assoc'c%h%gti\ys}%st ge %&91221? cBrs PNHEBNG vy s Bl ih ThtbRE Sl g@féﬁ@s ure to

radi at1on, rom cancer treatnents, stress and cell aging. The
conpospplizatiomfoal EOT/USaPe4/84063d dintl PEHAUS 204 75 hainddi.hgPatnit not |inited

to, di opr ot ect henot h tic d : Adnm_ni st '
10087 HeBRlsalP Nond s S i sraratTo nayopaedasrRrerd et i Kb eRihner
i ncl udj ngy, siff !imted to, orally, parenterally, .sublingually,

transdernal Iy, rectall ¥1 transnucosal ly, topically, via inhalatjon, via
buccal [0886li ni st r Brovisied hereincalsmhatg gpmpasitionesasymispig RERPIICRHNTHPE Cat i on

includes, bhut is not Limted 1o, intrave i E e | "

i r agrgagpEas el b RpPRRREE R e o b RRAAG] bbposition

| Nt r aaghich Whal be FrOduckE Lsihk RO SRull krldevrcianiost.t Ao destripedabavanthai st ered as
a suitably acceptable fornulation in accordance with nornmal veterinary

pr act i @enpdEi@neerisingranandusancf MEHB pay be edminigere o yenpeal fagingen and

route of administration that.,is.nost, appropyia I t ni mal ,
b ForAGENGH COUBBICORIEr POREROPSoT dia e iy rb SRR 8T O
t abl et $d@kioh CF@NGRRt fiBfBshadrefaintords, sABMQIAL icolh agingmThe tompeti@xmap biso
tabl ets and capsules for oral adm nistration may contain conventional

exci pi enngriserdilionplggentainchsting. iy peidimiged t9; HERUMPTAGEMILT 31 | | er s,

| ubricants,, disi nts and wetting agents. Binding agents include, but
are no%elnlldﬁl?efr%%?utﬁé,%g{sg;rup, accacia, gelatin, sorbitol, tragacanth, mucil age
of starch apd Adhiistiytigyrrol i done. Fillers include, but are not limted

to, lactose, sugar, m.crocrystalline cellulose, nmaizes I
phosph@lﬂg?] and sgPﬁﬁpPﬂp?nsl_R%Y‘ldﬁé\h?@“’i ey E%%‘?m‘é‘éﬁe%‘? & %ng'f% %}Yﬁ”f fﬂgglcdtn](rj’gn
magnesh, ot igdleats oralye géﬂeﬁte?ﬂiygsulﬂiﬁlgﬁallyp erhivehd1BN eecolllyc hnsnardsalyl | ca.
D sintegrants 1 nclude,” but are not |imted to, potato starch and sodi um

L. 11 . PQ
st ar chtogioplp) viaimhalafiens vimuesgbadraini sy ogeor cpmbingtiensiberepf. harete®h, sodi um
|l auryl sulfate. Tablets pmm j gt known in
the ar ?&minﬁg@g‘f%??g%%?’f%}%nogﬁf)n\%ggtet(?fqﬂfg%‘%%%ﬁaﬂgragﬂqes@b@& (5 ul dfJ a%’or mul at i ons
i ncl udin@utaRbbusNRirahiusddl@dintrathees] ianlintradrtioilhy Fusperisamynse, thol ut i ons,
emul si ons, syrups, and elixirs. The conposit.i gnﬁg&a@al SO bg fornmyl ated as
a dry peroBesiEorT wey beadminisierrdas dsufrbhngccrptable dorpulation; ip 2RI bef or e

use:  SUHd aHlifla R SRACA! TR BT B A RAT LK RS b GG i figmehd Ot
limtel8 o, suspe di ng agents, enulsifying ‘agents, nonaqueous vehicles and
pr eser yaité vEsimiSissptadihagis agsheppropdiatel éor aparticalar anispall i mited to, sorbitol
syrup, nethyl cellul ose, glucose/sugar syrup, gelatin,

hydr oxyet hyl cel | ul ose, carboxymethyl cellul ose, alum num stearate gel, and
hydr ogenated edi ble fats. Emul sifying agents include, but are not |imted
to, lecithin, sorbitan nonool eat e, ang acaci a. Nonaqueous vehicl es incl ude,
but are not limted to, edible oils, Qm)nd oil, fractionated coconut oil,
oily esters, propylene glycol, and ethyl alcohol. Preservatives include,
but are not limted to, methyl or propyl p-hydroxybenzoate and sorbic acid.
[ 0090] Conposi tions provided herein may al so be fornul ated as suppositories,

. o v o L, T T



[ 0094] The dosage of an inducer of NF-icB may be at any dosage i ncl uding,
but not limted to, about 1 jig/kg, 25 jig/kg, 50 jig/kg, 75 jig/kg, 100
jiglkg, 1MO2pee3ks 150 jig/ kg, 175 jigl/ kg, 200 jig/kg, PRRAISRO0G/HORIPES 250
jiglkg, 275 jig/kg, 300 jig/ kg, 325 jig/kg, 350 jig/kg, 375 jig/kg, 400
jiglkg, 425 jig/kg, 450 jigl/ kg, 475 jigl/kg, 500 jig/kg, 525 jig/kg, 550
ji9/ kg, 575p) ifgrkfhia®él 119/ kg, 625 jig/kg, 650 jig/kg, 675 jig/kg, 700
jiglkg, 725 jig/kg, 750 jig/kg, 775 jig/kg, 800 jig/kg, 825 jig/kg, 850
i i g/ kgl00B8E ji g/ Kgmpositions pybkiged Basin may heyin 86 Gori of thiglets 97 fodehgdskg or 1

nmy/ kg. [ h s%rg%Og The neth rovided herein also relates
to met ﬁg@gﬁg@:ﬁ%ec% ?’%Pﬁgp‘% f‘sé%rhegﬁnigﬁedf?g’getiﬁq@pﬁ £ @Ir £3Al An agent that
i nduceainNnistrafién faYicwitah myerh@nmc&laiﬂiédwﬂmtmr%, PRl dmie@ M Uikling adding a
suspected inducer of NE-KB activity to an NF-KB activated expression

syst enf€BisnBEsEnigbrieants, disgitegspnipnmkpetingiagents dBindinaaachisninelodes bubarer ol |

wher e A C f - K St I MY LS ] tif] b he abjlity to

i ncr eg%(gqt 1%621143,\/5‘;{[11%? C%}E{anglgﬁ ’iségb:lté%j t%%%%gl{shs} f%lﬁﬁg%/es%lfésﬁﬂrﬁt @@96] Candi dat e

agent spaipyinplpypobdemnt Rilldrhincluale) butrags yot (imieed, tolaciobd, 8gdar,aficedergpampnaeinds) .

Such a Gt S, may. for. exanpl e, be encaoded by DNA nol ecules within an

expr es‘gel StP5P4 %%Z?%‘?rd@éﬁ@i‘n‘g’éPEOS@g@ﬁt @@?&3}@ prigdcants inglude bt aedabd medi a or

in cel imf¥d tdlaBnesRih Qlcaftis BreAGE RS, thl@?bc\&l\lgahﬂ%ﬂ@gg@&i?mﬁ@m in the art as
h h I I I ghts

“smal | _nol ecul es,” which have nol ecul ar ss’ than 105 dal t ons,
pr ef er Risinjegrans indhude, haarelndtilipnissd tanpbtatpisidrelna desopivet ste@hlgydotiss. t han 103

dal t 1di, dat tS. b - ovi d f
conbi nyCHTER-FRHART: Sufte RO iETS R AT Rydndablel Boy Poenpiscies)
pr epar &dod@itgoodhéiiodsoweilkiidvid & the gdet er mi ned cheni cal reactions. Those

having ordinary skill in the art wi|l appreciate that a diverse assortnent
of suclONMor ari esompgsibensgreydedieraiadentilpybe bowd femilatived ipleliegibues, and

nenmber Al a i . .S C i nul t aneouysl.

o quen Syibaeh MAES U oG AR G L OGS By BEan S IREHR B nods may
be perdosposdions nay\adsoi ket fprrodlated msmaidsy piodadtfdi cugstitativi i, wael dr-diigged and in
Vi VO ass 1s. n% CQE| | s ma% q?}ﬁ used with cell -based assays. Preferably,
cells stuﬁtg%/e_ﬁfﬁ@c PULE HS§- nwhd iy PHFBRPURP SRRy %",nt%ﬁ‘édlﬁ?’%sflé?lﬁﬁlnﬁf bifmeh and
nonhun@ited io[r?dsﬁeﬁtﬁgé Sgente Eﬂnv?flgﬁlgsa%éﬁgfﬂdﬁgqﬁ%ﬁs D&iRes Ly 1%%%;%?!&@9.

genetically nodified tunmor cellS expressing surrogate nmar

act i vatyspendifg agenkdicludechnt mre ot disnited gb rdehitob syrupsreethpk cellutise.ed t o,

bact er | - gal act osi.das | uci fer and enhan en f] uarescent

pr ot ej é%g%oé%é#’ St %%%?’yg@xgﬁbﬁgéiﬁ%ﬁ?’ S%fg?%n“g@ﬂﬁg@@%@ ﬁh’W@‘r‘mmy_ be
neas urseehrats igblg ah € BYITb SitREITIBMIRES EdulsiFpinghbehtd GlocHe Nt afiiotMitddi 81 t ed
to, colori net er_ééa | um nonetery and fluorinetery, [0098] The conditions under
whi ch 150“51\11%;?@5%1 menggleateopnd acagigd Monaguegue sehiclesmehidgsbuy premiotilingtedar e
condi t4,0 L nwhj J Sis of signaling if

essen ttlb ’a&?ﬁglh %})1 !‘,O"ch%g?& ?g’giﬁfcglto %5?‘?&] %%%gg{fﬁg g ?12 %gt%%f %%3 X{en? ﬁg'F 8\7\6‘&? %ﬂ‘?{‘nt erfere
Wi t h aarhiobsPesavatiieg iallidegbutlid settlinvieedotonehithy DsvSpropyd lpigkeiroBibenadage Not
limted.to b ag(gropri ate nmedium tenperature, pH and oxygen conditions that
per m t2N8&PILig#Att h. An appropriate mediumis typically a solid or |iquid
medi urpeeuIP i Si NGodhOMidhst 'S’écﬁhéi‘élﬁn?a;ﬁeil ' | e nitad
phospgtgemgoqrces, gs vvelslp@(g&s1 appropri temsgfétagﬁu%%ﬁggg?@sﬁéﬁ%fg’hgﬁd ot her
nut r i eneyssonals Ruppsitptyhasessncladidg vt hodlémitedtop tdmatbiutter orexdyaenidess whi ch t he

cell be.cul ture uch that .the cell \ . . .

5006/ Tl SHEr ab Rtk 559n 5B e e Fmulafiasntelation mieh Py be it FeRanpl e,
for a ineowiab) @ noelimited it a FBKkion, FYpeAIIOR! dre@ndPHbP BREMa$ bE R aeEa9! €' S
medi um containing 10%fetal calf serum [0099]Cells may be cultured in a
var i etddrgpopdet o 1ndhasiormat gaaprgsoldsingrigrropsliant, stich as di¢hlerodiftuorerpetbard asks,

test t ' | di s ] tes, turing. s _carried out
at a togﬁﬁr;%}l%%ﬁé&%ﬁ%nghg% %&?gggﬁ%?%%dgg hg%ﬁ} I§§¥ a%%? g(brfr}ug%tgé?sor the cell.
[83(1: BO ]dl\wgsdmnad bﬁwmnthﬁighmmisalgad@eo? drhigﬁ?queu§kéHid1%si iﬂclﬁ;}i?xg@blﬁtinoé

s for addin suspecte ulator to the ce I ncl ude
el ect ,lglbliﬁlgtp, ‘Eﬁ?mﬁi"&‘?‘tgieﬂfse 1pR Pagles, P{?ﬁgﬁtegéaﬁéeés%%la oF membrapgi ng an
expression system i ncl udi ng naked nucl eic acid nol ecul es, reconbi nant
virus, retrovinis expression vectors and adenovirus expression), use of ion
pairi ng agents and use of detergents for cell penneabilization. [0101] This
invention has nultiple aspects, illustrated by the followi ng non-limting
exanpl es. Exanple 1 21



p53 Deficiency Accel erates Devel opnment of the G Syndrone in Mce [0102] The
primary cause of death fromionizing radiation (IR) of mammal s depends on
t he radi avpanoadicsss At doses of up to 9-10 Gy, m ce di ePCTABROIAYZS6S at er
primarily fromlethal bone marrow depletion, i.e., the hematopoietic (HP)
syndronme. At this dose, irradiated mce can be rescued fromlethality by
bone mgogeay t r anERngdA{NS Brovild TRl HRhIsh B Fhi¥RHazd %5 I e between
7-12 days_\gfte.r t reat ment ?f)oef_ ore hemajtgposi etic sy%gro(ﬁéprég:%r kill them

f r om c@hpinigeation ircledingdma get limitedvie, byrimfjdctionve seritmepus infusjort he

gastroi I nal L)...syndraone. It .is || _known that cell proliferation of
t he epi@ﬁgﬁ%g cf81( Ségcgpxtnﬁaé’ X1 the ﬁoml(?i??srl?gnﬁlgnsl’ PoHERS- ?roenf"ﬁéloﬁ? PARY wher e
st em cek bqueatisivetagley apd eldyfodnfild REmPRAGE BN BcRbfigl Beaedmiltgr a couple
of cell divisions, already differentiated descendants of crypt stemcells
move ufuiPRdipg, stabilizing and dispersingtagentyi [Thepompesitiommey,alse haptovidedds @i ne of
the noOWseded B, FOILL A o A A t iferative
conpar 'tll)% man(t3 to t elje%(lﬁlstlgdopk%%? %?%E%wﬁglrc%?lﬁyd{ngkg@%gFl ﬁ%ﬁlﬁﬁ Sgeﬁlge’S days.
Al t hougbiragemditce ovatesf t he smal |l intestine to ganma radi ati on has been wel |

exam n a pathonor phol ogi cal, .l eyel, the exact cause of G lethality,
i ?ricl udﬁﬂ%?iﬁ he Brmﬁ}ﬂ?sg\?éﬁpgvéffeﬂlmm\l{%%Yﬁ ?@ﬁ?@‘é‘&’rl?‘te%é%% Heﬁ%Pre@é@@Pngsya
direct vﬂﬁé]ﬁﬁﬁl}'@@&tﬁnfﬂlistérgi@ b?%ﬁﬁﬁﬁtaﬁ@n lBlhﬁy ﬁ;ﬁhﬁﬁ%dlﬁj inféFtY(H{ %Jo@go@ﬂﬂthV\Bd by

denudation of the villi leading to flui'd ectrolyte 1 nbal ance,
bact er @ryde farmablatad otidwaitable polynzdidior ihgdropbotia friaterimixt (aoan amdlsgtrio el

respon dot hel i al sfunctions appear to be.inportant factors

contri %g%sep tr?gpetoéf’ Oerteﬁ(gmp?%j’. 10”%%6%?%@%%@@?%%%%‘&%g%gatl[vsﬁgﬁgﬂ n both

t he HPsparthgll sodyel s E6r exagiiphy] tissue damage results from massive p53
dependent apoptosis. Furthernore, it has been shown that p53 dependent hair
| oss (al ope&i oBELuUrs as a result of experimental chenotherapy or

radi at igggysy Thus, Al : ' iL.Ii.zing cells
to gen(gt Qxile strés%?ﬁ?g% Bftgﬁgitg%?‘ﬁie&?ﬁéﬂpgIf‘%é%?e%“géglfénﬂlrsgg?gﬁef%ﬁ-i nduced
deat h, vaiiesevitethe natveadEthewonditivhbeisgticdtedihenpth dfimdihtoindodtion®E NF-

pi fithrin-al pha ( PFTa) omarov et al., Science 285:1733-7, 1999)

redi 46 °§V%F s 5%663 a}gFraaélﬁ'&t‘iOBﬂ‘.tm@Qf@f/P@H‘elﬁﬁ%‘Ed’@@lltgn%é]é(ks ol d mal es
wer e ugedher LEneh il or i e

i ntraperi {one(glbflgm5 W th@é% p!r%sllﬁlgﬁ o% %Fgl'%hg%g%% é?\e‘!}egr@%ﬁ@%gé{& r?é‘:ﬁ%ﬁg‘a“
Shepheitgata@oOtypicallg ZCanithemagge o L& 0Gk ma/kgds ebowt2@0ofig/Me Gy dagr Thiedotee. PFTa

protected.m ce froma, singl dose of__gapm diatiaon or a fractioned
cumul atayde gﬂ‘i‘taﬁ ’il%rﬂﬁg %%@%EO@E%géﬁr ‘%B’ - xT@.ng‘%fg‘?osPﬁwé’d??t@%@lerlﬂﬁ a had no
ef f ect ik Lival ] L h.h: S l I 12.5
or 25 Gl it Ll e, T BT PSR el b B A B B % D
G syndxande anival thrgpdouner pa@-subtdbsasipendayni Meltips dosex pitsreate tlesitedywor 10 Gy)

and high (1 d s, of .gamma radi ation. As sho in Fig. |h,

p53- de?‘?%‘%&?ﬁt"%ﬁ%‘%%@ %gi%wg'cﬁehewaéf&gé@cf&ﬁs LaratheRgentispo ki | |

t hr oughorfpheaddinRngll. ome, but much nore sensitive to higher doses of
radiation that kill through the G syndrome. Haemat oxylin-eosin stained

par af f i{#094kct i onFheflogage of amiddutertod NH-vBImdyrtenat why dodagp éncduting) b3t setl | i ce
at 0, and 96 hr after a 15 of gamma radi ati on are shown

ij n Fi gﬁ%@é%ﬁé@éﬁé%&i%ﬁ gtk 00 ke P %g{lég?g(lzwkgr b&%gg/b%i SAelelkd. cel |

_ S ° .
v aand 73 RPE oAl E Sos L 056 HBAE AR W H ] e R S e S BaRbe b o
11 W o sy, SRR AL Ornl sl AL

then, 12 ater, injected with one nmarrow ce wld type
or p53Shubgkeyiifarstks 625 TRIES 650ghe, §7Phimkel 396 (afkg, 485 abikan7 Wauskg, 100%

| et hal | i reconstit ut ed ntrol _Jpce). Two nonths later, after

conpl elt7 @/ P@@g@:&wg@fg,%éﬁﬁg&%ﬁgﬁpg{kgﬁﬁ HgKiS&gquQMgék%Pz%HB/ﬂﬁﬂl 0wkt r eat ed
wth 1§7§%}1g&%0%2tg?%4k$0dy gamma radi ation. As shown in Fig. |c, there was no

di fference”i ates between the two groups mce that differed in the
p53 st &t eredingMethddxne marrow (both had wild-type intestinal cells).

[ 0106] ynam of .cell proljferation and cell survival were further
exani ng@?’ﬁﬂ t he iﬁ%ﬂethoﬁtpé% lFl?fLJgerB‘fl |r§1a{e§&ém§ﬁ@d§,9§1.dﬁml$u}a agents By - week
old wi .. i : _ "y . . .

140G 1 nyp b/ RE PSR D decl ) MRS NFL B0 R h P BERET) Hothidd. e
to 15 Gy of gamma radiation. Autoradi ographs of whol e-body sections

reveal ed that after 24 Ins, the cell£4 n the intestinal crypts of
p53-deficient mce WD 2006/ 138238PCT/ US2006/ 022865 continued to
proliferate, whereas those in the wild type m ce were quiescent (Fig. 2a,
left). Four-week old wld type and p53-null mce were treated with 15 Gy of

o - - o o o B -



I nhibitors of apoptotic death. To determ ne whether |ipopeptides function
as radioprotectants, various |ipopeptides were initially tested to

det er m newOheoonsxi3fal t ol erabl e dose (MID). Various |i p@pgfistees2286F e t hen
tested to neasure their protective effect in NNH Swiss mce to |ethal

hemat opoi etic or nd gastrointestinal syndronmes after exposure to 10 Gy or

13- 15 @nﬁfsirig%aing%%%&féeﬁgﬂgﬁc%? bANFQB a({tgzﬂggé?ﬁﬁ XELyB abéixpa‘?&?%kl es,(0.3-10

Rg/ nouse) were adm ni ste ubcut aneous m nut es prior rradiation.
Li popegystete sompaingdht kel @R kdeattivaei eppredstsi toatoatel, seerdbgrahhinduteTabl e 3.
Tabl e 3 _Peptide Sequence SEQ I D NO Peptide Length N-acylation SICKICK 8 5
R- PanSRiKR agtivityispdensiligbpphe abilitytto IerepsptherdovabNESKB rtkgted31 13 Pan?

GOPKTI éaxlé%mgé system.
[0096] Candidate agents may be present within a library (i.e., a collection of
compounds). Such agents may, for example, be encoded by DNA molecules within an
expression library. Candidate agents may be present in conditioned media or in cell extracts.
Other such agents include compounds known in the art as "small molecules," which have
molecular weights less than 10° daltons, preferably less than 10* daltons, and still more
preferably less than 10° daltons. Such candidate agents may be provided as members of a
combinatorial library, which includes synthetic agents (e.g., peptides) prepared according to
multiple predetermined chemical reactions. Those having ordinary skill in the art will
appreciate that a diverse assortment of such libraries may be prepared according to
established procedures, and members of a library of candidate agents can be simultaneously
or sequentially screened as described herein.
[0097] The screening methods may be performed in a variety of formats, including in
vitro, cell-based and in vivo assays. Any cells may be used with cell-based assays.
Preferably, cells that may be used include mammalian cells, more preferably human and non-
human primate cells. Cell-base screening may be performed using genetically modified
tumor cells expressing surrogate markers for activation of NF-kB. Such markers include, but
are not limited to, bacterial $-galactosidase, luciferase and enhanced green fluorescent protein
(EGFP). The amount of expression of the surrogate marker may be measured using
techniques standard in the art including, but not limited to, colorimetery, luminometery and
fluorimetery.
[0098] The conditions under which a suspected modulator is added to a cell, such as
by mixing, are conditions in which the cell can undergo apoptosis or signaling if essentially
no other regulatory compounds are present that would interfere with apoptosis or signaling.
Effective conditions include, but are not limited to, appropriate medium, temperature, pH and
oxygen conditions that permit cell growth. An appropriate medium is typically a solid or
liquid medium comprising growth factors and assimilable carbon, nitrogen and phosphate
sources, as well as appropriate salts, minerals, metals and other nutrients, such as vitamins,

and includes an effective medium in which the cell can be cultured such that the cell can
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9 Panm? GETDI CECKI | RIEDNSE 37 17 PanR [0110] The results of a representative
experinment using R PAMRC-SICKKK (SEQ ID NGO 8) (hereafter, this conmpound is
cal | ed, OBOBO®LB8W8 <0.1 MID are shown in Fig. 3. As expETiusa)06n22865 ol m ce
irradiated with 10 Gy died between 11 and 15 days post-treatnent, while all
animal s that received CBLB601 |ived beyond 35 days post-treatnent.

Si mi | aethibit apePtbad ondiGiling ! 86 SlafhlN idf days
post -treat me%('?ﬁ, whi | eglgl I gbut. ongq)a%f%&% %all%gg}’ﬁ%w%%égﬁ%%p\]}g% beyond
35 dayBUpsseQ’y mediied Fagle'smeedivmicopiabties t 0% detabial f seyunnf CBLB601 was f urt her

anal yz meas . radiati on on.spleen size. As shown in
Fig. 4@%@{(3 tregegggl\?é' tIB % C@E%E%Bﬁﬂs’?{bﬁ%aﬁgqngﬂwrﬁgﬁ qine, byt ot lspiird toon i n
the sitisuetuliive flapksoent BB, BAGbtigk Shey, @ﬁ@ﬁétﬁ?)létgb? Gy if QLA 86i Ation
(data n%@g}hom). CBLB601 to effectively protect

The ability, of C
spl eno? ,ratg{?pglé@pgpggpn Aitxidresoptent apmeptiaty fardhe ealld rebresbiiringie G tract
from r&Qidﬁﬁdrﬁ%r@ﬁﬁ@%hfnﬁﬁéeﬁghagg}te%{ l'i popeptides may be used as

radi oproteetants. Exanp oprotective Efficacy of a Single Dose of
CBLB60M01A8hi nst Wothads BudiddiEgrasmspéotedadoduilatontof t8d ¢ L RS Rlectrdporation,
R- Pan®- | i oPegcgtide ith the. e(gtide noi ety consisting of G SKKICK (SEQ I D

NO 8) TUGRRLVSSHPI SEUWar Erpression (Her WP AR BHEPSINSY pismNeiding nakedenclgi¢ ot ect or

based ap®moldculedbiebdrhbinku@ Vi) néBbeiriNexSR <B4 %i ' bls a on
radi oprotection in NI H-nSW SS m ce (seeé%Efarrplvg(gt S.@Hgé%g}@%ﬁ&%g%@’ this
st udy ‘Werod 1empaitng peAnteandrise opdetargentd dercellmsunenbatizatidnd ni st ration, and time

of admgrphgtratio f. . tQ.Serve as. rotectpr CR fenal|,e.m ce of
T0- 15 CAREL" ot ' D et lioh By 55 PR e foglostine Bo-Lgtins | on.
[0112] Kaenpdexsse of NOAEL (No Cbvi ous Adverse Effects Level) was determ ned
by injecting intraperitoneally (i.p) ICRmce wth the increasing doses of
cBLB60O1 (0.3, 1, 3, 10, 30, 60, 1Q0 jig/nouse). Control mce were injected
with PBS. The mice were observed flofammelvweeks. During the first week they
were wei ghed 85 D¥ficidhi§" LRl Seel Befbib GFche! ' tRgn the
CBLBGOl-treatlsebaj anélmcﬂc}?trcfl m ge. errE)ae??y wgsfﬁo se‘#g}élﬁqﬁ-l\gﬁgays

post - tjpg@ajTent athd Qafudey Qe GBHEEOH: a0 M Rheddie | over
dOSGS.[IOHOV\]Bve_I’,_ at %%n%g gose, te?le m cgdlr{s1 oggaghasﬁi%grgs@o#fIﬁ%nrl‘%?%idt%{}?ndéuch as
sl ow, emthesadiatiah dnse.ufit dodes of uptaord Gy, dnidayi @fPedajslert, EittaribMiohhe 30 ng

dose, i ceabl e differency h d, and |
i ce. AL Eondain Y gfeusate: frchmGiraniio B0 EERBamSOAY 1 fsesrad st ) The
opt i Mahicethf 8P edsticd e IQRAIbS bbAS MaRoSHREEMh& 060, CBLESAL R 6L er m ned

by injecti ng{yt he conmpound at different tines prior to irradiation.
Pr evi oUsHid Gyidigbeweeutid 2tdexs albBLtBaOReMgbelpredteartdpoistiagandemeldul@kibut  not

hi ghery,i i at 1 an: S | e .. Ther.efqre |1 of. th

opt i mﬂzl%lﬁ grging(op r}c%tg%}%sof&eﬁlﬁgg%féﬁﬂg F%@WJ &1§ "%@e gefS%PB’ct%ﬂtlnB'o@%D

i rr adisghidome( TBIs)welkrbogethaf ceB grolgfetitioBCk BRQABIAEILS 6cl(sldfkRe NMElesi@s chosen
as the ﬁtartin dose. Thus, 3 jig of CBLB601 was injected i.p. into ICR

J \ / .
m ce dt 1BUEH to e crgfs wherg stam cglls ang eaddy prolifgntingpiegeais pieilorateds AflerGy of
TBl  (aScdil i <k | ' i.akl m.ce re
obser va PSS Ao SR PRI, chtcrehOl b b hdabl 3L Ak i S el BT MY © ese
exper ivikitpdeghed sitherwillerde InmthEsgall Sntesting @ theanowt, GBeBHRT 2 &fithe baf or e

i rradiati Ly. yi.el ded th adi ti 90- 100% 30- d
sur vi Vo T Biaitentli dothat al Givhe P ot Sealis rpmsalbirbrebaweend ad on,
the radgpr al@ehioRaRS of30I8mAN RS {ALdnRfa Pc{dia%@ggnﬂ:%egg)wémxaffﬁibé’& to

irradi ation produced inconsistent results ranging protectron in
one expappiemorgiplegicabByvel, thesgxapistausmoffpbiethetifyp mch2ideg thie priaroy besnt,

experi i ) - i egtign was observed, when the drug was

adni nisgtﬁg%%%i‘ﬁgtgnﬂ%h Df?‘.'@’o}él%‘j %?2"%% %@?{regfﬂ?se&%m@8%’&‘1%"‘%60 |. [0114] To

det er rpitkeliaherypptdlispfolloadd bpdeineiativn 6f RSA1iQEadEBLBGAAd abhd _@le&ﬂr&kﬁg of
and | evel of irradiation_were kept constant, while the dose of

i nj ect . e kept. .

CBL BGG@%&EC%Q?@@&W%@W FRGodoxgEMa. fmadditiendiojinflammption and gronkd responsesr 30
jig of : . LB601/ nmouse 24 hrs
prior e??#ﬁ?ﬁﬁ?ﬁ?@%nﬁ%&gt%@% %‘ﬁoﬁangfﬁa%?%céﬁnb;uﬁpghgﬁ‘a% S nonitored for
30 days. The best protective dose was 3 ughnouse, which supported a
survival of 100% (Fig. 6 A and B). Al nost simlar efficacy was reached with
the 1 and 10 ji g/ nouse doses, which rescued 90% of the mce (in one
experinment). In contrast, higher doses of CBLB601 (20 and 30 jig/nouse) |ed
to accelerated nortality when adnini $tered in conbination with irradiation,
as conpared to PBS injected control mce. Sonme signs of this conbined
toxicity were detectable already at the 10 ug/nouse dose. Thus, the optim
protective dose of CBLB601 was determined to be 3 jig/nouse. Thus, while it
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Fig. 7A shows the radiation dose-dependent nortality of mce injected with
PBS. All of the mce irradiated wwth 10-11 Gy of TBI di ed between days
12-14 poswoinecaids2sBi on, whi ch was typical for death duePC®/US0ei02]863 et i C
failure All of the mce that received 14-15 Gy of TBI died between days 7-9
post irradiation, which was typical for nortality due to radiation-induced

i nt es}0103] darraﬁ?bottﬂtﬁeeﬂpfaaa OB Rirbb R WétBAla s ddinabd rdsaliSrof maRivedi ed at
internediate tinmes, which was typical for a m xed etiol ogy

of
r adi ap$odependant eﬂommls aFuthermpiegit hapbesndhe wnitkat padidepandenidwiidogsependent
talht th L t f
o petsionbs B o8 pf RSl B SXhetnkiaf Bl GGG PhudBpthallih 06 (o

10 Gypsd collBll plabesplel i@ sty cdldso defdi@diesres. ln SurVI val between the
control and treated mce, the tprot ective effects. of CBLB601 did not reach

stati B08h si ghprerammedherieet R 18 radipionpdusss deathe Rick Wetgtireated vuifh v

si gni GRSHar t K m ce,

exger fﬂﬁéé gr&gltg%l%%y}ﬁ?ﬂ}tﬁ gﬁ’é)t @onm ce (ﬁﬁ”giﬂ g(%gg%,&l tsﬁ%hﬁ CBLB601

r escu2gh: 178G 0f998) temedietelylfriddjo gémmBlirradibopr 0 BMtGIomica(6-8 welgs ol TB! was

only 2006/ 1 38P SZQ 6/.022865.20% .The n rotection from

i rradf‘%swr%tlsel%gvé? %n%r%eg‘h‘@’r PRR lﬂte@? TG c‘?ﬁ?rFHBe?tﬂ(gt §856_La s unabl e
Lo T eqqHa 0any/MR s PFTEENE ttengﬁﬁdlétea nkiag bighphGeanOnent’’ odsivmdhatoxiLi ty.
Moreover, at irradiation doses of 11, 12 and 13 Gy, the CBLB601-treated
mce dmctaw qf|4 Gy pecvitug: RIS mepiseter aace from a sigglad| Qi dess ofigamena; hat

recel Vedd OP\% cgogescﬁ%qnhuq%lv%%% Ah G d(;s ?I%%S gﬁc §$ﬁntﬂl%l)n s?e This may

be i nffi% tOXI Ci e Irradidtion. Thus,
it appe®bhatl fﬁatefﬁbt &1 BB thirvival aﬂﬂnﬁieltwatekl&\ﬁﬁ{ ﬁnglgmga&mbesjn d., 1285 2 asfGy,
protection and it was also nore toxic. [0116] CBLB601 was adni ni st ered

i nt rapfiBt(Hligr1a). to deternmine the optimal route of administration of this
conpo espec STl

adm ek  on Ao KRR grotBBL R R 1 SR ERE R Biknfbsa.

i nj ecﬁeﬁlblﬁtrﬁﬁw&)q{olséd tbllmlm()O Giy)h bhcﬂ.hlgB,(li)Gy).HbSJeB of QefmlﬁBIrzBBﬁib’mmﬂse 24 hr

before irradiation. t hree doses of CBLBGOJ. ng) éed r rotection;
and t Beven {falignbp QSéTdegﬁleBUﬁt?FH@ﬂefeéﬂa(‘?f fo log dosppotpgdintien ﬁ’ﬁhg‘@ ﬁmﬁ\g dose,
as therd GHI?% ndr8fne! D1 nhf Jdl&/e @B#éﬁ?ve to Bi ﬂl@f@@seﬁ 6t Etdla@bn tﬁa"t‘ kaN@kARh the

experinent,” 1 ncreasing oses ) admnistered i.m were tested
agai n§il syfdroink, Hmdlatl@(ym} -edsis eimefl pIa@tfﬁ(l Féagion9dpf th&‘lsmal:} intessinal from wild

W n’ e g ardosid o b B B iid of ReaBag XF 10R o Bl Stialb 10 & ot
TBI . AnSMATEEY. Od. TH@p@&ﬁi&’&@ﬁﬁQ@@&ﬂbl&fd abb@eﬂé&dlegﬂhéﬁaeﬁéll &amade. CBLB610

admnistered i.p. or 1. m rior to 10 of T is shown in Fig. 10.
Fr om fIR8sBL dtatrang int thmsvptm(at% deviepled ﬂtﬂ’t@P@Ptmls peseddett inymiddyee PEt i on was

ffect th
S, pof uper R PislEbinRriatit i eaaRife A tuRRln RAGARSGid It BfRUB P 100 the
id' m 462 b rg)ﬁlaﬁ?%gé%ﬁ%ﬁ a@ﬁr lhfer, hﬁ]@lct@d ighesx 1%”%%9%%@ de'[lgex (toxic
ose/ et’fecti ve dose

m adm nistration (Figs 8 and 9:
301. 1gfompusld/tgpeor pﬁgﬁmﬂﬂyegencm CS’LHlmexmceu (This deheiofiratiatenni c@nse(thOQ% 6: 10

/ [1-3 / dd | | f ff d
er bl s hetEETEa b SOERTREE BRI e AL PE R e et very
Conparlﬁﬁla{dﬂsoiegfsrﬂ&@‘ﬂv%ﬁ‘gt&{ps dehiiM@lswwert ti@ated Qsﬁthllls(hggf tofal foolly igaimadel i very

and 60-115 fig/kg for 1.m delivery (Fig. 11). g@a tl?phe opt| mal schedul e
of i ntradiatings Uhsshoadnindiisticatiesrvasnochiierose wede e Y PRRP t he

time bet r m

w th 3907 BebtiBgh) HEL HafEfs ek Ahahiangy bHf IR e A ERL AT, o
after [FR6](Fi 9. TAYynamses\WEbél] p@hﬁsﬁrﬂ;mﬁeﬁrﬁceﬂlkhwlﬂaélhvereﬁfmlthﬁhemmmd1no TBI
(Fig. 128) These experinments r veal ed thf%t g]hf ao t he i Eraﬁerltoneal
r out et sl injestipes ofwild P dad P 3rﬁ’é‘ fege “F-éfYﬁﬁ ol wit aséqqa\?érx:\'} ¥llceLB601
was 24h prior.to 1617 scu ni strat i of

Chi b6 ToehSe et oyt e GRSt Bl dhe i

2006/ Jeﬁ@?%%ﬁ%a‘s’%%ﬁ@s@ﬁ@@ 2868 #fheeta refiafon. 1 2Moradibyreghsast wivl@bedy doses of
CBLB601 (10 and ug, /nousé) injected i.m |h after 10 of TBI caused

i ncr easaibns evskeddhatedinb? b, theeplds inyhg miegtinalagypts ghSedeftient atee summari zed
in Fig. 13. [0118] To determ ne DVMF (dose nodification factor), 3 ng of
CBLB601/ nouse was injected i.m 24 hr_prior to irradiation and control mce
were injected with PBS. Both drug- |n]2t§,ct ed and control groups received a
singl e dose of TBlI covering the dose range that |leads to 10-90% nortality

within the chosen time intervals (7 days for the gastrointestinal syndrone
rmrtallty, and 30 days for the hemat op0| etl c syndrorre rmrtallty) The
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irradiation (10 Gy of TB!) by CBLB601, several groups of such mce were
subjected to imuni zation with a strong antigen, Sal nonella flagellin. The
m ce wer ewDi2p@V138288uni zed at 8, 18, or 20 weeks after i PCRAISa060O86AL wWhi ch
time they were 18, 25, and 33 weeks of age, respectively. Non-irradiated
naive mce at 29 weeks of age were used as a positive control for the

| Mune coptimed seprolifigatd] Ghere@CRbYSH the WAQ$Ypehict hRAE ﬁlbﬁeﬂﬁ@@é\@g}ﬁ%ﬁ ter the
e n

first i ni zation, and anot her boost three weeks after t Ost ;

ant i - f FRREPPekoldviidag and pad-guiharies weradiertsd With oGy ef gemumradiatidreahd t he

secondary pl 1 G [ I ai th |later to insure
educt Lo o Rang SRPES i M i i Brgto el el P e fibs vty ne
ant i gefmimpestaineh An2H heafsarieadiationo thepntrefhageirblifraigicondinase b53-afg 10

days later. At the time of the 3i boost, the irradiation mce were 38, 30,
and 23 B REC @Wd,ﬂqgmﬂgﬁ@ec‘a}?ﬁr &1 contige: Hetehrstheygewrss fovroliforpting vis inmune

r esponsie genulDAicB, #hérghs thBsyvifd E AR i eks after the
first booljss?) is shown i nS Fi g\fl dl%%m%%ﬁgﬁd}? éa{ebg[e?%eﬁgradi ated mce
mount ed®¥7} obust Thhereglerizathinfirthes fensetrg af BstU pbsiged tdlis vidkatowm@s! in
i ndi sti i frem.that of the ve control mce. It also appears that
t he Ie{t/%%&%?ln?gmg}ﬁl}% O(r%?a;vs1 SR Re kR ‘qui ]a‘écﬁeagggﬁﬁre%ﬁ@%%ol?‘is gEek Fapy P4d passed
af ter gamadiradibtion, Hirs€ gniadals WEeuRSysldTel a8 dink g&ﬁe Ve SR RRSs selibhe there
was sone individyal variation in the 20-week post-irradiation group, it is

vel | kiGHPEpaed framaseh paisp aad ansdyred anitiopedpicadlyito estimiae theniumtes of Ant i body

titers K e Agal A ter.the first bleed, and they were
still el J\Elsgdtng g'even Weée sggﬁ%_g&?é%hf FLYP SHPHEEe cfggfg ml'ﬁﬁe ’?@g%‘ﬁdary

i mune fields podes 00 F nggnitEE)iomAHOSIN0 @RGEY) ahbidie dvdeaghinuiibef SEBRANSEokdRD. 16A) .
These daHa stro %I |ag cate that LB601 not only rescued mce fromlethal
TBI, btk Sé’Y%@l‘&Fq éﬁh&j %rlabwqml?eég Brdi{-pesitive cellsfin e hBnaull inipgpeekeyatt em

Exanpl €0 &y h L PR of 5 [ ( 4] o QV:A Q her
i popen e v ANed iy AT BB S SR e et ed for

act i vati¢chineddune tkB fiast@Ottve and thbn irictepsedo Phreddbeationrdf BrdErlabelddeidiahvadoses of
radi at ] 'y nanmes. of the c ound nd ftheir key constituyents are shown
in Tab}rg&g.lgﬁgrsr%a@eﬁ%te ?nﬁsﬁg“e Pﬁﬁﬂf&ﬁf%f @W@ég’;%‘ﬁ%ﬂtﬁ@efl?%‘éts BE#tides were

al so s¢gbligahradadibton. eBiR Mwas M@&Q@@&M&E’Qf{éd{aﬁ%ﬁpﬁd@ﬁ%g% Jable 4
Compound Nanme N acyl ation Peptide Sequence SEQ I D NO CBLB602 ﬁamz GQHHH 12

CBL B60%Ccpyagd OHRA 721 2P @BD 4ln p53-null mice, there was an accelerated migration of
BrdU-labeled cells from the crypts to the villi (compare wild type and p53-null at 48 hr),

followed by rapid elimination of the labeled cells in p53-null mice (Fig. 2¢).

[0108] Thus, continuous cell proliferation in the crypts of irradiated p53-deficient
epithelium correlates with the accelerated death of damaged cells of the crypt and rapid
destruction of the villi. In wild type mice, however, p53 prolongs survival by inducing
growth arrest in the crypts of the small intestine, thereby preserving integrity of the intestine.
Thus, the proapoptotic function of p53 promotes the hematopoietic syndrome, while its
growth arrest function delays development of the gastrointestinal syndrome. Thus,
pharmacological suppression of p53 would be useless (if not detrimental) against the GI
syndrome. Therefore, it is necessary to develop alternative approaches to radioprotection of
epithelium of small intestine that will rely on another mechanism, such as, for example,

activation of NF-«xB and subsequent inhibition of cell death.
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Pan GSHHM 14 CBLB605 Pan? SQVHH 15 CBLB606 R-Pan? GDPKHPKSF 24 CBLB607
Pan? GDPKHPKSFTGWA 32 CBLB608 Pan? FEPPPATTTKSK 30 CBLB611 Pan?
GETDKEG CMRI2BEINS®2387 CBLB612 R- Pan? PCT/US2006/022865

Example 2
Lipopeptides Delay Mouse Death Caused by Total Body Gamma-Irradiation

[0109] Lipopeptides are potent activators of NF-xB and, as such, may act as
inhibitors of apoptotic death. To determine whether lipopeptides function as
radioprotectants, various lipopeptides were initially tested to determine the maximal tolerable
dose (MTD). Various lipopeptides were then tested to measure their protective effect in NIH
Swiss mice to lethal hematopoietic or nd gastrointestinal syndromes after exposure to 10 Gy
or 13-15 Gy of total body gamma radiation, respectively. Lipopeptides (0.3-10 pg/mouse)
were administered subcutaneously 30 minutes prior to irradiation. Lipopeptides tested that

provided radioprotection are set forth in Table 3.

Table 3
Peptide Sequence SEQID NO | Peptide Length N-acylation
SKKKK 8 5 R-Pam?2
SKKKK 8 5 R-Pam3
FEPPPATTT 22 9 Pam2
GNNDESNISFKEK 31 13 Pam?
GDPKHPKSF 24 0 Pam?2
GETDKEGKIIRIFDNSF 37 17 Pam?
[0110] The results of a representative experiment using R-PAM,C-SKKKK (SEQ ID

NO: 8) (hereafter, this compound is called, CBLB601) at <0.1 MTD are shown in Fig. 3. As
expected, control mice irradiated with 10 Gy died between 11 and 15 days post-treatment,
while all animals that received CBLB601 lived beyond 35 days post-treatment. Similarly,
control mice irradiated with 13 Gy died between 6 and 10 days post-treatment, while all but
one animal that received CBLB601 lived beyond 35 days post-treatment. The radioprotective
ability of CBLB601 was further analyzed by measuring the effect of radiation on spleen size.
As shown in Fig. 4, mice treated with CBL.LB601 showed significantly less reduction in the
size of the spleen. CBLB601 also protected the thymus from radiation (data not shown). The
ability of CBLB601 to effectively protect splenocytes, support fast recovery of the thymus,
and protect the GI tract from radiation damage indicates that lipopeptides may be used as

radioprotectants.
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VQGEESNDK 91 CBLB613 R-Panm? GETDK 16 CBLB614 R-PanR QGEESNDK 20 CBLB615

R- Pam2 GEESN 17 CBLB616 R-Pan? TENVKE 19 CBLB617 R-Pan2 GEEDD 18

[ 0124] NE-WB-2depssasént reporter activity was neasured i nPRIZISe@oi0228pHhat
expressed the TLR2/ YLR6 heterodiner. The in vitro activation of NE-KB by
CBLB613 was conparable to that of CBLN601 (Fig. 17). The conpounds CBLB614
and CBLB615 have successively shorgesdfrd vatives of the peptide of CBLB612
(see Table 4). Al three conpounds activated the NF-KB reporter, and all
wer e betRadiopratectisedificatyaof CoinBEIDogeRifCBILBA)1 BpaindidTietabBoty G amma-

non- pal m t oyl at ed correspondi ng pdptradigomcti vated the NF-KB reporter (Fig.
18B). The peptide conponent of CBLB617 has a (-4) charge, which should

prevenf0lld] f r om IOBIBGA} & RePani;tlipapeptidd with thegleptigeshotety borsittihaoecoar ker s.

10y TbRICE HRTOEY, P SHreied Lf 5E Brip 9 FRp e bmlion s & Jdmraierior he

CONMPOUB3d upon its ability to activate NF-xB and preliminary in vivo data on radioprotection in
NIH-SWISS mice (see Example 2). The objectives of this study were to determine the
optimal dose, route of administration, and time of administration of CBLB601 to serve as a
protector. ICR female mice of 10-15 weeks of age were used, with 10-15 animals per group
or condition.
[0112] The dose of NOAEL (No Obvious Adverse Effects Level) was determined by
injecting intraperitoneally (i.p) ICR mice with the increasing doses of CBLB601 (0.3, 1, 3,
10, 30, 60, 100 pg/mouse). Control mice were injected with PBS. The mice were observed
for two weeks. During the first week they were weighed daily. There were no differences in
weight between the CBLB601-treated and control mice. Mortality was observed 1-2 days
post-treatment at the 100 pg of CBLB601/mouse, but not at any of the lower doses.
However, at 60 pg dose, the mice showed signs of morbidity, such as slow motion and
scruffy fur, around 3-4 days after treatment. At the 30 pg dose, there were.no noticeable
differences between the treated and control mice. Thus, NOAEL for CBLB601 was
determined to be 30 pg/mouse.
[0113] The optimal intraperitoneal administration schedule of CBLB601 was
determined by injecting the compound at different times prior to irradiation. Previously, it
was found that CBLB601 was protective against 10 Gy but not higher irradiation doses (see
Example 2). Therefore, all of the optimization experiments were performed with 10 Gy of
total body irradiation (TBI). A dose of 3 pg of BCLB601/mouse (1/10 NOAEL) was chosen
as the starting dose. Thus, 3 pg of CBLB601 was injected i.p. into ICR mice at 0.5h, 1h, 6h,
and 24h or 1h, 24h, 48h, 72h, 96h prior to 10 Gy of TBI (as described in Example 1).
Following irradiation, the mice were observed for 30 days and their survival was recorded.
The results of these experiments are summarized in Fig. 5. Injection of CBLB601 24 hrs
before irradiation clearly yielded the best radioprotection (90-100% 30-day survival). When
the compound was administered 48 hrs before irradiation, the radioprotection was ~30%.
Administration of CBLB601 at 1hr prior to irradiation produced inconsistent results ranging

from 80% protection in one experiment (Fig. 5B) to almost no protection (20%) in another
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experiment (Fig. 5A). No radioprotection was observed when the drug was administered at
0.5h (10%), 6h (20%), 72h, and 96h prior to TBL.

[0114] To determine the optimal radioprotective dose of CBLB601, the timing of
injection and level of irradiation were kept constant, while the dose of CBLB601 was varied.
ICR mice were injected i.p. with 1, 3, 10, 20, or 30 pg of CBLB601/mouse or 0.1, 0.3, 1, 3,
10, or 15 of CBLB601/mouse 24 hrs prior to irradiation (10 Gy of TBI), and their survival
was monitored for 30 days. The best protective dose was 3 ug/mouse, which supported a
survival of 100% (Fig. 6 A and B). Almost similar efficacy was reached with the 1 and 10
ug/mouse doses, which rescued 90% of the mice (in one experiment). In contrast, higher
doses of CBLB601 (20 and 30 pg/mouse) led to accelerated mortality when administered in
combination with irradiation, as compared to PBS injected control mice. Some signs of this
combined toxicity were detectable already at the 10 pg/mouse dose. Thus, the optimal
protective dose of CBLB601 was determined to be 3 pg/mouse. Thus, while it appears that
CBLB601 conferred radioprotection at doses 10-30-fold lower than the NOAEL, the margins
of safety of CBLB601 were significantly reduced when CBLB601 was administered in
combination with irradiation.

[0115] To determine the level of radiation that was protected by CBLB601,
radioprotectant-treated and control mice were exposed to increasing levels of TBL. Groups of
ICR mice were injected i.p. with either 3 ug CBLB601/mouse or PBS, and then 24h later they
received 10, 11, 12, 13, 14, and 15 Gy doses of TBI. Survival was recorded over 30 days.
Fig. 7A shows the radiation dose-dependent mortality of mice injected with PBS. All of the
mice irradiated with 10-11 Gy of TBI died between days 12-14 post irradiation, which was
typical for death due to hematopoietic failure. All of the mice that received 14-15 Gy of TBI
died between days 7-9 post irradiation, which was typical for mortality due to radiation-
induced intestinal damage. Mice that were irradiated with 12-13 Gy of TBI died at
intermediate times, which was typical for a mixed etiology of radiation-induced mortality.
Fig. 7B shows the radiation dose-dependent mortality of mice pretreated with CBLB601.
Mice injected with 3 pg of CBLB601 24 hrs prior to irradiation were, as expected, fully
protected from 10 Gy of TBI. Despite the obvious differences in survival between the control
and treated mice, the protective effects of CBLB601 did not reach statistical significance
under this setting. To reach a statistically significant 10% difference Between control and
CBLB601-treated mice, experimental groups of at least 50 mice must be used. Although
CBLB601 rescued 100% of mice from 10 Gy of TBI, its protection at 11 Gy of TBI was only
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20%. There was no protection from irradiation at levels higher than 11 Gy, indicating that
CBLB601 was unable to rescue animals from the gastrointestinal component of radiotoxicity.
Moreover, at irradiation doses of 11, 12 and 13 Gy, the CBLB601-treated mice died with an
accelerated kinetics, i.e., similar to those that received 14-15 Gy doses, as compared to PBS-
injected control mice. This may be indicative of a combined toxicity of the drug and the
irradiation. Thus, it appears that at higher irradiation levels, CBLB601 did not confer
protection and it was also more toxic.

[0116] CBLB601 was administered intramuscularly to determine the optimal route of
administration of this compound (especially since this would be the preferred route of
administration for humans). Fig. 8 shows the survival rates of mice injected intramuscularly
(i.m.) with 1, 3, or 10 pug of CBLB601/mouse 24 hr before irradiation. All three doses of
CBLB601 imparted radioprotection; and there was no sign of combined toxicity at the 10
pg/mouse i.m. dose, as there was for the 10 pg/mouse i.p. dose (Fig. 6). In another
experiment, increasing doses of CBLB601 administered i.m. were tested against 10, 11, and
12 Gy doses of HBI (Fig. 9). There was a non-statistically significant shift to increased
mortality of mice injected with the higher doses (10, 30 pg) of CBLB601 prior to exposure to
10 Gy of TBI. A summary of the dose-dependency of the radioprotection of CBLB610
administered i.p. or i.m. 24h prior to 10 Gy of TBI is shown in Fig. 10. From these data, it
was concluded that the i.m. route of administration was as effective as the i.p. route, and the
optimal dose (3 pg/mouse) was the same for both routes of administration. Moreover, it was

concluded that i.m. delivery may be safer because it had a higher therapeutic index (toxic

dose/effective dose): 10-30 for i.m. administration (Figs 8 and 9: 30 pg/mouse/1-2 pg/mouse)

vs. 3-10 for i.p. administration (Fig. 6: 10 pg/mouse/1-3 pg/mouse). Additionally,
recalculation of the effective dose per body weight revealed a smaller window for
intraperitoneal delivery compared to intramuscular delivery; i.e., 90-110 pg/kg for i.p.
delivery and 60-115 pg/kg for i.m. delivery (Fig. 11).

[0117] The optimal schedule of intramuscular administration of CBLB601 was
determined by varying the time between drug delivery and irradiation. ICR mice were
injected i.m. with 3 pg of CBLB601/mouse 24h, 6h, 3h, and 1h prior to TBI and +1h, +3h
after TBI (Fig. 12A), as well as 48h, 36h, 24h, 12h, and 6h prior to TBI (Fig. 12B). These
experiments revealed that, similar to the intraperitoneal route of delivery, the optimal time for
intramuscular delivery of CBLB601 was 24h prior to 10 Gy of TBI. Intramuscular
administration of 3 pg of CBLB610/mouse after (1h and 3h) 10 Gy of TBI had no protective
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14). However, inconsistency in the response to some radiation doses (7 Gy appeared non-
toxic whereas 6.5 Gy cansed 60% lethality at 30 days) in the control mice precluded an
accurate calculation of the DMF3, for CBLB601. Nevertheless, it was expected that the
LDsos30 for ICR mice was around 7 Gy [an average for the majority of mouse strains; Monobe
et al., Radiother Oncology 73 Suppl 2: S12709, 2004)]. Thus, the value of DMFj3, for
CBLB601 was estimated roughly as ~1.6.

Example 4
Immune Status of Mice Rescued from Lethal Doses of TBI by CBLB601

[0119] Mice that have been rescued from 10 Gy of TBI by administration of
CBLB601 may have compromised immune systems, and hence, may not have “normal”
lives. To check the status of their immune systems, ICR mice were exposed to lethal (10 Gy)
or non-lethal (6 Gy) doses of TBI 24 hr after they had been injected (i.m.) with 3 ug
CBLB601/mouse or PBS. Groups of five mice from each condition were sacrificed very

three days and their spleens and thymuses were removed and weighed. The weights of the
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spleen. At 10 days post-irradiation, CBLB601-treated animals showed an improvement over
the control animals in recovery from splenic red pulp atrophy; all CBLB601-treated animals
showed mild to moderate muitifocal extramedullary hematopoiesis (EMH) whereas none of
the controls displayed EMH. There was no evidence of recovery of the splenic white pulp
depletion in either group at day 10. Regenerative lymphoid hyperplasia in the thymus was
evident in both groups at day 10, with the regeneration slightly more advanced in the control
that in the CBLB601-treated mice. By day 30 post-irradiation, all animals had normal splenic
red pulp, most animals showed full or nearly full recovery of lymphoid elements, and all had
essentially normal thymuses.

[0121] To test the immune response of mice rescued from a lethal dose of gamma-
irradiation (10 Gy of TBI) by CBLB601, several groups of such mice were subjected to
immunization with a strong antigen, Salmonella flagellin. The mice were first immunized at
8, 18, or 20 weeks after irradiation, at which time they were 18, 25, and 33 weeks of age,
respectively. Non-irradiated naive mice at 29 weeks of age were used as a positive control
for the immune response. The mice received a boost of flagellin one week after the first
immunization, and another boost three weeks after the 2™ boost; anti-flagellin antibody titers
were measured in mouse serum. To test the secondary immune response, the mice were bled
again a month later to insure reduction of the antibody titers. This was followed by a 3™

boost of the antigen injection and measurement of anti-flagellin antibodies titers 10 days
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<400> 3 WO 2@ai38A Val ser 15 <210> 4 <211> 5 <212> PRPCZABI006/2286% i ci al
<220> <223> SYNTHETI C PEPTI DE <400> 4 110422 Sequence Listing.ST25.1txt

Asn Asn Ser Gy Lys 15 <210> 5 <211> 5 <212> PRT <213> Artificial

later. At the time of the 3" boost, the irradiation mice were 38, 30, and 23 weeks old, and the
control mice were 34 weeks old.

[0122] The immune response one month after the first immunization (three weeks
after the first boost) is shown in Fig. 16A. The CBLN601-treated irradiated mice mounted a
robust humoral immune response against flagellin that was indistinguishable from that of the
naive control mice. It also appears that the level of immune response was not dependent on
the time that had passed after irradiation, since all groups displayed a good response. While
there was some individual variation in the 20-week post-irradiation group, it is well known
that immune response can be impaired in older animals. Antibody titers were checked again
oné month after the first bleed, and they were still elevated seven weeks after immunization
(Fig. 16B). The secondary immune response (Fig. 16C) was stronger than the first response
(Fig. 16A). These data strongly indicate that CBLB601 not only rescued mice from lethal

TBI, but also allowed for full restoration of a functional immune system.

Example 5
Activation of NF-xB and Radioprotection Provided by Other Lipopeptides

[0123] Additional lipopeptides were synthesized and tested for activation of NF-xB
and their ability to protect mice from lethal doses of radiation. The names of the compounds
and their key constituents are shown in Table 4. For some of the compounds, the

corresponding free peptides were also synthesized and tested.
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<220> <223> SYNTHETI C PEPTI DE <400> 5 G n Pro Asp Arg Tyr 15 <210> 6 <211>
5 <212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE <400> 6 Arg Pro
Asp Arg WO 2&/KB8B8> 7 <211> 5 <212> PRT <213> Artifi ci CTAB2@%/022383>

SYNTHETI C PEPTI DE <400> 7 Ser Qu Qu Gu Qu 15 <210> 8 <211> 5 <212> PRT
<213> Artificial <220> <223> SYNTHETI C PEPTI DE <400> 8 Ser Lys Lys Lys Lys

Table 4

Compound N-acylation Peptide Sequence SEQ ID NO
Name

CBLB602 Pam?2 GQHHH 12
CBLB603 Pam?2 GQHHM 11
CBLB604 Pam?2 GSHHM 14
CBLB605 Pam?2 SQMHH 15
CBLB606 R-Pam?2 GDPKHPKSF 24
CBLB607 Pam?2 GDPKHPKSFTGWVA 32
CBLB608 Pam?2 FEPPPATTTKSK 30
CBLB611 Pam?2 GETDKEGKIIRIFDNSF 37
CBLB612 R-Pam?2 VQGEESNDK 21
CBLB613 R-Pam?2 GETDK 16
CBLB614 R-Pam? QGEESNDK 20
CBLB615 R-Pam?2 GEESN 17
CBLB616 R-Pam?2 TENVKE 19
CBLB617 R-Pam2 GEEDD 18

[0124] NF-kB-dependent reporter activity was measured in 293 cells that expressed

the TLR2/YLR6 heterodimer. The in vitro activation of NF-xB by CBLB613 was
comparable to that of CBLN601 (Fig. 17). The compounds CBLB614 and CBLB615 have
successively shorter derivatives of the peptide of CBLB612 (see Table 4). All three
compounds activated the NF-«B reporter, and all were better activators than CBLB601 (Fig.
18A, B). None of the non-palmitoylated corresponding peptides activated the NF-iB reporter
(Fig. 18B). The peptide component of CBLB617 has a (-4) charge, which should prevent it
from interacting with negatively charged cell surface markers. The NF-xB activation of
CBLB617 was comparable to that of CBLB601 (Fig. 19). Table 5 summarizes the in vitro

activity and solubility of all the compounds.
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15 <210> 9 <211> 5 <212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE
110422 Sequence Listing.sT25.txt <400> 9 ser ASn ASn ASn Ala 15 <210> 10
<211> 5 AR02006AR8238213> Artificial <220> <223> SYNTHETI ECPERTIDG2284D0> 10
Ser Pro Pro Pro Pro 15 <210> 11 <211> 5 <212> PRT <213> Artificial <220>

Table 5
Coumpound Solubility NF-kB activation
CBLB601 Excellent 100
CBLB602 Poor 0
CBLB603 Poor 0
CBLB604 Poor 0
CBLB605 Poor 2
CBLB606 Poor 100
CBLB607 Poor 2
CBLB608 Excellent 2
CBLB611 Insoluble 0
CBLB612 Excellent 200
CBLB613 Soluble 200
CBLB614 Soluble 200
CBLB615 Soluble 200
CBLB616 Not tested Not tested
CBLB617 Soluble 100
[0125] The in vivo radioprotective activity of some of the compounds was also tested.

ICR mice were injected intramuscularly with various doses of the test compounds and then
24 hours later the mice were exposed to 10 Gy of TBI. Survival was monitored for 30 days.
Fig. 20 shows the protective activity of CBLB613. Doses of 10, 30, and 82.5 pg of
CBLB613/mouse provided 100% protection, and were non-toxic in combination with the
radiation (in contrast to CBLB601). The related compounds, CBLB612, CBLB614, and
CBLB615 were tested for radioprotective activity against 10 Gy of TBI. Doses of 1, 3, 10,
and 30 pg/mouse (CBLB612 was also tested at 60 pg/mouse) were injected i.m. into ICR
mice 24 hrs before irradiation. As shown in Fig. 21, all three of the compounds provided 90-
100% radioprotection when administered at the highest doses. The radioprotection was clear
dose-dependent, with no toxicity in combination with radiation. The potency of the
compounds are CBLB612>CBLB614>CBLB615. The radioprotective activity of CBLB617
is currently under evaluation using the standard procedure. After 13 days, there was no
visible toxicity at the highest dose (87.5 pg/mouse), while there was 7-90% survival at doses
of 10-87.5 pg/mouse, respectively. In summary, CBLB612 and CBLB613 are significantly
better radioprotectors than CBLB601, and they have higher therapeutic indices (~20 for
CBLB612 and CBLB613 vs. 3 for CBLB601).

[0126] The ability of CBLB612 to serve as a mitigator of lower dose radiation injury
was also examined. For this, 50 pg of CBLB612/mouse was injected intramuscularly 1 hr

after exposure to 8.5, 9, or 10 Gy of TBI. Treatment with CBLB612 increased the survival
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<223> SYNTHETI C PEPTI DE <400> 11 Ay G@n Hs Hs nmet 15 <210> 12 <211> 5
<212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE <400> 12 Gy Gn
Hs Hs VO 20&/K88B8> 13 <211> 5 <212> PRT <213> Arti fi ciPQll/US2006522882 3>
SYNTHETI C PEPTI DE <400> 13 Ser ser H's Hs Met 15 <210> 14 <211> 5 <212>
PRT

rate at every dose of radiation (Fig. 22). For example, at 8.5 Gy, 90% of the CBLB612-
treated and 50% of the PBS-treated mice survived to 27 days (p=0.03), and, at 9 Gy 70% of
the CBLB612-treated and 50% of the PBS-treated mice survived to 27 days (p=0.0006). No
difference was observed between CBLB612-treated and control groups at lower radiation
doses due to the low control mice survival (not shown). These data indicate CBL.B612 may

serve as a radiation mitigator, as well as a radioprotector.
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<213> Artificial <220> <223> SYNTHETI C PEPTI DE <400> 14 Gy Ser H s
Hs Met 15 <210> 15 <211> 5 <212> PRT <213> Artificial <220> <223>
SYNTHETI C PEPTI DE <400> 15 Ser G n Met His Hs 15 <210> 16 <211> 5
<212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE <400> 16 Qvy

G u Thr Asp Lys 15

Claims

1. A compound of the formula:

0
Rs)J\O—?HZ

R; O‘—(|3H
I oo
%
6
RSN H N X
H
0O

whetein,

R, represents H or -CO-R,,

R,, R, and R, independently are H or optionally substituted C,-C,; aliphatic;

Zis S or CH,, and

X is a peptide, whezein the peptde is an amino acid comprising SEQ ID NO: 21.

2. 'The use of the compound of claim 1 in the manufacture of a medicament for treating
apoptosis-mediated tissue damage in 2 mammal, wherein the damage is caused by one or more
treatments or conditions that trigger apoptosis selected from the group consisting of ionizing
radiation, wounding, poisoning, infection, temperature shock, chemotherapy, and radiation therapy.

3. The use of claim 2, wherein the condition is ionizing radiadon.

4, ‘The use of claim 3, wherein the compound is used in combination with a radioprotectant
in the manufacture of the medicament.

5. The use of claim 4 wherein the radioprotectant is selected from the group consisting of
amifostine, cysteine, cysteamine, ghatathione, bilirubin, vitamin A, vitamin C, vitamin E, Indian holy
basil, oriendn, vicenin, stem cell factor, Flt-3 ligand, intetleukin-1 fragment IL-1b-rd, keratinocyte
growth factor, 5-AED, ammonium tri-chloro(dioxoethylene-0,0’-) tellurate, flagellin, latent TGFp,
and an activator of 2 TLR.

6. The use of claim 2, wherein apoptosis is triggered in a tissue selected from the group

consisting of the spleen, thymus, GI tract, lungs, kidneys, liver, cardiovascular system, blood vessel
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<210> 17 <211> 5 <212> PRT <213> Artificial <220> <223> SYNTHETI C
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endothelium, central and peripheral neural systermn, hematopoietic progenitor cells from bone

marrow, immune system, hair follicles, and reproductive system.
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<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 3
Lys GIn Asn val ser
1 5

<210> 4

<211> 5

<212> PRT,

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 4
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<210> 22 <211> 9 <212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE
<400> 22 Pile Au Pro Pro Pro Ala Thr Thr Thr 15 <210> 23 <211> 9 <212> PRT
<213> ArtwoDi2006413823820> <223> SYNTHETI C PEPTI DE <400> 23 PCGIr{US2e06/023865 Tyr
Pile Lys Qu Thr Gu 15 <210> 24 110422 Sequence Listing.ST25.txt <211> 9

<212> PRT <213> Artifi ci ahos22Qqard, SYMSETLE REPTI DE

Ash Asn Ser Gly Lys
1 5

<210> 5

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 5
Gln Pro Asp Arg Tyr
1 5

<210> 6

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 6
Arg Pro Asp Arg Tyr
1 5

<210> 7

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 7
Ser Glu Glu GTu GTu
1 5

<210> 8

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 8
ser Lys Lys Lys Lys
1 5

<210> 9

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE
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<400> 24 Ay Asp Pro Lys H's Pro Lys Ser Phe 15 <210> 25 <211> 9 <212> PRT
<213> Artificial <220> <223> SYNTHETI C PEPTIDE <400> 25 Ay Gy An du Lys
Ser Ala ANO20138838<210> 26 <211> 9 <212> PRT <213> Art iPCTAiSa0064286> <223>
SYTHETI C PEPTIDE <400> 26 Gy Pro Cys Pro Ay Cys Pro Pro Cys 15 <210> 27

<211> 9 <212> PRT <213> fﬁﬁ&iEﬁhﬁgnégggﬁﬁﬁa%%i5§¥NIHETIC PEPTI DE <400> 27
<400> 9

ser Asn Asn Asn Ala
1 5

<210> 10

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 10

Ser Pro Pro Pro Pro
1 5

<210> 11

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 11
Gly Gln His His Met
1 5

<210> 12

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 12
Gly GIn His His His
1 5

<210> 13

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 13

Ser Ser His His Met
1 5

<210> 14

<211> 5

<212> PRT

<213> Artificial
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Pro Pro Cys Pro Ay Cys Pro Pro Cys 15 <210> 28 <211> 11 <212> PRT <213>
Artificial <220> <223> SYNTHETI C PEPTI DE <400> 28 Asp Asn Qu Qu Lys Pro
Thr Pro GvVO2@ai38%p 1510 110422 Sequence Listing. ST25. PRI/US2000622395 <211>
11 <212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE <400> 29 Gy
Asn Ay Ay Ala Pro Ala (3 rolys @ 510 10> 30 <211> 12 <212> PRT
<2133,y tificial <220> <§2‘%§E&ﬂ’f§£‘ﬁ t¥§éﬁl'5§_%<gﬁ)> 30 Phe Gu Pro Pro Pro
Al a<2b3> ThvnTHETIC yEpBerE Lys 1510 <210> 31 <211> 13 <212> PRT <213>
ArtLab&iaH4<220> <223> SYNTHETI C PEPTI DE <400> 31

Gly Ser His His Met
1 5

<210> 15

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 15

Ser GIln Met His His
1 5

<210> 16

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 16
Gly Glu Thr Asp Lys
1 5

<210> 17

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 17
Gly Glu Glu Ser Asn
1 5

<210> 18

<211> 5

<212> PRT

<213> Artificial

<220>
<223> SYNETHIC PEPTIDE

<400> 18
Gly Glu Glu Asp Asp
1 5

<210> 19
<211> 6
<212> PRT
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2 <211> 14
Ser Asn Ile Ser Phe Lys GQu Lys 1510 <210> 3
SR Patas A= <220> <223> SYNTHETI C PEPTI DE <400> 32 Ay Asp

> PRT <213> Artificial
;rztl)zLys HVO 2Pi6o138388 Ser Phe Thr Ay Trp Val Ala 1510 <2PO¥/U32006222855 15

<212> PRT <213> Awtificga|]Z§202@<223> g;?THEIEE 5EPI£8§2§4gg;u2ﬁcéla dn
n Ser118gm? Ao . quenc
e Pzﬁsg?rﬁtﬁfg—p’rl@ﬁw <210> 34 3L2'11> 15 t<1§§25> éRﬁXt<213> Artificial _T_ﬁr20>

AR Ala Au Pro Val

Tl C PEPTI DE <400> 34 Asn Lys Asp Asn G u a ~Val
azﬁ3ggggg€’mﬁ£m pPEEHES <210> 35 <211> 15 <212> PRT <213> Artificial
<220><4%%23>198YI\|'I'HETI C PEPTI DE

Ihr Glu Asn val Lys Glu
5

<210> 20

<211> 8

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 20
g]n Gly Glu Glu ser Asn Asp Lys
5

<210> 21

<211> 9

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 21
Xa1 GIn Gly Glu Glu ser Asn ASp Lys
5

<210> 22

<211> 9

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 22

ihe Glu Pro Pro Pro Ala Thr Thr Thr
5

<210> 23
<211> 9

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 23
g1y ASp Lys Tyr Ehe Lys Glu Thr Glu

<210> 24
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<400> 35 Ser Lys Qu Ay Asn Ay Pro AS Pro Asp Asn Ala Ala Lys Ser 151015
<210> 36 <211> 16 <212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE
<400> 36 V@DR&3813¢s Thr Pro Ser Thr Lys Ser Ala Ay Ly®CVAIS2@6028sh Lys

151015 <210> 37 <211> 17 <212> PRT <213> Artificial <220> <223> SYNTHETI C

PEPTI DE <400> 37 Ay Qu_ Thr Asp Lys u dy s.llelle Arg Il e Phe Asp
1%@‘2225@9 F Ekitfﬁgpﬂ%z%<’é’i%> Artificial

Asn@g S 1%1015 Phe <210>
W2 %%;1.3 RB8PCT/ US2006/ 022865 110422 Sequence Listing.5T25.txt <220> <223>
SYNKRES CAPERFTEDH <400> 38

<220>
<223> SYNTHETIC PEPTIDE

<400> 24

Gly Asp Pro Lys His Pro Lys Ser Phe
1 5

<210> 25

<211> 9

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 25
Gly Gly Gln Glu Eys Sser Ala Ala Gly
1

<210> 26

<21i> 9

<212> PRT

<213> Artificial

<220>
<223> SYTHETIC PEPTIDE

<400> 26

Gly Pro Cys Pro Gly Cys Pro Pro Cys
1 5

<210> 27

<211> 9

<212> PRT

<213> Artificial

<220> ‘
<223> SYNTHETIC PEPTIDE

<400> 27

Pro Pro Cys Pro Gly Cys Pro Pro Cys
1 5

<210> 28

<211> 11

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 28
Asp Asn Glu Glu Lys Pro Thr Pro Glu GIn Asp
1 5 10
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Ser Ser Thr Ser A u ASn Asn Ay ASn Ay Asn Ay Asn Gy Gy Thr 151015 Asp
<210> 39 <211> 18 <212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE
<400> 39 VOR&r3s238n Asp G u Ser Asn Ile Ser Phe Lys G RCIES2®6/02186%1 G u
151015 A u G u <210> 40 <211> 18 <212> PRT <213> Artificial <220> <223>G
SYNTHETI C PEPTI DE <400> . € r..,Asn Il e Ser Phe Lys u
Lys Ser Lys Lys 151015 LégoﬁyzgSé@%@ﬂf%gﬁ%éqige%ilz> PRT <213> Artificial
<22021022329 SYNTHETI C PEPTI DE <400> 41 Ay Asn Asn Asp A u Ser ASn |le Ser
Phe $3f32G 3t Lys Ser Pro Pro 151015 Pro Pro <210> 42

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 29
Gly Asn Gly Gly Ala Pro Ala GlIn Pro Lys Gly
1 5 10

<210> 30

<211> 12

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 30
ihe Glu Pro Pro Ero Ala Thr Thr Thr Lys Ser Lys
10

<210> 31

<211> 13

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 31
g1y Asn Asn Asp Glu Ser Asn Ile Ser ;he Lys Glu Lys
5 0

<210> 32

<211> 14

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 32
§1y Asp Pro Lys ?is Pro Lys Ser Phe Thr Gly Trp val Ala
10

<210> 33

<211> 15

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 33

Ala Gln Asn Pro Asn Lys Thr Asn Ser Asn Leu Asp Ser Ser Lys
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WO 2006/ 138238PCT/ US2006/ 022865 <211> 18110422 Sequence Listing. ST25.t xt
<212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE <400> 42 Ser Ser
Asn Lys SEO20w13¥238 Gy Ser Ay A u Thr Thr Thr Al a Al aPCFAB2®6EGRA86T hr
<210> 43 <211> 19 <212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE

<400> 43 Cys Gy Asn Asn e e Lys Ju Lys Ser Lys
151@15 Lys Lys Lys <210>lﬁﬁé%@%%§e @?ﬁﬁ%ﬁ?ii?ﬁ; Artificial <220> <223>
SYNTHETI C PEPTI DE <400> 44 Ay Ser Pro Leu Ser Phe Qu Ser Ser Val @ n Leu
IIeQ{%> S%E; Asp 151015 Asn Ser Ser

<211> 15
<212> PRT
<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 34

ésn Lys Asp Asn §1u Ala Glu Pro val Igr Glu Gly Asn Ala Ihr

<210> 35

<211> 15

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 35
Ser Lys Glu Gly Asn Gly Pro Asp Pro Asp Asn Ala Ala Lys Ser
1 5 10 15

<210> 36
<211> 16
<212> PRT
<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 36
Gly Asp Lys Thr Pro Ser Thr Lys Ser Ala Gly Lys val Glu Asn Lys
1 5 10 15

<210> 37

<211> 17

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 37
Gly Glu Thr Asp Lys Glu Gly Lys Ile Ile Arg Ile Phe Asp Asn Ser
1 5 10 15

Phe

<210> 38

<211> 17

<212> PRT

<213> Artificial
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<210> 45 <211> 19 <212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE
<400> 45 Ser Asn Tyr Ala Lys Lys Val Val Lys @n Lys Asn H's val Tyr Thr
151015 PrwoO\ado/1B§238 110422 Sequence Listing. ST25.txt <2POF/USB006D2IBB5 21
<212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE <400> 46 Al a Asp

Val Ile Ala Lys Ile Val I | L Asp 151015 G n Phe Thr
G n_jys 20 <210> 47 <211’§03?L} é§ﬂ¥%$%§sﬁfé5§%§f%%ﬁeci al <220> <223>
SYNLHBH GREHEFDEPeAOE 47 Gy Ala Ala Ser Ser Leu Thr Tyr Gu Ser Ser Val
G n<£|1_0eoti V?é Val 151015 Ser Asp Asn Ser Ser 20

ser Ser Thr Ser Glu Asn Ash Gly Asn Gly Asn Gly Asn Gly Gly Thr
1 5 10 15

Asp

<210> 39

<211> 18

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 39

Gly Asn Asn Asp Glu Ser Asn Ile Ser Phe Lys Glu Lys Ser Glu Glu
1 5 10 15
Glu Glu

<210> 40

<211> 18

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 40
Gly Asn Asn Asp Glu Ser Asn Ile Ser Ege Lys Glu Lys Ser igs Lys
1 5

Lys Lys

<210> 41

<211> 18

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 41

Gly Asn Asn Asp Glu Ser Asn Ile Ser Phe Lys Glu Lys Ser Pro Pro
1 5 10 15

Pro Pro

<210> 42
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<210> 48 <211> 21 <212> PRT <213> Artificial <220> <223> SYNTHETI C PEPTI DE
<400> 48 Gy Ay Qu Pro Ala Ala Gn Ala Pro Ala Qu Thr Pro Ala Ala Al a

151015 AINHOQDes/IBBBBAl a Ser 20 <210> 49 <211> 20 <212> PRTTAB2@w/023863 f i ci al
<220> <223> SYNTHETI C PEPTI DE <400> 49 dy Gn Thr Asp Asn Asn ser Ser Gn

Ser Gn Gn Pro Ay Ser Ghys2\Q.20A64 13823RPSTA4/520061022865 110422
Seq e i8sting. sT25. t xt 151015&%hr Thr Asn Thr%%g <210> 50 <211> 22 <212>

PRT 32$3> Bliificial <220> <223> SYNTHETI C PEPTI DE

icid
<220>
<223> SYNTHETIC PEPTIDE
<400> 42

ser Ser Asn Lys Ser Thr Thr Gly ser Gly Glu Thr Thr Thr Ala Ala
1 5 10 15
Gly Thr

<210> 43

<211> 19

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 43

Cys Gly Asn Asn Asp Glu Ser Asn Ile Ser Phe Lys Glu Lys Ser Lys
1 5 10 15
Lys Lys Lys

<210> 44

<211> 19

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 44

Gly Ser Pro Leu Ser Phe Glu Ser Ser val Gln Leu Ile val Ser Asp
1 5 0 15
Asn Ser Ser

<210> 45

<211> 19

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 45

Ser Asn Tyr Ala Lys Lys val val Lys Gln Lys Asn His val Tyr Thr
1 5 10 15

Pro val Tyr
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<400> 50 Ser Ay Ala Leu Ala Ala Thr ser Asp Asp AS Val Lys Lys Ala Ala
151015 Thr Val Ala Ile Val Ala 20 <210> 51 <211> 22 <212> PRT <213>
Artifici avo20@3s23823> SYNTHETI C PEPTI DE <400> 51 Ser | IPETNE&R00SOR28THr || e
Ile Qu Val Val Lys Thr Ile Val Asp Ile 151015 Val Lys Lys Phe Lys Lys 20

<210> 52 <211> 22 <212> 213> Arti f.icl > <223> SYNTHETI C PEPTI DE
<400> 52 Ser ser Ay @ yﬁfgﬁlidggquveg%,&ﬂggkfddsﬁ%' (e @ y Ala Ay Leu Al a
151015 Asp Ala Leu Thr Ala Pro 20

<210> 46

<211> 21

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 46

Ala Asp val 1Te Ala Lys ITe val Glu Ile val Lys Gly Leu Ile ASp
1 5 10 15
GIn Phe Thr GTn Lys

20

<210> 47

<211> 21

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 47

Gly Ala Ala Ser Ser Leu Thr Tyr Glu Ser Ser val Gln Leu val val
1 5 10 15
Ser Asp Asn Ser Ser

20

<210> 48

<211> 21

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 48
§1y Gly Glu Pro §1a Ala GIn Ala pro Ala Glu Thr Pro Ala Ala Ala

Ala Glu Ala Ala ser
20

<210> 49

<211> 20

<212> PRT

<213> Artificial

<220>
<223> SYNTHETIC PEPTIDE

<400> 49

Gly GIn Thr Asp Asn Asn ser Ser GIn Ser GIn GIn Pro Gly ser Gly
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WO 2006/138238 PCT/US2006/022865

110422 sequence Listing.ST25.tXxt
5 10 15

Thr Thr Asn Thr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

20

50

22

PRT
Artificial

SYNTHETIC PEPTIDE
50

ser Gly Ala Leu Ala Ala Thr Ser Asp Asp Asp val Lys Lys Ala Ala
1 5 10 15

Thr val Ala Ile val Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

1

51

22

PRT
Artificial

SYNTHETIC PEPTIDE
51

ser Ile val ser Thr Ile Ile Glu val X81 Lys Thr Ile val égp Ile
5

val Lys Lys gge Lys Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

52

22

PRT
Artificial

SYNTHETIC PEPTIDE
52

ser ser Gly Gly Gly Gly val Ala Ala Asp Ile Gly Ala Gly Leu Ala
1 5 10 15

Asp Ala Leu ;Br Ala Pro
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