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WD 2004/ 048971 PCT/ US2003/ 037469 METHODS OF
PROTECTI NG AGAI NST RADI ATI ON DAMAGE USI NG ALPHA
WA BMMOBION 5 BACKGROUND OF THE | NVENTI ON 10 PCT/US2003/037469
CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] The
present application clains the benefi

f
Pr ovi si onal %ETH%%QF@%QECT'N@ A@tﬁ,’g%% 746 filed
Novenber 2RADIAFHON PAMAGE USINGALPHA THWERSEINON [ 0002]

The present invention relates to the field of
protecting a subject, such as a nmanmal, and/or cells
t hereof, agai nst radiation danmage, or treatnent of
damage caused by radiation. 20 2. DESCRI PTI ON OF THE

BACKGROUND ART [0003] Persons and their cells can be
exposed to radimww cancer, and
i nadvertent or nmlicious exposure to radiation, such
as durl g nucl ear acc:| dents wartime or terrorist

- : PR PLIEAFIONS preparati ons known

[0001;| n t J‘l“ﬁ‘e érretseﬁt%fp Hcﬂﬁon tcfaﬁﬁ'é fﬁ%rﬂen@ﬁt of /8. qirbﬁ&oﬁé!'%ﬁcat@ﬁ%enal

here have been many attenpts to treat damage caused
No. 60828746 filgdNovembek posA08. [ 0004] There remains a need
in the art for inproved nethods and conpositions for

heal i ng or preventing the damage caused by exposure to
radlﬁkﬁ%ﬂo % N.iﬂgﬂﬂHE | NVENTI ON 30 [0005] In
[Ooozgccoﬁ'ﬁ]@ﬁl%geﬁ’l"lﬁ\nanhgﬁré?ét§§?cf‘ﬁ1e'ﬂ@Mle‘bfd?ébt|n aGtio fjs%h asa

rotectin gect and/ or e SUH
mameghiene/er eeligitherpoin agringdadiationdamags, adieaimsnies ch@ag@ caused by
radiafidfPl €ct in need of such treatment a

radi ati on-protecting and/ or radiation-treating anpunt

of an al pha thynosin peptide. 35 DETAI LED DESCRI PTI ON
9 (]: Tﬁgsbﬁwﬁwwﬁ[wi@\%p@gcm @Rfr i nvention is based

ynosin peptides protect a

[00033 ub j Betsoamandthersillscat b€t @@oga%}mr@dlaagadwmg treadmant fomcancer,

and IWES OT%“ nggi(éo%ﬂr ra&QfPAH %@éﬂé‘s d& g !ftaF Q&%nén%,

I's are’expose
wartime dr tehr@rlsnnuclear attack. There are various preparatlons known in the art for the

treatment of radiation damage, and there have been many attempts to treat damage caused
by radiation exposure.
[0004] There remains a need in the art for improved methods and compositions for

healing or preventing the damage caused by exposure to radiation.

SUMMARY OF THE INVENTION

[0005] In accordance with the present invention, a method of protecting a subject and/or

cells of the subject, against radiation damage, involves administering to a subject in need of
such treatment a radiation-protecting and/or radiation-treating amount of an alpha thymosin
peptide.

DETAILED DESCRIPTION OF THE INVENTION

[0006] The present invention is based on a discovery that alpha thymosin peptides

protect a subject and/or cells of the subject against radiation damage. The invention is

applicable to conditions in which the subject or cells are exposed to radiation, and the
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WO 2004/ 048971 PCT/ US2003/ 037469 subject is treated
prior to the exposure, such as during cancer

wo e@anssnt . The invention also can be appli cabdBUS®03/037469
conditions in which the applicant is exposed to the

radi ation and treated after the exposure (such as
subjegtisitiegtadudrios i thecxpasie.ssuchap duvRg eanceelredmest Hheciheention also

can B dphédole told¥RdItBNE M W9Eh {h§ a%Bﬁﬂa‘nFi%@xSoé,é%l tB'?ﬁebradlatlon and treated

rotection or treatnent of e caused
after therexpiopide (SUGRF HBINgINoREAN argldea » wertisie or[t@tugrrqt nuclear attack).

The .M{f@ﬁ '1§§pp?¥&§olé‘tc9ih@§§ot@ého‘ﬂ‘3r r%ﬁf?ﬁéhrﬁ’ 8f 4SHAGECATREY bl Bbf ionizing

erived fromthe thynmus gl an ﬂym)3| ns have
and Wéﬁnlélﬁﬁ\ﬁ?ﬂ'@ft?ntrl gger mat urational events in

[OOOf]y”pﬁ*HWBﬁﬁs aleCa clas o8 Hy fpgpf?d@ |h1rﬁL}Hé%bc9fbr§Bgn\;éa from the thymus

ronote reconstitution of 1 mune defects.

glancy| Thethymosige have besn shemsrte dtggeomaturatimnpl ¢\@nt§ lawrmhmmtes to
augn%gg ctehmﬁgzﬁorps'% t rgr H‘ﬂo@‘re@oﬁ‘gﬂ UtibH |of"lrmﬁ’|\ﬁ‘leﬂggfefl§ 5l—'Qymosm alpha 1

I MMuNo atory pro erties ogous
(somatimas cﬁfqrerﬁoOafuB’tﬂcﬁ f gBreaing agid yml@aeptldedvﬁhtawmnbgulﬁr weight of

3100f\5vﬁ‘l?h1'1dﬂﬂno§n6’c§ul§t6 forb Thorlln()f% Eué’iooé?h Bfal ?foﬁ@&to%ﬁ;mally isolated

I ncl ude au nentatlon (0] &g unc 1 oNns
from ithvm%tuefrmanﬁaif icalh thymusntte rbloéqmahe qts inceiple augmentation of T

Iympﬁéd f%?uﬁ&ﬁéﬁ@ a‘ﬁﬁ RS &?ﬁlﬁé‘tlonm’f ﬂ’ﬁé‘r?etdkfﬁ? gL @ﬂu%ﬁiu?ﬁloﬁfo ihterferon

ocyt es an NK ce activity,

prOdlﬂQ’ﬁ'?ﬁUp@ﬂ@QP of T lymighnsyicn aad piecell aghivly, ard stinadationrefiiynaepoiesis.
Thyrrwéﬁﬁghﬂn@ta%o% HebASRodn m%ara@w&cub@&%] rédion.

accor ce with one enbo he invention Is a
[0008}et hbvacsordansa witbranefepibodimrest.dbe invgniéan is @ nogthed glingatment for

oors2H 5 of 89, O A TRAR RS AAUI BRI BA % cuie
in need nmuoi;litre@traemtaajci:cawc@ﬁwp Icompusing g radiatinmtprofecting ambywitzf an

i ide. [0009] Al pha thynosin peptides
alph%@ﬁpﬁ??@@ae@ﬁ@éﬂoy n alpha 1 (TAl) peptides including 20

[0009]at uNﬁHaythm“ocim pepiigies Abmagsanblymoais aighat hEti1} paptidearintiuding
naturragf O a}' A1T§§ wgf’flgé $%]t{1a% 'ﬁﬂ] Eh) reglﬁh&ngﬁqﬁel%a%m%fthe amino

occurr sequences
acid sechehamdi redttinallys omurra*rg TAh earrmcoacm)semnaeﬁaswﬂmlew similar

el 3y ARSI SR (A9, infhgl USRI g HBios
havingepibatitfetid, delelsthelpngaied, repladade dr etbgurdsecmsdified sénuences which

poss%slﬁgg’c?lvﬁy %YIE%S@HQ@B %{oﬁ@éé{',he;é.% g@g 5cfe?vé$I ?éptf&fe having

sufficierit amnmcaaid homologg withiTAH sTigh thetid furtckians intsupstactially iy $ame way

with sc‘dﬂr%gatnggliy) tﬂlalsémtggée&ﬁliﬁ;?% o e'?gt tet de%‘%i%l{i}%{ﬁ&h@gnﬁaehﬁge is thymosin

alphapaaptl de is thynosin alpha 1. [0010] Adm nistration

[001 glrrﬁléﬁs ?;nscléhtb%bd 9%{1’?&0% m'eﬂ%lduQbﬂglng%&?{ﬁhoﬁerwdlc

er 0 usion i'nuous 1 nrusion
infus®@, ¢OtihtpuBetaiopeandtrepgkasma hal f-1ife of

[001ﬁUbCléte%5]L?s%utﬁ %lasmaeh tlﬁ?e gf%ubc&taﬁ@é%lyqugted% is only about two
hours, according to one embodiment, an alpha thymosin peptide such as TA1 is
administered to a patient so as to substantially continuously maintain an effective amount of
the alpha thymosin peptide in the patient's circulatory system during a substantially longer
treatment period. Although much longer treatment periods are contemplated in accordance

with the present invention, embodiments of the invention include substantially continuously
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hours, according to one enbodi nent, an al pha thynosin

peptide such as TAl is admnistered to a patient so
wa@sooto48abst anti al | y continuously mai ntai n an pET/E8100¥/€37469

amount of the al pha thynosin peptide in the patient's

mainfarisg e ReCSUR FORPOMADt o ARG HUEISOPRRIR 1T o8 SALRILS circulatory
systdheﬂumfbstréﬁtmeﬁmﬁrﬁﬂﬁ bastashst ab@ﬁ@ondarzzmﬁé oMdrigef. B other

esent ven nts of the in ent
bl BB A AIBETLHTIHF P (06 At IER SBoYYS dsy. A SUom iR Agwralty of
days P@E/ Hm%rW69HoW§Wdﬂ igls oR@nated flﬁ@trééﬁheﬂt@ d8defided above,

e ha t p ide in the patient’
in whigh e/ Rraryolis of Beraiiia R e B sl ars SHbssantiafly coptinuously
mainte@@stin iﬂiwpétleﬁt’s ditsulgtary Rostem, may bb%@?@rfated By W8rb@satment periods
treatnment periods are tor at |east about

.embodi nt
°fs"3'rbé’9dr‘l§ dy&iofSr a plurality of days, e.g., a week

[0012]r | Wgﬁforddrkwéﬁwmfonelefmbo‘éhn@&ﬂttﬁa'@lpﬂbfﬂﬁ%/rﬁém peptide is continuously
atnment s, as defined abave, in which effective

lnfusgmg §a5$ntt &g By %?V?W%fpﬂoﬁ’éi}tr'Pa dheyirgatment perlod so as to

subsfa%héltyaddnhmdLhélyQﬁﬁhiaﬂUQULSf’féétlvé@ﬂnBiuﬂldﬂﬂda alphd ﬂh?mosm peptide in the
ati.en yst em ar at ed

patleﬁ%cqqugégryr%&%tg%\gﬁl %fuglelp n@yliﬂq cg}‘/nqumaw]a@y éwfable means, such
as byirddnggls. [ 0012] In accordance with one enbodi ment,

t he al pha thynosin peptide is continuously infused
[001 :I"]nt 0 Ageﬁ‘é‘f‘\’%ﬁta” 'Ble@t'on BgIMeRtat HrcriBa thypogigiRsRtideiean bRy

maintdifed e t@%bsﬂ%ﬁﬁéll?@on%o@§¥ hiRinkSin Yhlsieantd éHwJ)l}ht of the alpha

conti nuous mai ntain an eftective anount of the al pha
thymesip pgetide 'aé%q patient's cigidatony sy stepy  Suitabledjeetioprpginpss a1y

includd Sn irﬂfd’t‘iéh @QeryBly Zb@, 62%[6 h@lﬁ*soéﬂ adth s'%B)ﬁtaﬁh‘élE@%hﬁdeﬁ@l?%amtam
such by mni punp. [O Al ternatively

an efferﬁtlé%tam@Hntr@gh%wrr@ﬁfntn@@ﬂ%ﬁ 'ﬁﬁiae Pﬂmg plﬁc%’artyu Syeteprsirig the
treatiBhi¥etoned so as to substantially continuously
mai ntain an effective anount of the alpha 15 thynosin

[0014e pt #AdfBOUGN it isecoptamRrized Yag uring anghyousyrivsian OfSkh‘ietaéﬂi'laéhymOSln
peptIHQ,] &%.h@fﬂaﬁ&ﬂhuﬂ%ﬁoﬁ@é{utﬂs% 1%%@8 'd[]}a%ﬁ ' &R‘.@OW 1% ohe

OUTS SO as t ant
emb@dmﬁnﬁbe GQFWN?H?S fusion ofdie alpha mwnpélrwamm isdfpr @ frgatment period

of atﬁé&ﬁ?&dﬁ 1RRRE1 G8rd &&éﬂ&mﬁ%hﬁ%ﬁ uﬁugl&’i"lg%taﬂfe\ﬂl oiﬁ/ ﬁ)tr nger

during the treatnent period 14] t hough
perioglg rushsis derarprioda of @d@@ﬁﬁgb@&@s ﬁntﬁbdg hOHfsuf?r t@ﬁgeﬁ 'ﬂ ntéwer

emb&dimBAtst &Wﬂ%ﬁbﬂib m%gloﬂf?sp?o'r deleadt bl Sl c’r’ég' ORd ¥dd foP8 pluPklity of

a substanti al [ onger duration, according to one
daysaﬁlﬁl@asfm'mnetw&e @M Buous i nfusion of the al pha

[oo13rynm$bréf&%r érﬂsodwﬁeﬁterth@ atp’hgaﬁmn P&StidR% peetlin a

[‘east about re erab , contl nuous
pharmaeeidically a@e@@bh l@aldaﬁrrlamwh@ﬁg@ter fpeiniestizn, salinerin abysiological

conc%ﬁt"ratfbﬁé'&dsﬁnﬁ] at | east about 6, 8, 10, 12 hours, or

onger. In o _enbodi ments, continuous infusion is
[0016)or éﬁhelpé%mnt m@rnttonca@ enmprisas ddminigtration oka physickddicafly active

conjLSHate comprising an alpha thymosin peptide conjugated to a material which increases
half-life of the alpha thymosin peptide in serum of a patient when said conjugate is
administered to a patient. The material may be a substantially non-antigenic polymer.
Suitable polymers will have a molecular weight within a range of about 200-300,000,
preferably within a range of about 1,000-100,000, more preferably within a range of about
5,000-35,000, and most preferably within a range of about 10,000-30,000, with a molecular
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25 days such as for one week or nore. [0015] In
preferred enbodi nents, the al pha thynosin peptide is
wWoee@deso7i n a pharmaceutically acceptable |i qeETUS2003/037469
carrier, such as water for injection, saline in
concentrations, or simlar. [0016] The

. physi ol oqgi cal
Welg*grog@@?ﬂt Zgrﬂpgrhefr@rpaéq“‘é’@”é’cﬂﬁ?fﬁfr%%s admi ni stration of a

[oonqhysrrﬁé Esweh& Yuredricks inchfdeq @fd Mgégﬁf@ﬁmp infaferbIde at room
nosin peptide conjugat ed a material which

temperﬁgﬁeaéépn -lidiing. 'IS" pesush nolyeness jskide RoWBIKYIRN el Hemppolymers
such as &)H%@;?Ieﬁe @%ble(PE@Mae Bol?ﬁogylér%‘bly&ﬂé %oly%x?éiﬁ&ﬂéﬂa‘-’té&b&?ols

copolum@r%wfe@é Ang b'se‘f vaersmemﬂ @mwﬁW@F ﬂne\fwartﬁr mw'% of the
bIock%bS@He?é ls\f'ﬁdlrﬁlaﬁwew Nﬂdﬁg@hé Mﬁarﬂéllmnt @Qc%@% e

pr ef ér abl range of about 000-
mon%?‘gwa?eébﬁl ylﬁﬁmﬂnﬁe@?'éﬂ' werg Oﬁ%ﬁiﬁPA@ss BSUSHRS35, 000,

&ﬁléih SimiRdted 86196thyieMé bRt anPRESES aRf covtftblated. In addition t
mon G AR e ?& hylet Pr‘g s fmPBOGT ot cchititated. In addition to

mPE (ﬁﬂiﬂfﬂ rm%polm?@wam%%uﬁe@b 000 bei ng
[po18ar t AS'ahay tlebhaW@lfoqu@-(ﬂ)asé@Qélyr}'ner-EhSffeﬂﬂ{léllf'rﬁbh-%ntlgemc materials

sSubst ances i ncluded are al so ef erabl y wat er-sol ubl e
such g dexisan, PP@Wﬁé'rFélf"GP@“eA myacmlamvfiﬁwolww' deoholsh
carb Hbé‘ﬂ@-[)ésé Wil s I%ﬁbl Y el 8RSk e PBRBRS 8# Uﬂﬁ{aﬁy sk‘ﬂuﬁ I%he art

et h | I (PEG |
e R ane Syl (e boyprepiT e RS, =
the ql%lﬁl%g dEQd?FBEM 'F@Féﬁw érléecroﬁfgmplﬁé@VFgreﬂer&%% ok iR M@Eeﬁ{t invention,

" | | ock copol ynmers i s nmai ntained
eﬁeqkwah@mf?@ I@%@traeﬂnsalh myatarals HRdersiend & thefajtasraeing nontoxic and

not eggﬂ% Q‘fééﬁf@él?ﬁe lrﬁhbﬂégén%r&m%@% Rahriky! ene oxi des

such nmonomet hyl -term nat ed pol yet hyl ene _
[0019]1 ycdhe ppitPEGTYY berstraigbieleaip Pabragchadn Roalyethylene alycol (PEG) is a
: = =term nated pol yners may al so be
paméﬂ%&ﬁr&équ ?%Ig% j As an alternative to PAO based _
[002G]o! yiTbe polyaief ean by edrjugried tarthe ghha dhymeaséit pentisle by ok sHitable

methggxfﬂ(&ﬂ IP%%%EE%/ for BX@aQ@nﬁ%ﬁ/gr{er?gJ ég)gﬁé( rgifczosaeﬁ inus.
Patemtmps |4k1§9£3§ﬁ HE6Q130a1 4, P850 5,182,604 @hﬂ@rv7§17|41 as wall e BCT
Interﬁtﬁ%nalvaﬂllcét%ﬁlNoz WCE la8}4 BBP&pé:I)Ilc_b;f/ ﬁ@ﬂ:‘h |n'c§:tapoPeﬁ% él%‘nyby

trative and that al / eri
referenae. qual i t| es descri bed herein are contenpl at ed For

[oozﬂ“r p%?ﬁ‘lo @IHS 1H{a%sfﬁlgtsleb51r\éfé}5rdsg le &1@ f@rf% nffd b?’o%lpyc}?njugatlon of

on- an eni ders
a polpmer, agd lpelyrr@r(lsbcﬂmb(e corawgatedwattonelqr@l ptlulragy ahsntes

[0025PP" %%F@rgeg td Wg@%g{i‘r & gh Sf*g%lé%hrl b{@@-\ Eéi_ R0bRugated to
the I\Pmlrry\emhm&mf@ngﬁlglwhymé’ﬁﬁa)oepmdea sugiead thgmbsinlajphartefié).edhis can
be foPr%leé( g}?rsolid phase peptide synthesis on insoluble polymeric support beads, as is
known in the art, with appropriate side chain protective groups.

[0023] After complete synthesis of the alpha thymosin peptide on the beads, the
protected peptide is cleaved from the beads leaving the N-terminus with a free amino group,
which is reacted with 40,000 molecular weight PEG. The side chain protective groups then
are removed to form a conjugate in accordance with this embodiment of the invention.
[0024] The isolation, characterization and use of the alpha thymosin peptide thymosin

alpha 1 (TA1) is described, for example, in U.S. Patent No. 4,079,127, U.S. Patent No.
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[ 0020] The polymer can be conjugated to the al pha

t hynosin peptide by any suitable 20 nethod. Exenplary
woreaohodts7f or conj ugating pol yners to pepti des BCEUS2003/037469

disclosed in U S. Patent Nos. 4,179, 337, 4,766, 106,

wsfgB e By B 0 Rl e o

[0028hi cfSLmeleldmsagq&mde&ﬂrmi thghedin pbf)'udegfnﬁyﬂdecﬁzlmlnfs@?é’éb amounts as
i ve separate possible sites for

high %1?@%@%&3&6%%9[]@@@ ghhiger. efgrrﬁg,plwﬂes of alpha thymosin peptide

are iptheyraapé e) alﬁzﬂm oD 1a0grky Badyedleight/dyeo abowd 10l rH%/ﬂ% inbdly Rbight/day,
odi ment ,

with ﬁBIteg%'UP P d%cncq%upg Oéé’ﬂﬁc}gﬂiﬁ‘?‘god’v?'%h Ydae N-t er mi nal

[0026nd Kccenliral tﬂlbﬁhetdwdﬁ@iﬁﬁéhtﬂﬁgiah&ﬁpro‘ﬁét@hg Bficdt¥ ERubts are at
be forned by solid phase

dossBiinish 15 HabeRP G RY Resh epEe o py AOLEt Wb arange of about

0.1-10e@d Sprefefabilp abdlaWmigh FURBeddem f\é!jrir g?fdg%rsg’rgl_r@po%gﬁe $Ip8 thymosin

h t ect 30 [ 00
pept@?ﬁr'f ﬁ'é F‘g’ugt(f:OfIﬂY?ng{ %ﬁ&s F5"'9h peptide on the beads,
[002vhe TheQiheos aesRRBIreMeRt bely %%m%%@&ih%ﬁu&ée&%éent in the

| eqvi ng@c&he N-termnus with free"amno gro

compasitionagRbEetiie Welght eighe %W@@OP%UW@WF@EG The S| de
[0028ai Nn pFeddrRsd éMSocﬂﬁw@Hﬂ%Stheré%a tﬁxlfrﬁognﬁg%ﬁi@ il ?refsgﬁtq?ﬁg

con ugat e in accordance wt
Phafmwelmca%acc?ew@] liqpigecarrias) %uoms waterdpribiestion: atioweveand

pharhh%@e&tfcaﬁ&&a@e BA®s EdWARR) 'Eheoﬁp%d fﬂ?mb?%'ﬁ%ﬁhc% mgg ngﬁnﬁ‘xla}ed in

(TAI) is described, for exanp
any &wte'? manner fgr gdmpmisteation ki any smebzez)@memsg?l

[00 Zg]CT / Wﬁ?%}ggdgﬁﬁ%ﬁe@%d ‘coliaa %ﬁﬁeﬁﬁéor ty e§8%§3@%§61}aﬁgg§%]the alpha
thymgginpapiide rrefasefdy ISoardnampI@seot toythe sibjegt @plsasteabout§ hbers prior to

lrradegc:iﬂ nl'nscfeﬁéﬁcerhﬂlﬁ?rﬂﬁﬁ{ tﬁe}@@#ﬂg )%(;bsg'g %pgugggs{) %(cﬂn F%ﬂéfed to the

subjechg rﬁ%@'ﬁy B@pﬁ?&il@r loré@ #radiatiohee. g.aRgh 4odr radre iimes. riD(bilto irradiation.

R e e -
prefe@bly(g asbwsmomﬁ $apemyas F[O(SSIE@] aftAc mhainongartcbprembly administered a
re
plurat o g8 Bler fAdeRon. oAk R, Wb Gihble oRPR Ry B
administesed istraediately Gtﬂﬁr ifradfedion.cangeevefy 2318041 5 006 bods8, Btjmes per day,

twnceﬁ:{]egfdg%e |I¥ ?ﬁﬁé‘ig&rt \/E@ér%gmgélﬁem% keéﬁéggfgegﬁ\{yeeﬁoégg%gfnlnlstratlon

can hegatinjegtia, nﬁusawoeotzerngethm [ 0027] The above dosages
[003'!:]6” ?r?écc%m%ce Q@hﬁ}lgtgleﬁwtOQM§'tﬁe ?Qﬁtl?gﬁs 01J ANLRLF

osi t wel ght™ o
wher@ujﬁpea glah@ dwymt@rremeptid{s G0&Bhinistergat eftbis rsedjeeufoomorrmﬁhg healing of

radiatifiPadthBio (EBPHB PBREL de TS present in a

[0032] The subject to be treated may be any mammalian subject exposed to or to be
exposed to radiation, such as human subjects or patients.

[0033] The invention is further illustrated by the following example, which is not intended
to be limiting.
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pharmaceutically acceptable liquid carrier, such as
wat er for injection. However, pharnaceutical dosage
W@ Rios4890nt ai ni ng the al pha thynosin pepti de nMegI/82003/037469
formul ated in 15 any suitable nmanner for
adm ni stration by any suitable route. [0029] When
Exampled ni stered to a subject prior to exposure to
adi ti f ' .
[003421] pet ‘;rﬁa'g%g?re\ %Q?oo teﬁ@@g loJI%rmég%’Brl Al %g.stﬁg[)e%r@ %Eﬁltgl%l dichogenic
cells of thersmall intestinedvere |e<>.snose|drto catiationntreatbd dndrmonitored e observe the
effecﬁvé?'l% F%@‘Qr%'a BRPTHhER drs t%@hﬂo%egfeﬁﬁeénofohp&d s?lﬂgéﬁé&ual
ura t I mes prior Irradiation, e.g., 2, 3,
stemgeds ingsch orynfrefs,thprsnwl Irlt@SﬂnEr dtheest are @lsoz0fuftberebervia of
. . i At i on,
clon ELER B8 cdbat Y S LR DA 26,3808 o
haveehgep Kiletib[The sfvival ¢féh1¢@tqlqma,geaig gelsr ietthmrefiore/key to the survival of
1
the c@%’ﬂ’b@i gwtﬁgfe%ré"l onRk ‘r'lﬁ ﬁﬁ iﬂnf)eél%lr{ f?1 og\ﬁﬁwt&g%b%ur??only one
clonaggnicrried neeeé GUﬂVWﬂé@E@ﬂL@ yweaﬁfur\eval |of thacma:tu aml theriefbre veaintenance
of anﬁntaéﬁ %aq’ehfeﬁm?)r @roﬂrﬂWaﬁt’orssaﬁd t’é%?ecpﬁﬁlegé‘%s carl %ﬁgecpf%rmampulate

t1mes
the Smkwty@tf ﬁﬁesmﬁilmtowtommmgez@ @aeh thﬁéewedu@aefbeuscmnty of

gastrtbﬁﬁéé?lhglrbn roréﬂtrﬁ‘t‘?dros t PQ&orS[qq\geﬁldnolr tb ngtﬁfogi%r?rﬁs%lt%éynncrease

enbo e I nvent
clonagesigtaed numbah@heurefw inpreasing iz prhahildy of gempdedeundval) or act to

s 0 BR8240 0L oL ekl iR LRIE M 38 b gt
Facterg lng@Otaftebthl@enswtémyeldltlﬁ@ysanle stany cefbamﬂlficatiolmmqr@tﬁeration and
hencE )éprgé@ to LH% @Peﬁeﬁ’aﬁ?ﬁ r3ksEX RO 3%%%?]0[}%? b&h ccﬁ% Sél;lg@ﬁive

subj ects or patients.
maxifynt pretection testhe gpitekliny. (Thés mro]elctishmgoreﬁaarplnes theheffdetiveness of

i L RSERAR , orS A A3  gapoce
[0035tay S&radgk male RDF1 micd (aged ThdPefaske ) weteeuseandrhe anlmals were
divid%% Rlﬁkgg I@ﬁ%u‘bs a?lalee?'e ﬁée&ga Sg?&%& t{)?bgﬁtﬁ'éll?@ %\g?)\ellér%?%ge%?qntreated

ron, trea
miceef3) dlita reeaiving Jonghkd dhyrmasat imshts. pritin éo iradiation, {aLgice receiving
vehlﬁ??@ﬁg@r %QH%]?{Q{H%&)%S&&G%@ n;dfg mg{]kgttgﬂéfr%?i lgls‘s ﬁrﬂes daily for 3
daysfpuiot tedrradietia, (@ Mite redetyinggredicte ipd tingeswiteily orad @ycsaqmlabtoe
irradidfi ’f egenerating the crypt when all the actual stem
€&7'l's have been killed. The survival of 'these
[003@]l ondderijectioes Wera giverhatred® (tirkeg/tréaimeh os (12:0D0 (alimeftreatment).

At 3:p08n BBy B} infUllnd e 62186 Bl Bling B shill e 15B5 (GRly) x-
irradiatigmogeni ¢ cell need survive to ensure the survival of

[003.;]he erc}/a% ’aftgnniﬂact.lig% tfhg %lmrmfé \r/]vtereen&nlcg The small intestine was removed
and fixed in Carnoy'’s fixative prior to processing for histological analysis. 3um sections
were cut and stained with haematoxylin and eosin. Surviving crypts with one or more
clonogenic cells are clearly visible in the irradiated sections. Other than those areas, the
mesenchyme is entirely denuded-these animals would develop diarrhea and die due to
mucositis if allowed to live beyond four days.

[0038] For each animal ten intestinal circumferences were analyzed (60 per group). A

circumference is equivalent to a given length of intestine and therefore a convenient
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10 of an intact epithelium. Gowh factors and
rel ated nol ecul es can be used to nmani pulate the
w@eogisovi ty of these cells to cytotoxic agentBCT/EHSIH03/037469

thereby reduce the severity of gastrointestinal and

oral mucositis. Factors given prior to a cytotoxic
basglipg ynit ohiggathndheasmbecpisnodeng cryptsi der ninstvefereficé eedycored and
the dv@ '

FgRer Bbupetdt hm%b q)lw X@P{S Bhdif @ﬁ‘i‘%gﬁ}%}e %ﬁ%‘?@ﬂ"fﬁ stained

act to arrest the
cells%hﬁ,@hng@qﬁem)@@ls} @@q mlyamtaqt gqumnfa@eceﬁ nco:t@anﬂa)mnngeyers patches

were':sil,%FéU @e?éﬁé%t@fe& AriubhG k‘)cﬁﬁ le ndfiber o'ﬂl:r&bé it a%%Frg%l chEdem erence

% fication or ion and" hefce
a“dhﬁetbﬂ'g 9fég@M@trtatSH6’Wepﬁ%kﬁe‘sss A conbi nation of both

[0039] Ot ml@e%ﬁém /| prOJ c : ttﬁ%eﬁrgﬂ{s%ls&lt Q¢ tvs)a ﬁq%o measured in

%fthellu fore ex m
ordegforqogrert fon segsing ferrorshguentoiany nd sizp diftesertcen g helcorregmnlas applied

thus: ng%&%ecﬁﬁlﬁjm H@r"!ﬁ Cr glgfs)’cglfcﬁmfé(rérﬂjég—k%%h %h%pgul cl(t 3 g'lg%n%’fateffontrollMean
C"yptv\fééilbsiw ’fr\%@éed Elh"ﬁ@@l X ien awnher of sueiving@yots v tleatment grotip.

0040055 RO 558 LS o8P g e 2P Sl e
effecﬁag /IR dhe ﬁyglggﬁoae tl‘;yrrBlIsmsgrpmp e s!ucvwal fezells ateire Bimilaro thé 6fgle dose

vehid] I\ﬁegl%hyegg}eva%ﬁﬂé@l] fhe \%h% etérﬁvg g [skgthgqurs:sr%gln%éll 0 tlp%lza)d?tlon
haV"’t&d’p@remfvms Stlr(leEr(V-@dctaTactﬂd,) |(uﬁ*¢aM@merc®aected @goupaheﬁ ffom 2.4

to 3. 5 plf gh(ﬁ éf}iﬁ%l Q/@fel éé%c u‘&%d ﬁve‘#@%ﬁul@rﬁ (r)]r Ia% £ r% iye ﬁgesct w%h one

I ONS Wer e
dosetqf &gmmm ®. 4)vs 838)06lopever snecet theai Hem")'ular vAhaﬁanﬁ c@fpt survival in

the 1gé¥ F gqégtat\g%e f%@%@r ng%cllg{gﬁgc dﬂsl('%!@g n gf %gy@e effect of

singleyfless tréatmgdi mey be stiak oanégligibe. wer e cul | ed. The smal |

fooaty™t he RibidBosd GIMSH yeBiiect G gebnio it & caet eyt
survivab of 5. 6rtz§>m$(aravbhoé3 io lill'ne cordrobtvas sexth, whlidtingae awrstsptionTa@Belof 1.77
(77%%9?%35‘% Iﬁgﬁy\)l\){@%y&rs?/pts Wi th one or nore clonogenic

are cle sible in the irradiated sections.
O her than those areas, the nesenchyne is entirely
denuded-t hese ani mal s woul d devel op diarrhea and die
due to nucositis if allowed to |live beyond four days.
[ 0038] For each animal ten intestinal circunferences
were anal yzed (60 per group). A 35 circunference is
equi valent to a given length of intestine and
therefore a convenient 6 WO 2004/ 048971
PCT/ US2003/ 037469 baseline unit of length. The nunber
of surviving crypts per circunference were scored and
the average per group determned. Only crypts
containing 10 or nore strongly H&E stained cells
(exchl udi ng paneth cells) and only intact
ci rcunferences not containing Peyers patches
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were scored (Peyers patches influence both the nunber
of crypts in a normal circunference 5 and the ability

W®@R00a/0¢89ypt to survive insult). [0039] The averP@nES2003/037469

10.

11.
12.

13.

14.

15.

16.

17.

18.

crypt width (nmeasured at its w dest point) was al so
measured in order to correct for scoring errors due
crypt size difference. The correction as applied

thus:a d{oﬁ%%amﬁr éte&rrtYJ ﬁ% %e gﬁﬂ]‘éc‘?rggﬁﬁ&%@ ﬁ{‘ ion damage,

cr pt W in qn_treat con
tr eat@mmlmnmdrwmamg foundubjech in maedwif suctytreatyehisa composition

treat xsﬂxgt anlg%% hr%@e‘t:% AhlouR oftalﬂ ﬁ% q’[ﬂgjngsn’? Btra;\)/t%d\éed

the tre ib te no obvi ou
ef f echhs. mqi’thod hédélnn@Wée@o"sﬂﬂetalmaﬂbymosgm pegtideliethymosin alpha1.

sur viyal Ly Io?%%@r{ ‘Fwﬁbr‘@ A f?l% al ttﬁ@ﬂéélﬁ‘gé& d@% gdmlnlstered to

vehi cl e group ani mal
sl i gteeid/subigcs abahesi 94001>10c§n9/l<@b®d}0\nlaglnton haV| ng nore

Cr Y PifheSHEMbY Bf &idinPs wﬁ@fe‘frﬂgg%@h’a th@ﬁéﬁﬁﬁ%ﬂ?jﬁllggdmm isfered to

corrected group nean from s7ani
\Neres@)@bf’rtlbmatmé@@gﬂmﬁlauotbé -amgi nt of a protective

ef f eeﬁhe%étﬁo&’@?cl%lﬁw g%%eﬂfthtely q‘néﬁn ?eﬁ%le |§a(§r)nmsltered ata

wever, since reis VAR PPERCiS
surV|d¢aag¢ of alowe1.63@y al one group, and the triple dose

Hope e AURONAZNTY TRER e Jithe thitfodi) bk B aqfinikrEd at o
tri pld@sel@fs@fahwhﬁ@lm treat msnt is of particul ar
' nt er—m%tm tho& BF 5]5%{ Fglhgrre}fpthe an%%‘stw? {: ﬁidg s?eé'ﬁd at

i The contr A prote
fact éﬁ?a%ﬁbqutﬁ?homprqor‘l@/értadtatlease in survivi ng cr ypt s).

of "t roa enge proafiThEreAe aRfa MR et bofRads AFHsgEe =
r adi #Urality dblimegepriordoimadiationg admi ni st eri ng to a
subj g¢f. H\&h@&@fj%ﬁfn Pifibrel nr ﬁgga[ﬁ‘ﬁgtthﬁn&wgp?i'figan lnh%gered at

conprising a ation-p
t hy migsshabeih (3 tilees [Biop to rrmaélatm hod of claim1 vvher ein

e Sy SR PSPPSR B i
is a@ﬁidrﬂl-@t%ﬂ@d ptmot@auhéammfe@dlamn tﬁmagle () cell}slef]seld subject.

tTTE/e kg'lh%&gé{h@g%gés?%%n pept | mrfﬁé Q@g nﬁJtsg'l'rﬁ(;g Itlgmethzﬁ"ngsm alpha 1.

subj dée regthed eodaige’ fbwh%[bbdhe alpba thymosh fgeptidéiés adeihistéred to
of ClsQfd'Ba%eW%ﬁ edo'%a D6y éadoﬁp lit:-\ﬁ Wd{f%ﬂgt%ﬂ gc?d))_lsﬁelght

adm ni st'er ed osage 0
met hJ@eémeth@cépfmla_mmmrﬁmtth@aL@h@ tfs/mdsyrmtlde [segeinnivietered to

IS adHidHatbRr £ dsade of about 1-5 mg.
The method of claim 10 wherein the alpha thymosin peptide is administered at a
dosage of about 1.6 mg.
The method of claim 10 wherein the alpha thymosin peptide is administered at a
dosage of about 3.2 mg.
The method of claim 1 wherein said alpha thymosin peptide is administered by
injection or infusion.
The method of claim 10 wherein said alpha thymosin peptide is administered by
injection or infusion.

The method of claim 16 wherein said alpha thymosin peptide is conjugated to a



dosage of about 3.2 ng. 7. The nethod of claim1l
wherein the al pha thynosin peptide is adm ni stered at
waokear1 about 3 hours prior to irradiati on. BCT/URE03/037469
met hod of claim1 wherein the al pha thynosin peptide
Is admnistered a plurality of tinmes prior to
i r r adlOAM1$0 a3 to Figecasedasad half-ife of thevieptids im salitbsubject.
19. alph t t _abou
3 {1 sy B G | AR 9554 BOREeR veplidO§ cgfiBdea o a
cl ai mowmﬁxﬁ@@éltﬁlncrﬁeasalami@smmwﬁb‘e of thepteptide inssaid subject.
adm nistered to said subject for pronoting healing of
radi ati on damage to cells of said subject. 11. The
met hod of claim 10 wherein the al pha thynosin peptide
is thynosin alpha 1. 12. The nmethod of claim 10
wherein the al pha thynosin peptide is adm nistered to
said patient at a dosage of about 0.001-10 ny/kg
patient body weight. 25 13. The nmethod of claim 10
wherein the al pha thynosin peptide is adm nistered to
said patient at a dosage of about 1-5 ny. 14. The
nmet hod of claim 10 wherein the al pha thynosin peptide
is adm nistered at a dosage of about 1.6 ng. 15. The
nmet hod of claim 10 wherein the al pha thynosin peptide
is adm nistered at a 30 dosage of about 3.2 ngy. 16.
The nethod of claim| wherein said al pha thynosin
peptide is adm nistered by injection or infusion. 17.
The met hod of claim 10 wherein said al pha thynosin
peptide is adm nistered by injection or infusion. 35
18. The method of claim 16 wherein said al pha thynosin
eptide is conjugated to a 8 WD 2004/048971
PCT/ US2003/ 037469 polynmer so as to increase a plasm
half-1ife of the peptide in said subject. 19. The
nmet hod of claim 17 wherein said al pha thynosin peptide
is conjugated to a polyner so as to increase a plasma
half-l1ife of the peptide in said subject. 9



