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accidents, wartime or terrorist nuclear attack. There are various
preparations known in the art for t he treat ment of radiation danage, and

t here have been many att erid# : £h Q@Nd 25 by radiation
exposure. [0004] There remains a need in the art for i nproved net hods and
16onpositions for healing or preventing the damage caused by exposure to
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such tr Natomas, 246 fldd Novenber 28, @ob2.ng and/ or radi ati on-treati ng anount of an
al pha thynosin peptide. 35 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0006] The
present invention is based on a discovery that al pha thynosin peptides

1protect1a subj qUELROF THECRVENTONt he subj ect against radiati on damage. The
inventiogn is plicable to. conditions ] ich the subject cells are
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20 2. DESCRIPTION OF THE BACKGROUND ART

[0003] Persons and their cells can be exposed to radiation during treatment for cancer,

and inadvertent or malicious exposure to radiation, such as during nuclear accidents,

wartime or terrorist nuclear attack. There are various preparations known in the art for the

treatment of radiation damage, and there have been many attempts to treat damage caused
25 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

30 [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 aipha thymosin
peptide.

35 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



after the exposure (such as during nuclear accidents, wartinme or terrorist
nucl ear attack). The invention is applicable td the protection or treatnent
of damage caused by both ionizing 5 and non- ioni zing radiation. [0007]
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that it functions in substantially the sane wth substantlallythe sanme
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periodi c usi on, continuous infusion, and the |1 ke. ecause the
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adm ni stere atient so as to substantially continuously maintain an
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2 thereto, or an abbreviated sequence form thereof, and their biologically active analogs
having substituted, deleted, elongated, replaced, or otherwise modified sequences which
possess bioactivity substantially similar to that of TA1, e.g., a TA1 derived peptide having

25 sufficient amino acid homology with TA1 such that it functions in substantially the same way
with substantially the same activity as TA1. A preferred alpha thymosin peptide is thymosin
alpha 1.

[0o10] Administration can be by any suitable method, including injection, periodic
infusion, continuous infusion, and the like.

30 [oo11] Because the plasma half-life of subcutaneously injected TA1 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

35 with the present invention, embodiments of the invention include substantially continuously
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WD 2004/ 048971 PCT/ US2003/ 037469 mai ntaining an effective anmount of the

al pha thynosin peptide in the patient's circulatory systemduring treatnent
peri ods ofoavodm@est about 6, 10, 12 hours, or |onger. | mrcottisesos/mmsodi nents,
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days, e.g., a week or longer. However, it i s contenplated that treatnents,
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peptide I'n nt"s circulatory systemdurin nt peri od.
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al pha t%g %"ql '%g peptide, admnistration will be for a substantially

| onger t| oR ccording to one enbodi nent the continuous infusion of the
al pha t [g§ot83%i n @ltqmmatblrelyi an frgactian regimemedfithe piphadymasin peptideasn bebout 1 hour .
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phar mac autelffeeﬂl\leyammbt mbltmmoﬂupébtﬂam ﬂherpatasmttsl'ciraalamy eystémarduring éwt | on,

saline in gn [ oI ogical concentrations, or simlar. [0016] The present
i nvent i d%@ rises admnistration of a physiologically active 30

conj Egat[eomrrprAmw\dnghams abmbmplatadthat dmnpgpbmdﬁ:ou@ mfutget éfdhé alpha Minedsiml
i C I NCr eases

ti ent R%A ?QF‘H“%E%‘PU &’&F Be foé %gghgﬂ'%?ﬂ)éio rﬁt'cg'gt%l%% 'nb'rf]‘?ig%rgp e(r):c afi may

be a subksitaaimeéntkhe ehtinadls igRiiod olﬂﬂieyam’fa thy:ﬁuslh pBpiienie ForetiSatitieht pdrivde a

mol ecul aorf a’y\@a hatbom % p\our cgr%np Sfera ly?ggntltnugtg)soln%s%hqg gérried out for longer
periods, such as for periods of at least about 6, 8, 10, 12 hours, or longer. In other
embodiments, continuous infusion is for at least about one day, and even for a plurality of

2% days such as for one week or more.
[0015] In preferred embodiments, the alpha thymosin peptide is present in a
pharmaceutically acceptable liquid carrier, such as water for injection, saline in physiological
concentrations, or similar.
[0016] The present invention also comprises administration of a physiologically active

30 conjugate 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

35 5,000-35,000, and most preferably within a range of about 10,000-30,000, with a molecular
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preferably within a range of about 1,000-100,000, nore preferably within a
range of about 35 5, 000-35,000, and m)st preferabl y within a range of about
10, 000- 30, 000, with a nolecular 3 WD 2004/ 048971 PCT/ US2003/ 037469 wei ght
of about ¥0200884831 ng particularly preferred. [0017] ThECHBISIMBOFHs"

subst ances i ncl uded are also preferably water-soluble at room tenperature.
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ﬁ ncor poFE?@Ue‘Mé‘PB@ﬁ“'%?"C 'rrB?aéTseﬂ'c'Eate[‘élé Egﬁerﬁ?ﬁﬂﬂ%ﬁjﬁﬁ arf 35hkeing AYUOXIE 8RA separ at e
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enmbodi rf2A1°] 40Tb®B°|NB‘IeéEl§W§’F S&X@i’%‘l‘n‘:h@E@ Pranchgg; lfg‘%ﬂeé alyepl (‘RE@ 8@ nal end

of an dpmlatrtygﬁgghgdgg@ﬁqlege such as thynosin alpha 1 (TAl). This can be
formed bézso | hase peptide synthesis on insoluble polyneric support

beads, [8920]s Eh@@ﬁ‘ymr P%b%PPnJUWt?ﬁ toihgratRhai thyraosin peptideyrAnyrssitallei ve

e Lgugzanaglﬂoﬁ OR2&hpiahy GEhEASRIr@bRjugHiHg 1RsHrier8to piiftidal BRAGEEYEREh L. §ept i de on
Patent Nos 4,179,337, 4,766,106, 4,917,888, 5,122,614 and 6,177,074, as well as PCT
Iinternational Publication No. WO 95/13090, all of which are incorporated herein by
reference.

[0021]  Thymosin alpha 1 has five separate possible sites for amino group conjugation of

25 a polymer, and polymer(s) can be conjugated at one or a piurality of sites.

[0022] According to one embodiment, 40,000 molecular weight PEG is conjugated to
the N-terminal end of an alpha thymosin peptide, such as thymosin alpha 1 (TA1). This can
be formed by solid phase peptide synthesis on insoluble polymeric support beads, as is
known in the art, with appropriate side chain protective groups.

30 [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 freé 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

35 alpha 1 (TA1) is described, for example, in U.S. Patent No. 4,079,127, U.S. Patent No.
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protected peptide is cleaved fromthe beads |leaving theyN-termnus with a
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r r ter to t Leet .at t t .3 [ rior t
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1&dm ni skey sdtabie mbmerMmmsﬁatﬁﬂm)Gdriyts;utgﬁle tout®s prior to irradiation,
e.g., rior to irradiation. en
ad?n ni sl@%@h t%ﬁe%ﬁ%w@rﬁﬁg P S“PJFEtoﬁerf OHPOPYE fariﬂ‘.%m(‘h%c?\s{w]ﬁ pepti de

pr ef er aydsh FEHIHE brSfEaBl u@édmmeraa tppesubleet afiéRt abadizaidupdpricing
preferab[%/ adm ni st er ed gpﬁﬁ_ﬁural of tines after irradiation. For

exanpl e/ diation Bheertain BB Bt thecdinRg thiymosin prp &g FmUNIstRTRddP dhe| y after

i rradi aklLisiBet APIGrafty F imés phor b, irrBdigtior eROW. 8, 4 3r iokBEMBE priétay irradidtione per
day, dalt[l%)é;'ﬁﬂﬂs ti mes per week, twce Per week, once FR?r week, etc,

2R ni s on WBﬁ'haB‘é‘ wereﬁjt%@tﬁusﬁc afier {iEadiiony the @ @tmmpe@we[ 0031] In
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plurality of times after irradiation. For example, the alpha thymosin peptide may be
administered immediately after irradiation, and every 2, 3, 4, 5 or 6 hours, 3 times per day,
twice per day, daily, 3 times per week, twice per week, once per week, etc. Administration
28 can be by injection, infusion or other method.
[0031] In accordance with this embodiment, the invention is a method of treatment
wherein the alpha thymosin peptide is administered to this subject for promoting healing of
radiation damage to cells of the subject.
[0032] The subject to be treated may be any mammalian subject exposed to or to be
30 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.



wherein the al pha thynosin peptide is admnistered to this subject for
pronoting healing of radiation damage to cells -~of the subject. [0032] The
subj ect to be treat ed may be any mammal i an subj ec¢t exposed to or to be 30

exposed {pohadloddehPN, such as human subjects or pati ent pcrfoR@3lo3Tibe

invention is further illustrated by the foll ow ng exanple, which is not
intended to be limting. 5 WD 2004/ 048971 PCT/ US2003/ 037469 Exanpl e |
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25 [0036] The injections were given at 9:00 (3 times treatment) or 12:00 (1 time treatment).
At 3:00 on day 3, intestinal damage was induced using a single dose of 13Gy (Gray) X-
irradiation.

[0037] 4 days after irradiation the animals were culled. The small intestine was removed
and fixed in Carnoy’s fixative prior to processing for histological analysis. 3um sections

30 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

35 circumference is equivalent to a given length of intestine and therefore a convenient
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manuf acture of a medi canent for treating or protecting cells of a subject
agai nst radi ati on danmage. 2. The use of claim 1l wherein the al pha thynosin
peptide is thynosin alpha 1. 3. The use of claim1l wherein the

radi ati on-protecting anount is at about 1-5 ng. 4. The use of claiml
wherein the radiation-protecting anmount is at about 1.6 ngy. 5. The use of
claim1l whgi?' the radi ation-protecting anobunt is at about 3.2 ng. 6. Use
of an al ph h@ﬁnsin peptide in a radiation-protecting anmount in the

manuf act ur e of medi canent for pr.onoti.ng .healing.of radiation damg to
ColI's of " Tsupj Eigb ot/ &mé@vra?s'mwf% DR radAtonarclPeing AMAHBEIN ieapt | de
i s thynosin al pgnuiactye qf,a medicgment dpmirgatipa ogiRiotesting £&115.t9f & -SYPECECt i ng
amount is at abagdingtradiatign dgmagee yse of claim 6 wherein the

radi ati on-protecting anount is at about 1.6 ng. 10. The use of claim®6
wher ei n t hé. r adiTheiusa-ob ctairact Whereiinthgralphasthymogisorgptigeds thygosin alpiad. use of
claim9 wherein said nedicanent is fornulated for injection or infusion.

12. The usé. of dheiuseldf claien di whergirdtheerdidiationrprotactingrambuanteid at@bouhjléct i on
or infusion. 1thg.The use of claim 11l wherein said al pha thynosin peptide is
conjugated to a polyner so as to increase a plasma half-life of the peptide
in said sybjectrhelfse d@ain®a WheimtHe radiaHodSiofetiglardbifeistdtydpetit 1.6 S
conjugated to amd).()l yner so as to increase a plasma half-life of the peptide
in said subject. 8

5. The use of claim 1 wherein the radiation-protecting amount is at about 3.2
mg.
6. Use of an alpha thymosin peptide in a radiation-protecting amount in the

manufacture of a medicament for promoting healing of radiation damage
to cells of a subject.

7. The use of claim 6 wherein the alpha thymosin peptide is thymosin alpha
1.

8. The use of claim 6 wherein the radiation-protecting amount is at about 1-5
mg.

9. The use of claim 6 wherein the radiation-protecting amount is at about 1.6
mg.

10. The use of claim 6 wherein the radiation-protecting amount is at about 3.2
mg.

11.  The use of claim 9 wherein said medicament is formulated for injection or
infusion.

12.  The use of claim 10 wherein said medicament is formulated for injection or
infusion.

13.  The use of claim 11 wherein said alpha thymosin peptide is conjugated to
a polymer so as to increase a plasma half-life of the peptide in said
subject.

14. The use of claim 12 wherein said alpha thymosin is conjugated to a
polymer so as to increase a plasma half-life of the peptide in said subject.



