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PCT/ US02/ 35094 DEAyhdER BESERI PT|{dOMeOEndtHrdNVERT| €N as TAl) is a 28-

amino acid thymic peptide with immunomodulatory properties,

homologous to a natural product originally isolated from thymosin
10 fraction 5 of calf thymus. Its biological effects include
augnentation of T lymphocyte functions and include modulation of
interleukin-2 (IL-2), stimulation of interferon-y production,
induction of T lymphocytes and NK cell activity, and stimulation
of thymopoiesis. Thymosin alpha 1 also has been shown to up-
15 regulate MHC Class I expression.
There remains a need in the art for improved compositions

contéining TAl and related peptides.

SUMMARY OF THE INVENTION

A pharmaceutical composition in accordance with the

20 present invention comprises a physiologically active conjugate
comprising a Thymosin alpha 1 {(TAl) peptide conjugated to a
material which increases half-life of the TAl peptide in serum of
a patient when said conjugate is administered to a patient. The
material may be a substantially non-antigenic polymer. According

25 to a method of the invention, a substantially non-antigenic
polymer is conjugated to a TAl peptide. Compositions in
accordance with the present invention are administered to

patients in need of immune stimulation.



The present invention is applicable to TAlL peptides including naturally :
occurring TAl as well as synthetic TAL and reconbinant TAl havi ng 1hepRaileo

acid se naturally 5 occurring TAlL, am no acid se .

subst ant q§&3@$ﬁilar thereto, or an abbreviated sequencgefgﬁﬁgFW%$eof, and’
their biologically active anal ogs having substituted, deleted, elongated,
repl aced, or otherw se nodified sequences which possess bioactivity

substantially simlar tBE"er‘ﬁm? Eﬁ%%%,[er& Oﬁaﬂ%ﬁ ﬁm BEB&I de havi ng

sufficient amno acid h ; _ ctions in
substantial |y theTkamrergptwiatentsghstamrPdirgeihesdid nertiidasy as TAL. A
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conprises a physij ol qgi ¢ actl 15 conprig A1 pepti de
conj ugat ed rﬁgo’éblrﬂaﬁné:rl éﬁ %)\%Y 8r @I& gl Te?‘iq"‘é’eoP ¥eptide in

serum of aopatireittg WA2n saimb accnm egqueenq&s adps terstien e ‘SDnlaap'atl ent. The -

material mRYDes SUBS!AN0IA)IaL ROR AN C0L Ly AINBE, S LRRLe pol yrrers

wi |l have ar wer ght range out
pref er abl ybiplogirad lwangelvd aisdees 1hO0GI100L 90 utiedy edﬁiﬂ%ﬁ‘eé’r'abl y WI t hin a

range of alé@taﬁga‘ir,&ﬂoraﬁlge@d Qﬁdolﬁﬁéiwﬂyeefnsaﬁbiéd \Metthaﬂces?lwhal&ge of about

10, 000- 30, 000, w of _about partl cuI arly
preferred. p?ﬁﬁei)st)t%}r?@?gové sﬁ%ﬁ%gg}%cﬁyuae’alf?r Eg Er%fe Bl
wat er - 5@l ufhe peptricemheeiperatifieient rovinbi acid n@moﬂsgyom@udfhl pud:lyrrers

i ncl ude poltxgk kil %%cemg ﬂp@mum&fﬁl@uenea@ameo%ye&,byﬂ ene glycol (PEG

or pol ypropyl ene gl ycol s gethylenate polyol's, copol ymers thereof
and bl ock Séﬁﬁ’ba}wléyt H’é?e’%ﬁme BFoVYHed 3hdflt he water solubility of the 30
bl ock copol ynrer S A phmmatantichl Asapgsitienstibsieddrcahy Aotk tavet i genic

pol yners, 4 4 | O s),
such as no ?rﬂif/l nt‘(%?m%g%%f‘é Jé&ﬂr SE%% 3%%984”}/ ]1&)5(’ ??rgtéo >9)°%iﬁgg€é

cont enp? at éempnﬁlats:dlat rBh E?QPtrﬁﬂEG,COUngateéll kvla taterpat edh isdl REFSATRY al so
be useful . h3Brhsi an oal tre Ml Rt 9aPAG Rased §playatsenelfiret isuehy non-

ant i geni ¢ ng'gljelgéaa}:les issug J.nlsdteexrteléiapé J) a)é\{!ﬂ%/l pﬁﬁ rol ng{]a S‘may be a

substantially non-antigenic polymer. Suitable polymers will have
a molecular weight within a range of about 200-300,000,

20 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 weight of about
20,000 being particularly preferred.

The polymeric substances included are also preferably

25 water-soluble at room temperature. A non-limiting list of such
polymers include polyalkylene oxide homopolymers such as
polyethylene glycol (PEG) or polypropylene glycols,
polyoxyethylenated polyols, copolymers thereof and block
copolymers thereof, provided that the water solubility of the

30 block copolymers is maintained. BAmong the substantially non-
antigenic polymers, mono-activated, alkyl-terminated polyalkylene
oxides (PAQ’s), such as monomethyl-terminated poiyethylene
glycols (mPEG’s) are contemplated. 1In addition to mPEG, C,.,
alkyl-terminated polymers may also be useful.

35 As an alternative to PRO-based polymers, effectively non-
antigenic materials such as dextran, polyvinyl pyrrolidones,

polyacrylamides, polyvinyl alcohols, carbohydrate-based polymers
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pol yacryl am des, pol yvi nyI al cohol s, carbohydrat e-based pol yners
03/ 037272 2 5 APR 2006 ' PCTI US02/ 35094 and the |ike can be used. i‘l&o&?& 206
or di nar ywskasob727m the art wll realize that the foregoi nBCTUS02/399er el y
illustrative and that all polynmer materials having the qualities described
herein are contenpl ated. For purposes of the present invention, 5
"effectively non-antigenic" neans all materials understood in the art as
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group conj ygabhOgedfc 2epPbYSELN ABEMADY yner(s) can be conj ugated at one or

a plurality of S|tes Accordin d nent nol ecul ar wei ght
PE% i's conj)/ugat ed 1% ROHE™RE ‘Taé’grlﬁenﬁgr%’rﬁfeto ?’Nll % bFSP gPEG TAl. This gan

be formed ippl@etisoleng phpsel p@BGH dés sy palves celanfl yT Alrebar rets golbier pol yneri ¢
suppor g gbeads, aspjs Jn 0 &1& e 8Lk d’gttela e&pmaormtseaﬁﬂg

pr ot ectlve groups. Afte ete syn eS| s of t pept i de onpt he
beads, the Spibtleks aptirad- | sE"@lmé’é@éﬂ “I‘erté’iﬂdtshéob%@‘lg%h% Ry LYRETR- $@r mi nus
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in accordanié At~ of' ‘t'Hé Phventi on. frong"in
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need of 5i MEYNeefdidAdeat | PRymo3AnSHEPh LAl IHaRE 81 §BYs doAch U aReeE RAtdLNT S,
hepatitis patl ent s
or amino group conjugation of a polymer, and polymer(s) can be
conjugated at one or a plurality of sites. According to one
embodiment, 20,000 molecular weight PEG is conjugated to the N-
terminal end of TAl to form a PEG-TAl. This can be formed by

20 solid phase peptide synthesis of TAl on insoluble polymeric
support beads, as is known in the art, with appropriate side
chain protective groups. After complete synthesis of the TAl
peptide on the beads, the protected TAl is cleaved from the beads
leaving the N-terminus with a free amino group, which is reacted

25 with 20,000 molecular weight PEG. The side chain protective
groups then are removed to form a conjugate in accordance with
this embodiment of the invention.

Compositions in accordance with the present invention may
be utilized to treat patients in need of immune stimulation.

30 Such patients may include cancer patients, hepatitis patients
including patients infected with Hepatitis B or Hepatitis C
virus, HIV patients, etc. The method involves administering to a
patient an immune stimulated-effective amount of a
physiologically active conjugate in accordance with the present

35 invention.

The isolation, characterization and use of TAl peptides

is described, for example, in U.S. Patent No. 4,079,127, U.S.
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including patients infected with Hepatitis B or Hepatitis C virus, HYV
patients, etc. The nethod involves adm nistering to.a: patient an QWRQUUG
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accor dan@gﬁogﬁ% he present 35 invention. The isolation, s@ﬂe‘#’ﬂ@% 3?4 zation
and use of TAl peptides is described, for exanple, in U S. Patent No.
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conj ugat ed her t.0. f]; Tgrveferred Senbodl nt s A% tlde hs pr esent
ina phar é’&’ﬂu tcléllglﬁ e paBf et A tE 8 ??se%gesstf(t}ﬁ SF FOF
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i nvention $@Bg¢ |5§PP§ 1 |5hé‘}geasE§et#é>"rﬂ derratmITilpre ofly Hdepdhti de. The
i nvention ipsptidd Refeskht ust radeedohyos e ohol bV ity tExawples Wi ¢hear e not

Intended to bend L MhhNgac AR ELS.

15 In preferred embodiments, the TAl peptide is present in a
pharmaceutically acceptable liquid carrier, such as water for
injection, saline in physiologic concentrations, or similar.

The plasma half-life of subcutaneously injected TAl is
only about 2 hours. However, conjugation of a polymer to a TAl

20 peptide in accordance with the present invention substantially
increases the plasma half-life of the peptide.

The invention is further illustrated by the following
examples which are not intended to be limiting. '
Example 1

25 Rats were injected with 5-fluorouracil {(5-FU) to cause
immune suppression, then were treated with an injection of
thymosin alpha 1 (200 ug/kg) or pegylated thymosin alpha 1
(20,000 MW PEG-Thymosin alpha 1) (the equivalent on a molar basis
of 200 ug/kg of thymosin molecules) to determine the effect on

30 immune parameters. It was found that: (1) the return of NK
activity (after depression by 5-FU) was greater in animals
injected with PEG-Thymosin alpha 1 than with Thymosin alpha 1,
and (2) the return of activated T cells, CD25+, was greater for
animals injected with PEG-Thymosin alpha 1 than with Thymosin

35 alpha 1.

In the following examples, which are not intended to be

limiting, a continuous infusion of TAl was evaluated in a cancer
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25 Rats were injected with 5-fluorouracil (5-FU) to, cause inmune g 006
suppression, then were treated with an injection of thynosin al pha ?L (AE%@

ug/ kg) oWOdBH§123ted thynosin al pha 1 (20,000 MV PEG ThynBSTHS&/$N 1) (t he
equi val ent on a nolar basis of 200 ug/ kg of thynosin nol ecules) to determ ne
the effect on 30 immune paraneters. It was found that: (1) the return of NK

activity (after depression by 5-FU) was greater in_animals injected with
PEG Thynositheapphadoget nahtinit ‘Fﬁ?n’i)fsﬁt?rallﬁﬂalyl inpdagted)osnat ifet urn of
activated Thisehpishs,CoRbdh dwdS vgreaterdd at aacomedasti M eRt etk anifbl 5

xampl 65, GAYER T HBECIHaRISa L5 RAAeny (5 ° b shled dimeBenf sl on o
TA1 was evabglat%&‘ﬁuon,aa@@rté@rn 4IW@3/"(}3712¥2395®‘1APR 2006s ePCHLUS0A2 85094

t her apys nodgle i {thet REa S & OfnIUEJECR Iabuherptargxe@-@atmthceattﬁleﬂltpurrps whi ch
deliver fluids at a constant flow rate f

5-f | uor our §EPYPY 5 SFOR TF AU s &CF Rrinrid t X p;ﬁ?‘b%’sﬁ‘%‘ﬁ Hhﬁht%,\?g‘rt ?ea 8% with
i nj ected odosaflredoTAIng/ Kipye Snjetteion;t kepnadiiniphmph) t erigal HoseuTal af t er

5-FU). Tre rQup ntr i

saline); | gévn?g%%/& %&j 1(3?)]&t %}lk ﬂf rrtt}\&lgl(ri: \Il%;gsq er?%ltdyg%ﬂl%%g ]%I gh dose
TA1L (3.5 ift Kg3sﬁ:mﬂﬁ]‘@cltf}fc%edeﬁt)tWlf?ﬁmﬁhps§mmu&ﬁdpﬁF@fhet'cﬁf§eW?ﬁPused TAL

l(3 3. 5| nod Kg dbﬂééttﬁle@dbxt%audqumﬁsthndlmmmt (Eﬁféiﬂiﬁ—e}us t\.‘\GA%_ﬁttte]rQ ;tatagrtnaﬂddatl
aseline a a re 0 r and al so
at 5, 12, E’gl 1%;1"715?1"‘y {igiysangf tagF ﬁlg’?aéat?r@ andE)%angP%Sf% \:@‘gﬁ( old rats,

wei ghi ng 2%56eat3dX.g, received 100 15 ny/ kg 5-fluorouracil (5-FU)-for

i mmune suppression. 8 days after 5- Iﬂ,}(ét‘c% gtgent, rats were randonly assigned

to one of thefollovmn roups (n=8 rol (saline in mnjpu
wee% g&d J%tsg welghlng 250 —( 00 g, received Qogp)

15 mg/kg 5-fluorouracil (5-FU) .for immune suppression.
8 days after 5-FU treatment, rats were randomly assigned

to one of the fcllowing groups (n=8):

Control (saline in minipump)
Low dose TAl, injected s.c. at 0.2 mg/Kg (with empty

20 minipumps)
High dose TAl, injected s.c. at 3.5 mg/Kg (with empty
minipumps)
Continuous infusion TAl, provided by minipump at 3.5 mg/Kg/5
days

25 Immune parameters were determined at baseline and 8 days
after 5-FU treatment (day 1 of TAl treatment), and also at 5, 12,
20, and 27 days after TAl treatment.
The evaluations included NK activity (LDH released from YAC-
1 cells after 4h exposure to PBMC), total laukocyte number
30 (judged by physical cytofluorimetric parameters, after verifying
the specificity by monoclonal antibody), total lymphocyte number
{CD3+ by flow cytometry), and activated lymphocytes (CD25+CD3+ by
flow cytometry).
NK activity was 42 + 5 % at baseline and was depressed to 9

35 t+ 2 % after 5-FU. Low dose TAl treatment lead to a significant
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Low dose TAl, injected s.c. at 0.2 ng/Kg (with enpty ;20 mi ni punps)2 5B 2006
dose TAL, | n; ected s.c. at 3.5 ng/Kg (wth enpty mni purrgs%l_ Cont i nuous

i nf usi onVPA03BByi ded by minipunp at 3.5 my/Kg/5 days 2BCTHSAA384r aneters
were determ ned at baseline and 8 days after 5-FU treatnent (day 1 of TAl
treatnment), and also at 5, 12, 20, and 27 days after TAl treatnent. The
eval uations included NK activity (LDH rel eased from YAC 1 cells after 4h
exposure t aePBXYY afot¥El afeividoyeétannedads, (Yidgediop ghysi el

cyt 'OL | SO;I %Biéfeclpasfi%ﬁ@‘fﬁé&t Qfetc@i/ei/%rirf wngg ?f(ﬁﬁ%/ss.p%%hfﬂiﬁthc%lﬁ Q)l‘xdfﬁﬁﬂ&fi' onal]I
anti body), tota ocyt e nunher + ow cytometr and actjvate

| ynphocyt e§%( %&5#&4’655/ Y33 W SyFBW&%)e. ¥RR ’éecsﬁ%‘is@ya g davS /5 te, g%
basel i ne and4wasvatenrsedsetl 2 € h36h & dhtectd&d,FU2 kow toseloBal treat nent
lead toca sipgpificant 5,2 p AR WO 34,0 I | 330944 rggovery.
of NK a%:ti 3#?&%%@%&&%@5@5 i%?gﬁ)hi gf@ggs%g%ligﬁieg\?gé %&ni [ cagt
recovery i AoBhiguBIHdpdus EynthaduduSoTmale RO TAL NKodebietitind8 able to
doubl e theppespofsa ate15. days, to 32 4% (versus 16 2 for high dose
injected, 12 3_|ow dos i njected, and 11 contrrol), Only.aninmals
treated with TA Otba\)lx Wg‘éﬁ? ?%ILPOJ Scleﬁg uss Gt haa %e%eo%ngfiebye'&oo%@rog %8t NK
activity tweasbdesmtdgsed Evehslé, PA0at N 1le chlbptudetd 2o0iht £ §82deftami ned by
nmor phoié)gy’tre%%rqgg{zigﬁsfdﬂj T 0%%4053&@%924 2l | SWhehP By 3RFech8enaf ter

10 treatment wt . Low or high dose TAl treatnent by injection trended
towards a $58REPd|GRMEELEe? | HPINECoVRFYRLIENPAr ERCTE T YuRPTFRAF ¥ %hi nal s.
Cont i nuousuhbtestan ofindAd, PNeYatouPprincudedn =f atrist headvar,Sipgovtdeant and

conplete reg {:%é’jéﬁgggaE%Hﬁca' evehs @o&%ﬁ%t&“}é’coie%y% s Aghlevat ed
| ynphocyt eS % + ) e ot decT eas
levels after only 5 days.
© 15 Activated lymphocytes (CD3+CD25+)’were not decreased
significantly by 5-FU treatment (from 65 + 21 cells/mm® to 37 ¢
10), however, the levels were dramatically increased 12 and 20
days after high dose TAl treatment (297 £ 136 and 321 = 75
cells/mm® vs 166 + 70 and 212 + 77 cells/mm?®, respectively). TAl
20 provided by continuous infusion lead to an even greater increase,
to 422 t 105 and 446 * 73 cells/mm’.
Example 3
10 week old rats, weighing 250 - 300 g, received 100 uag/kg
5-FU for immune suppression.
25 8 days after 5-FU treatment, rats were randomly assigned to

one of the following groups (n=15):

. Control (saline in minipump)
. High dose TAl, injected s.c. at 3.5 mg/Kg (with empty
ninipumps)
30 . Continuous infusion TAl, provided by minipump at 3.5

ng/Kg/5 days
Immune parameters were determined at baseline and 8 days
after 5-FU treatment (day 1 of TAl treatment), and also at 5 and
14 days after TAl treatment.
35 The evaluations included total leukocyte number (judged by

physical cytofluorimetric parameters, after verifying the
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significantly by 5-FU treatment (from65 21 cells/mm to 37  10),15hARRe20%r |
the levels were dramatically increased 12 and 20 days after high dose TAl
treat mentYQB$?727336 and 321 75 cells/nm vs 166 70 andPSTASOFFHE| | s/,
respectively). TAl1 20 provided by continuous infusion lead to an even
greater increase, to 422t 105 and 446 73 cells/mB. Exanple 3 10 week ol d
rats, weighing 250 - 300 g, received 100 g/kg 5-FU for inmune suppression.
25 8 days afeeifbeity theaPMOHarlal%tvk‘?@)rraﬁdéml,p%glsgrﬁého"t FYtometof t he

fol I owi ng gfsquesﬁfbla%h rEONgF00u168até ners-asNj NEGUHD ) ymbh&dy 10 @mbAE,

TAL - provi doi by U - oM dagERTeiRATe (PR areore

det er m ned cattohasey)i ,necamdaeedjawmphatweers 5CPRS 3t rm'nfl@‘dayytbn@ftr"y')\l
treatne ndaso at 5 and 4 days_aft t ment he

eval uatPon? neY tfed's S¥BFCFS llﬂ?oé‘ytg htht efﬁ‘(j}-u g%cﬁ% e yEsLl:igé;)r

cytof |l uori metri&ftpaf mbemsmraj tier Exanp]fqnznghaherﬁ DrovABRERN 206 WO 03/ 037272
T 5021 33088 ARER g LE Yol RRAREk on o AL L ROLNsor BN OfES (LT | O

cytonetry s ranul ocyte nphocyt e nunber
(CD3+ by fleé\ﬁ/eeytmheyyotarl rrem@@rr P?WﬁéSS(mwaﬁyOflwe*@woﬁetry),
activated |cﬁé@91|99ryé %1|GE;D2 &B%metélmcwtéemwgﬁ ,re'ép@{igllmlét Q'é'rneheEX |
expressgjon .in plasm er i.n Exanpl e
S Phat THAL BEORrERG SRR RIOAEPFAT i B bRt 5Lt FLBe! on had a
dramatic ekflécttioar tare nostlaffiectied of TAdukocyides] biyt cmslrofousnt erest to
determ ne %‘fﬁgléﬁ/.pe T8t Wbl Q'fOBQaﬁ@lch%é »G@§Q£Hl§'e9k@dfz£¥tetﬂ”'% #)

i ncrease. G anul ocyt es a? ear to be the Subset of white blo cells that
are nost afffeBt atdRy TA g? okA &e&‘lﬁy cbifti ndpgRtment WL En 10 Gectited

in an increase to 14,652 £ 2,463 within 5 days (compared to 9,924
15 + 3,218 with TRl by injection or 6,954 + 1,519 with no TAl), and
this level was still the highest after 14 days.

Interestingly, there was one animal in this study which was
provided TAl by BOTH injection (of 3.5 mg/Kg) and by continuous
infusion (of another 3.5 mg/Kg). ©Not only was this animal

20 healthy and vigorous, with no obvious adverse events, but the TAl
effects on the immune parameters measured were even greater than
those in the other animals. For granulocytes, this study animal
had a greatly increased level of 19,376 cells/mm’® after 5 days,
compared to the mean of 14,652 * 2,463 in the other infused

25 animals.

The number of total lymphocytes (CD3+) was dramatically
decreased by 5-FU treatment {from 10,904 * 1,973 cells/mm® to
1,740 = 560). Treatment with TAl allowed for a recovery to
baseline levels, which occurred after only 5 days when TAl was

30 provided by continuous infusion but was not seen until 14 days
for injected TAl.

The animal that had TAl provided by both injection and
infusion had levels of lymphocytes which were not much different
from the other animals (9,765 cells/mm® compared to the mean of

35 9,644 £ 961), but the percentage of these lymphocytes which were
activated was greatly increased (from 428 * 89, or 4% of
lymphocytes, for the animals with TAl by infusion, to 976, or 10%

9



i nfusi on. The nunber of granul ocytes was decreased after 5-FU fro%zﬂpﬂggm
1,116 to 1,249 432. Treatnent with TAL resulted in an increase to 14, 652
2, 463 wiWH0H0I2¢ays (conpared to 9,924 15 3,218 with TAIPGY/USP/EWP4 on or
6,954 1,519 with no TAI), and this level was still the highest after 14
days. Interestingly, there was one ani mal in this study which was provided

TAL by BOTH injection (of 3.5 and bg continuous infusion (of another
3.5 ng/ Kg) O£ Not™RAcy thas & sthénFWd?alZG’hHE | B3 TRdd 10 gor s d9%i€t h no
obvi ous adyﬁ@@tl%\tﬁmbslodmﬂ vyhenTédiomf.f ects on the inmune parameters

nmeasured were &n 1%%53%}%%&0%3@:3& C'DQ rWeroet gﬁrsoagegp%sss'e FQ

r
gr anul ocyt es, reatw}/ I NnCrease avel of 19, 376
cel | s/ mmi ef-eet?m@tdayeh 5ddhpared %o‘”{lhé hedfd gfells/e82 top14880iH t he ot her

i nfused 254@@" rradh%seTBepfueHéer 18feiptal Tl ygph@weegoecmeaea\@eswdrtaaatl call'y
decreased b -FU treat rrent from 10, 904 973 cells/mi _to , 740 560).

Tr eat nent ?eh FreRt WEEBW fOF S0F by ?% trk?aseé‘Preﬁem‘?’eVel ?y whi ch
occurred atdetrasd y:ﬂﬁhd‘ety@ nMsemtiAd;eemfoSOgmmde:@deby tonthiimrbo@ali nf usi on

but was ”0{3 yaciie }, r}t“in%% sidl G&Le T@S ’?zli‘iy ovifah Bad TAL

provided b i on an u5|on eve s “of hocytes ich
wer e not nH@i\eQﬁlfOPelfeﬁtrechVGWt ﬁé Qﬁlﬁepuah?ﬁ%zl FAlopresidrd by pakheEonpar ed

to thegrealeDivaly Bebddd WB&1Eurbutidiie tperseitmaaeofietpsed yrphogytes which
wer e activ%); ed vvag) g tIy increased (from 428 89, or 4% of |ynphocytes,
for the anfihts R°FAT" Dy infusion, to 976, or 10% 7 2 5 APR 2006 WO

03/ 037272 PCTI LS@Z/e%@Eébm\flldydpho@ﬁreby fujedtionaninay wmitéhuhad TAl in a

hi gh dose ;jfj& Qeaa‘jot!c! Qwednbyeddd q%l @m+ T A@%Q@h%«;&ﬂﬁ@%ges i€ G CDA+)

were al so depressed g treatment with 5-FU, from5, 4 084 cell's/ mB8
to, 1,710 °5 YWAErethelR RGSTESBRIVIGHIErs tBES RGEIFRSe IS fBte iFRcPBase wi t hout
treat I“[[BT[ of fdctTAh tbhe THie o4 tHayBhDfsubket exper heeper &Ylls. Previous

in vitro and in vivo data have demonstrated that TAl increases
the Thl subset of T cells, and in this study the same effect was
seen. Providing TAl by continuous infusion lead to an even
greater increase in the plasma level of the Thl cytokine IL-2

20 than was seen after s.c. injection (42 + 7 pg/ml 14 days after
TAl by continuous infusion, compared to 21 + 16 for injected TAl
and 10 £+ 16 for control animals).

Treatment by TAl lead to an increase in the Thl cytokine IL-
2, and TAl allows for an increase in another Thl cytokine, IFN-

25 Y. Although the levels are low, by 5 days after treatment, s.c.
injected TAl lead to higher plasma levels of IFN-y. By 14 days
after treatment the animals with TAl provided by continuous
infusion had the highest levels (14 * 5 pg/ml compared to 10 % 1
by injection or 8 + 8 for control).

30 The animal which received TAl by both injection and
continuous infusion had even greater levels of both of the Thl
cytokines measured, especially IFN-y, which was 45 pg/ml after
14 days, compared to 14 + 5 pg/ml for the other animals.



contrast with the results seen for granulocytes, in which TAL provided by
conti nuous infusion was superior to TAL provided by injection for QQqXPReiﬂﬂB
of cell Wp3ex7872 TAL provi ded by either 10 delivery net h®RCTAESO28094 ci ent to
return the levels of T helper cells to baseline. Since TAl provided either
by injection or by continuous infusion lead to an increase in CD4+ T hel per
| ynphocytes, it was of interest to determ ne whether this increase was due
to an 15 effect on the Thl or the Th2 subset of T helper cells. Previous in
vitro and ¢dnctive@ofigt @ have denonstrated that TAL increases the Thl subset
of T cells, and in this study the sane effect was seen. Providing TAl by
continuous infusion lead to an even greater increase in the plasm |evel of
t-he Thl cytokine | LM&rQﬁn’rahaa yasa seentafit erevelcofi TR eavieana(@luraling/ M 14
days after TAl by u S f r nj ected TAl
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Thl cytokine |L- 2,immthofagigel ec6F-an increase in another Thl cytoki ne,
|FN- 25 y. Although the levels are low, by 5 days after treatnent, s.c.
injected TAl lead tg hi | asma | eyel | EN- By. 14 days after

treat ment the ani mafst %to 1%‘?]6\%!83%%/ t@oHPFﬁ%%%tsgd ipﬁ1sﬂ|§¥‘6?1 had t he
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control). 30 The anéfrpéct\gn%) \ég %’éég. at})gegom d&qt henyAnd  conti nuous
i nfusi on had even greater eve s of both of the Thi cyt oki nes neasur ed,
especially IFN-y, which was 45 pg/m after 14 days, conpared to 14 5 pg/m
for the other ani mays. ao&e\A@eO&Q&EZ%BrQ@HQ&Sb&\ISean 2tABBs@9%f TA1
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10 30 times higher than usual).



5 This dosage reginmen | eads to unexpected positive effects on granul ocytes,
as well as the positive effects on nonocytes seen after injection of TAL,
No adverse events were observed, even at doses of TAl 15 times hi g@érAPRH
usual (and in one animal, at doses 30 tines higher than usual). 10 9 2 5
APR 2006 CLAIMS: 1. A pharmaceutical conposition conprising a

physi ol ogi cal3AIMSacti ve conjugate conprising a Thynosin al pha 1 (TAl)
peptide conjugated to a effectively non-antigenic material which increases
hal f-1ife of the TAl peptide in serumof a patient when said conjugate is
admi ni stered t o theplpatiaerutizal Thenmonpdsht conpof s tddianghysheneyicsaid
material is .substantially non-antigenic¢ polynmer. 3. The conposition of
claim?2 vvheragcltnl gaic(?nﬁb‘lfgﬁ#r%r CPEPREE " .aTﬁ}éy’B s 180 ﬂf (%anPSPW“ﬁLﬁr ein
said PEG hasajmgkeed| ato wei ghf fedtivienya hangentofgerieut md@Qr300, OQRicp- The

conposition ,of claim4 erein said nolecular weight is about 5, 000-35, 000.
hé\l(\lgl'{ﬁ% rgﬁ"

6. The conpositioncsf G At PRt 3®T\ghtof s2 BAbiRnt

20,000. 7. TWrencespasténjuyadfe dlsabamPnWeidntsate podtyiEit.is conjugated to
an N-termnal portion of the TAl peptide. 8. The conposition of claiml
wherein said TAl is TAI. 9. A nethod of form ng a conposition as clainmed in
claim2, conprising conjugating a substantially non-antigenic polyner to a
Thynosi n al pha 1 TpeptotposiflionTld ndbiwdl ofheadednms@idheaeernialhespa ymer is

conj ugated tQ, ' - PLan.o Thynmosin al pha 1. 11, The nethod
of claim9 ersggr?@tiﬁgﬁgo ymeér[}l(%il PE& IBCZ’L . rhe met hod of claim9 wherein

said PEG has a nol ecul ar
3. The composition of claim 2 wherein said polymer is PEG.

4. The composition of claim 3 wherein said PEG has a molecular
weight within a range of about 200-300, 000.

5. The composition of claim 4 wherein said molecular weight is
about 5,000-35,000.

6. The composition of claim 5 wherein said molecular weight is
about 20,000,

7. The composition of claim 2 wherein said polymer is
conjugated to an N-terminal pertion of the TAl peptide.

8. The composition of claim 1 wherein said TAl is TA1l.
9. A method of forming a composition as claimed in claim 2,
comprising conjugating a substantially non-antigenic polymer to a

Thymosin alpha 1 peptide.

10, The method of claim 9 wherein the polymer is conjugated to
an N-terminal portion of the Thymosin alpha 1.

11. The method of claim 9 wherein the polymer is PEG.

12. The method of claim 9 wherein said PEG has a molecular
weight in a range of about 200-300,000.

10



wei ght in a range of about 200-300,000. 10 2 5 APR 2006 13. The net hod of
claim 12 wherein said nolecul ar weight is about 5,000-35,000. 14. ZEeA

nmet hod of claim 13 wherein said nolecular weight is about 20, 000. . PR’IM]E
met hod of claim9 wherein said Thynosin al pha | peptide is TAlL. 16. A
conposition of claim1l1 for use as an inmune stinulant in a patient in need
of immune stinulation conprising a physiologically active conjugate
conprising a Thynosin al pha 1 (TAl) .peptide canju ed f tively
non- ant i genil® - mekher PRELGA| ¢h ‘?Jr?df“eétgeggﬁ’é?’fqlsiagg gsi?ﬁgigfﬁ%%e%ﬁ € in
serum of thadgat isnoowbsenosédhe conjugate is administered to the patient.
17. The use of claim 16 wherein said material is a substantially
non-antigenic polyner. 18. The use of claim 17 wherein said pol yner is PEG
19. The use lof. clThemmé8hotiesiqlasai d3PHE R Sakhd BRUParlahet G Wilthi n t he
range of abqy &0%—03%000. 20. The use of claim 19 wherein the said

nol ecul ar wel g%t i's’ "about 5,000 - 35,000. 21. The use of claim 20 wherein
the said nol ecul ar weight is about 20,000. 22. The use of claim 17 wherein

said polynergs coRj wgahed &0 claninNot ehaiaiad sadet Tbpmo$it helghd aEpitdde 23.
The use of c,IsaiTr2116 wherein the TAl peptide is TA. 11
1 .

16. A composition of claim 1 for use as an immune stimulant
in a patient in need of immune stimulation comprising a
physiologically active conjugate comprising a Thymosin alpha 1
(TAl) peptide conjugated to a effectively non-antigenic
material which increases half-life of the TAl peptide in serum
of the patient when the conjugate is administered to the

patient.

17. The use of claim 16 wherein said material is a

substantially non-antigenic polymer.
18. The use of claim 17 wherein said polymer is PEG.

19. The use of claim 18 wherein said PEG has a molecular

weight within the range of about 200~300,00.

20. The use of claim 19 wherein the said molecular weight is

about 5,000 - 35,000.

21. The use of claim 20 wherein the said molecular weight is

about 20,000.

22. The use of claim 17 wherein said polymer is conjugated to

an N-terminal portion of the TAl peptide.

23. The use of claim 16 wherein the TAl peptide is TAl.
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