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USE OF TPO PEPTI DE COMPOUNDS AND PHARMACEUTI CAL

COWPOSTI ONS | N THE TREATMENT OF ANEM A FI ELD OF THE
wO DMERI47€N The present invention provides peptPdEUS2006/005322

conpounds that bind to and activate the thronbopoietin

receptor (c-nmpl or TPO-R) or otherw se act as a

t hronbopoi etin ("TPO') agonist. The invention has

application in the fields of biochem stry and

medi ci nal chemi stry and ticularl [ TP
agonVSEOF HRO BEBTH# FW?&%MEJ%&{%W@FE% .
The pept IGRMBOFBKINYEN JHE FREARYENT OF MEMIA used to

treat anem a and/or prevent the devel opnent of anenia
and/ or maintain normal production of red bl ood cells.
FIEBACKGRAENN VN TIOR | NVENTI ON The gene encodi ng TPO has
been cl oned and characterized. See Kuter et al. Proc.

Natthe pfaE-inveation proMNd8d pebtiid B¢mpouhliOfhaf Bifd &) andBartivay the
et al .pp%ell 77 1117-1 E:)L 4 (199%3; Kaushansky et al.

thro?%%u?%i@tix?’@%iﬁ%‘i%g@ ;0§ 1’9@4%) oreievise gatas althrol®bpéittin ("TPO")

71-57 and Sauvage et al. Nature

agoﬁiglg gﬁg’ ﬁ‘\xg‘%f%‘ghjﬁg ?I%C?%&Qnitﬁe @ Aﬁ:f?&fhg k) 20 b afdinal

appar ent nol ecul ar “nasses of 25
cheiSy B CuBY bigd oy PORATRS LT Ry G
discib A G SRR B 11 MG ARY S BF S R g g or
am no-termnal region is highly conserved in n
preygs the deygleprhgns og@ﬁgu%g}%q)rd@%;nwntq?r@?mrﬂc&gﬁaql 8{?“53 bgcﬁ)g cells.
interferon-a and interferon-b. The carboxy-termn nal
BACKGIROUNPIIE THEJS VRO di ver gence.
The gene encoding TPO has been cloned and characterized. See Kuter et al. Proc.
Natl. Acad. Sci. USA 91:11104-11108 (1994); Barley et al. Cell 77:1117-1124 (1994);
Kaushansky et al. Nature 369:568-571 (1994); Wendling et al. Nature 369:571-574
(1994); and Sauvage et al. Nature 369:533-538 (1994). TPO is a glycoprotein with at
least two forms, with apparent molecular masses of 25 kDa and 31 kDa, with a common
N-terminal amino acid sequence. See, Bartley et al. Cell 77:1117-1124 (1994). TPO
appears to have two distinct regions separated by a potential Arg-Arg cleavage site. The
amino-terminal region is highly conserved in man and mouse, and has some homology
with erythropoietin and interferon-a and interferon-b. The carboxy-terminal region shows
wide species divergence.
The DNA sequences and encoded peptide sequences for human TPO-R (also

known as c-mpl) have been described. See Vigon et al. Proc. Natl. Acad. Sci. USA

89:5640-5644 (1992). TPO-R is a member of the hematopoietin growth factor receptor
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The DNA sequences and encoded peptide sequences for
human TPO-R (al so known as c-npl) have been descri bed.
wEe@7NPgen et al. Proc. Natl. Acad. Sci. USA PCT/US2006/005322
89:5640-5644 (1992). TPO-R is a nenber of the
hemat opoi etin growh factor receptorfamly, a famly
characterized by a common structural design of the
extracel | ul ar donain, including four conserved C
residues in the N-termnal portion and a WoXW5 not i f
e S B L L T T i
. <Evidence th ' > . | Q¢ el
e FE So8tta Tl SEPBE L Db Epdubiifd 4 fRstwS et
ession is restricted.to _spleen,  bo rr .
10 I 155 (b Farsmeiabrait Besiad) SoF PR rpe N ok 8oi P55 o
147 199%) and to rregga,kar yocytes, platelets,. ahnd ..
$7:0BAA3R BP0, ERicknsrefid is srseniet Hass wtingonafyolfjg hematopoiesis
82:1395-1401 (1993)). Sonme workers postulate that the
inclpges opsasyationnthet isnexpaessian Horsdriad fo spideps hoae magropy ar fetal
situation with the receptors for G CSF and
liveeinyhice (geoiSetyrnet alHeellnBal 13AHI1HT (4P906)) and emaedzakeryesyteéor
TPOR facilitates the search for agonists of this
platelBRPdalD34 eeRpindiumaih@eaviitiabt dl.i Rlgod82:1 35-1401 (1993)).
reconbi nant receptor protein allows the study of
SonkeER GRER posthaNdatithd REEEsH fafctions @ ¥Bdrh&lide kinkiRm @i and
sem -random pepti de diversity generation systens.

situdEESFitts de bEEBroR 8 BLESE Qﬁféilytihfbé)‘e’iegn. Pat ent Nos.
6, 251, 864, 6,083,913, 6,121,238, 5, 932,546, 5, 869, 451,

Nar e S RRS Oofidecrios SO B By St for st of

o B B LB Pl e s e
AR S NEN T MG X AT
divégrgitayngelngr% iE)I? gy}stel?r;s'. These systems are disclosed in U.S. Patent Nos. 6,251,864,
6,083,913, 6,121,238, 5,932,546, 5,869,451, 6,506,362, and 6,465,430, and in Cwirla et
al., Proc. Natl. Acad. Sci. USA 87:6378-6382 (1990), each of the foregoing is
incorporated herein by reference.

The morphologically recognizable and functionally capable cells circulating in
blood include erythrocytes, neutrophilic, eosinophilic, and basophilic granulocytes, B-,
T-, non B-, non T-lymphocytes, and platelets. These mature hematopoietic cells derive
from and are replaced, on demand, by morphologically recognizable dividing precursor
cells for the respective lineages such as erythroblasts for the erythrocytes series,

myeloblasts, promyelocytes and myelocytes for the granulocyte series, and

megakaryocytes for the platelets. The precursor cells derive from more primitive cells
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T-, non B-, non T-lynphocytes, and platelets. These
mat ure hematopoietic cells derive fromand are

wo epragEdl on dermand, by norphol ogi cal | y recoghdwaki0e6/005322
di vidi ng precursor cells for the respective |ineages
such as erythrob asts for the erythrocytes series,
nmyel obl asts, pronyel ocytes and nyel ocytes for the
granul ocyte series, and nmegakaryocytes for the
pl atel ets. The precursor cells derive fromnore

thatRhn inplistecalle b Sivivkd iwamws majr ssigradls] stertheeltk anidgeokenitdo
two nej or subgroups: stemcells and progenitor cells

cellf (f@[r reVRBW QW Brof8ey3r FX Y83, Tdoldny Akl Hdatdt@ityetic
ASsays of Hematopoietic Progenitor CEIIs and

13}
Pro %%t&:%al sna‘ﬁ hlgglgbfllsrl—]tlg %tnécgggglyﬁa%bg% 7C R g?ﬂglcgf Ié&\hé’\@ lin

Om@%@?@#mgh a%}gg@and progenitor ceIIs are

deépend on functional rat her than on

oo AsRRaR o i il bENE e p R by S0 By B

Differentiation, 14:23 91979 ) ? ssity sjnc &
fungligganthes hoaapTaeTPBAoBFA ATl Siem STk GaTeP YRS UF el fpnewal
the conplete depletion of one or nore cell |ineages,

or sehf-arminienanes capetipu(Liisha Differtintianskiod (1079 anscessiesaes
and death. Some of the stemcells differentiate upon

abseree dr ddpldtionmfithest exils celt sespht inlthe somplete deplagion @€ piesortngore
mai ntain the pool of these cells. Thus, in addition to

cellnkades)i eveimg tHah@bulddewd witida shpdrutimp of distas@bndsdeath. Seink of the
are capable of differentiation into several sub-lines

ster@ bel Y REEBARRE uFcdl deSd,Wut $oriEdt@n kbélly greghcs etier stemessts to
capacity or no sel f-r enewal capacity. These progenitor

maifi@id e PB&I'Me@é YelQ! ¥us! n28ditiOn tRaiXeiRRe tReH o fidd,

recogni zabl e precursor cells. The progenltor cells are

plurgﬁo%m a?st% BhiL Et:gﬂa@fe'd? 9 fﬁ:?ﬁ\tﬁhé %v dﬁ% bk %F?rogemtor

nore than ‘one, ferentia

cel 8% tl'k]lwaéi’e hgnlf ah Q?—ren %pe%etgllo§ ho ée':l# ?‘ezxe&/gil aBMty These

progenitor cells ultimately give rise to the morphologically recognizable precursor cells.
The progenitor cells are capable of proliferating and differentiating along one, or more
than one, of the myeloid differentiation pathways (Lajtha, Blood Cells, 5:447 (1979)).

A variety of infectious agents, genetic abnormalities and environmental factors
can cause a deficiency in one or more hematopoietic cell types. Additionally,
chemotherapy and radiation therapy used in the treatment of cancer and certain
immunological disorders can cause pancytopenias or combinations of anemia,
neutropenia and thrombocytopenia. Thus, the increase or replacement of hematopoietic
cells is often crucial to the success of such treatments. (For a general discussion of

hematological disorders and their causes, see, e.g., "Hematology" in Scientific American
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A variety of infectious agents, genetic abnormalities
and environnental factors can cause a deficiency in
W@p®709478Dr € hemat opoi etic cell types. Additi oPel/U§2006/005322
chenot herapy and radi ati on therapy used in the
treatment of cancer and certain immunol ogi ca
di sorders can cause pancytopeni as or conbi nations of
anem a, neutropenia and thronbocytopenia. Thus, the
i ncrease or replacenent of hematopoietic cells is
Medidine i Bnoristgin and 1. Hederows esis., Yolusaech Ghepigr perientific For
a general discussion of hematol ogi cal disorders and
Amérivanh /Noaliegs(19%®e, e.g., "Hematol ogy" in Scientific
Aneri canMedi ci ne, E. Rubenstein and D. Federnman, eds.,
Volmugeurdent Heedpl @ aitableFor mahy hidmatdiogicalaisorddens wWell &s the
(1996)). The current therapy avail able for many

destRRABL 8f RO LERseus BEARGPoIBS: MMk baed b Ehci@sthdryst dron Of
t he endogenous henat opoi etic cells caused by

. I
radiGEHRY R RO ol AL Aol &y o Bl o
transpl antatjion is ver | [ [ bt ol
ranig 3R T SR IR 1 BRI T Bl oo
i denti.cal)) nors, except in.cases where an.identica
(eorer oGl RODFS X RGress DORE TRPPOR LT b RIS
patient in rem ssion are stored in a viable frozen
wheig bang maspseqsils Pha BHERt BUEBISHIGR % LUsh i a YiARP drogen afe-
i nevi tabl e genetic m smatch of some degree, which
Excepftimpuch ag@ldgeuscaserd thephis eh iaeyitpble peyictie sHpnatehpf wie degree,
These conplications are two fold. First, the patient
whitlsenisilsasbtigusiansoro¢ togésdethilycomptieasimos .t e ecdmypligriigps are two-
bef orehand, in order to avoid i nmune rejection of the
foldf Pire] e pheneisnsidlivimeenbbgichits incarecsatsd by dfuigs beforehand, in
reaction). Second, when and if the donated bone marrow

orddi @b hvoi aean®: ertasl bahetbreibNBYhcandird tEBKhbdD Gerfpad gramt

(graft versus host disease), who is recognized as
reactiBh £ 588bnd BYEA A ifthe donated bone marrow cells become established, they
can attack the patient (graft versus host disease), who is recognized as foreign. Even with
closely matched family donors, these complications of partial mismatching are the cause
of substantial mortality and morbidity directly due to bone marrow transplantation from a
genetically different individual.

Peripheral blood has also been investigated as a source of stem cells for
hematopoietic reconstitution (Nothdurtt, W., et al., 1977, Scand. J. Haematol. 19:470-
481; Sarpel, S. C., et al., 1979, Exp. Hematol. 7:113-120; Ragharachar, A., et al., 1983, J.
Cell. Biochem. Suppl. 7A:78; Juttner, C. A., et al., 1985, Brit. J. Haematol. 61:739-745;

Abrams, R. A, et al., 1983, J. Cell. Biochem. Suppl. 7A:53; Prummer, O., et al., 1985,

Exp. Hematol. 13:891-898). In some studies, promising results have been obtained for
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closely matched fam |y donors, these conplications of
partial m smatching are the cause of substantia

woreovad478y and norbidity directly due to bone PEF/DS2406/005322

transplantation froma genetically different

i ndi vidual . Peripheral bl ood has al so been

i nvestigated as a source of stemcells for
henmat opoi eti c reconstitution (hbthdurtt , et al.

paueé?s@rh vy gy Bt di o 9 195 £50 Sarﬁ‘ﬁ%éﬁi?l?

A, et al., 1983, J. Cell. Biochem Su
Goldpang had., et@l., 1980, B. Jglacmaialghs:23%-231; Tilly, Ehéﬁﬁ{ Oﬁul 19, 1986,
61: 739-745; Abrans, R A, et al., 1983, J. Cell
The Bawehiom 158tﬂ|z5|51 see 7180 579; LA Lamd@niine C. At 1987, Britd gHacnmig).
Hematol . 13:891-898). In sone studies, prom sing
66: 2862881 sndhrafesnbaeited tiesime shd withp Biniphots (Kotthing 2V, eud.,
| eukem as (Reiffers, J., et al., 1986, Exp. Hematol.

19861 B1cold573BD9; 538N oI Rudiks ublhg pétiptakal blob@8khweser, hdve failed to
Haemat ol . 45:223-231; Tilly, H, et al., Jul. 19,

effe&?&@nstfmﬁ)n'-(ﬁ@f%ﬁf(o ARt al]-5l@‘7§5ﬁhe 1586etd: 53 - 9-&7;, Okhs, B, DaRdal.,
tner, C. 1987, Brit. J . Haematol. 66: 285-288,

fier.e
di Qehfds i 'ﬁ) dthd e'&f JORR cel
1981aE9 iRk f%f&“et 56 KB Mgt ETer
SI er [ Vel
wan it é{?‘ R ?‘? 340,
e Lancet 1,945-947; Cch
198@2@@13??%%%6@11 gt G- 1-&f Qi B8 o e, %@%@#f g
the use of fetal liver cells trans Iantatlond& . C%
J.L R1980eEX°§FPta Medgwl4: 27 5 heyrRgtlal dAS 2 Birh Dstects h@g’ 1ge also
D., et al., 1981, Pediatr. Res. 15:601; Paige, C J.
Goog{R ah., et a1.08983, GellulaImmuviell 82:143t5 ppd rafgmncepsiiedihsesin) pr
L., 1980 Excerpta Med. 514:277; Touraine, J . L.
neorb©® 3pleddi ctellhram}‘liﬁflta;ts)n_’(gum&gi Js etalall8%4, Good NaR Aged, Seit
al ., 1983, Cellular |Immunol. 82:44-45 and references
U.S.al. v2d100)ak eem)cel souresfat kdmagiodeit re@inktithitiam SJellanf @stonanal
(Yunis, E. J., et al., 1974, Proc. Natl. Acad. Sci.
thymus have also been transplanted in immune reconstitution experiments (Vickery, A.
C., etal., 1983, J. Parasitol. 69(3):478-485; Hirokawa, K., et al., 1982, Clin. Immunol.
Immunopathol. 22:297-304).
Clearly, there is a tremendous need for methods of expanding blood cells in vitro
or therapies, which increase the production of hematopoietic cells in vivo.
Anemia, which is defined as a reduction in the hemoglobin concentration of the
blood, is usually associated with a reduction of total circulating red cell mass. Regardless

of the cause, anemia decreases the oxygen-carrying capacity of the blood, and when

severe enough, causes clinical symptoms and signs.



10

15

20

U S. A 72:4100) as stemcell sources for henatopoietic
reconstitution. Cells of neonatal thynus have al so
whe®@n/op478nspl anted in i mmune reconstituti on exper/US®Nne/e05322
(Vickery, A C, et al., 1983, J. Parasitol.
69(3):478-485; Hirokawa, K, et al., 1982, din
| mmunol . | mmunopat hol . 22:297-304). Clearly, there is
a trenendous need for nethods of expanding bl ood cells
in vitro or therapies, which increase the production
of Glimimatlppoemia is clashdissized by paltor oftherskin, anghiusiys membranes,
defined as a reduction in the henogl obin concentration
and ©f nidndfedthtivnd of hypoumymbityomsmndy ataktessi faligee, latitngy,ioon
of total circulating red cell mass. Regardless of the

dizzZGRYS My RRQIN] By el SappSdideaypyiigednic afrtylhtish walpacinciease in
of the bl ood, ‘and when severe enough, causes clinica

hem@ﬂf@ﬁﬁ@ro@@ %ﬁhﬁ e@dnﬁ&ﬁ@ﬁé\y muAAEFirRay &v@llaﬁr&%@tl%b afhia

y pallor of the s I n and nucus nenbranes, d by

is s%@{ygngﬁé}?r%rﬁ §f8 ur@%ﬁ%pgﬂﬁ most  commonl y vveakness

. A I'zZi ness. Myocardi al hypOX|a

roduce circul atij se

|0 HEPES 5 eelt Eaﬁ%r URFBRE b b A o sbioEEE
nurnurs may devel o nd e. anem_a LS ev re .

clasgHERIiH, (VRRA a1 &e ) F oY wagphgﬁgtfeda%’g?ﬂ S on changes in
generally classified in one of two ways: elther by

shape; 4nd|sizg)- Eiolagicak dpssificationoi rr(%%lg@amaﬁlﬁeﬁ@ %’éés e) or by
nmor phol ogi ¢ cl assification (based on chan I n shape
andAldimgiune Benolytg prealia e¢cusswhdndhe pefipordy o @néldrﬁ% egets
enpl oyed. All oi mune henol ytic anem a occurs when the

witlarrdibmdycetld (RBE) ofradotierd Adibinmmearst lenwilytie anenhidolypicellcedchss
(RBC) of another. Alloi mune henolytic anem a

follbyidig@ahéfision 6LABON iatdnipatiblg bldcanmil usdsasndisdasABOhe newborn. It
i nconpati bl e bl ood and rhesus di sease of the newborn.

alsd dan occur following allogenic transplantation. (Hoffbrand, A. V. in Essential
Hematology, 3rd. ed., Blackwell Scientific Publications, 1993, p. 90).

The administration of certain drugs can cause transient drug induced anemia. This
can occur by three mechanisms: 1) antibody directed against a drug-red cell membrane
complex (e.g., penicillin or cephalothin); 2) deposition of complement via drug-protein
(antigen)-antibody complex onto the red cell surface (e.g., quinidine or
chloropropamide); or 3) an autoimmune hemolytic anemia in which the role of the drug is
unknown (e.g., methyl dopa). In each case, the anemia disappears only after the drug is
discontinued (however, with methyl dopa, the antibodies may persist for many months).

(Hoffbrand, A. V. in Essential Hematology, 3rd. ed., Blackwell Scientific Publications,

1993, p. 90-1).
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al so can occur follow ng allogenic transplantati on.

(Hof fbrand, A V. in Essential Henmatology, 3rd. ed.,
w@b@cknsBl  Sci entific Publications, 1993, p. 9B0T/US1966/005322

adm ni stration of certain drugs can cause transient

drug i nduced anemi a. This can occur by three

mechani sns: 1) anti body directed agai nst a drug-red

cell nenbrane conplex (e.g., penicillin or

cephal ot hin):. .deposition of conplenent via

dr %Bﬁtﬁt,lcoqng d ’(S%??M)P@%lwm%waf@gﬁﬁﬁwos?% apfle red

cell surface (e.g., qui ni di ne or chl oropropani de); or
thromhocyfppspipbiestHing Tpmplaiaiof thehene marrawwhiis Hlasskiedripfo@rigrary

the drag is unknown (e.g., nmethyl dopa). In each case,
typeg: [pecopgrarplaforn {Eanper raemnia) gndednt asguirdseform agthi o obvious

di sconti nued (however, with nethyl dopa, the
precipitatingoainses(idiepatiie). Se®nddrg causasnmayeastih $om 4 Hafefpofandystrial,

A. V. in Essential Hematol ogy, 3rd. ed., Blackwell
iatrogeriiemid ihfectibisai watTiensderk¥93caupe afPeard ko BPh aistagitial

anem a i s defined as pancytopenia (anem a, | eucopeni a,
redudditsh ih feaHBMRY bORSWpBIetit BRvibbloRhl fe@ReMR hASH Ret@b: ih AR

a

bone marrow. It is classified into primary types:

rem&RRY 8BIntRls & Thikan Q%Eior?ﬁ%ms%eﬁqg?% &lgﬂlq.{’]ﬂ%gl)g .t(g &5

wi th no obvious precipitating cause df opat
d nda : fr a variety.o . .
and GREORAAL KREHaRP TR R S Bl Bolladh. g Bssensa
upder | yi.n use ear.s to be.a substantj.al_reductjon
e e I, P SRR PG iGhss LR R 1245, SpBEBHT s
11and ﬁ def ect i@%ﬁhe r el jnin% stem.cells or _an imune
cells ag wetliag Hmpaashiuling, bt inaibit s/ theeeietn anblack diflgrepiisfionnid
differentiate sufficiently to populate the bone
hemeopgjigtigwieny ¢adls ibyifiadravebeey dempnstigtedrin seine sRspmtdndgyli, T. in
3rd. ed., Blackwell Scientific Publications, 1993, p.
Essentiy of MegipinesWeB T8anflers,d986wl. B4%s i mmunogl obul i ns t hat
inhibit erythropoietin or block differentiation of

Neelis et al., Blood, 90(1):58-63 (1997), discloses that human recombinant TPO
stimulated red blood cell lineage recovery in rhesus monkeys exposed to 5 Gy total body
irradiation (300-kV x-rays), with reticulocyte regeneration being initiated 10 days earlier
than in placebo-treated animals. Neelis et al. also discloses improved hemoglobin and
hematocrit values than in controls.

Basser et al., Blood, 89(9):3118-3128 (1997), discloses that administration of
PEG-rHuMGDF plus filgastrim elevated peripheral blood progenitor cells of patients
exposed to carboplatin 600 mg/m” and cyclophosphamide 1,200 mg/m?.

Papayannopoulou et al., Exp. Hematol., 24(5):660-669 (1996), discloses the

effects of EPO and TPO on the in vitro differentiation toward erythropoiesis and

thrombopoiesis.
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henmopoi etic stemcells in vitro have been denonstrated
in some cases. (Andreoli, T. in Essentials of

wokdov41€y, W B. Saunders, 1986, p. 349). Neel PGT/€52086/005322

Bl ood, 90(l):58-63 (1997), discloses that human
reconbi nant TPO stinulated red bl ood cell |ineage
recovery in rhesus nonkeys exposed to 5 Gy total body
irradi ation (300-kV x-rays), with reticul ocyte

regeneration being jniti S li.er than .

pl B ARk Sttt s HPL: %\égﬂ %@‘g?a%afﬂ 565 diciones By TEQ

i mproved henpgl obi n and hematocrit val ues than nE
actedcip sy pesgs WitBEEOdp eéEanéIe.thth}chfege“stQ’(%)‘%aﬁihai‘é‘%?f?g’ XP.

(1997), discloses that adm nistration of PEG r HUMEDF
Hemplols24(2 ) a20P (K98 disstased thatr TRMexppndest BEH-Hh (SREGM ard

cells of patients exposed to carboplatin 600 ng/n2 and
CFUcMR Ipeqzenisqrivalld idenyk]R0ppragedrnimBlpayannopoul ou et al .,

Exp. Hematol ., 24(5):660-669 (1996), discloses the

ef Agehi 04 sdiB@® poblemPehdimstiéie utgenyy torthe shafdhefoeabload i on

toward erythropoi esis and t hronbopoi esi s. Kaushansky et

growdh facto? agddidt Bble |t§|‘_%1%$ént the2RAbphER DT hfkdhlia 239 blemia, promote
di scl oses t hat O acted in synergy with EPO to expand

the SEE’?;‘;HE{P gfkﬁc%é(ﬁgﬁmzs%a%@%% gﬁ?l'i'agg g{)é?i{%gr{lglgqrgélsuecgioﬁgﬁed_lbggd cells.
The B SR e e R 2 P2 2er | ous probl em
sOMIRRY; Ox g Bl oV oo event the devel oprent of

P SBRPSETFRIDRS LD Feiie OR GRS (B BUEEIb o

red blood cells. The present invention provides such
peptiga cagpansls in the treatment of anemia. The defined low molecular weight

peptide compounds have strong binding properties to the TPO-R, can activate the TPO-R,
potentially permit reduced side effects compared to known TPO agonists, and have the
ability to stimulate, in vivo and in vitro, the production of red blood cells. The low
molecular weight peptide compounds can be in various forms, e.g., monomers, dimers
and oligomers and/or can be derivatized with a hydrophilic polymer. Accordingly, such
peptide compounds are useful for therapeutic purposes in treating and/or preventing
anemia as well as for diagnostic purposes in studying anemia.

Peptide compounds suitable for therapeutic and/or diagnostic purposes have an
ICsp of about 2 mM or less, and more preferably of 2 nM or less, as determined by, for
example, a Baf/3 binding assay (discussed below), wherein a lower ICso correlates to a
stronger binding affinity to TPO-R. For pharmaceutical purposes, the peptide

compounds preferably have an ICso of no more than about 100 pM, more preferably no
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SUMVARY OF THE | NVENTI ON The present invention is
directed to the use of defined | ow nol ecul ar wei ght
w@epriogissconpounds in the treatnment of anem a.PdnEsS2006/005322
defined | ow nol ecul ar wei ght peptide conpounds have
strong binding properties to the TPOR can activate
the TPOR, potentially permt reduced side effects
conmpared to known TPO agoni sts, and have the ability
to stinulLate in viv din vitro, the production of
ey @an BP0 0% B mororsEloreG sromereuar dhvet Gt e e
npounds can be in various forns, e.g., nonomers,
Wﬁﬁamﬂﬁﬁ§“&ﬁ@ﬁﬁﬂﬁaﬁﬁéﬂ§land/or can be derivatized with a
hydrophi l'i c polyner. Accordingly, such peptide
coRprildndsmpsends séfable foothetahartmpedior diaguospio peposas have an
treating and/or preventing anema as well as for
ECsgofapmatst imd] guepoaelsnorn pedferdylly 0§ 2 alveoi lass, Reddtéréttned using
conmpounds suitable for therapeutic and/or diagnostic
well(knb R0 e Bniljassan arllIke5On afsap) outh a2, m/b;cu&nm@%%af@nﬁindmg Bsay
preferably of 2 nMor |ess, as det er ni ned by, for

(dlsc,@l%i@m%@w) %lﬁ@élﬁ% 1BvGdHMY ccﬁﬁﬁzﬁéfs fodi stoHget %fjndl?r?é E@uﬁy to TPO—

wherein | oner 1C50 correlates to a Stronger

8 ?%}B%X%%?maﬁ@s p@ga@%{fﬂ@g@zds;b%ff%ﬁwzﬁn e

e R 4 BB P8
f h b

o LTI TS e T

purposes have an EC50 of about 2 nmMor |ess, and nore
pr &nemglseylaweight afites peplidescompougds @pgs Anverhaesi frgym wegut 500
known techni ques in well known assays, such as, for
to ahoyhPQdaligngatqra pisfarehiln fromebayt 08ite ebeys 880Médlony., I the
wherein a | ower EC50 correlates to a stronger binding
peptr'aiﬁfcbmpolylds ereTP@mnerized, dimerized and/or derivatized with a hydrophilic

polymer as described herein, the molecular weight of such peptide will be greater and can
range anywhere from about 1500 to about 120,000 daltons, more preferably from about
3,000 to about 80,000 daltons and more preferably from about 30,000 to about 50,000
daltons.

Suitable hydrophilic polymers include, but are not limited to, polyalkylethers as
exemplified by polyethylene glycol and polypropylene glycol, polylactic acid,
polyglycolic acid, polyoxyalkenes, polyvinylalcohol, polyvinylpyrrolidone, cellulose and
cellulose derivatives, dextran and dextran derivatives, etc., as described in U.S. Patents
Nos. 5,672,662 and 5,869,451, the entire content of which is hereby incorporated by

reference.
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The fg I6eing eamborrgonpliths

For pharmaceuti cal purposes, the peptide conpounds

preferably have an EC50 of no nore than about 100 mM
worerog/opr7ef er ably no nore than about 500 nM NOPET/US2006/005322

preferably no nore than about 100 pm and nore

preferably no nore than about 5 pm The nol ecul ar

wei ght of the peptide conpounds range anywhere from

about 500 to about 8,000 daltons, nore preferably from

5 s SO A .o

sotubf{y pifirciigo %PIE@ ¢ gt R PR “was%ed

reater and can ran&e anymhere fr.om about 1500 t
with higiles Thpnys Epigisiyment nvgBbinding
3,000 to about 80,000 daltons and nore preferably from

activigiy o@@nemllyomhmdrabhm@ polgmerdiage pe aypsagesneleiigraveight

hydrophilic polyners include, but are not Iimted to,

rangipp frgal doptet0eo sbaus lﬁ()(@iﬁplailtbhsa cndoy pyebirgtdy frphneaboui?,H@bto

and pol ypropyl ene glycol, polylactic acid,

aboutP4d),000! daRohs dhd adiel mopOpigtexatay, Keme shoup 5)090 kaytoat 2mbaa |

pol yvi nyl pyrrolidone, cellulose and cellulose

daltofle T4 Mdkeré8 Smbe&ichBNsudh ﬂy&i@'\gﬁiﬁ@golgﬁfefs%% Y& Sver@leGnoled@dar

described in U S. Patents 72,662 and

weightof ngu‘ls%oogﬁgmﬁnm 6@ EABLEMA R 000 Haftbnd S her eby

|ncorporate y reference. When f he peptlde compounds

eehti ago n(ﬂ'(}f A pé{ﬁjlr R i) §e Mlé’éﬁ%lth 51“:%\1 led to
TS Ap o oy &k

circu 1 on Ives are I ncreaSed

such B%Y@%@Eﬁ%ﬁ 0 85%%%##45@3%@%@2? W RESHRERTChdE.
6155 P MEPiPr Bt o B REIEEHP Sefho OO RO Pl

about 500 to about 100,000 daltons, nore preferably

No. 4,649:833bb- P2t. Doo-#20, 689: U.S. Pat. No. 4,301,144; U.S. Pat. No.
4.670,417; U.S. Pat. No. 4,791,192; U.S. Pat. No. 4,179,337 or WO 95/34326, all of

which are incorporated by reference in their entirety herein.

In a presently preferred embodiment, the peptide compounds of the present

invention are derivatized with polyethylene glycol (PEG). PEG is a linear, water-soluble
polymer of ethylene oxide repeating units with two terminal hydroxyl groups. PEGs are
classified by their molecular weights, which typically range from about 500 daltons to
about 40,000 daltons. In a presently preferred embodiment, the PEGs employed have
molecular weights ranging from 5,000 daltons to about 20,000 daltons. PEGs coupled to
the peptide compounds of the present invention can be either branched or unbranched.
(See, e.g., Monfardini, C., et al., Bioconjugate Chem., 6:62-69 (1995)). PEGs are

commercially available from Nektar Therapeutics (San Carlo, CA), Sigma Chemical Co.

10
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about 40,000 daltons and, even nore preferably, from

about 5,000 to about 20,000 daltons. In preferred
wepdvoad4tent s, such hydrophilic polyners have aPCHUS208¢e5322

nol ecul ar wei ght of about 5,000 daltons, 10,000

dal tons and 20, 000 dal tons. The peptide conpounds of

the invention can be derivatized with or coupled to

such polymers using any of the methods set forth in

wnd il Sten rAGRMBR G il "6 o 60
1995); U.S.. Pat. 835, U : :
mondyicleYldess Bl (RBECAHY TepgiHgrigb sspyenglyeol-

4,670,417; U S. Pat. No. 4,791,192; U.S. Pat. No.
succu;atg_ ?Me%l?ﬁ Sé,rmq@ngasl;qgwg@lgeth&lpqxe g}ycq,{ﬁp%cﬁmgp%yl succinate

i ncorporated by reference in their entirety herein. In
(MGI%ECpSé‘EP&Ds mpnemethexypelyctiyleod glysolaminp MpBEGN-E:),

conmpounds of the present invention are derivatized
monamhdthoxypblyeth pigheglecaitsesdhte (MEBEG-HEHG), snda | i near

wat er - sol ubl e pol yner of ethyl ene oxide repeating
monadiigthex ypbliythylene gletshimadazslyleobotly] (VIeRPIDS-IMPEGS ar e

classified by their nolecul ar weights, which typically

r @ty i 2BHHInRAD ek YaesphillchorRsttwifith QRBpIHALYE NS,
In a presently preferre enbodlnent t he PEGs enployed

PEG,W@%}%HTPAI? € 8@5 a6 @k %Eraﬁ‘ DgeRGivk g%ﬁtp%'u%)gs Qﬁ"l'eﬁlggyz oft @hoxy

20, 000 daltons. PEGs coupl 0 the pept
groulg (IETE Eﬁ%sthgfpo ;%5 %La%ﬁ\gﬂéd( %Qﬁ/ee&hér ¥la %%e#ﬁor? bv‘itH %rsetable

69. (1995
actw%‘t&i«ﬁ?@%f’%ﬁ%% BB (< ﬁ»xswa%é %ﬁ%ﬁfeaﬁﬁ St
i e T Pl S5 P L OB >
nnnonethoxypolyeth | ene gl ycol (MePEG OH)
dibromasiseithenty fafs) eacl azidse pulidzeimbeasil e 3 WePEG S) |

nmononet hoxypol yet hyl ene gl ycol - succi ni m dyl succi nate
diazoniumphenoxy)-2-hydroxypropylether) and the like. The activated polymer is then

reacted with a peptide compound of the present invention to produce a peptide compound
derivatized with a polymer. Alternatively, a functional group in the peptide compounds of
the invention can be activated for reaction with the polymer, or the two groups can be
Jjoined in a concerted coupling reaction using known coupling methods. It will be readily
appreciated that the peptide compounds of the invention can be derivatized with PEG
using a myriad of other reaction schemes known to and used by those of skill in the art.
When used for diagnostic purposes, the peptide compounds preferably are labeled
with a detectable label and, accordingly, peptide compounds without such a label serve as

intermediates in the preparation of labeled peptide compounds.

11



(MePEG- S- NHS), nononet hoxypol yet hyl ene gl ycol - am ne
(MePEG NH2) , nononet hoxypol yet hyl ene gl ycol -tresyl ate
w@ MePBRG7SRES), and nononet hoxypol yet hyl ene PCT/US2006/005322

gl ycol -i m dazol yl -carbonyl (MePEGIM. Briefly, in one
enbodi nent, the hydrophilic polyner which is enployed,
e.g., PEG is preferably capped at one end by an
unreactive group such as a nethoxy or ethoxy group.
Thereafter, the polynmer is activated at the other end
by reaction with a suitable activating agent, such as
cyanuri ¢ hal.i des uric chloride, brom de or
fI%%ﬁpﬁ%qug?Fﬁﬁﬂé?pgmegﬁ%ﬁﬁﬂvagide reagent (e.g., a
di hal osucci ni c anhydri de, such as di bronpsuccinic
ar(yarogeylar weight ofess dhansbegt2089 dalnnsyhether manomer, dimer
3- (pdi azoni unphenoxy) - 2-hydroxypropyl ether) and the

or oligbier, afithe activated polynmer is then reacted with a
pepti de conmpound of the present invention to produce a
pe) h dmdmgriffinitydo AROLR at exgecksed bhaml(Bedfmemore than about 100
Alternatively, a functional group in the peptide

mM,conpounds of the invention can be activated for
reaction with the polyner, or the two groups can be

j oi ned yifrdn E&B%?Mo?éjofq:ﬁélﬁéﬁnﬁgl [t@@@t;mn] littages kKnown
coupling nethods. It wll be readily appreciated that

h
geflSgﬁkfgﬁ)%ﬁ?ﬁaﬁggﬁﬁg&wénﬁmﬁg¥ﬁggqumﬁgﬂnkﬁreaction
h K k th
Z?t?HS;énn C?g %bgéﬁgé i ﬁurpéeéNﬁ Ke Lgptlge
fer. t bl
FEEEP“%A?@S%% tiedi -Che st o drboohes S hout such
a | abel_ serve as internedi ate n the preparation of
| abel edVPapinkees: %Bﬁ%éﬂﬂﬁ%xgrgi }P@ﬁgﬁébfégé'conpounds

are those having: (1) a nol ecul ar. wei ght of |ess than
about 5oomdary ABslinkAERtER 2Htneneptidyl Hakage

[--C(O)NR® -- where R® is lower alkyl];

peptides wherein the N-terminus is derivatized to a -NRR'
group; to a --NRC(O)R group; to a --NRC(O)OR group; to
a --NRS(O), R group; to a --NHC(O)NHR group where R
and R! are hydrogen or lower alkyl with the proviso that R
and R! are not both hydrogen; to a succinimide group; to a
benzyloxycarbonyl--NH-- (CBZ--NH--) group; or to a
benzyloxycarbonyl--NH-- group having from 1 to 3

substituents on the phenyl ring selected from the grout

12
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or oligoner, and (2) a binding affinity to TPO-R as
expressed by an | C500f no nore than about 100 niV

wob@rev4iszero or nore of the peptidyl [--C(O NRET/US2006/005322

| i nkages (bonds) have been replaced by a non-pepti dyl
| i nkage such as a -CH 2 -carbamate |inkage [-CH 2
-OC(O NR-]; a phosphonate |inkage; a -CH 2
-sulfonarri de [ CH2 -S(O 2 NR] linkage; a urea

N 2 - secondary am ne
|[. nltgée ors} B%OQPW% %lkﬁdlowéml#aw chkoma@% bm% O NR 6 -
where R6 is |ower al kyl]; peptides wherein the
N-terni Aus is derivatized to a -NRR 1 group; to a
-NRC(O R group; to a -NRC(OOR group; to a -NRS(O 2 R
group; to a -NHC(O NHR group where R and Rl are
hydrogen or | ower alkyl with the proviso that R and Rl
are not pepides WheteioglenC tdrmirais suidarivaiizddde -gHOWR? to a
benzyl oxycar bonyl -NH (CBZ-NH) group; or to a

benzy| owyier M angdlectdd-frong e wpoupaionsigife Toviert 0 3
substituents on the phenyl ring selected fromthe

gr out Comkb Y, hftf--8R> ROWREre bl R4|a?é’\ﬁﬁe;ﬁ:55éﬁﬂ¥n chloro,
and brono; or peptides wherein the Ctermnus is
deri vat kg&ehd o edddfrconsisting of hydrogen and lower
alkyl.
It was found that the core peptide compound can comprise a sequence of amino
acids (SEQ ID NO:2):
X1 X0 X3 Xy X5 X Xy
where X1isC,L, M, P,Q, V; X, is F, K, L,N,Q,R, S, Tor V; X3is C,F, I, L, M, R, S,
V or W; X, is any of the 20 genetically coded L-amino acids; Xsis A, D, E, G, K, M, Q,
R, S, T, Vor Y; Xgis B-(2-naphthyl)alanine (2-Nal); and X;is C, G, L, K, L, M, N, R or
V.
In a preferred embodiment, the core peptide compound comprises a sequence of
amino acids (SEQ ID NO:3):
X3 G X X2 X3 X4 X5 (2-Nal) X5
where X to X7 are as defined above; and each Xy residue is independently selected from
any of the 20 genetically coded L-amino acids, their stereoisomeric D-amino acids; and
non-natural amino acids.
In yet a preferred embodiment, the core peptide compound comprises a sequence

of amino acids (SEQ ID NO:4):

13
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where R2 is selected fromthe group consisting of
| oner al koxy, and --NR3 R where R3 and R are

w0 pabepeateent |y sel ected fromthe group consi stPeyUST006/005322
hydrogen and | ower alkyl. It was found that the core
pepti de conmpound can conprise a sequence of am no
acids (SEQ ID NO 2): X1X2X3 X X X6 X7 where X1 is C,
L, M P, QV, X2isF, K L N QR S Tor V,;X3is

C F | ; I X4 is any of the 20
genetic}éﬁfiilc}%égggﬁga}%/ﬁ(gé\hﬂ%{ﬁs; Xis A D E G K,
v b Vaors X X601, b (2-napht hyl ) al ani ne
Whe‘%'(lfg‘*’%ﬁR?’ g’n%’ Lo Pc:,{’ é 51T,  Vsangks i§ ALCdp» By Kol Q4R S,
referred eppodi ment, the_core peptide conpound
T, O‘g%-ﬁbdi’ﬁe?é ef&BJ@/e%wréér%ﬁnda%s KPdbiMK (SEQ I D NO 3): X8G
Xi X2X3. X4 X5 (2-Nal) X7 where Xi to X7 are as defined

abOparticylsey @eederrodapepiidd empound is{SERIRUNOLY)Y sel ect ed
fromany of the 20 genetically coded L-am no acids,

their s ' ' ' i\ds; and non-nat ur al
ﬂ]@f}ﬁlﬂ’rlin ¢ {2‘91\{11 r;‘gqu{ gsgu—)

am no aci ds. err enbodi nent, the core

pepti de conmpound conprises a sequence of am no acids
wher@&@ismmim@.; X9X8G X1X2X3 X4 X5 (2-Nal) X7 where X9

isA CE G I, L., MP R QS T, or V; and X8 is

A IH%’[]O?.[REI' e!zmboléimcle‘rit, tgé pc%tidg compound is dimerized or oligomerized to
increase the affinity and/or activity of the peptide compound. A particularly preferred
peptide compound is a 29—mer peptide having two identical 14-mers linked by a
lysinamide residue. A particularly preferred peptide compound therefore is (SEQ ID

NO:6, also referred to herein as TPO Compound No. 1):

IEGPTLRQ (2-Nal) L A AR (Sar)
K(NH>)

IEGPTLRQ(2-Nal) L A AR (Sar)

A more preferred peptide compound is a pegylated version of TPO Compound No. 1.
The pegylated form may include a 20,000 MPEG residue covalently linked to each N-
terminal isoleucine. The full molecular structure of an example of such a compound is

detailed below:

14



10

15

T, or V. Mre preferably, Xis Aor I; and X8 is D, E,
or K. A particularly preferred peptide conpound is

W@ SEQWOSNO 5): | E GPTL R Q (2-Nal) L A A R FCHD$2006/005322

where (Sar) is sarcosine. In another enbodi nent, the
pepti de conmpound is dinerized or oligonerized to
increase the affinity and/or activity of the peptide
compound. A particularly preferred peptide conpound is
a 29-ner peptide having two identical 14-ners |inked
by a lysingnide residue. A particularly preferred

pepth@EGc 0 nd therefo e | SEQID N06 aI SO
referredN ound ) : EGPTL
R Q (2-Nal) h2) EGPTLRQ
(2-Nal) LAAR 0sar) A re npound
is a pegylated version TPO Co und E

pegyl ated form may i nckudg a 20, EGH esi d eo "
covalently |inked to each Nt erm nal=i sol.gtgi ne.

full nol ecular structure df n exa e of Sy h aNH

| S detail ed C r\efoerred
to hereiw asqPEGEhatiell, 0 n”d "1)° e fuII

chemivesal yol P ?ted PO Co nd No. 1¥s:
Met hoxyaolc’ye hyI enegl ycol | pr opironyl - L- | sBl (”a”UcyI -
-Gutanyl -@d | -L-Prolyl- w" ™%

(This compound is referred to herein as PEGylated TPO Compound No. 1). The
full chemical name of PEGylated TPO Compound No. 1 is:
Methoxypolyethyleneglycol20000-propiony!l-L-Isoleucyl-L-Glutamyl-Glycyl-L-Prolyl-
L-Threonyl-L-Leucyl-L-Arginyl-L-Glutaminyl-L-2-Naphthylalanyl-L-Leucyl-L-Alanyl-
L-Alanyl-L-Arginyl-Sarcosyl-Ne-(methoxypolyethyleneglycol20000-propionyl-L-
Isoleucyl-L-Glutamyl-Glycyl-L-Prolyl-L-Threonyl-L-Leucyl-L-Arginyl-L-Glutaminyl-L-
2-Naphthylalanyl-L-Leucyl-L-Alanyl-L-Alanyl-L-Arginyl-Sarcosyl-)-Lysinamide.

PEGylated TPO Compound No. 1 is composed of two identical 14 amino acid
peptide chains linked by a lysinamide residue and linked on each N-terminal to an
approximately 20,000 Dalton molecular weight polyethylene glycol (PEG) chain. The
molecular weight of the parent peptide without PEG is 3,295 Daltons and with two PEG
chains is approximately 43,295 Daltons. PEGylated TPO Compound No. 1 has an
abbreviated molecular structure of (MPEG-Ile-Glu-Gly-Pro-Thr-Leu-Arg-Gln-(2-Nal)-
Leu-Ala-Ala-Arg-(Sar)),-Lys-NH,; where (2-Nal) is 3-(2-naphthyl)alanine, (Sar) is
sarcosine and MPEG is methoxypoly(ethylene glycol) (MW approximately 20,000

Daltons).
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L- Thr eonyl - L- Leucyl - L- Argi nyl - L- @ ut am nyl - L- 2- Napht hy
| al anyl - L- Leucyl - L- Al anyl -
waQ2087amy7Bt L- Ar gi nyl - Sar cosyl - Ne- ( net hoxypol yet PgT/E51906/§05322
col 20000- pr opi onyl - LI sol eucyl -
L-d utanyl -d ycyl -L-Prol yl -L-Threonyl -L-Leucyl -L-Argin
yl -L-Q3& ut am nyl - L-
2- Napht hyl al anyl - L- Leucyl - L- Al anyl - L- Al anyl - L- Argi nyl -
Sarcosyl - - i.nam de. PEGylated TP ound No. 1 is
coné:pn%s&één 0)6? b %b\?\lge ?%%%ng%ilan r %ﬁ‘?’r&at g(ﬁ%'?% Rg§de chai ns
quﬁgd.%ﬁ a IKsinanide residue and |inked on each
compopndspingiiding gharmagentically srgerinble ogrivrdentihieresh(coleasivalyar
wei ght pol yet hyl ene glycola§PEG).chain. The nol ecul ar
refefged gh*tef%*ﬂ a% P @mMPopads i ‘JPChpentide corPRENds” &, “IP® peptide
Dal tons and with two PEG chains is approximtely
compguiry Bf thelinvention PEGy s doMROpEvepionndd Neatmbnhesligases
abbrevi ated nol ecul ar structure of
medfaueEey TP@.- 28 pacylaRy dor TreatheandAsrprédentifan¥ali). - Thus, the
Leu- Al a- Al a- Arg-(Sar)) 2-Lys-NH2; where (2-Nal) is
presbat(i2vendpipfoyidred arihde for Rakihg hid/sHreRaliRearnta NER L S
nmet hoxypol y(et hyl ene gl ycol) (MW approxi mately 20, 000
atiRhtAAS Incg Rk td L4 i
P parti c%l ar PEGy ng?élrlg ﬂ%ﬁgﬁ"@?@ﬁ%ﬁ%ﬁ?ﬁ%|r"ff§|”r? (f:;’ oris

admﬁﬁﬁ&‘g@,%ecﬁérblf&'ﬁkéi}ygcrﬁ%gg&@'xg/kaﬁtigaqﬂi e\f‘i%Lt%:)dsos% ?rggéggufnt of a peptide

(collectively re erern as ep

com@&HBQH g&e ;Ef%%dﬁ%gyide cgnpounds" or "TPO peptide
onpoun oF e invention"), are useful for the

preyention and treatment. of di seases nedi ated hy TPQ
e R B e e ind ok or
agfﬂia. Thus, the present invention provides a nethod
morg g the peRtidp GeMBRHIe Aessrierhifrein gndimBsiologiprdlyeiceeptable carrier.
pati ent having anem a, or a patient that is expected
These phaaiaspiisakgostrositioneenaibpds a vatiety of fodms itichtdargeatal dvsage
therapeutically or a prophylactically effective dose
formgr asgvadl astinkmfable praysterschmd solutions and injectable and infusible solutions.
BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 shows the effect of treatment of PEGylated TPO Compound No. 1 on
hemoglobin levels as set forth in Example 1.
FIG. 2 shows the effect of treatment of PEGylated TPO Compound No. 1 on red
blood cell count as set forth in Example 1.
FIG. 3 shows the effect of treatment of PEGylated TPO Compound No. 1 on
hematocrit as set forth in Example 1.

FIG. 4 shows the effect of treatment of PEGylated TPO Compound No. 1 on body

weight as set forth in Example 1.
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conmpound of the present invention. The invention al so

provi des for pharmaceutical conpositions conprising
wop@7094780r e of the peptide conmpounds descri beRPCTIESB®061005322

and a physiologically acceptable carrier. These

phar maceutical conpositions can be in a variety of

forms including oral dosage fornms, as well as

inhalable powders and sol utions and injectable and

sibl e | ut.i ons. BRI (]:TH RES
Hat™S sl OB yeabintar PPENle o et
oun . n he | gbin | evel s as set forth |n
hemongQ iasﬁgféﬁgéngﬁﬁﬁg he effect of treatnent of
Iated TPO Conpound No. on red bl ood cell count
afl ef shasystthe @fﬁECEsz%ﬁﬁiﬂtreerE of PE@ylaseds%EOtnﬁeur@r Feclorped
treatnment of PEGyl ated TPO Conpound No. 1 on
bloodweshteouriras setdertls mEfapmlh2.i n Exanple 1. FIG 4 shows the
effect of treatnment of PEGyl ated TPO Conmpound No. 1 on
5 bdd¢. Wehayt thasffeedf freatmhéntion PEGaapEdelPD) EbBpoddsiNovisort he

effect of treatnent of PEGyl ated TPO Conpound No. 1 on

hemaf0 e RbfotthlieBrhspie2. set forth in Exanple 2. FIG 6
shows the effect of treatnment of PEGyl ated TPO

CorTo0R BEbwNQhe &ffQR of @&htRERM PESHIatOrd CBmpseid NOrt éh by
Exarrple 2. FIG 7 shows the effyect of treat ment of

ound No. 1 on henmatocrit as set
Welgﬁgg%t “ﬁg . FIG 8 shows the effect of

t rlﬁ%t g‘gﬁ] sot];le EE%’( lof‘ {rganglﬁ(Bf 9%@?,%21“&9 COPflpgﬁ]ncPlQ gy 1 on

10 hemoglobin levels as set forth in Example 3.
FIG. 10 shows the effect of treatment of PEGylated TPO Compound No. 1 on red
blood cell count as set forth in Example 3.
FIG. 11 shows the effect of treatment of PEGylated TPO Compound No. 1 on
hematocrit as set forth in Example 3.
15 FIG. 12 shows the effect of treatment of PEGylated TPO Compound No. 1 on
body weight as set forth in Example 3.
FIG. 13 shows the effect of treatment of PEGylated TPO Compound No. 1 on
hematocrit as set forth in Example 4.
FIG. 14 shows the effect of treatment of PEGylated TPO Compound No. 1 on
20  body weight as set forth in Example 4.
FIG. 15 shows the effect of treatment of PEGylated TPO Compound No. 1 on

body weight as set forth in Example 5.
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wei ght as set forth in Exanple 2. FIG 9 shows the

effect of treatnent of PEGyl ated TPO Conpound No. 1 on
whewondoRi n | evel s as set forth in Exanpl e 3. PCTAISH06/005322

shows the effect of treatnment of PEGyl ated TPO

Compound No. 1 on red blood cell count as set forth in

Exanple 3. FIG 11 shows the effect of treatnent of

PEGyl at ed TPO Conpound No. 1 on hematocrit as set

t%réét }rﬁeg’t" '@Eé/ I“E"F‘cli %r‘ﬁf‘d%&ém‘?mﬁeﬂé‘gﬁge%%ﬁ% ﬁgcélon of
Exanple 3. FIG h
PEGYé?‘F%E{’()?OWFP&&@E@;P of PEGY! at ed TPO Corlrgoﬁngwsl\lot "T on
hematocrit as set forth in Exanple 4. Fl 14 shows
t HdGe} t gows gtha isdglisner o by samecs)the Ueragpe) %ﬁs%wb*aﬁﬁfe?tweﬂc

1 on body weight as set forth in Exanple 4. FIG 15
cells giiigyleted TEOf Comnpayd Noedt nent of PEGyl ated TPO
Compound No. 1 on body weight as set forth in Exanple
5.HGGI8A endFighnd 8Bishew ite dfifebi @vglatetets dnd hematoant ¢f-carpepiatin
mechani sm of action of PEGyl ated TPO Conpound No. 1.
treated|nBce 3s7a floGIneS tydaghent SvithaiEGNEed TROEbnymwined dio. t heset forth in
I i neage effects on hematopoietic cells of PEGyl at ed
Exampt&y.Compound No. 1. FIG 18A and FIG 18B show the
effect on platelets and hematocrit of carboplatin

t rgat sl sHHqughfgff&t b2 AMidogRh d&ﬁo%ﬁfoH%H& biolt R10RERbkAh €d

Conpoun as set  forth in
sections from carboplatin treated mice as a result of treatment with PEGylated TPO

Compound No. 1 as set forth in Example 6.

FIG. 20 shows the effect of PEGylated TPO Compound No. 1 on human TPO-R
activation in Baf/3 cells as set forth in Example 7.

FIG. 21 shows that PEGylated TPO Compound No. 1 activated Baf/3 cells
recombinantly expressing human TPO-R in a dose dependent manner as set forth in
Example 7.

DESCRIPTION OF SPECIFIC EMBODIMENTS

The following definitions are set forth to illustrate and define the meaning and
scope of the various terms used to describe the invention herein.

"Agonist" refers to a biologically active ligand which binds to its complementary
biologically active receptor and activates the latter either to cause a biological response in
the receptor or to enhance preexisting biological activity of the receptor.

“ECso” and “50% effective concentration” refer to the concentration of an agonist

that produces 50% of the maximum possible effective response for that agonist.
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Exanple 6. FIG 19 shows the effect on fibrinogen

deposition and blood clots in brain sections from
w@aobopd7at i n treated mice as a result of treatP@NUS206/005322

PEGyl at ed TPO Conpound No. 1 as set forth in Exanple

6. FIG 20 shows the effect of PEGyl ated TPO Conpound

No. 1 on human TPO- R activation in Baf/3 cells as set

forth in Exanple 7. FIG 2 1 shows that PEGyl ated TPO

Canpound, No. . 1,activat ed Baf/,3 | s _reconbj.nant. .
exprds %?%Wﬁ%ﬂ”“?ﬁ'd%c‘?rﬁrago% oré?{ée?k e%lg r?glgcr?fl RN rcxrélgetmg

ligan8 &thidhQi$plack$15 (9% P& pdcifi ORHERE B theXbgkistSPECI HC

EMBODI MENTS The followi ng definitions are set forth to

| | IpuatntREicand adeptabie eliiealbiRaninlgdes) dithe@piniefiohhe
various terns use escri be the invention herein.

d t
pharmaggsfigadly acseptablessalty agid@riéiltie@ palts) s{ern @pdes, BYHRY whi ch
metagtl)lﬂgss Plt

o‘rard.a%%%an(&qg@[e%%?%éh#ﬁa%eggj:ﬁ@l ACX?;ﬁéﬁlé duivalents are

rece|6 o activates atter er'ther to cause a

expebicdtodgive dle snms porsigelai in vitieorigoéyt astivity as be gaptadecempounds

sting biological activity of the receptor.
and "50% ef fecti ve concentration” refer to the

e 1 LR IO B R el ke

agonist."1C Q" and "50% i nhi bi.tQry concentration”

earthyiagtaly andpnprenipg fRKEAReBY usE it mevvﬁgmum ch

di spl aces 50% of the specific binding of the agonjst.

includipig shensddum. ipeEss iymaltbist SBICE e UK ERL hariuy, apipaim, and

Wi thout [imtation, pharmaceutically acceptable salts,

protaatnclzincishilts; winicl afetpsgpaessitheyrms therdsi verdisknobwpd n dteesst. The term also
includes non-toxic acid addition salts, which are generally prepared by reacting the
peptide compounds of this invention with a suitable organic or inorganic acid.
Representative salts include the hydrochloride, hydrobromide, sulfate, bisulfate, acetate,
oxalate, valerate, oleate, laurate, borate, benzoate, lactate, phosphate, tosylate, citrate,

maleate, fumarate, succinate, tartrate, napsylate, and the like.

"Pharmaceutically acceptable acid addition salt" refers to those salts which retain

the biological effectiveness and properties of the free bases and which are not
biologically or otherwise undesirable, formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and
organic acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid,
malic acid, malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, cinnamic acid, mandelic acid, menthanesulfonic acid, ethanesulfonic
acid, p-toluenesulfonic acid, salicylic acid and the like. For a description of

pharmaceutically acceptable acid addition salts as prodrugs, see Bundgaard, H., supra.
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activity as the peptide conmpounds of the invention.
"Pharmaceutically acceptable salts" refer to the
non-toxic al kali nmetal, alkaline earth netal, and
anmoni um salts comonly used in the pharnaceuti cal
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addition salts, which are generally prepare o
acid orlaiohapdraprenqiditipgieal Y pBERYSe BRdeE o1t éﬁ?%‘ﬁﬂw ¢t
a suitable organic or inorganic acid. Repr esentative
pharmagepcally @Feegtablerpsterpagmaediness sagBundgard it -ord. daesign of
sul fate, bisulfate, acetate, oxalate, valerate,
Produigedileyier SuratecPublighess, dmstrdam 41985). Tacteasters Pph anrmar/e,
tosylate, citrate, nmaleate, fumarate, succinate,
formédfrbmahecorregaidingtoarboayiit dcitbaild dnealcohBh Glenaabyiteseal | y
acceptable acid addition salt” refers to those salts

form¥dnCdan b hedomplibigedbiift gk e ainaedyh@etic iemagsesa(¥de, e.g., March
properties of the free bases and which are not

Adviicad eggaﬁéldwém@srtryomeﬁdm 7360 WARSH KR! Rewl VSRR b ghl 157
I norgani ¢ acids“such as hydrochloric acid, hydrobromc

and r@ﬁek'glltesiéfﬂe& 'tHek n, aa?lh (i/_[arfe bt 4 dﬁnc?&oﬁedﬁ’ Qpélpé}ﬁfzélekggﬂoqog%n ?ohn

organlc acl as acetl c aci
R S L U S o S
aci d rtaric acid, citric a
comp I e D aleehl e ob ot Sontajh e of fore double
ment hanesul f oni ¢ aci d, et hanesul foni ¢ aci d,

bondp apdFanests 3P GANINRIREhed e PRIFIF EDAH T CAndOTHEC P Ke.

For a description of
heteroaromatic alcohols. This invention also contemplates the use of those compositions

which are both esters as described herein and at the same time are the pharmaceutically
acceptable acid addition salts thereof.

"Pharmaceutically acceptable amide" refers to those amides which retain, upon
hydrolysis of the amide bond, the biological effectiveness and properties of the
carboxylic acid or amine and are not biologically or otherwise undesirable. For a
description of pharmaceutically acceptable amides as prodrugs, see Bundgaard, H., ed.,
Design of Prodrugs, Elsevier Science Publishers, Amsterdam (1985). These amides are
typically formed from the corresponding carboxylic acid and an amine. Generally, amide
formation can be accomplished via conventional synthetic techniques. (See, e.g., March

Advanced Organic Chemistry, 3rd Ed., John Wiley & Sons, New York (1985) p. 1152
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pharmaceutically acceptable acid addition salts as

prodrugs, see Bundgaard, H., supra."Pharmaceutically
wWaewepsahl e ester” refers to those esters whi cPCT/ES061005322

upon hydrolysis of the ester bond, the biologica

ef fectiveness and properties of the carboxylic acid or

al cohol and are not biologically or otherw se

undesirabl e. For a description of pharmaceutically

[ ugs., see B aar , -
ond AGRER AE B BT Th e ERelel R andCTorn RORT R s Yok
rdam (1985). The esters are typically forned
E i %%%@Hffmza%%séﬁﬁawfit@sseplap%%orarwfaq%ﬁ Bpth
. .Cene aIHy, ester formation can be acconplished via '
Md&‘%w%ﬁﬁiff 54 Bereu\ARd pbthe same e atpibe Pharmaesutisally, accapiatyacid
_Advanced Organic Chem stry, 3rd Ed., John Wley &
additmgsalts thesgokor k (1985) p. 1157 and references cited
therein, and Mark et al. Encycl opedia of Chem ca
TedhamageticallpmthitapeyicdlySeasptatilevar¥ar keferk38 0 cried edium

al cohol conponent of the ester will generally conprise

whicli dpesmoCihterfer@with itphdfetiveats @ @le HiflagicaiantiAty SBRe fftve
contain one or nore double bonds and can or can not

ingredieftsahd wioAng hetdogatdxap foRbr pdtlehr.@a C7 -Ci 2 aromatic or
heteroaromati ¢ al cohols. This invention al so

C OB REAU R L S ek toUS@ie R cal t’&ﬁ&uﬁ@ gﬁﬁﬁ g%ﬂe:%ﬁlzle mlgcm%a? %i ght,

both esters as described herein sane

chem@afcdiiSosRIdar {ﬁ%ﬁgﬁf-tﬁ%nl 2% aﬁ&ﬁgrp {Dlﬁlu/lﬁl #S If'lg)g}as%q(léliﬁeg 2 "

salts er eof . arnmaceuticafl'y accep
. s 1.0 those. amides which retain on hydrolysis
a3, LIRS SR L LB GG
Egrgp@rt'es f the ﬁar ox,{ic acid or am ne and are not
space g hegefalf Wheg Putsy iy 8lity {a axtpte 4 rianerel;polprized light.
description of pharnaceutically acceptable am des as
Howeyep 3Pt SurestEcaassmahave an optical roelédnghaids seslipht thassit is
El sevi er Science Publishers, Amsterdam (1985). These
undetgefpbje svithrpsesent instrumentation. The peptide compounds of the instant
invention may have one or more asymmetrical carbon atoms and therefore include
various stereoisomers. All stereoisomers are included within the scope of the invention.
"Therapeutically- or pharmaceutically-effective amount" as applied to the
compositions of the instant invention refers to the amount of composition sufficient to
induce a desired biological result. That result can be alleviation of the signs, symptoms,
or causes of a disease, or any other desired alteration of a biological system. In the
present invention, the result will typically involve an increase in red blood cell
production.

Amino acid residues in peptides are abbreviated as follows: Phenylalanine is Phe

or F; Leucine is Leu or L; Isoleucine is Ile or I; Methionine is Met or M; Valine is Val or
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typically formed fromthe correspondi ng carboxylic

acid and an am ne. Generally, am de formation can be
wa@ewonpd78shed vi a conventional synthetic technPqEs2006/005322

(See, e.g., March Advanced Organic Chem stry, 3rd Ed.

John Wley & Sons, New York (1985) p. 1152and Mark et

al . Encycl opedi a of Chem cal Technol ogy, John Wley &

Sons, New York (1980)). This invention also

v: SR R LS R S OSBRI enthat
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CyswhCelryiptophan istTogr ioc W dirginime o dtg or Rypatli@mctine is Gly or G.
"Stereoisoner” refers to a chem cal conpound havi ng
Addittraaliy i inBluexy] Bzl iskxngyit CHahie il clahexg s iAd io Beetyd e is
constitution as another, but with the atons grouped
metlehilf Pedriepérisillantina AibSs afib isubityrid @bk Kak istloemiad! Abu is
noieties are at different orientations in space and,
amidd Wi 48, THDRNKiBAYISaniha 1é, t '
pl angjﬁ of polariz e‘gll)r I ialaﬁ??)ﬁl—rlgi\%ecsgﬁz%gﬁ%Hyp%frgeh%l%xglﬁ Bline.
st i r ' .: t. IS SO
i %&lé@a@t p??tm cHR¥ g{lggnlg E)F g&t\?\%atllﬁ%tc%rhﬁg futnﬂ% acl®,

slight t 'S un t prese
i .1 UR i .. Th eptide ¢ unds of the instant
peptdABHEMART-BEh AR 00 d 08 BERIS BENTRIPORAIR potlods M (RO
and t her re i nclude ous stereoisonmers. A

ESedite it Rt R R BOBpECHInAqggus to

i nyention. "Therapeutically- or ]
thosg, ﬂ%&*ﬁ&‘@éﬁ]ﬂ? eaptidg. Eiese bPps/& nopoghtide cpmpoypd predenmsdt’ peptide
__conpositions of the instant invention refers to the
mimghigs( 9F "RePLidernimesicy | (Bancheres J. didenPrugRésn Hude (1986)k Sfebethnd
bi ol ogi cal result. That result can be alleviation of
Freidinger JilyR 9,392y 93 50rmmd Evans et al. J. Med. Chem. 30:1229 (1987), which are

incorporated herein by reference). Peptide mimetics that are structurally similar to
therapeutically useful peptides may be used to produce an equivalent or enhanced
therapeutic or prophylactic effect. Generally, peptidomimetics are structurally similar to a
paradigm polypeptide (i.e., a polypeptide that has a biological or pharmacological
activity), such as naturally-occurring receptor-binding polypeptide, but have one or more
peptide linkages optionally replaced by a linkage selected from the group consisting of: -
CH;NH--, --CHj S--, --CH; --CHj --, --CH=CH-- (cis and trans), --COCH, --, --
CH(OH)CH; --, and --CH; SO--, by methods known in the art and further described in
the following references: Spatola, A. F. in Chemistry and Biochemistry of Amino Acids,

Peptides, and Proteins, B. Weinstein, eds., Marcel Dekker, New York, p- 267 (1983);

22



10

15

20

or causes of a disease, or any other desired
alteration of a biological system In the present

WO poo2i9476h, the result will typically invol ve BEI/US2006/005322
increase in red blood cell production. Am no acid
residues in peptides are abbreviated as fol |l ows:
Phenyl al anine is Phe or F; Leucine is Leu or L;
Isoleucine is He or |I; Methionine is Met or M Valine
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is acetyl, Me is nmethyl, Pen is penicillamne, Aibis
Trang d3A6314% OI982)/ - (@-eChld, citomal trais)y eylinghisnet, al. AbMeid sClaein. no
butyric acid, Thi is thienylalanine, OBn is O benzyl,
23:139361 38§ 161986) hy@KDGHy pd;Qkhriegs- Whitaeichl t Te@rhédroR ok 280533
consi sting only of naturally-occurring am no acids,
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properties anal ogous to those o e tenplate peptrde.
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( ich are inco ted herein by reference).
NH"pi‘&%-I)aBﬂ IERGHES ek B Ve aian eV GRATOVET PRV BRDtEe
erapeutlcally useful peptides may be used to ﬁroduce
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effect. Generally, peptidom netics are structurally
stabllsty,rﬁnhg}ce@ ghegmacologlcal properties (half-life, absorption, potency, efficacy,

etc.), altered specificity (e.g., a broad-spectrum of biological activities), reduced
antigenicity, and others.

Labeling of peptidomimetics usually involves covalent attachment of one or more
labels, directly or through a spacer (e.g., an amide group); to non-interfering position(s)
on the peptidomimetic that are predicted by quantitative structure-activity data and/or
molecular modeling. Such non-interfering positions generally are positions that do not
form direct contacts with the macromolecules(s) (e.g., immunoglobulin superfamily
molecules) to which the peptidomimetic binds to produce the therapeuntic effect.
Derivitization (e.g., labeling) of peptidomimetics should not substantially interfere with

the desired biological or pharmacological activity of the peptidomimetic. Generally,
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paradi gm pol ypeptide (i.e., a polypeptide that has a
bi ol ogi cal or pharnacol ogi cal activity), such as
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have one or nore peptide |inkages optionally replaced
by a |linkage selected fromthe group consisting of: -
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Res 14:177-185 (1979) (-CH 2 NH--, CH2 CH2 -); Spatola
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. Chem Soc Perkin Trans. | 307-3 14 (1982)
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em 23:1 1398 (1980) (-COCH 2 --); Jennings-Wite
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uropean Ap EP 45665

L

eGP B e Sl WO if e

artlcularl preferred_non-pep . .
capa&g@ﬁ foseing @%ﬁfﬁ?lﬁﬂt lpredisuttide gs g’?"ﬁh |°¥"F1 ﬂ? pfé?%%t ag es
over polype tlde enbodlnents i ncl udin for ex
o Retessamlabelarefers snimeterials, Wigel wher C‘L‘ﬁ%ﬁﬂ}f gitached to b
stability, enhanced pharnacol ogi cal properties
peptideabfupburfde of thrsioventivmrperipit tietetyon afftlia peptige camppoupd in vivo in
altered specificity (e.g., a broad-spectrum of
the pationi@g iwbam tRcpdpiild caspound hah,llmi@d administered. Suitable detectable

labels are well known in the art and include, by way of example, radioisotopes,
fluorescent labels (e.g., fluorescein), and the like. The particular detectable label
employed is not critical and is selected relative to the amount of label to be employed as
well as the toxicity of the label at the amount of label employed. Selection of the label
relative to such factors is well within the skill of the art.

Covalent attachment of the detectable label to the peptide compound is
accomplished by conventional methods well known in the art. For example, when the 1251
radioisotope is employed as the detectable label, covalent attachment of 1257 to the peptide

compound can be achieved by incorporating the amino acid tyrosine into the peptide

compound and then iodinating the peptide compound. Likewise, 32p can be incorporated
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Bi ochem 61:387 (1992), incorporated herein by
10 compedisiRrompiisih@bn efRAPE Bmolt ofd dPOdohs€ hA@of S §dulRly a
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pepthfeh@ﬁ@%uﬂﬂ“tl&hw%&hl meutffcRaBhide. "Detectabl e | abel ™
refers to materials, mhlcﬁ when coval ently attached to

thenp ?éﬁtfdg €o ?ﬁﬁi‘lﬁy 8%6 g{ve]i@énsca'n 'llés%%te'aﬁﬁnmﬁg{egltg warm

detection of e peptide conpoun
blooded-animals, including humans, to activate the TPO-R in vivo. Thus, the present

invention encompasses methods for therapeutic treatment of anemia that comprise
15  administering a peptide compound of the invention in amounts sufficient to mimic the
effect of TPO on TPO-R in vivo.

The activity of the peptide compounds of the present invention can be evaluated
either in vitro or in vivo in, for example, one of the numerous models described in
McDonald Am. J. of Pediatric Hematology/Oncology 14:8-21 (1992) , which is

20  incorporated herein by reference, or the assays disclosed herein.

According to one embodiment, the compositions of the present invention are

useful for treating anemia associated with bone marrow transfusions, radiation therapy, or

chemotherapy. The peptide compounds typically will be administered prophylactically
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conpositions conprising an effective anount of a TPO
agBeliddgsagnidrmmfoe opd rdministiatidryinglude capsules, tablets, pills,

powders, and granules. In such solid dosage forms, the active peptide compound is
admixed with at least one inert pharmaceutically acceptable carrier such as sucrose,
lactose, or starch. Such dosage forms can also comprise, as is normal practice, additional
substances other than inert diluents, e.g., lubricating agents such as magnesium stearate.
In the case of capsules, tablets, and pills, the dosage forms may also comprise buffering
agents. Tablets and pills can additionally be prepared with enteric coatings.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, with the elixirs containing inert diluents

commonly used in the art, such as water or saline. Besides such inert diluents,
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pepti de conmpound, that is useful for treating anem a.
The peptide conpounds of the invention can al so be
wa@eradeser ed to warm bl ooded- ani mal s, i ncl udi PGI/US2006/005322
humans, to activate the TPOOR in vivo. Thus, the
present invention enconpasses nethods for therapeutic
treatnment of anem a that conprise admnistering a
peptide conmpound of the invention in anmounts
nh. L0 Lmc the effect of TPO on TPQ:R in
comlign€ Sisq B o Ytanir Sepagte pae S hehe
esent |nvent|on can, be eval yat either in vitro or
susprdig Aggnts nd SypeteRingnifaxoring QPN AN DUSs model s
described in MDonald Am J. of Pediatric = )
HeRpPBREYY ACYREGNS Eythisjngention for parental adipingyratien include sterile
i ncorporated herein by reference, or the assays
aquedisaringg-edudogs edlntiondciopasiogs, oo consiossiiixdinpisstof nomequeous
conpositions of the present invention are useful for
5 solvémteatvehigles nemrepydas @tycal, dlyaihly lenb glyeolaggemble oils, such as
transfusions, radiation therapy, or chenotherapy. The

ohvdoamddd:armrr@@luﬁﬁis‘anﬂ Yijeald drouhit bstbie saelnasiiisfl eleagd. Such
prophyl acti cal |l yprior to chenotherapy, radiation

dosabRr@P¥ay lso RORKINTR uerrWs LcRNS PHRON ! wafihe ren%iﬁﬁlm g, and

exposure. Accordingly, the present invention al so
disp&glﬁ‘%! \/%%I ngﬁ%fdrﬂgﬁﬁéjgtérﬁ ed Bg{%g%ﬂeﬂg?@§htgﬁf£g¥l%ggrga b&tterfi"

retmglﬁg? %%rc gﬁ %nco%olor 151g Et‘égi}%gg Q%ﬁlnFs ulgﬁ)t tgg fﬁrtgp(gs A b(}nis cPé’ 1rrad1at1ng
nvention c

10 the 08 nFs?tlilcggis eht.egtlms Ligp g?ﬂl%(PSlt qnﬁ?ﬂg%ﬁg% d{n(é Be manut%ctured using

i ntraperitoneal, intravenous (1V) or subcutaneous
sterifefyaiszs QrSAe ofhen sPdlciiwRCtERlP Eedium. remgdigsby before use.

formul ation), transdermal, nasal, vaginal, rectal, or

s ubPmpgsifiins foueeal agivaginatiadmétisteation are preferably suppositories

which may contain, in addition to the active substance, excipients such as cocoa butter or
a suppository wax. Compositions for nasal or sublingual administration are also prepared
15  with standard excipients well known in the art.

The compositions of the invention can also be microencapsulated by, for example,
the method of Tice and Bibi (in Treatise on Controlled Drog Delivery, ed. A. Kydonieus,
Marcel Dekker, N.Y. (1992), pp. 315-339).

The compositions containing the peptide compound can be administered for

20  prophylactic and/or therapeutic treatments. In therapeutic applications, compositions are
administered to a patient already suffering from a disease, as described above, in an
amount sufficient to cure or at least partially arrest the symptoms of the disease and its

complications. An amount adequate to accomplish this is defined as "therapeutically
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and can be formul ated in dosage fornms appropriate for
each route of admnistration. See, e.g., Bernstein et
w@bkeo7@drsPat ent Publicati on No. WO 93/25221 ; RT/USED6/005322
al . PCT Patent Publication No. WD 94/17784; and Pitt
et al. European Patent Application 613,683, each of
which is incorporated herein by reference. Solid
dosage forns for oral adm nistration include capsules,
w ARLLLS, .powders, .and nules. In such saolid
otreh I A%, A ok BONIATHT iR T B citpe & ahhecisense
dm%th.a& Iaast ne inegt fharnaceutically accept abl e
and WG Veight a0g efnesd sl oidiePatiedet ose, or starch. Such
dosage forns can al so conprise, as is normal practice,
addP Propkiectiq applicatioas compesitionszantainéng thel pépiisktcompeurgls of
| ubricating agents such as nmagnesi um stearate. In the
the pysetiogfar %@g@uiS@sfzd to alphens susseptihie tok @, otheheise asidgeoffaor s
may al so conprise buffering agents. Tablets and pills
particatar diddasei Dwwhlah ymbentps égfee do bé & Mprejtiy@ictiCalBaFdci@Sdose”. In
Li qui d dosage fornms for oral adm nistration include
this pbe tipyereditel aluhis agsia eppaial o BOPARh@ Rate SPhdAlth QRS weisht.
suspensi ons, syrups, Wth the elixirs containing inert

di IThe hentEeeHNE Y POSREnikihebti8ad hr erRUGH @%rap?kﬁl‘i d%%ﬁd

sal i ne. Besides suchinert dil tdents, conpositions

upoft L‘Ifalﬁy Hﬁfelréh@l Facﬁ)‘iji, WM’?%“‘%% I?)f @3?1%&%{6(3(9, St%rgegttnsigg,i’ R%/’siological

enmul si fying and susperdi ng agents,

statd &ﬁﬁ@gét{%gt, ta@@?tﬁ?r%ﬁédi@éﬁs%d%ﬁr%?%fedpilgtgg?éﬁ%tngr?tndsosages should be

accordi ng s 1nv
. i ni.stration inc% de terihg agueous or non-aqueous
“trag?g% PPUHLZE safpiy aad & S 1ypicd Kesagpsuse P aaygrovide
naggyeouE sol vents or Vehjcles.are_préﬁzlene gl ycol,
usefﬁgw A5 IdReamgpyiorseiy) &ordn sibr adminjsiatienefithess redgents. Avpinal
and corn oil, gelatin, and injectable organic esters
testigg ehefipstizg ¢nsps o daatmentfpartigoka disofdersiveillpagvidd Siether
contain adjuvants such as preserving, wetting,
predigiiyPp &ndispripg of kamehn dosage. Various considerations are described, e.g., in
Gilman et al. (eds), Goodman and Gilman's: The Pharmacological Basis of Therapeutics,
8th ed., Pergamon Press (1990); and Remington's Pharmaceutical Sciences, 7th ed., Mack
Publishing Co., Easton, Pa. (1985); each of which is hereby incorporated by reference.
The peptide compounds of this invention are effective in treating anemia when
administered at a dosage range of from about 1 ug to about 300 ug/kg of body weight per
day. The specific dose employed is regulated by the route of administration as well as by

the judgment of the attending clinician depending upon factors such as the severity of the

condition, the age and general condition of the patient, and the like.
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di spersing agents. They may be sterilized by, for
exanple, filtration through a bacteria retaining
WO pdove9478by i ncor porating sterilizing agents iPCDUS1006/005322
conpositions, by irradiating the conpositions, or by
heating the conpositions. They can al so be
manuf actured using sterile water, or sone other
sterile injectable nedium inmrediately before use.
EXéﬁagaggitions for rectal or vaginal adm nistration are
TePably suppositories which may contain, in
addition to the active substance, excipients such as
ANIMRLMBRELEr or a suppository wax. Conpositions for
nasal or sublingual admi nistration are al so prepared
wi tThe stfegisiel RE@aied TBRtGrmgound Rieohan invice theateglrwith Janieoplatin
conpositions of the invention can al so be
werglened.c Epsall etmdlebyiereinoa 1@ xayipl @ockt dotutior tofl PEGfatcli THD
and Bibi (in Treatise on Controlled Drug Delivery, ed.
Comdpouiy Nonl edspreplred il stdpkietine. Formixinkd 8)prefdfation was placed
315-339). The conpositions containing the peptide
on aﬁ@@@@ﬂal_&ﬂforh@mﬂﬂ B 2005H 8y ethid QEnBE RROWLAGS hiss A/ or
therapeutic treatnents. In therapeutic applications,
PECRRIROPE Qo ENBIANY Rhtk Beftlnd OTik o ﬁ%tfﬂ%ke[delﬁgr% 2 GV
m a di se ed a n

suffering fro ase, as ScCri ove, 1IN

. L Cher I i al | .
B S B LS kS RSB R

. a nt e te to acconplish this is defjned as
Sahnc?ﬁi’? 3@%?&%@%%@??@8% Y e@&?@fmﬁ fics Bﬁﬂ? d@VPgBﬁ ve for
t.hi se will depend on the severity of the disease

Enﬁgﬂhfp e wei ght and general state of the patient. In
prophyl actic _applications, conpositions containing the
pe Bﬁ? glidect ehBBUHasd PO Gemponpd ANd. & pngheduratinrdndtseyasitly 00
a patient susceptible to-or.otherwise at risk of a

aneipiafolianiha treatingafand eniceSwith carhoplatruast dekes miteflibyetlariges e a
"prophylactically effective dose". In

hemoglobin levels, red blood cell count and hematocrit, was observed. For this study,

increasing amounts of PEGylated TPO Compound No. 1 were administered to mice one
day following a carboplatin dose to characterize a possible dose-dependent effect on
various red blood cell parameters.

The groups of mice were treated with either carboplatin or vehicle (Phosphate
Buffered Saline, PBS ) by intraperitoneal administration on Days -2 and -1 as delineated
below. The optimal dose of carboplatin used to induce thrombocytopenia in the BALB/c
mouse strain was previously determined to be a fractionated total dose of 120mg/kg
given as two consecutive daily injections (i.e., 2x60mg/kg). One day following the
second dose of carboplatin, groups of mice were treated with PEGylated TPO Compound

No. 1 or vehicle (sterile saline, SS, preservative-free 0.9% sodium chloride) by IV (bolus)
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wo@Roovket78PO agoni st necessary for effective thPCHPS2006/005322

wi || depend upon nmany different factors, including

means of adm nistration, target site, physiologica

state of the patient, and other nedicants

adm ni stered. Thus, treatnment dosages should be
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predi ctive indication of human dosage. Various
consi derations are described, e.g., in Glman et al.

(eds), Goodman and G | nekdbde 1 The Phar nacol ogi cal Basis
of Therapeutics, 8th ed., Perganon Press (1990); and
Rem ngton' s Pharmaceutical Sciences, 7th ed., Muck
Publ i shing Co., Easton, Pa. (1985); each of which is

Treallhtt G¥ohpac O porat ed by reference. The peptide
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pbout paglp &01 about 300 ug/kg of body wei ght per day.

THg |SMehitk(EBIosevenat @ped| i S Shegul at ed bEut b indceropditag 5 & 11

OH0 4dMCRbSHIARL | PNvagcinedsh as [Bpaimhe | udBmenticodn DdyeS, 7,9 & 11

AbH ENACAGoMdaN ! ¢1 eaGyideimendi ngoopae f act Buts mivedn Rays 619 & 11
NeverltV of t hel cCompputdNo.d t he a_g_e_“ d_general

3%

c3Adi t ﬁélil?oldﬁtmt hg E@g’jagﬁi L nOUOREKS | ko ERANHETS DY fad: © & 11

(921 Bl WiN—

VEPEES et Padfhed 166 T a65huIK. MR Hic\6h Dalys 8117, 9 & 11
nzg/e trceb§%1 vmthc:oeldgcmfmwhat in vvg%eé)observed CPor éiaBIII

Gp =Gy Bes= Bahaizad a 10 no/m stock solution of

PEGyl at ed TPO Conpound No. 1 was prepared in sterile
saline. For m xing, the preparation was pl aced

On Days 5, 7, 9 and 11, five mice in each test group were weighed and then
cuthanised using CO»-asphyxiation and exsanguinations via cardiac puncture. The blood
samples were transferred to separate EDTA (lavender-top) microcontainers for
hematologic evaluation. Groups of control mice (5) were processed on Days 5and 11.
Results are shown in FIGS. 1-4. The data are presented graphically as group means
+SEM.

Treatment of mice with carboplatin alone caused about a 20% decrease in
hemoglobin levels in the mice by Day 11. This decrease was inhibited by treatment with
all doses of PEGylated TPO Compound No. 1. Minor decreases in RBC count and
hematocrit were also associated with carboplatin treatment, an effect that was inhibited

by treatment with PEGylated TPO Compound No. 1; however statistical evaluation of

this effect was not conducted. Mice in all groups treated with carboplatin alone or
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on a gyratory shaker for 15min. at 200 rpm This

nmet hod was used to dissol ve PEGyl ated TPO Conpound No.
waeroiost f oami ng. The stock was filtered usiPOI/ESIBNG/005322

Mllex (0.22um) filter. Dosing solutions were then

prepared fromthis stock using sterile saline. The

stock and dosing solutions were prepared fresh on the

day of use. EXAMPLE 1 The effect of PEGyl ated TPO

aund .1 on the t] ngd severity of apem a
car QB MR vesteb e B b Betef e Cobmpiprald 4 sxadionced
' bhy_changes. i n henogl obin |l evels, red bl ood
Weig}gtflgsrsga E?e?gs AR NS 130%9 igH graayeraments colidgted on Day 0.
study, increasing anounts of PEGyl ated TPO Conpound
Anglgsis of thphdyaeightimeasirenientying wbses 0 miceyoveothe dwiDay study
carbopl atin dose to characterize a possible
perigd sesgd#p Bnatiembopddtingrntmmt wané carsed thel obsepud deedebse in body
paraneters. The groups of mce were treated with

weights e thetHi@yihted TROWonvwinhe Ne. ( Pitesphiahe rduidrebethe lost
Saline, PBS ) by intraperitoneal adm nistration on

bodPaeseht & allndbses tdst@k del i neat ed bel ow. The optimal dose
of carboplatin used to induce thronbocytopenia in the

BAWBS trBRMS §ith ChBbRatRsioR! ﬁe%lg n&ﬁgﬁi&%&w a@?ga[ré\r%e heq a

fractionated total dose of . g given

S Y S tod BB 03y o IR DG
o 8 5 o USG9l s PR ERTBP A i
o S el B Sioh e Blal PRl p et i e g ppred
o bgggsie-sde;()én%a)rftl. /1Oy body weight). Table 1
EXAMPLE 2

The possibility that PEGylated TPO Compound No. 1 may sensitize bone marrow
hematopoietic stem cells of mice to the toxic effects of carboplatin treatment was
examined. For this study, a dose of PEGylated TPO Compound No. 1 was administered
to the mice seven days prior to the carboplatin dose or immediately after carboplatin
treatment. An additional group was treated with PEGylated TPO Compound No. 1 both
prior to and after carboplatin administration. The effect of these dosing regimens on
hematological parameters was also observed.

The groups of mice were treated with either carboplatin or vehicle (Phosphate
Buffered Saline, PBS) by ip administration on Days 7 and 8 as delineated below. The

optimal dose of carboplatin used to induce thrombocytopenia in the BALB/c mouse strain

was previously determined to be a fractionated total dose of 120mg/kg given as two
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Studyllesigh v co ¢ oated h car Lati-r—alone begap-to -
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T o
Tl I TS TR T NS A 7SR5 T s S e (*SS) 14 & 26
2 20 Vehicle (*SS) Carboplatin Vehicle (*SS) 14, 18,22 & 26
3 20 PEGylated TPO Carboplatin Vehicle (*SS) 14, 18,22 & 26
Compound No. 1
300ug/kg
4 | 20 Vehicle (*SS) Carboplatin PEGylated ;P01C0mp0lmd 14, 18,22 & 26
0.
300ug/kg
5 20 PEGylated TPO Carboplatin PEGylated TPO Compound 14, 18,22 & 26
Compound No. 1 No. 1
300ug/kg 300ug/ke

On Days 14, 18, 22 and 26, five mice in each test group were weighed and then

euthanised using CO,-asphyxiation and exsanguination via cardiac puncture. The blood

samples were transferred to separate EDTA (lavender-top) microcontainers for

hematological evaluation.

Groups of control mice (5) were processed on Days 14 and

26. Results are shown in FIGS. 5-8. The data are presented graphically as group means

+ SEM.
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No. ldecreased the onset, frequency and severity of

these signs in manner that appeared to be
waelomgrgispendent . EXAMPLE 2 The possibility thaeCT/US2006/005322

PEGyl at ed TPO Conpound No. 1 may sensitize bone marrow

hemat opoi etic stemcells of mce to the toxic effects

of carboplatin treatnent was exam ned. For this study,

a dose of PEGyl ated TPO Conmpound No. 1 was

dmi nj d.to the mce.seven days prior to the .
cargopREs S na%%gz%féfﬁ”?ﬁi?m i e oo T o
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nemop P TG 55O AORBICI Bl Sy GRE isedyDags 18 nd 22

carboplatin admnistration. The effect of these dosing
compaigfl iR Frteh SeERat Blesrdastiasqsareappresesedias tha lagministration of

observed. The groups of mce were treated with either
PEGydateb pP@tGomponnd Mhi LoeDaPR ¢k phatadieBihe keoad cGabplatn

PBS) by ip adm nistration on Days 7 and 8 as _
treagigsinb)veititotomeitioan adilitnalpddseaf PBOglated TPOACHapdidiNG. Uad

to induce thrombocytopenia in the BALB/c nouse strain
Dayia hopeey, theladiyinieh@ino PG ifedere dondfobh®#RBt £n My @l(only)

dose of 120ngy/ kg gi ven as twoconsecutive daily

e . 2 S ' to th
failddnp @Fédt @%oﬁlbt-uﬁmdugéﬁas(ﬂﬂfgéegﬂ) the%%fﬁﬁroqgﬁéz) t%{re?«{r% 0 €

first carboplatin dosle or one O;,I . e
. . ce re
Cr oangigeRe ey Ff&‘@ﬁ#%%ﬂ&%&%%%%lﬁ%ﬁ? f‘iff“(%?%?é‘/%’g}ﬁs;/
[ . ' ' ervative-fre . 9%
ond 28 AR Bt B i FbBim e R SER soutS abhrhenvish

T L.

afte 8, t=lh) the carboplatin dose. Al dosing
trea §’“¥5§%ﬁg¥1ﬁﬁ'&| apshvag OB eFaEPRImentd #4thHGboed TP dsadynd No. 1
wei ght

either ma?ntal)néd body weight or experienced normal weight gain between Days 7 and

26. Analysis of the body weight measurements over the study period suggests that
carboplatin treatment was the major contributor to the observed decreases in body
weights and that co-treatment with PEGylated TPO Compound No. 1 prevented this
weight loss, however a statistical analysis was not conducted. Differences in body
weights observed between Day 7 (prior to dosing with carboplatin) and Day 26 (study
termination) are presented in FIG. 8.

All mice in the control groups appeared normal throughout the study period.
Mice treated with carboplatin alone began to exhibit altered appearance and behavior as
early as Day 12 with frequent signs of hunching and appearing unkempt. Many mice
receiving carboplatin (without or with PEGylated TPO Compound No. 1 treatment)

assumed a hunched position and appeared unkempt during the latter half of the study
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decreases i n body
Buffered Saline, PBS) by ip administration on Days -1 and 0 as delineated below. The

optimal dose of carboplatin used to induce thrombocytopenia in the BALB/c mouse strain
was previously determined to be a fractionated total dose of 120mg/kg given as two

15  consecutive daily injections (i.e., 2x60mg/kg). One hour (Day 0), one day (Day 1) or
four days (Day 4) following the second dose of carboplatin, groups of mice were treated
with PEGylated TPO Compound No. 1 (300ug/kg) or vehicle (sterile saline, SS,
preservative-free 0.9% sodium chloride) by IV (bolus) injection as delineated in Table 3.
The dose was administered on a per-weight basis (100ul/10g body weight).

20
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observed. For this study,

Conpound No. 1 was adm nistered to m ce,

an anount of

PEGyl at ed TPO
one (1) hour,

onen([Mays 828, 10r& 12 Hve(die hoaash fesl droup wereawd giredaptl dtenn
dose. The groups of mce were treated with either

euthﬁtﬂgekaciﬁin%td@ Aphyi&dtionl8d eaasaRalons Bl detiethubaiutd) Ehe blood
ip admnistration on Days - 1 and Qas
samglgi %&%%ﬁ&ex@&l ﬁvyepzﬂi}@ EDTA (lavender-top) microcontainers for
hematological evaluation. Groups of control mice (5) were processed on Days 6 & 12.
Results are shown in FIGS. 9-12. The data are presented graphically as group means +
SEM.
Treatment of mice with carboplatin alone caused dramatic decreases (approx.
47%) in hemoglobin levels, RBC counts and hematocrits in the surviving mice (2 mice)
by Day 12 compared to control groups. These decreases were prevented by the
administration of PEGylated TPO Compound No. 1 on Day 0 (1 hour after carboplatin
treatment) and on Day 1; however, the administration of PEGylated TPO Compound No.
1 on Day 4 failed to affect carboplatin-induced changes in these erythrocyte parameters.
Mice in all groups treated with carboplatin alone or carboplatin plus the various

doses of PEGylated TPO Compound No. 1 experienced weight loss on Days 6, 8, 10 and

12 relative to body weight measurements collected on Day -1. Analysis of the body
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of 120rng/ kg given as two consecutive daily injections
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Decilech@Y a6t viedihts tBseived betvatmBag - f ard Deynl ak piseréd in FIG.
eval uation. G oups of control mce (5) were processed
11).on Days 6 & 12. Results are shown in FIGS. 9-12. The
data are presented graphically as group neans + SEM

Tr a3t IR0, AL Bt wggggpgrgiﬁgﬁé@%dl fhrBugiott Gauaad Iperiod.

dramati c decrease rox. i n henogl obi n level s,
v PSP BuEIRAORE B IR T
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reclyapg RSP hoH: PR THE OSHERINE K6, | Fofietsly

4 failed to affect carboplatin-induced changes in .
assumted eduaehedippgition anduppgared Bpesid in thexlafter hatf ofdgqﬁm@y period.

treated with carboplatin alone or carboplatin plus the
Somearfitiass mice also had soiled anogenital areas. Other infrequent signs included
appearing emaciated, having sagging eyelids and exhibiting an abnormal gate. Treatment
with PEGylated TPO Compound No. 1 did not appear to have a dramatic effect on the
onset, frequency or the severity of these signs, however a detailed analysis was not
conducted.

Prevention of carboplatin-induced anemia is observed when animals are dosed
with PEGylated TPO Compound No. 1 within 24 hours of chemotherapy. This data
suggests that PEGylated TPO Compound No. 1 has myeloprotective effects that are not
limited to the megakaryocyte lineage.

EXAMPLE 4
The ability of PEGylated TPb Compound No. 1 to function as a survival factor

for megakaryocyte and erythrocyte lineages in carboplatin-treated mice as determined by
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O, .Day 1 or, Day 4 did not, a ar to affect. the kght
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presented in FIG H. Al mce in the control groups
induced by zrebdplatin.ntl this sudbithe effect RElogten dgsepef P%‘éylawgéfé’
treated with carboplatin alone began to exhibit
Comaburgnésl 1appe30, 40¢ enddfubbdnon e sayivahef arythsociplingags tygs
frequent signs of hunching and appearing flaccid. Many
exanih&iro lcB&BE Y RGhE dosbagpainderfor thistelffect or w th PEGyl at ed
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POBhd Bl HFGnitdRER 1 RE el WagiG tHled dArHopatin @k Wetticlb @Ptospifate
t he study period. Some of these mice also had soiled
Buff& 39 4G, ?bsﬁﬁa}eﬁsadm?iﬁﬁd’tioh BhTRYYENind ANRlihaeddisigsly. The
appear | ng emraci at ed, havi ng saggi ng eyel i ds and
.exhi biting an.. r ST el i
optificlortsathel S B oS o eGP e WAt e
effect. on the onset, frequenc r.t [
was Bl aRIy gET ROt e ot e Sl 2 PEYRE vkl oo
conduct ed. Prevention of carhopl atin-.i nduced em a,.is
consomp gl REHOR] rip SRR ABBF e e it SRR e
Compound No. 1 within 24 hours of chennthfrapy. gpis
secodd tlese gerbapletin. Igsauppetapicarvesge treatsdoniib SHFalakgd THO frggpound

nyel oprotective effects that are not )
No. 1 or vehicle (sterile saline, SS, preservative-free 0.9% sodium chloride) by IV (bolus)

injection as delineated in Table 4. The dose was administered on a per-weight basis

(100ul/10g body weight).

Table 4
Treatment Groups: ]
Gp{ N Pretreatment Test Article Dose (iv) Blood Collection
(ip), Day 0
Day-1&0
1 10 | Vehicle (PBS) Vehicle (SS) Sham Eut 5 mice on Day 6 & 12
2 15 Carboplatin Vehicle (SS) Sham Eut 5 mice on Days 6, 8 & 12
3 15 Carboplatin PEGylated TPO 30ug/kg Eut 5 mice on Days 6, 8 & 12
. Compound No. 1
4 115 Carboplatin PEGylated TPO 100ug/kg Eut 5 mice on Days 6, 8 & 12
Compound No. 1
5 |15 Carboplatin PEGylated TPO 300ug/kg Eut 5 mice on Days 6, 8 & 12
Compound No. 1

Gp = Group; Eut = Euthanized
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1 as | ow as 300ug/ kg were found to prevent the anem a

i nduced carboplatin. In this study, the effect of
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100 and 300ug/ kg) on the survival of erythrocyte
euthapisechying GRs-asphanirhenrndexsmgrmetiensiviacardiac puncture. The blood

dose-response for this effect. The groups of mce were
samiples &teettraisfelreditd separacdIBDP ((lav¢mlentopy siiratcatfiiRkno&phat e

Buffered Saline, PBS) by ip adm nistration on Days - 1

henfslodlc avalehioh NSadupe ob&In@ol midee 5 PPt Padceshes en ®lays 6 & 12.
carboplatin used to induce thronbocytopenia in the

ResBIN-BE GhobserIekriaim, was previously determ ned to be a
fractionated total dose of 120ng/kg given as two

CORSE, ﬁh‘ltehtvcﬁ nddal bith 'cﬁb@ﬁ%ﬁrf’@éné daufed a é&ﬁg{@ d&(ﬂé% decrease in

Approxi mately one hour ow ng the second dose o

opl.akin, U
herriglg[g?) rP]l[ 6983 epoﬁlu 4y %cﬁ)iwer&e\?é{]ggﬁt t%ga lyltutllﬁbllted by
r iV ree 9W SOdI hl e) b
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dose was adm nistered on a per-we ght basis (| QQul/

Corppripd N § 13tsp effwmemmb%@e gecrgasghi REL- counjpang f@énaf% t

each test group were wei ghed and then eut hani sed usi ng
thatGgere ingypasybyi carioptptiamgat@estingui nat i ons vi a cardi ac

puncture. The bl ood sanples were transferred to
seFsattiell EBT Af (he avienidell-gropp tiehted edtbreithénarhoplatin alone or

carboplatin plus the various doses of PEGylated TPO Compound No. 1 experienced
weight loss on Days 6, 8 and 12 relative to body weight measurements collected on Day -
1. Analysis of the body weight measurements over the 13-Day study period indicates
that carboplatin treatment alone caused the observed decrease in body weights.
PEGylated TPO Compound No. 1 did not appear to affect weight loss or recovery in this
study.

Mice treated with carboplatin alone began to exhibit altered appearance and
behavior by Day 4. Some of the mice assumed a hunched position and appeared
unkempt. Many mice also had soft stool. Few animals appeared flaccid and few
presented with blood in stool. Treatment with PEGylated TPO Compound No. 1
decreased the onset, frequency and severity of these signs in manner that appeared to be

dose-dependent.
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manner that appear ed to be dose- dependent ‘ﬁ(yéﬁ df
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carboplatm (i.e., 70 mg/kg/day administered on Days -1 & 0 and Days 10 & 11)as
delineated below. The dose of carboplatin utilized for these survival studies exceeded the
maximal tolerated dose for mice (i.e., 120 mg/kg; administered as 60 mg/kg/day on 2
consecutive days). One hour following the second dose of carboplatin in each round (ie.,
Day 0 and 11) mice were treated with PEGylated TPO Compound No. 1 (100ug/kg) or
vehicle (sterile saline, SS, preservative-free 0.9% sodium chloride) by IV (bolus)
injection as delineated below. The dose was administered on a per weight basis (100

ul/10g body weight).
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(100ug/ kg) or vehi cl e (sterile sallne SS,

preservative-free 0.9% sodi um chloride) by IV (bolus)

i nj @edryn’.dd, 483 Inansk Bdfiemdses, inFaeh hssgrowp¢25 mice/group) then

adm ni stered on a per weight basis (100 ul/l Qg body
euthveiisgh ipinDCQl aagshyRjation and Bxsa@guinadiods 2@ chidiee princerd. iThe blood

each test group (25 m ce/group) then euthani sed using
sanfpl®- aspdyamafered &andsepxaen @D Trat (laveadst-@p L ahitk@ontainers for

puncture. The bl ood sanples were transferred to

hendRPlogiehleviidinon. | GYRIPEF thitidl niit€ efed xahnaE Yeliblkes alone were
hemat ol ogi cal eval uation. G oups of control mce

probdseaf fAnMidk TABner e MeGhiRSar@kRiien WEERS. 15. Treatment of mice with
two rounds of carboplatin resulted in the development of a moderate anemia that was
observed between days 10 and 21 while, mice treated with 2 rounds of carboplatin and
PEGylated TPO Compound No. 1 maintained hematocrit values throughout this period
that were similar to the control group. Interestingly, of the mice not utilized for
hematological evaluation, 7 mice in the group treated with carboplatin alone died
between days 4 and 18 while only 1 mouse in the group receiving combination therapy
expired within the same period, with most of the deaths occurring within the period of
anemia. These results suggest that carboplatin-induced anemia may contribute the death
of mice receiving high levels of chemotherapy and that PEGylated TPO Compound No. 1
may function to increase the survival of the mice by preventing the development of the

anemia.
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anem a. These results suggest that carboplatin-induced
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npound

5  werdYeeatel WY PEGNGEH PO Corh N8RS {BBuTKEVdr(BhicRi(sthiR saline,
m ce by preventing the devel opnent of 't he
SS, pn &M AivEXeMDbE Q)élﬁﬂﬁ %lﬁgﬁ&ﬂ%gﬁ{fl (Bolﬁg)qg'legﬁdn ﬁrdgﬁﬁ)esate%fin
ce were treated w vehi cl e “or |nc]reaS|ng anounts
Tablng carboplatin (i.e., 60, 70 or 80 ng/kg) for 2
consecutive days (Day - 1 & Day 0). Approxinately one
hour follow ng the second dose of carboplatin, groups
of mce were treated with PEGyl ated TPO Conpound No. |
(100ug/ kg) or vehicle (skdlefe saline, SS,
10 preservative-free 0.9% sodi um chloride) by IV (bol us)
injection as delineated in Table 5. Table 5 On Day 15,
Study -1 Qn[:'i ce T atHt—treatment—groups—were—etthant-set—ustRg——
Gp CBPL dosed Treatment Blood Collection
Days -1 & 0 (iv), Day 1, /
(ip) 1h post-CBPL Analysis
Eut 3 mice on
1 3 Vehicle (PBS) Vehicle (*SS) Day 15
2 3 Carboplatin (60mg/kg) Vehicle (*SS) Day 15
3 3 Carboplatin (70mg/kg) Vehicle (*SS) Day 15
4 3 Carboplatin (80mg/kg) Vehicle (¥SS) Day 15
5 3 Carboplatin (60mg/kg) PEGylated TPO Compound No. 1 Day 15
(100ug/kg)
6 3 Carboplatin (70mg/kg) PEGylated TPO Compound No. 1 Day 15
(100ug/kg)
7 3 Carboplatin (80mg/kg) PEGylated TPO Compound No. 1 Day 15
(100ug/kg)
On Day 15, the mice in all treatment groups were euthanised using CO»-
asphyxiation and exsanguinations via cardiac puncture. The blood samples were
15 transferred to separate EDTA (lavender-top) microtainers for hematologic evaluation. In

addition, several organs (including the brains) of control mice and mice treated with 2x70

mg/kg carboplatin without and with co-treatment with PEGylated TPO Compound No.1
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No.l. It should be noted that all of the mce treated
carbgplatin GBGHYTege dardnsgs! iatplatelétaind RBC vaines iadidae by firund
dead or were euthanized (noribund) prior to study

carbbelntin wateitomlly Inhitete@ 8y tr8ghient wih 1RIPHARaA $POITRHEHI No. 1.
w th 2x80ngy/ kg carbopl atin and PEGyl ated TPO Conpound

It shb@d bé nStefi YiaY 81 ofHAE Inlicd @&teﬁ%@gm@%gﬁé@ﬂb ST (Ql%hé)%ﬁe;e

t
and did not exhibit thronbocytopenia or anem a

eithel Pounldl BRhPHOYLE @Lth%?{?édg?%o%@ﬂ%@;)g% go {%?é}t tQ%Bg%??’ggt rol

m ce exhi bited sma

I [ d [ls
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[ o] f fibrinogen/fibrinis
Comgy AN EE M orEirlh Boritheghleniobdy etmbepr Brd fidgenchibia
normal conponent of plasma. Brain sections frommce
ﬂ“mPg%%WﬁﬁmﬁP pregas pBPR%EPn al one (2x70ngy/ kg) cont ai ned

smal | bl ood vessels that were ) -
Histological evaluation of the brains of control mice exhibited small blood vessels

that appeared normal. Many of the vessels contained red blood cells and exhibited a dim
stain for fibrinogen. Dim, intravascular staining for fibrinogen/fibrin is expected in these
control mice since fibrinogen is a normal component of plasma. Brain sections from
mice treated with carboplatin alone (2x70mg/kg) contained small blood vessels that were
totally occluded by material staining intensely positive for fibrinogen/fibrin. These
microthrombi were frequently observed in tissue sections from all mice of this dose
group. The small vessels in brain sections from mice treated with carboplatin and
PEGylated TPO Compound No. 1 appeared normal or exhibited fibrinogen/fibrin staining
that was only slightly darker than the control group. A single, microthrombotic event

was noted for the entire dose group.
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carboplatin treated mce [as set forth in Exanple 6].
chemptierappanghibodgankat adni ni strati on of PEGyl ated TPO

Compound No. 1 reduces
FIG. 18A and FIG. 18B shows the effect of treatment of PEGylated TPO

Compound No. 1 on platelets and hematocrit of carboplatin treated mice [as set forth in
Example 6].

FIG. 19 shows that administration of PEGylated TPO Compound No. 1 reduces
fibrinogen deposition and blood clots in brain sections from carboplatin treated mice as
set forth in Example 6.

PROPOSED MECHANISM OF ACTION

FIG. 16 shows what is believed to be the mechanism of action of the anti-anemic
effects of PEGylated TPO Compound No. 1. As can be seen by FIG. 16, chemotherapy
induces damage to the endothelium of small blood vessels and suppresses hematopoiesis.
In the absence of PEGylated TPO Compound No. 1, a thrombocytopenia rapidly

develops as circulating platelets become activated by the altered endothelium and deposit
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contributing to the devel opment of

PEG% féﬁtﬂF’@'@(ﬁﬁ JuRd e d iGN c‘ﬁemgﬁlelt g?%dﬁ%&t ddhdaR to the
PEGyl ated T O Conpound No. inhibits

end%ﬁ%ﬂi%m%?ﬁl%@ vés@gy gﬁgés R Hﬁlr@rﬁg&{g}ﬁh b?i];lolﬁgc
s and

vesse ronot es t e antit

aﬁl&f éﬁrﬂcﬁg %’g{ é%gtel%téall\}ht I %ﬁg%{aat(ﬁ)l rtlgrgx\llqgf xg%t rﬁllg\?%lﬁ%argds the

hr oD

oS AR P2 b vBeeaf b et A 0%

nmegakaryocyte precursors in the marrow, pronotes the
CoBPAIIN: 591 FreeAr Y eIraquat Bt 19, the @AFRY eliPEI0fes the production
mai ntai ned and anem a is prevented. FIG 17 shows what
of nosmpleiatelgte d Hemopasis ismpaintpingdhand ansgugyis psfvieaietls on
hemat opoi etic cells of PEGyl ated TPO Conmpound No. 1.
FIG. 17 shows what is believed to be some of the lineage effects on hematopoietic

cells of PEGylated TPO Compound No. 1.
EXAMPLE 7
BINDING ASSAY

The activity of the peptide compounds can be determined using standard relative
luminescent units assay techniques. The assay employs, e.g., murine cells engineered to
stably express the human TPO receptor and a luciferase reporter construct driven by the
fos promoter. The assay may be performed as follows: Serum deprived Baf/3 hTPOr
fos/lux cells expressing the human TPO receptor, c-mpl (hTPOr), and a luciferase
reporter construct are exposed to increasing concentrations of either thTPO or peptide
compound for approximately 18 hours. Cells are then incubated in a medium containing a

luciferase substrate and the luminescence of the cells is measured using a luminometer.



EXAMPLE 7 BI NDI NG ASSAY The activity of the peptide
conpounds can be determ ned using standard relative

wo eovressent units assay techni ques. The assayPENphmye&005322
e.g., nurine cells engineered to stably express the
human TPO receptor and a |uciferase reporter construct
driven by the fos pronoter. The assay may be perforned
as follows: Serum deprived Baf/3 hTPCI fos/lux cells

ex %ﬁcﬁ%%{!;(g g%glhgre%(g %ﬁ?}& at%%é(? (I&L? OH?%N 8 %‘éléat-gg ga}/ 3 CeeH]S

|ncrea3|ng concentrations of either rhTPO or peptide
fecmm%@mxwéﬁswﬁbw|%-& iy a flgserfipperdeniiaphign. g shayeyin Fig.
i ncubated in a nmedi umcontaining a |luciferase
21, sfoanger agtigatignddl fIRE-R ik nbseeved ehenfthe ¢edls eeekd ginidated with the
nmeasured using a |l um noneter. As shown in Fig. 20,
PERHGyd 2POdCohRoOuidpolithen PO 4 tlecthineabecnBafidn3 ThelBG, for
reconbi nantly expressing human TPO-R in a dose
PEGaedTROICdambh®No. AsasisnwnspM.Fi g. 21, stronger
activation of TPO-R was observed when the cells were

st i Atoakie eni prdteddtBebddihmalie df HRGh FRRBR 'elfédspégflca'.lllyl Jb@éhbed
TPO at the sanme concentration. The EC50 for PEGylate

above, Qt GRPRU AL NGated tmsm?tﬂﬁﬁitmgs Rl AbRGHIE: o }ﬁventmn are

preferred erbodi nents e invention are

[ Ve a C|ated

oo R Pl B B b B G A ROEARHES
possi bl e mnthout departing fromthe spirit and
i ntended scope of the invention.What is clained is: |
A net hod of preventing the devel opnent of anem a

foll owi ng treatnent conprising adm nistering an
effective anmount of a TPO peptide conpound to a
subj ect in need thereof.
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2. The nmethod of claim1l1l, wherein said treatnment is
sel ected fromthe group consisting of treatnent with

W@ 0008 agents, anti-tunor agents and radi ap@DOS2086/005322

Wh

1.

2.

»

4.

W

10.

11.

12.

A net hod of increasing the production of red bl ood
cells conprising adm nistering an effective anmount of
a TPO peptide conpound to a subject. 4. The nethod of
claim1, wherein the subject is a human. 5. The net hod
of. claim.1, wherein the TPO peptide conpound has
dyelampditmunogeni city relative to one or nore of
rhTPO and rhlL-11. 6. The nethod of claim 1 wherein

t heh methop eppicdenting thsoisvalonmentpd anemiadoltaipgipatoeny e
relati r r -

recRRiapE &g ey AACTHObihe Sompounlf16
f r onbjationheet thegedfo about 300 ug/ kg of body wei ght per
day. 8. A pharnmaceutical conposition for increasing

r e hblnexicbdaeflclainprip duatincaidacsannés iswgleated PONPHP okl
conpound in adm xture with a pharmaceutically L

2 c CRPTDEST HRIFRRr Witey DoRs AREIIS GRU-TH RO SRR ARbFdigtion.
conpri Si a step of adm nistering an effective anount
of mﬁ%@g g’éﬁlﬂeaan%ﬁwé?ﬁat}%ofée% B%Oé_e%l_lﬁ GOpESES |
t heapisterkil anbrREBFRERIE bEATPOYRPRR Jotr%@ul_ficptro d sﬁ;ﬁ%&ﬂ ng

anem a, conprising a TPO peptidé conpound 1 n admXture

W tﬂe%a@tﬁﬁrd}‘%_fé%ltﬂ, GRLLM tRE cgglagjd&%%ri er. | 1. The

met hod of claim3, wherein saidr ood cell is

. SehEEhithdd UANG, GHOUR FOTPOIELAR Aol APRAS.AREE 1 ©

erythrocyte precursor ce ocyt
immunogenicity relative to one or more of thTPO and rhIl-11.

The method of claim 1 wherein the TPO peptide compound has an improved PK

profile relative to one or more of rhTPO and rhIL-11.

The method of claim 1, wherein said effective amount is from about 1 ug to about

300 ug/kg of body weight per day.

A pharmaceutical composition for increasing red blood cell production
comprising a TPO peptide compound in admixture with a pharmaceutically

acceptable carrier.

A method of treating anemia, comprising a step of administering an effective

amount of a TPO peptide compound to a subject in need thereof.

A pharmaceutical composition for treating anemia, comprising a TPO peptide

compound in admixture with a pharmaceutically acceptable carrier.

The method of claim 3, wherein said red blood cell is selected from the group
consisting of lineage specific erythrocyte precursor cell, reticulocyte and
erythrocyte.

A method of preventing the development of anemia following treatment

comprising administering an effective amount of a TPO peptide compound to a
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wa@erdesseri ng an ef fective anount of a TPO peptT/ug2006/005322

13.

14.

15.

16.

17.

18.

19.

erythrocyte. 12. A nethod of preventing the
devel opnent of anem a follow ng treatnent conprising

conmpound to asubject in need thereof, said TPO peptide

conmpound conprising the followng structure: | EGP T
RQ(2-Nal) L AAR(Sar) (SEQID NG 5). 13. The

nmet hod of claim 12, wherein said treatnent is sel ected

the gr n5| i. I '
agsélﬁi gtm g?c&?‘?rﬁﬂgrsmggent%pgé%é @g;};gg % Wl %ﬁg ﬁl}%‘tlg@h%hg
medvhearedf cl aim 12, wherein said effect ive amount is
fromabout 1 ug to about 300 ug/ kg of body wei ght per
dayg GIBT 1R Te{h04l) DA AR (RasSEQ IhROp)oduct i on of red
bl ood cells conprising adm nistering an effective
ampnthetbd 85 ARER PSRt GaPouRchttOselectddTi @t the gaipd
TPO pepti de corrpound conprising the follow ng
st goneisiifreol treanagt pith cytofRx(s F8eniReAnfi-IEmar %qutS(@é r3digtigne
ID NO5). 16. The nethod of claim 15, wherein said red
bI Bezometapd of @mgel?ecwmtelrf sassheffasHveRBRINt dolemabotd usrto

RIS LA P2 S
gg&gﬁl o 1ncrc%§8ggﬁe ?r%éu&%n o?ged é&%jceﬁg lz!)m?lrls%jémt on

€ conpoun adm X wth a
p harrﬂitﬁﬁ%ﬁh paakifyctive amptiatlf @ TP papede compalind Bn peitd.ceid

conmpound, conpri Si he. f :
TPO peptide co oun({1 gontlpn%mg%e &)Wow%lgssttrrugt%trelflr €
IEGPTLRQ(2-Nal) L A AR (Sar) (SEQ ID NO:5).

The method of claim 15, wherein said red blood cell is selected from the group

consisting of lineage specific erythrocyte precursor cell, reticulocyte and
erythrocyte.

A pharmaceutical composition for increasing red blood cell production
comprising a TPO peptide compound in admixture with a pharmaceutically
acceptable carrier, said TPO peptide compound comprising the following

structure:
IEGPTLRQ(2-Nal) L A AR (Sar) (SEQID NO:5).

A method of treating anemia, comprising a step of administering an effective
amount of a TPO peptide compound to a subject in need thereof, said TPO

peptide compound comprising the following structure:
IEGPTLRQ(2-Nal) L A AR (Sar) (SEQ ID NQO:5).

A pharmaceutical composition for treating anemia, comprising a TPO peptide
compound in admixture with a pharmaceutically acceptable carrier, said TPO

peptide compound comprising the following structure:

IEGPTLRQ(2-Nal) L A AR (Sar) (SEQ ID NO:5).
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wa@erdesseri ng an ef fective anount of a TPO peptT/ug2006/005322

20.

21.

22.

23.

| EGPTLRQ(2-Nal) L AAR(Sar) (SEQ ID NQG 5).
18. A nethod of treating anem a, conprising a step of

conmpound to a subject in need thereof, said TPO
pepti de conmpound conprising the follow ng structure: |
EGPTLRQ(2-Nal) L AAR(Sar) (SEQ ID N0:5). 19.
A pharnaceutical conposition for treating anem a,
conpri S a TPO, peptide conpound in mxture with a
oh RIS DR PR B (P RlAPICRLst aneia SllP i B isnest | e
C ONGuRRAdinG QRMIdistértE don@reb@ld SMuRbosd TP@E)H}Bt?d'e donfpohidtoh
LRQ(2-Nal) L A AR (Sar) .éSEQID NO: 5). 20. A"net hod
of ypisgidnneeighesel, sud dPOmephde efmponadiemprididpihe figllowing
tresqltu%{%%g conprising adm nistering an effective anount
of a peptide conpound to a subject in need
t hereof, said TPO peptide conpound conprising the
fol | gw %st ructure: wherej,n MPEG is

av
$.

met hoxyp hylxenpe ycol Y havi ng a nol ecul ar wei ght
of appr oXi ely tpns. ,2y. The net hod of
cl ai m 20, rein said at Nt

oC

ected, fromthe
group consisting of trgatnment t(ﬂt/%pg' a%en S,
anti-tunor agents andu i ation . Thﬁr til\lo f e
claim 20, wherein said effective afount, s fromf{about

1 ug to about 300 ug/kg “body Fght per qday.f,23. A

nmet hod of increasin he dycf é: NWO' cells

con‘prlﬁg adm’h\l‘(gt e ektlve anvunt_of a O
OH

peptrcy oynd It eN::f, 53 Y, B

o HNZ ~NH,

2

wherein MPEG is methoxypoly(ethylene glycol) having a molecular weight of
approximately 20,000 Daltons.

The method of claim 20, wherein said treatment is selected from the group

consisting of treatment with cytotoxic agents, anti-tumor agents and radiation.

The method of claim 20, wherein said effective amount is from about 1 ug to

about 300 ug/kg of body weight per day.

A method of increasing the production of red blood cells comprising
administering an effective amount of a TPO peptide compound to a subject, said

TPO peptide compound comprising the following structure:
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TPO pepti de conpound conprising the foll ow ng
structure: wherein MPEG i s net hoxypol y(et hyl ene gl ycol)

whaoo7ige7al nol ecul ar wei ght of approxi matel y 20POD0S2006/005322

Dal tons. 24. The nethod of claim 23, wherein said red
bl ood cell is selected fromthe group consisting of

I i neage specific erythrocyte precursor cell

reticul ocyte and erythrocyte. 25. A pharnmaceutica
conmposi tion for increasing red blood cell production
conpris ~a TPO peptlde conpound in adm xture with a
phar b, al | ccept abl'®yearrier, said TPO peptide
conpoundoc nﬁ?ys| f of Ppwi ng—8tructure: wherein
MPEG i s mefhoxypot ytgt hyl ’o‘ﬁ vi ng a

nol ecul ar MEIght of apprOX|n€t- 70 ns. 6. A
met hod of treating ameﬁ% , conpf i) 'ng a s
admi ni stering an effective anpunt f a peptlde
conmpound to a subject |nHN e th sﬁ

pepti de conpound conyr i Ture:
wher ei n G uékg o Hhving a
mol geullan a OOO DaMpons. 27.
A pharh tléal ﬁb05|t| N fo eatlng L a,
conpri si ng,780: TPO peptlde e@rpound in admi xture with a

phar maceutically acceptable carrier, said TPO peptide
c onvpleueid MEPHEM is sethox yiphly (dtiof 1y ol dar ingtaumeecuddrera gt of

MPEG i s. nmeth ethylene gl ycol ) having a
noﬁg@ﬁVﬁPmﬁg%@ﬁ@8k%' rOX|nater 20,000 Dal tons.28. A

24.¢ 5] ﬂ%\%e{g (f efg*ia? o) ng/herel% said reé 8%%3 get:ll gfselgcr:]tgcrln from the group

25.

consisting of lineage specific erythrocyte precursor cell, reticulocyte and
erythrocyte.

A pharmaceutical composition for increasing red blood cell production
comprising a TPO peptide compound in admixture with a pharmaceutically
acceptable carrier, said TPO peptide compound comprising the following

structure:

he
fﬁf%ﬂ ﬁii o J?i
-2 @«@w %f* %.,*k”)‘“ﬁ

wherein MPEG is methoxypoly(ethylene glycol) having a molecular weight of

MPEG

vl

k4

approximately 20,000 Daltons.
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conprising adm nistering an effective amount of a TPO

peptide conpound to a subject in need thereof, said
waRO7pepsi de conmpound conprising the foll ow ngPCT/US2006/005322

structure: | EGPTLRQ(2-Nal) L A AR (Sar)

K(INH2) / | EGPTLRQ(2-Nal) L AAR(Sar) . 29.

The nethod of claim 28, wherein said treatnent is

selected fromthe group consisting of treatnent wit h

cyt ot oxi C nts, anti-tunor agents_and radi ation.

26. 7h e B H GPAIEAnRTISS COMPIENTS PoeR Pl PiseTng @1 aﬁﬁ%yuﬁ%
IS dnicumt SROEPO beptilielBmPORidto AQAbjEE ik el thOOSKY s rgbt
per day. 31. A nethod of increasing the production of
r edPeplidroepensiung coroprinsthe ipligtsitsicare:ng an ef fecti ve
anount of a TPO peptide conpound to a subject, said
TPO pep e corrpound conprising the foll ow ng

strquF‘u 5@ - Nal ) L A AR (Sar) \
K(NH2) "/ &

A’A R (Sar) . 32. The
met hod of j dl r dﬂ ood cell is
sel ect ed fro‘?‘hthe gr oup qur“

HY NH,

5 wherein MPEG is methoxypoly(ethylene glycol) having a molecular weight of
approximately 20,000 Daltons.

27. A pharmaceutical composition for treating anemia, comprising a TPO peptide
compound in admixture with a pharmaceutically acceptable carrier, said TPO

peptide compound comprising the following structure:

g
ij M“Z“giw:)i
N nfm%fw Jptopdet

OO HN)NiNH

2

10 o7 oH HNZ TNH,
>

wherein MPEG is methoxypoly(ethylene glycol) having a molecular weight of
approximately 20,000 Daltons.
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w@b@roeoeut i cal conposition for increasing red,P®i/osm06/005322

28.

29.

30.

31.

32.

33.

consi sting of |ineage specific erythrocyte precursor
cell, reticulocyte and erythrocyte. 33. A

cell production conprising a TPO peptide conmpound in
adm xture with a pharmaceutically acceptable carrier
sai d TPO pepti de conpound conprising the foll ow ng
structure:l EGPTLRQ(2-Nal) L AAR(Sar) \

KINH2) / I EGP T L R 2- L. R.

nef*ﬁ%edh%if of.tHr%vgpp%thg Hg%&neeglﬁ%%qegﬁuﬁfgoﬁ gw%‘rfgggera%?ent 34. A
adgd &k B ddREni8Rrift Lieetdcnoe aRBuNbE 8TPO FERRipappaead to 2
conmpound to a subject in need thereof, said TP

pepthjestinoeap Sermof.ceidpriQ periide RRMPHNASRMRESISE Fh?gPH?‘t‘-SiP&
E th TLRQ(2-Nal) L AAR(Sar) \ K(NH2) / | EGP
T i tLE‘Qe‘(z- Nal) L A AR (Sar) . 35. A pharnmaceuti cal

coppasiti E ag i ma, conprising a TPO
pegggg%tﬂclggp(g%g%bﬁ“éémﬂﬁﬁfe with a phar ngceuti cally
acceptable carrier, said TPO \

K(NH,)

IEGPTLRQ(2-Nal)L A AR (Sar) .

The method of claim 28, wherein said treatment is selected from the group

consisting of treatment with cytotoxic agents, anti-tumor agents and radiation.

The method of claim 28, wherein said effective amount is from about 1 ug to

about 300 ug/kg of body weight per day.

A method of increasing the production of red blood cells comprising
administering an effective amount of a TPO peptide compound to a subject, said

TPO peptide compound comprising the following structure:
IEGPTLRQ (2-Nal) LA AR (Sar)

K(NHz2)
/
IEGPTLRQ(2-Nal) LA AR (Sar) .

The method of claim 31, wherein said red blood cell is selected from the group
consisting of lineage specific erythrocyte precursor cell, reticulocyte and
erythrocyte.

A pharmaceutical composition for increasing red blood cell production
compfising a TPO peptide compound in admixture with a pharmaceutically
acceptable carrier, said TPO peptide compound comprising the following

structure:
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34.

35.

EGPTLRQ(2-Na

pepti de conpound conpri sin
1)
wa2a07m4a@(2-Nal) L A A

g the follow ng structure: |
LAAR(Sar) \ K(NH2) / | EGP
R (Sar) . PCT/US2006/005322

JEGPTLRQ (2-Nal) L A AR (Sar)

K(NHy)
/
IEGPTLRQ@2-Na)LAAR(Sar) .

A method of treating anemia, comprising a step of administering an effective
amount of a TPO peptide compound to a subject in need thereof, said TPO

peptide compound comprising the following structure:

IEGPTLRQ (2-Nal) L A AR (Sar)

K(NH,)
/
IEGPTLRQ(2-Nal)LA AR (Sar) .

A pharmaceutical composition for treating anemia, comprising a TPO peptide
compound in admixture with a pharmaceutically acceptable carrier, said TPO

peptide compound comprising the following structure:

IEGPTLRQ(2-Nal) L A AR (Sar)
K(NHz)

/
IEGPTLRQ (2-Nal) LA AR (Sar) .
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