WO 20071094781PCT/ US2006/ 005322 USE OF TPO PEPTI DE COVPOUNDS AND
PHARVACEUTI CAL COVPOSTI ONS | N THE TREATMENT OF ANEM A FI ELD OF THE

| NVENTI O\WOPh&/q9s8sent i nvention provi des pepti de conpomeddseéaiooiszhd t o
and activate the thronbopoietin receptor (c-npl or TPO-R) or otherw se act
as a thronbopoietin ("TPO') agonist. The invention has application in the
fields of biochem stry and nedicinal chem stry and particularly provides
TPO agoni sts for use in the treatnment of human di sease. The peptide
conpounds of the invention e used to treat an [or 10 prevent
the devel opanS@fOEﬁBQIPéEPgﬁB%&OMBpM Mﬁﬂ&%g&?‘gﬁgof red bl ood
cel | s. BACKGROUND CFONHOSTIRNNENGNIE TREATMENE ng TPO has been

cl oned 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. NeIBIDEOBAHIBBEVENTIANO94); Wendling et al. Nature 369:571-574
15(1994); and Sauvage et al. Nature 369:533-538 (1994). TPOis a

gl ycopr ot ei n Thd frestht in@@sion bysvides popiidewoinpoapialize bindno hed adiaaterths ses of 25
kDa and 31 kDa, with a commpn N-terninal amino acid sequence. See, Bartley

et al. C@llrdmg%ogeaﬁ?e&ﬁt%ﬁ clﬁ%r TPOR) 8PHBawSsel Rt M BrdnWopdiesih (MO egi ons

separ ated by potential Arg-Arg cleavage site. The am no-term nal region

S i Ghl ye 6 QRS Vrkalith ARG ORISR, (2A0 pPBSRATRAAEhORINA0 W Lh

eryt hrop nand 1n and 1nterferon-b he car boxy-term nal

region s ec d encoded
pepti de ge&H%th%"? @%}cul}aﬁﬁéﬁ f‘%@qg&%onm n%‘\]/gngq%gﬂ% eﬁ&ﬁ%ﬂ?ﬁave
descri be See_Vi gon .et al USA_89:..564 644 (1992).
TPOR 1 < diseisbrbis SROE Frampric e E‘["FWO&%Wd% P toreifal eém%a‘?&” Sy, a
fam'I& characterized by a commpn struct ural ?r%a of t? (ﬁg cel | ul ar
domail Pﬁd?fﬁdlilerﬂjw?]@a’i‘le’ét&%@‘r%dn@o? ’é‘éﬁ“@ﬂfe’%"r PREUFNSE ion and a
WEXWS notif (SEQ 11) NO 1) close to the transnenbrane regi on. See Bazan
Proc. NaBACKGRQUNEEOF NVENGEING6938 (1990). Evidence that this receptor
pl ays a functional role in henatopoiesis 5includes observations that its
expr essi on i sThegdneieot@ihg BPQ phsdman cloedandesharsgerized. feq Kuter phadrPrpgy ni ce
(see Souyri et al. Cell 63:1137-1147 (1990)) and to negakaryocytes,

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
15 (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
20  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



pl atel ets, and CD34+ cells in humans (see Methia et al. Blood 82:1395-1401
(1993)). Sonme workers postulate that the receptor functions as a honodi ner,
simlar twWothe/wit8uati on with the receptors for G CSF aRdTAISga0kG/005302 et i n.
10The availability of cloned genes for TPOR facilitates the search for
agonists of this inportant receptor. The availability of the reconbi nant
receptor protein allows the study of receptor-ligand interaction in a

vari ety of random and sem -random pepti de diversity generation systens.
These systens are disclosed in U S. Patent Nos. 6,251, 864, 6,083, 913,

6,121, 238 iR, i 68 B Ploonfinod 1 &S0 Bf 482k AAB1 NG hinOM 'l a et
15al . | Smity: 2 Ryl thoradreHach tineon 87:%%‘?%’-%%382%(11990)?( each of the

foregoing 4§.1 r i € . . %ﬁrgqg : ycally
recogni z%ﬁ#ugmggéﬁfcgﬁ%ﬁegg {flﬁ‘lésr;ﬁgg%ﬁ ng%g{l Jsi(bgrlnro (rzltﬁlfl%ta iv;r}l_g in Ptgtg( Ei@ncl ude
eryt hroc heutrophilic osi nophi | 4 c,, and_ba il K ocytes, B-,
T-, non @%n]o)rf? © IQ/&‘BP%BW%E,rargr{ﬁglﬁpa%ngealZ%r} Pnfﬁzlggthn‘%ctag'r%lﬁ%t opoi eti c
cells derive 20 fromand are replaced, on demand,. b rphol ogically

r ecogni z%%ﬁ%'”‘ld@%igéi?%))'ﬁgrvé&.%%B‘Iap%glrF%ePf%platyﬁg%r‘r@QB%%f&gEP F‘?‘Wg & Ssuch as
erythroblasts for the erythrocytes series, nyel oblasts, promyelocytes and
nyel otyt wslufles obspravatigng what ife prEessioniipkestrigied t‘hﬁ@j‘éﬂ@apﬂy‘&d}}%l&wvf%%etﬁlhe

pl atel ets. The precursor cells derive fromnore primtive cells WO
20071094181 ROMidIS2R0B 90 582 2Celh63: 1 E3n1 ki 7pP03x andap megplearytoyiesled i nto t wo
maj or subgroups: stemcells and progenitor cells (for review, see

Br ox ey eplatekdts, Bnd CIDO&3cells Gohwnans Ass Methiafet HeBhod 38i1805-d40% Gg8M)t or Cel | s
and Correlations to Cinical Situations,” CRC Critical Review in

Oncol ogy§bigewioftepdosi A ra2hé YeceprbhBind@drsak hhomsdiaier ssiifaran thepr ogeni t or
cells are operational and depend on functional, rather than on

nor phol ogheabe weth ifiEetéptorSi®B-CSElaid BaWRogvistANSI ve sel f-renewal or
sel f - mai nt enance capacity (Lajtha, Differentiation, 14:23 (1979)), a

”eceﬁé' ty singg %Qﬁ?z?ﬁ@ ReIHER &Ieb?d}nfﬁo-kf}ﬁéﬁtafegkﬁése&‘eﬂm doBfikks i n the
conplete depletion o ne or re cell lineages, events that would | ead
wWithin a,short tine t Lsea t f : S
differ enﬁ‘% ng)oﬁ%%tr{ecr? goé',dhbeu Vgl‘s?%?r@gg @%rgce Hf%gﬁggl}: %8?}%:% %rt;!’%ler?&lfs%?) es(rfrg?écel ls to
mai ntai n the pool of.th(?se cells. Thu§ Ln addition .to intaining their
own ki nd,sng B‘Eﬁeﬁeé’l“gﬂ{gaﬁ InggTa Ogé‘i’Pé’%?%%%g?fpén%?e%f@?%hﬂ% ation into
several sub-lines of progenitor cells with nore Jim.ted self- I
capaci t y JFIsHY Seurationsyueas Tharysieps “F‘rfé%céos ?5@@&%6‘?“ a1 ézéfgﬁr\gt ely
give rise to the norphologically recogni zabl e precursor cells. 15The

pr ogeni t6:08§,8i1?v,§a1a7r1é33§a%2\%1@15369,651, eY0R30A e 0 g PP endrip MG al ong
one, or nore than one, of the nyeloid differentiation pathways (Lajtha,

Bl 00d5 Cehl.,Pros Nad7A¢4D 36i) YSA 87:6378K382AK1290) eadh ofrihetoregsing iagent s, genetic
abnormalities and environnental factors can cause a deficiency in one or
nmor e hemaicofpotaedd lereiebl réfyerse. Addi tional ly, chenot herapy and radiation
therapy used in the treatnent of cancer and certain 20 i nmunol ogi cal

di sorders canTe@mSHHBRRATPRRBEESab arddhdidaillyospalt cellvasiicalatingist r openi a
and t hronbocytopenia. Thus, the increase or replacenment of hematopoietic

cel s ispRbh %hﬁfelé?}-"tlﬁllocirt@s,h@@cr&ﬁﬂﬁﬁ?%ir@bhﬁi@ ChhdtoaSsphiR YranulddyRE, B-, gener al

di scussion of hematol ogi cal disorders and t heir causes, see, e.g.,
Hemat ol qg,ynon 'Bn, 1%}1' "ﬁ%ﬂﬂoﬁyt@g@ﬁ& Eﬁ{%lets. These mature hematopoietic cells derive
20  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



Medi ci ne, E. Rubenstein and D. Federman, eds., Volune 2, Chapter 5,
Scientific American, New York (1996)). The current therapy avail abl e
for many weradegitical di sorders as well as the destrucPCoUSRI06HDES22
endogenous hemat opoi etic cells caused by chenotherapy or 5 radiotherapy is
bone marrow transpl antati on. However, use of bone marrow transplantation is
severly restricted since it is extrenely rare to have perfectly matched
(genetically identical) donors, except in cases where an identical twin is
avai |l abl e or where bone marrow cells of a patient in rem ssion are stored
in a vi athhecah sp@giticdgtbe.didakpto two nstjatsubgroopogemscetiasebprogdnitoe i s an

i nevitabl e genetic m smatch of sonme degree, 10 which entails serious and
sonet i Mgl efoP Alvics B BoahieGaSH. ENES83, cofBbhy BaddyoasHanaopseiol d. First, the
patient is usually inmunol ogically incapacitated by drugs beforehand, in

or der tOPI%gESHiQr CUIVAR ESt SO B @lfini&z@%itﬁéifo]?l's,g@ﬁ@@ﬁti&@'ﬁe@i@wﬁﬁ' I's (host

versus gra reaction). Second, when and if the donated bone marrow cells

becone e%%?ﬁ%éﬁﬂsigrgatofogﬁiﬁaﬁﬁitaCk the patient (graft versus host

di sease), recogni zed as foreign. Even with 15 closely matched famly

donorgs, these conplicatipns of - parti.al msnmatchi.n use of
substinti al (r?Bl?et ﬁn{tvngﬂﬁsq%lagﬁl gfolggafugmlr r E?aﬁcstalr?/g%ﬁ (HP %@n%g %’adfoﬁ}'ow
transplantation froma geneticall]y different individual. Peripheral blood
has al sofusedenal sriaesttpaereo O]é’g’s%]u?‘&t@n%fSt%W‘ 8?#]3 Ve SX?WV%%?W fetic
reconstitution (Nothdurtt, W, et al., 1977, Scand. J. Haepatol. 19:470-
20481; Sy jsHimaigtengce capacyy (Lajthe Adffercnpiatione b $(1979))13 BECESY SRSE har achar ,
A, et al., 1983, J. Cell. Biochem Suppl. 7A:78; Juttner, C. A, etal.,
1985, Br absenck.or eplatidrodf th@e caiorligesubiin shesconRletadepletionf one goggre J.  Cel | .
Bi ochem Suppl. 7A:53; Prummer, 0., et al., 1985, Exp. Hematol.

13: 891- 8948) linchgessowmtsshatchoad] lepd withiniarsgont sl to dishase end desth.Gonmiofided f or
patients with various | eukem as (Reiffers, J., et al., 1986, Exp. Henmatol.
14: 31@- 3k N4 difRreatidie upbn ndl, Bt somd 888, ceBs produceHalbsratend celid o 223- 231;
Tilly, H, et al., Jul. 19, 1986, The Lancet, pp. 154-155; see also To, L.
B. and Jul{dd8h theoolef thds@@ds. Bhird, in aliditlddehBladtain®G thedBSw &fhd, and ref erences
cited therein); and wth | ynphoma (Korbling, M, et al., 51986, Bl ood

67: 529-532). alel ' ' ' al r aitdai led to
ef f ect rﬁ%@ﬁg%ﬁ?ﬁﬁ?gﬁ%?kg%gﬁ%%@g%ﬁﬁﬁéﬁﬂﬁﬁﬁhfgéggg$ﬂ§9%§ﬁ§g¥P?%%4%f847;

Ochs, H .etal . .. 1 Pedi - B L e al so

i nvesti g(‘fflf%esdV ! réloﬁsherm?)eﬁjslb lefirgr%lwlé'% {;/a P %?rlni)%'? ﬁg%%e&agﬁ#g??%ﬁ in, G R,
etal ., 1986, .Tra |.antatiaon 41: 32- 25; hs, H D...et-al., 1 Pedi atr.
Ree. | 15: BRENSECGE Mlgmaigly stgg i o thegorphbigsionlyrechuniffhednecuey s
Touraine, 10J. L., 1980, Exceipta ,Q/ed5 513: 2%7; To.ura.j ne, J. L., 1983,
BirtRS Del“TQEP@g?L‘g?Olggl,ls ag%@ap&plse@ 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
20  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



Good, R A, et al., 1983, Cellular Inmmnol. 82:44-45 and references cited
therein) or neonatal spleen cell transplantation (Yunis, E. J., et al.,
1974, Prowo 2pamdo478fcad. Sci. U. S. A 72:4100) as stem celPCTABA06H853RDr
hemat opoi etic reconstitution. Cells of neonatal thynus have al so been
transplanted in i nmmune reconstitution experinents (Vickery, A 15C , et
al ., 1983, J. Parasitol. 69(3):478-485; H rokawa, K , et al., 1982, Cdin
| munol . | rnmunopat hol . 22:297-304) . Clearly, there is a trenendous
need for methods of expanding blood cells in vitro or therapies, which

i ncr eas eMedicingrBRybensHn aid ReFatatapopds.i \Coleme LsChapteyiSy 8ciemificni a, which is
defined as a reduction in the henogl obin concentration of the 20blood, is
usual | y assodcinaNed Yurk (1986))educti on of total circulating red cell nmss.
Regar dl ess of the cause, anem a decreases the oxygen-carrying capacity of
the bl ood, arnThewhgsntskstafyeavaanl@for neay demaldgivat disordyspat ol aade Si gns.
Clinically, anema is characterized by pallor of the skin and nucus

Merbr anegestradfbnly tHéféﬂh%g%ﬁs@tﬂeﬁﬁsop@feﬁbm%aasedrms@hgm@ﬂmmpy yr Wweakness,
fatigue, lethargy, or dizziness. Mocardial hypoxia may produce

Y DeT {1y Nafofcbl bkl {dhoBnIG, SR3% Ve oné Afto@d St roke vol urre.

Ej ecti1on type ow nmurnurs may develop, and'if the anema 5 is severe
enough, cardi fai l . o s i | assified
' one. of pbaRiug s S BNEREHR s erusr 0T FB Ry B R A T he

cause) oy by. morphol ogic classificatio based on.changes .. hape and

si ze) . E{glege%ilggl?%ﬁpntbqagggpqrﬁ, AETROAT TECHEPEC &% tr\?a\l/g%l%g%‘?gaaeif | oi Mmune
henol yti c anemi a occurs, when the antibody of oge ind% %dual reacts 10 with
red bl oohesPPRe PREYY celfs A R@rHEN I JRHES IASHEORE 1B A 3P 19834 ypi cal | y
occurs follow ng transfusion of ABO inconpatible bl ood and rhesus di sease
of the nByisotin sugh ausolagrus spseadbere ifas| ineyiiaplg 2aPgtisgrisiatch of HUPT $58SR i on.
(Hof fbrand, A. V. in Essential Hematol ogy, 3rd. ed., Blackwell Scientific
Publ 1@ at wbich enta9Sriops ar@ipmetines kethal enmplicationsnTlofse cempligationy WgEvean cause
transi ent drug induced anem a. This 15 can occur by three nechanisns: 1)
ant i bodyfott. Fest, ed pagait sisuall dimigarodeicdl lincapaditn@d &y clongsIbeforétand,. in
penicillin or cephalothin); 2) deposition of conplenent via drug-protein

(ant i gengrdaiiolheidimeRa® tgection bpthk Hereip@ boseinbrrewcbRCGoftevegsus geui ni di ne or
chl oropropam de); or 3) an autoi nmune henol ytic anema in which the role of

the dr Ugreh@tidﬁ?‘.@@m, (vBePand iMBeMbhatl@Béhe marfove B4R Hedsifie edtdlRisRIUC e
di sappears only after the drug is 20 discontinued (however, w th nethyl

D T e T L NG
90- 115 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-
20  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



Apl astic anem a is defined as pancytopenia (anem a, |eucopenia, and

t hronbocytopenia) resulting fromaplasia of the bone marrow. It is

cl assi fi adOi2079PI8imary types: a congenital form (FancoRCTASemca)sand an
acquired formw th no obvious precipitating cause (idiopathic). Secondary
causes may result froma variety of industrial, 5iatrogenic and infectious
causes. The underlying cause appears to be a substantial reduction in the
nunber of henopoietic pluripotential stemcells and a defect in the

remai ni ng . stemcells or an.i e reactjo i nst them npking them unabl e
o di vi daicah Frae fokaries SRR Erthb: ROPpapur SRt Herd e r ow
(Hoffbrand, A. V. in Essential Henatol 0%4 3rd. ed., Blackwell S6ci entific
Publ i catGadman, 1993 et ¢, 1980, Br- JsHigpmaiel 4p223-236; Hllyy - gilnbily 194986,

i mmunogl obulins that inhibit erythropoietin or block differentiation of
henmopoi dthied.astatmpe £54-353; seavdlsa B0, haBeaselutinete Fo s t1PBT.&4iti h Heematobases.
(Andreli, T. in Essentials of Medicine, W B. Saunders, 1986, p. 349).

Neel i s &6: 285-28Bhodrtfer@@ed Jite83hG8in]; 8@ With Ipinplodnees@orblivey, Mhyuetah, r econbi nant
TPO stinulated red blood cell |ineage recovery in rhesus nonkeys exposed to
5 Gy 5t 0t1886,/WIdyd 45529-58D) a0 thenstfBE&Qrskn¢ periphersl) bloowd, hbwe ek iemé Edlpd e
regeneration being initiated 10 days earlier than in placebo-treated

ani mal s.erfdeglichs@uioh fHe@ih?c@, di &G 0$eR), TRYT.Med1:Hes0g}; @uhg, 1!, et ocri t
values than in controls. Basser et al., Blood, 89(9):3118-3128 (1997),

di scl osegef el AAREN ! Si6h A iSfﬁHieFFuave aflsoplﬁ%sfi MAARE uRt UStelat ligastiid m el evat ed

peri pheral bl ood progenitor cells of patients 20 exposed to carboplatin 600

B APATSUSERLED oot o CPRAEIUBAE, S o i
ot BASLET bl LOURTE P OB 95 08 LAQTNgROhaRlge | v

96(3):1683-1687 (1995), discloses that_ TPO acted in syn with EPO to
expalid o b P EBrDgese o162 Rl eutitnsy- lou it sech it re dso

24(2): 265- 269 §1996), di scl oses that TPO expanded BFU-E, CFU-GM and CFU- Mk
pr ogeni t@ods Bt s ef #-, )&, §sliplar brmerpl 7 4fed Sandyafeegnces ¢iteddhesip) us probl em
and has |lent urgency to the search for a blood growth factor agoni st able
t o preverbndthiepiten edlbipmsplantefioraf¥amisaE. I.resat., BiénPrac. Matbdsad Sche survival of
RBC precursors and/or maintain the normal production of red bl ood cells.
The pr es@stA.imMvd00) arstant call stesesfor hematopgjotid stonsSMARYEIBOL TitdnataNVENTI ON
10The present invention is directed to the use of defined | ow nol ecul ar

wei ght pephidigive QB eeatisansplattBeid ingaindesdonoiuanesiparimtie (drkémed. | ow
nol ecul ar wei ght pepti de conpounds have strong binding properties to the

TPO-B,  cane@ag! 19t & FahRitdiPEd (R4 RoAgn HidkAwa, BE! é¥lat., TBAUCES IfinfRoRT f ect's
conpared to known TPO agonists, and have the ability to stinulate, in vivo

and in Vﬂﬁrﬁxﬁfop&tﬂ&.@ﬁzﬁgﬂ%ﬁi)p” of red blood cells. The | ow

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
20  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.



15 nol ecul ar wei ght peptide conmpounds can be in various forns, e.g.,
nmononers, diners and oligonmers and/or can be derivatized with a hydrophilic
pol yner. wWocerdidmlly, such peptide conpounds are usef ul PCOUSRIVS00F3RUL i C
purposes in treating and/or preventing anem a as well as for diagnostic
purposes in studying anem a. Peptide conpounds suitable for therapeutic
and/ or di agnostic purposes have an 20 | C50 of about 2 mMor |ess, and nore
preferably of 2 nMor |ess, as determ ned by, for exanple, a Baf/3 binding
assay (discussed below), wherein a |lower 1C50 correlates to a stronger

bi ndi ng af fi rClinjically, IR@iRis chanactphizedrymaller efdhe ghim pesbaycustRnsagsi de
conpounds preferably have an | C50 of no nore than about 100 gM nore

pr ef er abind byanarifestatiddsant hajoxid, ns@0canivhoniy mealpresd, datigok ylethargymere t han about
100 pm and nore preferably no nore than about 5 pm Pepti de
conpoundgizsitéss alakecak@sl Hypexia ey prainadbyeidydhagnasiiadopwitheaéscrdray m an EC50
of about 2 mMor |less, and nore preferably of 2 nMor |ess, as determ ned

using 5 Mekl akRaWe @GN fectibn WBE FlolNRiinAS S8y eveldtf; AndiF thef Memexanpl e, a
Baf/ 3 bi nding assay (di scussed bel'ow), wherein a | ower EC50 correlates to a

stronger. hLndi f i, TPQ-enRe. FOr pharnaceutical purposes, the
pepti%e ggﬁ%%%n gggﬁgﬂgéﬁ%ﬂgehéggnaﬁ'EC50 of no nore than about 10011M

o PLone! 2Oh S AT ARRN 10RO RS 856161 Ablougg Tor e than

about 100 pm Fa Yy no nore a ou he nol ecul ar
wei ght of the peptide coppounds range anywhere.from gbout 500 to.about
6000 daretmicabibitesek BB SBrs o E HamBIRE S o b (RSt M S dha 1 f ¢ he
pepti de conmpounds are oligonerijzed, dinerized and/or derivatized with a
hydr ophi shage pesl iy Etirlogieal clasiillerting isgppre COmE MYy YBRIPKY: wei ght of such
peptide wll be greater and can range anywhere from about 1500 to about
120, 000 dal t oAHoimaune hemeldicapemiafoceis abew the pgtidodyor ong indbddial 53900
daltons and nore preferably from about 30,000 to about 50,000 daltons.

Sui t 40! ewltdediphod cadls GRBEref anothec [Altbémnmivoe hemelynoaneniiaispédlly occurs

pol yal kyl ethers as exenplified by pol yethyl ene gl ycol and pol ypropyl ene

gl ycol , polowigcChinsfidindf ABYD jgbyipaibleblacd shd thedug disgadelof ttesiewborn. It

pol yvi nyl al cohol , pol yvi nyl pyrrolidone, cellul ose and 20cel | ul ose

derivati ¥B§ cardedehf RNowHg dﬂ@%éxﬁ@@arﬁ%lﬁhtﬁﬁéﬂ.‘(ﬁ&ffb@h@,-A. Vasn Besatidlbed in U. S
Patents Nos. 5,672,662 and 5, 869, 451, the entire content of which is hereby

I ncor por iilreslqtoﬁ)(y o SfieLENBRekwell ScientiVi SObliddGoRERYIFIB. s®NPOUNds are _
derivatized with a hydrophilic polymer, their solubility and circulation

e L1188 2 Sy SRR IR ERBREBLEL Aokt RSk er o001 o

actiyity. Generall sueh .hydr Ll i.c Dol r g an | ecul ar
B R e e e S S Tt et
fromabout 2,000 to . . . . . . .

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

20  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).



about 40,000 daltons and, even nore preferably, from about 5,000 to about
20,000 daltons. In preferred enbodi nents, such hydrophilic polynmers have an
aver age mypeou@u78mei ght of about 5,000 dal tons, 10, 000Pdaitsesns/oasse2 20, 000
dal tons. The peptide conpounds of the invention can be derivatized with or
coupled to 10 such pol yners using any of the nethods set forth in

Zal l'i psky, S., Bioconjugate Chem, 6:150-165 (1995); Monfardini, C et al.,
Bi oconjugate Chem, 6:62-69 (1995); U S. Pat No. 4.640,835; U S. Pat. No.
4,496,689; U, S, Pat Na. .4 ,301,144: U S _Pat. No, 4,6670,417; U S. Pat. No.
4,791, 192 U ABlapndigy i %?T%?%@?%PP% @9aASECOREIR. §1 whi ch ar o

i ncorporated by reference in their entirety herein. 15In a presently
preferr égmé’ﬁ’ﬂﬁ%f)ﬁ‘?é‘}?g respitiag fopt ks iirobrganastovt. Hieis slessified infqwrgmaty on ar e
derivatized wth pol yet hyl ene gl ycol &PEG)..PEG is a linear, water-soluble
pol ymer tBPesed eRpRetitl é& apcopieeify ath kr ecaniredh farmowitie nerpbradushy dr oxy|

groups. PEGs are classified by their nolecular weights, which typically
range f rioeaipilatog c806 (idimbatbics Secoralbouaugkd nGQGesidil fram a vatiety af idesaalt | y
preferred enbodi nent, the PEGs enpl oyed have 20 nol ecul ar wei ghts rangi ng

f r om55, (@fogdaictaod nféaioadcautes2DhdDetlging ensse apf@es oo plsabstimiat he pepti de
conpounds of the present invention can be either branched or unbranched.

(See, e.rgductibbinftaé giriber o€hemoictc plurBlotmaRl aRta1sdraM defli £4n69 (1995) ) .
PEGs are conmercially avail able from Nektar Therapeutics (San Carl o, CA)

Si gma Chemhiamly steth cellB B aPinMineG LB nstI ?A“Nré%@ %?hﬁﬁ%ﬁa tolifadr € not

limted to, nononethoxypol yethyl ene glyco

ol yeol i *y%?éh@%%él?‘ké‘f@‘LP?R?E%E%@%ﬁ‘ﬁ%@%@é%%‘ﬁ?%ﬁ%ﬁ%%%&iﬂéﬁte“y'
(vt Tl o sl Rl alRORT B PRk B B T RSyt oy

(MeREG I M), . Briefl i n _one enbodi ment, the hydrophilic polyner which
i's I é’ﬁwﬁﬁa}s "%‘?“ga.s,lml‘f%&"g%gulﬁﬁsé]?aéilﬁ‘ﬁ?lg/erﬁtéfﬁ?&iméltor B}Péxé‘ﬁ@wla%n thr eact i ve
group sych as a nmethoxy or ethoxy group. Thereafter, the polyner is

act i vat SMRPOIEYSIER RS ia YEraRave beey desongirated ia semercasss  Andesetii T.dni ng agent ,
such as cyanuric halides &g.g., cyanuric chloride, brom de or fluoride),

di i madodZiséentials oMegigined ¥ . Be Sgenders( E98¢, p- 9% hal osucci ni ¢ anhydri de, such as
di bronosucci ni ¢ anhydri de), acyl azide, p-diazoiunbenzyl ether,

3- ( pdi azoni uNshleresrl,) BIRed\bd( 10)088130[p9 781 disnidseaticit hinmar iek@nbifiie TRC | vat ed
polymer is then reacted with a peptide conpound of the present invention to
pr oduce stmpkfrdirettbloodrpeLiitbagddredevery atrhese mbinkdys@xpedell 15 GyAbaEsdagt i vel y, a
functional group in the peptide conpounds of the i1nvention can be activated

f or 16eadiradiation (BH0-kV&-BM) YREH retiofilot i relBReri A Ligltiaka leQfa?seéia,rliié? a
concerted coupling reaction using kKnown coupling nmethods. It wll be

readi | y yailh glkébottbatdddhihdle R&RHs'. dﬁ.o?&’%@ﬁéwﬁ ifbrol OendyeSHih gk can be

derivatized wth PEG using a nyria er reaction schenes known to and

used by pthose; { ] art. 20 Wen used for diagnostic purposes,
t he pept% e cétqn%%%gkghﬁﬁrg?ﬁeulragsbl y are | abeled with a detectable | abel and,

" the prepaPRRPe b PRRaREE et aeh ol e disdan® HasadflniFulopept  ao o
conpou n(}]ijG%rrI-ﬁll\}I(gBI%%luq }/l,lgzgc,(tgrlm elevated peripheral blood progenitor cells of patients
20  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.



(1) a ol ecular weight of |ess than about 5000 daltons, whether nononer,
dimer or oligoner, and 5(2) a binding affinity to TPO R as expressed by an
1050 of mworpe709s1san about 100 nmM wherein zero or norePofi/ush@sfperer dyl
[--C(O)NR--] |inkages (bonds) have been replaced by a non-peptidyl |inkage
such as a --CH2 -carbamate |inkage [--CH2--0C(0)NR--]; a 10phosphonate

| inkage; a --CH2 -sulfonamde [--CH2 --S(0)2 NR-] linkage; a urea
[--NEIC(O)NH-] linkage; a --CH2 - secondary anine |inkage; or an al kyl at ed

Phe. Nt er m niatinenssl F%&'hev&s@(ﬁ%ﬁ%? d?@ﬂ@”@oﬁéc S0P gr oup: 1o a

--NRC(0) OR group; to a _--NRS(0)2R group a NHR group where R and
R are R§@d ByeResy WibHEO 1 Rpradge f‘%“illéméFIBW%oK?% ns Y 5t EP‘ gre not both

hydrogen; to a succinimde group; to a 20benzyl oxycarbon I--NH--
( CBZ- - Nilematajy, 34(3):2@- 2@%@%%6@12@9&9&?@&?8@@@ ¥:Ug o@ﬁg  from1l to 3
substituents on the phenyl ring selected fromthe grout conS| sting of

| ower alGE-MK pragmitet dedlx yn mg¢lbsppresgddnimaiho; or pepti des wherein the C
termnus is derivatized to S5where R2 is selected fromthe group consisting
of | gwer al kevgmizied seriddSPrd®lenmyhad haRBnangerkRs w@the seardefrenddotd y sel ect ed
fromthe group consisting of hydrogen and | ower al kyl. It was

;2,”32 E Qwﬂh ffs‘ctwfsmpt%w A rERARAY B efopiea OORINESE, Be@eaeaigproafotam no 10

the survival of RBC precursors and/or maintain the normal production of red blood cells.
The present invention provides such an agonist.
SUMMARY OF THE INVENTION

10 The present invention is directed to the use of defined low molecular weight
peptide compounds 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

15 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

20 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



Xi X2 X3 X4 X5 X6 X7 where Xi isC L, M P, Q V, X2isF, K L, N Q R

S TorV, X3isC F I, L MR S Vo W X4is any of the 20

genet i calW9Q 200d®d78lL- ami no acids; X5 is A D E G K MPCQUSR)068053T2 V or
Y; X6i sl13-(2-naphthyDal anine (2-Nal); and X7 is C, G I, K L, M N Ror
15V. in a preferred enbodi nent, the core peptide conmpound conprises a

sequence of amno acids (SEQID NGO 3): XSG Xi X2 X3 X4 X5 (2-Nal) X7
where X1 to X7 are as defined above; and each X8 residue is independently

selected from 2 of ' the 20 etically coded L-am no acids, their
stereoi§8ﬂ§%¥@ °§§%P65&6WH§P“ﬁﬁéﬁxaﬂnﬁafﬁ?aﬁb%ﬁﬂH%Pghwabnmf In yet a
preferred enbodi nent, the core peptide conpound conprises a sequence of

am no adi'gfErabhEts eyeNjegnAbout 320071094781 PCT/ US20061005322 X9X8 OX1 X2 X3
X4 X5 (2-Nal) X7 where X9 is A C E G I, L, M P R QS T, orV and
Xg is A C, Hepte gompoundy sujteblesfor therapeutic andboraliagmestayminpoges @eias A or | ;
and X8 is D, E, or K A particularly preferred peptide conpound is (SEQ ID

NO 5) : FHECPTHRG 21N boj leAdR{Sanie pubferably G )Mios lesgras dsterigined using | n anot her
enbodi ment, the peptide conmpound is dinerized or oligonerized to increase

the af fiwdll nowmdéenmiques invidlykmofvntaieaypapth ¢ feerpapiBta BAY/Peinbingubsay! y
preferred peptide conpound is a 29-ner peptide having two identical 14-ners

l'inked Infisustél Bt NVEERR 4 BHEABE;, cOrrbBich t-dbiRingYr Rh&hELirRsly REPPOIeE
conpound therefore is (SEQID NO 6, also referred to herein”as TPO Conpound

No. 1): R.E@E%a%éﬂﬁ:la? ﬁi@ﬁtﬁ@sg,‘@ﬁe) peﬁi%@mﬁo%nds preferably have an ECs of no

more than about 100 uM, more preferably no more than about 500 nM, more preferably
no more than about 100 pm, and more preferably no more than about 5 pm.

10 The molecular weight of the peptide compounds range anywhere from about 500
to about 8,000 daltons, more preferably from about 900 to about 2000 daltons. If the
peptide compounds are oligomerized, dimerized and/or derivatized with a hydrophilic
polymer as described herein, the molecular weight of such peptide will be greater and' éan
range anywhere from about 1500 to about 120,000 daltons, more preferably from about

15 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

20  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.



lE GPT LIZ Q(2-Nal)L A AR (Sar) A nore preferred peptide conpound is a
pegyl at ed version of TPO Conpound No. 1. The pegylated formmay include a
20, 000 VPEG20@#9d18¢ coval ently |inked to each N-term nalPCrask@ionise2 The
full nolecular structure of an exanple of such a conmpound is 20 detail ed
bel ow. WO 20071094781PCT/ US2006/ 005322 (This conmpound is referred
to herein as PEGyl ated TPO Conpound No. 1). The full chem cal nane of
PEGyl at ed TPO Conpound No. 1 is:

ol ;EI?)IEY'FI)'F\L o RS R IRA OR R Rl O i ol O VEY) - - B
-L- - ) ) ) . . . .
LU oy FolghiRy s gireudation el ives 2ve eSS st DB A TURRE IS I9BBU6 pr opi ony! - L-

| sol eucyl -L-d utanyl -Gd ycyl -L-Praol yl -L-Threony| - L- Leucyl - L- Argi nyl - L- @ ut am
i nyl - L- ZhaEseaomia can ba preomplighedyyith TRE.4h g4y QUWF%HW‘-“L‘DK% i‘?‘Wﬁggar cosyl +Lysin
am de. PEGyl at ed TPO Conpound No. 1 is conposed of two identical 14

ani no agstiyitye Penefally gaghirydrophilisobyness harsiananpiges peksculaeweaigdt | i nked on each
N-termnal to an 10 approxi mately 20,000 Dal ton nol ecul ar wei ght

pol y&t hydnging frpny almiut §0REG)aboitali0n, 000 Haltams] monglpseterablydinm afout RAE0P&r ent pept i de
wthout PEGis 3,295 Daltons and with two PEG chains is approximtely

43, 295 Rlsdut 90,800 Pk aid dvehRabiEprgiarably, filom aboltais000o abhrt €0j086 ed nol ecul ar
structure of (MPEG Ile-A@ u-G@y-Pro-Thr-Leu-Arg-An-(2-Nal)-

Leu- Al adficis Ah @rdfSaéd dntoddiseniduchMyarh{lig-pgo@niers Bavk3m(aeragphbleypat ani ne,
(Sar) is 15 sarcosine and MPEG i s net hoxypol y(ethyl ene glycol) (MN

appr oxi YRL ¥ APuOPoRRILANSD.000 WRAIATA BRATBARGRL US2006/ 005322 ne

or nore peptide conpounds, and in particular PEGyl ated pepti de conpounds,

el udi ng PRapIRGRUL Eéﬂ%&&ﬁd?ﬁﬁﬁ@h@@ﬁt’f‘onﬁ%ﬂibgﬁl?‘li&(;iti%e& higheplopfidlibectively

referred to ept1 de conmpoun peptide conpounds” or c¢"TPO
PePboe ERTBRAR She MY APLARLL) B ABRLL o B AR RS LT, oo
and/orpr.ey QL NS sH G S ain %t o', Woconjugate Chem., 6:62-69 (1995); U.S. Pat.
No. 4,640,835; U.S. Pat. No. 4,496,689; 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.
15 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
20  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



present invention provides a nethod for treating and/or preventing anem a,
wherein a patient having anema, or a patient that is expected to devel op
anem a, rwoeIVE®478er i s adm ni stered, a therapeutical | yPOT/U82006/005322
prophylactically effective dose or anobunt of a peptide conpound of the
present invention. 10The invention also provides for pharnaceutical
conpositions conprising one or nore of the peptide conpounds descri bed
herein and a physiol ogically acceptable carrier. These pharnaceuti cal

Conpos| %@ﬁfgfrgc%ﬁlggrglgﬁg& ¥aEL ﬁxtc}éxldgfbuftgrre%t gf?ﬁ%&‘fg ng oral dosage forms, as

well as in s and sol ttions and 1 njec¢table and i nfusible

sol utions. BRI EF S PTI RES 15FI G 1 ws the effect of

t r eat mmonw%ﬁ’égPPDfYF@{%@%B@%-WWW %WB?QB?‘Q]%P%%I@F “as set forth
in Exampl e, 1. 2§\ 2 shows the effect of_ treatnent of PEGyl ated TPO
Conpoundieate(MsREGs). mogeraeiBerypobistintens glysal suceintpidysuesingp| e 1.

FIG 3 shows the effect of treatnment of PEGyl ated TPO Conpound No. 1 on
20henat G¥ePEGasNHS), nasongthionymolsatiyleneiglycol-amineMGPES-Nhos t he ef fect of
treatment of PEGyl ated TPO Conmpound No. 1 on body weight as set forth in
Exanpl e nonomethoxypolyethglend ghyicolnsesylate @4PESH-TBES), apdt ment of PEGy| ated TPO
Conmpound No. 1 on henoglobin levels as set forth in Exanple 2. HG 6
shows t henefmktaokypolyethybmt ghebdl-oiidBHcabedyl TMEPEGMUNd No. 1 on red bl ood
cell count as set forth in Exanple 2. 5FIG 7 shows the effect of treatnent

of PEGy| at ed BREWY, Goomndiisbdd@ent 1the RydiepmLiOslyineB®hiR s dpplbed gExanpl e 2.
FIG 8 shows the effect of treat me}rllt of P Gy!yl at ed TPOrgrrpoung No. 1 on

body weipglt isaeteiablylc@pidd dt Bnd SR £ wreactive group suchfal Emethipembe ef f ect
éyl a %} on h

of treatnent of PE ed TPO Corrpound No. 10 henogl obin levels as set
forth i I, . .neat i of
PGy at B PRI thepoigmer{ it A P ot Eherth HEEEMAREE T,

CompBundCNging 55a HER SR el Chrof varo Pl PR o2 be RS> " hows
npoun : e S Set Po I . 2 shows the
effect %Iimteu.rlc?z et, gr?grghy(afidg rEea én?%e?g., 2-1r cllaigalggurgggllflcngnh'}\fgﬁde% SIJOC?I as
dibromosuccinic anhydride), acyl azide, p-diazoiumbenzyl ether, 3-(p-
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
15  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.
20 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



body wei ght as set forth in Exanple 3. FIG 13 shows the effect of
treatment of PEGyl ated TPO Conpound No. 1 on hematocrit as set forth in
Exanpl e 4wW0 2007/094781 FIG 14 shows the effect of treat REMUSRI06PEDRQ?L at ed

TPO Conpound No. 1 on 20 body weight as set forth in Exanple 4. FI G
15 shows the effect of treatment of PEGyl ated TPO Conpound No. 1 on body
wei ght as set forth in Exanple 5. HG 16 shows what is believed to

be the anti-anem ¢ nmechani sm of action of PEGyl ated TPO Conpound No. 1.
FIG 17 shows what is believed to be sonme of the |lineage effects on

hemat opoi etic cells of PEGyl ated TPO Conpound No. 1. 5FIG 18A and HG 18B
show the effect on platel ets d hematocrit of carboplatin treated mce as
a result of ?’fe%%'feﬂ@ﬁ?“ i“CHP P BEse T onpound No. 1 as set forth in
Exanple 6. FIG 19 shows the effect on fibrinogen deposition and bl ood
clots in braflamoleculss weighhef lessdhatahonbyi0dalioss éfﬁ?‘gg‘ RPRANEESAIRCE o5yl t of
treatment with PEGyl ated TPO 10 Conmpound No. 1 as set forth in Exanple 6.
FI G 20osblégesnertpadef f ect of PEGyl at ed TPO Conpound No. 1 on human TPO-R
activation in Baf/3 cells as set forth in Exanple 7. FIG 21 shows that
PEGybat ed TPQ)Gdunaingaffinity tollR{QRi asakpetssBd by 3n ¢&dolof no more then abpit hadIt | y
expressing human TPO-R in a dose dependent nmanner as set forth in 15

Exanpl e mivi, DESCRI PTI ON OF SPECI FI C EMBODI MENTS The foll ow ng
definitions are set forth to illustrate and define the nmeaning and scope of
the various termsyHSEH R #9885t bP@epbsidyd J-en0)NR - gihRAdes “Agoni st "

refers to a biologically active Iigand which binds to 1ts conplenentary

20bi ol ogi cal | 'y aCEﬂoM@s)ﬁlﬁquef%e ga BFL n¥RbESidyNEnla3E b&h €l ther to cause a

bi ol ogi cal response 1 nh the recéptor or to enhance preexisting biol ogical
activity of the receptgr ;Ca;bgggg'mﬁt{gge [LR9%0 cHERHNRLS; goncentration” refer to
the concentration“of an-agoni s ’
10 phosphonate linkage; a --CH; -sulfonamide [--CH; --S(O),
NR-] linkage; a urea [--NHC(O)NH--] linkage; a --CH; -

secondary amine linkage; or an alkylated peptidyl linkage

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

15 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

20 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



t hat produces 50% of the maxi mum possi ble effective response for that

agoni st "1 C50" and "50% i nhibitory concentration"” refer to the
concent r aWpapoTa4oNpet i ng | i gand whi ch di spl aces 50% ofPCTRS266803322 C
bi ndi ng of the agonist. "Pharmaceuti cal ly acceptabl e equi val ents”

i ncludes, without limtation, pharmaceutically acceptable salts, acid
addition salts, esters, am des, hydrates, 5netabolites, prodrugs, and

i sosteres. Many pharnaceutical ly acceptabl e equivalents are expected to
have the sane or sim.lar in Vivo t|V|ty as the peptide
conpounds of the |ﬂ&%ﬁpﬁ8ﬁﬂmmra&ngﬁﬁ RHOXY GPLP ARA DEQBYt abl e sal ts" refer
to the non-toxic alkali netal, alkaline earth netal, and ammonium salts
commonly used in t%he pharnmaceutical industry 10 including t he sodi um
potassium Ilithium calcium nagnesium barium anmonium and protam ne
zinc salts, which are prepared by nethods well known in the art. The term
al so includes non-toxic acid addition salts, which are generally prepared
by reacting the p@ppﬁidte“mcwpmhndlsteominwﬁissleﬂimﬁemioorC(m')R% a suitable organic
or inorganic acid. Representatlve salts include the hydrochloride,
hydr dbr or ni de, sulvleteR” bisdledtédfrem thegbap eonsklinxaf latves val erate, ol eate,

| aurate, borate, benzoate, |actate, phosphate, tosylate, citrate, naleate,

fumarate, succi NataoxyAhtiLaTE, RNARSY RAkel RBAE idd3ferde
"Pharmaceutically acceptable acid addition salt" refers to those salts

whi ch retain the hiplo@healnehbestodanas st hORGidwers of the free bases
and whi ch are not bIO|05IC8 &% § otheréns@ﬂﬁ%%%s?rg 2, formed with

i norganic acids sy ﬁ% as hydrochlorlc 20aci d, hydrobrom c acid, sulfuric
acid, nitric acid, hosphoric acid and the like, and organic acids such as

acetic acid, an C _ac r c acid, alic acid,
ot coanrd Al BRleRR et Sore el e iian Boibag u Ko ieaf amingr 4

tart d, b id, d, del i id,
artaric ﬁf{gﬁ@§b§@§§Ta0| en20|c_aC| : ci nnam ¢ aci nmandel i ¢ aci

nent haneSHt® t hanesul fonic acid, p- toluenesulfonlc aci d,
salicylic acid and_the |ike. For a descrlptlon of 95pharnaceut|cally
acceptabl e acid aé%?%?%39§§$¥@ as prodrugs see Bundgaard, H., supra.

"Pharmaceutically acceptable ester” refers to those esters whi ch retain,
upon hydvisig i & %fL Mhe’, 5 Ve X Bl dS, It; i G RoBofjioc ¥t Xelisf @, ilMe sk, $ind
properties of the carboxylic acid or alcohol and are not biologically or
ot her wi s\éouktSaiis alyl o theF2Ar geactilmily cogidi Ioamofo qohiay XaiceyD, @ ld, K, a5,cgpt abl e
esters as prodrugs, see Bundgaard, H, ed., Design of 5Prodrugs, Elsevier

Sci ence IRWIT, yhens XAB{Engamy:R8k: (2 Fhes gnER] RICS Cﬁ'IeKtIYFMC@lUSr for med
fromthe corresponding carboxylic acid and an al cohol’. ‘Generally, ester

fornmati op can be acconplished via conventional synthetlc t echni ques. (See,
e.g., March Advanced Organic Chem stry, 3rd Ed., John Wley & Sons, New

\E((r)ur:l)jcl( égggl) a0 g 1}%?' errrﬁ%créa bo?fengekl? Qﬁ e%oic,g 'p%p? ethr%]E)gﬁn co%rf)(rjlses a sléquetnce Iof
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
20 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



10 Wley & Sons, New York (1980)). The al cohol conponent of the ester wll
generally conprise (i) a C -Cl12 aliphatic al cohol that can or can not
contai n ONO 2007/09%18¢ doubl e bonds and can or can not con®P&iIrAISRIE0eIeZ
carbons or (ii) a C7 -Cu aromatic or heteroaromatic al cohols. This
invention also contenplates the use of those conpositions which are both
esters as described herein and at the sane tinme are the pharmaceutically
15acceptabl e acid addition salts thereof. "Pharnmaceutical ly

accept abl e am de" x &f ef %, % 0x! e (2l whi ch retain, upon hydrolysis of
t he am de bond, thég%i ol 1092| ca O%f gzglg%l ?/%ness and properties of the

car boxylj i r ?gjrb ne .a r bi ol.ogically or otherw se undesirable.
For a de‘%@?e?%%ﬁ(ﬁi Cd ’phgreraq\g’egtlf’(g]iﬁt’g’ %@%e%ﬁd%%%ﬁ:igeg’ %SL’@’d‘)c}rSJgs, see
Bundgaard, H.. ed.,6 2 i.gn of Prqdrugs, Elsevier Science Publishers,
Anst er d§ﬂ1°f?gwf?pf?ﬁéag’éyl?gﬁ’ilgé?r;raé‘d%ﬁ gaEl?ﬂf-or med from the correspondi ng
carboxylic acid and an am ne. Generally, atnide formation can be

acconpl i shed AVPatigdaaneicardpeniidp rompeindtie (HQ HABO:5X See, e.g., March
Advanced Organic Chemistry, 3rd Ed., John Wley & Sons, New York (1985) p.
11525 WO 20071094781 PRH {UR _NQ@ 3 rk et al. Encyclopedia of

Chem cal Technol ogy, John \?I@%y ié%%‘s}?reﬁfgxamrk (1980)). This invention
al so contenpl ates the use of those conpositions which are both ami des as
descr i b&therpdSan) is sarepsiae. t he same time are the pharnaceutical ly acceptabl e
acid addition salts thereof 5"Pharmaceutically or therapeutically

acceptable ¢ | tg a carrier nmedium which dges not interfere
Wi t hpt he ef f gizédlo\%}{eerrlgélgg%b%?ﬁﬁgle%%ﬁl%gﬁomu% Fi%‘f‘?%?egf)f Pheemgtized 0 i ngr edi ent s

and whi %pcréas %Ot O@i ¢ k0 t he hgglt or .patient. _"Stereoi sonmer” refers
to a chem car Sgﬁ%’d AAYRRITNGY ChEre PsRe fompotnd A Rattighlerly errésrregal

conposi tion, and constitution as another, but with the atons grouped

10di ffePaﬁ?{{bﬁ?Pfﬂ?ﬂ%&d 15 & 29t pgptifleihguing itwa Kdephieatil ¢ anersibiketibye are at
different orientations in space and, therefore, when pure, has the ability
to Bt at¥inepidegesides. ok ptirepily pigfenied peptiddowepennd terwkorpisr(SEQUEY eoi soner s
may have an optical rotation that is so slight that it is undetectable with
pr esent NGietalsgrrefstrad iodereifhe TP@SlangeusdMpolinds of the instant invention may
have one or nore asymmetrical carbon atons and therefore include 15vari ous

st er eoi sor ne £l r g, included within the scope of the
i nventi on. %3@?&?5&1 ﬁ?ﬁ?‘gg%ﬁ%ceuti cally-effective anount" as

applied to the conpositions of the instant invention refers to the anount
of conposition sufficient to induce a desi bi ol ogi cal result. That

result can be alleviation of the signs, s , or causes of a disease,
or &by other desired alteration of a biplogical system In the 20present

i nvention, t I ng pi a%l i nvolve an increase in red bl ood cell
producti on. PﬁdF%Mr@b' ?lﬁixr‘aéé‘l E%Q in peptides are abbreviated as
fol l ows: Phenyl al anine is Phe or F; Leucine is Leu or L; Isoleucineis lie
or | Matwreprefigrddpeiede @mp¥und/Blal ga@ylatd Vetsiddof 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

20  detailed below:
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V; Serine is Ser or S; Proline is Pro or P, Threonine is Thr or T; Al anine
is Ala or A, Tyrosine is Tyr or Y, Histidineis Hs or HH Qutamne is Gn
or Q Aspap22007®4188 Asn or N, Lysine is Lys or K, Aspar PCE/USCH0G/0DIB2ASp Or
D, utamc Acidis Qu or E; Cysteine is Cys or C, Tryptophan is Trp or W
Arginine is Mg or R and Gycineis Gy or G 5Additionally, Bu is Butoxy,
Bzl is benzyl, CHA is cyclohexylamne, Ac is acetyl, Me is nethyl, Pen is
penicillamne, Aib is amino isobutyric acid, Nva is norvaline, Abu is am no
butyric acid, Thi is thi enyl alanine, OBn is 0-benzyl, and hyp is

hydr oxypr ol i ne. In addition to peptides consisting only of
naturally- occurr&ﬁg aC|ds peptigdoni meti cs or peptide anal ogs are
al so provi ded. Pepml Hare co nIy 10 ,used in the pharnmaceuti cal
i ndustry as non- peptld

oHNOfN-

30: 1229 (1987), which are incorporated herei n by rea‘ ence) ,) Peptide

rninetics that are structurally simH to 15 h aI.lHy usef ul
pepti des may be usedq to produce NaEL'(he t etl her apeutic or
prophyl actic effect. ner &l mm&t f c e§tr cturaIIy simlar to
a par adi gm pol y i W ye. 1 algoleypept i “de has a bifdl ogi cal or

phar macol ogi cal activity), such as natUfally-o€curring Fecépt or - bi ndi ng

pol ypepti de, but have &n#& or nore peptH'i')a'@ | i nkages optionally replaced by a
| i nkage sel ected fromthe group consisting of: -- 20 A 2NH-, --CH2 S--,
--CH2 --CH2 (ThiHsaBmpound &sirsfeamd ta heagis py PEGZ@GHA RO CoOHpAMAGNM. 1), Thnd - - CH2
SO -, by nethods known in the art and further described in the follow ng

r ef er end@schefspal odmae o PEGylated TR0 mpouytd &od 1 Bi:ochem stry of Am no Aci ds,
Peptides, and Proteins, B. Winstein, eds., Marcel Dekker, New York, p. 267
(1983); Mémax@9&?écQﬂéﬂ&glﬁaﬁlob@ﬂ@&@l&gﬁm&l&egLnl@utaﬁqylElycyv«tgaomi a (March
1983), Vol. 1, Issue 3, Peptide Backbone |Vbd|f| cations (general review;

Mor | T 5 D. et
Ao, (Eragi P iSO Ahlamep s hsen. © o

EE?L?La R M) f}‘é3‘3‘)6&’?4%8&68%?%”@yg¥§50§8ﬁ%‘8§%@ A o St ot
oL el e PgTuisR %’3—3’8 P TR po IR €00
et  ahed OAIEH %?zhﬁm%&hﬁ&%%ﬁv L‘?*A&Oé?dyqé%@é' LS by L e So

31:189-199 (1982{af -);. each of which is 10| ncor por at ed herein by
reference. APEGY eédﬁPaQ F9m§9 9-dds AYARGseh ot b Idpnficalykt aino2gido NH- - Such
peptide mnetics may have significant advantages over pol ypeptide

enbodi mpAptide chiins liskeddy aflpvinamiderrisisue ard bnked oneasichitemisdlie 82 on, greater
chem cal stability, enhanced pharnmacol ogi cal properties (half-1life,

absdPpt iapproxipetedn2§,00EPhli@anygleciarcydight potyethytens ghcp¥ (PER) ¢hiie. dhe a

br oad- spectrum of biol ogical activities), reduced 15antigenicity, and

ot her s. nddvalar wgight oftap pardairpepedd wishans BBG iy 31209 Dlalteiss andweittetwto REG achnent  of
one or nore labels, directly or through a spacer (e.g., an amde group); to

non-i nt @n4igy is ra?prQMa&dlpnzé 395 Daltéri%ePE@ﬁhﬂedQPUCdeﬁp(btﬁldtN‘tﬁtl hag gn predi cted by
guantitative structure-activity data and/or nol ecul ar nodeling. Such

non- i Nt gheYihRd rRA%ita ORRE BENPEY-TRLGLPOSLbLONS 1l rgiSInI@tNal)-

e ti nal ogous to those of t he
tenpl ate pept| de. Thes ypes ept ker ernmed "peptide
m metics" or "peptidom netics" (Fa here 29 (1986);
Veber and Freidinger TINS p.392 (v ); and ns ei %}é Chem

Leu-Ala-Ala-Arg-(Sar)),-Lys-NH,; where (2-Nal) is 3-(2-naphthyl)alanine, (Sar) is
15  sarcosine and MPEG is methoxypoly(ethylene glycol) (MW approximately 20,000

Daltons).
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20form direct contacts with the macronol ecul es(s) (e.g., inmmnoglobulin
superfarnily nolecules) to which the peptidorninetic binds to produce the
t her apeutwo 2e679¢181 Derivitization (e.g., |abeling) of peEptUsdeionsse: cs
shoul d not substantially interfere with the desired biol ogical or

phar macol ogi cal activity of the peptidomnetic. Generally, WO
20071094781PCT/ US2006/ 005322 pepti dornimetics of receptor-binding peptides
bind to the receptor with high affinity and possess detectabl e bi ol ogi cal

activity (i.e i st r_antagonistic ne .or re

recept or - medi 3 %%rrg%’g%g@iyd%i%’ @ﬁ‘érh‘gse%rﬁ%.“ ﬁ?@%ﬁﬁ%ﬁgﬁgﬂ’?tﬁ i on of one or
nore am Q(g)maciﬁls.o consensus ﬁeguenc§ with 5 a D-anmino acid of the sane
type (e. g PN fGeePhgimes yrlly Apsepiants)cdniyglenis thisead (¢llegiévedy at e nore
stabl e pepti ges | n agddition, constrained peptides conprising a consensus
sequencereg‘*rrre t%h?fglt“é‘ﬁtPecﬂtlfi?C?‘H@H{‘lﬂ&af"rﬁ‘am@hg@@ﬂ@ém%ﬁ@e“m pegtiden may be
generated by nmethods known in the art (R zo and G erasch Ann. Rev. Bi ochem
61: 387 (99u@pnds ofcls insendiond. wremssfnl foy thegfeveatiae)nd tfearmenx afpisesedy addi ng
internal cysteine residues 10capable of form ng intranol ecul ar disulfide
bri dges Wedigted by APz and pretiquéeplyi fdetredtibg hadbapeertiapehémine MALS thed mMateri al s,
whi ch when covalently attached to the peptide conpounds of this invention,

pernit deteat inventioh ptdvidepaphdtiie] 6 FRAMEANHDr MieVéhtind aﬁé}ﬁjagﬁrhérgﬁta to whom the
pepti de conmpound has been adm nistered. Suitable detectable |abels are well

known i npatibg: lakingaRémiané dish@ientiNatWe¥x pREe & UAIRLS aﬁ&ﬂiiﬁ,olie&%ﬁ/&f)&sis .
d the |1iKke.

15f |l uorescent | abels (e.g., fluorescéin), an he’ particul ar

det ect abidnihiBRe)d, £MRIBYRRAllP oﬂ@%rgﬁ%%(%tﬁglgy %ﬁ%tibg dés%!of%%?ntroﬁ é%%!%% to the

anount of | abel to be enploye t oxi Ci t at the

anmount ogvﬁlﬂgﬁigﬁ&?ﬁgpb%?ﬁgingﬁgéﬁgti on of the label relative to such factors

is well é art. Covalent attachnent of the detectable
| abeln t o the ide c oung1 i s 20 acconplished hy conventional nethods
wel | ﬂOknown i nﬂ}%ﬁ}évegﬁ?q gl%gPr 0 5?7%11 Bgawgwq’?ﬂgowsim%ﬁomp%ms@@e ©5 enpl oyed
as the det ectf bl e |L.abel, coval ent attachnment of 1251 to the peptide
conpound™¥&7" B P4B ee‘i?&lﬂ’oﬁ?z‘}/si deesibed Pereinpd apdysipforisally ageptoblo shmier.i nt o t he
peptide conpound and then iodinating the peptide conpound. Likew se, 32P
can be iﬁ@éer mrgfu‘éamal compositions can be in a variety of forms including oral dosage
forms, as well as inhalable powders and solutions and injectable and infusible solutions.
BRIEF DESCRIPTION OF THE FIGURES
15 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
20 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.

16



onto the peptide conpound as a phosphate noi ety through, for exanple, a
hydr oxyl group on the peptide conpound using conventional chem stry.

The presanod 200We48ion provi des peptide conpounds that biPad/ts@oc&aMmeS3azt | vat e
the TPO-R or otherw se behave as a TPO agoni st. These peptide conpounds

i nclude "l ead" 5 peptide conpounds and "equival ent” or "derivative" peptide
conpounds constructed so as to have the sane or simlar nolecular structure
or shape as the | ead peptide conmpounds but that differ fromthe | ead

pepti de conplgwsei reaM.th respect il i rolysis or
prot eol ysi s andgospov\‘/\%Flgeﬁfgcstﬁg(t:rf:ﬁf‘%mo(ff#gg}yg#%fgg@caqmpﬁ)%}c{)%}é@t ?ég such as
increased affinity for the receptor, The present invention also provides 10
conposi PFBNEORR ]iséFﬁ%tf%tﬁ“é'ﬁfxég’P?% amount of a TPO agoni st, and nore
particularly a peptide conpound, that is useful for treating anem a.

The pepti de” ElSinSshnustheetiesof trataens FPEGRe] TEOKOmRmnt Nt gP’é&tho war m

bl ooded- ani mal s, including humans, to activate the TPO-R in vivo. Thus, the
pr esent blond eelt ¢aynt esrebiophds Bsample Bods for therapeutic treatnent of anenmia
that conprise 15 admi nistering a peptide conpound of the invention in
anouft s suf f FI&i. @showstheieffedt df reatefeheatPESHylareOIB@ Ca@ornd Novi en. The
activity of the peptide conpounds of the present invention can be eval uated
ei t her heémmbérit@s edt forth il Bxamiple 2.f or exanpl e, one of the nunerous nodels
described in McDonald Am J. of Pediatric Hematol ogy/ Oncol ogy 14:8-21

(1992) , whi pits.igshds eRERETA8EnRaT 6 FEM)att @ TRORThouRd Noh€ oA SS@Y S
di scl osed herein. According to one enbodi nent, the conpositions of

t he pre%&qlt%&\égﬁtihqmg%lﬁplggeful for treating anem a associated with bone
marrow transfusions, radiation therapy, or chenotherapy. The peptide

conpounds typj 4 Wl i
20071094781P@ﬁ%@é}ﬁg%@gg%ﬁ?ﬁ@eﬁ{ %ch%ﬁn%?‘ﬁg?gﬁbﬁ&* r ah%l o g\?nt herapy, or
bone,magrow. tr.ans Jéant r after such exposure. Accordi ngly, the
pr ei%nt B?‘H%ﬂ‘?lf‘i%"% Ia§8etg?%in0@?"ﬁ’xea$rmceuti cal conpositions conprising, as
an active ingredient, at |east one of e, pepti onpou f the 5
i nventi on inlgg%slgép‘é‘f’? ﬁewﬁtﬂggeﬂﬁﬁPﬁ%gﬁﬁ%‘g‘i%g(i%u (?ggl BRHe  The
pepti de conmpounds of this invention can be adm nistered by oral, pul nonary,
par ent ablopf gelt eenps avsehforthiin Exaprleidt oneal , i ntravenous (I1V) or subcut aneous
injection), inhalation (via a fine powder fornulation), transdermal, nasal,
vagi nal , recFHk. 11showstheicffguial ttrgmeasof FEGHdRehTEY (GonipoundNg- tam be
formul ated in dosage fornms appropriate for each route of adm nistration.
See, 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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10 e.g., Bernstein et al. PCT Patent Publication No. WO 93/25221; Pitt et
al. PCT Patent Publication No. WD 94/17784; and Pitt at al. European Patent
Appl i cat iw0 260739683, each of which is incorporated herePATRIS2006f08332NcCe.
Solid dosage forns for oral adm nistration include capsules, tablets,
pills, powders, and granules. In such solid dosage fornms, the active
peptide conpound is 15 adm xed with at | east one inert pharmaceutically
acceptabl e carrier such as sucrose, |actose, or starch. Such dosage forns

can al 5o CO@@ W G Rle L 61O A0 honahiathstagegs ot her than

inert dilue cat1 ng magnesi um stearate. In the
case of bI et d pil I s the dosage forms may al so conpri se
bufferiﬁ%ég% 13‘3)0#%18 "2“\5?13 pills can additionally be prepared with
enteric coatgﬁg 20Li qui d dosage forns f? ra a ni stration include
phar maceut i cBiG-y7 ShXepY B PSR SREO™E 8 WF 'grage <Ligshan F‘Bﬁtmeg’;‘fr ups, with
the elixirs containing inert diluents cormmonly used in the art, such as

wat er otellsaf PHEylagdsiieComgerndiNerls di | uents, conpositions can al so

i nclude adjuvants, such as wetting agents, enuIS|fy|ng and suspendi ng
agenfs, and EedBAninddIGf18B/dwoinribe eféfrodoxpe}atalmmyll@g@ﬁ@glt of carboplgtinepar at i ons
according to this invention for parental admnistration include sterile
aqueous tredted@iteas dessul of atatmeangith BEG plared TROsCompowidiN e ilan set fentlaimpl es  of
non- aqueous 5 solvents or vehicles are propyl ene glycol, polyethylene

gl ycol , gxaggeabl e oils, such as olive oil and corn oil, gelatin, and

i nj ect abI e organic esters such as ethyl oleate. Such dosage forns may al so

contai n adj upgiyg sﬁbwbth@%ffe&%%%{bylw n d&Bbditi HandRUSI16tY ietainand di spersi ng
agents. They may be sterilized by, or exanple, filtration through a

bact er i c'ils&aﬂr y@Qrbt)ggﬁrggieaﬁgy%ce%gap&ﬁfok BB W ﬁﬁaga@caq%% into the

conposi fions, rrr e conpositions, heating the

co si tjons can. @ actured using sterile water, or sone
ot E@& EfBFTPP‘é“qlﬁ I8 grtﬁrérbﬁﬁarﬁl ﬁ‘madi ately before use. Conposi t i ons

contain, i Dibive erhEs %%ﬁbﬁ%%éf%ﬁe&fpgwﬁ% CHPE o cocon

butter or_ a suppository wax, r’r%om tions for nasal or sublingual

adni ni seetiveremindRa/ el apiee fpaibde ExsRpler- st andar d exci pi ents wel | known in
the art. The conpositions of the invention can al so be

ni cr oencapsuFE$.&d shyws thet PEG At d POt Gemprstnd dtp- dfactivased Baf ®ilpi (in Treati se
on Controlled Drug Delivery, ed. A Kydoni eus, Marcel Dekker, N.Y. (1992),
pp. 315:@3pinafdiheexpoessinghimen PO imd ddsegiepdndepapanndeassehipohnel can be

adm ni stered for 20prophylactic and/or therapeutic treatnents. In

t henape®kh@ple@pl i cations, conpositions are adm nistered to a patient

al ready suffering froma di sease, as described above, in an anount

suf fi ci @HSARAPTINE OF SEHCIFRREMBEDIMBNITE arrest the synptons of the disease
and its conplications. An anpunt adequate to acconplish this is defined as

"therapeuti cghl YoroWih ZRindRR¢ {8 LRGHHYRLFRNGH RO BtPdefine 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
20 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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effective dose". Amounts effective for this use will depend on the severity
of the disease and the weight and general state of the patient. I n
pr ophyl acwpcoe18tat i ons, conpositions contai ning the pepitisd®scvoispbunds of
the invention are admnistered to a patient susceptible to-or otherw se at
risk of a 5Sparticular disease. Such an anount is defined to be a
"prophylactically effective dose". In this use, the precise anounts again
depend on the patient's state of health and wei ght. The quantities of
t he TPO agoni.st .necessar.y .for effective, i ny

i1 er ent 1 acker SR ReF UG SN Bt et B R Mo AR BEcabRf ™

physi ol tighadhish disslacds 50Meofihd spetific bandéhgatfhier agoadi.cant s adm ni stered. Thus,
treat ment dosages should be 10titrated to optim ze safety and efficacy.
Typi cal |y, depp@asceutetlyiabeaptdbleequBmleptsOitictirlesisaifhiout Guitalisace i n the anmpunts
useful for in situ adm nistration of these reagents. Animal testing of

ef f ect | wharggsasically accersahlerealis. astd iditiansaliss PSS sBRIdes &YHRISS: provi de furt her
predkct i eTell { i LEeratH e

feacr i ba R B e R e Ao B

Phar mac ekpgieddd hBrghssapie Kisenidgyénvitroor in §8e hctidly as Herppatencampossdy 1990) ;
and Rem gg;t on' s..Pharmaceutical Sciences, 7th ed., Mck Publishing Co.,

East on, ° .el?vf%?f)'; each of which is hereby incorporated by reference.

The peptide ¢ ounds of this. invention e effective. in treat.ing anem a
when adni ni st@}?é‘aa%fla%a?‘a@g%%’ ab?ea%‘ 2 YSI‘foer foftg?nnglﬁooﬁ‘tlc Tiééjlgmte %E’ﬁ oh?QSOO ug/ kg

of body wei ght per day.. The specific dose | oyed i.s .requl ated by the
route ofAAyRERand aproRiUTLSals F?mg‘é’“]ﬁ)}‘s%g‘t"ﬁge ﬁ‘é‘?l‘fm%f‘mﬂﬁgy attendi ng

clinician depending upon factors such as the severity of the condition, the
age 1nd irfdringibe sefiamt PSS, {iFfHUR a3a{ iR, Magngsipne b3y ampOrARI38E AN MAL
MODEL S The effects of PEGyl ated TPO Conpound No. 1 on mice treated

wi t h cambsphitizincweltse whirhers/prapargbby ambthodscaeth keewhisythe prt- Ehetormngdpa st ock
solution of PEGylated TPO 5 Conpound No. 1 was prepared in sterile saline.
For m Xiimdudet hen-prxépsididditonvsaks, pthachede ganeerllyyrefacrdbyshakag thieor 15nm n.  at
200 rpm This nethod was used to di ssolve PEGyl ated TPO Conpound No. 1

Wi t hout pfe?t&iﬂd&ﬁ}poﬂ?ﬁﬁ o tias inveaionfvwitt £suitdble 9 gagiccor@oridit exid( 0. 22um) filter.
Dosing solutions were then prepared fromthis stock using sterile saline.

The st oqiepaRehAlRSishIg iHOLES ihe R§ANBKISr®, BPBbBGnTids Sifas) bidagfadadcente, use. 10
EXAMPLE 1
15  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

20  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

25  pharmaceutically acceptable acid addition salts as prodrugs, see Bundgaard, H., supra.
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The effect of PEGyl ated TPO Conpound No. 1 on the duration and severity of
anem a followng treatnment of mce with carboplatin as determ ned by
changes iwoRemmghsbi n | evel s, red blood cell count and RERAISEM6I005322as
observed. For this study, increasing anounts of PEGyl ated TPO Conpound No.
1 were adm nistered to mce one 15day follow ng a carboplatin dose to
characterize a possi bl e dose-dependent effect on various red blood cell

par amet ers. The groups of mce were treated with either carboplatin or

vehicle (Phos[ﬁ[ggggc @ RE ERR '? B o) e&E{s & Lo % adnmini stration
on Days -2 an eﬁ;ﬁlﬂ | neg ageb I ow Set| mal ose&nlﬁl ar bopl atin used
to indu P yto enla in.the ral vi ously
det er mi UOVERRL IS ‘&?ﬁdowgitbé"&o%‘ e%%%esa%n#%faﬁgfﬁﬁs o BERKEE, o
consecuti ve dal ectiaon % a%% OE%Y fol | owi.ng the
second @edergieo P%%F &et 1?1‘013 §1°6]&3b%r ] erﬁ‘nlsgg‘ Table ti\é%s%}ﬂ“ﬁ“ BEGy| ated TPO
Compound No. 1 or vehicle (sterile saline, SS, preservative-free 0.9%
sodi um ehtrerersiralyacpsptitiopsiay as e PanBuTErPdT LSt DEsensB22 inj ect i on
as delineated in Table 1. The dose was adm nistered on a per-weight basis
(10081/ Powirkgsoilsewserfivience Faldishers, Amgtendamr(l 983) olhsse es@rs RreRyRitdlbat ment 00,
Day -2 & 1 Test Article Dose (iv)
formed from the corresponding carboxylic acid and an alcohol. Generally, ester
formation can be accomplished via conventional synthetic techniques. (See, e.g., March
Advanced Organic Chemistry, 3rd Ed., John Wiley & Sons, New York (1985) p. 1157
and references cited therein, and Mark et al. Encyclopedia of Chemical Technology, John
10 Wiley & Sons, New York (1980)). The alcohol component of the ester will generally
comprise (i) a C; -Cy, aliphatic alcohol that can or can not contain one or more double
bonds and can or can not contain branched carbons or (ii) a C7 -C;2 aromatic or
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
15  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.,
20  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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Day O Blood Collection 1 10 Vehicle (PBS) Vehicle (SS) Sham But 5 mce on
Day 5 & 11 2 20 Carboplatin Vehicle (SS) ShamBut 5 mce on Days 5, 7, 9 &
11 3 20 Gsokzopvesism PEGylat ed TPO Conpound No. 1 PCT/US2006/005322

and Mark et al. Encyclopedia of Chemical Technology, John Wiley & Sons, New York
(1980)). This invention also contemplates the use of those compositions which are both
amides as described herein and at the same time are the pharmaceutically acceptable acid
addition salts thereof.

5 "Pharmaceutically or therapeutically acceptable carrier” refers to a carrier medium
which does not interfere with the effectiveness of the biological activity of the active
ingredients and which is not toxic to the host or patient.

"Stereoisomer" refers to a chemical compound having the same molecular weight,
chemical composition, and constitution as another, but with the atoms grouped
10 differently. That is, certain identical chemical moieties are at different orientations in
space and, therefore, when pure, has the ability to rotate the plane of polarized light.
However, some pure stereoisomers may have an optical rotation that is so slight that it is
undetectable with present instrumentation. The peptide compounds of the instant
invention may have one or more asymmetrical carbon atoms and therefore include
15 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
20  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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300ug/ kg But 5 mice on Days 5, 7, 9 & 11 4 20 Carboplatin PEGyl ated TPO
Conmpound No. | 1000ug/kg But 5 mice on Days 5, 7, 9 & 11 5 20 Carboplatin
PEGy| at edWORO7@o#oUNd No. 1 3000ug/ kg But 5 mice on DapeTAIS2006/0853&2 11 (G =
G oup; But = Euthanized 5 On Days 5, 7, 9 and 11, five nice in each
test group were wei ghed and then euthani sed using C09-asphyxi ati on and
exsangui nations via cardiac puncture. The bl ood sanples were transferred to
separate EDTA (lavender-top) mcrocontainers for hematol ogi c eval uation.

G oups 0{/; §le}'1% ri?éerr{)ir %?Pr(o%}le W& oplg;oﬁl?gosn?rge 9 Q"hngy "F; [?laraﬁrr]lg islgIa or A;

Tyrosine is Tyr or Y; Histidine is His or H; Glutamine is Gln or Q; Asparagine is Asn or
N; Lysine is Lys or K; Aspartic Acid is Asp or D; Glutamic Acid is Glu or E; Cysteine is
Cys or C; Tryptophan is Trp or W; Arginine is Arg or R; and Glycine is Gly or G.

5  Additionally, Bu is Butoxy, Bzl is benzyl, CHA is cyclohexylamine, Ac is acetyl, Me is
methyl, Pen is penicillamine, Aib is amino isobutyric acid, Nva is norvaline, Abu is
amino butyric acid, Thi is thienylalanine, OBn is O-benzyl, and hyp is hydroxyproline.

In addition to peptides consisting only of naturally-occurring amino acids,

peptidomimetics or peptide analogs are also provided. Peptide analogs are commonly

10 used in the pharmaceutical industry as non-peptide drugs with properties analogous to
those of the template peptide. These types of non-peptide compound are termed "peptide
mimetics" or "peptidomimetics" (Fauchere, J. Adv. Drug Res. 15:29 (1986); Veber and
Freidinger TINS p.392 (1985); and Evans et al. J. Med. Chem. 30:1229 (1987), which are
incorporated herein by reference). Peptide mimetics that are structurally similar to

15 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: -

20 CH;NH--, --CH; S--, --CH; --CH; --, --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);
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10 Results are shown in FIGS. 1-4. The data are presented graphically as
group neans +SEM Treatnent of mce with carboplatin alone caused
about a 200020€09¢m3e i n henogl obin levels in the m ce bPCDAR2ME/005BR2 S
decrease was inhibited by treatment with all doses of PEGyl ated TPO
Compound No. 1. M nor decreases in RBC count and 15 hematocrit were al so
associated with carboplatin treatnent, an effect that was inhibited by
treatment with PEGyl ated TPO Conmpound No. 1; however statistical evaluation

car bopl SE R A ore o UB B985 SebL Nt CaPB BRI He ot us < e

various ,doses of PRl l,at TPOQ Conpo . e ri enced wei ght | oss on
Days 5, (& “8%”@1%5%1%e’?%’dsg%mg%l S{%%‘)%%sf%?‘e‘fﬁgﬁgf‘g*e@im&&)éd on Day O.
Anal ysi z_{ugf tge b dY i ght neasurenents in a subset of nice over the

11- Dhy SRR Poritnt {Eepidirer Reralck 04115661 400 fr- SHoNebro ELAMbD: caused t he
observed decrease in .bodly 5 wei ghts and that PEGyl ated TPO Conpound No. 1
enhancedPRid ¢f glebife Py 38 124Rd 2119 61986 0chc HeetYhHagn I 4Termd SeeBerkinst ed.

Mce treated with carboplatin al one began to exhibit altered appearance and
behavi odray. IFR7-334 (88722 (ofHt-RE-nicisendssumedlnauimeciel MakCheon and appear ed
flaccid. Many mce al so had soil ed anogenital areas. Treatnment with

PEGy| at 88:13%RI £ d--COOH .- 1ldenpedgad ot he Temartronllea3ersey and severity
of these signs in manner that appeared to be dose-dependent. EXAMPLE 2

The posgidse) (-1GOCHAL); Biéhid &ta@.CEuT@Qa@gP&UEﬁ 45k65 ANy Eg1B3d4pz€ bone marrow
hemat opoi etic stemcells of mce to the toxic effects of carboplatin

}\I(r) eat nefogeRs-GroemM, N8 fjHolll:éraltﬁy bU1 STetaHfon Retd 95846 —44&%%( %@) ed TPO Conpound

1 was adm ni stere to the mce seven days prior to e ‘carbopl atin
dose or d irat by afdr g Heph 3¢ i K [g%%ﬁ LN, i ti gnal. group was
treat edd\gm' t P?IaEC§I at ed b?&é%ngg&?}%h%”?% t 2pr$ rg%jcgl Oécﬁwgncglflfer
car bgp! at. Ml i.on. The effect of these dosing regine on
hemat ol g%?@&%%pgaﬂr%gﬁép g%ééf&\%%%e' §1Ps encggaglérp&eéca‘?e‘%f’f‘ﬁ%epb‘ﬁ%gfj@ggfs 'ﬁ@%é wer e
treated it i ther. carbopl ati.n or. vehi cl Phosphate Buffered Saline,
PBS) by%"'gaﬁi Pﬁpglfl? 5‘[‘1?18%&6??3'@% Slgr“gﬁ%{“@g‘éﬁg‘tw’? PYERPB@eBEeow. The opti nal
dose of cEr oplatin used to induce thronbocytopenia in the BALB/c nouse
strain Ha8° %%dﬁ@?é}n&ef%’r&ﬁfwkd moge grenemicabprodustianegieatendbmieke of
120mg/ kg given as two WO 20071094781PCT/ US2006/ 005322 consecutive daily
i nj ect i AR, eghancepypharmacrlpgicalguopmties(half-fifd, ebsorprianhpotbiaysefficanybopl at i n
dose or one (1) hour after the second dose of carboplatin, groups of mce
wer et r et edtererd spedHikByl (age d bidd-sPestpiounithidlogicdl 4cB0ieg), feghcedr vehi cl e
(sterile saline, SS, preservative-free 0.9% sodium chloride) by IV (bol us)
i nj €Tt i amigasicidglandetitsd i n Table 2.

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

20  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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5 An additional

bef ore

group was treated with PEGyl ated TPO Conpound No. 1 both

(Day 0) and after (Day 8, t=lh) the carboplatin dose. Al dosing was
per f or mredworzoer/q9¢miwei ght basi s (100ul(10g body wei ght) PCTAISR@6R0BRUdY

5

m ce on

Design: G N Dose (iv) Day 0O Carboplatin (CBPL) [60ng/kg, qg2d], (ip), Day 7
%68 Dgsio(iv) Day 8 (1 h after 2" CBPL dose) Blood Collection Eut d
ys

10

15

20

peptidomimetics of receptor-binding peptides bind to the receptor with high affinity and
possess detectable biological activity (i.e., are agonistic or antagonistic to one or more
receptor-mediated phenotypic changes).

Systematic substitution of one or more amino acids of a consensus sequence with
a D-amino acid of the same type (e.g., D-lysine in place of L-lysine) may be used to
generate more stable peptides. In addition, constrained peptides comprising a consensus
sequence or a substantially identical consensus sequence variation may be generated by
methods known in the art (Rizo and Gierasch Ann. Rev. Biochem. 61:387 (1992),
incorporated herein by reference); for example, by adding internal cysteine residues
capable of forming intramolecular disulfide bridges which cyclize the peptide.

"Detectable label” refers to materials, which when covalently attached to the
peptide compounds of this invention, permit detection of the peptide compound in vivo in
the patient to whom the peptide compound has been 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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Vehicle (*SS) Vehicle (PBS) Vehicle (*SS) 14 & 26 2 20 Vehicle (*SS)
Carboplatin Vehicle (*SS) 14, 18, 22 & 26 3 20 PEGyl ated TPO Conpound No. 1
300ug/ kg vearboplmsin Vehicle (*SS) 14, 18,22 & 26 4 PCT/US2006/005322

onto the peptide compound as a phosphate moiety through, for example, a hydroxyl

group on the peptide compound using conventional chemistry.

The present invention provides peptide compounds that bind to and activate the
TPO-R or otherwise behave as a TPO agonist. These peptide compounds include "lead"

5  peptide compounds and “equivalent” or "derivative" peptide compounds constructed so
as to have the same or similar molecular structure or shape as the lead peptide
compounds but that differ from the lead peptide compounds either with respect to
susceptibility to hydrolysis or proteolysis and/or with respect to other biological
properties, such as increased affinity for the receptor. The present invention also provides

10 compositions comprising an effective amount of a TPO agonist, and more particularly a
peptide compound, that is useful for treating anemia.

The peptide compounds of the invention can also be administered to warm
blooded-animals, including hurﬁans, 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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20 Vehicle (*SS) Carboplatin PEGyl ated TPO Conpound No. 1 30Qug/ kg 14, 18,
22 & 26 5 20 PEGyl ated TPO Conmpound No 1 300ug/1cg Carboplatin PEGyl at ed

TPO Conpod0cdoN#94781300ug/ kg 14, 18, 22 & 26 100n Days PET/UB2)06RE3and 26,
five mice in each test group were wei ghed and then

prior to chemotherapy, radiation therapy, or bone marrow transplant or after such
exposure.
Accordingly, the present invention also provides pharmaceutical compositions
comprising, as an active ingredient, at least one of the peptide compounds of the
5 invention in association with a pharmaceutical carrier or diluent. The peptide compounds
of this invention can be administered by oral, pulmonary, parental (intramuscular,
intraperitoneal, intravenous (IV) or subcutaneous injection), inhalation (via a fine powder
formulation), transdermal, nasal, vaginal, rectal, or sublingual routes of administration
and can be formulated in dosage forms appropriate for each route of administration. See,
10  e.g., Bernstein et al. PCT Patent Publication No. WO 93/25221; Pitt et al. PCT Patent
Publication No. WO 94/17784: and Pitt et al. European Patent Application 613,683, each
of which is incorporated herein by reference.
Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active peptide compound is
15 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.
20 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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eut hani sed usi ng CO2- asphyxi ati on and exsangui nation via cardi ac puncture.
The bl ood sanples were transferred to separate EDTA (| avender-top)

m cr ocontwipreee7#9 1 henmat ol ogi cal eval uati on. G oups of PCRAISE@6/003e2 ( 5)
were processed on Days 14 and 26. Results are shown in FIGS. 5-8. The data
are presented graphically as group neans 15 + SEM WO

20071094781PCT/ US2006/ 005322 Treatnent of mce with carboplatin alone
caused decreases (approx. 18% in henoglobin | evels, RBC counts and

hemat ocrits i.n th urviving.mce by .Days. .18 and 22 cappared to control
groups. cmbedlions e I HeligP Bk AR kBt e PR A of PEGY at ed
TPO Conpound_No. 1 onC%a 8 (1 hour, after the, second carboplatin 5

t r eat merfB§PERFIRR ARFASeIN ‘%/eﬁte&’r‘i‘ga |°FP%r?§§ PHEWBINgrAgPRy | at ed TPO Conpound No.
1 on Day 0O; however, the adm nistration of PEGyl ated TPO Conpound No. 1 on
Day 0 (only) Pregpragansasceringde thisinmerpioatpiparenda] cdmini sieatige snclyslerstraide
erythrocyte paraneters. All mce in the control group experienced

nor mal wgilggs ogainmdyecussehitiDagy suspersinhs 28 cnwisions. Bkdmplecef nonegtemswi t h
carbopl atin alone lost small ambunts of body wei ght 10 (averagi ng

appr 6xi rsalvehty oddchiadksraraypropyiensgyeol { potgetipdeneqilycoM vegetabie aild, sgghasps t hat were
treated with carboplatin and various co-treatnents with PEGyl ated TPO
Conpounalie oil andtdrineil, d¥kitinl &idigfclanid orga@icRterduck¥penhilenens saew mal  wei ght
gai n between Days 7 and 26. Analysis of the body wei ght neasurenents over

the studisfpRibf ndod@sdohrathatukat:Raa @s%r@seﬁﬂ@%t\x}@cﬂ{g, WRS1sr{ig g TROF

contributor to the observed decreases in body 15 weights anhdt hat

co-treatyg -\ : . i i ght | oss,
however cg%g{sg iagﬁtggﬁé %ﬁ{gﬁ%i&s@%ﬁ% (’)Fﬁlgén 1811%15% &#@%@%g%@ggteﬁ% body

wei ght s Y/ t. n rior to.dosing wth carbopl.atin) and Day
%6 (ot udspgiaiin S S e oot erii e omipri Ly RRBEL 01 o
groyps ear ed. .nor hr.oughout the st eriod. 20 ce treated with
car g@pl 3{??9%“310@38“%%%’?38“%%%?{?0%?%i ya‘%ﬂ@baﬁpj%‘?d’éa"& Wehdir as early
as Day 12 with frequent signs of hunching and appearing unkenpt. Many m ce
recei vi RV HEp PRI ((tWrtS??é‘éFt mlﬂCtaWetrﬁedPE@fffﬁ’?@gatq}p@e@&%und No. 1
treatnment) assunmed a hunched position and appeared unkenpt during the

| atter hal f &PmpRatieasfayrecigber W@inalradaspisbariongre ArefEdy)y stmg@siPEs Conpound No.
1 on Day 8 without or with additional treatnment on Day O appeared to del ay
t he onsethidf mahemgris,iigaddiaemitottheadtive substmcdaysp@nasdctBasdwcratagedorn he
severity and duration as well; however a detailed analysis of the effects
of tr eatarsepposiiorysyext €ompogitiaa furatasad s sy gnd tadmiristtitive dremlopAbfkdd 3

The effect of PEGyl ated TPO Conpound No. 1 on the duration and severity of
anenta fvﬁm@aﬂddﬁgged@@ieﬂg WwIndeaSn ke andi ch PEGyl at ed TPO Conpound No. 1 is
adm nistered at various tinmes follow ng the carboplatin treatnment was

observed. Forrpt BhdpsitddiY of BB iRRRHGH caafal B thidt RAcapRILER BPBPckaNR1e, 1 Was
adm nistered to mce, one (1) 10 hour, one (1) day or four (4) days
fol | oW ng. dehad Qpﬁkéﬁd@ﬂpﬁﬁ Treatise on Controlled Drug 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

27



The groups of mice were treated with either carboplatin or vehicle
(Phosphate Buffered Saline, PBS) by ip admnistration on Days -1 and O as
del i neat edORed70M478The optimal dose of carboplatin used POTIUSAWGH05322

t hronbocytopenia in the BALB/c nouse strain was previously determined to be
a fractionated total dose of 120ng/ kg given as two 1l5consecutive daily
injections (i.e., 2x60ng/kg). One hour (Day 0), one day (Day 1) or four
days (Day 4) follow ng the second dose of carboplatin, groups of mce were

treated wth ha P und No L1 ( 00u/k% or .vehicle (sterile
sal i ne, éféééﬁgggé%ér '\/%@?L\l/n-e[s- %feggg(gf)%‘; 550t U %ﬂ?‘lﬁ&?"&g Selﬁ“?-‘/\f’f(ﬂéf’oqhﬁiaf; i njb ection
s delineated in.Tabje 3. The se was adm ni stered on a per-weight basis
?100u1/ 16“g‘} %’SWnggf"éjrﬁe}‘?m&ﬁam6\%%26’6%94781PCT/ US2006/ 005322 Tabie 3

Treat ment G oups: }g? N Pretreatment [2x60ng/kgl, (ip), Day -1 & O Test
Article Dose #ﬁ RFPPIBIaSHE 2RRAICRERNS] ¥PRSitions ¢fngainipg the peptide compounds of

the invention are administered to a patient susceptible to-or.otherwise at risk of a
5  particular disease. Such an amount is defined to be a "prophylactically effective dose". In
this use, the precise amounts again depend on the patient's state of health and wei ght.
The quantities of the TPO agonist necessary for effective therapy will depend
upon many different factors, including means of administration, target site, physiological
state of the patient, and other medicants administered. Thus, treatment dosages should be
10 titrated to optimize safety and efficacy. Typically, dosages used in vitro may provide
useful guidance in the amounts useful for in situ administration of these reagents. Animal
testing of effective doses for treatment of particular disorders will provide further
predictive indication of human dosage. Various considerations are described, e.g., in
Gilman et al. (eds), Goodman and Gilman's: The Pharmacological Basis of Therapeutics,
15 8thed., 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
20 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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10 Vehicle (PBS) Vehicle (SS) Sham Days 6 & 12 2 20 Carboplatin Vehicle

(SS) Sham Days 6, 8, 10 & 12 3 20 Carbopl ati n PEGyl ated TPO Conpound No.

300ug/ kg, WwD2907094781 PCT/US2006/005322

10

15

20

EXAMPLES
ANIMAL MODELS

The effects of PEGylated TPO Compound No. 1 on mice treated with carboplatin
were observed. For all examples herein, a 10 mg/ml stock solution of PEGylated TPO
Compound No. 1 was prepared in sterile saline. For mixing, the preparation was placed
on a gyratory shaker for 15min. at 200 rpm. This method was used to dissolve
PEGylated TPO Compound No. 1 without foaming. The stock was filtered using a GV
Millex (0.22um) filter. Dosing solutions were then prepared from this stock using sterile
saline. The stock and dosing solutions were prepared fresh on the day of use.
EXAMPLE 1

The effect of PEGylated TPO Compound No. 1 on the duration and severity of
anemia following treatment of mice with carboplatin as determined by changes 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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Days 6, 8, 10 & 12 4 20 Carbopl atin PEGyl ated TPO Conpound No, 1 300ug/Kkg,
Day 1 Days 6, 8, 10 & 12 5 20 Carbopl ati n PEGyl at ed TPO Conpound No. 1
300ug/ kg, Wla90709Beys 6, 8, 10 & 12 Op = Group; But = EuPhaAIS2@d/005322

injection as delineated in Table 1. The dose was administered on a per-weight basis

(100ul/10g body weight).

Table 1
Treatment Groups:
Gp | N Pretreatment Test Article Dose (iv) Blood Collection
(ip), Day 0
Day 2 & -1
1 10 | Vehicle (PBS) Vehicle (SS) Sham FEut 5 mice onDay 5 & 11
2 120 Carboplatin Vehicle (SS) Sham Eut 5 mice on Days 5,7,9 & 11
3 120 Carboplatin PEGylated TPO 300ug/kg Eut 5 mice on Days 5,7, 9 & 11
Compound No. 1
4 |20 Carboplatin PEGylated TPO 1000ug/kg Eut 5 mice on Days 5,7, 9 & 11
Compound No. 1
5 120 Carboplatin PEGylated TPO 3000ug/kg Eut 5 mice on Days 5,7, 9 & 11
Compound No. 1
Gp = Group; Eut = Euthanized

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.

10  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

15 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 Days 6, 8, 10 & 12, five mce in each test group were wei ghed and then
eut hani sed usi ng CO2-asphyxi ati on and exsangui nati ons via cardi ac puncture.
The bl oodwb 28emPks were transferred to separate EDTA (PETAISA@&60033R)

m crocont ai ners for hematol ogi cal evaluation. G oups of control mce (5)
were processed on Days 6 & 12. Results are shown in FIGS. 9-12. The data
are presented graphically as group neans + SEM Treatnent of mce with
carbopl atin al one caused dramati c decreases (approx. 10 47% in henogl obin

| evel s, and. he t ocr, ur Vi vi mce (2 mce) by Day
12 conpar eg&p&?nc@ﬁtrh SIVMEJ?uS §ees thbéglaﬁgc%?g?p% r]e‘?i@ﬁ‘fl‘?éﬁe%y t he
admnlstrat rhﬁ gg TPOCo oundNo 1 on Day O (1 hour after

car bopl at’ Hgf CEN ?Pfs) ﬁelﬁfé‘?t O%Wg?me‘%sﬁ’é’%%qqﬂ@qt?(h% By f

PEGyl at ed TPO Conp No. 1 on Day 4 failed to affect earboplatin-induced
changes |Ar‘i‘a]tyﬁéQfethépg?@BhW%?ftI@eaéaﬁemlséﬁESUbﬁgtl\ﬂfé@W pveglthe YrBapsudy eat ed wit h
carbopl atin alone or carboplatin plus the various doses of PEGyl ated TPO
ConpoundPRiEd spegegisdhat erbeplatieiregimentodme crusd s dhseBed dbramelinlsddyel ati ve to
body wei ght neasurenents collected on Day -1. Analysis of the body WO
20071994 7&{thC RIUSROPBGIRES P OWVED@hbundENKS Ureah®izts tRvedovefeorshididyt peri od
suggests that carboplatin was the major contributor to the observed

decr easebodywdighttyt s it estedhe admini stration of PEGyl ated TPO Conpound No.
1 on Days O, Day 1 or Day 4 did not appear to affect the weight |oss

associ at ed WIMlibematéamlaqtdafbobraﬁﬁta%efbega'ﬂ%\@;‘aﬁﬁu %tér&@%dé;%ﬂaﬁ@é %”a' ysis was

not conducted. 5 Decreases in body vvelg hts observed tween Day -1 and Day

10 are pp&acet §§JD‘a 5FkGine éﬂhﬂe mice %SS% &hé{'g@?orf%ﬂtagg%aé%{ fgatc fﬁi appear ed

nor mal t hr oughout he study perio rea al one
began to Iy arance a ear a W th
frequent Mé:é bl sq’h%ﬁcﬁ?er@ § pad-gac’fl’l Fl?aitcv%lﬁhpﬁ(rs%lﬁ?d #?ﬁgea(irﬁpg"é‘éel Vi ng
car bopl a Wit tedT npound No. 1 treatnent)
assu?r(gd Iglohlu Cﬁegﬁe%gh%wsiebﬁreg?ﬁfceéﬁg%ﬁy%yﬂ? él}f’é‘? Heningprneibatappesssd  of t he
study period, Sge Pfgﬂ these nmice also had soiled anogenital areas. O her
i nf reque?ﬁ’tb éji‘)@en be tided appearing emaci ated, havi ng saggi ng eyelids and
exhi biting an abnormal gate. Treatnent with PEGyI ated TPO Conmpound No. 1
di d not 5% LED have a dramatic effect on the 15onset, frequency or the

severity of these signs, however a detailed analysis was not conducted.
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

15 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.

20 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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Prevention of carbopl atin-induced anem a is observed when aninmals are dosed
w th PEGyl ated TPO Conpound No. 1 within 24 hours of chenotherapy. This
dat a suggeet80mi9&I81 PEGy| at ed TPO Conpound No. 1 has nyelPOpuisSe@soise2 ef f ect s
that are not 20 limted to the negakaryocyte |ineage. EXAMPLE 4 The
ability of PEGyl ated TPO Conpound No. Ito function as a survival factor for
nmegakar yocyte and erythrocyte |ineages in carboplatin-treated mce as
determ ned by WO 20071094781PCT/ US2006/ 005322 changes i n henat ol ogi ca
paranmeters was. ohserved. In, previou tuydi es, doses of PEGyl ated TPO
Conpound CW?CuiIV%\ga‘FydWe %o@éb“gg?xl?& YGRS PIGF &@’ﬁtﬁrﬁtﬁérbaﬂléﬁ? a induced
by carboplatin. In this study, the effect of |ower doses of PEGyl ated. TPO
Conpound dggs.or ong (1) gour afigr the 9eroan dosow ¢abRBYAIBIEIQUPE 08 NHEH Werk tgftedr vt hr ocyt e

| i neages was 5exam ned to characterize the dose-response for this effect.
The gr oupsthFEGylated TRO €ompeandNowi (3A0ed/kd)er velrelp Gyi¢rale isalingr SSehi cl e
(Phosphate Buffered Saline, PBS) by ip admnistration on Days -1 and 0 as
del i neat pctsdredtiverfrelded % padinmichibade) wfIVe@ohepingtiion assdetinéaed indiadk 2.

t hrombocyt openia in the BALB/c nouse strain was previously determ ned to be
a frasti onadeiiohatgedupdasereaied Wa@rgidygated YRO Gosngonad MOc 0Bs@Gtdry Dgai | y
injections (i.e., 2x60ny/kg). Approxinmtely one hour follow ng the second

dose of @ﬁgﬁoa?deamdys,%wa}% AiboPlaGif d¥RY Il ASReEFasYekfBr & @%&d TPO

Compound or vehicle (sterile saline, SS, preservative-tfree 0.9%

sodi um pw_e

was adm ni ghégag}
Treat nent G oups:

Qo

p

G N Pretreat nent

Tf‘ble

v&ﬁéi liltB‘j ection as delineated in Table 4. The dose
[ gﬁt ‘basis (100ul/ 10g body wei ght).
iP%, Day -1 & 0

Study Design:
Gp| N Dose (iv) Carboplatin (CBPL) Dose (iv) Blood Collection
Day 0 [60mg/kg, q2d], Day 8 Eut 5 mice on
@ip), Day 7 & 8 (1 h after 2™ CBPL Days
dose)
1 10 Vehicle (*SS) Vehicle (PBS) Vehicle (*SS) 14 & 26
2 |20 Vehicle (*SS) Carboplatin Vehicle (*SS) 14, 18,22 & 26
3 120 PEGylated TPO Carboplatin Vehicle (*SS) 14, 18,22 & 26
Compound No. 1
300ug/kg
4 120 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/kg
10 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

15 +SEM.
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Test Article Dose (iv) Day O Blood Collection 10 Vehicle (PBS) Vehicle
(SS) ShamBut 5 mce on Day 6 & 12 2 15 Carboplatin Vehicle (SS) Sham But 5
m ce on DsQP0@/098788 12 3 15 Carboplatin PCT/US2006/005322

Treatment of mice with carboplatin alone caused decreases (approx. 18%) in
hemoglobin levels, RBC counts and hematocrits in the surviving mice by Days 18 and 22
compared to control groups. These decreases were prevented by the administration of
PEGylated TPO Compound No. 1 on Day 8 (1 hour after the second carboplatin
5  treatment) without or with an additional dose of PEGylated TPO Compound No. 1 on
Day 0; however, the administration of PEGylated TPO Compound No. 1 on Day 0 (only)
failed to affect carboplatin-induced changes in these erythrocyte parameters.
All mice in the control group experienced normal weight gain between Days 7
and 26, while all mice treated with carboplatin alone lost small amounts of body weight
10 (averaging approximately 4%) during the same time period. Mice in all groups that were
treated with carboplatin and various co-treatments with PEGylated TPO Compound No. 1
either maintained body weight or experienced normal wei ght 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
15  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.
20 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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PEGyl at ed TPO Conpound No. | 3Qug/kg But 5 mice on Days 6, 8 & 12 4 15

Car bopl atin PEGyl ated TPO Conpound No.! 10Qug/kg But 5 mce on Days 6, 8 &
12 5 15 Gaokzopresism PEGyl at ed TPO Conpound No. 1 300ug/ PGTHi$R006/0043e2 oOnN
Days 6, 8 & 12 3 =

period. Treatment with PEGylated TPO Compound No. 1 on Day 8 without or with
additional treatment on Day 0 appeared tb delay the onset of these signs and treatment on
Days 0 and 8 decreased the severity and duration as well; however a detailed analysis of
the effects of treatment on systemic observations was not conducted.
5 EXAMPLE 3
The effect of PEGylated TPO Compound No. 1 on the duration and severity of
anemia following dosing regimens in which PEGylated TPO Compound No. 1 is
administered at various times following the carboplatin treatment was observed. For this
study, an amount of PEGylated TPO Compound No. 1 was administered to mice, one (1)
10 hour, one (1) day or four (4) days following a carboplatin dose.
The groups of mice were treated with either carboplatin or vehicle (Phosphate
Buffered Saline, PBS) by ip administration on Days -1 and O 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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G oup; But = Euthanized On Days 6, 8 and 12, five mce in each test
group were wei ghed and then eut hani sed usi ng CO2-asphyxi ati on and

exsangui 02007409184 car di ac puncture. The bl ood sanpl es PagS200080322rred to
separate EDTA (lavender-top) mcrocontainers for hematol ogi c eval uation.

G oups of control mce (5 were processed on Days 6 & 12. 5 Results are
shown in FIGS 13-14. Treatnent of mce with carboplatin alone caused
a greater than 25% decrease in henoglobin levels in the mce by Day 12.
This decrease was totally inhibit tl treatment with all doses of

PEGyl at ed TPO Conpound No. 1 PEGy TPO Corrpound No. 1 al so effectl vel y
i nhi bi ted the decreases in RBC coy 3 at—W ed by
car bopl Firpatment Groups; ntial l y _al l—of F-ce—ih oHB “ eated
with eiltéref Nar bBpteeatoent| dneshprgds popl Qf’%er{“’bl us|the ﬂ%ﬁ‘éﬁ ?&g s of

PEGy| atjed TPO Co Wﬁ%fkﬂc. 1 experiemnced weight | )ss on and 12
relative_tob L &b dsur epept s leothested—on ""ﬁ@cl )55| s—of—t he
bOdy L(]Ihf 1IQ‘IZ\ Q\{E!éﬂﬁp::@ﬁv\v nYehqu.%(§$)2 F\c\yr S %yl ne iﬂ'iur i “'"Eag?’lg T(? J‘l‘j{ hat

car bopl|afin 2r plati @%@S} ho_abSMdWed dheroqsdis S ‘1’()“;21 $.
PEGy| atjed TP® Conﬁ%fh??é?“ﬂlo. PEGYRESIEe Ty BelFe 08V 0 { oct \:glyéﬁt '['0S's “or

recoverly im thjs study. I{)/hce treated with c;}ar boplatin al one beganjto
exhi bi t["al { exed apgbsaince |aiFdylbelTay il o300oykEday4. | Some Biysthk 10ikcld assulred
a hunched posifion and appea?‘@tﬂOW‘)unkerrpt Many 1m ce al so had soft stool.

Few anipralg eare >e+el ot T b

Tr eat mgn \J\,izph E@F’r%ﬁl%m‘ T Pﬁmedwwgredsedt é(iaglsc?nlgsZz'?@plfrequency
and severitly of these signs| in mannerl that appeared to be dose-dependent.
WO 2007 X504 BR1pPEN £E2006/005322 PEGyl at ed TPO Conpound No_ |
functioned to nmaintain the survival of erythrocyte |ineages in
carboplatin-treated mce as determ ned by peripheral blood platelet counts
and ot her hermi DhRd, 8210 Rarafied wics.in Alch tebo gempoferPiehat mdl h?O Conpound No.
1 were found to conpletely prevent the anem a i nduced by carboplatin on
SDay 12.. i8R 6 €SHCOS aSHgeiRE6n z@ﬂd@){%i@ﬁﬁﬁﬁdﬁ@v@@m&m& pictyre rBepowE veness of
t he megakaryocyte and erythrocyte |ineages to the "survival maintenance”

effeqts s%ﬁlpfég@é}ea&eﬁlgfeﬁgg)t%‘amm (latendersMPkerdeontainers 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.

10 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.

15 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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G oups of mce were treated with two rounds of the chenotherapeutic agent
10 (carboplatin) ten days apart, with each round consisting of two
consecut iwe 2dey4mi carboplatin (i.e., 70 ng/kg/ day admPrirdisessdosa2 Days - 1
& 0 and Days 10 & 11) as delineated bel ow. The dose of carboplatin utilized
for these survival studies exceeded the maximal! tolerated dose for mce
(i.e., 120 ng/kg; adm nistered as 60 ng/kg/day on 2 consecutive days). One
hour foll ow ng the second dose of carboplatin in each round (i.e., 15 Day O

and 11) m.ce were treated w PE ted TP 0Qug/ k

\(/gh: cl )e"ﬁ(eé%bélﬂ}e!aﬁ“%“é\?“itﬁ;%‘?er %@,SE“EP'&?‘%(&/%‘[&%S&% ?‘?qe%@%g%oﬂg% i B?n&lgﬁ %ori g/e) g%)yolr v
olus) injection as ' ted below. Th I Ni

el ght . SEBFbPL B0 LSS5 RGNy Weizhe: 208 HOONYSHRCH RO 005322

StudEl lesign: Go N Pretreatnent (ip), Day -1 & 0, Day 10 & 11 T Arti
100119/ KPQ ConpdosldNg.ilop Days 0, Da>€ 1 '33 Day 4¥ﬁd not appear to :;./ffect the weight ?oség rticle

associated with carboplatin treatment, however a statistical analysis was not conducted.
5  Decreases in body weights observed between Day -1 and Day 10 are presented in FIG.
11).

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 2 with frequent signs of hunching and appearing flaccid. Many mice

10 receiving carboplatin (without or with PEGylated TPO Compound No. 1 treatment)
assumed a hunched position and appeared flaccid in the latter half of the study period.
Some of these 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

15  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

20 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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-1h after 2ndCBPL dose for ea. cycle Blood Collection / Analysis But 5 mce
on 1 25 Vehicle (PBS) Vehicle (*SS) Sham Day 0 & 11 Days 7, 10, 18,21 8z
28 2 25 csokopyesism ( 70ng/ kg) Vehicle (*SS) PCT/US2006/005322

changes in hematological parameters was observed. In previous studies, doses of
PEGylated TPO Compound No. 1 as low as 300ug/kg were found to prevent the anemia
induced by carboplatin. In this study, the effect of lower doses of PEGylated TPO
Compound No. 1 (i.e., 30, 100 and 300ug/kg) on the survival of erythrocyte lineages was
5 examined to characterize the dose-response for this effect.
The groups of mice were treated with either carboplatin or vehicle (Phosphate

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

‘ 10  consecutive daily injections (i.e., 2x60mg/kg). Approximately one hour 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)
injection as delineated in Table 4. The dose was administered on a per-weight basis

(100ul/10g body weight).

15 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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Sham Day 0 & 11 Days 7,10, 18,21 & 28 3 25 Carboplatin (70ng/ kg) PEGyIl ated
TPO Conpound No. 1 100 ug/kg, Day O & 11 Days 7, 10, 18,21 & 28 On
days 7, MO20@/092B1and 28 five mce in each test group PRI/UR@SNGIRUP) t hen
eut hani sed usi ng CO2- asphyxi ati on and exsangui nati ons via cardi ac puncture.
The bl ood sanples were transferred to separate EDTA (| avender-top)

m crocontainers for 5 hematol ogical evaluation. Goups of control mce
treated with the vehicles al one were processed in the sane manner. Results
are shown in FIG 15. Treatpent of mce with two rounds of carboplatin
resulted in tﬂ@%%@l%@tflqu&e%%ﬁé?%%gﬁﬁeée VRigted@id tBeser ved bet ween
days 10 and 21 while, mce treated with 2 rounds of carboplatin and

PEGy| at eertrPdedunips Gi¢H-asbhyxiatinn pif SNSAREIIIMERBT Ya cadiag pupesret Rheglgdbut t hi s
period 10 that were simlar to the control group. Interestingly, of the

m ce not samplés werd trhusferheinm sepacys ERT Acleyeuderitem migronpmseingm fothe group treat ed
with carboplatin alone died between days 4 and 18 while only 1 nouse in the
group res@hatbldgiceonmhtivat iGroupshdcanyol exdps (@ tevd procassddhm Bays® $aei od, with
nost of the deaths occurring within the period of anem a. These results

suggest RBafliisardaeRh @t FiGd (dweed anem a nmay contribute the death 15 of mce
recei ving high | evels of chenotherapy and that PEGyl ated TPO Conpound No. |

may function ?&aiﬁﬁm §BRR WA SMopiahR h1oRE chliBd FofeltePihaRSW R IAG thhe
devel opnent of the anem a.

hemoglobin levels in the mice by Day 12. This decrease was totally inhibited by

treatment with all doses of PEGylated TPO Compound No. 1. PEGylated TPO

Compound No. 1 also effectively inhibited the decreases in RBC counts and hematocrit
10  that were induced by carboplatin treatment.

Essentially all of the mice in all groups treated with either carboplatin 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

15  that carboplatin treatment alone cansed 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

20  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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EXAMPLE 6 For mechani stic studies, groups of mce were treated with
vehi cl e or increasing anounts of carboplatin (i.e., 60, 70 or 80 ny/kg) for
2 consecwpweorda@ys1(Day -1 & Day 0). Approximately one ROTUSE@ol008820hg t he
second dose of carboplatin, groups of mce 5 were treated with PEGy| at ed
TPO Conpound No.1 (10Qug/kg) or vehicle (sterile saline, SS,
preservative-free 0.9% sodi umchl oride) by IV (bolus) injection as
delineated in Table 5. Table 5 10 Study Design: Go N CBPL dosed Treat nent

Bl ood Col | ' - i '
eCtPiE I;llatf:clt")[(?ly()s Cor%pgfm% léé.Fl))furgcltiVo)néd %a rXai%tainl tlﬂe B@r%}vbpﬁpl‘ /

erythrocyte lineages in carboplatin-treated mice as determined by peripheral blood
platelet counts and other hematological parameters. All doses of PEGylated TPO
Compound No. 1 were found to completely prevent the anemia induced by carboplatin on
5 Day 12. These results suggest a differential sensitivity/responsiveness of the
megakaryocyte and erythrocyte lineages to the “survival maintenance” effects of
PEGylated TPO Compound No. 1.
EXAMPLE 5
Groups of mice were treated with two rounds of the chemotherapeutic agent
10 (carboplatin) ten days apart, with each round consisting of two consecutive days of
carboplatin (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.,
15 Day0and 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).

39



Anal ysi s But 3 mce on 1 3 Vehicle (PBS) Vehicle (*SS) Day 15 2 3
Carbo _platin (60ng/kg) Vehicle (*SS) Day 15 3 3 Carboplatin (70ng/ kqQ)

WO 2007/094781 PCT/US2006/005322

Study Design:

Gp | N | Pretreatment | Test Article Dose (iv) Blood Collection /
(ip), Day -1 100ug/kg ~1h after 2ndCBPL Analysis

& 0, (iv) dose for ea. cycle Eut 5 mice on
Day 10 & 11
1 25 | Vehicle (PBS) Vehicle Sham, Day 0 & 11 Days 7, 10, 18,21 &
(*SS) 28

2 25 Carboplatin Vehicle Sham, Day 0 & 11 Days 7,10, 18,21 &
(70mg/kg) (*SS) 28

3 25 | Carboplatin | PEGylated TPO | 100 ug/kg, Day 0 & 11 | Days 7, 10, 18,21 &
(70mg/kg) Componl.md No. 78

On days 7, 10, 18, 21 and 28 five mice in each test group (25 mice/group) then
euthanised using CO,-asphyxiation and exsanguinations via cardiac puncture. The blood
samples were transferred to separate EDTA (lavender-top) microcontainers for

5 hematological evaluation. Groups of control mice treated with the vehicles alone were
processed in the same manner. Results are shown in FIG. 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

10  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
15  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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Vehicle (*SS) Day 15 4 3 Carboplatin (SC ng/kg) Vehicle (*SS) Day 15 5 3
Carboplatin (60ng/ kg) PEGyl ated TPO Conpound No. 1 Day 15 (10Qug,/kg) 6
3 WO 2007/094781 PCT/US2006/005322

EXAMPLE 6
For mecﬁanistic studies, groups of mice were treated with vehicle or increasing
amounts of carboplatin (i.e., 60, 70 or 80 mg/kg) for 2 consecutive days (Day -1 & Day
0). Approximately one hour following the second dose of carboplatin, groups of mice
5  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 in

Table 5.
Table 5
10
Study Design:
Gpi N 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 Da_y 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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Car boplatin (70nmg/ kg) PEGyl ated TPO Conpound No. 1 Day 15 (10Qug/ kg)
3 Car Bopl atin (80ny/kg) PEGyl ated TPO Conpound No. | Day 15 (10Qugi kg)

10

15

20

WO 2007/094781 PCT/US2006/005322

were isolated and processed for histological examination. Sections of these tissues were
processed immunohistochemically for fibrinogen/fibrin.

Treatment of mice with increasing amounts of carboplatin alone caused a
dramatic drop in the number of platelets in mice receiving 2x70mg/kg on Day 15 and a
dose-dependent decrease in hematocrit (HCT) in mice treated with the 60 and 70 mg)kg
carboplatin (alone). These decreases in platelet and RBC counts induced by the
carboplatin were totally inhibited by treatment with the PEGylated TPO Compound No.1.
It should be noted that all of the mice treated with 2x80mg/kg carboplatin (alone) were
either found dead or were euthanized (moribund) prior to study termination.
Interestingly, all of the mice treated with 2x80mg/kg carboplatin and PEGylated TPO
Compound No. 1 survived until the scheduled study termination and did not exhibit
thrombocytopenia or anemia on Day 15.

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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On Day 15, the mce in all treatnent groups were euthanised using CO2-
asphyxi ati on and exsangui nations via cardi ac puncture. The bl ood sanpl es
were 15 twengiowmsd t o separate EDTA (| avender-top) m cPCTAISR&6H0F302

hemat ol ogi ¢ evaluation. In addition, several organs (including the brains)
of control mce and mce treated with 2x70 ng/ kg carbopl atin w thout and
wth co-treatnment with PEGyl ated TPO Conpound No.1 WO

20071094781PCT/ US2006/ 005322 were isol ated and processed for histol ogical
exam nation. _Sections. of these.tissues. wer r ' i stochem cally
for fibrinogafffspis el *FISB’QF r‘r‘édrﬁateo‘?lgtrﬁ“g}g&hvﬂgyﬁo?%g\?%gsgﬂr%gag%gt}m s of

carbopl atin al one caused a dramatic gr‘% int nunbgr of EJ altlel.ets in mce
recei vi rgemethoRyy R sicpajerathromp ar BowesE o PRRIRRIREBASE WU hemat ocr i t
(HCT) in mce treated with the 60 and 70 ng/ kg carbopl atin gag one). These
decr eas e RBCspitat lifedst thatribiesRBescalin Avents aEats ByrhematheRphaiiostd n wer e
totally inhibited by treatnent wth the PEGyl ated TPO Conpound No.!. It
shoul d” hmemot Edhdditamn, tiklabidity ¢fitee REGwEated dRCedompetnd X8 drig pRayeeidhbopl at i n

(al one) were either found dead or were euthani zed (noribund) prior to study
t er misnatdedslophéhtlontiREeshtonigliy evalts may be heomparent ofshe edclvinism Px8Biely/ kg
carbopl atin and PEGyl ated TPO Conpound No. 1 survived until the schedul ed
st udy t%ma?a{tipmeﬁ@ﬁlediedemp&e&&h'ui_@iahemiari@mm@w opanitherapy. dnsty,ahon Day 15.
Hi st ol ogi cal’ eval uation of the brains of control mce exhibited small bl ood
vessel s r{z}ﬂ&g f A DM teh 9o MR S8t SitEinhMethat ed bl ood cel |'s
and exhi’%{l'?%h a H%e%lStgs]?lg??A\%eor fi Bgii‘brlllogen. Dim i}ﬁtravaseul ar staining for
fibrinogen/lfifrin,i i b ! i ) bri nogen is a
nor i CERbBHaNe T S SPARREL R, ek B P e v ¢

Ca oDy bimpSindat, ) B AR T S f ABRAED S Il BbARL SRR Bt At vere

totally ing 1rntensely positive
fibrinogen/fibrin. These njcrathr i were_ frequentl. bserved in tissue
sect 1®bnsresrasiblel fpr B dneregpe W@Vgﬁgg%?@"@‘?’l%%{m‘qrﬂge&s%? Yessels in brain
sections frommce treated with carboplatin and PEGyl ated TPO Conpound No.

1 appear d¥medheradly abd the;xdseWi t ed fi bri nogen/fibrin staining that was only
slightly darker than the control group. A single, mcrothronbotic event was

noted for theFieniBAendbie 1§Babpws thaeffegof toaarst pidii@RoisddF005322 The
results of this study indicate that microthronbotic events are induced by
chenot heCappoaiddjo. diongiateicsrod heroatbéritaf earbbpladmhtreates] misatlas sstoethiin t he
mechani cal lysis of RBCs, it is likely that these vascul ar events
cont ri buggarhfle 6henot her apy-i nduced
15 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
20 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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anema. In addition, the ability of the PEGyl ated TPO Conpound No. 1 to
prevent the 5 devel opnent of these thronbotic events may be a conponent of
t he mechawD2a070p478Mi ch thi s agent prevents the devel opnmPAT/UsRooblees3ahem a

i nduced by chenot herapy. Lastly, the mcrothonbotic events may have al so
contributed to the nortality of aninmals that received high dose

chenot herapy. Therefore, the ability of the PEGyl ated TPO Conpound No. 1 to
prevent the devel opment of these thronbotic events may be 10responsible for

t he increased r of .t he ani hat i gh dose chenot her apy
and the 8§ asljé Smalgklo ?llﬁeslg?léi Agg@a?%‘é‘a%‘ S:B ué‘f’(fg%{he(‘}f’mﬂoé’gﬁ%nt of

PEGyl at ed TPO Conpound No. | atel ets and hematocrit of carboplatin
treated MEQW 8%‘“%@?-6 foghis Hi’rqcﬁs rigvagqd platsiats induge heglppositien of fibrin

adm ni strati on of PEGyl ated TPO Conpound No. 1 reduces fibrinogen

deposi t i ghthinide Yapeasd ypssels apdmiraangicpathi¢ Gramtfidevelemr Bogstatin treated mice
as set forth in Exanple 6. PROPOSED MECHANI SM OF ACTION FIG 16 shows what
i s bel i ewactoangidgmatitihdronsis maadiserihe fmeabariicu dedftruttien efited boéwells 20 ef f ect s of
PEGyl at ed TPO Conpound No. 1. As can be seen by HG 16, chenot herapy

i nducés dentrbetirigo tikeleeslomhéir bof tivn@thesiB-indidea aferiias TR tBeatfiéht SHPPT €Sses
hemat opoi esis. In the absence of PEGyl ated TPO Conpound No. I, a

t hr onboc PECeR darp@gbﬁFMuM@I1qa§1ba§crfan{&h&@4ytlﬂ&1d@h Ahsh&t B dhecome acti vat ed
by the altered endothelium and deposit on the walls of small bl ood

vessel s. ofldudifarh @bl velsiis aH?{QPFH%%tQXhé mﬁ&?e tﬁ@a@gﬂoﬁw contribute

to this process. The activate telets In 05|t| of fibrin
wi thin the d SﬁhYE dev p. These
m cr oanglaopaféggg A ﬁ%ﬁfa&legpat e ?%g%%eﬂhﬁcgtﬁio(?%qq dé (?1%8 g(L)bfe red bl ood
cells 5 contributin 'Q C%‘:s‘\éel.o ; ed anem a.
Co-t 1 eat AERTU PieeRRarrod Wi S EER B ins gt ?Eﬁ@élaw@%
chegg{)herq%ﬁé ‘éffffﬁced damage to the endot helium of bl ood vessel s_and/ or
pr oot es CRBORRHE NPHr GHBBEAEYARHC BIeBISYF ith B AT Yo BEANIQF e Brodestianu| at i ng
platelets, Mcr oan?l opat hic thronbi do not devel op and the structural
i nt egri t §f eermebplatsieo dleargsiasisiismpniainediand gnenpipds pevensad of PEGy!| ated TPO 10
Conpound No. 1 on negakaryocyte precursors in the marrow, pronotes the
producti on of FKarldshowd whalisbdievédiodstsani of the limaagetedients dn dnda@mpeisiia i s
prevent ed. FIG 17 shows what is believed to be sonme of the |ineage
ef f ect s ogllshd PECybtedefRQ@ Comipbenddfo.REGy| at ed TPO Conpound No. 1. EXAMPLE 7

EXAMPLE 7

15 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

20  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.



15 BI NDI NG ASSAY The activity of the peptide conpounds can be

determ ned using standard relative |um nescent units assay techni ques. The
assay enpwoyws(7/47$1, nurine cells engineered to stably @<pASs®octohsS2hunan
TPO receptor and a luciferase reporter construct driven by the fos
pronoter. The assay nmay be performed as follows: Serum deprived Bal/3 hTPOr
20 fos/lux cells expressing the human TPO receptor, c-npl (hTPOr), and a

| uci ferase reporter construct are exposed to increasing concentrations of

ei ther rhTPO @r pept.i r oxi ely 18 rs. |1's are then
i ncubat ed in SFFE’&\PW%%E%%B%)H%G&}F Q?&@Oggg%touﬂ,gfqvg{&g%}ﬁé OF}C@

| um nescence of the cells is neasured using a_| um noneter, o As shown
in Fig. HE§oMPBaH-RREsTrelEBMHhOUAR e dose denendent &shivas Ag sheyr in Fig.

reconbi nantly expressing human TPO-R in a dose dependent fashion. As shown
in Fig. 2h stergespgbiationeli TRR-Rorassibsapd whgmibe gpibserare dimplaisditith thel | s were
stinmulated with the PEGyl ated TPO Conpound No. 1 than TPO at the sane
concent r BEGplated TIR® E@Bpound NG 1 BEGTR etthd R@v«CampeuratdoiNoThd EGadombout 5 pM
Al t hough only preferred enbodi nents of the invention are specifically
descrj beBEGbiated, THO CompbunddNappraabaitscMhat nodi fications and variations
of the invention are possible without departing fromthe spirit and

i ntended scopgitdughlily preRpbl @mbodiMials dfShEIndbAIRA drS spekificAlly BRcps& | de
conpound for use in preventing the devel opnent of anem a foll ow ng

treat nen akidy; ' . ri-si ng-fhe. f ol 1 structure: |E
G LR (5 Ral) e ot RO GERIR rgf O of spehifudd WL TS
said tre ' .SLing. .reatment with

oyt ot oxi oS o Bk ikt B0RE o SHRAGPUBpELt B iRl OO e
conpound for use in treating anem a, said TPO peptide conpound conpri sing
the followi ng structure: IEGPTLRQ (2-Nal) LA AR (Sar) (SEQID NGO 5). 4. A
TPO peptide compound for use in preventing the devel opnent of anem a
followi ng treatnent, said TPO peptide conmpound conprising the foll ow ng
structure: wherein MPEG is net hoxypol y(ethyl ene glycol) having a nol ecul ar
wei ght of approximately 20,000 Daltons. 5. The use of claim4, wherein said
treatnment is selected fromthe group consisting of treatnent with cytotoxic
agents, anti-tunor agents and radiation. 6. A TPO peptide conpound for use
in the treatnent of anem a, said TPO peptide conpound conpi sing the

follow ng structure:
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7 wherein MPEG i s net boxypol y(et hyl ene glycol) having a nol ecul ar .
wei ght of approxi mately 20,000 Daltons. A TPO peptide conpound for
use in preventing the devel opnent of anemia follow ng treatnent, said
TPO peptide conpound conprising the following structure: IEGPTL R Q
(2-Nal) LAAR (Sar) K(NH2) |EGPTLRQ 2-Nal )LAAR(Sar). 8. The use of
claim7, wherein said treatnent is selected fromthe group consisting
of treatnent with cytotoxic agents, anti-tunor agents and radiation.
9. A TPO/mepididgesampound for use in the treatnment of anem a, said
TPO peptide conmpound conprising the followng structure: IE GP TLRQ

(2- Nal ) LAAR( garpo ﬁ%ﬁ:ﬁ'ﬁ'géonhﬁ%ubme(ﬁ %Jmlsﬂbnlﬂ-%%e('e?@ﬂnimt ofﬂagemﬁsfgﬂﬁfrmé

TPO pepti de conpound he manuf acture a nedi‘canent for
preventing tﬁ@ﬂ‘d@\f@?@ﬂf@mw@ﬂe eonenened ¢appiising ity foledagstctugai d TPO
peptide conmpound conprising the follow ng structure: |EGPTLRQ (2-Nal)
LAAR (Sar) (BEGRD )E-Na%izA‘FhB(ﬁ@b(SﬁQT@HOfﬁ) 10, wherein said
treatnent is sel ected fromthe group consisting of treatment with

cyt ot oxc agBretuse obgleim & wheteinsgisiireatimrt isaelpcied fomm the Zroupsensidting of PO

pept i de comAQuf} 0k BirolSRAUEARY Ui ofilor Bl MERb..f O the treat ment

3. A TPO peptide compound for use in treating anemia, said TPO peptide compound

comprising the following structure:
IEGPTLRQ(2-Nal) L A AR (Sar) (SEQ ID NO:5).

4. A TPO peptide compound for use in preventing the development of anemia following

treatment, said TPO peptide compound comprising the following structure:

e Eﬂa’ﬁr ﬂi, )J&zr‘@u Jw?i }i

":“ NH
s

HN’ “H:

i« § ownfﬁﬁ, g% ? %r {‘\

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

5. The use of claim 4, wherein said treatment is selected from the group consisting of

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

6. A TPO peptide compound for use in the treatment of anemia, said TPO peptide

compound comprising the following structure:
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anem a, said TPO peptide conpound conprising the follow ng structure:
| EGPTLRQ (2-Nal) LAAR (Sar) (SEQ ID NO 5). 13. Use of a TPO peptide
conpound in the manufacture of a nedi canent for preventing the

devel opnment of anem a follow ng treatnent, said TPO peptide conpound
conprising the follow ng structure: wherein MPEG i s

met hoxypol y(et hyl ene gl ycol) having a nol ecul ar wei ght of

approxi mately 20,000 Daltons. 14. The use of claim 13, wherein said
treatnment is selec ed fromthe group consisting of treatnent with

cyt ot oxi c agenis, r ag nts,apd radiation. 15. Use of a TPO
pepti de corrpoundnl a nedi canent for treating
anenm a, said TPO pepyi pi g the follow ng structure:
wherein MPEG i s net ypoI y hy°| nd v rhg nmol ecul ar

wei ght of approxi mately 20, 000 | t ons. eptide
compound in the manufacture ofw ‘@ for even ing™t he

devel opnent of anem a foll ow ng treat ment sal Gj~ O pep i de conpound

conprising the foll ow ng strutur“é mLAAR(Sar)
K(NH2) | EGPTLRQ 2- Hﬁc al 516, wherein
said treatnent + «S Ie\jﬁ? eo sistin of t r eat ment
Wi th cyt ot OxiES-y , sanfkli un‘br gent radi at |,,QQ 18. Use of a

TPO pepti de corrpoun |n t he manuf acy. ure of “a nedi canent for treating
anem a, said TPO pebptTde conpound “&on‘prl sing the follow ng sstructure:

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

7. ATPO peptide compound for use in preventing the development of anemia following

treatment, said TPO peptide compound comprising the following structure:

JEGPTLR Q(2-Na) L A AR (Sar)

K(NHz)

IEGPTLRQ(2-Nal) L A AR (Sar).
8. The vse of claim 7, wherein said treatment is selected from the group consisting of

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

9. A TPO peptide compound for use in the treatment of anemia, said TPO peptide

compound comprising the following structuye:

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

K(NHz)

JEGPTLRQ(2-Na) L A A R (Sar).
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|E GP TLRQ (2-Nal)L A AR(Sar) IE GP TLR Q (2-Nal) LA AR (Sar). 49
K(NH2) 19. The use of any of clains 1, 3, 10 or 12, wherein the TPO
conpound is dinerized. 20. The use of any of clainms 1, 3, 7, 9, 10,
12, 16, 18 or 19 wherein said TPO conpound is derivatized with a
hydrophilic polynmer. 21. The use of claim 20, wherein said
hydrophilic polynmer is selected fromthe group consisting of

pol yet hyl ene gl ycol, polypropylene glycol, polylactic acid,

pol ygl yggl i U@f bl TRO by RY %Jg@gﬁg :_]n Jﬂ@lﬂﬂﬁ%l@%%?&%{j}mameﬂt for Pregfxétiln%tlﬁe()’

pol yvi nyl pyrrolidone, ”“cellu dextran. e use o

wher ei n t he TREapowepadadenis fgoyietteatiien 3aid IFO rsptide TREVwEpON@Esing the
conpound for . ture of a nmedicanent for the treatnent or
prevention ofotlféﬁnen%g? tg%i d TPO peptide conpound conprising the

fol |l owi ng StfﬁgfﬁRbﬁé%é)Tfmg%F%ﬂ%iﬁ ﬁB Sar) (SEQ ID NO5).

24. Use of a pepti nmpoun nandracture of a

nmedi car nent r. the. tre nt.or..arevent. f.anem a, said.TPO
ot | ae- Corpoiir Sopt T M Pind iRy e FeaPF B Hrpdofysinbor
Q 2- Nal ) LAARr&angnt Kfthiid#otoxic agents, anti-tumor agents and radiation.

12.  Useof a TPO peptide compound in the manufacture of a medicament for the treatment of

anemia, said TPO peptide compound comprising the following structure:
IEGPTLR Q (2-Nal) L A A R (Sar) (SEQ ID NO:5),

13.  Useofa TPO peptide compound in the manufacture of a medicament for preventing the
development of anemia following treatment, said TPO peptide compound comprising the

following structure:

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

approximately 20,000 Daltons.

14.  Theuse of claim 13, wherein said treatment is selected from the group consisting of

treatment with cytofoxic agents, anti-tumor agents and radiation.

15.  Useof a TPO peptide compound in the manufacture of a medicament for treating anemia,

said TPO peptide compound comprising the following structure:
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|E GP TLRQ (2-Nal)LA AR (Sar). 25. Use of a TPO peptide conmpound for
t he manufacture of a nedi canent for the treatnent or prevention of
anem a, said TP O peptide conpound conprising the foll ow ng
structure: , Wherein MPEG i s net hoxypol y(ethyl ene glycol) having a
nol ecul ar wei ght of approxi mately 20,000 Dal tons.

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

16.  Use of a TPO peptide compound in the manufacture of @ medicament for preventing the

development of anemia following treatment, szid TPO peptide compound comprising the

T following structure:;

IEGPTLRQ (2Nal)L A AR (Ser)
K{NHz)

IEGPTLRQ(2-Nal) L A AR (Sar).
17.  The use of claim 16, wherein said treatment is selected from the group consisting of

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

18.  Use of a TPO peptide compound in the manufacture of a medicament for treating anemia,

said TPO peptide compound comprising the following structure:

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

IEGPTLRQ@2Nal) L A AR (Sar).
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I9.

20.

21

24,

25.

The use of any of claims 1, 3, 10 or 12, wherein the TPO compound is

dimerized.

The use of any of claims 1, 3, 7, 9, 10, 12, 16, 18 or 19 wherein said TPO
compound is derivatized with a hydrophilic polymer.

The use of clatm 20, wherein said hydrophilic polymer is selected from the
group consisting of polyethylene glycol, polypropylene glycol, polylactic acid,
polyglycolic acid, polyoxyalkenes, polyvinylalcohol, polyvinylpyrrolidone,

cellulose and dextran.
The use of claim 20, wherein the TPO compound is pegylated.

Use of a TPO peptide compound for the manufacture of a medicament_for the
treatment or prevention of anemia, said TPO peptide compound comprising the
following structure:

IEGPTLRQ(2-Nal) L A AR (Sar) (SEQ ID NO:5).

Use of a TPO peptide compound for the manufacture of a medicament for the
treatment or prevention of anemia, said TPO peptide compound comprising the
following structure:

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

\

K(NH>)

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

Use of a TPO peptide compound for the manufacture of a medicament for the
treatiment or prevention of anemia, said TPO peptide compound comprising the
following structure:
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3
wherein MPEG is methoxypoly(ethylene glycol) having a molecular weight of
approximately 20,000 Daltons.
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