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producing circulating blood platelets. Although comprising <0.25% of the bone marrow
cells in most species, they have >10 times the volume of typical marrow cells. See Kuter,
et. al., Proc. Natl. Acad. Sci. USA 91:11104-11108 (1994). Megakaryocytes undergo a
process known as endomitosis whereby they replicate their nuclei but fail to undergo cell
division and thereby give rise to polyploid cells. In response to a decreased platelet count,
the endomitotic rate increases, higher ploidy megakaryocytes are formed, and the number
of megakaryocytes may increase up to 3-fold. See Harker, J. Clin. Invest., 47:458-465
(1968). In contrast, in response to an elevated platelet count, the endomitotic rate
decreases, lower ploidy megakaryocytes are formed, and the number of megakaryocytes

may decrease by 50%.

The exact physiological feedback mechanism by which the mass of circulating
platelets regulates the endomitotic rate and number of bone marrow megakaryocytes is not
known. The circulating thrombopoietic factor involved in mediating this feedback loop is
now thought to be thrombopoietin (TPO). More specifically, TPO has been shown to be

the main humoral regulator in situations involving thrombocytopenia. See, e.g., Metcalf,



animals. Specifically, TPOis thought to affect negakaryocytopoiesis in
several ways: (1) it produces increases in negakaryocyte size and
nunber; (2) it produces an increase in DNA content, in the form of

pol ypl oi dy, in megakaryocytes; (3) it increases negakaryocyte

endom tosis; (4) it produces increased maturation of nmegakaryocytes; and
(5) it produces an increase in the percentage of precursor cells, in the
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The gene encoding TPO has been cloned and characterized. See Kuter, et al., Proc.
Natl. Acad. Sci. USA, 91:11104-11108 (1994); Barley, et al., Cell 77:1117-1124 (1994);
Kaushansky et al., Nature 369:568-571 (1994); Wendling, et al., Nature, 369:571-574
(1994); and Sauvage et al., Nature 369:533-538 (1994). Thrombopoietin 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).
Thrombopoietin appears to have two distinct regions separated by a potential Arg-Arg
cleavage site. The amino-terminal region is highly conserved in man and mouse, and has
some homology with erythropoietin and interferon-a and interferon-b. The carboxy-

terminal region shows wide species divergence.

The DNA sequences and encoded peptide sequences for human TPO-R (also
known as c-mpl) have been described. See Vigon, et al., Proc. Natl. Acad. Sci. USA,
89:5640-5644 (1992). TPO-R is a member of the hematopoietin growth factor receptor
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famly, a famly characterized by a comon structural design of the
extracel lul ar domain, including four conserved C residues in the

N-term nal portion and a WoXW5 notif (SEQ ID NO 1) close to the
transmenbrane regi on. See Bazan, Proc. Natl. Acad. Sci. USA,
87:6934-6938 (1990). Evidence that this receptor plays a functional role
in hemat opoi esis includes observations that its expression is restricted
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The slow recovery of platelet levels in patients suffering from thrombocytopenia is
a serious problem, and has lent urgency to the search for a blood growth factor agonist able

to accelerate platelet regeneration. The present invention provides such an agonist.
SUMMARY OF THE INVENTION

The present invention is directed to defined low molecular weight peptide
compounds that have strong binding properties to the TPO-R, can activate the TPO-R, and
potentially permit reduced side effects compared to known TPO agonists. Accordingly,
the peptide compounds can be useful for therapeutic purposes in treating conditions
mediated by TPO (e.g., thrombocytopenia resulting from chemotherapy, radiation therapy,

or bone marrow transfusions) as well as for diagnostic purposes in studying the mechanism



of hemat opoiesis and for the in vitro expansi on of megakaroycytes and
commtted progenitor cells. Peptide conpounds suitable for therapeutic
and/ or di agnostic purposes have an 1C50 of about 2 mMor |ess, as
determ ned by, for exanple, the binding affinity assay set forth in
Exanmpl e 3of U. S. Patent No. 5,869,451, wherein a |ower |1C50 correlates to
a stronger binding affinity to TPO-R The assay in U S Patent No.
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measured in a Cco a mcrotiter plate
are coat ed pibgdnitbr ¢ells.St r ept aV| din, bl ocked with PBS/ 1% BSA, followed by
50 ng of biotinylated anti-receptor imobilizing antibody (Abl79). The
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t he peptid ounds referably have an I C50 no nore than about 100
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be subst antn&rshwell sabeydesgrmined ysing sendard mpthiods e The essavals sordustRg over about

120, 000 dal 1%19& of peptide o%ﬁﬁ%ﬁﬁ@%n@erttfaﬂghsaﬁ%%e results are graphed such that the y axis

represents the amount of bound MBP-TPO; 56 and the x axis represents the concentration of
peptide compound. One can then determine the concentration at which the peptide
compound will reduce by 50% (ICsp) the amount of MBP-TPO5¢ bound to immobilized

) TPO-R. The dissociation constant (Kd) for the peptide should be similar to the measured
ICsp using these assay conditions. For pharmaceutical purposes, the peptide compounds
preferably have an ICsy of no more than about 100 pM, more preferably, no more than 500
nM. In a preferred embodiment, the molecular weight of the peptide compound is from
about 250 to about 8,000 daltons. If the peptide compounds of this invention are
oligomerized, dimerized and/or derivatized with a hydrophilic polymer as described herein,
the molecular weights of such peptide compounds will be substantially greater and can
range anywhere from about 500 to about 120,000 daltons, more preferable from about

8,000 to about 80,000 daltons.



8,000 to about 80,000 daltons. 4 Wien used for diagnostic purposes, the
pepti de conpounds of the present invention preferably are |labeled with a
detect abl e | abel and, accordingly, the peptide conpounds w thout such a
| abel serve as internediates in the preparation of |abel ed peptide
conpounds. A peptide conpound neeting the defined criteria for nol ecul ar
wei ght and bi ndi ng affinity for the TPO- R corrprises 9 or m)re ani no

aci ds wherein t am nﬁ Cdé natura I ccurri ngs o, Sé d ?1 | Sntion
(non-natural |y o¢eut?s® 6‘3 ?’ﬁ“ﬁ%lcapcuir%osses e(@mﬁouﬁ et Pe rgsr?ent rcll1
conpounds csBRfabEara labelR MLfhch dvbattabi: labdl i])d acdopdiagly| the pyRidghompbundsss

t han about 5000 daltons, and (2) a bindi n affinity to TPO-R as expressed
by an | C50 wrt %sw@éab%aﬁvabv@fe@e@atm n @qeeerﬁﬂq%fr%?%?dopﬁtpad%m of the
--C(O) NH - g.g(fé of the peptide conpound have been replaced by a

| i nkage sel ecte romthe group consisting of a -CH2OC(O) NR-- |inkage; a

phosphonate |ink Sﬁ!ﬁ'ﬁﬁf %

--C(ONR6 -- Ii n'% tm% Cm&'pa -- é%‘ g%&ekh%&ggréae%mo%%g Welér}flt rogﬁdmgr
| oner al kylafﬁﬂﬁyﬁﬁtheSTH(mmom;ﬁisksﬂ or rthoretahsiio avlidsrveheneit fiee zh:hlhelamrdﬂm of
sai d peptide conmpound, is sel ect ed from roug con ting of a -NRR
group; a --hantply RCYFBELT synthetyqy Ib?@#aé ?’JNWS‘{CGSTSZR group a

- - NHC( O) NHR gr ou a _succini m de roup a benzyl oxycar bony| - - group;

and a benzyl oxy goorhinaly.Nsforred ﬁawwgmfimwpp%csn@ewhw&ts on the
phenyl ring selected fromthe 81 oup consisting of |ower alkyl, |ower
al koxy, chl 6b@ melaehlarvmight ofirss tan RO G0 dadtos, iapdlependent | y sel ect ed

wnrei n-theCe paPR At BRod pA G SRR A Byt n B bl PG 100 by 'R

where R2 is selected fromthe group consisting of hydroxy, |ower alkoxy,
and - NR3R4 where R3 and R4 are |nd%£]_%ndently sel ected fromthe group

consi sting wherﬁhym@ﬁo tdbof Bae (AN~ ligkeeehpethe perilerompeyrcthhare Srsrof

the -NR3R g, 9 Rernmius ,of

t he peptide go as‘to 1@&?”15&2%([%@}515?' C p%g 'ﬁ{j&)ﬂgﬁg{gom @Hztd&d\h IR b a
phosphonate linkage; a -- CH,S(O),NR-- linkage; a --CH,;NR-- linkage; a --C(O)NR® -
linkage; and a --NHC(O)NH-- linkage where R is hydrogen or lower alkyl and RS is lower

alkyl,

further wherein the N-terminus of said peptide compound is selected from the group
consisting of a ~NRR' group; a --NRC(O)R group; a --NRC(O)OR group; a --NRS(O),R
group; a --NHC(O)NHR group; a succinimide group; a benzyloxycarbonyl-NH-- group;
and a benzyloxycarbonyl-NH-- group having from 1 to 3 substituents on the phenyl ring

) selected from the group consisting of lower alkyl, lower alkoxy, chloro, and bromo, where
R and R' are independently selected from the group consisting of hydrogen and lower
alkyl,

and still further wherein the C-terminus of said peptide compound has the formula --
C(O)R? where R? is selected from the group consisting of hydroxy, lower alkoxy, and —
NR’R* where R* and R* are independently selected from the group consisting of hydrogen
and lower alkyl and where the nitrogen atom of the -NR’R* group can optionally be the

amine group of the N-terminus of the peptide so as to form a cyclic peptide,

and physiologically acceptable salts thereof.



and physiol ogically acceptable salts thereof. 5 In a related enbodi nent,
the invention is directed to a | abel ed peptide conpound conprising a
pepti de conmpound descri bed as above having covalently attached thereto a
| abel capabl e of detection. In one enbodi ment, the core peptide conpound
conprises a sequence of amno acids (SEQ ID NO 2): X9X5GX1X2X3X4X5X6X7
where X9 is A C E G I, L MP R QS T, or V, and X8 is A C, D,

E. K L QR § aTelate@'ém\{odl?rﬂ:?lt ﬁ@: ihSenBioR 1s(FreRRB RS Dbl R @%tﬂﬁ c()fr@t)@x{cf ed
to herein as "2-Nal") residue. Nbr preferably, X9 is l; and X8 is

D, E, or K. comprisingr peptidescompound Mscnbed@s aovexmving cpvalmltlyLattachéd tigretra 5 T
or V; X3 i R S, Vor W X4 is any of the 20 genetically
coded L. anf bdl"%?caf’ifs"f%% YA D E G K M QR S T, Vor Y: and X7
is C, G |,Inkne kmbddimint, Bie 0dFfe péptide Qufiouad bamnpiysep b 8¢ @ichatbagihe atdds
conpound includes the amno acid sequence | EG PTLRQ(2-Nal) L AA
R (Sar) (SESERODNYP): wherein (2-Nal) is (3-(2- naphthyl)al ani ne and
(Sar) is sarcosine. In another enbodi nent, the peptide conmpounds of the
present invention are preferably dinerized or oligonerized to increase
the affini t¥o, ¥nG/XrXaki XKyiXs Ks0f; t he conpounds. An exanple of a preferred
di nmeri zed peptide conpound includes, but is not |imted to, the
follow ng: | EGPTLRQ 2- Nal ) LAAR- X10 K(NH2) | EGPTLRQ (2- Nal ) LAAR- X10 6

where X10 iwhde XGiLASC, T @I, I 3MRIPARI QES,'E %t Yugnd SFQ A, MIF K, LToeRABON €
structure can also be represented by the f ol | owi ng, structure

( H | EGPTLRQ;Naf ?ﬁgmqre%(éylzpbtwlamw{&fm@do ihgrey asa 2] HesidegMesnpound

has the fol[omRg SLEHELYSmal%E B B & & Reflef %5 NE)L /A R, R 26380k, L,
N,QR,S,TorV; X5isC,F,LL, M, R, S, V or W; X, is any of the 20 genetically coded
L-amino acids; Xsis A, D,E,G, K, M, Q,R,S, T, VorY;and X;isC, G, [ K, L, M, N, R
orV.

A particularly preferred peptide compound includes the amino acid sequence LE G
PTLRQ (2-Nal) L A AR (Sar) (SEQ ID NO:7), wherein (2-Nal) is B-(2-

naphthyl)alanine and (Sar) is sarcosine.

In another embodiment, the peptide compounds of the present invention are
preferably dimerized or oligomerized to increase the affinity and/or activity of the
compounds. An example of a preferred dimerized peptide compound includes, but is not

limited to, the following:

IEGPTLRQ@2-Nal) LA AR -Xy
\
K(NH,)
/
IEGPTLRQ(2-Na) LA AR-Xj



K(INH2) | EGPTLRQ(2-Nal) L AAR-(Sar), wherein (2-Nal) is

G&3- (2-napht hyl )al anine and (Sar) is sarcosine (SEQ ID NO 7). This

pepti de conmpound, which can al so be represented by the foll ow ng
structure (H | EGPTLRQ(2- Nal ) LAAR(Sar))2K-NH2is referred to herein as
"TPO Conmpound No. V. In yet a further enbodi nent, preferred peptide
conpounds for use in this invention include peptide conpounds that are

coval ently eg@%ioqgagé}c% r Mﬁlﬁ e f) s1d§1% %% NC?%) ﬂ%deQQQEtHc&rQ9Any mers.

Sui t abl e hydrophi’lic po I'nc re not’limt
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glycol, polylactic acid, polyglycolic acid, polyoxyal kenes,

pol yvi nyl alWhétoX o ipokarvasingl fhecomppetoites thedellowingstueiwg: cel | ul ose
derivatives, dextran and dextran derivatives, etc., as described in US.
Pat ent No. IF G69T ARLQ (RiMrlehtAl AR €bar) ent of which is hereby incorporated
by reference. The peptide conpounds described herein are useful for the
prevention and treatnent of diseases @u,ated by TPO, and particularly
for treating hematol ogical disorders, including but not limted to,

t hr ombocyt q@@ilﬁrqd%@#tzlm)ﬁgomI@Q§ﬁpt herapy, radiation therapy, or bone
mar r ow transf usi ons the present invention also provides a method

for treating wherein a patient having a disorder that is susceptible to
t r eat ment |
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her 61 n and BARARS ?b@ﬂe%?\%wi%@a%e PP 41,2 pHAPIEERTE: el
compost t1ons caity 9% fnfer Aoty é@ﬁg@n%épﬂ%&gh nfl ruggﬁgg RGP

as well as inhala ers an Nutio ] ectabl e an 1is
sol utions. ikclBH ;EEtlHE&ﬁﬁbdaﬁﬂﬂlda(Ee Eﬁﬁlﬂlﬁa%ﬁed:tcgonebrsﬂmmf amdlempasfpar es

th ti t t tid d
e oo BRE yby ke BEEL S5 SRR
di f ference RgfNgRMm JPQ GeipoasoNolydhaagd 4181 d wly;ﬁslsyla%%lgdae conpound

is that the ‘prior art peptide conpound has a (3-(1-naphth al ani ne
(1- Nal ) whenodylgczic i) palyglpeelitRAd, polyoxyalkenes, polyvmylalcohol polyvinylpyrrolidone,
cellulose and cellulose derivatives, dextran and dextran derivatives, etc., as described in

U.S. Patent No. 5,869,451, the entire content of which is hereby incorporated by reference.

The peptide compounds described herein are useful for the prevention and
treatment of diseases mediated by TPO, and particularly for treating hematological
disorders, including but not limited to, thrombocytopenia resulting from chemotherapy,
radiation therapy, or bone marrow transfusions. Thus, the present invention also provides
a method for treating wherein a patient having a disorder that is susceptible to treatment
with a TPO agonist receives, or is administered, a therapeutically effective dose or amount

of a peptide compound of the present invention.

The invention also provides for pharmaceutical compositions comprising one or
more of the peptide compounds described herein and a physiologically acceptable carrier.
These pharmaceutical compositions can be in a variety of forms including oral dosage

forms, as well as inhalable powders and solutions and injectable and infusible solutions.



Compound No. 1. Fig. 2 shows and conpares the activity of PEGyl ated TPO
Compound No. | to PEGylated prior art peptide conpound. Fig. 3 shows and
conpares the in vivo change in platelet counts in rat denonstrating the
rel ati ve potency of PEGyl ated TPO Conpound No. 1 to PEGylated prior art
pepti de conmpound. Figs. 4 and 5 show and conpare the nunber and vol une of
circulating platelets in a dose dependent nmanner, respectively, upon the

f PE d and th f PEGyI d TPO
Ee o R DL eGP e Lhe ee of PELsled |
Ge | P The fo f
and def i no. the. mskrig e LB il GEPPQEEniEhad Ro [if Ry 0c°

t he i nvent iRptifedoripdund AgRAES to thfcﬁlfgﬁcﬁtﬁ hteirfasbbrbiogt paitidy campouml”] |Band
which binds to its conplenentary hiologically actlve recepto aﬁaé h
activat es tqﬁ@erpla‘tetbéFweéPtTﬁ’QrC?%P?}H@%O éaBiigledﬁi(’ééF PF c?ﬁ’gﬁ’oflﬂ isithat the
receptor 1545 2 (10 aPh AgH ARinAGLNNI) WheRS (21N18) s AT -
"Pepti de c gaﬁggﬁﬁﬁg%gto a mrjlg(e P ?]k)lat lrkllyglrol ;)/zese |(nto 251rsn no acids
and/ or am(EmnpaunnszbeiiJ vatives and/or am no acid substitutes.

"Phar maceuti cal | cceptabl e salts’ i C aI tal,
alkaline earth 1%%?&?‘ ‘Q' SHRERSS Py icillvff% é%ﬁﬁéﬁt&aﬁ’@?m% i
phar maceut |p;§(13y15tgdjy§(glrayt p@ghy@hrﬁ@)unahe sodi um potassium [ithium

cal cium magnesium barium anmonium and protamne zinc salts, which

are prepared by methades Wed forkftod¥nnd i ditEchbe lnmﬁelte?é’dﬁh%hﬁ Patl ncl udes
non-toxic acid addition salts, which are generally prepa ared b reactlng
t he, conpourﬂbmooﬁtratﬁgtthﬂ rglailmewwqymfvﬁ’ﬁ@wléte@EP@éPﬂ@QW@ i & tQ)P EBalstedani c
acid. Repr esent a tive, sal t? c{1cl ude the hydrochl oride, hydrobrom de,

r tideco
sul f at e, bi B f 8p Scert oxal ate val erate, ol eate, laurate, borate,

benzoate, |act at ho r at

succinate, tartra rpegs Ean‘igﬁ Q?CL T?‘ﬁé‘ %’?feamg" ﬁﬁ%}en%l ay%ﬁ Pla{e?e’ts ma

accept abl e &ié depredint hﬁﬂnéi,alieﬁpecﬁeeflﬁ;ru%oﬁ thetBOSEPB@Y hted Wﬂbﬁm p&jtien
compound and the use of PEGylated TPO Compound No. 1.

DESCRIPTION OF SPECIFIC EMBODIMENTS
I. Definitions And General Parameters

The following definitions are set forth to illustrate and define the meaning and

scope of the various terms used to describe the invention herein.

"Agonist" refers to a biologically active ligand which binds to its complementary
) biologically active receptor and activates the latter either to cause a biological response in

the receptor or to enhance preexisting biological activity of the receptor.

“Peptide compound” refers to a molecule that hydrolyzes into amino acids and/or

amino acid derivatives and/or amino acid substitutes.

"Pharmaceutically acceptable salts" refer to the non-toxic alkali metal, alkaline
earth metal, and ammonium salts commonly used in the pharmaceutical industry including
the sodium, potassium, lithium, calcium, magnesium, barium, ammonium, and protamine
zinc salts, which are prepared by methods well known in the art. The term also includes

non-toxic acid addition salts, which are generally prepared by reacting the compounds of



t he bi ol ogi cal effectiveness and properties of the free bases and which
are not biologically or otherw se undesirable, fornmed with inorganic
aci ds such as hydrochloric acid, hydrobrom c acid, sulfuric acid, nitric
acid, phosphoric acid and the |Iike, 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, citri 13%\}eqtlolp %9' 1takﬁ1§b%?mgbpﬁ@f§a lcezssfddRe q{%ltlsz?zf’}&'lgcludet

ment hanesul f'oni ¢ act : anesu oni ¢ aC| uenesul fonic ac
salicylic dgdechlodide, Hgdtqbkcemdl;:csnlfatedasdfatqoaqe(me @kalpwavmwuohe@tal llatsyrate

accept abl e ,aci d .addi n salts pro s, .see.Bundgaard, H.. supra

T Phar maceut e srels B R ehduhie ToRtie B Tl reTE o hneh Puds
upon hydrqﬁ¥§n§eq&dm&gﬂ@§ter bond, the biol ogical effectiveness and
properties o t he carboxylic acid or alcohol and are not biologically or

ot herwi se undesivpghhficefiRhlPaddEsiabll REill 38diRén sdd 2rERGE oS il WwRarRiAD! e
esters as prodrugs, see Bundgaard, H_ , ed., Design of Prodrugs, Elsevier

Sci ence Pultht biedogical ﬁﬁ@ttlémamr(dmg@mesm Mr@shaé@ssandwén@wﬁ el blyloglfc@i}med

fromthe corr ondi n r lic acid and y, ester
formati on ¢an eg‘é'lsggréomal?lg’ﬁé e\%“él clgﬁr nlflaglﬁzsa synt %rtolcc £Q (rin ques.

(See, e.qg. hyNﬁﬂﬁ(hchdMaﬂﬂﬁ(ﬂlc aE¥dgmiicCactd) phdphonyc acdd indHtle like), Qlﬂﬂ ojfah\acills
Sons, New York (1992), 393-396 and ref erences C|tgd thereln and, Mark,
et al., Encyehareaiiaadd repripRie afi dTleInH REgyRY I BRACIdArRE agd SBHE aciew Yor k

(1980).) Thg.ghicabal s&@iﬂﬁ%l&?d’haa?efw 18 ERLEY adl, draBi€ AEHALiNE ackOBBIAoRE (1)

a C -Cl12 aliphatic alco at can ’or can not containh one of nore
doubl e boratsl, aimdarogracsl; meadelivcicide ot tharesbifemcied etmnetfonioracid, p) a C7
-Cl12 aronatl or ..heter. al cahol.s. . This i nventi.on al so..

cont el o coteEulfBE® & RBSReaBid ol M R FonA fessRIPE oSl eiealnas
descri bed F@e@itdblaﬁtdd addltldstesaﬁaae%lbumgs aeeBhiiaRaanegaat i cal |y
acceptabl e acid addition salts thereof. "Pharmaceutically acceptable

am de" refers tophiiaagealthihesccWRhilb estbt adfbrs to1BR5e et RlchSE@iInOhpddhe anmi de
bond, the biol ogi cal effectiveness and properties of the carboxylic 9

aci d or amihvdradysds efrtbe erter bondltheybieloigiop] effectyenesspind @rensdessiof dis) C@rbOFimlrlC a

Bundgaar o, . orafrURb CRERE AR B BRI iRl IRERH PR

Arst er dam (phafihgceutldaily ecc&piadRS:safﬁstpyqﬂm@l $e¢ Bundgaard, H., ed., Design of
Prodrugs, Elsevier Science Publishers, Amsterdam (1985). These esters are typically
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, 4th Ed., John Wiley & Sons, New York (1992), 393-396 and
references cited therein, and Mark, et al., Encyclopedia of Chemical Technology, John
Wiley & Sons, New York (1980).) The alcohol component of the ester will generally
comprise (i) a C; -C)5 aliphatic alcohol that can or can not contain one or more double
bonds and can or can not contain branched carbons or (ii) a C;-C;, 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

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

9



formed fromthe correspondi ng carboxylic acid and an am ne. Generally,

am de formati on can be acconplished via conventional synthetic

techni ques. (See, e.g., March, Advanced Oganic Chem stry, 4th Ed., John
Wley & Sons, New York (1992), p. 393 and Mark, et al. Encyclopedia of
Chem cal Technol ogy, John Wley & Sons, New York (1980).) This invention
al so contenpl ates the use of those conpositions which are both am des as
described herein and at the .sane tinme are the phar utically acceptable
aci d addi t 1516 orempeaithay A8 oo Bral i BT P Bt ey 2 getrPlar Py

accept abl e ghafrhaceliticallghedeptable atnideras ipfodri fied Bundfriacd) HIoeIS, Deignioft er f er e
with the effectiveness of the biological activity of the active,

i ngr edi ent sPTafdeilteRier Scifpte Rugkiskers dmstradarg §]t988¥ Thsge amyeles areypically somer

refers to Gt i gyt R AR iRC WeRbra] e for@iXgsH cal
conpositi oﬁoﬁﬁmﬁﬁ%f%%ﬁlngg\éﬁﬂ hcgcl but nwi tlh t he rngr?s g? c?uped

di f f er ent | ycan b¥lhedonmpdishaslevia adnventiant syneietic keehiiquads. (fsk.at g eMarmheAdyanced

diff t orientations i t h h
abi | 5oyt o Pt SRt AndREa8ys Moy SATURY Yo (902P Y & B Nippla o
st er eoi SONEEfyfBYediAVECMieA TietiRloldgd! Bthh OMildynBSohs Nedv Bbikgoshharhist is

undetectable wt present instrunentation. The conpounds of the instant
i nvent i on niayeniiqy élse santsmplens dhe uewhthose sampostignhwhichasmioth aridenas ef or e

i ncl ude Var&egH'?beath%{eﬁpérﬂ%Ssagfg‘ltilrnese}r?Fh;%;?)ih%r%ﬁg%ﬁicaﬂ SockRGbIIEd itibhn the

scope of the Invention. rapeuti ca arnmaceutti cally-effective
anount" as sajipthesdft o the conpositions of the instant invention refers
to the amount of conposition sufficient to induce a desired biol ogical
result. That resWhimeaeutleellpbl thwiapdutioallyodccépisblscagrior’ rafgrpd anwsrricomediamuses

of a disease, or any other desired_alteration of a hiologic system In
the pr esentWh’FhQ%"rf'tq%H‘,terfqﬁ%WﬁtEé}Eﬂ %fe\RPaneiWiﬂZ‘?aq‘P@g‘icﬁ]\PGPWgy %ﬂi‘é&%@’&se in

the immnO!aglieai%hts%ﬂ@' Bich ib Rét (BOERS BEYoft@P PRARRES L0 infection or tissue
injury. Am no acid residues in peptides are abbreviated as foll ows:

Phenyl al ani ne i s : i Ci B - i i l.e.: [
Met hionine is thslf)%golﬁme\r/aﬁfér{gu} %&%ﬁx&é#&@&fniéagégﬁlﬁgs‘dﬁse %ﬂr:alcl)érr “%@ﬁ
Proline is @rmial cdppokitroapmdwnstitufidrr asanother, Bhiawitintheiasordd groopedAiffarpmthsi ne

:0\2 nT)C/); &r I I?#:Eérglinnl er|1t§cal_"chsem%al |r_rlioie(t?felsJ Elraerarllt Qi?felre%t (()Eli'ignta(ljt{ongin sﬁ)sagg gn%gl ne s
therefore, when pure, have 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 compounds of the instant invention may have one or more

asymmetrical carbon atoms and therefore include various stereoisomers. All stereoisomers

are included within the scope of the invention.

"Therapeutically- or pharmaceutically-effective amount" as applied to the
compositions of the instant invention refers to the amount of composition sufficient to
induce a desired biological result. That result can be alleviation of the signs, symptoms, or
causes of a disease, or any other desired alteration of a biological system. In the present
invention, the result will typically involve a decrease in the immunological and/or

inflammatory responses to infection or tissue injury.

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 V;

10



is Lys or K; Aspartic Acidis Asp or Db Gutamc Acid is GQu or E;
Cysteine is Cys or C, Tryptophan is Trp or W Arginine is Arg or R, and
Gycine is Gy or G Additionally, t- Buo is tert-bulyloxy, Bzl is
benzyl, CHA is cycl ohexylamne, Ac is acetyl, Me is nethyl, Pen is
penicillamne, Alb is am noisobutyric acid, Nva is norvaline, Abu is

am nobutyric acid, Thi is thienylalanine, OBn is Obenzyl, and hyp is

hydr oxypr ol . tide anal ogs ar onmonl. se t he. ceutical
ety e RBRiTeBor SerroiRt SRt f Tromm Y 28 Shn Datie PRRLTICELE,
tenpl ate peptryde:. YTHi@ﬁ@iné Yegss o H; G@ﬁammepsta}ma)r@ rm@uﬂagﬁeamsﬁ & NEysine
pepti dem netics" or "peptide m metics" or pepti dom netics" (Luthman, et

al ., A TextiBbykowk; ft&)mgtl%@rlQmAW Inylat %émd is Gluer3igaCystrgne 1y s pEC;

ra gl - GEPbEE I RS ARk A 3’?2‘“' o Shilets G Bt A" -
(1986) ; Vemm is mdblﬂybkyl,l Blzg@sr be’ﬁkNSCH]A is 3@2oHex PBmjne, Arads foeahMe atmethyl, J.

Med. Chem 30:1229 . (1987), .which, a i.ncQ rated herei,n hy reference).
Pepti de mi lﬁgeﬁlﬁﬁfm‘é‘reelz‘%btl? RSP tym %%WV&HSPBWP%M‘&&& MREPPYIS of ul

peptides ”%hﬁﬂ?ﬁ‘i’hlhé/eﬂﬁﬂﬂél%@ﬂ ROy LeNhy Ok hy@BRaR6Rst. t her apeutic or
prophyl actic effect nerally, peptidom netics are structurally simlar

to a paradigm pcﬁ«%ﬂ&@ﬁdaﬂfgs Gle c%mm(ﬁﬂ)p@eﬁ 91?@1%' fl@nﬂa@a}tlcgpﬁd%t\? a InQﬂEG&ldeor

phar macol ogi cal tivity), such as natural y occurring recéptor-Dbinding
pol ypept i dedrugawvith pman@mmamgonmoehmmﬁ thikgemplatearpetido dhesertapdsyf new| aced
by an al ternahl ve |ink ,tc by net hods

known in t HEPHS Coé?ﬁf“f’gg?rﬁiﬁrmﬁgs @F?tﬁlgamflﬁwmts,ﬁgr "%g$OW%ﬁlcF f’er ences:

Spatol a, A "Jeptidomifiaaes" sLutimanckt Bl oF Wextbsdk of Drhig AVekign aﬁ\@Déselo et i des,
and Proteins, B. Winstein, eds., Marcel Dekker, New York 267 (1983)

Spat ol a, A 14386-406yandBe aHeweodHi cadgnis Publithers(1996351pactgm (Ifﬂ'@pteb AB2®ackbone
Modi fi cat 468
| ficatiofgey (ﬁ’teﬁﬁr@ﬂ\ﬁ)lr?é’ sgnzmw‘ﬁlé,lFaIElfe?g% ?\%r ﬁ}ugq‘%%gr 01{3@9 f‘&s%)

(1980), (general revie Pept

14: 177- 185 vaba:ml)d FiSiingot EIN%tp a92 (1935)1‘, emﬂ?:vans, et 3B; JleCd CReH. 3(011;&29)

Hann, J. Perkin Trans. | 82);

M a5 birhas iepora il Gy by ROs PORICE inisy Oaphet ark sEyetl on

Lett. 23 2533 ARRpouial kefuBlepalics @ide.anBRuABEHR( 1982) ;
Hol | aday, et a?t Tepterahelgllr o%uféeetpt esmAEVLB;MOI 44ﬁ?1 15§3Efu and Iflr UbY
y

Life Sci. Q;lj}allcggilyﬁgzg)e(ltl@gz)rop}yé@nc gffeq 1Generally, peptldomlmetlcs are structural
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 an alternative linkage such as --
CH;NH--, --CH,S --, etc. 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);
Spatola, A. F., Vega Data (March 1983), Vol. 1, Issue 3, Peptide Backbone Modifications
(general review); Morley, Trends Pharm. Sci. pp. 463-468 (1980), (general review);
Hudson, et al., Int. J. Pept. Prot. Res., 14:177-185 (1979); Spatola, et al., Life Sci.,
38:1243-1249 (1986); Hann, J. Chem. Soc. Perkin Trans. I, 307-314 (1982); Almquist, et
al., J. Med. Chem., 23:1392-1398, (1980); Jennings-White, et al., Tetrahedron Lett.
23:2533 (1982); Szelke, et al., European Appln. EP 45665 (1982); Holladay, et al.,
Tetrahedron Lett., 24:4401-4404 (1983); and Hruby, Life Sci., 31:189-199 (1982); each of
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which is incorporated herein by reference. A particularly preferred
non- peptide linkage is - CH2ZNH-. Such peptide m netics may have
significant advantages over pol ypeptide enbodinents, including, for
exanpl e: nore econom cal production, greater chemical stability,
enhanced pharnmacol ogi cal properties (half-life, absorption, potency,
efficacy, etc.), altered specificity (e.g., a broad-spectrum of

o O SR Kbl RO BRSPS s
| abel s, di re@NY-- Buchpepiminetibasey have-sinificant AWhieleged o9ty alypeptidon-
interfering position(s} on the peptidom netic that are predicted by
quant i t at i veabodiments, ineluding, foFiexgmplst motgfaPRyMisH PERAYCHN, BT iChgnicaych
non-i nt erf ek Lt : i 1 4.0, t

direct contesgt%)tl?l gy\%ﬁ? %ﬁ({eﬁgﬁarrrg%?&g}g Hel)cbtﬂ es teg ?‘Qd?femé’. %&Oépﬁrar%’r%&gﬁdgg’uﬁf?%rcw
super f ami | yeterp bboud geyriftcity @hg.c b btoaé-speptinddiaiegicat atfiitiss) tredyedduce t he

t herapeutic effect. riviti i 0 e.qd.,. |labeli . of pepti dom netics
Shoul 8 not *EBEL B erap Py HEEbe o dinimel bRl bR PR Al
phar macol ogifeat ogbicMhbdls, Afredtiieor tROREH HGatdrRe G an saTHRIEAdIPY, to non- _
pepti dom netics of receptor-binding peptides bind to the receptor with

hi gh af fi niinterfames presfinaésy od dhereptigorainitis theg prearedicied by gyantifative strygtyre-
agoni stic of... i/ St] ] [ - [.at e ypic
changes) . Sty BRARPERUGHhiohRyiSielhe SRER b RERIRh: BECh e Bly o
consensus sexyitiencthatdd fotdornDdisstt tantantd witlofthetneersaoieculespd (€2, 9., D-1 ysi ne
in place of, L-l1ysjpne) may be. used to generat nor.e stable peptides. .In
addi ti on,  cBRSTPEIoREn BERHHLL m@ﬁ%‘ﬁfﬁ? $ih EoperbAemin it papduce the
subst ant i al thyapA@Bkitedl DePNELRSH %e.%.?ﬁldﬁﬂ%?ofﬁ%bitié&ﬂlﬁﬁbti@@h’hdﬁd g&nerated by
met hods known in the art (Rizo, et al., Awn. Rev. Biochem, 61:387
(1992), i ncubgantiatlynteréere wiathdhe desp@bielvgicpl orfpbarmesealegicel adtiyita@fithag

internal cystejine residue I f formn i.nLr. | | ar .di sul fide
bri dges whi pcehgcclz%/ clln}eglg' ‘Sﬁng?aé&ﬁ)eﬁ% gsmg’fﬁltcgg{qgﬁ%éorfbé%elﬁgg ?pgﬁe? smfi go the

mat eri al s, rebepedt withetiglc offialte aiid posadst detbaablé bioldptral privitly dice. CoBPGIHINTS 0O f
this invention, permt detection of the feptide-conpounds invivo in the
patient to AWASATSHEIONEEOr BRTCEREBINcHaed BeBAtyRisRhARSSEbr ed. Sui t abl e
detectable |abels are well known in the art and include, by way of,
exanpl e, radi oi suiepasc systiyies ekone ormaseprinoacids of f Ferserws Spaienceamith @ he

cel oot od 1 61 Ay un T e SEROORT (P s BUEC oL LA R R B

toxicity  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, et al., Ann. Rev. Biochem., 61:387 (1992), incorporated herein by
reference); for exaﬁlple, 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 compounds 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
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12 of the label at the anount of | abel enployed. Selection of the | abel
relative to such factors is well wthin the skill of the art. Coval ent
attachnment of the detectable |abel to the peptide conpound is
acconpl i shed by conventional methods well known in the art. For exanple,
when the 1251 radioisotope is enployed as the detectable |abel, coval ent
attachnent of 1251 to the peptide conpound can be achi eved by

i ncor porati t am,n cid rosi | nt i hen
odi nat i ng CAE oA e LBEhRaep BaREd k(i RERE 1 neiR PR Bl
and Appl i cdt ivensvithin the ekitipifelad dry Label | ed Conpounds, pp. 137-140 (1994)).
I ncorporation of tyrosine to the N or Ctermnus of the peptide conpound

can be achi eved dyyalgi dttakivawm of deeRicstable.ladel kethe feptidd 2Bmpaimdie

i ncorporated onto the peptide coqgound as a phosphate noiety through,
for exanpl eccempligiedRysonyerfinrabmetpds wepknoge i shast T sspmple, WhsBat i onal
chem stry. . i j [ { 12 unds
that. b ni ¢5Uig By sAhpl 0Bt ARGl PR R L AU TR 1% SRR
agoni st. Thespopepbiande achirpaibydscirpahunsthe beadacidiyptsingentoohgppaptids and
"derivative" peptjde co unds constructed so, as to ve the a or
S Y A R el A R R R A
that differandfApmedtieas bERGoPRANY Hibcedempads) fp&87-Mid 19989 Pesorgofation
susceptibility to hydrolysis or proteolysis and/or with respect to other
bi ol ogi cal topanre lodhe Nsardhtegsinupef bg perfidgicpmppynd qap be aghjeveddyeyrlidemownhe

present inv k b SQ: Prioy| . ey i S f.f [

ropnt of | &SR EEGLETILARE GARRARIL LONIE DRI S A0 SHIREHHIE

t hat is useheikty throngh, feadxamglehe pdrokyl graal ondhs paptide sompachdpainigi cul ar |y,

t hronbocyt openi a associ ated with chenotherapy, radiation therapy, or
bone marro (PY%E@F§§£QH§?V1t was found that the core peptide conpound can
conprises a sequence of amno acids (SEQID NGO 2): X9 X8 G XI X2 X3 X4
X5 X6 X7, wher e kéOYfayieBe (3-(2- naphthyl)al anine and where X9 is A G,

EE G I, L MP, R QS T o V, and X8is A C D E K L Q R S,
T. or V. Nore pridearessnyinvergon groxidss peptidgsampennds thpt bind tpandactivgiedhrer X1

isC L, MP, %ﬁé-ﬁzdr%ﬁlelﬁvl'se BetBvBasa :f?b\égz)(gi'sts Gisd pe&)ti% &nﬁno\&ay\{nclude "lead"
peptide compounds and "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 compositions comprising an effective
amount of a peptide compound, and more particularly a peptide compound, that is useful
for treating hematological disorders, and particularly, thrombocytopenia associated with

chemotherapy, radiation therapy, or bone marrow transfusions.

It was found that the core peptide compound can comprises a sequence of amino
acids (SEQ ID NO:2): X X3 G X; Xz X3 X4 X5 X¢ X5, where X may be B-(2-
naphthyl)alanine and where Xgis A, C,E,G,,L,M,P, R, Q, S, T, or V; and Xz is A, C,
D,E,K,L,Q,R,S, T, or V. More preferably, Xy is A orI; and Xg is D, E, or K. Further
XiisC,LLM,P,Q,V; XisF,K,L,N,Q,R,S, TorV; X3isC,F,L L, M,R, S, Vor W;
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13 X4 is any of the 20 genetically coded L-amino acids; X5 is A D E G
K M Q R S T, V or Y, and X7 isC,GIl,K L, MN, RorV. However, as
described further herein, it has been found that by replacing X6 with f3-
(2-napht hyl ) al ani ne, the conmpound provides different properties fromthe
conpound containing f3-(1-naphthyl)al anine. Accordingly, a particularly
preferred peptide includes the amno acid sequence (SEQID NO7): | E G
PTLRQ(2-Nal) L A AR(Sar). In another enbodinment, the peptide
Compounds. oF 1 ABS e dhETRuNico8rH CrominEAcReRat 4 101 bndh odlh Grk, 5. T, V

ol i goneri zefd \t.qni RGELASE, 1t Repalf Nnktoy vand/ or activity of the conpounds.
An exanpl e of ’a préferred di merizéd peptide conpound includes, but is not

limted to, the l.owi.ng.. . - Nal. - . —

| EGPTLRQ 2- Nal ) %V%Gygﬂsﬁle‘&g f%ggi(héreéwﬁ é%}%agoﬁg%‘%%g%r Eg-ga’i {r"i‘uclﬁ? Xedinfe
(SEQ | D NO.(Z)naphthyl3diaithe] theeofipbast priogidendi€ferexfifrop&sedifi€madcdngponad Cosi ne
and the other residue can be f3-al anine. The above structure can also be

rep ][ es en'éI eFoptpinipgB{ bnprithAanms. |Aceprdinaty, 2 PREIC YRR ARsafayeslknerge m{él‘IdeS
' : H\OYE: L AA
e RS T T AT TR g K

f3-(2-naphthyl)aglani.pe and .(Sar),1s I COSl he I D . 7)...Thi s

pepti de conpoun nfusl(’tggfeénr%tpgénetn(% t%ee?eé)?iﬁe f’ilosmpoi'llge)4 %%Bﬁeﬁeggl%‘?ewﬁn i Pepti de
conpounds hawfefaglyadimbtdd @ bligseiRt td meradhbe Affihd) andvbi @tikitg of theci ent
binding to permt _use in either the diagnostic or therapeutic aspects of
this i nventSogwoundsy dmexapiple offagyrefgireddigierized Reptife eumpoung dnghudss, Ry 1s not
conpounds haygqap. hSCatofinabout 2 mMMor |ess and, for pharmaceutical

pur poses, t el pepti de é)orlrrrl)%unds have an 1 C50 of about 100

IEGPTLRQ (2-Nal)L A AR -Xjo
\

K(NH,)
/
IEGPTLRQ@2-Nal) LAAR -Xj

where X is a sarcosine or -alanine residue (SEQ ID NO:7). It should be noted that one

Xio residue can be sarcosine and the other residue can be 3-alanine. The above structure

can also be represented by the following: (H-IEGPTLRQ(2-Nal)LAARX ()7 K-NH,.

A preferred peptide compound is as follows:

IEGPTLRQ (2-Nal)L A AR —(Sar)
\

K(NH2)
/
IEGPTLRQ(2-Nal) L A A R —(Sar)

wherein (2-Nal) is f-(2-naphthyl)alanine and (Sar) is sarcosine (SEQ ID NO:7). This

peptide compound is referred to herein as “TPO Compound No. 1.
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gMor less. Fig. | conpares the activity of three different batches of
TPO Conmpound No. 1 wth one batch of prior art peptide conpound using
standard relative lum nescent units assay techniques. The assay enpl oys
murine cells engineered to stably express the hunman TPO receptor and a

| uci ferase reporter construct driven by the fos pronoter. The difference
bet ween TPO Conpound No. 1 and the prior art peptide conpound is that t he

P or 1 PRt e AR 1S5 At AL A SRR LY A L1
2-Nal and thiedipg td)}!Serﬁhlittuse ﬂﬁfﬁthled’&le@lmgﬁ@ﬂtldr t}&rdpetfltﬁ:l’a‘sﬁétti of this 1ﬂvdﬂabn ( Pri or
Art) in Fig. 1. shown fromFig the activity is Slmlf%é?lgﬁ each

conmpound. Ft’rgferaév% éﬂ‘ﬁ%\?@@“ﬂ%@’%@t \ﬂiwt RePHfle cuampaungs Bave palesmo
PEGyl ated TRQ n@oﬁpg%an%?mcél RV ﬁfe'p@ﬂtld%fcohﬂ)%uﬁd%rﬂéQHQg?Cé@t)f LRt m(ﬁse“t

invention is descri e detail 'below) to several batches of
PEGy| at ed ppMarr last pepti de conpound. Both batches of the PEGy| at ed
prior art peptide conpound show high activity with essentially the sane

I evel of acti vi tBigascdn@rdsnthERByitabethrqrdiferedbatcheps i THO CommpouiiiNo.Tihe
remaining lines jllustrate the activity of di fferent bat ches of
PEGy| at ed TP eamprieinRf Rusr axt peptide copppndyping fandard reigtiyp{usnipgsaent writhe

| att er have i
o, “BEETRAEEL e ESUACB Qe TEUTLRY DEhsty il AR

PEQy| at ed pTP@rrecaptor pahd ludéelampmmm constmetfdeiver tly the faspioE@te- Nk (Pri or

oribr art g@ﬁ%tea‘ée @%wge&udﬁ?.@ CRBOHEEYD ot s ARG FPoLnT RAPBUG

rat nodel, Hii@artd e nigd@nd Rasvd B0l -nspheHyPelahine Pl -Mal viHiers e ML-Nadfit 64
adm ni stratl on of %I atﬂgg |or art peptide conpound and PEGyl ated TPO

Conpound NoTP@ CompogrdNNa- byT gompoupdy Oht ghelstred|iosis 2oNakand thgemiqrarted
TPO CO”poungep PR E{&% F?{%H‘% Eg | i) OY‘BﬁE SERAPS gtfn Fﬁé}q th
PEGyl at ed prior acglt] pgp e co?rpouh]é. EPXI ? né Eent corrpouﬁ may pr Gvi de
a | ess dr astativitg is similardfot eachlhempbwndget cel |, V\:hl ch could reduce the risk
of side effects caused by overstinulation of the 15 target cell, such as
exacer bat ed t hr ofipaydnypessi the daivitgof seyealidisterpnebetciey of BEGHlated ER®t her apy .
PEGy!| at ed TPO Compound No. 1 is _referred to_as PEG 2-Nal and
Compound No. 1 (pegylation of the compounds of the present invention is described in

more detail below) to several batches of PEGylated prior art peptide compound. Both

batches of the PEGylated prior art peptide compound show high activity with essentially

the same level of activity as the un-PEGylated prior art peptide compound. The remaining

lines illustrate the activity of different batches of PEGylated TPO Compound No. 1. As

shown by Fig. 2, in this model, the latter have less activity relative to the PEGylated prior

art peptide compounds. PEGylated TPO Compound No. 1 is referred to as PEG-2-Nal and

PEGylated prior art peptide compound is referred to as PEG-1-Nal (Prior Art) in Fig. 2.

Fig. 3 demonstrates the relative potency of PEGylated prior art peptide compound
and PEGylated TPO Compound No. 1. Through a rat model, Fig. 3 shows the in-vivo
change in platelet counts after administration of PEGylated prior art peptide compound and
PEGylated TPO Compound No. 1. As shown by Fig. 3, the highest dose of the PEGylated
TPO Compound No. 1 has the same activity as the lowest dose of the PEGylated prior art
peptide compound. A less potent compound may provide a less drastic stimulus to the

target cell, which could reduce the risk of side effects caused by overstimulation of the
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PEGyl ated prior art peptide conmpound is referred to as PEG 1-Nal (Prior
Art) in Fig. 3. Figs. 4 and 5 show the results of a head-to-head dose
response study of a PEGylated prior art peptide conpound and PEGyl at ed
TPO Conpound No. 1 in normal mice. PEGylated TPO Conpound No. 1 is
referred to as PEG 2-Nal and PEGyl ated prior art peptide conpound is
referred to as PEG 1-Nal (Prior Art) in Figs. 4 and 5. Fig. 4 shows

increases in platelet levels and Fig. 5 sho Mean Pl atel et Vol unme six
(6) days fBIEFLRInge @éﬁ)ﬁ%ﬁl@tegﬁﬁemga@@omaﬁg@%ggﬁ%ﬁﬁﬂf@t ©¥51e3800ug/ kg.
Bot h pepti dgrBHRAYYIPEGYAEICERS BomBudddaris ffferpdd 6 Wl 2RGOBNA] Algel ets in
a dose-dependent manner Wth increases relative to the control group

observed atPE{gdatsd agor asipepsidd camgpdigd fisorefdnsd o otffoumis (Prher Atthia hgodi mal
response, these peptide conmpounds el evated platelet counts to | evels that
were up to 4-f dligs. §redt ehow htmresdistof @ headatothesd ddsseeposses-stwlypdase cur ves

for these i.de. conpoun were ver i lar. indicatin af.in this

odel ¢ hor CPNRUAEL BB RERIRY S E5menye ab eSS LB Eteofls NPeLin St es

based on thage PROPRIAITERO C¥mpbliiRs.atik efferedd tFapPEGE2 - NapAUPESylatéd prigtl 1 d

Phase Synthesis The peptide conmpounds of the invention can bg Erepared by
a

cl assi cal st protide copramadiihrefdieedde as PEG]-NaldRpereArthip Higs Agndpafittatd sol i d
hase technj . r i j i se
Cont hest o, Bav picrenasy RyPRRA G IEISIES il MG PR BB o ®) BRESD, o,
cl assi cal sfllowingnresyinh eFhesdosanchge wan fibyn 10e0 000ugkyt Bai\peptele bkompogys
See, e.g., Merrifield, J. Am em . Soc., 85:2149 (.1963), incorporated
ner ei ' by PgrRE A effTlREb g %@%ﬁ?ﬁ&q el?tgn%w Yl rigreases
comenced flpgyé {bethgcérﬁfdvFﬂﬁb ob&Mkddt dbRS a PR ds%u%/i(g'f'& Both &nftAnddM A0

protected resin. A suitable starting material can prepared, for
i nst ance, bie arexiaed resgonssetheseqeptidaicompenadsse viated pldtelet qougts to levels that were

chl or onet hy ' t Ryl Si i ne
Fesi . one. Spr i SRS PARCRTEL b db&Sichondl oy ASRE R oA 7
Bl O BEADS S¥énipobidsBivere Ra siratbarriadicatingshat B thisrmedt] thefsAwasaesseritibly no
preparation_qf the hydroxynethyl resinis d scriged by Bodonszl cy, et
al ., Chem diffrgnos hesierie tvapieqizeielesigash on e SBERUIRSdr y| ami ne (BHA)
resin has been 16 descri bed b¥ Pietta and Marshall, Chem Conmm., 650
(1970) and is CM(epamapgn of Peptide Compounds

A. Solid Phase Synthesis

The peptide compounds of the invention can be prepared by classical methods
known in the art, for example, by using standard solid phase techniques. The standard
methods include exclusive solid phase synthesis, partial solid phase synthesis methods,

) fragment condensation, classical solution synthesis, and even by recombinant DNA
technology. See, e.g., Merrifield, J. Am. Chem. Soc., 85:2149 (1963), incorporated herein
by reference. On solid phase, the synthesis is typically commenced from the C-terminal
end of the peptide using an alpha-amino protected resin. A suitable starting material can be
prepared, for instance, by attaching the required alpha-amino acid to a chloromethylated
resin, a hydroxymethyl resin, or a benzhydrylamine resin. One such chloromethylated
resin is sold under the tradename BIO-BEADS SX-1 by Bio Rad Laboratories, Richmond,
CA, and the preparation of the hydroxymethyl resin is described by Bodonszky, et al.,
Chem. Ind. (London), 38:1597 (1966). The benzhydrylamine (BHA) resin has been
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avai l abl e from Beckman Instrunments, Inc., Palo Alto, Calif., in the

hydr ochl oride form Thus, the peptlde conpounds of the |nvent|on can be
prepared by coupling an al pha-am no protected anmino acid to the
chloronethyl ated resin with the aid of, for exanple, cesium bicarbonate
catal yst, according to the nethod descri bed by Gsin, Helv. Chim Acta.,
56: 1467 (1973). After the initial coupling, the al pha-am no protecting

group isr eagent s | t Lfluoroac tic acid
CTEA or bRt oy Fiste SPMarnel, CREP SohamL PRI s s FRatRERL ©, Sorn
t enper at ur ewaildbi: fadip BclaAnBspPiners ThaPally AltpCaAifeird the sgdrmﬂmﬂdd forthe
useful in the art of stepw se synthesis of peptides. Included are acyl

type protecting THusYRSpeplddcompsnty bf the trfvbﬁtidwa%@9Eaphseda?e:w%1)ng aar omatic
ur et hane tyﬁ)e protecting groups gﬁ]gpntg hbenzyl oxycar boyl
°p

and
substitut ed Kb@za)mncapriomﬁ@ma@nm e lgramethytriedyresin yéitly the gid of, for

t-butyl I I
0, 2 SRRy o SERLIRY PN LSO S o)

and Fnoc arhimr Af:ter s5ed4@T AVes} figr gieanipisl. colipléngs thaelphakaiino provdetiog gmgp
group remai.ns intact during. couplin nd js not split

depr ot ect GRTGIOVER B & fHeiEE S pacRtEn G %Etfﬁlﬁ@a@?wﬁldo(ﬁéﬁm H&lre Clng
The side C%idrmc@fmlﬁ%g Hﬁox@ﬁrﬁé‘ﬁbl%iﬁatb@orﬁ%ﬁ%é%%@. upon the conpletion of
the synthesis of the final “peptide and under reaction conditions that

wi Il not alter the fahgelind Ee'cﬁ'ﬁ‘g %J;Dﬁ‘s a2t BRsCRRwh BHRLSEH] RAnG5PHPS for
Tyr include tetrahydropyranyl, tert-butyl, trityl, benzyl, Cbz,

Z- - Br - - Cbz, stepmaseZysthelicof] p@pb@@nlmluded‘ bie asyld@eqhatleanmgnomt(e 89 fcgmrh ps for
Asp incl ud i chl or.obe cycl ohex

e e iR il SBrRho ReRENe ynf Bioltitiag Folit e b enDiFLRRSEN

benzoyl , tricby) andtsalsshahycﬂm@ymmyhc u@&ﬁﬂé/ﬂ)rﬂtecﬁng@grdh}ﬁd’(b%r ahenzydycardogll Coz.

The S|de chain protecting group for Thr and Ser 1s benzyl. The side

chai n pr ot dBefhisopiopripsyRBongs gyqloherygeycarbopy) andbaliyl tmytecfm&groups

d tyl
B ot ect | ng CRanacd iR i B OOMG bl il preimeiiforefibe MO oA
(2-d - - Chz)chaid plmstea‘rmlg@rmgpl remyina ifiamn @hring ®uBh@md, is iﬁOiSSpllOOff Bonng mfet er
removal of fhe a m no rotectln t he reni Ln
o act diePRrEHRD A ARG R R B5 ptkeis #Bis pEfriredRrPing) TeSkEShER cach
protect ed rB&ingGréhp Bust b€ removable upon the completion of the synthesis of the final

peptide and under reaction conditions that will not alter the target peptide.

The side chain protecting groups for Tyr include tetrahydropyranyl, tert-butyl,
trityl, benzyl, Cbz, Z--Br--Cbz, and 2,5-dichlorobenzyl. The side chain protecting groups
for Asp include benzyl, 2,6-dichlorobenzyl, methyl, ethyl, and cyclohexyl. The side chain
protecting groups for Thr and Ser include acetyl, benzoyl, trityl, tetrahydropyranyl, benzyl,
2,6-dichlorobenzyl, and Cbz. The side chain protecting group for Thr and Ser is benzyl.
The side chain protecting groups for Arg include nitro, Tosyl (Tos), Cbz,
adamantyloxycarbonyl mesitoylsulfonyl (Mts), or Boc. The side chain protecting groups
for Lys include Cbz, 2-chlorobenzyloxycarbonyl (2-Cl--Cbz), 2-bromobenzyloxycarbonyl
(2-BrCbz), Tos, or Boc.

After removal of the alpha-amino protecting group, the remaining protected amino

acids are coupled stepwise in the desired order. An excess of each protected amino acid is
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generally used with an appropriate carboxyl group activator such as

di cycl ohexyl carbodii mde (DCC) in solution, for exanple, in nethylene
chloride (CH2C12), dinmethyl formam de (DMF) m xtures. After the desired
am no aci d sequence has been conpl eted, the desired peptide is decoupled
fromthe resin support by treatnent with a reagent such as
trifluoroacetic acid or hydrogen fluoride (HF), which not only cl eaves
the peptide fromth but. al so cl.eaves .. i ning side chain
br ot 6ot | ng BPURTL I RE FHEPERT R PSP R EreF EUPTAEE Biced. ~hydr ogen
fluoride trealronekylé28ddifnfidé (DCOEnfsORMBA, forexampld) & me@glcRePhlbfge aci ds.
When t he benzhi;dryl amne resin is used, hydrogen fluoride treatnent

resul ts di r€EhCh) idimethe fpﬂé@ldﬁwﬂ@lﬁﬁﬁe&e Al'ternatively, when the
chloromethyl ated resin is enployed, the side chain protected peptide can
be decoupl ed by Aﬁ@élner@atredﬁmmh@c@épqqed@e has Heen wimetadntbndesiredpeitide is t he

desired si ch:E: ?edr}'{(gr{l eergg g 91(1);?;‘)%1 th)gzl t{?aFnenE 0 1tﬁ aéf‘al%léXt sﬁ% Qse trltfp tol%a{:e%c%md oqe

chain protec I"am am de.

t hen renmovegdioget ﬂ&orw?d{alF) f\ﬁlﬁb}hmdﬂw cléavesathepetidsi fidin medwg,em hlsoiolehvte t o
give the free am des, al kyl am des, or dj al ké{_ﬁeam des. These soli dwghase
peptide syrAlfeRpaIngsidechainguotgstig meypsk e the shiopemethylated gesin iy

descri bed Y; v Rhase
Papt 1 o Sy N B e R e ergg e IR

Ami no Aci d@eﬁﬁedeflz}mmcwumm@hhy@bw fb@ﬂdsedattr@ntgymlhelsnezté/ pdjr frekes i n
whi ch am no ac ot t.ha tur ccur.rin

encoded am ARt ES M ED: bl 6e sPRtafd ol FEE EBPIBEIR 1ty
any of the merpedpesidelat beddconsibd bpiteatfB® oF @it pepRll@fein Witear@bhin 3 gwe
occurring side chains of the 20 genetically encoded am no_acids (or

ani no aC| o8y degired sige Blagin profretedipaife or Wigh an ﬂkrlalmm tQugtvis a@lﬁf@élnﬁeﬁcts%
al kyl, k)g’ir#léle or 81%4?\16/1&11(4‘6 *Skde%ham%roteén%nz oxy, cﬁga% 16 usud BsHon bgg‘ dde

| ower aI kyI , lower roxy, carboxy

t he | owner etsetaanerrﬂamh\lartlrog%ﬂumeeofgweahﬂjfrw dnindés, a1k51am1<&;S, ortdalkylameieber ed
het ereocyclic. In particular, proline analogs in which the ring size of
the proline resitdsesolid pphasengpddd syatheSs prootdkirs drowdll khowmin ﬂﬁelaﬂrafbér S can

umsat ur at edinersgod Bl o SHOG AU DISR SeuBh ot RyRt A id

pref er abl y GaMHegdsT2RNEA OPicfRI(SheRiidal €88 Bany0Xy@EN, and/ or sul phur
B. Synthetic Amino Acids

These procedures can also be used to synthesize peptides in which amino acids

other than the 20 naturally occurring, genetically encoded amino acids are substituted at

) one, two, or more positions of any of the compounds of the invention. One can replace
the naturally occurring side chains of the 20 genetically encoded amino acids (or D amino
acids) with other side chains, for instance with groups such as alkyl, lower alkyl, cyclic 4-,
5-, 6-, to 7-membered alkyl, amide, amide lower alkyl, amide di(lower alkyl), lower
alkoxy, hydroxy, carboxy and the lower ester derivatives thereof, and with 4-, 5-, 6-, to 7-
membered hetereocyclic. In particular, proline analogs in which the ring size of the proline
residue is changed from 5 members to 4, 6, or 7 members can be employed. Cyclic groups
can be saturated or unsaturated, and if unsaturated, can be aromatic or non-aromatic.

Heterocyclic groups preferably contain one or more nitrogen, oxygen, and/or sulphur
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18 heteroatons. Exanpl es of such groups include the furazanyl, furyl,

i mdazolidinyl, imdazolyl, imdazolinyl, isothiazolyl, isoxazolyl,
nor phol i nyl (e.g. norpholino), oxazolyl, piperazinyl (e.qg.

1- pi perazinyl), piperidyl (e.g. 1-piperidyl, piperidino), pyranyl,
pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl,
pyrimdinyl, pyrrolidinyl (e.g. 1- pyrrolldlnyl) pyrrollnyl pyrrolyl,

2 2l i e i B e o B GTRLAROLL DU 5, b GBI 1)

unsubst i t utigcha YN iRidaz A OU gouﬁazwpsgdxtawlﬁdmomahﬁmégl ThU@RblitH bRl
al kyl, al koxy, halogen oxygen, or substituted or unsubstltuted phenyl

One can al iperazieyi (o eripdrozinyih pirepdyldes. bpiperigyli pinerigino); pyremitli RyFRZBY L, |
hosphoryl e e ci na
Cnem sty IR yrfstng s B8Ry bRl ma R bR T 0

gept i dg ge_rll Mﬁtdhvleﬁ/l)p;fyrtihiﬁyl, ppfﬁﬂphﬂﬂal;azblyﬂ ggigm1ﬁ$ﬁlﬂﬂnyl mMemngggl)lm)rl ilé'eh%s
escribed in Huby.. .., Bioche :

the pepti déﬂleﬁ‘ﬂﬁg‘éhﬁ‘s ?ﬂ%tflﬁ@%ﬂnig‘ﬁg}’?)tﬁm&}"g’ﬁ EEQPY £ay 8¢ %P Bllfed ort o prepare

peptide m nEbigGudt IWI?ér@]i up B4 QIbe@tua) thesitsMiukNt cafrbe By Malkdky, halo en,

Modi fi cations Those of skill |n the art recogni ze that a var|e¥

t echni ques caygenaotubstishted bounsubsiiteted peenyhg pepti de conpounds mnth the
sanme or simlar desired biological activity as the correspondi ng peptide
conpound but mﬁKhwmamebéamdﬂabhéﬁﬁdmhmbﬁ@mbﬁamim%wnmephﬁdebyconpound W th

respect to bilit st abi || and sus c tibilit . h I.sis and
prot eol ysi & g‘@yl?‘(? Beant g} %?‘6%1’& F)OrganA‘h?P‘yMth? "%/gé}?e

24:243- 252 Eeﬂt&%%(n) Hlag-A1ab K%Dgaﬂﬂﬁﬁérlnm&dmm%n%&pnﬁé QOAakiNgs cﬁew i de
conpounds nodified at the N- term nal_ am no grou e Cterm nal

car boxyl grempoungds@f Bre %%ﬁﬁtgnmjltlaﬁérecﬂcsqﬁheéﬂbﬁmbbieet ahpBwehimdkages in the
peptide to 2 ?Qné‘%f‘ﬁl 0 KRGE the elpR&é E&nﬁbﬁlﬁg o;;‘tf?é)ﬁwm?o 130 fe a@%@ms

such nodi fications can be couple n one ound structur
(e.0., nndnbpﬁpqummmmrnmhmccwuhBnmhmbkm@m@mmywngroup and |nclu5|on of a
-CH2 -carbamate |inkage between two amno acids in the peptide

conpound) . 1. N-ter mO)dlerhiichl Mahfiextioas The peptide conpounds typically
are synthesized as the free acid but, as noted

Those of skill in the art recognize that a variety of techniques are available for
constructing peptide compounds with the same or similar desired biological activity as the
corresponding peptide compound but with more favorable activity than the peptide
compound with respect to solubility, stability, and susceptibility to hydrolysis and
proteolysis. See, for example, Morgan, et al., Ann. Rep. Med. Chem., 24:243-252 (1989).
The following describes methods for preparing peptide compounds modified at the N-
terminal amino group, the C-terminal carboxyl group, and/or changing one or more of the
amido linkages in the peptide to a non-amido linkage. It being understood that two or more
such modifications can be coupled in one peptide compound structure (e.g., modification at
the C-terminal carboxyl group and inclusion of a —CH, -carbamate linkage between two

amino acids in the peptide compound).
1. N-terminal Modifications

The peptide compounds typically are synthesized as the free acid but, as noted

above, could be readily prepared as the amide or ester. One can also modify the amino
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above, could be readily prepared as the am de or ester. One can al so

nodi fy the amno 19 and/or carboxy term nus of the peptide conpounds of
the invention to produce other conpounds of the invention. Am no

term nus nodi fications include nethylation, acetylation, adding a

benzyl oxycar bonyl group, or blocking the am no term nus with any

bl ocki ng group containing a carboxylate functionality defined by RCOO -
where R is an%?lrecgrﬁaed {e%{yut hF thg l’lpdg%grrrll}s)l Stdls r(])gth%fm\peaplht p(y lrbdl?‘c%rolt elr nyl,
steroi dyl, and si T Perm nus "hodr 1 catrons ancl ude
repl aci ng tdwenfourds cEf(Iiledm%ﬁtimna Pﬁﬁih@(ﬁtmmudﬁlogffwaﬁonsaﬁclﬁdﬁ imieth@ladogycl i C

| actam at the farboxy termnys to_introduce structural  constraints. Am no

term nus noAFEPIANAR: e henzdorysribery SEpy Y bierking @ aeine trewrla% Vi any

acetyl ati ngyoagel é}‘guﬁc&ﬁ‘ilgﬂ@@}%ﬁ%k %Mtloflﬂ{%ﬁﬁlea b§ OLMyH&e BI1UP,
etc. (See, e.g Mir r ay, % S di ci nal " Chem si ry and Drug
Di scovery, @ﬂdqteddrom Wie|group, comm:tnged na}Elth}W}alctldmeH sterqidyinandysimilaragnenSons,

Inc. (1995) cificall t e N- t hen, be
oacted as FHPRBLEpgs mpdeliie R Eh Be SR et ik Heeen
where R is @sfofisihl BegclRIeem By the @864y AN 1 iafodet trdialndttaifitgMet ri ¢
anhydride. Typically, the reaction can be conducted by contacting about

equi mol ar or excemmoABRMALSMb& fiationd RRWE ritedltbova lafdirkludefalkydiingCi d
halide to the Eﬁtptlde in an inert diluent (e.g., dichloronethane)

pref erabl y acstintiaBrAddipgarragoberzoy| wowp. foratieda surginggide esuenets) (Sed, e,
tertiary anMﬁ%a e'tjglh }fé%er'gll\{[? a?%%gl% lf% ﬁ@b?lgg Dltsgo Of\é?rp&ﬁ \;’(n?l,%énqred
C eac 1 on erw se

gener at ed durln red I'on con are

convent i onak. Welfged,, IobwWilegape SatsyIre. (1995)3Gpetificdls jhe Mtdaylired hminogdrovphe
term nal am no to provide for a |ower alkyl N-substitution followed by
reaction wi £3% then begeactedas fp W%is descri bed above will provide for N-alkyl
anm de group of the formla (b) to forma succinimde oup by
reaction wi &aht%feae R a@ld&rﬂﬁw q>fdbe fOA@“%&%QéNHmWh%%&léﬁ$ defined pb @fqgwm ar

amunt o _a, 8KGes acmfd@'opsﬁmm aﬁgydﬁ@e op lcaﬁ% e RactfAlay 8k Nt S>

can be errpl oye € am no group 1s convert e succi nimde
net hods wel ¢onldm1whby wnltdmtanglabout aqlimdlangr ¢xeessaswuofs (ap., ebae Ssqliralgnts) ctfen

equi val ent sk, Sl gk e b AR AR (! SORARMLALY bRTLAS, T @
containing an excess (e.g., about 10 equivalents) of a tertiary amine, such as
diisopropylethylamine, to scavenge the acid generated during reaction. Reaction conditions
are otherwise conventional (e.g., room temperature for 30 minutes). Alkylation of the
terminal amino to provide for a lower alkyl N-substitution followed by reaction with an

acid halide as described above will provide for N-alkyl amide group of the formula
RC(O)NR--;

(b) to form a succinimide group by reaction with succinic anhydride. As before, an
approximately equimolar amount or an excess of succinic anhydride (e.g., about 5
equivalents) can be employed and the amino group is converted to the succinimide by
methods well known in the art including the use of an excess (e.g., ten equivalents) of a
tertiary amine such as diisopropylethylamine in a suitable inert solvent (e.g.,
dichloromethane). See, for example, Wollenberg, et al., U.S. Pat. No. 4,612,132 which is

incorporated herein by reference in its entirety. It is understood that the succinic group can
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di chl oronet hane). See, for exanple, Wllenberg, et al., US. Pat. No.
4,612,132 which is incorporated herein by reference inits entirety. It
i s understood that the succinic group can 20 be substituted with, for
exanpl e, alkyl or --SR substituents which are prepared in a conventional
manner to provide for substituted succinimde at the N-term nus of the
peptide. Such al kyl substituents are prepared by reaction of a | ower

olefin wt nalelc n ride in th descri Wl | enberg, et
al ., supra SSfbstinded %’Efgs'gf PRI ahwﬁorqgﬁgs&smeﬂﬁw BWP?J‘?FS BSH wi th

mal ei ¢ anhydpi Q@M Lnkt th DrAFddRl sutRGuARYUSInikide 4t e QtBnfnus of the
benzyl oxycarbonyl -NH - or a substituted benzyl oxycarbonyl -NH-- group by

r eact i on vmrtehtldﬁp§udxalhﬂtselbsyltmt5@q®pl\¢a¢red1by reagtiomtof @rlovier Cé&f&}ewh ofala@BZ- - Cl
(i.e., benz %1 er ésgrqb(fg%?xl‘ﬁollenb%sr%b ltsl{l%)ed gB Rsubs t[uex?ts are

sui tabl e |naé1 or ofre eraply contal ni ng a

tertiary arﬂrétﬁrddcby&@@dﬁ@ﬂQQRSHew@Cmdlegﬂihﬁycﬁ{d%thechRhm delﬁﬁed gwsej on; (d)
to forma sulfonam de group by reaction with an equival ent anount or an
excess (e.g., 5 equivalents) of R-S(O2 C in a suitable inert diluent

di chloro ermn =Yag I ere
R as dorthod s et oMy gbdiifyH Sl AR Bihathgeduapt NITaRAg oY
tertiary aneagiof evith.apptoaimaielyiau alj@nalent agwant asn edédss opCBRyICR(iteyl ami ne, to
scavenge t nera ur|n eact i.on _condi |on are
ot her V\ngse QH’H@&WWC 811}’1 hl%&d% ¥ 3o %t’é‘ﬁﬁibgg le Iy g)julig lerﬂl‘?ﬂlfli (Se(ge’) to
forma carhfsmé BRCohQing 4 fert@by Sk YA MRUaid FAfedEXCESS
(e.g., 5 equi vﬁ?ﬁﬁltgg? Iﬁ?fe%-?% %)&:IHg orrtR?}:OC(O%Cc% Hé%@ p- NOZghlrnﬁ a

sui tabl e i raring dhiel regationy e. g. | d| chl orormet hane) to convert the term nal
amne into a carbamate where Ris as defined above. Preferably, the
inert diluent contains an excess (e.g., about 10 equivalents) of a

tertiary anidyefosua bul&mamldégpﬁpwiee&tfbyﬂvam dheequivaledt aieng er a:myxoacs @.g.,
generated during reagtl on.. Reaction 1%3”%%' ons ar
I|1€

oth
convent i onal e%léva{fnts) PER S ind §Hitad luep (HLFP Limf) (9 sonvgrt sy m a
urea group t@1¥mﬁeﬁ%ﬁﬁ1’1@iﬂto\"d émfoﬂanﬁwh\é?é ©\as @gyéatabgce ?gefgfasﬁy?&e(lﬁerg 5

equi valents) of RN=C=Oi1n a suitable inert | uent
di chl or onetdilapes)coniging ereass tertiarneminer(ergn tn egnivalentshsuohas urea (i . e.

RNHC(O) N _Qiis%rggﬁetm%nene 0 sca\%%gg ﬁlfela{:]l% generateg during reaction. Reaction conditions

are otherwise conventional (e.g., room temperature for 30 minutes);

(e) to form a carbamate group by reaction with an equivalent amount or an excess (e.g., 5
equivalents) of R--OC(O)Cl or R--OC(0O)OCs Hs -p-NO; in a suitable inert diluent (e.g.,
) dichloromethane) to convert the terminal amine into a carbamate where R is as defined
| above. Preferably, the inert diluent contains an excess (e.g., about 10 equivalents) of a
tertiary amine, such as diisopropylethylamine, to scavenge any acid generated during
reaction. Reaction conditions are otherwise conventional (e.g., room temperature for 30

minutes); and

(f) to form a urea group by reaction with an equivalent amount or an excess (e.g., 5
equivalents) of R—N=C=0 in a suitable inert diluent (e.g., dichloromethane) to convert
the terminal amine into a urea (i.e., RNHC(O)NH--) group where R is as defined above.

Preferably, the inert diluent contains an excess (e.g., about 10 equivalents) of a tertiary
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Preferably, the inert diluent contains an excess (e.g., about 10

equi valents) of a tertiary 21 am ne, such as diisopropyl ethyl am ne.
Reaction conditions are otherw se conventional (e.g., roomtenperature
for about 30 mnutes). 2. C-Termnal Mdifications In preparing peptide
conpounds wherein the Cterm nal carboxyl group is replaced by an ester
(i.e., --C(OOR where Ris as defined above), the resins used to prepare
the peptide acids are enplqyed, and_the side chain protected peptide is
cl eaved wi tWlﬁ%\éecha%dins?M@Pﬁﬁtﬁylaﬁmeaﬁsaca%efmﬁlﬂt,loné ag Sthsuiss saBrontisnale

chain prot 5&@? RGbr R RE Forl dBEE: JORARYRE). | n  the usual fashion by
treatment wi th hydrogen fluoride to obtain the desired ester. In

prepari ng peptide conpounds wherein the C-term nal carboxyl group is
replaced by the amde --C(O NR3R4, a benzhydrylam ne resin is used as
the solid support for pepgtCdBersinslisdificatijpon conpl eti on of the

synt hesi s, hydrogen fluoride treatnent to release the peptide fromthe
support results Iflipfepatihg/pdpride bempounds pagreindre Grietieinglicathoxylt geeupGs relaviedius

is --C(ONH2). Alternatjvely, use of t chl oromet hyl ated resin dyring
peptide syrb@sssr g@ouﬁ<9a0§ﬂfr?r? Baets J&ﬁneei HRVEhHGHFnG 5 [RBRGEETE FlE of de

chai n prot eghege RER IrEmpIoOM, bR theSHRRA%IH p¥d1&hdBpdphe fs/cRGvRER|th B&caRl de

To h
and reaction wth an al ké/l amne or a dial l?yl amne yields a side chain
prot ect ed ahkypaopride deotol,@l kyhethardé Side chain frblectihg growpsransthes removed @ NRR

where R and, Rl a as defined abov Si chaj n.pr.ot,ection, i s then
renoved in Df Hﬁ‘a[éﬁ}gf’n g%gﬁ?r}@ﬁmbv\‘/’l E@e&%gﬁmmﬁ?ﬁqﬁﬂ? e S‘Ff%%fe.’-de to give
the free am des,.  al kyl.am des, or dial kyl anjdes. One can al so cycli ze.the
o e comoen e PEPAHEPARE AR BRda e RS b aming OB ane Beplaced

descar boxy #aai Hfiealc(DJRRERY, AibBhdhy@ylahlife RERL GR1GOTRAYNAE suppertithat there
is no term’nal am no of carboxyl group, to decrease susceptibility to

prot eases opeptide yymdesis.dWpanremplesioh@f Hhetsynthess, hydregpetndrife treamppatitodgelease

C-term nal ncti.Qnal @rou of .. k.he. t.i de nds. ,of. t rese

i nvention ié\lg t lgggrr%mde?Sl&?ﬁ%&ere?utg\%glrr&gﬁ'@ﬂfe fée%%ggg |a(nl§188 lfe"qgff E??‘%flgllﬁsomr
al koxy, hydgoxyo)Nmgd. snefastioely, asdofithechionotictghitel resle durag peptide sRRKaBS |,
and the pharmaceutically acceptable salts thereof. In additjon to_ the

f or egoi ng NeOuBleAMi reaghgn o tammerds toRbeave thesideshain rrofectpdpentige from the
support yields the free peptide amide and reaction with an alkylamine or a dialkylamine
yields a side chain protected alkylamide or dialkylamide (i.e., the C-terminus is --
C(O)NRR' where R and R' are as defined above). Side chain protection is then removed in
the usual fashion by treatment with hydrogen fluoride to give the free amides, alkylamides,

or dialkylamides.

One can also cyclize the peptide compounds of the invention, or incorporate a
desamino or descarboxy residue at the terminii of the peptide compound, so that there is no
terminal amino or carboxyl group, to decrease susceptibility to proteases or to restrict the
conformation of the peptide compound. C-terminal functional groups of the peptide
compounds of the present invention include amide, amide lower alkyl, amide di(lower
alkyl), lower alkoxy, hydroxy, and carboxy, and the lower ester derivatives thereof, and the

pharmaceutically acceptable salts thereof.

In addition to the foregoing N-terminal and C-terminal modifications, the peptide

compounds of the invention, including peptidomimetics, can advantageously be modified
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conpounds of the invention, including peptidom netics, can advant ageously
be nodified 22 with or covalently coupled to one or nore of a variety of
hydrophilic polynmers. It has been found that when the peptide conpounds
are derivatized with a hydrophilic polynmer, their solubility and
circulation half-lives are increased and their inmmunogenicity is nasked.
The foregoing can be acconplished wwth little, if any, dimnishnment in

their bindi activity. pr ot ei naceo ol syi.table for _yse in
hecor dance WA A salent cabfrtlh BBt gs of APUEbOT BUrSR B ROFmPRrItEs ¢ o
pol yal kyl etfigh $ouad t Y/Heh kel (REt MY conRRuN@L Ry H&RRtS MW Rh a BiMkopIliY PoI9RY¥E, €Ne
gl ycol, pol%lactrc acid, polyglycolic acid, polyoxyal kenes,

pol yvi nyI al heineplubifi apdicirgulaien kalfbivs ere inereasefl @8& thedmenmpggniniey is
derivati VeSy ?&‘ t ’fl?éqfo?%gmg c);gltl B@Qcc% Shyl?eh'v%ﬁlsl ttlg td‘; anygﬁ{ﬁ?lhﬁhunt 1§

hydr ophi |'i ™ po AN CRYErage. ol ecul rangl ng m about

500 to aboLllimd;ﬁ@a@%ydﬂbﬁmﬁlﬁmamnepolpﬂhafseﬁl&tblle/fofr nsinabeottande GG th@ about

40, 000 daltons and, even nore preferahly, &r;labout 5, 000 éo about
teétow B

20, 000 dal tRSRENt iPNertionfrglndes buiare et Han Wylethespas SerPHBFd Per s have
an average mm& lﬁﬁltp %ﬁ%@g@c?f)ﬁogﬁkﬁ@ﬁd p%ﬁ;g%QQhéié‘él&O“S and

20, 000 daltons. "The eptr de ventioni can be derivatized
with or courpﬁlmj(yalkelmumvlyvmm}ﬂa}lm pabivinylmmplidénet balutmst hodiselkidasef ort h i n

ZaI | i psky, Bi 0 ate Chem,, .6:.150- 5 95); nfardinj. C et
B o onfRaya S A as S et e et S YRR pRlyinets, &

Pat No. 4, Ki¥6 afd 8%ragd ntoledtMr. wdight rﬂmgﬁ%]fr&ﬂébOMS&J tdPout NI, 009, ROnsd tbire

Us Pat. No. 4,791,192; U S. Pat. ., 4,179,337 or WO 95/ 34326, all of

which are wrﬁ@mbbbﬂrerl@aow Q08fte Abawe 40, PﬂO dafioms a@hter%myrfmr%rah y, frRmegbout

presently p i , it

Prventi on oy e BHuCRR IR 1 HEIcRES b AR RR OF BuRbr i REp Ry AeR Have

| i near, wataravemigelbloteculpoivgight ofcnboetth@()Oehﬁomglld,@O@ dplears iand) 2000@ dalwins.h t wo
term nal hydroxyl groups. PEGs are classified by their nolecular weights

whi ch typical | y Tiengptide ampnads of5hindedtioaran b@der&bauéd vHih 60 ugRddttemsch | n
a presently preferred enbodi nent, the PEGs enp éed have nol ecul ar

wei ght's r ankfilBETF BERE sRIchemethgdsset &rﬁlua@@ll@ekse o Riegongigate Pieas: G bl ed
to the pepfesokwsgnmﬁﬂ%npt em Bfo%éﬁﬂéaté G}{é‘rﬂt 5%@ Mods: Bid Iper Ngr anched

or unbranched Monfardini’, - C., i oconj ugate Chem,
6: 62- 69 (19‘954)(;83&99@; Pat. élo 4,496,689; U.S. Pat. No. 4301 144 U.S. Pat. No. 4,670,417; U.S.
Pat. No. 4,791,192; U.S. Pat. No. 4,179,337 or WO 95/34326, all of which are

incorporated by reference in their entirety herein.

In a presently preferred embodiment, the peptide compounds of the present
invention are derivatized with polyethylene glycol (PEG). PEG is a linear, water-soluble
polymer of ethylene oxide repeating units with two terminal hydroxyl groups. PEGs are
classified by their molecular weights which typically range from about 500 daltons to
about 40,000 daltons. In a presently preferred embodiment, the PEGs employed have
molecular weights ranging from 5,000 daltons to about 20,000 daltons. PEGs coupled to
the peptide compounds of the present invention can be either branched or unbranched.
(See, e.g., Monfardini, C., et al., Bioconjugate Chem., 6:62-69 (1995)). PEGs are
commercially available from Shearwater Polymers, Inc. (Huntsville, Ala.) (now part of
Nektar Therapeutics (San.Carlo, CA), Sigma Chemical Co. and other companies. Such
PEGs include, but are not limited to, monomethoxypolyethylene glycol (MePEG-OH),
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commercially avail able from Shearwater Polynmers, Inc. (Huntsville, Ala.)
(now part of Nektar Therapeutics (San Carlo, CA), Sigma Chem cal Co. and
ot her conpanies. Such PEGs include, but are not limted to,

nmonomnet hoxypol yet hyl ene gl ycol (MePEG OH), 23 nopnonet hoxypol yet hyl ene

gl ycol -succi nate (MePEG S), nononet hoxypol yet hyl ene gl ycol - succi ni m dyl
succi nate (MePEG S-NHS), nononet hoxypol yet hyl ene gl ycol - am ne

(MePEG NH2) , nonoret hox | yvet.:hyl, ene. | 5 , and
mononet hoxy BTt %yg%ggtgﬁﬁ%e&lﬁorlﬁsacﬁolt%@?ecp aErF%gﬁﬁO%%’%g%%JﬁE% efly,
in onef enbggljj/dm-@ﬁccirglhﬁiymyﬁbﬁlﬁﬁgMge@EM-Nfﬁ), mbhaiethexypoiytthylede gl@cq]-.amirrl]dDEG,
is prefera capped at one _end by an unreactive group s as a net hoxy
or et hoxy @X@Lﬁé)ﬁﬂﬁb P%PF@F@OXY%YW]WFYCP]SU%%WW@@‘“&%%& ﬁ#éf‘(} her end
by reacti O%M&H%tﬁgp@zg%gn% %%dl-‘ﬁ?ﬁda?&ylaﬁ%yl @GiERgvgyanuri c halides

(e.g., cyanuric c r de or fluoride), diinmadozle, an anhydride

reagent (e.g., I 0 Ml I . Ip @,3 i iy c
anhydri de), acnyrgézd}Slen,&%%g’}bggg?%?fg%%ﬁfw&g%lﬁ}& -(%}gﬂfégﬁ?ﬁﬁ%h%’oxy)-
2- hydr oxypr By ie prederablanappetiat drickead bylae uaehdtivatigedhppotly aer methogherethaact ed
with a peptide _¢o und of the.present invention to produce a tide
conpound def PRl E‘ggg% Edhﬁpalynﬁbf%ﬂ‘fﬂ?@te ttﬂéer?{g\ riq}glby ,rea_ﬁt“f’%ﬁ’(':tﬁiaﬁﬂgﬂﬁﬂegr oup
in the peptigeaGRgemndsnal cydnBrié AMRIRS (<) SaRuricRBlARle] iomedt JrdluotigaCt i on
with the polyner,” or the two groups can be’joined in a concerted

coupl i ng r edisnidonleya andydnidsmcagest(sig mglikabesteddsic ankydride) supleay eadi | y
appreci ated.that the. ti.de conpounds.. of . t ] hvent i,on i
derjvati zedd l\g’ﬁop}? Sﬁglﬁgﬁangsﬁcy rgz eofd) dtl)% e %%Ir&eyé\éfﬁf%% C %rzr&ggﬁl?r}llgr\l/\%(y% o]
and used by2-thdrseypdpysdthdr) aridtht Hee. aht actithesid pohieie i thekereacisd outhdpeptide
derivatized wth a hydrophlilic polyner, their solubility and .

ci rcul at i on°9yEIoNnd pl/ds PrssentiinentoR WPTadHee & ReRtideicRmPABRIEdA bATgRd with 2

decr eased. f i [ i j hi daRss
' bi of ogi BT e P et SOt S P o
pept i des hakeactimatad farvéaction wath thespadyniert ar the Gvo- groipb cah bagoinéd infagconcerted
unnodi fi ed peptides..In nore preferred odji nepts, the deri.vati.z

pept des. BB Rer e kR S MRS | RN oP e 1S b BE P e
peptides. |pgepedesompruads of thé aiveacbresxh 6 demntised Wik PEENisitdtd AgGhdasRiticdes

have an activity that is greater than the unnodified peptides.
reaction schemes known to and used by those of skill in the art.

When thepeptide compounds are derivatized with a hydrophlilic polymer, their
solubility and circulation half-lives are increased and their immunogenicity is decreased.
The foregoing can be accomplished with little, if any, loss in biological activity. In
preferred embodiments, the derivatized peptides have an activity that is 0.1 to 0.01-fold
that of the unmodified peptides. In more preferred embodiments, the derivatized peptides
have an activity that is 0.1 to 1-fold that of the unmodified peptides. In even more
preferred embodiments, the derivatized peptides have an activity that is greater than the

unmodified peptides.
D. Backbone Modifications

Other methods for making peptide derivatives of the compounds of the present
invention are described in Hruby, et al., Biochem J., 268(2):249-262 (1990), incorporated

herein by reference. Thus, the peptide compounds of the invention also serve as structural
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D. Backbone Modifications O her nethods for nmaking peptide derivatives of
t he conpounds of the present invention are described in Hruby, et al.,

Bi ochem J., 268(2):249-262 (1990), incorporated herein by reference.
Thus, the peptide conpounds of the invention also serve as structural 24
nodel s for non-peptidic conpounds with simlar biological activity. Those
of skill in the art recognize that a variety of techniques are avail able

for construct oun S wth t r. ar. desired caI
o o DEy el R R b SiatioR el Bt FEibSEp LAl

than the Ieﬁdremgtntyermra%hetty@f&@hmﬁuéslawavaﬁm@fdrlcbﬂstru@ﬁﬂlg @damaag With tHey
to hydrolysis and roteol éSIS See Morgan, et al., Ann. Rep. Med. Chem,

24: 243- 252 LMYYOyimi rﬁ@serleé odegenl n@rvetmqsBylwéfr@p@q%@mpméééu&%mmmmes
i nclude r e%@&hﬁlg a&[lﬁtg@ﬁ&%gFeaH%&Q@%E?tft%cgpnbiggg?&&@gﬁEn&QIEP&)?{Bﬂn?I

phosphonat e anmat es ndary ‘am nes, and
N- net hyl am H},drcﬁymmmd pooted1adib.eSee dégredt, st dlnanndeep. M}ard @hanplze24aaﬁ21019ae)',d

anal ogues wherein t car boxyl up of the .a been, repl aced
with g noi e‘PEPrB‘Ef?tteQBF@W re?%‘?ﬁ??%gg‘?fgée"g?‘q‘t‘?‘?énc gﬁ"F’inﬁE%Fg\ée? S%Par?ﬁ’)%ﬂel Y,
repl acementyf 5 B&l:k%‘ﬂed&srﬂ E‘é‘cﬁ&ephbé’bhbﬂﬁedoﬁmda% M afesPRRRRRANRE €

| i nkage can be achi eved |n the manner sét forth in U S. Patent Nos.

5, 359, 115 asedondsry4a0na28nd Nimethylsminosigides of whi ch are i ncor por at ed
herein by reference in their entirety. E. D sulfide Bond Formation The
conpounds of t heSqitabls eeﬁgemtmmhtdeofmr eeaynpde iasiind avidamajaguey etlerkimrthe edrbdxyhn

|ntram)lecular ul fide bet ween the thiol groups of incorporated
Cyst oi nes. PP hiBEeino SaidEs e SRy i ¢ otn ety oadgRnF 8bPhond
bet ween theagobégﬁkagépups of the cysteines can be produced to yield a
dinmeric (or higher oligoneric) conmpound. One or nore of the cysteine

resi dues may al s§mhgiy Ybsihdchdehesk M ddine goaE BbfRle With 48HidshhiohatEhe

pepti de conpounds of the invention are use invitro as uni que tools
for under slinkagk ¢ bteh!ehlbvfmil logh@ahnnem@ feyth iWREH. Paisot Nk 3¢ SOH45 endil uat i on

8]; oftllrjlgt Irrgzy%{lfhﬁ% ﬁ'nﬁ cihs,[c og e% 81(; vgr gﬁf | L%%(%)Crﬁdrated gnerlgleﬁ ﬂynrfe er&HeE ‘i:"ndth ¥ entlregf

E. Disulfide Bond Formation

The compounds of the present invention may exist in a cyclized form with an
intramolecular disulfide bond between the thiol groups of incorporated cysteines, if
present. Alternatively, an intermolecular disulfide bond between the thiol groups of the
cysteines can be produced to yield a dimeric (or higher oligomeric) compound. One or

more of the cysteine residues may also be substituted with a homocysteine.
V. Utility

The peptide compounds of the invention are useful in vitro as unique tools for
understanding the biological role of TPO, including the evaluation of the many factors
thought to influence, and be influenced by, the production of TPO and the receptor binding
process. The present peptide compounds are also useful in the development of other
compounds that bind to and activate the TPO-R, because the present peptide compounds
provide important information on the relationship between structure and activity that

should facilitate such development.
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process. The present peptide conpounds are al so useful in the devel opnent
of other conpounds that bind to and activate the TPO R, because the
present peptide conpounds provide inportant information on the

rel ati onship between structure and activity that should facilitate such
devel opment. 25 The peptide conpounds are al so useful as conpetitive

bi nders in assays to screen for new TPO receptor agonists. In such assay

enbodi ments, the peptide conpounds of t i nvent.i on. gan.be used w t hout
modi fi cation or Téﬁﬁglﬁéier?ﬁaﬁpf’? afqplsp \‘FQE‘&&% SP‘%‘?“%?/E‘;HE?TSH“ AFRRAPFECTHy

| abel i ng, SPCWPPOQMRb@PEEAIE. INARKGN4R LABbAMchR! th BEptRleTBiPbinddli gl
directly or |nd|rectlyn£rOV|des a detectable signal. 1n any of these

assays, thénveatier panl by ush@withentergdifigagion abedndy neqdifaest ingi vagigtyl of Waiys; for

as: 1 adi of SBETEeutLabduEigkRs SHoRRl bR N |iRe s By B BT

per oxi dase canddlireadkpbiides piasqitas sigeal. [andy bf theseesegrtthe martialsthér&o ciat .
No. 3,940, 475). capabl e of nonitoring the change in fluorescen

ni ensi ty. Brdthslesrshr Gxedy of RirealoRassbliies or GpelFbEIng I8 ] BORRY | es
for indire ' [ 12§i gl 5§08 G, ] Lroxiiifdel qued
by bi ndi ng%{;l%ﬂ %\??Aél?&n&gg}%lhgg@t g %%ZBE%&% E?&Eﬁ%?@é?@?’%‘*ﬁ%ﬁﬁ?.“”%h%e !
peptide caolipdiuepsospkatase) ad fluscdsocie labplacErSs Patr Noi 5R€0,473)wapadest where t he

pepti de conpounds gre, to.be attached ta a sol.id s ort., NMboreover, based
on thei r_aBney e Beghangs g T e Facs Pisadnt R elri BBt o oS5 unds of

t he presentpoldrigaiitin, PHssibalitidd Eorlif @idkecd abElgagiactiide biofin@aidmcdfiong cdiétuegcept or s
on living cells, fixed cells, in biological fluids, in tissue |
hormogenat egolleweddurhindiagito avidin caypledoong §f tgiabepstlahgl groyps.ekhe pepfide

exanpl e, by i : i 3 I i

navi ng. TPO R s AAPIRERa RS GARRUINSaqcE MeR T poriAPtURo ARl b
bind the TPE:nwhpd ra solideupept | de conpounds of the present invention
can be used in in situ staining, FAGS (fluorescence-activated cel
sorting), Westemiombwtbasgl orfhtibAbiligt o bidto tldTRP® reveptohakepkptide t hei r
ability to bind to the TPO receptor, the geptide C ngounds of the
present i nV@MPPYHISOAHCRECSTRIERYIHHOR SRR b 5@1%?11&%&% fiectiie THD FGFRtP PRg

cell's expr Qﬁ%gr&llg:@ed ORI bR oAl filligs, ﬁﬂﬁsucshﬁlfl@éé‘ﬁat@é), fin bﬁ'r‘ﬂ'iéif? natural
perneabilized cells). The peptlée conpounds of the present invention can

al so be ut iti¢legidal amatermsretccFerlexample, by labelling such peptide compounds, one can
identify cells having TPO-R on their surfaces. In addition, based on their ability to bind the
TPO receptor, the peptide compounds of the present invention can be used in in situ
staining, FACS (fluorescence-activated cell sorting), Western blotting, ELISA, etc. In
addition, based on their ability to bind to the TPO receptor, the peptide compounds of the
present invention can be used in receptor purification, or in purifying cells expressing TPO

receptors on the cell surface (or inside permeabilized cells).

The peptide compounds of the present invention can also be utilized as commercial
reagents for various medical research and diagnostic uses. Such uses include but are not
limited to: (1) use as a calibration standard for quantitating the activities of candidate TPO
agonists in a variety of functional assays; (2) use to maintain the proliferation and growth
of TPO-dependent cell lines; (3) use in structural analysis of the TPO-receptor through co-
crystallization; (4) use to investigate the mechanism of TPO signal transduction/receptor

activation; and (5) other research and diagnostic applications wherein the TPO-receptor is
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reagents for various nedical research and di agnostic uses. Such uses
include but are not Ilimted to: (1) use as a calibration standard for
guantitating the activities of candidate TPO agonists in a variety of
functional assays; (2) use to maintain the proliferation and gromh of
TPO dependent cell lines; (3) use in structural analysis of the

TPO receptor through co- crystallization; (4) use to investigate the
mechani sm of JTPQ sign rans i on/.r t ' 1.ONn; er
esearch admyas Tt oysBRF RFHUADS RRERleRty (B hPldsRRe Bt gl
pref er abl y datliPCeigedisqrand tiztikect i vation i s conveniently cali brated

agai nst a known quantity of a TPO agonist, and the |ike. The peptide
conpounds of t herhpipestidtcohipeeitlsioc?theGRebeREintieBon ba bd MR if6r hé il dtro
expansi on of negakaryocytes and their commtted progenitors, both in
conj unct i orexagnsipn of drfigekasynetes grbibls sempntted prograjtersobgih insgaayunstign with

DG .USt 0, eatdfii%ilonal c i Fe’é‘BJ rﬁf’ﬁ%fr%q'n'\@e , e.g.SbQ(?ﬁlét%; etv%q.! F@T!P%bfi&?igﬁ RRY at ed
herein by reference. enot her apy AN raAratl on ot erapi es cause

t hr onbocyt q)5é05i8d3,byhikh islindogpdrited hapindiyyefdtenca iChgmotherapy mad tadéatipopul at i on
of megakarypcytes. However, these therapeutic treatnments can al so.reduce
Che manber GHEP Sy TGPy opRas b op BLL SRR Mredr FpaCp oot
megakar yoc%f%q%ﬁl@%ﬂ'c?@ﬁ. &) dver, tHdid! therapautRl te@fnddntPdanQfisotrB@uce the number and

t hr ombocyt openi a by TPO or the peptide conpounds of the present

i nventi on casbility of hetimmagirpylessmiitpdically ashive msgakapiosyte prassohesllaplhusy

radi ation t apy: \ | atl i r I riched for
megakar yoc yﬁﬁgﬁi‘%ﬁﬁaﬂ’%t@? ﬁe%l%g?yé@ﬁ bl(s%o% P glfPCEgrStlh%f)?})Pﬁe S P({:B(ﬁ?lgngfrs e ? ﬂ%%éésggtpt i de
conpounds dfvénkien cantertiaseneCeyninlsig paderaslposh tlsdintitiedtapyocorwadiatidl thedpywith
ani mal s, includjng humans, to activat he TPO-R in vivp, Thus, the
present i mARMPEGHON eﬁe& A vs@ Cﬁh.f Fratfge# fx meg Yier and RItHESIRIEYESOTPO
rel ated di s@rigef® didfe. conprise adm nistering a peptide conpound of the
invention in anounts sufficient to mmc the effect of TPO on TPO-R in
vivo. For exanpl ' : | j

adm nistered to T?Ire gg{)}?daepb\?/)gﬁ) :Ogﬁ/scog?% ﬁgon%t% gﬁg{aﬁg% Bé&%@@?’cﬁ%&sﬂp@%&gﬁq S’é?or?adbut
not | i m t echniroals,phadtdihghurdarsptodetisatathd TIPO-RBnibeoyt Dipesniha, presanttinvanktian | y

Chemot hor Ao MR-t e BB AR HEAb (e B H 1SUREd SEOSS (G ar e
pref erably ddidigitering a peptide compound of the invention in amounts sufficient to mimic the
effect of TPO on TPO-R in vivo. For example, the peptide compounds of the invention can
be administered to treat a variety of hematological disorders, including but not limited to
platelet disorders and thrombocytopenia, particularly when associated with bone marrow

transfusions, radiation therapy, and chemotherapy.

In some embodiments of the invention, TPO antagonists are preferably first
administered to patients undergoing chemotherapy or radiation therapy, followed by

administration of the TPO agonists of the invention.

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

reference,
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adm nistered to patients undergoi ng chenot herapy or radiation therapy,
followed by admnistration of the TPO agoni sts of the invention. The
activity of the peptide conpounds of the present invention can be
evaluated either in vitro or in vivo in one of the numerous nodels
described in McDonald, Am J. of Pediatric Hematol ogy/ Oncol ogy, 14:8-21
(1992), which is incorporated herein by reference. 27 According to one

enbodi ment, the co sitions of ..the present .j.nventjon are. useful fo
Lreating t hr ombdteyb BB 978 SwBadinely ricprpulieis il et L piiongrguseful
radi ation tbefedg thromb6diespehiekaRated With RER AR WCRITRALTAS, thyipiiadhkbipii | |
be adm ni stered prophylactically prior to chenotherapy, radiation

t her apy, ororisbereotherapbwl haReptps eamepaypdsiypisallsydhbeadsunisiceed proptylactsallyl v,

the present,jnp Yoeéhtehl%ﬂle?alﬁoraﬁ{aﬂgﬁ AR FpINAHIRE AULrh ¢ dtan {Fﬁ%? Lftér%lﬂﬂne

conprising, as an active'ingredient, at |east one o e pept

conpounds adfxpbduee.i nvention in association with a pharmaceutical carrier
or diluent. The peptide conpounds of this invention can be adm ni stered
by oral, pul nonatgtordingdlynhepre{ennint entishGailbogiovidestphamerceittabadmpositions

i ntravenous (1V), or subcutaneous i njnlecti on inhal ation (via_.a fin

) fine,
powder f or FMRFSEE)2s anarYRABTerRISNt atlgasapne ofhe pentide rempaiinds gf the ymientifal
routes of 3g gabi%ﬁ&ﬁw@ tpggxgr%a%@lﬁicgﬁqarﬁé?ropﬂilﬁén?qlferﬁeﬁ’t@%ac%ﬁ‘lpt)gﬁd%fthis

appropriate for each rou admnistration. See, e.g., Bernstein, et
al ., PCT PatemtioRoir beaimiontenal byWirlQpugHRa& Y, paintal (ingtamakcular A@TaRait@eal,

Publ i cation . VO 17784: and Pitf, et al. ur opean Pat ent .
Applicatio rfn%%f,n%%,%g%{c gc‘g?ne\%? lélhecflgn)l WB%P%%} (gfae By crﬁer gwgaflgrrl)e nce.
Sol 1 d dosagemb@imel, hayal, @agihalakaial ios bubdinp@i rdudes dfdémeagtitibs and taldeet s,
pills, powders, and granules. In such solid dosage forns, the active
peptide confgBuHated i desagsdogmarmonitate fop gach rowe of pERINISHRBTHRER Gt&-cal | y

accept abl e gahLie! o SH PP Pa P BREatioh A&, WG 9325251 PiE ¢ al.S,’l‘P@ST %ﬂ&ﬁage

fornms can also conprise, as Is normal practice, additional substances
ot her t han PubliestiondNd. Yé@1t94/17@84y.and Pith ef daEurnpeagRaitrs Applibates oldgRssiacim

stearate. In. the case of capsules, .tablets, and pills, the dosage forns
may al so cdﬂﬁY1§€5HHPH%??%SR3&8§W§¢E$ESTets and pills can additionally

be prepared with, enteric coatjngs .. )
prep So?ig dosage forms tJor graf administration include capsules, tablets, pills, powders,

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

can additionally be prepared with enteric coatings.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, with the elixirs containing inert diluents
commonly used in the art, such as water. Besides such inert diluents, compositions can also
include adjuvants, such as wetting agents, emulsifying and suspending agents, and

sweetening, flavoring, and perfuming agents.

Preparations according to this invention for parental administration include sterile

aqueous or non-aqueous solutions, suspensions, or emulsions. Examples of non-aqueous
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Li qui d dosage forms for oral adm nistration include pharmaceutically
acceptabl e enul sions, solutions, suspensions, syrups, with the elixirs
containing inert diluents comonly used in the art, such as water.

Besi des such inert diluents, conpositions can also include adjuvants,
such as wetting agents, enulsifying and suspendi ng agents, and
sweet eni ng, flavoring, and perfum ng agents. Preparations according to
this inventy Ol4S.1;

non: aqueous LaTeet SARECHE P IRLSEATbURRNAR A8 VeRUNE IS BTN |
28 sol vent snibernd\ceim d@l, gsladin,enpigpothtga ergghiy estbrs spal asestty Iobﬂae Bughaiokage

vegetable o such as Q|I¥ i | ﬁnd corn oil, .gel ati and (ﬁéectable
organi ¢ est W@%ﬂs%%o‘%aﬂﬁﬁ JUYIESIUSH 2EPREPFTYBE ARG § PEGHEai n
adj uvant's sisehts ahep ?%”e‘éteﬁﬂzed"?}l ‘fdr'@%mﬁl@ﬂﬁlﬁhﬁdﬁ tAebug ﬁ@d)aé’t'eﬁ@?e&a‘ihlﬂﬁ filter,
agents. They may be sferilized , for exanple, filtration throug

bacteri a r éyanenrpeyating &t@rrhzmgtggentﬁ@ﬁ@ Q@rcampﬂgt@meb? irragiatigg élg'ewmoslﬁp@ﬁ,t he
COHpOSI tions ’by$§%t{nr;gr ﬁ‘ed éog‘%lﬁoggbtnp eTﬁea/][LIéE glso Ib hufagturetta){lsn}%%ierp {-’wﬁt@F or

conpositi OI’IS can e nman e USI n sone

ot her SterIdoﬁlelolﬂieeﬁﬁeﬂm1Q|e6fﬁbillelﬂlﬁﬂdlunmel1€diafﬂlybdi&fe%e use. Conpositions for
rectal or vaginal adm nistration are preferably suppositories which may

contain, in add'@dn%bsitfén;ﬁﬂﬁ‘raﬁél|0Yeag§1hbh)§81ﬁﬁ%an6%5ﬂe@rﬁ&h’ély~°sﬂ?ﬁbsﬂ§n€socOa
butter or a suppository wax. Conpositions for nasal or sublingual

adm ni st r at Viggh aee C@nt%la, ipradgision do thgiaethyesuBHeNEedexeipdqnti Bigh 8s gRoop bktﬁ‘é\ﬂha in
h
the art. hﬁpﬁoﬁw O BHRY ﬁ'lg ?HBI?SJ fa%jﬁzgalt&%ulﬂﬁ‘%hhl%%m(fﬁ%ﬂfb%%% ﬁgtpﬁ)lleﬁared

adm ni stere IC an t herapeutic treatnent

t her apeut i cwiglpsgthndaat ¢xoisentcwaipbsown mntbe at.e  admini stered to a patient
already suffering froma disease, as described above, in an anount
sufficient to curte compa:tlndn&as)htaﬁamg thalpeptidercompburide @ars yerpdministedéd fohe

di sease and its 0 ns. An anmpunt adequate to acconplish this is

np
defined as pr?ﬂ‘@.‘ﬁ&ﬁ%aﬂ/%r Frﬁpe%lﬁftr@m% Ingherapeupgppltcations eQnpQFEIoNg Aret hj s
use will depgigs@Rdtib's psGrehiday Qherdrhe ffyn%%ﬁ@aseaaa%gmemcgﬁatmaaﬂd

general state of the patient. The conpositions of the invention can al so
be micro ermapstiudfiaentisy curb@r adlgantrpirgally drtest the syroptowk of thealisast MBidbis (i n

-II\-kr'-)\?va:(IOEE ??_@gﬂ}ge{tﬁ%g 1%-1 Iqlu\e{te tof hccomphél thlsyls gc%neﬂ as " h'graag)(e:utlcaﬁ)ek ker,

effective dose". Amounts effectlve for this use will depend on the severity of the disease

and the weight and general state of the patient.

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

In prophylactic applications, compositions containing the peptide compounds of the
invention are administered to a patient susceptible to or otherwise at risk of a 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 weight.

The quantities of the peptide compound 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

titrated to optimize safety and efficacy. Typically, dosages used in vitro may provide
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I n prophylactic applications, conpositions containing the peptide
conpounds of the invention are admnistered to a patient susceptible to
or otherwise at risk of a particular 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 weight. The
quantities of the peptide conpound necessary for effective therapy wll
depend up i el udi tnatign,
targer sifaelffpafcs sl atuol AELIER: tof BEMIRG RARE oPncRE bRl A"
adm ni ster etdstlnTgmﬁsffecttwedbmmmr tnhasagmsf el dberders wnhpmadldtedunﬂmrl m ze
safety and i cacy, Typically, .dosages. used jn vitro vi de 29
Goeful gui dARUE NSRRI it e sk fareidPriobt e HPSrPRE s 1 ¢ hese
reagents. ARimEY, et A1E&ULN GoBdm&E LRICGIMeh'H IR PhirBiacdIbgiBi IRl IfThEAphities!! ar
di sorders wi || prOV|de urt her predlctlve i ndi cati on of human dosage
Vari ous condhdés E@Tg@m@n Biees d88Q); ansblemingtgn's tha@utmlrﬁmmceaﬁth I@deM)iCk
Goodman an Pha ol ogdi S th

ed. Pergag%ﬁﬁl 3 CE%Q@?IQ Qg@ éﬁ%% ?ghngﬂghmeg %%E |ca 8?%#@8% 7th
Ed., Mack Publi

i ncor porated by fpggté(ﬁoceomp?ﬁgésp(gﬁ]?lf’ gy elgtbg%%] ﬁg%‘%é’fe n %Faémgﬁ@gn?l?%ﬁtegr e

ef fective idpntifieas whéh m&&@é@t@(ﬂlosé‘g@ Ediig& bORSMMBEH: RO Mp % Soad ] Ringkg
dosage range of from about 0.001 to about 10 ny/k of body wei ght per

day. The spefdiofy efewas@eréiﬁwwaaeqléc desg gmplayed isyeguitedhy thegartighlar condi t i on
bei ng treatc?ogdltltop%eﬁl lertegte fthiﬁﬁ}é‘éﬁhfr@ﬁlét fioft s %h Ias th@ju(%ée%ﬁlehfm érent of

the, attendin i ni |an ng upon ctors such” as"t severity of
t he' cond|t|nmnmhgehmgmndQﬁMdggm@omﬁwammdmhamﬂwcéwﬁhpobmbcemhumaﬂwaghe

| i ke. EXAMPLE 1 Solid Phas Pept.i de ﬁ SIS The pepti de conpounds of
t he i nventiBY &&H2 n@FﬂFﬂ e patientyapd the using the Merrifield

solid phase synthesis techniques (see Steward and Young, Solid Phase
Peptide Synthesis, 2d. edition, Pierce Chem cal, Rockford, IIl. (1984)
and Merrifigkdmplg Am  Chem Soc., 85:2149 (1963)) or an Applied

Bi osystens Inc. Model 43 1A or 433A peptide synthesizer. The peptide
conpounds c3olidRhassReptilde Spnthesing st andard protocols of the Applied

Bi osystens Inc. Synth AssistTM 1.0.0 or Synth AssistTM 2.0.2. Each
coupling can The peptide compounds of the invention can be synthesized, for example, using the

Merrifield solid phase synthesis techniques (see Steward and Young, Solid Phase Peptide
Synthesis, 2d. edition, Pierce Chemical, Rockford, Ill. (1984) and Merrifield, J. Am.
Chem. Soc., 85:2149 (1963)) or an Applied Biosystems Inc. Model 431A or 433 A peptide
synthesizer. The peptide compounds can be assembled using standard protocols of the
Applied Biosystems Inc. Synth Assist™ 1.0.0 or Synth Assist™ 2.0.2. Each coupling can
be performed for 2x30 min. with HBTU (2-(1H-benzatriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate) and HOBt (1-hydroxybenzotriazole).

The resin used can be HMP resin (p-hydroxymethyl phenoxymethyl)polystyrene
resin or PAL (Milligen/Biosearch), which is a cross-linked polystyrene resin with 5-(4'-
Fmoc-aminomethyl-3,5'-dimethyoxyphenoxy)valeric acid as a linker. Use of PAL resin
results in a carboxyl terminal amide functionality upon cleavage of the peptide from the

resin. Upon cleavage, the HMP resin produces a carboxylic acid moiety at the C-terminus
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be perfornmed for 2x30 mn. with HBTU (2-(1H benzatriazol-1-yl)-1,1, 3, 3-

t et ranet hyl uroni um hexaf | uor ophosphat e) and HOBt

(1- hydr oxybenzotri azole). The resin used can be HWP resin

(p- hydroxymet hyl phenoxynet hyl ) pol ystyrene resin or PAL
(M11ligen/Biosearch), which is a cross-linked polystyrene resin with
5-(4' - Fnoc-am nonet hyl -3, 5" -di met hyoxyphenoxy)val eric acid as a |inker.
Use of PAL resi results, in a carboxyl termnal amde.functiaonality upon
ol eavage oot BABERHE Plostiefst® RRLE and BisTi el i HRE or iR Tt
produces a saabbpirhised aehdMilip&t ¥r AppliddeBiosysef¥ilats 30 of the final
product. Most reagents, resins, and protected amno acids (free or on the
resin) can be m@meg%Jprda%Mukdciifepirﬁin@rprcﬁwﬂohqdriﬁ%ﬂﬁwsﬁﬁ@ préedurthe
Fnoc group can be used for am no protection during the coupling .

procedur e. Primaryamineanotactiopranassing andorindeiapicvedi it Faac sl sdaghaired wi t h
Fnoc and sid ai rot,ecti 0 - | r i ne. .

yrosi ne, droeant o gRER PR B RRR: SHET S phar st RSkl
(2, 2,5, 7, 8-fhegivametd) Phe2 Q15N 8 -Hemtuintthpightonianto-silfghyl) foeardihine; N-t-

butyl oxycarbonyl for tryptophan, N-trityl. for hisgidi and . S-trityl for
cystei ne. FsRdYgicagpnyl fr tﬁ@b‘fﬂiﬁ’é &fm{){?ﬁb’ét@%ﬁﬁ‘f#ﬁ'&“tﬁ’géf RYSkHRE-

si mul t aneous deprotection of the side chain functions can be achi eved by
treat ment with rieampatofighgpenside gempoupdsifremdhs fesinand pinyltanggus deprgtecen v,
in the synt ' ; ' Ay ' aRRXHbnit €r m nus,
the fully a@rﬁ?ﬁ%’%ﬂ%ﬁ ?[gjgggaaﬂng%%hée&%@ég&&mﬁ%q@@g%e&r etbg:‘g %6%

tri fl uor oacetdificaionslof i5%letriwdively inlthosynthesid obowepaptides, mithiaalamydagd 4 C,

and gradual | i ncreasi roomt erature. .The .deprotected tide
comaunds. e ErERrD e By b ebied AR it B Aered B A TR ESE S An bo by
prepar at i veriflu§éedesie 2610298 ethahithRA! @ WRReRr, ihitigll 4 4¢ U, eh@ERdEARNY on a

Cis bonded silica gel colum with a gradient of acetonitrile/water in
0. 1% tri f | uBereesing tp goqie famperdiarchbrrpdsernsesiasl nsetide epannoyngrotsnds peecipitatrd

characteri zg: : 0 . Qr spray

mmas speceranaviyPahert R CREL AT dRER S REFITOTRN il pelo iR

8 referr eg didnpﬂdhmatp%mblw qire:pICigd?_nqu’nkinargékchmﬁ Iniith a gtwcﬁentiéxﬁn a& e .
imerized using.standard synthetic procedures known to and used py those

of "okt 111 PermBrE T 1 Y P Sionge B G P e Bt s TR o b et |

in the art aMafabRAiddbyira8ieioth BémBirdment mass spectrometry or electrospray mass

spectrometry and amino acid analysis when applicable.

In a preferred embodiment, the peptide compounds of this invention are dimerized
using standard synthetic procedures known to and used by those of skill in the art.
Following these synthetic schemes, those of skill in the art can readily prepare dimer
peptide compounds in accordance with the present invention. In addition, it will be readily
apparent to those of skill in the art that the dimeric subunits can readily be linked using

known methodologies and linkers.
EXAMPLE 2
Pegylation of the Peptide Compounds

Pegylation of a peptide compound of the present invention can be carried out by
well known techniques. For example, a peptide compound of the invention can be

dissolved in 100 mM bicine pH 8.0 at a concentration of 10 mg/ml, added to a 1.25 fold
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pepti de conpounds in accordance with the present invention. In addition,
it wll be readily apparent to those of skill in the art that the

di meric subunits can readily be |inked using known nethodol ogi es and

| i nkers. EXAMPLE 2 Pegyl ation of the Peptide Conpounds Pegyl ation of a
pepti de conpound of the present invention can be carried out by well
known techni ques. For exanple, a peptide conpound of the invention can be
di ssol ved in.100 mM bi ci ne ne atlon /

fo a1 o5 1OVE Sei st i~ a5eBbEls o imBa RN SRR el sl A R TS e

f r om Shear walugtsville] ABY snd dtited at l(oHunteﬁlperhduea uri| @he)r)saoai@d istdnipled, @plczﬂ@om
tenperature until the reaction is conplete, 1-2 hours. The
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solution is a second 5 nol ar excess of ered PER and the
process i s addpbatasdcahd 1t Zﬁnmslausxqegs o pogdated PEGR amdltlmproteSPE@pdamd deach

oL, O POLRSBLAS TG S0 LRGSR kb BB v

previously &mtedl2 fardes e PBBdo eédu&ee@lemsmu%ﬁa 10zt @Cérit® B Supdr@dR ZdOQ:oEdnﬁﬁ
excl usi on colum can be anal yzed %ﬁlreversetﬁhase HPLC. Fractions
I

cont ai ni ng @harmeeia), peemqwalé/ eélélrhbtﬁﬁ ndisiwted with PBS. Braptgnmstfepmythy size
mono- PEG pé Efxﬁgﬂg 0 ﬂbggﬁﬁl %v%%e LQf ac%hnsscogtﬁﬂl di-PEG-

Iyophlllze nly prete d enbd |nents 0 e fnventron are
speci fi cal Igﬁptﬂmmﬁdd watmh\bda;tes pnomtd anyeorapPI @ giepti dect ontpatindroa Hel ppatedons

and, vari ations of the i.on_are possible wthout departing fromthe
spirit and ?ﬁﬁ@ﬁﬁﬁﬂg E%Héwﬁk Fﬁg i nvention. 32 \What is claimed is: 1. A

pepti de conpound conpr|5|ng t he follomnng sequence:

(2-Nal) L AA R (‘dgopeh pelxppgferredeengboginents gchiq pvrigion are mcn%celéaqk)scnbed

above, it will be appreciated that modifications and variations of the invention are possible

without departing from the spirit and intended scope of the invention.
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(SEQ ID NO 7) said peptide conpound being covalently attached to a
hydrophilic polynmer. 2. The peptide conpound of claim1, wherein said
" hydrophilic polynmer is selected fromthe group consisting of

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

pol yglycolic acid. 3. The peptide conpound of claim1, wherein said
hydrophilic polynmer is polyethylene glycol. 4. The peptide conpound of
claim 3, wherein said polyethylene glycol has an average nvol ecul ar

wei ght of between about 5,000 to about 20,000 daltons. 5. The peptide
conpound of claim 3, wherein the polyethylene glycol is selected from
the group consisting of nononet hoxypol yet hyl ene gl ycol (MPEG OH),
nononet hoxyp l. . glycol -succinate (MePEG S)
nnnonethoxypghégﬁﬁ¥wgﬁgw'gIycoI-succininidyl succi nate (MePEG S-NHS),
nononet hoxypol yet hyl ene gl ycol - am ne (MePEG NH2),

nonomnmet hoxypol yet hyl ene gl ycol -tr.esyl at .MePEG TRES), and
nononethoxypbfﬁ@?ﬁ??%%BWﬁWQGBWPVﬂF%é?Z?@?§E%F%WWVF‘(NEPEG-IN). 33 6. The

pepti de conmpound of claim1l, wherein each of the dineric subunits of said
pepti de conmpound is co t ttached, to ydrophilic polyner. 7. The
pepti de conpound ofIg%éﬁ%fgjﬁéHZﬂ%ﬁ%Eéﬁ$gbG%ﬁ ophilic polyner is selected
fromthe group consisting of polyethylene gl é&%é pol ypr opyl ene gl ycol
polylactic acid and pol yglycolic acid. 8. btide conmpound of claim -

7, wherein said hydr iJ I r.}s olyet hyl ene glycol. 9. The
pepti de conpound oflgfgﬁht§j£§ﬂé? y%téﬁﬁgb r%/ethylene gl ycol has an
average nol ecul ar wei ght of between about 5,000 to about 20,000 daltons.
10. The peptide conpound of claim9, wherein the polyethylene glycol is
selected fromthe group consisting of nononethoxypol yethyl ene gl ycol
(MePEG OH) , (Sﬁ&i@rﬁgh&wbwéﬁlﬁwwn@ byins cowlngly paacied fpphysirgphilic
nnnonethoxyg&* i.hyl ene glycol -succinimdyl succinate (MPEG S-NHS)
mononet hoxypo %gthylene gl ycol -

2. The peptide compound of claim 1, wherein said hydrophilic polymer is selected

from the group consisting of polyethylene glycol, polypropylene glycol, polylactic
acid and polyglycolic acid.

3. The peptide compound of claim 1, wherein said hydrophilic polymer is

polyethylene glycol.

4. The peptide compound of claim 3, wherein said polyethylene glycol has an average

molecular weight of between about 5,000 to about 20,000 daltons.

5. The peptide compound of claim 3, wherein the polyethylene glycol is selected from
the group consisting of monomethoxypolyethylene glycol (MePEG-OH),
monomethoxypolyethylene glycol-succinate (MePEG-S), monomethoxypolyethylene
glycol-succinimidyl succinate (MePEG-S-NHS), monomethoxypolyethylene glycol-
amine (MePEG-NH2), monomethoxypolyethylene glycol-tresylate (MePEG-TRES),
and monomethoxypolyethylene glycol-imidazolyl-carbonyl (MePEG-IM).
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am ne (MePEG NH2), nononet hoxypol yet hyl ene gl ycol -tresyl ate (MePEG TRES),
and nononet hoxypol yet hyl ene gl ycol -i m dazol yl -carbonyl (MePEGIM. 11.
The pol ypepti de conposition in accordance with claim9, wherein said

pol yner has a nol ecul ar wei ght of about 20,000 daltons. 34

6. The peptide compound of claim 1, wherein each of the dimeric subunits of said

peptide compound is covalently attached to a hydrophilic polymer.

7. The peptide compound of claim 6, wherein said hydrophilic polymer is selected
from the group consisting of polyethylene glycol, polypropylene glycol, polylactic
acid and polyglycolic acid.

8. The peptide compound of claim 7, wherein said hydrophilic polymer is

polyethylene glycol.

9. The peptide compound of claim 8, wherein said polyethylene glycol has an average

molecular weight of between about 5,000 to about 20,000 daltons.

10. The peptide compound of claim 9, wherein the polyethylene glycol is selected
from the group consisting of monomethoxypolyethylene glycol (MePEG-OH),
monomethoxypolyethylene glycol-succinate (MePEG-S), monomethoxypolyethylene
glycol-succinimidyl succinate (MePEG-S-NHS), monomethoxypolyethylene glycol-
amine (MePEG-NH2), monomethoxypolyethylene glycol-tresylate (MePEG-TRES),
and monomethoxypolyethylene glycol-imidazolyl-carbonyl (MePEG-IM).

11. The polypeptide composition in accordance with claim 9, wherein said polymer

has a molecular weight of about 20,000 daltons.
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