PEPTI DES AND COMPOUNDS THAT BI ND TO THROVBOPO ETI N RECEPTORS CRGCSS
REFERENCE TO RELATED APPLI CATI ONS This application clainms priority to U S
Application Serial No. 60/498,740 filed on August 28, 2003. FIELD OF THE

| NVENTI ON The present invention provides peptide conpounds that bind to and
activate the thronbopoietin receptor (c-npl or TPO-R) or otherw se act as a
TPO agoni st. The invention has application in the fields of biochemstry -
and nedi cinal chem stry and particularly provides TPO agonists for use in
the treatnment of human di sease. BACKGROUND OF THE | NVENTI ON Me akargocytes
are bone nBEPDIREfANRGOMPOYNIHhTHA TABENI JQ)BHBWBOP&IET@JM(%R@ S
circulating blood platelets. Al though conprising <0.25% of the bone marrow
cells in nost species, they have >10 tinmes the volunme of typical marrow
cells. See Kuter, et. al., Proc. Natl. Acad. Sci. USA 91:11104-11108
(1994). Megakaryocytes undergo a process known as endomtotis whereby they
replicate their nuclei but fail to undergo cell division and thereby give
rise to pol GROPYREFNERENCE T@M@EDOAEPME&EG pl atel et count, the
endomi totic rate increases, higher ploidy nmegakaryocytes are formed, and the
nunber of megak3hisappli@somalpimspricedst® US. ApplBafioh HericbdNe. PRHRE740 filedChi n.

| nvest ., 47:458}?85m)§1968). In contrast, in response to an el evated
platel et codMieus Uddomitotic rate decreases, |ower ploidy megakaryocytes
are formed, t [ akaryocytes nmay decrease by 50% The exact
physi ol ogi cﬁﬂ?e&ﬁﬁm&mlgﬁgby which the mass of circulating platelets
regul ates the endomtotic¢c rate and nunber of bone narr.ow negakaryocytes is
not known. The 3??Eﬁ?%ﬁPH@“?%?Eﬁﬁ@ﬁﬂﬁ@?ﬂ%CW%&F%?SﬂﬂV@P@&Hm%HWHﬁH?ﬁFing this
f eedback | o i Q&Mﬂ _ l el cifically,
TPO has beeﬂﬂgﬁ%3%ﬂ§g4%é tRgnﬁgfn?ﬁgggggpggggﬁfgggézﬁﬁkg? ugg{gﬁg i nvol vi ng
t hr onbocyt ofewehiion IBsa@pplicagon invbe Galds of biodletmistsy, and68edBdigal shomist994d . TPO has

been shown in several studies to. jncrease,platelet )
particularly prov1c{es q"P‘E) agonls€s 16t 15a I the traatment of human disease.

BACKGROUND OF THE INVENTION

Megakaryocytes are bone marrow-derived cells, which are responsible for
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,



counts, increase platelet size, and increase isotope incorporation into
platelets of recipient animals. Specifically, TPOis thought to affect
megakar yocyt opoi esis in several ways: (1) it produces increases in

nmegakar yocyte size and nunber; (2) it produces an increase in DNA content,
in the formof polyploidy, in negakaryocytes; (3) it increases

nmegakar yocyte endomtosis; (4) it produces increased maturation of
megakaryocytes; and (5) it produces an increase in the percentage of
precursor cells, in the formof small acetylcholinesterase-positive cells,
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described. See Vigon, et .al., Proc. Natl. Acad. Sci,
chemothetapy, radiation therapy, or bone marrow transplantation as treatment for cancer or

lymphoma. See, e.g., McDonald, Am. J. Ped. Hematology/Oncology, 14:8-21 (1992).

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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89:5640-5644 (1992). TPO-R is a nenber of the hematopoietin growth factor
receptor 2 famly, a famly characterized by a common structural design of
the extracel lular domain, including four conserved C residues in the
N-term nal portion and a WoXW5 notif (SEQ ID NO 1) close to the
transnmenbrane regi on. See Bazan, Proc. Natl. Acad. Sci. USA, 87:6934-6938
(1990). Evidence that this receptor plays a functional role in hematopoiesis
i ncl udes observations that its expression is restricted to spleen, bone
marrow, or fetal liver in mce (see Souyri, et al., Cell 63:1137-1147
(1990)) andfainilyefgakigrclaayttesed byl aadoainedrsstructaryd d €SB the bxteackiuliudoriain, ( See
Methia, et al., Blood 82:1395-1401 (1993)). .Furthernore osur CD34+
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erythroid or nyeloid colony formati on. Some workers postul ate that the
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receptor-ligand Interaction in a_variety of random and sem -random pepti de
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(1990), eacinhibfts theepparageofimegakaryocye pdositedithar effecthy erghweidcomaeyeldiie sl ow

recovery of platelet. |leyels i atients suffering fromthronbocytopenia is
aerons plPdRm ARG HagE PR pesEied tb e e BRE PRIy 54 TRGBUNE owe h
factor agondisilarabhie situtiCERh Bleab&pRirafoe GRtSF Elﬂﬁé}ifh?&}io%ﬂin. The present

i nvention provides such an agonist. SUMVARY OF THE | NVENTI ON The present

invention is di rpgetogdidilgelbdRE LAk R TPOUR Blcinaediit sPAPE fH Ggoi QIDOHRIS
that have strong binding properties to the TPOR, can activate the TPO R,

and pot entimpottyntpesepior. Thedweidability déthefrécvnbinagbiepenterdprotsinkallows tiiPidgdni st s.
Accordi ngly he. peptide conpounds can be useful. for ther uti ¢ _purposes
in treati ngfec(::e %Odﬁl%g%(ﬁ gnteractlonrma varic of’;’l rancti)om and semi-random peptl%g%hversuy

generation systems. These systems are disclosed in U.S. Patent Nos. 6,251,864, 6,083,913,
6,121,238, 5,932,546, 5,869,451, 6,506,362, and 6,465,430, and in Cwirla et al., Proc.

Natl. Acad. Sci. USA 87:6378-6382 (1990), each of the foregoing is incorporated herein

by reference.

The 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



medi ated by TPO (e.g., thronbocytopenia resulting from chenot herapy,

radi ati on therapy, or bone marrow transfusions) as well as for diagnostic
pur poses in studying the nechanism 3 of henatopoiesis and for the in vitro
expansi on of negakaroycytes and conmitted progenitor cells. Peptide
conpounds suitable for therapeutic and/or diagnostic purposes have an |1 C50
of about 2 mMor |ess, as determ ned by, for exanple, the binding affinity
assay set forth in Exanple 3of U S. Patent No. 5,869,451, wherein a | ower

| C50 correlates to a stronger binding affinity to TPOOR The assay in U S
Pat ent No. & he@otonsitsis sndufor thelih i exBrmsiinef meghkdrpyayles gndtopmitadde conpounds
are neasured in.a caonpetition binding assay. The wells of a mcrotiter
plate are cp(fg%eélgoweﬂﬁ | nmg streptavidin, blocked with PBS/ 1% BSA, foll owed

Wi T are then: TEPUGH SSRARDS WhHiols Brar e b el SO res HReses AS/BICs
Various congrepbdtathons: 18, ReRicnfed 9 MBPENAEhpH, %aﬁimﬂ%mnhyass@? patfemt amount

of a truncated form of TPO consi sti n% of residues 1-156 fused to the
C-t er mi nus infExambledioé Uns. RatengNpr 58,4y 1¢ whreinpdewe! 1CsTherrel geapioj addrongp- TP0156

m xtures arb%ﬂc@%?%ﬁglh? lt_.g)tB@gO;lrE{: Of}@ £ORLE ﬁ%k@%ﬁgg&%{t}gﬁsfag 'fcgl%v&go "Brif%dingat 4C

and t hen was e anount ound at
equi | i bri unaffigitiseefpepade dympmauddnge tmensaibdd ih aaninpetttorebidding aiseyl Tgarvails bf MBP,

foll owed by al kaline phosphatase conjugated goat .anti - [ The
amount of a REFIHE ﬁS%‘i’irFé?f“&g ST et Heden SRR g Mgf&?‘ﬁi?
standard mefaas of G BidlantiSre SHRAURRRYiIOU B anAbodyAAGE7Of TREREN IS BRAPOUN
concentrations and the'results are graphed such that the y axis represents

t he anount todatddovitida MBPdilP@arbd sahdlet TRO-R hexvest. Vapipesemcentrationcofimspide at i on

of ' peptide conpound. .On n then. determ.ne th nce tion at ich the
oot oo oo R e iR il s o5 fhet F et 8RR B s POl B Ba b bound
to i mobi | i 2§dues TPARuschie thl G3amimisiof haliostiddihg pisttin {MBPLTIO pgprtiede shoul d
be simlar to the neasured. 1C50 using these assay conditions. For

phar nmaceut i RRHAOMBIoERQ 156 pprgutse piciaddedigripro AR cqsfedieslipingubigifonh hpwso of

no nore thap 480944 th%quaEﬂéed%F}gléu .elfh%raﬂ{bluﬁt’t of BEBERD LAk &?Q&lndrhM In a

preferred enbodi nent, ar wel g t he peptide conpound is from
equilibrium is measured by adding a rabbit anti-sera directed against MBP, followed by

alkaline phosphatase conjugated goat anti-rabbit IgG. The amount of alkaline phosphatase
in each well is then determined using standard methods. The assay is conducted over a
range of peptide compound concentrations and the results are graphed such that the y axis
represents the amount of bound MBP-TPO,s¢ 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% (ICsq) 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.



about 250 to about 8,000 daltons. If the peptide conpounds of this invention
are oligonerized, dinerized and/or derivatized with a hydrophilic polyner
as described herein, the nolecular weights of such peptide conmpounds will
be substantially greater and can range anywhere from about 500 to about

120, 000 daltons, nore preferable from about 8,000 to about 80,000 daltons.
4 \When used for diagnostic purposes, the peptide conpounds of the present
invention preferably are |abeled with a detectable |abel and, accordingly,

t he peptide conmpounds w thout such a | abel serve as internediates in the

preparation of |'dbel esd peptiaghesticoompses de. peptifreqnmendoriibe prtsant @tventgpnt he

defined criteria, for | ecul, ar i ght. and bi ndi finity for the TPOR
conpri ses 9‘”8/[:er r 8 Eﬁ%ﬁ Wél!@i adge\{%‘?%reelfﬂhel 3 agﬁﬁfﬁgglgt- 88 e%ﬂdé COgRP 'ﬂf}c§| ly
occurring ogitkyunbitdta 16bdl B&Re RainthbdiXte®BCHE plepahti@dMEbaA&d sptidéccor di ngly,
preferred peptide conpounds conprise a conpound having: (1) a nolecul ar

wei ght of |®@8Pohdsn about 5000 daltons, and (2) a binding affinity to TPO R
as expressed by an I C50 of no nore than about 100 M wherein fromzero to

all of the --C(@ Reptidelcompagskmedting e ¢eéiped efiterin fap ornierulraweighé ard bindipg aced
by a |inkagessel ect.e m t he. ar nsi-stin f - NR- - |1 nkage;
a phosphonagpgl%f ﬁ)ﬁ&hzfg%éd% com p&f%’gé %?’Eﬁf%—a%mﬁan (gsg‘gl;lergn-ﬂ} 9 %l |rﬁkage; a
--C(O) NR6 -natirhiMké@airingr sonthetNHiagrOnddttatly bedukeargg awdivey &£idR. i s hydr ogen or

| ower al kyl and R6 is |Iower alkyl, further wherein the N-term nus of said

peptide conpoundadcy cﬁ% Serréd Suptitif CorB MBS coriptRk Slcbgo@id RavildRR  group; a
--NRC( O R group; af- ?cﬁcr))d? ggégtjp; arﬂl?-NRS(O)ZR grgﬁp; a --NHC(O NHR

group; a suepiathfedfardr QiR of BsOBAZ ¥bAX Y66 RABHY, aNGF - group; and a
benzyl oxycar Bonyl - NH-- gfoup having from1 to 3 substituents on the phenyl

ring sel ec2¢dbindog affustygo JRO-Baw skseisag by in [Gwef namkyd that awet 160 kxy,
chloro, and brono, where R and R are independently selected fromthe group
consi sting of hydrogen and | ower al kyl,

wherein from zero to all of the --C(O)NH-- linkages of the peptide compound have been
replaced by a linkage selected from the group consisting of a -CH,OC(O)NR-- linkage; a
phosphonate linkage; a -- CH,S(0),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 R® 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 still further wherein the C-term nus of said peptide conpound has the
formula -- C(OR2 where R2 is selected fromthe group consisting of hydroxy,
| ower al koxy, and - NR3R4 where R3 and R4 are independently selected from
the group consisting of hydrogen and |ower al kyl and where the nitrogen
atom of the -NR 3R group can optionally be the am ne group of the

N-term nus of the peptide so as to forma cyclic peptide, and

physi ol ogi cal ly acceptable salts thereof. 5 1n a related enbodi nent, the
invention is directed to a | abel ed peptide conpound. conprisjng a peptide
conpound descr i BB@ related sebadiniept Hy BypsreHrditelst o fbaled ReptitesompPorshe
capabl e of gdeteeinbAbeptid AMHEIPALABR as abS\R 19[S BERLAHLGOHBAAHARE0GONTPN | Ses
a sequence of amno acids (SEQ ID NGO 2): X9X5GXIX2X3X4X5X6X7 where X9 is A,
C, E, G |, label cagabR ofReteQiors, T, or V; and X8 is AL C, D, E K L, Q R S,

T, V; and X6 is.a p-(.2-naphthyl)al ani of d t ' "2-Nal "
resi due, anene prpuPlh I QP (i R eF e Eiteh® JERCRE ner 51 1 s

C L, M Ps@QMWNE2is F, KL, N Q R S Tor V, X3isC F I, L M
R S Vor W X4 is any of the 20 genetically coded L-amno acids; X5 is A
DD EE G K M QR S T, Vor Y; and X7 is C G I, K, L, M N R or V. A
p

rticularl r gf<er I conpound i ncludes the am no acid sequence | E
G PTL R%%&%@l?&%%&?@ar) (SEQ ID NO'7), wherein (2-Nal) is (3-(2-

napht hyl )al anine and (Sar) is sarcosine. In another enbodi nent, the peptide
conmpounds of th res i nventjan_are referably. dj ner] r oli rized
to increas ew??ﬁ%%&g)sf'gn@% %Hdﬁo& gc]t{i @i §’y’£8f Kfte%&)kéﬁréroﬁr%?%a ’ ngn‘glolgeof a
preferred dimprinded iP£pI2Sept e (bdT6Hddd8 Siereids ‘DSNAOfresiihdriNER t O, the
foll owi ng: | EGPTLRQ 2- Ela{(I ) LpAA%- &10 K((NH2) %

preferably, Xgis A or [; and Xz is D, E, or K. Further X;is C,L, M, P, Q, V; X;is F, K, L,

N,QR, S, TorV; X3isC,F, I, L, M, R, S, V or W; X, is any of the 20 genetically coded

L-amino acids; Xsis A, D,E,G,K, M, Q,R,S, T,VorY;and X7is C, G, K, L, M, N, R

orV.

A particularly preferred peptide compound includes the amino acid sequence I E G
PTLRQ (2-Nal) L A AR (Sar) (SEQ ID NO:7), wherein (2-Nal) is f-(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-Na)LAAR-Xj
\
K(NHy)
/
IEGPTLRQ@2-Na)L A AR -Xj



| EGPTLRQ (2- Nal ) LAAR- X10 6 where X10 is a sarcosine or (3-al anine residue
(SEQ ID NO 7). The above structure can also be represented by the foll ow ng
structure: (H I EGPTLRQ 2- Nal ) LAARXi 0) 2K-NH2. When X10 is a sarcosine, the
conpound has the following structure: | EGPTL RQ(2-Nal) L AAR-(Sar)
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 peptide
conmpound, which can al so be represented by the followi ng structure (H

| EGPTLRQ(2- Nal ) LAAR( Sar) ) 2K-NH2i s referred to herein as "TPO Conpound No.

1", In yet veheraKtoHiep saratsdnfi ordhelanipe essisiug ESEQEDNQIE)- cBppdareIgrycBiceade in this

i nvention nGl ude pept.i.de, c ounds_t.hat ar t e one or
vent o0 P SRR e CRTRRRL AL (SRE SPYRLEPA N AlBENER A one

i ncl ude, b%hé{flo'}f)g sdrbdBidcefhelcBmpo BRI MR ML BIVRESrAGuexermpl i fied by _
pol yet hyl ene gl ycol and pofypropglene gl ycol, olylactic acid, polyglycolic

acid, poly I el YAV ( |, pol yvinylpyrrolidone, cellulose and
cel | ul ose 3@?@&&??&28}53%§%¥g%kg%ggﬂggtran derivatives, etc., as described

in U S Patent No. 5,869,451, the ené{ ontent of which is hereby
i ncorporated by reference. The peptid ounds described herein are useful

for the prevention an treatment of 'di seases nedi at ed by TPO, and

d
parti cul ar INE €T LRQ@Mplheed &t d9#al  di sorders, including but not

limted to, thronbocytopenia resulting from chenotherapy, radiation
t herapy, or bone marrow transfusions. Thus, the present invention also

provi des avhesein 64 Nebis B Eaenhily Dakeainsiand £Sa5his serResiBGERQIRANG: Yorllis that i s
suscepti bl e t t M i Lecel i im ni stered, a
t her apeuti cpe#’ c31/“re0 é’gﬁ (:il’vtwehl 0{:5% agsroggggﬁg%m%?}yéﬁep@g%{?gyg Sgr({)l(r:r%geu d of the
present i NVEGPTORQ(IDal)LAVR(Sag) KaNElgis pefervédie hefert agy RO Eompbursialo. 17.

conposi tions conprising one or nore of the peptide conpounds descri bed
herein and a phyBiyefaoyrtber mpodieenptratfewedpaptide sompopnds for phaintthis énrentien

COMposi t | Onlgclﬁgenpe%ﬁdcie Qorgpo\{l%ag Ly, arQ]::oJa?ern% ai'tpc%lce&l %I e R rn%!re gP 2 9%%ty of
hydrophilic polymers. Suitable hydrophilic polymers include, but are not limited to,
polyalkylethers as exemplified by polyethylene glycol and polypropylene glycol,
polylactic acid, polyglycolic acid, polyoxyalkenes, polyvinylalcohol, polyvinylpyrrolidone,
cellulose and cellulose derivatives, dextran and dextran derivatives, etc., as described in

U.S. 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.



forms, as well as inhal able powders and sol utions and injectable and

i nfusi bl e solutions. 7 BRI EF DESCRI PTION OF THE FIGURES Fig. 1 shows and
conpares the activity of TPO Conmpound No. 1 to a prior art peptide conmpound
(referred to throughout herein as "prior art peptide conpound”). The

di fference between TPO Conpound No. 1 and the prior art peptide conmpound is
that the prior art peptide conpound has a (3-(1-naphthyl)al anine (1-Nal)
where (2-Nal) is on TPO Conmpound No. 1. Fig. 2 shows and conpares the
activity of PEGyl ated TPO Conmpound No. | to PEGylated prior art peptide
conpound. MBRIEBDERGRIPTRANCORIHEFIGHRESY vi vo change in platelet counts in
rat denonstrating the relative potency of PEGy/lated TPO Conpound No. 1 to
PEGyl ated pri oFigtshpependienyomsdunattivity geTPQ Canposnd Newl Im’dpr(mrﬁﬁare t he

nunber and vol.unme of c ets In a »

respect i velRFPH C@WHOHB‘H hg%n&% tqﬂgfi))’lgg?ugg‘erﬁp Sr PArt arpé?tl%gggmgor?go and t he
use of PEGiftelte BREVdeaMPOLO6mPEundNo. Dasmeeﬁo@bh@ptﬁﬁ&ﬁh@balﬁvmm&ms 1.
Definitions And General Paraneters The follow ng definitigns are sr%;t?forth
to illustrarer anacriskicampewd s ad- Hglaah@yl)éwb%ﬂwalt) et alkis o8 used to
descri be tt}ﬁ r%éb‘ﬁﬁ@&\{ herein. "Agonist" refers to a biologically active

| i gand whi c 0 its conplenentary biologically active receptor and
activates the | &g @rshewt het cdnpacaubeaciiviyy of 8§iGykited BD loswound Nohktor ecept or
or to enhan@e qre‘fxi.sti hi. ol o |cal1 activity of the receptor. "Peptide
conpound” @ylateq Briof iRy ey hydrol yzes into am no aci ds and/ or

am no acid derivatives and/or am no aci.d substjtytes, "Pharmaceutically
accept abl e sal t F18-3c¥ays apd ¢qmaparcsing Bhivo 12Rag in AiEElE] couliSiafithe  earth

metal, and QMR SR ARt O PEeRly YOfUmiylthd rhe (hagdme &Y. it Q@PEGBQH:@'[ ry

i ncl udi ng the sodium potassium thi'um cal cium magnesi um barium
ammoni um  amobr prtgeptiderrempound.

Figs. 4 and 5 show and compare the number and volume of circulating platelets in a
dose dependent manner, respectively, upon the use of PEGylated prior art peptide
compound and the use of PEGylated TPO Compound No. 1.

DESCRIPTION OF SPECIFIC EMBODIMENTS
1. 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



zinc salts, which are prepared by nethods well known in the art. The term
al so includes non-toxic acid addition salts, which are generally prepared
by reacting the conpounds of 8 this invention with a suitable organic or

i norganic acid. Representative salts include the hydrochloride,
hydrobrom de, sulfate, bisulfate, acetate, oxalate, valerate, oleate,

| aurate, borate, benzoate, |actate, phosphate, tosylate, citrate, naleate,
fumarate, succinate, tartrate, napsylate, and the like. "Pharmaceutically
acceptable acid addition salt” refers to those salts which retain the

bi ol ogi cal thbfieNenfioRWEb 4 suRblpeiEpee oT Berenicrpd. Rerresepiasixg salisdnhbicche ar e not

bi ol 09! 0al a1 kPI M ARHRISILEAN LI OLIBA: Wik PALAANLGuACh RO UCh as

hydrochlorl acl romc acl aric dci hitric acl oSphoric
acid and t Herdte Ibenzcanadlanta@phosphatb,dssylaucchraas nataatd, uraaratd, supciogeaatateaci d,
glycolic acid, ic acid, oxalic acid, nmalic acid, malonic acid,

succi ni ¢ acr}aasylzﬁé H %, fumaric acid, tartaric acid, citric aci d,
benzoic acid, cinnamc aC|d mandel i nenthanesulfonlc a

et hanesul foni ¢ a®fermageuticallyasertaple 6‘?1& edéewasa“s 55tFE 9 thosegallg “ém@l el | i ke.
For a descriphi i@t eﬂ?&%@i?e@@éﬁd $8bdriles AUERIANEE Adivhidtdl hbORoR LAy as

prodrugs, see Bundgaard, H., supra. "Pharmaceutically acceptable ester"”
refers to tdroshereist endesikhleHomesdavith i ingpgsnic ahrﬂdsmhwslhsdr@thlpheaeé,ter bond, the

bi ol ogi cal eff ctiven rtie he ¢ agid or al ohol
and are. notSBIar bR s BRR sPHaR iR albseh Mo Rl BRIH kg B plaiesfieS]
phar maceut |Eﬁlalll hy/aceti€ &Rl 3hbslokis heil Sglliphoid] pigevic a€e, Jdndgealdalidicid, ed.
Design of Prodrugs, Elsevier Science Publishers, Ansterdan1(1985) These

esters are mg;lpnléaplﬂysucwetCrﬁétﬂ fradsig acd fempnicoasib iaTtang agidr GBicAcid bER%0K and an
al cohol . gﬁanthlcea%%cpﬁtaEQJlﬁHdO%an&%& Q dorﬁ‘&&?m H@E&%t’fo}{fc%ﬁﬁhpve”t i onal

synthetic te ues See anced gani c stry, 4th
Ed., John Wblueyes8lfSonsg¢id Nalicyiorakid(ah8 i) 1jke3B@-a3B6crarichn of phamenaesalty t ed

therein and Nhr clopedia o em.cgl Technol ogy, John W/ley
& Sons, NeW S ?i‘@‘%@‘?‘il?é“ﬁ?@sé’f BI(S’HBJIgS s #rdofls SPRIAest ergzvl || generally

conprise (i) a Cl2 all hati c al cohgl that can or n.not contain one or
more doubl e ﬁéaraﬁaﬂ&% R NS T R AR N A i (ii) a C7

-Cl12 ar Om"tﬂygrd?j?sw of the ester bond, the biological effectiveness and properties of the carboxylic
acid or alcohol and are not biologically or otherwise undesirable. For a description of
pharmaceutically acceptable esters as prodrugs, see 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; aliphatic alcohol that can or can not contain one or more double
bonds and can or can not contain branched carbons or (ii) a C7-C;, 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
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het eroaromati c al cohols. This invention al so contenpl ates the use of those
conpositions which are both esters as described herein and at the sane tine
are the pharnaceutically acceptable acid addition salts thereof.
"Pharmaceutically acceptable am de" refers to those am des which retain,
upon hydrolysis of the am de bond, the biological effectiveness and
properties of the carboxylic 9 acid or am ne and are not biologically or
ot herwi se undesirable. For a description of pharnaceutically acceptable
am des as prodrugs, see Bundgaard, H., ed., Design of Prodrugs, Elsevier
Sci ence Pubdcidstremsne dxmrenokdlimlégigﬁﬁ)or otersisc andadasblarkor aypicrighipyof f or med
fromthe cornres ond| car m ne. ne m de

f or mati on %hﬁﬁn%guté@c ﬁfﬁepgﬁﬁc?nt}ﬁ%f‘ aé(?ﬁ({}%%ﬁsi%e n%%/aﬁf‘:}tgf 1 cd’"(tﬁeeé |gues ( See,
e. g., Marchprodyamiasicr Stigadct FRubGElesmd, AinisyerdaHh (1 986). Thduiniléd £y tygicddns, New
York (1992), p.. 393 and Mark, et al Encycl opedl a of Chem cal Technol ogy,
John W1 ey farmgshis omWWﬁm@néwamboyylmc and ppSHNG (Fearaly .ot pmaids t he

use of thosg,¢aNPY 159 1X"961vaénff‘&ﬁ} wﬂtu@t@cftﬁg@s Segeé% d%la{%@t RevLiqn and at

the sane tinme are the pharnaceutical 'y accepta Cld tion salts
t her eof . " POmaniaChemistey] 41191E®1r Jblmeﬂébgt& Pamal Nywéfmmlepwb] ®. 3% anidévldrky efabrs to

a carrier di um nte I ef ti of the
bi ol ogi cal %ﬁy&@?? %g&t Ogyniﬁfh ﬁ%ﬁ%’t‘%gﬁ %{W%ﬂr (éblﬁﬁ?sﬁﬂ% c to the
host or patjne&ition aﬁb%@t@m ﬁt@m‘ie ts@fo@ttfosé SorfpsiRit GRlchGehhan ashidyays ng t he
sane nol ecul ar wei ght, chem cal conposition, and constitution as another,

but with thésseritsAhersimanded th e tior 4rg the piaracewicalbyaqcaptablc @eidiaddisipn cheni cal
noi eti es arﬁtgt gg t-ferent orientations in space and, therefore, when pure,
have t he ablt y 6 rot ate the pI ane of polarized Ilght However, sone pure

st er eoi soners rraﬁ,hhave an era u?]tcglg

ht th
undetectable wt arf)rtaé: H:fl }faézﬁepttarllﬁtlecac%er f%rci &f aIPﬁ%chritlé?qant

invention rakichdve r@ﬂﬁlt&fermttﬁ theaa‘geaﬁwnésscoatlthedﬁmbgtaalaetcﬁnﬁy aftle bdtdeef ore
i ncl ude varjous, stereoisoners. All stereoisonmers are included within the
scope of t h’@glieH\?E'iﬁtaP@)Whloh'lfﬁé?téﬁ’é‘ﬁt“? tghpst.or gptigdhar naceut i cal | y- ef f ecti ve

anount" as applied to the
"Stereoisomer" refers to a chemical compound having the same molecular weight,

chemical composition, and constitution as another, but with the atoms grouped differently.
That is, certain identical chemical moieties are at different orientations in space and,
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



conpositions of the instant invention refers to the anmount of conposition
sufficient to induce a desired biological result. That result can be
alleviation of the signs, synptons, 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 inmmnol ogi cal and/or

i nfl ammatory responses to infection or tissue injury. Amno acid residues in
pepti des are abbreviated as follows: Phenylalanine is Phe or F; Leucine is
Leu or L; Isoleucineis Ile or I; Methionine is Met or M Valine is Val or
V; 10 SeriSeeine $s SSeor B PiSlindis@ire neP; Bhr&imineas TR orThr Alaninaés Al of A, Tgrosihe
Alanine is Ala or A, Tyrosine | r or .Y, Hstidine is Hs or,,H dutamne
is Gnor & K‘s?fa‘(%’i% ng ﬁrkl}? G;@{ar[l%i‘sn@n qrsé;lﬁﬁ?ar&gmﬁ;ls ﬁ%‘b%rrlfhil_l‘cysﬂ@i dis
Asp or D; Gkulam k; Aadtid AciBidAQS ofD; GMthet RBid i§ GRY 8r B Cysteinelis XS @pban is
Trp or W Arginine is Arg or R ‘and Gycine is Ay or G Additionally, t-
Buo is ter tTiyptophandy TriBen Wi drgining yd Arg@ER; sd GiisinsHe o)y emfrnaddipenally, tacet yl |
Me is methy), . Pen i.s pengillanin Qi i.noj s i L ais
norval i ne, RS TECRHTIsBE R it bR A By SueR Rl R M MElstned

O benzyl, apwk ifiygni¢iHahiinds Atbyip aminoiebuthepididaN-ariahogalisd, abadsammbyutused i n

t he pharnaceuti cal i-ndest ry as n,on-Eeptf' de dr_u%s W th properties anal ogous
to those of2cihdntisipemylalanBeBis Orheneyl, pydlug s AYHRPIPMR | de conpounds are
termed " peptidem nmetics" or "peptide m netics" or  "peptidom netics”

(Lut hman, et al .Pepfideraieiags are commynlygusod & te phsanaceitisrbip ey, as nem-pele 106,

2nd Ed., : A i : i: t v. Chem
. e ergre VSRR o TP ERASclol B mpHABLE, THEE s QA | s
(1986); Velptidacunpgeuaddaragamed | N&tidemiBaR s{ 29'§6ptidamondiicaher, et al ., J.
Med. Chem 30:1229 (1 whi ch are incor ated herein by reference).
Pepti do. m e el et Chbmin Al FexbSihtihPe BB araDetaipetity usef
peptides mayPeRUsRH2HOER! PaHER N caBEHic PabBINersQ 990 NRAGRAGINR! ARSI C Or
prophylactic effect. General Ig/g,alﬁ(egﬁtl dom netics are structurally simlar to

a par adi gm Slsiny peipBildengl 3516 et Raeharndt, Adais Danetest, 312001 9%6;
phar mecol ool AP S gsSBRUAALE Yo RORULY SR SRERL NN
an al t er nat({19&7)| whicage: iacirhorated herein by reference). Peptide mimetics that are structurally
similar to therapeutically useful peptides may be used to produce an equivalent or

enhanced therapeutic or prophylactic effect. Generally, peptidomimetics are structurally

similar to a paradigm polypeptide (i.e., a polypeptide that has a biological or

pharmacological activity), such as naturally-occurring receptor-binding polypeptide, but

have one or more peptide linkages optionally replaced by 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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CH2NH- -, --CH2S --, etc. by nethods known in the art and further described
inthe following references: Spatola, A F. in Chem stry and Bi ochem stry
of Ami no Acids, Peptides, and Proteins, B. Winstein, eds., Mrcel Dekker,
New York, p. 267 (1983); Spatola, A F., Vega Data (March 1983), Vol. 1,
| ssue 3, Peptide Backbone Mdifications (general review); Mrley, 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. |, 307-314 (1982);

Al ngui st, evhiclals.incodporifed her€mdm refepBicd F0Rari@ 98]y (re8e) podenmidwghkm ise, et

al., Tetra I tf. 23:253 1982) ; e Appl n. EP
45665 (198 ,2%1'@&@19’??@ ¢ rimetics gy ﬁ%‘ﬁé b‘lhcaﬂfe%dt"a“tagz“ﬁ ozrzroaocf% ﬁde( 1983): and
Hruby, Li fEérr%idlmer@sluibﬂﬂhrﬂ%g&)r(ei%&)s,mﬁl%%boﬂfmlaﬂ prétiuefion, grdafg @hgtaicat ed herein
by reference. A particula preferred non-peptide |inkage is - CH2NH-.

Such pepti oréahaﬁtmih@yeﬁﬁbarﬁmeoglpﬁmrqneaeﬁ%rhaéla\r%mb&g%w@mewr efeasyi de
enbodi ment s X | e: greater
Croorenr ™ SRRl £ ALE B RSO RIAT RS,

absor ption, anpgérecntyyandecﬁthérsdm)loplinganfqzepr;ldcmﬂunﬁnexilsagié}cmwl@es gOV@Engattac]ament

br oad- spectrum of bi I ogi cal ctl vVities duced ntigenicit and ot hers.
Label i ng of°f98pPT MaH ﬁlée?% gge‘i} Lfﬁlﬂllr?uglh%%ﬂaﬁeéze%%?@ﬁ]te @{a\cﬂﬁ@ﬁt of one or
nore | abel smtepkeﬁﬁg:;sdsmoqars) bhm&@uaorﬁme&haé BrePredi@Bd BTl &k tieHtY Rkucthre- NON-
interfering position(s) on the peptidom nmetic that are predicted by

quant it at i \astisity data endéor ra@1t:¢u}artr90 Hog Saelinorr-intesfesiag pasitipwsageneialy aSuch
non-i nt erfe;{ohf?%HP%ﬁ 144 Q0% r%eﬁﬁ‘féc?%érg{ac?s’ With ng%aci'o% ﬁ%'i‘egEﬁ) ‘Eé)g not formdirect

contacts w fracr onol ecu n-Superfamly
nmol ecul es) 1hmMgmbulﬁm@ppﬁmi1¢Mmks)ao lwhmhshé pegmﬂo@luﬁaldlheds tb pesdapetliei c

ef fect. Der vitizat i.dom netic oul d not
subst anti al® ?FaPeﬁ’lnére fE‘rte]SW‘?ﬂzattlﬁB?‘?j%s ngEbP 53@81“166#"3 ﬁ}Hﬁ’i‘ﬂﬁ@ol ogi cal

activity OfsuBQQnth?Mtér@&%tth§des§§@§ﬂbﬁ)|gtc\él oI H0H Rt éccf§/1t$fof the
receptor-binding peptides bind to the receptor wwth high affinity and

possess detmtldmhlmebpdﬁ@graﬂa{l peptitlpmimafict pf meeptarrtandigppépdidieg bind to thet agoni sti ¢
to one or nore, rec r henat stematic. ..
subst 1t ut i GO SHEHRN ATREY B i SaEa B n oI RRAE R B R e o

antagonistic to one or more receptor-mediated phenotypic changes).

Systematic substitution of one or more amino acids of a consensus sequence with a
D-amino acid of the same type (e.g., D-lysine in place of L-lysine) may be used to generate
more stable peptides. In addition, constrained peptides comprising a consensus sequence or
a substantially identical consensus sequence variation may be generated by methods
known in the art (Rizo, et al., Ann. Rev. Biochem., 61:387 (1992), incorporated herein by
reference); for exafnple, 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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D-amino acid of the sane type (e.g., D lysine in place of L-lysine) may be
used to generate nore stable peptides. In addition, constrai ned peptides
conprising a consensus sequence or a substantially identical consensus
sequence variation my be generated by nethods known in the art (Ri zo, et
al., Ann. Rev. Biochem, 61:387 (1992), incorporated herein by reference);
for exanple, by adding internal cysteine residues capable of formng

i ntranol ecul ar disul fide bridges which cyclize the peptide. "Detectable

| abel " refers to materials, which when covalentlg attached to the peptide
conpounds off thehakel ianthe amioont, of pahehempldrade dielegiorét thytabplestatisie tocwr &gieds i n

vivo in the ti.ent .taq . t he peptide conpound has been adm ni stered.
Sui t abl e dét ggﬁ%ﬁ@thfﬁlﬁlmogﬁaeraefmell known in the art and include, by way of

exanpl e, radi oi sptopes, fluorescen l.s. (e, g., fluorescei.n), and the
like. The parti icfﬂva nb"éﬁ“é@?%Ioiﬁ'ieag%éelcéagﬁg?bﬂlg’&hggém]g? Co’&’lp?‘frfdclﬁl and is

sel ect ed r elcadrhplBhtPby Ehvamiusal methodsabal kdownag tena. ok dxaspMewheritie e
toxicity 12 of the | abel at the amount of |abel enployed. 1?gall ection of the

| abel rel attdieispiops iscmpened @p the detectablellabig cRyaient paddpiant olof Liigyghepeptide
Coval ent att f : . I dis
acconpl i she%%?@%%ﬁ%ﬁt#%ﬁ‘é%@ %fg.gérgmjl ghrﬁgn\%na%!lﬁtyﬁ]gglteé%t%.tﬁie—%%agganpl e,
when t he 12bmpomadimithat imatisg thepeaydedompotiiysetet @c (Védaner, kbdieSynthessal ent

attachnent of 1251 to t eptjd ompound can b hi ev by incorporating
the anino #AfA AP F%‘?Pﬁ8pf§'ﬂ{‘)’88’?];1?éfi}?§gf’$§8mp8%&?n337:1‘%6 &ﬁ)g%))i CHLANE t he
peptide co B¢iné &ARe Noor&: terdan 6f t:he?& tRlle compyiidQa ibe aclBEbdARRVdIGalvans of
| sot opi cal ly Label | ed Conpounds, pp. 3p7 140 (1994)). Incorporation of

tyrosi ne t chemistiy bikewse.erhianks in¢orperatep eploitiepeptidp eempowndres sehawhpteved by

Comound asmSCSTBRbRL b S RS A OGP EBRE bR ' Peth O

t he pepti decoavsnpiotsldhersisay. conventi onal chemistry. H Overview The present

invention provides peptide conpounds that bind to and activate the TPO-R or

ot herwi se behavqragvervitRO agoni st. These pepti de conpounds include "I ead"
The present invention provides peptide compounds that bind to and activate the

TPO-R or otherwise behave as a TPO agonist. These peptide compounds include "lead”

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): Xy X3 G X X7 X3 X4 X5 X¢ X5, where X may be 3-(2-
naphthyl)alanine and where Xois A, C,E,G,LL,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, Xo is A or I; and Xz is D, E, or K. Further
XiisC,L,M,P,Q, V; X3 isF,K,L,N,Q,R,S, TorV; X3isC,F, [ L,M,R, S, Vor W;
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pepti de conmpounds and "derivative" peptide conpounds constructed so as to
have the sane or simlar nolecular structure or shape as the | ead peptide
conpounds but that differ fromthe | ead peptide conpounds 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 al so provides conpositions conprising an
effective anount of a peptide conmpound, and nore particularly a peptide
compound, that is useful for treating hematol ogical disorders, and

particul ar 1y, is bhy enbe ey baRevdlp R8sdLiaatitracidst Xs iCASDE K@ ram, QrIa,oB at,ivon

t herapy, or bone nmarrow transfusions. It was found that the core pepti de
conpound cati Yo3RHKT S @ sBgheMed, Brordhi no  aci ds (SEQ ID NO2): X9 X8 G X
X2 X3 X4 X5 X6 X7, where X6 may be (3-(2- naphthyl)al anine and where X9 is
A C E, G I, |_HovaePas @sc@edgurth'er hgreinyit hag desxgionrd that lgy repBeing XeRvith - Q R

S, or Mor fera urther Xl
i sC L M P, éz\yagépﬂg?{mﬂe ﬁ“%%%“ﬁdso?f\?v@%ﬁ igefngprﬂpﬁ R %I{}g‘?wnﬁ’ 5?5 is any of
the 20 genebhtalihy/p¢odashth mnn@awcé@ Srtitul Feferfad MinQud& S, T,
V or Yg and ﬂl%’%%a %qn ylﬁlvl N, Ror V %ﬁsgrn ggﬁégscil beﬂép?urltnhgr her ei n,

it has beerth¢ guing acidsequspcs SHQE NQ:Rel %G A TIBR Q 2-Nabft Ayt RSazhi ne, t he
conpound provides different properties fromthe conpound containing

f 3- (1- napht hyl ) dh amth@.emtkmdtmeahit rigd yeptide pampdunds off thy p{ﬂsgftéweetiorpept i de

i ncludes the. a aci uence (2-Nal) L A
AR Sary. IMEBbHEr R S oo el Pesedee L aRUE Skl Wresont

i nvention ajofpoffid! erAd¥aiptll dTRIPrefefleddintib GPBpLitE 8 dunt e @RS Sout Behoaf fini ty
and/ or act|V|ty of the conpounds. An exanple of a preferred dinerized

pepti de corpvitiddoi the fllwadng but is not limted to, the follow ng:

| EGPTLRQ( 2- Nal ) LAAR- X10 K(NH2) / | EGPTLRQ 2- Nal ) LAAR- X10

IEGPTLRQ(2-Nal)L A AR -X;q
\

K(NH,)
/
IEGPTLRQ(2-Nal)L A AR -X

where X is a sarcosine or $3-alanine residue (SEQ ID NOQ: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(NH,)
/
IEGPTLRQ(2-Nal) L A AR —(Sar)

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

peptide compound is referred to herein as “TPO Compound No. 1”7,
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where X10 is a sarcosine or f3-alanine residue (SEQID NO 7). It should be
noted that one X10 residue can be sarcosine and the other residue can be

f 3-al ani ne. The above structure can also be represented by the foll ow ng:
(H I EGPTLRQ( 2- Nal ) LAARXI O 2K-NH2. A preferred peptide conpound is as
follows: | EGPTLRQ(2-Nal) L AAR-(Sar) K(NH2)

| EOPTLRQ( 2- Nal ) LAAR- (Sar) wherein (2-Nal) is f3-(2-naphthyl)al anine and
(Sar) is sarcosine (SEQID NO 7). This peptide conpound is referred to
herein as "TPO Conpound No. V. 14 Peptide conpounds having an | C50 of
greater than aboReptid®Compdundskaving 4 I&smﬂgreabﬁrmbﬁnrﬁ@youblq.@efnm lacluspéfigientei t her
t he di agnost r therapeuti. aspect s f t ventr Prefe bly, for
di agnostic %ﬂ&B%goe%emft u§e nelﬁ’ied SRPOUR §H'na & écnas %gf)()ftrhls VenEI % "M or

| ess and, fPprefepdtay, rmczﬂagrrogtad pr@ptrsagsmpepha@c@mhakeh@ermwmﬁab@nerﬁMdrCSO of
about 100 Mor less. Fig. conpares the activity of three different

bat ches of ﬁ@néof?ﬁ mamﬂwal PuRoses, Siseeplidecaempprungdsihgye an {Coopehae 1% npound
usi ng stand | ative lum nescent units assay techniques. The assay

enpl oys murine celsl s engineered to stably express the human TPO receptor

and a luciferas reporter nst.r 0, ter h

di ff erence bet g %C&IVLK{I?SOf reﬁrﬁﬁg?rﬁébﬁpﬁg)sr fs‘?%?mp"a‘édﬁ%ﬁﬁoound i's
that the pwitR 6n@64tcm@fnirio¢en@emtwd1pbam il staldB@pblabiyé Juadingsesie ubits Nal )
where the (2-Nal) is on_ TPO Conpound No. 1. TPO Conmpound No. 1 is referred

to as 2- Nal asspitteetnénuss. bhe ey enpﬁgﬁ Aerinsaepo eneineeEcdrie seplyearess e humap
(Prior Art) P@ % gror %nd f‘ﬁlCﬁ‘Q’QMe%&%‘cgﬁs&uctjdnv%:ﬁﬁy tl%% ffﬂgh?()ftérs Tfﬁle mlar for

each conpound ares the activit severa erent bat ches of
PEGy| at ed T&lﬂereﬁ‘ommwm NEO Comppegl/Natl o tbsf piidrartqeppdeicspahd idthatphesent

invention is.described in W er.al Dat .of
PGyl at ed pPIGET QP eSTAEE Bl o RBI DA AbiE ChSGDOT At hECHEAFAL B8 pr i o
art pepti deTporReRiRUnENOW hTBO @edporhd MoV fshefef8®fttds@-NX1 and the prior art

peptide compound is referred to as 1-Nal (Prior Art) in Fig. 1. As shown from Fig. 1, the

activity is similar for each compound.

Fig. 2 compares the activity of several different batches of PEGylated TPO
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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the sane | evel of activity as the un-PEGylated prior art peptide conpound.
The remaining lines illustrate the activity of different batches of

PEGyl at ed TPO Conmpound No. 1. As shown by Fig. 2, in this nodel, the latter
have | ess activity relative to the PEGyl ated prior art peptide conpounds.
PEGyl at ed 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 Fig.
2. Fig. 3 denobnstrates the relative potency of PEGyl ated prior art peptide
conpound and PEGyl ated TPO Conpound No. 1. Through a rat nodel, Fig. 3
shows the itﬂrg\itidéﬂ suzhan geackibaet AirembcytapeniaFoldwiag sﬂﬁﬁélu’&nﬁ&y’clﬁdfon of

PEGyI| at ed ior art peptide conpound and PEGyl ated TPQ ound No. 1. As
shown by Fl gemahetans’ AT GHEG HaLCoBPOTHENpEa T o ThBFEOMDALAE No. 1 has

the same aCIiE(Y}H&th oM}?p BUueSdm dﬂ&éﬁ 1s°1fefe"n'3§ th ?s%@tﬁdaIRPhQJAﬁﬁh Fipapti de

conpound. A | €ss potent c rrpoun may provid | ess drastic stimifus to the

target cell, ""“'fﬁ% Q%Hh%fu?\g%emgm b fikad gt% léhﬂﬁos%fr&‘lfﬁh?e sgﬁilﬂr%‘i‘q by

overstinul ation of the rget ceI , Su as exacer bat hr onmbocyt openi a

fol | owi ng sRES@apaé ptiorcarcpaptidé cornpremd tah FEiGylatéETRO dloegouRONGOponomaialNo. 1 i s
referred to as - d PEGQ| at.ed r|or ar e
referred td"4& ]%t%glilPC?gPVlBPu Hg- figr ‘EFd tgas EF‘S’ ?H&FMQ#S&?We

resul ts of gheade tén Qlﬂ&%&f&:ﬂ%ﬂ@ljﬁ@ﬁNMqr‘n&fAﬁ) infEY hahed. pigd r art
pepti de conpound and | at ed TPO Compound No. 1 in normal mnice. PEGylated

TPO Conpounshoms incieases m ¢té@|vet190ané§1g9é@gwmeaaBh@tqiﬁémlmeamﬁﬁ] s art
peptide Coni%ﬁg\gmg tlsea{men?r'flga ?eaﬁ%% EEGfr% '\ﬁ‘)l to gﬁ{}é %/kgé‘ réc%]h k)\gpt@bg§m Qd 5.

Fig. 4 shows reases in Fevél’s “an eIet
Vol unme si x ipbreasdayise nuntek oﬂmﬂglattmg@tamm in aldve-desededmgmneawith rrmfeaéle@ to

3000ug/ kg. Both tide conpounds Jincreased the nu r of circulatipg
pl atel ets |‘i’?a&"?1g’st e&]‘é"ﬁ@li gﬁ‘?ﬁﬁ"é‘rat\ﬂﬁeﬁa? W@’r@é@égﬁg? | both ?fénﬁob‘nél égtcont rol
group obser e thadfmdl 2S&PensaSthks ‘Q\Seﬁﬁdég@rﬁ%olﬁﬁldsféPéva&@tpﬁhtél@tr%QH@% levélk that BRre
maxi mal response, these ge pti de conpounds el evated platelet counts to |evels

t hat were w0t4of0hd grodter Grmeqndrol Yﬁ&% Jélmdcmremnem@lrvesrfer ﬂl@@a:qpééq)onse_
e o MR R Y5, RIS SR RISl ALk LGB s Lt T

this nodel fRhare" vvas €ss erence ween est
articl es bag€ferenst bdess tBéldVIOteEttaStlcles based on these endpoints.

IV. Preparation 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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| V. Preparation of Peptide Conpounds A. Solid Phase Synthesis The peptide
conpounds of the invention can be prepared by classical nethods known in
the art, for exanple, by using standard solid phase techni ques. The standard
met hods i ncl ude exclusive solid phase synthesis, partial solid phase

synt hesi s nethods, fragnment condensation, classical solution synthesis, and
even by reconbi nant DNA technol ogy. See, e.g., Merrifield, J. Am Chem
Soc., 85:2149 (1963), incorporated herein by reference. On solid phase, the
synthesis is typically conmmenced fromthe Ctermnal end of the peptide

usi ng an aIC#@mibadrbleiepa@ndaMaadialﬂ gshem. Cansuni. I@l@l(@%ﬁ)and ispmmegreirllal can be

d, f ) hi d t
chl or orret m"é&a@ﬂesﬁfera rionde BB are alq%@%f'réﬁﬁr o
One such chl oror:@,(l yl at ed resi n |ds under ge tratrfgr%a | O BEADS SX-1
by Bio Rad Labor@tdrieRePURF CHRRSHERIS © e“%(ﬁ’&‘“i“rfé‘“ F 8FRF OB

hydr oxynet f%dhafa%’ﬁh@ lofecRASEIihPRAd RythBerlersddiNate®esidl with th@ﬁﬁ%f ford.
(London), 1597 ( 966) . The benzhydryl am ne (BHA) resin s been 16

descri bed Isyamplst geaiuaicavhenstedatalystraspardins trihe medisEl ctewm)i rﬁjSlinsHelV "
commer ci al lélhl Xgllal ggllg?ir{@%g%épﬁ@ 1J11 glt géﬁ%oﬁ‘iea amlﬁgkﬁtéln}lgérm .,

in the hydrocWTorld pep 5 on can
be prepar eds kynasedipy b Bloiddiof razigahaqﬂmmﬁg ﬁifmbﬁﬁtaﬂb aald (TFAg o HydrocHldrie

chl oronet hyl at ed re?ln with theagld of , for exaqp cesi um bi carbonat e
catal yst, 2CEIFEIRPI4ONE Heorgatin sl VS HIPBBEMRFAEEi n. Hel v. Chim Acta.

56: 1467 (1973). After the initial coupllngw t he al ha anm no grotectlng group
i s removed by a lOE6IRRe-2BRNG RIREFEHRSETOHRY Al ege Ko teé’reé‘é?:fé]c‘i“é et af (TFA) or

hydrochl ori @epvﬁs%l 9"‘&&%1&,{’%8 (sl ﬁgﬁldh@a&hos%fé%%t tgz%ﬁ%se' 1’1?8 rperat ure.

The' al pha-am no protecting groups are t ‘the art of
st epwi se s\riflhesastybfacpeht dromstic imthanclioge pnomcang/grouyzp(@ g;rh@tlexioxngbgyloups

(e.qg., for trlfl r tyl, acet tic u rotecting
o oaps (o gCoeayrsetrEa, e e Stiabemdlsalis shrdC et ol BintoR
ur et hane pr(Bb@)CIsbﬂgFﬁBWﬂaoﬁ?l BycloHex Pk Yoafoy FR ARPANY] tY;(eEtﬁgt)ectlng groups
i sopropyl ox carbonY cyclo exyloxycarbonyl) and al k protecting
gr oups e.g., benzyl, trlphenylmethyl) Boc and Fmoc are preferred protectmg groups The side
chain protecting group remains intact during coupling and is not split off during the
deprotection of the amino-terminus protecting group or during coupling. The side chain

protecting group must be 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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(e.g., benzyl, triphenylnmethyl). Boc and Fnoc are preferred protecting
groups. The side chain protecting group remains intact during coupling and
is not split off during the deprotection of the am no-term nus protecting
group or during coupling. The side chain protecting group nust be renovabl e
upon the conpletion 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-dichl orobenzyl. The side chain protecting

groups f orgeﬂerplljv el wdth dneappydpriat2, c6pbdkyirgircmxpcﬂoe‘wztyﬂ suchret hyl , ethyl, and

e R

Cbz. The S|d@bggyuﬂnahgqgﬁﬁhﬁgegpp@?nﬁgﬁmlhr and Ser is benzyl. The S|de
chain protecting groups for Arg include nitro, Tosyl (Tos), Cbz,

adamant yl oxycar mlthé'@e%fré@élrhﬁH |af:19'§ C%ueﬁ@él?a)s beé co%?;ﬁetea- HEe §ésﬂ@d ﬁé}ﬁ‘fd@ is

protecting groups for Lys include hl or obenzyl oxycar bonyl
(2-d -- Cbz)deca}plbad(ﬁmn@mzxwlnxymrtﬂnm;phtrne(nEWBh@bza)genthash apirifBowacdtictagid areroval

ar e coupl o erupnug oM leh R aSe! ARl bRt BB EPhE Rer 26 ami no

acid is 17hligemeinalg sydether Jywtte&&%rgrmrwmém mteehmadrbmylhtegmuplsa@éd vator such
as dicycl ohexyl carbodiim in solution, for exa i.n nmet hyl ene

chloride (fodmeepfluotderteaatyent mr%m threformasion ofithe ﬁ?ee@eptIAF @@iﬂs tHeendbs r ed
am no aci d aoia {}ﬁﬁm‘ﬂ@%;ﬂ?%s&f)ggméﬁ%%hﬁétrgﬁﬁfeﬁﬁ@sﬁé%ﬂe&?y linstlfléf U&COUP' ed

fromthe resin support treat a reagent such as tri oroacetic
acid or hmﬁpn@ennMEu@hmdﬂn@bFWhmmﬂmchbnnmdmﬂMyduﬁmavewpkhedpb@$dd@wﬁron1the

resin, but also cleaves Il re de ai n rotect n ups.. Wien
he chi or orBeRyFLPERGE ur e decoBEh Y ReyBpUeETHeRuPY Gen b TRaRR g 1o i n
the formatiged&ired Hide thas pRARtIIARNIAE bOGith MIgRylhRe theReyde/dham pistestedi N i s
used, hydréﬁen fluoride treatnent results directly in the free @geptlde

ani qe lndamide py dialkpylamidy Sidephain preteqiipnat den Fargved iin theshal faslionttiye si de
chain pr Ott?é'\atrﬁglé {a@@tﬂyﬁ%geﬁﬂu&?de%%%%eeﬁe%lhés?éﬁ(%ﬂhdégf ot d19kPERIdde resin

W th anmoni a
These solid phase peptide synthesis procedures are well known in the art and

further described by John Morrow Stewart and Janis Dillaha Young, Solid Phase Peptide
Syntheses (2nd Ed., Pierce Chemical Company, 1984).

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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the desired side chain protected am de or with an al kylam ne to give a side
chain protected alkylam de or dial kylam de. Side chain protection is then
renoved in the usual fashion by treatnment with hydrogen fluoride to give
the free am des, al kylam des, or dial kyl am des. These solid phase peptide
synthesis procedures are well known in the art and further described by
John Morrow Stewart and Janis Dillaha Young, Solid Phase Peptide Syntheses
(2nd Ed., Pierce Chenical Conmpany, 1984). B. Synthetic Am no Acids These
procedures can al so be used to synthesize peptides in which am no acids

ot her than Hetm)a?(ﬁnmaﬁmmﬂds)of emhgroupsdnclatetbe ficadahyl, fungdpedazeiidingl, aci ds are
substituted a one, vzg re Qsiti nls of aP of the unds 1of t he
i nvent i on. E¥EZUYN TRidpt gl isp UFRIEFSYYlo @@gd@% i BeZele 20
genetical | Bbﬁe?&ﬂﬁ/? SMARerash(lp p(}%hdl}? @ ﬂ91peﬁ&%1d}§%aeﬁuxﬁ@ ﬁ}trrbhf‘?ll r?y‘r%ﬁha' ns,
for instance wth groups such a [ic 6-, to
7- menber ed mralzylhdmxdnwmzoham nhgam%epyradlaklpyl; pﬁarﬁyh@yﬁmdlwlepyraﬂhldwy) (e g over

k , h d h
z‘l_ 0)5(}/ yqré)yrx)]]ldﬁﬁghw g?ﬁg%? l %V\he az%fytl,qﬁlagoef{{’ll Ml"flen:yy(?}ﬁoﬁlg%hgﬁrféyl ééagl OWISt i n
whi ch t he rthioghofghdEn@)f aﬁdhaapﬂyal Thae héteﬁjcyhlﬁ gréups hanlged;bfsﬁmmdﬁn menbers to 4,

6, or 7 nenbers can be enplo can rat e r
unsat ur at ednsuhsttuted. (Hasse ag%&u@ds SL@aWUEé'g fliuentcﬁangsiaﬁ%{ﬁ figicy chalogen,

Het erocycl i & o&pﬁlbgﬁﬁ:{eg%@pﬁ%bggg&gg&n@pe or nore nitrogen, oxygen, and/or
sul phur 18 hg efoat oms. Exanpl es of Such groups include the furazanyl

furyl. i dazol el aio LALARRRUN 0 ThARR QL Btk SRIREAZEY i soxazol yl

nDrphollnyI (e.g. nor pi perazi ny 1- plpera2|nyl)
pi peri dyl (mognhoﬂqumlopegseiedg'g Wpiaaen\ivdﬂr,\et) 3l., Byarganid andoyledizinalyChemistry
pyrazolidinyl, pyraz zol ridazinyl . ridyl, .pyrimdiny
e rort o s g1 AR PR e o ResRacR i i S el She)

t hi azol yl, cbhlbsumdsofmlp%yeﬁtnh%mleﬁlare(&s@xbedEMijrmplBi@@hemqnd tri azol yl.
These het eroc cI ic groups can be substituted or ~unsubstituted. Were a

group is s@lﬁg 249-862 (1t9ﬁ@) Jhws the peprde eampopadsefidhe inventiamejso saeggenasis
oxygen, t§BQ§Bﬂef}#ﬁ§& ﬁne‘t’i@?%ﬁﬁts ﬁ1£5%%ﬂ>§/@§‘c%ﬁ‘¥étfv1t9’e can al so readily modify

t he peptl d ant 1nven

C. Terminal Modifications

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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phosphoryl ation (see, e.g., W Bannwarth, et al., Biorganic and Mdi ci nal
Chem stry Letters, 6(17):2141-2146 (1996)), and other nethods for naking
pepti de derivatives of the conpounds of the present invention are described
in Huby, et al., Biochem J., 268(2):249-262 (1990). Thus, the peptide
conpounds of the invention also serve as a basis to prepare peptide
mmetics wth simlar biological activity. C. Termnal Mdifications Those
of skill in the art recognize that a variety of techniques are avail able for
constructing peptide conpounds with the sanme or simlar desired biol ogical
activity asandhe carboxy espumslphie pepidedempounge ohthehutentipn ko prodecefothenr abl e
activity than the, peptide .compound wth re cl. to solubility, stability,
and suseept REIPLRGEN, Siru POt ills PERRG ol adRe Rebbalion) &' M Han,
et al., AnnacefyiitionMdding@RAkylodfabadyl eotip( diH&king thBemil ttewhogwilk sy | bes
met hods for_ preparing peptide conmpounds nodified at the N- termnal am no
group, the Boskinggraup ceniginigg plcatposyipte funcdpeality defing by REeOor Whge & 18f t he

am do |ink 4ol | sl hotbrAAHAT ARdlry N kRAGdy1! ind¥5hiIg rstood
that two o?&?re%%elg rosu@ﬁ%?rr%i f?scla?}ggonsglghal?l}mbe col gl ed ?}ﬁ one pept#@ggconpound
structure (@argoxy tewuinfs madifioaticas indile réplacengtha filee ecid vovtyd cagexamidergioup

i ncl usi on of -CH2 -carbamate | inkage between t am no acids .in the

bept | de. conBidamaiye & 171K IRERTHeR e R B oo SEt el Confttitas
typically are sypthesized as the free acid, but, as not bove, could be
readi |y prepar ec BE AN He ‘gFatlé?f gie as Eﬁ’f&e‘gﬁl??vﬁlagﬁg“f‘iﬁg]f@@‘yf%ég’am no 19
and/ or car b&%byla&i%g!ﬂdﬁﬁr% aarfBEnRYPELEIS f@rﬁﬂﬁ?&lﬂf&in%idg%]?de[‘t\!t.@.r(tSbQ!é.gt.,o produce

ot her conpounds of the invention. Anino term nus nodifications include

met hyl at i onMurray et gl durgar’s Medatiiney Cheistry phdRyugalPisoonery, gttoesh, Vadr 1.oMandkedng t he

Functi onal i by Vol dn AR iReBp SO%, B tSapnRue R, B Vi e smye

consi sting & thatbydied &qbileiyl , steroidyl, and simlar groups. Carboxy
term nus nodifications include replacing the free acid with a carboxam de

group or fQyH Bem an axide golPeittAd ol RC(OINHOXYhdre RITE AYGefined bhdveaguCe

structural constraints. ]
reaction with an acid halide or symmetric anhydride. Typically, the reaction can be
conducted by contacting about equimolar or excess amounts (e.g., about 5 equivalents) of
an acid halide to the peptide in an inert diluent (e.g., dichloromethane) preferably
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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Amino termnus nodifications are as recited above and include al kyl ati ng,
acetyl ating, adding a carbobenzoyl group, form ng a succinimde group, etc.
(See, e.g., Mirray, et al., Burger's Medicinal Chem stry and Drug

D scovery, 5th ed., Vol. 1, Manfred E. Wl f, ed., John Wley and Sons, Inc.
(1995).) Specifically, the NNterm nal am no group can then be reacted as
follows: (a) to forman am de group of the formula RC(ONH- where Ris as
defi ned above by reaction with an acid halide or symretric anhydri de.
Typically, the reaction can be conducted by contacting about equinolar or

excess anobetsabdtituted w1tﬁh©tléxa5mﬂﬁﬂldlkﬂ}/&ble—ﬁsls);ubgfltueﬁﬁ winidhchré plebated toa t he pepti de
in an inert diluent (e.g di ¢chl oronet hane) preferably containing an excess
(e.g., abomfpni@tlémhn%"é‘%rﬁf’é’)'m’é@e for substitutgdpuceinipide af theN{erminus ol

di i sopropyl g@aa @H&lﬂﬁkyltsﬁbs%%‘ﬁ%rhg@ fePSedby féaafdae:rfatl&derdasﬁmltﬁ%%e on.

React i on c itions —&re otherw se conventional (e.g., roomtenperature for
30 mi nut es)anhy&dridphmtheomarmﬁr ddseribetléyrivolidnberg; atel.1 wpprandi-eRR substigentonrsr al ky!

N-substitution fqllo b ion, Wt ci d,hal i a descrl bed above
will provide Ragsd rﬁﬁvpoﬁﬁsgaw@%lﬁl lﬁycﬁ'bd “g} & RGNy *(b) to form
a succinimde group by reaction with succinic anhydride. As bef ore, an
approxi matel y equi nol ar anount or an excess of succinic anh—éld“ de (e.g.,

about 5 edol todbane synzylonyessbah NSl eer asvlistithied henzytoxysasbenyil-dltkomioep Prd t o
the succi mr@lcgl?egx)fth Itoglﬁgaﬁ?lgﬁh 915088‘@ ahﬂ)uhtkb? aft% S(CéSQS% Eﬁkggl Elhi‘e, use of an

excess (e ertiary am ne suc

di i sopr opylt&htyyémhnbenylmhbnﬂu) drah;lubstitutted CBZOUI/em Sl(l'ﬁb@ inert dilcit @rgoet hane) .
See, for rI_H IIenberg al . Pat. 1 échhiC is

i ncor por at ég epieHiapy) ArelF @rFSBta}”ﬁn%f’tE‘?rt@ﬁ)f ?‘P‘é’?;ﬁ SCIaqug§ 66 hat t he

succi ni ¢ grQkiRs RYesfioRe substituted with, for exanple, alkyl or --SR
substituents Wﬁl ch are prepared in a conventional manner to provide for
substituted succinimde at the N-term nus of the pepti de. Such aI kyl

substi t uent r red. % rea t|o
annyari do. i 0 BHERasRER b BEE 590 v s BeranSuntot p Bt 2o or
subst i t uentsequivalenpy) 6PRI- s@b)lgyjl ﬁrﬁa’iﬁlhtablé ifdrt B&dnwdtcfhldmhah@n@m&ycdfvbﬂﬂlevmer e R
is as defined above;

terminal amine into a sulfonamide where R is as defined above. Preferably, the inert

diluent contains excess tertiary amine (e.g., ten equivalents) such as

diisopropylethylamine, to scavenge the acid generated 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(O)OC¢ Hy -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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(c) to forma benzyl oxycarbonyl-NH - or a substituted benzyloxycarbonyl NH- -
group by reaction with approxi mately an equi val ent anobunt or an excess of
CBzZ--d (i.e., benzyloxycarbonyl chloride) or a substituted CBZ--C in a
suitable inert diluent (e.g., dichloronethane) preferably containing a
tertiary amne to scavenge the acid generated during the reaction; (d) to
forma sul fonam de group by reaction with an equi val ent anpbunt or an excess
(e.g., 5 equivalents) of R-S(O2 C in a suitable inert diluent

(dichl oronethane) to convert the termnal am ne into a sulfonam de where R
is as defi nggingRedteas dBs@irepALthylamidteREdREbH corditidne Ate cthdtivadertdneontions tertiary
amne (e.g., ten equivalents) such as diisopropylethylamne, to scavenge

t he acid géﬁébé@%%ﬂqﬂﬂqﬁmgeﬁ%é@@?kﬁpnﬂ%@ﬁék|on conditions are otherw se
conventional (e.g., roomtenperature for 30 mnutes); (e) to forma
carbamate group by reaction with an equival ent anmount or an excess (e.g., 5

equi val ents) of R--0OC(O d, rr&h lﬁﬁ(ﬁ})gﬁ@a. ¢ P-NO2 in a suitable inert
di luent (e.g., dichl ororret ane conver he terminal amne into a

carbamate where R is t ert dil

contai ns an excéggreé’%m@)gpepgggu?mﬁ(ﬁmg &V.h%r Irllff gqem%hal %Ox{}l ary 1:§1rrﬁLf)(r?1e‘:6dsuch
as di i sopr apydnekty (iRl1-TEO)OR i/ RIS c&ﬁnecaﬂjode)gemeeﬁﬁmedwmgare fieact i on.
Reaction conditions are otherw se conventiona erature for

omte
30 i nut espeptiggeeidsrare emplppedyaad thesideshein ;Br%fgﬁtffdd&@? 1fgis CJ/ﬁaf’?fl ‘agﬁ BEE2P4! ent
amount or I g nert
di | uent (eatHe gﬁb&?@%ﬁ%&rﬁgﬁy e%] ?ayé%goﬁﬁé%mc&%@c%%&rﬁ Srhngtn}}?ﬁg i nteg II{a urea
(i.e., RNHGhOph faphign by peatimentewith hglreagendebrideth chivow ¢he deFref eteabl y, t he
inert di l uent contains an excess (e.g., about 10 equivalents) of a tertiary
21 ami ne, such da perhﬁ@gap@pMé ediydumids waereiﬁetascitemiﬁaimdfuokplr@ow'e rgildved wi se
conventional (e. m tepperature faqr about mnutes). 2. C Term nal
Modi i cat i onhe Nnﬁﬁéﬁ@ﬂg‘ %eﬁgF‘éﬁ?Y@B %’Gém%‘éﬁcélaﬁthteﬁ@h%“%pé’{aﬁifﬂral car boxyl

group is r e&ta&@%m&s qg‘pcﬁlséo?l{plc(don%f the'syfth A ORyIBEELAR R tREmART oteagkbOVeE)
the resins ed t'o prepare the
the peptide from the support results directly in the free peptide amide (i.e., the C-terminus

is --C(O)NH,). Alternatively, use of the chloromethylated resin during peptide synthesis
coupled with reaction with ammonia to cleave the side chain protected peptide 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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pepti de acids are enployed, and the side chain protected peptide is cl eaved
with base and the appropriate alcohol, e.g., nethanol. Side chain
protecting groups are then renoved in the usual fashion by treatnment with
hydrogen fluoride to obtain the desired ester. In preparing peptide
conpounds wherein the Cterm nal carboxyl group is replaced by the am de
--C(O NR3R4, a benzhydrylamne resin is used as the solid support for

pepti de synthesis. Upon conpletion of the synthesis, hydrogen fluoride
treatment to release the peptide fromthe support results directly in the
free pepti deitlaot @ealehtlecouplddao Cné¢ ermorews a vhﬁetyoﬂjﬁa)nbﬁzl)ic pAymersn&thavel y, use

Ccact 1 on wi T GHH A oGP E1etp it oEHERD e ABFOL Bk &bV GEBRT HEO PRSI { ho

support yi ehgs sd1G1ify £9 cﬁeﬂhﬂl&phm&t@ a?amcr%@s%&tah@mewlﬁqmﬁa &idiylign ne or a
di al kyI amine yields a side chain protected al kyl am de or %il al kyl am de

(i.e., the m@asked nTlnﬂJereggmg-camb@)lWRmphvmérvetlﬂltdp.df |1y, dimeinighmeeifih thedr above) .
oy e BhEhE Bl ot R ks ULl gl et

di al kyl am dlﬁ%senﬁﬂeerﬁl@ﬂ @1@@ Blth‘a|r¢IZ(ﬂIM%dm@@bl}dﬂ(yWMrﬁiﬁm@ﬁﬁédlByi nvention,
or incorporate a_ desam no or descarboxy residue at the termnii of the

pepti de conm&xﬁﬁlwlerwlxmh%ndtm@fpéon%enﬁ@lywlepﬁliymvc%Frﬁlm@b@#yceh? pA%yl group, to

decr ease t mati on of the
pept i dZ czﬁ%ﬁﬁ&gmg%ésey n)?\’?n a?q 51%}%239%%2{1 rggg(?{eb%&{uhcyespggd g‘iqgﬁ&%corrpounds of

t he pr esent ddrivetivesj dentramaendidbatramiletevatings, cte. Gmwﬂlya*dctlﬂlydmphﬂie pdlyfdemner

| kyl), | | k h t derivatives

Yo SRR S PR P SBRIER L 0 PR oot e

t he: f or egoi prgfebblyefréth ABbut2H0Go hssuru0.8b0 ARt khdlel @NSord refeRBBL Kéf about
conpounds of the invention, includi ngggeptl dom netics, can advantageously be

modi fied 22000 orabet 20398 dakiensy Inpseisired cmbodimentsrsugh hxdrephikc pelymersyhays
hydrophilic IPéQJeﬁ”?&@e&Lfar Q’%%Pt Qfea%putfé%m)ddaé E&I 1%6@@&11%58%% gﬁo SFHQ;B unds are

derivati zed® rophi'ic polynmer err ’so Ity amd crrcu atlon
vl 11 ves v, g SRR B0y AP VORI B bR B 508001
polymers using any of the methods set forth in Zallipsky, S., Bioconjugate Chem., 6:150-
165 (1995); Monfardini, C, et al., Bioconjugate Chem., 6:62-69 (1995); U.S. Pat. No.
4,640,835; U.S. Pat. No. 4,496,689; U.S. Pat. No. 4,301,144; U.S. Pat. No. 4,670,417; U.S.
Pat. No. 4,791,192; U.S. Pat. No. 4,179,337 or WO 95/34326, all of which are

incorporated by reference in their entirety herein.

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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bi ndi ng activity. Nonproteinaceous polyners suitable for use in accordance
with the present invention include, but are not limted to, polyal kyl ethers
as exenplified by polyethylene glycol and pol ypropyl ene glycol, polylactic
acid, polyglycolic acid, polyoxyal kenes, polyvinylal cohol,

pol yvi nyl pyrrolidone, cellulose and cellul ose derivatives, dextran and
dextran derivatives, etc. Generally, such hydrophilic polynmers have an

aver age nol ecul ar wei ght rangi ng from about 500 to about 100, 000 dal t ons,
nore preferably fromabout 2,000 to about 40,000 daltons and, even nore
preferably, mbmcmmntlamyp@lyetﬁylemﬂglvwlamatﬂ(b/lﬂ’(ﬁ@ 8)am0®nslet}ﬂ0nymﬂﬁﬁleﬂ¢r@d

enbodi nment s

about 5, OOOgl?ﬁc ts%%gr}{ ts.)lffﬁma%?qﬂ)ns a%gﬂ% IB V‘%exﬁgl%emem %5?gl(§‘%nﬁght of

conpounds OfM4PEES-NBYE Mdn@ﬂlet}@ﬂyﬂlﬂye}ﬂ%ﬂdn‘é%chéleﬁies\ylatd'(mmu‘ﬂﬂisﬂ ah@ such

pol ynmers usi ng of the methods set forth in ZaIE6§ S., Bioconjugate
Chem , 6: 1%Onmﬁ/qug@wthylﬁﬁengl&?%IWldaZ@}’l @rbogyl MEESEM)-ugat e Chem , 6: 62- 69
(1995) U S Pat. No. 4,640,835; U S. Pat. No. 4,496,689, U S. Pat. No.
4,301, 144; U.S. Buafly, oonegndpdinent;thangrophidigtnolywesr whictois emgioyed) e, Pat No.

4,179, 337 olgl%(g\oﬁgglfgzlb%g?ﬁ,p%h L 5}{6 e‘p@'bgﬁn actfv@%%u%{@i {ﬂ)éth'éﬁ)é S

thelr entir erre
conpounds ogroﬁ;h G hpreefénthe pblyvm:nts aanvaiecﬁatdlw dthi@teind &gl resictibn pith uetitlene gI ycol

(PEG. PEGis a.linear, ter sql pol ymer . of . et hyl ene, oxi de .repeating
units with %%att@r%?lﬁawc JRIFRYTC Efﬁtﬁiﬁbgeg eRrig 31 Efgmeéafgv OfiHe; r

mol ecul ar  weikghfoseWH £rihyddd &Qgehv(ergaraqghafwsqselﬁq@%ﬁyéﬁ@ dgh hons to about
40,000 daltons. In a préesently preferred enbodi nent, the PEGs enpl oyed have

mol ecul ar wébpitosugcarng antydfide)mady] oide, daliazotenbenzyd bidar, 320; Goontaiphenrxy)-PEGs

branchod or “HRGPERBETPERANE IR, The IRe RIGRRMor VS G SRRaRER R o

Chem , 6: 62cdhotid®8bth} p rdé’E{Iﬁn@hﬁon mqji‘wcsa@hbﬂde&%ﬁipbarbi @erfvbﬁinSh&Bdf wat er
Polyners I nc. (HuntSV|IIe ) (now part of Nektar Therapeutics (San

Cario, CA), PatyTHerR ANBIBAY YA, ac&snct@ﬁﬂ g5 theghophids ‘ééﬂposaéthof thEmyentifi e, but
t | ’a e
are not |imd ﬂvét o@‘?&% ycofﬁh%ﬁldﬁhé}¥<£er%}é)§t“% E%i&ﬁg’:% s alY® c%?tT rted

nononethoxypo yet ene g cCl na oxypol yet hyl ene
coupling reactlon using known coupling methods. It will be readlly appremated that the

peptide compounds of the invention can be derivatized with PEG using a myriad of other

reaction schemes known to and used by those of skill in the art.

When 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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gl ycol -succi ni m dyl succinate (MePEG S-NHS), nononet hoxypol yet hyl ene

gl ycol -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 - car bonyl
(MePEG IM. Briefly, in one enbodinent, the hydrophilic polynmer which is

enpl oyed, e.g., PEG is preferably capped at one end by an unreactive group
such as a nethoxy or ethoxy group. Thereafter, the polyner is activated at
the other end by reaction with a suitable activating agent, such as
cyanuric halides (e.g., cyanuric chloride, brom de or fluoride),

di i madozl e, medelssfohya-pepeidicomgepundsevith simiadhiblaksiecaiity. CThashyfthkiltia, thsuch as

di bronosucci ni ¢ anhydri de)., acyl. azide, p-diazqiunbenzyl ether, .

3- (p- di azorfUEHEHGAL 2 w3 ty&%%swﬂbwree?%ﬂ?ﬁ% g’ﬁﬁo?%@cf{i‘%".mpﬂﬁléd%ﬂﬂi‘ st ed

pol ymer is bRy 5iadkt 86kl bb16kiAEREVAS as &ferr&q%gtifécc;nlr&%ugla%ﬁm&h piention to
olyne

produce a peptide conpound derivatized with a_ mer. ternatively, a
functi onal fgywelge petiviitydhanethe lede wibrrpwarids s@nbitifye stabilith endsiseeptibilifetoact i vat ed

UL Q{C}rgﬁl%ﬁi‘sn&gn'&%r&%l?’é@ "See %or&{(lﬁ of é’l‘?A%.SI?el%?l 3&%2 Fﬁ%ﬂ'js _911 :??é’-\;m %%‘ (1389),

concerted reactron using own’ cou
readi | y apphespataed htfeid byt leéerereepThebe tevhiiigoesridsludd replaeing nivepeptidaba@bortae
derivatized with PEG using a qyriad of other reaction schenmes known to and

used by t ho¥ih packRpng composetofhosphppaies, emiitsst A matsspBtiivgamiies deri vati zed

with a hydrQplduly iR ¥EK-méhRhhinoSeldebi | ity and circulation half-lives
are increased and theif immunogenicity Is decreased. The foregoing can be

accompl | shed i (bl inAT, OS50 B 260 Salo B! bl nd By err e

enbodi ments, the (ljterl vat’l zed peptides Have an acti vi

0.01-fold grbat ofthe atnmownidddis beadrepledi wiésa mbietyniiteblprfef fermimgd oeerbDitle nent s,

t he derivatized .peptides have an activity that is 0.1 to 1-fold that of the
unrodi i ed P88¢ HEES | n even nore preferred embodi nents, the derivatized
pepti des have an_activity that is greater than the  unmdified peptides. D
Backbone Modi f i cHbiigig reglpremenpeiigaaifolinksasinile pepsideauthrepiasanges of t he

conpounds - Ofinih REc AR SEMEved iR YR Hnhar &t SorfSRES § Paint Rod5t43Y%,116knd! -+ Bi ochem
J., 268(2):249-262 (1990), i1ncorporated herein by reference. Thus, the

pepti de conpéihiks, the didetosiey ehwhish awd iscorp@niee hersinstyrngterencalin their entirety.
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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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 constructing conpounds with the sane or simlar desired biol ogical
activity as the | ead peptide conmpound but with nore favorable activity than
the lead with respect to solubility, stability, and susceptibility to

hydrol ysis and proteolysis. See Mdrgan, et al., Ann. Rep. Med. Chem,
24:243-252 (1989), incorporated herein by reference. These techni ques

i ncl ude replacing the peptide backbone wth a backbone conposed of
phosphonat es, amhdatgile compbanBtagsalssusefud aaromiesitive Bden daigsayto sassn and
N-nethylanlno acids. Suitable r ts in

for exanple, cid
anal ogues VAR RP © FesCRIgF BESYAS- Ib?‘l?gﬁsﬁﬁye ‘gH’ﬁP hﬁBFﬁ%é@“‘@B%’l‘fpr"é& Caced

W th a noi ehyendbh Eﬁlbde%sg@%tfléﬁt%mﬁ&ﬂ@n 8f cdn'R mARQUEInld RKRERT waSh;Thd arly,
repl acenent of an amdo linkage in the peptide with a phosphona e |linkage

can be achiessmplei by labalingnswek ps setalehtly phnamcdyalBnibajodning Mowiets wasd, direglyand
5,420, 328, the,.di clos ur es i nco orat ed here ference in
Cherr ant | bieen pspBrT atli SR e LGRS S i hEL B R i Sh Rt ory

i nvention rRYatRlddSithrtifcdy 61 indieektlly OPd¥siBilities fod dlrbatlit&ﬁ'ﬁg aruldanatdi golpd de
bond between the thiol groups,of incorporated cysteines, if present.

Al ternati vebgh asafadiqlebetsrisrleanl’ dr craymes (- 3P 35&5\/988}181101%@8 Pﬁp@ida%jraaéups of
the cystei ﬂ&ﬁngﬁﬁb ngﬁat&feoﬂﬂ%réss?edha%ﬂ @Sd'PgieN'oC3 9%4 QBEIbIOLE gOMTeri C)

conmpound. &ne or re of the cysteine residues nay al s be substituted with
a honocyst eneretorikg thdtchhngeyn Tlnercpeptd m@ns:wpaauddgﬂmﬁhlftm fluovesn¢ricon ar e usef ul
invitro as ool,s..for. .under ndi .n rol e of, TPO,

el il g gt iR Tor B FoP T B BaBdn iR St basne T be

i nfl uenced BNowdd 8 HAAAKES dvdin @bupl&Qodd of the ab@\%el%él’rgr(mpﬁldlf}i&@e?@deocess The
present peptide conpounds are also useful in the devel opnent of other

conpounds tdeaPowidsdnayslseriaclude spaeqreor likerspoeses dergisepephide perapaids pept i de

conpounds 0, ormation on the relationship between
structure angg}ﬂt ﬁ%‘#@ﬁfgghpﬂog

Moreover, based on their ability to bind to the TPO receptor, the peptide
compounds of the present invention can be used as reagents for detecting TPO receptors on
living cells, fixed cells, in biological fluids, in tissue homogenates, in purified, natural
biological materials, etc. For example, 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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shoul d facilitate such devel opnent. 25 The peptide conmpounds are al so useful
as conpetitive binders in assays to screen for new TPO receptor agonists.
In such assay enbodi nents, the peptide conpounds of the invention can be
used without nodification or can be nodified in a variety of ways; for
exanpl e, by | abeling, such as covalently or non-covalently joining a noiety
which directly or indirectly provides a detectable signal. In any of these
assays, the materials thereto can be |abeled either directly or indirectly.
Possibilities for direct labeling include | abel groups such as: radiol abels
such as 12mr¢felehlzf3ane@t<d.m$ucmivam is gowBBicodnyal brated agninste bxdwaguantityd
al kal i ne phﬁﬁﬁq%}a%%mt %prescent | abels (U. S. Pat. No. 3,940, 475)
capabl e of itor he change in fluorescence intensity, wavel ength
shift, or fluorescence, polarization. Possibi.l |t|e for irect labeling
el ude.bi ot | ny LIE PEdsroPGiauRE AL TSR IR NIP FRLOBY A AR VO avi i n
coupl ed to Qpghsith dfitggabRYRyleaRfd thﬁr%‘xﬂ&ltteﬁﬁﬁog&%ﬂsd&th GPERPuEsn Wy al so
i nclude spacers or linkers in cases where_the peptide conpounds are to be
attached t cdditioplicatokingpor en thrts owavege, c.babidiug, ¢ttabi PCABuPligajiondlopi nd to t he
TPO recept f I n be used as
reagent o 1 o0 et SoRRRLI HiignRRIRTHACR 13 relfiicd CREABICIBYERY AR,
bi ol ogi cal thérwplésscausdnhtdrﬁmmgtobaﬁmgemli@sthe taplcﬂmdiivfdileg;l ,mdwtnanmd: pO}i]llilaTJlloOgl cal
materials, etc. For exa q$llln such e gﬁyounds one, can
ﬂ%eﬁ% °trF ©

dent fy celMEERARAR =TI G e Reree A ety U ep g hei r
ability to \J%H"lqtyto@ﬁle I;EBQtJrQqgﬁtanotlcﬁlll'&%cﬁe@ﬁieg& Cg%@?@%%éﬁrsgf cdliReTRiEsent

invention can bé used in in situ stdinin | Gor escence- act 1 vat ed
cell sorti mg)ehoiiﬁélsn ef the bhlromfop%QOpeELatleﬁf POamcthe pwtlda@dmppvmds o theadesont t hei r
ability to bin t.h tor tide un resent

i nventi on c%enblgn %%b | n r ec gtfsmﬁdj A l?n ¢ siPB}hemOtﬁerggr)V (|’orur r‘??tflonnttéleray F’ltﬁ

expr essi ng alfFpulaties 6f1io bShedwinRI1IE erlchedifol akgaKadyock1as hitPinpaitaRaRédursoed
cells). The peptide conpounds of the present invention can also be utilized
as commer ci®n ViEeLydHies f or various nedical research and di agnostic uses.
Such uses include but are not |imted to: (1) use as a calibration standard
for quantitati nghemeptidetdopipepeds of thedgyeatign £an atsache administered to warm blooded

animals, including humans, to activate the TPO-R in vivo. Thus, the present invention
encompasses methods for therapeutic treatment of TPO related disorders that comprise
administering 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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agonists in a variety of functional assays; (2) use to maintain the
proliferation and growmh of TPO dependent cell lines; (3) use in structural
anal ysis of the TPO receptor through co- crystallization; (4) use to

i nvestigate the nechani smof TPO signal transduction/receptor activation;
and (5) other research and di agnostic applications wherein the TPO receptor
is 26 preferably activated or such activation is conveniently calibrated
agai nst a known quantity of a TPO agonist, and the |ike. The peptide
conpounds of the present invention can be used for the in vitro expansion
of negakar yocyt escanling thene embodiirtehe thepoogesitiowre thdypedent mveivnancesebrt wi t h

addi ti onal tokines or on their own., See, e.q. i G usto, et. al., PCT

Bub 1 cat | oroKBeR B O BB Ba R F O 0T pOF ST BRI R By o BT hgen.
Chenot her apy ca@foth@dpyt TR peptifEHRI RAICHHIR A1y WA AIRAA pRofhyldstitdllyng t he
rapidly dividing, nmore mature popul ation of megakaryocytes. However, these
t her apeut i crior Exghemethsrapynragdiation theenpycorthene marrpwrtragsilant or afserispely of t he

i mmat ur e, l&ﬁé url}%toti cally active nmegakaryocyte precursor cells. Thus,
anel i orati ontol the thr onbocyt openi a by TPO or the peptide conpounds of the

present inventipon can.be hastened infusing patients. t ch her apy or
radi ati on ther a@ccﬁfcﬁrfgly’ghep‘gﬁﬁelngﬁv rllr?()(rjlfa ?ﬁ%ipéovéges g?“%%(\;/%\u%cgf?osm pé)ﬁ{r%{gg ed for

megakar yocydogtpriging, dsERRktvEinpleaietl, a0esst ofyofl the péptide céntbbutide of theenveapénd de
conpounds of the 1 nvention can al so be adm nistered to warm bl ooded
ani mal s, i rieRSREFIABOMYHAAPharppceptical capeer of dilognt. Ikeipgpiideompenads of g present

i nvention t td : ed
i sorders (HarigR ear aeadihiRra iral PARBREY Aol R Ley bl AR on
i n anount s isudvfencusgfiy) ersubtutarecothimjectdrf)cinhalationP@ ofineTpdxder formuiafion), For

exanpl e, the tide c aunds of the.invention can. .he adm nistered to

T o el RaR O ReEas el ot SR B G DR Tt Cad Lo

pl atel et difsah@ees idkasdforib asbmReNion eachabiitt 6BA@hinistrahie) Sageqc ated with

bone marrow transfusions, radiation thera(gy and chenot her a é/ I n some
9312 C;lpw

enbodi ment sBaRsteineetiahyRAE Pafant Prblication Ao N QD287 8L Bitbreelath gt
adm ni st er ;ellqlb‘iigatf?ﬁtl\ﬁo‘? W6 MNG9EHUNE it REND EIRILRAYPALn: ik A% 151885 A¥n

followed b
of which is incorporated herein by reference.

Solid dosage forms for oral administration include capsules, tablets, pills, powders,
and granules. In such solid dosage forms, the active peptide compound is 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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adm ni stration of the TPO agonists 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 nunerous nodels described in McDonald, Am J. of
Pedi atri ¢ Hemat ol ogy/ Oncol ogy, 14:8-21 (1992), which is |ncorporated her ei n
by reference. 27 According to one enbodi nent, the conpositions of the
present invention are useful for treating thronbocytopenia associated with
bone narrow transfusions, radiation therapy, or chenotherapy. The peptide
conpounds typlcally w |l be adm ni stered prophylactically prior to

chenot her apy! enta@r sehides arherapylene glycelopadysilensiglyachrvspitahie ody, sudhtasolisgich

exposut €. dAFan‘a r?qg%ﬁlaflﬁgagﬁgr?z?%%l? big ANy sﬁ‘éhta% eﬂ{y‘?}éle%‘ess&)é?lacfo %fﬁtG' cal

conp03|t|ons i ngre east one 0

pepti de confpﬁmday alﬁo édmlh adj@ndrtosuch iampxamng atédttimg, mmtslfam;ghmdrfﬁmtsﬁﬂgc al
carrier or diluent. pept.i de canpoun f thl ntiqn can.

adni ni st er 8By anmay |SF?6‘ﬁié‘°r<£/bY: goareéml 6. {iraon hirsie %ﬂct%fﬂﬁ%@s Fltgeal |

| ntravenou b @rmz?dée}é@l% b BfeldoRMbsitibmy) ﬁ%dd% Vi oomnpbobigngOder
forrmlatloﬁj)d1 tﬁgdggHQ nasaF vagln m#ecfg* or g%b |ngghﬂ r%utes of

admi ni st r atardy hammgGmCWOSftwmmey@dn akso o mgefaét@rqq’cslsa}gm@m water of or each

t f adm nistrati et al., PCT Patent
Lﬁ& ?cgti grﬁmﬂ? S@@%ﬂ%’f ﬁelg?etdg"m é?mﬁfha%bﬁ’%gbrﬁéltsgnt Publ i cati on No. WO
94/ 17784; and Pi et. a Eur.opean Paten i cati,on 613,683, .each of
which is |ncorpc¢°é‘?9§’81t‘ﬁ8? Eqr ety oF Xeginal g ml%@? Flaaracpé GO B GPRROSHBTES o

adm ni st r atwkith MG oSN CARINHIBE to thaRLBleSubrck SoxcRAMALHSh as 8itda BliRBEES. | N
such solid dosage forns, the active pepti de conpound is adm xed with at

| east one |wemsnpwa)vmé?@ump@apmwfoa@@élmrébblélg@@lraudmlst@fﬁ@ﬁ agxalsqprepayed
| act ose, orwigl; Er‘f’cﬂrc} é&ﬁﬁ I}tgggﬂggo‘{,‘ﬁ{nqﬁ 1‘?‘” al so conprise, as is nornal
i ad

practi ce, I ona ances inert diluents, e. g.
R e, T R T
Tabl et s andhrppHylastic slanoxaeldnapmmla afehtyness. INtﬁ&a}IS@dc whplitagorisg EdBpasititing BES -
administered to a patient already suffering from a disease, as described above, in an
amount sufficient to cure or at least partially arrest the symptoms of the disease and its
complications. An amount adequate to accomplish this is defined as "therapeutically

effective dose". Amounts effective 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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Li qui d dosage forms for oral adm nistration include pharmaceutically

accept abl e enul sions, solutions, suspensions, syrups, with the elixirs
containing inert diluents comonly used in the art, such as water. Besides
such inert diluents, conpositions can also include adjuvants, such as
wetting agents, enulsifying and suspendi ng agents, and sweetening,
flavoring, and perfum ng agents. Preparations according to this invention
for parental adm nistration include sterile aqgueous or non-aqueous

sol uti ons, ensions, or emulsions. Exanples of non-aqueous 28 solvents
or vehi cl esusgl fugglprlwylleﬂe amoye@Iusefpbﬁoy@tsrtylaémengrewo|0f theegespgipise Apina, such
as olive Oﬂeétmg%‘i’ ﬁfgitwe Abdes ff&e&e%héh o?ﬁa‘}néd‘dr‘%ﬁsto?&lrse gr%O{d% i rs such as
et hyl ol eate dch osage ornms nay al sO contaln S 'suc

pr eser vi ng, predittiverigdicaionl of ihﬁyniamgosagﬂdfadioapecrrmdagtlomgaatc15scrﬂlibd3y5 gmaiy be

sterilized hQy, for ex filtration t act a.r ining filter,
by i ncor por‘S%{?l?fb e%’t‘leffqﬂgl?gpﬂﬁn%@ﬁitéjhp?ﬁ%%ﬁ Eg lef"? 1 ogﬁﬂa? &t i ng
the conposi g, QH'5Pergﬁﬁo@l?‘re@se@l%(6)9aﬁd‘l@erﬁ19§ﬂ69’§ Phérﬁﬂ%eutf!?'&'le&/cléfégs alSed. PRlack

manuf actured using sterile water, or some other sterile injectabl e nmedium

i mredi at el ythéﬁlmnngsEastmr?po@%ﬁ)o pachfod whichas béreleyr ingergprasdd bydtaferdnse.r at i on
are preferably suppositories which may contain, in addition to the active
subst ance, exci piteneptidumpasndsoafahbis mviehtdon ave eﬁectiS(a |irptnseiting rT)PO/\mxdiated
Conposi tions

standard ex%ﬂnﬂﬁitrgﬂna by ‘friRﬁ%\?\%ﬁf E}Q%%PW@QE%QBQ?H R @fﬁ BRE° lg)lr*feg(?'ﬂﬁﬂ(é \tNihteh

pepti de congryaads et éieiaﬁdmersFealﬁé &6kefeiployBd Qﬁbg’dla&@& b tRMHRAulE her apeut i ¢
treatnments. In thera eutic a icati ons, conposli tions are admnistered to a

patient al r‘e)@d?loﬁlh’ﬁméﬂlieﬁ‘@dfth@muée ofiadminjgiratian agwsl ps bethedndarmeni of thh  anount
suffici ent &t{% &ﬁi 118E1aﬁ‘tc12§e%ﬁ§r% ﬁéﬁ FdRled é{lcﬁ“ ﬁl%tse\‘&el?frf%ﬁtlytggfc{?@u&f tﬁeglg?d' sease

and its conp tions equate 0 acco IS Ts i ned as
"t herapeutimlgeyeralej‘ohémbn\béth(éqﬁeént, ahdohentile. ef f ective for this use will
depend on the severity of the disease and the weight and general state of
the patient. The conpositions of the invention can also be mcro

encapsul ated b for exanple, the nmethod of Tice and Bibi (in Treatise on
Control |l ed &%@}very, ed. A Kydoni eus,

Solid Phase Peptide Synthesis

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 433A 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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Mar cel Dekker, New York (1992), pp. 315-339). In prophylactic applications,
conpositions containing the peptide conpounds of the invention are

adm nistered 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 will depend wupon many different factors,

i ncludi ng neans of administration, target site, physiological state of the
patient, and tlmﬂirelﬂ produétciosisreagtnisniesing agd profévtes], anine atide(itcedosngesesmoul d be

titrated to o f et nd effiicacy,. Typically, dosages used in vitro
may provi dé€?? B@@&ﬁfggﬂFH%Hggneﬁrﬁﬁqaﬁﬁgﬁﬁ¥§ ggﬁul for in situ

adm ni stration q{ &hese rea ) i mal testjn%]u ffective doses for
treatnent of part¥ H}Oﬁrg“d%ps 81“§e [ ¥MIBP HIATERLIOR JPERR fhe capRIfigdrpRraure.

i ndi cation li}fm;h%l aﬁmeqﬂ&e&ﬁm oYintiRY 8ciGONR LA QEREV ARG tIFRoSRRCHdd@Min €. 9., 1IN
G |l man, et al eds), Goodman and G | man's: The Pharnacol ogi cal Basis of

Ther apeut i qsotectsmrgr@@s su@easgdnmﬂ fersexme, (Yro9m), glusavsic Reidi #ngttbreogine; trityl

Pharnaceutl ences i.sh Pa. (1985);
each of whi'¢ ﬁgué “g?e8§(?hC0r %mﬁ1¥%ﬁﬁch %?eﬁﬁﬁﬁggﬂ%ﬁ“aﬁgﬁﬁg e conpounds of

this i nventbwﬁowcerbeﬁﬁef@ﬁtrywophanmmm ﬁahfﬂ?@na&@ﬂ Sitréxgll foe oyRiding.ons when
adm ni stered at a dosage range of from about 0.001 ng to about 10 ng/ kg of

body wei ght per Ridovalldfahépgeidt cempiimas 26R! thyRini aad sgiHantsd deyrotddton
particular condition being treated, the route of admnistration as well as

by the j udgistideghaimianctions saribashiayeh by ireatmens yeithieagentiEon skgit or s such as
th it
bt ot - ariio Rk df SR BfhelyR (ROGnIRAC  BOSY RpuSRD I WBATRINET" 1 e

conpounds ofartioligl temmiand, it}mrfuﬁyaassbeb]sgt pe;h'eisiczneue clémedewﬁ\rmhegturﬁ o AQot he
Merrifield S |id phase s [ see r Solid
Phase Pept 1 BOUHRBC e o sHaneR T GTY ST 7t THEM Gar C. RBLRPORIDCT 1 |
(1984) and 1N§’é£§nfl60t6|r90m @em Rture CiRNAe §Q€cted p%étlé’e’]&)?nﬂollg@@aa}l wRhpréhitpal | ed

Bi osystens | nc 43 1A or 433A pe ptid
with diethyl ether. Purification can be by preparatlve reverse-phase, high performance

liquid chromatography on a C;3 bonded silica gel column with a gradient of
acetonitrile/water in 0.1% trifluoroacetic acid. The homogeneous peptide compounds can
be characterized by Fast Atom Bombardment 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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synt hesi zer. The pepti de conpounds can be assenbl ed using standard protocols
of the Applied Biosystens Inc. Synth AssistTM 1.0.0 or Synth AssistTM
2.0.2. Each coupling can be performed for 2x30 min. with HBTU

(2-(1H benzatriazol -1-yl)-1,1, 3,3- tetramet hyl uroni um hexaf| uor ophosphat e)
and HOBt (1-hydroxybenzotriazole). The resin used can be HVWP resin

(p- hydr oxynet hyl phenoxynet hyl ) pol ystyrene resin or PAL
(M11igen/Biosearch), which is a cross-linked polystyrene resin with 5-(4'-
Frnoc- am nonet hyl - 3, 5' - di net hyoxyphenoxy)val eric acid as a linker. Use of PAL
resin resuhtlsr éxuesa of powderyd PEER fgamarheranilyl evdilable tfioomShdaryatemplaiyroéreduage of
the peptide, from.th esj n. Upon cl eavage, t HVP resi.n_ prqduces.

car boxy 1 ¢ HERGVHE Sy G Pirs TRl Pof R EH il didiead PR il BT cfye.
reagents, reshégs. BieAeddtioh &Chetoadd Boreddkdishabd HRECQkin@ 40065% asdtéhitriliean be
purchased fromM I 1|ipore or 6ﬁglied Bi osystens Inc. The Fnoc group can be
used for arfr¢bens pathecY MenOBIA Q@ golupe. BHah thedgachipn ésecpmmdete, the sqtetion iani ne
protection ' i€ i i F ' j
protection ag?%cﬁ%]sarggﬁc% 1225 lﬁgﬁﬁ%e?ﬁr" %fg%ewg?qzyaggg?e?ﬁe}gceéF EL? g%&gédgci d, and
t hr eoni ne; timdstuging aftotal gff LUnales REPEGRor each mole of polypeptide. The solution is

2,2,5,7, 8- t | -6-sul f L) f I Ni o N:t-
E)ut yl oxycarcﬁﬁpﬁiﬁzﬁkﬁ‘x?ﬁ %3 g‘gﬂeélﬁ?es 2 }03?%/%1}& af“gioaﬁﬁgcg(lfr}qégg}épeéﬁﬁ 290coymp - £ or
cyst ei ne. ReRmiAkiaRhrdvifisBeRbibe EOMAUESWh OBSt BRcH@Sifonaih sikMul t aneous

deprotection of the side chain functions can be achieved by treatnment with
reagent K oxckisioghelummean bp eealyasd dy s¢verse phagetBilfatirastipys cantaining dsPBGhesi s of

t hose pepti i } . t i t | ed
pept i do. carP Bace Heduy Ay R b L R PR Ras ool b RREIEY,

et hanedi t hiH stodettht 5% On@tlgophilizedt i al |y at 4 C, and gradually increasing to
roomtenperature. The deprotected peptide conpounds can be precipitated

wi th diethyl ethgthoufubnllipedbrrentiddinietddrf the Rpaitini ayespecgiéallpéespitade, hi gh
performance |iquid chromatography on a Cs bonded silica gel colum with a
gr adi ent  of2bo%k &Vl herapperigisddhatnppdeficatonsrand [varatinge ef the imygngon ag@ossible
hombgeneous, Al iderRTRAY BlSpiAlnd RfertBRLABL 6F iné filchiod ast AL om Bonbar dment
mass spectronmetry or IectrosBray mass spectronetry and amino acid anal ysis
when appl i cabl e.
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In a preferred enbodi nent, the peptide conpounds of this invention are

di merized wusing standard synthetic procedures known to and used by those of
skill in the art. Follow ng these synthetic schenes, those of skill in the
art can readily prepare dinmer peptide conpounds in accordance with the
present invention. In addition, it will be readily apparent to those of
skill in the art that the dinmeric subunits can readily be |inked using

known net hodol ogi es and |inkers. EXAMPLE 2 Pegyl ation of the Peptide
Compounds Pegyl ati on of a peptide conpound of the present invention can be
carried out Whatisvddilmeisown t echni ques. For exanple, a peptide conmpound of
the invention can be dissolved in 100 mMbicine pH 8.0 at a concentration
of 10 nog/ m 1. Adepadd @ndoln@haf Bihds B tiRhbopE¥EeESestbr, ROGEST Q6d Fiptde
(comrercially avail abl e from Shearwat er PoF ners, Inc.  (Huntsville, Ala.))
and stirred Calinpﬁ’%@W%@K%IIEQBTERQ@'NPHE%Q)izngHs, vehsagin Suels selogietal |y
1-2 hours. The reaction is. m)?itored by reverse phase HPLC using a 40-65%
acetonitril Onbﬁﬁ“ﬁéToé‘ﬁtcowlithé’ OO AF Y. When the reaction is
conplete, the solution is added to a second 1.25 nolar excess of powdered
PE& and the process is repeated 4 tinmes using a total of 5 noles of PE&
for each noleThd pgptily pappdvdd of Than ¢ ovhereiowaid peptatle agmpdund fssbualedthyh PBS t o
reduce the vj S%%ﬂ’)t% acpd I.loadel\d onto a superdex 200 colum (Pharmacia),
previ ousl y étﬁﬁ FAPEOPE BYYPEd with PBS. Fractions fromthe size

excl usion colum can be anal yzed by reverse phase HPLC. Fractions contai ning
di - PEG peptide conmpound which el utes prior to any_ nono-PEG peptide conpound
can be pool 8dThepmptide eerappuad of cleirp 2, w%ﬁlnismiiléérppﬁuhf RELYgIET e AN AYEBLRr r ed
enbodi nent s _0of; ' I r i £l jbed above, it will be
appreci ated t I%C}lﬂﬁﬁdg%ﬁgfal%e?‘g%@ ag)ﬁg vart{) g@%ﬁ%hgog@ﬁ?&dgg nvention are possible
w t hout departing fromthe spirit and i ntended scope of the invention. 32
Wat is cl al4mlaflje Il)esp'tide compound of claim 2, wherein said hydrophilic polymer has an average

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

5. The peptide compound of claim 2, wherein said polymer is selected from the group
consisting of polyethylene glycol, polypropylene glycol, polylactic acid and polyglycolic

acid.

6. The peptide compound of claim 5, wherein said peptide compound is covalently

attached to polyethylene glycol.

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

compound is covalently attached to a hydrophilic polymer.

8. A pharmaceutical composition comprising a peptide compound of claim 1 in

combination with a pharmaceutically acceptable carrier.

9. A method for treating a patient suffering from a disorder that is susceptible to treatment
with a thrombopoietin agonist, comprising administering to the patient a therapeutically

effective dose or amount of a peptide compound of claim 1.
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1. A peptide conmpound that binds to a thronbopoietin receptor, wherein said
peptide conpound conprises(H | EGPTLRQ 2- Nal ) LAARX10) 2K- NH2i wherein X10 is
selected fromthe group consisting of sarcosine or G3-al anine. 2. The

pepti de conmpound of claim 1, wherein said peptide conpound is covalently
attached to a hydrophilic polynmer. 3. The peptide conpound of claim 2,
wherein said hydrophilic polynmer has an average nol ecul ar wei ght of between
about 500 to about 40,000 daltons. 4. The peptide conpound of claim 2,
wherein said hydrophilic polymer has an average nolecul ar weight of between
about 5,000 to about 20,000 daltons. 5. The peptide conpound of claim 2,

wher ei n sai 0 L t X .St yet hyl ene
ol yeol | pol LrorPElosiap SRk, SOl R 1B EHBeer fORL S BRLREIAE Y °Th
pepti de congmupuditioh comptisinga pegtile epmpewidcbf plh il deugledrpdthraccouplimgagahtant | y
attached to pol yet hyl ene glycol. 7. The. pepf.ide conpo of . cl ai , Wherein
ach of -t her LIS PoLTG HYSE Biclskilar Seish BebePEssbna 4o el Puibdy
attached t ogaohy (I QRNA ik tHRQUrAIPEEonsiStingdIHBREIBRAL k16l and PFBPS1eAB
conprising a peptide conpound of claiml1lin conbination with a _

phar maceut i gli¢dlywkeareingridppbmeaisrunsubstiptedmorsplstiied by alkexaer ablgyl groyas.isaidt
suffering frpm.a disorder at_ i eptibl e treatnent wth a
thronbopoie@?%qgﬁgﬁpggPu %%%FF?P%Sgggﬁ?ﬁfé 8??%§Eto the patient a

therapeutically effective dose or anmobunt of a peptide conmpound of claim 1.
33 10. A physiologjically active, substantially non-inmunogenjc wat sol ubl e

pol ypept i de!l-doapBYPEntEs ceBRpHiY BGeeprdanse itk C@&ﬁﬂQUWHeTSWg%idd?%erg'rS%I ed

With a couplingdoeakhtd? ab&il 758 &55boRANEs, B0 dilefs havi ng a mol ecul ar wei ght  of
bet ween about 500 to about 20,000 daltons selected fromthe group

consi sting of polyethylene glycol and polypropylene glycol, wherein said

OLYITer |13 HASHOSbihUl o OhoRURS! hL TRy uBh KD T B ol e 81 ¢

al koxy or car boh
molecular weight of about 5,000 to about 10,000 daltons.

13. The polypeptide composition in accordance with claim 10, wherein said polymer is

polyethylene glycol.

14. A substantially non-immunogenic water soluble polypeptide composition comprising a

peptide compound of claim 10 and a pharmaceutically acceptable carrier.

15. A method of activating a thrombopoietin receptor in a cell, comprising contacting said
cell with an effective amount of a peptide compound which comprises (H-IEGPTLRQ(2-
Nal)LAARX ()2K-NH,, wherein X is selected from the group consisting of sarcosine or

B-alanine.

16. A method according to claim 15 wherein said cells comprise human megakaryocytes,

platelets or CD34+ cells.

17. A method according to claim 15 wherein said cells comprise TPO-dependent cells.
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11. The pol ypepti de conposition in accordance with claim 10, wherein said
pol ymer has a nol ecul ar weight of about 750 to about 15,000 daltons. 12.
The pol ypeptide conposition in accordance with claim 10, wherein said

pol ymer has a nol ecul ar wei ght of about 5,000 to about 10,000 daltons. 13.
The pol ypepti de conposition in accordance wth claim 10, wherein said
polymer is polyethylene glycol. 14. A substantially non-inmunogenic water
sol ubl e pol ypepti de conposition conprising a peptide conpound of claim10
and a pharnmaceutically acceptable carrier. 15. A nethod of activating a

t hr ombopoi el§ A methedpbireating thrembecytapsmgrin 8 syhjectoerweising(ay abtainingd | with an

effective - . : | i I GPTLRQ 2-

N ) LR BT SR aRYcct G TR AR B ERE pRE b b ol ng of
sarcosine or (3-alanine. 16. A nethod according to claim 15 wherein said
cell's conprjse human negakaryocytes, | at el ets or 4+ cells. 17. A nmethod
accor di ng té??EFaéinﬁlS?ﬂg Cﬁﬂ%‘?céf)%l P&h%@?tgggﬁfg%m Le38P0 dependent cells. 34
18. A method of treating thronbocytopenia in a subject, conprising: (a)
obtaining a popul ation of said subject's cells conprising negakaryocyte
precursor cle) ddminisiering saidttiepigd selisdo seif Issbjest.cormfireage the numdenef hod of claim
15; and (c)_adm nistering said . treated cell 0 Sald subje i ease
the number BreHep R ROt B s BBt o B R R G BREE " o
woul d occurtrestthétout such treatnment. 19. A method according to claim18
wherein said thronbocytopenia is due to chenotherapy. 20. A nethod

according to claim 19 where said population of cells is obtained prior to

sai d chemidief AP¥od 2deordingRidIAFh ACHRrEh REld HRombadydptRiab &l sai d
t hronbocytopenia is due to radiation therapy.
chemotherapy.

20. A method according to claim 19 where said population of cells is obtained prior to said

chemotherapy.

21. A method according to claim 18 wherein said thrombocytopenia is due to radiation

therapy.

22. A method according to claim 21 where said population of cells is obtained prior to said

radiation therapy.
) 23. A method of treating a patient suffering from thrombocytopenia, comprising

administering to said patient a therapeutically effective dose of a peptide compound which

comprises(H-IEGPTLRQ(2-Nal)LAARX0)2K-NH,, wherein X, is selected from the

group consisting of sarcosine or (3-alanine.

24. A method according to claim 23 wherein said thrombocytopenia is due to

chemotherapy or radiation therapy.
25. A method according to claim 24 wherein a TPO antagonist is administered to said
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22. A nmethod according to claim 21 where said population of cells is
obtained prior to said radiation therapy. 23. A nethod of treating a
patient suffering fromthronbocytopenia, conprising admnistering to said
patient a therapeutically effective dose of a peptide conmpound which
conprises(H | EGPTLRQ( 2- Nal ) LAARX10) 2K- NH2, wherein X10 is selected fromthe
group consisting of sarcosine or (3-alanine. 24. A nethod according to claim
23 wherein said thronbocytopenia is due to chenotherapy or radiation
therapy. 25. A nethod according to claim24 wherein a TPO antagoni st is

adni ni st er eRptied pir & sagbchsaothemnpyr rashatiop tkeaary- chenot her apy or radi ati on
therapy. 26. A nethod according to claim23 wherein said thronbocytopenia is
due to bone marrow transfusion. 27. A nethod of prophylactically treating a
pati ent at 26.gkmethod h¢ooringiptabgimiidawhereiongd itlsbmbo@dsyieniass dud togpone maaoet
patient a prophylactically effective anount of a peptide conpound which
conpri ses( HAEEPPIRQ 2- Nal ) LAARX 0) 2K-NH2, wherein Xlo is selected fromthe
group consisting of sarcosine or (3-alanine. 28. A nethod according to claim
27 where said peptide conpound is adm nistered prior to bone marrow

t r anspl ant a27. dvwnetbheé abplephypnpicalty treatidp aphtiamt atrreskapfyhromocytopsat i de conpound
that binds to thronmhopoietin recept.or, said id oun aving:. (1) a
nol ecul ar cholIng]:r%-‘tsln(%][g8 SN Sg%(ﬂ%%lelg(%)é()p&lé’]atgg%ily eﬁfﬁg}%noélgb? ndi eﬁglg%f finity
t o t hr ombopaingiouid WathRbabriss(IIPGETERQ(DNaBDhAARSN, )oK -NH,, WiHeeeih Xanis about
100 M wherein said peptide conmpound conprises the foll ow ng sequence of

am no aci dsleckaXR@XhE2XAXNBHER6E of\slveognedy 3-slakineC, E, G |, L, M P, R Q
S, T, or V; X5is A C D E K L, QR S T, or V, XisCL MPQYV,
X2isF,K,L,N QR S, TorV; X3isC, F,|I,L, MR S, Vor

28. A method according to claim 27 where said peptide compound is administered prior to

bone marrow transplantation, chemotherapy, or radiation therapy.

29. A peptide compound that binds to thrombopoietin receptor, said peptide compound

having:

(1) a molecular weight of less than about 8000 daltons, and

(2) a binding affinity to thrombopoietin receptor as expressed by an ICsy of no more than
about 100 uM, wherein said peptide compound comprises the following sequence of amino

acids:

Xy Xg X X X3 X4 X5 X6 X7

where Xgis A,C,E,G,LL,M,P,R,Q,S, T,orV; Xgis A,C,D,E,K, L, Q,R, S, T, or
V, X4isC,LLM,P,Q,V; XpisF,K, LN, Q,R, S, TorV; X5isC,F, I, L, M, R, S, Vor
W; X, is any of the 20 genetically coded L-amino acids; Xsis A, D, E, G, K, M, Q, R, S,
T,VorY;X;1sC,G,LLK,L,M, N, R or V, and X¢ is B-(2-naphthyl)alanine.

30. The peptide compound of claim 29, wherein said sequence of amino acids is cyclized.

36



W X4 is any of the 20 genetically coded L-amino acids; X5 is A D E G K
M Q R S T, VorY, XTisC G I, K L, M N Ror V, and X6 is

P- (2- napht hyl ) al ani ne. 30. The peptide conmpound of claim?29, wherein said
sequence of amino acids is cyclized. 36 31. The peptide conpound of claim
29, wherein said sequence of amno acids is dinerized. 32. 1. A nethod of
activating a thronbopoietin receptor in a cell, conprising contacting said
cell with an effective anmount of a peptide having a nol ecul ar wei ght of |ess
than about 8000 dal tons, said peptide conpound conprises the foll ow ng
seqguence of am no acids: X9X8GXi X2X3X4X5X6X7 where X9 is A C, E G I, L,
M P, R ro ;X8 i Rr,S.. T

G, L, M PG VTR P RO o0, Yartin s senir g el sy o
t he 20 genetlcally coded L-amino acids; X5is A DD EE G K M Q R S T,
VorY, XNisC G I, K L, M N Ror V, and X6 is R—(2 napht hyl ) al ani ne.

33. The pepi], deA%mmmc%tiﬁg@ltmoﬁ%opmﬁmbépt&ahqcéﬂ%&%@m@fcoﬁmtﬂ@ aci ds
is cyclized. 34. The peptide conpound of claim 32, wherein said sequence of

ami no aci dssaidscedfi witly arveféEctivegnoynt abe perdideheving V@ﬂqCH@r weight ohlisesgbaret i n

ot of Reb I B R aE PR AT DR B B SR E DL BT e

sai d pepti deidsonpound conprises the am no aci d sequence | EGPTLRQ/(2-
Nal) L A AR (Sar).. 36. The nethod of claim 35 wherein said hydrophilic
pol ymer has an average nol ecular weight of between about 500 to about

40, 000 dal tgps, G3)Zl XBI?XQ?@ hadcof claim35 wherein said hydrophilic polymer
has an average nol ecul ar  wei ght of between about 5,000 to about 20, 000

dal tons 38wh 5‘(9 f‘ngCd}QI mﬁS V!b?ﬁ, ,IT gﬁ, ﬁlAY@rD igS KS?J QCR9$ 1# Lpm the

grolp consi sting o et hy ene gyt ypr opyl éné gl
pol yl actic ﬁcDﬁlaﬁdLIMlli’/@y\édKj lsFaKII:I NZQ,R'&]EEcmé/t Rads 6% Fcl, & M B8S\fier ei n

sai d peptidg, OUPUNG sl NN} Yad Tt 8589ch2 X, is A, D, E, G, K, M, Q R, S,

T,VorY;X;isC,G, K, L, M, N, R or V, and X is B-(2-naphthyl)alanine.

33. The peptide compound of claim 32, wherein said sequence of amino acids is cyclized.

34. The peptide compound of claim 32, wherein said sequence of amino acids is dimerized.

35. A method of activating a thrombopoietin receptor in a cell, comprising contacting said
cell with an effective amount of a peptide compound covalently attached to a hydrophilic
polymer, said peptide compound comprises the amino acid sequence IEGP TLR Q (2-
Nal) L A AR (Sar)..

36. The method of claim 35 wherein said hydrophilic polymer has an average molecular

weight of between about 500 to about 40,000 daltons.

37. The method of claim 35 wherein said hydrophilic polymer has an average molecular

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

38. The method claim 35 wherein said polymer is selected from the group consisting of
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pol yet hyl ene glycol. 40. A nethod according to claim35 wherein said cells
are in vivo. 41. A nethod according to claim35 wherein said cells are in
vitro. 42. A nethod according to claim 35 wherein said cells conprise hunan
nmegakaryocytes, platelets or CD34+ cells. 43. A nethod according to claim
35 wherein said cells conprise TPO dependent cells. 44. A nethod of
treating thronbocytopenia in a subject, conprising: (a) obtaining a

popul ati on of said subject's cells conprising nmegakaryocyte precursor cells;
(b) treating said cells according to the nethod of claim 35; and (c)

admi ni st er i pedyethailenctgtysal edlypesipylene glyedi rpldadiicaetd and polygbicelisecid.-he nunber of
nmegakar yocytes present in said subject conpared to that which would occur
wi-t hout such treatnment. 45. A nethod according to claim44 wherein said

t hr ombocyt ofeMhaniethod wé clatim 38 hvherdiheidpaptidd Gompoundtihadakatpatttiched too cl ai m 45
wher e sai ddg)g?ul ation o{ cells is obtained prior to said chenotherapy. 47.
A nmet hod a HhGeEY el ai m 44 wherein said thronbocytopenia is due to
radiation 38 therapy. 48. A nmethod according to claim47 where said

popul ation of cells is obtained prior to said radiation therapy. 49. The
pepti de confibémictbbd adcaiding®®, claitmeiSevrereih saigh egltsi adeincdnpound conpri ses the
followng amno acid sequence | EGP TL RQ(2-Nal) L AAR(Sar). 50. A
pepti de conmpound that binds to a thronbopoietin receptor, wherein said
peptide cofpaunethed BaRo RSt o dHimBGRIRN 2aiflat slaAAR(B@R6.) ) 2K- NH2. 51. The
pepti de conpound of claimb50, said peptide conpound is covalently attached
to a polynmer. 52. The peptide conpound of claim51, wherein said

hydr ophi I'i 04299! MPHRbd L&:oﬁﬁlllffbtc@gmfﬁ%erein said cells comprise human megakaryocytes,
platelets or CD34+ cells.

43. A method according to claim 35 wherein said cells comprise TPO-dependent cells.

44. A method of treating thrombocytopenia in a subject, comprising:

(a) obtaining a population of said subject's cells comprising megakaryocyte precursor cells;
(b) treating said cells according to the method of claim 35; and

(c) administering said treated cells to said subject, to increase the number of
megakaryocytes present in said subject compared to that which would occur without such

treatment.

45. A method according to claim 44 wherein said thrombocytopenia is due to

chemotherapy.

46. A method according to claim 45 where said population of cells is obtained prior to said

chemotherapy.

47. A method according to claim 44 wherein said thrombocytopenia is due to radiation
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the group consisting of polyethylene glycol, polypropylene glycol,
polylactic acid and polyglycolic acid. 53. The peptide conpound of claim
52, wherei.n said peptide conpound is covalently attached to pol yethyl ene

gl ycol. 54. The peptide conpound of claim 53, wherein said polyethyl ene

gl ycol has an average nolecul ar weight of between about 5,000 to about
20,000 daltons. 55. The peptide conpound of claim53, wherein the

pol yet hyl ene glycol is selected from the group consisting of
nnnonethox§golyethylene gl ycol (MePEG OH), nononet hoxypol yet hyl ene

gl ycol - succirerape ( 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),
nononet hoxypol yet hyl ene gl ycol -tresylate (MePEG TRES), and

nononet hox y480 Ayreéthyd sseerdihgytoalaimmi7demot sdid papubioy lof (NBREthied phdér.to Aaipept | de
conmpound that. hinds to the thronbopoietin receptor having the foll ow ng
formul a: | TRdigfign °BPR Q (2-Nal) L AAR-(Sar) K(NH2) 391 EGPTLRQ
(2-Nal) L A AR-(Sar) wherein (2-Nal) is P-(2-naphthyl)alanine and (Sar) is
sarcosine 57. The peptide conpound of claimb56, said peptide conpound is
coval ently 4% ffhch@ﬂld?GO@pOWmf@meZPCWb@EIympepBSC corppound yoingases digpound of

cl aim57 rein said h dro h||| C fron1 t he group
con5|st|ng“@ﬁoﬁgﬁfg¥%) é%gﬂﬁ f@él 0¢§g§§6yle g”éﬁ%cgﬁ ponIactic acid and

pol ygl ycol i g, aci d....59. The d of.cla erein id
ept b contibdnaeitics eapar iy bkt S TR Pe St et e Grtell “rhe
peptide c0rmwadn@émﬁﬂrasbmmegmg(mNsmAiAR@sayp;mw}gne gl ycol has an
average nol ecul ar wei ght of between about 5,000 to about 20,000 daltons.

\ 51. The peptide compound of claim 50, said peptide compound is covalently attached to a

polymer.

52. The peptide compound of claim 51, wherein said hydrophilic polymer is selected from
the group consisting of polyethylene glycol, polypropylene glycol, polylactic acid and
polyglycolic acid.

53. The peptide compound of claim 52, wherein said peptide compound is covalently

attached to polyethylene glycol.

54. The peptide compound of claim 53, wherein said polyethylene glycol has an average

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

55. The peptide compound of claim 53, 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).

56. A peptide compound that binds to the thrombopoietin receptor having the following

formula:

JEGPTLRQ (2-Nal) L A A R ~(Sar)
\

K(NH,)
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61. The peptide conpound of claim59, wherein the polyethylene glycol is
selected from the group consisting of nononet hoxypol yet hyl ene gl ycol

(MePEG OH), nononet hoxypol yet hyl ene gl ycol -succi nate (MePEG S),

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

nononet hoxypol yet hyl ene gl ycol -am ne (MPEG 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 (MePEG IM. 62. The peptide conpound of claim 56,
wherein each of the dineric subunits of said peptide conmpound is covalently
attached to a hydrophilic polyner. 63. The peptide conpound of claim 62,
wher ei n sai kE GyRIT dhi (2eNdpLyWAR +Sagel ected from the group consisting of
pol yet hyl ene gl ycol, pol ypropyl ene glycol, polylactic acid and polyglycolic
acid. 64. The peptide conpound of claim 63, wherein said peptide conpound is

coval ent |y wRérbia¢ad1)i9 BROnMSH M) dHenedini ¢Sdr) is@Rrcodiie peptide compound of
claim64, wherein said polyethylene glycol has an average nol ecul ar wei ght

of “bet ween abyt pentlie Qoﬁlﬁoﬁ@%ﬁcla%g 5@0Q1djl§ép59@ %mﬂn@@s cobaRni¢RitdcH&d Sampound

of claim 65, wherein the polyethylene glycol is selected from the group
consi sting lmdmpdirimmﬂmypol yet hyl ene gl ycol (MPEG OH),

nonomnmet hoxypol yet hyl ene gl ycol -succi nate (MePEG S), nononet hoxypol yet hyl ene
gl ycol -s ucciéh iThe qslptideuompmatdeof(cmmé@y \Shmﬁ)saidmydmpbﬂih@n%pmr y"melwteérfmm

CNEPEG. TREST® SiaE SO BRET ROXS BOFyER T ey iar 2nipHEShIs e & Bufy
( MePEG I M . pcﬂﬂglycohc acid.

59. The peptide compound of claim 57, wherein said peptide compound is covalently

attached to polyethylene glycol.

60. The peptide compound of claim 59, wherein said polyethylene glycol has an average
molecular weight of between about 5,000 to about 20,000 daltons.

61. The peptide compound of claim 59, 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).

62. The peptide compound of claim 56, wherein each of the dimeric subunits of said

peptide compound is covalently attached to a hydrophilic polymer.

63. The peptide compound of claim 62, wherein said hydrophilic polymer is selected from
the group consisting of polyethylene glycol, polypropylene glycol, polylactic acid and
polyglycolic acid.

64. The peptide compound of claim 63, wherein said peptide compound is covalently

attached to polyethylene glycol.

65. The peptide compound of claim 64, wherein said polyethylene glycol has an average
molecular weight of between about 5,000 to about 20,000 daltons.
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66. The peptide compound of claim 65, 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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