PEPTI DES AND COVPOUNDS THAT BI ND TO A RECEPTOR 5 CROSS REFERENCE TO
RELATED APPLI CATI ONS Thi s application which is a continuation-in-part
of U S. application Serial No. 10/918,561, filed on August 13, 2004,
clainms priority to U S. application Serial No. 10/918,561 and

60/ 498, 740, the entire contents of which are incorporated herein by
10reference. FIELD OF THE | NVENTI ON The present invention provides
pepti de conpounds that bind to and activate the thronbopoietin
receptor (c-nmpl or TPO-R) or otherw se act as a TPO agoni st. The

i nvention has application in the fields of biochem stry and nedi ci nal

chem stry and parti i i f use in the
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rate and nunber .of bone marro karyocytes is not 30known. The
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TPO has been shown to be the main hunoral regulator in situations

i nvol vi ng t hBACKOROWNPORTHEERNVENTION Met cal f, Nature, 369:519-520
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cells in most species, they have >10 times the volume of typical marrow cells. See Kuter,
20 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
25 {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

30 known. The circulating thrombopoietic factor involved in mediating this feedback loop is



it produces increases in negakaryocyte size and nunber; (2) it
produces an increase in DNA content, in the formof polyploidy, in
megakaryocytes; (3) it increases negakaryocyte endomtosis; (4) it
produces i ncreased maturation of megakar yocytes; and (5) it produces
an increase in the percentage of precursor cells, in the form of

smal | 10acetyl chol i nesterase-positive cells, in the bone marrow.
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i nportant receptor. The availability of the reconbi nant receptor
protein allows the study of receptor-ligand interaction in a variety
of random and sem -random pepti de diversity generation systens. These
systens are disclosed in U S. Patent Nos. 6,251, 864, 6,083,913,

6,121, 238, 5,932,546, 5, 869, 451, 5,506, 362, and 6, 465,430 and in
Cwirla et al., Proc. Natl. 20Acad. Sci. USA, 87:6378-6382 (1990);
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nol ecul ar wei ghts of such peptide conpounds will be substantially
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range anywhere from about 500 to about 120, 000 dal tons, nore
preferable fromabout 8,000 to about 80, 000 daltons. When used
for diagnostic purposes, the peptide conpounds of the present
invention preferably are | abeled with a detectabl e | abel and,
accordingly, .the peptide conpounds 5w t hout such a | abel serve as
internediates in the preparation of |abel ed peptide conpounds. A

pepti de conp eting.the defined criteria for nol ecul ar wei ght
D6 bindi no. TS PBeportRe R CoRBPTCbe ek SioibHE: B REPRCE fo
wher ei n the aarowractdibnkevenal ff alakiosResiBdsbIig sREyiRY HeRgkhdism of
(non- nat ur al ‘Ib%ﬁoccur.ri nqg am no_aci ds. 10Accordi ngly, preferred )
pepti de conpUlREECEYFRAM] Ok hg it GHP BXRIB TRl iTprgakarayryEs frsl commitad RrRgegifr
of | ess thanceghout 5000 daltons, and (2) a binding affinity to TPOR
as expressed by an I C50 of no nore than about 100 p.M wherein from

zero to ajl of t@pa@%%wasmtabie%me@fc dobRr REPId:Gepn ERBOUNd o DRV

been 15repl aced bé a |linkage selected fromthe group consisting of a
- CH20C( 0) NR- of appuiie aid ot lesp Rp dstiavnst &Y. fpificagele. the bindigp afpdy @3sanRe forth

linkage; a -m@xNRe3 Jrinkaan: 19, 889,251C6B4NRG: 1ower Tl :
- - NHC( 0) NH- -n?l i_%&giee. wher e Rnﬁrg@ﬁfg?_osgjen or | c}\?\\g?r Iglfo%ﬁg%hﬁsd%%gs@gger

| ower al kyl , bipdipg HEpItWReEE-R- Theaskertie U Ragnidio. $8684pkists Slovenpmding
is selected fFamd RuB Lshdg ; = qEoup.

ARG 0) R ar ot e BB RS kB et bRl Rey? The wels o
- - NI 1 C( 0YNHR Greaniier Pitasare epatidniithel me otaptavialith elvekddoyyhcRi 3 i ASANFbllowed
group; and 3bﬁﬂé- o= NH = 4R, L; fr :
substituentijon tﬁ%ggﬁéﬁﬁ @%ﬁg%%%f%%#gﬂﬁ?gﬁﬁbgﬁg(éggt '%@%@??f?%%mbf
| ower al kyl , rdagdesiithag] kdkgilution pigobibledird-R hamvest. Whdgue cBicamditiRhs aipeptide

i ndependent | . t | St of h en.and .

| over 95l Kyl R ARG LR Ay alen AL PUR GO, Skl B At TP RE o
pepti de conpotidits hdgo fuved foohateminus O D)IRRe wWhding pRE:in EVIBRITRO g Theom
t he group: consi st Pg. hydr I r I%@%ﬂ and, NR3R4wher e .R3 .and
R4 are i%ﬁeﬂ%ﬁeeﬁgﬁgr@%%%%@éﬁé¥ﬁgﬁi¥ﬁéog?oup %8%%?g?$ﬁ§“§%a%§g$§dgﬁm
and | ower al&yiC anidhevhessbed treh ABS.r Gigemoattorhhol P-TRE thaANRIRM4nQfir@yiliBiawin

optronally be LS A MSudl SUR AL LIS Lol T, ol L ERL LS, 20 o0
t her eof . phosphatase conjugated goat anti-rabbit JgG. The amount of alkaline phosphatase in each
well is then determined using standard methods. The assay is conducted over a range of
20 peptide compound concentrations and the results are graphed such that the y axis
represents the amount of bound MBP-TPO and the x axis represents the concentration of
peptide compound. One can then determine the concentration at which the peptide
compound will reduce by 50% (ICsp) the amount of MBP-TPO bound to irnmobilized
TPO-R. The dissociation constant (Kd) for the peptide should be similar to the measured
25 ICsp using these assay conditions. For pharmaceutical purposes, peptide compounds
preferably have an ICso of no more than about 100 1M, more preferably, no more than 500
aM. Ir a preferred embodiment, the molecular weight of the peptide compound is from
about 250 to about 8,000 daltons. If the peptide compound of this invention are
oligomerized, dimerized and/or derivatized with a hydrophilic polymer as described herein,

30 the molecular weights of such peptide compounds will be substantially greater and can



In a rel ated enbodi nent, the invention is directed to a | abel ed
pepti de conmpound 5conprising a peptide conpound described as above
havi ng coval ently attached thereto a | abel capable of detection. In
one enbodi nent, the core peptide conpound conprises a sequence of

am no acids: (SEQ ID NGO 2) 10 X9X30X1X2X3X4X5X5x7 where X9 is A C,
EEG I, L, M PR QS T orV and X8is A C D E K L Q R
S T, or V; and X6 is a 13-(2-nap hthylzalanlne (referred to herein as
"2-Nal ") resiﬂaa%aﬂywﬁ?léflﬁrneafbehl%@&w 2bgdt §28,080 galtons, mpripuxéerdbie fpm Ehoupr

K. Further Xgob®wGbodeg0Wbo Fao. Vi X2 is F, K L, 15N Q R S
Tory; X3is C, F, 1, L M RS, Vor W X4|s any of the 20

geneti cal | y codeOywhepibdRr apbis dss ﬁ}e E.
Vor Y; and X7 is C, ' g m%j,’?' PR PQ’“ COQPOdﬁdiM’ Plegénf i%vTuTlon

preferred pe%feﬁélyc%ﬁg@ﬂ?ﬁwl%éﬂﬁ%@h Inel wﬁ mo@mg&w é@qweﬁi@eﬁcmpﬁm@s
PTLRQ ( 2- B\lal Jvithdhe SRn @1%@1 sfe%gs bl Qi ks mm%rgﬂafhtt()g O%\Bb%lﬁd $ep§de( 2-

20napht hypal anine and (Sar) is sarcosi ne.

enbodi nent t:ch@og@cbu de compounds of the present invention are
preferably dinerized or oligonerized to increase the affinity and/or
activity of the coBpSdneyNPoRAd axetims]tes dyfineal qm#eélﬁlépwfe@ledllmeu%edld bmdmg

peptide conp H fopﬁlleki(ﬂ@sR C&‘HE%%{%%@O[JBI ﬁ%n&%&ﬁ&%e&:ﬂe{hé oh &g\é&g&re

| EGPTLRQ( 2- Nal ) LAARXIO 30 wher e

sar cosi ne or nfurallaercweing esiydtheti¢ SEQnitMaNvEyringheniabesiés.st ruct ure can
al so be represented by the follow ng structure:

( H | EGPTLRQ 2- Nal AdcrdRgi0 picripipeptifh eempitQdsi comaristar cogioned having:

o mgynd has BenoleRbih O B of fobdBhMERue JFPIRR b Nl ) L A AR-(Sar) 5
(2) a binding affinity to TPO-R as expressed by an ICsg of no more than about 100 uM,

wherein from zero to all of the --C(OQ)NH-- linkages of the peptide compound have been

15 replaced by a linkage selected from the group consisting of a ~-CH,OC(O)NR-- linkage; a
phosphonate linkage; a - CHyS(0);NR-- linkage; a --CE[NR-- linkage; and a --C(O)NR® -
- linkage; and a --NHC(Q)NH-- linkage where R is hydrogen or lower alkyl and R® is

lower alkyi,

further wherein the N-terminus of said peptide compound is selected from the group

20 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
Rand R' are independently selected from the group consisting of hydrogen and lower

25  alkyl,

and still further wherein the C-terminus of said peptide compound has the formula -
C(O)R2 where R? is selected from the group congsisting of hydroxy, lower alkoxy, and ~

NR'R* where R? and R* are independently selected from the group consisting of hydrogen



| EGPTLRQ (2-Nat) LA A R (Sar), wherein (2-Nal) is

B- (2- napht hypal anine and (Sar) is sarcosine (SEQID NO 7). This
10pepti de conpound, which can also be represented by the foll ow ng
structure (H | EGPTLRQ(2-Nal ) LAAR(Sar))2K-NH2 is referred to herein
as "TPO Conpound No. 1". In yet a further enbodinment, preferred
pepti de conmpounds for use in this invention include peptide conpounds

that are coval c-fntl_y a{%gcr}gd E}o .one or nmore of .a variety of

hydr ophi | i ¢ POIgHERLYT a8divhses the wirapes sim 9ichadVR fdEsouprral orfionatbibe the e
not |inmited dine ZoPPbMA Kyib:@tihig 518 e B th F@eh MCM%{)%QW ene

gl ycol and pol ypropyl ene glycol, polylactic acid, polyglycolic acid,

pol yoxyal kensg phpodiyaitany hedep@mekaltspgdkasyi nyl pyrrol i done, cellul ose and

cellul ose derivatives, dextran and dextran derivatives, etc., as

descri bed i nnldr8atePainbstimdie, thbin8GBios RliiredtiProRNinelcd pERHe@BpQfndWhi ch
is hereby_incorporated by reference,. epti de conpounds descri bed

. . The peptic
herein are uSBPHFE BPCR“ﬁéccﬁP%\VE‘?ﬂkiS@i‘Peﬁﬁﬁab?@? pavisrromalemly agpehed deeto a
medi at ed by TiRO:amaRd oPddidcticnl arly for treating hemat ol ogi cal
di sorders, including but not limted to, thronbocytopenia resulting
f r om chenot h8Rap §Fnbediaeatthoire ek dpspmperndromeripa eseaNengcat shirsi aoivs:
Thus, the pregent Ndyention also provides a method for treating
wherein a patient having a disorder that is susceptible to treatnent
with a TPO agoni st receives, or is adm nistered, a therapeutically
effectivg dol@ggxsqlgxqg@g{gt}ggéggﬁé pepti de conpound of the present
i nventi on. The 1 nvention al so provides for pharmaceuti cal
conpositions conprising one or nore of the peptide conmpounds

described h ' / i ol pgbcal C e. carrier. . T
phar maceut i ?ﬁ%}%ﬁg@@ %s’ i%f ?owhg %éﬁggbﬁi%*é%vcgﬁﬁtg%kw p?oclr* hrrjwsﬁi Iﬁtlr[}gﬁ{ﬁé X
oral dosage 0ok ael Xais avigPinapishsilalaaina e ferpbuwderes ari@-Neo!) utsidns Maund

i nj ectable | i bl ol ytd .» BRLE SCRIL PTI THE, FI
SRR e R e e N i
prior artd SNgaH SAEoc¥niosAdE(Ir efMrR.6d Ve WHtOw ghouftthd @Y ginetically coded

"pri t j . N T j-f t .
1"and the. prap B BEIRR D RN KT e BT ROP et et fHd X
conpound hasra13- (1- napht hypal ani ne (1-Nal) where (2-Nal) is on TPO

Conpound No. 1. Fig. 2 shows and conpares the activity of
PEGy| at ed TPO CowdywufredlaNp prefarpd pePESgbrapw@dd priudes the 4mijpeptitl dejuence I E G

conpound. ol h res.the in yviva.change in
pl at el et couPn¥% I{dg%% gt:é g %e@mwﬁ%%t(lgﬁggﬁ ﬁ\gi?)e@?rf’ éy'ﬁéﬁé%@ﬁ of
PEGy| at eid TP@piCoyiptmind aiMb(Sail it ardski@y| at ed prior art peptide conpound.

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:

25
IEGPTLRQ@-Nah LA AR X
\
K(NH>)
/
30 TEGPTLRQ@Na)LAARXy



Figs. 4 and 5 show and conpare the nunber and volume of circulating

pl atel ets in a 15dose dependent manner, respectively upon the use of
PEGyl ated prior art peptide conpound and the use of PEGyl ated TPO
Compound No. |I. Fig. 6 shows that single intravenous doses of
PEGyl at ed TPO Conpound No. 1 (30, 100 or 300 jig/kg) result in an

i ncreased peripheral platelet count in normal male Wstar rats.

20Fig. 7 shows the PK, concentration - tine profiles of PEGyl ated TPO
Conpound No. ¥hirs Xpnds P 635505 HG 108 Bpisnina tesisie (SEQ ﬁ% B 3qilihe ebove pRCratad

TPO Compound M. pre L ) /ihlin ainc QRS HAPRIEHO RN AL, T
Conpound No. : 1, ef. I%wj&ing/ k% Pfg V., ‘?@lﬁ“i”%‘ggugimg -1 &%gﬁ@%%ﬁg O
Conpound No. .25 1i9g/kg .jv.. open d rd-triangle - PEGyl atecl
TPO Corrpoundwki%?‘ %io,ls %LT&éynggth? ?/O.mpfgﬁll&.s %“éﬂs\é\{ﬂ%“gg ?tWﬁfug?’he pl atel et
counts incre = ently .in healthy mal e vol unteers post

adm ni strati@%?gé@ﬂgﬁﬁmé%é%bund No. 1. Fig. 9 shows

t hat endogenous TPO | evel s i ncreased dose-dependently in healthy nmale
vol unt eers post adm nistrati on of PEGyl ated TPO Conpound No. 1.

DESCRI PTI ON OF SPECI FI C EMBODI MENTS # N finitions And Ceneral

Par anet er s The foll ow ng definql s are set forth to

illustrate and define the neaning ar}d scope of the various terns used
to describe the invention herein. 5"Agonist” refers to a biologically

active |i gaanwa Ip@?‘%‘é)ﬁa%\?sﬁ?a@?' enentary biologically active

receptor and activate er ‘el ther to cause a bi ol ogi cal

netivity of {RaepEERRhRe Lo AIRENERAISEN Shidie Wi WNERY. s

nol ecul el hapephyascippras vihvhoaastmies rageaisiedhy o folaminostaciuds (H-
scceptabl o s At R BT ARKR RS R R e PO o e
nmetal, and ammoni i -he eutical... .
Mdust 1y 1 el ud ¥ g s ERTRAGH SR Moo RRBLIBRE L fhis imenion
magnesi um barldnpepsdnemipenydsaired ap cotadanilp ettahavicio 9ad disponatof € har&tyeof

prepared by %g YJ‘T;H Kk inthe art. The term also includes
non-t oxi c aciﬂgitr g |§tp| negsa{ﬁtg}g@lmdf:%ghh?é’m&gﬁgf% hfd;‘/e’ %‘r gi?a“roégmg‘f/ @,
react i ng11 hepdpiiptuirdsasekenified Sy polyehylerenlwo! indpobwidpalehegigegani ¢ or
I norgant ¢ acéoqylac%%%cr:i%,sg%rfytg?ytclof{g ac?cia,l lp%l%roylcygﬁ{lmlljeg,e potlyq'?nylalcohol, 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
20 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

[}
n

of a peptide compound of the present invention.

The invention also provides for pharmaceutical cornpositions comprising one or

more of the peptide compounds described herein and a physiologically acceptable carrier.



hydrochl ori de, hydrobrom de, sulfate, bisulfate, acetate, oxalate,
val erate, oleate, laurate, borate, benzoate, |actate, phosphate,
tosylate, citrate, nmaleate, fumarate, succinate, tartrate, napsyl ate,
and the like. "Pharmaceutically acceptable acid addition salt" refers
to those salts which retain 20t he biol ogical effectiveness and
properties of the free bases and which are not biologically or

ot herwi se ungdesirable, forned w.th inorganic acids such as

hydr ochl or i Qﬂ, éacgzc? %ﬂrrﬁzﬁ%?tb%{(i%}p@%%qsﬁf‘“ %edﬁfldfl‘ile(gy 81@1%8?5 inplpding ot gopase
phosphori c afbimnk, andell dxeniaildos poaders @idaitionSaniddSe SatGHaRSHAGBlis6luasisd,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid,
mal oni ¢ aci dBREERDERCRIBCION OvelBE#IG@URES fumaric acid, tartaric
acid, citric acid, benzoic 25acid, cinnamc acid, mandelic acid,

ment hanesul f oni ¢ Fagil dpovet dndnespdrésahe avtieiej o THO Céraparandsul fonirmraci d,
salicylic.acid.and the like. For a descriptipn of pharmaceuticall
accept abl 2 a%ePH&acaEﬁPP‘?ft?r{mE%ﬂ qddo QEO%E%‘Z E?T@lg 28 REET B H%QSF%‘PP%P,S )s E%‘? a.
" Phar maceut i difitikyoe de@epi 2B €oapb@fd Nd Bimrise ﬁr@rhﬂ@éﬁﬁid@%éﬁfﬁn&m 64} the
retain, upon hydrolysis of the ester bond, the bio oqi ca )

ef fecti venes “%llﬁr& Pﬁ%‘%ﬁ%?‘fll?oé@d 8#s afhd nepiphdiaanine (1) e @iedH P BRA
are not bi ol oghahd Moor. ot herwi se undesirable. For a description of
pharmaceutically acceptabl e esters as prodrugs, see Bundgaard, H.,
ed., Design of Prodpygsys ditisembEs (RCicBAGEMREHIASRETS CORBLEHARM
(1985). T(Ee;%r@?t ers are typically fornmed fromthe corresponding

car boxyl { AUFPrioh 2 PSS FOMREAGr al |y, ester formation 5can be
acconpl i shed via_conventional synthetic techniques. (See, e.g.,
March, Advanced @%éﬁ?‘&”%@ﬁ?@?%%th%‘flﬁ’l"ﬁc?.h?“gﬁé)‘hﬂaWF SR ISEhs, New
York (1992),de393st:306: mselam@fe@b@mPgbm@édtr*p@rcaingou@mo.lvh{ol%@ﬁat@l s
Encycl opedi a of Chem cal Technol ogy, John W/ ey Sons, New York
(1980).) The"Qf HORPIIEEMRNEHRt of the ester will generally conprise
(i) a C -C12 ali Eﬁga%i c. .al cohol that can or can not contain one or.
more doubl e 10bohts: aHY CERY SR EAPPAFIRC RERReEAH WU HEHC eainsaraclgs ina
(i) a Cr5 - Ghi: @peimhi Bar®br, RAPRECAY Syt tiietusdbCoi®Yisted %mr%rti faMent i on

al so cont enpl at es thg use of _those compositions which are both esters

as descri bed™RBPEING H§ vst of R WaRET RY hemesued Nve L phar naceut i cal |y

accept abl e aci d @gdbbhdw EalingleliNenarhs dosB IS Al 0R) E¥mBGHENAD! e
am de" refers to those am des which retain, upon 15hydrolysis of the

ani de bond, ©&hdBpoilegiete) replt BcniiyErasloerppr Pl chws inpformplgnale
car boxyl i c agid, Ak, am ne and are not biologically or otherw se
undesi rabl e. For a description of pharnmaceutically acceptabl e am des
as prodrihs, seeFBundepisrtos P conedirgtioDegimyprprofilePridtiChipsed BQ Evingound

Sci ence PUDI i oDEf 8, ATLELARMA1985) cqu TSR A ARHEE S YRS Do7s

formed fromthe correspondi ng carboxylic acl
General | y, amlge.vi;eperadipromm0EBGy]ired HeQ Gopbowhkad. 1| BS cpty ent; fibedal

synthetic techni gues. ( , . €. .March, Advanced Organic Chem stry,
4th Ed., Jpwwwwdrqtaeﬂ%?"sgﬁ ,ylaﬁs%l"?&b%li’e&@é‘éﬁ-}’%% B8/ i onm R ¥Ry
Encycl opedi aigfgl<Chestiaaks Teoknalpeea NI o4 gy & Sons, New York

(1980).) This '
25 Fig. 8 shows that the platelet counts increased dose-dependently in healthy male

volunteers post administration of PEGylated TPO Compound No. |.
Fig. 9 shows that endogenous TPO levels increased dose-dependently in healthy

male volunteers post administration of PEGylated TPO Compound No, 1.



invention also contenplates the use of those conpositions which are
both am des as described herein and at the sane tine are the

phar maceutically acceptable acid addition 25salts thereof.
"Pharnmaceutically or therapeutically acceptable carrier” refers to a
carrier nmedi um which does not interfere with the effectiveness of the
bi ol ogi cal activity of the active ingredients and which is not toxic

to the host "Stereoisoner” refers to a

chem cal n%ﬁﬁgtlﬁﬁm&rtﬁ?&%ﬁ‘éWQPWEN TRei ght, 30chem cal
conpositlon and tut not her, but with the atons grouped
differently. a]‘t:Bf’ém r*}tl}ﬂ]ﬁer?ea A RBFeSheni cal rmi eties are at

di fferent orienta{; &@ ace and, % glr pure, have the
ability to rotate e ’f“oB%?r%\F‘?t & P ?@‘ﬁtfam é‘?“em%%
st er eoi soner scoﬁaMthlﬁ%ﬁoﬁﬁte@ﬂtds@cﬁdo detigd ihehvbkiah hegirso slight that it
is undetectable with present instrunmentation. The conpounds of the

i nstant isventi onApeyisth efés @i Sl bRy QcHRIWANEN K BhdCRIRePmAEABFagnd
therefore include various stereoisoners. Al stereoisorners are

i ncl uded wi t RPIPEICHY ach gacepfor pREAGINYRTDS lgHer citherde eqyatit piekgicyLregppnse in

phar maceut i calkdtebf @64 énthBnRPRURInASIBRAR] h&ﬂqt&@fﬁugﬁecﬁﬁ’fﬁpos' tions of
the instant invention refers to the anount of conposition sufficient

to induce a deSI r"@q;dab@dn@@uﬁ@i refe@Sid latmol IR thak BEkibllzeE &tto Qﬁn@lql:ﬁyhﬁ%ion
of the signs, synptaons, or 1l0Ocauses of a disease, or any other

desired al te?‘B‘t“PBﬂd S?YIV&HB?S@P%@. o M%@?ﬁmt% the present invention,
t he resul w | | % i cal I i nvol ve a degrease in the inmunol ogi cal
and/ or i r"1 | ammat o 53‘ ‘ff'%lés"c"ceBtaplﬁF%E e toihe PP 4lligligpgpal, alkaline
Amino aci d resihdes, and am@hm@au@é@nﬁ&mﬁw ﬁh@éip@ﬁnic@hﬁcqmdusnymcludmg
Phenylalanlng is Phe or .F; Leucine.is Leu or | sol eucine is’Ile or

|- Met hi oni n&e SiygPo@ssiyg. WP eelgiun, \%ﬂgnfeﬁiuﬂvbaq%@m%wr@ 0@ progymisy

Proline is Pgigc &is,BihichhESQBhnGI tySmelitdds Vel Tnov @MANEL. The Ah@ 2R ifdiudes
Tyrosine is Tyr or Y, Histidineis Hs or H Qutamne is Gn or Q

Aspar agi ne i BOASHC a¢id ARditEqFslie Wihich ppozeptraliy propaprriyireaches e icempaipdopt

D, Qutamc Ag Iﬁlvelnﬁorgvﬁh ‘9§u1t§zﬂe %ﬁi@bf‘ﬁoﬂg%u@.{éd q{repxgsen]_artﬁ(fgtsﬁ@h@cq de$helT P
orWArglnlnelsA R; ycine1s Gy or. tionally,

tBuo is tert )@mcwoas%fy hY@E‘irbm@ﬂeb%#mI bisudfals, acﬁta@y@xwﬁﬁexwrairn pleate. Agurits,
acetyl, Me i sorfettRYonte 20ciiEHhb&HHRE rlbﬁ’le!té @ﬁ‘a@emal@ﬁt«p ﬂlﬁaﬁfy ﬁr@&xﬁﬁ@ WHhkC

aci d, Nva is norvaline, Abu 1s am no utyrlc aci d
t hi enyI al ani ﬁ@syl@ﬁ“ﬁlgle@kﬁenzyl and hyp is hydroxyprol | ne. Peptide

anal ogs are commonly used in the har maceuti cal industry as
non-pept i de dr ugs PHPRCHHSYE pEGeRE laﬁ‘aﬁé@b@@ sely’ efeersie tfse slie wibéhpttaine

pept i de. yghegg bloYdRRs1 e@l*ect%ﬂ QQIH“I %&1% %Pﬁ’l@ RS bAELari&IHTB re not biolo gically

"pepti dem metics" “or "pept rd
or otherwise undesirable, f01 med with inor gamc acids such as hydrochloric acid,

hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids
such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid,
malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic

25  acid, cinnamic acid, mandelic acid, menthanesuifonic acid, ethanesulfonic acid, p-
toluenesulfonic acid, salicylic acid and the like. For a description of pharmaceutically

acceptable acid addition salts as prodrugs, see Bundgaard, ., supra.

"Pharmaceutically acceptable ester" refers to those esters which retain, upon

hydrolysis of the ester bond, the biological effectiveness and properties of the carboxylic

9



95" pepti dom netics" (Luthman, et al., A Textbook of Drug Design and
Devel opnent, 14:386-406, 2nd Ed., Harwood Academ c Publishers (1996);
Joachim Grante, Angew. Chem Int. Ed, Engl., 33:1699-1720 (1994);
Fauchere, J., Adv. Drug Res., 15:29 (1986); Veber and Frei di nger
TINS, p. 392 (1985); and Evans, et al., J. Med. Chem 30:1229 (1987),
whi ch are incorporated herein by reference). Peptide mnetics that

oL LU AR B RS e SELMD APPSR

used to prodauce an equiv

pr 0p|hyl a;:t [ @mfmsegmcalﬁemeap&ibleye,steaapptodmg; J¥ed Bf}r&lgﬁtﬁ"f Iﬁté‘i{’ﬁj‘?fgﬁ"’”
simlar to ra a polypeptide that has a
bi ol ogi cal glz;;E’% h&%?%?/gﬁ%gﬁe% f’?‘)ﬁer@{%ﬁg%g Tﬁﬁ%“’lﬁ“&ﬁl%%’é‘é%ﬁ%l ng
recept or - bi nding el P eftdsp@udingehrbbaNie a6i0@n®kn ARhEI. @eﬁ&me edidr rr&%gﬁgn
optional | y repl aced by an alternative |inkage such as -- 5CH2N

--CH2S -5 &R GWOWE%(%%%IEIR%\%HMH# Syp@etigriechgiqaess (Ree-1fed:. M@§’é>r44¥é@l36ﬁn

the fol | owi NGrghBf ELERSES 4th5EaatJ81hrﬁWﬂéy &FSond %QW%HQM%)B%%% and
Bi ochem stry of Am no Acids, Peptid and Proteins VI nst ei n,

eds., Mar cel®iErfescitedBojeinosd Mgk, 32617 E(ﬂim)ﬁdia sp@iastieal Tachnplogy Vel
Dat a (March Wﬁ@)ﬁo’& So}@ Newji” ork Bi9E®). ) Fhe BEQE &ﬁ]&lﬁlﬁgg Q%rd»'v{l %g%f%ﬁ)ﬁs

(general review | ey, Trends '‘Pharm
(general r e\ﬂﬁéw;lse (!)Gll-@pdgarﬂhp@@lc alcohol fhat Caﬂﬂ)r C@e}@t conRyipene dRegore double

14:177- 185 (b%ggsgz)nd c§pﬁlc% fot cgﬁtalﬁlbrﬁmcﬂeg (ﬁrbgﬁs or {11)3@88%7)1é4§]\'&|fga%1% {, 1986) ;

Harm J. Chem Soc. Perkin Trans I'ngui st, et
al ., J. Med.heCammatiz 3coi3de Thig %enté@@%)contémplmem@suwmttmse ed)mpdsmons

Tet r ahedr on Eur

45665 (1982)M%?? ot géégas(‘}‘ﬁgg‘%)“’rh% B ot o6 o sime'a] R0 FRM 08 Oy B
(1983); and alewemb’tiﬂeamdfaédlsgm sajts BigredB9- 199 (1982); each of 15which is
i ncorporated herein by reference. A particularly preferred

non- pepti de | i nkaermaceutiogip MeeptablSuuide pefotsi td ¢hosd aeitiescshinhasetdig weon

si gni fi cant MsoR®! S..includin f.or.
oxanpl ¢ i S8 oarts sElechf HFRLLER AHRERER bros0EL B Py Bl
enhanced phalpm egiagdire pridpagitadly of h@brﬁma undgsiratiis diopt ﬁunnptpmtﬁncy,

ef {1 cacy, | Cifiadnacdhibfl Al SRR LGL I ph 800y secpRlpRt: SPRG DUTOL,

bi ol ogi cal activities rcit
of pepti domﬁmirugssﬁltamlsmpmerﬂublmhels &mvtaﬂdemt(l%ﬁl &bbﬂ&'ﬁﬂnde@fawamacﬂly

nore | abel s acer, o P
non-interf erf?lﬁ%ed%%H %4?% 313()nong'lt:lj RS ept Qi%(a)rﬁr(lﬁﬁllgﬁn?”l g?migyr’ 8%@35%”@?818
by quanti(t atcawvie m:mup;lishecéwa amtventiotiyl sglmhalcaafuﬂﬂmesn@lee@@ Varoi delvimgd

or m i r ect CHBHTACE ML K0 Re G DRt Sher SGray ot boge) 2 3 and Bl er .

25i mmunogl olnkydbpediper Chsmube;l "mzﬂinelmgj( gshn Wiley\kd Sohis, Nasy ‘p@af(lgﬁmn metsi C
binds to producethet erapeutic effect. Derjvitization . 9.,

abel i ng) " oft SR HOrRETPRES RS o (ot CunbRtRt ERh FetAtEPEEEs wi t h
the desired deicoib@icgdh agy at FRALABEOL @@IteAthaddcbmichly REcidMe acid addition
pept i do rretl C. Ber?ogeral Iy, peptidonm netics of receptor-binding

pept i des* bi ﬁﬁlst e receptor with high affinity and possess
det ect abl e bi ol og[_lgcal act i ' are agoni stic or 30antagonistic

%} t y[éf‘gjl e,
to one or nore recBPBFLHAL ArRUPRHEREY §EPR R SRS yefers to a carrier medium

which does not interfere with the effectiveness of the biological activity of the active

ingredients and which is not toxic to the host or patient.

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

30 chemical composition, and constitution as another, but with the atoms grouped differently.

[0



Systematic substitution of one or nore amino acids of a consensus
sequence with a D-amno acid of the sanme type (e.g., Dlysine in

pl ace of L-lysine) nay be used to generate nore stable peptides. In
addi tion, constrained peptides conprising a consensus sequence or a
substantially identical consensus sequence variation nmay be generated
by net hods 5known in the art (R zo, et al., Ann. Rev. Biochem,

adding | nt er nal S ERAEHER AR B hohel LTRSS ek Bhi G PTaa ar
di sul fide br ihdgése, whier hureytelve the abihiey tpegpite the plah®et ;exha*rabdi RgHtabewéver, some
refers to ma | en cova o .the peptide.
conpounds  of blﬁng@e?lﬁ?/ag%% mg ave ér qcadrgp @8‘%’ t@HS 8¢ Squﬂ%tthf)téb‘tgl B‘getég%alb% with
conpounds | npmeunnstruxrkﬁtahen p'Httel cempoxtnﬂs witbaintthe ipeptivdeacieiveonnet has

been adm ere% Swﬁ& abl e det %t aPI‘e. II gel s, are well known in the
art and i cI Lf‘éfrém Bl OBATOIR AP PE Iy S AP e BEIS P L ere Qe Se St eSS
(e.g., fluoresaoeiwyd wand theopel dfehe itaatiq@arti cul ar detect abl e | abel
enployed is not critical and is selected relative to the anount of

| abel to be enpl ofeelagstivelyl ogmaintieeutioiycifeptivefaniods haliphiedic thdre

anount of Iabel g%o%%% Sel ection of the |abel relative to_ such
factors 15i s“SRE°PU % ipgfant awpytion giters fpdhgprpount of compegifion aificient to

at t achnent Ofndﬁda& ddgtea Ol teale IThit Gestp BanpRRLIE A B UTRRUNGs | s§mptoms, or
acconpl i ?@ﬁ %/ ?nventl onal nethods well known in the art. For
effitHée

exanpl e, § gigease. 0% ARG OEEd flleratiop phY Riglogicat yareelndiag ppieat

| abel , coval enéntidh HRCRRBN11G)pidd? idvoRe hRE:RRPH tg@m%ﬂm)@}%gl SRy be
achi eved by incorporating the amno acid tyrosine into the peptide

20conpound a’r’i‘gafpﬁétﬁfyfﬁﬁﬂoﬁ%%‘@feﬂ‘@ PEFUE ¥ onpound (see, e.g.,
Weaner, et al., Synthesis and Applications of Isotopically Labelled
Corrpounds pp. 1 lﬂﬁaﬁliﬁkf})“j’s I“P%@Fsp@é? éttbfed’ﬁﬂt%ifastf%%@t Resnylglapine isNthg or

C term nus OF; Ifeb@nPRRki 0EL CRAPRURG Kdt IDEALRINEYEMeY MeV1;nK ROW o v
chem str Lj kevvl se, 32P can be incorporated onto the peptide

conpoun d¥%1s B3R S<ITh 8 S TRDNELs e KF B LﬁFFOnf“é i BY QR éla“@e Pfﬁyﬁlllaé’k 9 Typgop

on the pepti@eycQ@MPauRhiSh Bk o2 26 OMSRhE RRBh of emp%FargMTe IAAsm%erL kg
The present jnvention provides peptide conpounds that to an

activate thelSHEOHSORSPEHIR Y is SshandEuagicaAcp %Ghﬁs@ywﬂﬁéé eysor G
pepti de cowwpgﬁhdnng:t@dﬁwlﬁgﬂmer?@mglo@@\ &mg&a&iﬁ @pd; Gdﬁaalﬁfr&myﬁ

pepti de conpounds constructed so as to have t sane or sim
nol ecul ar st PULi iedrlonn Bpks henzylhEHRd aeyclpapiilaeine dfis avtid. Yeis mdiz,

differ fpom phas i)é?@cﬁiﬂd?ﬁﬁ’é 'A(jﬁlscz%%%%%cedc [ RGa (Viv'/ﬁot\faﬁﬁé %&%ﬁtis %110b111y11c

susceptibility to hydrolysis or Eroteo ysi'$ and/or wth respect
ot her bi ol ogicetathigp &p@wt aagne, @Be s Qréenzvicenddwe éb lfdfdxgprolind or  t he
receptor. The present invention also provides conpositions conprising
an effective 5 dfpidstangpeearpeqnady eehpobneharmmeuingt dpaytas eod-paplige a

eptide co er | )
.

chenot her apyEepii%i?cHOath@WStaffetpf@}W “peptiddye metics oy Gaptideaniofetisi’ ons .
25 “peptidomimetics” (Luthman, et al., A Textbook of Drug Design and Development,

14:386-406, 2nd Ed., Harwood Academic Publishers (1996); Joachim Grante, Angew.
Chem. Int. Ed. Engl,, 33:1699-1720 (1994); Fauchere, J., Adv. Drug Res., [5:29 (1986);
Veber and Freidinger TINS, p. 392 (1985); and Evans, et al., J. Med. Chem, 30:1229
(1987), which are incorporated herein by reference). Peptide mimetics that are structurally

30 similar to therapeutically useful peptides may be used to produce an equivalent or

11



It was found that the core peptide conpound can conpri ses a sequence
of amno acids: (SEQID NGO 2): X9 Xs GXI X2 X3 X4 X5 X6 X7, where X6
may be p-(2- 10 naphthyl)al anine and where X9 is A, C, E, G I, L,
M P, R QS T, or V; and X8is A C D E K L, Q R S T, or V.
More preferably, X9 is Aor I; and X8 is D, E, or K Further X, is C,
L, M P, Q V, XisF K L N QR S Tory; X3isC F I, L M
R S Vor W X4 is any of the 20 gepeti caIIY coded L-am no acids; X3
is A D E @’harlg,ed %FIR%UHRW g"oPthilaogc Bﬁfec{(; Gefise prepgdog}lmggcsm}'e q}q}lc@;ailM

N, Ror V. lgkoneye ara@gn@%gﬁéﬂtﬂa@@.ef,wpbﬁg»gépuh@ﬂﬁ@ s albloldpaS Been found
that by replacing X5 with 13- (2-napht hyeal ani ne, the conpound

provi des di feresplogedsel tivesughasmappdyvermsdigiacepmrbaidiiernglypeptide, but
13- (1- napht hyRabgd: Rewe ASEAL G4 ; i ef &r 88 J.de
conpound i ncl uggs tlheizﬁrin\g)ngé g@?gésgagngﬁgfeép%%%@{J[riyaﬁgolrn%‘?e l%%q%%'?'ﬁ%{é
(2-Nal) LA AREPSEr)-CHaA arfin: g metheboldions mt the pif enphérdieseidvapouhds of
the present i L. e L I 0l 1 i to

i ncrease thefog%?l:ﬂ%??é;e%g/sﬁgtg%t{*%?’%%é‘g étﬁé{enhﬁ%g%ﬁgg bgﬁﬁ?@x‘gﬁ%r e of
a preferred khptiessi and Xreieips. iBd &Vedistapo aded Mancdl Ddidey, Newt Yok, p@67 K198 ed

to, the foll %\M(%% AAE?%%%% %392,%13 1§ ﬁ@Je)S', 5@%{1@%&&&%@% Mohiffications

GPTLRQ (2- Na I'o°1's a’'sarcosine
ril-alani ne (gesrdoeietSEQollEy, NEnd) Phakm. Shopl 43668 (86 (dehat! wniewX10

resi due n he, sarcqasin nd £ he,ot her i can, be -al.ani.ne. The
above st r?ﬁctlg?dé’o%ae%ﬁé:mé‘?' g%jq'r%%tr Ieigsé’ﬁt‘za1 é&ﬁ?g a@)f% [ %eﬁglf’iﬁ%@c‘"
( H | EGPTLRQ( 22: NaB ) EBAARICE) O e; Nidiern. Soc. Peckin @Fak riesD7peat(i o8 ) compoiarn ek

| EGPTLRO[ 2- NIHLAAFE CRP) T iRaPr A 0N S B % Ao RERTERD L ne

and (Sar) i s2%za6QEBEE HsteﬁE@ﬂ D, Bédopggan APBinSEPEFHGE dEDSCh HuMad, b3,

(o1 L od £ BBy DEO,COMAUTA N B CERLLCE, SOTROIGR, ISMA 00,

permt us® iwhieh kshebroheeddicagnosicfegenot. A fiefAREY bralerdgpoaispiaf lhkigs is -

Lgxgn;hopmgégm%%gﬁ %Jpﬁir% %}#ggﬂ:gﬁata;i ﬁa\glél{ gﬁi iscgnst ’ad\}arrllt%ggseop\)/te} L(Jjo yp%gt?&)ezou nds
embodiments, including, for example: more economical production, greater chemical
stability, enhanced pharmacological properties (half-life, absorption, potency, efficacy,
ete.), altered specificity (e.g., a broad-spectrum of biological activities), reduced

20  antigenicity, and others. Labeling of peptidomimetics usually involves covalent altachment
of one or more labels, directly or through a spacer (e.g., an amide group), to non-
interfering position(s) on the peptidomimetic that are predicted by quantitative structure-
activity data and/or molecular modeling. Such non-interfering positions generally are
positions that do not form direct contacts with the macromolecules(s) (e.g.,

25  imrnunoglobulin superfamily molecules) to which the peptidomimetic binds to produce the
therapeutic effect. Derivitization (e.g., labeling) of peptidomimetics should not
substantially interfere with the desired biological or pharmacological activity of the
peptidomimetic. Generally, peptidomimetics of receptor-binding peptides bind to the
receptor with high affinity and possess detectable biological activity (i.e., are agonistic or

30 antagonistic to one or more receptor-mediated phenotypic changes).
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15l ess and, for pharnaceutical purposes, the peptide conpounds have
an | C50 of about 100 p.Mor |ess. Fig. 1 conpares the activity
of three different batches of TPO Conpound No. 1 with one batch of
prior art peptide conpound using standard relative |um nescent units
assay techni ques. The assay enploys nurine cells engineered to stably
express the human 20 TPO receptor and a | ueiferase reporter construct
driven by the fo ference bet npound

and the prior ar tSS yg‘réﬁ?@ %%B%%Jn% Ogélta S Thaimhe psr(rg}grcoﬁsrepsuﬁé?ﬁu%?@ Wi a
conmpound has Damm@:; Gidelptm s’raymypa i¢. peD{¢sinddh )alarmcﬁrtetymh’re) 102 tNalsgd foSseMiate

TPO Conpound No s referred, to as 2-Nal and
the prior arFO5EE %le Bpt%e?rpgg%&&lnqn CqﬂéLfaé?erdé’SmE%S GUMD{ISNIS 2 COPENYS SHETCEOR
Fig. 1. dAs ShaWStatﬁtraﬁdentgpal donsdriees s2qaadd Wtibyjoni SayLDertehadited BY me@6H:
conpoun

onpar es t activity of_ several different
bat ches of Pﬁtﬁy‘inat’tgﬁaﬁf% bd}tﬂhﬁtr %toctﬁa%g@’r i g??%fm‘toﬁ@f%f%fh‘it%‘ﬂﬁﬂlé
of the pr esememmmemremmpres bgalamrg iB@Ghal @stemt@;cﬂ@@@btbr@gﬂ @Wing Bot h
bat ches of the 56%{ prior art ﬁe pti de conmpound show hi gh
lar }spgr;ld

activity witH a8 ?H%m§éﬁ@m &xrdre Be PaRitfPvity as the

un- PEGyl ated priqr, art trd ound. The remai ning |ines
illustrate the acinﬁﬁvgggddF gﬁﬁmf b SHiE “OFn prelFnidy sipchgdp the

Conpound No, pdpiidé\SensIoamn obthld'_zhﬁbntl@n [pl=,14i’rt1tt dekeetibPsteho pep i@ Jo@ﬁp@ﬁﬁds haVigo in
| ess actrvrt 5relative to the PEGyl ated Brror art pepti de conpounds,

PEGy| at ed? TPEF eFiFBLGHONdhe Aephide Croé‘tP@P%‘tFS BN MpsHRtErod. rx%rrltaalﬁauecmble

PEGy! at ed pr 1a941s @6 tvenmtwm AP Meb1ids, rrye\tz%r(rf%ﬂmﬁﬂe asi ke pks, Nﬂlbrescem
(Prior Art) in Fig 3 denpnstrates the relative pot'ency

PEGy| at ed pr {2BfS (&rgt ftreﬁﬁtiﬁatéa a@éﬁﬁd&ﬁd%ﬁﬁf@@ﬁ@t%@@ﬁ*@l @@ﬁtﬁd@m ﬂNo
1. Through aciiRll ABHEklecEd &iat13e &h@é"ﬁn&tﬁl@oﬂlé‘oe\’to‘tﬁ etgrd}@alg@wémas&h@wc@

counts after administration of PEGylated prior art péptide conmpound

and PEGy| at e?f thpePatghih tnernief lakel einploxddoialepjonil ge @el tebpéi v fogpiels factors

dose of fhe Pﬁgmh%ggqlgﬁghggmpgynd No. | has the sane activity as the
| owest dose of the PEGylated prior art peptide conpound. A |ess

potent conpound mRYaRAQYhGeR: dr8RY QE@@JE'JE% Sib! [ BfpBEndtigr get
cell, which could rgduce thg ri sk g de 8 fggﬂgﬁggusg@ ﬁll?

over st i mul at 16pmetishechiy cosyearieral medpds w@u@ﬁwasn g aﬁeF@faetXérdple when the '* I

t hr onbocyt opghi, ] py
PEG]I ated TPO Cg%%g‘tﬁgwkggeé &?E&%EE%QF reg %i[ gogtgenpﬁﬁ%&%gﬁ I fo the peptide

PEGy| at ed pr#0woBirt cap &peiithy et bipourneraiing thedwine eeld tyyosdse 1@@@@9%&6
(Prior Asg) &cgn oluSh ama- the'rzt't&ﬁnatﬁ%%g:?ﬁld%ra&‘ﬁlp&ﬂﬁ 83U TWeller, Bt al, Synthesis

head-t o- head se response stu
and Applications of Isotopwally Labelled Compounds, pp. 137-140 (1994)). Incorporation

of tyrosine to the N or C terminus of the peptide compound can be achieved by well known
chemistry. Likewise, **P can be incorporated onto the peptide compound as a phosphate
moiety through, for example, a hydroxyl group on the peptide compound using

25 conventional chemistry.
1I. Overview

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
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PEGyl ated prior art peptide conmpound and PEGyl ated TPO Conpound No. 1
in normal 20 mce. PEGyl ated TPO Conpound No. 1 is referred to as
PEG 2- Nal and PEGyl ated prior art peptide conpound is referred to as
PEGl-Nal (Prior Art) in Figs. 4 and 5. Fig. 4 shows increases in

pl atel et levels and Fig. 5 shows Mean Pl atel et Vol une six (6) days
followi ng treatnent. The dose range was from 10 to 3000ug/ kg. Both
pepti de conpounds | ncreased the nunber of circulating platelets in a

dose- dependetfier ARl BRI sEpeus a5 shapy w5 the learkpeptida ¢oenponmsibat thejrdéfi
observed at goses 188 Jepiiersmpouasl Kithef Qlin RREA: £ATRE i
maxi mal response, t heﬂs?gmpep{n?de corrgounds: lF()al tevat edﬁgﬂgyéﬁeytdwggsﬁsn%rs to
| evel s t hat 96@?581,)’%afﬂ%‘?%&lﬁ@}?&ﬂ’e@rﬂéﬁi’!@"rblql%@ﬂl pontrties, suchlas esreased effinity for
dose- r espons@e GEMES Tre brek <98, LUBNe very siomlar
i cat i ng narceror e e Rl 0 e LR AR I Rty Bl Brelle
bet ween the RNt eigtpegiids cohgsuidagrddnwn partiedelyermpodetospod, tHas useful
Preparati on gf fol iy ; . i e nt hesi.s_The tide
conmpounds of BE ﬁgﬁlﬂh b%ﬁ%tlgg%g% g r%g%jgéb rng g)gllrt gg%ﬁg P%g%gyEJana%s[s%ﬁgf&tfq
5known i n t heheawtherappradiatmnpieespyby busd mgret andasidnsol i d phase

techni ques. The standard net hods include exclusive solid phase

synt hesi s, parti dt wedbivg thitdseosympiesionpretdved sgmfrisegameqtence of amino

condensati on, . c| ' sol uti.o IS, d even by recopbi nant
DNA t echnol oag%/cg’ @eej,ﬁ)?.h%l%?' #/E%g? @?ﬁéﬁég%\g‘fsﬁﬁ%dﬁ@?ﬁ %ﬁﬂ%y ?egé. 2149
(19?? . im_coma{pbuhglt)aémhliﬁnem&i \mhebeyxg*ie?xeceﬂ,ote,.l, ]gmtvﬁpj iit,dg,lcmﬁrg@-,\é;tahg th rif A, C,
synthesis is a c romthe C-termnal 10end o e
peptide usi n%’ %ﬁ& éhggﬁ ﬂ’b{)p_ﬁgfeelﬁg’&%g’eg?ﬁ.ASKIsE_&Hdt}%FHF b St i Fgther
mlat er| al canxpie éqo:;semar’ﬂgiivmﬁs lt?,ﬁﬁ}mﬂc% Rhy, _T&irt\@odahwdtg, i hlq,,g&ﬁqelels[ e W,
al pha- am no aci 0 or o ed resin,_a hydroxynethyl resin
or a benz hydg‘ylrs&ﬁéf ?féﬁler%Oggeﬂ?“ﬁéc%tﬁﬁ'ram%cwﬂﬁﬁape@ &5 M ReR.SolTdV
under the tradgnai®,; BIOQBEADS, SXnlrky vBi 0 Rad Laboratories, Richnond,
CA, and the preparation of the hydroxynethyl resin is described by

Bodonszkys et al Howel&, £hRebrivt Ol ithdrbORAOMhas R8h 4RAd Hal S8 lacilB & s with B-
benzhydryl am_ne (BHA% resin has been described by Pietta. and

Marshal |, CHémeP nine gBe cqupypny pravides Aiferanhmepeitias PYer deaomapind fr om
Beckman | nstdHaBM -1 t i R 1)k or i

form Thus, .toﬁe pegiﬁ gld%%iétg%%%n%d?%? Grfi lﬁg}ly i IrllE/a('éﬂtrll‘%uiﬁlacl) %g%f%g%&%g?%ep%ﬁ ggu%jy
coupl i ng an atipies theroier gsrbreaehned( SER IRANQT):d B G PtThie Rah D Nelret Ayl RatSad.
resin with the aid of, for 20 exanple, cesium bicarbonate catal yst,
accordi ng to the Ihiiothisacressisnetsae faptidy eompounde lof the Ghasent inAebiznn, are

56: 1467_ 10197p3éfera§15tdﬁﬁeﬂz9§oﬂ dﬂfg&'ﬂ@ﬁixeﬁ delﬂ‘lzﬂeﬁ ’thetat?f?niﬁl aBQ/%E Qr@vg? of the
protecting group I's renpbved by a cholce of reagernts i ncludfng

trifl uor oacermpowds.dAg TRM)ploe! ayefenshlineizsd aeptue CHiQijuns dlclitdeQ st ik not

or gani ¢ sol VERTS t&ttherig%u,ihgrrper at ure.

IEGPTLRQ@-Nal)L A AR (Sar)>-Xip
25 \
K(NH,)
/
IEGPTLRQ@NaL A AR (Sar)-Xio
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The al pha-am no protecting groups are those known to be useful in the
art of 95stepw se synthesis of peptides. included are acyl type
protecting groups (e.g., fornyl, trifluoroacetyl, acetyl), aromatic
uret hane type protecting groups (e.g. benzyl oxycarboyl (Cbz) and
substituted Cbz), aliphatic urethane protecting groups (e.qg.,

t - but yl oxyczubonyl (Boc), isopropyloxycarbonyl,

cycl ohexyl oxycar bonyl) and al kyl type protecting groups (e.g.,
benzyl, tri pReayEneis AyaryosimBee PatriEnwiiva (HGHeNE Pedt showd be baterhthat one
groups. The side..chain prot.ecti oup, remains, i.ntact,_durin

coupl i ng and%ioégsﬁ%ltg CAbhs Progsipe %ﬂﬁﬂlgen‘gﬁetrﬁ%ldé%ﬁ?“o %c‘fdﬁlaﬂe'o?hetﬂﬁgve%mcmre
am no-t er m nos gtk egirdsaged 5O flowihigr dmgsmmd(i(ﬁgqal)m@;@i,ggKﬂm.n
protecting group nmust be renovabl e upon the conpletion of the
synthesis of sthgetdinRbiReRtideans Hidar reaction conditions that
will not alter the target peptide. 5The side chain protecting groups
for Tyr igcl pg@pemr@@xgrmgwk,_(gaﬁrt-butyl , trityl, benzyl, Cbz,
Z--Br--Cbz, and 2,5-dichl orobenzyl. The side chain protecting groups
for Asp include benzyl, 2,6-dichlorokhenzyl, nmethyl, ethyl, and

cycl ohexyl. The side chain protecting groups for Thr and Ser include
acetyl, benzoyl, trityl, tetrahydropy®nyl ., benzyl,

2, 6-di chl orobenzyl, and Cbz. The side chain protecting group for Thr
and Ser is benzyl. 10The side chain protecting groups for Arg include
nitro, Tosyl (Tos), Cbz, adamantyl oxycarbonyl nesitoylsulfonyl (Ms),
or Boc. The sEdepThak @ (pMaEChiAg -gweups for Lys include Cbz,

2- chl or obenzyl oxycar bonyl (2-Cl--Cbz), 2-bronobenzyl oxycarbonyl
(2-BrChz)ip Tasereln2-Bap is A2 @iphinghBnde @ (408 Mr8RaraA0EO 0D @Y eCthing
group, the remaini %B@)t ected am no lhacids are COUE’.', ed stepwise in
the desired BP#esco s &dergkio dgre apr R epsrowdiNfo laci d i s

generally used with. an appropriate carboxyl group activator such as
di cycl ohexyl carb &P’i“fﬁ Gaie ‘ﬁé)ha‘f‘?ﬁ @’OIF%EPtGi 5‘?%5‘“?@?“ B0 el pattifiarene
chlori de (CHaigdid) 1o gimetdyh efiir RGOV hepestit bgSers A hRknvehgon.
desired am ng‘ {aqi g/”?eﬂuence_ has been conpleted, the desired peptide
i's 20decoupl 8 F PO Y HEEPELE RHLATHATLPeBY LR Hd 12 4 HCa of alggeAaM or
such as t§i f lessomeaeeftiatnaeibaDiurfisel 08 p&pikib dahp AR HHRY an Y, 6MbBRL100
only cleaves the peptide fromthe resin, but also cleaves all
remai ni ng si B B fEas n protecting groups. Wen the chl oronet hyl ated
resin is used, hydrogen fluoride treatment results in the formation
of the free pept il laemaares fmariiniel beadifframy bainicn of YRRIGompgunddéal |
hydrogen 1 uQlih 8@ HafcBRF PR art Rt Srmfbun8 Gbih Y sthfhatd@1akiV € Bmirkes eﬂg&gﬂsde
am de. Alternatively, en the chloronmethylated resin is errp(f oyed,
t he side chaiseypgrdnaeesedhpeapsey serlewinpime ddbcupinededip stabbyaxpisert thofundne
peptide beSi Ppihdbhrammniidifsl bfigd 3 Iy PhECt ed
amde or with an gtftkyll am néﬁet Sgllﬁyi%te&g%éu eh%ﬁgalibﬁlt%?%tgg%?%ﬁ'a? eyl am de
or di al kyl at fiffgencedeitece RROCqorroteici. d and thetphienart paptidecbnipoutdie thug thal
fashi on by t s - M 1 1,4f i g i > i des,
5@?%%&%‘%@@%@%@ BRSER dPRRL SR AN g hE EENGTLAS

al kyl am des,
TPO Compound No. 1. TPO Compound No. 1 is referred to as 2-Nal and the prior ast
peptide compound is referred to as 1-Nal (Prior Art) in Fig. 1. As shown from Fig. 1, the

25 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

15



These solid phase peptide synthesis procedures are well known in the
art and further described by John Morrow Stewart and Janis Dill aha
Young, Solid Phase Peptide Syntheses (2nd Ed., Pierce Chem cal
Conpany, 1984). B. Synthetic Am no Acids 5These procedures can al so
be used to synthesize peptides in which am no acids other than the 20
natural | y occurring, genetically encoded am no acids are substituted
at one, two, or nore sitions of any of the conpounds of the

i nvention.  mote dgHiEb . Bepl basabes ¢fshaiGiasgd pyiop &t nentida gowpahed eltval righ

f the 20 ;
ot her i de oharig " ps SEAOTE, AR IR PO RN AL LTI AR AR pibichee
al kyl, cycl i cohpoun- Th@cmatmgmmﬁﬂwramhfaadnyﬂty ofghiffelent tamhctenfll’ﬁ(&e}ated
al kyl, am de c;ﬂﬂ'“ Cott L@l ) as 8%{)&% k?ﬁﬁf insthgi'e%}V)e It hg\?)ﬁgssaﬁlgqm

| ower ester Ves thereo
het er eocydl i aehtm tpae PECYlaged pripr @t papedenalpogsis, HE@ghatechTP(h e:‘ompm@dS‘ioz é

menbors. can D ERB byBAECCy AR B OGPEUpEeRaT Be et utton s Fiefed

unsat ur at ed, P&mleal(l}PHs;aMnylatFegiz can be 15aronmatic or non-aronatic.
Het erocyclic groups preferably contain one or nore nitrogen, oxygen,
and/ or sul phur hetgr dadnomBlratEcasiei=tise pdtemgoh?ﬁﬁy)up&pmcmalru{ﬂgndehempound

f |, f i lidinyl, im | h
syl b SR L
pi perazi nyl (cBare inlplpkipedoazis Afdr)admpig@td rd)flPEG@la@d pﬂ:rophz}t)pépmdy tompound and

pi peri di no), razin y oI| olin

pyrazol yl, p%ﬁaﬁgﬁgﬂcpéﬁwquﬁﬁ [ZJO’E‘?)é H?éy? tﬁ)%@laﬁ ¥H§/ he PEGylated
1-pyrroli di NYtBO CRMFduad Neyﬂ mas@wgamby&tIVIty hs @elloazed doke oﬂth!é Bz@jdyrbd prior art
thienyl, thi orm hol i ny é %% t hi ormr hol i n and tri azgv{é These
het er ocycl i ¢ RgP! ﬁ@mﬁ%}ﬁ‘db lespetent ofes rmadr?é‘%]’ﬂ)%ﬁtai Ietscaptic Gifaples ig the
group is subshidiebeaihidhReuiguhits Y Bt ofGam eﬁ@ct@éalﬁydd, byadvkR¥Mulahd] &g,
oxygen, or_ substituted or unsubstituted néejarr:fy One can also readily

modi fy the péﬁfg?t&&% S 8 RRACPIRAES HFOm BRANAPIIEHOUS VDS SHEEBRBIYFEL! on
(see, e.g. H&Xp%f PRGYRkedAPO CRMEARLC] BRdedMROb 6 PBG-2CRARLEL Iy
Letters, 6(1 2141 146 8,1996)) and ot her net hods for_ making

pepti de der i VEGRASS RSP TheenEsntrsinngad sreferrs (o agient Mol (Rrri‘sh 1%1% 3.
described in Hr Ubﬁ et al Bi ochem J., 268( 2(3 249- 262 1990% Thus,
the peptide conpotnds Z3f Sshew ihevesHts et tepdip-iead Jese 4esPanss 3K ot
prepare pept i ge ke s wp&lhe @drﬁﬂohﬁc[ arﬁ'E@C@&ke@aﬂPCﬁQBm bl Ncs@m formal

Term nal ©Modifications hose of skill in the art recognize that

a vari et ylof il %B%Camawn&@f%lfwfe&%@taﬁ BEFr hyalrep ) élﬂted prior

conpounds Wi tafy JoBGeS MBI iSlefllato Q@@@ﬁﬂaﬂk’%ﬂ%ﬁﬁ'&@c& hyd 4. Yrigs, the
correspondi ng peptide conpound but with nore favorable activi &% than
the peptide SéoHpBLrReinPIeiedpetand Bissdhons Moy Plasladpiolymesix gndays
suscepti bi | i thl évﬁnp&@ﬁrﬁér}y S’ﬁ?e @agraﬂé%%@r(})ﬁﬂ@m 3§@(§1 /lIcorBo%ﬁ_e’f)Hb@aompounds
Morgan, et al Rep. . Chem, 24:243-252 19’89
fol | owi ng desemq‘:a@@ﬂsmmmgf ¢1mplabn@@1&tﬁkﬁgn @)éﬁﬁﬁdd@néman@swmmwasm
at the N-ermigale t@[ﬁ'e'&?ntgﬁ gHB ob Fveﬁ:a U0 a?s%'bl?%%%org»'&@l%m B OR
changi ng one or nore o ?’nollnaesmthe 'de to &
non- ami do | i rtkcargemmaitre&pemaqgthtm@emtsie@@aipqmaselw\«md@tateriﬁrceum@@dcwls that were
gg: ]‘:: gg{: ggsu G018 cCOUPIET dofoP el OBl AE-COMROHAL, R EbMELY LEE- 9- -
compounds were very similar indicating that in this model there was essentially no

difference between the two test articles based on these endpoints.

30
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the C-term nal carboxyl group and inclusion of a -CH2 -carbamate

| i nkage between two am no acids in the peptide conpound). 1.
N-term nal Modifications The peptide conpounds typically are

synt hesi zed as the free acid but, as noted 15above, could be readily
prepared as the am de or ester. One can also nodify the am no and/ or
carboxy term nus of the peptide conpounds of the invention to produce
ot her conpounds of the invention. Am no term nus nodifications
include nmethylation, acetylation, adding a benzyl oxycarbonyl group,

or bl ocking the aw RO pafgtmﬁe#in%%q&egb@ I OCkI ng group containing a

car boxyl at e functi'onal , Where Ris 70sel ected

fromthe group consi st, acridinyl, steroidyl, and
simlar groups. Carbof? ?gf%?%%ggwggsﬁications include repl aci ng the

free acid w t h a fﬁrﬁﬁ?@%gﬁoﬂﬁgr UC Jran, oL Iqie%ne cd by'&rﬁgsﬁéa?m %%dsang

car boxy term nus ural cons
nodi fi cat b onkneaynan &s artefr Bzedlpaebbyesmmﬂlandmﬂlsuld@pmlsd«ysd:}atquﬁg ,The standard
acetyl ating,

di,ng .a, carbaben ng .a,succ
group, etc. {ngl(f!xgds 1901ude ex&]gm gg)ﬁlwé? sg{f‘l%’sm igalé§0?1§1 p%s&lsg?tﬁ%ﬂs me%hods,
Chem stry anﬂa@mmgcdhdsms@mr gflassﬁhholadon S)Mﬂiems hnd Meenfboiyesbolmbindéd hvaed. |
John Wley a Lnc. |f| term nal nlno
group can t hge%hnﬁ Og?e%ﬁ‘?t et grr 18ll)di 0 %?‘ @é?#}ghﬁggﬁ\ ’B%OY\E’;‘?TE‘}G?) gpin
the formul a Refddde -OnMotia phdse,itise @Sth@is@sf ils Eﬁﬂ:aﬁ@&i&ﬁm@y‘:ed £aetthO0-tanliha) an
acid hali ge q%gﬁ¥nnetr c _anhydr ] Elcall%ﬁ t he reacti on can be
conduct ed” by® hedepiity Wiig at 28 WW@PQ OtesFed a5 $sSUH Biiftding gagrial can be
about 5 equi yapeed, $Jr iRkanad) b?@disﬁhﬂﬂ@kﬂe@@qu‘iz@d hipBa-RERL L6E td NcBfonb@ktated
di luent (e.g dlchloronﬁ%hane preferably contalnlng an excess

(e.g., about 1’6@@ gr)as%for ab@rgpyc}rglllag;mgﬁ?% Ong pR¢h ¢hdoromethylated

di i sopr opyl efe@i‘yihﬁi@ld@udeﬁ B GERYARISIG BBABSISk- gspgt@m&a@ufatd‘ﬂgs chhmond
reaction. Reaction conditjons 5are otherw se conventional (e room

tenperature FOr SOPHPRRARDY OfVQFﬂay/filaﬂnaﬁﬁh%ﬁeswﬁéd&tsgﬂtﬁfiﬁaﬁoawisw £l
provide for andRwed. @&A@Mh) B¢ §$Bb$i966}“Ttﬁrbef1£?1|yhr?%gn@ﬁ%ﬂﬁ@q’9§iﬁ R pafh an

acid halide as descrl above provid am de roup

of the fornuﬁeécqr@é@yﬁmﬁaamhwrﬁﬁmﬂt Gh%rqﬁnan%l@&(iﬁ?maé ig perapeisiplly

reaction w t By, 3MacHBh Bttt adhidehen@®SmPEPAS Kito @Ilépﬂrtﬁ’g(ﬂmcﬁio‘ﬁde form.
equi nol ar anopunt or an excess of succinic anhydride (e , about 5

Thus, the peptide compounds of the invention can be pr epaucd by coupling an
alpha-amino protected amino acid to the chloromethylated resin with the aid of, for
20 example, cesium bicarbonate catalyst, according to the method described by Gisin, Helv.
Chim. Acta., 56:1467 (1973). After the initial coupling, the alpha-amino protecting group
is removed by a choice of reagents including trifluoroacetic acid (TFA) or hydrochloric

acid (HCl) solutions in organic solvents at room temperature,

The alpha-amino protecting groups are those known to be useful in the art of
25  stepwise synthesis of peptides. Included are acyl type protecting groups (e.g., formyl,
trifluoroacetyl, acetyl), aromatic urethane type protecting groups (e.g. benzyloxycarboyl
(Cbz} and substituted Cbz), aliphatic urethane protecting groups (e.g., t-butyloxycarbonyl
(Boc), isopropyloxycarbonyl, cyclohexyloxycarbonyl) and alkyl type protecting groups

(e.g., benzyl, triphenylmethyl). Boc and Fmoc are preferred protecting groups. The side
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equi val ents) can be enployed and the am no group is converted to the
succi ni m de by nethods well known in the art including the use of an
excess (e.g., ten equivalents) of a tertiary am ne such as

di i sopropyl ethylamne in a suitable inert solvent (e.g.,

15di chl or onet hane). See, for exanple, Wl lenberg, et al., US. Pat.
No. 4,612,132 which is incorporated herein by reference in its
entlrety I't is understood that the succini¢c group can be substituted

with, for ex4Bp FEOEG%?I“%%}O”BFemalwt@?}tﬁig’ﬁl?& TPERIENE ARATSCIY! 8 OB dEPRE B8 in a

convent i onal dd¥esEbn bﬂh@ﬁ@iﬁblﬂ@mﬁr@‘é gb b ABHEE LN, dﬁle@fdetcﬁ%ﬁn
N-term nus of the peptide. Such Stituents are prepared b

reaction of BfOlegiRsEr %P@?Shbwetnﬁ‘f%ﬂ 1&0& tf@@awa%@n fahq wnthn%s piethBpal

descri bed bypMakd £ARQESG reRlioPdond ts are
prepared by Er)f‘:\ggctl on of IFIJ? IlIO O?hmﬁ%mg?ﬁgﬁcﬁ;g§%éa%§% EH%{” S as

defined apove; (W sid@ chak ﬁf‘oéc@rﬁg’&éﬂp@ﬁ%f %ﬁ@lﬂﬁé rehbk 3/ raﬁ?/lsﬂég%tytl uted

benzyl oxycar bonyl - N+ - group by Tteaction"w th appr

equi val ent aWddmensi. &3 %X]éleégﬂdmd &BAlich@rolanzy. Th@'@%@h%y IPW@@E pronl
chloride) orgasgybeiiid tne ﬂ £ B4icnfolobkit g@ n%'cﬂgi %&g? aﬁcpr%c}ohgwl UG RL;at Bnlh -

di chl or onet hane) preferably containin t'0 scavenge
the acid genepi&ei eenps iy Thhendrsabriudnacetyl, beapyk Ultﬂotlemka/dwvrhoﬁabﬂndﬂ

group by reaggi ) 5
Qaui val ot o) 5 RHloRgp BB af Bl 15 80 IRkl AR RIERRSnd S beni]
(di chl or &fhetﬁa:rﬁeqedlmn@mﬁ&ﬁ@ng giohgs fbmminraﬁdeaaﬁﬁmé‘oéyht’bsa%ul f onamni de
‘g’;‘gregs Rt 'Gf . f‘éadrq;ﬂ;%% k}ﬁﬁgcafo%ﬂgl%es nsfugé%ﬁ \@’1 Sé r?{ Bol. S”rﬁ.é Side ¢ VSO SYLRIS
di i sopr opyI elfohyj/samln@ Cltzo2-$hlam®ergglokherbaay1dzg?elaiébzatzelﬁfoﬂhubanmgoxycarbonyl
reaction. (?cé tg% Igl ons are ot herw se conventional (e.g., room
t enperat ure hult es 5(e) to forma carbamte group by

reaction with an 1 ess ( UI val ent s)
eact on wLh A S0ELAE AT 0 A0 SF SRR s e VAL A
(e.qg., di-‘chl@iCbraEtdwapieq sttp)vmfdmﬁerdamteldeardeerm ev@lessamsm pucﬁtéanec&nuno acid is

carbamate where R 1 d%%h%gal ned.. bQH_e Br %ferta% ucg}he inert diluent
contains an SYCAsS PO TR PHIUR AE LY F Fertiary am ne,

such as dii stbgmmhy}tyédahgddamdaeéDCC;DmSOmuang@ canypladh che@@rReE atlettiedur i ng
10r eacti on. {839 I ' ﬁ’:tlon Q?rvm se conventional (e.g.,
room t enpera é o %W? Orﬁ'ﬁ?'%dé)(ﬁ@ﬂ rf to forma urea gr oup by
reaction with an uj Nt anount, or an ré
of RN, - 0 i 1 4SSl AR PR RSET Bote spo e Py s
convert 2{15 dehejpﬂe@rfmrmaab raam mppamﬁyareatmnmtl( 4 re@gent RNH@( ﬁ)zﬂﬂbi‘oa()etlg BEH pr
where Ris as defi ?% Pref er H uent .contains
an excess ( Zhyé‘mge% ficR il)ea’ iR bﬁ?t (W?y 31%8?8 e ’E%’Pg‘? %?IV R, UEQE%CI?%'ES
di i sopr opyl eetlhyxlnam’ﬁnlgelde Re;ampno&mncgcgampts | Whsh tAd ehlebheihwa&e r&any asdd| onal
(e.g., room ty%{g%e éol%{d% JCE%&&%?’CSUE'[S in theni'lormatlon)of the free peptide acids. When the
benzhydrylamine resin is used, hydrogen fluoride treatment results directly in the free
25  peptide amide. Aliernatively, when the chloromethylated resin is employed, the side chain
protected peptide can be decoupied by treatment of the peptide resin with ammonia to give
the desired side chain protected amide or with an alkylamine to give a side chain protected
alkylamide or dialkylamide. Side chain protection is then removed in the usual fashion by

treatment with hydrogen fluoride to give the free amides, alkylamides, or dialkylamides.
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202. C-Term nal Modifications I n preparing peptide conpounds
wherein the Cterm nal carboxyl group is replaced by an ester (i.e.,
--C(0)OR where R is as defined above), the resins used to prepare the
pepti de acids are enployed, and the side chain protected peptide is
cl eaved with base and the appropriate al cohol, e.g., nmethanol. Side
chain protecting groups are then renoved in 25the usual fashion by

treatnent with hydr uor i t o .oht ai n ed est

preparing peptide c‘%ﬁ R%@ gﬁ%FﬂmFH%p%¥? Fﬁfﬂ Wﬂ g?%@k? eé?&ﬂ% is

r epl ﬁc ed Pydfmuﬁezedncdﬁed BY{cBj Nmrmtemﬁmﬁzﬂydbmaawﬂ@}gr S@ld’lPia?‘e mﬁe«ﬁ:
as the solid_suppor ept i esi s on conpletion of the
synt hesis, hy¥t %Sr&’i“{]g‘i)rflpﬁge F’gg%ﬁ: oopnys | gase t he peptide from

t he support results difrec t he f ee peptide amde (i.e., the
C-termnus 30is -- C(0;BNI§W Lg}ﬂ ‘&é’r“?‘i’aﬁ‘i' ely, use of the :

O B e B Rl OB Y B4R St o
the support yihel s thh20 faneelpeptirde, @nbtdelyantodeeaatdotRidateusfituted at

al kyl am ne or a dlalkglanlne |elds a side cha%n protected al kyl am de
or di al kyl anP#e(% %6 wtpﬂaﬂ@stOéﬁw He GogPoUndEPOYRIRF HHer e R and Rl

are as defined above chain protectio s th renmoved in 5
usual fashion by t¥% QPH? %FPHWHWSPgﬁgﬁ@ﬁC@&LFH%“%E a?#@e?ﬁgy?W@‘m
am des, al kyh;ambdaas (o@D AHifd ¥ydsawithl @er side chainf if@dhc@b®P pf)ipd dugRad he

peptlde conmpounds of e invention, or incorporate a desam no_or
descarbo£9 ré@Wd@é@%@k¥H§m¥%4n§hﬁlhﬁ?“@mgﬂ Kol FEIED ABEEH Y SrSgt iR de

there is no tglweaky BHWRO aREX1G BYRONY barlkixQ URd the Qo Et8aRAvatives thereof,
susceptibility to proteases or to restrict the 10conformation of t he

peptide conpdithith € tefninamerhsied hleéﬁa%ﬂcyg#coi&ﬁftwlﬂf REOlpe praless in which

conpounds of gfhg @i&@@ﬁﬁé piloNNERE AN biRGEIR AT bR 88, bOVWREMSdK¥dn,
am de di (| owner aF . lower al koxy, hydroxy, and carboxy and the

| ower ester a@«?waquv &3cliqyspEsran ‘a?rfétuffﬁfél %H&W@%@P%ﬁlﬂp%ﬁuﬁﬁ% 5Bl e
salts thek eOfaromaPc &b ot ik Ot R Ak %%?@@et‘élfébﬁf S5 oY n@ret rﬁ&b“geﬂa'

nodi fi cations, the peptide 15conpounds o he invention, 1 ncludi ng
pepti doni met PE&EEN, @AHORUREHE lﬁg@@%@ny Fyemplseipf sugl xpipshingrdechy Birasanyly

coupl ed to ogg 1@&11&3261%19}1pﬁu%’e%lk?h&ﬁd%hh%%&ﬁ%d lcxs&%é/ﬁlegx%xphbﬁmh?ég

been found that when the ) s are derivatizé
hydr ophi | i ¢ poipparo), axkhedtyl. ppdregiil (a8 lpmgraginyOupbingridyh(erzal fifefigds ar e

Locbrmr Snod R SFAIOOREREL bl R el ol AR R B,
act i vi ty 20Noppioideiyhawediggnyp 6l g reysolslinitlabyeotingh pusa@yl thiseolyddneely!,
with the pr e.ﬁ.g E 'tl‘pé/ rg}hpcicffﬂ]y %l %ﬁ)?ﬂ()(l#?‘l ?cﬁy%d%%zq ycoF&qle%%CyChC groups

pol yal kyl et hers”as exe éne g
polypropylenewgkycbmwmwahwhawmuuw@c“@mepgﬁmghyn@ﬁﬂm£QGdebmmmntambe

pol yoxyal kenge,, polxviiwla! 5000l o RALIKLINLYLGLIAGNG,, Cel T ul ose and

cel | ul ose deri xtr fan deriva etc

Coneral ™. S kg 6 91T . 05 e gl o
pref erabl2y f poospiadogeitonsd300st . @bmmartuoet@méldahmommi Mnalipmd\iémmmrye
preferably, fL 6%%{?93514% ’ﬂlglg £:1t9@6 %bOHtothe rh&g)odsc}grl &%%pp dfio (Eenvi(ﬁwes of the

enbodi nent s, rophi yners ave an aver
wei ght of abomﬁpdﬁnﬁ}ﬂﬁ tMrbmmnveﬁﬁQ@ﬂ@ddaﬂﬂiedﬁlﬁHamd &0).Riocidal. I.ons.

Th tid t be derivatized wth .
coupl od 10 sCRRD par S oSl okt HE Bemge sh o pamatsruho HEEE Cefbote R busis
Zal I'i psky, Sto pr8iecspiidgaingiichem sim@aliflogical activity.
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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 WD 95/34326, all of which are incorporated by
reference in their entirety herein. 5ln a presently preferred

enbodi nent, the peptide conpounds of the present invention are
derivati zed wi th polyethylene glycol (PEG. PEGis a linear,

wat er - sol ubl e pol yner %ﬂymlﬂﬂélﬁwﬁi% repeating units wit h two
term nal hydroxyl gro fp PEGs are classified by their nol ecul ar

wei ghts whi ch typThess sipkillinde airespgaiboiat a0 &F feehriqtes aunyaiableo000

o s ! SRS tPtl e, AR TR A v

dal t ons. PEGsoicsopnstiod pemiide hempaptl buievidonpo trvdsbisfact vity tharetbe ptptide

Vot ardi i Corsos e ERRORRNR, ool PR B e By eivinds ar

commer ci al I y paneaiysiabBe, far exanghe Mwuginget aPoAx}leep; MddnEherg HanD43+232 @989).

Al a.) (now pa :L}BNE t.ar Ther i CS cal
Co- b ot hor e BipAE B AR ke ot hab s ro il mp MR A BER o
nononet hoxy pednyiatiwlisngogd, el - efiveREE Ok, gronp ot hmngmglo;aebhytb@rmeme
gl ycol - succi nat e PEG S norret hox |
1ol -suoct AP AP e eelBY Repelae Rilef e ¥ bR oy Bt ginasie
gl ycol - anfbne sﬁdlfbeeEﬁchﬂrdﬂl); pammmnﬁtemmmapdapﬁeé b{}th{ﬁiﬂﬁd glucend (e d. &Sc)dlﬁﬂaaon at
(NEPEG. | Ny S50 FERPY P s G RGP HEE of THryr BHE [ REvp BTy oY
which is errpla@y@dmdgmghgp@E@co@om@f erably capped at one end by an
unreactive group such as a nethoxy or ethoxy group. Thereafter, the
polynmer is activated at theg rtdiafingNdodiffcatioacti on with a suitable
activating agent, such as cyanuric halides (e.g., cyanuric chloride,
gr (r)]ml de or fl uori’ﬁ&)p,eptgieicmﬂﬁlﬂidetypa:ml}aﬂghyﬁitﬁed%d &algfﬂﬂéehz(cgl@é,,as aoted |

i ha osu |n|c an ride a ronopsucci ni ¢ an 1L acy
oo e b8 b BB PR b s RO Ao a3y e Thotity i kS

2- hydr gxypr ﬁpw@tcblep;)y t@imelnishe tl’ael plé]?mdegdaelpaﬁm uiathemvaaio)ﬁn@proaﬁcetdﬂemd
reacted with a peptide conpqund, of the present invention to produce a
bepti e compGH Rl i FBG0in; A8 SO PhERa B Rae B or
functional gaekation, ddhﬁc%@ﬁzydﬁy@@mwgad@ @ffbiécikﬁlgltﬂé/ﬁﬂlhb@ﬁmﬁﬁl@w@tﬁ any
activated for reaction with the or the 9\)2roups can

ol
joined in a CHRURE &8P %‘@@Hﬁ%ﬂ% é‘ﬁetff“b(ﬁ‘oﬂféll%%ﬁ%ﬁ% REGHH M}@F‘“«Rls

met hods. 2bt  Wibdied¥Raf @adioky c@@ﬁh@g:bﬂ{aﬁlﬂh)tl %Ildﬁl?lestelﬁﬁﬁzﬁ Il siGRRPQURS
of the invention can be derivatized wmth PEG using a nyriad of other

reaction sché&fPexkREWAUSTBOGHRIARERCIPAP reerdns 1B (reqclq witha paykogmide group

Wien the pepbi fgnize mafaue U] £ Utedatpeay teZBRuNoliRrRubyY SueRk tbdsaints.
polymer, their solubility and circulation half-lives are increased

and their i MuNOgRAIGIWhiiS iREEASE k. a@?é&ﬁed‘ %%@dﬂ%l@@hﬂ%ﬂa{mg,
acconplished with little, if any, loss in biological activit
acetylating, adding a carbobenzoyl group, forming a succinimide group, etc. YSee e.g.,
25 Murray, et al., Burger's Medicinal Chemistry and Drug Discovery, Sth ed., Vol. 1, Manfred
E. Wolf, ed., John Wiley and Sons, Inc. (1995).) Specifically, the N-terminal amino group

can then be reacted as Tollows:

(a) to form an amide group of the formula RC(O)NH-- where R is as defined above by

reaction with an acid halide or symmetric anhydride. Typically, the reaction can be

20



preferred enbodi nents, the derivatized peptides have an activity that
is 0.1 to 0.01-fold that of the unnodified peptides. In nore
preferred enbodi nents, the derivatized peptides have an activity that
is 0.1 to 1-fold that of the unnodified peptides. In even nore
preferred enbodi nents, the derivatized peptides have an activity that
is greater than the 10unnodified peptides. D. Backbone Modifications
O her methods for making peptide derivatives of the conpounds of the
present i nveetndusteddryecodiastowiabewd efrimplanibnexcess ampuns (Bigo ebemt kqyivalents) of
268(2):249-2 i PO . ' Yy et T t he
pepti de conp%ﬁ%%%éﬁgg?HgyﬁﬁégﬁbgéﬁggpgggéQﬁgém%§£§§§8%ﬁaP%Eﬂ%@%ndels
f or non- pept cahitainicpapouesd $.q dbhutsiOrnhizaleds)of o gricay aramt, sutti 35. Those of

skill in the ,art recognize that a variety of chni gues are avail abl
For const ructTRGCRBTBAAAGE Bk ehLekRetpdhed BHs R Rifp Bt Bondlin®
bi ol ogi cat aatiothetwiseadnidudoha Ged:. [Fo@h totieeanpiod B0 mihutesyWAlky lainhef the

favorable activity than the | ead wt ct to.solubility, .

St abi ity - Al EHEE PRy oT o Ryael SERE e g By siebtionggh en
Morgan, et ahcid A as RR@ibelBbve Glieplovidd for 2ddk A 2dide @8 of t@Formula

i ncor por at ed hgiein by reference. These techni ques include replacing
t he peptide B5EW&ne with a backbone conposed of phosphonat es,

am dat es, carbamates, sul fonam des, secondary ani nes, and

N- net hyl am ng aci ds. .. .. Suitable reagents include, for_ exanple,
am no acildl afAfvi§iree sHeEVRIdA SioHR by SABORVTIOGHEREC HRYEKE- ARPHE™ a’t d has
been repl aceghyidRadly¥Riilolar SHblRB! £ ks H0KBNE a8 ef (slhavshabove

| i nkages. ~Simlarly, replacenent of an am do |inkage in the
pepti de wi t hediyiratsp FarPateEPlaypkangehecpnp 81ouR Riceveted 1? hhalcHaRNET Pl et
forth in U Sp.Ratemn BRYn ivind2Qinkhai@nth Re 824 3685 (éé]ﬁeﬁb@%a%%&é%@ﬁa of
which are incorporated herein by reference in their entirety.

Di sul fi de BofftiaRorivae Fish aTRissoprorpeihriasingfn & fitable ESESOVEHIRAL | on may
exist in Cu%mb{o%{itﬁa%meﬂ fobe@hpleN WoRBRIeRC b AT U B4 1b.d651D998 which is
bet ween the t%lo groups of |nconQrate cysteines, if 5 present.

Al t er nat i vel jncompraied hereidiyaefgieage idits entietndt is o pdprendipa the fecinipgesp can
groups of th i r d i: i per) r_ hi gher
o1 gomer o) o a g R B ARl PPk QU Bl Bk BTkl £ 0o
be substi t ut ezhveitichalandnosrde provide fas subgtitulgdish¢anpmifkhat he ptiedeineorirunds

of the inventi f . Lt r I t - :
10understandpﬁga%%§ab?§ 38%%%?“?%%Sﬁﬁgé?gg?gﬁﬁﬁfﬁg?§§§?B@“S@@fﬁﬁ??on
of the mafy feotiodsintivougher deecribed biuBhbiebernd abesuprafahd edBedbdtiyuents e
production of .T n | -or__bi.nding. pr ; . r {

pepti de corrpBﬁH%fs% gylr%acg]{aggl; lﬁg@%‘ﬁ [?alrﬁé1€ﬂ4g Q%E%evﬂ%%z%ﬁtalg% JLr(E)g"td %é(r%}
conpounds that bind to and activate the TPO R, because the present

peptide conpounds provide i ort_m%ﬂincor 1 on,.the relations
bet ween str ugcbl lLJCf’ @Il‘g ﬁl%&t}fgﬁ)ﬁ(% ;?n{dﬁ\é_{ or subrsrtlzatuteg genzyloxycarbonyl%f—l ré'(cﬂlp%y
reaction with approximately an equivalent amount or an excess of CBZ--Cl (i.e.,
25  benzyloxycarbonyl chloride) or a substituted CBZ-~Cl in a suitable inert diluent (e.g.,
dichloromethane) preferably containing a terfiary amine to scavenge the acid generated

during the reaction;

(d) to form a sulfonamide group by reaction with an equivalent amount or an excess (e.g.,
30 Sequivalents) of R--S(0); Clin a suitable inert dilvent (dichloromethane) to convert the

terminal amine into a sulfonamide where R is as defined above. Preferably, the inert
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15shoul d facilitate such devel opnent. 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 w thout nodification or can be nodified
in a variety of ways; for exanple, by |abeling, such as covalently or
non-coval ently joining a nDiety which directly 20or indirectly

provi des a dgiectable Si ¥ of theselas ¥ , the materials
thereto can %@agﬁeé %@?Mﬂﬂ g Eyp SWCﬂWH?WE éVmPossibilities
for direct | &Eb@bllopgethjﬂl@ﬂnﬁﬂﬁtds&b@rhgeglﬁdmmsgeﬁét@tbd asingrafbtioh Aed:Sn SOt RS
125 1, enzynes é . Pat. . 3,645, 09%% such as perOX|dase and

al kal i ne pho%fﬁﬁ L CO&YFdlt‘PF%éer%s‘S%rﬂfenT pere for 80 glinytes:  No.

3,940, 475) capable of nonitoring the change in fluorescence
intensity, wavel ength shift, or fluorescence 25pol arizati on.

Possi bi | i #i e&) fodPrmi fEHPERAe BgBRPY f480UOR BH @R CHHIGHIN gINat ORaTSKCesh £-8- 5
constituent Q) QuedoMDy.- BERSCDG: - %@M)@CQH&M@?Q atsgut%]@mglft afldge @ove
| abel groups. The pepti de conmpounds nay al so i nclude spacers or
linkers in caisdgrostiipes) theonyerpti demiehiioimiay agabanmichehct R acliddiined a
sol i d suppor fpye. PreferabIP/tH @&%ﬁﬁllualﬂgéo%gmﬁg %J&%Eg (e b'a!zév}tx(}{e uﬁhé?&()ibf’ the
TPO receptor, the peptide conpounds of H pres I nvention c %e
used as reagtriy fone, défthe@tdlllﬂgilﬁpl?@hy@@@lm t@rssa\@ngd 4ﬂ\7|an1@ sewdritgd duringed
cells, inybi o S

nat ur al b| ol %Iéciq%gl ﬁl?%:fué{rr'h%ﬁuuohé‘a& r e&?é@%ﬁﬁ&%ﬁ geygl rgg%l? pe;ﬂhﬁgf% 30
pepti de conpuoimits); awhe can 5identify cells having TPO-R on thelr
surfaces. In addition, based on their ability to bind the TPO
receptor, the peptide conmpounds of the present invention can be used
in in situ stfpioripmgs wPAGSLp bY veriescehce cadtilsmbadunel bn seesi(hg) 5

Western blotti n the| ilit

bind to the HOHEBEHSEEED pasRil ha b aRTER, Pk sinalg gy Lonter°

i nvent i ons cathe pemimbaninnintes ept (., BOHHORET- parouowhdra Rpsid defihatigaboed. | s
per moabi |1 2ol by oot e Gak Bl s BottRoC oo T HE et

i nventi on cammiat,socts diitdpro@ethdsnioo RERLoh adnditRagen shefwite abardntivgal
medi cal research an dla ti S. Such uses include but are not
limted to: ?ﬁ%fﬂg% 5??& ?r &%#?@W”? ghdard for quantitating the
activities of candidate TPO agonists in a variety of functional
assays; (2) use to maintain the proliferation and gromh 5 of

TPO depentlent cell |ines; g£3)-TespinalMsdificedidmsal anal ysis of the
TPO-receptor through co-crystallization; (4) use to investigate the
nfﬁhanlsn1of EPOIspgmammmm@ﬁ&ﬂmmmbmnm?EQem&3%CaﬂﬁmM?ﬁhﬂﬁgégﬁﬂ;ﬁSQﬂmmd
ot her resear an i ag cat j ans erein the rece

s o ef or abl §7 MCRe ead oo S RBEE F BuderBi S8 RoHO EPeATTYP ERThPS e
agai nst a knpaprideatadatard ymmbyed, EhB@eagrhah proantkdipagtidelik@eaved with bddd@nd
Ui Ero expanoPBRRPEHATiEEPY B ay Meeiic LTOP TEGR e FRuPhFagenrTared i
both in QG@nJ ﬂh@ﬁﬁdqoﬂsf}mmb’y@éh@hc_r édglﬁifﬂahlycﬁyéeﬁlfhlﬂﬁge t/@gabgm?)ﬁl@%heﬁml See,
e.g., DiGusto, et al., PCT Publication No. 95/05843, ichis

i ncor porat ed herah@H@#ﬂﬂﬁk@ﬁ@ﬂmﬁmmﬁmeﬁﬂ&hﬁﬁﬁ@@tﬁﬂﬁwﬂ&d&ﬂ@iﬂﬂupmrqﬂmmd

t her api es ca thro i illing ther d vidin
e o Bo B s e SRR Rt errind Fosin S atpae heiahsmbpodt B
therapeutic pdpaad SRMeSs CRdnabaflei@bIan syditaesﬁwHﬁﬁégeamoﬂaea@a{nhénytoqaease
the immture, |ess nltotlcallg acti ve negakaryocyte precursor cel

Thus, anel i ot&PFRENE P RS UPRPH FRBYEPHERYS AT &eﬁvemdem%l ‘?:dh?)@d%&%m@f

the presemt [sNXRONIY). LemdiRpait 6NEL HNomBihYRicA 9659@&df§1%%§ptﬁ9§ nthesis
chenot herapy or radiation thefapy with a popul ation of hi's or her own

cells enriched for negakaryocytes and i mgature precursors 30by in



The peptide conpounds of the invention can also be adm nistered to
war m bl ooded ani mal s, including humans, to activate the TPO-R in
vivo. Thus, the present invention enconpasses nethods for therapeutic
treatment of TPO rel ated di sorders that conprise adm nistering a
pepti de conmpound of the invention in anounts sufficient to mmc the
5effect of TPO on TPOR in vivo. For exanple, the peptide conpounds
of the invention be.adni ni st ered arie

et of og1 car B S REPEush Tt RYS B Probe Fineltpo et Brsidg from te
di sorders anghphdit geRoty freppditide aprle hidrehddioh Withae B YRG0 o b &chiidnfine
bone narrOM/transfu5|ons radlétlon t ﬁé@ﬁ @ g chenpt her apy

I'n sone enbolififehtide drin picsizd aliofiimpide o AP G §]Eescé€r16”rb‘|sé§f érably

first 10adm nicHNRREEHER RPAH IR Atcshs UBGIRA GRivBY SEBRATE PRKERAYN fartherna&h@xeu an
therapy, followed by adm nistration of the TPO agonists of the

i nventiond the usuah‘ﬁaeneb‘w fFaimenp itk Redrprep finerdiedd giye rdeceamiqaielpr aade
i nvention caa{ﬁgdﬁﬁﬁhggted either in vitro or in vivo in one of the
nunmer ous nodel s described in McDonald, Am J. of Pediatric

Hemat ol ogy/ Oncol Qﬂ%,ca&éiscﬁ &%ﬂrze(tﬂtg?e%)ade Mﬁ;ﬁ)hﬂds%ftl'ﬁ(i@xfeﬂﬁérﬁ%?ﬁc ealeﬂera by
| 5reference. According to one enbodi ment, the conpositions of
the present flasuming PodesearoXysesidup af the teprpigi ol Wap%mﬂeﬁ%ewéﬁeﬁﬁwéthm is no
associ at ed vwer&p QR JTRICEBYL i & Rﬁ&ﬁ HELQaSe su@ecahemﬁe ;daegewm Qtrict the
chenot her apy ﬁe pepti de co nﬁou ds typically w B adm ni stered
prophyl ad® i cedafarmpdnor thecpe@h@rmmemp temdaléchaﬁnaﬁ E@paw theopepBéhe
mar row transpl anf,, Qr, fﬁufe% sert R ARGNARRYE e, amide 10@9&5951%9!63@10&4@?
pr esent i nvention al so provi arnaceutlc osi tions

conpri sing, alkylhrhomtalkvey,hm@peduaedwarboav, anéa@tiomesterf deriyelivge fieregd and the
conmpounds  of %Q%m%ﬁ%%ﬂ}&%g%MﬂeQ§§9ﬁkﬁ§'On wi th a pharnaceuti cal

carrier or dffuent t1de conmpounds of this invention can be

admi ni stered by qgg&dmmqmw ‘F%f“@‘%@‘h £d ALEAES Glhi@ations, the peptide

i ntraperitoneal, I ntravenous or su cutaneous injection),
i nhal ati A (wnaaoancfsuqﬁémmwdmn fml‘uﬁmlg@@@t@nyumqucewgme&mﬂageonelgéf: modified

vagi nal . rock il or 8o DALl d 0V B8 o s HELNUSEEAL B pBRRAT e

formul ated in d0SAge ns" appropriate for e
admi ni strati tmn f@eé thag when, th8pentidt edmpourds 2ad derivRETd Prith erydieplilic pelyinen

No. WD 93/ 2522 P

94/ 17784; an ebs? ik @fﬂan%EEB?E%ggﬁgéggéﬁ?£%$§+ﬁ@%ﬁ@gwh%%gmggés each
of which is imded p’ﬁiﬁeaﬁ)egoshgcmw&wmm@demwuﬂe if any, cfsmimmr@msaagmr
forms for,.oral .adm nistrati on |nc u il

powder s, “8n gi?ﬁﬁﬁ?ggy}%wpg TR yﬁ%%aggmggphs g&g@? J%%ﬁg%tlde

conmpound i s @ﬁﬁhkﬁdmmmﬁhmhﬂeSMEashmﬂmmwﬂmepNyﬂhﬂeﬁamem&xwmwﬁwdby
acceptable carrier s rose

e ar BT Do g PP bRB g ARR 3 medhc S PEP s helior a0e o

other than i ﬁ@%@xyﬁlﬂcb%@%@vu@'l@ioholl pﬁ)y\ltl)f,}aiﬁyrmgd@gemnzlosemh caBulmgneS| um
stearate. In the.cas sules, .tablets,_ an
For s rmy ol S6MEBIFEEE R PRGN e GBPRLE gL SRR

addi ti onakl y hbe aphepadeechlslah weighehhgnCOGh bRES 500 to about 100,000 daltons, more
preferably from about 2,000 to about 40,000 daltons and, even more preferably, from about
3,000 to about 20,000 daltons. In preferred embodiments, such hydrophilic polymers have
an average molecular weight of about 5,000 daltons, 10,000 daltons and 20,000 daltons.

The peptide compounds of the invention can be derivatized with or coupled to such

30 polymers using any of the methods set forth in Zallipsky, S., Bioconjugate Chem., 6:150-

23



10Li qui d dosage fornms for oral admi nistration include
pharmaceutically acceptabl e enul si ons, sol utions, suspensions,

syrups, with the elixirs containing inert diluents conmmonly used in
the art, such as water. Besides such inert diluents, conpositions can
al so include adjuvants, such as wetting agents, enulsifying and
suspendi ng agents, and sweetening, flavoring, and perfum ng agents.

15Preparatio 1g¥eINieTo IS i i r r ,
adm ni strati 2%‘ ﬁﬁ%ﬁul\ggﬁ%td @giclt’ ge %'qggggﬂﬁ%‘?eﬁ%ﬁli’ggéﬁzéou 1%5531 U ]8?%SNO
suspensi ons, 4640,&fuls). BrisNo. BxmeRe:9J.8f Pandvv: 48Uk bids Ush[Pae Mos4,670,417; U.S.

Such s of | vERONT o Aok e NI EL Y R Sl T, O

est ers such asorptingll bpteéatiee iiSteihedbgggacihor s may al so contain
adj uvants such as preserving, wetting, enulsifying, and dispersing
20agent s.5 They Yy apessile pididrmddmibydimkot the yapge eompduhily @ftchOfedehr ough

a bacteria retaining filter, hy incorporati terilizing agents into
the conposi t I"SHEIOM Ay FPY a&ida‘?%lile}tﬁéﬁ%%ﬁ%@?%@%gébd?ab?‘agaﬁé‘éﬁt‘?rﬁ%mhﬁe
conposi ti onspoli&ws elpledd G@ielepcampifoie tvith @b WEhing Skl oAl IBIGs B¢
sone other sterjle injectable nmedium  jnmmredjately before use.

Conposi ti onsdf‘%}hegg}if {F Trecyi gy Hghts g’}ih‘*‘Hpﬁphf@&fl'%éb‘ﬁ’rté%gﬁ@wm

Supposi t or i eshodbyi00RaEEY. 16 @ Beddilly prdferdfdtnibb@RekiOmt PE@CHWSed have
substance, excj pients such as cocoa butter or a su{gposmor

Composi t 1 bnsTPISFIR AL GR MR G049 AR A8y 200 endaies ERS cprinsdp ed

wi th standar fhe @%@idpt&ilctnd¥RIrkhek AR ihRntidtecaf bl either branchER®r unbranched.
conposi tions _containing the peptide conpounds can be adm nistered for

g Ll . !
prophyl act i c(&hd/LoMIWEREpEutt & BiatnEt Shem.rP:¢hed dBBUN i EECS are

appl i cati oNSgonGRIFNAS) ivh@bE: IS ShAMEH IR0 1dcOrRn R ERL YRl kv §ad Y
suffering froma di sease, as described above, in an anount sufficlent

to cure or abf@aderapaiies @pr Gade. &9t Siene Cogmipl Svsargfothdieompanésisiichnd
i ts conpl§ cabi@NBelud) b@TRUM: Eiﬁqgcgééaﬁl@n(;n%ﬂ%ﬁﬁﬂﬂ%#ﬂéﬁﬂf%g’cﬁl dhipegionsd

as "therapeutically effective dose”. Anpunts ef or this use

wi || depend ®ananpéiogErabretiyens lyetlsuelimia@EPEEnY. mpremashaylypolasibylene
eneral stat . : i : Td1 Lk i nti.on
g 8y sﬁé@ﬁnrﬁﬁ@ﬁl s@éﬁnateb(MePEG @ﬁ%%?b%ﬁg%%g@ﬂg? EQE’C@ P s

can al so be nicroencapsul ated by, for ex Ice and

Bi bi (in Tre@4r&-BH2)appramsthosrpabradydbe gl yoertiesylad (MAPERyiRH) emd,

Var cel _ Dekkefyond thoXOfdelrd 892 iy A A 33t nePEOROK! act i €

appl i cations, conpositi‘ons cofitalning the pep}fl e conpdunds of the

10 i nvenyg on are g SAELASAl SR RALERKIZHSGABLALE i Sfveg

otherwi se at_risk o?&’a parti cufrger dr's a@g.nggcg an” anount 1S defined

to be a "proPHyliapeicrhly opprefifaberte apd byl e witreactive grhvirssugl es a trhidogy @ci®ey

anount s agai é}%f%p e nat i ent...s I and . wei

The quanti ti%(s)ﬂgﬁﬁt e ﬁegpjl%cfe coSrrpd‘ﬁne atrtlg%g)%hgg?@eo oréilél%? g%t i \?gipdtble

t her apy wi | | acepagdeanponchrranyandiif heddente.of . aginoris chlonds, bicbnridp evdlmnisdedf

adm ni strati 2dbAL 96 it %’ﬁ | Qoi,cal 1bstate of th atient,

and ot her ne ?%Télh?s’ a Iﬁllﬁ)r#lg@flee? Ede%ﬁgl}ha rS]‘écgimnceaﬁbngbc%asguézgagsjhoul d be

25  dibromosuccinic anhydride), acyl azide, p-diazoiumbenzyl ether, 3-(p-diazoniumphenoxy)-

2-hydroxypropylether) and the like. The activated polymer is then reacted with a peptide
compound of the present invention to produce a peptide compound derivatized with a
polymer. Alternatively, a functional group in the peptide compounds of the invention can
be activated for reaction with the polymer, or the two groups can be joined in a concerted

30 coupling reaction using known coupling methods. It will be readily appreciated that the
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titrated to optim ze safety and efficacy. Typically, dosages used in
vitro may provide useful guidance in the anmounts useful for in situ
adm ni stration of these reagents. Aninal testing of effective doses

for treatnment of particular disorders will provide further predictive
i ndi cati on of human dosage. Various considerations are descri bed,
e.g., in 90 Glman, et al. (eds), Goodman and G | man's: The

Phar macol ogi cal Basis of Therapeutics, 8th ed., Perganon Press
(1990); and Mﬂgﬁmpﬁusdﬂfalﬁm%lﬁmi @albe Seiativgsyith/MBG &dng a fpuddd of other

Publ i shing Co East on h S her eby

i ncor por at ed” buor“es%e?lgﬁg%own o Q?HBYE}"’%% c?gwgﬁﬂgounds of this

i nvention are eff tiye treatin ondi t.i.ons

adm ni stered at a%%%%éggeéggﬁc%m%ofun%r%% 4 Vaﬂﬁeg tgél Ydmp 'itmhceﬁ()ﬂ(y ﬂ%m
ng/ kg 250f bedybilisgiagdhtirqétion aylf- In?éberesp:emséd mddhmanmqnbmexztyussdecwased

regul at ed by h artlcu ar co treate the r
adni ni stra gh §)§ gﬁg‘lglca‘éé 3 VAR h‘f%&é@ﬁt B¢ Prrd? EH%CGI "h‘% é |Irh| ci an
dependi ng Uppﬁfd‘r@a_ta@absmﬁluﬁxb, t@eSdehmlzscﬁy@nﬂésma@ef art REvieansiis 0.0% 0.0heldge

and general condition of_the patient, and the I|ike. Ie Sol j d
Phase Pepti d&w @fﬁ%wdﬁgﬁ%@ oy 16 o g ﬁ%edpféfthf)fi’a‘%%oﬁggﬁﬁva&z pepifies

i nvention CaRaRensyilifyesd: Zagh wof1061daxawPie unksdingd $dpeddvEmrdved gbe sol i d
phase synthesis techniques (see Steward and Young, Solid Phase

Pepti de” 5SynPF&sies em?ﬂlm‘é@fﬁ’tt'l“‘oq?ﬂ"‘iiizéc} ptiderdiy o aCiRbCREIOE arealpy than the
(1984) and Maphbdifi&l shptidks. AM Chem Soc., 85:2149 (1963)) or an

Appl i ed Biosystens I'nc. Mddel 431A or 433A pepti de synthesizer. The
pepti de conmpounds can he3REERIEDIAR SR St andard protocols of the
Applied Biosystens Inc. Synth AssistTm 1.0.0 or Synth AssistTm 2.0. 2.

Each coupling canober @%B@rfm%aﬁﬁpegx&memgmwmhb ddBbldunds of the present
(2-(1H benzatriazol-1-y1)-1,1,3, 3- 10tetraneth

oxat | o oo e deka bebis o 5 e SAFBan So i P @l (1990), incqppgrated

resin used cageheybBreh&@sThus( Pe PyHie ¥ HBIuRY of the invention also serve as structural
phenoxyrret hyl )poI styrene resin or, PAL (M| |lgen/ Bi osearch), which is
o)

a cross- |lPnké&wd ?}5 %glpx;}rp@ﬁ@orqg@pﬁuw Wil 51 ilar biological activity. Those of sklll in the
Froc- am nomethyekoghiz mﬂlaf’@h&y@ﬁ%&ﬂﬁ{\l@@(é/& Wedi18kIk %r%@ﬁs@lu@d—h@o lrpakr@e with8R

of PAL resin results in a carbox erm nal am de functiona u on
cl eavage of #He ysppiagdesised Fhoéqwal apBvipyeasithe leagsRtide compayk but e w

resin producesgpratRAXMhiCih@GhdhwiiPiegiadbt @tsozhﬁﬁt}ﬁstﬁxﬁw ma%ugtfepﬁmﬁ to
final product. Most reagents, resins,” and protected am no acids (free

or on the red¥diplysiamdrroselysihsseMoraprat Ml.1AanpBeR Mad. sk 245243-252 (1989),
Bi osystemp | %Oﬁpgﬁ%dm% r%'fé&n@@“rh@?e tHéi%ﬂ;nEsOi%cﬁ&Er@ 280 PR LSRR backbone

during the coupling procedure. Prinary amnhe prot ec I on” on am no

aci ds can be wadhibeskddnadantporatiod phasphanaigs aghdiias, Ropmetectiionmidesups
such as t-bu L 1 INEs adldut am ¢ acid, and threonine;
trityl for g:é%cltoggr%?%aé&%éngﬁg%%&@ g pent anet hyl chr oman- 6- sul f onyl )

for arginine; ’\HsmﬁU{e%%%fé{tQ%ﬁ@M&r e&%ﬁpl%@[rﬁﬁ@ 810%'5@3 WileYdin 0 Carboxy!

hi stidine and S-trity cystel ne can be enp oye
group of the aminc acid has been replaced with a moiety suitable for forming one of the

25  above linkages.

Similarly, replacement of an amido linkage in the peptide with a phosphonate
linkage can be achieved in the manner set forth in U.S. Patent Nos. 5,359,115 and

5,420,328, the disclosures of which are incorporated herein by reference in their entirety.
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Renmoval of the peptide conpounds fromthe resin and sinultaneous
deprotection 250f the side chain functions can be achi eved by
treatnent with reagent K or slight nodifications of it.
Alternatively, in the synthesis of those peptides, with an am dated
carboxyl term nus, the fully assenbl ed peptide can be cleaved with a
m xture of 90% trifluoroacetic acid, 5% ethanedithiol, and 5% wat er,
initially at 4C, and gradually increasing to roomtenperature. The
deprot ected peptide conpounds can be precipitated wth diethyl
ether. Purification c b aratlve rever se- phase, high
performance |iquid ch HE%&%W@ FMafies1 8 honded silica gel col um

wi th a gradi ent acetoni.tr| Ie/vvater i.n 0.1%triflugroacetic acid.
The honpbgeneous tCP’BEOUcE’Shﬁ%B%B@SBBQHV%BDQ‘}F}%%{%%téi}1”1E%ZWOP%ME h A om

Bonbar drent ﬁﬁ&ﬁfﬁoismﬁfsﬁﬂiﬂé bUnchet\ﬁieEﬁferﬂﬁ&Fg’r@ﬁf)s @ﬁ@o@%éﬁkys@%rif and
amno acid anaY% wh n_applica erred enbodi nent,

the peptite &8 8‘§‘atb‘f313‘t’ H’i‘ §1tfi1Iﬁ@éﬁ#ﬁ@ﬁ“@ﬂ%b‘éﬂd@}weeﬁéltf thisl ergupstoAdar d
synthetic progemids &m bk PRIMcdIo 30h 18aidN¥r ﬂl?l%% %h%:r h mﬂoﬂn& RGeart .

Fol | owi ng t hese s%/nt hetic schenmes, those of skil e art can
readi |y prep&P&od }}%VS‘??}W!“&@SWQﬁ@@lbﬁtﬁuﬁéﬁf@hééﬁ@?@cwww t he

present invention. In addition, it will be readily 1lOapparent to
those of skill irV-{fllitart that the dineric subunl ts can readily be
| i nked using known net hodol ogi es and |inkers. Exanple 2 Pegyl ation of

the Peptide Conpodifi@ertise§yretinanoidhe igveptipn feuseéd apviinds ohiqediecipfasent
i nventi oy Caﬁhd@t@hﬁﬁﬁ% tie@m@c&gtma%e]&wti kg \q%tﬁe%matwﬁ%? theﬁ%ﬁy?ﬁ@d@l e,

a peptide conpound the invention can i ssol ved M bi ci ne
pH 8.0 at a GoHEERtrHenEm 2t betflypgradiby, fh@lﬁr@élﬂqﬂeﬂ af TPQ 8nd ik decamsbrarinding

excess of POYRRLEdHEHERf CANTRL Al al%\ﬁ?s'olu%?hﬁnftffqu\/gfgﬁ%?@‘ Farl o

Pol ymers, Inc. (Huntsvil a., now Nektar Therapeutics
CA)) and stifmpgungds ﬂraéblﬁfi E%af*ﬁél@%ﬁaeﬁrtée TRl bachese tlegmeseotrpepsdeconpbetde,

typically 1- oh@w uél_xﬂ%lf&%%%ﬁ B ke Be émmh&%&?\geeﬁ%rﬁéu%égi\%%itg %?e

HPLC usin 40- 5% acetonitrile gradient wmth a'yY

When t hel ea%fl?‘iﬂéﬁﬁcilgat@’éﬂ?bldé‘tﬁéopﬁtenb solution is added to a second 1 25
nol ar excess of pfvvdered PEG and the process is repeated 4 tines
using a total of T5epeAtids cepppptae gpo welshasomeetiivepuldprsdphisae.fo Thren

solution is g} }&te6h ?QCE]%JJId&g%l%tQ Iﬁ)'ﬁﬁhta&a %’&?métﬂse tﬁ/e &gﬁ? éo}[flpgl[l}gis of the

| oaded onto a superdex previo
equi | i brat edﬂ‘a?ﬂHOTQ“E?élbetuéf@ Wiftoht IPBSﬁcaFIma@tqa@h@nm@mi tr‘rﬁevmewwfmﬂf twi on

g|0| lI;ErC]-} ;gryg%p hﬁé{ {chl;/agrs‘:%@al}%?lggﬁ nold%hg:ﬂlerl: 1&381&{.}21% Smc%?tpg és%ﬁcwd%gcﬂy

conmpound2&arpr b@llp@bd Rg@]ﬂ@qq@ dgteqa@d sighaldn @noqnf thapoplsnysi mmatenals thereto can
be labeled either directly or indirectly. Possibilities for direct labeling include label groups
such as: radiolabels such as 125 I, enzymes (U.S. Pat. No. 3,645,090) such as peroxidase '
and alkaline phosphatase, and fluorescent labels (U.S. Pat. No. 3,940,475) capable of
monitoring the change in fluorescence intensity, wavelength shift, or fluorescence

25 polarization. Possibilities for indirect Jabeling include biotinylation of one constituent

followed by binding to avidin coupled to one of the above label groups. The peptide
compounds may also include spacers or linkers in cases where the peptide compounds are

to be attached to a solid support.
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Exanple 3 Pre-clinical Animal Studies on the Thronbopoietic Activity
of TPO PEGyl ated Conpound No. 1 5 TPO Conpound No. 1 does not
share any sequence honol ogy with endogenous TPO mtigating the risk
of the formation of antibodies cross-reacting. with endogenous TPO.

TPO Conpound No. 1 was PEGyl atecl to reduce clearance and to further
reduce antigenicity. This Exanple describes pre-clinical st udi es on
t he t hronbopoi et act|V|t of 10 PEGyl ated TP ound No. in an
animal . Normal nm reW%rtl%?F %{‘ttge”(@blﬂf%e Indyorthe ’{?%%EFNFRW ‘E’ﬁé’e%t’tdﬁdl es.

Qt her ani nal %om?dﬂl(ﬂhb @f&hmg@m iV Bon EHRMK QYR as Rl SantCiBNdA $iRg PROUSREofsh
t he pre- C|InIC stggles procedures involving animal s were

conduct ed i n %8 SFlSnidtedrals: F“i ttl?/loglEﬁl fpidgde Figsys bapess)atesmm Eﬂ&’f’é‘ﬁﬁi dapral
Associ ation ﬂa%ﬁogﬁiﬁxﬁ&@ﬁﬁ@ bR AGEYIE @?'fle@klh‘ﬁ Bah gle@ta@ rc@ﬁﬁé%dé%h@@zln

Care (AAALAC) and i n accordance w for the Care and
Use of LaBor ety Cﬂlﬂfﬁ heging TPREHpn their sur faCNoFWldmﬁaal tasagyagttheir abality tq bigd the

weeks of age,TP@)%chbl%x IR egﬁmnae@%s\e@mgp}tesan@fmmh %P%O&g%mvﬁr§b

treated with single i'nt ravenous doses of npoun
100 or 300 ughkdagng BOCH éﬁ@/&gmemctwmd gzrllesaﬁsxel V%termmtung,@zlsmm 1288

and 312 hour %?cf?ﬁ)ﬁ'lt béggé th@f‘? %Iﬁﬁ/l t‘?-,?lt“g 6(5/ thQ nglrecg op lt gﬂpé{‘fe fr@o!uﬁ’fé %F ge

by puncture o ugu ar vel Unanesthet! ze rats per
time point, BED¥Atagedvnicaoguskdintryceatodpplimbidnetr io punivsgweilecassass ERD

using a a[HtO hﬁgls%ﬁﬁ%tc% ﬁggal%?g)?lu}é?dﬁgm e?tlgfzed CAﬁ' hmals were fasted

over ni ght, water ava 0 each s&rrpl e col |l ection.

Single intr avenou’i;hegﬁ%?ﬁ&;e c%in B lo%gglggéﬁagﬁ)h%@ﬁ H%ﬁ%{% el#ﬂ}gépas C%I%QIBI'CIE!I

300 jig/kg) resulte h an PRCTease count
normal nal e Wagtrdy for argubypeditvad r@beer dndelsignmts rsed oBeh as%éas:ﬁmerbutemmdbay

4 (Fig. 6). le ts d ey 2. days, .duri.n
2-week foll own%%)ganél) %%ud@acal\gﬂu%fj %?ﬁargF 5%{9‘%8 e EI“H'FS Oig,ﬁ%d“n% PO
dose i nduced agdmestsgn@ame@]r of ﬁumnmaslassams Kﬂ)al‘saeﬂoeznam&ume,pwmbmhorr ﬁtdlglmﬂ

to baselinge b Phael ical Studies on the
(3 Yiephdent E%i g/ £ e ]
Thr onbopoi et i %:/Tl%t PR fien ﬁgﬁ ?) SSFB%“ AOtRG 1S tﬂg R8eptet throligh co
crystallization; (4) use to mvestlgate the mechanism of TPO signal transduction/receptor
activation; and (3) other research and diagnostic applications wherein the TPO-receptor is
preferably activated or such activation is conveniently calibrated against a known quantity

of a TPO agonist, and the like.

20 The peptide compounds of the present invention can be used for the in vitro
expansion of megakaryocytes and their committed progenitors, both in conjunction with
additional cytokines or on their own. See, e.g., DiGiusto, et al., PCT Publication No.
95/05843, which is incorporated herein by reference. Chemotherapy and radiation
therapies cause thrombocytopenia by killing the rapidly dividing, more mature population

25  of megakaryocytes. However, these therapeutic treatments can also reduce the number and
viability of the immature, less mitotically active megakaryocyte precursor cells. Thus,
amelioration of the thrombocytopenia by TPO or the compounds of the present invention
can be hastened by infusing patients post chemotherapy or radiation therapy with a
population of his or her own cells enriched for megakaryocytes and immature precursors

30 by in vitro culture.
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5 Phase | studies were conducted to investigate the
tolerability, pharmacodynam cs and pharmacoki netics of PEGyl ated TPO
Compound No. 1. This exanpl e describes Phase | studies on PEGy| ated
TPO Conpound No. 1 after a single intravenous injection in healthy
mal e vol unteers. Phase | studies on PEGyl ated TPO Conmpound No. 1 and
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col | agen- |ndu ed. t el et regati at 4 hours and 12 days after
PEGy! at ed TP@ 6@ N ﬁ%gﬁgfg‘i 'Ogghﬁé?"%'ﬁon 25PI C anal ysi s indi cated
dose-rel ated ki ne of P d TPO und No, 1, although

doses of 0.75 pt gﬁb eEviLy %ﬁ@lpepéga‘?ﬁﬁ’o P%?%H’gewﬂlﬁﬁ@?‘f“g‘?%mfPo
Conmpound No. efthaser eitrgen@rvatd iy obedbfae rtdft&;rduls Motlel® fiesguigdatih MTabhiona@fJ, of
6.25 ng/nL (F g. 7 ubj ect 7 / kg dose group and
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had no quant i-éferabdee pl asma | evel s. Mean Cmax val ues ranged from 10.9
ng/ mL at 0.751.tg/ kg PEGyl ated TPO Conpound No. 1 to 61.7 ng/nL at
3.0 jiglkg PEGyI ane@bldmgo@mmawtmmm thd cdmb@kitienslof theNResBift ihahBoiCoE bkl

be rreasuredq ; t tfnlp;% v. of TPOCB ound No. 1. The nean
terninal hal £ RO @ﬁ%@& SFRRPIED WD Bril RBTO™I3nsiigiens. Facition therapy,
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hours. The |ncrea3ﬁ i N Cmax ncreasi ng dose was approxi mately

dose propor t iPOREP Wmet“??é{r ‘@d]\ﬂfé%“ %ﬁa%ﬁ’éqoé‘ﬁﬂmﬁﬂﬁ’rr‘é‘a@ém’f Ar #fgesuch
normal i zed Alel@bg&é_ value with increasing dose, suggesting a higher
t han dose proportional increase. Table 1. Sunmary of PK anal ysis

Cmax (ng/m) t112A¢tRingly, the present invention also provides pharmaceutical compositions
comprising, as an active ingredient, at least one of the peptide compounds of the invention
in association with a pharmaceutical carrier or diluent. The peptide compounds of this
invention can be administered by oral, pulmonary, parental (intramuscular, intraperitoneal,

25 latravenous (IV} or subcutaneous injection), inhalation (via a fine powder formulation),
transdermal, nasal, vaginal, rectal, or sublingual routes of administration and can be
formulated in dosage forms appropriate for each route of administration. See, e.g.,

Bernstein, et al., PCT Patent Publication No. WO 93/25221; Fitt, et al., PCT Patent
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AUCoo (ng.h/m) AUCO-24 (ng.h/nmL) 0.75 p.g/ kg dose N6 1 0 0 Mean
10.9 NQ NQ NQ M n-Max BLQ 18.8 18.6 NQ NQ
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Publication No, WO 94/17784; and Pitt, et al., European Patent Application 613,683, each

of which is incorporated herein by reference.

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

can additionally be prepared with enteric coatings.

Liguid 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 adrninistration include sterile
aqueous or non-agueous solutions, suspensions, or emulsions. Examples of non-aqueous
solvents or vehicles are propylene glycol, polyethylene glycol, vegetable oils, such as olive
oil and corn oil, gelatin, and injectable organic esters such as ethy! oleate. Such dosage
forms may also contain adjuvants such as preserving, wetting, emulsifying, and dispersing
agents. They may be sterilized by, for example, filtration through a bacteria retaining filter,
by incorporating sterilizing agents into the compositions, by irradiating the compositions,
or by heating the compositions. They can also be manufactured using sterile water, or

some other sterile injectable medium, immediately before use.

Compositions for rectal or vaginal administration are preferably suppositories
which may contain, in addition to the active substance, excipients such as cocoea butter or a
suppository wax. Compositions for nasal or sublingual administration are also prepared

with standard excipients well known in the art.

The compositions containing the peptide compounds can be administered for

prophylactic and/or therapeutic treatments. In therapeutic applications, compositions are
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1.5 jig/kg dose N6 2 1 4 Mean 20.9 NQ NQ 311 M n-Max 7.53-28.5
13.1-22.5 475 268-359 2.25 jig/kg dose N 6 2
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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 patienl, and other medicants administered. Thus, treatment dosages should be

 titrated to optimize safety and efficacy. Typically, dosages used in vitro may provide

useful guidance in the amounts useful for in situ administration of these reagents. Animal
testing of effective doses for treatment of particular disorders will provide further
predictive indication of human dosage. Various considerations are described, e.g., in
Gilman, et al. (eds), Goodman and Gilman's: The Pharmacological Basis of Therapeutics,
8th ed., Pergamon Press (1990); and Remington's Pharmaceutical Sciences, 7th Ed., Mack

Publishing Co., Easton, Pa. (1985); each of which is hereby incorporated by reference.

The peptide compounds of this invention are effective in treating TPO mediated
conditions when administered at a dosage range of from about 0.001 mg to about 10 mg/kg
of body weight per day. The specific dose employed is regulated by the particutar
condition being treated, the route of administration as well as by the judgement of the
attending clinician depending upon factors such as the severity of the condition, the age

and general condition of the patient, and the like.
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3 4 Mean 39.7 NQ 1561 678 M n-Max 13.1-59.1 29.8-48.5 1551-1569
655-694 3.0 jig/ kg dose, excluding subject 1027 who had no
quantification concentrations N6 4 3 5 Mean 61.7
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Example 1
Solid Phase Peptide Compound 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, 1. (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. Bach coupling can
be performed for 2x30 min. with HBTU (2-(1H-benzatriazol-1-y1)-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
of the final product. Most reagents, resins, and protected amino acids (free or on the resin)

can be purchased from Millipore or Applied Biosystems Inc.

The Fmoc group can be used for amino protection during the coupling procedure.
Primary amine protection on amino acids can be achieved with Fmoc and side chain
protection groups such as t-butyl for serine, tyrosine, glutamic acid, and threonine; trityl
for glutamine; Pmc (2,2,5,7,8-pentamethylchroman-6-sulfonyl) for arginine; N-t-
butyloxycarbonyl for tryptophan; N-trityl for histidine and S-irityl for cysteine can be
employed.

Removal of the peptide compounds from the resin and simultaneous deprotection
of the side chain functions can be achieved by treatment with reagent K or slight
modifications of it. Alternatively, in the synthesis of those peptides, with an amidated
carboxyl terminus, the fully assembled peptide can be cleaved with a mixtore of 90%
trifluoroacetic acid, 5% ethanedithiol, and 5% water, initially at 4°C, and gradually

increasing to room temperature. The deprotected peptide compounds can be precipitated

31



36.1 2257 965 M n-Max 53.9-76.0 27.7-51.3 1773-2764 823-1124 10

Pl atel et response to the adm nistration of PEGyl ated TPO Conpound No.
1 was simlar to published results for rhTPO and AME®G31. Pl at el et
counts increased dose-dependently reaching peak |levels at Day 10-12,
and counts returned to baseline within 3-4 weeks (Fig. 8). Mean peak
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produced pl at e et
peptide compounds in accordance with the present invention. In addition, it will be readily

{0 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

15 well-known techniques. For exampte, 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
molar excess of powdered PEG2 (commercially available from Shearwater Polymers, Inc.
(Huntsville, Ala., now Nektar Therapeutics (San Carlo, CA)) and stirred at room
temperature until the reaction is complete, typically 1-2 hours. The reaction is monitored

20 by reverse phase HPLC using a 40-65% acetonitrile gradient with a YMC ODS AQ
column. When the reaction is complete, the solution is added to a second 1.25 molar
excess of powdered PEG2 and the process is repeated 4 times using a total of 5 moles of
PEG?2 for each mole of polypeptide. The solution is diluted 2 fold with PBS to reduce the
viscosity and loaded onto a superdex 200 column (Pharmacia), previously equilibrated and

25  eluted with PBS. Fractions from the size exclusion coluinn can be analyzed by reverse
phase HPLC. Fractions containing di-PEG-polypeptide which elutes prior to any mono-
PEG peptide compound can be pooled and stored at 5 °C or lyophilized.
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Table 2. Summary of platelet count anal yses PEGyl ated TPO Conpound
No. 1 O (kg/kg) 0.375 (kg/kg) 0.75 (kg/kg) 1,5 (kg/kg) 2.25 (kg/kg)
3.0 (kg/kg) N10 6 6 6 6 6 n (> 1.5x) 0 3

10

15

25

Example 3

Pre-clinical Animal Studies on the Thrombonoietic Activity
of TPO PEGylated Compound No. 1

TPO Compound No. 1 does not share any sequence homology with endogenous
TPO, mitigating the risk of the formation of antibodies cross-reacting with endogenous
TPO. TPO Compound No. 1 was PEGylated to reduce clearance and to further reduce
antigenicity. This Example describes pre-clinical studies on the thrombopoietic activity of
PEGylated TPO Compound No. 1 in an animal.

Normal male Wistar rats (source) were used for the studies, Other animals, such as
dogs, mice, monkeys, etc. can also be used for the pre-clinical studies. All procedures
involving animals were conducted in an animal facility fully accredited by the American
Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) and
in accordance with The Guide for the Care and Use of Laboratory Animals (NIF).

Normal male Wistar rats (10 weeks of age, 230 to 367 grams body weight range at
dosing) were treated with single intravenous doses of TPO Compound ﬁo. 1 at 30, 100 or
300 ugrkg (40 rats/group). At predose, 96, 144, 192, 240, 288 and 312 hours post dose,
approximately 0.5mlL. of blood was collected by puncture of the jugular vein of
unanesthetized rats (5 rats per time point, EDTA as anticoagulant) and platelet counts were
assessed using a automated hematology analysis system. Animals were fasted overnight,
with water available, prior to each sample collection.

Single intravenous doses of PEGylated TPO Compound No. 1 (30, 100 or 300
kg/kg) resulted in an increased peripheral platelet count in normal male Wistar rats by the
earliest post-dose assessment on Day 4 (Fig. 6). Platelet counts were assessed every 2 days
during the 2-week follow-up and compared with the predose count. The 300 pg/kg dose

induced the greatest increase in platelet count, which returned to baseline by Day 14.
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Example 4

Phase I Clinical Studies on the Thrombopoietic Activity of
PEGyvlated TPO Compound No. 1

Phase I studies were conducted to investigate the tolerability, pharmacodynamics
and pharmacokinetics of PEGylated TPO Compound No. 1. This example describes Phase
I studies on PEGylated TPO Compound No. 1 after a single intravenous injection in
healthy male volunteers. Phase I studies on PEGylated TPO Compound No. 1 and other
compounds accerding to the invention after multiple intravenous injection or other means
of administration and/or to a patient in need of a treatment can be performed using
protocols known to a person skilled in the art,

Forty volunteers were randomized to receive PEGylated TPO Compound No. 1 or
placebo as a single i.v. bolus injection in a ratio of 6:2. Eight subjects were randornized in
6:2 ratio to receive a single injection of PEGylated TPO Compound No. 1 or placebo, with
a dose range of 0.375, 0.75, 1.5, 2.25 or 3 ugrkg. The pharmacodynamic response of
PEGylated TPO Compound No. 1 was measured as elevation in platelet counts.
PEGylated TPO Compound No. 1 levels were determined in platelet poor plasma using a
validated enzyme-linked immunosorbent assay, Levels of endogenous TPQ, EPO, 11.-6
and IL-11 were measured at the indicated time points using standard immunoassays. A
biosensor immunoassay (BiaCore technology) was used for measuring antibody formation
against the peptide moiety of PEGylated TPO Compound No. 1. The effect on platelet
function was measured by monitoring collagen-induced platelet aggregation at 4 hours and

12 days after PEGylated TPO Compound No. 1 administration.

PK analysis indicated dose-related kinetics of PEGylated TPO Compound No, 1,
although at doses of 0.75 lg/kg or lower, plasma concentrations of PEGylated TPO
Compound No. 1 were generally below the limit of quantification of 6.25 ng/mL (Fig, 7).
Four subjects in the 0.375 ug/kg dose group and one subject in the 3.0 Lg/kg PEGylated

TPO Compound No. 1 dose group had no guantifiable plasma levels. Mean Cmax values
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00O0O01Pto 192/203 223/205 212/212 228/230 215/203 208/ 200

%109/ L)0 (163-233) (159-304) (155-264) (200-258) (193-261) (150-284)
t max

ranged from 10.9 ng/mL at 0.75 pg/kg PEGylated TPO Compound No. 1 to 61.7 ng/mL at
3.0 ug/kg PEGylated TPO Compound No. 1 (Table 1). No PX data could be measured at
0.375 ug/kg i.v. of TPO Compound No. 1. The mean terminal half-life of PEGylated TPO
Compound No. 1 ranged from approximately 18 to 36 hours. The median tmax ranged

5 from 0.09 to 2 hours. The increase in Cmax with increasing dose was approximately dose
proportional, but there was an apparent increase in the normalized AUCQ.24 value with

increasing dose, suggesting a higher than dose proportional increase.

Table 1. Summary of PK analysis

10

Cmax tuz AUC,, AUCha4

(ng/mL) (h) (ng.h/ml.) (ng.h/mL.)
0.75 png/kg dose
N 6 1 0 0
Mean 10.9 NQ NQ NQ
Min-Max BLQ-18.8 18.6 NQ NQ
1.5 pg/kg dose
N 6 2 1 4
Mean 20.9 NQ NQ 311
Min-Max 7.53-28.5 13.1-22.5 475 268-359
2.25 ng/kg dose
N 6 2 3 4
Mean 39.7 NQ 1561 678
Min-Max 13.1-59.1 29.8-48.5 1551-1569 655-694
3.0 uglkg dose, excluding subject 1027 who had no quantification concentrations
N 6 4 3 5
Mean 61.7 36.1 2257 965
Min-Max 53.9-76.0 2777-51.3 1773-2764 823-1124
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1.42/ 1. 42
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1.63/1.63 1.91/2.13 2.15/2.33 3.21/3.50

Platelet response to the administration of PEGylated TPO Compound No. 1 was
similar to published results for rhTPO and AMGS531. Platelet counts increased dose-
dependently reaching peak levels at Day 10-12, and counts returned to baseline within 3-4
weeks (Fig. 8). Mean peak platelet counts ranged from 315 x109/L at 0.375 pg/kg i.v. to
685 x 109/L at 3 pg/kg i.v., and mean maximal platelet counts increased from baseline
ranged from 1.4-fold at 0.375 pgrkg to 3.2-fold at 3.0 ug/lg (Table 2). At least 50%
increase in platelets was observed in 4 out 6 subjects receiving PEGylated TPO Compound
No. 1 at a dose of 0.75 ug/kg, while at least 2-fold increase in platelet count was ohserved
in about 3 out of 6 subjects at a dose of 1.5 ug/kg, etc. The dose of 0.75 ug/kg i.v. has
been chosen as the starting dose for phase Il clinical study.

Apart from changes in platelet counts, other mature circulating blood cells were not
affected (data not shown). In addition, administration of PEGylated TPO Compound No.

1 did not affect platelet function, not at the time of administration, nor at 12 days post-

dose, at the time of the appearance of newly produced platelets.
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reachi ng peak | evels at 3 days post-dose
No significant changes were observed in blood | evels of
Pl atel et function,

PEGylated | 0 0.375 0.75 1.5 2.25 3.0

TPO (ng/ke) (ngfkg) | (ug/kg) (nglkg) | (uekg) | (Le/ks)

Compound

No. 1

N 10 6 6 6 6 6

n(>1.5% |0 3 3 4 4 5

n(>2x) |0 0 1 3 4 5

n>3x) |0 0 0 0 0 4

n (> 4x) 0 0 0 0 0 1

Plt 192/203 | 223/205 |212/212 | 228/230 |215/203 | 208/200

(10°L)" | (163-233) | (159-304) | (155-264) | (200-258) | (193-261) | (150-284)

Pltmax 230/225 | 315/309 | 347/335 [ 430/458 | 454/500 | 685/750

0°L)Y | (189-271) | (214-482) | (232-495) | (238-597) | (254-576) | (188-979)
| Plipasd 1.14/1.13 | 1.42/142 |1.63/1.63 |1.91/2.13 12.15/2.33 |3.21/3.50

Pltp" (1.04- (1.08- (1.15- (1.01- (1.28- (1.25-

1.38) 1.81) 2.12) 2.59) 2.98) 4,52)

The effect of PEGylated TPO Compound No. | administration on growth factors

that are known to possess thrombopoietic activity was assessed. Endogenous TPO levels

dose-dependently increased, reaching peak levels at 3 days post-dose (Fig. 9). No

significant changes were observed in blood levels of IL-6, IL-11 and EPO levels.

Platelet function, assessed as collagen-induced platelet aggregation in whole blood,

was not different between the treatments. None of the subjects experienced a serious

adverse event or dose-limiting toxicities. The most frequently observed adverse events

included mild headache and fatigue and occurred both after active treatment and placebo.

No antibodies against PEGylated TPO Compound No. 1 were detected. These results

indicate that PEGylated TPO Compound No. 1 was well tolerated at the iested dose range.
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10adverse event or dose-limting toxicities. The nost frequently
observed adverse events included mld headache and fatigue and
occurred both after active treatnent and pl acebo. No anti bodi es

agai nst PEGyl at ed TPO Conpound No. 1 were detected. These results

i ndi cate that PEGyl ated ' I PO Conmpound No. 1 was well tolerated at the
tested dose range. Al t hough only preferred enbodi nents of the
invention are specifically described above, it will be appreciated
that modifi cati of&NeHgH oYl praierred$gbedimena of the BINeHtOR atrpegibelyghssribed

wi thout depapdieng will QBphAEI R ek ool £1186k REPHANOTnvEMn are possible
invention. Wat is glalneé Is: 1. Use of a peptide conpouné

conpri si ng tH@oRslepasimaieps hqypinicend iplepdef EGPF wvention.

Nal ) LAARX10) 2- K(NH2), wherein X10 is sarcosine, in the manufacture of
a nmedi cament for treating a patient suffering fromthronbocytopeni a.
2. Use of claim1l, wherein said peptide conpound is covalently
attached to a hydrophilic polyner. 3. Use of claim2 , wherein said
hydrophil i c pol ymer has an average nol ecul ar wei ght of between about
500 to about 40,000 daltons. 4. Use of claim3, wherein said
hydrophilic pol yner has an average nol ecul ar wei ght of between about
5,000 to about 20,000 daltons. 5. Use of claim?2, wherein said
hydrophilic polymer is selected fromthe group consisting of

pol yet hyl ene gl ycol, pol ypropyl ene glycol, polylactic acid and
polyglycolic acid. 6. Use of claim5, wherein said hydrophilic

pol yner is polyethylene glycol. 7. Use of claiml, wherein said
pepti de conmpound is dinerized. 8. Use of claim?7, wherein each of
the dineric subunits of said peptide conpound is covalently attached
to a hydrophilic polynmer. 9. Use of claim@8 wherein said hydrophilic
pol ynmer is polyethylene glycol. 10. Use of claim9, wherein the

pol yet hyl ene glycol is selected fromthe group consisting of

nmonomet 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 succi nate (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- 1M . [I1. Use of claiml1l, wherein said peptide conmpound has the
followng formula: 1EG PTLRQ (2-Nal) LA A R (Sar) K(N -12) I EG PTLRQ
(2-Nal) L A AR (Sar)
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wherein (2-Nal) is 3-(2-naphthyDalan |le and (Sar) is sarcosine. 12.
Use of claim 11, wherein said peptide conpound is covalently attached
to a hydrophilic polynmer. 13. Use of claim 12, wherein said
hydrophilic polymer is selected fromthe group consisting of

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

pol ygl ycolic acid 14. Use of claim 13, wherein said hydrophilic

pol ymer |s“m9 ny&ﬁ@e glycol. 15. Use of claim 14, wherein said
pol yet hyl ene g yco as an average nDIecuIar melght of between about

go?ggt LSI aPOH ozf% Qde compoup%ao nsm 16?01},06“:1 se ue:ric:eV\A;'H3 IECPTLE%Q
ronomet hoig?&?}%ﬁ e a LSBT '#%1 ok T
gl ycol - suctt HEfeENepRiEs seifcr BRYPEIRTEEhy | ene glyco

succininid I suc0|nate (NbPEG—S—NHS) nononet hoxypol yet hy

gl ycol - dJse ot P Nﬁizeyemrﬁaﬁdwf%ﬁwav%tsHwé%lygﬂlﬂf;%ﬂ t‘f ?éécimalvbc
(NbPEG-TRE@ﬁwﬂand nonomnmet hoxypol yet hyl ene gl ycol -i m dazol yl - car bonyl
(MePEG IM. IT Use of claim12, wherein each of the dinmeric subunits
of sai d peptisdefclompdumdieres mw@:mlﬂil}'p el yraoHes an avesageyrdelepidriviaight of
pol ynmer. Ufweddsboof500Itanmoul #0,00hdaleine sai d hydrophilic polyner is
sel ected fromthe group consisting of polyethylene glycol,

pol ypropyl £nescglf yiah 3, Widryihaeidi g daphidic potmee hygnysetage ndddedlar whight d5e
of cl ai m 1gtwwhensits 6@ @ abysromhpldhgorol ymer is pol yet hyl ene gl ycol
20. Use of claim 19, wherein said polyethylene glycol has an average

ol ecul ar gk ol e sa#aq%lo%hmg ohhf e APIARG PSe
group cons tﬂ)%éhy\({)\%gr%;r?gﬁgt ST bR ﬁ?ig‘%‘ﬁ% OBy e

monomet hoxg}:{%e bF {my heqre¥1 s(a)ld h%HPo%hf’l]l%t il%n&: 5 p%ﬁe)tliy!%r}eeglycol.

monor net hoxXypol yet Ene succl

momer oy e e e & Pﬁ?véaﬁethisﬁ S B REs) | o)

nononet hoxypol yet h Iene | ycol -i m dazol yl - car bonyl (MPEG 1
g/p se%f cla%‘n 7, wheqe% each of the dlmeiic subunits ofg/ald ;(Jeptlde conulygund is

covalently attached to a hydrophilic polymer.
9. Use of claim 8 wherein said hydrophilic polymer is polyethylene glycol.

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

I1. Use of claim 1, wherein said peptide compound has the following formula:

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

wherein (2-Nal) is 3-(2-naphthyl)alanine and (Sar) is sarcosine.
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12, Use of claim 11, wherein said peptide compound is covalently attached to a
hydrophilic polymer.

13. Use of claim 12, wherein said hydrophilic polymer is selected from the group
consisting of polyethylene glycol, polypropylene glycol, polylactic acid and polyglycolic
acid.

14. Use of claim 13, wherein said hydrophilic polymer is polyethylene glycol.

15. Use of claim 14, wherein said polyethylene glycol has an average molecular weight
of between about 5,000 to about 20,000 daltons.

[6. Use of claim 14, wherein the polyethylene glycol is selected from the group
consisting of monomethoxypolyethylene glycol (MePEG-OFH),
monomethoxypolyethylene glycol-succinate (MePEG-S), monomethoxypolyethylene
glyeol- succinimidyl succinate (MePEG-S-NHS), monomethoxypolyethylene glycol-
amine (MePEG-

NH2), monomethoxypolyethylene glycol-tresylate (MePEG-TRES), and
monomethoxypolyethylene glycol-imidazolyl-carbonyl (MePEG-1M).

17. Use of claim 12, wherein each of the dimeric subunits of said peptide compound is
covalently attached to a hydrophilic polymer.

18. Use of claim 17, wherein said hydrophilic polymer is selected from the group
consisting of polyethylene glycol, polypropylene glycol, polylactic acid and polyglycolic
acid.

19, Use of claim 18, wherein said hydrophilic polymer is polyethylene glycol.

20. Use of claim 19, wherein said polyethylene glycol has an average molecular weight
of between about 5,000 to about 20,000 daltons.

21. Use of claim 19, 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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