re3e$hVeTGe 23 April 2003 DI MERI C THROVBOPO ETI N PEPTI DE M METI CS BI NDI NG
TO MPI lm@m HAVI NG THROVBOPO ETI C ACTIVITY This application clains
priorit ovi sional Application Serial No. 06/105, 348 filed
Cctober 23,.q@38. FIELD OF THE | NVENTI ON General |y, the inveniy A} bedat es
to the field of conpounds, especially peptides and pol ypepti des, that have
t hr ombopoi et i COIMERIC v THROMBDRAETN nFRFTINE s MIMETICSe BINDINGt ¥Q nMRhy REGEPTORe (ANDO HAVING
i ncrease of pr%ﬂt‘??” AT s or pl atel et precursors (e.g.,
megakaryocytes) in a mammal. BACKGROUND OF THE | NVENTI ON Thi s invention

rel ates to conmpounds, especially peptides, that have the ability to
stinulate in vitro and in Vitsapplicaibacdainyprivkityfal. 8. Frbeisiondl Aipplication Serdal Nuor
cells such as negakaryocytes. Befaore discussing the nature of the inventive
conpounds, the fopﬁ/éqgi?l‘belﬁlgdg%mf@édlga@- a background regarding two proteins
t hat have thronbopoietic activity: thronbopoietin (TPO and nmegakaryocyte
grow h and devel opnent factor (M3D). The cl oning of endogenous

t hronbopoietin (' TPO (Lok et al., Nature 369:568 571 (1994); Bartley et

al ., Cel177:1117-1124 (1994); Kute Acad. Sci. USA
91:11 104-11108 (1994); de &uvage@@f&’fﬁﬁf@%@ 33-538 (1994): Kat o
e]'E al I) JourlnaIChof Bi oGbrsenal lg;ﬁ:yh&&x&ioﬂ?&atﬂﬁﬁatﬁ&ﬂﬂ&bfcﬂpmgdl dsabsmbial(ljypbptid&sal
of Bi ol ogica emstry 270:511-514 (1995)) ,has, rapj i ncreased .our ,
ndor st andi ng of - ARCRRREGIAsS B8 1ave HpheRbistie St DhR AOMRGHAEE dhe invention

t hronbopoi esi s (phﬁ&%_ﬁﬁedl%ﬁﬂ#éﬁédd?@oductidﬂ'}fiﬁﬂ@ﬁ%ﬁlaﬁm&cﬂ?&s(;é‘.g.@o to 70
kDa gl ycosyl ated protein prinmarily produced in the |iver and Kidney,

consi sts of 332 ameatkamocytes)imnmammal.et al ., Cel| 77:11 17-1124 (1994);
Chang et al., Journal of Biological Chem stry 270:511-514 (1995)). The
protein is highly conserved between different species, and has 23% honol ogy
with human eryt hropoietin (Gur nBACKGROUNIBORTHEINVENTEIN (1995)) in the
23 April 2003 amino teryd nus (anmi.no acids 1 o 172) -(Bartl t . )..fel |
77:1117- 1124 (1994)). B’dé‘?’r%’{}ﬁlﬁ}ﬁﬁ%rf&g‘l’ﬁ‘é‘é‘iﬁ’ R Y&’B"%%%‘éi"‘éﬂa‘:h"é‘?'%he
characteristics Ofo btiifulite ih Viir® hitlih ¥ivo pr&ducli®i 6fpladélets Ridheie pracasbscells fithiad

vitro actions include specific.induction of nmegakaryocyte colonies firom
both purified nur MEHRFYASYISHJPeferediscyssing the nature oitne invertive campounds, shey
84:4045- 4052 (1994‘31)0\-.%%% ProvRIed @ﬂibk%%hﬁcﬁre%&@iﬁ o ?}oteinmhﬁ{a% 369: 568571
(1994); Rasko et al., em Cells 15:33-42 ( 9975), he generation of
megakar yocyt es wi tthfomhepaisticagtivityo thrpmbenointia(TRO) and megalkanjocyts growthiand
(1995)), and the i gézl ' knal megakaryocyte maturation and

pl at el et producti (9?1 %egf]fea?tfoépﬁg .7 Blood 84:4045-4052 (1994); Choi et

al ., Blood 85:402-413 ([Ih&eiohing oftmdugemend thironthopoiltirt (TPOY (Lol etned. o Nature 369:568-

ol i godeoxynucl eoti the TPO r | - ignific |y Lnhibif the
col ony-forni ng ablﬁqﬁ!ﬁbg?’%&ﬁﬁb?ly?é@%’?E)]rég]@%ﬁ{l%?r“i’ %ia.g,r%prﬁlqt{.]Ag od
82:1395-1401 (1993 : EPMO4-11008\2boYN@CEmVhite el hIC Nahire 369583-838/ (1994);

t hr onbocyt openi c and%%??ci ent indrr\(ggalil?ar ocytes (Al exander et alg, E?Iood
87: 21622170 (1996)Kato ﬁe%-ol@mah?ﬁBlnchmsﬂwééﬂ%?mé@%); Shepg et phdourmebefusand
Caks, CA) is anot : @m@m}k A.£110 ' frfofbal '
produced using ~ ?éf’llobll%lans or Qgt%lt#g@ggbsgﬁf:g%ﬁt awlégg:g%&%#gg&orfg a
truncat ed protei n megakarpepirisin (megakaryodyteoproductiv ombopmiestsi (pldtelety donai n
of human TPO (LIl Chd“;h asl ., Blood 86:971-976 (1995)). The pol ypeptide is
extracted, refol ddd® L purified, and a pol y[ethylene glycol] (PEG noiety
is coval ently attached Bndogencustiiman TPE; 860 ts70 Kibeglyasithied peotéin pfifdfile | S
referred to herein a PEiCr};iI—ENGDF Qr. S;GDF,for sho%]{. gari?us s{pudi S usi ng
ani mal nodel s (L) | Bregucedinghe kiver gnd kidngy. rosists ofy332 amigp qoidsdBprtiepigtalafell M et
2l Bl ood 85: 4435rAS3. 113000bYy, PG & b Aok BRASHER LR 21IST DAL 1 ©

eff cacies of TPO an rrow trans ation and I n

treat ment of thr on{i825)).oPherpreteinds highlyi cerisenved beaweanfdiffanent spaciessanfl hasi23%

chenot herapy or radiation .t.herapy. .Prel.iqipary datanin [ .
confirmed the utill mﬂ?ﬁ”%"f‘%@#&%@?ﬁé@@&f@? BLOSS[# Lp%?%sggfsfggpénme
settings. (Basser ef al., Lancet 348:1279-81 (1996); Kato et al., Journal
of Biochem stry 119:229-236 (1995); Ufich et al., Blood 86:971-976 (

1995)). MGEDF m ght be used to enhance the platel et donation process, since
adm ni stration of MGEDF increases circulating platelet counts to about
three-fold the original value in healthy platelet donors. 2 23 April® 2003
TPO and Ncﬁmm,mﬂum”mr action through binding to the o-Ml receptor which
IS express lillon t he surface of certain hematopoietic cells, such
as megakaryocytmrasspl atel ets, CD34+ cells and primtive progenitor cells
(Debili, N et al., Blood 85:391-401 (1995); de Sauvage, F.J. et al, Nature
369: 533-S38 (1994); Bartley, T.D., et al., Cell 77:1117-1124 (1994); i, ok,
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23 April 2003 sequence honol ogy to TPO or MGDF. The structure of this TM
conmpound is as follows: Ile Gu @y Pro Thr Leu Arg Gn Trp Leu Ala Ala Arg
Ala SEQ 1D NO 1 or | EGPTLRQALAARA using single letter amno acid
abbreviations. Previously, in a simlar study on EPO m neti c2pepkil 2083, an
EPO m nmetic peptide (EMP) was di scovered using the sane technique
(Wighton, N C enunalterxmxﬁtsKmnmeaﬁaSleB?%QBartlth&&)l) Ceﬂtﬁltﬂxb?slml(mp act

as a dinmer in bigpdin EPOr tor ) ceptor)=
conpl ex thus for #ﬂﬁ"gﬂﬁ a;h%gh af8c?8 safs qf(ﬁhe)é’w a%{f g&’l’% & aphi c
data (Livnah, O pRlogtal rcg@ﬁﬂoﬁﬁﬂ&r&ﬁb%pﬂﬁﬁs ARtd in(Vi€8 Bdtions BrRRu@E spBifit Midiction of
structural i nformatl on, a covalently linked dinmer_of EMP in which the

C-termini of twoMeEIkamasHASPlonicerambotisryrifisd awrinp hematopgietic m@pé&@lm&s

desi gned and, fo‘:ll”qal&éh E@Xﬂsﬂiﬁét(i%ﬁﬁﬁﬁ%ﬁﬂn eDAd! Bdlis}Eo m&'al Ratule369is680/ 1 n
vivo bioactivity ngg ton, N. al ., Nature Biotechnol ogy 15:1261-1265

(1997)). A sinil &rt@ é)rihaMetal,rﬁpmM:s h3%42 419593)), thegeagspionad t o t he TPO

AL e 5 Bl i i B RN R R

i mproved bi ndi ng tliefxﬁduenbxyoftbnﬂnﬂ e&terxmmkabhnd plateleq&eﬁd:nbm(mglmt

2 sl ence 276 shatatbbooreB T (1sTkna i Bliwa it TSy comernt <

shown bel ow 4 sfieiDfiseriQRgh@diRRIcbERTS BN RAe 0 (DNafh igfianlly NO: 2)

I n anot her aspect” of the present invention, the tandemdiners’ may b

further att ached inhiitshecapny-formingsbilityi of mespkaryosyte RTeg¢niters (Mgthia et al,, Blood

i mmunogl obul i n pk 1 I n of such

i mmunogl obul i ns. 8%%?5;22-% (tql n&s gg‘ﬁ%%ﬁ%gg'%g é&§e er rﬁg F‘% c fusi ons of
TMP t andem di mer WOﬁhmﬁonehbmmgeﬁcsnalnbne@kmmtegI(Almmdseextal OBloodB%HR162Y t 0
the Fc regions of 1‘7(%{9?@3' es that are useful in connection with sone of the
present conpoundg 'di es conprise two functionally independent parts,

a vari abl e domai n knommmﬁammammm (PHOMSGDE) (Aingieen. Iné) Tholsan@ 0ak& TA) is

domai n, known as whi ch prQV| es the lagegk to effector functions such as
conpl ement fi xat |389fh‘3r QB?}?? lﬁ’epq‘#‘efe 38 TP 0 it isrproagucedpsingdyicaliul i n
has a | ong pl asmyhad gmﬁééént&fiﬁ g EORA éhcdiiAg b thunRdh prbfefPon, et

al ., Nature 337: 525 531 (198 Therapettic proteih pro ucts have been

constructed usin gnmammmwmtmal eergptor-binding dpmain| of hyraan TRO (Ulichfet alar

compl enent 1 xat Fhiod SISV CieiioRiicplactl Bifute, REGAD, fha DoinB6 bAoA

regi on of i mmunogblyfrtiyilene g()@aba'EG)ahomty is covalentlpathRliedb@thS@iing tehmiBg.) Thd-or

ol ecul & v ch birfe RSt el % bbb BROERAGHI o MRy RTabat: o
cell's, anaplastic I yrmma@s s%ﬁnésa;smzaﬁa{al ndoaak@m&, TR, efal2Bibod88®71986 | gnant

cell types. See, an_anti-i nf | ammat ory and

antirejection agé*ﬁ hé@%h‘%é‘r&é’ ﬂpqﬁﬁq WG%?%&lq%)WMW'W’G demenstrated t he

ol ogy, ~154; ‘StBEaEls B o TR ukrUE io Sonfhaftoy iRl B 0T

t unor necrosis fab&mmw@ﬁttmombdqyw@d!ﬁmja@ndiﬁenﬂmtpftextssultsﬁbmchﬁﬁo&pmpy

2003 human 1gd to t¢ atie wi t h se csh Fsh

gl .3 Nedo, o hraih eBeoy” Py diokbary 48R R ety RS confntd tpuipfptaml
| rmunol ogy) 156: xﬁ&&ﬂmﬁﬁﬁtdé%ﬁ)ﬁmdﬁﬁoﬁmuagﬁqmmaemwdwsds 1@@-81
receptor to produce a _therapeutic protein for_treatnen on

et al., Nature, 33%963XKatgqeyal Joural of Bipchemmisiry biP: 23%@(018%): W’"!‘ qﬁab ﬂi
fused to the Fc mggrh @76?i9§n?)G'MGb}F|lﬁ§§t ﬁe%s@d’ﬁar éfﬂ%c%l&@lg{&ongﬁdn prodets Of

interleukin 2 and its syste toxicity. rarvil

| mrunot echnol ogy,sinte ad)ﬂmaﬁalc(rﬂsﬁ'%GDFImmeqseicmcdhtmgwatahacdmtmb mbout directld and
MEDF, there remai addi ti onal gonpounds that have a

bi ol ogi cal acti V|tF?/°T§m8§f'ﬂ J@F‘ﬂgﬁ‘ﬁ%‘ tp‘?c?a{fctl on of platelets
(thronbopoietic activity) and/or platelet precursor cells, especially
nmegakar yocyt es (nmegakaryopoietic activity). The present i nventi on provides
new conpounds havi ng such activityres), and pel ated aspects. SUMVARY OF THE
| NVENTI ON The present invention provides a group of conpounds that are
capabl e of binding to and triggering a transmenbrane signal through, i.e.,

activating, the c-Ml receptor, which is the sane receptor that nedi ates
the activity of endogenous thronbopoietin (TPO . Thus, the inventive

conpounds have thronbopoietic activity, i.e., the ability to stinmulate, in
vivo and in vitro, the production of platelets, and/ or megakaryocytopoietic
activity, i.e., the ability to stinulate, in vivo and in vitro, the

pr oductl on. of pI ateI et precursors. In a first preferred enbodi ment, the

o - M r 1



23 April 2003 X~ is selected fromthe group consisting of Gu, Asp, Lys,
and Val; X3 is selected fromthe group consisting of Ay and Ala; X4 is
Pro; Xs is selected fromthe group consisting of Thr and Ser; X6 is
selected fromthe group consisting of Leu, Ile, Val, Ala, and3Rgi2003 1S
selected fromthe goup consisting of Arg and Lys; Xe is selected fromthe
group consisting of GI'P())aﬂetMGDkae@thmra&lohﬂlreuﬂldnncbngforthﬂt-ﬂ\hdrg:epmp

of ‘Leu, 11, val Whih asexp?r@ge i of g itare 6 EhaineRRopOIntE G bty |

herei n; and ni sOgfegakar G&m&u@i o338y aﬂ&ﬁﬁﬁ&l@bb@g&ﬁ{&%eﬂs@éﬁﬁfN dtaLone
enbodlnent LI conp rlses wherein n is 1 through 20, d when n is

greater than 1, Bipoldc85r359|1f40@)1( 9t9lﬁb deﬁwwglﬁhééﬂfﬂwwﬁé’ﬁétﬁﬁlﬂ%) HBartley,
anot her am no ac sel ec t. S or a
st er eoi soner the?g%faa?héglg# ﬂ‘f‘l1??(%9%3?%%&95%%%%&%%@9@?4)30rth
above for TMPI amﬂcemerecqithelforrmbmm“hd ¢int Bormones, aiMpl bploags tolthe ollssr ei n

clructure: Xt i s arpRen e LR LYig nu'? SihoPie Dot Aeaf Sf 156 Raysgo-c

are attached to tshey @99P ?T‘ﬂbt'i\kaiﬁon ¥Es Clads of receptors m%il&ts mﬂh Bindxf% fhdased
follows: Xl is selected trogmthe group, consistin a Leu

Ser, and Arg; X" r¢csptophemedigenzation Whigh ’Qr%@ﬁ“&%ﬂﬁ%&@#ﬁ?@d%fsmﬂﬂ)m@‘mal
Leu, Phe, Ser, TR{endYs, lds, and Gu; X12 is selected fromthe group
consisting of Ala lﬂts, Val, Leu, Phe, Ay, Ser, and A n; X13 is selected
fromthe group consi sin gfgle@f tlmrlgeragt}cg\ of Biproteipdigandwith ltgqqeptamftemtgkes ahde X,

G and ay. 2 R GeRdal Hhauel fdonorFumeint e offifpap bu O

i nvent i ve conpouhdsndnebeundie itgeeveptat, ohlyranfisivdey residnes atqheiﬁtexﬂoe&ctually

~Z-1"-"3)r-1li C)pvvhrel e;

L= and L3 are |i fREP '&86%&‘%%@@31“&'%&8@‘%@&8&3@&? %y %ﬁcfﬁgg’ss%ﬁﬁm t he

| inker goups desqi9gsyy M@Hﬂhef&&ﬂmt}ﬁfbuff@oﬁtﬁgteﬁm:ﬂfgﬁatelnmﬁuﬁ@@w&a%hlyflo(aS
defined herein bel ow and,r are, each independently selected from
the group consi stdisp y@hemgnaﬂfommhenshtdme@sm%éwW&ﬁw active  and
further vvherelnlg GideS 0, and if pis O, thenr is O; and
physi ol ogically a cepta ts thereof. In one enbodi ment) L,, Lz, and L3
i ndependent |y conpri sén @Gﬁ@rpt)owutdatﬁe,ithe phags peptidedibraghdigglay sg{stdm\haeﬂnagbtt
greater than 1, up to h

, | f the [ esi dyes be. su tltuted b
anot her ami no aci%*PEVERIdee ?C?gé{ t@m a&ﬁQ{BteHblf dsor 2

st ereoi soner t her(gedtt, maret maismvm 299: 38mg9abpmvmwowaﬂssdidie§249 4o 1bsd)pw)
are al so enconpassed. by this .invention. The c unds of this_inv t|on are
preferably pepti deUsing i his t4choiaye, smajipeptide mpleey Wﬁgtt‘ﬁ?ﬁéﬂﬁmﬁﬁfﬁéﬁ Plvet hods

or any other net he&%t&fw&mwerea(caﬁaa@esetalTF@cx&@érmmmbgmgﬁnInventlon
t hat enconpass non-peptide portions na synt hesi zed standard organic

cheni stry reacti ons, MS‘&‘(!MSF‘N&FWQS’“SQW pReeenges @M%&@lﬂ@@éétth%ns
when appl i cabl e. &%P&%%Fﬁﬂ&m%usgih%e év&\é‘iﬁin'i QIR
actic purpos y

t herapeutic or prop | ncorp ratin em WI appropri ate
phar maceut i cal cmwmmwm@bwmmmxmmquwMaemﬁmmﬂorao a
subj ect, such as a ther X el.at ed, aspects are al so
i ncl uded in the |sﬁ§? r{?m}dgﬂ(}r %R" w 1@;«%@&35}%0%“

was repeated many times to enrich the pool of tighter binders. As a result, two
families of c-Mpl-binding peptides, unrelated to each other in their sequences, were
first identified. Mutagenesis libraries were then created to further optimize the best
binders, which finally led to the isolation of a very active peptide with an IC,, = 2 nM
and an EC,, = 400 nM (Cwirla, S.E. et al., Science 276:1696-1699 (1997)). This 14-
residue peptide, designated as a TMP (for TPO Mimetic Peptide), has no apparent
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Numer ous ot her aspects and advantages of the present invention will

t heref ore be apparent upon consideration of the follow ng detail ed
description thereof, reference being made to the drawi ngs wherein: FIG 1
shows exenplary Fc pol ynucl eotide and protein sequences (SEQ2@AN&2093i s t he
coding strand reading 5,3, SEQ mMNO 4 is the conplenentary strand 23
April 2003 readi Rgqudnce Komoldgyto IPQ srMUDF. STHesstruktarecfeiis EMPasshipoumis 46
sequence) of human g3 that may be used in the Fc fusion conpounds of this
invention. FIG lUgWss a synthetic scheme for the preparation of pegyl ated
peptide 19 (SEQ m NO:17). FIG 3 shows a synthetic schenme for the
preparation of pegylated peptide 20 (SEQ ID NO:18): FIG 4 shows the nunber
of platel ets gendledfledsly Rro/,Thrd.euArg &GilmEtp LanAlacAlBBFg Al ce tr eat SEQUIDINOdne
100 pg/ kg bolus injection of various conpounds, as follows: PEG MGDF neans
20 kD average nol ecul ar wei ght PEG attached to the N-term nal am no goup by
reductive am natiggnh of am no acids 1-163 of native human TPO, which is
expressed in E. coli (so that it is not glycosylated) (See WO 951 26746
entitled "Conpositions and Methods for Stimnulating Megakaryocyte G owm h and
Differentiation" rGPYLR AARAE conpound of SEQ ID NO 1; TMP-TMP neans
the conmpound of SEQ ID NO 21; PEG TMP- TMP neans the conpound of SEQ 1D NO
18, wherein the PEG group is a S 1cD average nol ecul ar wei ght PEG attached
as shown in Figure. 3. - " i i herein bel ow and Fo-'1~-TM"
is the sanme as Tﬁﬁ%%%%%@%@gﬁigaﬁégr oup is attached at the
N-term nal end rat her Prédoustyhin aBimitar studglon&RO mimetib peptides, aivEPQaniniede. Fl G
5 shows the number @ el et enerated.in vivq in Rl 1 mce
treated with variﬂ?ﬁg‘;%@%}ﬁ?ﬁ Yo g F&W‘?ﬁﬁ%&‘?ﬂ“&g&;&%{"ﬁgﬁpﬁ‘rﬁs over a
7-day period. ThesciepaPPIs458-4635(1995)), a4 wiah foune t6 &t Rs ABIMRE In bivdirpaio theEP(D
above for Figure 4. FIGS. 6A 6 and 6C show schemati ¢ di agrans_of

preferred conpourféeeptar (EROR) Thethigand)/(senepton), complex thus formedihad e ¢ symmateyn

conpound wher ei n gcggr i j a.;n@.glc i Nsaldfp di mer,
and wherein the FC pglr%?iﬂgzd fig s%noélo rl%?gihﬁ%%égﬁg"n gér%r-{ "FIG 6B
shows an Fc fusi di99®))pBased onitlés ssiuctural dnfbumatiog) meovalentiylinked dimet 6EEMP in

N-term nus of the .k iARr . [gi E hQ0 i i i C nd one
Fc nononer is at t‘é{‘é‘%‘gﬁ‘gtdﬁé’"‘l“%w "E’I"H}ggc\,s °sr€%r\5\’rssglm uﬁ@ﬂ\fdaﬁ%g:# sE’5%ound
mer ein tEe Fc nowss desi'gﬁed‘zgﬂﬁ&nﬂttohhge Mt?ﬁmedhiﬁdiﬁ@tsﬁ%ﬁhﬁﬁﬂfmﬁmd
erein the Fc paqrtiaqgn i ineric_and e Fc.. nononer | t a TMP
dimer. 23 Apri | ViotsguntOYRghten NEseip Wgw‘ﬂq%@qeﬁﬂ&%ﬁ%&d%%ﬁw EN TS

In an effort to seek SABiilaPCiteieint GneRiBatloRAthaRRy R HpPlied 13 th{TEPO GHBbRP TENT
of therapeutic agents with nore desirable properties, a different type of

di mer of TMP and Peptide CME) (Gyrle,SE. epal.Scipnse JTEHIOIOAR (RTDH It veasdoundithass

of one TMP pepti dgcWarnihd Iﬁﬁ%dt _%I-"L@r \ e j
either directly o?cw a adupi n er&g% t he féFe!@tﬂsshg‘{ {Hﬁs gl g‘é@@é@'ﬁ@bﬁé
strategy on the baiMand avermharkaifly inbreased snuvitro agtivityr(ECi,e= 0rbhb) inl eeli prafiferatidnen

i nvestigated. In sone cases heses0-cal.l ¢ em. sl S (C- N |ink re
desi gned to have Wé@%ﬁ\é& tﬁ@%ﬁﬁg}’ﬁﬁ%%#@?%@%%b@%@f%
pref erably conposed gimepisisiowh bélewno aci ds) therefore rendering their

synt hesi s accessible to reconbi nant technol ogi es. The present invention is
based on the discovery of a group of conpounds that have thronbopoietic
activity and which are thought to exert their activity by binding to the
endogenous TPO receptor, o-Ml . Confiounds and Derivatives In a first
preferred enbodi nent, the inventive conmpounds conprise the follow ng
general structure: ~1-\'-'"1)0 ~2 wherein TMPI and TMP2 are each

i ndependently selected fromthe group of conpounds conprising the core

structure: ~-xa-X4-Xs-Xs-Xnxe-~-Xmwherein, Xi is selected fromthe group
consisting of Qu, Asp, Lys, and Val; X3 is selected fromthe group
consisting of Ay and Ala; X, ~is Pro; Xs is selected fromthe group

consisting of Thr and Ser; X6 is selected fromthe group consisting of Leu,
Ile, Val, Ala, and Phe; 1lo 23 April 2003 X, is selected fromthe group
consisting of Arg and Lys; Xs is selected frogthe goup consisting of G n,
Asn, and GQu; X9 is selected fromthe goup consisting of Trp, Tyr, and Phe;
X,0 is selected fromthe goup consisting of Leu, De, Val, Ala, Phe, Met,
and



Lys; L, is a linker as described herein; and nis 0 or 1, and
physi ol ogi cally acceptable salts thereof. In one enbodinent, L~, conprises
(dy)", wherein nis 1 through 20, and when n is Beater than 1, up to half
of the Gy residues may be substituted by anot her am no acid ?§Aﬁ §3from
the remaining 19 natural am no acids or a stereoisoner thereo dition
to the core structure XZ-Xlo set forth above for TMP1 and TMP2, ot her

rel ated structures are al so possi ble wherein one or nore of the follow ng
is added to the TMPI andlor TMP2 core structure: Xl is attachegto the
N-term nus and/or Xy, XI , XlI'j, and/or X' are attached to the
wherein X, Xl,, X =~ and Xl ~ are as_follows: XI is select fromthe
group con5|st|ng & H@%RQVQP*ABéU OsEN ,
t he goup consi sting of Al a, De, Val, Leu, Phe, Ser, Thr) Lyg,
X,2 is selected fromthe goup consisting of Al a, IIe Val ,

Ser, and A n; X13 is EN-IEGPTLRQWLAAR QO i of rg Lys Thr,
Val, Asn, dn, and Gy; and X, 4 is selected fromthe gr up consi sting of
Ala, De) Val, Leu, Phe, Thr, Arg, Qu, and Ay. The terln"TMP" is used to

mean a noiety made up oiy i.e., conprising, at least 9 Qubuni ts (X2- X, o},
wherein XZ-Xl o c&?ggfﬁd e core structure. The XZ-X~4 subunits are

pref erably am no S Independently sel ected from anong the 20

natural | y-occurring am no acids, however, the invention enbraces conpounds

where X2-X, 4 are independentl seI cted fromthe goup, of  atypic

non-natural |y occurrllﬁg‘“ﬂ‘%er aspegt ﬁwpf%emn‘é?ﬁ?%ﬂ&mmmqrsmﬁme& he
art. Specific prafRnéed ﬁ%ﬂﬁ.o%&sﬁés&ﬁat'a@@&&mdﬁ&nmu fdbuBPRoln . For
exanpl e, XZ may be Gu, Asp, Lys, Val . Both three-letter and single

| etter abbrevi at fefseedito genemdliy@s ﬁ@uft@seameotnwhlmeu@ghbum Zhetesultnge:, t he
abbrevi ati ons ar g +&§m§§§gg&&_gedqg%§1,g ijonfsgfﬁd?%a:?dgm% aI I y-occurring

am no acids or wel nown vari at1 ons er €0 hese am ho aci ds may have
either L or D ster eoc’hlmioﬂbwmg(sadnmﬁbadcgrouﬁiyecnumewnngeouheFti‘e@fonkoﬂor D,
and the TMPs may c gergﬂl nati on, of .stereo amet” es. wever, the
L stereochem str?“ti %?’FB dh cannpetipn Om5OF, Ee RESSERL CPMPRURS. TP chai .

The invention also prmxsiﬂ&se&uﬁﬁssewzmoﬁammdeﬁenmbmmmﬁb&momm
term nal to carboxy term nal sequence of the amino acids is rever sed. For

exanpl e, the reviknoyn g Fab'rwthich binds H%Rﬂeﬁgﬂﬂﬂé’OMQPm%d@QW@és SEc” yehick3
woul d be X3- X=- ?hrovigiagtﬂemm UM o RN E I Bcofiplehtend 64 ntscg‘ p-gké/dbcgtosns

nmol ecul es wher ei h, e a reverse TMP, the amno term na
term nal sequenc@heFc pestian obwi igfanuingglobulisrhas d long plasms halfilifs, whwezasaxed’ahur mal |y
L" enationers I oy

"L r e sanmer form

Addi tional ly, physop\@ggl gC?FIo)E/]’ %?gelg@“{f{b?@g s%ﬁg sF@he TMPs are al so

Encorrpassledt P2y5| ol m’gérgpdutlypmepltodbd:teh?\&lbeﬂ cqnntarceedammlgﬂ&lltcsiohhmtto arfe
nown or |ater di cov ica cC e. Sone specific

preferred exanpl 8¢TR M&?@epﬁﬁfﬁg %f%@af“'f‘??*g? o 'i?r]:sd@’ep of

hydrobroni de, subin@ing, pt@tehf mbaadmg,aém;wemah mb&tﬁd pl¥étita brdnsfdrwhich aﬂ'r&me
contenpl ated that "derivatives" of the TMPs may be substituted for th

above- descri bed Mchmemwmalwmﬁ@ppm@mdNamm% SIAEIBON. doe or
mre of the foll Chd iSSP RPIGR SuBSE bl B B0 G dP! ol Iedyl

peptidyl [-C(O Nk- &4 ages ave en replace
| i nkage such as avhdﬁl-ﬂlmdsé]ﬂﬁ@rraﬁeptdrs eﬁpagmdoﬂbﬂgﬁﬁ(@:b&sdmnﬂrduﬁ,

| i nkage; a - CH2- Ifonam .0) ZNR- rea [N

| i nkage a -CHi - a%%@u}‘ﬂﬁ'ﬁzﬁ@\‘ 8(5‘}l (Lh“r %P&t‘ﬁ@ %‘p%ﬁe&ﬁ Q)é\lﬂﬁ?ége

[ - C(O) NR6- \AhereN%65;4soI99wen.-w &Mlahu-umaiﬂa@tﬁsamv&m@jdan& et Ha€ béEn Rked toS
derivatized to a NRR group toaN \ﬁ%@ roup; to a -NRC(O) OR group; to a

NRS( O) ZR group; #wire RENZ20) QT th ipergase ea?ﬁhoww@ﬂvéma lifg&Zheng, Xover
alkyl, with the pfaVvie bl oRiAREndbgy2154: 5590-5600 (1995)). Studies have also

evaluated the use of tumor necrosis factor receptor linked with the Fc protein of

5




not both hydrogen; to a succinimde group; to a benzyl oxycarbonyl -NH (CBZ
NH) group; or to a benzyl oxycarbonyl -NH group having from1l to 3
substituents on the 12 23 April 2003 phenyl ring selected fromthe group
consisting of lower alkyl) lower alkoxy, chloro, and bronmo; apdzpepbdsies
wherein the free Ctermnus is derivatized to -C(OR= where Rs i's selected
fromthe group Cﬂﬁﬁhﬁ%@&o%t'ﬂﬁ&fts Witk Sep¥ic sk (PRI C.\éh Al N FEnghTdMBd., ar e

i ndependently selected fromthe group consisting of hydrogen and | ower

al kyl . By "I ower 33#:s16824702 G98MoMpn e, Kn gt &5 She Jouing! of kmmunology: bifs 2221-

Addi tionally, nodhfd L\QN [ (VA | AP ' ilﬂir? ed
into the TWMP nol gg'{ﬂ @ggé)?'ri%g{sidﬁg%%rfg%@ggﬂ‘a%n? ﬁ%"%@ég’zwﬁé‘.‘ Egs 0 Fs:l"tqt:!g
peptide with an prgeinifer trbamentdf AIDS) SegcOdpoh kipdl., Natuee 3301525581 (EX86).ilmg with
sel ected side chaing or, termngl residues. The foll oy are _exenpl ary:

Lysi nyl and ani n&daﬂ?qﬁ“ﬁ%f eu%?ﬁa&ﬁ%%%&b%@_Eae?@a"ﬁﬂaﬁafééﬁﬁite° Freeitier
carboxylic acid ndwhefindiefife oPRfidriéakih 2ahi @B sydichit foRieRe S&CHasilhasl! he ef fect
of reversing the charge of the lysinyl resi'dues. Other suitable reagents
for derivatizi ng lemyneteehaplogy,dnP2ilf? H§9%)ksi dues i ncl ude ini doesters such as
met hyl picolinim dat e; iofl i T8 anf Wid | : ke,
trinitrobenzenesul fonﬂ&‘ggiod@ég’ragt y Eygourgeag? Zégﬁ’g%%?gﬁgéﬁ%ﬁg@gﬁﬁwﬁﬂ

t r ansani nase- cat additionk! caapoundsthatihaie g biplogichlactvity/of glimylatingthe prstuctionofb e

nodi fied by reactj ' . A f r t anong t hem
phenyl gl yoxal , 2,pla?gf}%h}égﬁgﬁ%&{cf?ﬁ%%%%ﬁl’éﬂ}éﬁgtoérgcﬂlg%mgg@sg %ﬁgﬁ% rin.
Derivatizati on ofmegakutydcpes (mepakirgspoletiq activitg). tThetprésest invention provides gy f or med
in al kaline conditions because of the,. hjgh a of the guanidine functional
group. Further mF@F‘PPWéga‘?%%‘%?@V}Ws}g%@EGﬁdtaﬁpm groups of |ysine as
wel | as the argutine guanidino group. The specific nodification of tyrosyl
resi dues per se has been studied extensively, with particular interest in

i ntroduci ng spectral |abels intcSUYIARY OEJHEINVENTION:ti on with aromatic

di azoni um conpounds oOF ; E@{EF c i Aedi zol e
and tetranitronet hane Tr%‘giel%%@&e or rsnagngi:g?y yr"ggﬁyi %%gscﬁl(aéisergggd
3-nitro derivat i \hixlingte spd triggerinigya tranGaerbbrand signaldbrogghy s actieatiag,tthé c-Mpl
glutanyl) may be sel goCtil\ﬁ |y .odified tb§ reacsi oqhm th, Caﬁb%?’i i mdes
(R-Nee IR suBseed wih K ptats réaprt unRtha g soink BF oRbrentih o | i g
or 1-ethyl -3-(4- aifonmbapdietir POB! ThilspthatinventiveabMpslindshaie thEiMUoPGiEﬁ@ioﬁwity,
aspartyl and glutamyl residues nay be converted to asparaginyl and

gl ut ami nyl resi diés theabliy o stigylatg, invive,ardin ¥itso; the grodugtion %3’1%%'4 andfpn3
G utam nyl and a i i [,e teks j 4 Qe
correspondi ng gl jﬁgg;}%g%c?pggggrty ’?‘ee's’i uagg%st%gﬁge?mv‘g%iﬁﬁtlhgggbﬁgsi dues
may be deami dat ecprodustion of platklpt preduedoss.condi ti ons. Either form of these
residues falls within f S LN ' rivatization, With

bi functional agents i sﬂlg?é gfe? oer8 “é‘ﬁ’gas";“-'z{“rﬁ%%ﬁﬁé’%@%‘fféﬁé@%’?sﬁh%i r
functional deri vabliowing geneeal stadcaure:i nsol ubl e support matrix or to other

macr onol ecul ar carriers. Conmmonly used cross-|inking agents include, e.g.,
1) 1bi s(di azoacetyl)-2-phenyl et hane, gl utaral dehyde, N hydroxysuccini m de
esters, for exanple, emMPL@,)dTMP,4-azidosalicylic acid, honobifunctional

i m doesters, including disuecinimdyl esters such as 3,3 -dithiobis

(succi ni m dyl propi onate), and bi funeti onal nal eim des such as

bi s- N-mal ei m do- s : oV at.i z]

met hyl 3- [ ( p- azi déﬁﬁ"e’ﬁﬁl@g‘i't‘ﬂ&u They e %f@%%@bﬁ%%@%ﬁ%@&%ﬁ%‘?ﬁ e

i nt er nedi at es t hatompoandsayomiptisingthe torerstragurer ossl i nks in the presence of
light. Alternatively, reactive waterinsoluble matrices such as cyanogen
brom de-activated carbohydrates and the reactive substrates described in

U S Pat. Nos. 3, % _3@}.75%- 715y 48 4,195, 128; 4,247,642; 4,229,537; and
4,330, 440 may be e?r%?oye %or’gjps'ro gcimﬁ i mmobi |'i zati on. O her possible

nodi fi cations include hydroxylation of proline and |ysine, phosphorylation
of hydroxyl gr oupgn&ki seryl or threonyl residues, oxidation of the sulfur
atomin Cys, net hyPa 1'on of the al pha-am no groups of |ysine, arginine, and
hi stidine side chains (Creighton, T.E., Protgins: Structure and Ml ecul e
Properties, W H Freeman & Co., San Francisco, pp. 79-86 (1983)),
acetylation of the N-term nal amne, and, in sone instances) am dation of
the C-term nal carboxyl groups. Such derivatized noieties preferably

i nprove one or nore characteristics including thronbopoietic activity,
solubility, absorption, biological half |ife, and the |ike of the inventive
conpounds. Alternatively, derivatized noieties result in conpounds that
have the sane, or essentially the sanme, characteristics and/or properties
of the compound that is not derivatized. The noieties nmay alternatively

. . . e Y Y e Y o




sane or different in sequence and/or length. In sone preferred enbodi nents,
TMPI and TMPz are the sane. A particularly preferred TMP is the foll ow ng:
Ile-Au-A@y-Pro-Thr-Leu-Arg-A@ n-Trp-Leu-Ala-Ala-Arg-Ala (SEQ mNO 1). As
used herein "conprising" means, inter alia, that a conpound WAH)rFQb?:ﬁe
additional amno acids on either or both of the - or C termni of the

gi ven sequence. Howev:js selectied frgmahe grosy consistingeof i, AGS LYe ah@ vl 0, X to
X14) or one of the othker exe hary structures isc%esent, t he renai ni ng
chemical structure is éﬁsﬁ{éf’t\?ng gm the.gropp.ensisting of Gy apdMase  any structure
outside of the core XX,isPrg] 0 structure, or the X to X,, structure,
should not significantly interfere with thronbopoietic activity of the

conpound. For exanpl eXsseleeted framihg eropn consisting af Ths ard§ersi oned as fal | i ng
within this inventiony fddiekte®Bamlt Qigt%gr@"iﬁ [ ef ed
conmpounds of the inve?\{t‘i‘oneare tan ee%?&aégrf@rs nt Sﬁ%h}g’g“o?‘s@ Stwo TWP
noi eti es, other conpoXaiiselséted from thegroup comsistingeoftArgdadLyg;| t uners of the

TMPs, i.e., conmpoundsyof the | | Qi ng exenpl ar tructures:

TVPI - L- TMP2- L- Tl v>P3; ’Qis-%egﬁg‘gggmgﬁmezgfg%@“%&‘{f-%“t- U L- TMVP, - L- TMPs;
15 23 April 2003 whay, ¥ salediMProm M Ebup édRsisting\F Trp, R, ahiffffecan have the
sane or different structures, and wherei n each Tl\/lg)and L is defined as set

forth herein, and the%hdifRescteddram the group sonsinting of Feuefle, ¥al) Ala, PheeMetrapdunds
of this inventionyei |l have from2-5 TMP noieties, particularly preferably
2-3, and nost preferably 2. The conpounds of the first enbodi nent of this
invention wll preferably have | ess than about 60, nore preferably | ess

t han about 40 am no agi i .t ) y will be peptides). As noted
above, the conpounds g’fg?hdgﬂ?ria?é@cg%'(%‘gf%n of this invention are
preferably TWMP di mer snid@ ahl;are either bonded directly or are linked by a
| i nker group. The nononeric TMP noieties are shown in the conventi onal
orientation fromNto Ctermnus reading fromleft to right. Accordingly,
it can be seen t laad physidldgitdtyndccaratioapothedst are all oriented so that the C
termnus of TMP, is a tache% it her dire_ctl(élor through a linker to the
N-terminus of TMPZ. T Q b Sncqmprisesi(Slyne Whersinawisd thegnghe 29, and when
orientation, and pif@rehtaNBit | . S
"tandem di mers". T.h%-se corrpz)’\tﬁ,c}gﬂg?gﬂgng?m%ﬁ?gggggé@%%%&g’&ghéﬁﬁ%#%E? and
TMP2 are st ruct uragidisglectedfrom the rempining i % natixat 4miho acids orer seresisbniee tiexedi mer s

are envi sioned. The " ﬂﬁ?{ (el ) b Sy-0ptizonal,. e, it i sent,
it is not critical vvhgt [ soné%{eh(r%l%g% “@ﬂ%c*’%%%goﬁfwgg\?rm%é 2,
p_rit EB{ ihl ybasI a _smimerelatﬂ'mgirdcturdct ' arehﬂibcmhf_ silleﬁ'hﬁbiﬂ&ﬁB oﬁﬁg?&?ﬂiﬁgfoll&?i‘ﬁg’tiﬁcfd%e
Wi e biol ogica Vi e final cgnpoun nd also so tha
i mrunogenic' rty g? kl}eﬁ[@&h af?g%r Sﬂrﬁdtq"gurﬁog‘éf‘ﬁ?ﬁ?‘?f tothe Nytermiguscandéon X 3he
linker is preferall X IRAEOLR,, fe ELHRA tHhb CStelmifke HhbREEKD i
bonds. Thus, in pref er red e_rrgodi nments) the Iin_ker’ corrp%‘égré”@o/‘j B&ﬁ%’r‘gﬁn Y
is a naturally o@éfﬂ“PWﬁg amno acid or a steroi soner thereof and "n" is any
one of 1 through 20. & JejeBk@Erof [ Sii [Eq% u from.1 to. 20 am no
acids |inked by pepti dé bgnch, \?\#glrléeélﬁutﬁog&am no gt&&so{lgr e“&f"é&'fde &rom
the 20 natural | y- occu®hi ingeletddrfonathi geoup konsistingofAley B, 6fal, $du PHOSErTERL . t he
1 to 20 am no aci e ected fromdy, Ala, Pro, Asn, G@n, Cys, Lys.
Even nore preferé&?y@g’taﬁgahf’nker is made up of a mgjority of am no acids
that are stericaly unyj iseeécnd fromithe Ghirsistifek ¥ AayTd, & Yeg -@y-Ay
[(dy)3]. _ (Gé’%é%Al a, @y-Aa, ﬁg?(} Y, l%a-AI‘%I;Ii’etc’. @] hee'rcbé'bgecrffi c
e Il s

y nd ySer y 1 froni'th ucture
provides a site for_ gl yscosy! ati oon, \A/I%reorlllpit |sﬁ%r%§%§:e#{’?§%§@& g’nﬂﬁya‘}dn a
manmal i an cel | sﬁiiﬁ@ﬁdt hat is capable of glycosylating such sites);

(dy),Cys(dy)~ (SEQ 8):,and,.d yProAsnd > 1 9). To explain
t he” above nonencl atur2%’”?5?18%%9%@F@ﬁﬁﬂgé%ﬁ&ﬁw’Bher Thr, Arg,
dy-dy-dyLys- AGlu@nd-GH.y-d y. Conbinations of Ay and Ala are al so
preferred. Non-peptide |linkers are al so possible. For exanple, alkyl

|l i nkers such as -HN(CH~; CO, wherein s = 2420 could be used. These al kyl

| inkers may further be substituted by any non-sterically hindering group
such as | ower alkyl (e.g., d-C6), lower aryl, halogen (e.g., d, Br), CN,
NHy phenyl, etc. Another type of non-peptide linker is a polyethyl ene

gl ycol group, such as: -HN CH2-CH2- (O CHI -CH-a O CH2- CO wherein n is such
that the overall nolecular weight of the |inker ranges from approxi mately
101 to 5000, preferably 101 to 500. In general, it has been discovered that
a linker of a length of about 0-14 subunits (e.g., amno acids) is
preferred for the thronbopoietic conmpounds of the first enbodi nent of this
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2~ April 2003 The conmpounds of the invention may al so be covalently or
noncoval ently associated with a carrier nolecule, such as a |inear polyner
(e.g., polyethylene glycol, polylysine, dextran, etc.), a branched-chain
pol ymer (see, for exanple, U S. Patent 4,289,872 to Denkenmabgggmqmogl.j

i ssued Septenber 15, 1981; 5,229,490 to Tam issued July 20, 1993; WO

93/ 21259 by Frechet hia second prefetred mmbodifier@r-the nventh@3dmpoands hpvedthe general
chol est er ol grogﬁﬂé uch as a steroid); or a carbohydrate or

ol i gosacchari de r possi ble carriers include one or nore water sol uble
pol ynmer attachments such as pol yoxyet hyl ene gl ycol) or pol ypropyl ene gl ycol
as described U S. Patent Nos: 4,640,835, 4,496,689, 4,301,144, 4,670,417,
4,791,192 and 4, 179, @18 TMPo{lahrTMBe(la)-(B)} ymrer s known in the art

i ncl ude nononet hoxy- pol yet hyl ene gl ycol) dextran, cellulose, or other

car bohydrate based pol yners, poly- (N vinyl pyrrolldone~ pol yet hyl ene

gl yco: propyl FMeandP,,l‘mém,mﬂwm&,chas felytedabyve; fig, Ig)ghdibgaeliylkeene oxi de

coO (0] nmer, (0] (0),4 ate C 0J. an (0] vin '

al cohol | as vel B Secachhafiy E@Q‘ﬁ&?\yﬁs P b Boul depived hereing . 6

pol yet hyl ene gl ye@ an( onahauﬁﬁﬁx@%le bilin (RY définedheraif belo@ 1, Qahd FRleecul ar
ranc

wei ght and may be strai g t chain or hed. The average nol ecul ar wei ght

of the PEG wil | epshdndepsmsieptly selected:fy mmp@nﬂw&%’% th¢ Whenein ptisast apg o
preferably from ut 5
(Da 0 about 10 LTt il R Gl Meteiaf SR, OPLAIED BY, et BD: 20
conpounds of th@hymmw@aﬂﬁncqﬁpabl&@ﬂﬁhﬂsﬂf eammbwnmtklﬂtbi, pedhl; M chael

et hode & hr ough et Rmfsd{, FITERRE Lakoush 220 MRk o ik
ehCti e Oroup gt b taraet ombonnt o AT 32&5‘ """'”m“r’?é"mé?fgr

thiol, a- ﬁal ogcé‘)ﬂ °ﬁ%ﬂ"é‘gﬂ5 "‘gﬁmﬁ éf‘?‘ﬂ%“g’r%%fﬁ?'s" tﬁ%?ﬂ?drate ’
(oligosaccharide) gr mﬁsamyomameaﬁbauﬁ@(&k&rmbsaowa@atsssnaowmad e

known to be gl ycoaﬁ/ll ation sites in proteins. Generally, Olinked
ol i gosacchari dedyshiginyentigthed t o serine (Ser) or threonine (Thr) residues

while N-Iinked oligo El_;mE 'ﬁ?p%; i dues
when they are part o?ﬂg e"g‘giﬂﬁéﬁ %g P&ﬁeﬁm@@%}( eigény am no
aci d except pr oIprqmred)bylsmnﬂardfsymheﬁcynmimls@i‘ an)hmhargnﬂhd)dsroﬁbteparmgqmpmdeag

am no aci ds not unt| n d g? ‘l.'he ructures of df ed and. O |inked
ol i gosacchari des ﬁamPﬂ 888 S pentign tha ?rg:awaaslsﬁoxlgep (90&\}9???’ P03 each

type are differ ajphthesided by ¥ardd?d ofpdfiid chémistry feactRETIR additidnrd Rfinduzd Peptide | S
Nacetyl neuram ni.c acid (referred tq, si sialic acid). Sialic acid is usually
the termnal res %feas%qqﬁwewm%@@ &nd O |inked ol igosaccharides and, by
virtue of its negati %e%ﬁR&ﬁds BPhisiAVEnASn MY BY Gsel PRk cRfic &:oprbsl?ylacuc

gl ycosyl at ed conpound. Such sites) may be incorporated in the 1inKer of the
conpounds of t hiEBwrpaseselntinensperadn w@f@pmnyteghymwtta@lwnsym&ee@s and

during recombi ngy (Y

manmal i an cell s shmﬁ %@W&WB% %e%%hgggﬂ%%s&ﬁ%ﬁnW%er be
gl ycosyl at ed by @thet frelatddaspectsaeeralssinolubied inchginstart dnveaoknown in the art.
Some exenplary peptides of this invention are shown below. Single letter
am no acid abbreviations are used, and the |linker is shown separated by
dashes for clarity. Additi OnfﬂRﬂﬁ*)DESCRf[PmN(ﬁ“’f‘HEW@RES onmoacet yl

(BrCH C(O)) and PEG is polyethylene glycol

| EGPTLROANLAARA- GPNG- | NugmerowrathexaspectsIndavantages afhe presmiinraionmilthGefoBa6as
| EGPTLRQCLAARA (

- | EGPTLRQCLAARA tf%’ &hggﬁsdpegﬁg%@wﬁ&’é?%%&w&ﬁ&dﬁ%%% thereof, reference

| EGPTLRQALAARA- (bsisghide-tb Bisrdravinidd viliéadin( SEQ m NO  13)

| EGPTLRONAAR A GOK(HOAL Ehga@%@@f@é@ pisstdsges Ptmpscappes (SEQID
| EGPTLRQALAARA- %
| EGPTL %AARA— m s m&% B@IDRO- 103 the complementary strend

| EGPTI , RQALAARA- GGGC( PEG) GGGG- | EGPTLRQALAARA (SEQ I D NO 17) (SEQ I D NO
18) | EGPTLRQW.AARA- GGGNGSGG- | EGPTLRQALAARA (SEQ )D NO. 19) 19




23 April 2003 | EGPTLRQNLAARA- GGGCGEEEG | EGPTLRQALAARA

| EGPTLRQALAARA- GGGCGGEG | EGPTLRQALA, ARA (SEQ I D NGO 20)

| EGPTLRONLAARA- GGGGGEEEG | t EGPTLROALAARA (SEQ ID NO 21 ) In each of the
above conpounds, an N-term nal Met (or Mresidue, using the eﬁliﬁ%‘i r
code) is contenplated as well. Miultiners (e.g., tandem and n A (ﬁd}
coval ently bondegeading 3r51; #d\SEQID NO: 5dnthe @hcoded hininoabidy sequenep)ofhimans e

al so contenplated. _In a second,e nt of thi ventiqQn, the conpounds
descn’ bed above MG! ﬂ‘&‘r’f‘%"e‘b‘édff{}g%g lqgmaﬁe"mf’“nﬁsﬁpét YEnHOM, s ei t her
directly or through 'rwezrshewweﬁnhéuesaﬁnﬁr@me F@Jaasm@ggateabb@riﬂgggggg )

group of conpounds is: ~C) m-q- ILl)a ~2-~)i ~g wherein
are each as desc(SEQIDNDN]). L,, Lz and L are I|nker groups whi ch are each

i ndependent|ly sel ecte romthe I| S de g bove: .Fc i n Fc
regi on of an i mmunogl EB:EH oW Sy %‘cﬁ "}e rté\eg aF @’gﬁﬁgﬁ? prtlggﬁgct ed
fromthe group CQSIEleN(g 1gj 0 and 1, V\/nerel n at | east one of mor pis 1,
and further whereinif_mis 0 the if p.is.0), then r i 0 and

physi ol ogi cal | y accepFH#|4showsthe Q“ﬂ@P'é‘EﬁPlatﬂE@(SF’éﬁrﬂ&F’j‘“‘E%“
this second groupy;hay&Ei witF e 109 ,@a(gckadsnﬁécﬁoarofm?ouﬁ bérﬁ;%oxﬂ&@'d?fcﬂliaws

conpounds as descri bed above, but (hese corrpounds are fused to at

| east one Fc gouPES-MGDF tieans@OIkP avteragh M@nlaowelsbfrl’% pitached octhe Hrtgmpnal The

| anog! obul i n | A UG 67 REGUAE Sl fr SRS €A AT RAR HRTEO. which
Reﬁ, 10:407|1- 4079spr&fs&)dimErcdr(yodtahsnstﬁagbe!YM(&mm95{26t7#ﬁaemﬂed(e g.

| gG ’ | gG 4,
ot her | mmunogr obuFoRgyHEoringMeeRb g s ok Mesiictpens ol 101 ot or e
made up of mnomﬁaeﬂ&dtmﬁ’g TMPanangitie tbmpbinal o SEQ IEND: NKFPITMP nidarsithe C

or multineric forns by disulfide 20 2003 bonds o
non- coval ent ass¢eMResndpf SHRIDNQ & Qﬁgﬂﬁﬁe weansthe m&w&j%féﬁ&%klo

bet ween nonormeri g S%ﬁﬂ'@f(ﬂtﬁe ﬁécp?gp\i@a EW‘R’eﬁ%&‘ h@&cmgmaghtfpw%cﬁa o

dependi ng on the cfas or subcl asSs
g, 19g&, IgAl shogmlswfe%'ﬁml’bw-ﬁmv& d hergindelowt and' Edleherel n

is generic to the_non cul es.
It ghoul d be not e(ﬁmfﬁgﬁﬁrﬁ—cf%nonefé&wﬁ?m%ﬁ’%gﬁ%ﬂ&é{mﬁ%ﬁl b2 r?et he

appropriate Cys rmﬂuedﬁhmsﬂar(étepnmslandoﬁﬂieé@@-;ﬂﬂpmmﬂar conditions are _
Phe Oys roei duce. that THGr SRy Sopsmiar SEPAEilE Bsprrbed mrviye o ety B mive
removed or repl ac@&témmmmougwpwﬁ&sdewaemaaﬁamed @dﬂﬁmeﬁumpd dveg Nyl | y

di meri ze through .non-coval ent interactions. The term"Fc" _ herein |s used to
mean any of t hes eberigd nihe corapayads are defined ifsthe samemanner gasetforth ab cuiferfigyree
bond |inked), nodjfied dimers (disulfide and/or non-covalently |inked)) and
modi fi ed nmononers (i. e., derivatives). Variants, anal ogs or derivatives of
the Fc portion may be FHGSs6ALGH,aud 6G show schematipdiegrames Rf prefesred campounds of
substitutions of [,.Se i i.des
el ude i nsert i orte BreaR i Rhghe G4 howsih Fith o bor MG lerBB icE RS
suppl ement an Fc Bifised atvhe W-eminesufehe THPatihen and whereih ¢helFegoaition igd  ei t her

or both termni of the pratein, A itio dWIthInI nal
regions of the Fc™aff c{@pgle l@?faé?fé’byn%nggr“ﬁ?‘%ﬁq "\/%{?‘P‘a?ﬁ’@‘\‘/!l‘é Wg'ﬁ'&ﬂlﬂlq onal
residues at eithepc RipidAM fusédit M N-t&rihus BE the P aﬁn&wmhaemfth@wﬁbx%ﬁ& ei ns

and proteins including amno_acid tags or |abels. For exanple, the Fc
mol ecul e may opt i dimeric,;and one B¢ mongmentisattached toreEMP dipssc FEG. (6 shownarn Fee

nol ecul e i s expre ‘ﬁp 8? t * Uch .ﬁMP

Fc del etion vari aﬁ‘?ﬁ?ﬂcéﬁégo %p"t“l%ﬁ?ﬁgﬂ’é %fﬁgeegl%dﬁgg cﬁﬁlﬁ%s ﬁﬁep @816?’1 de
are renoved. Del eandowiereifithd e poitiohds dithefit andieach Fe dnbmércs aitadhedab atM Fc

pol ypeptide, or with renoval of one or nore residues within the Fc am no
aci d sequence. Defifefon variants, therefore, include all fragnents of an Fc
pol ypepti de sequence. In Fc substitution variants, one or nore am no acid
resi dues of an Fc pol ypepti de are renoved and replaced with alternative
residues. In one aspect, the substitutions are conservative in nature,
however, the invention enbraces substitutions that ore al so

non- conservative. For exanple, cysteine residues can be deleted or replaced
with other amno acids to prevent formation of sonme or all disulfide
crosslinks of the Fc sequences. In 21 23 April 2003 particular) the am no
acids at positions 7 and 10 of SEQ ID NO S are cystei ne residues. One may
renove each of these cysteine residues or substitute one or nore such
cysteine residues with other .am no acids, such as Ala or Ser. As another
'exanple nDdlflcatlons may also be nade to |ntroduce anlno aC|d

- v o, " e e I M




Li kew se, one or nore tyrosine residues can be replaced by phenyl al ani ne
residues as well. In addition, other variant am no acid insertions,
deletions (e.g., from 1-25 am no acids) and/or subsfriutions are al so
contenpl ated and are within the scope of the present inventi oA aqii 2003
Conservative am no acid substitutions will generally be pref &rr ea.
Furthernore, alter atDBTAILED DESCRIRFION OF WHE PREFERREBEMBODIMENTSuch as

pepti dom netics or D-am nosacids., Fc s ences, of the TLVIP c ound y
o Do et vati ved. InapemSitlotiee RIS 571eh] comitoupds'n the SHERPRE DT
del etion, or subshérhptiatioagddits WitH MOreAetifblePFopeHRS, a diFGERIHIY Of difhéteof TMP
nodi fi cations are covalent in nature, and include for, exanple, cheni cal
bondi ng wi th pol yadrelated staiciuses Were dpsigned iviich e §-terrmingef ne MR peRiide was
Derivatives of t\fibd#qRt NoRrRls dTS sBUohR TMAKpepRad, RRRE Aot dr Vil @aain |

life, or may be designed to inprove targeting capacity the pol ypeptide
to desired cell s,the effastsef thip dimsrizasion strategy an the bioagtivity pfthe resulting dimenis

sal vage receptor bi.ndyr i . i E C . F Rt oOf
the | nventi vo cofBonnis vt Hih Buehighisf, e adsh R S5HaEa Mhgbit Bragys EON
"lAI ter eg Po: ypelptlin!i)?ﬁret_tbidehigﬁdgctbha&ﬂﬁlklz inkéds bétweer the thdhdﬂaha@,ahe mmd dn_ggf dt he
cl ass of nol ecul es desjgnated as Fc herein are those that are described in
WO 97/ 34631, entinrpfgaﬁvmmﬁw Bﬁﬁ“ﬂ%‘f‘kem%oﬁﬁr e Fendering theie aghesisy | 1
Lives". Both of t&&sﬁ%'tb?&%ﬂbﬁﬂt&ﬂ%@ﬁ@éi ons cited in this paragraph are

hereby incorporated by reference. The FC fusions may be at the Nor C
termnus of TMP~ or TN poeseatiinvsation is hasedomthg discoveryofié gronp efeompopads thet has

e Pt b Shafe B Rferl Bl SRA WHER e B Rl i TRty inclidgPR' ©

to the Ntermnus o roup s nore bio Ive

possi bilities, scahemsogusiuveTPOaeceppradMpt donmmin at the N term nus of 22
23 April 2003 TMP, (i.e., r and p are both 0 and mand q are both 1 in
general formula) is preferred. Wien the Fc chain is fused at the N-term nus
of the TMP or |i nk@fipoupt€indDérivetivegi | | general Iy occur at the Cterm nus of
the Fc chain, and vice versa. Also preferred are_ conpounds that are diners
(e.g., tandem and non-If‘&rﬁigrPFfﬁTedtﬂ@%’&?B'@m’?d%Wg'é‘fe cogppunds comgasedbger al
fornmula as set oULiGNRY Bendrdl sitiGlirecases, each Fc chain will be linked to a
tandem di ner of TMP peplides. A schematic exanple of such a conmpound is
shown in Figure 6 C. A preferred exanple of this type of conpound is based
on Figure 6 C, wherei _h§ gnqi',rrer of the conpound of SEQ ID NO 5, each
L=1is (dy),, TwI anm— ‘?:Tre e¢ach the conpound of SEQ 117 NO 1, and
each L, is (Ay), . This conpound is also referred to herein as

"Fc-TWPI -LTMPZ' . |}t i.s,also r sented. gs a. diner (through the Ec portion)
of SEQ 117 NO 5 el @ﬁ%ﬁ&&%é&fﬂgﬁ SRERdsnLY ﬁel‘i"ﬁ@% &Fcﬁﬁ%“ﬂ at t ached
through a |inker ¢dmpoafidseoniprising the@brelst@ctld’Z goups in Fig. 6 Cis also
contenplated and is referred to herein as TMP~-L-TMP2-Fc. Sone specific
exanpl es of conpounds fromthe second group are provided as foll ows:

Fo- | EGPTLRQALAA NG INEGPTAR (SEQ I D NGO 22)

Fc- | E@TLMM@%&W%— Fc (SEQ I D NO 23)

| EGPTLROQALAARA- GGGGEEEEG | EGPTLRQALAARA- Fc (SEQ I D NO. 24) Fc- GG

| EGPTLROALAARA GPNG LEGPTLRQWLAARA (SEQ 117 NO. 25)

Fo- | EGPTLRQALAAR. X TEBGGGGEE | EGPTLROALAARA (SEQ I D NO 26)

Fc- | EGPTLRQCLAARA- GGGEGGEGEG | EGPTLRQCLAARA (cyclic) f + (SEQ |17 NO: 29)

Fc- | EGPTLRQCLAARA- | EGPTLRQCLA_ ARA (|inear) (SEQ I D NO: 28)
Fc- | EGPTLRQALAAR. A ~G§E@P¢EMM 1e/groupeongigting gEGIL dysp, Lys, and Val,

Fo- | EGPTLRQALAARA- GOGKEGSGe1bdE | .

Fc- | EGPTLRQALAARA- GGGCdBGGI EQ?W@E%‘& ﬁg E"é'}l l’23 23 April 2003
Fc- | EGPTLRQALAARA- GGGNESSEBro;EGPTLROANLAARA ( SEQ 1D NO 32)

Fo- | EGPTLRQALAARA- | EGPTL AARA | . . .

Fc- | EGPTLROALAARA- R B4R consisting of Thy-gnd-Ser,

Fc- GGGGG | EGPTLROALAARR; isselect e Febm itieGirdugEddkiangar LaEDe] Val\Bla, 40 Phe;
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I'hn each of the above conmpounds, an additional N-termnal Met (or Mresidue,
using the one-letter code) is contenplated as well. The Met residue may be
attached at the N-term nus of the 1~c group in those cases wherein there is
an Fc group attached to the N-term nus of the TMP. In those %S@H%\G@'ein
the Fc group is attached at the Cttrm nus of the TWMP, the Met reéesidues

coul d be attached to Xtiesdlectadrrannthe geduptchnsistingpofjArgand Liys; each of the above

cases Fc is preferably .th regj,on_of th i bulin Igd@ heavy
chain or a bi ol ogi ca|*y‘s5”?’%"?{%&‘%"?~5§‘r%‘ﬁt°?"s§%’$‘g§§{}ﬁg&gﬁgﬁ%r thereoiy see
Ellison, J.W et al.,X]Nvsdieted froen the ghamp. consling 0F Trp} T¥0 attd Piey) . The Fc
sequence shown in SEQID NGO 5_.is the nost preferred, F¢ i..Lor t he _above
conpounds. Al so pref eXwisFelsrted fram thagroup consistngRfLepyflsyYiab dhla, Phe,fet, and,
dimeric formof fhe sequence of SEQ mNO 5 and each Fc chain is attached
to a TWP tandemdifrer. Additionally, although many of the preferred
conpounds of the second enbodi nent include one or nore tandemdiners in
that they possess t |1 L2hles, ..at her conpounds of this

i nvention include t%g%ﬂ?ﬁ%{%ﬁ@%ﬁﬁ?ﬁ@, ‘f@/ps) i.e., conmpounds of the

foll owi ng exenplary stis@atrdres: Fo-TIVE 1 L-TMP2-L-TMP3; Fo-TM'1 L-TMPz

L- TMP3 L- TMP4; Fo- TWPI - L- TMPz-L- TMP3 L-TMP, -L-TMPs; TMP, L-TM'2 L-TMP,

L- Fc; TMWP, -L- TWMP1-L-TWMP3 L-TWMP4-L-Fc; TMPI L-TMP2-L-TMP3 L-TMP4-L-TMP., L
Fc; 24 23 Aprih@@gﬁomggg@iaeceﬂﬂe,sal{m&eoﬂw,, TMP4) and TMPs can have
the sanme or different structures, and wherein Fc and each TMP and L is

defined as set forth knseembedimentile. somises(Gly)e veharein »istl; thiough 20, and whencase

above, the Fc gr Fdrgdjf’ i i ﬁ&ﬂs ; al‘M?.ﬁ'{ enfide FC
is dineric, one gmgﬁg%@nﬁ ti mﬁ%ﬁﬁgﬁ#?gg e utbf)htg%?:E?Fc crai ns.
Al so cont enpl at eacidsadectrdfenm the sempining {heateralamingeaciderer disteseoisomer thereof.ner s

are attached to both {he.N 0 i n r i

i ncl udi ng the case m%lraggxﬁo'?@hgf%grs@ %‘r’reﬁzﬂ ‘P%Itafogth %rgéoea{(:’f E@ﬁﬂaﬂ f%’l f our
term ni of two Fothehmlatedl structiives hreralsbIppssitiéwhereinpneodnomefof theifellewing isddded
enbodi nent of the in tio 1.1l have from ghout 200 t 00 am no,Aacids in
Cotal (1re. .t hep e 1K aofe TRB,For Beycnarishurs BiAchch ot NHFRAEAABR Faands
of this inventiox Mky BeY/dFEE ark Attachédid Mé E-t@ﬁniﬂ\ﬁ}’ﬁherecih'm?xﬂﬁﬂx, X}, daex,,
compounds will be peptides, or will include a peptide, nethods for

synt hesi zi ng pepefedsfollows: of particul ar rel evance here. For exanple, solid
phase synthesis techm kbR eghny . known
inthe art, and incl u§ggt% ﬂgés{?%@g# f%gud) ?%#l af’rQ?P %,e@gwg$%]§%eﬁﬁg,

Pol ypepti des, pp. 335Xgis feleated Grparthe gromp domisting of Als, Iisj Val, 187, Phe, Sdry Thrf i el d,
J. Am Chem Soc 8?@%1486 1963); Davis et al., Biochem Intl. 10:394-414
(1985); Stewart &X?ﬂ Y ™s0l i d Phase Peptide Synthesis (1969); U S. Pat.
No. 3,941,763; Finn eKX, A selected€roti the gioup combisting 6f Alavie, Val, Lep[PheGly; S&3
(1976); and Ericks et al., The Proteins, 3rd ed., vol. 2, pp. 257-527
(1976). Solid p_h&% E‘_ynt hesis is the preferred technique of making _

i ndi vi dual peptides SXE‘,Q?sdlécteH%-oH"ﬁe gRup comisting bf Afgl L€ THE WO AR GIRBltid" I
smal | peptides. The peptides nay al s6 be made i n transforned host cells

usi ng reconbi nantGlyEndt echni ques. To do so, a reconbi nant DNA nol ecul e
coding for the peptidg i : I or
RNA nol ecul es are wel ‘ﬁ?}%e\%r’?%e?o é‘eg .B% osrlsgilIl sggﬁbﬁ%’%}g%%y%g for
t he peptides coulGluad&lei sed from DNA using suitable-restriction enzynes.

The rel evant sequenceg, can Q&d@geate usi ngq t he pol.ynerise chain . reaction
(PCR) with the inclusiBneP GYEF 4 uspEtq mpaos iBgicymade up Bh isisemprisng, at
cloning. Alter natidaed 3ubuhiR XN, RIRraRXESU] @npfisd e Bore SHRARS THE &, B8] NY
chem cal synthesis techniqueS, "'such as fhe phosphoram dite nethod. Afso) a
conbi nati on of t Isulumits aveipreferally awing agidpindependently selectedSromp amongtb© 20 The

invention also i S ' : . I.0.an r,opriate
nost . The vect or M5 ReRrtiEdrtho SAAE bRl U iRl Bitval RamBRRUS et
operativel y |inké&i-Xgparindepardentlyseleatpd &omitheigroopdf aaypicat onmamsally Weddiinks of
effecting this operative |inking) either before or after the

pepti de-encodi ng DNA nol ecule is inserted iMto the vector, are well known.
Expression control sequences include pronoters) activators, enhancers,
operators, ribosomal binding sites, start signals, stop signals, cap
signal s, polyadenylation signals, and other signals involved wth the
control of transcription or translation. The resulting vector conprising

t he pepti de-encodi ng DNA nol ecule is used to transform an appropriate host.
This transformati on may be perfornmed using nethods well known in the art.
Any of a large nunber of available and well-known host cells nay be used in
the practice of this invention. The selection of a particular host is

Y . o —yr .




The compounds of this invention have the ability to bind to and activate
the cMpl receptor, and/or have the ability to stinmulate the production
(both in vivo and in vitro) of platelets ("thronbopoietic activity") and
platel et precursors ("negakaryocytopoietic activity"). To meagui s
activity (-ies) of these conpounds, one can utilize standard assays, such
as those descri b@finb Bcil¥D8I IdfodAin ehistart. | SpdcifiCprefieredtantmsacidschrdidetifids foror

St unul ati ng Megakaryocyte Gowh _and Differentiation” Vj VO assays ,are
further descri betpchposiign. Foagample, Xs 508y b5 Gluy Pn.ysfﬁév&{)%‘?t{‘ﬂﬁ?ﬁslef‘ﬁ'%

treated by the EhgoRReBRIBRTO NS ablls ird Gl 1RAGIn biBHLRe B3 27 °
general ly those chi nvoT ve an exl sting megakaryocytel pl atel et deficiency
or an expect ed oabbaeviationsare the standerd angsoused &irpheal®naturaliedbeauimingaminmadidser

future (e.g., bec e of plann S ry or. platel et, dongtion Such
condi tions may b¥® %@c’v?"b‘éﬂg'la onggnere e%ﬁ%@ﬂ@ﬁ%%ﬂrtﬁ?@&&“g@)’&nent) of
active Ml |1 gangedeBehiémistry (deeptdONGly] Whick isTeithér Ihar D] @id e TMPsaRgy | S

t hronbocyt openi a, and hence t he t hods and cqnppositions of the present

i nvention are gePRIARIISE § cambinstion|of stepochanyBRes: HeWesr te b stefeogheapennit cal | y
Lreating thr omhogERARE R of iRy ckis i HACEVIP chi. CPhe inViifion Qlsb Proviadh |
Organi zation has classified the degree of thronbocytopenia on the nunber of
circul ating pl at eeverse TMP meleculasavhereinthe aming tegminal ¢ carboxy terminal sequenc2 211

(1981)). For exappl.e. -4 ndi vi dua Fg*@: | 0 '
(Gade 0) will g{eﬂr%eraolaa&'dﬁ%\%‘yéé%ul (lggg ggé%gepr%ﬁaag{‘%l}%ﬂ%ﬁeﬁmm

t hr onbocyt openi aseqemd X,-X,-X;wiouddbeX,-X -, r dihk itventipn alsogirovifesktat-edvetse

bet ween 79, 000 a 9,.000/ . erate t cyt.openia { &xade 2) shaows
et ween 50, 000 anYEpocs et BRER Rivbrsk 1NRE EEARP il € Bkt
characterized bysdyatme@namino @€i0s is néveddd antDregidassahatiase sorthally Y1 cenbtiorieas inni ng

or debilitating thronmbocyt O@ﬁﬂi a ls characterized by a circul ating

concentration of THEaeplsred torthe J'ssteregisomer 1958/ 8. * Thr onbocyt openi a
(platel et deficiencie -ﬁ@dﬁ“ : f J SN ard udi ng
chenot her apy and ot herm‘%l er ag’?h%l?ﬁﬁgilg%g@lée@%?ﬁgg ra idat?fdon t her apy,
surgery, acci denesdompassed! “Physi]ogically acckptable saltsi’ frieansdiny @altsahas @reknomworos .

Exenpl ary speci f | . sease conditions..that | v r cvigpeni a and nay

be treated in ac kg?gfésﬁ%‘gr P ﬁep W?ﬁ&iaﬁr}g@l& %g%r{lg@%%@c éﬁ%&egf"mppes

i di opat hi ¢ or i matengeetdid, @rifhieeodceraehyirdchloride, hydfobrshhide) sulfate,witkdle, Rartrate,

t hr ombocyt openi cg&ur%ra ssociated with breast cancer; HV associated |ITP

and Hl V-rel ated _F’E} oRaate hrombocytopenic 27 . a - 23 April 2003

purpura; metastatic t nipgiso snterpldt@Bthht “defivdtives 0P HeYIMPE haybe SubstitBiell Forl UPUS

eryt hemat osus; including neonatal |upus syndrone splenonegal y, Fanconi's

syndrone; vitani thebeye-drseribe dAMBs Sugh derivative TIPS fncluda spictichyheisisgme ar

anonal y; Wskott ‘“ﬂr@f’f&ﬁﬂf@ﬁ MRfifcaRsR Habe bdetiGiageli Sease; nyel odyspl astic
ro

syndronme associated w ocyt openi a; paroxysmal nocturnal
henogl obi nuri a; acut e op afmar df thepeptidyt [+ CERPR -] liflagesofhonds) Bavedetmteplaced

&1 1'of nunune ¢ hr oPAB3ebPERGN] ikags peh BUL b ar Tt L R T

anti phosphol i pi d phodphbrats letkage) 8 -CHj-sulfonamide [<CH,B(OXINRe] lifikagetaasvd Ppeni a;

drug-i nduced i ne_ t hronbocytopeni.a, ing¢luding.carboplatjn-induced

t hr onbocyt openMWWmeocﬂm p9ine linkege;rot g alkylated, psprdyt openi a

gestational thro (s, ' e; |upoid thronmbocytopeni a;
RS [ TROMNRE. WHRTESs 10weP flk I

acci dental and/or massive blood | oss; nyel Qpr’oj i ferative disorders;
t hr ombocyt openi a i n patptidas whesein thediterquausds derivatized tord NRB' gronpirtbacyt openi a

pur pura, i ncludi nbot | 1 popat h i jng as th [

t hronbocyt openi crllgﬁ(lﬁ@g&f%n& me@%&%?ﬁ%gg’%é@iﬂbﬁe&wﬁamﬁm
aut oi mmune henol \roup, MRETRANdRCE Grd Rydr el O lovibr KRV With ke Prodsc RO ki R® d28!r €
red cell aplasia; autoinmune thronmbocytopeni a;, nephropathi a epi dem cs;

ri f anpi ci n- associn@t beth hydspgen; orfesuceinimidy groum4e pbenpyloxvcachonyl-NH- (CBZ-NH-)

t hr ombocyt i a; ' RRE i a:
ot ural oo EE0E Bie netl BRI MG AE BOE 1 PRLRER ot

urem ¢ syndronmes in chil dhood; hematol ogic ngnifestations related to viral

i nfection including hepatitis A virus and CW-associ ated t hronbocyt openi a.
Al so, certain treatnents for A)DS result in thronbocytopenia (e.g., AZT).
Certain wound healing disorders mght also benefit froman increase in

pl atel et nunbers. Wth regard to anticipated platelet deficiencies, e.g.,
due to future surgery, a conpound of the present invention could be

adm ni stered several days to several hours prior to the need for platelets.
Wth regard to acute situations, e.g., accidental and nassive blood |oss, a
conpound of this invention could be adm ni stered along with bl ood or

I —— o o Y M S - o o Y Y 1



Al so specifically contenplated are oral dosage forns of the above inventive
conmpounds. |f necessary) the conmpounds may be chem cally nodified so that
oral delivery is efficacious. Generally, the chem cal nodification
contenplated is the attachment of at |east one noiety to the gqgmpg@

nol ecule itseliy where said npiety permts,  (a) inhibition of proteolysis;
and (b) uptake ipheaylging SﬂF%@ﬁjﬁ%mrtK‘aﬁfpﬂ? epnsisting oflowercatod doweratkoxy,shlorgy so
desired is the imrbg&ﬁg aiﬁ@ overall stability of the conpound and i ncrease
incirculation tine 1n’the body. Exanples of such noieties include:

Pol yet hyl ene gl ycol , peppiddswherein the fret B\temminusg$ Jariviatizaddo pCE@)R} whare 8 iscol ,
car boxynet hyl cel | ul gse, dextran, l yvi.nyl cohol,) YVin r1,0l i done
and pol yproline FMM‘E‘FW ﬂ@?‘@% °§%?B%k°’%?’&9ﬁ§%%n‘¥l§ﬁ%k%\%£?§
Enzymes as Dr ugsindéfendentl sdectedchrdmh Bt/ dréup @ilSisting\0f hodrobé M I aks). Byew
York, NY, (1981), pp 367-383; Newrark, et al., J. Appl. Biochem 4:185-189
(1982)). Other pdpyerdismeashe grovphavipgfromddtofrcarbosiajoms. 3. di oxol ane and

pol y-1, 3, 6-ti oxocane. L% difRti 1 '%’c&ﬁ;‘ d
above, are polyethyl epr*lg&'g n;éfé)(ri?l"jorrni e?%??ﬁggfdﬁ?hgﬁg? g?a%gﬁ%ﬁ; osagfe%
forms, it is al stheJd4Rmbolecule by reneting tergieted afning aciddiesiduad ofithe phptidevithranno

acid, such as sodium 8-[.2-h A I 1 no)..capryl.at.e { SNAC), as a
carrier to enhanggﬂﬁgkﬁvﬁ%%%:ﬂ{ ﬁ'ﬁ%’g? %ﬁ%ﬁkﬁ%%c %e?ﬁﬁéeg s@f’ °6°f'i’fss°r

i nvention. The ctemfiingiaesidues.aThe followingapaexemplans mul ati on usi ng SNAC has been
denonstrated in a Phase_ 1] trial condycted by Em sphere, Techpol ogi es. See
US Patent 5,792, 451, bysiny WP&@%@W@F?‘@G%&%%f“gﬁeéi‘?&hmcm'qﬂwrhe

therapeutic can Pgpddyhié eishhlydriddacDévalizhtioh Whh tikese hidhes HibHelehBdt loF fevbidings 1 n
the formof granules’or pelléts of particle size about 1 mm_ The i
fornul ati on of t the chergees the lysisyl residues| Othea myitsble reagents fordstivayiziag glphayaming- o

powder, lightly connee | : t icdEfimidber pc could
be prepared by cgnpreséfegﬂya %?%c@%ﬁtﬁrg@ﬁhaa?%eﬁﬁgwggem Et%h%ggﬁl be
i ncl uded. For exphsplmte; tpyridqxaly chlprobprahydride; wriaitiobesizenesylfdnic doid; @4l at ed (such

as by liposone or picrosphere encapsul ation nd then further contained
St n an edt bl amsiRiRpRtER £ BrmaeRny st gRaiHate-tal ey sl i R e
colorants and fl avori AfpifQfisidGes flycbeTaydified byiréaction withioRa 6Lsevétel cofventiBnadf
the therapeutic with an inert material. These diluents could include

carbohydrates, e&38¥tarmongtismrRhenylslyoneh 2cukanedians, dy2ticlohgranesione, and
cel I ul'ose, sucr ojphydfRdiDeriG#liz &uRginiAb FesRhTedhirePRitat fHe Pedctio BAPUBm T S

may al so be used as fillers includi n% cal ciumtriphosphate, magnesium

carbonate and 31in alizlingganditionpbeaussi the high piea afghe gianidingdenetional giouy.
ilable dil ] , .
Avi el . Dl si nt og ol ki ebents hiteact it Bt cholib o IRBIPRERS Bldtgiine

into a solid dosgumidimrgnoup/ht eri al s used as di sintegrants include but are

not limted to starch.ncluding the.co rcial..disintegrant d on
starch, Expl ot ab. Sodrh?ﬁpﬁ‘gfﬂﬁd B ttggsykﬁﬁlgp?slqeéfegq;%mﬁ?uﬁe.%

car boxynet hyl cel leklefshRly, With pariichiaPinterdstin iftpsHutifi shetrabthiRls ift8 kprbiyPresidu@nge
peel , acid carboxynethyl cellul gse, natural sponge and bentonite may all be

used. Anot her f ob¥resstidmwithigrematice dizzanium gerapoupds ortetsanitimeethage.i Mestc exchange

resins. Powdered cgm{rﬁalm_ Eﬁ{lﬁﬁ@%ﬁs‘"&“&{%@?ﬁg‘@ﬁm ﬁm@ﬁe?{c{;ﬂﬁﬁp@&g{}l t hese

can include powdered 1 S agar, aya or tragacant Inrc acid
and its sodi um sa&yrosyhspecias and Iimitoiderivatives, séspectivelnnt s. - Bi nders may be used

to hold the therapeut| ni, . to [ farmashard tabl.et and..i ncl ude
materials from nalto ulrJaFg%’?gﬁﬁ'gf & cgf?% Eﬁgéyie'é% %y %WS&S&%%‘,‘“’%@?@@%S
gel gti n. tah hfar s :rdlmtiudwitmbc)diing@?sl(nj-Nsle=ﬂm sulcl_e(hjdw-byc(lgieilé);lbqagndrﬁ@linﬁr(d-
car boxyme cel l.ulose (, . Polyy rrol.jdon and |

hydr oxgpr opgl met W?‘yl)é’é‘l%Péf%[géo’( l-t-%p@%,ﬁdigythﬁwm yfaghodignide. ¢

sol utions to ganyyah&mbohe airrlaig?ladt?uﬁ?dt&nyl PEYGRBY thay li:ecédn‘?é}f’édtt@géi?{:aﬁﬁglyl gangﬁri g

included in the fornulatio _therapeuticto preven
the fornul ati on gluanigy.residues by eractionrwith ammoniwnlions. a | ayer between the

=S

t herapeutic and the die wall, and these can include but are not |limted to;
stearic acid including its magnesi um and calldi um salts,
pol ytetrafl uoroet hyl ene (PTFE), liquid para~n, vegetable oils and waxes.

Sol ubl e lubricants may al so be used such as sodium | auryl sulfate,

magnesi um | auryl sul fate) polyethylene glycol of various nolecul ar weights,
Car bowax 4000 and 6000. Gidants that mght inprove the flow properties of
the drug during formulation and to aid rearrangenent during conpression

m ght be added. The glidants may include starch, talc, pyrogenic silica and
hydrated silicoalumnate. To aid dissolution of the therapeutic into the
aqueous environnment, a surfactant m ght be added as a wetting agent.
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23 April 2003 (1989) (endothelin-1); Hubbard et al., Annals of Internal
Medi ci ne 3:206-212 (1989)(al-antitrypsin); Smth et al., J. dip. Invest.
84:1145-1146 (1989)(al protei nase); Oswein et al., "Aerosolization of
Proteins”, Proceedings of Synposiumon Respiratory Drug Deli varapd 5003

Keyst , Col d h,, 199 nb t h wt h . h Debs et
Al The Jour nal of | CiAI 892 SpbERNTe ks (e GBRSY AFRRABPOR e and | ot
necrosis factor gyr&fshdlrgiidtamyl sl aspaHyﬁest&EemteMWe@; these resifues Wa ?'Bk'l ocyte

colony stinulating factor Contenplated for use in the practice o
invention are a dm'edatmguleomﬂdiumdmuce@dmmvﬁm f@msci’fghe;a refsmneq)iallmlany
del i very of ther % ﬁggﬁgg@g}l including but not limted to nebulizers,
nmet er ed doseinh £ r" inhalers, all of which are famliar to

those skilled in the iaéﬁvauﬁahm \ﬁthdﬁﬁxﬁmmmgemt Basefil forosron«linking the peptidésabl e
devi ces suitable f& éﬂ‘ zlil/étlce of this le{;ulgl on are the U téﬁaﬁtvent

nebul i zer, manuf SCVEF %& 'IVP“YPRF%M”“"FHE" {SUPPOH JRatrx gf toat t he
Acorn 11 nebul i Z facrofiBRehlacianidsl OOmMBAIY UStcrdés Bnking i&h&dmi&;egnmhemod)

Col orado; the Ventolin netered dose inhal er, manufactured by G axo |nc.

Research Tri angl bis@iszracetydr3-phanglethane, glutasgldehyde, Nshy Mwaﬁ@cmpwdmememrfﬁlal er,

fact db
equi re the use St cliisfrin COMdbliy i lat AGHRYL Smat inkdot. fiNAE
:j nventive f:orrpgudducciiymldyladstelys sucled3, B'Gﬂmumbat(mmmmd)dmem:)ﬁate) mdhlfuacttoppb of
evi ce enpl oyed angd. i nvol.ve S an _appropr.i.at e pro an
mat eri al rrpi nyadd °8Wn§¥s‘cf’“ ﬁ}%ﬁémg ‘ﬁ\?gh't%&ﬁﬁgﬁ E'ﬂ? Bé sﬁéﬁsdﬁmﬁ’%
therapy. The i nvsr[(ﬂ-wd@ﬁmumopmxﬂumewmmﬁmmnb&mﬁw&d in

particulate formw th an average particle size of less than | Cpm (or

m crons), nost prFifeBlegfarmingrresslinks i the gresense of light cAlterpaively) 1‘9@1"’9 W’I he
distal lung. Car{js&ufle hatrhidds Suchas Q@QXSJﬂ%&ﬁId@H&B]&&a c&ﬁ@ﬁ}%}ﬂ?ﬁmﬂ TR YRhdtik

xylitol, sucrose, [actose, and sor her redi e or use In

fornul ati ons rraysuhsmtatidesmmﬁd?&t DorG, ARRBCRO1, 00 4,195,128, 424716421 i c
surfactants may | %Rt n apart from
its use in deri vg’?'lzm ng af‘ﬁq %fsg?gbﬁyge%élgﬂdmrﬁgﬁ}%gd%gh as

cycl odextran, may be OﬂtedpoBtbleenahﬁmomdcluddhydrm:ﬁhmlmfpaﬂhamdalyanemy be

ed. Cell Ioead | os erivative Amnoa.cd be
ﬂged, suchuassusgﬂ‘?sﬂﬁ iﬂﬁ?‘f gfhyﬂ{ﬂ%g{q}é é@}ll’r%ﬁyﬁﬁf‘weg@%@uﬂi‘g et%e use
of |iposones, m gilfuf A inCysOmethietichSdTiRY dha-dniifid OLEYLIHRITR] £ame, 488 Ot her

types of carriers,is caontenp ated. Formulations suitable for use with a

nebul i zer, eit heMisjidipe gide ehwé@m*%om Wil-4 Protemnscitryciure andMpleeule Reopestigs Wi ve
conpound di ssol V8| Fl et 600 A5aPPEAGLE . 36188715422 AaBn be 8 NoRrfHaO!

bi ol ogically active proteln per of sol ution. atron may a

i ncl ude a buf f er aming, andsingoime instepaes, étexdgthndf@he @ttmahcasbmgromtl on and

regul ati on of osnoticgpne sur er formul ation contaln‘
a surfactant, to redu§§ ‘é%‘iﬂmm"gﬁ??’& n E°"a°a§§’r'8§’§t° %e
protein caused bmolﬁdﬁ@tmb@ﬁmeﬁc idieltﬁ @bmm?,rwsmpﬁm Mdkfgxdatmt’clﬁé @fidthe like
Fornul ati ons for gse wth a rreterl@ ose.in Ier devi ce wi |l generall
conprise a finel Pt HieJavsatveRompopnds, Ftigs resuléigrempounds
suspended in a pipipRhieARE sé?ﬁet Br &Jaax Jﬁkheim& ewﬁa&fse&tmdﬂ;hﬁmp&a@@ém&t may

be any conventional nateri al l'oyed for this purpose, such as a

chl or of | uor ocar b@ﬁmpwﬂﬂyh#totmtdﬂﬂm obhemindeties mahy@mwdm cloinateon, or a
hydr ocar bon, i ncl I i | uor omet hane

di chl orot et r af | uo#gﬂe‘{a%aé\‘gmﬁ éﬁ@llané)éﬁe ‘%ﬂ?p&ﬁ‘ ﬁéc}e Rg%el{k ‘or conbi nations
thereof . Suitable surimadditidnstoithedonelgneturdsdt forth abovd, 3506, atilr steycturbsrhatt hi n.
Oeic acid may al so b efuI as, a, sur actan Forrml atlgtgs for di spen5| ng

froma powder | 18 WPOGEALY GO RPlateq SFhshotdn whic h RBg ¢r rorg

contai ning the i RygeHell YtHELORAMICuF ThERX %a/arxn, kudg aanh'ﬂufhr g&

such as | actose, sorbitol, sucrose) mannitol &halos or xylito

amount s whi ch fadpmetcatmmcupermewmpha’qﬂdmaalStm@mesmmhefollmnge g., 50
to 90% by wei ght of the formul ation. Nasal delivery of the inventive
conpound is also contenplated. Nasal deliverl allows the passage of the
protein to the blood streamdirectly after adm nistering the therapeutic
product to the nose, without the necessity for deposition of the product in
the lung. Formul ations for nasal delivery include those with dextran or
cycl odextran. Delivery via transport across other nucous nenbranes is al so
contenpl ated. The dosage reginen involved in a nethod for treating the
above-descri bed conditions will be determ ned by the attendi ng physician,
consi dering various factors 35 23 April 2003 which nodify the action of
drugs e.g. the age, condltlon body wei ght, sex and diet of the patient,
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The therapeutic nethods, conpositions and conpounds of the present

i nvention may al so be énployed, alone or in conbination with other

cyt oki nes, soluble Ml receptor, hematopoietic factors, interleukins,
growm h factors or antibodies in the treatnent of disease stat$ .
characterized by other synptons as well as platelet deficienc iépr'llzpo?s
anti ci pat ed t hat X#3g-Xa¥eXe-XeXc0m0eXad wi |l prove useful in treating sone

forms of thronbo ial igpaty Wi th general stinulators of

henat opoi esi s, sz%he‘?g‘%xs&d'?&%&g‘%’her megakaryocytic stinulatory

Eﬁ:}:;)r s) i. ei y mqmﬁ;x@mpgtx,-xlmfxnmﬁ) - Itﬁukem' ﬁ i nhi b![ tory factor
, oncostatin Qr .0 cyleg, W megakar yocyt e

stimul ating acti %zt&'%ﬂ%‘s'%%"ﬁ@ggﬁp%ygd%w%wwpl |'i gand. ~Addi t i onal

exenpl ary cytoki Res ox _Resabopgieixexfactors for such co-adm nistration

include 1L-1 al phd, 1L -1 befa, 1l-2, I'L-3, |Tr4,1L-5, IL-6, IL-11, col ony
stinul ating fact dh-Xo-XeBFX1 WXt XsSHKs-Xp@h);; GV CSF, granul ocyte col ony

stinmul ating fact Q¥ G CGF)k, sERO i@t r ieron-al pha (1 FN-al pha), consensus
interferon, |FN %ét’é%ﬁ%\'\%@a’%‘?gfx’l%g‘f )ﬁl_-gg‘,’ IL-9, li.-10, I1L-12, 1L-13,
| L- 14, 1L- 15, | L- 3G:XFXe-X7FX XXX - XK oEor- X551 n (TPO), angi opoi etins, for

exanpl e Ang-1, ARg-2. g4 > Yo {,he, h gi opoi etinli ke pol ypepti de,
vascul ar endot heﬁg'gfz')é%%)’%ég”%l’x( )'?Ej’ggﬁ%geni n, bone nor phogenic
protei n-1) bone norphogeni c protein-2, bone norphogenic protein-3, bone
nor phogeni ¢ protein-4,_bone mrphogenic protein-5 @gone nmor phogeni ¢

pr ot ﬁi n- 6, bonet WMEW@@%!E@S%“M@%r% mmgxﬂ% mn-“ﬁ'}’.bﬁé‘??e
mor phogeni ¢ pr ot s Jr dileraft i B4ALRY BY6r 18#gRh. 2h 8o & eRBSdHRSLIS NP
proteinll, bone rmreﬁlz)geni C lpr oc{aei n-12, boé?lﬁe nor ph'(’)rgeni C protein-13, bone
nmor phogeni ¢ pr ot éngé ), apothe saneg: phogeni ¢ prot ei n-15, bone nor phogeni ¢
protein receptor 1A, Qone.. i t.el ptor IB, brain derived
neur ot r ophi ¢ factor, é%@*&@ﬁ%ﬁ%@%ﬁ@& CPliary neutrophic factor
receptor a, cytokine-induced neutrophil 37 23 April 2003 chenotactic

vt okl nei nduced HECOPOINToARELBE APl TRdesr A ARAEASERANCD. el
grow h factor, endothelin 1, epidermal growh factor, epithelial-derived

neutrophil attractant, fibroblast gomh factor 4, fibroblast (g!r,ow_th factor
5, fibroblast gowth fdstused berein 'epmpeisiag’: mepssyinter alig; that axompppndbmawiselude owt h

factor 8, fibrobl : ; 1 S 0 . .

fibrobl ast gow h @2%1,[0 géri%(’;%@% ggf@s}{ o{;'(’)c;\/?vt‘|i ﬁptlfhgciotr)r@ow I@ﬁ.&lgg\vgrg%qu%nv% h

f ac% or ﬁ-Ci di‘l c, t f illimweaias logng(afva strdcture suchia X, t0 Xfoi Xj talX,g @F bné ofithe dthes :c/edt

neutrophi c factor_rec : a - - n [ | actor
Dt o kSRR B K e Sl RS KN LAY

receptor a 2, gowth protern,”’gro
rel ated protein \importgawWOf cowbes amdstiuctatesutside ofibpeore X, to Xig istngereng) creaherdd,
gowm h factor, hepatocyte gowth factar,.hepatocyte growh factor receptor,
insulin-like groviPrs :éE'PE}ﬁrep sh ; §\9§ f‘m‘ﬁ"{a}l 'QF%[%“&H&"HRW@SW"HWY °1p'}“_’
insulin-like growdmpofd. OF orlekamplé) e N-fRrhin M&R¥diduefidéhivRion&d RdhINAE Rithh hi§

keratinocyte growh factor, Ileukema inhibitory factor, |eukem a inhibitory
factor receptor ainventipneAdditienally,althenghmany ef the prefesrer sempoundeofthe invention

neur ot rophi n-3, n 1 0=4, . t (0]

factor 2, platel e%g Eé?lélg(@g*' %ﬁ%o?ﬁﬁe? gP&%{;?ﬁ% ﬁs#gé:st 8@%’6}%@? g?%to\?@g%i ved
growt h factor, plintveitien arbtandemdnuitivaers bf the TMHs, ie. ,cdoaipaunds ofithe ifellowdsy | ved
growt h factor AA Iafel et derived gowh factor AB, platelet derived gowth
factor B chain) pf’%f"@agf“&lé’mr?/’ed gow h factor BB, platelet derived growth
factor receptor a, platelet derived gowh factor receptor Vii, pre-B cell
gowm h stimulating factor, stemcell factor receptor, TNF, including TNFQ
ThiF 1, TNF2, transforiMRgLgtMBsk-TMIt or a, transforming gowh factor (3,
transform ng growh f I 1C dF fjomipng grow h factor (31.2,
transform ng growh fgg%%‘ L%%?’hlg‘%gf%m’g grom h factor ~i3,

transform ng gow h facTMP,{ 3BVP|-b{TMR,-II-TMPRIeTMPRg gowm h factor ~i 1,

transform ng gowh factor ~3 binding protein I, transform ng gowh factor
~i binding protein Il, transformng growh f¥ctor ~3 binding protein III,
tunor necrosis factor receptor type |, tunor necrosis factor receptor type

1, urokinase-type plasm nogen activator receptor, vascul ar endotheli al
gow h factor, and chimeric proteins and biologically or immnol ogically
active fragnents thereof. It may further be useful to adm nister, either
simul taneously or sequentially, an effective anmount of a sol uble mamali an
Mol receptor, which appears to have an effect of causing negakaryocytes to
fragment into platelets once the negakaryocytes have reached mature form
Thus, 38 23 April 2003 adm nistration of an inventive conpound (to
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an | L-3 dependent clone of marine 32D cells that have been transfected with
human npl receptor. This assay is described in greater detail in WO

951 26746. Cells are nmaintained in MEM nedi um containing 10% Fetal C one 1|1

and 1 ng/m mL-3. Prior to sanple addition, cells are prepa(r%%d q#@snsi ng
twice with growmh mediumlacking mL-3. An extendedtwelvep rft‘

standard curve |thp¥°!§p'HYdeMn'gMﬁg TMP,, argRTPy £4n aye thersamepodiffierenyy 39

pg/ M. Four dilu I r he
standard curve, %Jf%%ef gﬁ&lgg&s'ﬂ%ﬂ%orﬁgf‘hdwr'geg%@%%or eagﬁr&gﬁkg&aﬂ%ﬂ%un
in t{j idplji cate. Aawiﬂadnaptibﬁlali'l.@&f?rﬁﬂ)ly,gge amqibu udldd mthahlveﬂtnomaﬁﬁbheva‘roxﬁuamdar d
is added to appropriate wells a mcrotiter p te containin
10,000 cel I's/ el TMBAmeieses wvﬁar!ymrefﬁraﬁgg ~hiang mostprefey @é%%zwrnm@fs&f
tetrazolium corrp%ms:vmbspudeﬁt SRS BRERA ol pFefbektly hie st B3HEEGR)s0! foftCded

to each well. Approxinate SsI X hours | ater, e optica nsity I's read on
a plate reader atpreferﬁbiydessﬁthdo@eut&mngecldm%ta((ﬁ ggth”GPMbbwmhdes)tl on vs.

007, Fackoround) | > SShSaNFH SR obAG: LEFRBTLARBRBL T Brofh e

which fall in the linear 10h 0 curve 1s peé
Concentrations ofpreferkhﬂpmmchmbrssﬂﬂthmenﬁieebdﬁbeﬂinéaﬂgdr areilinked Byea lisker! t i ng

| i near equation and a.correctio r t. d| tion actor Bfr-f(?PLC: Ai g_h

per f or mance | i quiP¥hr SFECOFPEHhY QWF [Mdhe SVEQHional orientation roms
spectronetry; NAMNJo (Vkermivas fdadinglﬁ'smiléfe% ﬂigﬁ ehcéb?diﬁglp,txt 6dh be@Bér7thhl B NBSS
spectronetry; PEG Pol yethyl ene glycol). am no aci ds are represented in

t he standard thr@ysp%w@mpeund§ﬁwgﬂ@m@ﬂ&ﬂ@b@s§ tegmupsof TMP, is attached either

t ert But oxycar bony thrb lﬁﬂt&y thé R ternBRNZ TMP)CFhi ti eferred
Di cyl cohexyl car bomﬁ % Hgdr oxybenzotri aZol'e sonenl\}ﬁ onis o

N- net hyI 2- pyr r olas ditandere onsnmlon, and the inventive compounds may be generally referred to as

2,2,4, 6, 7Tpendanethyl di rit.

1- {4 4- di met hyl - P Sfm% cﬁﬁ%exyﬁ’%mrqgfﬁ e?rwgaséexégahregnzwﬂ%%
dimers with anygi'eliﬁlemi'ﬂllyldBtlﬁct Thaxsjbmhgimnm‘quuﬂlmmdxmeﬂsiMsm
or 115 offecti ve | nt ARSERER BPUPT b MSOPLEHE  Whes {t BUBERBS I 15iHd CPHGR What
dependi ng on howlisfaﬁéimwrsﬁumwsﬂ& :amea%nﬁﬁsvhs Qlspdder. 'ﬁél‘ﬁ\ﬁeﬁs‘ﬁﬁﬁlﬁ%@r
context, the two TMP nol ecul es coul d be tetheréd together in the G to

N-t erm nus confl hesenise ps #at tariniestere with thebiplegicabactivity ef the fingl compoindl andialser i ¢

conformati on.

depend on proper se+é‘ Tﬁ%ﬁoggrﬁ&tydfwe%fa{% @@%@&é@ﬁ%ﬁug#%m% hat
joins the C andis pﬁe&raﬁyrmadaﬁxptdﬁmnmmcmemmuogdtﬂeybﬁbe@deﬁoﬁw'mms;(imsrs
Since no structural was ava| | abl e, a

TMP. |
series of dinerid" ffgtﬁf ?fébé’ W?elnﬁ & H]}léesgoxggmag;&vlbe‘rexbfvg ¥ OYHTIE i ne
resi dues (Tabl e lgmineicid soastereisomerdherédNand Ne” i dny o&%fmohﬁmwmsen

because of its si l[jcity. and flexibilit easoned t hat erX|bIe
pol ygl yci ne pept .‘ggr %Frawgﬁeﬁwgﬁfwa\ Y morﬂa?ﬁ"ct F@dmé mwﬁa QS‘F’S:t‘M’&“?
tethered TWP repeﬁﬁxﬁoadmsqré&afw{es%mﬁaz@ﬁ&h% b ec% Ecid 'R aShére ! Ca' 'y

hi ndered am no acid sequences ma unde5| re ary structures

whose rigidity minpyeferred gnb,qdnnemh Q:btor acidsage miectﬁdeﬁ'mﬁlyr iAda, PeprtAsde i n

the receptor cont T, re readi accessi by
conventional sol |§l§’pﬁ¥f pe}%?#aie s@ﬁ@ﬁgf& %%k?ﬁdﬁ@g%w % ?{‘"B'"

| our nal of ht he Araerdstl&rlm@%&ﬁbﬂlgh lun$ideretlysuBh a2 GO GlyLGBI{Gly )91 GW-GI}k Fmoc
or t-Boc chem str Unl i the s eC—termna in

paral | el diner (5&@”3% I\@Y)Zl) A&ﬂnﬁ?)ﬁ‘“ﬁeﬁﬁr%dﬁr‘h@%% Qth °‘é1?’P°6‘ﬁ9 regenies ofy
protected |ysine jifkeis@se as the initial branch point to build the two

pepti de chains in a pseudosymetrical way (Cwirla, S.E et al., Science
276: 16961699 (1997)), the synthesis of our tandem diners was a

straightforward, step onti nuous peptide chains from
the G to N-term nus. @ﬁ%‘?@ﬁ&%@hw ? TMP had a nore dramatic effect
on the proliferativo dGly)Ash@lySereGlyRi (SEQMD RO: 7pity as shown for the
Ctermnal dinmer (Cwirla) S.E et al., Science 276:1696-1699 (1997)), the
synthetic peptides were tested directly for I8 ol ogical activity in a

TPO dependent cell-proliferation assay using an |L-3 dependent clone of
murine 32D cells transfected with the full-length c-Ml (Palacios, R et
al., Cell 41:727 (1985)). As the test results showed (see Table 1 bel ow),
all of the polyglycine Iinked tandem di ners denonstrated >1000 fold

i ncreases in potency as conpared to the nononer) and were even nore potent
than the Ctermnal dinmer in this cell proliferation assay. The absol ute
activity of the Ctermnal dinmer in our assay was |ower than that of the
native TPO protei n, V\:hl ch i S d| fferent fromthe preV| ousl y reported

- ~~ o o r o o o o M




23 April 2003 maintained high bioactivity. The synthetic precursor of the
potential glycopeptide had in effect an activity conparable to that of the
-(dy),- linked anal og. Once glycosylated) this peptide is expect ed to have
the sane order of activity as the pegyl ated pepti des, becaus& %3

sim lar chenmophysical properties exhibited by a PEG and a ca 82‘??)/

noi ety. The | ast pep(ihdstriguse pipvides agite forcilyreylation, when ipj

oxi di zi ng peptide 18, ggg ?E!HII n ween
the two cysteine resi gy \A@"b%F%J {'e a eEﬁ{ﬁ??gﬁ%ﬁfhl sgmgk);gg&mg&ﬂ’gess%ned
to address the possi itdsh;ty that TMP was active as a tetranmer. The assay
data showed that thi ti e active than an average tandem

di mer on an adj usted%ﬁﬁfg (gg@:@%mgﬁ%hdp&ectly supports the idea that
the active form of TMYyPreALGIPESEQ@MINGI9). ot herwi se di merization of a

t andem di mer woul d have a further ‘inpact on the bioactivity. The follow ng
Table | summarizes relative activities of the above-described conpounds in

terms of the E

Rl at 1 ve -y and F° BRREE Bty Rl S SRGHREL NS SISO v
(SEQ ID NO 2) 3. LyENGly-GH- (ﬁ)ﬁGIPMEomhmwloﬁMofﬂy nnd:AtM:@ﬂsmpnefeﬁzcd 04 n = 34.05 n
= 44.06 n 54.07 n 64. 0 740n = 1Q04..012 n
_144 013 TI\/P— PNG TI\/SI 5&? ipwaxgﬁ 6P example alkéllml%ers sucﬁasﬁ-fN—

| EGPTLRQ~LAARA- GBHZ 60 WEéElIIsRQ-IZ@éRxld\Be Died] Thée@KyNlidkeYs may furthdd be 23

il 2003 15| EGP RA- EGPTL 0.5 I D
i\g; 161 EGPTLRQAL %@%@% e 5&?‘@@@5 oper F((gg &3,
13) 17aTVP- GGGK GG @&%% |(pgg@iz Iﬂﬁ)G’N ?}ml%( Br Ac) CCOG- TMP ( SEQ 1D

NO. 15) ND18TMP- ITMP- GGGK( PEG) GGGG TWMP ( SEQ
>D NO 17) 5. 020TVP- GasottrEGpectmrrpsptidsik qlswmeﬂw;rs Ely2al RUpupPCSIThi@s GG- TVP
(SEQ I D NO. 19)4. 022TMP- GGECCCEG TMP (SEQ I D NO. 20) 4.0 TMP- GCCCGCEGEG TP
NOTE: In Table 1, nunerals indicate approximately 1log of activity, so that
the difference in activityHNeCHeEH,-(Q-CH0H,)40-CH,-€0pr oxi mat el y 1000- f ol d.
An increnent of 0.5 is an internediate point, so that the difference in
activity between "1" and "3.5" is approximtely 500-fold. "ND' neans not
dfeteLm' ned. ”d Wh?’eﬁﬁhdﬂéhﬂ&éﬂﬂt@eﬁngidbcehemw qftlrﬂidkeﬁ::%@ﬁoﬁﬁki ng so][re
of the conmpounds of the secon rou i,scl.qosed herein. A plgp~a_~tion o
a_n_ Fc fu~jon cﬁﬁﬁﬁ@ﬁ‘ﬂﬁdﬁﬁsl Fﬂas&o B‘&f?’?@”’p S«Q 6 C. A DNA sequence coding
for the Fc region of EE@ﬁéi’allEﬂsﬁe@ﬁﬁﬁcdv@reﬁ&ﬁdﬁhhﬁbr%fﬂldﬁ@&dffabélfi@-msub-
TPO-mi netic peptide (SEQ NO  34) was placed under control of the |uxPR
pronoter in the pmtss(ngda@mpragds)n@nrefe@@fl&r theashrgmbapeietie corpeindspithe first on
gene was CO“”“%&@?&H&RB&!@ dage PCR technol ogy. Tenplates for PCR
reactions were t usion vec or containing the Fc sequence and a synthetic
gene encodi ng the renﬂcrpiptxdaiinkbﬂsenaychephemdt@fonﬁl@n?ah?ed\iﬁ)xh&dmeﬁhmasys“met| o
gene was constru d fr m t[h Iapp| ng ol i gonucl eoti des shown bel ow.
1830-52AAAGGT GAAGGTCCGACTCTGCGTCAGTGGCTGGCT
GCT CGT GCT (SEQ ID N@he &gEoﬁ&ﬁfbfﬂGs ﬁ@CgrBﬁFnﬁ?ﬁxr&%ﬁﬁQaﬁ&Qy&@CB?@@cﬁé\G CCA

CTG ACG CAG AGT CGG ACC (SEQ I D NO 3“)
is meant that at least two separated, i.c., non-contlguous portions of the molecule are

linked to each other. For example, the amino and carboxy terminus of the ends of the
molecule could be covalently linked to form a cyclic molecule. Alternatively, the
molecule could contain two or more Cys residues (e.g., in the linker), which could
cyclize via disuifide bond formation. It is further contemplated that more than one
tandem peptide dimer can link to form a dimer of dimers. Thus, for example, a tandem
dimer containing a Cys residue can form an intermolecular disulfide bond with a Cys of

another such dimer. See, for example, the compound of SEQ ID NO: 20, below.
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23 April 2003 1830-54 GGI GGI GGA GGI GGC GGC GGA GGT ATT GAG GGC CCA ACC
CTT CGC CAA TGG CTT GCA GCA CGC GCA (SEQ ID NO 37) 1830-55 AAA AAA AGG ATC
CTC GAG ATT ATG CGC GIG CTG CAA GCC ATT GGC GAA GG TTG GBC CCT CAA TAC CTC
CGC CGC C (SEQ 1't7 NO 38) The 4 oligonucl eoti des were anneal f’dAtcf2[)8£m t he
dupl ex shown bel ow ayl
ANAGGT GCACGT CGT CGT AT Gl AGhip e oF (RE R Geh  Ht Heeb 7 U dncovalently

+ + + + + +
CCAGGCT GAGACGCAGEsxacdntce ceraondenly seh@s g liaras pplymederg. polyethyloneglycal, A R

A T GGT GRAGHT o FRTA 1S %%MWFWM@OS Patent

CCACCACCT CCACCCIWMWBI G@med\ssmﬁemmwwr&e teTans G G G
GI EGPTL ngWA 02454520t Fore - ﬁ‘ﬁ
4 SR RSt LU PP 2 B PR s

GCGCGTATTAGAGCT O ol e

1830-52 and 1830tighdi]a chblesteroDefvup (&th@@stbﬂomadrawaimw@t%%hgiﬁ&cﬂ&iﬁ@ 53 and
1830-55] and SE%D? NO 41 [the encoded am no aci equence] This dupl ex
n

was anplified i arepmmb@avemebﬁmlsqler@wmms‘zmaw ner gitaghments sucheasy ng
anti sense pri rrer | r a PCR
. p m‘g@ah en e & nggpngzﬁeggg&v a$ dYRbIATS! Pdt&H Nos:

reaction with Fc AAC ATA AGI ACC TGT AGG ATC
G (SEQ 117 NO 44.540.850- 4349 GUHGTPTNATashEATe,337. Still other

ACAGGGAGAGGCTCTTCT SE 4 | h
ol i gonucl eot i des* %ﬂ&ﬂggrﬂoy&wﬁgéﬂ 'gc dﬁ%ﬁ“ﬁﬁ%vﬁ? gg“‘-%r%‘eq‘ié‘yﬁ cﬁemdes)
al Ingvm' ng t[}ﬁ tvvgcﬂamgﬁ ok Otliagcdr?tﬂgdratdg?edmymens be—@bmﬂcp&n%l&bde)?g_ franme by
co inin e above roaucts Jn reqCcti on u eqse

o er s 01516 aopairimImsiEgel Prapviens By cabAmaREnesh G AbPREYIsaS Pty e ¢
fusion gene) wasoﬂw@o%{:&?mw b&y&%%?éd'#é&oﬁﬂ@'@”ﬁ@b&éﬁﬁﬁd pelinyR BdoHRR ekl

and then ligated into the vector See bel ow), also digested with
Xbal and BmmHI . Wﬁ@&&@wwf\&h@emlﬂmﬁsorned into conpetent host cells of E.

coli strain 2596 (d e he

abi : i f y tlo pr oducfa tx‘g%r?ég%%ﬁ%%%%prlg?&?&ﬁwng&y&s F(ghgf)tgﬁ%g%g? pt'ﬁié’ t;eene

fusi on having t hefmyrcm@uentmbl;mﬂardeexglﬂqndame}ebe Rrﬁmfhmmmrmhemmieevel S
det df 50 .,nl, sh a ol e.ce

Anal yzed T or expPECHeapIGR maer of R PEO bRy Bhec ap R ebon AR ST,

am lno ?C::I d sequemo@kpi, :ﬁ&epfdfamﬁ&amcabewsmmhemsoedm,mbh@r&aﬁmyﬁbﬁﬂdl ng

nucl eoti de sequence:

TCTAGATTTGTTTTAAM?*R&A@&&REAMR&CATATGGACAAAACTCACACATGTQ

+ + Gﬁmﬂ Wtﬁ%ﬁ%%%%&%ﬁ%? TTCC

TCCTTATTGTATACCTGTTTTGAGTGT "HT C. .

TGAGG

Hydrazino +
AOGGT GGGAGTACTAGAGG
mmmmmmmmtww@e ;&%T g §mino, esiery, b v
smmmmmmmgﬂmmmwaMTma 1-
+29006GTGCTTCTGGGACTCCAGTTC
AAGTTGACCATGCACCTGC@A@@M@@WWeWWE mmonvqmewwbmecl@d\w Bitey H N
ce “

O i2 < HE BHOD: 35
PCCAACSGACACCCTCAWWM

CGICATGT TGT CGT GCAEWWGFME (8BerPoRhieohin€X(Thr)\resSidies While W-§hksd V
I

mewmmmﬂmmmﬁm ofthe

WWMWW §CTGACCGAC
TTACCGTTCCTCATGTT CGITCCAGAGGITGITTCV L H WL N G K Y KC K V S NK

A 49 preferably one of the 19 naturally occurrmg amino acids not counting proline. The
structures of N-linked and O-linked oligosaccharides and the sugar residues found in
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23 April 2003 CCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCAC
36l - + * 420
GEEACEEWCEEEEEWAGCTCTTTTGEWACACEWTTCEEWTTCCCEWCEEEECTCTTGEWG . PAPI EK

TI SKAKGQPREPQ orl 2003
AGGTGTACACOCT GOOCCCAT COCGGGAT GAGCT GACCAAGAACCAGGT CAGOCTGACCT X4t

* each type are differeiit. One type of’%ugar that is cofnmonly found dn BbtWis N-

;CSAEATGTT KN Q@ epmnqm@aclﬂ%qto as sialic gﬁl)c% c aci sus&ﬁlAy t\he termmal P S
@CTGGTWA@TTQIAJ%WMWW &% 18 ative
mmmTmemmﬂm@wm&mmﬁwmmmma Y P

SDI AVEW
CGGA~ GAACAACTACA& %&%&?&f&%&m&@&w Brpferably
gb&d‘sylated by a cell during recombinant productioh of the p_olme;ihd@ @8mpounds
GCCTCTTGTTGATGT CGA%CI’W%G?&J AGA Eg}lnﬁl Y K
TTPPVLDS %lgﬂ]ﬂﬂ‘}ﬂ‘l ancre S suc owever, suc sxtes may er
ACAGGAAGCT CACCGT, %y@%msﬁmem@@mg&mmw ﬁ@% é@ 1
TGWTmmmwmmmmmmmm@@s@ewl TV
DKSRWQQ
TGATCCATGA Gt MR SR ARAIone e st e ke s peppad by s or

clarity. Additional abbreviations: BrAc means bromoacetyl (BrCH,C{0))20d PEG is

ACTAGGT ACTCCGAGA GOGTCTTCTOGGAGAGBGACAGAGEOCCAT MH E A Tr H N
HYTQKSI. %@g@gﬁ&lﬁr
GTGGAGGTGGTGGTATCGAAGGTCCGACTCTGCGTCAGTGGCTGGCTGCTCGTGCTG 721

' B&@M@%&GAGCACGAC(@‘Z%%NQ :d0) E

T ENA
GPTLRQWI. AARAG

GTGETGEAGET SABE £.6,%,%, 9 . i

* I * + 5 (SEQID NO: 11)
CACCACCTCCACCECCECCTCCATAACTCCCEEEWTGEEAAGCEEWTACCEAACEWCEWG GGGGGGG
| EGP T | . R QINGPTLRQELRAB v A CIARS (Busiar)

-- -_*_ 861 CGCGTATTAGAGCTCCTAGGC A SEQ >D NO (SBQIBiN®I12)
strand readl ng 5,3 above], SEQ >D NO 45 [single strand reading 3' ~5'
above] and SEQ mm@mmmmmmm@mm{%um] PASEG IDIND: 13)
expression plasmd pAMX1 is available fromthe ATCC under accession nunber

981 13, which wasedpPORQICA MRAJGGEKSGGAIBEPTIROWANRIARANOST sEQabI‘NétZﬁ%

is an E.coli K-12 strain that has been nodified to contain both th
tenperature sensifGHELROMICARRRIGORArA)CEGCEIEGPTIIEQWRAlAR 4200 regl On and
the laclQ repressor in the | ate ebg region (68 m nutes). The ﬁ

2003 presence of these two repressor genes allows the use of thi's host th

T YZLES% "ot haEOE RO KR ORI IREPTER OWIR AR AT PISERIRYNG: 139
been o {1 ca {0 EHETROVIAARAIGER AR AR COoRELRTERAWE dié;gggggheaibg

operon between nucl eotide position 1170 and 1411 as nunbere

accessi on nunber Mc4441Gh Ba with del etion of the intervening ebg sequence.
The construct wadEGRTLROWIAABAGECOREMGGHG-THEGPTEROWERASRA nant phage
cal | ed Mvebg-cl 857s7 enhanced RBS #4 into F tet/393. After rSBQUIDMNQ:IE)
and resolution only the chronosomal insert described above renmains in the
cell. It was rendB6RTERQWLAMRAIGGENGIGEGIEGRTLRQWI AR ADdI f i(SEQHD Ndel9)
delivery of a laclQ construct into the ebg operon between nucl eoti de
position 2493 and 2937 as nunbered in the Genbank accessi on nunber M4441Ch
Ba with the deletion of the intervening ebg sequence. The construct was
delivered to the chronosone using a reconbi nant phage cal |l ed AGebg- Lacl Q#5
into Ftet/GVLO1l. After reconbination and resolution only the chronpsonma

i nsert described above remains in the cell. fo¢t was renaned F' tet/Gw21. The
F'tet episone was cured fromthe strain using acridine orange at a
concentration of ZS ug/m in LB. The cured strain was identified as
tetracyline sensitive and was stored as GW21. The Fc fusion construct
contained in plasnud pAM21 (referred to herein as pAMX1- Fo- TMP- TMP) ,
which in turn is contained in the host strain GW21 has been deposited at

t he ATCC under accession number 98957) with a deposit date of Cctober 22,
1998. Cultures of pAMXx21-Fo-TMP-TMP in E, coli GW21 in Luria Broth nmedi um
contalnlng 50 p, g/ m Icanany0|n wer e |ncubated at 37C prior to |nduct|on

I — — e e—— — o N T L Y T T 1 o~~~ e o




23 April 2003 bodi es were observed in induced cultures indicating that the
Fo- TMP- TMP was nost li'kely produced in the insoluble fraction in ~ coli.
Cell pellets were lysed directly by resuspension in Laemm i sanple buffer
cont ai ni ng 10% ~i nmer capt oet hanol and were anal yzed by SDS- PA%AMtense
Coonessi e stained band of approxinmately 30 kDa was observed on an - PAGE
gel . The expect eEWQ)MAW%GﬁéGzEﬁm in length and have
an expected nol ecul ar wei ght of abolt 29.5 kDa. Fernentation was al so
carried out undelEGRELRQWIAARAGGECGGGGIEGPTLRQWLAARA scal ¢SEQ H3INQ:i20) i n
simlar expression |levels of the Fc-TMPTMP to those obtained at bench
scale. Purification of Fc-TMP-T'MP. Cells were broken in water (1/10) by

hi gh pressure hormERIMRGWLAAR A GEGEESGE-IEGR WEAARANd | NG IDNG ) es
wer e harvested by centrifugation (4200 RPMin J-6B for 1 hour). Inclusion
bodi es were solubilized in 6 Mguanidine, 50 MM Tris) 8 nM DTT, pH 8.7 for
1 hour at a 1/10 rati Ll ! RriiRs Mit! t] jnto 2
Murea, 50 nM Tris, ﬁa%aégkwhgbﬁﬁ&r?ﬁ’g}ﬁ el ne, %ﬁ‘@f@%ﬁ%‘?’ lrlnai.ﬁstllj{ree was
stirred overni ghbnd-httertuade)ak donteihplated as well. Multimetsi{e gy tandem andndrmndem,

Fol' 1v8- TMP nononer, s nit neriz f oL sul fide-1lJnked conmpound
havi ng t he strucf’?na{f @’h@ ?ﬁ“‘*:?oé"wgﬁent@*&"?%HP@B%CB’&CPQ{’%‘HM&B{?L# 010 fold
by ultafiltrati ogontétplates then diluted 3 fold vvlth 10 MM Tris, 1.5 M urea,

pH 9. The pH of this mxture was I hen Uste pH 5 wi.ith acetic acid.
The precipitate was r@fosgeendambodisen Wﬁg"&f‘l"&ﬁ‘f‘ °PWBP‘§{‘} dedesgrbedaboyesmay

| oaded onto a SPgpgefwy Cin 100
mM NaCl, pH 5(10 ng/n tg?%ttgﬁé ?gﬂggw B?%bn%e&n%grdﬁeﬁb?%%e %@(ggg{:oyaﬁ\/alg
eluted of f usi nggalemtb@foélm‘a\ﬂﬁmcfg!dﬂﬂquofw?lﬂ@s@ane buf fer ranging
from 100 mM NaCl to 500 mM NaCl. The pool fromthe colum was diluted 3
fold and | oaded onto a SP-Sepharose HP colum in 20 mM NaAc, 150 nM NadCl,
pH 5 ( 10 ng/m pr ot e(fe) -3} TMPe, ), AN @Ly+(Ee), The protein was el uted

of fusing a 20 colum vol une gradient in the sane buffer ranging from1l SO
mVM NaCl to 400 nM NaCl. The peak was pooled and filtered. 11l. The
following is a sykeRinTMP, Mla}i@n@f&échﬁhd&&ﬁ:e&\’aﬁd%, IgDF 1S @raimeds of
this invention. 52 23 Aprl | 22003 41 g Normal feral e 1 apprOX| mat el y
10- 12 weeks of ageoupgwhish are eaghjindenendent ml getad fram the linker groups desgrikad abavelay
0, two goups St At alhnrcdaion B imhuRbel iRl ! p, Qfand P astichth iRfpefitifly selbciél
mce bled at each tine polnt, mce we a mninmmo ree nmes a
week. M ce were Soacthegroupsansisting of @ arid 1 whereinoat deast aneofitn or @l isiigsand ffurthed- 160

~| of bl ood was ©Q unc nu od

count e o a TecEESTEEY sRAAGH B i 3ta.ts 0 el Pls ol tng i RoniFo ShrnPible
bl ood. Par anet er saltseketesfed vvere white bl ood ceI | s, red bl ood cel | s,

hemat ocri t, henogl obi pl.at el neut.r o J’ . Mce Were ej t her
injected subcut aneous?‘ﬁ“‘?‘ﬁ‘l"glé( BPQ@PQW“Q%? t°‘°°8P BTOBP hanestutures ayd

m cro-osnotic pugpshé st g,eﬂg bft uRd ds\iBScribedibave! bR SomPbSids AR Tarth&" ©

delivered in a vol une of noti c ‘b& swerelnsertedlntoa
subcut aneous i ncifisedtp stderst one Fergsoundithe eﬁﬁlewtbmglsemlmebnkwmﬁetl zed

m ce. Conpounds were %Ly& %uw:ep &e\ﬁh&%; c%min{%r%?'ﬁ‘na ﬁ‘LLel 2,3 |a£|cl uded

one control goup, |abéled arrier U eay féent
only. The concenummuixaglnhuhnlg(é-ltlxemychmmsebEﬂlsomJthetpiulmrclemsmMessted Yo}

i ndi cated i n ¢ ho 1GADHLAVE 862y, SRRy sty BY ARReE YFovn B diploes g BC

delivered to m Celdsis mcRidingButhdt linsedtd GDZHI?G-S ng'l%GAV\G{&hérr eated with
g

-

o

various conpounds at a_single dose of 100 ug/kg in day osnotic punps.
Sonme of the sane re then given to mce as a single bolus
injection. Activi t nts
are shown in FIGS 4 gﬁ%b@ﬁ %él@%g‘yeﬁr% g%éfg&ngiosﬁéggreﬁgﬁde‘ﬁb#3\3}?9&5&&79

m cro-osnoti c purpolypépiide aegnmentssthatvumgy Heﬂmkadanlord:mrmfdranﬂnmm femeybywisulfidehe
conpound of SEQ ID NO 18 was at 100 pg/ kg/day; the 10 ug/ kg/ day dose was
about 50% maximally active and 1 Itg/kg/day was the | owest dose at which
activity could be seen in this assay system20The conpound at 10 pg/kg/day
dose was about equally aetive as 100 |tgl kg/ day unpegyl ated rHu- Ma@DF in the
same experinment. |V. Discussion It is weU accepted that MEDF acts in a way
simlar to human gowth hornmone (hGH), i.e., one nolecule of the protein

| i gand bi nds two nol ecul es of the 53 23 Aprii 2003 receptor for its
activation (Wlls, J. A et al., Aln. Rev. Biochem 65:609-634 ( 1996))).
This interaction is mmcked by the action of the nuch snaller TMP pepti de.
However, the present studies suggest that this mmcry requires the
concerted acti on of two TNP rml ecul es, as coval ent d| rrerl zat| on of TNP in

o ~ o~ o R S



23 April 2003 However, in Cycle 4) the PEG r HUMEDF goup did not denonstrate
as large of an increased platelet count as in the previous cycles. The

PEG HUMGEDF group has increased platelet counts of approxinmately 2-fold that
in the control group 9 days after the dose of this cycle. For 3‘5&@’%3350”1-
the nean platelet count in the highest dose AMP2 group in Q/czl e 4 was
3.3-fol d higher bb#s orbgnomodvatent gsariation AThs suntbendf igterniiiésularidisinbde bordsal s

has a nmean platelet count 53% | ower {han {he control group nean pl atel et
count at the staPgtWsen mopemeri subyrits 8%)%’3@)"’ E‘h °\C°Fl'gesrfé%ﬁ?g§%‘t’e@é1td"@ g $thr

the goup at the epdiRf (Y Clgs, fA, T 7orqﬁ‘%fas_§’(¥?%(., Igeﬁ,q)gcmaé?fﬂls’!&ﬁﬁmn
that of the control gr(_)up. For alT "'AMP2 ani mals) the nean platelet counts
at the start and aetihedpfnvolved.eThe tapm &Fof’ a5ysed hereinds gangrietogthe monemeric, dimesic,
control group. | . t i ood
cell (RBC) count gn %gitﬁjo%gg&ﬁ'ﬁ%g ‘f"“%";"g‘g%éépgg‘?@gBgng‘g&f:‘%?rg‘g‘r“?@‘{‘%g&@kt rol.
The decrease was spantineouslyidinerizeywien gl appropraté Cysiresidad¢sard presppsunless paginsler i n

RBC was noted in _thg.PEG rHu roup. . 1he gounts returding to
normal |evels (a?%%tmraﬁeoprfsﬁniczgﬁg’fﬁ'le ¢ djme ﬁ?’&/tﬂ%%'g%gg&ﬁ% g"ﬁ%ﬁ%ﬁq B bl ood
cell (VBO) | evel EvenifitiaCysyedidies thatwsimallyfore didulidetiondinltie Fodimepaed
(2.6-fold) as conpared to control on Day 35. A slight increase was noted in

the 5000 pg/ kg ANEOved oF seniacediay other resigues, the menomerC chajnswill generally dimerizer ol )
| evel s begi nni ng 3 Wan I : ' I | no
appar ent _change. Oty Ihharins PHRRARE R RFol Bed B sy e el
Cycle 3, iitBC cdomssthemativeshongiet, hedativedimeni(disylfidabontddinkéd)) modifieddimess

single Cycle 3 dgse).in al I ; f t 0,~0~].cg, AMP2
Goup. REE val ues YA B phi-El e PAEF Rihiithed Mpokdfy B gerah ed.
control) by Day 17. | iVaGyunthandogsRis@exivatingsof dedicgastivn may telcondtruert &g, for oups
as conpared to contrql except .in the 500 ~tq/ AMP2 group. Unlike the

ot her cycl es, théf@’a&@%}g‘w{’ﬂ‘éﬂf“ t‘r?&%l?#r%ﬂé(‘g§8‘fﬁ°q\'%‘°?%i s cycle. These
decreases appeared fr oty orlanaRgPpslypepades irkiide HOGoh veriahts ColePéin Bfie &1 | Y as
Day 11. The results indicated that an increase in platelet counts, above
that of control awireaminossid residues supplementanFomming agid\ssquencs. daseripng 5wy hg i n
all treated ani ; i "?]9’9 ' Y : red
that the repeatg3$ Beggtghﬂge’sggpg(gh?e a ?‘gﬂ@kéukgsﬁ%ﬁg%&fg%fog%’aﬁe%?ﬁ el
producti on as cormggienschfithe Fdrming anid sequence Insertiens! vaspnteyithadditionaheesidues a1 et

or ovi ous cyc s ks BeufiERbich peba P HRele udBloRRTREN Pt il fing

Decreases in |t B@nmuadidtageoriabely For examfly aheBc tholedile Mayostioaallycontaii anNeat ed
groups at sone paint, ing each cle of the stud however  .al . :
hemat ol ogy par anéf'@l"éﬁ ﬁ"t‘tﬁ%ﬁ@&m S’%ﬁbﬁhﬁﬁ}oielcﬁ]ﬁéﬁ eé“”("&%d E"t?ﬂ%‘ﬁﬁ“%‘ﬁlyt‘%ab@ﬁ?%l )

after dosing cess@pfigsthas@/esl |, these results indicated that treatnent
wth AIVII'2 was well tolerated in the rhesus nonkeys and that AlV-~2

resul ted in increased IpFgdeletian vagents, one ot wereaminongis residues in asfFetpolypeptidet . | t
did not appear, t [ : H]@

bi ol ogi cal ly si gﬁ??f%‘é’%’?d'i %farﬁtﬁaen%ng I a%ﬁggrgggts%‘gﬁgg&ﬁé v&%@'p?%}c’%%?ra%t ,
treatment in the arawithoemorwslof ese arimdre FSiGuestwittizDhe Hc eiminb @cid aequendei [Meddtion i n

pl atel et response hy Cycle.4, .s in hat anti.bodjes to PEG HUMEDF have
been generat ed an‘@ngﬂé's e @fq’ﬂeﬁyﬁgﬁg&ﬂgﬁ?&gﬁﬁ?)m@‘ I Eicting with
endogenous rhesus TPOIn'FthubktifatibMvaidhis Odhe o® Wobednilfo ddid fevidd@sofanbed, it will
be apparent to one of ordinary skill in the art that pany changes and

modi f i cati ons carPIbPeRutrare Fraoyedand feplarsd withSerative gesidueim Inieae aspest; theand
scope of the | nVeéﬁBbtﬁﬁki&é.a?@éonie%@e ﬁ%ﬁﬁé} howeéver, theinveRfion efiftichs Wlstitutions
enbodi ments of the i1nvention in i ch an éxclusive proper?y or privilege is
cl ai med are defi ntbat are alsombwosnservativeA conpound that binds to an npl

receptor conprising t structure . TMP,.o~-, T~z wherein, T\NP, .and TMP2 are
each i ndependent!y seréoétegﬁ@?’gﬁi?%eemw%ﬁﬁ%e%‘!)e%eélo&s %ﬁﬁyg{ﬁegﬁb?‘?‘@?ng t he
structure: Xx- X3-acidsto Pfevent formaibwof sotheloe el disulfide cPossiaks of e Ft bjiiehdss B oup
consisting of Qu, Asp, Lys, and Val; X3 is selected fromthe group
consisting of Ay and Ala; X, is Pro; X, is Belected fromthe group
consisting of Thr and Ser; X6 is selected fromthe group consisting of Leu,
De, Val, Ala, and Phe; X~ is selected fromthe group consisting of Arg and
Lys; X, is selected fromthe group consisting of Gdn, Asn, and Gu; X9 is
selected fromthe group consisting of Trp, Tyr, and Phe; X, 0 is selected
fromthe group consisting of Leu, De, Val, Al a, Phe, Mt, and




Lys; L, is alinker; and nis O or 1; and physiologically acceptable salts
thereof. 2. The conpound according to Claiml wherein said TMP, and TMP2
are independently selected formthe group consisting of s8 23 April 2003
X2- X3~X4- ~- ~- X7- ~- ~- X10- X11 ~ X2- X3- x4- ~- ~- ~Xi - ~- X10- X11- X12 Zém(ﬁ, XS' X6
X7- Xt - X9- X10- X1I - X13- X13 XZ- x3- X4- X3- X6- X7- Xt - ~- X10- x| |-X12
Xl - Xz- X3- X4- Xs- Xartituldr; tKe antinOlacids a%sﬁﬁn@@aﬂ@w@sfmmmmamd%ﬂeme

Xl - XZ- X3- x4- Xs- Xs- X~- Xt - XS- Xl 0- x11"
XI - Xj - X3- X4- Xs- X@S‘MS Ong may semgvie_eas >§zof)@§s cygjeine residues or substitute one or more
Xl - X2-X3- X4- XS- 'i:%gt & restdiks Yvith othef arnd abids, éﬂ@ﬁ&@hﬁ&ﬁéer Kb gndihé as

defined; Xl is selec fromthe goup consi sting of e, Ala, Val, Leu,
Ser, and Arg; dexan'mlesmbélﬁwwni mayraisthbe madetodntneduce mgmmd/snbsutmtio@s tod),

Leu, Phe, Ser, 1 d f .h

consi sting of Al gl’ldt? h'é%c tqgﬁgmﬁﬁge (é a?:lat%én?%o R%g@‘tn{&%é’“ﬁgg g‘g{’)ect ed
from It he ggu P COitﬁ!lr/](ﬁ‘ttb ® aefate%gamiby@ déﬁeﬂden\/eéllli-médlitgcll Stotoxititgl ﬁmyccr)]a)mj X14
is selecte rom.t he, goup consjstin e, Va Leu,. P Thr

Gu, and Qy. 3% gﬁﬂ‘fg é‘té"(ﬂ‘g “%W?Wé{%w‘g’é‘? 0éﬁylor
TMPZ are derivat hsztf‘s@d ﬁ&eﬁeroﬁf%hrnel &eWeanmw»ﬂmeiogpmolfﬁ wwsnass.me or
nore of the pept O NR- |nkages (bonds) have been r epl aced by a

non- pept i dyl Ilnkﬂé@%ﬂthﬂéswwsﬁ&?‘ﬂé&ﬁﬂe Ilnkage [-CH2-OC(ONR-]; a
phosphonat e | i nkage; rea
[NHC(O NH] |'i nkage; lgike oégé{)ﬁ rIg‘%am ne |n ag I}E%%“g%ggﬁ%?} a?m

pepti dyl | i nkagerdsid@és@snrell- IlvxhrkllbmnmhelsvdnwmumttgdWerﬁéns, dél@ions(é.g., FOMB3
the N-term nus i NRR to.a. N [ oup;
to a -NRS(O ~R giﬁg ﬁﬁ(é{"é ﬂ%\%fg #‘%"Bﬁﬁd R%'%‘gﬁﬁg ®and
| ower al kyl wi t hof the pRiséi¢ hﬁzenttohaCoRse@mﬁvanaroacmaubMﬁbnbwr gaenllybe a
succi ni m de goup; to a benzyl oxycarbonyl - NH , ( CBZ- Nflel; goup; or,to a

benzyl oxycar bony Prefgrred g Eupheamoren alterations may BCH”QE iaf gltered aminoagids, sehhas
ring sel ected f;ggg deﬂ‘nr%‘HdPoPﬁQﬁﬁxﬂddlﬁ of | ower al kyl, |ower alkoxy)
th

chloro, and bro termnus 1s -C(OR2 where RZ is selected fromthe
group consisting of |BusequencksoofithePrdagROUNhmAalREbedrtivatized ice., bearing

i ndependent |y sel e frao C en

oyt The compatitiont et i Ald ARG op RaBfinif PR, RO L,
Ihave abD Co?f i %upaéfmﬂﬂy,tﬁemwﬁcaﬁomuadw?smmﬁtmg and uﬂtﬂli;lfbﬂexmhpl‘e,eéhmnﬁchl
east one of the anj.no acids ha onlurat.o 6. The, co

according to O aP rHl“&/OHﬁE Y'gerérj’@adF °tﬁ°f or BLEABIc MAiSiesi @"‘f"é‘"ﬁ% m 1

wher ei n TMP, and thel{iéenB6SmaPbep repar ared to i increase circulating half- hfe, or mgy be des%ed to

De-d u-3d y-Pro-'Thr-Leu-Ar -Gln -Leu- Al a- Al a- Arg-Al a
improve targetmg capacity for the polypeptide to desired cells, t:ssues or organs.

It is also possible to use the salvage receptor binding domain of the intact F¢
molecule as the Fc part of the inventive compounds, such as described in WO
96/32478, entitled “Altered Polypeptides with Increased Half-Life”. Additional
members of the class of molecules designated as Fc herein are those that are described
in WO 97/34631, entitled “Immunoglobulin-Like Domains with Increased Half-Lives”.
Both of the published PCT applications cited in this paragtaph are hereby incorporated
by reference.

The Fe fusions may be at the N or C terminus of TMP, or TMP, or at both the
N and C termini of the TMPs. It has been surprisingly discovered that peptides in
which an Fc moiety is ligated to the N terminus of the TMP group is more bioactive
than the other possibilities, so the fusion having an Fc domain at the N terminus of
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8. The compound according to Claim1 wherein LI conprises a peptide. 9. The
conmpound according to Claim38 wherein LI conprises Y~, wherein Y is a
natural ly-occurring amno acid or a stereoi sonmer thereof and n is 1 through
20. 10. The conpound according to Claim8 wherein L, conpri S?%réﬂﬁy%éé
wherein n is 1 through 20, and when n is Beater thanl u t he
Ay residues nmayTM&, @bgwdmm&oﬁwmm both Lin general @G)IFPGfﬁf{eﬁe

I
2003 11 "The cortBahEEeaRiff il e NIl SOUFTMP IR, il aighll |

group consi sti ng%;em&raﬂﬁgcheht}th( G\ltm)'runl(sSIE(heII«JcYchbiﬂ arg)v:ée(v&s;) 3Asnd ySer (dy)2
SEQ m NO ' ~; 3Cys n Pr S D
NoL 0y 52, The' compoRlkRIPE s afe RomPEuRds et Aty GG 45 & Fndet A Seuandimy,

residue. 13. A dyfRE chhpdullds se%mwl G@@ﬁ&m%mmmsgm%&& méuchmesdl mer
according to claim13 which i1s TN PZ ~1- ~ q/s-~y -~2.

15. The conpoundeash Eocktimyillths lt!!k%(i tmazwgr mtndsasA(schqmtlc ewemplei n n
is 1 through 20. O t 2 ect ed
fromthe group c%ﬂsgfsgpﬁng&&w B 9@&%&% &ﬁgf J—’%ﬁﬂgg\fm
N e el
- ) near
| EGPTLRQALAARA- &3 poygad of S Q12003
| EGPTL ROALAARA- Coediedab 5 ik Lmuﬁﬁﬁ@so rHQ‘rest%)herem as “Fc-TMP,-L-
R D h e o oy PsEQ D N 3¢
| EGPTLROALAARA- %@mpbewme%sﬁﬁ@am%&% a linker to the C-
terminus of the TMP, groups in Fig. 6 C is also contemplated and is referred to herein
as TMP,-L-TMP,-Fc.

Some specific examples of compounds from the second group are provided as

follows:
Fc-IEGPTLRQWLAARA-GPNG-IEGPTLRQWLAARA (SEQ ID NO: 22)
Fc-IEGPTLRQWLAARA-GPNG-IEGPTLRQWLAARA-Fc (SEQ ID NO: 23)

IEGPTLRQWLAARA-GGGGGGGG-IEGPTLRQWLAARA-Fc  (SEQ ID NO: 24)
Fc-GG-IEGPTLRQWLAARA-GPNG-IEGPTLRQWLAARA (SEQ ID NO: 25)
Fc-IEGPTLRQWLAARA-GGGGGGGG-IEGPTLRQWLAARA  (SEQ ID NO: 26)

Fc-IEGPTLRQCLAARA-GGGGGGGG-IEGPTLRQCLAARA (cyclic)
I | (SEQ ID NO:27)

Fc-JEGPTLRQCLAARA-GGGGGGGG-IEGPTLRQCLAARA (linear)
(SEQ ID NO:28)

Fc-IEGPTLRQALAARA-GGGGGGGG-IEGPTLRQALAARA  (SEQID NO: 29)
Fc-IEGPTLRQWLAARA-GGGKGGGG-IEGPTLRQWLAARA  (SEQ ID NO: 30)

Fc-IEGPTLRQWLAARA-GGGCGGGG-IEGPTLRQWLAARA  (SEQ ID NO: 31)
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|- EGPTLRQALAARA- GGGC( PEG) GGGG- | EGPTLRQMLAARA (SEQ  NO 17)

| EGPTLRQALAARA- GGGNGSGG | EGPTLRQALAARA (SEQ m NO.  18)

| EGPTLROQALAARA- GGGCGGEG | EGPTLRQALAARA

| EGPTLROALAAR. A- GBGCGEGEG | EGPTLRQALAAR A (SEQ m NO 19); 3 April 2003

| EGPTLRQWLAARA- GCi (i | GGGGG | EGPTLRQALAARA (SEQ m NO.  20). 72 %e conpound
according to C aF¢gqEGPTLRQWHAARAGGGNGSGGIBGHELROWEAARA " 2{SEQ 1D INO:' 3R)a
~2-~)i \i Cp wherein LI, L= and L3 are |linker groups which are each

i ndependent |y sekgeGRTIROWLIGARATGECOOURECPIRGWLMARY, Y. Wwherein Y is
a naturally-occurring amno acid or a stere0| soner thereof and n |s 1

tl,hragg[]ozﬁal ]SGIO%/%% F@ﬁ?es%@% may @gﬁhéu?? %&Mot Fner am notjg 4
thereof: 62 : “?WJ%P*?W@B%% o

(GIy)3AsnGIySer(GIy)1(SEQIDNO 7 (Gy)scys(c;y) (SEQ [FFQEP NG:34)

G yProAsn@y (SEQ mNO 9); Cys residue; is 1 hrough
ZO Fc is an Fc regi onligehef t?\ﬁﬂkﬂ*(agp'asalm ﬁan dlﬁonahNatﬁawﬁMeé?@é*éﬁeﬂ

i ndependently s e{xﬁﬁé i oh&-Rtet &ﬁnepe leemeﬂaﬁteatag 8211 0ThdMef dsidue &u at

| east one of mor is 1, and further wherein if mis 0O then is 0, and if

pis 0, thenr |ﬂne0~l-tmupn§/@pm= grpupan thosecasesvhersin there is an Foygnoup ttached toThe

cel ect od 1rom « nEegvEls R THE 5t low ek B b R g Balpbegi PRI 1Y
nat ur al | y- occur r tepginasiofthe IMR] tioy Mat iesidues@oald e attdched octhe Nrtemiimisof thet hr ough

20. 19. The COWW according to Claim18 wherein LI conprises (Ay)"
wherein nis 1t &RUBO, and when n is greater than 1, up to half of the

Ay residues may be sub&&nb%edbdwmrbwprmﬂgm&egehe%eﬂu&&pmthe

remai ning 19 natural am no ands or a stereogisqgner thereof. 20. The conpound

according to C aimmuspelghulinlgGheavy ¢haingra biclogically actiye fagment: deivativecer ed
(G'y) shend yser (ST BT BIRP I AL LITPORE), T o5
Fc sequence shown in SEQ ID NO: 5 is the most preferred Fc for the above

compounds. Also preferred are the above compounds in which the Fc is a dimeric

form of the sequence of SEQ ID NO: 5 and each Fc chain is attached to a TMP

tandem dimer.

Additionally, although many of the preferred compounds of the second
embodiment ir.xclude one or more tandem dimers in that they possess two linked TMP
moieties, other compounds of this invention include tandem multimers of the TMPs,

i.e., compounds of the following exemplary structures:

Fc-TMP,-L-TMP,-L-TMP;;
Fc-TMP,-L-TMP,-L-TMP,-L-TMP,;
Fc-TMP,-L-TMP,-L-TMP;-L-TMP,-L-TMP,; ~
TMP,-L-TMP,-L-TMP,-L-Fc;
TMP,-L-TMP,-L-TMP,-L-TMP -L-Fc;
TMP,-L-TMP,-L-TMP,-L-TMP -L-TMP_,-L-Fc;
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23 April 2003 AyProAsndy (SEQ 117 NO 9). 21. The conpound according to
Claim18 wherein L~, L~, or L3 conprises a Cys residue. 22. A diner of the
conmpound according to Caim21. 23. The conpound according to Claim 17
wherein L,, L2 or Lj conprises (CH-~, wherein n is 1 through 2%0 |;25003The

compound according to Claim1, whi ch I S sel ect ed fromthe gro‘ﬁ_p ORI st i ng
of Fc- | EGPTLRQAwheRIs TVliG- THMER e\the sams or differ

T R Lty o

| EGPTLRQALAAI t A-linkéxécartete@El ptionil AddRéach Sis@abdve, theFc gto),lp can be monomeric or

Fo- | EGPTL RGO ARSecR incescs BT IR TS AR bapErT Bpre R dinaicen b

Fo- | EGPTLRQCLAARMacHe S & édcRPelchddi Albd Euhbsmpldtsidce ofhbt (N@ng@? wherein the TMP
Fo- | EGPTLRQALAARA- GGGGGGEGG | EGPTLRQALAARA ti‘SEQ >D NQ

Fc- | EGPTL RQALAAWM@@Q@%E@PWW eNand Cenpini oaf@;le guboth Fg chips; |
2003 Fc- | EGPTLRGNLAARARCH &Wﬁéﬁ DttNgBdg%u #13)} termini of

Fc- | EGPTLRQALA. AR A
Fc-1 EGPTLRQ/\LAARA‘O(BS@EM—IGI EGPTLRQ/\LAARA

Fo- G G606 NEcPTL Ron KR coppaind el gy sompaip b pon i) 55

The use of a phaaw@femtabeat 200N0GAhinG Beidsdfpstal(l. . xhaywillfbe pelypsidagypunt of a
_ conpound according to Claim1l in adm xture with a pharmaceutically
acceptabl e carrier thereof in the production of a nmedicament to increase

nmegakaryocyte Orhlﬂpaﬂfd@ﬂﬂﬁ@dum ion. 26. The use according to claim 25,
wherei n said anoun rom1l pg/kg to 100 kg. 27. A pharnmaceuti cal
conmposi tion conpris' hegzompaynds nﬂthmwnmmga”gb; made in a variety of ways. Since
many of the compounds will be peptides, or will include a peptide, methods for
. synthesizing peptides are of particular relevance here. For example, solid phase
synthesis techniques may be used. Suitable techniques are well known in the art, and
include those described in Merrifield, in Chem. Polypeptides, pp. 335-61 (Katsoyannis
and Panayotis eds. 1973); Merrifield, J. Am. Chem. Soc. 85:2149 (1963); Davis et al.,
Biochem. Intl. 10:394-414 (1985); Stewart and Young, Solid Phase Peptide Synthesis
(1969); U.S. Pat. No. 3,941,763; Finn et al., The Proteins, 3rd ed., vol. 2, pp. 105-253
(1976); and Erickson et al., The Proteins, 3rd ed., vol. 2, pp. 257-527 (1976). Solid
phase synthesis is the preferred technique of making individual peptides since it is the
most cost-effective method of making small peptides.
The peptides may also be made in transformed host cells using recombinant
DNA techniques. To do so, a recombinant DNA molecule coding for the peptide is
prepared. Methods of preparing such DNA and/or RNA molecules are well known in
the art. For instance, sequences coding for the peptides could be excised from DNA
" using suitable restriction enzymes. The relevant sequences can be created using the
polymerase chain reaction (PCR) with the inclusion of useful restriction sites for
subsequent cloning. Alternatively, the DNA/RNA molecule could be synthesized using
chemical synthesis techniques, such as the phosphoramidite method. Also, a
combination of these techniques could be used.
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Claim1l in adm xture with a pharnmaceutically acceptable carrier thereof.
28. A polynucl eotide that encodes a conpound according to claim8. 29. A
pol ynucl eoti de that encodes a conpound according to claim13. 30. A

pal ynucl eoti de that encodes a conppund according to claim 18'22‘»‘}%{#"%)

pol ynucl eoti de that encodes a conpound according to claim22. : Pt or
t hat conprises a pol yFhediveotioroasosndudes i ivgctonensnging theqleptides irodh @ppropiiatenst

cell that conprigses vect or accordi to ¢l ai 2. I 6 ru . tuu~ 34.
A et hod of _pr odiEt nERSNegtShpRTNtoHEE B gfeede Hat pipotes the meptdes Gherasbytl 20,
conpri ses grow nghked BPipréitiate expresich dafitrbiseientd) Methstsdf efféctinptias nut ri ent
medi um and isolating said coqﬁéund fromsaid cell or_nutrient nedium 66
.A.A .A 5F . A3Roperative linking, sithqr{pefore o after the peptiderencoding-JRNA mgleculesiy insegtedy

Hy. A [.A 5?7 A into the vector, are well known. Expression control sequences include promoters,
activators, enhancers, operators, ribosomal binding sites, start signals, stop signals, cap
signals, polyadenylation signals, and other signals involved with the control of
transcription or translation.

The resulting vector comprising the peptide-encoding DNA molecule is used to
transform an appropriate host. This transformation may be performed using methods
well known in the art.

Any of a large number of available and well-known host cells may be used in
the practice of this invention. The selection of a particular host is dependent upon a
number of factors recognized by the art. These factors include, for example,
compatibility with the chosen expression vector, toxicity to the host cell of the peptides
encoded by the DNA molecule, rate of transformation, ease of recovery of the
peptides, expression c'haractexistics, bio-safety and costs. A balance of these factors
must be struck with the understanding that not all hosts may be equally effective for
the expression of a particular DNA sequence.

Within these general guidelines, useful microbial hosts include bacteria (such as
E. coli), yeast (such as Saccharomyces sp. and Pichia pastoris) and other fungi,
insects, plants, mammalian (including human) cells in culture, or other hosts known in
the art.

Next, the transformed host is cultured under conventional fermentation
conditions so that the desired peptides are expressed. Such fermentation conditions
are well known in the art.

Finally, the peptides are purified from the fermentation culture or from the host
cells in which they are expressed. These purification methods are also well known in
the art.

Compounds that contain derivatized peptides or which contain non-peptide
groups may be synthesized by well-known organic chemistry techniques.
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23 April 2003
Uses of the Compounds

The compounds of this invention have the ability to bind to and activate the c-
Mpl receptor, and/or have the ability to stimulate the production (both in vivo and in
vitro) of platelets (“thrombopoietic activity”) and platelet precursors
(“megakaryocytopoietic activity’). To measure the activity (-ies) of these compounds,
one can utilize standard assays, such as those described in W095/26746 entitled
“Compositions and Methods for Stimulating Megakaryocyte Growth and
Differentiation”. In vivo assays are further described in the Examples section herein.

The conditions to be treated by the methods and compositions of the present
invention are generally those which involve an existing megakaryocyte/platelet
deficiency or an expected or anticipated megakaryocyte/platelet deficiency in the future
(e.g., because of planned surgery or platelet donation). Such conditions may be the
result of a deficiency (temporary or permanent) of active Mpl ligand in vivo. The
generic term for platelet deficiency is thrombocytopenia, and hence the methods and
compositions of the present invention are generally available for prophylactically or
therapeutically treating thrombocytopenia in patients in need thereof.

The World Health Organization has classified the degree of thrombocytopenia
on the number of circulating platelets in the individual (Miller, et al., Cancer 47:210-
211 (1981)). For example, an individual showing no signs of thrombocytopenia
(Grade 0) will generally have at least 100,000 platelets/mm®. Mild thrombocytopenia
(Grade 1) indicates a circulating level of platelets between 79,000 and 99,000/mm’.
Moderate thrombocytopenia (Grade 2) shows between 50,000 and 74,000
platelets/mm® and severe thrombocytopenia is characterized by between 25,000 and
49,000 platelets/mm>. Life-threatening or debilitating thrombocytopenia is
characterized by a circulating concentration of platelets of less than 25,000/mm®.

Thrombocytopenia (platelet deficiencies) may be present for various reasons,
including chemotherapy and other therapy with a variety of drugs, radiation therapy,
surgery, accidental blood loss, and other specific disease conditions. Exemplary
specific disease conditions that involve thrombocytopenia and may be treated in
accordance with this invention are: aplastic anemia; idiopathic or immune
thrombocytopenia (ITP), including idiopathic thrombocytopenic purpura associated
with breast cancer; HIV associated ITP and HIV-related thrombotic thrombocytopenic
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The compounds of this invention may be used in any situation in which
production of platelets or platelet precursor cells is desired, or in which stimulation of
the c-Mpl receptor is desired. Thus, for example, the compounds of this invention may
be used to treat any condition in a mammal wherein there is a need of platelets,
megakaryocytes, and the like. Such conditions are described in detail in the following
exemplary sources: W095/26746; W095/21919; WO095/18858; W095/21920 and are
incorporated herein.

The compounds of this invention may also be useful in maintaining the viability
or storage life of platelets and/or megakaryocytes and related cells. Accordingly, it
could be useful to include an effective amount of one or more such compounds in a
composition containing such cells.

By “mammal” is meant any mammal, including humans, domestic animals
including dogs and cats; exotic and/or zoo animals including monkeys; laboratory
animals including mice, rats, and guinea pigs; farm animals including horses, cattle,

sheep, goats, and pigs; and the like. The preferred mammal is human.

P ical C -
The present invention also provides methods of using pharmaceutical
compositions of the inventive compounds. Such pharmaceutical compositions may be
for administration for injection, or for oral, nasal, transdermal or other forms of
administration, including, e.g., by intravenous, intradermal, intramuscular,
intramammary, intraperitoneal, intrathecal, intraocular, retrobulbar, intrapulmonary
(e.g., aerosolized drugs) or subcutaneous injection (including depot administration for
long term release); by sublingual, anal, vaginal, or by surgical implantation, eg.,
embedded under the splenic capsule, brain, or in the cornea. The treatment may
consist of a single dose or a plurality of doses over a period of time. In general,
comprehended by the invention are pharmaceutical compositions comprising effective
amounts of a compound of the invention together with pharmaceutically acceptable
diluents, preservatives, solubilizers, emulsifiers, adjuvants and/or carriers. Such

compositions include diluents of various buffer content (e.g., Tris-HCl, acetate,
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(e.g., Tween 80, Polysorbate 80), anti-oxidants (e.g., ascorbic acid, sodium
metabisulfite), preservatives (e.g., Thimersol, benzyl alcohotl) and bulking substances
(e.g., lactose, mannitol); incorporation of the material into particulate preparations of
polymeric compounds such as polylactic acid, polyglycolic acid, etc. or into liposomes.
Hyaluronic acid may also be used, and this may have the effect of promoting sustained
duration in the circulation. The pharmaceutical compositions optionally may include
still other pharmaceutically acceptable liquid, semisolid, or solid diluents that serve as
pharmaceutical vehicles, excipients, or media, including but are not limited to,
polyoxyethylene sorbitan monolaurate, magnesium stearate, methyl- and
propylhydroxybenzoate, starches, sucrose, dextrose, gum acacia, calcium phosphate,
mineral oil, cocoa butter, and oil of theobroma. Such compositions may influence the
physical state, stability, rate of in vivo release, and rate of in vivo clearance of the
present proteins and derivatives. See, e.g., Remington's Pharmaceutical Sciences, 18th
Ed. (1990, Mack Publishing Co., Easton, PA 18042) pages 1435-1712 which are
herein incorporated by reference. The compositions may be prepared in liquid form, or
may be in dried powd;er, such as lyophilized form. Implantable sustained release
formulations are also contemplated, as are transdermal formulations.

Contemplated for use herein are oral solid dosage forms, which are described
generally in Remington's Pharmaceutical Sciences, 18th Ed. 1990 (Mack Publishing
Co. Easton PA 18042) at Chapter 89, which is herein incorporated by reference. Solid
dosage forms include tablets, capsules, pills, troches or lozenges, cachets or pellets,
Also, liposomal or proteinoid encapsulation may be used to formulate the present
compositions (as, for example, proteinoid microspheres reported in U.S. Patent No.
4,925,673). Liposomal encapsulation may be used and the liposomes may be
derivatized with various polymers (e.g., U.S. Patent No. 5,013,556). A description of
possible solid dosage forms for the therapeutic is given by-Marshall, K., Modem
Pharmaceutics, Edited by G. S. Banker and C. T. Rhodes Chapter 10, 1979, herein
incorporated by reference. In general, the formulation will include the inventive
compound, and inert ingredients which allow for protection against the stomach

environment, and release of the biologically active material in the intestine.
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Also specifically contemplated are oral dosage forms of the above inventive

compounds. If necessary, the compounds may be chemically modified so that oral
delivery is efficacious. Generally, the chemical modification contemplated is the
attachment of at least one moiety to the compound molecule itself, where said moiety
permits (a) inhibition of proteolysis; and (b) uptake into the blood stream from the
stomach or intestine. Also desired is the increase in overall stability of the compound
and increase in circulation time in the body. Examples of such moieties include:
Polyethylene glycol, copolymers of ethylene glycol and propylene glycol,
carboxymethyi cellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone and
polyproline (Abuchowski and Davis, Soluble Polymer-Enzyme Adducts, Enzymes as
Drugs, Hocenberg and Roberts, eds., Wiley-Interscience, New Yorfc, NY, (1981), pp
367-383; Newmark, et al., J. Appl. Biochem. 4:185-189 (1982)). Other polymers that
could be used are poly-1,3-dioxolane and poly-1,3,6-tioxocane. Preferred for
pharmaceutical usage, as indicated above, are polyethylene glycol moieties.

For the oral delivery dosage forms, it is also possible to use a salt of a modified
aliphatic amino acid, such as sodium N-(8-[2-hydroxybenzoyl] amino) caprylate
(sNAC), as a carrier to enhance absorption of the therapeutic compounds of this
invention. The clinical efficacy of & heparin formulation using SNAC has been
demonstrated in a Phase II trial conducted by Emisphere Technologies. See US Patent
5,792,451, “Oral drug delivery composition and methods”.

The therapeutic can be included in the formulation as fine multiparticulates in
the form of granules or pellets of particle size about 1 mm. The formulation of the
material for capsule administration could also be as a powder, lightly compressed plugs
or even as tablets. The therapeutic could be prepared by compression.

Colorants and flavoring agents may all be included. For example, the protein
(or derivative) may be formulated (such as by liposome or microsphere encapsulation)
and then further contained within an edible product, such-as a refrigerated beverage
containing colorants and flavoring agents.

One may dilute or increase the volume of the therapeutic with an inert material.
These diluents could include carbohydrates, especially mannitol, a-lactose, anhydrous
lactose, cellulose, sucrose, modified dextrans and starch. Certain inorganic salts may
also be used as fillers including calcium triphosphate, magnesiuﬁ carbonate and
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sodium chloride. Some commercially available diluents are Fast-Flo, Emdex, STA-Rx
1500, Emcompress and Avicell.

Disintegrants may be included in the formulation of the therapeutic into a solid
dosage form. Materials used as disintegrants include but are not limited to starch
including the commercial disintegrant based on starch, Explotab. Sodium starch
glycolate, Amberlite, sodium carboxymethylcellulose, ultramylopectin, sodium
alginate, gelatin, orange peel, acid carboxymethyl cellulose, natural sponge and
bentonite may all be used. Another form of the disintegrants are the insoluble cationic
exchange resins. Powdered gums may be used as disintegrants and as binders and
these can include powdered gums such as agar, Karaya or tragacanth. Alginic acid and
its sodium salt are also useful as disintegrants.

Binders may be used to hold the therapeutic agent together to form a hard
tablet and include materials from natural products such as acacia, tragacanth, starch
and gelatin. Others include methyl cellulose (MC), ethyl cellulose (EC) and
carboxymethyl cellulose (CMC). Polyvinyl pyrrolidone (PVP) and
hydroxypropylmethyl cellulose (HPMC) could both be used in alcoholic solutions to
granulate the therapetitic.

An antifrictional agent may be included in the formulation of the therapeutic to
prevent sticking during the formulation process. Lubricants may be used as a layer
between the therapeutic and the die wall, and these can include but are not limited to;
stearic acid including its magnesium and calcium salts, polytetrafluoroethylene (PTFE),
liquid paraffin, vegetable oils and waxes. Soluble lubricants may also be used such as
sodium lauryl sulfate, magnesium lauryl sulfate, polyethylene glycol of various
molecular weights, Carbowax 4000 and 6000.

Glidants that might improve the flow properties of the drug during formulation
and to aid rearrangement during compression might be added. The glidants may
include starch, talc, pyrogenic silica and hydrated silicoaluminate,

To aid dissolution of the therapeutic into the aqueous environment, a surfactant
might be added as a wetting agent. Surfactants may include anionic detergents such as
sodium lauryl sulfate, dioctyl sodium sulfosuccinate and dioctyl sodium sulfonate.
Cationic detergents might be used and could include benzalkonium chloride or

benzethonium chloride. The list of potential nonionic detergents that could be included
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polysorbate 40, 60, 65 and 80, sucrose fatty acid ester, methyl cellulose and
carboxymethyl cellulose. These surfactants could be present in the formulation of the
protein or derivative either alone or as a mixture in different ratios.

Additives which potentially enhance uptake of the compound are for instance
the fatty acids oleic acid, linoleic acid and linolenic acid.

Controlled release formulation may be desirable. The drug could be
incorporated into an inert matrix which permits release by either diffusion or leaching
mechanisms e.g., gums. Slowly degenerating matrices may also be incorporated into
the formulation, e.g., alginates, polysaccharides. Another form of a controlled release
of this therapeutic is by a method based on the Oros therapeutic system (Alza Corp.),
i.e., the drug is enclosed in a semipermeable membrane which allows water to enter
and push drug out through a single small opening due to osmotic effects. Some enteric
coatings also have a delayed release effect.

Other coatings may be used for the formulation. These include a variety of
sugars which could be applied in a coating pan. The therapeutic agent could also be
given in a film coated tablet and the materials used in this instance are divided into 2
groups. The first are the nonenteric materials and include methyl cellulose, ethyl
cellulose, hydroxyethy! cellulose, methylhydroxy-ethyl cellulose, hydroxypropyl
cellulose, hydroxypropyl-methyl cellulose, sodium carboxy-methyl cellulose, providone
and the polyethylene glycols. The second group consists of the enteric materials that
are commonly esters of phthalic acid.

A mix of materials might be used to provide the optimum film coating. Film
coating may be carried out in a pan coater or in a fluidized bed or by compression
coating.

Also contemplated herein is pulmonary delivery of the present protein (or
derivatives thereof). The protein (or derivative) is delivered to the lungs of a mammal
while inhaling and traverses across the lung epithelial lining to the blood stream. (Other
reports of this include Adjei et al., Pharmaceutical Research 7:565-569 (1990); Adjei
et al., International Journal of Pharmaceutics 63:135-144 (1990)(leuprolide acetate);
Braquet et al., Journal of Cardiovascular Pharmacology 13 (suppl.5): s.143-146
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-antitrypsin); Smith et al., J. Clin. Invest. 84:1145-1146 (1989)(e1-
proteinase); Oswein et al., "Aerosolization of Proteins", Proceedings of Symposium on
Respiratory Drug Delivery II, Keystone, Colorado, March, 1990 (recombinant human
growth hormone); Debs et al., The Journal of Immunology 140:3482-3488
(1988)(interferon~y and tumor necrosis factor &) and Platz et al., U.S. Patent No.
5,284,656 (granulocyte colony stimulating factor).

Contemplated for use in the practice of this invention are a wide range of
mechanical devices designed for pulmonary delivery of therapeutic products, including
but not limited to nebulizers, metered dose inhalers, and powder inhalers, all of which
are familiar to those skilled in the art.

Some specific examples of commercially available devices suitable for the
practice of this invention are the Ultravent nebulizer, manufactured by Mallinckrodt,
Inc., St. Louis, Missouri; the Acorn II nebulizer, manufactured by Marquest Medical
Products, Englewood, Colorado; the Ventolin metered dose inhaler, manufactured by
Glaxo Inc., Research Triangle Park, North Carolina; and the Spinhaler powder inhaler,
manufactured by Fisons Corp., Bedford, Massachusetts.

All such devices require the use of formulations suitable for the dispensing of
the inventive compound. Typically, each formulation is specific to the type of device
employed and may involve the use of an appropriate propellant material, in addition to
diluents, adjuvants and/or carriers useful in therapy.

The inventive compound should most advantageousty be prepared in
particulate form with an average particle size of less than 10pum (or microns), most
preferably 0.5 to S5um, for most effective delivery to the distal lung.

Carriers include carbohydrates such as trehalose, mannitol, xylitol, sucrose,
lactose, and sorbitol. Other ingredients for use in formulations may include DPPC,
DOPE, DSPC and DOPC. Natural or synthetic surfactanfs may be used.

Polyethylene glycol may be used (even apart from its use in derivatizing the protein or
analog). Dextrans, such as cyclodextran, may be used. Bile salts and other related
enhancers may be used. Cellulose and cellulose derivatives may be used. Amino

acids may be used, such as use in a buffer formulation,
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Formulations suitable for use with a nebulizer, either jet or ultrasonic, will
typically comprise the inventive compound dissolved in water at a concentration of
about 0.1 to 25 mg of biologically active protein per mL of solution. The
formulation may also include a buffer and a simple sugar (e.g., for protein
stabilization and regulation of osmotic pressure). The nebulizer formulation may
also contain a surfactant, to reduce or prevent surface induced aggregation of the
protein caused by atomization of the solution in forming the aerosol.

Formulations for use with a metered-dose inhaler device will generally
comprise a finely divided powder containing the inventive compound suspended in a
propellant with the aid of a surfactant. The propellant may be any conventional
material employed for this purpose, such as a chlorofluorocarbon, a
hydrochlorofluorocarbon, a hydrofluorocarbon, or a hydrocarbon, including
trichlorofluoromethane, dichlorodifluoromethane, dichlorotetrafluoroethanol, and
1,1,1,2-tetrafluoroethane, or combinations thereof. Suitable surfactants include
sorbitan trioleate and éoya lecithin. Oleic acid may also be useful as a surfactant.

Formulations for dispensing from a powder inhaler device will comprise a
finely divided dry powder containing the inventive compound and may also include a
bulking agent, such as lactose, sorbitol, sucrose, mannitol, trehalose, or xylitol in
amounts which facilitate dispersal of the powder from the device, e.g., 50 to 90% by
weight of the formulation.

Nasal delivery of the inventive compound is also contemplated. Nasal
delivery allows the passage of the protein to the blood stream directly after
administering the therapeutic product to the nose, without the necessity for
deposition of the product in the lung. Formulations for nasal delivery include those
with dextran or cyclodextran. Delivery via transport across other mucous

membranes is also contemplated.

Dosages

The dosage regimen involved in a method for treating the above-described

conditions will be determined by the attending physician, considering various factors
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which modify the action of drugs, e.g. the age, condition, body weight, sex and diet
of the patient, the severity of any infection, time of administration and other clinical
factors. Generally, the dose should be in the range of 0.1 ug to 100 mg of the
inventive compound per kilogram of body weight per day, preferably 0.1 to 1000
pg/kg; and more preferably 0.1 to 150 pg/kg, given in daily doses or in equivalent
doses at longer or shorter intervals, e.g., every other day, twice weekly, weekly, or
twice or three times daily.

The inventive compound may be administered by an initial bolus foliowed by

a continuous infusion to maintain therapeutic circulating levels of drug product. As
another example, the inventive compound may be administered as a one-time
dose. Those of ordinary skill in the art will readily optimize effective dosages
and administration regimens as determined by good medical practice and the
clinical condition of the individual patient. The frequency of dosing will depend
on the pharmacokinetic parameters of the agents and the route of administration.
The optimal pharmaceutical formulation will be determined by one skilled in the
art depending upon the route of administration and desired dosage. See for
example, Remington's Pharmaceutical Sciences, 18th Ed. (1990, Mack
Publishing Co., Baston, PA 18042) pages 1435-1712, the disclosure of which is
hereby incorporated by reference. Such formulations may influence the physical
state, stability, rate of in vivo release, and rate of in vivo clearance of the
administered agents. Depending on the route of administration, a suitable dose
may be calculated according to body weight, body surface area or organ size.
Further refinement of the calculations necessary to determine the appropriate
dosage for treatment involving each of the above mentioned formulations is
routinely made by those of ordinary skill in the art without undue
experimentation, especially in light of the dosage information and assays
disclosed herein, as well as the pharmacokinetic data observed in the human
clinical trials discussed above. Appropriate dosages may be ascertained through
use of established assays for determining blood levels dosages in conjunction with
appropriate dose-response data. The final dosage regimen will be determined by
the attending physician, considering various factors which modify the action of
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drugs, e.g. the drug's specific activity, the severity of the damage and the
responsiveness of the patient, the age, condition, body weight, sex and diet of the
patient, the severity of any infection, time of administration and other clinical
factors. As studies are conducted, further information will emerge regarding the
appropriate dosage levels and duration of treatment for various diseases and
conditions.

The therapeutic methods, compositions and compounds of the present
invention may also be employed, alone or in combination with other cytokines,
soluble Mpl receptor, hematopoietic factors, interleukins, growth factors or
antibodies in the treatment of disease states characterized by other symptoms as well
as platelet deficiencies. It is anticipated that the inventive compound will prove
useful in treating some forms of thrombocytopenia in combination with general
stimulators of hematopoiesis, such as IL-3 or GM-CSF. Other megakaryocytic
stimulatory factors, i.e., meg-CSF, stem cell factor (SCF), leukemia inhibitory factor

. (LIF), oncostatin M (OSM), or other molecules with megakaryocyte stimulating
activity may also be employed with Mpl ligand. Additional exemplary cytokines or
hematopoietic factors i'or such co-administration include IL-1 alpha, IL-1 beta, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-11, colony stimulating factor-1 (CSF-1), M-CSF, SCF,
GM-CSF, granulocyte colony stimulating factor (G-CSF), EPO, interferon-alpha
(IFN-alpha), consensus interferon, IFN-beta, IFN-gamma, IL-7, IL-8, IL-9, IL-10,
IL-12, IL-13, IL-14, IL~15, IL-16, IL-17, IL-18, thrombopoietin (TPO),
angiopoietins, for example Ang-1, Ang-2, Ang-4, Ang-Y, the human angiopoietin-
like polypeptide, vascular endothelial growth factor (VEGF), angiogenin, bone
morphogenic protein-1, bone morphogenic protein-2, bone morphogenic protein-3,
bone morphogenic protein-4, bone morphogenic protein-5, bone morphogenic
protein-6, bone morphogenic protein-7, bone morphogenic protein-8, bone
morphogenic protein-9, bone morphogenic protein-10, bone morphogenic protein-
11, bone morphogenic protein-12, bone morphogenic protein-13, bone morphogenic
protein-14, bone morphogenic protein-15, bone morphogenic protein receptor IA,
bone morphogenic protein receptor IB, brain derived neurotrophic factor, ciliary

neutrophic factor, ciliary neutrophic factor receptor ¢, cytokine-induced neutrophil
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F10% & ()-@\d E;!le@ced neutrophil chemotactic factor 2 B, B endothelial cell growth factor,
endothelin 1, epidermal growth factor, epithelial-derived neutrophil attractant,
fibroblast growth factor 4, fibroblast growth factor 5, fibroblast growth factor 6,
fibroblast growth factor 7, fibroblast growth factor 8, fibroblast growth factor 8b,
fibroblast growth factor 8c, fibroblast growth factor 9, fibroblast growth factor 10,
fibroblast growth factor acidic, fibroblast growth factor basic, glial cell line-derived
neutrophic factor receptor « 1, glial cell line-derived neutrophic factor receptor « 2,
growth related protein, growth related protein &, growth related protein 8, growth
related protein vy, heparin binding epidermal growth factor, hepatocyte growth
factor, hepatocyte growth factor receptor, insulin-like growth factor 1, insulin-fike
growth factor receptor, insulin-like growth factor II, insulin-like growth factor
binding protein, keratinocyte growth factor, leukemia inhibitory factor, leukemia
inhibitory factor receptor o, nerve growth factor nerve growth factor receptor,
neurotrophin-3, neurotrophin-4, placenta growth factor, placenta growth factor 2,
platelet-derived endothelial cell growth factor, platelet derived growth factor,
platelet derived grow;:h factor A chain, platelet derived growth factor AA, platelet
derived growth factor AB, platelet derived growth factor B chain, platelet derived
growth factor BB, platelet derived growth factor receptor ¢, platelet derived growth
factor receptor f3, pre-B cell growth stimulating factor, stem cell factor receptor,
TNF, including TNF0, TNF1, TNF2, transforming growth factor ¢, transforming
growth factor B, transforming growth factor 1, transforming growth factor 1.2,
transforming growth factor 2, transforming growth factor 3, transforming growth
factor 5, latent transforming growth factor B1, transforming growth factor B
binding protein I, transforming growth factor f binding protein I, transforming
growth factor B binding protein ITI, tumor necrosis factor receptor type I, tumor
necrosis factor receptor type II, urokinase-type plasminogen activator receptor,
vascular endothelial growth factor, and chimeric proteins and biologically or
immunologically active fragments thereof. It may further be useful to administer,
either simultaneously or sequentially, an effective amount of a soluble mammalian
Mpl receptor, which appears to have an effect of causing megakaryocytes to

fragment into platelets once the megakaryocytes have reached mature form. Thus,
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inactivate the ligand and allow the mature megakaryocytes to produce platelets) is
expected to be a particularly effective means of stimulating platelet production. The
dosage recited above would be adjusted to compensate for such additional
components in the therapeutic composition. Progress of the treated patient can be
monitored by conventional methods.

In cases where the inventive compounds are added to compositions of
platelets and/or megakaryocytes and related cells, the amount to be included will
generally be ascertained experimentally by techniques and assays known in the art.

An exemplary range of amounts is 0.1 pg - 1 mg inventive compound per 10° cells.

It is understood that the application of the teachings of the present invention
to a specific problem or situation will be within the capabilities of one having
ordinary skill in the art in light of the teachings contained herein. Examples of the
products of the present invention and representative processes for their isolation,

use, and manufacture appear below.

EXAMPLES
L The following sets forth exemplary methods for making some of the
compounds of the first group disclosed herein.

A Materials and Methods

All amino acid derivatives (all of L-configurations) and resins used in peptide
synthesis were purchased from Novabiochem. Peptide synthesis reagents (DCC,
HOBt, etc.) were purchased in the solution forms from Applied Biosystems, Inc.
The two PEG derivatives were from Shearwater Polymers, Inc. All solvents
(dichloromethane, N-methylpyrrolidinone, methanol, acetonitrile) were from EM
Sciences. Analytical HPLC was run on a Beckman system with a Vydac column
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(0.46 cm X 25 cm, C18 reversed phase, S mm), at a flow rate of 1 ml/min and with

dual UV detection at 220 and 280 nm. Linear gradients were used for all HPLC

operations with two mobile phases: Buffer A - H,0 (0.1% TFA) and Buffer B -

acetonitrile (0.1% TFA). The numbered peptides referred to herein, e.g., 17b, 18,

19, and 20, are numbered in reference to Table 1, and some of them are further

illustrated in Figures 2 and 3.

Peptide synthesis. All peptides were prepared by the well established
stepwise solid phase synthesis method. Solid-phase synthesis with Fmoc chemistry
was carried out using an ABI Peptide Synthesizer. Typically, peptide synthesis
began with a preloaded Wang resin on a 0.1 mmol scale. Fmoc deprotection was
carried out with the standard piperidine protocol. The coupling was effected using
DCC/HOBt. Side-chain protecting groups were: Glu(O-t-Bu), Thr(t-Bu), Arg(Pbf),
Gin(Trt), Trp(t-Boc) and Cys(Trt). For the first peptide precursor for pegylation,
Dde was used for side chain protection of the Lys on the linker and Boc-Ile-OH was
used for the last coup}ing. Dde was removed by using anhydrous hydrazine (2% in
NMP, 3x2min), followed by coupling with bromoacetic anhydride preformed by the
action of DCC. For peptide 18, the cysteine side chain in the linker was protected
by a trityl group. The final deprotection and cleavage of all peptidyl-resins was
effected at RT for 4 hr, using trifluoroacetic acid (TFA) containing 2.5% H,0, 5%
phenol, 2.5% triisopropylsilane and 2.5% thioanisole. After removal of TFA, the
cleaved peptide was precipitated with cold anhydrous ether. Disulfide formation of
the cyclic peptide was performed directly on the crude material by using 15%
DMSO in H,0 (pH 7.5). All crude peptides were purified by preparative reverse
phase HPLC and the structures were confirmed by ESI-MS and amino acid analysis.

Alternatively, all peptides described above could also be prepared by using
the t-Boc chemistry. In this case, the starting resins would be the classic Merrifield
or Pam resin, and side chain protecting groups would be: Glu(OBzl), Thr(Bzl),
Arg(Tos), Trp(CHO), Cys(p-MeBzl). Hydrogen fluoride (HF) would be used for
the final cleavage of the peptidyl resins.
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composed of natural amino acids can also be prepared by recombinant DNA
technology.

PEGuvlation. A novel, convergent strategy for the pegylation of synthetic
peptides was developed which consists of combining, through forming a conjugate
linkage in solution, a peptide and a PEG moiety, each bearing a special functionality
that is mutually reactive toward the other. The precursor peptides can be easily
prepared with the conventional solid phase synthesis as described above. As
described below, these peptides are “preactivated” with an appropriate functional
group at a specific site. The precursors are purified and fully characterized prior to
reacting with the PEG moiety. Ligation of the peptide with PEG usually takes place
in aqueous phase and can be easily monitored by reverse phase analytical HPLC.
The pegylated peptides can be easily purified by preparative HPLC and
characterized by analytical HPLC, amino acid analysis and laser desorption mass
spectrometry.

Preparation of peptide 19. Peptide 17b (12 mg) and MeO-PEG-SH 5000
(30 mg, 2 equiv.) were dissolved in 1 ml aqueous buffer (pH 8). The mixture was
incubated at RT for about 30 min and the reaction was checked by analytical HPLC
which showed a > 80% completion of the reaction. The pegylated material was
isolated by preparative HPLC.

Preparation of peptide 20. Peptide 18 (14 mg) and MeO-PEG-maleimide
(25 mg) were dissolved in about 1.5 ml aqueous buffer (pH 8). The mixture was
incubated at RT for about 30 min, at which time ~ 70% transformation was
complete as monitored with analytical HPLC by applying an aliquot of sample to the
HPLC column. The pegylated material was purified by preparative HPLC.

Bioactivity assay. The TPO in vitro bioassay is a mitogenic assay utilizing
an IL-3 dependent clone of murine 32D cells that have been transfected with human
mpl receptor. This assay is described in greater detail in WO 95/26746. Cells are
maintained in MEM medium containing 10% Fetal Clone II and 1 ng/ml mIL-3.
Prior to sample addition, cells are prepared by rinsing twice with growth medium
lacking mIL-3. An extended twelve point TPO standard curve is prepared, ranging
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from 3333 to 39 pg/ml. Four dilutions, estimated to fall within the linear portion of
the standard curve, (1000 to 125 pg/ml), are prepared for each sample and run in
triplicate. A volume of 100 ul of each dilution of sample or standard is added to
appropriate wells of a 96 well microtiter plate containing 10,000 cells/well. After
forty-four hours at 37°C and 10% CO,, MTS (a tetrazolium compound which is
bioreduced by cells to a formazan) is added to each well. Approximately six hours
later, the optical density is read on a plate reader at 490nm. A dose response curve
(log TPO concentration vs. O.D.- Background) is generated and linear regression
analysis of points which fall in the linear portion of the standard curve is performed.
Concentrations of unknown test samples are determined using the resulting linear
equation and a correction for the dilution factor.

Abbreviations. HPLC: high performance liquid chromatography; ESI-MS:
Electron spray ionization mass spectrometry; MALDI-MS: Matrix-assisted laser
desorption ionization mass spectrometry; PEG: Poly(ethylene glycol). All amino
acids are represented in the standard three-letter or single-letter codes. t-Boc: tert-
Butoxycarbony}; tBu: tert-Butyl, Bzl: Benzyl, DCC: Dicylcohexylcarbodiimide;
HOBt: 1-Hydroxybenzotriazole; NMP: N-methyl-2-pyrrolidinone; Pbf: 2,2.4,6,7-
pendamethyldihydro-benzofuran-5-sulfonyl; Trt: trityl, Dde: 1-(4,4-dimethyl-2,6-
dioxo-cyclohexylidene)ethyl.

B. Results

TMP tandem dimers with polyglycine linkers. The design of sequentially
linked TMP dimers was based on the assumption that a dimeric form of TMP was
required for its effective interaction with c-Mpl (the TPO receptor) and that
depending on how they were wound up against each other in the receptor context,
the two TMP molecules could be tethered together in the C- to N-terminus
configuration in a way that would not perturb the global dimeric conformation.
Clearly, the activity of the tandem linked dimers may also depend on proper
selection of the length and composition of the linker that joins the C- and — termini
of the two sequentially aligned TMP monomers. Since no structural information of
the TMP bound to c-Mpl was available, a series of dimeric peptides with linkers
composed of 0 to 10 and 14 glycine residues (Table 1) were synthesized. Glycine
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was chosen because of 1ts simplicity and flexibility. It was reasoned that a flexible

polyglycine peptide chain might allow for the free folding of the two tethered TMP
repeats into the required conformation, while more sterically hindered amino acid
sequences may adopt undesired secondary structures whose rigidity might disrupt
the correct packing of the dimeric peptide in the receptor context.

The resulting peptides are readily accessible by conventional solid phase
peptide synthesis methods (Merrifiled, R.B., Journal of the American Chemical
Society 85:2149 (1963)) with either Fmoc or t-Boc chemistry. Unlike the synthesis
of the C-terminally linked paraliel dimer (SEQ ID NO: 2) which required the use of
an orthogonally protected lysine residue as the initial branch point to build the two
peptide chains in a pseudosymmetrical way (Cwirla, S.E. et al., Science 276:1696-
1699 (1997)), the synthesis of our tandem dimers was a straightforward, stepwise
assembly of the continuous peptide chains from the C- to N-terminus. Since
dimerization of TMP had a more dramatic effect on the proliferative activity than
binding affinity as shown for the C-terminal dimer (Cwirla, S.E. et al., Science
276:1696-1699 (1997)), the synthetic peptides were tested directly for biological
activity in a TPO-depehdent cell-proliferation assay using an IL-3 dependent clone
of murine 32D cells transfected with the full-length c-Mpl (Palacios, R. et al., Cell
41:727 (1985)). As the test results showed (see Table 1 below), all of the
polyglycine linked tandem dimers demonstrated >1000 fold increases in potency as
compared to the monomer, and were even more potent than the C-terminal dimer in
this cell proliferation assay. The absolute activity of the C-terminal dimer in our
assay was lower than that of the native TPO protein, which is different from the
previously reported findings in which the C-terminal dimer was found to be as active
as the natural ligand (Cwirla, S.E. et al., Science 276:1696-1699 (1997)). This
might be due to differences in the conditions used in the two assays. Nevertheless,
the difference in activity between tandem dimers © terminal of first monomer linked
to N terminal of second monomer) and parallel dimers © terminal of first monomer
linked to C terminal of second monomer) in the same assay clearly demonstrated the
superiority of tandem dimerized product compared to parallel dimer products. It is

interesting to note that a wide range of length is tolerated by the linker. The optimal

43



104| 810%1| & ()-L-0123A}rg\= 10Z#10% h& ()- 10 10 10@B10%& ()-

3"109&' ()-s!: 3"10%F& ()-s! F10%s& ()-Ag9<=>?Mij @ 10Z0#10% h& ()-m 10 h
10 h 10 hf810% h& ()-,# 10% h& ()-M | 109%0D& ()- @1 10% h& ()- @[ z[9] @
107, 1001 N0 BHOE () 11100 () TIONNE () IO (el
hy810% h&' () - !, &idi@vovith g se)ectstTMP foromers (SEQ ID NOO Jy@ttiatently is cotrpos@ze () - s
"109%Z& ()-s! 19%?)’.61%;5(') -

Other tandem dimers. Subsequent to this first series of TMP tandem dimers,
several other molecules were designed either with different linkers or containing
modifications within the monomer itself. The first of these molecules, peptide 13,
has a linker composed of GPNG, a sequence known to have a high propensity to
form a fB-turn-type secondary structure. Although still about 100-fold more potent
than the monomer, this peptide was found to be >10-fold less active than the
GGGG-linked analog. Thus, introduction of a relatively rigid B-turn at the linker
region seemed to cause a slight distortion of the optimal agonist conformation in
this short linker form.

The Trp9 in the TMP sequence is a highly conserved residue among the
active peptides isolated from random peptide libraries. There is also a highly
conserved Trp in the consensus sequences of EPO mimetic peptides and this Trp
residue was found to be involved in the formation of a hydrophobic core between
the two EPO Mimetic Peptides (EMPs) and contributed to hydrophobic interactions
with the EPO receptor (Livnah, O. et al., Science 273:464-471 (1996)). By
analogy, it was thought that the Trp9 residue in TMP might have a similar function
in dimerization of the peptide ligand, and in an attempt to modulate and estimate the
effects of noncovalent hydrophobic forces exerted by the two indole rings, several
analogs were constructed resulting from mutations at the Trp. So in peptide 14, the
Trp residue in each of the two TMP monomers was replaced with a Cys, and an
intramolecular disulfide bond was formed between the two cysteines by oxidation
which was envisioned to mimic the hydrophobic interactions between the two Trp
residues in peptide dimerization. Peptide 15 is the reduced form of peptide 14. In
peptide 16, the two Trp residues were replaced by Ala. As the assay data show, all
three analogs were inactive. These data further demonstrated that Trp is important
for the activity of the TPO mimetic peptide, not just for dimer formation.

The next two peptides (peptide 17a, and 18) each contain in their 8-amino
acid linker a Lys or Cys residue. These two compounds are precursors to the two
pegylated peptides (peptide 19 and 20) in which the side chain of the Lys or Cys is
modified by a polyethylene glycol (PEG) moiety. It was decided to introduce a
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component (5 kDa) is far enough away from the important binding sites in the
peptide molecule. PEG is a known biocompatible polymer which is increasingly
used as a covalent modifier to improve the pharmacokinetic profiles of peptide- and
protein-based therapeutics.

A modular, solution based method was devised for convenient pegylation of
synthetic or recombinant peptides. The method is based on the now well established
chemoselective ligation strategy which utilizes the specific reaction between a pair
of mutually reactive functionalities. So, for pegylated peptide 19, the lysine side
chain was preactivated with a bromoacetyl group.to give peptide 17b to
accommodate reaction with a thiol-derivatized PEG. To do that, an orthogonal
protecting group, Dde, was employed for the protection of the lysine e-amine. Once
the whole peptide chain was assembled, the N-terminal amine was reprotected with
t-Boc. Dde was then removed to allow for the bromoacetylation. This strategy gave
a high quality crude peptide which was easily purified using conventional reverse
phase HPLC. Ligation of the peptide with the thiol-modified PEG took place in
aqueous buffer at pH 8 and the reaction completed within 30 min. MALDI-MS
analysis of the purified, pegylated material revealed a characteristic, bell-shaped
spectrum with an increment of 44 Da between the adjacent peaks. For PEG-peptide
20, a cysteine residue was placed in the linker region and its side chain thiol group
would serve as an attachment site for a maleimide-containing PEG. Similar
conditions were used for the pegylation of this peptide. As the assay data revealed,
these two pegylated peptides had even higher in vitro bioactivity as compared to
their unpegylated counterparts.

Peptide 21 has in its 8-amino acid linker a potential glycosylation motif,
NGS. Since the exemplary tandem dimers are made up of natural amino acids
linked by peptide bonds, expression of such a molecule in an appropriate eukaryotic
cell system should produce a glycopeptide with the carbohydrate moiety added on
the side chain carboxyamide of Asn, Glycosylation is a common post-transiational
modification process which can have many positive impacts on the biological
activity of a given protein by increasing its aqueous solubility and in vivo stability.

As the assay data show, incorporation of this glycosylation motif into the linker
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pegylated peptides, because of the similar chemophysical properties exhibited by a
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The last peptide is a dimer of a dimer. It was prepared by oxidizing peptide
18, which formed an intermolecular disulfide bond between the two cysteine
residues located at the linker. This peptide was designed to address the possibility
that TMP was active as a tetramer. The assay data showed that this peptide was not
more active than an average tandem dimer on an adjusted molar basis, which
indirectly supports the idea that the active form of TMP is indeed a dimer, otherwise
dimerization of a tandem dimer would have a further impact on the bioactivity.
The following Table I summarizes relative activities of the above-described

compounds in terms of the EC50 based on in vitro assays as described above.

TABLE I
) Relative

—Compound —Dotency
(ECw)

TPO 4.0
TMP monomer (SEQ ID NO: 1) 1.0
TMP C-C dimer (SEQ ID NO: 2) 35
TMP-(Gly),-TMP:
1 n=0 4.5
2 n=1 4.0
3 n=2 4.0
4 n=3 4.0
5 n=4 4.0
6 n=5 4.0
7 n=6 4.0
8 n=17 4.0
9 n=38§ 45
10 n=9 - 4.0
11 n=10 4.0
12 n=14 4.0
13 TMP-GPNG-TMP (SEQ ID NO. 10) 3.0

14  IEGPTLRQCLAARA-GGGGGGGG-IEGPTLRQCLAARA 0.5

| |
(SEQ ID NO. 11)
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16 IEGPTLRQALAARA-GGGGGGGG-IEGPTLRQALAARA 0.5

(SEQ ID NO. 13)

172 TMP-GGGKGGGG-TMP (SEQ ID NO. 14) 4.0
176  TMP-GGGK(BrAc)GGGG-TMP (SEQ ID NO. 15) ND
18  TMP-GGGCGGGG-TMP (SEQ ID NO. 16) 4.0
19 TMP-GGGK(PEG)GGGG-TMP (SEQ ID NO. 17) 5.0
20 TMP-GGGC(PEG)GGGG-TMP (SEQ ID NO. 18) 5.0
21  TMP-GGGNGSGG-TMP (SEQ ID NO. 19) 4.0
22 TMP-GGGCGGGG-TMP (SEQ ID NO. 20) 4.0

|
TMP-GGGCGGGG-TMP

NOTE: In Table 1, numerals indicate approximately 1 log of activity, so that the
difference in activity between “1” and “4” is approximately 1000-fold. An
increment of 0.5 is an intermediate point, so that the difference in activity between
“1” and “3.5” is approximately 500-fold. “ND” means not determined.

I The following sets forth exemplary methods for making some of the
compounds of the second group disclosed herein.

A Preparation of an Fc fusjon compound of the tvpe shown in Figure 6 C.

A DNA sequence coding for the Fc region of human IgG1 fused in-frame to
a dimer of the TPO-mimetic peptide (SEQ ID NO: 34) was placed under control of
the luxPR promoter in the plasmid expression vector pAMG21 as follows.

The fusion gene was constructed using standard PCR technology.
Templates for PCR reactions were the fusion vector containing the Fc sequence
and a synthetic gene encoding the remainder of the compound of SEQ ID NO: 34,
The synthetic gene was constructed from the 4 overlapping oligonucleotides shown

below:

1830-52 AAA GGT GGA GGT GGT GGT ATC GAA GGT CCG
ACT CTG CGT CAG TGG CTG GCT GCT CGT GCT

- (SEQ ID NO: 35)

1830-53 ACC TCC ACC ACC AGC ACG AGC AGC CAG
CCA CTG ACG CAG AGT CGG ACC
(SEQ ID NO: 36)
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S109/NV& () -: z{ ?| 3363547 4=L IGGD GO GBAGGT-GGOBEC GGA GGT ATT GAG GGC

CCA ACC CTT CGC CAA TGG CTT GCA GCA CGC GCA

(SEQ ID NO: 37)

1830-55 AAA AAA AGG ATC CTC GAG ATT ATG CGC GTG CTG
CAA GCC ATT GGC GAA GGG TTG GGC CCT CAA TAC
CTC CGC CGCC
(SEQ ID NO: 38)

The 4 oligonucleotides were annealed to form the duplex shown below:

AAAGGTGGAGGTGGTGGTATCGAAGGTCCGACTCTGCGTCAGTGGCTGGCTGCTCGTGCT
1 ————+ + + + + + 60
CCAGGCTGAGACGCAGTCACCGACCGACGAGCACGA
K 6 6 6 G 6 I E GG P TLUROQWULAMRAMTPERWA

GGTGGTGGAGGTCECGGCEGAGGTATTGAGGGCCCAACCCTTCGCCAATGGCTTGCAGCA
+ + + + + + 120

CCACCACCTCCACCGCCGCCTCCATAACTCCCGGGTTGGGAAGCGGTTACCGAACGTCGT

G 6 G G G 6 6 G I E 66 P T LR QWL A A

CGCGCA

———————————————— 148
GCGCGTATTAGAGCTCCTAGGAARAAAA

R A *

SEQ ID NO: 39 [co-linear oligonucleotides 1830-52 and 1830-54]
SEQ ID NO: 40 [co-linear oligonucleotides 1830-53 and 1830-55]
and SEQ ID NO: 41 [the encoded amino acid sequence]

This duplex was amplified in a PCR reaction using 1830-52 and 1830-55 as the
sense and antisense primers.

The Fc portion of the molecule was generated in a PCR reaction with Fc

DNA using the primers

1216-52 AAC ATA AGT ACC TGT AGG ATCG_ (SEQ ID NO: 42)

1830-51 TTCGATACCACCACCTCCACCTTTACCCGGAG-
ACAGGGAGAGGCTCTTCTGC (SEQ ID NO: 43)
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allowing the two genes to be fused together in the correct reading frame by
combining the above PCR products in a third reaction using the outside primers,
1216-52 and 1830-55

The final PCR gene product (the full length fusion gene) was digested with
restriction endonucleases Xbal and BamHI, and then ligated into the vector
pAMG21 (see below), also digested with Xbal and BamHI. Ligated DNA was
transformed into competent host cells of E. coli strain 2596 (GM221, described
below). Clones were screened for the ability to produce the recombinant protein
product and to possess the gene fusion having the correct nucleotide sequence.
Protein expression levels were determined from 50 ml shaker flask studies. Whole
cell lysates were analyzed for expression of the fusion via Coomassie stained PAGE
gels.

The amino acid sequence of the fusion protein is shown below the

corresponding nucleotide sequence:

Xbal

|
TCTAGATTTGTTTTAACTAAT TARAGGAGGAATAACATATGGACAAAACTCACACATGTC
R e += + + + + + 60
AGATCTAARCAAAATTGATTAATTTCCTCCTTATTGTATACCTGTTTTGAGTGTGTACAG
M D KTHTTC P

CACCTTGTCCAGCTCCGGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAARAL

+ + + + + + 120
GTGGAACAGGTCGAGGCCTTGAGGACCCCCCTGGCAGTCAGAAGGAGAAGGGGGGTTTTG

P C P AP ELLGG?P S V F L FUPUPIKFP

61

CCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGA
121 + + + + + + 180
GGITCCTGTGGGAGTACTAGAGGGCCTGGGGACTCCAGTGTACGCACCACCACCTGCACT
K D TLMTISU RTO®PEVTOCVVYV VDV s

GCCACGAAGACCCTGAGGTCAAGT TCAACTGGTACGTGGACGGCGTGGAGGTGCATAATG
181 ~- + + + +-———— + --==+ 240
CGGTGCTTCTGGGACTCCAGTTCAAGTTGACCATGCACCTGCCGCACCTCCACGTATTAC
H EDPEV KFDNWYVDGVYVY EVHNRA

241 ~—==~- + 300

K T KPREUZEQYNST YU RVYVY s VLT

CCGTCCTGCACCAGGACTGGCTGARTGGCAAGGAGTACAAGT GCAAGGTCTCCAACANAG
301 ~——m——— 4 + n dom e e : + 360

+

GGCAGGACGTGGTCCTGACCGACTTACCGTTCCTCATGTTCACGTTCCAGAGGTTGTTTC
V L HQDWUILUNGI KETZYU K T CIE KUYV S N KA
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#10%&' ()-10?10?710?P e£daddaTCEaEaETAGCTCTTTTGGTAGAGGTTTCGGTTTCCCGTCGGEGCTCTTGGTG
L PAPIETZKTTISZ KA AZEKTGS QPTR RTETPQ

AGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACWCAGGTCAGCCTGACCT
421 —f———— + 480
TCCACATGTGGGACGGGGGTAGGGCCCTRCTCGRCTGGTTCTTGGTCCAGTCGGACTGGA

vVYTULUPUP S RD ETLTI KN NUGQVS L TC

GCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGC
481 —=—momme + 540
CGGACCAGTTTCCGAAGATAGGGTCGCTGTAGCGGCACCTCACCCTCTCGTTACCCGTCG

L VvV X 6 F YP $ DI AV EWUESNGOGQYP

CGGAGAAC}\ACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCT
541 -~ —— + 600
GCCTCTTGTTGATGTTCTGGTGCGGAGGGCACGACCTGAGGCTGCCGAGGARGAAGGAGA

E N NY KTT P P VLD S DG S F F L Y

ACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCG
601 + + + + + + 660
TGTCGTTCGAGTGGCACCTGTTCTCGTCCACCGTCGTCCCCTTGCAGAAGAGTACGAGGC

S X L. T VvV DK S RW Q QG NV F s C s Vv

TGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTA
661 Y + 720
ACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGGCCCAT

M HE AL HDNUHYTOQIXK S5 L s L § P G K

AAGGTGGAGGTGGTGGTATCGAAGGTCCGACTCTGCGTCAGTGGCTGGCTGCTCGTGCTG
721 - + 780
'1‘TCCACCTCCACCACCATAGCTTCCAGGCTGAGACGCAGTCACCGACCGACGAGCACGAC
6 6 6 6 G I E G P TLROQWUILAATRU AG

GTGGTGGAGGTGGCGGCGGAGGTATTGAGGGCCCAACCCTTCGCCAATGGCTTGCAGCAC
781 - + 840
CACCACCTCCACCGCCGCCTCCATMCTCCCGGGTTGGGAAGCGGTTACCGAACGTCGTG

G 6 6 6 6 6 G I E G P T UL RQWUILAU AR

BamHI

|
GCGCATAATCTCGAGGATCCG
841 + +- 861
CGCGTATTAGAGCTCCTAGGC
A

SEQ ID NO: 44 [single strand reading 5°-~3" above],
SEQ ID NO: 45 [single strand reading 3'~5" above] and
SEQ ID NO: 46 [the encoded amino acid sequence]
pAMG21
The expression plasmid pAMG21 is available from the ATCC under
accession number 98113, which was deposited on July 24, 1996.
GM221 (Amgen Host Strain #2596)
The Amgen host strain #2596 is an E.coli K-12 strain that has been
modified to contain both the temperature sensitive lambda repressor cI857s7 in the

carly ebg region and the lacI® repressor in the late ebg region (68 minutes). The
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expression systems, however both of these repressors are irrelevant to the
expression from luxP,. The untransformed host has no antibiotic resistances,

The ribosome binding site of the cI857s7 gene has been modified to include
an enhanced RBS. It has been inserted into the ebg operon between nucleotide
position 1170 and 1411 as numbered in Genbank accession number M64441Gb_Ba
with deletion of the intervening ebg sequence.

The construct was delivered to the chromosome using a recombinant phage
called MMebg-cI857s7 enhanced RBS #4 into F'tet/393. After recombination and
resolution only the chromosomal insert described above remains in the cell. It was
renamed F’tet/GM101.

F’tet/GM101 was then modified by the delivery of a lacI? construct into the
ebg operon between nucleotide position 2493 and 2937 as numbered in the Genbank
accession number M64441Gb_Ba with the deletion of the intervening ebg sequence.

The construct was delivered to the chromosome using a recombinant phage
called AGebg-LaclQ#5 into F’tet/GM101. After recombination and resolution only
the chromosomal insert described above remains in the cell. It was renamed
F’tet/GM221. The F’tet episome was cured from the strain using acridine orange at
a concentration of 25 ug/ml in LB. The cured strain was identified as tetracyline
sensitive and was stored as GM221.

The Fc fusion construct contained in plasmid pAMG21 (referred to herein as
pAMG21-Fc-TMP-TMP), which in turn is contained in the host strain GM221 has
been deposited at the ATCC under accession number 98957, with a deposit date of
October 22, 1998,

Expression.  Cultures of pAMG21-Fc-TMP-TMP in E. coli GM221 in
Luria Broth medium containing 50 ug/ml kanamycin were incubated at 37°C prior
to induction. Induction of Fc-TMP-TMP gene product expression from the luxPR
promoter was achieved following the addition of the synthetic autoinducer N-(3-
oxohexanoyl)-DL-homoserine lactone to the culture media to a final concentration
of 20 ng/ml and cultures were incubated at 37°C for a further 3 hours. After 3
hours, the bacterial cultures were examined by microscopy for the presence of
inclusion bodies and were then collected by centrifugation. Refractile inclusion
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bodies were observed in induced cultures indicating that the Fc-TMP-TMP was
most likely produced in the insoluble fraction in E. coli. Cell pellets were lysed
directly by resuspension in Laemmli sample buffer containing 10% f-
mercaptoethanol and were analyzed by SDS-PAGE. An intense Coomassie stained
band of approximately 30 kDa was observed on an SDS-PAGE gel. The expected
gene product would be 269 amino acids in length and have an expected molecular
weight of about 29.5 kDa. Fermentation was also carried out under standard batch
conditions at the 10 L scale, resulting in similar expression levels of the Fc-TMP-
TMP to those obtained at bench scale.

Cells were broken in water (1/10) by high pressure homogenization (2 passes
at 14,000 PSI) and inclusion bodies were harvested by centrifugation (4200 RPM in
J-6B for 1 hour). Inclusion bodies were solubilized in 6 M guanidine, 50 mM Tris, 8
mM DTT, pH 8.7 for 1 hour at a 1/10 ratio. The solubilized mixture was diluted 20

. times into 2 M urea, 50 mM Tris, 160 mM arginine, 3 mM cysteine, pH 8.5. The
mixture was stirred overnight in the cold. At this point in the procedure the Fc-
TMP-TMP monomer subunits dimerize to form the disulfide-linked compound
having the structure shown in Fig. 6C. and then concentrated about 10 fold by
ultafiltration. It was then diluted 3 fold with 10 mM Tris, 1.5 M urea, pH 9. The
pH of this mixture was then adjusted to pH 5 with acetic acid. The precipitate was
removed by centrifugation and the supernatant was loaded onto a SP-Sepharose
Fast Flow column equilibrated in 20 mM NaAc, 100 mM NaCl, pH 5(10 mg/ml
protein load, room temperature). The protein was eluted off using a 20 column
volume gradient in the same buffer ranging from 100 mM NaCl to 500 mM NaCl.
The pool from the column was diluted 3 fold and loaded onto a SP-Sepharose HP
column in 20 mM NaAc, 150 mM NaCl, pH 5 (10 mg/m! protein load, room
temperature). The protein was eluted off using a 20 column volume gradient in the
same buffer ranging from 150 mM NaCl to 400 mM NaCl. The peak was pooled
and filtered.

M.  The following is a summary of in vivo data in mice with various

compounds of this invention.
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Mice. Normal female BDF1 approximately 10-12 weeks of age.

Bleed schedule. Ten mice per group treated on day 0, two groups started 4
days apart for a total of 20 mice per group. Five mice bled at each time point, mice
were bled a minimum of three times a week. Mice were anesthetized with isoflurane
and a total volume of 140-160 ul of blood was obtained by puncture of the orbital
sinus. Blood was counted on a Technicon H1E blood analyzer running software for
murine blood. Parameters measured were white blood cells, red blood cells,
hematocrit, hemoglobin, platelets, neutrophils.

Treatments. Mice were either injected subcutaneously for a bolus treatment
or implanted with 7 day micro-osmotic pumps for continuous delivery.
Subcutaneous injections were delivered in a volume of 0.2ml. Osmotic pumps were
inserted into a subcutaneous incision made in the skin between the scapulae of
anesthetized mice. Compounds were diluted in PBS with 0.1% BSA. All
experiments included one control group, labeled “carrier” that were treated with this
diluent only. The concentration of the test articles in the pumps was adjusted so that
the calibrated flow rate from the pumps gave the treatment levels indicated in the
graphs. '

Compounds. A dose titration of the compound was delivered to mice in 7
day micro-osmotic pumps. Mice were treated with various compounds at a single
dose of 100 ug/kg in 7 day osmotic pumps. Some of the same compounds were
then given to mice as a single bolus injection. .

Activity test results. The results of the activity experiments are shown in
FIGS. 4 and 5. In dose response assays using 7-day micro-osmotic pumps (data not
shown) the maximum effect was seen with the compound of SEQ ID NO: 18 was at
100 pg/kg/day; the 10 pg/kg/day dose was about 50% maximally active and 1
ug/kg/day was the lowest dose at which activity could be seen in this assay system.
The compound at 10 pg/kg/day dose was about equally active as 100 pg/kg/day
unpegylated rHu-MGDF in the same experiment.

IV.  Discussion
It is well accepted that MGDF acts in a way similar to human growth

hormone (hGH), i.e., one molecule of the protein ligand binds two molecules of the
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It is interesting to note that most of the tandem dimers are more potent than

the C-terminal parallel dimers. Tandem dimerization seems to give the molecule a
better fit conformation than does the C-C parallel dimerization. The seemingly
unsymmetric feature of a tandem dimer might have brought it closer to the natural
ligand which, as an unsymmetric molecule, uses two different sites to bind two
identical receptor molecules.

Introduction of the PEG moiety was envisaged to enhance the in vivo
activity of the modified peptide by providing it a protection against proteolytic
degradation and by slowing down its clearance through renal filtration. It was
unexpected that pegylation could further increase the in vitro bioactivity of a tandem
dimerized TMP peptide in the cell-based proliferation assay.

V. The following is a summary of in vivo data in monkeys with various
compounds of this invention.

In order to evaluate hematological parameters in female rhesus
monkeys associated with administration of AMP2 via subcutaneous administration,
the following protocol was designed and carried out. Fivé groups of three monkeys
each were assembled. Group 1 served as control and received acetate buffer (20
mM sodium acetate, 0.25 M sodium chloride, pH 5) containing neither AMP2 nor
pegylated, recombinant human MGDF (PEG-rHuMGDF). Group 2 received one or
more dosage of AMP?2 at intervals indicated below; Group 3 received 1000 pug/kg
AMP2 at intervals indicated below; Group 4 received 5000 pg/kg AMP?2 at intervals
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&(0O-79q[: 82 v indicated below; and Group 5 received 100 pg/kg PEG-rHuMGDF at intervals
indicated below.

The day on which the first single dose was administered was
designated as Day 0 of Cycle 1. In Cycle 2, doses were administered on Days 21,
23, 25, 28, 30 and 32. During Cycle 3, a single dose was administered on Day 84,
and in Cycle 4, a single dose was administration on Day 123. Animals were
observed for ¢linical signs once daily during the acclimation period, three times daily
(prior to dosing, immediately to 30 minutes following dosing, and 2 to 3 hours
following dosing) on the dosing days, and once daily on the non-dosing days. Food
consumption was calculated daily based on the number of food pieces given and the
number left over for each animal from 7 days prior to the initiation of the dosing
period to the end of the recovery period. Body weight for each animal was
measured twice prior to the dosing regimen and twice during the dosing and
recovery periods. Blood samples for hematology were prepared once prior to the
initiation of dosing and once on Days 1, 3, 5, 7, 9, 11, 13, 15, 20, 22, 24, 26, 29, 31,
33, 35, 37, 39, 41, 43, 45, 47, 49, 55, 62, 69, 76, 83, 85, 87, 89, 91, 93, 95, 97, 99,
101, 103, 105, 111, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144,
150. For pharmacokinetic analysis. 0.5 ml serum samples were collected once prior
to dosing and once at 1, 4 and 24 hours after dosing. Samples were collected on
Days 0, 21, 32, 84, and 123 and stored at approximately ~70° C until analysis. For
antibody analysis, 2 ml blood samples were collected one week prior to the single
dose and once on Days 0 (prior to dosing), 6, 13, 20, 27, 34, 41, 48, 55, 62, 69, 76,
83, 90, 97, 104, 111, 118, 129, 136, 143 and 150. Samples were stored at -70°C
until analysis.

Results indicated that platelet values increased in all treated groups
with the largest increases seen in the PEG-rHUMGDF and high dose AMP2 groups.
In Cycle 1, peak platelet values increased approximately 3.3-fold and 3.1-fold in the
PEG-rHuMGDF group (Day 9) and 5000 pg/kg AMP2 group ((Day 9),
respectively, compared to the mean platelet count in the control group. The low
dose AMP2 platelet values increased approximately 1.5-fold higher than control on
the same specified study days. Similar responses were noted in all other cycles.
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However, in Cycle 4, the PEG-rtHUMGDF group did not demonstrate
as large of an increased platelet count as in the previous cycles. The PEG-
rHuMGDF group has increased platelet counts of approximately 2-fold that in the
control group 9 days after the dose of this cycle. For comparison, the mean platelet
count in the highest dose AMP2 group in Cycle 4 was 3.3-fold higher than the
control group. Additionally, PEG-rHuMGDF animals has a mean platelet count
53% lower than the control group mean platelet count at the start of Cycle 4 (per
dose) and the mean platelet count for the group at the end of Cycle 4 *(27 days post
dose) was 79% lower than that of the control group. For all AMP2 animals, the
mean platelet counts at the start and end of Cycle 4 were £15% of the platelet count
in the control group.

In Cycle 1 and 2, a trend toward a decrease in red blood cell (RBC)
counts was noted in all treated groups as compared to control. The decrease was
most evident by Days 41 to 43 and the largest decrease in RBC was noted in the
PEG-tHUMGDF group. The counts began returning to normal levels (as compared
to control) as early as Day 47. The white blood cell (WBC) levels during Cycles 1
and 2 were dramaticall& increased (2.6-fold) as compared to control on Day 35. A
slight increase was noted in the 5000 pg/kg AMP2 group on Day 33. Values
headed toward normal (control) levels beginning on Day 37. A similar response was
seen in Cycle 3 with no apparent change in WBC in Cycle 4 in any of the treated
groups.

During Cycle 3, RBC counts were slightly decreased by Day 13
(following the single Cycle 3 dose) in all treated groups except for the 500 pug/kg
AMP2 group. RBC values began returning to normal levels (as compared to .
control) by Day 17.

In Cycle 4, RBC counts decreased in all treated groups as compared
to control except in the 500 ug/kg AMP2 group. Unlike the other cycles, there was
more than one nadir present in this cycle. These decreases appeared from Day 1- 9
post dose and began to recover as early as Day 11.

The results indicated that an increase in platelet counts, above that of
control animals could be detected 7 to 9 days following dosing in all treated animals
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in all cycles tesge)d._ itY ap}geargci ghgg/t Ie Qp_egted \dosleogﬁeDguge)d_a: higher
response in platelet production as compared to the single dose phases. By Cycle 4,
the platelet response elicited by the PEG-rHuMGDF group was lower compared to
the previous cycles and compared to that of the high dose AMP2 response.
Decreases in RBC counts were noted in Cycles 1, 2, 3 and 4 in most treated groups
at some point during each cycle of the study, however, all hematology parameters
returned to normal levels (as compared to control) after dosing cessation.

Overall, these results indicated that treatment with AMP2 was well
tolerated in the rhesus monkeys and that AMP2 resulted in increased platelet counts
after various cycles of treatment. It did not appear, based on the platelet count
results, that there was a biologically significant immune-mediated response to
AMP2. In contrast, treatment in the various cycles with PEG-rHUMGDF did show
an inhibition in platelet response by Cycle 4, suggesting that antibodies to PEG-
rHuMGDF have been generated and these anti-MGDF antibodies may be

crossreacting with endogenous rhesus TPO.

kK

The invention now being fully described, it will be apparent to one of
ordinary skill in the art that many changes and modifications can be made thereto,

without departing from the spirit and scope of the invention as set forth herein.
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The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:
LA compound that binds to an mpl receptor comprising the structure
TMP~(L,),-TMP,

wherein TMP, and TMP, are each independently selected from the group of core

compounds comprising the structure:
Xy Xs- XXX X Xa-Xs- X0,
wherein,

X, is selected from the group consisting of Glu, Asp, Lys, and Val;

X, is selected from the group consisting of Gly and Ala;

X, is Pro;

X, is selected from the group consisting of Thr and Ser;

X, is selected from the group consisting of Leu, Ile, Val, Ala, and Phe;

X, is selected from the group consisting of Arg and Lys;

X, is selected from the group consisting of Gin, Asn, and Glu;

X, is selected from the group consisting of Trp, Tyr, and Phe;

X0 is selected from the group consisting of Leu, Ile, Val, Ala, Phe, Met, and
Lys;

L, is a linker; and

nisOorl,;
and physiologically acceptable salts thereof.

2. The compound according to Claim 1 wherein said TMP, and TMP,
are independently selected form the group consisting of:
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Xy XX X5~ XXX Xo-Xyo-Xurs

Xo-Xs Xy XXX Xu-Xo-Xy0-X1y-Xia;

Xy X5 XXX X XXX 10X KXy

XXy X Xs-X o XXX XXX X 15Xy

X=X XXX X-Xr-Xo-Xo-Xios

X=Xy X3 X XXX Xg-KoXio-Xus

X=Xy XsX - XXXy Xg-Xo-X 10~ X1y Xi23

XXXy X XXX Xo-Xg-Xio-X11-Xi2-X)13; and

XXX X XXX Xg-Xo-X 10X 13- XX 3 Xsa,

wherein X, - X|, are as defined;
X, is selected from the group consisting of Ile, Ala, Val, Leu, Ser, and Arg;

X, is selected from the group consisting of Ala, Ile, Val, Leu, Phe, Ser, Thr,
Lys, His, and Glu;

X is selected from the group consisting of Ala, Ile, Val, Leu, Phe, Gly, Ser,
and Gln;

X, is selected from the group consisting of Arg, Lys, Thr, Val, Asn, Gin,
and Gly; and

X4 is selected from the group consisting of Ala, Ile, Val, Leu, Phe, Thr, Arg,
Glu, and Gly.

3. The compound according to Claim 1 wherein said TMP, and/or TMP, are
derivatized as set forth in one or more of the following:

one or more of the peptidyl [-C(O)NR-] linkages (bonds) have been replaced
by a non-peptidyl linkage such as a -CH,-carbamate linkage [-CH,-OC(O)NR-]; a
phosphonate linkage; a ~-CH,-sulfonamide [-CH,-S(O),NR-] linkage; a urea {-
NHC(O)NH-] linkage; a -CH,-secondary amine linkage; or an alkylated peptidyl
linkage [-C(O)NR®- where R® is lower alkyl];
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the N-terminus is a -NRR! group; to a -NRC(O)R group; to a -NRC(O)OR

group; to a -NRS(O),R group; to a -NHC(O)NHR group where R and R! are
hydrogen and lower alkyl with the proviso that R and R! are not both hydrogen; to a
succinimide group; to a benzyloxycarbonyl-NH- (CBZ-NH-) group; or to a
benzyloxycarbonyl-NH- group having from 1 to 3 substituents on the phenyl ring
selected from the group consisting of lower alkyl, lower alkoxy, chloro, and bromo;

the C terminus is -C(O)R? where R? is selected from the group consisting of

lower alkoxy and -NR’R* where R® and R* are independently selected from the
group consisting of hydrogen and lower alkyl.

4. The compound according to Claim 1 wherein all of the amino acids have a

D configuration.

5. The compound according to Claim 1 wherein at least one of the amino

acids has a D configuration.
6. The compound according to Claim 1 which is cyclic.
7. The compound according to Claim 1 wherein TMP, and TMP, are each
lle-Glu-Gly-Pro-Thr-Leu-Arg-Gln-Trp-Leu-Ala-Ala-Arg-Ala. (SEQ ID NO: 1)
8. The compound according to Claim 1 wherein L, comprises a peptide.

9. The compound according to Claim 8 wherein L, comprises Y,, wherein Y

is a naturally-occurring amino acid or a stereoisomer theréof and n is 1 through 20.

10. The compound according to Claim 8 wherein L, comprises (Gly),,
wherein n is 1 through 20, and when n is greater than 1, up to half of the Gly
residues may be substituted by another amino acid selected from the remaining 19

natural amino acids or a stereoisomer thereof.
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11. The compound according to Claim 8 wherein L, is selected from the

group consisting of

(Gly);Lys(Gly), (SEQ ID NO: 6);
(Gly),AsnGlySer(Gly), (SEQ ID NO: 7);
(Gly),;Cys(Gly), (SEQ ID NO: 8); and
GlyProAsnGly (SEQ ID NO: 9).

12. The compound according to Claim 8 wherein L, comprises a Cys

residue.
13. A dimer of the compound according to Claim 12.
14. The dimer according to claim 13 which is

TNIP I'G’lys'CYS‘ Gly"TMP 2
I .
T.MP["Gly3"0yS'GIY4'T.MPz.

15. The compound according to Claim 1 wherein L, comprises (CH,),,
wherein n is 1 through 20.

16. The compound according to Claim 1, which is selected from the group
consisting of

IEGPTLRQWLAARA-GPNG-IEGPTLRQWLAARA (SEQ. ID NO: 9)

IEGPTLRQCLAARA-GGGGGGGG-IEGPTLRQCLAARA (cyclic)
l | (SEQ. ID NO: 10)

IEGPTLRQCLAARA-GGGGGGGG-IEGPTLRQCLAARA (linear)
(SEQ. ID NO: 11)

IEGPTLRQALAARA-GGGGGGGG-IEGPTLRQALAARA (SEQ. ID NO: 12)

61



Y- &10% & ()-VtRO!]" 109 1& ()-!Y < 109 T& ()-10,10,10,- Y 1810%& ()-- Y
5°10% & ()- -!" ,2°10%,& ()-V<zYS8tRO!']" Y 1z109% ()- Y 109%& ()- Y
109 ()--1J" 110%"& ()-1E' 10%' & ()- Y 109 ()-A/[:tROI]" Y

! - ! - - ! - ! - 0, /R’ -
@s10%: ()- Y /10% ()- Y -&10% ()- Y (L10% ()- Y O %0%q()cy o3a

IEGPTLRQWLAARA-GGGKGGGG-IEGPTLRQWLAARA  (SEQ. ID NO: 13)

IEGPTLRQWLAARA-GGGK(BrAc)GGGG-IEGPTLRQWLAARA
(SEQ. ID NO: 14)

IEGPTLRQWLAARA-GGGCGGGG-IEGPTLRQWLAARA  (SEQ. ID NO: 15)

IEGPTLRQWLAARA-GGGK(PEG)GGGG-IEGPTLRQWLAARA
(SEQ. IDNO: 16)

IEGPTLRQWLAARA-GGGC(PEG)GGGG-IEGPTLRQWLAARA
(SEQ. IDNO: 17)

IEGPTLRQWLAARA-GGGNGSGG-IEGPTLRQWLAARA  (SEQ. ID NO: 18)

IEGPTLRQWLAARA-GGGCGGGG-IEGPTLRQWLAARA

I
IEGPTLRQWLAARA-GGGCGGGG-IEGPTLRQWLAARA (SEQ. ID NO: 19);

IEGPTLRQWLAARA-GGGGGGGG-IEGPTLRQWLAARA (SEQ. ID NO: 20).
17. The compound according to Claim 1 or 2, which has the formula

(Fc)m'(Ll)q'Ml'(Ll)n'Mz'(]"!)r'(Fc)p

wherein L,, L, and L, are linker groups which are each independently selected from
the linker groups consisting of

Y,, wherein Y is a naturally-occurring amino acid or a stereoisomer thereof
and n is 1 through 20;

(Gly),, wherein n is 1 through 20, and when n is grea‘ter than 1, up to half of
the Gly residues may be substituted by another amino acid selected from the

remaining 19 natural amino acids or a stereoisomer thereof,
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(Gly),Lys(Gly), (SEQID NOQ: 6);

(Gly),AsnGlySer(Gly), (SEQ ID NO: 7),
(Gly);Cys(Gly), (SEQ ID NO: 8);
GlyProAsnGly (SEQ ID NO: 9);

a Cys residue; and

(CH,),, wherein n is 1 through 20

Fc is an Fc region of an immunoglobulin; m, p, q and r are each independently
selected from the group consisting of 0 and 1, wherein at least one of morpis 1,

. and further wherein if m is O then q is 0, and if p is O, then r is 0; and physiologically
acceptable salts thereof.

18. The compound according to Claim 17 wherein L, I, and L, are each
independently selected from the group consisting of Y,,, wherein Y is selected a

naturally-occurring amino acid or a stereoisomer thereof and n is 1 through 20,

19. The compound according to Claim 18 wherein L, comprises (Gly),,
wherein n is 1 through 20, and when n is greater than 1, up to half of the Gly
residues may be substituted by another amino acid selected from the remaining 19

natural amino acids or a stereoisomer thereof.

20. The compound according to Claim 18 whereinE,, L, and L, are
independently selected from the group consisting of

(Gly);Lys(Gly), (SEQ ID NO: 6),
(Gly);AsnGlySer(Gly), (SEQ ID NO: 7);
(Gly);Cys(Gly), (SEQ ID NO: 8); and
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GlyProAsnGly (SEQ ID NO: 9).

21. The compound according to Claim 18 wherein L, L,, or L, comprises a

Cys residue.
22. A dimer of the compound according to Claim 21.

23. The compound according to Claim 17 wherein L,, L, or L, comprises
(CH,),, wherein n is 1 through 20.

24. The compound according to Claim 1, which is selected from the group
consisting of

Fc-IEGPTLRQWLAARA-GPNG-IEGPTLRQWLAARA (SEQ. ID NO: 21)
Fc-IEGPTLRQWLAARA-GPNG-IEGPTLRQWLAARA-Fc  (SEQ. ID NO: 22)

[EGPTLRQWLAARA-GGGGGGGG-IEGPTLRQWLAARA-Fc
(SEQ. ID NO: 23)

Fc-GG-IEGPTLRQWLAARA-GPNG-IEGPTLRQWLAARA  (SEQ. ID NO: 24)

Fc-IEGPTLRQWLAARA-GGGGGGGG-IEGPTLRQWLAARA
(SEQ. ID NO: 25)

Fc-IEGPTLRQCLAARA-GGGGGGGG-IEGPTLRQCLAARA (cyclic)
| | (SEQ. ID NO: 26)

Fc-IEGPTLRQCLAARA-GGGGGGGG-IEGPTLRQCLAARA (linear)
(SEQ. ID NO: 27)

Fc-IEGPTLRQALAARA-GGGGGGGG-IEGPTLRQALAARA (SEQ. ID NO: 28)

Fe-IEGPTLRQWLAARA-GGGKGGGG-IEGPTLRQWLAARA (SEQ. ID NO: 29)
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Fc-[EGP:I‘LRQWLAARA-GGGNGSGG-[EGPTLRQWLAARA (SEQ. ID NO: 31)

Fc-IEGPTLRQWLAARA-GGGCGGGG-IEGPTLRQWLAARA

|
Fc-IEGPTLRQWLAARA-GGGCGGGG-IEGPTLRQWLAARA (SEQ. ID NO: 32)

Fo-GGGGG-IEGPTLRQWLAARA-GGGGGGGG-IEGPTLRQWLAARA
(SEQ. ID NO: 33).

25.  The use of a pharmaceutical composition comprising an effective amount of a
- compound according to Claim 1 in admixture with a pharmaceutically acceptable
carrier thereof in the production of a medicament to increase megakaryocyte or

platelet production.

26.  The use according to claim 25, wherein said amount is from 1 pg/kg to 100

mg/kg.

27. A pharmaceutical composition comprising a compouad according to

Claim 1 in admixfure with a pharmaceutically acceptable carrier thereof.
28. A polynucleotide that encodes a compound according to claim 8.
29. A polynucleotide that encodes a compound according to claim 13.
30. A polynucleotide that encodes a compound according to claim 18.
31. A polynucleotide that encodes a cdmpound according to claim 22.

32. A vector that comprises a polynucleotide according to any of claims 28-

33. A host cell that comprises a vector according to claim 32.
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