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, e3e$z &\TGE 23 April 2003 DI MERI C THROVBOPQO ETI N PEPTI DE M METI CS
BI NDI NG TO MPL RECEPTOR AND HAVI NG THROVBOPO ETI C ACTIVITY This application
of U.S. Provisional Application Serial No. 061105, 348 filed
mmm ”ﬂmmmlwgB FI ELD OF THE | NVENTI ON Cener al | y) the invention rel ates

,16 conpounds, especially peptides . ~ ﬁ_@ d&eptl dea, that

have thn opoietic activity The conpounds of the mvenf‘ on nmay be used to

i ncr Ease of ppERI¢CIAROMBORDEL ANPEPTINHR mlﬂbﬂ!tcsomﬂmsamm’ﬁ RECEPTOR

megakar yocy THE | NVENTI ON Thi s invention

relates to éﬁ%@\ﬁﬁg) espemlglﬁg‘;f pep?l‘:z’c}ﬁ that have the ability to

stinulate in vitro and in vivo production of platelets and their precur sor

cell's such as negakar yStsepplisatiopelaims priogity oEUSsPrayjsionsbApplication Serfel Npe | nventi ve
conpounds) th%g@@&&@\meg@doﬁupj quigled as a background regarding two proteins
t hat have thronmbopoletic activity: thronbopoietin (TPO and negakaryocyte
grow h and devel opnent factor (M3DF). The cl oni ng of endogenous

t hr onbopoi etin (TPO (Lok et al.) Nature 369:568571 (1994): Bartl ey et al.
Cel | 77:1117-1124 (1994); Kut Aced. Sci. USA
91:11104-1 i 108 (1994); de S Bﬁwﬁaﬁ?e 369: 533-538 (1994); Kate
et al.) Journal OfGBteﬁH}hetm&ﬁynéihﬁsmﬁéﬂﬁaf(:dh%&)ds @imlj;epepﬁdeal ) Jour nal

 Gnder st andi ng B DTREBRICE: Gt bpR pic Ry, MR K DRSRRE”

"t hr ombopoi esi Wba&eétoéﬁcrqmaﬂmduwmpmeldEprwm@m TPO a 60 to 70

kDa gl ycosyl ate ot a)n" ily produced in the liver and kidney
consi sts of 332 ‘s 5@artley et al., Cell 77:1117-1124 (1994);

Chang et al., Jour nal of Bi ol ogl cal Chem stry 270:511-514 (1995)). The
protein is highly conserve? PRIIRSUND OF BEEINVISPAONES. Sad has 23% honol ogy
wi th human erythropoietin 6Jrney ct al., Blood 85:981-988 (1995)) in the

f 23 April 2003 a etionireleles tp sornoundsceprecially pegtides; that hapathe shility ot * a1 ) Cel |
7E 1117-1124 (t%%&ﬂdtf Qzehmlﬁedﬁﬂﬂﬂb ﬂlkl&prm&&iﬁﬂ‘ bﬁleﬁl aﬁ&lﬁ?iﬂprbﬁd&h petiemthal | of the
characteristics of the ipl ogi C re ator.o thro oiesis. Its in
vitro actions W?M@V‘?péf’ MWR’Q 9{% %l oni es from
both purified fildvikpds provided m;atg&nd;temmgadwbmc(tamtgdtuveet al ., Blood

84: 4045- 4052 ( 994 nd. hu fyre 369:568571
(1994); Rasko | %’3‘“ S ﬁ@%@%ﬁ"}“’mitﬁg"gener ation of

megakar yocyt esdmlbﬁmmmadébl’pl oi dy (Broudy et al., Blood 85:402-413

bl atel e producti ofid P Aloge R Uito g&%ﬁﬁﬁ‘%ﬁﬁaﬁ?‘g’iﬁ%‘%ﬁ@“éﬂﬁ. et
al ., Blood 85: 1‘02(19?1)33@99591)CdG?ri\}é’t-b’él"§(199‘§y‘ﬁFﬁéEPlerﬁt

ol i godeoxynucl QHth@sﬁ ltlibdlh?oﬂ@:tj a&s&b&eet(ac -Ndoke) 389:5831isB8 g@vA)L Y i nhibit the
col ony-form ng_abi | |t]y nmegak aryoc§ g’élg%agﬁtors I\/Et hia et al., Blood
O

82: 1305- 1401 ( Ketg3yal, Jowpa! efRigchemigtry\lp: 2% Changst 8y Jougglpf; ¢ v

t hrombocyt openmalogﬁd cHefideG 29038111514 (109 KAk wpﬂrytxe&a(ealowa&amag ol ., Bl ood
87: 21622170 ( 199

Reconbj nant hu Nﬁ é Angen Inc., Thousand
Caks, CA) is afi6 °PP‘Fﬁ'=c( °é¥‘FE‘°g‘BHF9/B ‘P‘%‘?Pé’t':é‘f TPO. It is
produced usi ngplodudted)l - transfornmed with a plasm d cont ai ni ng cDNA encodi ng

a truncated protei nconp a55| ta% rece t Qr - bi ndi ng domai n
of human TPO (U i c%“g‘fg“}ﬂ' glg% gt‘giﬁlﬂ)gf% ¢l ypeptide is
extract Ied Iref (ptodaﬁdmdmdiv@mdlﬁdmyjpommslo@muhm eﬁdx;(ﬂsﬂqeghlycdl] I (PEIG) noi ety
is covalently e . dsfaol ecul e i's
referred to he?z?ﬁggs%@iw Wﬁ%&%ﬁﬁa{* %Igt{r)lk{c}usqgt udi es using

ani mal nodel s ((WS)&.hIhc]iroledhgldﬂcomcabM@@diﬁ&mme(1@9@)23%40k0m MM et

al ., Blood 86: %ﬁh! I i erapeutic
efficacies of Waﬁw X %g@f:#gﬁi&ﬂ?gﬁ?g I on a»gné‘g the -
treatment of thronbocytopenia, a condltl on that often results from
chenot herapy or radiation therapy. Prelimnary data in humans have

confirmed the utility of MEDF in elevating platelet counts in various
settings. (Basser ef. al., Lancet 348:1279-81 (1996); Kato et al., Journal

of Biochenjstry 119:-229-236 (1995); Uich et al., Blood 86:971-976 (
1995)). NN lmﬂw used to enhance the platel et donation process, since
adm ni str i ncreases circulating platelet counts to about

three-fold theGOmOrgl nal value in healthy platelet donors. 2 23 April 2003



.TPO and MGDF exert their action through binding to the c-Ml receptor which
is expressed primarily on the surface of' certain hematopoietic cells, such
as negakaryocytes, platelets, CD34" cells. and primtive progenitor cells .
(Debili, N et al., Blood 85:391-401 (1995); de Sauvage, F.J. et al, Nature
3b9: 533-538 (1994): Bartley, T.D., et al., Cell 77:1117- 112423(Am§)29)é3 Lok S.

et al., Nature 369: 565-8 (19 st . recept r.interleukins and
protei n hor nmone &R0 PN @Eﬂb’sg% lttﬂg% ley et g, é%"f?é‘ﬁé’ééb% { %(
superfam |y (Vi gGkeg énoumelhas bR @Rown\& posseds Aflof thE bharhdisB&: o7 GEARH44

(1992)). Activati on of this class of receptors involves |igand-binding

i nduced r ecept origlegiesliresulator of thsambppaiesis; Atstig vigroractionsdnaudeispecificdadugtionef

si gnal transdu0| i |1 gand
W h 1 ts reoept oRBARHERYE col i AR Soun phited e 3o ot o ol T lott &
However, as dennhslBlpad 84 4046-14%2 d9%9) add llmerl@ﬁﬁwells (llwk eoale Natmoe 369 5685 t S

receptor, only 2y resi dues, at ot tually contribute to
st of the bi nd7ho SAEIR theko RieBCol 15 3B 1858 Ut iBeesbor G 36
(1999)). IThu s a gﬁhgh]lhﬁydc@tbt “ﬁﬂhai(ijcrédaed Ploidy (Bfoutijnet ﬁemw 8304001408 €199s))i fﬂnd
serves on to a i opes in the ri t opol o makes it
possi bl e tg fi ndf'"a‘gfl‘f‘%‘gnf’ Efgﬁ'ﬁ‘éf ?ga%ﬂcgm%‘&mg 1%9131 if‘ awdmog%lelslmr d
this, the phage speplobd8440Ps-2052 @594 CHoi%y ll, BIoEPSs - 40524 BG9659). SChpuRsf Yl

techm que in identi fying smal | pepti de minetics of large protein |igahds
(Scott, J.K. et syntheticgatisenseolipodeqygmcieptides)to tiReTPO meceptos (c-Mpl) aignifictiyence

249: 404 (1990)) . cul e at act
as agoni sts of t ttlﬂ'%/t%gg'r";e?:‘derﬁ"f“t &r%w%ﬁe%ﬂ?&%‘%&p‘wmﬁw@ tﬁ@&

Sci ence 276: 169&-2]1699-1(109@993)) Moré&avet) cal\dptludyk-oﬁamﬁ:em&vdrélypeptl de
sequences di spl ayed, as fusjon the co r ot ei of fil anent Qus phage
vve(r:]e af fini typpl mB?%‘éRf"’&d&ﬁﬂﬁﬁ“%H”&?ﬁ Hg ?ﬁ%"l‘i“?&ﬁ“@x?bﬁéé?ﬂgﬁ%g
donmai n of c- l\/pl 221701( 1t9|93)%r et ai ned phages were enriched for a second round of

affinity purification hi.s binding selection and repropagatio qE)(eoces.s was
repeated nany times Recmpinanyh ?‘H@‘Eﬂ@? GHUMGPDK, Amgandae; Ehousand Dakg LA t wo

famlies of ¢ 'I‘P‘q

sequences, werg/%l rs{tﬂ} np&?ﬁég&%@pygégﬁdﬁg ?g?!l'berg&lv\l%? e%ier?%,c'reat ed
to further opti rfansfotnked Withst plesmid eontaininigicDINA exwatiing altmxicateﬂ prbteini sol ati on of
a very active petlde wi th an. | = nM ng. 00 6 rla, S E
et al., Science T%Q@T%Wémfm%é‘ Tﬁ}ﬂggp 3}5?‘?’%&4' M‘?hgeﬁﬂ’ed
as a TMP (for Tlmdu 8629716978109 5)%) ThewslypRptideiip axtedtted, refoldedDind pudfe and a
sequence honol o The structure of this TMP corrpound is as

0
follows: Ile GI h)lw B%WPH%GN‘Q'CE i§ cayalently attached 1q the amigo teraing: Gl
NGO 1 or | EGPTL R%MBn(hlébﬁlcﬂQre?éerﬂ'ts hh%HaQTPE@I}mNGﬁF%rWDFY&%b&”S

Previously) in a sim|ar study on EPO minetic peptides O mmetic
peptide (EMP) was di Yasous sediesusing apmlmddsﬂélcqhnmmt(lmﬁkgﬂtsérwmm et

al ., Science 27

bi nding to the Z@?gﬁ%wﬁﬁﬁw} q'ﬂ%?]e (1 g%fvb(gr% p?g%rfidé%ﬂ?ﬁt@?dt hus

formed had a C2 thethemapeuticaffivacies m&mm&pmhbsheinhﬂgwmi%pﬁnﬁﬁbﬂm(dhhvnah

O et al., SCI enge 273: 46 471 92@%7 ed an tgl S structural

i nf or mati on, RAEgatment Wﬂ‘EE‘gﬂEﬂ "o‘f°“§ﬁ}9“ that gRetesylts &rom chematherpyf  t wo

EMP nonormer s mr&rﬁid@i‘éﬁkﬁéﬂiﬁd pwﬁ:hnﬁyﬁbﬁmmh?aﬁﬁmedo}ﬁmd :@ 1\?@ found
In vivo broactrvit

to have greatly enhanced binding as well as in vitro
(Wighton, N. C. inelevating plaeiat gpentginoatowsssitingy (mss.ezetiauwmazysy-slA

simlar Cterm i t

epti de (TP) (b AR eER, 1qlingd of Bt REPEHs B Vit Hide

found that a C- t86r9+93b I(;BQSD)n RMGDEFimight HeQséd ol anhancemeTMelmnmnlpawed

bi ndi ng afflnlty ofgf ana(gpg bgnarkabl |ncreqsed invitro activit
(ECM = 0.1 nM iSfocfministrafiqn:qf MGDE tncreases circulasjpg plateletcqunts g abgut thregcfo

Z76: 1696- 1699 ( ki onginal vil8e mlhehl Relef ddnbtsS TMP C-C dinmeer is shown beI ow
4 23 April 2003 H2N H2N- | EGPTL AARA- CO- HN O (SEQ m NO: 2) In anot her
aspect of the present invention, the tandemdiners may be further attached
to one or nore noieties that are derived from i mmunogl obulin proteins,
referred to generally as the Fc region of s&ch i nmunogl obulins. The

resul ting conpounds are referred to as Fc fusions of TMP tandem di ners. The
following is a brief background section relating to the Fc regi ons of

anti bodi es that are useful in connection with sone of the present
conpounds. Anti bodies conprise two functionally independent parts, a

vari abl e donain known as "Fab", which binds antigen, and a constant domai n,
known as "Fc" which provides the link to effector functions such as
*conplenent flxatlon or phagocyt05|s The Fc portlon of an |nnunoglobulln

o T o — ~ . L



dn spite of the availability of TPO and MGDF, there renmains a need to

provi de additional conpounds that have a biological activity of stinulating
the production of platelets (thronbopoietic activity) and/or pl atel et
precursor cells, especially megakaryocytes (negakaryopoietic_acti VI t

present invention provides new conpounds having such activi t%ﬁ('f‘féf

gr;(ral)ﬁ:)egf acszg(rargf)ands W &re %rapa{‘)'{»e/ﬁgggg& }I ng gﬁgﬁgtgﬁw 3%‘?'101 gow des :

tr an?‘ menbr ane  sivéhivhlis éﬂr?rwpéunanq on tae surfaat bﬂ@grtaiT&n&éd\ﬂplenc eclispsuch as Whi ch
th ;nﬁoié‘ﬁé‘t | CRBEaYOPES, PACHES CRAA P SFRHIE QLo Coly bl ehate
activity, i.e., giffa sésbsdlutm cfmsstdermhedg% , F.I.Met Wi, KauRe869: sssvsatsr@b?4)hﬂaruey,h

producti on of pI atel ets, gaka 4gocyt opoietic activity,
ability to Stl mil.By, et alj, ﬁiell'77/élb7nlj12 1999 xTeok, Shet aby Netues 36905658 QI%BI et

precursors. firs [ r d| fhe inventy,v 0
conprise the foéi‘ll]%’vf/lm?lsg"Pc 8%a?re‘g'te lf’rt‘lregEIB 2 ?rm%zc 1%Rﬁ’r golngp%\}gic%ﬁd
Th/PZ are each i ndgtkine eseptyr mpbﬁmﬁtyct\mgomm tebal., garamwaﬂfAcadnsaLmslA 89(BBA04 Si ng
the core structuyre; X3- X-, Xs,- KSz XTI X eln I 003 X2 is
selected fromt #&s‘b(%’éa)c Gtyatiop Hf;thﬁfciaéf @n"i@’b‘)m EVQ‘V"%II‘&}“%AQ'“E@ uged

sel ected from t heeepfop Hom6dimelisatibmhish ifJuyn Bigderbtife castddé &f signal traSdudin

selected fromthe group consisting of Thr and Ser; X6 is selected fromthe
group consistingv#¥sS-Leu, Ile, Val, Al a, and Phe; X7 I's selected fromthe

group consisting of 'fﬁ?(exféﬂﬂj Mﬁtera%ﬁodéféﬁb%{%amtkp&e prlﬂ?enct?l?ér p Tyr

of An, Asn, and Qu I's selected fromthe group consistin
and Phe: X10 is aterelatively largointerface. dlawgyets @ndemorstrgted in the ggse bfhumategrpwm a,

Phe, Net. and Lygimble dofind dyHGhiop SoflFE b 5 dediflcehilie ATE: fhuhyor 11 and

phyS|oIog|caIIy accepta I'n“one e npri ses
(A y)p, wherein contributk td hfoeu,tg‘lnhemhdmyueme{mabksoa, Drezal, eScienbeas71383.86t 0 hal f

of the @y resi be S ifute ot her ,am no, aci d, selected from
t he remai %i ng 1?11%11 é*' @%"‘?‘g €‘S€F%“§MP‘°P$}%’F¢W%?"§'&S| tion
to the core strugdpldy %&@naﬂ@eﬁtepesmﬂk Wﬁﬂmwogphaﬂ!l"lp&asie 1Mirtd actiO her

rel ated structures are al so possi bl e erein one or nore of the follow ng
i s added to the Iignpls ofmuck pmatiorsizecor e structure: X, is attached to the

wherein X1 X1, x1dn SRepriepnB, e pit sBpactib Ay Bt Sl ol shblas ™
gL oup consi sti ingisciafpoMerﬁ,xl Atfdlmqué/‘mlldenh@mg stedl peptids rﬁn@txgr%&h:gspraehe&gaﬁdk from
G X121 o sel ASEER TR shite Seienie g5 a6 KD Ehgtn A gt Yicasd 9 40408800

Ay, Ser, and GBy usiﬁg&hilswh@s:mﬂl e nbRcWEHR a@oﬂqﬁsﬁls@afﬁécﬁn Lys,
Thr, Val, Asn, dn, and ; and X li‘elbs selected fromthe grou congl sting

of Ala, Iley Valfeceptas W%@séovﬁpd (%nga, TE et ahnlFiencs 276 1696-1699 (1997).
In such a study, random small peptide sequences displayed as fusions to the

coat proteins of filamentous phage were affinity-eluted against the antibody-
immobilized extracellular domain of c-Mpl and the retained phages were enriched for a
second round of affinity purification. This binding selection and repropagation process
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

3



23 April 2003 In a second preferred enbodi nent, the inventive conpounds
have the general formula: | Om~q ~1~1)a ~2~~)r~C)p wherein TMP1, TMP2
and n are each as described above; LI, L2 and L3 are |inker groups which
are each independently selected fromthe |inker groups descr%\é)xd.f}%r in; Fc
is an Fc region of an immunogl obulin (as defined herein belo ,prl‘h B g and
r are each independent sel ect fr e.group, consi stj of 0 and 1,
wher ei n at |eastse(9ng<:8:tho§:|gy §° fgof,r Rgeﬁ}épf Jﬂ? MBEQMWP%“ ¥¥en q
is 0, and if p ifllewsthen r is 0; and physiologically acceptable salts
thereof. In one enbodinment, L1, L2, and L3 independently conprise (Gy)a,
wherein n is 1 through 20, and when n is greater than 1, up to half of the
Gy residues may bt r ] id,sel ected

remai ni ng 19 natld?glhﬁg 'ng%%%@@%ﬁg?egggggﬁe@ﬁt 2reof . Derglé/(gﬁ?ﬁlof
t he above conpounds (described below) are al so enconpassed by this

i nvention. The conmpounds of this invention are preferably peptides) and

t hey may be prepgrred by standard synthetic methods or any ot her nethods of
preparing peptides. The conmpounds of this invention that enconpass

non- pepti de portjons nmay be synt hesized by standard organic chem stry
reactions, in adhsr(??'grﬁ W@%ﬁard peptide chem stry reacti ons when
appl i cabl e. The conmpounds of this invention may be used for therapeutic or
prophyl actic purposes by incorporating themwth appropriate pharnmaceuti cal
carrier materi al Ysinghangieiletter aming aqidjakbrevigtionst i ve anount to a subject, such

as a human (or ot her 2 i Ok X ineluyded in
the instant invention. W@“@’@aﬁﬁﬁ%ﬁ%ﬁi{&%‘?ﬂg“ “her
aspects and advapepsige (EMP) whasdigcovered using thersame tecimique (WrigheinpNeC.ealgppar ent

- upon consi deratign of I i det ai | ed descript,ion.thereof, reference
bei ng nade to thgmﬁt}cﬁ\ﬁﬂggé%%%ﬁﬂ "fgﬁ&”fowgﬁ&aé’ﬁgﬁﬂ’%“y&ﬁ‘i‘“g 16 the EPG

pol ynucl eot i de ajdef6(BPOR)S The €iRaRS),/ S&?{d le? thus forhRd 5ga 09 sprhin
reading 5'--3', SEQmI,D NQ. )4 is the cgrrp er{g‘r?tbggé strand 23 Apri | %3
reading 3', 5': 36eardisgctoPbraysrystaliographie data dbivash, Qnetnd, Saenee 23Ld6kptle) of
human | gd@ that e i ,?&“E ihtosthbnC F&WHH@?' 1.S i on.
FIG 2 shows a 592.?%}21 P(u:&?éq)ﬁetﬁék or t IIeﬂ%prepa g 1 on h‘%&%?fﬁé’?ggﬁ%@g{’i de 19
(SEQ | D NO: 17) . Which tig Gesmini of twolEME tmanogtehsewere trosslinkel withepfiexitile spraceaf

pegyl ated peptid - Fl 4.sho .ne nunper. of platelets
generated in vi vﬁ%ﬁﬁg%d}?g@ﬁﬁ%@ﬁff&rﬁ %ﬂﬁ?@lﬂgﬁ YV ﬁd‘é“f@@"ﬁﬁ? kg
bol us i nj ecti on bibactixity (Wsightony .0 @5 al., Matiire BistechnolBRCt SYIEIT - 1963 (B97§). kD
aver age nol ecul ar \/\/eij‘gh{ﬂirE att,ached to . the N-termnal anino group_ by
reductive am nation of S4tHhG-14 nefizationy stogtegy was sppkedt ] ¢s
expressed in E pé&hide (BPY (@kirla!S.E! Ot H YsSréb

entitled " Conposﬁﬂiuong an?j_ Met %odssﬁ‘tglr)f S'S(?élr%ﬁ??tlli ng _Neggﬁz)t)y\bgc‘g%@%th
and Differenti at # Grieyminatiydinkeddimer ((=Cdiglhef iFMP bad 8Ei@prayedibinding affiniey GR0°5

means the conpou E@ e - . PE - ¥ c nd.of SEQ
1D NO 18, V\herelltﬁg“?&g?‘ grl uf)relg%edgf) B%@%&ng”m*&f&ﬁ?}“@gﬁgﬁw%
attached as showassays (Ewirla; 8.3 et dlly/Beithde-276:1696-0699 (19917))) €T strubiat<0f tiis ¥MP
Fc-TMP-TMP i s th ﬁ%‘e as, TMP: TMP- Fc except that the Fc group is attached
at the N-ternina '(2 eF ISV PHIW: t he G terminal end of the TMP-TWP
peptide. FIG 5 shows the nunber of platelets generated in vivo in nornal
BDF 1 mice treated with various conpounds delivered via inplanted osnotic
punps over a 7-day period. The conpounds are defined in the sane manner as
set forth above for Figure 4. FIGS. 6A, 6B, and 6C show schematic di agrans
of preferred conpounds of the present invention. FIG 6A shows an Fc fusion
conpound wherein the Fc noiety is fused at the N-term nus of the TMP di ner,
and wherein the Fc portion is a nononecic (single chain) form FIG 6B
shows an Fc fusion conmpound wherein the Fc region is fused at the

N-term nus of the TMP diner, and wherein the Fc portion is dinmeric, and one
Fc nmononer is attached to a TMP dinmer. FIG 6C shows an Fc fusion conpound
wherein the Fc noiety is fused at the N-term nus of the TMP diner, and
wherein the Fc portion is dineric and each Fc nononer is attached to a TMP
di mer. 23 April 2003 DETAI LED DESCRI PTI ON4OF THE PREFERRED EMBODI MENTS I n
an effort to seek small structures as | ead conpounds in the devel opnent of
t herapeutic agents with nore desirable properties, a different type of
dimer of TWMP and rel ated structures were designed in which the C tenm nus
of one TMP peptide was |linked to the N-term nus of a second TMP pepti de,
either directly or via a linker and the effects of this dinerization
strategy on the bioactivity of the resulting dineric nolecules were then

i nvestigated. In sone cases, these so-called tandemdiners (G N link) were




wherein TMP1 and TMP2 are each independently selected fromthe group of
conpounds conprising the core structure: X2'Xa-X4' xs- Xs- X~" Xe- ~- X~0~
wherein, X2 is selected fromthe group consisting of GQu, Asp, Lys, and
Val; X3 is selected fromthe group consisting of Ay and Ala, X4 is Pro; X5
is selected fromthe group consisting of Thr and Ser: X6 is $&fRW2083from
the group consisting of Leu, Ile, Val, Ala, and Phe; 10 23 April 2003 X7
is selected fromthe group consisting of Arg and Lys; X8 is selected from
the group consisting of G n, Asn, and Qu; X9 is selected fromthe group
consisting of Trp, Tyr, and Phe; X10 is selected fromthe gro consi sting
of Leu, De, Val, Ala, Phe, Met, and Lys; L, is a linker as degfri bed
herein; and n is ENIEGPTERQWDAARN-COD-EN
one enbodi nent, L1, conprises (@y)a, wherein nis 1 through 20,
Is greater than 1, up to half of the Gy residues nmay be substituted by

anot her am no acid I hphng 19 natural NHzno acids or a
st er eoi soner thereo%zﬁﬁggﬁ#@ltw'@:oﬁﬁe uctu 2-Xio set forth
above for TMPI and TMPZ, other related structures are Hl so possi bl e wherein
one or nore of the followng is added to the TMPI and/Or TMP2 core
structure: Xl is attached to the N-term nus and/or X11, X12 X13, and/or X"
are attached to(SBQRIZENG:ZNi nus, wherein X1, X11, X12, X13, and X14 are as
follows: Xl is selected fromthe group consisting of Ile, Ala, Val, Leu,
Ser, and Arg; X' is selected fromthe group consisting of Ala, Ile, Val,
Leu, Phe) Ser, Thr, Inyspthel sspectnfithelpresent iventiors diegarident dimersmial be fiartherp
consisting of Ala, Ile, Val, Leu,, Phe, Ay, Se and A n; X 3 is,selected
fromthe group m@?{&%wafmﬁ&'g?*%?s‘!‘“ﬂﬁ#“\v&ﬁ from immuggglpbulin proteins,  and x4

iGIS sel egt gd fr opRetie 18 gehkRal iy RS teFd regioR bf McR imhbglo¥llins. TRe'reskii®y Thr. Arg)
u, an y.

compounds are referred to as Fc fusions of TMP tandem dimers.
, The following is a brief background section relating to the Fc regions of
. antibodies that are useful in connection with some of the present compounds.
Antibodies coénprise two functionally independent parts, a variable domain
“known as “Fab”, which binds antigen, and a constant domain, known as “Fc” which
~ provides the link to effector functions such as complement fixation or phagocytosis.
The Fc portion of an immunoglobulin has a long plasma half-life, whereas the Fab is
short-lived. (Capon, et al,, Nature 337:525-531 (1989)).

Therapeutic protein products have been constructed using the Fc domain to
attempt to provide longer half-life or to incorporate functions such as Fc receptor
binding, protein A binding, complement fixation, and placental transfer which all reside
in the Fc region of immunoglobulins (Capon, et al., Nature 337:525-531 (1989)). For
example, the Fc region of an IgG1 antibody has been fused to CD30-L, a molecule
which binds CD30 receptors expressed on Hodgkin’s Disease tumor cells, anaplastic
lymphoma cells, T-cell leukemia cells and other malignant cell types. See, U.S. Patent
No. 5,480,981. IL-10, an anti-inflammatory and antirejection agent has been fused to
murine Fcy2a in order to increase the cytokine’s short circulating half-life (Zheng, X.
et al., The Journal of Immunology, 154: 5590-5600 (1995)). Studies have also
evaluated the use of tumor necrosis factor receptor linked with the Fc protein of
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The term"TMP" is used to nean a noiety made up of i.e.) conprising, at

| east 9 subunits (XZ-X, 0), wherein XZ-Xl o conprise the core structure. The
Xz- X', subunits are preferably am no acids independently selected from
anong the 20 naturally-occurring am no acids, however, the invention
enbraces compounds where X2-X, 4 are independently sel ected f#3fPHREEgr oup

of atypical, non-naturally occurring,11 . 23 ril 2003 1 po i.ds wel |
known in the ar 3‘.“%!&@?&’%?%#‘8?‘? é‘gthmtﬁéﬁ%‘%‘@"gke&r '?t(fé?ﬁr EF@SJC “.each
posi tion. For ex3ap]esr-Vig2 (BY6) Vakizee, KAePal., K& Jourhal ¥RImmBRYIBe) HE6eh et t er
and single letter abbreviations for am no acids are used her€éin; in each

case, the abbr eA230 (1898) aFe hasipdsodeembnsediviineB4 geseptor tar producetherapeutic
natural | y- occur rd ng: g ' Aﬂ% I VAL ah | heyr These
am no aci ds nmay rgt\g}lgquit?%e@&’tggr .‘Q?Jgfg%%bﬁ%ﬂgﬂabﬂ %’e%ﬁs rﬁéi?%gg)}, EIﬁ/hl ch
i s neither L noraddifion,anterlaukin ZThaPbeendfyseddortheiFeortion@flig® b bt IyG3060 overcome:
stereochem stries. .Ho ,cthe L. stereochem stry.is preferred for all of
t he anino aci dsqﬁ%s@ﬁt\éﬁﬁ% oéﬂgfr’f}’k'ﬁ‘#@"ﬁm@fﬁ%ﬁtoéc% SF% tlyerse TWP
mol ecul es wher eilfmnivi6tectifblogy, 1I€PSI108(1996).car boxy tenm nal sequence of the
am no acids is reversed., \Fﬂg{heexa |l e, the reverse of a nol ecul e havi ng t he

nor mal sequence X, - X230 spite @valability of TPQ and-MEDF thesei rewaing p geed o pre
retro-reverse TNg4iBhd esthFounidRatHale a biological J&M@&%ﬁ&%@%gﬁrﬁm@% gf m nal
reversed a esl

to carboxy termnal sequence of amno acids Is ues t hat
are normal |y " L"platelets (thrambepoieticretivity) and(pr plateldt procursnr celly; especinlizoi soner

form Additional - 1 'agg,i; . o] . . MPs are al so
enconpassed. " P%éséfa%?%c?{ggw ac @é%%%ﬁ%%’gft@pﬁn%sgﬁtﬁgeﬁbggg%_’t“sd%f af are
known or | ater diospounes bavingsubleagivity(ies); and retandd agpextscept abl e. Sone specific
_preferred exanples are: acetate, trifluoroacetate, hydrochloride,

hydr obrom de, sulfate, citrate, tartrate, glycolate, oxalate. It is also
contenpl ated that "derivatives"'SOMMARYOFTHRYINVENIUON | tuted for the
above-descri bed TMPs. Such derivative TWMPs include noieties wherein one or
nore of the foll owi ndheBessemt xention Provides aigeaup of gerapounds that anesapablefoft he

peptidyl [-C(O NRs b akPER rlﬁﬁlé d - t.i dyl

| i nkage such as Maﬁ]dyné-tg-car'ggﬁg‘gce& |'n?%ﬁ%—t@?@@?]a?é{‘éa%ﬂgfgg%ﬁ‘ﬁ%t e

| i nkage; a - CHZ-reeepfoswlichiie the-s@nk res¢p AR thediatesktbeyastivity of emlogeédda O) NH- |

| i nkage; a -CHi - nda ] i nNkage: or an al at e tidyl |.inkage
- GO NRe- wher RERBOEGLE GFORE e 85l B0 Gini bite i Rpoc A <
derivatized to a.e, hRibility pugimulate, th WRENDiRvigoOthe prodiction MRS And/opuUp; to
a -NRS(O) 2R gr oulﬁ; 0 a -NHC(O) NHR group, where R and R  are hydrogen or

|l ower al kyl, wit ege@wmw YitY, Re-a His ahlityfp stimulatey sy vivargndrin ke, theo a
succi ni m de grOlﬁ?édJcﬁo@oWélé’d;{P&Yx%Fé?onW -NH (CBZ-NB) group; or to a
benzyl oxycar bonyl - NH- group having from1l to 3 substituents on the 12 23
April 2003 phenyl ri Aga &t prefeadd embedimens, the nventive nempourndg carhiprisewler  al ky| |

| ower al koxy, c - ..and peptides wherein the free C term nus
is derivatized {}%ﬁ)‘g@%"%&%ﬁz is selected fromthe group consisting of
| ower al koxy and -NR R where R3 and R are independently selected fromthe
group consi sting of Mg@gn d lower alkyl. By "lower"” is meant a group
having from1l to 6 c tonb?2 Additionally, nodifications of individual
am no acids may be introduced into the TMP nol ecul e by reacting targeted
am no acid residues of the peptide with an organic derivatizing agent that
i s capabl e of r c%hereimEME, Mdpwe@?e@hén@eenﬂh&yrﬁslemdﬁemwﬂmgtoupeéi dues. The
following are e ' [ LNo term nal residues nmay be reacted
W th succinic oﬁ%h@“%‘b%@(@ﬁ%ggg% ydri des. Derivatization with

t hese agents has the effect of reversing the charge of the |ysinyl

resi dues. O her ,tgb s, for derivatizing al pha-am nocont ai ni ng
resi dues incl udef%'gﬁg‘&'sggg%m met hyl picolinimdate; pyridoxal
phosphat e; pyridoxal; chloroborohydride; trinitrobenzenesutfonic acid; O
met hyl i sourea; 2,4 pentanedi one; and transam nase-catal yzed reaction with
gl yoxyl ate. ArgiWhereitesi dues may be nodified by reaction with one or
several conventional reagents, anong them phenyl gl yoxal, 2, 3-butanedi one,

1, 2- cycl ohexanedi one, and ni nhydrin. Derivdtization of arginine residues
requires that the reaction be performed in al kaline conditions because of

t he high pKa of the guanidine functional group. Furthernore, these reagents
may react with the groups of lysine as well as the arginine guanidino
group. The specific nodification of tyrosyl residues per se has been

studi ed extensively, with particular interest in introducing spectral

| abel s into tyrosyl residues by reaction with aromatic di azoni um conpounds
or tetranitronethane. Mdst comonly, N-acetylimdizole and
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.Car boxyl side groups (aspartyl or glutanyl) may be selectively nodified by
reaction with carbodirmdes (R -N=C--NR ) such as

1- cycl ohexyl - 3- (2- mor phol i nyl - (4et hyl ) carbodiim de or

1-et hyl - 3- (4-azoni a- 4, 4-di net hyl pentyl) carbodiimde. Furt heéﬁngr e, aspartyl
and gl utanyl residues may be converted to asparagi nyl and gl H‘i"@993

resi dues by reactionswt i i . il 2003 Jtam nyl and
asparagi nyl resi dues%seﬁkggﬁ@wﬂ%bggéﬁ?%m&%ﬁf@’é‘gf'rﬁgggtg‘ﬁdi ng

gl utanyl and aspart yK, isselectaé fromAhé gronptonsisling oftGlgard A&si dues may be

deam dat ed under m | gé Yolflc-i dic conditions. Either formof these residues
falls within the scopg™sf°this invention. Derivatization with bifunctional

agents is useful forXgisaeRcted flsintBe grocp EsRislinkost T ahd 8 functi onal
derivatives to a wat g(e-i nsol Ientﬁupport matrix _or to other macronol ecul ar
HE‘E-PP‘ % #19

carriers. Comonly ugelf sle up,epnsisdng ofdieugle, Val,gAla, and Phe;

1, 1bi s(di azoacetyl) - : , (dr oxysucci ni m de
esters, for exanple, %gﬁgggt%b?ﬁqﬁe%%%%@%ﬁ %7: i%‘gaag%,w’honobi functi onal

i m doesters, includi Kyisdekected fromtheigroupennsisingsafu®inaAsn3a®l Ghij t hi obi s
(succi ni m dyl propi ongte)_,, and.bifunctional. mal ej.m des s as

bi s- N- mal ei mi do- 1, 8- &fs)éﬁlé&%gf’wﬁ't F?P%&“é‘@'é‘fﬁ‘? ﬂﬁcd&a@%%’q‘e;

net hyl 3- [ ( p- azi dopheydi} sdiécedddiam theigRiuficoadisting ol €h, MROVAAAL PR 84k Sind
internedi ates that are capable of formng crosslinks in the’ présence of
light. Alternati¥v®ly, reactive waterinsoluble matrices such as cyanogen
brom de-activated carbohydrates and the reactive substrates described in U
S. Pat. Nos. 3,969,287, 3,691,016; 4) 195,128; 4,247,6642; 4,229,537; and
4,330, 440 may be enplolpadinkeras desstibgdrhereinyend | i zati on. Ot her possible

nodi fi cations includg;hygsfpxylation of proline and |ysine, phosphorylation
of hydroxyl groups of seryl’ or threonyl residues, oxidation of the sulfur
atomin Cys, nmethylation of the al pha-am no groups of |ysine, arginine, and

hi stidine side chajns. (Cxejghto T E. . Proteins: Structure and Ml ecul e
Properties, W 'EF@@WEQ#%M%Q%?p%ﬂE?w&W’SCO, pp. 79-86 (1983)),
acetylation of the Nid&feenibalinkfi, ﬂ?cot?ﬁﬁes' )S WiRrel'® isANhiDogh 2 addWhaR Of
the C-term nal carboxyl g%oup's. Such deri v(gtlsi')zed noi eti es p%léf erably

i mprove one or I‘?d?%r_"%‘ﬁ%ﬁh _l’é'rpit_glhiﬂggfq‘ﬁ@lyd_éﬁﬁ"r&sN#Véﬁﬁ'é}ﬁéi_"&dibd’ agethengmige
sol ubi lity) absqeiRtséietied S idtemahing b hatial Smind98dd §i% dtdk§sctier tiiSedenvVeNt i Ve
conpounds. Alternatively, derivatized noieties result I'n conpounds that
have the sanme, or es tign|tg theteorestmreturefaX p st doritsatiove for TMByrang TMERY t | €S
of the conmpound i rivatized., The noieties al ternativel
elinmnate or at togﬂr%ggetldééda#&tcﬁlge &% ?%1 Ogs' I algergﬁog&or B’I"retr%éhec%? \ojuic!

like. In addih ti mmtlted'MPI,em?mrml ! muetsunamle.ex, ﬁ@ﬂa@eﬁﬁpmeu-%%m&nh dfirhe!
structures that .are, specifjca contenpl ated are those in i ch one or
nore addi ti onal &3@%8‘@‘&%*6%%@@%9‘%‘“&% wherepn X, e XysTondsX, At
and/ or X11, X12aspldwsand X14 may be attached to the core structure. Sone
exenpl ary additional structures are the follow ng: 14 23 April 2003
X2_X3- XI _XS- ~- XT_XS- X )e1sglested from thegrsap sonsixting)ad I TAN; VHOLed, Secdand Adg; 2~

XX _X3- X~ Xs_Xs_Xr~_~sXl; - -

XZX3- XXX TXT. Xe K %‘%’-@M -%?fg consisyne gbAlgolle Val, Ley, Phe, Sar, Th. x| o

Xl - X2- X3- X4- X3- X@s,X¥is, dnd §h; X10- XI h X - X2_X3_X4 Xs_~- XT- Xt _~- Xl o- X11- X12'

Xl - X2- X3- X4- Xs- X6- XTx;g %%(égi X11- X12- XI 3¢ ,

XI - X2- X3- X4- XS- X6- XT2 18 S&ectefirom the group qusising of pla, Ue, VakLewBhsuGly, Sat ar e
as descri bed abauéGlsfach of TMP1 and TMP2 may be the sanme or different in
sequence and/or length. In sone preferred enbodi nents, TMP1 and TMP2 are
the sanme. A parti cul &niiysqhecteddran:the praopicansisting oHAtgolis Thr, Val, Asn, Gin, and
[le-Au-Gy- Pro-d[;;lrm&eu-Arg-G n-Trp-Leu-Al a-Ala-Arg-Ala (SEQ ID NO 1). As
used herein "conprising" neans, inter alia, that a conpound may i ncl ude
addi tional anino aci & ieselestedfenm the ghoap komsistingi6f Alaolle, @al, 124 /PHai Tiaf A}Ee

gi ven sequence. clﬂiowegﬁ; as long as a structure such as X2 to X o, to
X14, or one of the? é* exenplary structures is present, the remaining
chem cal structure is relatively |less irrpor7t ant. OF course, any structure
outside of the core X2 to Xlo structure, or the X1 to X14, structure,
shoul d not significantly interfere with thronmbopoietic activity of the
conpound. For exanple, an N-termnal Met residue is envisioned as falling
within this invention. Additionally, although many of the preferred
conpounds of the invention are tandemdiners in that they possess two TWP
_noi eties, other conmpounds of this invention are tandemnultinmers of the
TMPs, i.e., compounds of the follow ng exenplary structures: ,
TMP1- L- TMP2- L- TMP3; ~1-L'-~2-~~3-~~4s ~1-~~2-~~3-~~|-~~30 |S 23 April

— . — e~ — . — e~ — — N — . — e~ o o " o I —
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The "1inker" group ("Li") is optional. Wien it is present, it is not
critical what its chemcal structure is, since it serves primarily as a
spacer. The linker should be chosen so as not to interfere with the

bi ol ogi cal activity of the final conmpound and al so so that i m‘runo%eni city
of the final conpound is not significantly increased. The |i#k@priQ03
preferably made up of a3B2dRA pRERFS drhbbdfAent AREMDERIVE-om &Inkg®\2%@§eneryqus’
in preferred enbodi nents, the |inker conprises Yo, mﬂe el n I's a naturally
occurring am nofosmulg: or a steroisoner thereof and "n" is any one of 1

t hrough 20. The linker is therefore nade up of from1l to 20 am no acids

fi nked by peptide bonds, wherein the am no acids are selected fromthe 20
natural | y-occurring @e),AR)pIM{-(LDFTMPRLY Fcgf erred enbodi nent, the 1 to
20 amino acids are selected fromGQy, Ala, Prop, Asn, A n, Cys, Lys. Even
nore preferably, the linker is made up of a majority of am no acids that
are sterically wherfihTH®Y SHMPS iid'n 2@ e&iYas debofibEd abdved Y 1 2nd 19¥e filk¥s G Y
[(Ay)3]. . . (Qy)2~), At a, G.y-AI a, Ala-@y, Ala- A1 a'?’lLét C.L’g[%lgrkgrspeci fic
exanpl es of | i nieyss vieh arg eachindepeqdent)y selectsd@om thelinkgr:groups described herein;
(Qy), Asnd ySer¢dk ¥aF %{3 ahfthmu . Il his structure
provides a site for g{y ogﬁatl on,lqb erl{htl‘ idéﬂg)éﬁg‘gﬁeg'g%lé&c%% r|a§ei n a
mammal i an cel | <aghindepentiently iselectedhfibinghogrogp yasstingof andsl) eherein at $east one

dy), dy)~ dSE NO ' €| dy.(SEQ |D.NO 9). T | ai
E hey;boq\llz( no)r/rze n%tf'%f) ru%’ érp,l’ fad %kg%nﬁ%im@ %@%%/ @(Qf)a{?d ngﬁ% then)r ' O;Omsxp o
G y- G y- G yLys-sHysiologigallyl acedptable dalisrttiersal.i Iishe @mb6iimean) @, Al andg al so

preferred. Non-peptide |linkers e al so_possi bl e. For exanple, "al kyl
|i nkers such as'ggﬁ%ﬁrl Sowss(%&@hﬁegmdséﬂa_feus;*b%n,@nwhmgrmsl@nm kyl.

i nkers may fur ¢ i ; . i i I goup .
such as | ower a%’E?;ItO ?gfgﬂhétéw%%?&s%vy\gr@ xg%ﬁﬁg%%@ﬁ}@gwgélwﬁr) CN,
NHS phenyl , et cfromghstremaining 38 natural eminocaoids dea btereoispmiestheregfd| yet hyl ene

gl ycol group, such . - HN\- - CH2- (O CH2- n 2+ wherein n is such
that the overall rmﬁzeél i\ \%f_eﬁ'ﬁ%Fmﬁefwmguﬁsr‘ﬂeéf'%egr}!ﬁg’g?ﬂ‘%&ﬂﬁ?mt ely
101 to 5000, prigfthisadventioch0l to 500. I n general, it has been discovered that
a linker of a length,of about, 0-14 sub units (e.g., amno acids) is

preferred for the t ﬁBﬁ‘B%‘f'E‘fPé . Ay arepretembly peptides, apdythay manbe of t hi s
invention. The fepirédlsy stdndk@ s§nthBic H&hédsid? afFlother th bbbl VesS i the
sanme nmanner as descr‘iﬂ%’ed aboysZ?for_ t he ‘I%\/Psaﬁfio Thee%gan%gl?lr‘%%ﬂ&&?ﬂ?% first
goup may f urt heFheromppynds of this inyentips thagencompassinen-peptidecpartions tmay bat | east

two separated, { . - j , j . . .ol ecul re linked to
each ot her. For#ygﬁlgsrlrzpepg? t &emg%%éggﬂng*geg%/o(?'%’é?'%sﬁgg"t8fsyaf'ﬁ¥9é’ﬁﬁt§dleof t he
mol ecul e coul d dhemistry s¢actidrisywhen mpelitable f orm a cyclic nol ecul e.
Al ternatively, the | ecul e ou*‘ .contain t or rg:or s .residues (e.g.,
in the |inker), which ¢cSUPETES et usInyAm °'BF‘§>\(IJ\€‘H'§TQ ‘b’o‘ﬁ‘éﬁl YHe% prophylactic | s
further contenphspaes byiasorpatating tham mrpbwpﬂa@pnamcélﬂicaicﬁ% fateridts g 1O

np

forma dinmer of diners. Thus;. for exa a tandem di ner containing a Cys

) e,.
resi due can form“F?ﬂgé“ﬁﬁF@fyﬁlaﬁpuﬂ‘i@lﬂsPh% pehas shemanforythersharamal). her
such di ner. Seepthbfrelafd .aré 4150 MOHBALA%h O 20, below. 17

2: April 2003 The conpounds ofart e inve%{?onqungéﬁa Js?@l%lég covalently or
noncoval ently associated with a carrier nolecule, such as a |inear polyner

(e.g., polyethylene glycol, i w%branched-chai n

pol ymer (see, for exanple, Bﬁh)ﬁjﬂiﬁgﬁm% wal ter et al.,

i ssued Sept enber 15,Nub®Bdiis othe? ashebR@nd advhafikesi oFS serid it ngﬂﬁ

93/ 21259 by Frechet et al., p_ugl%.shed 28 COctober 1 83); ‘é&ﬁ?rbl ; %rem

chol est erol gr RFPPPYERPAR copsideration gf the plloavingdetriled desstiptionthereof, reference

ol i gosacchari deyej Iﬁﬁ@t(ﬂﬂl@%"“ﬁff Cfkdrdig’ s i nclude one or nore water soluble
as po§/

pol ynmer attachment’s suc oxyet hyl ene glycol, or polypropyl ene glycol
as described U.S. P3l@nt shivs:exemplay Fe3olyndcléfide afd profeiBiuckéss (SEGHY, 417,

4,791, 192 and 7 7...5till other usef rs known in the art
i ncl ude rmnoneﬁéxgi-sg%? %?gf"ﬁf*r@}fgm@%}%gl“s 'gégoﬁ%~ : 43.the Gorplementary strand,

car bohydrate based pol yners, poly-(N-vinyl _pyrrofidone)polyethylene glycol,
propyl ene gl ycol honopol yners, a ponpropyFene oxi del et hyl ene oxi de

co- pol ynmer, pol yoxyethyl ated polyols (e.g., glycerol) and pol yvi nyl

al cohol, as well as m xtures of these polynmers. A preferred such carrier is
pol yet hyl ene gl ycol (PEG . The PEG group may be of any conveni ent nol ecul ar
wei ght and may be straight chain or branched. The average nol ecul ar wei ght
of the PEGw || preferably range fromabout 2 kDa to about 100 kDa, nore
preferably fromabout 5 kDa to about 50 kDa, nost preferably from about 5
kDa to about 10 kDa. The PEG groups will generally be attached to the

o Y o T -




each . type are different. One type of sugar that is comonly found on both
is Nacetylneuramnic acid (referred to as sialic acid). Sialic acid is
usually the termnal residue of both N-linked and O linked oligosacchari des
and, by virtue of its negative charge, may confer acidic properties to-the
gl ycosyl ated conmpound. Such sites) may be incorporated in thé ApPHIER3of the
conpounds of t hirgadip/0s1: 3Rd SBG B0 Rtk aﬁbaed@nx&&&yas%%&x ofiuftfzln!

during reconbi nant production of the pol ypeptide conpound e’g., In

mammal i an cel | s 1gGé thag magbeusediix the@edhsion-eampounds ofithi inventies. may furt her be
gl ycosyl ated by synt i em I ocedures kno in th rte.
Sonme exenpl ary pepti-des’ %Fﬁ{%?&ss%thg%éqn%cﬁ%hé g’rr gﬂ it #atﬁ’glogg\fgy fﬁqgﬂeg" eelt%t er
am no aci d abbr SEQIDANG:EM.e used, and the |linker is shown separated by

dashes for clarity. itional abbreviationps: BrAc neans bronoacetyl
(BrCH C(O)) and P)IéG ;%\g p% FWSM@tﬂglcgch%q for the preparation of pegylated peptic% 20
| EGPTLRQALAARA- DEBTIsRANAARA (SEQ 1D NG 10)

| EGPTLRQCLAAR. A- i GGGG- [ EGPTLRQCLAARA (cyclic)l , I(SEQ 117 NO 11
) | EGPTLRQCLAARA- GG ( IF1GaEsimwsrinPiumtecoAplatalets generatel] (ol @ innprihidfemale BDF1

]1-;23; : Egﬂ:%ﬁgﬁ?% %’Eeg ST @‘Q@@E‘%‘i@ v%us compounds, as follows:

%gg | EGPTL MQWBW‘?’?L aﬁﬁgmmmGMd to the N-terminal
ROQW - nm . . .
16) | EGPTL RQ/\LAAF%HPwa%f "éﬂ&ﬁ%ﬂﬁ%ﬁﬂ?g@g‘ phofpative human TPO, which
18 | Eg%RQ/\Lx% GGGxIGSG(%)I T RO - FeAg(:SE1 e ) sT4e SR i1 2003
Y . ri
| EGPTLRQALAARA- G Wﬁ%@%ﬂlﬂiﬂg egakaryocyte Growth and

| EGPTLROALAARA- GSigtieiideiohBorviPRaMiné iAo _ ' 1. g
| EGPTLROWLAAR. A- GGGGGGGGhI EGPTL RO AARA ggg’é’l‘?f ’gﬂr@.l %’% 1; TMR- TP means the
above conpounds,componpd eff SHQHP NQs 21 REG MR meansshewpnipoendofSEQRID NO:

code) is conte i By . g.. .tandem on-{ andem
covalently bon@ﬁ%ﬁ%@?ﬁ%@égf‘%ﬁ%%‘/g%ci??\%’%ga)gggplﬁcﬂ gﬁﬁ@ﬁ&?‘?ﬁ?ﬁ dS are
al so cont enpl at estiowh in Eigare 3o TMPeTIdPcF orie définell hedainbelodvad FecaMPTiIVP g@sgoounds

descri bed above may f he fused to e or nore Fc groups, .either
directly or thré&@ﬁqwéfﬂﬁr ept fthat gpup ‘Fﬁmﬂﬁah@qti?"rﬂﬂﬁl@dsecond

group of COWDOUﬁdﬁxeit%?anﬂ@)G%ﬁhhl‘énﬂgfm%‘ﬁMPJTN@PgﬂﬂE@.r ein TW1, TMPZ and n
A1n

are each as described above; L,, L= and L, are er groups which are each
i ndependent |y sel ect &4Gf ? ghavsithe nymhes of platsletszenerated irbvvb ialnomeal BDF L imicean Fc

region of an i mgnagl - i ndent | | ect ed
fromthe group c_ongeiqs)’? %dn*g?s @"‘Jﬁ’&“@‘,&“ eréde?i[ré\ﬁna@ ﬁﬁgehaéss?g?}ggu o °r¥1%? §'§a¥s 1,
and further wherperiadi Thecorspadindsee defined irthe savoke ménnpr asse(forth bissve foriFigude and
physi ol ogi cal |y pccept abl e salts thereof. Accordingly, the conpounds of
this second group have structures as defined for the first group of

conpounds as descri b&@IGS8heASB, aid 6C 3RS sehe G diakEams 6f fréterrdidontpdd®RA of O at
| east one Fc grotg?peither directly or thrOliquh one or nore |inker groups.
¢ :

The Fc sequence FepRot inygRtonc ST A showsan Fedusian compewnd whergin the Fo meisty

i mmunogl obul i n ;g frsdd YRV N -ty of IREMNIP dig QN . Nyel ei c Acids
Res. 10:4071-40719 (1982), or an oot her Fﬁghﬁencﬂg?ﬁ{gﬁgkmmgﬁgaart (e.q.
ot her 1gG cl asseBonomerigdsingle ¢hain) foym. |FIG; 6B ghaws andiefilsion ap@pBuraiwhereifithé, or

ot her i mmunogl o ' : [ 0 h regi pns af .antibodies are
made up of m)no%rljie@ 8%&%86? }h@-&gﬁ@g%@&f ﬁwﬁﬁ\?" %Igé)Wﬁ?Tﬁ‘gg‘qr}tﬁth“&ﬂ“r’éri c
or nultimeric fodimeridyyndioneFd metomDis attacheds b ITMIO@ighel OFIGS 60 shdws an Fc

non- coval ent asspci ati on. Ig&en,unber of _internol ecul ar disul fide bonds

bet ween nononer i USSR HUTRUE ety the Ec meiepis fised atthe Nrtomuinus 06 the TMR dimer,
dependi ng on t heyglvassei QA . , 1g&x)
1gG3, IgAl, 19gGA2) of %ﬁe%gg;&i?%sﬁn@éac.&{%%clff;@ntlﬁ’cﬁ%&?%gﬁﬁ,ggaﬁ ﬁlg[reg nis
generic to the ndiMemeric, dineric, and multineric forms of Fc nol ecules. It
shoul d be noted that Fc nononmers wi |l spontaneously dinerize when the
appropriate Cys residues are present unless particular conditions are
present that prevent dinerization through di,sulfide bond formation. Even if
the Cys residues that normally formdisulfide bonds in the Fc diner are
renoved or replaced by other residues, the nononeric chains will generally
di meri ze through non-coval ent interactions. The term"Fc" herein is used to
mean any of these forns: the native nononer, the native diner (disulfide
bond linked)) nodified diners (disulfide and/or non-covalently |inked), and
nodi fied nononers (i.e., derivatives). Variants, anal ogs or derivatives of
the Fc portion may be constructed by, for exanple, meking various
substitutions of residues or sequences. Variant (or anal og) pol ypeptides

. - i i




23 April 2003 particular) the amno acids at positions 7 and 10 of SEQ ID
NGO 5 are cysteine residues. One may renove each of these cysteine residues
ar substitute one or nmore such cysteine residues with other am no acids)
such as Ala or Ser. As another exanple, nodifications nmay al so be nade to
introduce amino acid substitutions to (1) ablate the Fc recepl &priliZ0A3i ng

site; (2) ablate thg mmﬁgcﬁﬁm@ Pﬂ!ﬁﬂiw ﬂgﬁp@bl ate
the antibody dependent ce diated cytotoxicity site. Such sites

are known in the art,Inane¢ffartyo mbma&mrcwﬂadsompwndshmmde\hbmmpef of

633630 (1092) vireRPALSHRP in sRRCodpicotofinit TR pe s ipe SO, ¢

tyrosine resid uemdoelateﬂetmapieawed! deyigndddn whizh shel (mmhﬁﬁs dfiee BMIP\Rblide Wik

addi ti on, other | an no, ac i ns from 1-25
am no aci ds) an é‘g’ﬂn‘iﬂ‘i“% IMEE‘WE‘& @Yf%ﬁf‘ﬂ?éh{ﬂfeﬂ'ﬁpﬁ t he

scope of the pr eﬁnﬁ@ﬂ'edtﬁ&ﬂﬂis'dﬁﬁbnzﬁm%%ﬁﬁté?} bﬂ&e%@a&ﬁn@%&'ﬁne%ﬁﬁﬁﬁh%é&“s will
general ly be preferred Furt hernore erations may be in or m of

altered am no achalgculesere sheninvisstigateds frsomesasss, ttysamweddmbm dme@e(ﬁtlénces
of the TMP conp Ok R |ons

ot her than insertioOn, de‘{gi %hot%qmor su E&fegttllmlgrtl‘g% ogﬁ‘la%}(‘;ﬂg‘gl é
Preferably, the m&i‘dbi)om:immﬂ afmatumbumlnembxds,lﬁwrﬁbnerra;deﬁﬂgltheiﬂ@ymﬁ&sf or

exanpl e, cheni cal wi th polyners, |ipids, other organic, and

i norgani ¢ noi et | ¥&%sS Bg’r 33?‘%“{”5‘.#') éi"f‘ﬂlrr‘-}g'i"?wenti on may be prepared to
increase circulating 'hﬁ]fre:«iehﬂc ifivenfién M}iseb%n@%?hﬁﬂﬁﬂy bfa tﬂmﬁ Qf’@orﬂﬁuﬂﬁ ihgg
capacity for the pol ypeptide to desired cells, tissues, or organs.

al so possi bl e t ohayethromboRoistisAgtivity sad whish ars; thenshttorrsem theirctivifcby m«m thc
mol ecul e as the ﬁ@eﬁ&fg&n&fsﬁ#@rebé]&‘(&né-w conmpounds, such as described in WO
96/ 32478) entitled "A'tered Polypeptides with Increased Hal f Life"
Addi tional menbers of the cl ass of nol ecul es desi gnat ed as Fc herein are
those that are dg u:: .34631, entitled "Immnogl obulin-Like

' ' ' . Both of the published PCT applications
~cited in this par agrdphmm@rmmbmgwahﬁdnmbeﬁ@w fprisd e FC
fusions nmay be a g; the N or Ctermnus of TMP1 or TMP2 or at goth the N and
Ctermni of thefoHR¥DE geperpl SIUGIRE, S urpri singly di scovered t hat peptides in
which an Fc noiety is ligated to the Nterm nus of the TMP group is nore
bi oactive than the other possibilities, so the fusion having an Fc domain
at the N terninus of PMP-(ak-TMPi| 2003 TMP, (i.e., r and p are both 0 and
mand g are both 1 in general fornula) is preferred. Wien the Fc chain is
fused at the N-term nus of the TMP or |inker, such fusion wll generally
occur at the C-twhmimﬂ'fb.fandﬂéﬂﬁmﬁhahhxdemndbnﬂymct/adrf&nntl&lpmgmfeferred are
conmpounds t hat are d| t andem and non-tandem of the conpounds
set forth in the*YHf W‘&“ﬁrﬂ?g‘eég e‘s‘i‘?’“@i{& above. In such cases, each Fc
chain will be |inked to a tandem di mer of TMP peptides. A scherrati c exanple
of such a conpoupd_is shown_in Figure 6 C. A preferred exanple of ‘this type
of conpound is bgggd'%ﬁ(sﬂ(gﬁr&'@(s%m,V\herel n Fc is a dinmer of the conpound
of SEQID NO 5, each L2 is (Ay)s, TMPI and TMP2 are each the conpound of
SEQID NGO 1, and each L, is {@y), . This conpound is also referred to
herein as "Fc- TMPhereilMP2" . It is also represented as a dinmer (through the
Fc portion) of SEQ ID NO 34. The anal ogous conpound wherein the Fc group
is attached through a linker to the Cterm nus of the TMP2 groups in Fig. 6
Cis also contenpl atexr,nauiedtedmﬁerer@@hptdan&mmgbﬂeﬁsﬁmlystmll‘ﬁ? Fc. Some
speci fi c exanpl es of orrp unds fromthe second group aré provi ded as
fol | ows: Fo-|EGPTL mmog Syandplaio  22)
Fc- | EGPTLRQALAARA- @I‘i@lglﬁg?TLRQ/\LAARA Fc (SEQ I D NO 23)
| EGPTLRQALAARA- GGGGGGEG | EGPTLRQWLAARA- Fc (SEQ m NO. 24)
Fo- GG | EGPTLRQALAARA @NGBIQMMRWO $EqQE of Nd and Spr;

Fo- | EGPTLROALAAR. A- S

Fc- | EGPTLRQCLAARA- G%B% R%[ Bﬁ's"l"g F’%\Egﬁ:\@‘r\é@ﬁ'ﬂ Phe;
Fc- | EGPTLRQCLAARA- - | EGPTLRQCLAARA (i near)..(SEQ | D NO: 28)

Fc- | EGPTLRQALAARA GGGGGGGG | EGPTLRQALAARA (¥EQ I'D NO 29)

Fo- | EGPTLRQANLAARA- GGEKGGEGEG | EGPTLRQALAAR. A (SEQ I D NGO 30)
F~1 EGPTLROALAARA- GGG~-CGGEGG- | EGPTLROQALAARA (SEQ ID NGO 31) 23




.23 April 20G ~~ Fc- | EGPTLRQALAARA- GGGNGSGG | EGPTLRQMLAARA (SEQ I D NO ~~
Fc- | EGPTLRQALAARA- GGECGEEEG | EGPTLRQAAARA |

Fo- | EGPTLRQALAARA- GGGECGEGEG | EGPTLRQALAARA (SEQ | D NGO 33)

Fo- GGGGG | EGPTLRQALAARA- - | EGPTLRQALAARA (SEQ I D NO 34) In each_of the
above conpounds) an additional N-terninal Met (or M residue,238pPHg#0%e
one-letter code) is RpoRisaeqtotae tiRerow donsidthp oflg aREILydtie nmay be attached
at the Nterminus of _the Fc group in those cases wherein there is an Fc
group attached to thgamﬁlﬁ?fm%??WWSI%Qmﬁb adLdy; wherein the Fc
group is attached att ] TVD) i.dues coul d be
attached to the Nte?‘hﬂﬁﬁlgtgﬁ%rﬁgéﬁélu%%gﬂgmgloﬁ& é(%tgp&?ﬁéé above cases Fc
is preferably the FcXjagseleatedfronitbe proup consistingofifleupli¢, i Val,| AjaPhechdet; andhai n or
a biologically @ct_i ve fragnment, derivative, or diner thereof, see Ellison,
J.W et al., Nut?@ic Acids Res. 10:4071-4079 (1982). The Fc sequence shown
in SEQID NGO 5 is the nost preferred Fc for the above conpounds. Al so
preferred are the abpve conpounds_in which the Fc is a dinmeric formof the
sequence of SEQ ID I\b’sﬁi‘ﬂl%a%‘é‘isﬂ"qga hegei; 8nd 5 attached to a TMP tandem
dimer. Additionally, q@/¢éaugh many of the preferred conpounds of the second
enbodi nent include one or nore tandemdiners in that they possess two

| i nked TMP noi eties, other conpounds of this invention include tandem

mul tinmers of the TNPs. .. 0 he foll ow ng exenpl ary
structures: Fo- W‘["E‘Plf’ﬁﬁ@yﬁ%% @ok—%%?f‘ L- TMPi - L- TMP3 L- TMP~;

Fo- TMPr - L- TMP2- L- TMPBr dne EBdditnerft\Ps compies (G viderdin  is\i-thrdugh @0, and when
TMPr-1rTWMPz-1rTVR3 L-TNP, -1 -FC e L TMPZ- | r TMP3 L-TMP, - |-TMP s-L-FC, 24
23 April 2003 IR P figp o halpt the GFlyppesiduf ppay ‘3’%?&{95‘1‘}%9915?’65?15"?[6{’6'8"‘! he
sane or differegtid sélédied fidr the rélning) 89 fitliraldmiAd aei®i sldvEdishitér therdofdef i ned
as set forth above, and the linkers are each optional. |In _each case above,

the Fc group can be Holgitientethg corgistrugtue Xoohgset forthpbave fon dMP 1apd TP, s
di meric, one or Strdbtubel ' ' SO
contenpl ated ar gﬁ%{' ﬁé%[w:xanpfégsqper v%%?gfﬁﬁ?ﬁgé@}ﬁwgﬂgfﬁ?gqg?h %P%E% dgféhe
attached t o bot ito thed NP, cand/oCTMP;, pora istradturen®, is attdzhedtortbe NHtermiays andfokr X|j,ng

t he case wherei R, T\NP di pers or Ltimers are .attached Jogall fgur termni
of two Fc chai n& F%‘p%b)?‘y,amt 8°“8‘6H°§‘5‘ﬁﬁ§‘§“‘8?“5t Rfged e %ﬁbgai 14 of
the invention watd astfelitevst r om about 200 to 400 amino acids in total (i.e.,
they will be polypeptides). The conpounds of this jnvention_may be nmade in
a variety of ways. Smisselrgted, B‘f‘ﬂfqﬁ°'8b?ﬁﬁé‘ﬁﬁl$s°qﬂﬂ‘?‘la’b¥£]ple% 5%&‘,‘46-FSQV\A | |
include a peptide, n&thoggectedironyhb BRubebrskting Bf AT, #a€ 180, MR! S&Cohar

rel evance here. For _exanple, solid phase synthesis techniques may be used.
Sui t abl e techni d&yaHigraad@lt;| known in the art, and include those described

Panayot i < cds. 1073) PBAROE S A6 BroyfRongidie Séal WEAADYE R Bl ser

et al., Biochemandid;. 10: 394-414 (1985); Stewart and Young, Solid Phase

Peptide Synthesis (1969): .U S.. Pat. No. 3,941, 763; Fing,e l ., e
Proteins, 3rd ed., v 13.'%‘“&3?%@‘95503'?62@97%%0%@@%:3%3’&?’&%& angh o
Proteins, 3rd edly;an@l - 2, pp. 257-527 {1976). Solid phase synthesis is the
preferred techni que of maki n% i ndi vi dual peptides since it is the nost
cost - ef fecti ve net hodidf selectedfepms the Broup spnsistiag of Aaclle; Mol iLgaPheaThraAsg be
made in transfor, qu@ cells using reconbi nant DNA techni ques. To do so,
a reconbi nant mol eclil e coding for the peptide is prepared. Methods of
preparing such DNA afié earm REK{PTHid wsed tocrmeanraanoiety imaleopwof, i ire., icomprisihg, afor

I nst ance, sequences, codi. f t he peptides cauld be excised_fr usin
sui tabl e res'fI ri 2?%%”2’?’(9&}%&3‘%@&"?@? SQ'ZS?RWQE& £ £Qre stauctyre. aﬁ‘égén‘ég\lﬁsi ng )
the pol ynerase Ghginits brepéferably bRiBacidé hheﬂeh&nﬂﬁﬁélééﬁd%n?im%@gé\'%) A

restriction sites for subsequent cloning. Alternatively, the
nol ecul e coul d HetusgliytasewTing-amine peids, borseves dhe inventioreermbraces compepnds whetech as

e ubed. 25 290G P SpaaE eiclad RO ROLA o Nyt 36n Y BUSRAAE g

the peptides in an appropriate host. The vegtor conprises the DNA nol ecul e
t hat encodes the peptides operatively |inked to appropriate expression
control sequences. Methods of effecting this operative |linking, either
before or after the peptide-encoding DNA nolecule is inserted into the
vector, are well known. Expression control sequences include pronoters,
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 conprising the peptide-encoding DNA nolecule is used to transform an

- . o - o o - Y L,




23 April 2003 The conmpounds of this invention have the ability to bind to
and activate the ¢ Ml receptor, and/or have the ability to stinulate the
production (both in vivo and in vitro) of platelets ("thronbopoietic

activity") and platelet precursors ("negakaryocytopoietic activity"). To
measure the activity {-ies) of these conpounds, one can util #3Apr8k288dar d

assays, such as _those..desgcribed. | 095/ 26746 entitled " QSitio and
Met hods for Sti ﬁﬁf"é’tqcﬂéwfg ‘M}%@ﬁl‘g %’%’\%{” ﬁﬁw&nﬁﬁgg’%‘a ?‘Pﬁs"ﬁ vi vo
assays are furt Bgdh pdeisien.i Perdxiriple, 7, M BGRS ASE Ty ot Vi@l Bioth thiddbettd?afd L i ONs

to be treated by the nethods and conpositions of the present invention are
gener al | y t hose Sifgledgiter ahpstwiationsfop amino; agids geayused hereiny incagh easelthe def i ci ency

or an expected F Gl t efi.ci. .11 the
Pltire (o g. . baserebldss B RER Y QI (Gt B3 Spdihaly e i bing ol S
conditi ons nay welltknewn egiatipnsatheraofl Fhiess smioy aditlempy haveyeither Iper Danent ) of
active Ml ligand in vivo., The geperic.term.for. pl | et deficiency is

t hr ombocyt openi 5% e&ﬁ'&""ﬁ%ﬁc(gxcteﬂtefgﬁgfyh 3’3‘%’: éﬁﬂm@'@h'p ggﬁf &H& thﬁe}”{ﬁ%mﬂ}‘ esent

i nvention are geaapidelaombimbliciofRtetéuchenioniey. However] the L Merbdtl {si cal l'y
treating thronbocytopenia in patients in need thereof. The Wrld alth

O gani zati on ha8resreddonallaf theaming.agidsdn ghe TMP shaig c he pventionglsormrevidasnber  of
circulating pl a?@e%%mei%ﬁxﬂés%ﬁiﬂH%'m&M{én%ﬂtﬁMb%q Eeﬁrﬁgﬁ%ﬂﬂgg&pﬂl (

1981 )). For exanple, an indivi showi ng no signs o yt openi a

(Grade 0) will herpaping sojdsigrerersed. |Fogsxamme thoevesaofd moletwleBaving thel normal
t hr ombocyt openi R [Tl ~a el Igul-ar 15 Y f atel ets
bet ween 79, 000 gerfé‘%‘%%aé}w&l%e?a e}8 b %&%%o%gbnﬁéw@a%hg rﬁ‘ferssehows

bet ween 50, 000 IMP MaletdS wheedin |like 8 femerse AP sthe emino tténtind & yHrg®Rérminad
.characterized by between 25, 0Q0. and 49, 000 pl at el et s/ mi | fe-t.hreatening
or debilitati ngx‘fqr‘i‘?%cﬁt?g&wgﬁgaf'grfvs’mfag?(gﬁ?&ufsztgﬁt 35¢ normally -] epatipmers in
concentrati on offMP sleaha@tdtothe P stetebBomebfond0/ MB. Thr onbocyt openi a

(pl atel et deficienci esg, 1)rr,g}m be present for various reasons, including
chenot her apy and ot h&dditionally, physiplogically\aseaptable ssits of the TMBscage also on t her apy,
surgery, accide Dlc Ridbo ':ﬁﬁfl 6Ll I mﬁﬁ!ﬁ C [ tions.
Exenpl ary speci ?‘lg(?m(fimssgasle’hcomﬁtl otrllés}'Ec gf%ﬁvﬁ% %r%o octya?é(;gll'eorwnaorand may
be treated in alatesrdisgonsecdtiv bl phdrimscdutivallytacceptablec : Sonm spetific prefeeret axamples

i diopathic or imune. thr ocyt openi 1 P). Jncluding.Jdigpathic
t hr onbocyt openi & epﬁ?eﬁtﬁ' 5‘5%?‘9{%3&' @%WﬂﬁO%éﬂFﬁg&rsgﬁﬁFwﬁgm{%d | TP
and HI V-r el at edglybslasejsdaiate. t hr onbocyt openi c 2z 23 April 2003 purpura; -
metastatic tumors which result in thrqonmbocytopenia; system c |upus

eryt hemat osus; inclu i'WWBﬁ&P&F""I‘Hﬁuée%m%r?éﬂ_?ﬂ@%’ébh? gubstitaied dori * s
syndrome; Vit anihy aBoveldederitied TRAFSY ‘Sublplidifvaditd TMBS irlcfide Roletiel Wheldadab ol -
anomal y; Wskott-Aldrich syndrone; chronic liver disease, rryefo ysplastic
syndrone associ #osejofthe fellewing medificatigns heve besamade'snal noct ur nal

henogl obi nuri a; acut C W af ol | ow CrE3 Fab

( Abci xi mab) t her apy; 8%ﬂrg$°%ﬁtgg P m%fé opel?’z‘a‘fagfsn@%&c}'? Hﬁveﬁﬁf'bﬁpﬂlﬁ?ed

al | oi mmune t hr ohpe ayt-peptidyldinkagersoctbasay-Cihenttanasdinkags [FOHWOCIO)NR-]; a

anti phosphol i pi d, ant i bodi es and.t hr 0Si,S: t 9] ne..t hr onbocyt openi a;
drug-i nduced i n%?f@*’?’ﬁ"e s tﬂiﬁ"&g}%ﬂ‘ﬁé? L‘ﬁﬁﬁb&ﬁoﬁ‘%ﬁﬁi%ﬁked

t hr ombocyt oper uNHOOPEH!NinkpdUs &CH L ek oHIARCAhiAPMNage; of Gh alicylafald ytopeni a;
gest ati onal - thrg{rlrkboc topenia; Hughes' syndrone; |Upoid thronbocytopeni a;
acci dental and/ 8fkagg LA QMNE+ where R isdowegalkyllir ol i f er ati ve di sorders;

t hronbocyt openia in | 1 1R | Cle8Sati b b O L€ thronbocyt openi a
purpura, including tﬂ&gnﬁﬁﬁﬁmﬁgﬁg@g%&%ﬁm {oe [ ggu‘f’ﬁ? Bibotic

t hr ombocyt openi NRE(OPR gabpaoal-NRIOO)OR gt aups s wNRS{O),R £006,26 aRRHCPOINHR

aut oi nmune hem)lgytl Cﬁe a, pccg,lbé)r jejunal diverticulum’ perforation; pure
red cell apl asi &°Bu ﬁﬁ:ﬂﬁ@&[ predwereas orjeneralkylawith the provise thatiRiend it sire
rifanpi ci n- assoabitotih Raécidis . LS Qe N T

t hr onbocyt openi a; neony’aat".;%klhﬁ;atlbﬁoi mngkﬁ(ﬁlgﬁgﬁsﬁg%iér ua,; %ggr%alygcr?azl M)

noct ur nal henogBYPHRIMP & bensionycartonylcNHngroyp daving fomristol$ substirasn)s henol yti ¢
urem c syndromes in chil dhood; hematol ogic manifestations related to viral
infection including hepatitis A virus and @W- associ at ed t hrombocyt 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
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.Contenpl ated for use herein are oral solid dosage forns) which are

descri bed generally in Rem ngton's Pharnmaceutical Sciences, 18th Ed. 1990
(.Mack Publishing Co. Easton PA 18042) at Chapter 89, which is herein

i ncorporated by reference. Solid dosage forns include tablets, capsules,
pills, troches or |ozenges, cachets or pellets. A so, |iposodafp@r2003
prot ei noi d encagieuyiding aeledted/ from theHrdup Gonsisting!bftbwet SRyl PoReCilkoxyOfRRRS] t i ons
(as, for exanple, proteinoid mcrospheres reported in U S. Patéent No.
4,925, 673). Li py¥dmemo:adapsul ati on may be used and the |iposones nmay be
derivatized with varg Ymihh ggéq & A
description of possidb‘aﬁg&essgﬁegéﬁgf)%g&g%rm sﬁggg)rﬂ?e t tg?g @l!}t %@e'i%g?ésl ven
by- Marshal | , K. seldoted drom thk growpooonsisting of Kover eltokyar@ -NR*RBahdre R* ambRGire T.

Rhodes Chapter 1 1979. herein incorporated.b ef.erence.. In general, the

fornul ation wi H“Q?PRB‘?‘??a% se[f e<1 tﬁ% ﬁeﬁf u%m’&%"%‘ffrhgﬂf?g%@ﬁtb‘fﬁ ights

whi ch al | ow f or“jpwat &chesmna gauiphating fFomst wre@bbaatbmonMent ) and rel ease of

the biologically act'%ﬁ,ma eria), intgg,,int stine. 30 23 April 2003 Al so

specifically cont enp(k pady, g tigfsof fndiva p agidemanbaatroducedhinte,

conpounds. |f ngeaaaBmblectid B p&m@*g%g il tackiesica! kol 0 that
3 Y Gener al \ gh&é(’%&%?ﬁ({e‘ﬁ%ﬁl

oral delivery is efficacious. ally, the chem cal cation
cont enpl at ed i songpwc derivatizingpgenbthatis capabletof saactingowith selectediside chainparund

m)leculeitseIfEWﬁﬁ j i .1 3 i .inhibition of proteolysis;
and (b) uptake t|n oﬁﬁﬁ%%go%§§l¥g§%&¥gr%m ﬁ)ey'storrach or intestine. Al so
desired is the .incrdasmnyl and améucedetmindlabsidues shayp be tdacted aiith Qudtthicdtbtheacr ease
in circulation tij/e j.n the body. anpl es of ,such noi eties include: .

Pol yet hyl ene. ol BT FNEIES JoerReTanan S en PETIATaR P P s RFpicg
car boxynet hyl  cehelchdrge6f thélpingiaesidues! Ditien ylitable ¢aidehts fdtedvatizing alpHs-aminbdone
and pol yproline (Ahuchowski .and, Davis, Sol ubl e Pol yner-Enryne Adduct s,

Enzynes as Dr ugeontaupgresidues inglederimicopsters suchas mefhyl pigolinimidptscpysidexal New
York, NY, (1 9 hatd? %al3Shlc - (eihitfdb B acidigRchem
4:185-189 (1982%@& hgﬁol ;’/rre(r’rs. t hat coul dtbee'hzgge Yare ?)céﬁl?;t/pl 3-di oxol ane
and pol y-1, 3, 6- methylisoursa; 2,4 pestancdiote; fapd tphsaminascecatalyzell reastiorewitlaglyoxythte at ed

above, are polyethyl AeYo) jh.etie For the oral delivery dosage
forms, it is also po%?@llg gésu'gagjbg modifed by r%“ﬁ%ﬁ?"f‘ﬁé’&e a ﬁeﬁ?{ﬁ%"l}v‘?ﬂg

aci d, such as smdgdnms dinfiz them phenylplyoxal 20ybulanadion))1, EaRlckbahalidneNNG) . as a
carrier to enhancge .abs the t her,apeuti C cor;gounds_of this

rpti.on, of :
i nvention. The E‘F“Wﬁ'aﬁeg‘l’wféfg‘%“% hgs requiies thabthe seaction bepedrmedn as
been denonst r at ;GikalineconBmioRs Becatse lofihe t T thduafidine BlRfi6na ol ogi es.
See US Patent 5,792,451, "Oral drug de??g\y_cebr!?(gg‘rrposi tion angna]- tﬁgds". The
t herapeutic canFeghermene thess reagents @ay seactWith theigreupsiof fysineray welhesithe asginimees i n
the formof gra o%oﬂfllets of particle size about 1 mm The
formul ati on of e material for capsule admi nistration could also be as a
powder, |ightly conpFhesyedifipinodification of gmosybresidindsgies se itk beenisardiedeut i ¢ coul d

be prepared by compression. Color.ants .and flavoring, nts may, all be
included. For eR 1_V§l,s’\"ﬁ%pﬂpﬁqlﬁlﬁw{e&‘"mdvﬂﬁngﬂé%%gé“t?&rﬂﬂ"&?@&s(such
as by |iposone by reaétidh e @sRates dideakimbdonpoandd i tdthmiirdntdahe MegNt ai ned

wi thin an edi ble product, such-as a refrigerated beverage contal ning

col orants and f PRIUBPMh GV -agrehimidizelp and istranifromethangmay herusedste formeOvasétyne  of
the therapeuti cypbsiispaes 08 BlnilfBUESVatl ;J;lg‘fég,, jluents could include

car bohydr at es, gg?osgcfal 'y r_namnrﬁ}taoﬁ‘,i aac?sf act ose,” anhydrous | act ose,

cel l ul ose, sucrose, @astioxyl side gonps @spartyhet ghitemylhmarhbe sadctivélymodified iy sal t s

I b iy . 3 alci Crioh h , .
Tt bonat e and sikactog il GrebalBlek ALY Shi s PAREROS S o Tl Gl -
avai | abl e pli ! ueethyl) earbodnatide-drl l%ﬁ%oﬁl’ﬂ;%nbﬁ@ﬁﬂm@‘é&%&iﬁﬁ&e.a”d
Avicell. Disi ntﬁ rants may be included in the formulation of the

t her apeutic int eEpPre shy A gud glutamyl rosidussimay be convertad tajasparaging andht s

i ncl ude but are s Fa Rt i i he comrerci al di sintegrant
based on starch%n%§gﬁ%§§%@g§§ﬁrﬁﬁgéS@?c éﬁ%@g@g%e, Anberlite, sodium

car boxymet hyl cel | ul ose, ultranyl opectin, segdium alginate, gelatin, orange
peel, acid carboxynethyl cellul ose, natural sponge and bentonite may all be
used. Another formof the disintegrants are the insoluble cationic exchange
resins. Powdered guns nmay be used as disintegrants and as binders and these
can include powdered guns such as agar, Karaya or tragacanth. Alginic acid
and its sodiumsalt are also useful as disintegrants. Binders may be used
to hold the therapeutic agent together to forma hard tablet and include
materials fromnatural products such as acacia, tragacanth, starch and
gelatin. Qhers include nethyl cellulose (MC), ethyl cellulose (EC) and




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

Protei ns", Proceedings of Synposiumon Respiratory Drug Delivery 11,

Keyst one, Col orado, March) 1990 (reconbi nant human growt h ho2#Hp@)200Bebs et

al ., The Journal of Glotaninllogy adphdighdBrsiddétaré frdQRRy deamflafedtotheY and tunor
necrosis factor a) and,_ Pl atz eg ‘e(\I P%’FLYJ”S Pat ent No.

5, 284, 656
(granul ocyte cplcﬁ’_fﬁﬁspg’t“?'ﬁ_‘ﬁlﬁ Ay, : esidye éﬂﬁ’ﬁléﬁ}”ft@q“ tesiduesmayle
practice of thi Jedridfted Lfder ffiRIyhciticC@nbiBbe KiheRorh BPIhER redifiles 315 wih 9ned
far pul nonary delivery of therapeutic products) including but not l'imted
to nebulizers, thassppgofghisénventiom ers, and powder inhalers, all of which are

famliar to those skiy..ed. La t . clfi xanpk s 0 .
comercial ly avail abpgwew &;%ns‘b‘?t'u Ea&%%eﬁt?ﬁse&sﬁ%}’g@ F%’gigﬁqﬂgné‘%pfwg‘%ti on
are the LI (traventheirdimectioaal derivatinesfte atwaterdnsojubldsupporcmatsidior td otber, St .

Louis, Ivfissouri; th orn.ll nebulizer), manufactured b rquest Medi cal
Products, Engl efB§®™ 4GSy ﬁgn‘{?é’ﬂé'dﬁs%dn“ wﬁ%’é‘& a&?ﬁ:“é‘“é"\&gl"&',l 1-

manuf act ured by bis(diazdadenyt)-2-p a6, ghithraldehyde I idroRiRhédhidhide @bteRdfor aNd t he
Spi nhal er powder inhaler, manufactured by Fisons rp., Bedford,

Massachusetts. Axsmpleesteavithtrazidesalicyhieadidhomebifunctions} imidasstesnincluding abl e
for the dispensi céﬁ{imfd? ' [ C Ty i ormul ati on
is specific to Itd ﬁg type g?ﬁéggéwc‘gy g%‘?@%%%%?@#ﬁﬁg?ﬂ%g‘ﬁ’s“gy%’?} an

appropriate propwldimides sugh s bisiN-makeimidietl 8 astant o Defivatieing agenesciucly &y vhethgnd/ or

carriers useful ,in ther e pes i nventive . ound. shqul d nost

advant ageousl y Sﬁ%ﬁgﬁ%ﬂldﬁl}@aﬂ’i’?‘e‘ﬂ?ﬁwﬁg%W‘g'ﬁ“gﬂe mlﬁéétebﬁﬂ el e
-size of |ess thaspablewffdriingérosshils)in theprdserve of BED AtteativelyD reattiVe viddr- MOSt
effective deli verﬁ‘ubo the distal lung. Carriers include carbohydrates such

as trehal ose, 'Glma“i‘i‘/’FF‘l‘ I‘f?cwegﬁk@?midﬁ%‘@&d%h%ﬁmWIthe@ﬁ@P

i ngredi ents for sulisfrateddéseribad iU .S Mat. Wk, 3,969, 2643 @BE@LQ Q@qugﬁpﬁﬁﬁ- DOPC.
Nat ural or synthetic surfactanfs ma\l/) be used. Pol yethyl'ene gl’'y¢ol "may be
used (even apar th22PGA7:iand 4,330,440 mag be employédfgr ploteipimmabilization. anal og) .

Dextrans, such as cy f he . i nd ot her rel ated
enhancers may be usegﬁggﬁsﬁ%%‘%ﬂg%é‘ B‘gse ?ﬁ%ohs@%&glralﬁ @la‘%fisp\l;%lsne ﬁﬁé/i}ﬂge’used.

Ami no aci ds may phespherytitiors of hydascyligroupsrof serpldrithreoriy residhies] oxidation 4f the23 Apri |
2003 Also, the u o{ | i FE)SO”EE%] m qufotfas[@%l es or mcrgospheres, inclusion
conpl exes, or o ajam,in Ly methylption of thealpharanung, gropps of Iysine,argigine.and

sui tabl e for usagishlihéside Eiisl(CreRghtor TR SProfefts: Struckirt hMBletule Ho?eﬁ?é?,'\flal ly
conprise the inyventive conpound dissolved in water at a concentration of
about 0.1 to 25Hvfresmangotegsemlmageisce: pr, d986 £1983), pretylation of the &-termival. The
fornmul ati on may a@kmaOaddNfl n?s{a@i’i fer. i . e, for protein
stabilization and r’eadgf g‘téidg% 0 g%h%h@“&r@é@u%%ﬁ%%é@@ ‘?%r

formul ati on may al soSudidesivatized moietiacpraferablytimproyve oneomanorp ckargqtéristics f ace

i nduced aggregation.of.th r.ot ei n caused. by atoni zation of the solution in
fornming the aer %&%ng%ﬁoﬂﬁpﬁ?l tb%”s‘gY‘g'r s@@tg,h% %bﬁ°'at'%$@ﬁ%ef§lﬂ9£f % apdhthe like
device will genef theliwertritonfpourisf iAlemitivHly, derpAiRAMRA4ties RRLIRIN toRiPohdts

i nventive conpound suspended in a propellant with the aid of a surfactant.
The propel | ant #&f;‘zhﬁ@‘g"r}%ﬂwm‘f‘ﬂﬁé e spafee Fhamactesigtins gndiar properties of theur pose,
such as a chl or @hhyiSin L AOfbe deiVANENO e HoRldel AP SRR Doty Biminare
hydr of | uor ocar bon, or a hydrocarbon, including ttichlor oY Fuoromst hane,

di chl or odi f | uor stenuntersay undesindhle sideceffect! df e apatploamdisiand thedike.

1,1,1,2-tetraf |l uoroe conbi nations. thereof . jtabl e surfactants

i ncl ude sorbitan tri id{]@g eongélglesccgi}eagﬁug@ﬁﬁ f?r&(ﬁg@eﬁxggmmg‘%ﬁwsﬁé“usef ul
as a surfact ant arefspecifidaly coriemppiated aie IR0 i Whick 6%:%&9%0::&1%?} gs gevi ce
will conprise a {ﬁ!!fg‘g&%/?tgl vi ded dry powder containing the inventive conpound
and. may al so in# & cRuesuetEn fhuss X and{er KacXns¥ss 20d X may be attachedse,
mannitol, treha r i i t.5.4:W0i ilJtat i spersal of

t he powder fromltfﬁ‘gcgfeevsit%g@ééggﬂ g@%@%&%@&%&%&%%&&f%ﬁ | ati on.
Nasal delivery of the inventive conpound ig4al so contenpl ated. Nasal
delivery allows the passage of the protein to the blood streamdirectly
after adm nistering the therapeutic product to the nose, wthout the
necessity for deposition of the product in the lung. Fornulations for nasal
delivery include those with dextran or cycl odextran. Delivery via transport
across ot her mucous nenbranes is also contenplated. The dosage regi nen
involved in a nethod for treating the above-described conditions will be
determ ned by the attendi ng physician, considering various factors 35 23
April 20C.; which nodify the action of drugs) e.g. the age, condition, body
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tnvention may al so be enpl oyed, alone or in conbination w th other

cyt oki nes, soluble Ml receptor, hematopoietic factors, interleukins,
grow h factors or antibodies in the treatnent of disease states character
by other synptons as well as platelet deficiencies. It is anticipated that
the inventive conpound will prove useful in treating some fo2dhdpdi2003

t hr onbocyt openi & X3¢ . DIX,-X)pX,; general  stinmulators of hematopoi esi s,
such as IL-3 or éﬁ}célgxp}éxpﬁér nega g{;ﬁyocytic stinulatory factors, i.e.,
meg- CSF, stem c&ﬂsf’&t’l‘ﬂ?‘s‘?‘ﬁﬁo&leﬁ‘keﬁzé inhibitory factor (L)F))

oncostatin M ( » 3O Qich&r x;n;k_ eeulesxWst h nmegakaryocyte stinulating
activity may al 58 e)een’p?(byé-d wt h M) " Pi'g8nd. Additional exenpl ary

cyt oki nes or heXedGPaXi-Ke-Xi-3G120r X - KorXatXilrXe0- admi ni stration include IL-1
al pha, 1L-1 bet = 3 I\-@ ! L-5, 1L-6, IL-11, colony stinulating
factor-1 (CSF- 1%"%&7&@1’5{%&?{7’& % granul ocyte colony stinulating factor
(G CSF), EPO i X eLbermpxedpg-XEMKghgha), consensus interferon, |FNbeta,
| FN-gamma, |L-7_ 1LLr8, _IL-9 I L-é% Iy -32,1L-13) IL-14, |L-15,1L-16,

lL-17, 11,-18, %%Mﬁ?‘eﬁﬂ%’()ﬁi _)'),(lo nygrepoi etins, for exanple Ang-1,
Ang- 2, Ang-4, Amﬁ.xstﬁgﬁ%g%xgm‘gmznkkke pol ypepti de, vascul ar

endot hel i al growth f dct or (x6 F), ‘angi ogeni n, bone notphogenic protein-I,
bone not phogeni &iph.oXeXnXz-XBoma-YoXpitog&m¥uphet ei n- 3, bone norphogenic
protei n-4, bone norphogeni c protein-5, bone norphogenic protein-6, bone
nor phogeni ¢ protein-7, bone norphogenic protein-8) bone norphogenic
protei n-9, bone wherephXgthndugh X; pare asndeiGibed abnyeniBach o6 G™H, endTMPe mag be theone
nor phogeni ¢ protein-1 bone norphogeni,c praotein-13. bone r pho iC
oror e ne1a. bonauHEPrEER & baRa AEgeisnddl Th Sl détemen PooRRER HMRC o ¢ or
. 1A, bone nor phogﬁ@irmngraggméwgecept or I B, brain derived neurotrophic
factor, ciliary neutrophic factaor, cili artx t_r;gutrophi c factor receptor a,
cyt oki ne- i nduced neutrpastiqularly preferred TMP isithefsfawingonpt actic factor 1,
cyt oki ne-i nduced neutrophil, chenotactic fiictor 2 a, cytokinei nduced
neutrophil chenotactic factor 2 Vii) ~i endothelial cell gowh factor,
endot hel i n 1, epled@niy-Ryo-diu-hed-Arg-Gin-TrpdieuttlriAdd-AvgAla(SBEQIBNOOD hi |
attractant, fibroblast gowh factor 4, fibroblast gowh factor 5,
fibroblast gowth factor 6, fibroblast gowth factor 7, fibroblast growh
factor 8, fibrobl ast Agneed kerdimtdoatprifibg" rhéahs, ddibroadih, thstavdompbawd sy iiclude
fibroblast growh factor 9, fibrohlast gromh fiictor, 10, fibroblast gowth
factor acidic) g nogGisie A et o bl ©—pf (7 trminkofithe given geannoe
neut r ophi c. f act Mowe&eERs Ring s d strictiré fich ﬁ?k%]td X{J,@(,Q@D(Q{%ﬁoﬁh%ﬁh@@ﬂﬂbﬁ factor
receptor a 2, gromh related protein, gowh related protein a, gowh
rel ated protei n e¥emplagy/fmctugss i Riesensy he Esmaiging chepmisal srusturss Aelatslydess mal
growt h factor) Sﬂrt?ﬁy jp = SRR ept or,
insulin-like grgﬁllp a'ctbgf&?,g& ?‘r&ﬂ%‘%{?‘lﬁ(é go&ﬁ% ac S%g&e‘%%’%”ﬁ@&'
i nsulin-1ike gran,, stottore, shopldinotsigrificantykdatetferowrith thiombopoietis astiviypofisthet ei n,
keratinocyte growmh factor, |eukema inhibitory fi-~ct.or e ma.,. ...
i bi Loy 11 ctemepi iy ecaribl, B9 dEelyind Mot et uBoned SR ifRe e sy
receptor, neur Otih%ﬂbxﬂ'ﬁhdiﬂ@ﬁﬂﬁtaltﬁmigﬁﬁmﬂyoﬁhaﬁﬁt&ﬁdg dunfi96f thE inveltd@ent a
gowt h factor 2, platelet-derived endothelial cell gowh fiictor , platelet
derived grow h - fasetagdem gimarein dhat ghey possess Gyvo WP mpietesopther comppunds of this| et
derived gowth fij , hyY $Rmd - ol et
derived gowt h fa%fégﬁs%é?t%@k@trﬁlﬁeer?g{m%en v’g\'c,i&’gf %\&ﬁ}rﬁ? 3‘3‘?8@8%{‘% at el et
derived grow h fexemplarystuepresr a, platel et derived growh factor receptor
Vii, pre-B cell gromh stinulating fi3ctor, stemcell factor receptor, TNF,
i ncluding TNFO, TNFI) TNF2, transform ng gowth factor a, transform ng gowh
factor Vii, transfornve,-provea fagior (31, transformng gowth factor -~i
1.2, transform ng gowth Factor’ ~i 2, 'transformi ng gowt h factor (33,
transforming gowth fadyBrL-3MP-L-IMBnL-TMReisf or mi ng gowth factor Q31,

transformng growh fﬁ%obwqqug%mt_ﬂw. transform ng growh

fi~ctor (i binding protefn I1.2transform ig grotth factor ~i binding
protein IIl, tunor necrosis factor receptoristype |, tunor necrosis factor
receptor type II, urokinase-type plasm nogen activator receptor, vascular

endot helial growmh factor) and chineric proteins and biologically or

i mmunol ogi caly active fi-agnments thereof. It may further be useful to

adm nister) either sinultaneously or sequentially, an effective anpbunt of a
sol ubl e mammal i an Mpl receptor, which appears to have an effect of causing
nmegakaryocytes to fragnent into platelets once the negakaryocytes have
reached mature form Thus, 38 23 April 2003 admi nistration of an
inventive conpound (to enhance the nunber. of nature nmegakaryocytes)
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.23 April 2003 All the tandem di meric peptides described in this study that
have |inkers conposed-of natural am no acids can al so be prepared by
reconbi nant DNA technol ogy. pE , lation. A novel, convergent strategy for

t he pegyl ati on of synthetic peptides was devel oped whi ch consi sts of

conbi ning, through form ng a conjugate |inkage in solution, 28A4we00E and a

PEG noi ety, eackyhHaRa TS, IMIETMP,, TMPS ah®THMP, Sirvhave dle saffic B liikdny T €aCt i ve
toward the other. The precursor pe Ptl des can be easily prepared with the

conventional solsiractyiesgad wﬁmegds aaééclsﬂ%@da&w&nwrmwdtwuﬂcyel ow,

t hese pepti des up at a
specific site. %}e pre@ursors are ’pu%??‘ﬁﬁodﬂggéﬂmluﬁ&&iar ac ‘Z"Pléée %I’I or to
reacting with t I‘IEMPEﬁieﬂeu pargiculdriygmeferably®-3, tdnd nrwmrbﬁfabwz, hTHeRfompotindsof

takes place in ous phase can be red by reverse phase
anal yti cal HPLC é‘ 3 ‘e%ngéﬁ't"F'HE’é‘ ‘ﬁ%“‘ggg 3‘5;591@13 by 69y more
preparative HPLGGagbi¢ ka4 Mad ﬁfoh?Wm’ﬂMo%&a& ith E.J;Id anal ysi s
and | aser desorption nass spectronetry. Preyara | on yen 9. Peptide

17b (12 nmg) and MeO- Asaptegd othesemn@ndgo%aeﬁmymbadueermoﬁﬂuﬁmwnpna@ m

e roacti on wadreraty TROCUREE ih i BONEl et o fre kod iy 71 2, Pon

of the reacti ongrdupe The qpnamesit FefPandicties aeesshowo irethe doriygntinneloarientation friofl C.
P~aration of ye P ( G mal de (25 ny)
wer e di ssol ved |ﬁn{ ar%g&“"%s ﬁ"ﬁéggﬁ‘e%ﬁ%o%‘%\‘tf er°°?’§'ﬁ?‘ “Fﬁogsﬁ? t?‘ﬁt?h

|ncu|bat ed at RTuiveﬂm&hﬂmbcﬁ@ﬂs aderall o@ien&ﬂls&ﬂ:atﬂﬂﬂtenﬁﬁ%dmrmmﬁhwgth\éﬁs I
conpl ete as nonijor th analytic HPLC an al.i quot of sanple
to the HPLC col L‘i‘l‘Fﬁ“ n’ﬁ’&%ﬁ‘ ﬁgﬁg %Zr flf]h%d"ﬁﬁ}‘aﬂ?‘eﬁé?f&'f’?‘l/'@
HPLC. Bi oactivi taﬁ tﬁﬁ&abnexmﬁﬂﬁfa th&invértive cbmg%ﬁ:ggﬁﬁay Be %ent a1 S &d 928 2Y

utilizing an |IL-3 dependent clone of nurine 3 have been

transfected wi t tandemadimepy”. Thesegompourtis are referrad tq as @B@fé PYW! gnd-TMEB;

det ai | |n WO 95/ r i nt m ng, 10%
Fetal Clone II- &dﬁ%ﬁdlﬁ‘% %péﬁ gr%ggnn%Wa%?ﬁé%&%e a?de i
prepared by rinsing ﬂ‘ilztﬂmkm”tgi'o@r(whnsmpdonm W&exkltr@r&eht, Basﬁkncﬂﬁwwﬂﬂd
twel ve point TPOs nd urve .i s .prepared, . ril  20G from
3353 1030  pgl mits SO BFYGHF B ncadCreRRPEarl % Jpatss e Jakerahpy b,
portion. cx."" tchGseh e Bt o ﬁt&féﬁbwﬂ@%@ég&?w att},eﬁaﬂeoxaﬁaﬁﬂraﬁa'aﬁs&r

each sanpl e and run intriplicate. A volune of ~cl of each dilution of
sanpl e or st and#Pdhat inmunogenieity of the mee%lswtsm@m@memm dholinkeer

G032, WS, (at ory BORTS ol b ning a0} ke ibdotics B hopbbongl) g i o€ 1O

formazan) is adgeefera @eb@ﬂmwetSJ the lipkcar osmnpsee [Yy, whiexeih ¥lis snitataﬂy pcduldngopt i cal

density is read on a plate reader at m, .A_dose r e TPO
Concent rati o veamig 1 &b ERRt Bt BB 8 pR0SHE o T RRAF2E inkerds
anal ysi s of poi nherefotei madefuplof from Ittbeolai:rﬁmaicldsdhked]iy pehtidd Wonds, avliepdinithe ur ve
is performed. Congentrations of unknown te sampl es are determ ned using

the resul trpy hrifhinpacisare selected frgm ?:3)9?@5 cquging aqunQiadids; iln A mase t or .
~brevi ati ons. & &dboRR{ehO HPNGS20 dnfhd Jye - lalelr

El ectron spray |Htf)%r£at| or? mas‘s?ispec?r onet r%‘%’ﬁu - I\/Bﬁ%ﬁ/hafépf g-ﬁéssfsf“tﬂe’d

| aser desor pt i orSlhdeyszlysi Evemmors mpfembb'oﬂ@ﬂmlyquﬂﬁiéctﬁdfy@ajmy ofamsing| ycol ).

S hote. o tor o thaf SREEACNY B slelol onBh BOCH! Gt el B GR-oly,
Benzyl ; DCC:. Di c[mg);]nexwlmr hngclynmemt@w AlalAlihets. cotherespédiiic bxawipled of NVP:

N- et hyl - 2- pyr di none;
2,2,4,6 7pendan§¥‘kWaﬁehydro benzofuran-5-sul fonyl; Trt: trityl; Dde:

1- (4, 4- di et hyl - 2, 6di oxo- cycl ohexyl i dene)ethyl. B. $~,[~ TMP tandem ~j ner
w ~9]yglyci ne lin_k ers. The desi gn of sequentially linked TWMP di ners was
based on the assunpt_(GlY)sLWiﬁlﬁh (SEQID NOE 6)im of TMP was required for its
effective interactio captor) and that dependi ng on
how t hey were wound p g .@g%@&ﬂ@?ﬁgﬁﬁﬁ ?)Ee receptor context, the two
TWMP nol ecul es could be tethered together in .the C to N-term nus
configuration in a way that would not perturb the global cTineric

conformation. Clearly, the activity of the tandemlinked dinmers may al so
depend on proper selection of the | ength and conposition of the Iinker that

joins the G and -- ternxi rli of the two sequentially aligned TMP
nmononers. Since no structural infor~rxa~.i~. ~rfl ~o' the TMP bound to o- Ml
was available, a series of dinmeric peptides wittx is ~~ ~~~ e F ,v conposed

of 0 to 10 and 14 glycine residues (Table 1) were synthesized. ~ "~
~ r~~: 42 23 Apr|I 2003 was. chosen because of |ts sinplicity and -

r L -, " o o o I T o " o I



A nodul ar, solution based nethod was devised for conveni ent pegyl ation of
synthetic or reconbi nant peptides. The nethod is based on the now wel |l
establ i shed chenpsel ective ligation strategy which utilizes the specific
reacti on between a pair of nutually reactive functionalities. So, for
pegyl at ed peptide 19, the |lysine side chain was preactivat ed23Apdi 2803

brormoacetyl group. t o(tigé steuche®piotided 4 bitd for gERFRTSIL Wheh RAE bloBlcedi th 2
thiol-derivatized PEG TQ do that, an_orthogonal protecting group, Dde, was

enpl oyed for the proiceRnbigagtiyin & mammalian cell system that is cppablerof glygpoylatingysushi de
chain was assenbl ed, gfedje N-term nal am ne was reprotected with t-Boc. Dde

was then renpved to all'ow for the brompacetylation. This strategy gave a
hi gh quality crude p&hnies(@lm. (FEQER NQif)iandpurified using conventi onal

reverse phase HPLC. A gal p&y de with the thiol-nodified PEG
took place in aqueou@yg%ﬁﬁgglyg&ﬁgaﬁﬁgh%‘the reaction conpleted wthin 30
mn. MALDI-MS anal ysis of the purified, pegylated material revealed a
characteristic, bell-shaped spectrumw_th an i nt of 44 Da between the
adj acent peaks. Tﬁ&@'%&eﬁgﬁ‘ﬁ 'g’é""?@at“&" Eﬂfﬁ‘ﬂpﬂ%r}&é’;ﬁé@lﬁ@eﬁlsa@%@lﬁ‘ﬁl)’r he

| inker region angs-GlyGl§iGlR-GhhaCsmbiRatidns 6f GYndAW dfe 385 pfefdreddn at tachment
site for a nmal ei mde-containing PEG Sim|ar conditions were used for the
pegyl ation of this pupA-peptide linkersare alsa agssible: For example @lkyt knkers sushaspHly | at ed
peptides had ev LEHE WwhiflinVd £ 590k b¥d gt Fﬁgﬁrﬁm gir

unpegyl at ed cougtﬂé?'part’s. Plélpti de %&Eg&hﬁi Yl;hg& -am nc??%gls’gfu |?1rIP§r a

pot enti al gl ycosybistituted by puayt ncn-steigallychindesing igeoup sachdsdowert aliyll g ACRE) s ar e
made up of natugal } hg acids i Vi ptid onds, expression of such
a nolecule in a[?we?ﬁg%[g&oﬁ?“e&@ug’r ’td?]g’lggﬁ!pthgvgte shoul d produce a

- gl ycopeptide with thandtherkgeydnan-peptide tiher acligslyctiyidnd lyebl o) 34h as:
carboxyam de of Asn. dycosylation is a commbn post-translational

nodi fication process which can have many positive inpacts on the biol ogical
activity of a given prot eHN-BH,ICIE{(BACHNEH, ) D-efieeHs sol ubility and in
vivo stability. As the assay data show, 1| nCor por htion of this gl ycosyl ati on
notif into the |inker 45 23 April 2003 maintained high bioacrivity. The

synthetic precugfeleindi i g,gi%j ”@iﬁﬂli jfect an activity
conparable to tha?gelg%l%%%ﬁp%% :-&FFng@eégggna otgc:jt;.qk ceegw%eg;%f/olmat ed, this
pepti de i s expeepproximatelyd0t ta HRO0s preferablydkH] tof50@ct i vity as t he pegyl at ed
pepti des, because of;the simlar chenophysi cal. broperties exhihited by a
PEG and a car bohyd_ra]_t"eg_e%%e%?sébfﬁ'é&s%.ﬂ%%ﬁf‘ qrg?aie&gﬁeqf ‘P“tg"(ﬁ%'r. | t
was prepared by usiw (8ig7 bithoReidt) islrefefred foH thé1thr Gitiopdiedld coMpRInAPARMiRY
di sul fide bond befween the two cysteine residues |ocated at the Iinker.
This peptide waS™m et Qfthisnveatdtess t he possibility that TMP was active as
a tetramer. The assa j ' : t ive

Yh adélhﬁ\éﬁ‘i'nafyfbg.talt&%go %Dﬁﬁglra tiVEsn %SF@E | bd

than an average tandemdinmer on an-adjuste asl s, ndi rectly
supports the i ddescribedtaboveforithe TMPsi orm of TMP is i ndeed a di mer) otherw se

dineri zation of at em di ne ul ave a further .inpact gn the .
bi oactivity. The fol I OW Rg° IOX%Js PP %%Hﬂﬂb?g‘ﬁl{?gp’eﬁfﬁa\ct ﬁaéfs%kct he
above- descri bedisanespotincs ldast tive séfardéd, L BSndEdhtipesi8 (pdrfons'df MelthdlecAR9FY/S @S

descri bed above, TABLE | Rel ative pound Poten~r ~so~ TPO4. 0OTMP nononer (SEQ
ID NO 1) 1. oTmPlitked toypach othesschorsample, ths amingppd eacpqxy sermimus pf the@adBif the =

14.03 n = 24. 04 nidlecul & = i q . = 84.510
n=9 -4 011 n=104%%g?ﬂégaﬁeg%3%§gg%é% m?esbé%%}eg %z"%i’g?% 51 4

| EGPTLRQ~LAARA- motgculscmybicorntap twroy-mewiQys reridieSE@., ibthedinkér), whietfeould23 Apri |
2003 151 EGPTLRQgL &A "eeeCe e : 5 NO.

12) 161 EGPTLRQBL, PARA ¢ %Jﬂéﬁ%ég‘(%ééggﬂ%‘mmmm

13) 17aTVP- GGGKGE@dert beptidSHimer CarNimk & 49rfh Ddimied diRlireessH< T Biis  for Sickrhpld MearldelzQ | D
NO. 15) ND18TMP- TMP_( SEQ 1D 16) 4. 019T~i P- GEXK( PEG) GGGG- TMP ( SEQ
I D NO 17)5.020%&5&5@@?%@ ermolggylar disulfide bond with a Cys of

18) S. 021 TMP- CCOYathirsddilimn&t Nlam -%I 1D NO.
20)4.0 ' | MP- GXBC(XXI}TNP“(IQI%TES&’IQ% Tab%’%2 q\eqﬁﬁ%gl s 1 ndi ca@'elvf%%g(lrg\gﬂ mat el y
1 log. of activity, so that the differenceyyn activity between "1" and "4"
is approximately 1000-fold. An increnment of 0.5 is an internediate point,

so that the difference in activity between "1" and "3.5" is approximately
500-fold. "ND' neans not determned. Il. The followi ng sets forth exenplary
met hods for making sonme of the conpounds of the second group disclosed
herein. A Prenaration of an Fc fucinn cnnrmnnnA of that.~ ,p ~t,..~~., .,
~..,.,~e ~ n A DNA sequence coding for the Fc region of human 1gd fused
in-frame to a diner of the TPOnmnetic peptide (SEQ ID NO 34) was pl aced
under control of the |uxPR pronoter in the plasm d expression vector pAM&1

o r 1 o —— r B o o N . ~ANSN 2
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23 April ~~~~cr; 1830-54 GGI GGT GGA GGI GGC GGC GGA GGTI ATT GAG GC~c:: CCA
ACCCTTCGCCAATGGCTTGCAGCACGCGCA(SEQ>DN(~' _s 1830- 55 AAA AAA AGG
ATC CTC GAG ATT ATG CGC GTIG CTG CAA GCC ATT GGC GAA GGG TTG GGC CCT CAA TAC
CTC CGC CEC C (SEQ m N 38~ The 4 oligonucl eotides were annealed to form

t he dupl ex shown bel ow 23 April 2003

ANAGGT GOAGGT GTGGT ATLCAACET CORACTCTACRT CACT CLETACETCHCOTCRT ey

1
~; (1 CCAGGCT GAGAGSZAT i el noledile Alich ds@dinedt polyme(dx. q)dlydfhﬁi:ng g]ElcbngAQ W

L A AR a;1l GGTGGIGCGAGGT GGCGECGGAGGET. GGG?CCAACCCT
+ polylysine, dextran, etc), abranched-gﬁb\am polymer (see, for example, Uj j’ﬁtent

AT A I G el e A A A R0 6949, © © © C
Gl EGPTLRQWLAACGCGCA

GOGCGTAT TAGAGCTSWURA Bt 201983, W0 W@@WMQW@&%& i des
1830-52 and 183 Ny 53 and
1830-55] and SE%’ ?égfh%gelﬂ)gﬁqﬁéﬁ%ﬂ%g 8}0@1 no %ﬁpgg%ﬁg%gg%ﬁﬁgg&dupl ex
was anmplified iOther pédsiblecaaidroinciude o araiifte Erﬁteasxﬂubleﬁﬂyxﬁ& attachniemtssacisas and
antisense prine ion of the erated.in a PCR
reaction vmpt h Rglymﬁ??‘ﬁgf‘ﬁéy‘f e°rpﬂ°f leﬂ‘%@lﬁc"g W EG#“ 9FGT AGG ATC

G_ (SEQ kI ~p ~C4 640,835 4,496.6830-4301]] WE&@@W@@WTW@@%@r
ACAGGGAGAGGCTCTTCTCC (SEQ ~E~ > vl ~ c TS ril 2003 The

ol i gonucl eot i degseﬁéyelmrsawewmm@esglwamoalﬁthemmlwhﬂm cali dedte des,

allowing the t td B élﬁ%-n H,e(};;%l ng frane by
conbining the a ove %%ﬁto roduc ﬁ‘n a t&t J’Btl on ugl t egjoutm de
primers) 1Z16- SﬁOIaﬂHyldr&@ytﬁSmeldw glytol Iho‘ﬁogﬂymerp.r&nﬂmowlmeoﬂddbthﬂengt h
~fusion gene) was_.digested wt ndo baI anHI

and then |igat ea"‘ﬂﬁ?%P?‘P{E'%BB 8 élxbtélpOFY&l_g eﬁe '%61 éaéglbo Vit h
Xbal and Bat HI . v.)eijggﬁ@@mtues&pbrymﬁsforned into conpetent host cells of E.
coli strain 2596 (Gw21, descn' bed bel ow)., C ones were screened for the

ability to produce tﬁé"?%ﬁ%h&%ﬂ’%‘ﬁa?'&?thﬁﬁ}em’c (PEG). {The PEC#= ‘P%b"gene.
fusion having tha@%ﬂ@&ﬁm{‘Hﬁie&ﬂH\g&gﬁ‘iﬁd‘ﬁ: ¢ Be st%%h@ﬂaﬂ\ SPHRkfA&d. Ofhe! €Vel s

wer e det erm ned shaker flask studies cell Tysates were

anal yzed for expvesagsimoleafarmeight afthe REG will preferably range framabout2A@R tgabout The
am no_aci 4 SequEne prle L AG SRRl b kbt IS CIBOHobd 158256 $3RPN N0

nucl eot i de sequence:
TCTAGATTTGT TTTAAEHAA‘RD%AA@WBCBQ&D&ACATATGGACAAAACT CACACATGT C 1

A P e P R oo 1 T

AGATCTA) 4ACAAAATTGAT TAATF P EETHETFARTE
cCP MWTUWWWWWW 61

+ 120
GTGGAACAGGTCGAG@QE‘JTUPMX& gatipytiga RURO8 mmmtl@km\ PEL

LGGPSVFL
mwmmm@%éc&ﬂ%%é&éﬂ’m&ﬁlﬂw or, ydrazino
+ group)-to a reactive group on the target compound (e:g., an aldehydet athBi0, ester,

GGTTCCTGTGGGAGT GGSGACC% ACGCACCACCACCTGCACT K DT L M1 S
RTPEVTCV %"@“ﬂ% Simido ot H5arasinG group)
GCCACGAAGACCCT GAGGT Clrafbbhididte {stigbiecdadéy grbups g ichvitdenitly ¥eTdttached to sites

that are known to be glycosylation sites in proteins. Generally, O-linked

oligosaccharides are attached to serine (Ser) or threonine (Thr) residues vwhile N-linked

oligosaccharides are attached to asparagine (Asn) residues when they arc j5art oi the

sequence Asn-X-Ser/Thr, where X can be any amino acid except proline. X is
preferably one of the 19 naturally occurring amino acids not counting proiine. Ve

structures of N-linked and O-linked oligosaccharides and the sugar residiz: 41 in

18



|81: + + + + + + 290
CGGTGCTTCTGGGACT CCAGT TCAAGT TGACCATGCACCTGCCGCACCTCCACGTATTAC H E D P E V K
EFENWYVDGVEVHNA

CCRAGACAAAGCCGCGGGAGGAGCAGT ACAACACCACGT ACCGT GIGGT CAGCGT CCT CAzg %(]ﬁ . 20.0. .
+ 7i 3

gsyggpgegmmm@gmw&mxgﬁmm%mm% vomlis N7 R EE
CCGTCCTGCACCAGGﬁCmEﬁEﬂiFMmKﬁﬁ&b&ﬂﬁﬁ@ﬁA@A&ﬂﬁGﬁkﬂG@ﬁﬁEGGAAG&&N§t&D&nmnﬂ

. + 360
GGCAGGACGTGGTCCT e R REFFRE ofits negatiyep L

N G K E Y K C KcHarBe, ¥nd§ oﬁnfw ac1d13 Br ftiek o’ ggco%lated compound. §
o CCAA?&E Gxgun ucg ixte(s) may
o+ be mcgrporated in the,Jmker of the campounds of this invention and areqstéferably

T OO b Sl APl el PR S A P A compoutas’ =

AGGTGTACACCCTGC@@@CNmEmmﬁﬁm&ﬁ&ﬂﬁﬂ@&@&ﬂ%lﬂﬂﬁ]ﬂﬂﬁCHHWEK%&EH&&Qkmyﬁmha
_-~_* : . +480

TCCACAT GTGGGACGEEEE I AGEECC : MREACHY TL PP S
RDELTKHQV S Some G‘xemplary peptides of this invention are shown below. Sin: eletter

GCCTGGTCAAAGGCTTCTAT Ggéﬂw GAGCAATGGGECAGC 9

amino acid ab rewaﬂgm are use eris shown separated by gq;@es for

CGGACM@TTCCGA&!EB&WMWW@@UW dndYEGE F Y
PSDI AVEWESNG

CGGAGAPaCAACTACRR&A GCTGGACTCCGACGGCTCCTTCTTCCTCT 541

_ -- + + + + 60d
GCCTCTTGTTGATGTTCTGGTGCGGAGGGCACGACCTGAGGCTGCCGAGGAAGAAGGAGA ENNYKTT
PPVI. DS D GEEPFLRQWDAARA-GPNG-IEGPTLRQWLAARA (SEQ ID NO: 10)

~ AC7UGCAAGCTCACCGT GGACFJ 4 GAGCAGGT GGCAGCAGGGGAACGTCTTCTCATGCTCCG 601

, +__- _ IEGPTERQCLAARA-6GGGGGGG-FEGPTLRQCLAARA (cycilmg) + 660
TGTCGTTCGAGTGGCACCTGTTCTCGTCCACCGTCGTCCCCTTGCA~AGAGTACGA~ SﬁQﬁD%K}i%)D K
SRWQQGNVFSCSYV i '

TGATGCATCAGCCTCTEGAELRQERE MO GTESE A GO ITIRECLA KRR G 651
ACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGECCCAfséﬁ&P@K&H?)M H

A aGTCanceToaT BT A AR A RO R RAE AR R AL AR foaT B NO: 19
TTCCACCTCCACCA@%&WW SES

.
n:. :._":

ed 'u \*uyv

E
GPTLRQWL
GTGGT GC-AGGT e OWEAARA
+ + - £SEQdD NO: 15)
(YKIFKIﬂTIyKIII§§§%¥£§ﬁTAACTCCCGGG|TGEE%AECGGlTACCGAACGTCGTG GGGGGGG
| EGPTLRQ QWL GGGECOET RO TIRAWEAARE B91 (SEQ ID NO: 16)
+ 861 CCCGTATTAGAGCTCCTRGEC A SEQ fD NO 44 [single
strand readW@W@W)%@&Gﬁ&RMeadl ng 3' ~S

above] and SEQ ID NO 46 [the encoded am no acid sequence] psRIH Ntha7
expression plasm d pAM21 is available fromthe ATCC under accessi on nunber
98113, whi ch waJEGPPIRQWIAARA-BGECAEG)ERG-IEGPTOROWIHOGkA St r ai n #2596)
The Amgen host strain #2596 is an E. CO|I K-12 strain that hg?%§$6$dniq fied
to contain both the tenperature sensitive |anbda repressor

it eg) . The S0 o B R N E SR G I W TR o Sud I R0

allows the use of this host with a variety of expression systens, however
both of these repressors are irrelevant to the expression fromluxPR The
untransformed host has no antibiotic resistances. The ribosone binding site
of the cl857s7 gene has been nodified to include an enhanced RBS. It has
been inserted into the ebg operon betmeenhggcleotide position 1170 and 1411
as nunbered in Genbank accession. nunber 441G Ba wth deletion of the

i nterveni ng ebg sequence. The construct was delivered to the chronosone
usi ng a reconbi nant phage call ed Mvebg-cl 857s7 enhanced RBS #4 into
F'tet/393. After reconbination and resolution only the chronmosonal insert
descri bed above remains in the cell. It was renaned F' tet/GVLO1.
F'tet/GVLO1 was then nodified by the delivery of a laclQ construct into the
ebg operon between nucl eotide position 2493 and 2937 as nunbered in the
GEnbank acce55|on nunber NB4441 Gb Ba with the deletlon of the |nterven|ng

I o o —— T B o I I I T I o



~~t'ession. Cultures of pAMx1-Fo-TMP-TMP in E. coli GW21 in Luria Broth
medi um cont ai ning 50 ~g/ M kananycin were incubated at 3 7 Coprior to
i.nduction. Induction of Fc-TMP-TMP gene product expression fromthe | uxPR
pronoter was achieved follow ng the addition of the synthetic autoi nducer
N- ( 3oxohexanoyl ) - Dl rhonpserine | actone to the culture nedi a 2DARI 0%
concentration OfEGPTIRQOWLAARAGGGCCEGEEEGPTIRGMAIRAL 37C for a further

3 hours. After 3 hours, the bacteriial cultures were exam ned by m croscopy
for the presencerGhTLROWIAARARSGEEEGUELINEPELR ecte -
centrifugation. Ref ralg?i l e inclusion 51 23 Apdrjlwii% bod?ggémngrlgo' 20)
observed in induced cultures indicating that the FaTMP-TMP was nost |ikely

o ) A Ao A AR RS

(3mer capt oet hanol and. were anal yzed by SDS- PAGE. An intense Coonmassie

st ai ned band of appr oxi tgl yégo kDa was observed on an SDS-PAGE gel. The

expected gene product® RELP the %§°%Pms’d€iw4‘aﬁbéﬁ‘dfh%d%%m&ﬂ‘e _

expect ed nol ecubad-leerl Wdk) RicoMBRpihted s 5'&5'3@{1185%?%. ,rddeR aﬁ?ﬁo@taﬁﬁeﬁar ried
scadl e,

out under standard batch conditions at the 1 resultrng 1nsimlar
expr essi on | everavalgntly hended andrrpreavalentliblzaaded)of theablove: compouids sipdls
Purification of EasINBJMP. Cells were broken in water (1/10) by high
pressure honogeni zation (Z passes at |4,000 PSI) and inclusion bodies were
harvested by centri f Inpasecomi énfiodindRPdf this invefitiorl the compoundy describddubbesmbpdi es

were solubilized j.n ani di ne mM Tri.s, DTT, .8.7 for 1_hour
at a 1/10 rati o.?"'{f‘ﬁre@es%ﬂf | |“|“'z‘88“‘ﬁ{%3i0%ﬁ‘8“%§a'ai ‘?‘{ﬁg&mz'gmt“ of gfoyPs 1
urea, 50 MM Tri genetdhGhetdrmnRiof tHiesecend grb@py ot RimipBundstd: 8- 5. The mi xture was

. stirred overnight in the cold. At this point in the procedure the FoTMP- TWMP
nmononmer subunits dinmerize to formthe disulfide-Ilinked conpound having the

structure shown in F G PNip NP, A/t ed about 10 fold by
ultafiltration. It \Ag%)‘t'ﬁé’)r? dilﬁ{ﬂéﬁ 3 f=oﬁi§’f$§‘?m 10 MM Tris, | .5 Murea, pH
9. The pH of this m xture was then adjusted to pH 5 with acetic acid. The

preci pitate was b ntrifugation,an super nat.ant | oaded
onto a SP- Sepha?%lggﬁﬁg?"magéf‘frg“gdﬁﬁqﬁs%?q’ﬁéglgovf’#ﬂ2 WWEO mvi
NaCl, pH 5(10 ngtoups which erereakivindependmnty betespe fdnithe linkef Broupk AéRiibedidsve! Ut ed
off using a 20 ¢olu vol.ume, gr.adi ent in the sa buffer, ranging from 100
m NaCl to 500 ﬁMsrﬁé’n%F.’eﬁ‘%%‘g'd{“"\“P‘&’rﬂ%’ B G 856 oot indepandnicieciadl
| oaded onto a SRoRARYH0AH LokdRAOLEEN 1) whereiMt MafiCone bPA i Ghg Alther (10
mg/m protein |oad, roomtenperature). The protein was el ted o using a
20 col umm vol uni¥hggeindf @yis 0 thenqrie0,padif mis Of ten ¢ is Ayandphisialogicaly andeptablel t o
400 mM NadCl . Thgal{g?@f s pooled and filtered. Il1l. The following is a

ata

sumary of in vivo "in mce with various conpounds of this invention.
52 23 April 2003 MAcenrdihglythe cdmpominds cfithit secppd geouprhdveIsprudtufes ddeaek s of

age. Bleed schedule..Ten nmc er oup treated op day 0, two groups
started 4 days g"ﬂé&"‘t first group ?@‘("5?”8’? 2’68%"{3&%?"%&&}&“ eppRoyndy are farther o
each time point fused frat\eaktcone R GréuptithérBiretBf orithrogh Mem?%nﬁi% m;ég:!ggrohﬁ.i ce

were anesthetized with isoflurane and a total vol une of of bl ood
was obtai ned by puncthfEe ssauense ofthp pbaye cempennds may beiselasted donmthe fuman a

Techni con H1E bhﬂﬁﬁ’no%flﬁ A : ri hlood.., Paraneters
nmeasured were white og%tz%g-? ,s{%?ggm%ﬁg%%ﬁ%& fgj eﬂ%’ﬁaﬂag%‘r%i"tcf sﬁgﬁ“ogl obi n,
pl atel ets, neut 184071-4079(1982)] aranyvother E¢ seiquence kiovat in theuiielgt stheigs Yy for a

del i very. - subcufanebiRufR B it i bt FeGaa e 4 Gaiore. of o oml
Gsnoti c punps Witiudoglbukm)l | nto a subcut aneous incision made in the skin

bet ween the scapul ae_of anesthetized m ce. Compounds were diluted in PBS
with 0.1% BSA. All eXpEye thet Fegerionsf antihodies are mpde up of matnmiesig

he tost art ol EoVTopof SeRinibiiel e be ikl nd e mRieBERTERbY il ot o

fromthe punps gave the treatnent |evels indicated in the graphs.

Conyounds. A dose titration of the conpoung,was delivered to mice in 7 day
m cro-osnotic punps. Ivfice were treated mn?h vari ous conpounds at a single
dose of 100 ug/kg in 7 day osnotic punps. Sonme of the sane conpounds were
then given to mce as a single bolus injection. Activi r test results. The
results of the activity experinents are shown in FIGS. 4 and 5. In dose
response assays using 7-day m cro-osnotic punps (data not shown) the
maxi nrum ef f ect was seen with the conpound of SEQ 1D NGO 18 was at 100

pg/ kg/ day; the 10 ug/ kg/day dose was about 50% maximally active and 1

~. 9/ kg/day was the | owest dose at which activity could be seen in this

o e N o o, A~ o .= o o




54 .23 April 2003 indicated below, and Group 5 received 100 |tg/kg _
PEG r HUMGDF at intervals indicated below. The day on which the first single
dose was adm ni stered was designated as Day 0 of Cycle 1. In Cycle 2, doses
were adm ni stered on Days 21) 23, 25, 28, 30 and 32. During cle 3, a
singl e dose was adnministered on Day 84, and in Cycle 4, a si#gyferld883 was
adm ni strat | on Qand¥er thn HOAIGR ORI, TGS of B rﬁ.hreernsai.s BIR( o
daily during the acclimtion peri.od) three {1 mes dall rior

i medi ately to detvweenmasomend subwiitsepf dwerfg mcxbmdleﬂrahgesa“rdlmmltcm ﬂe;bdndhgpg

consumpt 1 on was Heq8 ERLTq 10K BTG EBU GE. ledH, B0% FeGL Qe BT B e
and t he nunber Iaeﬁhodg\mrol\fedr Thatd'mam mluséormmnms@mcwtmrm&@n{eh@ dimeric,
initiation of the d gerroi{ of the recovery perrod Body

wei ght for each aﬁ% orms AL B Shiouls bemgted that Fg maggmegsgriften and

twice during thepmmengslaaﬂ\enzmuarme wmﬁe cﬁlramﬁeﬁmlr&énthﬂresm%%ogy
wer e prepared once prl or to the initiation of dosing and once on Days 3,

5, 7, 9, 11, 13 conditionsgre prosenpthat prevenbdjmenzationthrouph dlsslﬁde bond fptmatit®, 45

47, 49 55, 62, R ifthe C 101, 103, 105,
111, 122, 124, 126, 128, %6&%5@""1’@’?"5'%&%@%‘?&‘?éﬁ“jﬂg?ﬂkg%d';['}fﬂhf%o For
phar macoki net i c rmeﬂarseplaedibmthmnduwathqninemmwicehﬁmd \krﬂ(gbﬁﬁhllyr‘dimemel or to
dosi ng and once  at 4 and, 24 _hour s ter anpl.es were callected
on Days 0) 21, 37 é}lm"'ﬁod' a’f%"tﬁﬁﬁhwgf@&eﬂi B%S‘?r 1545ed 1q meancany. of Hiesq

anal ysi s. For arforamtsheaatVefioromes thélnaile dichef & b¥RI Iked maiGed s Week
prior to the si r@gﬁﬁgose and once on_Days O (prior to dosi'’hg), 6, 13, 20,

27, 34, 41, 48, dfg norrggvatently ligked); and med!ﬁedlrmqnonme(l e1ge1vamm) 143
and 150. Sanpl es Wer &/afiafls,aealdhs Zr@&dﬁ%gdfu?ml m&& g agpd that
pl atel et values increased in afll rtreate roup helqog%dg{sétq &hc?eases
seen in the PEGGFWI@F&WHPWUMO egdmpssequ«mcéiycl e 1, peak

pl at el et val ues incr E nd 3.1-fold.in the

PEG- r HUMGDF gr oup (DaQ/?ﬁ (an’g‘r"@g%%’% ﬁ"g ’"ikiﬁg %‘b""("(’r‘_‘ﬁ ein one or
respectively, cmaamdnotaoldtrbmdueempphhmhtein%aﬂdmm::dlsaqdehee Clﬂib'i-tidﬂs ?],%p The
| ow dose AMP2 pI al u cre L oxi mat el 5-fol d higher than
control on the &% g’dgpg%'f e%’dé? ?ifeafs% '%%‘Wfﬁ‘r‘y?%é‘ﬁm%m@ #fBtled in
al | other cycl esegiéis of tis¥FcNaiind ae?maudﬂwemmodanvmh With addifiénal Fesial S DR
group did not derzﬁ)qur;sti Ee as Iarge of an increased platelet count as In the

previ ous cycl es tERTRESRN PFludefoR amples fesionarotsing ard rsptemsumllslmg‘

appr oxi mat el y 2-afilothotd'ag maﬂeﬂeF&% b .ﬁ’fﬁé t3Geaflos:

this cycle. For corrparr sosn t he nean pﬁattg‘fg(ilm?:lg% ?yn&{t{?gaq{ﬁ Qﬁt

AVP2 group in CyeminaiMessspeclly when the glokscule fsenpressed roombinintly IixDanactenal
Additionally, P . imals has a nean pl atelet count 53% | ower than
the control group nean platélet count at the start of Cycle 4 (per dose)
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ﬁ??@ﬁﬁ)@txt{x& ants oné ?F 1%916; (ﬂ%rg)ra&f ¢ dl.tC& H{y@%

counts began returning to nornal Tevéels as early

as Day 47. The phlypeptide atectemevdd api\Bfplackdwith sltethativd@siyds! &% ore @p&t,?thgver e
dramatical ly mcm&lﬁ [‘%2 6- foId as conpared to co~rol on Day

slight increase 8 ?fef’?f‘sf'?f% S OB BALSH weAwegws@rpn@mbmyss@stmm:ues
headed toward netiatBte disoitint@hdervafive! S beginning on Day 3 7. A simlar
response was seen in_Cycle 3 with no apparent change in WBC in Cycle 4 in
any of the treated gFetUg@mplyeysteipecgsidues ean RB@etcd)umplaMr\utlsdthqhﬁﬂmb
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normal |evels (as conpared to . control) bg Day 17. In Cycle 4, RBC counts
decreased in all treated groups as conpared to control except in t he 500
~tg/ kg AMP2 group. Unli ke fhe other cycles, there was nore than one nadir
present in this cycle. These decreases appeared fromDay 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 followi ng dosing in all treated aninmals 56 23 April 2003 in al
cycles tested. It appeared that the repeated dose phase caused a higher
response |n pIateIet productron as conpared to t he srngle dose phases By
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.The enbodi nents of the invention in which an exclusive property or

privilege is clainmed are defined as follows: ~j A conmpound that binds to an
npl receptor conprising the structure ~1'~l ~a ~2 wherein TMP, and TMPs are
each independently selected fromthe group of core conpounds conprising the
structure: Xz- X3-~-Xs Xs- Xrxr~-Xi o~ wherein, XZ is sel ected 434l 20@3 gr oup

consi sting of Val . i f

consi sting of y an ‘A\"E&ﬁ*&%@ga&f‘%‘?"";‘gi‘g‘dzgkggﬁgganEQQ“%gésg%“gup

consi st ng of Tresidaesl Girrmay)Xémoee each of these dysuam tdsitlugs orgubstivieeioht onghopf Leu,
Ile, Vai, and Phe; X., IS cted fro u onsgi sting of Arg
and Lys; X~ |s Syaieipe residnes Qjﬁ FIPRBHHE ssf‘i ﬁﬂgéf %I§F Z@ tgﬁ’?’d d u;

is selected frogdnife, %&MQ%?HSGBeﬁGde&}ﬁercgaﬁﬁ%ﬁhf-’sub éﬂhérﬁt&ﬁl')e_c" ed

fromthe group consisting of Leu is a

Il

li nker; and n i sblgedhe @reeawtprlbwgls@mg?behhtytm@eewleawta(c‘sla) bnsdmmuc;of 2.
Th d

[ ngeggrrlrggﬁ'?l yage ecttggg‘)]z%}ar%t e gr%géﬁﬁﬁgﬁwga{g?dgg‘qto%g@ﬁq%ﬁS

X2- X3- ~- ~- ~- X7- Sueh s\ttﬂarXIkhowan W2he@t, éad Xpy ksow-sulGtitutiofis aredvithinthe-scope of Fc
Xz- X3- Xe- Xs- Xs_X=~

X5 X X oS used hereiy %”%‘W&%“‘S{?’ Lgmupalogy. Vel 28, No. 5,633:63% -

Xl - Xx- X3- X~- Xs' mgmmg&damwmt&emxgem X3-~- X7-Xi - ~-X10-XI 1-Xl 2a
XI - X2- X3- X4- X5~ Xs5- Xy= Xs- ~- X| 0- Xu- XI Z- X13: ~d X X2 X3 X4
Xs_~ ~XI _~-X10 X | x&é‘e‘xlfs ORg or fAEe yrosing sesidups ¢an e Teplaced by phenylalagine; <

sel ected from t RQidaELMRvelO IS hadit om‘&rurﬁmﬁhﬁoaemmh% d§&§onﬁ g fbg X11

is selected fromthe g rou‘g consi s of Ala, Ile, Val, Ser, Thr,
Lys, ITIS, and &2%aminoad )@@V@@u@@uﬂmmr@hbogpmppbmdsnémngtmmmw l e,

. Val, Leu, Phe, ﬁ'%e pﬁ?ént uﬁ@ﬁhoﬁ. 'Eonservative amino acid substitutions will generally be
preferred. Furthermore, alterations may be in the form of altered amino acids, such as
peptidomimetics or D-amino acids. |

Fc sequences of the TMP compound may also be derivatized, i.e., bearing
modifications other than insertion, deletion, or substitution of amino acid residues.
Preferably, the modifications are covalent in nature, and include for example, chemical
bonding with polymers, lipids, other organic, and inorganic moieties. Derivatives of
the invention may be prepared to increase circulating half-life, or may be designed to
improve targeting capacity for the polypeptide to desired cells, tissues, or organs.

It is also possible to use the salvage receptor binding domain éf the intact Fc
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 paragraph are hereby incorporated
by reference.

The Fc 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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X13 is selected fromthe group consisting of Arg, Lys, Thr, Val, Asn, dn,
and Gy; and XI4 is selected fromthe group consisting of Ala, Ile, Val,
Leu, Phe, Thr, Arg, Qu, and Ay. 3. The conpound according to Claim1l
wherein said TMPI and/or TMP2 are derivatized as set forth in one or nore
of the following: one or nore of the peptidyl [-C(ONR-] |inkafed 2083nds)
have been repl aqMP, lgye.ar andp-apeldth Ohd i andapee bothll if gereral Enituba) ispaerfedked.

i nk - CH2- O hosph i nk -CH2-sul f d
LGRS0 2NR. | IReRIBERS chaindy BRSNS o e T3 OB InkGHodubEoRH ani ne
l'inkage; or an @L&y&u?toeelurae%'cd&hnmhmﬁam cﬁ@hwcew&re R6 is |over

al kyl]; 59 ~'c?~:i."; the NNtermnus is a -NRRt group; to a
-NRC(O R gr oup t o aAlsbRcfesrdd(are-compovngs tha@radmﬂFﬂ(:@Imghmmnd nomtaadem)

-NHC( O) NHR gr o ere aIk th the
o o el B Be e ablodh e Rorulth Sre HREROR ARG S U pb BV In i s
benzyl oxycar bonyghchi¥d-chiiBal beinkkpd gy Dtapdend diniep oﬁTmWﬁmyMcbaﬁmbek&hplgr oup

haV|ngfrom1t03 ubstitu on .t heny el ec edfromthe group
consi sting of | ShsHe éICRS}’P“'ﬁdﬁ\é\O‘"&I“kE‘QV‘% Q:ﬁi &Rfepg'ﬁgm

termnus is -C(@) d’i(ﬁ%lﬁs&“odl‘q‘ h@wﬁréﬂmhmn&r&u&&mhﬁéém

| oner al koxy and R R4 wher e are i ndependentl selected fromthe

%r guPn (lzo\rll\zleftel 2@‘%1‘5 %ﬁo@féﬁlﬁﬁmmwwﬂa& ﬂ'ﬂ?eméemﬁﬁfrﬁlﬁ%m_l:_ﬂgdil,ng to
i i i
A bac m‘tfs rﬁ I mer ern at %%ﬁe&%k&wgﬁa%c.ﬁm

conpound according to ] e am no aci ds has a
D confi gur ati onTM®,”.This abommme&mdlmenghlwgﬂlammpmm@ oﬁSEQ ID)NO i34, 7.

Do LGy Pr o TR SpRteoh sorbibR hligRRb Po i i eni TroBlEs iR mec 1)
- The conpound acwmﬂuugfﬂaemlgmubsmﬁgeﬁmmsmﬁmmpma &dﬁeﬁdﬂ&m Rereinhe
conpound accordin 0 im8 wherein L, conprises Y~, ~'ar.r~inis a
naturally occurlafﬁﬁfpaﬂf%nk?d or a stereoisoner thereof and nis 1 tlu~~
<.~_', ~ _.'.a 10. Theme sy ﬁax.gﬁ&%ébmﬁminas frbm! the &csmﬁérsh;ﬂmle rdviiER 'l S€S

(C|I~yy, whereln nis 1 throug and when n is greatef than 1 up to
hal f of the ~~i followsr esij dues may be substituted by another am no acid
selected fromthe rematrp.. natural am no acids or a stereoisomnmer
thereof. 60 23 April 2003 11. The conpound according to Caim8 wherein
L, is selected FedBGPTERQWLLAARAGHNGIBGPTLRQWIYAARNS( G y) 4 (SBEMMNNNQ2) 6) ;
(Ay)3Asn@ySer(Ay~ (SEQDJ NO 7); (Ay)3Cys(dy), (SEQ mNO 8); and

G yProA snGy ($c@EGPTNRQWAAAHAR-GPNG-IEGRTDROWIASRAGING t 0 (SEQIDNDW3B! €i n
L, conprises a Cys residue. 13. A diner of the conpound according to aim

12. 14. The di "EEGRTCROWINALA- CtEGEGEG WGP ROWLAARA Fe (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)
l | (SEQ ID NO:27)

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

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

Fc-IEGPTLRQWLAARA-GGGCGGGG-IEGPTLRQWLAARA  (SEQ ID NO: 31)
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TMPI - d y3- Cys-A3 y4- TNIPZ TMy- d Y3- ~s-~Y~-TMP2. 15. The conpound accordi ng
to daim1l wherein L, -conprises (CH-n, wherein nis 1 through 20. 16. The
conmpound according to Caim1l, which is selected fromthe group consisting
of | EGPTLRQALAARA- GPNG- | EGPTLROQALAARA (SEQ D7 NO 9)

| EGPTLRQCLAARA- GGGGGGGEG | EGPTLRQCLAAI ~A (cyclic) | "I (SEQ 3372pR30020)

| EGPTLROALARA. B¢ GEECPTINQNEARRAL ) (SEQIDNO; 12005
| EGPTLRON AARA. RuRCP SRR 1)
: Egtﬁﬁ@ ?E\Gk’gkgg“p% 1d§EQ ID NO: 33)

| EGPTLRQALAARA- PEG GGGGI EGPT RA(SEQ mNO. 17

| EGPTLRQW.AARA- %&é@%)- m F@é‘@‘gﬁﬁg WL\ARA

| EGPTLRQALAARA- GGCCGGGG | EGPTLRQ/\LAARA (SEQ ID NO: 34)
| EGPTLRQALA. ARA- GGGOGGGG | EGPTLRQALAARA (SEQ m NO. 19)

| EGPTLRQALAARA- GOl ( ~biadisof M\RMAMS( @B@dmnnm-temal Met. (oﬂ‘lvﬁaremdm:)ound
di to d ~| )~ ~2~
& o wher g n LT, Opidl the g foket Gode) b Bretmbfacd s eh O TREMB et oy b e v,

sel ected fromt tlmN-itemﬂms@ﬁﬂﬁchmtp mthd%gc&'és whereii/ftRf<is @n ¥c | gﬁ)ua attached to
natural | y-occurr,i r}g am, no ?%d%% t er eoi m\rsrer thereof and nis 1 through
20; (Ay)~, whethshteminusp him§osegases prhersin the Ec gw@aewtaehﬁdmt the Gip t o

hal f of the GYtétﬁﬁiuGBﬁﬁlem Rife BiePfkidhes BaIdBY 2ARALDE] the N- { gFefié! ected
fromthe remaining 19 natural am no acids or a stereol soner thereokF 62 23
April z003 (Gl Y)~ (SEQ- mNO 6)~ (Ay)3AsndySer(Ay)= (SEQ )D

NG 7); {GY) sCYs(~Vigestbfndadive cldes Fe is preferably the Fc region of the human
immunoglobulin IgG1 heavy chain or a biologically active fragment, derivative, o1
dimer thereof, see Ellison, .W. et al., Nucleic Acids Res. 10:4071-4079 (1982). The
Fc sequence shown in SEQ ID NO: 5 is the mo.st 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 include one or more tandem dimers in that they possess two linked TMP
moieties, other compounds of this invention include tandem muitimers 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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G yProAsndy (SEQ 1D NO 9); a Cys residue; and (CH-n) wherein n is 1
through 20 Fc is an Fc region of an imunoglobulin; m p, g and r are each
i.ndependent|ly selected fromthe group consisting of 0 and 1, wherein at

| east one of mor pis 1, and further wherein if mis O then g-is-0, .and if
pis 0, thenr is 0; and physiologically acceptable salts th&3épfil2008. The
conpound accor divhgeih TMP,ATMPL, 7TMRE TRIF), dnld TNEP, &nﬂakﬁhﬂﬁeﬁﬁm&&@epe”de”“y

sel ected fromthe group ‘consi st ng of Yn, wher ei n I's selected a
nat ur al | y- occur fuagresntndowberein Fe andeash TMPoand dnis deﬁmé apsst quﬂnhbnve, snd thehr ough

20. 19. The co {9y)p,
wherein n is 1%?%38?1&%85 dr@v&ag%hﬁéaggsébgyy\@l% #?‘u‘%f aﬁ% ?‘g‘“ﬂa " of the
Ay residues magcm sod it dasestvdire e Emmtdhmencamerm naté d’NH’e:hﬁlﬁhxedcai:rb@m t he
remai ning 19 nat aci ds t er.eoi r thereof. 20. The
conpound accordﬁtﬁﬁﬁ"fi& qiﬂfﬁ‘% g’%f’?f‘%‘?‘,’l‘,‘t 2"’ E’?"!ﬂ?"'éwhf‘?ﬁé'b@ﬁa‘éﬂfly
sal ected ];34 rom t dimesd o tultifgrs ardlattichedfo Kdth ﬁ%N—aMSé-QrHﬂtﬁ’roﬁo?EQrPZmNQqhﬁhs g

(23 Xi)?ffnzo%ieélé’%@»%z gﬂ-i? %&@Mdlmgfogi‘rﬁmglﬁwe%ﬁ aaé@mtmmg)’ oo o
Cl ai m 18 wher ei gyolEc.chhifis,. OFf L3 conprises a Cys residue. 22. A dinmer of the

-conmpound according to Claim21. 23. The conpound according to Caim 17
wherein L,, Li or L3referably, thesomppunds ofthis geqend einbodimerit obthglinveftionwill The

conmpound acco d fromdt.he grou nsi sting
of Fc- | EGPTL R&k&%ﬁﬁﬁ&@@&?‘%@%ﬁdﬁ@% 'n{hﬂd"‘l@’f)mg’é’?ﬁ’@eéﬂ RONAARA
GPNG | EGPTLRQALAARA Fc (SEQ [|.D NO 22)

| EGPTLRQALAARA- GBEOBGOG, | EGPTLRQWLAARA Fc (SEQ 1D NO. 23) Fo- GG

| EGPTLROALAARA Mpiteds ot MakiBgn v AARA (SEQ 1D NO 24) Fo- | EGPTLROALAARA
- CGEGEEGEEG | EGPTL ROAL AeRompbiiads BF i inveation may be mademavane of ways. Since
Fc- | EGPTLRQCL AARA- GGGGGEGG | EGDTLRQCLAARA ( wﬁl LTSS TN %)

Fo- | EGPTLRQCLAARaW @Sthesampopndsywill he pephidesnof a(psg:dye mmhnn;fom)
Fo- | EGPTLROALAAB i g Fdptad R dt BeuaARidadcehite. | Fof el}gxplg,%zﬂid 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 5o, 2 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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Fo- | EGPTLRQALAARA- GGGKGCGG | EGPTLRQALAARA (SEQ ID NO 29) 64 23 April

2003 Fc- | EGPTLRQALAARA- GGGCCCr GG | EGPTLRQALAARA, (SEQ |1~ NG_ 30)

Fc- | EGPTLRQAL. AARA- GGGL~I GSGG- | EGPTLRQALAA. RA (SEQ 1D NO 31) Fc-I| EGPTLRQ

WLAATZA- GGCCGEGEG | EGPT' L1~QVVLAARA

F~~EGPTLRQALAARA- GGGCGGEGG | EGPTLRQALAAR-A . (SEQ_ i D N4: 32) 23 April 2003

Fc- CuGGGG | EGPTLROAARRAventi bl ARG of SRQding i pep@dds in 2B applbridise of a

phar maceuti cal conposition conprising an effective anount of a conpound

accordi ng to O hastn The vectod comprisesthe/DNA moldeulerthas eneddes theypeptides pperstively

carrier thereof.in.the production.of i t | e akaryocyte

or platelet pro %%W&%apeﬁ%‘g%ﬁss'%n ?@ﬁ%ﬁ%@% hé%t;{?%q@{ﬁ%?@?n sai d

amount i s from gdpergiivedinking, RfRertaforgior aliér thé pepeidersnceding DAA molepuls istihserted

conprising a conpound~accorr|i r]ﬁ% to Claim1l in adm xture wifh a

phar maceut i cal | iite:the ¥gstat pre wellknown. Expression controlcsequenpes |REOTPIEES: t hat

encodes a conp Ohkgi@at%ﬁ‘} ¢S, Bﬁer&bé' Hb&omglgoimﬁh%miey,% ﬁ%{alsgﬁob b%hals,%ﬁﬁ odes
r 3. 30 t 0

a conpound according to claimil: _ A pol ynucl eot'i de_ that encodes. a
conmpound accor dbigapls, polyadgnylation signals, and ethey sigdlsiovolved with thesartselef a
conpound aceordi Nebediti | ai .+.32. A veckor that conprises a

pol ynucl eotide.accor@foﬁﬁ?#@‘%%ynbf clains 28 33_ A host cell that conprises
a vector accordi ng t Theesilting32ctor cafiprising3hetprptide-280dingDNA nl¢culeds vfed to
produci ng a conpound accordin o.clai ns 1 I~ f o ~ = which

conpri ses growi &“’E“H‘o’é‘tape"é’wgsﬁiﬁ%r Elﬁiﬁém?%bﬁagf%"?§ b perfornied psing %‘eﬁhﬁ i ent
medi um and i sol @kl RfowRindhemtrpound from said cell or nutrient medium 66

A-AQEAY AN AAAﬁ)lv ofa ér\ge 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 cimracteristics, 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 Heﬂth 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 beﬁween 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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~A?.AF A3 e A A ?22AA.A . A.A3?2 A . A3 A[YY.AF{PSDHJ X TB

.{upj e_YT] cal] cal] ca] eal] ca] cal] ca] cal] ca] cal] ca] cal] c

a] c: aU] ca] cal] ca] cal] cal] cal] cal] ca] caU] cal] ca] caU] ca] ca] ca] c@] ca! " OH(;

S5y| F#HEK#Y# N #y ##3$' W Z* | w mhc”~ X] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca].cal ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] cal] ca] caV] caV] 23April 2003

Z*xi *- Ul/,oO0r

104 131A123Q8v388'8’84‘68‘€'7’f"7t“'7‘/“f“°'f‘&}“é’h['?f]"]t"‘ hrombocytopsnia, systemic lupus .1 ca cal
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responsive to stimulation by the Mpl ligand, are also within the scope of this invention.

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; W095/18858; W(095/21920 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 pigsi and the like. The preferred mammal is human.

The present invention also provides methods of using phimaceutical
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, e.g.,
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-HC, acetate,
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(e.g., Tween 80, Polysorbate 80), anti-oxidants (e.g., ascorbic acid, sodium
metabisulfite), preservatives (e.g., Thimersol, benzyl alcohol) 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, ¢.g., Remington's Pharmaceutical Séiences, 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;ar, 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., Modemn
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,
carboxymethyl 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 York, 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 a 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 ﬂavdn'ng agents may all be included. For example, the protein
(or derivative) may be fonnulafed (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, magnesiujm carbonate and
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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 therapeﬁtic.

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, hydroxyethyl 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): 5.143-146
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(1989)(ar1-antitrypsin); Smith et al., J. Clin. Invest. 84:1145-1146 (1989)(ct1-

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 I 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 reqﬁire 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 advantageously be prepared in
particulate form with an average particle size of less than 10pm (or microns), most
preferably 0.5 to Sum, 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 surfactants may be used.
Polyethylérie 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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complexes, or other types of carriers is contemplated.

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

_ 'triclﬂoroﬂuoromethane, dichlorodifluoromethane, dichlorotetrafluoroethanol, and
1,1,1,2-tetrafluoroethane, or combinations thereof. Suitable surfactants include
sorbitan trioleate and soya 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 dict
of the patient, the severity of any infection, time of administration and other clinicai
factors. Generally, the dose should be in the range of 0.1 pg to 100 mg of the
inventive compound per kilogram of body weight per day, preferably 0.1 to 1000
ng/kg; and more preferably 0.1 to 150 pg/kg, given in daiiy 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 followed 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
chmcal condition of the individual patient. The frequency of dosing will depend
on the pharmacokinetic parameters of the agents and the route of administratior:
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., Easton, 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 ihroug
use of established assays for determining blood levels dosages in conjuiiction with
appropriate dose-response data. The final dosage regimen will be deterrined by
the attending physician, considering various factors which modify the action of
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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 viuious diseases and
condiﬁons.

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 megakarybcyte stimulating

-activity may also be employed with Mpl ligand. Additional exemplary cytokines or
hematopoietic factors for 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 }norphogenic 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 neutrophit
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induced neutrophil chemotactic factor 2 8, 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, gliaf cell line-derived neutrophic factor receptor o 2,
growth related protein, growth related protein o, growth related protein B, growth
related protein ¥y, heparin binding epidermal growth factor, hepatocyte growth
factor, hepatocyte growth factor receptor, insulin-like growth factor I, insulin-like
growth factor receptor, insulin-like growth factor II, insulin-like growth factor
- binding protein, keratinocyte growth factor, leukemia inhibitory factor, leukemia
inhibitory factor receptor @, nerve growth factor nerve growth factor receptor,
neurotrophin-3, neurotrophin-4, placenta growth factor; placénta growth factor 2,
platelet-derived endothelial cell growth factor, platelet derived growth factor,
platelet derived growth 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 B, pre-B cell growth stimulating factor, stem cell factor receptor,
TNF, including TNFO, TNF1, TNF2, transforming growth factor o, transforming
growth factor §, transforming growth factor B1, transforming growth factor p1.2,
transforming growth factor 82, transforming growth factor §3, transforming growth
factor B5, latent transforming growth factor B1, transforming growth factor
binding protein 1, transforming growth factor § binding protein II, transforming
growth factor (8 binding protein III, 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
v fragment into platelets once the megakaryocytes have reached mature form. Thus,
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administration of an inventive compound (to enhance the number of mature
megakaryocytes) followed by administration of the soluble Mpl receptor (to
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
I. - 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,
HOBEY, 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, 5 mm), at a flow rate of 1 mI/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-Tle-OH was
used for the last coupling. 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% tﬁisopropylsilane 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 flucride (HF) would be used for
the final cleavage of the peptidyl resins.
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All the tandem dimeric peptides described in this study that have linkers

composed of natural amino acids can also be prepared by recombinant DNA

technology.

PEGylation. 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 HPL.C, 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.

Preparatiop 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 Il 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 regfession
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 linzar
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-
Butoxycarbonyl; 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

IMP 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 inforinaiion of
the TMP bound to c-Mpl was available, a series of dimeric peptides with linlzer:
composed of 0 to 10 and 14 glycine residues (Table 1) were synthesized. ¢ ¥ .
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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.
aésembly 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
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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 B-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 $-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 2 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.

i 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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PEG moiety in the middle of a relatively long linker, so that the large PEG . .-

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 pegyiation 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-translational
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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had in effect an activity comparable to that of the -(Gly),- linked analog. Once
glycosylated, this peptide is expected to have the same order of activity as the
pegylated peptides, because of the similar chemophysical properties exhibited by a
PEG and a carbohydrate moiety.

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
dimerizatidn 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.

TABLE1
. Relative

—Compound : —Potency
(ECs0)

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 45
2 n=1 4.0
3 n=2 4.0
4 n=3 4.0
5 n=4 4.0
6 n=S5 4.0
7 n=6 4.0
8 n=7 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
L. |
(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

I
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.

IL The following sets forth exemplary methods for making some of the

compounds of the second group disclosed herein.

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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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 CGC C
(SEQ ID NO: 38)

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

AAAGGTGGAGGTGGTGGTATCGAAGGTCCGACTCTGCGTCAGTGGCTGGCTGCTCGTGCT
1= + + a6
CCAGGCTGAGACGCAGTCACCGACCGACGAGCA&\y&
K 6 6 6 G G I E G P TULIROQWIUILAM AIR A

GGTGGTGGAGGTGGCGGCGGAGGTATTGAGGGCCCAACCCTTCGCCAATGGCTTGCAGCA
————————— o + 120
CCACCACCTCCACCGCCGCCTCCATAACTCCCGGGTTGGGAAGCGGTTACCGAACGTCGT

G 6 6 G G 6 6 G I E G P TULROQOQWUL A A

GCGCGTATTAGAGCTCCTAGGAAAAARAA

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 anti#ense 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 ATC G_ (SEQ EDy iz 4%

1830-51 TTCGATACCACCACCTCCACCTTTACCCGGAG-
ACAGGGAGAGGCTCTTCTGC (SEQ 1 1020 427
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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
PAMG?21 (see below), also digested with Xbal and BarmHI. 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.ﬁlsion protein is shown below the

corresponding nucleotide sequence:

Xbal
|
TCTAGATTTGTTTTAACTMTTAAAGGAGGAATAACATMGGACAAMCTCACACMGTC
1 ~——mmmee i e e S et et LA TP + 60
AGATCTAAACAAAA’H‘GATTAATTTCCTCCTTATTGTATACCTGTTTTGAGTGTGTACAG
M D K T H T OC P

CACCTTGTCCAGCTCCGGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAMC

61 ——-- ~—+ -—- --+ 120
GTGGAACAGGTCGAGGCCTTGAGGACCCCCCTGGCAGTCAGMGGAGAAGGGGGGTTTTG
P C PA P ELLGGZP SV F L FUPUPIKUZP

CCAAGGACACCCTC.ATGATCTCCCGGACCCCTGAGGTCAC}\TGCGTGGTGGTGGACGTGA
121 —t- -+ 180
GGTTCCTGTGGGAGTACTAGAGGGCCTGGGGACTCCAGTGTACGCACCACCACCTGCACT

K DTULMISIRTU®PEUVTOCVV VDV S

GCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCAEAATG

18] o o e e e -+ 240
CGGTGCTTCTGGGACTCCAGTTCAAGTTGACCAIGCACCTGCCGCACCTCCACGTAITAC
H E D P E V K F NW Y VDGV EVUHNA

CCAAGACAAAGCCGCGGGAGGAGCAGTACAACJ\GCACGTACCGTGTGGTCAGCGTCCTCA
24] —mmemmemedo e e + 300
GGTTCTGTTTCGGCGCCCTCCTCGTCATGTTGTCGTGCATGGCACACCAGTCGCAGGAGT

K T KPREEUGQYNSTYURVYV S VL T

CCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAG
301 ~- - + 360

GGCAGGACGTGGTCCTGACCGACTTACCGTTCCTCATGTTCACGTTCCAGAGGTTGTTTC
VL HQDWILNGI KT ETYI KT CI KV VS NI KRA
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- 10‘%&8&& () 2 3 %&Tc TAGCTCTTTTGGTAGAGGTTTCGGTTTCCCGTCGGGGCTCTTGGTG

L P A P I E KT I 8 KA K G QP R E P Q

AGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCT
421 -- —m———————— + 480
TCCACATGTGGGACGGGGGTAGGGCCCTACTCGACTGGTTCTTGGTCCAGTCGGACTGGA

VY TUL P P S R D EILTI KNUGQV S L T C

GCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAMGGGCAGC
48] —----r—m—dermscccr e mennaa + 540
CGGACCAGTTTCCGAAGATAGGGTCGCTGTAGCGGCACCTCACCCTCTCGTTACCCGTCG

L vV K 66 FYP S DI AV EWUESNGOQUP

CGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCT
541 + + + + + + 600
GCCTCITGTTGATGTTCTGGTGCGGAGGGCACGACCTGAGGCTGCCGAGGAAGAAGGAGA

E NNY XKTT P PV LD S D G S F F L Y

ACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCG
601 - S fatndd + 660
'1‘GTCGTTCGAGTGGCACCTG‘I‘TCTCGTCCACCGTCGTCCCCTTGCAGRAGAGTACGAGGC

SKL‘IVDKSRWQQGNVFSCSV

: TGATGCATGAEGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTA
661 - ———- - + 720
ACTACGTACTCCGAGACGTG‘I‘TGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGGCCCAT
M HEAULHNHY T Q K S L 5 L § P G K

MGGTGGAGGI‘GGTGGTAICGARGGTCCGACTCTGCGTCAGTGGCTGGCTGCTCGTGCTG
721 --+ 780
TTCCACCTCC.ACCACCATAGCTTCCAGGCTGAGACGCAGTCACCGACCGACGAGCACGAC

G 6 G GG I E G P T LROQWIULW AR AMZRUDBAG

GTGGTGGAGGTGGCGGCGGAGGTATTGAGGGCCCAACCCTTCGCCMTGGCTTGCAGCAC
781 - ---+ 840
CACCACCTCCACCGCCGCCTCCATAACTCCCGGGTTGGGAAGCGGTTACCGAACGTCGTG

G 6 G 6G6G G GG I E G PTULUROQWIUIL A 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 humber 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
early ebg region and the lacI? repressor in the late ebg region (68 minutes). The
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~ 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-LacIQ#5 into F’tet/GM101. After recombination and resolutlon 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 tumn 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 pg/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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Y10% +: & () - - 3bodies 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. '

Celis 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, pH9. 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/ml 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.

.  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 .l 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 puinps gave the treatment levels indicated in the
graphs. —

N 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 ax;e 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 ug/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 af 10 pg/kg/day dose was about equally aetive 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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concerted action of two TMP molecules, as covalent dimerization of TMP in either
a C-C parallel or C-N sequential fashion increased the in vitro biological potency of
the original monomer by a factor of greater than 10°. The relatively low biopotency
of the monomer is probably due to inefficient formation of the noncovalent dimer. A
preformed covalent dimer has the ability to eliminate the entropy barrier for the
formation of a noncovalent dimer which is exclusively driven by weak, noncovalent
interactions between two molecules of the small, 14-residue peptide.

It is interesting to note that most of the tandem dimers are more potent thari
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 natura’
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 bloactmty 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
monkéys associated with administration of AMP2 via subcutaneous administration,
the following protocol was designed and carried out. Five groups of three raonke: -
each were assembled. Group 1 served as control and received acetate buf er €20
mM sodium acetate, 0.25 M sodium chioride, pH 5) containing neither AWP7 ao1
pegylated, recombinant human MGDF (PEG-rHuMGDF). Group 2 received sae :«
more dosage of AMP?2 at intervals indicated below; Group 3 received 1000 uy iy
AMP?2 at intervals indicated below; Group 4 received 5000 pg/kg AMP2 i i o
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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 clinical 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 épproximately ~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-tHuMGDF group (Day 9) and 5000 pg/kg AMP2 group ((Day9),
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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s910%& () - % BEFGHV| obU41@{oweder, in Cycle 4, the PEG-rHUMGDF 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
éontrol 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 Cycie 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 decre_ase was
most evident by Days 41 to 43 and the largest decrease in RBC was noted in the
PEG-rHUMGDF 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-y 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 4in 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 pg/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 excépt in the 500 pg/kg AMP2 gfoup. 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 récover 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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S109%& ()-Z n"-| jn dlld4dlex tested.3It appeared that the repeated dose phase caused a higher

response in platelet production as compared to the single dose phases. By Cycle 4,

$0bU410I

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.

k%

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.

57



F Yf10% & ()- 3 F -10%& ()-y 3 0 10% & ()- 3 Q0% & ()-F3 F @10% & ()- 3
10% & ()- =H{Z9bU410!. $10%W1& ()-z 3 GIO% & ()-Y 3 GL0%& ()-Y!'3 GlL0%
& ()-Y 3 GLO%& ()-Y 3 F &10% & ()-C [: busio! 3 -10%& ()- 3 S, MO0%
& ()- 3 Y *10%& ()- 3 ,)10%& ()- 3 ' 10% & ()- $109MN N& (g-zfye|.obU410!
3 y#10% & ()-10 10 10 3 23 April 2003

The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:
\1 A compound that binds to an mpl receptor comprising the structure
T™MP,~(L,),-TMP,

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

compounds comprising the structure:
XXX XXX Xo-X5-X 100
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, lle, 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 Phei

X}, is selected from the group consisting of Leu, Hle, 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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XXX XX X7 Xo-Xs-Xy6-Xos5

XXX - XXX XXX 10-X11-Xi5

X Xs- X XXX Xg-Xo-X10-Xi1-X13-Xi13;
XXX - X - X X-Xo- X5 X0 X 11X - X5 Xi5
Xi- XXX XXX Xo-Xg- Xy

XX XX - KXo X XXXy X1,

XX Xs-X - XXX Xg-Xs-X 1o X1 X3

XX X-X - Xs-Xo-X - Xi-Xo-X10-X11-X 127X 135 and
XX Ky Ko X XX X Ko Koo X K Kig Ko,

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 Gin;

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

" and Gly; and

X, is selected from the group consisting of Ala, Ile, Val, Leu, Phe, Thr, Arg,

Glu, and Gy. |

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(0),NR-] linkage; a urea [-
NHC(O)NH-] linkb,ge; a -CH,-secondary amine linkage; or an alkylated peptidyl
linkage [-C(O)NRS- 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)#:
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; tc 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

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 eack:
Ile-Glu-Gly-Pro-Thr-Leu-Arg-Gin-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 ¥

is a naturally-occurring amino acid or a stereoisomer theréof and n is 1 thre-. 0.

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 Cijs
residues may be substituted by another amino acid selected from the remaur. =

natural amino acids or a stereoisomer thereof.
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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

'I‘MP 1 "G’lYf'cyIS‘Gly"TMpz
TMP 1 'GIY3’CYS‘Gy"M2 .

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)
| | (SEQ. ID NO: 10)

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

IEGPTLRQALAARA-GGGGGGGG-IEGPTLRQALAARA (SEQ. ID NO: 12)
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1 10% & () - A%3| [EGRIIRQWLAARSIHIGEGGGGIEGPILBGVELAARAS JSEQVIDN®R'16) - 3 3

+mL0% & ()- 3 -

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

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

IEGPTLRQWLAARA-GGGK(PEG)GGGG-IEGPTLRQWLAARA
(SEQ. ID NO: 16)

IEGPTLRQWLAARA-GGGC(PEG)GGGG-IEGPTLRQWLAARA
(SEQ. ID NO: 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)u~(L) - TMP-(L,)o- TMP,~(L;) ~(Fc),

wherein L,, I, 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; B
(Gly),, wherein n is 1 through 20, and when n is grea;:er 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 sterecisomer thereof:
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. s10%F& () -! F * 10%&Gy);LyXGly), (SEQ-ID NO: 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 m or pisl,

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

18. The compound according to Claim 17 whereinL,, L, 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 wherein E,, 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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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)

IEGPTLRQWLAARA-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)

Fo—IEGPTLRQALAARA-GGGGGGGG—IE_GPTLRQALAARA (SEQ. ID NO: 28)

Fc-IEGPTLRQWLAARA-GGGKGGGG-IEGPTLRQWLAARA (SEQ. ID NO: 29)
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" HSUR () *+ Ec-IEGPTEROAVISHARA- -GGGCGGGG-IEGPTLRQWLAARA (SEQ. ID NC: 30)
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I"#$9&' ()*+,-./0123456789: ; g
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Fc-IEGPTLRQWLAARA-GGGCGGGG-IEGPTLRQWLAARA

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

c-GGGGG- [EGPTLRQWLAARA GGGGGGGG-IEGPTLRQWLAARA
(SEQ. ID NO: 33).

25.  The use of a pharmaceutical composition comprising an effective amount of a
P 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 1pg/kg to 100

mg/kg.

27. A pharmaceutical composition compgising a compound according to

Claim 1 in admixture with a pharmaceutically acceptable carrier thereof.
28. A polynucleotide that encodes a compound according to claim 8.
29. A polynucleatide that encodes a cognpound according to claim 13.
30. A polynucleotide that encodes.a compound according to claim 18.
31. A polynuclco:tidc_ that encodes a cémpound according to clzum 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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34. A method of producing a compound according to claims 8, 13, 1% v 77,
which comprises growing a host cell according to claim 33 in a suitable nutrient

medium and isolating said compound from said cell or nutrient medium.



