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PEPTI DES AND COMPOUNDS THAT BI ND TO A THROVBOPO ETI N
RECEPTOR CROSS- REFERENCE TO RELATED CASES 10

This application is a continuation-in-part of U S Pat ent Application
Serial No. O8idSosspose filed June 7, 1995, and U. S. Pat paT/USp09%62%! | on
Serial No. 08/478,128, filed June 7, 1995, each of-which are herein

i ncorporated by reference in 15 their enti¥ety for all purposes.
BACKGROUND OF THE 1 NVENTI ON The present invention

provi des peptides and 20 conpounds that bind to and activate the

t hr ombopoi etin receptor (c-npl or TPOR) or otherwi se act as a TPO
agoni st . The invention has application in the fields of biochemstry
and nedi cinal chem stry and particularly provides TPO agoni sts for
use in the treatnent of human di sease. 25 Megakar yocytes are

bone marr & derived cells, whi CFEPTIDES AND COMPOUNDS THAT BIND
» TO A THROMBOPOIETIN RECEPTOR

CROSS-REFERENCE TO RELATED CASES
10 ) :
This application is a continuation-in-part of U.s.
Patent Application Serial No. 08/485,301, filed June 7, 1995,
and U.S. Patent Application Serial No. 08/478,128, filed June
7, 1995, each of which are herein inéorporated by reference in

15 their entirety for all purposes.

BACKGROUND OF THE INVENTION

The present invention provides peptides and

20 compounds that bind to and activate the thrombopoietin
receptor (c-mpl or TPO-R) or otherwise act as a TPO agonist.
The invention has application in the fields of biochemistry
and medicinal chemistry and particularly provides TPO agonists
for use in the treatment of human disease.

‘25 Megakaryocytes are bone marrow-derived cells, which
are responsible for producing circulating blood plateilets.
Although comprising <0.25% of the bone marrow cells in most
species, they have >10 times the volume of typical marrow
cells. See Kuter et. al. Proc. Natl. Acad. Sci. USA

30 91:11104-11108 (1994). Megakaryocytes undergo a process known
as endomitosis whereby they replicate their nuclei but fail to
undergo cell division and thereby give rise to polyploid
cells. In response to a decreased platelet count, the
endomitotic rate increases, higher ploidy meéakaryocytes are

35 formed, and the number of megakaryocytes may increase up to
3-fold. See Harker . Clin. vest. 47:458-465 (1968). In
contrast, in response to an elevated platelet count, the
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are responsi ble for producing circul ating blood platel ets. Al t hough
conprising <0.25% of the bone marrow cells in nost.. . speci es, they have
>10 tinmes the volunme of typical marrow . cells. See Kuter et. al. Proc.
Nat|. Acad. Sci. USA 30 91:11104-11108 (1994). Megakaryocytes - undergo a
process known o ogddfspendoni tosi s whereby they replicate thei PCHUBS86ZH Ut
fail to - undergo cell division and:-therelgy give rise to polyploid
cells. In response to a decreased platelet count, the endom totic

rate increases, lengbeitotic dategidcarepses, ciover Shoidy onegakamratittee are
nunber of negakargkeaukes, >ﬁ:6ti Ghitdi 9 hBgakaryodytds tnaypfedidde’d by 50%.

din. Invest. 47:458-465 968). In contrast,” L,n response fo an ]
el evated platel et count, t’#@ xact PhYSi°19\EJ"%f 4%?%%"“* hechanism by which

PCT/ US96/ 09623 the mass of circulating platelets regulates thelimndamitotiate
decreases, |ower [ "E’EH&E&W H y ﬁﬂocﬁ’é’st r[WJFl f
megakaryocyt%s maralt e%%f%ase by #%: ﬂ{a.ﬁrc.:w me&é]& e exact i&fym 0 _§E,’.‘f§é|
f eedback nechani SRebgizenkaring thupmbepedesiccfaetphiinelred dnmmediating

regul ates the enqdedkt phidback 1dcH S LMbw eRBEFhOItdBE PRFSYbpoietin (TPO) .
megakar yocytes i s, not knoy? The t hr oietic fa

. ircul ati omo tor
i nvol ved in medi &0Ffgspeci %‘Fﬁ‘lshf'emg%sl gﬁﬁni %Y%Iﬁhﬁ Jeet fumoral
t hr onbopoi eti n ( Hégulator iV wHieicds davblyiddQ lnasmiseeytcpemvia t 0 See,t he
mai n hunor r.egu N LSl i hgV i onbpsyt |
10 e.g., a*%tcal?f' "Na %%5%9:%%6_ :Igg'g) 9§¥P%§£i been shl’g%vg\n?ye%n §|ﬁ§m
several studies ti& BR¥eTabsHIAes &0 dOGTRISe| RLARRALRL county 4tiiqKRease;e,
and increase isSoiplatel8€Ofidy Atdad intir@ease isotope! Ricopporacign atito

1 Several vays: BIARRPEs f Terhiihy, animalds S SRR HERSRERLY OG0 Wt B ane
nunber;. (2) it to affeduceegakaryeavteopeiesipNin ceenerrl wavshe 1Jr rtof
15 produces increases in megakaryocyte size and number; (2) it
produces an increase in DNA content, in the form of
polyploidy, in megakaryocytes; (3} it increases megakaryocyte
endomitosis; (4) it produces increased maturation of
megakaryocytes; and (5) it produces an increase in the
20 percentage.of precursor cells, in the form of small
" acetylcholinesterase-positive cells, in the bone marrow.
Because platelets (thrombocytes) are necessary for
blood clotting and when their numbers are very low a patient
is at serious risk of death from catastrophic hemorrhage, TPO
25 has potential useful application in both the diagnosis and the
treatment of various hematological disorders, for example,
diseases primarily due to platelet defects.  Ongoing clinical
trials with TPO have indicated that TPO can be administered
safely to patients. In addition, recent studies have provided
30 a basis for the projection of efficacy of TPO therapy in the
treatment of thrombocytopenia, and particularly
thrombocytopenia resulting from chemotherapy, radiation
therapy, or bone marrow transplantation as treatment for
cancer or lymphoma. See, e.g., McDonald (1992) Am. J. Ped.
35  Hematology/Oncology 14:8-21 (1992).
The gene encoding TPO has been cloned and
characterized. See Kuter et al. Proc. Natl. Acad. Sci. USA
91:11104-11108 (1994); Barley et: al. Cell 77:1117-1124
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pol ypl oi dy, in megakaryocytes; (3) it increases megakaryocyte

endomtosis; (4) it produces increased maturation of nmegakar yocyt es;
and (5) it produces an increase in the 20 per cent age of precursor cells,
in the formof small acetyl chol i nesterase-positive cells, in the bone
mar r ow. wo 96740750 Because pl atel ets (thronbocytes) are ncREUA6PIY,
bl ood clotting and when their nunbers are very3low a patient- I s at
serious risk of death from catastrophic henorrhage, TPO 25 has potenti al

useful applicati oh2?PH! pokanshraskvaftodils aHaturg 369:568z87hehl o) v dfensildng
henat ol ogi cal di eordkr s, Ndire3HMI5T1-574 (db9epseandrsavvagy etieal9 Nature

pl atel et defects hr | j.Gal trials wiih, TP [ pdi cat ed. t.ha
TPO can be adm msg%?gﬂan%é: dlrsya??gl'y tT Pgﬁfgﬁ{'nl%-d%i g%ﬁoﬁfg‘é% w"tth att
studi es have pro¥Past Beo foxmsasiwitfoappageprofetecvlanimassesaef 25 KROand

therapy in tghe 31 kbafahifla Uonmdid HIRerMIAKD! &miﬁada@fatée?ﬁé’ﬂéé/. See,
t hr ombocyt openi a res#]?talélg f.rom chenot her apy, _radi her apy, or
t

di ation
bone marrow tranBfFh flaes Goddk Fdififdrilad (1394h, oFhrombpReietine,
e.g.," McDonal d (&gpearénto haveedtwoddistlinee! eegyphnsepagytdd By 24 fdO@d)ial

2 Proc. et AEdereineEhe sl dl?%?lfoam%@é%ﬁ%@éi P iy
Cell 77:1117-112%cnsexrved in manDagwl aon5€¢, and has some homology with

PCT/ US96/ 0923 erythropoietin and interferon-a and isterferonli¥94)the
Kaushansky et al. glature 369: 568-571 (Flﬁg‘[?’?; ndl i et al. Nature
n PeW

ng, .
369: 571-574 (19947F°SRY" &ege e 5P%‘%’9‘?%3%‘-‘5%‘§?’1%4).
Thrombopoi etin is a gl ycofrhst @&NA seigueares and epasded vpeptoids, sedqudnces for

appar ent nol ecul gy Sffé-ﬁf(ﬁégﬁig%d a55c-§é%g Kilve %é{ha%é#{g%d See .
&dxpg.oNatl. AsagdeaSeii JUSA RS

N-term nal am no_acid sequence. A ley et a
. 3

77:1117- 1124 ( 19¥39onT8E oop VR 1 3RA Y1 2844 c(1992) .
' regions sep& at elPOYRaiPUd aitinibdr of theAh@efafofblevifegtonth fdor receptor

§ ami no- term nal rggﬁffyisar¥éﬂgf§ characterized by a common structural design
of the extracellular domain, including four conserved C
residues in the N-terminal portion and a WSXWS motif close to
the transmembrane region. See Bazan Pxroc. Natl. Acad. Sci.
20  USA 87:6934-6938 (1990). Evidence that this receptor plays a
functional role in hematopoiesis includes observations that
its expression is restricted to spleen, bone marrow, or fetal
liver in mice (see Souyri et al. Cell 63:1137-1147 (1990))
and to megakaryocytes, platelets, and CD34* cells in humans
- 25 (see Methia et al. Blood 82:1395-1401 (1993)). Furthermore,
exposure of CD34* cells to synthetic oligonucleotides
antisense to mpl RNA significantly inhibits the appearance of
megakaryocyte colonies without affecting erythroid or myeloid
colony formation. Some workers postulate that the receptor

30 functions as a homodimer, similar to the situation with the
receptors for G-CSF and erythropoietin.

The availability of cloned genes for TPO-R
facilitates the search for agonists of this important
receptor. The availability of the recombinant receptor

35 protein allows the study of receptor-ligand interaction in a
variety of random and semi-random peptide diversity generation
systems. These systems include the "peptides on plasmids®
system described in U.S. Patent Nos. 5,270,170 and S,338,665;
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conserved in man and nouse, and has sone honology with 10 erythropoietin

and interferon-a and interferon-b. . The carboxy-term nal region shows
wi de speci es divergence. The DNA sequences and encoded
pepti de sequences for human TPO-R (al so known as c-npl) have been

descri bed. Seewo96:40750i gon et al. Proc. Natl. Acad. Sci. USRCESSB@EMA6Z3-644
(1992). 15 TPO-R is a nenber of the haenmatopoietin growth factor receptor

famly, a famly cha'(acterl zed by a comon st;gct ur% of the
extracel | ul ar doRBEn'PEREIIRA RP RAFFeloAEEFSR Lescribe r’e% s PRReRRe
N-term nal porti Appbimhmdm)s&m No.cb@g@18 0577, filémk Jurens0gnhsoone U.S.

region. See Bazag,fLaC. iicaf.‘WSe@ihl 3? 0%%4§71@§93Afﬁ%§a(ﬂ;%99b 1990,

Evi dence that this rece ctional “rol e Tn hematopoi esTs
i ncl udes obser vaBP8nint trid ef 3k-g ewﬂgﬁﬁm&%%pﬁégﬁ -6382

ggnﬁlg?r r1 2\4,1\/’75 <(3r1 gfmeb) the -lpdwsdmé"msysténﬁe@e&eﬂwed eineti 8. @é&lthnt4 ]

: - n A

cell's in humans 8 gilc?‘%’b‘én%rﬁ'l% gfsg bglggﬁy%giwgﬁ%‘g §L 9?33 bS4

Fur t her nor e, whec:hossr& adnt@8rtdon} inepast t appyitaeion hﬂsegbnncbestl des

antisense to npl % #@’ée’ﬂ'ﬁ' ks. tﬁ@/fg@%é‘ncﬁfg&i October 29,
out ny

megakar yocyt e COFOHI es ecting eryt

fornmati on. Some W8PReRRAPBST HQt2E t:'ﬁ-z?t”t' hEh?e %B?%‘?EQOSYHQW éﬁ?raﬂé
honodi mer, B0 i | aystemt desErived oD UVSLhpabent ApplieRpisn SdrdhiGnesk and

eryt hropoi etin. av abplit es f.or .TPO-R
facilitates the ggé}%ﬁ ?%ﬁ a@’blrﬁcgﬁg 5‘?&"? ? rr%%%anéﬁ?& deﬁllg d The
avail ability of ShptembwblﬁlarftS&Zac@pﬁoW%SZ 5221 eflﬂ%dl&ﬂmembersﬂ.adylesl;

receptor-1ligand pRECERE! i pdhy MArge sca‘i@r iﬁ:h&(bi’iz.ié’@%‘iﬁ& hE%EQQm
pepti de diversi téngener tion, hese Etems | ncl ude

"peptides on pl aS¥PHE™ esc%’;&‘i‘%rﬁndé’s(?rl B@Ee’i"h lt‘PS ﬁa"t%«ﬂs%gc'rSPEFBnE?O
and 5, 338, 68%; Publication\Wd9@®0)15800, published December 13, 1990; U.S.

PCT/ US96/ 09623 patent Application Serial No. 07/624ﬂ120, filed December 6,
1990; Fodor et al. Science 251:767-773 (2/1991); Dower and
Fodor Ann. Rep. Med. Chem. 28:271-180 (1991); and U.S. Patent
Application Serial No. 07/805,727, filed December 6, 1991;
20 each of the foregoing patent applications and publications is
incorporated herein by reference.

The slow recovery of platelet levels in patients
suffering from thrombocytopenia is a serious problem, and has
lent urgency to the search for a blood growth factor agonist

- 25 able to accelerate platelet regeneration. The present
invention provides such an agonist.

Y O ; INVENTION

30 This invention is directed, in part, to the novel
and unexpected discovery that defined low molecular weight
peptides and peptide mimetics have strong binding properties
to the TPO-R and can activate the TPO-R. Accordingly, such
peptides and peptide mimetics are useful for therapeutic

35 purposes in treating conditions mediated by TPO (e.g.,
thrombocytopenia resulting from chemotherapy, radiation
therapy, or bone marrow transfusions) as well as for
diagnostic purposes in studying the mechanism of hematopbiesis
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the "peptides on phage" systemdescribed in U S. Patent Application

Serial No. 07/718,577, filed June 20, 1991, U.S. Pat ent Application
Serial No. 07/541, 108, filed June 20, 1990, and in Cwirla et al.

Proc. Natl. Acad. Sci. USA 87:6378-6382 5 (1990); the "pol §g system
descri bed i n Uvfo oélsdrsont Application Serial No. 08/300,2 'W&”

Sept enber 2, 1994, . which is a continuatibn-in-part application based

on U. S. Pataggi Appl | cation Serial No. 08/144,775, filed Cctober 29,

1993 and PCT WD £pgoshe; i@ VERD eEpanFiareafc meggkarpycyees agdeppmitted
described in U proBentsbrApelisati on Seri aI Nos. - 08/ 146, 886, filed

Novenber 12, 1993, 07/ 946 r. 16 a

07/ 762,522, filed Septerrbe ?%déig%% pePtl (tﬁzs'tq%%m\%ersv ?ar gee Jg;%ral e

i nmrobi | i zed pol Wa@pnthgsasd/or dlasms@rhqj@mqm have. & IGgemE Nhout 2
5, 143 854; £CT Rﬁ%&t 12=.§s, Eybaéﬁé’ém%d\'% Q:Q{eliiﬁmm Uatffﬂfﬂyfsgsayeée@

1990; U.S. t| 0 rial 07/ 2 cenber 6,
1990 Fodor et a‘-le‘)’r é‘nAgga é gﬁsp do¥r S ffy.2
Rep. Med. Chem st&'o%bbrl&ﬁlndiﬂglaffﬁnd:w&& TRO-Rt For pApphacentboaleri al

No. 07/805, 727, fdﬂg‘é‘l Qecﬁﬂgeﬁeénéegsgjandzge t%%[?:l?ndﬁ{]t&@‘é {z%f?%’#ﬁﬂgpﬂ&%t

appl i cations an °CAt ons 5or 3 erein nce
The sl ow recoverlsﬁsef of| a® ahexre |tham gbputpifPepms more RYRERFIRYY f nmore

t hronbocyt ppeni ahah FoDChMOUSIAT 21 Berddd bodimentENthll §6D6¥ LAt REight

h f bl h f bl,
egenorati on. | e DRFEREIes OF BRGR, AHRSOAE SICR 4R °3ﬁ?2?£3taivot

SUWARY OF THE |80ENAadEons30 This invention is directed, in
part, to the novel a n CRE gki n@ﬂel fplagu
wei ght pepti des and ﬂﬂeﬁ gégfncfr%ﬁ%séhave St %I ndi ng 2"Q%ertlggsgﬁg1

1o the TPO R an®eRiidecfipe éCFhqumwlmm d@mly with a detﬁﬁbﬁpaés
and pepti desm nellabed and,Usetordingly hell Peptidds angubppsisbe i miketRbENg

oot S, Do S Sape, el AR MBS Bl
as for di agfostakeledr peptides and penkideeimetigsi-sm of henat opoi esi s
Peptides meeting the defined criteria for molecular
weight and binding affinity for TPO-R comprise 9 or more amino
20 acids wherein the amino acids are naturally occurring or
synthetic (non-naturaily occurring) amino acids. Pept:idé
mimetics include peptides having one or more of the following
modifications:
peptides wherein one or more of the peptidyl (-C(O)NR-]
25 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-]} linkage; a -CH,-secondary amine
linkage; or an alkylated peptidyl linkage [-C{O)NR®- where R®
30 is lower alkyl}l;
peptides wherein the N-terminus is derivatized to a -NRR?
group; to a -NRC(O)R group; to a -NRC(O)OR group; to a
-NRS (0) ,R group; to a -NHC(O)NHR group where R and R' are
hydrogen or lower alkyl with the proviso that R and R are not
35 both hydrogen; to a succinimide group; to a
benzyloxycarbonyl-NH- (CBZ-NH-) group; or to a
benzyloxycarbonyl-NH- group having from 1 to 3 substituents on
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WD 96/ 40750 PCT/ US96/ 09623

5 and for the in vitro expansi on of negakaroycytes and conmtted

progeni tor cells. Pepti des and peptide mnetics suitable

for t herapeuti c.and/ or diagnostic purposes have an I CJerr] of abaut 2

5 nMor |less, woogaiss M ned by the binding affinity assay sePCI/USNO%63} t h

I n Exanpl e 3 bel ow wherein a lower I1Cerr] corgelates to a st ronger:

binding affinity to TPOR For pharmaceuti cal pur poses, the peptides

and pepti domi net i €ke phehwlabing herkecned from cherg¥owRP FRRFATEAHRT LOWRK

100 [err]m nore FMGFIGT Abk¥r aADkEBYF E cHlord,handSbbomdt dn a preferred

enbodi nent, the nol ecul ar weigh of. t pPepL Lde. pept 4 ' kC.1S

from about 250 to about pepgb%eos HhESHE UhePEPLetiidlis fg\ﬁ%ﬁ"}%@g&é&"

di agnostic pur poses(O)Rfewhers i4ids sedected fromithe guMIn EONSisEéna s lower

| abel ed wi thsa deiged@b! SR&5-m3@b%e§adR3 P 7 BekY inlBBeREOiE TP SedBbred

peptide mnetics w t hout such a | abel sgrég as |n$€2fed| at ?cyL.l.n t he

prepar ati on Trom Libe| grovR (FORESHRY SE RYEECE ReRRY tower a -

Pepti des neeting the definrecordimslys fpreferredupeptides amd gieptided inimet it

affinity for TPO I ge ¢ 1,10 20 acids wherein the am no
SRR 8°cdmBbudl v

acids are natural Ty “occurri hetic (non-naturally occurring)
am no aci ds. Peptide k1 heta oelerylage wedght o€ 1SS fhah ahout BPR0 of
the foll ow ng daltodisl, i gadi ons: pepti des wherein one or nore

b s 4 A LR 08 S A
[-CH err] - OC(O NRGsg; ofi no mogehdadpnoahout| 10&ag®, a - CH err] - sul fonam de
[-CHerr]-SO (Q[err] NRekein £rdd MeadPrcraticas| chbiUENdYi- iikagRs St the
--CH err]-secondar arn,neh b | nkago ; ord %n gl }ﬁ/rlﬂ?atl eed geei)etét%yé flrlogkg e
[-C(O)NR[GI’I’]- I.RG ave been replace Y g e
15 group consisting of a
-CH,O0C(O)NR- linkage; a 'phqsphona.te linkage; a -CH,S(0},NR-
linkage; a -CH,NR- linkage; and a -C(O)NR®- linkage; and a
-NHC(O)NH- linkage where R is hydrogen or lower alkyl and RS
is lower alkyl, |
20 further wherein the N-terminus of said peptide or peptide
mimetic is selected from the group consisting of a ~-NRR*
group; a -NRC(O)R group; a -NRC(O)JOR group; a -NRS{O),R group;
a -NHC{O)NHR group; a succinimide group; a
benzyloxycarbonyl-NH- group; and a benzyloxycarbonyl-NH- group
" 25 having from 1 to 3 substituents on the phenyl ring selected
from the group consisting of lower alkyl, lower alkoxy,
chloro, and bromo, where R and R! are independently selected
from the group consisting of hydrogen and lower alkyl,
and still further wherein the C-terminus of said peptide
30 or peptide mimetic has the formula -C(O)R? where R? is
selected from the group consisting of hydroxy, lower alkoxy,
and -NR3R? where R® and R* are independently selected from the
group consisting of hydrogen and lower alkyl and where the
nitrogen atom of the -NR3R4 group can optionally be the amine
. 35 group of the N-terminus of the peptide so as to form a cyclic
peptide, :
and physiologically acceptable salts thereof.
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30 Is lower alkyl]; pepti des wherein the N-termnus is

derivatized to a -NRR[ err] group; to a -NRC(OR group; to a -NRC(O OR
group; to a -NRS(O[err]R group; to a -NHC(O NHR group where R and
Rlerr] are hydrogen or lower alkyl with the proviso that R and R err]
are not 35 bot Wwolvkdee@en; to a succinimde group; to a PCT/US96/09623
benzyl oxycar bonyl -NH (CBZ-NH) group; or to aq benzyl oxycar bonyl - NH-
group having from1l to 3 substituents on WO 96/ 40750

PCT/ US96/ 09623 In a related embodiment, thebinventiod his @ieedted

ring selected frogbtgel&;gfgdcgé&ﬁé s g&#g&@r metica{:ﬁéée%%r n?e%%?ée

chl oro, and bronp; eréin

derivatized to ©r pequqez[mmqtmeie@cpré el 28 abpeet bavingeevadeptdop
consi s;l ng gf Itlomatt?&;?agéﬂ@%o ]gaenctaﬂaﬁlth eaﬁiﬂeré‘f aetEé@:B{n?rL] and R[er&]
are indepen sel ecte ro €. consi sti 0 r n

| ower al ICk)yl s E)? e‘gﬁ ggﬁ bﬁﬁ?gﬁﬁ%n'ayﬁfe%%ﬁr

m neti cs coppptides fmmpmmdrtuiudegpeptides having a cis struntecel ar
wei ght “of |ess thag, ﬁ’p%%{‘ 2 ex&:ﬂ.\en&alotfogﬁméngcz.dfq (2) a

bi ndi ng afflnltyto ssed b of no nore than
about 100 [err]m . wherein Kidﬁz Far 84t s of¢ ’&f the - C(O NH

l'i nkages of the where pgptigjq: have Meen oepvra iy B lg,hkage,sel, ert ed, firogy

;Egs;ﬁonat eo#bonﬁggzl itl 'er['?‘] g- (6) [ 5’(}% lr%] O%NF{ n}k‘hnka%fi‘y afl[ EPF]RPQ

linkage; and a CQQ\&F{-@J:}Y ¢odachJe-amimg acids; Xg N!.-E(ID) NH B, kalfe WheQe R,

Ris hydrogen or kowsr wlylyangd Bleedlr, g, ni ) wervalidy ¥0and x, is c,
further whereln tge N term nus of sRalo'I %eptlde or peptld

’ L4 ’ L4 » Nl

In a preferred embodiment the core peptide comrpises
15 a sequence of amino acids:
Xg G X; X, X3 X;X5 W X,
where X, is L, M, P, Q, ox V; X, is F, R, S, ox T; X; is F, L,
V, or W; X, is A, K, L, M, R, 8, V, or T; X5 is A, E, G, K, M,
Q, R, S, or T; X, is C, I, K, L, M or V; and each X; residue
20 is independently selected from any of the 20 genetically coded
L-amino acids, their sterecisomeric D-amino acids; and
non-natural amino acids. Preferably, each X; residue is
independently selected from any of the 20 genetically coded
L-amino acids and their sterecisomeric D-amino acids. In a
25 preferred embodiment, X; is P; X, is T; X3 is L; X, is R; X5 is
Eor Q; and X, is I or L.
More preferably, the core pept:n.de comprises a
sequence of amino acids:
Xg Xg G X; X, X3 X, X5 W X,
30 where X, is A, C, E, G, I, L , M, P, R, Q, S, T, or V; and Xg
isaA, ¢, D, E, XK, L, Q, R, S, T, or V. More preferably, Xq is
Aor I; and X; is D, E, or K. :
Particularly preferred peptides include: GG CA DG
PTLREWISFECEGCGG, GNADGPTLRQWLEGRRPRK
35 N;GGC-ADGPTLREWISFCGGK;TI.KGPTLRQW
LKSREHTS; SIE GPTLREWLTSRTPHS; LAIE
GPTLRQWLHGNGRDT; CADGPTLREWISTFOC;
and IEGPTLRQWLAARA.
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mnmetic is selected fromthe group consisting of a -NRR[ err] group; a

-NRC(O R group; a -NRC(OOR group; a -NRS(O[err]R group; a
-NHC( O) NHR group; a succininmde group; a benzyl oxycar bonyl - NH- group;
and a benzyl oxycar bonyl - NH group 25 having from1 to 3 substituents on

t he phenyl ring webg4uysd fromthe group consisting of | oREFUBI60H623

| oner al koxy, chloro, and brono, where Rgand Rlerr] are independently
sel ected fromthe group consisting of hydrogen and | ower alkyl,

and still further wherein tie fGrirtlen smMBodimeris qniemheier.rﬁ&mopeppreléerred
mnmetic has the f M1 €; h
group consisting g&%‘?ﬁ oqoq) ﬁ)s\%er]n P/E% lﬂ&widlslcfdl\llﬁeﬁ F ergrg hé {Q‘% €
Rlerr] and R err]cgfe -’rmrﬂqﬂ?rééF-éﬁt%cF#W?%é’r am:.nog,aga

consi sting of hydrogen and | ower al kyl and where the ni trogen at om of
the -NRlerr]R err] group can optionall*]g % ggagg n§ 3; group of the
N-term nus of” the peptide so as to for x| Pept i de,

and physi ol ogi caI | y acceptable salts thereof. WO 96/ 40750

PCT/ US96/ 09623 ; %X i

Inarelated enbodl SEh 2 i K nvéntlo% R NI T f‘éble‘l &f h?’ R
peptide or peptid8 @F ikt i%s demFYsPEgthe pehiganetically, codes: Loaninaercids;
descri bed as abovg hey i20 5,0 @)t kY Vv or YAt A ded, t I}era oLa Mabe] waphide
of det ectlonm

preferred p«gpt?rb% T d’rs L%e%l ngl' uﬁgn%'egjf mé'g's% o\;: ng a core;“g??lﬁ’fﬁ%rmd

conprising a sequembedirentyi X, dsi d8s:E, G, H, K, L, M, P, Q, R, 8, T, XprrW]

Xerr] Xerr] X[e&ﬁ]aﬁﬂiﬂe%[&lﬁddéﬁegﬂ]x is g \WerE 4 .eqkl 1 érCR L '\ﬂs'i
Q X[err] is F,_ K

X[ err i e
'R S, Vor W X eks]is ?farﬁl é’trl‘%exﬁols F, Lrg&?et"q'célnﬂ/]xaoélﬁdtL Emilto R or
“acids; Xerr] is X [paftiduldciWMpr@febred peptfded inthide; X & C]TiE R E W

F, G L, M 1% ,L%Oé gr_.aeds)gerr] is C

' In a further embodiment, preferred peptides for use
in this invention include peptides having a structure
comprising a sequence of amino acids:

20 Xg C X, X3 X, X5 Xg X,
where X, is F, K, L, N, Q, R, S, Tor V; X3 is C, F, I, L, M,
R, 5, Vor W; X, is any of the 20 genetically coded L-amino
acids; X5 is A, D, E, G, K, M, Q, R, 8§, T, Vor ¥Y; X, is C, F,
G, L, M, 8, V, Wor ¥; X, is C, G, I, K, L, M, N, R or V; and
25 Xg is any of the 20 genetically coded L-amino acids. In some
embodiments, X, is preferably G, S, ¥, or R.

The compounds described herein ‘are useful for the
prevention and treatment of diseases mediated by TPO, and
particularly for treating hematological disorders, including

30 but not limited to, thrombocytopenia resulting from
chemotherapy, radiation therapy, or bone marrow transfusions.
Thus, the present invention also provides a method for
treating wherein a patient having a disorder that is
susceptible to treatment with a TPO agonist receives, or is

35 administered, a therapeutically effective dose or amount of a
compound of the present invention.

The invention also provides for pharmaceutical
compositions comprising one or more of the compounds described
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G I, KK L, M N Ror V. In a preferred enbodi nent the
core peptide conrpises 15 a sequence of am no aci ds:

Xerr] G Xerr] Xerr] Xerr] Xerr] Xerr] WXerr] where Xerr] is
L, M P, Q or V; X2isF, R S or T, X3is F, L, V, or W Xerr] is
A K L M R wooskerss T; Xerr] is A E G K M Q RCTASY s
X[err] is C I, K L, Mor V; and each X[ err] #©esidue 20 i's independently
sel ected fromany of the 20 genetically coded L-am no_acids, their

st er eoi soneri ¢ Dheneis apdds; physiiologicaldy meaaphable FaTELeHs. These
Preferably, each ﬁﬂa&&d’a]ceh%&bgyecé@oslnonsﬂct@@ﬁmterm ¥ vakeetgdofr garmsy of

the 20 genetically -am no, aci ds and_t.heir
D-am no aci ds. ﬁ%ﬁé’%mgpf"é?‘%r‘#%?mm X{eéltlr nﬁafﬁ)@ °Y’§e¥? and

X[err] is L; X ersrc]luts.oﬁ,s ¥hdripjeccable arid am:(gsxlﬂ@ xpéntj.ons I or L.

Mor e prefera@ly, the core peptide conprises a . - sequence of am no

aci ds: X[err] Xerr GXerr Xerr X[err] X[err]
X[err] WXlerr] 30 where Xer SERI =2R Q S, T,
or V; *and X[ err] is A C D E K L Q R, S T or V. Mire

preferably, Xlerr] is

err .
Parti cul arI y preferred pepFF‘ﬁEEe?n{'ﬁ‘%gf%%%tfﬁD%ee ’reg{zlgs 1°f & EUfFFignal
FCG G ; G N /gy Rol theRpfeséncd of Rraxrious Jeptidesg the aAspag ST L R

E \éV' v %g TVaeF;Jﬁl;é&f § %xém&é?z. Figlpré— 0. Sid? a$h§ca§ heEz@tEoE of

L E L %
GPTLREWI $hegesults ofnghe TPGR qrin#‘%sf\%q Ba R"ﬁl prolifeFation
- WD 96/ 40750 assay for selected peptides of the iRFENHIBH:09623

8

In f th nb f
peptides for use i nnt . gﬁwgﬂlﬁrﬁﬁe Oéeé'rﬁ enés/o?td Y Rfﬁ & beq' L REW

ude” pep aving a
structure conpri s¥rg %Qé&]@eﬁcébwtm Nno aci ds:
15 X designating the results for GG CADGPTLREW
ISFCGG;

Ao. ‘designating the results for LAIEGPTLRQWL
HGNGRDT;
O designating the results for GNADGPTLRQWL

20 EGRRPEKN; and

+ designating the results for TIKGPTLRQWLK
S REHRTS.
Figure 1B is a graphical depiction of the results
with the same peptides and the parental cell line.

- 258 Figure 2A-C show the results of peptide
oligomerization using the TPO-R transfected Ba/F3 cell
proliferation assay. Figure 2A shows the results of the assay
for the complexed biotinylated peptide (AF 12285 with
streptavidin (SA)) for both the transfected and parental cell

30 lines. Figure 2B shows the results of the assay for the free
biotinylated peptide (AF 12285) for both the transfected and
parental cell lines. Figure 2C shows the results of the assay
for streptavidin alone for both the transfected and parental

_ cell lines.

35 Figures 3A-G show the results of a series of control
experiments showing the activity of TPO, the peptides of the
present invention, EPO, and EPO-R binding peptides in a cell
proliferation assay using either the TPO-R transfected Ba/F3
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5 C Xerr] Xerr] Xerr] Xerr] Xerr] Xerr]
where Xerr] is K L, N Q R.S Tor V, Xerr] isC F I, L, M R

Sor V, X4 is any of the 20 genetically coded L-am no acids; X err]
is A D E G S Vor Y, Xerr]isC F G L M S V, Wor 10 Y; and
X[err] is C G wooegaerse, M N, Ror V. In a nore preferred PCT/US96/09623
enmbodinment, X4 is AA EfL G H K L, M P, Q RS, T, or W In a
further embodi ment, Xferr] is Sor T, Xerr] is L or R Xerr] is R

Xerr] is D, E ®eld liheraid it carrempopndingdpagentalitine, lor(an R or

V. Particularly rzfp@-aépeﬂdae@twbﬁ 13 Ud@';g@r@ fATdépfeEsWHé rdsdits E&fF C

GG f d
in this inventi o 9 né‘Pqu p‘gﬁr):H] ‘ﬂ%\oﬂr@.‘ %%Yﬁ"?%fngpt e 18%% 4SI ngsg

sequence of am nkransfected Ha/F3 cell line and its corre@pondingy Yearenkal

X X X X R,
S bl piccs R EE bt afe o
the 20 geneti cal Iprodddenatiomiansay usingitye: TRPe?r‘}r%sﬁﬁc‘EF BafE3 KIElM
81 g IS l I\_/Ok/ll\inexhﬁarité Sc&rr fondlng §arbnt£/1 ﬁ.rfxé/t hWﬁuf/e 3 aleph llct§
coded L-am no ach’se, S'E'Bn%"r comp ﬁ%ﬁ il‘?(%% ?epgz.%? e?‘%‘?%’&% “’Xéh
Y, or R Traa:nempvmdm tex)) i dretl ah@ompﬂeaeé fexh wEfarbidinylated
prevention gpd &y B&n&% %ﬁﬁﬁ 345895PYi IR BARNEn the TPO-R

0gl ca

particularly for treatln di sorders, ing udln 30 but not

linited to, throrﬁﬁ%ﬁ&ﬁéﬁﬂa’sﬁ&%ﬂﬁ% Yingm The resphbo® he?Phdiheradiation

t herapy, or bone doxre@pohadngipitantal cell lIheSaré hshgimtstmtrFidquentimn
al so provides a nf.at haod

di sorder that- igure éﬁsgﬁ’)ﬁﬁt rkteegt%ﬁg%\g%gﬁgg%ﬁ%pﬁg% a%%jl' gtg :

receives, or i s wolﬁenamem casshy asing abeuEPQadieperdenrtt ekl duine or Figure

anount of a5 FQ Qﬁet%ﬂtf‘sseﬂar iEPoERhi ERe cell prollferatlo-ﬁh%ssay
i nvention al so pr OVI dés utical 114 coll_;r{) Si tlé)é‘ls conprisin
one or nore of tﬁ?%ﬁﬁﬁnﬁ ‘%’éﬂ: cell line. depict

results for complexed biotinylated peptide (AF 12885 with

streptavidin (SA)) and the complexed form of a biotinylated

EPO-R binding peptide (AF 11505 with SA) in the EPO-dependent
20 cell line.

Figures 4A-C illustrates the construction of
peptides-on-plasmids libraries in vector pJSi42. Figure 4A
shows a restriction map and position of the genes. The
library plasmid includes the rrnB transcriptional terminator,

25 the bla gene to permit selection on ampicillin, the M13 phage

intragenic region (M13 IG) to permit rescue of single-stranded
DNA, a plasmid replication origin (ori), two lacO. sequences,
and the araC gene to permit positive and negative regulation
of the araB promoter'driving expression 9f the lac fusion

30 gene. Figure 4B shows the sequence of the cloning region at
the 3' end of the lac I gene, including the Sfil and EagI
sites used during library construction. Figure 4C shows the
ligation of annealed library oligonucleotides, ON-829 and
ON-830, to SfiI sites of pJS142 to produce a library. Single

35 spaces in the sequence indicate sites of ligationm.

Figures 5A-B illustrate cloning into the pELM3 and
pELM15 MBP vectors. Figure SA shows the sequence at the 3!
end of the malE fusion gene, including the MBP coding
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WD 96/ 40750 PCT/ US96/ 09623

.9 herein and a physiologically acceptable carrier. These

phar maceutical conpositions can be in a variety of forns i ncl udi ng
oral dosage fornms, as well as inhal able powders and sol utions and

i nj ectabl e and iwbosidse sol utions. 5 BRI EFPOHEISOHP3} ON
OF THE FI GURES Figures 1A-B it} ustrates the results of a

desor| bed i n ExafBrBence. EHarBOLR FePAragiin AinNaTap e SAChPE R4 Profedse
results of the TﬁmeavaggmsbécEedaﬁﬁjfﬁh(ayalhahﬂe1dicmmn@n81tes.as§bg f or
sel ected pept | de%eﬁfag%ﬁg %E‘:E-EEBEEWE the vecto[:%r rdre %Baﬂ&ﬂ ﬁﬁch

results for biotin

X  desi gnat| ng PFEM3ds andsPMAEPS @Wﬁj 'GalyaF- m New Ef %"“é: GG
[err].* designat igiglabs.r esibugel SB $howd dﬁé3éédﬁdnd3(afmthe vectbERIGRE er

o) desi gnating .th | t

N and o9 eddERar chR nSpRLE AR dikpned B ddnety fnfo %%@%c%
SREHTS. digested pELMBi/pBEM13B iThes tyansflaryedi@savengs dncludes the
results W t Ry defien?d e nR8Rl h eéhértﬁbd hepgtai idnked |£dom"ehe 2575142

"Figure 2A-C show _the results of peptid ol i goneri zati on using the
TPO- R transf ect ed-i8¥AFY -cel | prollferatlon assay. Figure 2A shows
the resultsiof the assay Figurkosat &epixaydble rebtyiattion aapdapdppodit {dR of

12285 with cHe SR Fod £RS) Loh MR W HARR1RHCA18E PRLERLREs in
' vector pCMGl4. The library plasmid includes: the rrmB
transcriptional terminator, the bla gene to permit selection
on ampicillin, the M13 phage intragenic region (M13 IG) to

15 permit rescue of single-stranded DNA, a plasmid replication
origin (ori), one lacOg ssgquence, and the araC gene to permit
positive and negative regulation of the araB promoter driving
expression of the headpiece dimer fusion gene. Figure 6B
depicté the sequence of the cloning region at the 3*' end of

20 the headpiece dimer gene, including the SfiI and Eagl sites
used during library construction. Figure 6C shows the
ligation of annealed ON-1679, ON-829, and ON-830 to SfiI sites
of pCMG14 to produce a library. Singles spaces in the
sequence indicate sites of ligation.

25 Figures 7 to 9 show the results of further assays
evaluating activity of the peptides and peptide mimETICS of
the invention. 1In this assay mice .are made thrombocytopenic
with carboplatin. Figure 7 depicts typical results when
Balb/C mice are treated with carboplatin (125 mg/kg

30 intraperitoneally) on Day 0. The dashed lines represent
untreated animals from three experiments. The solid line
represent carboplatin-treated'groups in three expe;iments.

The heavy solid lines represent historical data. Figure 8
depicts the effect of carboplatin titration on platelet counts

35 in mice treated with the indicated amounts of carboplatin (in
mg/kg, intraperitoneally (ip) on Day 0). Figure ¢ depicts
amelioration of carboplatin-induced thrombocytopenia on Day 10
by peptide AF12513 (513). Carboplatin (CBP; 50-125 mg/kg,
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30 lines. Figure 2B shows the results of the assay for the free

bi oti nyl ated peptide (AF 12285) for both the transfected and par ent al
cell lines. Figure 2C shows the results, of the assay for
streptavidin alone for both the transfected and parental cell Iines.
35 wosuosd 3A- G show the results of a series of JRITVUSIE09623
experiments showing the activity of TPO, thel@eptides of the pr esent

i nvention, EPO _and EPO- R binding peptides_.in a cell proliferation
assay using eit H&tTAReTiFeReakvAn YRS ASqipisEgTred on Day 0.  \FFIRH4H 750
PCT/ US96/ 09623 mg/kg, ip) was given on Days 1-9. 10 cell Iine and
Its corresponding parental |ine, or an EPO- dependent cell line. Figure
3A depicts the results for TPO |n the ceII oroltferatlon assay using

the TPO- R transfect ed BREE R oS TeRe=Ng par ent al

5 line. dgigure 3B depicts the results for EPO in the cell

proliferation agsay ysLng P cel | i ne and
its correspondlﬁg pares e ; "e ' the results for
conpl exed bi oti nyl at ed pept [ de (AP 12285 W th streptavidin (SA)) and a

conpl exed formof a biotipy %eccfﬁ(?l‘%n/g ?3 EIJ'EIH'BHE” _Isﬁeégﬂ At 01505 with

SA) in the TPOR trans e results for the
correspondi ng pdﬂéﬁﬁ&FaEEI¥n¢|4ﬁf¥éﬁet§ﬁbWﬁapﬁnglgﬁﬁeSQHPe of the jiawEions

depi gts tgeoreSIﬂe{mlsf Q@eaPQ:IdbstdﬁhéeltJhe lnveﬁtﬂbnfﬁéﬁiro.n assay using tﬂe
EPO-dependent ce ine. flgure I ERQ in e
cell proliferation assay i‘& g}'et“% ééggé%tg%gl{ Sarétoiv &

depi cts the whiehybipdsoto ad:rq)lmmleme@ttamyl biectopigallle a(qxrimaescemtdr

streptavidin (Sing aggi traeegoggé %%efzore'&ataratbl eaﬁéwlétﬂbloglcﬁpc}é%ponse
bi ndi ng peptide QﬁF 11505 w t he EPO-d eg
he receptor or to e ance pree lstlng biological activity

15 of the receptor.

*Pharmaceutically acceptable salts" refer to the
non-toxic alkali metal, alkaline earth metal, and ammonium
salts commonly used in the.pharmaceutical industry including
the sodium, potassium, lithium, calcium, magnesium, barium,

20 ammonium, and protamine zinc salts, which are prepared by
methods well known in the art. The term also includes
non-toxic acid addition salts, which are generally prepared by
reacting the compounds of this invention with a suitable
organic or inorganic acid. Representative salts include the

" 25 hydrochloride, hydrobromide, sulfate, bisulfate, acetate,
oxalate, valerate, oleate, laurate, borate, benzoate, lactate,
phosphate, tosylate, citrate, maleate, fumarate, succinate,
tartrate, napsylate, and the like.

*Pharmaceutically acceptable acid addition salt"

30 refers to those salts which retain the biological
effectiveness and properties of the free bases and which are
not biologically or otherwise undesirable, formed with
inorganic acids such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid and the like, and

35 organic acids such as acetic acid, propionic acid, glycolic
acid, pyruvic acid, oxalic acid, malic acid, malonic acid,
succinic acid, maleic acid, fumaric acid, tartaric acid,
citric acid, benzoic acid, cimnnamic acid, mandelic acid,
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20 cell Iine. Figures 4A-Cillustrates the construction of
peptides-on-plasmds libraries in vector pJS142. Figure 4A shows a
restriction map and position of the genes. The library plasmd

i ncludes the rrnB transcriptional term nator, 25 the bla gene to ern1t
sel ecti on on anpio9é40?se, the ML3 phage |ntragen|c regi on RGAUSIE)

permt rescue of single- stranded DNA, a pBasmid repllcatlon orlgln
(ori), two lacq seuen ene t osi tJ

tnd hegat ve r oiPREPERERElESHe aria, "AEnbREeRi BnER Seld, B RS 2 e
lac fusion 30 @ehd, Sflgwhdllamldomdt hbesdgkenceFof a iessdmiptien aaff on

at the 3' epHaghatdecidfily a%@ﬁ:abﬂ&' Héhagaa!i?t?éﬁ'saﬂ% '-:a9é3|prodru s,
sites used durln I|bra constructlon gure 4C shows the I gat
of anneal ed Iibr éé%ﬁﬁﬂed%vdéEPréN-829 and ON-830, to Sfil sites

of pJS142 t& produce ali b'rmxama‘iengh.eany aspeptable édmerseqeivys itulititdse
sites of ligatio Fi S S |
SELNG and o pEPREES s gesain’ AHERChaG Lk HLE Sl CUU bl 2 ol

end of "the mal E P&eleﬁlg@heefﬁmwemgm pad\ppoperLies of the carboxylic acid

96/ 40750 ~ or alcohol and are not blologiéally of egtieNafisd Rehdid drable.
aspar agi ne |inke

avai | abl e cl oni nE"E.t Q:@Lg%tl n Oﬁgﬁi‘ﬂ“ﬁﬁeﬁﬁF‘F?‘Sﬂiaggc?ﬁé’ﬁ&g#—setg;@s
derived frdd pMAbr@drugs, (g4 HindgadrglAHpP? edElL MiDesiaw of Stomirduaem New
fransfer of the BLpErieESyidt pusiis aé%éhf%?ﬁfﬁaﬂf‘?‘%’V“W%eaféﬁe s
pELMB/ pELML5. Th@rer b¥Rieatly fswﬁénée?omnéhedé@r?ﬁéponﬂm%m

the GGG peptide ahakah aledhdlhe [cehésdlly, ebtBfafyrmdion can be Flgure
6A depicts a reSLEES&ﬁffsﬂgg)éggjdg% Ehkggnga synthetic techniques. (See,'

15 e.g., March Advanced Organic Chemistry, 3xd Ed., John Wiley &
Sons, New York (1985) p. 1157 and references cited therein,
and Mark et al. Encyclopedia of Chemical Technology, John
Wiley & Sons, New York (1980)). The alcohol component of the
ester will generally comprise (i) a C,-C,, aliphatic alcohol

20 that can or can not contain one or more double bonds and can
or can not contain branched carbons or (ii) a C,-C,, aromatic
or hetercaromatic alcohols. This invention also contemplates
the use of those compositions which are both esters as
described herein and at the same time are the pharmaceutically

T 25 acceptable acid addition salts thereof.

"Pharmaceutically acceptable amide" refers to those
amides which retain, upon hydrolysis of the amide bond, the
biological effectiveness and properties of the carboxylic acid
or amine and are not biologically or otherwise undesirable.

30 For a description of pharmaceutically acceptable amides as
prodrugs, see Bundgaard, H., ed., Desian of Prodrugs,
Elsevier Science Publishers, Amsterdam (1985). These amides
are typically formed from the corresponding carboxylic acid
and an amine. Generally, amide formation can be accomplished

38 via conventiocnal synthetic techniques. (See, e.g., March
Advanced Organic Chemistry, 3rd Ed., John Wiley & Sons, New

York (1985) p. 1152 and Mark et al. clopedia of Chemical
Technology, John Wiley & Sons, New York (1980)). This
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t he genes for the construction of headpiece dimer libraries in vect or

pCMzl4. The library plasm d includes: the rrnB transcri ptional

term nator, the bla gene to permt selection on anpicillin, the ML3
phage intragenic region (M3 1G to 15 permt rescue of single-stranded
DNA, a plasnm d mapdesozsei on origin (ori),&gne lacq err] ssReREPR6O9623(
the araC gene to permt positive and negati ve regul ation of the araB

ronpter drivin r Lecaxdi i . Figure
o depi ct sgtihgegé‘iéﬁn%%ﬁ%%ﬁf o T B N i
t he headpi ece di Mgt gé'e Pﬂﬂ’lﬁl’f’ﬁ’&st G5 ﬁsFré%G dehgredt tand at thaspme time

during library cm thet pharmécaiticaATys brerpthble acidightitibfsteal ed

ON- 1679, ON- 829, U 830 to Sfil sites of pCM3 4 to produce a
i brary. Singles space€s in the uence indicate sites of ligation.
25 5 Figures 7 tbeammetm@ar or's therapeutigaldys Baceptable

eval uating actiVidatrQlerrheeBers 18 %‘&Q‘r@.%&‘: ndidh VLS es not :.trh:?erfere

I h
car bopl ati n. | Fi QUEr ERBpPEFSCEYRRERS AL SHRe PIRBABICAL aqEiHHRY ARche o

treated with car legdize dngtedienyskandd whiicht dspactt boebd 189 tite Beoyst).oxr The
dashed |ines repress untreated aninmals fromthree experinents. The
solid line represent carboplatin-treated groups in three experinents.
The heavy s¥id |ines repr8Steredisamen”c yiefgrsatorpgohenizral compmpid thavimg

effect of carboplgld Bahet fuélé@zﬁ‘la&n vdéllgttel ebh@ﬁﬂ&&i é&uposlrtlrarpe drieat ed

th th di cat ed t f
:Mnt rape(ral 'I[(r;nle;fil %%%g;&?} iﬁgya%?{n‘%%&& dg APy khe °“9%rﬁ§q‘iﬁ%ﬁ i on of

carbopl atin-i ndude‘dﬂehrennﬁpcyt'ﬂmum,om:el?&ytmoldentlcaay qhemtiickd Adctizilizs are

(513). Carbopl at igg
PCT! USO8/ 09623 (BPerafle 1rididtdons in space aME)EEHégggg}e, when pure,

i ntraperit otal | PR&&EESaBREALEY HL FFREBaFHS. PAFEES?% palarized light.

However, some pure stereo;somers may have an optical rotation
that is so slight that it is undetectable with present
instrumentation. The compounds of the instant invention may
have one or more asymmetrical carbon atoms and therefore

20 include various stereoisomers. All stereoisomers are included
within the scope of the invention.

*Therapeutically- or pharmaceutically-effective
amount" as applied to the compositions of the instant
invention refers to the amount of compositioﬁ sufficient to

© 28 induce a desired biological result. That result can be
alleviation of the signs, symptoms, or causes of a disease, or
any other desired alteration of a biological system. In the
present invention, the result will typically involve a
decrease in the immunological and/or inflammatory responses to
30 infection or tissue injury.

Amino acid residues in peptides are abbreviated as
follows: Phenylalanine is Phe or F; Leucine is Leu or L;
Isoleucine is Ile or I; Methionine is Met or M; Valine is Val
or V; Serine is Ser or S; Proline is Pro or P; Threonine is

35 Thr or T; Alanine is Ala or A; Tyrosine is Tyr or Y; Histidine
is His or H; Glutamine is Gln or Q; Asparagine is Asn or N;
Lysine is Lys or K; Aspartic Acid is Asp or D; Glutamic Acid
is Glu or E; Cysteine is Cys or C; Tryptophan is Trp or W;
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mg/ kg, ip) was given on Days 1-9. " DESCRI PTI ON OF
SPECI FI C EMBODI MENTS 5 l. DEFI NI TI ONS AND GENERAL PARAMETERS

The followi ng definitions are set forth to illustrate and define the

- meani ng and scope of the various 10 terms used to describe the invention

~ herein. WO 96/40750 " Agoni st" refers to a biol ogi cal |y act POEUSYMAR
whi ch binds to its conpl enentary biol ogicall y*&ctive receptor and
activates the lajter either to cause a hi Qlogical;.r onse i, the
receptor or to ennance preeffst Ph bi%ﬁ“ggtgjc%‘?l%%t’ﬁ/i PE G.of Agfdtionally,
receptor. ‘Bu is ButoxyphBehuteubénsyly Gk ein alyicdohebydamisker Acoishe
non-toxic al kaliacadyl, M K@l mBeny£Arbén "BS pen AN MMM, URib is aRlihd
commonl y used |n.tq§. har mageutj cal . i ndust r ,|ncgﬂgln ., the sodium |,
pot assi um | it hitff ’&%ﬁ“ﬁagﬂ‘ééib?nn%ﬁﬁﬁmee u 4 bytyric acid,
pr?t a_lrp'hnetzsnc ls'Bhi sis Which ﬁaﬂzaﬁiﬁea{eﬂpbys C_)-;jbermylhdd_ tpdmd/\mhrblt Iismn ihn t he
art. e terma QE|HQ non-toxic acid addition salts, ich are
general |y prepar%ﬁﬁty qafgécgipg t he conpounds of this invention with a
sui tabl e organi c or iTmopgditioncrd. perpider mansissing oalynefude the
25  hydrochl ori gggurinayceiirdeng SahiAb Caciis U deitddonitietli®s or peptide
oxal ate, valerate | eat'e, | aurate, bgrgte, benz ate,llactate,

phosphat e, tosyl 205 3% &18RaPEAYLded (PRI RARLTEE 3re commonly, pged
napsyl at e, 1&nd tim th&eharmaceutical industiwrascent-pegitifeacdomgtsawiehaci d
addition salt" ] I [ - il A& P! lsga

ef fectiveness aﬁ%r%g%ﬁiféts?g?g% %Btgﬁg ?ée%ﬁ%ga%e?a%}? \?\7{?&8& aregl!.)%%g'k.i%dt .These
bi ol ogi cal |y or oYPRS RESant@epride| eompewrd AYf tiermed "peptdsds migetdes" or

such as hydrochl opest fddtimetidseb{pahchece . 5. AdwUlDiia ResGi d5:Rist [(1086) ;
2cid. bropioni c UoHE Y Fxeaginser 0GR 308 PIHS AN pel 2R 21T 02
aci d, mal ohPc aciled. Chems3dGiRARE 41987) navhich arel incorporated derednt byi c
aci d, Citrifefﬁiéhcéyinz9Eﬁt§8£dmiﬁéfﬁﬁﬁﬁ£hé¥ﬂé¥e ERIEalydsimilar to
therapeutically useful peptides may be used to produce an
equivalent or enhanced therapeutic or prophylactic effect.
Generally, peptidomimetics are structurally similar to a

20 paradigm polypeptide (i.e., a polypeptide that has a

biological or pharmacological activity), such as _
- naturally-occurring receptor-binding polypeptide, but have one

or more peptide linkages optionally replaced by a linkage

selected from the group consisting of: -CH,NH-, -CH,S-,

‘25 -CH,-CH,-, -CH=CH- (cis and trans), -COCH,-, -CH(OH)CH,-, and
-CH,S0-, by methods known in the art and further described in
the following references: Spatola, A.F. in Chemistry and
Biochemistry of Amino Acids, Peptides, and Proteins, B.
Weinstein, eds., Marcel Dekker, New York, p. 267 (1983);

30 Spatola, A.F., Vega Data (March 1983),'Vb1. 1, Issue 3,

Peptide Backbone Modifications (general review); Morley,
Trends Pharm Sci  (1980) pp. 463-468 (general review); Hudson,

D. et al., Int J Pept Prot Res 14:177-185 (1979) (-CH,NH-,
CH,CH,-); Spatola et al. Life Sci 38:1243-1249 (1986)

35 (-CH,-S); Hann J. Chem. Soc .Perkin Trans. I 307-314 (1982)
(-CH-CH-, cis and trans); Almquist et al. J. Med. Chem.
23:1392-1398 (1980) (-COCH,-); Jennings-White et al.
Tetrahedron Lett 23:2533 (1982) (-COCH,-}; Szelke et al.

SUBSTITUTE SHEET (RULE26)



WD 96/ 40750 PCT/ US96/ 09623

13 nment hanesul foni ¢ aci d, ethanesul fonic acid, p-toluenesulfonic
acid, salicylic acid and the Iike. For a description of

pharmaceutically acceptable acid addition salts as prodrugs, see
Bundgaard, H., @&o®sa0756 "Phar maceutical | y accept TSNS
refers to those esters which retain, lux#ﬁhydrolysfs of the ester

bond, the bi ol ogi cal.. ef.f ec d ert 5t boxylic

aci d or al cott pﬁpé'nm%:b ?5?%% @ ﬁ’g 4n—’gﬁs\l?/l Bgaéé‘ rabl e.

For a descripti oh@i(%mmdeuﬂobhﬁdwe&rcait ab&@é@&ﬁs&ﬁ_ P4 ik Q404
see Bundgaard, Hjogfl Qf Pirdiiieby Lifeflsravideri1B9.e98e(1982)

Publ i shers, Anst rdan1 19 . gs sters, ar e typégallé formed from
t he correspondi ng %‘l?d’)?yl Fécch which aft 28¢ ed Aerein by rekgrgnce.
f or mat i | on cm bea partizageanly prederred qun-geptiidd lsinkage! is +EH{NH-UEesSuch

S A d { ley &
Sons. New Yor K (RSHES0%, i ”%m%rgﬁ%#%ngﬁmf#%ﬁ Highaitagea®Biedl | U |
et al. Encycl opepblypsptdidaiepbodiasntsl oipclwiing, for \noqa@pl& SoPBe New

York (1980)). Thecchdmirdl (‘;ﬁ@a%%'ib of gtdter ché®i@il \@dadblgga?r athNanced

conprise (i) a err err] hatlc al cqh can.or can not
contain one or %‘F%“%ﬁﬁ%‘t oRaTEigs &ao"l'%zf)’c%ﬁT r"f&”c?é’ﬁt"&f‘n PrETRFEd
carbons or 30 i) effiemeyt, @ter.n], aﬂ.nanedcspec:.fm:.ttget@er.cgar.oraabroad{-spdaut:sum

This invention a$§%f&'3§@la5b%§&vhue§ﬁeai’%ﬁ§g tg}g}’sigﬁgﬁ@i%gi tggas%mggg_

are both esters eérern
phar naceut i cal | yhabeling @ peprddeninenies tliﬁi#ﬁ%%}r tinHeso covalent

" Phar maceut i cal | ¥cegaaidtmab|oF Qﬁ'ﬂede ﬁl@f@rﬁaﬂélé hQ’;éﬁect:ly ¥H €8%cUbh CAd spacer
retain, upon hydrol SIS of thhe am de.b

ef fectiveness and® |aé'5 gtrﬁl%"?:arﬁ%ﬂﬁ’f c"réﬁ:?szerlng %Pséhfﬁﬁ(ﬁhfﬁr'éhe
not bi ol ogil&al | ypept::ﬂdwméts'& trhess prabpredRred hy qualgdsatpveon of

phar maceuti cal | yg@peaRlAdl £t3W0i¢§Sdata and/or molecular modeling. Such
' non-interfering positions'generally are positions that do not
form direct contacts with the macromolecules(s) (e.g.,
immunoglobulin superfamily molecules) to which the
20 peptidomimetic binds to produce the therapeutic effect.
Derivitization (e.g., labeling) of peptidomimetics should not
substantially interfere with the desired biological or
pharmacological activity of the peptidomimetic. Generally,
peptidomimetics of receptor-binding peptides bind to the
" 25 receptor with high affinity and possess detectable biological
activity (i.e., are agonistic or antagonistic to one or more
receptor-mediated phenotypic changes).
Systematic substitution of one or more amino acids
of a consensus sequence with a D-amino acid of the same type
30 (e.g., D-lysine in place of L-lysine) may be used to generate
more stable peptides. 1In addition, constrained peptides
comprising a consensus sequence or a substantially identical
consensus sequence variation may be generated by methods known
in the art (Rizo and Gierasch Ann. Rev. Biochem. 61:387
35 (1992), incorporated herein by reference); for example, by
adding internal cysteine residues capable of forming
intramolecular disulfide bridges which cyclize the peptide.
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prodrugs, see Bundgaard, H., ed., Design of Prodrugs, - El sevi er

Sci ence Publishers, Anmsterdam (1985). These am des are typically
formed fromthe correspondl ng carboxylic acid and an am ne. Generally,
am de formation can be acconplished 35 via conventional synthetic

techni ques. (Se®O®6/49750 March Advanced Orcani c Chem st ryPCE{U§9603623
John Wley & Sons, New . York (1985) p. 1152Y&nd Mark et al.

Encycl opedia of Chemcal oo Techngl 0qy, Jon W1y, & R0rn el Kesae

PCT/ US96/ 09623 refer to amino acidsi mhdchi da mtsmammelﬁy & hin vderoobut

those conpositi onsyhich, MdVexthdigsaot esg @&?gﬁg ;?é%'ﬁ

the sane tine " ;(r:e he phar@magzu ngﬂog acce e_acl J!Ba(ﬁlltl salts
thereof. 5 Stmc‘t“"%tdﬁ&?é”e @aPPfebP th@%ﬁq Fynrhatdsamine acids
carrier" refess toazecthe iDpa- Iaad.mwﬁdehodoxiatmfﬁllyltcﬁfcfﬁﬁng L-a-Mniihot B8ig

effect i veness of thg fuol qg gal AGHYRYY,bokliEring p- 3id E-d AT S0k

and whjch is not toxic
"St er eoi somer" r ef EEBresentashbyi the éom&ndHtWR*?@OOH wherigeR3afs 1) a lower

nol EC!J| ar wei ght, amzmc@wborrmsat k: a.oé.ﬂﬂyl uﬁ%tﬂz‘dﬁ '?rt&‘57 ?r
but with the atons ent Ly certain identica

roup
oher cal moteti oo AFERST ) a,heseRPEYENE BF) ’éﬁ%ﬁd}% 7 FazbRmk 35QRS and 1 to 2
therefore, wién puhetetSatonsaselleetal Firby thergtaup ddmsidtring &f tygensed

light. Howeveg LEQPE dHY ?113, %é%?g;lﬂ’ieéﬁ %J{;&.ﬁi’cﬁ Abld G Ul 28 10

that is so slight tﬁa 'S un
i nstrument ati on. Tﬁéré%ﬁi% WFlpﬁéliﬁsbaﬁ%ngnﬁ/@ﬂ ilorkQrady Su}DStmt@nen the

or nore asymet ri cakoRat i hul s %&deb’ﬁé&ef%tﬁ he z+d1ﬁ$ L A iQ1eP

ster eoi somers, Al poheledl S9Thed 31RokPS! UESo, ana Lddldlole s%Canm%fleE,Lley

is where alkylene is an alkylene group of from 1 to 7 carbon
atoms and Y is selected from the group consisting of (a)
hydroxy, (b) amino, (e¢) cycloalkyl and cycloalkenyl of from 3
to 7 carbon atoms, (d) aryl of from 6 to 10 carbon atoms
optionally having from 1 to 3 substituents on the aromatic

20 nucleus selected from the group consisting of hydroxyl, lower
alkoxy, amino and carboxyl, (e) heterocyclic of from 3 to 7
carbon atoms and 1 to 2 hetercatoms selected from the group
consisting of oxygen, sulfur, and nitrogen, (f) -C(0O)R® where
R? is selected from the group consisting of hydrogen, hydrcxy,

25 lower alkyl, lower alkoxy, and -NR3R? where R® and R? are
independently selected from the group consisting of hydrogen
and lower alkyl, (g) -S(O),R®. where n is an integer from 1 to
2 and R® is lower alkyl and with the proviso that R® does not
define a side chain of a naturally occurring amino acid.

30 Other preferred synthetic amino acids include amino
acids wherein the amino group is separated from the carboxyl
group by wmore than one carbon atom such as b-alanine,
g-aminobutyric acid, and the like. .

Particularly preferred synthetic amino acids

35 include, by way of example, the D-amino acids of naturally
occurring L-amino acids, L-1l-napthyl-alanine,
L-2-naphthylalanine, L-cyclohexylalanine, L-2-amino isobutyric
acid, the sulfoxide and sulfone derivatives of methionine
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"Therapeutical l y- or pharmaceutically-effective ~ ampount" as applied to
the conpositions of the instant - invention refers to the anount of
conposition sufficient to 25 i nduce a desired biological result. That
result can be alleviation of the signs, synptons, or causes of a

di sease, or weR§asher desired alteratjon of a biol ogi cal S T{USHO6E

t he present invention, the result will ty¥cally involve a

decrease in the i nol qgi.cal oL.. i.nf | t QEY .LEespons tqg 3

i nfection or ti ssggy?h] W “ﬁﬁgﬁ) éxzdﬂ;,-% iFalo)ya‘scl?e?fper %s?%&egsi %rﬁe%?i des
are abbrevi ated adefined fahigvenas Pebh\as| e nkower pl&koxy ferivative ¢£ Leu

or L; | sol eugéeridisidd e(iq,re.l,;gwct:htz@{ﬁmd@chgtoﬂ wleréaRéNesi asVakfined
or V; Serineis Ser or.S; Proline is Pro or P; hr €onine is 35 Thr or T;
Al anine is Ala or ?Vq'&/’rosineis Tyr or Y; Histidine is Hs or H

Gutamine iss@n or Q AspatDegieseable Asabel" Nrefers tio/manerialsyswhicK; when

rsbactt oA I [ . : : \ ey
or & vy opnan £5PafnCly GREABIAG &6 he aapcfyfl uff skecla ddeeise s
PCT/ US96/ 09623 _this gnyrentien,spargibrdeteghiprggkithe peptigeoand peptide

Addi tionally, mimetids Bl o BAl the pebzens «SAvHon eyel pepribanbhepepeide
S acetyl, Me.,is neh?#/l, Pen hs gnicillam pe, Allb 1,S anLngl

i sobutyric acid, RVEEFEC RS heeRe2 FEeT8Fno PHANARLE HEFfCtagle ipbels are
t hi enyl al anili®e, OBell skiidvrenizyitheaaxzt hamdi snclude, foyiwayypEfokkample, :

In addition to pepi} ti n al ley; ke an},{o
aci ds, pepti dompng%?ggf%r gep;sts' i (ﬁggoPQééfe:g%a %bgeslsar(?'g 's'oﬂlrlggléggé?'ﬂgépfg}llgeth

anal ogs are conmohat¥euscthe PartichlarAeres thabgl epgdeyeg ig not
non- peptide drugseritical and As0peléteed arel Hgdrs o theoamonhe! 8E LaBRlate be

et ot or o cmopIEE s el a8 Bhe SRR e e WBbET e ERS ABqune of
(1986) : 15 label employed. Selection of the label relative to such
factors is well within the skill of the art.
Covalent attachment of the detectable label to the
peptide or peptide mimetic is accomplished by conventional
methods well known in the art. For example, when the 251
20 radioisotope is employed as the detectable label, covalent
attachment of 251 to the peptide or the peptide mimetic can
be achieved by incorporating the amino acid tyrosine into the
peptide or peptide mimetic and then iodating the peptide. If
tyrosine is not present in the peptide or pef:tide mimetic,

- 25 incorporation of tyrosine to the N or C terminus of the
peptide or peptide mimetic can be achieved by well known
chemistry. Likewise, 32P can be incorporated onto the peptide
or peptide mimetic as a phosphate moiety through, for example,
a hydroxyl group on the peptide or peptide mimetic using

30 conventional chemistry. '

IXI. OVERVIEW

The present invention provides compounds that bind
35 to and activate the TPO-R or otherwise behave as a TPO
agonist. These compounds include "lead" peptide compounds and
"derivative" compounds constructed so as to have the same or
similar molecular structure or shape as the lead compounds but
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Veber and Freidinger TINS p.392 (1985); and Evans et al. J. 15 Med. Chem
- 30: 1229 (1987), which are incorporated herein by reference). Peptide
- minmetics that are structurally sinmlar to t herapeutically useful :
pepti des nmay be used.to produce an equi val ent or enhanced therapeutic
or prophyl acti cwaj 960750 Ceneral |y, peptidom netics are sPEHESHINPY
~simlar to a 20 par adi gm pol ypeptide (i.e.19a polypeptide that has a

bi ol ogi cal or pharnmacol ogical activity), such as_,  ~ naturally-occurring
recept or - bi ndi ngtha¥ §xj&roputhraleagneompoundy e ifhar vl FeIneatages
optional |y repl agagcéyt sbiliitiaae hydrg%iéiﬁcéﬁ%fdﬁbﬁiﬁﬂrwwﬁ&itﬂii ng

|

Crans) L oo o peabttEid rnes piologiksl " brsbbilids, Sudl 44 (e aha

known in the arta ﬁialm_ﬁtvtﬁm tdesceckptiokn The prement|inyentdorefadssnces:
Spatola, A s 'np£bﬁﬂaé§rdbMﬁ@§itions Ebﬁ%gﬁglﬁérﬁhCEffHEﬂIVé*HﬁEhndqﬂﬁ”ad@ﬁo
and Proteins, B. .  \Winstein, eds., riel Dekker, w. York, p. 267
(1983); 30  SpAFORista and mOXg,PRAXLICPARFLY 3 g&emPouRsd. that Jf diseful for
Pepti de Backbonetbbating Hematologicalatdisordenrs, ddd lparticularIir,ends Pharm

oot prov bt 1R GHecRERoly MBI oRIEON chemocsfingl Fginith

Spatola et al. Etherapyi @3bope3mazzow(tyassfwsions (-CHerr]-S); Hann J.

Chem Soc a@erkin Trans. | 307-314 (1982) (-CHCH, cis and trans);.
Al ngui st et al. Me m 23:1392-1392 §1980) (-CoCH err]-);
Jenni ngs-Wite egxﬁf.fhﬂé%% - eAGONLSIS 533 (1982) (-COCH err]-)
; Szel ke et al. W06/ 40750

PCT/ US96/ 09623 : : o 33 - Ie pL.Q.
EP 45665 CA (1982): 97 3,949(??‘?;?832?“"9 ?-%ﬁ(‘ﬁﬁ%ﬂﬁﬂl—t}’f ‘%ﬁ%aud?y‘_’étp‘ b
Tet r ahedron Let t T€3311m oid ied by r3pdem peptigedisiqysity, gengrating fe
Sci 31:18918599 (4P8Lgms coupled with an affinity enrichment process.

Specifically, random peptide diversity generating
systems include the "peptides on plasmids" system described in
U.S. Patent Nos. 5,270,170 and 5,338,665; the "peptides on
phage" system described in U.S. Patent Application Serial No.
20 07/718,577, filed June 20, 1991 which is a continuation in
part applicatfﬁn of U.S. Patent Application Serial No.
07/541,108, filed June 20, 1990, and in Cwirla et al., Proc.
Natl. Acad. Sci. USA 87:6378-6382 (1980); the "polysome
system" described in U.S. Patent Application Serial No.

25 08/300,262, filed September 2, 1994, which is a
continuation-in-part application based on U.S. Patent
Application Serial No. 08/144,775, filed October 29, 1993 and
PCT WO 95/11992; the "encoded synthetic library (ESL)" system
described in U.S. Patent Application Serial No. 08/146,886,

3¢ filed November 12, 1993 which is a continuation in part
application of U.S. Patent Application Serial No. 07/946,239,
filed September 16, 1992, which is a continuation in part
application of U.S. Patent Application Serial No. 07/762,522,
filed September 18, 1991; and the "very large scale

35 immobilized polymer synthesis" system described in U.S. Patent
No. 5,143,854; PCT Patent Publication No. %0/15070, published
December 13, 1990; U.S. Patent Application Serial No.
07/624,120, filed December 6, 1990; Fodor et al. Science
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(-CH2-S-); each of which is incorporated herein by reference. 5 A
particularly preferred non-peptide linkage is -CHerr]NH. Such

peptide mnetics may have significant advantages over pol ypepti de
enbodi nents, including, for exanple: nore econom cal production,
greater chenm cgdogsuedse! ity, enhanced phar macol ogi cal pr RSVUSPERP623
(half-l1ife, absorption, potency, 10 efficagy, etc.), altered specificity
(e.g., a broad-spectrum of biological activities), reduced
antigenicity, aR81e7B®+373 (2/19%H)¢l Dogeof apdpFodoni nkhum cRersuMedy Cheml ves
coval ent atz%aﬁ*?ﬂfﬂéo Of1 89 Orari@rues' apet Snt UAPEEL bdlt fn (WU B,

spacer roup), to _non- |nterfering position(s) on the

m%lo an_am de%é;
15 pept i dom Pe 12hat L3k rp%iﬂ“@{eé'd by a%%nt itative
structure-activity data apsing the exdcedurededesgribed habove, random

Girect contact o BAPERIPESegE Al 1Y, BB95p0a 088 had £udiined pupbRE"be
superfani |y nol édnresicid mesiduashdmwdengphpliedgm nk2) ¢ bTm(ﬂ#Itea‘apeouhee

the therapeutic Rfifigetion of @i@dﬂddlé%ﬁ:h.&@ﬂ@n@odiﬁgbﬁké Nfind¥m peptides,
pepti dom neti cs houl d not substan%ll al | 1nterf£ th the desire

bi ol ogi cal or FRAPREERF B BT Fet M FF? f 18 BUpep? iAretGrcG, o T
General |y, (pqnﬁmdbarﬂmemdﬂ‘ng“ mphaméthdﬂo@ompérhph&dd neéthart he 25

recept or V\ié h h'rﬁtglggéigégycﬁp% %ﬁ@%.[%grquéeﬁﬁfgl & Qf%ogécgﬁmolar) % 3V ty

(i.e., are agonistic or antago tor-he
phenot ypi ¢ chandéspn integer COrreSPOSFQ-FSn’Qﬁl%hGuBBW%EﬂP%rﬁW%ﬁsldﬁ nmre

?m n0380| ds thef pa eﬂaéet@@l q%e%% %éa eoDspé&ﬂpya@mg dife bhetﬁéﬁsz
ype ne,in place e_lse ener

nore stable pept§°5§§{’¥?ncaﬁ‘a‘?’f F§¥ frnh‘%) ‘gﬁéd&%“fs ﬁ%r Fafig
consensus sequerideawmina aubésarﬂ i £xit )ealcdienfl 8 admino am.er&[,&):seqnhnoﬁ 3
variation jgy bemaﬁeeae%g% "nd%h g,niéns the thi:@etgﬁaﬁ‘réoﬁszo %HQB the

G erasch Ann. R Bi oc ; i‘% | nc rporate erein
reference); for RRELL egcodes %I P 2§ %1 n%“?%%&@él?caﬁabl e
of forning sitopr a68bR ¢ Uard f&dudé‘s d:edbnlﬂgas whi ch cyclize the peptide.

In the systems employed, the random peptides were
presented either on the surface of a phage particle, as part
20 of a fusion protein comprising eithex the pIII or the pVIII
coat protein of a phage fd derivative (peptides on phage) or
as a fusion protein with the lLacI peptide fusiqn protein bound
to a plasmid (peptides on plasmids).
The phage or plasmids, including the DNA encoding
25 the peptides, were identified and isolated by an affinity
enrichment process using immobilized TPO-R. The affinity
enrichment process, sometimes'called "panning;" involves
multiple rounds of incubating the phage, plasmids, or
polysomes with the immobilized receptor, collecting the phage,
30 plasmids, or polysomes that bind to the receptor (along with
the accompanying DNA or mRNA), and producing more of the phage
or plasmids (along with the accompanying LacI-peptide fusion
protein) collected. The extracellular domain (ECD) of the
TPO-R typically was used during panning.
35 After several rounds of affinity enrichment, the
. phage or plasmids and accompanying peptides were examined by
ELISA to determine if the peptides bind specifically to TPO-R.
This assay was carried out similafly to the procedures used in
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17 _ Synthetic or non-naturally occuring am no acids

refer to am no acids which do not naturally occur in vivo but whi ch,
nevert hel ess, can be incorporated into the peptide structures

descri bed hereiwopdgueiser red synthetic amno acids 5 are t RCEIIPANGZ3o
acids of naturally occurring L-a-amno acid 21 as well as non-naturally
occurring D and L-a-am no acids represented by the fornula

H er r] NCHR] er r ] C®@H adifdmd tiy| enrjichmertt) pxrdamess, exceptakhsat gfvep, réhowing
cycl oal kyl _gr ouRyfHourd Praghko Zne%ém were %’&lﬁ) t2ehELET QYR £aBbit
from3 to 7 carbon at di eter se ectedfromtﬁ
group consi sti n(‘f‘r{ff"’(?iﬁ?@nan bOdYSLH' ?ﬁaﬁﬂﬁ’@np 2FPRALASBmt i ¢
residue of from (@R)O-c‘rﬁxjugatedcgcbbrarﬂimbhﬁu mmdﬂbpdlyaw Thef &amouitt 6£3
substi-tuent g on éﬂ@alhin(f gh@%ﬁ@&ég nﬂfkea"@: %IG.LCR&% f gﬁegrgyp?tandard

consi sti ng of am no, car
-al kyl ene-Y 15 me amkyn@héarsﬂraxspalp@q@@@d@; yeef mm'-lletpemdasbgn

atons ‘and Y is salfatiets e hhtsgaé&&fmlﬁi Id&aqfl bRlow. hydr oxy, (b)
am no, (c) cycl oal kyl and cycl oal ke

t carbon gt ons,
(d) aryl of from6 to 10 &% SBﬂpﬁF eede wegﬁq SHEh f"ﬂgﬁ’ﬁgw?ggﬁl NPy 3
substi t uent s on rtéue;am:rtat one26an detsrdneine sdentiead theofushengpvopeins bind
consi sting,g a c y ) R
het er ocycl | c of rom 6'@?‘%1' Spegt ﬂb% on?ﬂaLg %e ggggét g?%é? kg bind
sel ected fromtHe® W were S§6ﬁ§$%4 iRy %fCQ%ngbrilffruPFQPlnﬁnﬁOﬁWFFoBéhng
(f) -A(ORerr] Wﬁabelled%@hbiralér@%éﬁ‘éﬁﬁbxf I OMmHilee pFbBE PcEANBEShBAuLEd

hydr ogen, hydrox | Qqwe | k ral.kox and L

V\%eregRB an)é R4 srjéng pr“"”‘ﬁdgﬂi ﬁ%rﬁl \Ag'f‘)éscq}bom%ﬁ theﬁ%ghﬁé%ﬁg}%ﬁ:ﬁg

of hydrogen fused towhe S-kerminug o$(@m|qqule wieceptari s Ehei nt eger

froml to 15  veryithddidd Fo¥R! oftl dvd ﬁtﬂﬂé&bé&e i3 Qﬁéﬁoekﬁi‘ésgéér ah

does not ef i ne SI de chai pn, of _a naturall )g‘rﬂa&currl ng ap no, aci d.

Ot her preferred lcs'aﬁVHE’JcéEhdscﬁ%cq?ﬁes‘am owing EIr§ E'C\AH@F@Pﬁttﬁg

am no group is slﬂmrrﬁaabdqrsm the mépnqd- was tesgpedfolybindénghao TPO or

carbon at om sucligs. i-glauliel ool [ OBe efeRitcd lgnghénelgbgied to
ynt et c

Particularly pr erre m no amcks_’ ]3'/
exanpl e, the D gh sracidier aﬁﬁg.gj.%mvp:.th P for use as a monova ent probe

20 to identify high affinity ligands using colony lifts.

Peptides found to bind specifically to the receptor
were then synthesized as the free peptide (e.g., no phage) and
tested in a blocking assay. The blocking assay was carried
out in similar fashion to the ELISA , except that TPO or a

25 reference peptide was added to the wells before the fusion
_ protein (the control wells were of two types: (1) no
receptor; and (2) no TPO or reference peptide). Fusion
proteins for which the binding to the receptor was blocked by
TPO or the reference peptide contain peptides in the random
30 peptide portion that are preferred compounds of the invention.

TPO-R, as well as its extracellular domain, were
produced in recombinant host cells. 'One useful form of TPO-R
is constructed by expressing the protein as a soluble protein
in baculovirus transformed host cells using standard methods;

35 another useful form is constructed with a signal peptide for
protein secretion and for glycophospholipid membrane anchor
attachment. This form of anchor attachment is called
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occurring L-am no acids, L-1-napthyl-alanine, L- 2- napht hyl al ani ne,

L- cycl ohexyl al ani ne, L-2-am no isobutyric acid, the sul foxide and

sul fone derivatives of methionine WD 96/ 40750

PCT/ US96/ 09623 18 (i.e., HOOC
(H err] NCH) CH enyddgdbmer ] - S(O [err]Rerr]) where n and R err] RERUSI&09
defined above as well as the |ower al koxy derjyative of met hi oni ne
(i.e., HOOC-(Herr]NCH CH err]CH err]-OR[err] where R6 is as defined
above). 5 “PIG-taililpirect Falec chohel And aferideID rEdiricdl 243vhlsé-vhes
covalently attac tj.d an | ) i 0, this

I nvention, perm Big%%gc%ﬂngr#g? tat':hei'e g‘F‘g‘gﬂ%n?ipdgpétﬁeﬁs (flggr%)riet Ics in
vivo in the patient to whégine tﬁ@pgﬁgeté?-l’pﬁﬁ)tﬁltﬁtem- On&YiGAR cdep¥e bhen

adrr} nidst erb ed. SUk]§ab¢@ozdleEz%‘:d e sudBgls a;ts ecHd) cefllmé | extgiany i:n@bthe ?éée@i@r.
i ncl ude, by way exanpl e radi oi 0 , orescent l.abels (e.g.,
f1 uor escei n)g,,vaangetﬁy @radsqq%d ?ﬁu ﬁﬁif? c%ef.ﬁcroi‘?eéﬁﬁg’?"@ﬁ\ &E@F&errpl oyed

i s not cri ekpeéssiuh icf yelceptesd withta wellb sdetenpwitthofphbabhbdlipade
enpl oyed as wel | mas | abei S0 I
enpl oyed. Sel ectci'on%%'% %%‘{é%)eﬁ-legreg:g?i %e to cgét}ng*?s ;cht gﬁcfltgrmm%
within the skill SgEuenge f#f amino acids, calleddihg HPAR tt@ddientrom the

det ect abl e | abel s‘ﬁ.gniilﬁproteinl lFf%E{ hé&b?&n&ﬁ&&&éiﬁuﬁéﬂtetérm id‘alna%omﬁﬁin'bﬁﬂPﬂzéH
I
attachment of [ePrpteim came heedmndbidizedeby eqndtingriths iweldsn of microeiter
achi eved by incoppgEad ity Fz @Hﬂaﬁzﬁbdtm OHd¥bddy (A 79 or MBBPLYSIE, OF
pepti de mnetic d then iodating the etlde.,lf_ . tyrosine is, not
present in the pggPF}EI%n%rn%';ﬁﬂetfgfﬁ'FrrPgFa?-nQéuth i PRGSO ISREHh 23PuRiR o BFR)
to the N or C tedini PBS, ;ind lrthen binddnyi dieaved aEcambiniamt irecedpgobeto the
achi eved by grel | JkPPMR. Using this procedure, one should perform the
immobilization reaction in varying concentrations of receptor
to determine the optimum amount for a given preparation,
because different preparations of recombinant protein often
contain different amounts of the desired protein. 1In
20 addition, one should ensure that the immobilizing antibody is
completely blocked {with TPO or some other blocking compound)
during the affinity enrichment process. Otherwise, unblocked
antibody can bind undesired phage during the affinity
_ enrichment procedure. One can use peptides that bind to the’
25 immobilizing antibody to block unbound sites that remain after
receptor immobilization to aveoid this problem or one can
simply ‘immobilize the receptor directly to the wells of
microtiter plates, without the aid of an immobilizing
antibody. See U.S. Patent Application Serial No. 07/947,339,
30 filed September 18, 1992, incorporated herein by reference.
When using random peptide generation systems that
allow for multivalent ligand-receptor interaction, one must
recognize that the density of the immobilized receptor is an
important factor in determining the affinity of the ligands
35 that can bind to the immobilized reéeptor. At higher receptor
densities (e.g., each anti-receptor antibody-coated well
treated with 0.25 to 0.5 mg of receptor), multivalent binding
is more likely to occur than at lower receptor densities
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chem stry. Likewi se, [err]P can be incorporated onto the peptide or

peptide mnetic as a phosphate noiety through, for exanple, a hydr oxyl
group on the peptide or peptide mnetic using 30 conventional chem stry.
1. OVERVI EW The present invention provides conpounds

that bind 35 wWosMastct i vate the TPO-R or ot herw se behave RCTAISTHAD623
agoni st. These conpounds include "l ead" peptidde conpounds and
"derivative" compounds co

structed so as to . have t-he sgnme simlar
mol ecul ar struct&r&-er e?ﬁﬁp@“ﬁ%'?ﬁ%e??&ﬂ a&’ﬁﬂ%&@ﬁfd?%% well treated With
96/ 40750 0.5 to 1 ng of the receptor). RETMIIEGAAIEAB binding is
19 t hat di . ram I | t ] I
susceptibility td(c)‘_;c%gé'?)’g#?:gggr8%?0?%?%2?5%&1 t(}(ri}:rev:t"ll\%[ tﬁ% lgwg?%esiplg%?m%% )
ot her bi ol ogi cal¥ishopeletdvely tavwes ﬁ%ﬂ’é&é’ed unless one yse§ Righ (drnsities
receﬂ or. The prdfseﬁh;:blilgragﬁoﬂeaépﬁbr To idletdides leakpedmbbaiids COHP isdsJ
an effective amgunt of a oni st, .an r e .par - .
conpound, t hat Wﬁ.s%wgge%-&f:epg?r dens‘ﬁ?’e%st istﬁjg lﬁg(rirﬁ 0 glg:'ﬁ%g:?‘aeﬁ:J %#gg%%é{s?e%‘?tlve

particularly, compphndshocytopeni a associated with chenot herapy, radiation

therapy, or bone marrow t pgnghdsi-ORsn Hilgher BEFTREEGATS
TPO- AGONI STS ™ awéiéptldaéésé)ﬁé“\?inr?g 2 i ndi h nitf Peolidds, s

can be r eadORPVRAERE KFPEEPEGT  BFRRSM FEFEUER Y &5 MEPdyenthis iFiPRS can
systens coQpl ed be prodnced usihy proteinkina@geo®et® phosphorylate a kemptide

sequence fused to the C-terminus of the soluble receptor. The
Yengineered" form of the TPO receptor is then expressed in
host cells, typiéally CHO cells. Following PI-PLC harvest of
the receptors, the receptor was tested for binding to TPO or

15 TPO-R specific phage clones. The receptor is then labeled to
high specific activity with 33p for use as a monovalent probe
to identify high affinity ligands using colony lifts.

Preferred screening methods to facilitate

identification of peptides which bind TPO-R involve first

20 identifyin§ lead pept;.ides which bind to the extracellular
domain of the receptor and then making other peptides which
resemble the lead peptides. Specifically, using a pIII or
pViII-based peptides on phage system, a random library can be
screened to discover a phage that presents a peptide that

‘25 binds to TPO-R. The phage DNAs are sequenced to determine the
sequences of the peptides displayed on the surface of the
phages.

Clones capable of specific binding to the TPO-R were

identified from a random linear 10-mer pVIII library and a

30 random cyclic 10-mer and 12-mer pVIII libraries. The
sequences of these peptides serve as the basis for the
construction of other peptide libraries designed to contain a
high frequency of derivatives of the initially -identified
peptides. These libraries can be synthesized so as to favor

35 the production of peptides that differ from the binding
peptide in only a few residues. This approach involves the
. synthesis of an oligonucleotide with the binding peptide
coding sequence, except that rather than using pure
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Specifically, random peptide diversity generating systens include the

. "peptides on plasm ds" system described in U S. Patent Nos. 5,270,170
and 5, 338, 665; the "peptides on phage" system described in U S

Pat ent Application Serial No. 20 07/ 718,577, filed June 20, 1991 which is

a continuation i wooée7sart application of U S. Patent Appli C atRGIHUSIEN9ES

No. 07/ 541,108, filed June 20, 1990, and2#n Cwirla et al., Proc

Nat|. Acad. Sci. USA 87:6378- 6382‘:&1]980%' t he "plg%é/f \é F“i

described in U SPEPREEAEiOHHIFE AachnoBerhe) fRET Bucleqnidn §r3RDOSPRALRS in

Septenber 2, 1998hewbynbhésis, one usestmixenies-of-phe tfapphucidepsideased

on U'S. Patent  crioARBbhealdon Ser sky\ge DAL1Mdodier i oChiaRer 228 154

1993 and encoded s nt hetjc I|brar%& g
system descPRBBdofnthe satm éwegpavséa? bﬁe%elr? ANNPTEGEFTRE BAFLuS

L I ISedPNoverriBZIrD llﬁorlﬂﬁﬁsvﬁlxﬁbls& a@;dgtmgl4 gﬂgggen--cmmﬁ" nucleapnaecaiixgonoqf
at ent pl igatio ria [ =

1992, which is a° oﬁ??ﬁug %&r ;ﬁree n‘éﬁb??%%\??%nl%%%gegng gﬁfrred

- Appl i cation Seri mkxtbreOféfGﬂ;anurpose) f sbeds Septgemaratis derdyatiyed opifiethe

““"very large scal ;333 Z&%FB ¥8Blhea¥at hesi s” system described in
U S. Patent 1 :ng Jséé gate f _Publication 90/,15Q70,

publ i shed Decenber 132 vapietyof sPE?EﬁQ"?@p‘F?E%t‘ﬁﬁfl && ﬁ&FlN&tm the
07/ 624, 120,19 i | elleRacpeabeiaés H;BQ&kz.Egdeﬁmeagahes:ﬁommmetheme" librarie¥).
96/ 40750

20 251: 76779992 3PTHeAs HRVEFT RR2ESTS 18t %{‘959 f§ 1{brazy based on

26:271-180 (1991)'-heaqgn&@su@asmempmucagennzsératal7tNolO 10:103d5enpency
filed Decenber 6gnd9@%tended on each terhﬁhﬂg ﬁﬂ@hpfﬂ&ﬁﬂﬂﬁ@%léﬁégrtge roduce

above, random 5, pepties verq Gengha LY estd ekt 0l 3,98 85 rrens
15 XXXXXX (C or S). A similar extended/mutagenized library was
constructed using the peptides-on-plasmids system to produce
clones which enclode the sequence XXXXX (C, S, P, or R) TLREWL
XXXXXXX. An additional extended/mutagenized library, XXXX (C,
S, P, or R) TLREWL XXXXXX (C or S), was constructed using the
20 polysome display system. All three libraries were screened
with peptide elution and prohed with. radiolabeled monovalent
receptor.
The "peptides on plasmids”" techniques was also used
for peptide screening and mutagenesis studies and is described
‘25 in greater detail in U.S. Patent no. 5,338,665, which is
incorporated herein by reference for all purposes. According
to this approach, random peptides are fused at -the C-terminus
of LacI through expression from a plasmid vector carrying the
. fusion gene. Linkage of the LacI-peptide fusion to its
30 encoding DNA occurs via the lacO sequences on the plasmid,
forming a stable peptide-LacI-plasmid complex that can be
screened by affinity purification (panning) on an immobilized
receptor. The plasmids thus isolated can then be reintroduced
into E. coli by electroporation to amplify the selected
35 population for additional rounds of screening, or for the
examination of individual clones.
In addition, random peptide screening and
mutagenesis studies were performed using a modified C-terminal
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amno acid residues in length (e.g., 12). To generate the col l ection
of ol igonucl eoti des encodi ng the random pepti des, the codon noti f
(M\K)x, where Nis nucleotide A, C, G or T (equi nol ar; dependi ng on
t he net hodol ogy enpl oyed, other 10 nucl eotides can be enployed), Kis G
or T (equi nol aryyo o336 IS an integer correspondi ng to tIECTUSYe2D T
am no acids in the peptide (e.g., 12) was used to specify any one of
the 32 possi bl e codons resulting fromthe NNK notif: 1 for each of
12 ami no aci ds, Lact§rdispllayfsystem do atiidh, display cslendy dvakh redutedo

acids, and only (egga@biddie dilfies® %ti%gl‘&?dgpﬁem)-rhusrhé heibrarid¥\ddd i f
encodes all of the amgoan ci ds, en%R es on pne st op lcodo , a

nd
reduces codon bfg¥eene the resulting. DNHIRFRT SR LIRS (At JokPol
pepti des were intopaes®lticszd GindingoprolkeiauldBRr wdctop egioywing ithedr as
rt -20 ' te LLsilng ei.ther - | [
Pont proten of “ibrRlsid 8,3 CRbuinld SuLteh prbtdld, YrddE AL hysaces

fusi on protein §FeR raedamly piskedidndiyiduapr ¥BR| fusiamclones (wexe fhesni d

(peptii des on pl aggh¢éd for TPO-R bindi_ngTHﬁ_ BRABEISK ekt das ididditiged t he
DNA encodi ng 25 t he peptides, were identified and isolated by an affinity
enri chnent procé‘?gvﬁsi ng i mobilized TPO-R The affinity enri chnment

process, sonetines cal |l edPépdris mytagemesisestudies mexte plso cxpntiuated

i ncubatin he , ' Olgs S, M LT Ld, 2 .
receptor, g"&%l I eggl‘a‘glg Fﬁ‘{’eﬁé%&m%ﬁhs%aﬁ%%g?%rawo éﬁ%ﬁg’?t ha ‘Jﬁ)él’ ?}Q%d&ng

the receptor (aPBRiGREion U.5. Ratento APRi}ragi erigkNg . BB Rhfei ng
Eorle of t_hg pPa@_ﬁ.led Sepﬁedﬂe&srﬂ,;js.s@%:,owi‘aht $ﬁtﬁ%mnmwﬁm'mﬁn-pan (ED)
acl -peptide fu . . _pr.otei c cted. {LaCe [ in

of the T rpoRRbls sreseR RERd oL PRy eBanP L cheton SR E R L | O

several rounds @B/affi 7Sy HidedQuhobert B9, 1993 pARAPET WO o33 A9 each

acconpanyifg pepd ¢4agcheis fii&ﬂ‘g&%T % R:@e her_FiELb§Aréf3eP@ﬂ€éé“f&"ili he

pepti des bind specifically to hi's assaé/ was carrée}gl ou

simlarly to t h&Y5POSEaur A qu}gsis library was constructed based on the
sequence XXX X (C,P,R,or S) tlrefl XXXXXZIX (Cor

8), in which X represents a random. NNK codon, and the lower
case letters represent amino acid codons containing
20 70:10:10:10 mutagenesis at positions 1 and 2 and K (G or T) at
position 3 of the codon. The library was panned for 5 rounds
against TPO receptor which had been immobilzed on magnetic
beads. After the fifth round, the PCR amplified pool was
cloned into pAFF6 and the ELISA positive clones were
25 sequenced. The sequences were subcloned into an MBP vector
and their binding affinities were determined by an MBP ELISA.
To imobilize the TPO-R for polysome screening, b
179 was first chemically conjugated to tosyl-activated
magnetic beads (available from Dynal Corporation) as described
30 by the manufacturer. The beads were incubated with antibody
in 0.5 M borate buffer (pH 9.5) overnight at room temperature.
The beads were washed and combined with TPO-R containing the
"HPAP" tail. The antibody coated beads and receptor were
incubated for 1 hour at 4°C, and the beads were washed again
35 prior to adding the polysome library.
Screening of the various libraries described above
yielded the TPO receptor binding peptides shown in Tables 1
and 2 below, as well as others not listed herein.
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WD 96/ 40750 PCT/ US96/ 09623

21 the affinity enrichnment process, except that after renoving
unbound phage, the wells were typically treated with rabbit anti - phage
anti body, then with al kali ne phosphat ase (AP) - conj ugat ed goat
anti-rabbit antiodg4eriee anount of 5 al kal i ne phosphat ase |

was determ ned by standard met hods. A sin®6ar ELI SA procedure for use
in the pepi des on pl asm ds systemis described in detail bel ow.

By comparing test wells with control wells @EBEE-L receptor), one can
determ ne whether the fusion proteins bind 10 to the receptor
specifically. Tha=phag a—poolcfy QdElteO—la 0 - S

a colony lift pro r adipedptiiddd ed o 7
Thi s probe can befproooced USTg protern Kinase A to phosphorylate a “
kenpt i de sequence B_d -Ror i p¥s of the soluble receptor. The

E fGseB tH ttheRC
15 "engi neer ed” P
cells, typically !
the receptor was @tgd tormbifdizgng rt OETP@ OL TPO- R specific phage
cl ones. The recepfor— S ettt M gN SPecliiiC activity W 1in
[err]P for use aslf®& nBnoPal BntLpfob& 28 LtoPidentify high affinity |igands
using colony lift§. %ep j dgs found to bind specifically to
t he receptor ¥=Y - A abllay=TTim- 7-V2 o= e E-e—PePttee—{f-t—g—e
phage) and tpEg ek i g apblpcki n@ agsayp ¢€he bl ocking assay was carried
out in simlar faffomrtotiheEcrSA,  except_tnat PO Oor a 2o reference
pepti de was Htded}jfo BheGnePl sRbed oVe the W u¥i on protein (the contral
‘wells were of two types: ; @de(2) no TPO or reference
peptide). Fusion i ek
bl ocked by TP@ on, t ke geferencar papt igdewcont a¥n Peplides in the random

i ﬁ. then expressed in host

30 peptide port [forrTararepreferred._conpounds of gﬁe I nventron.
TPO R as wel | asfisGxEr afelbul®r MoFmi @ Werd E HnQduced in

reconbi nant host | fogm gf FPOLR 7 ;_,' i@ constructed by
expressing the pr ' ' 1

host cells wsH ng gtaankar & nst hpdsT 35 L amot MWer Lus&f uk f@rmis constructed

w th a signal peplcdeRTOI‘Q T L T A WL DLEQC I
kADGPTLREWISFC {
lc ELvers1mswLTGC
lICGTEGPTLSTWLDC |

20 C DQLGVTLS®RWLEC A
$ 6 TGGLTULRETWTLGSTFSTULILS
“CPEG'PTLLQWLKRGYSSC |
R GDGPTTLS SO QWILYSULMTIMEC
IMVAGPTLREFIASLPIHC

25 S M QGPTTFRETWVYVSMMEKTYVLC
FVQCGPTLRQWLAARNHLS
G NADGTPTTLROWLEGRT®RTPZKKN
§ VR CGPTLROQWLAARTHTILS “
L AIEGPTILRA® Q@WLHGNGTRTDT I

30 HGRVGPTTLRETWEKTAOQVATKK ﬂ
CADGPTILREUWTISTFC
I1 S DPGPTLIEXKTETWLSVTRGAS I
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protein secretion and for gl ycophospholipid nmenbrane anchor

~attachnment. This form of anchor attachment is called - WO

96/ 40750 PCT/ US96/ 09623

22 "PIGtailing". See Caras and Wendel|l Science 243:1196-1198
(1989) and Lin avopéo78ci ence 249: 677-679 (1990). PCT{USPGRP62H e
PIGtailing system one can cleave the regeptor fromthe surface of
the cells expressing the receptor 5 (e.q., transforned CHO cel | s
selected for hig X %f ;qeceptq.r A tﬂ Tce&,l l_§or§er)
wi t h phosphol i pajg& =YaF-Yat &fa ass ~Srax

t er m nal sefipenge Rf gm Po -pcugis,g CQl | gd thex' HBAPRt aEI 'H fT org t he

signal protein f
further purificafBonN jIiheDr @ onbi ri-%th r@ce@t ol L EprG eRn %ar?? bK N

I rmobi Ii zed by c Stlgg E{Aﬁmeélsrof 3b\herL TL ELekesTmnﬁhrgn

antl-HPAP tail R aatalVi Re—e =

cl eaved reconbi nant =
one shoul d perforn1the |nnDb|I|zat|on reaction in varyi ng

concentrations of receptor to determ ne the opti mum anount for a

gi ven preparati on, because different preparations of reconbi nant
protein often contain different anounggpyk 4 he desired protein. In 20
addi tion, one should ensure that the i mobiTrzing antibody is

conpletely ¥ ocked (Mﬁth TPO or sone other bIocklng conpound) during

the affinity enrj = ot e

bi nd undesired phage _during the afflnltv
use peptides thaj
sites that renaif
or one can

9 ]
Pepﬁiﬂechneni pracedure. (ne can
nﬂ hthEeR2§.R ¢nnDb|I|Z|ng antlbody to block unbound

SWEDblblzeRtMe receptor dlrectly to the mells of

TFKQFLDGC

15 IICTRGEWLRC
CTLROQWLQGC
CTLEELRACC
ILCTREELMRLC
"CQRADLIN'FC

20 [CNRNDLLLFC ﬂ
CTRTEWLHGC | J
CTLEFMNGC "
ICSLGELRRLC ) . :

_ nCNINQLRSIC

25 nc'rMRQFchc
CTRSEWLERC
CTLHEYLSGC _ _
CTREELLRQC | |
CTFREFVNGC

30 CSRADFLAAC
cscAaAQvVvVQcCce
CTLROWILLGMC
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mcrotiter plates, without the aid of an immmobilizing anti body. See

U S. Patent Application Serial No. 07/947,339, 30 filed Septenber 18,
1992, incorporated herein by reference. When usi ng random
pepti de generation systens that allow for nultivalent |igand-receptor
i nteraction, onewpyso750 recogni ze that the density of the i ABHSPYIER
receptor is an I nportant factor in deterazgdning the affinity of the

| i gands 35 that can bind to the i mobilized receptor. At higher receptor

densities (e.g.,| ga ant cep an |body coated wel | treated with
0.25toO.5n~gE éﬁi tGOI’G E ' or o R

occur than at lo r-rgqemq-r mms EI a'sc WD 96/ 40750 t
PCT/ US96/ 09623 23 (€. g., each '
anti-receptor anfCb8dy-Rdhted: WeB St Febted with 0.5 to 1 ng of the

receptor). If nu *a{t.e tvl%rwan ch occurr'rng, then one wiII be nore |
likely to isolatp ' eSO

uses hi gh densi t es:r_.SL R(ﬁ wrmuj)lﬁ IRZ&dcr eceptor to [ dent | fy I ead conpounds

and uses Io T TECEPLOT _UENSITIES 1O 15s01ate higner aifinity
derivative &NobnsE WL L XX S8 C Tp discrininate annng higher

%ceptor probe frequent I y S used

Thi's probe can 1

kenpt i de sela_elcn fzugedﬁ.cotrh@ G—GBSnrcnus of the soI ubI e recept or The §
"engi neered" forfmof—rhe—TPOTECEPT O 15 T NEM expr essed 1N host celTs,

typically CHO cefIGT FoRI Bvik i PIS 8 & FaByEst of the recentars_ the
recept or tes b i t T 0 TPO-R speci fi ¢ phage cl ones.
pror vam Les) @l prsDengifor i o %%gg T pecific phag

The recept of
use as a nonoval prg ¥oLobep w L M Qv iglant faychigh affinity |igands using

colony lifts. Preferred _screening netnods to facilitate
CSLQEFLSHGGYVC
IJ s KEFLESGLMQC
“CTFRQLLEYevssc
15 “}TMREPLVASGVAC
TLAEFLASGVEQC ﬂ
CTLAEFLASGVEQC u
“CTLKEWLVSHEVWC l
“CTLREFLSLGMNAC -
20 “FTLREFLDPTTAVC ﬂ
“CSLLEFLALGVALC “
nGGGRGCTLKQWKQGDCGRS ﬂ
“CNRSQLLAAC
CTLQQWLSGC
25 “CTLREFKAGC
CTRAQFLKGC
CTLREFNRGC
CTLSDFKRGC
“CTFRQWKEAC
30 “CTLSEFRGGC JI
CTLQEFLEGC : u
“CTLQQWKDGC ﬂ
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i dentification of peptides which bind TPO-R involve first 20 i denti fying

| ead peptides which bind to the extracel |l ul ar domai n of the receptor
and then maki ng ot her peptides which resenbl e the | ead pepti des.
Specifically, using a plll or pVI 1| -based peptides on phage system a

random library cygoégaerso Screened to discover a phage that prRCHIS6/49623
peptide that 25 binds to TPOR  The phage @8As are sequenced to

determ ne t he sequences of the peptides displayed on the surface of

t he phages. R S 0§ (&ckpes capabl e of speC|f|c bi nding to the
TPO- R were ar-Yau alaalb-ulliae-TaVa FoV2% e i el
30 random cycl @m@r Eandxk?—e‘rm: pvVI L1 i brarl es. The sequences
of these pepti de SErve as e pasts ror tne construction of otner
peptide |ibrarief Qié'sﬁm%& FEBBELN a high frequency of derivatives I

of the- |n|t|aIIy|éie1n fd%d G K ecptédes These libraries can be
synt hesi zed so ay~+e ORI s - o

the bindings ptem |I.d@ uanwomlc;/ e;) dew resi dues Thi s approach [ nvoI ves the
synthesi s of an §TTgonNuUCrEotT g8 W tIT tNe Nl ndl ng pepir de codrng
sequence, except tq'ng‘f K &t Bef €A SSing pure VO 96/ 40750

PCT/ US96/ 09623 CTRTQW,L, L DC . 24 prepar ations of
each of the four [ S 2 Fre—SyH-eS FFre—thSe

m xtures of the cmr'rrluml@osndenec trlphosphates (i.e., 55% of the
"correct" nucl e0| 0€ ' cacn ol tne other three nucleotlrdes s

one preferred m t%r'%%'r QfUrLthl% Surpose and 70%of the "correct"”

nucl eot i de lad1d 1¢% g R fQ aﬁhRog éhe ot her three nucl eotides is anot her
preferred m ' '

t he bi ndli ng 2T iK&k @Wi DgE seghence.
CTLREFLLMGAC
CTLKEWLLWSSC

TLLEWLRNPVC
15 CTLRQWLGDAWC
CTLGQWLQOQMGMC
CTLREWVFAGLC
CLLLEFLSGADC
CTLGEFLAGHLC
20 CRLREFLVDLTC
CSFRSWLVDQTC
fcTLurREwWLEDLGC |
CTLQDWLVSWTGC
CTLSEWLSELSGC
25 fcrrmownLeewre
CTLREWLSYGTOC
CTLQEWLSGGLC
GSHGCTLREWLCMEKIVPC
QWQGCTLRDCILRGVFWS
30 “SVNSCTLREFLTGCRVFC
SYDGCTLRHEWLMDIYGDOC
QRSGCTLRDWVLLNCLAS
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constructed using the peptides-on-plasmds systemto

S WECR anel o4 igg‘;%qggracggsxé)(é(c S, P, or R TCREVC ]

b ot — XXX ((‘ S P _or
G ® sSB, cWeSL RSty uciced wsiony the 20 pol ysone di spl ay

M orarres—were-screenced Wt pﬁpll u

Is on a thene" libraries,.
sis library based.on
10:10: 10 frequency

Bafeled RoBVaE dhil M E M GEnkoF. < The
Gd§ chnj qu a &Risaldk BrE pept | loleI rs]clrlecénl ng

@5.c Wigclk TSL R Q W L ® FONAReq Beeein by reference for
UI ny LU LIIID

AQ Roﬁ CaCl Lttirb BN @(ﬁréséﬁ BnMf Eom a pl asmi d vector

féjg} g_,nﬁggnﬁgkl_ﬁ g%gih%fmgt E’el‘d_ﬁf nggpt Ide tfusion to 1ts 30

—

RV soi-d fornm ng. a

s eswi ¢ Qonm%ﬁlwah @’ bea w ¢ screened by affinity

e N & Rt FolubR E W I iInQGEC BoFi Sby el ectroporation to
iﬁ'é; f | tJ I ds of ,
Q.SdN?‘% r BORY abion, |Iorr1§ ﬁgg{‘a gnal grounds of screening

Ln _additian

or

@en eycamdn, S O WK XURNESRScSsbugi BS were performed using
r‘}[alllGCSRAQLLVGGECRUKK
“GRGCTLKQWKQGD_CGRS
VRGGCALRDWVAGECFDWT
LWRGCTLNGFKSRHCGSPE '
CTLRSWKHRGCAP Il
IERGCTRAQWLAGCCTGH ||
RAGCTLREFRKGCLAL ||
KRGCTLAEMIRGCNRSN
GRGCTLKQWKQGDCGRS “
RWRGCSLAKLKKGAAC

GCTLREWRRVRYVIN

GCTLEKQWEKQGDCGR

GCTRH WLVGTCVR

ICg, values for some additional represeﬁtative
peptides are given in the table below.
can be used to evaluate ICg, values.
equilibrium binding ELISA assay, using either MBP-TPO or
lacI-peptide tracer, was used to determine whether the
peptides inhibit the binding of TPO to the extracellular
domain of the TPO receptor. Typically, the ICg, value were
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25 Lac-1 display systemin which display val ency was. reduced
("headpi ece diner" display systemy. The |libraries were screened and
the resulting DNA inserts were cloned as a pool into a.mal tose binding
protein (MBP) vector allowing their 5 expression as a Ctermnal fusion
protein. Crude WO%/4I88at es from randonm y picked indivi duBfFE:

fusion clones were then 4 assayed for TPO Rq3inding in an ELI SA format 3
as di scussed above. Pepti de mut agenesi s st udi es Were

al so conducted 10 deum&geahasmﬁbysnmghérﬁl t;ﬁb&temeaSICQﬁOS\Fél

co- pendi ng Pat en Rli cati on_Ser 300 2

filed Septenber E&%ﬁﬁh\l\ﬁ Hﬁ%?ng )IEE? &H’el 'n¥ °P’=1°§E}S Yc%ﬁrf

‘based on U.S. Pat &ntemppaé&m am@ewau P. can be pgepared’/Bs anl estéxrtmbeither

29, 1993 and PCT \War¥ekil@2decach 15 . of which is incorporated herein by
references fogr all purposes. A nutagenesis library was construct ed

based on the sequence XOx¥exeRke plie GragF géguenger displaysd )oK the C
.9, in V\hlpﬂag!,repeeNenémﬁnaBrﬂmndﬂlﬁKmﬁlda& amvitiot B@ilSVSE the

frﬁf agenes: s at pociebet T BefEL fef A ofill Hrdegde® by SR B Eud (1yqine
codon. The |i brar ¥egidusgnncdhese slym are noagbeisﬁveﬂotoebepnmemm for

had been i mmobi | zesinal aﬂeabﬁ ty. baadewifbt etot Remfikl ERer
anplified po n@ﬁ TRy AFFE :r}’c%gt heo hlgmA oglet igi\;ggt QJ%ADQZ of

i nt
were 25 sequenc}(fpn‘?ﬁg géﬁﬁ% ‘g RO ASEPEmel FnFotﬁﬁ"“RvBPlvm acids of
and their binding tdief anthetlwepeptimg rareeehfb;anaprh’BEdEHI By the sequence MA

To inobilize the O g?g% pe ngfg‘??%é{'g{é}e’lé‘ﬂotp‘gelg.eveé 8V\g§ava| $SgaTy for

chem cal ly conj ug}ﬁngﬁ 0 tosy magne
from Dynal Cor por f9a8T(BSELYHEN- 30 by the manufacturer. The beads

were incubated with antibodyc, va]luasoaiewhia@i@é@eatsmoiﬂééﬁ;ﬁ)bw\éﬁém ght

n Y d 1
Containing Che | Svmbabgpt P B TN

wer e i ncubat &richr showedr IG¢, MaduepCinaexcess daéazmovmeamshﬂdcagadn
35 prior to addiwight henpel yS-Pﬁssélf% ibes which gave IC.p% ‘?.{é'bs!‘%go‘ieége
or

bept | des Shown | n Chab B Sau 4§ 200, nﬁ%l%'ﬁdgigeaeﬂ "2, ovh 543 HeRss (el
her ei n. gave ICg, values of 500 nm or less are indicated with a "++".
20 Those peptides which gave ICg, values at or near the cutoff
point for a particular symbol are indicated with a hybrid
designator, e.g., "+/-". Those peptides for which IC;, values
were not determined are listed as "N.D.". The IC¢, value for
peptides having the structure: GG CTLREWLHGGPFCG
25 G was 500 nm or less. (Note the N-terminal and C-terminal
amino acids were preceded by two glycines to recreate the
exact sequence displayed by the phage. These glycines are not
believed to be necessary for binding or activity.)

30 TABLE 3
“ Peptide Affinity n
leccaperPTLREWISFCGG 4 |
GCNADGPTLRQWLEGRRPEKN ++

353 |[GGCADGPTLREWISFCGGEK +
TIKGPTLRQWLKSREHTS | s
leprrrowr -
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26 TABLE 1 Pepti de
REG PTLRQ WM 5 REG PTLRQ WM SRGMTLR E
W L EG PTLRG W LA R EGQTLK E WL ERG
PFWA KA WosklesoR EG PRCV M W M C S G L PET{USR6/09623 \\/ |
V C CLTGPFV T QW LYEC _, C:G EGL TL T QW L
EHC CRA GPT L L WL TLC
LAIEGPTLRQOQWLHGNGRDT ++ "

SIEGPTLREWLTSRTPHS

5 The tables above, especially Table 3, illustrate
that a preferred core peptide comprises a sequence of amino
acids:

X; X, X3 X, X5 Xg X
where X, is C, L, M, P, Q, V; X, is F, K, L, N, Q, R, S, T or
10 V; X isC, F, I, L, M, R, S, Vor W; X, is any of the 20
- genetically coded L-amino acids; X5 is A, D, E, G, K, M, Q, R,
S, T, Vor Y; X, is C, F, G, L, M, 8, V, Wor ¥; andx-,:.sc
G, I, K, L, M, N, Ror V.
In a preferred embodiment the core peptide comprises

15 a sequence of amino acids: .

X3 G X, X, X, X X5 W X,
where X, is L, M, P, Q, or V; X, is F, R, §, or T; X, is F, L,
V, or W; X, is A, K, L, M, R, S, V, or T; X is A, E, G, K, M,
Q R, S, orT; X,is C, I, K, L, M or V; and each X; residue

20 is independently selected from any of the 20 genetically coded
L-amino acids, their stereoisomeric D-amino acids; and
non-natural amino acids. Preferably, each X; residue is
independently selected from any of the 20 genetically coded
L-amino acids and their stereoisomeric D-amino acids. 1In a

25 preferred embodiment, X, is P; X, is T; X; is L; X, is R; Xg is
E or Q; and X, is I or L. .

More preferably, the core peptide comprises a
sequence of amino acids:
Xo Xg G X; X, X3 X, X W X,

30 where X, is A, C, E, G, I, L, M, P, R, Q, S, T, or V; and Xg
isa, ¢, D,.E, K, L, Q, R, 8, T, or V. More preferably, X, is
Aor I; and X; is D, E, or K. ' 3

Particularly preferred peptides include: GG CA D G
"PTLREWISFCGG, GNADGPTLRQWLEGRRPK

35 N; GGCADGPTLREWISFCGGK;, TIKGPTLRQW
LKSREHTS; SIE GPTLREWLTSRTPHS; LAIE
GPTLRQWL'HGN_GRD_T; CADGPTLREWTISTFDZCGC;
and IEGPTLRQWLARARA.
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15 CRA GPTL L E-WL TLZC CRQGPTLTA W LLEC
CADGPTL R EW I SFC CELVGPSL M SWULTC C
GTEGPTL STW L D C 20 CDQ LGVT L SRWLEC
SGTGLTLR EWLGSFSL L S C PEGPTLL QW L KR
GY S ScC whos/de8d GPTLS QW LYSLM I M C PCT/US6/96%3 P
TL R EF I ASL P I H C 25 SM Q TFR EW YV SMMKYV

L C SV Q CGPT L RQW LAAR H L S GN A DGP
L LL RSQ W LLE G R RG PIﬂ<fd¥ther emﬁba&ﬁénﬁébe’Ehelindadaiﬁh Lp&e&erEd
GPTL REW @ﬁ?"d‘??i 2o ‘e &g this H“Aebjc\lt?’b 1 P@‘\%%dles §a|’!1&9

| SDGPTL Kecexre/strugurel cemgriging sequence of amino acids:

sequence of amino acids:

5 C X, X3 X, X5 X5 Xy
where X, is X, L, N, Q, R, 8§, Tor V; X3 is C, F, I, L, M, R,
8 or V; X, is any of the 20 genetically coded L-amino acids;
X is A, D, E, G, S, Vor ¥; X is C, F, G, L, M, S, V, W or
Y; and X, is C, G, I, K, L, M, N, Ror V. In a more preferred

10 embodiment, X, is A, B, G, H, X, L, M, P, Q, R, §, T, or W.
In a further embodiment, X, is S or T; X; is L or R; X; is R;
Xg is D, E, or G; X; is F, L, or W; and X, is I, K, L, R, or
V. Particularly preferred peptides include: GGCTLREW
LEHGGFCGG.

15 In a further embodiment, preferred peptides for use
in this invention include peptides having a structure
comprising a sequence of amino acids:

Xg C X, X3 X4 X5 Xg X,

20 where X, is F, K, L, N, Q, R, §, Tor V; X3is C, F, I, L, M,
R, 8, Vor W; X, is any of the 20 genetically coded L-amino
acids; X5 is A, D, E, G, XK, M, Q, R, §, T, Vor ¥; X is C, F,
G, L, M, §, V, Wor ¥; X, is C, G, I, X, L, M, N, R or V; and

) Xy is any of the 20 genetically coded L-amino acids. In some

25 embodiments, Xg is preferably G, S, ¥, or R.

Peptides and peptidomimetics having an ICg, of
greater than about 100 mM lack sufficient binding to permit
use in either the diagnostic or therapeutic aspects of this
invention. Preferably, for diagnostic purposes, the peptides

30 and peptidomimetics have an ICg;, of about 2 mM or less and,
for pharmaceutical purposes, the peptides and peptidomimetics
have an ICg, of about 100 uM or 1less.

The binding peptide sequence also provides a means
to determine the minimum size of a TPOR binding compound of

35 the invention. Using the "encoded synthetic library® (ESL)
system or the "very large scale immobilized polymer synthesis"
system, one can not only determine the minimum size of a
peptide'with such activity, but one can alsoc make all of the
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27 S| E GP TLREWLTSRT PH S T |
K G P T L RQQWL K S R EH T S _ G N A DGWPT L
R Q WL E G R R P KN SI EGPTLRE WLT SR TPH
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TABLE 2 10 : Pepti de CSLEDLRK
R C CRRSELLERC CTF FLDGC 15 CTRGE
WL RCC peﬁ:i—dés PtﬁéNer:er:ﬁngroup of ﬂ-epﬂ—icﬁas Ehade aifﬁercfr&n the

preferred motif (or the minimum size of that motif) in one,
two, 6r more residues. This collection of peptides can then
be screened for ability to bind to TPO-receptor. These

5 immobilized polymers synthesis systems or other peptide
synthesis methods can also be used to synthesize truncation
analogs, deletion analogs, substitution analogs, and
combinations thereof all of the peptide compounds of the
invention. '

10 The peptides and peptide mimetics of the present
invention were alsc evaluated in a thrombopoietin dependent
cell proliferation assay, as described in greatexr detail in
Exaﬁple 2 below. Cell proliferation is measured by techniques
known in the art, such as an MTT assay which correlates with

15 3H-thymidine incorporation as an indication of cell
proliferation (see Mossmann J. Immunol. Methods 65:55
(1883)). The peptides tested stimulated proliferation of
TPO-R transfected Ba/F3 cells in a dose dependent manner as
shown in Figure 1A. These peptides have no effect on the

20 parental cell line as shown in Figure 1B.

Figures 7 to 9 show the results of a further assay
evaluating activity of the peptides and peptide mimetics of
the invention. In this assay mice are made thrombocytopenic

) with carboplatin. Figure 7 depicts typical results when

25 Balb/C mice are treated with carboplatin (125 mg/kg'
intraperitoneélly) on Day 0. The dashed lines represent
untreated animals from three experiments. The solid line
represent carboplatin-treated groups in three experiments.

The heavy solid lines represent historical data. Figure 8

30 depicts the effect of carboplatin titration on platelet counts
in mice treated with the indicated amounts of carboplatin (in
mg/kg, intraperitoneally (ip) on.Day'O). Figure 9 -depicts
amelioration of carboplatin-induced thrombocytopenia on Day 10
by peptide AF12513 (513). Carboplatin (CBP; 50-125 mg/kg,

35 intraperitoneally) was administered on Day 0. AF12513 (1
mg/kg, ip) was given on Days 1-3. These results show the
peptides of the invention can ameliorate thrombocytopenia in a
mouse model.

sussmr:smmlim |



LRRLC
CTRSEW.ERC
CTFREFVNGC 30
LRQWI LLG
PCT/ US96/ 09623

10

15

20

25

30

35

L C C QR ADTLTI NF C CQRADLI NF
D LLLF C CTLEFMNGC CSLGE
CNI NQLRSI C 25 CTMRQ FLVCC
CTLHEYLSGC CTREELLRQC
wolsRefeL AAC C SC A Q V V Q C (PCT/USI609623T
M C . WD 96/ 4075035

Ih 5ééition, certain peggiééé of the present
invention can be dimerized or oligomerized, thereby increasing
the affinity and/or activity of the compounds. To investigate
the effect that peptide dimerization/oligomerization has on
TPO mimetic potency in cell proliferation assays, a
C-terminally biotinylated analog of the peptide GG CA D G P
TLREWIGSPFCGGUWas synthesized (GGCADGPTLREW
I SFCGGK (Biotin)). The peptide was preincubated with
streptavidin in serum-free HEPES-buffered RPMI at a 4:1 molar
ratio. The complex was tested for stimulation of cell
proliferation of TPO-R transfected Ba/F3 cells, as above,
alongside free biotinylated peptide and the unbiotinylated
parental peptide. Figure 2A shows the results of the assay
for the complexed biotinylated peptide (AF 12885 with
streptavidin (SA)) for both the transfected and parental cell
lines. Figure 2B shows the results of the assay for the free
biotinylated peptide (AF 12285) for both the transfected and
parental cell lines. Figure 2C shows the results of the assay
for streptavidin alone for both the transfected and parental
cell lines. These figures illustrate that the pre-formed
complex was approximately 10 times as potent as the free
peptide.

The specificity of the binding and activity of the
peptides of the invention was also examined by studying the
cross reactivity of the peptides for the erythropoieitin
receptor (EPO-R). The EPO-R is also a member of the
haematopoietin growth factor. receptor family, as is TPO-R.

The peptides of the invention, as well as TPO, EPO, and a
known EPO-binding peptide, were examined in a cell
proliferation assay using an EPO-dependent cell line. This
assay utilized FDCP-1, a growth factor dependent murine
multi-potential primitive haematopoietic progenitor cell line
(see, e.g., Dexter et al. J. Exp. Med. 152:1036-1047 (1981))
as the parental cell line. This cell line can proliferate,
but not differentiate when supplemented with
WEHI-3-conditioned media (a medium that contains IL-3, ATCC
number T1B68). The parental cell line is transfected with
human or murine EPO-R to produce the FDCP-1-EPO-R cell line.
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The cells were grown to half stationary density in
the presence of the necessary growth factors. The cells are
then washed in PBS and starved for 16-24 hours in whole media
without the growth factors. After determining the viability
of the cells, stock solutions (in whole media without the
growth factors) are made to give about 105 cells per SO
microliters. Serial dilutions of the compounds (typically,
the free solution phase peptide as opposed to a phage-bound or
other bound or immobilized peptide) to be tested are made in '
96-well tissue culture plates for a final volume of 50
microliters per well. Cells (50 microliters) are added to

each well and the cells are incubated for 24-48 hours, at

which point the negative controls should die or be quiescent.
Cell proliferation is then measured by techniques known in the
art, such as an MIT assay. _

Figures 3A-G show the results of a series of control
experiments showing the activity of TPO, the peptides of the
present invention, EPO, and EPO-R binding peptides in a cell
proliferation assay using either the TPO-R transfected Ba/F3
cell line and its corresponding parental line, or an
EPO-dependent cell line and its corresponding parental line.
Figure 3A depicts the results for TPO in the cell
proliferation assay using the TPO-R transfected Ba/F3 cell
line and its corresponding parental line. Figure 3B depicts
the results for EPO in the cell proliferation assay using the
TPO-R transfected Ba/F3 cell line and its corresponding
parental line. Figure 3C depicts the results for complexed
biotinylated peptide (AF 12285 with streptavidin (SA)) and a

.complexed form of a biotinylated EPO-R binding peptide (AF

11505 with SA) in the TPO-R transfected Ba/F3 cell line. The
results for the corresponding-parental cell line are shown in
Figure 3D. Figure 3E depicts the results for TPO in the cell
proliferation assay using the EPO-dependent cell line. Figure
3F depicts the results for EPO in the cell proliferation assay
using the EPO-dependent cell line. Figure 3G depicts the
results for complexed biotinylated peptide (AF 12285 with’
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streptavidin fgi)) and the complexeéd férm of a biotinylated
EPO-R binding peptide (AF 11505 with SA) in the EPO-dependent

-cell line. These results show that the peptides of the

invention bind and activate the TPO-R with a high degree of
specificity. )

IV. PREPARATION OF PEPTIDES AND PEPTIDE MIMETICS

A. SOLID PHASE SYNTHESIS

The peptides of the invention can be prepared by
classical methods known in the art, for example, by using
standard solid phase techniques. The standard methods include
exclusive solid phase synthesis, partial solid phase synthesis
methods, fragment condensation, classical solution synthesis,
and even by recombinant DNA technology. See, e.g., Merrifield
J. Am. Chem. Soc. 85:2149 (1963), incorporated herein by
reference. On solid phase, the synthesis is typically
commenced from the C-terminal end of the peptide using an
alpha-amino protected resin. A suitable starting material can
be prepared, for instance, by attaching the required
alpha-amino acid to a chloromethylated xresin, a hydroxymethyl
resin, or a benzhydrylamine resin. One such chloromethylated
resin is sold under the tradename BIO-BEADS SX-1 by Bio Rad
Laboratories, Richmond, CA, and the preparation of the
hydroxymethyl resin is described by Bodonszky et al. Chem.
Ind. (London) 38:1597 {(1966) . The benzhydrylamine (BHA) resin
has been described by Pietta and Marshall Chem. Commn. 650
(1970) and is commercially available from Beckman Instruments,
Inc., Palo Alto, CA, in the hydrochloride form.

Thus, the compounds of the invention can be prepared

by coupling an alpha-amino protected amino acid to the
chloromethylated resin with the aid of, for example, cesium
bicarbonate catalyst, according to the method described by
Gisin Helv. Chim. Acta. 56:1467 (1973). After the initial
coupling, the alpha-amino protecting group is removed by a
choice of reagents including trifluoroacetic acid (TFA) or
hydrochloric acid (HCl) solutions in organic solvents at room
temperature. '
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TRTQWLLDC: CTLAEFRRGC CTSTQWLLAC 10

CSRSQ FLRSC CTLREWLEGC CTLREFLLMGA
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DWL VS WTC C T LThe@alpha-gmino pretesfing gyoyps) ‘Q’%N”Emeeeknwp to

be useful in the art of stepwise synthesis of peptides.
Included are acyl type protecting groups (e.g. formyl,
trifluorcacetyl, acetyl), aromatic urethane type protectiﬁg

5 groups (e.g. benzyloxycarboyl (Cbz) and substituted Cbz),
aliphatic urethane protecting groups (e.g. t-butyloxycarbonyl
(Boc), isopropyloxycarbonyl, cyclohexyloxycarbonyl) and alkyl
type protecting groups (e.g. benzyl, triphenylmethyl). Boc
and Fmoc are preferred protecting groups. The side chain

1o protecting group remains intact during coupling and is not
split off during the deprotection of the amino-terminus
protecting group or during coupling. The side chain
protecting group must be removable upon the completion of the
synthesis of the final peptide and under reaction conditions

15 that will not alter the target peptide.

The side chain protecting groups for Tyr include
'tetrahydropyranyl, tert-butyl, trityl, benzyl, Cbz, Z-Br-Cbz,
and 2,5-dichlorobenzyl. The side chain protecting groups for
Asp include benzyl, 2,6-dichlorobenzyl, methyl, ethyl, and

20 cyclohexyl( The side'chain protecting groups for Thr and Ser
include acetyl, benzoyl, trityl, tetrahydropyranyl, benzyl,
2,6-dichlorobenzyl, and Cbz. The side chain protecting group
for Thr and Ser is benzyl. The side chain protecting groups
for Arg include nitro, Tosyl (Tos), Cbz, adamantyloxycarbonyl

25 mesitoylsulfonyl (Mts), or Boc. The side chain protecting
groups for Lys include Cbz, 2-chlorobenzyloxycarbonyl
(2-C1-Cbz), 2-bromobenzyloxycarbonyl (2-BrCbz), Tos, or Boc.

After removal of the alpha-amino protecting group,
the remaining protected amino acids are coupled stepwise in

30 the desired order. An excess of each protected amino acid is
generally used with an appropriate carboxyl group activator
such as dicyclohexylcarbodiimide (DCC)} in solution, for
example, in methylene chloride (CH,Cl,), dimethyl formamide
(DMF)} mixtures.

35 After the desired amino acid sequence has been
completed, the desired peptide is decoupled from the resin
support by treatment with a reagent such as trifluoroacetic
acid or hydrogen fluoride (HF), which not only cleaves the
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EWLCMKI VPC QWQGCTLRD CILRGVFWS 30 SVN
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QRSGCTLRDWYVLLNCLAS WD 96/ 40750

PCT/ US96/ 09623  wo 96/40750 30 NY R G @CHASIOmY \/
SEQI VGC GRSGCTLREYLGQMCYLS ASWYCT
VPELMEMQL oo GSTECTLREXLHMLG L *35
ACEGCTLR {dEE ﬁirow khe reein, but pls deaves ad Yrﬁm@1§l’?9c;s M
C GV CGCT Lchuirk grdteétingPgtbips. C When tie EhloBSofiethylRtEd\re¥sAnSisS
LANC

used, hydrogen fluoride treatment results in the formation of
the free peptide acids. When the benzhydrylamine resin is
5 used, hydrogen fiuoridg treatment results directly in the free
peptide amide. Altérnatively, when the chloromethylated resin
is employed, the side chain protected peptide can be decoupled
by treatment of the peptide resin with ammonia to give the
desired side chain protected amide or with an alkylamine to
10 give a side chain protected alkylamide or dialkylamide. Side
chain protection is then removed in the usual fashion by
treatment with hydrogen fluoride to give the free amides,
alkylamides, or dialkylamides.
These solid phase peptide synthesis procedures are
15 well known in the art and further described in Stewaxrt Solid
Phase Peptide Syntheseg (Freeman and Co., San Francisco,
(1969))
Using the "encoded synthetic library" or "very
large scale immobilized polymer synthesis" system described in
20 U.S. Patent Application Serial Nos. 07/492,462, filed March 7,
1990; 07/624,120, filed December 6, 1990; and 07/805,727,
filed December 6, 1991; one can not only determine the minimum
size of a peptide with such activity, one can also make all of
the peptides that form the group of peptides that differ from
25 the preferred motif (or the minimum size of that motif) in
one, two, or more residues. This collection of peptides can
then be screened for ability to bind to TPO-R. This-
immobilized polymer synthesis system or other peptide
synthesis methods can also be used to synthesize truncation

30 analogs and deletion analogs and combinationc of truncation
and deletion analogs of all of the peptide compounds of the
invention.

B.  SINTHETIC AMINO ACIDS
35
These procedures can also be used to synthesize
peptides in which amino acids other tham the 20 naturally
occurring, genetically encoded amino acids are substituted at
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SNSRCTLREWI I QGCDF S 10 SNS RCTLREWI I MGC

DFS CLGCTLSQWRKRTRCDTH YRGCSRAQLLGGEZC
R K K GRCCTLKQWKQGEDCERS VRGG CALRDWVAGE CFDWT
15 LWRGCTLNGFKSRHCGSPE CTLRSWKHRGCAP GRG
CTRAQWL Awobeforsh GH RAGCTLREFRKGCL AL K FETA®WMI2IA E
MI RGCNRSN GRGCTLKQ WKQG C GRS RWRGCSLAKK

GAACGRG RGGCTLREWR GRGCT_L QW
KQGDCG R Sne, twop VG“’EeTPRSHt&’WL°€ @vr %\F*ﬁ gogpounds of efie

| C[err] val ues fiovesvien addan cmstanepl; essphthylalaninegygan des smbstditused n

the tabl e bel owggp ge{,%eayha{ F!Qgﬁaé.oln sﬁﬁﬂh@@ﬁlseq}ﬂtﬁze‘é@ln‘t%%lk%ﬂﬁﬁh

o e AN Y X T R

peptides i®hi bi inveatpbAdineiude L oikppropylach+3 ul ar domai n of the

TPO receptor. T¥9h§ﬁ§h¥agh§§uk&Liéﬁ lvahu§m¥§5eac1ds such as
L-d-hydroxylysyl and D-d-methylalanyl, L-a-methylalanyl, b
amino acids, and isogquinolyl. D amino acids and non-naturally
occurring synthetic amino acids can alsc be incorporated into

10 the peptides of the present invention.

One can réplace the naturally occurring side chains
of the 20 genetically encoded amino acids (or D amino acids)
with other side chains, for instance with groups such as
alkyl, lower alkyl, cyclic 4-, 5-, 6-, to 7-membered alkyl,

15 amide, amide lower alkyl, amide di(lower alkyl), lower alkoxy,
hydroxy, carboxy and the lower ester derivatives thereof, and
with 4-, 5-, 6-, to 7-membered hetereocyeclic. In particular,
proline analogs in which the ring size of the proline residue
is changed from 5 membexs to 4, 6, or 7 members can be

20 employed. Cyclic groups can be saturated or unsaturated, and
if unsaturated, can be aromatic or non-aromatic.

Cyclic groups can be saturated or unsaturated, and
if unsaturated, can be aromatic or non-aromatic. Heterocyclic
groups preferably contain one or more nitrogen, oxygen, and/or

25 sulphur heterocatoms. Examples of such groups include the
furazanyl, furyl, imidazolidinyl, imidazolyl, imidazolinyl,
isothiazolyl, isoxazolyl, morpholinyl (e.g. moxpholino),
oxazolyl, piperazinyl {e.g. l-piperazinyl), piperidyl (e.qg.
l-piperidyl, piperidino), pyranyl, pyrazinyl, pyrazolidinyl,

30 pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl,
pyrrolidinyl (e.g. l-pyrrolidinyl), pyrreolinyl, pyrrolyl,
thiadiazolyl, thiazolyl, thienyl, thiomorpholinyl (e.gqg.
thiomorpholino), and triazolyl. These heterocyclié groups can
be substituted or unsubstituted. Where a group is

35 substituted, the substituent can be alkyl, alkoxy, halogen,
oxygen, or substituted or unsubstituted phenyl.

One can also readily modify the peptides of the
instant invention by phosphorylatidn; and other methods for
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WD 96/ 40750 PCT/ US96/ 09623

31 determ ned using the free peptide. The I1err] value can be
determ ned using the free peptide, which optionally can be

C-termnally am dated, or can be prepared as an ester or other

carboxy am de. W 96/40750 To recreate the exact sequence dPEHPIRHN623.
t he phage, the N-terminal and Cterm na#tam no acids of the

synt hetic peptides, are often preceded,by on r two. gl ycine resi dues.
These gl yci nos aPekH HRRGIALGEZdVBELKEE (2L SR (ipupounds (e, tne  prpsent
activity. Likew $evention rire describel $mdHmulne ef ab.*? popusdesheli pepride
on pol ysones, th 5 ' ' ' o. yt il ent.|

are often precedg?j%é/% e_r}?e(fgfeé‘nggv%ﬁkgé? élsos..S?Arg%?ﬁa,étﬂiﬂﬁfesg&gnggbgg§ﬁot
beli eved to be nBeR&idg ynimgtics with; fiRkianbiglegigal activity.

ICE]I err] vaIFtses are : ndi c?gmé W?.hgcabin#on§h_ﬁflﬁze w&nﬁd | i%on,- "incilhdi'hg_
and "++". For exa e se peptldes ch_sho err| values
excess of 200 [eP%ﬂ%%W%&CEZt %a.n = C°W}%V€1Y%9&%%%etgpg&|agsm\?ﬁFcﬁ‘Q'
gave I (Jerr] vahuwarigty exs nonprotelinacecus pelymer200 (@ r [Pvlyeshyleee a
"+, whil e thosegypest, pz%lypz%wlehe[ Eﬂ?&o!?'é@iﬂ@iyé%ave lf!fEfos,' 9%S t8eCmanner

I ndicated with a ++" .- _Those peptides whi gerr val ues at
or near the cutofft fortihyqim{U.Syr PREERE: Ney 464y i fSq RAteBteHoni th a
hybri d 10desi gneve/68%; 4J.8." Patent Wbose, yepiides ¥, WuteEnt Rpoerr]

bept i des havi g SR8QLFHEL M0 GAESACTRpC R B75g 15 oF B8 Ciffgee gy 1!

500 nmor |ess. 4¢hd?e33The 31Y ahiichaprenineorperabed by refsnenseadndshedme

preceded by two ghytiées K&rdi@fr eate the . exact sequence displ ayed by
t he phage. These gl yci nes ar-e not believed to be necessary for binding
or activity.) 30 TABLE 3

15 - C. IFICA

Those of skill in the art recognize that a variety
of techniques are available for constructing peptide mimetics
with the same or similar desired biological activity as the

20 corresponding peptide compound but with more favorable
activity than the peptide with respect to solubility,
stability, and susceptibility to hydrolysis and proteolysis.
See, for example, Morgan and Gainor Ann. Rep. Med. Chem.
24:243-252 (1989). The following describes methods for

© 25 preparing peptide mimetics modified at the N-terminal amino
group, the C-terminal carboxyl group, and/or changing one or
more of the amido linkages in the peptide to a non-amido
linkage. It being understood that two or more such
modifications can be coupled in one peptide mimetic structure

30 (e.g., modification at the C-terminal carboxyl group and
inclusion of a -CH,-carbamate linkage between two amino acids
in the peptide).

1. N-TERMINAL MODTIFICATIONS
35
The peptides typically are synthesized as the free
acid but, as noted above, could be readily prepared' as the
amide or ester. One can also modify the amino and/or carboxy
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Pepti de ' Affinit y GGCADGPT
LREWI SFCGG ++ GNADGPTLRQWLEGRRPKN
++ 35 GGCADGPTLRE WI SFCGGK ++ T

IKGPTLRQWLKSREHTS . ++ GPTLRQWL

WO 96/40750 ' 32 L PCT/USI6(09623 T

LRQWLHGNGRDT ++ SIBZGPTLREWLTSRTPH

S ++ The tabl es above eci al Tabl e 3,

illustrate rmtmasp%ffehe&ﬁmdee (FORPCYBdE oFh rﬁgﬁs a"% &P groduce

am no aci dsather compounds of the invention.Xpmiho Xferminu§ emodiffoatipns

)lé[ erL,r] N,X[ gr r}? X[S,qrrfdlude Heti(@%%e( r.]e S Cﬁﬂlghg & R‘Hm\‘ %X[ Qﬁ&y%\?tfng.

X[err] is any of ad¥dngpa carb°wlc£q%}ma06‘é'dblo‘ém% BRe AMLDG dreqmings

D, 5 G dKX[M ]Qw:ﬁ‘.h any bl&:kilh \éﬁqu,coY{t%rih]:.ngSaCbafboﬁfléte Mm&tl\éna‘i\&ty
or an err

a preferred errboé#%é"rﬁedt hg %‘5& 'pe"btﬁlife Rcdﬁprsfg‘gggig fr°'§ E%ﬁu%’ﬁ?:‘g’ of amI no

aci ds: consisting of naphtbB{lor FcxGdinyd; | stéxoifyX| eand similar
>S([ e(r);] 2I'([ e;({ Lr \r/\]/ Xl[f |1:.1]psL Carﬂwetggﬁ{xgdsxﬁd&f'&%&?otg W&kyde >gﬁfafa.ézz‘.nfthe
X[err] is A E (grqg appd with a carboxamide group or forming a cyclic lactam
10 at the carboxy terminus to introduce structural constraints.
Amino terminus modifications are as recited above
and include alkylating, acetylating, adding a carbobenzoyl
group, forming a succinimide group, etc. Specifically, the
N-terminal amino group can then be reacted as follows:

15 (a) to form an amide group of the formula RC(0O)NH-
where R is as defined above by reaction with an acid halide
[e.g., RC(0)C1] or acid anhydride. Typically, the reaction
can be conducted by contacting about equimolar or excess
amounts (e.g., about 5 equivalents) of an acid halide to the

20 peptide in an inért diluent (e.g., dichloromethane) preferably
containing an excess (e.g., about 10 equivalents) of a
tertiary amine, such as diisopropylethylamine, to scavenge the
acid generated during reaction. Reaction conditions are
otherwise conventional (e.g., room temperature for 30

25 minutes). Alkylation of the terminal amino to provide for a
lower alkyl N-substitution followed by reaction with an acid
halide as described above will provide for N-alkyl amide group -
of the formula RC{O)NR-;

(b) to form a succinimide group by reaction with

30 succinic anhydride. As before, an approximately equimolar

| amount or an excess of succinic anhydride (e.g., about 5
equivalents) can be emplbyed and the amino group is converted
to the succinimide by methods well known in the art including
the use of.an excess (e.g., ten equivalents) of a tertiary

35 amine such as diisopropylethylamine in a suitable inert
solvent (e.g., dichloromethane). See, for example,
Wollenberg, et al., U.S. Patent No. 4,612,132 which is
incorporated herein by reference in its entirety. It is
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Q R S or T, Xerr] isC 1, K L, Mor V; and each X err] residue 20

I s i ndependently selected fromany of the 20 genetically coded

"L-am no acids, their stereoisoneric D-amno acids; and non- nat ur al

am no acids. Preferahly, each Xerr] residue is . independently

sel ected from anywggshis® 20 genetically coded L-am no aci BCI/ashe/ 00623 r

stereoi soneric D-amno acids. In a 25 prefa@rred enbodi nent, Xerr] is

P, Xerr] is T; Xerr] is.L; Xerr] is R Xerr] is. Eor Q and X7 is

| or L. understooflbt Ik tp radfee imaisicinich gToUPe CaR Poe deukefbiited with,

;Fque]nC)e([ of ?mXFQoi\Cégi(&npl?, (GazCg alkyl or -SR sut):(é@ﬂﬂdr;:)ﬁ WHi]cl'ﬁa?ﬂee”}
err err err rr rrl . ere Xerr]. i :

M P, R Q S, P?-’FLBFL%; iy 9@{’{5}' tional mapngr E E’JF‘]”E’,*ER,Af‘E,g ﬁﬁb??%%’tﬁ&

or V. Mre pref@auaklipimkfierag tle N-terminms bf &heé peptide; s Suclk albkyk

Particul arl ref g | [ : . | S F
CG G 6N & D cpuretclEREL R diagiyad %@g?aéﬁi:% of 8 Loer pﬁjﬂé EW
| SFCGGK TI{CrCE peith maleig anhydridg inpthe panner desqribes Py R E
WL T SRT P H Sioliefverg, et al.G RBubra.RaQdN-SRHsGbt fxfefits; afe /pfegaied
56?457\5/\(/; SFG by z:eac:‘?:r:{onI oE &l—?v;r:.tlh |lQnaQeV':.\./cL a%ﬁé??ﬁ.é@&%sgag,n is as d&ined
33 abovies further enbodi ments of the invention, preferred -
peptides fojguse in this |qggnéécgbfﬁugtgghgyyygyéagbgaylngna or a S@bStituted

structure conprising sequence of_an no aci ds: seguemci of ani no acids:
5 P! benyloxyearpony V- gEan BY| HeRCCAPE: F1Ch| SPPFOXBRFFLY &n
where Xlerr] is lequivalen® afoudtt Jr ain \éxodsw df iCBZECLF(ile.L, M R

Sor V, X4is any,

ADEG S V oe?'fah%égrﬁgﬂgi gﬁgyiéqu%li %’i@h\'%/?ig\ﬁgg&; cBz-c1Xdgrg] is

suitable inert diluent (e.g., dichloromethane) preferably
15 containing a tertiary amine to scavenge the acid generated

during the reaction; )

(d) to form a sulfonamide group by reaction with an
equivalent amount or an excess (e.g., 5 equivalents) of
R-8(0),Cl in a suitable inert diluent (dichloromethane) to

20 convert the terminal amine into a sulfonamide where R is as
defined above. Preferably, the inert diluent contains excess
tertiary amine (e.g., ten eguivalents) such as |
diisopropylethylamine, to scavenge the acid generated during
reaction. Reaction conditions are otherwise conventional

‘25 (e.g., room temperature for 30 minutes);

(e) to form a carbamate group by reaction with an
equivalent amount or an excess (e.g., 5 equivalents) of
R-0C(0)Cl or R-OC(0)OCgH,-p-NO, in a suitable inert diluent
(e.g., dichloromethane) to convert the terminal amine into a

30 carbamate where R is as defined above. Preferably, the inert
diluent contains an excess (e.g., about 10 equivalents) of a
tertiary amine, such as diisopropylethylamine, to scavenge any
acid generated during reaction. Reaction conditions are
otherwise conventional (e.g., room temperature for 30

35 minutes); and

(f) to form a urea group by reaction with an
equivalent amount or an excess (e.g., 5 equivalents) of
R-N=C=0 in a suitable inert diluent (e.g., dichloromethane) to
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Y; and Xerr] isC G I, K L, M N Ror V. In a nore preferred 10

enbodi nent, Xferr] is A E G H K L M P, Q R S T, or W In a
further enbodinment, X2 is Sor T, X3is Lor R X4 is R Xerr] is D,
E, or G Xerr] is F, L, or W and Xerr] isl, K L, R or V.
Particul arly prefgegsesaoepti des include: GGCTLREW PEY/B5%6/08528 C
GG 15 In a further enbodi nent 44preferred peptides for use
in this invention include peptides having a structure conprising a
sequence of ani IRPAKSYYsthe terminal amine into a urea (;([%f.r]Rbé{rgE%)rm}-)

)S<[ e_rl_ r] X{/er ;( ][ Xleprondp X¥iheixe] RXj8rdd ddfinethalovié.er PreférdblK, the Nndrt R
, or V; err : L ,

the 20 geneticaI4%/1‘?%1&{0?;%%?%03#3’&3%30i(gs'; X[ \eérr tY\écA)&ngii E %&%Aa
Q R S, T, V ortertigqmt epine, Gugh as diieepzppmqettylwiwor Reagtion] is

C G |, KsL, ModiitRds ¥redBtherwise Hitiventidndy (8f gl Neradin g@étﬁéséf@éﬁi’e
coded L-am no aCééZlS. In sone 25 gnbodl ments, X8 is preferably G 'S. Y, or

R. T RIS AR i domi netics having an | C[err] of
greater than about 100 nM lack sufficient binding to perm:t use in

ei ther the diagnostic or tzheramr%ﬁ%%g I nventi on.

Preferably, for diagnosticC “pur . ' and peptidom netics

have an I Cferr] of about 2 nMor |ess and, for pharnaceuti cal

235 p?sesj Mtbe loept | des andnp@pehaeif hepaﬁded_mimeha&te_ gﬂefgﬁrﬁﬁe OéT@é’ﬁlﬁnal
err or less. . e, hi ndi_ng peptide sequ 0

provi des a mean<SaxPOxYl gToup.if; ‘?Ft?]tarféedmlim r’?ﬁ‘m%ég‘?g‘ & ’I'P'Cip(g‘e(ﬁ@i;]‘bere R

conmpound of 35 is hes idefdmedoaboveksi nthe heediosc ased spnpbepaxe | the gpeptide

(ESL) syst #ée ; ar G &iid RN hZ r sig"

system one can %gfé%n y _gg%g%?‘lrl\'e the m ni%r%um Sl ?éhoﬁggﬁé’éﬁfé@ %%ﬁ%% j\?\llét h

such activity, KRheawrd wihpageand td1e apprapeiate alcohol, e.g., methanol.

is Side chain protecting groups are then removed in the usual
fashion by treatment with hydrogen fluoride to obtain the
desired ester.

In preparing peptide mimetics wherein the C-terminal

carboxyl group is replaced by the amide -C(O)NR3R?, a

20 benzhydrylémine resin is used as the solid support for peptide
synthesis. Upon completion of the synthesis, hydrogen
fluoride treatment to release the peptide from the support
results directly in the free peptide amide (i.e., the
C-terminus is -C{O)NH,). Alternatively, use of the

‘25 chloromethylated resin during peptide synthesis coupled with
reaction with ammonia to cleave the side chain protected
peptide from the support yields .the free peptide amide and
reaction with an alkylamine or a dialkylamine yields a side
chain protected alkylamide or dialkylamide (i.e., the

30 C-terminus is -C{O)NRR! where R and R! are as defined above).
Side chain protection is then removed in the usual fashion by
treatment with hydrogen fluoride to give the free amides,
alkylamides, or dialkylamides. ' |

In another alternative embodiment, the C-texrminal

35 carboxyl group or & C-terminal ester can be induced to cyclize
by internal displacement of the -OH or the ester (-OR) of the
carboxyl group or ester respectively with the N-terminal amino
group to form a cyclic peptide. For example, after syhthesis
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34 peptides that formthe group of peptides that differ fromthe
preferred notif (or the mninmumsize of that notif) in one, two, or
nore residues. This collection of peptides can then be screened for
ability to bi ndwooeiefdor eceptor. These 5 i mobi | i zed pol ynePET/UH26H02625 s
systens or other peptide synthesis nethdds can al so be used to

synt hesi ze truncatj on anal ogs, del etion anal ogs, substitution analogs
and conbl n &% L eANagE kO P Ve fthen PeREAGd @G s8I STRe apkd 1

i nventi on. converted tEhenp@@tifma@étmpwyd@m@p&:bpmaietdaerm:ep:ant

vent | on’ ver e Yo" KR OLE, ! 0o U GG Bl 0B8R0 hige (b8 i

proliferation assay, scrlb reater

bel ow. Cel |l pr olacrlétrtapponfps msatsmnl%d :t;yme@émﬁqweghlondranémzq&h)t.he art,
such as atn BT &ﬁmhw Cfbtrﬁ%i&é atsMF Wit ired . e][ Fﬂzb: el Peptide is t\:]hen
|ncorpora Ion a an I cqll Oon O ro atl on se ssmann .
o bt hodE et By 3nt8tegh Sfepracenedt Gt R HRI PSS SRRaWien
proli T”er at i on ofthe N-tER@iRalr amifiect cthtidanal oydldzatisndascopppeadcctd

manner | Bl AU ] AR HPRAPKR 938 BEShegn e 20

parental ceII oWwn 1I'n ures to 9
show t he resul t SButdong.t h§nchsmayhods axe, seldt |wwactlm|ttly a8ftt he

peptides aad peptide ni ”EbhéscEﬁ also éﬁqu.@/eme %pt'laebhbi 888 AYnPEREiIGH E
rradethronbocytocpenlc gn g IEi{g_{atln ure % ts tX pi cal
resul ts when 25 °F BASFESFRLE & 8°F7 Qufﬁmqﬁ?ééﬁhaﬁ& EPAAEE 8T bR g

i ntraperitoneal |'5grmimiBay£0rh@éhpeptided da daty giegseis no temnineht amino or
ani mal s from t hrQaHRXRAT IJFeRES - tgh&ééigdék'édgéept1b1&%&?e%3”broteafeﬁ p¥ to

carboplatin-treated grou I h three experiments heavy , so I nes
represent hist or‘f%sé:lnd%t éheFFQBF@r‘Ba@GPn fe i@ Paptdder e SrteFmiBRrbopl ati n
titration a8 pl ahweiericeRilnigroups of nthe crporaidx off thet bteséﬂtcﬁﬁﬁéntlon

amount s of car bagl atjq) QtﬂldO{aFmﬂék?owézmarl i é&?ﬁ g%l%ﬁ) ohpWer

Figure 9 depicts 'on_of carbopl-a i T uce
on Day 10 tﬁyllﬁsém.l derdzxpxy s 13n¢ saagboxyar 1#a ditien lower: esgez_zzéenywagwgs
i ntraperitoneal | phexstE ,2aGHdN thbepRErRAcdi a1l btebtable saltﬂUéKQrebf)
was gi ven on Days 1-9. “These results show t he pepti des of
~invention can aneliorate thronbocytocenia in a
20 D.  BACKBONE MODIFICATIONS

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

25 reference. Thus, the peptide compounds of the invention also
serve as structural models for non-peptidic compounds with
similar bioclogical activity. Those of skill in the art
recognize that a variety of techniques are available for
constructing compounds with the same or similar desired

30 bioclogical activity as the lead peptide compound but with more
favorable activity than the lead with respect to solubility,
stability, and susceptibility to hydrolysis and proteolysis.
See Morgan and Gainor Ann. Rep. Med. Chem. 24:243-252 (1989),
incorporated herein by reference. These techniques include

35 replacing the peptide backbone with a backbone composed of
phosphonates, amidates, carbamates, sulfonamides, secondary
amines, and N-methylamino acids.
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PCT/ US96/ 09623 35 In
addition, certain peptides of the present i nvention can be dinerized
or oligonerized, thereby increasing the affinity and/or activity of
t he conpounds. TowioY¢agssd gat e the effect that peptide PCT/US96/09623

di meri zation/oligonerization has on 5 TPO ni & i c potency in cell
proliferation assays, a C-termpnally biaqtinylat | 0g_ Of 2t .
Peptide GG CADGP Feptife nfeades (HeRisf 088 AP ds b e, pepeign)
GPTLREW linlagesC [GCOOXEH chave beethaapdigcedebasupk el hnkageadas a

Wi th strept avi@in daRhash e | G dEPESghesbaoadtBPMngdge, 41 nol ar 10
ratio. The conpl ex SF& st ed égr St mul at’i on” of roliferation
’. e1

. cell
of TPO-R transf ect EFBEME3oRER} a urea &Fﬁkag?déafg %pnéary amine
l2)16\0t |hnyl a: ﬁd pept : (ecr, O -) h @i tkediden;t iamd ?treélkylatpdlr pepaidy_nbp]_;inlleagéi gure
shows the results e 6

pepti de (AF 12885 EMCE{]H)&@ _ggég%t%vil(ﬁ r}%%'gg)?l?grﬂ)b%ﬁ%{éﬁéﬁs P'Eelg'?le% and
parental cell  convenricmadupertisie AyRtheris dyimesedy EWRSRASUGIRG At he
free bi ot i nyl s BhISPPrdtettEd ldnied d&id keididgne Eoenchecaminsngeid
parental cell 1ines. Fuggre Zg shows the resul.t g&gphe 2SN o4 for
streptavidin al one*$F¥ Pt tRE ?PEE@F%&%EﬁiQﬂﬁﬁﬁn el © e2LPr i nes.
These figured0illustrate thsuitablereedgemes| includegnfbrxexawpippr aninat atid
10 tinmes as potent : O F Pgeidli ghdY

da%c}g&f‘et{/ Q@?rﬁré thé é%ié%?:lcy&e. group of the dendPEEL A AL

of the binding an I e invention was al so
exani ned by studyibeen eepimcedcwith 2 dpeiety tSHidlaklee fpEpfraRingPenet the

erythropoieitin  aboveQERikAgestPCrY - exdip IO iE ichendesipesetbereplattea
haemat opoi etin gr O!\é POJfI‘%-t Tihi%&gph‘i’ rtlfxg nﬁiuleﬁ/tic?es v«irﬁ:thO-Bﬂz-carbamate linkage

15 (-CH,OC{O)NR-), then the carboxyl (-COOH) group of a suitably
protected amino acid is first reduced to the -CH,0H group
which is then converted bf conventional methods to a -0C{0O)Cl
functionality or a para-nitrocarbonate -0C(0)0-CgH,-p-NO,
functionality. Reaction of either of such functional groups

20 with the free amine or an alkylated amine on the N-~terminus of
the partially fabricated peptide found on the solid support
leads to the formation of a -CH,OC(O)NR- linkage. For a more
detailed description of the formation of such -CH,-carbamate
linkages, see Cho et al Science, 261:1303-1305 (1993).

© 25 Similarly, replacement of an amido linkage in the

peptide with a phosphonate linkage can be achieved.in the
manner set forth in U.S. Patent Application Serial Nos.
07/943,805, 08/081,577, and 08/119,700, the disclosures of
which are incorporated herein by reference in their entirety.

30 Replacement of an amido linkage in the peptide with
a -CH,-sulfonamide linkage can be achieved by reducing the
carboxyl (-COOH) group of a suitably protected amino acid to
the -CH,OH group and the hydroxyl group is then converted to a
suitable leéaving group such as a tosyl group by conventional

35 methods. Reaction of the tosylated derivative with, for
example, thioacetic acid followed by hydrolysis and oxidative
chlorination will provide for the -CH,-8(0),Cl functional
group which replaces the carboxyl group of the otherwise
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The peptides of the invention, as well as TPO, EPO, and a known

EPO- bi ndi ng peptide, were examned in a cell 30 proliferation assay using
an EPO dependent cell line. This assay utilized FDCP-1, a growh

fact or dependent nurine mul ti-potential primtive haematopoietic

~progenitor cell woboeae7s0 (See, e.g., Dexter et al. J. Exp. MECT/US6/09623

152:1036- 1047 (1981)) as the parental cejy line. This cell line can
proliferate, 35 but not differentiate when suppl enented with
VEH! - 3- condi t i onsutiteksliy groteetiednahniinbd seid ai NSUSE -6 HARGEC suitablynber

EPO'R {0 producet T P SR il Ao sl scbice Mg, lites

PCT/ US96/ 09623 for inclusion of an -CH,S(0),NR- linkgge whichhgzeplagesstheed
‘cell lines can pamldd eXiiagdiin e pepudéiléﬁ@fasylﬁcaridi@a P&@%&B@e of

human or nur, statiqQnary

density in 5 ne ‘EP ATRE 45 s Fif%e %P?ﬁecﬁﬂegi"s%r?/e %ﬁf?ﬁﬁ%r@e fREVEEERSR bt

'are 5, then vva'sllr%cbarbcﬁaﬂ grdupt afvebe famins-2did e s i +CHYSdOR, G diroup,

'wi thout the grovkde f afdOrea \mgtﬁteerw@ het&if] otde \érahid gé%g 3 g;oegghti%tg
. cells, stock soIU|ons(|n |a W|t'hout the e
. made to gi ve aboRh-AmEng Acida. Pepfides P Sk ‘E‘?J? Tae PPal 287+867ens

“of the conpoundsMiztesli Gukker, 1(Inc t,hNe&r‘ﬁ@dSO(mu)h whixsde ipeinicdepasated
~opposed to ;3 phage: é}ﬁy% %Eer neel her bound or immbilized peptide) to be

"tested are made I N

Ti'ssue culture plates for a final vol une
of 50 mcroliters pdepiaidemeat| pE asamide olinkags ix ahedpeptide with

~each well and thg weld 9 B gé‘@éﬁab%daéﬂie\?é’d%mﬁnarﬁ{erl%et %kgh RRi Bl s,

t he negative co rols houl d di.e or, be guiesce proliferation
is then nmeasure Lidlﬁ%'ﬁ?ﬁoﬁﬁ f é]}u?a,rqos é’&'te,iﬁhaﬁ’ﬁ hifpgion is
assay. lncorpdiragpsdesheib&-:.ﬁ byomefdmsenmuin sitd emtsieretgs of control

experiment asshowi ng the adddafrddary ahfie {18508 Wesrdiin tahe-C'HzNH- linkage

replaces the amido linkage.in the peptide can be prepared by
employing, for example, a suitably protected dipeptide
analogue wherein the carbonyl bond of the amido linkage has
been reduced to a CH, group by conventional methods. For
20 example, in the case of diglycine, reduction of the amide to
the amine will yield after deprotection H,NCH,CH,NHCH,COOH
- which is then used in N-protected form in the next coupling
reaction. The preparation of such analogues by reduction of
. the carbonyl group of the amido linkage in the dipeptide is
25 well known in the art.

The suitably protected amino acid analogue is
employed in the conventional peptide synthesis in the same
manner as would the corresponding amino acid. For example,
typically about 3 equivalents of the protected amino acid

30 analogue are employed in this reaction. An inert organic
diluent such as methylene chloride or DMF is employed'and.
when an acid is generated as a reaction by-product, the
reaction solvent will typically contain an excess amount of a
tertiary amine to scavenge the acid generated during the

35 reaction. One particularly preferred tertiary amine is
diisopropylethylamine which is typically employed in about 10
fold excess. The reaction results in incorporation into the
peptide mimetic of an amino acid analogue having a
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20 present invention, EPO and EPO R binding peptides in a cell

proliferation assay using either the TPOR transfected Ba/F3 cell line
and its corresponding parental line, or an EPO dependent cell line and
its correspondi ng parental I|ine. Figure 3A depicts the results for TPO
in the cell 25 woéembishber ati on assay using the TPO R transf ectREI/E6N92k ¢| |
line and its corresponding parental line. Fi gﬁPe 3B depicts t he
results for EPO i [at igon.a

transfected Ba/F cepgpfﬂe anghéalg% cors(r?%sp%a'§¥t§é‘|"£.g°rK hc?an b? zfe-qagtgd as

Fi gure 3C depi ct Siesigedcsugh £hady fxewp|z8redtgoal b%tthmaapép ReRdsddn( she

12285 with strepprprdas ﬁaw)beeemd: laced nﬁbﬁxadza@rmn&s.a bi ot i nyl ated
EPO R bi ndi ng peptide (AF 115Q5 with.S % #égﬁt he TP sfected

Ba/F3 cell line. The One {3 HELE Javenting,
are shown irb ofﬁguommtflgtdasa%ﬁrmemcuechmoxﬁut&sndmz atP@hen t he

cell 35 proli fgt;&wﬂﬂ%gt?f%ﬁin de%:) tﬂs e?g% f§|ﬂo|ﬂé§n1nﬁ' %ﬁﬁo or

3F depicts the r i 'On "as
t he EPO dependentCas®pKyl i groumsi gmeiest;e@m §u§cep'élbility mln@oﬁ@ses or to

conpl exed bi ot i nyleafredcpepid Ao Ffzmbti®n W Bhe pept:n.de. c M 8e{xH1 750
PCT/ US96/ 09623 37 strept avi di,n

(SA)) and the corMSkéanah FrNPS, 9f fhehAomeeynds of &t BrefsRl PSR irde
(AF 11505 wioh SAndladehamid¥) degigiwlduwer alkylel amideedi Mhwesr raiinil)s dbeer

that the peptide he. [ et d P

hi gh degree of ?1940 écll1 ’f%/ da%é%y” Bﬁﬁ ﬁ%ﬁ%]&é%ﬁ %‘%ﬁéﬁeg

PEPTI DE M METI CS thereof, and\ the phamamentEcgyiyHEsreptable salts thereof.
Examples of cyclized compounds are provided in Tables 4, 5, 6,

8, and 9.

15
E. DISULFIDE BOND FORMATION

The compounds of the present invention may exist in
a cyclized form with an intramolecular disulfide bond between
20  the thiol groups of the cysteines . Altermatively, an
intermolecular disulfide bond between the thiol groups of the
cysteines can be produced to yield a dimeric (or higher
oligomeric) compound. One or more of the cysteine residues
may also be substituted with a homocysteine. These
- 25 intramolecular or intermolecular disulfide derivatives can be
represented schematically as shown below:

] A W

3s _
wherein m and n are independently 1 or 2.
Other embodiments of this invention provide for
analogs of these disulfide derivatives in which one of the
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10 The peptides of the invention can be prepared by

cl assical nmethods known in the art, for exanple, by using st andard
solid phase techni ques. The standard nethods incl ude exclusive solid
phase synthesis, partial solid phase synthesis nmet hods, fragnent
condensation, Glodgabsel sol ution synthesis, 15 and even by RGEINGONERA
DNA t echnol ogy. See e g., Merrifield 49 Am Chem Soc. 85:2149
(1963), incorpor P&' e| n by reference. On solid phase, fhe
synthesis is tyf PF-’? has bedR FRRIASES: P¥m™ IFH2CIFEHRI AR| ORRRE Gisqskere for

pept i deI usi ngzgrs;ulfur alrnbaeaﬁ}lmgy afC bad nad WlaAamuuhabémBémlandgor
t t
o o i RO o ALt A e S5 s

or a benzhydryl Showa bediow: On ch chlor orre ted resinis sold
under the tgadenanme BI OBEAD? ‘by Bi 0 Rady aborator| es, Richnond,
CA, and the preparation of th hydr oxynet h resinis descrl bed by
Bodonszky et al. Chem I nd} (London) 38: 15 7 (19 68mmmadei@ummmmim
benzhydryl am ne (BHA) resin has been descr| by Pietta and Marshall
Chem Comm. 650 (1970) and s conmer ci Iable from Beckman

| nstrunents, Inc., Palo Alto, , inth hydrochlorldeform 30

Thus, the conpounds of the inventior can be prepared by coupling an
al pha-am nggprotected ami no acid toghe “pchl oronethylated resin with
the aid of, for exanple, cesium bi carbonat e catal yst, according to the
nmet hod descri bed by G sin Helv. Chim Acta 56: 1467 (1973). After the
initial 35 coupling, the al pha-am no prgtegting gro s’rem)ved by a
choi ce of reagents including trifluoroa ' |d (

hydrochloric acid (HCl) solutions in or I vents room

t enperat ure. WO 96/ 40750

PCT/ US96/ 09§23 38

(),
wherein p is 1 or 2. One of skill in the art will readily
appreciate that this displacement can alsc occur using other
homologs of the a-amino-g-butyric acid derivative shown above

20 and homocysteine
Alternatively, the amno-term:.nus of the pept:.de can
be capped with an alpha-substituted acetic acid, wherein the
alpha substituent is a leaving group, such as an a-haloacetic
acid, for example, a-chloroacetic acid, a-bromoacetic acid,

' 25 or a-iodoacetic acid. The compounds of the present invention
can be cyclized or dimerized via displacement of the leaving
group by the sulfur of the cysteine or homocysteine residue.
See, e.g., Barker et al. J, Med. Chem. 35:2040-2048 (1992)

and Or et al. J. Org. Chem. 56:3146-3149 (1991), each of
30 which is incorporated herein by reference. Examples of

dimerized compounds are provided in Tables 7, 9, and 10.
Y. UTILI

35 The compounds of the invention are useful in vitro
as unique tools.for understanding the biological role of TPO,
including the evaluation of the many factors thought to
infiluence, and be influenced by, the production of TPO and the
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The al pha-am no protecting groups are those known to be useful in the
art of stepwi se synthesis of peptides. I ncl uded are acyl type
protecting groups (e.g. fornyl, ' trifluoroacetyl, acetyl), aromatic
uret hane type protecting 5 groups (e.g. benzyl oxycarboyl (Cbz) and
substituted Cbz) wo9640788l i phatic urethane protecting groups (e.RT/USI609623
t - but yl oxycar bonyl (Boc) i sopropyl oxyca?®onyl , cycl ohexyl oxycar bonyl)

and al kyl ot rou I net h Boc
and Fnoc are pr e¥§$? e% E%ﬁ%s gﬁgeég‘é@-geer’c% dsp?ﬁ%e%:}?
group remains i nuaefubum r@lecd%lﬁgmmﬁ £ ofher COme-}Widﬁ §hatdbn-ndgtohend
deprotection of AfeiddtdcHETHOMS becaubé Oéﬁétpféb&{@%n@buﬁaé' Povide

coupling. The side chain rotecting gc‘jrou novabl e uggn t he
conpl etion of tht@POTTans, toPn PR % ‘? ’?Pn etHEER FEAUFFURe
conditions B5 andtastivitpttinitt shoibd faeikitamptsutth development The

Cert-butyl, trityl  Densyl T sPphthab L B1so usd AT AN REABLESELye pinders
si de chain prot eémaugsgvs)uqss saxeen formewmmumcm@wagomsts In such
2, 6-dichl 0r0benz¥ésaﬂ?‘—‘étﬁﬂc‘:duﬁﬂ%‘é' tﬁé%&@pouﬁd@'&f‘@% 1n-5'éﬁt§bﬁec5ﬂab8 used

protectlng groups, fo I ncl ude ace enzo trit
t et r ahydr opyr any¥it B‘é‘r‘i"zﬂ°£irgcab§°8 8?0‘5?‘6%?)49&@’{%’}/%& g’rﬁs% 8 ‘Eﬂlﬁ?n
protecting lglroupfor exdmplehbyaldbéiings dackr\ds m:tsantdycbm noprobvealengly

f {3¥h b |
gr50uprsmSI t oyl glrjl 'Jf'ﬁ%\%q%ﬂty %mlﬂsq%régé’&}a aln prot e?i ¥L86¥8§§ Qny
for Lys include gecgab}e dHemadzy| ERyepy efythese agsaws,- the)T mat:en.a](‘?s
2- br On’ll)bepz%/LOXyﬁﬁéb@E&”ca(x? kﬁf@l&b%aleaoéltl@ér BDrrectly or indirect tter t
renoval o e ct.i.ng_gr rotecte
anino acids ar ea{(:‘:gﬁ%'%’gﬂ'& %M%tsc’ flﬁr%f)'g f#ﬁ%lﬂé%lancg&d;edgalabeiAﬁrg'}E%ﬁuS
each proteded ad$no madiblapels sugbn@a’rqsﬁ.useaymﬁsh(ﬁ-ﬁ %m;ﬂmpr.'i.aﬁ"lé 090)

car boxyl group a§ﬁéﬂa$9r eroxidiiseNadd eyt esfent
solution, for

I.n nmet'hyl eng chlorl ejﬂ{ rr
di net hyl fornam{ﬁb nPl(ﬁ\n:)Parﬁe?Fuﬁ Bs. 33240, 475% Jb%'ﬁf %ng 'Pﬂél' £ing cthe
anm no aci d sequechangesimdiiuorescencepintenisitine wioslengthephifie, i ox

decoupl ed from tf‘fuéfééébnce o&'él%ﬁ! Rhts z?ﬁ( Ur SSd BT MW ildl 2oEC2H8feaLCh as
trifl uoroacé%t I C acid, o h drogen fluori de i:( HFIZ whi ch not on'la cl eaves
t he labeling 1nc1u e biotinylation o e constituent followed by

binding to avidin coupled to one of the above label groups.

The compounds may also include spacers or linkers in cases
where the compounds are to be attached to a solid support.
Moreover, based on their ability to bind to the TPO

25 receptor, the peptides of the present invention can be used as
reagents for detecting TPO receptors on living cells, fixed
cells, in biological fluids, in tissue homogenates, in
purified, natural biological materials, etc. For example, by
labelling such peptides, one can identify cells having TPO-R

30 on their surfaces. In addition, based on their ability to
bind the TPO receptor, the peptides of the present invention
can be used in in situ staining, FACS (fluorescence-activated
cell sorting), Western blotting, ELISA, etc. In addition,
based on their ability to bind to the TPO receptor, the

35 peptides of the present invention can be used in receptor
purification, or in purifying cells expressing TPO receptors
on the cell surface (or inside permeabilized cells).
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WD 96/ 40750 PCT/ US96/ 09623

39 peptide fromthe resin, but also cleaves all remaining side
chain protecting groups. Wien the chloronethylated resin is used,
hydrogen fluoride treatnment results in the formation of the free
pepti de acids. wWohoeuse benzhydrylamne resinis 5 used, hyROTAIRSG/09623
fluoride treatnent results directly in the fmae pepti de am de.

Al ternatively, when the chloronethylated resin i s enpl oyed, the side

chain protected peptide cZhebeompungs xf the priegenteinvention cie abpoibe
resin with ampRitd1icedl ¥8 Edfinercial GRuHJeR sSiFde Qaéwuarﬂé&fésﬂ PELELr o8
w th an al kyl am_n tdo 10 ﬂl ve a Si %gal n _pr,ot ctegB %dgl am d ﬁ%

di al kyl am de. 1agnosti i Y8ei ot SBITHASES ARGTUREBYEEFR ?‘HE Bired
f ashi on by ta:r edfirensevis B yadddget idnu etiaddard fovequamtitaringi tes,
al kyl am desg c"(f@tﬁb§¥kég1§fsca??1§(te TPO & oniEQ@sgnsglbgrﬁ eopept i de

synthesis procedures are nown he art and_fur descrlbed I n
Stewart Solid functippadecassaysgel @yr“s%s?é’s mainsaianthe drrel 1 fepation and

rrgnCiSSO, ) gﬁbﬂ%§9b¥ TPO- depeqdent Cﬁ}%lﬂﬂﬂééih337eﬁ§éd£ﬂ §M£ﬁ8@&f§l

i brary" or "ver e i mmbil i Si s

descri %ed in 20 Qﬁq&yg;spageﬁ{:e A TRERSRRP é’lu%%ogo'ﬁzﬁ%gifiéfaq“# (&)
March 7, 19&0t001h6§4ti§§tefﬁh&umdhhanﬁsm'dﬁ TPO9Signadl 07/ 805, 727,
filed Dece:[r@er Ehralx%%ﬁct@@ﬁ/ fé’é’eﬁ’éﬁr %6’1\%‘5&5 ST '&?xdt f@g) ”!f:E‘hQ]:' rrfes%arcﬁ' &ha

of a peptide with such activi} one can 0 mak
pepti des t hat fcﬁ%gpﬁétgFoEBPHC%kﬁqsdé@%W &hﬁngorFﬁﬁ?ES"r {Repreferably
preferred notif dawiviatednbgi stich Saaivitidintiseonveniently cadibrates, or

abi iy Lo bi na RS B RhRH Sadtity 48 o W0, ageshbr a0, REETEES . or,

or other peptide syﬁ'hﬁesmmﬁﬂ)(mt che &r&ﬁebé govent donyaancke zused
truncationi$0  @ale@s ;2N 886 ki nfagé Q’}Bb?ééé%ﬁdof:héﬁmcat'on
and del eti on anal %gns of all of the cLe oynds

itted progen:.tor njunct on w:Lth additional

cytokines or on their own. See, e.g., DiGiusto et al. PCT
Publication No. 95/05843, which is incorporated herein by
reference. Chemotherapy and radiation therapies cause
20 thrombocytdpenia by killing the rapidly dividing, more mature
population of megakaryocytes. However, these therapeutic
treatments can also reduce the number and viability of the
immature, less mitotically active megakaryocyte precursor
cells. Thus, amelioration of the thrombocytopenia by TPO or
‘25 the compounds of the present invention can be hastened by
infusing patients post chemotherapy or radiation therapy with
a population of his or her own cells enriched for
megakaryocytes and immature precursors by in vitro culture.
The compounds of the invention can also be
30 administered to warm blooded:animals, including humans, to
activate the TPO-R in vivo. Thus, the present invention
encompasses methods for therapeutic treatment of TPO related
disorders that comprise administering a compound of the
invention in amounts sufficient to mimic the effect of TPO on
35 TPO-R in vivo. For example, the peptides and compounds of the
invention can be administered to treat a variety of
hematological disorders, including but not limited to platelet
' disorders and thrombocytopenia, particularly when associated .
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I nvent.i on. B. SYNTHETI C AM NO ACI DS 35 These

procedures can al so be used to synthesize peptides in which am no
acids other than the 20 naturally occurring, genetically encoded

am no acids are substituted at WD 96/ 40750

PCT/ US96/ 09623  wo 96/40750 40 ONEPCI/USIF/0923
nore positions of any of the conpounds of thesz - invention. For instance,
napht hyl al ani ne can be substituted for tryptophan, facilitating
synthesis. O her with e maxrow transfusibng haadiarion sherepyutandinto
the peptides of t&RemstQEApyS I nvention include L-hydroxypropyl, L-3,

4- di hydr oxyphenyl al anyl, d.am_no acids.suc Xy é and '
D d- net hyl al anyl, L-a-neth aFgﬁ I m%°d1mer%ﬂn9532§ﬁ(} vegégoﬁé éénolyl D
am no aci ds and nartaganistls pre prEﬁecablyrﬁ}ngpﬂadmmn;a&nrnd Soi gatiemt=ml so

be i ncorporatged i i
One can repl tz?ce tggfeg% fgt %eggg%ﬁ? b s C#H% gﬁﬁptth'e@éggl ?Bllowed by

genetically encod %ﬂﬁﬁﬁ?aéépﬂs°?oF E)%PPrﬁSQRﬁﬁiﬁ of thewPPNeBFhEP si de

chains, for instance with muaatsvihyaéf the ngidundsowf tﬁbkpkesﬁﬂt@' ic
4-, 5-, 6-, to 7- eet_’red al_ky Lé a&%% al k an de, di

(lover alkyl), | oWeYoaiddyan eﬁ%‘r‘% AT e° odrgr Vikpcin one
derivatives ther e®f  thenciumeroug mhdels degcwtihed anmmnaildd Batedeopficlic.

In particulap,  pe g%faﬂgeﬁagbszg%xz@n#g@ the aUﬂg (&'9§9)0f wh*ﬂéhpigl I ne
resi due IS c ange rom €ers 6, or nbers can be 2
enpl oyed. Cycli c*BF %%Rﬂ? r§£?u?$I€EFQFEQE@§aturated and |f

unsat urated, can be aromat iAzcetding- 66 Odké igmbodiment, the compositions of the
present invention are useful for treating thrombocytopenia
associated with bone marrow transfusions, radiation therapy,
15 or chemotherapy. The compounds typically will be administered
prophylactically prior. to chemotherapy, radiation therapy, or
bone marrow transplant or after such exposure.
- Accordingly, the present invention also.provides
pharmaceutical compositions comprising, as an active
20 ingredient, at least one of the peptides or peptide mimetics
of the invention in association with a pharmaceutical carrier
or diluent. The compounds of this invention can be
administered by oral, pulmonary, parental (intramuscular,
intraperitoneal, intravenous (IV) or subcutaneous injéction).
‘25 inhalation (via a fine powder formulation), transdermal,
nasal, vaginal, rectal, or sublingual routes of administration
and can be formulated in dosage forms appropriate for each’
route of administration. See, e.g., Bernstein et al. PCT
Patent Publication No. WO 93/25221; Pitt et al. PCT Patent
30 Publication No. WO 94/17784; and Pitt et al. European Patent
Application 613,683, each of which is incorporated herein by
reference. .
Scolid dosage forms for oral administration include
capsules, tablets, pills, powders, and granules. In such
35 solid dosage forms, the active compound is admixed with at
least one inert pharmaceutically acceptable carrier such as
sucrose, lactose, or starch. Such dosage forms can also
comprise, as is normal practice, additional substances other
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Cyclic groups can be saturated or unsaturated, and I f unsatur at ed,

can be aronmatic or non-aromatic. Heterocyclic groups preferably
contain one or nore nitrogen, oxygen, and/or 25 sul phur het er oat ons.
Exanpl es of such groups include the furazanyl, furyl, imdazolidinyl,
i mdazol yl, i mppaenbispy! |soth|azolyl i soxazol yl, norPeRUSe3 e g.
nDrphollno) . oxazonJ, pi per azi nyl %b | - pi perazinyl), piperidyl
(e.qg. 1- pi peridyl, piperidino), pyrany pyrazi nyl, pyrazolidinyl, 30

pyrazolinyl, le@de'MertPH’iﬂ.ﬁéﬁtBY'e ®Y/J | Tibridaging digetics such as

Pl adi asol 1, (IR EapenbE. : HELHES ae g eptites, cablets, and
n

t hi omor phol | no)piklsl toheardosage fhrwe m@yealﬁguqqmpqyﬁﬁuhyﬂésﬁlng agppts.

substituted or #%ﬁi@ﬁwgﬁ%ﬁwe ﬂi@i%éﬁlygh_be pridiideduideh eheeric

substltuent can oxy, ogen oxygen, or substituted or
unsubstit uPed pRRMyE ngs One can al so readily nmodify the

peﬂ] I geSf of the i ngliqolidi deeageofobys phwms phraly |sadmioristaad ivinhénclude
net hods or

40 .
41 maki ngPBRPTIRF ISR a\‘;ggpggé'%egcofgound's i lt%@{)sr'egsg% ensions,
i nvention are deyrupdedvith Mhebeldxins. F@n¥?1ﬂ¥ng 14?%?[ﬂﬂﬁ Uepss commonly

conmpounds of thﬁsé?Vfﬁnﬂﬂ%wa@ksosg@hvgsaﬁage9a5|§egiaé§(ﬁﬁuha1nert @puetles,
mmetics with sim ogi cal _act i, vi

conpounds 8 t hECPRQEHRIHS qaﬁbP&&Pn@ncaXdep%&ﬂ?%ﬁﬂﬁ?&ﬂﬁqgg Ean b é?%g
coval ently nDdlageﬂtiﬁ)emuisﬂfyﬁngeanﬁ suspeadynglagqntﬁ.rﬂﬂﬂnﬁﬂﬁﬁhﬂﬂ@@gus

polymers, e.g., 0 propylene egcoI or.
pol yoxyal kenes, |n %ﬁlﬁﬁh%m% perfu&kﬁ% %gEHﬁgy Pat ent . 4, 640, 835;

U.S. Patent No. 10 4, 4AF¥eg@gatdons ﬁ&F@ﬁ@lm.t‘A,%‘é&slwe 1§n Bf%nt No.
4,670, 417; U. S. pRebRPhl NRimihi6tratidn @hclude $oérfile Nbgueous or non-aqueous

is solutions, suspensions, or emulsions. Examples of non-aqueous
solvents or vehicles are propylene glycol, polyethylene
glycol, vegetable oils, such as olive oil and corn oil,

gelatin, and injectable organic esters such as ethyl oleate.
- Such dosage forms may also contain adjuvants such as
20 preserving, wetting, emulsifying, and dispersing agents. They
may be sterilized by, for example, filtration through a
bacteria retaining filtexr, by incorporating sterilizing agents
into the compositions, by irradiating the compositions, or by
. heating the compositions. They can also be manufactured using
25 sterile water, or some other sterile injectable medium,
immediately before use.
Compositions for rectal or vaginal administration
are preferably suppositories which may contain, in addition to
the active substance, excipients such as cocoa butter or a
30 suppository wax. Compositions for nasal or sublingual
administration are also prepared with standard excipients well
known in the art. '
The compositions containing the compounds can be
administered for prophylactic and/or therapeutic treatments.
35 - In therapeutic applications, compositions are administered to
a patient already suffering from a disease, as described
above, in an amount sufficient to cure or at least partially
arrest the symptoms of the disease and its complications. An
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4,179,337, all which are incorporated by reference in their entirety
her ei n. 15 C. TERM NAL  MODI FI CATI ONS Those of
skill in the art recognize that a variety of techni ques are avail abl e
for constructing peptide mnetics with the sane or simlar desired

bi ol ogi cal acti viwyg ogsersde 20 correspondi ng peptide conpound BCGT/USPE99623
nore favorabl e activity than the peptide ®#th respect to solubility,
stability, and susceptibility to hydronS|s and proteo] ysi s. See, for
exanpl e, Morgan afBCBREndfeqyAte Repacreaplifbpthis is Aptined &s (1989). The
fol | ow ng descri besherhbedsidally? 2ffeptipar doge peptAnmnus e fectivei fioad thks

the N-term nal am . h - r HoX r

changi ng one or e WAt %f%%eoh %5& F Egggg &2 xF}ﬁ% éat’éq%o atn@‘q:/h% weight
non- am do | i ﬁndggenerakmgug;eun@etbpopat@ﬁat tmo or nDre such

modi ficationg can be coupl eﬁ;é otpRsReRbheeof ’Eﬁélfn@ér{ﬂi‘aryrﬁxﬁ(hsdw

nodi fi cation at the C-term cal boxyl_ grou

-CH err]-car bamat E‘lFFﬂEBS%P gﬂf 8%1 gﬁegﬁs the mqtﬁxqi@%gétdﬁed@)nd Bibi
1. N-TERM NAL MOQihl CA2htie ¥n Controlled DrugTheliesty desit i Kyidonisus,
synt hesi zed as thﬁa&&@i Hekkapchfybuq&ﬁga Egd §POV g coul d be readily

prepared as the e or [sO o |f t he am no and/ or
car boxy WO Im/prophylactic appllcatlons, comp051tlons

PCT/ US96/ 09648  containing the compounds of the invention are administered to
 a patient susceptible to or otherwise at risk of a particular
disease. Such an amount is defined to be a "prophylactically
effective dose". In this use, the precise amounts again
depend on the patient's state of health and weight. |
15 The quantities of the TPO agonist necessary for
effective therapy will depend upon many different factors,
including means of administration, target site, physiological
state of the patient, and other medicants administered. Thus,
treatment dosages should be titrated to optimize safety and
20 efficacy. .TyPically, dosages used in vitro may provide useful
guidance in the amounts useful for in situ administration of
these reagents. Animal testing of effective doses for
treatment of particular disorders will provide further
predictive indication of human dosage. Various considerations
- 25 are described, e.g., in Gilman et al. (eds), Goodman and
Gilman's: The Pharmacological Basis of Therapeuticg, 8th ed.,

Pergamon Press (1990); and Remington's Pharmaceutical
Sciences, 7th ed., Mack Publishing Co., Easton, Penn. (1985);

each of which is hereby incorporated by reference.

30 The peptides and peptide mimetics of this invention
are effective in treating TPO mediated conditions when '
administered at a dosage range of from about 0.001 mg to about
10 mg/kg of body weight per day. The specific dose employed
is regulated by the particular condition being treated, the

35 route of administration as well as by the judgement of the
attending clinician depending upon factors such as the
severity of the condition, the age and general condition of

" the patient, and the like.
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42 term nus of the peptide conpounds of the invention to produce

ot her conpounds of the | nvention. Am no term nus nodifications

include nethylating (i.e., -NHCH err] or -NH (CH err]) [err]), acetylating,
addi ng a car bobenzoyl group, or blocking the amno terminus 5 wth an

bl ocki ng group cWo9s4eseg a car boxyl ate functionality def PREYS!

RCOO-, where Ris selected fromthe group 55consi sting of naphthyl,

acridinyl, steroidyl, and s t er m nus

nodi fi cations include repl é%ﬂ%{j"{% only %rleggﬁrsgaﬁ‘gﬁ?‘g Rents 9f, Lh fpvention
group or fornm ng areyspecifimaldiy Hescriked: hbovey bbikywikl nbe@pl:ecmtreﬂm&:at
structural const rﬂ\'oﬁ'ii cati ns, and ar:.atA'ghQO Eeﬁﬁ%{‘ﬁv@ﬂ@%&lcﬁé Fosdiie?

reci ted above | nc atin acet din

car bobenzoy| Wl&PSHB ﬂbﬁf’fﬁlﬁg rsQ!Fb&h‘i"l ﬁP&Elé 3R, 3-’%?%““%?96%?99%69'4 yche
t he ’ N- teer m dakeafion. group can then be reacted as foll ows: 15

(a) to forman am de group of the fornula RC(O NH where Ris as

defi ned above by reaction with an acid halide [e.g., RC(OC] or acid
anhydride. Typically, the reaction c aBXAMPLE djuct ed by contacting
about equi nol ar or excess aEpErbSpRRsH pEPPEE SnediEgm] ents) of an
acid halide to the 20 peptide i an Tnert dituent (e.g., dichloronethane)
preferably cont ai ning an excess (e.g., about 10 equivalents) of a
tertiary amx®e, such as di iw&wlpﬁwm o€, the Sneemtienthere synthesited

enerated durin Q r t

gonvent i ona:J I(eggru(:sgl'?% QHFe era uérle&f%ﬁ'llgoggé 2 %W]ulf' Q Q%%\‘xf%eson(s(ﬁe
the terminal ani n@tleUap‘FioW@qum:a Solid Phager Pg : it | 4. editionm,
foll O\é\edf by rNeaﬂ( PRyt Bhemie d Rockfozlmlhlxd,fe (asadpssﬁabsér@b@y@la\n |§. 2am.

rovi de for a am gde gr e fo

Fb) to forma sucglﬁ%h-g@—g %%%%%}9 gagg{J éno\ﬁ Fhﬁggflgcé%ﬁ?ﬁ?%r%h@%?q de.

As before, &b apprstomatetyimsfrumsnr or an Appdiad Biosyseeuesinof m:ini ml3d.A
anhydri de (e.g., gﬁ%a@ synche il 8l GilebepRidlE GOPL OYEHefiTed Nos it

group is converte e succinimd ¥L hods we known I n e
art including andardsRrefiocal & e e #pplietdeRiQEYEFaRENIRT- 0$y%tem
telrt i ar y( 35 amsaﬁts:ueb aswl%arsapmmyl Eaey esupiing aasupcléflabdaﬁmememr
sol vent (e.g., 0 0 Wl | enberg, et
al., US. Patent &ggegg%% %é?%oﬁ (be%%qghgzcd%rat ed herein by

reference i %ts éhpwxgg§d;m@thxﬂamlnophosphonlum hexafluorophosphate) and HOBt
(1-hydroxybenzotriazole) .

The resin used was HMP resin or PAL
(Milligen/Biosearch), which is a cross-linked polystyrene
resin with 5-(4'-Fmoc-aminomethyl-3,5'-dimethyoxyphenoxy)

" 25 valeric acid as a linker. Use of PAL resin results in a
carboxyl terminal amide functionality upon cleavage of the
peptide from the resin. Upon cleavage, the HMP resin produces
a carboxylic acid moiety at the C-terminus of the £inal
product. Most reagents, resins, and protected amino acids

30 (free or on the resin) were purchased from Millipore or
Applied Biosystems Inc. '

The Fmoc group was used for amino protection during
the coupling procedure. Primary amine protection on amino
acids was achieved with Fmoc and side chain protection groups

35  werxe t-butyl for serine, tyrosine, asparagine, glutamic acid,
and threonine; trityl for glutamine; Pmc
(2,2,5,7,8-pentamethylchroma sulfonate) for arginine;
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43 understood that the succinic group can be substituted wth,

for exanple, (Jerr]-Clerr] alkyl or -SR substituents which are

prepared in a conventional nmanner to provide for substituted

succi ni m de avové78¢-t er m nus of the peptide. Such al kyl 5 PCT/OSIERPE2s uent s
are prepared by reaction of a |lower ol efinseé (err]-Cerr]) with

mal ei ¢ anhydri de e manner descri bed by Wl | enberg, et al.

supra. and - SR &4 §F¥ REYRAT LAY 1, EoFa tayptophan n N1ttty brfar IHSuiding
mal ei ¢ anhydr iaghd phetamitid;s ant dpitiriesl for Gping0 (c) to

forma benzyl oxycar bonyg n{}ﬁ'alor tﬂébgteb‘:gagg from t enzgsgr%ycz%{ bonyl - NH

group by reaction_wi th approxi ma qui val e an
excess of CBzSéPulrapeous deprmmyéatbergid%ml‘tﬁrlrdeﬁumtzaorxam&ret ut ed

CBZ-Cl irsa acmeeeatssplte;eara{etntd ki8N rebeft - X < e O e tdien s Ak gb gL ab! v
15 cont ai ni teﬁ e tQ scaven t he aci enerat edl
during the re& %tgr"‘gn ternatively, in gpey ﬁg?‘i}??ﬁ’f i RERFIGES - by

reacti on withwith an amnip.nedalaaﬁboauydumbmlnm, echee uXleyr grssémisipd val ent s)

of R- S( %@&&%%g r):l%aﬁ;‘ﬂcf %}11: nﬁtﬁ:tlgi-é ﬁf;tsd%g &Hﬁfﬁ?&&%‘l@l@f to 20

convert the t am ne on m i ned
above. Pref er G4, §ﬁeeql’%?éﬁd1(§hh§é-nt apgnEii watexcdguitially tay t4°%yandi ne

§ﬁ g., gasm eqmahamﬁ)nm@as'ﬁg to troaml semp ébfé’c!tﬁ:@.w gl"ﬁté‘Qieﬁx‘bt%Q%téﬁnge
e acid gene rin i.on.. Reacti.o itio ot her wi se
convent i ogal ?%5%9‘3% rt P&?rﬁ"tpé‘%ﬁgFg‘t HF‘EE %l} erm%a}egs' 1 cases,

(e) to form @u@atbam@ gvasU pyb prepacat dwme wi tdvaz:se-phaseeqlhmgﬁ ent anount

Or an excess OC
R-OC(0O) OC[ err Fﬁ%ﬁﬁnﬁx@&‘hﬁﬁﬁ“&ﬂoﬁ%&? r%?%ﬁ%fat dflu BBnded silica gel

wfth a gradient of aceton:.tr:.le/water :Ln 0.1%
15 trifluorocacetic acid. The homogeneous peptides were
characterized by Fast Atom Bombardment mass spectrometry or

electrospray mass spectrometry and amino acid analysis when
applicable.

20 ' | EXAMPLE 2
BIOASSAYS

Biocactivity of the peptides can be measured using a
thrombopoietin dependent cell proliferation assay. Murine
- 25 IL-3 dependent Ba/F3 cells were transfected with full length
human TPO-R. " In the absence of IL-3 (WEHI-3 conditioned
media), these cells are dependent on TPO for proliferation.
The parental, untransfected cell line does not respond to
human TPO, but remains IL-3 dependent.

30 Bioassays have been performed on both of the above
cell lines using synthetic peptides derived from library
screening. The cells were grown in complete RPMI-10 media,
containing 10% WEHI-3 conditioned media, then wasi'zed twice in
PBS, resuspended in media which lacked WEHI-3 conditioned

35 media, and added to wells containing dilutions of peptide or
TPO at 2 x 10% cells/well. The cells were incubated for 48
hours at 37°C in a humidified 5% CO, atmosphere and metabolic
activity was assayed by the reduction of MTIT to formazan, with
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(e.g., dichloronmethane) to convert the termnal amne into a 30

carbamate where R is as defined above. Preferably, the inert di | uent
contai ns an excess (e.g., about 10 equivalents) of a tertiary am ne,
such as diisopropyl ethyl am ne, to scavenge any acid generated during
reaction. Reaciggékpmipdi tions are ot herw se convent i onaPCt/AEsSe/8962800m
tenperature for 30 35 m nutes); and 57 (f) to forma urea
group by reaction with an equi val ent anobunt or an excess (e.g., 5

equi val ents) of absorbdidi-eEC570 AMSMeAsRi€di ierdn diﬂxsmbl(ategreader The

g'cﬁ_?bggg/”ggggge pégt:.des tested st:.\mlg?éé Zégllferatd.z?n of TP onver tantsﬂ':ecteu

ternminal anine i Ba4F3 arlds (n. 2. doseHdeppnient manneyr ggp shewe in Fiquge 1.

defined above. Prgéss %&fﬂhd&?ehéﬂérﬁo effeétlé&er\ihecgatx@n&ma@eq&cq%e(e g.,
about -10 qul val ent s) tertiary am ne, such

di i sopropyl €t hyl am ne. Reaction 5 conditions are ot hervm se conventi onal
(e.g., roomtenperature for about 30 BXAMBIESE 2.

C- TERM NAL MODI FI CATIONS 10 %ﬁ%g pepti de mnetics
wherein the Cterm nal car boxyl g by an ester (i.e.,
-C(O OR where R I s as defined above), the resins used to prepare the
pepti de acids are enyigHefg apdihieiesdes C&lﬁﬁid&’l@.ﬁ;ef‘sﬁﬁiiﬂé%ﬂtz'e@e i's

hai n_pr ot 88t | ngPBPBUIRS ded TRORR, HrBG HRRSFHA HE L oRp et Hiom Dinepe”
treatnment with hgdsagen THeueellls 06 abmacrnotiker plate were coated with 1mg
streptavidin, blocked with PBS/1% BSA, followed by 50 ng of
biotinylated anti-receptor immobilizing antibody (Abl179). The
wells were then treated with a 1:10 dilution of soluble TPO-R
15 harvest. vVarious concentrations of peptide or peptide mimetic
were mixed with a constant.amount of a truncated form of TPO
consisting of residues 1-156 fused to the C-terminus of
maltose binding protein (MBP-TPO,g;). The peptide MBP-TPO,.,
mixtures were added to the TPO-R coated wells, incubated for 2
20 hours at 4°C and then washed with PBS. The amount of
MBP-TPQ,5, that was bound at equilibrium was measured by
adding a rabbit anti-sera directed against MBP, followed by
alkaline phosphatase conjugated goat anti-rabbit IgG. The
amount of alkaline phosphatase in each well was then
25 determined using standard methods.
The assay is conducted over a range of peptide
concentrations and the results are graphed such that the y
axis represents the amount of bound MBP-TPO,5¢ and the x axis
represents the concentration of peptide or peptide mimetic.
30 One can then determine the concentration at which the peptide
- or peptide wmimetic will reduce by 50% (ICg,) the amount of
MBP-TPO,;; bound to immobilized TPO-R. The dissociation
constant (Kd) for the peptide should be similar to the
measured ICg, using the assay conditions described above.
35
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desired ester. In preparing peptide mnetics wherein the
C-term nal carboxyl group is replaced by the amde -C(ONRerr]Rerr],
a 20 benzhydryl amine resin is used as the solid support for peptide
synt hesis. Upon conpletion of the synthesis, hydrogen fluoride

treatnment to rel qapesrdose pepti de fromthe support resul t s RCWER6/09623
the free peptide amde (i.e., the - Ctermegs is -C(CONHerr]).

Al ternatively, use of the 25 chl oronmet hyl ated resin during peptide

synt hesi s coupled with reaction with EEMRMHLE Mo cl eave the side chain

prot ect ed peptide fromthe suppeggpﬁﬁﬁgsoﬁh_lﬁ_léésm@ept | de am de and

reaction with an al kyl am ne or a dialkylam ne yields a side chain

protected al kyl am de or dial kylam de (i..e., the 30 Cterminus is
-C(ONRR[err] where R and R{‘l&! rgIsike eectlef i isdusddvEyr librar@i densbzuntion

protection igt heg?&eggvgﬁi IA‘gsé‘ﬁBé' 4 asp) 0. b%{lkzﬁonué&e%@taﬁange%ﬁhces are

hydr ogen fl udri de ant des,
di al kyl ami des. ~ needed for llbnmnguab:uqn@nnatwe%&m&iu RERt ACChECC GG} ;

C-tle_rm nal 35b C@ﬁbesu: cgr%w@t?ﬁmaﬁa 851 Bhr&Apn égstéc'ﬂiéCEd to )
cyclize y interna enent o - r )
carboxyl group orCciERRUFRY \R%E}“ﬁffﬁ'l:hésf\l-gé #'anégm(} Fha &5‘% Kot
to forma cyclic mtcdb, ﬂmereex{&ﬂp:l}g dehdtess sy mtdmedns reg:Lon of the d&‘élred
96/ 40750

45 and- % eava gt?oamlivsee e pept i de am%’&[{,ﬁ@% ee aC| 3 pe s’
converted to an aEhP#Hb@HYb%’@%i W“&ﬁa&bﬁr@%%ages%ﬁ?w or a t=§i"oup

R A L T T
(OVF) i xtures.  TRESBSER Bt Rptitd Pelipcrebid' asa 1Hedied o BRTReCESs
di spl acenent of the actlvat%meesunalnwnfhz. coli which is preferably used for
15 panning has the genotype: A(srl-recA) endAl nupG lon-11 sullAl
hsdR17 A (ompT-fepC)266 AclpA319::kan AlacI lac ZUl1l8 which can
be prepared from an E. coli strain from the E. coli Genetic
Stock Center at Yale University (E. coli b/r, stock center
designation CGSC:6573) with genotype lon-11 suldl. The above
20 E. coli strain is prepared for use in electroporation as
described by Dower et al. Nucleic Acids Res. 16:6127 (1988),
except that 10% glycerol is used for all wash steps. The
‘cells are tested for efficiency using 1 pg of a Bluescript
plasmid (Stratagene). These cells are used for growth of the
" 25 original library and for amplification of the enriched
population after each round of panning:

Peptides on plasmids are released from cells for
panning by gentle enzymatic digestion of the cell wall using
lysozyme. After pelleting of the cell debris, the crude

30 lysate can be used directly on most receptors. If some
additional purification of the plasmid complexes is needed, a
gel filtration column can be used to remove many of the low
molecular weight contaminants in the crude lysate.

Panning is carried out in a buffer (HEKL) of a lower

35 salt concentration than most physiological buffers. The
panning can be conducted in microtiter wells with a receptor
immobilized on a nonblocking monoclonal antibody (MAb) or by
panning on beads or on columns. More specifically, in the
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the NNtermnal amne. Internal cyclization as opposed to

pol ynmeri zation can be enhanced by use of very dilute sol utions. Such
nmet hods are well known in the art. 10 One can al so cyclize the
pepti des of the invention, or incorporate a desam no or descarboxy
residue at theypoeguaydeer mi nii of the peptide, so that there i pCIMossemoea3nal
am no or carboxyl group, to decrease sdceptibility to proteases or to
restrict the conformation of the peptide. C-termnal 15 functional groups
of the conpounfifrsif rcundicEspahningen?4 avells, each whsatwed ddtharedeptorer
al kyl', am de digf [pelsed] KY! , W y, and
the | ower est eér:aé:lerl vgte;av'es For kﬁtgﬁ%?%%rﬁ %M%es%ﬁﬁ%lﬁcseﬁggﬁ?&?%

accept abl e sal ¥eCaRF e JPAN spgiple) and($ WWBG@%@I%‘GHFP@]\ISNX- sample)

Qther nethods &fe tPRJica0 IRcRicede debmyRtises of e numbert @FRUALRIAE 1AHE
pr esent |§venth§>n are descri,bed in

Houby et, .. _al. BiochemJ.
268(2) : 249- 262" (THO PO BREPLSSr SRBITHET AT le%a“%f%féﬁ'@g&‘“ﬁﬁ%‘?ﬁﬂﬁ
pept i de conpouspreidiict lndoneseatreobeihg cenrichesbrive penmsingict tEaricbdens"f or
non-pepti d ¢ COERMGRAHS the rafil! b£ Al UUHLAImfifild d XnodhOSe of
skill in the art recogni ze that a variety of technigues are avail able

f or const FERAYSFE Frosu e VFt sample safiiichaneny of ddsifedd 38

bi ol ogi cal actusudMy s iadieadipapthae Fenapuor spdcifid olvhes are

f avor abl q_oacti i‘éé’e tthan the lead with respect to solubility,

stability, and®susceptibility to hydrolysis and proteolysis. See
Morgan and Gai nor Ann. Replabiesd réheds ofl.piiagp, (itng® useful tacveducat ed

herein by ref egpacEputhete 1vackEI GHES LHE WA S%o TARIAGIcNIpeBEFPEPt i de

backbone with ackbone .conposed _of hosphonat es, am_dat es,

carbamates, s T‘gf%ﬁﬁ ,b"‘é’&g&ﬁdQFythe Pl%%‘f’ﬁis‘f" #€Sret A ZRPAY 2ci ds.
usually 100 pl of lysate per well is used. In round 3, 100 pl

15 of lysate per well diluted with 1/10 in HEKL/BSA is used. For
further rounds of panning,.typically an input of plasmid
transforming units of at least 1000 fold above the estimated
remaining diversity is used.

. The binding properties of the peptides encoded by

20 individual clones are typically examined after 3, 4, or 5
rounds of panning, depending on the enrichment numbers
obsexved. Typically, an ELISA that detects receptor specific
binding by LacI-peptide fusion proteins is used. Lacl is
normally a tetramer and the minimum functicnal DNA binding

25 species is a dimer. The peptides are thus displayed
multivalently on the fusion protein. Assuming that a
sufficient density of receptor can be immobilized in wells,
the peptides fused to LacI will bind to the surface in a
cooperative, multivalent fashion. This cooperative binding

30 permits the detection of binding events of low intrinsic
affinity. The sensitivity of this assay is an advantage in
that initial hits of low affinity can be easily identified,
but is a disadvantage in that the signal in the ELISA is not
correlated with the intrinsic affinity of the peptides.

35 Fusion of the peptides to maltose binding protein (MBP) as
described below permits testing in an ELISA format where
signal strength is better correlated with affinity.

See Figure S5A-B.
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Peptide mnetics wherein one or nore of the peptidyl | i nkages
[-C(ONH] have been replaced by such |inkages as a - CH2- car bamat e
| i nkage, a phosphonat e linkage, a -CH err]-sul fonam de |inkage, a
urea |inkage ?ﬁfmdary amne 5 (-CH err] NH) [|inkage, PeTis9am9623

al kyl at ed peptldy I nkage [-C(ONRgpr]- where Rlerr] is |ower

al kyl] are prepared during conventional peptide synthesis by nerely
substituting a smﬁmMﬂmpéMﬁéwamrm cBagin heoguepheredt ha anmi no

acid t ropr t

Su: tabl e reaggﬁP'gi? ?’fﬁi@ %?gr ggxggiﬁgpgﬁ% s%&a{lgi %M.BEB%@% Pgégggu erein

the carboxyl Bheupoding mmgsagfdlnggrestlng FENglecFLlaBesd Mt h a noiety

sui tabl e for Eﬁg 261 HE ¥ ctl ﬁesRcan BROYEahsF&RERD toFQ"‘ecms%Epltﬁatl feuaae
ce a

d t - k t h
(S orr) Tar bEhase Feamensesidh Trpne PAFA|Che (FRE SPeHUN: HER:qRnBEpEetn

(- COOH) groupthhtagenétallly occurs asoacmbrdmeni im swlutiosn.fi The cddndeg to
e et ) PR tburary i sk ia! BEU2E0DVE! SEED ) euRINERI L2, L HPHRQYS

to a-0C (0O or a para-nitrocarbonat
- 00(0) O d er r FHeebeginaiNg exf khe randenéPiibﬂal Fegion RE;Eheodidragyi-her of

such functi Onﬁhgaéeyaﬁ @&h sgﬂat:hahhesf:ageaanwe thie Purdifiyartien af ae on

the N-term nus_Q artia fabrj cat fo he solid
support 10 PQQd?PtBIW gﬁxof: an b §$ :F%doq%ﬁ H’%%kgg t “Por a
nmor e deweickets desEINDt ﬁcmtopﬂ.astnecﬂ oomapElei)f (mmlaem[:@ re] whd.chanat e

| i nkages, seea(rl:lgo Shy ?é rﬁ?dieﬁ(\c%’taéﬁ% Eoghé@m&ﬁgﬁd p@ﬁLpz vectors,

Simlarly, rep Scone 5219 eW|t
phosphonat e | FESREELEERLIDe aNAilapde cPH“'Fﬁ@’-a Y fmﬁ‘&" aBsS
Pat ent Appl i c&leleORrigaEe asANDS. DigestiBf/ 843pROM3 A GELMIB7 withd AgeI and

09/ 119, 10 ead 308507 e Myene cacHingof” b SAESYR Slhcbkrom
| i nkage in t h&heepiBdé2wiibrary. The BEPEL Pngugi%aﬂﬁ% axien iERgPat A lise
D ot STkl 1o gmbal, CofL bisulal of wie S sl
Ps t hen convenrltse&sFSnﬁlal to rtegﬁpe% %‘ggégéggﬁpf%ughg Ilbéqls(?s%ﬁ egr ouB
by conventi ongleng5 thuseléweising RMctllemlont hackgsoynd «d-anas Fxdwe with,
for 20 €XanRdRsirBHOREGAE ford @vinktdl.| OuRdrbshyarof Wies tand oxidative
promoter-dr:.ven MBP-peptide fusions can then be induced with
IPTG.
Lysates for the LacI or MBP ELISAs are prepared from
individual clones by lysing cells using lysozyme and removing
'25 insoluble cell debris by centrifugation. The lysates are then
added to wells containing immobilized receptor and to control .
wells without receptor. Binding by the Lacl or MBP peptide °
fusions is detected by incubation with a rabbit polyclonal
antiserum directed against either Lacl or MBP followed by
30 incubation with alkaline phosphatase labeled goat anti rabbit
second antibody. The bound alkaline phosphatase is detected
with p-nitrophenyl phosphate chromagenic substrate.
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chlorination will provide for the -CHerr]-S(0)[err]Cl functional

group which replaces the carboxyl group of the otherw se WO
96/ 40750 47 sui tably protected
amno acid. Use of this suitably protected am no acid anal ogue in
pepti de synt hesi wonsdeisgles - for inclusion of an -CHf err] S( OR¢CERUSIEANIE2I

| i nkage whi ch repl aces the am do |inkage gmn the peptide thereby
providing a peptide 5 mmetic. For a nore conplete description on the
conversi on of t he carboxyl group of tEXAMBLEQS5acid to a _
-CHerr]S(Of[err]Cl group, seew%mgﬂ%g%%, Boris

Chem stry & Biochem stry of Am no Aci ept | Proteins Vol. 7,
pp. 267-357, Mar cel Dekker, Inc., New York (1983) which is

incorporated 10 herei n b wettamtcef the LacI peptldeBebhaQQEEﬁE.deté’éhm.que
fhe manner ogt forTERAR oCPuk binging Prifdth CATIRN HRARTRE HERERy. Doun
Whl ch appl i cati onP}rding bYl rB8r Bor 60dd her arepuessoat dscmediater: byether et y.

| ) Sdemml lg.maaawesg i &:Kﬁﬂfszémfﬂiéae S.Fgé?"\'ﬁbmlahﬂkag?he dimer of
repl aces the anmi i.nkage in-the ide can
emgl oying, for ex% §ﬁFt§ B’B‘gotfté%ft 3?)"{#) ?lac ORREREQHLS
wherein the car bomqtmaidlydfotme&ebgnaslmduaﬁmedfathe muche@argeguced to a
CH err] groyg by glgﬁy theig ggbh%o@é:f%q: tegﬁg_g;g&e 4 t he % se of

di gl yci ne, reduct] on amne w l éfld a
depr ot ecti on H[errl}mﬂ[’-@FP] giper! | frRten 1Yiddass headmp,gg:g dsmenemols@dlesm

N-protected for ma:dsnttdiexmgthﬁohéédﬁﬂeces cdzﬁx%@tleanvﬁhghairﬁpﬁéﬁi:%&@lP:i er.
ouch, ane ogues. Diniégelhifl, piog bHE FEUEAArSRHR Shalrep 88 L ITE

in the dipeptide IS
protected am no aR$ePciasioguefi s peptlréermmel dispdayedveant thaat-pepiiniss

synthesis igsthe §@nfhe headpiece dimer with the plasmid encoding that peptide.
' The random peptides are fused to the C-terminus of
the headpiece dimer, which binds to the plasmid that encoded
it to make a peptide-headpiece dimer-plasmid complex that can
be screened by panning. The headpiece dimer
20 peptides-on-plasmids system allows greater selectivity for
high affinity ligands than the LacI system. Thus, the
headpiece dimer system is useful for making mutagenesis
libraries based on initial low-affinity hits, and selecting
higher affinity variants of those initial sequences.

'25 The libraries are constructed as with peptides on
plasmids using headpiece dimer vector pCMG14 (see Figure
6A-C). The presence of the lac operator is not required for

plasmid binding by the headpiece dimer protein. The libraries
were introduced into bacterial strain comprising E. coli

30 (lon-11 sulAl hsdR17 (ompT-fepC) AclpA319::kan AlacI lac
2U118 A(srl-recA) 306::Tnl0 .and amplified under conditions
of basal (A) promoter induction. Panning of headpiece dimer
libraries is carried out by similar procédures to those used
for Lacl libraries, except that HEK buffer is used instead of

35 HEKL buffer and elution of plasmids from the wells is
performed with aqueous phenol instead of with IPTG. Sequences
from headpiece dimer panning are often characterized after
transfer to the MBP vector so that they can be tested in the
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/

manner as woul d the correspondi ng am no acid. For exanple, typically
about 3 equivalents of the protected amno acid 30 anal ogue are enpl oyed .
inthis reaction. An inert organic di l uent such as nethyl ene chloride
"or DMF is enpl oyed and, when an acid is generated as a reaction

by- product, theyweqoguofsgaction solvent will typically contain RCIASIEEI23
anount of a tertiary am ne to scavenge tdg acid generated during the
35 reaction. One particularly preferred tertiary anmne is

di i sopr opyl et hylaffiimd tphisehnsi s ive pHBR IELISan@ingl @d son sghshat 1pPpulations of
excess. The readdlcied @u be bBrédndd B @d1emy NliFHehGith labeTdd Geecdpidt C
of an am no aci d anal ogue having a WO 96/ 40750

48 PCT/ US96/ 09623 48 non- pept i dyl

| i nkage. Such substitution can be repeat cEXAMPLE 6 desired such that from
zero to all gof the amido bonds in the peptide have been repl aced by
non-am do bonds. . One can al so cyc]ize the peptides of the

i nvention, 5 or incorporaff@ shigsexamd e cysdd@ad sopreusdg sese sykjected to

ter lr)lri ni : of the Meld' Gsaye.t heiré?,_e[)ﬁ:lsgsva?vésr W%Eé' ose&metd)ras descritbe_d t
car boxyl group, to _decr e susceptibil 0 .Rrote or.to restric
t he conformat i oﬁtqﬂvet‘he%ﬁaﬁgf % eﬁr?rf'ﬁé'l celd pﬁ?ﬁ'ﬁSﬁgf‘oﬁrm 2t he
conpounds of thdleswsided iabovat was péxrformed tde calicddatenEde, Malmesal kyl |
am de di (| gger abiad Ly | @Rk crophyldibter EB X Yorgl

| ower ester derivlg%%]glls %m%&cfﬁg?%gif, and t elg%lﬁaggg&?iicall Qzé%?gpét%ye
salts thereof. “as pexfoymed.ofBagitaliyy dehdifi8ssay Sh8VF 9% Tabl es

4, 5, 6, 8,acdilifdcation of the extradelIUiEDmedih ERRMEpédse to TPO
The conpounds Ofret&%t@ress%%m&@c/ggﬁi}%[] trﬂaey c%)t(:{psotunid% of the invention was
determined. The ranges for ECgy; are symbolically indicated as
15 for 1Cg, described above. The results are summarized in Table
4.
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a cyclized formwth an intranol ecul ar disul fi de bond between 20 t he
thi ol groups of the cysteines Al ternatively, an i nternol ecul ar

di sul fide bond between the thiol groups of the cystei nes can be
produced to yield a dineric (or higher ol i gonmeric) conpound. One or
more of the cyst aydosfossy dues may al so be_substituted w th per/ussen9s23
honocyst ei ne. These 25 i ntramol ecul ar or int&fnol ecul ar disul fide
derivatives can be represented schematically as shown bel ow 30
35 wherein mand n are independently 1 or 2. O her
enbodi nents of this invention provide for anal ogs of these disulfide
derivatives in which one of the WO 96/ 40750

PCT/ US96/ 09623 TABLE/ gt sul furs has been
replaced by a CHerr] group or other isostere for sul fur. These

anal ogs® can be made via an intranol ecul ar or . internol ecul ar

di spl acenent, using nethods known in the art as shown below. [err]

' ECS0(nM) ECSDf =
Strucrure Proliferanon .‘-ﬁmp:?:) .

(H] - iPen) ADGPTLEEWIST(Cys) - {NH 3} L. . .
] l T T ++
1 -
[

(O=C-3z}-20 ?-.RSWISFtCﬁs)-Iﬂﬂzl . ++ .
CHy s
(H] - { Zomocys ) ADGETLREWIST ) - [NH21
q\ o “Ts +4+  ++ ND
S S
(O=C-N] -ADGFTLREWISS - -{NH2;
: } -ADGE £ (CYlSi {NE 2 +. - -
CHp s
o)
tm-m-c’ysmmmms::m-c}rs)-mHZI +- - ND
S s

(H}- {C}rs :m;.:eazsz-'m-cslrs) -{NH 7] $-
& s

+4

o"
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15 wherein pis 1 or 2. One of skill inthe art will readily
appreciate that this displacenent can al so occur using other honol ogs
of the a-amino-g-butyric acid derivative shown above 20 and honocyst ei ne.
Alternatively, the am no-term nus of the peptide can be capped with an
al pha-substit ut esvorsmsporsp aci d, wherein the g4 &l Pha substi t uRTTISI649623
| eavi ng group, such as an a-hal oacetic acrd, for exanple,
a-chl oroacetic acid, a-bronpacetic acid, 25 or a-iodoacetic acid. The
conpounds of the present invention can be cyclized or dinerized via
di spl acenent of the |eaving group by the sul fur of the cysteine or
honocyst ei ne resi due. See, e.g., Barker et al. J. Med. Chem
35: 2040- 2048 (-1992) and O et al. J. Org. Chem 56:3146-3149 (1991),
each of 30  which is incorporated herein by reference. Exanples of
di meri zed conpounds are provided in Tables 7, 9,-and 10. UTILITY
35 The conpounds ofg i nventi on are useful Eﬁiﬂw\ﬂrﬁa-'fnm IGS0(nM)
uni gue 1t 00| S fgfmtlder.ct andi nn t e ioloagical role of TF?G‘!!GHMH IWPUC“ ng
the evaluation of the many factors thought to influence, and be
i nfluenced by, the production of TPO and the
(H} - {D-Pen) ADGETLISHISFT (D-Cys) - {NH2] + - s
h 3 4
=
s

(=4

(H}~ {Homocys ) ADGFTLISWIST {Homocys ) - {NH 2i

H H 4 + r

S S

[o:r.i-ml -mm.aans;tamiys»— (NH2] - * pa-

CH S

[0=C-NH] -ADGFTLREWISF (Pen) - {NH 2]

CHy S

[0=C-NH] -ADGPTLREWISF {Cys) - (NH 7]

Ph-CH S

[H) -KADGPTLRBNISFFI.— {NH2j +- +- ND
NH-C=0
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WD 96/ 40750 . 50 PCT/ US96/ 09623
receptor binding process. The present conpounds are al so useful in

t he devel opment of other conmpounds that bind to and activate the
TPO- R, because the present conpounds provide i nportant information on
the rel ati onshi pWossHeasm structure 5 and acégvity t hat shoul BCTS96I0G2a1 €
such devel opnent. . The conpoundS™are al so useful as
conpetitive binders in assays to screen for new TPO receptor agonists.
I n such assay enbodi nents, the conpounds of the invention can be used
wi t hout nodification or can be nodified in a variety of ways; 10 for
exanpl e, by labeling, such as covalently or non-covalently joining a
noi ety which directly or indirectly provides a detectable signal. In
any of these assays, the materials thereto can be | abel ed either
directly or indirectly. Possibilities for direct |abeling include

| abel groups such 15 as: ragdiolabels such as [err]| eBZSHRS) EOSy:

3, 645, 090) such as per oxf%glé%“rgnd al kal i ne phosphat asﬂmmdhwﬁ?t ﬁﬁb(nM)
fl uorescent | abel s (U.S. Patent Np. 3,940, Z75) capabl € or_nonttorrmog—
t he change in fluorﬁépence intensity, wavel ength shift, or

fl uorescence polarizatio REROEETriESsarsodi 320 | gbel i ng i ncl ude
bi oti nyl ati on of one constgtupnt forr§§gé*5y" qhugﬁ%bing toqévidi couMQaj
to one of the above | abel Q=00pNH Ihe _cohpounds may al'so include
spacers or linkers in cases where the conpounds are to be attached to
a solid support. Mor eover, based on their ability to bind to
the TPO 25 receptor, the peptides of the present ‘invention can be used as
reagents for detecting TPO receptors on living cells, fixed cells, in
bi ol ogi cal fluids, in ttosweimmnm&ﬁﬁsaﬂmys)-mgr ed, gafuralg ND
bi ol ogi cal materi al s, etc1 For exanpl e, by | labelI'Tng such peptides,

one can identify cells b/mrry~FRe=—R=dG—m—_ona-thgi r surfaces. |In addition

based on their ability to bind the TPO receptor, the peptides of the
present invention can be used in in situ staining, FACS
(fluorescence-activated cell sorting), Western blotting, ELISA etc.
I n addition, baseﬂ on their ability to bind to the TPO receptor, the
35 peptides of the p &Tm}ﬂ@ﬁ?mm&mbd{mibcept e 0
| l
]
- e IEE’“ o 3
[HN] ADG-TT oIIS...i {NHZJ i-— +- +.
C=0

[H}-{Pen) ADGFTLREWIST {Pen) - {NHp] - ub

S s
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purification, or in purifying cells expressing TPO receptors on the
cell surface (or inside perneabilized cells). WO 96/ 40750
PCT/ US96/ 09623 51 The
conpounds of the present invention can al so be utilized as conmmerci al
reagents for varwO@®e4078ali cal research and di agnosti c uses PCTAISYs/09613S

i nclude but are not limted to: (1) use @ a calibration standard for
guantitating the 5 activities of candidate TPO agonists in a variety of
functional assays; (2) use to maintain the proliferation and _growt h of
TPO dependent cell lines; (3) use in struEXMPLE 7 analysis of the

TPO receptor through co-crystallization; (4) use to investigate the
mechani sm of TPO si gnal 10 t ransductjon/receptor_activation; and (5)

ot her research and dilytbiei example caminm RGid substikutgPORE cpepibions
preferably s BetEyat £ Olors BC inaghé V@ye Dizdd ccpodipigent |y calibrated
agai nst a known quantity of a TPO agoni st, and the 1iKke. The
conpounds of the present invention can be used 15 for the in vitro
expansi on of negakaryocytes an@ AhRiG P T L ®OBNW tk® Fragenitors, both in

conjunction with additional | cytokines or on their ﬁwn. See, e.g.,
DiGusto et al. PCT Publ i . ; T i's iIncorporated
her ei n by ref erence. Chenot herapy and radi ation therapies cause 20
thr olrrb?f:yt Opfeni awilye kéééaj:w tfbﬁo oL -Tol] cﬂuat %i%[,d'itrﬁﬂl.v.emst?_d&tc&ﬁ%etd above .
popul ati on o 1 es, wev eSe therapeutic reat ments
can al so reducgeltq ﬁégér%hﬁg%o%ﬁarvrﬁﬁﬁ§§ VI FHED 10 parRptheges; ogthe
mtotically acti%estkimleney supnerpzed uinsdfable 5 delow. Thus, anelioration
of the thronmbocytopenia by TPO or 25 t he conpounds of the present

i nventi on can be hastened by - i nfusi ng patients post chenot herapy or
radi ation therapy with

SUBSTITUTE SHEET (RULE 26)



a popul ation of his or her own cells enriched for nmegakar yocyt es and

i mmature precursors by in vitro culture. The conpounds of

t he invention can al so be 30 adm ni stered to warm bl ooded ani nal s,

i ncludi ng humans, to activate the TPO-R in vivo. Thus, the present

i nvention e WO GgMITsEes et hods for therapeuégc treat ment of péPOss@bIsrEd
di sorders that conprise adm nistering a conpound of the i nvention in
amounts sufficient to mmc the effect of TPO on 35 TPO-R in vivo. For
exanpl e, the peptides and conpounds of the TABLE| Byention can be

adm nistered to treat a variety of hemat ol ogi cal disorders, including
but not limted to platelet di sorders and thronbocyt openi a,

particul arly when associ at ed WO 96/ 40750

PCT/ US96/ 09623 52 Wi th bone marrow
t ransf usi ons, radiation therapy, and chenot her apy. In
sone enbodi nents of the invention, TPO ant agoni sts are preferably
first admnistered to patients 5 WADCPTRRBWESHE apy or radiation

t herapy, followed by - admi ni st r atd=aR—af—te~t-pe—agoni sts of the

i nvention. The activity of the conpounds of the present

i nventi on can be ev

numer ous nodel s desdri bed in NtEbnaId Am J. of &g diatr'&a
Hermat ol ooy/ Oncol ogy J14: 8- 21 (Substifutiohi ch is  ECSO{AMY por 24680 i nllby
reference. Accordlng to one enboﬂkﬂéhp¥-the conpositiong of
t he present invention are or treatl ng ronbocyt openi a
associated with bongq marrow t fu5|ons radiaILpn/;h rapy, 15 a4o0r
chenot herapy. The gonpounds ygfcally wil | be ‘adm ni'sfered
prophyl actically prijor to chegot herapy, radlatlon tqkispy, or . bone
marrow transplant orf after sd@hfbxposure +r

I-A + (9 -+

S-A et () L

S-D-Ala * -

S - Sar +- =+

S-Aib e (¥ ++

S - D-Ser +t 4

S-Nva it (+9) e+

S-Abu 4 ++

S - (N-Me-Ala) + -

§ - (N-Me-Val) o+ +

5 - (N-Me-Ala) * ¥ +-

S - (Nor-Leu) = e

S - (t-Bu-Gly) + T+

S - {N-Me-Ser{Bzl)| +-
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Accordingly, the present invention also provides phar maceut i cal
conpositions conprising, as an active 20 ingredient, at |east one of the
peptides or peptide mnetics of the invention in association with a

phar maceutical carrier or diluent. The conpounds of thi W%ﬁ% can
be adm ni %&Wﬂgy oral, pulnmonary, pargptal (intranusc
intraperitoneal, 1Tntravenous (1V) or subcutahgous injection), 25

i nhal ation (via a fine powder formulation), transdermal, nasal ,

vagi nal, rectal, or sublingual routes of admnistration and can be
formul ated in dosage forns appropriate for each route of
admnistration. See, e.g., Bernstein et al. PCT Pat ent Publication No.

WO 93/ 25221; Pitt et al. PCT Pat ent 30 PubI i cati on No. V\D 94/ 17784 and
Pitt et al. Europef <

i ncorporated herei ref erence. Sol | f a. ns .
for oral administrhtion i nchabgitbon capsul es E%F‘M)s ﬂFgSiﬁ effs, and
granules. In such B5  solid dosage forns, thdelbProji. co pound i s _ad#i

wi th at | east jone 1 nert pharmaceuti cally acceptable carrier suclh as
sucrose, |actose, ¢r starchs_ %&;{Eﬁge forms cgp al so N®mrise, as
is normal practice} additional ahces ot her WO 96/ 49750
53 than inerg diluentg, .. lubricating agents such agp
magnesi um stearatel In the ga's&'g#e'é&b‘gul es, tabléts, and pills,] the
dosage forns may allso conprise buffering agents. Tabl ets and pilil s can
additional ly be prgqpared wi Fsf&nteric 5 coati rg{*) ++  Lijquid
dosage forns for orfal adm nistration include pharmaceutical ly
accept abl e enul siorls, sol utippng.aguUspensi ons, - +4

F - D-Phe + ++

F-Homo-Phe - b () ++

F-CHA 4o () ++

F-Thi +t ++

F - (Sex(Bz1)) ++ ++

F- (N-Me-Ala) 4+ G

F - (Phenyigly) + (=) te

F - (Pyridylala) s ++

F - (p-Nitrophe) () ++

F - (3,4-i-Cl-Phe) ++ (&) +4

F - (p-Cl-Fhe) 44 ++

F - {2-Nal) - o+ {+4) +4-

F-{1-Nal) . ++ ++

F=({DiFfh - Ala) et +4
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syrups, with the elixirs containing inert diluents commonly used in
the art, such as water. Besides such inert diluents, 10 conpositions can
al so include adjuvants, such as wetting agents, emul sifying and

suspendi ng agents, and sweet eni ng, flavoring, and perf
Preparations%ﬂ% ng to this invention for par ent al !ghﬁﬁﬁ@ﬁ t|on

i nclude sterile aqueous or non-aqueous 15 sol utions, suspensions,

emul sions. Exanpl es of non-aqueous %ol vents or vehicles are

propyl ene glycol, polyethylene gl ycol, vegetable oils, such as olive
oil and corn oil, gelatin, and injectable organic esters such as

et hyl ol eate. Such dosage fornms may al so contain adjuvants such as 20
preserving, wetting, enulsifying, and dispersing agents. They may be
sterilized by, for exanple, filtration through a bacteria retaining
fitter, by incorporating sterilizing agents into the conpositions, by
_|rrad|at|ng t ions, or b heating the conpositions. They
can al so be ndpufactured using sterile water, or sone O ernsterlle

i nj ectabl e ned} um Sub Lat el y bef org IC50 (nM)

Conposi tions frr rectal or vaglnal admi ni are prefﬁrably
SUPPOSi t Ori es ‘yveeesonmas i s subst ance,
exci pi ents such as cocoa butter or a 30 supp05|tory wax. Conpgsitions
for nasal or spblingual F-{(N-MeFhehi strati on<ate al so pre@plred wijth
standard exci pj ents wel | known in the art. The
.conposi tions cpntaining the conpounds can be adm ni stered flor
prophylactic apd/or therapeutic treatnents. 35 I n therapeutic
appl i cations, fonpositi re,admnistered tq a patient aljready
suffering fron a diseasgﬁ:S $ 3@3#?5@@ &bove, in anTdhount |suffici ent
to cure or at |east partlally arrest the synptons of the dilsease and
its conplicatipns. An SF-aAvafcys-cys) +

SF-ava ’ - e

AD - delstion - (+) ND

ADG - deietion &) -

Ava =+5N4“\Jf\v,cogg
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54 anount adequate to acconplish this is defined as

"therapeutically effective dose”. Anounts effective for this use wl |
depend on the severity of the disease and the wei ght and general state
of the patient. wo9640750 The conpositions of the inventi ACTAEIGANIO
be m croencapsul ated by, for exanple, thggmethod of Tice and Bibi

(in Treatise on Controlled Drug Delivery, ed. R Kydoni eus, Mar cel
Dekker, N.Y. (1992), pp. 315-339). In prophylactlc
applications, conpositions 10 cont ai ni nwounds of the invention
are adm ni stered to a patient susce or otherwi se at risk of
a particular di sease. Such an anount is defined to be a

"prophyl actically ef 1f GlH e eé&%?le,' BmiRbSadf® subsr PERGicHE AMPLRkS
again gepend on e patient's state of health and weight. 15

The quantities 0F°FP8 O agoni st necessary for effectlve t her apy

wi || depend upon many different factors, i ncl udi ng nmeans of

adm ni stration, target si ysiglogi cal tat fet p
ot her nmedi cants adm ni ste?‘gf@r P4 %y tf;eat m::E g os@tg%sgg% ﬁ‘ﬂdﬁ
titrated to optimze safety anh 20 efficacy. Typically, dosag used in

vitro may provide useful uldance in the amnuots.selul forsin situ
adnlnlstrai*in of t hese réagents. Aninmal testing of effective doses
for atnment of particular disorders will provide further

predi ctive indi caereneviliatsd ato pagd tidasi DusSpoo:siEIenatimﬂmaZﬁ:d mr @able 6

descri bed, e.g. I I EgQ% I

Phar macol ogi cal Iyag"l ? O?E%Pe%g;&eﬁ ; galfﬂ% WEaiEQﬁaFegn% ress l:(eP';%)
and Remi ngton' s 3beXerackis Uigrqnhysiometsy] €ﬁ§§§t57@ﬁee%F P#Eﬁﬂ@hﬂﬁﬁ S-shi ng
Co., Easton, Penn. (1985); each of which is hereby i ncor por at ed by

r ef er ence. The peptides and peptide mnetics of this

i nvention are effective in treating TPO nedi ated condi ti ons when
adm ni stered at a dosage range of from about 0.001 ng to about 10
ng/ kg of body wei ght per day. The specific dose enpl oyed is regul ated
by the particular condition being treated, the 35 route of adm nistration
as well as by the judgenment of the attendi ng clinician dependi ng upon
factors such as the severity of the condition, the age and general
condition of
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the patient, and the |ike. W06/ 49750

PCT/ US96/ 09623 55 ,

Al t hough only preferred enbodi nents of the invention . are specifically
descri bed above, it will be appreciated that nodi ficati ons and

vari ations f iepvention are possible Wi t hout deparpcTMS960REBt he
spirit and ?ﬁ?gﬁﬁggascope of the 5 i nvefti on.

EXAMPLE 1 SCLI D PHASE PEPTI DE SYNTHESIS 10

Vari ous peptides of the invention were synthesized usi ng the
Merrifield solid phase synthesis techniques (See St eward and Young,
Solid Phase Peptide Synthesis, 2d. edition, Pi erce Chem cal, Rockford,
IL (1984) and Merrifield J. Am ChEABLEEOE. 85:2149 (1963)) on a

M I 1igen/ Bi osearch 9600 15 automated i nstrunment or an Applied Bi osystens
I ne. Model 431A pepti de synthesizer. The peptides were assenbl ed using
standard protocols of the Applied Biosystens Inc. System Sof t war e
version 1.01. Each coupling was performed for one-two hours with BOP
(bénzotriazolyl 20 N- oxt ri sdi met hyl am nophosphoni um hexaf | uor ophosphat e)
and HOBt (1- hydroxybenzotri azol e). The resin used was
HWP resin or PAL (MI1ligen/Biosearch), which is a cross-Iinked

pol ystyrene resin with 5-(4 -Fnoc-am nonet hyl -3, 5" -di met hyoxyphenoxy)

25 valeric acid as a |inkefQ=UsaNH} PADGRTLREFUSES CosH
I

|
CH2 S

Substitution ECS0 (nM) IC50 (nM) |
. Cell Proiif.

D-E (=) ND

free acid form ++ C+) Nd
C-term. Gly addition -t  a
S-Abu =+ {+F) ND

F- DiPh-Ala (++) TR

SF - Abu, DiPh-Ala +(+) e




carboxyl term nal am de functionality upon cl eavage of the pepti de

fromthe resin. Upon cl eavage, the HW resin produces a carboxylic

~acid noiety at the CGterm nus of the final : product. Most reagents,

resins, and protected am no acids 30 (free or on the resin) were

purchased from d dglspmpe oOr Applied Biosystens Inc. PCT/US96/09623 The

Fmoc group was used for am no protection during the coupling

procedure. Primary am ne protection on anm no72 acids was achieved with

Fnoc and side chain protection groups 35 were t-butyl for serine,

tyrosi ne, asparagine, glutam c acid, and threonine; trityl for

gl utam ne; Pnt (2,2,5,7, 8-pent anet hgxxiwxeee sul fonate) for arginine;

WD 96/ 40750 PCT/ US96/ 09623

56 N-t - but yl oxycarbonyl for tryptophan; N-trityl for histidine

and gl utamne; and S-trit§n this cexaniilec EC5o and ICs, ValueRdygrecakculated

peptides fremthg qR¥crided above fdrtherdtfds e6RPOLRES i Disteld HheTablde 7

chain functions re 5 achi eyed. by treatnment with reagent K or slight
belowy; ~/the” gyeLied men

nodi fi cati ons e gy XPeTi h the synthesis of those

pepti des, wi th an am dated carboxyl termnus, the fully assenbl ed
peptide was cleaved with @ Fiytgre #ff, 0% & if kugrgacetic acid, 5%
et hanedi thiol, and 5% water, ?n?tllea’f)l y at 4[err]C, ,and 10 - gradually

i ncreasing to room terrperit—u:-e-—Jhe—d.epJ-gt-es-t-ed——-’ pepti des were
precipitata®d with diethyl ether. In all cases, purification was by

preparative, rev. & Q abigh : rformance |iquid chromatography on
a C18 bonded si I%g é%%% 2 cof%%arvﬁs'? a_gradient of acetonitril e/ water

in 0.1% 15 trifluoroaceffPe SePpounds,of,TabdenBoHerpehtalysdte the
characterized bymdsixuniiconcBatbat ilse ttestRds oXpaoiumonetry or

el ectrospray mass spect r ol ki #0% Ahd)o 8hh18[7 Weilkes"RERerminea as
15 described above for cyclized and dimerized variants of
IEGPTLRQWLAARA are compared.
In Table 10, truncations of the dimer

(f) ~-IEGPTLRQWLAARR
20 _ |
(H ~IEGPTLRQWLAARA (fala) K - (NH,)

are compared. ECg; and ICg, values were calculated as

described above. Microphysiometer results are given in
25 parentheses.
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- 20 EXAMPLE 2

~ Bl OASSAYS Bi oactivity of the peptides can be neasured
using a t hronbopoi eti n dependent cell .proliferation assay. Mirine 25
| L-3 dependent Ba/F3 cells were transfected with full |ength human
TPOR In the aRwARmese’ | L-3 (VEH -3 conditioned nedi a) PCRHEMO| | s
are dependent on TPO for proliferation. 7the parental, untransfected
cell line does not respond to human TPO, but remains |L-3 dependent.
30 Bi oassays have been perfornmed on both of the above

cell lines using synthetic peptides derived fromlibrary screeni ng.
The cells were grown in conplete RPM-10 nedtaBLE 7 contai ning 10% VWEHI - 3
condi tioned nedia, then washed twice in - PBS, resuspended in nedia

whi ch | acked WEHI -3 condi ti oned 35 medi a, and added to wells containing
di l uti-ons of peptide or TPO at 2 x 10[err] cells/well. The cells were
i ncubated for 48 hours at 37[err]Cin a humdified 5% CJ err]

at nosphere and netabolic activity was assayed by the reduction of MIT
to formazan, wth WO 946/ 40750

PCT/ US96/ 09623 57 ECS0 (nM), ) o [G50n daMht
570 nM neasured on an ELI SA pl ate reader. The (Mominnyics Prefit, ed
stinmulated proliferation of TPO- R transfected Ba/F3 cells in a dose
dependent nmanner as shown ié‘ Figure 1. These peptides have no effect
on the parental cell line. g EXAMPLE 3

Bl NDI NG AFFI NI TY (Br+4-C-1] -ADGPTLE=WISS - {NE) ) =t dot doep

0
| Br+C-3¥H} - ADGETLREWISTC - (N )

(8} -ZZGPTLROWLAARA et + —

lm-mmmmmn-mu'{- (NHs ]

(H}-CIECPTLROWLAARA - [NH) ) -t =t i
(8} ~CT=GPTLROWLAARA - {NH5 §

(Hl-?zmsuus: INHs ++ T+ ol
(5} ~CADGPTLREWISE - {NH» |

tm-s»rqnl:cmmmm-zmzx 4=t et -
(H} ~SVQCGPTLROWLAARNEE S- | NH3 |

[m-mmxseclz- (NE2) NO 4 -
[H}-VGPTILRSGC- [NE2 ]
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Binding affinities of chemcally synthesized 10 peptides for TPO- R were
nmeasured in a conpetition binding assay. The wells of a mcrotiter
plate were coated with 1 ng streptavidin, blocked with PBS/ 1% BSA,
foll owed by 50 ng of bi oti nyl ated anti-receptor immobilizing antibody
(Ab179). The s were then treated with a 1:10 dil ut?@ﬁ“ﬁ"‘@fﬂ’ubl e
TPO R 15 hat vést.  various concentrati ond%f peptide or peptide ninetic
were m xed with a constant anount of a truncated form of TPO

consi sting of residues 1-156 fused to the C-term nus of mal t ose

bi nding protein (MBP-TPo[err]). The peptide MBP-TP(J err] m xt ur es
were added to the TPO- R coated wells, incubated for 2 20 hour s at
4[err] C and then washed with PBS. The anount of MBP- TPJ err] that
was bound at equilibriumwas neasured by adding a rabbit anti-sera

di rected agai nst MBP, followed by al ka sphat conj.ugat ed
goat anti-rabbit 1gG The anount of al Egg&ng‘kﬁhosphjﬁg%e&% each wel |
was then 25 determ ned usi ng standar Viemmdveds. Profif. The assay

i s conducted over a range of peptide concentrations and the results

are graphed such that tg%%?_, is repgesents the anmount of bound
MBP-TPJ err] and the x e presents the con ehtratl on* g pepti de
or peptide mmeti c One can then determ ne the concentratl on at which

t he peptide p_td:g?z_b duce by (IC[er;J*) t he
anount of NBP— aerr ou to | lized TPOR The di ssociation
constant (Kd) for tﬂhcbéﬁmmd be simlar to the measur ed
lJerr] using the assay conditions described above. 35 WO

96/ 40750 ADGPTTREHISEC =p-PCT/ USOG4-09623 .
58 I
ADGPTIREISEC

(Ac) -DGPTLREHTSEC B et s
{Ac) -DGPTLREWISEC

(ACI-G?I‘IRE'IIS?!': ND + ++
{Ac) -GPTIREIISEC

emmnszvf 4 Rz +

- ‘ll [
e & ale

{Ac) -?I‘L?..".'.'-."IS.'-'? ND {--\- ++
[Ac)-PTLREWISZC

PTLREWISTC 4 et +-
PTLREVISEC |

{Ac] ~TLEEHISEC B

(Ac} -mé

TLREWISEC
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EXAMPLE - 4 " PEPTI DES ON PLASM DS"

The pJS142 vector is used for library construction 5 and is shown in
Figure 4. Three oligonucl eotide sequences are - needed for l|ibrary
construction: ON-829 (5 ACC ACC TCC &5 ; ON-830 (5" TTA CIT AGI TA)
and a librarﬁ%§§§§+ i C ol i gonucl eoti de of interest (5

{NNK}[err] T AAA B&C), where TNNK} [err] denotes a random
region of the desired 10 | engt h and sequence. The oligonucl eotides can
be 5 phosphoryl ated chemically during synthesis or after
purification with pol ynucl eoti de kinase. They are then anneal ed at a
1:1:1 nolar ratio and ligated to the vector. The strain of
E. coli which is preferably used for 15 pannlng has t he genotype:
[err](srl-recA) endAl nupG |l on-11 sul Al TABLE #$sdR. 17 [err] (onpT-fepC) 266
[err]cl. pA319::kan [err]lacl lac ZU118 mhlch can be prepared from an
E. coil strain fromthe E. coli Cenetic Stock Center at Yale
University (E. coli b/r, stock center desi gnati on CGSC. 6573) with
genetype lon-11 sul Al. The above 20 E. coli strainis prepared for use in
el ectroporation as described by Dower et al. Nucleic Acids Res.

16: 6127 (1988), except that 10% gl ycerol is used for all wash steps.
The cells are tested for efficigperanermsdl-; mg gf a Bl uescript
plasm d (Stratagene). These cells are usee=fesr—=growlh of the 25 ori gi nal
library and for anplification of the enriched opul ation after each
round of panning Pepﬁ! @}are rel eased from
cells for panni ng by gentle enzymalT ¢ argestion of the cell wall using
| ysozynme. After pelleting of the celk g§§§9§25é2e. qde 30 | ysate can be
used directly on nost receptors. # l Wﬂﬁ onal purification of
the plasm d conpl exes is needed, a gel filtration colum can be used
to renmove nany of the | ow ol eqmm.cpm m nants in the crude
| ysat e. Panning is carri eeat=—i=h a buffer (HEKL) of a | ower
35 salt concentration than nost physioelogical buffers. The panni ng
can be conducted in microtiter welld élﬂmvepimzl i mobi lized on a
nonbl ocki ng monocl onal anti body (MAb) of By panning on beads or on

colums. Mre specifically, in the (H}-CLLSEFLAGQQC- {MH5 ]

(B} -CTEQUWRLARINC- (N |

[} -CTLGOLQHMERIC - {3 |

(K} ~CLIGPFVTQWLYEC- {NHy |

(H} ~CTLREFLDPTTAVC- [NH )

(8} ~CETEGPTLSTWLEC- {NHy }

(R} ~CELVGPSIMSHLIC - (¥Hy )

(R} ~CSTXEFTASIMC- (NHy

[H) -CTLAEFLASGVERC- (MH, |

("} -g:mmvsmmc;— {NEy ]
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S9 first round of panning, 24 wells, each coated with receptor,

can be used. For the second round, six wells coated with receptor (PAN
sanple) and 6 wells w thout receptor (NC sanple) are typically used.
Conpari son of wwaeeemsrdoer of plasmids in 5 t hese two sanpl acwesveposss an
i ndi cati on of whether receptor specific @bones are being enriched by
panni ng. "Enrichnent” is defined as the ratio of PAN transformants to
t hose recovered fromthe NC sanple. Enrichnent of 10 fold is

usually an indication that receptor specific clones are 10 present.

In later rounds of panning, it is useful to reduce the input of lysate
into the wells to | ower nonspecific background bi ndi ng of the plasmd
conpl exes. In round 2, usually 100 [err]l of lysate per well is used.
In round 3, 100 [err]l 15 of lysate per well diluted with 1/10 in

HEKL/ BSA i s used. For further rounds of panning, typically an input
of plasmd transformng units of at |east 1000 fold above the

esti mat ed remai ning diversity is used. The bi ndi ng
properties of the peptides encoded by 20 i ndi vi dual clones are typically
exam ned after 3, 4, or 5 rounds of panni ng, depending on the

enri chnment nunbers observed. i.cal Ix, 0 ELLSA, t detects receptor
specific bi ndi ng by Lacl - pept Ftfe b'rr"@f"ﬁi" ,§‘$€unsed. Lacl is
normal ly a tetramer and the mininmumfunctional DNA binding 25 species is

a diner. The peptides are thus di Jggg%rg #pdtval ently on the fusion
protein. Assuming that a suff?%)!l ent 'e"'n'g‘lnﬁ/q*gz}receptor can be

i mmobi lized in wells, the peptides fused to Lacl will bind to the
surface in a cooper ative, mil (B}~HISPTIRGWINEEE-{RHYF cooperative
bi ndi ng

SUBSTITUTE SHEET (RULE 26)



30 permts the detection of binding events of lowintrinsic

affinity. The sensitivity of this assay is an advantage in t hat

initial hits of low affinity can be easily identified, but is a

di sadvantage in that the signal in the ELISA is not correlated with
the intrinsic afwowsaersoof the peptides. 35 Fusion of the peptrolarsss/eses
mal t ose bi nding protein (MBP) as descri b@d bel ow pernits testing in an
ELI SA format where signal strength is better correlated with affinity.
See Fi gure 5A-B. WO 96/ 40750

PCT/ US96/ 09623 _ 60 DNA
fromclones of interest can be prepared in doubl e stranded form using
any standard m niprep procedure. The codi ng sequences of interesting
singl e clones or popul ations of clones can be transferred to vectors
that fuse 5 t hose sequences in frame w tipgd® ggene encodi ng MBP, a
protein that generally occurs as a nononer 1n solution. The cloning

of a library into pJS142 creates a BspEl restriction site near t he
begi nni ng of the random codi ng region of the library. - Di gestion with
BspEl and Scal allows the purification of a 10 [err] 900 bp DNA fragnent
that can be subcl oned into one of two vectors, pELMB (cytoplasmc) or
pELMLS (periplasm c), which are sinple nodifications of the pMALc2 and
pMALp2 vectors, respectively, available commercially from New Engl and
Bi ol abs. See Figure SA-B. Di.gestion of pELM3 and pELMLS with Agel and
15 Scal allows efficient cloning of the BspEl-Scalpgspa t fy : the
pJSl 42 |ibrary. The BspEl and Agel ends are conpahgble Ior |g§wpon.
In addition, correct ligation of the Scal sites e ial to
recreate a functional bla (Anp resistance) gene, thus lowering the
| evel of background cl ones from

[H] -ZZGPTLROULAARS - (M) N.D. 4+ 14

[H} -CIZGPTLROWLAARAC- [NE) ] N.D. 4+ P

(B} -IZCPTLROWLAARA -t T+ -+
) \ e
(8} ~ZESPTERQULAARA (B-Ala) X~ (NH,

[K}%EEEEHIEQWU§¥Ub4NHZI d=et =t
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20 undesired ligation events. Expression of the tac pronoter-driven
MBP- pepti de fusions can then be induced with | PTG

Lysates for the Lacl or MBP ELI SAs are prepared from i ndi vi dual
clones by lysing cells using |ysozyne and renovi ng 25 i nsol ubl e cel
debris by centrivwogsorson. The |ysates are then added t o MeT/D896/09623
containing i mobilized receptor and to controf’® wells without receptor.
Bi ndi ng by the Lacl or MBP peptide fusions is detected by incubation
with a rabbit polyclonal antiserumdirected against either Lacl or MBP
foll onwed by 30 I ncubation with al kal i ne phosphat ase | abel ed goat anti
rabbi t second anti body. The bound alﬁﬂﬂﬂﬁhlﬂhosphatase I s detected

wi th p-nitrophenyl phosphate chronageni c substrate. WO

96/ 40750 : PCT/ US96/ 09623

61 EXAMPLE 5

"HEARPI ECE DI MER' SYSTEM A variant of the Lacl

pepti des-on-plasm ds technique 5 utilizes a DNA binding protein called
"headpi ece dinmer”. DNA bi netySx@sdyadidasds coli |lac repressor is

medi ated by the approximately 60 am no gcid "headpiece" donain.

The di mer of t he headmmr&mmlnm;@mﬁg to the lac operator is
normal |y formed by _association of the much Iarger 10 apprOX|nater 300

amino acid Gternf T s o zes
headpi ece di mer nf containing two heacﬁg@m conn@g@, vilh
short peptide |inker. These proteins bind DN&zmphngsuff|C|ent

stability to allow t he

C-termnus 15 of the headplqng dgntnxmunh;the plasnld encadlng that

pepti de. e ND
(Acazaan:mnm~uap&vxwmg

{H) -Imm.mlt

(H) ~IEGPTLRQNLAAR-FA-K (NH,) + ND

(8} ~IEGPTIROWLAN

|
(H) ~-IEGPTERQULAA-PA-X (NGL.) () ND

{Ac) -EGETLRQWLAARA
{ ND ND
{Ac) -EGTTLRQWLAARA-fa-K {NH,)

{H)~EGZTLRQULAARA
|

. (H)~EGPTLRQULAARA-BAX (3L S ND

(K} -zmmmmlz
{H}~EGPTLRQULAAR-PA-K (ML)

la:)'-assmomaT .
S
{Ac) ~EGETLRQWLAA-BA-X (102, ) ND

(1) -asmom?

-uln
{H)-EGPTLROMLAA-BA-K (NI, N ND
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The random peptides are fused to the C-term nus of t he headpi ece

di mer, which binds to the plasm d that encoded It to nmake a

pepti de- headpi ece di ner-plasm d conplex that can- be screened by

panni ng. The headpi ece di nmer 20 pepti des-on-plasm ds system al | ows
greater sel ect iy be/sobdd’ high affinity ligands than the PERUS/09623m
Thus, the headpi ece di mer systemis usgful for making nutagenesis

|l ibraries based on initial lowaffinity hits, and sel ecting hi gher
affinity variants of those initial sequences. 25 The libraries
are constructed as with peptides on %m_ﬂs usi ng headpi ece di ner
vector pCMGl4 (see Figure 6A-C). The presence of the lac operator is
not required for pl asm d bi nding by the headpi ece dinmer protein. The
libraries wer e i nt fadthis é:nambacwtaaricais subgititasdprissweyeE. coli 30
(lon-11 sudAl hgdRes 1&! P37, chica a

ZU118 [er r%(srl -recﬁ%thﬁggitigééaﬁpr | e uvkng'glr tglc;@r’]dl ti g.%gh Eompou?d
basal (A) pronpter induction. Panning of headpi ece diner ~ libraries is

carried out by simlar prggedugeg pogthopeLuseElw I s ¥ @ -LdwH, ] Lbrari es,

except that HEK buffer is usedinstead of 35 HEKL bufifer and el ution of
plasmds fromthe wells is L—-pe-H-e-r—ned—w—t—h—amreonsthenol I nstead of

with | PTG Sequences from headpi ece di ner panning are often
characterjged after transfer to the MBP vector so that they can be
tested in the WO 96/ 40750

PCT/ US96/ 09623 Table 11 lists examples of the Substlgf.lF.FFﬁ Fympounds

sensitive MBP Eth&£iA sty dmagenibat afopuity i orthefsubstitoitdoas abbrlam.ated
screened by col 9ﬂyt1]1é féa‘fbl"éﬁ ta I ggekggl&ggept or. :

EXAMPLE 6
15 TABLE 11
[HI-CA D-GPTLREWISFC-.[NHZI
G P w
Ser ) Hyp(OBn) Nal
20 Sar Hyp{OBn) Nal
Gly Pro Trp
Gly Pro Trp
" Sar Hyp(OBn) Nal
“ Gaba . Pro Trp
25 Cpr-Gly . Pro Trp
Sar Hyp(OBn) "~ Nal
Gly Pro Trp “
Gly N Pro Nal I
Sar Pro Trp
30 Cpr-Gly ' L-Tic Nal
Gly | D-Tic D-Trp |
Cpr-Gly D-Tic Trp ||
Gaba Hyp{OBn) Trp
35
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5 . In this exanple cyclized conmpounds were subjected to
three assays. First, I(err] valves were obtained as descri bed above.
Additionally, an MIT cell proliferation assay. as descri bed above was
performed to calculate ECJerr] values. 10 Finally, a m crophysioneter
(Mol ecul ar Devi mﬁﬁﬁﬁ') assay was performed. Basical |y, PORAUSOR/0623
assay the rate 0 acidification of the exspacellular mediumin
response to TPO receptor stinulation by the conpounds of the invention
was determ ned. The ranges for ECerr] are synbolically indicated as
15 for Ierr] described above. The results are summarized in Table

4. WD 96/ 40750 . 63 PCT/ US96/ 09623

TABLE 4 [err] WD 96/ 40750 64

PCT/ US96/ 09623 Proline Repiacements

8nD

O Own DO

H N N

L-Ero ' D-Pro 1 4-Hvo (OB
| ]
O\ O« o
N~ Teoow N "COOH COOH
L-Pipeesiinic acid D-Pipecoiinic acid L-Azetidine carboxylic acid
COOH
~ 4COOH (eCOOH
NH NH NH
L-Tic ’ D-Tic L-Oic
COOH
NH
L-Tiq



PCT/ US96/ 09623
EXAMPLE 7
positions
CADGPTLREWI SFC

WD 96/ 40750
WD 96/ 40750

65 PCT/ US96/ 09623

66

In this exanple am no acid substitutes at

Wodsueisp S, or F in the cycli zed conpound PCT/US96/09623
Tryptophan Replacements
_ COOH
//
DTep SE
“ \ COOH N CCOH
X P 4 NH, x " F aﬁ
L-2-Nat D-2-Nal
_// COOH COOH Q\wcoon
s NH, HNJ NH, N‘I/ NH,
/
L-{Benzothienyl)-alanine DL-5-Me-Trp " DL-1-Me-Trp
£ .Gf
) COOH COOH COOH
HN— Hn—-!/ NH, HNJ Ein
DL-6-F-Trp DL-5-F-Trp DL-5-Be-Trp
' COOH
L-Tic
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10 were assayed for ECerr] and I(Jerr] values as described above.

M crophysi oneter results are given in parentheses. The results are
sunmari zed in Table 5 bel ow. WD 96/ 40750 67
PCT/ US96/ 09623 TABLE 5
CADGPTLREW SFC WO 96/40750 Substitution _ EC50 ( nNACT/AUS960b628 1 |
(nM 811 Prolif.
E-Q [err] [err] ++ DA
[err] [err] ++ l-A : [err] [err]
++ S-A [err] [err] ++
S-D-Ala [err] +- S -Sar
+- ++ . .
Glycine Replacements
NN
H,N/\cogﬂ N COOH
Glycine s X
COOH HN COOH
 P-atanine Y-Aminobutyric acid
H COOH ‘ u/\coog
N-Peatyl giycine ~ N-Cyciopropyi glycine
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S-AD + + (+) ++ S -

D Ser ++ ++ S - Nva
++( ++) ++ S- Abu ++ ++
S - (NMe-Ala) +- [err] S -
- (N-Me-Val) WO 94/40750] +- PETAUSI6/09623
(N-Me-Ala)* [err]. +- 83 S -
(Nor - Leu) ++ ++ S - (t-Bu-dy)
+- ++ S - (N-Me-Ser(Bzl)] WO 96/ 40750
68 PCT/ US96/ 09623 EXAMPLE 11 Substitution
EC50 (nM I err] (nM EXRgERE Al tion Cel |
Prolif. S - (Honoser) ND ND
To assess the feasibility of mice as a convenient
5 test species, several in vitro experiments, designed to

measure the activity of the test compounds on the mouse
receptor, have been done. First, marrow cells, harvested from
the femurs of 8 to 9 week ore Balb/C mice, were incubated for
7 days in liquid culture with either rhuTPO or various

10 concentrations of the test peptides. At the end of the
incubation period, the cultures were concentrated by Cytospin,
stained for acetylcholinesterase (AChE, a diagnostic of mouse
megakaryocytes), and counted by microscopic analysis. One (1)
nM rhuTPO gave rise to the outgrowth of very large (>40 um)

15 non-adherent cells that stain for AChE. These cells appear to
be mature megakaryocytes. From an initial seeding of 106
total marrow cells/ml (in 50 ml cultures) an estimated 1 to 2
x 106 megakaryocytes developed. This responce to TPO was
designated as "maximal". Control cultures containing no added

20 growth factors produced very few AChE-positive cells. Several
of the peptide compounds were tested at high concentration in
this assay and the results are summarized in Table 12.

Peptide A at 10uM produced a maximal response of the mouse
marrow. This finding was the first evidence that this peptide

25 family is active on the murine receptor. In a second
experiment, marrow cells were harvested and cultured in semi-
solid medium (methylcellulose} containing either no factors, 1
nM rhuTPO, or 10uM Peptide A. After 7 days in culture,
colonies of large cell (presumed to be megakaryocytes) were

30 counted and grouped into small colonies (3-5 cells) or large
colonies {greater than 6 cells). The results are shown in
Table 13. TPO and the test peptides both produced
substantially more colonies of both sized than did the
negative control cultures. This indicates that the peptides

35 mimic TPO in their ability to stimulate the expansion of the
Mk precursor cell population.

To obtain a more quantitative comparison of the
ACtivity of the test compounds on murine and human receptors,
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S - (N-Me-Leu)
[err]

++

F - Hono- Phe
F- CHA

++

+-

F- (Pyridyl al a)
(p-N trophe)
(3, 4-di - C1- Phe)
++

++

F- (Di Ph - Aka)

10

15

20

25

30

35

+
++
F - D Phe
[err]
WO 96/40750 [err]
++
F- (Phenyigly)

F -

++
F-

N D

D- Al a

[err]

(N-Me-84 a)

[err] .

F-A
[err]
++
++
F- %CSyusdsaber)
[err]
+ +

the muTPO Fgéé“qstor was cloned and transfected into BaF3 cells.
A TPO [G¥pehdent population ©f cells was isolatedl -

++ [err]
++ '

F -
++

(1-Nal)

F -

++
(2-Nal)
IABLE 42

++

F- (p-Cl -Phe) -
[err]
++

Concentration Tested (nM) Response |
D 100,000 none
“ Cc 40,000 maximal*+* i
“ C + S.A.* 1000 maximal*+*
ns.A. alone 1000 none
B 100,000 minimul |
A 10,000 maximal** II
| TPO_(R & D) 1 ‘maximal® ll

* Streptavidin complexed to biotinylated peptide - concentration of

putative 1l:4 complex.

+* Compared to recombinant human TPO
** 25-30% ACE staining cells on cytopspin
No factor cultures - ca. 5% AChE staining cells (lower

cellularity)
TABLE 13
Compound 3-5 large cells | 6-12 large cells I

“_NO factors 1 2 1

No factors 2 1 1 ‘ll

1 nM TPO #1-1 15 1)
|1 nm Teo $1-2 12 1

1 nM TPO #2-1 16 B

1 nM TPO #2-2 13 3 ||

10 uM Peptide #1-1 25 10 “

10 uM Peptide #1-2 22 8 "
Ib.o uM Peptide #2-1 22 7 ‘ n
“ 10 uM Peptide #2-2 21 10 ll
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Substitution EC err] (nM ICerr] (nM

Cell Proiif F - (N-Me-Phe) [err] - ND

SF - Ava (thi o%w,dmo [err] ++ - PCT/USSIG/09628 &
(cys-cys) [err] ++ 85 SF- Ava

[err] ++ AD - del etion [err]
ND ADG - del etion [err] +
Ava = [err] The disclosures in this application of all articles and

references, including patent documents, are incorporated
herein by reference in their entirety for all purposes.
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In this exanple, amno acid subst | tu gﬂ“““ll I“MI‘IS“ |morrp HIHLS SHEE'EFI)'-I(:&LEEH%

wer e eval uated

M cr ophysi onet

at positions D, S, as 1wndircatsed*in Tpbl e fREPLACE‘B?

EClerr] and Iferr] values were cal cul ated as descri bed 2 Ov-e-
75 ts are in parentheses. 15 PCT/US96/09623
WO 96/ 40750 86 71

PCT/ US96/ 09623
TABLE 6

IN TEE CLAIMS:

1 1. A compound that binds to thfombopoietin receptor,
2 said compound having: :
3 (1) a molecular weight of less than about 8000
4 daltens, and
5 (2) a binding affinity to thrombopoietin receptor
6 as expressed by an ICg, of no more than about 100 pm.
1 2. The compound of Claim 1, wherein said compound is a
2 peptide, and,
3 wherein from zero to all of the -C{O)NH- linkages of the
4 peptide have been replaced by a linkage selected from the
5 group consisting of a
6 -CH,OC(O)NR- linkage; a phosphonate linkage; a -CH,S(O),NR-
7 linkage; a -CH,NR- linkagé ; and a -C (O)NRS- linkage; and a
8 -NHC(O)NH- linkage where R is hydrogen or lower alkyl and RS
2 is lower alkyl,
10 further wherein the N-terminus of said peptide or peptide
11 mimetic is selected from the group comsisting of a -NRR?
12 group; a -NRC(O)R group; a -NRC(O)OR group; a -NRS(O),R group;
13 a -NHC{O)NHR group; a succinimide group; a
14 benzyloxycarbonyl-NH- group; and a benzyloxycarbonyl-NH- group
© 15 having from 1 to 3 substituents on the phenyl ring selected
16 from the group consisting of lower alkyl, lower alkoxy,
17 chloro, and bromo, where R and Rl are independently selected
18 from the group consisting of hydrogen and lower alkyl,
19 and still further wherein the C-terminus of said peptide
20 or peptide mimetic has the formula -C{(O)R? where R? is
21 selected from the group consisting of hydroxy, lower alkoxy,
22 and -NR3R* where R3 and R* are independently selected from the
23 group consisting of hydrogen and lower alkyl and where the
24 nitrogen atom of the -NR?R? group can optionally be the amine
25 group of the N-terminus of the peptide so as to form a cyclic
26 peptide,
27 and physiologically acceptable salts thereof.
is.Sheet Has Been Reilaced
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[O= CNH -ADGPTLREW SF
EClerr] (nM

Proiif.

free acid form

addi ti on
++[ err]

++

WO 96/ 407568
72 2

3

m s W N

W 0 2 08 tn B W N R

NN N NN DN N KRB (R R R
N U R W N O VW e oW e WN RO

erry (o | )RR
. D-E *+ ¢ fery]s *
++[err] _
WO 56/40750 ++ ++
ND 87F- Di Ph-Al a
SF - Abu, Di Ph-Ala [err]
3. A pharmaceutical compositiorpepmEsisingsshe compound

of Claim 1 in combinatiofXédth B2 Sharmaceutically acceptable
carrier.

4. A method for treating a patient suffering from a
disorder that is susceptible to treatment with a
thrombopoietin agonist, comprising admistering to the patient,
a therapeutically effective dose or amount of a compound of
Claim 1.

5. The method of Claim 4, wherein the compound
administered to the patient is a peptide, and,

wherein from zero to all of the -C(O)NH- linkages of the
peptide have been replaced by a linkage selected from the
group consisting of a |
-CH,0C(O)NR- linkage; a phosphonate linkage; a -CH,S(O),NR-
linkage; a -CH,NR- linkage; and a -C(O)NR®- linkage; and a
-NHC(O)NH- linkage where R is hydrogen or lower alkyl and R6
is lower alkyl,

further wherein the N-terminus of said peptide or peptide
mimetic is selected from the group consisting of a -NRR!
group; a -NRC(O)R group; a -NRC(O)OR group; a -NRS(O)ék group;
a -NHC(O)NHR group; a succinimide group; a
benzyloxycarbonyl-NH- group; and a benzyloxycarbonyl-NH~ group
having from 1 to 3 substituents on the phenyl ring selected
from the group consisting of lower alkyl, lower alkoxy,
chloro, and bromo, where R and R! are independently selected -
from the group consisting of hydrogen and lower alkyl,

~ and still further wherein the C-terminus of said peptide

or peptide mimetic has the formula -C(O)R? where R? is
selected from the group consisting of hydroxy, lower alkoxy,
and -NR3R* where R® and R* are independently selected from the
group consisting of hydrogen and lower alkyl and where the
nit:ogen atom of the -NR3R* group can optionally be the amine
group of the N-terminus of the peptide so as to form a cyclic
peptide,

and physiologically acceptable salts thereof.

| This Sheet Has Been Replaced
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In this exanple ECJerr] and I Cferr] values were cal cul atmlmlﬁﬁl

T

above for the dinmer conpounds listed in Table 7 bel

nononer CADGPTLREWI SFC 110 ¢ H4s"nélutled
as a conpari son. The conpounds of Table 8 were inactive at
t he maxi munwimsesTsor at i on tested of 10 [err]m PCT/US96{99623

Table 9, EC([err] and I(err] values determ necBQas 15 descri bed above for

cyclized and_dinerized varl nts of LWL AAARA a
conpared. 6. [TheTgpTROYRA ?\L’ LEE(?E?I“} Ss WB‘P e ﬁ??'r‘ér°°mp°ung
(H -1 EGPRT Lcmiﬁdshﬂe@dndé)of am:.nc(l-é)c:.—ds'E GPTLRQWLAAR
A ([err]ala)gK - (NHerr]) ang r] and 1 err]
val ues were caI cul ated ‘as descri béd &bo?/e 4 lﬁs %%Fl Wsi oneter results
are given in%425 wRgkRhd§eS: L, Mr P, Qa¥i0&04885P: %, L, W, @ R, S, Tor
73 5 V; X3isC, F, I, L, M, R, §, Vor W; X, is any of the 20

6 genetically coded L-aminoc acids; X; is A, D, E, G, K, M, Q, R,
7 S, T, Vor¥; X, is C, F, G, L, M, 8, V, Wor ¥; and X, is C,
8

G, I, K, L, M, N, Roxr V.

1 7. The compound of claim 6, wherein said sequence of
2 amino acids is cyclized.

1 8. The compound of claim 6, wherein said sequence of
2 amino acids is dimerized.

1 9. The compound of Claim 6, wherein the cbmpound

2 comprises the sequence of amino acids

3 C X X; X X5 Xg X,

4 where X, is K, L,N,Q,RSTorV x3:|.sc,FIL,MR
5 S or V; X, is any of the 20 genetically coded L-amino acids;
6 X, isA, D, E, G, S, Vor ¥; X, isC, F, G, L, M, §, V, Wor
7 Y; and X, is C, G, I, K, L, M, N, Ror V.

1 10. The compound of Claim 8, wherein X4. is a, E, G, H,

2 K' L: M- P: Q: R: S'r T' or W-

1 _ 11. The compound of Claim 10, wherein X, is S oxr T; X,
is L or R; X¢ isR; X5 is D, E, or G; X; is F, L, or W; and X,
is I, K, L, R, or V.

W N

12. The compound of Claim 9, wherein said compound

comprises a sequence of amino acids:
Xg C X, X, X, X5 Xg X,

where X, is F, XK, L, N, Q, R, S, Tor V; X, is C, F, I, L, M,
R, §, Vor W; X, is any of the 20 genetically coded L-amino
acids; X5 is A, D, E, G, K, M, Q, R, §, T, Vor Y; Xe¢ is C, F,
G, L, M S, V,Wor¥; X,is ¢, G, I, K, L, M, N, R or V; and
Xg is any of the 20 genetically coded L-amino acids.’

0o 3 0 B > W
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1 13. The compound of Claim 12, wherein X3 is G, 8, Y or

2 R.

1 14. The compound of Claim 12, wherein said compound
comprises a sequence of amino acids: GGCTLREWLHGG
FCGG. '

1 15. The compound of Claim 6, wherein said compound

2 comprises a sequence of amino acids:

3 Xg G X; Xy X3 X4 X5 W X,

4 where X, is L, M, P, Q, or V; X, is F, R, 8§, or T; X5 is F, L,

5 v, or W; x.1 iS A' K' L' M' Rl S' vl or T: xs is A' E' G' KI MI

6 Q, R, S, orT; X,is C, I, K, L, Mor V; and X; is any of the

7 20 genetically coded L-amino acids.

1 16. The compound of Claim 15, wherein X, is P; X, is T;

2 x3isL;xgisR;xsisEorQ;X-,isIorL.

1 17. The compound of Claim 16, wherein said compound

2 comprises a sequence of amino acids:

3 Xg Xg G X; Xy X3 X, X W X,

4 where X; is A, C, D, E, K, L, Q, R, 8§, T, or V; and X, is A,

5- C, B, G, I,L,MP R Q S T, orV.

-1 18. The compound of Claim 17, wherein Xy is D, E, or K;

2 and X, is A or I.

1 19. The compound of Claim 18, wherein said compound is

2 selected from the group consistingof GGCADGPTLREW

3 ISFCGG GNADGPTLRQWLEGRRPKN; GGCAD

4 GPTLREWISFCGGK; TIKGPTLRQWLEKSREHT

5 S; SIE GPTLREWLTSRTPHS; LATITEGPTLRQW

6 LHGNGRDT;CA.DGPTLREWISFC;andI'EGPTL

7 RQWLAARA.

1 20. The method of Claim 4, wherein said compound that is

2 administered to the patient comprises a sequence of amino

3 acids:

SUBSTITUTE SHEET (RULE 26)
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C X, X3 X, X5 Xg Xy
where X, is K, L, N, Q, R, S, Tor V; X3 is C, F, I, L, M, R,
S or V; X, is any of the 20 genetically coded L-amino acids;
X; is A, D, E, G, S, Vor ¥; X, is C, F, G, L, M, S, V, Wor
Y; and X, is C, G, I, K, L, M, N, 'R or v.

21. The method of Claim 20, wherein X, is A, E, G, H, K,
L, M, P, Q, R, S, Tor W.

22. The method of Claim 21, wherein X, is 8 or T; X3 is
L or R; X, is R; X5 is D, E, or G; X5 is F, L, or W; and X, is
I, X, L, R, O: V. '

23. The method of Claim 22, wherein said compound that
is administered tc the patient comprises a sequence of amino

‘acids: GGCTLREWLHGGFCGG.

24. The method of Claim 4, wherein the disorder
susceptible to treatment with a thrombopoietin agonist is
selected from the group consisting of:
hematological disorders and thrombocytopenia resulting from

- chemotherapy, radiation therapy, or bone marrow transfusions.

25. The method of Claim 4, wherein said compound that is
administered to the patient comprises a sequence of amino
acids:

Xg G X3 X5 X3 X4 Xg W X,
where X, is L, M, P, Q, or V; X, is F, R, S, or T; X, is F, L,
V, or W; X, is A, K, L, M, R, S, V, or T; X5 is A, E, G, K, M,
Q, R, S, or T; X, isC, I, K, L, Mor V; and X; residue is any
of the 20 genetically coded L-amino acids.

26. The method of Claim 25, wherein X, is P; X, is T; X3
is L; X, is R; X5 is E or Q; X; is I or L.

27. The method of Claim 26, wherein said compound

comprises a sequence of amino acids:
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c. E' G' I' L I3 M' P' R' Q' s' T' or Vo

28. The method of Claim 27, wherein X; is D, E, or K;
and X5 is A or I. :

29. The method of Claim 28, wherein the compound that is
administered to the patient is selected from the group
consistingof GGCADGPTLREWISFCGG; GNADG
PTLRQWLEGRRPKN; GGCADGPTLREWISTFCG
GK; TIXGPTLRQWLKSREHTS; SIEGPTLREW
LTSRTPHS; LAIEGPTLRQWLHGNGRDT; CAD
GCGPTLREWISFC, and I EGPTLRQWLAARA.

30. A compound that binds to thrombopoietin receptor,
wherein said compound is selected from the group consisting of

CADGPTLREWISFC
| |

[2c] ~-CADGPTLREWTISTPFC - [amide] :
] }

O=CADGPTLREWTISTPFOC- NH,

I
CH, s

and

-3

IEGPTLRQWLAAR?.
IEGPTLRQWLAARA (Bala)-K [NH,)

31. A method for treating a patient suffering from a
disorder that is susceptible to treatment with a
thrombopoietin agonist, comrpising administering to the
pateinﬁ a compound is selected from the group consisting of

CADGPTLREWISFC ;
L : J
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1 .
2 {Ac] ~CADGPTLREWISFC - [amide]
3 L J
4
5 .
6 O=CADGPTLREWISFC-NH, ; and
7 .
8 CH, - 8
9
10 ' IEGPTLRQWLAARI,&
11
12 IEGPTLRQWLAARA (fala)-K (NH,]

, This Sheet Has Been Replaced
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In this exanple various substitutions were 5 I ntroduced at positions G

P, and Win the cyclized conpound [H - CADGPTLRE
WI SFC- [NHerr]. 10 Tabl e 11 1ists exanples of the
substituted conmpounds t hat show TPO agoni st activity. The
substitutions aRieysubahed inthe table are as fol | ows: PCEfUSI6/09623
TABLE 11 [ H - CADGPTLREW SFC- NH2]

G P /11w Sar

Hyp( OBn) Nal 20 Sar Hyp( OBn)

Nal Gy Pro Trp

Ay Pro : Trp Sar
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EXAMPLE 11 To assess

t he feasibil wc%%gngp ce as a convenient 5 test species, BET/USMWI0R vitro

experi nents, Signed to measuregyfye activity of the test conpounds on
t he nouse receptor, have been done. First, marrow cells, harvested
from the fenurs: e

@ were incubated for

7 days in liquid cultUr §—sm=memi®daer .r huTPO or varijous 10 concentrations

of the test peptides.’"? \temtrh@udiseel |t he
cultures were concenh‘.jit ed by Cytospin,

acetyl chol i nesterase
counted by m croscopi

0.0, 510
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(AChE, a di agnosti & of nouse megakar yocyt es),

anal ysis. One (

-
Parery W e

Fie. 3A

=210 i3

-3

—gw 220« TI0R
g 0 - armaml

Fie. 3B

110 i3 R 157

tog enne. 2P0

3

—gm (2S¢ SA-TIOR ~

5

g 22208 =S4 « TPO-R
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/_.J
nM r huTPO gave rise to the outgrowh of very large (>40 un) 15
non- adherent cells that stain for AChE. These cells appear to be
mat ur e negakaryocytes. Froman initial seeding of 106 total marrow
cells/m (in 50 m- cultures) an estimated 1 to 2 x 106 negakaryocytes
devel oped. Thygogsamponce to TPO was desi gnated as " naporalsbsmesBont r ol
cul tures containing no added 20 gr owgm4f act ors produced very few
AChE- positive cells. Several of t e pepti de conmpounds were tested at
hi gh concentration in s hs—assay.and {he I‘ESU|'[S are summari zed in

Tabl e 12. Pepti de Ataf d a HHX|naItresponse of the nouse
marrow. This finding wa tme-izasa..em..dznce that thils peptide 25 famly
is active on the nurine, eceptor. Tn a second experiment, marrow
cells were harvested andjcultured in sem - sol ijd nmedi um

(met hyl cel | ul ose) contaiging either no factors, 1 nM r huTPO, or 10uM
Peptide A After 7 days jn culture, col oni es off | arge ceII (presuned
to be megakaryocytes) wate 30 counted and grouped intoF§2$ zgp! oni es
(3-5 cells) or large § colonies (greater than 6 dells) he results are
shown in Tabl e 13.™JPO and the test peptides bdth produced
substantially nore col oggfjes of both sized than did tihe negative

control cultures. Thi's ifdicates that the peptideg. mmc TPOin their
ability to stinulate the " . 2 cursor cel
popul ati on. To obtain a nore quantitqtive conparison of the

activity of the test conﬂqmgrrﬂﬂrﬂggﬂqmyﬁyﬁtJuumuhqeceptors,

WD 96/ 40790 #PCT/ US96/ 09623
84 the nmuTPO recept or wassshonesaést r ansf ect ed i nt o BaF3 ceIIs
A TPO dependent popul ation of cells was isol ated. :
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TABLE 12 5 Pepti de | Concentration Tested (nM

Response D 100, 000 none

40, 000 . maxi mal ** C+ S A* 1000

maxi mal ** 10 S. A alone ' 1000 none

B WO 96/40756.00, 000 m ni rul A PCT/US96/09623
10, 000 nexi mal ** TPOYR & D) 1

"maxi mal " 15 * Streptavidin conplexed to biotinylated peptide -
concentration of putative 1:4 conpl ex. ** Conpared to

reconbi nant human TPO ** 25-30% ACE staining cells on cytopspin

No factor cultures - ca. 5% AChE staining cells (lower 20 cellularity)
TABLE 13 25 .Conpound 3-5 large cells 6-12 | arge
cells No factors 1 .2 1

No factors 2 1 1 1 nM TPO
#1-1 15 6 1 nM TPO #1-2

12 , 1 30 1 nM TPO #2-1 16

8

- AF17285+

AFi11503 -
- A

2 SamE Y i | P

Fie. 3G

1510 1E9 1E8 1B7
Log cone. SA-peptide compiex



1 nM TPO #2-2 13 _ 3 10 uM
Pept i de #1-1 25 10 10 uM Pepti de
#1-2 22 8 10 uM Pepti de #2-1

22 7 35 . 10 uM Peptide #2-2 21

10 Wb 96404587 50 RIF/USI6/09623

The di sclosures in this application of all

i ncl udi ng patent docunents, are incorporeﬁ/éli her ei

their entirety for all purposes. 5
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2 t hronbopoi etin receptor, said conpound having: 3 (1) a
nol ecul ar wei ght of | ess than about 8000 4 daltons, and 5

(2) a binding affinity to thronbopoietin receptor 6 as expressed by an
ICerr] of no nore than about 100 [err]m 1 2. The conpound of
Caim1l, 2 3 woosuombeerein fromzero to all of the -C(O NH pomnbseges23of
the 4 pepti de have been replaced by a I|i1 ilge selected fromthe 5 group
consisting of a 6 -CH err] OC(O NR- |inkade, a phosphonate |inkage; a

-CH errS(O)[err]NR- 7 | inkage; a -CH err]NR- linkage; and a -C(ONR[err]-
| i nkage; and a 8 -NHC(O NH |inkage where R is hydrogen or |ower alkyl
and R err] is lower alkyl, 10 further wherein the N-term nus

of said peptide or peptide 11 mnetic is selected fromthe group
consisting of a -NRR[err] 12 group; . %2 NRC;QO)R group; a -NRC(O) OR group;
a -NRS(O)[err] R group; 13 a NHC(O)N g!—-ocp, a succinimde group; a 14
benzyl oxycar bonyl - NH- & oyp d a ben arbonyl - NH- group 15 havi ng
fromlto 3 substltuentls ong pheny| :f"h ygel ected 16 fromthe group
consisting of |ower al kyl, lkpeer al ko}q‘;ﬁ 1% e chl oro, and brono, where R
and Rerr] are mdependent"r' @I ect eds {8< gftoom t he group consi sting of

hydrogen and | ower al kyl, and SPI further wherein the
C-termnus of said pept'ldeﬂ o or pe tldfg; rretic has the formul a
-C(ORerr] where R[ern] |s sel e t"'édP m t he group consigtthng of
hydroxy, |ower al koxy, :22..1 " NR[errdIﬂQrg] where R errj a %Q[err] are

i ndependent |y sel ectedifrom9 ﬁ% 23 rﬂoup xapnsi sting of hy.drogen and | ower

al kyl and where the 24' %g en at om of NR[err]R[erg.',] can
optionally be the anine 2 oup of}t.h@@- ermnus of the pe tlde so as
to forma cyclic 26 peptld,e - grg physi ol ogi cal |y cﬁeptable
salts thereof. i i 8oas
] - ou .cg:
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Tg) ; z“& L =85 o vo
] < aH <P - Y
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'{71 3. A pharmaceutical conposition conprising the conpound 2 of
Claim1 or Chaim2 in conbination with a pharmaceutically 3 acceptable
carrier. 1 4, A nmethod for treating a patient suffering froma 2
di sorder that is susceptible to treatnent- with a 3 t hr onbopoi etin
agoni st co%,g}%adm stering to the patient, 4 a t her RODUSIHREISy

effective dose ‘or anount of a conpound of 5 Claiml. 1 5. The
nmet hod of Claim4, 2 3 wherein fsp{nzeroto all of the -C(O NH

| i nkages of the pepti de have been (epl aced by a linkage selected from
the 5 group consisting of a 6 -CH err]0C(O NR- |inkage; a phosphonate
| inkage; a -CHerr]S ([err]) [err]NR- 7 | i nkage; a -CH err]NR- |inkage;
and a -C(ONR[err]- linkage; and a 8 -NHC(O) NH |i nkage-where R is
hydrogen or |ower alkyl and Rl epfd Qs IS | @Hsasd! kyl, 10- further

wheyein the N-term nus of said peptideilq
fromthe group consisting of a _MERetr—12
-NRC(O OR group; a -NRS(O0)[er ’ g

succi ni m de group; a 14 ben
benzyl oxycar bonyl - NN gpigd

Ld"el %1 mnmetic i s sel ected
prE‘” Y - NRC(O R group; a

a Fe. LA
su S |tueTTt-s-UT1'"t"he

phenyl ring selected 16 y \of | ower al kyl. | ower
al koxy, 17 chl oro, and : endently
sel ected 18 fromthe gropip consisti alkyl 19

[the C-term nys of said pep

WEOER err] wirere R er rtasi

and still further wherei

Wammt or peptide
m netic has the fornul a

e écted fromthe

'R[err] wher e

group consisting of hydroXy, |over g d...ﬁg 2promozgf; | 1
R3 and R4 are |nd3mwem\l sel ecte Sitls © cql' up CX 'sti ng of
hydr ogen and Iome-@lﬁgﬂ d where the 24 nigimggen mea% ’%he
-NR[err] Rl err] groutda e ionally be the Lne Ofs I the
N-term nus of the peptide sQ\as to forma cyglg.c 1471 Sma|
1 'z 1671 Amal
Eam110S1 3000 1534 Rsr I
Bsat 2333 1640 Stui
Gaui 2915 . 1241 Ski»
Asa| 2829 1267PpuM1 1554 Hoas
o 2633 ' 2338 EcoK 168 baa.
L Dl b i
st 2522 1666 S0l
1674 Msci
1684 Acct
1684 Sall
1688 8soM |
1689 5083371
1696 Sphi
1702 Hina 1t
3CMG14 Library Vector, cloning sites at 3* end of Headpiece Dimer gene: '
| Fie. LB
| come---ieadpiece iigkex >
_ Sgi = Zag
Stu I Hpa I sgi = ¥Mse 2 Sall
1A MAELNTYTI?2S5QZASGAVNGRGLAGT EQ*

GG TG GGAGC LA T T A e T oo oy 2 opagG U T o GEGGCCO T TARCGGCCGTCGIC TG TRGCCARTAAg EESas
G e A A A TG A AGGGYCeag e T st s UG EAG G S AA T TR OGS A CCEEATCRACCSETINTTCAg eSSy

Jbrary Construction after Sfil digestion: Fie. LLC
ON-1678

R —eecseieadpiace: tinker
BespE I
i Sstu I Mse I Sal =
\A!AELNYIPRSQ!ASGGGKQ

TG TGECGGAGCTGAAT TACATICCC oS E0ssacgagGltTass gaggeays (NNK) z.uc:uq:anqc ToGCCARTAMGERS2T
G A CCCCC I CORCTTAATGTANGG G ycTagegTess2Cota ggccsecacea actgacceatt TCRACCSCTTATIC2g0Ty

v X

ON-829 | ON-830




26 peptide, 27 and physiologically acceptable salts thereof.
WD 96/ 40750 PCT/ US96/ 09623
88 1 6. The conpound of Claim2, wherein said conpound 2

conprises a sequence of am no acids: 3

. r]
Xerr] Xerr] @MS“X[err] Xerr] Xerr] 4 wher e X[err]Plcg‘EE E M P
Q V; Xerr] isF, K L N Q R S Torb V; Xerr] isC F I, L M
R S, Vor W Xerr] is any;of the 20 /11 genetically coded L-amni no acids;

Xerr] is A D E G K,FM Q R 7 S, T, Vor Y; Xerr] is C F, G L,
r]

M S V, Wor Y; and X e is C 8 G I, KK L, M N Ror V. 1

7. The conpound of claim&, wherein said sequence of 2 amno acids is
cyclized. 1 - 8. ':-"_ The conpound of claim 6, wherein said seguence
of 2 am no acids is dilger} zed. 1 9. The conpound of C aim
6, wherein the conpound 2 conprises the sequence of am no acids 3

C X err] X[ etrd—dettt—iettdumdfmeitt——refti—rsd- wrere=ferm is K L, N,
QR S Tpr VvV, X3isC F I, L MR 5 S or

V; X4 is pny of the 20
genetical |yl coded L-anino acids; 6 Xerr] is A D & G B Vor,
X[err] isd F, G L, M S, V, Wor .7 Y; and X7 i[s %, G

, K L, M N
R or V.
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BALB/c mice recelved carboplaln (125 mg/kg, Ip) on Day 0.
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1 10. The conpound of Claim8, wherein Xerr] is A EL G H 2

K, L, M P, Q R S T, or W 1 11. The conpound of Caim 10,
wherein X2 is Sor T; X3 2 isLor R Xerr] is R Xerr] is D, E or G
Xerr] is F, L, or W and X7 3 isl, K L R or V. 1

The conpound of gﬁw wherein said corrpound 2 conpri sesrcﬁ"?w&?ﬁ:e
of am no aci ds: X[err] C X[err] Xerr] Xerr]
Xerr] Xerr] Xerr] 4 where X err] 19/t kL N, Q R S Tor V, X3

isC F I, L M S R S, Vor W Xerr] is any of the 20 genetically
coded L-amno 6 acids; Xerr] is AyD EE G K M Q R S T, VorY,
X[err] is C F, 7 G L M SV, r Y, Xerr] isC G I, K L, M N,
R or V, and 8 Xerr] is any of t 0 genetically coded L-am no acids.
WD 96/ 40750 PCT/ US96/ 09623
89 1. 13. The conpound of oBim 12, wherein Xerr] is G S, Yor 2
R 1 14. The conpound ofLﬂ, im1l2, wherein said conpound 2
conprises a sequence of amino acids: GCTLREWLHGGS FCGG
1 . 15. The conpound of Claim6, wherein said conpound 2 conpri ses
a sequence of am no acids:
X
S g
[
S 3
- a
® 2 X
==
Fe
=2
sE
o, o
Q X a
8o a
3 B S
Q-5 2
S =
- B S
o e
S S
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=
=
o 8
€ =
. g &
S 8 8 8 8 8 -° £ 2
N o @ © - o -ﬁ_ (&
IVEOL X stejoreid ueeyy £ g
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3 Xerr] G Xerr] Xerr] Xerr] Xerr] Xerr] W
X[err] 4 where Xerr] is L, M P, Q or V, Xerr] isF, R S or T,
Xerr] is F, L, 5 V, or W Xerr] is A K L MR S V, or T; X5is A

E, G K M 6 Q R S or T, Xerr] isC I, K L, Mor V; and Xerr] is
any of the 7 @etlcal | y coded L-am no aci ds. 1 PCT/USP6/09623 ¢
conmpound of Clalm wherein X err] I?L)D“ X[err] is T, 2 Xerr] is L;
Xerr] is R Xerr] is E or %g[err] I ) 1 17. The
conpound of C aim 16, wherei i d conmpound 2 conpri ses a sequence of

am no acids: 3 Xerr] Xferr] G Xerr] Xerr] Xerr]
Xerr] Xerr] WXerr] 4 wherd: Xerr] is A C D E K L,  Q R S T, or
V; and X err] is A 5 C, E\_ﬁ I, L, M P R QS T, or VW 1

18. The conpound of Claim 17, erein X[err] is DL E, or K 2 and Xl err]
is Aor I|. 1 19 The comoound of daimils | ai d conpound
Is 2 selecteﬁfromthe group consi sting of GGCADGPTaREW3 I
SFCGG GNIADGPTLRQWLEGRRPKN GGCADA14 GPTLRE
WI SFCGGK, TI KGPTLRQWLKSREHTS S, SI' H GPTLR
EWLTSRTRHS, LAI EGPTLRQWSG6 LHGNGRDT,|JCADGPT
LREWI SFE and | EGPTL 7 RQNLAARA 1 20. | The net hod
of Caim4, whgrein said conpound that is 2 adm nistered to the patient

conpri ses a sequence of, am no;

o
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A IVOH -

\C/J\DxﬁglrfW)S(?er'r] X[err] X[err] X[g(r)'r.]r: X[éf'r’] 2 Wnere%mqemmﬁrlgg.r

R S, Tor V., Xerr] is C, F, L, M R Sor V, X4 is any of the 20
genetically coded L-am no aci ds 4 X erqﬁg is A D E G

X[err] isC F, G-L, M S, V, Wor 5 Y, and X[err] is Csmlmﬂ I“"u"m‘ll““l
N, R or V. 1 : 21. The nethod of C aim 20, wherein Xfera] L suA
QHKleLE,:IEMQMQRSTorw-l 22. ThemethodofCIalm
21, wherein X2 is Sor T; X3is 2 L or R'X[err]isR X[err]lsD E, or
GXE&{r]lsFLorWandX?lsB'l K, L, R or W

The hod of - Clai m 22 peptide com mpudecmmomdcqmgoum thatsbmﬂsn tstered to

the p&ient Eé&% Ky IdS GGCTLREWLMHG
GF CGG ﬂﬁ?ﬁ}i{dp%fémﬁ @’%;&d)&%ﬁgbg?duagr%a fx inéghe di sorder 2
susceptible to treatnddt ﬁﬁﬁrﬁ‘tﬁi‘tﬂ%‘i abﬁﬁ?s{"' f8 3bougePROPed from
t he grdoup dalsiosis NG : 4 hemat ol ogi cal di sorders and thronbocytopenia
result'ngfromS ch thera.p . radiation therapy. o opne._narro

t ransfusi ons. &P rﬁfﬁfb%ﬂa( % ?ﬁ?ﬁ“‘gﬂﬁg?‘sf:ﬁns§?&e?&%’ound
that &6 2. asacﬁxpreﬁsada(byt cart rih‘:gaablfenb conE i tthen cabael®® ofi. ami no 3

-acids: 4 X[err] G Xerr] Xerr] Xerr] Xerr]
Xerr] WXerr] 5 where Xerr] is L, M P, Q or V;.  Xferr] is F, R S or
T. X[r] is F, A 6The\/cqmpq»xnd<[qﬂrqlamm LM RS VMV _or T Xerr]
is A £ G K I\/l? Q R S or T, X[err]lsC I,K L, MorV and

X[err] residuae is any.
_ wheréin from zero to all of the -C(O)NH- linkages of the

peptide have been replaced by a linkage selected from the
group consisting of a :

-CH,O0C(O)NR- linkage; a phosphonate linkage; a -CH,S(0),NR-
linkage; a -CH,NR- linkage; and a -C(O)NR®- linkage; and a
~-NHC (O)NH- linkage where R is hydrogen or lower alkyl and R®
is lower alkyl, . _

0 further wherein the N-terminus of said peptide or peptide
11  mimetic is selected from the group consisting of a -NRR?Y

12 group; a -NRC(O)R group; a -NRC(O)JOR group; a -NRS(O),R group;
13 a -NHC(O)NHR group; a succinimide group; a

14 benzyloxycarbonyl-NH- group; and a benzyloxycarbonyl-NH- group

| g 6 b

“W

" 15 having from 1 to 3 substituents on the phenyl ring selected
16 from the group consisting of lower alkyl, lower alkoxy;
17 chloro, and bromo, where R and R! are independently selected
18 .from the group consisting of hydrogen and lower alkyl,
19 and still further wherein the C-terminus of said peptide
20 or peptide mimetic has the formula -C(0)R? where R? is
21 selected from the group consisting of hydroxy, lower alkoxy,
22 and -NR3R* where R3 and R* are independently selected from the
23 group consisting of hydrogen and lower alkyl and where the
24 nitrogen atom of the -NR3R* group can optionally be the amine
25 group of the N-terminus of the peptide so as to form a cyclic

26 peptide,

27 and physiologically acceptable salts thereof. REPLACEMENT SHEET

11NOV 1998




g of the 20 genetlcally coded 2 The o)
of C'aim 25, wherein Xerr] s Hlllm'mnflﬂimﬂﬂllllhe Nzrewé =
R; X[err] is Eor Q Xerr] is F of U- mls Wkgqukgﬂghﬂgt hod

Cl ai m 26, wherein said conpound 2 qprlses a sequence of am no aC|ds '3
Xerr] Xerr] G Xerr] X[err] X[err] f[err] X[err] WXerr]

WG 96/ 40750 4 PCT/ US96/ 09623

91 1 vvhere X er? |s s\eu&:.cﬁl omRoslf'm(?n RO®ILsing fAe ;ggmpound A,
22 c ¥ Gajm uQ @mbinaticn with a pharmateucheallst hod of

Gawn?lﬂﬁ?ﬁgXer D, E or K 2 and Xerr] is Aor I. 1
The od of © 28 ‘wherein the conpound that is 2 . adm nistered

to the patient is selected fromthe group 3 consistingof GGCADGP

T E EWI &F CAGn@th@deArDtgeaﬁ:LngP al ﬂaﬁé&é’V éu {*ng EI‘EKHNE GGCA
o5 AR LSS SE T KGRI RERIR hevins ©
I G L gens wigh|aR Q WL H G NGRD
S e
of
S | Claim 1.
1 S. The method of Claim 4,
2 ' . :
; wherein from zero to all of the -C(QO)NH- linkages of the.
. peptide have been replaced by a llnkage selected from the
S group consisting of a
6 -CH,0C(O)NR- linkage; a phosphonate linkage; a -CH,S (0) ,NR~
7 linkage; a -CH,NR- linkage; and a -C(O)NR®- linkage; and a
8 -NHC(O)NH- linkage where R is hydrogen or lower alkyl and RS
9 is lower alkyl,
10 further wherein the N-terminus of said peptide or peptide
11 mimetic is selected from the group consisting of a -NRR?
12 . group; a -NRC(O)R group; a -NRC(O)OR group; a -NRS(O)ZR group;
13 a -NHC(O)NHR group; a succinimide group; a
14 benzyloxycarbonyl-NH- group; and a benzyloxycarbonyl-NH- group
‘15 having from 1 to 3 substituents on the phenyl ring selected
1€ from the group consisting of lower alkyl, lower alkoxy,
17 chloro, and bromo, where R and R! are independently selected
18 from the group consisting of hydrogen and lower alkyl,
- 19

and still further wherein the C-terminus of said peptide
20 or peptide mimetic has the formula -C(O)R? where R? is

21 selected from the group comnsisting of hydroxy, lower alkoxy,

22 and -NR3R* where R? and R* are independently selected from the
23 group consisting of hydrogen and lower alkyl and where the

24 nitrogen atom of the -NR3R* group can optionally be the amine
25

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

27 . and physiologically acceptable salts thereof. REBLACENE%HHSHEET
/ 11NOV 1998 /
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t he 4%

pateint a conpound is selected fromthe group consisting of 5 6
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32. - A pharmaceutical composition comprising the compound according -

to any one of claims 6 to 19 and 30 in combination w_ith' a pharmaceutically

acceptable carrier."”
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(54) Tifle: PEPTIDES AND COMPOUNDS THAT BIND TO A TRROMBOPOIETIN RECEPTOR

(57) Abstract

Receptor are peptides and peptide mimetics that bind to and activate the thrombopoietin receptor. Such peptides
are useful in methods for treating hematological discrders and particularly, thrombocytopenia resniting from chemotherapy, radiation therapy,
or bone marrow transfusions as well as in diagnostic methods employing labeled peptides and peptide mimstics.

and peptide mimeti




