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Summary

Thrombopoietin (TPO) will be applied as a therapeutic medicine for thrombocytopenia,
aplastic anemia and idiopathic thrombocytopenic purpura. TPO is a cytokine which acts on growth
and differentiation of platelet producing megakaryocytic lineage cells. TPO acts on
megakaryocytic lineage cells through binding to TPO receptor. Therefore, I was looking for small
molecular mimetic of TPO from among binding molecules to TPO receplor.

First, I have obtained several peptides which bind specifically 1o soluble TPO receptor
from random phage peptide library. I could prove that one of these peptides mimics the TPO
function in vitro, for example, the growth of TPO dependent cells and differentiation of mouse
bone marrow cells. Second, 1o search a non-peptide TPO mimeltic, I presumed that TPO mimetic
peptide has f-turn structure and it would be an active site. My tentative focus for the synthesis was
set on 1,4-benzodiazepine skeleton which is widely used as a B-turn mimic scaffold. One of the

synthesized compounds proved to be agonists which stimulate the growth and differentiation of

TPO dependent cells.

In conclusion, 1 could obtain TPO mimetic compounds, some of which are peplide and

others are non-peptide compound. In particular, as for a non-peptide compound, this is the first
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demonstration of the activation of cytokine receptor by it. The present discovery of a TPO mimetic

may lead to the identification of more potent compounds that mimic TPO.

RTF RANVE VIZERER TRREZ DTV TIEESELHEN Y, THE
RPEEIDEV 3. TEORIRAS RN REDOREERD, ThHDI Lid. RTF
RAVE Y OEREBINT 2RBORSAMERIERTF MESFEEWZRIETI &K
Ih. BrTEZ DL LRV, TOLIRIERTF MEDTI=Z FOHlE LT,
BERIZEPSTHODY o= 10FERD 7 IV B» 5% 5 opiate DIFAZIRBT 5 ENV
t % (Pert et al, 1973) L BHER DA HED S RES NZ22@D 7 I/ B 578 Dmotilin
OERAEBIKT 2T 2074 > v EEEHHD (loh ef al, 1985), Fiz. BRI TIE
14 7 3 J B 572 3 somatotropin-release-inhibiting factor (SRIF-14) 13 % M 3 RThliE
O LD, 8 73 8D 5125 cholecystokinin (CCK) 37 F T=X hDRAV Y —
=V U DBET. ThZhOFEAEERT 2EH5T ) — FMuAwhFEREI N, B,
BOREAEBLEDOBEERNITHONTNS (Pohl e al, 1995; Hirst et al, 1996;
Papageorigiou el al., 1996)c L L. 100 7 I /B EDOXTF KR SHAS ATT
KRNEVTHEYA b A4 VORBRTFCIE. ERTF FEGFLEMTZOER
EEBT 3 LIZRFICEHINA TRV, TOXDIRBIRT, £9. U1 ALY
DR FOEAEERTF FMES LAY TRBCEL I L ZMPT I LRER
BEEDVHH. 5. O MM L, FHROICIEDKRSAGER{LED
DORRICHOBRMNZLBDND. LoT. KK THE. *f/f N4 DR EIERT
F MESFLAYTHEBTCEL I LEMMT I LI L,

Thrombopoietin (TPO) ¥4 —7 7 > L £ 7% —Tdh o7 MPL (Skade et al., 1993;
Vigon efal,1992) VAL FE UL THRINEY A bAL L THD, BAZEK - IR
Db & EABICERT 5 (de Sauvage ef al., 1994; Lok et al, 1994; Kaushansky et al,

1994; Barlley ef al,1994)c %@ ¢DNA DIBHEEFIL D, £ M PTDORTIE3S3TI/
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BTHRIN TS 38 kDa OBHABLHEEZTNTNEH, AT RRINS
TPO I&, N 3K KA USRI N3 20kDa OEHE T, IhHWEHARTHS
EEZLNTNS,

BE. M/MRSBADEICK 3BT, BRTIRINMERNOA T, ZORE
IZIEIEREIC B 2 A5, BE0IRE TR 22 I & PFRMIKE M I LA BIEMH D
BN EREDREND B ZDLHRI L LD, TPO IHbFFEL BBREROM
IMRFAED BRI Y LCERIBAMNIFIND. Lo T TPO LAKRREAZERFD
nTF HEATADOHATH D LELONDDT, TPO I —F v N LT3
4 h4vEL, TPO DL T7¥—TH5 MPL LB L. ThEEHEATEII LD

TELIERTF MES FLEMERET 52 L 2REBRE L.

TPO DEf MK T BIERTF KEA TLEWIEE D RS

TP =V URTFESAT7S5)— (PRPL) E7 7 —VOMERAHEICS
VHLRTIVBEERMERBEIEELOT. RECEAHERLEIRKRETEINTFFOD
22 )—=2r - BAEICHAEINS (Scott & Smith, 1990; Cwirla et al.,, 1990; Devlin, ef al.,
1990)0 THEMAWT, TPO L 7¥ —KRETHESFRTFFERAI V-V T L,
WicBENERFF K OhHS TPO OEAEBBT 2 7F FZRETHI LI Lk,
. CORELEARTF FOBERRICSELRFRERD &, RTTF FOFATT
MMES FILEM~DOEREHHA, TPO HOEWEMEH T 2ELS FLAMERITHI L

N DY P

TPO L& 7% — AT 7~V 2 O—> D PRPL B DR ) —=2 7
plll BEEAEICS LV LREBE 15 PI/BERRTZ 1 X10° 20— %25
S PRPL %{E® L7z, A TPO Lt 7% —id. TPO Lt 7% —BIxF mpl Dl
ML & b IgG D Fe 4RI cDNA 2fEA SR, BAL LTHRITLILICLOE

BUJ=o TD MPLIgG i TPO DA T2 L 2R LZH®. TD MPL-IgG G
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+2377—Y0—"% PRPL BH2X PV —=02 L, MPL-IgG #6HDZTT 6
TJr—Uon—CERAELE. INLDT7 7=V IKRERNICHERT 5 7F FD7 3
JBERF ERE L (Table 1)o SNEDRTF KO T I #KEFIIE. TPO O LD

S oBEEE RS RO,

Table 1. Amino acid sequences of MPL-IgG binding phage clones

Clone Sequence

PK1 L Q|G|C T|L RIAIWIRAGMZC

PK2 CM|G|L S|L RIPIWML CAK

PK7 VRQWNI|LTIEF|VLDTHP

PK9 F EWN|Y VIE FISWA S YV

PK6 VRRQIVEYKHRLTLP

PK§ S TRSESRHPFPWLL

The amino acids are identified with single letter code. Residues within the random peptide have

been aligned to show consensus between PK1 and PK2, and PK7 and PK9.

PRPL 585Nk~ 7F FOEMERE
MPL-IgG IREAH 7 7=V 7 D — U DHRIRT B RTF FZ{LFEHK LTz, PKI
YPRZIZDOWTIH 2OV AT A V2R TE e &b, EHKE BERIKOZIEE
2D EZOT, EFREBRORTF FEAKLEZ. JRORTF KA TPO BRiEtk
EHTANED DR, TPO MKEMNICIEM T 2 AROEMICN T 2EML DR~z C
DR, TR PK1 O&DS, BRI TPO REMNIIBOMMEZ R L =»¢ (Fig. 1), £
DO ~RTF R TiE TPO MEHHIMEOBRNTG S5 e oo Acetylcholine esterase

(ACKE) ™ 72 ¥ OE l¥A0 EMRETSRAIND 5 SR % T ORIIT 2 DD
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—O— Cyclic PK1

Proliferation activity (%)

9 8 7 6 S 4

-Log[Concentration of peptide (M)]

Fig. 1. Proliferative response of TPO-dependent cells to peptides. TPO-dependent cells were
plated at a density of 2x10* cells/well in RP1640 medium containing 10% FCS and 50 uM 2-
mercaptoethanol. Cells were incubated in the presence of cyclic PK1 or linear PK1. After 44 hr, the

absorbance was measured by the WST-1 assay. Data are expressed as the percentage of maximal

response of rhTPO. Each value is the average of triplicate determination.
FET 5. RIT. THEDORTF R 2B ERIKADHMEFEZ R T
ZHE SN BIK PK1 OA AChE 2:5E L (Fig. 2). 2O RT7F FiZH
BhEHLNRDP O, THIT, FHINAMEOWHE LIERE L FFME L BFHM
BERAVWTBR L I AERIROHE»E SNz, M EXD, PRPL Lo h
oRTF FOR SRR PK1 OAM TPO & ARDFEM 2D b ol

B PK1 DA 7 I J BRI O R
B PK1 ORMLT I/ BOAE DT I/ EH TPO HRIGMFERIC LB R D DR
R3S, PKI OF7 I VBICERDOA-ERTF R EFFBEE~ PRPL 2ER L. &
EEBRICR D ) == L. MPL-IgG REATEHDOH 2 RTF FERE L (Table 2)o

INEDRTF FEARML. TPO @ MPL-IgG ~DFEAFE & TPO HiF i HIla DR
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Fig. 2. Induction of AChE in mouse bone marrow cells. Mouse bone marrow cells were cultured
for 6 days in the presence of various amounts of cyclic PK1, riTPO or rmIL-3. Afier preparation of
cell lysate, AChE activity was measured by DTNB method. Each value is the average of triplicate

determination.

BREPRS (Table 2)o F/-BIKPKI ORT I/ MET IV TCERLERTF FZ
AR L. AROEREIToZ (Table 3)o TNHDHERID. BTIK PKI O MY T H

77 VB MPL-IgG NDHEBREETH LI eDBDI»o T,

TPO BiEM 2R DFERTF RMES FILEYDER
SRIF-14 O 7 X / BiE5ld AGCKNFFWKTFTSC T, 5 FRD 2 lD Y X514 >
LBV ZANT 1+ FEADELARTH D NMR ICKBREMIT L D, NKEDGS 8 &
Hob) 7 o7 e 9 BREOUI VT BY—VHEERIER TS Z D TFRIN,
F7z. SRIF-14 L ZO7 F O DFIZED, TOM) T 77 L SRIF-M4 DL+ 7
Y —~OEBITBAOT I B TH o (Pohl et al,, 1995) BF— 1 REEREA L~
TFRIZOY-VHEEERVYOTEE L BRICARAKRI EDH S (Fig 3;

Dean, 1994), Ch 5 DIEREH &I1Z, SRIF-14 D Y —4ABICH A MY T o7
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Table 2. Binding and agonist activities of peptides derived from the PK1 mutagenesis library.

: Competitive ~ Maximal activity
Clone Sequence * TPO ELISA of cell
ICso (M) ® proliferation °

1 14
PK1 L Q R 50 ++
PK101 L Q L 30 *
PK102 F Q R 10 +++++
PK103 1 Q L 40 -
PK104 P Q L 100 -
PK10s L Q R 100 -
PK106 L Q R 200 -
PK107 L L R 50 +
PK108 F Q R 50 *
PK109 1 E L 130 *
PK110 L Y R 10 +
PK111 L K R 20 +++
PK112 F Q R 50 +++
PK113 L K R 80 ++
PK114 Y H R 60 +++
PKi15 F K R 7 +4++++
PK116 L R 5 ++
PK117 I § R 50 *
PK118 L Q R 6 +++
PK119 F R S 20 ++

*The amino acids are identified with single letter code. The consensus amino acids are indicaled by shaded
boxes. ® The binding affinily of each synthesized peptide 1o MPL-IgG was assayed by competitive TPO ELISA.
The results presented are the mean values of duplicate assays and are expressed as the concentration at which
half-maximal competition (ICs;) was observed. © The TPO agonist activity of each peptide was estimated as
proliferation activity of TPO dependent cell assessed by the WST-1 method and are shown here as the mean
value of maximal aclivity at concentrations ranging from 0.1 1o 100 uM, in triplicate. Absorbance in cultures
with half maximal effective of thTPO was defined to as 100%, -, 0-<10% ; %, 10-<20% ; +, 20-<40% ; ++, 40-
<60% ; +++, 60-<80% ; ++++, 80-<100% ; +++++, 100-<120% ; or ++++++, 120-<130%.

—257—



Table 3. Binding and agonist activities of PK1 mutant peptides.

Compelitive

: Sequence Maximal activity of
Name . TPO ELISA o
I Cso‘ (M) cell proliferation
1 14

PK1 LOGCTLRAWRAGMC 50 ++
Alanine scan _ o ' '

PK1L1A Aewm == —————-— - 60 ' ++
PK1Q2A R LI 60 e
PK1G3A SR e . 50 | }
PK1TS5A el -- 100 ' K
PK1l6A ----- Amnmmemm = 1000 v i}
PKIRTA ~ ------ | R 200 _
PK1W9A I A-mem - 930 -
PK1R1I0A  ---=-===~--- A---- . 200 -
PK1G12A ~ ------=--=~--=- A-- .70 . +
PKIMI3A - ---=--=---=--- A - 60 | }

The amino acids are identified with single letter code. The sequences of the replaced alanine are represented by

the substituted residue; others were omitted. Competitive TPO ELISA and Maximal activity of cell

proliferation were described in Table 2.
YUTLESE 4 I BEBERVY VTV BRICEES S I LT, KATE
BALEYO7 I=R b %182 Z &M TEJ= (Papageorigiou et al., 1996)o
ﬁﬁmqtﬁbfbtnewsmnmt@ﬁtﬁﬁ%%ﬁ%ﬁtﬁ%f@m
MY TIPSR BEETH D, TNHOT L DERIK PKI ZBNWTH SRIF-14
DE>RIMNVT 77 BEUTD B —VREERME TR L. ROV UTEE VLG
YIERR & BRI L TPO BUBIE <7 F FESFLEMO—RET YA L (Fig 4)o
= DRBEDEAMZD b OIXERFAREE o REHFR LR U7 LG
Hoa® (TM 1LE%) %% 50 REKAK L. TPO © MPL-IgG & OMRERMR.
TPO I A T 2 AERBIEE 2T T2 0L b Sh6DERLENE
2O == Uiro COEER. TM41 25, TPO BRIEMZLREF LTV /2 (Fig. 5 and 6)o
COILED, ENFA PAA URHERFOLVETY—IFAL. YTV ERERRE
TRERTF MEDFLEWE/ LI ENTE
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B -turn general structure 8 -turn mimic using a
benzodiazepine skeleton

Fig. 3. Tentative focus is on 1,4-benzodiazepin-2-one skeleton which is widely used as -turn

mimetic scaffold. The [ -turn structure of peptides (left). A benzodiazepine-based /3 -turn mimetic

(right).
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Fig. 4. Structurcs of PK1 peptide and a henzodiazepine based B-turn mimetic of PK1.
Amino acids sequence (c) and chemical structure (d)of the cyclic PK1 peptide, the fragment 7-10

(Arg-Ala-Trp-Arg) of PK1 cyclic (a), and its mimic utilizing benzodiazepine as scaffolding (b).
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Fig. 5. Competition binding assay and chemical structures of TM compound. (A) 56-well plates were
coated with MPL-1gG. TM compounds (3 uM-1 mM) and 2 ng/ml TPO were added and incubated in MPL-IgG
immobilized wells. The wells were then washed and the remaining bound TPO was detected by goat anti-TPO
antibody and then donkey anti-goat IgG conjugated to HRP. The absorbance was measured. The values shown

are the means of duplicate determination. (B) Structures of TM compounds.
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Fig. 6. Proliferative response of TPO-dependent cells to TM41. TPO-dependent cells were plated
at a density of 2x10* cells/well in IMDM containing 10% FCS and incubated in the presence of
TM41 or thTPO . Afier 3 days, the absorbance was measured by the WST-1 assay. Each values is

the average of triplicate determination.

BE L RE

TPO HRIFAZERB T E BIEATF MRS FLEYDORRZ BIFITBIT TAIIA
HRH—hI¥k, PRPL ZEH L. Th o TPO L 74 —TH 3 MPL-
IgG EAMUDARTF FEREL. ZOHFHS TPOKREMETRTRTF FofhEe b L
WZIERTF FMES FALEYWE TV A > L. ZOLEAEMITEMY L={tEMoshh 5 TPO
FRIERZIBCE2ILEMERET 2 LN TE ),

MEXb, TPO HEAZHRETI2REEIREHE TH 5. EXRTF MEHTFL
BYTH TPO OFHZRMTE S I L ZiM L. o8& oA ORMEENTM
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BRI TAILICLD., ESHEFEHOBMNMEAYORE. & 5IIROKSAGER
CAMORRIC DRI BTHS S E/. TPO L7 L BEFICHALOS S EPO,
G-CSF, GM.CSF & IL3 % ¥ bl BIS 3 394 b 4 > THh. ChHOL L7
Y P4 FHL VLTI === 7 IV —IZRL. LTI —FDT7 I B
B AN H S (Skoda et al., 1993)0 2T INEHDYA PAA LIZDNT
b. ARICERTF HEAFANTEORMERITE 22 LIABCFHETE 2,
Z OWEDH IR, ¥ YR G-CSF Lt 79 —IEAT 5ERTF FES FILA
YD SNz (Tian, et al, 1998)0 KMEPL YV ZAD G-CSF L £ 7 H—T, IERT
F FESFABILAMTY A M AL L OAEBIKRTES L RERTE T LI,
EEEMOR 2 ) —= TN SNB LS R ENS AN—Tw FAZ Y=
PEFIALEYA FhA VRERERTIERTF KBS T ADORRITIAEE DT
3 LBbhs,
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S URNBERREDES

FRNOEER. FEEEVRHEINHXONBICOREELRBEA TV ORFH L MBLCH R
TICOEAL PRI E7BCHEE OoNE2HE AT, FR11E7A6HBERORYEERBEETITD
. UTOBEYHEL,

R XIZFE IR ER RS TR RAHKA TR RATI TIT o224 b A VERES FLEY
DEFR— PO ARIF UBERAEZHON YO TELEALEYDRE " ICHTIMEL2 I LD LDOTH
%, bR ARRIF (TPO) 3. EMRKMBEOI/MIEEOREICEELZRFTHY, AIDVAFREGFCX
VE &R ENS MIMIBMEDHEBICHEMEEZ LMD, L L. TPORRFFE 27 TH Y YRR
EZ25LI0DFFITREERCLSLV, FITAMB TPOMREE ZF OBOKGAIRELIERTF MESF
LB ERTELRODPTR L. 27, TPOVE S Z—ICHETERTFRE 77— X LRTF R
F4 77V —p6RE L. PK1 & ZFFARTF FE2RKLE LA DIEO TPOKREEEZ RO L, T
PK1 &7 3/ BEHIZ TPO L MR 2 h o7z, BIRPKL O TPOBESICHBELBELL TN S 77
CERPLELBumBEFHEEL. COBEZREBTSEFFILERE L TRV ITEEBREZRD
L&Y %E 2l COWREBBIA ORIV ITEECFEZEESHERL. Zhd0LEYO TPO K
RN, ZORBETMAL L BT LEWERL MR, LrL, COLEMOEERE L THE
THICRFRREREMEL, SHLLIBREVLETHL LT T,

MEZ Di#isis TPO MER 2 OEF FILEYOHEE 2TV, ZOBRMERY B21LEYWE RV L
KBTHb, KRR 77 =S FLRTFRIA4 TV —%BBLTRTF FORKRR T 2 HETLENF
P, SHEREFEALLVE 2T v 21T75%, HILOFEEFHCHALL. COWREIE4D
YA A CBRBES FEEYRERL T —BRNFEEZRAEL-HOTH Y., SEEEYA( MM &
EMERFOBOXGRLAEERAIROFMEESTERTLLDTH S, IRAFH LY L TEY IO
MR ET 5 L HET 5,
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