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1 DESCRIPTION HEMATOPOIETIC STEM CELL PROLIFERATION

PROMOTER 5 Technical Field The present invention relates to agents for

promoting the growth of hematopoieti@: stem cells, which comprise an

agonist for the TPO receptor (c-mpl) as an active ingredient. The present

invention also relates to agents for promoting the growth and/or

differentiation of CD34-positive hematopoietic cells, agents for promoting

the engraftment of CD34-positiv&I0Ri#TEIdpoietic cells transplanted in

the bone marrow, and agents for promoting the recovery of

hematqpgoiesis after hematopoietic stem cell transplantation, wherein the

agents COMANSY SHEICRaTOF el HR3 AlciRB LRI BOMOddR e

ingredient. Background Art 15 Thrombopoietin (TPO) is a cytokine that
TechniBIPMQLES the growth and differentiation of megakaryocytic lineage cells,

and is known as a megakaryocyte colony-stimulating factor and a ligand

fol RERRS BN YR Srang, deradt EpakneTdee Hie s Aerikeratopoietic stem
cells, vihartsduopriignalsgimiotdelishdt TRS heeprseporigl)thatTRORINASdQ#S. The

necifie re v low the  receptor to dimerjze . thereby .

B DA el o o T A RS el acon of
CD34-ppsiExbsriatpeirieseds. ieras budnoassradhnarsafongranfsdidpitve
hematdpividtio ceiteptarplaitR Slcthp tepertitso heiriag aRtibpgis g RiVery of

isti Vi L example antibod ainst the erythropoietin .
hemat R e e R et RSyl ot o

T
. ) receptor ha O M {
agonist g dhe O aaerRIaY (& Bl eT itaHived remdssrtient antibody (Fab), it
retains the activity to bind to the 25 EPO receptor but loses the

Back r%l Mansducing ability. This suggests that dimerization of the
£ e‘@%;Lr

ropoietin receptor mediated by divalent binding is essential for the
sigh@méo@fééwl\l Pate stybtinsshe ) Raethe thearm e re ddéffapotision of
megak @R yTpIHARHO geaR] AT Thave JRhReRRIGLAIORIIb AU S factor and a

ts I'to 3). Such

. on-Patent Documents 3 and 4, and Patent Docume .
igand f;lorr]t%%lg ies E&%Oﬁa%a%%s'éﬁngiggd T %?@?ﬁgcﬁpé%%%?ﬁ%?ﬁ PopRisfice signals

 into celdge mbcharsbesy terartadl dhaiTBLhbiridsentith apesifiminesthe croplthund sldesy the

receptobheQtl ieHseatiaraRaanJAMIRSKaHAR At J ER JGNQY BERRIGE WA sce

Non-P I;gunrp%% %%dfgl od cells (CD34-positive cells) are transplanted(see
Noh-Patent Bodument 5) has been reported. According to this report, the
friidue hestep@ B dhpositivegeiisbid aschaliffenbignifieantty with auch properties,

there an/4RQBS RIS SRR AL RLiRerReR, these dR AP Q.Htfg'(?dy against the

or y‘throadm&l{ﬁ?l_ggag] of a}[ TPO receptor agqnist, other 2 than TPO o

YEOIBERN HOMEERR't3 BBt 1B StPHERS faftato i Ssrioncef qggthropoietin. - When

this antfpodyPagemverted into a monovalent antibody (Fab), it retains the activity to bind to the

EPO receptor but loses the signal-transducing ability. This suggests that dimerization of the

erythropoietin receptor mediated by divalent binding is essential for the signaling (see

Non-Patent Document 2).

Furthermore, there are reports on ¢-mpl-binding antibodies have TPO receptor agonist
activity (see Non-Patent Documents 3 and 4, and Patent Documents 1 to 3).  Such antibodies
have been used to promote the growth of hematopoietic stem cells,

For example, an experiment that examines the growth of cord blood cells after single
administration of TPO to NOD/SCID mice to which human cord blood cells (CD34-positive
cells) are transplanted (see Non-Patent Document 5) has been reported. According to this
report, the frequencies of CD34 positive cells did not differ significantly with or without TPO
treatment.

Furthermore, there is a report on the administration of a TPO receptor agonist, other
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Document 6). This document merely reports the enhancing effect on
platelet recovery, and not at all the effect on the engraftment of
transplanted CD34-positive cells in thé bone marrow. In addition, another
experiment has been reported, in which a c-mpl agonist was 5
administered to NOG mice (which are more immune-deficient than
NOD/SCID mice) two to six months after human cord blood cell

than Ther{d&ntEdA{EEs. NoreRBdmidDoospentiinAcodetingset(sehidlon-Patent

Docurlegunentys Qé&i%ﬁkt%&%u PGS mﬁ@%&ﬁ&ﬁ%&%ﬁﬂ?ﬁﬁﬂ&&&%&%& and not

arrow. Furthermore, another report describes that blood cell recovery
ot all g PR S A BEIBF Rl By L AT Ha At LG P Bpe™
oflagve}qﬁﬁ,ommo@eﬁsﬁczmﬁﬂﬁ,u&n rdgdpratieint aftieh umapl eorchistoogs
adminfERRSP RN idOWsMER @@%f@%ﬁﬂ%&%@ﬁ%i%ﬁg%ﬁe@ eﬂr)l rﬂi[ce) two to six

adminhstered to enhance trilineage hematopoiesis (m

monthy SHEHAGEH 48Pt el dreed W&Pgdaﬁe%ioﬁh@aéﬁéc@wwﬁbnewOrdm
to this e profifedbéd-anstiiferdRtiatien nfveRR4rpositivasedlls (RedMomBatent

D%H{HSH{&L, %%%Wpé oﬁ%mgseﬂpa&%got%?5%?“&5%0@%%%&%{;%0&&%}1}1

efficiency was reported o be 15 increase administeri

accelerpisd b ERY ORI SEB TP BEE TS SERFA R EOY ISP Blo ErfadTitand EPO, to a

patientsafggdsisihabiPoats aasisanatiohoniiplaieeising dlsthetbeylireagents were
adminSRUAETulh A0ER AALIERNL RS EL ATAeR O3 pOsive Rells SUNiYBe e
or mention human cord blood. escribed above, nogprewous rep%r S

report dagiuiptitueese o Rk drhdhatalssrar theaprodidmsdon rnddisirseadationof
CD34-potithieddly adeiisterngaintibadies syith TPO receptor agonist 20
activi fiQr.art ents._related.to th esentinvention are show
P b S B TP be

increasgiPpo e [FR i Dfedmeriea] miey feesieo7aan Ropumand®). This
documbacugents HEternGelts, Aal obdhstioply bl 224434 4I 88R) 18%ages.  However, it

s RPN IRt 8 2 26 o D)
Vatseiesgritral ZBoyEo o8 P tark Prsient iscilierentjt3Berijievlenfstaitopoietic
stem cBl10QEuMde IdsdesHBE-AIRACHANBIIINARIEHBNIOCHRERIBNPO receptor agonist
activity.
Prior art documents related to the present invention are shown below:
[Patent Document 1]
WO 2002/33072
[Patent Document 2]
WO 2605/056604
[Patent Document 3]
WO 2005/107784
[Non-Patent Document 1]
Stem Cells, Vol. 14 suppl. 1, p. 124-132 (1996)
[Non-Patent Document 2]
Elliott S ez al., J. Biol. Chem., Vol. 271(40), p. 24691-24697 (1996)
[Non-Patent Document 3]
Abe ef al., Immunol. Lett. Vol. 61, p. 73-78 (1998)
[Non-Patent Document 4]
Bijia Deng ef al., Blood, Vol. 92, p. 1981-1988 (1998)
[Non-Patent Document 5]
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British Journal of Haematology, 122, 837-846 (2003) [Non-Patent
Document 6] Japanese Journal of Transfusion Medicine, 46(3), 311-316
(2000) [Non-Patent Document 7] 5 Bibod, Vol. 107, p. 4300-4307 (2006)
[Non-Patent Document 8] Bone Marrow Transplantation, 29, 197-204
(2002) [Non-Patent Document 9] The Journal of Clinical Investigation,
110(3), 389-394 (2002) 10 Disclosure of the Invention [Problems to be
BritishSokved] by Hehnehign] Thes presemtinugntion was achieved in. view of

-Iggf'e E{@uﬁj[%lﬂ tances. An objective of the present invention is to
[Non provide agenets @ﬁich comprise an agonist for the TPO receptor as 15 an

Japanegefoum eldlemsiusisrMetisimd hlo? Hef8fBoietic stem cells.
[Non-PstathBoobjeetive of the present invention is to provide agents for

Blood pggm%ixg}gjt% (%%‘@”H‘} gie‘t%t{g{f differentiation of CD34-positive

hematogdietic cells, a or promoting the engraftment of transplanted
[Non-Ratemi Iessmveah8imatopoietic cells in the bone marrow, and agents for

Bone IQRO0HTE e se6aar Y 9f | bermeaiqpoEsis after hematopoietic stem cell
[Non_yzggg Ont%tlilce)lq é{lherein the agents comprise an 20 agonist for the'lPO
recep or?c-mpY) s an active ingredient. [Means for Solving the Problems]

The Joppeabed Sdivieal EnterdcebnduttePactitattd €HeRas to achieve the
above-described objectives. The present inventors discovered that the
Discloadmi(r)}i%re iovrénq}‘ an agonistic minibody 25 (VB22B sc(Fv)2) against the
'———%g%receppoﬁnu%ted human megakaryocyte-specific differentiation
[Probl¢meredye ol vae dakbelocytitedls), as well as enhanced the engraftment

of fnanspianiadumaneardiateodidgivad bematepoleticstaMagels  An objective
£ the &(;DB%—go%mve hemato;%o etic c%lls in the bone marro(\)/v, atl\r}%d i duffg ;
© SRR ANV &F RO SRE LT RRes B80S %‘i/ﬁ’(‘?f receplor as
an actiybovgrethienpfesertimiaadrs gunobivé dehat @ EndeiP@liecepiosther objective

of the %%%giﬁt&{?%ﬁi%s@ Q)e{a‘r'@ﬁg?@%ﬁ”%rf@ Qf&'%%%t{ﬁg é%gfi%ﬁgﬁ?fdifferemiation of
- SItve nemal Op letic ce an agen S 10r pro otin e
CD34 GO S AP £ 1o ASSHS LT S OHBE 2 S teP AT S g byated

CD34herst vahems alort ( withont thsihgnG nESE ey @y thgopeittipiomoting the recovery of

hemat&ﬁé?&jﬁ%@&?h@ﬁ%fo%i@ﬁ‘é%@éﬂ?ggl%p?ﬂt&%ﬁ%@f@ﬂf)ﬂéi%g@ﬁgiEleﬁﬁrise an
dé%lf(t)o,d transplantatloni is expected to be effective. In addition, the

. card blos
agonlSE)%gg IVREGFE ChREER 15 ARFEPreceptor agonists could

be used as 35 agents for promoting the growth and/or differentiation of

[Meang‘ﬂzlplé%?ﬁﬁ heparpistic precursor cells, and agents for promoting the

recovery of multilineage hematopoiesis. 4 . _ )
The present inventors conducted dedicated studies to achieve the above-described

objectives. The present inventors discovered that the administration of an agonistic minibody
(VB22B sc(Fv)2) against the TPO receptor induced human megakaryocyte-specific
differentiation (increase of megakaryocytic cells), as well as enhanced the engraftment of
transplanted human cord blood-derived hematopoietic stem cells (CD34-positive hematopoietic
cells) in the bone marrow, and induced significant growth of multilineage blood precursdr cells.
In view of the above, the present inventors conceived that TPO and TPO receptor agonists could
be used as agents for promoting the growth of CD34-positive hematopoietic cells and agents for
promoting the engraftment of transplanted cells in the bone marrow. Administration of these
agents alone (without using G-CSF or erythropoietin in combination) after hematopoietic stem
cell transplantation (in particular, cord blood transplantation) is expected to be effective. In
addition, the present inventors conceived that TPO and TPO receptor agonists could be used as
agents for promoting the growth and/or differentiation of multilineage hematopoietic precursor

cells, and agents for promoting the recovery of multilineage hematopoiesis.
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More specifically, the present invention provides [1] to [42] below: [1] an
agent for promoting the growth of hematopoietic stem cells, wherein the
agent comprises an agonist for the TBO receptor (c-mpl) as an active
ingredient; [2] an agent for promoting the growth and/or differentiation of
CD34-positive hematopoietic 5 cells, wherein the agent comprises an
agonist for the TPO receptor (c-mpl) as an active ingredient; [3] an agent
foreliohaneingithtye tigr aftnent of dradasplastett DB paisj thedow:
Y . " | .
o D ] Dy bmprises
an agopit APF SR ISIRGREPEAE Fettblibry ¥t REHHaIESEEE Wherein the agent
[2] an egenp ises amodgg st deriie ahROrr¢icRptatittnpl) aDan-petivee hematopoietic
[ lent; f W in the agent is use
e, e S R SR PSR R
ingredignfs] wherein the agent is used after hematopoietic stem cell 15
[3] anu@aﬁm@m” ?tim;ih‘g] tﬁ&eﬂ?ﬁ%ﬁdﬁﬂ)ﬂfé{lﬁhpﬁlﬁ%@iﬂiﬁ}Q—me@&@@@iﬁH@ﬁ&@éﬂc cells in
transplantation s selected fram bone marrow tran ntation
the bR B A O R AR R compl s
active pgpgdiejent of [7], wherein the cord blood transplantation is human cord
[4] an bleed fsapspiantalions r2ebiRkiher dﬁﬁﬁtd}ﬁﬁhi!ﬂh@f&@ﬁ'ﬁﬁedﬁ@ﬂi J)%mﬁrisfes an
. adminis more than once; [1 agent for promoting the growth o
agomsl%;/gf%rp hgige%glrse%e S% Cfnri} Tg%g cc[tglflf,%\%ﬁeg} i 1r%j’tlall?agent comprises an
[5] theagismiseferiheng PO rekeptbriberapl)the agsrichwssd dredienei¢poictin siganeell
transpfgtRf@moting differentiation into lymphoid cells and/or myeloid cells,

wherein.the agen ises .an agaonist for the TPO yeceptor (c-mpl) as
61 o, L S e I m the Mt el

transpktedatiesll transplantation is performed for a patient with impaired
[7] th VIBROP PGS funclinnah ihe Ranesparsawstd3ldeRarplatddel WhareiBd from
b the ﬁatltent hias been treat%g V\il)ta ra%tﬁherz‘a# or c emother%%g %ﬁldrjj’ff%ed

one LAV ST, WRE RSP PA O I RPApVeBt & PRI Mo R
transpipatittmoute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL),

eukemi ye . y y
[9] the e LTSN ST SRR Pt A ation i
[10] ampptichfvepr{isdta gh e fahmbiynophgithessantfiooiinerivadaptigtichstem the agent
comprfl re iR fheametped..c [Resfneasiap fedminisicring an agonist

for the TPO receptor (¢c-mpl) 1 a subject; [16] a method for promotin

(111 atygsh ' AnBIOP iy ShtiER O Bt oHe B %@%%?aﬂéﬂéﬁeyeé@i%@ﬂﬁﬁf Wherein the
agent yungreredhe agethsd@oinpliBEsrthesteoimdninistatitgedngagiinis] for the

[12] th-[:%geﬁ?%?f?ﬁ,r wheeRiQ ﬁleﬁjrg%%%ti;etic stem cell transplantation is performed for a
patient with impaired hematopoietic function of the bone marrow;

[13] the agent of [12], wherein the patient has been treated with radiotherapy or chemotherapy;
[14] the agent of [13], wherein the radiotherapy or chemotherapy is performed to treat acute
myeloid leukemia (AML), acute lymphoblastic leukemia (ALL), chronic myeloid leukemia
(CML), malignant lymphoma, adult T-cell leukemia, myelodysplastic syndrome (MDS), aplastic
anemia (AA), or other diseases to which hematopoietic stem cell transplantation is applicable;
[15] a method for promoting the growth of hematopoietic stem cells, wherein the method
comprises the step of administering an agonist for the TPO receptor (c-mpl) to a subject;

[16] a method for promoting the growth and/or differentiation of CD34-positive hematopoietic
cells, wherein the method comprises the step of administering an agonist for the TPO receptor

(c-mpl) to a subject;
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5 [17] a method for enhancing the engraftment of transplanted
CD34-positive hematopoietic cells in the bone marrow, wherein the
method comprises the step of administering an agonist for the TPO
receptor (c-mpl) to a subject; [18] a method for promoting the recovery of
hematopoiesis, wherein the method comprises the 5 step of administering
an agonist for the TPO receptor (c-mpl) to a subject; [19] the method of

[17] atieEref éﬂaﬁﬂtﬁ&ﬁ%&hé’\éﬂgf@fﬂﬂ&ﬁ Hﬁffﬁ%l%&f@@@lﬁ%ﬁhﬂ@ﬁ%@ﬂ&w cells

tem cell tran nIa on; he method of an e of [15] to [1
in the B whereh ﬁwfﬁe MetRoe |t[sl‘hper%$ ed Weﬁsﬁ% ?ﬁ)%{i Ilsrjleég'IL el ‘agonist for the
TPO Iﬁ%@é‘p’lémﬁﬁ%htol@sﬁﬂ{l?fme method of [19] or [20], wherein the

[18] aﬁ‘ﬁéﬂﬁi@@&'%@zﬁ&ﬁ i %E@Wﬁl?'aﬁﬂé?ﬂa legted HrRmm RoNe BRI QWinprises the
antation, perlpher %?Qé%@tem cel transpiantatlon and cord blood

sep o} & E]&ﬁ?&ﬁém%ﬁﬁéﬁf PSS TPIORETERPhE GotePiiGod

[19] theaneipladetion st Corfl Blosdetean sptantalion i1 {28 htbe furdthodiopoietic

stermn Cgﬁ[g,gﬂ,swgﬁgﬁigr{he administration is carried out more than once;[24] a

met roliferati h0|d cells and/or myeloid cells, wherein the
(201 the 53R ﬁf%r ﬂﬂiﬁvﬁ SRS B o eF e hermatopoietic
stem qﬁbEptxspl(@mm)lto a subject; [25] a method for promoting differentiation
[21] tﬂ@%éﬁme'&%@?ﬂ? pe/ Qe eleid ﬁ%&@ﬁ%@éﬁtﬂs{@ﬁl ua Aol rﬁ%ﬁ%&ﬁ@?& selected

the step of administering an agonist for the TPO receptor (c-
from bR B4 BEF R SR BPFE:. wﬁ@ﬂeﬁwéq%lemﬁa&?&eﬁ@%ﬁsl gepd blood

transptaatmmantatlon is performed for a patient Wlth impaired hematopoietic

[22] U RRIABOLENR DAOR A RYe 2] bibemalathalirdl sviieraindia patient
has been treated with radiotherapy or che rapy 28] the met of
transpjayitiffierein the radiotherapy or chemotherapy is performed to treat

23] thecutehodyef ¢i? | ew[hemiaMMﬁmlaszmphﬁbﬁaﬂtmteﬁkmﬂﬁdAh@g[%] a method

for prcﬁw'é?gf&% @éﬁ@gr%m é{% ggg%ﬂ ﬂpeollp&h (9 g})}&%ﬁ%és the step of

leukemia, myeo aStIC syndr astic anemia

admingsiEng;Ye 488415 ﬂﬁﬁ’éﬁ%&ﬁ?ﬁ&?@ﬁ%’ %%teéilsﬁhﬁ%lantatlon is
[25] a appliodlle; pf3Biauisg affancagenist farthenpR&deerpto(er mblndhells, wherein the

methoBOAHBHAN A A ALt AN I S R T eReEe S o subject

] use of an agonist ort receptor %c mplf
[26] ﬂ@r BABYEAT AP brohsetinghabametopeistic amwcﬁféﬁﬁef@mmaﬁp@ﬂs performed fora

patienGHI84pesilive H@m&t@@@tﬁilﬁlﬁﬁﬂﬁn [l rserefan-agenist for the TPO
r(Gp in.the .oroductio of.an a ent for.en n
[27] the%%gqr tn‘%((é)nt févnhs?f) é% ¢ p&% paOSS]IDtI\% errgl)ad[opmeta é éﬁFfaHYtﬁ’é TS therapy;

[28] ﬂm&r?éwd[sﬁ?t]éewe&ﬁleémg@w@ihmxfPmke@epﬁw(pyrﬁqopﬁrﬁom@d to treat acute
myeloRt Oelugnn QAMI@%&H %ﬂfﬂmﬁﬂﬁgz theceasavVeY 10f, LBFPRIORRIASIY 13Rkemia

(CMLE%] 8%291{"[ C}Jm Or;rllss}:“; up ‘f‘ Iicl)euekcggg,)%ge%%s}s&ag?t?c%g%%lrjg“ er}’\/ﬁl)aﬁ aplastic

or pr
anemia (AA) or other dlseases to which hematopoietic stem cell transplantation is applicable;

[29] use of an agonist for the TPO receptor (c-mpl) in the production of an agent for promoting
the growth of hematopoietic stem cells;

[30] use of an agonist for the TPO receptor (c-mpl) in the production of an agent for promoting
the growth and/or differentiation of CD34-positive hematopoietic cells;

[31] use of an agonist for the TPO receptor (c-mpl) in the production of an agent for enhancing
the engraftment of transplanted CD34-positive hematopoietic cells in the bone marrow;

[32] use of an agonist for the TPO receptor (c-mpl) in the production of an agent for promoting
the recovery of hematopoiesis;

[33] use of an agonist for the TPO receptor (c-mpl) in the production of an agent for promoting
the growth of hematopoietic stem cells, an agent for promoting the growth and/or differentiation
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the growth of hematopoietic stem cells, an agent for promoting the growth
and/or differentiation 6 of CD34-positive hematopoietic cells, an agent for
enhancing the engraftment of transplainted CD34-positive hematopoietic
cells in the bone marrow, or an agent for promoting the recovery of
hematopoiesis, wherein the agent is used for hematopoietic stem cell
transplantation; [34] use of an agonist for the TPO receptor (c-mpl) in the

of CDROsHcHaNREANAIRMSREIrOMQAg B,thegravih gt %ﬁg}@f&ﬁ&{?ﬁ?t%és%md

rom@tln g the growth and/or differentiation of

C ent for
D344 é%&vﬁ%gﬁ?@@ﬂ@ﬁ?%ﬁ ?éﬁ&lbeeeiﬂgn%ﬁl%%ﬁ’t f82B &R CIAR RFEmOting the recovery of
hematmgﬁafsme!mroﬁltmnsgmmmsﬁﬁeﬂmwtmmampmmmjﬁmmen

[34] UW(BQW'[ R AN 0L RER ﬁg%ﬁg(??gﬁgtg L, NpmaiRg! grlsﬁromotmg

n the agent. is administere afte ematopoietic stem ce

e
the &G ERAIGRC 5P B GO0 347 Br A s ScErei e iferntition
of CD3{eposteliciamspianiation ¢l seleatpd dfomAhhoing thaaw.ianrsp lanfli@planted

CD34 %Eﬁ%fﬁéﬁlﬂ %ﬁ@cgﬁg ¥ QB@'{% dﬁé S V@n(% &8 %Qn?? Igrr%ns&lan tflzorcgtovery of

6] the use of [35], whereln e cor dtransp ntation’is ht

hemat‘H?Béf‘dlﬁsa‘ﬁEﬁlﬂﬁtﬁﬁo?ﬁe%‘ﬁ] ftﬁ‘éuﬂéfée&f {aEriRERRPE SHMiSHA oAl tation;
[35] thearsteot 630 Joofa4harherdie 138k tisgopb i agenisteio s Pl e 6ePtRIected from

t ting , 15 the growth o
o SN OO 0SSO S0 IR
transplantaligs; (c-mpl) in the production of an agent for promoting the

[36] thdiffeverfifiasiprwinieiyntehoid selisiangignanyeleidicalis:dAQhtaa1ssa abidBlantation;
[37] m@"ﬂ?é%'f‘ﬁ%ﬁ Namaien: éeé&ﬁ%?@raﬁe” tzrsaﬁ?}%:]agﬁl%‘e’nr}ogne tformed for a

patient Palred ematop0|e IC Tuncti marrow; 20 [41]
[38] u%ﬁ@i?ébaéfﬁm] q s diRQrecs e torl biseharerad ithokatiagratioy promoting
‘fhe grosh@roothensiytd aetls i shenysiviafddld, wherein the radiotherapy or
ther er ed to tre tac eloid leukemia AML acute
3] ui@%.%g aéﬁtlgg 85 tﬁgg? E?_e)p onl L}l'?t‘lyerl%)é SIS °(%ME¥€H for promoting
the di%@ﬁéﬁﬂﬁﬂl%ﬂ@%ﬁbomlﬂa@@imenk@méwﬂ@eIodysplastlc syndrome
[40] theMIBS)f ﬁ}ﬂﬁiﬂﬁeﬁi@fﬁﬂ’t@ﬁﬁ)@ﬁﬁ@H&%ﬁéﬁiﬁ@@lﬁ%ﬁ@p%@hm%%%é@ for a

patmns\g% ceII Jran sl{%lan atlon is %Prpc%%bcl) s Brief Description of the
awing pres%n!te alagrams ShoWwing tHE BHELt of sc(Fv)2 (hvB22

[41] thezwvzﬁ) @M:tﬁél@ﬁﬁmﬁb? retigiff&esrichn tnericdd odthcetlibtieages oMbdamotherapy; and
[42] th%ﬁib@@ftﬁ[fﬂ]nwﬁ@@ﬂ tlh)g RSP VEF cﬁe%d’ﬂ'ﬂ&%ﬁ?q %I'fﬁﬁagc'(%ofgeat acute

nts.a m and.a ap owln t of sc(Fv
melo L e B B EINIBE Lol e S BT OGt gpbemia
(CML ) nwielagsanbyybarsosa sdmt Tl lvidoxon, mlﬁqusﬁlqimetsemdrdmg IAI3S), aplastic
anemiSNOWING- th@dose-seRendenticHast Q)tfﬁ?t({: 1Y L%em\égl??réi%ﬂ%ﬁngﬂ H]gpphcabie

number of different human blood cell lineages (mean (thick bar) +

Brief Description of the Drawines

Fig. 1 presents diagrams showing the effect of sc(Fv)2 (hVB22 u2-wz4) on the number
of different human blood cell lineages. Mean values are indicated by bars; SAS ver. 5.0
wilcoxon test.

Fig. 2 presents a diagram and a photograph showing the effect of sc(Fv)2 (hVB22
u2-wz4) on the number of CFU-Meg colonies. Mean values are indicated by bars; SAS ver. 5.0
wilcoxon test.

Fig. 3 presents diagrams showing the dose-dependent effect of sc(Fv)2 (hVB22 u2-wz4)
on the number of different human blood cell lineages (mean (thick bar) + SD;
Jonckheere-Terpstra test). In the diagrams, MAB(H), MAB(M), and MAB(L) indicate groups
of high dose, medium dose, and low dose of hVB22sc(Fv)2, respectively.
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35 Jonckheere-Terpstra test). In the diagrams, MAB(H), MAB(M), and
MAB(L) indicate groups of high dose, medium dose, and low dose of
hVB22sc(Fv)2, respectively. 7 Mode for Carrying Out the Invention The
present invention provides agents for promoting the growth of
hematopoietic stem cells, agents for promoting the growth and/or
differentiation of CD34-positive hematopoietic 5 cells, agents for
enhancing the engrafinent of transplanted CD34-positive hematopoietic
marrow, and agents for promoting the recovery of
vhePer ¥R agents comprise an agonist for the TPO

reteptoe ;Hmipi\)mgkoni_gt(aa'cms aptive fogpeshestinkl ereinafieh oNRseRGRINEC stem

cells, %ﬁ%%%&ﬁ@l%'ﬁﬂ%{ﬁﬁ%q H?ff%%%rﬁ%%{?ﬁ (Qtf %ngcs)gﬁ% Ven%tlﬁ)g)dieﬁc
e present invention provides agents which comprise an‘agonist for the’ ‘
cells, agents ot SpsPCieg aniRgas ma fvesgasiechies pranistnd ereigraigtc cells in
the borf memato poictigeatefocpiisnbibigihe fagonist orefermiopaisulbstiangsithat agents
r [ nction similar to that.of a . .

AL LT T —
these agentspie sometamestsrEddy, rfistbie sarareighf denpsandiasendion”.

arﬁﬁmpﬁm’fhﬁz@rﬂﬁhﬂﬁi@ﬁi@éiﬁ@@ﬁﬁﬁﬂ&higﬁﬁﬁii@d& E}%Bg@ﬁi.%thQ@@O receptor

} ihodjes, Jk s tibodies with, altere ino acid sequences, 15 )
o gpden bR ST SN IR
agoniph or it RBiesc thahicks ome repemtatas! @sedxamiplesiposmibrsto that of a
neurotmm@@'ﬁ&xphb&@hhﬁ@ m@hglyﬁpl) e AkadksyT Qﬁl@ﬂ?@%@ﬂ@ﬁ\)&{lﬂoﬂl‘iﬁ%&‘&ﬂr are not
. ains, rein, atopoietic stem cells'. refers, to cells that c
gm@%@&%%ﬁg% a%@i%/%% %r?ﬁ?/%néﬁgﬁ éells %crhfcr?yeI;%B@@iggﬁ%eérgﬁﬁjﬁgresem
inventigaaciiide RNRIRSOEAtAROHEh dRshislisticatdhod e vatls abfaied presentid sequences,
such asimn‘emmeﬁmtﬁﬁm&%r%wbc@a@st%@faﬁ{@%]@éiaﬁ%&ﬁégriﬁs"@kﬁgﬁaﬁﬁbodies to
. e the. cells inclu D34-positive hematopoigtic cells.. The

i S T eI R R Idote Sttt ond
aﬂtlb@‘é@ﬁwﬁgﬁ&@@ﬂ&?éﬁh@@%@matopoietic stem cells and CD34-positive

heﬁeﬁ@p?i@a@aﬂ;p@%&ﬁpgt?ﬁfiI§?1ﬂé?@§&§ﬂ>-eeﬁgi&ﬁi&%1aitﬁ9@§@ﬁt&ﬁ% any type of

include, for example, multipotent stem cells, lymphoid stem cells, .
v o R T oot o A e G oSl stem
cells ofiémpresseletic piéoursdlcoelis thstetsito BDBUamqeestinglaetibdhabare;ihowever,
the celip@RASP M Hiffsreatationdpifetynreid agllsdB sell3xiticelinfthoietic cells
areahStUCh or m e|ﬂld cells (neutro hle,rg nocytes, erythrocytes, .

e ST IR LA B - BeSH naioRs e aedls and
CD34-perdtisgdietiméenrpicor precatsarsteliie Whked thadivesttive bémelbpoietic cells include,

for exafi qaﬁlﬁtﬂéme 6@ identified; iGadly: WG IR .
e H%r CD34 égr;?ep%%g%e{gggl% Hrgg%gga?ﬁyr{own to th%%relﬁs%ﬁ%gﬁp b, and
e,

re ) I .
CEUNE o P Bk air it S HIIER i ERBIABE TR HEOBERRAITS to CD34-expressing
cells thetevaitothe papyess ol 8iffaentade (Rabyrm Subie dalho BtallsT ect8k AfFsuch) or

myelox@léleﬂslUﬁ%§tt®%ﬁ§%ﬁggﬂ§§%ﬁﬂﬁ¥%g’%@gé‘%%&‘ﬁg@g%&%&% but lave yet

b d."promotlﬁ of growth" méans that the growth™o opoietic stern cel
cen digr e A B A TS E e S T @i 84 uann  Iarikipopistetiondmell
differegedisoandr@D3de pdsitiied morphologically.  Whether or not cells express CD34 can be
assessed by methods known to those skilled in the art, for example, the method described in the
Journal of Hematotherapy 5, 213-226, 1996 (Robert Sutherland e al. The ISHAGE guidelines

for CD34 cell determination by Flow Cytometry),

Herein, “promotion of growth” means that the growth of hematopoietic stem cells or
CD34-positive hematopoietic cells (CD34-positive hematopoietic stem cells and CD34-positive
hematopoietic precursor cells) is activated as compared to before administration of the agents of

the present invention. Whether or not the growth of hematopoietic stem cells or CD34-positive



10

15

20

25

30

35

35 hematopoietic precursor cells) is activated as compared to before
administration of the agents of the present invention. Whether or not the
growth of hematopoietic stem cells or&D34-positive 8 hematopoietic
cells (CD34-positive hematopoietic stem cells and CD34-positive
hematopoietic precursor cells) is activated can be assessed by methods
conventionally performed by those skilled in the art, for example, by

hemat ?&Mﬁsc@@ﬁﬁﬂ@sﬁﬁgﬂ%ﬁ% f HEMARALTE BISML GEIS Phematopoietic
45450@1 sitive hematopoietic ceIE (CD34-positive hematop0|et|c stem
precurgog ce B

BAEDRED 60 Ferms &E't?&hﬁr%“cﬁﬁ‘%?l}f&%g)l BRHLIGE b ose
skillednunrtiver(ofocetonmigdy, dfy eteetiopaictizngten tellsrowGD34-plsitiveopoietic stem

cells o SNIOPARIL GRISAGRRiPosI v PR ﬁ&?@@tl&rﬁgﬁfﬁo@@ﬁé QQ& cells and

CD34-positive hematopoietic precursor cells), a change in intracellular

CD34 aaﬁaﬁﬁ TROORRR H’i%%j‘?%ﬁ%ﬁ?%? hi RSOl Hecstamhes fefgolonies) of
hemat@GDRAiqasitivelhemaiDpdiptici tel hiet:D3bipdsitiviisHeMatopeiatic: stemtopoietic

stem CEEQW@@%}%%ﬁ@HQn%%%BQ'ﬁ%%\ﬁ‘ggg ltlﬁg %eélﬁ%n 519[%%1"&’1%6111113:{ signaling

Furthermore resent invention prowde a entsw comprise

involved it the gomid afpemataasisitcirmpsells ah epﬁfg?’é@lh?ﬁ“?é?m&%ﬁﬁ&
(CD3 ftlr;e)sgmwttemladipaszdtfmmlaﬂbmnﬁ CD3#mssiticehbenatepeietiariisor cells), or
1, Herein, "differentiation of CD34-positive hematopoietic cells” refers to a

process in which CD34-positive hematopoietic cells that could differentiate
Nt ECHRO By SR ST AR BT E IR 5P WS SRPBIS 8 5 Fb o MaRs s aegist for the

TPO renghtare deighninedadoidifieesirie bigpapaticy ke gelliypanara cﬂmeﬁﬁaﬁon of

e tiat t ermne eTec es . .
con DI S 005 D LA
cells” prdrnte gatEtre stém ﬂ§ Qm%%ﬁﬁ@@ﬁmé’[ﬁé%téﬁél@ti@%r@@dﬁs@ﬁemﬂ‘ﬂa‘te into
any type H)S’)lydlifﬁbﬁﬂlﬂelﬂe rclugieo llWearehRakasHe Ukl Iyt dteNited e Benpheidd to

dlffere%?uii 1%0 a§ T & "S cBllCte ”Sa’té?e %a Sgr)li%cNeKs & I\INSIIH H(%hmgel Olg1ﬁglr|<:s %a& zr?to the

erythrocyte eu ocytes neutrophils,” monocy
detemé@@qlr@&rm@eH efdif Ceﬂrafﬁ@‘tlﬁﬁ%whiﬂétb%ﬁidﬂ%ﬁpméawslma@m@wtw cells

(CD3ﬂﬁfﬁ[ﬁﬂélﬂEﬁﬁt@@C&ﬁ@i@Qxﬁ&iﬁO&Iﬁ@@E@i@)@ﬁfﬁf@&%’ﬂa’cﬂiﬁﬁ&ﬁ@ OERRr cells)

sent |nve tion. hether ot the . |ff ent tlon
dlffere& %lnog‘l ?ema?opgle mul salls?%c /A ealcan 5158%‘ go égeg cells,

and Nﬁwz@rﬁémglkhbwﬁwqﬂm @Rﬂﬁé@pm%é@@m@m}ﬁpl@ﬁsm@@mﬁum
mono%@m&%gﬂgwth rate of cells, a change in the number of cells, a

in.the intensi racellular signal in.differentiation,
RS ST el ey e R
compa@qbﬁtaﬁﬁﬁymadmrm@@mned ﬁ@mmoméﬂtﬁsazmwneusmmme boeetizrownot the
dlifﬁdﬁt\{fﬁ%ﬂf@D&%?ﬂﬁ@@ﬁ?ﬂ%ﬁﬁ%&%ﬁrﬁlL%ﬁé‘&?@néaﬁﬁgﬁfg?%@{ %zé?fr‘!ée assessed by
metof 3 TRSD 1B RS Sk A0 oy SR TEle RSB h NG, o th rate
of cellgrardpiogtén !ﬁm&qb@smﬁeeﬂ@maﬂw@tmthelismsﬁg bbmérmelindar. sigmaling
mvolv@('i‘%Qf?ﬁ%@éﬁt%ﬁ@'&%@Eﬁ&gﬁgﬁé}&%}“@cﬂ@ﬂ%@ﬂ%ﬁ%%%1ogy, or such.

ositive hematopoietjc stem cells an 34-positive
18 8’[8’{‘1%"31 SRR kﬁfﬁ?@@@&ﬁé%ﬁsw S PBOWIS BRIy required in

hematopmehc stem cell transplantation. The present invention provides agents which comprise

suc

an agonist for the TPO receptor (c-mpl) as an active ingredient for enhancing the engraftment of
transplanted CD34-positive hematopoietic cells in the bone marrow.  The engraftment of
transplanted CD34-positive hematopoietic cells (CD34-positive hematopoietic stem cells and
CD34-positive hematopoietic precursor cells) in the bone marrow can be promoted by
administering the agents of the present invention. The presence or absence, or the degree of
engraftment of transplanted CD34-positive hematopoietic cells in the bone marrow (the

engrafiment rate of transplanted CD34-positive hematopoietic cells in the bone marrow) can be
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administering the agents of the present invention. The presence or
absence, or the degree of 35 engraftment of transplanted CD34-positive
hematopoietic cells in the bone marrot (the engraftment rate of
transplanted CD34-positive hematopoietic cells in the bone marrow) can
be 9 assessed, for example, by determining the absolute number of
human CD34-positive hematopoietic cells in the bone marrow of

asseSSM§%%m aewgiﬁt?f 3 HampRNBRIMALORRIANE ggﬂm@@@@ angﬁﬁ%

s.can he identified a ouse row cells

hemd;ﬁa%a@ﬂ%aiﬁgnpﬁ%mﬁﬂﬁg%@@iﬁ LR AMBOAySr 5&1@@?@?&?@ cels

are tragyeificdlly Hheanegrdstoaries dent fofdramspizihteh @B3depositiverw cells by using a

fluorefRMARRRIEIK GRS (e be Bﬁ&ﬁ!ﬁ%ﬁg@&%t@@@%ﬂ'nsﬁe@ﬁm the engraftment
{?Ilogérzg%pé)gbﬁg res Flrs(tilNOD CB17 dc<?ﬁa% /J mice, to w zlatﬁt " b

rate of fERRsm AT PRavE WB‘SQ‘&% SRS SRR e dgtermined by

the folipwiegthanicbddahre & e ekO BB I dhrkdlareition. e rightland defhan cord

blood JERVER a8 eRfissiesh and ihee ek cRINYAGA RATIABS AL BRAUGH-RY after

cissors. B r lls are flushe ut usin a 26G-needle syringe
mspf@ﬁ&%f’cougﬁ?ébsg& V&é&%&%ﬁ&%&ﬁ i g} SapEepphy 3¢l grortions are
remove%ymuﬁerbjs@wmnmwm adﬂieai‘eafhdsmhé manhmgls aﬂﬁiw&ddkm staimgdand

collecfi¥e MiNER I8 fﬁ&'ﬁl@ﬁéﬁﬂfﬁgﬁ% @%j P%ﬁa%rﬂﬁtgpgﬂ%ﬁ?@gééelgms solution is

Then, the precipitate is suspended in_2 ml of IMDM containing 2%

addedzand S BB IS RERSHIRHTBAGACE FeemingRTorahect praphte crBied and
supermutartosresibwsdsparisioni(2 petdipodenunsfendat nbovise) IV elntaining 2%

FBS. fﬁie%ﬂ%%ﬂgﬁ,@ '9%1&&?9&%&90&89 alv%%@ Qllﬁﬁra%@g%%%%sﬂé &%&?abq% w cell

5 minutes with a fluorescent- Iabe ed uman spec ic anti

suspengipn? KGN e SHRISR GRS AR AfreRedhiMepsnipn wrakewaddnig L0 Y
samplik)aresdentobiariel etiare dadEtinamddh e/ ghgraticnesntnumbgeQfHumman

CosR erm?r‘%é#??f?dr%%%?e A T nZ"fia sl

Flov-oHB! TS EAEHPALIGH b FER & A oRtb 00 FREFABERSH EBIRRS

CD3 4%050&1@@%113 [BéakmdncQ asiigrie @,B’Itﬂi(eﬁﬂlﬁelitﬁl%@bﬁﬁluwmﬁﬁﬁfaﬁon may

be per%gt%re%n% u&ﬁﬂé?éoggcgﬁlil IIIE A b%%hca F{S e rPm, e de a%solute
using a variety getection-antibodies 5Soluite umber of

numbgfsceghtSHEd 1A the tWes TéRrskaman @w&% df@d) by Iwi@f@qmwhs@ahsﬁhwwumber of
differéhbBoliie blombesdfiheipan cells bofletasrminedavdly aideelishtx Jidg a varlety of

low: nta unt ad d le amount add d(
et e R S T mdne i
represgqfes&%dlm@@mmgl{wmphocyte and CD34+ stem cell counts by
Absolsio g@rmaf&rmlﬂ@w @é{l@ma&mﬁﬁe&a«m@%@rﬁfﬁy W1 MBI ous@Piount added

(50)/s 10%34%111105 @gleﬁ%%rraor?@%etﬂen%raﬁmentPrate of transplanted

ic ce SN mbone marrow of human

(Bafﬂ%&e@@%b\ze%ﬁbﬁ hehigrtispoiked! Stbim duip S pldrtativmpbersagsand CD34+
stem 28 ElafMinethdRrAxamRgldAdiReHEBY: MERIRIRG-Ihed s e YaBhatol .,
Sep,l&ﬁ%ati%%%a |898855pheral blood, instead of using the methods described

Furthermore, the engraftment rate of transplanted CD34-positive hematopoietic cells in
the bone marrow of human subjects who received hematopoietic stem cell transplantation can
also be determined, for example, indirectly by monitoring the recovery of hematocytes in
peripheral blood, instead of using the methods described above.

The present invention also provides agents which comprise an agonist for the TPO
receptor (c-mpl) as an active ingredient for promoting recovery of the hematopoiesis. It
generally takes one to three weeks after transplantation for hematopoietic stem cells to engraft

and leukocytes to recover.  Since there are very few leukocytes in the blood during this period,
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The present invention also provides agents which comprise an agonist for
the TPO receptor (c-mpl) as an active ingredient for promoting recovery
of the hematopoietis. It 35 generally takes one to three weeks after
transplantation for hematopoietic stem cells to engraft and leukocytes to
recover. Since there are very few leukocytes in the blood during this
period, 10 the problem is susceptibility to infection by bacteria or fungi,

the pm&ﬁ Roaneumania-SHIBAPES b1 ANRIPRLIBKES AR (0 [BIMASKS Furihermore,
it gene{fgf 6% Iantatlon for hematopoietic stem cell$ to engraft and platelets

e dhavE s SR eP mrdiets iRy ﬂ?&%ﬁ%@%ﬂﬁﬂ@%gﬂs to engraft
and plygekitrithesoprableinis sisceptibitity fovbidetiing: Rrdblelosddgengitigdheriod, the

problegleﬂé‘é’ﬁgé}ﬁmﬁﬁ%@ﬁ%@ after ﬁ’?&ﬂ%@fﬁgﬁ%ﬂl Ygo @é&?%?%ﬁ §8ICSIS after

solved by using the present invention's agents Tor promotin overy
transplgpialion fpdrisiResa SRgiRe: %ﬁ?o%ﬁ%%ﬁaer@m&wﬁﬁ%ﬂ@aimg@r promoting
the recmmnsfﬁlmﬁdrtemaisnpmeﬁa&mth@ﬂmmmmﬁmmheIﬁea@trla@teﬁl&smwppﬁrﬁﬁ means

that he‘iﬁa@%%f@sgqﬂw{ﬂéslg@{é%ﬂébﬁls%gﬁ%%eﬁfa@g rﬁgl%ﬂ cp ggﬂ%@ gdnvyzir]nes ra 1811 of the

or_not hematopoiesis in the bone marrow is ac vate can be assess
agents e IHAY I S EHigRo oy heBE U 8RR b@ﬁﬁﬁﬁ)@w%@dhi@wm@mw Activated
can betiagereddnt invention aﬂmmmmtgsea@emrwh@bﬁ@mmm agonist for
th clh nt fo moting growth of
LRSS ) G e B R O o o

the TP@éé%%@@rréC;ﬁhpk}r%m ﬁEF@ﬁé@Eféﬁﬁféﬁ%@ﬁ@nwft%&fﬁl‘é(ﬁtéﬂ ivmphoid cells and/or
myeloid R34 positiy erbameiiopaietc GellsvgdheHao B@dﬁ@dﬁﬁ%ﬂlﬁ@ﬂl@@@gﬂﬁt f@ﬁgraﬁmem

of tran B o O MOl 05 R0 A R IA A BB P B MBS R for he 1O

Ineages Incre xamp e agen

see t
receplon ferhph. foF ﬁ?élﬁw@é h@hﬂér@pbmﬁf@fqyﬁmé @caéwshmlﬁwmml Eessthe
Exampiee)bases @glbﬁ(;i@%W@rﬁﬁ@iﬂlﬁﬁzeﬁﬁﬁdm%@iﬁcﬁﬁigﬁﬁ @@mﬁewmp%md cells
ntign. inely ut are not limit T ce ce S.On
and/or ﬁ\\g %er% inc eeﬁ%semyelt&% % alis mcng%S bulﬁ'glre o |m|te0ﬁ‘tS Og?he present
1ﬂVem’é’FytﬁF%}é§ﬁte§uﬂém<@%Wé%H?ﬂéfeIgtéelﬂmtﬁl‘éﬂi}ﬁwﬂtiﬁ‘éﬁd@ﬁt%s @ndhe other hand, the

myclogsinopiilsd2blhednesantiibyentersiiscaverashial /R, puaBistfethfophils,
cﬁfo regegtor (é’:hTspl) activated the differentiation of CD34-positive
mono S

op0|e IC (CD34-positive hematopoietic stem cells and
C3ba pessnienrentratoporencrprcbarsoragens)t ke (RGpresmmoir(ventibractivated

the d1f%&ﬁﬂ?&§)@@ﬁ@§3wjﬁi§§m9ﬂﬁﬁo%&@ﬁ9@§kf %@tﬁe&ﬁ&@d’t&ﬁm& stem
tlve%1 redient for ﬁromotl d|ff nt| on Into lg?ﬁé)fétold cells

cells an ok m@eﬁl A e?pl&ﬁg?é? tﬁl‘ec%lér E%Eh%B invention provides
agents h@n@t@pmmae@enme@[ssﬂxpmm%}v@mwpm(pbmeﬁsw@edmm for

promo%ﬂ?@ﬂiiﬁloﬁqm@@'ﬁ%%ﬁiQ@%@fo?%‘?éigiﬁ%@@'atﬁé?éﬂl'Qﬁg"gﬁls which
h0| cells such a d'NK cells, and myeloid cells

e+ fiRig SAHRBRYES CFéW?e préﬁ‘é’Fe TR R HAS RO SR Md-positive

hematepssttsghitsuFhecaendsicr thEgedsentnicivéatipmstrei d seflsl inchraniotielts, B cells,

and NENG: G50 Al BSMAURAIRLE 13Q:SIRMSRUS 1 PHRROINg She.arQuib.andiars

differentiation of CD34- -positive Hematopoietic stem  cells, enRancing the”
monocérf?érélﬁ EMtStRrafisplanted CD34-positive hematopoietic stem cells in the
The agents of the present invention are useful in promoting the growth of hematopoietic

stem cells, promoting the growth and/or differentiation of CD34-positive hematopoietic stem
cells, enhancing the engrafiment of transplanted CD34-positive hematopoietic stem cells in the
bone marrow, or promoting the recovery of hematopoiesis, in hematopoietic stem cell
transplantation performed to treat acute myeloid leukemia, chronic myeloid leukemia,
myelodysplastic syndrome, acute lymphoblastic leukemia, adult T-cell leukemia, aplastic anemia,
malignant lymphoma, and other diseases to which hematopoietic stem cell transplantation is

applicable.
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bone marrow, or promoting the recovery of hematopoiesis, in
hematopoietic stem cell transplantation performed to treat acute myeloid
leukemia, chronic myeloid leukemia, myelodysplastic syndrome, acute
lymphoblastic leukemia, adult T-cell leukemia, aplastic anemia, 35
malignant lymphoma, and other diseases to which hematopoietic stem cell
transplantation is applicable. 11 The hematopoietic stem cell

traﬁﬁ@@?ﬁ%@bﬁti@&ﬂ%@%ﬁﬂ}%ﬂ%i%%ﬂﬁg QNG M LWon ingl%cilg% gone

transplantation, peripheral blood stem cell transplantation, and cor

mmw&w&aﬁﬁ?&msm@h%}n@ﬁ%f@ﬁmﬁ@ bershivaationand roufdiedor

transplutitjan. geWéral, rpesitirenabbloosbsemettotianspaktatian and K Oidgeneral,

periph@%é%@_lﬁ‘%@p&gn%‘?amgﬁ% g@&r&%gd()# 05d I{}a%ggllzt:l%}cgtltgnba%g%Egg{g%\évrried out

i transplantation. c-mpl is a TPO receptor. The gene‘sequence of humar

in addiipRdiorang BErTanERPsalaERiaRios et al., Cell Vol. 41, p. 727-734 (1985):
Genbahls NNPOGEEH)r. FUTEsmRr Sedieneatanagas QhPINANBIEH S nalyzed

I leoti );-52; aming.aci ID NO; 53
e BB A O ROHo A S Kot Thb aipegere the
sequengefed synamoess movkghemeliiplalsehduhbin B D Rousinoe acid/SEQ ID NO:
53) an&urtheenarg)] ¢craphahit WMQSQUBM\}%@%E%flﬁk@mdgﬂﬁlaﬁﬁﬁﬁpﬁ%'d.sequence of
' j id. substitution, deletion, addition, or such, in
hummg%g%éﬁ%ggn%@%%‘éd#&”y’ the c-mpl mutants include, for .
exBRBRmAE gl nlthnpsesestiibeatiovacdhites BaliphateriBDRIutants with an
amino BELIQEHBs MOt h( dBlexidn, RdEdRHE28P %ﬁcﬁ%ﬁ%t%ﬂﬁﬁﬁﬂié@\é%%&n’ giﬁ@ﬂéally, the
imitati n the agonist for c-mpl, as long.as i , activi )
e B O A R it Ay e e
BLOOR#¥pntiatdn: df 039388itve hematopoietic cells, to enhance the

engrafépentef Hanspantac-GORAMRIGE REMRIOPAHEHGHEUSI B810ng as it has
the actp‘g etgnargow{ q&’lgo 0ro ot htg}%artecover%/ of henilgtgp lesis. \ het’he20r
hofa candidate compound e el EERIG RS Bt oMftigedhirds
differeptiatinia A positivs diekitlopdietivecalls, tAgohistic dutivityriGmgzmpif transplanted
CD34-fRfats toithe-astbitydedromete B&%@ﬁ%&'ﬁ@@%ﬁ@%@éﬁﬂﬁ%‘é ?é%‘%&ﬁ' Iseor
e

the. growth.and/or differentiation of CD34-posjtive hematopoietic _cells, to

hematopeiests:o oA ST SR A SIS RTRRG B8 A4S SUShiget i SRB 5 spafirmed by

methodsehisawme Bone skildedow tlor 20 promote the recovery of hematopoiesis.

Dejespinatior @i eRQ0MNHC-AeivIY e £aRRE RESIomedRY Msiheds

knov¥nt those skilled in the art. heageonls,tlc_actlvﬁjgay be “determined
DAt O Bhiy TR & by BB UG i SEreie iR A< rerihicdmppoictic
cells, tasrrnirdibatag@imeraniplenthizagd it aetkitiy € Asnbaogeterimiatid in the bone

marroW iR %%&@W@H@%c@%ﬂdm&%&%ﬁgﬁﬁgeCiﬁ%%%ﬁ%ﬂttﬁoﬁg%@é i%/%%%%c activity

e O
determihed using not only the activity of the agonist itself, but also a different activity as an
indicator.

For example, the agonistic activity can be determined using cell growth as an indicator.
More specifically, an antibody whose agonistic activity is to be assessed is added to cells that
proliferate in an agonist-dependent manner, and the cells are cultured. Subsequently, the
agonistic activity can be determined by counting the cells using a hemocytometer, or measuring
the cell number using a flow cytometer.  Alternatively, the agonistic activity can be determined
by the following method or such. = A reagent such as the tetrazolium salt WST-8 (Dojindo
Laboratories), which shows a coloring reaction at a specific wavelength according to the number
of viable cells, is added to cells, and the resulting absorbance is used as an indicator.

Cells that proliferate in an agonist-dependent manner can be prepared by methods
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agonistic activity can be determined by counting the cells using a

hemocytometer, or measuring the cell number using a flow cytometer.

Alternatively, the agonistic activity cane determined by the following

method or such. A reagent such as the tetrazolium salt WST-8 (Dojindo

Laboratories), which shows a coloring reaction at a specific wavelength

according to the number 35 of viable cells, is added to cells, and the

e.ls u nd| calor, Cells that iferate,i inan

knomg?éokri&'%_ epen u §rﬁ9 ?nagmzls%a?@ réparedabrecrr%t grdﬁ %J ﬁg\?\}n%m“rth signals,
cells eﬁi’é%%’l&ﬁéfa TREPREORPRAF BE é‘)i%i‘nplg Wﬁ@%d@b@@rﬂtm@ﬁ%é@%@m transduce
cell grgmhl'eﬁlgsiglﬁdfchﬁﬁﬂﬁceﬁé@é@ﬁ@l mgﬂﬂ@ti@g@ptae Maydeg ueedoHEY BAH VB N pior
capabl\élg?ﬁe%gg&g Rgéeq aﬁd tﬁelé:)gﬁrow l];\&agﬂggi%%% Ism%gcfgt% incapable

receptor cons tlng the |n ace omain or a receptor capa
of trangdiang aﬁb%@w@@wmiwﬁa@w th@iéhﬂ@hmm oRNon whR becaptossed in

cells. intapplessiat tféﬁﬁdié@lﬁal@ﬁ@@%lgﬂﬁﬁﬂfepf&%@ﬁ RNELENG-CSF receptors,

hi en tor. ma ex ressedl at transduce
mpl, nglé’llr%ﬁr/gv(iv:t S|gche tsml‘?f e, TOr %Smp lt’ctﬁié § S(»S—&éc%ﬁ%r%mr%g ?ﬁgﬁecepmr
ncludg fpresimralee Brii, E%Q&B&Bfé; EIMIPFL T BLEGElId XS Biffessing the

regeptaetiRabidedorexanmie (Ba Ry N&@ﬁﬁ}n@%@ﬁe ltggr@ﬁg a%uQFﬁ} |352kmg as the
KT-3, A det tion |n cator n be used fo determ%n g the

e R S RO R ont ool it s
posmbmamn@ﬂ@lé ﬁﬁ@lﬁ?ﬁ%}umﬁi@mﬁé%Iqaﬂéﬁsediwsexanmwmsumsﬁﬂatedcame

indicaeRd-iee mssay dadicatarsaeell- b@%&%ﬁé@@)‘é&l%ﬁ&%% cﬁ%ﬁﬁ@aﬁ@éggdﬂﬁs@[ahtatwe
ch |nd|cators ar]g]g?\vwo |nd cator matic reac ons or
anges USRS AP/ qua S\Hffé a}ﬁlﬁ%?é‘fﬂé’; Bkt 5P BNAS caich

emym@téﬁﬁé@t@mnu%ador&hesempieemmwl@uzahsknzwn‘adms;eaganmmsfer reactions,
dehydﬂﬂ%ﬂ%a@%’bﬁ%ad@l@ﬁ BRR R IERS LIS REHARS - SHGRL ARS8 ons.

ac |on deh dratl ehydrogenatlon reactions, and

Aitema%%e H béi?gag?%ﬁfggl%% é&ﬂ,éwnﬁﬂ @lgﬁlgﬁanzatlon degradation,
and dl@gpm@gph@ﬁmm@msciméﬂtzdtuwn,dmnﬂphfmammmede@a,dmmatea@dm of DNAs and

RNAs digseeiations @Bp i@; Shchy andAomm ﬁk%ﬂvc?o%ns%
S an
&t

.extension of D As can be used. For exa pIe phosphory atlon

signalipp par gm?g ARG AR g HAARREY e PEGRSPsstar
examp&mtewunammtdfo@ahgmammgmmymmm%gammh activity, change

in cell ﬁHﬁm&aw%%@%%gﬁﬁgﬁ%‘fecﬁqﬁ 965 DR #) ﬁﬂ%n s{[};grggﬁtg ysed as

diea 2SIV, gsan ge in cell nurmiber, change in mo og C ange in ceflular
indicatgrs i frlsbased qspivsan baeadusss iRghidtofans §éer%l§§‘ay§0¢% surface
amlgerpsradtrets]ﬂmdﬂm@eotﬁmn:gmdm[&l@exzretbhmﬁéﬁ@ospﬂﬁfﬂ@gy antigéaSor example,

changdRH ﬁﬁ?ﬁ%%ﬂ%ﬁ?@ Fﬁ%?%%@g S Ji'ﬁﬂﬂ%ﬁé{‘ Eﬁ%gt nology;ipclude, f%ange in the

exambﬁne ch ange in rmation and/or pr rusion num er,

degree i tilfes HW?M@@W&HQ@%%é@@ ddgis é‘f eelil size, change in intracellular
structuedsyigatioptadzdnial dgeveics! celi gophanae dn-ealnecchargalhsity. Such
morth1 (@Eﬂ'%g@gg%%@%oﬂﬁ%{&%?%%/ rﬁ%‘po ety of cell b o%l)“at'enﬁm

change Tn cell density morpho oglcmflc anges can

properig i ERPOYF dBs A dndirainkidnel wrcrskopee Cenendensio pistaiesattependent
respongay) heruseed @pindiertdrinalde AreNQFAGRERE LB ration activity, pulsatility,

d hggggg@l Jllﬁ%%% responses,-hormope de ency, dr istance
and ¢ cetl motilty. C Igr%? éﬁaﬁ%%“é%ﬂvr@e%u o Ft SRR Setivity and cell
migration activity. Changes in intracellular substances include, for example, change in enzyme

activity, mRNA levels, levels of intracellular signaling molecules such as Ca®" and cAMP, and
intracellular protein levels. When a cell-membrane receptor is used, changes in the cell
proliferation activity induced by stimulation of the receptor can be used as an indicator.
Functional change of the tissue to be used can be detected as an indicator in tissue-based assays.

Changes in tissue weight; changes in the blood system, for example, changes in blood cell
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30 and changes in intracellular substances. Cell motility includes cell
infiltration activity and cell migration activity. Changes in intracellular
substances include, for example, chatiyje in enzyme activity, mRNA
levels, levels of intracellular signaling molecules such as Ca2+ and cAMP,
and intracellular protein levels. When a cell-membrane receptor is used,
changes in the cell proliferation activity induced by stimulation of the

numba@g&taﬁ tARReMSER A5ANIdicIRkHS e"i@@gg?%Stﬁﬁ%%femﬁ%ﬁetiﬁ%{ﬁaﬁng

to be used carllge dete(litifd s an indicator in tissue-based assays. o
Sy stette fRA 8L i< SHBSR B CCHARERY T thaBTb Gt s yStbichorcabtpted as in vivo
assay isldagages.in blood cell 13 number, protein levels, enzyme activity, or

el%@éﬁ@n@}ﬂﬁlﬁbﬁ@ FhAAGES i the ClEaatng: ﬁﬁéﬁgﬁ%é%%%@%%bn éndicators.

changes.in blogd pressure or heart rate, and such, can be used as in viv

For ex3aRly ih RAATS iRk ‘@R palted P HFTESHS: SA thdsHeieRsagnofluorescence,
radioactigdsufingrsuchaatektivntindjcatfiise Hasmoaxamplect isopagsible-tesused

ﬂuore&gﬁ_%p&%@’§m5§ﬁ%ﬂg&rlﬁﬁlcﬂg%?¥gm@ ,taﬂ AlRPERRGESe resonance eqergy

_ radioactiyity, fluorescence polarization, surface plasmon resonance signal,

trans (iniifre UM MHASTEREHCa S e auuehpitPepeciar, Shbrdinthermy and may

be appamtifitedyestance sasodmpce erqrgposansies; etampbie MR SPOSIHM can be

obtainéﬂq}p(ﬁgﬁl raecWﬁLléﬁ{}%(\ﬁ' égﬁo %e?e?,ﬁﬂg% %&H&,%lsésﬁgﬁl mEXIIrEge cernce can be
appro acco

(o na?ely_selecte rding to the purpose. For examp e,_a%sorptlon
measugaily g ANHEcres R Tt ISR S CERVR AT RE PRSI RS tEHD 5l Argorometer or
such. rédasrcat seidbtebuinitestencecanhetmnaasire RudibR4VMINARBEI @ rmined

ith %égﬂ: asqlg Igé) e e ith a fluprometer or .such.
b ?Massecan%e dge%‘ermméﬁ%v%t#%%a@%@%g%&mgf r Cg%%l%)oélétivﬁ?/ugraer’?%gce
polarizgdiensiRdy WA Eedeyite BR8N EBuate igccoraifised iy eesonance
signalofaadiatinasiriubrdScanseoRolatization Canbie N eRSIESEE NI BEASEN

C rface plasmon resq 5 signals, can be

o B R R R R R e
measuFgRIGREEE bR MoIrapd rsne adlen cotamséemedbispastiltle ARwOomt®f the above
methody t@rRRiAYeRY tSlchy rﬁé?@ﬂéf&iﬂ@@ﬁﬁcﬁ?&%&@. %eﬁf%ﬂ%h#%m Aulér of detection
... cytometer. It is possi 0 use one of the abo ethods t easure two
e e e R S ke ey et antOusty
and/origefsatety hay diebosampiadnerdsognasinedifiucorsemors ofbraboseergy transfer

can bemethads sinhdtanaeushy 28andrgepsesutively. For example,
fl escence ar H‘Iuoresctence rtesonanc‘g ener transfer, than be
_meastred at the Same time Using a fisr %éatéllégg A HYSHR S BrRAEnds.  The
agonisgrasehinitbe ptisanhiay beieatursl berkadifiviabomropoindsi Theatgdpistss possible
to use HEGH B BIRSARLIRYEOHEM MAYLEIKNAMARGRIRRIIIR: ARRERALYEI: fhethods

descrﬂixsa a%&%'e to use novel compounds that have been assessed to Have the
agonistiC activity by the methods 25 described above. In a preferred
enfibagiviencdieanbndivoctibshefantébprésent theentientdomeptise, danprise, for

exampBX RIS AUEIPOGIE $nih e MUD LRSS COMBISS AALRRAY TAXME US tions of the
tibady (for example, whole IgG). The

whole %ﬂ%ﬁéﬁ @%%%%fg:ww %gﬁr‘]mi@?f églpdlaadws are not particularly limited as long
as they have binding activity to their antigens. The minibodies of the present invention have
significantly higher activities compared to their corresponding whole antibodies. There are no
particular limitations on the antibody fragments of the present invention as long as they are
portions of the whole antibody, and preferably contain heavy chain variable regions (VH) and/or
light chain variable regions (VL). The amino acid sequences of VH or VL may contain
substitutions, deletions, additions and/or insertions. Furthermore, the antibody fragment may
also lack portions of VH or/and VL, as long as it has binding ability to its antigen. In addition,

the variable regions may be chimerized or humanized.  Such antibody fragments include, for
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as they have binding activity to their antigens. The minibodies of the
present invention have 30 significantly higher activities compared to their
corresponding whole antibodies. Thelé are no particular limitations on the
antibody fragments of the present invention as long as they are portions
of the whole antibody, and preferably contain heavy chain variable regions
(VH) and/or light chain variable regions (VL). The amino acid sequences

examp, Vb OF AL, @y Qp%ﬁm\ﬁUbﬁﬁtHﬂﬁﬁgled@%th%ﬂﬁbégﬁ éﬁh@lnﬁ?méer Fab’, F(ab®),, Fv,
inserti urt e, t r also lack portions

sekv (SI @ an% }L?ie%l%] osﬁg ad‘sasﬁ@t ligg rd%ﬁlgn% m‘x "antigen. In addition,
theh?ﬁﬁﬁat% e fJﬁ@maV@%ﬁMizmnm&mgmmthy complete

ant1geﬁrﬁﬁﬁlﬁﬁﬁ%ﬂ%{@@ﬁgfﬁ)lbﬂrﬂillfg;%@ép|eTﬁ@bFFaﬁa )292% a’@ﬂ%@(’ ‘ﬁqlVL dimer) in
exam ini clude v v e-chai

which =V a%]o%fﬁ,1 é?n& m@?g‘{]% S @Eﬁﬁ%\‘}ﬁ% %%lﬁo fnl‘f rﬁ@ﬁ’t Eree

COmPI‘tﬁ@@ﬁfmﬂe@Qtaﬂﬁbbﬂg{ feapmetitaRd) coreahobtbongietde m“glgmnnteract with each

other t!ﬂ%@&rﬁﬁ%ﬁtﬁ@l%lgcﬁrﬁ' Qﬁ%stﬁ@ <stgcdhof Hagment ] 'ﬁlﬁlgfmeﬁﬁvébﬁg confer the

lb JP ]g Elcha and a single VL are strongly linked b

antigen- BIAGIng 5l 0 Sﬂa‘mﬁﬁ% re& E8Mpfeth H%ﬁ%@@?ﬁﬁﬁﬁ% @ﬁgo FFv
contalr(tn@R@iyéh@adhaﬂsrsemﬁlemm@@m@mmmimeaphnblethﬁretmgmmagmnd
bmdm@@ﬂgﬁﬂ RINding siis QN sriiace of ie H-Yis inge t@&ﬁggﬁ&&%}%ﬂe

the en-bi antlbo However, a single variable region
(o§ 1&%“%%%5 ﬂi‘r‘ﬁ’iﬁﬁﬂ’rﬂ@e" Brepedias Tgﬁsﬁﬁﬁé@ﬁi ANeriRe single
polypeatite c‘épable Gérecoinizirity oty hoptitkdingtan anitgen alfobyghtitieaffibitybetween

VH anlﬁ\l‘lwﬁﬁ&liﬁé}éh?r@MBFch%ef&%' %esﬁ{ﬁhq{ﬂg Rl RNt Qé’ﬁso H&n\@" See,

o SRR el MO SR PR S o

(Springrolyedppds dml@mrhep}véeﬁ -8, AB84Y Eprahd thekefosé @E\SCFMQEmﬂﬁmfhamvention,
I e
I1nkersS§fHEB% &F@Qg&!‘ﬁ%ﬁﬁ@mgﬁﬁ? d%%(lﬁ& fot ?AH%{%B%WEQS él%;gggg;p%iable

onoc onal Antibqadies” Vo osenburg and Moore e
regmni RPENSBANIPY Gkt 269-315, 1994) for the review of scFv. In

th@kmesenfdmmmh,eferd(era hfeanot espboialiflipriied asmlong s Byexaofusion
(Holl P ‘P‘QP&Q” ey e??é%”l@ét?%&%‘adgc‘{aﬂ%ﬂ%ge&%%ﬂ%"‘%ﬁ?@ﬁb?”91{%053/1 1161

he linkers. Thé term "diabody" refers t ivalent antibody fragme
and othegRktr ARRPRIF YIRS P URBIERE Bet Belypoptidpebainianhaesacispelypeptide

chain dofiAr36s 63440448V BERHAAST WHO: 33k 1bhibri2éh aingh athekS)ent mteractwn of
these t@&a@(ﬁgﬁ%af&%%ﬁ{ﬁlg Oinﬁlﬂ% \(%l g? %Igﬁ_r SH ge(s:haﬁﬁé\% d ded on
nker seh 5it

polypeptidé chain comprises a connected wit

the sang, BelyRapfigresfatin imibr v A eﬁnﬁﬁés?@%we Hhenliakes, bepvegaritisie, ia taskdhort to
form acimbechiiveviehititascreiMhrand. VIherceder, ai HitypapiRIPOIMPRIUAS a dimer,

and h g\&{\gﬂof%{, a %@%Pecﬁgﬁl%the Ikaer between them is too short to

orm a single aln variable reglor%fsragment As a result, the polypeptide

cﬂauﬁéﬂﬁﬁvléréwrﬁé?f%%ﬁel@ﬁdgnﬁe dhsoyphaccagsigmggenibidiingomprised in
the agesitesf theppaditutaypsefpurRdemiagiment: i Seminkesags iéiglﬂ)vered that

sc(Fv)f?%lé)%%l S~Ce preg%%ﬂ’o%ﬁfﬁg%e%%&etﬁ% dlp%j?v?g%l'@/ gP {ﬁ? a{Hg two units of VL
with linkers and such (Hudson et al., 1999, J Immunol. Methods 231:177-189).  sc(Fv)2
exhibits a particularly high agonistic activity compared to the whole antibody and other
minibodies. sc(Fv)2 can be produced, for example, by linking two scFv molecules.

In a preferable antibody, the two VH units and two VL units are arranged in the order of
VH, VL, VH, and VL ([VH]-linker-[ VL]-linker-[ VH]-linker-[VL}]) beginning from the N
terminus of a single-chain polypeptide.

The order of the two VH units and two VL units is not limited to the above arrangement,

and they may be arranged in any order. Examples of the arrangements are listed below.
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sc(Fv)2 is a single-chain minibody produced by linking two units of VH and
two units of VL with linkers and such (Hudson et al., 1999, J Immunol.
Methods 231:177-189). sc(Fv)2 30 extibits a particularly high agonistic
activity compared to the whole antibody and other minibodies. sc(Fv)2
can be produced, for example, by linking two scFv molecules. In a
preferable antibody, the two VH units and two VL units are arranged in the

[VL]-lontler of N HnMds, (Wi [and M VH]-linker-[VL]-linker-[VH]-linker-[VL])

_peginning. from tr termin f a single-chain polypeptide. 35 The order
V] ggﬁamn%&ﬁ%ﬂ?g%éﬁgﬁmmts is not limited to the above
[VH]-Hplegrd diéhinkantMhéyinkay B8 drranged in any order. Examples of the
[VL]-atkepgenentsarevistenelowys [VL]-linker-[VH]-linker-[VH]-linker-[VL]

\VH]-linker-IVL]-linker-[VL]-linkef:[VH] [VH] -linker- [VH]-linker- [VL]
[VI‘]’IERFE%LQ}B\"?{‘][”I Lﬁﬁﬁx&%&ﬁﬁ ker-[VH]-linker-[VH] 5

[VEpfidiedersia birikesd [t Likkeg fyvervai bkl dimkgmso benuseaibédy linkimgise arbitrary
peptiddenkariahle cegianmeban-anihody GaREse AshiraRaRtida inkershat.

discloSn befintrodUCfd eneHc engir])eenng synthetic’linkers, and linkers )

SO A SRR = oG oG TRRS IR E fhtetthig o306  Peptide
linkerp99 36511806, theptidentinkersiare pidferredendipprasentinvedtioRngth of the
peptidd Ngke:are TadIRWANQAs 88 1o1ibR NIt Oh e O PERIGS K rﬁieT%F depending on
the Iengfgléggn k%e seallﬁczf_d aézcordmgly by thosé ski _ed in the art depending

UGSt NSURTEBE AN o 14 ) A 4 HoPARHAeP Reitis prBrBPa1SIyS B9 apiRtsTably
5-30 apgigsacivsrepleferabiyropatianbiyol Acidsmin evel (farexprefty allAnd8cids).

anp{g}cbg&ilqlﬁéfg{lwg @eﬁﬁé@i&gﬁ&@s). For example, such peptide
linkers include: Ser 15 GlySer GlyGlySer SerGlyGly GlyGlyGlySer

SeI(SEQ ID NO: 77) SerGlyGlyGly (SEQ ID NO: 78) 20 GlyGlyGlyGlySer

Gly-SefSEQ ID NO: 79) SerGlyGlyGlyGly (SEQ ID NO: 80)

Gly-G lyGlyGlyGlyGlySer (SEQ ID NO: 81) SerGlyGlyG1lyGlyGly (SEQ ID NO:
éaé GlyGlyG1lyGlyGlyGlySer(SEQ ID NO: 83) 25 SerGlyGlyGlyGlyGlyGly

Ser Glylelyy |b NO: 84) (GlyGlyGlyGlySer (SEQ ID NO: 79))n

Gly-Gly-Gly-Ser (SEQ ID NO: 77)

Ser-Gly-Gly-Gly (SEQ ID NO: 78)
Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 79)
SerGly Gly-Gly-Gly (SEQ ID NO: 80)
Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 81)
Ser-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 82)
Gly-Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 83)
Ser-Gly-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 84)
(Gly-Gly-Gly Gly-Ser (SEQ ID NO: 79)),
(Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 80)),
where n is an integer of 1 or larger.  The lengths and sequences of peptide linkers can be
selected accordingly by those skilled in the art depending on the purpose.

In an embodiment of the present invention, a particularly preferable sc(Fv)2 includes,
for example, the sc(Fv)2 below.
[VH]-peptide linker (15 amino acids)-[VL]-peptide linker (15 amino acids)-[VH]-peptide linker
(15 amino acids)-[VL]

Synthetic linkers (chemical crosslinking agents) include crosslinking agents routinely
used to crosslink peptides, for example, N-hydroxy succinimide (NHS), disuccinimidyl suberate
(DSS), bis(succinimidyl) suberate (BS?), dithiobis(succinimidyl propionate) (DSP),



10

i5

20

25

30

35

(SerGlyGlyGlyGly (SEQ ID NO: 80))" where n is an integer of | or larger.

The lengths and sequences of peptide linkers can he selected

accordingly by those skilled in the artidepending on the purpose. 30 In an

embodiment of the present invention, a particularly preferable sc(Fv)2

includes, for example, the sc(Fv)2 below. [VH]-peptide linker (15 amino

acids)-[VL]-peptide linker (15 amino acids)-[VH]-peptide linker (15 amino

s Tl Ical linking.agents).include .
e B ot e et eSS et G,
Ethylefr@-ﬁb’&féwsiﬂt?&ﬁﬂ?ﬁa‘ém uesisiiee) iigyFSibefitacqpimgyiyl tartrate (DST),
disuffdsm(s'mmmynWm;waxmsmum@a@ma@y&%wmm@w@n@@%he
ithjohi [nipaielyl: iopate) (DISSP)., ethylen

BsoGar U S S AR SR Gk ocoRs).  These
crossligking agaay stfrecresicigibuarminbigyl tartrate (DST), disulfosuceinimidyl

taftratmésallfRSINKbis (A seaeiriinis Qﬁk%{ﬁ%ﬁ@é@?ﬁlﬂﬂbﬁé‘l@ﬁns together.
. nd bi uccinimidoxycarbhonyloxy)et ulfone . .
The hgﬁﬁ%%%%%%%%ﬁﬁe SR NN o g mventon.
preferable minisofy ifemeiehotneyamres arefratiiitean el TouSastibodinibody can be
preparshibiahieatgiansitegetiekil be Sﬁ%ﬁf&,tﬂ)pgﬁéﬁﬂ%éﬂ@éffﬁnqﬂ @pjﬁfﬂt% DéPRrate
. iffer ty S. In the pres nvention, a prefer e Mminioo IS a

o e e Ml <oty D By Ehia i
mtrodysiap Absen byt eresrings i antiostyalih e terspmesson exammierqpapsimont cell (see,
for exapEIsICs0NeRerate 1B ontinoalyfagMENtS: 08 RY CoNSRACHNG DNASorwitz, A, H.,

oding. those antibody fragments and introducing them i xpression
L8, El D Potate ion KA bAoA s il (oge Vgfods ol
178, 4% Ahblbameyin sl WaiMedods EnmunuindP 15222068 Re76eBetidr 2My., 1986,

Metho@BiHoRLZ1 71, Be3-6889Methods & naymmely 1Y 8y/A Tid06: Bluckinuoifiol. o,
13213 d Skerra, A., 1989, Methods Enzymol. 178, 497-515; Lamoyi, E., 1986,

ethods Enzymol. 121, 652-663; Rousseaux, J. et al., 1986, 15 Methods
Efyerok(T2L 88dhedios Ririn cEnpinaWatkesp&ially, @b hgdnisidsactivity for

o ST ) ke AR OV LI e
ecla Igh_ agonistc activi or C- Ng \ ..
cells, o g BTHBR o 0 BB 6F LRI IEDC Slch ans! Hsdimgpoieti
cells, agesitndoneptiie gnavith argx‘hfﬁﬁﬁénétﬂtéaﬁphﬂbﬂ?DB@‘bpsﬁNee hematopoietic cells in
the boﬂ&ﬂ!ﬁ?@ﬁ?@t%&gﬂﬁaﬁm&g{ %&%@ngtﬂ@n‘?ﬂ%@ﬁgﬁg% %mato%oietic stem

transplanted CD34-positive hematopoietic cells in the bone marrow, or
cell rag sl hromoting the recovery of hematopoiesis in hematopoietic stem
célt ansiplastatidmdimarpreierced@ndooditreng, shigboditpletanpgnidingthe agents of

the pre?é?ﬁ@ﬁ%ﬁﬁ&?fﬁ'&ﬂé@ %'(Shmgdaﬁﬁméd%s %%%%gggﬂé@%eﬁ{%é@%yggmaﬁimd

) odified antibodies such as chimeric anti umaniz
antibo ﬁibﬁ@%@ﬂéﬁ%%ﬁ%&%@%ﬁaﬁmﬂ@ preferred.

Chimeric antibodies are antibodies prepared by combining sequences derived from
different animal species, and include for example, antibodies comprising the heavy chain and
light chain variable regions of a murine antibody, and the heavy chain and light chain constant
regions of a human antibody. Chimeric antibodies can be prepared by known methods. For
example, a DNA encoding the V region of an antibody is linked to a DNA encoding the C region

of a human antibody, and the construct is inserted into an expression vector and introduced into a

‘host to produce chimeric antibodies.

Humanized antibodies are also referred to as “reshaped human antibodies”. Such a
humanized antibody is obtained by transferring the complementarity-determining region (CDR)
of an antibody derived from a non-human mammal, for example mouse, to the

complementarity-determining region of a human antibody, and the general gene recombination
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Chimeric antibodies are antibodies prepared by combining sequences
derived from different animal species, and include for example, antibodies
comprising the heavy chain and lightl@hain variable regions of a routine
antibody, and the heavy chain and light chain constant regions of a
human antibody. Chimeric antibodies can be prepared by known methods.
For 30 example, a DNA encoding the V region of an antibody is linked to a

proced R AE NGO MY 1en bR AED EREGHPAMARANHRRAY, ARCHYIC CORFUGHSY O
96/00 Slféﬁqrted into an expression vector and introduced into a host to produce

eric antibodies. Humanized antibodies are also referred to as
"r@ﬁﬁaﬁsdlhu m@ﬁﬂ&m@lchthes'ﬂ_@@femm_ﬁmam'rna;haminﬂmdjs@bm'm&ﬂd)y
frmne@@ﬁ?%‘fiQFR@ &OAT !R!ﬁi&?%ﬁﬂ%?%&@[%@kﬂ%ﬂ?ﬁi@ﬁ 199 38?{, %élﬁé ﬁ[%nﬂ%aés prepared
8 :

antib derived from a ngn-human mamral, for example mous

from seyil IR RO LSRR RO BHEOP PR RO 2RI, GRE il §Enisyapinal
regiongyéee netboudsitetioib7inWo0&84ii8 ¥88 this is also known (see European

quﬁé‘k(%rﬂ&ﬂ%ﬁﬂ%ﬂ?%&@é@&% 200 R b%%/&%?z & c«)%t%%qg%@i!éét@ar%“éder to form

sequence designed to link a murine antibody CDR't ramework )
a faVOfég?o%“eﬁﬁs-B e M Hi Iy Rl am BEcsitHes B BY MERNusifighino acids of
the frapimers pgpaiecthafribo deveralbiligariusleridessobrtaintag-e vedappifgfor the
i ) rmi | described,i
o SR8 L0 AR A SO SR B PR

antigen-pipeiaesite St o et ol fitin CattatioRepie antifeR Mihding site in the
corhplemetntarnitgidetef miningregitho Ariingeacid shefcthe framewarks a chimeric

. ion i ' ari i stituted,.as negessary,
o e 2 AR DA v e
chain, gndibecRPtbFriarabsiitanies Wstlgehaiindihbeshenanastikodt spnstagaeeion may be
modifiéihncenires: 3,85b4356): hbeabhRiast fegienieé & hxsaastaatibody is

u lon. of a chimeric antihody or humanize
R e B R by from o
non-hignaingrmelauhtheordah eegieydss ved franahmea authadyantBodye other
hand, fﬁﬁﬂ@ﬁ_l ai&i:c@@lﬂbﬂh d@%ﬁﬁpﬁ&ﬂh@qjﬁﬁﬁﬁ&ﬂaﬁ@&ﬁ” Y@g@ﬁ:@ﬂ%‘ﬂ%j : g&%ﬁb@f an antibody
tability of the antibo roduction. Genera imeric antibodies,
from g B KRB FA AP AR TR Erairigm 2
humangagibrdveonstant region derived from a human antibody. On the other

handdbipaniredanibedicsHEyise Inecamplamemaily ostesMiiNGnino acids
in the YEAIRM 2L 20 2AF0OY, 12 A IR AR arma A0 he Kefre oy ot
1€ YEgion and Constant Tegion derved o s Jt Rea i tEb . fHcadatiupther
amino agidp.ehivdiic diwboiineatitisiniledegiibobycisprajarechalivnor that of the
CDRs aciifninitha YarieRiRiegion sferexamplenks, and ﬁ'fﬁl%r@ﬁ%d’%ﬁpany type of

am}.‘nml_maly b% }{gﬁlatged with other amino acgls and suc e orlg%n of the

. h .Oofthe |
vanabie Fegions SRR AMBO AL 87 HSaf BB ISREAR . HHAPRsilcs: camel
antibodipgibwetibs 1sebt particularly limited, and may be derived from any type of

Humanized antibodies that recognize c-mpl include, for example, humanized antibodies
indicated in (9) to (19) below.

Chimeric antibodies and humanized antibodies have lower antigenicity in the human
body, and are thus particularly useful when administered to human. The antibodies are
particularly useful as agents for promoting the growth of hematopoietic stem cells, agents for
promoting the growth and/or differentiation of CD34-positive hematopoietic cells, agents for
enhancing the engraftment of transplanted CD34-positive hematopoietic cells in the bone
marrow, or agents for promoting the recovery of hematopoiesis in hematopoietic stem cell
transplantation.

In one embodiment, the preferred c-mpl-recognizing antibodies that are comprised in
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25 animal. For example, sequences of murine antibodies, rat antibodies,
rabbit antibodies, camel antibodies may be used. Humanized antibodies
that recognize e-mpl include, for exaniple, humanized antibodies
indicated in (9) to (19) below. Chimeric antibodies and humanized
antibodies have lower antigenicity in the human 30 body, and are thus
particularly useful when administered to human. The antibodies are

the ageﬁetm@élyrm{y xﬁ%ﬁﬂﬁﬁﬁ%f&ﬂ@éﬂm& Hearewt fhenaigpaietiehe eorm
g0l 1%[9 eJJ?1 R?%ent for prom growﬁﬁfﬁ nd/or dlfferentlat on i{fﬁﬁ
S S o SN HE R B BTe 5%%’% 8??6%&@?@6 &t
membmansbp@ﬁteﬂ@mngb@eftweomﬁmapplesle celiplimtiengohe emiacroms portion of
the traASSBIRURALPARANNG NRRAYEMBHIRMBIRRAISFIRIRHEMRIARVGES SR 0 amino
. {%hgf ﬁﬁbﬁ n..In one embodiment, the preferred
actas % cggqh tl%dles that are comprised in 18 the agents of the
pre‘e’emmmmémtbat riclicte artibbofesothbidaimc:torpblublbecaseplinldedidsdepitope
analys@%{pi&rfétm%ahfﬁ%'ﬁff%@ﬁé? Gampd 5?19&%%"3§ SX6lLding é&%§§ing the blood

membrane. A specific example of a soluble’c-mpl is

res nthé.c
Concelg iﬂﬁlai%gcgmg %‘?ﬁf’r‘é‘%% B’t?rﬁ%ﬁb(?fl&ﬁ]é traiigtrigthbrane domain. The
traimsme mbhederdoin &in iefirmedrigibylicoreesponils:to-mplitet araciosprised in the

agentsﬁ%@ﬁé&%&é&ﬁ&nﬁuf‘%mgsyhmhg 'Qﬂﬁ AR P&Q?ﬂéﬁ %gm%ﬁ%%ctwﬂy for

c-mpl can be used in detailed epitope analysis an Inetic

both h%eeb?&#lfaa%%ﬁ MRy, aSWRIPASTSrsRsAenm ety {edmibhyaNEnd
monkgnchdphamicbettadior of lieh Bndiaddysinde Wy d yaaisiclbohaeiebadimant e ffects of

the anm)%&))r %@a@é‘ﬁ&?&ﬁﬁz rcﬁcfﬁ)gﬂllzgg g&em%%l?éles aVI g §§ I% %et Q:%a&l?ned with

agents of the présent |nvent|on Include anti nding activity
monkeyS o SHidti IS BhER Ransnskeemeivsy & ARORIARIBUHEE Fasrigp! from
animaBgahistibadtivityie dethbukess @ademopkeyndoap! are expected to be

h ior vivo effe
o L R s it n e
agentsfAha meePRtAn YRphRe jac adicrriihngisdindtn k) Qraernisve mﬁmﬁg(aemwpc activity

for c-mpIagOWEHO actdity XL EToWaroRrdaaninEds ethomitan Rans@8Greferably
meoR I(f%r >§ample mice). In another embodiment, the preferred

ECS50
c-mpl-recognizing antibodies comprised in the agents of the present

inVB S IR HRtivG I iR THO-aybniraRe ativeypHbehitieoautissd in the

agentsfof ﬁremeseﬁﬁmtmﬂ;@&nme%mepmﬁe@eb%@@?@cﬁﬁg @&/ls@rub&wermpl is KD
=106 referabl 1 quer 20 In another.e
-1 pre?erredﬂ c¢hp F%:?S%zmg (gn dlé)SW Cormprisey §iP ¥ﬁf3f%§%r%§] ofn}tlge Mor lower.

pré&Er TR eﬁvmgaevdwﬁb@di&mee wirdingedethvattifw dpligieluble

recombifaBt S1KB) iTK0-6 MbMawesRieferaivdtmidlt bMRAIBWEL8R4 to those
fer%b KD =,10-8 M or., %ower In the ese tlnvent|?n whether
shilec{an g %S

g adhiv }ff}mo?lght%% BUV yytsaglolfﬁ %te ined using surface plasmon resonance
with BlAcore. Specifically, soluble c-mpl-Fc protein is immobilized onto sensor chips, and

reaction rate constant can be determined by assessing the interaction between the antibody and
the soluble c-mpl-Fc protein. The binding activity can be evaluated by ELISA (enzyme-linked
immunosorbent assays), EIA (enzyme immunoassays), RIA (radio immunoassays), or

fluorescent antibody techniques. For example, in enzyme immunoassays, a sample containing a
test antibody, such as purified antibody or culture supernatant of cells producing the test antibody,
is added to a plate coated with an antigen to which the test antibody can bind.  After incubating
the plate with a secondary antibody labeled with an enzyme such as alkaline phosphatase, the
plate is washed and an enzyme substrate such as p-nitrophenyl phosphate is added. The
antigen-binding activity can then be evaluated by determining the absorbance,

There is no specific limitation as to the upper limit of the binding activity; for example,
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recombinant c-mpl is KD = 10-6 M or lower can be determined by
methods known to those 25 skilled in the art. For example, the activity can
be determined using surface plasmoni¥esonance with BlAcore.
Specifically, soluble c-mpl-Fc protein is immobilized onto sensor chips,
and reaction rate constant can be determined by assessing the
interaction between the antibody and the soluble e-mpl-Fe protein. The

the upPURGRG @@ai%/w %m%i?\ézﬂf?%@i@m %%&@Wi%ﬁgl@&cﬂled in the art,
immunosorhent assays), enzyme immunoassays), radio
Howey B St h HESCERY SOy R ar Ehanipibaplosy
enfymmemholinsatshygrafeadplotdoriaieg anidsgantipb gt suchasprised in the
agentsRHTASHRMIRAHYAE 61 S SURFRAADE Af.CallS-RIRAULINGARA 18F1) to (19) below.
The aﬁ{f}t'%()d n IS ad_de%ﬁt)a p@% coat g vglth an antigen to which the tgst
ARSSE 88% BISE At ihctBang “TRR H B RRY secondary antibody
(1) an prddtedyweitmari seng yriél shathhas GIKRIING, phdsphatgseithdhplaternis acid sequences
of SE@/aShedand an.enzyme-sybsingie srah asRaniopheiyl posphate is
5 ad%;:‘d The 35,ant|ge$ﬁbﬁ%gc{|ﬂ$%tcé\§§y can then be evaluafed by )
(2) a0 AaRRoA RO HL RS e o SFCIRETRHERG PSSR Ipsequences
of SEQrHit D ket mdind @CHRRZHOVY EXaDRe 21 8ndH, upserctingtymay be set

(3) an WitR A tesiipicall feoritinAOR K oSG, A4S IB 0GPt HEWYEl: Wuences
of SE@@E ally feas with the advancement of

?_ iblé range may expand :
o T 2 b Hent T B trr 9 BSEREE YeloBANY clphas
CDR I{HaadsSonmprisétyiththeniagents sédbenpresESHOVENiEsinG|fckendrty(TR22B: VI,
CDR 195the £ iQQQQ&ii\r,g'&p_ated in (1) to (19) below. 5 The antibody of any one

of (1) to (19) is_preferably a minibody. (1) an antibody comprising a VH
(4) an aiihody eqsrRrIBng AdvH B SSRGS EAmer Gt d eefinsne o pEO: 8
(VB22ROSHD, 2, and 3 (VB22B: VH CDRI, 2, and 3), respectively. (2) an

(5) an 3RHPOAY SOMPREIRG &V hihabhas GRRL ég?{\&%%@%?@@%%%@iﬂ 10: 10

acid sequences of SEQ ID NOs: 4, 5, an ,and 3),
(Vm%%;sbféétively. 10 (3) an antibody comprising a VH that has CDR1, 2, and 3

(6) an aotitpidsicgriipel dnynovatitseguentes B ohRdReNQs dende ¢ BQ ID NO: 8

| 2V A S ively,and a VL t ~ .
(VA e o W it IEPRRERY Sblo W Bl (I e
VL). (VB22B: VL CDRI, 2, and 3), respectively. (4) an antibody comprising a
(7) an Miibodl ¢empHsRs themnind RaitseauePEIDSEQ ID N8B 5(%B22B:

) ntinody comprising a VL t rises inQ aci
® o0 L) A R S ot RGeS R g
(9) a hypyagized oy trepsinngo Acil hebhencB b Eandivomgrigieabgamino acid
sequendtl) anghadde Habren@risgswhe amino acid sequence of SEQ ID NO: 10

o SEURRE AV 7 anibete s bR b e ance o 55
(b) SEQHRVOE dPSHID 723 VBRIBE S (BB ER L, 2. 3, and 4), respectively;

(c) SEQ ID NOs: 23, 24, 25, and 26 (hVB22B e: VH FR1, 2, 3, and 4), respectively;

(d) SEQ ID NOs: 54, 55, 56, and 57 (hWB22B u2-wzd: VH FR1, 2, 3, and 4), respectively;
(e) SEQ ID NOs: 54, 55, 58, and 57 (hVB22B g-wz5: VH FR1, 2, 3, and 4), respectively.
(10) a humanized antibody comprising a VL that has FR1, 2, 3, and 4 comprising the amino acid
sequences of any one of (a) to (d) below:

(a) SEQ ID NOs: 27, 28, 29, and 30 (hVB22B p-z: VL FR1, 2, 3, and 4), respectively;

(b) SEQ ID NOs: 31, 32, 33, and 34 (hWB22B g-e or hVB22B e: VL FR1, 2, 3, and 4),
respectively;

(¢) SEQ ID NOs: 59, 60, 61, and 62 (hVB22B u2-wzd: VL FR], 2, 3, and 4), respectively;
(d) SEQ ID NOs: 59, 63, 64, and 62 (hVB22B g-wz5: VL FR1, 2, 3, and 4), respectively.
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(9) a humanized antibody comprising a VH that has FRI, 2, 3, and 4
comprising the amino acid sequences of any one of (a) to (e) below: 25
(a) SEQ ID NOs: 15, 16, 17, and 18 #VB22B p-z: VH FR, 2, 3, and 4),
respectively; (b) SEQ ID NOs: 19, 20, 21, and 22 (hVB22B g-e: VH FR1,
2, 3, and 4), respectively; (c) SEQ ID NOs: 23, 24, 25, and 26 (hvVB22B e:
VH FR1, 2, 3, and 4), respectively; (d) SEQ ID NOs: 54, 55, 56, and 57
(11) a koMB228i udtivody \CbhipRkiRg 8 Vanshd)a Mednestivield ite)nSha: 1B NOS @4 below:

(@) aV%?th%@hwlgﬁ éh Bﬁaﬁ% ?rs %@%&nﬁ cgﬁgmg%seewﬁb RGN 15, 16,

humanized anti comprisin

TR wt wtlectrivk ety vl 3 Xk aﬁﬁ@&ﬁ@@p{w%%@éma@ sequences
of SEGENOsND's287228nd% neh@al {hdB22B p-z: VL FRI, 2, 3, and 4),

velys + ( EQ D NOs:.31 33, and 3 hvB22B _
o) o RSN | 2 503 Pt %%as%@ S8 BaNgs: 19.20.
21, an%%laﬁélpegmmalj‘élw&at hos iR 22 33amhd @ynppactivelyminy) SEequences
ofSEQ@[NIQISSSQL 83, 64, antha2-emBaR8g-wz5: VL FR1, 2, 3 and 4), :

1 umanlzed thOd r|3| VL
(©)a e%sl?:?tl &din ﬁ’r%i ghélgf‘%a A fesﬂge % ﬁ'nqa Ces &%@gﬁgs 23,24,
25, an¢SfnpeRIeRyitedyantihe ‘d&é’f@éhﬁﬁelﬂ&és%fim mqm@sm the arhheaamdd sequences
of SEQ8hnespestively, :;a_z,nd@\:m tashasdiiRl, 2, 3, and 4 comprising the amino

ID NQOs: 27, 28, 29, and, 30, r spectiv
@ o RTINS T e WA S Sen b oL W 5455,
56, andp Nospadivew, @ﬁaN&ﬁmtr@pté&iwélﬁ and 4 ogmthisi kptheREiRo 3cahebquences
Obe@-Ig)mglsmébe@ﬁyﬂ@@l% s of SEQ ID NOs: 31, 32, 33, and

4,.r tiyel )a that has 2,3, and4co risi
© & VTR o SR st B 380 41 SRR TR 54 55,
58, 3nd/$7tham¢a§\@m EQMB& HhdhrdmmpRing ﬂl@lairﬁmmlapmissgﬁhemmomldf%equences
OfSE@EQ\@SNQS6@1@,@3%@%@@&%&9&9ecnvely (d) a VIl that has FRiI, 2 3
12 gnd 4 cc%%] SB 8the amjno acﬁgequ nces of SEQ ID NOs: 54, 55,
(12)a SpUETagoERE e R, %ﬁ&%&?ﬁmﬁaw@m amino acid
sequenapsind Heid IEbiendes, ofiSE @iPedely59, 60, 61, and 62, respectively;

(13) a ﬁ%}réﬁ{ﬂﬂ%ttﬁﬁﬁ}’: EnPrisin@ vt GRAT HE@@BI@E AHC; [];x‘?ﬁﬂg@ﬁ@ $:fllno acid
558, and 57, respectively, and a VL that has FR

éﬁ ’EAO 54,55,
Seque“fe%o i Ij&?ﬁ@ﬁs%gst iniRPatiiequences of SEQ ID NOs: 59, 63,
(14) a Bapancaynespdctivelprifid) a\Wdianizad EPRibozlaad hpoisipgsny Hhéhahino acid

sequenlaeao@@ﬁé 1D Refl $ somprising &%@gﬂma%ﬁ%ﬂa%%ﬁﬁiﬁ'é%aa

1, 2, and 3, respectively, humanized antibody comprising a

compr\?ﬁ?%ﬁg? AENTOBRY ssaugnges gh %Ré\ffﬂe amiABILRiEEPOcEEences of
(15) a BEQiDN @stidh &y, endpbisiegpacHubht. (ddpedesthaniagtbaniibedyience of SEQ ID

NO: 36 PRRSEIAG,2 VTN ERR Be2n b S QmPHSKHS A8 3t vE 2B e
VH), SEQ ID NO: 65 (hVB22B u2-wz4: VH), or SEQ ID NO: 66 (hVB22B g-wz5: VH).

(16) a humanized antibody comprising a VH that comprises the amino acid sequence of SEQ ID
NO: 42 (hVB22B p-z: VL), SEQ ID NO: 44 (hVB22B g-e: VL or hVB22B e: VL), SEQ ID NO:
67 (hVB22B u2-wz4: VL), or SEQ ID NO: 68 (hVB22B g-wz5: VH).

(17) a hurmanized antibody comprising a VH and a VL described in any one of (a) to (e) below:
(a) a VH that comprises the amino acid sequence of SEQ ID NO: 36 (hVB22B p-z: VH), and a
VL that comprises the amino acid sequence of SEQ ID NO: 42 (hVB22B p-z: VL);

(b) a VH that comprises the amino acid sequence of SEQ ID NO: 38 (hVB22B g-e: VH), and a
VL that comprises the amino acid sequence of SEQ ID NO: 44 (hVB22B g-e: VL or hVB22B e:
VL)

(¢) a VH that comprises the amino acid sequence of SEQ ID NO: 40 (hVB22B e: VH), and a VL
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sequences of SEQ ID NO: 1, 2, and 3, respectively, and a VL that has
CDR1, 2, and 3 comprising the amino acid sequences of SEQ ID NO: 4,
5, and 6, respectively. (15) a humanizgd antibody comprising a VH that
comprises the amino acid sequence of SEQ ID 25 NO: 36 (hVB22B p-z:
VH), SEQ ID NO: 38 (hVB22B g-e: VH), SEQ ID NO: 40 (hvVB22B e: VH),
SEQ ID NO: 65 (hvB22B u2-wz4: VH), or SEQ ID NO: 66 (hvB22B

b 25 MH : - i DS that compri T -
et Sar e BRI B ) SRR om coviy,
@ o HEPVEFIERS-B1O 6F KRB S T O QER NONG (/ERisebm z4: VH),
and a 2 thet4ovtipyiems SEQuinh @ 68c(ivB228 §RZED W) 8D(EVB20B u2-wzd: VL);

(e)a VW@S&Q@%@QHQ%% %%ﬁmgg%é{l@e%%gd &'Igﬁ%\ngée %@%0 0% g : VH), and

(a) to (e).below: (a) a VH that comprises the’amino acid Sequénce o
a VL theEeqmniises 56 RV 3 soaugnee skt U et 68 fprRaehIe weiNG.).
In the zidceddenpeot SERIHD NONAR (o\BRRBB2- ¥V H))SEYHINGD: 38 (hvE228

e VI8 i .amli j [ C ) : B22B g-e;.\{H),
B VD ??ﬁ%??ﬁ%?%ﬁﬁ%ﬁ%ﬁ%@hﬁ% e St de seQ
NO: 66(&%%258@“&@%1\5 VB22B e: 35 VL); (c) a VH that comprises the amino
the regagiceqienaddf BEQ IDMsAONMB221Re; VH), and a VL 21 that
elpalely - AITH id sequence.of 1D NO: 44 (hVB22B g-e: VL
the reg_or hvé%%%ég%w%?aﬁ@ﬁﬁ%% (I:lg?ntﬁrée%%he amino acid sequence of
the regisp of BN 2699 62287 FemvpsondaYo BRRSVL that comprises the

the regaminteatich setisenae3of SE LN, 61 (AVB22B u2-wz4: VL); (e) a VH
the reglbBALEAMNIS ino acid seque 'SEQ ID NO: 66 (hVB22B
- regq-wlg?S: VHSS,%?%P%@Q/{QFI%?%%}%%%S%;W amino acid sequence of SEQ

the regipp QGRS SB -3 Sovespmdadodiiihoaadid sequence of SEQ ID
the regNoBE{MBZRE W81y )3 2ERIPNLiABHAVB22B g-e: VH), SEQ ID

4 2B e, : B22 -Wz4. SE
o oe AR LD N0H B Gl Y SR
g-¢: Vieahp¥BgrBsto/EHREQ 1D N r6gierVaraming-acitts\50) tor6Bear BN onds
(hvB21@® GRRZ; \thg,region of amino acids 99 to 107 corresponds to CDR3; the

oo BT R0 e IOL e ol of v

acl _  correspon h of amino acids 67 to 98
the regiogrrd SpoRaSeislF KB taht coBandglorCBiRMnino acids 108 to 118

the regioRI FSRORESRIERAJN the amigR ARdsemence of SEQ ID NO: 42

the fegg‘ggzﬁé’%ég\éﬂ\%%% Icl? NO: 4§S&h\é 22B g-e: VL (?r hVB22B e: VL),
B EOBRINLYBISEQ ID NO: 68 (hvB22B

the regigrypdznipy agidsré@ionSdfcamispoadid® 2R 2 39 corresponds to CDR1; 20

the regiiJRAHAAP, AMIB RCIASBRLHE1ICH 8RROAMS to CDRZ;

the region of amino acids 103 to 112 corresponds to FR4.

Herein, the correspondence between CDR and FR in the hVB22R p-z VH sequence and

sequence [D numbers is as follows:

hVB22B p-z VH: FR1/SEQ ID NO: 15

hVB22B p-z VH: CDR1/SEQ ID NO: 1

hVB22B p-z VH: FR2/SEQ ID NO: 16

hVB22B p-z VH: CDR2/SEQ ID NO: 2

hVB22B p-z VH: FR3/SEQ ID NO: 17

hVB22B p-z VH: CDR3/SEQ ID NO: 3

hVB22B p-z VH: FR4/SEQ ID NO: 18.

Herein, the correspondence between CDR and FR in the hVB22B p-z VL sequence and sequence

ID numbers is as follows:
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the region of amino acids 94 to 102 corresponds to CDR3; the region of
amino acids 1 to 23 corresponds to FRI; the region of amino acids 40 to
54 corresponds to FR2; the region of &mino acids 62 to 93 corresponds to
FR3; and 25 the region of amino acids 103 to 112 corresponds to FR4.
Herein, the correspondence between CDR and FR in the hVB22B p-z VH
sequence and sequence ID numbers is as follows: hVB22B p-z VH:
hVB2ERHSEQ.IPRNGES IDWE22H p-z VH: CDR1/SEQ ID NO: 1 30 hvB22B

VH: %/{%—EI 16 hVB22B p-z VH: CDR2/SEQ ID NO: 2
hVB2 V 2%%]!:;{2 :%ILF%%%%%?DQNO: 17 hVB22B p-z VH: CDR3/SEQ ID
hVB23Fr-3 ivBR2ESER TAHNPRISEQ ID NO: 18. 35 Herein, the
hVB2zBrpespandamre/hetwgemNODR and FR in the hVB22B p-z VL sequence

) e ss as follows: 22 hVB22B p-z VL: FRI/SEQ ID
hVBz@c%'ﬁm%é%@@ﬁ%gévsm ID NO: 4 hVB22B p-z VL: FR2/SEQ
hVB218 noVis HVBYSEQIPWOCGDR2/SEQ ID NO: 5 5 hVB22B p-z VL:
hVB2HERB/SEQ IRNO:GINE228 p-z VL: CDR3/SEQ ID NO: 6 hVB22B p-z

. VL: FR4/SEQO JD NO: 30. Herein, th rre bet n CDR and
Hereiny e R PE V4 S BAEE Al R At e and
sequerfefl A suntréry B2eEdle™sH: FRI/SEQ ID NO: 19 hVB22B g-e VH:
hVB2GDRYSEQHRIN@OLTIVBREB g-e VH: FR2/SEQ ID NO: 20 hVB22B g-e

: CDR2/ : VB22B g-e VH: FR3/SEQ ID NO: 21 15
hVBZﬁ%”fz@g-@%ﬁ.) %EE@?@\@Q FD NO: 3 hVB22B g-e VII: FR4/SEQ ID NO:
hVB221 gheeYéin Fie/ SBRJEPDIHEce between CDR and FR in the hVB22B g-e
hVB2M sequencernksesitenas; 0 numbers is as follows: hVB22B g-e VL:

nvB2IB g Nl PR R 1D No: 21
hVB22B g-e VH: CDR3/SEQ ID NO: 3
hVB22B g-¢ VH: FR4/SEQ ID NO: 22.

Herein, the correspondence between CDR and FR in the hVB22B g-¢ VL sequence and sequence

ID numbers is as follows:

hVB22B g-e VL: FR1/SEQ ID NO: 31
hVB22B g-e VL: CDRI/SEQ ID NO: 4
hVB22B g-e¢ VL: FR2/SEQ ID NO: 32
hVB22B g-¢ VL: CDR2/SEQ ID NO: 5 .
hVB22B g-e VL: FR3/SEQ ID NO: 33
hVB22B g-¢ VL: CDR3/SEQ ID NO: 6
hVB22B g-e VL: FR4/SEQ ID NO: 34,

Herein, the correspondence between CDR and FR in the hVB22B e VH sequence and sequence

1D numbers is as follows:

hVB22B e VH: FRI/SEQ ID NO: 23

hVB22B e VH: CDR1/SEQ ID NO: 1
hVB22B e VH: FR2/SEQ ID NO: 24

hVB22B e VH: CDR2/SEQ ID NO: 2
hVB22B e VH: FR3/SEQ ID NO: 25

hVB22B e VH: CDR3/SEQ ID NO: 3
hVB22B e VH: FR4/SEQ ID NO: 26.

Herein, the correspondence between CDR and FR in the hVB22B e VL sequence and sequence

ID numbers is as follows:
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20 hvB22B g-e VL: CDRI/SEQ ID NO: 4 hVB22B g-e VL: FR2/SEQ ID
NO: 32 hVvB22B g-e VL: CDR2/SEQ ID NO: 5 hVB22B g-e VL: FR3/SEQ
ID NO: 33 hVB22B g-e VL: CDR3/SE® ID NO: 6 25 hVB22B g-e VL:
FR4/SEQ ID NO: 34. Herein, the correspondence between CDR and FR
in the hVB22B e VH sequence and sequence ID numbers is as follows:
hVB22B e VH: FRI/SEQ ID NO: 23 hVB22B e VH: CDRI/SEQ ID NO: 1
hVB238 hVB22R1e¥h IFRASER ID NO: 24 hvB22B e VH: CDR2/SEQ ID NO:

h\VB2 : /ISEQ.ID NO: 25 hVB22B e VH: CDR3/SEQ ID NO:
hVBZ%B%%%)Zi@SEéE}é@E}QﬁD NO: 26. 35 Herein, the correspondence
hVB2P3vEen KRBRBRIPR the hvB22B e VL sequence and sequence 1D
hVB228RRarsipas fOHows R$):RVB22B e VL: FRI/SEQ ID NO: 31 hVB22B e

: CDR NQ: 4 hVB22B e VL: FR2/SEQ ID NO: 32 hVB22B e
hvméﬁ:eg@é%g%%ﬁg% hVB22B e VL: FR3/SEQ ID NO: 33 hVB22B e
hVB238 e SHREIFECSHIND NOHVB22B e VL: FR4/SEQ ID NO: 34. Herein, the
hvB2gBrEespondangecpainegnGDR and FR in the hVB22B u2-wz4 VH

. seguence and, sequence ID bers.js as.fo s: 10 hvB2 2-wz4
Herei TR TR RO B S RURID B2 0 U LR S b brescnce and
sequetng BR22BmBensz4 A#H0IERZISEQ ID NO: 55 hVB22B u2-wz4 VH:
hVB2SPRR(ISEIP NG S:0) \B 228, yd-wz4 VH: FR3/SEQ ID NO: 56 15

B22B u2- z4 VH: R /SEQ_ ID NO: 3 hvB22B u2-wz4 VH: FR4/SEQ
hVBz%N%W%%%Iﬁr@R@E Qr¥ed¥Bndence between CDR and FR in the

hVB2hN B22B:4 250ZARZIS§6 lieié@:affd sequence ID numbers is as follows:
hVB22B u2-wz4 VH: CDR2/SEQ ID NO: 2

hVB22B u2-wz4 VH: FR3/SEQ ID NO: 56

hVB22B u2-wz4 VH: CDR3/SEQ ID NO: 3

hVB22B u2-wz4 VH: FR4/SEQ ID NO: 37.

Herein, the correspondence between CDR and FR in the hVB22B u2-wz4 VL sequence and
sequence ID numbers is as follows:

hVB22B u2-wz4 VL: FR1/SEQ ID NO: 59

hVB22B u2-wz4 VL: CDRI/SEQ ID NO: 4

hVB22B u2-wz4 VL: FR2/SEQ ID NO: 60

hVB22B u2-wz4 VL: CDR2/SEQ ID NO: 5

hVB22B u2-wz4 VL: FR3/SEQ ID NO: 61

hVB22B u2-wz4 VL: CDR3/SEQ ID NO: 6

hVB22B u2-wz4 VL: FR4/SEQ ID NO: 62.

Herein, the correspondence between CDR and FR in the hVB22B g-wz5 VH sequence and
sequence ID numbers is as follows:

hVB22B g-wz5 VH: FR1/SEQ ID NO: 54

hVB22B g-wz5 VH: CDRI/SEQ ID NO: 1

hVB22B g-wz5 VH: FR2/SEQ ID NO: 55

hVB22B g-wz5 VH: CDR2/SEQ ID NO: 2

hVB22B g-wz5 VH: FR3/SEQ ID NO: 56

hVB22B g-wz5 VH; CDR3/SEQ ID NO: 3

hVB22B q-wz5 VH: FR4/SEQ ID NO: 57.

Herein, the correspondence between CDR and FR in the hVB22B g-wz5 VL sequence and

sequence ID numbers is as follows:
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hVB22B u2-wz4 VL: FRI/SEQ ID NO: 59 20 hVB22B u2-wz4 VL.
CDR1/SEQ ID NO: 4 hvB22B u2-wz4 VL: FR2/SEQ ID NO: 60 hvB22B
u2-wz4 VL: CDR2/SEQ ID NO: 5 hVBR2B u2-wz4 VL: FR3/SEQ ID NO:
61 hVB22B u2-wz4 VL: CDR3/SEQ ID NO: 6 25 hVB22B u2-wz4 VL.
FR4/SEQ ID NO: 62. Herein, the correspondence between CDR and FR
in the hVB22B g-wz5 VET sequence and sequence ID numbers is as
hvB22XBllpwss B 228 S IVROFRYSEQ ID NO: 54 hVB22B g-wz5 VH:

DR1/ 1 : 2B g-wz5 VH: FR2/SEQ ID NO: 55
hVBZQ%&%fE?w%{%éﬁ%%%m NO: 2 hVvB22B g-wz5 VH: FR3/SEQ
hVB23B (o258 h VB2 Q- N OH CDR3/SEQ ID NO: 3 hVB22B g-wz5 VH:
hVB2FERMSEQID NOR HEESHIHereinsthe correspondence between CDR and

int V = seguence and sequence ID numbers is as
hvm%? ‘W%i%%h?%éé%%%vﬁv?g@@ﬁmusm ID NO: 59 hVB22B q-wz5 VL:
hVB22BpRVSEG A NR3/FER/B2RNR ofwz5 VL: FR2/SEQ ID NO: 63 hVB22B
hVngB\qz@z\gwg;mﬁz/m@m@_s hVB22B g-wz5 VL: FR3/SEQ ID NO: 64

. hVB22B g-wz5 VL. / ID NO: 6 -wz5 VL: FR4/SEQ ID '
e o o e L G o6 VEPS Gl AU 1 toeneeof
VB221 Mhésrabolentid e EQqiehée 8 tvBasewtids sihomnedro SEBLAR NGvIs thewn in
SEQ ID W%&O{%W{HQE &R §@I?\:B@§§1W }Qé@%ﬁ@ ;;@Iié?z %szg‘ 13; the

nycieotude se .SC(FV)Z IS | : .
rucleo B S IO RV 396 308 SO NS A egdipaeaence of
hVB2ReleotHe surenteBIOVBL0B ahehhis shtdmsim SEG (D NGB tHeH is

shownHEEOfife Renuenge 9&@1\4&?&%&@@!&1&5 SV IRIEQIR MR iShdRE in SEQ D
-wz4 VH.is shown jn SEQ ID. NO; 69;

leot A fh : 69
NO: 69, i L SERLGNEE b ERDS s Wit ASHEAR S S0 YO the
nucleotide teguiBaeu] &R Sepruenceschi Wb 22 BHLZIVING shbviieimSEQilD sequence of

hVB2 Q-4 Uthe NHOIBONES SAUHERCRATIVRZZB &6:Us, ARdIMBARR &Yleite of
own in SEQ ID NO: 43; the nucleotide sequence of hVB22B u2-wz4 VL

hVBZ%Sé]a%av%‘*iWs}é 8572 e Wi 1 d5ide gaalﬁaﬁésf%?ﬁﬂwzfélh\f\%Z%B Q-WzS

VL is shown in SEQ ID NO: 72; the nucleotide sequence of hVB22B p-z sc(Fv)2 is shown in
SEQ ID NO: 45; the nucleotide sequence of hVB22B g-e sc(Fv) 2 is shown in SEQ ID NO: 47;
the nucleotide sequence of hVB22B e sc(Fv)2 is shown in SEQ ID NO: 49; the nucleotide
sequence of hVB22B u2-wz4 sc(Fv)2 is shown in SEQ ID NO: 75; and the nucleotide sequence
of hVB22B g-wz5 sc(Fv)2 is shown in SEQ ID NO: 76.

(18) a humanized antibody having the amino acid sequence of any one of SEQ ID NO: 46
(hVB22B p-z: sc(Fv)2), SEQ ID NO: 48 (hVB22B g-e: sc(Fv)2), SEQ ID NO: 50 (hVB22B e:
sc(Fv)2), SEQ ID NO: 73 (hVB22B u2-wzd: sc(Fv)2), and SEQ ID NO: 74 (hVB22B g-wz5:
sc(Fv)2); and

(19) an antibody in which one or more amino acids are substituted, deleted, added and/or
inserted in the amino acid sequence of any one of (1) to (18) described above, and which has an
activity equivalent to that of the antibody described above.

Herein, “having an activity equivalent to that of the antibody described above™” means that the
mutated antibody has an equivalent activity as the original antibody to promote the growth of
hematopotetic stem cells, to promote the growth and/or differentiation of CD34-positive
hematopoietic cells, to enhance the engraftment of transplanted CD34-positive hematopoietic
cells in the bone marrow, or to promote the recovery of hematopoiesis in hematopoietic stem cell
transplantation.

Since the antibodies defined in (1) to (19) above have a very high agonistic activity for
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VL is shown in SEQ ID NO: 72; the nucleotide sequence of hVB22B p-z
sc(Fv)2 is shown in SEQ ID NO: 45; the nucleotide sequence of hVB22B
g-e sc(Fv) 2 is shown in SEQ ID NO:287; 20 the nucleotide sequence of
hVB22B e sc(Fv)2 is shown in SEQ ID NO: 49; the nucleotide sequence
of hVB22B u2-wz4 sc(Fv)2 is shown in SEQ ID NO: 75; and the
nucleotide sequence of hVB22B g-wz5 sc(Fv)2 is shown in SEQ ID NO:

c-mpl, Z@eﬂa&)s %ﬁ%g%ﬂg%%ﬁﬂ;%%ﬁ@YM ;Bﬁl&%@% %gﬁ%&sﬁﬁg Zlgch stem
€0 v

cells, 0B oo SRS HOY S S 67108 oy SECT D s appotei

cells, a(mszggemawznggb@mgﬁfmmsﬁ@ramm@anmmz3rquwlzanatopmet1c cells in

the boRCHTAe i L2k an-2RUREEK gﬂ%r}%%}? BF MAIAAHOR:ARHIS AR poietic stem

1 substituted, deleted, added and/or inserted in the amino acid sequence of
ce tmﬁ e 181“(1) to (18) described above, and which has an activity
eddisthteist i thapofthe aytibodyed ésoribech b oyeivakHecsinethanipg wreptide are

well k@SHHIY eQubalantdothar of t%%ﬁ@ﬁ%@%ﬁ%&&@&ﬂ@@%xﬂ@%ﬁ@ﬁ& &

mujated fntlbOdy has an equivalent activity as the original antibody to
polypep} EGMRIT-JR e tialishdfethe S rrRAISP RS ARG thel BRsARaLY
eqmva@m(d/tortwfmmmumnfdh@ﬁ@gbxmﬁnm;dﬁﬂmam;mied&mgeﬂpmprma’nﬁ&tlons into

the antihﬁd%ﬂﬂﬁﬁg@l?é‘&%é{@&‘%ﬂé@%&ﬁ%&ﬁ%&%’e@&%l?t?pé?'S}"‘G&%'%ﬂ e 75,

bané marrow, or to, promate the recovery of hematopoietis

(1995)héistoplefiiomiket- Mcthadsdiariaohn 1§ﬂaéé%r§§)9rﬁh%’§éhe§mﬁea‘/ etal,
Nuclmmﬁ(@dmI{ésQ)laleM,a(m%hlgmgﬂmétma@ﬁmzy}fﬂrmam@nﬁﬁrﬁ}bi 154,

350- 3@%@&50%bea8?£y'mcanSA95£r§m gg A'aff hem jg&%&%

cell S, gents or promotlggt e grow ereﬁt atio

Meth%%ﬁé}f)ﬁ%% 108 ReatoSBicha 8B aHST sehts f%mé%aﬁéuﬁ@ltﬁ@éﬁ&aﬂwﬁf naturally.
Thus, tht tpaneplantec 0D Abpesitivesbe maloptisticeaisnin] thepome My Bwagibodies of

the prc@&ﬁrﬁf'ﬁfg%zg AHE?%B% i Fﬁctg\éef{%ﬁ{)hd%rﬁ%to & §Q' O@ﬁematq IgIIC Stemhlch one

1 W
trans antatlon rpreparlng ypept| uncti onaF

O MOTR GRS 8 BBtaiRd polyushdatsaatswln REBWR ©f Bk @Ril‘l’édhﬁt frie mutated is
generakit Sanshincl udelmethesd poffnid 3oing mtaﬂmﬁmrmﬁy peptdes.(Rrexample,

five anSXAMR c?s (E??é% skilled in the art can prepare an antibody functionally
guwa enttot % antibodies of the present invention by introducing

bidprrdfEaRiarnbAa §ine odiderandmoby matiairdite arskeeamino acid residue
whose Ritdagriesitaitash lm@;ﬁ@rﬁﬁ@t@hﬂiﬁt Sf e @1@@@1@1@%@1&5 hedd 5@3&3&95)Examples of

Zol MJ and Smit 0 moI 100
amino O e R BT O PG S (oo K ol Yo V)
hydrophifieRREnPIaciIRtRols EnyFdD. @H §56.387, 11087 KagikeLoTprivhog the
followﬁigﬁid&ﬂ%@claliéﬁﬁm%é&&ﬂ@%dl@%l K]!J@_K@ IpyMatneds ERaynahSade

chains g B N oA DBt S EOaHas o Ry
afnlde*éﬁ%ﬁ%@ﬁéﬁtsﬁdwéaamﬁéd%%mélbrb@emsldve:hams ghdkcompHRingdimetic
ring-coRIRh A SeRIgngesIoMhasevantiRHie s 10 VRIGR B nted by one-letter codes in
parentheses).

A polypeptide comprising a modified amino acid sequence, in which one or more amino
acid residues is deleted, added, and/or replaced with other amino acids, is known to retain its
original biological activity (Mark, D. F. et al., Proc. Natl. Acad. Sci. USA 81, 5662-5666 (1984);
Zoller, M. J. & Smith, M. Nucleic Acids Research 10, 6487-6500 (1982); Wang, A. ef al.,
Science 224, 1431-1433; Dalbadie-McFarland, G. er al., Proc. Natl. Acad. Sci. USA 79,
6409-6413 (1982)).

Fusion proteins containing antibodies that comprise the amino acid sequence of an

antibody of the present invention, in which two or more amino acid residues have been added,
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or more amino acids is mutated. In such mutants, the number of amino
acids that are mutated is generally 50 amino acids or less, preferably 30
or less, more preferably 10 or less (fattexample, five amino acids or less).
20 It is preferable that an amino acid residue be mutated to another amino
acid residue whose side chain retains the properties of that of the original
amino acid residue. Examples of amino acid side chain properties are:
are incm@g@ﬁhﬂﬁi‘@@ﬂémrﬂ@ﬂt% |1I;hes %sf)él Tr(\%nY re%’ﬂﬁs\ﬁmﬁlédﬁ%@(ml 'tg?ﬁk%g}f)one of
acids an amino ac s comprising the
the abgi Wﬁr%ﬁﬂgé LR PR het e Rt %efd" IR ded o ipprestnt fovention.
The fupiparbsotoernibing sde @ Bychgitisd 8 7] and lv)tide burabingini ngtidiody of the

presenﬁﬁﬁi'élﬁﬁfﬁ and M isateeeit a6idaand. anpider sepRID NG SIVEHRANG Eame,

K, and H); aromatic ring-containing

basic side chains (R,
inserti is %{ﬁXEGWHﬁ&@G\B% ASRIERIER eréfﬂ?]é’%fﬂ’éﬁrlf}fltd’ﬁ@ ]Pé?ﬁ’i-:-r Some
tec@lmé@lmaﬁré}mhesb@edmipdiypdmd ecomipkddingtaspodifiee ameopacicts peptide
or pol}%ﬁzﬂﬂ@@ €& b@%@@vﬁﬁ%&ﬁﬂﬂ%ﬁm R ﬁgs@ﬁfqﬂQQHﬁ?ﬂm%tﬁgown peptide, for

|th othér amino acids, is known to retain its

exem A l5E i (RAE-AOEY . 1 M Mo Scipegasising of
S1X Hlﬂb}ﬁﬁﬁ@@‘j&ﬁﬁi(&@BH}X H&Imﬂ%ﬂa&eﬁmgtgiubmm gdlejc Awids Reseaficlyment,
VEV- (@f&éﬁ%&%ﬁﬁ%%&é\ﬁ{éﬂg??‘ t?é Frs B @V%:glla}lﬁ%gﬂ fra%megt Ick tag,

Eljgadle McFarland et al., Proc. Nat cad ci. USA 79
o tub“? SPISRL RS HIRAHS HERESAIng QHHORREETHRR BRRMIISE thBcatpd with the
antibodieidod elgipreserofiave naintiiocy df, the cpmﬁ@hi Iﬁh@hﬂgjﬁﬁawmwlmcﬂ‘ﬂmmrase) HA

(mﬂueﬂ%%rﬁeﬁ{ygg%ﬁﬁﬂ)rqﬁ%%&%ﬁ%ﬁlf%e&{ﬁ&%?t %@1 %r Aja%ltﬁ% (cai MBP

sent invention. The fusion proteln resu tS rom-a USI etwéen one of

(el PR BB e Sy A S pepriiBoP R Slihesara RS ipkpilable
peptid¢henpeerpiidantiarbe Tinedusitnpaieioctasnibe grapangdudigasiigod the present

mvenﬁBﬁlynTﬁ@ﬂf@&%@?{%ﬁﬁcﬁ%ﬁpﬂpg%pug@g E%ng%lg% é%ntﬁ)l 10ann90a truct,

po ynucleotl e encodi g a secon e In frame,

inSevHrREFtHed R o @%@%@W@@%ﬁ BiCEk HrESRTieg mavidifita in amino acid
sequenconsiviet ilnravdght Sanectechoigy esdsawmrdhaser %&lﬁﬁdclﬁfﬁlﬂﬁ aif are

confor@l\éﬁ'é)?lb&%&{ﬂgé H]?‘Eﬁg qet ];P K RALY rtn%‘} %[ gg 391{18 cll Y %gr?fic&le S}J li’r?e god

with an antib e present inven on qg/@be 5k _
Howevgpmiphaltingsatippgyds modst in migwibn mg@tbt} PRESER] PIGEOBS)) long as it
is funcBurtdib/censisiing af aﬁlxﬂﬁﬁoﬂyﬁfd}f@ré@&ﬁ liﬁﬁedt@ii Higoldluia8, when an

( uman c-myc fragment, pI8HIV
anhboé}ggmen%} %Q}?n i I—fgI Yo tag {% afrj{f) gen rasgrsren %HE%Fa% CO}_J
methm&iﬁ?ﬂﬁﬁ’rﬁl‘ﬁﬁaﬁ d@t@i’g biomsin ﬁfa@mgmw@amwemmwssbmm
Such ateibedfusect withinel arm@@mga@mhaaﬁ@sent Invefrlltlon include, for

exam GST utathlo ans eras nfluenz tlnln
n%%ﬂlg%%gi BSma cgﬁg{la’n £ rFon gafng osmoa%g& omﬁ}l%?‘%esc prisedin the
agents eﬁﬁlﬁo@@samdm@w@tammwyha@mtm rsnoptisgtbnepiotrsgecognized by the

annbo(ﬁ@mﬁﬁ@@[y@yaﬂalpbg AHpeptides or polypeptides can be fused with a
p@é(“ﬁ‘ e[qjtldde e%%%ﬁ%'”%r‘é‘é‘a%%“g n%gom:%gﬁ% those skilled in the art.  The

antibodies can be prepared by, for example, determining the epitope recognized by the antibody
defined above by conventional methods, and using a polypeptide comprising one of the epitope
amino acid sequences as an immunogen.  Alternatively, the antibodies can be prepared by
determining the epitopes of conventionally prepared antibodies and selecting an antibody that
recognizes the epitope recognized by an antibody defined above.

In the present invention, a particularly preferred antibody is an antibody that recognizes
the epitope recognized by the antibody compzising the amino acid sequence of SEQ ID NO: 73.
The antibody comprising the amino acid sequence of SEQ ID NO: 73 is predicted to recognize
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invention. The fusion polypeptide can be prepared by expressing the
fusion construct. As described below, the antibodies of the present
invention may differ in amino acid setjuence, molecular weight, isoelectric
point, presence/absence of sugar chains, and conformation depending on
the cell or host producing the antibody, or purification method. 20
However, a resulting antibody is included in the antibodies of the present

the regOVERSONGRSIORY @12 75, THRELQ %@%@Ytﬁ{%ﬁpfﬁﬁ aRdi ROty O 1€, ore

tlnven on. mpl n antibody of the present
Pt GF EATESGt RS SO O SAimplo Bl i rcognizing
the regﬂ'ﬁethf@mn@@s@ﬂ%@é’d’éedrmhm Neidsrifue Githe odiginalaaitibidyto 231 of

humand TP ASIdISCHERES: it hARIROMIGS, Ak Included in the present
mvent{a?g%ZS In another e bodlment the preferred c- E?I recognizing

CEAPITSRETH RS HEAML bAHEDASL Grioehitfon SRS or 213 to 231
in the aniivodiskstaenecod ﬁwmmwmtc(ﬁészrﬁb@gmzﬁq bantbe oantibatiigsmethods

knowndcgffﬁgﬁ 0 do(H) abovenSuah, b %Qheﬁe‘:&ﬂé?ﬁe r?&aég%?gfgm% Fggt%ods of

known to those skilled in the art. The antibodies can

PrepanBgARpREd aféﬂé%mﬁqwm@%&&@ﬁé%%gmmwﬂ%sé’m .38 ETAEY or 213 to
231 in gizoamiby ecidventiena aféthnoascangl (SHQ H)pldiypep)laieammﬁﬂﬁmgeﬁne

Altemé’cNQS' %&%&b@ﬂl&%ﬁ%%%‘?&iﬁ%@? ARARCUPYORASH AIG! Q%tl}/t(e) ést%ecogmzed

antibodies can be prepared by determining the epitopes of con
by conyeaBapalapithatad aute disreamhiemsalnebivg 4@@6@%2@@%& the same
epltopcﬁmw]hesﬁemggmeﬁﬂbydﬁE&ﬂﬁbOﬁJl&ﬁ@ﬁmhe@fﬁgaVﬁn%Hﬂ@mresent
'”)A%be%u% B%E“&ﬂltﬂ!y L %%@%ggmgé{dl% %0 ){Kt)hat reﬁ%% Zke?led in the
35 the epitope recognlze ea co prlsmg the amino acid
art. Lot eRampleoPSEes!in @WPS yTRieHIsHE & beislommasivin throearafig dicigenerated by
knownselchr&ﬂcgl@ﬂ‘ SEQ drdN Q}Iﬁ&l@@@ﬁlﬁiﬁditWﬁQQﬁlﬂmggra%1ﬁB %er egigN-Haessing
e ion from Ala,189 1o 45
cell aﬁé@éﬁ% 5%‘*’1%5%‘%5&%? AR A RS G e hrainea
immungeyiss e kaghparg ithecksdis rarartinpaeds sion zm@isamecreenmg for
monoc&ﬁidﬁailﬂﬁd&f%d@hﬁ@%ﬁs&@dﬁn%ﬂ&ﬁ@x&@hﬁfhb@ﬂnan c-mpl are also
in the res tnv nti tibodies that rec ion of
g %%38 e et o SRR B
Wm&ﬁ%%ﬁ*@&w@ra@a mﬁmdm&mm@wmmmmdws is
preparémb’y\/éklmdis@%tﬁﬁlH%pﬂgé&@&ﬂ&&%ﬂg ie% ¢ @@r@aﬁ@tﬁgé@%ﬁ]@ﬁmbﬂ
e by methads of preparing antibodies using a peptide of the
N O s LB SN e G G B iRl g kmown
expreS%@mvgéwewb@bﬂmtbﬁmﬁacmﬁpte(dsm@ D OreBijas srsieriundyesnbidct human

c-mpl Iﬁcﬁ%ﬁ%\{ﬁh{ﬁﬂa{%@iﬂ RIS AN bekainad by, metheds ghrine
epltopfes reco nlzed b)é onven Onal%fggﬁi)fﬁfﬁd antibodies and then

S S P R T B 4850 tndlprmatively, a partial
c-mpl pmmww antiborisol dnggreseht thisntenthamibiodipspifide bindlso be

chemlcﬁll? @ﬂ}fé@ﬁ&%ﬁ&@@%@%@&ﬁ&%%ﬂﬁs’éﬂ&%é%%ﬁ%ﬁ‘i:"l‘ﬁﬂl'n the art.

Q4 exam onoclona an -producing 3/gr|domas canb
essenffpe{ é%?a m}) ecu e t a are recognized by an anti-c-mpl antibody of the

present invention a.re not limited to a particular epitope, and may be any epitope on the c-mpl
molecule. Thus, any fragment can be used as an antigen for preparing anti-c-mpl antibodies of
the present invention, as long as the fragment comprises an epitope of the c-mpl molecule.

There is no limitation as to the type of mammalian species to be immunized with the
sensitized antigen. However, a mammal is preferably selected based on its compatibility with
the parental cell to be used in cell fusion. Generally, rodents (for example, mice, rats, and
hamsters), rabbits, and monkeys can be used.

Animals can be immunized with a sensitized antigen by known methods such as a
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15 known technologies as follows: immunizing animals with c-mpl proteins
or c-mpl-expressing cells as sensitized antigens using conventional
immunological methods; fusing the olthined immunocytes with known
parental cells by conventional cell fusion methods; and screening for
monoclonal antibody-producing cells by conventional methods.
Specifically, monoclonal antibodies can be prepared by the method below.

routin@théihist, tienfeoupbpreteiivddiehtisdisethasR.Sansitizad RAMIGRR Y or
ing antihadies, is, prepared xpressing the e-mpl gene/amino

s ISRRE00 S, P e P B S S
phosphgieriHEaN EnseRB Sequlunidested diline anplsushinsedtériniepekdeivn An
adeque&ﬁ[ﬁfﬁSﬁim@Nﬁﬁ&i@éﬂﬂiﬁﬁﬁ%&f\%ﬁﬁ?f&fﬁﬁé %@}@ﬁ%ﬁf;@ﬁ%ﬁﬂﬁ?ﬁem%{; is mixed

. | uman._c-mpl protein is.putified from the host cell ar culture
i R i @ i - o
several §Eg pRVa sefrsit Zdddanitigtamyaitervativetypaigartiatic-mpy peptidé fmahbecnsitized
antigenifethasuaisensitized antigen. In this case, the partial peptide can also be

chlgmicalllyafysnihesized Qas%d on.th %mino acid sequence of human ,
. c-mp f“ﬁ%e C it SPRERF ! B RBIRe B art E&EHFZéHCB@ﬁ%Oft&rget antibody
in the sgrpoe imgsrdiTisse jnente cpreserst dolerttiorirane thotrlinited]tma partistbigcted to

cell fugtPHOPSpRiRH £RAY He AVLRRIARE RRLNREsRI 30 molecule. Thus, any
frekqment gan be fsed ag,an antigfin for preparing anti-c-mpl antibodies of

. the PresantiHvastoR: 52 DAY 485hesAghsriabrprit batinssinih brmeove
immunggiissmolseiskabhans s dimbitatiba asdorttiadyparofumanvwalial lines, for
exampRRETERIQA IRERY)izRAWiLY e sEnsitizashapfigen. M-,l"%%}%@
P3x63 M : I&)sl referably selected based on its compatibility with "the parental

x céwg] t?(e ﬁé%f&i céﬂ%Eg@ﬁ?@éﬁ%?é%%@éﬁ?@f&%%ﬁ@?ﬁﬂ@é%@,a 1-7
(1978) 2535 (rarhiste () and Bits{camd mBmk dy Breanrod. 65681 -Aniniadg 6pNNIRC-11
(MargdERUDIZECIIN BSLOSHIEA13T1998 PR KHNIIMEINAIRCUPDANAGR 276,
2692{@@@ m%@o%@%ﬁa sensm%ed antigen into a mammaf

i pdohgd ahed ety SpERmkelnyeodaAsit-ad AHRfh &194

(Trowhdidged applopriatétiedvitit pRd3 g iatet busiredsaiMe (BRSY, whysiglovisale 277,

13;43@3@@@@@ such, and then suspended. An adequate amount of a
00@‘;@ tional adjuvant, for example, Freund's complete adjuvant, is mixed
5 G

o83 S5vETAhe drmrages v diauidnmatrals prelsarsbddrbove can be
essentialdymimistaling toiaghammahaavesafdinesmayel adetnd ey ienl Mitktein

rQnyi [ it tigen in
(KOhie%nR%aqrr%{z?tiﬁSEa% %m(?ééﬁ%‘%;jd? éeg— %éligg%@g'above. After a titer

incfSsP e g bt Mhtibrne-fetrabseent fadontinmedriindurofytesanple, in a
conventiolettedtirom tHium ammapeschthert 5l¢bjemegﬁopr$%|§aﬁgta§%ﬂz Sm@@nd
v | C S. Mammallan ells, are use
Foston R o N DI e s
(HVI). mibismiarebine @ sinsew o sishos dimehy salforids ey exampleided to

improvP BuRBxEBAGBH53) (Kearney JF, et al., J. Immnol. 123, 1548-1550

(BP0 of immunocytes to myeloma cells may be determined at one’s own discretion,
preferably, for example, one myeloma cell for every one to ten immunocytes. Culture media to
be used for the above cell fusions include, for example, media that are suitable for the growth of
the above myeloma cell lines, such as RPMI 1640 media and MEM media, and other
conventional culture media used for this type of cell culture. In addition, serum supplements
such as fetal calf serum (FCS) may also be used in combination.

Cell fusion is carried out as follows. As described above, predetermined amounts of

immunocytes and myeloma cells are mixed well in the culture medium. PEG solution (for

example, mean molecular weight of about 1,000-6,000) pre-heated to 37°C is added to the cell
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P3x63Ag8U.I (Yelton DE, et al., Current Topics in Microbiology and
Immunology 81, 1-7 15 (1978)), NS-1 (Kohler, G. and Milstein, C. Ear. J.
Immunol. 6, 511-519 (1976)), MPC-1bgMargulies, D. H. et al., Cell 8,
405-415 (1976)), SP2/0 (Shulman, M. et al., Nature 276, 269-270 (1978)),
FO (deSt. Groth, S. F. et al., J. Immunol. Methods 35, 1-21 (1980)), S194
(Trowbridge, I. S., J. Exp. Med. 148, 313-323 (1978)), and 8210 (Galfre,

; : -133 19)). 20,Cell fusions between th

e e e ot oL R B fusa et

(hybridozassially! Beffrie B i WT Mediienssforcessaivpls added thabiebyixture, and
the sakphier antrMilstéin {kotiersipeaneiMilsteins GeaMRIRAISHOAYMNR AR times to

w46 (128 ifically. the above-described cell fusions .
e armed Oljg'g:»‘facgir\4 gilzfr'?\%?eﬁ Pr% ganxg:%%%gﬁ%na&gc(j% & tr%aé?&ﬁ m I}ﬁifﬁégg?e to hybridoma
gmw{Bresence of a cell fusion-promoting agent. The 25 fusion-promoting

agentsciniolyideHoraxamp| By RolvataylenenglyeaidP F@ handiSendahvifs »

_ f ired, an auxiliary substance such as dimethyl sulfoxide may
com e e i i AR AL ne (HAT)

mediyiye| SrivavEais kg Hrovetdretiedd BB msdivwridisotitiod, fpreferblyloas enough
(typicaNkarty ee?ggl H%@'Qé@f@x%ﬁlﬁifﬂﬁ%% %%@J&@@M{Héé@@f%ﬁ%%&lt%sn the desired
. t e used for the above usions include, for example, .
i e RN € i EGBOLE AySIGHA L iegiein the
target gnhody RP Ry eaiioné dienising MENDMBdthodnd other conventional
Cullylerian@eciad sRAJahHIFIY BpheeY Gl liey dALOLPR, BRI s by immunizing

non-hSYR lements sych as fetal caglf s‘g[[ m (FCS) ,;&@( alsobe'usedin  ~

e Y S RS s LT R B ad g aekYity to c-mpl
can algdgatbigiipddyasmsitisiog BBnimhumpoytesandtnyeipina cits and fobied the

sensitiyell PRoeyHHArG eI REG.AULOR aﬁé%@&lﬁdmg%@rm%?lﬁﬂé?fsee,
Examﬂgégp&ﬁgs%gg t 1,000- ,900) pre-heated to'37C is ad_d{ed 0 7the cell 29 .
iSpenaion ty piRANT & A EBIHABRHSHIN Sf369h 18)d6%h v Snd Micerptiyely, it is

possibipodudinindeeeelistitndirtogas). cTinphframapproptitited uils @ity anti-MPL

antibolfiIcoRsgiMab-agrethiothg B%B%IH&%@&%-EU@E%F&S&%& S{‘e”%gaer%&%

. remove supernatant. This treatment iS repeated several times to’. remove
adminggtery aﬁf@ AT ARB T SPrABERE S TR OTRRTS HaR BFeeTintEs Bf dleentire
human@yiriognaess groWii) SEESERGOOHR TealTiy OyIrimMasedri® 94/02602).
catfj |tLrj e, a i ' ium, for .
A AL AT Rl
Conve‘é’[ﬂﬂ?ﬁﬁﬁl‘w? egﬁave@aéﬁ?rééj A HLRHERREE O3Ati fod peficae.
longaenclmial @yihodiks éanﬁeq&@b@&dﬁﬁﬁ&%ﬁ?i%&ﬁk@é@d@&@bﬁk?mas by, for
On- i ; r s, Then, hybridomas
T L e R R BSOS e

Culture, SRR Y Scor VARG HAF i MBRP BlIRO AT B Bdsetcan briekeiorTad Bhidnjecting the
hybridmethdntéor prepatibiy thenahal@desatetby DNEEMABRYHTHHNARG]: and

obtaining antibodies from the mammal’s ascites. The former method is suitable for preparing
highly purified antibodies, while the latter is suitable for preparing antibodies on a large scale.

Recombinant antibodies can also be prepared by: cloning an antibody gene from a
hybridoma; inserting the gene into an appropriate vector; introducing the vector into a host; and
producing the antibodies by using genetic recombination techniques (see, for example,
Vandamme, A. M. et al., Eur. I. Biochem. 192, 767-775, (1990)).

Specifically, an mRNA encoding the variable (V) region of anti-c-mpl antibody is
isolated from hybridomas producing the anti-c-mpl antibodies. For mRNA isolation, total
RNAs are first prepared by conventional methods such as guanidine ultracentrifugation methods
(Chirgwin, J. M. ef al., Biochemistry 18, 5294-5299 (1979)), or acid guanidinium
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non-human animals with antigens, preferred human antibodies having

binding activity to c-mpl can also be obtained by: sensitizing human

lymphocytes with c-mpl in vitro; and f88ing the 15 sensitized lymphocytes

with human myeloma cells capable of dividing permanently (see,

Examined Published Japanese Patent Application No. (JP-B) Hei

1-59878). Alternatively, it is possible to obtain human antibodies against
thiocygnmiplpiiensiinosrlizedr\cels praghicig iR santbadies AlithiSiochem. 162,
156-139 ‘i'é%% e, %%'én%%cl%rc'é‘tgma@w'?Lr%”%%%d&se% 208 R{ﬁ&%ﬁ%}ﬁcaﬁon Kit

administéring c-mpl as &n an igen toftr sgenic anhimals comprising a
(Pharmapignenéotthe digraatiochuamBiboay bedesobepranaroapssgs QuickPrep
mRNANQ 22\ R:92403918, and WO 94/02602). The monoclonal

a”}i%?ﬂkﬁ&%‘%ﬁg'“ Dybridomas (hus B{%%?éeg f%a%%%?é"s%%ﬁﬂed RNA using reverse

conventional culfure mediure 8nd stored 1 ﬁqw nitrogen ov&%ng

transcippidetls SRS WIBGclaTeAtiadisvaies i bA W Raresh druaeriptase First-strand
cDNASDRVB:683cHbes naidamasRuy exampla e kouiNeraserdurs 8bsized and

. culturing the idomas btaini ntibodies fr 2 It
el G B A R RN B e S Lo e b by 55
8998-shfektifebyidbmas et aldestmpatisid niannhal 2QIOMAGAIEEE)) using the
5’-AmpYPAganIas e wamemaliand.abiaiming antibodies from the mammal's
ascites. former method is, suitable for prepari lghly purified ,
a0l O TREHET ISt R S EATaTo R SRl Ghed g Heaed
with vecmeDREcombimpmtantibotiesntancadss bd heepated e iclonihgednnto £, coli and
such, ﬁﬁiimgﬁi%é}% E@é@t@d%gﬂ}%ﬂﬂ%ﬁ%ﬂ%%mﬂgiﬁﬁﬁt %9@%11 %@ﬁ@r@ﬁpr%l@{%get
vector; introducing the vector.into g host; and, pr?ducn thg\%ntlb dies by
DNA RS 4 SRAFBES F BIRBGBRIGER T S YR ahBle B At Hime.,
dideoxAmnivt] eitale, dham JeBiochiemntdRd/67-775, (1990)). Specifically, an
MRINA %@R@U&%@&ﬁ{iﬁwﬁr@@o@gﬂ&g&%Eirm%:'iﬁBi RibQAYiS 18l dhe DNA

. . from hybridomas producing the anti-c-mpl antibodies. For mRNA isolation,
15 InSeRid Bl ANADSRE RS S5Tep ATHAN P BB A hiatngiRastr e tant region (C
regiongoénidiseadwacbodsifugation methods (Chirgwin, J. M. et al., Biochemistry

18yheAkRed %0@1%38@)018& %ﬂgl%f"gﬁq{%ﬂ{@&g be used in the present invention

thiocyanate-phenol-chloroform (AGPC) methods (Chomczynski, P. et al.,

typicalhy, SPERBERRIRC i6pS OfSBISEE9nE IR @R TR B GEPTRTIQA ygctor, so that the
gene iprepareddisingrahaniNAtBukicaiosKin (Bhdanacie)and, such as enhancer and
erpati -mRN irec [ [ i
promeffE BN {f;%%'%ﬁé%?fg?%m@ﬁé?aﬁ%é%ﬁ e ey (o
syRtHESPEI e R 1R RRIX S5 g Haverae  HaR E Aptisane Hhain,
respecsyiiesis isseasdaatoutpising dRprdMdh Restersand anseripRseFirsbsttanrtlcell.
n is Ki ikagak 27 Or.such..Alternatively. cDNA can be
Atten S e S0 R e A Sk SR M SR B
expressigie VagHE mekisrrsiiciosings: hggawldiee WosEY IBekivsky, A. et all,
Ntmi@xéﬂﬂl%,ﬁ&&,nlﬂ,@9&912&321&(1&89&)5@@1&91&&)&@ ﬁbﬁb’aﬂlbﬁéﬁﬁ@ ERited, as
RACE Kit (Clonteg PCR..Target DNA fragments.are purified from
long a ;é s té%lé Fbap Elz)émjid% Sagiﬁé;ﬁ?zg%nhng g)ilga‘ AR AT R &or eXample, IM109,
DHS5a, HB101, and XL1Blue), and a marker gene for selecting the E. coli transformants (for

example, a drug resistance gene that allows selection using a drug such as ampicillin,
tetracycline, kanamyecin, or chloramphenicol). The vectors include, for example, M13 vectors,
pUC vectors, pBR322, pBluescript, and pCR-Script.  When the objective is to subclone or
excise the cDNA, the vectors include, for example, pGEM-T, pDIRECT, and pT7, in addition to
the vectors described above.

When the objective is to express in E. coli, for example, it 1s essential for expression

vectors to have, in addition to the above characteristics for amplification in E. coli, a promoter
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with vector DNAs to prepare recombinant vectors. The vectors are
introduced into E. coli and such, and colonies are selected for preparing
the recombinant vector of interest. Theltarget DNA nucleotide sequence
is then confirmed by conventional methods such as the 15
dideoxynucleotide chain termination method. Once a DNA encoding the V
region of target anti-c-mpl antibody is obtained, the DNA is inserted into

that aﬂ@mv@wée@ipékm@ggﬁﬂ\mi@ @&W%ﬁ@%@}gg&%ﬁﬂtﬁﬁ% e agéP@?Eﬁ”Nazure (1989)
e metnoa 1or producin
26, SIS0 (PRI R ADDIRY DTS TRONCNS 20
1041- 148t RS, thie ISt epenatidn selting i G ke Sy GéR et oK an -Bipeessidiuch, are used
as . cWBHOESO Ek’lfk‘htb@ct@%ﬂﬁd&@%ﬁ?ﬁé&&@i&?gﬁh@%&@%{%% %8?8(%%%‘?”
a min

h d t dt
S S R, BB Snr i Forephde g
expfesﬁi@é?ﬂlBM}gémemanple&wbyemeédm@é—hobnam and L chain,
respeciivelys ﬁfa%r'%grégglﬂ?f%%%Qﬁ%%&?@fﬁ%%@%ﬁﬁ% @00 cretion.  When
poly 0

co-transf into_ a host cell. 25 Alternativel tldes encoding

proteing ik B ORCARI eI S bR LAl e dbhoP ah L, |
Bacteriphr{drEtpdattd W hpstigeit (sed W EhO4idi:B 23 uEnteka mRigi e r:EocoliThe

vectord T8 ﬁ%&ﬁﬁé@@%ﬁt%yﬁ&gﬁg I% PR §u!)3{|%/ [mieds, i%%rﬁga%?)gs or

lect contains an.' éﬁgfor high amplification a cation in
clectrogoritiemsiiaBe, DH5a, FIB 101, and XL1BIue), and a marker gene for

seleetidgithaeE colitrapstesimants: (o, 30: examplendidia) g"dle&%iﬁﬁﬁe expression
h mpic I|n r
vector%}?vgaaﬂ@upﬂérﬁ%@g iEons %%%%3 %Eegggc%%rgﬁlﬁfc ? Pe(tJeFt g‘aé;@%lexc Acids

R {@ cin,.or chloramphe Or éxam
SRE! Vit o Y et o R e s e
baculoeiu}sommmtm&mmnﬁe(@tB@@mm)eaaa)bﬁhdhemptpmt@@P@@Iexigfpze pMH1 and

pMH2§)éﬁm?vm§sj\@fgr % % ¢ & %H #h%t\fggtlxgl%s es (for example,

escribed above ctive |st express

PZIPre)¥SBTE (195 Seuaplfal ?@%&&&rﬁsﬁm&t’ar@wm@mmmom&f\eqo1) and
Bacthababelmaba@bemspm;iBL&OSFdﬁtc@KOIHBQE call, a promoter 31 that allows

s FoRe B e A AR SR S DL B b et s

essentigl i %W@B@&%?Oeh%’f« mﬁ@@lzwes,ﬁ@quwrgm inrsTch prdlmdtersxample,
the SVehervitORVIDIHBE: HIBAONaXkd (Blye) and. Sug, @W{Weﬁrﬁ $orfMe EF1a

torsyinclude, inadditio a pGEX -5X-1
promo B R L o G e .
More pie =|§15‘§t%9ﬁ9 fosaiy ey RaRsOly rsTacin ds preforatsly eedbd s
exampldle desd)rehheveciors Mayied SORPHSe Mﬁﬁghﬁgﬂﬂ%ﬂ?@@f 8 etc Vectors

reving USRS SRS MR RO ARNR R WK &%%W
POPRSl\égn@?@:}%}ay be used as the signal sequence for protein secretion. The

10nved@re came dipei s edio it HAM AENSHO L EXARRYE nB G SIS, methods of
mtroduglrl]}lg rlln G E?I?IES] gﬁs that have defective nucleic acid synthesis pathway, a vector
containing the DHFR gene (for example, pCHOI) which complements the defect, and using
methotrexate (MTX) for amplification, may be used.  Alternatively, in order to transiently
express a gene, methods of transforming COS cells harboring a gene expressing the SV40 T
antigen in their chromosomes with a vector containing the SV40 replication origin (for example,
peD) may be used.  Replication origins derived from polyomaviruses, adenoviruses, bovine
papillomaviruses (BPVs), and such, can also be used. Furthermore, to increase the gene copy
number in host cells, the expression vectors may contain, as a selection marker, the

aminoglycoside transferase (APH) gene, thymidine kinase (TK) gene, E. coli xanthine guanine
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electroporation methods. In addition to E. coli expression vectors, the

vectors include, for example, expression vectors derived from mammals

(for example, pcDNA3 (Invitrogen), pEGF-BOS (Nucleic Acids Res.

18(17), 5322, 1990), pEF, and pCDMB8), insect cells (for example,

"Bac-to-BAC 15 baculovirus expression system" (GIBCO-BRL) and

pBacPAKS), plants (for example, pMH1 and pMH2), animal viruses (for
phosplexople ik aRNNcoand E&@&Mof@tﬁ@é’f@éﬁ%@aé@ c@ﬁ@'@&l@ and such.

ﬁgneo east %P xamp e Pl%hl?] Expr ssion Kjt!' é vitrogen), woduced.
EBL501, AR aC| LS OBESYS FERANHE BT Ho S ntroduce

The h%quqse}}cl\wﬁﬁ?efppmehﬁea@ exip reskeatipuanimhahtetidssuFhab GHBOILs may be

used, f61Q2ardple NI BRlRNLIRtER RSSRIMRLIOAING MREIQR IR VAR of the present
r necessary for 3)}’8“355'0” in such cells, Qr 'égr;{n? Ie the SVv40

imvent G AN 2 A1 AASTI679) 7P PR WEmotdt i

Systememu@ﬁ@mmtm|m¢mﬁameaummetmmmm§ot@m%m 18: 5322),
CMMf{Qm@E%?ﬁE étgﬁ@a%MrQEdeiﬁiﬁr@(%)r{qg%g%@?er%dru i@é@ﬁi? lant cells,
o o o LT e cafmire g nggtp Med. 108,

945 (139@3 @ﬁﬁa&@ﬁlﬂb@%hjdﬁiﬁ)(Mﬁpm&pﬁ/kédﬂﬁpplqﬂmaﬁ%ﬁb amphibian

cells SM'&S%%p@QEB%\éO@}R@SRQ&BEQ‘SBHEI ORG&LIQ §§6}b§’5§@4§ﬁ§9% %?n%grgsect cells

li mber in cells, methods of ‘introduci
such o G1 R A S on o e Ry SR G ey AL, COS7, and
BHK cedintainirmglthebDHER ge A (forexaahpldlsp CHOjallbiok pamipliémenisthable for

large- sgﬁt?gip%?ﬂlblﬁ'ng\/%@t&??!ﬁﬂ%@%é%%)iﬁ% %Pygﬁgt%ﬂow Sp &8cium

Altern in order to tran3|ently ex essagene met
phosphgls g %ﬁ% I i PRThAdS ageme dspriagssatiamis Busonre RAEAR
(Boehtimghelviehnbiogonhesrogtirai ve aterhoost dipifactier 44 ieplieation origin

(fo ﬁWtbQﬁQM@éﬂpgﬂﬁeﬂ ]\ﬁ%}]}&;%' oHgn %é%%!éfg {/rs: )arpc CPtem

O yomaviruses, denoviruses, bovine papl omakuses

produckigatsValima 5 EHISB 4 R PALHES Yo GPLFGBSE thegene Bispgiasystems using
fungal nelbeclinthgsyeslis, %empeasimg@améwmymxeﬁ és%ii@@ﬁ@@myces

cerevzs%@g&ﬁf S%h%mﬁc@ ?8?495 Hans i cf'IOS p])"lg: r?bosy km%%s Aspergillus

TK) gene E. coli xanthine guanine s era
such as(ét%‘aﬁf)’ @%ﬁé‘a’%ﬁ%%‘?é‘f&te reductase (dhfr) gene, and such There is no

paktieul g dikaitaditncesthe best, qﬁaamntmwm@&ﬂa@tﬂmgé&;@éeﬂﬁlﬁegwe%
e ingl for.exa pIe coli and,v ce
wvailatl e '%%?%G?%é?fﬂé e S SR O e D . one
Bacillugsyieilisress the antibodies of the present 5 invention. There are in vitro

aria ﬂﬂe\{bv&ﬁylsﬁﬁﬂﬁ)ﬁ@[ hediacionsaiReRepisies dr\iItuSYSteMSibodies can be
obtaméﬁl gﬁl éﬁp PR %i:l C&n"esuli)k J%Otclz onaL ﬁ)éﬁmcl:%ﬁﬁ:ﬁ r\é\é” S(E‘uiturmg can

aryotlc C S are USE‘ e, 1or E,‘X

be per B’fgrﬁdc@@f el ukgaiveanstheAow T anmmanctisheludsmacniiaiancobliscd,
DMEMUAERE RPIAI (Jo4Dxpr M@D’Vﬂ-%y 949244990 he CORSTRIMYEIOMRe BiiKre

medmn(abnazgy geaﬂ%%t WktllgI lé'z?plja I%Qntg/ seurc aﬁplgléborr}etal calf serum (FCS).
Alternatively, serum-free culture medium can be used.  The preferred culture pH is about 6 to 8.
Incubation is carried out typically at a temperature of about 30 to 40°C for about 15 to 200 hours.
The culture medium is exchanged, aerated, or agitated, as necessary.

Meanwhile, in vivo polypeptide production systems include, for example, production
systems using animals or plants. A polynucleotide of interest is introduced into an animal or
plant to produce the polypeptide in the body of the animal or plant, and then the polypeptide is
collected. Herein, “hosts” encompasses these animals and plants.

When using animals, there are production systems which use mammals or insects.
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10 cells such as Xenopus laevis oocytes (Valle, et al., Nature 291,
358-340 (1981)); and insect cells such as Sf9, Sf21, and Tnb5. In the
present invention, CHO-DG44, CHO-EXB 11, COST, and BHK cells are
preferably used. Of the animal cells, CHO cells are particularly preferable
for large-scale expression. Vectors can be introduced into host cells, for
example, by calcium phosphate methods, DEAE-dextran methods,

Mamniakibedsadsing Gatomiednoseme RQATARLGiBreREAgeManabgiRYECTRUM

. legtropqration meth ipofection methods, etc. It is known.that. plant
Biotee L 555 SN B M B can be used.
sySterpsamEpl canalyeutlepsislérofintsesse isgiteneray beasthroteiwith a gene
encod BESAGIHS peitde iRaat RIS IRCUAING YRARS Ok SXRPIRIRE9eMhen DNA

fra méS?ccharom ce s%lch as Saccharomyces cerevisiae and Saccharomyces

B D e RARd  ART SRS FEGTT FPER A BIE BOALFEMRIE R Jdrghae Bsn
transplasiét astaSpeaiiershigel beakiibwiswhisteprokarybtiowelisdieoused]k produced
by the FQAUEHRNLSUEIBNS thatuse Ragtatia f&%&@%@\é@@&%ﬁysf fRAGHHeny.

A cellaﬂiﬁclu e E. coli, for xamﬁ%e,éJMlé)gf DH5a,.and 1-113101, and
PPIOBR ACTIURR A the TELEREMEIRJAS T BRLE eonb de Lesibats Aisoy@ount of
milk cangaiguftaribd antbibtidiay chr bbb SolpaitadE by itiving ck)Bivsistovhear 12,
699,70gi@1@@9!ynucleotide of interest in vitro. Culturing can be performed
a orgin to known methods. For example, when animal cells are
G ISR E A CRAEMC RSN B D RS NISR tay BENGESH SRR iR dFgd. they
can bermdelited Witeachdtule vinediumwhiash hepulsedaldthide v dlipplemeitisdushinterest

is intrRfiER Sah 181 GRILSERIY GIGRLANSIAIVRN e DI 8e Bg!lgg‘?uids of these

1k medig&r{n can he use%gi. The preferred culture pH Is about 6 to 8.
SURWORIS SR Srfied o DEHICHIR, 24 tmhPé%tike of about 30 to 40C for
aboutlisim 200l hosrsic hetcbituxermgdivmsés eikchaaget:. acvated (eacco is used,

a poiyﬁﬁi%ﬁge@ﬁ&ﬁﬁﬁ %ﬁ@(m‘iﬂ‘é&‘iﬂ\@ﬁh‘%&&t" iX?nBQJ%éF&%BHQQ n%%?xg ggéﬁo Hsion vector, for

[u
systems include, for examplé, production systems using animals or

exampitaR OA politddBtiecttnitdrasdichtiaiue sacisuan sapmea s opratetim
tumefapreduceliimpolyfieptide i hody.otihecaninah depigatandithentb erium,
and th&?lﬁ@%@%'ﬁ@d‘éa??@o‘ag lcec{:r}%g I}#!e?}ra%% ﬁt?)%ﬁ%e FOSUTRA %%%%ggc?&)i&ﬁu o aﬁ-C. Ma et
and plants. When u |r§%am als, there are production systems which usé
al., Bupa b Hrvaioek #sects- 33 {R4Hthals such as goat, pig, sheep, mouse, and
calithe aanlbegisetbdickhGlases SREEIR UM iBidteshpnaiogy (BRMigatidNsedium)
of host(é&%q’)z)n ?HP@&E’E@ ?&%sﬂ%ﬁ@ﬁ%@g Qgggg}%oa%ré%glss?%%goge_usxfgéchl)g no
. _.._example, a polynucleotide of interest’is prepared as a fusion gene with'a
limitationpn dikdgatheda polypepaaensheiizing 3 sotibedvirandinctush ascddnt
conver(ﬂp@éBph?yﬂ’dﬁﬁiﬂle@&fgﬁﬁr@Qﬂg@ﬂb% @@iﬂ%&in@mi@wi@& Qﬁ?%@f%iated and
el 0 goat embryas, which are then trans ted into female .goats.
P B S SRR by s,
filtratiqpy el ivasspiomeirsin sl atseinersupively aniecsivstios distiblation,
immurbeieRpOgEsY, SASPHRDFIRIS BAFNORa T A6 BRASRINGISRMHO NS sing, dialysis,
rec trﬁnsgenic goats to increase the amount of
rystallization, éte.

Chromatography includes, for example, affinity chromatography, jon exchange
chromatography, hydrophobic chromatography, gel filtration, reverse-phase chromatography, and
adsorption chromatography (Strategies for Protein Purification and Characterization: A
Laboratory Course Manual. Ed Daniel R. Marshak et al., Cold Spring Harbor Laboratory Press,
1996).  Such chromatographies can be carried out using liquid phase chromatography such as
HPLC and FPLC. Columns used for affinity chromatography include, for example, protein A
columns and protein G columns.  Columns that use protein A include, for example, Hyper D,

POROS, and Sepharose F. F. (Pharmacia).
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milk containing the antibodies produced by the goats (Ebert, K.M. et al.,
Bio/Technology 12, 10 699-702 (1994)). Furthermore, insects such as
silkworms can be used. When silkwoBrhs are used, they can be infected
with a baculovirus into which a polynucleotide encoding an antibody of
interest is introduced, and then the antibody of interest can be obtained
from the body fluids of these silkworms (Susumu, M. et al., Nature 315,

592&%15@%% Béﬁ%ttt%m&ﬂg%@%@&t%@&@d&%@ 589 by

en tobacco is used,. a po ypucleotide encoding an

eating Rt SRR G & A R B VRE Y 16 S RdsABtbody
purificgA@N SBOh and¢henvedificiddntrogucesimiode bictexamplsuatyasn, chymotrypsin,

lysyl cAGSRRACIESIUN Hefaciens fabacCR; dQLgxample, Nicotiana tabacum,
can be.infe r% H?t %/éﬁl;u the bacterium, and then the desired antibody can be

B8P SAVESEBORHS TBRR IO BREIPK LeveptioRies Bt Eur. J.
low- mnimsmtaw@ghﬂmsar(dsg945heﬂh®mslﬁﬁmigramﬁighdycﬁﬁpohlﬁd§@lﬁtbﬂﬁf%ht
mvemttt@m%% %@H&ﬁt@@ﬁ&%@ﬁt@%ﬂﬁ&t%@e%@%% %o 3@&%@@%&8& of

substantially re and homogenous antlbody here | Imitation

hema“'t’ﬂ@?ﬁéﬁS‘EﬁsCS SR AR BSSHHG atfi&ﬁtfhéfagﬁaawa@ﬁaﬁg@ﬁm%ve
hemat(mmanndﬂt‘aItp@b&p&m&dhemﬂgﬁmmmﬁym;ﬁﬁiﬁatb@mMﬁﬁﬁmﬂ’de&ﬁatbpo1etic
cells npaésatateﬂam\zér&u%gax &@?&EH\%%%BB e t?eggmbtﬂ s et the

" example, chromato raphic columns ation utra tration, salting-out,
pre e“&éﬁ}%‘ﬂ?ﬁ}@éﬁ){% ’ solvent extraction, distillation, immunoprecipitation,

{5-1(21 $Dﬁsﬂﬁlﬂabt&immiﬂlmgﬂ)eidgtdﬁ@kptﬁﬁi&ﬂﬁﬂ&@ﬁttﬂéﬁ@@hﬁmgzﬂiﬂlysis
carborfIeNAIAElIOR el eé?aggﬂﬁgt @:%t*ﬂ%%spiga ﬁ?yﬁ%i <Rl Mine on

chromatogra I0N exc romatograp
FebrucghyGimadby sﬁaﬁ%a%mﬂa il ih ke bHbRARERBHA Bidhe following
formuladsorption chromatography (Strategies for Protein Purification and
Characterization A Laboratory Course Manual. Ed Daniel R. Marshak et

d ! G columns. Columns that use proteln A

in !ude for example, Hype POROS, and Sepharose F. F.
(Pharmacia). 34 An antibody can be modified arbitrarily, and peptides can

berdeleiecopartial %btﬂ&iﬁ@ﬁ&é?@ﬂ%iﬁ%%ﬁ?)@?ﬁfﬁﬁﬂ@é@r@Eﬁ%ﬁtlon include
enzyme r after anti rification
A L R B e R A SRR S prombopae
(Gsk’ Saﬁ@to?%aﬂaageglsﬁmémmna@b@eanf&@mméfaéé% BAYBAKLS. forstigen
AMG- ?ﬂerQWﬁ winRhetbear %%Ht'ﬂf’ 601@0 MaX e contains an Fe domam and
. ,ﬂdeow én%regul rnw%gmt com eglow molecular- WEI%EE comp %é:}% o

PEPUCGITHE Bresent mvention may ﬁep %ﬁ%‘}% RSB eSS THI SR yPhigRle | below
(Chmcﬂié’h@wig@’r&ﬂ&@rm@u@mwﬁﬁ(é} 628 (2004); Blood, Volume 104, Abstract #511
(2004)).

Table 1

- MW=60,000 D
*Four Mpl binding sites
*No sequence homology with TPO

*Expressed in . coli



hematopoietic stem cells, to promote the growth and/or differentiation of
CD34-positive hematopoietic cells, to enhance the engraftment of

transplanted CD34-positive hematop@ietic 10 cells in the bone marrow, or

to promote the recovery of hematopoiesis. In an embodiment, the

preferred compounds include
{5-[(2-{1-[5-(3,4-dichlorophenyl)-4-hydroxy-3-thienyl]ethylidene}hydrazino)
c@&ﬂynmtﬁwrwww@ﬁ&%@@b&m BAHRYRARES shown below.  This

°Omp°%%9“iy6% R ATsD s A P Ve s o W) Qg 72909

04)15 formula: Co S.A,-N H ~So H CI OH Furthermore, the agonists for the

}l{DQ receptor (c- the present invention include Amgen AMG-531
(reGombinant meg bpoiesis stimulating protein),
SB S JP®H-R agonistic compound),

Amgen 20 AMG-531 is a protein With a

» d, Volume 104, AbWi (2004)). 25 Table 1
------------------------------------ W=60,000 D Four Mpl binding sites

No seguence homology with TPO 30 Expressed in E. coli
------------------------------------------- 35 SB297115/Eltrombopag is a
5 compound represented by the formula shown below. This compound has
Table 4he characteristics listed in Table 2 below (Blood, Volume 104, Abstract
#2909 (2004)). N NON COZH H3C %OHH N O OH 2 (H2N OCH3

*Binding site: a hu c-mpl transmembrane domain (His499, Thr496)
*High species specificity
10 *No cross-reactivity: cynomolgus macaques, cat, mouse, ctc.
*Cross-reactivity: chimpanzee
* In vitro activity
*Hu BM CD34 differentiation assay: EC50 ~ 100 nM
*Tip=12hr
T T S S

peg-TPOmp is a PEGylated peptide found in a phage-display combinatorial peptide
library, and is represented by the formula shown below. This peptide has the characteristics
listed in Table 4 below (Blood, Volume 106, Number 11, Abstract #1249 (2005)).

=3 Eﬁw%ﬁ%}g“ g!'

H,N

20
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H3C 5 Table 2
---------------------------------------------------------------------------------- Binding
site: a hu c-mpl transmembrane domaiim (His499, Thr496) High species
specificity 10 No cross-reactivity: cynomolgus macaques, cat, mouse, etc.
Cross-reactivity: chimpanzee -In vitro activity Hu BM CD34 differentiation
assay: EC50 - 100 nM T3n=I2hr 15
--------------------------------------------------------------------------------- peg-TPOmp
Table {is a PEGylated peptide found in a phage-display combinatqrial pe.ptide
ibrary, and is represented by the formula shown below. This peptide has

- Twol l4rhbstaeidd 2AA5N MREGN F N % B N Qe L Qo P EGviated
bw ~H~ ry N HzN 2 - HN 000 J O" NF4 EgN C O —~~bip I\ (& MBELI™ vt

at bothgndS 1NN ntl NH HN NHz 20 0 HN~-NH, 36 Table 3

* No homology 16 BTPO oo

. Cross=mﬁctfwtfi?{h'oﬂ_s\é’ﬁa]tf1éﬂgrdB ggg%ﬁ(gge linked together via Lys, and the
resulting 29mer peptide is PEGylated 5 at both ends No homology to

information on YM477 is disclosed in Blood, Volume 106, Number 11, Abstract #2298 (2005).

Antibodies recognizing c-mpl can be formulated by methods known to those skilled in
the art.  For example, the antibodies can be administered parenterally by injection of a sterile
solution or suspension in water or other pharmaceutically acceptable solvents. For example, the
antibodies can be formulated by appropriately combining with pharmaceutically-acceptable
carriers or solvents, specifically, sterile water or physiological saline, vegetable oils, emulsifiers,
suspending agents, surfactants, stabilizers, flavoring agents, excipients, vehicles, preservatives,
binding agents, and such, and mixing at a unit dosage and form required by accepted
pharmaceutical implementations. In such formulations, the amount of the thus obtained active
ingredient should be within the required range.

A sterile composition to be injected can be formulated using a vehicle such as distilled
water used for injection, according to standard protocols.

Aqueous solutions used for injections include, for example, physiological saline and
isotonic solutions comprising glucose or other adjunctive agents such as D-sorbitol, D-mannose,
D-mannitol, and sodium chloride. They may also be combined with an appropriate solubilizing
agent such as alcohol, specifically, ethanol, polyalcohol such as propylene glyeol or polyethylene
glycol, or non-ionic detergent such as polysorbate 80™ or HCO-50, as necessary.

Oil solutions include sesame oils and soybean oils, and can be combined with
solubilizing agents such as benzyl benzoate or benzyl alcohol. Injection solutions may also be
formulated with buffers, for example, phosphate buffers or sodium acetate buffers; analgesics,
for example, procaine hydrochloride; stabilizers, for example, benzyl alcohol or phenol; or
anti-oxidants. The prepared injections are typically aliquoted into appropriate ampules.

The administration is preferably carried out parenterally, specifically, by injection,
intranasal administration, intrapulmonary administration, percutaneous administration, or such.
Injections include, for example, intravenous injections, intramuscular injections, intraperitoneal

injections, and subcutaneous injections. The injection solutions can be also administered
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10 Furthermore, the agonists for the TPO receptor (c-mpl) include YM477.
Detailed information on YM477 is disclosed in Blood, Volume 106,
Number 11, Abstract #2298 (2005). Aritibodies recognizing c-mpl can be
formulated by methods known to those skilled in the art. For example, the
antibodies can be administered parenterally by injection of a sterile
solution or suspension in water or other pharmaceutically acceptable
systenSRNBNLS-1FQfi§xample, the 15 antibodies can be formulated by
appropriately combinin%éwith pharmaceutically-acceptable carriers or 9
sor%%%?éﬁf%é%?fﬁeaﬂﬁ% Prle HRIBT S pHodipIeRRER eamdingdgahaonatinng s age,
conditemuisifiersh.sushenplinigddentsf sufactanis;iiabiizesssifiavaringpageiisn antibody
or pol RIS HRRIEGS cRraRRRKAUMAS, BINAING,AReRLS: 20K SUER 8PESBBING 1 000
t a unit dosage and form required by accepted pharmaceutica
mg/k %ﬁﬂérﬁ’é}&]éttion%i.tﬁﬁf’éﬂﬁﬁWo%?lﬂaﬁﬁﬁ?s{nﬂyeb&nf@Uﬁ%%ﬂ% thikeopreinef0.001 to
100,0Gcthek@Bddgredigint shdedbe, withito sheereqiuireektanee tdBterilRies described

above COTROIHANIAN NSRISH, B8N RRUUMAEHUSINAA YEIIPE SR A%, ang
. distilled water use Sgr& pro 0cols. " 8%

d tor injection, according to Stan
conditiony aat 8 HORISRE USRS ﬁ%fé@ﬁdh%sﬁ‘lékﬁé%d, faithe@nple, physiological
saliheraenisibioinic ot itRs BORPHISHIhHUASRALOHE L AHGINR present

: ent -serbitol, .D-manngse, 25 D-mannitol, and sodjum
8T S8 BERIG, B S5P 2R DL AN S e o
of hempiapnistie itad 4ibhin, nspeticay v Graadier fisigeparasobh BS bropitiene
hematgiydefiot¢blyetbylene: @Wéﬂ@ﬁ%@%@@?%&%ﬁﬁ@ﬁ%ﬁ%@fﬁﬁc cells
: -50, as necessary. Oil solutions.inclyde sesame oils an
e G B GO PR nihg SOB o s o
presenp SHARSEATae ShpisHEgIcs do hematpoeirsic stintierlbtransphistatien, 3chich is
perforifﬁﬁmfdﬁfﬁdal{d'tﬁ?vﬂtﬁfﬁ‘@afﬁrd@@?ﬂiﬁmﬁ@EH@%%H%@%@#‘(@%S%%?Qg%%v@cemn

: analgesics, for example, procaine hydrochloride; stahilizers, for
i ol 5 RS oY AN bTAAE U1  BrenEtof ot cnly
transpigiiicdibpadrpeygsieagratgited do rppiodrad arpupdsidTells in the bone marrow,
in a dRdmipistrrtiomispseferably carried out parenterally, specifically, by

injegtion, intranasal administration, intrapulmonary administration,

o e AN B dleh 0% et T AT, TEPELiapraiter
transplgtaiiendls asfdtondidnreaisoutatinesiopednteahertbreal jnjetions the
engraf@RehsUPaUIARRAUSIRigctiBPsichRg Rieclion SAlMigns GaNRe s Bxample 3). In

. da%%nl%trteé?d 37 a/stemlc?jli:% or | calflg. 'I_'he,admlnlstratlon methods can ;
COnSI A R Y YO S S AR Tocthe! phsiAtieni geo dsRifdo aHdraiem of an agent
of the miseeappiaadusdhobasiiitrinadbeticatoomppositininebodemising acahtibodyhe agent
of the PreBaly RMGgGULe,RNAQAY %ﬁéﬁ%@éﬁ&ﬁﬂgiﬁ%ﬁyn%tfga?éﬁ{'i'ﬁlﬁremé{%%rg%&e

1oft().t0001 Lghl_,OOO aérﬁ g<g.b.0dy weight. Alternatively, the dosage maybe,
AN P A O I PFPERE g%%$862% OF b5 G661 Pk DBERFSRkighention
(adminifoboe nJ,ﬂ.ﬁed()I@@g@iﬁ_bﬂiﬁﬁﬂtiﬁtﬂﬂd@tﬂ)é@ﬂﬁﬁﬂ&ﬁ@ﬁbﬁﬁ abdvee Hags or
more, HRFAABIARERARIBSUAIOR MGIR0Gs depend, 0 %ﬁﬁ%ﬁgﬁ%ﬁo\ﬁ%pﬁ]&g 9% day after
y those skilled in t

and are ap roPrlater selected e art.

and _condullﬁn, ) :
transplantation. e dose may be ten times or more, preferably five times or more, and more

preferably twice or more the blood TPO concentration in a patient who received bone marrow

transplantation. However, the dose is not limited thereto, and the agents can be administered at
a dose necessary to maintain the blood concentration for a certain period or longer after
transplantation.

There is no limitation on the number of times the agents of the present invention can be
administered for each hematopoietic stem cell transplantation. The agents can be administered
at any frequency at the time of or after hematopoietic stem cell transplantation. The timing,

dose, and frequency of administration of the agents of the present invention can be appropriately
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There is no limitation on the timing of administration of the agents of the

present 10 invention. The agents can be administered, for example, when

one intends to promote growth of heftopoietic stem cells, to promote

growth and/or differentiation of CD34-positive hematopoietic cells, to

enhance engraftment of transplanted CD34-positive hematopoietic cells

in the bone marrow, or to allow recovery of hematopoiesis. For example,
detemhe@gmﬂsimfgtttetkmreﬁﬁptdﬁmejﬂme pﬁﬁebﬁvaﬁimw&&%@ﬂdﬂzh@ﬁaﬁéﬂ@@t%ﬁ?celi

transpﬁ&?tghgﬁu t%ﬁm \é}gg qg%m?m‘s)g ormed al:[ s 3 vilth%%#a&%%gnbed

+ v Nematopoietic function o bone marrow BN Cadrhirtete
ab0Vethe agents of the present invention enhance the engraftment of not only

trafisplapted dfahegiapeinticeiem cels kel a&mma@@@@é%ﬂ%@ﬁ%ﬂsplammon
Specﬂfc%@ﬁ”@h@g %9@%%{ rve\:/s?:(llrt;.'a do:a%é:l %P ryr?bden eTaggyfla Wﬁ?&ﬁ%&?&feﬁVm cell

admiinistered at a re ose a certain

transplaigtion trgﬁéﬁl‘élﬁ?éﬁﬁ?ie‘fﬁésﬁgé aed drase lprssiéon ifibaorsoariprodisceincludes,

but is fbelaffred o, pf@mb@tu}gotberagw@fﬁ%%ﬁt Qéﬁﬁﬁi‘é%%ﬂ%mss‘ Q&W@&%’é@ lantation, and
t on r e Exam n,.consideration

cord bg}((?rcg::[)l%()?ln'g1 Hﬂt%ogn Féluc aﬂ%‘fﬁe Egﬁj W%gﬂégﬁ@gamg@?%’@ﬁ%?%ﬁwm cell

“aﬂspléa@ﬁ‘tofbf%é’ tAgREn 6 Hhamoewrekitlseninotherartsedinapptopriatety cord blood

transpldeteigine the dose of the agent of the present invention, and the period

ofﬁgmlnlstratlon of thcla it immediately after 25 tran plantatlon The

period “oF AR ohl%%at &gty %ﬁ%‘é‘sﬁ?@%@hﬂ fignagents of the present
mvenﬁcau i shkaibrn perfo) deidhud g rsmisun ot fivtited walfedmm;aleom pediegth, may
be perﬁﬁﬂ%@e qa){ﬁe%r&@fﬁnﬂéﬁfﬂfﬁqytﬁﬁ?éﬁﬁﬁ@e%ﬁl%élﬁa@éﬂ%? ﬁng‘?ﬁ%@&c@y

ransplantatiop or fro after transplantation. The dose may
particufar E rg% or(?nor% “prerat mgl Nai mét&f&ﬁ?rﬁﬁ@%ﬂﬁth?d?@ss%f&%ﬂpn n
Comblw vimbraisienbiote STROccbnce Nfsiomdiniai gatiehinchmbéeaivadsone

hematdﬁ@TéﬁWs%Qnt@ﬂggPlﬁ@B%%ﬁ& &t @H%%M%Eem?n@@ﬁﬁdﬁ agl ﬂ%lﬁfhfﬂﬁ@%gﬁ jggmmlstered

the a nts F% ministered.at a dose necessary to maintain t
I’

at the SDafmo ceoerllsce OBRHSEFEP Bl Sopigedtterdmimisisrsd ai Hming and/or
site dlﬁﬁﬁ@ﬁéﬁ@mdﬁ&h&ﬁﬂmﬁem&hwmﬁdaﬁamf&aﬁms thiéhagedisi okthepresantame site, the

agents %@%!@bﬁﬁ%@%ﬁﬁ%@@&?{ﬁg&%‘éﬂﬁ? heﬂ@ﬁ&ﬁ%‘&f%ﬁl G€lltion can be

seiecte%{] ﬁ%antatlon Tha‘ﬁ%}:‘nts can be administered 35 at any frequency a
& (IREBR DY Er RETAtBpBRHERE MccRIF SRR SpTanEaRiore TR magd alone.
dddearambl freehem ye ofcaotniritieapienent thecagents ohdhapresentat o ummg
differeﬂﬁ\fﬁﬁHQHa‘Q@F%@W&Qﬁ@%@ll@eﬁé@ ineg, ?ﬁg?gﬂ'&g Epeeo%é{é? %Jl‘_h erval of
dmlm h%rp ‘ﬁ[ ?ﬁt who rec&ved hematopoietic stem ce transp anta ion
& e FWEEYF gBshitration can be, for example, those described
aBHhen THeenggents’ mdlpeepcﬁsenieﬂn/@ﬂmaf@m&ﬂe@m@mﬁ@ﬁﬁ&ﬂﬁmh
hematoﬂ%@h@%“eﬁ?&ﬁ@l Qﬂ&aﬁ:@ﬂ néaysﬁ’@ Clhg %lé}{fvghe(terﬁ é‘éslﬁsoﬂilgﬁ?ap i Hlo %rowr% d by other

ntion may be used afterhematopoietic s ransp
person%@rﬁ'

PR ien: cellsraieprisiatisiroreHs pebenbininadiantimthedes,
well-krimytrismdtdimiteti 4o b drearnatiow drapep Rntati en Rerinar o ad Stem cuments
listed HeRikdransplantation, and
Heike, T ef al., “Ex vivo expansion of hematopoietic stem cells by cytokines”, Biochimica et
Biophysica Acta, vol. 1592, p. 313-321 (2002)

Yvette van Hensbergen ef al., “Ex vivo culture of human CD34+ cord blood cells with
thrombopoietin (TPO) accelerates platelet engraftment in a NOD/SCID mouse model”,
Experimental Hematology, vol. 34, p. 943-950 (2006)

In the present invention, diseases to which hematopoietic stem cell fransplantation is
applicable are not limited, and preferably include acute myeloid leukemia {AML), acute
lymphoblastic leukemia (ALL), chronic myeloid leukemia (CML), myelodysplastic syndrome
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cord blood transplantation. In a particularly preferred embodiment,

hematopoietic stem cell transplantation for which the agents of the

present invention are used includes héffnan cord blood 10 transplantation.

There is no particular limitation on the administration site for the agents of

the present invention, and subcutaneous injection, intravenous injection,

oral administration, and such, may be performed. In the present
(MDS}nughiio mmmem%@ @dﬂégﬁ?@@ﬁk{%ﬁﬁ[%ﬁ%ﬁdﬁﬁ?é&qgﬁ%ﬁw o

preferr s_possible. to administer the agents of the_present invention in

D S RS RN SO SRS ehdhR fomaet between
hemateppiin st olls andmatassistitostbenElsethetag@ntspdf theqreseht number of

differefigeiop-esibREcEIR WiaNs ersly-RaRINStered atihe,same ﬁ%rﬁﬁ)%ﬁﬁgs to agents

he hematopojetic stem.cells, or can be administered at a timing and/or
?Ompréﬁ%‘égaﬁﬁé‘r%‘)ﬁ% T s S S RN AG RO AR LN SHET hiFisteretted to
increagg thrersimber Siféymgh@gqxﬂi@ and’%ﬂsfcmhdbmwdﬂ'ﬁa’s&&ﬁa& ifitsaveaausiyoictic
stem cdig BynénaafipdmiisiationGan e selasied-in thesamewavagwhen s » o

re__latestpeaage‘gtgo?lgL the, gresent in_ver%io are administered alone. Meanwhile,
SR the AgUHtS OF M ASRESEAPHRIE AN B RIORTTIStEb AR 4% g eredient,
which gieresst thonsrat thhematopdidrioshend cells athigse isyadimisdidntorehtite from

hemat€pEREEI:IEHE B6lsO b g RNyl %@%E%ﬁ%&&ﬁﬁ#%ﬁ%%@t%%em stem

I .e%gdents of the present inventign are administered in combination wi ’
CeRS hethd 8%%?&ﬁf§fé9ﬁ HOTthe ICKIBSATAS DA SR IBRpIGHY stem cells, lymphoid cells,
myeloidatdranbplaistation) Gmprgvdded bydathelr apensalsdalietransplantation).

hempipReigHGstamdarls e Pe ARG Y, &b ?rgg)e%\é)%%g n?il\ré]\{‘? i%éoby reference.

those skilled in the art, for example, by the methods
documents listed below. Heike, T et al., "Ex vivo expansion of
Exammilesmatopoietic stem cells by cytokines", Biochimica et 30 Biophysica Acta,

¢ S 1 1 estcn ’e" Wi | erence to the
AT R A e o
Examp B ssioi e eonstatehanbring NoitsStmetiouse model”,

Experimental Hematology, vol. 34, p. 943-950 (2006) In the present

' i [ ] lopoietic stem gell transplantationis 3
e et o B i St e R et e
blood ﬁtfmm‘?%at@ RS ERRSRN S Reisha pRBRSPHORIE iyl ded kdonik derived
hematq@idki); steyelodissplastic syndrome 39 (MDS), aplastic anemia (AA),

malignant lymphoma, and adult T-cell leukemia. The present invention is

based on the present inventors' finding that the contact between

heMa OISR PR Aerardian bigBirsessiahdesmibed beptor tcansply the effect of
the sc(mm%ﬂﬂmummwdﬁfeﬁemﬁlﬁfbbi?}m@@t{?@ HeaRodeldavglieitte of SEQ ID
. ent inv | rejates 10 ents omprising an
N T Lo S Ao e maro o

mice tra@splapferhprdabamse Aot blaodrdympoidroettmaintiosmyeldid gelisly stages. The
se(Fv)iffeitentiateriipmrihg Matepgietieid sequence of SEQ ID NO: 73 can be prepared by the
method described in WO 2005/056604.

Methods

Mice used were acclimatized six-week-old male NOD.CB17-Prkde<scid>/J. After
systemic irradiation with 3.0 Gy of X-ray, an anti-asialo-GM1 antibody was intraperitoneally
administered to the mice once every ten days from the day of irradiation. 5 x 10* human cord
blood-derived CD34-positive cells were transplanted to each mouse at the caudal vein one day
after irradiation. From the day after transplantation, the sc(Fv)2 antibody of SEQ ID NO: 73

was administered every day for ten consecutive days, and after that, administration was
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stem cells, by contacting the agonist with hematopoietic stem cells. The

present invention also relates to agents comprising an agonist for the

TPO receptor (c-mpl) as an active ingfeédient, which are used to increase

the number of lymphoid cells and/or myeloid cells differentiate from 10

hematopoietic stem cells, by administering the agents in combination with

hematopoietic stem cells intravenously by drip infusion. The agonists,
condu@&ﬂﬁﬂ?ﬁ&&t@zﬂ%ﬂb%@bh jwwﬁdfa@'gcé %@hbﬁeag)yem{fl I@@&@é&min@mﬂ@@ ml/kg in

timin e, a are as descri above. rior art documents, . .
the mo R S Sl R G by T BT P B pinistered
at eighizhess iHersbdioive theaprissdhreinvsakis invinabénspéBifically mesdisédic acid
buffer Withigigrenoedp thecyampiesinul deisnat toJegicrnatie shas: Q@dggs the sc(Fv)2

e

. limi m Effect of the TPO, receptar agonist on t .
antibo g O R e o BT RUT A S BIOR Ll g o fierBpRlentation,
and FAGgrroalsfimice nafiopladtedngitiPhtintan cdie: bisodsteriveber of human cells was
deternPRIDAUGROENR SIS cillhgSxperiments were carried out by the

method described below to assess the effect of the se(Fv)2 antibody
(hVB22 u2-wz4: se(Fv)2) comprising the amino acid sequence of SEQ ID
Resultgarid @igRssivthe engraftment number of different human blood cell

-deriv ieti y S.. sc(Fv
E10D B D O G A B RSl kBt SRS, 74 Ehly e mumber
of hunprepardé-bysitiee nedith ochdbseribamtia W RQ05]1 05 66804480 HiedvodbadMicabers of
CD45—§%§@W&§§F@@@§?§§%%&? I@@@%@tNQE%I&%%E'Bﬂ%ﬁé&@% Lells were
&

%&er sysl\%?mlc irradiation with 3.0 Ga/ of X-ray, an anti-asi.alo-GMI

S WS N SRR G BRI RE I £ (HE LR bie ver ety results
indicatdahstfadmi_ﬂ_imﬂ‘a'ymcﬁﬁ rteciation?2 AntihodyrufiiEQ dbr N bl dGhde ivag! agonist
contrifnlRSHRAS 'ﬂl‘ﬁ%&?&? Wﬁﬂ%@é@ﬁc&%@t@ éﬁ%&?f@ltem?aﬁgﬂ dal ¥eiNas the

. one_day 35 after irradiation. From theé day after transplantation, the .

1n°fea¥c%ﬁ\9§%%ﬁeaa%hgﬁ%5>n91ﬁ@ coks R whatsaenat B ead Yo reslting

increaseoinsdifishive: daysrabld @fted thatageministration was 40 conducted for five
days followed by two days of break. The doses were: 0.25 mg/5 ml/kg in
the morning, and 2 mg/5 ml/kg in the evening. The antibody was

[Exampigye], KMihadPihisesiar agashends meRa el ivran(ddy-egneenies in
the boneaake dwtofah{tetri@pladtatmailhaitic: acid Hufertentaitisatdetic stem cells.

T in hicle in the same way as the sc(Ev. .

o A B IR 8% ARG N B ST YRS MR REYIZ anibod
of SFG R AAsheToR DA S GlH e el israisrerusTigpition s buman
cord blbbé-dbgoldtadmmberialdwenancaells was determined using Flow-Count

(Beckman). Results and Discussion 10 The number of human cells in the

mouse right and left femurs was determined. In the
Methods

Mice used were acclimatized six-week-old male NOD.CB17-Prkde<scid>/]. After

systemic irradiation with 3.0 Gy of X-ray, an anti-asialo-GM1 antibody was intraperitoneally

statisti

administered to the mice once every ten days from the day of irradiation. 5 x 10* human cord
blood-derived CD34-positive cells were transplanted to each mouse at the caudal vein one day
after irradiation. From the day after transplantation, the sc(Fv)2 antibody of SEQ ID NO: 73
was administered every day for ten consecutive days, and then after that, administration was
conducted for five days followed by two days of break. The antibody was subcutaneously
administered at 0.25 mg/5 ml/kg in the morning and 2 mg/5 ml/kg in the evening, at eight-hour
intervals, twice a day for three weeks in total (n = 10). 20 mmol/l citric acid buffer containing

0.02% Tween 80 was administered as a vehicle in the same way as the sc(Fv)2 antibody of SEQ
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group to which the sc(Fv)2 antibody of SEQ ID NO: 73 was administered,
not only the number of human CD34-positive cells, which was initially
expected to increase, but also the numbers of CD45-positive cells,
CD41.-positive cells, CD 1 9-positive cells, and CD33-positive cells were
statistically significantly increased as compared to the vehicle group (Fig.
1). These results 15 indicate that administration of the sc(Fv)2 antibody of

ID NOSER |Bd@nidras adkmplragellistcdamisogies 0he indusion.ehaumas,.

- ific differentiation, as,well as. incr of
L L R RS b e gy of SEQ D
NO: 73datikingeynsinsdireafididnt Hameanl bisetnedtidinsagdthoa fExampledian
CFU-NEffeesiofibevt Qetecepial Bgenistiap thenupabrielauman CRHiMEI50 or more
cells ug@lenig H’pm goggone marrow of mice transplanted with human cord

blood-derive hemgﬁ')poietic stem cells. The following experiments were
carried out to assess the effect of the se(Fv)2 antibody of SEQ ID NO: 73

ResultomthBistuipdies of human CFU-Meg colonies after transplantation of

h ord b -derived he letic stem cells, 25 Methods Mice
. ugg%es%g%clﬁr%g i2& si}g":fvv%i}ﬁgfa%gﬁé i55¢the hopspagapihe group to
which firep(ByBtenfibadaaibiBR WANS 078 yvas Xiraipn sieremtivasiadosGedlly significantly
increasaliRQOM WS iﬁéra&%t@raeﬁums@&mﬂ%ﬁ@ﬁq@i@ the mice once every ten
days from the day of irradiation. 5 x 104 human cord 30 blood-derived
CD34-positive cells were transplanted to each mouse at the caudal vein

[Examplge Hibp sediepirndetiattiactRrbine thBQlayc afiter tramsiplantstiomgheisetig@mber of
differeayHibasly 9bSEQI RNQd  WaSadinistRIest SYEtIAYAARLE i Jyman cord
blood _ggrq\§eézggve gagls,tand then_after that, admlnlstrgtlon was conducte %nr
Ive days oﬁo ed ]ﬁysf% %Ea‘ s of break. The antibody was
subeuieitrssisly xaeniristeredeat=0:28 my/H mifles ith¢hiv seataiogianteFect of the
se(FvyMmethpaiker wrtherpvening ah eid QE%%%I%PH&IQ@? o%‘ﬁ?e%&%%&%ﬁ%gd cell
. 0

linea ewglegﬁ% in total (n = 19(3). 20 mmol/| citric acid buffer containing 0. o
8T W ER YO RS A 7 SpLre s nlanted crath hneaa posd pAgodsdgrey e frppatopoietic

stem cedigtibody of SEQ 41 ID NO: 73. Bone marrow cells were collected after

three weeks transplantation. Bone marrow cells contained in the mouse
Metho emurs were cultured with the sc(Fv)2 antibody of SEQ ID NO: 73 for 13

ys using MegaCult-C (StemCell Technologies). The number of human

CHisMeglcstonias:lirast tetesivineckbyl € euiting AR 170BHIVe-GRlanieS  After

systemROBERHANGPRAL MPESy groells ,%%ﬁ—ﬂ%ﬁi%@ﬁ%@ﬁ e\%gétlsn%r%geeritoneally

drmind Discussion It was shown that the number of eg colonies in )
~dminifgg AT B G 2 HHEH et b deisoey BFREEID N 10
human Z@rdvbladhdiriiate e D Ivasostetistietlywaignifieaptiytddrinsierseshtban thataudal
vein th@Bhevehigleradministare Fi ' Dose dependent

effegt}:t of the TPO receptorgggﬁc?g%%%g%@ éﬁgggf%@r?wign lr)wufrﬁb‘g?soggmmmreci every
day for ten consecutive days from the day after the irradiation, according to the following three

dosages (subcutaneous administration; n = 9 for each group).
- High-dose group (0.25 mg/kg in the momning, an eight-hour interval, and 2 mg/kg in the
evening, per day) .
- Medium-dose group (0.05 mg/kg in the morning, an eight-hour interval, and 0.2 mg/kg in the
evening, per day)
- Low-dose group (0.01 mg/kg in the morming, an eight-hour interval, and 0.02 mg/kg in the
evening, per day)

The dose was adjusted so that the minimum drug concentration in peripheral blood
during the administration period is 50 ng/ml, 10 ng/ml, or 2 ng/ml in the high-, medium-, or

low-dose group, respectively.
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different human blood cell lineages in the bone marrow of mice
transplanted with human cord blood-derived hematopoietic stem cells. 15
The following experiments were carri¢@l out to assess the dose-dependent
effect of the sc(Fv)2 antibody of SEQ ID NO: 73 on the engraftment
number of different human blood cell lineages in the bone marrow of mice
transplanted with human cord blood-derived hematopoietic stem cells. 20

MethedsMissd agrlimatized shmue D:o 099
dCBl?-Pr dc<sc¥ji§ﬁf>%¥¥§\{f§e}r systeﬁ@r?adiatim%%% i/c(i))ri‘%g'r%zyée}%ween 80
s o S AN B AR SRS ‘ARG R R AGS: 72
Bone rogripie delis ofdreanibitivndeafit eight weyls: aftes jratiaidon a80CAQ4E MURANR was
d bigpd:deyi -positi I eqlr |anted to.each mouse

S e N
(Bec-kn%aél ID NO: 73 was administered every day for ten consecutive days

from the day after the irradiation, according to the following three dosages

Resultd SHAGHaNEQYs administration; n = 9 for each group). - High-dose group

(c\)ﬁ% mg/kg in the morning, an eight-hour interval, and 2 mg/kg in the

evEIRRYTEEF A5h1aen aluin e s oaht@ddeidiratin s drieningedn Not
only theightsheusintBBaha@iit e &gtg ifsthecevening SECDAY) sdsAW-dase,

- ¥ Qknin eight-hour.interv, 0.02. mg/
D b ) T o T L Ay ggrer
found t@dﬁ&@%ﬁ%ﬂbﬁ%ﬂ%éﬁﬁﬁ’é@ﬁ%ﬁ%@%@d&f% thehirdmmggistiationppenibiliis Bet
adminisigdnion 13 the/ m(FQD%ﬂ@Bﬁ}Jliﬁbﬁl eHUgt ﬂ%N‘ﬂ”f?d}"G r@o&ﬂ{f\lb%&{ggéf?? i%%‘l‘gbg)in the drug
. V sodiym citrat mM Na er (pH, 6.
efﬁcac%:%%%%@n%@éﬁggﬁggﬁ%% ‘\l/vaé%) %8%tﬁ?§eerec}7 as" gi\r/lgﬁ%gl?ﬁethe ouse

endogegons JLEBanBtigntinabyLbf SEOU I NOITEyBirmadiarkonscetisanereent
value).coReptednatienime:weaks tharsplam@ion BPAEACS aRANEIS WaSaccording to

‘o e -The absalute number.of human cells wag determined using . =~ .
o R S R LG e or o i
elevateddiiemnthsaprabie vr) vt shaubiresiorstoveldetetorimerimiot Footy this Example, it
was comﬁﬁiﬁdrtﬂeit@[é%dg(&ﬁ&&?@yénﬁéﬁ@@%@%Mﬁéﬁ&&@gﬁi%@ig&mistering

CD41-ppsiti lls,,CP19-positive. cells, CD33-positive cells,
e s 2 b AL AV B e e nous TPO,
g eagay. Thilssuitheddts e posbinlitysthéiomdheinibtratisrtbtherategy was
designet{EWZRBHDOLHIASER BNGHA3 sowd:be direst é@%ﬁ%@d@j'&? SHOID No:

730 blefgi&acy, as well as that the efficacy could be controlled by varyihg the
ose. The mouse

Industrial Apnlicability

The present invention provides novel agents for promoting the growth of hematopoietic
stem cells, agents for promoting the growth and/or differentiation of CD34-positive
hematopoietic cells, agents for enhancing the engrafiment of transplanted CD34-positive
hematopoietic cells in the bone marrow, and agents for promoting the recovery of hematopoiesis.
The agents of the present invention comprise an agonist for the TPQ receptor (c-mpl) as an
active ingredient.

The novel agents of the present invention, namely, agents for promoting the growth of
hematopoietic stem cells, agents for promoting the growth and/or differentiation of
CD34-positive hematopoietic cells, agents for enhancing the engraftment of transplanted
CD34-positive hematopoietic cells in the bone marrow, and agents for promoting the recovery of
hematopoiesis, are expected to be effective when administered alone (without using G-CSF and

erythropoietin in combination) after hematopoietic stem cell transplantation (in particular, cord
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endogenous TPO concentration is about | ng/ml (reported value and
in-house measurement 15 value). X-ray irradiation elevates the
concentration by about five to ten timeag according to in-house data on
mice. Similarly, it is clinically known that, in human, the concentration is
elevated from the normal level of about 80 pg/ml to about 1 to 3 ng/ml.
From this Example, it was confirmed that the drug efficacy is enhanced in
blood ﬁﬁﬁ%@aﬂﬁﬁ ent manner by administering the sc(Fv)2 antibody of SEQ
ID_NO: 73 at a concentration higher than that of endogenous TPO. 20 In
this EagTBRdcss s n e MenTsvsieddutithe, nFrsad imivistiamore useful for

promosingtégypvashdedignad poirtiintain &hﬂsnpfﬁmuﬁhg@mgfﬂ%%@éﬁeﬁﬂfeﬁéﬂnatwn
of CO3R AR AHBANBLBRQIRN]

Qomo?ﬁ tghood Industrial Applicabilit é?)
present inve t|on provides novel agents fof rom{?) ting grov%t f4-positive

hemat%%%&% perete thedhancameraye ﬁswaﬂ&iﬁﬁgwmmmnwlws upon
hemamwzsmmamaenftﬁ@@ﬂaﬁ@ﬁim{bbﬁmaa@mve@@lﬁglﬁna@ﬁmﬁeﬁ%wﬂ%lsmstem cell

transpfﬁﬁa?ﬁ%r%ﬁﬁ]gy% IH&P lamledtz%osf' B2 clztall\ﬁ eu %?Ietg{g%g%gébv ich

bone marrow, an agen romo e recov ry ()

hematqpctigsing @Fih@aﬁﬁ@é@ﬁﬁiwelﬁtmlmbﬂpnﬁy areayvRistitr theefiDeukemia,
chromt&@@ﬁl@ﬁ(léﬁﬁé&hi@&ﬁ%ﬁﬂ?@lﬂ@d@Qﬁﬁ@t@ﬁ'{e Té&ﬁt@%&)ﬁgﬁﬁg‘h@ﬁéﬁﬁemm adult

T-cell Eeﬁ? %‘falr}tv?asqgndn%?m?? %‘1@ %enigfg(r)rp m}?tm he growth of

matopio tic stem celfs, agen growth and/or

diffeRstiaden B domaipokitriethernssapefitioeelp]atasits forenbanginglen in
cord bibedangraftiennioal trm@g&ﬁ@%ﬁ%&@ﬁﬂ%@&ﬁf&@wm@ﬁ@ cells,indhe

rrow, an t for pr the recove of 35 oiesis,
enhan%rgel%{%gc R %nl%f%c?lve W g%ngoﬂ? E%%‘%% EUPJ %‘me marrow in
transplan@Eim aemersiress tircoy etimibinationpafe Mh‘é:fﬂaﬁt@qﬂmsm stenityelf a c-mpl

agonistRNSRIRDIBURE {101 FRFGHAIn e At d3nhleRd BRRRRIANKRIRN.The agents
decsyca E% ove, Wh&ch are provided by the present inve |on are useful

for prgmo%snge neua?owrfﬁ%?‘f?@ﬁﬁ%% RoRRisicSien Eﬁﬁ?@ lfgtation.  The
problegrovitth Gricfbrisitiaténtiativity o §DE4ipusitererhpmiatopoietistealisT PO acts not only
on mem“{ﬂﬁiﬂ}%ﬂﬁlﬁéﬁﬁm% Qbfransplanted & B§As183§%¥8v§ﬂ%ﬁ'ﬂé‘6‘?%?é'%nous

e bone %I’OW or promoting the recovery of ematop0|e5|s

lmeag%s or 51%85 i PR RIS RS PIBEREs Mt siptic effects in

Comblmmpmﬁta:ﬂmnﬁ&rqﬂpe@abblﬁeﬁ&‘fm%@ trafispigatationitendwerd laadion are

also u6ANIRANIAIONL@REgan be used to treat diseases to which
hematopoietic stem cell transplantation is applicable, for example, acute
myeloid leukemia, chronic myeloid leukemia, myelodysplastic syndrome,
acute lymphoblastic leukemia, adult 10 T-cell leukemia, aplastic anemia,
and malignant lymphoma, etc. In particular, the delay in platelet recovery
after transplantation becomes a problem in cord blood transplantation.
The agents of the present invention are useful, because enhancement of
the engraftment of transplanted hematopoietic stem cells in the bone
marrow in
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transplantation promotes platelet recovery, in cooperation with the
inherent activity of a c-mpl 15 agonist to promote the proliferation and
differentiation of megakaryocytes. G-&&F has been used in conventional
hematopoietic stem cell transplantation. The problem with G-CSF is that
its activity is specific to neutrophils. In contrast, TPO acts not only on
megakaryocytes but also on stem cells, and thus can possibly recover
cells of more various lineages. Fugthanp@ye, TPO is reasonably expected
to produce synergistic effects in 20 combination with currently-approved
G-CSF or EPO. The agents of the present invention are also useful from
1. An agimbiewpoimp i G AtMSBHLoFheageniioti prenotisit thérgrowtheafgent comprises
an agoRRTRICPRISHOSERES G- WHE RN NeAYSALAQMAises an agonist for the
TPO receptor (c-mpl) as an‘active ingredient. 5 2. An agent for promoting
the growth and/or differentiation of CD34-positive hematopoietic cells,
2. An ggivetdin theragféng terapristsaad/agditistdostienT@ QDedepieoiiie: Mphadspoietic cells,
IVE| ' f I engraftment of . .
e 58 A R SO L e ygredient
wherein the agent comprises an agonist for the TPO receptor (c-mpl) as

3. An mmmmedm @ﬁmﬂtéﬂfrmmé@m‘ﬂq@Mﬁ% @Ematopoietic cells in
the boREMARROIGSIS Yharein the P agonjsi~for the TPO

© 0tecept,or (c-mpl) as an I%ctiv(fag}%1 %égi%%.géﬁ%?ﬁﬂre%%nﬁp 0 8‘%@?%% C-gapl) as an
active mareiiiefio 4, wherein the agent is used for hematopoietic stem cell

transplantation. 6. The agent of any one of claims 1 to 5, wherein the

4. An AQSPkIS afterfe ietic stem cell 20 transplantation, 7. The -
%%gent s s e T Lo an ceonis
for theid BE) apesifigsBbhes FaAGWaiagssiEtation, peripheral blood stem cell

transplantation, and cord blood transplantation. 25 8. The agent of claim

7 | c 00d, transplantatiqn is human cord blood
5. The aol} : ma i
o A R T o i g ot
transplaai9Ran once. 30 10. An agent for promoting the growth of lymphoid

cells and/or myeloid cells, wherein the agent comprises an agonist for the

PO regeptor (c-mpl).as an active ingredient. 11. An nt}gr romaqting
6. Th
) eﬁ é‘*rfe‘?}%a e y?ﬁmﬁp dpcas aea%?f%ﬁﬂr%%?&t&%g%@? WS gigpoetc stem cel
ransplantation.

7. The agent of claim 5 or 6, wherein the hematopoietic stem cell transplantation is selected from
bone marrow transplantation, peripheral blood stem cell transplantation, and cord blood

transplantation.

8. The agent of claim 7, wherein the cord blood transplantation is human cord blood

transplantation.
9. The agent of claim 8, wherein the agent is administered more than once.

10. An agent for promoting the growth of lymphoid cells and/or myeloid cells, wherein the agent

comprises an agonist for the TPO receptor (¢c-mpl) as an active ingredient.

11. An agent for promoting differentiation into lymphoid cells and/or myeloid cells, wherein the

agent comprises an agonist for the TPO receptor (c-mpl) as an active ingredient.
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35 agent comprises an agonist for the TPO receptor (c-mpl) as an active
ingredient. 45 12. A method for promoting the growth of hematopoietic
stem cells, wherein the method compfises the step of administering an
agonist for the TPO receptor (c-mpl) to a subject. 13. A method for
promoting the growth and/or differentiation of CD34-positive
hematopoietic 5 cells, wherein the method comprises the step of

12. A rAgiUAIste rﬂﬂgr@ﬁi@@a{yf%&mm}i?@fsgﬁew stgmRldomsubiast Adadd

method for enhancing the engraftment of tr lanted CD34-paositive _ .
com Py BN HE HRECHIE 15 A S FERE FRATB D dhbidaect
the step of administering an agonist for the 10 TPO receptor (c-mpl) to a
13, A BHBISEFo roBRIB AL TOFRFAMALNG RESRARUEDA S RIMAIBBYESShematopoietic
1 v%hereln the ‘etHOd comprlﬁgs theéﬁteé) of a(t:lmlnlsterlng an ago |st.for .
Ceus: W Sr?ﬁ@?éég}]f)‘fb (R b B SRRt A B 6 H e R 181 hiBfifdFalihg receptor
(c-mplytmplsolgecells and/or myeloid cells, wherein the method comprises the

step of administering an agonist for the TPO receptor (c-mpl) to a subject.

17, A method for, promoting differentjation into lymphoid cells and/or .
14. At ‘P&%&Sﬂ&%@%&hﬂ? %f?ﬁ&ﬁﬂb@ 6{%@?&@@%&&%&6@3}%&@@9@%0 cells

in the agenistfomheliERO: theepttocemplrioca thabjepto 20 h&ikiaenpf anagonist for the

TPO r&QB{HiST(é% 1ed gglgf&g_ptor (c-mpl) in the production of an agent for
promoting the growth of hematopoietic stem cells. 19. Use of an agonist

for the TPO receptor (c-mpl) agonist in the production of an agent for 25
15. A rpedmodtingfengtowtth aretoredifief eotiation ol S D8depositheanethod comprises the

step of IMANPIRUGAGRD-fASRLT PO ARPISE IR 406) 18 93[%?@&?” (c-mpl) in

the production of an agent for enhancing the engraftment of transplanted
CD34-positive hematopoietic cells in the bone marrow. 30 21. Use of an
16. A magdoistiopthBfdRthsdeenitsi(Ceapl il ihhenproidiud tensohdorameht Rkthod
i \ iosis : the.
comp O S DS 2 R 0 A U
growth of lymphoid cells and/or myeloid cells. 35 23. Use of an agonist for
17. A ileeh bR R receptomEcdiithenithipradustiophof dteigant o prenoaliogi4dbwherein the

method %%%@ﬂg'% 'Qt%% lé(ﬂﬁ&%qs&%lﬁsgaa%dégg15?53{%](% %‘éefjﬁo receptor (c-mpl) to a subject.

18. Use of an agonist for the TPO receptor (c-mpl) in the production of an agent for promoting
the growth of hematopoietic stem celis.

19. Use of an agonist for the TPO receptor (c-mpl) agonist in the production of an agent for
promoting the growth and/or differentiation of CD34-positive hematopoietic cells.

20. Use of an agonist for the TPO receptor {c-mpl) in the production of an agent for enhancing
the engraftment of transplanted CD34-positive hematopoietic cells in the bone marrow.

21. Use of an agonist for the TPO receptor (c-mpl) in the production of an agent for promoting

the recovery of hematpoiesis.

22. Use of an agonist for the TPO receptor (c-mpl) in the production of an agent for promoting
the growth of lymphoid cells and/or myeloid cells.

23. Use of an agonist for the TPO receptor (c-mpl) in the production of an agent for promoting
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differentiation into lymphoid cells and/or myeloid cells.



