DESCRIPTION AGENTS FOR PROMOTING THE GROWTH OF
HEMATOPOIETIC STEM. CELLS 5Technical Field The present invention
relates to agents for promoting the gréwth of hematopoietic 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 arid/or differentiation of CD34-positive hematopoietic cells, agents

for promoting the engaftment of B3’ IpOStivde 10 hematopoietic cells
transplanted in the bone marrow, and agents for promoting the recovery of

hematopoiesis after hematopoietic stem cell transpl ' inthe. ;¢
AGENT SOTOPrBR AMAGEN féﬁ%ﬁtﬁé@%@e@éﬁ@r%ﬂﬁ%@%@gﬁ% e
ingredient. Background Art 15Thrombopoietin (TPO) is a cytokine that
promotes the growth and differentiation of megakaryocytic lineage cells,

5 TechgisaliEifown as a megakaryocyte colgny-stimulating factor,a [ .
for Gl OGBSO TR R £ B p e Bt stem
ce%}@gg%%@&gg@ﬁ agmlﬁdiatﬂf gﬂé) tl;g@gltne ﬁgmaﬂ;wwfs “ghe
specific receptor, ¢-m e seaeRter neiie:; d fation o
Presepl INNG asﬁ)lsé’n%%t?ﬁ?g c Ilst%o g)%ert the l%_olo ggc‘zal action (565 2H34-positive
CD3MgusRite heDganaiin o) s avalth BE P TEBS AR thal &mong antibodies that ¢
10 hembiRsbiaRecaRtetm withaddh froperties therenst eaARISRIRETHIER BRARSRVS ©
agonistic %%t'vﬂe\%ﬁ% example, aniaptibpdyagainsiiheieytrontietmprise an
hmf@’ﬁ@ﬁéceg{or as been reég:orted t%mimic etgl% fynction of erythropoietin.
agoniyhon tdBRIBEEYTS CoMPaH T S Monovalent antibody (Fab), it
retains the activity to bind to the 25EPO receptor but loses the

ignal-frapsducing ability. This suggests that dimerization of the
BacEglfd Al tin receptor mediated, by

i jvalent binding is Ssgeniphivshsation of
15 SignW@@gowgﬁ_gggmsﬁé’gf%eﬁ%%Erﬁrt ermore%there are reports on 4 -
mes@iRbbinGitig antibotiesnddyETPPD Fee SHBTHBITEE O JRIIEIIEEEE
Iigar’}leﬂp -Pajent DeLIments Biand:d, andRaterhDocupentditacB)oSusRuce signals . -
antibodies 30 have been, us I . t : e
intocgehls: colidas beﬁ%Feg)?gﬁ?i #1&3%%%%1%@%}61{9 SoLathafngmatanoiaticliow the
celts: ple, an experiment that examﬁlf%% g.e %rg?gg}gccg{m (seo
reccbeltbldotkcitis thirsb singledagina AR RIGA O CTRPENOL] Clip Tyt
0 NodWbich hBmamesid)blood cells (CD34-positive cells) are transplanted (see
Non-Pate%t Docur%%r}g %% %%%%%Mﬁ&@@@@wé\s&@@ ReLpithiswpeithtbeopertics,
frequeRRIE S} EB34 posttive cells did not diffEr sie%gglc@ngx ?\1%%0% against the
thetwithoutiHRd B5HekEERD IR EHEHIGE Hre 188 on the -
ery ARSI frackRE Tachpioragowistoatieyc the function of erythropoietm. ‘When
this antibody is converted into a monovalent antibody (Fab}, it retains the activity to bind to the
25  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 c-mpl-binding antibodies have TPO receptor agonist
activity (see Non-Patent Documents 3 and 4, and Patent Documents 1 to 3). Such antibodies

30 have been used to promofe the growth of hematopoietic stem cells. |
For example, an experiment that examines the growth of cord blood cells after s’n.lg}e
. administration of TPO to NOD/SCID mice to which human cord blood cells (CD3 4-pos1§ve
cells) are transplanted (see Non-Patent Document 5) has been reported. Aocordin_g to thl1s
report, the frequencies of CD34 positive celis did not differ significantly with or without TPO

35  treatment. -
Furthermore, there is a report on the administration of a TPO receptor agonist, other
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2 than TPO (PEG-rHUMGDF), to cord blood transplantation model mice
(see Non-Patent Document 6). This dogument merely reports the
enhancing effect on platelet recovery, and not at all the effect on the
engraftment of transplanted CD34-positive cells in the bone marrow. In_
addition, another experiment has been reported, in which a c-mpl agonist

S ministered to NOG mice (which are more immune-deficient than
than ﬁ’%ﬁ%’s‘%ﬁ?ﬁl‘é&ilﬁ% 18 xRl anealantipian Bdebioise Geft Non-Patent

Docutransplanthlicri{seedto m%t@mb@@@um&o%ﬁgmm%ﬁaﬁteﬁ recovery, and not
-NOsiti ere , hot increased in the bone
S B e e
codfiadditien: Ny Ret srateiiae P haihara RIS ddmiricharing e tygsowas
admigkegents Nmﬁeqszﬁmrﬁe&ﬁ% I%]ﬁ&%égﬁﬂi?ﬁftﬁa%m%@ QR two to six
I i ver, since the three of agents were ,
o e s DS M g, Aconing

to thig gRevREHI-Radpersivesshsavas. horsisgam tinststeont of TP atonera .
therrdideration.antdifierentintiones &@t&ﬂcﬁ%&@l@er%l%ﬂf%&ﬁ@% Raignty

t 8),. Meanwhile, the mouse bone marrow transplantaion
e R B e R B S b, na 0, o
Paﬁenrlﬂ@wh‘a@%&prﬁ?b@gb@amim@tm Ddbunsant, $jpFhibedbountents of agents were
admirsieggests datdR@ialeaacizoRBetienl @aialetsint alse oiReLINeadess) me

it d t ther grafted CD34-positive cells survive,
~ AR e S
RewvEheal thesepr oy theirhopoteti€).  stem ce Is could be
suovesstliy-agiivaled by adrainisterngRpERedias it TROTECERIN -4 1o be

o SRR Dl fopne S S NS
docurpenyyer2G05IEERYA fixatetis Docatmeny Platelets but also other lineages. However, it
does not report whether grafted CD34-positive cells survive, or mention human cord blood.
As described above, no previous report has shown that the growth of hematopoietic
stem cells could be successfully activated by administering antibodies with TPO receptor agonist
activity.
Prior art documents related to the present invention are shown below:
{Patent Document 1]
WO 2002/33072
[Patent Document 2]
WO 2005/056604
[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 er a/., J. Biol. Chem., Vol. 271(40), p. 24691-24697 (1996)
[Non-Patent Document 3]
Abe et al., Immunol. Lett. Vol. 61, p. 73-78 (1998)
[Non-Patent Document 4]
Bijia Deng et al., Blood, Vol. 92, p. 1981-1988 (1998)
[Non-Patent Document 5]



WO 2005/107784 [Non-Patent Document 1] Stem Cells, Vol. 14 suppl. 1,
p. 124-132 (1996) 30[Non-Patent Document 2] Elliott S et al., J. Biol.
Chem., Vol. 271(40), p. 24691-24697 (1996) [Non-Patent Document 3]
Abe et al., Immunol. Lett. Vol. 61, p. 73-78 (1998) [Non-Patent Document
4] 35Bijia Deng etal., Blood, Vol. 92, p, 1981-1988 (1998) [Non-Patent
Document 5] 3 British Journal of Haematology, 122, 837-846 (2003)

Bridshpeert ploderieir!epyasan8at SHurHdl bf Transfusion Medicine,
[26(8Y, 4811 1248(2000§[Non-Patent Document 7] Blood, Vol. 107, p.
JApas430d-(2006) [Mefudtatentddaceimeis) 8] Baie aoow
[Nanspiantatenmd 497-204 (2002) [Non-Patent Document 9] The
§33g3%9f;@1}%9%@g§g9@%)110(3), 389-394 (2002) Summary
[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)

Summary
[Problems to be Solved by the Disclosure]

The present disclosure was achieved in view of the above circumstances. An
objective of the present disclosure is to provide agents which comprise an agonist for the
TPO receptor as an active ingredient for promoting the growth of hematopoietic stem
cells. Another objective of the present disclosure is to provide agents for promoting the
growth and/or differentiation of CD34-positive hematopoietic cells, agents for promoting
the engraftment of transplanted CD34-positive hematopoietic cells in the bone marrow,
and agents for promoting the recovery of hematopoiesis after hematopoietic stem cell
transplantation, wherein the agents comprise an agonist for the TPO receptor {c-mp!) as
an active ingredient,

[Means for Solving the Problems]

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(I'v)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 precursor 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.



[Problems to be Solved by the Disclosure] The present disclosure

was achieved in view of the above circumstances. An objective of the

present disclosure is to provide agents which comprise an agonist for the

TPO receptor as an active ingredient for promoting the growth of
hematopoietic stem cells. Another objective of the present disclosure is to
provide agents for promoting the gro and/or differentiation of
CD34-piistilssasatolbsrate Rededydistesfor oA thetBndldnnssstor (c-
o i dnspranteduoDB4o ositivge e atpoietise dils Brahvéhbohéymplrodvcells and
mandoagdyests. for promoting the recovery of hematopoiesis after
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Sg)livmeq t{aece {Soblems] The present inventors conducted dedicated
% u&lléscfo'aclnléve the above-described objectives. The present inventors
discovel®a & ATRSSUIRTTStPAIoN Sihih agsid e ﬁﬁﬂ%‘%%w(%"ﬁ@ receptor (c-
8p(Fy) Meagedhst he TPo geddptor pnevided Hugkaith of lymphoid cells.
megakdryadytetspspific differénpatiodedinorease Diimegakarioafticl®élsyceptor
(@Bl ephancechtbepngaimeptahdanspidaiedifuenaneorsiphoid cells.
blood-defiyed ReMARPQIRIG SIBIN SR IS4 RAS Ve D e RIRRRIStic
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Admin{stratiorg:é)f these agents alone (without using G-CSF or
as an active.ingredient N .
ery hropme’tﬁn In combination) after hematopoietic stem cell
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ents.for promoting the recovery o age hematopoies-is.
RSP L HEREY f53URIE b CLE R UgRist for the TPO

[ dbptencerabanythaeppbdUcoht b sheeie haaeprbmatag thehgrostepmstic stem
dyinphsisleeltsoand myeloid cells. In a second aspect, there is
[Bﬁ%l@&‘@:ﬁt‘%f“a%% %@Bﬁg%&sﬁfpr\;&n@ré_ﬁﬁ Qe %g&ﬁtw_&&m%%%mroieﬁc stem
c%lﬁ)gnulglthgl %fuaopl_agent for_ promoting dlffer(_entlatlo_n into lymphoid cells and
myel%l CAIE™ i a third aspect, there is provided the use of an
[dg6tserat tHd TPt déoapesiiy [RARROTBE Selb ACTr I sRjaHEeR is selected
fovonistiegthecyyovetisghiyanphopigiisal blookh sicfourthl aspectyttaticejsind cord
nevidassimiseef an agonist for the TPO receptor (c-mpl) in the

oduct] f e -promoti [fferentiation intg | i Ils,

o e TR AT L oo
HYERB ¥ moting the growth of hematopoietic stern cells, wherein the
Rbthetagsiiprisdh wheagorihst eenthie TP ieemgtorofe-pl)casean active
ingredientt [} aroageinkfarepsammeatiog hepgwowthiansiofdifietentiation, afherein
R OSHINE DeMALNAIRUG CRIS PINRISINE A9 NLEAMRESES Ae dient;
agpnistior ihe TEO eceparicmpl as anaciveingredint 51,30 2987 cen

or er?haﬁcmg thé engrartment of transplan eo‘f‘a@? -positive Y o

‘H@Ff%’ﬁoﬁ&e‘i&%’é@‘ﬁpﬂf@%éﬁea&?ﬁﬁﬁ)v&fmiﬁérgi%Qh@“é’@%?ﬁ Eoimphisas & active
iagaedistifor the TPO receptor (cmpl) as an active ingredient; [4] an agent
for|RKe r&g&m gitfe, reaenenef }f&ﬁﬁﬁﬁ&ﬂgﬂﬁ%nm ﬁié_h Eb%ﬁ_gﬁﬁﬁ CORRRYREASd for
aanaégl%%h;%aé@%egp%%%%&t&rc(?ﬁw lﬁlaéf%ﬁ‘e%% "éen{é‘g%@'e“t? [5] the
a%ent of any one o Pl to [4], wherein the agent is use for hematopoietic
stem cell transplantation; [6] the agent of any one of [I] to [5], wherein the
agent is used after hematopoietic stem cell transplantation; [7] the agent
of [5] or [6], wherein the hematopoietic stem cell transplantation is
selected from bone marrow transplantation, peripheral blood stern cell
transplantation, and cord blood transplantation; [8] the agent of [7],
wherein the cord blood transplantation is human cord blood

transplantation; [9] the agent of [8], wherein the agent is administered
maore than once: 101 an anent for nromotina the arowth of vmnohoid calle



[12] the agent of [5], wherein the hematopoietic stem cell transplantation is
performed for a patient with impaired hematopoietic function of the bone
marrow; 4a [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 fGukemia (ALL), chronic myeloid
[leykémiag@mby, hhalignantdymibhopatisatdbitsTheell lrakierhiwith radiotherapy or
Jmyeiaeaplastic syndrome (MDS), aplastic anemia (AA), or other diseases

[‘i%]"‘ﬁl'bcﬁ'o*éﬁmﬁtrg%‘ii,e&i%&&?mﬁeella%@é& ?t%ﬁ%é%&%QP & ndiRlRed 10 treat
method for promoting the growtho I ,evhereln the

[ he gietic stern )

AT HB LD hpTeEE R d shd )o?‘é‘&i%mﬁ%?rgﬂ %%é‘l‘i L%‘ Rt e 1Pepnic myeloid
lpakeipte( (Athplywiansnb|semhpred. adbheal foeybrombtingethévgrbinil syndrome
(afldfr dijffesentiaiianof €DB4epasitire diematopoietidotellenwitgrainithetem cell
tmﬁg%gtmggi%i@gi@’tep of administering an agonist for the TPO
RfeRinfemR (o 8 sublset, 2,147l 6 method for enhandna e oo we eihod
e?%ra‘ﬂmerqt of trans an e(férls -poslﬁve %%ma&opmetlc callsii the }F)one
RIENGWS WRSHEIP IR MReTn&shpRs! five Bfeprét ﬁ‘&ﬁﬂm"sfé'rﬂ%@)atﬁ a subject;
[a@bristieththe TP @revepigr (bempiytoha subjectifferfb8kaomethot o -positive
iﬂ?@éﬂﬁiﬂ?&l’iﬁ‘@e[@?@l@@é_i@ﬁh@Eﬂ@ﬂﬁ&p@ff@rﬁ%ﬂ%%i@?ﬁdmﬁ‘d%ﬂﬂiﬁ@li;ﬁ%rizﬁ?%onist
: ISt st for the receptor (c-mpl) to a
ﬁ%ﬁ%ﬁef%ﬁ%%%ﬁﬁ%@qg?%%ﬁyg%ﬁmé of [15] to [18], wherein the method is
performed for hematopoietic stem cell transplantation; [20] the method of

any one of [15] to [19], wherein the method is performed after

hematopoietic stem cell transplantation; 10[21] the method of [19] or [20],
wherein the hematopoietic stem cell transplantation is selected from bone
marrow transplantation, peripheral blood stem cell transplantation, and

cord blood transplantation; [22] the method of [21], wherein the cord blood
transplantation is human cord blood transplantation; 15[23] the method of
[22], wherein the administration is carried out more than once;[24] a

method for proliferating lymphoid cells and/or myeloid cells, wherein the
method comprises the step of administering an agonist for the TPO

receptor (c-mpb to a subject; [25] a method for promoting differentiation

into lymphoid cells and/or myeloid cells, wherein the method comprises

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

subject; 20[26] the method of [19], wherein the hematopoietic stem cell
transplantation is perfooned for a patient with impaired hematopoietic

function of the bone marrow;
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[27] the method of [26], wherein the patient has been treated with

radiotherapy or chemotherapy; [28] the.method of [27], wherein the

radiotherapy or chemotherapy is perfoilued to treat acute myeloid

leukemia (AML), acute lymphoblastic leukemia (ALL), chronic myeloid

leukemia 25(CML), malignant lymphoma, adult T-cell leukemia,

myelodysplastic syndrome (MDS), aplastic anemia (AA), or other diseases

[17] ﬁ%m%p@t&@%m&%m%@ﬁmﬁ@dmﬁq@ Gbpticptisiviigmatepofctic cells
in thaRAGaRIFHA, e ERAHERRBIOE Criikia the REpdretanReRRU8N JBkist for the

Tpo%%gn?tirng the growth Ig)f htematopoietic stem cells; [30] use of an
ago ISt for the 6s}leé%cbtor (c-mpl) in the production of an agent for
[18} prosmibeia dosomegiiowtheanctoedifté fentisttoriofic DB4rposhiveethod comprises the
step bﬁmggmﬁimﬁﬂI%oﬁﬂwiﬁeﬁ%%ge@ﬁﬁ%iﬁﬁ)g@@ é?éﬁ?!%&or (Cl-mrgl)din

e produgtion of an a or enhancin engraftment of transplante o
0] S BB B CSIRAE Lok T e BT IO PESSTRe S fmatopoieic
S’Eemagﬂrﬁ‘@t_lﬁpiankteti'ﬁm} receptor (c-mpl) in the production of an agent for
[20] BOmeiad He e CaVell 95 NRMASoROIRSL #Rl3RkH5E QTRRAIUSHY G atopoictic

TPO receptor (c-mpl) in the production of an agent for promoting the
stem GeA{ SFANSP t8poietic stem cells, an agent for promoting the growth
[21] teditethfferelithd tioh2@] of DY the sitvethpoiatopaietic:lalsm pivagedh farselected

fromYRROEIG P SRarafment pliansalanisd &Q@ééﬁ%iﬂy@&%m%egshe%rd blood

cells in the bone marrow, or an"agent for promoting the recovery o
transplantatidioiesis, wherein the agent is used for hematopoietic stem cell
[22] thanapthodadfdd;] |, {3dreisetiof anrdbopistfersiientRon kaeptan Emplbi
tramm%p&[@&ﬂction of an agent for p_romoting 5the growth qf hema_topoietic

stem cells, an agent for promoting the growth and/or differentiation of

[23] Bpmetbedinl R whmspaiticacenigrelige st roriasharangetian once;[24] a method

for pﬁﬂ'g”éaﬁtmgmhﬁbﬂﬁﬁmmmd/&%]@h@ﬁ%&,hﬁﬁwé]gp@xi@ﬁféﬁﬁﬂﬁd&ﬁbﬁhﬁgﬂ% step of
-matr agent for oting.the recovery of hematopoiesis, wherein

am%ﬁ%e;%%%s %?nglﬁ?g e%ggf g@?e ér%%t poI Oﬁst (g_,taeﬂll ¢Eiftransplantation;

[25] pampihed foe mpmoiies fdsrontietcn inte henmheidsiticadinm peieloid cells, wherein the

methb“?a%ﬁi@ﬂb@mﬁ?iﬁt@?m@ﬁml _ Eerﬂzi?gbaﬂd @gﬁ})ﬁlgmqgmﬁnﬁp@l I e 6 @h subject;

oad ste ansplantation, and cor od transplantation; '

bk da iRt et bt A ?5%3

patieptayiiplanpaiisd; heaiprisisdiaeiizelo ibelemameadministration is carried

[27] DetinReiedRAMBNCEherein the patient has been treated with radiotherapy or chemotherapy;

[28] the method of [27], wherein the radiotherapy or chemotherapy is performed to treat acute

e
rmed for a

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;
[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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[38] use of an agonist for the TPO receptor (c-mpl) in the production of an

agent for promoting 15the growth of lymphoid cells and/or myeloid cells;

[39] use of an agonist for the TPO receptor (c-mpl) in the production of an

agent for promoting the differentiation into lymphoid cells and/or myeloid

cells; [40] the use of [33], wherein the hematopoietic stem cell

transplantation is performed for a patient with impaired hematopoietic
of CRitfctiosi bfehervsnpomticrovlts 24tk thdusalofid 6}, thenetafthe pediinsplanted
CD3 h%{%glﬁ@@ feeaied it radiotherany, o ﬁ{m% rﬁﬂpe}/gre?@goz[glzér%?) i S%lgfrecovery of

B %4 ,,Where(g]%h,e radiotherapy or chemotherapy is performed to treat
MR IO TELRE AR T NRESC ST BIYIAORE TG R R e pi i ition;
[34] ohrar imgeh@'dﬂeukelm&wﬂdp)oﬂ{al@paﬁhlﬁmlph?mi@ﬂwaﬁﬁh for promoting
aplastic anemi or.. .
e SRR Sl SIRE MR SRR A areniain
of Cﬁa ROSHIXC SETBHRP PRI ARt AbRERRt ERBGHAGIng thrRnerafrosein transplanted
CD3 ¢ingsaivs havipgithie effeciahst(ing 208ndR223rud-1eh o HeRUMBehOfecovery of

j l.ineages. Mean.values are indicated by bars; ,
e e R P RERS pion
[35] tisgimef R lerdf breheristipbanateinigta piom el Mamipbmeftor (s Miagted from
bonecoloniesriesianveivas riepndigaRd OYBars: B8 e MG 485 hod
frans %t%igﬁgsents diagrams showing the dose-dependent effect of sc(Fv)2

FI1VB U2-wz4) on the number of different human blood cell lineages
[36] threan ‘Eﬁ{%ﬂb‘é{%‘)‘iﬁqﬁl@; gsdoinek e toigitrd tdsthian dive Biagiamssplantation;
[37] M%&mdgaagﬂar@ﬂgqm%hﬁé%q{ﬁ?&wfwﬁa Qifltm%l}lsljﬁ?ﬁ ?%L%Cdium_

38 e R 2 D LR O rRon Hrom B ARopacntfor promoting

the grryheiigapbadowtls etdiemarspuibtielstem cells, agents for promoting
[39] dhe aranaboand/pr diferentiation of R ROING NRMAIRRPISHERGEYS: promoting

ents for enhancing the engraftment of transplanted CD34-posftive
the d%%rlﬁgﬁ)arﬁ& %é%%gfg;?m}gecéﬁ QFrSW?I&L@C&BEmS for promoting the

[40] thecernseey 56 hemaropoibsismaiepeintib stagentb teomprisatam bopRifirfeEd for a

patiet PRSI G YA A0PRIAR SPACINRIAUEMient. Hereinafter,
hese agiﬁl(iiare sci?hglmes collectively referred to as "agents of the
Vi

(41T 4 0 QT R PHE S PRLERE 3RS BREB SIS0 ted sptintacwmiRrcdiepAtherapy; and
[42] tha wsgorfi$t ForwherTR Cheaedthekiicem phras tharaetiepagsedieMdakat acute
m 53Tl h iedic C rein, "agonist’ refers .
T T L a0 (TR
(CMIg R HPRREF RSP ES b SRR B YRS B egHesanEMDS),aplastc
aneminvautipoindierd disbateane nitidlitedatoplsvtmelaclaruweighi-eaBReuRSIScable.
and antibodies. The antibodies of the present invention include any type of

. .antibadies, including antibodies with altered amino acid sequences,
Brief Description of the Drawings

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 se{l'v)2 (hVB22
uZ-wz4) on the number of CFU-Meg _coionies. 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 hVB22se(Fv)2, respectively.



10

15

20

25

30

35

15 such as minibodies, humanized antibodies, and chimeric antibodies;

modified antibodies to which other molecules (for example, polymers such

as polyethylene glycol) are linked; and antibodies with altered sugar

chains, etc. Herein, "hematopoietic stem cells" refers to cells that can

differentiate into any type of lymphoid cells or myeloid cells. There is no

particular limitation on the hematopoietic stem 20cells of the present

invention, as long as they have the characteristics described above;
Moéer}gyv@gﬁg,iﬁ Wﬁgriﬁ%%% %D34-positive hematopoietic cells. The

CD34-positive_ hematop cells are a heterogeneous cell population

contirifgED A HeH vEhilpatapoie for srmeils thed:ODStedbsitiumpoictic stem

cells, hgmatépgiesie fragursoir6GHE. ahlR CRS4RAsItVS @F@I%Q%ﬁ%ﬁf@ﬁgﬁlatopoietic

[ le, multipatent stem cells, lymphoid stem cells, o )
TN e T -
the bonermatapiene pesisSor remeotioteis e ODSY- ek pressinp sl Hiataiedr agonts
compifse progessofditierepintiorinebumpholdwalsB calf T iGelSiANd fereinafier,
these & eqm AT g&%}%gl(lzs }ﬁggtuxtfr?gh”f%’ mé) HOCYtes, erytrgcytes, . jan”

egalcaryocytes, a_r18 SUEHT HITREGE {etbelsrfit oLy Redrmeianemtien”
intg( l@aEW#ﬁﬁéé@‘é@Wrﬁ@ﬁé@ta@Whﬁn@mmpﬁs&m apoealt for the TPO receptor
(e-mptiifetentiationcannribeaidgptiiist Mo hlog 0109 cels -
“aoonSfPIesS D34@%@n be (l)qaﬁgsesse%]%{/ %%%@%ﬁ%ﬁ%%%&%%@# in Herein,
80 e léer%roroe%sé?n Eﬁ%?‘i%@ﬁ%&fﬁ%&%&%fr%&&»iwéxmrﬁ%twn similar to that of a
ﬂeonF@&ﬁaiﬁmém@y@ezgesgm, 1@36 {RaoiestSutbgriandehatntibe #HAGBU are not
limite@ Widlalinas fcCR3¢Selldeisrminal %&&%@8@%&(‘0 PRIYHEEn, o {hp present

inventlilgxraolw%;ign of %rovvthf" mﬁﬁn that the growth of hematopoietic stem cell
DR RCRH P SR, Ol ABARSis bt rEBRasisa i UeHermhespite eid seauences,
such astarinibsliscantoBB4egositiveddShendathpnieticanteeirser aelsids antibodies to
whichafHvaigsl asrampatadip RefRie.AdDISiral agents of the,. . _ ..

ib Ereser.éiiin entigf Wh ther’of)rgg%t thegg‘lllré?)]iwgt%?)ogfI ﬁ%@%@%ggﬁgﬁ e‘ra’nhgg g and
AntoSIE s -%%)%ﬁﬂ/éu%aﬁ@ﬁﬁ’t%ﬁgfetic cells (CD34-positive hematopoietic

stemiesils he CDBpositivechitsh atbpeirticaietutsen al) daagtivaedny type of

lympheRD R ASSRIREG PYMEthads cqnye ’ﬁ?ﬁ&ﬂﬁ@fﬁ%@gﬁﬁp t %Qnsff*?n%lt%lllj%?ie!t?c stem

rt, for example, by detecting a ¢ e In the growth rate o

the a
cells oﬁ é%ﬁ %ﬁ%‘?&f‘f&vﬁgfﬂ%@%%@B q]glhq%ﬁﬁfgij@ gedkribed above; however,
the 06(1@Dshkﬁmwmeﬂhmpmkﬁﬁimﬁtééﬁmeﬂﬁsan?@@@Qgpﬁ&‘i]iﬂf@elher_natop?ietic cells
iC.pr e - in the. number (of colonies) o
e b L D e B B Opgiie sich et and
CD3 4 R SRR USSR S collisdnPEamsifvsitivadiepitopoisticnclude,
for exprebeyrsor tetishaehang s jiyinpaseisan sﬁglmﬁlmdt@@mq,i@ﬁﬁﬂﬁamyﬁ'ﬁmﬁ, and
CrU-gieem jeti T CD34-positive hematoppgigtic cells X
(%4—%%e EEeﬁma o%%ﬂ%ﬁc% _e??ﬁggf s?lg 4 CBYE-FoSiVE RS itatdputetipressing
cells HeEGrabie sy est ebdilrentiatimuinieriomrhddecpliedBntahudhtielis, and such) or
myelofparovitigaagansilyhieheompliss anRIQAISH N8 HRRLeCrR LS TR have yet
been daS &Qdanﬁtﬁﬁ?fé? gggg%gog G{_IOﬁnotln the growth and/oy differentiation of
_ CD3_4-pOS|t|Ve%(e_matc_> 0|ea;)|c CONaCHEIEh itrdlrsSiantry by direction of cell
d1fferee’t§§@_rb@§m9é b@%@gﬁéﬁ@l@éﬂ%ﬂg@f@h& to Wpetdoess imtvhithexpress CD34 can be
assessesafmgmr?smmﬁwmﬂ@ @@im&@bﬁh@ﬁﬁ%q@ﬁﬁg i@,t&%‘ﬁf?e&ﬁﬂ”a’eékéﬁ%ed in the
J ournag 8%&%@%&5}%,@¥?~Qﬁ%,0%|§6 dgggerrtoéﬂthéﬁai}g eez" aé}.n Th%rIeSHAGE 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
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differentiate into a particular cell type, or a process in which the cells
differentiate into the determined cell type. The cell types into which the
CD34-positive hematopoietic cells (CDB4-positive hematopoietic stem
cells and CD34-positive hematopoietic precursor cells) differentiate
include, but are not particularly limited to, lymphoid cells such as T cells, B
cells, 20and NK cells, and myeloid cells such as erythrocytes, leukocytes,

hemapiatéttiscelautttiphiiposinnobyiesopbit COSIBRNHIE and CHBEREbSsTRIRMAtAMbpoietic

[ jation” ifferentiation is activated as compared
P A it e el € B e G R B o
skille] if {he wirdoe AEaRIGH PO TAT R RiveARBmatEsaseiy btens edlhsteatopoietic stem
cells actitedodtwseheassessediby Copethagds oo thaseskiledinang
by detectin hange in the,growth rate of cells, a

D S B o el o
hematggpishisgirmotede on ERftansiiiohheardifte atateRsrandd-rasitianbeniatopoietic
stem CelllsraedEI0RIGYo At S8 EBmatopFeAEHHRaN R ANSRIAMEELRE MAQRAIGUE sionaling
invol 8T 961 Inhie hane marrow s fequired in hmatopoletic stem cell

transplantation 1he present invantion provi a%g RSP EsRpEe cells
(CD34mnamtye hunfsprps TRG TeedtendcCipl-assitivadtivesingoadie mtdonrsor cells), or
such. enhancing the engraftment of transplanted CD34-positive hematopoietic

cel!l§ u|lnththe boer]c%hmarrow The e?&raftme t of transplanted CD34-positive

hematopaistic calid{ED44TpSERVE HEMdtd FeRtE i cemegen agonist for the
TPO coatepaswe) hemrisivistiendiou Sor welisyimg teehpne tandir daffcbentiation of

CD34PpRIglech B adpIRIEeNg. therggantsapi e RIgREH AP SIions fDe hé;matopoietic

nce or absence, or t}@8 egree of 35engraftment of transplante

eols” 5 BARNE R At IpDic LR He BBHE RS e RGP uRerontiats into
any typeeobhramspihatdd € D84!pukitiles healafopoittis setls indhechipnemined to

differBABERW 638 f ; in| n
T L b (e LR A
i

number ir nar
ceterRESICBTS it BN TR At P PRI FernRpaaall
(CD3parativedisredopbesitentifioc hnmod ¢ hadpeustvbpsumarsisicelisiyor cells)
differtiSiRg:a e SCENEARG! : ificantbe detection.

1 ;;ﬁ{ge tficall ,_the en %ﬁ%@%@f%ﬁé%ﬁ%@%@ﬁ%ﬁéﬁég & %Ccé-ﬂ?s, B cells,
an ﬁ?ﬂﬁa&%ﬁ@f%@} FRRSH5O7S FRETHRGASh balsdaninrisystmeutrophils,
monofptiewiny! procedhiniés. First, NOD.CB17-Prkdc<scid>/J mice, to which

humen o iopddletVed GRS e ARIRhAe RASn INRIANIet o g o

are euthanized three weeks after transplantation. The rlgﬁ_ an ?e’f? FEmirs
compapeddgIRFIRIR A4RHNS BRI R IR EREAS ShaGHEsaE risTBiARd h)Vawitsn g, not the
differBuie onarf (iD3esoaineyushedopoiakingm 266 neadie.Rd10aeaathe assessed by

. ir it M.containing 2% FEBS, 5 ml of.

e O T e Rl s Lim oot rce
of celif @ FhriRe &0 il & s ifigagcdndhaistsnsitued invenstviat signaling
involVEden, diftpretiftale Suspeaades imatal HtAMBMCON/IRING A% FBSsuch.

Th ionds. filtered,.through a 70-pm membrane to prepare a bane . |

ma%r:_r%%\?_ ce:i sgg fl?f r%%r% egmﬁ vrx%1 ﬁpé)r%egcf%tregla%q[?n% Jég)gapggxgng 15 required in
hema%@?&%§%ﬁd@@f@@ﬁ?é@@0-ﬁheﬁ§&?ﬁbié§?@ﬁ@tﬁ@‘déﬂs agenstathadh comprise
an agéﬂﬁslg?ﬂﬂﬁw‘l}ﬁw\ﬂ&be@tﬂt} Qﬂiﬁzﬁg@s|&ibﬁfgﬁenﬁ@i@#iéﬁpi?g'&l@ﬁﬁgﬁ@ﬂ%b&%aﬁmem of

concentration: 2 ug/m er washing, 50 u ow-Cqunt

s B e b s R ent of
transpignipdl GEXiveosking iBearaismainte wdingGRS £POSvX hoeltapabtzestchneells and

CD34dsiennintioniBrache feteupeshiioy iexamplae-3a5RMmRINgA% ApRiGatian,
Note 5. Deter in i%n of the absolute
adminisiering 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

engraftment rate of transplanted CD34-positive hematopoictic cells in the bone marrow) can be
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20number of cells using Flow-Count" (Beckman Coulter, Inc.). Likewise,
the absolute number of different human blood cell lineages in the bone
marrow can be determined using a var?ety of detection antibodies. The
absolute number of human cells contained in the two femurs is
represented by the following formula: ~ Absolute number of human cells
= determined value (cells/ H.1) x 1/2 (Flow-Count amount added
assesRE(30)/scample. dmdurradded {0g))oh 2000 (B enbiiumfemiBImpusia)ye

hema{%@ﬁg @Hﬁ'&?ﬁﬁq{o\r{e WRIIBY, br %@W§Cﬁ? YL, %?%ﬁormn%?%ematopowtm cells

cyte and CD34+ stem cell counts by single-pla
are tr%&%@%ﬁ% thERAY F6HNART. B8r s HhAmOre SpMab@y 1o 5YBR  KgYs )y using a
fluoresertiréabedere, thevenfiaftgrt-ifitencfitradisfiladtect GR34-Pesitivelly, the engraftment
rate oh%@%ﬁ%@é'@ﬁgu &ﬁ%ﬁéﬁ%@@ﬁ@%ﬁg Hl'“lt@eagoﬁlé %%}3\?’ DO, be det dﬁrmmed by
ra 0 etermine

recejved ematop0|et|c stem cell nsp lantation can als

the folpvaReRIEcIHER e ctiy By MORbRMd e Sty spitenambigedwman cord
bloodpdripheraiifiégdsitistead] ohusirtg¢hermeiiadsdlascehgdahoverddh@eeks after

transﬁaﬁfﬁﬁwnvqﬁmﬁém FOMIFSS, AOGAIS Y %1@&994%”&%35 A Pgonk k?tsfc%ﬁ gﬁ‘jmons are

O receptor (c-mpl) as an active ingredient for promoting

femohﬁ‘éirﬁé’té%fi%‘is @%@@W&%Wﬁ&@@g%%k@@m@m&a@éﬁemdle syrmge and
oanearahspmamm@heimmmmmmr@eﬂ%tpm%ﬁ aﬂsrmme}yéqgss@ solution is

addecfeaﬁf@ﬁre %%ﬁﬁé% fed ?(%tﬁ\ﬁ t@m}: cytes 'Ea theﬁhOOd d{J rln% C ntnfuged and

perlo ﬁ% em IS susceptl o1In ECtIOI’l Yy bac)ferla or
SUPCTBEARLAS TSFRSLFtbnid. D e PrRSIET L éﬁ@fﬁ?@lﬁ&ﬁeﬁ ﬂm@it@ftﬁ‘r{méem@fmng 2%

FBS. transplasiaiian:es ﬁB&@iQﬁ@%@l@ §Wﬁﬁeﬂ&¥ﬁb@ﬂgf&f%ﬁgﬁa@%t%@§ ﬁ?arrow cell
recov ce mere are very rew telets € DI0O uring this period
SuSperfwsmn?bgr/ngV{g su%lgésp(gf?y¥onbe ?lg’eroﬁ e n&‘ar‘dﬁ%@%ﬁgoég ddptos 00-ul

Sampkén%ﬁéo%ué%h@ alrtfe?t@tpérfgmb-‘nmtmﬁeg uﬂﬁha@sﬂne@é ceatrlpbeduslybunmn
CD34isjrgitheapeantiy ention: @g@aﬁr@f&rmfﬂ@th%ﬁ%ﬁﬁg 50 pl of

FlOWI'&,GOQg{[?F%Ir%S(I;%n al%glespe{r% at%ctl'e% &Qg rec0v<1aét Pé of he pgleﬁls

OpOIeSIS n onem
CD34pputbie wlimimisiemvnast thiaadedid 6 $wé1p¢eganalmnu&hewmemmn may

be peﬁ@h’ﬁ@ﬂn %Qﬁ%ﬁﬁﬁel rh&'@@rbﬁ@ﬁd‘?%ﬁ%ﬁ’a’@oﬁq{l%@%dbI@?&éi’%ﬁiﬁﬁ%ﬁsﬁqlgabsolute
c ra urthermore
numbt re resentS 1?1‘%/ ?gn éljlg%s @ Xé@%g@%ﬁﬁ%ﬂfﬁ% to @ﬁ Sa5nthg At synumber of
differgyeg M@M@ﬁmhmg%smﬁmbnve ingredient for gremmoting gsowthafiety of
detecJ[Ydﬁ Rhakherks andlormyetoid eals JNR:PIESENIDNERIRE disteuere ek i
L é é? rftpe |ncr sed engraftment of transplanted CD34-positive
repreyshled Bo e e Kahe

e marrow by an agonist for the TPO
Absol'et@eptmbécmpmnmcwéﬂE:cﬁMiMdplahw(tmﬁsvldimye}{@({wmﬁh&ﬁ@emouni added

(50)@%@@%%{@@@&&@ Q‘Etﬁ@ The/Age AR pfdbe, peesent invention for
%b(gvglthe mph0| cells and/or myeloid Cells are based

%?{d i ﬁﬁaﬁ&h Bﬁlﬂ%yo%%ba%%‘@rﬁ%ﬂﬂéfﬁlmm&é and CD34+
stem pelt amemmbymmgtb{plaﬂf@ehlﬂ@wlﬂmm N celisf@ndite Bitherhardidhe

Sep; 1@@@5}1%@@”@@9@@@% but are not limited to, erythrocytes, leukocytes,

pla%eur&)s neutrophils, monocytes, and eosinophils.
ermore, 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 {o 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

15

20

25

30

35

20The present inventors discovered that an agonist for the TPO receptor
(c-mpl) activated the differentiation of CD34-positive hematopoietic cells
(CD34-positive hematopoietic stem cells and CD34-positive hematopoietic
precursor cells). Thus, the present invention provides agents which
comprise an agonist for the TPO receptor (c-mpl) as an active ingredient
for promoting differentiation into lymphoid cells and/or myeloid cells.

the prildeeinisthecelibiihiab 25@:@3&%@05&%?&1@@@%@0%@1 %@%ﬁumox?a F?rthermore,
ole siem C oSItve.nhematopoletic
e O
and piRleISIRTNRVERIIsSEIRE hgwsiois EetisTsucplatsletyihrbeytissddukiagyiss period, the
pmbmafateha:t@:,epemr@ptulmmaglcyt%@mse&g&a@ |§1t;;‘r f% 38 Mol Riesis after
| ntion are useful | otin rowth o ematop0|etlc

trans]g st g%%cqﬂ% pr{o?nmotlng { %Sar]rb% A %r%ﬁ%?%ﬁ‘?ﬁéﬁb‘f??}tf@[ﬁ?Eﬁ%%fﬂ?/@mmoung
the feFféYﬁ%Yt %ﬁ@%@@iﬂ%lls}}@manmhé@r@? dfermentvef trafisplantedicsis” means
that h&ﬁlﬁép@@‘élﬂ\lﬁ ineaiereieiissieminelteda e RORL METON, L REAMOHRT, of the

agent} O% t{ ecove %ﬁ% Qel%%topO{sﬁls in hematopoietic stem cell transplantation

perfornied (0 treat acute myal TONILRS AP RS nipelBtcP Rt rR ™ 1s activated
can wé%ﬁ%byagﬂ@s@mrﬂdh@m@m@wmmmsm petilkbenid bashdt T-cell

Ieuk@ﬂmnﬂﬁmﬁs S3ilht S
§t%) e%%:Ié stem%e%%%ﬁgg@ﬁgﬁo%%%%ﬁ% %l;l %‘%ﬁg@e %Sq eé’omst for

e el SHr P BFTREI 6 B SA it P AIOR TR andor

myel%@ﬁéﬂmari’aw prapsplantetions pen@mmil thivad stemicelf thansplemtatiorngrafiment
of tradépihaee Mﬁéwﬁw@lﬁ@%ﬁ‘é&%@o}é{&e&f@&%@%%%%éﬁggg e n%g%%%‘%‘%a% the TPO

emi suc al, peripheral blood stem ¢
reeep °f§° ib}%%aﬁﬁa &%ﬁ&%ﬁ%&é@f&éﬁ% Lsfssadnarrescisae the
Examplasrowlrangplantdtiba presentimphistca TP Groeesiig the Recgen e SBAUSRES cells

and/op mmgﬁ@“@eﬁ%%&?tﬂ{a@w&@ﬁ@ GloS s ail%rr%%l%] elfls, inthe ent

3B| 1% 5); Genbank: NM 00537eﬁs@urtherm esequence )
iven 4o R R LR ol RS B sl roreeysieghand, he
myeld@ pedhs %)@ﬁdhmtmxselmﬂrmlt@ﬁem&aﬁﬂlﬂéﬂﬁds 040G A RIS RN ophils,

monod18:2INE,8gidpgguence of 10 human c-mpl is shown in SEQ ID NO: 51.
[{(Bermore c-mpl of the present invention includes c-mpl receptor
mu

AEIGR ARVERID Hea L thatisn 2aemtidar SidliR resestast{cimpl) activated
the dlff—fnrqz)hdeenM@B@m@mﬁﬁm&ﬂwptbﬁc&éﬂﬁ|(thﬁlﬂﬁﬁ)m%%n{9fopo1etxc stem

cells m@ é ﬁt?v%xﬁé%%@ 749 ge;%%gg%g cgl}\fl th'?ﬁ Bqumalr%ge? Lal v%&pgxlgrowdes

ol. 97, No. 1,p. he pres’en
31%’3“?18’%@??%%‘? ﬂ?ea&@*aﬁisff’f&ﬁ% TRE) raeerng (smohas meaatmmtygmdmm for

promqimgtbféethﬁzgtmﬂmmﬂlyﬁfpm@pm@%ﬁﬁ%ﬂIii@lﬂ.lﬁ)m éBtEsg roML AN %@rce}ls which
I ematopaietic cells, to enhan
CD34%E§E%Q ﬂ&ﬁgt?éo%? %A}Iﬁgg é&é%g 051% et ato 1é%?es1 EI% &hi i%ﬁqﬁéjpgﬁeposmve

engraftment of transplante posmve

malGRiRSf PEFIY §YorRbE dHEFeRBYEtSr lﬁémam@}s@sd wehethehas Aotedls, B cells,
and Neaoglidaiadomoidne as:sHER asiivibt $an, RaReRHENGARY cts neutrophils,

monocytes, and eosinophils.

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 engraftment 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-cel! leukemia, aplastic anemia,
malignant lymphoma, and other diseases to which hematopoietic stem cell transplantation is
applicable.
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methoag nistic acg%lty, as Jong as the 10in

20methods known to those skilled in the art. "Agonistic activity for

c-mpl" refers to the activity to promote the growth of hematopoietic stem

cells or the growth and/or differentiatiohl 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. Determination of the agonistic activity 25can be perfooned

by Titethertdepoiuti d@téh?seliﬁkﬂfggl:t{ilmﬁaﬁféfﬂ@p@&fém%ﬂgé}ﬁf&ﬂt}ﬁ@ﬂ?%?gone

g e activity of the agonist Jtself, Qut also a

B B R e e My
transplapifioe W hiEEAn Sy ESIPg rewenTaETed fiadicatdenhone speuificatlygeanral,
periplantibbidydvhese-ayenisiit-aciinly adebe 8asesssrsinARAesh B eSla Al rricd out
in ad%%%ﬁqgf%%t&{ﬁﬁ&gg{%|S§I;3gl%endent manner, and the cells are cultured.

sequently, the agon?g ac{R/r%ty can be determined by counting the
celfsTiBlrg A Hérisegkimneterhoeene asavimy e bethaumbed bsirgenfionlyzed

(PalactytometeCAltepnativelyy theaaqnistio astivinGaR ke @@ﬁgmﬂeﬁ%‘%}%ore the
Seque%%@gv(\)/pg,rgetgpd or su Q. @_reeﬁﬁgtlsuggrgﬁ the tetrazolium salt WS - ’
Dojindd Laboratories). which Bhgthe' &° FQ readlfdno4s ampecHid/SEQ ID NO:
33) anganersagrattoeaRertothd n(iIBeR Beofalimblametls, iStadstethtoerlisequence of
humagachipEisesukingrebsorbancg.is used as an indicator. Cells that proliferate
in UI%geonist-depenizlefgihmanner can be prepared by methods 12 known
_ to those skifled T the art FEF SR WRERK e Spten trarraieicestieals with an
aminqgeif i BigiNaioncditeexpreddifignhe seceptormay besused Aternativgdyifically, the
c-mplWhRANSs ri%@ﬁﬂi_@,r.fgia@)?aﬂﬁﬂﬁ[%égqﬁ I%Utgﬁ%’\ﬁg's@%ﬁl?ﬁ G er alhi;laier et al.,
BRLO %ce\ptf?rgcpﬁ%lsliln?oi’%éhé éﬁt acellular domain of a receptor capable o

ransducing cel 5 and the extracellular domain of a receptor
inqﬁﬁé_blel‘@ﬁlﬁi m&uuiﬁbmesgr@miﬁi@nalﬁﬂﬁlﬁ FRRANSCEARMKIBE as long as it has
the acGNRRHGFEERRIARMAY NG e%n&%@ﬂ&&&@ﬁ@@@f& igahat fansdpce
Jiffer C?\%%%thg}ge}ls include, for example, the G-C recerﬁors, mpl, neu,
BRSPS ptReS B Faprsistie Sallsriorenhaoendlio cespafensig fiwnsplanted
CD34rpesiptor hntadgofetiexalinptehBabis MeS6R, FRERImERHRRcGER 02
hemat%‘i%sig.T'QWﬁ%_ 1ﬁgémpydm9&%rc%§§?a S%v fsscljl%no%r:cﬁ{)‘ﬁrl%%% 1ijhet_:‘conﬁrmed by
BEVR YRSt SR hiRdlIv @ hanges. For example, it is possible to use
cellAgmssay indigdtorsnesil-hdsad aasacindisatopsotivsbebasedassay
hematfIUGRIOS. and;in vi indigat nzymatic reactions, or. .
S S e
cells, ehparci e shsraiineal sideagdayisdsiohnesifraibornastionginchlisés the bone
mm'rowoeét;%rmlm,om hw@ﬁdeiﬁaﬁﬁfﬁﬂir[ﬁapﬁgm. S@%feﬁﬁﬁﬁf@gﬁ%%??é) Etigonistic activity
b ogen reactions, substrate
o e ARt SR e A it viy my be
deternyjprd b MoR0 AT RS Reation, Wfebpatenin itsa. diesosiat oiffebpiratains; as an
indicatmd such; and amplification, cleavage, and extension of DNAs and RNAs
ca A mple, phosphorylation of a protejn placed o
o R & T e e vibrsorindicator

of a signaling pathway may
More @ﬁ%égyna@gquh@%wb@?efggomsuc activity is to be assessed is added to cells that

proliferate in an agonist-dependent manner, and the cells are cultured. Subsequently, the

agomnistic 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 resuiting absorbance is used as an indicator.

Cells that proliferate in an agonist-dependent manner can be prepared by methods
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20example, quantitative and/or qualitative changes in products, change in
growth activity, change in cell number, change in morphology, change in
cellular properties, or such, can be uséd as indicators in cell-based
assays. The products include, for example, secretory proteins, surface
antigens, intracellular proteins, and mRNAs. Changes in morphology
include, for example, change in protrusion formation and/or protrusion

knownuoniesechangeiinieelflatresexehangaindne 2e8aareaRlarls cell growth signals,

tion/horizontal to vertical ratig,.change in cell size, change in
els B O s et RSO S EEI ARG Lgsduce
cell grpitignadelrgaiBmjc Suehtmepktitgital Srainyesctatebdanatirafedeptor
capatDEE taliaN JifK ¢ PRIGIASEORas GaRlluRlRIDREINES NFhSATLPE HACHESincapable
of tralll {gce};tlor% |ﬁclyode€&cg%{i%e depe en%y cytokine-dependent responses, =
SOt GepEndan ey A A PaReisHean S RCCEtiThioT SBhbsciaggssed in
cells. pkssantyrsthantiahdneeslhdrivadeligial sistdncés. cathphotiity (hEISHesceptors,

mpl, ©&il GW@HPG&%E%W,m&éﬁigfét@ﬂiéﬁiw& Changgs, By 5@5‘?1@]%r eceptor
Igef},gchange In enzyme activit RNA™levels,

. ubstances inc , X ,
el R R St caiie Bt o ket o, and
intrasg| dtacproteidi leveisantrersaldolt-deambiaing tiecepiaisiscugedity, as long as the
indicABARNYSR b 6N PERITELALOR ACUNHYo] ehby a%g%@tlo?%f éggmgle it is
.rFec%ptor caﬁ_geeused as antlndlpato’r. 35Functional charige of the tissue to
Possig t95aF S5 e el S8 AR RaERroF PSR LB aser adsups beshd gy
indicdtptissud w'nejgi@taﬁ}}aaﬁgésam?the Wﬂrﬁ@@ﬁ@cﬁﬁf;@%@ﬂﬁp@ﬁﬁhﬁﬂ@@ﬁcﬁﬂr qualitative
changdPREEILIAS DNMBSS: RICIRITIR RIS ERZYE AR, QLEIREIQMIE [evalgy,

nd changes %ﬁgggculatmg system, for example. changes in )
R OFL RXPEIRIf; ERiTBEtiddanien Rl ansay satisanste; reactions,
dehydFifere sact partichiatrtipvitation eadhensethbesiornmersyHng suehons.
AltersigtegtionHpdi . %%'@9! it.d i use absorbance ;
© luminggggﬁggec}g{%(dﬁg\% op ent?%‘%%%%é%?%%%ﬁz%%%%& |\t/i|¥1y?nza%0h’ degradation,
and digspcilisiad BB oA SSaR prshBrHsSo Rt azsigmal extension of DNAs and
RNA timae-besokdd mmm@mﬂeephmﬁpﬁo@baﬁtﬁﬁgﬂm @Mtﬁ@&d&ﬁm&@ﬁ%@{éﬁgofa
: qy transfer, etc,, These. measurement
e e T
examplen AR S aNKE d HeEaVATERRR 858 IBUPERSlS I shangsimsoatiB eqpitioty, change
in celspectbarceinbe: IDofiaineb by tisingeiceBNenliprehRheiomaiath RIatee used as
indiceﬁ%@gg{ ch Ligg'd Li‘é‘é Qes&;%g C?o u@tg ?n'éid‘i'é‘es L%roerd )‘é\é@ (Ll'%g]‘lerré?(gngﬁe é%;)t%gns, surface

~such, and fluorescence can be measured with A For

antigapf dateacs bl PretRinieend mRAMass ShergrsrieterRatipnttivity cdiaample,
chan@?E@Hmddﬂ%@dﬁ&&&&ﬂﬁﬁpﬁ&%ﬂ@m&ﬁ@1‘,1 ef@&g@%g@é’%@r]@égﬁa&%ﬁﬁge in the
L FIUOreSCence polarization can pe measur Wi 0]
g A ORARE S0 G el
struct g SiGF6EP o781 BYAeBRE ca ity THies Hasevéal ifinarest ehomdfmorelécensiey.  Such
morpHERQIEN CAAIMRERAIBOSHNE HALBD oBAB- DR TIEAMMEL WItR ARVO. RiGHylar

Alternatively, such.measurements.can be performed using a flow .
PP T BELaIle 5188 G LAV MR Fiehareeagrds
Tespoﬁeﬁﬂ@%@@é&%ﬁnﬁ@ié&tdrgg Ifﬂsiﬂﬁmﬁgmlianwﬁiﬁﬁwemdﬂf aégeciimnactivity, pulsatility,
and chRgieatorsHRaLMSe: benmaasyred iy WiRG WA AL ReR PR AN Sctivity and cell

. ethotds.fc,im neously, 20and/or consecutively. For example,
mlgrajf?on aCIIVITY. 8y

A LOrEStence and RiorEsERtE FELNARA SR Yisn e P EdRRle change in enzyme
acuvingaBivéd aethdevsine fimieaosingaa fgoatimeteslecules Bhehaganistuad YeMP, and

intracPll@ReHrivaNioBMaye DAt AL ANificial compeunds, T, %_@Lsfﬁe cell

..used in the.present invention may be_known compounds. Alternatively, i
ProlifiEARSTIRIE (ACRBVRY COMBBGIAL HAF R BB o B At
FunctagehidtngetiVifyebisthetmithods 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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25described above. In a preferred embodiment, the antibodies of the

present invention comprise, for example, minibodies. The minibodies

comprise antibody fragments lacking Bértions of the whole antibody (for

example, whole 1gG). The minibodies are not particularly limited as long

as they have binding activity to their antigens. The minibodies of the

present invention have 30significantly higher activities compared to their
numbeb peEpENding whslerartitiodies: Hrerecdye hovpartiod ahdimiaiiots: eirdhiting
systerﬁ,nf&%rﬁﬁgmﬁﬁlﬁ%é%fﬁhﬁl%gﬁﬁ@swmﬁ%@?Qnﬂ_ssﬁlaﬁy,c%eb@%&%n% % vivo

the.whole antibody, and preferably contain heavy chain variable regions
assay &{}a\?aéﬂﬁ/or light chain variable regions (VL). The amino acid sequences

of Vkeor v bapayticohtalinsubistitotichs gletibrsr additiohs andiiatetection indicators.
For eXA88IlONSs EH&'{&%E'H?[%@%&BQQ@QM&%&@%@&#J@%1%?%@%@8}%@&%) IRescence,

. of VH ogand VL, as long as it has binding ability to its antigen. In addition,
rad O RS RS AP AR R HE AR B BTPRR M PaRC iR h iiBdssolved
fluorcfresgrre ma sy clostepfion ieexamightal;Eahs, k@l )2 andios MEonance energy
pl N ngl " 12, Fy, scEv.(single-chain
transf%i‘,/%%i a%“{g(lgey?’e ?%%Qs‘%%é\l/%ﬁ @H%I%f)ela_-%%a{l @(pllzlv %Qf)lztb 5 eorseei rs}k%%qf:ﬁ%?he art, and may

be apRr By isIRE ShisRET BRI SRR AraRpReNt BFFrsamRImabseTplataectra can be

obtairgdtigensiegagoitiamSitead phlbtohiodingaterchher, hvsdsagmenhis & &ifecan be
Vi dimen). i [ n a single, VL are strongly linked

e Tt Phiriraa Lo AT SRR aftomoer o

such. (s FaR Ba kiR atidbrrragicRsreRatawith asiesr bviieraenfberdcagrmined

with aubtigensobiding siteuen thesurtace:dithacHMipdinrendSit DRI GaRI8EN e

. e binding Site. of oy e bl o
Pl e e e S e ARy Pliomgtysonanece
signalgeensupreBriatl MENy Enataobiimagesalsedifearameoaghitowifioiye

resonaddewethareiheaftiniycal the eoirebindingisitRRVO, s&FV 2aniaIRg e such

vH.and VL re ians of an antibody, and these regjons exist on a single
e Slypepti L %R e%cé]}lésﬁ% {?m% %‘O’S %Eﬁ%e%ﬁﬁé’ﬁ%g 1gnasg one of the above

methqgsipBlsaaEdifre cbawrslsvriominticatong thirefovensenscrvucarefarfdeection

indicasbidatisedes v estianRatigenhiading oSee LAy TReRNIA MACAIOM sty
and/o°f M(S)QC% 19Q3| A[Egp()dé?ns" V il(1){%3 Rgsenggé%)and Moore eds.

1E(Springer Ver ag,ﬁewp\](%r IS S68C8 Y LSRR Yo fitd RRABUF b FYesgy, ranster
can bringpsrsserbaraontis mainkassedfaarotespecially limited as long as they

do et ik exPIBSHiRA-af ANihadY waNaRle  raions Jnkrd ALhALERES  The

N Onic%fS tlps%&irgk%{es. ese The teijii "diabody" refers to a bivglent antibody = . _

B e At SN P SRS RS TR O A1 1 0¥ PRty qliad. 1s possible
1o useAead! SEhUSKObbhaE 448 BRAONODTYINO B/ (k16 E@Bandoethers)ethods
describéabpdies are dimers comprising two polypeptide chains, where each

pogpe tio%e ct@ain goiqr] rises a VL,En .a VH connected with a linker short
enSUG 0 BrEVER TRt ol O FHHESE i 6 dMREFS MoP ¥seliApIeo 8 Mfier ot
exampitayouibfidessesitivesiifitedits anthivisenudoely Gnghesamekiolypepiide of the
whol<Chainll iRra-adimerpecanse)thefinker hetwgen them ﬂ%ﬁ?&f%}gf $9ited as lon g
form a.single-chain varlaﬁ)l,e region fragpent.,As a result, the poly eptlée
as the&fgﬁ‘ﬁ%tfmiﬁ{% Haty to their anfigens. ~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 V1, 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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25and thus the diabody has two antigen binding sites. In a particularly

preferred embodiment, the c-mpl-reco%nizing antibodies comprised in the

agents of the present invention includla sc(F v)2. The present inventors

discovered that 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 30exhibits a particularly high
exampgdistiE BetivigbconipdrEd toAhe¥ahue avitivodyamty athiexeibidbodis, F(ab’),, Fv,
ScFv (Se{Ev)2naaniag, prasuee o5 eramplen i inking o SCFV molecules.

In referahle antibody, the two VH units and.two VL units are arranged
in %%egpd an fy ’I‘W L is 4 E%al est antibody fragment and contains a complete

antiger[vaqagimikes-fite phidlecipdiag iitker- (NHeD Begiming fitd s thienkt (@FbiRlisiofer) in

whicha SiRgle-ehainPelvpeRtide. 35 Isnerden ot they o W H it e Vo Mk three
units Is not limited to the abov ngement, and they may be arranged
oD T B R G O R BIAH OB mieract with each

other fv/{driinke p¥ERnihkelify bilelinkbe-futfhce of the VH-VL dimer.  Six CDRs confer the
antigeﬁvﬂﬁﬂii'ﬂigeﬂt\éldf%@ Eﬁfiﬂy T 1i@i§§"}'e[\yelﬂ]a single variable region (or a half of Fv
[V11]-linker-[VI-1]-linker-[VL]-linker-[VL ) o
Comalhlfﬁ-%ﬁﬂeﬁf%ﬁﬁg@m i }_Cllﬁ)] }%&ﬁﬂ}lﬁfn aione is also capable of recognizing and
binding{w jutithger-4\hijutin kerffrhikvin kewdy HhT beclirfkeis, tof it useek fombinkingte.

theyar i@&i@afﬁﬁg{ﬁgﬁfﬁeﬁﬁwi%@%ﬁ%%iﬁﬁt%%i PgRude nkersthat o single
can be introduced by genetic engineering, synthetic linkers, and linkers
PolYPeREdR &4 Tin, 5?%?&‘&%@} Eibﬂf@}@?.ept.@a%rlﬂrg., FH IRty Mediipgpiotg)inker between

VH ai200L305/ 1be6 #eptidellinkensare prefecter indiedr eseniipyentitng,  See,
Pluck@ﬁﬁ“@ﬁé@ﬂ%@&%ﬁ?%ﬁm&ﬁ)ﬁ@%Ht%cot&%(s;q%?ipflgf(wker i Tha?}‘ﬁi’thOOI‘S eds.

. length can be selected accordingl)éé%/) those skilled in the ar ¢ eﬁ%% ‘ _
(SpringfriNerbgrdtey, Yk Brysically 11206 dfsiths aevdan seseFablyIBho piesers invention,
linkergeidsiomorededfeiahiy6-@0@mpinotlesjds; andiehdn nerespiaieBRIMEbA 8ariable

orRRe g Mor.8X% | HiAReAN ino acids). For example, such peptide
mglorﬁnkers inc(?fj%de: ger%ﬁ;% y:ISeergGr;y:Gly:Ser Ser:Gly:Gly Gly:Gly:Gly-Ser

(S E@ ﬁﬁmédrgi??@é’rrgsyﬁﬂ/a@pyq@mq‘@bm@ fygyment construcied by gene fusion
(Holliger P er al., 1993, Proc. Natl. Acad. Sci. USA 90: 6444-6448; EP 404,097: WO 93/11161
and others). Diabodies are dimers comprising two polypeptide chains, where each polypeptide
chain comprises a2 VL and a VH comnected with a linker short enough to prevent interaction of
these two domains, for example, a linker of about five residues. The VL and VH encoded on
the same polypeptide chain will form a dimer because the linker between them is too short to
form a single-chain variable region fragment.  As a result, the polypeptide chains form a dimer,
and thus the diabody has two antigen binding sites.

In a particularly preferred embodiment, the c-mpl-recognizing antibodies comprised in
the agents of the present invention include sc(FV)Z. The present inventors discovered that
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 ef al., 1999, I 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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20Gly:Gly-Gly:Gly:Ser (SEQ ID NO: 79) Ser:Gly:Gly:Gly:Gly (SEQ ID NO:
80) Gly:Gly:Gly-Gly:Gly:Ser (SEQ ID : 81) (SEQ ID NO: 82)
Gly:Gly:Gly:Gly:Gly:Gly:Ser (SEQ ID : 83)
25Ser:Gly:Gly:Gly:Gly:GlyGly (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 Ia}i&ér The lengths and sequences of peptide linkers can be
[VL]-dimeerd HedivenmgNi Bylimissd ¥killed in the art depending on the purpose.

[ 3ﬁimeamemtmﬁﬁm@mf1{m@epl[@@pt invention, a particularly preferable
v S f sc(Fv)2 below. [VH]-peptide linker (15
Z%ﬁigﬁmgﬁq Ire;rmﬁg ié}lljl((ES amino acids)-[VH]-peptide linker (15
drksodiddyakar] VH]-ligymtReti¢ linkers (chemical crossliriking agents)

[VL] Jnﬂhéatg\cmsgma&lr[g/g%m@f qtmely 35used to crosslink peptides, for

e N- h ld HS), disuccinimidyl suberate (DSS)
a(ﬂ%lgz;cmlml yI;) Xﬁ%‘ﬁ %ﬁ? %’fh‘f&f} SURSSImial AP AsbibR P epsisg arbitrary
peptl@sh@ﬂsﬁr@mh@(m@cmmmwmmr@mt(ma@emmmm@iw@ikers and linkers

1SC d@ 1
D 0, B o

tinkerg DB (B GRTh OEarbmACBIT st enkthof tr

artr
pep‘aqgg@@r@E@hamgﬁs@a(mmmdmyoaihrghyby(ﬁeihyﬂlﬁﬁﬁ@ﬂ%e art depending on

the puidte: @&Q%@Q}EJ hesR éﬁﬂ?ﬁﬁé&ﬁ@%@&&%&ﬁ?ﬁe Ay ergc? S rl{?%re Opreferably

available éneral, three linkers are required to |i ik four
530 A A 0N FHEE ARGt a6 PrABleakhemype acids).
or Emmmmpmdmmmpedmmnmemm a preferable minibody is a
Ser diabody, even more preferably, an sc(Fv)2. Such a minibody can be
Gl Sprepared by treating an antibody with an enzyme, for example, papain or
1épsm to generate 10antibody fragments, or by constructing DNAs
Gly-Gpeting those antibody fragments and introducing them into expression

Ser- G}@g@grs followed by expression in an appropriate host cell (see, for
1994, J. Irnmunol. 152, 2968-2976; Better, M.

Co, M. S.etal.,
Gly- Gi}ﬁ%}r&cﬁ%@%w}i@% "Methods EnzymoL. 178, 476-496; Plucicthun, A.
Ser-GhnG1gKely dSBQ IBBQOMBthods Enzymol. 178, 497-515; Lamoyi, E., 1986,

Gly- déﬁ]’,g)@ﬁ ?JGIS%G%N%S% 63; Rousseaux, J. et al., 1986, 15Methods

mol. 121, 66 R. E. and Walker, B. W., 1991, Trends
Ser ngl Fﬁl% g;(SEQ IDNO: 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: 8§3)
Ser-GlyGly-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 | or larger. The lengths and sequences of peptide Hinkers 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)-[V1]-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),
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132-137). Since sc(Fv)2 antibodies against c-mpl have an especially
high agonistic activity for c-mpl, they are particularly useful as agents for
promoting the growth of hematopoietid &tem cells, agents for promoting
the growth ancUor differentiation of CD34-positive hematopoietic 20 cells,
agents for enhancing the engrafunent of transplanted CD34-positive
hematopoietic cells in the bone marrow, or agents for promoting the

dithiotdsouernohidghatopaiesis @T&ﬁlvpatapgﬁgﬂ@ gtg@a_lqsag@mmlﬁmﬁiigibci%a%e) (EGS),
r | . -mpl-recognizing.antibodies camprised in t
e
disulfopiorapieigiinees, FeiraRsty bskhibseisimidamsatbenyionibotied arkone
(BSOpartisiary pirgterseckinimi@hivoeieaiihpdies areaaibadies BRRDAISESY These
Cmsslm@%%Qré%gygggg&g&&\ﬁg%ﬁ% ifferent animal species, and include
: able,

i

or example, antibodies comprising fie heavy chain and light chain

varB BRI FEgidhsbHaksis areraatisedin ke hedydoheansbidrtightshairther,
The liekestanbseginsof Behimanantibosly o Chimesig @g@@pdﬁ%}f@ﬁr@s%nt invention, a
pmfer%qeg%rﬁ%ggyk@ow& O%Ih%%%. FogreSO eﬁarﬁ le, a EJA encoding the V

region of an antlaboay IS kel T E B A SRCO ARG E redisih Bru AR Fan be
Pmp%ﬁg#ﬁ)ﬁ??@%ﬁﬂhéﬁé@ﬁéwmwmenﬁa arapxpeepsimmvegtopando generate
antibdairodusRe e @;h@&t%w@ugm@imﬁﬂ&ig%migﬁﬁbody Fumanizedq

intro dﬁgltrilbotglieer% are a}l{so referred ﬁo as." lﬁsh?e uman antibodies”. Such a
LRG0 B i By i mpifision in oo appropriste host ool (see
for exapiplsidrreMalitpiddtetRfitidgregiom{COR) 23661 247 ariibody e ive difioz, A. H.,
1989, angivhumagHaMmal feL DQAPRIGIRENSE, 184 & erra, A 1989, Methods Enzymol.
178 mq?rf%mmar%t dﬁt%rén nﬁéﬁ?gn ofahpman arJtlbo'd , and the eneral
* “géne recémpmatio BU#S BB Qéi@%ﬁéﬁmﬁz‘%‘éséeﬁﬁ‘fo <A, 1986,
Methqolg Bpepplid aliohoRIG692BOZ3 Rrid Wio WIRR5 BE WS pesificatyida BIbtAchnol, 9,

132-18@guence designed to link a murine antibody CDR to the framework
region FR& f.a human antibody can be synthesized by PCR, using
PriFiEFS BGSArGH ERASHY SEYEPSY SIBhORIEGTRe Somtai Al SeHEspAeg vity for
c-mplpdaions pritiotiadp Rsafwl SRgents ifalmegioting ske dretiods idesakiper il stem
cells, yﬁ@t@%?ﬁéﬁbﬁng t@@m%Hc?&t'@1%%%39@1%%’%%@932{?&&%%%%1%% G%Xietic

1 CDR iz selected in grder to form a favorable antigen-binding site'in the
CES. TSI Sh SREAHT et TG EGioh Bl It rostirsdwantapejisie cells in
the boipetharapmibothgeatidbtepremionma becsubstisiiesn @s meeas saBbrialdifetic stem
cell trdfiepmplgmentarity-determining region of the reshaped human antibody to
form a suiftable aﬂr{i)ige_n-binding site (Sato, K. et al., 1993, Cancer Res. 53,
85 858 F erred PR hilhe GidrPbTrec ARSI SR ot isedtiethe agents of
the preemstantnégiomahidechinstic antibedy ortmaaizedraniibodys EOkumanized

antiboBX&MPIw ¥ LY 2 G a0d.0 éﬁf@ be used as the H chain, and Cx and
CA..can be used as the L chair}lé, hé[‘"haﬁ?% %e%ﬁ?gOdy constant region may
pethimeric 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”. Sucha
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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15modified to improve the antibody or the stability of the antibody

production. Generally, chimeric antibodies comprise the variable

region of an antibody from a non-humhh mammal and the constant region

derived from a human antibody. On the other hand, humanized antibodies

comprise the complementarity-determining region of an antibody from a

non-human mammal, and the framework region and constant region
procedieriviedthisns al@0knumatsanfinoshealn Raditiempaiiersalimermantigady o
96/0297@, humanized antibody is prepared, amino acids in the variable region

(for example, FR) and the constant region may be replaced with other

amiAG HAY; ?@&ﬁﬁﬁ%céﬂéﬁﬁ%ﬁig@ Vakaorrigons hadhhfieo the
framenntiboglizs OFR)atfof ﬁhﬁ]‘ﬁﬂﬁgﬁﬁﬂd?w&!@[iéz@%%ﬁﬁﬁ@a@? FEOrOtRASI GURYs prepared

Tagl r om any.type of 25animal. For m )
fom e o SO e prminal

regiong{ftfomEasARgaserisddn WO q8ihaisad antibodies that recognize c-mpl
incligenforexariley ﬁﬁfﬁ@ﬂz@&@@éﬁﬁ%&%’il gﬂgéﬁa@ot?mé%)s QEDPEIWer to form
1 I manized antipadies have lower antigenicity in
e S R b erureipgeids of

the framgivank Tesioarniberdihnd pariebiany dieefobadagerstided rometimgattyefor the
compl@mwﬂamwwmatﬁﬁmgﬂ@gmmfqausem%gm@ﬂﬁﬁomﬁﬂagﬁﬁH?fef&%t@uﬁabxe
ve

:ar iffereptiation of CD34-positi majtqpgieti s, agents for
ant;gegﬁég%ﬁ%a%&%%?gﬁééﬂ g? rgarésa;%fﬁteascg\’}gidgﬁc e hematopoietic
ceildfrrtRstgTesearrow horagemidbdpiomoting treaestaremegibn of a chimeric
antibddgHRKRGISHIE BRI PIG AL CEl BUANSHIANATONIBMR used as the H
chain &1 @(}jgrarjn _ ?Ehe rgfgréa]d c%#[ilr(r: Cognlz{jﬂg antibodies that are o
“comprised in’ 18 the agents te%ar‘é'ben VERHEh TRERRIY sABSBRicegion may be
modiftpdihinpreveshenstibas o He weniivohiithe entipttinereidurefers to c-mpl

malresiane alHding JAaseBXPEESSRLOMING.AE MR BIRK &B?F om a
examglle of also(lgl le c-mplis a C-mrﬁélllg% ing the entire or a_portion of the

s T R bR R SRR SR ARETABRGRAE-c-(ApIthe other
hand, bgmerigen dstibaivine Batids the 2«03 mSEQi P NG hihing reghin of an antibody
from AaiRadhahRindaiasouble /ecomiRinante-mal GaRbs 9%%%'}18%%&?‘90111 a
hum egjllth e an.aIyS|s and kinetic analys_ls of receptor-ll_gand bln ing, as well'as
. e ggg‘smg the blood concentration and dynamic behavior of the
anﬂb@@?ﬁﬁﬂn&ﬁ%&e@fmdﬁmﬁib@b@iMﬁnhaﬂﬁeqdrefﬁiﬁeﬁiya'@ﬁbbﬂﬁﬂ&ﬁ, amino acids
in the KRSRGNIZING o PR m@&@a’i@, m&%%‘@&&%@?%?&%’ag} he tl?::rgqgg 0 Mt]f'loother

. inv%ntion mclgde ?}rlltiquies having binding activity or agonistic activity tor
aming aci . e origin of the vanable régions in chimeric antibodies or that of the

CDRs in humanized antibodies is not particularly limited, and may be derived from any type of

s, and suc

animal. For example, sequences of murine antibodies, rat antibodies, rabbit anfibodies, camel
antibodies may be used.

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

Chimeric antibodies and humanized antibodies have lower antigenicity in the human
body, and are thus particularly usefu! 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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both human and monkey c-mpl. Antibodies having agonistic activity to

both human and monkey c-mpl are expected to be highly useful since the

dynamic behavior and in vivo effects o §he antibody, which are generally

difficult to determine in human body, can be examined with monkeys Such

antibodies may also have binding activity or agonistic activity for c-mpl

from 15animals other than humans and monkeys (for example, mice).
the agpnémoiter mrtsotimentjthénphedenediodigltecognizing-anibedies. The term
“solosBatisechindfie agRnis obiheRrsaLnyenionelue, antibadics it

TPO agonistic activity (agonistic activity for c-mpl) of EC50 = 100" WM or
mempLEgy. ﬁge%? 15 BEBY'S S0P Gttt e pretdralnerosmig grmportion of
the trensiowrebraginlamether Ehdioatinnenththentefesied Chnphiecagizitgsponds to amino

acids30tbadies epmprisgdin the agents of the present invention include
ntibodies whose binding}aetivit}y to soluble c-mpl is KD = 10-6M or lower,

a

preftEBEPREY L120biRE Bt Tolbkle & mireprererlisk e 15608 Neeiled epitope
analykgsverd kirthiée predesit inventon; Wagitesdmbinding1pstivity Rt agiantikogy od
concdibbIR deramblaant gmpLis P =AM of lawer, ¢an pe determined by

methods known to those 25skilled in the r exampﬁ'e, the activity can

be WeRBAARBANISFR- ShitaEd oTas HOiPReitssReenivheB Hmrbat are comprised in the
agentSpeiifi mﬂs@ﬁéﬁhhﬁi@ﬂﬁﬁﬁﬁ@e@é@fﬁ%ﬁﬂi@é mféigé ﬁ%ﬁ&h%&@tﬁﬁfﬁ@f £0IRRtic activity for
I 0] nt can be.detetinine sessing the interaction
b e o oh i O e R FEC S e b B R ganas and
monkﬁ%t?\'/fﬁpkélﬁ Bansgtat dtets bkl swidriyendhkrkadimmichesiorsent in vivo effects of
the araSsalys)vkibh (enzymealproiffioassayete R RAQ HRMMNAASSAYR)e Simined with
monk_:é%!uoﬁ?ﬁﬁ%ﬂtﬁ%%%%dr&}?z GIOEHGS bgl%ﬁpg%%%%bgy%ﬁﬁgg&%ﬁ%SOf c-mpi from

~immunoassays, a sample containing a
amm%ﬁﬂ@&é%éﬁ%@@s@b%ﬁéﬁ%dﬂt@l@p@@umme test antibody, is

addedroreeplaineoates: with @@f‘eﬂag%ﬁgzw&a@ﬁﬁﬁqgﬁ%@%m@x&?}md in the
agent? Mhé‘ftreer;sel:n%lijr?vaet IQI%I%%(R ladtee W{tp g.secot di%yoantlbody labeled with an. ivi

enzyme such as alkaline phosphata é?stl%rbl I SEPALHISPERY L {agonistic activity
for c-gRhl MESTBSTAHE sdéloeloenitorhebyy PiUEphae idbodescThaore preferably
EC5035antgendimging activity can then be evaluated by determining the

absorbance. There.is n ecific limjtation as to the upper limit of the =
iR Ry B B FIFOFH ) T PP SR femprised in the

or exam
agentediihtcanppdebiintatian gechilerosibetited v théiating avtevier tthaluble c-mpl is KD

= 10" technicaly: feagibierangs mﬁy7%p&ﬁ@%€waﬁtf@rﬁgg%}§%%§ ¥D = 10" M or lower.

technglogy. .In an.embodiment, the preferred odies recognizin

vt CRIB IS Al A A SRR
reconggigaphe obitie KRtibAdé 3 nditated dar(b) tix(d9)ibeldy. HIthedsntibedyiofhose
skille@Ry 1apeof (@o%féﬁ%ﬂf%,p&%fﬁﬁg%acéﬂ %@9&%&&%&%%&%%2@;&%%@%'esonance

with %ggoftgat ag %DI?L}IZ 3 comprising the amino aci equen )

. NOE P A Qe VBZ SV EDSRR B, lapaes)lined sateivenpor 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 iImmunoassays, 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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(2) an antibody comprising a VL that has CDR1, 2, and 3 comprising the
amino acid sequences of SEQ ID NOs: 4, 5, and 6 (VB22B: VL CDR1, 2,
and 3), respectively. 10(3) an antibodylgomprising a VH that has CDRI, 2,
and 3 comprising the amino acid sequences of SEQ ID NOs: 1, 2, and 3
(VB22B: VH CDR1, 2, and 3), respectively, and a VL that has CDR1, 2,
and 3 comprising the amino acid sequences of SEQ ID NOs: 4, 5, and 6
the upvB 2i2Bt MbyGORL Wifland Siireisplgtizetible rddecsy antileodyl kdmptising.

oS S SRR i

amiRGAEM RN A5 PSEE TS ROPABE/BLoEBIA1S C-11B) At aRtibpraprised in the
agentgoirprgingaity thibadneprisemthenaminbeagid selipeinae gt S EQ IDANDD) below.

The aﬁ@/ﬁ%@é}@-@%gg\/}ﬁ ;@@5 gggggfggﬁ%%%@%’m% icid sequence of SEQ

ID NO: 10 (VB22B: an ant aving the amino acid

(1) anpliRas BRBRTN I N8 hat Fas OB bk @nd 3 qenarsiuifscrHavirjdihequences
of SEQMIDNEGId]seuehs ¢ \0b SEQ VR NORI4(\VABA2B; sefbmiiy(9) a

| ] rsi that has,FRI, 2: 3, apd 4 comprisjn
) e e S b S S auences
of SENAR:- NEs1%, 3 Andif YB IRV BYE DB VA R B) xespesiiaiedy; respectively:
(3) an(BHFHQy |Elbﬁ4@siﬂ,@a?l~&mamd CbrVB22R gxg%ﬂéﬁ%éﬁh&%%awa sequences

:{C S; an e: V2

oSy CA BRI R
CDR |2y 349 mpeisipesheamiap reisheasiraies ofYRSED DO S54p65, (5553228: VL
CDR B &d(hyR2pE@wwe5: VH FR1, 2, 3, and 4), respectively. 30 (10) a

4 ized antibod rising a VL that has FR1, 2, 3, and 4 Ising.
) o A O S U D e i i SR D Y
(VB2Ri&Y B, 28, 29, and 30 (hVB22B p-z: VL FRI, 2, 3, and 4), respectively;

(5) an(a)SoQy BN 34 o 32, B3t aBsh4s63 VIR 22B: 8.9 VB4R 81 YETR N 0: 10

(VBZZ?’ga ), respectively; 35(c) SEQ ID NOs: 59, 60, 61, and 62 (hvB22B
u2-wz4: VL FRI, 2, 3, and 4), respectively; (d) SEQ ID NOs: 59, 63, 64,

(6) angi BodphyBIEBiga S HVhar RIMPrseatit Aniespeadtieghen@doldFa ID NO: §

(VB2bemanizeciantibady: comprisigna Mhi%Q&%Egg% ibegkin anane 8frva22g:
VL), (a) to (e) below: (a) a VIl that has FRI, 2, 3, and 4 comprising the amino

acid sequences of SEQ ID NOs: 15, 16, 17, and 18, respectively, and a

(7) an\anighad kA im e @nardadid ongprisingpfHEEAIRANACid 56dBaRBescB SEQ

(8) anl BNy 2T 28; 22 ARHSR:itesReetively; §ﬁ% R Pag T, 2.8 A7

(9)a fz"u(r:r?arxg zg 'Qﬂi@e%? %&%r?égg%egﬁe@l%? a%fF 1?2[% Igr?ds 4 ]éginzpcr)fsing the amino acid
sequences of any one of (a) to (e) below:

{(a) SEQID NOs: 15, 16, 17, and 18 (hVB22B p-z; VH FR1, 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 (hVB22B e: VH FR1, 2, 3, and 4), respectively;

(d) SEQ ID NOs: 54, 55, 56, and 57 (hVB22B u2-wz4: VH FR1, 2, 3, and 4), respectively;

(e) SEQ ID NOs: 54, 55, 58, and 57 (hWB22B q-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 (hVB22B g-e or hVB22B e: VL FR1, 2, 3, and 43,
respectively;

(c) SEQ ID NOs: 59, 60, 61, and 62 (hVB22B u2-wz4: VL FR1, 2. 3, and 4), respectively;

(d) SEQ ID NOs: 59, 63, 64, and 62 (WWB22B g-wz5: VLFRI, 2, 3, and 4), respectively.
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21, and 22, respectively, and a VL that has FRI, 2, 3, and 4 comprising the
amino acid sequences of SEQ ID NO % 31, 32, 33 and 34, respectively;
(c) a VH that has FR1, 2, 3, and 4 co Brlsmg the amino acid sequences
of SEQ ID NOs: 23, 24, 25, and 26, respectively, and a VL that has FRI, 2,
3, and 4 comprising the amino acid sequences 10of SEQ ID NOs: 31, 32,
33, and 34, respectively; (d) a VH that has FRI, 2, 3, and 4 comprising the
(1) adpammenizsd HERh et iSEQ B INOS: %ﬁf%@zs@ﬁbahmaﬁymeﬁfmg (&) below:

(2) a VAdIRMIadlat has FRd 4. Snantkih comnrisingdie ?é?%ﬁaﬁ\c/@ﬁ'ﬁt]zfﬁrgzﬁég?)s 15, 16,

ID NO 59 6 1, and 62, respectively;
17, ol 0 S r?e‘%%r}i\% &é’zguéﬂ%&“%ﬁ%ﬁlﬁj}ﬁ@@%ﬁa@ sequences
of SEQSEB N B’fl,?r%s%%@i!de?@, srsdeatidielhat has FRI, 2, 3, and 4 comprising
(b) a 112 @RS IEH %%U%gasceﬁéﬁ@n Qind abid B8N O87 SEQ 1D NOs: 19,20,
71 mé(ie%z‘lectlve antl oo(liicomprlsmg a VH that ha R1,
&e\:gjpg %lﬁ’é ﬁe EllaRs]e enéhd HrYRRyiiinabR amino aig sequences
of SEQ Fadpestivély2, 33(18) é%mmmzedlﬁntlbody comprising a VL that has :

©Pp 3 r
BRI o

25, a5 T U oS A g 58 SEERERE G SEIDARIS sequences
of SEQ 12) &ifek 33 reshertivaly 3dnckepitititehg;nas CDR1, 2, and 3 comprising the

(d) a eRinAAEIdseAUeEnCces P §<§%}B1%Qhe arti 0984 [ S0 Seivelysr cff::%Bs 54, 55,

humanized antjbody comprising a VH that comprises‘the amino ac

36, ang (i FRF O SEATS 23 NS 2 383p 21V pR1ry e RioaBRo acid sequences
of SEMVBRIB:G58; 6151 SEQ 6D, NQiodth(#yB22B e: VH), SEQ ID NO: 85

(e)anggtzl%ygﬂzi le.?l’doi %E% 1@ g‘x‘gﬁ\é%g%Bs ences l_fl)Slséeg]? NOs: 34, 553,

humanized antibod y com at comprises e amino

o8, andey (R HHSEUE N> ﬁ?’(ﬁ%@ib B2: 914 ‘e oniFNOthe4HYB238 sequences
of SEQ-&O\N ot WBEZ&MZ&E@&&N@ 67 (hVB22B u2-wz4: VL), or SEQ

(12) JQUN%i@@d%\{i%éai cr(%r}g;ﬁsr%ﬁg \%Q(t%x t@%qbzf d ey %bo%ﬁ%%g Inaq[mno acid

HandaV y one of elow:

seqUEREER OSSR A atidsbyusmEbTSEQ ID NO: 36 (hVB22B p-z: VH),
(13) sdndranficthatiterdposeshmamivib aeichseQUSRCE0LRFRIMNQi®2he amino acid

e R ISR e e

(14) afurpapige %BWSE@WN@ M%h&hstzlm GIARV/I2 opri\AB 22 B Y s BB WY ;amino acid
sequef@ka J QAT ONIRrisSes dhe Amige acidiseauenta oh2ER EHNO: AQ g 3

comp1( 1§%2E§ & VE?&da %‘igg%sg%é é@ jun ngé tg%%’n }ggpgg{gé‘ﬁquence

(15)=a humamzed antibody comprising 2 VH that comprises the amino acid sequence of SEQ ID
NO: 36 (hVB22B p-z: VH), SEQ ID NO: 38 (hVB22B g-e: VH), SEQ ID NO: 40 (hVB22B e:
VH), SEQ ID NO: 65 (hVB22B u2-wzd4: VH), or SEQ ID NO: 66 (hVB22B g-wz5: VH).

(16) a2 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 humanized antibody comprising a VH and a VL described in any one of (&) to (e) below:
(a) a VH that comprises the amino acid sequence of SEQ ID NO: 36 (WWB22B 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 (kVB228 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);

(c) a VH that comprises the amino acid sequence of SEQ ID NO: 40 (WVB22B e: VH), and a VL,
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(d) a VU that comprises the amino acid sequence of SE_Q ID l_\IO: 65
(hVB22B u2-wz4: VU), and a VL that comprises the amino acid sequence
of SEQ ID NO: 67 (hVB22B u2-wz4: AY);  (e) a VU that comprises the
amino acid sequence of SEQ ID NO: 66 (hVB22B g-wz5: VU), and 5 a VL
that comprises the amino acid sequence of SEQ ID NO: 68 (hvB22B
g-wz5:VL). In the amino acid sequence of SEQ ID NO: 36 (hVB22B p-z:
that coruyi SEQIBNGD: 88 hWBRRE g RWJDIER Ha NOBLOKNVBAZBR hVIENR ¢ VL)

(d)a @IE@iipc%r@%s(tﬁé%ﬁo%ﬂ'éég%j@%%ﬁ?%@ 1119&@:6%68‘&%%‘?%%&\7\724: VH),

-wz5: VU), the region of amino correspon _
and a %gtvﬁ% tEOTBRTGEA i praERI S BeReT ESPBRISH IR ZhiR2yigirets: VL);
(e) a \rhthat ao'rdsr%ﬂd&&i’nﬁwm@@a@lﬁet@:&%&m@_rée@l;@ﬁ%ammw.%sl VH), and
ands 19, FR k4t iQn i C orresponds
a vk %ﬁ%%g%égegion 5;5%%1&0%%%?& gff)ég?c%sr)rggpg rslgo(fs;Zl @é% = \afo] 1%%5e
In the U3iBA WrdATHERLT R BHREIING cafrEeBARAB o F RADIPIHR HANO: A8dhVB22B
g-¢: Va8 GEXTEDNSE Q1B W42 WBRRB.0-7) WO SEQUBINE:A4(hV Rvg@gor SEQ ID

. (3-8 \[@;? VL), SEQ ID NO: 67 (hVB22B u2-wz4: VL), or
NO: 6|3D8|1\|\)§-2698B|(?%VB 5/3%)-\/\/25: VU), the region of amino acids 24 to 39

the regign oL 3HHAR 161EDR 10 Fbthrrieigieontiotamitid lacids 55 to 61 corresponds

the regto€ DR ithead G of a%teeaﬁgﬁ@fbtggﬁg;c?rrﬁsponQS tofCDRS; the‘d

' i ids 1t0~23 correspgnds tq ERI; the region of amino acids
the re%%g{g%%lc%{ﬁgﬁ}%%gg ?O?E%R%rfﬁsépﬁ)géso%@@ IO acids 62 to 93
the regign o£ sBHER 36 Rt aHI DB eadice GRAmino acids 103 to 112

the regiotresparits 10ilR% ﬂda@@ﬂ@@%ﬁagemﬂ,e?se grentévee;q scstioEﬁg%v E_R in

the m%@é%%%g %d\@lfﬁqé@?%eﬁ%’“ig A eéft&lg VU: CDR1/SEQ ID NO:

the regjon of amino acids 108 to 118 corresponds to FR4.

In 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 (A VB22B u2-wzd- VL), or SEQ ID NO: 68
(hVB22B g-wz5: VH),

the region of amino acids 24 to 39 corresponds to CDRI;

the region of amino acids 55 to 61 corresponds to CDR2;

the region of amino acids 94 to 102 corresponds to CDR3;

the region of amino acids 1 to 23 corresponds to FR1:

the region of amino acids 40 to 54 corresponds to FR2;

the region of amino acids 62 to 93 corresponds o FR3; and

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: FR1/SEQ ID NO: 15

hVB22B p-z VH: CDRI/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 hVB22R p-z VL sequence and sequence

ID numbers is as follows:
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30 hVB22B p-z VU: FR2/SEQ ID NO: 16 hVB22B p-z VU: CDR2/SEQ ID
NO: 2 hVB22B p-z VU: FR3/SEQ ID : 17 hvB22B p-z VU: CDR3/SEQ
ID NO: 3 hVB22B p-z VH: FR4/SEQ ID'NO: 18. 35 Herein, the
correspondence between CDR and FR in the hVB22B p-z VL sequence
and sequence ID numbers is as follows: 22 hVB22B p-z VL: FR1/SEQ ID
NO: 27 hVB22B p-z VL: CDR1/SEQ ID NO: 4 hVB22B p-z VL: FR2/SEQ
hVBZBna. Vi s V0: DR2/SEQ ID NO: 5 5 hVB22B p-z VL:

hVB2EBYSEQ.IDINQ /2O WBR2E p-z VL: CDR3/SEQ ID NO: 6 hVB22B p-z

‘ . FR4/S NO: lerein, the correspondence between CDR and
hVBzgé Pﬁ%ﬁ?h%ggleﬁmgguence and sequence ID numbers is as
hVB2 s Vie GVB2AEQ-EMHPFR1/SEQ ID NO: 19 hVB22B g-e VH:
hVB2ERRYSEGIB NOOIHWBR2S g-e VH: FR2/SEQ ID NO: 20 hVB22B g-e

- CQR2/SEQ. - 2 WVB22B g-e VH: FR3/SEQ ID NO: 21 15
hVBZ%@é’zé%%@@%@@@?ﬁ%@ NO: 3 hVB22B g-e VH: FR4/SEQ ID NO:
hVB23B perélr Ré/8bieEp dHdeite between CDR and FR in the hVB22B g-e
Hereil, iHReauanee iy Sasuenss D RUMbers is @s WB%B[')Q!@@%%%&%{ and

FR1/SEQ ID NO: 31 20 hVB22B g-e VL: CDR1/SEQ [D°’NO: 4 hVB22B
Seque‘é?%]ﬁ‘?‘%éba? ONEYS32 hvB22B g-e VL: CDR2/SEQ ID NO: 5
hVB2R0rooB - EFRA/SERIBEQ:1PNO: 33 hVB22B g-e VL: CDR3/SEQ ID NO:
hVB20122.-BMB22E 3¢/ ¥kOFB4ABER ID NO: 34. Herein, the correspondence

twe in the hVB22B e VH sequence and sequence ID
hVBZ? n%beeeyﬁs?agz?og}%@??ﬁ\i%‘% e VH: FR1/SEQ ID NO: 23 hVB22B e VH:
hVB2ZBrt/SEQUDRSHOBMANB22B e VH: FR2/SEQ ID NO: 24 hVB22B e
hVBngI'gQaﬁglﬁﬁgsj@%@@@\Q@ZZB e VH: FR3/SEQ ID NO: 25 hVB22B e

. C /ISEQ 1D NO: 3 hVB22B e VH: FR4/SEQ ID NO: 26. 35 Herein,
hVBZE{E %Sﬁggpgﬁ)(%}{t?g@éﬁl@& €DR and FR in the hVB22B e VL sequence
hVB23Rsellitide4SmQMibaisig2as follows:

Herein, the correspondence between CDR and FR in the hVB22R g-e VL sequence and sequence
ID numbers is as follows:

hVB22B g-e VL: FRI/SEQ ID NO: 31

hVB22B g-e VL: CDRI1/SEQ ID NO: 4

hVB22B g-¢ VL: FR2/SEQ ID NO: 32

hVB22B g-e VL: CDR2/SEQ ID NO: 5

hVB22B g-e VL: FR3/SEQ ID NO: 33

hVB22B g-e VL: CDR3/SEQ ID NO: 6

hVB22B g-¢ VL: FR4/SEQ ID NO: 34,

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

hVB22B e VH: FR1/SEQ ID NO: 23

hVB22B ¢ 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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23 hVB22B e VL: FR1/SEQ ID NO: 31 hvB22B e VL: CDR1/SEQ ID NO:
4 hVB22B e VL: FR2/SEQ ID NO: 32 hVB22B e VL: CDR2/SEQ ID NO: 5
5 hVB22B e VL: FR3/SEQ ID NO: 33 RYB22B e VL: CDR3/SEQ ID NO: 6
hVB22B e VL: FR4/SEQ ID NO: 34. Herein, the correspondence between
CDR and FR in the hVB22B u2-wz4 VH sequence and sequence ID
numbers is as follows: 10 hVB22B u2-wz4 VH: FR1/SEQ ID NO: 54
hVBRAB2YB: JRWEEQHD GOR1ISEQ ID NO: 1 hVB22B u2-wz4 VII: FR2/SEQ

hVBj@M@zﬁ@@{@Z@;%@%MH: CDR2/SEQ ID NO: 2 hvB22B u2-wz4 VH:
' 5
Wi

3/ISEQ hVB22B u2-wz4 VH: CDR3/SEQ ID NO: 3
hvB %@J’z%%% 4/§2EQ ID NO: 57. Herein, the correspondence

hVBRdweén: CDRABBEFEINDeshVB22B u2-wz4 VL sequence and sequence

hVBIBWRDerR is@saliows;. RYB22B u2-wz4 VL: FR1/SEQ ID NO: 59 20
B u2-wz4 VL: CDR1/SEQ ID NO: 4 hVB22B u2-wz4 VL: FR2/SEQ
B

FRB22EB20%40L: CDR2/SEQ ID NO: 5 hVB22B u2-wz4 VL:
hVBRR3SEQHRHUIBCEIDRVMB22B u2-wz4 VL: CDR3/SEQ ID NO: 6 25

2a)V/ - : gﬁ&j 62 | ’B%EBC res ence
Herel%éﬁ%%%%%%ﬁﬁ%%ﬁéhe hvgggfrqﬁvz\}gg%%{geq uen{%ie‘gzr%ﬁz%qs GBnce - and
sequepgHHupbsEsds #8 Bl HVB22B g-wz5 VET: FR1/SEQ ID NO: 54

hVBIBZ284-Wib V1, CERIISEQ: X NO: 1 30 hVB22B g-wz5 VET:

hVBﬁ@%~%IQ#%ﬁIW§%{w 5 VET: CDR2/SEQ ID NO: 2 hVvB22B

-wz5 VH: FR3/SE B22B g-wz5 VH: CDR3/SEQ ID NO: 3
hVB%@B?ZB’%f’-Wi{S SERAISEE:IBPNO: 57. 35 Herein, the correspondence
hVBIMiweenE DR aNDERSACONNB22B g-wz5 VL sequence and sequence

hvgj%gwy@ga)ﬁ:ﬁ%ogg:{%%gﬁ%gzs g-wz5 VL: FR1/SEQ ID NO: 59

B22B q-wzb NO: 4 hVB22B q-wz5 VL: FR2/SEQ ID
hVBRB 183¥ 2P E RS RR IBDIR/SEQ ID NO: 5 5 hvB22B g-wz5 VL:
hVBRRAUSEQUIDMIRGASEQ 1D NO: 57.

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. CDR1/SEQ ID NO: 4

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

AVB22B 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-wz3 VH: FR1/SEQ ID NO: 54

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

hVB22B g-wz5 VH: FR2/SEQ ID NO: 53

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 g-wz5 VH: FR4/SEQ ID NO: 57.

Herein, the correspondence between CDR and FR in the hVB22B q-wz5 VL sequence and
sequence 1D numbers is as follows:
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hVB22B g-wz5 VL: CDR3/SEQ ID NO: 6 hVB22B g-wz5 VL: FR4/SEQ ID
NO: 62. The nucleotide sequence of VB22B VH is shown in SEQ ID NO:
7; the nucleotide sequence of VB22B ¥ is shown in SEQ ID NO: 9; the
nucleotide sequence of VB22B scEv is shown in 10 SEQ ID NO: 11; the
nucleotide sequence of VB22B sc(Fv)2 is shown in SEQ ID NO: 13; the
nucleotide sequence of hVB22B p-z VH is shown in SEQ ID NO: 35; the
hVB23Boewvtidd Se fBerSBQIVE2219 g-e VH is shown in SEQ ID NO: 37; the

hVB%BQ{P@EQWﬁ@@L‘I?R@%Q%W?S@ZVH iz f/f;own Ir? SEQ IgENQOI: §9N Ct)h% .
cleoti e uz-wz IS snown In . ;
S e SOy

/B22B g-wz5 VH is shown in SEQ ID NO:
hVB27B; qhezf5/hu SIETRYE BEqUiRNEE 6f hVB22B p-z VL is shown in SEQ ID

hvB2b®q 4 4he nuelealids asqugnge of hVB22B g-e VL and hVB22B e VL is
pvRoSRown i %ES% D Np: 43: the nucleotide sequence of hVB22B u2-wz4 VL
' S%WS ins éffé RIEH %%’Yﬁ% fucleotide sequence of hVB2213 g-wz5
hVB29B ipwhdWh:iNISERED AT 2he nucleotide sequence of hVB22B p-z
he nSEIRY | | INOL 4R, dhe: | 2quence of hVB22B
Then ?“SE"Y&%%%“%%‘%%%EQ# B o R i rauence of
VB2ZRVE2 B0 SHE S EROWK i BEaipeRie soasasuidBtBsekiudnebown in
SEQ 1oF N@BHBImZ}wéoSi@Ké:M)@ﬂﬁlS@GWMﬁE(@(E&ﬂQ; s?éms@m 1D NO: 13; the
i V AWZ5 S i wn.in,SEQ |D NO:
n““‘ﬁ%@%%%%ﬁ%%ﬁ‘?%ﬂﬁ?ﬁ%%ﬁ% D B R Ap seauence of
hVB2Ghedst SEd BN mé’f@rﬁl@zﬁl@p’iﬂ gapvm?@i@@emmy A PRAZEDEV H is
showgie SECIAD) NOSED 2 N@Eeﬁﬂdﬁy@aaﬁ’c@béﬁ‘sgd'ﬁéab%@vﬁ N@iz%%; in SEQ ID
. B2 RS : V)2), ID 4 (hVB22B - ) Fv)2);
NO: 6a@E1d (19)%%%%% d -Fn"')v%ﬁ?ﬂ%?eg g(‘%ﬁ??n%ﬁn%%‘%%@%r%@ééﬁ@tg\& thie
nucleofide reguapfisedf Eﬁfd?g?ﬁ@e?ﬂé& if theveim QI squerc shefranieaiind: st quence of
hVB2(H tee(V8) aﬂﬁjwmglaatwg ,iﬁﬂd)wﬂiﬁhgﬁ% BD ROty @M\ﬁ@l%ﬁ&%& Slee of
1 ribed. a rein,,. having an activity equivalent to
e S Lo B B M th e AR gy D v
VL is ghevghia §HEQABM Qs tRaty hesirdesigmsiantibod) hy BRdR ote th@ gidvghhofvn in
SEQ mmgt@@@k?amﬁtemtﬁﬁ%l&qaeﬂb@mpwmhw%gc@pwgr@ @T%R@fg%f‘%@b% NO: 47;
Qsitive he icc o enhance raftment o i
e R M ALE EBIE N D e Bgice
sequem@ﬁ%}é[%w #i(RematcholesinififeHatspoitticastbthecrltleotide sequence
of hVB3MBRSAIENAtoNSiNgR theiatipdiesdefised in (1) to (19) above have a
ery high istic activity for 25 c-mp], they are particularly useful as
(18) B e B0 A0 o, CBne SIS 46
(hVB B8 msting(the2gr&wih BadVor dffdréntaio-of CORRpEYED NO: 50 (hVB22B e:
sc(Fv2grRaQnoietio Cellsh agents @[@%%W%WQ@W.HH?@?%@Q@%WZS;

SC(FV)%D%apositive hematopoietic cells in the bone marrow, or agen

promoting the recovery of hematopoiesis in hematopoietic stem 5cell

(19) apranspalititiohich ondvetimods o prepakirgepolypeptide ddlsnatiodalyl and/or
insert&@Fh vadent i agertaimaglyrentide aremvell knownda thess skillsd inthe. o ¢ o

._.art, and include methpds of introducing mutations into polypeptides. For
acnwtgxeé]ﬁﬁFé?%@sglgkﬂ%ggqﬁIEHEOéEﬁ éﬁ?ﬁﬁggﬁé}?é"é% antibody functionally
Hereiggbaatenatathzigntipodxesidfdhieapodskeatinitenijode iy itlotio@iOmeans that the

tat@PRIORSIAIe Mutat into. 108 i | ite-directed mutagenesis
W e ey el

ematgpQiEoTeRIH aLOEROT A3 660 HeEasgor digmyetener! UKt pesitive
hemathpgtgic it Rediable ﬁw@éﬁﬁleéiﬂﬁék)ai@}ﬁmd\@lﬁ@%Eﬂiﬁfé"ﬂamatopoietic
cells 1%@9&?&: EDZYIO onlt%%rgﬁ%%%qge g%c,gc%z)x;yI%%‘é%'fa%%bgg?scinl\gx%%aéo%%?étic stem cell

§cu. USA. 82, 488-492, (1985); Kunkel,
fransplantation.

Since the antibodies defined in (1) to (19) above have a very high agonistic activity for
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Methods Enzymol. 85, 2763-2766, (1988)), or such. Amino acid mutations
may occur naturally. 15 Thus, the present invention also comprises
antibodies functionally equivalent to tRe antibodies of the present
invention and comprising the amino acid sequences of these antibodies,
in which one or more amino acids is mutated. In such mutants, the
number of amino acids that are mutated is generally 50 amino acids or

c-mpljebsy preferaioly 30 anstdsbameprenpriiepaiholidomte geotlen @Xﬁ@iﬁﬁﬁﬁ)ﬂ&\i’@cic stem
cells, MQ@F%&B%@%@Q%@[& (ﬁ &%ﬁg}%gtaﬁmn res'%v ematopoxe’uc

mutated to another amino acid residue whose Slde aln r alns

cels, s e SHPEAP S IR SRR e AER PR B o i HBe bt etic ol n

the boaeldlstdﬁhchaug@t&ﬂéﬁgﬁm&tﬁmgwﬂmh@ﬂﬁy&m InoraciElsitAislidhdhatoRietic stem
cell tréﬂ\{sp\farﬂ%}() hydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S, and
T), amlno aC|ds comprising the following side chains: aliphatic side chains

(GMstheds for arppmynaRaSRy e ARRRiP BRIl Zauivalest(, Aceaninyplypeptide are
well kaukﬁur{oahbamnglsmf (ﬁhﬁlﬁm fedandiddy Iﬁg’ﬁb@&ét’) lie i@a@fgccil@éiﬂg mutations into
C | | C al an asiC side C

polyp %m&% 5 Z%?n%gcl% nge[con alnli%dsl%‘ég%ham Prepay t\'IB ‘{%rﬁlﬂ%}mmlly
equw%l%ﬁ%ﬂé? aspreadinied By oregattaventes i m@mhe@@pmmwmmns into
the andboBrigng glm@ehéfecﬂﬁéh %@%§§‘ﬂ§%@xﬂﬁ%ﬁ:é%@ﬁh?@?£r M@l@@'@§1 2175,

ue e n e W, 1IN0 aclds
(1995?%‘31‘%&” gd re gl%%%st% oer%r%\éPF ?‘cj)gPTaca 3 [\/ﬁ (’I\%g g% Iﬂ]%{ﬁ r Wetal,
NuclejdicideBas-dék. %Sk%ﬁﬁéseb%é}sé@egmw zcﬂé?mwm S/Simithy, Bzymol. 154,
350- 3Nqusﬂcm&8¢ﬁrqﬂd@ h@ﬂﬁk@a’éﬁ@;&l%% \Wanges/es al oBejeRGRK ]

1431 Iand Proc. Natl. Acad. Sci
Meth gl ?f&%@ﬂ %@b%ﬁ“ Sote %@rﬁ%ﬂuﬁ‘&%ﬂﬂﬁ%ﬂ%@% Yficgr naturally.
Thus é@%ﬂéﬂ%&ﬁ@mﬁmwg@@wm@mmwﬁm@wmemm to the antibodies of

the pr@é&ﬂ]ﬁ@@nﬂﬁﬂ%ﬁ%&%@&ﬂﬂ% AmiRg Agidstesidues have Reemadaed :28hich one

are mcIude in the |nv tion. The fusion protein results from a

Or MO &R é Weeﬁ @H@g% he 3689/@ HEGide ZrE eggéé‘ﬁﬂrﬁb%ﬁ’té%té?t are mutated is
generglpteiraraing isidchidessimttferphisdtinientionrdire fersitn poateisssafobexample,

five aﬁg@@@&@yﬂ@g}mg a polynucleotide encoding an antibody of the present

Inv ntion nucleotlde encoding a second peptide or polypeptlde
A GO B PR P TR P e e e residue

who SEﬂasig ﬁkmmsmmsuﬁla hoserSoned tethr] qmﬂgm/mmrt@ askl skillggkin m@mples of
ammoadf&lﬁrﬁrfévéiﬁf?lﬁr IS RHPRREo RS RAIRET, Fﬁ%?&kd IXReIpttd% §ad V),

ed with an antibod of the present invention may own ‘Pép
by A o T R CoT ol Bron cEMh i i Sarricng te

followihg8syy, Greitlis dipisistinglothbuHigi(istitline), reridyehydRx Hisoiriuanzade
chamsfx%fpamﬁpfm&ﬁ&lct}maﬁm cRgnentlay §Va%€£gng meat aBGSH'V

fragment I-ISV-ta ag, SVA0'T antiger
amides C?&Eﬁ}ﬁﬁlﬁé i (B %‘i}rg hrhgiserdechsst iﬁe@pél%e@ﬁm

ring- cmﬂamfugedimﬁaﬂne(ahﬂbﬁfdm o jerpireseditiywentpr 46168 8y fofe-letter codes in
pamm%gggple GST (glutathione-S-transferase), HA (influenza hemagglutinin),

immunoglobulin constant region, 13-galactosidase, and MBP

(MATRSEEDBRIIRGEPBIATHE A BORiReE BBiRR asit seitgiencinithisbene or more amino
acid rexddhmeraialbical addble Abhpepiigesal poly Bﬁﬁ%ﬁ@ﬁ&@s fusedowith @retain its

originROBRIEIRANAE: B RRIAG 3B, FNUPIIVIRLINRBICSENL ci. Usa 81, 5662-5666 (1984);
Zolier, M. J. & Smith, M. Nucleic Acids Research 10, 6487-6500 (1982); Wang, A. er 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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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 seqé€nce, molecular weight, isoelectric
point, presence/absence of sugar chains, and conformation depending on
the cell or host producing the antibody, or purification method.
20However, a resulting antibody is included in the antibodies of the
are inphesshtrinkeptioenasieng@as it“[&lélmeﬂﬁﬂﬁlbt@ﬁl b%\zaler&@e@mf@ﬁg@%%eén one of
vent n_an antibo resent .
e e R TR et invension

The ﬁﬁ&ﬂ.%%%%ﬁ@%%é}télﬁﬁenﬁ teprirLisleptive em@dmgaﬂmmdgody of the
preseaniineracid astueobenSlichidviinedies aredaaligestin: theigselde in frame,

msertﬂ QHiﬁﬁt@gllréQﬁg%g; O&l%ggldlm Sni(:)i.t)?ﬁe é)refg{r%\??()g flfgrgt%ﬁ rd{aZI%OSt Some

ntibodies com |n the agen sent inv

mﬁ&i‘%@ﬁ% @%éﬁi@tﬁé@p@@@ﬂé@m@ﬁﬁ@ﬂ thys therpasgbodibs partner peptide
or pokj’pﬁpﬁdelltb(ﬂé foscoyabexentibodSWERRRedieH caRnbe Hf%p@é%q(mfwn eptide, for

t tgthoge 5 in th art re ared
exam )rg E’)ﬂr%%gﬁﬂ% eter%frrrhg]t%e epitope’ retl%@?t%?gﬁt%gm &Vcommmg of
six Higghisticbera 5@%@5@! EBnvEatiohkakntethodsgahtinising &) polypeptideyc fragment,
st-mmgﬁmgwpemﬂh%%@ﬂ@mﬁ@ g lt,&%ge%@%@@ Hﬂ@@ﬂ?&%ﬁmm Ik tag,
a-tubhyie matrveI}{ gwe nf; (%dre n be rep ydetermrnrng the ep |t0§1
con\}gen%of‘lallya ef)%%dgfﬁa ik r%}éeélgﬁ’ﬁﬂ@r% ZREPHLR thde Tused with the
aﬂ‘ﬂb GEEs i %@spm&eebrme@tma@immy eyapiib &y definethabev@iransferdse), HA
(mﬂuﬁﬂﬁﬂﬁ@ﬁ@r@gmﬁﬁﬁﬂoﬁnﬁnﬁﬁ@%@ﬁy Rsfared @BHWQH&%@Q@%@M gk
(mamr)'gg%gndzes 35 he epl'Eg e.reco d by the antibod comprrsrn t
aming ac psfgqu o%@%cl% %’ efé 18 SRBBORFEDAOBHERTG AHE available
peptz%m@gb@@géé%ﬁ@ehﬁffﬁm WINOroT Bniscpreitietenttal g agaiRebodF tehe present
mvenf@@lonmgiﬂh%@%éﬁiﬁgzﬁm Béeﬁ% dtgg éﬁ&@%ﬁ{ BENBAELINGY t.
24% more R)%J re fro in 213 to Ala 231 of human c-mpl.
Thiis, SeH %iggoé?r??ﬁw%éﬁgé SHrEIFh T e oy differdp amino acid
Sequeammecémmeezgm@emamrpoxa@rpsemmzﬁeﬂmfdfmga@ i, arel

nfofteRitictugied t fi r ize the
o i R
Sl (TS It %ﬁiﬁéﬁ IEWF@E@?M@)@T) bR B FBEBion. as long as it

is funﬁﬁ!enfébeenmwm@mmemmdg uf the mesehhaatipadies sasxbe slelaines an

hdov BX f S e tide of he
anti @r On@g@@%ﬁ %r%jggaggg le%%qtrgg}rﬁa%%g é’i‘r% & B2 ré &1, 2

methigaiheGsibRca éﬁ?aﬁ%hﬁrﬁweeeqﬁb@ememaé@mm@g@md sequence.
Such agiitehnativelyctndedtiltodiessean he:ofitained by methods of determining

th%?@ﬂ%‘?:?é&%%ﬂ%ﬁg @[e%mzegﬁ glprre arezqnantl qglg%sagomprlsed in the

£ g antibodies that rec me epitc
agenigg 6%%?286"*89%@1&%8& B@%&H@Oﬁ#é&&}ﬁtﬁ@eaﬁw ihe epitaisoetegrthat by the
antibddiieel dofmadphc{amﬁoqm)eaﬁw by methods known to those skilled in the

artgfgt %HH g lelole] bod r dggr%h%/t%rdo can %%gm The

essentially generated b now tec no ogres as

antlbogtlﬁﬁ,'%g ReiPrenas E% W@lﬁaﬁpg@gm@ggm@re 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 comprising the amino acid sequence of SEQ ID NO: 73.
The antibody comprising the amino acid sequence of SEQ ID NO: 73 is predicied to recognize
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cells as sensitized antigens using conventional immunological methods;
fusing the obtained immunocytes with known parental cells by
conventional cell fusion methods; and<treening for monoclonal
antibody-producing cells by conventional methods. Specifically,
monoclonal antibodies can be prepared by the method below. 20First, the
c-mpl protein, which is used as a sensitized antigen for preparing
the regivtibdie<iis Mepé@omy,qxpfﬁsbil@gﬁheegimpﬁﬁﬁﬂﬁ%@%m%@ 245,”more
refeSSAHRRGRAGEABANG ASTESSAT NMOB3TS)-More Seelieall onisi
P th;ggene sfc’(elquence encoding c-?np |s%§1@érﬁ%% in CPTa kr?lcY)le\I/Sri %?(p%@ §'m1'8f;g°°gmzmg

the reglon §f Fmnastaen tranktetteinpasitapBfoprats Rostdal athis 20Bject3 ] of
humahurnasi erenpbpinttitds putifiedeBamithedinst. cell or culture supernatant

usi JThe purified c-mpl protejp is then used
, ser?é%#z%%y %%%E?%%g%r?a%ﬁefglg%gﬁla i&%ﬁ%&%ﬁ%ﬁeﬁﬂifﬁé E?s%%éaagrgrm to 231
in the pign ASH SRR IR ISR se Pl PRAIAPPERL G e hsobivs raiebmicaiiiods
knowsynthesizedihasedierite amingakidseaueDeSBEMUINENMRlle. by H8hods of

' .c-mpl molecule that are recogpized by a ti-c-mpl antibod
P T L S GO A ) Lrdh i or 213 0
231 iy aprip e wraenasp Homsie ey TAES) EMNRagientcaimbainsgehas
AIten&ﬁiWﬁQ?ﬂ ﬁ]@ﬁpﬁamtrbag BAtEamRl W't&a@@is%%fft@&élﬁ?ﬁ%g {Hxl%ﬁﬂ‘aﬁe?fecognized
s the fragment comprises an epitope of the ¢- olecule. .

o col R e b e A EpRciabAcrp e the same
epitoRRmtILERIfeEt e S Bn diszudibedigen! Hewesentanvemional is preferably

selaeigsblasen:0Bils cpmpplibiliy Wik 1A PELeREhsal IR RE USSR Slked in the
art, Sﬂ%}@éz(r%el@erri%lﬁl Crl(())ggzptst( or.example, m@% r&ts, and 35hamste__rs},

rabbite Hna Monkay L 4Rt %Péé’ﬂ(?d;ﬁfﬁ?a HAMWRAR ARG ASSPRIR Y generated by
knowsdelinglegigntigdplioy knownumisthg dsisuth eitec- 2 Fortinmmethatpdlexpressing
cells dﬁj%ﬁﬂ&@d%ﬁ@&@@%ﬁ@@ﬁﬁéﬁ%ﬁ)ﬁamﬁfﬁm%f@%ﬁ@ﬁ%ﬂ&%ﬂﬁﬁggﬁﬁﬁng the obtained
immu}slggc%ga&etgl%slg. Sgﬁg@lflc#”y Ithe sensitized an |§en is dilute ‘ .

BB T Oprately W SRES)HTe B D ut SR SR S Sobg s sracening for
monogleda reitibady thedusugpeiidd. chnadéiguatenarhednt of a conventional

adigvantidanesampltodareundsusmplete Adiwwant, iﬁl{gﬁ%%ﬁ’l%%% .

suspension, as necessary, An emulsion is'then prepared tor administering
to &bt SRVl L 60a7 5584 65 5 pealfinsbrpaE R erpprRSRagantbodies, is
prepagsar higrerrayshio giged-fomihe sensitiredeahtiger-iodiouBizatiatession Aimber:
NM dhammal isim j | - Aftera titer increase of target
i ’E&}Fm th?ﬁﬁ%ﬁ%ﬁ%@ﬁﬁ%ﬁ%@ﬁ%@%§§% RS e o

X PTCY NS hTAT Hnd e SIS ERSE S B dBiPraR PP SpleEheslIs ke thbe subject human
c-mplefieined narifisdoioyte shdbammaliancuyelompelsaresusetasiitethods,

IOafﬁ[@%ﬁlkﬁt&ﬁﬁi%&e&%%&?&@&\é‘é a sensitized antigen.  Alternatively, a partial
c-mpl peptide may be used as a sensitized antigen. In this case, the partial peptide can also be
chemically synthesized based on the amino acid sequence of human c-mpl.

The epitopes of ¢c-mpl molecule that are recognized by an anti-c-mpl antibody of the
present invention are 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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immunocytes. Preferable myeloma cells to be used include various known
cell lines, for example, P3 (P3x63Ag8.653) (Kearney JF, et at, J. Immnol,
123, 1548-1550 (1979)), P3x63Ag§§J.1 (Yelton DE, eta?., Current
Topics in Microbiology and Immunology 81, 1-7 15(1978)), NS-1 (Kohler,
G. and Milstein, C. Eur. J. Immunol. 6,511-519 (1976)), MPC-11
_(Margulies, D. H. et at. Cell 8, 405-415 (1976)), SP2/0 (Shulman, M. et at,
TOUtNg AGHRcH 18 [PE9LREC (ROTBYc F O (geSinGrothaSntal attalpstitneaune
subcubebaQes. 355 et {198 ; idae, 4; 14
hos %%%rzgél 7}386 , araggﬁijg %?éif%%gﬁe%%%{éﬁfgl 5&%85?%?%3‘” 79)).
T R R QRiseyreling andh eusty ershibesaispanded. . An
adequggsenioent afeve teantienebséintiatly, Carrieanopit LBBEKNOYMFIE a8 IOk, is mixed

ith B¥AMPIGIsEHIN hl istei r..G. and Milstein, C.
wit plehsMaNRE Y -46%%%%%53}1 i ﬁﬂgcé)ﬁe%%ppeac%ﬁfgfyﬁﬁlémStérmg to a mammal

severeli\{l %Qgsd SVEHZ%I:nOL 13 : .
_ apoye-é’egﬁﬁbeéoc% rFASiIBHETNRE caMIcw B TaIcesaRTRBIEAN e used for the sensitized
antigegomventiongktioliure medium in the presence of a cell fusion-promoting

a0 AHE A 3USIANRE i s.include,.far example, polyethylene .
in thegglcol PEG an?%%%%i@ \/%%L%gs(%g\/ﬁ\%& flfgrbg(%jmre ,Eétrnaa%l?g(ﬁ%%r/%%ﬁ\?l,g {rget antibody

CHLE GRRSIRAGaroxae sy HIesqlkdaadtrre thepreveriisiod then subjected to
cell fustfioienBypleen celihereatio pfdfamedranymiesdadnyeloma cells may be

determined At Qoe ' ' referably..for example,.one myelom
. cell for evgﬁo%%%éﬁgx%gﬁ%fggﬁe% U a%ﬂﬁa?e%ﬁ?{;fstég %?bfé]ﬁfge %F?Eﬁgbove
ImmugaetIESe o P SH R ARG poeaiR dmbles seb tigl ar areultablenforlifiines, for
examproWin(BB 168 agoossmictameyce] ings, SushmasRPMI 1640 msdia ansl)
pPixeMEM Mmes t lopal.culture. media used for this type o

R o e S STt 81,17
(19785 Sy hi&yPhio Bertid AilFasnibifatioh Immunol. GeflifLisith (KoaMidd RO 1
(Margadide)[OWH. %dﬁgeﬂ@d@l&@\w’(ﬁ?e@ga%mvﬁfgﬁ?%ﬁfmfef al., NatL&:fe 276

_~3BI (0] C mixe in the culture medium. ~
2 Zﬁ%@%&iﬁﬁgﬁiﬁm e e AP e BPdba ot oD s00op 194
(Irowbridge diety- th B Mesbiddd bltha Bl Y8 suspé Ridh (GpitalyCataal. , Nature 277,
131-188ricemiation of 30% to 60% (w/v), and mixed to produce fused cells

L B S i B0 S Lo Raa P e can be

to the mixture, ancF e sampile Is

essentipdlifeedsors pemednasverarthnés foremovseiremrivahteckedler and Milstein

(Kohltusibn-proieting agevtand PHeimibatare Mg@y@g@gl_e to hybridoma
Sgrewt . eening of the resulti ybridomas ‘Can be carried out by
o e e A o0 NS At G kil for Sxample in
conveRjpRl R MERAiID phetin, raert thy widinel AT RadiuinCaiing Théhe
fusiOn%ﬁ@ﬁﬂnﬁﬂgﬁgﬁﬁﬁﬁcﬁﬁ@qwm@yﬁH@g@i&g?E&Q:%Il?@@)ﬂ apﬁjcp(?en i, virus
several weeks) to kil cells {non-fuse ceqlasl)

typically, for several.days to
(HV]J )é%%crrﬁé%r% S &Eﬁéﬁﬂy su%stance such as dimethyl sulfoxide may also be added to

improve fusion efficiency.

The ratio 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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10hybridomas. Then, hybridomas are screened for single-cell clones
capable of producing the target antibody by conventional limiting dilution
methods. In addition to the metho@%or preparing the above-descried
hybridomas by immunizing 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 fusing the

suspebSensitizat Wnpesies with fuman tW&@%"ﬂ@/ﬁ?ﬁ|5&%§Qﬁ@%%g@£%sed cells

ently (see, Examined Published Japanese Patent Appli )
e b RAEH UMD T o Vo S AL © T e, and
the sepmlsoainEgaEmst ©napidrormmmosalizcBlve e procuding pntMRleral times to
remoa@tl’m@@@dﬁ&m@m@iﬂﬁgpﬁ&ﬁ&ﬁ{@a%@ﬁ%ﬂ@%tﬁggMB%MQA‘?&%@O hybridoma

Ow%repared by administering c-mpl as an antigen to transgenic anima
comprising a repertoire of the entire 20 human antibody genes (see, WO

94/36588ing/cf U8/ 122X MM E2/03%1 Bnand V94402602 turing Then in 2
sneseslenat AR RIOgH i N0 rmidi
Con;. gr%ssa@l%g inaco veﬁér%%&%%%%}&% %%%ﬁgfﬁ%‘ﬁwé’éﬁm (HAT)
metiover Iongup%%’&’s{]&‘fﬁ e-deseRifSdAbaF S Ties v Eprapaadiong enough
(typidpBa ﬁwesab@aéciaeg@i bedrylbridbmas ki, doll ekamitiesea eoldingher than the desired
hybriBsaeedurerRhcyliyrng-the Q¥Q%@%§%Mn%?@%@ﬁ&&é%§%%%l% fg%grgg%cing the

a
C

; t25(%LII:)|tLge sugernatants. Alternatively, monoclonal anti
Areet TR BY SRS HRE I BRashHETm i S hasthpatible mammal; growing

theBeddylitiatomaseimtitboch&mmapaeing thtatring asidbiedipgoiiamiiesy immunizing
“Hnammals AsGiss A hs.for S, SU faor.prepatcing highly. .
non urifie antiﬂtg) ies, Wlt%fg_% tﬁgﬁaﬁﬁgﬁgﬁgﬁﬁ%éﬁh& %ﬁ%ﬁ%%?e%“&t%{o c-mpl

can aj5h 5 SEHHR OO MBILAHPS RISt S8 ealiPaISes s Breparerbyreionihfising the
sensitgriblodypherne dsonitiaB86hybrigeinaainsBEting bR 0ear nte.aR APRIGRNA K.,
Exan¥BSIEAGNSINGING Yeplr 0 2 hostand redycing the antibodies by |

,}kj}]seing %en,etic regc%cg)lr%bjnati_on fié%ﬁrﬁ%dersl %f%’g%%ig%%le, daégﬁg}aﬁyely, s
POSSIRE WAL EUM U hoRhe oataret 71l (roonjspasificd e apmRiiag anti-MPL
antibaficdig this waviadletiy ey igmim@@mmn@ha%ﬁeésg%?ébéﬁe%y |
admidyeriderpas praduc ti-c-mpl antibodies. For. mRNA isolation, total |

' 35RNES arequirst prggp&aége%%qr%s entional methous SteH A8PgTigHufehe entire
hmaﬁlﬁ%é‘?ﬂﬁf%&ﬁ&ﬁéﬁaé&%&é%ﬁ%ﬁr@ J3K4 2823 MEICEHBBAR BV O 94/02602).

ﬁg%ﬁﬁﬁ;@%;ﬁ)mwiﬁ:maﬁiﬂh%%%rﬁﬂ)ﬁn? thgshprepared cip %e passlaged ina

cyanate- -chlorafarm (A ethods (Chomczynski, R et al.,

ARl Biochégm. %)i%%igéﬁl%gr é@@G‘% e g’i#ﬂ%”iﬁoégﬁqr%é’ ThrigRe RTERER 7 time.

- préffaRatiasrlgratbaiias Aep befearosditqRrihembeiz) dusdrduedthybridomas by, for
exampilternativialy ptbes RNA ean g .dire %%H&Hﬁé?%&s&%%d&ﬂ%&[%@ from the
Culm@ﬁﬁﬁ%%%%atignég (tli:;]rg%[macia%i 5A CDNQ f the antibody V region Is

_synthesized from ﬁ)e resiming RN FISTRY PRTIST R AR SEFpAEs S L inhgating the
hybridgmasdate i Camnati e timsimepther awineRever bpbTidmsesiptaserrirstsirandg
obtairdRNAStesia Kit{Seikagaky £en.Or stehrAliernatively..¢ i
rigniHIESIZeS and amplfied DY the 5RACE methoc (Frohman %ﬂ%&i@gﬁmpmg

uriies : ybodier wiple fier 18 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. ef al., Eur. J. Biochem. 192, 167-775, (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. er al., Biochemistry 18, 5294-5299 (1979)), or acid guanidinium
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8998-9002 (1988); Belyavsky, A. et al., Nucleic Acids Res. 17, 2919-2932
(1989)) using the 10 5-Ampli FINDER RACE Kit (Clontech) and PCR.
Target DNA fragments are purified frof¥ the obtained PCR products and
then ligated with vector DNAs to prepare recombinant vectors. The
vectors are introduced into E. coil and such, and colonies are selected for
preparing the recombinant vector of interest. The target DNA nucleotide
thiocseqteepoenis-tHdorctnfirfredis) cortuedtidfabmethads Suehas Ahel. Biochem. 162,
|
156- 1%5‘{'@%%’%%‘%9&9%% é%ﬂkﬂﬁﬁ'@ﬂr%ﬁ}%%mg% g&@%e%h'ﬁcagmm

enco |ngt e V region of arget anti-c-mpl anti

(Pharmagiabaithf%h eRpieaeibieVe e rmiiich conks sy prenasadigBseQuickPrep
mRN ddnstdihtegiéiit(C kegian)f a desired antibody. The method for

ProglueiRe it %EQHE)}Q qﬁ'?gg 130f & Eggt%égﬁhg RIEE! %trlensv t?lt'llér)_:%lRNA using reverse

20typically comprises the ste erting an an y genemto an

transeEiplgsssidrP DR sty at ﬂ%éﬂﬁé r%l%l%sas %@M&%@m@ Terpsraigaseffist-strand
cDN/exprebsaibridgsidtapiegionsoskathas ANbANGREANBIPNANEIOF: At hesized and
amphﬁ@@% 'EH%"%Q ﬁ%%]%‘?n o H' ﬁh&nﬁsu“ﬂg veCtOFS Igroc f%aﬁﬁ tﬁadl(ﬁS/a 85,

For e ressmgt e antl ody ene, pol ynucﬁaoafldes encoding

8998- QQ%{ 9B83RehieRkare HsbrduHS it dtesekpra8tRRANEtHIE Bhdsing the
5 Ar@p}iﬂamstEReMQ th@m%}@%@&@wely, polynucleotides encoding

bo d Lch in are i |n ert d|n e essign ve nd

tratr?s ce to%%& calF e %%a%;{% deﬁlf—%f% 8§<a8m%)%5 a@%hgﬁ“élgated
with mt%%&bﬁé@wn@wm é@@érvifg:ﬁm pattieutasiptsriteiditad ond iagitr. coli and
such, @@ tEMEHAR a@@séﬁcf@@h‘o@ﬁﬁ@bﬂﬁﬁ@@ﬂe&@d&%lﬁﬁﬁﬂ%ﬂ& Br ﬁ%@‘ﬁr The target
DN A e B R S e e gen

e cting the L G A Ao AR ALY BRIl PG sl

dideotyapgl Rﬁﬁéﬁs@?@@uéﬁm@m@ﬂa greihosuch as ampicillin, tetracycllne

kar@my@mwA%&fam@h@m@@Jmm@&%ﬂ%ﬁg} Bleut B PigstMAe, the DNA

rip

gene

pUC vectars, pPBR32 uescrl hen the
is ms%%?éc fiveds BRGHE eg{roé Eg@éﬁ%f’ e figeopstant region (C
feglo@@ﬁ@[ﬂéslrﬁéﬁnmbmeIRECT and p17 in addltlon to the vectors
de%@@ﬁtﬁ@@\f@r BroWREN: Wik UK CAVEHRIR S §SNE 1600 dQnt invention

¢ ? LALIS ssentlalcgor expression \{rﬁctors to have, in addition to the

o e e RITRS Pl AT A DRt PR GHGr AE AR that the
gene pffisivatsedpredsioneireEileoiin sdehms dtieracupronyotei(Wastehtalenhancer and
prom@\!@ﬁ%ﬁcf%%%@o%ﬁéﬂésﬁ&@bsjv%%a%{:e'irgﬁ_ﬁi &%ﬁ%@ t%%%%résg%a iAR

promoter (Better cience or 17 promoter,

whERTIRP O PSS AEPROY, K% PR ehcaneingel] qRag ae L chain,
respedioetly, Suchsetidistinshpdeidre aoditiomtocttterahndeveatafsc G o 2%hdst cell.

Alternatively, polynucleotides encoding both H chain and L chain are inserted into a single
expression vector and transfected into a host cell (see WO 94/11523),

For example, when E. coli is used as the host, the vector is not particularly limited, as
long as it contains an “ori” for high amplification and purification in E. coli (for example, IM109,
DHS5¢, HB101, and X1.1Blue), and a marker gene for selecting the £. coli transformants (for
example, a drug resistance gene that allows selection using a drug such as ampiciliin,
tetracycline, kanamycin, 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 is essential for expression

vectors to have, in addition to the above characteristics for amplification in £. coli, a promoter
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5(Pharmacia), "QlAexpress system" (QIAGEN), pEGFP, and pET ( BL21,
which is a strain expressing 17 RNA polymerase, is preferably used as the
host). The vectors may also comgiise a signal sequence for
polypeptide secretion. When proteins are produced into the periplasm of
E. coli, the pelB signal sequence (Lei, S. R etal., J. Bacteriol. (1987) 169,
4379) may be used as the signal sequence for protein secretion. The

that ajlovectfisicare e dsiionlicerl dotg host solis, fRexample, PWSAICIUN Nature (1989)
Ofi _ ectroporat ods. In addition to E.'(’:(I)ﬁl.
o1 SO et O e 20,
10‘“-dQﬁéea%%}n%%m@(%ﬂ@&m@rapﬁcmm, (RO gEM)] PEGFROSCH, are used
as E. (nllitlescs Acm&m&taﬁ(i%ma@,aa,aaaﬁ@m BEfReaBgRGRVE) INsestsgls
: a "Bac-to- Nl ression system' L .
O LY S pUAC ALY DA o CLe e B Hcrpiizys s
CXPresiiia dI A BYraR esearn e plasblyphd, sanbaidaxLcw), retroviruses

(forTexamples BéiPieokareasts MerexpmplencRighia PR s When
i V11, and SP-Q01), and Bacillus subtilis (for example. -
P 8 PRGBS PG St al. I
Bacteﬁ@dﬂi%ﬁ?@:&éa Sty N3 TR vetid it isc20estentiatfioe the MeckrSde-faye aThe
vecto roMatelMRURssaN (PR SXIGRSIAN | CElI%f0r the BVA0
elec:{ ;Q%%r n(ll\e/kH”i an ét al., Natl%e%g%gt)ﬂg&/igyggg?ll\ﬂﬂl\ﬂ%%%&%%%% grr’

géglgla promo e(r)[%&'/lizushima et al., Nucleic Acids Res. (1990) 18: 5322),

CMY k6t &r sriéhxMersqreterablytheccentorscRabiliRAMARBNE &pression

togeneifon seigcinehia i ool Tutleic Aci

;ZCS .Olf%’ wﬁ%ﬂé g‘gﬁﬁ%@l—@eﬁ’é@ %ﬁg 8?5?;%;{&8\% @:guﬁem Acids

lection rug.such.as neomycin, G4

T ST Biore: BRHA o iomesplkBre BAC

bacul PERSCHIVEBOPRSVIENGHBPOBRL) dndptier P KBy @XR1EsS A HRHE, pMH1 and
MHBNehaRR NS cere.CoRy ' s, me of.introducing info

pZIPr?é: O cells &%at hga%e deiect%lg%%%e%%'%Tél}?fﬁ?e?i%@fﬁ&vﬁ%%u\%sc?% example,

P e ftaiing IRE DEER gens Ho L eRampre FEHOTy Whks barvplemendsSIEQO1), and

Bacillystedtilindousira3Omphididdxate KKITX}pdor amplification, may be used.

AltQrnatiyelyeiR Q{Q@&iS?eE@aﬁ'&?Qﬂﬂn%%%%%ss@cﬁ%@.% ;%gﬁg NP cells, it is

essemgg? gf_ mln%oms harboring a gene expressing the SVa0 T !

A tHEiF EnYBHIS Bl WitR ATV oRCEAtaTHIFY Bvers\site: raplicatichodoirnxample,
the SVfét mxamisie(\folizmay be, baedR eplisption auginsOervedifoO omoter, EF1a
promdRSHYRIMANMIHSES, QPQQQ(W:EH?‘@%ME%QEQ?%Q@aé’ﬁi?%é%%vs E’m.a%d Sucsrllz’ch
Vore ﬁ%g??éz b&ﬁueg%ggég#%%ég Increase the genetopy 8 ¢ such.
< e Meey &soRtEIn selsciisg leativhmaedietsthfar
exampiemindgigcosidetagsierasedABRhISNE MBS KIRARE TENZEDR) E- Vectors
havinQUcKAMMAEANAY Welude, for example, pPMAM, pDR2, pBK-RSV, pBK-CMV,
pOPRSY, and pOP13.

In order to stably express a gene and amplify the gene copy number in cells, methods of
introducing into CHO celis 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, £ coli xanthine guanine
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32 phosphoribosyl transferase (Ecogpt) gene, dihydrofolate reductase
(dhfr) gene, and such. There is ng particular limitation on the host
cells into which the vectors are introddded. The host cells include, for
example, E. coli and various animal cells. The host cells may be used, for
example, as a production system to produce and express the antibodies
of the present 5Sinvention. There are in vitro and in vivo systems for
phospbesdaerbieos fsoppéBtidast) lgewitrdisystefokin chudietpreo dUetpResy SERMSuch.

USITELRUIALY %&ﬁ%@ﬁl’ﬂ%%lﬁle host }%h$ﬂl%j %Bt{%c‘?el:lc aFeCayﬂsﬁ foduced.

The hhost\/gﬁlls %cu for ex%}gpe animal cells, plant cells, and fun
RIG -8 TAENR fnafihiararaeNs sterhectHO The Estpi avtéamay be
used, fogxeu®l 295))r @mﬁliﬁlTﬁsmy&tDmadﬁH &@aﬂwmmﬁﬂ%ﬁhﬂiﬂl@é@ of the present
inventigla, ibi Qpus lagvis ooc
Hweri_é\g[/all %%g?$%%%3%4 81 Sﬁsgx dFP insect cehs gac%%{é% Sng[  vitro
systonag iy Ot & BIERE HERY zf@ﬁf)@%@ A CRCEDXB 11,
COBrankBitKicelilsae m@fﬁﬂ&iﬁy&ﬁ@ﬂ;@ﬁ@@@%%ﬁ@'|§n&‘rﬁ9&ﬂ'§)1am cells,
and ﬁﬁ@lp\%iﬁ'é:u'q{%%fzﬁ{ﬁx%?J&ﬁé%gﬁ(%:c I SXR Fa?lséo orsége%zfd@xp Med. 108,

duced into host cells, for example, by calcium p osp aatS

945 UB% E%@%rgﬁ ﬁf@%ﬁ%@i@aﬂ%é@bglh@?@éﬁbﬁéﬂ%&sﬂmm W2o; amphibian
cells sna@aeé@mgmm»mnmms@eﬁtep@matmtm@tb@ﬁ%fimgfﬁﬁ R (MRS ke ct cells

such a§t§f9 SfQit lcﬁlg%vgn trfgttlpéap%s%%l’clsin%%% cPCh ﬁgtl tu b S%ﬁgﬁ%%%é ]ce%g)S’/’ and

cells ‘are proteln production systems an us cu

BHK fﬁli?/ B8 isEeraploteit sy SLEMs rimgliorial e Msdnkiudinpryéadts|preferable for
large-gedmples the gentischiacchaamyees sdehas @%@%@ﬁﬁ%ﬂ%ﬁ&?ﬁ@ﬂ?'@zﬁmm

r mbe; andfilamentous fundi, for e the
ph"spgé*ﬁu%@/@%?%?ﬁ R e AR et TP o Tap
(BoehpngesMsrake a‘?@ﬁé‘é&?%ﬁ*@éﬁ@ﬁ@ﬁ@yé@bﬁ@tm wsthbdstetial cells are
avauﬁa@mﬁu@g@@ﬁr&hi@%}@md&%&@%ég&%ﬁ&@é&k%ﬁ&\éﬁ?%&ﬁb@an
an illus subtilis. In ent methods, the host célls
pmdu escl_% %%S S %ar% 2l utfaer AR %%Fé) ﬁrﬂ@’ oﬁ%ﬁine&) IRiCnRYF RS using
Ialls tnshedinmuensiaior pohprricldbtigerah |ﬁwrést*mmtm sQthtenifieycandgyces

cerevzﬂaéf@@dﬂS‘dc@ﬁ@ﬂfﬂdﬁkﬁaiﬁbmwrﬁﬁﬂ%m&tgﬁ ’e‘ﬁ’gﬁﬂlélr{ﬁ’@%leﬁ% Aspergillus
such Eg‘%cultu[ﬁd DMEM, MEM RPMI 1640, or IMD may be used as

e cu?ture medium may be used with serum
su&ﬁl@ﬁﬁrﬁl@a@ﬁéw @gltsaszwﬁx@c@xﬁosemms@ﬁspmmmﬁm cells are

availaBRIUNG rae suliEe candiuaneREbeused. Lhe prefersdsuliye, pH i

Baczll6 to [30Incubat|on is carried out typlcally at a temperature of ébo
%SO% or dbout 15 to 200 hours. The culture medium is exchanged,
aclitbel porsagitardtiods tHedessanils desciitedniibile aie vivarpalypeptidedies can be

obtmn@dQ@L@Ilﬁﬁﬁg%@lE@%ﬁiﬁlﬂﬁiﬁre@%ﬁa&%ﬁ?n%%lﬂﬁféoﬁ %%Ee%ﬁs using Culuring can

be er n|m Is or %!ants A otide of interest is intro nto an anim
P %?Sé) e 93 Btitle e BEMFor e dmimal eplisart caliered,

DME‘théﬁEhfé BalyPelstide is Bﬁwnemdbmmm'meﬁslt@ammsesm&ﬁﬁnm
medivA R8s AN PleftSserum supplements such as FBS or fetal 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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When using animals, there are production systems which use mammals

or insects. 33 Mammals such as goat, gig, sheep, mouse,_and cattle can

be used (Vicki Glaser SPECTRUM Biot chnology Applications (1993)).

When mammals are used, transgenic animals can be used. For example,

a polynucleotide of interest is prepared as a fusion gene with a gene

encoding a polypeptide specifically produced in milk, such as goat
Mamfhelsseieh Themt DA Sfragments com prigiag dhedusian¥ene alesinjsoledTR UM

Biote 8o Rﬁf]?{é’é%ﬁm‘é"@i%ﬂ? tgﬁﬂe‘iﬁﬁqgﬁﬁ%ﬁfﬁ Q‘&%g%c al%%%?gésdnl-rggls can be used.

I
antibodies of interest can be o tainea from milk pro e

tranSY&AET0GE BRRHOR AR Yomiswalvatated trerdmimyasnemith a gene
encodingirprogeeytdnprapfiatthelidooes maylkesadmninistergddadhie Then, DNA

gogt i t nount of milk containing the antibodies
e oy e Donte e T Al e ElGRy 15 dobsairos
LranspipgEEA) fnto erﬁﬁ]ﬁﬁé’ﬁﬁore?ﬁs@é%@%%ﬁ%ﬁk@ﬁb@mﬁéa}b@m%é@nm@n produced
by thsitansymicareatsettheyncan ébﬁﬂ@faste@bwﬁbd&w&d%as%m? ’gﬂ?i?gr@tﬁfény.

: j ' tibho interest is introduced, and then
e B0
milk CORRBIAE S datiRRsiR Pspdicer At Fee 2PS! BB K (MO8, Bio/Technology 12,
699-TD3RUfEmore, plants such as tobacco may be used, for example. When

tobp.gﬁ ' lynucleotide encoding an antib of interest is
in_sertege%t}_?g% Sﬁ?%)%ﬁ?%lsasﬁghﬂ(\yé% or, ?8?93%1%3%!& S%}\F %%W?Eﬂ%l?ﬂ’?élsefi= they
can be,nfeiied Wit durass i buetehinh snehyascigtotsanteriling hmefizienss interest

is immmt;anmxammﬁtibﬁaywmﬁéﬁéga@uﬁm&mﬁﬁé@@%ﬁ%ﬂ uids of these
. ' hen th Sir ody.c prepared fro
S 1 S B4 ol 24, 131.138

(199%fjeTRerFeSlAHys aehibbtpecns breaisbiatedifromethienipiside Whantsisigco is used,
a polyisusboaiEhe roeipam k;ﬂfghféﬂ_?ﬁﬁi ISt ack Mgé?ﬁeﬁﬁxﬁﬁ]%lﬁ%g?ﬁo Igé;%%g vector, for

d tibody. There is no |imitation on _

O I b e s i
tumef gk e pticRO Bk éetiorrmely, Bé cdiopte ditRolypeptidesicantbeé iadiatecbangium,
and theBnbeitiesiey SEIBGINGAN Wg&% _ Hﬁi%ﬁﬁﬂmﬁ% 8&_&9{ B%L’Jét%s@g' ulian K.-C. Ma ef
al, E&hﬁgﬂ%%t)]gﬁpgl ?giggé?é%% Eﬁﬁ'on’ ultrafiltration, salting ,

precipitation, solven ;distillation, inununoprecip.itatior), _

SDEperyuiytarniie dereatdutriophorddisyistelastide foausing: Halyisis the medium)
of hodeNstaliZzation 8l gfﬁf%ﬁ%ﬁ@fﬁﬁﬁ%i%&%oé@ﬁ%@%&@d%ﬁ'm%ere is no
Iimitaﬁlgrnocr)?la}}?egr@egggdsl% géfart]glgga%d purifying an antibody, and methods used in
conventional polypeptide purification may be adopted. Polypeptides can be isolated and
purified by selecting an appropriate combination of, for example, chromatographic columns,
filtration, ultrafiltration, salting-out, solvent precipitation, solvent extraction, distillation,
immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis,
recrystaliization, etc.

Chromatography inciudes, for example, affinity chromatography, ion 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 ef 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).



10

15

20

25

30

30chromatography, hydrophobic chromatography, gel filtration,
reverse-phase chromatography, and adsorption chromatography
(Strategies for Protein Purification and®®haracterization: A Laboratory
Course Manual. Ed Daniel R. Marshalc 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

affinityaotitohateg nmmpdmﬁmmbfﬁaﬁmmm@epfm@ R Béaelmﬁe@ﬁguy by
treati %%'Qn@b% %%%ﬁ aa% aﬁé%%aargaé%l%—g E ot l2”10& {g)(z:nlug%%?er SRR or Fafier antibody

armacia

yper D
Pu“ﬁé?ﬂ%dysé’& BB dRmsksadi e AR AR g@éﬁ@w@aﬂxmrdelmmanmotrypsm
lysyl bydrpattiipibe prtitiadynaits anapprepi@ie-protein modification enzyme

befgre ora H?h%@t Y.our |tf|c tlon ﬁ"%% r]l())}ggnnrr}odlf ation er;gymes

include, for example, trypsin, c ypsim, [ySyr'endopeptitades’protein

low-nygisgules-wiri gl RRIBRRPESSS ?A@éﬁm cierTrdEké coptoryodnpl)iof thesent

mvenﬁﬁﬁ&ﬁﬁy Ibweﬂjﬂ@@zﬁ@k?mi@ I@wﬂ%g@mi@y Mﬁ%h{e@ﬂ'ﬂ%‘ O-Hf'@fe the growth of
elght com nas o e |nvent|on m

e e St o Ry AV SN 1 MBI Gyt

hemaﬁ@@ma%wﬂéi;é%@@ham&w@wﬁﬁ@@mé fgmmhxan@xa@ampmnmmopomc

cells ieBRbpasitive deroatopeietiseals rdeReRapesdhgengraftment of embodiment, the

pmfellireadwg Ilr?nted ngSfl cposltlve hematopoietic 10cells in the bone marrow, or
rom}c))?élr%ﬁe recovery of hematopoiesis. In an embodiment, the

{51 (Qp férréti toinpotprs vt G- 31th{sagd] ethylzdene}hydrazmo)
cmboﬁi@ﬂﬁﬁﬂ[ﬁﬂ@ﬁ&%ﬂyhb’@@&ﬁﬁdm W@@@M {shed online on

Febru%?ség%glgbé tmq%éﬁ%%%g %Qabl% % gg) wﬂc (jigll%gre%ented by the following

f01'}‘31U|§OI10 1182/blood-2005-11-4433), which is represented by the following
15formula: NH Cr9 OH )--(s-1,t0 CIOH Furthermore, the agonists for
the 0‘-.=,_-.t:.-.'_ c- mpl) of the present |nvent|on |nclude Amgen

oral TPO-R agonistic compound)
and™TP004. Amgen 20 AMG-531 is a protein with a
m@Ecular weight of 60,000 @H{hlch contains an Fc domain and peptide
receptor binding domains. This protein has the characteristics listed in

Tablsthdyeiow. (BliniraliRh dombedibyrécditerdpensicss T8{re628 (RO9on include
AmgeR |Q@.@Gy.’glP@&%ﬁ%lﬁﬂ?%ﬁ%ﬂ%ﬁ%@’@gm Te%\%ﬁ I}I[I?’M \% %%&ge/g]ﬂombopag

Fou inding_sites No se uence homolo
(Gsk'porg ﬁ)ﬁ‘% Y77, and NIPOOS.  Asmgen

AMG-531 is a protein with a molecular weight of 60,000 D, which contains an Fe domain and
peptide receptor binding domains.  This protein has the characteristics listed in Table 1 below
(Clinical Pharmacology & Therapeutics. 76(6), 628 (2004); Blood, Volume 104, Abstract #511
(2004)).

agomsﬁc compound), peg-TPOmp,

Table 1

‘MW=60,000 D

* Four Mp! binding sites

*No sequence homology with TPO
‘Expressed in £. coli



35 SB297115/Eltrombopag is a compound represented by the fonmla
shown below. This compound has the characteristics listed in Table 2
below (Blood, Volume 104, Abstract #2909 (2004)).  Binding site: a hu
c-mpl transmembrane domain (His499, Thr496) High species specificity
10 No cross-reactivity: cynomolgus macaques, cat, mouse, etc.
Cross-reactivity: chimpanzee In vitro activity Hu BM CD34 differentiation

as§a3/2E@Bﬁgmmmmgﬁmmﬂ@mm&preseme@bmmmﬁ@a%wm%w This
comp@&ﬁ'ﬁ%%‘é%iﬁ@tmgﬁéﬂq}f r?%@%:) %ﬁ%ﬁﬁ'al ﬁ?cp tdd %f“f)ragi @f Algstract #2909

2004éepresented by the formula show |d’e
( )naracterlstlcs listed in Table 4 below (Blood, Volume 106, Number 11,

Agsgact #1249 (2005P-20 Table 3 Two 14mer peptides are linked

tog?%a Lys, 8 e resulting 29mer peptide is PEGylated 5at both
end ‘ 2

* Binding site: a hu c-mpl transmembrane domain (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
*Tip=12hr

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)).

20
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No homology to hTPO Cross-reactive to mouse, rat, and dog receptors
10Furthermore, the agonists for the TPO receptor (c-mpl) include YM477.
Detailed information on YM477 is discit$sed 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 exan_]ple,
the antibodies can be administered parenterally by injection of a sterile
solution or suspension in water or other pharmaceutically acceptable
TahleSPlvents. For example, the 15antibodies can be formulated by .
appropriately combining with pharmaceutically acceptable carriers or

. Twerh%nMemtsuspﬁaM@am@wtmﬁn&d&ﬁa@l@é@m@@yﬁf&‘gé'fs%@té 'PEGylated

at botBXgipients, vehicles, preservatives, binding agents, and such, and mixing
N ?t a r[:cft dosa and form required by accepted pharmaceutical
O

gﬁt@t% OIn such fmmulations, the amount of the thus obtained
Crcasmecﬁ@mgrmba@é shouldibe Mithipthe required range A sterile

Aqueous solutions used for |nJect|ons include, for example, phyS|oIogicaI
sa|methmnmgqam@@mmmmps%&b{@@%@_%gﬂ%ﬂ@ww Detailed
mfonﬁ';gﬁ;m%r?%%%%% |t0|dl?nrﬂ?no%o oi adﬁpﬁ Sxta ]so%)sfﬁ%ﬁ&Z% (2005).

chloride. They may also be combine
agé‘ﬁ%%l%%%eﬁ%%mgﬁé@m@nybfeﬂ@mlammmmwkhoampoammmed in

the arglyCalraxpolyRinjle neiplysel Gﬁhﬂg}lﬂ'ﬂﬁl@% %@@ﬁ?&ﬁ&%ﬁéﬁ%}ﬁ ﬂé}lle}qg%%% a sterile
50 il solutions include s
somugxgg%%gl%%an (?anne(gr%)org %‘fﬁu&ﬁf]ﬁ)ﬂ BIEPLTEN e 8GRI ast or example, the
' @W@éﬁ?@@ﬁtﬁmﬂiﬂmmlsgl stidnsharays@lsddadly-acceptable
came&fo)Emuh'ﬁt@dswﬂiEh!éﬁ?@teﬁ‘i’!e%@c@im? pﬁﬁ?ﬁ%ﬂ%@l%ﬁﬁﬁés\% %&g {WNis, emulsifiers,

ple, procaine hydrochl or

b ff I for e
e AT T e e o
mdukgrégf.g]f@dqaﬁie%{ﬁhWWaima]hlxqﬂ,@%ﬁgmmchmnpé@leﬁmglwlﬁ&pted
pharmkbenaesn lﬂi@ﬂ@ﬁ@x&dﬁcﬁf@fe%@Neﬁ%ﬁﬁ%ﬁﬂcﬂ@@%%ﬁﬁnﬁgﬁ&g AW oB¥%ined active

ctio tranasal administration, mtrapulmonary admlnlstratlon
mgmdp%l%cu!%g%’le%s a%%]q %%%‘He PR, 35Injections include, for example,

intfhSsride sinipesions, tintramisstdaninjections;lintapdrifoneatinjeqlions distilled
water 286l TUPGYRABAUSIREHENS sHhadRiestion.srlutions can be also

ad |n|stered 37 s ste aIJy or |ocally The administration methods
ca’??n S % QEBBFHH@TC}I%H@%@H%%G iglckaline and

zsoton%f@;cﬂuurﬁ@sgppug@{smg@mfoaephmmﬁa&igﬁﬁaim@I&mﬁd%@ﬁlﬁ@ﬁp@@tﬁﬁ@@ -mannose,
D- mm@ﬁi&omd%roERMéﬁl&(?&ge el@l%?% %@0%'98191%1116%3/\%% e];gra%?orgp a?e solubilizing
agent Suehr gl%cgg 9 (s)ggc]ifggaﬁ}? ethanol, polyalcohol such as propylene glycol 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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5mg/kg body weight. Alternatively, the dosage may be, for example, in the
range of 0.001 to 100,000 mg/kg body weight. However, the dosage is not
restricted to the values described above. The dosage and administration
methods depend on the patient's weight, age, and condition, and are
appropriately selected by those skilled in the art. There is no limitation on
the timing of administration of the agents of the present 10invention. The
systerageihits @andadiadministered, for example, when one intends to promote
gropth of hematopaietic, stem cells, to promote growth and/or .,
differentiation 01%l égglﬁ%%%g%i%nheerﬁg%%%ﬁ{n ic %‘%ﬁ%f‘ 5 Oerﬁﬁlﬁﬂtgethe patient’s age,
condifinnr aRtithor tFasspRlindd sl phsitvecheisat spaiptidivelisimthisibgme antibody
or polyirérm«;ide @xﬁﬁi&z}gr&@@fﬁgbbﬁg mﬁy@t@g%ig@ianﬁ% axaly @ggy@@gﬁm @f1,000
1 pres nveption can be administered in hemato oﬁljlc stem ce
me (%rans%laf%%ﬁﬁkgn,@y éI)C a&llsv ?%’p%%gg)%&gg %ra)bl'gﬁe%trseﬁ%ﬁ Lifagrange of 0.001 to
100,046 mrab g Siedic Yimetion Hotievbotechosreniswhiansidetidistéred dlonelctheibed

aboveagertis 0bdhe: prRbafhinkention ﬁﬁhﬁi&%%@rﬁﬂ%%ﬁiﬁﬂ&&@%@ﬂ%’ age, and

o 26,
fransplanted hematopoietic stem cells but glsq myeloid and/or lymphoid
con S S R TR ot R whon
adrhisiséree Srbtrarriosliniinidess fonadersinpefibd ioumedifitedypresent
invenfifier 20itangpiantation AeiaBenty obihe Arese N nyeion canRred G e growth
of he &p& oe';f?e tcosftgro(r:nﬂtslng tl’il_g e(?kgraftérgégt 0 /tran Ianted,hemat%pm tic
stem celts in the bone Marrsw @ ﬂ%%}%’i‘f%&ﬂﬁ’ﬁﬂ@f&cﬁ AopasEive
hem&%&nm&ﬁgﬂage,@h@samg?ﬁmeepadén@mnmmmmmmmmmieﬁc cells
in thed@@RLRAHRISPEESC RN I eRRRRESR Siiled inthe @&%&Qﬁﬁ@@ﬂé‘%%}}{ of the
reser(}liletermlne the %ose of the agent of the present invention, and the p rIO(':?_ of
S dmiRiStPAtSH Of t?ﬁ%@‘éﬁf‘%fﬁ@ﬁfﬁf‘éﬂp arEr sEmarbisrsriapatipe which is
Pﬁffo@@?ibﬂ?bpﬁéﬁmﬁmmﬁm@@faﬁhmﬂ@mﬁh@p@ésamﬁ ivantienarrow.  When
admidRUFIRISEANONPLFION Hreiudes Lyt iR -potdimited to. for ee’n%{%e és‘:}c%%niy
trans ?f t}gr?e:g days or. r?ore, preéﬁéabl seven to 28 days, or more, rom the day
PoFtrah SpIRRERBA S HonCels o drtelrshdiatibaanidasil inghegeone marrow,
in a desp-demesdontmorengreferably five times or more, and more preferably
twigerh narethe. ; lon 4 ient who.received bon
trans Harrow 3( transpli@gggﬁaﬁéﬁ%?vﬁgit{r%%%g% ?sgrj%ﬁ?nﬁ%gg (%ﬁrenr%)t%%%tﬁ&' Aiter
SRR AR B AR AT RIGSFE B aniose me seains) the aikpraiPasplbaihe
engrafioreélr atiorplenadbetainopetiod ariongts afterttansplani@liohe Example 3). In
[ Jhsne s, pe, imitat] n.the | agents of the present
o can O B s L 0f WE RO SRS, AR o ot anagen
OF the LR REMAT IR T i S L i B drAhitRIRTISBA ety TiréniBiegoae of the agent
of the thietimieiofenitiaftea ieinapepiotetit Al et ianePIRO RN A8 dRRIN fier
:and f inistration of the agents of the present .
trms??rﬁ/%%lbi%% 02?11% t@%&%%p%?%%%ﬁlé%ﬁﬁ% Fn%%%?csc(grt |%Br?§etﬁe1%‘§%8?&ns
(admigisiFrliga ReHOGHETREE SYtHR AR oIt s teresamplans praindudthEhdays or
more, timifeyahidsdose tof 2dininisiration. ceorh e ddaexamplep ese descihsdne day after

transp?zgﬁ’é(ﬁon. The 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 celi transplantation. The agents can be administered
at any frequency at the fime 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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The agents of the present invention are used for hematopoietic stem cell

transplantation. 5Specifically, the agents of the present invention may be

used after hematopoietic stem cell trar?§plantation. The hematopoietic

stem cell transplantation of the present invention includes, but is not

limited to, bone marrow transplantation, peripheral blood stem cell

transplantation, and cord blood transplantation. In a particularly preferred
deteraiped Ansrapin B Eh Bt BRI O toe batichtansp lentatiohfahubichdhestem cell

transyageatR of thEhprasa éﬁﬁ%ﬂé@%ﬁﬁ@xﬂﬁﬁ@tﬂﬁ%‘ﬁd&% %H,@&neﬁ%%ﬁ!,o%%se described

ahovelOtransplantation. There is no particular limitation on
administration site for the agents of the present invention, and
suddirasesssltheqisrihtravetionsinjertiofu: trah administ siancandansplantation.

Specifivelly, MyabenRes D Bk Uh S BEESENLIVEDTION é@%@}{g&%@g&xg{é{: stem cell

inistration by drip infusion is particularly preferred. [t'is possil
tra“f’pz%%ﬁ%‘ter ﬁ“&%”é‘%@%‘?ﬁ%‘é PreR&Rt iHGBTRIBAHAbEb hBRFatvH Witantion includes,
but lsﬁémﬁibﬁéiéﬁd?@t@lm@m wmmadmnimsmﬁﬁharsmnbiaaﬂﬁﬂ Withransplantation, and
cord Heraatapgiptig-siam Cﬁi'%p@%cﬁﬂ%’%%@?@@&%@%&f%\ée yon %?og)tcgl%%cr‘eﬁsm cell

trans §i u{tan ousk{i dministered at the’ same site as that of the hem
PSter Cas 8% S S %ﬁa&%@réﬁﬂlfiiﬂﬁ?@%%‘? yited difedyder fitonan cord blood
transpfpaagpthe hematopoietic stem cells. When administered at the same site,
theragenis:andeelsL Administered intravenously..The timing of
o {;\dmini tration can be qz%fgected{%rﬁglg%ﬂg?nﬁé@ %éflnassl%\%fﬁ%rrﬁﬁea%%%wg b present
e BT SR BRI Oh AiR Ln RISIEFaq Wl N EC i rBapwhiémivisriton, and such, may
be perfgjems. of théhpresenttimvention, aneradministeliethatartiming diffsrentiiomn
articiat-ohhematopoigti \ is. no limitation on the order or .
P l;.inter%‘aafi af agministrg%)gng%?fl?h%l %d%r%t{sg g%(gh g’e?%e._ ﬁgrtwg fre SGBhIE SRR
ComDBREGENTIY RS eTAErd in’tsmBBiAwethi2 Sharhawsietith
hemat?ﬁéc@usmmmmmgymﬁemm@a (fw@am@M@t@mﬁiﬁ;@e{g@d&%ﬂmmd
t th 8L pe iQn). Hematopoietic stem cells can be
. z, tained byfﬁrf%gt%g%gs%g%?k %v%tﬁétgp S e %8‘55?1!%%%% fgming and/or
site Iﬁjérﬁ% DB A4 B P el sktmenis. listddseldwinistetddiketh® etme site, the
agentsaind'col iverepansiaispidiemesopaiek sy stemealis by BABKINES ttion can be
lect&iachimi ' iga, Acta, vol. 1592, p. 313-321 (2002) Yvette van
select Hensbge1r£':%ﬁelrig ﬁ%ﬁ?g@l\%@% e S ﬁuen%%g%'ggﬁjfrgb% %ﬁ)@%ﬂ"%}g%ﬂwaion&
| th%ﬁ?&ﬁ&éi&ti‘ﬁ%%@)ﬂé&éméﬁ&t@@ praxalet isNgriftmentidna NGBS &I Dtiming
differamoinse thedef hémpepinentalddessntolog ¥0koIAnRaP43:A08008), interval of
admin{g}gg%grgfsﬁgté&\{_%gg%,?gffc_aases to which hematopoietic stem cell

transplantations 35app |ca%lelare not limited, and preferably include
ac\d\@%f}@@i&e}ga Q@Fﬁraj{r,qm@)pg\mﬁeon are administered in combination with

hematopoietic stem cells, the cells may be self-derived (autotransplantation) or provided by other
persons (allotransplantation). Hematopoietic stem cells can be obtained by methods
well-known to those skilled in the art, for exampie, by the methods described in the documents
listed below.
Heike, T et 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 bicod 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 transplantation 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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lymphoblastic leukemia (ALL), chronic myeloid leukemia (CML),
myelodysplastic syndrome 39 (MD 5), aplastic anemia (AA), malignant
lymphoma, and adult T-cell leukemia. 39 The present invention is based
on the present inventors' finding that the contact between hematopoietic
stem cells and an agonist for the TPO receptor (c-mpl) increases the
number of differentiated lymphoid cells and/or myeloid cells. Thus, the

(MDJregkntimuenmin fetatesdicagenisGdamprisinigadnl agesistdakdie. TPO
recERIQh{CRRiL AR AL %BX&M%?%’%S Cellﬁsk&, | PoUseEL 0, INGreasze NS ¢ between

he number of | mditi)'d ells and/or myeloi erentiate from

e RN LA 5y bR e S0 it Hapsatoisoitscnumber of

differgstateddisaptivedpreldeat diventielvidlsel telatemig ageisaQmREsHch 3Mates to agents

Aagarist forthe T tor (C-ml) ive ingredient, which are

et e Tt ) BRI e s

e SRR RO BIHE SiErPLs] by dmamisteringhematopoictic

stem cafjerits woombipatie agmﬁtsmmmaﬁﬁla@@iatﬁi@t@ﬁﬂ§eiH§raVPH@F§¥eEViH{}%ﬁon also
latedHiHSIon T i ieti m,cells, lymphgid cells, myeloid _,

rehéte cellf,éga%t?nci%% ra%glg ttél[rlnl?li!r%;H %t(%%g%% s_ucﬁ%ﬁ%t Oars%l%'égs%ﬁﬁg&%%%{y Rgredient,

W mhﬁaﬁ&u%ﬁﬁi&Wﬁ%ﬂaﬁ@m%%f%@h@étﬁﬁlﬂﬁﬁédﬁﬁdm@&aiéddﬂ@réiffdnwﬁate from

hematref@'m'rwceeﬂﬁﬁﬂa,rhpleéministfﬂﬁfgﬂﬁb@%&ftstli@ d@fﬁ?ﬁiﬁ%ﬂﬂ %ﬂ?ﬁe\f‘ﬂgt%ﬁ)ietic stem
1ls ;SRegifi ' ith refexence to Examples, but it is not o .

i e A ST P SR o

c . ite
mY@lOﬁg&éﬂﬁa PAGSHRF B MEnaiRgr drpserthsirmbareoidiferaht haboan. 20blood
celklinerhgestiddbenhene snediawhof piceieanspaRBRWIB- MR ERT reference.

blood-derived hematopoietic stem cells. The experiments were
carried out by the method described below to assess the effect of the
Examples )2 antibody (hVB22 u2-wz4: sc(Fv)2) comprising the amino acid

sedisericbeth QELR HReR2BNQeBoarinerergraftesiy AUBRELPLAIRIRNL o to the
ExamU0B0 BA0AGH HOCRRER I RO 0ne AN it ce transplanted yih

uman cord erived hematopaei e at early stages. The
sc(Fv)2 antibody comprising the amino acid sequence of SEQ ID NO: 73

[Exangae Depreparad oyrie-sephad geseriBethin W, 200MAR0804 53 fferent human

thods . ice used were gcclimatized six-week-old male
blood 8 e o BTN o Ly B AR LN S 0y pscrdrived
hematgpojgiis: st | antibody was intraperitoneally administered to the
mice once every ten days from the day of irradiation. 5 x 104 human cord
transplanted to each mouse at the

blo ofl:-dgrived CP34- ositive cells were
 cantar B B A GHEF U R PPN R P B O3S IRIERIOR € Foct of
the sciig 2 etz atbNGHR oL SED: 1B(RO2 ) Gowasi sdmihisieras aviryedayas of SEQ ID
NO: 7teshaapsagHive daysyahd afteithalh:adminisialie Qe\ﬁa}ﬁleé}iges in the bone marrow of

mice transpianted with human cord blood-derived hematopoietic stem cells at early stages. The

sc(Fv)2 antibody comprising the amino acid 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>/T. After
systemic irradiation with 3.0 Gy of X-ray, an anti-asialo-GM antibody was intraperitoneally
administergd to the mice once every ten days from the day of irradiation. 5 x 160° 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 se(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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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 subcutaneously administ@red at eight-hour intervals, twice a

day for three weeks in total (n = 10). 20 mmol/1 citric acid buffer

containing 0.02% Tween 80 was administered as a vehicle in the same

way as the sc(Fv)2 5antibody of SEQ ID NO: 73. The bone marrow was
condugtifebredefiéaythfeBomed ity transplantdfiorslan TEAGSeanatysié Ramg/5 ml/kg in
the mORRIYMRA YaiRg FR ML (Ihe 8hselute pumBenef %@%%ﬁé’(‘fﬁ?gﬁ%ﬁﬁiﬁere&

Flow-Count (Beckman), Results"and Discussion

. _determined usin : gne
at eig RS N AR GBI IR MIGoE YRR fartilirs wASERAGhFiRSdeid
buffer Aatieigiogip.t3 \wiiekdh @ GuiEAzminiiody of SEQID: NOLT Samasvay as the so(Fv)2
an’sibd'ﬂmm 8d2net e8ly tﬁﬁe%ﬁ@ﬁ!&ﬁ%%%&@&éﬁjﬁﬁyﬁgg Eﬁi@‘ﬁ/pﬁgspiaﬁaﬁom

initially expected to increase, but also the numbers of C positive
and F%@E?@E%%%ﬁ@@%@ﬂ%@ EEPROES it cehlBe aRerttInIpheRaRaI cells was
deternyieed stiisitayGignifidanttyninoreased as compared to the vehicle group
(Fig. 1). These results 15 indicate that administration of the sc(Fv)2
antibody of SEQ ID NO: 73 as a c-mpl agonist contributes to the induction

Icaryocyte-specific differentiation, as well as the increase

of CRx3dupisitivethematodbiaticheetls sumpteduaiterehgrafimentiangiigd. In the
r ing incr. . di n d.cell lineages. 20[Example 2
B0 e B e LAt Cr Ul e pumber

of hurpgohidddrrasiiing sellhatrich Sranialiahnspreateds it Faasah éaiep the numbers of
CD4 Shiositidecsitd pmpiapdietesienTeElispo siti%%ﬂ@!'@x\mwpﬁcﬁmﬁ@t@eus were

: Arri t the effect of the sc(Fv)2 antibody of SEQ,ID
s 16 AN 53880 g0 RSB B SE O, e
indicalt Mighhriairpisrbinasiivetroprisms Stem e 2B3Methotw! agonist
contriMies usec Wﬂi&:‘a&@@lﬁfl?hh/i@d sixgalepkoelddnaleific differﬁntiaiion, as;c well as the
. NO 7-Prlcdc<sscid>/.l. After systemic irradiation wijth 3.0 G X-ray,
e ol S P ATRHS AL SRR e ing

increggg i GHEsealbRpen dagd srdinthezeay of irradiation. 5 x 104 human cord
30blood-derived CD34-positive cells were transplanted to each mouse at

th | veip.on y after irradiation. Erom the day after .
e B R P e S b omies i
the boageppday forEpedorsElutos wihdnanehtbend hitedtlet edhbirstrapiontivasm cells.

co mfﬂ@%wﬁ@v%gam%@k@w&? dbégq%@ slays 5&@5@%‘1& J@&@&ﬁ@ﬁ%ﬁ(g@ antibody

1equsly.administered at O. m in the, morning, and .
o S Pl UG P BRLr SLh S 1ch LA B g hum
cord Ripaskddr teddiqmatopojetto vismatiis citric acid buffer containing 0.02%

Tween 80 was administered as a vehicle in the same way as the sc(Fv)2

Meth a%tibody of SEQ 41 ID NO: 73. Bone marrow cells were collected after

ee weeks transplantation. Bone marrow cells contained in the mouse
ferilice were wattuzed withithé Se(FRR-ahtibety MOBEQ ID-Prkde<scid>/].  After

systemic irradiation with 3.0 Gy of X-ray, an anti-asialo-GM]1 antibody was intraperitoneally

Resul

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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NO: 73 for 13 days using MegaCult-C (StemCell Technologies). The
number of human CFU-Meg colonies was determined by counting
CD41-positive colonies containing 50 8% more 5cells under a light
microscope. Results and Discussion It was shown that the number
of CFU-Meg colonies in the bone marrow of the group to which the
sc(Fv)2 antibody of SEQ ID NO: 73 was administered was statistically

ID NGigHhificahtiye oimureased than thitofthefve igke- %wﬁtﬁﬁﬁﬁﬁhﬁ%@% (Fi8one

f e TPO nist.on the
m?géﬂ%}%%ﬁﬁ%ﬁﬁ@%ﬁ%ﬁ%&%@% cell'l |{n§e%a1§es m‘%ﬁ ey of SEQ D

" marfow 8Pt SsRnd witieRirsin edraobess)derRsthumber of human
CFU‘ﬁé%c’ﬂ@pmetlw&dﬂmﬁmi%’fhﬁzﬁﬁﬁﬁ‘gflﬂ@@m@m&Mﬁ@ EBRHAH; é‘%@)oor more
cells RRRGSSIIBR %ggog%gndent effect of the sc(Fv)2 antibody of SEQ ID

73 on the engraftment number of different human blood cell lineages in
the bone marrow of mice transplanted with human cord blood-derived

ResultreandiOpmiesicon  stem cells. 20 Methods Mice used were
I 17- Prkdc<sc d>/.l. After systemic
o B B R i Waow o e eroup o

di h 3.
Whlcﬂﬁrﬁ%lat?%gﬁvétawmwé@ f3hd hrile e stayonisadittiomindgnificantly

increzsighthdaysantiétrieraetigtiondminkd dupnan, qeng bipod-derived _
CD34-positive cells were transplanted to each mouse at the caudal 25vein

the da after irradiation. The sc(Fv)2 antibody of SEQ ID NO: 73 was
(Exampis, i Diererd evare e st féﬁ%ﬁg@tmetqammmﬁmaygammnumber of

differémabiimtienh mocarelingitadbeifollawg: threr,dosaaes. (s4b \'adi[h uman cord
g/kg in't

agiminist = 9 for each. group). - High-dose group ( 25 m
blOOdmorrlelgt E%%%g? OtI tlocusrtlen er%/f}.ﬁ1 and 2 mg/kg in the evening, per day) 30-

Mebig H%‘é’élé [BSO05 VgichTtied mubtninsseantightshaishim@vadioct of the
sc(FvRnhfb drg/REO the e ingRBE Qﬁg'l)a‘fthf?:‘ﬂf ‘ﬂgﬁﬁ)&r 8?81@6%%{99(5%1 Blood cell

ht- t 2 g in the evening,
L R L Gl -

stem gspheral blood 35during the admlnlstratlon period is 50 ng/ml, 10 ng/ml,
or 2 ng/ml in the high-, medium-, or low-dose group, respectively. 42

Methods

Mice used were acclimatized six-week-old male NOD.CB1 7-Prkde<scid>/I. After
systemic irradiation with 3.0 Gy of X-ray, an anti-asialo-GM1 antibody was intraperitoneally
administered to the mice on the day of irradiation and eight days after irradiation. 5 x 10°
human cord blood-derived CD34-positive cells were transplanted to each mouse at the caudal
vein the day after irradiation. The se(Fv)2 antibody of SEQ ID NO: 73 was administered 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 morning, an eight-hour interval, and 2 mg/ke in the
evening, per day) .
- Medium-dose group (0.05 mg/kg in the morming, an eight-hour interval, and 0.2 mg/kg in the
evening, per day)
- Low-dose group (0.01 mg/kg in the morning, an eight-hour interval, and 0.02 meg/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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20 mmol/l sodium citrate/150 mM NacCl buffer (pH 6.5) containing 0.02%
Tween 80 was administered as a vehicle in the same way as the sc(Fv)2
antibody of SEQ ID NO: 73. Bone maridw cells were collected after two
weeks transplantation, and FACS analysis was performed. The absolute
number of human cells was determined using Flow-Count 5(Beckman).
Results and Discussion The number of human cells in the mouse

rigBDanshdeft Semurscnvasedete raNnath N oL AR ME I BREE B o 0.02% Tween 80
o the number 45-pasitive cel%

-DOSit Is,.but al f ,
o oSEREEANG AR o b R pme L
Bone mprsavnerfisvecee neliveied folerd wo inerdasminsaiosmoeparide0s maines was

perfortfig. 3)TRhinsslggesisthe possibiitdhatadministation ofhesaFR.,

(Beckﬁ’% pdy of SEQ ID NO: 73 could be directly involved in the™drug efficacy,
as well as that the efficacy could be controlled by varying the dose. The
mouse endogenous TPO concentration is about 1 ng/ml (reported value

ResulgnadiEhauss speasurement 15value). X-ray irradiation elevates the

cqq&gnt&aﬂ&n CL;)%_/ about fl\ﬁ to ten times according to in-house data on

mice. Similany’ PR, fy'k A TIRG fiffeesheentatiomied.  Not
only tetevardwirdra e mositiaklesid, Gfiabbut 8O pafibbtodltIng 1 $63:7@/Balls,

CD41 pyemithisdExample. 4 j ! r icasy.is.enhanced |
" dﬁfdosle-depehd n? n%\fl{r? %C %ﬂgdﬁggééﬁﬁgeéﬂ%(ggnﬁopﬁ Iotr]]fv_éé 5 were
oun ?B sl %fgj&ﬁtdeeﬁﬁ%\%%ﬁ s daE t%gat of EnaeRasstsUS TP ibYiRy that
adminfigtxaniphs; wéldegenbbddn diSTIIADONS! $eckan; BelReMINsHatian in the drug
flicaSirategyvasigest jntaio.t oY oncentration level of the
:néza%)%@ib%?%%%%mﬂé@% ?ﬁﬁé%éﬁ%ﬁ%‘%ﬁ?éﬁ?p?%%%mty b& mouse

1CO8FE e preSERTTAVEHAB SIbE S HEvEIsbited 16W ysramdoinptiie growerement
value)of Fematopoletivstgnvaelishagentsrionromptig.tte giwsh 8AdoLccording to
in-howdiferentiation.of -pOSitive & letic gells, agents far enhancing. ~ .
e o S S pigton
clevatys 8%3?%\%?4&%&1% ShorhSmstmbedrstdvery ed/mimafopoigsis Example, it
was coTfieragétitst didhieyprefntinveniion eomprsh Aeaanish T B dministering

the scdie\%@piﬁ‘mﬁea@‘ BY S%@M@%a%%%%&%%raﬁom higher than that of endogenous TPO.
In this Example, as described in the “Methods™ section, the administration strategy was

designed to maintain the minimum concentration level of the sc(Fv)2 antibody of SEQ ID NO:
73 1n blood.

Industrial Applicability

The present invention provides novel agents for promoting the growth of hematopoietic
stern cells, agents for promoting the growth and/or differentiation of CI¥34-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.
The agents of the present invention comprise an agonist for the TPO 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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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 siematopoietic cells, agents for
enhancing the engraftment of transplanted = CD34-positive
hematopoietic cells in the bone marrow, and agents for promoting the
recovery of 35hematopoiesis, are expected to be effective when
bloocagmninitered@lone (without using G-CSF and erythropoietin in

S G e o
promgiag favigen Byahlepresensiivetstivns i epusehil fgnips erooting: e gioldRntiation
of CIufhpnratopaietis:stam:relsi Limating g%%&%&ﬁﬁ&%@% 9%%@2%%%&%‘1}%‘2-posmve

hematoReaRosifive atopoietic cells, promoting the engraftmen o

tr n_sp.anteeos 23508 tRAE B Re M ROBBRRE A LS FPHEY0RIe maipRiE BT upon
hemaﬁ?@?ﬁﬁﬁh@%?@d&@glmmdﬁmmiwsgpammtwﬁﬁrﬁiﬁﬂﬂaﬁﬁlbod stem cell
transﬂf&ﬁtﬁﬂ@ﬂ@@&(‘@@?@o@ﬁ%ﬁ%}mgﬁ%ﬁnﬁﬁﬁ%%@%8 "alblopd stem ce I\I?\{bich

hemalrans langtation,lcfamd cord blgod transplantation), and can be used 10 trea
ji8eases 18 Wit Hrﬁ%%ﬂ%&}ﬁ%?@ﬁé @P@Fﬁceamr%ﬁ§§Paﬁpémcﬁw§eapmi@abiéukemia,
chronﬁgméy@mé@pﬁ:@mﬁ@,myeﬂ@idymmmi@milmimﬁpme|I§,id11&%@|§ﬁm@&eukemia, adult
T-celNRloyERIgRLE AL S CIEIMPOBlaRIGIsyeia, adult 10T-cel

mp

Ieu}:emia, a Iasgc r}gm‘la, and maligna oma, etc. In
particofArthad f’a@6 IR EdsvRY il anaprinttion bewonseg aroblem in
cord bpsidlerenimpotatiblod Transelastation. phaemgentsodthe-nresantiavestion
enharRkgrdaefi rtéﬁ‘é}?%z' nhang f aftment of transplante :
:n ematogo}etic S eérﬁrgells in %@oﬁeﬁiﬁgﬁoﬁ%ﬁsﬁ%gﬁgﬁnp%rrggfgénmow i
fmspg%&fé‘% SLBVAIGS MBS RN BCaP HrHE B Nt Bt hatnberard-mipbity of a c-mpl
agonigiSagunisbto theomdithéqnr alifiediftiearang shitarepialion Qfytes.

Megakaty ALY IRen usedFnleniy f’oggleﬁleus%gplgu%?é gtg&%qg{r@gg@tﬂ%{n. The

blhemat}?/ oietic stem cel tran'sp_antatlpn.%e problem-wi
Probigra it %V%Sgdé&’ﬁ% 1§ Aeltibpsipemtoinratrardsactinrontaly, 5RO acts not only
on mergﬁilgm}({?cthasM alsgeon @dﬂm&g B}t@'&gﬂ_:_ﬁig%sﬁ?@i@ %@%ﬁﬁé"@?ﬁ%rﬁ various
lineade8lls of. MRS YaLigysineages. Furthermor is reasonably expecte
ag;% yroduce synergistic %ﬁ%%stgni%% 0com t|en(§ %Hr\(?v%c%ﬁwwtgp goEdn

COmb BV ERCNE e ARgENTe L the PreseRbinvdikorzere afsbausefehironention are
also uthifvfevwpditd viddhotdse of an agonist for the TPO receptor (c-mpl) in the

production of an agent for promoting the growth of lymphoid cells and

myeloid cells. 5
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2. Use of an agonist for the TPO receptor (c-mpl) in the production of an
agent for promoting differentiation into lymphoid cells and myeloid cells.
3. Use of an agonist for the TPO receptor (c-mpl) in the production of an
agent for promoting the 10growth of lymphoid cells. 4. Use of an agonist
for the TPO receptor (c-mpl) in the production of an agent for promoting
differentiation into lymphoid cells. 45 ABSTRACT The present
inventors discovered that the administration of an agonistic minibody
(VB22B sc(Fv)2) against the TPO receptor resulted in not only the

induction of human 5 akaryocyte-specific differentiation.(increase in i
L ALt RRT o0 B 0 R R e R e BT B aen: ot promoting the
grovndméipoktid sein e mpkeidectiom human cord blood (CD34-positive

cells) and significant increase in multi-lineage hematopoietic precursor

cells, TPO and TPO r tor agonists can be used as agents for L
2. U SRS GRONTh o LSS EShRoH hTo AL G et doppromoting
diffgreonmtingtie lemptaftdnetis oht ansptadtedieells 10in the bone marrow,

which can be effective when administered alone (without using G-CSF

and erythropoietin in cgmbination) after hematopoietic stem cell )
3. UsaRSphaaaatioh fh Barkicth arcang (rosei iarEp Riodufdion pismagrblar promoting the
growitROf dndphisid velieptor agonists can be used as agents for promoting the

growth and/or differentiation of multilineage hematopoietic precursor cells

and agents torPromotin the recovery of multilineage hematopoiesis. 15 )
4. Use of an agonist Tor the TPD receptor (c-mipl) in the production of an agent for promoting

differentiation into lymphoid cells.
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ABSTRACT

The present inventors discovered that the administration of an agonistic minibody
(VB22B sc(Fv)2) against the TPO receptor resulted in not only the induction of human
megakaryocyte-specific differentiation (increase in platelet precursor cells), but also the
engrafiment of transplanted hematopoietic stem cells derived from human cord blood
(CD34-positive cells) and significant increase in multi-lineage hematopoietic precursor cells.
TPO and TPO receptor agonists can be used as agents for promoting the growth of
CD34-positive hematopoietic cells or agents for promoting the engraftment of transplanted cells
in the bone marrow, which can be effective when administered alone (without using G-CSF and
erythropoietin in combination) after hematopoietic stem cell transplantation (in particular, cord
blood transplantation). Furthermore, TPO and TPO receptor agonists can 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,



