
1  DESCRIPTION HEMATOPOIETIC STEM CELL PROLIFERATION
PROMOTER  5 Technical Field The present invention relates to agents for
promoting the growth 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 and/or
differentiation of  CD34-positive hematopoietic cells, agents for promoting
the engraftment of CD34-positive 10 hematopoietic cells transplanted 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-mpl) as an active
ingredient. Background Art 15 Thrombopoietin (TPO) is a cytokine that
promotes the growth and differentiation of  megakaryocytic lineage cells,
and is known as a megakaryocyte colony-stimulating factor and a  ligand
for c-mpl. Upon ligand binding, most cytokine receptors dimerize to
transduce signals  into cells. It has been reported that TPO binds to its
specific receptor, c-mpl, and allow the  receptor to dimerize, thereby
transducing signals into cells to exert the biological action (see 20
Non-Patent Document 1). It has been reported that among antibodies that
bind to receptors with such properties,  there are antibodies which exhibit
agonistic activity. For example, an antibody against the  erythropoietin
(EPO) receptor has been reported to mimic the function of erythropoietin.
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 I to 3). Such
antibodies  30 have been used to promote the growth of hematopoietic
stem cells. For example, an experiment that examines the growth of cord
blood cells after single  administration of TPO to NOD/SCID mice to which
human cord blood cells (CD34-positive  cells) are transplanted (see
Non-Patent Document 5) has been reported. According to this  report, the
frequencies of CD34 positive cells did not differ significantly with or
without TPO  35 treatment. Furthermore, there is a report on the
administration of a TPO receptor agonist, other 2  than TPO
(PEG-rHuMGDF), to cord blood transplantation model mice (see
Non-Patent  



Document 6). This document merely reports the enhancing effect on
platelet recovery, and not  at all the effect on the engraftment of
transplanted CD34-positive cells in the bone marrow. In addition, another
experiment has been reported, in which a c-mpl agonist was 5
administered to NOG mice (which are more immune-deficient than
NOD/SCID mice) two to six  months after human cord blood cell
transplantation (see Non-Patent Document 7). According  to this
document, CD34-positive cells were, however, not increased in the bone
marrow. Furthermore, another report describes that blood cell recovery
could be actually  accelerated by simultaneously administering three types
of agents, TPO, G-CSF, and EPO, to a  10 patient after human cord blood
transplantation. However, since the three types of agents were
administered to enhance trilineage hematopoiesis (middle of the right
column of p. 198), the  report does not suggest the effect of TPO alone on
the proliferation and differentiation of  CD34-positive cells (see Non-Patent
Document 8). Meanwhile, the mouse bone marrow transplantaion
efficiency was reported to be 15 increased by administering TPO to
TPO-knockout mice (see Non-Patent Document 9). This  document
suggests that TPO also acts on not only 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  20
activity. Prior art documents related to the present invention are shown
below:  [Patent Document 1] WO 2002/33072  [Patent Document 2]  25
WO 2005/056604 [Patent Document 3]  WO 2005/107784  [Non-Patent
Document I] 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] 35 Bijia Deng et al.,
Blood, Vol. 92, p. 1981-1988 (1998)  [Non-Patent Document 5] 3  



British Journal of Haematology, 122, 837-846 (2003)  [Non-Patent
Document 6] Japanese Journal of Transfusion Medicine, 46(3), 311-316
(2000)  [Non-Patent Document 7] 5 Blood, Vol. 107, p. 4300-4307 (2006)
[Non-Patent Document 8] Bone Marrow Transplantation, 29, 197-204
(2002)  [Non-Patent Document 9] The Journal of Clinical Investigation,
110(3), 389-394 (2002)  10 Disclosure of the Invention [Problems to be
Solved by the Invention] The present invention was achieved in. view of
the above circumstances. An objective  of the present invention is to
provide agents which comprise an agonist for the TPO receptor as  15 an
active ingredient for promoting the growth of hematopoietic stem cells.
Another objective of the present invention 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 20 agonist for the'IPO
receptor (c-mpl) 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  25 (VB22B sc(Fv)2) against the
TPO receptor induced human megakaryocyte-specific differentiation
(increase of megakaryocytic cells), as well as enhanced the engraftment
of  transplanted human cord blood-derived hematopoietic stem cells
(CD34-positive hematopoietic  cells) in the bone marrow, and induced
significant growth of multilineage blood precursor cells.  In view of the
above, the present inventors conceived that TPO and TPO receptor
agonists could 30 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 35 agents for promoting the growth and/or differentiation of
multilineage hematopoietic precursor  cells, and agents for promoting the
recovery of multilineage hematopoiesis. 4  



More specifically, the present invention provides [1] to [42] below: [1] an
agent for promoting the growth of hematopoietic stem cells, wherein the
agent comprises  an agonist for the TPO receptor (c-mpl) as an active
ingredient; [2] an agent for promoting the growth and/or differentiation of
CD34-positive hematopoietic  5 cells, wherein the agent comprises an
agonist for the TPO receptor (c-mpl) as an active  ingredient; [3] an agent
for enhancing the engraftment of transplanted CD34-positive
hematopoietic cells in  the bone marrow, wherein the agent comprises an
agonist for the TPO receptor (c-mpl) as an  active ingredient; 10 [4] an
agent for promoting the recovery of hematopoiesis, wherein the agent
comprises an  agonist for the TPO receptor (c-mpl) as an active
ingredient; [5] the agent of any one of [I] to [4], wherein the agent is used
for hematopoietic stem cell  transplantation; [6] the agent of any one of [1]
to [5], wherein the agent is used after hematopoietic stem cell  15
transplantation; [7] the agent of [5] or [6], wherein the hematopoietic stem
cell transplantation is selected from  bone marrow transplantation,
peripheral blood stem cell transplantation, and cord blood  transplantation;
[8] the agent of [7], wherein the cord blood transplantation is human cord
blood transplantation;  20 [9] the agent of [8], wherein the agent is
administered more than once; [10] an agent for promoting the growth of
lymphoid cells and/or myeloid cells, wherein the agent  comprises an
agonist for the TPO receptor (c-mpl) as an active ingredient; [11] an agent
for promoting differentiation into lymphoid cells and/or myeloid cells,
wherein the  agent comprises an agonist for the TPO receptor (c-mpl) as
an active ingredient; 25 [12] the agent of [5], wherein the hematopoietic
stem cell transplantation is performed for a  patient with impaired
hematopoietic function of the bone marrow; [13] the agent of [12], wherein
the patient has been treated with radiotherapy or chemotherapy;  [14] the
agent of [13], wherein the radiotherapy or chemotherapy is performed to
treat acute  myeloid leukemia (AML), acute lymphoblastic leukemia (ALL),
chronic myeloid leukemia 30 (CML), malignant lymphoma, adult T-cell
leukemia, myelodysplastic syndrome (MDS), aplastic  anemia (AA), or
other diseases to which hematopoietic stem cell transplantation is
applicable;  [15] a method for promoting the growth of hematopoietic stem
cells, wherein the method  comprises the step of administering an agonist
for the TPO receptor (c-mpl) to a subject; [16] a method for promoting the
growth and/or differentiation of CD34-positive hematopoietic  35 cells,
wherein the method comprises the step of administering an agonist for the
TPO receptor  (c-mpl) to a subject; 



5  [17] a method for enhancing the engraftment of transplanted
CD34-positive hematopoietic cells  in the bone marrow, wherein the
method comprises the step of administering an agonist for the  TPO
receptor (c-mpl) to a subject; [18] a method for promoting the recovery of
hematopoiesis, wherein the method comprises the  5 step of administering
an agonist for the TPO receptor (c-mpl) to a subject; [19] the method of
any one 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-mpl) 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 performed for a  patient with impaired hematopoietic
function of the bone marrow; [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 performed 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 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 hematopoictic stem
cells; [30] use of an agonist for the TPO receptor (c-mpl) in the production
of an agent for promoting  30 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; 35
[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 6  of CD34-positive hematopoietic cells, an agent for
enhancing the engraftment of transplanted  CD34-positive hematopoietic
cells in the bone marrow, or an agent for promoting the recovery of
hematopoiesis, wherein the agent is used for hematopoietic stem cell
transplantation; [34] use of an agonist for the TPO receptor (c-mpl) in the
production of an agent for promoting  5 the growth of hematopoietic stem
cells, an agent for promoting the growth and/or differentiation  of
CD34-positive hematopoietic cells, an agent for enhancing the
engraftment of transplanted  CD34-positive hematopoietic cells in the
bone marrow, or an agent for promoting the recovery of  hematopoiesis,
wherein the agent is administered after hematopoietic stem cell
transplantation;  [35] the use of [33] or [34], wherein the hematopoietic
stem cell transplantation is selected from 10 bone marrow transplantation,
peripheral blood stem cell transplantation, and cord blood  transplantation;
[36] the use of [35], wherein the cord blood transplantation is human cord
blood transplantation;  [37] the use of [36], wherein the administration is
carried out more than once; [38] use of an agonist for the TPO receptor
(c-mpl) in the production of an agent for promoting  15 the 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 function of the bone marrow; 20 [41]
the use of [40], wherein the patient has been treated with radiotherapy or
chemotherapy; and  [42] the use of [41], wherein the radiotherapy or
chemotherapy is performed to treat acute  myeloid leukemia (AML), acute
lymphoblastic leukemia (ALL), chronic myeloid leukemia  (CML),
malignant lymphoma, adult T-cell leukemia, myelodysplastic syndrome
(MDS), aplastic  anemia (AA), or other diseases to which hematopoietic
stem cell transplantation is applicable. 25 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. 30 Fig. 2
presents a diagram and a photograph showing the effect of sc(Fv)2
(hVB22  u2-wz4) on the number of CFU-Meg colonies. Mean values are
indicated by bars; SAS ver. 5.0  wilcoxon test. Fig. 3 presents diagrams
showing the dose-dependent effect of sc(Fv)2 (hVB22 u2-wz4)  on the
number of different human blood cell lineages (mean (thick bar) + SD; 



35 Jonckheere-Terpstra test). In the diagrams, MAB(H), MAB(M), and
MAB(L) indicate groups  of high dose, medium dose, and low dose of
hVB22sc(Fv)2, respectively. 7  Mode for Carrying Out the Invention The
present invention provides agents for promoting the growth of
hematopoietic stem  cells, agents for promoting the growth and/or
differentiation of CD34-positive hematopoietic 5 cells, agents for
enhancing the engrafinent of transplanted CD34-positive hematopoietic
cells in  the bone marrow, and agents for promoting the recovery of
hematopoiesis, wherein the agents  comprise an agonist for the TPO
receptor (c-mpl) agonist as an active ingredient. Hereinafter,  these agents
are sometimes collectively referred to as "agents of the present invention".
The present invention provides agents which comprise an agonist for the
TPO receptor  10 (c-mpl) as an active ingredient for promoting the growth
of hematopoietic stem cells. Herein,  "agonist" refers to a substance that
acts on a receptor, and exerts a function similar to that of a
neurotransmitter, hormone, or such. The agonists of the present invention
include, but are not  limited to, low-molecular-weight compounds and
antibodies. The antibodies of the present  invention include any type of
antibodies, including antibodies with altered amino acid sequences, 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  20 cells of the present
invention, as long as they have the characteristics described above;
however, the cells include CD34-positive hematopoietic cells. The
CD34-positive hematopoietic cells  are a heterogeneous cell population
containing CD34-positive hematopoietic stem cells and  CD34-positive
hematopoietic precursor cells. The CD34-positive hematopoietic cells
include,  for example, multipotent stem cells, lymphoid stem cells,
CFU-GEMM, CFU-GM, BFU-E, and 25 CFU-MEG Herein, "CD34-positive
hematopoietic precursor cells" refers to CD34-expressing  cells that are in
the process of differentiation into lymphoid cells (B cells, T cells, and
such) or  myeloid cells (neutrophils, monocytes, erythrocytes,
megakaryocytes, and such), but have yet  been directed to differentiate
into each lineage, or are at a stage where the direction of cell
differentiation cannot be identified morphologically. Whether or not cells
express CD34 can be 30 assessed by methods known to those skilled in
the art, for example, the method described in the  Journal of
Hematotherapy 5, 213-226, 1996 (Robert Sutherland et at. The ISHAGE
guidelines  for CD34 cell determination by Flow Cytometry). Herein,
"promotion of growth" means that the growth of hematopoietic stem cells
or  CD34-positive hematopoietic cells (CD34-positive hematopoietic stem
cells and CD34-positive  



35 hematopoietic precursor cells) is activated as compared to before
administration of the agents of the present invention. Whether or not the
growth of hematopoietic stem cells or CD34-positive 8  hematopoietic
cells (CD34-positive hematopoietic stem cells and CD34-positive
hematopoietic  precursor cells) is activated can be assessed by methods
conventionally performed by those  skilled in the art, for example, by
detecting a change in the growth rate of hematopoietic stem  cells or
CD34-positive hematopoietic cells (CD34-positive hematopoietic stem
cells and 5 CD34-positive hematopoietic precursor cells), a change in the
number (of colonies) of  hematopoietic stem cells or CD34-positive
hematopoietic cells (CD34-positive hematopoietic  stem cells and
CD34-positive hematopoietic precursor cells), a change in intracellular
signaling  involved in the growth of hematopoietic stem cells or
CD34-positive hematopoietic cells  (CD34-positive hematopoietic stem
cells and CD34-positive hematopoietic precursor cells), or  10 such.
Furthermore, the present invention provides agents which comprise an
agonist for the  TPO receptor (c-mpl) as an active ingredient for promoting
the growth and/or differentiation of  CD34-positive hematopoietic cells.
Herein, "differentiation of CD34-positive hematopoietic  cells" refers to a
process in which CD34-positive hematopoietic cells that could differentiate
into  15 any type of lymphoid cells or myeloid cells break from this state,
and are determined to 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  (CD34-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, 20 and NK cells, and myeloid cells such as
erythrocytes, leukocytes, platelets, neutrophils,  monocytes, and
eosinophils. Herein, "promotion of differentiation" means that the
differentiation is activated as  compared to before administration of the
agents of the present invention. Whether or not the  differentiation of
CD34-positive hematopoietic stem cells is activated can also be assessed
by 25 methods known to those skilled in the art, for example, by detecting
a change in the growth rate  of cells, a change in the number of cells, a
change in the intensity of intracellular signaling  involved in differentiation,
a differentiation marker, a change in cell morphology, or such.
Engraftment of transplanted hematopoietic stem cells in the bone marrow
is required in  hematopoietic stem cell transplantation. The present
invention provides agents which comprise  30 an agonist for the TPO
receptor (c-mpl) as an active ingredient for enhancing the engraftment of
transplanted CD34-positive hematopoietic cells in the bone marrow. The
engraftment of  transplanted CD34-positive hematopoietic cells
(CD34-positive hematopoietic stem cells and  CD34-positive
hematopoietic precursor cells) in the bone marrow can be promoted by  



administering the agents of the present invention. The presence or
absence, or the degree of 35 engraftment of transplanted CD34-positive
hematopoietic cells in the bone marrow (the  engraftment rate of
transplanted CD34-positive hematopoietic cells in the bone marrow) can
be 9  assessed, for example, by determining the absolute number of
human CD34-positive  hematopoietic cells in the bone marrow of
NOD/SCID mice to which human hematopoietic cells  are transplanted.
Human cells can be identified among the mouse bone marrow cells by
using a  fluorescent-labeled, human CD34-specific antibody for detection.
Specifically, the engraftment 5 rate of transplanted CD34-positive
hematopoietic cells in the bone marrow can be determined by  the
following procedures. First, NOD.CB17-Prkdc<scid>/J mice, to which
human cord  blood-derived CD34-positive cells have been transplanted,
are euthanized three weeks after  transplantation. The right and left
femurs are collected, and then their epiphyseal portions are  removed by
scissors. Bone marrow cells are flushed out using a 26G-needle syringe
and 10 collected. After washing with IMDM containing 2% FBS, 5 ml of
erythrocyte lysis solution is  added, and the mixture is allowed to stand for
five minutes. The mixture is centrifuged and  supernatant is removed.
Then, the precipitate is suspended in 2 ml of IMDM containing 2%  FBS.
The suspension is filtered through a 70-m membrane to prepare a bone
marrow cell  suspension (2 ml/two femurs for each mouse). The cell
suspension is aliquoted into 100-1 15 samples, and the cells are stained
for 15 minutes with a fluorescent-labeled, human  CD34-specific antibody
and PI (final concentration: 2 g/ml). After washing, 50 p1 of  Flow-Count
fluorescent particles are added, and the engraftment number of human
CD34-positive cells is determined using the EPICS XL cell analyzer. The
determination may  be performed, for example, according to Application
Note 5: "Determination of the absolute 20 number 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 variety 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/l) x 1/2
(Flow-Count amount added  25 (50)/sample amount added (100)) x 2000
(2 ml/two femurs/mouse) (Barnett D, Granger V, Whitby L, Storie I, Reilly
JT. Absolute CD4+ T-lymphocyte and CD34+  stem cell counts by
single-platform flow cytometry: the way forward. Br. J. Haematol.,  Sep;
106(4) :1059-62 (1999)) Furthermore, the engraftment rate of transplanted
CD34-positive hematopoietic cells in  30 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 hematopoietis. It 35 generally takes one to three weeks after
transplantation for hematopoietic stem cells to engraft  and leukocytes to
recover. Since there are very few leukocytes in the blood during this
period, 10  the problem is susceptibility to infection by bacteria or fungi,
such as pneumonia. Furthermore,  it generally takes two to ten weeks
after transplantation for hematopoietic stem cells to engraft  and platelets
to recover. Since there are very few platelets in the blood during this
period, the  problem is susceptibility to bleeding. Problems regarding the
delay of hematopoiesis after 5 transplantation such as these can be
solved by using the present invention's agents for promoting  the recovery
of hematopoiesis. Herein, "promotion of the recovery of hematopoiesis"
means  that hematopoiesis in the bone marrow is activated as compared
to before administration of the  agents of the present invention. Whether
or not hematopoiesis in the bone marrow is activated  can be assessed by
monitoring the hematocyte recovery in peripheral blood. 10 Furthermore,
the present invention also provides agents which comprise an agonist for
the TPO receptor (c-mpl) as an active ingredient for promoting growth of
lymphoid cells and/or  myeloid cells. The present inventors discovered
that as a result of the increased engraftment  of transplanted
CD34-positive hematopoietic cells in the bone marrow by an agonist for
the TPO  receptor (c-mpl), the cells of both lymphocytic and myelocytic
lineages increased (see the 15 Examples). The agents of the present
invention for promoting the growth of lymphoid cells  and/or myeloid cells
are based on the above findings. The lymphoid cells of the present
invention include, but are not limited to, T cells, B cells, and NK cells. On
the other hand, the  myeloid cells include, but are not limited to,
erythrocytes, leukocytes, platelets, neutrophils,  monocytes, and
eosinophils. 20 The 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. Herein, the cells which 25 CD34-positive
hematopoietic cells (CD34-positive hematopoietic stem cells and
CD34-positive  hematopoietic precursor cells) differentiate into include
lymphoid cells such as T cells, B cells,  and NK cells, and myeloid cells
such as erythrocytes, leukocytes, platelets, neutrophils,  monocytes, and
eosinophils. The agents of the present invention are useful in promoting
the growth of hematopoietic  30 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-cell leukemia, aplastic anemia, 35
malignant lymphoma, and other diseases to which hematopoietic stem cell
transplantation is  applicable. 11  The hematopoietic stem cell
transplantation of the present invention includes bone marrow
transplantation, peripheral blood stem cell transplantation, and cord blood
transplantation. When transplantation is performed to treat leukemia or
such, in general,  peripheral blood stem cell transplantation and cord
blood transplantation are widely carried out  5 in addition to bone marrow
transplantation. c-mpI is a TPO receptor. The gene sequence of human
c-mpl has been analyzed  (Palacios et al., Cell Vol. 41, p. 727-734 (1985);
Genbank: NM 005373). Furthermore, the  sequences of cynomolgus
monkey c-mpl (nucleotide/SEQ ID NO: 52; amino acid/SEQ ID NO:  53)
and mouse c-mpl (GenBank #NM_010823) are also known. The amino
acid sequence of  10 human c-mpl is shown in SEQ ID NO: 51.
Furthermore, c-mpl of the present invention includes c-mpl receptor
mutants with an  amino acid substitution, deletion, addition, or such, in
c-mpl described above. Specifically, the  c-mpl mutants include, for
example, the c-mpl mutants described in Matthias Ballmaier et at,
BLOOD, Vol. 97, No. 1, p. 139 (2001). 15 In the present invention, there is
no limitation on the agonist for c-mpl, as long as it has  the activity to
promote the growth of hematopoietic stem cells or the growth and/or
differentiation of CD34-positive hematopoietic cells, to enhance the
engraftment of transplanted  CD34-positive hematopoietic cells in the
bone marrow, or to promote the recovery of  hematopoiesis. Whether or
not a candidate compound has such activity can be confirmed by  20
methods 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 differentiation of CD34-positive hematopoietic  cells, to
enhance the engraftment of transplanted CD34-positive hematopoietic
cells in the bone  marrow, or to promote the recovery of hematopoiesis.
Determination of the agonistic activity 25 can be performed by methods
known to those skilled in the art. The agonistic activity may be  determined
using not only the activity of the agonist itself, but also a different activity
as an  indicator. For example, the agonistic activity can be determined
using cell growth as an indicator.  More specifically, an antibody whose
agonistic activity is to be assessed is added to cells that  30 proliferate in
an agonist-dependent manner, and the cells are cultured. Subsequently,
the 



agonistic activity can be determined by counting the cells using a
hemocytometer, or measuring  the cell number using a flow cytometer.
Alternatively, the agonistic activity can be determined  by the following
method or such. A reagent such as the tetrazolium salt WST-8 (Dojindo
Laboratories), which shows a coloring reaction at a specific wavelength
according to the number 35 of viable cells, is added to cells, and the
resulting absorbance is used as an indicator. Cells that proliferate in an
agonist-dependent manner can be prepared by methods 12  known to
those skilled in the art. For example, when a receptor transduces cell
growth signals,  cells expressing the receptor may be used. Alternatively,
when a receptor does not transduce  cell growth signals, a chimeric
receptor consisting of the intracellular domain of a receptor  capable of
transducing cell growth signals and the extracellular domain of a receptor
incapable 5 of transducing cell growth signals is prepared, and the
chimeric receptor may be expressed in  cells. Receptors that transduce
cell growth signals include, for example, the G-CSF receptors,  mpl, neu,
GM-CSF receptors, EPO receptors, c-kit, FLT-3. Cells for expressing the
receptor  include, for example, BaF3, NFS60, FDCP-1, FDCP-2, CTLL-2,
DA-1, KT-3. Any detection indicator can be used for determining the
agonistic activity, as long as the  10 indicator allows monitoring of
quantitative and/or qualitative changes. For example, it is  possible to use
cell-free assay indicators, cell-based assay indicators, tissue-based assay
indicators, and in vivo assay indicators. Enzymatic reactions, or
quantitative and/or qualitative  changes in proteins, DNAs, or RNAs can
be used as indicators in cell-free assays. Such  enzymatic reactions
include, for example, amino acid transfer reactions, sugar transfer
reactions, 15 dehydration reactions, dehydrogenation reactions, and
substrate cleavage reactions.  Alternatively, phosphorylation,
dephosphorylation, dimerization, multimerization, degradation,  and
dissociations of proteins, and such; and amplification, cleavage, and
extension of DNAs and  RNAs can be used. For example, phosphorylation
of a protein placed downstream of a  signaling pathway may be used as a
detection indicator. Changes in cell phenotype, for 20 example,
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 used 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 number,
change in cell flatness, change in the 25 degree of cell
elongation/horizontal to vertical ratio, change in cell size, change in
intracellular  structures, heterogeneity/homogeneity of cell populations,
and change in cell density. Such  morphological changes can be
confirmed by observation under a microscope. Cellular  properties that
can be used as indicators include anchorage dependency,
cytokine-dependent  responses, hormone dependency, drug resistance,
cell motility, cell migration activity, pulsatility, 



30 and changes in intracellular substances. Cell motility includes cell
infiltration activity and cell  migration activity. Changes in intracellular
substances include, for example, change in enzyme  activity, mRNA
levels, levels of intracellular signaling molecules such as Ca2+ and cAMP,
and  intracellular protein levels. When a cell-membrane receptor is used,
changes in the cell  proliferation activity induced by stimulation of the
receptor can be used as an indicator. 35 Functional change of the tissue
to be used can be detected as an indicator in tissue-based assays.
Changes in tissue weight; changes in the blood system, for example,
changes in blood cell 13  number, protein levels, enzyme activity, or
electrolyte levels; and changes in the circulating  system, for example,
changes in blood pressure or heart rate, and such, can be used as in vivo
assay indicators. There is no particular limitation on the methods for
measuring such detection indicators.  5 For example, it is possible to use
absorbance, luminescence, color development, fluorescence,
radioactivity, fluorescence polarization, surface plasmon resonance signal,
time-resolved  fluorescence, mass, absorption spectrum, light scattering,
and fluorescence resonance energy  transfer, etc. These measurement
methods are well-known to those skilled in the art, and may  be
appropriately selected according to the purpose. For example, absorption
spectra can be 10 obtained by using a conventional photometer, plate
reader, or such. Luminescence can be  measured with a luminometer or
such, and fluorescence can be measured with a fluorometer or  such.
Mass can be determined with a mass spectrometer. Radioactivity can be
determined  with a device such as a gamma counter according to the type
of radiation. Fluorescence  polarization can be measured with BEACON
(TaKaRa Shuzo), etc. Surface plasmon resonance 15 signals can be
measured with BlAcore, etc. Time-resolved fluorescence, fluorescence
resonance energy transfer, or such, can be measured with ARVO, etc.
Alternatively, such  measurements can be performed using a flow
cytometer. It is possible to use one of the above  methods to measure two
or more detection indicators. If convenient, a number of detection
indicators may also be measured by using two or more of the above
methods simultaneously 20 and/or consecutively. For example,
fluorescence and fluorescence resonance energy transfer  can be
measured at the same time using a fluorometer. The agonists of the
present invention may be natural or artificial compounds. The  agonists
used in the present invention may be known compounds. Alternatively, it
is possible  to use novel compounds that have been assessed to have the
agonistic activity by the methods  25 described above. In a preferred
embodiment, the antibodies of the present invention comprise, for
example, minibodies. The minibodies comprise antibody fragments
lacking portions of the  whole antibody (for example, whole IgG). The
minibodies are not particularly limited as long  



as they have binding activity to their antigens. The minibodies of the
present invention have 30 significantly higher activities compared to their
corresponding whole antibodies. 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 35 also lack portions
of VH or/and VL, as long as it has binding ability to its antigen. In addition,
the variable regions may be chimerized or humanized. Such antibody
fragments include, for 14  example, Fab, Fab', F(ab')2, and Fv. An
example of a minibody includes Fab, Fab', F(ab')2, Fv,  scFv (single-chain
Fv), diabody, and sc(Fv)2 (single-chain (Fv)2). Herein, an "Fv" fragment is
the smallest antibody fragment and contains a complete  antigen
recognition site and a binding site. The "Fv" fragment is a dimer (VH-VL
dimer) in  5 which a single VH and a single VL are strongly linked by a
non-covalent bond. The three complementarity-determining regions
(CDRs) of each of the variable regions interact with each  other to form an
antigen-binding site on the surface of the VH-VL dimer. Six CDRs confer
the  antigen-binding site of an antibody. However, a single variable region
(or a half of Fv  containing only three CDRs specific to an antigen) alone is
also capable of recognizing and 10 binding an antigen although its affinity
is lower than the affinity of the entire binding site. seFv contains the VH
and VL regions of an antibody, and these regions exist on a single
polypeptide chain. Generally, an Fv polypeptide further contains a
polypeptide linker between  VH and VL, and therefore an scFv can form a
structure required for antigen binding. See,  Pluckthun "The Pharmacology
of Monoclonal Antibodies" Vol. 113 (Rosenburg and Moore eds. 15
(Springer Verlag, New York, pp.269-315, 1994) for the review of scFv. In
the present invention,  linkers are not especially limited as long as they do
not inhibit expression of antibody variable  regions linked at both ends of
the linkers. The term "diabody" refers to a bivalent antibody fragment
constructed by gene fusion  (Holliger Pet al., 1993, Proc. Natl. Acad. Sci.
USA 90: 6444-6448; EP 404,097; WO 93/11161  20 and others).
Diabodies are dimers comprising two polypeptide chains, where each
polypeptide chain comprises a VL and a VH connected with a linker short
enough to prevent interaction of  these two domains, for example, a linker
of about five residues. The VL and VII 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, 25 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
se(Fv)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 30 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. 35 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. 15  [VL]-linker-[VH]-linker-[VH]-linker-[VL]
[VH]-linker-[VL]-linker-[VL]-linker-[VH]  [VH] -linker- [VH]-linker- [VL]
-linker- [VL]  [ V L]-linker- [V L]-linker-[VH]-linker-[VH] 5
[VL]-linker-[VH]-linker-[VL]-linker-[VH] The linkers to be used for linking
the variable regions of an antibody comprise arbitrary  peptide linkers that
can be introduced by genetic engineering, synthetic linkers, and linkers
disclosed in, for example, Holliger, P. et al., Protein Engineering, 9(3),
299-305, 1996. Peptide  linkers are preferred in the present invention.
There are no limitations as to the length of the 10 peptide linkers. The
length can be selected accordingly by those skilled in the art depending
on  the purpose, and is typically 1-100 amino acids, preferably 3-50 amino
acids, more preferably  5-30 amino acids, and even more preferably 12-18
amino acids (for example, 15 amino acids).  For example, such peptide
linkers include: Ser  15 GlySer  GlyGlySer  SerGlyGly  GlyGlyGlySer
(SEQ ID NO: 77)  SerGlyGlyGly (SEQ ID NO: 78) 20 GlyGlyGlyGlySer
(SEQ ID NO: 79)  SerGlyGlyGlyGly (SEQ ID NO: 80)
GlyGlyGlyGlyGlySer (SEQ ID NO: 81)  SerGlyGlyG1yGlyGly (SEQ ID NO:
82)  GlyGlyG1yGlyGlyGlySer(SEQ ID NO: 83) 25 SerGlyGlyGlyGlyGlyGly
(SEQ ID NO: 84)  (GlyGlyGlyGlySer (SEQ ID NO: 79))n  



(SerGlyGlyGlyGly (SEQ ID NO: 80))" where n is an integer of I or larger.
The lengths and sequences of peptide linkers can he  selected
accordingly by those skilled in the art depending on the purpose. 30 In an
embodiment of the present invention, a particularly preferable sc(Fv)2
includes,  for example, the sc(Fv)2 below. [VH]-peptide linker (15 amino
acids)-[VL]-peptide linker (15 amino acids)-[VH]-peptide linker  (15 amino
acids)-[VL] Synthetic linkers (chemical crosslinking agents) include
crosslinking agents routinely  35 used to crosslink peptides, for example,
N-hydroxy succinimide (NHS), disuccinimidyl suberate  (DSS),
bis(succinimidyl) suberate (BS3), dithiobis(succinimidyl propionate) (DSP),
16  dithiobis(succinimidyl propionate) (DTSSP), ethylene glycol
bis(succinimidyl succinate) (EGS),  ethylene glycol bis(sulfosuccinimidyl
succinate) (sulfo-EGS), disuccinimidyl tartrate (DST),  disulfosuceinimidyl
tartrate (sulfo-DST), bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone
(BSOCOES), and bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone
(sulfo-BSOCOES). These  5 crosslinking agents are commercially
available. In general, three linkers are required to link four antibody
variable regions together.  The linkers to be used maybe of the same type
or different types. In the present invention, a  preferable minibody is a
diabody, even more preferably, an sc(Fv)2. Such a minibody can be
prepared by treating an antibody with an enzyme, for example, papain or
pepsin, to generate 10 antibody fragments, or by constructing DNAs
encoding those antibody fragments and  introducing them into expression
vectors, followed by expression in an appropriate host cell (see,  for
example, Co, M. S. et all, 1994, J. Inununol. 152, 2968-2976; Better, M.
and Horwitz, A. H.,  1989, Methods Enzymol. 178, 476-496; Pluckthun, A.
and Skerra, A., 1989, Methods Enzymol.  178, 497-515; Lamoyi, E., 1986,
Methods Enzymol. 121, 652-663; Rousseaux, J. et al., 1986, 15 Methods
Enzymol. 121, 663-669; Bird, R. E. and Walker, B. W., 1991, Trends
Biotechnol. 9,  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 hematopoietic stem  cells, agents for
promoting the growth and/or differentiation of CD34-positive
hematopoietic 20 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 a preferred embodiment, the c-mpl-recognizing
antibodies comprised in the agents of  the present invention include
modified antibodies such as chimeric antibodies, humanized 25
antibodies. Humanized antibodies are particularly preferred. 



Chimeric antibodies are antibodies prepared by combining sequences
derived from  different animal species, and include for example, antibodies
comprising the heavy chain and  light chain variable regions of a routine
antibody, and the heavy chain and light chain constant  regions of a
human antibody. Chimeric antibodies can be prepared by known methods.
For 30 example, a DNA encoding the V region of an antibody is linked to a
DNA encoding the C region  of a human antibody, and the construct is
inserted into an expression vector and introduced into a  host to produce
chimeric antibodies. Humanized antibodies are also referred to as
"reshaped human antibodies". Such a  humanized antibody is obtained by
transferring the complementarity-determining region (CDR)  35 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 17  procedure for this is also known (see European
Patent Application No. 125023 and WO  96/02576). Specifically, a DNA
sequence designed to link a murine antibody CDR to the  framework
region (FR) of a human antibody can be synthesized by PCR, using
primers prepared  5 from several oligonucleotides containing overlapping
portions of both CDR and FR terminal regions (see methods described in
WO 98/13388). The human antibody framework region. to be linked by
CDR is selected in order to form  a favorable antigen-binding site in the
complementarity-determining region. Amino acids of  the framework
region in the antibody variable region may be substituted, as necessary,
for the 10 complementarity-determining region of the reshaped human
antibody to form a suitable  antigen-binding site (Sato, K. et al., 1993,
Cancer Res. 53, 851-856). The constant region of a human antibody is
used as the constant region of a chimeric  antibody or humanized
antibody. For example, Cyl, Cy2, Cy3, and C74 can be used as the H
chain, and Cx and C), can be used as the L chain. The human antibody
constant region may be  15 modified to improve the antibody or the
stability of the antibody production. Generally, chimeric antibodies
comprise the variable region of an antibody from a  non-human 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 derived from a 20 human antibody. In addition,
after a chimeric antibody or a humanized antibody is prepared, amino
acids  in the variable region (for example, FR) and the constant region
may be replaced with other  amino acids, and such. The origin of the
variable regions in chimeric antibodies or that of the  CDRs in humanized
antibodies is not particularly limited, and may be derived from any type of 



25 animal. For example, sequences of murine antibodies, rat antibodies,
rabbit antibodies, camel  antibodies may be used. Humanized antibodies
that recognize e-mpl include, for example, humanized antibodies
indicated in (9) to (19) below. Chimeric antibodies and humanized
antibodies have lower antigenicity in the human  30 body, and are thus
particularly useful when administered to human. The antibodies are
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 35 transplantation. In one embodiment, the preferred
c-mpl-recognizing antibodies that are comprised in 18  the agents of the
present invention include antibodies that bind to soluble c-mpl. The term
"soluble c-mpl" herein refers to c-mpl molecules excluding those
expressed on the cell  membrane. A specific example of a soluble c-mpl is
a c-mpl lacking the entire or a portion of  the transmembrane domain. The
transmembrane domain of human c-mpl corresponds to amino  5 acids
492-513 in SEQ ID NO: 51. An antibody that binds to soluble recombinant
c-mpl can be used in detailed epitope  analysis and kinetic analysis of
receptor-ligand binding, as well as for assessing the blood  concentration
and dynamic behavior of the antibody in in vivo tests. In one embodiment,
the preferred antibodies recognizing c-mpl that are comprised in the  10
agents of the present invention include antibodies having binding activity
or agonistic activity for  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 of  the
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 15 animals other than humans and
monkeys (for example, mice). In another embodiment, the preferred
c-mpl-recognizing antibodies comprised in the  agents of the present
invention include antibodies with TPO agonistic activity (agonistic activity
for c-mpl) of EC50 = 100 nM or lower, preferably EC50 = 30 nM or lower,
more preferably  EC50 = 10 nM or lower. 20 In another embodiment, the
preferred c-mpl-recognizing antibodies comprised in the  agents of the
present invention include antibodies whose binding activity to soluble
c-mpl is KD  = 10-6 M or lower, preferably KD = 10-7 M or lower, and
more preferably KD = 10-8 M or lower. In the present invention, whether
the binding activity of an antibody to soluble  



recombinant c-mpl is KD = 10-6 M or lower can be determined by
methods known to those 25 skilled in the art. For example, the activity can
be determined using surface plasmon resonance  with BlAcore.
Specifically, soluble c-mpl-Fc protein is immobilized onto sensor chips,
and  reaction rate constant can be determined by assessing the
interaction between the antibody and  the soluble e-mpl-Fe protein. The
binding activity can be evaluated by ELISA (enzyme-linked
immunosorbent assays), EIA (enzyme immunoassays), RIA (radio
immunoassays), or 30 fluorescent antibody techniques. For example, in
enzyme immunoassays, a sample containing a  test antibody, such as
purified antibody or culture supernatant of cells producing the test
antibody,  is added to a plate coated with an antigen to which the test
antibody can bind. After incubating  the plate with a secondary antibody
labeled with an enzyme such as alkaline phosphatase, the  plate is
washed and an enzyme substrate such as p-nitrophenyl phosphate is
added. The 35 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, 19  the upper limit may be set
within a technically feasible range by those skilled in the art.  However, the
technically feasible range may expand with the advancement of
technology. In an embodiment, the preferred antibodies recognizing c-mpl
that are comprised in the  agents of the present invention include any one
of the antibodies indicated in (1) to (19) below.  5 The antibody of any one
of (1) to (19) is preferably a minibody. (1) an antibody comprising a VH
that has CDRl, 2, and 3 comprising the amino acid sequences  of SEQ ID
NOs: 1, 2, and 3 (VB22B: VH CDRI, 2, and 3), respectively. (2) an
antibody comprising a VL that has CDRI, 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 antibody comprising a VH that has CDR1, 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
(VB22B: VL  CDRI, 2, and 3), respectively. (4) an antibody comprising a
VH that comprises the amino acid sequence of SEQ ID NO: 8  15 (VB22B:
VH). (5) an antibody comprising a VL that comprises the amino acid
sequence of SEQ ID NO: 10  (VB22B: VL). (6) an antibody comprising a
VH that comprises the amino acid sequence of SEQ ID NO: 8  (VB22B:
VH) and a VL that comprises the amino acid sequence of SEQ ID NO: 10
(VB22B:  20 VL). (7) an antibody having the amino acid sequence of SEQ
ID NO: 12 (VB22B: scFv).  (8) an antibody having the amino acid
sequence of SEQ ID NO: 14 (VB22B: sc(Fv)2). 



(9) a humanized antibody comprising a VH that has FRI, 2, 3, and 4
comprising the amino acid  sequences of any one of (a) to (e) below: 25
(a) SEQ ID NOs: 15, 16, 17, and 18 (hVB22B p-z: VH FRI, 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 FRI, 2, 3, and 4), respectively;  (e) SEQ ID NOs: 54,
55, 58, and 57 (hVB22B q-wz5: VH FRI, 2, 3, and 4), respectively. 30 (10)
a humanized antibody comprising a VL that has FRI, 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 FRI, 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 4),  respectively; 35 (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 (hVB22B q-wz5: VL FR1, 2, 3, and 4),
respectively. 20  (11) a humanized antibody comprising a VL and a VH
described in any one of (a) to (e) below:  (a) a VH that has FRI, 2, 3, and 4
comprising the amino acid sequences of SEQ ID NOs: 15, 16,  17, and
18, respectively, and a VL that has FRI, 2, 3, and 4 comprising the amino
acid sequences  of SEQ ID NOs: 27, 28, 29, and 30, respectively; 5 (b) a
VH that has FRI, 2, 3, and 4 comprising the amino acid sequences of SEQ
ID NOs: 19, 20,  21, and 22, respectively, and a VL that has FRI, 2, 3, and
4 comprising the amino acid sequences  of SEQ ID NOs: 31, 32, 33, and
34, respectively; (c) a VH that has FRI, 2, 3, and 4 comprising the amino
acid sequences of SEQ ID NOs: 23, 24,  25, and 26, respectively; and a
VI, that has FRI, 2, 3, and 4 comprising the amino acid sequences  10 of
SEQ ID NOs: 31, 32, 33, and 34, respectively; (d) a VII that has FRI, 2, 3,
and 4 comprising the amino acid sequences of SEQ ID NOs: 54, 55,  56,
and 57, respectively, and a VL that has FRI, 2, 3, and 4 comprising the
amino acid sequences  of SEQ ID NOs: 59, 60, 61, and 62, respectively;
(e) a VH that has FRI, 2, 3, and 4 comprising the amino acid sequences of
SEQ ID NOs: 54, 55,  15 58, and 57, respectively, and a VL that has FRI,
2, 3, and 4 comprising the amino acid sequences  of SEQ ID NOs: 59, 63,
64, and 62, respectively. (12) a humanized antibody comprising a VH that
has CDR1, 2, and 3 comprising the amino acid  sequences of SEQ ID
NOs: 1, 2, and 3, respectively. (13) a humanized antibody comprising a
VL that has CDR1, 2, and 3 comprising the amino acid  20 sequences of
SEQ ID NOs: 4, 5, and 6, respectively. (14) a humanized antibody
comprising a VF( that has CDR1, 2, and 3 comprising the amino acid  



sequences of SEQ ID NO: 1, 2, and 3, respectively, and a VL that has
CDR1, 2, and 3  comprising the amino acid sequences of SEQ ID NO: 4,
5, and 6, respectively. (15) a humanized antibody comprising a VH that
comprises the amino acid sequence of SEQ ID  25 NO: 36 (hVB22B p-z:
VH), SEQ ID NO: 38 (hVB22B g-e: VH), SEQ ID NO: 40 (hVB22B e:  VH),
SEQ ID NO: 65 (hVB22B u2-wz4: VH), or SEQ ID NO: 66 (hVB22B
q-wz5: VH). (16) a humanized antibody comprising a VH that comprises
the amino acid sequence of SEQ ID  NO: 42 (hVB22B p-z: VL), SEQ ID
NO: 44 (hVB22B g-e: VL or hVB22B e: VL), SEQ ID NO:  67 (hVB22B
u2-wz4: VL), or SEQ ID NO: 68 (hVB22B q-wz5: VH). 30 (17) a
humanized antibody comprising a VH and a VL described in any one of
(a) to (e) below:  (a) a VH that comprises the amino acid sequence of
SEQ ID NO: 36 (hVB22B p-z: VH), and a  VL that comprises the amino
acid sequence of SEQ ID NO: 42 (hVB22B p-z: VL); (b) a VH that
comprises the amino acid sequence of SEQ ID NO: 38 (hVB22B g-e: VH),
and a  VL that comprises the amino acid sequence of SEQ ID NO: 44
(hVB22B g-e: VL or hVB22B e:  35 VL); (c) a VH that comprises the amino
acid sequence of SEQ ID NO: 40 (hVB22B e: VH), and a VL 21  that
comprises the amino acid sequence of SEQ ID NO: 44 (hVB22B g-e: VL
or hVB22B e:VL);  (d) a VH that comprises the amino acid sequence of
SEQ ID NO: 65 (hVB22B u2-wz4: VH),  and a VL that comprises the
amino acid sequence of SEQ ID NO: 67 (hVB22B u2-wz4: VL); (e) a VH
that comprises the amino acid sequence of SEQ ID NO: 66 (hVB22B
q-wz5: VH), and  5 a VL that comprises the amino acid sequence of SEQ
ID NO: 68 (hVB22B q-wz5:VL). In 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-wz4: VH), or SEQ
ID  NO: 66 (hVB22B q-wz5: VH), the region of amino acids 31 to 35
corresponds to CDR1;  10 the region of amino acids 50 to 66corresponds
to CDR2;  the region of amino acids 99 to 107 corresponds to CDR3;  the
region of amino acids I to 30 corresponds to FR1; the region of amino
acids 36 to 49 corresponds to FR2; the region of amino acids 67 to 98
corresponds to FR3; and  15 the region 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 (hVB22B u2-wz4: VL), or SEQ ID NO: 68  (hVB22B
q-wz5: VH), the region of amino acids 24 to 39 corresponds to CDR1;  20
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 FRI; the region of amino acids 40 to
54 corresponds to FR2; the region of amino acids 62 to 93 corresponds to
FR3; and  25 the region of amino acids 103 to 112 corresponds to FR4.
Herein, the correspondence between CDR and FR in the hVB22B p-z VH
sequence and  sequence ID numbers is as follows: hVB22B p-z VH:
FRl/SEQ ID NO: 15  hVB22B p-z VH: CDR1/SEQ ID NO: 1  30 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. 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: FRI/SEQ ID
NO: 27 hVB22B p-z VL: CDRI/SEQ ID NO: 4  hVB22B p-z VL: FR2/SEQ
ID NO: 28  hVB22B p-z VL: CDR2/SEQ ID NO: 5 5 hVB22B p-z VL:
FR3/SEQ ID NO: 29  hVB22B p-z VL: CDR3/SEQ ID NO: 6  hVB22B p-z
VL: FR4/SEQ ID NO: 30. Herein, the correspondence between CDR and
FR in the hVB22B g-e VH sequence and  sequence ID numbers is as
follows: 10 hVB22B g-e VH: FRl/SEQ ID NO: 19  hVB22B g-e VH:
CDRl/SEQ ID NO: 1  hVB22B g-e VH: FR2/SEQ ID NO: 20  hVB22B g-e
VH: CDR2/SEQ ID NO: 2  hVB22B g-e VH: FR3/SEQ ID NO: 21 15
hVB22B g-e VH: CDR3/SEQ ID NO: 3  hVB22B g-e VII: FR4/SEQ ID NO:
22. Herein, the correspondence between CDR and FR in the hVB22B g-e
VL sequence and sequence  ID numbers is as follows: hVB22B g-e VL:
FRl/SEQ ID NO: 31  



20 hVB22B g-e VL: CDRI/SEQ ID NO: 4  hVB22B g-e 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 25 hVB22B g-e VL:
FR4/SEQ ID NO: 34. Herein, the correspondence between CDR and FR
in the hVB22B e VH sequence and sequence  ID numbers is as follows:
hVB22B e VH: FRI/SEQ ID NO: 23  hVB22B e VH: CDRl/SEQ ID NO: 1
30 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. 35 Herein, the correspondence
between CDR and FR in the hVB22B e VL sequence and sequence  ID
numbers is as follows: 23  hVB22B e VL: FRI/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  hVB22B 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  hVB22B u2-wz4 VH: CDR1/SEQ ID NO: 1
hVB22B u2-wz4 VH: FR2/SEQ ID NO: 55  hVB22B u2-wz4 VH:
CDR2/SEQ ID NO: 2  hVB22B u2-wz4 VH: FR3/SEQ ID NO: 56 15
hVB22B u2-wz4 VH: CDR3/SEQ ID NO: 3  hVB22B u2-wz4 VH: FR4/SEQ
ID 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: FRl/SEQ ID NO: 59  20 hVB22B u2-wz4 VL:
CDR1/SEQ ID NO: 4  hVB22B u2-wz4 VL: FR2/SEQ ID NO: 60  hVB22B
u2-wz4 VL: CDR2/SEQ ID NO: 5  hVB22B u2-wz4 VL: FR3/SEQ ID NO:
61  hVB22B u2-wz4 VL: CDR3/SEQ ID NO: 6 25 hVB22B u2-wz4 VL:
FR4/SEQ ID NO: 62. Herein, the correspondence between CDR and FR
in the hVB22B q-wz5 VET sequence and  sequence ID numbers is as
follows: hVB22B q-wz5 VH: FRl/SEQ ID NO: 54  hVB22B q-wz5 VH:
CDR1/SEQ ID NO: 1  30 hVB22B q-wz5 VH: FR2/SEQ ID NO: 55
hVB22B q-wz5 VH: CDR2/SEQ ID NO: 2  hVB22B q-wz5 VH: FR3/SEQ
ID NO: 56  hVB22B q-wz5 VH: CDR3/SEQ ID NO: 3  hVB22B q-wz5 VH:
FR4/SEQ ID NO: 57. 35 Herein, the correspondence between CDR and
FR in the hVB22B q-wz5 VL sequence and  sequence ID numbers is as
follows: 24  hVB22B q-wz5 VL: FRI/SEQ ID NO: 59 hVB22B q-wz5 VL:
CDRI/SEQ ID NO: 4  hVB22B q-wz5 VL: FR2/SEQ ID NO: 63  hVB22B
q-wz5 VL: CDR2/SEQ ID NO: 5 5 hVB22B q-wz5 VL: FR3/SEQ ID NO: 64
hVB22B q-wz5 VL: CDR3/SEQ ID NO: 6  hVB22B q-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 VL is shown in SEQ ID NO: 9; the
nucleotide sequence of VB22B scFv 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
nucleotide sequence of  hVB22B g-e VH is shown in SEQ ID NO: 37; the
nucleotide sequence of hVB22B e VH is  shown in SEQ ID NO: 39; the
nucleotide sequence of hVB22B u2-wz4 VH is shown in SEQ ID  NO: 69;
the nucleotide sequence of hVB22B q-wz5 VH is shown in SEQ ID NO:
71; the 15 nucleotide sequence of hVB22B p-z VL is shown in SEQ ID
NO: 41; the nucleotide sequence of  hVB22B g-e VL, and hVB22B e VL is
shown in SEQ ID NO: 43; the nucleotide sequence of  hVB22B u2-wz4 VL
is shown in SEQ ID NO: 70; the nucleotide sequence of hVB22B q-wz5  



VL is shown in SEQ ID NO: 72; the nucleotide sequence of hVB22B p-z
sc(Fv)2 is shown in  SEQ ID NO: 45; the nucleotide sequence of hVB22B
g-e sc(Fv) 2 is shown in SEQ ID NO: 47; 20 the nucleotide sequence of
hVB22B e sc(Fv)2 is shown in SEQ ID NO: 49; the nucleotide  sequence
of hVB22B u2-wz4 sc(Fv)2 is shown in SEQ ID NO: 75; and the
nucleotide sequence  of hVB22B q-wz5 sc(Fv)2 is shown in SEQ ID NO:
76. (18) a humanized antibody having the amino acid sequence of any
one of SEQ ID NO: 46  (hVB22B p-z: se(Fv)2), SEQ ID NO: 48 (hVB22B
g-e: sc(Fv)2), SEQ ID NO: 50 (hVB22B e:  25 sc(Fv)2), SEQ ID NO: 73
(hVB22B u2-wz4: sc(Fv)2), and SEQ ID NO: 74 (hVB22B q-wz5:
sc(Fv)2); and (19) an antibody in which one or more amino acids are
substituted, deleted, added and/or  inserted in the amino acid sequence of
any one of (1) to (18) described above, and which has an  activity
equivalent to that of the antibody described above. 30 Herein, "having an
activity equivalent to that of the antibody described above" means that the
mutated antibody has an equivalent activity as the original antibody to
promote the growth of  hematopoietic stem cells, to promote the growth
and/or differentiation of CD34-positive  hematopoietic cells, to enhance
the engraftment of transplanted CD34-positive hematopoietic  cells in the
bone marrow, or to promote the recovery of hematopoietis in
hematopoietic stem cell  35 transplantation. Since the antibodies defined
in (1) to (19) above have a very high agonistic activity for 25  c-mpl, they
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
5 cell transplantation. Methods for preparing polypeptides functionally
equivalent to a certain polypeptide are  well known to those skilled in the
art, and include methods of introducing mutations into  polypeptides. For
example, those skilled in the art can prepare an antibody functionally
equivalent to the antibodies of the present invention by introducing
appropriate mutations into 10 the antibody using site-directed
mutagenesis (Hashimoto-Gotoh, T. et al. Gene 152, 271-275,  (1995);
Zoller, MJ, and Smith, M. Methods Enzymol. 100, 468-500, (1983);
Kramer, W. et al.,  Nucleic Acids Res. 12, 9441-9456, (1984); Kramer, W.
and Fritz HJ, Methods Enzymol. 154,  350-367, (1987); Kunkel, TA, Proc.
Natl. Acad. Sci. USA. 82, 488-492, (1985); Kunkel,  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 the 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 less, preferably 30
or less, more preferably 10 or less (for example,  five amino acids or less).
20 It is preferable that an amino acid residue be mutated to another amino
acid residue  whose side chain retains the properties of that of the original
amino acid residue. Examples of  amino acid side chain properties are:
hydrophobic amino acids (A, I, L, M, F, P, W, Y, and V),  hydrophilic amino
acids (R, D, N, C, E, Q, G, H, K, S, and T), amino acids comprising the
following side chains: aliphatic side chains (G, A, V, L, I, and P);
hydroxyl-containing side 25 chains (S, T, and Y); sulfur-containing side
chains (C and M); carboxylic acid- and  amide-containing side chains (D,
N, E, and Q); basic side chains (R, K, and H); aromatic  ring-containing
side chains (H, F, Y, and W) (amino acids are represented by one-letter
codes in  parentheses). A polypeptide comprising a modified amino acid
sequence, in which one or more amino  30 acid residues is deleted,
added, and/or replaced with other amino acids, is known to retain its
original biological activity (Mark, D. F. et all, Proc. Natl. Acad. Sci. USA
81, 5662-5666 (1984);  Zoller, M. J. & Smith, M. Nucleic Acids Research
10, 6487-6500 (1982); Wang, A. et al.,  Science 224, 1431-1433;
Dalbadie-McFarland, G. et al., Proc. Natl. Acad. Sci. USA 79,  6409-6413
(1982)). 35 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, 26  are included in the
present invention. The fusion protein results from a fusion between one of
the above antibodies and a second peptide or protein, and is included in
the present invention.  The fusion protein can be prepared by ligating a
polynucleotide encoding an antibody of the  present invention and a
polynucleotide encoding a second peptide or polypeptide in frame, 5
inserting this into an expression vector, and expressing the fusion
construct in a host. Some  techniques known to those skilled in the art are
available for this purpose. The partner peptide  or polypeptide to be fused
with an antibody of the present invention may be a known peptide, for
example, FLAG (Hopp, T. P. et al., BioTechnology 6, 1204-1210 (1988)),
6x His consisting of  six His (histidine) residues, I Ox His, influenza
hemagglutinin (HA), human c-myc fragment, 10 VSV-GP fragment, pl8HIV
fragment, T7-tag, HSV-tag, E-tag, SV40 T antigen fragment, lck tag,
a-tubulin fragment, B-tag, Protein C fragment. Other partner polypeptides
to be fused with the  antibodies of the present invention include, for
example, GST (glutathione-S-transferase), HA  (influenza hemagglutinin),
immunoglobulin constant region, 0-galactosidase, and MBP
(maltose-binding protein). A polynucleotide encoding one of these
commercially available 15 peptides or polypeptides can be fused with a
polynucleotide encoding an antibody of the present  



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  sequence, molecular weight, isoelectric
point, presence/absence of sugar chains, and  conformation depending on
the cell or host producing the antibody, or purification method. 20
However, a resulting antibody is included in the antibodies of the present
invention, as long as it  is functionally equivalent to an antibody of the
present invention. For example, when an  antibody of the present
invention is expressed in prokaryotic cells, for example E. coli, a
methionine residue is added to the N terminus of the original antibody
amino acid sequence.  Such antibodies are included in the present
invention. 25 In another embodiment, the preferred c-mpl-recognizing
antibodies comprised in the  agents of the present invention include
antibodies that recognize the epitopes recognized by the  antibodies
defined in (1) to (19) above. Such antibodies can be prepared by methods
known to those skilled in the art. The  antibodies can be prepared by, for
example, determining the epitope recognized by the antibody  30 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
35 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 predicted to recognize 27  the region from
Glu 26 to Leu 274, preferably the region from Ala 189 to Gly 245, more
preferably the region from Gln 213 to Ala 231 of human c-mpl. Thus,
antibodies recognizing  the region of amino acids 26 to 274, or amino
acids 189 to 245, or amino acids 213 to 231 of  human c-mpl are also
included in the present invention. 5 Antibodies that recognize the region of
amino acids 26 to 274, 189 to 245, or 213 to 231  in the amino acid
sequence of human c-mpl (SEQ ID NO: 51) can. be obtained by methods
known to those skilled in the art. The antibodies can be obtained, for
example, by methods of  preparing antibodies using a peptide of the
region of amino acids 26 to 274, 189 to 245, or 213 to  231 in the amino
acid sequence of human c-mpl (SEQ ID NO: Si) as an immunogen. 10
Alternatively, the antibodies can be obtained by methods of determining
the epitopes recognized  by conventionally prepared antibodies and then
selecting antibodies that recognize the same  epitopes as those
recognized by the antibodies of the present invention. Antibodies that bind
to c-mpl can be prepared by methods known to those skilled in the  art.
For example, monoclonal antibody-producing hybridomas can be
essentially generated by  



15 known technologies as follows: immunizing animals with c-mpl proteins
or c-mpl-expressing cells as sensitized antigens using conventional
immunological methods; fusing the obtained  immunocytes with known
parental cells by conventional cell fusion methods; and screening for
monoclonal antibody-producing cells by conventional methods.
Specifically, monoclonal antibodies can be prepared by the method below.
20 First, the c-mpl protein, which is used as a sensitized antigen for
preparing antibodies, is  prepared by expressing the e-mpl gene/amino
acid sequence (GenBank accession number: NM 005373). More
specifically, the gene sequence encoding c-mpl. is inserted into a known
expression vector, which is then transfected into an appropriate host cell.
The subject human  c-mpl protein is purified from the host cell or culture
supernatant using known methods. 25 The purified c-mpl protein is then
used as 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 30 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 35 hamsters), rabbits, and monkeys can be used. Animals can be
immunized with a sensitized antigen by known methods such as a 28
routine method of injecting a sensitized antigen into a mammal
intraperitoneally or  subcutaneously. Specifically, the sensitized antigen is
diluted appropriately with  phosphate-buffered saline (PBS), physiological
saline and such, and then suspended. An  adequate amount of a
conventional adjuvant, for example, Freund's complete adjuvant, is mixed
5 with the suspension, as necessary. An emulsion is then prepared for
administering to a mammal  several times over a 4- to 21-day interval. An
appropriate carrier maybe used for the sensitized  antigen in
immunization. A mammal is immunized as described above. After a titer
increase of target antibody  in the serum is confirmed, immunocytes are
collected from the mammal and then subjected to  10 cell fusion. Spleen
cells are the preferred immunocytes. Mammalian myeloma cells are used
as the parental cells to be fused with the above  immunocytes. Preferable
myeloma cells to be used include various known cell lines, for  example,
P3 (P3x63Ag8.653) (Kearney JF, et al., J. Immnol. 123, 1548-1550
(1979)),  



P3x63Ag8U.I (Yelton DE, et al., Current Topics in Microbiology and
Immunology 81, 1-7 15 (1978)), NS-1 (Kohler, G. and Milstein, C. Ear. J.
Immunol. 6, 511-519 (1976)), MPC-11  (Margulies, D. H. et al., Cell 8,
405-415 (1976)), SP2/0 (Shulman, M. et al., Nature 276,  269-270 (1978)),
FO (deSt. Groth, S. F. et al., J. Immunol. Methods 35, 1-21 (1980)), S194
(Trowbridge, I. S., J. Exp. Med. 148, 313-323 (1978)), and 8210 (Galfre,
G. et al., Nature 277,  131-133 (1979)). 20 Cell fusions between the
immunocytes and the myeloma cells as described above can be
essentially carried out using known methods, for example, a method by
Kohler and Milstein  (Kohler, G. and Milstein, C., Methods Enzymol. 73,
3-46 (1981)). More specifically, the above-described cell fusions are
carried out, for example, in a  conventional culture medium in the
presence of a cell fusion-promoting agent. The 25 fusion-promoting
agents include, for example, polyethylene glycol (PEG) and Sendai virus
(HVJ). If required, an auxiliary substance 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  30 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  35 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 37C is added to the cell 29
suspension typically at a concentration of 30% to 60% (w/v), and mixed to
produce fused cells  (hybridomas). Then, an appropriate culture medium
is successively added to the mixture, and  the sample is centrifuged to
remove supernatant. This treatment is repeated several times to  remove
the unwanted cell fusion-promoting agent and others that are unfavorable
to hybridoma  5 growth. Screening of the resulting hybridomas can be
carried out by culturing them in a  conventional selective medium, for
example, hypoxanthine, aminopterin, and thymidine (HAT)  medium.
Culturing in the above-descried HAT medium is continued for a period
long enough  (typically, for several days to several weeks) to kill cells
(non-fused cells) other than the desired 10 hybridomas. Then, hybridomas
are screened for single-cell clones capable of producing the  target
antibody by conventional limiting dilution methods. In addition to the
method for 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 15 sensitized lymphocytes
with human myeloma cells capable of dividing permanently (see,
Examined Published Japanese Patent Application No. (JP-B) Hei
1-59878). Alternatively, it is  possible to obtain human antibodies against
c-mpl from immortalized cells producing anti-MPL  antibodies. In this
method, the cells producing anti-MPL antibodies are prepared by
administering c-mpl as an antigen to transgenic animals comprising a
repertoire of the entire  20 human antibody genes (see, WO 94/25585,
WO 93/12227, WO 92/03918, and WO 94/02602).  The monoclonal
antibody-producing hybridomas thus prepared can be passaged in a
conventional culture medium, and stored in liquid nitrogen over long
periods of time. Monoclonal antibodies can be prepared from the
above-described hybridomas by, for  example, a routine procedure of
culturing the hybridomas and obtaining antibodies from the  25 culture
supernatants. Alternatively, monoclonal antibodies can be prepared by
injecting the hybridomas into a compatible mammal; growing these
hybridomas in the mammal; and  obtaining antibodies from the mammal's
ascites. The former method is suitable for preparing  highly purified
antibodies, while the latter is suitable for preparing antibodies on a large
scale. Recombinant antibodies can also be prepared by: cloning an
antibody gene from a 30 hybridoma; inserting the gene into an appropriate
vector; introducing the vector into a host; and  producing the antibodies by
using genetic recombination techniques (see, for example,  Vandamme,
A. M. et al., For. J. Biochem. 192, 767-775, (1990)). Specifically, an
mRNA encoding the variable (V) region of anti-c-mpl antibody is  isolated
from hybridomas producing the anti-c-mpl antibodies. For mRNA isolation,
total 35 RNAs are first prepared by conventional methods such as
guanidine ultracentrifugation methods  (Chirgwin, J. M. et al., Biochemistry
18, 5294-5299 (1979)), or acid guanidinium 30
thiocyanate-phenol-chloroform (AGPC) methods (Chomczynski, P. et al.,
Anal. Biochem. 162,  156-159 (1987)), and then the target mRNA is
prepared using an mRNA Purification Kit  (Pharmacia) and such.
Alternatively, the mRNA can be directly prepared using the QuickPrep
mRNA Purification Kit (Pharmacia). 5 A cDNA of the antibody V region is
synthesized from the resulting mRNA using reverse  transcriptase. cDNA
synthesis is carried out using the AMV Reverse Transcriptase First-strand
cDNA Synthesis Kit (Seikagaku Co.), or such. Alternatively, cDNA can be
synthesized and  amplified by the 5'-RACE method (Frohman, M. A. et all,
Proc. Natl. Acad. Sci. USA 85,  8998-9002 (1988); Belyavsky, A. et all,
Nucleic Acids Res. 17, 2919-2932 (1989)) using the 10 5'-Ampli FINDER
RACE Kit (Clontech) and PCR. Target DNA fragments are purified from
the obtained PCR products and then ligated  



with vector DNAs to prepare recombinant vectors. The vectors are
introduced into E. coli and  such, and colonies are selected for preparing
the recombinant vector of interest. The target  DNA nucleotide sequence
is then confirmed by conventional methods such as the 15
dideoxynucleotide chain termination method. Once a DNA encoding the V
region of target anti-c-mpl antibody is obtained, the DNA  is inserted into
an expression vector which comprises a DNA encoding the constant
region (C  region) of a desired antibody. The method for producing
anti-Mpl antibodies to be used in the present invention 20 typically
comprises the steps of. inserting an antibody gene into an expression
vector, so that the  gene is expressed under the regulation of expression
regulatory regions, such as enhancer and  promotor; and transforming
host cells with the resulting vectors to express antibodies. For expressing
the antibody gene, polynucleotides encoding H chain and L chain,
respectively, are inserted into separate expression vectors and
co-transfected into a host cell.  25 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, JM109,  DH5a, FIB 101, and XL1Blue), and a marker gene for
selecting the E. coli transformants (for 30 example, a drug resistance
gene that allows selection using a drug such as ampicillin,  tetracycline,
kanamycin, or chloramphenieol). The vectors include, for example, M13
vectors,  pUC vectors, pBR322, pBluescript, and pCR-Script. When the
objective is to subclone or  excise the eDNA, the vectors include, for
example, pGEM-T, pDIRECT, and pT7, in addition to  the vectors
described above. 35 When the objective is to express in E. tali, for
example, it is essential for expression  vectors to have, in addition to the
above characteristics for amplification in E. call, a promoter 31  that allows
efficient expression in E. coli, such as the lacZ promoter (Ward et at.,
Nature (1989)  341, 544-546, 1989; FASEB J. 6, 2422-2427, 1992), araB
promoter (Better et at., Science 240,  1041-1043, 1988), or T7 promoter,
when JM109, DH5a, HB101, XL1-Blue, and such, are used  as E. coli
hosts. Such vectors include, in addition to the above vectors, pGEX-5X-1
5 (Pharmacia), "QlAexpress system" (QIAGEN), pEGFP, and pET ( BL2
1, which is a strain  expressing T7 RNA polymerase, is preferably used as
the host). The vectors may also comprise a signal sequence for
polypeptide secretion. When  proteins are produced into the periplasm of
E. coli, the pelB signal sequence (Lei, S. P. et at., J.  Bacteriol. (1987)
169, 4379) may be used as the signal sequence for protein secretion. The
10 vectors canbe introduced into host cells, for example, by calcium
chloride methods or  



electroporation methods. In addition to E. coli expression vectors, the
vectors include, for example, expression  vectors derived from mammals
(for example, pcDNA3 (Invitrogen), pEGF-BOS (Nucleic Acids  Res.
18(17), 5322, 1990), pEF, and pCDM8), insect cells (for example,
"Bac-to-BAC 15 baculovirus expression system" (GIBCO-BRL) and
pBacPAK8), plants (for example, pMH1 and  pMH2), animal viruses (for
example, pHSV, pMV, and pAdexLew), retroviruses (for example,
pZlPneo), yeasts (for example, "Pichia Expression Kit" (Invitrogen),
pNV11, and SP-Q01), and  Bacillus subtilis (for example, pPL608 and
pKTH50). When proteins are expressed in animal cells such as CHO,
COS, and NIH3T3 cells, it is  20 essential for the vectors to have a
promoter necessary for expression in such cells, for example,  the SV40
promoter (Mulligan et at., Nature (1979) 277: 108), MMTV-LTR promoter,
EF1a  promoter (Mizushima et at, Nucleic Acids Res. (1990) 18: 5322),
CMV promoter or such. More preferably, the vectors additionally have a
gene for selecting transformed cells (for  example, a drug resistance gene
for selection by drug such as neomycin, G418, etc). Vectors  25 having
such characteristics include, for example, pMAM, pDR2, pBK-RSV,
pBK-CMV,  pOPRSV, and pOP 13. In order to stably express a gene and
amplify the gene copy number in cells, methods of  introducing into CHO
cells that have defective nucleic acid synthesis pathway, a vector
containing the DHFR gene (for example, pCHOI) which complements the
defect, and using 30 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,  pcD) may be used. Replication origins derived from
polyomaviruses, adenoviruses, bovine  papillomaviruses (BPVs), and
such, can also be used. Furthermore, to increase the gene copy 35
number in host cells, the expression vectors may contain, as a selection
marker, the  aminoglycoside transferase (APH) gene, thymidine kinase
(TK) gene, E. coli xanthine guanine 32  phosphoribosyl transferase
(Ecogpt) gene, dihydrofolate reductase (dhfr) gene, and such. There is no
particular limitation on the host cells into which the vectors are introduced.
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 5 invention. There are in vitro
and in vivo systems for production of polypeptides. In vitro  systems
include production systems using eukaryotic or prokaryotic cells. When
eukaryotic cells are used, host cells include, for example, animal cells,
plant cells,  and fungal cells. Known animal cells include mammalian cells
such as CHO (J. Exp. Med. 108,  945 (1995)), COS, 3T3, myeloma, BHK
(baby hamster kidney), HeLa, and Vero; amphibian 



10 cells such as Xenopus laevis oocytes (Valle, et al., Nature 291,
358-340 (1981)); and insect cells  such as Sf9, Sf21, and Tn5. In the
present invention, CHO-DG44, CHO-DXB 11, COST, and  BHK cells are
preferably used. Of the animal cells, CHO cells are particularly preferable
for  large-scale expression. Vectors can be introduced into host cells, for
example, by calcium  phosphate methods, DEAE-dextran methods,
methods using cationic liposome DOTAP 15 (Boehringer-Mannheim),
electroporation methods, lipofection methods, etc. It is known that plant
cells such as Nicotiana tabacum-derived cells are protein  production
systems, and callus cultures from these cells may be used. Protein
systems using  fungal cells including yeasts, for example, the genus
Saccharomyces such as Saccharomyces  cerevisiae and Saccharomyces
pombe; and filamentous fungi, for example, the genus Aspergillus  20
such as Aspergillus niger are known. When prokaryotic cells are used,
production systems that use bacterial cells are  available. Such bacterial
cells include E. coli, for example, JM109, DH5a, and 1-113101, and
Bacillus subtilis. In the present methods, the host cells described above
are cultured. Antibodies can be  25 obtained by culturing cells transformed
with a polynucleotide of interest in vitro. Culturing can  be performed
according to known methods. For example, when animal cells are
cultured,  DMEM, MEM, RPMI 1640, or IMDM may be used as the culture
medium. The culture  medium may be used with serum 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. 30
Incubation is carried out typically at a temperature of about 30 to 40C 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  35 collected. Herein, "hosts" encompasses these animals
and plants. When using animals, there are production systems which use
mammals or insects. 33  Mammals such as goat, pig, sheep, mouse, and
cattle can be used (Vicki Glaser SPECTRUM  Biotechnology 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
(3-casein. Then, DNA  5 fragments comprising the fusion gene are
injected into goat embryos, which are then transplanted into female goats.
The antibodies of interest can be obtained from milk produced  by the
transgenic goats born from the goats that received the embryos, or by
their progeny.  Appropriate hormones may be administered to the
transgenic goats to increase the amount of  



milk containing the antibodies produced by the goats (Ebert, K.M. et al.,
Bio/Technology 12,  10 699-702 (1994)). Furthermore, insects such as
silkworms can be used. When silkworms are used, they  can be infected
with a baculovirus into which a polynucleotide encoding an antibody of
interest  is introduced, and then the antibody of interest can be obtained
from the body fluids of these  silkworms (Susumu, M. et al., Nature 315,
592-594 (1985)). 15 Furthermore, plants such as tobacco may be used,
for example. When tobacco is used,  a polynucleotide encoding an
antibody of interest is inserted into a plant expression vector, for  example,
pMON 530, and the vector is introduced into a bacterium such as
Agrobacterium  tumefaciens. Tobacco, for example, Nicotiana tabacum,
can be infected with the bacterium,  and then the desired antibody can be
prepared from the leaves of the tobacco (Julian K.-C. Ma et  20 al., Eur. J.
Immunol. 24, 131-138 (1994)). The resulting antibody can be isolated from
the inside or outside (such as the medium)  of host cells, and purified as a
substantially pure and homogenous antibody. There is no  limitation on
the methods of isolating and purifying an antibody, and methods used in
conventional polypeptide purification may be adopted. Polypeptides can
be isolated and 25 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,
recrystallization, etc. Chromatography includes, for example, affinity
chromatography, ion exchange 30 chromatography, hydrophobic
chromatography, gel filtration, reverse-phase chromatography, and
adsorption chromatography (Strategies for Protein Purification and
Characterization: A  Laboratory Course Manual. Ed Daniel R. Marshak et
al., Cold Spring Harbor Laboratory Press,  1996). Such chromatographies
can be carried out using liquid phase chromatography such as  HPLC and
FPLC. Columns used for affinity chromatography include, for example,
protein A 35 columns and protein G columns. Columns that use protein A
include, for example, Hyper D,  POROS, and Sepharose F. F.
(Pharmacia). 34  An antibody can be modified arbitrarily, and peptides can
be deleted partially by treating the antibody with an appropriate protein
modification enzyme before or after antibody  purification. Such protein
modification enzymes include, for example, trypsin, chymotrypsin,  lysyl
endopeptidases, protein kinases, and glucosidases. 5 Agonists for the
TPO receptor (c-mpl) of the present invention may be
low-molecular-weight compounds. The low-molecular-weight compounds
of the present  invention may be any compounds, as long as they have
the activity to promote the growth of  



hematopoietic stem cells, to promote the growth and/or differentiation of
CD34-positive  hematopoietic cells, to enhance the engraftment of
transplanted CD34-positive hematopoietic 10 cells in the bone marrow, or
to promote the recovery of hematopoiesis. In an embodiment, the
preferred compounds include
{5-[(2-{1-[5-(3,4-dichlorophenyl)-4-hydroxy-3-thienyl]ethylidene}hydrazino)
carbonyl-2-thiophenecarboxylic acid (Blood First Edition Paper,
prepublished online on  February 16, 2006;
DOI10.1182/blood-2005-11-4433), which is represented by the following
15 formula: Co S.A,-N H ~So  H CI OH Furthermore, the agonists for the
TPO receptor (c-mpl) of the present invention include  Amgen AMG-531
(recombinant megakaryopoiesis stimulating protein),
SB297115/Eltrombopag  (Gsk's oral TPO-R agonistic compound),
peg-TPOmp, YM477, and NIP004. Amgen 20 AMG-531 is a protein with a
molecular weight of 60,000 D, which contains an Fc 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)). 25 Table 1
-------------------------------------------- MW=60,000 D Four Mpl binding sites
No sequence homology with TPO  30  Expressed in E. coli
------------------------------------------- 35  SB297115/Eltrombopag is a
compound represented by the formula shown below. This compound has
the characteristics listed in Table 2 below (Blood, Volume 104, Abstract
#2909  (2004)). N NON COZH  H3C %OH H  N O OH  2 (H2N OCH3  



H3C 5 Table 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  T3n=l2hr 15
--------------------------------------------------------------------------------- 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)). MPEG N H,N o X H N H  o ~ OH ~ O H H H
~H~ ry N  HzN ? - HN 000 J O" NF4  HN C  Q{~ ~~ ~bj p I\  (~ MPELJ " H
O~/ OH H NN ntl NH HN NHz  20 0 HN~-NH, 36  Table 3
--------------------------------------------------------------------------------------------------
-------------------  Two 14mer peptides are linked together via Lys, and the
resulting 29mer peptide is PEGylated  5 at both ends No homology to
hTPO Cross-reactive to mouse, rat, and dog receptors
--------------------------------------------------------------------------------------------------
------------------- 



10 Furthermore, the agonists for the TPO receptor (c-mpl) include YM477.
Detailed information on YM477 is disclosed in Blood, Volume 106,
Number 11, Abstract #2298 (2005).  Antibodies recognizing c-mpl can be
formulated by methods known to those skilled in  the art. For example, the
antibodies can be administered parenterally by injection of a sterile
solution or suspension in water or other pharmaceutically acceptable
solvents. For example, the 15 antibodies can be formulated by
appropriately combining with pharmaceutically-acceptable  carriers or
solvents, specifically, sterile water or physiological saline, vegetable oils,
emulsifiers,  suspending agents, surfactants, stabilizers, flavoring agents,
excipients, vehicles, preservatives,  binding agents, and such, and mixing
at a unit dosage and form required by accepted pharmaceutical
implementations. In such formulations, the amount of the thus obtained
active  20 ingredient should be within the required range. A sterile
composition to be injected can be formulated using a vehicle such as
distilled  water used for injection, according to standard protocols.
Aqueous solutions used for injections include, for example, physiological
saline and  isotonic solutions comprising glucose or other adjunctive
agents such as D-sorbitol, D-mannose,  25 D-mannitol, and sodium
chloride. They may also be combined with an appropriate solubilizing
agent such as alcohol, specifically, ethanol, polyalcohol such as propylene
glycol or polyethylene  glycol, or non-ionic detergent such as polysorbate
80Tm 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  30
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.  35 Injections include, for example,
intravenous injections, intramuscular injections, intraperitoneal  injections,
and subcutaneous injections. The injection solutions can be also
administered 37  systemically or locally. The administration methods can
be selected properly according to the patient's age,  condition, and such.
The applied dose of a pharmaceutical composition comprising an antibody
or polynucleotide encoding the antibody may be, for example, in the range
of 0.0001 to 1,000 5 mg/kg body weight. Alternatively, the dosage maybe,
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 10 invention. The agents can be administered, for example, when
one intends to promote growth  of hematopoietic stem cells, to promote
growth and/or differentiation of CD34-positive  hematopoietic cells, to
enhance engraftment of transplanted CD34-positive hematopoietic cells
in the bone marrow, or to allow recovery of hematopoiesis. For example,
the agents of the  present invention can be administered in hematopoietic
stem cell transplantation, which is 1.5 performed for patients with impaired
hematopoietic function of the bone marrow. When  administered alone,
the agents of the present invention enhance the engraftment of not only
transplanted hematopoietic stem cells but also myeloid and/or lymphoid
cells in the bone marrow,  in a dose-dependent manner. When
administered at a relatively high dose for a certain period immediately
after  20 transplantation, the agents of the present invention can produce
the effect of promoting the  engraftment of transplanted hematopoietic
stem cells in the bone marrow (see Example 3). In  consideration of the
symptoms, age, and such of the patient who needs administration of an
agent  of the present invention, those skilled in the art can appropriately
determine the dose of the agent  of the present invention, and the period
of administration of the agent immediately after 25 transplantation. The
period of administration of the agents of the present invention
(administration period) includes, but is not limited to, for example, a period
of three days or  more, preferably seven to 28 days, or more, from the day
of transplantation or from the day after  transplantation. 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 30 transplantation. However, the dose is not limited thereto, and
the agents can be administered at  a dose necessary to maintain the
blood concentration for a certain period or longer after  transplantation.
There is no limitation on the number of times the agents of the present
invention can be  administered for each hematopoietic stem cell
transplantation. The agents can be administered  35 at any frequency at
the time of or after hematopoietic stem cell transplantation. The timing,
dose, and frequency of administration of the agents of the present
invention can be appropriately 38  determined according to the symptoms
of the patient who received hematopoietic stem cell  transplantation. The
timing and dose of administration can be, for example, those described
above. The agents of the present invention are used for hematopoietic
stem cell transplantation.  5 Specifically, the agents of the present
invention may be used after hematopoietic stem cell  transplantation. 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 embodiment,
hematopoietic stem cell  transplantation for which the agents of the
present invention are used includes human cord blood  10 transplantation.
There is no particular limitation on the administration site for the agents of
the present  invention, and subcutaneous injection, intravenous injection,
oral administration, and such, may  be performed. In the present
invention, intravenous administration by drip infusion is particularly
preferred. It is possible to administer the agents of the present invention in
15 combination with hematopoietic stem cells. When administered in
combination with  hematopoietic stem cells, the agents of the present
invention can be simultaneously administered at the same site as that of
the hematopoietic stem cells, or can be administered at a timing and/or
site different from that of the hematopoietic stem cells. When administered
at the same site, the  agents and cells can be administered intravenously.
The timing of administration can be 20 selected in the same way as when
the agents of the present invention are administered alone.  Meanwhile,
when the agents of the present invention are administered at a timing
different from that of hematopoietic stem cells, there is no limitation on the
order or interval of  administration of the agents and cells. When the
agents of the present invention are administered in combination with 25
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 example, by the methods described in the
documents  listed below. Heike, T et al., "Ex vivo expansion of
hematopoietic stem cells by cytokines", Biochimica et  30 Biophysica Acta,
vol. 1592, p. 313-321 (2002) Yvette van Hensbergen et al., "Ex vivo
culture of human CD34+ cord blood cells with  thrombopoietin (TPO)
accelerates platelet engraftment in a NOD/SCID mouse model",
Experimental Hematology, vol. 34, p. 943-950 (2006) In the present
invention, diseases to which hematopoietic stem cell transplantation is  35
applicable are not limited, and preferably include acute myeloid leukemia
(AML), acute  lymphoblastic leukemia (ALL), chronic myeloid leukemia
(CML), myelodysplastic syndrome 39 (MDS), aplastic anemia (AA),
malignant lymphoma, and adult T-cell leukemia. The present invention is
based on the present inventors' finding that the contact between
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 present invention relates to agents 5 comprising an
agonist for the TPO receptor (c-mpl) as an active ingredient, which are
used to  increase the number of lymphoid cells and/or myeloid cells
differentiate from hematopoietic  



stem cells, by contacting the agonist with hematopoietic stem cells. The
present invention also  relates to agents comprising an agonist for the
TPO receptor (c-mpl) as an active ingredient,  which are used to increase
the number of lymphoid cells and/or myeloid cells differentiate from 10
hematopoietic stem cells, by administering the agents in combination with
hematopoietic stem  cells intravenously by drip infusion. The agonists,
hematopoietic stem cells, lymphoid cells,  myeloid cells, administration
timing, dose, and such are as described above. All prior art documents
cited in this specification are incorporated herein by reference.  15 Exam
lames Hereinbelow, the present invention will be specifically described
with reference to the  Examples, but it is not to be construed as being
limited thereto. [Example 1] Effect of the TPO receptor agonist on the
engraftment number of different human  20 blood cell lineages in the bone
marrow of mice transplanted with human cord blood-derived
hematopoietie stem cells. The experiments were carried out by the
method described below to assess the effect of  the se(Fv)2 antibody
(hVB22 u2-wz4: se(Fv)2) comprising the amino acid sequence of SEQ ID
25 NO: 73 on the engraftment number of different human blood cell
lineages in the bone marrow of mice transplanted with human cord
blood-derived hematopoietic stem cells 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. 30 Methods Mice
used were acclimatized six-week-old male NOD. CB17-Prkde<scid>/J.
After  systemic irradiation with 3.0 Gy of X-ray, an anti-asi.alo-GMl
antibody was intraperitoneally  administered to the mice once every ten
days from the day of irradiation. 5 x 104 human cord  blood-derived
CD34-positive cells were transplanted to each mouse at the caudal vein
one day 35 after irradiation. From the day after transplantation, the
sc(Fv)2 antibody of SEQ ID NO: 73  was administered every day for ten
consecutive days, and after that, administration was 40  conducted for five
days followed by two days of break. The doses were: 0.25 mg/5 ml/kg in
the morning, and 2 mg/5 ml/kg in the evening. The antibody was
subcutaneously administered  at eight-hour intervals, twice a day for three
weeks in total (n = 10). 20 nunol/1 citric acid  buffer containing 0.02%
Tween 80 was administered as a vehicle in the same way as the sc(Fv)2
5 antibody of SEQ ID NO: 73. The bone marrow was collected after three
weeks transplantation,  and FACS analysis was performed using EPIX XL.
The absolute number of human cells was  determined using Flow-Count
(Beckman). Results and Discussion 10 The number of human cells in the
mouse right and left femurs was determined. In the  



group to which the sc(Fv)2 antibody of SEQ ID NO: 73 was administered,
not only the number  of human CD34-positive cells, which was initially
expected to increase, but also the numbers of  CD45-positive cells,
CD41.-positive cells, CD 1 9-positive cells, and CD33-positive cells were
statistically significantly increased as compared to the vehicle group (Fig.
1). These results 15 indicate that administration of the sc(Fv)2 antibody of
SEQ ID NO: 73 as a c-mpl agonist  contributes to the induction of human
megakaryocyte-specific differentiation, as well as the  increase of
CD34-positive hematopoietic cells survived after engraftment and the
resulting  increase in different human blood cell lineages. 20 [Example 2]
Effect of the TPO receptor agonist on the number of human CFU-Meg
colonies in  the bone marrow of mice transplanted with human cord
blood-derived hematopoietic stem cells.  The following experiments were
carried out to assess the effect of the se(Fv)2 antibody of SEQ ID NO: 73
on the number of human CFU-Meg colonies after transplantation of
human  cord blood-derived hematopoietic stem cells. 25 Methods Mice
used were acclimatized six-week-old male NOD.CB 17-Prkdc<scid>/J.
After  systemic irradiation with 3.0 Gy of X-ray, an anti-asialo-GM1
antibody was intraperitoneally  administered to the mice once every ten
days from the day of irradiation. 5 x 104 human cord 30 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 35 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 41  ID NO: 73. Bone marrow cells were collected after
three weeks transplantation. Bone  marrow cells contained in the mouse
femurs were cultured with the sc(Fv)2 antibody of SEQ ID  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 or more  5 cells 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 significantly  10 increased than that
of the vehicle-administered group (Fig. 2). [Example 3] Dose-dependent
effect of the TPO receptor agonist on the engraftment number of  



different human blood cell lineages in the bone marrow of mice
transplanted with human cord  blood-derived hematopoietic stem cells. 15
The following experiments were carried out to assess the dose-dependent
effect of the  sc(Fv)2 antibody of SEQ ID NO: 73 on the engraftment
number of different human blood cell  lineages in the bone marrow of mice
transplanted with human cord blood-derived hematopoietic  stem cells. 20
Methods Mice used were acclimatized six-week-old male NOD.
CB17-Prkdc<scid>/J. After  systemic irradiation with 3.0 Gy of X-ray, an
anti-asialo-GMI antibody was intraperitoneally  administered to the mice
on the day of irradiation and eight days after irradiation. 5 x 104  human
cord blood-derived CD34-positive cells were transplanted to each mouse
at the caudal 25 vein the day after irradiation. The sc(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/kg in the
evening, per day) 30 - Medium-dose group (0.05 mg/kg in the morning, an
eight-hour interval, and 0.2 mg/kg in the  evening, per day) - Low-dose
group (0.01 mg/kg in the morning, an eight-hour interval, and 0.02 mg/kg
in the  evening, per day) The dose was adjusted so that the minimum drug
concentration in peripheral blood  35 during the administration period is 50
ng/ml, 10 ng/ml, or 2 ng/ml in the high-, medium-, or  low-dose group,
respectively. 42  20 mmol/l sodium citrate/150 mM NaCl 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 marrow 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 right and left femurs was determined. Not  only the
number of CD34-positive cells, but also the numbers of CD45-positive
cells, 10 CD41-positive cells, CD19-positive cells, CD33-positive cells,
and CD38-positive cells were  found to increase in a dose-dependent
manner (Fig. 3). This suggests the possibility that  administration of the
sc(Fv)2 antibody 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 I ng/ml (reported value and
in-house measurement 15 value). X-ray irradiation elevates the
concentration by about five to ten times according to  in-house data on
mice. Similarly, it is clinically known that, in human, the concentration is
elevated from the normal level of about 80 pg/ml to about 1 to 3 ng/ml.
From this Example, it  was confirmed that the drug efficacy is enhanced in
a dose-dependent manner by administering  the sc(Fv)2 antibody of SEQ
ID NO: 73 at a concentration higher than that of endogenous TPO. 20 In
this 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 in blood. Industrial Applicability 25
The present invention provides novel agents for promoting the growth of
hematopoietic  stem cells, agents for promoting the growth and/or
differentiation of CD34-positive  hematopoietic cells, agents for enhancing
the 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 30 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 35 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 43  blood transplantation). The agents
described above, which are provided by the present invention, are useful
for  promoting the growth of hematopoietic stem cells, promoting the
growth and/or differentiation  of CD34-positive hematopoietic cells,
promoting the engraftment of transplanted CD34-positive 5 hematopoietic
cells in the bone marrow, or promoting the recovery of hematopoiesis
upon  hematopoietic stem cell transplantation (bone marrow
transplantation, peripheral blood stem cell  transplantation, and cord blood
transplantation), and can be used to treat diseases to which
hematopoietic stem cell transplantation is applicable, for example, acute
myeloid leukemia,  chronic myeloid leukemia, myelodysplastic syndrome,
acute lymphoblastic leukemia, adult 10 T-cell leukemia, aplastic anemia,
and malignant lymphoma, etc. In particular, the delay in platelet recovery
after transplantation becomes a problem in  cord blood transplantation.
The agents of the present invention are useful, because  enhancement of
the engraftment of transplanted hematopoietic stem cells in the bone
marrow in  



transplantation promotes platelet recovery, in cooperation with the
inherent activity of a c-mpl 15 agonist to promote the proliferation and
differentiation of megakaryocytes. G-CSF has been used in conventional
hematopoietic stem cell transplantation. The  problem with G-CSF is that
its activity is specific to neutrophils. In contrast, TPO acts not only  on
megakaryocytes but also on stem cells, and thus can possibly recover
cells of more various  lineages. Furthermore, TPO is reasonably expected
to produce synergistic effects in 20 combination with currently-approved
G-CSF or EPO. The agents of the present invention are  also useful from
this viewpoint. 44  CLAIMS 1. An agent for promoting the growth of
hematopoietic stem cells, wherein the agent comprises  an agonist for the
TPO receptor (c-mpl) as an active ingredient. 5 2. An agent for promoting
the growth and/or differentiation of CD34-positive hematopoietic cells,
wherein the agent comprises an agonist for the TPO receptor (c-mpl) as
an active ingredient. 3. An agent for enhancing the engraftment of
transplanted CD34-positive hematopoietic cells in  10 the bone marrow,
wherein the agent comprises an agonist for the TPO receptor (c-mpl) as
an  active ingredient. 4. An agent for promoting the recovery of
hematopoiesis, wherein the agent comprises an agonist  for the TPO
receptor (c-mpl) as an active ingredient. 15 5. The agent of any one of
claims 1 to 4, wherein the agent is used for hematopoietic stem cell
transplantation. 6. The agent of any one of claims 1 to 5, wherein the
agent is used after hematopoietic stem cell  20 transplantation. 7. The
agent of claim 5 or 6, wherein the hematopoietic stem cell transplantation
is selected from  bone marrow transplantation, peripheral blood stem cell
transplantation, and cord blood  transplantation. 25 8. The agent of claim
7, wherein the cord blood transplantation is human cord blood
transplantation. 9. The agent of claim 8, wherein the agent is administered
more than once.  30 10. An agent for promoting the growth of lymphoid
cells and/or myeloid cells, wherein the agent  comprises an agonist for the
TPO receptor (c-mpl) as an active ingredient. 11. An agent for promoting
differentiation into lymphoid cells and/or myeloid cells, wherein the  



35 agent comprises an agonist for the TPO receptor (c-mpl) as an active
ingredient. 45  12. A method for promoting the growth of hematopoietic
stem cells, wherein the method  comprises the step of administering an
agonist for the TPO receptor (c-mpl) to a subject. 13. A method for
promoting the growth and/or differentiation of CD34-positive
hematopoietic  5 cells, wherein the method comprises the step of
administering an agonist for the TPO receptor  (c-mpl) to a subject. 14. A
method for enhancing the engraftment of transplanted CD34-positive
hematopoietic cells  in the bone marrow, wherein the method comprises
the step of administering an agonist for the  10 TPO receptor (c-mpl) to a
subject. 15. A method for promoting the recovery of hematopoiesis,
wherein the method comprises the  step of administering an agonist for
the TPO receptor (c-mpl) to a subject. 15 16. 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-mpl) to a subject.
17. 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 18. Use of an
agonist for the TPO receptor (c-mpl) in the production of an agent for
promoting  the growth of hematopoietic stem cells. 19. Use of an agonist
for the TPO receptor (c-mpl) agonist in the production of an agent for  25
promoting the growth and/or differentiation of CD34-positive
hematopoietic cells. 20. Use of an agonist for the TPO receptor (c-mpl) in
the production of an agent for enhancing  the engraftment of transplanted
CD34-positive hematopoietic cells in the bone marrow. 30 21. Use of an
agonist for the TPO receptor (c-mpl) in the production of an agent for
promoting  the recovery of hematpoiesis. 22. Use of an agonist for the
TPO receptor (c-mpl) in the production of an agent for promoting  the
growth of lymphoid cells and/or myeloid cells. 35 23. Use of an agonist for
the TPO receptor (c-mpl) in the production of an agent for promoting 46
differentiation into lymphoid cells and/or myeloid cells. 




