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(57) ABSTRACT

The present invention provides useful means in an expan-
sion culture system for a hematopoietic cell (hematopoietic
stem cell, hematopoietic progenitor cell). Specifically, the
present invention provides a composition for expanding a
hematopoietic cell (hematopoietic stem cell, hematopoietic
progenitor cell) containing recombinant human serum albu-
min; a serum-free medium for expanding a hematopoietic
cell containing a basal medium and recombinant human
serum albumin: a method of expanding a hematopoietic cell
comprising culturing a hematopoietic cell in a serum-free
medium containing recombinant human serum albumin. and
a culture of a hematopoietic cell that can be obtained by the
expansion method.
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METHOD OF AMPLIFYING HEMATOPOIETIC
STEM CELL AND HEMATOPOIETIC
PROGENITOR CELL

TECHNICAL FIELD

[0001] The present invention relates to a composition for
expanding a hematopoietic cell. a serum-{ree medium for
expanding a hematopoietic cell. a method of expanding a
hematopoietic cell. a culture of a hematopoietic cell that can
be obtained by the expansion method, and the like.

BACKGROUND ART

[0002] Regeneration medicine is the area of advanced
medicine that aims at repairing tissues and organs of dis-
eased portions of the body by means of results from studies
of mechanisms behind the development and organization of
tissues and organs of living organisms. It is ideal that
treatment be enabled by the repair capability of the patient’s
tissue. Hence, a likely approach to regeneration medicine is
to develop a method of maximizing the potential repair
capability of tissues of living organisms. To this end, it is
necessary 1o elucidate and utilize the functions of regulators
that regulate cell growth, cell differentiation. and tissue
organization, such as cytokines and matrix molecules.
Meanwhile, it is necessary to proliferate cells for use in
transplantation therapy by in vitro culture. Hence. stem
cells, which are capable of producing a wide variety of
functional cells while self-proliferating for a long time, like
tissue stem cells, are drawing attention.

[0003] As an example of regeneration medicine. cell
medicine can be mentioned. Cell medicine refers to the art
of treating disease using the patient’s own tissue or another
person’s tissue. Cell medicine is considered to enable the
proliferation of immunocytes to increase the immunizing
power thereof, the cultivation of chondrocytes and trans-
plantation thereof to joints, and the like. Among the target
cells for which cell medicine is expected to be effective are
hematopoietic stem cells for treating bone marrow suppres-
sion after cancer chemotherapy. Hematopoietic stem cells
are used to prevent bone marrow suppression after treatment
for myelocytic leukemia and cancer chemotherapy by a
method comprising collecting hematopoietic stem cells from
peripheral blood and the like in advance, treating them with
a cell growth factor, antigen and the like, and then trans-
planting them.

[0004] As a representative example of cell medicine.
umbilical cord blood stem cell transplantation is described
below. Umbilical cord blood stem cell transplantation refers
to collecting blood from the umbilical cord between the
newborn and mother (umbilical cord blood), preserving it
under freezing, and transplanting it to a leukemia patient and
the like if necessary. Umbilical cord blood is rich in hemato-
poietic stem cells. Hence. hematopoietic potential is
obtained even with much smaller amounts of cells than bone
marrow and peripheral blood. Additionally, transplantation
is possible even if there is no complete matching of HLA
type, and the incidence of graft-versus-host disease (GVHD)
is low. However, because the number of cells collected is
limited, the currently prevalent practice is transplantation to
children.

[0005] One of the essential infrastructures in regeneration
medicine is the art of culturing target cells. This art is
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required to be of a level that ensures the proliferation
(including differentiation and expansion) of target cells
stably, in large amounts, at low costs. quickly. and conve-
niently. There are roughly two methods of cell culture:
serum culture, which comprises culturing target cells using
a serum-containing medium, and serum-free culture, which
comprises culturing target cells using a serum-free medium,
with the latter drawing attention for the reasons of the
prevention of contamination with viruses and prion and the
like in regeneration medicine settings. In particular, to
clinically apply ex vivo expansion of umbilical cord blood,
which is commonly used as a source of the cells, and the art
of expansion culture of umbilical cord blood progenitor
cells, it is an important task to establish a method of
serum-free culture.

[0006] Regarding the expansion culture of hematopoietic
cells in a serum-{ree medium, some related arts are known.

[0007] For example, WO98/06822 discloses a serum-free
medium containing recombinant human serum albumin, but
gives no description on the expansion culture of hemato-
poietic cells.

[0008] WO95/06112 discloses preparing hematopoietic
stem cells from umbilical cord blood, and culturing them in
a serum-free medium containing human serum albumin.
There is also a description that cells that have been cultured
under serum-free conditions tend to be undifferentiated.
However. W0O95/06°112 essentially relates to the prolifera-
tion of neutrophil progenitor cells and megakaryocyte pro-
genitor cells.

[0009] Furthermore, W097/33978 discloses culturing
CD34* cells prepared from umbilical cord blood in a serum-
free medium containing human serum albumin, and achiev-
ing the expansion of CD34* cells by the cultivation. How-
ever, the use of recombinant human serum albumin in the
cultivation is not disclosed.

DISCLOSURE OF THE INVENTION

[0010] The object of the present invention is to provide
various means which are useful for an expansion culture
system for a hematopoietic cell.

[0011] The present inventors investigated in consideration
of the above-described circumstances, found that by using
human serum albumin, a hematopoietic cell can be effi-
ciently expanded while suppressing the differentiation of the
hematopoietic cell compared to the conventional method,
and developed the present invention.

[0012] Accordingly, the present invention provides the
following:

(1) a composition for expanding a hematopoietic cell, which
contains recombinant human serum albumin,

(2) the composition of (1) above. wherein the hematopoietic
cell is a hematopoietic stem cell,

[0013] (3) the composition of (2) above, wherein the
hematopoietic stem cell is selected from the group consist-
ing of CD34%/CD387, CD34%/DR™, CD34%/CDY0*, CD34*/
CDI117%, CD34%/CD123", and CD34%/CD133%,

(4) the composition of (2) above. wherein the hematopoietic
stem cell is CD34%/CD387/DR",
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(5) the composition of (1) above, wherein the hematopoietic
cell is a hematopoietic progenitor cell,

(6) a serum-free medium for expanding a hematopoietic cell,
which contains a basal medium and recombinant human
serum albumin,

(7) a method of expanding a hematopoietic cell, which
comprises culturing a hematopoietic cell in a serum-free
medium containing recombinant human serum albumin,

(8) the expansion method of (7) above, which further
comprises preparing a hematopoietic cell,

(9) the expansion method of (7) or (8) above. wherein the
hematopoietic cell is derived from umbilical cord blood,

(10) the expansion method of any of (7)-(9) above, wherein
the hematopoietic cell is a hematopoietic stem cell,

[0014] (11) the expansion method of (10) above, wherein
the expanded hematopoietic stem cell is selected from the
group consisting of CD34*/CD38~, CD34*/DR™, CD34%/
CD90*, CD34%/CDI117*, CD34%/CD123*, and CD34%/
CD1337,

(12) the expansion method of (10) above. wherein the
expanded hematopoietic stem cell is CD34*/CD387/DR",

(13) the expansion method of any of (7)-(9) above, wherein
the hematopoietic cell is a hematopoietic progenitor cell,

(14) a culture of a hematopoietic cell that can be obtained by
the method of any of (7)-(13) above, and

(15) the culture of (14) above. which does not contain a
serum component.

[0015] The present invention is hereinafter described in
detail.

[0016] According to the present invention, a hematopoi-
etic cell can be expanded in a more undifferentiated state. Its
expansion efliciency is much higher than that of the con-
ventional method using a serum medium (for example.
FCS-supplemented medium). a serum-free medium contain-
ing plasma-derived HSA, and the like. According to the
present invention, it is possible to reduce contamination with
viruses and prion, which can be problematic in cell trans-
plantation, because it enables the expansion of a hemato-
poietic cell using a serum-free medium.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] The present invention provides a composition for
expanding a hematopoietic cell, which contains recombinant
human serum albumin. The composition of the present
invention makes it possible to efliciently increase the num-
ber of hematopoietic cells while maintaining a more undif-
ferentiated state than the conventional method.

[0018] As used herein, the “hematopoietic cell” refers to a
hematopoietic stem cell and a hematopoietic progenitor cell,
which are undifferentiated cells, and excludes differentiated
cells, for example, leukocyte (e.g.. granulocyte (neutrophil.
eosinophil, basophil). monocyte, macrophage, lymphocyte
(B cell, T cell, NK cell)), erythrocyte, and platelet. The
derivation of the hematopoietic cell is a mammal, preferably
a human.
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[0019] The “hematopoietic stem cell” refers to a cell
possessing both multipotency and renewal function, which
is commonly ancestor to leukocyte, erythrocyte, platelet and
the like. The hematopoietic stem cell can be CD34*. Accord-
ingly. in one aspect, CID34" cell can be used as the hemato-
poietic stem cell. In addition to CD34*, a plurality of other
hematopoietic stem cell markers can be used in combina-
tion. Examples of the stem cell marker used in combination
with CD34* include CD38", DR™, CD45*, CD90*, CD117%,
CD123*, and CD133*. Which stem cell marker hematopoi-
etic cell is expressing can be determined by a method known
per se such as a method using FACS, and a hematopoietic
stem cell expressing a particular stem cell marker can be
separated and purified.

[0020] The “hematopoietic progenitor cell” refers to a cell
derived from a hematopoietic stem cell, and not having
undergoing terminal differentiation. The hematopoietic pro-
genitor cell can be classified into an oligopotent hematopoi-
etic progenitor cell, which is capable of differentiating into
two or three types of blood cells, and an unipotent hemato-
poietic progenitor cell, which differentiate into a single type
of blood cell.

[0021] The hematopoietic progenitor cell can be a pro-
genitor cell of granulocyte (eosinophil, neutrophil. and baso-
phil), a progenitor cell of monocyte and macrophage, a
progenitor cell of platelet, a progenitor cell of erythrocyte. a
progenitor cell of B cell, a progenitor cell of T cell, and a
progenitor cell of mast cell. The progenitor cell of platelet is
preferably a progenitor cell of megakaryocyte, more pref-
erably a progenitor cell of megakaryoblast. The progenitor
cell of erythrocyte is preferably a progenitor cell of eryth-
roblast. These series of progenitor cells can be classified by
identifying the cell marker using a method known per se. For
example, CDI13 is known as a marker for the myelocytic
lineage, CD14 as a marker for the monocytic and macroph-
agic lineage, CD41 as a marker for the megakaryocytic
lineage. glycophorin as a marker for the erythrocytic lin-
eage, CD19 as a marker for the B cell lineage, and CD3 as
a marker for the T cell lineage.

[0022] Furthermore, the hematopoietic progenitor cell can
be classified into the types of cells corresponding to the
mixed colony forming unit (CFU-Mix), which is capable of
differentiating into blood cell of multiple lineage: the granu-
locyte-macrophage colony forming unit (CFU-GM), which
forms colonies of the neutrophilic and macrophagic lineage:
the neutrophil colony forming unit (CFU-G); the macroph-
age colony forming unit (CFU-M): the erythroblast colony
forming unit (CFU-E), which forms colonies and bursts of
the erythroblastic lineage: the ervthroblast burst forming
unit (BFU-E); the megakaryocyte colony forming unit
(CFU-Meg). which forms colonies and bursts of megakaryo-
cyte: the megakaryocyte burst forming unit (BFU-Meg): the
eosinophil colony forming unit (CFU-EQ), the basophil
colony forming unit (CFU-Baso). and the mast cell colony
forming unit (CFU-Mast), which form colonies of eosino-
phil, basophil, and mast cell, respectively: and the like. To
which colony forming unit the hematopoietic progenitor cell
corresponds can be quantitatively determined by a colony
assay method (in vitro colony method) known per se.

[0023] The “expansion” refers to increasing the number of
what are called undifferentiated cells. which have not dif-
ferentiated terminally, whereas the “proliferation” refers to
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increasing the total number of terminally differentiated cells
and undifferentiated cells. The expansion of the hematopoi-
etic cell can be evaluated by a cell marker analysis (for
example, counting the cells corresponding to CD34* by
FACS), quantitative analysis based on the colony assay
method, and the like.

[0024] The recombinant human serum albumin (hereinaf-
ter abbreviated as rHHSA as necessary) used in the present
invention is not subject to limitation, as long as it has been
prepared using gene recombination technology: for
example, one that has been purified to a suflicient extent to
permit its use as a pharmaceutical (injection) is preferred.

[0025] The rHSA is not subject to limitation, as long as it
is an HSA produced by an HSA-producing host prepared via
gene manipulation, and it is preferably one substantially free
from impurity components derived from the HS A-producing
host (for example, proteins, polysaccharides and the like),
more preferably one prepared by culiuring an rHSA-pro-
ducing host by a known means, and then collecting and
purifying the rHSA from the resulting culture filtrate or
bacteria or cells by a known means of separation and
purification. Transgenic animals and transgenic plants can
also be utilized (Japanese Patent Kohyo Publication Nos.
HEI-9-509565 and HEI-10-504289). Specifically, the fol-
lowing methods can be mentioned.

[0026] The host used to obtain rHSA in the present inven-
tion is not subject to limitation, as long as it has been
prepared via gene manipulation; in addition to hosts already
described in the literature, those that will be developed in the
future can also be utilized as appropriate. Specifically,
microorganisms (for example, Escherichia coli, yeasts,
Bacillus subtilis and the like), animal cells and the like that
have been rendered rHSA-producing via gene manipulation
can be mentioned as examples. In particular, a yeast, pref-
erably of the genus Saccharomyces [for example, Saccha-
romyces cerevisiae] or the genus Pichia [for example, Pichia
pastoris]. is used as the host. An auxotroph or an antibiotic-
susceptible strain may be used. More suitably, the Saccha-
romyees cerevisiae AH22 strain (a, his4, leu2, canl) or the

Pichia pastoris GTS115 strain (his4) is used.

[0027] Preparation of these rHSA-producing hosts, pro-
duction of rHSA by culturing the hosts, and separation and
collection of rHSA from cultures can be performed by
employing known methods or methods based thereon. As
examples of the method of preparing an rHSA-producing
host, a method using an ordinary HSA gene (Japanese Patent
Unexamined Publication Nos. SHO-58-56684, SHO-58-
90515, and SHO-58-150517), a method using a novel HSA
gene (Japanese Patent Unexamined Publication No. SHO-
62-29985, Japanese Patent Unexamined Publication No.
HEI-1-98486), a method using a synthetic signal sequence
(Japanese Patent Unexamined Publication No. HEI-1-
240191), a method using a serum albumin signal sequence
(Japanese Patent Unexamined Publication No. HEI-2-
167095), a method comprising integrating a recombinant
plasmid onto chromosome (Japanese Patent Unexamined
Publication No. HEI-3-72889), a method comprising fusing
hosts (Japanese Patent Unexamined Publication No. HEI-3-
53877). a method comprising inducing a mutation using a
methanol-containing medium, a method using a mutant
AOX2 promoter (Japanese Patent Unexamined Publication
Nos. HEI-6-90768 and 4-299984), expression of HSA by
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Bacillus subtilis (Japanese Patent Unexamined Publication
No. SHO-62-25133), expression of HSA by yeast (Japanese
Patent Unexamined Publication Nos. SHO-60-41487, SHO-
63-39576, and SHO-63-74493), expression of HSA by
Pichia yeast (Japanese Patent Unexamined Publication No.

HEI-2-104290) and the like can be mentioned.

[0028] Of these, the method comprising inducing a muta-
tion using a methanol-containing medium is specifically
performed as described below. First. a plasmid having a
transcription unit for expressing HSA under the control of
AOX] promoter is introduced to the AOX1 gene region of
an appropriate host, preferably a Pichia yeast, more specifi-
cally the GTS115 strain (NRRL deposit No. HEI-Y-15851),
by a conventional method, to obtain a transformant (see
Japanese Patent Unexamined Publication No. HEI-2-
104290). This transformant is weak in proliferation potential
in methanol medium. Hence, this transformant is cultured in
a methanol-containing medium to induce mutations, and
only those strains capable of growing in the medium are
recovered. In this operation, as examples of the methanol
concentration, about 0.0001 to 5% can be mentioned. The
medium may be any of an artificial medium and a natural
medium. As examples of the culture conditions, 15 to 40° C.
and about 1 to 1000 hours can be mentioned.

[0029] As examples of the method of culturing an rHSA-
producing host, in addition to the methods described in the
above-mentioned patent publications, a method comprising
supplying a high concentration of glucose or methanol and
the like appropriately little by little by fed-batch culture
(semi-batch culture) to avoid the inhibition of the producing
bacteria by the high concentration substrate, and obtaining
high concentrations of bacteria and the product (Japanese
Patent Unexamined Publication No. HEI-3-83595), a
method comprising adding a fatty acid to the medium to
enhance rHSA production (Japanese Patent Unexamined
Publication No. HEI-4-293495) and the like can be men-
tioned.

[0030] Regarding how to isolate and purify the rHSA
produced by culturing treatment from components derived
from host cells, culture components and the like with
sufficient accuracy. various methods have been proposed. As
examples of conventionally used methods, a method com-
prising subjecting an rHSA-containing yeast culture
medium to compression—ultrafiltration membrane treat-
ment—heat treatment—ultrafiltration membrane treatment,
and then subjecting the culture medium to steps such as
cation exchanger treatment, hydrophobicity chromatogra-
phy treatment, and anion exchanger treatment (Japanese
Patent Unexamined Publication No. HEI-5-317079: Bio-
technology of Blood Proteins, Vol. 227, pp. 293-298, pub-
lished in 1993) and the like can be mentioned. Methods
comprising performing the above-described conventional
method, and then subjecting the culture medium to a step for
chelate resin treatment or boric acid/salt treatment have also
been reported (Japanese Patent Unexamined Publication
Nos. HEI-6-56883 and 6-245789). It is also possible to use
the streamline method using adsorptive fluidized bed tech-
nology (Japanese Patent Unexamined Publication No. HEI-
8-116985) and the like after the yeast culture medium is
subjected to heat treatment.

[0031] The rHSA thus prepared and purified can be sub-
jected to known processes, for example, sterilization heat-
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ing, ultrafiltration membrane treatment. stabilizer addition,
eradication filtration, dispensing, lyophilization and other
treatments.

[0032] Preparations prepared by gene recombination are
considered to represent more preferable examples because
of the absence of lot-to-lot differences, the ease of purifica-
tion, the absence of a risk of being contaminated with virus,
prion and the like, and the like.

[0033] The composition of the present invention is useful
for expanding various types of human hematopoietic cell
while suppressing the differentiation of the hematopoietic
cell, and specifically enables the expansion of the hemato-
poietic stem cell from the hematopoietic stem cell, and the
expansion of the hematopoietic progenitor cell from the
hematopoietic stem cell and/or the hematopoietic progenitor
cell.

[0034] Accordingly, in a first aspect, the composition of
the present invention can be an expanding agent of the
hematopoietic stem cell. For example, an rHHSA-containing
serum-free medium has been confirmed to expand the
CD34* cell (for example, CD34%/CD387, CD34*/DR",
CD34*/CD387/DR™, CD34%/CD90*, CD34*/CDI117%,
CD34%/CD123%, CD34%/CD133™) in a more undifferentiated
state than a serum-containing medium and a serum-free
medium containing plasma-derived HSA (Tables 8, 10, and
16). Therefore, rHSA is considered to be capable of expand-
ing the hematopoietic stem cell in a more undifferentiated
state than serum components. Accordingly, the composition
of the present invention can be used to expand the hemato-
poietic stem cell in a more undifferentiated state.

[0035] An rHSA-containing serum-free medium has been
confirmed to more efliciently expand the CD347/CD38" cell
and CD347/CD387/DR7cell than a serum-containing
medium (Table 2). Therefore, rHSA is considered to be
capable of more efliciently expanding the CD34*/CD38
cell and/or CD34%/CD387/DRcell than serum components
and plasma-derived HSA. Accordingly, the composition of
the present invention can be used to more efficiently expand
the CD347/CD38™ cell and/or the CD34%/CD387 /DR cell.

[0036] In another aspect, the composition of the present
invention can be an expanding agent of the hematopoietic
progenitor cell. For example, the serum-free medium con-
taining rHSA has been shown to tend to more selectively
expand the cell corresponding to CFU-Mix or BFU-E than
a serum-containing medium (Table 3). Therefore. rHSA is
likely to more selectively expand the cell corresponding to
CFU-Mix or BFU-E than serum components. Accordingly,
the composition of the present invention can be used to more
selectively expand the cell corresponding to CFU-Mix or
BFU-E.

[0037] The serum-free medium containing rHSA has also
been confirmed to more expand the cell corresponding to
CFU-Mix. CFU-GM or BFU-E than a serum-free medium
containing plasma-derived HSA (see Tables 14 and 15).
Therefore, rHSA is considered to be capable of expanding
the cell corresponding to CFU-Mix, CFU-GM or BFU-E
than plasma-derived HSA. Accordingly, the composition of
the present invention can be used to expand the cell corre-
sponding to CFU-Mix, CFU-GM or BFU-E.

[0038] Furthermore, the serum-free medium containing
rHSA has been confirmed to expand the blood progenitor
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cell from the hematopoietic cell while maintaining a more
undifferentiated state than a serum-containing medinm
(Tables 4 and 5). Therefore. rHSA is considered to be
capable of more suppressing the differentiation of the
hemaiopoietic cell during expansion of the hematopoietic
cell than serum components. Accordingly, the composition
of the present invention can be used to expand the hemato-
poietic progenitor cell in a more undifferentiated state.

[0039] Furthermore. the serum-free medium containing
rHSA has been confirmed to more suppress the expansion of
the neutrophilic lineage cell from the hematopoietic cell than
the serum-containing medium (Tables 6 and 7). Therefore,
rHSA is considered to be capable of more suppressing the
expansion of the neutrophilic lineage cell from the hemato-
poietic cell during the expansion of the hematopoietic cell
than serum components. Accordingly, the composition of the
present invention can be used to suppress the expansion of
the neutrophilic lineage cell from the hematopoietic cell.

[0040] The serum-free medium containing rHSA has also
been confirmed to more suppress the expansion of the
monocytic and macrophagic lineage cell from the hemato-
poietic cell than the serum-containing medium (Table 9).
Therefore, rHSA is considered to be capable of more sup-
pressing the expansion of the monocytic and macrophagic
lineage cell from the hematopoietic cell during the expan-
sion of the hematopoietic cell than serum components.
Accordingly. the composition of the present invention can be
used to suppress the expansion of the monocytic and mac-
rophagic lineage cell from the hematopoietic cell.

[0041] The composition of the present invention contains
rHSA and a carrier. Preferably, the carrier can be a pharma-
ceutically acceptable carrier. As the pharmaceutically
acceptable carrier, excipients. diluents, fillers, disintegrants,
stabilizers, preservatives, buffering agents. emulsifiers. fla-
voring agents, coloring agents, sweetening agents. thicken-
ing agents, taste correctives, solubilizers or other additives
and the like can be mentioned. By using one or more of such
carriers, a pharmaceutical composition in the form of an
injection, liquid and the like can be prepared.

[0042] In particular, an injection can be produced by, for
example, dissolving or suspending the active ingredient in a
non-toxic pharmaceutically acceptable carrier such as physi-
ological saline or commercially available distilled water for
injection to obtain an appropriate concentration. In some
cases, an injection can also be prepared in a non-agqueous
diluent (for example, propylene glycol, polyethylene glycol,
vegetable oils such as olive oil, alcohols such as ethanol. and
the like), suspending agent or emulsifier.

[0043] Sterilization of such an injection can be achieved
by filtration sterilization through a bacterial retention filter,
combining with a bactericidal agent, or irradiation. An
injection can be produced as a fresh supply prepared before
use. Specifically, the injection can be prepared as a sterile
solid composition by lyophilization and the like. which
composition can be used afier being freshly dissolved in
sterile distilled water for injection or another solvent.

[0044] The composition of the present invention can con-
tains a lipid, various vitamins, and other components as
necessary. As examples of the lipid, cholesterol. lecithin
(phospholipid) and the like can be mentioned. As examples
of the vitamins, vitamin C (ascorbic acid), vitamin E (toco-
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pherol) and the like can be mentioned. As examples of the
other components, growth factors such as insulin, iron
sources such as transferrin, various cytokines and the like
can be mentioned. As examples of the cytokines, SCF, TPO
(thrombopoietin), FL (FIt3/FIk2 ligand), 116, IL6R (116
receptor) and the like can be mentioned.

[0045] The present invention also provides a serum-free
medium for expanding the hematopoietic cell, containing a
basal medium and recombinant human serum albumin. The
serum-free medium of the present invention characteristi-
cally contains a basal medium and rHSA. The rHSA added
to the serum-free medium of the present invention is as
described above.

[0046] The basal medium used to prepare the serum-free
medium of the present invention is not subject to limitation.
as long as it is one used for ordinary cell culture, particularly
for mammalian cell culture. Specifically, MEM (aMEM and
the like), RPMI (RPMII640 and the like), and HamF
(HamF12 and the like) can be mentioned.

[0047] The amount of recombinant HSA added to the
serum-free medium of the present invention is not subject to
limitation, as long as the efficient expansion of the hemato-
poietic cell and/or the selective expansion of particular
hematopoietic cell is enabled. and it is, for example, about
0.1 to 20 w/v %, preferably about 0.5 to 10 w/v %, and more
preferably about 1 to 5 w/v %.

[0048] A lipid is added to the serum-free medium of the
present invention as necessary. As examples of the lipid
added to the serum-free medium of the present invention.
cholesterol, lecithin (phospholipid) and the like can be
mentioned. The amount of cholesterol added is. for example.
about 10 to 1000 pg/ml, and the amount of lecithin added is.
for example, about 10 to 1000 pg/ml.

[0049] The serum-free medium of the present invention
may further be supplemented with other component. As
examples of the other components, growth factors such as
msulin, iron sources such as transferrin, various cytokines
and the like can be mentioned. As examples of the cytokines,
SCF., TPO (thrombopoietin), FL (FIt3/FIk2 ligand), IL6,
IL6R (IL6 receptor) and the like can be mentioned. As
examples of the amount of insulin added. 0.1 to 100 units (as
quantified by rabbit blood glucose levels) or about 0.1 to 100

pg/ml can be mentioned. As examples of the amount of

transferrin added, about 10 to 1000 pg/ml can be mentioned.
As examples of the amounts of cytokines added, about 1 to
1000 ng/ml, preferably about 10 to 100 ng/ml, for each
cytokine, can be mentioned.

[0050] Furthermore, various vitamins and the like are
added to the serum-free medium of the present invention as
necessary. As examples of the vitamins added, vitamin C
(ascorbic acid), vitamin E (tocopherol) and the like can be
mentioned. The amount of vitamins added can be, for
example, about 0.1 to 10 pg/ml.

[0051] The pH of the serum-free medium of the present
invention is not subject to limitation. as long as the expan-
sion of the hematopoietic cell is enabled. and it is, for
example, about 6.0 to 8.0, preferably about 6.8 to 7.6, and
most preferably about 7.0 to 7.2.

[0052] The serum-free medium of the present invention is
useful for enabling the expansion of generic hematopoietic
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cell while maintaining the hematopoietic cell in a more
undifferentiated state; specifically, the expansion of the
hematopoietic stem cell from the hematopoietic stem cell.
and the expansion of the hematopoietic progenitor cell from
the hematopoietic stem cell and/or the hematopoietic pro-
genitor cell are enabled.

[0053] Accordingly, in a first aspect, the serum-free
medium of the present invention can be a medium for
expanding the hematopoietic stem cell. For example, the
serum-free medium containing rlISA has been confirmed to
expand the CD34" cell (for example, CD34%/CD38",
CD34*/DR™, CD34*/CD387/DR", CD34*/CD90*, CD34*/
CDI117*,CD34%/CDI123*, CD34*/CD133*) in a more undif-
ferentiated state than a serum-containing medium and a
serum-free medium containing plasma-derived HSA (Tables
8, 10, and 16). Accordingly. the serum-free medium of the
present invention can be used to expand the hematopoietic
stem cell in a more undifferentiated state.

[0054] The serum-free medium containing rHSA has also
been confirmed to more efficiently expand the CD34%/
CD38" cell and the CD34*/CD387/DRcell than a serum-
containing medium (Table 2). Accordingly, the serum-free
medium of the present invention can be used to more
efficiently expand the CD34*/CD38" cell and/or the CD34"/
CD387/DR"cell.

[0055] In another aspect, the serum-free medium of the
present invention can be a medium for expanding the
hematopoietic progenitor cell. For example, the serum-free
medium containing rHSA has been shown to tend to more
selectively expand the cell corresponding to CFU-Mix or
BFU-E than a serum-containing medium (Table 3). Accord-
ingly. the composition of the present invention can be used
to more selectively expand the cell corresponding to CFU-
Mix or BFU-E.

[0056] The serum-free medium containing rHSA has also
been confirmed to more expand the cell corresponding to
CFU-Mix, CFU-GM or BFU-E than a serum-free medium
containing plasma-derived HSA (see Tables 14 and 15).
Accordingly, the serum-free medium of the present inven-
tion can be used to expand the cell corresponding to CFU-
Mix, CFU-GM or BFU-E.

[0057] Furthermore, the serum-free medium containing
rHSA has been confirmed to expand the blood progenitor
cell from the hematopoietic cell while maintaining a more
undifferentiated state than a serum-containing medium
(Tables 4 and 5). Accordingly, the serum-free medium of the
present invention can be used to expand the hematopoietic
progenitor cell in a more undifferentiated state.

[0058] Furthermore, the serum-free medium containing
rHS A has been confirmed to more suppress the expansion of
the neutrophilic lineage cell from the hematopoietic cell than
a serum-containing medium (Tables 6 and 7). Accordingly.
the serum-free medium of the present invention can be used
to suppress the expansion of the neutrophilic lineage cell
from the hematopoietic cell.

[0059] The serum-free medium containing rHSA has also
been confirmed to more suppress the expansion of the
monocytic and macrophagic lineage cell from the hemato-
poietic cell than a serum-containing medium (Table 9).
Accordingly, the serum-free medium of the present inven-
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tion can be used to suppress the expansion of the monocytic
and macrophagic lineage cell from the hematopoietic cell.

[0060] The present invention further provides a method of
expanding the hematopoietic cell, comprising culturing the
hematopoietic cell in a serum-free medinm containing
recombinant human serum albumin. The human serum albu-
min and the serum-free medium are the same as those
described above.

[0061] The hematopoietic cell used in the expansion
method of the present invention may be any available cells.
and can be exemplified by a hematopoietic cell prepared
from umbilical cord blood, peripheral blood, bone marrow
and the like. These hematopoietic cells can be used after
being purified to CD34* by a method known per se.

[0062] The amount of cells seeded to the serum-free
medium is not subject to limitation, as long as culture of the
hematopoietic cell is enabled, and it is exemplified by about
1x10% to 1x10° cells/ml. Although duration of cultivation is
not subject to limitation, it is exemplified by 1 day or more
(for example, 1 to 20 days). preferably 7 days or more (for
example, 7 to 14 days). Culturing temperature can be about
30 1o 40° C., preferably 37° C. As examples of the carbon
dioxide content, about 1 to 10%. preferably about 5% and
the like can be mentioned.

[0063] The expansion method of the present invention is
useful for enabling the expansion of generic hematopoietic
cell while maintaining the hematopoietic cell in a more
undifferentiated state: specifically, the expansion of hemato-
poietic stem cell from hematopoietic stem cell, and the
expansion of hematopoietic progenitor cell from the hemato-
poietic stem cell and/or the hematopoietic progenitor cell are
enabled.

[0064] The expansion method of the present invention
comprises using a serum-free medium containing rHSA.
Accordingly, in one aspect, the expansion method of the
present invention enable the expansion of the hematopoietic
stem cell in a more undifferentiated state than culture using
a serum-containing medium and a serum-free medium con-
taining plasma-derived HSA. The expansion method of the
present invention also enables the more eflicient expansion
of the CD34*/CD38" cell and/or the CD34*/CD38 /DR "cell
than culture using a serum-containing medium.

[0065] In another aspect, the expansion method of the
present invention enables the more selective expansion of
the cell corresponding to CFU-Mix or BFU-E than the
method using a serum-containing medium. The expansion
method of the present invention also enables the more
expansion of the cell corresponding to CFU-Mix, CFU-GM
or BFU-E than a serum-free medium containing plasma-
derived HSA. Furthermore, the expansion method of the
present invention enables the expansion of the hematopoi-
etic progenitor cell in a more undifferentiated state than a
serum-containing medium. The expansion method of the
present invention enables the more suppression of the
expansion of the neutrophilic lineage cell from the hemato-
poietic cell than a serum-containing medium. Furthermore,
the expansion method of the present invention enables the
more suppression of the expansion of the monocytic and
macrophagic lineage cell from the hematopoietic cell than a
serum-containing medium.

[0066] The present invention also provides a culture of the
hematopoietic cell that can be obtained by the above-
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described expansion method of the present invention.
Because the culture of the present invention is obtained by
culturing the hematopoietic cell using a serum-free medium
containing rHSA, it does not contain a serum-derived com-
ponent. Accordingly. the culture of the present invention is
useful for use in cell medicine and the like because it is free
from the concern about contamination with harmful sub-
stances such as viruses and prion derived from serum
components.

[0067] The culture of the hematopoietic cell of the present
invention may be present in the culture medium, or may be
provided in a form recovered by a method known per se such
as centrifugation. The culture can be purified into the
hematopoietic stem cell by a method known per se such as
FACS with a marker such as CD34" as the index. The culture
can also be purified into the hematopoietic progenitor cell,
preferably particular the hematopoietic progenitor cell,
using various markers (for example, CD13, CD14, CD41,
glycophorin, CD19, CD3) for the hematopoietic progenitor
cell. Accordingly, the present invention also provides a
culture of the hematopoietic stem cell that can be obtained
by the culture method of the present invention, and a culture
of generic hematopoietic progenitor cell and of particular
hematopoietic progenitor cell.

EXAMPLES

[0068] The present invention is hereinafter described in
more detail by means of the following working examples
and experimental examples. which, however, are not to be
construed as limiting the scope of the invention.

Reference Example 1

Preparation of rHSA

[0069] rHSA was prepared as described below. First, the
rHSA-producing yeast Pichia pastoris was obtained and
cultured in accordance with the method described in Japa-
nese Patent Unexamined Publication No. HEI-5-317079.
rHSA was recovered and purified from the culture broth
obtained. in accordance with the method described in Japa-
nese Patent Unexamined Publication No. HEI-8-116985.
Then, the purified rHSA was prepared as a 25% solution.

[0070] Subsequently, the properties of the purified rHSA
(-containing composition) were confirmed by the respective
analytical methods shown below. The results of these mea-
surements of the properties are shown in Table 1.

HPLC Analysis:

[0071] The rHSA was analyzed by HPLC gel filtration.
The column used was TSK gel G3000SW (Tosoh Corpora-
tion), the developing solution used was 0.1 M KH,PO,/0.3
M NaCl buffer. and the detection was achieved using absor-
bance at a wavelength of 280 nm.

Analysis of Yeast-Derived Components:

[0072] Rabbits were immunized with a supernatant of
non-HSA-producing yeast, crudely purified by the above-
described method, and yeast-derived components occurring
as impurities in the purified rHSA-containing composition
were detected using the antiserum thus obtained. Measure-
ments were taken by enzyme immunoassay (EIA method).



US 2007/0166825 Al

The supernatant used for the measurements was prepared to
an rHSA concentration of 25%.

Molecular Weight:

[0073] Determined in the same manner as the HPLC gel
filtration described above.

Isoelectric Point:

[0074] Measured using a thin-layer polyacrylamide gel in
accordance with the method of Allen et al. (J. Chromatog..
146, p. 1, 1978).

Degree of Coloring:

[0075] Absorbances at wavelengths of 280 nm, 350 nm,
450 nm and 500 nm were determined, and A;g,/Asq.
AusolAsge. and A /A, were calculated respectively.

Pyrogen:

[0076] Endospecy from Seikagaku Corporation was used.

TABLE 1

Properties of Recombinant HSA (-comprising Composition)

Analytical item Results

HPLC Single peak of HSA monomer
Yeast-derived components
(based on proteins)

(based on polysaccharides)

less than 0.1 ng/mL
less than 1 ng/mL

Molecular weight Approx. 67000

Isoelectric point Approx. 4.9

Degree of coloring (Ayse/Azse) Approx. 0.015

(AusoAzgo) Approx. 0.01

(Asoo'Azgo) Approx. 0,002

Pyrogen less than 0.5 EU

(per 250 mg tHSA)
[0077] The composition containing rHSA was used in the

working examples and experimental examples of the present
invention.

Example 1

Preparation of a Serum-Free Medium Containing
rHSA

[0078] oMEM, 2 w/v % rHSA, 100 pg/ml cholesterol
(ICN Biomedical Company), 160 pg/ml lecithin (ICN Bio-
medical Company). 1 ug/ml insulin (Sigma Company), 200
pg/ml holotransferrin (Sigma Company), 1 ng/ml tocopherol
(WAKO Company), and 1 pg/ml ascorbic acid (WAKO
Company) were combined to prepare a complete serum-free
medium. Since cholesterol is slightly soluble, it was dis-
solved in ethanol, after which the solution was stirred using
a stirrer with a temperature setting of 30 to 40° C. for 10
minutes to evaporate the ethanol. Thereafier, the solution
was transferred to a normal-temperature stirrer, and the
rHSA was gradually added drop by drop to cause conjuga-
tion before the cholesterol crystallized. After the above-
described reagents were mixed with this solution, filtration
sterilization was performed using a bottle-top filter. Alter-
natively, another method was used as described below.
Specifically. each of cholesterol, lecithin, and tocopherol
was dissolved in ethanol, and required amounts of the
cholesterol solution, lecithin solution, and tocopherol solu-
tion thus prepared were transferred to a flask and mixed and
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stirred. With stirring using a stirrer, the rHSA was gradually
added drop by drop. A white precipitate was produced; after
this was mixed with the rHSA, all the rHSA was added drop
by drop at a slightly increased rate. This mixture was stirred
using a stirrer for about 10 minutes. Furthermore, afier the
above-described reagents were mixed in this solution, fil-
tration sterilization was performed.

Example 2

Preparation of a Serum-Free Medium Containing
rHSA and Various Cytokines

[0079] oMEM, 2 w/v % rHSA. 100 pg/ml cholesterol
(ICN Biomedical Company), 160 pg/ml lecithin (ICN Bio-
medical Company), 1 pg/ml insulin (Sigma Company), 200
pg/ml holotransferrin (Sigma Company). 1 pg/ml tocopherol
(WAKO Company). 1 pg/ml ascorbic acid (WAKO Com-
pany), 100 ng/ml SCF, 10 ng/ml TPO, 100 ng/ml FL, 100
ng/ml IL6, and 100 ng/ml sIL6R were combined to prepare
a complete serum-free medium.

Experimental Example 1

Measurement of Expansion Rates of Umbilical
Blood CD34" Cells

[0080] Expansion rates of cultured CD34* cells in a serum
medium and a serum-free medium were analyzed on days 7
and 14 of cultivation. The CD34* cell expansion rate is the
ratio of the CD34*/CD45* cell count on day 7 or 14 to the
CD34%/CD45* cell count on day 0. based on FACS analysis.
The expansion rates of CD34%/CD38™ cells and CD34%/
CD387/DRcells are the ratios of the CD34*/CD38" cell
count and CD34*/CD38/DR™cell count on day 7 or 14, to
the CD34*/CD38" cell count and CD34*/CD38 /DR cell
count on day 0, respectively, based on FACS analysis. The
medium, CD34* cells, and culturing conditions used are as
described below. The results are shown in Table 2.

Medium:

[0081] The serum medium used was an aMEM (minimal
essential medium «) supplemented with 10% or 20% FCS
(fetal calf serum, JRH Company) and five kinds of cytokines
(100 ng/ml SCF, 10 ng/ml TPO, 100 ng/ml FL. 100 ng/ml
IL6, and 100 ng/ml sIL6R), and the serum-free medium used
was the same as that prepared in Example 2.

CD34* Cells:

[0082] CD34* cells stored under freezing with liquid
nitrogen after being separated from umbilical cord blood
using the magnet immunobead method (AutoMACS) were
used after thawing. The purity of the CD34" cells used was
not less than 95%.

Culturing Conditions:

[0083] 1x10* CD34" cells were seeded to 1 ml of each of
a serum medium and serum-free medium prepared as
described above, and cultured in a 5% CO, incubator for 7
days or 14 days. The cultivation was performed using
24-well plates.
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TABLE 3-continued

FACS Analysis of Expansion Rates by Cultivation

Expansion rate

Colony Assay Analysis of Expansion Rate by Cultivation

Expansion rate

Medium Day 0  Day7 Day 14 P value Cells evaluated Medium Day 0 Day 7 Day 14 P value
Total cells FCS 1 62 298 0.00774 CFU-GM FCS 1 27.2 90.2 0.824
Serum-free 1 9 66 Serum-free 1 10.8 241
CD34* cell FCS 1 21 65 0.176 BFU-E FCS 1 3.0 1.5 0.307
Serum-free 1 7 29 Serum-free 1 8.2 11.6
CD34Y/CD38 cell  FCS 1 11 30 0.0463 CFU-Mix FCS 1 2.1 28 0.15
Serum-free 1 4 39 Serum-free 1 5.5 8.3
CD34*/CD38 7/ FCS 1 11190 12887 0.0464
DR cell Serum-free 1 6418 70625

[0084] As a result, the total cell proliferation rate was
higher for the serum medium than for the serum-free
medium, whereas the expansion rates of CD347/CD38 cells
and CD34%/CD387/DRcells on day 14 were higher for the
serum-free medium than for the serum medium (Table 2).

[0085] From these results, it was demonstrated that the
serum-free medium containing rHSA was inferior to the
serum medium in terms of total cell expansion rate but
superior to the serum medium in terms of the selective
expansion of CD34*/CD38~ cells and CD34*/CD387 /DR~
cells in long-term culture.

Experimental Example 2

Measurement of Colony Formation Potential of
Cultured Cells

[0086] The colony formation potential of cultured CD34*
cells was analyzed in a serum medium and a serum-free
medium on days 7 and 14 of cultivation. The medium,
CD34* cells, and culturing conditions used were the same as
those in Experimental Example 1. The colony formation
potential was evaluated by colony assay. Specifically, the
colony assay was performed using a methyl cellulose
medium (MethoCult Company) before culture and on days
7 and 14 of cultivation. Cells were seeded at a cell density
of 250 cells/dish before culture and on day 7 of cultivation,
and at 500 cells/dish on day 14 of cultivation; after 14 days
of cultivation, colonies were counted. The total colony count
expansion rate was obtained by calculating the number of
colony forming cells from the total colony count per unit and
the total cultured cell count, and converting it to a multipli-
cation factor. The CFU-GM, BFU-E. and CFU-Mix expan-
sion rates were obtained by calculating the number of colony
forming cells from the CFU-GM, BFU-E, and CFU-Mix
colony forming rates, respectively, per unit and the total cell
count, and converting it to a multiplication factor. The
results are shown in Table 3.

Expansion rate

Cells evaluated Medium Day 0 Day 7 Day 14 P value
Total cells FCS 1 21.3 69.0 0.284
Serum-free 1 10,0 20.9
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[0087] As a result, the CFU-GM expansion rate was
higher for the serum-free medium than for the serum
medium, whereas the BFU-E and CFU-Mix expansion rates
were higher for the serum-free medium than for the serum
medium (Table 3).

[0088] From these results, it was demonstrated that the
serum-free medium containing rHSA tended to be inferior to
the serum medium in terms of total cell and CFU-GM
expansion rates, but superior to the serum medium in terms
of the selective expansion of BFU-E and CFU-Mix.

Experimental Example 3

Morphological Analysis of Cultured CD34* Cells
by Staining

[0089] CD34* cells on day 14 of cultivation were mor-
phologically analyzed by three kinds of staining, i.e., May-
Giemsa. peroxidase, and esterase, as reported previously.
The morphological classification of cultured cells by Giemsa
staining is shown in Table 4; a list of cells classified by the
same staining is shown in Table 5: the morphological
classification of cultured cells by peroxidase staining is
shown in Table 6: the morphological classification of cul-
tured cells by esterase staining is shown in Table 7.

TABLE 4

Morphological Classification of Cultured Cells by Giemsa Staining

FCS Serum-free Serum-free/FCS
Blast 25 80 3.2
Mature cell 67 19 —
[0090]
TABLE 5
List of Cells Classified by Giemsa Staining
FCS Serum-free
myeloid myeloblast 25 80
promyelocyte 67 19
myelocyte 0 0
metamyelocyte 0 0
mono monoblast 0 1
monocyte 6 [
macropharge 2 0
erythroid cell 0 0
megakaryocyte 0 0
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[0091]
TABLE 6
Morphological Classification of Cultured Cells by Peroxidase
Staining
FCS Serum-free Serum-free/FCS
Negative 50 71 1.42
False positive 14 5 —
Positive 36 24
[0092]
TABLE 7

Morphological Classification of Cultured Cells by Esterase Staining

FCS Serum-free Serum-free/FCS

Negative 53 79 1.49
Positive for specific 39 12 —

esterase (AS-D)

Positive for nonspecific & 8 —

esterase (a-NB)

[0093] As a result, the analysis by Giemsa staining
revealed that the serum-free medium maintained a more
undifferentiated state than the serum medium (Table 4). In
particular, the ratio of myeloblasts was higher for the serum-
free medium than for the serum medium (Table 5). The
analyses by peroxidase staining and specific esterase stain-
ing (peroxidase-positive cells and specific esterase-positive
cells mainly differentiate into the neutrophilic lineage cells)
revealed that the serum-free medium more suppressed the
differentiation of CD34™ cells into the neutrophilic lineage
cells during expansion thereof than the serum medium
(Tables 6 and 7).

[0094] From these results, it was demonstrated that the
CD34" cells cultured using the serum-free medium contain-
ing rHSA maintained higher immaturity than the CD34*
cells cultured using a serum medium.

Experimental Example 4

Analyses of Surface Antigens of Cultured Cells

[0095] Surface antigens of cultured CD34* cells were
analyzed in a serum medium and a serum-free medium on
day 14 of cultivation. The medium. CD347 cells, and cul-
turing conditions used were the same as those in Experi-
mental Example 1. The cultured cells were subjected to
trichromic staining by a conventional method. and surface
antigens were then analyzed using a FACS Calibur. As
surface antigen analyses, CD34*/CD38 /DR positivity rate
analysis. hematopoietic progenitor cell property analysis.
and lineage analysis were performed. The antibodies used in
this analysis were antibodies against the markers shown
below.

[0096] CD34*/CD38 /DR cell positivity rate:
CD38, and HLA-DR

CD34,

[0097] Lineage analysis: CDI13 (a marker for the myelo-
cytic lineage). CD14 (a marker for the monocytic and
macrophagic lineage), CD41 (a marker for the megakaryo-
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cytic lineage), CD19 (a marker for the B cell lineage), CD3
(a marker for the T cell lineage). and glycophorin (a marker
for the erythrocytic lineage)

[0098] Hematopoietic progenitor cell property analysis:
CD90, CD117, CD38, HLA-DR, CD123, and CD133

[0099] The CD34*/CD38 /DR cell positivity rate analysis
was performed using FACS as described below. First, a
population of cells obtained from scatter grams of forward
scatter (FS) and side scatter (SS) were gated (R1). Subse-
quently, the SS and CD34* regions were gated (R2). Fur-
thermore, the cells within the R1 and R2 gates were devel-
oped with CD38 and HLA-DR (34 gating). Subsequently,
the average value (n=5) for the 34 gating CD387 /DR was
calculated.

[0100] The results for the CD34*/CD387/DR™ cell posi-
tivity rate are shown in Table 8: the results for the lineage
analysis are shown in Table 9: the results for the hemato-
poietic stem cell property analysis are shown in Table 10.

TABLE 8

Ratio of CD34'/CD3R" /DR cells to CD34" cells

Medium Ratio (%)
FCS 2617
Serum-free 214 £ 4.8

[0101]

TABLE 9

Lineage Analysis of Cultured Cells on Day 14 of Cultivation

FCS Sermum-free P value

CD3 9.48 5.37 0.436

Glycophorin 0.51 3.39 0.26

CD19 277 6.82 0.486

CD41 0.66 3.79 0.492

CD14 41.04 17.91 0.000912

CDI13 95.50 97.36 0.568

[0102]
TABLE 10
Analvsis of Stem Cell Markers
Stem cell marker
expression rate (%)

Stem cell
marker FCS Serum-free P value
CD34'/CD133* 7.7 37.7 0.00379
CD34%/CD123"* 9.6 24.2 0.0268
CD34%/CD117* 1.5 5.2 0.0434
CD34%/CDoo* 0.1 04 0.0666
CD34"/DR 2.6 214 0,0156
CD34Y/CD38 1.6 60.6 0.0000939

[0103] As a result, the ratio of CD34*/CD38 /DR cells in
CD34*cells was about 8 time higher for the serum-free
medium than for the serum medium. The lineage analysis
revealed that the serum-free medium more suppressed the
differentiation of CD34" cells into the monocytic lineage
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than the serum medium (Table 9). Furthermore. the hemato-
poietic stem cell marker analysis revealed that all markers
were highly expressed in the serum-free culture, with all
markers but CD34%/CDY90* being significantly highly
expressed (Table 10).

[0104] From these results, it was demonstrated that the
serum-free medium containing rHSA is superior to the
serum medium in terms of the selective expansion of CD34*
cells to CD34%/CD387/DRcells, that it more suppresses the
differentiation of CD34" cells into the monocytic lineage
cells during the expansion thereof than the serum medium.
and that it is superior to the serum medium in terms of the
undiflerentiated expansion of hematopoietic stem cells.

Experimental Example 5

Measurement of Cytokine Contents in Culture
Medium

[0105] Since the cultured cell colony formation rate was
better for the serum-free medium in Experimental Example
2, it was speculated that serum-free culture more selectively
expands hematopoietic progenitor cells, which possess sell-
replication potential, rather than differentiation potential.
Since the presence of a differentiation-promoting cytokine in
FCS was considered as a cause of this finding, the cytokine
contents in the culture medium, and the cytokine contents in
the culture supernatant on day 14 of cultivation were mea-
sured by the ELISA method. These measurements were
taken for G-CSF, GM-CSF. TGF-f1. TGF-p2, IL3. and
EPO. The results for the cytokine contents in the culture
medium are shown in Table 11; the results for the cytokine
contents in the culture supernatant are shown in Table 12.

TABLE 11

Cytokine Contents of Culture medium

Significant

FCS Serum-free difference
G-CSF (pg/ml)
GM-CSF (pg/ml) <0.9 <0.9 NS
TGF-p1 (pg/ml) -
TGF-p2 (pg/ml) 104,93 <l P < 0.0001
EPO (mUnit/ml) <l <l NS
IL3 (pg/ml) <1 <1 NS

NS indicates the absence of significant difference.
[0106]

TABLE 12

Cytokine Contents of Culture Supernatant on Day 14 of Cultivation

Significant

FCS Serum-free difference
G-CSF (pg/ml) <4 <4 NS
GM-CSF (pg/ml) 1.31 £ 0.45 0.61 =0.18 P = 0.0406
TGF-p1 (pg/ml) 6.25 = 0.5 6.25 £ 0.5 NS
TGF-p2 (pg/ml) 115.05 = 13.20 <l P < 0.00002
EPO (mUnit/ml) 4,80 = 4,55 <l P < 0,01
IL3 (pg/ml) <1l <l NS
NS indicates the absence of significant difference.
[0107] As a result, it was found that GM-CSF, TGF-f32,

and EPO were significantly more abundant with the serum
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culture. When the culture medium were assayed, TGF-f32
was detected only in the case of the serum medium (Table
11). With the serum culture, TGF-f2 was detected at high
concentrations. TGF-p2 has been reported to be effective in
enhancing the expression of differentiation type cytokine
receptors for highly differentiated hematopoietic cells. and
hence to stimulate the secretion of differentiation type
cytokines: in the present investigation, differentiation type
cytokines such as GM-CSF increased significantly in the
culture supernatant of the serum culture on day 14 of
cultivation.

[0108] From these results, it was demonstrated that the
serum-{ree medium of the present invention is useful in
expanding hematopoietic stem cells and hematopoietic pro-
genitor cells, which have self-replication potential.

Experimental Example 6

Comparison of Potency Between Plasma-Derived
HSA and rHSA

6.1. Preparation of a Serum-Free Medium Containing
Plasma-Derived HSA

[0109] The method of cultivation, medium composition,
method of surface antigen analysis, and colony assay
method used were the same as those in Experimental
Example 1. A medium supplemented with plasma-derived
HAS was prepared as a serum-free medium by combining
aMEM, 2 w/v % human plasma-derived HSA (manufac-
tured by Mitsubishi Pharma Corporation), 100 pg/ml cho-
lesterol (manufactured by ICN Biomedical Company). 160
pg/ml lecithin (manufactured by ICN Biomedical Com-
pany). 1 ug/ml insulin (manufactured by Sigma Company),
100 ng/ml SCF, 10 ng/ml TPO, 100 ng/ml FL, 100 ng/ml
IL6, and 100 ng/ml sIL6R.

6.2. Comparison of Expansion of CD34" Cells

[0110] 10* of CD34* cells were seeded to each medium.
Vitamin E and vitamin C were added to each serum-free
medium containing plasma-derived HSA or rHSA. Total
cultured cell counts on day 14 of cultivation were measured.
The results are shown in Table 13.

TABLE 13

Expansion of CD34" cells

Total number of cultured
cells (x10%)

Day 0 1
FCS 640
Plasma-derived HSA 120
Recombinant HSA 80

6.3. Comparison of Colony Formation Potentials

[0111] After 14 days of cultivation in the same manner as
in Experimental Example 2, colony formation potentials on
days 7 and 14 of cultivation was analyzed. The colony
forming potential on day 7 of cultivation is shown in Table
14: the colony formation potential on day 14 of cultivation
is shown in Table 15.
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TABLE 14

Colony Formation Potential on Day 7 of Cultivation

Plasma-derived Recombinant

Fresh FCS HSA HSA
CFU-GM 175 115 165 215
BFU-E 59 ] 33 2
CFU-Mix 28 0 il 21
Total count 262 120 205 268

[0112]
TABLE 15
Colony Formation Potential on Day 14 of Cultivation
Plasma-derived Recombinant

Fresh FCS HSA HSA
CFU-GM 175 131 96 150
BFU-E 59 ] 7 23
CFU-Mix 28 0 1 8
Total count 262 132 104 181

6.4. Comparison of Expansion of CD34%/CD38 Cells

[0113] Analyzed using FACS in the same manner as
described above. After 14 days of cultivation, both the CD34
and CD38 antigens were analyzed. The results are shown in
Table 16.

TABLE 16

Expansion Rate of CD34%/Cells on Day 14 of Cultivation

Plasma-derived  Recombinant

Cell FCS HSA HSA
CD34*/CD38 1.1% 9.8% 17.6%
CD34'/CD38" 13.8% 12.3% 2.0%
CD347/CD38~ 12.9% 17.4% 54.1%
CD347/CD38* 72.2% 60.4% 26.4%
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[0117] The method of cultivation, medium composition,
method of surface antigen analysis, and colony assay
method used were the same as those in Experimental
Example 1.

[0118] The medium supplemented with stock solution
rh-HSA was prepared by adding a 2% rh-HS A stock solution
(Mitsubishi Pharma Corporation). 200 pg/ml transferrin,
100 pg/ml cholesterol, 160 pg/ml lecithin, 1 pg/ml insulin,
1 pg/ml tocopherol, and 1 pg/ml ascorbic acid to aMEM as
the basal medium. At the time of cultivation, 100 ng/ml SCF,
10 ng/m1 TPO, 100 ng/ml FL, 100 ng/ml IL6, and 100 ng/ml
sIL6R were combined to prepare a complete serum-free
medium.

7.1. Expansion of CD34-Positive Cells by Culture

[0119] 2x10* of CD34-positive cells derived from umbili-
cal cord blood were seeded to each of the serum medium and
rh-HSA stock solution medium. Total cultured cell counts on
day 12 of cultivation were measured, and the expansion rates
were calculated. The results are shown in Table 17.

TABLE 17

Proliferation
rate
FCS 402.7
Recombinant HSA stock solution 388

7.2. Comparison of Colony Formation Potentials

[0120] Cells on day 12 of cultivation (Table 18) were
cultured for 2 weeks. and their colony formation potentials
were compared. The expansion rate of total colony forming
cells was 97.5 fold for the serum culture and 161.1 fold for
the recombinant HSA stock solution. The expansion rate of
CFU-MIX colony forming cells, which reflects the potential
of more blastogenic hematopoietic stem cells, was 57.6 fold
for the serum culture and 111 fold for the recombinant HSA
stock solution.

TABLE 18

[0114] As a result, the CD34" cell proliferation potential
was lower for rHSA than for plasma-derived HSA (Table
13). However, the CFU-GM, BFU-E, and CFU-Mix expan-
sion potentials were higher for rHSA than for plasma-
derived HSA (Tables 14 and 15). The CD34*/CD38" cell
expansion potential was higher for rHSA than for plasma-
derived HSA (Table 16).

[0115] From these results, it was demonstrated that rHSA
is superior to plasma-derived HSA in terms of the expansion
of CFU-GM, BFU-E, and CFU-Mix, and that it is superior
to plasma-derived HSA in terms of the expansion of CD34*/
CD38 cells.

Experimental Example 7

Comparison of Potency Between Serum Medium
and Serum-Free Medium

[0116] Potency was compared between a serum medium
(FCS) and a serum-free medium based on rh-HSA stock
solution.
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Recombinant HSA

CD34* cells FCS stock solution
CFU-GM 5333 TB3BS8 1215733
BFU-E 2773 21476 10RG40
CFU-Mix 373 21476 41387
Total count RB480 826809 1365760

7.3. Expansion of CD34-Positive/CD38-Negative Cells

[0121] Analyzed using FACS. Cells on day 12 of cultiva-
tion were compared. The results are shown in Table 19. The
CD34-positive/CD38-negative fraction is considered to be
the most undifferentiated hematopoietic stem cell fraction.

TABLE 19
Recombinant HSA
FCS stock solution
CD34-positive/CD38-negative 10.43 41.95
CD34-positive/CD38-positive 23.73 8.31
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TABLE 19-continued TABLE 22
Recombinant HSA Recombinant HSA
e 4 FCS stock solution
FCS stock solution
Blasts 26 40
CD34-negative/CD38-negative 14.48 26.95 Mature cells 74 60
CD34-negative/CD38-positive 51.36 22.78

7.4. Expansion of CD34-Positive/CD38-Negative/HLA-
DR-Negative Cells

[0122] Since not only the CD34-positive/CD38-negative
fraction but also the HLA-DR-negative fraction is blasto-
genic, analysis was performed using FACS and a compari-
son was made on day 12 of cultivation. The results are
shown in Table 20. The expansion rate was 7.35% for the
serum culture and 15.15% for the recombinant HSA stock
solution.

TABLE 20

Recombinant HSA

FCS stock solution
CD34-positive/CD38-positive/ 18.44 23
HLA-DR-negative
CD34-positive/CD38-positive/ 52.99 15.47
HLA-DR-positive
CD34-positive/CD38-negative/ 7.35 15.15
HLA-DR-negative
CD34-positive/CD38-negative/ 21.22 66.88

HLA-DR-positive

7.5. Ratio of Differentiated Blood Cells (Blood Cell Lineage
Analysis Using Various Monoclonal Antibodies and FACS)

[0123] With CD3 (T lymphocytes), CD19 (B lympho-
cytes), glycophorin A (erythroblasts and erythrocytes).
CD41 (megakaryocytes and platelets). CD14 (monocytes).
CD33 (blastogenic granulocytes and monocytes), and
CD66b (mature granulocytes) as indices of degree of blood
cell differentiation, surface antigens of cultured cells were
analyzed and compared (Table 21).

TABLE 21
Recombinant HSA
FCS stock solution

CD3 0.11 0.07
Glycophorin A 0.36 0.14
CD19 0 0

CD41 0.57 6.02
CD14 19.74 12.56
CD33 93.09 RE.6
CD66b 6.24 2.18

[0124] The morphological classification of cultured cells

by Giemsa staining is summarized in Table 22. Although the
ratio of differentiated mature cells increased during 12 days
of serum culture, blasts accounted for not less than 40% with
the recombinant HSA stock solution, suggesting that imma-
turity may tend to be maintained in the latter case.
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[0125] No major difference was observed between the
expansion in the recombinant HSA stock solution medium
and the expansion in the serum medium (Table 17).

[0126] Colony formation potential was greater for all
analytical items, including total colony forming cell count,
in the HSA stock solution medium than in the serum medium
(Table 18).

[0127] 1In the analysis using FACS. both the CD34-posi-
tive/CD38-negative cells and CD34-positive/CD38-nega-
tive/HLA-DR-negative cells maintained a more blastogenic
fraction in the HSA stock solution medium than in the serum
medium (Tables 19 and 20).

[0128] Regarding the differentiation of cultured cells, it
was found that the differentiation into the monocytic lineage
and granulocytic lineage progressed more in the serum
medium than in the HSA medium, and the differentiation
into the megakaryocytic lineage progressed more in the HSA
stock solution medium than in the serum medium (Table 21).

[0129] In the morphological classification by Giemsa
staining, more blasts were observed in the order of HSA
stock solution medium=FCS (Table 22).

[0130] From the results above, it was found that the HSA
stock solution medium enhanced expansion while maintain-
ing the proliferation potential of blastogenic cells.

Experimental Example 8

Evaluation of Hematopoietic Regeneration Potential

[0131] Using hematopoietic stem cells expanded using a
serum-{ree medium containing recombinant HSA in Experi-
mental Example 1, hematopoietic regeneration potential was
evaluated in NOD mice. As a result, better results were
obtained compared to hematopoietic stem cells derived from
umbilical cord blood that had not undergone the expansion
procedure.

INDUSTRIAL APPLICABILITY

[0132] The present invention is expected to find applica-
tions to regeneration medicine and cell transplantation
because it provides various means enabling the expansion of
undifferentiated hematopoietic cells in a more undifferenti-
ated state. The present invention is also expected to find
applications to regeneration medicine and cell transplanta-
tion because it enables the expansion of hematopoietic cells
in a serum-free medium and avoids contamination with
viruses and prion derived from serum components.

[0133] This application is based on a patent application
No. 2004-13291 filed in Japan on Jan. 21, 2004, the contents
of which are incorporated in full herein by this reference.
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1.-6. (canceled)

7. A method of expanding a hematopoietic cell, which
comprises culturing a hematopoietic cell in a serum-free
medium containing recombinant human serum albumin.

8. The expansion method of claim 7, which further
comprises preparing a hematopoietic cell.

9. The expansion method of claim 7, wherein the hemato-
poietic cell is derived from umbilical cord blood.

10. The expansion method of claim 7, wherein the
hematopoietic cell is a hematopoietic stem cell.

11. The expansion method of claim 10, wherein the
expanded hematopoietic stem cell is selected from the group
consisting of CD34%/CD38~, CD34*/DR™, CD34*/CD90",
CD34*/CD117*, CD34*/CDI123*, and CD34*/CD133",

12. The expansion method of claim 10, wherein the
expanded hematopoietic stem cell is CD34%/CD387/DR™.

13. The expansion method of claim 7, wherein the
hematopoietic cell is a hematopoietic progenitor cell.

14. A culture of a hematopoietic cell obtained by the
method of claim 7.

15. The culture of claim 14, which does not contain a
serum component.

16. The expansion method of claim 7, wherein the serum-
free medium comprises a basal medium.

17. The expansion method of claim 16, which further
comprises administering the hematopoeitic cell to a patient.

18. The expansion method of claim 17, wherein the
patient is undergoing transplant therapy.
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19. The expansion method of claim 17, wherein the
hematopoietic cell is derived from umbilical cord blood.

20. The expansion method of claim 17, wherein the
hematopoietic cell is a hematopoietic stem cell.

21. The expansion method of claim 20, wherein the
expanded hematopoietic stem cell is selected from the group
consisting of CD34%/CD38~, CD34*/DR~, CD34%/CD90",
CD34*/CDI117*, CD34*/CDI123*, and CD34%/CD133*.

22. The expansion method of claim 20, wherein the
expanded hematopoietic stem cell is CD34%/CD387/DR™.

23. The expansion method of claim 17, wherein the
hematopoietic cell is a hematopoietic progenitor cell.

24. The expansion method of claim 8, wherein the
hematopoietic cell is derived from umbilical cord blood.

25. The expansion method of claim 8, wherein the
hematopoietic cell is a hematopoietic stem cell.

26. The expansion method of claim 25, wherein the
expanded hematopoietic stem cell is selected from the group
consisting of CD34*/CD38, CD34%/DR~, CD34*/CD90*,
CD34%/CD117", CD34%/CD123%, and CD34*/CD133",

27. The expansion method of claim 25, wherein the
expanded hematopoietic stem cell is CD34*/CD387/DR™.

28. The expansion method of claim 8, wherein the
hematopoietic cell is a hematopoietic progenitor cell.
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