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METHOD FOR PRODUCING CULTURE
CONTAINING MEGAKARYOCYTES, AND
METHOD FOR PRODUCING PLATELETS

USING SAME

TECHNICAL FIELD

[0001] The present invention relates to a method for
producing a culture that contains megakaryocytes and to a
method for producing platelets using the same.

BACKGROUND ART

[0002] The treatment of blood-related diseases or surgical
treatments require that blood cells be supplied to the treat-
ment. The following cells are in particularly high demand
among blood cells: platelets, which are cells essential for
blood coagulation (hemostasis); proplatelets; and mega-
karyocyte cells, which are cells that produce platelets. There
is great demand for platelets in particular in, e.g., leukemia,
bone marrow transplantation, and anticancer therapies, and
there is thus strong demand for a stable supply.

[0003] Pluripotent stem cells, e.g., ES cells and iPS cells,
are used as a source for the artificial production of blood
cells such as platelets. In recent years, due to the establish-
ment of iPS cells, the usefulness of pluripotent stem cells as
an important source in cell therapies in regenerative medi-
cine has been receiving greater attention. To date, for
example, Takayama et al. have been successful in inducing
the differentiation of megakaryocyte cells and platelets from
human ES cells (Takayama N. et al., Blood, 111, pp.
5298-5306, 2008).

CITATION LIST

Non-Patent Documents

[0004] Non-Patent Document 1: Takayama N. et al.,
Blood, 111, pp. 5298-5306, 2008

SUMMARY

Technical Problem

[0005] Cytokines such as thrombopoietin (TPO) can spe-
cifically induce the differentiation of hematopoietic progeni-
tor cells to megakaryocyte cells (Takayama N. et al., Blood
(ibid)). However, the long-term maintenance of the differ-
entiation phenotype (CD4la-positive, CD42a-positive, or
CD42b-positive) by the megakaryocyte cells produced by
conventional differentiation induction methods has been
problematic.

Solution to Problem

[0006] The present inventors carried out the induction of
differentiation to megakaryocyte cells under conditions that
caused the death only of cells that did not express a
megakaryocyte-specific cell surface marker, and unexpect-
edly discovered that the resulting megakaryocyte cells could
stably maintain their differentiation phenotype on an
extended basis and that these cells exhibited a very high
per-cell capacity to produce platelets. The present invention
was achieved based on this discovery.

[0007] Thus, the present application encompasses the fol-
lowing inventions.
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[0008] [1] A method for producing a culture of mega-
karyocytes or megakaryocyte progenitor cells, the method
containing:

[0009] a step of culturing, under conditions that cause the
death of cells that do not express a gene that is specifically
expressed by megakaryocytes, a cell group that contains
megakaryocytes or cells having the capacity to differentiate
into megakaryocytes.

[0010] [2] The method according to [1], wherein the cell
group has been transformed by a gene for resistance to a
drug that exhibits cytotoxicity, the drug resistance gene
being positioned under the control of a promoter of the gene
that is specifically expressed by megakaryocytes, and the
drug being added in the culture step.

[0011] [3] The method according to [1], wherein the cell
group has been transformed by a gene that causes the death
of the cells that do not express the gene that is specifically
expressed by megakaryocytes, and this gene is positioned
under the control of a promoter of a gene that is specifically
expressed by the cells that do not express the gene that is
specifically expressed by megakaryocytes.

[0012] [4] The method according to any of [1] to [3],
wherein the gene that is specifically expressed by mega-
karyocytes is a gene that codes for a cell surface marker that
is specifically expressed by megakaryocytes.

[0013] [5] The method according to [4], wherein the cell
surface marker that is specifically expressed by megakaryo-
cytes is CD41a, CD42a, and/or CD42b.

[0014] [6] The method according to any of [1] to [5],
wherein the cells having the capacity to differentiate into
megakaryocytes are at least one type selected from the group
consisting of hematopoietic stem cells, hematopoietic pro-
genitor cells, CD34-positive cells, and megakaryocyte pro-
genitor cells.

[0015] [7] The method according to any of [1] to [6],
wherein the culture step is carried out in the absence of
serum and/or feeder cells.

[0016] [8] The method according to any of [1] to [7],
wherein the megakaryocytes in the culture to be produced
retain the differentiation phenotype thereof, and have an
increased platelet production capacity.

[0017] [9] The method according to any of [2] to [8],
wherein the cell group is transformed by a vector in which
the promoter and the drug resistance gene or a lethal gene
are operably linked.

[0018] [10] The method according to any of [2] and [4] to
[9], wherein the drug resistance gene is at least one type
selected from the group consisting of a puromycin resistance
gene, a neomycin resistance gene, a kanamycin resistance
gene, a chloramphenicol resistance gene, an erythromycin
resistance gene, a tetracycline resistance gene, a hygromycin
resistance gene, an ampicillin resistance gene, a zeocin
resistance gene, a blasticidin S resistance gene, and a
histidinol resistance gene.

[0019] [11] The method according to any of [3] to [9],
wherein the lethal gene is at least one type selected from the
group consisting of the HSV-TK gene, cytochrome C gene,
and Mule/ARF-BP-1 gene.

[0020] [12] The method according to any of [1] to [11],
wherein the culture step is carried out in a culture medium
containing TPO and SCF.
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[0021] [13] The method according to claim 1, wherein the
cell group contains cells produced by the introduction of
c¢-MYC, BMI1, and BCL-xL. to hematopoietic progenitor
cells.

[0022] [14] A method for producing platelets, the method
using megakaryocytes produced by the method described in
any of [1] to [10].

[0023] [15] A culture expansion method for megakaryo-
cytes or megakaryocyte progenitor cells, the method con-
taining:

[0024] a step of culturing, under conditions that cause the
death of cells that do not express a gene that is specifically
expressed by megakaryocytes, a cell group that contains
megakaryocytes or cells having the capacity to differentiate
into megakaryocytes.

[0025] [16] The method according to [15], wherein the cell
group has been transformed by a gene for resistance to a
drug that exhibits cytotoxicity, the drug resistance gene
being positioned under the control of a promoter of the gene
that is specifically expressed by megakaryocytes, and the
drug being added in the culture step.

[0026] [17] The method according to [15] or [16], wherein
the gene that is specifically expressed by megakaryocytes is
a gene that codes for a cell surface marker that is specifically
expressed by megakaryocytes.

[0027] [18] The method according to [17], wherein the cell
surface marker that is specifically expressed by megakaryo-
cytes is CD41a, CD42a, and/or CD42b.

[0028] [19] The method according to any of [15] to [18],
wherein the cells having the capacity to differentiate into
megakaryocytes are at least one type selected from the group
consisting of hematopoietic stem cells, hematopoietic pro-
genitor cells, CD34-positive cells, and megakaryocyte pro-
genitor cells.

[0029] [20] The method according to any of [15] to [19],
wherein the culture step is carried out in the absence of
serum and/or feeder cells.

[0030] [21] The method according to any of [15] to [20],
wherein after the expansion culture, the megakaryocytes
retain the differentiation phenotype thereof, and have an
increased platelet production capacity.

[0031] [22] The method according to any of [15] to [21],
wherein the cell group is transformed by a vector in which
the promoter and the drug resistance gene or a lethal gene
are operably linked.

[0032] [23] The method according to any of [15] to [22],
wherein the drug resistance gene is at least one type selected
from the group consisting of a puromycin resistance gene, a
neomycin resistance gene, a kanamycin resistance gene, a
chloramphenicol resistance gene, an erythromycin resis-
tance gene, a tetracycline resistance gene, a hygromycin
resistance gene, an ampicillin resistance gene, a zeocin
resistance gene, a blasticidin S resistance gene, and a
histidinol resistance gene.

[0033] [24] The method according to any of [15] to [23],
wherein the culture step is carried out in a culture medium
containing TPO and SCF.

[0034] [25] The method according to any of [15] to [24],
wherein the cell group contains cells produced by the
introduction of ¢-MYC, BMII1, and BCL-xL to hematopoi-
etic progenitor cells.

[0035] [26] A culture produced by the cultivation, under
conditions that cause the death of cells that do not express
a gene that is specifically expressed by megakaryocytes, of
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a cell group that contains megakaryocytes or cells having the
capacity to differentiate into megakaryocytes.

Advantageous Effects of Invention

[0036] The production method according to the present
invention produces megakaryocyte cells that have the ability
to retain the differentiation phenotype on a long-term basis.
Not only is the amount of platelet production per cell
population increased through the elimination of cells that
would differentiate into other cell lines during the produc-
tion process, but the megakaryocytes provided by the pres-
ent invention are very surprising in terms of having an
increased platelet productivity per cell. From these perspec-
tives, the production method according to the invention of
the present application can be said to be very useful over the
prior art.

[0037] Inaddition, the production method according to the
present invention can also bring about an improvement in
the efficiency of establishment of megakaryocyte cell lines
that have a self-replication capacity. Moreover, the produc-
tion method according to the present invention can also
bring about the proliferation of a megakaryocyte cell line in
large amounts without any use of serum or feeder cells and
thus, is also advantageous in that it suppresses the appear-
ance of the problem of immunogenicity when the obtained
platelets are used clinically. Suspension culture, e.g., in
flasks and so forth, is possible when the cell culture or
platelet production can be run without using feeder cells, and
as a result the production costs can be restrained and the
mass production of platelets is also made possible.

BRIEF DESCRIPTION OF DRAWINGS

[0038] FIG. 1 illustrates a CD4la promoter-puromycin
lentivirus vector.

[0039] FIG. 2 illustrates confirmation by flow cytometry
of'the differentiation phenotype of megakaryocyte cells after
the introduction of a CD41a promoter-puromycin resistance
gene.

[0040] FIG. 3 illustrates confirmation by flow cytometry
of a CD4la-positive phenotype for megakaryocyte cells
obtained in the presence of feeder cells.

[0041] FIG. 4 illustrates a change in cell count with
elapsed culture time after the introduction of a CD4la
promoter-puromycin resistance gene.

[0042] FIG. 5 illustrates confirmation by flow cytometry
of the CD41la-positive phenotype of megakaryocyte cells
obtained in the absence of feeder cells.

[0043] FIG. 6A illustrates a comparison, by flow cytom-
etry, of the CD4la-positive phenotype of megakaryocyte
cells obtained in the presence and in the absence of feeder
cells.

[0044] FIG. 6B illustrates a comparison of the change in
cell count with elapsed culture time after the introduction of
a CD41a promoter-puromycin resistance gene, in the pres-
ence of feeder cells versus in the absence of feeder cells.
[0045] FIG. 7 illustrates a change in cell count with
elapsed culture time in shake culture (flask).

[0046] FIG. 8 illustrates a change in cell count with
elapsed culture time in shake culture (bag).

[0047] FIG. 9 illustrates the number of platelets produced
for megakaryocyte cells obtained in the presence of feeder
cells.
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[0048] FIG. 10 illustrates the number of platelets produced
for megakaryocyte cells obtained in the absence of feeder
cells.

DESCRIPTION OF EMBODIMENTS

[0049] (Method for Producing Megakaryocyte Cells)
[0050] The megakaryocyte production method according
to the present invention contains a step of culturing, under
conditions that cause the death of cells that do not express
a gene that is specifically expressed by megakaryocytes, a
cell group that contains megakaryocytes or cells having the
capacity to differentiate into megakaryocytes. The gene that
is specifically expressed by megakaryocytes can be exem-
plified by cell surface markers, e.g., CD41a, CD42a, CD42b,
CD9, CD61, and CD62P, and by GATA1, NF-E2, $-tubulin,
platelet factor 4, and so forth, which are genes that are
specifically expressed by megakaryocyte cells. The condi-
tions lethal for cells that do not express a gene specifically
expressed by megakaryocyte cells should be conditions that
exercise lethality only on cells other than megakaryocytes or
cells that do not differentiate into megakaryocytes, while not
exercising lethality on cells that differentiate into mega-
karyocytes, megakaryocyte progenitor cells, megakaryocyte
cells, mature megakaryocyte cells, and so forth, but these
conditions are not otherwise particularly limited. The fol-
lowing, for example, may be envisioned: a system in which
drug resistance is imparted only to megakaryocyte cells,
megakaryocyte progenitor cells, and so forth, followed by
killing unwanted cells with the corresponding drug; or a
system in which a lethal gene is expressed only in unwanted
cells.

[0051] Thus, in a first embodiment of the present inven-
tion, using a culture system in which a drug resistance gene
is driven by a promoter that is specifically activated in
megakaryocyte cells, only cells that do not express the gene
that is specifically expressed by megakaryocytes can be
killed by the cultivation, in the presence of the correspond-
ing drug, of a cell group containing megakaryocyte cells or
cells having the capacity to differentiate into megakaryocyte
cells. Such a culture system can be constructed, for example,
by placing a drug resistance gene under the control of a
promoter for a gene that is specifically expressed by mega-
karyocyte cells. As a result, drug resistance can be imparted
only to cells that express megakaryocyte -specific cell
surface markers. In a preferred embodiment, drug resistance
is conferred through the introduction into the cells before
cultivation of a vector in which the promoter is operably
linked with a drug resistance gene positioned downstream
therefrom.

[0052] The promoter region of the integrin aBf3 (CD41a)
gene is an example of a promoter that is specifically acti-
vated in megakaryocyte cells (Wilcox D. A., et al., Blood
(2000), Fang J., et al., Blood (2005)). Besides this, the
following may also be used in the present invention: pro-
moters for the CD42a gene, CD42b gene, and so forth,
which are cell surface markers that are specifically
expressed by megakaryocyte cells, or promoters for the
genes encoding GATA1, NF-E2, -tubulin, platelet factor 4,
and so forth, which are genes that are specifically expressed
by megakaryocyte cells.

[0053] The drug resistance gene can be exemplified by the
puromycin resistance gene, neomycin resistance gene,
kanamycin resistance gene, chloramphenicol resistance
gene, erythromycin resistance gene, tetracycline resistance
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gene, hygromycin resistance gene, ampicillin resistance
gene, zeocin resistance gene, blasticidin S resistance gene,
and histidinol resistance gene. The drug corresponding to
each of the genes is added to the culture medium after the
cells have been transformed with the gene prior to cultiva-
tion.

[0054] In a second embodiment of the present invention,
using a culture system wherein a lethal gene is driven by a
promoter specific to cells that do not express a gene that is
specifically expressed by megakaryocytes, the megakaryo-
cyte cells can be effectively concentrated by causing the
death of only cells in which this promoter functions by
culturing the megakaryocyte cells or cells capable of differ-
entiating into megakaryocyte cells. Such a promoter can be
exemplified by promoters for cell surface markers (for
example, CD235 in the case of erythrocytes) specific to cells
that do not express megakaryocyte-specific cell surface
markers. Cells that do not differentiate into megakaryocyte
cells can be removed by positioning a lethal gene, e.g., the
HSV-TK gene, cytochrome C gene, and Mule/ARF-BP-1
gene, under the control of such a promoter and thereby
driving the lethal gene.

[0055] The expression of the drug resistance gene or lethal
gene can be regulated using an inducible gene expression
system, for example, the Tet-on (registered trademark) sys-
tem or Tet-off (registered trademark) system.

[0056] In this embodiment, the cell group containing
megakaryocytes or cells having the capacity to differentiate
into megakaryocytes is transformed with the target gene.
When the target gene is overexpressed in the cell during the
culture step of the present invention, this step can be carried
out by a person skilled in the art using known methods.
Expression may be brought about by transducing the target
gene into the cells using, for example, a lentivirus- or
retrovirus-based gene transduction virus. When gene expres-
sion is carried out using a virus-based gene transduction
system, the vector can contain the target gene operably
linked on the downstream side of a suitable promoter. Here,
“operably” linked means that the target gene is cis-directed
by the promoter and the promoter and target gene are linked
such that a desired expression of the target gene is realized.
In embodiments of the present invention, for example, the
target gene may be constitutively expressed using, e.g., the
CMYV promoter, EF1 promoter, and so forth; or, a suitable
promoter (an inducible promoter) can be positioned under
the direction of an element that is actively controlled by a
trans factor, e.g., a drug response element, e.g., for tetracy-
cline, and, for example, the target gene can also be inducibly
expressed through control of, e.g., drug addition. A person
skilled in the art seeking to realize control of the expression
of a desired target gene can easily select a suitable system
from among the numerous currently available gene expres-
sion systems. A commercially available kit and so forth may
be used. In addition, the oncogene described below and so
forth and the drug resistance gene or lethal gene that is the
target gene for expression control may be inserted on
different vectors from each other or may be inserted on the
same vector.

[0057] The inhibition of gene expression within the mega-
karyocyte cells may be achieved by, for example, deactivat-
ing the induction of expression by the aforementioned
inducible expression system, by removing, for example, the
drug. Or, an inhibitory control may be exercised on gene
expression by removal of, for example, the introduced
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oncogene, using, for example, the Cre/lox system. For
example, a commercial kit may also be used as appropriate
to exercise inhibitory regulation of gene expression.
[0058] As used herein, “cells having the capacity to dif-
ferentiate into megakaryocytes” refers to cells that originate
from hematopoietic stem cells and can undergo differentia-
tion into megakaryocytes depending on the differentiation
induction conditions. Examples here are hematopoietic stem
cells, hematopoietic progenitor cells, CD34-positive cells,
megakaryocyte-erythroid progenitor cells (MEP), mega-
karyocyte progenitor cells, and so forth. Cells having the
capacity to differentiate into megakaryocytes can be
obtained by known methods; for example, they can be
obtained by isolation from bone marrow, umbilical cord
blood, peripheral blood, and so forth, and can also be
obtained by inducing differentiation from pluripotent stem
cells, e.g., ES cells and iPS cells. When hematopoietic
progenitor cells are used as the cells having the capacity to
differentiate into megakaryocytes, c-MYC, BMI1, and BCL-
xL may be introduced into the cells in advance prior to the
culture step according to the present invention.

[0059] Cells that do not express cell surface markers
specific to megakaryocyte cells include CD41-negative/
CD42-negative cells, which ultimately do not differentiate
into megakaryocytes, for example, erythrocytes or their
progenitor cells, but are not necessarily limited to cells
derived from hematopoietic stem cells. For example, in an
embodiment that uses a drug resistance gene, drug resistance
is conferred only on cells having the capacity to differentiate
into megakaryocytes, and thus all the other cells can be
eliminated.

[0060] The megakaryocytes in the culture produced by the
present invention can be present as a cell population that
includes not only megakaryocyte cells, but also megakaryo-
cyte progenitor cells that prior to maturation have an inad-
equate platelet production capacity, megakaryocyte cells
which multinucleation has progressed, and so forth. Among
the total cells present in the culture, the proportion taken up
by megakaryocytes or megakaryocyte progenitor cells and
particularly by megakaryocytes is preferably at least 50%,
for example, at least 60%, at least 70%, at least 80%, or at
least 90%. The obtained megakaryocytes provide a signifi-
cantly higher platelet productivity per cell than megakaryo-
cytes obtained by conventional methods in which cells not
expressing cell surface markers specific to megakaryocyte
cells are not removed. While the level of the increase in the
platelet productivity varies with the culture conditions, the
productivity is several times that of conventional methods;
for example, the productivity can be increased at least
5-fold. The increase in platelet productivity is calculated by
comparison of the amount of platelet production, per seeded
cell, by CD41a-positive cells and preferably CD41a-positive
and CD42b-positive cells. The presence/absence of func-
tionality by the obtained platelets can be confirmed by
known methods, for example, the amount of activated
platelets can be measured using PAC-1, which is an antibody
that binds to only the human integrin alIBf3 on the acti-
vated platelet membrane.

[0061] The megakaryocytes obtained according to the
present invention can stably maintain their differentiation
phenotype on a longer term basis than megakaryocytes
induced by conventional methods. The retention of the
differentiation phenotype can be evaluated, for example,
using the proportion of cells that express megakaryocyte
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markers. After the passage of some particular period of time,
megakaryocytes obtained in accordance with the present
invention have a higher proportion of megakaryocyte
marker (CD41a, CD42a, CD42b, and so forth)-positive cells
than megakaryocytes induced by conventional methods. In
addition, for example, megakaryocytes produced in accor-
dance with the present invention can also more stably
maintain their differentiation phenotype for at least 90 days
than megakaryocytes induced by conventional methods. The
present invention can also bring about an improved effi-
ciency of establishment of megakaryocyte cell lines that
exhibit a self-replication capacity.

[0062] The culture step used in the present invention may
be carried out in the presence or in the absence of feeder
cells. The feeder cells should be cells that enable the
induction of megakaryocytes or megakaryocyte progenitor
cells, but are not otherwise particularly limited, and can be
exemplified by C3H10T1/2 (Katagiri T., et al., Biochem.
Biophys. Res. Commun. 172, 295-299 (1990)). As a general
matter, the platelet productivity of megakaryocyte progeni-
tor cells is improved when feeder cells are used, but the
megakaryocytes produced by the present invention offer the
advantage of being able to produce platelets at about the
same level per cell regardless of whether feeder cells are
used or not.

[0063] The culture medium used in the present invention,
although not particularly limited, can be prepared based on
culture media used for the cultivation of animal cells as basal
media. The basal media include, for example, IMDM
medium, Medium 199, Eagle’s Minimum Essential Medium
(EMEM), aMEM medium, Dulbecco’s Modified Eagle’s
Medium (DMEM), Ham’s F12 medium, RPMI 1640
medium, Fischer’s medium, Neurobasal Medium (Life
Technologies Corporation), and mixed culture media from
the preceding. The culture medium may contain serum or
may be serum-free. As necessary, the culture medium may
also contain at least one substance from, for example,
albumin, insulin, transferrin, selenium, fatty acids, trace
elements, 2-mercaptoethanol, thioglycerol, lipids, amino
acids, L-glutamine, nonessential amino acids, vitamins,
growth factors, low molecular weight compounds, antibiot-
ics, antioxidants, pyruvic acid, buffers, inorganic salts, and
cytokines. The cytokines are proteins that promote blood
cell differentiation and can be exemplified by VEGF, TPO,
SCF, and so forth. IMDM medium containing serum, insu-
lin, transferrin, selenium, thioglycerol, ascorbic acid, and
TPO is a preferred medium for the present invention. More
preferably, SCF is additionally contained. When an expres-
sion vector containing a drug-responsive promoter, such as
the Tet-on (registered trademark) system or Tet-off (regis-
tered trademark) system, is used, the corresponding drug, for
example, tetracycline or doxycycline, is preferably incorpo-
rated in the medium in the overexpression step.

[0064] The culture conditions, although not particularly
limited, may be, for example, those in which the cells are
cultured in the presence of TPO (10 to 200 ng/ml. and
preferably about 50 to 100 ng/ml), or in the presence of
TPO (10 to 200 ng/ml. and preferably about 50 to 100
ng/ml.) and SCF (10 to 200 ng/mL and preferably about 50
ng/mL), or in the presence of TPO (10 to 200 ng/ml. and
preferably about 50 to 100 ng/ml) and SCF (10 to 200
ng/ml, and preferably about 50 ng/m L) and heparin (10 to
100 U/mL and preferably about 25 U/mL). With regard to
the culture temperature, it is recognized that the differen-
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tiation of megakaryocytes or megakaryocyte progenitor
cells is promoted by culture at a temperature of at least 35.0°
C. The culture temperature is a temperature that does not
damage the cells, and, for example, 35.0° C. to 42.0° C. is
preferred, 36.0° C. to 40.0° C. is more preferred, and 37.0°
C. 10 39.0° C. is still more preferred.

[0065] An appropriate culture time can be determined by
a person skilled in the art while monitoring, for example, the
number of megakaryocytes or megakaryocyte progenitor
cells. For example, the proportion of megakaryocyte cells in
the culture can be determined by using flow cytometry to
analyze cell surface markers that are specifically expressed
by megakaryocytes, and, for example, culture may be car-
ried out to bring the proportion taken up by megakaryocytes
or megakaryocyte progenitor cells and particularly by mega-
karyocytes to at least 50%, for example, at least 60%, at least
70%, at least 80%, or at least 90% of the total cells present
in the culture. The number of days, although not particularly
limited as long as the desired megakaryocyte progenitor
cells are obtained, is, for example, preferably at least 3 days,
more preferably at least 6 days, and even more preferably at
least 9 days. However, because long culture times do not
cause problems, this may be at least 12 days, at least 18 days,
at least 24 days, at least 30 days, at least 42 days, at least 48
days, at least 54 days, or at least 60 days. Subculturing is
desirably carried out as appropriate during the culture
period.

[0066] The following drugs, for example, can be used
when the cells are transformed by a drug resistance gene:
puromycin, neomycin, kanamycin, chloramphenicol, eryth-
romycin, tetracycline, hygromycin, ampicillin, zeocin, blas-
ticidin S, or histidinol.

[0067] Insofar as the effects of the present invention are
not impaired, the art with regard to megakaryocyte produc-
tion known to a person skilled in the art can be applied to the
production method of the present invention. For example, in
an embodiment of the method of the present invention for
producing megakaryocytes, the medium may additionally
contain (a) a substance that inhibits the expression or
function of the p53 gene product, (b) an inhibitor of acto-
myosin complex functionality, (¢) a ROCK inhibitor, and (d)
an HDAC inhibitor. These methods can be carried out in
accordance with the method described in, for example, WO
2012/157586.

[0068] Moreover, as described in WO 2011/034073, the
amount of megakaryocyte cell production can also be
increased by overexpressing oncogenes, e.g., the ¢c-MYC
gene, and/or exogenous genes, e.g., the polycomb gene. In
such an embodiment, the production method of the inven-
tion according to this application may additionally contain a
step of turning off the overexpression in the megakaryocytes
or megakaryocyte progenitor cells and culturing. With
regard to the method for turning off the overexpression, for
example, when overexpression is performed using a drug-
responsive vector, the turn-off of overexpression may be
achieved by eliminating contact between the corresponding
drug and the cells. Otherwise, when a vector containing
LoxP, see above, is used, the turn-off of overexpression may
be achieved by the introduction of Cre recombinase into the
cells. When the introduction of a transient expression vector
and introduction of RNA or protein are used, the turn-off of
overexpression may be achieved by stopping contact with
the vector, etc. The culture medium used in this step may be
the same as the culture media described above.
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[0069] The conditions during culture with the turn-off of
overexpression are not particularly limited, but, for example,
35.0° C.10 42.0° C. is preferred, 36.0° C. to 40.0° C. is more
preferred, and 37.0° C. to 39.0° C. is even more preferred.
[0070] The culture time after the turn-off of overexpres-
sion can be determined as appropriate while monitoring, for
example, the cell count and particularly the megakaryocyte
cell count; however, it is preferably at least 2 days after the
turn-off of overexpression, for example, 2 to 14 days. This
culture time is more preferably 3 to 12 days and is still more
preferably 4 to 10 days. Culture medium exchange or
subculture is desirably carried out as appropriate during the
culture period.

[0071] The megakaryocytes obtained in accordance with
the present invention, upon undergoing sufficient matura-
tion, can produce functional platelets at good efficiencies. As
used herein, maturation of the megakaryocyte refers to the
megakaryocyte undergoing a sufficient multinucleation to be
able to produce functional platelets. Megakaryocyte matu-
ration can also be confirmed by, for example, an increase in
the expression of a megakaryocyte maturation-related gene
group such as GATA1, p45 NF-E2 and betal-tubulin, the
formation of proplatelets, and multinucleation within the
cells. These platelets have already been confirmed in vivo
and in vitro to have a high thrombogenicity.

[0072] Moreover, the megakaryocyte and/or megakaryo-
cyte progenitor cells can produce functional platelets even
after cryopreservation and thawing. The megakaryocyte cell
lines produced with the present invention can be distributed
in a cryopreserved state.

[0073] (Method for Producing Platelets)

[0074] The platelet production method according to the
present invention is characterized in that it uses a culture
produced by the production method described above. In a
more specific embodiment, the platelet production method
according to the present invention contains a step of cultur-
ing the megakaryocytes, megakaryocyte progenitor cells,
and/or megakaryocyte cell line obtained by the method
described above and recovering platelets from the culture.

[0075] The culture conditions are not limited, but, for
example, cultivation may be carried out in the presence of
TPO (10 to 200 ng/ml. and preferably about 50 to 100
ng/ml) or in the presence of TPO (10 to 200 ng/ml. and
preferably about 50 to 100 ng/mL), SCF (10 to 200 ng/mL
and preferably about 50 ng/ml.), and heparin (10 to 100
U/mL and preferably about 25 U/mL).

[0076] The culture time is desirably at least 3 days, but is
not particularly limited as long as the functionality of the
produced platelets is maintained. The culture time is, for
example, 3 to 14 days. The culture time is preferably 4 to 12
days and is more preferably 5 to 10 days.

[0077] The culture temperature is not particularly limited
and, for example, is 35.0° C. to 42.0° C. A culture tempera-
ture 0£36.0° C. to 40° C. is preferred while 37.0° C. to 39.0°
C. is more preferred.

[0078] The megakaryocyte culture step may be carried out
in the production method according to the present invention
under serum-free and/or feeder cell-free conditions. This is
preferably a method in which megakaryocytes produced
according to the method of the present invention are cultured
on a TPO-containing culture medium. When feeder cells are
not used, a conditioned medium may be used in an embodi-
ment. The conditioned medium, although not particularly
limited, can be prepared by a person skilled in the art using
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known methods, and so forth; for example, feeder cells can
be cultured as appropriate and the conditioned medium can
be obtained by removing the feeder cells from the culture
using a filter.

[0079] A ROCK inhibitor and/or an inhibitor of actomyo-
sin complex functionality is added to the culture medium in
an embodiment of the platelet production method according
to the present invention. The ROCK inhibitor and inhibitor
of actomyosin complex functionality can be the same as
those used in the multinucleated megakaryocyte production
method described above. The ROCK inhibitor can be exem-
plified by Y27632, fasudil hydrochloride, and H1152 dihy-
drochloride. The inhibitor of actomyosin complex function-
ality can be exemplified by myosin ATPase activity
inhibitors and myosin light-chain kinase inhibitors.
Examples are blebbistatin, ML-7, and ML-9. A ROCK
inhibitor or inhibitor of actomyosin complex functionality
may be added by itself or the combination of a ROCK
inhibitor and an inhibitor of actomyosin complex function-
ality may be added.

[0080] The ROCK inhibitor and/or inhibitor of actomyo-
sin complex functionality may be added at, for example, 0.1
to 30.0 uM. The inhibitor concentration is preferably 0.5 to
25.0 uM, more preferably 1.0 to 20.0 uM, and still more
preferably 5.0 to 15.0 uM.

[0081] The culture time with the addition of a ROCK
inhibitor and/or inhibitor of actomyosin complex function-
ality can be, for example, 1 to 15 days. The culture time is
preferably 3 to 13 days, more preferably 5 to 11 days, and
still more preferably 6 days, 7 days, 8 days, 9 days, or 10
days. Additional increases in the proportion of CD42b-
positive platelets can be brought about by the addition of a
ROCK inhibitor and/or inhibitor of actomyosin complex
functionality.

[0082] The platelets can be separated from the culture
medium by methods known to a person skilled in the art. The
platelets obtained in accordance with the present invention
are very safe platelets that do not express exogenous genes.
The megakaryocytes provided by the present invention,
while not particularly limited, may express, for example, an
exogenous apoptosis suppressor gene and cancer gene. In
such a case, a condition is set up in the platelet production
step whereby the expression of the exogenous genes is
inhibited.

[0083] The platelets provided by the present invention
may be administered to a patient as a formulation. Depend-
ing on the administration, platelets obtained using the
method of the present invention may be stored and formu-
lated using, for example, human plasma, an infusion solu-
tion, citrated physiological saline, a solution based on glu-
cose-supplemented Ringer’s acetate solution, PAS (platelet
additive solution) (Gulliksson, H. et al., Transfusion,
32:435-440 (1992)), and so forth. The storage period is
about 14 days from immediately after formulation. Ten days
is preferred. Eight days is more preferred. With regard to the
storage conditions, storage is desirably carried out with
shake agitation at room temperature (20° C. to 24° C.).

[0084] A more detailed description follows using
examples, but the present invention is in no way limited by
the examples.
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EXAMPLES

1. Preparation of Hematopoietic Progenitor Cells
from iPS Cells

[0085] Differentiation culture to blood cells was carried
out from human iPS cells (692D2, 1108A2: iPS cells derived
from peripheral blood mononuclear cells and established
using the episomal vector described in Okita K., et al., Stem
Cells 31, 458-66, 2012; TKDN SeV2: iPS cells derived from
human fetal skin fibroblasts and established using Sendai
virus) using the method described in Takayama N., et al., J.
Exp. Med. 2817-2830 (2010). Thus, human ES/iPS cell
colonies were cocultured for 14 days with C3H10T1/2
feeder cells in the presence of 20 ng/ml. VEGF (R&D
Systems, Inc.) to produce hematopoietic progenitor cells
(HPC). The culture conditions were 20% O, and 5% CO,
(these same conditions apply in the following unless spe-
cifically indicated otherwise).

2. Viral Infection of ¢-MYC and BMI1 into the
Hematopoietic Progenitor Cells

[0086] 5x10* cells/well of the HPC cells obtained by the
above-described method were seeded into 6-well plates that
had been seeded in advance with C3H10T1/2 feeder cells,
and the overexpression of c-MYC and BMI1 was carried out
using the lentivirus method. In this case, 6 wells were used
per cell line. Thus, the virus particles were added to the
culture medium to provide an MOI of 20 for each, and
infection was carried out by spin infection (32° C., 900 rpm,
centrifugation for 60 minutes). This operation was carried
out twice with a 12 hour interval. The medium used here was
obtained by the addition of protamine at a final concentra-
tion of 10 pg/ml to a medium (referred to below as the
differentiation medium) prepared by the incorporation of 50
ng/ml, human thrombopoietin (TPO) (R&D Systems, Inc.),
50 ng/ml, human stem cell factor (SCF) (R&D Systems,
Inc.), and 2 pg/ml. doxycycline (Dox) into a base medium
(IMDM (Iscove’s Modified Dulbecco’s Medium) (Sigma-
Aldrich Corporation) containing 15% fetal bovine serum
(GIBCO), 1% penicillin-streptomycin-glutamine (GIBCO),
1% insulin, transferrin, selenium solution (ITS-G) (GIBCO),
0.45 mM 1-thioglycerol (Sigma-Aldrich Corporation), and
50 pug/ml. L-ascorbic acid (Sigma-Aldrich Corporation)).
The lentivirus vectors (respectively, LV-TRE-c-MYc¢-Ubc-
tTA-12G, LV-TRE-BM11-Ubc-tTA-12G, and LV-TRE-BCL-
xL-Ubc-tTA-12G) were tetracycline-controlled inducible
vectors and were constructed by the recombination of
¢c-MYC, BMI1, and BCL-xLL with the mOKS cassette of
LV-TRE-mOKS-Ubc-tTA-12G (Kobayashi, T., et al., Cell
142, 787-799 (2010)). The virus particles used for infection
were produced by expressing the lentivirus vectors in 293T
cells.

3. Production of Megakaryocyte Self-Replicating
Lines and Maintenance Culture

[0087] Megakaryocyte self-replicating lines derived from
692D2 and 108 A2 were respectively produced by culturing,
as described below, the cMYC and BMI1 gene-transduced
megakaryocyte cells, using the day on which the cMYC and
BMI1 viral infection was performed by the aforementioned
method as infection day 0.
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[0088] Infection Day 2 to Infection Day 11

[0089] The post-viral-infection blood cells obtained by the
method described above were recovered by pipetting; cen-
trifugation was carried out for 5 minutes at 1200 rpm; the
supernatant was removed; suspension was then performed in
fresh differentiation medium; and seeding (6-well plate) was
carried out on fresh C3H10T1/2 feeder cells. Subculturing
was performed by carrying out the same procedure on
infection day 9. After measuring the cell count, seeding
(6-well plate) was performed onto C3H10T1/2 feeder cells
at 1x10° cells/2 mL/well.

[0090] Infection Day 12 to Infection Day 13

[0091] The same procedure as on infection day 2 was
performed. After measuring the cell count, seeding (100-mm
dish) onto C3H10T1/2 feeder cells was performed at 3x10°
cells/10 mIL/100-mm dish.

[0092] Infection Day 14

[0093] The post-viral-infection blood cells were recovered
and were subjected to an antibody reaction with, per 1.0x10°
cells, 2 ul,, 1 pl., and 1 pl, respectively, of anti-human
CD41a-APC antibody (BioLegend, Inc.), anti-human
CD42b-PE  antibody (eBioscience), and anti-human
CD235ab-Pacific Blue (Biol.egend, Inc.) antibody. After the
reaction, analysis was carried out using a FACSVerse (BD).
A megakaryocyte self-replicating line was produced when
the CD4la-positive ratio at infection day 14 was at least
50%.

4. BCL-xL Viral Infection of Megakaryocyte
Self-Replicating Lines

[0094] BCL-xL gene transduction was performed by the
lentivirus method on the culture day 14 post-virus-infection
blood cells. The virus particles were added to the culture
medium to provide an MOI of 10, and infection was
achieved by spin infection (32° C., 900 rpm, centrifugation
for 60 minutes).

5. Preparation of Immortalized Megakaryocyte
Lines and Maintenance Culture

[0095] Infection Day 14 to Infection Day 18

[0096] The post-viral-infection blood cells yielded by the
above-described method were recovered and were subjected
to a centrifugation procedure for 5 minutes at 1200 rpm.
After centrifugation, the sedimented cells were suspended in
fresh differentiation medium and were subsequently seeded
(6-well plate) at 2x10° cells’2 mL/well onto fresh
C3H10T1/2 feeder cells.

[0097] Infection Day 18: Subculture

[0098] After measuring the cell count, seeding was carried
out at 3x10° cells/10 mL./100-mm dish.

[0099] Infection Day 24: Subculture

[0100] After measuring the cell count, seeding was carried
out at 1x10° cells/10 mL/100-mm dish. Subsequent to this,
maintenance culture was carried out by subculturing every 4
to 7 days.

[0101] The blood cells were recovered on infection day 24
and were subjected to immunostaining using, per 1.0x10°
cells, 2 ul,, 1 pl., and 1 pl, respectively, of anti-human
CD41a-APC antibody (BioLegend, Inc.), anti-human
CD42b-PE  antibody (eBioscience), and anti-human
CD235ab-Pacific Blue (Anti-CD235ab-PB; Biol.egend,
Inc.) antibody. This was followed by analysis using a
FACSVerse (BD). Lines that had a CD41a-positive ratio of
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at least 50% even on infection day 24 were considered to be
immortalized megakaryocyte cell lines.

[0102] Cells derived from iPS cells (692D2, 1108A2)
could be propagated for at least 24 days post-infection as a
result of the maintenance culture of the cells that had
undergone BCL-xL lentivirus infection. These cells were
regarded as immortalized megakaryocyte lines (Compara-
tive Examples 1 and 2). An immortalized megakaryocyte
line was also produced with TKDN SeV2 using the same
procedure (Comparative Example 3).

[0103] It was confirmed that all of the immortalized mega-
karyocyte lines of Comparative Examples 1 to 3 could be
subcultured for at least 40 days. It was also confirmed, on the
other hand, that the culture process was accompanied by an
increase in cells transformed to adherent cells.

6. Construction of a Drug Resistance Gene
Expression Vector using a Megakaryocyte-Specific
Gene Expression Promoter

[0104] The LV-TetON vector (Clontech Laboratories,
Inc.), a CD41a promoter sequence (SEQ ID NO: 1) cloned
from KhES3 cells (established at Kyoto University), and a
puromycin resistance gene sequence subcloned from
pENTR-DMD-Donor04_EF1a-Puro were then recombined
into CS-CDF-UG-PRE that had been digested with the
restriction enzymes EcoRI and Xhol. This recombination
was carried out using an In-Fusion Advance PCR cloning kit
(Clontech Laboratories, Inc.). A lentivirus vector containing
the CD41a promoter-puromycin resistance gene (FIG. 1)
could be constructed as a result.

7. Gene Transduction using the Lentivirus Vector
Containing the CD41la Promoter-Puromycin
Resistance Gene

[0105] HEK293T cells were transfected with the lentivirus
vector containing the CD41a promoter-puromycin lentivirus
resistance gene. Lentivirus containing the CD41a promoter-
puromycin resistance gene was then concentrated and pro-
duced from the culture supernatant of the transfected
HEK293T cells. The immortalized megakaryocyte cell line,
seeded at 2x10° cells/10 mL/dish onto C3H10T1/2 cells
(feeder cells) in a 10-cm dish, were infected at an MOI of 10
with the lentivirus containing the CD41a promoter-puromy-
cin resistance gene. After infection, the immortalized mega-
karyocyte cell line was static cultured under conditions of
37° C. and 5% CO2 using a culture medium (puromycin-
containing differentiation medium) provided by the incor-
poration of 2 pg/ml, puromycin into a medium (differentia-
tion medium) that contained 50 ng/ml. human
thrombopoietin (TPO) (R&D Systems, Inc.), 50 ng/mL
human stem cell factor (SCF) (R&D Systems, Inc.), and 2
png/ml. doxycycline (Dox) in a base medium (IMDM (Is-
cove’s Modified Dulbecco’s Medium) (Sigma-Aldrich Cor-
poration) containing 15% fetal bovine serum (GIBCO), 1%
penicillin-streptomycin-glutamine (GIBCO), 1% insulin,
transferrin, selenium solution (ITS-G) (GIBCO), 0.45 mM
1-thioglycerol (Sigma-Aldrich Corporation), and 50 ng/mL
L-ascorbic acid (Sigma-Aldrich Corporation)).

[0106] The cell lines transduced by the lentivirus contain-
ing the CD4la promoter-puromycin resistance gene were
designated Example 1 (692D2 origin), Example 2 (1108A2
origin), and Example 3 (TKDN SeV2 origin).
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8. Analysis of Megakaryocyte Markers (In the
Presence of Feeder Cells)

[0107] The cells were stained using CD41a antibody (anti-
CD41-APC, Biolegend, Inc.), CD42b antibody (anti-
CD42b, eBioscience), and CD235ab antibody (anti-
CD235ab-PB, Biol.egend, Inc.) and were analyzed using a
BD FACSVerse flow cytometer. According to the results, the
cell group transduced with the lentivirus containing the
CD41a promoter-puromycin resistance gene (Example 1)
had a higher CD41a-positive ratio than the nontransduced
cell group (Comparative Example 1) (FIG. 2). Even during
the continuation of culture after this, the culture obtained by
the cultivation of the cell group of Example 1 exhibited a
higher CD41a-positive ratio than in Comparative Example 1
(FIG. 3). The CD4la-positive cell count in Example 1
continued to increase (FIG. 4).

9. Analysis of Megakaryocyte Markers (In the
Absence of Feeder Cells)

[0108] The 1108A2-derived cell line transduced by the
lentivirus having the CD41a promoter-puromycin resistance
gene was prepared under the same conditions as in Example
1, but without using feeder cells during culture (Example 2).
Comparative Example 2 was the nontransduced cell line
derived from 1108A2. Even in the case of culture without
using feeder cells, the culture obtained by cultivation of the
cell group of Example 2 was able to exhibit a higher
CD41a-positive ratio than in Comparative Example 2 (FIG.
5).

10. Comparison of the Presence of Feeder Cells
with the Absence of Feeder Cells

[0109] For the 692D2-derived Example 1, a high CD41a-
positive ratio was observed (FIG. 6A) for both conditions,
i.e., in the presence of feeder cells and in the absence of
feeder cells, even when the concentration of puromycin
present in the culture medium for the cell line was increased
to, respectively, 5 pg/mL at culture day 14 and 10 pg/mL at
culture day 28. In addition, the change in cell count was
measured with elapsed time in each case. The cell count was
measured using a hemocytometer (Waken BTech Co., [td.)
with the cultured cells diluted with a 0.1% (v/v) Trypan Blue
solution. The results demonstrated that the cells propagated
with elapsed time at about the same rate regardless of the
presence/absence of feeder cells (FIG. 6B).

11. Measurement of Cell Propagation (Shake
Culture)

[0110] The 692D2-derived cell line transduced by the
lentivirus having the CD41a promoter-puromycin resistance
gene was prepared under the same conditions as in Example
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1, but using flask culture and bag culture for the culture
method (flask culture: Example 4; bag culture: Example 5).
According to the results, the CD4la-positive cell ratio
underwent a significant increase in the cultures obtained by
culturing the cell groups in Example 4 and Example 5 (FIG.
7 (Example 4), FIG. 8 (Example 5)).

12. Measurement of the Platelet Count (Static
Culture, in the Presence of Feeder Cells)

[0111] The platelets present in the culture supernatant
were stained with CD41a antibody (anti-CD41-APC, Biole-
gend, Inc.), CD42a antibody (anti-CD42a, eBioscience), and
CD42b antibody (anti-CD42b, eBioscience) and analysis
was performed using a BD FACSVerse flow cytometer.
According to the results, the cell group transduced with the
CD41a promoter-puromycin resistance gene (Example 1)
had a CD41a-positive, CD42b-positive platelet productivity
(number of platelets produced per seeded cell) that was at
least twice as high as that for the nontransduced cell group
(Comparative Example 1) (Table 1, FIG. 9).

TABLE 1
platelet count
feeder cells count AV /uL /seeded cell count
Comparative + 866 866 144 14
Example 1
Example 1 + 1977 1977 330 33

13. Measurement of the Platelet Count (Static
Culture, in the Absence of Feeder Cells)

[0112] The enhancement in the CD41a-positive, CD42b-
positive platelet productivity (number of platelets produced
per seeded cell) was also confirmed for the case of platelet
production without any use of feeder cells. The cell group
transduced with the CD41a promoter-puromycin resistance
gene (Example 2) had a platelet productivity that was about
five-times higher than the nontransduced cell group (Com-
parative Example 2) (Table 2, FIG. 10).

TABLE 2

platelet count

feeder cells  count AV /uL  /seeded cell count

Comparative — 340 340 57 0.6
Example 2
Example 2 — 2007 2007 335 33

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1

<210> SEQ ID NO 1

<211> LENGTH: 948

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1
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-continued
tgtgaacgga ccaagagtaa acagtgtgct caatgctgtg cctacgtgtg ttagcccacg 60
cggccagect gaggagtcag ggaaggctcce cctaggcaaa gcccccaacce agaatcaagt 120
cttaatggtt aaagagctcc atcacccaaa aaggattgag ggcctacctt caactgaaca 180
gctaatgcat aatctcagaa actgtgagtc aaaattccct ggaataactc cactttatcc 240
ccaatctcect tgccacctag accaaggtcce attcaccacce ctgtccccag cactgactgce 300
actgctgtgg ccacactaaa gcttggctca agacggagga ggagtgagga agctgctgca 360
ccaatatggc tggttgaggce cgcccaaggt cctagaagga ggaagtgggt aaatgccata 420
tccaaaaaga tacagaagcc tcaggtttta tcgggggcag cagcttcctt ctectteccce 480

gacctgtgge caagtcacaa agcaccacag ctgtacagece agatggggga

ttagaactgt aggctagagt agacaagtat ggaccagttc acaatcacgce

agaaagtgat ggtggettgg actagcacgg tggtagtaga gatggggtaa

gacatcattg ataggcagaa ccaataggac atggtaataa actattctca

ggagtcatgg ctttcagcca tgagcatcca ccctetgggt ggectcacee

aattctagce accatgagte caggggetat agecctttge tetgecegtt

ttacttgggg ttccagtttg ataagaaaag acttcctgtyg gaggaatctg

ggaggagctyg gceccattect gectgggagyg ttgtggaaga aggaagat

agggaggaga 540
tatcccaage 600

agattcaaga 660

ggaaagggga 720

acttcctgge 780
gctcagcaag 840
aagggaagga 900

948

1. A method for producing a culture containing mega-
karyocytes or megakaryocyte progenitor cells, the method
comprising:

a step of culturing, under conditions that cause the death
of cells that do not express a gene that is specifically
expressed by megakaryocytes, a cell group that con-
tains megakaryocytes or cells having the capacity to
differentiate into megakaryocytes.

2. The method according to claim 1, wherein the cell
group has been transformed by a gene for resistance to a
drug that exhibits cytotoxicity, the drug resistance gene
being positioned under the control of a promoter of the gene
that is specifically expressed by megakaryocytes, and the
drug being added in the culture step.

3. The method according to claim 1, wherein the cell
group has been transformed by a gene that causes the death
of the cells that do not express the gene that is specifically
expressed by megakaryocytes, and this gene is positioned
under the control of a promoter of a gene that is specifically
expressed by the cells that do not express the gene that is
specifically expressed by megakaryocytes.

4. The method according to claim 1, wherein the gene that
is specifically expressed by megakaryocytes is a gene that
codes for a cell surface marker that is specifically expressed
by megakaryocytes.

5. The method according to claim 4, wherein the cell
surface marker that is specifically expressed by megakaryo-
cytes is CD41a, CD42a, and/or CD42b.

6. The method according to claim 1, wherein the cells
having the capacity to differentiate into megakaryocytes are
at least one type selected from the group consisting of
hematopoietic stem cells, hematopoietic progenitor cells,
CD34-positive cells, and megakaryocyte progenitor cells.

7. The method according to claim 1, wherein the culture
step is carried out in the absence of serum and/or feeder
cells.

8. The method according to claim 1, wherein the mega-
karyocytes in the culture to be produced retain the differ-
entiation phenotype thereof, and have an increased platelet
production capacity.

9. The method according to claim 2, wherein the cell
group is transformed by a vector in which the promoter and
the drug resistance gene or a lethal gene are operably linked.

10. The method according to claim 2, wherein the drug
resistance gene is at least one type selected from the group
consisting of a puromycin resistance gene, a neomycin
resistance gene, a kanamycin resistance gene, a chloram-
phenicol resistance gene, an erythromycin resistance gene, a
tetracycline resistance gene, a hygromycin resistance gene,
an ampicillin resistance gene, a zeocin resistance gene, a
blasticidin S resistance gene, and a histidinol resistance
gene.

11. A method for producing platelets, the method using
megakaryocytes produced by the method described in claim
1

12. A culture expansion method for megakaryocytes or
megakaryocyte progenitor cells, the method comprising:

a step of culturing, under conditions that cause the death
of cells that do not express a gene that is specifically
expressed by megakaryocytes, a cell group that con-
tains megakaryocytes or cells having the capacity to
differentiate into megakaryocytes.

13. The method according to claim 12, wherein the cell
group has been transformed by a gene for resistance to a
drug that exhibits cytotoxicity, the drug resistance gene
being positioned under the control of a promoter of the gene
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that is specifically expressed by megakaryocytes, and the
drug being added in the culture step.

14. A culture obtained by the production method
described in claim 1, and comprising megakaryocyte or
megakaryocyte progenitor cells.

#* #* #* #* #*



