DESCRIPTION

Title of Invention: SERUM-FREE MEDIUM AND CULTURING METHOD SUITED FOR CULTURING
BLOOD CELLSSUCH ASHUMAN HEMATOPOIETIC STEM CELLS

Technical Field
[0001]

The present invention discloses a compositioneofira-free (especially albumin-free) medium and a
culture method suitable for culturing blood celisls as hematopoietic stem cells. The present tioreprovides
a method of culturing blood cells such as humandtepoietic stem cells. This method can includedirig
blood cells, such as human hematopoietic stem, deftscontact with polyethylene glycol modifiedtivia moiety
having a polyvinylcaprolactam block and a polyvanpgtate block linked.

Background Art
[0002]

To culture hematopoietic stem cells, the use diemically defined medium for their proliferatioas
been studied. For mouse hematopoietic stem dehlas been shown that they can be cultured ineandally
defined medium (Non Patent Literature 1).

Citation List
Non Patent Literature
[0003]
Non Patent Literature 1: Wilkinsat al., Nature, 571: 117-121, 2019

Summary of Invention
[0004]

The present invention provides a culture methodl @rcomposition of a medium (e.g., a serum-free
medium (e.g., an albumin-free, serum-free mediurtytowkine-free, serum-free medium, such as an aldi@e
and cytokine-free, serum-free medium)) suitablectdturing blood cells such as human hematopogtéim cells.
[0005]

The present inventors have found and reporteditibaise hematopoietic stem cells (sometimes referred
to as KSL cells due to their isolation method) bargrown in large numbers over a long period oétig adding
polyvinyl alcohol (PVA) to an albumin-free, serumeé¢ medium (Wilkinsoret al., Nature, 571: 117-121, 2019).
However, no method has been established for exgramdihuman hematopoietic stem cells in an albuinga;
serum-free medium. The present inventors haventlycéound that human hematopoietic stem cells leixhi
marked proliferation in the presence of polyethgleglycol modified with a copolymer containing a
polyvinylcaprolactam block and a polyvinylacetateds, even in an albumin-free, serum-free mediurhjlev
maintaining their stem cell characteristics. Indiidn, it has also been found that the prolifematiof
hematopoietic stem cells can be maintained everruogtokine-free conditions at that time. In aubditto
hematopoietic stem cells, it has further been fabatlvarious blood cells, including erythroblagtegakaryocytes,
and leukocytes (e.g., T cells, B cells, macrophagestrophils), can proliferate under the samedlitmms.

[0006]

The invention can provide the following items loé tinvention.

[1] A method of culturing human hematopoietic stegis or human blood cells, comprising:

culturing the human hematopoietic stem cells endw blood cells in a culture medium, wherein

the culture medium is a polyvinyl alcohol-contaimialbumin-free medium (especially a serum albumin-
free medium), and comprises:

(1) a phosphatidylinositol 3-kinase (PI3K) actoraand at least one compound selected from
the group consisting of thrombopoietin (TPO) andTéceptor agonists

(2) a TPO receptor agonist and at least one cantpselected from the group consisting of
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stem cell factor (SCF) and PI3K activatass
(3) a PI3K activator and a TPO receptor agossthat
the culturing allows the number of the human hepwietic stem cells or human blood cells to inseea
or be maintained.
[2] The method according to item [1], wherein thereased number of the human hematopoietic stem
cells or human blood cells is obtained.
[3] The method according to item [1] or [2], wheréhe culture medium comprises a PI3K activator and
is free of stem cell factor (SCF).
[4] The method according to any one of items [1]3}p wherein the culture medium comprises a PI3K
activator and a TPO receptor agonist.
[5] The method according to item [4], wherein thiture medium comprises neither SCF nor TPO.
[5A] The method according to item [4] or [5], whiréhe culture medium is a cytokine-free medium.
[6] The method according to any one of items [1]3p wherein the culture medium further comprises
4-N-[2-benzyl-7-(2-methyltetrazol-5-yl)-9H-pyrimid[5-blindol-4-yllcyclohexane-1,4-diamine (UM171).
[7] The method according to item [6], wherein thé{uring has a period of 7 days or longer.
[8] An albumin-free composition comprising
human hematopoietic stem cells or human blood,qedlyvinyl alcohol, and
(1) a PI3K activator and at least one compouhettsd from the group consisting of TPO and
TPO receptor agonists
(2) a TPO receptor agonist and at least one cantpselected from the group consisting of
stem cell factor (SCF) and PI3K activatass
(3) a PI3K activator and a TPO receptor agonist.
[9] The composition according to item [8], wherdle composition comprises a PI3K activator and a
TPO receptor agonist.
[10] The composition according to item [8] or [A]rther comprising 4-N-[2-benzyl-7-(2-methyltetrdzo
5-yI)-9H-pyrimid[4,5-blindol-4-yl]cyclohexane-1,4iamine (UM171).
[11] Human hematopoietic stem cells or human blogls obtained by the method according to any one
of items [1] to [7].
[12] A polyvinyl alcohol-containing, albumin-fre@iture medium for human hematopoietic stem cells or
human blood cells, comprising:
(1) a PI3K activator and at least one compouhettsd from the group consisting of TPO and
TPO receptor agonists
(2) a TPO receptor agonist and at least one cantpselected from the group consisting of
stem cell factor (SCF) and PI3K activatass
(3) a PI3K activator and a TPO receptor agonist.
[0007]
{1} A method of culturing or producing human hemaddetic stem cells or human blood cells,
comprising:
culturing the human hematopoietic stem cells endw blood cells in a culture medium, wherein
the culture medium comprises polyvinyl alcohol and
(1) a phosphatidylinositol 3-kinase (PI13K) actoraand at least one compound selected from
the group consisting of thrombopoietin (TPO) andTiéceptor agonists
(2) a TPO receptor agonist and at least one congpsalected from the group consisting of
stem cell factor (SCF) and PI3K activatass
(3) a PI3K activator and a TPO receptor agosisthat
the culturing allows the number of the human heaittic stem cells or human blood cells to inceeas
or be maintained.

{2} The method according to item {1}, wherein thelwre medium is a serum-free medium.
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{3} The method according to item {1}, wherein theltwre medium is a chemically defined medium.

{4} The method according to any one of items {1}{&}, wherein the culture medium is substantially
free of albumin.

{5} The method according to any one of items {1}{&&, wherein the increased number of the human
hematopoietic stem cells or human blood cells taiobd.

{6} The method according to any one of items {1{&}, wherein the culture medium comprises a PI3K
activator and is free of stem cell factor (SCF).

{7} The method according to any one of items {1{&}, wherein the culture medium comprises a PI3K
activator and a TPO receptor agonist.

{8} The method according to item {7}, wherein theltwre medium comprises neither SCF nor TPO.

{8A} The method according to item {7} or {8}, whenme the culture medium is a cytokine-free medium.

{9} The method according to any one of items {1{&}, wherein the culture medium further comprises
4-N-{2-benzyl-7-(2-methyltetrazol-5-yl)-9H-pyrimid¥,5-b}indol-4-yl}cyclohexane-1,4-diamine (UM171).

{10} The method according to item {9}, wherein thelturing has a period of 7 days or longer.

{11} A composition comprising human hematopoietiers cells or human blood cells, polyvinyl alcohol
as an alternative for albumin, and

(1) a PI3K activator and at least one compoundcsedl from the group consisting of TPO and TPO
receptor agonists

(2) a TPO receptor agonist and at least one congpsalected from the group consisting of stem cell
factor (SCF) and PI3K activators

(3) a PI3K activator and a TPO receptor agonist.

{12} The composition according to item {11}, whenethe composition comprises a PI3K activator and
a TPO receptor agonist.

{13} The composition according to item {11} or {12}further comprising 4-N-{2-benzyl-7-(2-
methyltetrazol-5-yl)-9H-pyrimid{4,5-b}indol-4-yl}cglohexane-1,4-diamine (UM171).

{14} Human hematopoietic stem cells or human bloelis obtained by the method according to any one
of items {1} to {10}.

{15} An albumin alternative polyvinyl alcohol-coritang culture medium for human hematopoietic stem
cells or human blood cells, comprising:

(1) a PI3K activator and at least one compoundcsedl from the group consisting of TPO and TPO
receptor agonists

(2) a TPO receptor agonist and at least one contpealected from the group consisting of stem cell
factor (SCF) and PI3K activators

(3) a PI3K activator and a TPO receptor agonist.

{16} The culture medium according to item {15}, vdhi is a serum-free medium.

{17} The culture medium according to item {15}, vdhi is a chemically defined medium.

{18} The culture medium according to any one ofrige{15} to {17}, which is free of albumin.

{19} The method according to any one of {1} to {8,herein the human cells are human hematopoietic
stem cells.

{20} The composition according to any one of {119 {13}, wherein the human cells are human
hematopoietic stem cells.

{21} The method according to any one of {1} to {8kherein the human cells are human blood cells.

{22} The composition according to any one of {11} {13}, wherein the human cells are human blood
cells.

{23} A culture medium comprising human cells obtihby the method according to any one of items
{1} to {8}, {19}, and {21}.

{24} The culture medium according to item {23}, vahi is an albumin-free, cytokine-free, serum-free
medium.



[0008]
The invention can also provide the following iteafighe invention.
[1B] A method of culturing human cells, comprising
culturing human cells in a culture medium, wherein
the culture medium comprises polyalkylene glycobdified with a copolymer containing a
polyvinylcaprolactam block and a polyvinylacetalech.
[2B] The method according to item [1B], wherein thereased number of the human cells is obtained.
[3B] The method according to item [1B] or [2B], wh& the human cells are human hematopoietic stem
cells or human blood cells.
[4B] A culture medium composition for culturing hamcells, comprising polyalkylene glycol modified
with a copolymer containing a polyvinylcaprolacthfock and a polyvinylacetate block.
[5B] A composition comprising human cells and ptkyéene glycol modified with a copolymer
containing a polyvinylcaprolactam block and a palylacetate block.
[6B] The composition according to item [4B] or [SBJherein the human cells are human hematopoietic
stem cells or human blood cells.
[7B] Human cells obtained by the method accordangrty one of items [1B] to [3B].
[8B] The method according to item [3B], wherein thenan cells are human hematopoietic stem cells.
[9B] The composition according to item [6B], wherehe human cells are human hematopoietic stem
cells.
[10B] The method according to item [3B], whereie thuman cells are human blood cells.
[11B] The composition according to item [6B], whiarehe human cells are human blood cells.
[12B] A culture medium containing human cells ob& by the method according to any one of items
[1B] to [3B].
[13B] The culture medium according to item [12Bhivh is an albumin-free, cytokine-free, serum-free
medium.
[14B] The method according to any one of items [iBBB], [8B], and [10B], the composition accorgin
to any one of items [4B] to[6B], [9B], and [11BJ; the culture medium according to item [12] or [M8herein the
polyalkylene glycol modified with a copolymer comiag a polyvinylcaprolactam block and a polyvingddate
block is polyethylene glycol modified with a copolgr containing a polyvinylcaprolactam block and a
polyvinylacetate block.
[0009]
[1C] A method of culturing human cells, comprising
culturing human cells in a culture medium, wherei
the culture medium is a serum albumin-free medincha@mprises an additive, the additive being setect
from the group consisting of polyvinyl alcohol amsdified polyalkylene glycol, and further comprises
(1) a phosphatidylinositol 3-kinase (PI3K) actoraand at least one compound selected from
the group consisting of thrombopoietin (TPO) andTéceptor agonists
(2) a TPO receptor agonist and at least one cangpselected from the group consisting of
stem cell factor (SCF) and PI3K activatoss
(3) a PI3K activator and a TPO receptor agossthat
the culturing allows the number of human hematefostem cells or human blood cells to increase or
be maintained.
[2C] The method according to item [1C], wherein thenan cells are cells selected from the group
consisting of human hematopoietic stem cells amdamublood cells.
[3C] The method according to item [1C], whereinltluenan cells are blood cells other than hematoipoiet
stem cells.
[4C] The method according to item [3C], wherein #uglitive is polyvinyl alcohol.

[5C] The method according to item [1C] or [2C], wie the additive is modified polyalkylene glycol.
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[6C] The method according to item [5C], wherein thedified polyalkylene glycol is polyalkylene ghjico
modified with a copolymer containing a polyvinylcafactam block and a polyvinylacetate block.

[7C] The method according to item [6C], wherein thedified polyalkylene glycol is polyethylene glyco
modified with a copolymer containing a polyvinylcafactam block and a polyvinylacetate block.

Brief Description of Drawings
[0010]

[Figure 1] FIG. 1 shows the results of culturingthe presence of 10 ng/mL mouse or human stelm cel
factor (SCF) and 100ng /mL of thrombopoietin (TP@yuse hematopoietic stem cells (mouse KSL callsyman
hematopoietic stem cells (CD3D38 cells) in an albumin-free, serum-free medium ciminig polyvinyl alcohol
(PVA).

[Figure 2] FIG. 2 is graphs indicating the degréplmsphorylation of each signaling factor dowrestne
of SCF and TPO in mouse or human hematopoietic stdisiin the presence of 10 ng/mL stem cell fa(BLF)
and 100 ng/mL thrombopoietin (TPO), in the absewicalbumin, and in the presence of PVA. The sigri "
represents mouse hematopoietic stem cells, anththepresents human hematopoietic stem cells.

[Figure 3] FIG. 3 shows the results of culturing the absence of aloumin and in the presence of PVA
human hematopoietic stem cells in a medium comtgidid ng/mL human stem cell factor (SCF) and 10@nhg
human thrombopoietin in the presence of an AKTvatbr || (AKTa) or PI3K activator (PI3Ka).

[Figure 4] FIG. 4 shows the growth rate of totdlscer CD34 cells at day 7 after human hematopoietic
stem cells were cultured in the absence of albaméhin the presence of PVA and 100 ng/mL humamtbopoietin
(TPO). In FIG. 4, SCF-containing conditions andFSee conditions are compared. FIG. 4 indicates ho
statistically significant difference in the numloditotal cells or CD3%cells at culture day 7 was found between the
two conditions.

[Figure 5] FIG. 5 shows the time course of the nendf cultured human hematopoietic stem cells én th
presence of albumin or PVA while TPO was replacg@dch TPO receptor agonist. The sign "Buty" regmés
butyzamide, the "Elt" represents eltrombopag, &ed'Ava" represents avatrombopag.

[Figure 6] FIG. 6 shows the growth rate of totdler CD34 cells at day 7 when human hematopoietic
stem cells were cultured in the presence of albumPVA while TPO was replaced by each TPO receggonist.

[Figure 7] FIG. 7 indicates the number of totals,ghe number of CD34cells, or the number of GEmM
colonies at day 7 when human hematopoietic stets wadre cultured in a culture medium containinglakP
activator and TPO or butyzamide (Buty) in the alseof alboumin and in the presence of PVA. The sypke
colonies were identified under a microscope aféehecolony was picked under a microscope, a cytasginple
was prepared, and the sample was subjected to &iatasning. G denotes "granulocytes", E denotes
"erythroblasts", m denotes "macrophages”, and Mtdsi'megakaryocytes".

[Figure 8] FIG. 8 shows the growth rate of totdler CD34 cells at day 7 when human hematopoietic
stem cells were cultured in the absence of albamihin the presence of PVA in a culture medium ewittSCF or
TPO but containing a PI3K activator, a TPO recepgmnist, or a combination of them.

[Figure 9] FIG. 9 shows the growth rate of eachmapbulation in a culture obtained at day 7 wheman
hematopoietic stem cells were cultured in the atesen albumin and in the presence of PVA in a caltnedium
without SCF or TPO but containing a PI3K activaiod a TPO receptor agonist.

[Figure 10] FIG. 10 shows the time course of thenber of total cells or the number of CD3klls at
days 7 and 14 when human hematopoietic stem cells eultured in the absence of albumin and in tkegnce
of PVAin a culture medium without SCF or TPO bantaining a PI3K activator and a TPO receptor agjoni

[Figure 11] FIG. 11 shows the results of gatedscelitained at day 14 when human hematopoietic stem
cells were cultured in the absence of albumin arttié presence of PVA in a culture medium withoQE®r TPO
but containing a PI3K activator and a TPO receptgmnist. The left panel shows the results of foyometry
using CD34 and CD38 as markers, and the right pdnoels the results of flow cytometry using CD41d @b42b

as markers. A photograph of FIG. 11 is an optigalograph of the obtained culture.
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[Figure 12] FIG. 12 shows the results of colonyagsasing cells obtained at day 14 when human
hematopoietic stem cells were cultured in the ateseh albumin and in the presence of PVA in a caltnedium
without SCF or TPO but containing a PI3K activeamid a TPO receptor agonist. The types of colonies
identified under a microscope after each colony pieked under a microscope, a cytospin sample wesaped,
and the sample was subjected to Giemsa stainingder@@tes "granulocytes"-, E denotes "erythroblasts"
denotes "macrophages’-, and M denotes "megakalstgontaining colony.

[Figure 13] FIG. 13 shows the growth rate of totalls or CD34 cells at day 14 when human
hematopoietic stem cells were cultured in the atxseh aloumin and in the presence of PVA in a calmedium
without SCF or TPO but containing a PI3K activator; a TPO receptor agonist; and SR1 and/or UM171.

[Figure 14] FIG. 14 shows the growth rate of ta@lls or CD34 cells or the number of CD4Zell at
day 14 when the respective cells were cultured uookaditions 1 to 3.

[Figure 15] FIG. 15 shows the results of flow cy&imy using cells in the culture at day 14 when the
respective cells were culture under conditions 3.to The upper panels show the results using ClaB4c{ssa)
and CD38 (ordinate), and the lower panels showekelts using CD41a (abscissa) and CD42b (ordinate)

[Figure 16] FIG. 16 is charts indicating engraftine® human hematopoietic stem cells in mouse
peripheral blood at 12 weeks after human hemattipatem cells were cultured under respective dmrd 1 to
3 and then transplanted at day 7 in each mouse.

[Figure 17] FIG. 17 shows the number of total gelie percentage of CD34ells, the percentage of
viable cells, or the number of CD3dells in a culture obtained after monocytes iregicord blood were separated
and cultured for 14 days under conditions in thesence or absence of UM171 in a culture mediunowithny of
albumin, SCF, or TPO but containing PVA, a PI3Kh\atbr, and a TPO receptor agonist.

[Figure 18] FIG. 18 shows the resultsipfvitro culture experiments of mouse hematopoietic stdla ce
in the absence of albumin. In each mouse hemattipaitem cell culture medium, the indicated congonwvas
included at a final concentration of 0.1%. Moredfically, used was each culture medium containaia final
concentration of 0.1%, BASF's Kolliphor (trademaB)88 bio (188 bio), Kolliphor (trademark) P 188ishear
(188 Geismar), Soluplus (Sol+), Kolliphor (tradek)aP 407 Geismar (407 Geismar), Kollidon (tradema&®&
Origin USA (30 USA), Kollidon (trademark) 17 PF (PF), Kollidon (trademark) 25 (25), Kollidon (tradark)
90F (90F), or Kollidon (trademark) 12PF (12PF)

[Figure 19] FIG. 19 shows the resultsiovitro colony formation assay using mouse hematopoitgio s
cells in an albumin-free, serum-free medium inghesence of PVA or polymer A.

[Figure 20] FIG. 20 shows the percentage (%) e¢émsell marker CD201-positive mouse hematopoietic
stem cells cultured in an albumin-free, serum-freselium in the presence of PVA or polymer A.

[Figure 21] FIG. 21 shows a scheme (left) in whimbuse hematopoietic stem cells cultured in an
albumin-free, serum-free medium in the presende\# or polymer A were subjected to hematopoietarstell
transplantation into an irradiated mouse, and #regntage of mouse peripheral blood chimerism &svatter the
transplantation. The percentage of chimerism &tdiE the proportion of cells derived from transfgdn
hematopoietic stem cells in all the blood cells.

[Figure 22] FIG. 22 indicates the percentage of &p8sitive cells in mouse hematopoietic stem cells
cultured in an albumin-free, serum-free mediurhim presence of PVA or polymer A.

[Figure 23] FIG. 23 indicates a change in the nungbenouse hematopoietic stem cells cultured in an
albumin-free, serum-free medium in the presend@w or polymer A.

[Figure 24] FIG. 24 is graphs indicating the degadephosphorylation of each signaling factor
downstream of SCF and TPO in mouse or human hewiatapstem cells in the presence of 10 ng/mL steth
factor (SCF) and 100 ng/mL thrombopoietin (TPO)tha absence of albumin, and in the presence of P\Ihe
sign "m" represents mouse hematopoietic stem egllthe "h" represents human hematopoietic stém ce

[Figure 25] FIG. 25 shows the results of culturimgthe absence of albumin and in the presenc&/af P
human hematopoietic stem cells in a medium comtgidd ng/mL human stem cell factor (SCF) and 10@nhg

human thrombopoietin in the presence of AKT Activdt (AKTa) or PI3K activator (PI3Ka).
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[Figure 26] FIG. 26 shows the growth rate of totlls or CD34+ cells at day 7 after human hematfii
stem cells were cultured in the absence of albaméhin the presence of PVA and 100 ng/mL humanhopoietin
(TPO). In FIG. 9, SCF-containing conditions andFSitee conditions are compared. FIG. 4 indicabes ho
statistically significant difference in the numloéitotal cells or CD34%cells at culture day 7 was found between the
two conditions.

[Figure 27] FIG. 27 shows the time course of thenber of cultured human hematopoietic stem cells in
the presence of albumin or PVA while TPO was regididzy each TPO receptor agonist. The sign "Begtesents
butyzamide, the "Elt" represents eltrombopag, &ed'Ava" represents avatrombopag.

[Figure 28] FIG. 28 shows the growth rate of totlls or CD34 cells at day 7 when human hematopoietic
stem cells were cultured in the presence of albuuniPVA while TPO was replaced by each TPO recegjonist.

[Figure 29] FIG. 29 indicates the number of totalls; the number of CD34cells, or the number of
GEmM colonies at day 7 when human hematopoietin stells were cultured in a culture medium contajren
PI3K activator and TPO or butyzamide (Buty) in #iisence of albumin and in the presence of PVA. t¥es
of colonies were identified under a microscoperateh colony was picked under a microscope, spyicsample
was prepared, and the sample was subjected to &iatasning. G denotes "granulocytes”, E denotes
"erythroblasts”, m denotes "macrophages”, and Musi'megakaryocytes”.

[Figure 30] FIG. 30 shows the growth rate of totlls or CD34 cells at day 7 when human hematopoietic
stem cells were cultured in the absence of albamahin the presence of PVA in a culture medium euttSCF or
TPO but containing a PI3K activator, a TPO recepgmnist, or a combination of them.

[Figure 31] FIG. 31 shows the growth rate of eael gopulation in a culture obtained at day 7 when
human hematopoietic stem cells were cultured inatteence of albumin and in the presence of PVAdult@are
medium without SCF or TPO but containing a PI3Kvatbr and a TPO receptor agonist.

[Figure 32] FIG. 32 shows the time course of thmber of total cells or the number of CD3zlls at
days 7 and 14 when human hematopoietic stem cells wultured in the absence of albumin and in teegnce
of PVA in a culture medium without SCF or TPO bahtaining a PI3K activator and a TPO receptor agoni

[Figure 33] FIG. 33 shows the results of gatedscefitained at day 14 when human hematopoietic stem
cells were cultured in the absence of albumin aritié presence of PVA in a culture medium withoaQESr TPO
but containing a PI3K activator and a TPO recepgwnist. The left panel shows the results of fiywometry
using CD34 and CD38 as markers, and the right fswels the results of flow cytometry using CD41d @»42b
as markers. A photograph of FIG. 16 is an optiziarograph of the obtained culture.

[Figure 34] FIG. 34 shows the results of colonyagssf cells obtained at day 14 when human
hematopoietic stem cells were cultured in the atxseh alboumin and in the presence of PVA in a calmedium
without SCF or TPO but containing a PI3K activaamid a TPO receptor agonist. The types of colonias
identified under a microscope after each colony pieked under a microscope, a cytospin sample wesaped,
and the sample was subjected to Giemsa stainingder@@tes "granulocytes"-, E denotes "erythroblasts"
denotes "macrophages’-, and M denotes "megakagsegbntaining colony.

[Figure 35] FIG. 35 shows the growth rate of totalls or CD34 cells at day 14 when human
hematopoietic stem cells were cultured in the atrseh aloumin and in the presence of PVA in a calinedium
without SCF or TPO but containing a PI3K activator; a TPO receptor agonist; and SR1 and/or UM171.

[Figure 36] FIG. 36 shows the growth rate of tatalls or CD34 cells or the number of CD4ell at
day 14 when the respective cells were cultured uookeditions 1 to 3.

[Figure 37] FIG. 37 shows the results of flow cy&im using cells in the culture at day 14 when the
respective cells were culture under conditions 3.to The upper panels show the results using ClaBdc{ssa)
and CD38 (ordinate), and the lower panels showekelts using CD41a (abscissa) and CD42b (ordinate)

[Figure 38] FIG. 38 is charts indicating engraftinef human hematopoietic stem cells in mouse
peripheral blood at 12 weeks after human hemattipaitem cells were cultured under respective dmrdi 1 to
3 and then transplanted at day 7 in each mouse.

[Figure 39] FIG. 39 shows the number of total et percentage of CD34ells, the percentage of
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viable cells, or the number of CD3dells in a culture obtained after monocytes iregicord blood were separated
and cultured for 14 days under conditions in thesence or absence of UM171 in a culture mediunowithny of
albumin, SCF, or TPO but containing PVA, a PI3K\atbr, and a TPO receptor agonist.

[Figure 40] FIG. 40 shows the growth of human Tscel an albumin-free, cytokine-free medium in the
presence of PVA or Soluplus (trademark).

[Figure 41] FIG. 41 shows the results of human Hepwietic stem cell differentiation experimentsaim
albumin-free medium in the presence of PVA or Shisiftrademark). The hematopoietic cells are destmated
to proliferate and differentiate (in particularpfiferate) into a wide range of blood cell lineages

[Figure 42] FIG. 42 shows the growth potential lofanic myeloid leukemia (CML) cells in an albumin-
free, cytokine-free medium in the presence of PVASoluplus (trademark). In the graphs, "IM+" medns
presence of imatinib, and "IM-" means the absefdmatinib.

Description of Embodiments
[0011]

As used herein, the "hematopoietic stem cellsgrref stem cells capable of differentiating intodad
cells. Hematopoietic stem cells can be collectechfbone marrow, umbilical cord, placenta, or pgegifal blood.
Human hematopoietic stem cells are CD34-positiWis.celn humans, hematopoietic stem cells are knawie
abundant in the CD34-positive, CD38-negative calttion. Thus, human hematopoietic stem cellsoea@D34-
positive and CD38-negative. Hematopoietic steniscelay be cells obtained bsx vivo differentiation of
pluripotent stem cells such as ES cells or iPScell
[0012]

As used herein, "blood cells" are hematopoieémstells or cells differentiated from hematopoisteEm
cells. Blood cells are largely classified into latapoietic stem cells, hematopoietic progenitonsgd a
hematopoietic cells according to their differeritint stage. = Hematopoietic stem cells differentiaia
hematopoietic progenitors into hematopoietic cellslore specifically, hematopoietic stem cells céffecentiate
via lymphoblasts into lymphocytes (e.g., T cellsdls, NK cells). Hematopoietic stem cells cavalifferentiate
via hematopoietic progenitors and monoblasts idoooytes. Hematopoietic stem cells can also @iffgate via
hematopoietic progenitors, myeloblasts, promyelegymyelocytes, postmyelocytes, and rod-shapeckaiec
cells into neutrophils. Hematopoietic stem celan calso differentiate via hematopoietic progenitargl
myeloblasts into granulocytic leukocytes, suchasrmphils or basophils, or macrophages. Hemadtipastem
cells can also differentiate via hematopoietic protprs, proerythroblasts, basophilic erythroblgstdychromatic
erythroblasts, and orthochromatic erythroblaste imtythrocytes. Hematopoietic stem cells can alsmuce
platelets after undergoing through hematopoietigenitors, pro-megakaryocytes, and megakaryocytal.the
cells that can be differentiated from hematopoistiian cells are blood cells. Examples of the blmall$ include
cancer cells or non-cancer cells. Examples ofémeer cells include chronic myelogenous leuke@NL) cells
or CML stem cells.

[0013]

As used herein, the terraX'vivo" means outside the body. As used herein, the texwivo" is used in
contrast tan vivo (inside the body), and means that cells presaidenthe body are taken outside the body from
the inside. The culturing may be perfornszdivo.

[0014]

As used herein, the "positive” means that the isefound to express a molecule identified by the
immediately preceding term. As used herein, "pasitis sometimes simply denoted &% "
[0015]

As used herein, "polyvinyl alcohol" (PVA) meanpaymer of vinyl alcohol. Polyvinyl alcohol can be
obtained by saponification of polyvinyl acetate jebhis obtained by polymerizing a vinyl acetate mmer. The
weight-average molecular weight (MW) of polyvinytahol may be, for example, 1 kDa to 20 kDa, 3 kB4 7

kDa, 5 kDa to 15 kDa, or 7 kDa to 13 kDa. In thseof saponification of polyvinyl acetate to obtaVA by the
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above method, the rate of saponification may be 86%ore, 85% or more, 90% or more, 95% or mor&986
or more.
[0016]

As used herein, the "albumin” is a protein knowraglasma component. Albumin is said to account
for 60% of plasma proteins and is abundantly preseblood, serum, and plasma. Albumin is thoughbe
responsible for maintaining the osmotic pressutgaddin vivo and for transporting biological substances such as
fatty acids and hormones by binding to them. Sealbumin is also known to be important in the mamaince
and culture of hematopoietic stem cells. Humanrsealbumin (hereinafter sometimes referred to 8SAH is
human serum albumin, which can be, for exampleotejm having the amino acid sequence register&kag8ank
Accession No: AAN17825.1 or human serum albumirifdgathe corresponding amino acid sequence.

[0017]

As used herein, the "agonist" refers to a subst#mat can activate a protein such as a recepanayme.
[0018]

As used herein, the "PI3K" means phosphatidyliobsB-kinase. PI3K is an enzyme that can
phosphorylate inositol phospholipids, a componehtcells. = Phosphorylated phosphatidylinositol 3;4,5
trisphosphate (PIP3) mediates Akt (also known atepr kinase B) phosphorylation and transduces dbwam
signaling. As used herein, the "PI3K activator'ame an agonist of receptor tyrosine kinase andbstauce that
can activate PI3K. The PI3K activator can be drfedor PI3K.

[0019]

As used herein, the "TPO" means thrombopoietinrPOs a protein responsible for the differentiation
of hematopoietic stem cells into megakaryocytesPOTis known to be formally involved in the mainteca of
hematopoietic stem cells. Human thrombopoietinfds,example, a protein having the amino acid segee
registered as GenBank Accession No: AAB33390.1hoombopoietin having the corresponding amino acid
sequence.

As used herein, the "TPO receptor agonist" meaubatance, other than TPO, that can activate a TPO
receptor. Examples of the TPO receptor agonisideceach TPO variant other than TPO, each pepiideach
compound that can activate a TPO receptor. Ashsegn, the "compound” is a concept that enconggasganic
compounds. The TPO receptor agonist can be saddoii a TPO receptor.

[0020]

As used herein, stem cell factor (SCF) is a hepmatic cell growth factor that acts in the eathges of
hematopoiesis. Human stem cell factor is, for epama protein having the amino acid sequence texgid as
GenBank Accession No: AAA85450.1 or SCF havingdbeesponding amino acid sequence.

[0021]

As used herein, the "culturing" means incubatiefiscunder conditions suitable for their growth or
maintenance. The incubation can be performediéncase of human cells, under an atmosphere pobfeat
37°C and 5% C@ If the "culturing" involves proliferation, thetlturing" is understood to involve the production
of expanded cells. As used herein, the "culturiceyi be performed in a serum-free medium. As heedin,
the "culturing” can be performed in a chemicallyimksd culture medium (or in a completely synthetiedium).
The chemically defined culture medium is a seruee-imedium.

[0022]

As used herein, the "culture medium" means a nmedised for culturing cells. The culture medium
may be prepared by adding components essentidldsia medium. The essential components may ieciyoH
modifier, a sugar source such as glucose, antilSi¢é.g., penicillin and streptomycin), and esséi@itmino acids
such as glutamine, as well as culture additiveh ascnsulin, transferrin, selenium (e.g., sodiefersite), and/or
ethanolamine.

[0023]
As used herein, the term "free" means that sonterrahis not contained at concentrations above the

detection limit or not contained at all. For exden@a serum-free or albumin-free, serum-free medgiatbumin-
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free and free of serum or albumin. The term "alindfree” means that albumin is not contained ateoirations
at or above the detection limit or not containe@lat The term "cytokine-free" means that any ke is not
contained at concentrations at or above the detetitnit or not contained at all. The medium mayddbumin-
free. The medium may be cytokine-free. The medmway be albumin-free and cytokine-free.

[0024]

As used herein, the "cytotoxicity” means the cbinastic of exerting the effect of decreasingrienber
of cells or killing cells during culture. As uskdrein, "non-cytotoxic" refers to the charactecisfinot decreasing
the number of cells during culture. An increasedoentration of some substance may cause cytotyxidin
this case, even if the concentration is reduceadlével that does not cause cytotoxicity, the etgubeffect of the
substance may still occur. This case can be dbfazenon-cytotoxic. As used herein, a medium @feany
cytotoxic agent or agent having cytotoxicity me#ret the medium does not contain any cytotoxic ageagent
having cytotoxicity in sufficient amounts to cawuggotoxicity. Accordingly, when an agent is cytitoat high
concentrations and is used at concentrations ¢hetecno cytotoxicity, the agent is neither a cyictagent nor an
agent having cytotoxicity.

[0025]

The present inventors have found and reporteditibaise hematopoietic stem cells (sometimes referred
to as KSL cells due to their isolation method) bargrown in large numbers over a long period oétig adding
polyvinyl alcohol (PVA) to an albumin-free serunedr medium (Wilkinsoret al., Nature, 571: 117-121, 2019).
However, no method has been established for exgramdihuman hematopoietic stem cells in an albuinga;
serum-free medium. Now, the present inventors Hdiseovered that human hematopoietic stem cells can
markedly proliferate while their stem cell propestare maintained in the presence of polyethylgmeigmodified
with a copolymer containing a polyvinylcaprolactaiock and a polyvinylacetate block. The presewméirors
have also found that in human hematopoietic stdls cgtured in the presence of PVA, SCF, and Té&\@n in an
albumin-free, serum-free medium, the activationvafious signaling pathways, including the PI3K akid
pathways, is weak. The present inventors havefailsal that human hematopoietic stem cells and husteod
cells can proliferate by the addition of a PI3Knheator in the presence of PVA, SCF and TPO, evamialbumin-
free, serum-free medium. The present inventore fanther found that a PI3K activator can compieteblace
SCF in the presence of PVA, even in an albumin;fseeum-free medium. Furthermore, the presentiiove
have found that TPO can be replaced by a TPO r@cagobnist in the presence of PVA and a PI3K atdiya&ven
in an albumin-free, serum-free medium.  Still fertmore, the present inventors have found that human
hematopoietic stem cells or human blood cells eaorbly proliferate in the presence of polyethglgtycol
modified with a copolymer containing a polyvinyleafactam block and a polyvinylacetate block, a P#ivator,
and a TPO receptor agonist, even in an albumin-feeim-free medium. At that time, it is unnecgssa add
SCF and TPO to the medium. Moreover, the preseeinitors have found that human hematopoietic stdls ¢
can be maintained and expanded for a long peridichefby adding UM171 to the medium.

[0026]

The present invention provides a method of cuitytiuman cells, comprising:

culturing human cells in a culture medium, wherein

the culture medium is a serum albumin-free medinchcomprises an additive, the additive being sedec
from the group consisting of polyvinyl alcohol amddified polyalkylene glycol, and further comprises

(1) a phosphatidylinositol 3-kinase (PI3K) actoraand at least one compound selected from
the group consisting of thrombopoietin (TPO) andTiéceptor agonists

(2) a TPO receptor agonist and at least one canmpselected from the group consisting of
stem cell factor (SCF) and PI3K activatass

(3) a PI3K activator and a TPO receptor agosisthat

the culturing allows the number of human hemaietiostem cells or human blood cells to increase o
be maintained.

[0027]
10



The human cells may be cells selected from thegoonsisting of human hematopoietic stem cells and
human blood cells. In addition, the human celly alao be blood cells other than hematopoietic stella. The
blood cells may be cells selected from the groupsisting of hematopoietic progenitors and hemattmcells.
The blood cells may be one or more cells selectad the group consisting of lymphoblasts, lymphesye.g., T
cells, B cells, NK cells, and NKT cells), CD3-posit cells, myeloblasts, promyelocytes, myelocytes,
postmyelocytes, rod-shaped nucleated cells, andrapduls, myeloblasts, granulocytes (e.g., eosiilspaind
basophils), macrophages, proerythroblasts, basomntthroblasts, polychromatic erythroblasts, octiromatic
erythroblasts, erythrocytes as well as pro-megal@tes and megakaryocytes. The human cells majobe,
example, one or more cells selected from the gomnsisting of chronic myelogenous leukemia (CMUjscand
CML stem cells.

[0028]

In a certain embodiment, the additive may be atitiad that can replace albumin. The additiverisa
certain embodiment, modified polyalkylene glycoln a certain embodiment, the modified polyalkylayhgcol
may be, for example, modified polyethylene glycol.he modified polyalkylene glycol or modified potiiglene
glycol may be preferably modified with a copolymeontaining a polyvinylcaprolactam block and a
polyvinylacetate block.

[0029]

In a certain embodiment, the additive may be pgalyhalcohol.
[0030]

According to the invention, PVA or modified poligglene glycol may be added. This reduces the
amount of albumin, such as serum albumin, addeal dolture medium, preferably making the culture imed
albumin-free. In a certain embodiment, the cultaeglium can be a serum-free medium, for instancalumin-
free, serum-free medium.

[0031]

According to the present invention, a PI3K activatan replace SCF. Meanwhile, in the invention, a
TPO receptor agonist can replace TPO. In this wathe invention, the amount of SCF or TPO addethé
culture medium can be reduced and, preferablyctifeire medium can be made cytokine-free. In dager
embodiment, the culture medium may be a serumrdfredium, for instance, a cytokine-free, serum-freelionm.
[0032]

In a certain embodiment, PVA or modified polyalkyé glycol may be added to a culture medium. This
can reduce the amount of albumin, such as seruomah added to the culture medium. In additiorR18K
activator and a TPO receptor agonist may be aduétetculture medium. This can reduce the amoainBCF
and TPO added to the culture medium. In a cedaibodiment, the culture medium may be an albunda;fr
cytokine-free, serum-free medium.

[0033]

Another embodiment of the invention provides ahmadtof culturing human hematopoietic stem cells or
human blood cells, comprising:

culturing the human hematopoietic stem cells endw blood cells in a culture medium, wherein

the culture medium comprises polyvinyl alcoholeglmot comprise any albumin, and comprises:

(1) a phosphatidylinositol 3-kinase (PI3K) actoraand at least one compound selected from
the group consisting of thrombopoietin (TPO) andTiéceptor agonists

(2) a TPO receptor agonist and at least one cangpselected from the group consisting of
stem cell factor (SCF) and PI3K activatoss

(3) a PI3K activator and a TPO receptor agonist.
[0034]

Another embodiment of the invention provides ahmadtof culturing human hematopoietic stem cells or
human blood cells in a culture medium, comprising:

bringing, in the culture medium, the human hemaitiz stem cells or human blood cells into contact
11



with polyvinyl alcohol and

bringing, in the culture medium, the human hemaif: stem cells or human blood cells into contact
with:

(1) a phosphatidylinositol 3-kinase (PI3K) actoraand at least one compound selected from
the group consisting of thrombopoietin (TPO) andTiéceptor agonists

(2) a TPO receptor agonist and at least one cangpselected from the group consisting of
stem cell factor (SCF) and PI3K activatoss

(3) a PI3K activator and a TPO receptor agonist.

In this embodiment, the culturing allows the numbiehuman hematopoietic stem cells or human blood
cells to increase or be maintained.
[0035]

In the invention, the PI3K activator used is ngibtoxic to human hematopoietic stem cells or human
blood cells in the absence of albumin and in tleesg@nce of PVA. In other words, the PI3K activaised in the
invention is non-cytotoxic.

In addition, the TPO receptor agonists used inirtkention are non-cytotoxic to human hematopoietic
stem cells or human blood cells in the absencébaihain and in the presence of PVA. Whether orthetPI3K
activators are non-cytotoxic can be checked, ifeyppate, using a test of culturing human hematefostem cells
or human blood cells, by those skilled in the akilere, the test of culturing human hematopoiegenstells or
human blood cells can be implemented using IMDM iomadcontaining 1% insulin-transferrin-selenium, 1%
penicillin-streptomycin-glutamine, 100 ng/mL TPMda0.1% PVA. Whether or not the TPO receptor ageni
are non-cytotoxic can be checked, if approprisgegia test of culturing human hematopoietic stelts or human
blood cells, by those skilled in the art. Here, tbst of culturing human hematopoietic stem agllsuman blood
cells can be implemented using IMDM medium contagnil% insulin-transferrin-selenium, 1% penicillin-
streptomycin-glutamine, 10 ng/mL SCF, and 0.1% PVA.

[0036]

In a certain embodiment of the invention, thewatmedium used in the culture method of the ineent
may be a culture medium for human hematopoietim stells or human blood cells, the medium comprising

(1) a PI3K activator and at least one compoundcsedl from the group consisting of TPO and TPO
receptor agonis{s

(2) a TPO receptor agonist and at least one congpsalected from the group consisting of stem cell
factor (SCF) and PI3K activatorsr

(3) a PI3K activator and a TPO receptor agonist.

[0037]

In a certain embodiment of the invention, thewatmedium used in the culture method of the invant
may be a culture medium for human hematopoietim stells or human blood cells, the medium comprising

polyvinyl alcohol or modified polyalkylene glycahd

(1) a PI3K activator and at least one compoutetsed from the group consisting of TPO and
TPO receptor agonists

(2) a TPO receptor agonist and at least one canmpselected from the group consisting of
stem cell factor (SCF) and PI3K activatoss

(3) a PI3K activator and a TPO receptor agonist.
[0038]

In a certain embodiment of the invention, thewatmedium used in the culture method of the ineent
may be a culture medium for human hematopoietim stells or human blood cells, the medium being ribu
(especially serum albumin)-free, and the mediumprsing:

(1) a PI3K activator and at least one compoundcsedl from the group consisting of TPO and TPO
receptor agonists

(2) a TPO receptor agonist and at least one contpsealected from the group consisting of stem cell
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factor (SCF) and PI3K activators

(3) a PI3K activator and a TPO receptor agonist.
[0039]

In a certain embodiment of the invention, thewatmedium used in the culture method of the irneent
may be a culture medium for human hematopoietim stells or human blood cells, the medium comprising

polyvinyl alcohol, but no albumin, and

(1) a PI3K activator and at least one compouhettsd from the group consisting of TPO and
TPO receptor agonists

(2) a TPO receptor agonist and at least one cantpselected from the group consisting of
stem cell factor (SCF) and PI3K activatass

(3) a PI3K activator and a TPO receptor agonist.
[0040]

The culture medium in the invention may containeffective amount of non-cytotoxic PI3K activator
and an effective amount of PVA to expand human hejagetic stem cells or human blood cells in theesize of
albumin. The culture medium in the invention masttier contain SCF and/or TPO. The culture mediuthe
invention may contain an effective amount of notetgxic TPO receptor agonist instead of TPO. Tinkuce
medium in the invention may contain an effectiveoant of non-cytotoxic PI3K activator, an effectiamount of
PVA, an effective amount of TPO and/or non-cytotokiPO receptor agonist, and UM171.

[0041]

According to the invention, the method of cultgriluman hematopoietic stem cells may be a method of
producing megakaryocyte lineage cells from humandiepoietic stem cells. In this embodiment, thiuce
medium used in the culture method may be a culedium containing a PI3K activator and a TPO remrept
agonist, wherein the PI3K activator is 740Y-P ahd TPO receptor agonist is butyzamide. In thigi@dar
embodiment, the culture medium may be free of UM171
[0042]

In a certain embodiment of the invention, theuratmethod of the invention may comprise cultuiiimg
the presence of 4-N-[2-benzyl-7-(2-methyltetrazgllB9H-pyrimid[4,5-b]indol-4-yl]cyclohexane-1,4-dmine
(UM171). In a certain embodiment of the inventidine culture medium used in the culture methodhef t
invention may further comprise UM171. This mayilftate the maintenance of human hematopoietic stelin
characteristics or inhibit differentiation into ksebf the megakaryocyte lineage (e.g., megakargopybvgenitors
and megakaryocytes).

[0043]

In a certain embodiment of the invention, theun@tmethod of the invention does not comprise daliu
in the presence of 4-N-[2-benzyl-7-(2-methyltetle&gl)-9H-pyrimid[4,5-b]indol-4-yl]cyclohexane-1;diamine
(UM171). In a certain embodiment of the inventidie culture medium used in the culture methodhef t
invention does not further comprise UM171. Thlfates the differentiation of human hematopaistem cells
into cells of the megakaryocyte lineage (e.g., rkagacyte progenitors and megakaryocytes).

[0044]

Another embodiment of the invention provides ahudtof culturing human hematopoietic stem cells or
human blood cells, comprising:

culturing the human hematopoietic stem cellswon&n blood cells in a culture medium, wherein

the culture medium comprises polyethylene glycobdifled with a copolymer containing a
polyvinylcaprolactam block and a polyvinylacetalech.

In this method, the medium for the human hematgtfostem cells or human blood cells may be albumin
free. In this method, the culture medium may ferttomprise:

(1) a phosphatidylinositol 3-kinase (PI3K) activaand at least one compound selected from thepgrou
consisting of thrombopoietin (TPO) and TPO receptnists

(2) a TPO receptor agonist and at least one contpsealected from the group consisting of stem cell
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factor (SCF) and PI3K activatorsr

(3) a PI3K activator and a TPO receptor agonisit. this embodiment, the culturing allows the number
of human hematopoietic stem cells or human blodld teeincrease or be maintained.
[0045]

Another embodiment of the invention provides ahudtof culturing human hematopoietic stem cells or
human blood cells in a culture medium, comprising:

bringing, in the culture medium, the human hemaif: stem cells or human blood cells into contact
with polyethylene glycol modified with a copolymesontaining a polyvinylcaprolactam block and a
polyvinylacetate block. In this method, the medii@amthe human hematopoietic stem cells or humaadtells
may be albumin-free. This method further comprises

bringing, in the culture medium, the human hemaitiz stem cells or human blood cells into contact
with:

(1) a phosphatidylinositol 3-kinase (PI3K) actoraand at least one compound selected from
the group consisting of thrombopoietin (TPO) andTiéceptor agonists

(2) a TPO receptor agonist and at least one cangpselected from the group consisting of
stem cell factor (SCF) and PI3K activatoss

(3) a PI3K activator and a TPO receptor agonist.

In this embodiment, the culturing allows the numbieghuman hematopoietic stem cells or human blood
cells to increase or be maintained.
[0046]

The present inventors have revealed that some @amals, including several TPO receptor agonists, can
be cytotoxic to human hematopoietic stem cellsurndin blood cells in the absence of albumin anterptresence
of PVA.

In the invention, the PI3K activator herein is frytotoxic to human hematopoietic stem cells or aom
blood cells in the absence of albumin and in tlesg@nce of PVA.

In addition, the TPO receptor agonist used hasenon-cytotoxic to human hematopoietic stem amlls
human blood cells in the absence of albumin antienpresence of PVA.  Whether or not the PI3K attivis
non-cytotoxic can be checked, if appropriate, usirtgst of culturing human hematopoietic stem agilauman
blood cells, by those skilled in the art. Here, thst of culturing human hematopoietic stem aellsuman blood
cells can be implemented using IMDM medium contagnil% insulin-transferrin-selenium, 1% penicillin-
streptomycin-glutamine, 100 ng/mL TPO, and 0.1% PVAVhether or not the TPO receptor agonist is non-
cytotoxic can be checked, if appropriate, usingsa of culturing human hematopoietic stem cellswnan blood
cells, by those skilled in the art. Here, the téstulturing human hematopoietic stem cells or harhlood cells
can be implemented using IMDM medium containingit&tilin-transferrin-selenium, 1% penicillin-streptgcin-
glutamine, 10 ng/mL SCF, and 0.1% PVA.

[0047]

In a certain embodiment of the invention, the P&itivator may be a peptide represented by theamin
acid sequence RQIKIWFQNRRMKWKKSDGGYMDMS, where Yndae phosphorylated (also called "740Y-P").
[0048]

In a certain embodiment of the invention, the TileCeptor agonist may be 3-[4-[[[4-[2-methoxy-3-(1-
tert-butyl-2-oxapentan-1-yl)phenyl]thiazol-2-ylJama]carbonyl]-2,6-dichlorophenyl]-2-methylpropenoic acid
(hereinafter, sometimes referred to as "butyzamide"

[0049]

In a certain embodiment of the invention, the P&ltivator is 740Y-P, and the TPO receptor agasist

butyzamide.

[0050]

In a certain embodiment of the invention, thewatmedium used in the culture method of the invant
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may be a serum-free medium. In a certain embodiwietine invention, the culture medium used in ¢ch#ure
method of the invention may be a chemically definggtium. In a certain embodiment of the inventitbre,
culture medium used in the culture method of thvetition is an albumin-free, cytokine-free, or allwninee and
cytokine-free medium (preferably a serum-free medand more preferably a chemically defined mediuntiy. a
certain embodiment of the invention, the culturedimen used in the culture method of the inventioryrha a
serum-free medium (preferably a chemically defimeedium) that is an albumin-free medium. In a ¢erta
embodiment of the invention, the culture mediundusethe culture method of the invention may bems-free
medium (preferably a chemically defined medium} fkaa cytokine-free medium. In a certain emboditref
the invention, the culture medium used in the caltmethod of the invention may be a serum-free omedi
(preferably a chemically defined medium) that isboumin-free, cytokine-free medium. In a cerimbodiment
of the invention, the culture medium used in thituca method of the invention may contain a PI3lKvator and
a TPO receptor agonist. In a certain embodimettt@fnvention, the culture medium used in theuralmethod
of the invention is a serum-free medium (preferablghemically defined medium) that is an albumaefand
cytokine-free medium and that contains polyvinylcodlol, a PI3K activator, and a TPO receptor agonist a
certain embodiment of the invention, the culturedime used in the culture method of the inventioa serum-
free medium (preferably a chemically defined mediummat contains polyethylene glycol modified with a
copolymer containing a polyvinylcaprolactam blockla polyvinylacetate block. In a certain emboditred the
invention, the culture medium used in the culturthod of the invention is a serum-free medium gradily a
chemically defined medium) that may contain: pdiy&ne glycol modified with a copolymer containiag
polyvinylcaprolactam block and a polyvinylacetate block; a PI3K activator instead of SCF; and a TPO receptor
agonist instead of TPO. In a certain embodimethefinvention, the culture medium used in theuwralimethod
of the invention is an albumin-free, cytokine-freerum-free medium (preferably a chemically defineetium)
that may contain: polyethylene glycol modified wétcopolymer containing a polyvinylcaprolactam Blend a
polyvinylacetate block; a PI3K activator; and a TPO receptor agonist. In a certain embodiment of the invention,
the culture medium used in the culture method efitivention is a serum-free medium (preferably enulally
defined medium) that may contain: polyethylene glyanodified with a copolymer containing a
polyvinylcaprolactam block and a polyvinylacetate block; a PI3K activator instead of SCF; a TPO receptor agonist
instead of TPO; and 4-N-[2-benzyl-7-(2-methyltetrazol-5-yl)-9H-pyrimidé[5-blindol-4-yl]cyclohexane-1,4-
diamine (UM171). In a certain embodiment of theemtion, the culture medium used in the culturehoetof
the invention is an albumin-free, cytokine-freause-free medium (preferably a chemically defineddiam) that
may contain: polyethylene glycol modified with apobymer containing a polyvinylcaprolactam block aad
polyvinylacetate block; a PI3K activator; a TPO receptor agonist; and UM171. As used herein, the wording "the
culture medium contains B instead of A" means ticulture medium does not include A, but theuralmedium
contains B.
[0051]

In a certain embodiment of the invention, the medfor culturing human hematopoietic stem cells or
human blood cells comprises

polyethylene glycol modified with a copolymer caiming a polyvinylcaprolactam block and a
polyvinylacetate block and

(1) a PI3K activator and at least one compoundcsedl from the group consisting of TPO and TPO
receptor agonists

(2) a TPO receptor agonist and at least one congpsalected from the group consisting of stem cell
factor (SCF) and PI3K activatorsr

(3) a PI3K activator and a TPO receptor agonist.

In this embodiment, the culture medium may be mibdfree. The above medium for culturing human
hematopoietic stem cells or human blood cells nuaghér comprise UM171. The above medium for curityr
human hematopoietic stem cells or human blood cadlg be used in the culture method of the inventiofhe

medium for culturing human hematopoietic stem aallauman blood cells in the invention can be usezkpand
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human hematopoietic stem cells or human blood.cellfie medium for culturing human hematopoieticstells
or human blood cells in the invention can be useghdintain stemness of human hematopoietic stels celThe
medium for culturing human hematopoietic stem aalleuman blood cells in the invention can be useskpand
human hematopoietic stem cells while maintainir@rtstemness.

[0052]

A culture medium suitable for culturing human héwpaietic stem cells or human blood cells can leglus
if appropriate, as the culture medium. Exampleslodisal medium that can be used include S-clofer8&dium,
F12 medium, StemSpan (Stem Cell technologies), STESTEM ALPHA), StemPro-34 serum-free medium
( Gibco Invitrogen), StemPro MSC serum-free medilmvitrogen), HSC-CFU medium (Miltenyl Biotech), S-
Clone serum-free medium (SF-02, SF-03, CM-B, SEEnko Junyaku), HPGM medium (Sanko Junyaku), AIM
V medium (Invitrogen), Marrow MAX bone marrow mediu(Invitrogen), KnockOut DMEM /F-12 medium
(Invitrogen), Stemline hematopoietic stem cell gitowmedium (Sigma), SYN serum-free medium (SYN HNSY
B) (AbCys SA), SPE IV medium (AbCys SA), MyeloCuftedium (StemCell Technologies), HPG serum-free
medium (Lonza), UltraCULTURE medium (Lonza), OptEM medium (Gibco Invitrogen and others), MEM
medium (Gibco Invitrogen and others), MaNGibco Invitrogen and others), DMEM medium (Gidowitrogen
and others), IMDM medium (Gibco Invitrogen and ef)ePRMI1640 medium (Gibco Invitrogen and othes#sgm
F-12 medium (Gibco and others),or RD medium. Tiluoe medium includes the basal medium. The oailtu
medium may contain one or more or all of the follayy for example, insulin, transferrin (apo), sadiselenite,
and/or ethanolamine. The culture medium may coi&@PES, sodium pyruvate, vitamins, amino acidgahia,
heparan sulfate, and/or chondroitin sulfate. Thkuce medium may contain antibiotics (e.g., péimciand
streptomycin). The culture medium may contain ajhiine. The culture medium may contain, for example
insulin, transferrin (apo), sodium selenite, ethamine, and antibiotics and may further contain BEP
[0053]

The culture medium in the invention may comprisdyalkylene glycol (e.g., polyethylene glycol)
modified with a copolymer containing a polyvinyleajactam block and a polyvinylacetate block.

[0054]

In all the embodiments of the invention, the ptiyéene glycol modified with a copolymer containiag
polyvinylcaprolactam block and a polyvinylacetalechk may be represented by the following chemioaiiula:
[0055]

[Chemical Formula 1]
o]

N 0

[ — |

PCOTN

wherein n is any natural number of 5 to 50, mnig matural number of 10 to 100, and | is any nadtura
number of 10 to 200.
[0056]

In a certain embodiment, n may be any natural murfiom 5 to 20 or 10 to 20, m may be any natural
number from 20 to 50 or 30 to 40, and | may beraatyral number from 30 to 100 or 50 to 60.
[0057]

The modified polyalkylene glycol may be a compoimavhich the ethylene glycol unit is an alkylene
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glycol unit. The alkylene may be a.(, for example, €s, and preferably £or G alkylene.
[0058]

The culture medium in the invention is designe@xpand human hematopoietic stem cells or human
hematopoietic cells in the presence of polyethylegigcol modified with a copolymer containing a
polyvinylcaprolactam block and a polyvinylacetateds, and may comprise an effective amount of ngiotoxic
PI3K activator and an effective amount of polyading glycol (e.g., polyethylene glycol) modified it
copolymer containing a polyvinylcaprolactam blockla polyvinylacetate block. Here, the culture medmay
be albumin-free. The culture medium in the inv@mtmay further comprise SCF and/or TPO. The cailtur
medium in the invention may contain an effectiveoant of non-cytotoxic TPO receptor agonist inste@PO.
The culture medium in the invention may contaireffactive amount of non-cytotoxic PI3K activatom, effective
amount of PVA, an effective amount of TPO and/am-agtotoxic TPO receptor agonist, and UM171.

[0059]

According to the invention, the method of cultgriluman hematopoietic stem cells may be a method of
producing megakaryocyte lineage cells from humamdtepoietic stem cells. In this embodiment, thiuce
medium used in the culture method may be a culnedium containing a PI3K activator and a TPO remept
agonist, wherein the PI3K activator is 740Y-P aned TPO receptor agonist is butyzamide. In thidi@dar
embodiment, the culture medium may be free of UM171
[0060]

In a certain embodiment of the invention, the watmethod of the invention may further comprise
culturing in the presence of UM171. In a certaimbediment of the invention, the culture medium usethe
culture method of the invention may further comptisM171.

[0061]

Human hematopoietic stem cells or human blood delthe invention may be cultured under conditions
suitable for growing the human hematopoietic stefts ©r human blood cells. In the invention, thetinod may
further comprise isolating the human hematopotgten cells or human blood cells from a culture. e fiaman
hematopoietic stem cells may be isolated by anyateknown to those skilled in the art, such as ftgtometry
using hematopoietic stem cell markers. The humamatopoietic stem cells may be obtained as human
hematopoietic stem cells or may be further difféegad into other cells before use. When the human
hematopoietic stem cells are differentiated intoeotcells, the cells to be differentiated can bkuced under
conditions suitable for the differentiation of thesther cells. The human blood cells may alssbkated by any
method known to those skilled in the art, such@s tytometry using markers for the human bloodiscel
[0062]

The invention provides human hematopoietic stelis o human blood cells obtained by the culture
method of the invention. The human hematopoigémscells obtained by the culture method of thesittion
may be purified using CD34 and preferably CD38 askers. The human hematopoietic stem cells olidiye
the culture method of the invention may have agbattking rate after transplantation into a reciptban human
hematopoietic stem cells obtained by conventiorethwds. Thus, the invention provides human henoétip
stem cells obtained by the culture method of tlvention and having a better taking rate after piargation into
a recipient than those before the culture.

[0063]

In the culture method of the invention, the cuiigrmay be performed in the presence of fibronectin
The culture method of the invention can be perfaromeder conditions allowing for contact between aepoietic
stem cells and fibronectin. The culturing is prabdy carried out in the culture method of the men, for
instance, such that the inside (e.g., the bottdryibureware is coated with fibronectin.

[0064]

The albumin-free medium used in the culture metbfdtie invention contains less than 0.1 (w/v)%50.

(Wh)%, 0.01 (w/v)%, 0.005 (w/v)%, 0.001 (w/v)%,0005 (w/v)%, or 0.0001 (w/v)% serum albumin, or is

completely free of albumin.
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[0065]

The culture medium used in the culture methochefibivention may contain recombinant TPO. The
recombinant TPO may be, for example, mammalianmbaaant TPO, or recombinant human TPO. In a gertai
embodiment of the invention, the TPO concentraisgoreferably from 20 to 200 ng/mL, more preferaioym 30
to 150ng/mL, and still more preferably from 40 &Dhg/mL, and may be, for example, 100 ng/mL.

[0066]

The culture medium used in the culture methodefihvention may further contain recombinant SCF.
The recombinant SCF may be, for example, mammafaombinant SCF, or recombinant human SCF. In a
certain embodiment of the invention, the SCF cotraéion is preferably from 1 to 200 ng/mL, morefprably
from 1 to 150 ng/mL, still more preferably fromd 100 ng/mL (e.g., from 1 to 50 ng/mL), still mgreeferably
from 1 to 30 ng/mL, and still more preferably frdnto 20 ng/mL (e.g., from 5 to 15 ng/mL).

[0067]

The culture medium used in the culture methodhefihvention may contain recombinant TPO and
recombinant SCF. In this embodiment, the TPO aumagon is preferably from 20 to 200 ng/mL, more
preferably from 30 to 150 ng/mL, still more prefglsafrom 40 to 150 ng/mL (e.g., 100 ng/mL) and ®EF
concentration is preferably from 1 to 200 ng/mL renpreferably from 1 to 150 ng/mL, still more piefely from
1to 100 ng/mL (e.g., from 1 to 50 ng/mL), still reg@referably from 1 to 30 ng/mL, and still moreferably from
1 to 20 ng/mL (e.g., from 5 to 15 ng/mL). In afpreed embodiment, the medium used in the cultusthod pf
the invention may contain 40 to 150 ng/mL recombif@O and 1 to 50 ng/mL recombinant SCF. In éepred
embodiment, the medium used in the culture metlidbepinvention may have a TPO concentration highan
the SCF concentration, and the TPO concentration lmea for example, any of the concentrations inaheve
concentration range, and may be 2-, 3-, 4-, 576-8-, 9-, or 10-fold or higher.

[0068]

The culture medium used in the culture methodhefnvention may further contain FLT3L (in partiagl
human FLT3L). FLT3 is a cell surface receptor datslled CD135) known as FMS-related tyrosine lkénas
FLT3 is expressed on the surface of, for instasaeh hematopoietic stem cell. FLT3L is a ligandAbT3 and
participates in normal development of hematopoistem cells and hematopoietic progenitors. Théuil
medium used in the culture method of the inventi@y also contain, in addition to FLT3L, IL-3 and®M-CSF.
Interleukin-3 (IL-3) is a hematopoietic growth faceind plays an important role in the proliferataond survival
of myeloid progenitor cells. GM-CSF is granuloeyenocyte colony-stimulating factor and a cytokihat
promotes differentiation into hematopoietic sterisce GM-CSF, acting in concert with IL-3 and IL-&an induce
hematopoietic stem cells to differentiate into royetlprogenitor cells. For example, GM-CSF can t®lu
hematopoietic stem cells to differentiate into, éxample, burst-forming unit-erythroids (BFU-E)agulocyte-
monocyte colony-forming units (CFU-GM), eosinopbdlony-forming units (CFU-Eo), and basophil colony-
forming units (CFU-Ba). GM-CSF is responsible the differentiation of CFU-GM into neutrophils and
monocytes, and CFU-Eo into eosinophils. CFU-Balmadifferentiated into eosinophils by IL-3 or IL-5Thus,
the culture medium used in the culture method efitivention may contain FLT3L and may further conta-3
and/or GM-CSF. In addition, the culture methodhe invention can be implemented under conditiarigisle
for the proliferation and/or differentiation of éablood cell. Such culture conditions are well4umoas culture
conditions for an albumin-containing medium, ane ldtewise applicable to the culture method of itheention
using a medium with reduced albumin or without alipumin.

[0069]

The culture medium used in the culture methodhefihvention may contain a PI3K activator instedd o
SCF and/or a TPO receptor agonist instead of TPIe culture medium used in the culture method ef th
invention may contain a PI3K activator instead 6fFSand a TPO receptor agonist instead of TPO. clhare
medium used in the culture method of the inventi@y be a cytokine-free medium that contains a Ri8#ator
and a TPO receptor agonist. The culture mediurd imsthe culture method of the invention may can&aPI3K
activator instead of SCF and a TPO receptor agorsttad of TPO as well as may further contain UM17The
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culture medium used in the culture method of thvemtion may be a cytokine-free medium that contaifd3K
activator, a TPO receptor agonist, and UM171.
[0070]

The method of culturing human hematopoietic stelts according to the invention may further comgris
causing hematopoietic stem cells to proliferateenmmbnditions sufficient for maintenance and/ofifgmation of
the hematopoietic stem cells. In this embodimientexample, hematopoietic stem cells are madepared 10-,
50-, 100-, 200-, 300-, 400-, or 500-fold or mom@nfrthe start of culture.

[0071]

The conditions sufficient for maintenance andfatiferation of the human hematopoietic stem celésy
be, for example, conditions in which they are aeltlin the above culture medium. The conditiorfcéent for
maintenance and/or proliferation of the human hepwietic stem cells may preferably be, for exampbeditions
in the presence of fibronectin or may be conditionghich the human hematopoietic stem cells cam lm®ntact
with fibronectin.

[0072]

The method of culturing human blood cells accagdim the invention may further comprise causing
human blood cells to proliferate under conditiom$icient for maintenance and/or proliferation b&thuman blood
cells. In this embodiment, for example, hematojio®tem cells are made to expand 10-, 50-, 10@0;,200-,
400-, or 500-fold or more from the start of culture
[0073]

The culture method of the invention may furthempoise

collecting the expanded human hematopoietic stdls ar human blood cells from the culture medium.

The collected human hematopoietic stem cells ardrublood cells may be further enriched or isolated
The human hematopoietic stem cells or human bletis may be enriched or isolated using a cell serfaarker(s).
Examples of the cell surface marker(s) that camdssl for the enrichment or isolation of human hepuaittic
stem cells include CD34 and/or CD38. The hematdmostem cells or human blood cells may be endabre
isolated using a cell sorter.

[0074]

Another embodiment of the invention provides almodtofex vivo producing human hematopoietic stem
cells or human blood cells, comprising: the cultarethod of the invention. The production methodtref
invention makes it possible to produce functionahin hematopoietic stem cells or human blood cells.

As used herein, the term "functional” means thaematopoietic system can be restored in a human
individual (recipient) in which human hematopoietitem cells have been transplanted.

Examples
[0075]

Reference Example 1: Test for Growth of HematdpmiBtem Cells by Using Albumin-Free Culture
Medium

In this Reference Example, mouse hematopoietio stdls (KSL) and human hematopoietic stem cells
(CD34'CD38) were tested for growth using an albumin-freewreltmedium. The culture medium was a serum-
free medium containing polyvinyl alcohol (PVA) afide of albumin as described in Wilkinsetral., Nature, 571
117-121, 2019.

[0076]

Specifically, for culturing mouse hematopoietiemst cells, the culture medium was F12 medium
containing 1% insulin-transferrin-selenium-ethandglee (ITSX), 10 mM HEPES, 1% penicillin-streptomy<i
glutamine, 100 ng/mL mouse thrombopoietin (mTP@J 40 ng/mL mouse stem cell factor (InNSCF). Thevabo
medium contained PVA at a final concentration @26. For culturing human hematopoietic stem ctiksculture
medium was IMDM medium containing 1% insulin-traevsin-selenium-ethanolamine (ITSX), 25 mM HEPES,

1% penicillin-streptomycin-glutamine, 100 ng/mL hammthrombopoietin, and 10 ng/mL human stem cetofac
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(hSCF). The above medium contained PVA at a finaktentration of 0.1%.

In all the media used in the following Exampl&dDIM medium (hereinafter, also referred to as "commo
medium”) containing 1% insulin-transferrin-selenigthanolamine (ITSX), 25 mM HEPES, 1% penicillin-
streptomycin-glutamine, and PVA was used unlessrafise indicated. Thus, hereinafter, we will foarsthe
components added to the common medium and dedstwbenedium. For example, since the above medium
contains TPO and SCF in addition to the common umdihe above medium is called TPO+SCF medium for
convenience. When the concentration of each fastalso expressed, it may be written as SCF10+DP@t
abbreviated as S10+T100.

[0077]

KSL cells from mouse bone marrow were used as enbesnatopoietic stem cells. Specifically, the
mouse bone marrow cells were isolated from the tilieimur, and pelvis, and stained with an APC-c-&fitibody.
The c-KIT* cells were enriched using anti-APC magnetic beadsLS column (Miltenyi Biotec). The c-KIT-
enriched cells were then stained with a lineagbady cocktail (biotinylated CD4, CD8, CD45R, TER]LY-
6G/LY-6C, and CD127) before stained with an antidd@ntibody, an anti-cKIT antibody, an anti-SCAiilaody,
and streptavidin-APC/eFluor 780 for 90 min. Caealpplations were then purified with a FACS Aria B¥) by
direct sorting into wells containing a medium whikeing propidium iodide as a death staining marker.

[0078]

Human hematopoietic stem cells used were CDB88 cells from human bone marrow. Specifically,
commercially available human bone marrow CD34-pasitells (Lonza 2C-101) were purchased.
[0079]

The results are shown in FIG. 1. According tokiisonet al., 2019, mouse hematopoietic stem cells
failed to maintain long-term proliferation in arfbamin-free, serum-free medium even in the preseh&CF and
TPO. However, Wilkinsomt al., 2019, showed that addition of PVA to the medparmits mouse hematopoietic
stem cells to proliferate for a long period of timen albumin-free, serum-free medium. As shownth @bserved
in FIG. 1, mouse hematopoietic stem cells prolifmtavell in a PVA-containing, albumin-free, seruraef medium,
but human hematopoietic stem cells did not prdatiemvell in this medium.

[0080]
Reference Example 2: Differences in Signaling leetvMouse and Human Hematopoietic Stem Cells
Signaling pathways of mouse and human hematopgaitsin cells in the presence of SCF and TPO were
analyzed.
[0081]

Phosphorylation immunostaining was used to analyeedegree of phosphorylation of each signaling
factor downstream of SCF and TPO in mouse or humeamatopoietic stem cells in the presence of 10 hgtem
cell factor (SCF) and 100 ng/mL thrombopoietin (TjPi@d the absence of albumin, and in the presehféd/A.
First, how much each factor downstream of SCF aR@ Bignaling was phosphorylated was detected wsing
antibody specific for each phosphorylation formtbé factor. Specifically, anti-phosphorylation iboties
against representative signaling molecules sugtka® 13K, and Stat5 were used and reacted witls siimulated
with cytokines, and the fluorescence intensityadteantibody reacting with the cells was quantidyi analyzed
by fluorescence microscopy.

[0082]

As shown in FIG. 2, among the seven factors exadyigeveral factors were found to have different
phosphorylation statuses between mouse and hunmaatdygoietic stem cells. Among them, for PI3K ard,A
the phosphorylated forms of PI3K and Akt were hyglelquired in mouse hematopoietic stem cells 2#ftdr the
addition of SCF and TPO, whereas human hematopdaitgin cells had little or no phosphorylated foongess
than the levels of phosphorylated forms in mousediepoietic stem cells.

[0083]
Then, human hematopoietic stem cells were cultimeal culture medium supplemented with QX

AKTa (Sigma-Aldrich, product No. 123871) or 201 PI3Ka. Cells were counted after 3, 5, and 7 dalys
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incubation, and the relative cell count at eactetpoint was calculated while the cell count on fir& day of
incubation was setto 1. In the following Examplé$0Y-P (Provider name: Tocris, product No. 1983} used
as PI3Ka. As shown in FIG. 3, human hematopost&m cells showed marked proliferation in the preseof
PI3Ka. By contrast, no proliferative effect of AKDn human hematopoietic stem cells was observeeriuhe
conditions of this experiment.
[0084]

Next, human hematopoietic stem cells were culttwexkamine whether PI3Ka could completely replace
SCF. Human hematopoietic stem cells were cultfoed7 days in the above culture medium for human
hematopoietic stem cells with 20/ PI3Ka (S10+PI3Ka20+T100) or in the above cultoredium with 20uM
PI13Ka but without SCF (PI3Ka20+T100). The totaimer of cells and the number of isolated CD8&dlls as
obtained by cell sorting using an anti-CD34 antipaere then determined. The results are showitGn4& As
shown in FIG. 4, when PI3Ka was added, there wasigrificant difference in the number of total sedk CD34
cells with or without SCF.
[0085]

Next, human hematopoietic stem cells were cultdoeexamine whether TPO could be replaced by a
TPO receptor agonist. Examples of the known TPEep®r agonist include butyzamide, eltrombopag, or
avatrombopag. Human hematopoietic stem cells welteired in a medium containing OuM butyzamide, 3
ug/mL eltrombopag, or @M avatrombopag in the presence of 0.1% recombimamian serum albumin (Albumin
Biosciences) or in the presence of PVA in the almutire medium without TPO. In this experimen{pIB2D
cells were used as human hematopoietic stem céllse results are shown in FIG. 5. As shown in HGn the
presence of albumin, butyzamide, eltrombopag, @trembopag was able to support proliferation of aom
hematopoietic stem cells in the absence of TPO.coirast, in the presence of PVA (in the absefiedbomin),
butyzamide produced a marked cell proliferativeefion human hematopoietic stem cells in the alssehtPO,
whereas the effect was small for avatrombopag &mdsh none for eltrombopag.
[0086]

In addition, purchased human bone marrow Cx#lls (provider name: Lonza, product No. 2C-101) o
CD34" cells isolated using microbeads from given fresndcblood were used for culture experiments. the
experiments were performed in 24-well plates at® 2.0 x 10 cells per well, with TPO removed from the culture
medium for human hematopoietic stem cells and cepldy one of the above TPO receptor agonistsi(tatter,
sometimes referred to as "TPOago”). The cell couarthe seventh day of culture relative to the calint on the
first day of culture was determined. The resuiésshhown in FIG. 6. As shown in FIG. 6, human hiepaietic
stem cells exhibited significant cell proliferationly in the presence of butyzamide in the absehetbumin and
in the presence of PVA. In the absence of albuamithin the presence of PVA, the presence of avainpag or
eltrombopag caused cell death in hematopoietic stdls. However, in thén vivo setting, these TPO receptor
agonists are safe compounds used to treat susgioedited patients with cirrhosis or patients veifitastic anemia.
The results of this Example indicate that some T&@ptor agonists can be cytotoxic to human hernatp stem
cells in the absence of albumin and in the preseh@/A. This also suggests that some TPO receggonists
are cytotoxic to human hematopoietic stem cellgl #rat use of each agonist that is not cytotoxidGiionan
hematopoietic stem cells is sufficient for cultgrimuman hematopoietic stem cells.
[0087]

Next, it was examined whether or not SCF and TB@dcbe replaced by PI3Ka and a TPO receptor
agonist in the absence of albumin and in the presehPVA. In the following Examples, butyzamidaswused
as a TPO receptor agonist. In addition, purchdsedan bone marrow CD34ells (provider name: Lonza,
product No. 2C-101) or CD34sells isolated using microbeads from given fremtd dlood as described above were
used for culture experiments. First, 0.2 to 1.00xcells per well of a 24-well plate were dispensaj were
cultured in a medium with a composition in whichFS@as replaced by 2V PI3Ka (PI13Ka2@M+TP0O100) and
in a medium with a composition where SCF was regaladoy 20uM PI3Ka and TPO was replaced by @

butyzamide (PI3Ka2@M+TPOago0.1M), respectively. After 7 days, the total numbércells was determined
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and the number of CD34ells was determined by flow cytometry. Thereattee growth rate compared to that
at the beginning of the incubation was determinethe results are shown in FIG. 7. FIG. 7 cleadyndnstrates
that butyzamide can completely replace TPO. Intexhd CD34" cells were sorted before and after incubation by
using a cell sorter, and 100 cells were seededNathocult H4415 for colony assay. After two wee&ach
colony was picked under a microscope, a cytospimpgawas prepared, and the sample was subject8ttosa
staining. The type of the colony was then ideadifunder a microscope. GEmMM colonies per 50 Cas#ls
were counted and a rate of increase in the nunfb@slenies compared to before the culture was deted. It
has then been found that butyzamide can complegplsice TPO with respect to GEmM colony formatioteptial.
[0088]

Next, human hematopoietic stem cells were cultimedmedium containing 2M PI3Ka and/or 0.1M
TPOago with reference to a culture medium withdDE®r TPO. On day 7 of culture, the number ofltotdis
and the number of CD34ells included were counted by flow cytometry, dmel growth rate relative to that at the
start of culture was determined. As shown in BGPI3Ka alone or butyzamide alone was found tseao
increase in the cell count, but the presence df Bt#Ka and TPOago was found to cause a markeeaserin the
cell count.

[0089]

Further, the next step was to determine whichpmglulation was more likely to proliferate in a rined
in which SCF and TPO were replaced by PI3Ka andafeO Given fresh cord blood was used to isolat84D
cells by using microbeads as described above jencidls were used for culture experiments. ThHe aere then
fractionated with a cell sorter using an anti-CO&-Cy7 antibody (provider name BD Biosciences, pobdNo.
348791), an anti-CD38-V450 antibody (provider naBi2 Biosciences, product No. 646851), an anti-CDP&3-
antibody (provider name Miltenyi Biotec, product .Nk80-080-801), an anti-CD45RA-APC antibody (previd
name BioLegend, product No. 304112), and an and®PE antibody (provider name BioLegend, product N
313611). For each of the CD34raction, CD34CD38CD133 fraction, or CD34CD38CD45RACD49f*
fraction, which molecules have been reported aigation markers for human hematopoietic stemscdérived
from human cord blood, the total cell count andttmnber of CD34cells included were counted by flow cytometry
on day 7 after the start of culture, and the growath relative to that at the start of culture Watermined. The
results are shown in FIG. 9. As shown in FIG.i@nisicant cell proliferation was observed in adllicfractions,
but the CD34CD38CD133 fraction and the CD3€D38CD45RACD49f" fraction, especially the CD3@D38
CD45RACDA49f fraction exhibited marked cell growth.

[0090]

Reference Example 3: Experiment for Long-Term @ealiof Human Hematopoietic Stem Cells

Human hematopoietic stem cells were cultured énahove culture medium for human hematopoietic
stem cells, which medium contained 2@ PI3Ka and 0.1uM TPOago instead of SCF and TPO. The total cell
count and the CD34ell count were determined as above on days 7ldrafter the start of culture. The results
are shown in FIG. 10. As shown in FIG. 10, thaltogll count increased with the number of daymadibation,
while the CD34 cell count decreased at day 14 compared to day 7.

[0091]

When an optical microscope was used to observeredlcells, giant cells were detected on day Tvh
check the possibility that these giant cells weegakaryocytes or megakaryocyte progenitors, this gedre
fractionated by flow cytometry using an anti-CDAIa<C antibody (provider name BD Pharmingen, prodlict
555466) and an anti-CD42b antibody (provider narbeAharmingen, product No. 555473). As shown in.FIG
11, the results showed that the majority of cell8adays after the start of culture were CD€I242ly cells.
However, as shown in FIG. 11, CD®D38 cells were still proliferating under these corutis.

[0092]

In addition, CD34 cells were obtained from the culture at day 1drédfie start of culture, and 100 cells

were seeded into Methocult H4415 for colony assayfter 2 weeks, colonies were collected and cytospi

specimens were prepared. The specimens were tingected to Giemsa staining, and the colony typeseew
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determined under a microscope. The results arershio FIG. 12. Regarding the colony types, G degsot
"granulocytes”-, E denotes "erythroblasts”-, m deso'macrophages”-, and M denotes "megakaryocytes"-
containing colonies. As shown in FIG. 12, mosthaf cell colonies contained megakaryocytes.
[0093]

Reference Example 4: Further Investigation of QGmts Suitable for Long-Term Culture of Human
Hematopoietic Stem Cells

Long-term culture of human hematopoietic stemscelas attempted in the presence of compounds
capable of growing human hematopoietic stem cells.
[0094]

Prepared was the above culture medium for humaratopoietic stem cells, which medium contained
20 uM PI3Ka and 0.1uM TPOago instead of SCF and TPO (PI3Ka?8 TPOago0.1M), or which medium
contained SR-1 (500nM) and/or UM171 (35 nM) (+SR-UM171, or +SR-1+UM171). In addition, purchased
human bone marrow CD34ells (provider name: Lonza, product No. 2C-104)C@®34" cells isolated using
microbeads from given fresh cord blood as descrdimn/e were used for culture experiments. Fit&t{@1.0 x
1 cells per well of a 24-well plate were dispensatt the CD3%4cells were cultured in the prepared medium.
The total cell count and the CD3dell count were determined as above on day 14 thigestart of culture, and the
growth rate relative to that at the start of cidturas determined. The results are shown in FIG. 23 shown
in FIG. 13, the total cell count and the CD2#Il count were increased in the culture mediurth&r containing
UML171, and the growth rate of CD3dells was significantly larger in the medium camitag UM171 than in the
medium without UM171. In contrast, SR-1 causedidehth under these experimental conditions.
[0095]

Further, the growth rate of the total cell countlee CD34 cell count was determined by culturing the
CD34" cells under three conditions: condition 1: culturor 14 days in the culture medium for human
hematopoietic stem cells above, which medium coath20uM PI13Ka and 0.1uM TPOago instead of SCF and
TPO (PI13Ka2@M+TPOago0.1tM), condition 2: at day 7 or later, cultured in adium without butyzamide (Day7-
no Buty), and condition 3: cultured for 14 daysairmedium (PI3Ka2eM+TPOago0.iM) further containing
UM171 (+UM171). The CD4%cell count was determined using a flow cytometdrhe results are shown in
FIG. 14. Asshownin FIG. 14, the CD3zell count increased and the CD4#ll count decreased under condition
2, in which the cells were cultured in the mediuithaut butyzamide on day 7 or later after the stértulture,
when compared to condition 1. As shown in FIG. dder condition 3, in which the cells were cultuie the
medium further containing UM171, the growth rateGid34" cells was markedly increased and the CDadll
count was markedly decreased compared to condition2. Thus, under serum-free medium conditionthé
presence of PVA, PI3Ka and TPOago, UM171 was fdonthuse human hematopoietic stem cells to pratiéer
and to inhibit their differentiation into megakacybe progenitors and megakaryocytes (see FIG. 15).
[0096]

Reference Example 5: Experiment for TransplantatioCD34 Cells after Culture

Human CD34 cells cultured for 7 days under each of conditibng 3 were transplanted into irradiated
NOG mice to check cell engraftment. Specificallys 1¢ cultured human CD34+ cells were transplanted into
each NOG mouse irradiated with 1.5 Gyehys. Twelve weeks after transplantation, pemahielood of each
NOG mouse was collected, and the cellular companenthe peripheral blood were analyzed using & flo
cytometer. The results are shown in FIG. 16. Wam in FIG. 16, in conditions 1 and 2, HSC (herpatetic
stem cell) engraftment rates increased from 14.868614..1%, when pre-cultured CD3dells were engrafted, to
66.6% and 54.9%, respectively, when post-cultur&@B4> cells were engrafted. In condition 3, the HSC
engraftment rate increased from 17%, when pre4@dt€D34 cells were engrafted, to 67%, when post-cultured
CD34 cells were engrafted.
[0097]

These results have revealed that the PI3K activatd the TPO receptor agonist can induce favorable

proliferation of human hematopoietic stem cellsemgkerum-free medium conditions in the absencéhahan and
23



in the presence of PVA, and that the proliferatechéin CD34 cells can maintain their HSC characteristics dued t
engraftment rate after transplantation into othelividuals can be improved. In addition, human atpoietic
stem cells tend to proliferate as CD2#lls, while some of them differentiate into megigkocytes when cultured
under the conditions for a long period, therebydpimng megakaryocytes. The addition of UM171 ® ¢klls
increased the growth rate of CD3zlls and inhibited their differentiation into na@ryocytes.

[0098]

Next, human mononuclear cells were isolated frogslf human cord blood. Under conditions 1 and 3,
the obtained cells (5 x 1@ells) were cultured, and the total cell coung @D34 cell count, the percentage of
CD34 cells in the total cells, and the cell viabilityere each determined on day 7 and day 14 aftertdnecas
culture. The results are shown in FIG. 17. Asmshim FIG. 17, under any of the conditions, thaltatll count
of mononuclear cells obtained from human cord bldedreased with incubation. On the other handeund
condition 3, the percentage of CD3:lls in the total cells was markedly larger thader condition 1. The cell
viability was also significantly higher in conditi® than in condition 1. Further, the CD3#Il count showed a
marked increase in condition 3, while the cell donas maintained favorably in condition 1 whereasntrease
in the cell count was observed.

[0099]

Example 1: Test for Growth of Hematopoietic SteallCby Using Albumin-Free Culture Medium

In this Example, mouse hematopoietic stem cellSLKand human hematopoietic stem cells
(CD34'CD38) were tested for growth using an albumin-free wweltmedium. The culture medium was an
albumin-free, serum-free medium, as described ikikgionet al., Nature, 571: 117-121, 2019, that contained each
kind of polymer instead of polyvinyl alcohol (PVA).

[0100]

Specifically, for culturing mouse hematopoietierstcells, the culture medium was Ham’s F12 medium
containing 1% insulin-transferrin-selenium-ethandglee (ITSX), 10 mM HEPES, 1% penicillin-streptomy<i
glutamine, 100 ng/mL mouse thrombopoietin (mTP@y, 40 ng/mL mouse stem cell factor (MmSCF).

For culturing human hematopoietic stem cells,dhkure medium was IMDM medium containing 1%
insulin-transferrin-selenium-ethanolamine (ITSXH &hM HEPES, 1% penicillin-streptomycin-glutamine)01
ng/mL human thrombopoietin (hTPO), and 10 ng/mL aorstem cell factor (hSCF). In the following Exdesp
unless otherwise indicated, the above culture nmedvas used to culture hematopoietic stem cells.

[0101]

The polymer added to the medium was as followkmMuoylpyrrolidone K12, povidone K17, povidone,
polyoxyethylene polyoxypropylene glycol, a polyvicgprolactam-polyvinylacetate-polyethylene glycahfty
copolymer (hereinafter referred to as "polymer A"More specifically, prepared was each culture onedi
containing, at a final concentration of 0.1%, BAsSKolliphor (trademark) P188 bio (188 bio), Kollgph
(trademark) P 188 Geismar (188 Geismar), Solu@asH), Kolliphor (trademark) P 407 Geismar (407 Sber),
Kollidon (trademark) 30 Origin USA (30 USA), Kollih (trademark) 17 PF (17 PF), Kollidon (tradema&)25),
Kollidon (trademark) 90F (90F), or Kollidon (tradark) 12PF (12PF)

[0102]

A KSL cell fraction from mouse bone marrow CD3BB150 cells was used as mouse hematopoietic stem
cells. Specifically, the mouse bone marrow ceksenisolated from the tibia, femur, and pelvis, atadned with
an APC-c-KIT antibody. The c-KITcells were enriched using anti-APC magnetic beadd_S column (Miltenyi
Biotec). The c-KIT-enriched cells were then stdimgth a lineage antibody cocktail (biotinylated €DCDS8,
CD45R, TER119, LY-6G/LY-6C, and CD127) before stairwith an anti-CD34 antibody, an anti-cKIT antilgod
an anti-SCA1 antibody, and streptavidin-APC/eFIz®0 for 90 min. Cell populations were then pudfigith a
FACS Aria Il (BD) by direct sorting into wells caihing a medium while using propidium iodide agatt staining
marker.

[0103]

Human hematopoietic stem cells used were CDB88 cells from human bone marrow. Specifically,
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commercially available human bone marrow CD34-pasitells (Lonza 2C-101) were purchased.
[0104]

Mouse hematopoietic stem cells were cultured cheaedium for one week, and the number of cells
after culture was counted.
[0105]

The results are shown in FIG. 18. As shown in.FAI& mouse hematopoietic stem cells proliferated
well in the albumin-free, serum-free medium contegnPVA, but not in the presence of any of othanpounds
tested in place of PVA, and only in the presenceoafipound A.

[0106]

Soluplus (trademark) is a compound with the foltaystructure:

[Chemical Formula 2]
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wherein nis 13, mis 30, and | is 57.
[0107]
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Note that according to Wilkinsoet al., 2019, mouse hematopoietic stem cells failed totaia long-
term proliferation in an albumin-free, serum-freedium even in the presence of SCF and TPO. However
Wilkinson et al., 2019, shows in Figure 2b that addition of PVAHe medium permits mouse hematopoietic stem
cells to proliferate for a long period of time in albumin-free, serum-free medium.

[0108]

This has revealed that mouse hematopoietic stéspeeliferate well in the presence of PVA or polgr
A, even in an albumin-free, serum-free medium.

[0109]

Mouse hematopoietic stem cells were dispensed eglfs/well and cultured in the presence of 0.2A P
or polymer A and SCF and TPO. The results are showFIG. 19. FIG. 19 has revealed that mouse
hematopoietic stem cells well-formed each colonthapresence of PVA or polymer A, even in an aliodimee,
serum-free medium. This has indicated that henoédtip stem cells have a mitotic potential in thegence of
PVA or polymer A.

[0110]

The percentage of CD201-positive cells among ttodifprated cells was checked using an alkaline
phosphatase-conjugated anti-mouse CD201 antibo@ioXB60). Then, as shown in FIG.20, mouse
hematopoietic stem cells cultured in the preserigmlymer A had a greater percentage of CD201-pestells
than in the presence of PVA. CD201 is a known madf hematopoietic stem cells, and the high peaggnof
CD201-positive cells suggests that stemness w#esr lmedintained after proliferation.

[0111]

Further, mouse hematopoietic stem cells were i@dtin the presence of polymer A or PVA at a final
concentration of 0.1% for 1 week and then trangpthinto irradiated mice. Four weeks after thagpantation,
the peripheral blood of each irradiated mouse wadyaed to determine the chimerism rate of blodt$ cerived

from the transplanted hematopoietic stem cells. a Assult, the hematopoietic stem cells culturetthénpresence
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of polymer A showed a chimerism rate (contributiate) comparable to that of hematopoietic stens aelltured
in PVA. This indicates that the bone marrow retrasion potential of hematopoietic stem cells urdd in the
presence of polymer A was equivalent to that of éteoietic stem cells cultured in the presencev#{.P

[0112]

Example 2: Differences in Signaling between Moarsé Human Hematopoietic Stem Cells

Signaling pathways of mouse and human hematopaitsin cells in the presence of SCF and TPO were
analyzed.

[0113]

Phosphorylation immunostaining was used to analyeedegree of phosphorylation of each signaling
factor downstream of SCF and TPO in mouse or humeamatopoietic stem cells in the presence of 10 hgtem
cell factor (SCF) and 100 ng/mL thrombopoietin (T)Pi@d the absence of albumin, and in the preseféd/A.
First, how much each factor downstream of SCF aR@ Bignaling was phosphorylated was detected wsing
antibody specific for each phosphorylation formtbé factor. Specifically, anti-phosphorylation iboties
against representative signaling molecules sugtka®I3K, and Stat5 were used and reacted witls siimulated
with cytokines, and the fluorescence intensityateantibody reacting with the cells was quantiédyi analyzed
by fluorescence microscopy.

[0114]

As shown in FIG. 24, among the seven factors exadjiseveral factors were found to have different
phosphorylation statuses between mouse and hunmaatdygoietic stem cells. Among them, for PI3K ard,A
the phosphorylated forms of PI3K and Akt were hygfelquired in mouse hematopoietic stem cells 2#&tdr the
addition of SCF and TPO, whereas human hematopdaitein cells had little or no phosphorylated foongess
than the levels of phosphorylated forms in mousediepoietic stem cells.

[0115]

Then, human hematopoietic stem cells were cultimeal culture medium supplemented with QX
AKTa (Sigma-Aldrich, product No. 123871) or 20/ PI3Ka. Cells were counted after 3, 5, and 7 dalys
incubation, and the relative cell count at eacletpoint was calculated while the cell count on fir& day of
incubation was setto 1. In the following Examplé$0Y-P (Provider name: Tocris, product No. 1983 used
as PI3Ka. As shown in FIG. 25, human hematopogém cells showed marked proliferation in the gneg of
PI3Ka. By contrast, no proliferative effect of AKDn human hematopoietic stem cells was observeeruhe
conditions of this experiment.

[0116]

Next, human hematopoietic stem cells were culttmegkamine whether PI3Ka could completely replace
SCF. Human hematopoietic stem cells were cultfogd7 days in the above culture medium for human
hematopoietic stem cells with 20/ PI3Ka (S10+PI3Ka20+T100) or in the above cultoredium with 20uM
PI13Ka but without SCF (PI3Ka20+T100). The totaimer of cells and the number of isolated CD8&dlls as
obtained by cell sorting using an anti-CD34 antipagre then determined. The results are showrl@ £6.

As shown in FIG. 26, when PI3Ka was added, there maasignificant difference in the total numbercefis or
CD34' cells with or without SCF.
[0117]

Next, human hematopoietic stem cells were cultdoeexamine whether TPO could be replaced by a
TPO receptor agonist. Examples of the known TP¢&p®®r agonists include butyzamide, eltrombopag, or
avatrombopag. Human hematopoietic stem cells welteired in a medium containing OuM butyzamide, 3
ug/mL eltrombopag, or @M avatrombopag in the presence of 0.1% recombimamian serum albumin (Albumin
Biosciences) or in the presence of PVA in the almutire medium without TPO. In this experimen{pIBR2D
cells were used as human hematopoietic stem cellse results are shown in FIG. 27. As shown in.FAG in
the presence of albumin, butyzamide, eltrombopagyvatrombopag was able to support proliferatiomurihan
hematopoietic stem cells in the absence of TPO.coirast, in the presence of PVA (in the absefiedbomin),

butyzamide produced a marked cell proliferativeefion human hematopoietic stem cells in the alesehtPO,
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whereas the effect was small for avatrombopag &mdsh none for eltrombopag.
[0118]

In addition, purchased human bone marrow Cx#lls (provider name: Lonza, product No. 2C-101) o
CD34" cells isolated using microbeads from given fresiidcblood were used for culture experiments.
Experiments were performed in 24-well plates with ® 1.0 x 18 cells per well, with TPO removed from the
culture medium for human hematopoietic stem catid eeplaced by one of the above TPO receptor aigonis
(hereinafter, sometimes referred to as "TPOagoThe cell count on the seventh day of culture nedatid the cell
count on the first day of culture was determined@he results are shown in FIG. 28. As shown in R&.human
hematopoietic stem cells exhibited significant petliferation only in the presence of butyzamiddhie absence
of albumin and in the presence of PVA. In the abseof albumin and in the presence of PVA, theewes of
avatrombopag or eltrombopag caused cell deathnratapoietic stem cells. However, in iheivo setting, these
TPO receptor agonists are safe compounds usedabsurgically treated patients with cirrhosis atignts with
aplastic anemia. The results of this Example etgichat some TPO receptor agonists can be cytatmXiuman
hematopoietic stem cells in the absence of albamehin the presence of PVA.  This also suggeststrae TPO
receptor agonists are cytotoxic to human hemattipaitem cells, and that use of each agonist shabi cytotoxic
to human hematopoietic stem cells is sufficientcigturing human hematopoietic stem cells.

[0119]

Next, it was examined whether or not SCF and TB@dcbe replaced by PI3Ka and a TPO receptor
agonist in the absence of albumin and in the presehPVA. In the following Examples, butyzamidaswused
as a TPO receptor agonist. In addition, purchdsedan bone marrow CD34ells (provider name: Lonza,
product No. 2C-101) or CD34sells isolated using microbeads from given fremtd dlood as described above were
used for culture experiments. First, 0.2 to 1.00xcells per well of a 24-well plate were dispensaj were
cultured in a medium with a composition in whichFS@as replaced by 2M PI3Ka (PI13Ka2@M+TP0O100) and
in a medium with a composition where SCF was regaldoy 20uM PI3Ka and TPO was replaced by @
butyzamide (PI3Ka2@M+TPOago0.1M), respectively. After 7 days, the total numbércells was determined
and the number of CD34ells was determined by flow cytometry. Thereatige growth rate compared to that
at the beginning of the incubation was determine@he results are shown in FIG. 29. FIG. 29 clearly
demonstrates that butyzamide can completely rediB€  In addition, CD34cells were sorted before and after
incubation by using a cell sorter, and 100 cellsewseeded into Methocult H4415 for colony assayfterAwo
weeks, each colony was picked under a microscopgpapin sample was prepared, and the sample wisgecsed
to Giemsa staining. The type of the colony was tlikentified under a microscope. GEmM colonies p@r
CD34 cells were counted and a rate of increase in timsber of colonies compared to before the culture wa
determined. It has then been found that butyzamasecompletely replace TPO with respect to GEmMroo
formation potential.

[0120]

Next, human hematopoietic stem cells were cultitedmedium containing 2M PI3Ka and/or 0.1M
TPOago with reference to a culture medium withdDE®r TPO. On day 7 of culture, the number ofltotdis
and the number of CD34ells included were counted by flow cytometry, #mel growth rate relative to that at the
start of culture was determined. As shown in RBG. PI3Ka alone or butyzamide alone was found tseano
increase in the cell count, but the presence df Bt#Ka and TPOago was found to cause a markeeaserin the
cell count.

[0121]

Further, the next step was to determine whichpmglulation was more likely to proliferate in a rined
in which SCF and TPO were replaced by PI3Ka andaf@O Given fresh cord blood was used to isolat84D
cells by using microbeads as described above hencells were used for culture experiments. Thie aere then
fractionated with a cell sorter using an anti-CO&-Cy7 antibody (provider name BD Biosciences, pobdNo.
348791), an anti-CD38-V450 antibody (provider naBi2 Biosciences, product No. 646851), an anti-CDP&3-
antibody (provider name Miltenyi Biotec, product .Nk80-080-801), an anti-CD45RA-APC antibody (previd
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name BioLegend, product No. 304112), and an and®PE antibody (provider name BioLegend, product N
313611). For each of the CD34raction, CD34CD38CD133 fraction, or CD34CD38CD45RACD49f*
fraction, which molecules have been reported agigation markers for human hematopoietic stemscaérived
from human cord blood, the total cell count andthnber of CD34cells included were counted by flow cytometry
on day 7 after the start of culture, and the growath relative to that at the start of culture wWatermined. The
results are shown in FIG. 31. As shown in FIG.s3dnificant cell proliferation was observed in@ll fractions,
but the CD34CD38CD133 fraction and the CD3€D38CD45RACD49f" fraction, especially the CD3@D38
CD45RACDA49f fraction exhibited marked cell growth.

[0122]

Example 3: Experiment for Long-Term Culture of HamHematopoietic Stem Cells

Human hematopoietic stem cells were cultured énahove culture medium for human hematopoietic
stem cells, which medium contained 2@ PI3Ka and 0.1uM TPOago instead of SCF and TPO. The total cell
count and the CD34cell count were determined as above on days 7ldrafter the start of culture. The results
are shown in FIG. 32. As shown in FIG. 32, thaltoell count increased with the number of daymaoidibation,
while the CD34 cell count decreased at day 14 compared to day 7.

[0123]

When an optical microscope was used to observeredlcells, giant cells were detected on day Trh
check the possibility that these giant cells weegakaryocytes or megakaryocyte progenitors, this gedre
fractionated by flow cytometry using an anti-CDAIa<C antibody (provider name BD Pharmingen, prodlict
555466) and an anti-CD42b antibody (provider narDeFharmingen, product No. 555473). As shown in.FIG
33, the results showed that the majority of cefldadays after the start of culture were CD@I242lr cells.
However, as shown in FIG. 33, CD&8D38 cells were still proliferating under these coruatis.

[0124]

In addition, CD34 cells were obtained from the culture at day 1drédfie start of culture, and 100 cells
were seeded into Methocult H4415 for colony assayfter 2 weeks, colonies were collected and cytospi
specimens were prepared. The specimens were tigected to Giemsa staining, and the colony typeseew
determined under a microscope. The results arershio FIG. 34. Regarding the colony types, G desot
"granulocytes”-, E denotes "erythroblasts”-, m deso'macrophages”-, and M denotes "megakaryocytes"-
containing colonies. As shown in FIG. 34, mosthaf cell colonies contained megakaryocytes.

[0125]

Example 4: Further Investigation of Conditionst&llie for Long-Term Culture of Human Hematopoietic
Stem Cells

Long-term culture of human hematopoietic stemscelas attempted in the presence of compounds
capable of growing human hematopoietic stem cells.

[0126]

Prepared was the above culture medium for humaratopoietic stem cells, which medium contained
20 uM PI3Ka and 0.1uM TPOago instead of SCF and TPO (PI3Ka?d TPOago0.1M), or which medium
contained SR-1 (500nM) and/or UM171 (35 nM) (+SR-UM171, or +SR-1+UM171). In addition, purchased
human bone marrow CD34ells (provider name: Lonza, product No. 2C-100)C®34" cells isolated using
microbeads from given fresh cord blood as descrdimn/e were used for culture experiments. Fit&tf@1.0 x
1° cells per well of a 24-well plate were dispensatt the CD3%cells were cultured in the prepared medium.
The total cell count and the CD3dell count were determined as above on day 14 thigestart of culture, and the
growth rate relative to that at the start of cidturas determined. The results are shown in FIG. 38 shown
in FIG. 35, the total cell count and the CD3#Il count were increased in the culture mediurth&r containing
UML171, and the growth rate of CD3dells was significantly larger in the medium camitag UM171 than in the
medium without UM171. In contrast, SR-1 causedideth under these experimental conditions.

[0127]
Further, the growth rate of the total cell countlee CD34 cell count was determined by culturing the
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CD34" cells under three conditions: condition 1: culturor 14 days in the culture medium for human
hematopoietic stem cells above, which medium coath0uM PI3Ka and 0.1uM TPOago instead of SCF and
TPO (PI3Ka2@M+TPOago0.1iM), condition 2: at day 7 or later, cultured in adium without butyzamide (Day7-
no Buty), and condition 3: cultured for 14 daysairmedium (PI3Ka2eM+TPOago0.4M) further containing
UM171 (+UM171). The CD4%cell count was determined using a flow cytometdrhe results are shown in
FIG. 36. Asshownin FIG. 36, the CD3zell count increased and the CD4#ll count decreased under condition
2, in which the cells were cultured in the mediuithaut butyzamide on day 7 or later after the stértulture,
when compared to condition 1. As shown in FIG. B&]er condition 3, in which the cells were cultuie the
medium further containing UM171, the growth rateGid34" cells was markedly increased and the CDedll
count was markedly decreased compared to condition2. Thus, under serum-free medium conditionthé
presence of PVA, PI3Ka and TPOago, UM171 was fdonthuse human hematopoietic stem cells to pratiéer
and to inhibit their differentiation into megakacybe progenitors and megakaryocytes (see FIG. 37).

[0128]

Example 5: Experiment for Transplantation of CDB#lls after Culture

Human CD34 cells cultured for 7 days under each of conditibg 3 were transplanted into irradiated
NOG mice to check cell engraftment. Specificallys 1¢ cultured human CD34+ cells were transplanted into
each NOG mouse irradiated with 1.5 Gyehys. Twelve weeks after transplantation, perahielood of each
NOG mouse was collected, and the cellular companenthe peripheral blood were analyzed using & flo
cytometer. The results are shown in FIG. 38. W@ in FIG. 38, in conditions 1 and 2, HSC (herpatetic
stem cell) engraftment rates increased from 14.868614..1%, when pre-cultured CD3dells were engrafted, to
66.6% and 54.9%, respectively, when post-cultur&@B4> cells were engrafted. In condition 3, the HSC
engraftment rate increased from 17%, when pre4@dt€D34 cells were engrafted, to 67%, when post-cultured
CD34 cells were engrafted.

[0129]

These results have revealed that the PI3K activatd the TPO receptor agonist can induce favorable
proliferation of human hematopoietic stem cellsemrgbrum-free medium conditions in the absencéaohan and
in the presence of PVA, and that the proliferatech&in CD34 cells can maintain their HSC characteristics ded t
engraftment rate after transplantation into othelividuals can be improved. In addition, human atpoietic
stem cells tend to proliferate as CD2#lls, while some of them differentiate into megigfocytes when cultured
under the conditions for a long period, therebydpimng megakaryocytes. The addition of UM171 ® ¢klls
increased the growth rate of CD3zlls and inhibited their differentiation into na@ryocytes.

[0130]

Next, human mononuclear cells were isolated froeaif human cord blood. Under conditions 1 and 3,
the obtained cells (5 x 1@ells) were cultured, and the total cell coung @D34 cell count, the percentage of
CD34 cells in the total cells, and the cell viabilityere each determined on day 7 and day 14 aftertdnecas
culture. The results are shown in FIG. 39. Asmshim FIG. 39, under any of the conditions, thaltatll count
of mononuclear cells obtained from human cord bldedreased with incubation. On the other handeund
condition 3, the percentage of CD3:lls in the total cells was markedly larger thader condition 1. The cell
viability was also significantly higher in conditi than in condition 1. Further, the CD3#Il count showed a
marked increase in condition 3, while the cell donas maintained favorably in condition 1 whereasntrease
in the cell count was observed.

[0131]

Example 6: Experiment of Culturing Human HematepoiStem Cells in Presence of Polymer A

The above Examples have revealed that human hpaiatic stem cells, unlike mouse hematopoietic
stem cells, require activation of the PI3K pathwaryl that TPO can be replaced by butyzamide, a fEe€ptor
agonist. It has also been found that human herogttip stem cells can be cultured in the absendgh171
when they are not cultured for a long period ofetjirbut that differentiation into megakaryocyte éiges can be

inhibited by culturing human hematopoietic stenisciel the presence of UM171 when they are cultfioe@ long
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period of time.
[0132]

In experiments in this Example, human hematopostém cells were cultured in the presence of petym
A, a PI3K activator, a TPO receptor agonist, and1d¥] while PVA was replaced with polymer A in thgosge
experiments. As a control experiment, human hepagétic stem cells were cultured in the presence\#, a
PI3K activator, a TPO receptor agonist, and UM17RI3Ka was used as the PI3K activator and butyzascthe
TPO receptor agonist, and the concentrations werne the above Examples.

[0133]

The results are shown in FIG. 22. Then, as shovAlG.22, human hematopoietic stem cells cultured
in the presence of polymer A instead of PVA hadghdr percentage of CD34-positive cells. In additithe
percentage of CD34-positive cells was higher inpitessence of polymer A than in the presence of PVPFhis has
suggested that human hematopoietic stem cellSgnatie well in the presence of polymer A and uraterditions
in which the PI3K pathway is activated (and in #iiisence of SCF). The results have also suggédsteduman
hematopoietic stem cells can proliferate well ewdren TPO is replaced by a TPO receptor agonistruthdse
conditions. It has also been found that human bepo#etic stem cells can proliferate well in thegence of
UM171.

[0134]

Further, the cell count changes were observedtower In this experiment, human hematopoietimste
cells were cultured for 3 weeks while using a aeltmedium supplemented with a T cell expansioriMittenyi
Biotec) and human IL-2 (Peprotech). The resulis stiown in FIG. 23. As shown in FIG. 23, human
hematopoietic stem cells proliferated equally ia pnesence of PVA or in the presence of polymer A.

[0135]

Example 7: To Culture Human CD3-Positive Cells

Human CD3-positive cells were stimulated with #2128 and anti-CD3 antibodies using a T Cell
Activation/Expansion Kit, human (Miltenyi Biotechder regular conditions and cultured in an albufrée-and
cytokine-free basal medium (IMDM medium containit®g ITSX and 1% penicillin) containing 0.1% PVA ofL%
Soluplus (trademark) for 6 weeks. The initial @glnt was set to 1000 cells. The results are showIG. 40.
[0136]

As shown in FIG. 40, CD3-positive cells (mainlgdlls) were demonstrated to proliferate well in ahy
the presence of Soluplus or the presence of PVAiis Aas demonstrated that an albumin-free cultwdivmm can
be used for the maintenance and proliferation ofidnuT cells.

[0137]

Example 8: Differentiation of Human CD34-Positi®ells into Hematopoietic Cells

Human CD34-positive cells (hematopoietic stemsgeadlere cultured in an albumin-free basal medium
containing PVA or Soluplus (trademark). The initiall count was set to 1000 cells. Hematopoigtén cells
were differentiated into hematopoietic cells by iagda cytokine cocktail to the medium. The culgriwas
performed for 10 days. The results are shown @ BIL.

[0138]

As shown in panel A of FIG. 41, the number of CE4itive cells cultured in the culture medium
increased favorably in any of the presence of Sotupr the presence of PVA. As shown in panel BI&. 41,
the cells in the culture medium as obtained byucinlgy in the presence of Soluplus contained megakgtes,
erythroblasts, neutrophils, and macrophages. €helts have demonstrated that almost all cellsladdocell
lineages were obtained and that each of them pratéd, indicating that human blood cells can heaeded,
maintained, and differentiated well in the presesican additive such as PVA or Soluplus, even ialaamin-free
environment.

[0139]
Example 9: To Culture Chronic Myelogenous Leuke(qiiIL) Cells

Bone marrow cell samples from CML (chronic myeloges leukemia) patients were each cultured for
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one week under albumin-free and cytokine-free celltonditions. The culture medium used was a lmasdlum
containing 0.1% PVA, 2@M PI3Ka, and 0.1uM TPOago. The culturing was performed in the pmeseor

absence of an inhibitor (imatinib (IM)) of Bcr-Alihe gene responsible for CML. The results arevsha FIG.
42.

[0140]

As shown in FIG. 42, the results have demonsti@i&h cell proliferation in the absence of IM comgzh
to the total cell count before culturing. In pautar, more than 30-fold expansion/maintenance ataerved in
CD34-positive cells, a leukemia stem cell fractithvat is, more than 6-fold expansion/maintenanabsolute cell
count. By contrast, no significant cell expansieas observed in the presence of IM, indicating thatcells
proliferating in IM+ were CML leukemic stem cells.
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CLAIMS

1. A method of culturing human cells, comprising
culturing human cells in a culture medium, wherein
the culture medium is a serum albumin-free medinchcomprises an additive, the additive being sedec
from the group consisting of polyvinyl alcohol amsdified polyalkylene glycol, and further comprises
(1) a phosphatidylinositol 3-kinase (PI13K) actoraand at least one compound selected from
the group consisting of thrombopoietin (TPO) andTiéceptor agonists
(2) a TPO receptor agonist and at least one cantpselected from the group consisting of
stem cell factor (SCF) and PI3K activatass
(3) a PI3K activator and a TPO receptor agosisthat
the culturing allows the number of human hematefioistem cells or human blood cells to increase or
be maintained.
2. The method according to claim 1, wherein the &mucells are cells selected from the group congigif human
hematopoietic stem cells and human blood cells.
3. The method according to claim 1, wherein the d&ugells are blood cells other than hematopoitdim €ells.
4. The method according to claim 3, wherein thatagdis polyvinyl alcohol.
5. The method according to claim 1 or 2, wheregatditive is modified polyalkylene glycol.
6. The method according to claim 5, wherein theiffemtipolyalkylene glycol is polyalkylene glycol rddied with
a copolymer containing a polyvinylcaprolactam blacid a polyvinylacetate block.
7. The method according to claim 6, wherein theiffetipolyalkylene glycol is polyethylene glycol mhified with
a copolymer containing a polyvinylcaprolactam blacid a polyvinylacetate block.
8. A method of culturing human cells, comprising
culturing human cells in a culture medium, wherein
the culture medium comprises polyalkylene glycobdified with a copolymer containing a
polyvinylcaprolactam block and a polyvinylacetalech.
9. The method according to claim 8, wherein thegased number of the human cells is obtained.
10. The method according to claim 8 or 9, whereahuman cells are human hematopoietic stem cells.
11. A culture medium composition for culturing humeells, comprising polyalkylene glycol modifiedtivia
copolymer containing a polyvinylcaprolactam blocida polyvinylacetate block.
12. A composition comprising human cells and pdytgine glycol modified with a copolymer containiiag
polyvinylcaprolactam block and a polyvinylacetatech.
13. The composition according to claim 11 or 12ereim the human cells are human hematopoietic s&dis
14. Human cells obtained by the method accordiraptoone of claims 8 to 10.
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