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Abstract

ENENBMBREOEFNERER. MFEZCSFZI-IILD1D2THD, E<OMREFOFEE
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BHOBEENRES LY, BFETRE NENBREROERIERETH S 1=,
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AR—BZ—THBT40Y-PHLUVTPORBRBEBRZMAZIE LI VTN EERERT, £ NEM
BHEROEMRNBIRZITS CEICAUL L, BEROMERE. RETENVANOEEBHERER
CTREBOEMNBEEEZENRL . BCERES LT LENRBEENTVR L EZRI O,
ESICHFEER., PVAKYWEEEBECBLESD FRUN—ZRAETDH. BYORIIY—DRA
21)—_2%7 %47\, polyvinyl caprolactam-polyvinyl acetate-polyethylene glycol graft copolymer
(PCL-PVAC-PEG)IF & S ICEMICE MNEMBMRZBIETED 2RI, PVAORDYICP
CL-PVAC-PEGZRWB C&IZ&V), 30BEOFERICEMABIIE751Z(C, CDI4RGMEHHAR I3 556
CHEEL, REAREEBBERRICKY), RPOENBEREHRIFEIZIEERL I,
AREMARBICEVWT, YA M AARTIILTIVEEFEVE M EONBRARORBEEES R
TLZRARL . COBEIATLAR, BREREYF. AIFAR, Rt 0EMBARBIES
FVBGEFARARIIRESIZ2ERARELBREOME ICRABTZY N7+ —LEZRETS,
Hematopoietic stem cells (HSCs) are a rare population of cells residing in the bone marrow (BM)
and umbilical cord blood (CB) and continuously produce all mature blood cells throughout the
lifespan. Ex vivo expansion of human HSCs, particularly CB HSCs, has therefore long been a
major goal in hematology. Recently, we reported establish a novel long-term ex vivo expansion
protocol for functional murine HSCs using polyvinyl alcohol (PVA) as a substitute for albumin as
well as optimized concentrations of stem cell factor (SCF) and thrombopoietin (TPO). However, the
expansion of human HSPCs in this PVA-based culture system was unstable and limited.

To clarify the difference between mouse and human HSPCs during these cultures, we analyzed
the phosphorylation status of major signaling pathways. The results showed significant decreases
in PI3K and AKT pathways were observed in human cells as compared with the mouse cells, and
we found that the expansion efficiency of human CD34+ cell was significantly improved by adding
the PI3K activator 740Y-P. Furthermore, we found that human CD34+ cells could be expanded
under PVA culture conditions for one week using 740Y-P and a TPO receptor agonist (TPO-RA)
instead of SCF and TPO. The cultured cells maintained long-term hematopoietic reconstitution as
confirmed by xenotransplantation assays.

We next aimed to improve the rate of HSPC expansion ex vivo, and screened 10 polymers. The
results showed that a polyvinyl caprolactam-polyvinyl acetate-polyethylene glycol graft copolymer
(PCL-PVACc-PEG), as supportive of significantly higher cell expansion than PVA. 3a medium
containing PCL-PVAc-PEG also supported cell proliferation longer-term, with a 75-fold expansion
of total cells and 55-fold expansion of CD34+ cell observed after a 30-day culture. The cultured
cells also maintained long-term hematopoietic reconstitution as confirmed by xenotransplantation
assays.

In conclusion, we have developed a long-term expansion culture system for human HSCs without
recombinant cytokines or albumin. the culture system described here provides a powerful platform
for both basic scientists and clinicians interested in stem cell biology, leukemia therapeutics, and
the next generation of HSC transplantation and gene therapies.
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Development of culture system for human hematopoietic stem cells without cytokines

1. HIREBRFROBE
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2. MRERRAEEOBE G

Hematopoietic stem cells (HSCs) are a rare population of cells residing in the bone marrow (BM) and umbilical cord blood (CB) and
continuously produce all mature blood cells throughout the lifespan. Ex vivo expansion of human HSCs, particularly CB HSCs, has
therefore long been a major goal in hematology. Recently, we reported establish a novel long—term ex vivo expansion protocol for
functional murine HSCs using polyvinyl alcohol (PVA) as a substitute for albumin as well as optimized concentrations of stem cell
factor (SCF) and thrombopoietin (TPO). However, the expansion of human HSPCs in this PVA-based culture system was unstable
and limited.

To clarify the difference between mouse and human HSPCs during these cultures, we analyzed the phosphorylation status of major
signaling pathways. The results showed significant decreases in PI3K and AKT pathways were observed in human cells as compared
with the mouse cells, and we found that the expansion efficiency of human CD34+ cell was significantly improved by adding the PI3K
activator 740Y—-P. Furthermore, we found that human CD34+ cells could be expanded under PVA culture conditions for one week
using 740Y-P and a TPO receptor agonist (TPO-RA) instead of SCF and TPO. The cultured cells maintained long—term hematopoietic
reconstitution as confirmed by xenotransplantation assays.

We next aimed to improve the rate of HSPC expansion ex vivo, and screened 10 polymers. The results showed that a polyvinyl
caprolactam—polyvinyl acetate—polyethylene glycol graft copolymer (PCL-PVAc-PEG), as supportive of significantly higher cell
expansion than PVA. 3a medium containing PCL-PVAc—PEG also supported cell proliferation longer—term, with a 75—fold expansion of
total cells and 55-fold expansion of CD34+ cell observed after a 30—-day culture. The cultured cells also maintained long—term
hematopoietic reconstitution as confirmed by xenotransplantation assays.

In conclusion, we have developed a long—term expansion culture system for human HSCs without recombinant cytokines or albumin.
the culture system described here provides a powerful platform for both basic scientists and clinicians interested in stem cell biology,
leukemia therapeutics, and the next generation of HSC transplantation and gene therapies.
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