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ABSTRACT

The functional cardiovascular system is comprised of distinct mesoderm-derived lineages including endothelial cells,
vascular smooth muscle cells and other mesenchymal cells. Recent studies in the human embryonic stem cell differen-
tiation model have provided evidence indicating that these cell lineages are developed from the common progenitors
such as hemangioblasts and cardiovascular progenitor cells. Also, the studies have suggested that these progenitors
have a common primordial progenitor, which expresses KDR (human Flk-1, also known as VEGFR2, CD309). We
demonstrate here that sustained activation of BMP4 (bone morphogenetic protem 4) in hESC line, CHA15 hESC results
in KDR" mesoderm specific differentiation. To determine whether the KDR' population derived from hESCs enhances
potential to differentiate along multipotential mesodermal lineages than undifferentiated hESCs, we analyzed the de-
velopment of the mesodermal cell types in human embryonic stem cell differentiation cultures. In embryoid body (EB)
differentiation culture conditions, we identified an increased expression of KDR' population from BMP4-stimulated
hESC-derived EBs. After induction with additional growth factors, the KDR' population sorted from hESCs-derived
EBs displays mesenchymal, endothelial and vascular smooth muscle potential in matrix-coated monolayer culture
systems. The populations plated in monolayer cultures expressed increased levels of related markers and exhibit a
stable/homologous phenotype in culture terms. In conclusion, we demonstrate that the KDR' population is stably
isolated from CHA15 hESC-derived EBs using BMP4 and growth factors, and sorted KDR' population can be utilized
to generate multipotential mesodermal progenitors in vitro, which can be further differentiated into cardiovascular
specific cells.
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Fig. 1. Experiment scheme of mesoderm lineage cell differentiation
from embryoid bodies. (A) Schematic diagram of mesoderm lineage
cell differentiation from embryoid bodies induced by BMP4 treat.
Sorted KDR/CD133 positive cells are continuously induced differen-
tiation into endothelial cell-like cells. And sorted KDR/PDGFR a
positive cells are induced into mesenchymal stem cell-like cells and
smooth muscle cell-like cells (B) Time table of experimental scheme.
Embryonic bodies treated by BMP4 during 6days. FACS sorted
KDR positive cells are continuously differentiated into mesoderm
lineage cells for 10~14 days.



A B

1,
c D

kS -
g g
5 B . ;o2
g &# 2
v: , -
" g
T

He g [ o o

SSEA-4-PE KDR-PE

Fig. 2. Characterization of undifferentiated human embryonic stem
cells. (A) Morphology of human embryonic stem cells (B} Immu-
nochemistry analysis of human embryonic stem cells, stained by
alkaline phosphatase. FACS analysis of undifferentiated cell mar-
kers, TRA-1-60 and SSEA4 (C) and mesoderm cell markers, KDR
and CD133 (D).
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Fig. 3. KDR+ population changes induced by BMP4. (A) KDR po-
pulation patterns of embryoid bodies. Cells are cultured without
BMP4 (upper) or with BMP4 (lower) (B) quantitative represents
comparison of KDR changes between ~BMP4 and +BMP4 cells (C)
KDR population inhibited by noggin treatment (D) quantitative
represents of (C).
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Fig. 4. Characterization of endothelial-like cells drived from BMP4
induced KDR/CD133 population. (A) KDR/CD133 positive cells are
induced differentiation into EC-like cells (A) EC-like cells repre-
sented coble-stone morphology (B} Vessel formation of EC-like ce-
IIs on Matrigel (C) Immunofluorescent staining of EC-like cells
with vWF(green), PECAM(red) and DAPI(blue).
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Fig. 5. Characterization of mesenchymal stem cell-like cells/smoo-
th muscle cell-like cells drived from BMP4 induced KDR/CD133
population. (A) KDR/PDGFR « positive cells are induced differen-
tiation into MSC-like cells and SMC-like cells (B) MSC-like cells
represent MSC morphology. FACS analysis of MSC-like cells with
(©) CD44/CD105 and (D) CD44/CD90 markers (E) SMC-like cells
represent SMC morphology. Immunoftuorescent staining of SMC-
tike cells with (F) calponin (green), aSMA (red), DAPI (blue) and
(G) SM-MHC (green), aSMA (red), DAPI (blue).
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