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magnetic beads using autoMACS Separator. 
Compared to 3D EB formation, 2D 
differentiation generated a robust number of 
differentiated cells (5-fold higher) (fig. 1B  
and C). 
After two columns sorting, the purity of CD34+ 
cells reached up to approximately 95% (fig. 1A 
and 4). The isolated CD34+ cells were CD45–, 
and the majority of CD34+ cells (about 65 to 
90%) expressed CD31 (fig. 4). 

Characterization of hES cell-derived 
endothelial cells in vitro
To test whether immature CD34+ cells derived 
from hES cells are capable of differentiating 
into endothelial cells, we cultured hES cell–
derived CD34+ cells in the presence of 
angiogenic factors, VEGF and FGF-2. The 
majority of cells were adherent and expressed 
endothelial markers, CD31 and vascular/
endothelial-Cadherin (VE-Cad) at the 

endothelial cell adherent junctions (fig. 2). 
The adherent cells took up DiI-acetylated low-
density lipoprotein (LDL), and rapidly formed 
vascular network–like structures when placed 
in Matrigel (fig. 2). The adherent cells showed 
transcription of endothelial cell markers, 
including CD105 (endoglin), von Willebrand 
factor, CD31, VE-cadherin, VEGF receptor 2 
(KDR), Tie-2, EphB4, and ephrinB2 (data not 
shown). These data indicated that hES cell–

Figure 2    In vitro characterization of hES cell–
derived endothelial cells.
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Figure 1A    Overview of experimental procedure (A). Figure 1B and 1C    Cell number of three-dimen-
sional (3D) and two-dimensional (2D) of total 
cellnumbers (B) and CD34+ cells (C).
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and CD133 are expressed in undifferentiated 
hESCs, whereas CD34 is not expressed (or 
minimally expressed) in undifferentiated 
hESCs 8, 12, 13 (fig. 4). In our study, CD34+ cells 
were generated at a high efficiency of 
approximately 5 to 10% after 2D culture for 
ten days, and enriched by anti-CD34 
MicroBeads at a high purity of about 95%. 
These CD34+ progenitor cells further 
differentiated to functional endothelial cells 
in vitro, and contributed to functional blood 

derived CD34+ cells were able to differentiate 
into endothelial cells when cultured in 
endothelial growth medium.

Functional test of hES cell-derived 
endothelial cells in vivo 
To further test the function of hES cell–derived 
endothelial cells in vivo, we evaluated whether 
these cells were able to form functional blood 
vessels in vivo. We used a tissue-engineered 
vessel model in SCID mice that allows dynamic 
and long-term observation of blood vessels 
derived from implanted cells in vivo 5,6. We 
genetically marked hES-ECs with enhanced 
green f luorescent protein (EGFP), and co-
implanted these endothelial cells with 10T1/2 
cells, a mouse mesenchymal precursor cell 
line, in a fibronectin-collagen gel into cranial 
windows in SCID mice (fig. 3). We observed 
that the EGFP-labeled endothelial cells formed 
cord-like networks as early as two days after 
implantation. Eleven days after implantation, 
the hES-ECs assembled to form luminal 
structures. To test whether the engineered 
vascular networks connected to the mouse 

circulatory system, we intravenously injected 
tetramethylrhodamine-labeled dextran to 
enhance the contrast of perfused vessels. Some 
of the hES-ECs formed conduits with blood 
f lowing through them. This suggests the 
formation of functional engineered vessels 
that had successfully integrated into the 
recipient’s vascular tree (fig. 3). The hES cell-
derived vessels in animals were continuously 
monitored and some of the perfused vessels 
persisted as stable blood vessels for more than 
150 days (data not shown).

Hematopoietic differentiation potential of 
hES cell-derived CD34+ cells
To test whether immature CD34+ cells derived 
from hES cells are capable of differentiating 
into hematopoietic cells, we cultured hES 
cell–derived CD34+ cells in the presence of 
hematopoietic growth factors, stem cell factor, 
and Flt-3 ligand. The addition of hematopoietic 
growth factors increased the number of 
suspension cells substantially3. The suspension 
cel ls expressed CD45, and formed 
hematopoietic colonies when cultured in 
methylcellulose3. The results indicated that 
the suspension cells were precursors of 
hematopoietic cells.

Discussion
Human ES cells not only have enormous 
potential as a source of therapeutic tissues, but 
also provide a unique system for studying 
human embryonic development, including 
cardiovascular lineage commitment7. The hES 
cell-derived endothelial cells were first 
identif ied and isolated in the Langer 
laboratory8. Levenberg et al.8 characterized 
the expression of endothelial-specific genes 
during EB differentiation in the hES cell 
culture medium without additional growth 
factors. Although VEGFR2, Tie2, and CD133 
were expressed in undifferentiated hES cells, 
the genes of CD31, CD34, and VE-cad were 
not expressed in undifferentiated hES cells. 
Studies from adult circulating cells indicated 
that EGFR2, CD133, and CD34 are expressed 
on endothelial and hematopoietic progenitor 
cells in several human tissues, including 
peripheral blood and bone marrow9-11. We 
chose CD34 as a possible marker to isolate hES 
cell-derived hematopoietic stem cells and 
endothelial progenitor cells, because VEGFR2 Figure 4   CD34 expression in differentiated hESCs

0 day

7 days

10 days

10 days

CD34+  
(after selection)

<0.1%

SS
C

CD34-APC

3.6%

SS
C

CD34-APC

5.2%

SS
C

CD34-APC

C
o
u
n
ts

CD34-APC

95%

M1

C
D
31

-P
E

CD34-APC

67,5%

32,5%

C
D
45

-F
IT
C

CD34-APC

0%

100%

hES cellendothelial 
cells (GFP+)

Two-photon 
microscopy

Implantation of 
endothelial cells (green) 
under cranial window

Tail vein injection of 
rhodamine IV dye 
(red)

Perfused blood 
vessels viewed 
through a cover-slip

Figure 3    Formation of functional vessels in  
SCID mice.



Customer Report

Vol 12  •  1/2009  MACS & more 5www.miltenyibiotec.com

vessels that were incorporated into local tissue 
vascular networks of the animals. This 
differentiation system may provide a renewable 
resource of endothelial cells for potential 
applications such as the engineering of new 
blood vessels for the treatment of regional 
ischemia.
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