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Statement of Purpose: Although there have been 
significant increases in the study of embryonic stem (ES) 
cell differentiation, most ES cell work has focused on 
differentiation in 2D culture systems which do not 
accurately imitate in-vivo physiological conditions. 
Employing dynamic cultures may create a more 
biomimetic environment and encourage ES cell 
differentiation to various lineages.  We have previously 
demonstrated that 3D scaffolds and dynamic culture 
conditions improve the hematopoietic differentiation 
efficiency of embryonic stem cells. (Liu H. Tissue Eng. 
2005; 11: 319-330.) Our goal is to optimize dynamic 
culture parameters (bioreactor type, speed, etc.) in order 
to maximize the generation of hematopoietic progenitor 
cells (HPCs) from ES cells and subsequently direct them 
towards functional dendritic cells for eventual application 
in adoptive immunotherapy. Specifically, we have 
compared dynamic suspension culture in two different 
bioreactor systems. Our results indicate that varying 
dynamic culture conditions can significantly increase the 
differentiation efficiency of ES cells, especially in 
microgravity type cultures.  
Methods: Mouse R1 embryonic stem cells (A. Nagy, 
Mount Sinai Hospital, ON) were maintained in an 
undifferentiated state by culture on an inactivated 
fibroblast cell layer (STO cells, S. Maika, UT Austin) in 
knockout DMEM medium (Invitrogen, Carlsbad, CA) 
containing fetal bovine serum (Hyclone, Logan, UT), 2-
mercaptoethanol (Sigma-Aldrich), L-glutamine, 
nonessential amino acids, penicillin G, and streptomycin 
(all from Invitrogen, Carlsbad, CA). LIF (Millipore, 
Temecula, CA) was included in the expansion medium 
for growth of undifferentiated ES cells. One passage prior 
to differentiation, ES cells were plated on gelatinized 
flasks to help reduce the presence of feeder cells. Upon 
reaching confluence, ES cells were harvested and 
resuspended in differentiation medium without LIF to 
initiate embryoid body (EB) formation.  ES cells were 
cultured as a suspension in a bacteriological plate (Static 
2D), a spinner flask system (Corning), or a microgravity 
rotating vessel (Synthecon Inc., Houston, TX). Various 
stirring speeds and cell seeding densities cultures were 
examined. On day 8 of differentiation, flow cytometry 
was performed to determine the percentage of cells 
positive for two hematopoietic cell markers, ckit and sca1. 
Isotype controls were used as negative controls. Cells 
with of both surface markers were identified as HPCs. 
Results: Figure 1 shows EBs formed in different culture 
systems at Day 2 and 6 of differentiation. EBs in dynamic 
culture systems demonstrated less aggregation over time 
compared to Static 2D cultures. Increasing cell seeding 
density in the Synthecon system improves the percent of 
hematopoietic cells generated, as demonstrated in Figure 
2. As shown in Figure 3, increasing rotation speed 
improves hematopoietic differentiation in spinner flasks. 
When examining the percentages presented in Figures 2 

and 3, the Synthecon system demonstrates the highest 
percentage of about 60 percent hematopoietic cells which 
is a sizeable increase compared Static 2D generating 
between 10 and 20 percent and spinner flask systems 
producing a maximum of 28 percent. 

Figure 1. EBs from various culture systems. 

Figure 2. Effect of cell seeding density on HPC 
generation from ESCs in Synthecon Rotary Cell Culture. 

Figure 3. Effect of rotation speed on HPC generation from 
ESCs in spinner flask culture. 

Conclusions:  Current work focuses on further 
optimization of bioreactor parameters to maximize the 
generation of HPCs. The work presented here looked at 
spontaneous differentiation affected only by bioreactor 
culture; therefore, the effects conditioned medium, 
hypoxia, cytokines, and growth factors will be combined 
with bioreactor culture to maximize the generation of 
HPCs. Additionally, differences in gene expression data 
will be examined to identify which signal transduction 
pathways are modulated by various culture parameters. 
Since the ultimate clinical application is to repopulate 
immune cells, how varying culture parameters effect 
lineage specific differentiation of ES cell-derived HPCs 
into functional dendritic cells will also be investigated. 
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