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ABSTRACTS 
PROJECT OBJECTIVE: The goal of the project is to develop a device based on a conventional inkjet printer 
that will enable the controlled deposition of human stem cells onto a pattern of extracellular matrix 
proteins, eliminating current problems of cell aggregation and loss. This system will be used as a 
screening tool for the optimization of stem cell research and therapies.  
 

TECHNICAL ABSTRACT: In animal models of myocardial damage, stem cells have been shown to be 
modestly effective in repairing the damaged heart tissue.  Monitoring the fate of the injected stem cells in 
these models has shown two difficulties that may prevent the cells from having a more significant effect.  
The first is that very few of the injected stem cells engraft in the area of damage.  The second problem 
that has been observed is that the stem cells that do engraft are smaller than the mature cardiomyocytes 
found in undamaged regions of the heart.  Nevertheless, human clinical trials have been launched that 
examine the safety and efficacy of stem cells on cardiac function in heart failure patients.  While the fate 
of the cells could not be tracked in vivo, the cardiac function tests run on the patients before and after 
stem cell treatment showed only a modest improvement.  These data would appear to indicate that 
additional factors (other than those present at the site of injury) are needed in order to get the stem cells 
to fully differentiate and have the maximal effect on cardiac repair  
 

Three factors that affect stem cell fate are adherence to other cells, adherence to the extracellular matrix 
and the growth factors that come into contact with the cells.  In vitro, cell-cell adhesion is occurring at the 
same rate as cell-extracellular matrix adhesion.  Therefore, it becomes very difficult to study the effect of 
different extracellular matrices on stem cell fate in the absence of the effect that cell-cell adhesion has on 
the cells.  MicroStem has developed an in vitro platform that can rapidly test hundreds to thousands of 
different extracellular matrix combinations on a microscope slide.  In order to independently evaluate the 
role of any particular extracellular matrix on cell fate, the cells must be prevented from adhering to one 
another.  Furthermore, cell loss during the culturing process is on the order of 90%, partially due to the 
large effect of cell aggregation. 
 

This project seeks to develop a cell printer that will selectively deposit human stem cells on the 
MicroStem slide and thus prevent them from attaching to each other prior to their recognition and 
adherence to the extracellular matrix. The development of this device first requires a clear understanding 
of the forces acting on the cells in this system that result in cell aggregation.  The fluid forces felt by the 
suspended cells in the incubation chamber may encourage cell aggregation via surface tension or 
unusual circulation patterns, resulting in nonuniform cell attachment to the slide.  This presents a 
significant challenge, as the utility of the MicroStem platform relies on having the same potential for the 
cells to attach to each protein spot. The influence of surface tension and fluid forces will be investigated 
by modifying the cell culture chamber shape and surface coating, and to allow for reciprocating or 
recirculating flow within the chamber. Further development of our prototype cell printer will be 
accomplished that will allow for more precise exposure of the cells to the matrix proteins on the solid 
substrate.  The outcome of this project will be a system for cell-matrix optimization that will spawn many 
other research projects of interest in SDSU laboratories. 
  

NON -TECHNICAL ABSTRACT:  Several trials that involve the use of human stem cells to correct heart 
muscle damage following a heart attack have shown modest results, probably  because the cells do not 
have the correct chemical signals that allow them to fully mature. MicroStem is a company that has 
developed a research tool to optimize the chemical environment for stem cells that uses a glass slide that 
can be spotted with different combinations of chemical factors followed by culture with stem cells and 
observation to determine cell behavior. This approach currently suffers from the problem of cells clumping 
during the culture process which, in combination with other effects, results in a 90% loss of cells. These 
problems can be addressed by developing a cell printing device that will control cell deposition and 
reduce clumping and loss. The end result will be a system that can be commercialized for use in stem cell 
research laboratories in order to develop better methods to control stem cells.  This project could form the 
basis for more effective disease therapies involving the use of stem cells to replace damaged or diseased 
tissue.   




