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Questions to address:Questions to address:

•• Which technologies are needed for tissue engineering research? Which technologies are needed for tissue engineering research? 

•• What features are most important?What features are most important?

•• Key scientific challenges for imaging stem cells and engineered tissues?Key scientific challenges for imaging stem cells and engineered tissues?•• Key scientific challenges for imaging stem cells and engineered tissues?Key scientific challenges for imaging stem cells and engineered tissues?

•• Approaches and technologies enabling rapid progress?Approaches and technologies enabling rapid progress?

•• Can imaging promote interdisciplinary research and translation?Can imaging promote interdisciplinary research and translation?

Biological principles, engineering design:Biological principles, engineering design:
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From tissue engineering to biology, and back:From tissue engineering to biology, and back:
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Culture requirements:Culture requirements:
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How can we monitor and measure cell/tissue responses? How can we monitor and measure cell/tissue responses? 

Imaging requirements:Imaging requirements:

•• Imaging within a 3D context, Imaging within a 3D context, in vitroin vitro and and in vivoin vivo
•• High resolution (as in 2D)High resolution (as in 2D)
•• Cell labeling to track outcomes, multiple markersCell labeling to track outcomes, multiple markers
•• Live imaging in bioreactors and animal models (interactions of factors)Live imaging in bioreactors and animal models (interactions of factors)

•• Noninvasive, real time, quantitative, fastNoninvasive, real time, quantitative, fastNoninvasive, real time, quantitative, fastNoninvasive, real time, quantitative, fast
•• In situ, same specimen/field monitored over long timeIn situ, same specimen/field monitored over long time
•• See and measure cell/tissue responses as they happenSee and measure cell/tissue responses as they happen
•• Fast imaging for dynamic studies (ion fluxes, signal propagation, gradients) Fast imaging for dynamic studies (ion fluxes, signal propagation, gradients) 

•• Functional imaging, multiple hierarchical scalesFunctional imaging, multiple hierarchical scales
•• Expression of molecular markersExpression of molecular markers
•• Organization at multiple hierarchical scalesOrganization at multiple hierarchical scales
•• Cell/tissue function (coupling, contractility, biomechanics, vascular flow…)Cell/tissue function (coupling, contractility, biomechanics, vascular flow…)



Engineering cartilage/bone graftsEngineering cartilage/bone grafts
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Marolt et al (2006); Chao et al (2007); Grayson et al. (2007)Marolt et al (2006); Chao et al (2007); Grayson et al. (2007)

Imaging of engineered human cartilage and bone Imaging of engineered human cartilage and bone 
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Bioreactor:

Meinel et al. (2004); Meinel et al. Bone (2005, 2006); Augst et al. (2007); Gray and Burstein (1998); Williams et al (1998) Meinel et al. (2004); Meinel et al. Bone (2005, 2006); Augst et al. (2007); Gray and Burstein (1998); Williams et al (1998) 
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Animal models:
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Engineering cardiac grafts:Engineering cardiac grafts:

Electrical stimulation:Electrical stimulation: Oxygen supply:Oxygen supply:
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Radisic et al. PNAS (2004), AJP (2005, 2006, 2007)



Cardiac tissue engineering Cardiac tissue engineering in vitroin vitro::

QuickTime™ and a
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are needed to see this picture.

Radisic et al (2004, 2006, 2007); Bursac et al. (1999); Karp et la. (2006); Khademhosseini et al. (2007); Zimmermann et al. (2006)
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Heart repair in animal models:Heart repair in animal models:

Nude rat model of cardiac ischemia Nude rat model of cardiac ischemia Eschenhagen and Zimmermann (2005); Zimmermann et al. (2006); Radisic et al. (2007) Eschenhagen and Zimmermann (2005); Zimmermann et al. (2006); Radisic et al. (2007) 
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Microarray bioreactors for stem cell research:Microarray bioreactors for stem cell research:
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Figallo et al. Lab on a Chip (2007); Gerecht et al. PNAS (2007) 

Vascularization:Vascularization: Hierarchical networksHierarchical networks
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Laschke et al. (2006); Ferreira et al. (2006, 2007); Radisic et al (2006, 2007); Gerecht et al. (2007); Eng et al (unpublished)
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Summary:Summary:

•• Which technologies are needed for tissue engineering research?Which technologies are needed for tissue engineering research?
•• Live, real time imaging Live, real time imaging in vitroin vitro (advanced bioreactors) and (advanced bioreactors) and in vivoin vivo (animal models)(animal models)
•• Accurate measurements of molecular and structural propertiesAccurate measurements of molecular and structural properties
•• Functional imaging (cell coupling, contractility, biomechanics, vascular flow) Functional imaging (cell coupling, contractility, biomechanics, vascular flow) 

Wh t f t t i t t?Wh t f t t i t t?•• What features are most important?What features are most important?
•• High resolution in 3DHigh resolution in 3D
•• Multiple markers for cell/tissue responsesMultiple markers for cell/tissue responses
•• Real time assessment of biomechanical and conductive properties Real time assessment of biomechanical and conductive properties 
•• Tracking the source and differentiation status of cellsTracking the source and differentiation status of cells
•• Fast imaging for dynamic studies (ion fluxes, signal propagation, gradients) Fast imaging for dynamic studies (ion fluxes, signal propagation, gradients) 


