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Microscale approaches to regulate cellular environment
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High-throughput

Microfabrication can be used to generate microscale structures and
miniaturize experiments for high-throughput analysis



hﬂ Control of EB size, homogeneity and shape

microwells

PEGMA Microstructures Seeded cells Cells washed and cultured
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Lab on a Chip (2007); Biomaterials (2007); PNAS (2009); JACS (2011)



h'! EB size mediates stem cell differentiation
Into cardiac and endothelial cells

Hwang et al.
PNAS (2009)
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EBs with spatially patterned microenvironments

Hybrid microgel
encapsulation

EB Encapsulation
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Hao et al. Adv Mat (2010)



Tissue microarchitecture

myofibers lobules nephron islet

Rochondna

arcolemma

Copyngnt @ 2007 Boryamen Cummengs. an ampant of Adcduon Wesiey Longman

Nat Rev Mol Cel Bio (2006) 7:211

Living tissues are usually constituted by smaller repeating units (hundreds of
microns), containing different cell types, in a well-defined 3D architectures.

Challende

Mimic the complexity of native tissue architecture such as repeating tissue units
with well-defined 3D architecture, and synergistic interactions of multiple cell type.
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Bottom-Up (Modular) Tissue Engineering

Advantage:

«Controlled 3D homotypic and
heterotypic tissue architectures

*Homogeneous initial cell distribution



EE' Controlled assembly of microgels

» Using lock and key shapes

* Provides additional control of
hydrogel aggregation and cell
co-culture

PNAS Du (2008)



hj: Controlled assembly of microgels at a
liquid-air interface

Zamanian et al. Small (2010)
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Microscale template-based directed assembly of
microgels

Fernandez et al. Adv Mat(2010)
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Biomimetic approach for generating microfibers
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w/ S.H. Lee (Korea U.) Nature Materials (2011)



hlf Coded microfibers can be read by cells

a Parallel cell encoding  Hepatocyte only
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eeding endothelial cells within microchannels
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Fluoroescence

w/ J Fukuda
Biomaterials 2011



hjCells In close proximity of microchannels remain viable
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Ling et al. Lab on a chip (2007)
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Age related Cardiovascular / Personalized
diseases Neural diseases

medicine
N o+

Biomedical Engineering Grand Challenges

Biomedical

Cancer Food supply Robotics
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Regenerative Blologlcal studies / drug discovery
Medicine \ A /

Applications of Engineered Biological Tissues

Biorobotics /
Bioenergy

Biosensing Artificial food
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