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Introduction



Problem and Objective

What does tissue engineering / 
regenerative medicine seek to achieve?



Why is there a problem?

Outcomes of mammalian tissue / organ 
injury

• Regeneration
• Wound healing (scarring)
• Failure of repair

• Geometry
• Pathology



Injury Repair (Scarring)

Tissue components

Parenchymal

Stromal



Current Solutions and Limitations



Genotype vs. Phenotype

Genotype- the entire set of genes carried by an organism.

Phenotype-the function and physical appearance of
cells / organism that result from the interaction
of the genetic “blueprint” (genotype)
with the environment.

• Differentiation: the process by which cells develop 
specialized phenotypic characteristics



Van Wynsberghe et al, Human Anatomy and Physiology 3rd edition

* Ectoderm :Skin, hair, fingernail, tooth enamel, the nervous system and other structure
* Endoderm : inner organs such as the lining of digestive tract, respiratory tract, bladder, 

and urethra. 
* Mesoderm : connective tissues, bone, muscle, blood, and inner lining of some internal organs

Development and Differentiation



A Simplified View of Development

Multi-potent stem cells

Progressive lineage restriction

Terminal differentiation

Tissue Maturation

Constant Genotype

Numerous Phenotypes



Environmental Stimuli

Non-genetic (environmental) factors 
influencing the development of a cell, 
tissue, or organism

Bottaro et al. Ann. N.Y. 
Acad. Sci. 961: 143-153 
(2002)
“Molecular Signaling in 
Bioengineered Tissue 
Mocroenvironment”



Influence of Environmental Stimuli on Cell 
Fate



Tissue Engineering

David Mooney, WTEC Report



A Simplified View of Tissue Engineering

Donor Cells

Stem Cells Differentiated Cells

Expansion De-differentiation

Our Goal: Achieving viable tissue with phenotypic functionality

Our Tools: environmental stimuli



The Questions We Must Answer

Current Challenges

Biomimetic Presentation
•Spatial

•Temporal
•Biological
•Structural

Progress Evaluation

Animal Models
•physiological function
•reversal of disease

Animal models are complex, what we also need are intermediary
tools to monitor our progress and provide feedback for 
design improvements



Course Objectives

• To understand the characteristics of different 
environmental stimuli and how they are 
recognized by cells (signal recognition)

• To understand cellular responses to 
environmental stimuli (signal transduction, 
integration and response)

• To learn the fundamental principles of 
laboratory techniques for analyzing cellular 
responses and elucidating the underlying 
molecular mechanisms 



Phenomenological versus Mechanistic 
Science



Phenomenological Science

We exposed MSCs to BMP2 and observed
that the cells formed mineralized matrix 
(osteogenesis).



Mechanistic Science

Same experiment, but we used antibodies, 
siRNA and other tools to show that BMP2 
binds to TGFbeta receptors, activates 
SMAD signaling molecules that 
translocate to nucleus, leading to 
transcription of Runx2 that initiates a 
global pattern of osteogenic gene 
expression. Interference with receptors, 
SMADs, or Runx2 blocked BMP2 
responsiveness. Answers WHY and HOW
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