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DEFINITIONS

• REGENERATIVE BIOLOGY:  STUDY OF THE 
MECHANISMS OF REGENERATION AT 
MOLECULAR, CELLULAR, TISSUE, ORGAN AND 
APPENDAGE LEVELS

• REGENERATIVE MEDICINE:  TRANSLATION OF 
RESEARCH ON REGENERATIVE MECHANISMS 
INTO THERAPIES THAT PROMOTE THE 
REGENERATION OF REGENERATION-DEFICIENT 
STRUCTURES



Compensatory Hyperplasia

Adult Stem Cell  Activation

Dedifferentiation

MECHANISMS OF REGENERATION AT THE ORGAN AND TISSUE LEVEL



CHEMICAL INDUCTION

CELL TRANSPLANTS

BIOARTIFICIAL TISSUE

STRATEGIES OF REGENERATIVE MEDICINE



CHEMICAL INDUCTION OF REGENERATION



SCREENING ECM MOLECULES FOR EFFECTS ON 
CELLS AND SCREENING LIBRARIES OF SOLUBLE 
MOLECULES FOR THEIR EFFECTS ON CELLS 
TETHERED TO ECM MOLECULES

CHEMICAL INDUCTION OF REGENERATION



Functional tissue
Endothelial cells

BUILDING A BIOARTIFICIAL TISSUE



PHYSICS/CHEMISTRY/ENGINEERING 
PROBLEMS

• DELIVERY SYSTEMS (MOLECULES, CELLS)
• STRENGTH OF REPAIRED TISSUES
• CELL PRESERVATION
• PHYSICS/CHEMISTRY OF BIOMATERIALS 

(POROSITY, PIEZOELECTRIC EFFECTS, 
MOLECULAR ORIENTATION, ADHESIVENESS, 
ABILITY TO INCORPORATE BIOFACTORS, 
KINETICS OF BIOFACTOR RELEASE, 
INTEGRATION WITH HOST TISSUE



APPENDAGES
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HUMAN  FINGERTIPS CAN REGENERATE



CHRIS ALLAN, MD

HUMAN FINGERS CANNOT



CHRIS ALLAN, MD



CHRIS ALLAN, MD
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COULD WE USE A TEMPLATE LOADED WITH 
REGENERATION-PROMOTING MOLECULES TO 
REGENERATE A FINGER?



POTENTIAL MOLECULES TO TEST

• SIGNALING MOLECULES INVOLVED IN REGENERATION
• SUPPRESSANTS OF  MOLECULES INVOLVED IN SCARRING
• SMALL MOLECULES

--RETINOIC ACID
--REVERSINE

• MOLECULES IDENTFIED BY GENOMICS AND/OR PROTEOMICS
• COMBINATIONS



REGENERATION OF WHOLE LIMBS
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BLASTEMA CELL SURVIVAL AND PROLIFERATION FACTORS
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THE BLASTEMA IS A SELF-
ORGANIZING SYSTEM
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PHYSICAL PROBLEMS THAT PRESENT 
THEMSELVES

COMPUTATIONAL ANALYSIS OF 
• SHAPE CHANGES OF THE BLASTEMA AS IT FORMS, GROWS AND 

IS PATTERNED AND UNDERGOES MORPHOGENESIS INTO THE 
DIFFERENT LIMB SEGMENTS 

• MITOSIS AND APOPTOSIS AS A FUNCTION OF LOCATION WITHIN 
THE BLASTEMA AND STAGE OF DEVELOPMENT

• PATTERN OF CELL DENSITY CHANGE AS THE BLASTEMA GROWS 
AND CHANGES SHAPE

• DIFFERENTIAL ADHESION AND CELL MOTILITY IN BLASTEMA 
FORMATION AND MORPHOGENESIS 

• MORPHOGEN GRADIENTS
• GENE ACTIVITY NETWORKS
• SIZE-RELATED PHYSICAL/GEOMETRICAL  CONSTRAINTS ON 

REGENERATION

MAPPING OF THE BLASTEMA:  WHAT PARTS
CONTRIBUTE TO WHAT STRUCTURES?  NEW 
IMAGING TECHNIQUES?



ADHESION









PROXIMODISTAL GRADIENTS OF 
CELL ADHESION EXIST IN 

REGENERATING LIMBS 



RETINOIC ACID COORDINATELY 
PROXIMALIZES BLASTEMA CELL 
POSITIONAL IDENTITY AND CELL 

ADHESION





AFFINOPHORESIS
ASSAY WITH 
RA-TREATED 
WRIST AND 
ELBOW 
BLASTEMAS
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CONTROL PIPLC or ANTI-PROD1 Ab



POSITIONAL IDENTITY IS ENCODED IN 
THE CELL SURFACE AND CELLS 

DETECT DISCONTINUITIES BY CELL 
SURFACE INTERACTION



PHYSICAL CONSTRAINTS
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MAPPING
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THE ROLE OF INTERCALATION IN 
REGENERATING STRUCTURE



PROXIMODISTAL
INTERCALATION



CIRCUMFERENTIAL INTERCALATION

REVERSAL OF THE ANTERIOR-POSTERIOR AXIS: CONTRALATERAL  
GRAFT



BOUNDARY MODEL FOR SELF-
ORGANIZATION BASED ON 

INTERCALARY REGENERATION OF 
CELLULAR POSITIONAL IDENTITIES
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DsC



LEAST THINGS



FERMAT’S PRINCIPLE OF LEAST TIME

In going from point A to point B, light takes the path that that requires the shortest time.



PRINCIPLE OF LEAST ACTION

The path of an object or particle from point
A to point B is the path for which the

kinetic energy minus the potential energy
Is the least



RULE OF LEAST (SHORTEST) INTERCALATION

Given a choice between the longer path or the shorter path to eliminate a
positional discontinuity, cells always choose the shorter path.
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