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Regenerative Medicine
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• The process of replacing, engineering or regenerating 
human cells, tissues or organs to restore or establish 
normal function

• Possibility of engineering damaged tissues and organs 
by stimulating the body’s own repair mechanism to 
functionally heal previously irreparable tissues or organs

• à Especially important in aging individuals, as with age, 
the ability of the body to heal significant injury without 
permanent damage to the tissue is lost.

• The decrease in regenerative potential is associated 
with a decreasing stem cell activity and a decrease in 
stem cell diversity

• Decrease in stem cell diversity might be explained by an 
erosion of epigenetic regulation in aging stem cells. With 
age, stem cells acquire somatic mutations and a genetic 
drift occurs, leading to attrition of some clones à
expansion of some dominating clones



Regenerative Medicine
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• Although stem cell activity is a key element of 
regenerative capacity, environmental factors can 
strongly modify stem cell behaviour

à Extrinsic factors affect aging stem cells:



Tissue Engineering
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Tissue Engineering
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• Key ingredients:

1. Cells

2. Scaffolds/Biomaterials

3. Bioactive factors/regulatory signals

4. Mechanics and physical cues (by correct 
scaffold and biomaterial properties



Tissue 
Engineering
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Clinical Translation
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• Regulatory Obstacles for the 
use of cell based therapies, 
including any kind of 
modified cell (genetically or 
epigenetically modified) are 
extremely high (e.g. Due to 
cancer risk)

• There is increasing 
regulatory scrutiny for cell 
based therapy

à Relative benefit vs. safety is 
always in question



An early autologous cell-based therapy – an example
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Legal Regulation
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• Autologous: donor and recipient are the 
same person

• Allogenic: donor and recipient are different 
people • Tissue Engineering far from clinics: any component or 

combination of cells, bioactive compound, or biomaterials 
have to be approved and regulated just like a drug



Legal Regulation
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• Due to these many complex regulatory 
obstacles:

There is a lot of potential benefit to be 
gained exploiting only geometry 
(mechanics) of biomaterials established to 
be safe.

à Because this approach brings minimal 
regulatory burden, it is cost effective and low 
risk



Therapeutic biomaterial (device) for scarless healing – an example
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• Design of therapeutic biomaterials to help 
control and guide cell behaviour during 
regenerative processes such as wound healing

• Cell recruitment can cause improved healing 
outcomes

• Steering recruited/injected and resident cells
in order to better control cell behaviour and 
consequently healing outcomes

• Guiding cell movement and behaviour can be 
achieved by creating biomaterials, which 
actively steer durotaxis (physical gradients) and 
chemotaxis (chemical gradients)



Legal Regulation – Devices vs. Drugs & Biologics
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(potentially viable) clinical applications in regernative medicine
(„viable“ means potential benefits may outweigh the inherent safety risks)
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Unmet clinical needs in regenerative medicine

Florence Marti & Valentin Baumann



11.05.22 19

Tissue Engineering: Clinical application is currently limited due to
complexity and cost BUT there is quite useful pre-clinical potential
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Using functioning human tissue to screen medication candidates can speed up 
development and provide key tools for facilitating personalized medicine (as cells and 

tissue from individual patients can be used), while saving money and reducing the 
number of animals used for research



Paper
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