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Regenerative medicine



Research is presently being conducted on 
several different types of tissues and organs, 
including:

§ Skin
§ Cartilage
§ Blood Vessels
§ Bone
§ Muscle
§ Nerves
§ Liver
§ Kidney
§ etc. etc. etc.

Tissue Engineering
Tissue Engineering is the in vitro development of tissues or organs to replace or 
support the function of defective or injured body parts, or the directed management 
of the repair of tissues within the body.
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Interdisciplinary nature of tissue engineering

Cell Biology

Materials 
Science

- Biochemistry
- Biomechanics

- Medicine
- Immunology



• Synthetic polymers

• Natural polymers (collagen, 
fibrin, etc) 

Scaffold

Three Elements for Tissue Engineering

• Stem cells

• Differentiated cells

Cell
• Soluble growth factors
• Cell-adhesion molecules
• Mechanical signals

Bioactive signals
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Soluble Signals
Three categories of soluble 
signals:

l Autocrine factors: 
Factors produced by cells and 
active on the same cell

l Paracrine factors: 
Factors produced by cells and 
active on their neighbors

l Endocrine factors: 
Factors produced by cells at a 
distance from the target cells and 
carried through the blood or 
lymphatic fluid to the target cells

Three categories of soluble 
signals:

l Autocrine factors: 
Factors produced by cells and 
active on the same cell

l Paracrine factors: 
Factors produced by cells and 
active on their neighbors

l Endocrine factors: 
Factors produced by cells at a 
distance from the target cells and 
carried through the blood or 
lymphatic fluid to the target cells



Extracellular Matrix
• play an entirely mechanical role, binding 

together cells in specific arrays 
• major signaling system

– direct signaling to cells in the form of chronic or 
persistent signaling

– Indirectly, the components also facilitate signaling by:
1. Stabilizing cells in appropriate configurations of ion 

channels, receptors, antigens, etc.
2. Influencing intracellular pathways
3. Inducing appropriate cell shapes (flattened or three-

dimensional)

• play an entirely mechanical role, binding 
together cells in specific arrays 

• major signaling system
– direct signaling to cells in the form of chronic or 

persistent signaling
– Indirectly, the components also facilitate signaling by:
1. Stabilizing cells in appropriate configurations of ion 

channels, receptors, antigens, etc.
2. Influencing intracellular pathways
3. Inducing appropriate cell shapes (flattened or three-

dimensional)



Connective tissue Polymer scaffold

Cell-seeded polymer scaffold Engineered tissue



The Roles of Scaffold in Tissue Engineering

• Provide surface for cell adhesion 

• Induce differentiation of cells on scaffold

• Provide space for tissue formation

• Determine 3D structure of engineered tissue

• Provide mechanical support

• Act as a delivery vehicle for cells and bioactive molecules
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• Polylactic acid (PLA)

• Polyglycolic  acid (PGA)

• Poly-e-caprolactone (PCL)

Synthetic biomaterials



Natural biomaterials

• Collagen

• Fibrin

• Hyaluronic acid

• Collagen

• Fibrin

• Hyaluronic acid



Cell adhesion process
– integrin binding
– association with actin cytoskeleton
– integrin clustering
– focal adhesion assembly
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Focal adhesion



Advantages  of  Tissue  Engineering

• Unlimited supply

• No immunosuppression therapy necessary when 

autologous cells are used

• Replacement of complete tissue functions

• Ability to repair and grow

• Durable
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Tissue-engineered Skin

• Skin
– Two layers : dermis, 

epidermis
– Grows very well in ex 

vivo cultivation
– Transplanted dermal 

fibroblasts are 
nonimmunogenic

– Transplantation for 
burns and diabetic 
ulcers
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Strategies of Tissue Engineered Skin

Two
-layered

Ortec International
Organogenesis

(Norvatis)

ATS
(Smith & Nephew)

Uni-layered

Without cells

ATS
(Smith & Nephew)

Integra LifeSci.



Fibroblasts isolated from baby 
foreskin collected from 
circumcison and seeded on 
synthetic polymer scaffold
(Advanced Tissue Sciences)

Skin : The first TE product
(DermagraftTM)

Burn
Ulcer



Fabrication method of Apligraf



Apligraf                         Human skin



AlloDermÒ;
Dry-preserved allogaft 
Cell removed by NaCl 
and SDS, freeze-dried.



INTEGRA® Artificial 
Skin The dermal replacement 
layer is made of a porous 
matrix of fibers of cross-
linked bovine tendon collagen 
and a glycosaminoglycan 
(chondroitin-6-sulfate) that is 
manufactured with a 
controlled porosity and 
defined degradation rate.
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Cartilage injury

www.yorkshirekneeclinic.com

•Articular cartilage has limited self-healing potential. Since articular cartilage
has neither vascular supply nor easy access to stem cells, repair is often
unsuccessful.

•Approximately 10% of total population suffers from cartilage injury.



Current therapies for cartilage repair :
1. Autologous chondrocyte implantation (ACI)

㈜세원셀론텍

Strengths
- Regeneration of hyaline-like cartilage
- Not limited by defect size

Limitations
- Multiple surgery procedures
- Open/More invasive procedure

- Expensive cost due to in vitro cell
expansion step

- Patients’ waiting during the in vitro
cell expansion period

- Longer recovery period
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(Stem) cell 
isolation

Cell culture
Seeding on 
biomaterials

Bone Regeneration: 
Convergence of tissue engineering, 

stem cells, and biomaterials

Scaffold 
(biomaterial)

Implantation

Expanded, 
differentiated cells



Organ Printing Technology

• Nanoscaled spheres are fused 
with cell sheet tissues to form 
vessels or cardiac tissues

• Advantage

- Reduces undesirable cell 
differentiation that can be 
activated by nanoparticles

– Precision controlled robotic 
bio-fabrication of organs and 
vessels
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Designing a 3-D Organ
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Cell sheet engineering

pNAPAAm









Imagination 
is more important 

than
knowledge.
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