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An ideal scaffold must possess the requirements listed below

Biocompa(bility

Structure = biomimicry

Fiber parameters

Mechanical proper(es

Biodegradability

Differen(a(on

Immunomodula(on
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Structure = biomimicry
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Control of Organogenesis: Towards Effec6ve Tissue Engineering

Molecules that typically mediate communication between cell
types during the development of typical organsLECTURE 4 Scaffolds Characteristics 4



Biological tissues are complex

tissue composition and organization leads to 
biological function

Can we design synthetic biomaterials that regenerate functional native-like tissues? 
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Biomimicry of the scaffolds 

1.Characterize normal tissue structure, mechanical function, and cell-
matrix interactions.

2. Engineer scaffolds with well-controlled structure, mechanical function, 
and cell matrix that can be quantitatively compared to normal
tissue characteristics

3. Perform in vivo experiments where tissue regeneration success is
correlated to the engineered scaffold characteristics

“How closely does a biomaterial scaffold have to approximate the normal 8ssue structure, 
mechanical func8on, and cell-matrix interac8on to achieve desired 8ssue reconstruc8on?” 
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• Nature is the best designer for organ development. What 
should we do is just to follow Nature’s design---Mimetic. 

• Repair by tissue engineering In a specific tissue, the Natural 
ECM of this tissue with hierarchical structure and mechanical 
behavior should be ideal scaffold. 

What is the best design? 
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Designing materials to mimic ECM to regenerate tissues

• apply principles and techniques from materials science and engineering to help 
understand biological processes and design systems

• take what we learn from nature to create biomimetic materials that can “jumpstart”   
regeneration
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TISSUES



Tissues as integrated systems in the body 

In addi'on to 'ssue-specific structures, most of 'ssues in the body are irrigated by blood capillaries that deliver oxygen, 
nutrients, and signaling molecules to 'ssue-specific cells. Into the 'ssue the inters''al flow increases the bio-availability
of such molecules to distant cells, which is further regulated by specific interac'ons within the ECM. Tissue fluid and 
metabolic cell waste are collected by veins and lympha'c vessels and return back to the systemic circula'on. The immune 
and nervous systems, also present in most of the body 'ssues, fulfill important roles in maintaining 'ssue homeostasis, 
modula'ng or instruc'ng 'ssue func'ons, notably via systemic feedback loop signaling, and in repairing 'ssue upon
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The dynamics of cell-extracellular matrix interactions, with implications for tissue engineering
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•• composed of many cross-linked proteins and biopolymers

•• provides mechanical support

•• regulates biological functions such as cell adhesion, proliferation, migration, differentiation, etc. 
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Ø In vivo, cells are surrounded by a biological matrix
comprising of tissue-specific combinations of insoluble
proteins and inorganic crystals that are collectively
referred to as the extracellular matrix (ECM).

Ø The varied composition of the ECM components not
only provides the physical architecture and mechanical
strength to the tissue, but also contains a reservoir of
cell-signalling motifs (ligands) and growth factors that
guide cellular anchorage and behaviour.

Ø The spatial distribution and concentration of ECM
ligands, together with the tissue-specific topography and
mechanical properties (in addition to signals from
adjacent cells and from the surrounding fluid), provide
signalling gradients that direct cell migration and cellular
production of ECM constituents.
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EXTRACELLULAR MATRIX (ECM)

• Consists of a 3D array of protein 
fibers and filaments  embedded in 
a hydrated gel of  
glycosaminoglycans

• ECM molecules
• Glycosaminoglycans
• Proteoglycans
• Proteins
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Adhesion proteins
Fibronectin
Laminin

Structural proteins
Collagen
Elastin

LECTURE 4 Scaffolds Characteris6cs 15



LECTURE 4 Scaffolds Characteristics 16



LECTURE 4 Scaffolds Characteris6cs 17

Matrice extracellulare e adesione cellulare 



Cell-extracellular matrix interactions
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Crea%ng the 
proper 
substrate for 
cell survival and 
differen%a%on 
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ØThe relative substrate activates various
mechanotransduction and cellular pathways,
which in turn trigger gene expression.

Ø In vivo micromechanical stimuli are
important environmental cues that enable
cell attachment, migration and
organogenesis.

LECTURE 4 Scaffolds Characteristics 20



LECTURE 4 Scaffolds Characteris6cs 21

Mechanotransduc-on

The mechanotransduction is the process by which cells sense mechanical stimuli of extracellular matrix or 
scaffold and translate them into biochemical signals. 



Mechanosensi6vity and mechanotransduc6on
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Fiber parameters
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Differen4a4on



The surface topography 
significantly affects stem 
cell behaviors such as: 
• Morphology
• Orienta/on
• Differen/a/on
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Mimicking the 
Extracellular Matrix 
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• Recently, much a<en=on has been paid to topographical cues 
as a useful tool for controlling stem cell fate and guiding stem 
cell differen=a=on. 

• The use of topographically guided scaffolds for suppor=ng 
stem cells has a great advantage over the use of chemical 
reagents due to allowing cells to grow and differen=ate in the 
absence of poten=ally harmful inducing reagents. 

• Surface geometries such as smooth/flat, groove/ridge, 
pit/pore, and disordered/ordered structure significantly 
influence cellular morphology, prolifera=on, and differen=a=on 
ability. 

• Understanding influences of topographical cues on stem cell 
behaviors plays an important role in designing suitable scaffolds 
for =ssue regenera=on to expedite expansion and 
differen=a=on of stem cells without changing the plas=city 
nature of stem cells. 
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Effect of fiber alignment on oAEC proliferation. 
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Effect of fiber diameter



Porosity
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is a key parameter for providing nutrients for cells allowing their prolifera,on, penetra,on, and permi@ng waste exchange



Mechanical properties
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Results show the tremendous variation in tissue mechanical properties ranging from stiff linear elastic (bone) to very
compliant nonlinear elastic for smooth muscle, fat, cardiovascular, and skin tissues
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Biodegradability
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