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Why?

In-vitro In-vivo

Because we can no longer to view a cell as self contained unit existing in a 

passive structural network.  Thus, to properly study the cell interactions it must 

be in a 3D environment. 

Image sourse: www.millipore.com/images
farm1.static.flickr.com

SCAFFOLDS
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Liu et al., APL Bioeng. 4, 030901 (2020); doi: 10.1063/5.0012309 
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Scaffold

To achieve the goal of tissue reconstruction, scaffolds must meet some specific 
requirements.

▪ A high porosity and an adequate pore size are necessary to facilitate cell seeding 
and diffusion throughout the whole structure of both cells and nutrients.

▪ Biodegradability is often an essential factor since scaffolds should preferably be 
absorbed by the surrounding tissues without the necessity of a surgical removal.

▪ The rate at which degradation occurs has to coincide as much as possible with 
the rate of neo-tissue formation: This means that while cells are fabricating their 
own ECM around themselves, the scaffold is able to provide structural integrity 
within the body and eventually it will break down leaving the neotissue, newly 
formed tissue which will take over the mechanical load.
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Scaffold

Characteristics of scaffolds:

1) Biocompatibility

✓ Cells must adhere, function normally, and migrate onto the surface and 
eventually through the scaffold and begin to proliferate before laying down 
new matrix.

✓ After implantation, the scaffold or tissue engineered construct must elicit a 
negligible immune reaction in order to prevent it causing such a severe 
inflammatory response that it might reduce healing or cause rejection by 
the body.
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Scaffold

Characteristics of scaffolds:

2) Biodegradability

✓ Scaffolds are not intended as permanent implants. The scaffold must 
therefore be biodegradable so as to allow cells to produce their own ECM.

✓ The by-products of this degradation should be also non-toxic and able to 
exit the body without interference with other organs.
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Characteristics of scaffolds:

3) Mechanical properties
✓ Able to maintain the structure and function immediately after implantation 

and during remodelling of the implants.

Scaffold
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Characteristics of scaffolds:

4) Scaffolds architecture
✓ Have an interconnected pore structure and high porosity to ensure cellular 

penetration and adequate diffusion of nutrients to cells within the 
constructs and to the ECM formed by these cells.

✓ The scaffold should mimic the ECM of the tissue to be regenerated or 
replaced. Df

✓ Biomimetics is defined as the application of methods and systems, found in 
nature, to technology and engineering.

✓ Mimicking the naturally occurring ECM, and how this is a promising approach 
to effectively tailor cell response and to successfully engineer replacement 
tissues. 

Scaffold

BIO - MIMETIC
LIFE-LIKE COPY



Restoration of lost body parts using scaffolds.
Scaffolds are used to:
- Guide regeneration
- Growth and differentiation of cells in process of forming functional tissue
- Provide both physical and chemical signals

Tissue engineering

Natural scaffolds 
made by extracellular matrixes (ECMs) 

Artificial biomimetic scaffolds
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Natural Scaffolds Composed of ECM

➢ The materials of scaffolds 
composed of ECM are 
commonly used for the repair 
and functional reconstruction  
of damaged and lost tissues.

➢ These bio-scaffolds are 
obtained after cell removal from 
the tissue sources conserving 
the structural and functional 
molecular units of the 
remaining ECM.
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Strategies for decellularization and their problems

A) Chemical Decellularization
Break down the cells and the DNA component of the 
cell. The most widely used chemicals are detergents 
such as Triton X-100 and sodium dodecyl sulfate (SDS). 

B) Enzymatic Decellularization
Enzymes used in decellularization of organs are the 
ones that cleave specific components of the cells. The 
list includes nucleases, tripsin, collagenase, lipase, 
dispase, thermolysin, and α-galactosidase

C) Physical Decellularization
Physical agents typically used in decellularization are 
temperature, pressure, sonication. 

D) Combinations
Chemical, physical, and enzymatic agents can be used in 
combination to achieve complete decellularization of 
particular tissue and organ. 
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Natural Decellularized Scaffolds

https://abdominalkey.com/decellularization/

Forlimb of a rat
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Villamil Ballesteros et al., Polymers 2020, 12, 590; doi:10.3390/polym12030590

<50 ng/mg  is considered decellularized.
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Villamil Ballesteros et al., Polymers 2020, 12, 590; doi:10.3390/polym12030590



Adult ovine 

tendons

Bio-scaffolds from a decellularized tendon

200x

Propidium iodide+DAPIHematoxylin+Eosin

Decellularization using SDS-EDTA-Peracetic Acid
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Secondo voi, quale il principale svantaggio dei materiali biologici?

a. sono prelevati da tessuti umani o animali e, quindi, non sono sempre 
disponibili in grandi quantità. 
b. possono essere portatori di agenti patogeni 
c. differiscono notevolmente tra loro, dipende dall’organismo da cui sono 
prelevati
d. dispongono di una versatilità limitata nella costruzione di scaffold con 
proprietà specifiche (ad es. in termini di resistenza meccanica). 
e. tutte le precedenti



Fabrication Techniques of Scaffolds
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Reddy et al., 2021, polymers, 13, 1105

Conventional Techniques

Advanced Techniques

Thermally-Induced Phase 

Separation
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Reddy et al., 2021, polymers, 13, 1105

Solvent Casting and Particulate Leaching
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Reddy et al., 2021, polymers, 13, 1105

Melt Molding



Lecture 5 Fabrication of Scaffolds 20

Reddy et al., 2021, polymers, 13, 1105

Gas Foaming

Acidic aqueous solution
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Reddy et al., 2021, polymers, 13, 1105

Freeze-Drying
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A schematic of the 

electrospinning process to 

illustrate the basic 

phenomena and process 

components

This process involves the ejection of 
a charged polymer fluid onto an 

oppositely charged surface.

multiple polymers can be combined

control over fiber diameter and  
scaffold architecture.

Electrospinning



1. A high voltage power supply 

(normally working in a range between 

10 and 30kV);

2. A polymer reservoir that can 

maintain a constant flow rate of 

solution, commonly a syringe 

connected to either a mechanical or a 

pneumatic syringe pump;

3. A conductive dispensing needle as 

polymer source connected to the high 

voltage power supply;

4. 4.    A conductive substrate, normally 

grounded, which serves as a 

collector for the electrospun fibers.

-- ml/h

kV

Power

Spinning

IR-Lamp

Ventilation
HV-Main
HV-External Spintronic

www.ehuber.de

d

R.H. -- %
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Start
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and collector

Rotator drum 
collector
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Electrospinning



https://www.youtube.com/watch?v=ZZ9iExn5VtI
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Electrospinning



Liu et al., APL Bioeng. 4, 030901 (2020); doi: 10.1063/5.0012309 
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Modified Electrospinning Setups – Aligned fibers

Standard 

Collector

Rotating 

Drum

Russo et al. 2020, molecules
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Liu et al., APL Bioeng. 4, 030901 (2020); doi: 10.1063/5.0012309 
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Liu et al., APL Bioeng. 4, 030901 (2020); doi: 10.1063/5.0012309 
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Liu et al., APL Bioeng. 4, 030901 (2020); doi: 10.1063/5.0012309 
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IMPLANT: 
Electrospun polyurethane fibers on stent 

surface; thin and highly elastic 
membrane
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WOUND DRESSIN:
Dextran nanofibers; fibrin sealant designed specifically for bone 

bleeding;
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Pavan Kalyan et al., AAPS PharmSciTech (2022) 23: 92. DOI: 10.1208/s12249-022-02242-8 
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Fused deposition modelling (FDM)

Active Pharmaceutical Ingredient
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Stereolithography (SLA)

(Laser UV)
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Selective laser sintering (SLS)
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3D printing
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3D bioprinting

https://www.youtube.com/watch?v=6GzzlHxErSs
https://www.youtube.com/watch?v=gXaagHdaVhE
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https://www.youtube.com/watch?v=oM_89lkRMh0
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Edmundo Antezana, Pharmaceutics 2022, 14, 464 
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Do et al., Adv. Healthcare Mater. 2015, 4, 1742–1762 
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Tajeddine et al., Micromachines 2021, 12, 1443

Organ-On-Chip


	Slide 1
	Slide 2: Why?
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Modified Electrospinning Setups – Aligned fibers
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53

