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Engineering
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Why?

Capillary Interstitial space | Alveolar
spac
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Because we can no longer 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.

SCAFFOLDS
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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 occurs as much as possible with
the : This means that while cells are fabricating their
own ECINV 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

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

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

v' 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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Scaffold

Characteristics of scaffolds:

3) Mechanical properties
v Able to maintain the
structure and function

immediately after
implantation and during
remodelling of the
implants.
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Stress }

Strain Hardening Necking

Strength: Measures how much
stress the material can handle
before permanent deformation

or fracture N
Resilience

Yield Strength: The Stress at
which material begins to deform
plastically (=non-linear)

Ultimate strength: Maximum Run
stress before failure occurs. 1
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E = elastic modulus,

material to elastic deformation.

= Toughness: How well the
material can resist fracturing
when force is applied. Requires
strength and ductility.
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Resilience: Ability of the material to spring back
into shape; elasticity

Ductility: Ability of a material to undergo
permanent deformation through elongation
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Scaffold

Characteristics of scaffolds:

4) Scaffolds architecture
v' 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.

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

v Biomimetics is defined as the application of methods and systems, found in

nature, to technology and engineering.
v" Mimicking the naturally occurring ECM, and how this is a promising approach

to effectively tailor cell response and to successfully engineer replacement

tissues. BIO - MIMETIC

LIFE-LIKE
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Restoration of lost body parts using scaffolds. Scaffolds are used to:

m
Cells attach and migrate into / Facilitate growth

scaffold which supports cell
growth, proliferation and
matrix deposition

Guide regeneration
Growth and differentiation of cells in process of forming functional tissue
Provide both physical and chemical signals

Biomaterials

Natural scaffolds W<
made by extracellular matrixes (ECMs) &

Ceramics, Synthetic Polymers, factor delivery

Signal

Artificial biomimetic scaffolds

Autologous, Allogeneic, Cell Lines,

Primary Cells, Progenitor Cells
| Wechanica Stmutss

Induce cell differentiation and
tissue formation
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Natural Scaffolds Composed of ECM

Tissue

» The materials of scaffolds source decellularizatio> ECM
composed of ECM are
commonly used for the repair " Allogeneic
and functional reconstruction i
of damaged and lost tissues. (+) Easily accessile

(-) Non-specific

Solid ECM Scaffold
(+) Topographical guide for axons
(-) Heterogenic structure

(-) Implantable

Cadaveric/surgical waste (adult) |

-

> These bio-scaffolds are :; :;:;::f“ ECM Hydrogel
obtained after cell removal from ) Batoh-to-batch variabity e
the tissue sources conserving . o ey
. ¥ Gl Ry -) Rapid degradation
the structural and functional il . :
. +) Easily accessible s AL
molecular units of the D X ECM Composite
. . -) Potential immunogenicity s 2 (% \;,"'f‘\""'*?i'
remaining ECM. Adu,fetal degradation, and mecnanics |G
: ;Z:;:\nee, etc. ﬂ \(+) 3D porous structure ; ,,: ,
5 =/ AR
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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),
acid, base, alcohol, and osmotic solutions.

B) Enzymatic Decellularization

Enzymes used in decellularization of organs are the
ones that cleave specific components of the cells. The
list includes nucleases, trypsin, collagenase, lipase,
dispase, thermolysin, and a-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.

Freeze S:.:‘:ﬁc Enzyme g:i:eor

Freeze Enzyme Alcohol Acid or Base Detergent

Freeze M'echar_mical Alcohol Enzyme Osmotic solns Alcohol
Disruption

Freeze Osmotic solns Detergent Enzyme Osmotic solns

Freeze Osmotic solns Detergent Osmotic solns Detergent




Natural Decellularized Scaffolds

a(i) (ii)

Forlimb of a rat

b (i)

c (i)

d (i) (i)

https://www.youtube.com/watch?v=p143bISuEJk

https://abdominalkey.com/decellularization/ TRENDS in Molecule Medicine



Decellularization of the Amniotic Membrane

Table 1. Decellularization protocols for the bovine amniotic membranes (BAM).

No. Protocols

SDS 0.1% for4 h
NaOHO0.1Mfor1lh
I PAA + ascorbic acid 0.1 for 12 h
Ethanol 70% for 1 h
PBS for 2 h

SDS 0.1% for4 h
NaOHO0.1Mfor1h
PAA 0.15% + EtOH for 12 h
II NaOHO0.1Mfor1h
PAA for1h
Ethanol 70% for 1 h
PBSfor2h

Tween 80 for 4 h
NaOH 0.1 M for 1 h,
I11 PAA + ascorbic acid 0.1 for 12 h
Ethanol 70% for 1 h 0 -
PBSfor2h

Tween 80 for 4 h
NaOHO0.1Mfor1h
PAA 0.15% + EtOH for 12 h
|AY NaOH 0.1 Mfor1h
PAA for1lh
Ethanol 70% for 1 h
PBSfor2h

120 -

109528

90 -

60 -

30 -

DNA Content (ng/pL)

0.77£0.04 031+0.06

I

Protocols

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

LECTURE 3 Scaffolds Fabrication Techniques 13



Cell viability (%)

Villamil Ballesteros et al., Polymers 2020, 12, 590; doi:10.3390/polym12030590
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Bio-scaffolds from a decellularized tendon

Adult ovine
tendons

Propidium iodide+DAPI

200x

Decellularization using SDS-EDTA-Peracetic Acid
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Fabrication Techniques of Scaffolds

| 3D bioprinting |

Electrospinning |

Fused deposition modeling

Selective laser sintering

Stereolithography

Freeze-drying
Gas foaming

Melt molding

Solvent casting and
particulate leaching

Thermally-Induced Phase
Separation

\/

Scaffold fébrication

techniques

Scaffolds Fabrication Techniques

I Conventional Techniques I

I Advanced Techniques I

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

Fabrication Method Advantages Disadvantages Materials
i . 4 e Control over porosity, e Limited mechanical
So \fent casting ?n pore size, and properties, residual
et partlcullatt.e leachlng-. . crystallinity. solvents, and porogen Different classes of
o zﬁ-ner S;)du llon poutrlf L [ nghly pOI'OUS material. synthetic polymers
emolealong WIA an materials with e Longer processing time.  (e.g.,, PLLA, PLGA,
aPPr(;Frllgt? P‘l))rogenc'l };Igrius interconnected pores. e This technique is or PEG) and natural
B er e Simple and mainly applied to polymers
pressure and a.fter CYaporation reproducible technique. produce thin
of organic solvents siciibEaras
Pour into
Homogeneous il 1d & OOO .
e mixing R Micropore
Vsl Final Scaffold P — O OOO .
o —— Solvent formation
® £ - 3 evaporation
o ® I o atR.T. Disk-like silicon mould
L 2 PN R —— Solvent, PLGA, NaCl (inner diameter: 7 mm)
Porogen * & J
'g—"/ - Salt leaching
Scaffold Material Porogen is leached in deionised
Disk-like :wr_“T 5 6 water for48 h
polymeric e v Macropore
scaffolds i ) .
(diameter: 7 mm) zr:i:‘gree formation
Reddy et al., 2021, polymers, 13, 1105
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Semi-solidified

F- e

Solvent

olymer/salt complex e see]
Sieved salt LAEANNY, g Y. — ; CO‘;"‘ Ve sede '.'-{
particles e dl FEREEY L d AT 335005 4 | mmp Freezedry mmmp %%%°<e
Syt Sy Polymer scaffold
Teflon mold : K
Mix Micropore *NH, Macropore
f i - formation
Polymer gel paste ormation Gas foaming by hot water
Acidic aqueous solution
Fabrication Method Advantages Disadvantages Materials
Gas foaming: Free of harsh organic
Polymer gel paste along with sobists
51.eved effewe§cent salt Control over porosity e Limited mechanical
particles poured into a mold and pore size. properties, inadequate
and 1mm§rsed into hot water. Mikirin logs ot pore interconnectivity. PLA, PLLA, or
For. mation of the i bioactive molecules. o Longer processing time. PLGA
matrix .after the evolutl.on.of Niinoad Seiho
ammonia and carbpn dioxide leaching process.
gas from salt particles of the High porosity > 90%.

solidifying polymer matrix

LECTURE 3

Scaffolds Fabrication Techniques

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

Fabrication Method Advantages Disadvantages Materials
—. ¢ The requirement of
Melt molding: - high temperature for
Both polymers and a suitable the non-amorphous
porogen are melted together, Independent control polymer.
then by cooling the polymer over porosity, pore size, e Requires a residual PLA, PGA,
n@xtum the.scaffold 2 pore interconnectivity, porogen. PLGA-gelatin, PA
obtamed: In' this p.rocess, the and geometry. o Longer processing time.
porosity s attained by ¢ Limited mechanical
dissolving the porogen in properties.
water e Expensive technique.
Porogen particles Polymer powder
82 09 Pressure Solvent «
%% - S
@ .-I Ty

Mold filling

LECTURE 3

Gymp el wp G mp
Melt molding "W™ Cooling
Heat

Porous scaffold
Drying

Porogen leaching

Reddy et al., 2021, polymers, 13, 1105
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Freeze-Drying

Fabrication Method Advantages Disadvantages Materials
Freeze-drying; o High temperature and a
A polymer solution is poured segarate llz,aching step % MomsEiErlivey Naltillireallp (i)li}:trelers
into a suitable mold and not required. small and porosity is 5 l t"
solvents are removed usinga ~,  1y; o — often irregular. c?\%tfszsrfl fti aalrr:’d
lyophiliser. This technique is - ¢ Long processing time, i
S e materials, with random o Expensive technique. PGA, PLLA, PLGA,
: y : or oriented pores. PLGA /PPF blends
sublimation process
Sublimated Solvent/ o
o T T Freeze o
Drying .
7

Final Scaffold

Solvent

Polymer Solution

LECTURE 3 Scaffolds Fabrication Techniques

Water
A
<%
4
-
w
w
Q
a | Solid
Ptl ..........................
7
&

T, Temperature T

Reddy et al., 2021, polymers, 13, 1105
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* This process involves dissolving of a
polymer in a solvent at a high
temperature followed by a liquid— ot > &

N PR : ey (a)
liquid or solid—liquid phase separation =
induced by lowering the solution corane. | R
temperature RN =~
e Capable of wide range of geometry S3iilEA \
and dimensions include pits, islands,
fibers, and irregular pore structures. Polymer
Solution Preparation Phase Separation Solvent Removal

a) powder, b) scaffolds with continuous network, c) foam with closed
pores.
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Materials

Fabrication Method Advantages Disadvantages
Electrospinning:
The electrospinning process T o
draws a continuqus narrow properties, pore size Synthetic polymers
stream of material from a Hctoarasar bt ber (PEO, PLGA, PLLA,
reservoir of polymer meltor ~ ® Control over porosity, R PCL, PVA) and
solution to a collecting plate, pore size, and fiber & Nt appli.cabl b il natural polymers
where the material diameter. polymers. (collagen, silk
accumulates, producing the o High surface area. e Not sufficient for cell fibroin, elastin,
fibrous mat. This is e Cheap and simple. seeding fibrinogen,
accomplished by inducing & Mot uff.i LR chitosan) and their
infiltration. GEmpeies

charge buildup on the surface
of the solution through the
application of strong voltages

Collection Target

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.

LECTURE 3

Electric Field

\

Polymer Solution

Jet Initiation

o A schematic of the
electrospinning process to
illustrate the basic

phenomena and process

High Voltage , components
Power Supply Rotation
Y =
L N—
22
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LECTURE 3

A high voltage power supply
(normally working in a range between
10 and 30kV);

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;

A conductive dispensing needle as

polymer source connected to the high
voltage power supply;

4. A conductive substrate, normally
grounded, which serves as a
collector for the electrospun fibers.

Polymer solution

" A
Power
Spinning m
IR-Lamp .
=

Ventilation -HV—External

Applied Voltage
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Spintronic
www.ehuber.de
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Rotator drum

collector

Taylor Cone Formation

etween needle
and collector

Distance

[ ] [ ]
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Electrospinning

Collector

Syringe Syringe
Pump | -

sl
—'

—'|

https://www.youtube.com/watch?v=2Z9iExn5Vtl
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Modified Electrospinning Setups — Aligned fibers

Voltage Applied:
10-30kV

w~ N, L
i :
10-20cm l
N

Standard Rotating
Collector Drum

Russo et al. 2020, molecules
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Fabrication Method

Advantages

Disadvantages

Materials

Fused deposition modeling

e 3D models of

e DPore anisotropy and the
geometry of pore

n connectivity are Biodeeradable
: tom-mad lant i e &
FDM uses l;?;\}/’[:r-by-layer ot il substantially limited due  materials used for
depoton g patent b e
which molten polymers or ¢ FDM processes can o Bl st PGk
S = achieve porsiilaea tos nthe);ilz therymo lastic !
through a nozzle with a ranging from 160 to ol ymers therdh P pollycarborllate,
small orifice and merge with 700 microns, with Iealin}llina o manyna . po YCII’TOPY <5
the material on the previous porosities ranging from ; g Y o
1 48% to 77% biomaterials and polyesters
B : thermoset synthetic
polymers.
Support Extrusion nozzle
Part
Support

material ‘ %
spool l

Build
material

spool

Build platform

Scaffolds Fabrication Techniques

Glass or Metal
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Stereolithography (SLA)

Fabrication Method Advantages Disadvantages Materials

e Creates 3D scaffolds for

Stereolithography (SLA): tissue engineering with
In SLA, an object is created complex geometries. e The time required for
by selectively curing a e Pores of multiple sizes, fabrication increases PPE PEO. PEG
polymer resin layer-by-layer which can ensure a cubically as resolution 4 .
using an ultraviolet (UV) selective transport of increases.
laser beam cells versus smaller
molecules.
Laser

Scanner

Laser beam

Scaffolds Fabrication Techniques
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Selective laser sintering (SLS)

Fabrication Method Advantages Disadvantages Materials
e Highly capable of e Incapability to use
roducing objects with olymers in the hydrogel
" N B 8 | 4 HARCE
Selective laser sintering: = IR — Corn Nondegradable
Th'is metho.d selectively shapes containing e Impossibility to or degradable
S la}{ers et . channels, overhanging encapsulate cells in blopelymersi(e g,
polymer-based rmxture§ m features, and gradient scaffolds. PE, PCL, PLLA,
the powder form, creating R e Limitation in forming PLGA, etc.), and
solid 3D composite objects T gcaffolds with sharp corners and clear ~ COMPposites can be
wRmacnosantimisoseale controlled porosity and boundaries, making it processediinio
features customized architecture. impossible to create small scaffolds for TE
details.

Liquid Adbesive
Supply
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Fabrication Method Advantages Disadvantages Materials
e The addition of a
3D printing;: chemical binder.
Itisa Prf)CQSSfOf 5 e Able to create almost feﬁzsl:tr;iag;? difzfi?rts o
recor}structlon o any shape or geometric
physical model by the feature, allows defined solyent suchasyaenion PEO, PCL,
successive addition of o drying are not completely and PLGA

material layers resulting in a
3D solid object based on
CAD model design

internal architectures
for implants.

effective; therefore, the
issue of cytotoxicity in 3D
printing (3DP)-fabricated
scaffolds remains.

Bioink

=
Plotting Scaffold /

Temperature Controlled
Cartridge

Extrusion
Nozzle

Bath

Scaffolds Fabrication Techniques
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3D bioprinting

Fabrication Method Advantages Disadvantages Materials
3D bioprinting;:
It is the 3D printing process
of generating layer-by-layer Common
3D t}ssue.-hke structures Biomimicry. 7 ——y
using viable cells, an Aut e The development of .
encapsulation biomaterial g biomaterials for 3D e ucematital
s i bioprinting is still inits ~ and/or synthetic
_ane plowihtan Small tissue building p & polymers and
differentiation factors to early stages. :
. ) blocks. decellularized
create a bio-printed ECM

pre-tissue that is further
transferred to an incubator
where it matures into a tissue

Scaffolds Fabrication Techniques
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