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Natural 3D environment: 3

decellularization of tissues

« Decellularized tissues and organs can potentially mimic native physiology and can serve as
scaffolds for cell laden transplants

&

 Critical points for effective decellularization:
* No cells left in the scaffold
« Tissue architecture is preserved
« ECM proteins are unaffected

Organ,
tissue, or
cell culture
‘ Decellularization
Extracellular
matrix \
Direct use in
regenerative
Additional engineering

processing applications
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ECM mimicry with hydrogels
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Examples of natural polymers

&

Material Origin Bioactive  Biodegradable Common 3D structures Common TE
applications
ECM proteins
Collagen Tissue Yes Yes Scaffolds, coatings, hydrogels Varied
Fibronectin Tissue Yes Yes Patterning, surface coatings Bone
Fibrin Tissue Yes Yes Scaffolds, gels, glues Cardiovascular,
neuronal
Laminin Tissue Yes Yes Scaffolds, gels (as a conjugate) Meuronal
Elastin Tissue Yes Yes Scaffolds, conjugates Vascular, skin
Other proteins
Gelatin Collagen/ECM Yes Yes Scaffolds, hydrogels Bone, cartilage
Silk fibroin (SF) Silk Mo Yes Fibers, scaffolds Cartilage, bone
ECM glycosaminoglycans ({GAGs)
Hyaluronic acid (HA) ECM Yes Yes Hydrogels, scaffolds (conjugates) Cartilage, bone
Chondroitin sulfate {CS) ECM Yes Yes Scaffolds, hydrogels Cartilage
Agprecan ECM Yes Yes Hydrogels (conjugates) Cartilage
Other polysaccharides
Chitosan Crustaceans Mo Yes Scaffolds, hydrogels, sponges Varied
Starch Plants Mo Yes Scaffolds (conjugated) Bone
Alginate Algae Mo Mo Hydrogels Varied
Agarose Algae Mo Mo Hydrogels Cartilage
Carrageenan Algae Mo Yes Hydrogels Cartilage, bone
Gellan gum (GG) Bacteria Mo Mo Hydrogels Cartilage, bone, skin

DOI: 10.1002/adma.202105645




Hydrogel systems for various applications
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Cell encapsulation in 3D/hydrogel
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What can affect these processes?

 availability of binding sites and mechanical properties
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Animal testing in Articular Cartilage Tissue Engineering (AC TE)

&

[ Animal models used for CTE |

: Factors to consider:
* size, weight and age
* joint size

Advantages: Limitations: Advantages: Limitations:
* Proper for early stages of in * Do not simulate the * Proper for early stages of in « Expensive to purchase and perform . I h - k
5 . 2 e . Y
vivo assessments. high mechanical vivo assessments. the experiments. Cartl age t IC neSS
* Cost-effective in terms of loadings existing in * Cost-effective in terms of * Requires a skilled group of personnel . .
purchasing and housing. the human joint. purchasing and housing. with specialized facilities. o d efect Iocatlon an d Slze

* load distribution
* appropriate controls

. - c! J m ” « cost and lastly convenience of the

Goats: Hocsos: Pigs: operation and animal handling

Mice and rats: Rabbits:

very small joint size Small but still operatable joint size Large joint size Big joint with similar anatomy to Similar joint to the human joints

Thickness of cartilage = few millimeters  Thickness of cartilage = 0.3-0.44 mm Thickness of cartilage = 1.1 mm the human joint Thickness of cartilage = 1.5-2 mm
Thickness of cartilage = 1.75 mm Weight up to 250 kg

Very large weight of 400-600 kg

No considerable benefits of
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Mimicry of physiological aspects in vitro:
Hydrogels and bioreactors
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Mimicry of physiological aspects in vitro
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Effect of cell density and biomaterial concentration £
on ECM deposition v
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Conclusion

7
o

&

* Employment of hydrogels and bioreactors for in vitro modelling of
cartilage maturation

« Development of appropriate rehabilitation therapies after surgeries
(microfracture)

 Testing platform for drugs and compounds

* More effective use of animal studies (3R, greater probability of success;
Reduction)

e Limitations:

* FBS employment: animal-derived, variation, differential effect on
differentiation

* Fibrin: expensive and complicated handling
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TEMPO-oxidized cellulose hydrogels for MSC culture

&
e Cellulose

» Highly abundant and inexpensive

e Suitable for in vitro culture of various cell

types
« TEMPO-oxidation
« Formation of cellulose nanofibers (CNFs)

Preparation of TEMPO-oxidized CNFs

s ON
A TEMPO/NaCIO/NaCi, on _g‘_’lg
Y ‘a8
&% . ' — S
5
o
Wood Wood pulp ! \0" / CNF dispersion
oM
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CNFs supports viability of hMSCs

&

Preparation of CNF hydrogels with encapsulated MSCs
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CNFs support spread morphology of h(MSCs

&

Preparation of CNF hydrogels with encapsulated MSCs
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CNFs allow migration of hMSCs
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Challenges:
Engineering lifelike tissue

Mechanical properties of living tissues:

Stiff + Stiffness: Pascal to Gigapascal range
»  Stress relaxation
+  Stress stiffening

1GPa

Alginate

1 MPa

1kPa |

Agarose

1

Pa
o S CARBESI T O *%"@,o%»

O
B &f o

f

15kPa 21kPa 160 kPa
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Engineering lifelike tissues: Ligand availability

Limb bud Mesenchymal

a Time in development

Adhesive
interaction

Early development

Chondrogenesis
condensation Perichondrium formation

Mid-stage development

Hypertrophic differentiation
Growth plate formation

Late development

Vascular invasion
Periosteum formation
Osteoprogenitor cell

b -00

Hyalurenic acid
o]

e sy sy

(1-x-y)

@ RGD peptide, GCGYGRGDSSPG
@ HAVDI peptide, HAVDIGGGC'

() Scrambled HAVDI, 'AGVGDHIGC'
" Hyaluronic acid backbone

" Kinetic chain (via methacrylates)
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