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Natural 3D environment:
decellularization of tissues

4DOI: 10.1002/adhm.202000734 ; 10.1002/adhm.201801217 

• 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
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ECM mimicry with hydrogels
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MSCsHYALURONATE

HydrogelExtracellular Matrix



Examples of natural polymers

6DOI: 10.1002/adma.202105645



What can affect these processes?

• availability of binding sites and mechanical properties

EXPANSION

Hydrogel systems for various applications
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Cell encapsulation in 3D/hydrogel

DIFFERENTIATION EV SECRETION



Animal testing in Articular Cartilage Tissue Engineering (AC TE)

8DOI: 10.1002/adhm.202100878

No considerable benefits of 

MSC-seeded constructs 

compared to cell-free 

counterparts in vivo
• Biomaterial

• Cell density

• Maturation

• Mechanical loading

Factors to consider:
• size, weight and age 

• joint size

• cartilage thickness 

• defect location and size 

• load distribution 

• appropriate controls 

• cost and lastly convenience of the 

operation and animal handling



Mimicry of physiological aspects in vitro:
Hydrogels and bioreactors
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• Physioxia
• 5% O2

• 3D environment
• Fibrin hydrogels

• Mechanical stimulation
• Hydrostatic pressure



Mimicry of physiological aspects in vitro

10DOI: 10.1016/j.jbiomech.2023.111590

http://dx.doi.org/10.1016/j.jbiomech.2023.111590


Effect of cell density and biomaterial concentration
on ECM deposition

11DOI: 10.1016/j.jbiomech.2023.111590

http://dx.doi.org/10.1016/j.jbiomech.2023.111590


No effect of HP during chondrogenesis; 
subtle benefits after priming

12DOI: 10.1016/j.jbiomech.2023.111590
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Conclusion
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• 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)

• Limitations:
• FBS employment: animal-derived, variation, differential effect on 

differentiation

• Fibrin: expensive and complicated handling



TEMPO-oxidized cellulose hydrogels for MSC culture
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• Cellulose
• Highly abundant and inexpensive

• Suitable for in vitro culture of various cell 
types

• TEMPO-oxidation
• Formation of cellulose nanofibers (CNFs)

DOI: 10.1021/acsabm.2c00854

http://dx.doi.org/10.1021/acsabm.2c00854


CNFs supports viability of hMSCs

15DOI: 10.1021/acsabm.2c00854

http://dx.doi.org/10.1021/acsabm.2c00854


CNFs support spread morphology of hMSCs

16DOI: 10.1021/acsabm.2c00854

http://dx.doi.org/10.1021/acsabm.2c00854


CNFs allow migration of hMSCs

17DOI: 10.1021/acsabm.2c00854

http://dx.doi.org/10.1021/acsabm.2c00854


Challenges:
Engineering lifelike tissue

18DOI: 10.1038/s41578-019-0169-1; 

Mechanical properties of living tissues:

• Stiffness: Pascal to Gigapascal range

• Stress relaxation

• Stress stiffening
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Engineering lifelike tissues: Ligand availability

19DOI: 10.1038/nmat4725 

https://doi.org/10.1038/nmat4725
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