
Cell culture
ACAN-COL2-ZNF-ASC 

on scaffold [3]

Devitalization Reseeding

dECM layer 
on printed 

scaffold

4°C, MeOh, 
24h Cartilage 

construct

DLP printed 
scaffold

Seeding

+ sMSCs/ 
chondrocytesUV-linkable

ink

crosslinking

+ UV

DLP printer

Printing

Digital Light Processing (DLP) printing

Top-Down and Bottom-Up Biofabrication of Biomimetic Cartilage 
Scaffolds for Regenerative Applications

Kristin Schüler1,2, João Carlos Silva1,2, Paola Sanjuan-Alberte1,2, Frederico Castelo Ferreira1,2

1 Department of Bioengineering and Institute for Bioengineering and Biosciences, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisbon, Portugal
2 Associate Laboratory i4HB—Institute for Health and Bioeconomy, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisbon, Portugal

https://sciforum.net/event/IOCFB2026

METHODS 

CONCLUSIONS & 
FUTURE WORK 

REFERENCES
ACKNOWLEDGMENTS 

[1] Xia, Y.; Momot, K. I.; Chen, Z.; Chen, C.T.; Kahn, D.; Badar, F.; Biophysics and Biochemistry of Cartilage by NMR and MRI, 2016, pp. 
1–43. 
[2] Schüler, K.; Sanjuan-Alberte, P.; Silva, J.C.; Ferreira, F.; Engineering Collagen Type II for Cartilage Regeneration: Strategies for 
recombinant, in vitro and in vivo Production and Biomimetic Scaffold Architecture, submitted 2026
[3] Levis, H.; Lewis, C.; Fainor, M.; Lawal, A.; Stockham, E.; Weston, J.; Farhang, N.; Gullbrand, S. E.; Bowles, R. D. Acta Biomaterials, 
2025, 191, 276.
[4] Kabir, W.; Di Bella, C.; Choong, P.F.M.; O'Connell, C.D.; Cartilage. 2021; 13 (2_suppl), 427S-437S. 
[5] Huzum, B.; Puha, B.; Necoara, R.M.; Gheorghevici, S.; Puha, G.; Filip, A.; Sirbu, P.D.; Alexa, O.; Experimental and Therapeutic 
Medicine 2021 Nov;22(5):1315.

Shell: bioactive bioink + cells

Core: supportive ink

LAP 
– Photoinitiator –GelMA 

– Cell affinity –  

PEGDA 
– Stiffness – 

dECM 
– Biomimicry – 

UV

PBS/medium
Gelatin Methacrylate (GelMA)
Poly(Ethylene Glycol) Diacrylate (PEGDA)
Methyl-Cellulose (MC)
Devitalized extracellular matrix (dECM) 
Lithium Phenyl-2,4,6-trimethylbenzoylphosphinate (LAP) 

Crosslinking Reaction

Co-axial extrusion

MC
– Viscosity – 

Material selection

Allevi 2

Anycubic 
Photon D2

AIM: Creation of a cartilage model 

that aims to mimic the native 

hierarchical structure of articular 

cartilage in all three layers, 

especially in regard to the 

orientation and alignment of 

collagen type II fibres in an arch-

like manner
 

Articular cartilage (AC) is a highly specialized, load-bearing tissue whose extracellular matrix (ECM) 
composition and zonal organization are essential for its exceptional biomechanical performance. However, 
due to its avascular and aneural nature, AC possesses very limited intrinsic repair capacity, making functional 
regeneration a longstanding clinical challenge, e.g. for more than 600 million people worldwide suffering 
from Osteoarthitis. Although current biomaterials and scaffold-based strategies can reproduce aspects of 
gross architecture and mechanical properties, they often fail to replicate the anisotropic collagen type II 
organization and biochemical complexity required for durable joint function [1].
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Thorough characterization demonstrated high print fidelity, suitable mechanical properties, and improved 
support for synovial mesenchymal stem/stromal cells (sMSCs) viability and function. Further 
characterization is planned, to confirm the enhanced potential of replicating the complex chondral 
architecture and phenotype (real time-quantitative PCR, immunofluorescence staining and histological
analysis).
By integrating top-down (DLP) and bottom-up (coaxial extrusion printing) fabrication with engineered 
dECM, this approach advances the development of biomimetic scaffolds that more closely recapitulate 
the hierarchical organization of native AC, offering a promising translational pathway for functional 
cartilage regeneration.
Future work also includes the integration in microfluidic systems, to better recapitulate the dynamic 
environment found in vivo. 
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Fig.1 Hierarchical structure of cartilage with characteristic arch-like arrangement of 
collagen type II fibers [2, unpublished]
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