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A. Abstract / Executive Summary 
Deliverable 30.3 is related to the realization of workstations for multiphoton polymerization 
that enable the generation of appropriate micro- nano-structures and 3D scaffolds to be used 
in a variety of applications in basic cell biology studies, tissue engineering and regenerative 
medicine. Such microstructures can act as cell culture platforms enabling the study of real 
time live cell responses under different environment (e.g. topography & chemistry) or 
allowing the culturing or co-culturing of cells in an environment similar to in vivo conditions. 
Biomimetic 3D scaffolds can be created using Direct Laser Writing with different types of 
materials both conventional and self-assembling, organic-inorganic hybrid and/ or 
biodegradable photopolymers. These scaffolds can be used in a number of applications 
ranging from bone and hard tissue regeneration to amyloid plaques associated to 
neurodegenerative diseases. 

 

B. Deliverable Report 

1 Introduction 
Within the Objective Nanobiophotonics FORTH has been working in close collaboration with 
VULRC and ILC towards the development of standalone workstations for multiphoton 
polymerization. VULRC has been working on developing a workstation for MP polymerization 
and methodologies to produce regular matrices of biological molecules. ILC built a prototype 
of the photopolymerization / micromachining workstation. At the same time, FORTH could 
generate laser-fabricated three-dimensional conical microstructures and biomimetic 3D 
scaffolds for tissue engineering and regenerative medicine applications. The work related to 
the completion of the Deliverable is described in detail in the following sections, while all 
relevant publications are listed at the References section. 

 

2 Objectives 
Objective 1: Nanobiophotonics 
The objective is focused on the realization of workstations and techniques that will enable the 
manipulation and the analysis of biological samples at the level of a single molecule or cell, 
using pulsed laser sources. Within this framework FORTH has been involved in the 
development of technologies for multi-photon (MP) polymerization that enabled the 
generation of laser-fabricated three-dimensional conical microstructures and biomimetic 3D 
scaffolds for tissue engineering and regenerative medicine applications. 

 

3 Work performed / results / description  
FORTH has been developing and studying biomimetic 3D scaffolds for cell studies, tissue 
engineering and regenerative medicine applications. To this end, FORTH has been 
researching the fabrication by Direct Laser Writing of conventional and self-assembling 
scaffolds, particularly for bone regeneration (Figure 1 a and b, respectively), using pure 
proteins (such as BSA and Avidin), organic-inorganic hybrid and/ or biodegradable 
photopolymers. It has been shown that the scaffold topography and porosity can greatly 
influence the cell survival, proliferation, and differentiation. Such approaches are also based 
on the surface functionalization of peptide fibrils onto 3D polymeric scaffolds for hard tissue 
regeneration. For example amyloid fibrils with specific morphological and structural 
properties (self-assembled nanostructures, controllable sequence), associated with a large 
group of neurodegenerative diseases. The biomineralization of such amyloid peptides 
produce three-dimensional organic-inorganic hybrid material scaffolds presenting 
interweaving bundles of crystallites similar to the morphology of dental enamel. 
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Figure 1: a) A conventional ring scaffold with human bone marrow mesenchymal stem cells 
and b) a self-assembling scaffold. 

 

4 Conclusions 
Laser-fabricated scaffolds exhibiting different geometrical characteristics were used as cell 
culture substrates. It was shown that topography could influence the adhesion, morphology 
and differentiation of cultured cells. These results define a useful experimental approach to 
influencing cell responses by proper selection of surface micro-texture. The patterned 
substrates presented here could potentially be used as model scaffolds for the systematic 
exploration of the role of 3D micro-topography on cell differentiation and neural network 
outgrowth. 
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