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3D Bioprinted prostate cancer models: Evaluating the effect of stiffness on cellular function
Widad AL RAWAHI!, Marco DOMINGOS?, Peter GARDNER!
"Department of Chemical Engineering & Analytical Science, Manchester Institute of Biotechnology, The
University of Manchester, Manchester, United Kingdom
2Department of Mechanical, Aerospace & Civil Engineering, The University of Manchester, Manchester, United
Kingdom

INTRODUCTION:Prostate cancer is the most common type of cancer among men aged above 65 with a high
death rate. One of the reasons behind it is the limited knowledge of cellular mechanisms that lead to prostate cancer
initiation and progression. This is caused by the absence of the physiologically relevant models not only for the
study of disease mechanisms but also for therapy development. This study aims to develop novel 3D cell-laden
models with tunable physicochemical properties for the study of basic disease mechanisms.

METHODS:Prostate cancer cells (PC3, PNT2 and LNCaP) were encapsulated in peptide hydrogels with different
stiffness (alphal, alpha2 and alpha2*) and printed using 3D Discovery printer. The mechanical properties of the
constructs with the different media used for culturing the used cell lines (RPMI-1640 and F-Ham 12) were
measured. In addition, the constructs go through biological assessments; including live/dead assay and histological
assessment (H&E and phenotype expression test).

RESULTS:Cells were found to be more viable in charged and soft hydrogels (alpha2 and alpha2*). On the other
hand, stiffer hydrogels (alphal) can be printed with better shape fidelity. The mechanical properties of the different
hydrogels differ with the media change. Phenotype expression was done for Vimentin, N and E-Cadherin, Pan
cytokeratin and HIf1. The result shows that the same protein expressed in seeded and printed constructs.

DISCUSSION & CONCLUSIONS:The optimization process conducted allowed us to determine the influence of
different process parameters and determine the optimal printing conditions for the production of hydrogel-based
constructs with and without encapsulated cells. The influence of material stiffness on cell viability and printing
process was studied. The results show that hydrogel stiffness and shear stresses (induced by the printing process)
have the highest effect on cell viability. The softer hydrogels Alpha2 and alpha2* were found to make a better
environment for the cells to live in compared to alphal. Due to the fact that alpha2 hydrogel did not give a well-
defined structure, alpha2* was the chosen for model preparation and testing experiments. The evaluation of the
phenotype expression on both printed and seeded cells shows that the printing process does not affect the
phenotype expression of encapsulated cells

REFERENCES:1. Parisotto M, Metzger D. Genetically engineered mouse models of prostate cancer. Mol Oncol.
2013;7(2):190-205.
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Fabrication of Vascularized Engineered Tissue Scaffolds Using 3D Bioprinting Technology
Beatrice BELGIO, Marinella LEVI, Monica PIERGIOVANNI, Andrea MANTELLI, Raffaella SURIANO,
Lorenzo SARDELLI, Paola PETRINI, Federica BOSCHETTI, Gabriele DUBINI, Sara MANTERO
Department of CMIC, Politecnico di Milano, Milan, Italy

INTRODUCTION:Tissue engineering challenge lays in the ability to create large highly perfused scaffolds in
which cells can grow at a high cell density and viability. Hence, the success of tissue engineering constructs is
based on the presence of a capillary network with vessels located every 200 um in all directions to prevent cell
death’. Thus, the goal of this project is to obtain a vascularized scaffold to support the various biological functions
of embedded cells. To this end, we developed a 3-step process for the creation of a perfusable vascular
network: i. CAD design and printing of the network by means of a 3D bioprinter, ii. application of a hydrogel that
embeds the whole network, and iii. final removal via perfusion.

METHODS:The vascular network was developed as a one floor structure with one inlet and one outlet. Vessel
diameter was 2 mm and the distance between vessels was set at 200 um. We performed computational analyses to
set the perfusion velocity with respect to physiological shear stress. The vascular network was first printed in
Pluronic F127 ink (CELLINK) and embedded in a hydrogel composed of 8% (w/v) alginate and 6% (w/v) gelatin
(1:1). Finally, network was removed through active perfusion with deionized water at 4 °C.

RESULTS:We obtained a connected network of fluidic channel cavities within an alginate/gelatin hydrogel. After
1 hour at 4 °C the hydrogel was completely gelled. According to the computational simulations, the pump flow
rate to remove the vascular network was set at 0.8 ml/min. This flow rate allows to obtain a value of velocity
within physiological ranges (between 0.21 and 0.5 mm/s) and a wall shear stress largely below the safety threshold
(0.5 Pa). Pluronic was successfully dissolved.

DISCUSSION & CONCLUSIONS:Building appropriate vascular structure is essential for maintaining tissue
viability. Researchers have considered a variety of approaches to vascularization, however a feasible solution has
yet to be found. In this project, we have demonstrated the feasibility of a new technique for fabricating a
vascularized scaffold. This technique is applicable to the fabrication of a cell-laden alginate/gelatin hydrogel with
embedded vascular network.

References:[1] Lovett, Michael, et al. “Vascularization Strategies for Tissue Engineering.” Tissue Engineering
Part B: Reviews, vol. 15, no. 3, 2009, pp. 353-370., doi:10.1089/ten.teb.2009.0085.
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3D laser-printed scaffolds with micro-scale features as potential candidates for growing functional neural
networks
Eleni FARMAKI', James CROWE!, Eric J HILL!, Shuang ZHANG?, Edik U RAFAILOV?, Rhein PARRI!
!School of Life and Health Sciences, Aston University, Birmingham, United Kingdom
2School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom
3 Aston Institute of Photonic Technologies, Aston University, Birmingham, United Kingdom

INTRODUCTION:The functionality of the neuronal circuitry in the human brain is achieved through the formation
of complex 3D networks consisting of neurons and glial cells. Research on neural networks in culture has
historically used 2D platforms to study function in physiological and pathophysiological conditions. However, it
is apparent that 2D culture does not adequately recapitulate the brain’s 3D neuronal environment. Recent advances
in the emerging field of tissue engineering and regenerative medicine have led to the successful fabrication of 3D
structures that serve as scaffolds for complicated neuronal networks. However, creating models with micron/sub-
micron topography that closely mimics the specificity of a human neuronal network, with the potential to be easily
reproducible remains challenging. An approach that holds most promise to address the problem of creating a 3D
structure with such delicate features is 3D printing, and more specifically the laser-based 3D printing technique
namely Two-Photon Polymerisation (TPP). In our study, we report the examination of commercially available
materials as novel candidates for neuronal scaffolds and the design of 3D scaffolds with distinct and reproducible
architecture made to support a functional hiPSCS-derived neuronal network.

METHODS:Firstly, 3D woven scaffolds with distinct micro-scale features were designed on CAD software and
then fabricated by polymerising the commercial materials LT-Clear (Formlabs) and IP-L 780 (Nanoscribe GmbH)
with the Photonic Professional GT system (Nanoscribe GmbH). The 3D scaffolds were characterised for
cytotoxicity and autofluorescence levels to determine their suitability for future cell culturing and calcium imaging
experiments.

RESULTS:The autofluorescence outcomes showed that [P-L 780 exhibited high level of green autofluorescence,
while LT-Clear did not exhibited any significant levels for either green or red autofluorescence. Moreover, post-
seeding the SYSY neuroblastoma cells we observed growth on both materials, yet more proliferation rate
assessment is required.

DISCUSSION & CONCLUSIONS:Together, our results show that both materials are good candidates based on
their biocompatibility and imaging potential and therefore they can be utilised for TPP micro-scaffold fabrication
towards a 3D functional neuronal supporting system.

Acknowledgements: This project has received funding from the Engineering and Physical Sciences Research

Council (EPSRC).

Keywords: Biomaterials, Nervous system (brain-central-peripheral / disorders)
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Irradiation of pancreatic islets with 365 nm or 405 nm wavelength light
Marta KLAK', Magdalena GOMO6IKA', Tomasz DOBRZAASKI!, Grzegorz TYMICKI'!, Piotr CYWONIUK!,
Patrycja KOWALSKA!, Katarzyna KOSOWSKA!, Tomasz BRYNIARSKI!, Andrzej BERMAN!, Agnieszka
DOBRZYn2, Joanna IDASZEK?, Wojciech SWIeSZKOWSKI?, Michal WSZOtA'!
"Foundation of Research and Science Development, Warsaw, Poland
?Department of Biochemistry, Nencki Institute of Experimental Biology, Warsaw, Poland
3Faculty of Materials Science and Engineering, Warsaw University of Technology, Warsaw, Poland

INTRODUCTION:D printing is being used more extensively in modern biomedicine. One of the problems is
selecting a proper crosslinking method of bioprinted material. Amongst currently used techniques we can
distinguish: physical crosslinking (e.g. Ca?>" and Sr?**) and chemical crosslinking — the UV light crosslinking
causing the biggest discussion. UV radiation is selectively absorbed by DNA, mainly in the UV-B region but also
(to some extent) in UV-A and UV-C regions. DNA excitement results in typical photoproducts. The amount of
strand breaks may vary depending on the period of exposition, it can also differ when cells undergo incubation
after radiation. 405 nm wavelength is a novel crosslinking agent also used during bioprinting process. It is
considered a safer method of stabilizing bioprinted material, with a wavelength being just above the UV light
range, already in the visible light. The aim of this study was to show whether and how the time of irradiation with
405 nm and 365 nm wavelengths affect DNA damage in cell lines and micro-organs (pancreatic islets).

METHODS:The degree of DNA damage caused by different wavelengths of radiation (405 nm and 365 nm) was
evaluated by a comet assay. The test was performed on fibroblasts, alpha cells, beta cells and porcine pancreatic
islets after 24 hours incubation period. Samples without radiation treatment were selected as a control group.
Results analysis consisted of determining the percent of cells with damaged DNA and the tail intensity evaluation.
Additionally, preliminary comet assay implementing T4 endonuclease V enzyme was performed on fibroblasts.

RESULTS:The degree of DNA damage in pancreatic islets after exposure to 405 nm wavelength oscillated
between 2% and 9.5% depending on the tested time period (10 — 300 seconds). However, treating islets using 365
nm wavelength resulted in damage up to 50%. The difference was statistically significant. Similar results were
obtained for the tested cell lines. After adding T4 endonuclease V to the comet assay we observed a 1.5 fold
increase in the amount of fibroblasts with DNA damage detected (radiation with 365nm and 405nm wavelength).

DISCUSSION & CONCLUSIONS:Crosslinking with 405 nm is better for pancreatic islets, fibroblasts, alpha and
beta cells than crosslinking with 365 nm UV light.

Keywords: Other,
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Development of an innovative 3D bioprintable diaphragmatic ECM-derived bioink for congenital
diaphragmatic hernia repair
Daniele BOSO', Edoardo MAGHIN?, Eugenia CARRARO?, Silvia TODROS*, Niccold DE CESARE?,
Giovanni GIOBBE?, Paolo DE COPPI*, Piero PAVAN®, Martina PICCOLI!
ITissue Engineering Lab, Fondazione Istituto di Ricerca Pediatrica Citta della Speranza, Padova, Italy
2Department of Women and Children Health, University of Padova, Italy
3Department of Biomedical Sciences, University of Padova, Italy
“Department of Industrial Engineering, University of Padova, Italy
>Stem Cells Regenerative Medicine Section, Developmental Biology Cancer Programme, UCL Great Ormond
Street Institute of Child Health, London, UK

INTRODUCTION:Congenital diaphragmatic hernia (CDH) is a paediatric malformation of the developing
diaphragm. Current treatments with synthetic patches to repair large CDH defects lead to important side effects.
Our group has recently shown that the use of biological patches obtained from the decellularization of the
diaphragmatic muscle, improves the treatment of CDH in an in vivo mouse model. Unfortunately, this classical
tissue engineering approach is slow, dependent on organ donation and cannot be used for large-scale production.
To overcome these issues, we focused our efforts on the 3D bioprinting of diaphragmatic constructs starting from
porcine decellularized extracellular matrix (IECM) components as bioink

METHODS:We explanted and decellularized pig diaphragms with 4 DET cycles by diffusion. We validated
decellularization process measuring the amount of DNA and genetic material and the preservation of ECM
proteins, through immunofluorescences and untargeted proteomic analyses, and evaluated the morphological
characteristics by SEM analysis. We set up a gelation protocol starting from acid digestion of dECM powered,
followed by temperature-induced gelation of the neutralized dECM. We performed viscoelastic, permeability,
morphological and biocompatibility assays to characterize hydrogels using different dECM concentrations

RESULTS:We successfully obtained a tissue specific decellularized diaphragmatic ECM as confirmed by the
decreased amount of total DNA and genetic material, preserving important ECM proteins as Collagen IV and
Laminin together with unaltered muscle fibre structure and tissue organization. Proteomic analysis demonstrated
that decellularized diaphragm samples were enriched with muscle specific and ECM related proteins. Rheometric
analysis showed that the hydrogel temperature-induced gelation at 37°C produced an increment in viscosity in
respect to a pre-gel solution at 25°C and that the hydrogels possessed a shear-thinning behaviour at increasing
shear rate. Ultrastructural analysis highlighted that temperature-induced gelation leads to the formation of a
compact network of fibrils into the hydrogels, and that hydrogels porosity and perfusion properties were dependent
on the initial concentration of dECM powder. Finally, enzymatic degradation assay demonstrated that hydrogels
were progressively degraded by collagenase II activity, confirming the biocompatibility of this material
DISCUSSION & CONCLUSIONS:We developed and characterized a tissue-specific diaphragmatic
decellularized ECM as a bio-compatible starting material to produce a specific bioink for the 3D printing of
diaphragmatic constructs with potential clinical application in skeletal muscle malformations. This innovative
approach is aimed at producing batch-to-batch identical scaffolds that will be repopulated with the cells obtained
directly from each single patient, pursuing the goal of an advanced personalized regenerative medicine in a fast,
automated and on demand way

Keywords: Musculoskeletal (inc ligament / tendon / muscle / etc), Decellularised matrices
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Structural micro-heterogeneities and local viscoelastic properties of pre-crosslinked alginate gels as bioink
for 3D bioprinting
Bruna MACIEL, Claude OELSCHLAEGER, Norbert WILLENBACHER
Institute for Mechanical Process Engineering and Mechanics, Karlsruhe Institute of Technology (KIT),
Karlsruhe, Germany

INTRODUCTION:In the last decade, interest in the field of 3D bioprinting has increased enormously. This
technology strongly relies on the rheological properties of the used bioink, usually composed of pre-crosslinked
biocompatible hydrogels. An accurate characterization of the ink’s local viscoelastic properties and structural
heterogeneities is of high importance in order to understand their role and impact on printing quality and cell
viability.

METHODS:In this study, we have used classical rotational rheology and a microrheology method, namely
Multiple Particle Tracking (MPT), to get new insight into microstructural and micromechanical properties of
alginate gels pre-crosslinked with different divalent ions, namely CaCl., CaSO4 and CaCOs, covering a wide range
of gelation kinetics. The gels have been investigated in water and phosphate buffered saline (PBS).

RESULTS:MPT measurements performed on pure alginate solutions show a homogeneous microstructure
independent of the solvent used. In contrast, for pre-crosslinked alginate gels, measurements reveal a
heterogeneous structure on the pm-scale with formation of viscous inclusions within a highly elastic matrix in both
water and PBS. Viscosity, size and spatial distribution of these inclusions have been characterized, too.
Additionally, these heterogeneities can be tuned by modulating the hydrogel composition, namely by changing the
crosslinker and/or solvent. Heterogeneities decrease according to the following sequence of crosslinker used:
CaCl2, CaSO., CaCOs. At given alginate and crosslinker concentrations, gels with the higher degree of
heterogeneity exhibit a higher bulk elasticity as determined from rotational rheometry.

Finally, hydrogels have been printed and a correlation between microheterogeneities, cell viability and printing
quality has been established.

DISCUSSION & CONCLUSIONS:These results will help to better understand the relationship between the
bioink s microstructure before printing and cell viability after printing, as well as feature size and shape fidelity of
3D printed objects.

Keywords: Hydrogels and injectable systems,
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Development and characterisation of peptide-based hydrogels for 3D bioprinting applications
Albert GINJAUME!, Jessica SYKES?, Judith HOYLAND?, Alberto SAIANI!
"Manchester Institute of Biotechnology (MIB), The University of Manchester, Oxford Road, Manchester, M13
9PL, UK
Division of Cell Matrix Biology and Regenerative Medicine, School of Biological Sciences, Faculty of Biology,
Medicine and Health, The University of Manchester, Oxford Road, Manchester, M13 9PL, UK

INTRODUCTION:With a growing demand for highly effective therapies, more sophisticated tissue-engineered in
vitro models are required for a better understanding of the fundamental biological processes that underlie
regeneration. To tackle this need and further comprehend these processes, new technologies are emerging in the
tissue engineering field. The state-of-the-art technology of 3D bioprinting has the scope to achieve well-defined
biological structures by printing cell-embedded hydrogels (bioinks). One of the main challenges in obtaining fully
functional constructs is the lack of optimal bioinks, which not only require good printability but also a cell-friendly
extracellular matrix (ECM)-like microenvironment. Peptide-based hydrogels are nature occurring, provide tailored
mechanical properties and therefore, have shown significant potential as scaffold for 3D cell culture and tissue
engineering applications.

METHODS:With the lack of complex tissue-engineered biological constructs and suitable biomaterials for 3D
bioprinting applications, this research aims to design self-assembling peptide-based hydrogels to develop towards
advanced peptide-based bioinks and novel extrusion methods for bioprinting. To characterise hydrogel printability,
shape fidelity tests and rheological assessment were carried out using a BioX (Cellink) extrusion-based bioprinter,
light microscopy and oscillatory rheology.

RESULTS:Printability was assessed for peptide-based hydrogels (Peptigel® hydrogels, Manchester BioGel) with
different peptide sequences. Tested Peptigel® hydrogels were, alpha 1, alpha 2, alpha 4, gamma 1 and alpha X3.
For this purpose, the BioX printed one-layer, 20 mm x 20 mm hydrogel grids. We first characterised shape fidelity,
reproducibility and integrity for these printed constructs. Based on our tests, alpha 1, alpha 2 and alpha 4 hydrogels
resulted more efficient in enhancing 3D bioprinting purposes. We further characterised printability of these
hydrogels with rheological assessment. In this analysis, we observed how the tested Peptigel® hydrogels present
tailored mechanical properties, viscosity and pressure for extrusion methods of 3D Bioprinting.

DISCUSSION & CONCLUSIONS:Thus far, we have successfully developed and tested peptide-based hydrogels,
and initial studies indicate that these are suitable for 3D bioprinting. Next steps aim to investigate the potential of
these hydrogels as bioinks. We aim to assess cell viability over a 7-day culture period of bioprinted embedded-
human mesenchymal stem cells (hMSC) hydrogels, to investigate if bone differentiation could be induced, to
determine how capable these constructs are to differentiate into physiologic bone phenotype.

Keywords: Additive manufacturing, Biomaterials
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Bioinspired-hydrogel composites as 3D printable ink formulations
Alexandra Ioana CERNENCU!, Adriana LUNGU!, Izabela Cristina STANCU?, Andrada SERAFIM!, Ellinor
HEGGSET?, Kristin SYVERUD?, Horia IOVU!
'Advanced Polymer Materials Group, University Politehnica of Bucharest, Bucharest, Romania
Faculty of Medical Engineering, University Politehnica of Bucharest, Bucharest, Romania
SRISE PFI, Hegskoleringen, Trondheim, Norway

INTRODUCTION:The 3D-printing technology holds a great potential in fabrication of scaffolds for tissue
engineering with high structural complexity and in providing patient-specific designs. This study aims to develop
an overarching framework for 3D-printable cellulosic materials, which can accustom application-specific
properties. Ink formulations for were assessed herein by taking advantage of the fast crosslinking potential of
pectin and the remarkable shear-thinning properties of nanocellulose.

METHODS:Prior to 3D-printing, the inks were evaluated by rheological and injectability tests. The reliance of the
printing parameters on the ink composition was established through printing tests, while the performance of the
3D-structures was evaluated post-crosslinking in terms of mechanical properties and rehydration behavior.
MicroCT was also used to evaluate the morphology of the 3D-printed objects regarding the effect of
pectin/nanocellulose ratio on the geometrical features of scaffolds. Human stem cells (hASCs) were used to
perform preliminary in vitro biological tests.

RESULTS:The inks were comprehensively studied regarding the influence of their properties on printing
parameters. The ease of injection of gels revealed a good correlation with the precursors’ composition and gave a
significant insight on their printability. The rheological investigation revealed that the amount of pectin influences
the rheological behavior of the suspension, preserving the shear-thinning property while increasing the yield stress,
though improving the printability of ink formulations. In optimized processing conditions for all the formulated
inks, a good printability of the designed 3D-pattern was attained.

DISCUSSION & CONCLUSIONS:In this research, novel bio-based inks were designed as suitable for 3D-printing
by using pectin and nanocellulose. Through the rheological and printing behavior along with fast gelation
properties, the bio-based inks prove to be candidate biomaterials for extrusion based 3D-printing. The formulated
inks provide highly porous 3D-networks that exhibit a good structural and functional resemblance with native
(living) tissue. All materials have shown to be biocompatible, and yet the best cellular response was obtained using
hydrogel containing the highest amount of pectin. The predominance of the hydrocolloid within the hydrogel
matrix generate a significant better cellular response and therefore compulsory properties sought in regenerative
medicine might be reached.

Acknowledgements:The work has been funded by the Operational Programme Human Capital of the Ministry of
European Funds through the Financial Agreement 51668/09.07.2019, SMIS code 124705. Executive Agency for
Higher Education and Research Funding (UEFISCDI) and National Research Council (CNCS) are gratefully
acknowledged for the financial support through the PN III research project INTELMAT no. 39PCCDI/2018.

References:Cernencu et al. Carbohydrate polymers, 2019, 220:12-21.
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3D Printing/Bioprinting of Miniaturized Tissues Embedded in Self-Assembled Nanoparticle-based
Fibrillar Platforms
Syeda Mahwish BAKHT!, Tara LAMERS!, Manuel Gomez FLORIT!, Milan SIXT!, Barbara B. MENDES!, Rui
L. REIS% Rui. M. A. DOMINGUES?, Manuela E. GOMES?
13B’s Research Group — Biomaterials, Biodegradable and Biomimetics, 3B’s Research Group — Biomaterials,
Biodegradable and Biomimetics, Guimaraes, ICVS/3B’s — PT Government Associate Laboratory, ICVS/3B’s —
PT, Government Associate Laboratory, Braga/Guimaraes,Portugal
23B’s Research Group — Biomaterials, Biodegradable and Biomimetics, 3B’s Research Group — Biomaterials,
Biodegradable and Biomimetics, Guimaraes, ICVS/3B’s — PT Government Associate Laboratory, ICVS/3B’s —
PT, Government Associate Laboratory, Braga/Guimaraes, The Discoveries Center for Regenerative and Precision
Medicine, Headquarters at University of Minho,Guimaraes,Portugal.

INTRODUCTION:There is a rising interest in creating miniaturized platforms through tissue engineering
approaches that enable modelling of human physiology and disease. To date, several tissue models have been
designed, especially based on microfluidic technology, as tissue/organ analogues, which bridges the gap between
in vitro and in vivo models, offering new approaches to research in biology, medicine and pharmacology. The
most common method for the fabrication of these microfluidic-based devices is soft lithography, using
physiologically inert polymers like polydimethylsiloxane (PDMS). Despite various advantages of PDMS-based
devices, such as optical transparency and flexibility, they require several fabrication steps and typically lack
potential to emulate native cell-cell and cell-matrix crosstalk. Although numerous strategies have been explored
to address these limitations, none has yet demonstrated to be simultaneously effective and economical due to the
requirement for extensive processing.As an alternative to microfabricated PDMS devices,we present a unique and
efficient methodology to create 3D bioprinted constructs embedded in a fibrillar support material with microfluidic
channels,ECM biomimetic topography and biomolecule permeability.

METHODS:CNCs hydrogel were optimized for matrix-assisted 3D printing by evaluating the printability window
by combining different % wt.of CNCs and concentration of crosslinking agent (Ca+2).Post printing, CNCs were
further crosslinked with excess of Ca+2 to create stable constructs with 3D printed freeform structures and
perfusable channels.To demonstarte the versatility of CNCs as support material for embedded 3D
printing/bioprinting, various hydrogels obtained via thermal, ionic and photo-crosslinking were printed.

RESULTS:This unique platform allows the bioprinting of high resolution (>50um) patterns using low viscosity
bioinks, which are conventionally non-printable. The further controlled self-assembly of CNC via ionic
crosslinking under biocompatible conditions (Ca+2) leads to the formation of a non-degradable, robust and fibrillar
matrix, supporting the embedded constructs. Moreover, using combinations of bioinks and sacrificial inks, this
new platform allowed to directly print complex cell laden structures alongside perfusable microfluidic channels in
a simple and rapid process while preserving the structural integrity and resolution of the prints.

DISCUSSION & CONCLUSIONS:Due to their ECM-like fibrillar nature and optical transparency, this CNC
matrix are exceptional support materials for the development of organ-on-chip systems, which can promote
biomimetic cell-matrix interaction and allows cell-cell crosstalk, both crucial to recapitulate relevant physiological
microenvironments.Overall, due to its biomimetic, processing and cost advantages, this platform has thus the
potential to be used as a generic method for the development of the next generation of advanced organs-on-chip.

Acknowledgements:FCT PD/BD/129403/2017,113807/2015, NORTE45 3BsRLI1,SmarTendon- PTDC/NAN-
MAT/30595/2017, HORIZON 2020 No.739572-Discoveries CTR,ERC MagTendon 772817.
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Dual-functionalized visible-light responsive gelatin bioink as cartilage binding glue and matrix for 3D
chondral regenereation

Khhon LIM!, Florencia ABINZANO?, Paulina BERNAL?, Pau ATIENZA ROCA!, Ane ALBILLOS

SANCHEZ?2, Iris OTTO?, Michiya MATSUSAKI?, Tim WOODFIELD!, Jos MALDA®*, Riccardo LEVATO?
'CReaTE Group, University of Otago Christchurch, Christchurch, New Zealand
2University Medical Center Utrecht, Department of Orthopedics, Utrecht, Netherlands
3Department of Applied Chemistry, Graduate School of Engineering Osaka University, Osaka, Japan
4Utrecht University, Department of Clinical Sciences, Utrecht, Netherlands

INTRODUCTION:Bioprinting with hydrogel-based bioinks hold great potential for capturing the zonal
architecture of native cartilage, enhancing tissue regeneration, even via in situ printing. Yet, fixation of hydrogel
constructs in cartilage is a major challenge, especially due to limited lateral integration and risks of damage to the
surrounding tissue upon crosslinking. The aim of this study was to develop a printable hydrogel system with
potential for in situ cartilage repair, based on a cell-laden gelatin methacryloyl hydrogel modified with tyramine
moieties (geIMA-Tyr) bearing dual crosslinking capacity.

METHODS:Photo-induced gelation of both the reactive acryl- and tyramine groups was triggered in one step via
visible light irradiation in presence of tris(2,2'-bipyridyl)ruthenium(Il) chloride and sodium persulfate
photoinitiators (Ru/SPS, Airradiation = 450 nm). The gel was assessed as matrix for cartilage tissue engineering,
bioglue, and bioink for extrusion-based bioprinting. GeIMA-Tyr and gelMA were loaded with articular cartilage
progenitor cells and cultured in vitro (28 days). Cell viability, cartilage matrix production and mechanical
properties were evaluated. Shape fidelity upon printing was tested via assessing filament stability and sagging
when spanning across a series of increasingly distanced pillars and fusion of adjacent filaments due to surface
tension. The tissue-binding capacity of the proposed bioink, was studied using a push-out test, with hydrogels
injected (both in their sol and physical gel form) into defects cut in cartilage explants. The effect of Ru/SPS visible
light crosslinking on the viability of surrounding native cartilage was compared to a common gelMA crosslinking
system (Irgacure 2959, Airradiation = 365 nm).

RESULTS:GelMA-Tyr exhibited shear-thinning behaviour upon thermogelation, and could be printed using an
extrusion-based platform, while showing shape retention post-printing. Both gelMA and gelMA-Tyr supported
cell survival and chondrogenesis in terms of viability, glycosaminoglycans production and compressive modulus.
In comparison to Irgacure, the Ru/SPS crosslinkers did not show oxygen inhibition, facilitating the use of these
gels in situ. The visible-light mediated tyramine-methacryloyl dual crosslinking significantly improved the
adhesive strength to native cartilage (15-fold vs gelMA crosslinked with UV). Moreover, the visible light
crosslinking system resulted in higher cell viability of the native tissue surrounding the defect compared to the
Irgacure/UV-A system.

DISCUSSION & CONCLUSIONS:Overall, visible light crosslinkable gelMA-Tyr hydrogels, have potential for a
variety of applications in biofabrication. Thanks to the dual crosslinking mechanism triggered by Ru/SPS, this

hydrogel demonstrates potential for direct delivery and integration into damaged cartilage, and is suitable bioink,
further enhancing its possibilities for the repair of complex, patient-specific defects.

Keywords: 3D printing and bioprinting, Bioadhesives
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Cell behavior in dense collagen hydrogels after 3D bioprinting: an experimental study
Egor OSIDAK!, Elina CHERMNYKH, Elena BULANOVA?, Yusef KHESUANI?, Vladislav PARFENOV?,
Pavel KARALKIN?, Ekaterina KALABUSHEVA’, Sergei BELOUSOV?, Sergey KRASHENINNIKOV?,
Timofei GRIGORIEV?, Sergey CHVALUN?®, Maria OSIDAK?®, Ekaterina VOROTELYAK?, Vladimir
MIRONOV*, Sergey DOMOGATSKY*
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Moscow, Russia; Department of Regenerative Medicine, Institute of Translational Medicine, Pirogov Russian
National Research Medical University, Moscow, Russia
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Moscow, Russia; Department of Regenerative Medicine, Institute of Translational Medicine, Pirogov Russian
National Research Medical University, Moscow, Russia; Faculty of Biology, Lomonosov Moscow State
University, Moscow, Russia
“Imtek Ltd., Moscow, Russia

INTRODUCTION:Extrusion-based bioprinting is a powerful tool that can be used to engineer complex tissues by
producing layer-by-layer cell-laden hydrogels with controlled microscale spatial heterogeneity. Bioink is one of a
key element of such biofabrication process. Recently we have developed a novel collagen bioink for direct
extrusion 3D bioprinting, with high concentration of collagen [1]. However, there is no many data about cell
behavior in dense collagen hydrogels. In our study, 3D cell-laden constructs with different geometrical properties
were printed using Viscoll bioink, to study the cell post-printing behavior in dense collagen hydrogel.

METHODS:A highly concentrated collagen solution, 80 mg/ml (Viscoll, Imtek, Russia) was used for formulation
of bioink with different collagen content. Primary human dermal cells were incorporated in the collagen solution
at concentration 1x 106 cells/ ml. The syringe-based 3D bioprinter Fabion (3D Bioprinting Solutions, Russia) was
used to print cell-laden collagen hydrogels. The temperature of material during the printing was set to +4°C to
prevent collagen clogging in the tip. 3D bioprinted constructs were cultured during 28 days. Oscillatory shear
rheology was used to study the mechanical properties variation of cell-laden collagen hydrogels during the cell
culture. To study cell behavior in dense collagen hydrogels after 3D bioprinting, live/dead assay, proliferation and
phenotypic marker expression determination were performed. The differences in cell survival and proliferative
activity were studied depending on the stiffness of the scaffold. We also studied the dependence of the morphology
and migration of dermal cells on the stiffness of the matrix using time-lapse microscopy.

RESULTS:Primary results indicated that human dermal cells retained high viability and proliferative activity in
high density collagen gel. The speed of cell migration within the collagen hydrogel and the distance traveled
decreased in reliable accordance with increasing concentration of collagen from 5 to 10 mg/ml, but didn’t change
with a further increase in collagen concentration up to 40 mg/ml. The spreading rate of cells decreased as the
density of the matrix increased.

DISCUSSION & CONCLUSIONS:This result demonstrated that Viscoll bioink is a promising bioink for
biofabrication and cells viability in dense collagen hydrogels after 3D bioprinting is comparable with soft collagen
hydrogels.

Acknowledgements: This work was partially founded by Foundation for Assistance to Small Innovative Enterprises
(FASIE), Project no. 44700. The reported study was funded by RFBR according to the research project Ne 19-29-
04060

References:[ 1] https://doi.org/10.1007/s10856-019-6233-y
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Pluripotent stem cells towards nephron progenitor cells: synchronization for improved differentiation
efficiency
Abhishek HARICHANDAN, Gabriele ADDARIO, Lorenzo MORONI, Carlos MOTA
Department of complex tissue regeneration, MERLN Institute for Technology Inspired Regenerative Medicine,
Maastricht, The Netherlands

INTRODUCTION:The application of pluripotent stem cells (PSCs) as regenerative medicine strategies represent
an important for patients affected by kidney diseasel. Nephron progenitor cells (NPCs), the precursors of
nephrons, can be generated from PSCs. Efficient differentiation of PSCs dependent on the response of the stem
cells to the external induction cues. Deriving a homogeneous population of nephron progenitor cells (NPCs), the
renal precursors, is an essential prerequisite to generate a pure cell population.

METHODS:In this study, we established protocols to improve differentiation efficiency of PSCs into NPCs. The
two progenitor populations, metanephric mesenchyme (MM) and ureteric bud (UB) were generated with optimized
efficiency. MM and UB were combined in two-dimensions and in three-dimensions to generate kidney organoids.

RESULTS:Results showed that chemically induced reversible cell cycle arrest allows and efficient
synchronization of cell that respond with high efficiency to WNT agonist CHIR99021, thus efficiently stimulating
the directed differentiation of PSCs to a homogenous population of NPCs. The NPCs were characterized by the
gene expression of HOXD11, CITEDI1, SIX2 and SALL1. The homogeneity was also validated by the expression
of SIX2 and SALL1 by immunocytochemistry and flow cytometry analysis. NPCs when synchronized gave a
higher yield of renal vesicles, which induced a higher number of nephrons-like structures. A hydrogel based on
the ECM derived from sacrificial kidney tissue was prepared to further improve the generation of renal vesicles
from NPCs. Upon induction with exogenous Activin A and FGF9 in kidney derived sacrificial ECM hydrogel,
NPCs successfully formed renal vesicles. The renal vesicles were characterized by the expression of flurochrome
conjugated LTL. Furthermore, ECM hydrogel was further combined with alginate-based materials and bioprinted
with a microfluidics-based bioprinter showing high cell viability post-printing and up to 7 days in culture.

DISCUSSION & CONCLUSIONS:These initial steps might allow further development of renal in vitro models
suitable for nephrotoxicity assays and for the development of future regenerative medicine strategies.

Acknowledgements:We acknowledge the Dutch Kidney Foundation (Nierstichting Nederland, grant 180117 —
Innovation Call 2018) for the financial support.

References:1 - Marcheque, J., Bussolati, B., Csete, M. and Perin, L. (2019). Stem Cells Translational Medicine, 8:
82-92.
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Optimization of the conditions of 3D bioprinting with the microextrusion method — the influence of the
pressure on the viability of the cells
Patrycja KOWALSKA, Marta KLAK, Magdalena GOM6tKA, Pawet TUROWSKI, Grzegorz TYMICKI, Piotr
CYWONIUK, Katarzyna KOSOWSKA, Tomasz BRYNARSKI, Tomasz DOBRZAnASKI, Andrzej BERMAN,
Michat WSZOMA
Foundation of Research and Science Development

INTRODUCTION:The 3D bioprinting with the use of live cells is the newest technique from the field of
biomedical engineering. One of the most important points of the procedure is saving the cells and letting them stay
fully functional in the obtained bioconstruct. The most popular method used in 3D bioprinting is microextrusion'.
Nevertheless, independently of the used bioink dosing method, it has to be kept in mind that inside the cartridge
act forces that interact straightly with the cells suspended into entire bioink?. While using microextrusion method
with the change of pressure, we change the forces acting on the cells. In this way, we may control the conditions
of cells after the bioprinting process. In our work, we showed that each cell line that is used in bioprinting process
should be examined in the field of the pressure influence on the viability?.

METHODS:Cells (fibroblasts and endothelial cells) in the number of 5-105/mL are suspended in 3% of alginate
and are bioprinted with the use of BioX bioprinter and with the pressure in the range of 0-200kPa. After bioprinting
cells in the carrier were diluted with the use of SmL of 1xPBS. The visualization of cells viability was performed
by the FDA/Pi staining. Viability was calculated by dividing the number of live cells (green) by all counted cells
(red+green).

RESULTS:The maximum pressure (post-printing viability above 80%) for human (HFF-1) and mouse (3T3-L1)
fibroblasts as well as for mouse endothelial cells (BALB-5206) with the use of the nozzle 840um for each of those
3 cell lines is above 200kPa. When we change the diameter to 200 um the viability of the cells is above 80% when
the pressure is below 190, 110 and 170kPa in the case of HFF-1, 3T3-L1 and BALB-5206, respectively.

DISCUSSION & CONCLUSIONS:We confirmed that cells viability is depended on used pressure and from the
inner diameter of the nozzle used in the bioprinting process. We checked 3 cell lines and 5 inner diameters of the
nozzle, and for each of the cell lines we designated the maximum pressure which may be used during bioprinting
process and the cell viability won’t fall below 80%.

REFERENCES:[1] Murphy S.V. 3D bioprinting of tissues and organs. NatBiotechnol. 2014;32(8):773-785; [2]
Nair K. Characterization of cell viability during bioprinting processes. Biotechnoll. 2009;4(8):1168-1177; [3]

Blaeser A. Controlling Shear Stress in 3D Bioprinting is a Key Factor to Balance Printing Resolution and Stem
Cell Integrity. AdvHealthcMater. 2016;5(3):326-333.
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Formation Of Artificial Blood Vessels Using ECM In 3D Bioprinting
Piotr CYWONIUK, Tomasz BRYNARSKI, Tomasz DOBRZAnSKI, Katarzyna KOSOWSKA, Marta KLAK,
Grzegorz TYMICKI, Patrycja KOWALSKA, Magdalena GOMO6IKA, Pawet TUROWSKI, Igor ZAMORA,
Andrzej BERMAN, Michat WSZOA
Foundation of Research and Science Development

INTRODUCTION:Development of fully functional blood vessels in expanding field of artificial tissues and organs
for transplantations in regenerative medicine is fundamental to provide proper perfusion and enable anastomosis
with host’s vascular system. The aim of this study is to establish optimal, biocompatible component which could
be applied to 3D bioprinting of vessel-like tubes and promote its endothelialization.

METHODS:As protein composition of inner surface layer of vessel tube is crucial for cell attachment during
endothelialization process we prepared and tested bioinks composed of extracellular matrix (ECM) isolated from
several tissues differing in enrichment of types of collagen which is thought to be decisive for particular cell type
adherence. To assess their applicability we 3D printed tubular structures followed by seeding with fluorescent cells
commercially available as well as endothelial progenitors isolated from human blood. We also tested the most
suitable approach of cell introduction via, either, cell-laden bioink or fluid injection. The effect was examined
during long-term incubation in self-made perfusing chamber enabling real-time microscopic analysis and vital
functions such as attachment, viability and migration were observed.

RESULTS:We generated stable vessel-like 3D structures and observed long-term cell attachment and process of
endothelialization. We noticed different endothelialization rate in cells seeded onto tubes printed with particular
tissue-derived ECM-based bioink.

DISCUSSION & CONCLUSIONS:Application of ECM as a component provides efficient bioink suitable for 3D
printing and, simultaneously, stimulating conditions for cell maintenance and self-organization. Content of

proteins naturally occurring in particular tissues differs substantially, therefore, it may affect significantly process
of artificial vessels preparation.

Keywords: 3D printing and bioprinting, Vascular systems / vascularisation and heart
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Production Of Detergent-free ECM-derived Bioinks For Bioprinting Of Bionic Pancreas Ready For
Clinical Use
Michat WSZOtA!, Marta KLAK!, Grzegorz TYMICKI'!, Andrzej BERMAN!, Katarzyna KOSOWSKA',
Tomasz BRYNARSKI!, Piotr CYWONIUK!, Magdalena GOMOIKA'!, Patrycja KOWALSKA!, Pawet
TUROWSKI!, Artur KAMIASKI?
"Foundation of Research and Science Development
2Medical University of Warsaw

INTRODUCTION:Bioprinting is the process of creating 3D tissue analogues. For this purpose, it is necessary to
produce a special bioink that will be able to recreate the natural environment for cells.Despite the progress in the
process of creating biomaterial composites,no equivalent has been obtained for the complexity of the natural
ECM,imitating the organ environment. Besides problems with phisico-chemical properties of bioinks for
bioprinting, two major challenges are biocompatibility which influence a function of bioprinted tissue and residual
detergent analyses which might be crucial in case of FDA and EMA approval for clinical use.The aim of this study
was to produce detergent-free dECM-derived bioinks with biocompatibility ready for clinical use.

METHODS:The material to the decellularization was the pancreas and aorta from pigs. The procedure with the
TritonX-100 detergent was used. We used standard protocol (group St) and modified with extended rising out of
detergent with modified rising solution and modified temperature control(group dt-free).The bioink production
protocol consists of 3 stages:(1)dissolution of dECM in a solution of with pepsin,(2)formation of dECM
paste,(3)addition of cross-linking agents. Obtained bioinks were analyzed using: viscosity, and fiber morphology
assessment. Residual DNA, fat and detergent concentration was assessed. Stability at normothermic conditions as
well as cytotoxicity and affinity of cells to the material. Pancreatic petals were printed and in vitro tests of GSIS
were analyzed on day 0,1,3 and 7.

RESULTS:The amount of detergent remaining in the group dt-free was 3.79ug/mg dECM and was significantly
lower compared to the St. protocol (p<0.008). The fat content in the dt-free samples was almost 3.5times lower
than those to the St group (p<0.001). The proteins structure after decellularization was not affected and the
percentage of ECM proteins was the same to the control. Residual DNA for both groups was below acceptable
levels. But in the new protocol the amount of DNA was further reduced almost two-fold (p<0.027).GSIS showed
islet functionality for 7 days in printed pancreatic petals. Both control islets and those printed in alginate-based
bioinks showed a maximum functionality of 24h.

DISCUSSION & CONCLUSIONS:The obtained results on bioinks have a real chance to be used in future clinical

trials.

Keywords: 3D printing and bioprinting, Decellularised matrices
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Biointegration And Function Of 3D Printed Bionic Pancreatic Petals On A Mouse Model
Michat WSZOtA!, Marta KLAK!, Grzegorz TYMICKI'!, Andrzej BERMAN!, Katarzyna KOSOWSKA',
Tomasz BRYNARSKI!, Piotr CYWONIUK!, Magdalena GOMOIKA'!, Patrycja KOWALSKA!, Pawet
TUROWSKI!, Artur KAMIASKI?

"Foundation of Research and Science Development
2Medical University of Warsaw

INTRODUCTION:Despite the technologically advanced integrated systems of continuous glycemic control and
insulin supply, it is still impossible to obtain results of diabetes treatment in comparison with normal pancreas
function. Currently, the only way to achieve a glycemic control comparable to a healthy person in a diabetic person
is by pancreas organ transplantation. The limitations of this method related to the inadequate access to organs,
potential complications associated with the procedure and the loads resulting from immunosuppressive treatment
mean that solutions are sought that would give a chance to be used on a large patient population and obtain
glycemic control results as in healthy people. One of the solutions considered is the use of 3D printing technology
using xenogenic material and stem cells. The aim of the study was to asses biointegrity and functionality of printed
pancreatic petals implanted in mice.

METHODS:As part of the work, two experiments were carried out: (I) SCID mice in which type I diabetes was
induced using STZ, where implanted printed constructs from biological material containing isolated porcine islets
were implanted, (II) on a B6 mice into which printed constructs without pancreatic islets were implanted to assess
the body's immune response. The results were analyzed using histological, immunohistochemical and biochemical
tests.

RESULTS:Based on the results obtained, it was demonstrated that biochemical evaluation showed an increase in
C-peptide concentration and a decrease in glucose in SCID mice with pre-induced diabetes. The implanted

constructs do not elicit an immune response in B6 mice.

DISCUSSION & CONCLUSIONS:The possibility of using printed constructs as bio-integrated and functional
implants has been demonstrated.

Keywords: 3D printing and bioprinting, Other
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3D Bioprinting of the Media Layer of Small-Caliber Blood Vessels with a Decellularized Arterial
Extracellular Matrix-Based Bioink
Gabriel Romero LIGUORI!, Viktor SINKUNAS!, T4cia Tavares Aquinas LIGUORI!, Emerson Galves
MORETTO!, Prashant K SHARMA?, Martin Conrad HARMSEN?Z, Luiz Felipe Pinho MOREIRA'
"Heart Institute (InCor), Hospital das Clinicas HCFMUSP, Faculdade de Medicina, Universidade de Sao Paulo,
Sao Paulo, SP, BR
2University of Groningen, University Medical Center Groningen, Department of Pathology and Medical
Biology, Groningen, NL
3University of Groningen, University Medical Center Groningen, Department of Biomedical Engineering,
Antonius Deusinglaan 1, 9713AV, Groningen, NL

INTRODUCTION:Tissue-engineered vascular grafts represent a promising alternative for the replacement of
small-caliber blood vessels (SCBV). Recently, 3D bioprinting emerged as a new tissue-engineering technique
capable to fabricate customized tissues on demand. One of the main challenges for the progress of this technology
is the development of adequate biomaterials i.e. hydrogels capable to guide stem cell behavior, supporting cell
growth and differentiation. For this purpose, the ideal hydrogel should mimic the native extracellular matrix. Thus,
we evaluated the use of a vascular decellularized extracellular matrix (dECM) based bioink as a biomaterial for
3D bioprinting of the tunica media of SCBV.

METHODS:Decellularized aortic extracellular matrix-based solution was used in the present study. Upon
warming to 37°C, the solution turns into a hydrogel. Hydrogel stiffness was characterized for the gelified
biomaterial. Differentiation of ASC to smooth muscle cells (SMC) on the hydrogel was induced with 10ng/mL of
TGF-B1 and SM22a used as a differentiation marker. A combination of the hydrogel and 10 million cells/mL was
used as bioink for 3D bioprinting of the tunica media layer of SCBV in an extrusion-based 3D bioprinter using the
freeform reversible embedding of suspended hydrogels (FRESH) method. The morphology of the 3D bioprinted
tissue construct was evaluated after 24 hours, 7 days, and 21 days with Masson’s trichrome staining.

RESULTS:The stiffness of the hydrogel was 6.9+0.9 kPa. The hydrogel drove spontaneous (without TGF-B1)
differentiation of ASC to SMC (SM22a fold change: 3.2+0.4, p<0.0001). The hydrogel-based bioink allowed
proper bioprinting of the 3D constructs resembling the tunica media of small-caliber blood vessels. Staining of 3D
bioprinted SCBV cultured for 24 hours, 7 days, and 21 days, evidenced the maturation of the construct along the
time. At 24 hours, ECM hydrogel containing cells shows a porous pattern, becoming more compact the longer the
construct is cultured. At 21 days, a well defined compact cell-rich vessel wall characterizes the construct.
Specimens treated and not treated with TGFB-1 did not show significant differences regarding the morphometrical
parameters of the constructs. The total diameter of the SCBV reduced along time, mostly due to the compaction
of the vessel walls.

DISCUSSION & CONCLUSIONS:Bioinks based on vascular decellularized extracellular matrix hydrogels offer
cells a microenvironment mimetic to the native tissue, spontaneously differentiating ASC to SMC, and supporting

3D bioprinting of the tunica media layer of SCBV. This biomaterial surges as a promising alternative for the
manufacturing of vascular grafts.

Keywords: Decellularised matrices, Hydrogels and injectable systems
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Mechanical and biological investigation of 3D printed modular polymer-ceramic bone bricks for large
bone defects
Anil ACAR!, Evangelos DASKALAKIS?, Fengyuan LIU3, Glen COOPER?, Andrew WEIGHTMAN?3, Gordon
BLUNN*, Paulo BARTOLO?, Bahattin KOC?
"Faculty of Engineering and Natural Sciences, Sabanci University, Instabul, Turkey
2Sabanci University Nanotechnology Application and Research Center, Sabanci University, Instabul, Turkey
3School of Mechanical, Aerospace and Civil Engineering, University of Manchester, Manchester, UK
4School of Pharmacy and Biomedical Sciences, University of Portsmouth, Portsmouth, UK

INTRODUCTION:Bone does not have a good healing capacity for large defects. This study investigates the use
of low cost, customizable, biodegradable, polymer-ceramic composite scaffold blocks for large bone defect
treatment. An algorithm was developed to create blocks based on anthropometric measurements of a targeted
group of patients to obtain best fitting prostheses. To control the porosity level of the blocks, a continuous tool
path planning algorithm was generated. Polymer-ceramic solutions between Poly-g-caprolactone (PCL), Tri-
Calcium Phosphate (TCP), Hydroxyapatite (HA) and Bioglass 45S5 were used to manufacture the blocks.
Mechanical properties were studied by carrying conducting compression tests on assembled scaffold. For
biological characterization of the blocks, human adipose derived stem cells (hADSCs) were used.

METHODS:With using the computational geometry-based algorithm, the customizable blocks were created A
continuous path planning algorithm, using zig-zag and spiral like pattern in consecutive layers, is employed to
create blocks with different porosity level. With custom extrusion-based 3D printer, the blocks were manufactured
from PCL combined with TCP, HA, and Bioglass 45S5 in different concentrations (10wt%, 15wt%, and 20wt%).
Compression tests were performed at 5 mm/min rate with 2000N load using the Instron 3344 (Instron®, USA ).
Human adipose derived stem cells (hADSCs) (STEMPRO, Invitrogen, USA) were used to investigate the
biocompatibility of the scaffolds. Cells were cultured in MesenPRO RSTM basal media, 2% (v/v) growth
supplement, 1% (v/v) glutamine and 1% (v/v) penicillin/streptomycin, (Invitrogen, USA) at incubator (37°C, 5%
CO2, and 95% humidity). Cells at passage 4 were harvested and seeded on scaffolds. The cell attachment and
proliferation were analysed on Day 1,7 and 14 using Alamar Blue assay.

RESULTS:Results demonstrate that the stiffness o f the scaffold decreases by increasing the pore size while it
increases by increasing the material concentration. Between the different materials, PCL/TCP showed the highest
results. Cells were attached and proliferated regardless of the pore size and material composition, but HA showed
the highest cell activities compared with Bioglass 45S5 and TCP.

DISCUSSION & CONCLUSIONS:The mechanical evaluation study goes on to confirm that the reduction in pore
size increases the compressive stiffness which was observed at most in PCL/TCP group. Biological tests with
hADSC showed all the scaffolds had good cell growth and proliferation, and the highest results were observed for
PCL/HA group.

ACKNOWLEDGEMENTS:This research is supported by the Engineering and Physical Sciences Research
Council (EPSRC) of the UK, the Global Challenges Research Fund (GCRF), grant number EP/R015139/1
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3D printing of bioactive free standing granular embedding baths
Vasileios Dimitriou TRIKALITIS!, Fabian STEIN!, Julia PEREA PAIZAL?, Ajoy Kumar KANDAR!, Jeroen
ROUWKEMA!
'Department of Biomechanical Engineering, Faculty of Engineering Technology, University of Twente, 7500
AE Enschede, The Netherlands.
’Department of Bioengineering Imperial College, Imperial College London — ICR, London, UK

INTRODUCTION:3D bioprinting within a granular medium has removed the barrier of printing soft materials
without support'. The viscoelastic properties necessary to print within a granular medium can be achieved by
controlling the volume fraction of the liquid phase and the granular phase. The concept of granular inks consisting
of hydrogel beads has been progressively gaining attraction due to the customization potential that it offers?> ™. In
our work we present a converging point, where granular inks are 3D printed, and their resulting construct is
behaving as an embedding bath that 3D printing is possible within it. The resulting architectures are spatially
defined, free standing, multimaterial embedding baths.

METHODS:For the production of the hydrogel microbeads necessary for the granular inks we utilized in-air
microfluidics to create 100,150 and 200 um Alginate based beads and subsequently coated them with Poly-L-
Lysine to promote cell attachment via Layer by Layer assembly. To assess the rheological properties of the
granular inks and resulting constructs, parallel plate rheology was employed. The granular inks were printed in a
chessboard pattern with a 21G (500um) nozzle, and then subsequent patterns were created within them to
demonstrate embedding bath capability post deposition. Smooth Muscle Cells (SMCs) and Human Umbilical Vein
Endothelial Cells in 1:1 ratio were mixed with the granular ink particles in 1 million per ml cell concentration, to
assess spatially defined cell adhesion.

RESULTS:We successfully demonstrate the 3D printing of granular inks that behave as an embedding bath, post
deposition. Furthermore, we print within the spatially arranged embedding bath, at different timepoints, thus
achieving temporal control of the construct. Moreover we tune the particle composition and the interstitial phase,
to allow cell adhesion onto the particles and proliferation in the chosen compartments.

DISCUSSION & CONCLUSIONS:We have revealed that granular hydrogel inks and embedding baths can be
treated as two states of one material by varying accurately the volume fraction of the liquid and granular phase.
This approach enables to utilize the vast capacity of hydrogel microbead customization in the state of the art
bioprinting approach of writing in the granular medium. The ability to 3D print a spatiotemporally controlled
embedding bath, that instructs cells according to prior design, can be summarized in the term of a tissue blueprint.

Acknowledgements:The hydrogel microbeads were provided from IamFluidics B.V. This work is supported by an
ERC Consolidator Grant under grant agreement no 724469.
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Engineering 3D printed poly(lactic acid) scaffold using cerium oxide for bone tissue regeneration
Sagar NILAWAR, Kaushik CHATTERJEE
Department of Materials Engineering, Indian Institute of Science, Bangalore, India

INTRODUCTION:Episodes of bone transplant is rising steeply all over the world owing to acute trauma and
disorders associated with obesity and aging. In recent decades, scaffolds are used as an alternative for
transplantation to mimic the extracellular matrix. The scaffold provides appropriate structural support and
microenvironment for cells to attach, proliferate and differentiate to result in functional tissue. 3D printing is a
rapid prototyping technique which generates patient specific complex scaffold with high porosity. Cerium
oxide(ceria) has unique ability to switch between two oxidation states, i.e. +3 and +4. In biomedical applications,
ceria has been used mostly in the area of soft tissues and little is reported for bone tissues. Poly lactic acid(PLA)
is a non-toxic degradable polymer but lacks the bioactivity for promoting osteogenesis. The objective of present
study was to fabricate and characterize 3D printed PLA scaffolds decorated with nanoceria for bone tissue
regeneration.

METHODS:Fused filament fabrication(FFF) based printer was used to make 3D printed scaffolds. Circular
scaffold were created in orthogonal manner to form the square pores with 500 um diameter. After fabrication,
scaffolds were hydrolyzed by sodium hydroxide (NaOH) and further conjugated with low molecular weight
branched polyethyleneimine(PEI) followed by citric acid(CA) by EDC-NHS chemistry. In the final step,
conjugated scaffolds were dip coated by immersing in ceria suspension prepared by oxidizing cerium chloride
solution with NaOH.
Scanning electron microscopy(SEM) and energy dispersive spectroscopy(EDS) were used to characterization. Cell
proliferation was studied on primary human mesenchymal stem cells (hMSCs) by using water soluble tetrazolium
salt(WSTs-1) assay. Alkaline phosphatase(ALP) and alizarin red(ARS) assay were carried out in osteogenic media
up to 21 days.

RESULTS:SEM analysis confirms intact structure of scaffolds after modifications steps. Pore size was found to
be =~ 414 pm, mainly because of die swelling phenomenon. Ceria coated scaffolds showed bright particles of
nanometer to sub-micron size-range on the surface. PEI-CA conjugation facilitates the deposition of ceria particles
on the surface. Furthermore, (EDS) confirmed the presence of cerium and oxygen. WST-1 analysis shows ceria
coated scaffolds supported cell proliferation. ARS and ALP result exhibits more mineralization and ALP activity
on ceria coated scaffold receptively.

DISCUSSION & CONCLUSIONS:In this study, we have fabricated porous PLA scaffold by 3D printing and
functionalized with ceria. Deposition of nanoceria was confirmed. In vitro studies show that ceria coating was

non-toxic to hMSCs and augment the osteogenic differentiation of hMSCs. Further physiochemical and biological
characterization are currently undergoing.

Keywords: 3D printing and bioprinting, Bone and bone disorders (osteoporosis etc)
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Bioprinting of Smooth Muscle Constructs for Urethral Tissue Engineering
Zongzhe XUAN, Aikaterini Chara PITSA, Vladimir ZACHAR, Cristian Pablo PENNISI
Regenerative Medicine Group, Department of Health Science and Technology, Aalborg University, Aalborg,
Denmark

INTRODUCTION:The aim of urethral tissue-engineering is to develop biomaterial- and cell-based therapies for
the repair of urethral defects. In recent years, bioprinting has emerged as a promising approach to overcome the
poor cell infiltration associated with conventional scaffold-based methods. In addition, bioprinting would enable
the fabrication of hierarchical cell-laden structures that mimic the architecture of native urethral tissue. One of the
key challenges remains finding biomaterials with optimal printability, which could support proper assembly and
maturation of cells.

METHODS:Gelatin methacrylate (GelMA, Celllnk) and pure collagen (Lifeink 200, Advanced Biomatrix) were
assessed in regards to their ability to support bioprinting of human urothelial smooth muscle cells (Provitro). Ring-
shaped constructs (6 mm in diameter, | mm in height) were printed using an extrusion-based bioprinter (BioX,
Celllnk). Following bioprinting, live/dead and metabolic assays were used to evaluate cell viability and
proliferation. Cell distribution and morphology were determined by hematoxylin and eosin staining. Upon a 10-
day induction period, the maturation of the encapsulated cells was assessed by immunofluorescence staining and
semi-quantitative RT-PCR.

RESULTS:Both GeIMA and collagen constructs showed a high percentage of cell survival (>80%). Cells adopted
a spindle-like morphology and displayed a sustained growth rate over a 5-day period. Morphological analysis
revealed that cell density increased over time, mainly in the periphery of the constructs. After induction to
differentiation, cells showed enhanced expression of smooth muscle actin, which was accompanied by an increased
transcriptional activity of ACTA2 (a-smooth muscle actin), CALD1 (caldesmon) and CNN1 (calponin).

DISCUSSION & CONCLUSIONS:The high cell biocompatibility of GeIMA and collagen-based bioinks can be
explained by the presence of RGD motifs that support cellular attachment, migration and growth. Bioprinting with
collagen appears more straightforward than GelMA, as it does not require an additional photo-croslinking step.
However, the optimal mechanical properties of the constructs still need to be determined considering its key role
in controlling the contractile cell phenotype. The results of this work, although preliminary, suggest that both
GelMA and pure collagen constitute suitable bioink platforms for the fabrication of cell-laden constructs for
urethral tissue engineering.

Keywords: Biofabrication, Differentiation
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Cellular spheroids as raw materials for extrusion-based bioprinting
Leticia Emiliano CHARELLI'!, Gabriela Soares KRONEMBERGER®, Tathiana Proenca PAMPOLHA?, Leandra
Santos BAPTISTA?
'Post-graduation program in Nanotechnology Engineering, Federal University of Rio de Janeiro (UFRJ), Rio de
Janeiro, Rio de Janeiro, Brazil.
Nucleus of Multidisciplinary Research in Biology (Numpex-Bio), Federal University of Rio de Janeiro (UFRJ)
Xerém, Duque de Caxias, Rio de Janeiro, Brazil.
3Laboratory of Tissue Bioengineering, National Institute of Metrology, Quality and Technology (Inmetro),
Dugque de Caxias, Rio de Janeiro, Brazil.
4Post-graduation Program of Translational Biomedicine (Biotrans), Unigranrio, Campus I, Duque de Caxias, Rio
de Janeiro, Brazil.

INTRODUCTION:Cellular spheroids can be used as building blocks in bioprinting technology. Bioprinting can
be defined as the additive biofabrication of 3D tissues and organ constructs. This technology permits the
construction of anatomically and physiologically accurate 3D biological structures and presents advantages, such
as reproducibility, precision, scalability, and lower costs. Due to its qualities, bioprinting of spheroids can leverage
several areas such as tissue engineering, cancer research, drug development, and disease modeling. Moreover,
bioprinted tissues can be interconnected as organs-on-chips to test for drug efficacy and toxicity before the start of
human clinical trials, reducing animal testing, costs and time.Therefore, the aim of this work was to explore the
building-block properties of cellular spheroids by using extrusion-based bioprinting technology.

METHODS: Adipose-derived mesenchymal/stromal stem cells (ASCs) were thawed and expanded as a monolayer
at a cell density of 104 cells/cm2 at 37°C, in a humidified incubator with 5% CO2 until reach 80% of confluence.
After reaching the confluence, ASCs were harvested with 0.125% trypsin and 0.78 mM ethylenediaminetetraacetic
acid (Gibco, Rockville), and a concentration of 2x106 was seeded by an automated pipetting platform (Epmotion
5070, Eppendorf, Germany) onto micromolded non-adhesive hydrogels (2% agarose - Ultrapure Agarose,
Invitrogen, USA - dissolved in 0.9% NaCl) with 81 circular recesses, which can generate 81 spheroids per
hydrogel. Sodium alginate (2%) and calcium chloride (5%) was used as hydrogel. A commercial bioprinter was
used (Regemat 3D, Spain) to dispense the spheroids in order to form atissue-engineered construct. After 7 days in
culture, it was performed analysis of morphometry and viability by phase-contrast microscopy, fluorescent
microscopy, and histology. The biomechanics of the tissue-engineered construct was accessed by measuring the
modulus of resistance to compressive forces (Cell Scale, Canada). RESULTS:Here we report ongoing results. It
was possible to bioprinting cellular spheroids using a commercial extrusion bioprinter, without alterations in the
morphology and viability of cellular spheroids. The spheroids were able to fuse, resulting in rapid post-printing
building-block of the tissue-engineered construct. The tissue-engineered construct resultant showed high viability
throughout the culture kinetic (< 90%), structural integrity, and higher resistance to compressive force (p > 0.5).

DISCUSSION & CONCLUSIONS:It was possible to biofabricate tissue-engineered constructs using cellular
spheroids as raw materials. Exploring the building-block properties of cellular spheroids by using bioprinting
technology enables the biofabrication of complex, anatomically and physiologically relevant tissue constructs.
Hence, it has the potential to advance several areas, such as tissue engineering, drug development, and disease
modeling.

Keywords: Biofabrication, Stem cells — general
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The comparison of nanocellulose-alginate and nanocellulose-alginate-hyaluronic acid based bioinks for
3D-bioprinting and their suitability after different sterilization techniques
Markel LAFUENTE MERCHAN!, Albert ESPONA NOGUERA!, Patricia GALVEZ MARTINZ, Juan
MARCHAL?, Elena LOPEZ RUIZ*, Maria Luisa LOPEZ DONAIRES, Jesus CIRIZA!, Laura SAENZ DEL
BURGO!, Jose Luis PEDRAZ'

"NanoBioCel Group, Laboratory of Pharmaceutics, School of Pharmacy, University of the Basque Country
(UPV/EHU), Vitoria-Gasteiz, Spain; Biomedical Research Networking Center in Bioengineering, Biomaterials
and Nanomedicine (CIBER-BBN), Vitoria-Gasteiz, Spain
2R&D Human Health, Bioibérica S.A.U., Barcelona, Spain
3Department of Human Anatomy and Embryology, Faculty of Medicine, University of Granada, 18016 Granada,
Spain; Biopathology and Regenerative Medicine Institute (IBIMER), Centre for Biomedical Research,
University of Granada, 18100 Granada, Spain; Biosanitary Institute of Granada (ibs. GRANADA), Andalusian
Health Service (SAS)—University of Granada, Granada, Spain
“Biopathology and Regenerative Medicine Institute (IBIMER), Centre for Biomedical Research, University of
Granada, 18100 Granada, Spain; Biosanitary Institute of Granada (ibs. GRANADA), Andalusian Health Service
(SAS)—University of Granada, Granada, Spain; Department of Health Sciences, University of Jaén, 23071 Jaén,
Spain
SInstitute of Polymer Science and Technology, ICTP-CSIC. Juan de la Cierva 3, 28006 Madrid, Spain

INTRODUCTION:3D bioprinting is an emerging technology with high potential in tissue engineering since it
shows effective control over scaffold fabrication and cell distribution. The fabrication of 3D bio-scaffolds requires
the distribution of cells in supporting bioink in order to imitate the physiological structure of tissues. Biopolymers
based bioinks offer an excellent choice for this purpose due to their biocompatibility, rheological and non-toxic
properties.

Alginate (Alg) has become one of the most studied biopolymer in this field. However, the difficulties that alginate
present in maintaining the scaffold structure after deposition requires the addition of high viscous components
such as nanofibrillated cellulose (Nc). Moreover, the addition of extracellular matrix glycosaminoglycans such as
hyaluronic acid (HA) gives the bioink the physiological similarity to achieve good cell proliferation and viability.
Cell incorporation into the bioink requires sterilization assurance. Autoclave, Ultra-violet light, Gamma irradiation
and Beta irradiation were widely used sterilization techniques in biomedicine fields. However, the incorporation
of these techniques on 3D bioprinting procedures is still in its beginnings, and ideal sterilization treatment on
bioinks is still under studying.

METHODS:In this study, nc-alg and nc-alg-HA based hydrogels were evaluated before and after different
sterilization techniques. Bioinks were characterized by rheology, swelling properties, degradation kinetics,
structure and morphology. Then, bioinks were passed through different sterilization techniques such as autoclave,
beta irradiation and gamma irradiation, and evaluated again prior cell incorporation. Afterwards, D1-MSC-EPO
cells embedded scaffolds were printed with selected sterilization technique and cell viability, proliferation and
EPO secretion was analysed.

RESULTS:The experimental results demonstrated that nc-alg and nc-alg-Ha bioinks suffered physical changes
after sterilization procedures. In addition, cell metabolic activity evaluation showed increasing values along the
time, whereas in the cell viability assessment, the live/dead assay showed a higher percentage of live cells, all this
studies indicated good cell growth and proliferation.

DISCUSSION & CONCLUSIONS: Among sterilization processes, autoclaving shown to be the best option for the
sterilization of these bioinks due to their good printability. On the other hand, the addition of HA demonstrated
higher biocompatibility and cell viability on the scaffolds embedded with cells.

Keywords: 3D printing and bioprinting,
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MRI and NMR velocimetry mapping of fluid flow in 3D Printed porous biomaterials for Cartilage Tissue
Engineering
Catherine TAYLOR!, Jing YANG!, Galina PAVLOVSKAYA?, Joel SEGAL?

'Division of Regenerative Medicine and Cellular Therapies, School of Pharmacy, University of Nottingham,

Nottingham, United Kingdom
2Sir Peter Mansfield Imaging Centre, Faculty of Medicine & Health Sciences, University of Nottingham,

Nottingham, United Kingdom

3Manufacturing and Process Technologies, Faculty of Engineering, University of Nottingham, Nottingham,

United Kingdom

INTRODUCTION:Increasingly bioreactors in 3D cell culture are being used to improve cell growth and
differentiation due to enhanced mass transfer and the mechanical forces they impart on the cells [1, 2].
Optimisation of tissue regeneration would benefit from methods to measure the homogeneity of flow through
scaffolds, the localised forces cells experience and how these parameters change over time with the ingrowth of
tissue into the scaffold. Currently outside of theoretical computed models, understanding of flow patterns in porous
scaffolds and the associated mechanical stresses is limited. Optical methods often are not suitable for the opaque
scaffold materials commonly used, or require the addition of tracer particles [3, 4]. Furthermore, analysis of cells
post dynamic culture often involve destroying the scaffold, and do not allow for any real time measurements to be
taken.

METHODS:Therefore presented here is a non-invasive NMR and MRI technique to encode velocities of flow
through porous 3D printed scaffolds for tissue engineering. In this study, scaffolds were printed using Fused
Deposition Modelling (FDM) with distinct pore architecture. Between scaffolds the geometry and size of pores
were varied, and subjected to the same flow conditions.

RESULTS:MRI and NMR Velocity encoding successfully produced fluid flow maps for each porous architecture.
Results showed that the homogeneity of flow velocity varied depending on the size and shape of pores within the
scaffold.Indicating scaffold design impacts flow regimes in perfusion bioreactors.

DISCUSSION & CONCLUSIONS:As a result, it is intended the flow patterns induced by particular internal
porous architecture could well influence scaffold design rationale in attempts to optimise dynamic culture methods.
NMR and MRI methods could therefore be used as a technique to experimentally validate CFD models giving a
more complete understanding of the interaction between scaffolds and perfusion flow.

REFERENCES:1. Pazzano, D., et al., Comparison of chondrogensis in static and perfused bioreactor culture.
Biotechnol Prog, 2000. 16(5): p. 893-6.

2. Gemmiti, C.V. and R.E. Guldberg, Fluid flow increases type II collagen deposition and tensile mechanical
properties in bioreactor-grown tissue-engineered cartilage. Tissue Eng, 2006. 12(3): p. 469-79.

3. Campos Marin, A., et al., 2D p-Particle Image Velocimetry and Computational Fluid Dynamics Study Within
a 3D Porous Scaffold. Annals of Biomedical Engineering, 2017. 45(5): p. 1341-1351.

4. Gao, Y.-B., et al., A tracer liquid image velocimetry for multi-layer radial flow in bioreactors. BioMedical
Engineering OnLine, 2015. 14: p. 10.
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Hybrid extrusion bioprinting and electrospinning setup for the fabrication of vascular grafts
Faraz FAZAL, Francisco Javier Diaz SANCHEZ, Vasileios KOUTSOS, Norbert RADACSI
School of Engineering, Institute for Materials and Processes, The University of Edinburgh, Robert Stevenson
Road, Edinburgh, EH9 3FB, United Kingdom

INTRODUCTION:There is a high demand for small diameter vascular grafts having mechanical and biological
properties similar to that of living tissues. Tissue-engineered vascular grafts using current methods have often
failed due to thrombosis, poor patency and a mismatch of mechanical properties between implanted graft and
living tissues.

METHODS:We developed a hybrid bioprinting-electrospinning device that is capable of advanced biofabrication
of vascular grafts. The setup can produce layered structures from electrospun fibres and cell-laden hydrogels.

RESULTS:A desktop FDM printer has been modified into a hybrid setup having one bioprinting head and two
electrospinning heads. The functions of the hybrid bioprinting setup are fully controlled by Arduino controller
board. The setup can reliably print tubular constructs of hydrogel around a rotating mandrel. Co-electrospinning
of poly (L-lactide-co-caprolactone) PLCL and collagen fibers will be done to reinforce Methacrylated Gelatin
hydrogel (also named as GelMA) for the fabrication of vascular grafts. Mechanical testing will be performed to
check the burst pressure, compliance and suture retention of the bio-fabricated vascular grafts.

DISCUSSION & CONCLUSIONS:A hybrid bioprinting-electrospinning device is built to biofabricate vascular
grafts with layered structure as found in natural blood vessels. This setup can make tubular constructs using
hydrogels and electrospun fibers with required mechanical properties.

REFERENCES:Y. Liu et al., “Fabrication of triple-layered bifurcated vascular scaffold with a certain degree of
three-dimensional structure,” AIP Adv., vol. 015006, no. January, 2018.

R. M. Maina et al., “Generating vascular conduits : from tissue engineering to three-dimensional bioprinting
Scaffolds for TEVGs,” Innov Surg Sci, vol. 3, no. 3, pp. 203-213, 2018.

S. Freeman et al., “A bioink blend for rotary 3D bioprinting tissue engineered small-diameter vascular constructs,”
Acta Biomater., vol. 95, pp. 152-164, 2019.

Keywords: 3D printing and bioprinting, Hydrogels and injectable systems
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Laser texturing as a programming tool to elicit defined biological responses in Additive Manufacturing
implants
Victor Manuel VILLAPUN PUZAS!, Kenny MAN!, Luke CARTER!, Pavel PENCHEV?, Liam GROVER!,
Sophie COX!
'Department of Chemical Engineering, University of Birmingham, Birmingham, United Kingdom
2Department of Mechanical Engineering, University of Birmingham, Birmingham, United Kingdom

INTRODUCTION:Failure between implantable devices and bone bonding in the absence of infection, or aseptic
loosening, remains a significant complication, affecting up to 20% of implants [1]. Such failure leads to revision
surgeries with partial or total removal of the implant with higher failure rates than those for primary arthroplasty
[3,4]. The increased costs and recovery times pose a heavy burden on both patient and healthcare system, critically
calling for the development of novel implants with enhanced surface-bone interaction. In this regard, surface
topology is known to affect the biological response of implantable devices, suggesting that careful selection of
metallic implant topographies can be used to facilitate attachment and differentiation of mammalian cells. In this
regard, laser ablation offers the possibility to texture implant surfaces with minimal effect on the accuracy of the
final geometry.

METHODS:An array of geometrical and nature based textures to enhance the biological response of Ti64 additive
manufactured implants were selected. Coupons were prepared with textures in the microscale, nanoscale and
mixed patterns alongside natural textures and a polished control. The physico chemical properties of all surfaces
were analysed through non contact profilometry, SEM imaging and contact angle measurements. The biological
response was studied through proliferation (Live/Dead) and mineralization (Alizarin Red, Alkaline phosphatase
and Polymerase chain reaction) assays of MG63 cells up to 21 days.

RESULTS:Physicochemical analysis revealed the ability of the technique to carve the desired pattern effectively
modifying roughness and contact angle, known to effect surface and cell interaction. The proliferation assays
revealed the ability of the patterns to modify the preferential orientation of MG63 cells after 7d of interaction.
Differences were found in the mineralization assays, where grids, dual, triangles and shark skin patterns showed
higher calcium deposits. These results were linked with roughness and contact angle measurements to develop a
map for implant surface optimization.

DISCUSSION & CONCLUSIONS:Thus, this preliminary study demonstrated the ability of laser texturing to
enhance the biological response of implantable devices, opening the door to its use in additive manufacturing
technologies to tackle aseptic loosening.

References:[1] Wooley, P.H. & Schwarz, E. M. Aseptic loosening. Gene Ther. 11, 402 (2004)
[3] Retpen, J.B., Varmarken, J. E., Rock, N. D. & Jensen, J. S. Unsatisfactory results after repeated revision of hip

arthroplasty: 61 cases followed for 5 (1-10) years. Acta Orthop. Scand. 63, 120-127 (1992)
[4] Lieberman, J. R. Cemented femoral revision: lest we forget. J. Arthroplasty 20, 72-74 (2005)
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A design approach to facilitate selective attachment of bacteria and mammalian cells to additively
manufactured implants
Victor Manuel VILLAPUN PUZAS!, Luke CARTER!, Nan GAO?, Owen ADDISON?, Mark WEBBER*,
Duncan SHEPHERD?, James ANDREWS?, Morgan LOWTHER!, Steven AVERY®, Sarah GLANVILLS, Liam
GROVER!, Sophie COX!

'Department of Chemical Engineering, University of Birmingham, Birmingham, United Kingdom
2Department of Mechanical Engineering, University of Birmingham, Birmingham, United Kingdom
3Faculty of Dentistry, Oral and Craniofacial Sciences, King’s College London, United Kingdom
“Quadram Institute Bioscience, Norwich, United Kingdom
3School of Mathematics, University of Birmingham, Birmingham, United Kingdom
SRenishaw New Mills, Headquarters, Gloucestershire, United Kingdom

INTRODUCTION:Additive manufacture of patient specific implants is rapidly growing. The clinical complexity
of cases that justify use of these customised devices, however typically exhibit higher infection rates compared to
standardised components. Herein we demonstrate the possibility to differentially control bacterial and mammalian
cell attachment on bespoke additively manufactured titanium alloy implants by optimising in situ parameters,
namely the build angle. The approach offers a method to simultaneously reduce the risk of device infection while
enhancing native cell attachment, which is critical to musculoskeletal implant success.

METHODS:To analyse the influence of part orientation on the surface finish of AM implants, Ti-6Al-4V cuboidal
coupons were printed at sloping angles between 20 and 90° to the build plane. Physicochemical changes were
studied through non contact profilometry, SEM imaging and contact angle measurements. Bacteria attachment
was studied with crystal violet, SEM and Live/Dead imaging of S. epidermidis cells, while mammalian cell
response was estimated with SEM and confocal imaging of MC3T3 cells. Finally, a computational model to predict
surface finish and optimal orientation was developed with MATLAB accounting for melt pool radii and stacking
of partially melted powder particles.

RESULTS:Roughness measurements showed a link between orientation and surface finish, increasing from 7.5 +
0.6 um to a maximum of 15.9 + 1.4 pm, 20 and 90° respectively. This rise was driven by a greater number of
partially melted particles on surfaces printed at higher angles, enticing a transition from hydrophilic to hydrophobic
contact angles. The topographical changes resulted in a linear increase in S. epidermidis biomass, while an opposite
trend was observed for cell coverage. Specifically, maximum osteoblast adhesion occurred for surfaces printed at
20° and 30°. The developed model was able to accurately predict roughness of implants which was able to
minimise surface roughness and thus enhance implant performance of two implant case studies.

DISCUSSION & CONCLUSIONS:We have demonstrated the possibility of using additive manufacturing process
control to selectively attach mammalian cells while hindering bacterial colonization. This novel tool has the
potential to tackle the longstanding issue of infection.

Keywords: Additive manufacturing, Biomaterials
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Biodegradable and Bioactive Personalized 3D Printed Implants for Maxillofacial Bone Regeneration
Sergi REY VIAOLAS!, Miguel A. MATEOS TIOMENDAZ Elisabeth ENGEL?
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Reixac 10-12, 08028 Barcelona, Spain; CIBER en Bioingenieria, Biomateriales y Nanomedicina, CIBER-BBN,
Madrid, Spain; Materials Science and Metallurgical Engineering, Polytechnical University of Catalonia (UPC),

Eduard Maristany 16, 08019 Barcelona, Spain

INTRODUCTION:To treat maxillofacial bone atrophies, surgeons commonly use titanium meshes filled with
different combinations of grafts (xenograft, autologous bone graft or synthetic grafts), in order to stimulate the
regeneration of the bone defect. One of the main drawbacks of this technique is the need to perform two surgeries,
one for implantation and a second one for mesh removal, increasing the possibility of side effects, pain and
morbidity resulting from a surgery. Another drawback of using titanium meshes is the possibility of mesh
exposure, that could affect the regeneration of the bone. The aim of this industrial project is to develop a
biodegradable and bioactive patient-specific 3D printed implant as a bone substitute for maxillofacial defects
regeneration, avoiding the use of titanium meshes.

METHODS:A combination of bioactive calcium phosphate-based glass microparticles (mPs) were dispersed into
polycaprolactone (PCL) solution. Films of PCL with mPs were obtained and used as raw material for printing by
fuse deposition. mPs dispersion and scaffolds morphology were studied by microCT and SEM images. Human
mesenchymal stem cells (hMSCs) were used to asses biocompatibility and cell behavior on the scaffolds, in terms
of cell metabolic activity and cell morphology by fluorescence staining (FS). Printability and personalized
geometries of implants were tested.

RESULTS:Homogeneous mPs dispersion along the PCL was obtained in macro porous scaffolds with parallel
pattern, observed by microCT and SEM images. A good biocompatibility was achieved according to the metabolic
activity results, with a rapidly cell colonization of scaffolds observed at FS images. Other properties such as the
evolution of mechanical properties and weight loss were also studied to evaluate degradation behavior. The
suitability of implants geometry printed from maxillary atrophy cases, were tested with their polyamide defect
models. 3D printed implants fit correctly with their corresponding bone defects models, validating implants
personalization with specific geometry and their proper structural maintenance.

DISCUSSION & CONCLUSIONS:The combination of PCL with mPs used to obtain 3D printed scaffolds, could
be a promising strategy to obtain biodegradable and bioactive bone substitutes for the regeneration of maxillofacial
defects in tissue engineering field. This approach allows to obtain personalized scaffolds with the exact geometry
of the bone defect, which also avoid the need of a second implant removal surgery.

Acknowledgements:This project is being developed in collaboration with AVINENT Implant System. The authors
would like to thank AGAUR for the “Doctorat Industrial” grant (2017DI076).
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Microparticles fabricated by two-photon polymerisation with defined internal geometry for bone tissue
engineering
Robert OWEN!, Mahetab H AMER!, Jason HUTCHINSON?, Ricky WILDMAN?, Felicity RAJ ROSE!
'Division of Regenerative Medicine and Cellular Therapies, School of Pharmacy, University of Nottingham,
Nottingham NG7 2RD, U.K
2Centre for Additive Manufacturing, Faculty of Engineering, University of Nottingham, Nottingham, NG8 1BB,
UK.

INTRODUCTION:Porous polymer microparticles have the potential to deliver cells and therapeutics in a
minimally invasive manner. When produced by stochastic processes such as double emulsion templating it is
possible to control particle size; however, the internal architecture of each microparticle is random. It has been
demonstrated that pore size and geometry can be used to control mesenchymal stem cell (MSC) fate, but these
architectures can only be incorporated into porous microparticles via high resolution 3D printing. Two-photon
polymerisation (2PP) is an additive manufacturing technique capable of printing at sub-micron resolutions and is
ideal for exploring the role of geometry on cell fate. Here, we describe a range of porous polymer microparticles
fabricated by 2PP with a view to determine whether osteogenesis can be improved through architecture control.

METHODS:To rank potential photosensitive materials for 2PP a materials selection tool was developed which
cross references the number of acrylate moieties on the material and MSC attachment to the material using data
from high throughput polymer microarrays. Top candidates were screened and structured into a range of 100 pm
diameter porous microparticles particles using 2PP (Nanoscribe Photonic Professional). Architectures were based
on the Platnoic, Archimedian and Catlan polyhedra in order to give a range of well-defined pore geometries and
sizes. Candidate particles were printed as arrays and MSCs cultured for three days before assessing cell interaction
and attachment by by cytoskeleton staining and confocal microscopy.

RESULTS:Pentaerythritol triacrylate (PETA) and trimethylolpropane ethoxylate triacrylate (TMPETA) were
identified as suitable materials due to biocompatibility and amenability to 2PP as both could readily be fabricated
into a wide range of microparticle designs. Arrays of different geometry particles fabricated from the same material
showed different degrees of cell interaction and ingress, demonstrating an influence of microparticle architecture.

DISCUSSION & CONCLUSIONS:Current cell studies aim to identify pore sizes and geometries which support
cell interaction with and ingress into the microparticle arrays. Future work is focussed on the assessment of these
materials and geometries on osteogenic differentiation. To conclude, 2PP is ideally suited to fabricating polymer
microparticles with controlled internal architecture to explore the role of pore geometry on MSC fate.
ACKNOWLEDGEMENTS:We would like to acknowledge the United Kingdom Regenerative Medicine Platform
2 (UKRMP2) [MR/R015651/1] for funding this project.
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Finite Element Modelling of Short-Stem Porous Hip Implant Design for Preventing Stress Shielding &
Promoting Osseointegration
Seyed Ataollah NAGHAVI, Chaozong LIU
Institute of Orthopaedics & Musculoskeletal Science, University College London, Royal National Orthopaedic
Hospital Stanmore, London, HA7 4LP, UK

INTRODUCTION:Currently, total hip replacement surgery is an effective treatment for osteoarthritis, where the
damaged hip joint is replaced with an artificial joint. Stress shielding is a mechanical phenomenon that refers to
the reduction of bone density as a result of altered stresses acting on the host bone. Current orthopaedic prostheses
undergo too much stress shielding due to their solid metallic nature, which are much stiffer than the surrounding
bone. During physical activities, these mechanical properties mismatch between the implant and the native bone
causes the stiffer prosthesis to absorb a substantial percentage of stress, leading to stress shielding.

METHODS:This study aims to develop a hip stem which can distribute the physiological loads from the hip stem
to the femoral bone. It is well known that metallic porous structures have a very good force distribution feature,
these are now manufactured via metal 3D printing technology.

RESULTS:3D printed porous hip implants can help reduce this stress shielding effect and transfer a more
distributed force to the surrounding bone. It has also been shown that graded density implants have an optimal
lower stress value compared to the uniform porosity and conventional hip implants. This means that the graded
density implants have a reduced stress shielding. Inverse Homogenization has also being used in recent studies to
ensure mechanical compatibility among topology optimized microstructures This would simultaneously optimize
the physical properties of the individual cells as well as those of neighbouring pairs, to ensure material connectivity
and smoothly varying physical properties.

DISCUSSION & CONCLUSIONS:The architected hip implants presented in recent studies shows clinical promise
in reducing bone loss while preventing implant micromotion. These graded porous structures can also promote
bone tissue in growth into the implant, resulting in long term implant fixation, which eventually prolongs the life
of implant and delays the need for revision surgery.

ACKNOWLEDGEMENTS:This project is financially supported by the EU via the H2020-MSCA-RISE-2016
program (grant no: 734156).

REFERENCES:1- Arabnejad S, Johnston B, Tanzer M, et al (2017). Fully porous 3D printed titanium femoral
stem to reduce stress-shielding following total hip arthroplasty. J Orthop Res; 35(8):1774-83.

2- Arabnejad S, Johnston RB, Pura JA, et al. (2016). High strength porous biomaterials for bone replacement: a
strategy to assess the interplay between cell morphology, mechanical properties, bone ingrowth and manufacturing
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Anatomical investigation of the temporomandibular joint condyle for tissue engineering purposes
Amara FREED, Julie GOUGH, Sarah H CARTMELL
Department of Materials, The University of Manchester, Manchester, UK

INTRODUCTION:The temporomandibular joint (TMJ) is made up of the articular disc and condyle.
Temporomandibular disorders affect around 10.5 million adults worldwide. Common problems in the condyle
include clicking/popping, restricted mandibular range, hypermobility, osteoarthritis and rheumatoid arthritis
(Morougo et al., 2016). Our laboratory is investigating novel additive manufacturing methods to tissue engineer
the TMJ. However, there is limited information available in the literature to inform on the precise anatomical
description of the condyle such as; cell density, extracellular matrix composition and cell type/orientation of the
different zones in the condyle. We are currently investigating using histology rat and human TMJ condyles to
establish their similarities and differences. This allows target clinical data to be gathered on the human tissue whilst
determining the suitability of rat as an animal model to test tissue engineered TMJ condyles.

METHODS:Rats were dissected using the Fuentes et al., (2017) protocol. Tissues were fixed and stained using
established protocols (O’Brien, 2017). Staining included Haematoxylin and eosin (H&E), immunohistochemistry
(collagen type II) and picrosirius red (PSR).

RESULTS:H&E staining identified the four zones in the condyle. The following were found amongst the layers;
fibrous layer: highlighted dense fibrous connective tissue with scattered flat cells, proliferative layer: irregular,
densely packed cells with large round nuclei, chondrocytic layer: spherical cells with an increase of depth,
hypertrophic layer: higher presence of chondrocytes. PSR staining highlighted a prominent presence of collagen
in the condyle but did not highlight any collagen type I or III. Collagen type II was not present within the fibrous
layer, but was present within the remaining three layers, with a higher presence in the proliferative and
chondrocytic layers.

DISCUSSION & CONCLUSIONS:Literature states that human condyles have collagen type I and scarce type 111
present (Rabie et al., 2003) whereas the PSR stain used in this research showed no signs of this type of collagen,
challenging previous literature (Mizoguchi et al., 2013).

References:Mizoguchi, I., Toriya, N. and Nakao, Y. (2013) ‘Growth of the mandible and biological characteristics
of the mandibular condylar cartilage’, Japanese Dental Science Review. Elsevier, 49(4), pp. 139-150.

Morougo, P. et al. (2016) ‘Tissue engineering for temporomandibular joint disc repair and regeneration’, Advances
in Cellular and Molecular Otolaryngology, 4(1), pp. 1-5.

O’Brien, M. (School of Materials. T. U. of M. (2017) ‘Histology: The Beauty Within’, IST.

Rabie, A. B. M. et al. (2003) ‘The correlation of replicating cells and osteogenesis in the condyle during stepwise
advancement’, Angle Orthodontist, pp. 457—465.
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Characterizing manufactured therapeutic chondrocytes using prognostic bioactivity markers
Noor AL MASLAMANI!, Jude CURRAN!, Kai HOETTGES?, James HENSTOCK!
Institute of Ageing and Chronic Disease, University of Liverpool, Liverpool, United Kingdom
2Department of Electrical Engineering and Electronics, Liverpool University, United Kingdom

INTRODUCTION:Autologous chondrocyte implantation (ACI) is a two-stage operative procedure to treat
cartilage defects in which chondrocytes are isolated from an unaffected area of cartilage, expanded in vitro and
then re-implanted to repair the cartilage defect. Many aspects of this process have not been optimized: in particular,
monolayer expansion culture causes chondrocytes to de-differentiate and start to express general mesenchymal, or
stem-like markers such as CD10, CD90, CD105, CD166, collagen-I, collagen-II and versican. Repair tissue formed
from these cells has been shown to include undesirable fibrous extracellular matrix. We hypothesize that the
introduction of novel 3D cell expansion techniques (bioreactors) can reduce or eliminate de-differentiation and
increase the cells therapeutic potency. To facilitate this investigation and compare changes in chondrocyte
therapeutic bioactivity in response to 3D culture conditions, we have developed a prognostic assay using FACS to
characterize cell phenotype, enabling a rapid and high-throughput analysis of manufactured chondrocytes.

METHODS:We conducted a systematic literature review for markers that are associated with the cell types
produced during chondrocyte isolation and culture, including de-differentiated and trans-differentiated
mesenchymal cell types.

RESULTS:FACS markers were chosen which are present on hyaline cartilage: healthy chondrocytes, pericellular
matrix and mature chondrons (CD 151, collagens II, VI, IX and aggrecan), hypertrophic chondrocytes (collagens
I and X). Markers of de-differentiated cells known to appear during chondrocyte cell culture include CD90
(mesenchyme), CD9 (osteochondroprogenitor), CD146 (chondroprogenitor).

DISCUSSION & CONCLUSIONS:We have developed a FACS-based assay system to qualify, quantify and
characterize the cell types and sub-populations produced during chondrocyte expansion culture. This assay is novel
because it simultaneously identifies the level of de-differentiation under culture conditions and provides a ratio for
immature (potentially reparative) chondrocyte/progenitor cells and the mature chondrocytes (surrounded by
chondrons) which literature suggest have a role in mechano-sensing and directing in vivo tissue re-growth. This
test now forms the investigative basis for high-throughput screening of cells manufactured under novel and
improved bioreactor conditions, which is our current and future work.

ACKNOWLEDGEMENTS:This work is financially supported by Qatar National Research Fund (QNRF)
REFERENCES:1. Diaz-Romero, et al. J Cell Physiol. 2005. doi:10.1002/jcp.20164

2. Singh, et al. Dev. 2015. doi:10.1242/dev.113571
3. Jiang, et al. Stem Cells Transl Med. 2016. doi:10.5966/sctm.2015-0192
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Micronized lipoaspirate shows in vitro potential for wound healing
Michela BOSETTI!, Letizia FRACCHIA!, Maurizio RINALDI!, Chiara CERESA!, Alice MARCHETTTI', Carlo
TREMOLADA?
"Pharmacological Sciences, University Eastern Piedmont, Novara, Italy
2IMAGE Institute, Milano, Italy

INTRODUCTION:Our recent study demonstrates that micronized lipoaspirate acts as a natural scaffold for stem
cells and give rise to spontaneous cell outgrowth, together with a paracrine effect on resident cells [1]. On the basis
of the results obtained on cartilage regeneration, in this work we tried to demonstrate in vitro if micronized
lipoaspirate can promote and accelerate wound healing overcoming the limitations of the extensive time and
manipulation necessary for the use of MSCs therapy in tissue regeneration.

METHODS:Lipoaspirates were obtained from five healthy female patients undergoing a liposuction using
Lipogems ® dispositive. Micronized fat was cultured 24h in RPMI with 5% FBS (0,5mL Lipogems/mL). The
outgrowth study was done in a 3D collagen matrix culture using clusters of lipoaspirate transduced by Lenti-GFPF
cocultured with an organ culture of healthy or mechanically damaged skin. Proliferation migration and contraction
tests on fibroblasts and keratinocites have been done using MRC5 and HaCat cell lines using respectively ATP
quantification kit, scratch Wound healing and collagen contraction assay. Antibacterial effect was tested using
agar test and CFU count of E. coli and P. aecruginosa. Assessment of inhibition of bacterial growth was done
comparing the activity of the clusters to that of hADSCs known to have an antibacterial activity [2]. To understand
the paracrine effect of micronized fat, the cytokines released in culture media were assessed using the Human
Cytokine Antibody Array-Membrane kit (Panomics). Moreover in order to see if lipoaspirate modify the cytokine
pattern when infected, lipoaspirate clusters (0,5mL/mL RPMI) were co-incubated with 300 CFU E. coli for 24h
and the cytokines released were compared to the untreated one. LL-37 peptide concentration in culture media of
Lipogems® (0,5 mL) or hADMSCs (2,5%105 cells/mL) coincubated with or w/o 300 CFU E. coli for 24h was
quantified using the LL-37, ELISA kit.The data were analyzed using the statistical software R (n=15; p<0,05

RESULTS:The ability of resident cells in microfragmented fat to grow out without enzymatic digestion and the
paracrine effect on the proliferation rate, migration and contraction of fibroblasts and keratinocytes gives to
Lipogems a great appeal for chronic wound repair.

DISCUSSION & CONCLUSIONS:These results together with the release of trophic/reparative cytokine and high
antibacterial role of Lipogems® could constitute a promising adjuvant to antibiotic therapy, determining an

effective therapeutic advantage for the healing of wounds in the field of regenerative medicine.

REFERENCES:[1] Bosetti M. et al. Cell Transplant 2016;25:1043-1056.
[2] Krasnodembskaya A. et al. Stem Cells 201;28(12):2229-38.
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Producing biomimetic electrospun tissue engineered ligaments through the use of physiological
mechanical testing
Elisa ROLDAN CIUDAD!, Neil REEVES?, Glen COOPER?, Kirstie ANDREWS!
'Department of Engineering, Faculty of Science & Engineering, Manchester Metropolitan University,
Manchester M1 5GD, UK
ZResearch Centre for Musculoskeletal Science & Sports Medcine, Department of Life Sciences, Faculty of
Science & Engineering, Manchester Metropolitan University, Manchester M1 5GD, UK
3School of Engineering, University of Manchester, Manchester M13 9PL, UK

INTRODUCTION:Currently, tensile tests are used as the main focus for assessing the performance of anterior
cruciate ligament (ACL) implants; however, their suitability is not accurately assessed, due to tests not replicating
physiological conditions/functioning [1]. The aim of this study is to determine the electrospun structure most
comparable to the natural ligament with regards to structure and performance; hence 2D and 3D polyvinyl alcohol
(PVA) electrospun scaffolds were manufactured and mechanically tested under cyclic tensile and shear loading in
dry and wet conditions (not previously investigated).

METHODS:2D biomimetic electrospun scaffolds were manufactured with 12% w/v of PVA dissolved in distilled
water. To fabricate 3D structures, the 2D electrospun meshes were cut in rectangles of 2 x 15 cm and manually
twisted clockwise until a packed and stable filament was created to form scaffolds of: one twisted filament, three
twisted filaments and three twisted/braided filaments. 2D and 3D structures were crosslinked with 25%
glutaraldehyde for 24 hours. Cyclic tensile and shear tests with crosslinked and non-crosslinked samples were
performed in dry and wet conditions (n=8 samples per condition). The tests were performed using an Instron
H10KS, 10 cycles to 13% strain and then tested to failure, with a 100 N load cell and 5 mm/min test speed. Mean
and standard error of the mean were calculated for all conditions.

RESULTS:Three twisted/braided filaments scaffolds produced a maximum tensile stress of 38.0 +£ 3.0 MPa and a
Young’s modulus after 10 loading cycles of 148.7 = 13.0 MPa in dry conditions, displaying properties most similar
to the natural ACL [1-3]. Wet PVA scaffolds exhibited elastic behaviour with a well-defined toe region. Three
twisted/braided crosslinked filament structure showed the highest maximum shear stress in dry conditions,
allowing the samples to bear higher shear loads than with the other structures. The manufacturing process did not
damage the nanofibres or alignment.

DISCUSSION & CONCLUSIONS:Three twisted/braided crosslinked filament structures mimicked the ACL
mechanical and morphological properties, showing elastic behaviour in wet conditions and optimum tensile and
shear stresses under cyclic loading, indicating significant potential for use in ACL reconstruction.

Acknowledgements: This research was funded by the Faculty of Science & Engineering, Manchester Metropolitan
University.

References:[1] Roldan E. et al. Gait Posture 58, 201-207, 2017; [2] Roldan E. et al. Procedia CIRP 49, 133-138,
2016; [3] Noyes FR, Grood ES. Journal of Bone and Joint Surgery of America 58, 1074-1082, 1976.
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Magneto-acoustic levitational biofabrication of the ring-shaped construct from tissue spheroids
Vladislav PARFENOV!, Elizaveta KOUDAN!, Alisa KROCHMAL?, Stanislav PETROV!, Frederico
PEREIRA!, Pavel KARALKIN!, Elena BULANOVA!, Oleg SAPOZHNIKOV?, Sergey TSYSAR?, Sanne
GRANNEMAN?, Hans ENGELKAMP?, Peter CHRISTIANEN?, Yusef KHESUANI!, Vladimir MIRONOV'!
"Laboratory for Biotechnological Research “3D Bioprinting Solutions”, Moscow, Russia
%Physics Faculty, Moscow State University, Leninskie Gory, Moscow 119991, Russia
3High Field Magnet Laboratory, Radboud University, Nijmegen, The Netherland

INTRODUCTION:The fabrication of human organs and tissues using three-dimensional bioprinting can be
considered as a promising solution to the problem of the lack of donor organs. The key elements of technology are
tissue spheroids used as building blocks for the printing of three-dimensional organ and tissue constructs [1]. The
majority of current biofabrication approaches involves the use of scaffolds or labels. Recently, a new scaffold-free
and label-free biofabrication method based on a magnetic levitation was implemented [2]. The combination of
magnetic field with acoustic hoist of tissue spheroids can provide new features. Magneto-acoustic biofabrication
of three-dimensional tissue constructs represents a novel scaffold-free and label-free.

METHODS:For levitation of tissue spheroids, the magnetic force generated by the Bitter magnet was used. To
assemble of complex shape of the construct, acoustic force (acoustic radiation force) from a standing wave was
used.

RESULTS:The high magnetic field with an intensity of up to 15 T was created using a Bitter magnet. To ensure
levitation of tissue spheroids, a gadolinium salt in a non-toxic concentration was added to the nutrient medium.
The piezoelectric transducer created standing cylindrical ultrasonic waves. In the experiments, tissue spheroids
from smooth muscle cells in a paramagnetic nutrient medium were placed in a special agarose cuvette, which was
transparent to the ultrasound wave and did not distort the resulting field. The acoustic radiation force formed a
ring-shaped or tubular constructs from tissue spheroids. Changes in the frequency and amplitude of the wave
allowed us to manipulate the size and the width of the collected construct, while the number of spheroids
determined its height. Holding collected construct in the ultrasound trap for 20 hours at 37°C led to the fusion of
spheroids into a solid ring-shaped living construct. The viability assessment of the construct indicated that the
spheroids remained alive, and the ultrasound field had sufficiently low intensity to prevent their damage

DISCUSSION & CONCLUSIONS:Thus, in the present work we showed that a combination of magnetic and
acoustic fields opens a unique opportunity for biofabrication of tissue engineering constructs with complex
geometric shapes.

Acknowledgements:We acknowledge the support of the HFML, member of the European Magnetic Field
Laboratory (EMFL).

References:[1] Koudan E.V. et al. 3D Printing and Additive Manufacturing. 2017, 4(1): 53-60.
[2] Parfenov V.A. et al. Biofabrication. 2018, 10(3):034104.
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How to translate manual to additive fabrication of adipose tissue models
Ann Cathrin VOLZ!, Franziska B. ALBRECHT!, Lena SCHEYING?, Svenja NELLINGER!, Bettina
WEIR?, Petra J. KLUGER!
'Reutlingen University, Reutlingen, Germany
2University of Hohenheim, Stuttgart, Germany
3Esslingen University, Esslingen, Germany

INTRODUCTION:Adipose tissue plays a crucial role in the human body including heat regulation, energy and
hormone homeostasis. The clinical need of adipose tissue is mainly found in reconstructive and plastic surgery,
e.g. after tumor resection or to treat deep wounds. Automated fabrication techniques like boptinting allows the
generation of standardized, reproducible tissue models. We focus on the optimization of the manual buildup of
adipose tissue models as suspension in hydrogels or spheroids. Next, we adapt our protocols to an automated
process to achieve viable, functional and physiological models for further use in biomedical sciences.

METHODS:Primary human adipose derived stem cells (ASCs) and human mature adipocytes (ACs) were isolated
using skin biopsies. We improved their culture conditions, e.g. by development of several defined media as well
as specific media and protocols for cocultures with endothelial cells or macrophages. 3D cuture of ASC were
perfomed by cells in hydrogels or spheroid culture. Viability, differentation and function of the ASCs and ACs
were evaluated by different stainings, ELISAs, quantitative assays and western blots after severeal days and weeks
of culture. Moreover, we tested different biopolymers as scaffold material for 3D-adipose tissue models such as
gelatin, collagen, gellan and mixed them with human ECM to provide a more physiological microenvironment.

RESULTS:We improved the culture conditions of ASCs and ACs by optimizing different media compositions and
developed defined media e.g. for adipocyte culture, which supported the maintenance of the adipogenic phenotype
up to 14 days. ASCs in hydrogels or spheroid 3D-culture were successfully differentiated and startd to form lipid
vacuoles. This adipogenic differentiation of the ASCs and the maintenance of the ACs were analyzed by
immunofluorescent staining and different assays (leptin, glycerol). Bioinks based on gelatin or gellan were
evaluated and optimized by adding patient derived ECM. Cell behavior like adhesion and proliferation was
improved in our ECM containing bioinks.

DISCUSSION & CONCLUSIONS:We have developed optimized culture and differentation protocols (like setup
of defined media) for 2D and 3D culture ASCs and ACs as well as cocultures with other cells. For bioprinting of
these models tailor-made bioinks are necessary, e.g. ECM-containing hydrogels. The ECM preparation and
integration showed positive effects but should be further improved to achieve functional and stable 3D adipose
tissue models by bioprinting.

ACKNOWLEDGEMENTS:Financial support was received from the Ministry of Science, Research and Art
Baden-Wuerttemberg and the European Commission (#1099895).
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Encapsulated nanofibrous networks within liquefied-core systems for tissue engineering applications
Miguel SIMOES, Clara R. CORREIA, Joao F. MANO
Department of Chemistry, CICECO - Aveiro Institute of Materials, University of Aveiro, Aveiro, Portugal

INTRODUCTION:Within tissue engineering and regenerative medicine (TERM) field evolution, new tissue repair
technologies have emerged. An alternative to conventional scaffolds with fixed geometries, namely hydrogels,
consists of Liquefied Multilayered Capsules (LMC) [1]. Composed of a layer-by-layer membrane, a liquefied
alginate core containing cells and poly(L-lactic)acid (PLLA) nanofibers, LMC allow free movement of cells across
the 3D construct, while maximizing the diffusion of essential molecules. Nanofibers are of utmost interest given
its function as an anchoring and assembly 3D system, mimicking the fibrous microenvironment of the extracellular
matrix found in vivo. Considering their higher surface area, compared to microparticles, nanofibers may represent
superior cell carrier systems. Moreover, their higher aspect ratio may aid in cell orientation. LMC encapsulating
nanofibers and cells were tested in both dynamic and static conditions.

METHODS:PLLA nanofibers were synthesized through electrospinning and fragmented by aminolysis reaction.
LMC were generated by electrohydrodynamic atomization technique, in which a liquid jet of alginate containing
a dispersion of mesenchymal stem cells (4x106cells/mL) and PLLA fibers (1mg/mL) breaks up into droplets, by
applying electrical forces. After crosslinking in calcium chloride, spherical hydrogels encapsulating cells and
PLLA nanofibers were obtained. Then, layer-by-layer was repeatedly performed using poly(L-lysine), alginate,
and chitosan as polyelectrolytes to produce a 12-multilayered membrane. Ultimately, the liquified core was
obtained by chelation with EDTA and capsules were cultured up to 7 days in supplemented a-MEM medium.
Capsules were tested using a rotary cell culture system. Static culture conditions and capsules without fibers were
also tested as controls.

RESULTS:Results show the fabrication of uniform electrospun mats. After fragmentation, fibers ranged between
5 and 50pum and 1 and 2pm, in length and diameter respectively. Cells and fibers were encapsulated successfully,
and Live/Dead assay showed that cells remained viable throughout the 7-day period, in both dynamic and static
culture. Furthermore, actin and cell nuclei staining reveal the formation of cell agglomerates, mainly around
nanofiber denser areas, in both conditions.

DISCUSSION & CONCLUSIONS:The inclusion of nanofibers promoted the formation of cell agglomerates
within the LMC, containing biomimetic fibrous networks. Together with dynamic stimulus, a closer representation
of in vivo conditions is accomplished, thereby possibly serving as hybrid devices implantable by minimally
invasive procedures for TERM applications.

ACKNOWLEDGEMENTS:The authors acknowledge FCT for the grant BI/UI89/8662/2019, and projects
CIRCUS (PTDC/BTM-MAT/31064/2017) and CICECO-Aveiro Institute of Materials
(UIDB/50011/2020&UIDP/50011/2020) financed by national funds through the FCT/MCTES, and European
Research Council (ERC-2014-ADG-669858-ATLAS).
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3D printing of microvascular capillary scale constructs
Fei ZHENG', Li Yenn YONG?, Jonny BLAKER!, Jason WONG?, Brian DERBY"
"Department of Materials, University of Manchester
2Department of Materials, University of Manchester; Blond McIndoe Laboratories, University of Manchester
3Blond McIndoe Laboratories, University of Manchester

INTRODUCTION:Biofabrication of tissue constructs is often limited by the lack of a perfusable vascular network.
Cells are therefore reliant on diffusion to receive its needed nutrients, limiting the size of contructs to a diffusion
distance of 200um from a capillary. We sought to develop a novel approach to the fabrication of microvascular
constructs to a capillary scale by using high resolution inkjet printing.

METHODS:Pluronic F127 (PF127) was patterned with Electrohydrodynamic (EHD) inkjet printing onto a
temporary mold with hierarchical geometrical features with channel feature size as small as 20pum. Gelatin
methacrylate (GelMA) was synthesized using a sequential pH adjustment method as a photo-crosslinkable
hydrogel matrix. This was then mixed with human dermal fibroblasts (HDFs) and casted over the fugitive PF127
ink and crosslinked with UV light at 365nm. Utilising the thermoreversible properties of both inks, the construct
was then rapidly cooled to 4°C which liqueified the PF127 ink and facilitated removal. Channel patency was
evaluated using FITC-dextran perfusion. The channels were then seeded with human vein endothelial cells
(HUVECS). The entire construct was then cultured for 21 days.

RESULTS:Microvascular networks with complex hierarchical geometries were created by casting GelMA
hydrogel over the EHD inkjet printed PF 127 fugitive templates. Channel diameter was selected at 60 pm to ensure
optimal success rate. Human dermal fibroblasts (HDFs) were encapsulated within the hydrogel matrix
accompanied with the post-seeded HUVECs for the endothelization of the microchannels. The microvascular
tissue constructs could be maintained by perfused media over 21 days in culture, exhibiting superior cell viability
over the unpatterned matrix controls (92% vs 13%). With the 3D co-culture of HDFs and HUVEC:s, the perfused
microchannels were covered by a confluent endothelium monolayer whilst a surrounding support tissue was
formed by the populated fibroblasts.

DISCUSSION & CONCLUSIONS:We show that it is feasible to print capillary sized channels using the inkjet
printer and that this can potentially be a building block for upscaling to three dimensions and ultimately to
dimensions required to be used in clinical practice.

Keywords: 3D printing and bioprinting
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Heterogeneous tissue engineered constructs in assessment of fundamental cell behavior
Daria KUZNETSOVA!, Nikita MINAEV?, Svetlana RODIMOVA!, Anastasia SHPICHKA?, Vadim ELAGIN',
Maria KARABUT!, Peter TIMASHEV?, Elena ZAGAYNOVA'

nstitute of Experimental Oncology and Biomedical Technologies, Privolzhsky research medical university,
Nizhny Novgorod, Russia

Hnstitute of Photonic Technologies, Research center "Crystallography and Photonics" Russian Academy of
Sciences, Moscow, Russia

3Institute for Regenerative Medicine, Sechenov First Moscow State Medical University, Moscow, Russia

INTRODUCTION:Currently, a great number of factors, which influence the cell behavior and tissue formation at
the injury site when using scaffolds are known. Those factors include the scaffold material, mechanical
characteristics, surface roughness, porosity and many others. In this study, we focused on a different basic
parameter affecting the cell behavior — structural heterogeneity.

METHODS:As a model to study the formation of biological tissue in 3D microenvironment, we have developed
scaffolds with a heterogeneous architectonics that mimic the structure of native vascularized tissues. The
heterogeneous scaffold were obtained by two-photon polymerization technic. Similar scaffolds with a
homogeneous structure were used as a control group. The scaffolds were seeded with mesenchymal stromal cells
and studied by the different technologies of optical bioimaging.

RESULTS:We analyzed the cell behavior and metabolism by novel optical bioimaging technologies including
multiphoton microscopy and FLIM (Fluorescence-Lifetime Imaging Microscopy). Indeed, we found that the MSC
behavior and metabolism have a great differences between the heterogeneous and standard tissue constructs. The
main differences relate to cell migration, proliferation, and metabolic pathways. For targeted analysis of metabolic
pathways occurring in the cells fluorescence lifetimes of energy cofactors NADH and NADPH were assessed. We
found that the level of protein-free and protein bound NAD(P)H for the cells on the heterogeneous and standard
scaffolds was not the same. This may indicate a different contribution of glycolysis and oxidative phosphorylation
to the overall cell metabolism.

DISCUSSION & CONCLUSIONS:Despite of a number of significant advances in tissue engineering, basic
aspects of fundamental biological knowledge on formation of functional vascularized tissue in 3D
microenvironments are still missing. Body tissues have a complex heterogencous structure, which is often
overlooked when modeling a particular cell niche or microenvironment. Since existing models of 3D-
microenvironment do not take into account this most important parameter - structural and cellular heterogeneity,
the research results are not quite complete. The heterogeneous scaffolds can significantly expand the fundamental
knowledge of cellular behavior and the formation of various types of tissues in vitro and in vivo.

Acknowledgements:This work was supported by grant of the Russian Science Foundation Ne 19-75-10008.
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A Biomimetic Macroporous Hybrid Scaffold with Sustained Drug Delivery for Enhanced Bone
Regeneration
SeungHun S. LEE, Stephen J. FERGUSON
Institute for Biomechanics, ETH Zurich, Zurich, Switzerland

INTRODUCTION:Bone regeneration is a complicated physiological process regulated by several factors. In
particular, a bone-mimicking extracellular matrix and available osteogenic growth factors such as bone
morphogenetic protein (BMP) have been regarded as key factors to induce bone regeneration. In this study, we
developed a bioinspired hybrid scaffold with sustained release of BMP-2 that would result in enhanced bone
formation.

METHODS:This hybrid scaffold, composed of cryoelectrospun poly (e-caprolactone) (PCL) (CE) surrounded by
gelatin/heparin cryogel (GH), is designed to overcome the drawbacks of relatively weak mechanical properties of
cryogel and poor biocompatibility of electrospun PCL. The GH component of the hybrid scaffold provides a
hydrophilic surface to improve the biological response of the cells while the CE component increases the
mechanical strength of the scaffold, to provide enhanced mechanical support for the defect area and a better
environment for osteogenic differentiation.

RESULTS:After analyzing characteristics of the hybrid scaffold such as porosity, degradation rate, swelling ratio
and mechanical properties, we confirmed that the hybrid scaffold group shows an enhanced cell proliferation rate
compared to a CE-only scaffold.Furthermore, BMP-2 was embedded in the CE fraction to allow its sustained

release for continuous osteogenesis.

DISCUSSION & CONCLUSIONS:We confirmed the sustained drug release kinetics of BMP-2 by ELISA, and
we were able to demonstrate the osteogenic effect from this hybrid scaffold via in vitro.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under the Marie Sktodowska-Curie grant agreement No 812765.
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Functionalization of Human Palate and Oral Mucosa Substitutes for Craniofacial Tissue Engineering
Applications
Ingrid GARZ6ON!, Miguel Angel MARTIN PIEDRA!, Miguel MATEU', Daniel DURAND HERRERA', Jesus
CHATO ASTRAIN!, Cristina BLANCO ELICES!, Antonio ESPAAiA L6PEZ?, Maria Del Carmen SANCHEZ
QUEVEDO!, Miguel ALAMINOS!, Ricardo FERN4aNDEZ VALAD¢S?
'Tissue Engineering Group, Department of Histology, University of Granada and Instituto de Investigacion
Biosanitaria ibs. GRANADA, Spain
2Craniofacial Malformations and Cleft Lip and Palate Management Unit, University Hospital Virgen de las
Nieves, Granada, Spain
3Division of Pediatric Surgery, University Hospital Virgen de las Nieves, Granada, Spain

INTRODUCTION:Biocompatible biomaterials have shown promising results in oral mucosa and palate tissue
engineering. However, in vitro differentiation and synthesis of key components of the oral mucosa is very
preliminary in these bioartificial tissues (1). Thus, novel biofabrication methods allowing the efficient generation
of fully functional, mature oral mucosa substitutes are in need. In this regard, biomaterial functionalization can be
achieved by introducing functional molecules, cells and other tissue components. In this work, we carried out a
functionalization study of fibrin-based biomaterials using oral mucosa microexplants and we evaluated their
potential usefulness in oral mucosa tissue engineering.

METHODS:Functionalized artificial oral mucosa substitutes were generated by immersing small palate human
oral mucosa microexplants within a fibrin-agarose scaffold, and were kept in culture for 4 weeks. Vimentin
immunohistochemistry was used to identify stromal cells in the scaffold. Synthesis of glycoproteins and
proteoglycans was assessed by PAS and Alcian Blue histochemistry staining, respectively, and collagen fibres
were identified by Picrosirius staining and collagen type I immunohistochemistry. Staining signal intensity was
quantified from 0 (no expression) to 100% (maximum expression) using human native oral mucosa samples as
positive controls.

RESULTS: Vimentin-positive cells tended to remain into the microexplants during the first 2 weeks, but migrated
into the scaffold and spread after 3 weeks of culture. Expression levels of proteoglycans were closely similar to
control native oral mucosa after 4 weeks, whereas glycoproteins showed 63.09% of the expression in control oral
mucosa. For fibrillar proteins in functionalized tissues, collagen detected by Picrosirius showed 49.8% intensity
of the native oral mucosa after 4 weeks, with 70.23% expression of collagen type I as determined by
immunohistochemistry.

DISCUSSION & CONCLUSIONS:Functionalization of the scaffold using human oral mucosa explants succeeded
in generating a tissue engineered palate oral mucosa with high levels of maturation and differentiation as compared
to previous reports (1,2). This type of functionalization allows oral mucosa fibroblasts to migrate and spread within
the scaffold, inducing the synthesis of crucial extracellular matrix components.

ACKNOWLEDGEMENTS:Supported by Spanish Plan Nacional de Investigacion Cientifica, Desarrollo e
Innovacion Tecnologica (I+D+I) from Ministry of Economy and Competitiveness (Instituto de Salud Carlos III),
grants FIS PI18/332 and PI18/331 (co-financed by ERDF-FEDER, European Union) and by Consejeria de Salud
y Familias, Junta de Andalucia, Spain, grant PI-0442-2019.

REFERENCES:1. Garzén I, et al. J Periodont Res. 2009; 44:588-597
2. Garzon I, et al. Int J Artif Organs. 2009; 32:711-719
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C-MYC pathway modulation in cell activated by platelet lysate stimulation
Marta NARDINI!, Chiara GENTILI?, Patrizio CASTAGNOLA?, Ranieri CANCEDDA®, Maddalena
MASTROGIACOMO!

'Biotherapy Laboratory, Department of Internal Medicine (DIMI) University of Genova, Genova, Italy
2Cellular Oncology Laboratory, Department of Experimental Medicine (DIMES), University of Genova,
Genova, Italy
3Biotherapy Laboratory, IRCCS Ospedale Policlinico San Martino, Genova, Italy
“Endolife S.r.l, Genova, Italy

INTRODUCTION:Platelet Lysate (PL), containing platelet growth factors, is able to support isolation, expansion
and proliferation of Mesenchymal Stem Cells derived from different tissues and cell lines as widely reported in
the literature. The PL effect on different types of cells and the molecular mechanisms involved in these processes
remains poorly understood. We focused our attention on a family of highly conserved proteins involved in different
cellular mechanisms such as cell growth, proliferation and apoptosis, C-MYC's family. The three proteins of C-
MYC gene have the same c-terminal part, differing in the N-terminal region due to an alternative translation at the
start site: C-MYC1, C-MYC2 and c-MYCS differently expressed during cell growth.

METHODS:MSCs obtained from Bone Marrow, Adipose tissue Condrocyte, Osteoblast, Amnotic Stem Cells and
HeLa cell line, were isolated and cultivated in medium supplemented with 10% FBS or PL 5%. These cells were
compared to cells previously expanded in FBS and stimulated for different time with PL. C-MYC expression was
evaluated by immunoblot analysis of cell lysates, while cell proliferation was investigated by immunofluorescence
analysis for the proliferation marker ki67 and Vybrant® Apoptosis Assay Kit. The effect of methionine on C-
MY C expression was evaluated in cells treated with PL.

RESULTS:Cells treated with PL showed a high proliferation rate respect to cultures treated with FBS. All cells
isolated from the tissue in FBS and then stimulated at different time with PL or isolated from the tissue directly in
PL, expressed the C-MYCI1 isoform, which was absent when cells were cultured in the presence of FBS with a
statistically significant difference. The same cells expressed the C-MY C2 isoforms independently from the culture
conditions. For the cell line, the result showed a scene slightly different with a modest expression of this isoform
also in the standard condition. Immunofluorescence analysis performed with a Ki67 specific antibody indicated
that MSC cultures showing C-MYC1 protein expression were in a proliferative stage. C-MYC1 resulted to be
expressed also from cells treated with PL in presence of methionine. The results showed that C-MYC1 protein
levels in PL treated cells were unaffected by methionine.

DISCUSSION & CONCLUSIONS:AII these experiments showed that PL was responsible for the induction or
increasing of C-MYC1 isoform in primary cells culture and much more slightly in the cell line. These results pave
the way to a deeper molecular study in order to understand peculiar differences of PL stimulation on various types
of cells.

ACKNOWLEDGEMENTS:Starstem project 761214-16
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Interaction of mesenchymal stem cells in contact with porous titanium alloy
Mariana Correa ROSSI!, Daniel Leal BAYERLEIN?, Jodo Pedro Hiibbe PFEIFER!, Gustavo Dos Santos
ROSA', Fernanda De Castro STIEVANI', Margarida Juri SAEKI®, Ana Liz Garcia ALVES!
1S40 Paulo State University, Department of Veterinary Surgery and Anesthesiology, Botucatu, Brazil
?Institute for Technological Research, SP, Brazil
3840 Paulo State University, Department of Chemistry and Biochemistry, Botucatu, Brazil

INTRODUCTION:This work aims to develop a new titanium alloy with better mechanical and biological
compatibility, through non-toxic elements for orthopedic purpose. These characteristics are attributed to the
enrichment in § phase titanium achieved by the addition of niobium (Nb) and tin (Sn) in appropriate proportions.
The biocompatibility is also related to the material surface characteristics, such as porosity and roughness.
Therefore, magnesium (Mg) was added as a space holder to the Ti-34Nb-6Sn system to promote porous formation.

METHODS:For the preparation of the materials was used the powder metallurgy technique combined to the space
holder. Alloys interaction was investigated when in direct and indirect contact with equine bone marrow derived
mesenchymal stem cells (bmMSCs). For the indirect contact, cells were plated (1x104 cells / well) in 96-well
plates and the alloys were inserted into culture medium. Both were incubated at 37°C and 5% CO2. After the cells
reached the semi confluence, the control group received conventional medium and the treated group received the
conditioned medium with the material. After 24h the plates were treated with 3- [4,5-dimethylthiazole-2-yl]-2,5
diphenyltetrazolium bromide (MTT) salt to assess cell viability. The absorbance was read at a A = 570nm. In the
direct contact, bmMSCs were plated at the same conditions of indirect contact, but on the alloy surface to evaluate
cell interaction. After 72 hours, the cells were evaluated by Scanning Electron Microscopy (SEM). For the
statistical analysis, the nonparametric T-test was used and the significance level was 5%.

RESULTS:In 24 hours by MTT assay the control group and the treated group showed no significant difference
(P> 0.05). Within 72 hours by SEM the cells showed good adhesion both inside and outside the pores. The Ti-
34NDb-6Sn alloys made when in indirect contact to bmMSCs showed no harmful effects.

DISCUSSION & CONCLUSIONS:Possibly, to the absence of toxic elements in its constitution. When in direct
contact, the bmMSCs were totally anchored on the surface with a spreading morphology and cytoplasmic
projections presence. These features can help the interaction with each other, favoring the proliferation and
adhesion process. The presence of Mg by the not total evaporation, it may help to cell attachment inside the pores
due to its biocompatibility and thus contribute to a good fixation and osteointegration when implanted.

Acknowledgements:Acknowledgments: To FAPESP (grant number: 2017/13876-2) and CAPES. To Institute for
Technological Research of the State of Sao Paulo (IPT) for materials development.
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Developing novel 3D hydrogel-based models of the human mammary gland to investigate breast cancer
initiation
Eliana LINGARD!, Marco DOMINGOS?, Joe SWIFT?, Alberto SAIANT*, Andrew GILMORE!
'Division of Cancer Sciences, The University of Manchester, Manchester, UK
’Department of Mechanical, Aerospace and Civil Engineering, The University of Manchester, Manchester, UK
3Division of Cell Matrix Biology and Regenerative Medicine, The University of Manchester, Manchester, UK
“Department of Materials, The University of Manchester, Manchester, UK

INTRODUCTION:Women with dense breast tissue are 4-6 times more likely to develop breast cancer than women
with less dense tissue. Dense breast tissue is associated with an increase in aligned fibrillar collagen bundles, which
increase the stiffness of the stroma, which is directly correlated with an increased risk of breast cancer incidence
in women'.

How stiff breast matrix promotes breast cancer development is poorly understood. Currently, we understand that
mammary epithelial cells (MECs) can detect and respond to environmental mechanical cues via mechanosensitive
signalling pathways?. However, these pathways are ill-defined.

Investigating mechanosignalling events between MECs and their environment requires a mechanically tunable,
well-defined and reproducible 3D model of the human mammary gland. Biomaterials currently used to model the
mammary gland suffer from limitations that inhibit their ability to recapitulate the native breast environment,
highlighting the need for a biomaterial that meets our requirements>.

METHODS:PeptiGels (Manchester BIOGEL), a family of synthetic, biocompatible, self-assembling peptide
hydrogels that have been recently used for several biomedical applications, were used* . Non-malignant, human
MECs (MCF10a) were encapsulated in PeptiGels for three weeks and probed for markers of acinar structure
development to test their compatibility for MEC culture. Modifications made to gels included diluting them with
sterile water and mixing in matrix proteins.

RESULTS:Current attempts to functionalise PeptiGel Alpha4 for MEC culture have successfully altered the gel’s
mechanical properties and increased MCF10a viability and cluster formation. However, none of the clusters
displayed markers of acinar structure formation.

DISCUSSION & CONCLUSIONS:PeptiGel Alpha4 is a synthetic peptide hydrogel that is well-defined,
biocompatible and tunable. We show that PeptiGel Alpha4 can support MEC viability and is amenable to chemical
and mechanical tuning. These results suggest that PeptiGel Alpha4 can be used to make an accurate model of the
human mammary gland which will help us define MEC-matrix interactions.

Acknowledgements:Funding provided by Manchester BIOGEL and UKRMP.
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The evaluation of tissue biocompatibility of tissue-engineered trachea in non-human primates
Irina Valerievna GILEVICH', Alexander Sergeevich SOTNICHENKO?, Djina Djinarovna KARAL OGLY?,
Igor Stanislavovcih POLYAKOV!, Sergey Vladimirovich ORLOV?, Vladimir Alekseevich PORHANOV'!,
Vladimir Pavlovich CHEKHONIN*
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2Kuban State Medical University, Krasnodar, Russia
3Research Institute of Medical Primatology, Sochi, Russia
“N. L. Pirogov National Research Medical University, Moscow, Russia

INTRODUCTION:Multifocal and extensive tracheal stenosis is a life-threatening problem. Nowadays despite the
improvement in surgery this categories of patients for whom the choice of effective surgical strategy is particularly
difficult. Tissue-engineered organ represent interesting and potentially important strategies for the treatment of
patients with various disorders, especially with tracheal stenosis.

The aim of the study was to evaluate the biological compatibility of the tissue-engineered trachea based on a
polyethylene terephthalate (PET) scaffold and allogenic mesenchymal stem cells (MSC) in experimental non-
human primates.

METHODS:The study was carried out on 6 nonhuman adult male primate Papio hamadryas at Research Institute
of Medical Primatology. Laboratory animals were kept and all manipulations on them carried out in accordance
with the requirements of Bioethics Committee.

The tissue-engineered trachea had composed of synthetic 3D-scaffold seeded with primate allogenic MSC.
3D-scaffold was created from PET by electrospinning and cells were obtained from the bank of Research Institute
of Medical Primatology.

After 72 hours cultivation in the rotating bioreactor the samples of tissue-engineered trachea was used for
subcutaneous heterotopic implantation into the scapular area of the back for local reaction. The samples existed
from heterotopic position were removed after 30 days and histological examination was done.

RESULTS:The surgical intervention proper had no negative effect on animal status. The primates remained
healthy and active throughout the entire period of observation; no complications were detected.

Before the implantation tissue-engineered trachea was tested for biocompatibility with MSC. Cell viability was
73.4+10.2%. Morphological analysis of tissue-engineered samples showed chaotically located synthetic filaments
to which cells adhered, confirmed by DAPI staining.

The morphological evaluation of implanted samples showed a fine capsule, which enveloped the implanted
scaffold; the capsule was presented by compact fibrous connective tissue. Aseptic inflammation was detected in
the samples, no demarcation roll from neutrophils was found. Highly functional macrophages were mainly located
around the implant and were presented by large cells with intensely basophilic cytoplasm and marked vacuoles.
Immunohistochemical reaction with antibodies to vimentin detected cells of mesenchymal origin in the tissues
adjacent to the scaffold and inside. Importantly, that vimentin-positive cells were also detected in the capsular
vessels, which was characteristic of endothelial cells.

DISCUSSION & CONCLUSIONS:In vitro studies of tissue-engineered tracheal samples detected the scaffold
biocompatibility at the cellular level. The presence of a fine connective tissue capsule without manifest fibrosis,

no signs of microcirculatory disorders and immune disorders indicate the biocompatibility at the tissue level and
absence of toxicity.

Keywords: Polymers - natural / synthetic / responsive, In vivo and animal models
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Biodegradable Conductive Scaffolds from Poly(glycerol-sebacate) and Magnesium Alloy as Peripheral
Nerve Regeneration Constructs
Bengisu TOPUZ!, Atakan TEVLEK!', Halil Murat AYDIN?
'Bioengineering Division, Institute of Science, Hacettepe University, Ankara, Turkey
2Centre for Bioengineering, Hacettepe University, Ankara, Turkey

INTRODUCTION:Peripheral nerve injuries are a serious clinical problem leading to demyelination of the nerve
and affect the patient's quality of life. Nerve conduits have been used in the treatment of large scale (~ 4-5 mm)
nerve injuries. They should offer adjustable geometry, promote cell proliferation and migration, and minimize scar
formation [1]. In this study, a fully biodegradable and conductive conduit material is prepared using poly(glycerol-
sebacate) (PGS) and AZ31 magnesium alloy. The final conduit is fabricated with a 500 pm conductive magnesium
channels. The construct is evaluated by structural and in vitro characterization.

METHODS:Poly (glycerol-sebacate) (PGS) elastomers are synthesized using microwave irradiation and
subsequent in vacuum crosslinking and analyzed by using SEM, FT-IR, DSC, degradation and tensile tests. The
microchannels were then created on the elastomer surface with CO: laser (Nova 7, Aeon, Australia). The AZ31
magnesium alloy foil is used to provide conductivity to the conduit. The elastomer sheets were coated via thin-
film deposition using sputter (PVD handy 2M, Vaksis, Turkey). The conductivity of the construct was evaluated
by the Four-Point Probe method. In vitro activity of the nerve conduit was performed using nerve cell-like PC-12
and Schwann (S42) cell lines.

RESULTS:Mechanical and physical properties of PGS elastomer were optimized to the nerve tissue by changing
crosslinking time and monomers concentration. FTIR and DSC results confirmed the polymerization of elastomer.
SEM images indicated a channel width of 500 pm and a depth of 850 um. The magnesium layer thickness was
measured as 250 nm by stylus profilometer (p6, KLA-Tencor, USA). The percent elongation value was calculated
as 95%. In vitro studies confirmed cytocompatibility and good cell adhesion and proliferation.

DISCUSSION & CONCLUSIONS:A fully degradable and conductive PGS-Mg alloy construct was prepared and
proposed as a potential nerve conduit candidate. This construct has the advantages of flexibility, conductivity, and
the ability to align the cells.

Acknowledgements:The authors would like to thank TUBITAK for the 2210-C Domestic Priority Areas for Master
Scholarship Program, Hacettepe University (No: 17399) and BMT Calsis Co.

References:[1] Daly, W., et al., A biomaterials approach to peripheral nerve regeneration: bridging the peripheral

nerve gap and enhancing functional recovery. J R Soc Interface, 2012. 9(67): p. 202-21.
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Ferroelectric Scaffolds for Tissue Engineering Applications
Vlad JARKOV, Hamideh KHANBAREH
Department of Mechanical Engineering, University of Bath, Bath, United Kingdom

INTRODUCTION:A recent innovation in tissue engineering in the past decade had been the introduction of
piezoelectric materials, which convert mechanical stress into electrical energy. This electricity can then be utilised
to actively stimulate tissues, enhancing their natural ability to regenerate. Though the field has seen much growth,
it lacks a material which is suitable for a variety of cell and tissue types. Cellulose is a compelling candidate, being
biodegradable in physiological pH, bioabsorbable in vivo, highly processable, chemically functionalisable,
mechanically tuneable and in recent literature has been observed to have a porosity which can be templated by
freeze casting. This versatility allows a two-fold approach to its use as a scaffold.

METHODS:Using a novel combination of freeze-casting and cold-regeneration of cellulose we introduced 3-D
pore structure of various dimensions in a highly reproducible manner. Not only does this make a viable 3-D
environment of cells but purely through the control of pore shape, dimension and distribution piezoelectric
properties can be induced in the scaffolds, creating a material called a ferroelectret, materials of this variety show
exceptionally high piezoelectric coefficients (dss) [1] [2].Furthermore,ceramic-polymer composites were also
produced, sodium potassium niobate (KNN) was chosen as it has been proved to be biocompatible and non-
cytotoxic while maintaining a high dss of 700 pC/N [3], even when soaked in saline solution its dss is respectable
(60-75 pC/N)[4]. Further, like other piezoceramics of its ilk, has shown beneficial effects to cell attachment
through polarisation after poling.

RESULTS:The composites were produced through classical regeneration of cellulose using a ceramic-cellulose
mixtures of varying compositions (5-80 wt% KNN) and, by the same methodology mentioned above, could
introduce similar 3D-pore structure. Regenerated cellulose and its ceramic composites were also tested for
cytocompatibility with a neuronal-like cell line (PC-12).

DISCUSSION & CONCLUSIONS:In summary we have successfully produced scaffolds with 3-D internal pore
structure of various kinds and proved all our scaffolds to be cytocompatible, overcoming the initial important
obstacles in the production of an exciting new active scaffold for tissue engineering applications.

REFERENCES:[1] Y. Zhang, C. R. Bowen and S. Deville, Soft Matter, 2019, 15, 825-832.

[2] A. Mellinger, M. Wegener, W. Wirges, R. R. Mallepally and R. Gerhard-Multhaupt, Ferroelectrics, 2006, 331,
189-199.

[3] P. Li, J. Zhai, B. Shen, S. Zhang, X. Li, F. Zhu and X. Zhang, Adv. Mater., 2018, 30, 1705171.

[4] S.-W. Yu, S.-T. Kuo, W.-H. Tuan, Y.-Y. Tsai and S.-F. Wang, Ceram. Int., 2012, 38, 2845-2850.
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Structure and antibacterial activity of zinc and copper-containing hybrid materials
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Avepark, 4805-017 Barco, Guimarées, Portugal

INTRODUCTION:The use of bioactive glasses for tissue recovery is a very common practice. New formulations
are being developed to allow controlled release of clinically beneficial ions. However these materials still exhibit
properties very different from those of the tissues where they are implanted. Organic-inorganic hybrids have
appeared to overcome this problem. Tetraethyl orthosilicate (TEOS) is usually the inorganic component and
polydimethylsiloxane (PDMS) the organic component.

In this work we developed hybrid materials of the PDMS-Si02-B203 system with antibacterial properties due to
the addition of zinc and copper.

METHODS:Three compositions were developed, changing zinc or copper amounts and keeping constant the
remaining reagents. A different protocol (sol-gel method) was used for each hybrid system.

X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and magnetic nuclear resonance (NMR)
were used for structural studies. Microstructure was evaluated by scanning electron microscopy (SEM) and
determination of specific surface area (SSA). Degradation tests in water followed the ISO 10993-13 standard (0.5,
1 and 5 hours). Ionic concentrations in the liquid were assessed by inductively coupled plasma optical emission
spectrometry (ICP-OES). Antibacterial assays were performed according to the ASTM E2149 method.

RESULTS:Spectroscopic analysis confirmed the presence of hybrid bonds, due to the existence of D-Q bonds
between the organic and the inorganic phase, as well as borosiloxane (B-O-Si) bonds. 1H NMR results, together
with the XRD analysis, led to the conclusion that zinc-containing samples had shorter PDMS chains, while in
copper-containing samples longer PDMS chains were present. 11B NMR analysis showed that in copper-
containing samples boron was present in the trigonal form (BO3) while in the zinc-containing samples a change
from trigonal (BO3) to tetrahedral (BO4) coordination occurred. Microstructural studies revealed that unlike
copper-containing samples, zinc-containing specimens have a porous structure with a much larger SSA.
Degradation tests confirmed the ability of the materials for a controlled zinc and copper release. Antibacterial
activity for Escherichia coli ATCC 25922 and Staphylococcus aureus NCTC 6871 bacterial strains was observed.

DISCUSSION & CONCLUSIONS:Structure and microstructure of the hybrids was affected by the preparation
methodology. All compositions gave rise to stable monolithic samples capable of releasing zinc and copper and
exhibiting antibacterial activity against Ecoli and Saureus.

ACKNOWLEDGEMENTS:This work was developed within the scope of the project CICECO-Aveiro Institute of
Materials, UIDB/50011/2020 & UIDP/50011/2020, financed by national funds through the FCT/MEC and when
appropriate co-financed by FEDER under the PT2020 Partnership Agreement.
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Combinatorial analysis of tag peptides for enhancement of cell-adhesion short peptides
Akiyo FUIIMOTO!, Yuto TAKEMOTO!, Kei KANIE!, Aika OGATAZ, Yuji NARITA?, Ryuji KATO?
!Graduate school of pharmaceutical Sciences, Nagoya University, Nagoya, Japan
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3Graduate school of pharmaceutical Sciences, Nagoya University, Nagoya, Japan;Institute of Nano life Systems,
Nagoya University, Nagoya, Japan

INTRODUCTION:For higher bio-compatibility of medical implants, functionalization of their surface to enhance
their regenerative performance, balancing the objective reaction enhancement and the unwanted reaction
reduction, is an effective approach. Especially with the medical implants for circulatory system, surface
modification and its effect have critical life-threatening effect.

Our group have been reporting short functional peptide peptides (3-9) with cell-selective adhesion [1] to support
such regenerative balance in the implanted region. Compared to large proteins extracted from animal-derived
tissues, short peptides can offer higher purity and productivity by their chemical synthesis. However, one of the
disadvantages in short peptides are the difficulty in immobilizing them with their original sequence potency. The
length or methods of immobilization can critically decrease their function. Our group had been working on finding
good combinational match between the short peptides and its immobilized support, and have found that closely
neighboring physicochemical property control is important [2]. We here report our comprehensive combinational
effect of short tag peptides on the target short functional peptides, the cell-adhesion peptides, on the peptide array
system.

METHODS:For peptide analysis, peptide and tag peptide conjugated library was designed by SPOT peptide array
technique on cellulose membrane by conventional Fmoc chemistry. The target peptides’ bio-function was assayed
directly on the peptide array. We compared several cells on the same peptide-tag combination, and
comprehensively compared the effects of short peptide sequences.

RESULTS:From the combination study, it was found that there were critically effective peptide function
enhancement effect even by single amino acid, and such combinational importance was confirmed for controlling
cell adhesion.

DISCUSSION & CONCLUSIONS:Our result indicated that the immobilization of short functional peptides is
critically affected by their neighboring sequences. This result leads to a simple and cost-effective surface peptide
functionalization concept for better biocompatible medical implant surfaces.

Acknowledgements: This work is partially supported by JSPS KAKENHI Grant Number 16K15630, 18K14061,
19H03737.

References:[1] Biotechnol Bioeng. 2012 Jul;109(7):1808-16.
[2] Anal Sci. 2016 32(11):1195-1202.
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A comparative chemical, physical and biological evaluation of Spider (Linothele megatheloides) and
silkworm (Bombyx mori) silks
Yuejiao YANG!, Gabriele GRECO?, Devid MANIGLIO!, Barbara MAZZOLAI?, Claudio MIGLIARESI!,
Nicola PUGNO*, Antonella MOTTA'
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INTRODUCTION:Spider silks have been paid attentions for decades, mainly due to their unique and remarkable
mechanical properties[1]. Recently, the study of considering spider silks as possible candidates for biomaterials
are becoming popular. In this work, for the first time, the silk from a Colombian spider, Linothele
megatheloides (LM)[2], which produces a single type of silk in a relatively large amount, was studied in
comparison with silk from Bombyx mori silkworm, before and after degumming, with the evaluation of their
chemical, mechanical and biological properties, to explore its use for tailored tissue engineering applications[3].

METHODS:Fibers produced by LM spider and silkworm were evaluated in terms of chemical (amino acid
composition, secondary structure analysis) and physical properties (surface adhesion energy, tensile test and
morphology observation). Early cell adhesion, metabolic activity and proliferation were investigated by culturing
NIH 3T3 cells (normal murine embryo fibroblasts) on the different silk fibers and networks. The results were
assessed by imaging (confocal microscopy and FE-SEM) and quantitative analysis (AlamarBlue and PicoGreen
assay).

RESULTS:Compared with silkworm silk, LM silk presented higher amount of Serine and lower content of Glycine
and more long chain residues in amino acid residues compositions. For protein secondary structure, LM fiber
showed the lowest B-sheet and a-helix structures with the highest random coils. The single fiber size of LM was
much smaller and the spontaneous assembling of silk filaments was different. The energy at break of LM silk was
higher but with broader distributions in Weibull distributions of the strength. LM silk had the highest level of
surface adhesion energy among all the others as well as roughness. In vitro test, cells were seen to adhere faster
and in a larger amount with a higher specific activity, when in contact with LM fibers. A continuous cell monolayer
was observed after two days’ culture on LM silk.

DISCUSSION & CONCLUSIONS:For the first time, LM spider silk was selected, charaterized and compared
with the well known silkworm silk. The biological behavior of LM silk in vitro test (preliminary) justifies further
and deeper investigations to explore its use for tailored biomaterial for tissue engineering scaffolds.

References:[1] S.W. Cranford, A. Tarakanova, N.M. Pugno, M.J. Buehler, Nature, 482 (2012) 72.
[2] N. Paz, R.J. Raven, Journal of Arachnology, (1990) 79-86.

[3]1 Y. Yang, G. Greco, D. Maniglio, B. Mazzolai, C. Migliaresi, N. Pugno, A. Motta, Materials Science and
Engineering: C, 107 (2020) 110197.

Keywords: Biomaterials, Biomaterials

www.ecmconferences.org



http://www.ecmconferences.org/

eCM Periodical, 2020, Collection 1; 2020 TERMIS EU Abstracts (page P51)

“ E“mmn ‘
2020 rﬂiﬁﬂﬂﬁm 2-29
] “- B
TERMIS © L
Manchester or te rm | S.

Fabrication of a polymeric vascular scaffold that enables to study angiogenesis at cellular and tissue levels
Serkan DIKICI, Frederik CLAEYSSENS, Sheila MACNEIL
Department of Materials Science and Engineering, University of Sheffield, Kroto Research Institute, Sheffield,
S3 7HQ, UK

INTRODUCTION:Angiogenesis assays are essential for studying the aspects of angiogenesis and for the
discovery of new drugs. To date, there is an extensive collection of in vitro and in vivo angiogenesis assays that
are widely used in angiogenesis-related studies. Although in vivo assays are the most representative of the native
angiogenesis, they are ethically questionable, require technical skills, and expensive. On the other hand, in vitro
assays are inexpensive and relatively easy to perform, but the majority of them are in an only two-dimensional
cellular level, which lacks the physiological relevance of three-dimensional structure. Thus, it is crucial to look for
alternative platforms to study angiogenesis under more physiologically relevant conditions in vitro.

METHODS:In this study, we used Poly3-hydroxybutyrate-co-3-hydroxyvalerate for the production of synthetic
vascular networks combining electrospinning and 3D printing techniques, and revealed the potential of the
developed SVN to be used for the study of angiogenesis and for vascularisation of a reconstructed human skin
model in vitro.

RESULTS:Our results suggested that the developed platform enabled the study of more than one aspect of
angiogenesis, endothelial migration and tube formation, in vitro when combined with Matrigel. We successfully
reconstructed a human skin model, as a representative of a physiologically more relevant and complex structure,
and assessed the suitability of the developed in vitro platform for studying endothelialisation of the tissue-
engineered skin model.

DISCUSSION & CONCLUSIONS:We successfully fabricated vascular scaffolds combining electrospinning and
3D printing. The developed platform enabled the study of angiogenesis at cellular and tissue levels. With further

improvements this model could offer a great platform for angiogenesis users to reduce the use of animals in
angiogenesis research.

Keywords: Biomaterials, Vascular systems / vascularisation and heart
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A frugal innovative approach for abdominal wall repair: characterization of low-cost synthetic meshes
Alessandra GRILLO', Zargham HYDER?, Vivek MUDERA', Alvena KURESHI!
'Division of Surgery & Interventional Science, University College London, London, UK
?Hydermed Limited, London, UK

INTRODUCTION:Abdominal hernia surgery involves the use of synthetic or animal-derived materials to
reinforce defects within connective tissue in the abdominal wall. However, these materials are expensive and not
affordable in low-income countries so surgeons operating in these areas found nylon mosquito net as a more frugal
alternative that has already shown comparable outcomes to commercial meshes [1]. There is great variability and
little characterisation of mosquito net mesh so the aim of this study is to characterise the mechanics, ultrastructure
and biocompatibility of large (M-LP) and small (M-SP) pore nylon mesh, to assess their suitability for widespread
use.

METHODS:Break stress, break strain and Young’s Modulus of M-LP and M-SP were obtained with a uniaxial
tensile test (BT1-FR5.0TN, Zwick Roell Group, Ulm, Germany). Ultrastructure was evaluated with a Scanning
Electron Microscope (FEI UK, UK) operating at 5 kV. Viability of Human Dermal Fibroblasts (HDFs) cultured
in DMEM was assessed with LIVE/DEAD® Viability/Cytotoxicity Assay kit (Thermo Fisher Scientific - Life
Technologies).

RESULTS:M-SP showed a significantly higher tensile strength (13.77 £ 0.66 N/cm) than M-LP (11.02 + 0.33
N/em) (p < 0.05) but significantly lower extensibility (110.3 + 3.4 %) than M-LP (130.5 £ 6.3 %) (p < 0.0001).
Young’s Modulus of M-SP was not significantly different from that of M-LP (17.4 + 1.2 N/cm and 18.7 + 2.3
N/cm respectively). Data were analysed with unpaired t-test (N=8). Ultrastructural analysis showed that both
meshes are multifilament and M-SP has smaller pores than M-LP. Viability tests, cellular surface area and
elongation showed no significant difference between HDFs cultured in DMEM and mesh-conditioned media.
HDFs were also cultured on the meshes showing good attachment and proliferation to mesh fibres.
DISCUSSION & CONCLUSIONS:Values of break stress, break strain and Young’s Modulus of M-LP and M-SP
were compared to those of rodent abdominal wall tissue [2]. Low-cost meshes had higher extensibility than native
tissue, but similar stiffness and tensile strength demonstrating affordable alternative for hernia repair [2].
Moreover, this is the first study assessing biocompatibility of HDFs in direct contact with low-cost meshes and
their attachment.

References:1. Freudenberg, S., et al., Commercial Mesh versus Nylon Mosquito Net for Hernia Repair. A
Randomized Double-blind Study in Burkina Faso. World Journal of Surgery, 2006.

2. Anurov, M. V., S.M. Titkova, and A.P. Oettinger, Biomechanical compatibility of surgical mesh and fascia being
reinforced: dependence of experimental hernia defect repair results on anisotropic surgical mesh positioning.
Hernia, 2012.
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Biocompatible tropoelastin-based composites with tunable microstructures and tailored mechanical
properties for small-diameter vascular grafts
Ziyu WANG!, Suzanne Marie MITHIEUX!, Howard VINDIN!, Yiwei WANG?, Anthony Steven WEISS?
'School of Life and Environmental Sciences, University of Sydney, NSW 2006, Australia; Charles Perkins
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3School of Life and Environmental Sciences, University of Sydney, NSW 2006, Australia; Charles Perkins
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Australia; Sydney Nano Institute, University of Sydney, NSW 2006 Australia

INTRODUCTION:Occlusive artery disease is a leading cause of death worldwide. Autologous blood vessels are
gold standard replacements but have limited availability. Commercially available synthetic small-diameter
vascular grafts (VGs) are susceptible to occlusion due to thrombosis and intimal hyperplasia and fail to promote
artery regeneration. To overcome these limitations, biodegradable and biocompatible materials with matched
mechanical properties to native arteries are required. Here we describe the development of small-diameter VGs
comprising composite constructs utilizing recombinant human tropoelastin and a biodegradable elastomer.

METHODS:The microstructures of the tropoelastin-elastomer composites were assessed using scanning electron
and multiphoton microscopy. Mechanical properties were obtained by tensile testing to derive ultimate tensile
strength (UTS) and Young’s modulus (E). The stability of the composites was tested through long-term mass
degradation. Composites were cultured with vascular endothelial cells (ECs) and smooth muscle cells (SMCs) in
vitro and  proliferation, morphology, and vascular-related gene expression were determined. In
vivo biocompatibility was assessed by mouse implantation studies.

RESULTS:A spectrum of composite microstructures was obtained. Incorporating less tropoelastin resulted in
fiber-reinforced matrix structures, which with increasing tropoelastin content transitioned into fibrous structures.
These composites showed tailored UTS ranging from 0.7-8 MPa and E ranging from 1-26 MPa. The composites
retained > 93% mass after 154 days with no evidence of leached tropoelastin. We found that tropoelastin
significantly enhances the proliferation of ECs and SMCs in vitro and vascular-related gene expression. Compared
to elastomer alone, reduced inflammatory responses in vivo were seen for tropoelastin-containing composites,
which were accompanied by decreased inflammatory area thickness and controlled cell numbers surrounding the
composites.

DISCUSSION & CONCLUSIONS:Fabricating techniques for tissue-engineered small-diameter VGs have been
intensively explored, but most fail to progress towards clinical applications. The unmet need is to develop VGs
that have adequate mechanical properties and promote artery regeneration. Tropoelastin, the soluble precursor of
elastin, is attractive because it is responsible for the elasticity of the human arteries, and in the fabricated
composites. With adjustable degradation processes of the elastomer in vivo, the tropoelastin content is gradually
exposed to vascular cells and can promote de novo elastin formation with the potential to reproduce the complex
architectural organization of artery elastin. In conclusion, we have combined tropoelastin with a biodegradable
elastomer, obtained biomimicking composite materials with an attractively tunable 3D microstructure, matched
mechanical properties to the human coronary artery with excellent biocompatibility, and generated promising
candidates for off the shelf small-diameter vascular grafts.

Keywords: Cardiovascular, Vascular systems / vascularisation and heart
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Innovative platform for the development of a-chitin-based 3D constructs using biocompatible ionic liquids
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INTRODUCTION:Chitin has been widely used for the development of therapeutic strategies, despite its
challenging processing. Ionic liquids (ILs), emerged as solvents, able to provide a platform for its effective
processing '. However, the most common ILs are not as green as thought, and biocompatible ILs (Bio-ILs) arise
as bio-friendly alternatives, with enhanced toxicological features 2.

METHODS:Herein, was evaluated the ability of a Bio-IL, Choline Acetate ([Ch]Ace), for the processing of -
chitin into 3D structures. a-chitin was dissolved in [Ch]Ace using ultrasound and stirring cycles at 90°C. The
solution was moulded, kept at -20°C overnight and immersed in solvents (ethanol, acetone, 2-propanol, and
methanol), to modulate the properties of the gel. The samples were frozen at -80°C and freeze-dried. Their
morphology was evaluated by SEM, and the stability by immersion in PBS and H20. Two formulations were
established considering the presence (A) or absence (B) of the Bio-IL into the structure, which was monitored via
conductivity measurements. The microstructure of the sponges was determined by pu-CT. The cytotoxicity and
biological behavior of the sponges were evaluated using the L929 cell line during 3 days of culture, and human
adipose stem cells (hASCS) up to 7 days of culture, respectively, both by direct contact assays.

RESULTS:The obtained optical microscopy images demonstrated that the dissolution of chitin in the Bio-IL was
attained after 4 cycles. The SEM analysis revealed that the sponges present an open structure (15-45um). The
stability test showed that the most stable structures were obtained when using methanol, and differences in the
conductivity of the solvents confirmed the different Bio-IL content in the formulations (A and B). The pu-CT results
revealed porosities of 72.33+1.15% and 85.77£1.93% and pore size values of 173.43+£28.54um and
176.70+44.48um, for the formulation A and B, respectively. The cytotoxicity test allowed to prove the non-
cytotoxic profile of the constructs, as well as the harmless effect of the Bio-IL in the cell metabolic activity.
Moreover, hASCS cells were able to adhere, grow and proliferate through the structures, up to 7 days of culture.

DISCUSSION & CONCLUSIONS:The presented approach opens new avenues to develop a-chitin-based sponges
using Bio-ILs with potential biomedical applications.

Acknowledgements:J.M.Gomes acknowledges financial support from Portuguese FCT(PD/BD/135247/2017).
This work is also financially supported by the PhD programme in Advanced Therapies for Health (PATH)
(PD/00169/2013) and R&D&I Structured Projects with reference NORTE-01-0145-FDER-000021.
References:(1) Silva,S.S. et al.(2017) GreenChem. 19, 1208.

(2) Gomes,J.M. et al.(2019) Chem.Soc.Rev. 48, 4317.
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Poly(2-hydroxyethyl methacrylate) (PHEMA)-based hydrogels as a synthetic platform to study adipose-
derived stem cell (ASC) regenerative potential
Sergio OLIVEIRA FORMOSO!, Adam J. REID?, Lee A. FIELDING!
"Department of Materials, School of Natural Sciences, The University of Manchester, Manchester, UK
2Blond McIndoe Laboratories, Division of Cell Matrix Biology and Regenerative Medicine, School of Biological
Sciences, Faculty of Biology, Medicine and Health, The University of Manchester, Manchester, UK

INTRODUCTION:Poly(2-hydroxyethyl methacrylate) (PHEMA) hydrogels are well-studied materials for tissue
engineering due to their biocompatibility, controlled synthesis and their ability to tailor their physicochemical
properties [1]. Gelatin methacrylate (GelMA) is a semisynthetic material that retains cell-recognition sites,
undergoes enzymatic degradation, and has good mechanical properties [2]. Adipose-derived stem cell (ASCs) have
shown potential in aiding the regeneration of peripheral nerves as their secretome influence axonal regeneration
[3]. This work shows the synthesis and characterization of PHEMA-based hydrogels as platforms to study the
influence of ASCs in nerve regeneration.

METHODS:Hydrogels based on HEMA, glycerol monomethacrylate (GMA) and GelMA were synthetized via
redox-initiated free-radical polymerization and their mechanical properties were assessed using oscillatory
rheology and swelling studies. The ability of ASCs to attach and proliferate was assessed, as well as their overall
regenerative performance.

RESULTS:Homogeneous hydrogels with storage moduli in the range 8-12 MPa were prepared using initial water
concentrations between 30-40 % w/w, with respect to monomer. Liquid uptakes up to 200 % were observed whilst
bulk dimensionalities were maintained. The incorporation of GeIMA resulted in stiffer hydrogels, when compared
to those containing only HEMA and GMA. GelMA containing gels displayed sustained losses in mechanical
properties after incubation in collagenase solution, showing a 5 MPa decrease in storage moduli and increases in
their liquid uptake profile after 10 days. LIVE/DEAD and morphological assessments have shown potential for
ASC maintenance.

DISCUSSION & CONCLUSIONS:These PHEMA-based hydrogels are ideal platforms for tissue engineering
applications due to their ease of preparation and tailorable properties. In this work, hydrogels with mechanical
properties in the range of 8-12 MPa have been shown to enhance the neurotrophic potential of ASCs [4]. The
introduction of GelMA appears to be beneficial for nerve regeneration, as degradation of hydrogels is key for
tissue regeneration applications [5]. The aforementioned hydrogels are envisioned to be used as synthetic platforms
to investigate the role of ASCs in peripheral nerve regeneration and their suitability as artificial nerve conduits.

Acknowledgements:Financial support received from EPSRC/MRC Centre For Doctoral Training in Regenerative
Medicine (studentship grant number; EP/L014904/1)

References:[1] H.Y. Li et al., J. Mater. Sci. Mater. Med. 24 (2013) 2001-2011
[2] L. Pepelanova et al., Bioengineering. 5 (2018).

[3] R. Zhang et al., Neural Regen. Res. 13 (2018) 757-763

[4] A. Faroni et al., Adv. Healthc. Mater. 8 (2019)

[5] T. Dursun Usal et al., Int. J. Biol. Macromol. 121 (2019) 699-706.
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Processing SAIB with ionic liquids to produce 3D structures
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INTRODUCTION:Sucrose acetate isobutyrate (SAIB) is a synthetic disaccharide with exceptional rheological
properties. It has been lately investigated for drug delivery (W096399951)1. Nevertheless, the demand for organic
solvents to explore the mechanism of solvent diffusion from the depots formation2-4 is a considerable
disadvantage. Thus, the use of natural sources together with the sustainable green process is a rational and
sustainable approach to produce multifunctional biomedical devices. Herein, it is proposed to explore the potential
of SAIB in tissue engineering scaffolding applications, by green processing SAIB with chitin and silk fibroin,
using ionic liquids (ILs).

METHODS:SAIB, chitin and silk fibroin were separately dissolved in the IL, and then mixed by adding the
SAIB/IL solution to the chitin/IL or SF/IL solution. The mixture was then transferred to moulds (d=8 mm, h=2
mm) and then the produced gels were washed with defined solvents - water (A) or water: isopropanol (1:1, B).
These gels were placed in caped flasks at 150 rpm with daily solvent change, and aliquots were collected to
measure the conductivity and follow the removal of the ILs. When the IL was totally removed the gels were freeze-
dried. The physicochemical characterization performed comprised rheology, FTIR, XRD, SEM, microCT and
swelling. The in vitro studies performed covered cytotoxicity, cell damage (ISO10993) and cell morphology.

RESULTS:The presence of the molecules (SAIB, chitin and SF) and the absence of ILs, was confirmed by FTIR
and XRD techniques. Using SEM and microCT methods it was possible to observe the morphological
characteristics of the produced scaffolds, that resembles different morphologies, from aerogels to compact
structures. The presence of SAIB increased about 4 times the adhesivity (N.s) of the scaffolds and, at the same
time, has halved the strength of the structure (G’/Pa).

DISCUSSION & CONCLUSIONS:It is shown the potential of the used approach, to apply these scaffolds in tissue
engineering.

Acknowledgements:Financial support was received from FCT (SFRH/BPD/94277/2013,
SFRH/BPD/100957/2014 and IF/01285/2015) and NORTE-08-5369-FSE-000044.

References:[1]Reynolds, R.C., Food and Chemical Toxicology, 1998. 36(2):95-99; [2] Cheng, T., et al. Eur Cell
Mater, 2013.26:208-221.; [3] Silva, S.S., J.LF. Mano, and R.L. Reis. Critical reviews in biotechnology, 2010. 30(3):
200-221.
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A low-temperature, high-pressure sintering procedure for the rapid fabrication of biosubstrates starting
from dry silk fibroin
Alessio BUCCIARELLI', Silvia CHIERA', Alberto QUARANTA!, Vamsi YADAVALLI?, Antonella
MOTTA!, Devid MANIGLIO!
"Department of Industrial Engineering, University of Trento, Trento, Italy
2Department of Chemical and Life Science, Virginia Commonwealth University, Richmond, USA

INTRODUCTION:Due to the unique combination of properties such as mechanical strength and toughness,
biocompatibility, biodegradability, thermal stability, and easy processability [1,2], regenerated silk fibroin has
been used as a functional biomaterial, adopted when a positive interaction with living tissue is required. Solid-
fibroin is a bulk non-porous material that is usually prepared starting from a fibroin solution through a liquid-gel-
solid transition. In this work we demonstrate the posibility to produce, in fast fashion, monoliths of solid-fibroin
starting from a dry fibroin powder, in presence of water and under fast compression.

METHODS:A full factorial design of experiment was used to understand the sinterign rpocess. We studied the
material in the crucial phases of the procedure by DSC, FTIR and SEM, proving that the thermal-reflow can occur
at low temperature if driven by a high-pressure process and in presence of water on a low crystallinity dry fibroin.
Mechanical characterization and preliminary in vitro tests were conducted: human adipose-derived mesenchymal
stem cells were cultured on both LTS fibroin samples and PCL samples (control), to evaluate cell response. After
each time point, cell adhesion, morphology and distribution were analyzed by confocal microscopy.

RESULTS:The analysis conducted with FTIR on the main stages of the process revealed that an excessive
transition to B—parallel structure, due to a prolongated water treatment, doesn’t allow the transition to the solid
state; the transition occurs if the secondary structures are not enough stable to be able to re-organize themselves in
more stable phases during the compression phase. The glass transition temperature was detected by DSC.
Interestingly, the rapid addition of water in the material through moisture absorption didn’t change the Tg respect
the lyophilized silk fibroin. The SEM analysis during different time points in the compression proved the presence
of a viscous flow, so we could deduce a decrease in the Tg under 40 °C when moisturized lyophilized fibroin
undergoes to compression. Preliminary biological results indicate a promising response of LTS fibroin samples in
promoting cell adhesion and proliferation.

DISCUSSION & CONCLUSIONS:In this work we reported a method to obtain a compact material form fibroin
powder in a single compression mold step at low temperature. Large objects can be produced in few minutes with

a high reproducibility. The mild forming conditions allow the possibility to incorporate temperature degradable
bioactive additives.

References:[1] Altman, G. H. et al., Biomaterials 24, 401-416 (2003).
[2] Koh, L. D. et al., Prog. Polym. Sci. 46, 86—110 (2015).
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In-vitro degradation study of hybrid polyester-based scaffolds in different culture chambers
Simone RUSSO!, Pedro Francisco NAPAL!, Martin PRIETO FRAGAZ, Manuel ARRUEBO?, Maria Angeles
PéREZ!, José Manuel GARCiA AZNAR?

"Multiscale in Mechanical and Biological Engineering, Aragon Institute of Engineering Research, University of
Zaragoza, Spain
2Department of Chemical Engineering, Institute of Nanoscience of Aragon, University of Zaragoza, Spain

INTRODUCTION:Biomaterials play a critical role in the success of a Tissue-Engineering (TE) strategy [1], as
well as scaffolds’ degradation. Testing this degradation in different culture chambers can lead to different results
[2]. This work aims to compare the degradation of 3D-printed composites based on poly(e-caprolactone) (PCL)
and poly(D,L-lactic-co-glycolic) acid (PLGA) in simulated physiological conditions by using standard multi-wells
or bioreactors to evaluate if the different culture chamber used affects the degradation’s kinetics.

METHODS:PCL-PLGA blend (50:50 wt.) was prepared by dissolving PCL and PLGA in dichloromethane,
casting and evaporating the solvent. We extruded filaments with an in-house mechanical extruder, and 3D-printed
scaffolds (diameter 6mm, height 2mm, porous 400pm) by plotting fibres (diameter 400um) with 45° angle-steps
between two successive layers. Scaffolds were sterilised by UV irradiation, soaked in Phosphate-Buffered Saline
(PBS), and incubated at 37°C for 14days. Polymers degradation was monitored by measuring the weight-average
molecular weight (Mw), average molecular number (Mn), polydispersity index (PI), weight loss (WL) and
indirectly by the changes in PBS pH. We compared the degradation in standard multi-wells with the ones occurring
in a customised bioreactor (CANDY) and the MechanoCultureTR (MCTR) (CellScale, Canada). We used
incubated dry scaffolds as control.

RESULTS:From the initial value (7.25), the pH decreased substantially at the early stage (day 2) and stabilised
around 6.85. Scaffolds in PBS showed significantly higher WL than the controls. We observed a statistical
difference (Welch’s t-test) between the WL occurring in CANDY (lower) and the ones (higher) in MCTR and
standard multi-wells. Even though Mw, Mn, and PI showed no statistical difference between the different
chambers, the results in the MCTR showed a higher Mw/Mn decrease and a PI increase.

DISCUSSION & CONCLUSIONS:The initial pH reduction observed can be due to the degradation by hydrolysis
of the ester linkages in PCL and PLGA under the simulated physiological conditions. The pH is acidified but still
suitable for biological applications [3]. These results show that the surface of the incubation buffer (multi-wells
and partially MCTR) exposed to the air can affect the degradation process. Future studies should consider this
effect when comparing degradation results from different culture chambers.

Acknowledgements:EU’s Horizon 2020 research and innovation programme, under Marie Sktodowska-Curie
Grant Agreement 722535, and Spanish Ministry of Economy and Competitiveness (DP12017-84780-C2-1-R)
funded this project.

References:[1] Khan F et al., Int. J. Mol. Sci. 2018, 19

[2] Ma CH et al., Biomicrofluidics 2018, 12
[3] Ferreira CMH et al., RSC Adv., 2015, 5
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Mechano-Hybrid-Scaffolds for endochondral healing of bone defects
Hans LEEMHUIS!, Ansgar PETERSEN?, Martina TORTORICI?, Christoph GAYER?, Georg N DUDA?, Ingo
HESCHEL!
"Matricel GmbH, Herzogenrath, Germany
2Julius Wolff Institute, Berlin-Brandenburg School of Regenerative Therapies, Berlin, Germany
3Fraunhofer Institute for Laser Technology, Aachen, Germany

INTRODUCTION:During the last years, various strategies have been developed to promote bone defect
regeneration utilizing implantable materials. Collagen scaffolds are well known for their regenerative potential
and are bio-mimicry of early callus formation. However, due to their relatively poor mechanical properties, their
applications in the field of bone regeneration are limited. In this study, we present a novel approach: A Mechano-
Hybrid-Scaffold (MHS) that combines a collagen-based biomaterial with highly aligned channel-like pores with a
3D printed poly(e-caprolactone)(PCL) support structure [1], overcoming contradictory requirements for
mechanical stiffness and scaffold architecture on the cell vs. the tissue length-scale that are defined by the
particular clinical application.

METHODS:Using a standardized manufacturing process including directional freezing the existing orientated
collagen scaffold [2] (stiffness E= 0.5kPa) was combined with a 3D printed PCL macro-porous support structure
designed to reinforce the scaffolds mechanical stability. In brief, MHS were produced by: 1. Computer-aided
design of the support structure (2 designs for high stiffness “stiff” and low stiffness “soft”); 2. Selective laser
sintering from PCL; 3. Immersion of the support structure into the collagen dispersion, unidirectional freezing and
freeze-drying; 4. Chemical crosslinking and sterilization of the MHS. Structural characterization (SEM) and
mechanical characterization (BOSE-Electroforce-test -ench) were performed. Degradability of the MHS was
assessed by determination of the denaturation temperature of the collagen (Td).

RESULTS:Stiff and soft MHS were successfully produced with stiffness of41.2 + 1.4 N/mm and 0.1 + 0.02 N/mm
for the supporting structure respectively. Except for the mechanical properties of the MHS, all other scaffold
characteristics, e.g. Td (79.8°C £0.1) and pore size (78.1 um + 18.1), remain the same as the ones of the collagen
scaffold. Scanning electron microscopy (SEM) images show full integration of the support structure inside the
collagen structure. With this approach, mechanical characteristics can be tuned independently at the micro-scale
(cell-level) and the macro-scale (tissue-level).

DISCUSSION & CONCLUSIONS:The here-introduced concept takes full advantage of the regeneration potential
of collagen scaffolds by implementing a second macro-porous structure that provides mechanical support against
cell and tissue forces in combination with clinically applied bone fixation systems. The MHS opens the door for
new applications of collagen scaffolds in rigid tissue regeneration by solving the paradox of providing soft cell
environment and high structural stability in implantable materials.

ACKNOWLEDGEMENTS:The authors acknowledge financial support by the German Federal Ministry of
Education and Research (grants no. 13XP5048A-D).

REFERENCES:[1]Patent pending: DE102016007931.2; PCT/DE2017/000183
[2]Petersen et al. (2018), Nat. Commun. 9:4430.
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Enhancing the osteogenic and angiogenic activity of the multiscale porous, synthetic scaffolds by in vitro
generated extracellular matrix decoration
Betul ALDEMIR, Gwendolen REILLY, Frederik CLAEYSSENS
Department of Materials Science and Engineering, The University of Sheffield, Sheffield, United Kingdom

INTRODUCTION:Synthetic polymers are widely used biomaterials for tissue engineering applications due to
having tailorable properties. However, they need modifications to improve their limited interaction with biological
tissues.

In this study, we aimed to manufacture multiscale porous biohybrid scaffolds to be used as bone tissue engineering
scaffolds. We used two-step fabrication route; (i) manufacturing of biodegradable, synthetic polymer-based
multiscale porous scaffolds by combining techniques of emulsion templating and 3D printing techniques, and (ii)
decorating these scaffolds with in vitro generated extracellular matrix to increase their biological performances.
The biohybrid scaffolds were evaluated for their ability to support cell attachment, metabolic activity, and
osteogenic differentiation by seeding of human embryonic stem cell-derived mesenchymal progenitor cells (hES-
MPs). The angiogenic potential of the multiscale porous scaffolds was assessed in vivo.

METHODS:Scaffolds, made of high internal phase emulsion (HIPE) of methacrylated PCL (photocurable), were
created via additive manufacturing. Murine Osteocyte-like Cells (MLO-ASs) were cultured on scaffolds for 4-
weeks. Cellular activity, mineral and collagen deposition assays were performed. Cell penetration depth was
assessed by histology images. Microarchitecture of scaffolds and cell attachment were observed by scanning
electron microscopy. After decellularisation, to confirm the efficiency of the process, DNA content was measured.
Both plain and hybrid scaffolds were recellularisated by using hES-MPs and compared. Finally, the chick allantoic
membrane (CAM) assay was used to explore the angiogenic potential of the scaffolds.

RESULTS:Multiscale porous scaffolds were obtained successfully. Cell-derived ECM matrix composed of
mineral and collagen was deposited on scaffolds, and then 95% of DNA was removed (decellularisation). In
recellularisation process, mesenchymal progenitor cells not only showed higher attachment on ECM decorated
scaffolds but also exhibited a significantly higher increase in cellular activity and cell infiltration. Additionally,
CAM assay showed that the presence of ECM on scaffolds resulted in higher angiogenic potential in comparison
with the plain scaffolds.

DISCUSSION & CONCLUSIONS:3D printed, PCL-based polymerized HIPE scaffolds supported cell adhesion,
proliferation and migration, and it is a promising candidate to fulfil the requirements of defect-matching bone
grafts. Additionally, our in-vitro generated ECM decorated polymer system proposed an applicable approach to
improving bioactivity and angiogenesis of polymer scaffolds to encourage precursors to differentiate mature bone.
Acknowledgements: Authors gratefully acknowledge the Republic of Turkey, The Ministry of National Education
for funding Betiil Aldemir Dikici with a PhD studentship grant.
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Bifunctional membrane for guided bone regeneration: combining electrospinning and emulsion
templating
Betul ALDEMIR, Serkan DIKICI, Sheila MACNEIL, Gwendolen REILLY, Frederik CLAEYSSENS
Department of Materials Science and Engineering, The University of Sheffield, Sheffield, United Kingdom

INTRODUCTION:Guided bone regeneration is a dental implant treatment where a barrier membrane (BM) is
used between epithelial tissue and bone graft to prevent the invasion of the fast-proliferating epithelial cells into
the defect site to be able to preserve a space for infiltration of slower-growing bone cells. Our aim was to develop
a bilayer biodegradable BM that would act as a physical barrier for preventing epithelial invasion limiting the
diffusion of waste and nutrients, and which would guide bone formation by ingrowth into a highly porous and
interconnected bone-like structure.

METHODS:In this study, a bilayer BM was developed by combining electrospinning and emulsion templating.
For the first layer, 200 pm polymerised high internal phase emulsion (PolyHIPE) scaffold made of photocurable
polycaprolactone (PCL) was manufactured and treated with air plasma to enhance the cellular infiltration. For the
second layer, four solvent compositions were investigated to find the best composition for electrospinning a
nanofibrous PCL barrier layer on PCL PolyHIPE. The biocompatibility and the barrier properties of the
electrospun layer were demonstrated using human dermal fibroblasts (HDFs) over four weeks in vitro by
histological staining. Following in vitro assessment of cell viability and cell migration of Murine Osteocyte-like
Cells (MLO-AS5s) on layer one, the potential of PCL PolyHIPE for supporting blood vessel ingrowth was
investigated using an ex-ovo chick chorioallantoic membrane assay (CAM).

RESULTS:The bifunctional BM was successfully produced via emulsion templating and electrospinning. Our
results demonstrated that the nanofibrous PCL electrospun layer was capable of limiting cell infiltration for at least
four weeks, while PCL polyHIPE supported cell infiltration, calcium and mineral deposition of bone cells, and
blood vessel ingrowth through pores.

DISCUSSION & CONCLUSIONS:This novel bioresorbable membrane has the potential to be used in GTR
applications by acting as a barrier for epithelial cells at least for up to 4 weeks while allowing bone cells to grow
and blood vessels to infiltrate in the implant zone.

Acknowledgements:Authors gratefully acknowledge the Republic of Turkey, The Ministry of National Education
for funding Betiil Aldemir with a PhD studentship grant.
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Investigation of Endothelial Cell Viability and Growth on 3D Printed GelMa Vascular Networks
Chrisoula CHAPPELL, Fei ZHENG, Callum DEANS, Haiyang JIANG, Olga TSIGKOU, Brian DERBY
School of Materials, University of Manchester, Oxford Road, Manchester, M13 9PL, UK

INTRODUCTION:A limitation for the development of 3D engineered tissues is the absence of viable and
perfusable vasculature [1-3]. As a precursor to vascularized adipose tissue, cylindrical channels were formed in a
cast photocrosslinked gelatin methacrylate (GelMA) construct by printing sacrificial networks of Pluronic F127.
Human umbilical vein endothelial cells (HUVECs) were seeded and cultured within the 3D printed channels, while
Adipose derived stem cells (ADSCs) were cultured in the GeIMA prior to casting the 3D printed channels.

METHODS:GelMA was synthesized using the one pot synthesis method [2]. The hydrogel was characterized by
NMR, surface tension, contact angle, DMA and rheology. Pluronic filaments were printed onto glass slides using
arobotic printer 1&J 7300-LF (Fishnar, UK). HUVECs (PromoCell, UK) were cultured on GelMa substrate, whilst
ADSCs (ThermoFisher) were embedded within the GelMa. Live/Dead and Alamar Blue assays were used to assess
the cells’ viability and proliferation respectively. Phalloidin staining was used to assess actin cytoskeleton
organization. Further experimentation included the differentiation of the ADSCs into adipocytes onto GelMa.

RESULTS:Once methacrylation has occurred, NMR peaks are seen at 6ppm and 2ppm corresponding to lysine
and methacrylated grafts of hydroxyl groups. Viability assays confirmed that HUVECs and ADSCs were viable
after 7 days. Phalloidin staining demonstrated good organization of the actin cytoskeleton of HUVECs on GelMa.
Data on HUVECs injected within the printed 2D networks and 3D culture of ADSCs within the GelMa matrix will
also be presented.

DISCUSSION & CONCLUSIONS:Collectively, our data illustrate that HUVECs grow and fully line the printed
networks, thus confirming the formation of a vascularized model.

ACKNOWLEDGEMENTS:CC and FZ were supported by studentships from EPSRC and CSC.
REFERENCES:[1] Loessner D et al. A Nat Protoc. 2016; 4:727-46

[2] Shirahama H et al. 2016; 6:31036
[3] Kolensky D et al. Adv Mater. 2014; 26:3124-3130
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Mechano-electrically active biomaterials for bone tissue engineering
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3BCMaterials, Basque Center for Materials, Applications and Nanostructures, UPV/EHU Science Park, Leioa,

48940, Spain; IKERBASQUE, Basque Foundation for Science, Bilbao, 48013, Spain

INTRODUCTION:Active biomaterials, in particular electroactive polymers, have shown increasingly potential to
be used in tissue engineering(TE), once they can deliver an electrical signal to the cells upon mechanical
solicitation, opening new scientific and technological opportunities, as they in fact mimic signals and effects
present in living tissues, allowing the development of suitable microenvironments for tissue
regeneration.Piezoelectric polymers have already shown strong potential for novel TE strategies,once they can
account for the piezoelectricity existence within some specific tissues.In the case of the patient is immobilized,
where the natural mechanical stimulus does not occur, magnetoelectric biomaterials can be used, providing the
mechanical and/or electrically stimulation remotely from outside the human body and/or during in-vitro cell
culture.

Thus, a novel overall strategy for bone TE was developed based on the fact that bone cells are subjected to
mechano-electrical stimuli in their in-vivo microenvironment and that piezo- and magnetoelectric polymers are
suitable for delivering those cues.

METHODS:Piezoelectric poly(vinylindene fluoride)(PVDF) films were produced by solvent casting and films
with different surface charge are obtained(non-poled and negative).Magnetoelectric films and 3D scaffolds were
also produced:magnetoelectric Terfenol-D/poly(vinylidene fluoride-co-trifluoroethylene)(P(VDF-TrFE)) films
and CoFe204/PVDF 3D scaffolds.

Piezoelectric and magnetoelectric polymers were produced and characterized in order to investigate the influence
of the mechano-electrical stimuli and consequently their performance in the novel bone TE development.

RESULTS:hASCs were cultured on B-PVDF non-poled and negative surfaces and cell differentiation was
determined using a qALP assay. The results demonstrated that the negative charge promote higher osteogenic
differentiation, which is even higher under dynamic conditions(by the use of mechanical bioreactor).” Terfenol-
D/P(VDF-TrFE) films enhanced up to~25% when cells are cultured under mechanical and electrical
stimulation. Through the use of CoFe204/PVDF 3D scaffolds, an unequivocal increase of the proliferation rate is
observed by the stimuli application,indicating that the scaffolds indeed respond to the magnetic stimuli and provide
a proper microenvironment to the cells.

DISCUSSION & CONCLUSIONS:It is thus demonstrated that electroactive biomaterials can provide the
necessary electromechanical stimuli for the proliferation and differentiation of bone cells.In this way, this approach
support the design of suitable bone TE strategies, showing that piezoelectric and magnetoelectric cell stimulation
is a novel and suitable approach that allow the application of magnetic,mechanical and electrical stimuli.

ACKNOWLEDGEMENTS:This work was supported by the Portuguese Foundation for Science and
Technology(FCT) in the framework of the Strategic Funding UID/FIS/04650/2019,UID/BIO/04469 and project

PTDC/BTM-MAT/28237/2017. The authors acknowledge funding by the Basque Government Industry and
Education Department under the ELKARTEK,HAZITEK and PIBA(PIBA-2018-06) programs,respectively.
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Freeze-cast silk fibroin scaffolds for cardiac patch development
Habib JOUKHDAR, Nawreen SULTANA, Megan LORD, Jelena RNJAK KOVACINA
Graduate School of Biomedical Engineering, University of New South Wales, Sydney, Australia

INTRODUCTION:Cardiac patches consist of 3D scaffolds seeded with appropriate cell types, and are a promising
avenue towards developing effective treatments for scarred heart muscle. However, the impact of these scaffolds
has been limited due to poor mass transfer caused by inadequate scaffold microarchitecture. Freeze-casting is a
cryostructuring process that yields scaffolds of uniformly aligned pores. Setups that use volatile heat sinks (e.g.
liquid nitrogen) have garnered attention due to their simplicity, but little has been done to characterise the effect
of system thermodynamics and polymer concentration on pore morphology. By using silk fibroin as a
representative polymer, the goal of this study was to quantify these correlations and design novel methodologies
that address the limitations of conventional freeze-casting systems.

METHODS:Silk-fibroin was freeze-cast using two separate setups. The first (a conventional single unit setup)
exposed one side of insulated silk solution material to a metal plate in contact with a dry ice/ethanol slurry (T= -
60 to-75 °C). The second consisted of a modular design, whereby an insulated silk chamber with a copper base
was placed on top of the copper plate of a separate heat sink chamber containing the slurry. The thermal profile
was documented along the silk chamber and subsequently correlated to pore morphology.

RESULTS:Every condition yielded scaffolds with uniformly aligned pores that sustained the adhesion,
proliferation and alignment of C2C12 cells. The resultant pore morphology depended on both the cooling rate and
silk concentration. A decrease in cooling rate resulted in larger pore inlets. Furthermore, an increase in silk
concentration resulted in an increase in lamellae thickness and overall pore alignment. While using the single unit
setup the mould warped, causing damage and resulting in leaching of the heat sink into the silk chamber; a common
problem with similar setups. Whereas the novel modular setup did not display the warping seen in the original.
The separation of silk and heat sink chambers also allowed for easy leak monitoring. Additionally, the modular
setup provided more controllable cooling profiles.

DISCUSSION & CONCLUSIONS:Characterising the correlation between pore morphology and freezing
variables provides the insight required for finer control over pore morphology of freeze-cast biomaterials. The
proposed modular design allowed for simpler monitoring, while providing more control over cooling rate. Future
studies will utilise heat sinks of different temperatures to quantify the mass transfer potential and test the limits of
this design.

ACKNOWLEDGEMENTS:Australian Government Research Training Program Scholarship
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3D in vitro intestinal mucus models for dynamic culture of bacteria
Lorenzo SARDELLI, Marta MERLI, Lucia BOERI, Marta TUNESI, Simone PEROTTONI, Luca IZZO,
Francesco Vangosa BRIATICO, Paola PETRINI, Carmen GIORDANO
Department of Chemistry, Materials and Chemical Engineering “Giulio Natta”, Politecnico di Milano, Milan,
Italy

INTRODUCTION:Although the intestinal mucus is the main intermediator between microbiota and gut, it is rarely
considered as a dynamic component in current in vitro models of the microbiota-gut communication [1]. Recently,
the MINERVA project was funded by the European Research Council (ERC, ID 724734) with the aim of
developing the first microbiota-gut-brain organ-on-a-chip engineered platform to evaluate intestinal microflora
impact on brain functionality [2]. Under the scope of MINERVA, an optimized in vitro mucus model suitable for
microbiota dynamic culture was engineered, which combines a 3D structure and proper viscoelastic properties, to
be applied in the dynamic organ-on-chip devices developed for MINERVA purposes.

METHODS:Different mucus models were obtained by homogeneous crosslinking of alginate solutions, at
different concentrations, with CaCO3 (Sigma-Aldrich, Lot MKBZ9710V) and an acidifying agent (D-(+)-gluconic
acid 6-lactone, GDL, Sigma-Aldrich G4760 Lot SLBM7762V). Rheology (modular rheometer, Anton Paar) was
used as method to investigate the viscoelastic properties of the models after extrusion at different flow rates (0.5,
1.0 and 5.0 pl/min). From the rheology, the models microstructure was further estimated by using the Generalized
Maxwell Model. Biological validation of the models was performed by counting of colony forming units after the
extrusion of models infected by E. coli.

RESULTS:Models with 1 % (w/v) alginate showed viscoelastic properties compatible to the physiology post
extrusion at 0.5 and 1.0 pl/min. The Generalized Maxwell model allowed estimating from the rheology of the
model mesh size, which is the distance between the polymeric chains forming the network (20-40 nm). This
structural parameter resulted similar to the in vivo situation (30-100 nm). The models were also able to sustain
the E. coli growth similarly to standard method of dynamic bacterial culture (~  [10] ~7
bacteria/ml), i.e. planktonic suspension.

DISCUSSION & CONCLUSIONS:Homogeneous alginate hydrogels represented the firstin vitro approach
combining 3D structure and bioinspired viscoelastic properties. The models were able to sustain the E. coli growth
even under dynamic condition within a 3D medium-free environment. For these features, the described models
can be exploited in the advanced organ-on-a-chip devices developed for the MINERVA platform [2]

ACKNOWLEDGEMENTS:MINERVA project received funding from the European Research Council (ERC)
under the European Union’s Horizon 2020 research and innovation program (grant agreement no.724734).
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[Accessed: 27-Feb-2019].
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Preparation of biocompatible oligomers
Cordula S. HEGE!, Amy STIMPSON?, Chris FOX?, Derek IRVINE?
!Centre for Additive Manufacturing, University of Nottingham, Nottingham, UK
Faculty of Engineering, University of Nottingham, Nottingham, UK
3Infectious Disease Research Institute (IDRI), Seattle, USA

INTRODUCTION:Oligomers have potential application for printing and as adjuvants for vaccines. Preparing
oligomers is especially worthwhile for stereolithography. So one gets materials in the needed viscosity range.
Oligomers are favourable as adjuvants for vaccines, as they facilitate renal clearance. Methacrylic polymers known
to be widely tolerated in vivo, so they are widely used in biology and medicine. So, to prepare the oligomers
methacrylic monomers were used.

METHODS:The oligomers were prepared by catalytic chain transfer polymerisation (CCTP). Cobalt macrocycles
are effective and mostly used catalysts for the CCTP. This is disadvantageous for medical applications, as cobalt
is toxic. Iron has higher biocompatibility and is also abundant in nature, so it is additionally more sustainable. The
catalysts were prepared in situ. For that iron bromide and dimethyl glyoxime or diphenyl glyoxime were added as
ligands. Different catalyst concentrations were used. The reactions were made in bulk and with toluene as solvent

RESULTS:The reaction conditions influenced the level of control. For reactions using diphenyl glyoxime as ligand
it was preferable to prepare the oligomers in bulk. In contrast to that dimethyl glyoxime as ligand could control
the reactions better in solvent. To control the reactions higher concentration of iron catalysts were needed than in
case of cobalt catalysts.

DISCUSSION & CONCLUSIONS:Iron catalysts are a possible replacement for cobalt catalysts for the CCTP.
This allows to prepare reproducible, biocompatible oligomers. Further work will be done to optimise the
conditions.

Keywords: Polymers - natural / synthetic / responsive, Immunity / immunomodulation / macrophage
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Proteomic characterization of calcium-doped sol-gel coatings
Francisco ROMERO GAVIL4AN', Andreia CERQUEIRA', Ifiaki GARCiA ARN4AEZ?, Nuno ARA1JO GOMES?,
Mikel AZKARGORTA®, Félix ELORTZA*, Maril6 GURRUCHAGA?, Julio SUAY, Isabel GOAI?
"Deptartment of Industrial Engineering Systems and Design,Universitat Jaume I, Castellon de la Plana, Spain
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3Department of Developmental Bioengineering, University of Twente, Enschede, Netherlands
“Proteomics Platform, CicBiogune, Derio, Spain

INTRODUCTION:Researchers are carrying out huge efforts to develop the optimal biomaterial that fulfils a
particular requirement. Additionally, the poor correlation found between in vitro and in vivo, especially in bone
tissue, highlights the need to new characterization methodologies. Bone tissue regeneration around an implant
depend on processes such osteogenesis, coagulation, angiogenesis and inflammation. Protein adsorption onto the
material surface is the first event-taking place after implantation. These proteins can modulate biological processes
are carried out afterwards and condition the implant outcome. The role of calcium on bone metabolism and blood
coagulation processes justifies its use in the development of bone tissue engineering biomaterials. Ca can condition
the material-tissue interface, affecting protein deposition and consequent cellular responses. This work aims to
study, through proteomics, the adsorbed protein patterns onto Ca-doped biomaterials.

METHODS:A previously sol-gel material [1] was employed as release vehicle to incorporate Ca. This matrix was
supplemented with 0.25, 0.5, 1 and %wt CaCl2. Ti discs were coated with prepared sol-gels. Physicochemical
parameter as topography, roughness, wettability and the Ca2+ kinetic release were determined. In vitro was
assessed with MC3T3-E1 osteoblast and RAW 264.7 macrophage cells. Proteomic assay was conducted by
incubating the samples with human serum for 3 h. Attached proteins were eluted with SDS-DTT solution. Finally,
elutions were analyzed using LC-MS/MS.

RESULTS:The calcium incorporation into the sol-gel increased the coating roughness and decreased their
hydrophilicity. In vitro using MC3T3-E1 revealed an overexpression of both osteogenic markers ALP and OPN
on Ca-enriched coatings. In parallel, the Ca incorporation supposed an increased expression of anti-inflammatory
marker IL10 and a reduction in the release of TNF-a in a dose-dependent manner respect the base material on
RAW?264.7. Ca-doped materials displayed a remarkably increase on the attachment of coagulation-related proteins
(THRB, ANT3, PROC) and a higher affinity to VINC and APOE, proteins involved on osteogenic and anti-
inflammatory functions.

DISCUSSION & CONCLUSIONS:The adsorbed protein pattern movements onto biomaterial surfaces with
different calcium amounts were identified. A cluster of proteins related to coagulation and osteogenic functions
was identified to improve their affinity to Ca-coatings. Additionally, Ca dose-dependent effects on both osteogenic
and inflammatory processes were observed in vitro and confirmed by proteomics.

Acknowledgements:This work was supported by MINECO [MAT2017-86043-R, RTC-2017-6147]; Universitat
Jaume [ [UJI-B2017-37, POSDOC/2019/28 |; Generalitat Valencia [GRISOLIAP/2018/091]; Basque Government
[IT611-13, Predoc/2016/10141]; University of the Basque Country [UFI11/56].

References:1- F. Romero-Gavilan et al., Journal of Non-Crystalline Solids. 453 (2016) 66—73.
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Cytotoxicity of drugs used for covering of vascular stents and drug enriched 3D matrices produced by
electrospinning against artery wall cells
Boris CHELOBANOV!, Vera CHERNONOSOVA?, Alena STEPANOVA?, Andrey KARPENKO?, Pavel
LAKTIONOV?
Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian Academy of
Sciences, Novosibirsk, Russia
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Sciences, Novosibirsk, Russia; Meshalkin National Medical Research Center, Ministry of Health of the Russian
Federation, Novosibirsk, Russia
3Meshalkin National Medical Research Center, Ministry of Health of the Russian Federation, Novosibirsk,
Russia

INTRODUCTION:Neointima growth after angioplasty with or without stenting is the main source of restenosis.
Adequate inhibition of neointima growth induced by tissue damage during angioplasty requires delicate
management of cell proliferation assuming preventing of excessive fibroblasts and myocytes growth while
supporting healing and endothelization. To satisfy these demands and provide accurate drugs dosage the precision
data on their cytotoxicity is are demanded.

METHODS:Human umbilical vein endothelial cells (HUVEC), human fibroblasts (HF), vascular smooth muscle
cells (VSMC), HeLa and HepG2 cells were used to study cytotoxicity of sirolimus (Srl) and paclitaxel (PTX).
Cells were cultivated with toxicant for different time intervals and cell viability was studied using Alamar Blue®
reagent. Drug enriched matrices were produced by electrospinning (ES) from PCL solutions in HFIP combined
with human serum albumin, DMSO and drugs. Matrices (100-130 um) were characterized by SEM, tensile
strength and contact angle. Cytotoxicity of matrices was studied as described in ISO 10993-5-2011 and in a contact
test after seeding of the cells onto matrices.

RESULTS:PTX inhibits HUVEC proliferation starting from 0.5 ng/ml, reaching 50% at 5 ng/ml. HeLa and HF
cells, 10 times higher concentrations of PTX is required for 50% cell growth inhibition. HepG2 and VSMC slowly
grow at 5 ng/ml, however, 50% cell death was observed at a concentration only 500 ng/ml. The cytotoxic effect
of Srl is observed at a concentration of 1 ng/ml, however, increasing the concentration to 2 pg/ml does not lead to
a significant decrease in viability, which remains at the level of 60-70% for HUVEC and HF, and at the level of
80-90% for HeLa, HepG2 and VSMC.

Based on these data, matrices containing 0.46 pg/cm2 of PTX and 0.92 pg/cm2 of Srl were made. All matrices
consisted of fibers varying in diameter from 0.1 to 0.6 pm with a tensile strength similar to previously published
data [1]. PTX-eluting matrices reduce proliferation of HF up to 40%, HeLa up to 30% and HepG2 up to 60%. Srl-
eluting matrices do not interfere with HeLa and HepG2 proliferation, but reduced proliferation of HF to 60%.

DISCUSSION & CONCLUSIONS:Cytotoxic and suboptimal concentrations of PTX/Srl were specified for drug-
eluted ES-produced materials. Drug-eluted matrices demonstrate moderate toxicity and are suitable for production
of ES covered vascular stents for in vivo study.

Acknowledgements: The study was supported by RSF grant 18-15-00080.

References:[1] Chernonosova V., et al., Pol. Adv. Tech. 2017; 28:819-27.
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Development of Anisotropic Gradient Mineralised Hydrogels for Osteochondral Tissue Regeneration
Daniel David WHITE', Neil Henderson THOMSON?, Georg Alexander FEICHTINGER?
'ESPRC Centre for Doctoral Training in Tissue Engineering and Regenerative Medicine, School of Mechanical
Engineering, University of Leeds, LS2 9JT, UK
“Molecular and Nanoscale Physics Group, School of Physics and Astronomy, University of Leeds LS2 9JT, UK
3Division of Oral Biology, School of Dentistry, University of Leeds, LS2 9JT, UK

INTRODUCTION:Osteochondral (OC) tissue interfaces within the knee joint biomechanically integrate cartilage
to underlying bone via structural and cellular gradients. Due to the limited regenerative capacity of articular
cartilage, OC defects require surgical intervention to restore native joint biomechanics. However, current treatment
methods demonstrate limitations. For example, allograft and autograft implantations are limited by donor tissue
availability, whilst the regenerative technique of matrix-assisted autologous chondrocyte implantation (MACI)
requires a costly cell expansion In-vitro. As a potential alternative to current treatment methods, a recently
developed electrophoretic platform has facilitated the production of anisotropic gradient mineralised hydrogels as
gene-activated matrices (GAMs) as an in-situ approach to OC tissue regeneration. This novel approach enables
the controlled coprecipitation of plasmid-DNA-loaded calcium-phosphate nanoparticles (p-Cap-NP) and plasmid
DNA-loaded magnesium phosphate nanoparticles (p-MgP-NP) within an agarose matrix to spatially control
nucleic acid drug delivery, biomineralisation and therefore transfection of invading progenitor cells. Monophasic
p-CaP-NP matrices, p-MgP-NP matrices, and biphasic p-CaP-NP/p-MgP-NP matrices were prepared using this
electrophoretic platform, and their bioactivity and pDNA release in simulated body fluid (SBF) was characterised.

METHODS:Agarose gels were prepared in a buffer of HEPES and Na:HPO., then cast in a horizontal
electrophoresis tank for monophasic matrices or in a novel in-house made vertical electrophoresis tank for biphasic
matrices. Monophasic matrices were loaded with a single reporter-pDNA and either CaCl. or MgCl. solution,
whilst biphasic matrices were sequentially loaded with two reporter-pDNAs and both CaCl. and MgCl.. Matrices
were then lyophilised, incubated in SBF and the change in supernatant Ca**, PO+*~ and pDNA concentrations were
measured with appropriate assays.

RESULTS:p-CaP-NP matrices demonstrated osteoconductive properties through the absorption of Ca?* and PO.*"
ions, whilst p-MgP-NP matrices demonstrated a comparatively reduced mineralisation. Both monophasic matrices
demonstrated a dose-dependent complexation of the pDNA payload to phosphate-salt nanoparticles.
Absorption/release assays demonstrated that these properties are also reproduced in the biphasic matrices.

DISCUSSION & CONCLUSIONS:In-vitro absorption/release assays of anisotropic gradient mineralised
hydrogels in a relevant SBF solution demonstrate desirable hydroxyapatite-like mineral precipitation in p-CaP-NP
matrices but limited precipitation in p-MgP-NP matrices. This effect is substantiated in biphasic matrices, whereby
a gradated precipitation of hydroxyapatite-like mineral is observed due to preferential precipitation in the p-Cap-
NP phase. This anisotropic hydroxyapatite-like mineral precipitation effect in novel biphasic matrices in-
vitro indicates their promising potential for OC tissue regeneration. Further development of the novel
electrophoretic platform will allow manipulation of nanoparticle nucleation and growth mechanisms to modulate
nanoparticle properties and optimise in-vitro transfection efficiencies.

Keywords: Hydrogels and injectable systems, Gene therapy
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Fabrication of 3D Complex Shaped Fibrous Scaffolds with Enhanced Mechanical Strength for Meniscus
Tissue Regeneration
Seung Won HEO!, Yo Han JANG?, Chae Hwa KIM?, Tae Hee KIM?
'Technical Textile R&D Group, Korea Institute of Industrial Technology, Ansan, Korea; Department of
Materials Science and Chemical Engineering, Hanyang University ERICA campus, Ansan, Korea
Technical Textile R&D Group, Korea Institute of Industrial Technology, Ansan, Korea

INTRODUCTION:Scaffolds are essential for cell support in tissue engineering. In our previous study, we have
developed 3D fibrous scaffolds that can be fabricated in a variety of complex shapes. Interconnected fibrous
networks was demonstrated to be particularly interesting as scaffolds due to a high porosity, interconnectivity and
surface area. However, the weak physical properties of scaffolds were not suitable for meniscus regeneration. In
this study, we developed a complex scaffold by introducing 3D printed supports into 3D fibrous scaffolds to
enhance mechanical properties.

METHODS:Scaffolds were prepared by freeze drying method using polycaprolactone (PCL) 3D printed supports
and short cut fibers such as poly(lactic-co-glycolic) acid (PLGA), and poly(lactic acid) (PLA). Highly viscous
materials such as carboxymethyl cellulose (CMC) and alginate were used for uniform distribution of the fibers
contained therein and for the various formation of complexed 3D shapes. Pore structure and morphology were
observed by SEM, and potential of scaffolds for tissue engineering was evaluated by investigating the adhesion
and proliferation of cells

RESULTS:Our scaffolds showed excellent 3D structure with inter-connecting pores and the cell adhesion rate of
scaffolds reached more than 85%. Cell growth generally increases with time, and scaffolds containing 3D printing
supports were superior to scaffolds without 3D printing supports in mechanical strength.

DISCUSSION & CONCLUSIONS:Complex shaped microfibrous 3D structure containing 3D printed supports

has great potential as a biomimicking architecture for cell growth and maintaining cell functions.

Keywords: Biomaterials, Cartilage / joint and arthritic conditions
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In situ gellable antimicrobial hyaluronan based hydrogels with tunable viscoelastic properties and rate of
degradation
Martin PRAVDA, Lenka KOVAROVA, Evgeniy TOROPITSYN, Vladimir VELEBNY
Contipro a.s.

INTRODUCTION:Hyaluronan based in situ gellable hydrogels were suggested as suitable materials for the
prevention of post-operative adhesions. The aim of this study was to develop an injectable hydrogel with
antibacterial properties suitable for application by minimally invasive procedures. The hydrogel should cover
surrounding tissues in order to prevent organ adhesions. The presence of antimicrobial agent should decrease the
risk of post-operative infection.

METHODS:Hyaluronan-tyramine conjugate (HA-Tyr) was synthesized according previously reported protocol
[1]. The structure and molecular weight of the HA-Tyr conjugate were determined by |H NMR and SEC-MALLS,
respectively. Hydrogels were prepared by horseradish peroxidase (HRP) mediated crosslinking reaction [1].
Triclosan/hydroxypropyl-p-cyclodextrin inclusion complex (TCS/CD) was used as antimicrobial component.
Gelation time and viscoelastic properties of hydrogel were evaluated by TA Instruments AR-G2 rheometer. Rate
of hyaluronidase mediated degradation in vitro was measured by loss of mass in time. Bacterial strains
Staphylococcus aureus, Escherichia coli, Clostridium sporogenes and yeast Candida albicans were used to evaluate
hydrogel antimicrobial activity by diffusion plate method.

RESULTS:TCS is a hydrophobic drug poorly soluble in water. It is well known in the field of coating implantable
devices. The TCS/CD inclusion complex was prepared to solubilize the drug in water in order to produce a
homogenous distribution of TCS in the hydrogel. Hydrogels containing TCS in concentrations ranging from 0 to
1 mg/ml were prepared. Hydrogels containing at least 0,8 mg/ml of TCS exhibited sufficient antimicrobial efficacy
towards all tested microorganisms.

Increasing concentration of TCS/CD complex decreased both gelation rate and elastic modulus of prepared
hydrogel. This phenomenon could be caused by the formation of complex of the present cyclodextrin and tyramine
moiety of HA-Tyr derivative. The existence of this complex could decrease the effectivity of HRP mediated
tyramine oxidation and crosslinking process. Decrease of the crosslinking efficacy of hydrogel typically leads to
higher rate of enzymatic degradation of such hydrogels. Surprisingly, hydrogels containing TCS/CD complex
exhibited higher resistance to hyaluronidase mediated degradation in comparison with hydrogel with comparable
viscoelastic properties but lacking the presence of TCS/CD.

DISCUSSION & CONCLUSIONS:HRP mediated crosslinking reaction of HA-Tyr derivative is well known
process of preparation of hydrogel with tunable viscoelastic properties. Combination of this hydrogel with
TCS/CD provides hydrogels with antimicrobial properties and enhanced resistance against the enzymatic
biodegradation.

References:[1] Wolfova, L., et al., J Tissue Eng Regen Med, 2012. 6: p. 191.

Keywords: Drug delivery,
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Model-based design of 3D-printed calcium-phosphate scaffolds for dental applications: from in silico
design to in vivo validation
Bingbing LIANG!, Liesbet GERIS?, Dorien VAN HEDE?, Ehsan SADEGHIAN DEHKORD!, France
LAMBERT?
'Tn silico medecine-Biomechanics Research Unit, University of Liege - Uliege, Liege, Belgium
2Department of Aerospace and Mechanical, University of Liege - Uliege, Liege, Belgium
3Department of Sciences Dental, Universite de Liege - Uliege, Liege, Belgium

INTRODUCTION:The use of ceramic biomaterials for dental bone regeneration or alveolar bone preservation is
a reliable treatment option compared to autologous bone which involves higher morbidity. In this study, we report
the development and use a computational model describing neotissue formation in 3D scaffolds. After calibration
with in vitro experiments, we use the model to design 3D structures that in a calvarial model in the rat.

METHODS:A previously published model for neotissue growth in 3D printed Titanium scaffolds [1] forms the
basis for this study. The level-set method is used to simulate the advancement of the neotissue inside the 3D
scaffold. In a first step, curvature-based growth was tested in simple prismatic scaffolds that were manufactured
using additive manufacturing in different calcium phosphate materials.

For the in vivo study, a lattice structure with square struts (called here orthogonal lattice) and a gyroid structure is
selected. BioOss was taken along as a control. The scaffolds were implanted under a CaP shell on the calvaria of
rats.

RESULTS:The in vitro studies confirmed the validity of using the curvature-based growth as a basic principle of
our neotissue growth model. Using the model, we were able to run a large in silico screening experiment to
determine optimal properties of our 3D scaffolds, ensuring both maximum neotissue growth and
manufacturability. The in vivo results show bone formation in all tested cases. Whereas for BioOss and the
orthogonal lattice, the amounts were rather limited, the amount of bone formed inside the gyroid structure was
significantly higher, up to an average of 15%. Furthermore, the gyroid scaffold was the only one showing bone
formation all the way at the top of the implant.

DISCUSSION & CONCLUSIONS:The computational model developed in this study was used to design
geometries for 3D printed CaP-based scaffolds. In vivo testing of these scaffolds showed a strong improvement of
the amount of bone formation in the model-based design (gyroid) over the clinical standard or a classical 3D
printed geometry.

ACKNOWLEDGEMENTS:We gratefully acknowledge support from the Walloon Region (DGO6) through the
BioWin project BIOPTOS (ID: 7560) and FNRS-FRFC (project ID: T.0256.16).

REFERENCES:[1] Guyot Y, Papantoniou I, Chai YC, Van Bael S, Schrooten J, Geris L. A computational model
for cell/ECM growth on 3D surfaces using the level set METHOD: a bone tissue engineering case study. Biomech
Model Mechanobiol. 2014 Nov;13(6):1361-71.
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Tissue Engineering the Oesophagus: Proof of Concept
Nischal RAI, Julie GOUGH!, Alberto SAIANI?, Sarah HERRICK?
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2Manchester Institute of Biotechnology, University of Manchester, UK
3School of Biological Sciences, University of Manchester, UK

INTRODUCTION:Current treatments for oesophageal cancer and oesophageal atresia, that involves the repair of
the entire thickness of the oesophagus, present various complications and challenges due to the lack of functional
oesophageal replacement tissue. Through the combination of cells, scaffolds and biologically active molecules,
tissue engineering presents an innovative approach to develop constructs that can mimic the multi-layered
architecture of the oesophagus. This study utilises the combination of a novel biomaterial in the form of self-
assembling peptide hydrogel, PeptiGel Alpha4 (Manchester BIOGEL), and a traditional biomaterial,
polycaprolactone (PCL) scaffolds, to fabricate a proof of concept multi-layered construct to replicate the
oesophageal tissue.

METHODS:Aligned PCL fibres were fabricated using a 15% PCL in chloroform solution and extruded at a flow
rate of 1.5 ml/hr, with the application of 18.0 kV of positive voltage to the needle placed 20 cm from a grounded
cylindrical collector that rotated at 1400 rpm.

Porcine oesophageal smooth muscle cells (pOSMCs) were seeded at 40,000 cells/cm? onto plasma-treated PCL
scaffolds; and cell viability assay, alamarBlue metabolic assay and immunochemical analysis were performed at
days 4 and 7.

3D culture of 1929 connective tissue fibroblasts within PeptiGel Alpha4 was performed using a cell density of
100,000 cells/150 pL volume of hydrogel; and cell viability assay and immunohistochemical analysis were
performed at days 7 and 14.

RESULTS:AlamarBlue metabolic assay recorded greater increases (p<0.0001) in the average fluorescence
intensities on plasma-treated PCL scaffolds with pPOSMCs compared to non-treated PCL scaffolds with pPOSMCs
atdays 1,4 and 7.

pOSMCs seeded onto plasma-treated PCL scaffolds also demonstrated positive staining by immunochemistry for
the contractile phenotype marker protein alpha-smooth muscle actin at days 4 and 7.

Analysis of live/dead images showed that pPOSMCs on non-treated PCL scaffolds at days 4 and 7 were rounded
and not aligned, and pOSMCs on plasma-treated PCL scaffolds were elongated and aligned in the direction of the
fibres.

Live/dead analysis of L929 fibroblasts cultured in 3D within PeptiGel Alpha4 indicated >90% cell viability at days
7 and 14.

Immunohistological analysis indicated type 1 collagen production by L.929 fibroblasts cultured in PeptiGel Alpha4
at days 7 and 14.

DISCUSSION & CONCLUSIONS:The results collectively indicate that employing a combination of synthetic
peptide hydrogels and aligned PCL fibres to tissue engineer the multi-layered structure of the oesophageal tissue

is a viable option.

ACKNOWLEDGEMENTS:This research has been funded by UK Regenerative Medicine Platform (UKRMP2)
and Manchester BIOGEL.
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Synthesis of Poly(3-Hydroxybutyrate-co-4-Hydroxybutyrate) [P(3HB-co-4HB)]-Bioactive Glass-Graphene
Biocomposite for Translational Biomedical Applications
Nik Syahirah ALIAA!, Amirul Al Ashraf BALAKRISHNAN ABDULLAH?, Siti Noor Fazliah MOHD NOOR?,
Linh Thuy Ba NGUYEN!, David Yi San CHAU'
Division of Biomaterials and Tissue Engineering, UCL Eastman Dental Institute, University College London,
London, United Kingdom
2School of Biological Sciences, Universiti Sains Malaysia, Penang, Malaysia
3Cluster of Craniofacial and Biomaterial Sciences, Universiti Sains Malaysia, Penang, Malaysia

INTRODUCTION:Over the years, development of novel tissue engineered biomaterials for wound repair and
regeneration has identified key parameters required to successfully translate them to biomedical applications.
Polyhydroxyalkanoates (PHAs) are bio-based microbial thermoplastic polyesters of which their monomers are
recognised as natural metabolites found in humans and other mammals. PHAs exhibited essential biocompatibility
and biodegradability properties and has high potential as versatile wound dressing for topical application.
However, a key disadvantage of PHAs lies in their hydrophobic nature which, ultimately, limits additional
exploitation of the material. As such, this study aims to further optimise and enhance PHAs by using surface
modifiers such as bioactive glass (BG) and graphene to increase the mechanical, physical and biological
characteristics of the biocomposite.

METHODS:P(3HB-co-4HB) copolymer, isolated from Cupriavidus sp. USM1020 was biosynthesised via single
stage flask (50mL/200rpm) and bioreactor (3L/300rpm) inoculation supplemented with 1,4-butanediol and 1,6-
hexanediol carbon sources. Copolymer formed via both methods were analysed and compared in terms of chemical
(monomer compositions), physical and mechanical characteristics using GC, FT-IR, DMA and DSC. Sol-gel BG
and liquid-exfoliated graphene (fixed concentration of 0.25, 0.5, 1, 2 and 4% w/v for both) were added to the
matrix and casted via solvent casting technique. The chemical, physical and mechanical characteristics of the novel
composites were subsequently assessed via GC, DMA, SEM and water contact angle whereas
biological/biocompatibility was assessed using the human (melanoma) fibroblast cell line (Malme-3/3M) and the
alamarBlue™ (AB) assay.

RESULTS:P(3HB-co-4HB) copolymers were successfully isolated and characterised, where inoculation via
bioreactor produced higher percentage of 4HB yielded at £90 mol% and PHA recovery of £80 wt% as compared
to stage flask. Higher 4HB% matrix illustrated higher elongation at break and tensile strength (TS) of £260% and
+22 MPa respectively as molecular weight within the backbone chain increased. Incorporation of BG and graphene
resulted in slight decrease of TS of £20 MPa, supporting the potentiality of this formulation as topical/dermal
biocomposite. Wettability improved as concentration of the formulation increased, whilst AB assay demonstrated
enhanced human cell attachment, viability and proliferation.

DISCUSSION & CONCLUSIONS:Surface modification of high 4HB% P(3HB-co-4HB) copolymer through the
recruitment of BG and graphene improves and enhances its physical strength, hydrophilicity and biocompatibility.
Taken together, these initial findings demonstrate the feasibility of the novel PHA biocomposite as a possible
topical/dermal wound dressing and, further optimisation of the material could lead to other potential applications
such as patches for anti-cancer treatment and diagnostic substrates.

Keywords: Composite materials, Skin
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Optimising the mechanical stimulation regime to enhance collagen production from 3D cultures of human
dermal fibroblasts
Jeerawan THANARAK!, Dana DAMIAN?, Frederik CLAEYSSENS!, Nicola Helen GREEN!
"Department of Materials Science and Engineering, The University of Sheffield, Sheffield, United Kingdom
2Department of Automatic Control and Systems Engineering, The University of Sheffield, Sheffield, United
Kingdom

INTRODUCTION:Biologically derived scaffolds are successfully used in tissue engineering as they are
biocompatible and can be easily remodelled in vivo, however using decellularized tissue can result in problems
with scaffold reproducibility and risk of potential disease transfer. One solution is to create a reproducible, cell-
derived biological scaffold in vitro by culturing cells on a biodegradable, synthetic scaffold which is exposed to
mechanical stimulation. The cellular component is then removed before using. This method has been employed to
create tissue engineered blood vessels[1], but there is limited information available on the optimisation of this
process. This project therefore aims to develop this process to create a mechanically enhanced and architecturally
organised extracellular matrix (ECM)-based cell-derived scaffold through mechanical stimulation of cells growing
on a synthetic scaffold in vitro.

METHODS:We used polyglycerol(sebacate)-methacrylate (PGS-M) polyHIPE as the synthetic scaffold as it is
biocompatible and biodegradable[2]. It also allows us to control and design the complex structure and mechanical
properties during the fabrication process, generating a porous structure within which cells can grow and produce
ECM.

Human dermal fibroblasts (HDF) were seeded onto 50% methacrylated PGS-M scaffolds, cultured for 1 week and
exposed to a range of mechanical stimulation profiles using Ebers TC-3 bioreactor. After 1 week in culture MTT
and Sirius red assays were used to determine cell metabolic activity and total collagen production for each scaffold.

RESULTS:Our results show that application of intermittent pulsatile strain significantly increased cell metabolic
activity compared to both static cultures and scaffolds under constant pulsatile strain, while incrementally
increasing the strain applied to the scaffold enhanced collagen production.

DISCUSSION & CONCLUSIONS:Mechanical stimulation has been shown that it can induce cell proliferation
and length of tissue in vivo[3], this study demonstrates mechanical strain can influence cell proliferation and
collagen production for cells in vitro, while revealing that optimisation of mechanical stimulation regime is
necessary.

We have therefore successfully created the first prototype of a robotic bioreactor with force sensing, distance
sensing and real-time stiffness measurement to apply mechanical strain and monitor the changing scaffold during
culture period. This will allow us to more readily understand the effects of mechanical stimulation and control the
force according to the condition of the samples as the synthetic scaffold degrades and ECM is generated.
REFERENCES:1 Dahl, S. L. et al. Sci. Transl. Med. 3, (2011).

2 Pashneh-Tala, S. et al. Frontiers in Physics 6, (2018).

3 Damian, D. D. et al. ScienceRobotics 3, (2018).
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Development of GelMA/GrowDex® hybrid hydrogels for biomedical applications
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INTRODUCTION:Due to their tuneable mechanical properties and biocompatibility characteristics, novel
hydrogels can be developed and/or enhanced to suit an extensive range of biomedical applications such as cell and
drug delivery, wound healing, ophthalmic research and tissue regeneration. GeIMA (gelatin-methacry(late)/(loyl))
is a semi-synthetic hydrogel that exploits the biological signals inherent in the gelatin molecule, while allowing
control of mechanical properties, has proved itself as one of the most versatile hydrogels available for 3D cell
culture and bioprinting (1). GrowDex® is a cellulose derived animal-free, ready to use hydrogel that mimics the
extracellular matrix (ECM) and supports cell growth and differentiation with consistent results. As such, this study
focuses on the development and optimisation of novel GeIMA/GrowDex® hybrid hydrogel formulations, which
may provide synergistic benefits in terms of their mechanical, physicochemical, and biological characteristics.

METHODS:GrowDex® (UPM Biomedical, Finland), (in-house) synthesised GeIMA from gelatin (porcine, ~300
g Bloom, Type A, Sigma-Aldrich, Poole, UK) and combinations of the above were assessed using a range of
techniques including dynamic mechanical analysis (DMA), SEM, swelling degree, ATR-FTIR and THz sensing.
Drug diffusion characteristics were assessed using fluorescein isothiocyanate (FITC) and Franz cells. For
biocompatibility assessments, C6 glial (ATCC® CCL-107™) ), L929 fibroblast (ATCC® CCL-1™) and human
corneal cells were seeded into the hydrogels at 1x105 cells/mL for 1, 3, 5 and 7 days. Assessment of metabolic
activity and viability were measured using the Alamar Blue and Live/Dead and LDH assays, respectively.

RESULTS:GelIMA and GrowDex®, alone, demonstrated suitable characteristics as a biomaterial and cell
carrier/storage medium. A number of novel hybrid hydrogels were successfully and reproducibly fabricated. Key
differences in mechanical characteristics of these gels such as viscoelasticity, storage and loss moduli, stress
relaxation behaviour, and pore size were identified and shown to be related to the specific GelMA/GrowDex®
ratio. Enhancement of the biological and biopharmaceutical behaviour of the hybrid materials was also identified
compared to the native gels.

DISCUSSION & CONCLUSIONS:As such, further optimisation of these “new” hybrid gels could be tailored to
suit a specific endpoint biomedical application.

ACKNOWLEDGEMENTS:Financial support for ZKE has been received from Turkish Ministry of National
Education. Aspects of this work has also been kindly funded by UPM - Kymmene Corporation (Finland).

REFERENCES:1) Sun, M., Sun, X., Wang, Z., Guo, S., Yu, G., & Yang, H. (2018). Synthesis and properties of
gelatin methacryloyl (GeIMA) hydrogels and their recent applications in load-bearing tissue. Polymers, 10(11).
https://doi.org/10.3390/POLYM10111290
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The in vitro and in vivo characterization of decellularized chicken eggshell membrane for translational
regenerative applications
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INTRODUCTION:The chicken eggshell membrane (ESM) is an exceptional biomaterial in nature: its composition
includes a wide range of bioactive components and also demonstrates unique biocompatibility/ biodegradability
characteristics that can be exploited as a potential wound healing agent in the form of a dressing for either dermal
or ophthalmological applications [1]. The ESM composes of three distinct layers: the inner and the outer
membranes (fibrous structures) and the limiting membrane (dense structures). The ability to separate the ESM
from the eggshell is vital to its application as a biomaterial and various methods of extraction of ESM have been
previously employed which lead to differences in their final composition, structure, biological characteristics and
wound healing effects [2, 3]. In this study, ESMs were extracted using a number of different techniques and
thereafter characterized in terms of their physical and biological properties.

METHODS:ESM samples were prepared using either a manual, an optimised acid- and/or chelator-based
decellularization protocol. The physical and mechanical characteristics of the ESM were assessed using standard
material testing techniques including DMA, SEM, WCA, FT-IR and THz sensing. In vitro biocompatibility,
cytotoxicity, cell attachment and spreading assays were performed using human (melanoma) fibroblast cell lines
(Malme-3/Malme-3M), immortalised human corneal epithelial cells (ihCEC) and cornea mesenchymal (stromal)
stem cells (¢cMSC). The chicken embryo chorioallantoic membrane (CAM) assay was employed to ascertain the
angiogenic potential of the extracted membranes. In vivo evaluation of the healing properties was assessed using
standard wound models in mice and rats for skin and eye applications, respectively.

RESULTS:Complete ESM samples were successfully isolated and prepared from native materials and fully
characterized. Malme-3M, ihCEC and cMSC cells cultured on the extracted ESM samples demonstrated high
biocompatibility in terms of high cell attachment, spreading, viability and proliferation rates/characteristics and
also allowed the promotion of new blood vessels (i.e. pro-angiogenic) in the CAM assay. In vivo studies
demonstrated pro-healing characteristics with no local adverse effects.

DISCUSSION & CONCLUSIONS:This work summarizes the development of an ESM-based wound dressing:
modulation of the physical and biological characteristics of the membrane can be achieved via the
isolation/extraction/preparation technique used and, as such, the novel biomaterial can be adapted to suit its final
translational application i.e. skin and/or eye.

REFERENCES:[1] Li N et al., Biomaterials, 2011; 32:9743-52 [2] Torres F et al., Acta Biomaterialia, 2010;
6:3687-93 [3] Tsai W et al., Bioresource Technology, 2006; 97: 488-493
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In vitro characterization of ion-doped silicate microparticles for scaffold-based endochondral bone
regeneration
Janina STADTER!, Andreas HOESS?, Hans LEEMHUIS?, Ansgar PETERSEN!
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INTRODUCTION:Healing of large bone defects often results in the formation of non-unions and remains an
unsolved clinical challenge [1]. Inducing endochondral ossification (EO) is a promising approach to heal large
bone defects via an intermediate cartilage phase [2]. Recently, we introduced a cell-free soft collagen scaffold with
a channel-like pore architecture inducing EO for healing of large bone defects in rats [3]. Here, we aim for an
additional incorporation of ion-releasing silicate microparticles to enhance the endochondral healing potential of
the scaffold. To evaluate their biocompatibility, silicate microparticles were tested in an in vitro approach.

METHODS:Lithium (Li)-, magnesium (Mg)-, strontium (Sr)- or zinc (Zn)-doped silicate microparticles were
produced by INNOTERE GmbH applying sol-gel technology. Incorporation into the collagen scaffold walls (1.5%
wt/wt) was carried out by Matricel GmbH. Before investigating potential positive effects on EO, the
biocompatibility of silicate particles alone and incorporated into collagen scaffolds was evaluated. Human bone
marrow mesenchymal stromal cells (hBM-MSCs) were seeded on transwell membranes and cultivated in
expansion medium conditioned with ion-doped silicate particles. Cell density and morphology were evaluated
using nuclei and B-Actin immunohistological stainings and confocal microscopy. Furthermore, hBM-MSCs were
seeded in culture plates and ion-doped silicate particle-collagen scaffolds were added into transwell insert.
Biocompatibility was assessed by quantifying metabolic activity and DNA content.

RESULTS:Zn-doped silicate microparticles revealed toxic effects on hBM-MSCs, when not incorporated in
collagen scaffolds. For all other microparticle types and all silicate particle-collagen scaffolds continuous cell
proliferation was observed. However, differences in cell proliferation and cell morphology were detected between
the groups indicating potential effects of ions released from silicate microparticles on cell function.

DISCUSSION & CONCLUSIONS:Biocompatibility of tested microparticles and scaffolds was confirmed, except
for non-incorporated Zn-doped silicate microparticles. Additional processing steps, performed during the
incorporation of silicate microparticles into the scaffold, might alter the ion release behaviour and therefore particle
and scaffold bioactivity, respectively. This would explain the opposing biocompatibility results for Zn-doped
silicate microparticles. However, further investigations are required to understand this process. A potential
enhancement of endochondral healing by incorporation of ion-doped silicate particles is currently evaluated by in
vitro chondrogenesis and osteogenesis of hBM-MSCs within particle-loaded scaffolds.

ACKNOWLEDGEMENTS:This work has been funded by the Federal Ministry of Education and Research (Grant
no. 13XP5048D, 13XP5048B, 13XP5048A).

REFERENCES:[1] Audigé et al. (2005),Clin Orthop Relat Res. 438(438), 221-232
[2] Freeman & McNamara (2017), Tissue Eng. Part B Rev. 23, 128-141
[3] Petersen et al. (2018), Nat Commun. 9(1):4430
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Development of Tissue-Like Substitutes Based on Different Types of Agaroses. A Biomechanical and
Biocompatibility Study
Ainhoa IRASTORZA LORENZO!, David S&NCHEZ PORRAS!, Oscar Dario GARCIA GARCIA!, Jests
CHATO ASTRAIN!, Maria José DE FRUTOS?, Emilio ESTEBAN?, Javier FERN4NDEZ?, Agustin JANER?,
Antonio CAMPOS!, Miguel ALAMINOS'
!Tissue Engineering Group, Department of Histology, University of Granada and Instituto de Investigacion
Biosanitaria ibs. GRANADA, Spain
’Hispanagar, SA, Burgos, Spain

INTRODUCTION:Agarose biomaterials have been previously used as scaffolds for the generation of several types
of human tissue substitutes by tissue engineering (1), including the human skin, palate, oral mucosa, cornea,
cartilage and nerve. The recent development of different types of agaroses with different biological and mechanical
properties open the door to novel developments specific for each tissue type. In the present work, we have
generated different agarose-based tissue-like substitutes and we have carried out a biomechanical analysis to
determine which biomaterials could be more suitable for specific tissue engineering applications.

METHODS:Human tissue-like substitutes were generated by culturing human primary cell cultures in scaffolds
based on 5 different types of agaroses (LM, D2LE, D1LE, MS8 and D5) previously developed by Hispanagar, SA.
Each agarose type was solved in PBS at a final concentration of 0.3, 0.5, 1 and 3%. Then, the biomechanical
properties of each biomaterial were analyzed after 24h of culture using an Instron biomechanical analyzer.
Biocompatibility was assessed by quantifying free DNA released from the cells to the culture medium after the
same follow-up period. As positive controls, living cells cultured in 2D systems were used, whereas cells treated
with triton X-100 were used as negative controls.

RESULTS:Our biomechanical analysis revealed that the biomechanical behavior of each type of scaffold was
statistically related to the concentration of agarose, as the concentration correlated positively with the Young
modulus (p<0.05) and the stress at fracture (p<0.05). In addition, we found a statistically significant correlation
between the strain at fracture and the agarose type (p<0.05), with the highest values of strain at fracture found for
DILE and D5. Regarding DNA release, all tissue-like substitutes showed very low amount of free DNA, being
similar to positive controls and significantly lower than negative controls (p<0.05).

DISCUSSION & CONCLUSIONS:These results demonstrate that all tested agarose types are highly
biocompatible, but their biomechanical properties are directly related to the agarose type and concentration. We
therefore conclude that a specific agarose type and concentration should be selected for the development of
bioartificial tissues related to specific environmental forces and biological functions.

ACKNOWLEDGEMENTS:Supported by IDI-20180052 (Agarmatriz), leaded by Hispanagar, SA, Burgos, Spain,
through CDTI, Ministry of Economy and Competitiveness, Spain, Programa Operativo Plurirregional de
Crecimiento Inteligente (CRIN), and by AC17/00013 (NanoGSkin) by ISCIII through AES 2017 and within the
EuroNanoMed framework, EU.

REFERENCES:1. Saeedi Garakani S, et al. Int J Biol Macromol. 2019;143:533-545
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Biocompatibility of Fibrin-Agarose Hydrogels Crosslinked with 1-Ethyl-3-(3-Dimethylaminopropyl)
Carbodiimide in Combination with N-Hydroxysuccinimide for Tissue Engineering
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PORRAS!, Daniel DURAND HERRERA!, Miguel ALAMINOS!, Victor CARRIEL!, Ricardo FERN4NDEZ
VALADéS?, Ingrid GARZON', Antonio CAMPOS!
!Tissue Engineering Group, Department of Histology, University of Granada and Instituto de Investigacion
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INTRODUCTION:Chemical crosslinkers and novel biofabrication methods such as nanostructuration allow the
generation of biomaterials with improved biomechanical properties such as stiffness and elasticity able to support
the stress of the native tissues. However, biocompatibility of tissues subjected to these procedures may be impaired
(1). The aim of this study is to evaluate the biocompatibility of non-nanostructured and nanostructured fibrin-
agarose hydrogels (FAH) crosslinked with 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide with N-
hydroxysuccinimide (EDC:NHS).

METHODS:FAH were generated from human plasma and subjected to chemical crosslinking with EDC:NHS at
a concentration of [2:1] and [4:1]. Then, half of the hydrogels were nanostructured by applying plastic compression
methods (2). Primary cultures of human dermis fibroblasts were cultured on the surface of each type of biomaterial.
Histological analyses were performed by scanning electron microscopy (SEM) in order to identify the
morphostructural pattern of each type of biomaterial and to analyze cell attachment and cell morphology.
Furthermore, Live/Dead cell viability and WST-1 cell proliferation assays were used to study ex vivo
biocompatibility. Statistical analyses were carried out using Mann-Whitney's U and Kendall correlation tests.

RESULTS:SEM analysis showed that the typical fibrillary pattern of FAH was not altered after improving the
biomechanical properties of these biomaterials by using EDC:NHS crosslinking. However, crosslinking was able
to reduce porosity, and the size of the interfibrillar pores was significantly lower in crosslinked FAH as compared
to non-crosslinked FAH, with a significant correlation with the concentration of EDC:NHS in both nanostructured
and non-nanostructured FAH. Ex vivo Live/Dead and WST-1 cytotoxicity analyses revealed high cell viability
and functionally in all biomaterials subjected to cross-linking, suggesting that the process did not modify cell
viability.

DISCUSSION & CONCLUSIONS:Improvement of the biomechanical properties of FAH by using EDC:NHS
crosslinking agents was associated to a change in the microporous pattern of the biomaterials but did not alter the
excellent biocompatibility of FAH. In conclusion, EDC:NHS could be used for the generation of bioartificial
tissues with high biomechanical requirements such as the human skin, nerve, cornea, palate, cartilage or oral
mucosa.

ACKNOWLEDGEMENTS:Supported by the Spanish Plan Nacional de Investigacion Cientifica, Desarrollo e
Innovacién Tecnologica (I+D+1) from the Spanish Ministry of Economy and Competitiveness (Instituto de Salud
Carlos III), grants FIS PI17/0391 and PI17/0393, PI18/331 and PI18/332 (co-financed by ERDF-FEDER,
European Union) and Consejeria de Salud y Familias, Junta de Andalucia, Spain, grant CS PI-0257-2017.

REFERENCES:1. Campos F, et al. Biomed Mater. 2018;13:025021
2. Scionti G, et al. J Biomed Mater Res A. 2014;102:2573-82
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Biodegradation of Fibrin-based Biomaterials Used in Tissue Engineering. A Time-Course in vivo Analysis
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INTRODUCTION:Natural biomaterials such as fibrin should able to mimic the structure and composition of the
human native extracellular matrix with none or minimal host inflammatory response. These biomaterials should
be biointegrated in a reasonable period while supporting cell viability and function (1,2). In general, fibrin-based
biomaterials are expected to show proper biointegration and biosafety levels, but the molecular changes and the
definite histological changes driven by these biomaterials are not fully understood. The aim of this study was to
perform a time-course assessment of in vivo biocompatibility of fibrin-based hydrogels at the histological,
histochemical and immunohistochemistry levels in rats.

METHODS:Fibrin-based hydrogels were generated and subcutaneously implanted in 25 male Wistar rats and
evaluated after 1, 3, 5, 9 and 12 weeks (n=5 each). Five healthy animals were used as controls. In each period,
animals were subjected to histological, histochemical and immunohistochemistry studies of the grafted
biomaterials and vital organs (liver, kidney, spleen and regional lymph nodes).

RESULTS:Histology revealed an initial and localized inflammatory response around the implanted biomaterials
followed by a progressive invasion of host cell, mainly macrophages, involved in biomaterial biodegradation. In
addition, an intense process of extracellular matrix remodeling and neovascularization was found from the second
week, with the sequential synthesis of collagen and other extracellular matrix molecules. Grafted biomaterials
were successfully biodegraded after 12 weeks without any associated histopathological alteration in the implanted
zone or distal vital organs.

DISCUSSION & CONCLUSIONS:Our results showed a progressive and active biodegradation process mediated
by macrophages without any local affection and no impact on the structure and function of distal organs was
observed. These preclinical results indicate that fibrin-agarose hydrogels are highly biocompatible with an
acceptable biodegradation rate. Furthermore, at the implantation zone these hydrogels supported a progressive
neovascularization process and extracellular matrix remodeling. This study suggest that fibrin-agarose-based
hydrogels could be a safe and an useful alternative for tissue engineering applications.

ACKNOWLEDGEMENTS:Supported by Spanish Plan Nacional de Investigacion Cientifica, Desarrollo e
Innovacién Tecnologica (I+D+I) from Ministry of Economy and Competitiveness (Instituto de Salud Carlos I1I),
grants FIS PI17/0391, P117/0393, PI18/0331 and PI18/0332 (co-financed by ERDF-FEDER, European Union)
and by Consejeria de Salud y Familias, Junta de Andalucia, Spain, grants PI-0257-2017, PE-0395-2019 and PI-
0442-2019.
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Topographical guidance of hierarchical mineralization
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INTRODUCTION:Enamel is well known as the hardest tissue in the human bodyl, composing of aligned
hydroxyapatite (HAp) crystals arranged along the c-axis, and the behaviour of apatite crystal growth can be guided
by self-assembly, forming amorphous precursors with different morphologies as templates.2 The function of
enamel relies on its structure, and its structure on the organic-inorganic interaction and the deposition of precursors
within the biomolecule media.2 Given this potential, a variety of mineralizing material platforms are emerging.3
We have recently reported on the possibility to modulate the interplay between order and disorder of an elastin-
like protein (ELP) to nucleate and trigger the growth apatite nanocrystals in a hierarchical manner.4 However, this
mineralization process does not provide spatial control of the mineralization process. The capacity to direct the
anisotropic growth of such structures would have important implications in the design of materials to repair or
regenerate enamel. Here, we investigate the use of precise surface topographies to spatially control the growth of
apatite nanocrystals (Fig. 1).

METHODS:Soft lithography techniques were used to fabricate ELR membranes comprising precise micro
topographies while maintaining the crucial ELP order-disorder synergy.

RESULTS:The results demonstrate that the growth of the hierarchical structures can be guided through
microchannels of specific dimensions. Using a wide variety of analytical techniques including Scanning Electron
Microscopy (SEM), Energy Dispersive X-ray (EDX) spectroscopy, Focused Ion Beam SEM (FIB-SEM),
Transmission Electron Microscopy (TEM) and Selected Area Electron Diffraction (SAED), we identify and
describe key mechanistic features of this topographical effect and attempt to outline rules for the design of
hierarchically mineralized materials more broadly.

DISCUSSION & CONCLUSIONS:We have attempted guide the growth of mineralized structures via an ion-
diffusion nucleation pathway. Overall, the study explores the effect of surface topographies on guiding the growth
of HAp hierarchical structures spatially. This approach successfully guides the growth of HAp hierarchical
structures, which provides a new way of fabricating complex mineralised structures.Given the strong structure-
function relation observed in mineralized tissues and biological materials, material platforms that can control the
directionality of mineralization and enable the growth of hierarchical mineralized structures would have
tremendous opportunities in materials science. In addition, further understanding of underlying mechanisms of
mineralization would have implications in a broad range of fields expanding from medicine to engineering.

ACKNOWLEDGEMENTS:The authors would like to acknowledge the funding from the ERC Starting Grant
(STROFUNSCAFF)
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Engineering the Liver Using Self-assembled Peptide Hydrogels
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INTRODUCTION:Liver diseases are becoming a significant public medical burden[1]. To overcome the lack of
donor livers and high cost of therapy, this project aims to exploit a long-term culture system that maintains
hepatocyte specific functions[2] and cell viability for liver regeneration using self-assembled peptide hydrogels to
mimic the normal hepatic extracellular matrix (ECM). Previous work[3] proved that a three dimensional cell
culture environment could keep differentiated hepatocytes compared with in vitro cell culture on a flat surface.

METHODS:ALII tested self-assembled peptide hydrogels (SAPHs), PeptiGel® Alphal, AlphaX, DeltaX and FE,
were purchased from Manchester BIOGEL. HepG2 cells (1x10°cells/ml) were suspended in 166pl fresh media
then encapsulated within 1ml SAPHs to get a homogeneous cell-gel mixture. The gels were placed into inserts
with media. Cell viability, proliferation and albumin secretion were investigated. The stiffness of peptide hydrogels
compared to porcine liver tissue were measured.

RESULTS:The theoretical net charges of peptide hydrogels were calculated. For mechanical stiffness of
hydrogels, at 1 Hz, the G’ of Alphal was 6.00 + 0.10 kPa, AlphaX1 was 8.56 + 0.25 kPa, AlphaX2 was 16.88 +
0.79 kPa, DeltaX1 was 1.39 + 0.17 kPa, DeltaX2 was 2.19 + 0.11 kPa, FE was 0.93 + 0.16 kPa. The porcine liver
tissue sample was 64.49 + 11.84 kPa. The cell viability assays showed that over 14 days in vitro culture, HepG2
cells proliferated within Alphal and DeltaX. ELISA assay displayed a significant increasing trend of albumin
production for cells grown in Alphal during 7 days culture.

DISCUSSION & CONCLUSIONS:Hepatocyte viability could be maintained within SAPHs during 3D in
vitro culture. The increasing level of albumin production over 7 days suggested HepG2 cells could maintain
hepatic functions within SAPHs. Results suggested a suitable SAPHs stiffness was between 1~6 kPa in media and
that the net charge of SAPHs could effect hepatocyte survival and proliferation.

REFERENCES:[1] L. Rolfe et al., Lancet, vol. 391, no. 10125, pp. 1097-1107, 2017.
[2] O. Ogoke, J. Oluwole, and N. Parashurama, Journal of Biological Engineering, vol. 11, no. 1. 2017.
[3]1 C. T. Nicolas et al., Stem Cells, vol. 35, no. 1, pp. 42-50, 2017.
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Enhancement of electrospun polycaprolactone scaffold biocompatibility
Lauryna DABASINSKAITé¢, Edvinas KRUGLY, Odeta BANIUKAITIEN¢, Darius CIUZAS, Dainius
MARTUZEVIEIUS
Department of Environmental Technology, Kaunas University of Technology, Kaunas, Lithuania

INTRODUCTION:Synthetic and natural polymers are used to fabricate scaffolds for tissue engineering. Synthetic
scaffolds offer several advantages compared to scaffolds made from natural polymers, including longer shelf-life,
cost efficacy, and limited risk of rejection. Polycaprolactone is one of the most suitable and desired synthetic
biodegradable polymers having strong mechanical properties and biocompatibility. Although polycaprolactone
has properties that are highly attractive for tissue engineering, the problem related with its hydrophobicity remains.
In case of replicating the structure and properties of natural human tissues, electrospinning is one of the most
popular method to manufacture the scaffolds. In order to adapt the polymeric fibre for tissue engineering, it is
crucial to improve the hydrophilicity of the polymer and thus to create a suitable growth medium for cells.

METHODS:The aim of this study was to fabricate polycaprolactone (PCL) construct with uniform morphology
using solution electrospinning, analyse the Os in water treatment effect on PCL scaffold for cell growth and
proliferation. Sample fibres (weigh 20 to 50 mg) were ozonated for the period of 30 to 120 minutes. Scaffold
physicochemical properties and biocompatibility were measured using ATR-FTIR, XRD, water contact angle,
number of carboxyl groups determination, hydrophilic analysis, mechanical analysis and cell proliferation
evaluated by the CCK-8 assay.

RESULTS:The ozone treatment resulted in formation of O-H group in the main chain of PCL scaffolds and
improved the hydrophilicity. The duration of treatment had a positive effect on cell proliferation. After one day
cell count of the longest Os duration treatment time was approximately 4 times greater compared to untreated
scaffold. Although the cell count dropped substantially after 3 days (from 1.74 = 0.02 to 1.08 = 0.35), the remaining
cells remained viable and proliferated for up to 14 days (0.49 = 0.03).

DISCUSSION & CONCLUSIONS:The O3 treatment of electrospun polycaprolactone scaffold demonstrated an

improve on performance of cell growth, with potential applications in tissue engineering.

Keywords: Fibre technology, Polymers - natural / synthetic / responsive

www.ecmconferences.org



http://www.ecmconferences.org/

eCM Periodical, 2020, Collection 1; 2020 TERMIS EU Abstracts (page P85)

“ m?n:rp:':ha ‘
> ‘.EZU Tl:g::;ninunm 26-29
rERMIS  (CIE
Manchester or te rm | S.

Mechanical stimulation of dental pulp stem cells for fibrocartilage tissue engineering
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INTRODUCTION:During development, neural crest cells give rise to facial structures including the mandibular
condyle (Kruijt Spanjer et al. 2017, Stocum et al. 2018). Several neural crest-derived stem cell populations have
been identified, such as dental pulp stem cells (DPSCs) (Gronthos et al. 2000). Studies have indicated that
mechanical loading influences proliferation, migration, and maturation of chondrocytes in the mandibular condyle
during development (Kantomaa et al. 1994, Sobue et al. 2011, Utreja et al. 2016). The aim of this study is to
evaluate the effects of mechanical loading of DPSCs in the context of tissue engineering of fibrocartilage for
mandibular condyle regeneration.

METHODS:DPSCs were isolated from the dental pulp of 3 healthy patients (22+5Y), expanded until passage 4,
and encapsulated in 7% gelatin-methacryloyl (GeIMA) hydrogel discs (80% degree of functionalization, d=8mm,
h=4mm) at 20*10° cells/mL using a visible light crosslinking system (Lim et al. 2019). One day after
encapsulation, 4 discs/donor were harvested, while the rest were mechanically loaded using a custom multiaxial
bioreactor (Li et al. 2010) and subjected to £27° shear at 1Hz and 10% compression. Loading was applied for
1h/day for 5 consecutive days for a total of 4 weeks in the presence or absence of 10 ng/mL TGF-f1. Non-loaded
discs were used as controls. After 4 weeks, gene expression levels of SRY-box 9 (SOX9), collagen type 1
(COL1A1), COL2A1, cartilage oligomeric matrix protein (COMP), aggrecan (ACAN), and lubricin (PGR4) were
measured in half of the samples, while the other half was stained with a safranin-O/fast green staining to evaluate
matrix maturation.

RESULTS:Expression of SOX9, COL1A1, COMP, and PGR4 was upregulated after 4 weeks culture with or
without TGF-B1. In all samples COL2A1 and ACAN were not detectable. No differences were seen between the
loaded samples and the non-loaded controls, regardless of exogenous TGF-P1 supplementation. Histological
evaluation revealed no beneficial effect on matrix maturation in the loaded samples compared to the non-loaded
controls. Additional supplementation of TGF-B1 did not improve matrix deposition.

DISCUSSION & CONCLUSIONS:Mechanical loading during differentiation of DPSCs does not increase the
expression of chondrogenic genes as well as extracellular matrix deposition. Unlike the supplementation of

exogenous TGF-B1, mechanical loading does not seem to be pivotal for in vitro DPSC differentiation

ACKNOWLEDGEMENTS:This study was financially supported by the AO Foundation, Davos, Switzerland
(grant no. AOCMF-17-17G).
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Biomechanical characterization of engineered tissues and implants for tissue engineering applications
Michael GASIK!, Alexandra ZUHLKE', Yevgen BILOTSKY?
'Department CMET, Aalto University Foundation
2Seqvera Ltd.

INTRODUCTION:Biomaterials along with engineered tissues and implants are essential part of any operations
for tissue repair and regenerations. Besides chemical, mechanical and rheology properties of templates and
engineered products are very important - unfortunately, many different methods of biomechanical testing give
rather different outcomes so it is not easy to obtain realistic, true properties.

Biomechanical properties are also critical to consider a proper cell culture system, and they need to be evaluated
in a correct and physiologically relevant way. When cell culture systems become more specific, there are also
more scientific, technical, and regulative demands to quantify the properties.

METHODS:In this work we analyse the biomechanical properties and behaviour of scaffolds and hydrogels aimed
at proper mechano-transduction for applications in articular cartilage and laryngeal tissue repair. We compare
traditional approach of measurements with new idempotent analysis which does not impose prior model type for
a material and incorporates material loading history.

RESULTS:The data obtained for polymeric porous scaffolds and hyaluronic based hydrogels show additional data
which can be extracted form rather simple measurement protocols which were designed to be closer to
physiological conditions. These invariant data can be used for predictive estimations of biomaterial behaviour as
they will be not time- or frequency dependent.

DISCUSSION & CONCLUSIONS:It is now anticipated that the boundaries between biomaterials development,
biomaterials and tissue biomechanics are getting lower and there is much more understanding in role of
biomechanical cues in biomaterials applications. For the purpose of the better integration, we suggest a definition
of biomechanology, which might combine practical, controllable and measurable biomechanical parameters on the
level of tissues and organs, with a closer physiological relevancy. It would for example be focused on how
mechanical stimulation would modulate tissue regeneration and biomaterial-tissue interaction, comprising
essential parts of practical biomechanics, mechano-biology, mechano-immunology and perhaps mechano-
bacteriology (to add effects of pathogens and formation of biofilms) complemented by proper and correct
biomechanical testing.

One example could be in 3D printed and conventional materials, which were found to exhibit significant
differences in biomechanical properties not originally expected. Such differences have to be quantified and taken
into account already at the design stage as the new solution might generate different biomechanical environments
at the same anatomical location, potentially leading to undesired outcomes.

Acknowledgements:This project has received funding from the EU Horizon 2020 research and innovation
programme under grant No 760921 ("PANBioRA")

References:https://www.panbiora.eu/
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Nanogrooved microdiscs modulate response of co-cultured stromal and endothelial cells within liquefied-
core capsules in dynamic conditions
Isabel M. BJoRGE, Clara R. CORREIA, Jodo F. MANO
Department of Chemistry, CICECO, University of Aveiro, Aveiro, Portugal

INTRODUCTION:The influence of surface topography on cell behaviour and differentiation ability of stromal
cells has been established in 2D. Yet, the role of topography in a tissue mimetic 3D-environment is poorly
explored. We recently proposed nanogrooved microdiscs (topodiscs) for a bottom-up cell-mediated 3D fabrication,
which led to the osteogenic differentiation of adipose-derived stromal cells (ASCs) without supplemental
osteoinductive factors.! Combining topodiscs with the liquefied-core capsules technology,> we aim to perform a
sequential seeding of 3D-preaggregated topodiscs and ASCs with endothelial cells (ECs). Upon mild core
liquefaction and dynamic culturing ASCs and ECs will crosstalk directly. While topodiscs provide topographical
cues to direct osteogenic differentiation of pre-adhered ASCs, the resultant 3D-aggregates provide living domains
for intercellular communication with ECs. Our hypothesis is that by combining topographical cues with cell
signalling pathways, prevascularised bone-like microtissues can be developed in an autonomous fashion.

METHODS:Topodiscs were produced via nanoimprinting of spherical polycaprolactone microparticles between
water-soluble polyvinyl alcohol counter-moulds of nanogrooved templates. Uniform ASC-topodisc
microaggregates were produced using Aggrewell400 well-plates. Then, microaggregates and ECs were
encapsulated within liquefied-core capsules, and upon mild liquefaction cells crosstalk directly. Spherical
microparticles lacking topographical cues were used as control.

RESULTS:Topodisc production via nanoimprinting led to a homogeneously nanogrooved surface. After 24h,
uniform ASC-topodisc microaggregates were formed. ASC and EC labelled with lipophilic fluorescent dyes
allowed to assess relative cell positioning within the capsule core. The successful biological activity was confirmed
via increased DNA content and merging of several microaggregates into macro 3D constructs. At 21 days post-
encapsulation with topodiscs, cells differentiated towards the osteogenic lineage in static conditions for both mono
and co-cultures as verified by the presence of hydroxyapatite, even without osteoinductive factors. Capsules
cultured under dynamic conditions presented an increased EC adhesion to microaggregates.

DISCUSSION & CONCLUSIONS:ASC-topodisc microaggregates proved to be optimal supports for EC
adhesion. Mineralised topodisc-mediated microaggregates within liquefied-core capsules were obtained for static
mono and co-cultures, even in the absence of osteoinductive factors. This was not observed for monoculture
spherical particle conditions, highlighting topodiscs’ nanogrooves as an impacting factor to induce osteogenesis.
Next, we plan to study the microaggregates formed under dynamic conditions, assess the neo-vascularisation of
the established co-culture, and the quality of the bone-like microtissue formed.

Acknowledgements:The authors acknowledge FCT for PhD grant SFRH/BD/129224/2017 and project CIRCUS
(PTDC/BTM-MAT/31064/2017), CICECO-Aveiro Institute of Materials (UID/CTM/50011/2019) financed by
national funds via FCT/MCTES, and European Research Council (ERC-2014-ADG-669858-ATLAS).
References:1.Bjerge et al., Nanoscale 11(2019)

2.Correia et al., Sci.Rep. 6(2016)
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Tissue Tension Prolongs Mitochondrial Functionality and Cellular Viability of Human Amniotic
Membrane In Vitro
Laura POZENEL', Andrea LINDENMAIR?, Katy SCHMIDT?, Andrey V. KOZLOV!, Johannes GRILLARI*,
Susanne WOLBANK!', Asmita BANERJEE!, Adelheid WEIDINGER'
"Ludwig Boltzmann Institute for Experimental and Clinical Traumatology, AUVA Research Center, Vienna,
Austria; Austrian Cluster for Tissue Regeneration, Vienna, Austria
2Ludwig Boltzmann Institute for Experimental and Clinical Traumatology, AUVA Research Center, Linz,
Austria; Austrian Cluster for Tissue Regeneration, Vienna, Austria
3Medical University of Vienna, Center for Anatomy and Cell Biology, Division of Cell and Developmental
Biology, Vienna, Austria
4Ludwig Boltzmann Institute for Experimental and Clinical Traumatology, AUVA Research Center, Vienna,
Austria; Austrian Cluster for Tissue Regeneration, Vienna, Austria; University of Natural Resources and Life
Sciences Vienna, Department of Biotechnology, Vienna, Austria

INTRODUCTION:The human amniotic membrane (hAM) is a natural biomaterial, successfully used in tissue
regeneration. Thus far, hAM has predominantly been applied in a decellularized form. More recently, promising
potential of using vital hAM, containing viable amniotic cells has become centre of attention. While amniotic cells
show beneficial stem cell properties, sustaining cellular viability of the hAM is challenging. Maintenance under
common cell culture conditions results in rapid decrease of cell viability. It has been suggested that loss of tissue
tension at term plays a role in the apoptosis of amniotic cells. Therefore, we investigated the impact of tensile
strength on viability of amniotic cells in vitro, particularly on mitochondria-linked parameters.

METHODS:Distended and non-distended hAMs biopsies were incubated for 7, 14 or 21 days. Cellular viability
was measured with the EZ4U assay. Vital mitochondria-linked parameters, respiration and ATP synthesis were
measured with high resolution respirometry and ATP Bioluminescence Assay Kit CLS II, respectively.
Mitochondrial membrane potential was stained with tetramethylrhodamin-methylester (TMRM; 500 nM) and
analyzed with inverted confocal microscope. Changes in mitochondrial morphology were analyzed with
transmission electron microscope. Caspase 3 immunohistochemical staining was performed with anti-cleaved
caspase 3 antibody. Gene expression of B-cell lymphoma 2-associated X protein (BAX) and B-cell lymphoma
(BCL)-2 was determined by reverse-transcription quantitative PCR analysis.

RESULTS:Mitochondria-linked apoptotic gene expression of BAX/BCL-2 ratio was upregulated within 7 days in
non-distended hAMs, followed by severe loss of mitochondrial internal structure and strongly increased caspase
3 expression at day 14. As a consequence, we observed loss of cellular viability at day 21. Contrary, in distended
hAMs the mitochondrial function was preserved, caspase 3 expression increased only slightly and sequentially,
the cellular viability was largely maintained.

DISCUSSION & CONCLUSIONS:The presence of tissue distention prolongs the cellular life span of hAM in
vitro. We hypothesize that the cellular viability of hAM in vitro is regulated via mechano-sensing pathway. Upon
loss of tissue tension, an unknown tension-driven mitochondrial pathway (TDMP) is activated, which ultimately
leads to loss of viability of hAM cells in vitro. Further studies are required to delve into exact mechanisms
connecting the tissue distention and viability of hAM cells. This knowledge will support optimization of hAM
tissue cultures, since the distended hAM meets better the in vivo situation.

Acknowledgements: The study was funded by Austrian Research Promotion Agency (FFG; grant number 867674).
J. Grillari is the co-founder of Evercyte GmbH.
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Cell behaviour within nanogrooved sandwich-culture models
Isabel M. BJoRGE!, Manuel SALMERON S4NCHEZ?, Clara R. CORREIA', Jodo F. MANO!
"Department of Chemistry, CICECO, University of Aveiro, Aveiro, Portugal
Division of Biomedical Engineering, School of Engineering, University of Glasgow, Glasgow, UK

INTRODUCTION:When cells are exposed to 2D or 3D environments, integrin-mediated adhesions are formed on
one or both ventral and dorsal receptors.! Grooved surface topography and inherent cell contact guidance has been
shown to influence cellular processes. However, studies rely on 2D approaches, which do not mimic the native
tissue environment. To bridge the 2D-3D gap, sandwich-culture systems have been developed, where ventral and
dorsal cell surface stimuli occurs simultaneously. To this end, nanogrooved or non-nanogrooved substrates were
assembled with different combinations and relative orientations. We hypothesized that these varying sandwich-
culture conditions would impact on cell behaviour.

METHODS:Polystyrene substrates were nanoimprinted using nanogrooved moulds. Plasma treated substrates
were seeded with MC3T3-E1 cells. Afterwards, cell-seeded substrates were placed in contact with an unseeded
substrate (single-seeding) or another previously seeded substrate (double-seeding) to close the SW. Different
combinations were performed, namely groove orientation (0° or 90°), grooved/non-grooved assemblies, and
gravity effect (upper or lower cell-seeded substrates).

RESULTS:Substrates presented homogeneous surface nanogrooves. Cell contact with both upper and lower
substrates within the sandwich-culture was confirmed via focal adhesion staining. Cell elongation was effectively
conditioned within sandwich-culture conditions when compared to control 2D substrates. Via F-actin staining
combined with automated fibre alignment assessment, it was determined that for both single and double-seeded
sandwich-cultures, cells acquired the orientation of the substrate on which they were seeded. Hence, for non-
grooved surfaces, cell spreading occurred in a random fashion, whereas for grooved surfaces, a clear alignment
was observed, independently of the stimuli offered by the opposing substrate.

DISCUSSION & CONCLUSIONS:The effect of nanogrooves on dorsal and ventral cell receptors under highly
controlled orientation conditions was here pioneeringly explored. The significance of initial contact on cell
morphology and orientation was highlighted, more so than further stimuli from opposing substrates. We have
recently proposed nanogrooved microdiscs for a bottom-up cell-mediated 3D-aggregation where the formation of
hydroxyapatite-containing microaggregates was observed even in the absence of osteoinductive factors.? Thus,
studying the osteogenic differentiation within the proposed sandwich-cultures system could shed light on cell
commitment, even with stimuli from differently oriented microdiscs. Hence, studying the differentiation of stromal
cells into specific lineages under this controlled, quasi-3D sandwich-culture system could provide important
knowledge on how biomechanical and biophysical cues impact cell commitment.

Acknowledgements:FCT for PhD-grant SFRH/BD/129224/2017 and project CIRCUS (PTDC/BTM-
MAT/31064/2017), CICECO-Aveiro Institute of Materials (UID/CTM/50011/2019) financed by national funds
through FCT/MCTES, and European Research Council (ERC-2014-ADG-669858-ATLAS).

References:1.Baker et al., J. Cell Sci.(2012)

2.Bjerge et al., Nanoscale(2019)
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Understanding the Cellular Mechanism Induced by Electrical Stimulation
Lynsey STEEL!, David ANSELL?, Enrique AMAYA?, Sarah H CARTMELL!
"Department of Materials, University of Manchester
Division of Cell Matrix Biology and Regenerative Medicine, University of Manchester

INTRODUCTION:The field of tissue engineering has faced several hurdles since its conception. A further barrier
that is wholly pertinent to consider is the possibility of translating the stem cell therapies currently in development
into commercially viable, scalable, and easily accessible treatments in the coming decades. Electrical stimulation,
ES, holds promise for not only triggering early differentiation of human mesenchymal stem cells, hMSCs, but also
guiding cells towards a certain pre-determined lineage

METHODS:Despite the increasingly encouraging results seen in the literature, the mechanism underpinning the
differentiation of tissue due to ES is not yet understood. One area of interest is the interaction between ES, the
production of reactive oxygen species, ROS, and tissue regeneration.3 Applying a DC ES regime of approximately
100mV/mm, delivered by 2.2V over a 22mm distance between platinum electrodes, for 60 minutes per day results
in significant increases in metabolic activity of hMSCs (p<0.001), without a significant change in cell number,
implying proliferation is not induced

RESULTS:A 30 minute per day regime does not induce the same effect. RNA extracted from hMSCs after 4 days
of stimulation in osteogenic media under both temporal regimes was analysed using qRT-PCR. Both have
significant upregulation of heme oxygenase, HMOX1, a downstream target of intracellular ROS, of up to 6 times
versus the unstimulated control with respect to 18S, used as the reference gene.

DISCUSSION & CONCLUSIONS:Future work will involve studying the co-expression of RUNX2, the master
regulator of bone formation, to explore if HMOX1 aids or inhibits osteogenic differentiation. It is hoped that this
work will help to establish a greater understanding of the effects of ES, and unleash its potential to produce targeted
tissue types in an affordable, reproducible manner.

References:1. Balint, R et al. Electrical stimulation enhanced mesenchymal stem cell gene expression for the
orthopaedic tissue repair, Journal of Biomaterials and Tissue Engineering, 3(2):212-221, (2013).

2. Srirussamee, K et al. Direct electrical stimulation enhances osteogenesis by inducing Bmp2 and Spp1 expression
from macrophages and pre-osteoblasts, Biotechnology & Bioengineering in Press, (2019).

3. Serena, E, et al. Electrical stimulation of human embryonic stem cells: cardiac differentiation and the generation
of reactive oxygen species, Experimental Cell Research, 315(20):3611-3619, (2009).
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Long term stimulation of osteoblasts with low-frequency electrical fields
Franziska SAHM!, Vivica Freiin GROTE!, Janine WALETZKO?, Rainer BADER!, Anika JONITZ HEINCKE!
"Department of Orthopedics, Rostock University Medical Center, 18057, Germany
2Department of Orthopedics, Rostock University Medical Center, 18057, Germany; Department of Oral,
Maxillofacial Plastic Surgery, Rostock University Medical Center, 18057 Rostock, Germany

INTRODUCTION:Bone deformation induce intrinsic voltages in bone and by using the inverse piezo effect,
mechanical modification can be formed through an external electrical field. A clinical applied electroinductive
screw system uses this effect to treat bone defects by applying electric and magnetic stimulation directly to the
bone. Despite the positive results in clinical studies little is known about the fundamental processes acting during
electrical stimulation of bone. Therefore, basic research needs to be done to understand the implication of electrical
fields on cells involved in bone formation.

METHODS:The ASNIS III s screw served as a template to design a Ti6Al4V electrode for studying the effects of
electrical fields in vitro in a 6 well system. Collagen coated coverslips were placed centred under each electrode
and seeded with human osteoblasts. Cells were stimulated 3x45 min/d with a sinusoidal alternating voltage of 700
mV and 20 Hz over 28 days. During that time period, metabolic and alkaline phosphatase (ALP) activity, as well
as calcification and the protein release were examined.

RESULTS:Using the mentioned settings (700 mV, 20 Hz) no changes in metabolic and ALP activity could be
found. The calcification processes under electrical stimulation were donor dependent as alizarin red staining
revealed different amounts of calcified matrix with electrical stimulation. A higher concentration of IL-6, DKK-1
and OPN in the supernatant could be found when cells were cultivated under electrical stimulation. Other bone
remodelling marker proteins like OPG, RANKL, Leptin, BMP-2, IL-1p and TNF-a revealed no change in the
concentration.

DISCUSSION & CONCLUSIONS:The investigations showed that long term electrical stimulation had no impact
on the cell metabolism and on most of the typical bone remodeling markers. However, changes in IL-6, DKK-1
and OPN showed that the osteoblasts perceive the electrical field and that this field leads to changes in the cells.
Therefore, further studies will be done with different voltages and frequencies to evaluate the best electrical field
for bone formation. Besides, co-cultivation of osteoblasts and osteoclasts can give a more realistic in vitro model
to study bone remodelling processes under the influence of electrical fields.

Acknowledgements:This study was supported by the German Research Foundation (DFG) JO 1483/1-1.
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Bioprinting Whole Intervertebral Discs to Understand Development and Inform Regenerative Therapies
Matthew J KIBBLE!, Stephen M RICHARDSON!, Marco DOMINGOS?, Judith A HOYLAND!'
"Department of Cell Matrix Biology & Regenerative Medicine, University of Manchester, Manchester, UK
2Department of Mechanical, Aerospace & Chemical Engineering, University of Manchester, Manchester, UK

INTRODUCTION:Back pain costs the UK economy an estimated £12bn per year, and is driven largely by
degeneration of the intervertebral discs (IVDs). The lack of effective clinical interventions regarding back pain,
coupled with an ageing population, means that novel regenerative therapies are becoming essential. 3D Bioprinting
can be used to accurately model and control the composition, structure and stiffness of the IVD and disc cell
microenvironment, including the nucleus pulposus (NP) and annulus fibrosus (AF) regions. This has enabled
research into the processes driving IVD development and degeneration, the results of which will help inform novel
regenerative therapies.

METHODS:Fresh samples of human IVD tissue were mechanically tested to determine their compressive and
tensile stiffness (ElectroForce 3310, TA Instruments). Immortalised lines of NP and AF cells were subsequently
cultured on laminin-521 functionalised polyacrylamide gel-coated dishes of various physiologically relevant
stiffnesses (1-12kPa) for seventy two hours. Cells were seeded at a density of 5000/cm2. qPCR analysis was
conducted to assess the effect of stiffness on expression of phenotypic markers. Nuclear (DAPI) and F-actin
(phalloidin) stains were additionally performed on separate cultures before imaging using 2D fluorescence
microscopy. Image analysis software (CellProfiler, v3.1.8) was used to assess stiffness-induced morphological
changes (cell area and eccentricity). Subsequently, NP and AF cells were cultured in 3D in printable alginate-
collagen blended hydrogels for fourteen days and cell viability assessed using a live/dead assay on days three,
seven and fourteen (Leica, SP8 Inverted Confocal Laser Scanning Microscope).

RESULTS:Statistically significant differences in disc cell morphology & phenotype were observed, with cell area
increasing with substrate stiffness; interestingly this effect was more marked when using NP cells that were
negative for CD24, a known notochordal cell marker. NP cells demonstrated good survivability in the 3D alginate-
collagen gel environment.

DISCUSSION & CONCLUSIONS:This study has demonstrated that increasing substrate stiffness results in
increasing NP and AF cell area and decreased eccentricity. The observation that the morphology of NP cells
originating from similar lineages but expressing differential levels of CD24 are affected by substrate stiffness
differently is an interesting one, which may be used to inform cell selection in cell-based regenerative therapies.
The positive results of the live-dead assay for disc cells in 3D alginate-collagen gel cultures will allow further
study of disc cell morphology and phenotype in 3D bioprinted gels of different stiffnesses and compositions.

Keywords: Intervertebral disc / spine and their disorders, 3D printing and bioprinting

www.ecmconferences.org



http://www.ecmconferences.org/

eCM Periodical, 2020, Collection 1; 2020 TERMIS EU Abstracts (page P93)

“ m?n:rp:':ha ‘
ol I 26-29
TERMIS © GG
Manchester or te m | S.

Three-dimensional collagen matrix remodeling induced by human dermal papilla cells
Elina S CHERMNYKH!', Egor O OSIDAK?, Ekaterina P KALABUSHEVA', Sergei I BELOUSOV?, Sergey V
KRASHENINNIKOV?, Timofei E GRIGORIEV?, Sergey N CHVALUNS?, Alexander LEVIN®, Vladislav
PARFENOV*, Yusef D KHESUANI*, Vladimir A MIRONOV?, Sergey P DOMOGATSKY?®, Ekaterina A
VOROTELYAK!
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INTRODUCTION:The dermal papilla (DP) represents a unique mesenchymal cell cluster residing in the bulb of
the hair follicle. DP induces the formation of a hair follicle in embryonic skin and supports its regeneration cycle
in adults. DP cells embedded in a three-dimensional matrix may exhibit unique features and reorganize
surrounding matrix in a different manner comparing to dermal fibroblasts. High density matrix resembles in situ
surroundings of the hair follicle and is eligible for 3D bioprinting, however the properties of the high density
matrix remains poorly investigated.

METHODS:In the current research, we studied the behavior of DP cells embedded into low or high density
collagen matrix (from 5 and up to 30 mg/ml) compared to human dermal fibroblasts. For this purpose cells were
seeded into collagen matrix (Viscoll, Imtek, Russia) at the concentration of 1 mln/ml and disk-shaped structures
(gels) were fabricated by 3D bioprinting (3D Bioprinting Solutions, Russia). Following 2 and 4 weeks of in vitro
cultivation mechanical characteristics of the cell-seeded collagen gels were investigated, as well as matrix
contraction, cell survival and proliferation activity of the cells. The morphology and motility characteristics were
recorded by time-lapse photography.

RESULTS:Obtained results indicate that cell-seeded collagen gels do not retain their original parameters of
stiffness. Cells can strengthen stiffness of the high density collagen gels, and the contribution of DP cells to this
process is lower than that of fibroblasts. Matrix contractility depends on the matrix density. The high density
collagen gel of 30 mg/ml does not undergo contraction. We also show that that human DP cells retain high viability
at all matrix densities investigated, but the proliferation activity decreases in high density matrices. Cells were
found to extend dendritic protrusions to explore the neighborhood and communicate to each other regardless of
the matrix density. Cell motility decreases with the increase in matrix density.

DISCUSSION & CONCLUSIONS:Further investigations are needed to evaluate the mechanisms by which DP
cells and dermal fibroblasts reorganize the surrounding matrix.

ACKNOWLEDGEMENTS:The reported study was funded by RFBR according to the research project Ne 19-29-
04060
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Development of an ex-vivo model for functional vascular tissue
Rolando Szilveszter MATOS, Davide MASELLI, John MCVEY, Paola CAMPAGNOLO
School of Biosciences and Medicine, University of Surrey, Guildford

INTRODUCTION:Routine cardiovascular interventions, such as balloon angioplasty, cardiac bypass and stenting,
provokes vascular activation and remodelling (1), often requiring further interventions. Research in this field is
mainly based on complex, unrepresentative, unethical and expensive small animal models, or on primary vascular
cells and static cultures of vascular rings. These methods improve experimental output but do not account for
physical stimuli, such as flow and interaction with the extracellular matrix, essential for vascular tissue
maintenance and function (2). This project aims to develop a versatile and economical bioreactor system for the
long-term culture of large arteries in physiological conditions, and the study of pathological remodelling.

METHODS:A novel perfusion system was designed in house and 3D printed by Multijet-Fusion. Porcine carotid
arteries were excised and cultured using our perfusion system at different flow rates (10-140 ml/min), or under
static culture, for up to 7 days. Balloon injury was induced in some samples at day 0. Tissues were functionally
tested in response to vasoconstriction and vasodilation stimuli, and analysed by immunofluorescence and confocal
microscopy.

RESULTS:We produced a cost-efficient and versatile 3D printed vascular bioreactor system to culture blood
vessels of different origin and size. The system fits on standard centrifuge tubes and can be efficiently multiplexed,
allowing parallel cultures, whilst minimal media consumption renders it amenable to pharmacological studies.
Perfusion cultured porcine carotid arteries at days 3 and 7 showed reduced apoptosis in the media and intima layers
of the vessel wall, compared to static controls. Endothelial coverage and functionality was preserved for up to 7
days, as shown by histological and pharmacological analysis. Culture in high flow conditions reduced pathological
activation of the smooth muscle cells, whilst maintaining a significantly higher cell alignment, when compared to
the low-flow and static cultures.

Upon balloon injury, tissues cultured in flow recapitulated the hallmarks of remodelling, such as intimal
denudation, smooth muscle cell disarray and activation.

DISCUSSION & CONCLUSIONS:These results suggest that our robust and controlled culture system could be
exploited to study the mechanisms of vascular complications ex-vivo. This work lays the basis for future
investigations into how vessel wall resident cells contribute to the pathological remodelling of blood vessels.

ACKNOWLEDGEMENTS:This project has been funded by the University of Surrey. We would like to thank the
Pirbright Institute for providing the porcine tissues used in this research.

REFERENCES:1. Roostalu, U., et al., 2018. Dev. Biol. 435, 109-121
2. Prandi F, et al., 2015. PLoS One. 10(2):¢0117409.
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Osteochondral tissue co-cullture: An in vitro and in silico approach
Ruikang XUE!, Benedict CHUNG!, Maryam TAMADDON?, James CARR?, Chaozong LIU?, Sarah Harriet
CARTMELL!
'Department of Materials, School of Natural Sciences, Faculty of Science and Engineering, University of
Manchester, UK
%Institute of Orthopaedics and Musculo-Skeletal Science, University College London, UK
3Henry Mosley X-ray Imaging Facility, University of Manchester, UK

INTRODUCTION:Osteochondral defects from osteoarthritis or trauma place a huge burden on the healthcare
sector globally. Osteochondral tissue engineering aims to regenerate functional and physiologically relevant
cartilage and its subchondral bone tissues. Given the distinct structural and biochemical difference between bone
and cartilage, layered scaffolds and bioreactors are commonly employed. This study investigated the osteochondral
tissue growth on a novel 3D printed bi-layered polylactic acid (PLA) scaffold in a dual-chamber perfusion
bioreactor in vitro, and the microenvironment inside the co-culture system through in silico simulation.

METHODS:The top chondral layer of the scaffold was composed of a coarse mesh of 1000 pm diameter PLA
struts infiltrated with type I bovine collagen whilst the bottom osseous layer was composed of a fine mesh of 500
pum diameter PLA struts. Mouse chondrogenic ATDCS5 and osteoblastic MC3T3-E1 cells were seeded onto the
respective chondral and osseous layer of the scaffold. They were dynamically cultured in a dual-chamber perfusion
bioreactor at 0.02 ml/min flow rate for 7 days in the respective chondrogenic and osteogenic media. Live/Dead,
resazurin assay, scanning electron microscope (SEM) and fluorescence cell tracking experiment were conducted.
Also, finite element models (FEM) based on the microcomputed tomography image (uCT) of the manufactured
scaffold as well as on the computer-aided design (CAD) scaffold were constructed; the microenvironment inside
the two FEM was investigated.

RESULTS:After perfusion, Live/Dead assay and SEM results showed viable cells attached on both chondral and
osseous layers; Resazurin assay revealed a ~3-fold increase in cell metabolic activity; from the fluorescence cell
tracking study, increased number of ATDC5 and MC3T3-E1 cells were observed on the respective chondral and
osseous layers. In silico results showed that the CAD and the actual manufactured scaffold had significant
differences in the flow velocity, differentiation media mixing in the bioreactor and fluid-induced shear stress
experienced by the cells.

DISCUSSION & CONCLUSIONS:In conclusion, the in vitro study showed that the co-culture system supported
osteochondral tissue growth in terms of cell viability, proliferation, distribution and attachment, whilst the in silico
simulation revealed the desirable microenvironment provided by the co-culture system including adequate mass
transport, limited differentiation media mixing and mechanical stimulation. This co-culture system can potentially
be used as an inexpensive tool for testing newly developed pharmaceutical products for osteochondral defects.

Acknowledgements:This work is financially supported by Rosetrees Trust M484 grant and BBSRC
BB/M013545/grant.
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A 3D fluid-dynamic cancer model to resemble the in vivo drug administration as a new platform for drug
testing
Arianna FEDI!, Chiara VITALE?, Alessandra MARRELLA?, Cristina DEGRASSI?, Maurizio AIELLO?, Silvia
SCAGLIONE?
1EIT Insititue, National Research Council of Italy, Italy; Department of Informatics, Bioengineering, Robotics
and Systems Engineering, University of Genova, Italy
2[EIIT Insititue, National Research Council of Italy, Italy
SMTTIlab S.r.l, Trieste, Italy
“4Reatdlife S.r.1, Genova, Italy

INTRODUCTION:The integration of 3D human tumor organoids with fluidic cell culture chambers allows to
mimic the in vivo organ-organ fluidic connections and drug systemic administration, finally offering a reliable and
fast approach for novel molecules prescreening tests. In this work, 3D cell-laden hydrogels have been properly
realized as ovarian tumor models and cultured within a fluidic Multi In vitro Organ-MIVO®-device for in vitro
resembling the cancer environment and carry out drug efficacy assays, alternative to animal preclinical models, by
monitoring the cancer regression over time.

METHODS:Human ovarian cancer cell line (SKOV-3) has been used to realize alginate-based 3D cell-laden
hydrogel-based tumor models, as reported (1). 3D tumor tissues have been cultured within MIVO® chamber under
fluid flow resembling the capillary blood flow feeding the tumor. Drug (cisplatin) efficacy have been evaluated in
MIVO resembling the in vivo systemic drug transport mechanisms and compared with (i) the in vitro tissue culture
under static condition, and with (ii) the use of xenograft mouse model. In particular, SKOV-3 viability was
quantitatively assessed through Alamar Blue Assay at different time points. Immunostaining for apoptosis and cell
proliferation was also carried out. For in vivo tests, SKOV-3 derived tumors were established via subcutaneous
injection into the right flank of nude mice. Tumor size was monitored over time. After 10 days, mice were
randomized into two treatment groups when tumor volumes increased to 50 mm3. Cisplatin was administered
intravenously every seven days for 3 weeks. Tumor growth was quantified three times a week by using a digital
caliper.

RESULTS:After one week of drug treatment, the viability of SKOV-3 cultured within the 3D hydrogels in MIVO®
decreased up to 50%; caspase positive cells were observed homogeneously distributed within the 3D gels, while
very few proliferating cells were observed after 1 week of drug treatment. On the contrary, under static conditions
the cells were still viable (higher than 80%) and proliferating until 7 days of drug treatment highlighting
chemoresistance. Exceptionally under MIVO® tissue culture, the in vitro tumor regression kinetics resembles
exactly the tumor mass reduction measured in vivo.

DISCUSSION & CONCLUSIONS:These results highlight that the in vivo-like dynamic environment provided by
the MIVO® device allows to properly resemble the 3D tumor tissue perfusion, its culture under a capillary
circulation and the systemic drug transport mechanism, suggesting its potential as reliable and cruelty-free
platform for preclinical drug efficacy tests.

References:(1) Alessandra Marrella et al. Frontiers in immunology 10 (2019): 1876.
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Mechanical stimulation for tissue engineering: characterising load-induced changes by the ‘collagen
barcode’
Adam JANVIER, James HENSTOCK, Elizabeth CANTY LAIRD
Institute of Ageing and Chronic Disease, University of Liverpool

INTRODUCTION:Differentiated cells can be characterised by the composition of collagen isoforms that they
produce in response to specific mechanical loads — effectively a ‘collagen barcode’ that functionally defines
engineered tissues. Collagen is one of the major structural proteins within the body, currently known to exist as 28
different isoforms that are each associated with specific functions in the tissue, such as mechanical resilience,
structure, proteoglycan-binding and cell fate regulation. The combinations and ratios of collagen types vary across
all tissues, e.g. Type I, 111, V, XI, XII, XIV in tendon; Type IL, IV, V, VI, IX, XI in cartilage.

METHODS:We have used 3D printing to generate bespoke bioreactor components which apply mechanical
stimulus to cells seeded within 3D hydrogels. We have customised our culture components around an EBERS TC3
bioreactor and replicated individual chambers at low cost. The mechanical stimuli applied is cyclic tensile force
at 3, 5 and 10% strain, 1Hz for 5 hours per day over 3 weeks. We analysed media and hydrogel samples using
western blot, qPCR, TEM and two-photon to visualise the structure.

RESULTS:Our early results show that in response to cyclic tensile loading, hMSCs alter the collagen composition
of the extracellular matrix they produce. Tensile testing shows an increasing trend with higher strain rates (3, 5
and 10%), however collagen genes do not see a significant change in regulation, indicating that the strain rates
have a greater effect on the structural properties rather than the molecular properties.

DISCUSSION & CONCLUSIONS:Defining ‘optimal’ loading conditions may help generate engineered tissues
with comparable ratios of collagen types as found in healthy native tissue, thus improved functionality and
integration as implants. Using total collagen isoform expression to characterise these tissues in comparison to
native, functional tissue is a novel approach which sheds light on developmental processes recapitulated in tissue
engineering allowing us to better define successful bioengineered implants.

Acknowledgements:Financial support was received from the Institute of Ageing and Chronic Disease, University

of Liverpool.
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Liquefied and multilayered capsules as bioreactors to regulate stem cell fate
Maryam GHASEMZADEH HASANKOLAE]I, Clara R CORREIA, Joao F MANO
CICECO-Aveiro Institute of Materials, University of Aveiro, Campus Universitario de Santiago, 3800-193
Aveiro, Portugal

INTRODUCTION:Biochemical and biophysical properties of materials provide various mechanical cues
influencing cellular behavior. In particular, the viscosity of the extracellular matrix (ECM) can affect the cellular
differentiation pathway. The physical interaction of cells with their microenvironment is more precisely mimicked
in 3D systems. Herein, we propose our well-established cell encapsulation system of liquefied and multilayered
capsules (LMC) [1], to expose cells to variable core viscosities. Improving the understanding on how viscosity
influences cell response will provide a further tool to manipulate the fate of stem cells.

METHODS:Three different concentrations of alginate, namely 0.5%, 0.75%, and 1% w/v, were prepared. The
viscosity was evaluated by rheometer analysis. Alginate macro-beads encapsulating adipose stem cells (ASCs)
and polycaprolactone surface-modified microparticles were produced by extruding low, medium, or high viscosity
alginate solutions through a 21G needle in calcium chloride bath. Alginate macro-beads were then used as
templates to produce a multilayered membrane by Layer-by-Layer (LbL) technique. After a mild core liquefaction
process with EDTA, LMC were cultured in basal or osteogenic medium under a dynamic environment, to better
mimic the dynamic environment of native tissues.

RESULTS:According to the rheometer analysis, the three concentrations of alginate solution presented
significantly different viscosities. Light microscopy results showed the formation aggregates composed by cells
and microparticles within the core of LMC after 21 days of culture in both media. Larger aggregates were found
in LMC cultured in osteogenic medium. The fluorescence staining of F-actin filaments demonstrated the
interaction and structural organization of the encapsulated cells with the microparticles inside the viscous
environment of LMC with 1% core-alginate. MTS assay showed that ASCs remained viable up to 21 days of
culture.

DISCUSSION & CONCLUSIONS:We demonstrated that highly viscous core environment allowed the
encapsulation of living cells under a dynamic environment up to 21 days. Therefore, we anticipate that the
remaining less viscous alginate cores with 0.5% and 0.75% will not jeopardize the viability of the encapsulated
cells. Our next step is to use the developed macro-bioreactor system to evaluate its influence on the differentiation
pathway of ASCs.

ACKNOWLEDGEMENTS:The authors acknowledge funding from FCT for the doctoral grant
(SFRH/BD/147418/2019) and project CIRCUS (PTDC/BTM-MAT/31064/2017), and from the European
Research Council for project ATLAS (ERC-2014-ADG-669858-ATLAS). This work was developed within the
scope of project CICECO-Aveiro Institute of Materials (UIDB/50011/2020,UIDP/50011/2020), financed by
national funds through FCT/MEC and when appropriate co-financed by FEDER under PT2020 Partnership
Agreement.

REFERENCES:[1] CR Correia et al., Plos One 2016;6(14):¢0218045.
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Dynamic culture of Adipose Derived Stromal Cells in bioreactor for construction of an artificial urinary
conduit — an in vitro study
Tomasz KLOSKOWSKI, Kamil SZELISKI, Monika BUHL, Daria BALCERCZYK, Marta RASMUS,
Arkadiusz JUNDZIH, Tomasz DREWA, Marta POKRYWCZYnSKA
Department of Regenerative Medicine, Cell and Tissue Bank, Chair of Urology, Ludwik Rydygier Collegium
Medicum, Nicolaus Copernicus University, Bydgoszcz, Poland

INTRODUCTION:Bladder cancer is the 10th most common cancer worldwide. About 20% of bladder cancers are
muscle-invasive and are indication for a radical cystectomy. The use of ileal segment is a standard method for
urinary diversion after bladder removal. Use of this method extend surgical procedure and lead to numerous
metabolic complications. To overcome these side effects, tissue engineering methods can be utilized to create an
artificial urinary conduit. The aim of this study was to develop a method of the tissue-engineered conduit
construction for urinary diversion using dynamic bioreactor culture.

METHODS:Tissue engineered tubular scaffolds were used for construction of the artificial urinary conduits
(n=40). Conduits were seeded manually with adipose-derived mesenchymal stromal cells (~10x10%cm?) isolated
from porcine fat tissue. Cells were grown on scaffold surface in a bioreactor for 6 days. During the culture pH,
pO2 and temperature were continuously monitored. On the basis of culture parameters and glucose values
measured each day medium feeding rate was established. ADSCs were seeded after 3rd or 4th passage, before
seeding on scaffold mesenchymal stromal cell phenotype was analyzed using flow cytometry (positive markers:
CD29, CD44, CD90; negative markers: CD11b, CD31, CD45). After end of experiment analysis of cell growth
on scaffold surface was performed using scanning electron and confocal microscopy. Cells were detached from
scaffold surface in order to check their number and changes in phenotype after dynamic culture in bioreactor.

RESULTS:ADSCs expressed typical for mesenchymal stem cells markers. Scanning electron microscopy revealed
appropriate morphology of cells grew on artificial urinary conduit. Cells were elongated, spindle-shaped with good
condition confirmed by production of microvesicles. Analysis using confocal microscopy showed that majority of
cells seeded on artificial urinary conduit after the end of 6-days culture were viable. Analysis of culture medium
and bioreactor vessel showed that only small number of cells (<10%) detached from tested material during
dynamic culture in bioreactor. Cells detached from scaffold surface showed significant changes in cell phenotype
in the case of CD29 antigen.

DISCUSSION & CONCLUSIONS:Dynamic culture of tissue-engineered scaffold seeded with ADSCs in
bioreactor enables their proper growth. Application of such culture method may allow for construction of artificial
organs for clinical application.

Acknowledgements: The present work was supported by the National Centre for Research and Development

(NCBR) in Poland under Agreement no. STRATEGMED1/235368/8/NCBR/2014 (Smart AUCI Project) within
the Strategic Programme STRATEGMED “Prevention practices and treatment of civilization diseases.”
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) 3D Tissue engineering and vascularized bioreactor development
Kai O. BOKER, Samuel SIEGK, Joachim H. WAGNER, Wolfgang LEHMANN, Arndt F. SCHILLING
Department of Trauma Surgery, Orthopaedics and Plastic Surgery, University Medical Center Goettingen

INTRODUCTION:3D cell culture systems with bioreactors containing hydrogels have been widely used for tissue
engineering. The biggest possible size of these hydrogel constructs is limited to the diffusion of nutrients and O2.
In this project, we present a hydrogel model with embedded and modifiable vascular networks, enabling the
production of large hydrogels with increased cell viability. Since the environment of cells in this 3D bioreactor
system is much closer to the in vivo situation compared to standard 2D cell culture in plastic flasks, this is an
alternative and improved model for advanced in vitro research.

METHODS:Bioreactor design For the design of the bioreactor, we use the open source software blender or
FreeCAD. For 3D printing, we use the 3D printer Ultimaker 3 with extra fine settings (layer height 0.06 mm, 100%
infill and 60 mm/s print speed). All bioreactors were produced with a non-toxic and biocompatible polymer PLA
(polylactic acid). 3D cell culture For 3D cell culture, we use the self-designed bioreactor including hydrogel and
cells. The reactor is connected to a perfusion system on both sides under sterile conditions and the system is filled
with nutrient medium (DMEM + 10% FCS + 1% P/S). The following flow parameters were set inside the software:
15mbar, 10s unidirectional flow. Cells were cultured at 37°C, 5% CO2 and 95% RH

RESULTS:Mesenchymal stem cells were mixed successfully with scaffold material and inserted into a bioreactor.
A pump system guaranteed medium flow and nutrient supply. Vital cells were observed by fluorescence
microscopy and fabrication of vascular structures was successfully obtained by molding forms. Cross sections of
hydrogels indicated a time dependent nutrient penetration of the hydrogel. Cell vitality decreased gradually with
increased distance from the channel. Furthermore, a 2-cell-layer approach showed a notable cultivation of green
(inner layer) and red fluorescent cells (outer layer) in one bioreactor, indicating a successful step for culturing
more complex organ structures.

DISCUSSION & CONCLUSIONS:This new and innovative technique of 3D tissue engineering provides a cost-
effective, reproducible, controlled and fast approach to produce 3D tissues with vascular structures inside the
hydrogel. This research project will be the basis of further projects, achieving bigger tissues with more complex
vessel-like structures. It will also enable research topics to labs without sophisticated equipment and no access to
animal models to design and produce vascularized tissues in their own bioreactors.

Keywords: Bioreactors, Vascular systems / vascularisation and heart
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High hydrostatic pressure as a new approach for processing allogenic bone grafts
Janine WALETZKO!, Michael DAU!, Anika SEYFARTH?, Michael SeMANN?, Sahm FRANZISKA?, Marko
SCHULZE?, Armin SPRINGER*, Anika JONITZ HEINCKE?, Rainer BADER?

'Department of Oral and Maxillofacial Plastic Surgery, Rostock University Medical Center, Rostock, Germany
2Department of Orthopedics, Rostock University Medical Center, Rostock, Germany
3Department of Anatomy, Rostock University Medical Center, Rostock Germany
“Department of Electron Microscopy, Rostock University Medical Center, Rostock, Germany

INTRODUCTION:Due to an increasing number of head and neck tumors in recent years, the need for bone
substitutes is increasing. Although autologous tissue material is able to integrate well into the bone the availability
is limited. Synthetic materials are easily available, but their mechanical properties are often insufficient and they
can trigger recipient’s immunological reactions. The treatment of allogenic bone tissue with high hydrostatic
pressure (HHP) is a new approach to process allogenic grafts resulting in a good biocompatibility and maintaining
mechanical properties. For this study, we either treated human osteoblasts (hOBs) or cylindrical bone specimens
with differing HHPs to determine devitalization efficiency or induced cell death. In addition mechanical properties
and residual DNA content of bone cylinders were analyzed.

METHODS:For cell experiments, hOBs were isolated from femoral heads and cultivated under standard culture
conditions. Cells were harvested to produce spheroids which were treated with different HHPs ranging between
100-150 MPa, 250-300 MPa and 450-500 MPa. The spheroids were cultured for at least 24 h. Necrosis and
apoptosis detection was determined by ELISA and flow cytometry, respectively. Moreover, metabolic activity was
analyzed by means of WST-1 assay. Bone cylinders, harvested from the distal epiphysis of the femur, were treated
with HHP (250-300 MPa).They were used for compression testing to determine the stiffness and strength and
DNA content was analyzed.

RESULTS:After HHP treatment metabolic activity of osteoblasts decreased, whereas HHP of 250 MPa showed
higher effects compared to HHP of 150 MPa. The highest HHP range (450-500 MPa) induced only necrosis,
whereas HHP from 250-300 MPa induced both apoptosis and necrosis equally. Based on the preliminary results
of the cell experiments, bone cylinders where treated with 250-300 MPa to devitalize cells. Here, a clear decrease
in the DNA amount was observed, while mechanical properties between controls and HHP-treated bone cylinders
were similar.

DISCUSSION & CONCLUSIONS:The level of applied HHP seems to be connected to the necrosis-apoptosis
ratio and influences the metabolic activity. The data show, that HHP devitalizes tissue while matrix integrity and
mechanical properties of the tissues were not affected. HHP treatment therefore appears to be a good alternative
to existing methods for providing tissue replacement materials. Although further studies have to be carried out
regarding tissue revitalization and immunological effects.

Acknowledgements:This joint research project HOGEMA is supported by the European Social Fund (ESF),
reference: ESF/14-BM-A55-0012/18 and the Ministry of Education, Science and Culture of Mecklenburg-
Vorpommern, Germany.
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Tissue engineered scaffolds for mimetic autografts
Juan Antonio ROMERO TORRECILLA!, Luis RIERAZ, José VALDéS FERN4ANDEZ!, Tania LOPEZ
MARTINEZ!, Purificacion RIPALDA CEMBORAIN?, Vineetha JAYAWARMA?3, Peter CHILDS?, Manuel
SALMERON SaNCHEZ?, Felipe PROSPER!, Froilin GRANERO MOLTO!
ICell Therapy, Clinica Universidad de Navarra, Pamplona, Spain
2Orthopaedic Surgery and Traumatology, Clinica Universidad de Navarra, Pamplona, Spain
3Center for the Cellular Microenvironment, University of Glasgow, United Kingdom

INTRODUCTION:Bone tissue has an important intrinsic regenerative capacity. However, this regeneration can
be compromised, leading to delayed fracture healing and nonunion. Due to the scarcity of bone tissue that can be
used as autograft, novel tissue engineering strategies arise as a promising solution by using biocompatible materials
which can be functionaliz®ed with cells and morphogens

METHODS:We designed polycaprolactone (PCL) based autografts composed of an inner cylindric scaffold,
produced by PCL extrusion, providing mechanical stability and an osteoconductive environment. We also created
a periosteum mimetic membrane (MA) by the addition of an outer thin and highly porous fibrillar PCL tube,
synthesized by melt electrowriting (MEW). To assess their regenerative capacity and biocompatibility, these
scaffolds were placed in critical size femur defects in rats and compared with untreated rats (Empty). Ten weeks
after surgery uCT and histological studies were carried out. Additionally, we are focusing on the generation of
different PCL biocomposites, such as poly ethyl-acrylate (PEA) covered PCL membranes which can enhance
morphogen functionalization, reducing the effective BMP dose; or as poly-lactic-glycolic acid combined with
poly-ethylene-glycol (PLGA-PEG) nanoparticles coupled to our PCL membrane to develop advanced drug
delivery systems offering controlled liberation of morphogens over time.

RESULTS:At the pCT level, structural mimetic PCL scaffolds, devoid of cells and morphogens, showed no
significant differences in healing or bone formation (Empty group, 11.47+4.93 mm3; MA, 14.95+£3.09 mm3,
p=0.1711). Histological analysis demonstrates that MEW PCL mimicking periosteum enhances bone growth and
present good implant integration, but insufficient for successful healing. However, when functionalized with
rhBMP-2, PEA-PCL implants show efficient bone regeneration, X-ray analysis reveals that 80% of animals (n=5)
treated presented radiographic healing or substantial bone synthesis in the bopne defect. In vitro, we determined
that the morphogen dose was very low, 55.64+14.83 ng (n=6).

DISCUSSION & CONCLUSIONS:In conclusion, acellular mimetic autografts need to be optimized by
functionalization with morphogens (BMP-2, BMP-7) and/or mesenchymal progenitor cells (PMSC). Generation
of biocomposite materials of PCL-PEA shows promising results in bone regeneration by using 100 folds lower
dose than typically described.

Acknowledgements:This work was supported by grants from MINECO (Ministerio de Economia y
Competividad), Instituto de Salud Carlos III and European Regional Development Funds to F. G-M. (P117/00136)
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Modulating Glucose Concentration in a Fully Defined Medium for Successful in vitro Osteogenic
Differentiation
Sana ANSARI, Keita ITO, Sandra HOFMANN
Orthopaedic Biomechanics, Department of Biomedical Engineering and Institute for Complex Molecular
Systems, Eindhoven University of Technology, P.O. Box 513, 5600 MB Eindhoven, the Netherlands

INTRODUCTION:Fetal bovine serum (FBS) is a common supplement in cell culture providing cells with growth
factors, hormones and vitaminsl but is controversial due to its unknown batch-dependent composition.
Alternatively, chemically defined animal-component-free (ACF) media are available for different cell types. Their
exact formulations are not provided. In bone tissue engineering, mesenchymal stromal cells (MSCs) should
differentiate towards the osteogenic lineage, produce collagen and deposit a mineralized matrix. Glucose is one
essential component in cell culture medium that has an effect on osteogenic differentiation and also depends on
the type of FBS used.2 The goals of this study were i) to develop a fully defined medium devoid of FBS and ii) to
compare the effect of different glucose concentrations in this fully defined medium on the osteogenic
differentiation of MSCs n vitro.3

METHODS:The defined medium was prepared by adding essential components for cell survival, growth and
differentiation to DMEM/F12 basal medium. Human bone marrow-derived MSCs were grown as pellets in either
defined medium or 10 % FBS-containing medium for three weeks with low (SmM) or high (25mM) glucose
concentrations. Osteogenic differentiation was induced by adding dexamethasone, ascorbic acid and f-
glycerophosphate to the media. Picrosirius Red and Alizarin Red staining were used to study collagen deposition
and mineralization and as well as specific markers for bone cells.

RESULTS:In previous experiments with ACF, osteogenic cell differentiation was limited and mineral formation
did not occur, suggesting that ACF is suboptimal for bone tissue engineering. In our defined medium, cells
survived and differentiated towards the osteogenic lineage and deposited a collagenous and mineralized matrix
over three weeks; however, mineral formation was more prominent in the low glucose concentration medium.
These results were in agreement with the FBS-containing medium.

DISCUSSION & CONCLUSIONS:Developing a medium with defined composition needs to be optimized for
specific cells types and applications. This will enable basic research on the physiology of the cells and the cellular

behaviour by varying concentrations of soluble parameters, which is currently hampered by the use of FBS.

Acknowledgements:Financial support by the Dutch Ministry of Education, Culture and Science (Gravitation
Program 024.003.013) is gratefully acknowledged.

References:1. J. Valk et al, Toxicol Vitr, 24:1053-1063, 2010
2. J. Melke, PhD thesis, 1-172, 2019
3. L.R. Devireddy et al, PLos One 14:1-21, 2019
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Osteogenic activity of Actifuse™ is not enhanced by pre-adsorbed BMP2
Jasmin KOHNKEN SAWALL', Simon Charles Fielding RAWLINSON?, Karin Angela HING'
!School of Engineering and Materials Science, Queen Mary University of London, London, United Kingdom
Hnstitute of Dentistry, Barts & The London School of Medicine and Dentistry, Queen Mary University of
London, London, United Kingdom

INTRODUCTION:Silicate-substituted hydroxyapatite (SA) has a greater affinity for BMP2 than stoichiometric
hydroxyapatite (HA) [1], leading to the hypothesis that the enhanced osteoconductivity of SA bone graft substitutes
(BGS) is linked to surface enrichment of BMP2 from the host. To test this, we assessed the proliferation and
osteogenic differentiation of human mesenchymal stem cells (hMSCs) on SA-BGS in the presence and absence of
BMP2.

METHODS:hMSC were cultured on 150mg of 80% porous 0.8wt% SA-BGS 1.0-2.0mm granules (Actifuse™,
Baxter Inc, AF) with (AF+BMP2) or without (AF) pre-adsorbed BMP2 for up to 21 days. For controls, hMSCs
were cultured on tissue-culture treated plastic in the absence of both AF and BMP2 (control) or in the presence of
300ng BMP2 (control+BMP2). AF+BMP2 was generated by incubating 150mg AF in 1mL media supplemented
with 300ng BMP2 for 2h. Adsorption was calculated by measuring free BMP2 using ELISA. Proliferation of
hMSCs was assessed by quantifying total DNA. Osteogenic differentiation was assessed by quantitative RT-qPCR
of osteogenic genes, analysis of ALP activity, and procollagen type 1 production.

RESULTS:724+9ng BMP2 was adsorbed onto AF+BMP2. From Days 3-21, DNA levels were significantly higher
on AF than on AF+BMP2, suggesting with AF present, BMP2 suppressed
proliferation. Control+BMP2 promoted  similar  specific =~ ALP  activities compared  with control,
whereas AF+BMP2 resulted in higher specific ALP activity over 21 days. hMSCs on AF demonstrated an
increasing trend, and significantly highest specific ALP activity compared to all samples.
Both AF and AF+BMP2 significantly stimulated procollagen production from Days 7-21 compared
to control and control+BMP2, suggesting the upregulation was based on the presence of SA-BGS. Samples
containing BMP2, control+BMP2 and AF+BMP2, showed significant upregulation of osterix expression
compared with control and AF; control+BMP2 having the highest expression. This suggests a stronger osteogenic
effect of BMP2 in solution than when bound. The opposite was found for endogenous BMP2
expression: AF+BMP2 promoted the significantly highest expression from Days 1-21.

DISCUSSION & CONCLUSIONS:Incubation on AF supported osteogenic differentiation of hMSCs compared
with control. AF+BMP2 and control+BMP?2 significantly stimulated early osteogenic gene expression, but it did
not translate into increased osteogenic behaviour in the study time frame. Therefore, the enhanced SA-BGS
osteoconductivity might not be linked to surface enrichment of BMP2 from the native host in isolation.

Acknowledgements:The authors thank Baxter Inc. and Queen Mary University of London for funding the
studentship of J.K-S and Baxter Inc. for materials supply.

References:[1] Mafina et al, Mater Sci Eng C Mater Biol Appl (80),207-212,(2017)
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Bioactive membranes for the future treatment of osteoporotic fractures
Ana Sofia SILVA, Lacia F SANTOS, Sara NADINE, Clara R CORREIA, Joao F MANO
University of Aveiro

INTRODUCTION:Fragility fractures are the main consequence of osteoporosis and their treatment remains a
challenge in the orthopedic field. Evidences demonstrate that an impaired periosteal activity is responsible for
recurrent fractures. We thus suggest the development of a natural-based regenerative membrane fixing biological
active capsules for periosteum regeneration purposes. Here, a laminarin hydrogel was microfabricated with
suitable mechanical properties and adequate resorbable times for bone regeneration. This membrane acted as on-
site fixing agent for biological active capsules and is expected to be implanted by wrapping the membrane around
the defect to guide bone regeneration.

METHODS:Liquified capsules were produced following well-stablished procedures in the group,[1,2] and
comprised i) microparticles for cell adhesion and for the transport of osteogenic-differentiating factors, and ii) a
cell niche of ASCs and HUVECs. Cells and microparticles were resuspended in a sodium alginate solution.
Alginate microgels (capsules) were produced by electrohydrodynamic spraying. Then, layer-by-layer was
performed using 3 different polyelectrolytes. The process was repeated until a 10-layered membrane was created.
Methacrylated laminarin (MeLam) hydrogels were produced by bringing a solution of MeLam in contact with an
optimized PDMS master,[3] followed by exposure to UV irradiation. Capsules with optimized sizes were
entrapped within the micropillars of the laminarin membrane. To avoid the rupture of the capsules, the liquefied
core was only obtained after capsules’ entrapment within the laminarin-based membrane via chelation with EDTA.
Membranes and capsules were physically and chemically characterized. In vitro osteo- and angiogenic potential
was also assessed.

RESULTS:Fluorescent microscopy revealed that the micropatterned membranes were able to recapitulate the
geometry of the master mold, maintaining the micropillars integrity throughout the fabrication process. The
entrapment efficiency of the bioactive capsules in the micropatterned hydrogel was investigated achieving higher
entrapments when capsules diameters matched the micropillars spacing. The bioactive membrane (micropatterned
hydrogel+capsules) was placed onto a 6-well plate filled with culture medium (capsules facing down), in an orbital
shaker and incubated over a period of 21 days. The results demonstrated that the capsules were released from the
membranes in the first days of culture. Also, cells remained viable and osteogenic differentiation was
accomplished.

DISCUSSION & CONCLUSIONS:A bioinspired and natural-based membrane was microfabricated to
accommodate bioactive capsules for periosteum regeneration purposes. The membrane is expected to induce
regional bone formation and an overall stimulation of bone regeneration.

Acknowledgements:We thank the financial support of ERC-2014-ADG-669858 for the project “ATLAS” and the
FCT project “PROMENADE” (PTDC/BTM-MAT/29830/2017).

References:[1]-10.1038/srep21883;
[2]-10.1073/pnas.1813336116;
[3]-10.1021/acs.biomac.5b01736.
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Engineered extracellular matrix enhances the bone regeneration potential of aged human bone marrow
stromal cells
Dominik HANETSEDER, Tina LEVSTEK, Heinz REDL, Darja MAROLT PRESEN
Ludwig Boltzmann Institute for Experimental and Clinical Traumatology, Austria

INTRODUCTION:Regeneration of bone defects in elderly patients is limited due to the decreased function of
bone forming cells and compromised tissue physiology. Previous studies suggested that the regenerative activity
of stem cells from aged tissues can be enhanced by exposure to young systemic [1] and tissue microenvironments
[2]. The aim of our project was to investigate whether extracellular matrix (ECM) engineered from human induced
pluripotent stem cells (hiPSCs) [3] can enhance the bone regeneration potential of aged human bone marrow
stromal cells (hBMSCs).

METHODS:ECM was engineered from hiPSC-derived mesenchymal-like progenitors (hiPSC-MPs), as well as
young (<30 years) and aged (>70 years) hBMSCs. ECM structure and composition were characterized before and
after decellularization using immunofluorescence and biochemical assays. Three hBMSCs of different ages were
cultured on engineered ECMs. Growth and differentiation responses were compared to tissue culture plastic, as
well as to collagen and fibronectin coated plates.

RESULTS:Decellularized ECMs contained collagens type I and IV, fibronectin, laminin and < 5% residual DNA,
suggesting efficient cell elimination. Cultivation of young and aged hBMSCs on the hiPSC-ECM in osteogenic
medium significantly increased hBMSC growth (days 5 to 42) and markers of osteogenesis, including collagen
deposition (day 21), alkaline phosphatase activity (day 21), bone sialoprotein expression (day 21) and matrix
mineralization (day 42) compared to plastic controls. In aged BMSCs, matrix mineralization was only detected in
ECM cultures in osteogenic medium. Comparison of ECMs engineered from hiPSC-MPs and hBMSCs of different
ages suggested similar structure, composition and potential to enhance osteogenic responses in aged BMSCs.
Contribution of specific matrix components and underlying mechanisms need to be further elucidated.

DISCUSSION & CONCLUSIONS:Our studies suggest that aged BMSCs regenerative activity can be enhanced
by culture on engineered ECM. HiPSCs represent a scalable cell source, and tissue engineering strategies
employing engineered ECM materials could potentially enhance bone regeneration in elderly patients.

References:1. Conboy IM1, Conboy MJ, Wagers AJ, Girma ER, Weissman IL, Rando TA. Nature, 2005,
433(7027):760-4.

2.Sun Y1, Li W, Lu Z, Chen R, Ling J, Ran Q, Jilka RL, Chen XD. FASEB J, 2011, 25(5):1474-85.

3. de Peppo GM, Marcos-Campos I, Kahler DJ, Alsalman D, Shang L, Vunjak-Novakovic G, Marolt D. Proc Natl
Acad Sci U S A. 2013, 110(21):8680-5.
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Establishing a human ex vivo bone defect model to evaluate hydrogels or solid biomaterials for bone
regeneration
Tim KLUTER', Rywan HASSAN', Huy Duc LE', Felix LORICH!, Alexander RASCH', Fanlu WANG!,
Andreas SEEKAMP!, Hendrik NAUJOKAT?, Sabine FUCHS!
"Department of Trauma and Orthopedic Surgery, Experimental Trauma Surgery, University Medical Center
Schleswig-Holstein, Campus Kiel
2Department of Oral and Maxillofacial Surgery, University Medical Center Schleswig-Holstein, Campus Kiel

INTRODUCTION:Testing of new implant materials and bone repair strategies rely mainly on in vivo and in vitro
investigation models providing different pros and cons. In vitro models provide the advantage of highly
controllable test conditions enabling to assess the detailed mechanistic impact of materials, growth factors or cells
on the bone regeneration process, while in vivo models are widely considered to be more suitable to predict the
overall clinical outcome. In this study we established a novel human ex vivo bone defect model with a proven
vitality of at least 28 days. The model provides a native bone implant interface and is designed to monitor cell
invasion into a critically sized defect filled with the potential implant material.

METHODS:Femoral heads derived from patients undergoing hip replacement were cut into cylinders (20 mm
diameter, 7 mm height). This size can be adapted depending on the application. For all set ups a central bone defect
(6 mm diameter, 5 mm depth) was inserted centrally.

The bone slides were cultured for 28 days and viability was evaluated by lactate dehydrogenase and alkaline
phosphatase assay, as well as Calcein-AM staining and DNA quantification. To analyze the bone regeneration
potential in this model, we injected collagen-type 1 and Gelatin-methacryloyl (GeIMA) hydrogels into the central
defect or applied commercially available Maxcraft ®. Ingrowth of cells was investigated via Confocal microscopy,
DNA quantification and quantitative real time PCR.

RESULTS:Data revealed the viability of the bone tissue over the tested time period of 28 days, as well as an
increase in cell numbers in the bone tissue implicating active cell proliferation in the bone. Cellular ingrowth into
the collagengels was evaluated by microscopy and DNA quantification at different time points demonstrating an
increase of cells over time. Finally, gene expression of osteogenic markers indicated an osteoblastic phenotype of
the cells in the defectl. Initial results for additional implant materials such as GelMa hydrogels with different
methacrylation degrees or commercially available bone materials such as Maxcraft ® also indicated an active
regeneration process at the bone implant interface to be further refined.

DISCUSSION & CONCLUSIONS:In summary, the ex vivo bone defect model remains viable and shows active
bone repair processes over 28 days, monitored and quantified using cell- and molecular biological methods.
Further, the processes at the native bone-implant interface can be documented in the context of different implant
materi