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Prof. dr. Marcy Zenobi-Wong 

 

Prof. dr. Marcy Zenobi-Wong is a tenured Full Professor of Tissue 

Engineering and Biofabrication and Director of the Institute for 

Biomechanics at ETH Zürich in Switzerland.  She is a Mechanical Engineer 

by training, and received her Bachelor degree from MIT and Master/PhD 

from Stanford University.   She leads a multidisciplinary team with strong 

focus on biofabrication technologies including bioprinting, two-photon 

polymerization, and casting, and on the development of advanced 

biomaterials for tissue regeneration. She is the author of over 100 peer-

reviewed publications (cited over 5000 times) and co-inventor on several 

licensed patents. She is an honorary member of the Swiss Society for 

Biomaterials and Regenerative Medicine (SSB+RM) and General 

Secretary for the International Society of Biofabrication (ISBF).  She 

serves on the editorial board for Biofabrication and Advanced Healthcare 

Materials.  In 2019 she was elected as Fellow to the European Alliance for Medical & Biological 

Engineering and Science (EAMBES). 

 

Dr. Laura Koivusalo 

Dr Laura Koivusalo is an expert in biomaterials and tissue engineering. 

She conducted her PhD in Tampere University under Professor Heli 

Skottman, where she developed hydrogel-based biomaterials for 

delivering human stem cells to the corneal surface. While finalizing her 

PhD, she started to lead a commercialization project from Skottman Lab, 

which led to the establishment of a spin-off company StemSight in April 

2021. StemSight’s mission is to use human induced pluripotent stem (iPS) 

cells to manufacture off-the-shelf therapies to cure corneal blindness. In 

leading the company as a CEO, Laura has won several pitching 

competitions and been awarded as the Outstanding Young Person of the 

Year 2021 in medical innovation by JCI Finland.  

 

Prof. dr. Jaap den Toonder 

Jaap den Toonder is full professor and chair of the Microsystems section 

at Eindhoven University of Technology (TU/e). He received his master’s 

degree in applied mathematics in 1991 (cum laude), and his PhD degree 

in mechanical engineering in 1996 (cum laude), both from Delft 

University of Technology. In 1995, he joined Philips Research 

Laboratories in Eindhoven, where he worked on a wide variety of 

applications. In 2008, he became chief technologist, leading the R&D 

programs on (micro-)fluidics and materials science and engineering. Next 

to his main job at Philips, he was a part-time professor of Microfluidics 

Technology at Eindhoven University of Technology between 2004 and 

2013. 

Jaap den Toonder’s research focuses on the investigation and development of novel microsystems 

design approaches, out-of-cleanroom fabrication technologies, and interactive polymer materials. The 

application focus is on microfluidic chips, organ-on-chip, biomedical microdevices, and soft 

microrobotics. The section’s research approaches are often biologically inspired, translating principles 

from nature into technological innovations. 

Jaap den Toonder has (co-)authored over 130 scientific papers, as well as over 45 patents, and he has 

given more than 50 invited lectures at international conferences. Jaap den Toonder has founded and 
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directs the Microfab/lab: a state-of-the-art facility at TU/e that encompasses a unique set of many 

techniques needed to create and analyse microfluidic devices and microsystems including biological 

materials. He teaches courses on microfabrication methods, microfluidics, and heat and flow in 

microsystems, in which hands-on learning is a key element.  Jaap den Toonder is recipient of an ERC 

Advanced Grant in 2019. Jaap den Toonder has been one of the frontrunners of organ-on-chip, being 

co-organizer of one of the first international workshops on organ-on-chip, held in 2012 at the Lorentz 

Center, the Netherlands, which kicked off the organ-on-chip development in the Netherlands and 

Europe, resulting among other things in the establishment of the Dutch organ-on-chip consortium 

hDMT. 

 

Dr. Christophe Deben 

In 2016, dr. Deben successfully defended his PhD dissertation on 

targeting the p53 patway in non-small cell lung cancer at the Univeristy 

of Antwerp in the Center for Oncological Research (CORE). In 2017, he 

started in his current position as a post-doctoral researcher at CORE 

focussing on targeting redox biology for the treatment of cancer and the 

implementation of patient-derived organoids (PDOs). In particular, he 

focused on the development of live-cell imaging-based screening assay 

for PDOs and co-developed the Orbits AI-based image analysis software 

for label free monitoring of PDOs together with InViLab (UAntwerp). In 

2021, he became the head of the Tumoroid Screening lab (TUSC, 

UAntwerp) which processes patient samples into organoids and 

provides advanced PDO screening services based on live-cell imaging.  

 

Prof. Dr. Shulamit Levenberg 

Professor Shulamit Levenberg is the head of the Stem cell and Tissue 

engineering lab at the Technion Faculty of Biomedical Engineering and 

the director of the Technion Center for 3D Bioprinting. She earned her 

PhD at the Weizmann Institute of Science and pursued her post-

doctoral research at MIT in the lab of Professor Robert Langer. She 

spent a sabbatical year as a visiting professor at the Wyss Institute for 

Biology Inspired Engineering at Harvard University and a summer 

sabbatical at the University of Western Australia as a winner of the 

Raine Visiting Professor Award. Prof. Levenberg research involve in 

vitro vascularization of engineered tissues where, upon implantation, 

the engineered vessels anastomose with the host vasculature, 

improving survival and perfusion of engineered grafts. Prof. Levenberg 

was the first to engineer vascularized tissue flaps, offering novel reconstruction techniques using 

engineered tissue constructs. Her pioneering work demonstrated the effect of scaffold stiffness and 

tensile forces on early differentiation and organization of stem cells in 3D constructs, and on alignment 

of vessel networks in engineered tissues. She recently developed unique stem-cell engineered tissue 

constructs that induce the regeneration and repair of injured spinal cords and a genetically engineered 

muscle tissue for treatment of type 2 diabetes. Prof Levenberg was named by Scientific American as a 

“Research Leader” in tissue engineering and received numerous prizes. The most recent ones include 

the Rappaport Prize for Excellence in Biomedical Sciences, the Michael Bruno Memorial Award, the 

Katz prize and a Medal of Distinction from the Peres Center for Peace and Innovation She is founder 

and CSO of three start-up companies in the areas of cultured meat, spinal cord regeneration and 

nanoliter diagnostic arrays.  Prof Levenberg is the former President of the Israel Stem Cell Society and 

the former Dean of the Technion Faculty of Biomedical Engineering. 
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Seppe Terryn 

Dr. ir. Seppe Terryn received his PhD in 2019 at the Vrije Universiteit 

Brussel, in which he combined smart materials and robotics and 

developed a new multidisciplinary field “self-healing soft robots”. He is 

currently working as Postdoctoral researcher with a personal grant of 

the FWO and is co-managing three European projects; FET Open SHERO 

on self-healing soft robots, the EU Marie Curie ITN SMART on smart 

materials for robots, the EIC Transition on self-healing materials for 

sustainable products and an FWO SBO AMSER on additive 

manufacturing of self-healing robots. In these projects, he is currently 

guiding a team of 10 PhD students working on increasing the TRL-level 

of self-healing soft robots and soft electronics towards industrial 

applications, while performing fundamental research on self-healing 

polymers/composites, (additive) manufacturing, self-healing sensors and actuators.  

 

Prof. dr.  Elena N. Kozlova 

Prof. dr.  Elena N. Kozlova is leading the Regenerative Neurobiology lab 

in the Department of Neuroscience at Uppsala University. Before that, 

she was a Postdoctoral researcher at the Karolinska institutet (Sweden) 

and National Institute for Medical Research (UK). Prof. Kozlova has 

published 58 original publications and 8 review articles and 2 book 

chapters. She was a coordinator of EU-sponsored project within 

EuroNanoMed II, partner in EU-sponsored project within Joint Program 

in Neurodegenerative Disease (JPND), member of management 

committee COST Action Biomaterials and advanced physical techniques 

for regenerative cardiology and neurology.  

Prof. Kozlova’s research is focused on developing novel treatment strategies for spinal cord injury and 

disease, specifically neurodegenerative disorders, as well as in exploring the impact of extreme gravity 

alterations on the properties of neural stem cells. The research includes human induced pluripotent 

stem cell-derived neural stem cells, as well as the application of mesoporous nanoparticles for 

therapeutic purposes. 

 

Olivier Guillaume 

I graduated my PhD in 2011 in the field of polymeric biomaterials used 

for soft tissue repair, with a focus on antimicrobial surfaces. The 

following years, I spent several post-doctoral trainings in the field of 

tissue engineering and regenerative medicine, applying new 

biomaterials combined with cells, for bone, cartilage, IVD and muscle 

repair (at the Trinity College Dublin-IR and AO Davos-CH). Since 2018, I 

am working as Univ. Assist. in the group of Prof Ovsianikov Aleksandr: 

“3D Printing and Biofabrication Group” from the Institute of Materials 

Science and Technology of the Technische Universität Wien-Austria 

(Additive Manufacturing Technologies: AMT (tuwien.ac.at). We focus 

our effort in adapting multi-photon lithography for biomedical and 

TERM purposes. Over the last years, we have shown that MPL offers 

unrivalled opportunities to build scaffolds and to bioprint hydrogels with highly intricated but easily 

controllable features, or to be used for organ-on-a-chip technologies. One particular interest is to 

assess a new approach for TERM application, consisting in merging together the two commonly used 

strategies, i.e., the scaffold-free and scaffold-based. This new approach, called the “third tissue 

engineering strategy”, requires the fabrication of multiple micro-size scaffolds which allow the 

formation of single spheroids in their core. The cellularized units can then be used as 
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injectable building blocks and can self-assemble to form larger-size and stable tissues, features 

hardly achievable using the previously two well-known approaches. We are currently assessing how 

those stem cell-loaded microscaffolds can be used to regenerate musculoskeletal defects, with a focus 

on bone and cartilage tissues.  
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Abstracts oral presentations 
 

Highly flexible tissue adhesives based on protein by-products  
Hafez Jafari1, Pejman Ghaffari-Bohlouli1, Vahid Niknezhad2, Amin Shavandi1 

 
1 BioMatter Unit—BTL, École Polytechnique de Bruxelles, Université Libre de Bruxelles, Avenue F.D. Roosevelt, 
50-CP 165/61, Brussels 1050, Belgium, 
2Burn and Wound Healing Research Center, Shiraz University of Medical Sciences, Shiraz, 71345-1978, Iran 
 

Animal by-products such as bones, hides, wool, and feathers are rich sources of protein such as 

collagen, gelatin, silk, elastin, and keratin, if not correctly recycled or disposed of, can adversely impact 

the environment. In this context, the valorization of animal by-products offers sustainability and 

economic development in several sectors, including the biomedical and pharmaceutical industries, as 

well as developing biomaterials for human health appliances such as wound healing, tissue 

engineering, biosensing, and tissue adhesives. Recently, the development of self-healable hydrogel 

with high wet adhesiveness to biological tissues is highly desired in clinical applications. We proposed 

a facile and effective method for developing tissue adhesive with a hemostatic activity using animal 

waste proteinous materials such as silk fibroin (SF) and wool hydrolyzed crosslinked by tannic acid (TA) 

as a non-toxic plant polyphenol. The in situ hydrogelation is due to the formation of strong multiple 

hydrogen bonding, hydrophobic interaction, and electrostatic interaction between TA and silk and 

wool. The immediate aggregation and precipitation after mixing TA and SF-wool solution derived from 

the loss of some hydrophilic layer of SF in the vicinity of TA, and the co-assembly process, which leads 

to hierarchical nanofibrillar structure with high adhesiveness. The presence of 25 hydroxyl groups in 

the pyrogallol and pyrogallol ester groups of TA leads to the formation of dense hydrogen bonding 

with various substrates from biological tissues to metallic materials. The addition of wool hydrolyzed 

significantly increased the adhesion strength to porcine skin (from 45.5 ± 3.6 to 94.2 ± 3.6 kPa) without 

any significant decrement after five cyclic lap shear tests, possibly due to absorption of higher TA 

derived from the high affinity of TA to protein. 

Moreover, the rheological investigation showed a time-dependent viscoelastic property with a 

transition from sol- to solid-like behavior within 5 minutes after the formation, possibly due to the 

dehydration of hydrogel. The SF-Wool-TA demonstrated unique features such as fast and high self-

healing, recyclability, stretchability, injectability, and moldability. The SF-Wool-TA hydrogel exhibited 

an excellent antioxidant and antibacterial activity against both Gram-negative and positive bacterial, 

as well as cytocompatibility and high cell attachment. The in vivo hemostatic activity investigation 

revealed accelerated blood clotting in the primary hemostasis due to the potential of TA in hemolysis 

and blood contact facilitation, promoting protein adhesion through the coagulation cascade pathway 

activation. In conclusion, the proposed hydrogel (SF-Wool-TA) in both forms of injectable gel and 

powder can be used as a tissue sealant and wound dressing with unique properties such as fast water 

absorption, fast self-healing properties, antibacterial, antioxidant, and immediate hemostatic activity. 

Hence, SF-Wool-TA hydrogel can be considered as a promising candidate for tissue adhesive and 

hemostasis application for future medical applications.   
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Towards the challenges of 3D bioprinting for salivary glands (SG) regeneration: 

Complex SG scaffolds with imprinted vasculature  
Julia Simińska-Stanny1,2, Feza Hachemi1, Martyna Nizioł2, Maryam Hajiabbas1, Daria Podstawczyk2, Christine 
Delporte1, Amin Shavandi1 
 
1BioMatter-Biomass Transformation Lab (BTL), École Polytechnique de Bruxelles, Université Libre de Bruxelles, 
Avenue F.D. Roosevelt, 50 - CP 165/61, 1050 Brussels, Belgium  
2Department of Process Engineering and Technology of Polymer and Carbon Materials, Faculty of Chemistry, 
Wroclaw University of Science and Technology, Norwida 4/6, 50-373 Wroclaw, Poland  
 

Bioinks and biomaterial inks that can be transformed into genuine 3D constructs, employing 3D 

printing technology signify a step towards personalized treatments and tissue engineering. Currently, 

many studies focused on regenerative medicine strategies also exemplify the need for vascularization 

within the obtained in vitro structures as it is crucial to maintain cell survival and therefore hasten the 

regeneration process. To date, only a handful of materials have been investigated in terms of their 

utilization for salivary gland (SG) tissue engineering while creating an artificial SG vasculature system 

still remains one of the biggest hurdles.  

To confront these challenges within our work we utilize a 3D extrusion bioprinting technique to 

successfully obtain SG scaffolds of superior shape fidelity while preserving the inherent 

biocompatibility of the ink components. Additionally, as vascularization is abundant for cell survival, 

we propose a 3D fabrication approaches that could address both: the fabrication of artificial SG matrix 

and vessel scaffolds.  

By combining the excellent properties of gelatin, hyaluronic acid (HA) and methylcellulose (MC) with 

extrusion-based direct printing technology, we developed a novel 3D-printable hydrogel (Gel-HA- MC). 

Thoughtfully optimizing the polymers share in the formulation, we printed stable 3D scaffolds 

presenting high accuracy and stability, both during and after printing, at room and body temperature. 

A peculiarity of Gel-HA-MC materials lies in their ability for dual-stage crosslinking due to the 

methacrylation (GelMA) and phenolation (HA-Tyr) of polymers' backbones. Upon the first crosslinking 

stage we obtained shear-thinning inks for convenient 3D printing at relatively low polymer 

concentrations. In the second stage the photopolymerization reactions, triggered by visible light in a 

presence of a cell-friendly photoinitiation system (riboflavin and sodium persulfate) resulted in a stable 

hydrogel printout. The high-water content and swelling capacity (550 %) of Gel-HA- MC hydrogels 

combined with their ECM-like characteristics, richness in RGD peptides and cytocompatibility towards 

SG cells proved their suitability for biological applications including engineering of SG models.  

To 3D print perfusable channels mimicking blood vessels, we used a novel coaxial printing technique. 

In this manner simultaneous extrusion of the Alg - based ink (as the outer layer) with the fugitive 

polymer- Pluronic F127® (the inner side of the nozzle) allowed the hydrogel to form a core-shell tube 

(inner diameter ~360 μm, outer ~1000 μm). After structure strengthening by Ca2+ crosslinking and 

leaching the polymer from the core part, we obtained perfusable, flexible tubes showing great potency 

to act as small blood vessels or fine capillaries. The vascular grafts of this size are challenging to 

fabricate, however, are predominant in every tissue and organ of our body. Due to that, coaxial 

printing can be a promising way to introduce vascular structures into a small size engineered tissue.  

Considering the aspect of vascularization in artificial tissue grafts we hope to bring the current 

strategies a step closer to finding feasible tissue replacements. Additionally, our work may help to 

tackle the problem of artificial SG tissue fabrication and help to obtain in vitro models for determining 

SG malfunction’ underpinnings and screening treatments. It can be a cornerstone for a new method 

of developing vascularized tissue replacements in clinically relevant dimensions.  
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Figure: Graphical abstract summarizing the idea for fabricating SG matrix 
scaffold and vessel-like structures. Created in Biorender.com  
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Bioprinting of Tissues using Ecologically-destructive Tunicate-derived 

Bioinks  
Mano Govindharaja, Soja Somana, Noura Al Hashemia, Sanjairaj Vijayavenkataramana,b 

 

a The Vijay Lab, Division of Engineering, New York University Abu Dhabi, United Arab Emirates  
b Department of Mechanical and Aerospace Engineering, Tandon School of Engineering, New York University, 
Brooklyn, NY 11201, USA  
 

Urochordates are the closest invertebrate relative to humans and commonly referred to as tunicates, 

a name ascribed to their leathery outer “tunic”. The tunic is the outer covering of the organism which 

functions as the exoskeleton and is rich in carbohydrates and proteins. Invasive or fouling tunicates 

pose a great threat to the indigenous marine ecosystem and governments spend several hundred 

thousand dollars for tunicate management, considering the huge adverse economic impact it has on 

the shipping and fishing industries. In this work, the environmentally destructive colonizing tunicate 

species of Polyclinum constellatum and Substantia nigra were successfully identified in the coast of 

Abu Dhabi and methods of sustainably using it as wound-dressing materials, decellularized extra-

cellular matrix (dECM) scaffolds for tissue engineering applications and bioinks for bioprinting of tissue 

constructs for regenerative medicine are demonstrated. The intricate three-dimensional nanofibrous 

cellulosic networks in the tunic remain intact even after the multi-step process of decellularization and 

lyophilization. The dECM tunics possess excellent biocompatibility and remarkable tensile modulus of 

3.85 ± 0.93 MPa compared to ∼0.1–1 MPa of other hydrogel systems. This work demonstrates the use 

of lyophilized tunics as wound-dressing materials, having outperformed the commercial dressing 

materials with a capacity of absorbing 20 times its weight in the dry state. This work also demonstrates 

the biocompatibility of dECM scaffold and dECM-derived bioink (3D bioprinting with Mouse Embryonic 

Fibroblasts (MEFs)). Both dECM scaffolds and bioprinted dECM-based tissue constructs show 

enhanced metabolic activity and cell proliferation over time. Several bioinks were then prepared and 

optimized for bioprinting of human Mesenchymal Stem Cells (hMSCs) and human Neural Stem Cells 

(hNSCs). Successful post-bioprinting differentiation of hMSCs into chondrogenic and osteogenic tissues 

and hNSCs to peripheral neural tissue were studied. Sustainable utilization of dECM-based 

biomaterials from ecologically-destructive fouling tunicates demonstrated in this work helps preserve 

the marine ecosystem, shipping and fishing industries worldwide, and mitigate the huge cost spent for 

tunicate management.  
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Cryogenic contrast-enhanced microCT (cryo-CECT) enables 3D 

quantitative histopathology of soft biological tissues 
Arne Maes1,2,3, Camille Pestiaux2,3, Alice Marino4, Tim Balcaen2,3,5, Lisa Leyssens2,3, Sarah Vangrunderbeeck2,3,5, 
Grzegorz Pyka2,3, Wim M. De Borggraeve5, Luc Bertrand4, Christophe Beauloye6, Sandrine Horman4, Martine 
Wevers1, Greet Kerckhofs1,2,3,7 

 

1 Department of Materials Engineering, KU Leuven, Heverlee, Belgium 
2 Biomechanics lab, Institute of Mechanics, Materials and Civil Engineering, UCLouvain, Louvain-la-Neuve, 
Belgium 
3 Pole of Morphology, Institute of Experimental and Clinical Research, UCLouvain, Brussels, Belgium 
4 Pole of Cardiovascular Research, Institute of Experimental and Clinical Research, UCLouvain, Brussels, Belgium 
5 Molecular Design and Synthesis, Department of Chemistry, KU Leuven, Leuven, Belgium 
6 Division of Cardiology, University Hospital Saint-Luc, Brussels, Belgium 
7 Prometheus, Division for Skeletal Tissue Engineering, KU Leuven, Leuven, Belgium 

 

Introduction 

Given the close structure-function relationships in biological tissues1, the importance of 

histo(patho)logy in understanding the functioning of healthy and pathological tissues cannot be 

understated. Moreover, it allows to evaluate the impact of possible treatments, including tissue 

engineering (TE)-based approaches, on the tissue microstructure (i.e., the structural organization at 

the microscale). However, classical 2D histological techniques only partially reveal the spatially 

complex 3D microstructure of biological tissues2. In this regard, X-ray based 3D histology, using 

contrast-enhanced microCT (CECT), can provide important complementary microstructural 

information 3,4. Here, we present an extension to conventional CECT, termed Cryogenic Contrast-

Enhanced MicroCT (cryo-CECT), to perform quantitative 3D histo(patho)logy of tissues 5. Cryo-CECT 

combines sample staining, using an X-ray contrast-enhancing staining agent (CESA), with freezing at 

the optimal freezing rate. The sample is then imaged by microCT in the frozen state using an in-house 

developed in-situ cryo-stage. We demonstrated that cryo-CECT enables 3D visualization and structural 

analysis of individual tissue constituents, such as muscle and collagen fibers. 

 

Results and discussion 

Cryo-CECT was first optimized in terms of CESA and freezing rate using bovine muscle tissue (Fig. 1 a-

d). We then applied cryo-CECT on murine hearts that underwent transverse aortic constriction (TAC) 

surgery, a well-established experimental model for pressure overload-induced cardiac hypertrophy. 

Cryo-CECT allowed to analyze, in an unprecedented manner, the orientation and diameter of the 

individual muscle fibers in the entire heart (Fig. 1 e), as well as the 3D localization of fibrotic regions 

within the myocardial layers (Fig. 1 f). With this analysis, we demonstrated the added value and 

complimentary of cryo-CECT to conventional histopathological tools. 

 

Conclusion 

In this study, we presented a novel approach to CECT, termed cryo-CECT, which enables 

nondestructive 3D histo(patho)logy of various individual soft tissue constituents by imaging the stained 

sample in its frozen state. The application of cryo-CECT to murine hearts that underwent TAC surgery 

demonstrated the histopathological potential and added value of this new technique.  

 

References 

1. Sieck, G. C. Physiology in Perspective: Structure and Function—Anatomy and Physiology Are Integral. 

Physiology 32, 264–265 (2017). 

2. Hillman, H. Limitations of clinical and biological histology. Medical Hypotheses 54, 553–564 (2000). 

3. De Bournonville, S., Vangrunderbeeck, S. & Kerckhofs, G. Contrast-enhanced microCT for virtual 3D 

anatomical pathology of biological tissues: A literature review. Contrast Media and Molecular Imaging 

2019, (2019). 
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Preclinical platform for long-term evaluation of drug efficacy using 

three- dimensional tumor-stroma spheroids embedded in stiffness-

tunable scaffolds  
Elly De Vlieghere1,2*, Eva Blondeel2,3, Nathan Carpentier1, Manon Minsart1, Koen Van de Vijver2,4 , Sandra Van 
Vlierberghe1,2, Olivier De Wever2,3 

 
1Polymer Chemistry and Biomaterials Group, Centre of Macromolecular Chemistry, Ghent University, Belgium 
2Cancer Research Institute Ghent (CRIG), Ghent University, Belgium 
3Department of Human Structure and Repair - Laboratory of Experimental Cancer Research, Ghent University, 
Belgium  
4Department of Diagnostic Sciences, Ghent University hospital, Belgium  

 

Introduction 

A subtype of ovarian cancers exhibits a KRAS mutation, and is susceptive to targeted therapy exploiting 

a MEK-inhibitor (e.g. trametinib). These therapies usually give a good initial response. However, 

patients often become resistant to treatment and exhibit recurrent disease1. To study resistance 

mechanisms, long-term clinically relevant models, recapitulating the tumor environment, are needed.  

 

Experimental methods 

Hybrid scaffolds were produced by extrusion-based 3D-printing of acrylate-endcapped urethane-

based poly(ethylene glycol) (AUPPEG8k)2 exploiting the 3D Bioplotter (SysEng Bioscaffolder, Hünxe, 

Germany) to ensure similar dimensions in swollen state as a peritoneal metastasis nodule. The 

scaffolds are cylinder- shaped with the following dimensions: 5mm diameter, 4mm height, 500μm pore 

size and 300μm strut diameter. Plasma treatment was exploited to improve the compatibility with a 

gelatin-methacryloyl (2w/v% GelMA solution containing 2 mol% Irgacure 2959 relative to the amount 

of methacrylamide moieties) coating, enabling cell interaction. The scaffolds were seeded with a 

mixture of ovarian cancer cells and cancer associated fibroblasts (CAFs) encapsulated in a type I 

collagen gel (2mg/ml)2. In vitro cultures were monitored by fluorescence microscopy and bio-

luminescent imaging (BLI)3. Scaffolds are randomized into four treatments group based on 

bioluminescent signal; control (0.1% DMSO), Trametinib (1nM Trametinib, C988930 Bioconnect, 

Huissen, The Netherlands)), Luminispib (10nM Luminispib, ORB154741, Bioconnect) and a 

combination thereof (1nM Trametinib and 10nM Luminispib). Culture medium is refreshed 2 times a 

week with medium containing the active compounds.  

 

Results and discussion 

The encapsulated cells self-organize into spheroids within the scaffold pores within 48h. The red 

labeled CAFs initiate spheroid formation and form collagen fibers. These fibers are used by the green 

labeled cancer cells to migrate and form spheroids (fig 1A-B). These spheroids are stable during long 

time culture (>1 month) and are firmly connected to the struts through the collagen fibers (fig 1C-D). 

Scaffolds containing the spheroid co-cultures are used to evaluate long-term treatment effects on the 

cancer cells within the 3D co-culture environment. All treated scaffolds show an initial response. In 

mono- treated scaffolds, the cancer cell viability drops to 10-20% which remains stable for over 40 

days. Conversely, the cancer cell viability for the combination treatment decreases below 1% (fig 1E).  

 

Conclusion 

Hybrid scaffolds mimic the tumor and its environment on a cellular and biophysical level. The 3D co- 

cultures allow long-term therapy evaluation on cancer cells and CAFs. In addition, this long-term 

evaluation allows to investigate the role of the tumor environment on therapy resistance. 2D 

monocultured treated ovarian cancer cells show a complete response within 5 days4, while in 3D co- 

cultures, a significant part of the cancer cells remains viable even after 60 days of treatment. These 
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cells are at risk of becoming resistant and inducing recurrent disease. Combining trametinib with a 

HSP90 inhibitor (luminespib) could possibly circumvent this.  

 

References 

1. Gershenson et al., Lancet 2022. 2. Houben et al., Materials Today Chemistry, 2017. 3. De Jaeghere - 

De Vlieghere et al., Biomaterials 2018. 4. De Thaye et al. Scientific Reports 2020.  
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Fig 1. Fluorescent images of hybrid scaffolds with ovarian cancer cells (green) and CAFs (red) immediately (A) 
and 10h post-seeding (B), confocal fluorescent image 1 week post-seeding (C) and SEM image 1 month post- 
seeding (D). The scale bars represent 50μm. E) Relative cancer cell viability of treated scaffolds determined 
by bio-luminescence.  
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Revealing the 3D anatomy of healthy and diseased murine brain tissue 

with contrast-enhanced computed tomography  
Tim Balcaen1,2,3, Catherine Piens, Ariane Mwema10, Laurens Vandebroek8, Anne des Rieux10, Fabien Chauveau7, 
Wim De Borggraeve1, Delia Hoffmann3,6,9 & Greet Kerckhofs2,3,4,5  

 
1Department of chemistry, Molecular Design and Synthesis, KU Leuven, Belgium 
2Biomechanics lab, Institute of Mechanics, Materials and Civil Engineering, UCLouvain, Louvain-la-Neuve, 
Belgium 3Pole of Morphology, Institute of Experimental and Clinical Research, UCLouvain, Brussels, Belgium 
4Department Materials Engineering, KU Leuven, Leuven, Belgium 
5Prometheus, Division of Skeletal Tissue Engineering, KU Leuven, Leuven, Belgium 
6Centre de Recherche en Neurosciences, Lyon, France 
7Lab of Biomolecular Modelling and Design (LBMD), KU Leuven, Leuven (FWO Postdoc) 
8Skeletal Biology and Engineering Research Center, KU Leuven, Leuven, Belgium (FNRS Postdoc) 
9Louvain Drug Research Institute, Advanced Drug Delivery and Biomaterials, UCLouvain, Brussels, Belgium  
 

The brain as a complex organ still has many remaining unknowns, among others the structure-function 

relationships that allow it to perform its daily tasks. The advancements in neuroimaging techniques, 

image processing methods and, the emergence of the computational neuroscience field have fueled 

brain research on these relationships. Nowadays, the main hypothesis is that the architecture 

influences, but does not fully determine, the dynamics of the neural network. This hypothesis assumes 

that the anatomical connectivity can only partially explain the functional connectivity. To aid in 

validating this hypothesis, there is a need for visualization techniques that can provide accurate 

microstructural information. The most frequently used imaging techniques to study the ex vivo 

microstructure of the brain are ex vivo micro-magnetic resonance imaging (μMRI) (3D) and optical 

microscopy (2D). Ex vivo microfocus X-ray computed tomography (microCT) can obtain higher 

resolutions compared to MRI, but still provide 3D information. However, due to the weakly attenuating 

nature of the soft tissues, no contrast between constituents is observed. Therefore, contrast-

enhancing staining agents (CESAs) have to be applied. Although multiple CESAs have been evaluated 

on brain tissue, the choice of CESA was mainly based on trial-and-error.  

In this study, a novel complementary 3D histological technique, contrast-enhanced computed 

tomography (CECT), combines the discriminative power of classical 2D histological assessment with 

the 3D non-destructive properties of microCT thus obtaining a higher spatial resolution compared to 

MRI. Furthermore, the CESAs we are studying are comparable within the subset of organic and 

inorganic compounds, allowing us to develop substantiated hypotheses for affinity mechanisms.  

Four CESAs have been explored for brain CECT: Hexabrix, CA4+, Preyssler anion and the 1:2 Hafnium- 

substituted Wells-Dawson polyoxometalate (Hf-WD 1:2 POM) (Figure 1). These CESAs differ in 

chemical properties (e.g. charge, size, molecular weight) and heavy atom (Iodine vs Tungsten). They 

have been evaluated for their staining specificity, diffusion and attenuation properties in CECT of 

healthy murine brain tissue. First, we found that the organic CESAs diffuse faster through the tissue 

compared to the inorganic CESAs. This is mainly attributed to a combination of their respective higher 

initial concentration gradient and smaller hydrodynamic radius. Second, the organic CESAs seemed to 

induce slight, but consistent volume changes of the hemisphere over time, whereas no significant 

effect was observed for the inorganic CESAs. Third, differences in staining specificity were observed 

for all four CESAs that are linked to both the chemical properties of the CESAs (i.e. charge, size) as well 

as the tissue architecture (i.e. cell density, myelin content). All CESAs allowed general visualization of 

the anatomy of the hemisphere.  

Next, it was found that staining with Hexabrix resulted in the highest contrast-to-noise ratio (CNR) 

between white and grey matter. This was hypothesized to be linked to the increased myelin content 

in white matter. Therefore, Hexabrix was used to investigate a cuprizone-based demyelination model. 

The contrast provided by Hexabrix between white and grey matter was lost in the regions where 

demyelination was expected, indicating that myelin is a key interaction component. This was 

quantitatively confirmed by grey values measurements and subsequent determination of the 
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fractional anisotropy, the volume fraction and thickness of white matter fibers in the striatum. The 

influence of this disease model on the distribution of other CESAs is ongoing.  

To conclude, we screened four promising CESAs, new to the field of brain CECT imaging, which all 

exhibit distinct profiles in terms of penetration rate, binding affinity and tissue alterations. 

Furthermore, due to its high CNR between grey and white matter, we successfully examined the ability 

of Hexabrix to investigate a cuprizone-based demyelination model.  

 

 

  

Figure 1: a. Registered cross-sectional CECT images of one representative murine hemisphere, stained 

with the four evaluated CESAs (CA4+, Hexabrix, Preyssler anion and Hf-WD 1:2 POM) for 1, 2, 4 and 9 

days respectively (n = 3 per CESA). Scale bar = 1 mm.  
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Brain organoids are an emerging in vitro model that offers a more realistic representation of a neural 

environment compared to 2D cultures. At the same time, they are also a large scale and easier to 

maintain tool compared to most used animal models like mice. In this study we aim at developing and 

characterizing 2 types of murine brain organoids: one with neurons and astrocytes, one containing 

microglia too.  

In order to study neuroinflammatory responses, brain organoids are treated with different 

combinations of stimuli. Organoids with neurons and astrocytes are stimulated with IL1β + TNFα + 

IFNγ, while organoids including microglia are stimulated with LPS + IFNγ, to recreate the stress present 

during neuroinflammatory states. The resulting effects are then measured through flow cytometry, to 

assess the viability of the cells, through ELISA assays, to verify the presence of pro-inflammatory 

cytokines (e.g. IL6, TNFα, CXCL10) and with immunocytochemistry, to investigate the presence of 

inflammatory markers. 

We here demonstrate how it is possible to stimulate both brain organoid models, causing a decrease 

in the viability of the cells and a higher expression of pro-inflammatory cytokines compared to 

untreated organoids. 

Finally, we believe that these models, with their fast protocol that allows to obtain numerous brain 

organoids, have the potential to be used as a preliminary test for drugs screening. For this reason, we 

plan to test different anti-inflammatory molecules, to assess their ability in preventing, diminishing or 

solve the inflammatory state. 

 

 

Fig. 1. Stimulation of brain organoids containing neurons and astrocytes. A) Immunocytochemistry of a slice of 
an iPSC derived organoid showing DAPI (nuclei) in blue and neurons (βIII tubulin) in red (astrocytes not shown in 
this picture). B) The addition of the cocktail of inflammatory molecules LPS + IFNγ, IL1β + IFNγ + TNFα or IL1β + 
IFNγ + TNFα + LPS + ATP causes an increased secretion of the pro-inflammatory cytokines IL6 and CXCL10 
compared to unstimulated controls. The addition of ATP does not affect them. 
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Fig. 2. Stimulation of brain organoids containing neurons, astrocytes and microglia. A) Immunocytochemistry of 
a slice of an NSC derived organoid showing DAPI (nuclei) in blue, neurons (βIII tubulin) in red and microglia 
(eGFP) in green (astrocytes not shown in this picture). B) The addition of the inflammatory molecules LPS + IFNγ 
causes an increased secretion of the pro-inflammatory cytokine IL6 compared to unstimulated controls. C) The 
percentage of viability of the cells in the organoids decreases after stimulation with LPS + IFNγ.  
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Although stroke is one of the world’s leading causes of death and disability, and more than a thousand 

candidate neuroprotective drugs have been proposed based on extensive in vitro and animal-based 

research, an effective neuroprotective/restorative therapy for ischemic stroke patients is still missing. 

This is partially due to the current lack of a physiologically relevant human in vitro stroke model. To 

address this problem, in the first instance, we have developed a luminescent human iPSC-derived 

neurospheroid model that enables real-time read-out of neural viability after ischemia-like conditions 

(Figure 1A). We subjected 1- and 4-week-old neurospheroids, generated from iPSC-derived neural 

stem cells, to 6 hours of oxygen-glucose deprivation (OGD) and measured neurospheroid 

luminescence. For both, we detected a decrease in luminescent signal due to ensuing neurotoxicity, 

as confirmed by conventional LDH assay and flow cytometric viability analysis. Remarkably, 1-week-

old, but not 4-week-old neurospheroids recovered from OGD-induced injury, as evidenced by their 

reduced but overall increasing luminescence over time. This underscores the need for more mature 

neurospheroids, more faithfully recapitulating the in vivo situation. Furthermore, treatment with pan-

caspase inhibitor Z-VAD-FMK did not increase overall neural survival in neurospheroids after OGD, in 

contrast to a 2D culture of the same hiPSC-derived neural stem cells, where neuroprotection was 

observed. This exemplifies how the increased complexity of spheroid models can result in a different 

outcome when testing neuroprotective compounds. 

In a second part, we aimed to further increase the complexity of the developed human neurospheroid 

model by generating more mature neurospheroids additionally containing glial cells (Figure 1B). Both 

astrocytes and microglia have been ascribed important roles in the pathophysiology of ischemic stroke. 

In a first set of explorative experiments, culture conditions were optimized in order to obtain 

neurospheroids with increased maturity and the presence of astrocytes. Hereby, increasing the culture 

time of the neurospheroids markedly increased neuronal maturity and supported the spontaneous 

development of astrocytes. It was also noted that culture of neurospheroids in selected differentiation 

media available from literature did not give rise to astrocytes for the evaluated time points, despite 

their ability to display faster neuronal differentiation and maturation. In a second set of explorative 

experiments, the integration of hematopoietic progenitors cells into neurospheroids was explored for 
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the future creation of an immune-competent, microglia-enriched neurospheroid model for ischemic 

stroke. Comparison of different time points for the addition of hematopoietic progenitor cells to 

neurospheroids, showed higher integration efficiency when added to pre-established neurospheroids 

and suggest a role for CSF-1 herein. 

In conclusion, the human multicellular neurospheroid model developed here has the potential to 

complement 2D in vitro models and animal models to gain more insight into pathophysiological 

mechanisms of ischemic stroke and to bridge the translational gap between preclinical studies and 

clinical trials when testing urgently needed novel neuroprotective therapies for ischemic stroke. 

 

 

Figure 1 – (A) Schematic overview of the development of luminescent neurospheroids generated by the 
spontaneous self-assembling capacity of genetically engineered luciferase (Luc) positive human iPSC-derived 
neural stem cells. These neurospheroids are subsequently deprived from oxygen and glucose to model an 
ischemic stroke. (B) Schematic overview of the development of more mature, multicellular neurospheroids by 
optimization of culture conditions and addition of hematopoietic progenitor cells to the neurospheroid. (iPSC, 
induced pluripotent stem cell; NSC, neural stem cell; Luc, luciferase) 
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Introduction  

The limited knowledge in the field of tissue engineering about biokinetic conditions and biochemical 

signaling in traditional in vitro protocols often leads to poor interpretation of the results due to a lack 

of quality data. This implies carrying out a large number of experiments on animals to obtain results 

that have to be directly extrapolated to the human case. Organ-on-a-chip (OoCs) technologies have 

become an essential research tool as it has boosted many aspects of biological research domains in 

broad fields such as biomedicine. It is then possible to reproduce, in a controlled manner, the cellular 

microenvironments of tissues and investigate the effect of stimuli, signals, processes, and drugs. In this 

work, we show two OoCs devoted to evaluating i) proangiogenic and ii) cardiac tissue biomaterials.  

 

Materials & methods  

Platforms were designed with CAD software and soft lithography in PDMS after in-silico optimization 

and validation by finite elements simulations of flows, species diffusion, a gradient of signaling, and 

electrical field generation. Biomaterials to be validated were produced by electrospinning using 

polylactic acid (PLA) as the main component and adding calcium-releasing nanoparticles for the 

angiogenic platform; and pure PLA with a high content of D-isomer for the cardiac platform. In both 

platforms, fibrin (fibrinogen + thrombin) was used as an extracellular matrix (ECM). Migration of rat 

endothelial progenitor cells (rEPCs) was evaluated in the proangiogenic devices [1]; polarization and 

differentiation of primary cardiomyocytes (PCM) in the cardiac platform [2]. Immunohistochemistry 

was used to light cell structures and quantify the level of material efficiency and feasibility through 

confocal imaging. ELISA and RT-qPCR analyses were performed to quantify protein and protein gene 

expression of proangiogenic and maturation biomolecules of interest. Migration assay outcomes were 

applied as boundary conditions for a dynamic phase-field in silico model testing a migration associated 

with a rEPCs-promoted ECM degradation approach [3].  

 

Results & discussion  

Results evidenced that the angiogenic platform was useful to evaluate a proangiogenic biomaterial. 

rEPCs were able to migrate longer distances following cell tip which was following the direction of the 

signaling gradient promoted by the biomaterial. This behavior was especially interesting with the 

creation of calcium ions gradients able to stimulate mesenchymal stem cells to create the angiogenic 

cocktail able to mobilize rEPCs (Fig. 1). Chemotaxis and collective cell migration was inferred and 

modeled in silico. Results showed the importance of the size of the ECM pore to guide sprouting tip in 

proto-vessels growth and the need for local ECM degradation by EPCs for a faster migration.  

We were also able to polarize PMCs using pure PLA electrospun fibers and the application of an electric 

field parallel to the direction of the fibers allows them to differentiate and be functional. Some ratios 

such as MYH7/MYH6 gene expression for cardiomyocytes highlighted that there is a need for 3D 

topography that will be challenged by the use of two-photon polymerization (2PP) already ongoing.  

 

Conclusions  

Results demonstrated that the gap between in vitro characterization techniques and in vivo assays is 

getting narrower. OoCs represent a serious alternative to in vivo models even able to improve 

outcomes and versatility. As well, OoCs also showed that can be a real option for data obtention to 
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further model biological processes such as angiogenesis towards the generation of feasible algorithms 

for deep learning.  
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The cornea is a transparent, dome shaped membrane which functions 

as barrier between the outside world and the eye. It is composed of 5 

layers; the epithelium, the Bowman’s layer, the stroma, the 

Descemet’s membrane (DM) and the endothelium (Figure 1). Several 

diseases or trauma can lead to opacification of the cornea, resulting in 

an impaired vision or even blindness. Corneal blindness is the fourth 

leading cause of blindness worldwide, affecting around 23 million 

people.[1] Currently, the only treatment for corneal endothelial 

diseases, a collective term referring to all conditions that cause the 

degeneration of the corneal endothelium and thereby lead to a 

dysfunctional cornea, involves a transplantation with tissue from 

cadaveric donor eyes. Because of the limited availability of the latter, 

researchers are investigating donor independent strategies to replace 

a diseased corneal endothelium. Alternative treatments in 

development include scaffold-free methods (such as endothelial cell 

injection and transplantation of a sheet of corneal endothelial cells 

(CEnCs)) and scaffold-based approaches. In the latter, a tissue 

engineered graft is produced consisting of a structural support and a 

layer of CEnCs.[2] The properties of the natural DM (e.g. transparency, 

Young’s modulus, thickness, etc.) are used as benchmark for the 

scaffold since it functions as natural basement membrane of the 

CEnCs. Eventually, the implant should replace the original endothelium and DM in order to restore the 

patient’s vision.  

In this research, it is aimed to produce an artificial DM mimic on which CEnCs can be grown to produce 

a tissue engineered endothelial graft. To this end, a material needs to be developed that is, among 

others, mechanically strong enough for the surgical implantation and cell interactive. Therefore, 

gelatin derivatives were modified with poly(D,L-lactic acid) (PDLLA) grafts to combine the properties 

of both materials. First, the amine groups of gelatin were modified into methacrylamide or 

norbornene, creating Gel-MOD with a degree of substitution ranging from 70 to 90 %. Then, grafting 

was realized by using the remaining functional groups on gelatin as macroinitiator for the ring opening 

polymerization of PDLLA (Figure 2). Optimization indicated that a temperature of 65°C, a reaction time 

of 24 hours and 1 equivalent of the organocatalyst 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) were the 

most optimal conditions for this reaction. The obtained Gel-MOD-PDLLA was characterized using e.g. 
1H-nuclear magnetic resonance spectroscopy, thermogravimetric analysis, differential scanning 

calorimetry and rheology. It was found that the MM of the PDLLA grafts ranged from 280 to 90 000 

g/mol. 

Via spin coating, the produced materials were processed into functional membranes which showed a 

transparency over 96% for the entire visual spectrum. This transparency is sufficiently high for the 

application. Further evaluation of both the material (e.g. the influence of the MM of the PDLLA grafts 

on the mechanical properties) and the membrane (thickness, diffusion, etc.) is necessary to obtain a 

scaffold with adequate properties that can serve as a basement membrane for CEnCs. 

Figure 2. A cross-section of the eye 
indicating the 5 layers of the 
cornea. 
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Figure 3. Schematic overview of the development of Gel-MOD-PDLLA by grafting D,L-lactide from Gel-MOD. 
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Introduction 

The engineering of functional macrotissues, such as muscle tissue, is challenging due to the limited 

degree of diffusion, resulting in poor cell survival rates. To overcome this problem, the incorporation 

of a (mature) vascularized network is important. Therefore, a possible strategy is conducting bottom-

up tissue engineering by generating vascularized tissue-specific spheroids that can serve as tissue 

building blocks. The use of these microtissue building blocks is advantageous compared to single cells 

because of their high cell density, improved cell survival, microarchitecture and accelerated ECM 

production. When spheroids are combined with a suitable hydrogel, a bioink can be obtained. This 

bioink can be used for 3D bioprinting applications or for casting in an in-house developed bio-artificial 

muscle (BAM) system. After printing and/or casting, fusion of the microtissues is allowed and more 

complex macrotissues can be obtained. 

 

Methodology 

Myogenic vascularized spheroids were generated by seeding different ratios of human myoblasts, 

endothelial cells and mesenchymal stem cells (1,0x106 cells) in an in-house developed microchip 

system with 400 µm pores. After 4 days of cultivation in medium specialized for endothelial cell growth 

(EGM-2), spheroids were exposed to myogenic differentiation medium consisting of DMEM:glutamax 

supplemented with 50 µg/ml gentamicin, 50 µg/ml bovine serum albumin, 10 µg/ml human insulin 

and 10-10 g/ml human epidermal growth factor. Analysis was performed after 4, 8 and 12 days of chip 

culture. Immunohistochemical staining for tropomyosin and CD31, as well as, histological, live/dead 

analysis and qPCR was conducted. With this, the morphology, ECM production, differentiation and 

spheroid viability was evaluated. 

Myogenic spheroids of varying maturation stages (early, mid and late) were encapsulated in the BAM 

system with fibrin hydrogel to allow fusion. Analysis was performed after 7 days of culture. 

Immunohistochemical staining for tropomyosin, as well as, other histological analysis and qPCR was 

conducted. With this, the morphology, ECM production and differentiation of the bio-artificial muscle 

was evaluated.  

 

Results 

Vascularized myogenic spheroids could be obtained containing several ratios of cells. The spheroids 

remained viable over time. (Immuno)histochemical analysis showed the presence of tissue-specific 

ECM components and the formation of microvascular networks. After encapsulating the spheroids in 

the BAM system, fusion was allowed and aligned myofibers were formed.  

 

Conclusion 

During this study it was demonstrated that vascularized myogenic spheroids can be obtained to use as 

a part of a bioink. Moreover, the maturation stage of the spheroids before encapsulation in the BAM 

system influenced the morphology of the aligned myofibers.  
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According to estimations of the Global Cancer Observatory, over 2.2 million women were diagnosed 

with breast cancer in 2020, worldwide.[1] While most often requiring surgical removal of the affected 

breast tissue, breast reconstruction following mastectomy remains a challenge.[2] Therefore, a strong 

research focus is directed towards regenerative adipose tissue engineering (ATE). In this work, Digital 

light processing (DLP) was used, as a promising 3D printing technique with excellent resolution, to 

serve the ATE field. To date, its full potential remains insufficiently explored by the scarcity of smart 

photo- responsive biodegradable and biocompatible polymers. The present study focuses on the 

development of photosensitive resins based on PCL acrylate-endcapped urethane-based polymers 

(AUPs) to create biodegradable scaffolds with a shape shift around body temperature.  

To this end, two different PCL backbones, with molar masses of 2000 g mol-1 (PCL-2) and 6000 g mol-1 

(PCL-6), were synthesized and functionalized into diacrylate AUPs. Differential Scanning Calorimetry 

measurements indicated melting points down to 35°C and 49°C, respectively. For further processing 

by means of DLP, the materials were converted into photosensitive resin formulations, containing TPO-

L as photo-initiator, tartrazine as photo-absorber and NMP as solvent.  

Rheological evaluation indicated the maximum applicable AUP concentration, while maintaining a 

viscosity below 3 Pa.s. PCL-2 AUP was deemed the most promising material due to its overall lower 

viscosities as well as its transition temperature right below body temperature. Photorheology 

measurements were performed to gain insight in the photocrosslinking kinetics upon variation of the 

PI concentration. In combination with gel fraction values (> 70%) and swelling degrees (< 10%), the 

final TPO- L concentration was selected.  

Next, porous scaffolds were DLP printed, with pore size and strut size close to target (1000 μm x 1000 

μm and 200 μm respectively), as confirmed by Light microscopy and Scanning Electron Microscopy. 

Compression tests demonstrated that the the developed scaffolds are suitable to serve soft TE 

applications (E-modulus: 7.1 ± 1.2 kPa). Shape memory properties were indicated, as proof-of-concept, 

with a transition around body temperature, rendering them promising candidates for minimally 

invasive approaches. Finally, the potential of the developed shape memory scaffolds with regards to 

tissue engineering applications was confirmed by in vitro biocompatibility studies. These assays 

showed limited cytotoxic potential, as evidenced by a cell viability and metabolic activity > 70%.  

Finally, it can be concluded that these biocompatible DLP printed porous scaffolds exhibiting thermo- 

responsive shape memory behavior around body temperature, are a suitable candidate for their use 

in minimally invasive tissue engineering applications.  
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Figure 1: Digital light processing of porous poly(ε-caprolactone)-based scaffolds with thermoresponsive 
shape memory properties. Biological evaluation shows cell viability exceeding 70%.  
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When a bone defect exceeds the regenerative capabilities of bone tissue, a critical defect arises in 

which bone is unable to heal itself through bone remodelling, so surgical intervention becomes 

required. Four million surgeries are performed annually to treat bone defects using either bone grafts 

or synthetic substitutes rendering it the second most transplanted tissue worldwide [1]. Given the 

drawbacks associated with auto- and allografts, alternatives mimicking the composition and properties 

of the native extracellular matrix are gaining increasing interest. These biophysical cues are hereby 

converted into biochemical cues through mechanosensitive pathways that regulate cell behavior [2]. 

Therefore, the aim is to develop a biomimetic hydrogel mimicking the bone extracellular matrix. 

Previous research already indicated that our novel, double-modified gelatin-norbornene (GelNBNB) 

exhibits, when crosslinked with thiolated gelatin as an osteoid mimic, a superior osteogenic response 

compared to the current gold standard gelatin methacryloyl in osteogenic differentiation studies with 

dental pulp-derived stem cells (DPSCs) thanks to its tailored biophysical cues. In addition, the highly 

controlled (verified through thermogravimetric analysis, Figure 1A) incorporation of amorphous 

calcium phosphates (20, 40 and 60 w%) into the hydrogel did not affect the percentage of reacted 

thiol-ene functionalities (verified through high resolution magic angle spinning proton nuclear 

magnetic resonance spectroscopy, Figure 1B). Inclusion of the amorphous calcium phosphates did not 

significantly change the observed mechanical properties compared to the photo-crosslinked gelatins 

on their own (verified through rheology, atomic force microscopy (AFM) and texturometry, Figure 1C-

E) yet the roughness of the material was slightly increased (verified through AFM, Figure 1F). The 

composite further contributed to the osteogenicity, albeit to a much lower extent than the effect 

resulting from the biophysical cues of the crosslinked gelatin networks (an overall 1.09-fold increase 

in ALP-production after 14 days and 1.11-fold increase in stem cell-based calcium deposits after 21 

days, Figure 1G-H). The same effect was observed when compared to inclusion of the more crystalline 

hydroxyapatite (overall 1.08-fold increase in ALP-production after 14 days and 1.06-fold increase in 

stem cell-based calcium deposits after 21 days, Figure 1G-H). Interestingly, when the cell type (adipose-

derived stem cells (ASCs) instead of dental pulp-derived stem cells) was altered, a more pronounced 

calcium phosphate concentration dependence was observed after 21 days despite lower levels of 

osteogenic differentiation markers (Figure 1G-J). This may indicate that dental pulp-derived stem cells 

are more mechanosensitive towards osteogenesis whereas adipose-derived stem cells rely more on 

biochemical cues for osteogenic differentiation. Conflicting results regarding the osteogenic capability 

of dental pulp- versus adipose-derived stem cells have been published in literature. However, when 

comparing both stem cells to the bone marrow-derived gold standard in donor-matched studies, 

DPSCs clearly outperform ASCs which is in line with our observations [3,4].   

 

In conclusion, the osteogenic response observed for a thiol-ene modified gelatin network 

incorporating calcium phosphates as a composite is greatly dependent on the mechanosensitivity of 

the investigated stem cell type. The addition of ceramic biochemical cues could not significantly alter 

the osteogenic differentiation when compared to a network exhibiting only biophysical cues for 

mechanosensitive dental pulp-derived stem cells.  

 



 32 

The authors would like to acknowledge the financial support from the Research Foundation Flanders 

(FWO80227) and Interreg 2Seas 3DMed and 3D4Med. 

 

[1] Turnbull G, et al. Bioact Mater, 3(3), 278, 2018; 

[2] Reilly GC, Engler AJ. J Biomech, 43(1), 55, 2010; 

[3] Alge DL, et al. J Tissue Eng Regen Med, 4(1), 73, 2010; 

[4] Mohamed-Ahmed S, et al. Stem Cell Res Ther, 9(1), 1, 2018. 

 

 
Figure 1: Bone extracellular matrix composite mimicry: samples ceramic fraction (A), reacted functionalities (B), 
mechanical characterisation (C-E), topographical characterisation (F) and osteogenic differentiation tests with 
DPSCs (G-H) and ASCs (I-J). 
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Introduction 

Bone defects caused by trauma, tumor resection or infection require surgical intervention. In recent 

decades, porous scaffolds have been used to repair said defects [1]. Bone regeneration in porous 

scaffolds involves numerous complex physiological factors, which are difficult to observe in vivo and 

in vitro. Mathematical modeling provides a quantitative tool to understand complex biological 

processes and guide the design of scaffold structures for better ingrowth [2]. 

Method 

In this study, a 3D mathematical model of bone regeneration in porous scaffolds was established, 

coupling immune regulation, cell activity, angiogenesis, and the diffusions of growth factors and 

oxygen. The role of M1 and M2 macrophages on bone regeneration during the inflammatory response 

was incorporated in the model. The concentration distributions of growth factors and oxygen in the 

pore space were calculated by diffusion equations and solved by the lattice Boltzmann method. Both 

cell activity and angiogenesis were described using an agent-based model. The probability of cell 

migration in each direction was proportional to the concentration gradients of growth factors and 

oxygen. The proliferation rate and differentiation rate of the cells were set as constants. Cell apoptosis 

occurred when the oxygen concentration was lower than the threshold. The temporal and spatial 

distributions of growth factors and oxygen concentrations were described by partial differential 

equations. The model was written in C++, and parallel computing on GPU was implemented to increase 

the computing speed. 

Results 

The bone deposition distribution predicted by the model is consistent with the in vivo experimental 

results obtained in house with 3D printed Titanium scaffolds implanted in the dorsal muscles of beagle 

dogs [3]. The computational results indicate that the spatial distribution of pro-inflammatory factors 

influences the distribution of macrophage polarization, which generates a concentration gradient of 

osteogenic growth factors and induces cell migration and bone regeneration. In straight channels, 

osteogenic cells migrated further inward and bone formation was initiated in a deeper position, while 

in tortuous pore spaces vessels and newly formed bone were less able to penetrate the scaffold. 

Conclusion 

This study explored the mechanisms by which multiple biological processes affect bone regeneration 

through the use of a mathematical model. The model can contribute to a deeper understanding of the 

mechanism of the effect of porous structures on bone regeneration and can guide the design of 

scaffold structures in the future. 
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Figure 1. (a) Schematic illustration of bone ingrowth in a channel. (b) Osteogenic growth factors in the straight 
channel and staggered partitioned channel. (c) Distributions of cells, bone, and vessels in a straight channel and 
a staggered partitioned channel 16 weeks after implantation. 
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Introduction 

While treatments in the dentoalveolar region have addressed a variety of complications, they are met 

with challenges [1], resulting in the exploration of tissue engineering (TE) strategies [2]. However, the 

complicated physical, mechanical and biological properties of this region stemming from the 

heterogeneity of the tissues complicate the application of TE strategies [3]. Consequently, bioprinting 

has been applied to the regenerative strategies in the region aiming to address this complexity. 

The materials used for the preparation of bioink is one of the challenging research areas for successful 

bioprinting [4]. While most of the studies in this field perform bioprinting at temperatures lower than 

physiological temperature, which might negatively affect cells, this study aims to develop a bioink 

based on poly n-isopropylacrylamide (pNIPAM) capable of bioprinting at 37 ℃. To this aim, this study 

hypothesized that copolymerization of methylcellulose (MC) and pNIPAM along with further 

modification of hydroxyl groups on MC with methacrylic groups could lead to development of a 

thermoresponsive, photocrosslinkable and versatile bioink suitable for bioprinting through different 

modalities at physiological temperature. 

 

Materials and methods 

To synthesize methacrylated methylcellulose pNIPAM (MC-pNIPAM) copolymer, the first step 

consisted of a radical polymerization under inert atmosphere involving MC and NIPAM (4:1, 1:1, 1:4), 

initiated by ammonium persulfate (APS) and Tetramethylethylenediamine (TEMED). The 

methacrylation step was performed by reaction of methacrylic anhydride and the polymer at pH 9. The 

synthesized copolymer was evaluated using Fourier-transform infrared spectroscopy (FTIR) and proton 

nuclear magnetic resonance (1H NMR).  

Possibility of 3D printing the proposed hydrogels at 37 ℃ was evaluated using a bioprinter 

(3DDiscovery, RegenHU) and Printed constructs were evaluated in terms of their shape fidelity, and 

ability to print multilayer constructs. Degradability of the designed hydrogels, along with their water 

release was evaluated through gravimetry method. To assess suitability of the hydrogels for 

encapsulating cells, human dental pulp stem cells (DPSCs) were encapsulated, and their viability was 

assessed through live/dead analysis. Statistical analysis was performed through two-way ANOVA 

followed by Tukey’s post-hoc analysis. 

 

Results and discussion 

The success of the MC-pNIPAM copolymerization was confirmed by FTIR, as the characteristic peaks 

of both materials were observed. This was further confirmed by 1H NMR spectroscopy, along with the 

success of methacrylation. While grafting of methylcellulose on pNIPAM has been previously reported 

[5], the methacrylation step enables permanent crosslinking and hence, applicability in bioprinting 

strategies. However, the main hindrance originates from significant syneresis of pNIPAM at 

physiological temperatures, being around 80 %. This study demonstrated the difference in the water 

content of the copolymer between room temperature and 37 °C to range from 5 to 70 %, depending 
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on MC content, which could be attributed to the increased hydrophilicity resulting from presence of 

MC. Printability studies demonstrated high fidelity in 4:1 and 1:1 ratios, along with the ability to print 

multilayer constructs. Furthermore, incorporation of MC resulted in a degradation of approximately 

40 % within two weeks in vitro. Moreover, DPSCs encapsulated in the hydrogels demonstrated 

sustained viability within one week of in vitro culture.     

 

Conclusions 

Taken together, the results suggest the proposed material to be suitable as a novel, versatile bioink 

aimed at TE in the dentoalveolar complex capable of bioprinting at 37 ℃, as the main required 

characteristics such as printability, degradability and biocompatibility have been demonstrated.  
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Angiogenesis is the formation of new blood vessels from preexisting capillaries and is induced by 

various growth factors and cytokines. Interleukin-6 (IL-6) is a pleiotropic cytokine implicated in pro-

inflammatory processes and anti-inflammatory responses. However, its potential as an angiogenic 

agent has not been thoroughly investigated.    

The aim of our study was to elucidate the effect of IL-6 on regulating the angiogenic response in human 

umbilical vein endothelial cells (HUVECs) in vitro. We found that IL-6 stimulated the proliferation of 

HUVECs and preliminary results showed an enhancement of HUVEC migration upon IL-6 treatment in 

a wound healing assay. Further, IL-6 exhibited no chemoattractant properties in a transwell migration 

assay, suggesting that IL-6 acts directly on endothelial cells to promote migration. In vivo, IL-6 was able 

to induce blood vessel formation in the chicken chorioallantoic membrane assay.   

In conclusion, our data demonstrate that IL-6 boosts angiogenesis in HUVECs and represents a 

promising novel therapeutic target in the angiogenic field. In the next step, the angiogenic response 

of IL-6 will be further defined by performing a tube formation assay. In addition, the effect of IL-6 on 

the secretion of other angiogenic factors in HUVECs will be elucidated with an antibody array. Hence, 

valuable information regarding the mode of action and the potential of IL-6 as an angiogenesis 

enhancer will be revealed.  

  



 40 

How to increase the visibility of expertise on New Approach 

Methodologies in Belgium 
Mieke Van Mulders1,2, Maude Everaert1,2, Vera Rogiers2† and Birgit Mertens1†  
 
1 SD Chemical and Physical Health Risks, Sciensano, Brussels, Belgium. 

2 In Vitro Toxicology and Dermato-cosmetology, Faculty of Medicine and Pharmacy, Vrije Universiteit Brussel 
(VUB), Brussels, Belgium. 
† These authors have contributed equally to this work and share last authorship. 

 

Although the 3Rs Principle (Replacement, Reduction, Refinement) was already introduced more than 

6 decades ago, the replacement of animal testing remains a challenge in the 21st century. New and 

innovative technologies can help to reduce or sometimes even avoid the use of experimental animals 

in the life sciences. They are referred to as ‘New Approach Methodologies (NAMs)’ and include, 

amongst others, sophisticated cell- and tissue cultures such as organoids and organ-on-chip, 

computational modelling techniques, high throughput testing strategies, and the use of -omics. Even 

though the importance of NAMs is gaining interest worldwide, their international acceptance and 

(regulatory) implementation is often lagging behind.  

Stimulating the development and use of NAMs may benefit from a bottom-up approach, i.e. local 

initiatives mapping the available expertise on NAMs and promoting their use. An example of such an 

initiative is the RE-Place project in Belgium, which is funded by the Flemish and Brussels government 

and coordinated by Sciensano and Vrije Universiteit Brussel (VUB).  

Due to the rapid development pace of NAMs, (young) scientists may encounter difficulties in finding 

relevant, reliable and up-to-date information in a fast and efficient way. The RE-Place database 

facilitates the search for this type of information by collecting the available expertise on NAMs in one 

central, open access database. All submitted NAMs are linked with the names of experts and research 

centers where these technologies have been developed and/or are currently applied. This type of 

information is often not ready available to the relevant stakeholders involved (scientific community, 

ethical committees, regulators, the government, etc.). This makes the RE-Place database unique in its 

sort. By having ready access to a direct point of contact, networking activities are strongly facilitated, 

allowing to speed-up the development and validation processes which are needed for the actual 

implementation of NAMs in routine practices. 

The RE-Place team created a template to collect the information of interest in a fast and consistent 

manner. To simplify the submission process, a web-based application was developed which allows to 

directly integrate the submitted data into the open access database. Aspects such as user-friendliness, 

incentives for collaboration, quality check of submitted information, protection of personal data and 

Intellectual Property (IP) rights were all considered during the development process. By consulting the 

database, available via www.RE-Place.be, scientists from various research disciplines and regulatory 

domains can easily identify the different types of NAMs and the experts using them in Belgium. 

In August 2022, the RE-Place database contained 199 methods submitted by 138 experts from 24 

different (research) institutes. The majority of the submitted methods is situated in basic and applied 

research and is categorized as an in vitro or ex vivo method. 

In addition to actively collecting the existing expertise on NAMs in Belgium, the RE-Place project also 

promotes the use of new technologies by sharing (inter-)nationally available knowledge via the 

website and corresponding social media channels. Face-to-Face meetings are organized with experts 

from various life science areas to present the project, highlight the importance of NAMs and set-up 

new collaborations. This approach ensures a close and reliable interaction with all involved 

stakeholders. As such, the RE-Place project not only helps to raise awareness, but also builds bridges 

and increases trust in the use of these new technologies, thereby stimulating the regulatory uptake of 

NAMs and their daily use.  

  



 41 

Active foam dynamics of micro-tissue fusion  
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The fusion assay is a widely used methodology to examine the bulk rheological properties of tissue 

spheroids. Originally, this process was described using a liquid framework, in which the decrease in 

surface energy is balance with viscous dissipation. The results is that, larger and more viscous 

spheroids fuse, slower, while spheroids with higher surface tension fuse faster. However, this 

description cannot account for the observation that fusion can be locked in an incomplete state, called 

arrested coalescence. For this reason new visco-elastic descriptions of the fusion process have been 

proposed in literature [1]–[3].  

In this talk I will show how we applied an individual cell-based model (figure) to bridge the gap between 

cell properties and the dynamics and outcome of the fusion assay. Complementary information is 

obtained by analyzing both the bulk, i.e. the fusion process, and the movement of the individual cells 

in the tissue. Two important axes in our study are the ratio of interfacial tension to cell surface tension 

𝜔/𝛾 and the cell traction forces 𝑃!. While increasing the first gives the cells the ability to deform more 

easily, the second one results in fluidization of the tissue i.e. cells change neighbors. We discovered 

that an increased interfacial tension results in faster fusion, however, when the level of activity is 

insufficient, local stresses cannot relax causing fusion to arrest. At high levels of both 𝜔/𝛾 and 𝑃! fusion 

is complete and mixing occurs. At low levels of 𝜔/𝛾, but at high 𝑃! the driving force for fusion is too 

low to direct the process, causing it to arrest. Ongoing effort goes to validating our simulations by 

confocal microscopy. Bridging the gap between cell mechanical properties and bulk rheological 

properties will be highly valuable for tissue engineering. 
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Figure 4. Left) simulation of a tissue spheroid using individual cell-based model. Each cell is simulated as a viscous shell 
with a surface tension 𝛾, and cell-cell adhesion 𝜔. An active pressure 𝑃! is exerted on the membrane in the polarization 
direction of the cell. Volume of each cell is conserved using a PI-controller with bulk modulus 𝐾. Right) Interplay 
between interfacial tension (𝜔/𝛾) an active pressure 𝑃" shows the complexity in outcome of the fusion process.  
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Introduction  

The vascularization of tissue-engineered constructs remains a key challenge in the field of skeletal 

muscle tissue engineering. So far, endothelial cells derived from human umbilical cords (HUVECs) have 

been the predominant EC type for generating vascular networks within an engineered tissue. However, 

ECs display a great heterogeneity and are organ- and tissue-specific, interacting with surrounding cell 

types. Therefore, we investigate the use of human skeletal muscle microvascular endothelial cells 

(SkMVECs) for in vitro pre-vascularization of bioartificial muscle. For this, we have developed a protocol 

for isolating this muscle-specific EC type in co-isolation with myoblasts and the remaining CD56- cells 

from human skeletal muscle. Next, we investigated the endothelial network formation of the SkMVECs 

in vitro using the CD56- cells as supporting cell types.  

 

Materials and methods  

Human skeletal muscle tissue was digested using an automated enzymatic and mechanical tissue 

dissociation. Next, isolated cells were separated using magnetic-activated cell sorting (as described in 

1) according to their respective cell markers: SkMVECs (CD31+), satellite cell-derived myoblasts (CD56+) 

and the remaining cells (CD56-). The isolated SkMVECs were labeled with GFP by viral vector 

transduction. For investigating the endothelial network formation, GFP-SkMVECs were cast in fibrin 

hydrogel (1mg/ml) either as a monoculture or co-cultured in different ratios with the CD56- cells (ECs: 

CD56- cells 1:3; 1:1; or 5:1). Endothelial network formation was evaluated after 14 days using 

fluorescence microscopy. Functionality of formed endothelial networks was tested in vitro using Texas 

RedTM-labeled dextran and imaged via confocal microscopy.  

 

Results and Discussion  

All three cell types were isolated using the developed protocol. Myoblasts and SkMVECs were 

thoroughly characterized by immunofluorescence staining, flow cytometry and their functional 

characteristics shown in vitro. Endothelial network formation by SkMVECs was followed over 14 days. 

The co- isolated CD56- cells were found to support endothelial network formation of GFP-SkMVECs, as 

demonstrated by partial lumen formation (Fig.1).  

 

Conclusion and future perspective  

Isolated human SkMVECs were demonstrated to form partially hollow endothelial networks in vitro 

when co-cultured with the isolated CD56- cells. In a next step, the CD56- cells will be characterized. 

Isolated SkMVECs will be applied to a tri-culture with the co-isolated CD56- cells and myoblasts to 

engineer a human isogenic pre- vascularized bioartificial muscle construct.  
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Background 

In the orthopaedic field, a massive bone allograft is often the only solution available in cases of 

pathologies causing massive bone loss, such as cancer, osteomyelitis, malformation and major trauma. 

Even though reconstructive surgery has made tremendous progress over the last few decades, the 

clinical results of these massive bone allografts using the gold standard “fresh-frozen” method, show 

a very high complication rate (> 50 %) requiring a surgical revision in 20 % of the cases. These multiple 

surgeries often lead to vicious cycles of hospitalisations. The complication that occurs the most often 

is a non-union of the allograft. We believe that it is due to the local inflammatory phase following the 

procedure and resulting in an incomplete cellular integration of the allograft. By reducing the 

immunogenicity of the grafts, we could hinder the complication rate and bring better outcomes. In the 

purpose of comparing the gold standard massive bone allograft method with the decellularized bone 

allograft procedure, a massive bone allograft decellularization by perfusion protocol was developed 

and tested on porcine models with bilateral femoral allografting.  

 

Material and methods 

Four massive bone allografts were decellularized using a decellularization by perfusion protocol 

previously developed. Each decellularized allograft was paired with a fresh-frozen massive bone 

allograft taken from the same donor. These grafts were precisely cut using 3D-printed cutting guides 

to match a critical-size bone defect created in every femur with a complementary 3D-printed cutting 

guide. Each lower limb of all four specimen was implanted with either a classic or a decellularized 

massive bone allograft. The osteosynthesis was guided with orthogonal LCP plating. Fortnightly, the 4 

mini-pigs underwent CT-scans and X-rays to assess bone consolidation. Either three months 

postoperatively, or as soon as complete radiological consolidation was achieved, the allografts were 

harvested and macroscopically examined. Samples of these harvested allografts were microscopically 

examined.  

 

Results 

The CT-scan results do not show a significant difference between the time to fusion of the classic and 

decellularized allografts. However, the qualitative analysis of the harvested tissues expresses that the 

decellularized grafts show a superior mineral growth to the “fresh frozen” allografts. Furthermore, it 

was macroscopically observed that the decellularized allografts were consolidated with a much larger 

amount of osteoid matrix then the native allografts. The matrix extended through the fusion plan as 

well as around and inside the decellularized graft. This was microscopically confirmed as a larger 
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amount of active bone regeneration as well as a neovascular system expanding deeper inside the 

decellularized graft was observed.  

 

Conclusion 

Our research has demonstrated that the biocompatibility of our decellularized by perfusion allografts 

seems to be improved. On the grounds that these grafts induce a higher amount of active bone 

regeneration as well as an expanding neovascular system. These findings will furthermore be 

objectively quantified.  
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Abstract  

Inadequate oxygen (O2) levels (hypoxia) delay epithelization, collagen deposition, and angiogenesis, 

which are various steps of the wound healing process, leading to the elongation of the inflammatory 

stage, and inactivation of the immune system against bacteria. Different methods have been 

accomplished to overcome hypoxia, such as hyperbaric O2 therapy (HBOT), O2 delivery materials, and 

O2 generating sources. Nevertheless, the low payload capacity of O2 carriers and controlling burst 

release of O2-generating biomaterials are yet unmet challenges to delivering O2 to the local of chronic 

wounds. To address this limitation, we proposed a film with the ability to generate O2 and carry the 

produced O2 to prevent initial burst release. We hypothesize that the generated O2 from the 

decomposition of encapsulated calcium peroxide (CaO2) into polycaprolactone (PCL) (PCL-CaO2 

microparticles (MPs)) can be trapped by pentadecaflurooctanoyl chloride (PFC) groups conjugated on 

chitosan (PFC-chitosan) and release the O2 in a controlled manner. The kinetic studies revealed that 

CaO2 rapidly decomposed and generated hydrogen peroxide (H2O2) and O2 following a zero-order and 

first- order reaction, even by being incorporated into the hydrophobic polymer once added to the 

release media. The termination time of CaO2 decomposition in normoxia condition at the temperature 

of 25°C and pH of 7.4 occurred at 80 min, while the PCL shells by preventing water penetration, 

elongated the termination to 270 min. The maximum concentration of H2O2 and O2 that were 

generated from PCL-CaO2 MPs with 𝑘𝐻
2
𝑂

2 
and 𝑘𝑂

2 
of 1894.8 μM-1. h-1 and 0.2385 μM-1. h-1 was observed 

at 240 min under hypoxia conditions. Even though the basic media decreased the 𝑘𝐻
2
𝑂

2 
and 𝑘𝑂

2
, the 

ultimate O2 concentration increased due to the protonation of produced H2O2 and converted to O2. In 

contrast, the rate and efficiency of O2 and H2O2 increased by increasing temperature. The partially 

protected CaO2 by PCL, which was detected by optical and scanning electron microscope (SEM), 

changed the kinetic of O2 and H2O2 precisely at the termination time of CaO2 and the releases continued 

with lower rates until 240 min. The conjugation of PFCs groups with the primary amine of chitosan was 

confirmed by 19F NMR, 1H NMR, and FTIR, which the substitution degree was 39.8%. The O2 capture 

capacity of PFC-chitosan was evaluated by studying the kinetic of released O2 and H2O2 from PCL-CaO2 

MPs that were dispersed into the PFC-chitosan film. The dissolving capacity of PFCs leads to providing 

O2 for 600 min with 𝑘𝑂
2 

of 0.0841 μM-1. h-1. The kinetic results showed that utilizing O2 carriers to 

capture the generated O2 from peroxides could control the burst release and prolong the release time.  
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Graphical abstract. The schematic of the CaO2 particles incorporated into the hydrophobic shell of PCL, which are 
embedded in modified chitosan films via conjugation by PFC groups to capture and release O2.  
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The human disease modeling for basic research and drug testing purposes is currently carried out 

through 2D cell culture in static conditions, and in vivo xenografts or genetically engineered animal 

models, but predictability, reliability, and complete immune compatibility remain important 

challenges. For this aim, novel 3D, fully humanized in vitro cancer tissue models have been recently 

optimized by adopting emerging technologies such as microphysiological systems (MPS) and 3D cell 

laden hydrogels. In particular, a novel Multi-In Vitro Organ (MIVO) MPS platform has been recently 

adopted to culture 3D clinically relevant size cancer tissues under proper physiological culture 

conditions to investigate the efficacy of anticancer treatments.  

Biologically relevant cancer samples (up to 5 mm) have 

been developed by using a alginate base structure, 

resembling the extracellular matrix. The stiffness of such 

gels has been optimized to support a in vivo like tumor 

cells viability, cluster formation and migration. Ovarian 

(SKOV3) and neuroblastoma (HTLA) cell laden hydrogels (1 

million cells/ml) have been cultured within the MIVO 

chamber, while either testing molecules (cisplatin) or 

human immune cells (Natural Killer cells, NK) respectively 

circulate in the MPS mimicking the blood capillary flow. The tumor cell proliferation and viability were 

investigated in such dynamic cell culture conditions to assess the cytotoxic efficacy of the treatment. 

When the systemic administration of cisplatin was simulated within the MPS, the anticancer drug 

efficacy was also tested and compared to the animal model. When NK cells were placed in circulation, 

their extravasation through a permeable barrier resembling the vascular barrier, and infiltration within 

the neuroblastoma cancer tissue were analyzed.  

A human 3D ovarian model was developed and treated with Cisplatin in static conditions, within MIVO, 

and in the xenograft model. Similar tumor regression was observed in MIVO and in mice, while the 

static culture displayed an unpredictive chemoresistance, due to unreliable drug diffusion within the 

3D matrix. A human 3D neuroblastoma cancer model with proper immunophenotype was optimized 

to develop a complex tumor/immune cell coculture as a paradigm of an immune-oncology screening 

platform. Importantly, a tumor- specific NK cell extravasation was observed under dynamic culture 

(pos ctrl was the same hydrogel without tumor cells and with 30% serum; neg ctrl was just the culture 

medium), with NK cells able to infiltration within the 3D tumor where they induced cancer cells 

apoptosis.  

We generated a relevant human disease model, through the adoption of a MPS system, that can be 

efficiently employed as a drug screening platform but also for better investigating crosstalk among 

immune /tumor cells.  

Acknowledgements: Horizon 2020 Research and Innovation Programme (Grant no. 801159).  
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Introduction  

Organs-on-chip replicate the smallest functional unit of an organ inside a microfluidic chip to better 

model human physiology. Recent organ-on-chips and mechanobiology research highlighted the 

importance of incorporating adequate physiological biomechanical stimuli to recapitulate in vivo 

conditions to better predict cell response to a given drug1. Mimicking highly mechanically active 

biological barriers in vitro, such as the thin air-blood barrier of the distal lung subjected to breathing 

motions or the colon epithelium undergoing peristalsis, is very challenging. Hence, new platforms 

capable of reproducing complex dynamic microenvironments are needed.  

 

Methods 

In this work, we present the capabilities of the AX12, the organ-on-chip consumable of the AXBarrier-

on-Chip System. The AX12 is a microfluidic platform with an SBS footprint for easy integration. It 

contains 12 independent units, each of them including an engineered membrane with breakthrough 

properties to reproduce the outmost physiological conditions. Transparent, elastic, ultrathin, and 

porous, this unique membrane can be mechanically actuated in 3D to create cyclic strain. The duration, 

frequency, and level of the stretch are tunable according to the in vivo characteristics of the specific 

organ barrier. Here, we demonstrate the possibility conveyed by the AX12 with two organ barriers: the 

alveolar-capillary barrier applying cyclic 3D breathing motion with physiological parameters2, and the 

gut epithelial barrier recreating in vivo-like 3D peristalsis motions during daytime and rest during 

nighttime3. 

  

Results  

Breathing alveolar cultures were generated with human alveolar epithelial and endothelial cells 

seeded on opposite sides of the membrane, forming a thin coculture in the range of in vivo dimensions 

with enhanced cell-cell interactions. This dynamic model enables pulmonary toxicity studies such as 

the safety assessment of immunotherapeutic drugs where animal models are irrelevant due to species 

differences in the immune system, such as FolR1-TCB. In addition, edema replicated on the AX12 

showed clinically relevant patient-to-patient variability in the response to therapeutics (ProLeukin®). 

Additional applications for efficacy testing of new compounds were developed: pulmonary fibrosis, 

COVID-19 viral infection, and bacterial-induced Community Acquired Pneumonia.  

Epithelial barrier cultures established on any in vitro platform are compatible with the AX12. As an 

example, we successfully transferred a gut model from standard transwell inserts to the AX12. 

Monoculture of Caco-2 cells showed an increased level of gene expression at early time points on the 

chip compared to inserts. The AX12 unique membrane properties enabled enhanced and faster cell 

differentiation. Additionally, upon peristalsis-like 3D stimulation, the barrier function of the gut model 

was reflected by TER values closer to in vivo. Further, adaptation to stretch was validated with intact 

adherent and tight junctions. ABCB1 transporter localization confirmed the polarization of Caco-2 

upon stretch. Finally, an injury model was set up as a proof of concept on the AX12: upon a 

proinflammatory trigger, permeability was affected only in dynamic conditions, indicating the 

importance of incorporating stretch.  
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Conclusion 

Taken together, our data support the relevance of the AX12 as an advanced barrier-on-chip platform, 

which enables the incorporation of essential biomechanical stimulation in a physiological manner. 

Considering the dynamics of the microenvironment are key to investigating pathophysiology and 

therapeutic pathways. Hence, this technology will enable more accurate disease modeling and assist 

decision-making as well as risk assessment within the drug development process, while minimizing the 

need for animal testing.  

 

Reference 
1Thompson et al. (2020) Frontiers in Bioengineering and Biotechnology.  
2Christopher M.Waters, Esra Roan, and Daniel Navajas. (2012) Mechanobiology in Lung Epithelial Cells: 

Measurements, Perturbations, and Responses. In Comprehensive Physiology, volume 2, pages 1–29. 

JohnWiley & Sons, Inc., Hoboken, NJ, USA.  
3Dinning et al. (2010) World Journal of Gastroenterology, 16(41).  

  



 51 

Waste apple pomace as a sustainable source of bioactive polyphenolic 

compounds: potential in bone tissue regeneration  
Parinaz Hobbi1, Oseweuba Valentine Okoro1, Amin Shavandi1  

 
1 Université libre de Bruxelles (ULB), École polytechnique de Bruxelles, 3BIO-BioMatter, Avenue F.D. Roosevelt, 
50 - CP 165/61, 1050 Brussels, Belgium  

The processing of apple for the production of different products such as wine, jam, juice and cider 

leads to the generation of a significant amount of waste apple pomace (AP) of approximately 10 million 

tonnes, worldwide per year. This AP is typically discarded in landfills leading to unfavourable 

environmental outcomes. Recognising the abundance of AP and the associated limitations of current 

disposal methods, there is an increasing interest in the exploration of value extraction approaches for 

the management of this organic waste stream. This interest is because AP contains various 

polyphenolic compounds (PPCs) that may function as natural antioxidants, antimicrobial, anti-

inflammatory, anti-cancer, and anti-diabetic agents, thus, presents considerable potential for 

applications in the pharmaceutical, cosmetic and food industries. This study therefore sought to 

explore AP as a sustainable source of PPCs that could have potential tissue engineering applications.  

To this regard, AP samples from food industry with four different fractions namely, a mixture 

containing pulp, peel, seed, core, and stem (A), peel (B), seed and core (C), and pulp and peel (D) were 

investigated as viable sources of PPCs via mild extraction using green solvent and subsequently 

analyzed. The physiochemical and biological properties (i.e. cytocompatibility, etc.) of the extracted 

PPCs were then assessed as a precursory step to demonstrating its suitability for bone tissue 

regeneration applications. The results showed that phloridzin, chlorogenic acid, and quercetin 

constituted the major PPCs present in all AP fractions. Notably, phloridzin was determined to have the 

highest concentration of 856.87 ± 17.94 mg/100 g of AP extract on dry basis, which was detected in 

fraction C extract. Furthermore, all AP fractions showed favorable antioxidant activities (DPPH radical 

scavenging activity), with the fraction B presenting an antioxidant activity that was comparable to that 

of ascorbic acid. The cytotoxic data also showed that polyphenolic extracts of AP fractions were 

cytocompatible toward human fibroblast (3T3-L1) and salivary gland acinar cells (NS-SV-AC). The 

presence of different polyphenols, particularly pheloridzin, which are enriched with hydroxyl groups 

in the AP extracts, their favorable cytocompatibilities and antioxidant activities, highlighted the 

potential of employing AP as a source of PPCs. AP thus established its potential as a valuable resource 

for bone tissue regeneration via PPC-enabled promotion of cell proliferation and initialization of 

biomineralization for hydroxyapatite (HA) or native bone production as shown in Figure 1. The 

aforementioned properties of AP-sourced PPCs highlights its potential to be used in the fabrication of 

a 3D bone construct modified with polyphenolic compounds, such that the hydroxyl groups can 

function as chelation sites for calcium ions resulting in nucleation and growth of HA as the main 

inorganic phase of the bone, thus mimicking natural bone formation in the body  
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Figure 1. Fabrication of a bone scaffold (collagen /polyphenolic compounds/HA). Mineralized 
collagen fibrils interconnected by AP polyphenolic compounds.  
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Salivary glands (SG) are complex secretory tissues that secret saliva, a fluid rich in proteins, ions, and 

water, to maintain oral health and functionality [1]. Therefore, any SG dysfunctionality influences the 

quality of life. Due to the lack of efficiency in traditional treatments, cell-based and cell-material-based 

therapies have gained extensive attention to restore SG function. Currently, particular focus has been 

laid on hydrogel materials to mimic physicochemical cues of SG natural tissue to obtain and evaluate 

the functionality of different SG compartments [2]. As mechanical properties of scaffold materials play 

a significant role in cell fate and branching morphogenesis, further studies to make an appropriate 

engineered model are still required. Accordingly, this work aims to prepare a composite Hyaluronic 

acid- silk fibroin (HA-SF) hydrogel scaffold for SG bioengineering application. Herein, we fabricated 

hydrogels with different rheological properties made of 2.5(w/v%) Tyramine conjugated-HA and SF 

solutions (1,2,3,4 (w/v%)) via enzymatic crosslinking to compare them with natural submandibular 

gland (SMG) tissue and decellularized extracellular matrix (ECM). Rheological analysis revealed that 

blend hydrogel containing SF 4% could approximately simulate the mechanical properties of the 

natural SG tissue (Figure 1 and Table 1). Furthermore, the HA-SF blend has shear thinning properties 

favorable for use as bioink for 3D printing applications. Live/dead cell staining and cell viability assay 

also showed that seeded human normal salivary gland-SV40 transformed-Squamous Cells (NS-SV-AC) 

with acinar phenotype on the surface of the HA-SF hydrogel with 4% SF have notable cell viability 

(97.14%) after seven days of culture (Figure 2 and 3). In summary, our data showed that HA-SF 

hydrogel might be a suitable candidate bioink for 3D bioprinting applications.  

 

 

 

 

 

 

 

 

 Figure 1. Frequency sweep analysis for HA-SF blend hydrogels  
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Table 1. Rheological properties in Linear viscoelastic region (LVR) via amplitude sweep analysis  

 

Figure 2 NS-SV-AC viability after 7 days on HA-SF scaffold  

Figure 3 - NS-SV-AC cells morphology and live/dead staining after 1 and 7-days cell seeding on scaffolds  
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Despite promising innovations over the last decades, tissue engineering still faces numerous hurdles 

including the generation of biomimetic vascular networks. 3D bioprinting is able to remarkably 

enhance the (vascular) complexity of in vitro engineered tissues. However, the resolution of extrusion-

based printing, the most widespread bioprinting technique, is too limited to create microvascular 

networks. Since spheroids have been shown to be versatile building blocks for the bioprinting of in 

vivo-like tissues, we previously generated vascularized spheroids with dimensions compatible with 3D 

extrusion printing. These were composed of human umbilical vein endothelial cells (HUVECs), human 

foreskin fibroblasts and adipose tissue-derived mesenchymal stem cells (MSCs) and had a diameter of 

100-130 μm. The spheroids establish a capillary-like network lined by endothelial cells and remain 

stable and viable over a culture period of at least 10 days1.  

The potential of our vascularized spheroids in 3D bioprinting was illustrated by encapsulating them in 

a 10 w/v% methacrylamide-modified gelatin (GelMA) hydrogel and printing them as a 6-layered grid 

construct with a 0°/90° lay-down pattern. The spheroids maintained their circularity, viability and 

vascularization. Cells sprouted from the spheroids and spheroids fused, but only when they were 

placed in close proximity of each other. Lowering the crosslinking density of the gel could promote cell 

sprouting, but did not permit extensive spheroid outgrowth and fusion into a homogeneous 

vascularized tissue2.  

At current, we are innovating our approach by switching towards human induced pluripotent stem cell 

(hiPSC)-derived cell sources and developing our model in the context of skeletal muscle tissue. We are 

establishing hiPSC-derived vascularized spheroids using hiPSC-derived endothelial cells (ECs) and 

hiPSC- derived MSCs. In addition, hiPSC-derived myogenic spheroids composed of hiPSC-derived 

myoblasts and hiPSC-derived MSCs will be created. While hiPSC-derived MSCs are acquired 

commercially (Cellular Dynamics), both hiPSC-derived ECs and hiPSC-derived myoblasts are 

differentiated in-house in collaboration with the KU Leuven Stem Cell Institute. The EC differentiation 

is based on the doxycycline-induced overexpression of endothelial E-twenty six (ETS) factor, variant 2 

(ETV2)3. The myogenic differentiation is chemically induced based on a protocol published by Caron et 

al.4. 

In addition to hiPSC-derived ECs, we are also assessing the replacement of HUVECs by skeletal muscle 

microvascular endothelial cells in our spheroid model. Given the heterogeneity of different EC sources, 

these cells represent a more physiologically relevant cell source than HUVECs5.  

Furthermore, we have been trying to stimulate the capillary formation within the spheroids by 

culturing them in hypoxia, a well-known stimulator of angiogenesis. While hypoxia did not affect the 

viability and geometry of the spheroids, it appeared to be detrimental to the spheroid vascularization 

as analyzed via the CD31+ area.  

At last, we are searching for alternatives of GelMA. Hydrogel encapsulation experiments revealed that 

our spheroids are able to extensively colonize fibrin hydrogels to a remarkably higher extent than in 

GelMA. Since fibrin has a low printability, we are now moving towards a new gel-in-gel printing strategy 

that should allow us to print fibrin-based constructs.  

Once optimized, our research lines will be synergized to print a vascularized skeletal muscle tissue 

using hiPSC-derived spheroids.  
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Introduction: 

To date, there are no specific treatments to stimulate corneal endothelial cell regeneration in vivo as 

a cure for corneal endothelial dysfunctions. The past decade, tissue engineered solutions have been 

gaining popularity in the field of regenerative medicine to restore damaged tissue. Particularly, cell 

guidance techniques by applying the principle of mechanotaxis is a new, yet actively developed 

concept, already proven powerful in different cell and tissue systems. Therefore, we want to explore 

the endogenous regeneration capacity of corneal endothelial cells at the in vitro level, which consists 

out of two main cellular events: proliferation and migration. In this regard, we want to study the effect 

of microcontact printed patterns, differing in shape and dimensions, on corneal endothelial cell 

migration while acting as cell guidance cues.  

 

Materials and methods:  

The geometrical patterns consist out of drops and triangles with different dimensions, with a base 

ranging from 10 µm to 20 µm and from 20 µm to 40 µm, respectively. These patterns consist out of 

fluorescent labelled Fibronectin Collagen mix and were designed in a linear fashion by using the 

principle of microcontact printing on a glass substrate. An immortalized corneal endothelial cell line 

(B4G12) was fluorescently labelled (RapidRed nuclear dye) and monitored with a live cell imaging setup 

(Incucyte ZOOM). The live cell imaging setup was linked to an in-house developed migration analysis 

workflow to transform the images into a quantifiable metric. Furthermore, the same live cell imaging 

samples were used to perform immunocytochemistry experiments, to analyze the expression of 

functional proteins during migration.  Also, the design of experiments (DOE) approach (MODDE 

software), was used to quantify the differences between patterns and was used to predict the most 

optimal geometry parameters for enhanced migration properties. 

 

Results:  

After data processing the migration parameters (i.e., directness, velocity and x forward migration 

index; xFMI), showed a positive correlation between directness and triangle shaped patterns with the 

smallest dimensions (20 µm).  Furthermore, the migration speed of B4G12 cells increased on these 

small triangle shaped patterns. No significant difference was seen between xFMI values (parameter to 

characterize unidirectional migration) of the different shaped and sized patterns, represented in the 

surface plots (Figure 1). Also, the data predicts that triangles with a base of 14.9 µm seeded with 6,997 

cells/well will represent the best migration parameters. Downstream immunocytochemistry (ICC) 

showed the expression of several markers of interest during migration (Figure 2). 

 

Conclusion: 

By using different geometrical patterns (drops and triangles) the speed and directness of B4G12 cells 

can be manipulated, indicating enhanced migratory properties. In general, smaller sized patterns (20 

µm) causes increased migratory behavior of B4G12 cells compared to larger patterns (40 µm). The DOE 

analysis revealed that smaller triangle shaped patterns are superior compared to smaller drop shaped 

patterns in terms of speed and directness. However, no significant effect was seen on unidirectional 

migration (xFMI parameter) between the different parameters. ICC analysis showed the behavior of 

proteins of interest such as: p27kip1 (cell cycle inhibitor), Ki-67 (proliferation marker), giantin 

(polarization marker), Na+/K+ ATPase and zonula occludens 1 (ZO-1) (Figure 2).  
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Figure 2: A) Immunocytochemistry analysis B-E) Examples of ICC staining’s on the different patterns B) The green color represents 

ZO-1 staining on triangle shaped patterns with a base of 40 µm. C) In red Na+/K+-ATPase on triangle shaped patterns with a base 

of 20 µm. D) The green color shows the presence of p27kip1, which is a marker for inhibition of cell cycle progression, on triangle 

shaped patterns with a base of 30 µm. E) the red color represents giantin on triangle shaped patterns with a base of 40 µm, 

indicating the polarization or direction of movement. 
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Figure 1: Surface plots representing the effect of the superior triangle shaped patterns on the migration parameters of 

interest: A) directness B) velocity C) xFMI. High values of these parameters are represented in red color in the graphs which 

indicates that smaller triangles have the best migratory outcome. 
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Introduction  

Osteochondral defect is a focal area damage affecting articular cartilage and the underlying 

subchondral bone [1]. One of the potential treatments for responding the osteochondral defects is by 

using tissue-engineered (TE) constructs. Recent development in TE demonstrated that microtissue 

structures exhibit a remarkable capacity to undergo several developmental events in vitro and carry 

their developmental-like programs upon implantation, making them ideal building blocks for 

osteochondral constructs.  However, how to form patterned constructs with biologically distinct 

functionality is still challenging. In our previous study, the zonal osteochondral implant was created by 

hPDC microtissues with different maturity. However, the chondral layer part demonstrated a 

fibrocartilage-like phenotype with collagen type I expression [2]. To engineer a more stable articular 

cartilage part, iPSC-derived cartilage microtissues would be an option for inducing homogenous 

cartilaginous tissue. Therefore, in this work, iPSC-derived cartilage microtissues in combination with 

the pre-hypertrophic cartilage organoids were generated corresponding to the pre-engineered zonal 

constructs assemblies. Followed by orthotopically implanting the functional constructs to explore the 

capacity to maintain their patterned zones and gradual integration in vivo.  

 

Materials & Methods  

Human periosteum progenitor cells (hPDC) and iPSC-derived chondrocytes were respectively seeded 

into Aggrewell A800 to obtain two types of initial spheroids after self-aggregation. The spheroids were 

differentiated in chemically defined media to form pre-hypertrophic cartilage organoids or iPSC-

derived cartilage microtissue. For the formation of zonal constructs, the non-adherent agarose 

microwells (2mm f) molds were created as the fusion platform. 1 well iPSC spheroids (600,000 

cells/well) were seeded into the microwell for 1 day fusion and ½ well hPDC spheroids were added on 

top of the iPSC spheroids to form bilayer constructs (Dual), while 1 well 600 000cells/well iPSC 

spheroids plus 1 well 300,000 cells/well iPSC spheroids were integrated to implants as the control 

group (iPSC only). The samples were collected for RNA sequencing and histology analyses. Finally, the 

assembled constructs were created and implanted orthotopically in nude rats with a cylindrical defect 

(1.6 mm diameter × 1.6 mm depth) for 16 weeks. The integration of implants was characterized by 

Nano CT and histology. 

 

Results 

We successfully generated the zone-specific osteochondral constructs containing iPSC-derived 

cartilage microtissues and hPDC-derived callus organoids. Upon 16 weeks of orthotopic implantation, 

the nanoCT scanning demonstrated that the osteo-layer was partially mineralized and certain areas 

were positive for fast green indicating the occurrence of bone formation, while the chon-layer showed 

more Safranin O positive. 

 

Discussion & Conclusion 

The assembly of functional building blocks displaying a hierarchical structure comprising zone-specific 

functional units seems an attractive treatment for deep osteochondral defects of the knee.  
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Motivation 

 Magneto-responsive hydrogels can be applied for drug delivery, regenerative medicine of tissues, 

cancer therapy and environmental issues [1]. Particularly for tissue engineering, different types of cells 

can be stimulated to differentiate and proliferate on magnetically sensitive hydrogels [2]. Despite such 

notable effects on cell response, mapping the magnetic forces that cells undergo when they are 

cultured on magnetic scaffolds is still challenging. The magnetic properties of magnetic hydrogels are 

commonly measured by vibrating-sample magnetometry (VSM). However, for mapping the magnetic 

microregions on the hydrogels, magnetic force measurements (MFM) should be performed. There is 

scarce information [3] about the magnetic mapping on magnetic hydrogels designed as scaffolds for 

cells. Depending on how magnetic nanoparticles (MNPs) are organized (clusters, orientation) within 

the magnetic hydrogel, the formation of magnetic forces gradients along to the scaffold surface may 

take place, affecting the cell response.  

 

Methodology 

AFM/MFM measurements were performed with a Multimode 8 (Bruker) equipment, using magnetic 

probe coated by cobalt alloy (MagneticMulti75-G, BudgetSensors). Scanning areas in tapping and MFM 

modes in the air provided the topographic images and the magnetic force mapping on the single MNPs 

and polymeric matrix surface.  

A solution of poly (vinyl alcohol), sodium alginate (4:1), sodium trimetaphosphate (crosslinker) and a 

superparamagnetic magnetite (MNP) dispersion were mixed. The mixture was used for the magnetic 

matrix formation by casting at 40 °C, in two different arrangements: (i) the solution was dried without 

magnets in parallel and (ii) the plate was positioned parallel to a pair of magnets. As control (CT), the 

dispersion was cast in the absence of any magnetic field. These matrices presented swelling degree ~ 

400% after 24 h contact with water. 

 

Results  

In figure 1 shows the main results obtained by optical and AFM/MFM studies. As an initial stage, we 

investigated the magnetic forces in non-coated MNPs as single and clusters form distributed in silicon 

wafer (fig. 1a). The MNPs presented small size (topography height <10nm) and the magnetic signals 

could be observed by using a magnetic tip at an elevation (liftmode) of 50 nm. According to the 

literature [4], magnetic signals from MNPs are detected by the negative shifts of phase imaging 

contrast (displayed here by means of red coloring in certain regions). In the case of the hydrogel 

containing random particles (fig. 1b) it is noted that the clusters can be observed by optical microscopy. 

In the topography imaging (AFM), MNPs are not detonated at the surface. However, the magnetic 

phase image suggests that the MNPs are dispersed mediating the negative signals (in red) detected 

along the scanned surface. In the case of previously oriented particles in magnetic hydrogels (fig. 1c), 

it is observed that the particles are organized according to the flux of the external magnetic field 

caused by the magnets in parallel during the drying process. The topography image (AFM) shows 

regions with high heights caused by the agglomeration of MNPs while the magnetic forces (MFM) are 

clearly contrasted in these higher regions. Thus, the present study shows that through the AFM and 

MFM techniques seems a powerful tool to characterize even the morphology and magnetic domains 

along the surface of a polymeric matrix.  

 

References 

1.  Frachini ECG, Petri DFS (2019)  https://doi.org/10.21577/0103-5053.20190074 



 62 

2.  Liu Z, Liu J, Cui X, et al (2020). https://doi.org/10.3389/fchem.2020.00124 

3.  Antman-Passig M, Shefi O (2016). https:// 10.1021/acs.nanolett.6b00131 

4.          Krivcov A, et al (2019).  https://doi.org/10.3762/bjnano.10.106 

 

 

Figure 1. Microscopy images of MNPs (a) and magnetic hydrogels prepared in the absence (b) and (c) 

in the presence of magnets. 
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