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Bioprinting of magnetic scaffolds for tumour treatment: combining 

immunotherapy and mild magnetic hyperthermia 
 

State of the art 

The most common primary malignant brain tumour is glioblastoma (GBM), one of the most deadly 

and aggressive cancers with a median survival rate of 12 to 15 months1,2. The current standard 

treatment protocol involves maximum surgical resection of the tumour, followed by radiation therapy 

with concomitant temozolomide chemotherapy, but still with poor prognosis for survival3,4. Less than 

5% of patients diagnosed with GBM survive for more than 5 years, due to recurrence rates still high 

(90%) despite the treatments5-7. 

Furthermore, glioblastoma peculiar tumour microenvironment (TME) characterized by a lack of 

tumour-infiltrating lymphocytes and the presence of the blood-brain barrier (BBB) render traditional 

immunotherapy a failure in case of GMB8,9.  

In the last years, therapeutic approaches designed to make GBM cells more susceptible to detection 

and elimination by innate immune cells have represented an effective strategy to enhance the 

outcomes of immunotherapy10-13.  

Different treatments have been identified as “immunogenic cell death (ICD)-inducing”, including 

chemotherapy, radiotherapy and hyperthermia (HT). Among all, HT presents unique advantages such 

as minimal invasiveness, inferior mutagenic potential and systemic toxicity and improved tumor 

specificity, especially when heat is locally applied at the tumor site14-16. 

Magnetic hyperthermia (MHT) was developed in this scenario: magnetic nanoparticles are used to 

remotely induce local heat (up to 43°C) externally applying an alternating magnetic field (AMF)17,18. 

Efficacy of MHT using magnetic iron-oxide nanoparticles in patients with recurrent glioblastoma has 

been reported in clinic but the injection of these nanoparticles in the tumour site represents a challenge 

and a high surgical effort19,20.  

 

Objectives and Scope of Research 

The main purpose of this research project is to realize an implantable scaffold through 3D printer 

technique that can provide a reservoir of magnetic nanoparticles for mild magnetic hyperthermia 

treatment of glioblastoma after surgical resection of the primary solid tumour, to reduce the chance 

of cancer recurrences. 

To achieve this goal, I will pursue two main objectives: 

 

Objective 1: Development of a biocompatible scaffold containing magnetic nanoparticles 

through 3D printing technique. 

Magnetic nanoparticles will consist of cubic-shaped iron oxide magnetic nanoparticles (IONCs) 

which have shown a faster biodegradation rate than spherical ones. The fast degradation of the NCs 

enables to monitor tumour progression by magnetic resonance imaging21. 

IONCs also showed promising characteristics for MHT as reported from in vitro tests22-24. 

 

A first attempt to realize a scaffold containing IONCs is represented by polycaprolactone (PCL) fibres 

produced through electrospinning technique25. 

Differently from electrospinning, 3D printing technique will allow to distribute the nanoparticles at 

precise geometry and design, achieving biocompatible scaffold with different time-heat profile when 

exposed to alternating magnetic field26. 

The scaffold must be biocompatible, thermal resistant, adequate to suspend the nanoparticles 

homogeneously and, of course, adapt to be printed. 
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Objective 2: Investigation of the effects of the scaffold exposed to mild magnetic hyperthermia 

on cancer cells. 

The effect of mild MHT on cancer cells consists of making tumour cells more susceptible to innate 

immune effectors, such as macrophages and NK cells, by enhancing the expression of ICD-associated 

markers22. 

Therefore, the final scaffold will be investigated in terms of biological response to evaluate its 

efficacy in a mild MHT treatment through in vitro and in vivo tests. In particular, these will be the 

questions leading this final part of the research: 

- Does the magnetic scaffold recruit magnetic NK cells? 

- Does the magnetic scaffold exposed to mild hyperthermia elicit immune response? 

- Does the magnetic scaffold co-loaded with cells (NK cells/macrophages) locally kill tumour 

cells? 

 

Scientific methodologies for the achievement of results 

This project will be developed under the joint supervision of Dr. Loretta del Mercato (CNR - Nanotec, 

Lecce) and Dr. Teresa Pellegrino (Italian institute of technology - IIT, Genova). 

Dr. Pellegrino will provide the iron oxide nanocubes with different with cube edges in the range of 

10-30 nm. 

Starting from the publication of Serio and collaborators25, I will realize a suspension on IONCs in 

polycaprolactone (PCL) varying the concentration of solvent in order to obtain different rheological 

characteristics (e.g. viscosity, storage modulus and loss modulus). Its characterization will be 

performed with a rheometer to underline the best work condition for 3D printing. Also, DLS analysis 

will be performed to quantify the dispersity of IONCs the in PCL solution, and the stability of the 

dispersion through measurement of particle Z-potential. 

 

Different geometric patterns will be fabricated by 3D printing, from parallel lines to more complex 

multilayer structures, varying printing parameters such as needle dimension, printing speed, and 

strand height. Each scaffold will be examined by SEM to quantify fibre dimension, and by TEM to 

investigate the distribution of IONCs inside the structures. Contact angle measurements will also 

provide information regarding the wettability of these scaffolds, necessary information when 

considering cell adhesion and growing on the structures. 

 

Moreover, calorimetric measurements will be performed on the scaffolds that will result most 

promising, according to the previous analyses23,27. In particular, the Specific Absorption Rate (SAR) 

will be measured when exposing the scaffold to AMF, both varying the frequency or the amplitude 

of the alternating magnetic field. A previous study on PEGylated IONCs was able to determine an 

increase of temperature to 43°C within 5 minutes from AMF exposure already at low IONCs content 

of iron and under field conditions considered safe for clinical application: magnetic field intensity of 

16 kA/m and frequency of 182 kHz22. 

 

Through magnetic particle imaging (MPI) and Magnetic resonance imaging (MRI), nanocubes 

spatially distribution will be further investigated, in order to understand if the scaffold could be used 

in MHT while offering a readable magnetic signal for mapping changes at tumour site28. 

Before proceeding to the second objective of this research, in vitro viability assay will be performed 

on all as-obtained scaffolds to study their stability under cell culture conditions and cellular 

biocompatibility. 

 

To achieve objective 2, in vitro tests will be conducted on the scaffolds that will show the best 

performances. In vitro viability assays will be performed on immortalized glioblastoma cells under 

different conditions of exposure to magnetic nanoparticles with and without AMF activation. 
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Subsequently, the expression of NK Cell-Activating and Inhibitory Ligands on cancer cells upon 

different conditions, will be analysed by flow cytometry in order to investigate whether mild MHT 

could modulate the expression of NK cell ligands. In fact, the increased expression of these ligands 

on GBM stem cells has been reported to induce an increasing in their susceptibility to NK cell-

mediated killing13. 

To evaluate the susceptibility of MHT treated cells to NK cell mediated killing, activated NK cells 

will be added to the culture using a transwell migration assay which will permit to investigate whether 

chemotaxis of NK cells occurs toward chemokines produced by MHT-treated cells. 

Lastly, the effect of MHT treatment will be evaluated in terms of treated cell vulnerability to 

macrophages. Tumour cell killing by macrophages will be evaluated via viability assays after at least 

24h of co-culture, subsequently to MHT cell treatment, to distinguish mortality due to the different 

mechanisms. 

Before moving on to in vivo studies, similar tests will be conducted on 3D model replicating GMB 

microenvironment such as spheroid models and fabrication of biomimetic tri-dimensional models 

through bioprinting29-31. 

 

To finalize the study, in vivo tests will be conducted on animal models. Current preclinical 

glioblastoma models in mice are classified into three categories: glioblastoma cell-line xenografts, 

patient-derived xenografts, and genetically engineered mouse models32. After inducing the 

malignancies, the best-performing scaffold will be implanted in the site of the tumour33. 

Tumour growth curve in time and Kaplan–Meier survival plot will be computed post-MHT treatment 

to investigate the effectiveness of the treatment and the survival rate without recurrence in comparison 

to different groups (control, exposure to IONCs in the scaffold, scaffold + mild MHT). 

 

Expected timeframe 

 

1st year: Fabrication and characterization of bioprinted scaffold containing IONCs. 

2nd year: In vitro studies with tumour cell seeding on most promising scaffolds. Generation of in vitro 

3D models of GMB tumour.  

3rd year: In vitro studies on 3D tumour models and in vivo studies on animal models. 
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