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WELCOME message 
 

Dear colleagues, 

On behalf of the Organizing Committee, we warmly welcome you to “The 3rd 

Conference of the Nanomaterial Applied to Life Science” NALS 2022, to be held 

on April 27-29, 2022 in Santander. 

We are proud to announce that the Conference will feature plenary speakers who are 

leading scientists in the field, such as Laura M. Lechuga (Catalan Institute of 

Nanoscience and Nanotechnology, Barcelona, Spain), Wolfgang Parak (Universität 

Hamburg, Hamburg, Germany), Aitziber Cortajarena (Basque Research and 

Technology Alliance, Donostia-San Sebastián, Spain) and Josep Nogués (Catalan 

Institute of Nanoscience and Nanotechnology, Bellaterra, Spain). The NALS 2022 

program has been designed to make networking opportunities truly exceptional. 

Organized into 9 thematic sessions led by high-level keynote speakers, and featuring 

over 120 oral presentations, the conference also offers excellent opportunities for 

presentation and discussion of results, renewing friendships, extending our 

networks, and jointly exploring current and future research directions. We hope that 

you will have a productive and fun‐filled time in Cantabria at this very special 

conference. 

As privileged cochairs, we would like to thank you all for attending the NALS 

Conference, hope that NALS 2022 will consolidate these Conference Series as a key 

meeting in the nanomedicine area, and sincerely wish you this conference will 

provide lasting memories beyond the science.   

 

Warmest regards, 

        

 

 

 Mónica López Fanarraga  

 Lorena García Hevia 

 Chairs of NALS2022 
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Local Organizing Committee 
 

• Mónica López Fanarraga 
Universidad de Cantabria e Instituto de Investigación Sanitaria Valdecilla 

(IDIVAL), Santander 

• Lorena García Hevia 
 IDIVAL, Santander 

• Luis Fernández Barquín 
Universidad de Cantabria, Santander 

 

NALS Executive Committee 
 

• Montserrat Rivas 
University of Oviedo. General Chair 

• Carmen Blanco 
University of Oviedo. Co-chair 

• Daniel Ortega  
Universidad de Cádiz & IMDEA Nanociencia 

• Francisco J. Terán 
IMDEA Nanociencia 

• Mª Luisa Fernández Gubieda 
Euskal Herriko Unibertsitatea and BC Materials 

• Cristina Gómez Polo 
Universidad Pública de Navarra 

• Xavier Batlle 
Universidad de Barcelona 

• Mónica López Fanarraga 
IDIVAL 
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• Aitziber L. Cortajarena 
CIC biomaGUNE.  

• José Rivas 
Universidad de Santiago de Compostela 

• Arben Merkoçi 
Institut Català de Nanociència i Nanotecnologia 

• Pablo Botella 
Instituto de Tecnología Química 

• Jesús Martínez de la Fuente 
Instituto de Nanociencia de Aragón 

• Anna Roig 
Instituto de Ciencia de Materiales de Barcelona-CSIC 

• María del Puerto Morales 
Instituto de Ciencia de Materiales de Madrid-CSIC 

• Daniel Jaque 
Universidad Autónoma de Madrid 
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Day 27th  
 

8:30 – 9:15 Registration 

9:15 – 9:35 Eduard Torrents (Keynote) 
Application of nanotechnology in diagnosis and treatment of biofilm 
Institute for Bioengineering of Catalonia (IBEC), The Barcelona Institute of Science and Technology 
(BIST), University of Barcelona, Barcelona, Spain. 

9:35 – 9:45 Jorge Marqués-Marchán 
Magnetostrictive nanostructured surfaces for antimicrobial applications 
Instituto de Ciencia de Materiales de Madrid, CSIC, Madrid, Spain. 

9:45 – 9:55 Lisandra de Castro 
Development of magnetic lignocellulosic materials for environmental remediation.  
Materials Institute-iMATUS, Universidade de Santiago de Compostela (USC), Santiago de Compostela, 
Spain. 

9:55 – 10:05 Laura Rodríguez Lorenzo 
Bioaccumulation and biodistribution of silver nanoparticles in marine clams 

Ruditapes philippinarum 
International Iberian Nanotechnology Laboratory,Braga, Portugal. 

10:05 – 10:15 Jesús Miguel Sanz 
Multivalence effects associated to dynamic benzenetricarboxamide supramolecular 

structures: application as antimicrobials 
Centro de Investigaciones Biológicas Margarita Salas, CSIC, Centro de Investigación Biomédica en Red 
de Enfermedades Respiratorias (CIBERES), Madrid, Spain. 

10:15 – 10:25 Jose Miguel García Martín 
Nanocolumnar films: Sustainable manufacturing and applications in biomedicine 
Instituto de Micro y Nanotecnología, CSIC, Spain. 

10:25 – 10:40 Round table & questions 

 

10:40 – 11:10 Coffee break 

 
 

11:10 – 11:45 Aitziber L. Cortajarena (Plenary)  

Engineered repeat protein hybrids: the new horizon for biologic medicines and 

diagnostic tools 
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11:45 – 12:05 Stefaan Soenen (Keynote) 
Studying nano-bio interactions in live animals using nano-imaging 
Leuven Cancer Institute and NanoHealth and Optical Imaging Group, KULeuven, Belgium. 

12:05 – 12:15 Fernando Herranz 
Nano-radiomaterials for molecular imaging 
Instituto de Química Médica, CSIC, CIBER Enfermedades Respiratorias, Madrid. Spain. 

12:15 – 12:25 Virginia Martínez 
Combination of new dyes with silica-based nanosystems for biomedical application: 

fluorescence imaging & PDT 
Universidad del País Vasco (UPV/EHU), Bilbao, Spain. 

12:25 – 12:35 Agustina Asenjo 
Dissipation at the nanoscale in biomagnetic materials 
Instituto de Ciencia de Materiales de Madrid, CSIC, Madrid, Spain. 

12:35 – 12:45 Sebastian Thompson 
Organelle temperature measurements using anisotropy-based nanothermometers 
IMDEA Nanociencias, Madrid, Spain. 

12:45 – 12:55 Carlos Caro 
Passive targeting of high-grade gliomas via the EPR effect: a closed path for 

metallic nanoparticles? 
BIONAND, Andalusian Centre for Nanomedicine and Biotechnology, Málaga, Spain. 

12:55 – 13:05 Diego Mendez-González 
Optomagnetic nanofluids for controlled brain hyperthermia: a critical study 
Universidad Complutense de Madrid, Instituto Ramón y Cajal de Investigación Sanitaria 
(IRYCIS), Madrid, Spain. 

13:05 – 13:20 Round table & questions 

 

 

13:20 – 16:00 Lunch break at the “Magdalena Palace” 
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16:00-16:20 Jesús Santamaría (Keynote) 
A change of paradigm in cancer therapy? Using catalysts to make drugs inside the 

tumor, rather than trying systemic chemotherapy 
University of Zaragoza, Nanoscience and Materials Institute of Aragon. Centro de Investigación 
Biomédica en Red CIBER-BBN, Zaragoza, Spain. 

16:20-16:30 Domingo F. Barber 
Surface coatings drive the intracellular trafficking and the endolysosomal 

degradation of iron oxide np in macrophages 
Centro Nacional de Biotecnología (CNB-CSIC), Madrid, Spain. 

16:30-16:40 Jesús A González  
Confocal raman microspectroscopy as a diagnostic tool for sars-cov-2 
Grupo de Altas Presiones y Espectroscopia, DCITIMAC, Grupo de Nanomedicina, IDIVAL, Cantabria, 
Spain. 

16:40-16:50 Marianna T. P. Favaro 
The incorporation of a SARS-Cov-2 antigen into a lipid-based nanoparticle boosts 

the neutralizing antibody response 
Instituto de Ciências Biomédicas, Universidade de São Paulo, Brazil and Institut de Biotecnologia i de 
Biomedicina, Universitat Autònoma de Barcelona, Barcelona, Spain. 

16:50-17:00 Eloi Parladé 
Development of ion-dependent microscale secretory granules for nanomedical 

applications 
Institut de Biotecnologia i de Biomedicina, Universitat Autònoma de Barcelona. CIBER de 
Bioingeniería, Biomateriales y Nanomedicina (CIBER-BBN). Universitat Autònoma de Barcelona, and 
Instituto de Investigación Biomédica Sant Pau, Barcelona, Spain. 

17:00-17:10 Paola Tiberto 
Heating efficiency for magnetic hyperthermia applications: effect of surface coating 

on Fe3O4 nanoparticles 
Istituto Nazionale di Ricerca Metrologica (INRIM), Torino, Italy. 

17:10- 17:25 Round table & questions 
 

 

17:25 – 18:30 Poster Pitch 

Time 
Poster 

Number 
Presenting Author Title 

17:25-17:27 28 Gabriel López Peña Reliable temperature feedback using Er/Yb doped nanoheaters 

17:28-17:30 116 Irene Zabala Gutierrez 
Rational strategies for the production of superbright near-infrared ii 

imaging probes 

17:31-17:33 126 Jose Ruiz Torres 
Controlling the optical and structural properties of Bi2S3 nanoparticles 

for computed tomography 

17:34-17:36 35 
Mahsa 

Saramiforoshani 

Engineered oxidized-multiwalled carbon nanotube for cancer therapeutic 

applications 

17:37-17:39 59 
Pablo Lupiáñez 

Escobar 

Cell uptake role by biomimetic magnetic nanoparticles in photothermia 

treatment 
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17:40-17:42 148 Esther Benayas Martín 
Biocompatibility assessment of iron oxide nanoparticles as potential 

nanocarriers for neural regeneration 

17:43-17:45 26 Sara C.Freitas 
The key parameters in phototherapy with gold nanorods using a 

continuous laser 

17:46-17:48 171 Eva Arroyo-Urea 
Quality by design approach for designing lipid nanocapsules as a tool to 

treat haemophilus influenzae biofilms 

17:49-17:51 47 Ana Rodríguez Ramos Design of ATP self-propelled nanoswimmers targeting the brain 

17:52-17:54 121 
Antía Iglesias 

Fernández 

Uptake of cell-derived nanomaterials: a comparison study using 

microfluidics and 3D cell matrices 

17:55-17:57 75 Martina Migliavacca Platelets-derived nanovesicles for the treatment of ischemic stroke 

17:58-18:00 77 
Miguel Encinas 

Giménez 

In vitro and in vivo tumoral metabolic changes due to the application of 

Cu-Fe nanoparticles 

18:01-18:03 85 
Christian Castro 

Hinojosa 

Synthesis of a cadherin-magnetic nanoparticle bioconjugate as a novel 

magneto-mechanical cell actuator 

18:04-18:06 143 Irene Rubia Rodríguez 
In silico safety analysis of different metallic implants in magnetic 

hyperthermia treatments 

18:07-18:09 155 
Javier Rodriguez 

Alvarez 
An inverted honeycomb lattice as a highly sensitive plasmonic biosensor 

18:10-18:12 58 Ana Márquez López Tumor endothelial marker 8 receptor as a target in metastatic disease 

18:13-18:15 70 Yilin HE 
Synthesis and functionalization of Prussian blue nanoparticles with 

polyethylene glycol for biomedical applications 

18:16-18:18 107 Andreia Marinho Anti-inflammatory effect of naringin delivered in lipid nanoparticles 

18:19-18:21 111 David Salcines Cuevas Gold based nanovaccines againts intracellular pathogens 

18:22-18:24 51 Celia Toyos Rodríguez 

Highly electrocatalytic gold-palladium bimetallic nanoparticles as 

effective tags for wound infection diagnosis. How safe are magnetic 

nanomotors: from cells to animals 

 

 

 

18:30 – 20:00 Poster & Beer session 

Poster 

number 

Presenting 

Author 
 Title 

27 Victor J Ovejero  Advances in nanoparticle-based therapy for peritoneal carcinomatosis 

29 
Andrea Diego 

Rucabado 

Comparison of different synthesis routes to prepare Pr3+-doped Y2O3 NCs optically active 

in the biological windows 

33 Alaa Adawy Antimicrobial doped monetite for biomaterials applications 

64 Simone Galati Characterization of sono-sensitive nanocarriers for oxygen delivery 

74 
Débora Muñoz 

Guerra 

Treatment of cell samples for the observation of nanoparticles inside them by transmission 

electron microscopy (TEM) 

97 
Verdiana 

Marchianò 
Development of nanocarriers against staphylococcus aureus 
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100 
David Maestro 

Lavín 

CTPR 390 antifibrotic nanoparticles to sustain the mechanical capacities of human organoid 

in fibrotic condition 

114 
Sandra Freitas 

Rodríguez 

Optimization of lipid nanoparticle synthesis for nucleic-acid-based therapeutic delivery using 

microfluidic systems 

118 Rosa Martín  2D-engineered nanoclays for biomedical applications 

125 Beatriz Maestro 
Magnetic nanoparticles functionalized with choline-binding modules as antimicrobials 

against streptococcus pneumoniae 

130 
Alejandro Llamedo 

González 

Hexadecanol as a bilayer stabiliser alternative for cholesterol in liposomes for dermal drug 

delivery 

132 
Javier Santamaría-

Aguirre 

Development of nanocarriers for repurposing fluoroquinolones in the treatment of 

leishmaniasis 

139 Laura Marín Plasmidic DNA encapsulated silica nanoparticles as dual targeting delivery system 

140 Carolina de Passos  Nanoparticles to improve drug delivery in cancer cells 

141 Diana Morán Tuya 
Synthesis of controlled size starch nanoparticles modified with octenyl succinic anhydride 

(osa) for bioapplications 

154 Zunaira Munir 
Antimicrobial activity of chitosan/curcumin loaded nanobubbles irradiated with 

photodynamic light for food preservation 

158 Ana Perdigón Cellular uptake and localization of free-labelled nanoparticles using confocal raman imaging 

168 
Iñigo Casafont 

Parra 

Cbx3 and solid lipid nanoparticles as a therapeutic agent in the treatment of inflammatory 

bowel diseases (IBD) 

169 
Concepción 

Cascales 
New nanoprobe designs for dual photoluminescence and magnetic resonance imaging 

170 Claudia Nunes Lipid-based nanoparticles as a strategy to disrupt bacterial biofilms 

176 Angel Concheiro  PVA nanofibers with gold nanoparticles formed in situ for photothermal therapy 

184 Joana Admella  
Galleria mellonella as an alternative animal model for evaluating nanomaterials interactions 

and toxicology 

187 
Marc Benjamin 

Hahn  

Combined cell and nanoparticle models for topas to study radiation dose enhancement by 

Monte-carlo based particle 

188 
Lorena García 

Hevia 
Engineering smart nanomaterials for head and neck cancer 



 
 
 
 

~ 11 ~ 

 

 

 

 

Day 28th  
 

9:00- 9:20 Anna Roig (Keynote) 
PLGA magnetic nanocarriers traceable by imaging techniques and endovascularly 

administered to the brain 
Institute of Materials Science of Barcelona ICMAB-CSIC, Bellaterra Catalonia, Spain. 

9:20-9:30 Clara Marquina 
Graphene-encapsulated magnetic nanoparticles for safe and steady delivery of 

ferulic acid in diabetic mice 
Instituto de Nanociencia y Materiales de Aragón INMA, CSIC-Universidad de Zaragoza, Zaragoza, 
Spain. 

9:30-9:40 Santiago Grijalvo 
Antioxidant-loaded polymeric NPs prepared by nano-emulsion templating for the 

management of neurological diseases 
Networking Centre in Bioengineering, Biomaterials and Nanomedicine (CIBER-BBN), Barcelona, Spain. 

9:40-9:50 Enrica Soprano 
Membrane fusion-mediated intracellular delivery by biomimetic cell-derived 

nanocarriers 
Centro Singular de Investigación en Química Biolóxica e Materiais Moleculares (CiQUS), Universidade 
de Santiago de Compostela, Santiago de Compostela, Spain. 

9:50-10:00 Ester Polo 
Biomimetic nanocarriers for drug delivery 
Centro Singular de Investigación en Química Biolóxica e Materiais Moleculares (CiQUS), Universidade 
de Santiago de Compostela, Santiago de Compostela, Spain. 

10:00-10:10 Manshian Bella 
NP-cellular hitchhiking system for targeted combination therapy and diagnosis of 

glioblastoma 
NanoHealth and Optical Imaging Group and Translational Cell and Tissue Research Unit, Department 
of Imaging and Pathology, KU Leuven, Leuven, Belgium. 

10:10- 10:25 Round table & questions 

 

 

10:25 – 10:55 Coffee break 

 

10:55 – 11:30 Laura M Lechuga (Plenary)  

 Photonic Nanobiosensors for ultrasensitive and decentralised diagnostics at the point-

of-need 
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11:30-11:50 María C. Serrano (Keynote) 
Approaching neural repair at the injured spinal cord by the use of nanomaterials 
Instituto de Ciencia de Materiales de Madrid (ICMM), CSIC, Madrid, Spain. 

11:50-12:00 Maite Insausti 
T1 and T2 contrast agents for RMI by properly controlling Ga3+ doping in  Fe3-xGaxO4 
UPV/EHU, Leioa, Spain. 

12:00-12:10 Idoia Castellanos-Rubio 
Attuning magnetic nanoparticles for the development of highly efficient and reliable 

theranostic platforms 
UPV/EHU, Leioa, Spain 

12:10-12:20 Oscar Iglesias 
Taming the influence of dipolar interactions in nanoparticle assemblies for magnetic 

hyperthermia 
Universitat de Barcelona, Barcelona, Spain. 

12:20-12:30 Eneko Garayo Urabaien 
Monte Carlo based methods for the prediction of dynamic magnetization of NPs for 

biomedical applications 
Universidad Pública de Navarra, Pamplona, Spain. 

12:30-12:40 Itziar Galarreta Rodriguez 
3D printable PLA/PCl/Fe3O4 magnetic composites with magnetic hyperthermia 

response 
Universidad Pública de Navarra, Pamplona, Spain. 

12:40-12:50 Alberto López Ortega 
Fe3O4-SiO2 mesoporous core/shell nanoparticles for potential magnetic field-

induced ibuprofen-controlled release 
Universidad Pública de Navarra, and Institute for Advanced Materials and Mathematics (INAMAT2), 
Pamplona, Spain. 

12:50- 13:05 Round table & questions 

 

13:05 – 15:00 Lunch break 

 

15:00-15:20 Carmen Álvarez (Keynote) 
Micelles and supramolecular gels for regenerative medicine and ocular drug 

delivery 
iMATUS and Health Research Institute of Santiago de Compostela (IDIS), Universidade de Santiago de 
Compostela, Santiago de Compostela, Spain. 

15:20-15:30 Mattia Bramini 
Graphene-based neural interfaces to target network excitability 
Universidad de Granada, Spain. 
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15:30-15:40 Miguel García Iglesias 
Supramolecular photosensitisers for photodynamic therapy 
Universidad Autónoma de Madrid, Nanomedicine-IDIVAL, University of Cantabria, Santander, Spain. 

15:40-15:50 César Moreno 
Graphene nanoarchitectures from the bottom-up as atomically-precise anchors in 

photonic biosensors 
Universidad de Cantabria, Santander, Spain. 

15:50-16:00 María Graciela Pino 
Applications of the Langmuir-Blodgett films in nanoarchitectonics 
Instituto de Nanociencia y Materiales de Aragón (INMA). Universidad de Zaragoza, Spain. 

16:00-16:10 Albert Figuerola 
Synthesis and applications of group 11-based ternary chalcogenide nanocrystals 

with tunable composition 
Institut de Nanociència i Nanotecnologia (IN2UB). 

16:10- 16:25 Round table & questions 

 

17: 00– 17:35 Wolfgang Parak (Plenary)  

Nanoparticles interfacing biology 

 

17: 35– 19:00 Poster Pitch (II) 

 

Time 
Poster 

Number 
Presenting Author Title 

17:34-17:36 50 Filipa Almeida Soares 
Pegylated magnetoliposomes: a new drug delivery platform to target 

bacterial membranes 

17:37-17:39 62 
Danny Villanueva-

Alvaro 
Study of motility in magnetotactic bacteria as a prelude to drug transport 

17:40-17:42 44 Andrés Ramos Valle 
One-pot synthesis and characterization of pdna@sio2 nanoparticles 

through a newly stoner modified procedure 

17:43-17:45 20 Ruth Prieto Montero 
Silica nanoparticles as photosensitizer transports in photodynamic 

therapy 

17:46-17:48 19 Ricardo Magalhães 
Surface functionalization of spin-vortex nano-discs for magneto-

mechanically induced damage applications 

17:49-17:51 22 Julia Majcherkiewicz Perspective studies on heat generation of magnetic nanocrystals 

17:52-17:54 53 Marina Lázaro Callejón 
Biocompatible gold-coated magnetic nanoparticles for photothermia and 

hyperthermia applications 

17:55-17:57 87 Javier Ortega Julia 
Homogenization of Heating in Magnetic Hyperthermia Through 

Exploitation of Magnetisation Dynamics of Interacting Particles 

17:58-18:00 89 Beatriz Torres Herrero Building enzyme nanohybrids for AMF-triggered cancer therapy 
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18:01-18:03 109 Ángela Arnosa Prieto Multifunctional nanotracers for bioimaging and therapy 

18:04-18:06 110 Rosalía López Méndez 
Doxorubicin-loaded iron oxide nanoparticles for multifunctional thermal 

therapies 

18:07-18:09 112 Pelayo Garcia Acevedo 
From single core to multicore iron oxide nanoparticles: effects on 

interactions and magnetic hyperthermia 

18:10-18:12 129 
Cristina González 

Fernández 

Magnetic cleansing microdevices for blood detoxification: design through 

md and cfd techniques 

18:13-18:15 149 
Carlos Díaz - Ufano 

Matesanz 

Controlling the size and shape of zero-valent iron nanoparticles (zvin) by 

synthesis in polyol medium 

18:16-18:18 150 Belen Corrales 
Design of magnetic nanoparticles for the removal   and degradation of 

microplastics in water 

18:19-18:21 180 Antonio Santana Otero 
Glycine as phase driver in fast microwave-assisted synthesis of iron 

oxides nanoparticles 

18:23-18:25 66 María Lopez Valls 
A naked-eye crispr/cas13a-based nucleic acid detection platform for sars-

cov2 

18:27-18:29 69 
Lara González 

Cabaleiro 

Sers-based lateral flow immunoassays for detection and quantification of 

tumoral biomarkers 

18:30-18:32 71 
Carmen Pérez de la 

Lastra 

Determination of pathological protein aggregation and secretion in 

vesicles in cells of ALS patients 

18:33-18:35 73 Marta Aranda Palomer 
An injectable biosensor to monitor cancer in patients through 

nanotechnological tools 

18:36-18:38 81 
Paula Fernandez 

Gómez 

Flow cytometry and quantum dots to improve pathological proteins 

analysis in lymphoblasts from als patients 

18:39-18:41 83 Sergio Dávila Martínez Tumour-on-chip for in vitro nanomedicine transvascular studies 

18:42-18:44 84 
Jose Luis Marqués 

Fernández 

Self-resonant frequency of planar inductors for quantification of 

magnetic nanoparticles in bio-detection 

18:45-18:47 86 Rebeca Paris Ogáyar 
Quantum dots for monitoring the modulation of molecular motors in 

disease and drug therapy 

18:48-18:50 92 
Tamara Guerrero 

Esteban 

Enhanced electrochemiluminiscent platform based on bifunctional carbon 

nanodots for her2 sensing 

18:51-18:53 106 Elena Sanz de Diego Dendrimer preserve transducing capabilities of magnetic nanoparticles 

18:54-18:56 124 Monica Quarato 
Ultratrace silver nanoparticles detection in seawater by surface-

enhanced Raman scattering 

18:57-18:59 131 Carlota Guati 
Advanced copper-based microfeathers for glucose detection in 

continuous mode 

19:00-19:02 135 Pablo Camarero Laser irradiation in spheroids mcf-7 & u87-mg 

19:03-19:05 142 
Juan Diego Aguilera 

Martín 
Gas sensors using magnetic nanoparticles and spin waves 

19:06-19:08 127 Maria da Silva Relvas 
Ultrasensitive SERS nanostars array fabricated by nanolithography and 

wet chemistry for cancer metabolite detection 
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19: 00– 20:00 Poster & Beer session (II)  

Poster 

number 

Presenting 

Author  
Title 

21 Ecem Tiryaki 
Investigation of the role of surface topography of magnetic microstructures during cell 

uptake 

37 
Javier Vázquez 

Bourgon 

Encapsulation of CBD in PLGA-based NPs enhances its effects on glucose uptake and lipid 

accumulation in HEPG2 cells 

63 Marta Vassallo Role of magnetic nanoparticles on the vaporization of oxygen-loaded nanodroplets 

65 Cristian Rivilla Nanoparticles with biological identity 

67 
Eva Rivero 

Buceta 

Mesoporous silica nanoparticles: Clinical trials in search of the efficacy of silica 

formulations for precise delivery 

72 
Raquel Rey-

Méndez 
Riboflavin mediated synthesis of platinum nanoparticles for anticancer applications 

76 
Laura Cervera-

Gabalda 
Fe-C nanocomposites through thermal reduction of citric acid coated Fe3O4 nanoparticles 

79 
Carmen Escalona 

Noguero 
Applications of CRISPR/Cas12a technology in nanomedicine 

80 Gunnar Klös Functional ssDNA for the development of a DNA origami biosensor 

90 Paula Ortega 
Delivery of aptamers with anticancer activity via dendritic platforms: evaluation of their 

therapeutic potential 

105 Gerardo Palazzo New insights into AuNPs-antibody conjugation protocols 

128 
Ana María Coto 

García 

Synthesis and characterization of PLGA nanoparticles for encapsulation of active 

compounds using emulsion-solvent method 

144 
Catarina 

Coutinho 
Visual and multiplexed detection of micro-RNAs using functionalized gold nanoparticles 

145 Laura Quijada  Detection of brain tumors by exploiting the thermal sensitivity of rare earth nanoparticles 

162 Victor Gonçalves µNMR for fast assessment of immune cell activation status 

167 
Luis Algeciras 

Jiménez 

Comparison of the antifibrotic effect of the CTPR nanoparticle Vs the genetical deletion of 

its target motif 

178 
Ander García 

Díez  

Magnetorheological elastomers as multifunctional materials for biomedical devices and 

applications 

183 Cátia Rocha  
(Para)magnetic hybrid nanocomposites for dual MRI detection and treatment of solid 

tumours 

 

 

21:00 Gala Dinner (Hotel Bahía Santander) 

 

 

 

 



  
 
 
 

~ 16 ~ 

 

 

 

Day 29th  
 

9:00- 9:20 Beatriz Pelaz (Keynote) 
Efficient Colloidal Nanosystems for Bioapplications 
Centro Singular de Investigación en Química Biolóxica e Materiais Moleculares (CiQUS), Universidade 
de Santiago de Compostela, Santiago de Compostela, Spain. 

9:20-9:30 Carlos Martínez-Torró 
Design of a human GFP-like protein scaffold for targeted nanomedicines 
Institut de Biotecnologia i de Biomedicina, Universitat Autònoma de Barcelona (UAB), CIBER de 
Bioingeniería, Biomateriales y Nanomedicina (CIBER-BBN), Madrid, Spain. 

9:30-9:40 André Pérez Poti 
Circulating antibody analysis and b cell receptor sequencing reveal nanoparticle 

shape-dependent immune modulation 
Center For BioNano Interactions (CBNI), University College Dublin, Ireland. Centro Singular de 
Investigación en Química Biolóxica e Materiais Moleculares (CIQUS), Universidade de Santiago, Spain. 

9:40-9:50 Pablo Botella Asunción 
Amino-modified mesoporous silica nanoparticles to isolate miRNAs from the protein 

corona 
Universitat Politècnica de València-Consejo Superior de Investigaciones Científicas, Valencia, Spain. 

9:50-10:00 Henning Kirst 
A novel nano-scaffold for nanomedical applications 
Universidad de Cantabria-IDIVAL, Santander, Spain. Lawrence Berkeley National Laboratory, 1 
Cyclotron Road, Berkeley, USA 

10:00-10:10 Elizabeth M Jefremovas 
Rare earth (Gd/Tb)–doped magnetotactic bacteria: a new approach to finely tune 

their magnetic response 
Universidad de Cantabria, Santander, Spain 

10:10- 10:25 Round table & questions 

 
 

10:25 – 10:55 Coffee break 

 
 

10:55 – 11:30 Josep Nogués (Plenary)  

 Magnetoplasmonic nanodomes as a novel structure for biomedical applications 
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11:30-11:45 María del Puerto Morales (Keynote) 
Magnetic nanoparticles for the control of multi-enzymatic reactions  
Instituto de Ciencia de Materiales de Madrid, ICMM/CSIC, Madrid, Spain 

11:45-12:00 Cristina Gómez Polo 
Magnetic nanostructures for environmental applications 
Universidad Pública de Navarra, Pamplona, Spain. 

12:00-12:15 María Luisa F. Gubieda 
Potential of magnetotactic bacteria as Nanobots for biomedical application 
Universidad del Pais Vasco (UPV/EHU) and Basque Center for Materials Applications and 
Nanostructures (BCMaterials),Leioa,Spain. 

12:15-12:30 Carmen Blanco 
Nanomaterials and rapid test: ready for postpandemic times 
Instituto Universitario de Biotecnología de Asturias, Universidad de Oviedo, Oviedo, Spain 

12:30-12:45 Mónica López Fanarraga 
Biomimetic nanomaterial engineering 
Universidad de Cantabria-IDIVAL, Santander, Spain 

12:45- 13:00 Round table & questions 
 

13:00 – 14:40 Lunch break 
 

14:40-15:00 Alfredo de la Escosura (Keynote) 
Biosensing using nanochannels for biomarkers monitoring 
University of Oviedo, Oviedo, Spain. 

15:00-15:10 Helena Mateos Cuadrado 
Is L1CAM a good marker for neuronal extracellular vesicles? 

Università degli Studi di Bari “Aldo Moro”, Bari, Italy. 

15:10-15:20 Silvia Vázquez-Díaz 
Applications of nano-atomic clusters for bioanalysis 
CIC biomaGUNE, Basque Research and Technology Alliance (BRTA), Donostia-San Sebastián, Spain. 

15:20-15:30 Shayesteh Bazsefidpar 

Development of a thermal biosensor in a test strip format for detection of E. coli 

O157:H7 bacteria 
Institute of Biotechnology of Asturias, University of Oviedo, Oviedo, Spain. 

15:30-15:40 Lorena Vázquez Iglesias 
SERS-based lateral flow point of care immunoassay for ultrasensitive detection of SARS-Cov2 
Biomedical Research Centre (CINBIO), Universidade de Vigo, Vigo, Spain. 

15:40-15:50 Cecilia Menard-Moyon 
Multifunctionalized carbon nanotubes for therapeutic applications 
ICNRS, Immunology, Immunopathology and Therapeutic Chemistry, University of Strasbourg, 
Strasbourg, France. 

15:50- 16:05 Round table & questions 
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16:05-16:10 Tamara Muñoz Ortiz 
Beyond 2D thermography: polymeric nanoparticles for 3d thermal imaging with optical 

coherence tomography 

16:10-16:15 Javier Bonet-Aletá 
Exploiting GSH oxidation with nanocatalysts to promote cancer cell death 

16:15-16:20 Marina Paris Ogayar 
Study of media influence in different gold nanostructures as agents for photothermal 

therapies 

16:20-16:25 Vivian Andrea Torres Vera 
Stabilization of VEGF using NPs to increase the endothelial cells proliferation to enhance 

the angiogenesis process 

16:25-16:30 Andreia Granja 
Hyaluronic acid-decorated lipid nanoparticles for enhanced drug delivery to breast cancer 

cells 

16:30-16:35 Beatriz Costa 
3D scaffolds fabricated via two-photon polymerization for cellular interaction studies 

16:35-16:40 Murar Madhura 
Co-operative dual-peptide mediated approach for selective prostate cancer targeting 

16:40-16:45 Jan Atienza-Garriga 
Characterization of protein-only NPs containing amps and analysis of their protection with 

liposomes and micelles 

16:45-16:50 Adriana Cruz 
Dendrimer nanotherapeutics: A novel anticancer task force 

16:50-16:55 Jorge Ruiz del Rio 
Biological vehicle encapsulating a nanotherapeutic for direct targeting of myocardial 

fibrosis 

16:55-17:00 Giulia Mancardi 
Multi-scale modelling of aggregation of TiO2 nanoparticle suspensions in water 

17:00-17:05 Pilar Gomollón Zueco 
Optimizing the oriented cadherin fragments to magnetic microparticles to control their 

interaction with living cells 

17:05-17:10 María Salvador 
A rapid magnetic test to monitor the Sars-CoV-2 serological response 

17:10-17:15 Filipe Olim 
The activity of fucoidan/dendrimer nanoparticles regarding angiogenesis 

17:15-17:20 Paula Milán-Rois 
Reprogramming cancer cells with non-coding RNAs 

17:20-17:25 Eric Voltá Durán 
Antitumoral nanoparticles with multiple activities, a close reality 

17:25-17:30 Neus Feliu 
Viruses and chloroquine. Recapitulating some basic facts of chloroquine 

17:30-17:35 Pablo del Pino 
Plasmonic-Assisted Processes in Living Cells Using Metal–Organic Framework Based 

Nanoreactors 

 

17:30 – 17:40 Awards and Closing Ceremony 

S
h

o
rt

 O
ra

l 
C

o
m

m
u

n
ic

a
ti

o
n

s
 



 
 
 
 

~ 19 ~ 

 

 

 

 

 

 

 

 

Plenary 

Speakers 
 

 

 

 

 

 

 

 



  
 
 
 

~ 20 ~ 

 

 

 

Prof. Laura M. Lechuga 

Prof. Laura received her PhD in Chemistry from the Universidad 
Complutense de Madrid (Spain) in 1992. She is Full Professor of the 
Spanish National Research Council (CSIC) and Head of the 
Nanobiosensors and Bioanalytical Applications Group at the Catalan 
Institute of Nanoscience and Nanotechnology (ICN2) in Barcelona 

(Spain) and at the Networking Biomedical Research Center (CIBER-
BBN). She has been Adjunct Professor at The Artic University of 

Norway (2012-2016) and Distinguished Visiting Professor at University of 
Campinas (Brazil) (2013- 2017). 

The main focus of its research program is in the area of nanodiagnosis and silicon photonics, with 
the technological development of nanophotonic and microfluidic biosensors and their integration 
into portable point-of-care platforms, as well as its application in clinical and environmental 
diagnosis. 

She has published over 260 articles, book chapters and proceedings, has 8 families of patents, and 
has presented her work worldwide in more than 360 invited talks. She has co-founded two spin-
off companies. She is a member of the Scientific Advisory Board of several national and 
international high-level research centers and has taken part in numerous international evaluation 
panels.She has received several prizes and recognitions along her career, such as the Prize of 
Physics, Innovation and Technology from the Spanish Royal Society of Physics and BBVA 
Foundation in 2016 or the Fellow of the Optical Society (OSA) Award in 2014. In 2020 Prof. Laura 
Lechuga received three prestigious awards: King Jaume I Prize, “Juan de la Cierva” National 
Research Award and Ada Byron Prize 

 

 

Prof. Josep Nogués 

ICREA Research Professor Josep Nogués earned his degree from the 
Universitat Autònoma de Barcelona (UAB) in 1986. After obtaining his 
PhD at the Kungliga Tekniska Höskolan (Royal Institute of Technology) 
in Stockholm (Sweden) in 1993, he moved to the University of 
California San Diego (USA) to complete his postdoctoral studies. Four 
years later he returned to the UAB as an associate researcher, 

becoming an ICREA research professor in 2001 and a founding member 
of the former Catalan Institute of Nanotechnology (ICN) shortly thereafter. 

His Magnetic Nanostructures group was formally integrated into the ICN structure in 2006. 

Prof. Nogués has published 251 articles (including eight reviews), with over 25,400 citations and 
an H-index of 67. He is the author of three patents and his work has given rise to over 245 invited 
talks at international conferences and workshops. 
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Prof. Aitziber L. Cortajarena 

Professor Aitziber L. Cortajarena earned her Ph.D. in Biochemistry 
from the Universidad del País Vasco in 2002. Then, she joined the 
group of Prof. L. Regan at Yale University, USA, as a Postdoctoral 
Fellow. She worked on protein design, structure, and function. In 
2006, she was Visiting Scientist at the Weizmann Institute, Israel, 

with Dr. G. Haran working on single molecule spectroscopy. Then, 
continued her work at Yale University, as an Associate Research 

Scientist with Dr. Regan. She joined IMDEA Nanociencia as Group Leader in 
2010 to established her independent research group focused on protein engineering toward the 
generation of bio- functional nanostructures and bioinspired materials for applications in nano-
biotechnology and nanomedicine. In 2016, she joined CIC-BiomaGUNE in 2016 as Ikerbasque 
Research Professor to lead the Biomolecular Nanotecnology group focused on the development 
of modular versatile platforms for the fabrication of multiple protein-based hybrid functional 
materials. She holds an Associate Scientist position at IMDEA-Nanociencia. She joined CIC-
BiomaGUNE in 2016 as Ikerbasque Research Professor to lead the Biomolecular Nanotecnology 
group focused on the development of modular versatile platforms for the fabrication of multiple 
protein-based hybrid functional materials. 

Prof. Cortajarena has published more than 120 articles, with over 3350 citations. Currently, she is 
the Scientific Director at CIC biomaGUNE. 

 

Prof. Wolfgang Parak 

Prof. W. Parak obtained his Ph.D. at the LMU München, Germany 

(1999), in the group of Prof. Dr. Hermann Gaub. After a postdoctoral 
stay at the University of California, Berkeley, CA, USA, in the group 
of Prof. Dr. Paul Alivisatos, he returned to Munich in 2002 as 
Assistant Professor. From 2007 – 2017 he was Full Professor at the 

Philipps Universität Marburg, German. Since 2017 he is Full Professor 
at the Universität Hamburg, Germany. 

The research of Wolfgang Parak is dedicated towards the development of new surface chemistries 
of inorganic nanoparticles and towards the characterization of their physicochemical properties. 
In particular, the development of an amphiphilic polymer coating is nowadays used by many 
different groups worldwide. Nanoparticles with such high colloidal stability are the bases of 
experimentally correlating their physicochemical properties with their interaction will cells, which 
has been the research topic of the Parak group for the 2 decades. The group also uses polymeric 
polyelectrolyte capsules fabricated by layer-by-layer assembly for biological applications. 

Parak is Associate Editor of ACS Nano and Nanotoxicology. He has several awards: 2009 
“Nanoscience” – award 2008 from the Association of Nanotechnology- Centres Germany 
(AGenNT); 2011 Ranked #59 in Top Materials Scientists of the past decade by Essential Science 
Indicators; 2012 Awarded Chinese Academy of Sciences Visiting Professorship for Senior 
International Scientists; 2014 Highly cited in the category materials sciences; 2018 Bioconjugate 
Chemistry Lectureship Award; 2019 SPIE Community Champion 2020;  Highly Cited Researcher 
2020; Fellow American Institute for Medical and Biological Engineering (AIMBE). 
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Prof. Eduard Torrents 

Professor Eduard Torrents obtained his PhD in microbiology in 2001 
from the Science Faculty at the University Autonomous of 
Barcelona. During this time, he spends 20 months at Karolinska 
Institute in Sweden with the supervision of Prof. Peter Reichard. 
From 2001 and 2003 he was a researcher at the R&D department at 

Biokit. S.A, an international company leader in clinical diagnostic 
reagents belonging to the Werfen group. He then moved in the 

laboratory of Prof Britt-Marie Sjöberg from the Department of Molecular 
Biology and Functional Genomics at the Stockholm University in Sweden first as a postdoc and 
then as a researcher (2004-2007). After his Postdoc he received a Ramon y Cajal tenure-track 
contract (2007) from the Spanish Ministry of Science to return to Spain at the Institute for 
Bioengineering of Catalonia (IBEC). Currently he is the Group Leader Inst. Bioengineering of 
Catalonia and Associate Prof. Barcelona University. His research interests focus on the 
identification of new antimicrobial therapies and unravel the molecular mechanism underlying 
the transcripcional regulation of bacterial ribonucleotide reductase genes 

 

Prof Carmen Álvarez 

Prof. Carmen is Graduated (1993) and Doctor (1998) in Pharmacy, 
University of Santiago de Compostela. During 1998-2001 she was a 
visiting scientist and contract researcher at the Department of 
Physics and Center of Materials Science and Engineering, 
Massachusetts Institute of Technology (MIT, USA). Then, 2001-2006 

she was a postdoctoral researcher (Ramón y Cajal Program) in the 
Department of Pharmacy and Pharmaceutical Technology of the 

University of Santiago de Compostela. From 2007-2020 she was a Full Professor and since October 
2020 Professor in the Department of Pharmacy and Pharmaceutical Technology of the University 
of Santiago de Compostela. She is the director of 24 Doctoral Theses and the author of +300 
publications in indexed journals, 18 patents and 30 book chapters, and editor of two books.  

 

Prof. Jesús Santamaría 

Prof. Jesús Santamaría, studied Chemistry/Chemical Engineering at 
the University of La Laguna (Spain) and did his PhD at Salford 
University (England), with postdoctoral stays at Notre Dame 
University (1989) and Massachussetts Institute of Technology 
(2008), both in the USA. Currently he is a Professor of Chemical 

Engineering at the University of Zaragoza in Spain, and group leader 
at the Nanoscience and Materials Institute of Aragon (INMA). He has 

taken part in 94 research projects, in most of them as P.I. Of these projects, 18 have been EU-
funded, including two of the extremely competitive ERC Advanced Grants. From the results of 
these projects he has published 355 peer-reviewed manuscripts, obtained 25 patents and 
delivered over 500 presentations at scientific meetings, including 82 invited conferences. His 
group Nanostructured Films and Particles (NFP) specializes in the development of high-precision, 
scalable synthesis of nanomaterials and on the applications of the structures synthesized. 
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Prof. Ann Roig 

She is graduated in physics from the Autonomous University of 
Barcelona and later specialized in Materials Science with a master's 
degree from Northeast Boston University in 1988 and a doctorate 
in Materials Science from his first university in 1998 doing research 
at the Institute of Science of Materials from Barcelona (ICMAB-

CSIC). Since then, she has developed her academic career in this 
scientific institution, becoming the deputy director. She also held the 

position of deputy director of the gas research institution MATGAS, 
located next to ICMAB-CSIC. Between 2005 and 2008 she was appointed Program Officer, as 
Spain's National Expert, by the European Commission in Brussels. Roig is a prominent and 
recognized researcher in the field of nanomedicine in Spain, with a large number of publications 
and inventor or co-inventor of 9 patents in the areas of physical, chemical, nanotechnology and 
health instrumentation. Currently, she is Research Professor at Materials Science Institute of 
Barcelona (ICMAB-CSIC). 

 

Prof. Stefaan Soenen 

Prof. Dr. Stefaan Soenen has more than 10 years of experience on bio-
nano interactions and biomedical use of nanomaterials. His research 
focuses on setting up novel methods for understanding how 
nanomaterials interact in a biological environment and to translate 
this knowledge into biomedical applications. His main interests lie in 

the development, validation and use of advanced optical imaging 
methods for rapid, in-depth analysis of bio-nano interactions and 

employing nanomaterials for anticancer purposes. He has been awarded an 
ERC Starting Grant (NanOnc) starting from 2018 on the use of cell-selective toxicity of 
nanomaterials and novel anticancer therapeutics. 

 

Prof. María Concepción Serrano 

Prof. María C. Serrano was granted with a FPU predoctoral fellow 
from the MEC of Spain (2003-2006), a postdoctoral contract 
(Northwestern University, Chicago, USA, 2008-2010), a Juan de la 
Cierva postdoctoral contract and a Miguel Servet I postdoctoral 
contract from the ISCIII of Spain. Since March 2017, she joined CSIC 
as a Tenured Scientist at ICMM-CSIC in the research topic of 

Materials for Health, topic for which I am the institute coordinator 
since 2019. She has been PI of the several national and international 

projects.  She is responsible for the creation of the Joint Research Unit of 
I+D+i with CSIC “Design and development of biomaterials for neural regeneration” of the Hospital 
Nacional de Parapléjicos (since 2017). She has co-authored over 65 publications in scientific 
journals and more than 90 communications to national and international conferences and co-
editor of the book “Engineering biomaterials for Neural applications” in Springer-Nature. Her 
research is focused on the design and development of biomaterials for biomedical applications 
including a wide range of materials and applications. 



 
 
 
 

~ 25 ~ 

 

 

 

Prof. Alfredo de la Escosura Muñiz 
Alfredo  de la Escosura-Muñiz holds a PhD in Chemistry (2006) from 
the University of Oviedo (Spain). His post-doctoral period (2007-
2010) was granted by a Juan de la Cierva Research Fellowship at 
the Institute of Nanoscience of Aragon (Spain) in collaboration 
with the Catalan Institute of Nanotechnology (Spain), including a 

stay at the Chalmers University of Technology (Sweden). He joined 
then Prof. Merkoçi's group at the Catalan Institute of Nanoscience 

and Nanotechnology (ICN2, Spain) as Senior Researcher (2011 to 2017) 
followed by a stay at the Polytechnic University of Catalonia (Spain) (2017-2018). As of June 2018, 
he holds a Ramon y Cajal Research Fellowship in the Nanobioanalysis Group, Department of 
Physical and Analytical Chemistry, University of Oviedo (Spain), where he is also a Lecturer in 
Chemistry. Dr. De la Escosura-Muñiz has broad experience in biosensing systems based on 
nanoparticles and nanochannels for point-of-care diagnostic applications. He has been involved 
in +25 national and international projects and is coauthor of over 80 scientific publications (+2600 
citations; h-index: 30, according to Isi Web of Science -November 2021-) and 4 patents.  

 

Prof. Beatriz Pelaz 
Beatriz Pelaz graduated in Chemistry from the University of 
Valladolid (2005) and in Biochemistry (2011) from the University of 
Zaragoza. In March 2012, she obtained a European PhD degree from 
University of Zaragoza. From June 2012 to December 2016, she was 
a member of the group of Prof. Wolfgang J. Parak in the Phillips-

University of Marburg (Germany), first as a postdoctoral researcher 
and since 2013, as a Humboldt Fellow. Since January 2017, she is co-

leader of the BionanoTools group in CiQUS. First, as PI of a JIN project 
(MINECO) and since 2019 as “Ramón y Cajal” fellow (2017 call, Inorganic Chemistry department, 
University of Santiago de Compostela). In 2020, the European Research Council awarded her with 
an ERC Starting Grant. Her research interests are focused on the development of remotely 
controlled smart materials, and the study of their interaction with living entities. 

 

Prof. María del Puerto Morales 
María del Puerto Morales is senior scientist at the Institute of 
Material Science in Madrid (ICMM/CSIC), Spain since 2008. She got 
her degree in Chemistry by the University of Salamanca in 1989 and 
her PhD in Material Science from the Madrid Autonomous 
University in 1993. From 1994 to 1996, she worked as a postdoctoral 

fellow at the School of Electronic Engineering and Computer Systems 
of the University of Wales (UK) and got her permanent position at the 

ICMM/CSIC in 2000. Her research activities are focused on the area of 
nanotechnology, in particular in the synthesis and characterization of magnetic nanoparticles for 
biomedicine, including the mechanism of particle formation and its performance in biomolecule 
separation, NMR imaging, drug delivery and hyperthermia. She has authored several book 
chapters in the field of nanoparticle synthesis (9), patents (3) and more of 200 articles. 
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 Engineered repeat protein hybrids: the new horizon for biologic 
medicines and diagnostic tools 

Aitziber L. Cortajarena1,2 
1Center for Cooperative Research in Biomaterials (CICbiomaGUNE), Basque Research and 

Technology Alliance (BRTA), Donostia-San Sebastián 20014, Spain 
2Ikerbasque, Basque Foundation for Science, 48009 Bilbao, Spain. 

*e-mail of presenting author:  alcortajarena@cicbiomagune.es 

 
The treatment and diagnosis of many diseases still remain a challenge. Inspired by nature, we  

explore biomolecules and their derivatives as novel therapeutic/diagnostic agents. Among 
biomolecules, proteins rise huge interest due to their high versatility, biocompatibility, and 
biodegradability. In particular, we use a class of engineered repeat proteins, the consensus 
tetratricopeptide repeat (CTPR) proteins due to their stability and robustness as a base scaffold that 
can be easily tailored to endow desired functions to the protein. For example, the introduction of 
metal-binding residues (e.g., histidines, cysteines) drives the coordination of metal ions and the 
subsequent formation of nanomaterials.[1] Additionally, new binding capabilities can be encoded 
within the CTPR unit or this can be conjugated with other peptides/proteins.[2]  These properties allow 
the development of protein-nanomaterial hybrids.[2,3]  Generally, the fusion of two distinct materials 
exploits the best properties of each, however, in protein-nanomaterial hybrids, the fusion takes on a 
new dimension as new properties arise. 

These hybrids have ushered the use of protein-based nanomaterials as biopharmaceuticals 
beyond their original therapeutic scope and paved the way for their use as theranostic agents. In this 
context, CTPR proteins have emerged as promising scaffolds to hold simultaneously therapeutic 
and diagnostic functions through protein engineering, as has been recently demonstrated in 
pioneering in vitro and in vivo examples.[2,3]    

Scheme of engineered protein-nanomaterial hybrids and potential applications. 

References 
[1] López Martinez, E… Cortajarena, AL, Adv. Opt. Mat. 54 (2022), 2101332. 
[2] Aires, A. ..  Cortajarena, AL, Chem Science 12 (2021), 2480-2487. 
[3] Uribe, KB … Cortajarena, AL, Acc. Chem. Res. 54 (2021), 4166-4177. 

 



 

 

 

 

 Photonic Nanobiosensors for ultrasensitive and decentralised 
diagnostics at the point-of-need 

Laura M. Lechuga  

Nanobiosensors and Bioanalytical Applications Group,  

Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC, BIST and CIBER-BBN,  

Campus UAB, Bellaterra, 08193 Barcelona, Spain  
Laura.lechuga@icn2.cat 

 
 

COVID-19 pandemics has evidenced the urgent need of having portable diagnostic tools that 
enable rapid testing and screening of the population with sensitivity and specificity levels comparable 
to laboratory techniques. Biosensor technology is one of the best prepared to tackle the challenging 
goal of offering fast and user-friendly diagnostics tests than can be employed at the point-of-need. In 
particular, nanophotonic biosensors based on eveanescent wave detection can provide sensitive, 
reliable and selective analysis, while reducing test and therapeutic turnaround times, decreasing 
and/or eliminating sample transport, and using low sample volume. Our main objective is to achieve 
ultrasensitive Point-of-care (POC) platforms for label-free analysis using nanophotonics biosensing 
technologies and custom-designed biofunctionalization protocols, accomplishing the requirements of 
disposability and portability.  

Photonic biosensors are systems that seize different light-based phenomena for the fast detection 
and quantification of substances. We have demonstrated cutting-edge nanophotonic biosensors 
based on Nanoplasmonics and in Silicon photonics technologies that enables ultrasensitive analysis 
of body fluids in few minutes. By custom tailoring the biochemistry of the sensor biochips, our POC 
nanophotonic biosensor technology can perform direct detection of proteins, genetic biomarkers or 
pathogens within <15 min, with high sensitivity and selectivity. The diagnostic potential has been 
demonstrated and validated among others, for the drug monitoring of anticoagulants in plasma, 
antibiotic allergy diagnosis in plasma, early cancer diagnosis (colorectal and lung cancer) and 
bacterial, and viral infectious diseases [1-3]. During COVID-19 pandemic, our POC biosensor has 
been fully validated with hundreds of clinical samples for the direct detection of anti‐SARS‐CoV‐2 
immunoglobulins in COVID‐19 patients, confirming excellent diagnostic performance [4].  

Our nanophotonic biosensor approach paves the way for modern decentralised disease 
diagnostics. The nanobiosensor POC devices could be employed by non-expert personnel at the 
bed-side of patients and could have a strong impact in guiding quick medical decisions across 
various clinical scenarios. 

 

References 

[1] C. S. Huertas, D. Fariña and L.M. Lechuga. ACS Sensors, 1, 748−756 (2016) 

[2] Maldonado, J.; Estévez, M. C.; Fernández-Gavela, A.; González-López, J. J.; González-Guerrero, A. B.; Lechuga, 

L. M. Analyst 145 (2), 497–506 (2020) 

[3] M. Soler, M.-C. Estevez, M.C. Cardenosa-Rubio, A. Astua, and L.M. Lechuga. ACS Sensors 5 (9), 2663-2678 (2020) 

[4] O. Calvo-Lozano,….and L.M. Lechuga. Anal. Chem. 94, 2, 975-984 (2022) 
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Nanoparticles interfacing biology 

 

Wolfgang Parak 

Universität Hamburg, Hamburg, Germany 
 
 

e-mail of presenting author: wolfgang.parak@uni-hamburg.de 

 

Examples will be presented on how colloidal nanoparticles can manipulate and investigate the 
interface between biology and materials science. This will involve characterization of protein 
adsorption, particle uptake by cells, fate of particles, and delivery and sensing applications. Special 
importance will be given to the discussion on how nanoparticles are endocytosed, and the 
subsequent loss of nanoparticles per cell due to proliferation and exocytosis. A description on how 
nanoparticles may be designed to favor different behavior will be given. Another focus will be on the 
discussion on how in vitro technology could be transferred to in vivo technology. 

 

References 

[1] H. Yan, M. Cacioppo, S. Megahed, F. Arcudi, L. Dordevic, D. Zhu, F. Schulz, M. Prato, W. J. Parak, N. 

Feliu, "Influence of the chirality of carbon nanodots on their interaction with proteins and cells", Nature 

Communications 12, 7208 (2021). 

[2] D. Padro, P. Cienskowski, S. Lopez-Fernandez, I. Chakraborty, C. Carrillo-Carrion, N. Feliu, W. J. Parak, 

M. Carril, "Toward Diffusion Measurements of Colloidal Nanoparticles in Biological Environments by 

Nuclear Magnetic Resonance", SMALL 16, 2001160 (2020). 

[3] S. Ashraf, A. H. Said, R. Hartmann, M.-A. Assmann, N. Feliu, P. Lenz, W. J. Parak, "Quantitative Particle 

Uptake by Cells as Analyzed by Different Methods", Angewandte Chemie 59, 5438-5453 (2020) 
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Magnetoplasmonic nanodomes as a novel structure for biomedical 
applications 

J. Nogués1*, A. Lafuente1, Z. Li1, A. Flucksman2, A. Aranda-Ramos3, A. Lopez-Ortega4, A.G. Roca1, P. 

Güell-Grau1, J.L. Tajada1, L. Pou-Macayo3, F. Pi3, S. Lope Piedrafita3, M.D. Baro3, J. Sort3, P Vavassori4, C. 

Nogués3, O. Benny2, B Sepulveda5 
1 Catalan Institute of Nanoscience and Nanotechnology (ICN2), Bellaterra, Spain 

2 Institute for Drug Research, The Hebrew University of Jerusalem, Jerusalem, Israel 
3 Universitat Autònoma de Barcelona, Bellaterra, Spain 

4 CIC nanoGUNE, Donostia-San Sebastian, Spain 
5 Instituto de Microelectrónica de Barcelona (IMB-CNM, CSIC). Bellaterra, Spain 

*
e-mail of presenting author:  Josep.Nogues@icn2.cat  

 
Advanced nanobiomedical applications have been traditionally based on chemically 

synthesized inorganic nanoparticles. Here we present a novel type of structure especially suited for 
diverse biomedical uses: magnetoplasmonic nanodomes [1,2]. The nanodomes are composed of a 
combined, magnetic and plasmonic, hemispherical shell deposited onto 100 nm diameter polymer 
or dielectric beads. The variation of the materials and their thicknesses in the shell enables tuning 
both the optic and magnetic properties of the nanostructures. The very high plasmonic absorption of 
the nanodomes in the nearinfrared is used for very efficient local optical heating, i.e., photo-
hyperthermia for cancer treatment [1]. The nanodomes magnetic character allows to remotely 
manipulate them to easily regulate the level of photo-hyperthermia. Moreover, given their asymmetric 
shape they exhibit strong optic and magnetic anisotropies. Thus, the rotation of the nanodomes 
using alternating magnetic fields can easily tracked optically using their different absorption 
depending on the orientation. Since the rotation of the nanoparticles depends strongly on the 
viscosity of the medium, which in turn depends on the temperature, the optical tracking of the rotation 
can be used to accurately determine the local temperature around the nanodomes, i.e., 
nanothermometry [2]. Combining the nanodomes efficient photo-hyperthermia with their 
nanothermometry capabilities, allows in-situ tracking the efficiency of photo-hyperthermia 
treatments. Moreover, the same nanodome concept can be extended to confer the beads with drug-
loading capabilities, where the shell allows for remote controlled drug delivery, magnetic 
accumulation, or MRI tacking of the beads [3]. 

 

Representative Figure:  
 
 
 
 
 
 
 

TEM  and ELLS characterization of the nanodomes (scale bar – 50 nm) 
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The treatment and control of bacterial infections are becoming a real and significant concern in 

healthcare nowadays. On the one hand, the antibiotic resistance upsurge due to the misuse of 
antibiotics is an increasing public health threat, and on the other hand, chronic infections 
characterized by biofilm formation (i.e., lung, skin infections) greatly complicate the antimicrobial 
therapies for these patients. The lack of new clinically available therapeutic options hinders the 
advances toward better control of infectious diseases. Therefore, we urgently need multi-targeted 
therapeutic approaches to treat antibiotic multi-resistant (AMR) bacteria and bacterial biofilm 
infections and effectively deliver antimicrobials to the infection site. In addition, there is a need for 
easy-to-use methods of testing the antibiotic susceptibility of bacteria that form biofilms and for 
screening new possible antibiofilm strategies. 

In this talk, I will review our latest laboratory results to combat bacterial biofilm infections and 
describe our microfluidic system to diagnose bacteria growing in biofilms to choose the better 
antimicrobial treatment personalized for each patient. A revisiting today’s nanomedicine strategies 
to treat bacterial infections will be discussed. 
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Medical devices such as laboratory or surgical instruments are extensively used. A 

common problem that may arise from the use of these tools is the proliferation of 
microorganisms and biofilms formation on their surface, which leads to nosocomial infections 
in patients [1]. Novel strategies to prevent the adhesion of microorganisms and thus biofilm 
formation are being developed using physical methods such as the magnetoelectric stimuli [2-
4]. 

In this work, an array of pillars with submicrometer sizes made of highly 
magnetostrictive material is employed to control and trigger the antimicrobial activity on its 
surface by applying a magnetic stimulus. Terfenol-D (Tb0.3Dy0.7Fe1.9) was deposited by 
DC magnetron sputtering over a Si substrate using a hexagonal patterned mask with porous 
diameter of 450 nm, obtaining magnetic pillars of approximately 300 nm in height (Figure 1). 
In depth characterization of the structures were performed including their morphological and 
magnetic characteristics. 

The antimicrobial activity with Gram-negative (E. Coli) bacteria was also assessed by 
comparing the capability of bacteria killing of Terfenol-D pillars, Terfenol-D thin films and Si 
substrates. Experiments were performed both under static and dynamic conditions, the latter 
by applying a varying external magnetic field using a home-made bioreactor [5] to trigger a 
mechanical stimulus via the magnetostrictive properties of Terfenol-D. Micromagnetic 
simulations of the pillars were carried out under the same conditions used in the essays to 
better understand the magnetization dynamics and magnetostrictive effect.  

It is shown how the morphology and the application of the magnetic field to the 
nanostructured surface affects bacteria killing, becoming a proof-of-concept for 
nanostructured magnetically activated materials for the development of antimicrobial 
surfaces. 

 
Figure 1. SEM image of the Terfenol-D pillars deposited over a Si substrate. 
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Climate change and related consequences, such as water contamination, are closely associated with human 

activities. European Union (EU) policies are strongly focused on the reduction of the environmental pressure 

during the life cycle of products, increasing efficiency in the consumption of resources and the use of 

renewable raw materials (1). Materials derived from lignocellulosic biomass have been experiencing 

significant growth and interest for environmental remediation. Moreover, it is possible to functionalize these 

materials with several nanoparticles into specific magnetite nanoparticles, providing materials not only with 

the ability to bind pollutants more efficiently but also with the capacity of being magnetically separated from 

the cleaned environment when an external magnetic force is applied leaving no residue after the treatment.  To 

this end, the following work shows the development of magnetic biodegradable lignocellulosic materials with 

different morphologies, such as microfibers, films, capsules, and beads, as shown in Figure 1. The aim was to 

incorporate magnetic nanoparticles into different cellulose matrixes, such as TEMPO-oxidized cellulose 

nanofibril (TOCNF), cellulose acetate (CA), and bacterial nanocellulose (BNC). In addition, the adsorption 

capability of these materials was also tested, specifically the magnetic beads' capability to remove pollutants 

from aqueous systems. Thus, this work shall demonstrate the outstanding properties of these materials, their 

adsorption capabilities and promising performance for future applications. 

 

 

 

 

 

 
 

Figure 1.  Magnetic nanocellulosic microfibers (a), films (b) bacterial nanocellulose capsules 
under (c) and beads under external magnetic force  (d). 
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The increasing use of engineered nanomaterials (ENMs) for commercial and industrial 
purposes rises concern about possible environmental impacts. Their extensive use and application 
will inevitably lead to the release into the aquatic environment and their bioaccumulation into aquatic 
organisms, posing a final risk for human health [1]. Silver nanoparticles (AgNPs) are, among others, 
the most used ENMs due to their unique physicochemical properties [2]. Their predicted 
environmental concentration in water bodies is around ng/L [3]. Their bioaccumulation in some 
molluscs (e.g. mussels) and fishes has been reported recently [4]. Unfortunately, very few works 
have addressed the potential bioaccumulation of these ENMs in seafood such as marine clams so 
far. This data could be important since clams are one of the main seafood resources due to their rich 
nutrient content and, as filter feeding mollusc can potentially highly accumulate particles. 

In this work, clams from the species Ruditapes philippinarum were exposed to 0.1 mg/L and 1 
mg/L AgNPs during bioaccumulation experiments for 28 days. To study the NPs biodistribution, 
ultrathin sections of fixed, resin embedded clams were analyzed by transmission electron 
microscopy (TEM) and scanning transmission electron microscopy (STEM) coupled with X-ray 
spectroscopy (EDS) to localize and identify the ENMs associated to the  tissue.  

Elemental content was analyzed by inductively coupled plasma-mass spectrometry (ICP-MS) 
after a microwave-assisted acid digestion. AgNPs were extracted by applying an enzymatic 
hydrolysis procedure with pancreatine and lipase Single particle ICP-MS (SP-ICP-MS) was used to 
quantify and characterize size distribution of NPs in the extracts.   

Quantification results indicate that there is a very significant accumulation of AgNPs in clams. 
Ag concentration increased with dose and exposure time till reaching a plateau (until 0.3 μg/g, from 
day 7, 1 mg/L). Results showed the accumulation of AgNPs with time and dose (maximum 
concentration: 2.5×1010 part/g, day 28, 1 mg/L). EM analysis shows that AgNPs are accumulated in 
the tissues, particularly in gills and digestive gland.  

The presence of ENMs, in particular the highly produced ones, in surface waters has been 
demonstrated and could pose a risk to the environment and a source of seafood contamination, 
entering into the human food chain. Here, we show for the first time the potential bioaccumulation of 
ENMs by clams used for human consumption. 
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Contrary to most usual polymers, benzene-1,3,5-tricarboxamide (BTA) supramolecular 

structures are based on monomers non-covalently linked, as they pile up through weaker 
hydrophobic and hydrogen bonding interactions. The outcome is a varied panoply of nanostructures 
in which the monomers are in a dynamic process of dissociation and association. 

In this work, fibrous copolymers of both basic and choline-functionalized BTA monomers were 
designed for an efficient interaction with the choline-binding proteins (CBPs) of the surface of the 
respiratory pathogen Streptococcus pneumoniae. CBPs are essential for the viability and virulence 
of this pathogen, and bind to the choline residues present in the bacterial cell wall. The BTA-choline 
fibres were designed to "scavenge" the CBPs through a competitive interaction. While the starting 
copolymer contained the BTA-choline monomers randomly distributed along the fibre, in the 
presence of the choline-binding module of the LytA CBP, such monomers clustered around the 
protein, allowing an interaction 2500-fold higher than free choline. These chemical multivalent effects 
surpass those produced by other nanoparticles such as dendrimers.Then, the BTA structures were 
added to pneumococcal cultures, inducing bacterial cell chaining and clumping due to the inhibition 
of CBPs involved in daughter cell separation upon division. Multivalent effects were also evident, 
since a 1700-fold lower concentration compared to free choline was needed for a similar 
physiological effect. These BTA fibres therefore pave the way for the design of highly efficient cell 
recognition systems through their functionalization with proteins that bind to the cellular surface, 
leading to novel diagnostic and therapeutic tools. 
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Nanocolumnar films (NCFs) can be manufactured by glancing angle deposition with magnetron 

sputtering. This technique is environmentally friendly: it is carried out at RT in a single step (moderate 
energy consumption) and does not involve chemical products (no recycling issues). Depending on 
several parameters (namely the gas pressure, the electromagnetic power, the angle of inclination of 
the substrate and its possible rotation), the nanocolumnar structure can be controlled [1]. Moreover, 
this method can be scaled up to large surfaces, representing a valid approach for the industrial 
production of nanostructured films [2]. In particular, concerning biomedicine, NCFs made of Ti, Au 
and Pt have been fabricated and successfully employed in several applications. Ti NCFs can be 
used as antibacterial coatings for orthopedic implants [2,3]. Pt NCFs show improved properties as 
bioelectrodes for electric stimulation [4]. Finally, Au NCFs are excellent substrates for the 
identification of biomolecules in surface enhanced Raman spectroscopy, SERS [5]. 

Representative Figure:  

 

Top view (left) and cross-section (right) SEM images of Ti and Pt NCFs, respectively.  
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The interest in the biomedical use of nanomaterials has been quite strong for several years, yet 

despite the excellent preclinical proof of concept data, the clinical translation of nanomedicines has 
remained somewhat low. One potential issue in this regard are the uncertainties related to the 
biodistribution and bio-effects that nanomaterials will have upon systemic administration. In the 
present contribution, we aim to provide an overview of some recent examples on how developments 
in imaging and analysis can help to overcome some of the hurdles currently associated with 
biomedical research involving nanomaterials. 

This presentation will have a strong focus on optical imaging and how optical imaging can 
contribute in further refining the field of nanomedicine. Examples that will be discussed include: 1) 
The combination of tumor imaging for normalization of nanoparticle dosage to enhance therapeutic 
efficacy [1]. 2) The use of optical imaging in determining nanoparticle biodistribution and specific 
delivery to the tumor and tumor cells [2]. 3) The use of this knowledge in determining the effects 
nanomaterials can exert on the tumor and how to optimize nanomaterial delivery to solid tumors. 4) 
The use of optical imaging to determine therapeutic efficacy of novel therapies and how to use this 
information for improved nanomedicines. 

Together with examples of novel imaging modalities and the need for fully quantitative data, we 
hope that this presentation will help any interested scientists in uncovering the full potential that 
nanomedicines have to offer. 
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Iron oxide nanoparticles (IONP) are the eternal promise to change the molecular imaging field. 
This promise has not become a reality due to the unfavourable imaging features of traditional iron 
oxide nanoparticles for many diseases, i.e. the negative contrast in magnetic resonance imaging 
(MRI). Our group has focused on making IONP really useful for molecular imaging. For that, we 
developed extremely small 68Ga core-doped iron oxide nano-radiomaterials. These nanotracers 
provide simultaneous positive contrast in MRI and PET signal allowing for an unambiguous diagnosis 
of several diseases in animal models. Recently, these nano-radiomaterials have been used for the 
diagnosis of cancer,[1,2] inflammatory diseases,[3] atherosclerosis[4,5] and thrombosis.[6] 

Here, I’ll show our latest results in the use of these nano-radiomaterials, particularly for the 
diagnosis of vascular diseases and how the combined use of these nanotracers with bioorthogonal 
chemistry may change the way molecular imaging is carried out. 

Representative Figure:  

 

 

 

 

 

 

 

 

 

 

 

 

68Ga-IONP nano-radiomaterials for atherosclerosis detection 
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PDT is a minimally invasive procedure in which under suitable light irradiation a sensitive drug 

(photosensitizer, PS) is activated and generates Reactive Oxygen Species, mainly singlet oxygen, 
a cytotoxic species able to damage nearby cells.  

Nowadays, there are many different photosensitizers but most of them suffer from different 
limitations such as poor aqueous solubility and lack of selectivity for cancer tissues. In this context, 
new PSs will be proposed based on the BODIPY chromophore. Next, PSs will be anchored to the 
external surface of different silica-based nanosystem (mesoporous silica nanoparticles MSN and 
Laponite-nanoclay) in order to improve their solubility, delivery and targeting to be implement in 
bioimaging and photodynamic therapy, respectively. The photosensitized-nanosystems are further 
functionalized with other molecules of interest to enhance their stability in water and selectivity for 
tumor cells, respectively. 

The internalization, biocompatibility in dark conditions and the phototoxic action under suitable 
irradiation wavelengths (blue, green, or red) at regulated light doses (10–15 J/cm2) are tested in 
vitro in HeLa cells and compared with their respective dyes free in solution. 

 
 
Figure 1. Left) General molecular 
structure of BODIPY covalent linked to 
the external surface of functionalized 
silica nanoparticle of 50 nm size; Right) 
Fluorescence image of dye-silica 
nanoparticles internalized in HeLa 
cells. 
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One of the challenges in the field of nanomagnetic materials for life science is the characterization of 

isolated elements. The use of the scanning probe microscopies to the biomaterials characterization opened 

the door to the evaluation of the morphology and mechanical properties of individual molecules, viruses or 

cells and its manipulation [1]. Other properties as the magnetic anisotropy of nanoparticles are also obtained 

by Magnetic Force Microscopy (MFM) [2]. However, the evaluation of the heating capacity of individual 

magnetic nanoparticles used in hyperthermia treatment is still an open question.  

Measuring dissipation in scanning force microscopy relies on extracting physical information from 

either tip or sample by recording variations in the cantilever oscillation as some energy is transferred in every 

oscillation cycle into dissipative processes [3]. The dissipative maps in Magnetic Dissipation Force 

Microscopy (MDFM) have been used to distinguish between Néel and Bloch domain walls [4], detect 

magnetic nanoparticles [5] or to obtain 3D maps of the sample stray field [6]. In addition, the MDFM mode 

allows to improve the lateral resolution [7] or to distinguish artefacts [8]. 

In this work we have used the MDFM to evaluate the dissipation of energy at the nanoscale in flowers-

like nanoparticles [9]. The flower-like nanoparticles are superparamagnetic at room temperature. The 

magnetic moment can be reoriented due to the stray field of the MFM tip .The loss of energy depends on the 

cluster size, the tip stray field and the measurements conditions. We have also analysed the correlation 

between the maximum dissipation and the morphology of the clusters.    

 

Figure: Dissipation images corresponding to (a) Saturated Co disc [6], (b) CoPt multilayer [7] and (d) 

flower-like nanoparticles. (c) is the corresponding topographic image of the flower-like nanoparticles 
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Temperature is a crucial parameter in biology, medicine, and physics. Because of that, in the 
last years, several methods have been developed and presented to measure nanoscale 
temperature. Optical methods excel because they are non-invasive, spatially accurate, and can 
measure real-time local changes in temperature. Among these, fluorescence anisotropy-based 
methods are particularly advantageous because they are less affected by changes in the probe 
concentration and irradiation conditions. I will present intracellular temperature measurements in 
cancer cells and live organisms using the green fluorescent protein (1, 2) and the theoretical and 
practical method to add thermosensitivity to any protein and DNA (3-5). In addition, it will also discuss 
the measurements of the organelle-oriented intracellular temperature of cancer cells for cancer 
diagnostic and treatment. I will focus in two of the most important cell organelles: Nucleus and 
lysosomes. Using these nanothermometers by a broad spectrum of disciplines within the scientific 

community will bring new intracellular knowledge and understanding that today remains unavailable 
with current techniques. 

Representative Figure:  

 

Figure 1: (A) In vitro Intracellular temperature measurments of Hela cells. (B) In vivo Intracellular 
temperature measurments in neurons in C. elegans. (C) Method presented by the candidate to 
convert anhy proteins and dyes in nanothermometers. 
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Passive tumor targeting via the enhanced permeability and retention (EPR) effect has long been 

considered the most effective mechanism for the accumulation of nanoparticles inside solid tumors 
[1]. Nevertheless, this concept has generated a rising controversy in the last few years [2]. 
Particularly complex is the situation in brain tumors because of the blood-brain tumor barrier (BBTB), 
which adds an extra limiting factor [3]. However, it is still unclear how the BBTB limits the tumor 
targeting of metallic nanoparticles by EPR effect. In this work, we have studied the EPR effect of 
metallic magnetic nanoparticles (MMNPs) in a glioblastoma (GBM) model by parametric MRI. Our 
results exhibited that only MMNPs with hydrodynamic diameters (HDs) ≤ 50 nm could reach the 
tumor interstitium, whereas larger MMNPs were unable to cross the BBTB. Furthermore, even for 
HDs around 30–50 nm, the amount of NPs found within the tumor was scarce and restricted to the 
vicinity of large tumor vessels. Hence, the BBTB strongly limits the passive accumulation of MMNPs 
in brain tumors. Therefore, active targeting becomes the most reasonable strategy to target brain 
tumors with metallic nanoparticles.  

Representative Figure:  
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Optomagnetic nanofluids (OMNFs) are colloidal suspensions of nanoparticles with magnetic 

and optical properties. They are specially interesting in biomedicine, since they can be used for the 
development of controlled hyperthermia treatments of inaccessible tumors such as intracranial ones. 
On the one hand, magnetic nanoparticles can generate heat when subjected to high frequency 
alternating magnetic fields. On the other hand, appropriate luminescent nanoparticles can provide a 
precise and contactless thermal readout in real time by following their emission. Combining these 
properties would permit to safely increase the temperature of brain tumors up to the therapeutic level 
while monitoring not to cause undesired collateral damage.  

In this communication we demonstrate that this is an oversimplification of reality since it ignores 
the presence of relevant interactions between magnetic (γ-Fe2O3 nanoflowers, “NFs”) and 
luminescent (Ag2S NPs) nanoparticles that result in a detrimental alteration of their properties. 
Experiments performed in mouse brains (phantoms and ex vivo) revealed that not only OMNFs are 
unable to induce relevant heating under alternating magnetic fields, but they also fail to provide a 
reliable thermal reading when using photothermal therapy as alternative hyperthermal modality. 
Instead, using luminescent nanofluids containing only Ag2S NPs (acting as both photothermal agents 
and nanothermometers) seem to be a much better alternative for monitored hyperthermia treatment 
of brain tumors in small animal models.  

Figure 1  
 

 

 

 

 

 

 
Figure 1. A) Optical image of mouse brain after nanofluid injection. Luminescence-based 

thermal reading during hyperthermal treatment with B) NFs + Ag2S NPs (i.e. OMNFs) and C) Ag2S 
NPs only. Artefacts during thermal reading appear when OMNFs are used.  
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Therapies against cancer include Chemotherapy, Radiotherapy, Surgery, Immunotherapy, 
Precision Medicine and Hormone Therapy, among others. In spite of this, cancer is still of the 
leading causes of death: By current estimates, by 2030 over 20 million new cases will be 
diagnosed yearly, and cancer will cause 13 million deaths worldwide. Given the magnitude of this 
effort, it is noteworthy that Heterogeneous Catalysis, a field recognized for being able to facilitate 
chemical reactions with high selectivity, has been scarcely explored in oncology. This may be 
about to change: The emerging field of bio-orthogonal catalysis is providing new ways to tune the 
chemistry of complex biological systems, with a myriad of potential applications in diagnosis and 
therapy.  

Until now, using catalysis as an effective tool against cancer has been restricted due to three 
main challenges: First, catalysts must be able to perform effectively against cancer, under the 
conditions prevailing in the tumor environment. Also, the catalyst has to be protected from the 
environment (e.g. from poisoning from sulphur-containing biomolecules). Second, the catalyst must 
be delivered selectively (or at least preferentially) to the tumor. This is also a formidable challenge, 
since current methods that rely on the EPR effect or even targeted delivery, present a very low 
delivery efficiency. For this reason, a variety of alternative delivery methods (e.g. Trojan Horse 
strategies) are being investigated. Third, ideally the catalyst should be activated only at the tumor 
site, to avoid side effects in healthy cells. For this, a variety of possibilities exist such as NIR-based 
activation, environment-related activation, etc.  

The talk will present recent results [1-4] obtained in the ongoing ERC Advanced Grant 
CADENCE. It will discuss recent advances regarding each of the above areas, (what catalysts can 
be used, which reactions, how to deliver them to the tumor using exosomes and other extracellular 
vesicles or even whole cells as carriers, how to activate the catalyst once it reaches its target. 
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Iron oxide magnetic nanoparticles (MNPs) are potential therapy tools in the field of biomedicine. 
However, little is known about the endolysosomal network through which MNPs transit 
intracellularly, and how this transit could affect MNP final degradation. Understanding the 
degradation mechanisms of MNPs inside cells is a necessary step prior to the use of MNPs in 
therapies. For this reason, we analyzed in the RAW 264.7 macrophage cell line the intracellular 
transit, after being internalized, of two MNPs with the same iron oxide core but different coatings 
(3-aminopropyl-trietoxysilane (APS) and dimercaptosuccinic acid (DMSA)) [1]. First the kinetic of 
the MNP uptake and of the intracellular trafficking throughout 48 h was studied. Then, MNP-
containing endolysosomes from RAW 264.7 cells were isolated and subjected to a high-
throughput mass spectrometry analysis to elucidate the protein profiles of these MNP-containing 
degradative vesicles. Finally, we compared the protein profiles obtained from endolysosomes 
containing particles with different coatings, seeking to understand how the MNP surface coating 
could drive their intracellular degradation. These analyses showed that two MNPs with the same 
iron oxide core, but with coatings that provide them opposite surface charges, are internalized 
and transit intracellularly following different kinetic, ending in endolysosomes with different 
degradative capacities. In RAW 264.7 cells, endolysosome containing DMSA-MNP showed a 
higher percentage of lytic enzymes and catalytic proteins than endolysosomes containing APS-
MNP, concomitantly with a V-type ATPase enrichment, suggesting a more acidic lysosomal 
content, which would facilitate the activation of proteolytic enzymes. Endolysosomes containing 
DMSA-MNPs also mirror the strongly anti-oxidant response of cells against the ROS production 
induced by these DMSA-MNPs, involving different redox enzymes like CAT, SODM and those of 
the thioredoxin system. One of the main biological consequences of the more intense 
intracellular degradation of DMSA-MNPs was the induction of autophagy, although it was 
apparently a transient induction, as no signs of cell death were observed. These results highlight 
how the MNP coating can determine the MNP intracellular fate and biodegradation.  
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The severe COVID-19 pandemic requires the development of novel, rapid, accurate, and label-free 
techniques that facilitate the detection and discrimination of SARS-CoV-2 infected subjects. Raman 
spectroscopy provides a solid scientific basis for the eventual development of a non-invasive diagnostic tool 
for biological sampling or direct patient contact. In this research we study the nanostructure of SARS CoV-2, 
which causes COVID-19, through Raman spectroscopy. We focus on detecting differential Raman 
expressions of the trimeric Spike protein (S protein), compared to other coronaviruses. In turn, other viral 
proteins have been explored, aiming to establish guides to be followed in further studies of COVID 19. In 
addition to its characteristic nanostructure, we analyze the effects produced by thermal fluctuations and their 
eventual decomposition, as well as by interference of buffers in the study of proteins. 
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Two years after the beginning of the pandemics the development of novel and modern SARS-
CoV-2 vaccination strategies remains an ongoing worldwide effort. From all strategies being 
studied, protein-based formulations could be a promising strategy specially for being safer and not 
using full pathogens. However, protein-based subunit vaccines are generally less immunogenic, 
which could be overcome by the use of adjuvants and, most of all, nanoparticles. Here we propose 
the use of a lipid-based nanoparticle to boost the antibody response against RBD, the most 
relevant SARS-CoV-2 antigen. The lipid nano multilamellar vesicles (NMVs) used in this work were 
previously characterized in vaccine studies, being consistenly able to boost antibody responses 
(1,2). Plus NMVs allow the incorporation into its structure of the FDA-approved adjuvant 
monophosphoryl lipid A (MPLA). The resulting formulation, named RBD-NMV-MPLA, forms slightly 
negative nanoparticles capable of loading both the adjuvant and the antigen, which is released in a 
controlled manner. No toxicity effects have been observed for the formulation.  

To assess the potential of NMV to boost humoral responses in a murine model, C57BL/6 mice 
were immunized with 2 doses of RBD co-administered with the adjuvant MPLA or in tripartite 
formulations composed of both RBD and MPLA incorporated to NMVs. We observed that even 
though MPLA is capable of inducing antigen-specific antibodies, a significant increase is observed 
when NMV is present. Furthermore, analysis of IgG subclasses revealed that NMV-containing 
formulations promote a stronger polarization towards IgG2c and a more balanced IgG response, 
and that NMV also impacts the antigen-antibody affinity. Finally, we assessed whether these 
advantages observed in animals immunized with NMV-containing formulations could contribute to 
a more neutralizing response in vitro. Viral neutralization assays performed with SARS-CoV-2 
revealed that only animals immunized with the antigen and adjuvant incorporated to the 
nanoparticle were able to efficiently neutralize the viral particle. In order to establish if antibodies 
elicited in animals immunized without the nanoparticle could at least bind to the viral particle, we 
performed an immunofluorescence of infected VERO cells using mice sera. Our results show that 
the presence of the nanoparticle NMV in the formulation is paramount to the development of 
antibodies that properly bind to and neutralize SARS-CoV2. In summary, our results highlight the 
importance of using nanoparticles in vaccine formulations, allowing us to conclude that NMVs not 
only affect the quantity but also the quality of antibodies, inducing a balanced and strongly 
neutralizing humoral response. 
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Diverse medical practices including drug delivery or vaccination can benefit from biocompatible 
materials with the ability to release peptides in a time-prolonged way. Ideally, the delivered molecules 
should be self-contained as chemically homogenous entities to prevent the necessity of potentially 
toxic scaffolds or hold matrices. In nature, peptidic hormones are self-stored in protein-only secretory 
granules formed by the reversible coordination of Zn2+ and histidine residues [1]. Inspired by this 
concept and through the controlled addition of divalent cations at physiological concentrations, 
polyhistidine-tagged proteins can be clustered in form of chemically pure and mechanically stable 
micron-scale particles that act as secretory granules [2].  

The construction of these granules was initially studied with 12 different proteins (engineered 
and non-engineered) acting as building blocks; monitoring the respective precipitation dynamics, 
release rates, and testing the functionality of the released particles, for example, as selective 
labelling agents of cancer cells in a CXCR4+ mouse model of human colorectal cancer. Under 
physiological conditions, Zn-based granules act as self-disintegrating protein depots for the 
progressive release of the forming polypeptide. However, to assess whether and how other 
biocompatible ions would serve as molecular glue-like agents we then tested  the cationic forms of 
Zn, Ca, Mg and Mn, individually and in combination. In vivo disintegration patterns of a set of such 
depots was investigated upon subcutaneous administration in mice, where Ca2+ and Zn2+ were 
deemed as particularly good promoters of time-prolonged protein leakage [3].  

In summary, short histidine tags allow the packaging of structurally and functionally dissimilar 
polypeptides, which supports the proposed fabrication method as a powerful protocol extensible to 
diverse clinical scenarios in which slow protein drug delivery is required. 
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Magnetic Fe3O4 nanoparticles (MNPs) are exploited in several biomedical applications: in 
diagnostics, as contrast agents for magnetic resonance imaging or tracers for magnetic particle 
imaging; in therapeutics, as cargos for drug delivery or heat mediators for magnetic hyperthermia. 
In magnetic hyperthermia treatment, the MNPs, submitted to an AC magnetic field, release heat in 
the tumor tissue in which they have been localized. The heat deposited induces a local increase in 
temperature making the cancer cells more responsive to conventional chemotherapy or radiotherapy 
[1]. The physical mechanism at the base of heat generation, estimated by the specific loss power 
(SLP) value, depends on several parameters; some of these are correlated to the properties of the 
AC magnetic field (i.e., intensity and frequency), whereas others are strictly depending on the 
intrinsic properties of the magnetic particles such as composition, size, shape and surface coatings 
[2]. This work is devoted to revealing the connection between Fe3O4 NPs surface coating (i.e., 
citrate or carboxymethyl cellulose) and the heating efficiency.  The Fe3O4 nanoparticles, synthetized 
by a co-precipitation method, are characterized by an almost spherical shape and a uniform 
distribution of size (around 10 nm), (see TEM image in Figure 1a). Moreover, infrared spectra and 
thermogravimetric analysis confirm the effective presence of coating agents on the MNP surface. 
Hysteresis loops measurements and thermometric characterizations are performed on magnetic 
suspensions with bare and coated NPs applying a magnetic field amplitude and the frequency values 
in accordance with the practical demands of hyperthermia treatments. The SLP values are evaluated 
both from the area of the hysteresis and from a fit of the thermometric curves by a suitable 
thermometric model (see Figure 1b) [3]. The citrate-coated MNPs show better heating efficiency with 
a SLP value in the order of 100 W/g, whereas no appreciable differences are found with respect to 
the uncoated MNPs in the case of the carboxymethyl cellulose (see Figure 1c). Such results are 
ascribed to a different effect of the coatings on the NPs aggregates state. 

 
Fig. 1 (a) TEM image of bare Fe3O4 NPs; (b) bare Fe3O4 thermometric measurements fitted by thermometric model (c) SLP values 

of the prepared MNPs obtained by fitting temperature curves, measured at different amplitude of the AC magnetic field. 
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The arrival and proper release of drugs to a stroke-affected brain by a minimally invasive route 
is still a challenge. Mechanical thrombectomy is one of the acute treatments for ischemic stroke that 
removes the thrombus by inserting a device through the artery. Benefiting from this clinical advance, 
direct brain administration of nanocarriers for brain tissue recovery through the carotid artery can be 
an effective method to improve the brain arrival of therapeutic agents. Here, biodegradable and 
biocompatible PLGA nanocapsules are functionalized with magnetic nanoparticles to be retained by 
a magnet in the brain region of interest while fluorescent molecules and radiolabels were grafted on 
the surface of the nanocapsules allowing us monitoring their biodistribution [1]. Importantly, the 
endovascular administration of the PLGA nanocapsules in animal models significantly improves their 
arrival in the affected brain region while reducing its accumulation in other organs such as the liver 
demonstrating the safety and efficacy of this route [2]. 

 

Endovascular-internal carotid administration of multimodal imaging PLGA nanocapsules 
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New therapies demand drug delivery systems with added functionalities and proven safety, 

stability, and biocompatibility to achieve effective drug delivery and uptake. Herein, a magnetic 
nanovector (Fe@C) was designed by encapsulating iron nanoparticles within a shell of 3-10 
graphene layers, structure that was exhaustively characterized through a wide range of techniques. 
The shell serves as an impervious barrier, mitigating toxicity and enhancing the biocompatibility of 
Fe@C. Its internalization, subcellular behavior, biocompatibility, and influence on cell viability and 
proliferation were investigated. Studies on human lung (adenocarcinoma human alveolar basal 
epithelial) and skin (epidermoid carcinoma) cells indicate Fe@C is less toxic and more biocompatible 
than the magnetite nanoparticles coated by an amorphous carbon (Fe3O4@C), a popular drug 
carrier. As advanced HR-TEM and Raman spectroscopy suggest, Fe3O4@C exhibited more signs 
of degradation than Fe@C when exposed to murine macrophages (mouse monocyte-macrophages 
J774).  Unlike Fe3O4@C, Fe@C has a high drug loading capacity (0.18 g/g) for ferulic acid, an active 
pharmaceutical ingredient found in the traditional Chinese herb Angelica sinensis and releases the 
drug at a constant dosing rate of 8.75 mg/g/day over 30 days. Ferulic acid released by Fe@C injected 
subcutaneously in diabetic BALB/c mice is effective in lowering the blood glucose level [1] 
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Nano-emulsions prepared by the phase inversion concentration (PIC) method have been used 

as templates to prepare polymeric PLGA nanoparticles (NPs).1 A phytochemical was encapsulated 
within a poly(lactic-co-glycolic acid) (PLGA) matrix resulting in high encapsulation efficiencies (ca. 
92%) with average NP sizes (hydrodynamic diameter) ranging from 70 to 100 nm.2 Release 
experiments confirmed the ability of the phytochemical to be liberated from NPs in a sustained 
manner . A first-order equation model fitted our experimental data and suggested the prevalence of 
diffusion mechanisms. The effect of protein corona (PC) on NP stability was studied by DLS and ζ-
potential upon incubation with serum proteins. PC NPs showed increased hydrodynamic diameter 
and more negative surface charge values. The DPPH· assay was used to study the radical 
scavenging activity of phytochemical-loaded NPs confirming a dose-response relationship between 
concentration of NPs and DPPH inhibition. Finally, phytochemical-loaded NPs showed low 
cytotoxicity and high internalization in SH-SY5Y cells. 

 

 
A. Nano-emulsion templating approach; B. TEM micrograph of phytochemical-loaded PLGA NPs; 
C. In vitro controlled release; D. DPPH· scavenging assay and E. Cellular uptake 
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Most drugs administered for treatment of different diseases have to be internalized by cells. 
Improving drug release inside the cytosol of the cells is one of the key challenges in the design of 
drug delivery nanocarriers. Exploiting the natural biological membranes of living cells has been 
proven to be a successful strategy to overcome the maior limitations of synthetic nanocarriers.[1] 
Designing the nanostructures by replicating the natural (bio)-physical properties and highly complex 
functionalities of the cell surface provides delivery nanocarriers with effective biointerfacing, 
preserving the key functionalities of the origin cells.[2] In addition, other bioinspired nanocarriers 
mimic signals for cell-to-cell communications or mechanical surface properties that play important 
roles for cargo delivery via fusion mechanisms. To this end, other biomimetic nanostructures such 
as virus-mimicking nanosystems inspired by the infection mechanisms of some virus, used their viral 
envelope fusion proteins to achieve cargo intracellular delivery.[3] 

In this work, cancer cells were used to obtain biomimetic cell-derived nanocarriers (named 
cellsomes, CSMs) with the aim of exploiting natural cell membrane features to enhanced specific 
targeting efficacy and improve immune evading capability.[4] Surface engineering of CSMs was 
studied to achieve the intracellular delivery of different cargoes. The lipidic composition of CSMs was 
modified by integrating an optimal combination of cationic and dye-labeled neutral lipids (DOTAP 
and DOPE-Atto) to obtain fusogenic CSMs (FCSMs). The new lipidic design of FCSMs have shown 
the ability of direct fusion between the phospholipidic structure of the nanocarrier and the cell 
membrane, avoiding the endocytosis pathway and lysosomal entrapping of the cargo.[5] FCSMs 
were efficiently loaded with manifold types of cargo, from small hydrophobic molecules such the 
bisbenzimide compound Hoechst H 33258 (HOE) to large molecular mass macromolecules such 
dye-labeled phalloidin, dextran polymers or polystyrene beads. The fusogenic properties of FCSMs 
and the intracellular delivery of encapsulated cargoes were demonstrated by confocal microscopy 
studies. This technology could represent a powerful tool for fast cytoplasmatic delivery of sensitive 
drugs, especially proteins and nucleic acids, enabling of designing a new generation of carriers for 
nanovaccines. 
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The development of nanotherapeutics offers unique powerful solutions towards personalized 

nanomedicine to fight manifold diseases, including those of highest social and economic impact such 
as cancer, immunological diseases, cardiovascular diseases and stroke.1 Engineered nanoscale 
objects interact with the active endogenous cellular processing machinery at the natural length scale 
on which it was designed to function and at which it can be fully controlled. However despite the 
multiple advantages that nanoformulations provides, very limited success have been achieved in 
complex models or in vivo. Design smart nanoformulations enabling effectively targeting and dose 
control and thereby, avoiding off-target effects as clearance by liver and spleen, remains among the 
most critical challenges in the field of the nanomedicine.  

 
One of the most important challenges of the nanochemistry is to mimic the multicompartmental 

architecture of natural structures such as cells, and the complexity and dynamism of the cellular 
membrane, which regulates signalling, transport processes and immune responses. Translating cell 
membrane features and thus, being capable of implementing their surface properties on 
nanomedicines, offer exciting opportunities to fabricate next generation biomimetic nanoformulations 
with enhanced pharmacokinetic and tissue-specific targeting capabilities.2  

 
Here we report the development of biomimetic nanocarriers with a surface that mimics different 

cellular compositions (tumoral cells, platelets, immune cells, etc.). These nanocarriers can be 
programmed to perfom specific biological tasks such as evade immune cells, prolong systemic 
cirultaion time, homotypic targeting and high efficiency of intracellular drug release.  Specific features 
are implemented into the nanostructure by surface engineering to improve the intracellular payloads 
delivery to the cell cytosol. By using glycol metabolic labeling, the proteins and lipids of the cell 
membrane can be functionalized with azide groups for anchoring molecules (such as dyes, active 
molecules such as peptides etc.). Modifying the lipidic composition, the flexibility and fusogenic 
features of the nanocarriers can be tune. They can also be functionalized with inorganic 
nanoparticles, such as gold nanorods, providing a new NIR-responsive nanocarriers, for light 
controlled intracellular delivery of antibodies.3 Cell membrane-derived nanostructures have proven 
to be the future of bio-inspired synthetic nanocarriers for vaccines and drug-delivery systems. 
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Glioblastoma (GBM) remains an incurable tumor and there is a paramount need for more 
effective therapeutic approaches, taking into consideration the Blood Brain Barrier impediment. 
In this project, we propose a novel nanoparticle (NP) cellular hitchhiking system (NPCHS) for 
GBM treatment. Here, monocytes were conjugated with PLGA NPs packed with the drug 
paclitaxel (PTX) and Super Paramagnetic Iron Oxide nanocubes (SPIOs) which will bestow 
the system with MRI contrast, magnetic targeting and hyperthermia treatment while monocytes 
will provide a direct targeting to GBM by natural chemotaxis. For this end, fluorescently labelled 
plain and PTX-loaded PLGA NPs were synthesised using the nanoprecipitation method, and 
fully characterised for their physiochemically properties and drug loading efficiency using DLS, 
Zeta potential, TEM, HPLC and ICP-MS. The NPs were screened for toxic effects in relevant 
human and mouse cell lines, namely; monocytes, endothelial cells and glioma cells, using high 
content screening and image based flow cytometry systems. The optimal ratio of NP-cell 
conjugation was determined. Next, SPIO nanocubes, approximately 20 nm in size were loaded 
into the PLGA NPs. MRI measurements of SPIO loaded PLGA NPs or U87 cells incubated 
with SPIO-loaded NPs revealed the increase of r2 relaxation rates with increasing Fe 
concentrations.  In vivo chemotaxis was investigated using optical imaging with the IVIS 
Spectrum and via intravital microscopy, in subcutaneous and orthotopic glioma tumors 
following intravenous injection of NP conjugated monocytes. Tissue slices from tumors and 
major organs were investigated for targeting and therapeutics using H&E staining and 
immunohistochemistry. In general, formulation showed homing ability towards GBM tumors, in 
vivo, promising a potential for targeted GBM treatment.  
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Neural diseases at the central nervous system including spinal cord injury (SCI) remain 

therapeutic challenges for clinicians and scientists. Nanotechnology provides attractive tools to 
approach neural repair. Particularly, graphene-based materials (GBMs) have arisen as promising 
building block materials for the development of a wide diversity of biomaterials/devices in a 
plethora of biological scenarios. Indeed, outstanding efforts are prompting their exploration in 
biomedicine, even when their biocompatibility remains unclear [1]. In vitro, GBMs modulate neural 
cell survival, neurite growth and differentiation [2], electrical signaling and ion channel function [3], 
among others. Progress in vivo is still limited. Since 2013, our group has focused on the 
exploration of 3D reduced graphene oxide (rGO) biomaterials as supportive platforms for neural 
repair at the rat injured spinal cord [4]. From the early time points investigated, rGO biomaterials 
seem to mediate favorable responses towards the stabilization of the lesion site, with an evident 
infiltration of their entire 3D structure. At chronic stages, the formation of functional vascular 
structures to nourish the lesion is favored inside the foams, accompanied by neurites growth and 
immunomodulatory effects. Moreover, the combination of these 3D rGO biomaterials with motor 
training routines significantly impacts immune, vascular and neural features at the injured spinal 
cord. More recently, we have started to investigate the therapeutic potencial of iron oxide 
nanoparticles for neural regeneration. Preliminary studies in vitro with primary neural cells from rat 
embryos have provided highly biocompatible responses, thus opening their utility as drug 
nanocarriers in this scenario. Further work is encouraged to take full advantage of the therapeutic 
potential of these nanomaterials for neural tissue engineering. 

  

Figure: (Left) rGO biomaterials populated by newly-grown neurites at the rat injured spinal cord 
and (Right) Neural cell culture exposed to iron oxide nanoparticles for 48h by confocal microscopy. 
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Doping magnetite with different ions provides even more versatility in the range of applications 

of magnetic nanoparticles not only as contrast enhancement Magnetic Resonance Imaging (MRI) 
agents, but also as drug carries, in generation of heat by magnetic hyperthermia or in magnetic 
manipulation/cell-targeting [1]. Despite Ga3+ is not an usual cation for iron substitution in Fe3O4, 
gallium ferrites can be promising materials in MRI, as radiopharmaceutals and in magnetic 
hyperthermia [2]. In this sense, we have deeped in the knowlodge of the structural and magnetic 
behavior of Fe3-xGaxO4 samples, together with their application as MRI contrast agents. 

Fe3-xGaxO4 ferrites (x = 0.15, 0.3, 0.45, 0.57, 1.05 and 1.35) were synthetized by thermal 
decomposition of gallium(III) and iron(III) acetylacetonates in the presence of oleic acid, oleylamine, 
1,2-hexadecanediol and 25 mL of benzyl ether using the same heating-rate in all the cases. 
Nanoparticles with similar morphologies (cuboctahedrons) and sizes in the range 6 – 12 nm were 
obtained. To make them hydrophilic and biocompatible they have been functionalized with the 
polymer poly(maleic anhydride-alt-1-octadecene) (PMAO). X-ray diffraction and X-ray absortion 
near-edge structure measurements have proved the progressive occupation of Ga in the spinel 
structure, with different occupations in both tetrahedral and octahedral sites 

This occupation has been reflected in the decrease 
of magnetic saturation with gallium content. So, among 
all the samples, nanoparticles with less amount of Ga3+ 
(Fe2.86Ga0.14O4, Fe2.73Ga0.27O4 and Fe2.42Ga0.57O4) were 
coated with the polymer PMAO and the cytotoxicity was 
analysed, not being toxic in cell media. Finally, 
relaxivities measurements of these compositions were 
achivied and the enhacement of negative contrast was 
observed for two of the samples while the 
Fe2.73Ga0.27O4@PMAO system could behave as a dual 
contrast agent. So, a proper tailoring of the composition 
can yield promising biomaterials. 

 

 

 

 
 
 

Figure 1. Viability assay of cells incubated 
with sample Fe2.42Ga0.57O4@PMAO.  
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In the last two decades, ferrite (MFe2O4, M = Fe, Mn, Zn, Co, etc.) Magnetic Nanoparticles (MNPs) 
have become increasingly demanded in biomedicine and have grown into a paradigm in the 
theranostic field. However, the currently existing biomedical approaches based on MNPs usually 
need to employ extremely high doses of material to reach a reasonable diagnostic/therapeutic 
efficiency within an acceptable time window. The root of this problem lies in two main issues. Firstly, 
the tendency of MNP to agglomerate when they are placed in cellular environments causes the 
deterioration of the magnetic properties. Secondly, the endocytic or phagocytic uptake and the 
concomitant intracellular biodegradation of the MNPs render them functionless within a short period 
of time. There is no doubt that the success of any technological and biomedical application relies on 
the quality of the material used. Since the central active module of the magnetothermal platforms 
that we are designing are the MNPs, we are making a great effort to produce high grade MNPs with 
controllable composition, size, morphology, saturation magnetization and magnetic anisotropy. 

Herein, we will show how to prepare monodisperse 
single nano-crystals of stoichiometric Fe3O4 (with sizes 
ranging from 20-40 nm, see Figure 1a) coated with 
Polyethylene glycol (PEG) that present minimal 
clustering effects in environments with different ionic 
strength and viscosity such as  agar and cell culture 
media. Mössbauer Spectroscopy and DC 
Magnetometry have revealed that the inorganic core 
presents a perfectly stoichiometric Fe3O4 phase.  The 
great reliability of the heating capacity of PEGylated 
Fe3O4 NPs in different dispersion media has been 
confirmed by AC magnetometry and calorimetry 
(Figure 1b-c). In-vitro endocytosis experiments in 
colon cancer-derived cell line (HCT116) have indicated 
that Fe3O4@PEG formulations with PEGs of higher 
molecular weight (20 kDa) are more resistant to 
endocytosis than formulations with smaller PEGs (5 

kDa), showing quite large uptake mean-life ( > 5 h) in 

comparison with other NP systems. 

 

Figure 1. a) TEM micrographs of octahedral 
NPs. b) Temperature increase over time at 
clinically safe conditions for a Fe3O4@PEG  
sample. c) SAR vs field curves obtained by 
AC magnetometry and by calorimetry at     
140 kHz for the same sample.  

These optimal Fe3O4@PEG nano-formulations with high resistance to endocytosis and predictable 
magnetic response contribute to the progress and development of promising theranostic agents. 
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Magnetic hyperthermia is one of the most promising biomedical applications of magnetic 

nanoparticles (NP) and is intended to be alternative to cancer therapies based on drug delivery and 
radiotherapy. The range of suitable intrinsic parameters of the NP (such as saturation magnetization, 
anisotropy, shape and size) [1] and of applied magnetic ac fields that maximize the specific 
absorption rate (SAR) has been thoroughly studied [2] and mostly understood. However, there is still 
ongoing controversy on the role that aggregation state of the assemblies and dipolar interactions 
(DI) play on SAR. Here, we will study in regular lattices on SAR using Monte Carlo simulations of 
hysteresis loops in the macrospin approximation [3], showing that SAR can be increased or 
decreased with respect  to the non-interacting case depending on the spatial arrangement of the NP 
assembly, particle size and separation. Next, we will show that, although in random assemblies 
dipolar interactions usually decrease SAR, their pernicious effect can be diminished by controlling: 
1) the thickness of the surfactant covering the NP forming the clusters (Fig. a), 2) the regions on 
which the NP are deposited [4] (inside and at the surface of liposomes/cells, clusters), and 3) the 
clobal shape of the disordere assemblies (Fig. b). 

 

Surfactant thickness (a) and concentration (b) dependence of the hysteresis loop area (SAR) for 
different kinds of NP random assemblies.  
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Magnetic nanoparticles (MNPs) hold great potential for multimodal therapies such as drug 
delivery, magnetic resonance imaging, MPI and magnetic hyperthermia [1]. Nevertheless, most of 
these therapies need a real understanding and an accurate prediction of the dynamic magnetization, 
𝑀(𝑡), of MNPs. The dynamic magnetization can be numerically predicted by Monte Carlo methods 
[2]. Nevertheless, these numerical methods are computationally expensive and the fitting of the 
phenomenological constants such as nanoparticle sizes (𝑑) or  effective anisotropy constants (𝐾𝑒𝑓𝑓)  

present serious difficulties, mainly becasuse the polydispersity of MNPs.  
Therefore, in this work, we propose a procedure to fit the phenomenological constants of the 

dynamic magnetization. The procedure is based in the fact that for a polydisprese MNP sample the 
dynamic magnetization  can be estimated as a linear combination of monodisperse magnetizations 

𝑀𝑑,𝑘(𝑡), that is, ∑ 𝑐𝑑,𝑘 𝑀𝑑,𝑘(𝑡)𝑑,𝑘 . The 𝑀𝑑,𝑘(𝑡) were numerically calculated by means of Monte Carlo 

method for different MNP diameters and 𝐾𝑒𝑓𝑓 constants. For that, an effective integration algoripthm 

was implemented in Matlab. Finally, the 𝑐𝑑,𝑘 weights that best fit the experimental data were obtained 

by common minimum mean square error method. The 𝑀𝑑,𝑘(𝑡) functions are stored in a database in 

order to be used as general procedure for other samples. 
In order to test the proposed method, an iron oxide MNP sample was prepared by co-

precipitation method. The experimental dynamic magnetization of the sample was measured by a 
previously tested lab-made AC magnetometer [3] and then it was fitted to the numerically predicted 
dynamic magnetization using the described method. As it can be observed in figure 1a, there is an 
almost perfect match between the theoretical and the experimental AC hysteresis loops at 410 kHz 

frequency. From the 𝑐𝑑,𝑘 weights, the particle size was estimated at 11 nm, in good agreement with 

TEM images. Finally, the validity of the model was cheked at different filed intensities and the 
theoretically obtained 𝑆𝐴𝑅 values were compared with the experimental values (AC magnetometry), 
showing a good agreement (see figure 1b).   

 
Figure 1. Comparison of the theoretical and experimental  a) AC hysteresis loops b) SAR values showing a 

remarkably good agreemet. Inset shows a TEM image of the sample (ruler 20 nm).  
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In recent years, polymer based additive manufacturing has managed to attract the attention of 
industrial and technological sectors due to the versatility of the design and the easy manufacture of 
structural and functional elements. [1] The addition of small particles to polymers can be used to 
functionalize these materials; the main advantage is that by changing the constituent elements 
(polymer type, particles, additives, etc.) it is possible to modify their physical-chemical properties and 
create new multifunctional materials. [2] As a result of the great versatility of these compounds, the 
production and study of composite materials has attracted the attention of many researchers. At this 
point, magnetic composites have taken on an important role due to their diversity of applications in 
fields such as electronics, aeronautics or even biomedicine. [3]  

On this wise, this work is centered in the synthesis and characterization of magnetic composite 
based on PLA and PCL polymers for their subsequent use in magnetic hyperthermia. Magnetic 
composites have been synthesised by solution casting using different amounts of PLA (10%),           
PCL (90%) and iron (III) oxide nanoparticles (Fe3O4). These composites have been extruded into 6 
filaments for 3D printing with different filling factors (1-60 wt% of magnetic nanoparticles). Finally, 
the chemical, magnetic and calorimetric properties of the obtained filaments were investigated by 
differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), magnetometry (SQUID), 
scanning electron microscope (SEM) and finally, the heat generation linked to the application of Low 
Frequency (LF) electromagnetic magnetic fields (magnetic induction heating) has been analized. 

The results obtained from the characterization of the obtained materials have shown a potential 
application of these materials in biomedical magnetic hyperthermia therapy. 
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Hybrid magnetic nanoparticles composed of iron (III) oxide, Fe3O4, with high magnetization and large surface 
area hold great potential for multimodal therapies, such as trageted drug delivery, magnetic resonance 
imaging, and detection, diagnosis, and magnetic field–assisted radiation treatment of cancer cells. [1,2] To this 
end, we have prepared core/shell hybrid multimodal nanoparticles composed of an Fe3O4 core and a SiO2 
mesoporous shell through a two-step seeded-mediation growth synthesis, combining solvothermal and sol-gel 
approaches and using organic molecules as porous scaffold template. As-synthesized nanoparticles have 
been characterized by means of transmission electron microscopy, powder x-ray diffraction, nitrogen 
adsorption-desorption isotherms, Fourier-transform infrared spectroscopy, AC and DC magnetometry, 
calorimetric measurements, thermogravimetric analysis, and Visible-ultraviolet spectroscopy. The system 
features a particle diameter of 30(5) nm (9 nm core and 10 nm shell thickness) with superparamagnetic 
character, saturation magnetization of 32 emu/g, and a strong AC magnetic-field-induced heating response 
(SAR = 27 W/g, measured at 400 Oe and 307 kHz).  Using ibuprofen as a model drug, the large surface area 
(231 m2/g) of the porous structure offers high molecule loading capacity (10 % in weight) and controlled drug 
release efficiency (67 %) can be achieved using an external AC magnetic field in short time periods (5 min).  
In addition, it has been demonstrated that the magnetic field-induced drug release presents enhanced 
efficiency in comparison with sustained release at fixed temperatures (47 and 53 % for 37 and 42 ºC), even if 
the temperature reached after 5 minutes magnetic field exposition is well below (31 ºC). 

 

 

 

 

 

 

 

 

 

Figure 1. (a) Room temperature hysteresis loop, transmission electron image and particle size histogram for 
core/shell hybrid nanoparticles. (b) Comparative study of non-cumulative ibuprofen release experiments 

between magnetic field-induced and isothermal approaches. 
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Self-assembled amphiphilic polymers that can form nanometric aggregates by interacting 

among themselves or with cyclodextrins are attracting increasing attention in the drug delivery field. 
Amphiphilic polymers provide more thermodynamically and kinetically stable micelles, which show 
an outstanding capability to encapsulate drugs. Micelle encapsulation helps overcoming a main 
limitation of current pharmacological therapy, which is the poor aqueous solubility of most drugs, and 
allows achieving site-specific targeting release of the active substance in the required host tissue.  

Amphiphilic polymers also develop some relevant activities by themselves, actively contributing 
to the success of the formulation. In the cancer field, some amphiphilic polymers have been shown 
able to reverse the multidrug resistance typical of tumor cells, and thus to improve the efficacy/safety 
ratio. In the regenerative medicine field, certain amphiphilic polymers can induce the selective 
differentiation of mesenchymal stem cells to different lineages, or efficiently improve the outcomes 
of viral vector gene therapy [1]. Additionally, the reductant properties of some amphiphilic polymers 
makes them suitable for the in situ formation of gold nanoparticles useful for phototherapy 
applications [2]. 

Many of these features of the amphiphilic polymers can be reinforced by forming supramolecular 
complexes with cyclodextrins. Cyclodextrins can thread along certain regions/blocks of the 
amphiphilic polymers forming polypseudorotaxanes, which notably modify the solubility and 
aggregation properties of the polymers. The assembly of cyclodextrins forming part of adjacent 
polypseudorotaxanes may allow obtaining supramolecular gels that exhibit high viscosity at rest but 
easily flow under pressure. Facile administration through a syringe and hardening at the injection 
site make supramolecular gels particularly suitable for drug depots, which find applications in a 
variety of therapeutic fields, such as cancer, tissue regeneration or ocular drug delivery [3]. 
Interestingly, the stimuli-responsive capabilities exhibited by some amphiphilic polymers notably 
widen the biomedical scope of the supramolecular gels.   
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The emerging interest toward applying graphene (G) and graphene-related materials (GRMs) 
for drug and gene delivery, biomedical imaging and diagnostic biosensors within the central nervous 
system (CNS) prompted neuroscientists to focus on the effects of the interaction of GRMs in contact 
with primary neural cells. In this scenario, we have focused on characterizing the G flake bio-
interactions within the CNS, and the possibility of using both 2D and 3D G-based supports as 
biocompatible scaffolds for neurological applications. The aim is to exploit the conductive properties 
of graphene to modulate and control the activity of neural networks grown in strict contact with such 
structures. Our results show that although exposure to G materials does not impact neuronal and 
glial viability and network formation, it does nevertheless have important effects on neuronal and 
glial physiology, including synaptic activity, intracellular Ca2+ dynamics and astrocyte glutamate 
uptake [1-3] The results suggest G-Oxide could have a protective role in neuro-pathologies 
characterized by hyperexcitability.  

Finally, we have investigated the molecular and cellular mechanisms by which 2D G-based 
supports interact with primary neurons, to assess the possibility of using these materials as flexible, 
transparent and implantable devices to stimulate and trigger neuron excitability [4-6] Monolayer 
graphene grown via chemical vapor deposition was treated with remote hydrogen plasma to 
demonstrate that hydrogenated graphene (HGr) fosters improved cell-to-cell communication with 
respect to pristine graphene in primary cortical neurons by increasing excitatory synaptic 
connections and leading to a doubled miniature excitatory postsynaptic current frequency [5]. 
Moreover, we were able to render P3HB, an amorphous biocompatible polymer, suitable for neuronal 
interfacing by embedding GO nano-platelets in the polymer-structure [6]. These studies indicate that 
wettability, more than electrical conductivity, is the key parameter to be controlled when designing 
neural interfaces. The use of G-composites can bring a deeper understanding of neuronal behavior 
on artificial bio-interfaces and provide new insight for graphene-based biomedical applications. 
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Photodynamic therapy (PDT) has become a clinically promising approach for the treatment of 

a wide range of cancers due to its spatiotemporal selectivity and non-invasive nature. However, the 
use of traditional molecular PSs has inherent drawbacks that hamper the full development of PDT, 
as the combination of poor transport, low tumour selectivity and the "always-on" property generally 
leads to post-treatment risks associated with harmful photosensitisation. 

In this context, the use of supramolecular assemblies would allow to build well-defined dynamic 
and adaptable structures whose size can be controlled by changing different external parameters 
like temperature or concentration. Moreover, supramolecular PSs offer the possibility to precisely 
control not only the internalization, but also the ROS generation via contact- or self-quenching of the 
PSs (Fig. 1). 

 

Figure 1. Schematic representation of the monomers, their self-assembly and applications. 

The lecture will discuss new strategies on the design, synthesis, and self-assembly study1 of 
supramolecular photosensitizers and their application in PDT2 or photothermal therapy.3 
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On-surface reactions, via programmed interactions of molecular building blocks, have recently 
emerged as a promising route to synthesise atomically precise materials from the ‘bottom-up’. This 
approach ensures exquisite atomic-scale control of the structural and chemical functionalization, 
allowing to design a vast number of carbon-based nanoarchitectures not available by traditional 
solution chemistry nor with the ‘top-down’ methodologies. In particular, graphene nanoribbons 
(GNRs) and nanoporous graphene (NPG) with different structures can be synthesized with atomic 
precision and fine-tuned anchors sites containing functional groups [1-4] 

In this talk, I will describe our advances in the on-surface synthesis field. Then, I will discuss our 
recent results to synthetize atomically precise graphene nanoarchitectures and their implementation 
into photonic biosensors for the detection diferent biomarkers. 

Representative Figure:  
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UNIZAR’s Platon group works on the formation of model cell membranes for different 

applications including the understanding of certain phenomena such as the penetration of magnetic 
nanoparticles through the cell membrane under the application of an alternating magnetic field, the 
creation of vesicles such as liposomes or artificial exosomes. In this contribution, we will show a 
sophisticated methodology for the obtention of model phospholipid membranes by using the 
Langmuir-Blodgett method. Langmuir - Blodgett (LB) films of 1,2-dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC) and cholesterol (Chol) have been prepared in ratio 1:1 on solid mica 
substrates. The stability of the monolayer film LB was studied, after being exposed to an aqueous 
solution of HEPES (pH 7.4) or water, at different intervals. Atomic Force Microscopy (AFM) 
experiments showed the formation of very homogeneous bilayers, with nanomechanical stability 
analogous to those of DPPC/Chol, shown in other manufacturing methods. The reversibility of the 
process was also observed after the elimination of the aqueous solution, resulting in the formation 
of remarkably defect-free monolayers. In short, hydration of an LB monolayer film is an easy method 
to produce ordered bilayers, which mimic the cell membrane and which could be used to properly 
model biological membranes. 

 

Figure 1. AFM 5.0 × 5.0 μm2 images and below their representative cross section analysis for a 
DPPC/Chol 1:1 monolayer immersed in 50 μL of a 10 mM HEPES solution (pH 7.4) showing the 
transition from a monolayer to a bilayer upon the indicated immersion times. 
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The optimization of a material functionality requires both the rational design and precise 

engineering of its structural and chemical parameters. [1] Colloidal chemistry is an excellent synthetic 
choice for the synthesis of homogeneous and compositionally complex novel nanostructured 
systems with potential application in several fields. [2] We have exploited here several surfactant-
assisted synthetic strategies in order to chemically transform our starting silver or copper 
chalcogenide nanocrystals into compositionally more complex nanostructured systems, such as 
hybrid and ternary I-I-VI semiconductor nanocrystals with different stoichiometries. Our results 
indicate the formation of new ternary materials, both with stoichiometric and non-stoichiometric 
compositions. Considering the complex chemical distribution of the species in the materials, the use 
of advanced atomic-resolution electron microscopy techniques was key for their appropriate 
characterization and elucidation of formation mechanisms. The work is complemented with the 
assessment of their potential as active materials for energy conversion devices and as contrast 
agents in clinical diagnosis. 

Representative Figure:  

 

 

 

 

 

 

Chemical transformation of binary chalcogenide nanostructured materials into more complex 
noble metal-based chalcogenide systems with a ternary or hybrid composition. (M stands from Ag 
or Cu while X represents S or Se) 
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Nanotechnology allows the creation of a myriad of materials by producing composite self-

assembled architectures, e.g., inorganic and/or organic nano-particles (NPs), biomolecules, 
therapeutics, etc. The fine tuning over their properties provides with novel, multifunctional tools for 
drug-delivery applications. 

Between nanotechnology and achieving advanced medicinal products stand entangled 
challenges such as understanding and controlling the biomolecule−NP (biomolecular corona) in vivo; 
avoiding intracellular degradation of the nano-formulations due to lysosomal/phagolysosome 
storage; and highly specific targeting of cells and/or tissues. 

When designing a nanomedicine some characteristics should be fulfilled in order to ensure its  
in vivo success: avoid sequestration by the mononuclear phagocytic system (MPS); and major 
accumulation in liver and spleen; present prolonged circulation; targeting abilities to recognize 
specific cells and tissues; and the ability to perform an action. 

This last point can be achieved by developing stimuli-responsive controlled delivery systems 
triggered by stimuli such as light, ultrasound, magnetic fields, pH, enzymatic catalysis, competitive 
guests, etc. The interaction of light or alternating magnetic fields with inorganic NPs is orders of 
magnitude stronger than with organic molecules, in particular, due to their larger absorption cross-
sections. Therefore inorganic NPs (or hybrid composites) offer a convenient platform to produce 
remotely controlled colloidal nanosystems. These interactions can be applied to develop 
nanoheaters, nanoreactors, or to induce a controlled drug release that will offer novel and 
personalized tools for therapy and imaging. 
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The use of proteins as scaffolds for therapeutic drug delivery is on the rise because of their high 

biocompatibility, biodegrability and low toxicity. The Green Fluorescent Protein (GFP) is a particularly 
robust scaffold due to its outstanding structural stability and its biological neutrality. However, as an 
exogenous protein, its immunogenicity is a major concern and its use in clinics is not recommended. 
Therefore, the development of a human scaffold that shares the excellent properties of GFP could 
represent a major breakthrough in protein-based drug-delivery. Here, we present a human derived 
protein (Human Scaffold NanoBioTechnology, HSNBT) designed to mimic the structural and 
functional properties of GFP. HSNBT is a product that has been engineered to be biologically neutral 
and it self-assembles as 10 nm-nanoparticles. These nanoparticles can be used to selectively target 
the desired cell types depending on the incorporated targeting peptide. Here, we show that the use 
of a N-terminal peptide that binds to the human receptor CXCR4 (overexpressed in metastasic 
cancer cells) results in a selective internalization of the nanoparticle only in the CXCR4+-expressing 
cells. Moreover, when conjugated with a genotoxic drug (Floxuridine), these nanoparticles were able 
to efficiently and selectively deliver the therapeutic molecule and demonstrated a strong antitumoral 
effect without any toxicity. Thus, HSNBT is an ideal scaffold for the development of humanized 
protein nanomaterials.  

Representative Figure:  

 

Cartoon representation of the human-derived protein (blue), GFP (red) and their superposition. 
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Nanoparticles (NPs) in the size range of 1-100 nm, have shown the capability to engage with 

specific cell machinery through biological motifs in their surface in ways that could differ from soluble 
biomolecules, making such complexes great tools for developing targeted and predefined 
functions.[1–3] The capability to co-delivery antigens, adjuvants and immunomodulators grafted or 
encapsulated have been long studied for designing novel vaccine formulations. NP shape is a critical 
recently appeared as a parameter defining recognition by cell membrane receptors of nanoparticle-
biomolecule complexes, therefore understanding of the effect of shape in biological recognition and 
immune modulation appears paramount.[4,5] 

Here it is shown a rational approach to investigate the identity of anisotropic nanoparticles for 
evaluation of their biological behavior. By applying microfluidic syntheses and computational shape 
analysis we show that shape biology can be explored. It is presented how gold NPs (AuNPs) with 
different shape induce differential antibody responses in vivo. Spherical and branched AuNPs were 
repeatedly inoculated subcutaneously to CD rats. The levels of Immunoglobulins G and M (IgG and 
IgM) were analyzed in parallel to the B cell receptor (BCR) V(D)J gene Ig-Sequencing of the BCR 
transcripts from different lymphoid tissues. A specific branched AuNPs regime, showed increased 
levels of circulating immunoglobulins (Igs) and autoantibodies, and the B cell receptor (BCR) 
repertoire appeared biased upon such treatment. These findings represent a step forward in the 
development of NP-based vaccines towards motifs on the surface (e.g., tumor antigens) of such 
NPs. 

 

  
Figure 1. Nanoscale shape-discovery framework. Electron microscope images are used to 

define the particle regimes based on NP features. PCA plots appear informative of the polydispersity 
(A). Short- and long-tip stars (pink, blue and orange respectively) are characterized by digitalization 
and the centers of gravity of each distribution is represented (thick contour dots for in vivo GNPA/B/C) 
(B). Determination of the levels of anti-C1q autoantibodies in NP treated rats (C). 
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Introduction: Developing a diagnostic test for prostate cancer is one of the main goals of medicine 
today. Prostate cancer (PCa) is the most common malignancy in men.1 MicroRNAs (miRNAs) are 
small regulatory RNAs present in blood in stable forms, identified as biomarkers of cancer-
associated molecular changes and showing promise as signatures for cancer detection and 
prognosis.

2 In particular, circulating miR-200c, miR-221 and miR-375 are up-regulated in PCa, and 
have been proposed as potential biomarkers.3 We recently have shown the role of amino-modified 

mesoporous silica nanoparticles as nanoconcentrators with the ability to isolate miRNAs from patient 
serum samples.4 Here we present the latest results of this research comparying the performance of 
our system with the TaqManTM commercial kit (Thermo-Fisher).  

Results and discussion: Amino-modified mesoporous silica nanoparticles were developed as a 
model to isolate miRNA (miR-200c, miR-221 and miR-375) from serum samples containing cancer-
specific biomarkers. This model was used to isolate miRNAs from different samples by monitoring a 
variety of variables such as concentration, presence of proteins, temperature, time, surface 
functionalisation, in order to quantify them by proteomic analysis and develop a diagnostic test. 
(Figure 1). 

 
Figure 1. Schematic illustration of the use of MSN-NH2 to isolate miRNAs from protein corona 

Conclusion: The use of MSN-NH2 favours, on the one hand, the adsorption of miRNA when proteins 
are present in the sample than when they are absent, and on the other hand, it causes miRNA 
adsorption 6 fold that of the commercial TaqManTM kit. This implies that assays using MSN-NH2 may 
be more sensitive to the subtle up-and downregulation of circulating miRNAs in the blood, making 
them more useful for detecting an individual's disease status. 

Acknowledgments  

Financial support from the Spanish Ministry of Economy and Competitiveness (project PID2019-
111436RB-C21) and the Generalitat Valenciana (project PROMETEO/2017/060) is gratefully acknowledged. 

References 

[1] M. Arnold, H.E. Karim-Kos, J.W. Coebergh, G. Byrnes, A. Antilla, J. Ferlay, A.G. Renehan, D. Forman, I. 

Soerjomataram, I. Eur. J. Cancer. 51 (2015), 1164–1187. 

[2] B.P. Lewis, C.B. Burge, D.P. Bartel, Cell. 120 (2005),15–20. 

[3] K.P. Porkka, M.J. Pfeiffer, K.K. Waltering, R.L. Vessella, T.L.J. Tammela, T. Visakorpi, Cancer Res. 67 (2007), 

6130–6135. 

[4] C. Vidaurre-Agut, E. Rivero-Buceta, C.C. Landry, P. Botella, Nanomaterials. 11 (2021), 1196. 

mailto:pbotella@itq.upv.es


 

 

 

 

 A novel nano-scaffold for nanomedical applications 

Henning Kirst1*, Monica Lopez Fanarraga1 

1Grupo de Nanomedicina. Universidad de Cantabria-IDIVAL, Herrera Oria s/n, 39011, 
Santander, Spain 

*
e-mail of presenting author:  henning.kirst@gmail.com 

 
We introduce a novel versatile nano-scaffold based on Bacterial Microcompartment (BMC) 

shells. The BMC shell is formed by a set of proteins that are functionally similar to structural virus 
proteins but are phylogenetically entirely different. The BMC shell is formed by a set of proteins that 
are functionally similar to structural virus proteins but are phylogenetically entirely different [1]. The 
shell proteins self-assemble into a polyhedral structure that can vary between 40 nm to 200 nm in 
diameter. BMC shells exhibit the highly desirable key properties for nanomedical applications of 
biocompatibility, flexibility in composition and remarkable engineerability. A spherical BMC shell 
scaffold can be built using a flexible number of distinct protein protomer types, from only one [2] to 
five [3], and can theoretically be expanded to hundreds, making it a very flexible and tunable 
bioengineering platform. In addition, BMC shell proteins have been shown to tolerate both fusions 
and insertions [4, 5], resulting in the display of cargo on the outside and/or inside of the shell. Thus, 
for nanotechnology applications, BMC shell scaffolds can be easily fictionalized externally and 
internally, for sensing/recognition and signal output/cargo delivery. However, BMC shells as nano-
scaffolds have so far been overlooked to be used in nanomedicine, presenting a great research 
opportunity. Here we present an overview of our approach to repurpose the BMC shells into novel 
devices for nano-medicine.  
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Magnetotactic bacteria synthesize chains of magnetosomes, which are high quality magnetic crystals 
comprised of magnetite (Fe3O4) surrounded by a lipidic bilayer membrane [1]. Despite the exceptional 
properties of magnetosomes, their tunability is genetically restricted, limiting their scope in biomedical and 
technological applications. One way to overcome this drawback is achieved by doping the Fe3O4 
magnetosomes with diverse elements [2]. In this work, we have doped Magnetospirillum gryphiswaldense 
MSR–1 bacteria with Gd and Tb, and analyzed their impact in the magnetic properties. The incorporation of 
these Rare Earth ions (R) into the magnetosomes has been investigated by using different complementary 
techniques. X-Ray Diffraction has revealed minimal distortion of the Fe3O4 lattice. Transmission electron 
microscopy images have evidenced that the doped magnetotactic bacteria tend to biomineralize longer chains 
with smaller and less faceted magnetosomes than the undoped counterparts. Large facility X-ray absorption 
experiments (ALBA synchrotron) confirm that the Gd and Tb ions are located inside the Fe3O4 structure, with 
Tb3+ and Gd3+ ions substituting  Fe3+ ions. The estimated R incorporation is low, around 3–4 % for both 
samples. Finally, magnetic measurements indicate that the Verwey transition, to be also present in the doped 
magnetosomes, although shifted from ∼ 110 to ∼ 95 K. Further information the alteration of the magnetic 
properties by the R incorporation has been gained by analysing the evolution of the hysteresis loops as a 
function of temperature using simulations based on the Stoner-Wohlfarth model. These simulations reveal 
variations in the thermal evolution of the magnetocrystalline (KC)  and uniaxial (Kuni) anisotropies. The changes 
have been ascribed to changes in the shape/size of the magnetosomes, so as to modifications in the 
monoclinic crystalline structure of the R–doped magnetosomes. The variations of these parameters may permit 
to asess rapidly the quality and fine eligibility of the samples for biomedical purposes. 

 

 

Figure 1: Comparison between the evolution of the Kuni vs. Temperature 
corresponding to undoped, Gd- and Tb-doped bacteria. Insets (top and 
bottom) show the XANES spectra corresponding to Gd- and Tb-doped 
magnetosomes, respectively, where the existence of a peak clearly 
pinpoints the existence of Gd and Tb within the magnetosomes. 
Undoped data taken from [2] 
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The contactless heating capacity of the magnetic nanoparticles have been largely exploited in 

fields such as hyperthermia cancer therapy, catalysis or enzymatic thermal regulation. Herein, we 
propose a smart technology to generate multiple local temperatures in a single-pot reactor by 
exploiting the unique features of iron oxide magnetic nanoparticles (MNP) as local nanoheaters [1]. 
At low concentration, the MNPs are able to transform the energy of alternating magnetic fields (AMF) 
into local heat without raising the temperature of the media. The amount of heat dissipated can be 
controlled by tailoring the magnetic features of the MNPs or by changing the intensity and frequency 
of the AMF. Thus, combining diluted colloids of MNPs with different magnetic features we have been 
able to generate a multi-hot-spot reactor in which each population of MNPs can be selectively 
activated by controlling AMF conditions. A combination of two fluorescent proteins, superfolder 
Green Fluorescent Protein (sGFP) and m-Cherry Red Fluorescent Protein (RFP), were used as 
molecular thermometers able to mimic the molecular link between enzymes and MNPs and their 
site-oriented arrangement (Fig. 1). This technology represents an unprecedented example of the 
fine control of local temperatures and paves the path for the implementation of selective thermal 
regulation systems such as multi-step enzymatic processes. 

 

 

Figure 1. Using a mixture of nanoparticles with different fluorescent proteins at the surface 
(a), it is possible to induce multiple hot-spots in the same reactor by tuning the AMF conditions (b), 

keeping the reactor temperature below 20ºC. SAR values corroborate these results (c).  
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In this talk, some recent results in the field of magnetic nanostructured materials for 

environmental applications will be presented. Specifically, materials for wastewater treatments 
(pollutant adsorbents and photocatalysts) will be addressed. First, high-efficiency adsorbents based 
on Fe-C nanostructures [1] for the removal of organic contaminants and heavy metals (phenol and 
Cr, respectively). Regarding photocatalytic applications, TiO2-based nanoparticles (doped with N 
and Cr) have been shown to be efficient antibacterial [2] and contaminant removal agents [3] under 
visible irradiation. In addition, the development of multifunctional magnetic nanoparticles based on 
the photocatalytic properties of semiconductor oxides (TiO2 and Co-Zn ferrites) will be also 
presented. 
 

In the analyzed systems, the magnetic core introduces an important functionality regarding the 
recycling and reuse of the active agent (adsorbent or photocatalyst) after different cycles. Thus, it 
allows and facilitates the magnetic separation of the active agent from the treated water under the 
application of an external magnetic field. Furthermore, recent reports show the magnetic contribution 
as a key controlling factor in the photocatalytic process, leading to remarkable improvements in 
photocatalytic efficiency under magnetic fields of moderate strength [4]. In fact, Zn-Co nanoparticles 
show optimum photocatalytic response linked to the maximum net magnetic moment of the spinel 
ferrite. These results supports the current interest in the environmental field regarding magnetic field 
effects on advanced oxidation processes as photocatalytic degradation. 
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  Cancer is one of the most common causes of death worldwide and new strategies are proposed 

to overcome the limitations of the standard treatments. In the last years, a great effort has been 
carried out to design magnetic nanoparticles (MNPs) for specific applications, such as magnetic 

hyperthermia, targeted drug delivery, and detection of cancer cells [1, 2]. As a result, the use of 

MNPs in cancer therapy through magnetic hyperthermia has been authorized in Europe since 

2011, as a co-adjuvant therapy with conventional radio- and chemotherapies for the treatment of 
brain tumors. In addition, in 2014, the American FDA also approved this procedure for the 

treatment of glioblastoma and prostate cancer. However, there are several intrinsic limitations 

associated to the use of MNPs, such as limited penetration through biological barriers, poor 
reaching and targeting capacity, and uneven distribution in the tumor tissue. 

On the other hand, bacteria have a long history in cancer therapy. Already in 1890, Coley et al. [3] 
discovered that some cancer patients recovered after suffering bacterial infections. Nowadays, it is 

stablished, as standard of medical care, the use of Bacillus Calmette-Guerin for bladder cancer, 

and the FDA has allowed several clinical trials with tumor-targeting bacteria 
(https://clinicaltrials.gov).  Several features rely upon the ability of bacteria to selectively infect and 

kill the cancer cells in situ. One is motility, since bacteria can swim and penetrate deep into the 

tumor tissue. The other one is aerotaxis, since the navigation of bacteria is driven by the oxygen 
gradients present in the medium, which favors their preference for hypoxic regions such as those 

in tumors. Unfortunately, until now, the bacteria tested in clinical trials cannot be guided or tracked 

inside the body by using external devices. 

In this context, magnetotactic bacteria (MTB) are a particular group of bacteria that combine the 

best of both worlds. MTB are biological microorganisms with the ability to align and navigate along 
geomagnetic field lines to reach hypoxic regions. To develop this ability, MTB biomineralize 

magnetic nanoparticles inside them, called magnetosomes, and organize them into chains to 

respond optimally to an external magnetic field. The intrinsic properties of MTB, such as 
biocompatibility, self-propulsion, aerotaxis, and their capability to grow and proliferate in regions 

with low oxygen concentrations, make them suitable as bioagents for potential anticancer 

applications. In addition, the incorporation of magnetic nanostructures, which allow control in their 
navigation and the application of some therapies; all these features explain why MTB are 

considered some of the most promising nanobots for biological applications [4, 5]. 
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Rapid test based on lateral flow immunoassays have become the most popular diagnostic tool 
for control of the Covid 19 pandemic during last year. While the National Health systems were 
overloaded worlwide, the society has seen the advantages of these simple and low cost analytical 
test, available to use at home. We can expect then that this crisis will trigger an interest to extend 
their use to other biomarkers and analytes of interest.  

With this purpose, we have identified two main needs: 1) reduce the false negative results, by 
improvement of the sensitivity of the tests; 2) add quantification information. Both aspects can be 
met by replacing the traditional gold nanoparticles (red line at the test zone), by other nanoparticles 
that could lead to lower limits of detection and/or enable the coupling with transducers.  

Our research group has been working with this aim in the last 8 years. Recent results have 
shown sensitivity enhancement with Eu doped fluorescent nanoparticles, Au@Ag core/shell 
nanoparticles [1], multilabel systems based on encapsulation of superparamagnetic nanoparticles 
[2] and peroxidase effects. These systems have been tested with neutravidin-biotin model systems, 
E. Coli immunoassays, extracellular vesicles and antigens tests for Covid 19.  

 

Scheme of a lateral flow immunoassay for E. Coli using multilabel systems based on 
encapsulated nanoparticles. 
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Engineering the `bio´ identity of man-made nanomaterials is central for most biological/ 
therapeutic applications. The low success in the `bench-to-bed´ translation is the result of our lack 
of understanding of the bio-synthetic interactions occurring upon nanoparticle exposure to biological 
media. Controlling these interactions is a key issue for producing nano-surfaces with a specific 
function, improving their efficacy in the biological context.  

To circumvent this issue, nanomaterials destined for in vivo applications are coupled to targeting 
ligands and are typically protected with chemical agents such as poly(ethylene glycol) (PEG) and 
are attached to targeting moieties, such as antibodies or (poly)peptides. However, despite these 
solutions, less than 1 % of the nanotherapies administered reach their destination.  

In our laboratory, we design mimetic nanomaterials endowed with a custom-designed biological 
identity. We assemble nanostructures that externally "look like" viruses and behave like them in 
terms of specificity, receptor affinity, cell recognition mechanisms, entry routes, etc. while internally 
they are synthetic and innocuous, and can be designed for use in different strategies, for example, 
introducing drugs, genes or nanoparticles into cells. 

To do this, we use genetically modified high-affinity targeted proteins copied from natural ligands 
(mainly toxins). These proteins are genetically modified by keeping the domains that interact with 
target receptors but removing the catalytic parts to render them harmless. These engineered ligand-
proteins are fused with nanomaterial interaction domains for precise and stable binding to the 
nanosurface in an "as designed" orientation, thus preventing protein inactivation, biofouling, or 
disorientation upon exposure to the biological medium. 
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Selective transport in protein-based ion channels is already used in living systems for electrical 

signaling in nerves and muscles, being this natural behavior approached for the use of biomimetic 
nanochannels in biosensors. On the basis of this principle, nanopores and nanochannels-based 
platforms stand out from the variety of nanostructured materials, bringing new advantages for 
biosensor development and applications. The emerging use of arrays of solid-state nanochannels 
has opened the way to different and versatile sensing systems ranging from electrical to optical 
detection devices. 

The purpose of this talk is to give an overview on the recent trends in the use of nanochannels 
for biosensing applications [1,2]. Some general considerations on the principles of the stochastic 
sensing, together with an overview about the common routes for nanochannels preparation before 
focusing on the applications for DNA, protein, virus, toxin and other analytes detection will be given. 
Special focus will be put in recent approaches for the in situ monitoring of biomarkers secreted by 
cells and bacteria for diagnostic applications [3,4].  

The state-of-the-art of the developed technology may open the way to new advances in the 
integration of nanochannels with (bio)molecules and synthetic receptors for the development of novel 
biodetection systems that can be extended to many other applications with interest for clinical 
analysis, safety, and security as well as environmental and other industrial studies and applications. 
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Extracellular vesicles (EVs) are small membrane vesicles secreted by cells and filled with 

biomolecular cargoes. Some of these extracellular vesicles are created from neuronal cells and 
expelled into the cerebrospinal fluid or even plasma, where they can be selectively isolated for signs 
of neuronal pathological conditions. In recent years research groups around the world have 
selectively isolated neuronal EVs relying on L1CAM as a membrane marker. L1CAM is supposedly 
a transmembrane protein with high and relatively specific expression in neural tissue. [1]  However, 
in June 2021, Norman et al. [2] published a study claiming L1CAM in plasma and cerebrospinal fluid 
is found as a soluble protein and not associated with EVs, being, therefore, a wrong choice of marker 
for neuronal EVs isolation protocols. This affirmation brings shade into the numerous studies that 
have relied on L1CAM to report differences between healthy controls and patients with various 
neurodegenerative diseases.  

To bring further understanding into this controversy, we fabricated lateral flow immunoassay 
(LFIA) tests. Isolated EVs from plasma were sampled in a sandwich structure between a common 
EVs anti-tetraspanin antibody (aCD63) labeled with gold nanoparticles (AuNPs) for detection, and a 
anti-L1CAM antibody, for capture on the test line. The principle is sketched in Figure A. The test line 
binds all the L1CAM protein present in the solution, but the soluble L1CAM (if any) does not 
contribute to any signal since the AuNPs-aCD63 binds only to EVs.  

 The presence of the visible test line signal we found on the strips is a strong indication of the 
presence of EVs with L1CAM embebbed in the membrane. These results have been supported by 
fluorescence correlation spectroscopy (FCS) and dynamic light scattering (DLS) measurements in 
solution.   

Representative Figure:  

 

Schematic representation of the LFIA for EVs with L1CAM (A). Strips evidencing the presence 
of L1CAM (B).  
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Metal nanoclusters have become more important in sensing applications due to their unique 
characteristics. The design and development of biosensors in this study is based on the modification 
of recognition components using metallic nanoclusters and quantum dots. Under non-denaturing 
conditions, we have previously demonstrated that nanoclusters may be produced employing 
antibodies1 and engineering proteins2 as scaffolds. The electrochemical characterisation of protein-
hybrids with various compositions functionalized with carbon nanomaterials is being investigated, 
with the best performing systems being exploited to develop nanocluster-based systems as a novel 
electrochemical detection technology. The fabrication of a new laccase biosensor to improve the 
sensitivity of current detection systems is the topic of our proof of concept demonstration. Another 
application being investigated is the electrochemical detection of COVID-19 antibodies employing 
anti-Human IgG antibodies modified with bimetallic gold and platinum nanoclusters with peroxidase-
like activity and high affinity for Anti-RBD antibodies. 

Figure 1. Different approaches based on gold nanohybrids with engineered proteins functionalized 
with electrochemically exfoliated graphene and their characterization with cyclic voltammetry  (left) 
and (right) with antibodies and the scheme for the electrochemical detection of COVID-19 antibodies 
using Os-PVP polymer. 
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Escherichia coli (E. coli) is a gram-negative biofilm forming bacteria, which has the ability to 
colonize and persist in human, animal hosts and environment. E. coli O157:H7 is responsible 
for severe food intoxication, and it is considered a public health threat. Additionally, it shows 
antimicrobial resistance against broad spectrum of antibiotics.  Therefore, there is a need for 
rapid methods for E. coli O157:H7 detection. Lateral flow immunoassays (LFIA) allow to 
develop rapid, low-cost, and simple detection. The great challenge is to achieve low limit of 
detection and capture planktonic cells before biofilm growth.Gold nanorods (NRs) and 
nanoprisms (NPrs) are anisotropic gold nanoparticles with plasmonic properties which are 
capable of absorbing light at localized surface plasmon resonance (LSPR) in wavelengths of 
the infrared region of the electromagnetic spectrum. In this region living organisms and organic 
compounds have a minimum absorptivity which causes gold nanoparticle to be excellent 
candidates for their use in therapy and biosensors[1], [2]. In this work plasmonic gold 
nanoparticles were used as a label for developing a thermal biosensor in a test strip format for 
E. coli O157:H7 detection by coupling test strips with a laser set-up as signal amplification. 
Due to the capability of NRs and NPrs of absorbing the incoming NIR light and generating 
heat at LSPR peak in the test line, it was possible to decrease the limits of detection of the 
biosensor down to 2 x 101 (cfu/ml) using dilutions of a E. coli O157:H7 cultured in Tryptic Soy 
Broth (TSB) in PB buffer.  
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Early diagnosis of SARS-CoV2 at the PoC is critical for preventing the spread of disease and 
ensuring epidemic preparedness. In this study, we try to develop a SERS-based LFIA as an 
ultrasensitive and robust test for PoC applications employing hand-held Raman instruments. SERS 
is a technique for ultrasensitive chemical analysis that combines the fingerprint molecular information 
provided by Raman spectroscopy with the signal-enhancing power of plasmonic nanoparticles (1). 
For this purpose, we synthesize plasmonic nanoparticles by colloidal chemical methods. The type of 
nanoparticles selected were core@shell Au@Ag  nanoparticles with spherical geometry (2). Then, 
nanoparticles are codified with a Raman active molecule such as rhodamine exhibiting high 
efficiency. Since the aim is the diagnosis of SARS-CoV2, these SERS-nanotags are functionalized 
with the specific antibodies against SARS-CoV-2 nucleoprotein (N protein) and spike protein (S 
protein). Calibration curves of colorimetric LFIA and SERS-LFIA are obtained for both types of 
proteins. Finally, saliva and nasopharyngeal samples are tested. Although the LFIA is initially 
developed to detect N or S proteins separately, the final goal will be achieved the simultaneous 
detection of both antigens and other coronaviruses (OC43), syncytial respiratory virus or influenza 
A and B virus (multiplexing). 

Figure 1. Schematic principle of SERS-based LFIA for detection of S and N protein of SARS-CoV2 
and other proteins of respiratory virus using SERS nanotags.  
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Thanks to their remarkable physicochemical properties, the biomedical applications of carbon 

nanotubes (CNTs) have been extensively explored.[1,2] Owing to their tubular shape and high 
aspect ratio, they can easily cross biological barriers and be internalized in cells. 
The functionalization of their surface is a crucial step to increase their dispersibility and 
biocompatibility, to conjugate biologically active molecules and to impart multimodality.[3] 

One of the fundamental characteristics of cancer is the deregulation of cell proliferation 
mechanisms, associated with gene amplification, overexpression or hyperactivation of various cell 
cycle regulators. In particular, the hyperactivation of cyclin-dependent kinases (CDKs) contributes to 
cell proliferation in several human cancers. Therefore, given their role in the coordination of cell 
division and their prognostic value, these enzymes constitute pharmacological targets of choice for 
the development of anticancer therapies. 

In this presentation, I will talk about the conjugation of an environmentally-sensitive fluorescent 
peptide biosensor on the nanotube surface for fluorescence-based detection and quantification of 
CDK1 activity in vitro, in living cells, and in vivo.[4] Since alterations in CDK/cyclin activity have been 
reported in a wide variety of cancers and associated with negative prognosis, this technology should 
provide a direct means of probing hyperactivation of CDKs and of guiding therapeutic 
intervention/decision, thereby contributing to cancer diagnostics, assisting therapeutic programs and 
monitoring response to therapeutics. 
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The measurement of subcutaneous temperature using minimally invasive technologies has 
become essential in modern biomedicine. The most relevant example is the use of luminescent 
nanothermometry, based on luminescent nanoparticles with temperature-dependent emission 
properties. Nanothermometry is particularly useful in two-dimensional thermal imaging in animal 
models [1]. However, three-dimensional (3D) thermal images have never been generated, with the 
correspondent loss of relevant information.  

Optical Coherence Tomography (OCT) is a clinical imaging technique based on the light 
scattered by tissues that can provide 3D structural images of them. Combination of OCT with 
nanoparticles whose scattering properties are strongly dependent on the temperature opens the 
door to the possibility of performing 3D thermal imaging. In this sense, nanoparticles made from 
thermoresponsive polymers are ideal candidates. When the transition temperature of the polymer is 
reached, the polymer collapses, leading to an enhancement of its refractive index [1] and scattering 
cross section. In this work, we use Poly(N-isopropylacrylamide) (PNIPAM) nanoparticles with a 
transition temperature of 33 °C (Figure 1A) as nanoprobes for OCT thermal imaging. PNIPAM 
nanoparticles were characterized for different temperatures proving the increase in their scattering 
performance. Moreover, these nanoparticles were injected into tissue phantoms and the contrast of 
the OCT images was evaluated at increasing temperatures. Images show that the OCT intensity 
dramatically increases when reaching 33 °C, and after proper calibration and data analysis, it is 
indeed possible to perform a 3D thermal map of the PNIPAM injection (Figure 1B). 

Representative Figure:  

 
Figure 1. A. Hydrodynamic diameter of PNIPAM particles dispersed in water for different 
temperatures. Representations of the nanoparticles before and after the collapse are also displayed 
as insets. B. Left: schematic representation of the experimental procedure to obtain OCT images of 
phantom tissues after PNIPAM injection. Right: single photogram of the 3D thermal image of the 
PNIPAM injection inside the phantom. 
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Cancer cells display a different chemical environment than healthy cells which can be exploited 
by heterogeneous catalysis for producing key reactions to selectively induce cancer cell apoptosis[1]. 
Among all the species present in cancer cell, targeting glutathione (GSH) through its aerobic 
oxidation is one of the most utilized catalytic processes for nanocatalytic therapy. GSH is the major 
antioxidant molecule in animal cells and it is overexpressed by tumors, which are particularly 

sensitized to GSH deprivation[2]. However, nanostructured catalysts are not inert agents limited to 
purely heterogeneous catalytic processes, and are susceptible to transformations within the tumor 
microenvironment. In this work, we have explored the influence of GSH in a copper-iron based 
catalytic nanoplatform developed for cancer therapy. GSH is able to selectively promote Cu leaching 
while leaving a Fe-enriched nanoparticle, both with different catalytic properties. After its release, 
Cu2+ efficiently catalyzes the aerobic oxidation of GSH through the formation of a coordination 
complex between Cu2+ and GSH. In this homogeneous cycle, O2 is required to act as an electron 
acceptor to form ·O2

- species. To finally demonstrate the in vitro catalytic properties of CuFe2O4 we 
evaluate their cytotoxicity/GSH catalysis in cancer/healthy cell lines. The major GSH concentration 
of tumor cells triggers the catalytic process summarized in Figure 1, which is directly related to the 
anticancer efficacy of CuFe2O4. 

 

Figure 1. Coupling between homogeneous and heterogeneous catalysis within the tumor 
microenvironment to promote selective cancer cell death. 
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Cancer is a global health issue, leading one of the main causes of death every year. In 2018 
(last global data obtained by GLOBLOCAN), more than 18 million cases were diagnosed. 
Furthermore, statistics predict an increase of cases of 63 % for 2040. Henceforth, there is an urgent 
need to develop more effective and less invasive therapies. Within biomedical field, nanomedicine 
shows new possibilities and strategies proposing novel local therapies in the tumoral region. These 
promising therapies are mediated by nano-objects, highlighting noble metal nanoparticles (NPs). 
These NPs exhibit a characteristic property known as localized surface plasmon resonance (LSPR), 
which consists of an enhanced electric field that generates a strong extinction of light [1]. This optical 
response depends on both intrinsic and extrinsic parameters of the nanomaterial. For example, size 
and composition of certain NPs can tune the plasmon response from the visible range to the near-
infrared region (NIR) of the optical spectra, making these nanomaterials suitable for biomedical 
applications. In fact, this resonant extinction results in a photothermal response which enables a 
controlled and localized heating (41-46 ºC) to promote selective induction of cancer cell death [2]. 
Despite progress in this research field, there is currently a need to comprehend which extrinsic 
parameters can affect the optical response, how they modify this response and how they are affected 
by the intrinsic characteristics of NPs. Specifically, when these nanomaterials interact with biological 
media, LSPR can be modified as a result of the interplay between the NPs and the cellular 
environment [3]. These modifications, and the consequent plasmonic coupling, alter the system 
efficiency and must be considered in the design and optimization of new nanotherapies. 
In this work, the photo-induced response of different gold metallic NPs has been explored in several 
media, specifically in tumor cells, identifying the plasmonic coupling and consequent changes in the 
photothermal response. For that, we have designed a methodology for exploring experimental and 
theoretically the involved physical and therapeutic parameters. The experimental optical properties 
are validated with numerical modeling using COMSOL Multiphysics, considering different degrees 
of plasmonic coupling and their influence on the photothermal performance under NIR light 
exposure. 

Acknowledgments  
This work has been supported by the Spanish Ministry of Economy and Competitiveness 

(RTI2018-095303-A-C52), Comunidad de Madrid (2017-T2/IND5395 Talento, 2018-T1 / IND-1005 
Talento, 2018 / NMT-4321), AECC (project Ideas Semilla 2019) and Spanish Network HiperNano 
(RED2018-102626-T). IMDEA Nanociencia acknowledges support from the ‘Severo Ochoa’ 
Programme for Centres of Excellence (MINECO, SEV-2016-0686). 

References 

[1] García, M. A. Journal of Physics D: Applied Physics 2011, 44, (28), 283001. 

[2] Jaque, D. et al. Nanoscale 2014, 6, (16), 9494-9530. 

[3] Espinosa, A et al. Adv. Health. Mater. 2016, 5, 1040-8. 

mailto:m.paris@csic.es


 

 

Stabilization of VEGF-A using nanoparticles to increase proliferation of 

endothelial cells to enhance the angiogenesis process. 

Vivian Torres Vera1*, Roman Vuerich2, , Matteo Cauteruccio2, Enrique López-Cabarcos1, Serena 

Zacchigna2 & Jorge Rubio Retama1  

1Depatment of Chemistry in Pharmaceutical Science, Universidad Complutense de Madrid, 28040 Madrid. 
2 Cardiovascular Biology Laboratory, International Centre for Genetic Engineering and Biotechnology (ICGEB), 

Padriciano, 99, 34149 Trieste, Italy. 

*
e-mail of presenting author:  viviator@ucm.es  

VEGF is an important target for study because it serves as a signaling protein for endothelial cell recognition 

and as a therapy to regulate cellular angiogenesis by increasing its expression in tissues after cardiovascular 

accidents or decreasing it in tumors. One of the major challenges with VEGF is its low stability in biological 

systems. That is, it has a short-lived effect on organisms. For this reason, the goal of this project was to develop 

a nanostructure that can stabilize VEGF-A using nanoparticles to promote the angiogenesis process in tissues. 

The strategy to create this nanostructure was to bind VEGF-A to a lanthanide-based nanoparticle through a 

"coupling reaction". In vitro studies were then performed using Huvec cells, where the NPs@VEGF-A 

nanocomplex was found to increase endothelial cell survival and proliferation by 20% compared to the same 

VEGF-A concentration. Ex vivo experiments were performed in mice genetically engineered to express 

endothelial cells by changing the color of the fluorophore. The results shown in Figure 1 indicate that the 

number of endothelial cells increases by 30% when the nanoplatform is used compared to free VEGF. In 

addition, the formation of tubular structures is observed, which show demonstrating the growth of new blood 

vessels typically in a successful angiogenesis process. 

Figure 1. ex vivo results. Increased number of endothelial cells in skeletal tissue of mice after injection of 

the nanostructure NPs@VEGF-A. 
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Woodpile structures of various dimensions were fabricated via femtosecond direct laser writing via 

the two-photon polymerization process [1]. The distance between the woodpiles were varied from 

25, 50 and 100 µm and the ability to host cells for tissue engineering and cancer cancer cell models 

was evaluated. Besides the microfabrication optimization, that took voxel shape compensation and 

laser adjustments into account for the IP-S, PEGDA, and SZ2080 biocompatible materials [2].  For the 

last material, an additionally protocol for autofluorescence background reduction using UV 

illumination was developed. Further, we assessed the Young’s modulus of the hydrogel PEGDA 700 

with a nanoindenting tool and discovered a bilayer behaviour, where the outside presented lower 

stiffness compared with deeper material spots. The scaffolds were designed with three different pore 

sizes, namely 25, 50, and 100 µm. Optimized cellular interactions were achieved for different cells 

lines, where FBS was leading to high cell adhesion and viability for HeLa cells, while BM-MSC cells were 

reaching improved viability when 3D microstructures were treated with fibronectin, a common 

extracellular matrix protein. Cell interaction was studied by Live/Dead cell assays via multi-color 3D 

confocal imaging and SEM (see Figure 1). In summary, 3D microstructures with 100 µm gaps were 

identified as promising scaffolds for 3D cellular (disease) models, that may find applications in medical 

research and pharmacological studies [3]. 

 

Figure 1 - Representative images of HeLa cells interacting on woodpile scaffolds at 72h (A) SEM images of HeLa cells 
interacting on IP-S scaffolds. (B) Confocal z-stack 3D projection 45° tilted of HeLa cells interacting on SZ2080 structures 
functionalized with FBS. (C) Bottom view confocal images of HeLa cells interacting on PEGDA 700 scaffolds. Green color – live 
cells/SZ2080 material; magenta color – dead cells/PEGDA 700 material. 
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A key bottleneck of current cancer treatments is the lack of selective targeting of cancer cells to 

reduce undesirable side-effects1. Nanoparticles (NPs) allow for the design of ligand-coated materials 
that can fulfil this function but  have not yet shown consistent clinical results to make the ‘magic 
bullet’ theory a paradigm2. To further improve the efficacy of targeted nanosystems, multi-ligand 
targeting startegies have been proposed3,4 however, they remain controversial as they involve an 
intricate interplay between multitude of factors such as choice of ligands, their receptor binding 
affinities, NP surface densities, stoichiometric ratios etc., thereby calling for a thorough 
understanding of the impact of these properties to improve their targeting potential5. 

Within this context, we report a synthetic strategy for dual peptide-NPs with systematically 
varied properties, specifically surface densities and ratios, and establish their impact on selective 
targeting in a prostate cancer (PCa) model. We employ two cell targeting peptides (WQP and GE11) 
having different binding affinities to PSMA and EGFR receptors, which are known PCa biomarkers. 
First, we study the impact of different peptide densities on NP surface of dual NPs in comparison to 
single peptide-NPs on the selective tumor uptake in different PCa cell lines. Secondly, we check the 
effect of different surface peptide ratios on tumor uptake and determine the optimal ratio for 
enhanced targeting of only those cells over-expressing both receptors, by the virtue of improved 
selectivity. Somewhat counterintuitively, we observe an increase in tumor cell uptake of NPs with 
lower peptide density, which can be attributed to improved surface distribution of the peptide, 
allowing for an enhanced availability to react with target receptor. This increase in uptake is a result 
of the two peptides acting in co-operation, as opposed to simply an additive effect. Our findings 
demonstrate that through refined design and well-characterized NP formulations, dual-peptide 
targeted nanosystems hold potential to provide precise cancer treatments.  
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Antimicrobial peptides (AMPs) are secreted key factors involved in the innate’s immune 

response with potent efficacy against bacteria, fungi and viruses. The mechanism of action is related 
to the cationic and amphiphilic characteristics of the peptides which gain access to the negatively 
charged surface of the infectious agents and desestabilising biological structures. Therefore, AMPs 
and formulations including AMPs have been investigated as a potential treatment against antibiotic 
resistant bacteria [1]. 

AMPs are small peptides that are difficult to produce recombinantly at large scale. One of the 
alternatives to overcome this limitation is the fusion of the peptides to a scaffold protein. Therefore, 
the resulting recombinant protein can be efficiently produced and purified. Besides, recombinant 
gene engineering allows the design of novel genes whose expression gives rise to proteins with the 
ability to assemble into protein nanoparticles (NPs). It has been previously demonstrated that AMPs 
embedded in NP are stable and retain their biological activity [2]. However, protein stability can be 
furher improved. Thus, in this work, we have analysed the solubility pattern of AMPs fused to a His 
tagged eGFP at different pHs and we have studied the loading capacity of liposomes and micelles 
with the aim to obtain novel formulations of AMP forming NPs with increase stability against protease 
activity for further intranasal administration [3,4]. 
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Despite the many efforts made on anticancer drug development in the last years, new strategies 
are still required to overcome critical issues, such as resistance and off-target effects, existing on 
current therapies. Cancer cell membranes, in contrast with healthy cells, are enriched in negatively 
charged species as result of phosphatidylserine accumulation and the presence of high levels of 
sialic acid on membrane glycoproteins. This high charge density is shared with bacterial membranes, 
raising the hypothesis that cationic agents such as antimicrobial peptides (AMPs) and synthetic 
mimics of antimicrobial peptides (SMAMPs) can act as potential anticancer drugs, thus sharing the 
same mode of action.  
Herein, we demonstrate the intrinsic anticancer activity of two novel core-shell cationic dendrimers 
prepared from polyurea dendrimers precursors [1,2]. Both dendrimers act through interactions with 
negatively charged surface groups, and our observations regarding the mechanism of action allow 
us to hypothesize that these dendrimers are possibly targeting the mitochondrial membrane (Figure 
1) and consequently activating the intrinsic pathway of apoptosis. 
Importantly, cationic core-shell polyurea dendrimers have shown unique and rather attractive 
properties for potential cancer nanotherapeutics, such as lower cytotoxicity and hemocompatibility. 

 

 

Figure 1. Cationic core-shell dendrimer mitochondria targeting.  
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Cardiovascular diseases are one of the leading causes of death worldwide, considering that 

by the year 2030 about 23.6 million people could die due to this disease. A common hallmark of 

cardiovascular disease is fibrosis, which characterizes by an overproduction and deposition 

extracellular matrix components such as collagens. In this work, extracellular vesicles (EVs), which 

are biological nanometer-sized transporter vesicles released by cells, were manipulated into 

fluorescent vehicles capable of carrying different molecules of interest.  

A novel anti-fibrotic therapeutic peptide-nanocluster (cTPR390-Nluc particle, based on 

previous studies of our group and already tested in vitro and in vivo [1,2] is utilized to be incorporated 

to fluorescent nanocarriers to study its arrival to the heart inside these engineered manipulated 

biological vesicles (f-EVs)). F-EVs from embryonic fibroblasts NIH-3T3 were selected to promote 

addressing them to the heart. Fibroblasts will be the target of the therapeutic system, due to their 

augmented presence in the pathological situation of myocardial fibrosis. 

The nanocluster cTPR-Nluc is a biotechnological inhibitor of pathologic fibrosis because of 

its specific binding of the TGF-β pathway co-factor HSP90 [1].Even so, it is not only an antifibrotic 

tool, but also it can be used as biomarker because of its bioluminescence. 

f-EVs were isolated by differential centrifugation and characterized by flow cytometry, 

western blot, dynamic light scattering, electron and confocal microscopy. The nanocluster was 

encapsulated by electroporation and the procedure was verified by flow cytometry. To visualize them 

in vivo. An animal model of cardiac fibrosis based on Angiotensin-II administration was used. Two 

types of f-EVs, microvesicles and exosomes, loaded with the nanocluster, were administered 

intraperitoneally to fibrotic and healthy mice. Dual-in vivo imaging of f-EV fluorescence (from the f-

EVs) and bioluminescence (from cTPR-Nluc) was performed at time 0; 2 hours, 24 hours, and 6 

days. 

At 2 hours after administration, f-EV fluorescence and cTPR-Nluc bioluminescence were co-

localized in the heart and lungs.  After 6 days after administration, f-EV fluorescence was only 

visualized in the liver, stomach and intestine. 

We conclude that the antifibrotic nanosystem composed by f-EVs and cTPR-Nluc is a fine 

system to reach the heart of fibrotic mice and a potential theragnostic complex molecule to be 

translated to clinics. 
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The European Food Safety Authority (EFSA) recently banned titanium dioxide for human 

consumption due to possible genotoxic effects after ingestion[1]. However, TiO2 is still employed in 
a variety of industrial processes, such as the photocatalytic decomposition of organic pollutants, it is 
added to polymers to make them more resistant to UV light and it is used as a protective coating for 
polycarbonates in automotive manufacturing. Titanium dioxide is also a white pigment for paints, 
papers, textiles, and cosmetics. The toxicity of nanomaterials in the size range of 1-100 nm depends 
on their chemical composition and it is tuned by dimension, degree of crystallinity, shape, aspect 
ratio, and ability to aggregate. The aggregation kinetics controls the size the nanomaterial can reach, 
defining its cellular uptake.[2,3] 

In this work, the aggregation of titanium dioxide nanoparticles is approached using a multi-scale 
technique: starting from ab initio Density Functional Theory to get an accurate determination of the 
energetics and electronic structure, we switch to classical Molecular Dynamics simulations to 
calculate the Potential of Mean Force for the connection of two identical nanoparticles in water; lastly, 
we fit the Potential of Mean Force by mathematical equations to build a force field for Brownian 
Dynamics simulations, which allow observing the aggregation of thousands of nanoparticles. Using 
this procedure, we obtain novel physicochemical descriptors that can be fed into QSAR models[4] 
to predict the toxicity of a material knowing its physicochemical properties, without having to conduct 
large-scale experiments on living organisms.[5] 

 

Figure 1: Multi-scale modelling approach 
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The possibility to enhance tissue repair by activating in an spatio-temporal fashion intracellular 
pathways is a hot topic in regenerative medicine. It is well known that certain signaling pathways 
can be triggered by a mechanotransduction process, whereby external mechanical stimuli are 
converted into biochemical signallings. Cadherins are important cell membrane 
mechanoretransductors that promote cell-cell adhesion through Ca2+ -dependent homophilic 
interactions. Among others, cadherin mechanotransduction is critical to induce intracellular 
cascades in order to mediate collective epithelial remodeling during tissue repair. Thus, cadherins 
are an attractive target to stimulate intracellular pathways implicated in these processes.   

In order to do so, we aim to selectively bind magnetic microparticles (MMPs) functionalized 
with oriented E-cadherin fragments, to the membrane of E-cadherin-expressing cells. Under the 
remote application of an external magnetic field, the pulling force exerted on the MMPs will be 
used to trigger mechanotransduction processes and intracellular signallings.1   

To do so, we have generated different engineered molecules of E-cadherin, composed of the 
first two extracellular domains, which are enough to establish stable homophilic interactions with 
the cadherins present on the cellular membrane. We have used the wild type E-cadherin 
recombinant fragment, and two E-cadherin mutants generated by site directed mutagenesis, in 
order to control the binding affinity. The cadherin fragments have been modified with a histidine tag 
(His-Tag) at the C-terminus to allow their oriented attachment via metal-chelate affinity. to the 
MMP, with are functionalized with NTA-Cobalt. 

 To functionalize the MMPs with the cadherins, we optimized different conditions such as the 
time or the binding buffer. The amount of attached cadherin has been measured by flow cytometry 
using an anti E-cadherin antibody that recognize specifically the E-cadherin present in MMPs. To 
test if the cadherin fragments were functional and could recognize other cadherin fragments we 
optimized an aggregation assay, incubating the MMPs in presence or absence of  Ca2+. Only in the 
presence of Ca2+ hemophilic interaction between cadherins, and thus aggregation, occurs. .  

Finally, we have inmmobilized the E-cadherin-MMPs on membrane of living cells that express 
E-cadherin. Cadherin-functionalized MMPs have been incubated with the cells under different 
conditions of MMP concentration and time, to establish the optimal conditions of membrane 
labelling without premature MMP internalization, using fluorescence microscopy and SEM. 
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During the last two years, the COVID-19 pandemic has hit and drastically changed the world. 

during the last months. The severe consequences reveal the necessity of new tools and procedures 
to reduce the impact of future emergencies. Lateral flow immunoassays (LFA), better known as 
“rapid diagnostic tests”, have been used to detect the infection. Now, when vaccination is the goal, 
they can be used to monitor the body's immune response. Both immunoglobulin M (IgM) and 
immunoglobulin G (IgG) antibodies are produced against protein S, one of the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) antigens. IgM is produced in the early stages of 
the infection whereas IgG takes longer but is more durable and could be the key to lasting immunity. 

In this work, we propose a magnetic rapid serological test to detect and quantify the SARS-
CoV-2 IgM and IgG antibodies. Two different LFA have been designed to separate the antibodies 
against a fragment of protein S (RBD fragment) (Figure 1A-B). We tagged anti-human IgM and anti-
human IgG with magnetic nanoparticles to make them quantificable thanks to an inductive sensor 
specially designed to read LFA out [1][2]. The mapping technique uses an impedance analyzer 
synchronized with a micro positioner. The microstructural properties of the magnetic nanoparticles 
have been investigated by XRD, TEM and AFM techniques while the magnetic properties have been 
assessed through SQUID magnetometry. The detection and quantification of IgG and IgM is 
promising not only to identify exposed individuals, but to generate quick data for monitoring the 
immune gloal response of the population and rapid decision making. 

 
Figure 1) Schematic configuration of the tests designed to quantify the IgM (left) and IgG (right). 
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Breast cancer is the main cause of cancer-related deaths in women all over the world [1]. 
The standard treatments for this malignancy, such as chemotherapy, still face major 
challenges, due to their non-selective tumor distribution, leading to dose-limiting off-target 
toxic effects [2]. Nanomedicine constitutes a promising approach to enhance the therapeutic 
index of different chemotherapeutics. Given their low-cost manufacture and high stability and 
biocompatibility, lipid nanoparticles, such as solid lipid nanoparticles (SLN) are particularly 
appealing drug delivery vehicles in cancer therapy and other pathologies [3, 4]. In this work 
SLN loaded with the chemotherapeutic drug mitoxantrone were produced using a low cost 
organic solvent-free method. Particle size, entrapment efficiency and loading capacity were 
then optimized using a Box-Behnken experimental design [5]. To enhance the selectivity 
towards breast cancer cells and target the CD44 receptors, SLN were decorated with a 
conjugate containing hyaluronic acid (HA) of low or high molecular weight. SLN presented 
adequate characteristics for intravenous administration and were stable for at least 16 weeks. 
In vitro release studies showed a much higher release of mitoxantrone at acidic pH, 
characteristic of the tumor environment and a sustained release at physiological pH. 
Additionally, the nanoformulations were hemocompatible even at high concentrations of lipid. 
Cell viability studies conducted in the breast cancer cell line MCF-7 demonstrated that the 
SLN could maintain the high anti-tumoral efficacy of the free drug. Finally, cellular uptake 
studies using both flow cytometry and confocal microscopy suggested that surface 
functionalization with the HA of higher molecular weight resulted in a higher cancer cell 
internalization. Overall, the presented data demonstrate that the developed SLN are effective 
mitoxantrone nanocarriers and that functionalization with HA can significantly improve breast 
cancer cell targeting ability. This approach can, therefore, enhance the efficacy of 
chemotherapy though the improvement of tumor drug distribution and simultaneously 
contribute to reduce drug dosages and associated side-effects in the management of breast 
cancer disease. 
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The formation of new vasculature in a non-controllable manner contributes to significant 

changes in the tumor microenvironment, making this an essential step for tumor progression and its 
ability to metastasize in distant places. As glioblastoma, a severe type of brain cancer, is 
characterized by high vascular density, the development of strategies targeting angiogenesis may 
enormously benefit the patient's treatment [1]. Fucoidans are a class of sulfated polysaccharides 
mainly extracted from brown algae. They have been shown to exert various biological activities, 
including pro- or anti-angiogenic effects depending on their structural features [2]. Thus, their use in 
nanoparticle formulation applications as drug/gene delivery vehicles may endow them with intrinsic 
anticancer properties.  

The main objective of this work was to prepare and characterize fucoidan/dendrimer 
nanoparticles and further study their behavior regarding angiogenesis. First, through the in vitro 
formation of endothelial tubular structures, it was possible to assess the pro- or anti-angiogenic 
properties of fucoidans from two different species of algae (Fucus vesiculosus and Undaria 
pinnatifida), as well as of their respective hydrolyzed counterparts. In these studies, the non-
hydrolyzed polysaccharides presented the best anti-angiogenic response, and were therefore 
selected as further candidates for integration in nanoparticles. Second, nanoparticles based on non-
hydrolyzed fucoidans and bis-MPA-based degradable dendrimers were prepared, characterized, 
and their pro-angiogenic activity was evaluated in vivo through the CAM assay. Results showed that, 
in general, the nanoparticles did not present a pro-angiogenic response. 
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MicroRNAs and lncRNAs are implicated in the progression of different pathologies such as 

cancer. Restoring the usual levels of selected microRNAs or lncRNAs can promote the normal 
behavior of cells, or increasing their sensitivity to drugs [1]. However, oligonucleotide-based 
therapies present an array of challenges, such as reduced tissue or cell selectivity, poor cell 
internalization, and low stability; on the other hand, hydrophobic drugs present inconvenient during 
their administration to patients [2]. To mitigate these issues, nanocarriers can be employed. In this 
research, we have studied the use of gold and magnetic nanoparticles in oligonucleotide delivery.  

We propose a microRNAs cocktail combined with chemotherapy to treat lung or breast cancer.  
Regarding lncRNA, oncogenic lncRNA such as MALAT1 or PVT1 are downregulated with 

designed siRNAs to restore normal levels in breast cancer cells.  

Representative Figure:  
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Targeted therapies represent a promising alternative to current chemotherapies for cancer 
treatment. Most of them are based on nanocarriers that selectively deliver conventional chemical 
drugs merely to their target cells, avoiding potential side-effects. An alternative emerging concept 
involves the use of self-assembled nanodrugs based on proteins with antitumoral activities, such as 
tumor-targeted toxins, venoms or proapoptotic factors. Our research is focused on targeting CXCR4, 
a surface receptor overexpressed in metastatic stem cells of 23 human neoplasias and whose 
overexpression is correlated with bad prognosis. For that purpose, we use the potent peptidic 
CXCR4-ligand T22. We have previously developed targeted protein nanoparticles carrying chemical 
drugs and targeted protein nanoparticles based on bacterial toxins, both promoting significant 
antitumoral activities in vitro and in mice models of a wide range of CXCR4+ cancers.  

Recently, we have explored the possibility of combining both strategies to generate intrinsically 
toxic nanoparticles loaded with conventional chemotherapeutics in a single pharmacological entity 
[1]. This way, we seek to potentiate their antitumoral effect and face the appearance of resistances 
in the tumor. In this initial step, the concept proposed has been demonstrated as fully feasible, as 
stable nanoparticles that contain both the toxin and the loaded chemotherapeutics were generated. 
Although these novel nanomaterials do not improve toxin activities in vitro, this research has been 
crucial to identify the main bottleneck of the technology, that is achieving a precise control of the 
drug-binding site. This novel platform, that recruits in a single pharmacological entity different 
therapeutic actions may open a broad investigation field in the design of antitumoral drugs. 

Representative Figure:  
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In the context of fighting SARS-CoV-2 infection, chloroquine and derivatives have been 
suggested as treatments. It has been argued that the therapeutic effect is based on the modulation 
of viral uptake and fate. Similarities to the endocytotic uptake of nanoparticles are here used to 
recapitulate the effect of chloroquine on this process. 
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Metal-organic frameworks (MOFs), porous materials self-assembled from metal ions and 

organic ligands, have attracted attention for gas storage and biomedical applications such as drug 
delivery, imaging and biosensing. In recent years they have also demonstrated great potential in 
metal-promoted heterogeneous catalysis, in part owing to the protective effect achieved by 
encapsulation of the catalyst within the MOF´s voids. Not surprisingly, most of these MOF-promoted 
reactions have been carried out in organic solvents, and under water-free conditions, due to the well-
known sensitivity of most MOF architectures to the presence of bulk water. 

While several MOF-based composites compatible with aqueous media have been made, for 
instance, for removal of pollutants from wastewater, their use for catalysis in aqueous milieu remains 
largely unexplored. Needless to say, they have rarely been used in living settings. Herein we will 
present and discuss different water compatible core-shell nanoparticle/MOF nanocomposites 
capable of working as efficient nanotools inside living cells.1 Specifically, we will discuss their 
applications as light-controlled intracellular nanoreactors.1,2  

The versatility of the nanobuilding technology promises a straightforward access to other related 
nanocomposites (for instance, by integrating other metal(s) clusters or NPs, and/or metal-organic-
framework based shells), which could operate as multifunctional nanoreactors in biological settings. 
These artificial nanoreactors featuring metal cores offer exotic possibilities for performing abiotic 
reactions in living environments, and therefore promise to have important applications in chemical 
and cell biology, and in biomedicine. 
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In order to improve the already existing photo-thermal therapy methods and develop new ones, 

there is a necessity to fabricate luminescent nanoparticles capable of simultaneous heating and 
contactless thermal sensing. Until recently, the methods to control temperature have been suffering 
from a lack of reliability due to the losses generated by the treated tissues. These losses generally 
distort the emission spectra used to read the temperature[1].  
 

In this work, we present a core-shell-shell structured nanoparticles doped with neodymium and 
ytterbium ions capable of overcoming this limitation. These β-NaYF4@β-NaYF4: 60% Nd3+, 20% 
Yb3+@CaF2 nanoparticles are used to measure the temperature analyzing the lifetime curves from 
the ytterbium ions. Also, they can transform efficiently the absorbed radiation into heating, producing 
a thermal increasing effect in the surrounding area where the nanoparticles are located, thanks to 
the non-radiative deexcitation of the neodymium ions. The results of this study present the possibility 
of using this type of nanoparticles for photothermal therapy purposes.  
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Semiconducting Ag2S nanoparticles (NPs) are biocompatible luminescent probes whose 
excitation and emission within the optical biological windows make them ideal for high resolution 
preclinical imaging and sensing. Despite the big synthetic effort, the emission quantum yield of these 
NPs at 1250 nm is typically around 0.2% [1]. We have developed three different but combinable 
strategies that increase the efficiency of the NPs. The first one is an innovative synthetic method that 
adjusts the Ag2S/Ag heterodimers matrix composition to an optimal Ag/S ratio [2]. The second one 
is a post-synthetic sonochemical treatment of the NPs in chloroform that induces the formation of 
HCl in situ provoking a suface etching of the Ag2S NPs [3]. The third one is a novel methodology 
based on a femtosecond laser irradiation of the chemically synthesized NPs which leads to the 
formation of a protective AgCl shell [4]. The compositional tuning, the sonochemical etching and the 
ultrafast laser treatment give as a result a 10, 50 and an 80-fold increment in the photoluminescent 
efficiency (quantum yield), respectively. These enhancements have been achieved through a 
reduction of structural defects or surface traps that render to a decrease of non-radiative pathways. 
These three optimized Ag2S nanosystems conserve their amazing optical properties when they are 
used in vivo, resulting in an ideal material for nanothermometry and bioimaging applications in the 
Near-Infrared II region.  

Figure 1. (a) HAADF-STEM and EDS elemental 
analysis merged figure, revealing the anisotropic spatial 
distribution of Ag (red) and S (green) (strategy 1). (b) 
Photoluminescence emission enhancenment of the as-
synthesized NPs under ultrasonication treatment 
(strategy 2). (c) NIR-II in vivo fluorescence images of the 
superbright Ag2S@AgCl NPs (strategy 3). 
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Computed tomography (CT) is an X-ray based 3D imaging technique widely used because it allows 
deep tissue penetration and high-resolution imaging. Nevertheless, either the iodinated molecules 
or barium suspensions currently used as contrast agents show short blood circulation time while 
high doses are required. In this regard, Bi2S3 nanoparticles (NPs) stand as suitable contrast agents 
for CT because of the large X-ray attenuation coefficient of Bi, and its lesser cost and/or toxicity as 
compared to other species with similar X-ray attenuation coefficient such as Au, Pt or Ta. In addition, 
as a semiconductor, Bi2S3 has a tunable bandgap, providing the possibility to use it for photothermal 
therapy, should the optical absorption at the near infrared be enhanced. In this work, Bi2S3 NPs with 

different size and shape have been prepared by hot-injection synthesis of a sulfur precursor to a 
bismuth solution, by tuning both the temperature and reaction time. On the one hand, when the 
injection is performed at 105 ºC with short reaction times, 6 nm spheroid-shaped Bi2S3 NPs are 
obtained. As the reaction time is increased, NPs grow anisotropically, leading to needle-shaped 
particles of 50 nm in length. On the other hand, by injecting at 165 ºC, rod-shaped NPs of 30 nm are 
obtained regardless of the reaction time. The optical performance was analyzed by UV-vis spectra. 
A red-shifting was observed for the needle-shaped and rod-shaped NPs as compared to the 
spheroid-shaped ones. Finally, the NPs were stabilized in aqueous media by a dimercaptosuccinic 

acid coating to combine them with other materials so as to obtain a multifunctional system. 

Representative Figure:  

 

Figure 1. TEM images of the spheroid-shaped (a) needle-shaped (b), and rod-shaped (c) NPs 
and their optical absorbance (d). S1050 (spheroids) and S105120 (needles) refer to 105º injection 
temperature and reaction times of 0 and 120 minutes, respectively, while S165120 (rods) refers to 
165º injection temperature and 120 minutes reaction time. 
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Oxidized Multiwalled carbon nanotubes (ox-MWCNTs) have a great potential in cancer therapy. 
These nanomaterials have unique structures and properties such as adsorbing a significant amount 
of proteins on their surfaces1, have intrinsic antitumoral properties, and an be bidodegreaded within 
the tumoral tissue. 2 ox-MWCNT can penetrate into the cells, suppressing proliferation, cell division, 
cell migration, and eventually leading to apoptosis3. These properties have been increased attention 
for using them in cancer therapy. We have designed and produced fluorescent recombinant proteins 
engineered to target cancer cells expressing human epidermal growth factor receptors (HER2, the 
overexpression indicates aggressive and fast-growing cancers4) and neovasculature endothelial 
cells expressing vascular endothelial growth factor receptor (VEGFR, expressed during neo-
vasculature growth5). These ligand-proteins were used to biofunctionalize ox-MWCNTs.  

Here we show how, upon biofunctionalization both ox-MWCNTs@GFP:HER2pep and ox-
MWCNTs@GFP:VEGFRpep became fluorescent. Confocal microscopy imaging served to linag eteh 
biofunctionalized nanotubes and to demonstrate interaction with target cells. These targeted ox-
MWCNTs can be interesting tools to destroy cancer cells upon illumination with NIR (808 nm) light 
for  photothermal therapy. In this way, ox-MWCNTs are positioned as intrinsically anticancer 
nanomaterials that can be targeted and photoactivated to treat the entire tumor organ, destroying 
from the inside out by both cancer cells and tumor maintenance cells (i.e. vascular cells). 
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This work is based on the study and evaluation of cell viability following upon photothermia 
treatment in healthy and tumor cells and its relationship with the extracellular and intracellular uptake 
effect mediated by biomimetic magnetic nanoparticles (BMNPs) 

So far, many researchers report the importance of a high level of cellular internalization of 
nanoparticles when therapies such as magnetic hyperthermia or photothermia are to be applied. As 
we know, in these therapies the application of lasers or alternating magnetic fields produces heating 
up to 42-46⁰C, which kills tumor cells but not healthy cells [1].  

One of the main characteristics of this type of therapy is that it allows localized application to 
the tumor, avoiding damage to healthy tissues [2]. However, it is unclear whether magnetic particles 
need to be internalized by the tumor for these therapies to be effective, or whether their presence in 
the extratumoral space is sufficient for the treatment to be effective [3]. Previous studies in magnetic 
hyperthermia treatment have attempted to answer this question, without reaching a clear conclusion 
[4][5]. 

In this work we have further explored this question by measuring the levels of BMNP 
internalization in healthy and tumor cells and comparing the effect of photothermal therapy when 
BMNPs are present at different levels of uptake. 
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Central nervous system regeneration is enormously limited by the complex and diverse nature 

of the pathologies that affect it. In recent years, nanotechnology and, specifically the use of magnetic 
nanoparticles, have been postulated as attractive approaches for the development of new and more 
effective therapies in the field of neural regeneration. However, despite numerous advances it is 
essential to learn more about the properties of these materials and how they influence their ability to 
therapeutically interact with cells and tissues to attain their maximum benefit. In this work, we have 
examined the response of primary neural cells to novel designs of flower-like superparamagnetic 
iron oxide nanoparticles obtained by two different methodologies: autoclave (NFA) and dissolution 
(NFD). By using immunofluorescence techniques and intracellular calcium dynamics, the formation 
of functional neural networks has been analyzed. In addition, by transmission electron microscopy 
and flow cytometry, it has been verified that neural cells are capable of internalizing both types of 
nanoparticles and remain viable, being these phenomenona dependent on the concentration used, 
as well as on the incubation time and the type of nanoparticle selected. The influence of applying an 
alternating magnetic field on these neural cell cultures exposed to both NFA and NFD has been also 
explored. These studies have confirmed the preservation of highly interconnected neural networks 
under these stimulation conditions.  

All together, these findings demonstrate the biocompatible interaction of these magnetic 
nanoparticles with primary neural cells and their potential to be considered as attractive candidates 
for driving regeneration in neural tissues. Furthermore, they lay the groundwork for a better 
understanding of the cellular interactions and mechanisms taking place between neural cells and 
magnetic nanoparticles.  

Figure 1. Representative images of (left) viability by confocal microscopy (green for live cells 
and red for dead cells), (center) differentiation by confocal microscopy (neurons in red, positive for 
β-III tubulin, synapses in green, positive for synaptophysin, and cell nuclei in blue, labeled with 
Hoechst) and (right) cell uptake by transmission electron microscopy of neural cell cultures exposed 
to NFA nanoparticles (0.01 mg Fe/mL). Scale bars: 150 µm (left), 200 µm (center) and 1 µm (right).  
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Hyperthermia emerged as a promising treatment approach in oncology, consisting of increasing 

the temperature of cancer cells to 40-45ºC to achieve apoptosis, i.e. programmed cell death [1,2]. 
One way to reach local and controlled hyperthermia is via functionalizable nanostructures that are 
activated by external stimuli such as electromagnetic radiation. When compared to other geometries, 
gold nanorods (AuNRs) are known for their biocompatibility and high absorption of electromagnetic 
radiation in the near-infrared range (NIR) [1,2]. The partial transparency of biological tissues in this 
spectral region allows photothermal agents to efficiently transfer the absorbed energy in the form of 
heat [1]. The main goal of this work is to perform a detailed analysis of the heating performance of 
gold nanorods (length = 41 nm and diameter = 10 nm) during exposure to NIR radiation. Throughout 
the experiments several parameters were taken into account, including the laser output power, laser 
spot area, AuNRs concentration and the volume of the aqueous solution in which the latter were 
suspended. Measurements were acquired using a continuous wave laser operating at 808 nm. The 
ratio between the AuNRs dimensions is approximately 4 therefore corresponding to the ideal 
proportion to have maximum absorption in the wavelength of this laser [3]. To quantify and compare 
the heating efficiencies under different experimental conditions, the figure of merit SAR (Specific 
Absorption Power) was used, which corresponds to the power dissipation per unit of mass (Wg-1). 
The photo-induced heating tests revealed, in all cases, a significant increase of temperature in 
solutions containing the nanorods when compared to just an aqueous solution irradiated under the 
same conditions, with temperature variations between 7 and 38 ºC depending on the used 
experimental parameters. It was also verified that, regardless of the used concentration, the 
maximum reached temperature was similar for each of the used laser output powers. Finally, the 
laser output power proved to the key parameter regarding the global heating of the sample. 
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Bacterial biofilms are collective structures of bacteria, within a matrix of extracellular polymeric 
substance that they produce. The conventional treatment of biofilms represents a challenge, and 
frequently, eradication is not achieved with long lasting administration of antibiotics [1]. In this 
context, the present work proposes an innovative therapeutic approach that is focused on the 
encapsulation of an antibiofilm molecule targeting Haemophilus influenzae, a biofilm forming gram-
negative pathogen causing pulmonary infections, into lipid nanoparticles (LNPs). These LNPs, 
named protamine nanocapsules (NC), consisted in an oily core and a surrounding protamine shell 
further stabilized with Tween 80 surfactant. Looking for the best nanoplatform, we used design of 
experiments approach (DOE) for screening the influence of lipids (X1), protamine (X2) and T80 (X3) 
in the final characteristics (Y) of NC obtained by solvent injection technique. Most of the formulations 
proposed by the chosen design showed appropriate physicochemical properties, with size in range 
of 100-300 nm, PDI<0.3 and ZP>0. Besides, the formulation was optimized using desirability function 
and predicted features of optimized NCs were confirmed experimentally by dynamic light scattering 
(DLS). Transmission electron microscopy (TEM) was also used as a tool for further chartacterization 
of optimized NC, that were also evaluated for short-term stability (4°C/RT). These NC were stable 
over time at both temperature tested, demonstrating the model proposed provide useful information 
to guide the development of these NC systems. Further work to test the antibiofilm efficacy of these 
nanoplatforms will be carried out soon. 

 

‡Synthesis of NLCs by using solvent injection technique 
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Self-propelled nanosystems are becoming interesting tools in drug delivery. Nevertheless, to the 
date, most of them are limited in their in vivo navigation mainly due to the source of fuel they need. 
For this reason, we have developed a nanoswimmer that can propel using adenosine triphosphate 
(ATP) as an energy source given its ubiquitous and universal nature. In the search for ATPases, we 
chose Hsp90, a homodimeric molecular chaperone that performs `clapping´ movements in the 
presence of ATP (1). The added value of this chaperone is that it repairs denatured protein so, our 
vision is to use this ability to create swimmers that could interfere with brain amyloid aggregation. 
 
To investigate the ability of the nanoswimmers to target the blood-brain barrier (BBB), fluorescent 
nano-lipid carriers (NLCs) were functionalized with both; a recombinant Hsp90 that contained a 
nanomaterial binding sequence at the protein carboxyl terminus (2)  and a 29 amino-acid peptide 
derived from the rabies virus glycoprotein (RVG29).  
 
Selected nanoswimmers (Hsp90/RVG NPs@Coumarin) and controls (NPs@Coumarin and RVG 
NPs@Coumarin) were tested in a BBB model of hCMEC/D3 cells (3). Permeability assays were 
performed, and apparent permeability coefficients were calculated for each study condition. Although 
further studies are needed, the preliminary results demonstrate that nanoparticles coated with Hsp90 
and RVG29 can cross the BBB more efficiently than controls. 
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Nanomaterials have a broad range of clinical applications. One of the most important ones being 
drug delivery. There is an increasing need for customized medicine that engineers rationally 
designed particles precisely for drug delivery[1]. Different coating technologies have been tested to 
implement their efficacy, one of them being coating employing cell-derived membranes[2]. This 
results as an strategy to face one of the critical challenges of these systems: off target effects and 
clearance and accumulation in the liver and the spleen [3]. However, they have not been successfully 
implemented clinically[4]. This is due to the lack of models for preclinical testing, among other factors. 
3D cell culture models are an emerging field suitable for testing that can help bridge the gap between 
pre-clinical and clinical testing for drug delivery in therapy. These cellular models are better at 
replicating physiological characteristics than 2D cell models[5]. The addition of microfluidic devices 
to different 3D cell culture models can replicate the different fluidic systems and interphases present 
in living organisms. The design of different assay systems incorporating fluidics is useful in transpot 
studies and reaction processes[6], among other applications[7]. 

In this work, a type of cell-derived nanocarriers, called cellsomes, was synthesized and fully 
characterized. Then, the interaction of functionalized cellsomes with in vitro 2D and 3D cell culture 
models was studied by flow cytometry and confocal microscopy. We optimized protocols to study 
cellsome uptake, in which cells are embedded in a 3D gel matrix (formed by collagen),  mimicking 
endothelial barriers. A microfluidic pump was also used to see the between static and fluidic uptake, 
which were studied with microscopy. 

Microscopy images. From left to right: cells incubated overnight with cellsomes under fluidic 
conditions, cells incubated overnight with cellsomes in static conditions, and cells embedded in a 
collagen matrix (forming two layers) incubated overnight with cellsomes. Green: A549-GFP cells. 
Red: mCherry CSTR cells. Purple: cellsomes. Scale bar: 200µm. 
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Ischemic stroke is a cerebrovascular disease caused by an obstruction in the vessel, often due 
to the presence of a clot, and constitutes approximately 85% of all stroke events. Pharmacological 
thrombolysis with intravenous (IV) recombinant tissue plasminogen activator (rtPA) is the main 
approved drug treatment for patients with acute ischemic stroke. However, its use has some 
limitations, such as a short half-life (~ 5 min), a low reperfusion rate, the risk of hemorrhagic 
transformation, and neurotoxic effects.[1] 

Nanoformulations based on biomimetic materials offer a versatile tool able to recreate cell-
specific functions, such as prolonged systemic blood circulation, tissue-specific homotypic targeting, 
and the capability to avoid immune system clearance. By exploiting the natural functionalities of 
source cell membranes, such biomimetic nanosystems allow the development of novel classes of 
versatile drug delivery carriers for potential applications in the treatment of different diseases such 
as ischemic stroke.[2] 

Herein, plasma membrane of platelets has been extracted and used to prepare biomimetic cell-
derived nanovesicles (cellsomes) of ~150 nm in diameter. Cellsomes were then loaded with rtPA to 
investigate the cargo stability and delivery inside cells (Figure 1). We demonstrate that cellsomes 
retain surface properties derived from platelets and that rtPA remains stable and active when 
encapsulated and released inside cells. Plateles-derived cellsomes used as nanocarriers protect the 
rtPA from inactivation and improve its blood circulating time, overcoming problems associated with 
the classic i.v. administration. 

Representative Figure: 

 

Figure 1. Schematic representation of platelets-derived cellsomes, rtPA encapsulation and drug 
administration to the target site. 
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Cancer is nowadays one of the main causes of death worldwide, and it is expected that the 
incidence, as well as the mortality, keep raising during the next years. Taking this into account, the 
behaviour of the cancer cells and the tumour environment is being ever more deeply investigated, 
in order to understand critical molecular features, and hence, develop more accurate antitumoral 
therapies. In this context, nanoparticle-based therapies seem a promising approach to raise potential 
treatments able to bring a remission of the tumour. Within this sort of materials, catalytic 
nanomaterials, which can consume essential metabolites of the cells, have been under the spotlight 
during the recent years due to their multiple possibilities, such as a combined therapy of singlet 
oxygen generation and glucose catalysis[1]. Here we present the biomedical study of a new Cu-Fe 
nanoparticle, which is capable of catalyzing glutathione (GSH), while producing reactive oxygen 
species (ROS) and changes on the cellular behaviour. All the events lead to a high cellular 
cytotoxicity, which seems to be more marked in tumoral cell lines than in healthy cell lines. The 
elevated leaching of the Cu from the solid structure facilitates the cytotoxic effect and the production 
of intracellular ROS. In addition, it has also been showed that this nanomaterial can promote several 
effects on the cell death, which seems very promising in order to avoid potential tumour resistances. 
Finally, we proved that this nanomaterial can lead to a significant reduction of the tumours in an in 
vivo xenograft tumour model. Overall, the wide impact of this nanomaterial in the cell metabolism 
looks suitable for an specific antitumoral therapy. 

Representative Figure:  

                                        

 

 

 

 

 

Figure 1.  Nanoparticles addition to the cells caused several effects on the metabolism and signalling 
pathways. The obtained results took us to perform an in vivo experiment with great success. 
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Magnetic nanoparticles (MNPs) are widely studied in nanomedicine due to their attractive 
characteristics, such as their size comparable to biomolecules or their capacity to be detected and 
manipulated by remote magnetic fields, being able to generate responses like heat or tractional 
forces. A remote magnetic stimulation of the particles could be converted in a pulling force able to 
act directly on a cell membrane level if the particles are linked to it. Thus, MNPs can be used as 
magneto-mechanical activation platforms able to trigger cell responses in a controlled way if are 
targeted to mechanoreceptors, which can convert mechanical stimuli into biochemical signals 
(mechanotransduction).1 In this context, mechanotransduction can take place in the adherent 
junctions, which rely on the role of E-cadherin. In fact, E-cadherin mechanotransduction is critical to 
mediate collective epithelial remodelling that takes place during tissue repair. Functionalizing MNPs 
with cadherins would allow to attach the nanomaterials to cell membranes, prior to an external 
magnetic stimulation that could be used to activate intracellular pathways implicated in regeneration 
processes.   

In the present work, cadherin fragments modified with a histidine-tag were attached on an 
oriented way to 13-nm iron oxide MNPs doped with manganese. To do so, MNPs were grafted with 
polyethylene glycol (PEG) chains and functionalized with a nitrilotriacetic acid derivative (LysNTA), 
a molecule able to chelate metal ions like Ni2+ or Co2+ which bind histidine-tagged proteins. Then, 
the resulting functionalized MNPs were succesfully bioconjugated with cadherin fragments, showing 
the possibility to control the number of proteins/MNP and at the same time, the orientation of protein 
bioconjugation on the MNPs surface. Besides controlling the number and orientation of cadherins 
on the MNPs surface the stability of the protein-MNP union is another crucial step in order to use the 
MNPs as potential cellular mechanostimulators. Thus, we further enhanced the stability of these 
links through two different strategies: i) covalent bond formation based on carbodiimide chemistry 
and ii) oxidation of Co2+ to Co3+, in both cases making the union inert to a ligand exchange. 

 

Figure 1. Scheme of the cadherin-MNP bioconjugate as magneto-mechanical actuator. 
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Magnetic hyperthermia (MH) is a nanoparticle-driven therapy that uses the heat released by 
magnetic nanoparticles under the exposure of an alternating magnetic field to induce apotosis in 
cancerous cells. It has and is being trialed as an adjuvant for the standard of care to successfully 
treat serveral types of localized tumours [1, 2]. Computer simulations (in silico testing) in MH can 
predict the thermal dose of several clinical setups in a cheap an fast way. This allows for analysing 
the treatment safety in terms of dosimetry and temperature rise, as well as assessing possible hot 
spots due to induced currents, leading MH on its way towards personalized medicine.  

The versatility of the simulations to evaluate many clinical situations allows us to study the actual 
risks of the current exclusion criteria [1, 3]. Nowadays, bearing any kind of metallic object, such as 
orthopedic implants, constitutes an absolute contraindication for the treatment. This is based on the 

knowledge obtained from MRI related studies, but there is 
an important lack in the literature about the quantification 
of these risks in the context of clinical MH. 

In this work, we studied the actual risks of potential 
MH patients carrying different metallic prosthesis using 
computer simulations. We also analysed the influence of 
the presence of this objects in the effective magnetic field 
during the therapy. We have considered different 
treatment setups varying target sites, implant types and 
materials to evaluate the temperature increase and the 
dosimetric values in the major tissue groups. Finally, using 
these safety parameters, a multi-criteria decision analysis 
has been performed to asses a risk index for each tissue 
group in every clinical situation analysed [4, 5]. 
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Plasmonic nanostructures have contributed to largely enhance the signal of surface 
spectroscopies, such as surface-enhanced Raman scattering or plasmon-enhanced fluorescence, 
[1,2] which can be applied in the detection of toxins, pathogens or other biomarkers. In this work, we 
present a highly efficient refractive index sensor based on the excitation of collective excitations in a 
plasmonic array of nanoelements [3]. This kind of sensors exploit the fact that the wavelength of the 
plasmonic resonances is highly dependent on the features of the surrounding medium. In our case, 
we propose a heterostructure based on an Au inverted honeycomb lattice as shown in Fig.1(a). 
Numerical simulations revealed that this structure is capable of enhancing very significantly the 
intensity of the exciting electric field hundreds of nanometers away from the structure, maximizing 
the sensing volume and sensitivity [3]. This represents a remarkable improvement over the state-of-
the-art of plasmonic-based sensors in the literature, which are typically sensitive to changes only 
within a few tens of nm away from the active structure. To test the performance of the system, 
numerical simulations were carried out varying the refractive index of a thin layer laying on top of the 
structure that mimicks the effect of a certain amount of biomolecules adsorbed on the surface of the 
sensor. The results showed high values of the sensitivity ranging from 99 to 395 nm/RIU (RIU stands 
for refractive index unit) for relatively thin layers of test materials within 50 and 200 nm. In addition, 
the sensor was also capable of detecting slight changes of the refractive index of a water medium at 
a fixed wavelength, as small as 0.002 RIU [3], showing its potential for highly molecular specificity. 
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Figure 1. (a) Scheme of the structure. (b) Reflection spectra for different values of the refractive 
index of the 50 nm test layer. 
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Current anti-angiogenesis therapies for inhibiting the progression of metastatic disease are 
based in targeting endothelial markers such as Vascular Endothelial Growth Factor (VEGF). 
However, these therapies result in undesirable side effects as they interrupt both physiological and 
pathological angiogenesis. In the searching for new tumoral vasculature markers, Tumor 
Endothelial Marker 8 (TEM8) receptor has gained attraction as a useful tool for specifically 
targeting tumor endothelial cells and cancer cells. TEM8 is an integrin-like cell surface receptor 
enriched in tumor endothelium vs non-malignant endothelium and in some cancer cells, expressed 
in a wide variety of solid tumors such as breast cancer, colorectal cancer and lung cancer.  
 

In this work, we use nano-biotechnology in order to specifically direct therapeutic 
nanomaterials to tumoral cells overexpressing TEM8. For that purpose, we have designed a 
ligand-protein (6xHis:PA17/10xHis:PA17) targeting TEM8 receptor based on the Anthrax Toxin, 
which is its natural ligand. This ligand-protein is purified from bacteria cultures and it is used for 
stable biofunctionalization of Doxorrubicin loaded Silica Nanoparticles (siNPs). We have seen that 
this straightforward biofunctionalization is stable under physiological conditions and that at the 
same conditions, siNPs are degraded and the drug is sustainedly released over time, unlike 
current therapies. Moreover, we have developed a metastatic melanoma murine model by 
intraperitoneal transplant of B16F10 cells to study TEM8 expression and in future experiments, 
treat these mice with our nanoparticulated system. 
 

This double targeting and therapeutic strategy seems a very promising alternative to 
overcome common limitations of conventional treatments for metastatic disese where cells 
overexpress specific surface receptors. 

Figure 1. TEM images of Doxorrubicin loaded siNPs degradation under physiological conditions after 12h, 24h and 48h. 
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Prussian blue nanoparticles (PBNPs) are a metal–organic framework with the theoretical 

formula of FeIII
4[FeII(CN)6]3·nH2O.1 The cyano briged-ligand in the structure endows PBNPs a 

strong near-infrared absorption, as an intervalent electron can transfer from FeII to FeIII to generate 
absorption band near 700 nm.2 With these unique properties, PBNPs have drawn much attention in 
the biomedical field for photothermal therapy.3  

In this work, we investigated different protocols to synthesize polyethylene glycol (PEG)-coated 
PBNPs. We found that the PEG-PBNPs are stably dispersed in aqueous solution and show high 
photothermal effect. Moreover, the surface free amino groups from the PEG chains provide a 
potential pathway for further chemical modifications. In vitro studies showed that the PEG-PBNPs 
possess low cytotoxicity and notable effect for cancer therapy. PEG-PBNPs with good 
biocompatibility, photothermal effect and easy synthesis show a great promise in biomedical 
applications. 
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Inflammation is a normal biological defense process that is triggered by harmful stimuli, such as 
tissue damage or autoimmune signals. [1] After these stimuli, a complex and coordinated cascade of 
defense begins, [1] leading to the recruitment of inflammatory cells and the release of inflammatory 
mediators. [2] Inflammation is usually a quick reaction, however, it can be prolonged and be the basis 
of chronic disorders. From a perspective of controlling inflammation, over the last few years, 
polyphenolic compounds have been the subject of study due to the effects they present. Abundant 
in citrus fruits, naringin (NAR) is a flavonoid that has a wide spectrum of biological activities, including 
anti-inflammatory activity. [3] Despite presenting a therapeutic promise, this molecule has limited 
clinical use, mainly due to its extensive in vivo metabolism, which leads to a low bioavailability after 
oral administration. [4] To overcome these challenges, science has been looking for delivery 
alternatives, where lipid nanoparticles (NPs) play a prominent role. Nanotechnology-based drug 
delivery systems make it possible to protect pharmaceutical products against degradation, improve 
their solubility and prolong their time in circulation. [4] 

In this sense, NPs were used to broadcast NAR focusing on the treatment of inflammation. As 
a way to target the NPs to the CD44 receptor, underexpressed by activated macrophages, 
functionalization with hyaluronic acid was performed. The results obtained  by in vitro studies show 
that the use of NPs for the administration of NAR (NAR@NPs) may be advantageous since a 
controlled release along the gastrointestinal tract is achieved. Using an inflammation model (THP-1 
cell line) it was shown that NAR@NPs can regulate inflammatory mediators. 
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Antimicrobial peptides (AMPs) are secreted key factors involved in the innate’s immune 

response with potent efficacy against bacteria, fungi and viruses. The mechanism of action is related 
to the cationic and amphiphilic characteristics of the peptides which gain access to the negatively 
charged surface of the infectious agents and desestabilising biological structures. Therefore, AMPs 
and formulations including AMPs have been investigated as a potential treatment against antibiotic 
resistant bacteria [1]. 

AMPs are small peptides that are difficult to produce recombinantly at large scale. One of the 
alternatives to overcome this limitation is the fusion of the peptides to a scaffold protein. Therefore, 
the resulting recombinant protein can be efficiently produced and purified. Besides, recombinant 
gene engineering allows the design of novel genes whose expression gives rise to proteins with the 
ability to assemble into protein nanoparticles (NPs). It has been previously demonstrated that AMPs 
embedded in NP are stable and retain their biological activity [2]. However, protein stability can be 
furher improved. Thus, in this work, we have analysed the solubility pattern of AMPs fused to a His 
tagged eGFP at different pHs and we have studied the loading capacity of liposomes and micelles 
with the aim to obtain novel formulations of AMP forming NPs with increase stability against protease 
activity for further intranasal administration [3,4]. 
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The emergence of non-tubercolus mycobacteria is becoming and increasing problem for 
healthcare system around the world and Tuberculosis is still one of the most significant infectious 
diseases specially in developing countries. Up to date, there is a lack of an effective vaccine against 
these pathogens, the only available vaccine BCG, based in an attenuated strain of M. bovis is unable 
to confer long lasting and complete protection. Moreover the challenges imposed by intracellular 
pathogens for development of effective vaccines makes necessary to explore new strategies for 
vaccine design.  

 

Nanoparticles have emerged as a new platform for the development of therapeutic strategies 
due to their reduced toxicity, capacity to target selected cells and to be conjugated with a wide range 
of biomolecules. We propose a new strategy for vaccination based in the use of gold nanoparticles 
(GNP) carrying bacterial antigens and carbohydrates as glucose that target dendritic cells and 
improve antigen delivery. As antigens we use the peptides 1-22 of the glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH1-22) of M. tuberculosis, and the peptide GAPDH1-15 of Listeria 
monocytogenes. This peptide has a high homology between different species of mycobacteria as 
well as L. monocytogenes which makes it a good candidate for the development of multivalent 
vaccines against different bacterial infections. In this work we demonstrate the capacity of these 
vaccines to induce an effective immune response and confer protection in a murine model against 
infection by dermal mycobacteria M. marinum and M. chelonae. 
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In this work [1], we studied for the first time the role that slight changes into the Pd/Au proportion 

have in the electrocatalytic activity of bimetallic Pd-AuNPs toward the oxygen reduction reaction 
(ORR), together with their application as novel tags for the determination of hyaluronidase, an 
infection biomarker in chronic wound exudates. 

The selective introduction of gold atoms on palladium nanocluster was quantitatively evaluated 
by STEM-EDX analysis and electrochemistry, indicating that the synergy between both metals is 
strongly enhanced when the amount of gold is controlled and occupies the more reactive positions.  

The optimal Pd-AuNPs were used as tags, taking advantage of the bio-functionalities of gold, 
in an electrochemical immunosensor for the detection of hyaluronidase using magnetic beads (MBs) 
platforms. The low matrix effects inherent to the use of MBs platforms allowed us to discriminate 
between wound exudates with both sterile and infected ulcers without sample pre-treatment, meeting 
the clinical requirements. This novel electrocatalytic immunoassay has the advantage of the signal 
generation in the same neutral medium where the immunoassay takes place (PBS, pH 7.4), avoiding 
the use of hazardous reagents and bringing it closer to their use as point-of-care devices. This is 
particularly relevant in lateral-flow assays, where our Pd-AuNPs have also potential interest, since 
their optical properties allows to postulate them as tags for dual electrochemical/optical detection .  

Representative Figure:  

 

Figure 1. A. Linear sweep voltammograms showing for a bare electrode (a), and electrodes modified 
with: gold nanoparticles (AuNPs) (b), palladium nanoparticles (PdNPs) (c) and optimal Pd-AuNPs 
(d). B. Scheme representing the immunosensor developed for hyaluronidase using the optimum Pd-
AuNPs as tags, magnetic beads (MBs) as platforms and ORR-based detection. 
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Bacterial infections represent a major concern at a worldwide level and there is a growing need 
for alternatives to reach and target infection sites [1]. Thus, in this study, a new drug delivery platform 
consisting of PEGylated magnetoliposomes (MLPs@PEG) was developed, by encapsulating 
superparamagnetic iron oxide nanoparticles (SPIONs) within fusogenic liposomes. As a result of the 
optimization of the nanosystem, it was possible to obtain MLPs@PEG with a mean size of 182 nm, 
with polydispersity index (PDI) of 0.19, and SPIONs encapsulation efficiency (%EE) around 76%. 
Cytocompatibility assays using fibroblasts showed that the lipid coverage of SPIONS improves the 
cell viability, in terms of mitochondrial activity and cell lysis. For the tested concentrations (up to 400 
µg/ml of iron), no toxicity was observed after 24h of exposure to MLPs@PEG. Also, for safe 
concentrations, no hemolytic effect was detected. The fusogenicity of the nanosystems was first 
evaluated through lipid mixing assays, based on Förster resonance energy transfer (FRET), using 
liposomal membrane models, mimicking bacterial cytoplasmic membrane and mammalian plasma 
membrane [2]. It was shown that the hybrid nanosystems preferentially interact with the bacterial 
membrane model. Confocal microscopy (Figure 1) and fluorescence lifetime measurements, using 
giant unilamellar vesicles (GUVs), validated these results. Overall, these results suggest that our 
MLPs@PEG formulation has potential to be applied as biocompatible delivery platforms, with a 
certain degree of selectivity to bacterial membranes.  

Representative Figure:  

   

Figure 1. Rhodamine signal in GUVs (DOPC:POPG (7:3)) suspension (a) immediately after 
addition of MLPs@PEG labelled with rhodamine and (b) after approximately 30 minutes of 
incubation.  
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Magnetotactic bacteria (MTB) are biological microorganisms with the ability to align and navigate 
along geomagnetic field lines to reach hypoxic regions. To develop this ability, MTB biomineralize 
magnetic nanoparticles, called magnetosomes, that organize forming a chain to respond optimally 
to an external magnetic field. The intrinsic properties of MTB, such as self-propulsion, aerotaxis, and 
their capability to grow and proliferate in regions with low oxygen concentrations, make them suitable 
as bioagents for potential anticancer applications. In addition, the presence of the magnetic chain 
allows control in their navigation. All these characteristics explain why MTB are considered a 
promising nanobiorobots for biological applications such as: localized drug transport agents, agents 
for tumor monitoring and even in cancer treatments (magnetic hyperthermia therapies) [1-4].  

However, its activity as a nanorobot is fundamentally limited by its navigation control [5]. Trying 
to shed light on this matter, in order to study their mobility we have developed software algorythms 
for the automatic detection and tracking of magnetotactic bacteria, applying image sequencing 
techniques to the analysis of videos acquired by optical microscopy. We have worked with two 
different species (Magnetospirillum gryphiswaldense and Magnetospirillum magneticum) in different 
biological media, under controlled flows to emulate blood flow, and in the absence and presence of 
an external magnetic field to control their navigation and evaluate their swimming capacity. First 
results are shown in Fig.1.  

 

 

 

 

 

 

 

Figure 1: (a) Frecuency histograms (%) of the swimming velocity of Magnetospirillum 
gryphiswaldense under a magnetic field of 0.5 mT. Two distributions of bacteria are distinguished, 
those that are self-propulsed (blue) and those that move with the flow (yellow). (inset) Schematic 
representation of MTB as transport nanoagent. (b) Normalized polar graph (%) of the MTB 
navigation direction under a magnetic field of 0.5 mT (left) and 11.2 mT (right). 
 
References 

[1] M.L. Fdez-Gubieda, et al. J. Appl. Phys. 128, 070902 (2020). 

[2] D. Kuzajewska. Biology 9(5), 102 (2020). 

[3] A. Muela, et al. J. Phys Chem. C. 120, 42, 24437-24448 (2016). 

[4] D. Gandia, et al. Small 15, 1902626 (2019). 

[5] S. Rismani, et al. Small 1702982, (2017). 

(b) 

𝟎. 𝟓 𝐦𝐓 

(a) 

𝟏𝟏. 𝟐 𝐦𝐓 

Velocity (um.s-1) 

F
re

c
. 

(%
) 

mailto:dannyyosmar.villanueva@ehu.eus


 

References: (1) Dunbar CE, High KA, Joung JK, Kohn DB, Ozawa K, Sadelain M. Gene therapy 
comes of age. Science. 2018, 359, 4672 (2) Li Z, Barnes JC, Bosoy A, Stoddart JF, Zink JI. 
Mesoporous silica nanoparticles in biomedical applications. Chem Soc Rev. 2012, 41, 2590–2605. 

One-pot synthesis and characterization of pDNA@SiO2 

nanoparticles through a newly Stöber modified procedure 
 

Andrés Ramos-Valle1, Laura Marin-Caba2, Mónica L. Fanarraga3* 
 

1Grupo de Nanomedicina, Universidad de Cantabria-IDIVAL, Av. Herrera Oria s/n. 39011 Santander, Spain 

*e-mail of presenting author:  ramosvallea@unican.es  

 

 

The development of safe and stable non-viral vectors for gene delivery is a major 
biotechnological challenge necessary for the success of molecular medicine, including gene 
therapy and immunization. But the reduced stability, irreproducibility, and low scalability of 
current gene-transfer methodologies limit their use in vivo [1-2] 
 
Herein, a novel Stöber modified procedure is employed to promote the SiO2 polymerization 
around purified plasmidic DNA, generating monodispersed nanoparticles resembling “pDNA 
fossils”. In this procedure, pDNA is dissolved in the aqueous phase of the Stöber mixture and 
mixed with the rest of the reagents (EtOH, NH3, and TEOS) in a specific order. Then, an efficient 
method of encapsulation has been achieved by reducing the total volume of the Stöber mixture, 
being the negative charge repulsion of either silica and pDNA neglected and obtaining 
monodisperse spheres. The resulting nanoparticle size varied between 200-500 nm depending 
on the relative concentration of some reagents. Functional tests in cells have confirmed 
effective conservation of the pDNA and served to verify that the release of the encapsulated 
pDNA occurred intracellularly after silica dissolution.  Our studies also demonstrate this 
encapsulation method is very stable. So, these affordable and accessible non-viral vectors can 
be used as potential candidates for gene delivery. 
 

 
 

Fig. 1. a Diagram of the pDNA@SiO2 synthesis procedure. b DLS characterization of the pDNA@SiO2 

particles. c TEM images of the as-produced pDNA@SiO2 particles.  
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Cancer is the second cause of human death worldwide and currently, the most common 
procedures against it are radiotherapy, and chemotherapy. Nevertheless, both treatments damage 
healthy cells, and consequently, patients suffer important side effects. For that, in this work, 
photodynamic therapy (PDT) is proposed as a complementary cancer treatment. PDT is a 
minimally invasive procedure in which under suitable light irradiation a sensitive drug 
(photosensitizer, PS) is activated and generates Reactive Oxygen Species, mainly singlet oxygen, 
a cytotoxic species able to damage nearby cells. Nowadays, there are many different 
photosensitizers but most of them are not adequate for their use against tumors because of their 
poor aqueous solubility and their lack of selectivity for cancer tissues.[1] Therefore, mesoporous 
silica nanoparticles (MSN) are proposed as a carrier for these PSs due to their biocompatibility, 
tunable size, easy functionalization and high chemical stability.[2] 

In this research, MSN of monodisperse distribution around 50 nm were synthesized by 
modified Stöber method, Figure 1, and decorated with different PS (commercial and custom-made 
based on BODIPY structure) together with polyethylene glycol (PEG) and folic acid (FA) to improve 
the stability of nanosystems and the selectivity to cancer cells, respectively. MSNs with high singlet 
oxygen production and well stability and selectivity were obtained, and in vitro studies were carried 
out to test their photoactivity under specific irradiation in HeLa cells, Figure 1.[3] 

   

Figure 1. (left) TEM image of MSN, scale bar 100 nm. (right) Fluorescence microscopy image 
of Rose Bengal-MSN in HeLa cells, at 1 μM concentration of Rose Bengal, scale bars 100 μm. 
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Novel magnetic nanostructures (MNS) have unique spin arrangements in the ground state, 

namely a spin-vortex state or a synthetic antiferromagnetic state. These nanomaterials have showed 
promising results in cell separation and manipulation, as contrast enhancing agents in magnetic 
resonance imaging, and in magneto-mechanically induced cell annihilation. This last biomedical 
application requires weaker magnetic fields with lower frequencies, as well as lower concentration 
of particles, to induce cell death, when compared to magnetic hyperthermia [1,2]. 

In this work, we developed one subset of biocompatible magnetic nanostructures that exhibit a 
spin-vortex ground state. First, the mumax3 software was used to perform micromagnetic simulations 
of sub-micron iron discs, for different interdot distances and aspect-ratios (diameter/thickness) [3]. 
We found that discs with an aspect ratio between 5 and 15 should sustain the vortex state in 
remanence [4]. 

Considering these results, iron nano-discs, with a spin-vortex ground state and about 500 nm 
in diameter, were fabricated by thermal evaporation on Si substrates pre-patterned by interference 
lithography. Then, the magnetic vortex nano-discs were released from the substrate by chemical 
etching of an Al sacrificial layer. Subsequently, cell viability and uptake assays were performed using 
a human leukaemia monocyte cell line (THP-1) [5]. Several concentrations of non-functionalized and 
polyethylene glycol (PEG)-functionalized nano-discs were studied by flow cytometry. The aim of this 
functionalization was to prevent the nano-discs uptake by the cells of the immune system and, 
therefore, increase their circulation time inside the body. As a result, in both cases, the discs were 
internalized by the cells and found to be innocuous to them. Additionally, it was observed that the 
PEG-functionalized nano-discs were internalized in a lower degree. 
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Heat generation by magnetic nanoparticles while exposed to an alternating magnetic field 

(AMF) has become an exhaustively studied topic in nowadays research, given the application in 
many fields as biomedicine or catalysis.[1][2] Alas, the experimental determination of the heating 
capabilities is yet not fully standardised, thus causing difficulties in the understanding and making 
the comparison of the obtained experimental data in different labs a rather challenging task.[3] 
Herein, we detail some practical insights from calorimetric measurements of Fe3O4/γ-Fe2O3, 
CoFe2O4, MnFe2O4 nanocrystals, previously characterised by X-ray diffraction, transmission electron 
microscopy, and Raman spectroscopy, aiming to correlate the obtained SAR values with the 
magnetic properties registered, to comprehend the heat transfer.[4]  

 

 

 

Illustration of magnetic nanostructures in solution under the influence of an alternating magnetic field.  
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Magnetic nanoparticles (MNPs) have become a very useful tool in the biomedical field with great 
prospects for the future. This is mainly due not only to its magnetic properties, which allow it to be 
directed to a specific area of the body by magnetic fields, but also as a means of transporting, 
encapsulating, and releasing drugs in the development of chemotherapeutic systems in the fight 
against cancer. In addition, another innovative feature of MNP is the possibility of generating 
localised heat by means of magnetic hyperthermia and/or photothermia techniques, which makes it 
a very innovative system. 

In the case of magnetic hyperthermia, their temperature rises when 
alternating magnetic fields are applied (1). In photothermia, advantage is 
taken of the optical absorbance of MNPs in the visible and near infrared, 
which also produces a heating associated with the absorption of 
electromagnetic radiation (2). Both stimuli can be used individually or 
together to enhance their response (3).  

In this work, with the aim of optimising both therapies, we have 
synthesised spherical magnetic nanoparticles of sizes between 55 and 70 
nm with a biocompatible polymeric shell (polyethylenimine) and coated with 
gold (Au-MNPs) Fig. 1, to improve their optical properties, without losing 
sight of their magnetic properties (4, 5). 

Finally, we present the results obtained by applying dual therapy (MH 
and PT) on Au-MNPs and compare them with those of uncoated 
nanoparticles.   
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Achieving homogeneous tumour heating is one of the most long-standing challenges in 
magnetic hyperthermia for cancer therapy. Clinical studies must meet strict safety regulations that 
require knowledge and control over the physical properties of the chosen magnetic nanoparticles 
[1]. Whereas it is well established that the heat released by magnetic nanostructures is influenced 
by interparticle interactions, as of today there is no method to analyse heat exchange at single-
particle level in interacting systems at nonzero temperature. This gap needs to be bridged so to 
harness nanoparticle magnetization dynamics for the sake of biomedical applications. Building on 
previous theoretical work [2], we present an equation to estimate the heat dissipation of individual, 
interacting particles at nonzero temperature that perform both field-induced and thermal switching. 
After validating this equation, we use the macrospin simulation tool Vinamax [3], to investigate a 
system of interacting particles with different anisotropies, as we showed in this contribution [4]. 

Our preliminary results indicate (see figure) that the generated heat becomes more 
homogeneously distributed at larger fields. We believe that this homogenization of the particle 
heating will help to achieve a more homogenized heating of tumours during hyperthermia treatments. 
The use of the proposed equation would simplify the selection process of optimum nanoparticle 
distributions leading to optimal tumour heating. Its simplicity and flexibility also allow it to be 
integrated into multi-scale, multiphysics simulations to accurately assess the magnetic hyperthermia 
therapy without impacting the overall computational time.  

 

Heat generated in a system consisting of two interacting nanoparticles with different 
anisotropies. Both particles show switching behaviour as soon as the excitation field amplitude 
overcomes their anisotropy barrier. The heat generation tends to become more uniform with 
increasing excitation fields. 
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 Enzymes are highly efficient and versatile biocatalysts that offer several advantages ranging 
from their ability to operate in milder reaction conditions, to their outstanding chemo-, stereo-, and 
regioselectivity. In addition, they could be considered as sustainable catalysts, not only due to their 
proteinaceous biodegradable structure, but also due to their inexpensive and environmentally 
friendly large-scale production by fermentation processes. 

Enzyme-nanoparticles hybrids synergistically integrate the specific recognition, selectivity, and 
unique catalytic properties of enzymes with the size-dependent unique features of nanomaterials. A 
common strategy to synthetise hybrid nanostructured particles is the entrapment in biomimetic silica 
[1]. This synthetic procedure is developed in mild and biocompatible conditions and relies on the 
formation of a silica matrix via catalysis of a polyamine molecule in presence of silicic acid [2]. In this 
sense, the co-entrapment of magnetic nanoparticles (MNPs) with a therapeutic enzyme 
(Horseradish Peroxidase, HRP) in a biomimetic silica matrix allows its remote enzymatic activation 
by alternative magnetic field (AMF) nanoactuation.  

We have engineered a versatile hybrid nanodevice (BioSi@THRP_MNP) able to co-entrap the 
HRP with MNPs. The nanohybrid display good co-entrapment efficiencies in terms of HRP 
immobilization (62 ± 6 %), expressed activity (79 ± 15 %) and entrapped iron (80 ± 6 %). Besides, 
they show superparamagnetic behaviour and enzyme activation triggered by its local heating under 
AMF application. Preliminary in vitro results with BioSi@THRP_MNP show that the system is not 
cytotoxic per se and displays enhanced cytotoxic activity in the presence of the prodrug and AMF 
application towards MIA PaCa-2, a pancreatic cancer cell line. 
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Current biomedical imaging techniques require the development of innovative tools for a real 
time and deep tissue imaging via magnetic and optical routes for non-invasive in vivo tests. 
Fluorescent dye-doped magnetic nanoparticles (MNPs) are versatile nanotracers that can be used 
as multimodal contast agents for MRI and fluorescent confocal microscopy, and can be obtained 
uisng different labelling strategies[1]. 

In this work, nanoparticles composed by a magnetite (Fe3O4) core and a silica (SiO2) coating 
have been selected by their suitable physicochemical properties: their size controlled and 
monodisperse morphology, and  their  chemical surface crowed with -SiOH groups that ensure a 
facile functionalization[2]. 

The incorporation of different fluorescent molecules (polydopamine and rhodamine) to the 
magnetic structures was achieved through different synthetic routes: external grafting by chemical 
incubation and  internal embeddement by a two step microemulsion procedure. The so produced 
labelling strategies differ in the location of  the fluorophore as an external coating over the silica 
layer, in the first case, and its  encapsulation in the silica layer itself, in the second case. The first 
strategy presents as main advantage, the cost-effective and fast synthetic procedure. Although the 
second strategy requires a higher preparation time, the obtained MNPs have the external silica 
surface available for the functionalization with other different molecules or elements required for 
several bioapplications. 

The synthesized MNPs were characterized by transmission electron microscopy, X-ray 
diffraction, dynamic light scattering, fluorescence spectroscopy and vibrating-sample magnetometry. 

Representative Figure:  

                             

Transmission electron microscopy (TEM) micrographs of Fe3O4@SiO2 MNPs with an external 
polydopamine layer (left) and Fe3O4@SiO2 MNPs with encapsulated rhodamine (right). 
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Stimuli-responsive nanomaterials are very attractive for biomedical applications. Magnetic 
nanoparticles have high potential in biomedicine, specifically in cancer treatments, as efficient agents 
for hyperthermia treatment, drug delivery and magnetic resonance imaging [1]. In particular, these 
magnetic nanoparticles can be employed as drug nanocarriers that may be activated through 
external remote sources. Actually, their combination with magnetic hyperthermia has evidenced an 
efficient and coactive cytotoxic effect in tumor cells [2]. Herein, we report the fabrication of a 
multifunctional drug delivery system based on magnetic iron oxide nanoparticles (IONPs) combined 
with a chemotherapeutic agent, doxorubicin (DOX), suitable for multimodal thermal anticancer 
treatments based on magneto- and photothermal activations [3]. The stability of these DOX-loaded 
IONPs in the tumor environment has been characterized by X-ray absorption spectroscopy (XAS) at 
the Fe K-edge (7112 eV) [4]. XAS characterization reveals that DOX-loaded IONPs are highly stable 
when internalized into cancer cells. These multifunctional nanoparticles have been designed to 
release DOX, controlled by local heat generation through magnetic hyperthermia or photothermia 
[2, 4]. A synergistic cytotoxic effect produced by both hyperthermia and DOX release has been 
observed. This new nanoapproach promotes the development of safer and more effective therapies, 
enhancing chemotherapeutic delivery and reducing side effects.  
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Iron oxide magnetic nanoparticles (MNPs) with  multifunctional abilities have been widely 
exploited for biomedical application in recent years due to its biocompatibility, the feasibility of 
properties control through wet chemistry procedures and high magnetic response [1]. Besides their 
innovation potential, magnetite NPs have become a real asset and approved in clinical uses as 
conctast agents (Feridex GastroMARK),  iron supply (Feraheme) and therapeutic moeities for a 
magnetic hyperthermia cancer treatment (NanoTherm® – ferrofluid MAGFORCE). However, 
magnetic properties of the core and interactions among close magnetic neighbors,  the  composition 
and properties of the coating materials and the solvent viscosity can strongly affect the magnetic 
hyperthermia performance of MNPs. Among them, a crucial factor afectting the MH performance is  
the grouping of the MNPs forming agglomerates or small clusters in real conditions ( tissues, cells, 
extracell vesicles, blood, etc) that notably affect the heat generation. For this reason, the aim of this 
work is to study the interactions and their effects in magnetic hyperthermia processes in MNPs from 
a single core state (Figure 1.a, TEM image of single core Fe3O4@SiO2 MNPs) to small clusters of 
MNPs forming multicore structures (Figure 1.b, TEM image of multicore Fe3O4@SiO2 MNPs). With 
this approach, the  magnetic effects of agglomerated  MNPs when they are internalized into 
biological entities can be inferred and the estimation of their mangetic repsonse can be used to 
optimize magnetic hyperthermia processes in biological media.  

  

 

 

 

 

 

Figure 1. TEM micrograph of (a) single core and (b) multicore Fe3O4 MNPs. 
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Magnetic cleansing microdevices (MCMDs), which couple functionalized magnetic beads and 

microfluidics, have been recognized as valuable platforms for extracorporeal blood detoxification 
purposes. These systems, where the target compound is firstly captured by the beads, and the 
resulting toxin-bead complexes are subsequently magnetically recovered, seem particularly 
attractive for the removal of lipid A (the glycophospholipid portion of Gram-negative bacterial 
lipopolysaccharide, LPS, which harbours its endotoxic principle) from blood as sepsis treatment. The 
successful implementation of MCMDs for that purpose requires: (i) the selection of a biotargeting 
agent to decorate the beads surface that captures lipid A with high affinity, and (ii) the optimization 
of the magnetic recovery stage to completely retrieve the lipid A-bead complexes within a reasonable 
time.1,2 Herein, progress in the approaching of these design challenges are made using advanced 
simulation techniques, namely, molecular dynamics (MD) and computational fluid dynamics (CFD). 

MD simulations of lipid A and the anti-LPS factor ALFPm3 (a potential biotargeting agent) were 
performed to elucidate at atomic detail the lipid A binding site in ALFPm3 and the key residues that 
are involved in the ALFPm3-lipid A interaction. This information proves valuable to design novel 
molecules with considerably enhanced ability for lipid A capture. To this end, the GROMOS11 
simulation package was used. Simulations were performed at 300 K and 1 bar; to mimic blood ionic 
strength, a 150 mM NaCl buffer was considered as contact medium. Our results revealed that two 
ALFPm3 residues, namely, lysine 39 and tyrosine 49, are key for its binding to lipid A. Additionally, 
the lipid A binding site in ALFPm3 was found to be located in the protein cleft, and involves the burial 
of the lipid acyl chains with the phosphates facing the contact medium.  

On the other hand, the optimization of the magnetic recovery stage in microchannels was 
addressed by increasing the driving force for bead retrieval (i.e., the magnetic force). To this end, a 
quadrupole magnetic sorter (QMS), which consists of an anular microchannel with a quadrupole 
orientation of the permanent magnets, was designed and characterized using the CFD software 
Flow-3D. The performance of the QMS was compared to that of a conventional microchannel for 
magnetic bead recovery. We demonstrated that the QMS enables the processing of ≈ 360 times 
higher flow rates while completely retrieving the beads. 

Collectively, the computer-aided design methodological guidelines herein provided might be key 
for advancing in the design of MCMDs. These guidelines could be exploited for any MCMD aiming 
at capturing target compounds from complex media beyond the biomedical application. 
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Numerous studies reported the advantages of zero-valent iron nanoparticles (ZVIN) over the 

commonly used iron oxide nanoparticles, due to it’s larger saturation magnetization close to 200 
Am2/kg  [1]. At present, few chemical processes for the synthesis of micronic zero-valent iron are 
known, however it is difficult to control aspects such as the size and shape of these particles when 
going down to the nanoscopic scale. In this work, the polyol synthesis reported in [1] was modified 
to obtain ZVIN formed by isolated iron cubes and multiple cooriented aggregates of them  forming 
mesocrystals. Both types of particles have a size close to 100 nm, much smaller than those reported 
previously.The first synthesis method consists in the reduction of FeCl2 by diethylene glycol (DEG) 
that is also the solvent, using mannitol as surfactant [2]. Water is removed from the solution by 
passing a nitrogen flow at 150 ºC, being the reduction initiated by the addition of NaOH  in a ratio of 
1:40 Fe:NaOH. After 3 minutes, the product is isolated by magnetic separation. In the second 
synthesis, DEG was substituted by ethylene glycol (EG) and mannitol was substituted by 
polyvinylalcohol as surfactant agent. It was observed a dependence of the ZVIN particle size with 
the molecular weight of PVA. Once the metal core is stabilized, these nanoparticles have potential 
biomedical applications in magnetic hyperthermia, as contrast agents or in drug delivery [1,3]. 

Figure 1. a) Synthesis scheme; b and c) TEM images of ZVIN with cubic shape and ZVIN 
mesocrystals; d) and e) Size distributions of ZVIN with cubic shape and mesocrystals. 
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Microplastics are one of the most worrying emerging contaminants today because they put at 

risk the environment and human health. In this work, the use of multicore iron oxide magnetic 
nanoparticles (NPs) is proposed for the degradation of microplastics extracted from an exfoliating 
cosmetic by heterogeneous Fenton-type advanced oxidation processes, causing its mineralization 
to CO2. Also, the separation of microplastics from water has been studied thanks to the magnetic 
nature of the NPs and their ability to adhere to the surface of the microplastics. This type of NPs are 
ideal for environmental applications because they have a high surface-to-volume ratio, 
reproducibility, selectivity and the possibility of being functionalized. The scaled synthesis of the NPs 
has been carried out by the polyol procedure in an autoclave [1], obtaining grams of material with 
sizes of 30-40 nm and 8-10 nm of particle and core respectively and proving the reproducibility of 
the process. SAR values close to 200 and 300 W/g have been obtained for 96 kHz, 60 mT and 200 
kHz, 30 mT, respectively. The study of the catalytic degradation of microplastics has been carried 
out in two stages, hydrolysis and Fenton-type advanced oxidation. It has been observed that an 
increase in temperature up to 90 ºC increases mineralization up to 70%, a value that is increased 
with the application of an alternating magnetic field. Mineralization of samples has been quantified 
by measuring the total organic carbon before and after the process. On the other hand, for the 
magnetic removal of microplastics, the influence of pH, the amount of NPs and the contact time have 
been analysed, being able to optimize the process until reaching values of 100% removal [2]. 

 

Figure 1. TEM images of a) multicore iron oxide nanoparticles (particle 33 ± 4 nm, core 8.1 ± 0.8 
nm) and b) cosmetic’s microplastics (375 ± 100 µm). c) Results of catalytic degradation with 

temperature and AMF. d) Results of magnetic removal at differents pH, amount of NPs and contact 
time. 
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Iron oxides constitute by far the most popular family of compounds to produce biocompatible 

nanoparticles. More specifically, maghemite (-Fe2O3) and magnetite (Fe3O4) are the most studied 
iron oxide polymorphs in biology and medicine due to their unique ratio between physicochemical 
properties, ease of preparation, production costs and biocompatibility. Apart from these, hematite 

(-Fe2O3) is attracting increasing interest in different types of bioapplications, like antimicrobials and 
biocatalysts [1,2], among others. Despite the huge number of synthetic methods that have been 
described so far, it is difficult to combine speed, scalability and yield in a single method, as well as 
the possibility of multiphase synthesis starting from the same precursors. 

We present a scalable and fast 10-minute one-pot method in aqueous media to obtain 
nanoparticles of the aforementioned three iron oxides using glycine as phase driver (Figure 1). 
Glycine is the smallest stable aminoacid, and we have found that its reducing and surfactant roles 
can be effectively combined to achieve a microwave-assisted aqueous direct synthesis of magnetite, 
maghemite and hematite nanoparticles, without any post-treatment to obtain the desired phase. 

 

Figure 1. TEM pictures of the synthesized maghemite (left), magnetite (center) and hematite 
(right) nanoparticles by the proposed glycine-based microwave method. 
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 Clustered Regularly Interspaced Short Palindromic Repeats/CRISPR system is an adaptive 
immune system that protects prokaryotic cells against foreign nucleic acid. It has emerged as a 
promising tool with several applications in biomedicine, including nucleic acid detection for 
molecular diagnosis. Cas13 is a CRISPR associated nuclease that targets RNA and can then be 
programmed to specifically recognize and cleave single-stranded (ss) RNA.  

The recent SARS-CoV-2 outbreak highlights the need for a fast, specific and sensitive point of 
care application sensing tool. Here we describe a gold-nanoparticle and CRISPR/Cas13-based 
naked-eye nucleic acid detection platform to detect SARS-CoV-2, named CASCADE. The platform 
combines gold-nanoparticles and the specific recognition of SARS-CoV2 ssRNA by Cas13a. This 
recognition triggers the destabilization and aggregation of the gold nanoparticles, which can be easily 

followed by a change in the solution´s colour. The platform enables naked-eye detection within 30 

minutes, representing a fast, cheap and highly sensitive tool. 

 

      Figure: CASCADE description. 
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SERS nanotags have been widely used in different bio-related applications such as disease 

diagnosis or bioimaging1. The ideal SERS tag must offer a number of requirements such as high 
sensitivity, uniform and reproducible SERS response, targeting ability, biocompatibility and stability 
in a long-term period. Particularly, SERS tags 2 have been demonstrated as a promising tool for the 
development of ultrasensitive SERS-based lateral flow immunoassays (LFIA).  

Herein, we propose a multiplex SERS-based LFIA for the detection of tumoral biomarkers, 
HER2 and EGFR, related to breast cancer. SERS-based LFIA will allow us to overcome some 
drawbacks of traditional colorimetric LFIA such as low sensitivity and/or limit of 
detection/quantification 3. A sandwich format will be performed employing nanobodies as conjugate 
antibodies. SERS nanotags will consist of plasmonics nanoparticles based on gold-silver core-shell 
nanorods (Au@Ag NRs), that will be encapsulated within zeolitic imidazolate frameworks (ZIFs) and 
codified with different dyes acting as Raman reporter molecules. The ZIF coating is topologically 
isomorphic with zeolites and present high chemical stability, being constructed from tetrahedral metal 
cations (Zn2+,Co2+) bridged by imidazolate ligands. ZIF-8 based on Zn2+ cations has been chosen 
since it will favor the bioconjugation step through its coordination with histidine-tagged nanobodies. 
After the synthesis and characterization of the Au@Ag@ZIF nanotags, their bioconjugation with his-
tagged nanobodies will be tested. Finally, the multiplex LFIA test will be developed in order to obtain 
the corresponding calibration curves and their limits of detection and quantification for both 
biomarkers. 

Key words: SERS nanotag, LFIA, tumoral biomarker, nanobody, ZIF. 

Representative Figure:  

 

Figure 1. (A) Schematic illustration of the SERS-based LFIA strip. (B) Analysis in the strip, where 
only one line is observed in the control zone in the absence of  protein (negative) and three lines 
appear in presence of HER2 and EGFR (positive). The SERS characterization of the test lines allows 
a quantitative analysis.  
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 Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease 
characterized by the degeneration of the upper motor neurons in the brain and lower motor 
neurons in the spinal cord, which are responsible for voluntary muscle movement. Protein 
aggregation is one of the pathological characteristics, in particular TPD-43 is the main protein 
implicated. [1, 2] 
 
 Current experimental models do not reflect on this diversity, therefore a model consisting of 
samples extracted from patients is essential to characterize the pathology. Considering the 
degeneration in ALS is multisystem, an analysis of lymphoblasts from blood samples is 
proposed. [3, 4] 
 
 Here we have studied both protein aggregation and concentration of secreted extracellular 
vesicles in healthy controls, and sporadic patients, characterizing the pathological aggregation. 
Using a turbidimetry assay, a difference in the total amount of protein aggregation comparing 
patients with healthy controls is shown. Moreover, concentration of TDP-43 is determined using 
a TR-FRET assay. These methodologys enable a rapid evaluation of promising drug candidates, 
and we show here how some of them are able to rescue the pathologic aggregation of the 
patients. Regarding the concentration of extracellular vesicles, it is significantly higher on 
patients than controls, and tends to decrease upon the treatment with a kinase inhibitor. In 
addition, there is a significant difference between the size of the secreted vesicles in comparison 
with control patients. 
 

 
Figure 1. Scheme representing our project methodology (left) and the pathological protein 
propagation via extracellular vesicles (right). Aberrant proteins suffer modifications which lead 
to the presence of aggregates (TDP-43) and abnormal shuttling of the protein. 
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The development of novel monitoring tools for continuous remote cancer progression may be 
used to detect cancer relapses in post-operative or post-treated patients.[1] Herein, we present the 
development of an implantable nanobiosensor to be applied in the context of for prostate cancer 
diagnosis and monitoring of relapse.This nanobiosensor is based on surface-enhanced Raman 
scattering (SERS) spectroscopy and is developed by combining a hydrogel and plasmonic 
nanoparticles. SERS is an ultrasensitive technique with many applications in the biomedical field, 
offering high selectivity and sensitivity, multiplexing capabilities and label-free detection. In this work, 
gold nanostars (GNSs) being the plasmonic component of the sensor were characterised 
morphologically, optically, and spectroscopically followed by their incorporation in a biocompatible 
hydrogel. [2] Different hydrogels embedded with variable concentrations of GNSs were tested using 
the Raman Reporter 4-Mercaptobenzoic acid (4-MBA) as well as biological surrogates to evaluate 
the SERS performance of the nanobiosensor (Figure 1). This nanobiosensor will be implanted 
intradermally to monitor the signals of the interstitial fluid (ISF) metabolites upon diffusion into the 
injected nanobiosensor. A highly controlled data analysis workflow is being developed in parallel to 
normalise signals acquired through different skin types and from a complex biological matriz. As 
such, a machine learning algorithm is being developed and optimised to classify the patients 
according to the recorded SERS patterns in a label-free manner.    

 

Figure 1: GNSs embedded in hydrogel formulations and SERS analysis after implantation. 
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Amyotrophic Lateral Sclerosis (ALS) is a lethal neurodegenerative disease characterized by the 
loss of motor neurons, that triggers a loss of muscle tone leading to a progressive paralysis and 
death. TDP-43 is the main affected protein in the disease which has important functions in the 
nucleus, such as stabilizing RNA and transporting mRNA.  At pathological conditions this protein is 
aberrantly aggregated in the cytoplasm, phosphorylated by other proteins and the nucleo-
cytoplasmic homeostasis is lost. Current treatments are not effective against ALS disease so 
research is much needed (1). 

QDs are luminescent nanoparticles with promising properties in this field since present a 
versatile bioconjugation which allows to label many biomolecules of interest. These particles have a 
narrow emission spectrum, being several available which permit multiplexing applications (2).  

Recently, after studying their penetration properties in cell lines derived from patients, we 
determined that antibody-conjugated QDs are not able to entry the nucleus (4) of cells and thus 
could be used in flow cytometry to only target cytoplasmatic TDP-43. The objective is to determine 
quantitatively whether a reduction of TDP43 levels is observed in these cells, which would mean a 
recovery of nucleo-cytoplasmic protein transport, and a reduction of phosphorylated TDP43 protein 
levels after drug treatment.  

Here we show the implementation and optimization of this technique and its use to determine 
the action of novel TDP-43 modulators. 
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Figure 1. Analysis of TDP-43 and pTDP43 levels by flow cytometry through multiplexing 
technique in lymphoblast from ALS patients. 
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Nowadays, organ-on-a-chip microfluidic devices have appeared as a effective preclinical 

predicting in-vitro platform alternative to the traditional models such as cell lines  or animals because 
these devices can recapitulate rather faithfully the physiological disease scenario of interest where 
drugs are directed to.. 

Particularly, tumor on a chip devices including 3D cell structures, microfluidics and advanced 
micro fabrication, are designed to mimic in vivo the tumour microenvironment allowing for the study  
of  nanomedicine transport and efficacy.  [1-2] 

The process of nanomedicine extravasation from blood stream torwards the solid tumour is still 
under debate. Commonly the nanomedicine extravasation process has been ascrived to the  EPR 
effect (enhanced permeability retention), whereby the nanomedicines will extravasate  through the 
large pores of the the abnormal structure of tumour-associated vasculature [3]. Recently, another 
route has been proposed that is the active transendothelial pathway, through the intracellular 
cytoplasm, where the endothelial cells actively uptake nanomedicines and transport them across 
torwards the tumour microenvironment [4].   

To investigate in vitro these transport processes, we have built a tumour-vessel-on-chip device. 
It includes 400-500 um diameter microchannels adjacente to  tumoral chamber fabricated through 
stereolithography 3D printing.. The microchannles have been seeded with human umbilical vein 
endothelial cells (HUVECs), building a compact endotheliumand  forming artificial microvessels. The 
tumoral chamber has been filled with extracellular matrix. On this model, we study the transport of 
nanoparticles through the HUVEC endothelium under capillary flow conditions.. We analyse the 
uptake of nanoparticles by the HUVECs from the flow and the passage of these towards the 
contiguos tumoral chamber. The rate of uptake and permeability is quantified through time-lapse 
fluorecence microscopy. 

 

Below is shown on the left an illustration of an artificial microvessel (supported by Biorender) 
comprising a microchannel lined by HUVEC cells. In the middle, a fluorescence image of 
HUVECs cells with nucleus (blue) and internalized Rhod-35nm nanoparticles (red). On the right, 
software identification of cells areas for the quantification of associated nanoparticles. 
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Lateral flow immunoassays (LFIA) are a tool for detect specific bio-molecules in a fast and low
cost manner. Well known examples of LFIA are the rapid COVID19 test ant the pregnancy test.
The  capabilities  of  LFIA  have  been  expanded  using  magnetic  nanoparticles.  The  usage  of
magnetic  nanoparticles  allows  precise  quantification  of  bio-molecules,  magnetic  concentration,
more  reliability  on  the  measurement  procedure,  and  increased  immunity  to  non  magnetic
contaminants [1].

These magnetic lateral flow immunoassays (MLFIA) require expensive laboratory equipment
to  measure  the  magnetic  signal.  Currently  a  new  generation  of  portable  radio-frequency
refractometers  have been used with great results, however, a complete theoretical definition is yet
to be defined.

The radio-frequency refractometers developed use the self  resonant  frequency (SRF) of a
planar inductor as signal. The SRF of the planar inductor is modified by the electric permittivity and
magnetic permeability. 

The usage of magnetic permeability and the electric permittivity for quantification of nano-
markers allows the parallel quantification of multiple types of nano-markers, identifying different
signatures,  the  comparison  between a  wider  range  of  inductive  sensor  designs,  an important
increase in sensitivity and, surfaces the importance of magnetic nanoparticles as nano-labels. 

The  resulting  expressions  based  on  equivalent  impedance  [2]  and  Lichtenecker’s  mixing
formulas [3] were used to adjust experimental and simulated data, demonstrating  the validity of
the adjustment, and the value of the SRF of a planar inductor as a measurement tool. 

Figure 1a. Experimental and simulated data adjustment. 1b. Measurement and simulation setup.
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A common feature among several neurodegenerative diseases including tauopathies as Alzheimer´s 
disease is the deficient axonal transport due to the alteration of microtubule structure. In patients 
suffering from the aforementioned diseases, tau function appears to be compromised as the protein 
dissociates from microtubules and deposits forming neurofibrilar tangles. These evidences likely 
result in the loss of function that causes microtubule and axonal transport abnormalities. Multitude 
studies report a reduction in the number, length and density of microtubules and an increase of MT 
dynamicity. Recent studies have stablished some proofs of principles that brain-penetrant MT 
stabilizing agents have the potential for the treatment of tauopathies. 
These drugs can pharmacologically modulate MT and compensate for axonal transport deficits. 
We have designed tools to monitor the in vivo the movement of motor proteins, responsible for axonal 
transport, in different conditions (healthy cells, diseased cells and cells exposed to different 
concentration of MSAs). The main idea is to find compounds able to stabilize microtubular networks 
with minimal perturbation on intracellular trafficking. These aforementioned tools consist on modular 
fluorescently labelled peptides formed by three differentiated regions with different functionalities: to 
enter the cell efficiently, bind to the motors and enable movement monitoring through fluorescence 
by confocal microscopy. 
The use of Quantum Dots overcomes conventional organic fluorophores´ drawbacks. These 
nanoparticles have unique photophysical properties, which makes them powerful tools for 
biosensing and bioimaging. 

 

Figure 1. A549 lung cancer cells with GFP-𝛂-tubulin and QD-peptides probes (red dots). 
Images taken from a confocal microscope sp8 with a time lapse of 20 seconds.  
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  Human epidermal growth factor receptor 2 (HER2) is a transmembrane enzyme and a 
common biomarker for breast cancer diagnosis [1]. It is overexpressed in approximately 25-30 
% of patients with this disease [2,3]. This is associated with increased tumor activity, usually 
indicating an unfavorable course of disease. Early detection of breast cancer increases the 
chances of achieving adequate and successful treatment as soon as possible.  
 
  In this work, a promising disposable electrochemiluminescent immunosensor has been 
developed for simple, efficient detection of the HER2 protein. Nitrogen-rich carbon nanodots 
were synthesized with two functions: to provide functional groups for covalent immobilization of 
HER2 antibodies and to act as co-reactants in the electrochemiluminescent process. The 
proposed immunosensor responded linearly to HER2 concentration over a wide range, showing 
a detection limit of 20.4 pg mL-1 and high selectivity and reproducibility. The reliability of this 
biosensor was confirmed by analyzing HER2 in the presence of another tumor biomarker (CEA), 
as well as various proteins and sugars. In addition, this proposed strategy presented good 
stability and applicability in the analysis of human serum samples, showing great potential for 
applications in the early diagnosis of breast cancer and the results were validated by an ELISA 
kit. 
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           In recent years, bioconjugated magnetic nanoparticles (bMNPs) have been extensively exploited for 
imaging, therapeutics, magnetic separation and sensing. The latest application grounds on the magnetic 
transducing capabilities of bMNPs after specific interaction with target biomolecules in liquid media. 
However, the dispersion of bMNPs in protein-rich buffers generally leads to protein corona formation driven 
by non-specific interactions between bMNPs and off-target proteins. Such protein corona may significantly 
modify the pristine bMNP functionalities, including their colloidal stability. Hence, to avoid non-specific 
interactions for bMNPs is mandatory to preserve their transducing potential.  

          Here, we report on the dendrimer surface effects to preserve the performance of a novel detection 
method in blood plasma. This method is based on the variations of AC hysteresis loops of bMNPs after 
the specific interaction with target biomolecule. To assess this effect, we have employed commercial iron 
oxide MNPs coated with carboxylic PEG (PEG-MNPs). These PEG-MNPs were functionalized with 
dendrimers to modify their surface. Next, dendrimer coated and pristine PEG-MNP were conjugated with 
GST-MEEVF peptide, which specifically interacts with the designed VFPdimer-TPR2-MMY module (i.e. 
analyte).  Our results showed that PEG coated bMNPs display significant variations of AC magnetization 
loops -especially the values of the hysteretic area - when incubated with analyte in PBS media. This 
change is due to the bMNP clustering driven by crosslinking phenomena mediated by the analyte di-
valency and the different number of recognition molecules per bMNP. Thus, hydrodynamic size of bMNP 

increases from 50 (at 0 M analyte) up to 300 nm (at 4 M). However, no significant changes of the 
magnetic area (A) were observed in blood plasma for PEG-bMNPs. Contrary, dendrimer coated bMNPs 
(Den-bMNPs) show first, an enhancement of the transducing capability in PBS media; secondly, their 
transducing capability remains in plasma. As shown in Figure 1A, the area of AC hysteresis loops 

changes more than 10% in presence (A) of the 2 M analyte with respect to the absence (A0). The 
antifouling properties of dendrimers minimise unspecific interactions with serum proteins, allowing the 
specific interaction between Den-bMNPs and analyte. Consequently, crosslinking clustering phenomena 
lead to magnetic changes with respect to the absence of analyte.  These changes are extremely sensitive 
to field conditions, MNP and analyte concentrations. Our results underline the benefits of dendrimer 
surface and MNP transducers for in vitro diagnostic methodologies. 

 

Figure 1. A. AC hysteresis loops obtained from Den-bMNPs in absence (black) and presence 
(blue) of divalent analyte dispersed in blood plasma. B. Comparison of the normalized magnetic 

area for Den-bMNPs and PEG-bMNPs at 0 and 2 M of divalent analyte in plasma. 
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Abstract  

Marine pollution is considered a reason for environmental and economic concern due to its 
deleterious effects on biodiversity, food chain, and impacts on fishing and aquaculture.[1] Engineered 
inorganic nanoparticles (EINPs) have been detected on the marine water bodies such as coastal 
water.[2] Silver nanoparticles (Ag NPs) are widely used in industrial products and consumer goods 
due to their excellent physicochemical and antimicrobial properties. As a result, these NPs may be 
present in the natural aquatic systems.[3] Unfortunately, the common detection methods used to 
determine the presence of these emerging nanocontaminants require laborious sample preparation 
procedures and are cost and time consuming. Surface-enhanced Raman Scattering (SERS) offers 
unique advantages as detection tool due to its high selectivity and sensitivity, providing a promising 
approach for the development of highly sensitive sensor platforms, cost-effective, and with the 
potential for on-site detection. Previously we reported an indirect SERS strategy based on gold 
nanostars as optical enhancer exhibiting strong electromagnetic near-field concentration and Raman 
reporter as receptor for monitoring of AgNPs in artificial seawater.[4] This SERS system overcomes 
the contamination of the SERS fingerprints of analyte to be determined, which is one of the biggest 
disadvantages of direct SERS strategy in environmental analysis. However, this strategy has the 
capacity to detect and quantify single NPs and aggregates in seawater at the range of mg/L, which 
is far to the predicted environmental concentration for AgNPs: in the range of ng/L.[5] Here we report 
the  development of a portable SERS-based sensor involving microfluidic technology and 
chemoreceptor immobilization for the rapid identification of AgNPs in aquaculture water, which 
allows the decentralized monitoring and the quick implementation of measures for risk mitigation. 
The system involves the pre-concentration of AgNPs, by filtering a SERS-substrate supported on a 
nylon membrane placed into a lab-made PMMA chamber, and subsequently their detection by SERS 
using the characteristic peak of the 4-aminobenzenothiol (4-ABT) that acts as chemoreceptor at 
1080 cm-1. This analytical method presents a linear range of 0 to 4x103 ng/L, being able to detect 
concentration in the ng/L range. This SERS-based sensor can overcome intrinsic difficulties related 
to conventional detection methods and prove to be a fast and sensitive monitoring of EINPs, being 
able to reduce the time-cost of the on-site detection systems. 
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Diabetes represents an important health challenge worldwide, thus the advance on biofluid 
glucose detection methods through the development of electrochemical sensors is key for the society 
wellbeing. Invasive and minimally invasive detection methods have reached the market with the 
implementation of continuous glucometers in diabetes patients [1]. However, these sensors have to 
be replaced after 10 to 14 days due to its short lifespan which depends mainly on glucose oxidase 
stability. The intrinsic chemical and thermal sensitivity of enzymes has stimulated researchers to 
explore chemically and thermally stable non-enzymatic structures as alternative sensing materials 
for the implementation in glucometers or even in artificial pancreas [2]. In this scenario, a copper 
based microelectrode has been developed  with excellent reproducibility, repeatability and stability 
results, its linear range goes up to 6 mM with a sensitivity of 935.5 µA∙ cm-2∙ mM-1. 

This work stablishes a reproducible methodology for the development of non-enzymatic 
electrodes based on copper materials and their oxides, it also meets the ISO 15197:2015 
requirements regarding reproducibility and repeatability. The results obtained represent an advance 
in the current non-enzymatic glucose sensors field and suggest improvements in the development 
of the next-generation sensors with high sensitivity in biological fluids.  

 

 

 

 

 

 

 

 

 

(a)                                                                       (b) 

Figure 1. (a) Copper based electrode SEM imagines (b) Standarized Pulsed Amperiometric Detection 
for 4mM glucose in basic media with Cu/CuO microfeathers electrode. Electrode storaged at ambient 

conditions among days. 
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During last decades, numerous researchers are employing 3D cell culture techniques to prepare 
multicellular spheroids1, whose cellular metabolism is much more like a tissue than monolayer 
culture. Furthermore, their high reproducibility and considerable size and shape control, are helping 
spheroids to fill the gap between biological assays in monolayer and in vivo experiments. In 
particular, spheroids resemble tissues better regarding thermal shock. The use of near infrared light 
(NIR), where the biological tissues are more transparent, is often recommended in diagnostic and 
therapeutic techniques. In this work, we propose to explore the response of tumour spheroids facing 
laser irradiations in three different wavelengths typically used biomedical imaging research in NIR: 
808, 980 and 1450 nm. 

We have worked with highly homogeneous spheroids which we characterize optically. These 
spheroids, whose final size is about 200 μm, were growth from two different cell lines:  MCF-7, from 
breast human cancer epithelial tissue (adenocarcinoma) and U-87mg, also epithelial tissue, but from 
a brain human cancer (primary glioblastoma astrocytoma). 

Light absorption during irradiation treatment leads to a temperature increase in the spheroid, 
which overpassing a certain limit, can be detrimental. Generally, cells survival only happens inside 
a narrow temperature range, around 37ºC; so 5ºC temperature increase may cause the hyperthermia 
event and eventually, cell death. To quantify the state of spheroids upon radiation, we have 
measured their size reduction along treatment time, which is a symptom of cell death.  

This fact has been studied along time depending on laser power and irradiation wavelength. 
This research allows us to determine the illumination power that may damage the cells depending 
on wavelength, as it will cause a larger size reduction of the spheroids. Observations are consistent 
with a higher temperature increase as deduced from the absorption spectrum of the medium (PBS, 
phosphate buffered saline)  

Thus, we are developing luminescent nanoparticles (CaF2: Nd, Y) to be used as optical sensors 
for temperature. We are now determining the best approach to internalize the nanoparticles within 
the spheroids.  

   

Figure 1: Scale 80 μm. (a) MCF-7 cells (b) MCF-7 spheroid (c) U87-mg cells (d) U87-mg spheroid 
(e) Size evolution along time, MCF-7 spheroid, 1450 nm (f) CaF2: Nd, Y emission depending on 
temperature. 
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We built an innovative sensor based on the interaction between nanostructures and gases using 
spin waves to detect the induced magnetic changes. The device is sensitive to low gas concentration 
of acetone, ammonia, carbon monoxide and benzene. The presence of these substances in human 
breath is related to different metabolic mechanisms, so they could be used to diagnose complex 
diseases like cancer [1]. When traces of these gases diluted in air pass through zinc ferrite 
nanoparticles, which are contained in a 2 mm diameter teflon tube, the magnetic properties of the 
nanostructures change. This change is detected by means of spin waves: due to the known 
dependence of their propagation on the external field [2], their frequency will shift as the 
nanoparticles’ properties change. These excitations propagate along the surface of a 2 µm thick 
epitaxial film made of YIG (Yttrium Iron Garnet), a ferrimagnetic insulator with a quite narrow 
magnetic resonance line. The frequency of the spin waves is detected by means of an oscillator 
circuit connected to a frequency counter. Before manufacturing the device, the computer simulations 
and calculations described in [3] were replicated in order to optimize the design of the device. 

The results show the possibility of developing new inexpensive, reusable, contactless magnetic 
sensors employing spin waves as mechanism of transduction. The device was exposed to the target 
gas for one minute, then purged with pure air for nine minutes. The sensitivity of the equipment is 
under 50 ppm of the reducing gases acetone, ammonia, carbon monoxide and benzene. Besides, 
the magnetic nanoparticles are reusable few minutes after each measurement, although the 
response decreases gradually (maybe longer purge times would prevent this phenomenon) until it 
gets stable when carbon monoxide or benzene are introduced. Considering the low concentrations 
of the target gases, the outcome of this novel experiment is rather promising. 

Representative Figure:  

 

          Response (Hz) of the sensor to different concentrations of the four target gases. 
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Surface enhanced Raman spectroscopy (SERS) is amongst the most promising analytical tools 

for non-destructive molecular analysis, gaining momentum in areas such as medical diagnostics, 
environmental, and food safety [1]. This label free technique allows the detection of molecules on 
the vicinity of metal nanostructures when exposed to laser irradiation. Typical bottom-up approaches 
use chemical approaches to produce metallic nanoparticles in a wide variety of morphologies like 
nanospheres, nanorods, nanotriangles or nanocubes. Further enhancements led to sharpened or 
roughened morphologies such as nanoflowers and nanostars. These sharp edges account for the 
creation of hot spots where the local signal enhancement takes place [2]. Furthermore, these hot 
spots can also be created at the interparticle gaps when controlling the distance of the NPs in 
assemblies or arrays. However, the control of these hot spots is not trivial and it is a bottleneck the 
SERS sensing developments are facing in order to be effectively translated. Alternatively, top-down 
approaches such as micro- and nanofabricated substrates have been developed to produce surfaces 
with metallic nanostructures array. These allow for a precise control of interparticle distance, a more 
predictable enhancement factor, high signal homogeneity along the substrate and a unique focal 
plane for analysis. In this work, we have developed a high density SERS array with different 
diameters of Au nanodisks (20 – 650 nm) at different interparticle distances or pitches 
(200 - 700 nm), fabricated through electron-beam (e-beam) lithography. We further enhanced these 
structures to achieve ultrasensitive SERS detection by introducing a chemical process which 
transforms the nanodisks into nanostars. Each of the nanostars holds multiple hot spots at their tips 
leading to intense SERS signals. The SERS efficiency of these substrates were tested by using a 
standard Raman Reporter (RaR), the 1-Naphthalenethiol (1NAT). For a further proof-of-concept we 
used this novel substrate to detect tryptophan, a metabolite expressed by some tumours [3]. 
Generally, the metabolome is involved in cellular physiology maintenance, such as mediating cellular 
communications, activating cell receptors or feeding energy in biochemical cycles. These novel 
SERS substrates may shed light on the metabolic processes involved in cancer development, cell 
to cell communication or microenvironment conditions favouring cancer replication. 
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Peritoneum is a preferential metastatic location in abdominal malignant epithelial tumours. 
Both current limitations in diagnostic imaging and highly invasive surgical strategies reduce 
selection of candidates to intention-to-cure radical treatment, often associated with a high relapse 
rate. 

Combination of cytoreductive surgery and hyperthermic infusion of intraperitoneal cytostatic 
drugs has been reported to improve prognosis according to residual tumour burden and cellular 
chemosensitivity. Nonetheless, peritoneal exposure time is limited and surgical procedure itself 
may contribute to incurable vascular spread. 

Long-acting biodegradable nanoparticles against specific cell targets could overcome current 
therapeutic approach and quality of life associated with treatment. Therapeutic expectation 
assessment through surgical contribution towards non-invasive approach and biological properties 
of nanoparticules under study are performed to propose treatment lines in coming future practice. 
An outstanding papers review in last years has been taken into account for this purpose. 

Intraperitoneal drug delivery is allowed straight access to nodules, usually poorly vascularized, 
with higher peritumoral concentrations and low risk of systemic toxicity. Pressurized aerosol use 
has been improved degree of tissue penetration in expense of increasing drug clearance and not 
achieving expected homogeneous peritoneal distribution, which reduces oncological efficacy [1]. 
Biomolecules ionization by creating an external electrostatic field has been managed to improve 
affinity for peritoneal nodules without significant peritoneal clearance reduction. 

Some experimental studies have been suggested to solve these drawbacks [2-4]. Formulation 
of chemotherapy nanoparticles encapsulated in hydrogels could enable prolonged release and 
prevent early lymphatic elimination. Synthetic biomolecules effect carrying antibodies against 
specific tumour receptors should provide better therapeutic selectivity. Low photodynamic therapy 
toxicity could enhance antitumor activity when a photosensitizer is added to nanoparticle. 

There is currently no approved standard biomolecule model reaching all the criteria for anti-
cancer activity and minimal toxicity, despite promising outcomes in several research initiatives. 
Here we propose to design and validate a suitable nanocarrier-based biomolecule with properties 
such as homogeneous distribution, long-term bioavailability, properly penetration and slow 
clearance. Comparative studies of these parameters will be required before testing in patients. 
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Here we present an in-depth comparative study on optically active nanocrystals (NCs) based 

on Pr3+-doped Y2O3. These NCs are promising materials in the field of biophotonics as an alternative 
to current lasers since this approach provides simpler and cheaper routes for the fabrication of fibre 
lasers by mixing luminescent NCs and glass nanoparticles. Specifically, Pr3+ exhibits efficient 
luminescence in the second biological window, together with long emission decay rates. In addition, 
yttrium oxide (Y2O3) has proven to be a very suitable host matrix due to its high thermal and chemical 
stability as well as appropriate optical and mechanical properties. 

In this work, several synthesis methods have been tested and compared to study their influence 
on the physical and optical properties of the NCs. Our study highlights that size, dispersion and 
morphology are critically affected by the preparation method and the modification of the involved 
parameters. Besides, emission intensities and decay rates are also highly dependent on the 
synthesis procedure and conditions. Among all the tested procedures, solvothermal proved to be the 
most suitable one in terms of structural and optical characteristics, since it produces NCs with 
adequate sizes to survive to certain thermal treatments and to avoid light scattering processes, and 
the most intense luminescence together with the longest emission lifetimes. 

Representative Figure:  

 
Figure 1. Emission decay rates from different synthesis methods for Pr3+-doped Y2O3 

nanocrystals. 
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Calcium phosphate phases represent a group of widely accepted compounds for biomaterial 
appplications. Monetite is the anhydrous form of Brushite that is one of the most interesting 
resorbable phases that can be applied as cements and for in situ fabrication of 3D implants. Monetite 
bears higher stability than brushite and thus undergoes slower degradation than brushite. The 
purpose of the current study is to synthesize and dope monetite with the antimicrobial elements silver 
and zinc and the osteoinductive element strontium, and investigate the possible structural variations 
as well as their biocompatibilty and antimicrobial effectiveness. For this, several structural 
characterization methodologies including powder X-ray diffraction (PXRD), energy dispersive X-ray 
spectroscopy (EDX), scanning electron microscopy (SEM) and Cryo-transmission electron 
microscopy (Cryo-TEM) were used to thoroughly study the synthesized structures. Moreover, ASTM 
E-2149-01 protocol and a cell viability assay were used to determine minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC); and the cytocompatibility of the 
different phases with the cell line Soas-2, respectively. The results confirm on the success of the 
synthesis and doping procedures, such that zinc was the most incorporated element into the 
monetite phase and strontium was the least. The micro-biological studies revealed that silver-doped 
monetite is very effective antimicrobial agent at low concentrations, but unsuitable at high 
concentrations, because its cytotoxicity would prevail. On the other hand, doping the compounds 
with zinc led to a reasonable antimicrobial activity without compromising the biocompatibility to 
obviously high concentrations. The study displays the capability of strontium-doped monetite as an 
antimicrobial phase at high concentrations. The generated doped compounds could be beneficial for 
prospective studies as bone cements or for scaffold biomaterial applications. 
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Acoustic cavitation is the physical phenomenon that leads to the formation, growth and collapse of 
bubbles due to the acoustic pressure variation induced by Ultrasound (US) in a liquid [1]. Over last 
15 years, this phenomenon has been investigated in the nanomedicine field, with a particular 
attention to the development of different drug loaded nanocarriers which can be activated by US in 
order to release their content, or activate radicals formation process as a consequence of 
cavitation. 
In this study the acoustical and optical response of two different sono-sensitive nanocarrier 
systems have been investigated. 
The first type of nanocarriers are commercial ZnO nanoparticles (ZnO-NPs), that behave as 
cavitation nuclei, increasing the cavitation activity because of the presence of trapped gas pocket 
on their surface [2]. The seconds are perfluorocarbon based oxygen-loaded nanodroplets (OLNDs) 
with differing coating: polyvinyl-alcohol (PVA-OLNDs) or chitosan (Chito-OLNDs). In this case, 
bubbles formation arises from the acoustic droplet vaporization process induced by US and then 
bubbles start oscillating up to collapse [3]. 
In this context, in order to obtain a metrological characterization of cavitation, a passive cavitation 
detector (PCD), an ecographic probe and a high-speed camera were used. The solution with the 
nanocarriers was led to flow into a silicone-based customized phantom and both quantitative and 
qualitative real-time analysis of the US response were performed. 
Results show that the cavitation activity observed by means of the PCD sensor (Fig. 1a) can be 
correlated to the amount of bright light spots detected by the ecographic probe (Figs. 1b, 1c). 
Furthermore, the analysis carried out through the high-speed camera (Fig. 1e) allows to 
understand the dynamics of the three samples. From these results, the mean time detected to 
observe the cavitation event (Fig. 1d) can be evaluated, confirming the dependency on the 
nanocarrier structure previously observed with the PCD analysis. 

 
Fig. 1 (a) Cavitation spectra of NPs and OLNDs from PCD analysis; (b) Average intensities of the 
light spots detected by the ecographic probe at different acoustic pressures for each sample; (c) 
Frame recorded with the ecographic probe; (d) Average time duration of the cavitation event at 
different acoustic pressures; (e) Frame recorded by the high-speed camera during bubbles 
oscillation. 
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Nanomaterials cannot be identified by common optical microscopy unless they are 

fluorescent. Transmission Electron Microscopy (TEM) is the technique of choice to 

investigate nanomaterials and their interaction with cells and/or tissues. However, on the 

contrary to the naked nanoparticles, cells and tissues must be carefully prepared for 

inclusion in resin to be ultrasectioned before observation.  

Here we describe the different steps needed to process these samples including the best 

cellular fixation methods, the staining, and the embedding alternatives for the observation 

of and the preparation of the sample of copper grids for the intracellular nanomaterials.  

 

 

 

Figura 1: Imagen de TEM de una célula 3T3 con nanopartículas magnéticas en su interior 
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In recent years, the drug delivery system strategy has been used as a therapy in various diseases, 
allowing a greater activity than conventional drugs by reducing their side effects and amplifying their 
pharmacodynamics. Nanomaterials can be applied as carriers to eliminate infections of bacteria that 
are difficult to eradicate due to their ability to develop new defence mechanisms, such as the 
formation of biofilms [1]. 
In the present work different types of nanocarriers were synthesized by encapsulating four antibiotics 
belonging to the rifamycin family: rifamycin S, rifampicin, rifabutin and its analog, a spiropiperidyl 
rifabutin  [2]. These types of antibiotics are especially used for the treatment of tuberculosis, still a 
difficult disease to eradicate, caused by Mycobacterium tuberculosis, and in recent studies 
derivatives of rifabutin were successfully applied to eradicate a biofilm of Staphylococcus aureus 
[3,4]. 
The nanomaterials synthesized were chitosan nanocapsules, alginate nanogels and non-ionic 
surfactant-based nanovesicles (niosomes), selected for their biodegradability and bioavailability 
properties. All systems formulated were characterized in terms of size, zeta potential, encapsulation 
efficiency, drug loading and release. Each were then freeze-dried with a cryoprotectant, mannitol, 
for long-term storage. 
The nanocarriers were compared analyzing their cytotoxicity (MTT assay) and cellular internalization 
(flow cytometry) using the Calu-3 human airway epithelial cell line as a model cell, since S. aureus 
can develop nasal colonization. The activity of the nanocarriers against S. aureus and its biofilms 
were also tested.  

 



 

 

 

Figure. Rifamicyn analogs encapsulated in three kinds of nanomaterials: non-ionic surfactant vesicles, 
chitosan nanocapsules and alginate gel. The interaction with the Calu-3 human cell line and their activity 
against a biofilm of Staphylococcus aureus are tested. 
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This work analyses the capability of an engineered nanocluster (CTPR390-488-Au), to affect 

the preservation of mechanical capacities in a human in-vitro model, simulating cardiac connective 
tissue, studied in an artificially generated profibrotic environment [1]. All this through its proven 
Hsp90 regulatory function [2]. 

The human model used, consist of a ring-shaped matrix of collagen, in which primary human 
fibroblasts from donors are embedded. Its design is intended to simulate the mechanical conditions 
found in native tissue, with the advantage of providing a controlled experimental environment [1].  

TGFβ will be the cytokine used for the generation of the profibrotic environment in the study, 
administering the nanoparticle for the evaluation of the mechanical capacities of elasticity, resilience 
and hardness. In addition, the contractile capacity of the tissues and the organisation of collagen 
fibres in the matrix were also evaluated.  

The experimental groups with the presence of the nanoparticle showed a preservation of the 
mechanical capacities, similar to the non-fibrotic control group, being possible to observe this impact 
at the level of gene expression and visually by microscopy techniques in relation to the organisation 
of the components of the human model.  

These results show the potential of the CTPR390 nanoparticle for the maintenance of healthy 
mechanical properties of the cardiac connective tissue in profibrotic situations.   

Representative Figure:  
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The COVID-19 outbreak has brought to light nucleic-acid-based therapeutics as a potential tool 

to expand treatment options for both rare and common diseases, increasing the interest in these 
innovative approaches by pharmaceutical and biotech industries. Nucleic-acid-therapeutics are 
based on targeting the genetic bases of pathological conditions by inhibiting, adding, replacing, or 
editing at the DNA or RNA level1. Hence, these therapies can be used for many applications, turning 
oligonucleotides into active pharmaceutical ingredients (APIs) against cancer, cardiovascular and 
neurodegenerative diseases, or even into vaccines2. However, the effectiveness of these treatments 
is critically limited by poor targeting ability, short circulation time and off-target effects of naked 
oligonucleotides-based agents.  

To overcome these barriers, lipid nanoparticles (LNPs) have been extensively studied as non-
viral delivery vectors to protect nucleic acids from the external environment, thereby reducing their 
degradation and enhancing their circulation time and targeted accumulation3. Since several studies 
have suggested that physical attributes of LNPs could significantly determinate their in vitro and in 
vivo behaviour4, we have explored the use of a microfluidic system as a highly controlled method for 
for LNPs synthesis and oligonucleotides encapsulation. Herein, we have evaluated the effect of 
varying microfluidic process parameters on resulting physicochemical characteristics of LNPs, 
including their safety, stability and efficacy as nanocarriers. Our results have demonstrated that we 
are able to modulate particle sizes and polydispersity indexes by adjusting different process 
parameters, such as lipid concentration, flow rate ratio (FRR) or total flow rate (TFR).  

Altogether, these findings have pointed out microfluidics system as an efficient method that can 
readily produce uniform LNPs, ensuring consistent results from run-to-run and offering an attractive 
alternative for nucleic acids encapsulation. 
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 Amongst the different clay nanomaterials, synthetic clay mineral Laponite is the most used 

nanoclay in tecnological applications. Laponite, with chemical formula Na0.7[(Si8Mg5.5Li0.3)O20(OH4]), 
is a versatile, non-toxic layered clay similar to hectorite, with particular structural properties. It has a 
disk-shaped geometry of 25 nm diameter and 0.92 nm thickness, and exhibits dual charge 
distribution: a permanent negative charge on the surface and a positive charge along the edges. 
Laponite can be produced in high quantities, at a low price and with controllable purity, composition 
and crystal dimensions, introducing a renewed interest in the use of this phyllosilicate beyond the 
conventional pharmaceutical and cosmetic applications of clay minerals. In particular, Laponite as a 
2D-nanomaterial has already been exploited to develop new functional materials in nanomedicine, 
namely for diagnosis and treatment of diseases, as well as for regenerative medicine and tissue 
engineering [1]. In this work, we present a new set of designed clay-based nanomaterials with 
tunable composition and physicochemical properties targeted for biomedical applications. This new 
family of nanoclays present improved features, such as larger adsorption capacity, better colloidal 
stability or lack of impurities, particularly important for drug delivery and bioimaging. 

 

 
Figure 1: Scheme of Eu3+ incorporated in a nanoclay, including a Transmission Electron 

Microscopy image and a luminescence spectrum. 
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Streptococcus pneumoniae is an important pathogen responsible for severe respiratory 

infections. Considering the increase on bacterial resistance to common antibiotics, the development 
of new therapeutic strategies is an imperative need. For this aim we have targeted the pneumococcal 
choline binding proteins (CBPs), a family of modular polypeptides involved in essential physiological 
events. The aim of this work was the use of protein engineering and magnetic nanoparticles (MNPs) 
to set up a system against this bacterium based on the choline-binding modules (CBMs) of CBPs. 

We estimated the affinity of three different CBMs (C-Cpl-1, C-LytA and C-CbpD) for its natural 
ligand, the choline-decorated bacterial cell wall, using the polydentate structure of magnetic 
nanoparticles functionalized with multiple copies of a choline analogue (DEAE-MNPs) as a cell wall 
mimic. Moreover, the exogenous addition of CBMs to pneumococcal planktonic cultures caused 
extensive cell chaining as a consequence of the inhibition of the attachment of host parental CBPs 
to the cell wall. This was accompanied by bacterial aggregation and sedimentation, causing an 
enhancement of bacterial phagocytosis by peritoneal macrophages [1]. 

To increase the affinity of one of these CBMs (C-CbpD) for the bacterial cell wall and therefore 
enhance the bacterial aggregation at a significantly reduced protein concentration, we engineered 
the hybrid protein BioF-C-CbpD. This chimera contains an affinity tag (BioF) for its oligomerization 
and immobilization on hydrophobic nanoparticles [2], and was assayed on planktonic cultures. The 
protein showed an order of magnitude improvement in aggregation properties compared to C-CbpD, 
but displayed even more efficient results when immobilized on hydrophobic magnetic nanoparticles 
due to multivalence effects. These results support the use of CBMs immobilized on MNPs for the 
treatment of pneumococcal infections based on the natural induction of the host defense system 
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Lipid nanoparticles for dermal administration remains to be of great interest both in respect to 
therapeutics and cosmetics. Lipid bilayer of liposomes are usually formed by phosphatidylcholine 
and a membrane stability agent, mainly cholesterol. Several studies have investigate the effect of 
fatty alcohols in the membrane as bilayer stabilizer evidencing that the formed liposomed present 
similar characteristics. In this study, liposomes composed of Hexadecanol or Cholesterol are 
compared in terms of nanoparticles physical and chemical characteristics as well as functionality in 
dermal drug delivery. 

Hexadecanol and Cholesterol nanoparticles, encapsulating Retinyl Palmitate, a well known 
lipophilic compound were synthesized by thin film hydration and stability, surface charge and 
average size were studies. In order to know if both nanoparticles were functional in dermal drug 
delivery, cytotoxicity, cell viability in proliferation, collagen recovery, elastin production and dermal 
penetration were studied in human skin explants. Results showed that both types of liposomes, 
present similarities in physico-chemical properties and they also reach the stratum basale of skin, 
were not toxic for the human explants and both caused an increase in the production of collagen and 
elastin in human aged skin samples.  

In conclusion, hexadecanol is suitable as membrane stability agent in drug delivery vehicles in 
dermatology and cosmetics. The general similarities that we found in both liposomes and its 
functionality manifest that hexadecanol and cholesterol contribute in the same way to bilayer stability.  
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Antibiotics and antiparasitics are becoming less effective due to the increase in resistance, 

efforts to find new drugs require resources that are unattainable for developing countries. The 
repositioning of drugs emerges as a viable alternative in these conditions1, using, for example, 
molecules approved in past years for use in humans and animals that have fallen into disuse due 
to their adverse effects. Encapsulating them in nanocarriers would allow their dose to be reduced 
by targeting them to the site of action. The present work shows three methodologies developed for 
the elaboration of transferosomes, modified release nanoparticles and cationic liposomes, intended 
for the transdermal, parenteral and intralesional treatment of leishmaniasis. Enrofloxacin was used 
as a model drug due to its pH-dependent complex ionization, in addition to its leishmanicidal 
activity assays2,3. Transferosomes were made by film hydration, nanoparticles by solvent-
antisolvent sonocrystallization, and cationic liposomes by lipid dispersion sonication. The 
nanocarriers presented diameters between 100 and 350 um, with zeta potential outside the range -
30 to +30 mV, trapping efficiency between 35 and 75%, and drug release profile corresponding to 
the design proposed for each route of administration. The formulations and processes developed 
for these delivery systems could be applied to the treatment of intracellular infections by 
repositioning drugs such as fluoroquinolones.  
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The development of safe and stable non-viral vectors for gene delivery is a major 
biotechnological challenge necessary for the success of molecular medicine, including gene therapy 
and immunization. However, the reduced stability, irreproducibility, and low scalability of current 
gene-transfer methodologies limit their use in vivo. [1-2] 

Herein, a novel Stöber modified procedure is employed to promote the SiO2 polymerization 
around purified plasmidic DNA (pDNA). This one-pot synthesis offers either further functionalization, 
as protein coating, or drug encapsulation. We have chosen coating the SiO2 nanoparticles with 
specific ligands that target the cell receptors of interest. In this case, neural NSC34 cell line is used 
to transfer the pDNA specifically in a coculture together with microglia BV2 cell line, which showed 
pDNA transfection with the SiO2 nanoparticles. The specific neural ligands are expected to prefer 
the neural cell line than the microglia cells. 

Although more experiments are needed, this unexpensive, and effective method gives the 
opportunity to tune the nanoparticles according to our concrete design. 
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Cancer is a disease with a high mortality rate and its incidence continues to increase, therefore, 
its study and the development of new treatments is one of the most interesting investigations in 
recent years. This leads us to search for new alternatives and the use of ruthenium instead of 
cisplatin in chemotherapy seems very promising since it has chemical and biochemical properties 
that make it suitable for use with therapeutic purposes [1]. However, the use of the free drug has 
certain disadvantages, such as the limited amount of drug that reaches the target tissue, and for this 
reason, in this work, lipid-based nanoparticles are studied as potential candidates to improve the 
administration of drugs in this field [2]. 

 Two ruthenium complexes were synthesized, [RuCl{k3(N,N,N)-Tp}(PPh3)(1-Me-PTA)]+ and 
[RuCl{k3(N,N,N)-Tp}(PPh3)(PTA)], which have anticancer activity, and were encapsulated in three 
types of liposomal systems made up of different phospholipids (DSPC, DPPC and DMPC), all 
saturated neutral phospholipids with different transition temperatures, in order to know if this 
parameter affects stability. Their stability, surface charge and average size of the nanoparticles were 
studied. 

The results showed that the three types of liposomes were stable over time, obtaining particles 
with sizes of approximately 260 nm. When ruthenium was encapsulated, these did not undergo 
modifications either. However, when the type of phospholipid varies, differences are produced in the 
average size, surface charge and polydispersity index, being DMPC the one that differs, with a higher 
size and polydispersity index. 

In conclusion, liposomes made up of DMPC do not seem to be a suitable vehicle to transport 
ruthenium through the organism, but those made up of DSPC and DPPC do seem suitable as 
vehicles for the administration of drugs in this field. It is expected that these nanoparticles will play 
an important role in the investigation of new alternatives for the treatment of this disease. 
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Starch nanoparticles (SNPs) are considered as promising novel sustainable biomaterials for its 
use in many different bioapplications. SNPs are obtained from starch granules through different 
physical and chemical techniques and both synthesis method and operation conditions will influence 
their final properties for the different further applications. 

Several methods have been known to produce SNPs such as high-pressure nanoemulsification, 
cross-linking, microemulsion/antisolvent nanoprecipitation [1-6]. A soft chemistry technique with a 
growing interest is the nanoprecipitation method since it does not require sophisticated equipment, 
hazardous reagents or extreme conditions and efficient control of the size, shape, monodispersity 
and composition of the final nanoparticles can be achieved [6]. 

The aim of this work was to develop effective and sustainable formulations based on size-
controlled modified SNPs that can be used as nanocarriers for active ingredients (biocompounds, 
antibiotics and anti-tumour compounds).  

SNPs were synthesized by nanoprecipitation method using starches from different botanical 
source (rice, quinoa and amaranth) chemically modified with OSA with different degrees of 
substitution (0, 0.6, 1.2, 1.8, 2.4 and 3%) in order to optimise the final size, surface charge and 
shape. The SNPs were characterised in terms of size, morphology, monodispersity, zeta potential 
and crystallinity. Size and charge were determined by DLS (Malvern Nanozetasizer), shape by SEM 
and the predominant crystallinity of both starch granules and SNPs was characterised by XRD. SNPs 
with range of sizes between 37 nm to 54 nm were obtained when quinoa starch was used, between 
44 nm to 59 nm when rice starch and between 56 nm to 116 nm when amaranth starch was used. 
For all starches higher zeta potential was obtained at higher degree of modification, varying from -2 
mV to -30 mV. 

 
OSA-modified quinoa starch nanoparticles. 
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Background: Foodborne illness is caused by consuming foods or beverages contaminated by 

microorganisms. The most efficient approach to reduce the risks of disease outbreaks is to prevent 
contamination from primary sources by appropriate decontamination methods. Chitosan-shelled 
nanobubbles (cNBs) based on a natural biocompatible and biodegradable polymers, such as 
curcumin, are known to exert antimicrobial effect, substantially increased if exposed to light [1]. So, 
the objective of   this study was to evaluate the antimicrobial properties of photoactivated Curcumin- 
cNBs against food bacteria (Escherichia coli, Staphylococcus aureus and  Enterococcus faecalis) in 
decontaminating food surface. 

 Methods: cNBs were loaded with curcumin either within their core or by conjugation  to the 
shell and then characterized for morphology, size (nm) & zeta potential (mV)   determination by DLC 
system, encapsulation efficiency & loading capacity by UV spectophotometer and curcumin in vitro 
release by HPLC. Curcumin-cNB antibacterial properties were measured through microbiological 
assays such as minimum inhibitory and bactericidal concentration (MIC and MBC), and time kill 
curves. Their effectiveness was further evaluated by irradiating the internalized NBs with 
photodynamic (blue) light (optimal wavelength of 425nm). The organoleptic  properties and 
decontamination grade of fresh fruits after NB treatment were also determined. 

Results: We ascertained that curcumin (alone) photoactivated with blue light had a robust effect 
against the food bacterial strains: we find out MIC at a very low concentration of curcumin 
(0.125mg/ml, 0.06mg/ml and 0.015mg/ml against E. coli, S. aureus and E. faecalis respectively). 
Even more so, Curcumin-cNBs have shown interesting effectiveness against tested bacteria, with a 
further reduction of MIC value (E. coli and S. aureus= 0.021 mg/ml, E. faecalis = 0.010 mg/ml) and 
a noticeable decrease in bacterial growth, when treating the bacterial suspension with  NBs in 
combination with light. Finally, when the NB treatment was applied directly on fresh fruits, it reduced 
microbial contamination without influencing their quality. 

Conclusions: Under studied conditions, it is interesting to speculate on a potential  role of 
Curcumin-cNBs, alone or together with photodynamic light, as to enhance antimicrobial activity. The 
findings of the proposed research will be helpful in fighting against harmful microorganisms resulting 
in an improving of food quality globally and in foodborne disease prevention. 
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The use of different nano-carriers, mainly nano-emulsions, liposomes, micelles, dendritic 

structures and carbon nanotubes among others, are reported to considerably improve the 
therapeutic efficacy of a drug, by the selective uptake of the nanomaterials.1,2 Laponite, a synthetic 
layered clay, is a versatile non-toxic nanomaterial that has shown its ability as an efficient platform 
for drug delivery, via ion exchange reaction, being the drug-release process highly sensitive to the 
acidic conditions of the environment.3 Thus, this nanoplatform has been successfully used as a 
carrier system for chemotherapy drug delivery and other oncological applications, improving the 
therapeutic efficacy of the therapeutic drug and avoiding cytotoxic effects to normal tissues, as 
compared with the free drug. In general, a deep knowledge of the mechanism interaction of the 
nanomaterial with biological components in a physiological environment is highly desirable for 
properly characterizing its therapeutic efficacy and toxicology. Up to know, the use of fluorescent 
dyes labelling both, the nanomaterial and cell components, has been a requirement to characterize 
the cell uptake and to visualize the entrance of the nanomaterial into the cytosol and the cell nucleus. 
The internalization process of the nanocarrier Laponite into J774 macrophages line using confocal 
Raman microscopy is presented in this work. Unlike conventional techniques, such as the most 
commonly used Confocal Laser Scanning Microscopy (CLSM), the combination of Raman 
spectroscopy and confocal microscopy, provides unique and direct information about the localization 
of the nanoparticle within the cell by its unique chemical fingerprint, without labelling or adding dyes. 
Hence, the distribution of Laponite particles can be discriminated all over the cell. Besides, the 
simultaneous acquisition of Raman spectra from the cell and nanoparticles allows identifying whether 
Laponite is located in the cytosol or associated with other cellular parts. Finally, the acquisition of 
Raman spectra at different Z-planes can unambiguously prove the internalization of the 
nanoparticles in the cell. Also, Laponite nanoparticles were in depth characterized by Transmission 
Electron Microscopy (TEM), X-ray Diffraction technique (XRD), Thermogravimetry and Calorimetry 
(TG-DSC) as well as Mass Spectroscopy (MS). In parallel, a comparative in vitro study of the 
nanoparticle uptake was conducted by the most common CLSM technique. 
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CBX3 is the gene that codes for the HP1γ protein, a fundamental epigetic regulator in many 
fundamental processes, such as, for example, in the maintenance of the structure of 
heterochromatin. 

We found that inactivation of the epigenetic regulator HP1γ in the mouse gut epithelium results 
in accelerated aging associated with both ectopic expression of ribosomal RNAs and accumulation 
of miss-spliced messenger RNAs (Buchwalter & Hetzer, 2017). A consequence of the latter is the 
production of progerin, a spliced product of the LMNA gene increased naturally in the mouse aging 
gut, in correlation with a reduced HP1γ expression (Scaffidi & Misteli, 2008). In addition, we have 
shown that HP1γ is essential for the maintenance of alternative splicing fidelity, at a general level 
(unpublished data). 

Results obtained in our laboratory, in studies carried out both in patient samples and in a murine 
model, patients with IBD, show a great similarity with the phenotype observed in the CBX3 KO 
murine model, such as, for example, in the accumulation of progerin u and others byproducts of 
aberrant splicing (unpublished data). In addition, both in patients and in the mouse model of IBD, we 
found a strong disminution of the presence of HP1γ in the intestinal epithelium, which is consistent 
with our theory that HP1γ plays an essential role in the maintenance of intestinal homoeostasis. On 
the other hand, CBX3 KO mice, deficient in the HP1γ portent, exhibited processes of dysbiosis 
similar to those observed in the IBD model. 

For these reasons, we propose the establishment of a model of solid lipid nanoparticles 
containing the CBX3 mRNA transcript, coated with EpCAM (epithelial cell adhesion molecule) that 
will be specifically incorporated by the cells that make up the intestinal epithelium. Once inside the 
cells of the intestinal epithelium, the nanoparticles will be able to release said mRNA which, when 
expressed by the cell, will be able to restore its physiological levels of the HP1γ protein, thus serving 
as a possible therapy in the treatment of IBD.  
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A new direction in bioimaging utilizes hierarchically built nanostructures enabling two or even 

more imaging modalities as exogenous nanoprobes. The combination of optical imaging, 
particularly photoluminescence (PL) and magnetic resonance (MR) imaging in a single nanoprobe 
makes available high sensitivity and high spatial resolution simultaneously, compensating the 
individual weaknesses of both imaging modalities, and allowing more reduced dose administration. 
To address the challenge of proposing new nanoprobes for dual NIR-excited PL and MR imaging, 
we have prepared and evaluated a series of Ln-doped ultrasmall nanoparticles and core-shell 
nanostructures based in the scheelite-like NaT(WO4)2 (T = trivalent lanthanide) host. Green 
upconversion with efficiency comparable to that of NaYF4, and importantly, thermal sensitivity 
unless three times higher than that observed for the fluoride at the temperature range of biological 
interest, had been previously demonstrated for Yb:Er:NaT(WO4)2 [1,2]. In currently prepared 
nanoprobes T1- or/and T2-MRI contrasts are delivered by Gd3+ and Ho3+, respectively, which are 
properly distributed in the core-shell nanostructure to avoid interferences between them. Efficient 
Tm3+ upconversion luminescence in the visible (480 nm) and NIR (800 nm) is provided by Yb3+ 
NIR-excitation ( 980 nm), both ions in an intermediate NaGd(WO4)2 shell. A further Yb3+ and Nd3+ 
codoped NaGd(WO4)2 epitaxial layer will also allow efficient NIR-excitation of UC at 806 nm for 
deeper tissue sensing. Details of the synthesis procedure to obtain well individualized and 
monodisperse-sized nanoparticles and core-shell nanostructures, as well as results concerning UC 
luminescence, r1 and r2 relaxivities, and cytotoxicity of prepared nanoprobes, will be presented. 
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Bacterial biofilms are nowadays a major health concern due to the escalating figures of 

antimicrobial resistance. Conventional therapy for implant-associated biofilms usually fails since it is 
solely focused on the administration of antibiotics. However, the biofilm matrix represents a biological 
barrier against these drugs, leading to antimicrobial resistance phenomena. A combinatory therapy 
that focus on both bacterial cells and the matrix is urgently needed. In this work we developed lipid 
nanoparticles (LNPs) to encapsulate a mucolytic agent with potential to disrupt the matrix of mature 
biofilms, promoting the break of this protective barrier.  

The LNPs were produced by the double emulsion technique and optimized by a rational design. 
The nanoparticles were characterized regarding their hydrodynamic diameter, polydispersity index, 
and zeta potential. Their biocompatibility was assessed through a hemolysis assay and an in vitro 
cytotoxicity assay against the L929 fibroblasts cell line. The in vitro antibiofilm efficacy of the 
developed LNPs was tested against Staphylococcus epidermidis (Gram-positive) and Pseudomonas 
aeruginosa (Gram-negative) biofilms. 

The LNPs showed suitable characteristics for intravenous administration and biocompatibility. 
At the tested concentration, the LNPs were more efficient against Pseudomonas aeruginosa biofilms, 
with a 50% reduction of biofilm biomass. These results were further confirmed by a biofilm viability 
assay and by scanning electron microscopy. In a more complex approach, the LNPs were combined 
with a well-known antibiotic, moxifloxacin. This combination showed a potential synergistic effect 
between the LNPs and the antibiotic on the reduction of bacterial viability within the biofilms. 

Overall, the developed LNPs have a potential therapeutic effect on Pseudomonas aeruginosa 
biofilms, alone or in combination with antibiotics. 
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Nanoparticles capable of converting a light stimulus into thermal energy are useful for 

photothermal therapy of tumors and infections. The incorporation of photothermal nanoparticles into 
scaffolds muy extend their applications to other fields, such as regenerative medicine [1]. After tumor 
ablation, the scaffold can stimulate reconstruction of functional tissue. The preparation of scaffolds 
with nanoparticles generally requires the separate synthesis of the nanoparticles to be added to the 
scaffold during or after its preparation. To avoid current multi-stage processes, the aim of this work 
was to maximize the reductant capabilities of polyvinyl alcohol (PVA) [1] under steam heat conditions 
for the one-pot formation of gold nanoparticles (AuNPs). The formation of the AuNPs and their effect 
on the production of electrospun fibers and on the photothermal properties of the hybrid scaffolds 
obtained were monitored. 

PVA dispersions with two different gold salts, HAuCl4 and AuAc3, were prepared to evaluate the 
effect of the counterion on the formation of nanoparticles. The dispersions that were autoclaved 
underwent an intense color change towards dark red-violet, which indicates that the temperature 
and pressure reached catalyzed the redox reaction. The nanoparticles presented irregular 
morphology and size between 40 and 100 nm. 

The electrospinning of the dispersions was carried out using a flow rate of 1 mL/h (YFlow 
Professional, Spain). Fibers with a circular section and without lumps were obtained, with diameters 
between 250 and 700 nm. The photothermal response of the nanofibers was evaluated using 808 
nm laser light [2]. After 30 seconds of exposure, the control fibers increased their temperature by 
~1.5 ºC, not exceeding 29 ºC in any case. Differently, nanofibers with AuNPs reached temperatures 
above 45 ºC after 10 s of laser exposure, and above 50 ºC after 30 s, which implies localized 
temperature increases of up to 31 ºC.   

In conclusion, dispersions of PVA mixtures and gold salts processed in autoclave generated 
AuNPs in a few minutes and give rise to nanofibers by electrospinning. The hybrid scaffolds obtained 
present an intense photothermal response capable of providing localized increases in temperature 
for tumor eradication and tissue regeneration. 
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The use of nanomaterials in consumer products is currently on the rise, so it is important to have 
reliable methods to predict any associated toxicity effects. Traditional in vitro assays fail to mimic 
true physiological responses of living organisms against nanomaterials whereas murine in vivo 
models are time consuming, costly and ethically controversial. Therefore, alternatives must be 
considered. Here we present the insect Galleria mellonella, an infection animal model with a 
promising potential for the toxicological evaluation of different molecules and materials. It presents 
an array of attractive advantages as it has a convenient size for manipulation, it is inexpensive to 
purchase and breed, does not require much space or special infrastructure, it has a low biohazard 
risk and it is more ethically accepted. Moreover, a wide range of methodologies can be applied for 
visualizing and studying nanoparticles in this organism and several indicators can be obtained from 
the larvae to define the degree of acute toxicity effects that are caused by the different kinds of 
particles and materials. We believe this model can be used as a bridge between in vitro and in vivo 
murine assays in order to obtain better predictions of nanomaterials toxicity.  
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Dose enhancement by gold nanoparticles (AuNP) increases the biological effectiveness of radiation 
damage in biomolecules and tissue. To apply them effectively during cancer therapy their influence 
on the locally delivered dose has to be determined.[1] Hereby, the AuNP locations strongly influence 
the energy deposit in the nucleus, mitochondria, membrane and the cytosol of the targeted cells. To 
estimate these effects, particle scattering simulations are applied. In general, different approaches 
for modeling the AuNP and their distribution within the cell are possible. In this work, two newly  
developed continuous and discrete-geometric models for simulations of AuNP in cells are presented. 
[2] These models are applicable to simulations of internal emitters and external radiation sources. 
Most of the current studies on AuNP focus on external beam therapy. In contrast, we apply the 
presented models in Monte-Carlo particle scattering simulations to characterize the energy deposit 
in cell organelles by radioactive 198AuNP. They emit beta and gamma rays and are therefore 
considered for applications with solid tumors. Differences in local dose enhancement between 
randomly distributed and nucleus targeted nanoparticles are compared. Hereby nucleus targeted 
nanoparticels showed a strong local dose enhancement in the radio sensitive nucleus. These results 
are the foundation for ongoing experimental work which aims to obtain a mechanistic understanding 
of cell death induced by radioactive 198Au. 

 

Fig.1.Visualization of the spherical cell with the nucleus (red) and mitochondria (green) 
generated by the presented model. Two hundred AuNP (yellow) were generated randomly in the 
cytosol (left) or targeted to the nucleus surface (right) and their radius was set to 200 nm. Electron 
trajectories are shown in red, photons in green. Image taken with permission from [2]. 
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Head and Neck Cancer (HNC) is the seventh most common cancer worldwide with a 5-year 
survival from diagnosis of only 50%. Currently, HNC is diagnosed by a physical examination followed 
by an histological biopsy, with surgery being the primary treatment.  

We have shown that preneoplastic and malignant HNC cells and tissues from different origins 
aberrantly exhibit the glycosphingolipid globotriaosylceramide (GB3) on their membranes1. This 
receptor specifically binds to the Shiga toxin, which is a high-affinity innocuous natural ligand that, 
upon binding to the receptor, triggers retrograde receptor internalization through the Golgi network 
to the endoplasmic reticulum. 

The use of targeted nanotechnology could support of existing diagnostic and therapeutic tools 
to prevent recurrences of tumors with poorly defined or surgically inaccessible margins. Therefore, 
we have engineered an innocuous ligand-protein, based on the receptor-binding domain of the Shiga 
toxin (ShTxB), that specifically drives nanoparticles to HNC cells bearing the GB3. We functionalized 
gold nanordos (AuNRs) with this toxin (AuNRs@ShTxB) and we find that are efficiently 
retrotranslocated to the cancer cell cytoplasms. After laser radiation with a wavelength resonant with 
the AuNR longitudinal localized surface plasmon, the death of targeted cancer cells is activated. 
Both in vitro and in vivo experiments show the non-cytotoxic nature of these functionalized 
nanoparticles and a selective treatment after laser treatment.This functionalization strategy is a clear 
example of how some toxin fragments can be used as natural biosensors for the detection of some 
localized cancers and to target nanomedicines to head and neck lesions. 

 

     A                                    B                                                           C       

 

 

 

 

 

A) Functionalized gold nanorods. B) in vitro and C) in vivo experiments after laser treatment.  
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The unique magnetic properties and low cytotoxicity that characterize iron oxide nanostructures 
have great potential towards their use in biomedical applications1. Associated with these features, is 
of great importance to understand the biophysical and biological interactions between magnetic 
nanostructures and human cells2. To this aim, we focused this work in iron oxide nanostructures 
bearing different morphologies (spherical, rod-like and octahedral) synthesized over polysterene 
beads. The influence of the surface nanotopography of the fluorescently-labelled composite material 
on cell adhesion and internalization was evaluated in vitro both in the absence and in the presence 
of a magnetic field, by confocal microscopy. Our preliminary results show that the nanostructured 
surface topography of the iron oxide-polystyrene magnetic beads plays a significant role in their cell 
adhesion and internalization. 

 

 

 

Figure 1. TEM images of spherical (a), rod-like (b), and octahedral (c) iron oxide 
nanostructures onto polystyrene spheres  
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Introduction: Cannabidiol (CBD) is a non-psychoactive cannabinoid that exhibits several 
effects on lipid and glucose metabolisms;  it decreases total cholesterol and increases HDL levels, 
reduces intracellular lipid content attenuating liver steatosis, alleviates insulin resistance, and 
minimizes incidence of diabetes in mice and metabolic syndrome in cannabis users. Our aim is to 
test CBD-loaded PLGA nanoparticles (NPs) ability to increase glucose uptake and inhibit lipid 
accumulation in human HepG2 hepatocytes. 

Materials and methods: PEG-PLGA-based nanoparticles were prepared using a 
nanoprecipitation method. The cytotoxicity of CBD NPs was evaluated by the 2,5-diphenyl-2H-
tetrazolium bromide (MTT) proliferation assay. Glucose uptake was assessed by pre-treatment of 
HepG2 with the NPs for 24 or 48 h, followed by incubation with the fluorescent glucose analog 2-
NBDG (2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deoxyglucose), and finally measuring the 
cells´ fluorescence at an excitation/emission wavelength of 485 nm/535 nm.  Furthermore, the 
effects of CBD NPs on sodium palmitate-induced intracellular lipid accumulation were also 
explored. Following 24 h of co-incubation with the NPs and palmitate, the lipid accumulation in 

HepG2 cells was investigated by staining the cells with Oil Red O (total lipid accumulation) and 

acquiring images under an inverted microscope, to observe the stained cells, and then quantifying 
the stain by extracting with isopropanol and measuring absorbance at 490 nm. In addition, levels of 
triglyceride and cholesterol of cells co-treated with NPs and palmitate were also quantified. 

Results: CBD-loaded NPs had a mean diameter of 166.8±5.9 nm, a PdI of 0.245±0.019 and a 
zeta potential of -32.8±1.9. IC50 values of CBD NPs and free CBD were 11.3±1.0 µg/mL and 
9.9±1.9 µg/mL, respectively (Fig. 1). Cells incubated with CBD NPs showed significant 
improvement in cellular uptake of glucose, in comparison with the free drug, and the effect was 
comparable to that produced  by metformin. Furthermore, HepG2 cells co-incubated with palmitate 

and CBD NPs demonstrated lower levels of the fat-soluble Oil Red dye compared to cells treated 

with free CBD. Likewise, CBD NPs (5 µg/ml) significantly inhibited palmitate-induced accumulation 
of triglyceride and cholesterol in HepG2 cells, compared with free CBD.  

Conclusions: CBD-loaded NPs may be useful in treating dyslipemia and hyperglycemia. 
  
 
Figure 1. Cell viability after 24 h of exposure to free 

CBD and CBD-loaded PEG-PLGA NPs. Insets: IC50 
values for free and encapsulated CBD. 
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Oxygen-loaded nanodroplets (OLNDs) are liquid emulsions based on decafluoropentane core,  
with dimensions of about 500 nm, in which oxygen is dissolved, and a polymeric coating to 
stabilize the nanostructure [1]. Thanks to their efficiency in transporting oxygen and their 
biocompatibility, OLNDs have acquired importance in the biomedical field for the treatment of 
hypoxic tissues, such as tumors or inflammatory regions. 
The OLNDs can be functionalized through electrostatic interactions with magnetic nanoparticles 
(MNPs), which, by producing heat under the exposure to alternatingmagnetic fields, can trigger the 
droplet vaporization process, inducing the transition from liquid droplets to microbubbles [2]. The 
main advantage of MNP-promoted vaporization, compared to conventional vaporization techniques 
based on ultrasonic and optical sources, is the ability of the magnetic field to penetrate tissues 
reaching deeper regions [3]. 
In this work we propose the optimization of the magnetic OLND synthesis focusing on three types 
of coating, based on dextran, chitosan and polyvinyl alcohol (PVA) (Fig. 1a), and the evaluation of 
droplet vaporization as a result of the temperature increase promoted by iron oxide MNPs, 
synthetized via co-precipitation method. 
The synthesized magnetic OLNDs were dimensionally characterized with dynamic light scattering 
(DLS), showing different sizes for each coating. Ecograpich analysis confirmed that the MNP bond 
to the OLND surface, as their streaming velocity was influenced by the presence of a static 
magnetic field. Experiments on ultrasonic activation of magnetic OLNDs have shown that the 
acoustic response, measured by means of passive cavitation detector, was not modified by the 
MNPs (Fig. 1b) [1]. Finally, the appearance of microbubbles in the samples consequent to the 
MNP-promoted vaporization process was observed by optical microscopy, under the application of 
a 100 kHz magnetic field  (Fig. 1c-d). 
In summary, the obtained results confirm that the functionalization of OLNDs with MNPs preserves 
their structure and functionality in the oxygen delivery and allows to trigger the vaporization 
process via magnetic fields, as an alternative to conventional acoustic and optical methods. 

 
Fig. 1 (a) Schematic representation of magnetic OLNDs, (b) cavitation spectra from passive 
cavitation detection (PCD) analysis and (c,d) optical microscopy images of microbubbles after 
magnetic vaporization. 
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Over the last years, the development of nanomaterials such as carbon nanotubes, gold nano 
cages or polymer-based nanoparticles has revolutionized medicine [1]. Coated nanoparticles with 
peptides or membranes that mimic cellular structures have allowed to transport drugs to specific 
therapeutic targets. The main challenge of this technology is giving a biological identity to 
nanomaterials, first it´s necessary to design stable coatings with high specificity for their receptor 
and to evade the immune system [2]. These coatings must bind efficiently to the drug-carrying 
nanomaterial to prevent that other proteins from the extracellular medium adhere to the surface. We 
propose a simple particle coating technique using proteins produced in bacterial systems that 
completely cover the surface of a nanoparticle and then, they can bind to specific receptors of a cell 
line. Proteins constructs have Histidine tails (-HIS) and are overexpressed in E. coli BL21. Histidine 
tails work like purification tags to separate the target protein of others [3], in addition, these tails have 
positive charge that would allow the purified proteins to functionalize nanomaterials with negative 
surface such as mesoporous silicon nanoparticles. Functionalization is carried out by sonication in 
media water, the nanoparticles must be in a medium with an excess of purified protein to saturate 
nanoparticle´s surface. This technique is easy but efficient, and offers the possibility of directing 
drugs coated with nanomaterials to specific targets through the interaction ligand-receptor, 
revolutionizing the personalized medicine. 

Representative Figure:  

 

                               Protein production and purification steps for nanoparticle functionalization. 
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Introduction: Silica nanoparticles (SNP), and especially mesoporous silica nanoparticles (MSN), 
have several interesting characteristics that make them very good delivery systems for antitumor 
drugs.1 Moreover, the surface of these nanoparticles can be modified with specific organic moieties 
for the development of stimuli-responsive systems (SRSs), so they release their cargo under the 
action of a specific stimulus.2 However, no long-term in vivo preclinical toxicity studies are available, 
which is a limitation.3 We here present some of the most advanced silica-based hybrid systems 
currently in clinical trials, as well as some guidelines for the successful clinical application.4 

Results and discussion: Many preclinical studies have demonstrated the efficacy of different silica 
nanoparticle formulations for precise anticancer drug delivery, tumour clearance, and relapse 
inhibition. This includes silica hybrids with plasmonic nanoparticles, Cornell dots, fluorescent 
moieties, or positron emission tomography radiotracers. Although SNPs have good tolerability in oral 
administration and these hybrid systems incorporate the properties of their component building 
blocks, a separate biological evaluation of each component is necessary. 

 

Figure 1.  Schematic illustration of silica-based hybrid systems in clinical trials. 

Conclusions: Many formulations are currently being developed for use as cancer treatments. In this 
regard, the development of (i) small diameter nanoparticles, (ii) systems that can incorporate large 
quantities of drugs, (iii) the incorporation of targeting molecules, (iv) hybrid organic-silica 
nanomaterials, and (v) materials that can replace silica with totally organic materials; will ensure the 
absolute absence of long-term toxicity of these preparations. 
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The number of deaths caused worldwide because of cancer still reaches the 10 million figure each 
year, despite all the great advances accomplished in medicine in the past decades. [1] The search 
for new and alternative treatments becomes very relevant, specially to treat difficult cancer types like 
deep-seated and metastatic tumours. [2] 
Among them, photodynamic therapy (PDT) has attracted attention for its outstanding advantages, 
such as greater efficacy and fewer side-effects. This novel therapy consists in the administration of 
an organic photosensitizing molecule (PS) followed by irradiation at a specific wavelength, which 
produces cytotoxic singlet oxygen and/or reactive oxygen species (ROS) inducing cancer cell death. 
Its application, nevertheless, has encountered several limitations. These limitations could be 
overcome by formulating novel PDT agents consisting in a natural PS conjugated to a metal 
nanoparticle. [3] The use of nanoparticles can enhance the therapeutic effect of the PS, improve 
their biodisponibility and allows the use of X-ray radiation (XPDT) to treat deep-seated and 
metastatic tumors. [4] 
Thus, in this work, PtNP were synthesized using riboflavin, a natural photosensitizer, as the green 
reducing agent. For this, 5 mL of a 0.03 mM solution of RF in water was heated to 90 ºC. At this 
temperature, 100 µL of a 10 mM solution of PtCl4 was added dropwise to reach a final concentration 
to 0.2 mM. This mixture was left to react at 90 ºC for 24 h with constant stirring. The nanoparticles 
obtained were completely characterized by means of UV-Vis absorption and fluorescence 
spectroscopy, transmission electron microscopy (TEM), High Resolution TEM (HRTEM), X-ray 
diffraction analysis (XRD), energy dispersive X-ray analysis (EDX), Z-potential analysis, Raman 
spectroscopy and Fourier transformed infrared spectroscopy (FTIR).  
Finally, the Pt@RF obtained were studied  in vitro to value biocompatibility, toxicity and therapeutical 
effectiveness in A549 adenocarcinomic human alveolar basal epithelial cells and to assess their 
potential application in cancer treatment. Confocal microscope observation confirmed the PtNPs 
uptake by A549 cells and their cytoplasmic localization. The cell counts showed a decrease of viable 
cells during PtNPs treatment (300µg/mL) which doubled after irradiation (UV-A 375 nm), without 
evident activation of the apoptotic cascade. Combined treatment (PtNPs treatment + irradiation) also 
caused oxidative stress, evidenced by a decrease in intracellular GSH level and by the increased 
expression of HO-1. 
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Iron-based nanoparticles are of great interest due to their possible use in numerous applications (i.e. catalysis, 
electrochemical sensors, magnetic biosensors, biomedical field or environmental applications) [1,2]. 
Particularly, in this work the synthesis of Fe-C nanostructures based on the reduction of organic-coated Fe3O4 
nanoparticles by thermal treatments was performed. Therefore, Fe3O4 magnetic nanoparticles synthesized by 
co-precipitation method and coated with citric acid (CA) were treated at 1000 0C (1h) in Ar atmosphere. During 
the process, the magnetic nanoparticles were reduced obtaining a carbon based coating. The samples were 
characterized through Thermogravimetry analysis (TGA), X-ray Diffraction and Transmission Electron 
Microscopy (TEM). The results indicate the partial reduction of the Fe3O4 nanoparticles to FeO and the 
decomposition of the organic acids to carbon (C). Therefore, the addition of an additional carbon source 
(fructose) to the Fe3O4 citric acid nanoparticles was also evaluated. Under high temperature annealings (above 
800°C), the coexistence between Fe3C and α-Fe phases within a carbon matrix characterizes the phase 
distribution of the reduced samples. Finally, the magnetic characterization of the samples (dc SQUID 
magnetometry) was performed confirming the previously structural characterization. 
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CRISPR/Cas technology has revolutionized the gene editing field. Its applications include 
knock-out and knock-in generation, base editing, and transcriptional modulation. Moreover, certain 
Cas proteins, such as Cas12a (previously known as Cpf1), display an additional trans nuclease 
activity triggered by target recognition that can be exploited for the detection of DNA/RNA sequences 
with diagnostic purposes.The CRISPR/Cas system has a great potential for the diagnosis and the 
curative treatment of genetic diseases. This project, focused on the Cas nuclease Cpf1, aims to 
explore both aspects. 

The systemic delivery of CRISPR nucleases and their guides constitutes one of the major 
challenges limiting their therapeutic potential. We are working on the design of CRISPR-albumin 
nanocomplexes that allow for a safer and more efficient targeting of oncogenic mutations. Albumin 
is the most abundant protein in blood and acts as a carrier for numerous molecules. In our delivery 
approach, albumin molecules have been chemically modified to form reversible covalent interactions 
with Cpf1. The resulting nanostructures consist of a Cas nuclease molecule surrounded by albumin, 
which would protect it from degradation and would mediate cellular uptake. To assess the potential 
of this CRISPR delivery strategy we have evaluated nanostructures’ assembly, cellular 
internalization and editing capability. 

Additionally, we have evaluated Cpf1’s potential to detect oncogenic single-base mutations. 
Specifically, we have focused on GNAQ, a gene that it is frequently mutated in uveal melanoma, a 
rare cancer type with a high mortality rate. We have been able to use Cpf1 to discriminate between 
wild type and mutated sequences of GNAQ, which paves the way for the design of sensing tools for 
a simpler and cheaper non-invasive diagnosis. 

Representative Figure:  
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The development of novel biosensors with increased performance strongly relies on the 

incorporation and combination of various nanotechnologies, such as functional nanoparticles (NPs) 
and DNA origami [1,2]. On the basis of these technologies, the DeDNAed project is creating an 
advanced bioanalytical sensor-platform with advanced sensitivity and versatility by utilizing SERS 
as an ultrafast optical analysis method. DNA origami will be used like a “nano-breadboard” to 
precisely control the nanoscale positioning of biorecognition elements (bioREs) with respect to the 
plasmonic hotspots of NPs, which are positioned on the DNA origami in a similar fashion, for enabling 
highly sensitive SERS measurements [3]. To combine these technologies while guaranteeing high 
spacial precision, we use short oligonucleotide sequences, an established method for the attachment 
of NP, and active elements to DNA origami [4]. Additionally, the concept includes the integration of 
metallic atomic cluster (AC) within the bioRE, providing enhanced fluorescence properties compared 
to other NP based systems while their synthesis is based on novel etching methods that avoid the 
denaturation of the bioRE [5]. 

Here we present first findings on the development of an aptamer based bioRE, with a strong 
focus on the synthesis of the AC and optimization of their fluorescent properties. The bioRE consists 
of three segments, one for its attachment to the DNA origami, one for the target specific binding and 
one for the AC coordination. The three segments have been analysed and optimised independently 
and in combination, verifying their combined functionality. Furthermore, we present the first 
development iteration of the plasmonic NPs for SERS and their functionalisation for the integration 
on the DNA origami. 

 

Left: Schematic of a DNA origami scaffold for arrangement of plasmonic NP arrays for signal 
amplification of SERS measurements with a AC decorated DNA aptamer as bioRE. Right: Schematic 
of oligonucleotide coordinated formation of fluorescent AgACs.  
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Aptamer technology presents a new therapeutic approach to cancer treatment, enabling new tools 
in basic research that in turn lead to advances in medicine applicable to the prevention, diagnosis 
and treatment of multiple diseases.[1] However, in order to use them as potential therapeutic agents, 
it is necessary to establish vehicle systems (nanocarriers) to increase their bioavailability and protect 
them against degradation by enzymes. In this sense, among the new nanomaterials used as 
transfection vehicles, dendritic systems stand out. 

Carbosilane dendritic systems present a scaffold that allows a greater biopermeability through the 
cell membranes than most of the dendritic systems described in the literature, which are mainly 
hydrophilic. The attachment of ionic groups in the periphery enables their solubility in water by 
compensating the lipophilic character of the skeleton, providing amphiphilic properties. Importantly, 
low dendritic generations are enough to satisfactorily produce the desired therapeutic effect with the 
consequent reduction in the toxicity and economic cost of the synthetic process.[2] 

In this work, Lipofectamine 2000 has been replaced as transfecting agent of by apMNKQ2 
aptamer, specific against MNK1 protein,[3]  by cationic carbosilane dendritic systems. The results 
obtained in MDA-MB-468 cell line  show that cationic carbosilane dendritic systems are better 
transfectants, increasing cytotoxicity up to 30% using less apMNKQ2 aptamer. Moreover, aptamer-
dendrimer nanoconjugates reveal antimetastatic potential in triple-negative breast cancer by 
modifying cell adhesion and migration processes 
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The unique properties of gold nanoparticles (AuNPs) hold great promise for novel diagnostic 

tools. The correct conjugation of antibodies to nanoparticles is fundamental to many of these 
techniques. One of the most common routes for antibody-nanoparticle conjugation is based on the 
spontaneous formation of a protein corona on the AuNPs surface. To check for the correct 
conjugation, an aliquot of NaCl is routinely added to antibody-nanoparticles (Ab-NPs) after their 
complexation. If AuNPs coagulation occurs more protein should be added to completely stabilize the 
system and form a complete protein corona.  

Ab-NPs conjugates are actively used for the sensitive detection of extracellular vesicles (EVs) 
biomarkers. EVs are small membrane vesicles secreted by cells and their variation in type and 
quantity in body fluids can be used for the early diagnose and treatment of various pathologies. In 
the case of neurodegenerative diseases, the quantification of EVs of neural origin present in the 
blood provides a minimally invasive way to probe the health of brain tissue. With this purpose, neural 
cell adhesion molecule L1 (L1CAM) as been proposed as suitable marker of neural EVs.  

Accordingly, we have embarked on the bioconjugation of AuNPs with anti-L1CAM antibodies to 
obtain low-cost lateral flow immunoassay (LFIA) for neural EVs. Strikingly, the outcome of the 
bioconjugation was other than expected since high enough concentrations of antibody provoke the 
formation of large AuNP aggregates, which resuspend in the form of momeric or dimeric AuNPs after 
the addition of high NaCl concentrations. This is confirmed by the change in color from blue to pink 
(see figure). We have investigated in detail the phenomenon using a combination of UV-vis 
absorption, dynamic light scattering, colloidal stability analysis and transmission electron microscopy 
techniques.  

The formation of bioconjugates containing two AuNPs increases the sensitivity of a LFIA test 
and therefore can be potentially exploited to improve the assay. 

Representative Figure:  

 

 

Effect of the addition of NaCl to a mixture of AuNPs-antiL1CAM.  
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PLGA nanoparticles are polymeric nanostructures made of poly(d,l-lactic-co-glycolic acid) 
polymer. The entrapment of an active compound (e.g. drug, protein, peptide) in the structure of the 
polymer provide a protection against light, pH or oxidative conditions. Apart from the advantages of 
protecting the encapsulated compounds, PLGA nanoparticles can reduce the toxicity of 
encapsulated compounds1 (e.g. anticancer drugs). PLGA polymers are one of the most used 
polymers for pharmaceutical applications since PLGA has been approved by FDA.  

PLGA nanoparticles usually are produced by emulsion-solvent evaporation technique2 
preparing single oil-in-water (o/w) emulsion for hydrophobic substances or double water-in-oil-in 
water (w/o/w) emulsion for hydrophilic compounds. The molar ratio of glycolic acid to lactic acid in 
the structure of the polymer will define the grade of the hydrophobicity and the rate of degradation 
of particles. Polymer end can also be modified to be terminated in a carboxyl or alkyl ester group to 
protect the polymer against degradation. 

PLGA nanomaterials are a suitable nanocarrier for in vivo delivery due to the biocompatibility 
and biodegradability, the polymer is degraded by hydrolysis under biological and environmental 
conditions into lactic and glycolic acid. Moreover, functionalization of PLGA polymeric surface with 
different ligands (e.g. antibodies) provides a strategy to achieve specific cells of tissues  

PLGA particles has been employed as nanocarries in diseases such as hepatitis B, malaria, 
leishmaniasis, tuberculosis or toxoplasmosis. Polymeric nanoparticle-based vaccines offer the 
advantage of navigating more freely through organs and physical barriers due their reduced size. 
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Cancer is the second leading cause of death worldwide, being responsible for 1 in 6 deaths 

globally. In this sense, early diagnosis of cancer is crucial for the success of treatments and the 
reduction of cancer-associated mortality. For that, different biomarkers have been used in oncology, 
with varying levels of accuracy and efficacy. 

Among those, microRNAs (miRNAs) are promising candidates, as they can be detected in liquid 
biopsies and their dysregulation is associated with early stages of cancer progression. However, 
currently established miRNA detection methods, are complex, costly, require specialized personnel 
and sophisticated equipment, limiting their application in point-of-care settings or resource-limited 
facilities. Recently, nanotechnology-based approaches, in particular using gold nanoparticles 
(AuNPs), have emerged as promising alternatives. 

In this work, the unique optical properties of AuNPs are explored for the development of 
colorimetric sensors for miRNA detection. Such systems should allow simple, fast and low-cost 
detection, being suitable for handling by patients or non-specialized professionals. We propose the 
use of 10-13 nm AuNPs functionalized with probe oligonucleotides bearing a cholesterol moiety. In 
our system, a thiol group is placed at one end of the oligonucleotide, to ease the conjugation with 
AuNPs, and a cholesterol derivative is placed at the other, to achieve target-driven modulation of the 
colloidal stability of the nanostructures. Thus, the presence of the target miRNA can be detected by 
a decrease in the color intensity of the solution. We apply this system in the diagnosis of very 
aggressive cancers, such as uveal melanoma, pancreatic cancer and breast cancer. 

Our system has shown good sensitivity and selectivity in vitro, allowing the detection of target 
sequences with the naked eye in few hours. Furthermore, this sensor can recognize specifically 
several miRNAs at a time, with picomolar sensitivities. It shows excellent performance in biological 
samples, like the human serum, being suitable for direct determination in liquid biopsies and potential 
use in early cancer detection in the point-of-care (PoC). 
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Downconversion nanoparticles are currently being researched because they emit photons in the near-infrared 

region (NIR), where tissue is virtually transparent (biological window). In addition, they are promising for 

nanothermometry as a noninvasive measurement of temperature with nanometer spatial resolution. Therefore, 

downconversion nanoparticles are perfect for temperature measurement in early stages of diseases and thermal 

therapies of cancers.1 One of the ideal structures for this type of study are nanoparticles consisting of an 

inactive core, an active shell, and an inactive biocompatible shell. The goal of this project is to develop an 

efficient biosensor that can detect solid tumors in the brain using NaYF4@NaYF4:Yb,Nd (20%,60%)@CaF2 

nanoparticles. This is done by exploiting the properties of Nd, which has a high thermal sensitivity and whose 

emission range lies within a biological window, thus increasing the resolution of the sensor. For this purpose, 

nanoparticles with different concentrations of neodymium (between 0-100%) in the core were synthesised by 

thermal decomposition. Subsequently, the core-shell nanoparticles were grown by an epitaxial growth process 

with cores and while the thin middle shell ensures the down-conversion process, the inert outer shell shields 

interference from the bioactive environment due to quenching effects. The inert shell contains calcium fluoride, 

was produced by seed-mediated growth and surrounds the active shell. 
 

  
Figure 1: TEM images by Core NaYF4 , Core shell NaYF4@NaYF4:Yb,Nd (20%,60%) and Core-shell-shell NaYF4@NaYF4:Yb,Nd 

(20%,60%)@CaF2 nanoparticles. 
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The immune system is critical in regulating the body’s homeostasis by participating in pro-

inflammatory (e.g., clearance of pathogens or malignant cells) and anti-inflammatory (e.g., 
regeneration promotion) processes1. As such, the immune system is involved in every pathologic 
condition1. According to the composition of the inflammatory niche, immune cells might be more or 
less stimulated or polarized to different phenotypes2. Understanding the activation profile of immune 
cells enables us to assess the efficacy of the immune response and to track the efficacy of multiple 
different treatments for various diseases 1,2. 

In this context the evaluation of the immune status has the ability to provide significant 
information for the diagnosis, prognosis, and monitoring of a variety of diseases (e.g., cancer, 
infections). Current methods for analyzing immune cell activation, such as flow cytometry and 
immunohistochemistry, are somewhat arduous, expensive, and time-consuming. In this work, we 
phenotype the activation of macrophages and natural killer (NK) cells by exploiting the recent 
advances in fast and highly efficient multidimensional inverse Laplace decomposition technique. We 
demonstrated that using two-dimensional T1-T2 correlational spectroscopy on samples of different 
subtypes of immune cells, a unique and specific ´activation fingerprint´ can be obtained in minutes. 
In order to enhance the resolution in the time-domain NMR spectroscopy, magnetic nanoparticles 
were used to improve the background contrast.  

Representative Figure:  
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Cardiac fibrosis is a pathological state of the heart characterized by an overproduction and deposition of 

fibrillar proteins at the extracellular matrix mainly by activated fibroblasts. Even when the stimuli that caused 
this activation disappears the profibrotic genetic machinery remains on and the increase of the fiber 
accumulation due to myocardial adverse remodeling does not stop. The main cytokine which triggers this 
process is TGFβ, which is a broad-spectrum cytokine involved in lots of different biological actions, implying 
that a full inhibition would have spread off-target effects. Our group and others have demonstrated that the 
ATP-dependent chaperone Heat Shock Protein 90 (Hsp 90) can modulate different cell signaling cascades, 
concisely the canonical and non-canonical TGFβ signaling pathway in a profibrotic environment [1,2]. The 
TPR-binding domain located at the C-Terminal of Hsp90 interacts with different assistant protein and form 
different multiprotein complexes that protect both active receptors and downstream active proteins from 
degradation as it is the case for  some TGFβ mediators. Along with the group of Dr. Cortajarena from the CIC 
biomaGUNE we have developed a nanoparticle called "cTPR" that is capable of binding to a specific motif 
(MEEVD) at the C terminal end of Hsp90,  preventing the formation of these complexes and thus reducing the  
profibrotic signaling cascade started by TFGβ [2]. A decrease in the expression of profibrotic genes is observed 
when this nanoparticle is administered both in vivo and in vitro, even with a mock form of this particle with 
no theoretically expected effects. These effects can be due to the formation of reactive oxygen species or to 
unknown interactions, so, a better characterization of the therapeutical potency of blocking this motif is needed. 
In the present study the five aminoacids (MEEVD) which compose this motif have been truncated from the 
stress-related Hsp90α isoform within an stablished cell line of murine fibroblasts (NIH-3T3).  

Through the analysis of the gene expression of the fiber mainly overexpressed in profibrotic environments 
(collagen I), immunochemical detection of profibrotic markers and the observation of ultrastructural features, 
we tested the modulation of the fibrotic response  of Hsp90-truncated fibroblasts compared to WT and cTPR-
treated cells.  These results point to describe the  MEEVD motif of Hsp90 as a key domain in fibrosis with 
high potencial for becoming a therapeutic target to reduce fibrosis.  

Representative Figure:  
Schematic representation of the location of the TPR binding motif within Hsp90α and the truncated 

protein. 
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Magnetorheological elastomers (MREs) are active materials composed of a polymeric matrix 

and an inorganic magnetic filler [1], with rheological and mechanical characteristics that can be 
actuated using a magnetic field. Typically, the inorganic component is a soft magnetic material with 
high saturation magnetization, so that switching between rheological states is achieved rapidly [2]. 
In this work, we present the effect of different nanosized fillers (CoFe2O4, Co, Ni, Fe3O4 and 
Ni80Fe17Mo3) with distinct magnetic properties on the structural, magnetic, thermal, mechanical and 
magnetorheological properties of MREs based on styrene-ethylene-butylene-styrene (SEBS) 
thermoplastic elastomer. 

The structure of the polymer does not significantly vary when the particles are included, and 
their distribution wis uniform within the polymer matrix, showing a homogeneous distribution of small 
clusters (Figure 1a). A maximum saturation magnetization of 17.8 Am2/kg is achieved for magnetite 
(Fe3O4) based composite (Figure 1b). All samples retain the magnetic behaviour  of the pure 
nanofillers, indicating a good compatibility with the matrix. The thermal properties of the polymer 
show a slight increase in the degradation temperature with the inclusion of the magnetic fillers 
(Figure 1c). The elastic modulus increases by at least a factor of 2, from 0.7 MPa for the SEBS to a 
maximum of 1.8 MPa in the case of the Fe3O4@SEBS sample (Figure 1d).  

Regarding the magnetorheological response, the samples respond to the magnetic field by 
increasing their storage modulus up to 2.6x105 Pa, while the loss modulus remains almost unaltered. 
Further, it has been determined that the particles with higher saturation magnetization and lower 
coercivity, and in particular Fe3O4 nanoparticles, are more appropriate in terms of enhancing the 
magnetorheological effect (Figure 1e). The magnetorheological effect of almost 18% achieved for 
the Fe3O4 nanoparticles is among the highest present in the literature, for a very low concentration 
of magnetic material of around 6 vol%. 

This study thus provides a way to select the most adequate nanofillers to fabricate MREs, with 
the advantage that these nanoparticles can be tuned with different sizes, shapes, orientations and 
coatings. Further, their compatibility with additive manufacturing techniques, represents an excellent 
opportunity to fabricate magnetically actuated biomedical devices, such as cathethers or microrobots 
for drug delvery, together with tissue engineering and microfluidic applications.  
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Representative Figure:  

 

Figure 1. a) SEM image of the CoFe2O4@SEBS composite. b) Magnetic properties measured 
by VSM. c) TGA curves of the composites. d) Mechanical properties of the samples. e) 
Magnetorheological effect of the prepared composites.    
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Cancer is the second leading cause of death worldwide, with approximately 18.1 million new 
cases and 9.6 million deaths in 20181. Current treatment protocols have proved their utility in the clinic; 
nevertheless, they are unspecific resulting in low efficiency and severe side effects. Therefore, we 
have developed an innovative tool against solid tumors through a combination of early diagnosis and 
treatment (theranosis), that aims to reduce systemic toxicity. We have synthetized a hybrid 
nanocomposite including iron oxide (Fe3O4) and manganese oxide (MnO) magnetic nanoparticles 
(NPs) dispersed in a lipid matrix2. The chemotherapeutic drug, Doxorrubicin was encapsulated in the 
lipid matrix (Fig.1). The lipid matrix enables the direct delivery of the drug to cells while the magnetic 
core allows the generation of heat under an alternating magnetic field (magnetic hyperthermia, MH), 
which enhances drug release from the nanocomposite. Furthermore, magnetic nanoparticles are ideal 
contrast agents (CAs) for MRI, allowing the early and non-invasive imaging of tumors3. The 
nanocomposite was characterized in terms of physico-chemical and functional properties, with a focus 
in its performance as an MRI contrast enhancer, MH effector and controlled drug delivery system. In 
vitro experiments to validate this (para)magnetic nanocomposite in Hs578T cell were also performed2. 
The particles exhibited great magnetic properties, which translated into a good dual T1-T2 behavior in 
MRI. In vitro studies showed that cells presented a reduced viability when Doxorubicin was 
encapsulated, which indicates that encapsulation potentiates its effect. We also observed a reduced 
cell viability when cells were treated with the nanocomposite combined with MH induction, indicating a 
higher drug release. 

Representative Figure:  
 

 

 

 
 

 
Figure 1: (a) Schematic representation of the hybrid nanocomposite and (b) respective TEM images 
(blue arrows highlight MnO NPs, yellow arrows highlight Fe3O4 NPs). 
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