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On behalf of the Organizing Committee, we take 

great pleasure in welcoming you to Barcelona 

(Spain) for the NanoBio&Med2018 International 
Conference. 
 

This event, after successful editions organized within 

ImagineNano in Bilbao 2011 & 2013, and in 

Barcelona in 2014, 2015, 2016 & 2017, is going to 
present the most recent international developments 
in the field of Nanobiotechnology and 

Nanomedicine and will provide a platform for 
multidisciplinary communication, new cooperations 

and projects to participants from both science and 

industry. Emerging and future trends of the 
converging fields of Nanotechnology, Biotechnology 
and Medicine will be discussed among industry, 

academia, governmental and non-governmental 
institutions. NanoBio&Med2018 will be the perfect 

place to get a complete overview into the state of 

the art in those fields and also to learn about the 
research carried out and the latest results. The 

discussion in recent advances, difficulties and 
breakthroughs will be at his higher level. 
 

As in previous editions, an industrial forum will be 

organized to promote constructive dialogue 
between business and public leaders and put 

specific emphasis on the technologies and 
applications in the nanoBioMed sector. 
 

We are indebted to the following Companies, 
Scientific Institutions and Government Agencies for 

their support: Institute for Bioengineering of 

Catalonia (IBEC), Bicosome, ThermoFisher Scientific, 

NANOMED Spain, PerkinElmer and ICEX Spain Trade 
and Investment. 
 

We would also like to thank the following companies 
for their participation: Promethean Particles, ONI 

and MDPI. 
 

In addition, thanks must be given to the staff of all 
the organising institutions whose hard work has 
helped planning this conference.  
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Authors Session Page 
Oscar Ahumada (Mecwins, Spain) 

Detection of protein biomarkers at femtogram per milliliter levels using Mecwins technology Invited 9 
Irene Anton Sales (Institute of Materials Science of Barcelona, Spain) 

Bacterial nanocellulose as a cell culture platform Oral Plenary 43 
Irene Anton Sales (Institute of Materials Science of Barcelona, Spain) 

Bacterial nanocellulose as a cell culture platform Poster 75 
Xavier Arqué (IBEC, Spain) 

Effect of enzyme type, quantity and distribution on the motion behavior of microswimmers Oral Plenary 44 
Xavier Arqué (IBEC, Spain) 

Effect of enzyme type, quantity and distribution on the motion behavior of microswimmers Poster 76 
Thomas Bakkum (Leiden University, The Netherlands) 

Ultrastructural Imaging of Salmonella–Host Interactions Using Super-resolution Correlative 

Light-Electron Microscopy of Bioorthogonal Pathogens Poster 77 
Sandra Ballesteros (Universitat Autònoma de Barcelona, Spain) 

MicroRNAs expression changes associated to long term nanomaterials exposure Poster 78 
Ricardo Baltà Foix (Institut de Recerca i Tecnologia Agroalimentàries, Spain) 

Formation of protein-based nanoparticles in Lactobacillus plantarum as a new source for 

the isolation of functional protein. Poster 80 
Aurélien Bancaud (LAAS, France) 

DNA concentration, purification and identification with µLAS microreactor: (i) identification 

of DNA biomarkers in the blood, and (ii) Cas9- targeted sequencing Keynote 10 
Larysa Baraban (TU Dresden, Germany) 

Nanoscale sensor devices: from molecules to a whole cell detection Keynote 11 
Giuseppe Battaglia (University College London, UK) 

Multivalency and cooperativity in nanoparticle blood brain barrier crossing Keynote 12 
Roy Beck (Tel Aviv University, Israel) 

Physics, biology and multiple sclerosis Keynote 13 
Angela Bejarano Villafuerte (Promethean Particles Ltd, UK) 

Development of a novel multifunctional bioglass-based coating for the next generation of 

prostheses Oral Plenary 45 
Ofra Benny (The Hebrew University of Jerusalem, Israel) 

Tight control of polymeric nanoparticles fabrication for optimized interaction with cells and 

tissues Keynote 14 
Taisiia Berestok (Catalonia Institute for Energy Research, Spain) 

Nanocrystal-based magnetic aerogels for hyperthermia and environmental remediation Poster 81 
Gustavo Bodelón (Universidad de Vigo, Spain) 

Surface-enhanced Raman scattering (SERS) imaging of bioactive metabolites in mixed 

bacterial populations Oral Plenary 46 
Roger Bresolí-Obach (Institut Químic de Sarrià, Universitat Ramon Llull, Spain) 

Small particles, big improvement: Fluorescent nanoprobes for singlet oxygen and other 

reactive oxygen species detection in biological systems Poster 82 
Marta Bustos (MICITT/Universidad de Barcelona, Spain) 

Validation of a titration method to determine chondroitin sulfate loaded to solid lipid 

nanoparticles in an experimental factorial design. Poster 83 
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Inmaculada Conejos-Sanchez (Centro de investigacion Principe Felipe, Spain) 

Polymer Therapeutics for treating neurodegenerative disorders: exploring the intranasal 

route to bypass the BBB Poster 85 
Constanza Cortes Crignola (Universitat Autònoma de Barcelona, Spain) 

Effects of differently shaped TiO2NPs (nanospheres, nanorods and nanowires) on the in vitro 

model (Caco-2/HT29) of the intestinal barrier Poster 86 
Nikolas Daskalakis (Centre for Process Innovation, UK) 

Development of a Microfluidic-Based Pilot Line for the Production of Novel Nanomedicines Oral Plenary 47 
Cecile Delacour (Institut Néel - CNRS, France) 

Graphene Neuroelectronics Invited 15 
Josefa Domenech (Universitat Autònoma de Barcelona, Spain) 

Effects of GO and GNPs on the in vitro model of the intestinal barrier (Caco2/HT29) Poster 88 
Fernando Dominguez (CIMUS, Universidad de Santiago de Compostela, Spain) 

Silver Atomic Quantum Clusters for Cancer Therapy: Targeting Chromatin Oral Plenary 48 
Cigdem Dönmez güngünes (Hitit University, Turkey) 

Cytotoxic Effects of Magnetite Nanoparticles on Human Periodontoal Ligament Fibroblast Cells Oral Plenary 49 
Jordi Esquena (IQAC-CSIC, Spain) 

Contact lenses functionalized with antimicrobial peptides for the prevention of corneal 

infections Oral Plenary 50 
Federico Fenaroli (University of Oslo, Norway) 

Long circulating nanoparticles passively accumulate in tuberculosis granulomas in 

zebrafish and mouse models Oral Plenary 51 
Juan Fernandez (VLC Photonics S.L., Spain) 

Silicon Nitride Photonic Integrated Circuits for Biophotonics and medical applications Oral Plenary 52 
Carlos Fito-López (ITENE, Spain) 

Occupational exposure to nanobiomaterials in the medical sector Invited 16 
Helena Florindo (University of Lisbon, Portugal) 

Polymeric nano-vaccines improved immune checkpoint anti-tumor efficacy against breast cancer Oral Plenary 54 
Thibaut Fourniols (Université Catholique de Louvain, Belgium) 

Impairment of colorectal tumor microenvironment with lipid nanocapsules Poster 90 
Giancarlo Franzese (Universitat de Barcelona, Spain) 

Hydrated Biomembranes and Nanomaterials: Perspectives for Blood-Brain-Barrier Crossing 

of Nanoparticles. Oral Plenary 55 
Ana Gallego Lleyda (Universidad de Zaragoza, Spain) 

Optimized lipid nanoparticles decorated with TRAIL exhibit enhaced cytotoxicity against 

cancer cells Poster 91 
Jose García-Guirado (ICFO, Spain) 

Enantio-Selective Sensing Using Plasmonic Racemic Arrays Oral Plenary 56 
Jose García-Guirado (ICFO, Spain) 

Enantio-Selective Sensing Using Plasmonic Racemic Arrays Poster 93 
Diana Gaspar (Instituto de Medicina Molecular, Portugal) 

Challenging breast cancer brain metastases formation with the plant defensin PvD1 Poster 95 
Gerardo F. Goya (UNIZAR-INA, Spain) 

New developments in the field of Drug Release instrumentation Invited 18 
Pablo Guardia (Catalonia Institute for Energy Research - IREC, Spain) 

Nanostructuring and assembling magnetic nanoparticles for biomedical applications Oral Plenary 58 
Rita Guedes (University of Lisbon, Portugal) 

Small-molecule immune system modulators: A step forward in cancer immunotherapy Oral Plenary 59 
Hakan Gungunes (Hitit Universty, Turkey) 

AC susceptibility and Mössbauer analysis of Mn –Y substituted Sr1-xMnxFe12-yYyO19  

(0.0 ≤ x=y ≤ 0.5) nanohexaferrites Oral Plenary 60 
Silvia Hernández Ainsa (University of Zaragoza/ INA, Spain) 

Engineered DNA nanostructures for photoacoustics bioimaging Oral Plenary 61 
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Next Generation Wearable Wellness Trackers with Graphene-based Flexible Photodetectors Keynote 19 
Anna Lagunas (IBEC, Spain) 

Long distance electron transfer between redox partner proteins through the aqueous solution Invited 20 
Meytal Landau (Technion, Israel) 

Functional Protein Fibrils Keynote 21 
Jiahui Li (The Forest Next S.L., Spain) 

Controlled drug release of PLA/PLGA microspheres Oral Plenary 62 
María José Limeres (University of Barcelona, Spain) 

Characterization and stability of chitosan-based nanoparticles as efficient non-viral gene 

delivery system Poster 96 
Ana Candida Lopes Hortelao (IBEC, Spain) 

Enzyme-Powered Nanomotors for Biomedical Applications Poster 98 
Jesus M de la Fuente (ICMA, CSIC/ UNIZAR / CIBER-BBN, Spain) 

New Biotechnological Challenges for Magnetic Hyperthermia Keynote 22 
Xing Ma (Harbin Institute of Technology (Shenzhen), China) 

Fabrication and Multifunctional Applications of Micro/Nano-Motors Invited 23 
Veronika Magdanz (TU Dresden, Germany) 

Teaming up sperm cells with micro- & nanostructures for novel diagnostic tools in 

reproductive biology Invited 24 
Shlomo Magdassi (The Hebrew University of Jerusalem, Israel) 

Nanomaterials in 2D, 3D, 4D printing Keynote 25 
Lluis F. Marsal (Universitat Rovira i Virgili, Spain) 

Nanoporous anodic alumina optical biosensors and biomedical applications Keynote 26 
Cécilia Ménard-Moyon (CNRS, France) 

Multifunctionalized carbon nanotubes towards targeted anticancer radiotherapy Keynote 28 
Ernest Mendoza (Astrea Materials / UPC, Spain) 

From the laboratory to the market. Our history of commercialising a nanotechnology discovery Invited - 
Rafael Mestre (IBEC, Spain) 

Training and force adaptability of 3D-bioprinted biological actuators based on skeletal 

muscle tissue Oral Plenary 63 
Idoia Mikelez Alonso (CIC biomaGUNE and BioCruces, Spain) 

IL15 vehiculized Iron Oxide nanoparticles as a tool to enhance NK cell mediated-activity Poster 99 
Xavier Milà Niubó (PERKINELMER, Spain) 

Single Cell ICP-MS: The Adventages of Quantifying Metals and Nanoparticulate Number 

Content in Individual Cells Oral Plenary 64 
Marta Monge Azemar (IQAC-CSIC, Spain) 

Monitoring cancer cell treatment by Nanoparticle-assisted lab-on-a-chip (LoC) Poster 100 
Yaiza Montes-Cebrián (University of Barcelona, Spain) 

A Portable System for Measuring the Tactile Temporal Discrimination Threshold in Cervical Dystonia Poster 102 
Livia Neves Borgheti Cardoso (IBEC, Spain) 

Purification, characterization and drug loading of extracellular vesicles derived from 

Plasmodium-infected and non-infected red blood cells Poster 104 
Samuel Ojosnegros Martos (IBEC, Spain) 

Imaging receptor-ligand response to nanopatterns of surface-bound ligands Keynote 29 
Felipe Olate-Moya (Universidad de Chile, Chile) 

Poly(pseudorotaxane) / Graphene Oxide supramolecular hydrogels for controlled drug release Poster 106 
Salvador Pané i Vidal (ETH Zurich, Switzerland) 

Magnetoelectric Small-Scale Machines for Biomedical Applications Keynote 30 
Danny Porath (The Hebrew University of Jerusalem, Israel) 

Novel DNA-Based Molecules and Their Charge Transport Properties Keynote 31 
Maruthi Prasanna (CIMUS, University of Santiago de Compostela, Spain) 

Antigen-loaded chitosan nanoparticles and their interaction with immune cells Poster 108 
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Engineered Combinations of Nitric Oxide Photoreleasers with Doxorubicin as Innovative 

Strategy to Overcome Multidrug Resistance Oral Plenary 72 
Vojislav Spasojevic (Institute of Nuclear Sciences "Vinca", Serbia) 
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radionuclide carriers applications Poster 111 
Masanori Tachikawa (Yokohama City University, Japan) 
Molecular dynamics study on substituent and solvent effects for nanocube formed with 
gear-shaped amphiphile molecules Poster 112 
Giuseppina Tatulli (Università del Salento/Istituto Italiano di Tecnologia, Italy) 
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nanoparticles Poster 113 
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Detection of protein 
biomarkers at femtogram per 
milliliter levels using Mecwins' 
technology 

O. Ahumada1,  
V. Cebrián1, A. Diaz1, V. Pini1, A. Salvador-Matar C. 

Rodríguez, A. Thon1  
 

1Mecwins S.A., Plaza de la Encina 10-11, Tres Cantos, 
Spain  

 
oahumada@mecwins.com 

 

 

Mecwins offers an ultrasensitive and multiplexed 
protein biomarker detection technology. This 
innovative technology has been developed under a 
technique based on plasmonic emission in a 
sandwich immunoassay format, providing a solution 
for those diagnostic situations where ultra-sensitive 
detection is needed. The technology is also suitable 
for the development of a POC system. Our 
technology has applications across Life Science 
Research, Diagnostics and Precision Health & 
Screening Markets. The adoption of ultra-sensitive 
detection technology will open the realm to infinite 
possibilities, detecting and quantifying biomarkers 
where traditional technologies are blind. 
 
The technology consists in a lecture platform and a 
sensor to be read for biomarker detection. Mecwins’ 
sensor is based on a silicon wafer coated with 
antibodies specific to the biomarker of interest. Once 
the sample has been incubated, gold nanoparticles 
(GNPs) are added. The surface of the GNPs is 
covered with a second specific antibody which binds 
to a free region of the captured antigen, establishing 
a “sandwich” structure (figure 1). This structure can 
be detected and quantified with Mecwins’ platform 
due to the distinct optical properties of the GNPs.  
 
Our proprietary detection technology is one million 
more sensitive than ELISA technology, which has 
been the standard for protein detection for over forty 
years. Researchers and clinicians rely on protein 
biomarkers for use in research and clinical 
decisions. However, current standard clinical tools 
cannot detect low levels of many proteins. To 
achieve such ultrasensitivity we rely on a couple of 
strengths:  
1) The reading technology key parameters: 

 Amplification of the scattered light 

  Single particle counting and positioning 

  Spectral information of every particle found 

  Multiplexing Capabilities 
 
2) Our own immunoassay fabrication 
process 

 High density of capture antibodies on the 
surface 

  Antibody activity improved by orientation 

  Good blocking to avoid unspecific binding 

 
An example of the extraordinary capabilities of the 
technology is shown in Figure 2. 
 
The Human Immunodeficiency Virus (HIV) is the 
etiologic agent of acquired immunodeficiency 
syndrome. The gag protein p24 (∼24 kDa) is the 
structural protein of the HIV capsid, with 
approximately 2000 p24 molecules per HIV particle. 
During acute HIV infection, the virus replicates 
exponentially, and p24 becomes detectable in blood.  
Mecwins has developed a p24 immunoassay which 
exhibits a high-sensitivity for detection of p24 in 
human serum samples. 
 
 
 
 

Figures 

 
Figure 1. Schematic representation of the sandwich assay on 

the surface of a silicon wafer.  

 

 
Figure 2. Calibration curve for Mecwins’ p24 immunoassay in 

human diluted serum. The data are represented as ratio 
sample/control.  
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DNA concentration, 
purification and identification 
with µLAS microreactor: (i) 
identification of DNA 
biomarkers in the blood, and 
(ii) Cas9- targeted sequencing 
 

Aurélien BANCAUD1,  
B. Chami1, N. Milon1, J. Teillet1, I. Tijunelyte1 

 
1LAAS-CNRS, Université de Toulouse, F-31400 Toulouse, 

France 
 

abancaud@laas.fr 
 

 

Abstract 
 
We recently developed the µLAS technology for 
nucleic acids processing. µLAS is based on the fine 
control of DNA transport in a viscoelastic liquid 
under the combined action of hydrodynamic and 
electrophoretic forces (1). Size separation and 
concentration can be simultaneously performed in a 
micro-reactor (Figure 1), which consists of a funnel-
shape geometry (2). This technology has been 
patented and transferred to the SME Picometrics 
Technologies, which has for instance established 
the conditions to analyze residual DNA with a 
sensitivity of 5 fg/µL. In our talk, we will present the 
technology and exploit its performances for sizing 
cell-free DNA (cfDNA) circulating in the blood (3). 
We will notably demonstrate that cfDNA profiling is a 
promising biomarker for the follow-up of cancer 
patients. We will then present the principle of a DNA 
size-selective valve for the purification of genomic 
regions targeted with the Cas9 endonuclease. We 
will reach high quality sequencing compatible with 
accurate de novo sequencing of 30 kb fragments 
excised from plant genomes. 
 
 

References 
 

[1] Ranchon et al., Lab Chip (2016) 
 

[2] Chami et al., Soft Matter (2018) 
 

[3] Andriamanampisoa et al., Anal Chem (2018) 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figures 

 
Figure 1. Operation of µLAS technology for DNA separation 

and concentration. The technology involves the combined 
action of hydrodynamic and electrophoretic forces acting in 
opposite direction. 
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Nanoscale sensor devices: 
from molecules to a whole cell 
detection 
 

Larysa Baraban 
Gianaurelio Cuniberti 

 
TU Dresden (Germany) 

 
larysa.baraban@nano.tu-dresden.de 

 

 

Personalized diseases diagnostics and ubiquitous 
environmental monitoring are only two possible 
applications, which could address a number of 
societal challenges ahead related to human life in a 
strongly globalized world. Nanoparticles, nanowires, 
2D materials are dominated by quantum effects and 
employing them as active elements in transducers 
for novel devices opens up enormous perspectives 
for innovative sensor systems. Such devices bear 
the potential to not only outperform conventional 
sensor technology with respect to speed, sensitivity, 
long time stability and signal reliability, but even to 
define completely new application fields in platforms 
that are cost efficient, flexible and portable. After an 
introduction of the fundamental sensing mechanisms 
of nanomaterials-based devices, I will present the 
innovative design and fabrication strategies for our 
sensor elements. The close interaction of simulation 
and experiment allows us to elaborate tailored, but 
also transferable, technological functionalization 
strategies for different analytes to cover a wide 
range of application scenarios. In a strongly 
interdisciplinary approach, we face the need for 
sophisticated integration and packaging solutions of 
the sensors into versatile lab-on-a-chip systems. 
Integrating the latter in microfluidic setups to provide 
large numbers of different assays just-in-time directs 
our technology in direction of highly automatized 
analytic procedures. The results of our research 
prove the vast potential of our sensing approach but 
also show the enormous space for further 
fundamental developments to boost the concept of 
nanomaterials-based sensor technology to a 
powerful and smart analytic tool capable of 
multiplexed studies, providing and evaluating rich 
and robust statistical output data. Recent results on 
artificial neuron behavior in our sensor devices will 
help shedding new light on the role of 
nanoarchitectures for a true neuromorphic 
computing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figures 
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Multivalency and cooperativity 
in nanoparticle blood brain 
barrier crossing 

Giuseppe Battaglia1,2,3 

 
1Department of Chemistry, University College London, UK. 

2Institute for the Physics of Living Systems, University 
College London, UK.  

3Department of Chemical Engineering, University College 
London,University College London, UK 

 
g.battaglia@ucl.ac.uk  

 

 

Abstract (Arial 10) 
 
The interface between the circulatory system and 
the brain tissues, appropriately named the blood-
brain barrier (BBB), is the largest brain barrier by 
surface area, and allows short diffusion distances 
(<25μm) between blood and neural tissue. The BBB 
plays an important physiological role by tightly gating 
the passage of ions and molecules, delivering 
nutrients according to the demanding neuronal 
needs and, at the same time, protecting the brain 
from toxins and pathogens.1 The BBB is formed by 
specialised brain endothelial cells (BEC) whose 
phenotypic functions are conditioned by associated 
brain cells together forming a so called 
‘neurovascular unit’. BECs differ from other 
endothelial cells; they lack fenestrations, show low 
expression of immune cell adhesion molecules, and 
express extremely tight ‘tight junctions’ leading to 
severe restriction of paracellular transport. 
In the last 10 years we have focussed our attention 
on a technology that combines together two of the 
most clinically successful nanomedicines: liposomes 
and polymer nanoparticles. Polymersomes, like 
liposomes, are vesicles that allow the simultaneous 
encapsulation of hydrophilic and hydrophobic 
actives, however instead of using low molecular 
weight lipids, polymersomes are made by 
amphiphilic copolymers. The polymersome 
macromolecular nature allows multi-valency and 
enhances protein-fouling resistance. We have 
adapted polymersomes to cross the blood brain 
barrier and deliver within the CNS decorating them 
with Low density lipoprotein receptor-related protein 
1 (LRP1) peptide Angiopep2 (LA). We have showed 
that careful conjugation of ligands on the 
polymersomes surface creates the required balance 
of selectivity and affinity to cross the blood brain 
barrier.2,3 We have set up an in vitro 3D models for 
BBB to study both the details of crossing and its 
cellular mechanisms.4 I will discuss here how 
multivalency allows for high selectivity and triggers a 
specific arrangement of membrane deformation that 
leads to controlled tabulation and fast crossing. We 
demonstrate that transcytosis of polymersomes 
occurs independently of the canonical endosomal 
trafficking pathway. Transcytosis is inhibited by 
small molecule inhibitors to the SNARE complex or 
dynamin, and also through depletion of cholesterol 

at the basolateral membrane, indicating an 
interdependency between these structures for 
endocytosis and exocytosis of LA-psomes. These 
studies give new insight into transcytosis of 
macromolecules at the BBB, reinforcing the highly 
specialised phenotype of brain endothelial cells.  
This is why shedding light on the mechanism that 
regulate BBB transport is critical to both un- 
derstanding its physiology as well as to inform the 
bioengineering of solutions to delivery to the central 
nervous system (CNS).  

 
 

References 
 

 
1. Fullstone et al Int. Rev Neurobiol. 2016, 130, 

41  
2. Tian et al Sci. Rep. 2015, 5, 11990;  
3. Joseph et al Science. Adv. 2017,3, e1700362 
4. Tian et al Sci. Rep. 2017, 7, 39676;  

 

 
 

 
 

Figures 
 

Figure 1. Mechanism of multivalent BBB transcytosis. 
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Physics, biology and multiple 
sclerosis 
 

Roy Beck1  
 
 

1Tel-Aviv University, School of Physics and Astronomy, 
Tel Aviv, Israel 

 
roy@tauex.tau.ac.il 

 

 

Key hurdle in modelling biological systems 
originates from complex interaction between multiple 
components. Physical models and experiments 
often reduce the number of components aiming to 
address the fundamental mechanisms. 
Nevertheless, in most cases, the inherent 
heterogeneity is an essential ingredient in the 
biological context. Here, I will present our recent 
efforts to model and understand the development of 
multiple sclerosis (MS) from a biophysical 
perspective [1,2].  
 
Myelin sheath is a multilamellar complex of various 
lipids and proteins that surround axons and acts as 
an insulating layer for proper nerve conduction. In 
MS, the myelin structure is disrupted impairing its 
function. Previous studies showed that MS is 
correlated with small lipid composition variation and 
reduction in the adhesive myelin basic protein 
(MBP). 
 
We find such alterations result in structural 
instabilities and pathological phase transition from a 
lamellar to inverted hexagonal that involve enhanced 
local curvature (Figure 1). Similar curvatures are 
also found in vivo in diseased myelin sheaths. 
Moreover, alteration in local environmental 
conditions, such as salinity and temperature, 
similarly induce the inverted hexagonal phase 
pathological structures.   
 
Since the etiology and recovery pathways of MS are 
currently unclear, these findings delineate novel 
functional roles to dominant constituents in 
cytoplasmic myelin sheaths. It further shed new light 
on mechanisms disrupting lipid-protein complexes, 
and suggest new courses for diagnosis and 
treatment for MS. 
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Figure 1. In-vivo and in-vitro nano-scale pathology of myelin 

membranes in healthy and diseased state. Taken from 
Shaharabani et al. [1]. 
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Abstract  
 
Drug delivery is a central challenge in cancer 
therapy. The ability to cross biological barriers is a 
critical parameter for success of treatment. 
Nanoparticles are being extensively studied as drug 
carriers which potentially can improve efficacy and 
selectivity of anti-cancer treatments. Polymer 
nanoparticles may vary in size and rigidity thus 
presenting different cell interaction and drug 
performance accordingly (2). Using new 
methodology we show that tight control over particle 
preparation can assist to optimize interactions with 
cells and tissues. Microfluidics technology enables 
the manipulation of fluid flow at the microscopic 
scale. The capability to use small volumes of 
samples flowing through special designed micro-
channels embedded into a chip, provides a new and 
improved platform for fabricating of drug delivery 
systems. Here we introduce the development of a 
highly tunable and controlled encapsulation 
technique for particles ranging from microns to 
nano-size using the same microfluidic chip design. 
Poly(lactic-co-glycolic acid) (PLGA 
50:50)/Polyethylene glycol (PEG) polymeric particles 
were  prepared with focused-flow chip-design, 
yielding of monodisperse particle batches. We show 
that by varying flow rates, solvents and polymers 
type we are able to optimize the size and decrease 
polydispersity index, using simple chip designs with 
no further related adjustments or costs. The 
performance of different types of particles in 
penetrating tumor cells and tissues was evaluated in 
ex-vivo 3D cellular models of patient derived cells 
(3). Using the novel microfluidic based platform with 
the ex-vivo “tissue-like” model may offer the tight 
tuning of particle properties which could potentially 
pave the way for a better precision nanomedicine. 
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Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Focused-flow geometry chip design for droplet 
generation production. Schematic illustration of enlarged 
junction, controlled break-up droplet at the orifice. The 
flow through the orifice enables a controlled droplets 
break-up which is required for yielding monodisperse 
micro-emulsions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Diameter of PEG-PLGA nanoparticles can be 
controlled by gently varying continuous phase flow 
rates. Images of PEG-PLGA 1% solution particles 
fabricated at focused flow chip design. Continuous rates 
of 0.3 mL/min, 0.5 mL/min and 0.7 mL/min with constant 
dispersed flow rate of 0.005 mL/min. (A) Nanoparticles 
homogeneity summarized graph obtained in varying flow 
rates by rapid mixing solvent displacement method of 
1% PEG-PLGA solution, (B) size measurement obtained 
by Dynamic Light Scattering (DLS).  
(C), (D) TEM  and SEM images of PEG-PLGA particles 
respectively. *P<0.05; **P<0.01. 
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New methods and new technology are currently 
required to interrogate neuronal cells by many 
means and at multi-scale, in-vivo and within model 
neural networks in-vitro. In particular, to understand 
how neural circuits operate, we need access to 
activity of large numbers of neurons at the same 
time, and record their activity at the single cell level 
and at the nanoscale regarding the lot of information 
which relies at the level of synapses and ion 
channels.  In that race, Graphene offers an ideal 
platform for recording and culturing neural networks, 
regarding its exceptional neuronal affinity and the 
presence of readily accessible surface charges 
which give the unprecedented possibility to realize a 
direct coupling with cells. Here, we report the 
cytocompatibility study of pristine monolayer 
graphene, and its significant advantage for 
neuroprostheses and fundamental research 
compared with the current electrodes materials of 
neuronal interfaces. We have shown that CVD-
grown graphene monolayers [1] actively promotes 
neurites outgrowth without any surface 
functionalization with cell-adhesive coating (for 
instance poly-L-lysine). Our investigation with 
Raman spectroscopy show the impact of graphene 
crystallinity on the neurons adhesion and further 
growth, the monolayer becoming cell-repulsive with 
increasing amount of defect [2]. The ability to control 
the neuronal affinity of the graphene-coated 
substrate opens the way to a variety of applications 
for patterning long-lasting (in-vitro) neural networks 
(Fig.1) and for in-vivo implants with reduced 
inflammatory response and glial scars [3]. Moreover, 
the nano-structuration of those large (mm²) 
graphene monolayers allows the fabrication of 
dense arrays of highly sensitive field effect 
transistors [4]. The graphene liquid-gated transistors 
(G-FETs, fig.1b) show reproducible electrical 
properties (mobility and sensitivity being around 
6000 cm².V-1.s-1 and 3-4 mS/V) and allow a rapid 
detection of very small (75 µV) potential spikes 
comparable with neuronal signaling. As graphene 
could be transferred on a wide range of substrate, it 
could be combined with multiple addressing and 
manipulation ports to record neurons electrical 
activity (Fig.1c), from single spike to nanoscale 
events such as ion channel currents [5].   
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Figures 

 
Figure 1. (a) Enhanced growth and confinement of primary 

hippocampal neurons (DIV2) on graphene micro-patterns. IF 
staining: the nuclei (bleu), the neurites (green) and the axons 
(red). (b) Neurons cultured 21 days on graphene FETs array. 
(c) Surimposed extracellular spikes (scale bar 2ms and 
200µV) detected with the G-FETs(left), obtained from the 
drain-source current ISD  time-traces (right). 
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Abstract  
 
In terms of occupational exposure, there is a variety 
of pathways through which nanobiomaterials can 
enter the human body that may pose an 
occupational health hazard, being inhalation the 
most common route of exposure in the workplace 
(Murashov, V., 2009).   
 
In the medical sector, the workers who are most 
likely exposed to nanomaterials are those who 
prepare or administer nano-based pharmaceuticals 
“nanodrugs” or who work in areas where these 
nanobiomaterials are used, including pharmacy and 
nursing personnel, physicians, environmental 
service workers, shipping and receiving personnel, 
amongst others.   
 
Other exposure situations may occur during 
handling of nanomaterial-contaminated items, 
cleaning and maintenance of areas where 
nanodrugs are handled. Exposure can also occur 
during handling of contaminated items, consuming 
food and beverages, which came in contact with 
drugs, and during cleaning and maintenance 
(Polovich M, 2003). 
 
Possible exposure situations can be found in dental 
and surgical procedures involving the milling, drilling, 
grinding and polishing of applied medical devices 
containing nanomaterials, where there is a risk of 
nanoparticles becoming airborne and being inhaled 
by both the patient and healthcare personnel.  
 
Table 1 shows a non-exhaustive list of possible 
exposure situations that can be found  during 
ATMP/MD manufacturing and use. 
 
As it can be observed in the table, occupational 
exposure to NBMs may occur during very different 
life cycle stages. The most studied ones are the 
production phase (e.g. recovering from reactor, 
packing...) and their use in the manufacture of nano-
enabled products (e.g. prosthesis, bandages...), 
where the potential exposure mainly affects workers.  
 
 
 
 
 
 

Table 1. . Possible exposure situations to NBMs in 
medical applications (H2020 BIORIMA project*) 
 
Activities  Tasks Exposure 

route 
Target 

ATMP 

Routine 
laboratory task 
with NBMs in 
R&D facilities  

Weighing operations Inhalation  
Dermal  
  

Laboratory 
employees Mixing operations  

Functionalization  

Purification  

Collection and 
sorting 

Packing / Re-packing  

In vitro & In vivo 
testing  

Manufacturing  Weighing  operations Inhalation  
Dermal 

Company 
employees Dissolution 

preparation 

Sampling 

Discharge / Transfer 

Packing / Re-packing  

Cleaning and 
maintenance 

Waste management 

Applications in health care settings 

Therapy 
preparation: 
Cancer 
treatment using 
intratumoral 
injections)  

Flask filling and 
mixing operation 

Inhalation  
Dermal  

Health care 
workers  

Syringe filling (1 – 60 
mL) 

Dermal  

NBM Delivery  Inhalation  

Handling of 
contaminated 
items  

Handling patient 
excreta 

Dermal Health care 
workers 

Spills treatments  Dermal  Health care 
workers and 
cleaning staff 

Maintenance 
operations 

Maintenance of drug 
preparation devices  

Dermal Health care 
workers and 
maintenance 
staff 

Medical devices     

Manufacturing     

Manufacturing 
of prosthesis  

NBMs dosage during 
manufacturing  

Inhalation  
Dermal  

Company 
employees 

Injecting molding Inhalation  

Machining & 
abrasion 

Neural 
Prosthetics 
Devices 

Mixing operations  Inhalation  
Dermal  

Film coatings Inhalation 

Surgical 
procedures  

   

Treatment of 
tooth cavities 
using high-
speed tools 

Drilling Inhalation  Health care 
workers Polishing & Sanding Inhalation  

Burns 
treatment: 
Wound 
dressings to 
protect patients 
(NanoAg based) 

Dermal contact Dermal  

 
The widely use of NBMs in medical sector leads to 
an increased potential for occupational exposure to 
these materials, warranting a need for prevention 
and effective measures to control their exposure. 
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Figure 1 summarize the most relevant parameters 
for inhalation of nanobiomaterials 
 
 
 

Figures 
 

Figure 1. Parameters relevant for inhalation of 

nanobiomaterials 
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A large number of nanotechnology-based drug 
delivery systems (DDS) are reported every year in 
the scientific literature. However, only a tiny fraction 
of these innovative approaches reaches pre-clinical 
or clinical phase studies. Different nanocarriers and 
release methods have shown good therapeutic 
efficiency at in vitro and in vivo levels, and some of 
those have proven positive therapeutic results in 
humans. From silica-based porous nanoparticles to 
liposomes or polymeric nanoparticles, new products 
commercially available already include nanovectors 
as drug carriers, and these new systems need to be 
characterized accordingly.  
Non-invasive strategies for remotely triggering drug 
release have been proposed mainly for liposomal-
based nanovectors. [1] These strategies can be 
based on different triggering stimuli, including (but 
not restricted to) enzymatic [2], temperature [3], light 
[4] , magnetic fields [5]  and ultrasound. [6] Of 
special clinical interest is the control of drug release 
profiles on demand by a remote alternating magnetic 
field of low frequency (i.e., at the low part of the RF 
spectrum, 100 – 800 kHz), because of the deep 
penetration of these waves without noticeable 
interaction with biological tissues. 
 
In a collaborative effort between the Magnetic 
Hyperthermia Group and nB Nanoscale 
Biomagnetics S.L., we developed a new device (see 
Figure 1) capable of remote triggering and in situ 
quantification of therapeutic drugs, whenever a 
magnetically-responsive material need to be tested.  
Some examples are hydrogels (made of alginates, 
PNIPAAm, etc.) or functionalized MNPs as drug 
carriers. The heating efficiency of these materials 
can be measured by their specific power absorption 
(SPA) values, concurrently with the kinetics profiles 
of drug release.  
The rates of drug release of any thermo-responsive 
material can be further controlled through application 
of AC magnetic field, using a time-modulated set of 
pulses to release the desired amount of drug. After 
several tests of standard thermoresponsive 
materials loaded with B12 vitamin as a concept 
drug, the outcome has shown good control of the 
kinetics profiles by time and field exposure. For 
example, using calibration methods before 
experiments, a time-pulse programming was applied 
to ferrogels samples to control the kinetic release 

profiles. Under these conditions, the device was able 
to detect amounts of drug released as tiny as 5-
12(1) ng, demonstrating its potential for high-
precision real-time quantitative control of drug 
release. 
 

 
Figure 1. Schematic view of the device for real-time 

spectrophotometric sensing of drug release in 
magnetically-triggered thermosensitive materials. 
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Sensors for ubiquitous sensing purposes should be 
low-cost, invisible and seamlessly integrable with 
many different surfaces such as bendable plastic, 
textiles and glass. Graphene based light sensors 
[1,2] are inherently flexible and transparent and can 
be integrated with low-cost CMOS technology [3], 
hence providing a disruptive platform for future 
wearables and vision devices. 
We will show a prototype non-invasive wellness 
monitor based on graphene- colloidal quantum dot 
hybrid photo detectors (sensitive for wavelength 
range 300-2000 nm, <1ms time response). We 
leveraged graphene’s flexible and transparent 
properties to create a wearable device that is 
conformal to the human body so that it can reliably 
extract vital signs such as heart rate, breathing rate 
and oxygen saturation (figure 1a). Furthermore, we 
present a graphene based UV-sensing patch. It 
records harmful UV-exposure on the skin.  The 
patch does not need a battery as a smartphone 
provides energy via wireless power transfer (figure 
1b).  
The graphene-based sensing platform enables 
reliable monitoring of different vital signs and 
ambient conditions (figure 2). This provides the user 
a complete picture of his/her current wellbeing, 
which will be very valuable in preventive healthcare. 
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Figures 

 
 

Figure 1. (a) Graphene based flexible and transparent 
wellness sensing platform.(b) Battery-less UV monitor 
powered via NFC communication. 

 
Figure 2. Artist impression of graphene and 2D material 
based patch for monitoring personal wellbeing. 
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Electrons flow through biological membranes yet 
they are not passively transported. Instead, they are 
carried individually by redox proteins. The demands 
on the ET capabilities of these proteins are 
conflicting: Their binding must be tight to keep ET 
rates high, but binding should be sufficiently weak to 
allow a high turnover rate and overall ET efficiency. 
As the distance between redox partners is reduced, 
an initial encounter complex is formed that leads to a 
final active complex. The structure of some active 
complexes between redox protein partners has been 
revealed by X-ray crystallography [1]. However, 
substantial differences can be observed in the 
distance between the active sites of several redox 
protein partner complexes, which raises the question 
of whether ET between proteins already occurs 
while the protein is approaching its partner site [1]. 
Despite the importance of electron transfer (ET) in 
biological processes such as photosynthesis and 
respiration, the inter-protein ET rate between redox 
partner proteins has never been dynamically 
measured as a function of their separation in 
aqueous solution.  
Here we use electrochemical tunneling spectroscopy 
(ECTS) [2,3] under bipotentiostatic control to 
measure the current between two ET partner 
proteins and its dependence with their separation in 
an aqueous electrolyte. We chose the ET process 
between cytochrome c (Cc) and complex III (CIII or 
cytochrome bc1) as a well-known and representative 
step of the mitochondrial respiratory chain [4,5] We 
observe that current decays along more than 10 nm 
in the solution. Molecular dynamics simulations 
reveal a reduced ionic density and extended electric 
field in the volume confined between the proteins. 
The distance decay factor and the calculated local 

barrier for ET are regulated by the electrochemical 
potential applied to the proteins, which highlights the 
physiological relevance of the results. We conclude 
that redox partner proteins could use 
electrochemically gated, long distance ET through 
the solution to conciliate high specificity with weak 
binding, thus keeping high turnover rates in the 
crowded environment of cells. 
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Figures 
 

 

 
 
Figure 1. Semilogarithmic retrace current-distance plots at 
200 mV constant bias for pCc1-hCc at the indicated probe 

(UP) and sample (US) potentials and the corresponding  

dependence with distance. Below, plot of the averaged  

(red) and local (black) values, obtained from individual I-z 
curves, as a function of US and UP potentials showing minima 
reached in both cases near the redox midpoint potentials of 
hCc and pCc1 (dashed lines). In the image below, side view 
of the equipotential lines from -1.1 kT/e (red) to 1.1 kT/e 
(blue) calculated by Poisson-Boltzmann equation (APBS). 
hCc (orange) and pCc1 (green) proteins are superimposed for 
visualization purposes. 
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The mechanisms of amyloid protein assembly into 
fibrous structures have been studied for decades, 
particularly since amyloids are associated with 
neurodegenerative and systemic human diseases. 
In contrast, functional amyloids that participate in 
dedicated physiological activities in all kingdoms of 
life were poorly characterized and their importance 
to human health is only starting to emerge. 
Functional amyloids were discovered mostly in 
microbes, serving as key virulence factors and thus 
present novel targets for antimicrobial agents.  The 
structural hallmarks of functional amyloids – if any – 
and how they can be distinguished from disease-
associated amyloids remain unclear. We 
investigated the structure-function-fibrillation 
relationships of microbial functional amyloids, their 
interactions with host amyloids and receptors and 
explore routes to modulate their activities. By 
leveraging unique methodologies of X-ray 
microcrystallography, we were the first to obtain 
atomic structures of bacterial functional amyloids. 
We discovered unique amyloid-like structures, 
including, to our surprise, a structure of a full-length 
bacterial cross-alpha amyloid-like fibril revealing 
surprising departure from pathological amyloids in 
which beta-rich structures are central. The fibrils, of 
the PSMα3 peptide secreted by the pathogenic 
bacterium Staphylococcus aureus, are toxic to 
human cells, clarifying their involvement in 
pathogenicity. In contrast, amyloidogenic peptides 
involved in biofilm structuring share similar atomic 
structures with pathological amyloids, forming ultra 
stable cross-beta structures that stabilize the biofilm 
matrix. Surprisingly, three fibrillating antibacterial 
peptides secreted by different organisms (bacteria, 
amphibian and human) exposed extremely 
polymorphic fibrous architectures, all markedly 
different from the cross-beta fibril.  Given our results 
we predict that the structural and functional 
repertoire of functional amyloids is far more diverse 
than previously anticipated, providing a rich source 
of targets for antimicrobial drug discovery. 
 

 
 
 
 
 
 
 

 
 

Figure 

 
Figure 1. Highly polymorphic amyloid fibril structures of S. 
aureus PSMα peptides. 
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The use of nanoscale structures has been used by 
Nature for billions of years. Two properties that 
make them very interesting for use in biomedical 
applications are (i) they have a typical size similar to 
biological components and (ii) the possibility of 
manipulating and designing materials with almost à 
la carte properties controlling the size, composition 
and shape. The research of our group is mainly 
focused on the use of magnetic nanoparticles and 
their ability to generate heat applying an alternating 
magnetic field. For that, different iron oxides 
nanoparticles has been prepared by different 
methodologies and with different size and organic or 
inorganic coatings. The potential of using the 
generated heat by applying alternating magnetic 
fields in the microenvironment of magnetic 
nanoparticles to activate multienzymatic industrial 
bioprocesses has been explored. This feature will be 
also used for the treatment of cancer by magnetic 
hyperthermia or targeted enzyme therapy. Our 
research is divided into two distinct but clearly 
related fields through a common nexus: the type of 
material used to generate heat by applying an 
alternating magnetic field (magnetic nanoparticles).  
 
1) Magnetic Hyperthermia for Biocatalysis: 
We report here how the properties of magnetic 
nanoparticles (NPs) and of thermophilic enzymes 
can be combined to obtain NP-enzyme systems 
capable to be activated in a wireless fashion. 
Conjugation of α-amylase and L-aspartate oxidase 
to the surface of magnetic nanoparticles and using 
different strategies obtaining different orientations of 
the enzymes respect to NP surface. This allowed us 
to create effective biocatalysts with different 
activities (ranging from 17 to 87 % of the initial 
activity). Furthermore, spectroscopic studies showed 
that the conjugation of the enzyme to the NP 
modifies its 3D structure and that different 
conjugation strategies lead to different stretching of 
the protein. Results clearly demonstrate that the 
application of an AMF activates the nano-systems, 
without a significant increasing in the reaction media 
temperature. Furthermore, we successfully reused 
the nano-systems for at least three consecutive 
cycles of AMF activation with the loss of only the 
40% of the initial activity.  
 
2) Magnetic Hyperthermia and 3D cell 
culture models: Understanding the mechanisms 
involved in the cellular damage generated by 

magnetic hyperthermia is crucial for its successful 
application. In order to evaluate the treatment 
efficacy, two different 3D cell culture models were 
prepared using a collagen matrix, which is one of the 
major component of the tumour extracellular matrix. 
A strong effect of the hyperthermia treatment was 
observed on the location of the particles within the 
3D cell culture for one of the models. The treatment 
facilitated the migration of the particles from the 
outer areas of the 3D structure, achieving a faster 
homogeneous distribution throughout the whole 
structure and providing access to the particles to the 
inner cells. Moreover, although in both models cells 
were exposed to the same amount of nanoparticles, 
as a consequence of the 3D model generation, the 
cell death mechanism activated by the magnetic 
hyperthermia treatment was different in both models. 
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Abstract: Self-propelled micro/nano-motors (MNM) 
are active matters that can convert energy from their 
surroundings into kinetic force to propel themselves. 
MNM have been proven as powerful tools that can 
accomplish a variety of on-demand tasks at small 
scales, leading to revolutionary solutions to 
traditional strategies. For instance, MNM have 
exhibited great potential in biomedical and 
environmental applications, such as active targeted 
drug delivery, pollutant removal by controllable MNM 
or active sensing. However, regarding the fabrication 
techniques, different applications requires varied 
functional materials for the construction of MNM. 
MNM for biomedical purpose such active drug 
delivery system should be biocompatible in terms of 
fabrication materials, as well as fuel providing the 
energy to power their self-propulsion. Meanwhile, 
integration of multiple functions into a single motor is 
highly demanded. Novel nanomaterials such as 
mesoporous silica have been proved wide 
applications in virtue of unique structure and specific 
functions at small scale. [1] Hereby, by integration 
between novel nanomaterials, we successfully 
fabricated a series of MNM capable of self-
propulsion by consuming non-toxic fuel or by fuel 
free propulsion, and realizing multiple 
functionalities.[1-5] We also achieved reversible 
velocity control on the motors by manipulating the 
enzymatic activity with inhibitors/re-activation 
molecules.[3] Magnetic guidance was utilized to 
control the motors’ movement direction, towards 
target locations.[3-4] In addition to magnetic and 
enzymatic control, we also utilized external field 
such as light to propel and control the motion of the 
MNM by photocatalytic reactions. The nanopores of 
the mesoporous silica with internal pore diameter 
about 2-3 nm can be utilized for drug loading or 
pollutant adsorption in large quantity, indicates great 
potential of using them for active target drug delivery 
in future biomedical applications,[1] as well as 
pollutant sample collection at small scale.[4] By 
combining with surface enhanced Raman 
spectroscopy, we realized active and intelligent 
biochemical sensing with self-propelled motors as 
well, giving new solution to the intelligent Raman 
analysis.[5]  
 
 

References 
[1] Xing Ma, Kersten Hahn, Samuel Sanchez. J. 
Am. Chem. Soc. 2015, 137, 4976–4979.  
[2] Xing Ma, Anita Jannasch, Urban-Raphael 
Albrecht, Kersten Hahn, Albert Miguel López, Erik 
Schäffer and Samuel Sanchez. Nano Lett. 2015, 15, 
7043–7050. 
[3] Xing Ma, Xu Wang, Kersten Hahn, Samuel 
Sanchez. ACS Nano. 2016, 10, 3597–3605. 
[4] Chunyan Liang, Chen Zhan, Fanyu Zeng, 
Dandan Xu, Yong Wang, Weiwei Zhao, Jiaheng 
Zhang, Jinhong Guo,* Huanhuan Feng* and Xing 
Ma*. ACS Appl. Mater. Interfaces 2018 
DOI: 10.1021/acsami.8b10921  
[5] Yong Wang, Chao Zhou, Wei Wang, Dandan Xu, 
Fanyu Zeng, Chen Zhan, Jiahui Gu, Mingyu Li, 
Weiwei Zhao, Jiaheng Zhang,  Jinhong 
Guo,*  Huanhuan Feng,*  Xing Ma*. Angew. Chem. 
Int. Ed. 2018, 130, 1-5. 
 

Figures 

Figure 1. Fabrication and characterization of the 

Photocatalytically Powered “Match-Like” Nano-Motor for 

Light-Guided Active SERS Sensing.[5] 
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The development of autonomous microdevices 
which are motile, display smart functionalities and 
can be remotely controlled is a fascinating and 
quickly emerging field that combines expertise from 
nano- and biotechnology as well as chemistry, 
biology and physics. Biohybrid microrobots have 
been developed by integrating motile sperm cells 
into microstructures, in which the spermatozoa serve 
as propulsion source. [1] This talk will give an 
overview of the prospects of teaming up 
spermatozoa with micro- and nanostructures in 
terms of actuation, imaging, sensing and cell 
manipulation tasks.  
The interaction between micro- and nanoparticles 
and spermatozoa depending on their surface charge 
is investigated and gives promising applications in 
cell surface charge mapping, actuation and sperm 
conditioning. The lecture will point out the 
possibilities of this approach to investigate sperm 
migration in vitro and in vivo as well as novel tools 
for reproductive biology and medicine that evaluate 
sperm quality. 
 
 

References 
 

 
[1] V. Magdanz, S. Sanchez, O.G. Schmidt, 

Advanced Materials 25, 45 (2013)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figures 
 

 
Figure 1. Micro-/nanoparticles binding to bovine sperm cells. 

Top: silica-particles binding on head and tail of the sperm cell. 
Middle: elongated silica-coated magnetite particles binding on 
sperm head. Bottom: magnetite particles binding on sperm 
flagellum. Scale bars 2µm.  
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Functional printing brings additional performance of 
printed patterns, beyond graphic output. Additive 
manufacturing enables fabrication of objects and 
devices through printing processes. Our research is 
focused on synthesis and formulations of 
nanoparticles and inks, and their utilization for 
manufacturing   devices and 3D objects for various 
fields. New findings on printed biosensors will be 
presented, as well as printing 3D objects. 3D printing 
is considered as the next industrial revolution, which 
is based on layer by layer digital deposition of 
materials. Nowadays, 3D objects can be fabricated 
by a variety of processes, including laser melting, 
binder jetting and stereolithography. The later is 
based on localized photopolymerization, which is 
initiated by exposure to light. It is mostly used to 
print polymeric objects while starting with inks 
composed of monomers, oligomers and 
photoinitiators. Biological applications such as 3D 
scaffolds for implants requires water compatibility of 
the objects, such as in a form of hydrogels. 
However, most of the available photoinitiators are 
water insoluble, and therefore there is an unmet 
need for materials that enable 3D printing in water. 
Various water-based printing approaches will be 
presented, including fabrication of responsive 
objects, which opens the way to biological 
applications and 4D printing. 
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Nanoporous anodic alumina (NAA) is a versatile and 
low-cost material which can be used to develop 
optical biosensing platforms and other innovative 
biomedical applications such as selective molecular 
separation, chemical and biological sensing, cell 
culture, tissue engineering and drug delivery [1-2]. 
NAA presents a versatile nanoporous geometry and 
its surface chemistry can be engineered to tune its 
optical and chemical properties. The geometric 
characteristics of NAA (pore diameter, interpore 
distance, and thickness) can be modified by different 
anodization strategies and by post-anodization 
treatments (etching and annealing). Under specific 
anodization conditions (type of electrolyte, 
anodization potential or current and temperature), 
hexagonal straight cylindrical nanopore arrays with 
pore diameters between 10 nm and 400 nm and 
interpore distances until 900 nm can be obtained [3-
4]. Figures 1 and 2 show the pore distribution of 
NAA obtained under different fabrication conditions. 
Chemical resistance, biocompatibility, thermal 
stability, and intrinsic photoluminescence are some 
of the outstanding properties of NAA [5]. Its highly 
effective surface area (hundreds of m2/cm3) makes 
of NAA an interesting platform for sensing and 
loading-releasing of active agents. 
The application of periodic variations of current or 
voltage during the anodization is transferred to the 
material as the periodic variation of the pore 
diameter with depth and consequently, to the 
periodic variation of the effective refractive index. In 
this way, we can design one-dimensional photonic 
crystals with stop bands tunable within the UV-VIS-
NIR range.  
In this work, we present the use of NAA for 
developing advanced drug delivery systems and 
complex gated materials for biosensing applications 
[6]. In these systems, the NAA nanopores are 
utilized for the storage of drugs or molecules that are 
released in a controlled way under selective external 
conditions. The pore geometry has been tuned to 
control the diffusion of molecules. Recently, stimuli-
responsive release drug delivery systems based on 
stimuli such as temperature, pH, temperature, 
magnetism, sound, and light have been reported 
with NAA platforms. 

We have also engineered NAA to produce one-
dimensional photonic crystals (1D-PC) with an 
enhanced optical response. We demonstrate that it 
is possible to tune the photonic bands of simple and 
complex NAA 1D-PC in the UV-Vis-NIR spectra. We 
deeply study the fabrication technological 
parameters that determine the properties of the 
optical response. Furthermore, low-cost NAA 1D-PC 
biosensors are presented for the detection of 
substances of interest for the health and the 
environment like fungus, bacteria, proteins or drugs. 
NAA membranes have already been used for 
developing cell culture scaffold substrates with 
enhanced adhesion and proliferation of cells. We 
have demonstrated the suitability of NAA structures 
for reproducing 3D cellular microenvironments. 
Here, we present the results of our investigations 
about the effect of the geometry and 
functionalization of NAA on the adhesion and 
morphology of human aortic endothelial cells. This 
work has allowed the understanding of the complex 
cellular interactions and behaviors. 
Finally, micro and nanoparticles of NAA are 
proposed for biological applications. We have 
fabricated, characterized, and functionalized NAA 
micro and nanoparticles with different shapes. 
Figure 3 shows nanoparticles with a tubular shape 
[7]. We have successfully linked a protein/antibody 
to the NAA particles with a simplified process. The 
analysis of cell viability and cytotoxicity of the 
particles have shown their biocompatibility and 
demonstrated their interesting potential use for 
localized treatments.  
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Figures 
 

 Figure 1. SEM image (transversal view) of a NAA layer.  

 

Figure 2. SEM image (top view) of NAA obtained with oxalic 

acid (top) and phosphoric acid (bottom). 

 

 
Figure 3. TEM image of nanoparticles of NAA with a tubular 

shape.  

 
 

 

27



N a n o B i o & M e d 2 0 1 8  n o v e m b e r  2 0 - 2 2 ,  2 0 1 8  -  B a r c e l o n a  ( S p a i n )  

 

Multifunctionalized carbon 
nanotubes towards targeted 
anticancer radiotherapy 
 

Cécilia Ménard-Moyon 

 
University of Strasbourg, CNRS, Immunology, 

Immunopathology and Therapeutic Chemistry, UPR 3572, 
67000 Strasbourg, France 

 
c.menard@ibmc-cnrs.unistra.fr 

 

 

Due to their outstanding physicochemical properties, 
the application of carbon nanotubes (CNTs) has 
been extensively explored in nanomedicine.[1] 
Thanks to their high aspect ratio, they have the 
capability to easily cross biological barriers and to be 
internalized into cells. Functionalization is a 
fundamental step to increase their dispersibility and 
biocompatibility, conjugate bioactive molecules, and 
impart multimodality.[2] Up to date, only few studies 
have explored CNTs as carriers of radionuclides for 
imaging and/or therapy. In this context, we have 
synthesized a CNT carrier for the targeted delivery 
of radioactivity through a combination of endohedral 
and exohedral functionalization. CNTs filled with 
metal halides as radioactive analogues confined in 
the inner cavity, have been functionalized on their 
surface with a monoclonal antibody targeting the 
epidermal growth factor receptor (EGFR) 
overexpressed by several cancer cells.[3] We have 
proved that the filled and functionalized carbon 
nanotubes can target cancer cells overexpressing 
the EGFR by flow cytometry, confocal microscopy, 
and elemental analyses. We have evaluated the 
immunological profile of the conjugates in vitro and 
in vivo.[4] We have also performed in vivo 
experiments in lung-tumor bearing mice to evaluate 
the biodistribution and therapeutic effect of the 
conjugates.[5] Overall, this work demonstrates that 
the encapsulation of radioisotopes within CNTs and 
subsequent surface functionalization with targeting 
ligands is promising for the selective delivery of 
radioactivity at ultrasensitive doses for therapy 
and/or diagnosis. We hope that our results will 
inspire the development of novel nanomaterials for 
biomedical applications in the areas of cancer 
diagnosis and therapy.  
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Cell membrane receptors, including the outstanding 
family of Receptor tyrosine kinases (RTK), are key 
to crucial cellular processes, such as division, 
migration or positioning. Membrane receptors bind 
to specific ligands which often induce receptor 
clustering, fostering transactivation of the receptors 
and transduction of ligand cues into the cell.   
Despite the broad interest in designing 
nanostructured materials to modulate receptor 
activation, solving the kinetics of receptor clustering 
in diffusive membranes demands live-imaging 
operating at the nanoscale, which is beyond the 
capabilities offered by conventional methods. Here, 
we overcome these limitations by delivering ligands 
to cells on nanopatterned surfaces1 combined with a 
novel fluorescence fluctuation analysis termed 
enhanced Number and Brightness (eN&B)2. We 
study the activation of the EphB2 receptor by using 
a nanostructured platform to deliver ligands in 
patterns of regular nanosized (< 30 nm) clusters. We 
based our platform in self-assembled diblock 
copolymers composed of poly(styrene) (PS) and 
poly(methyl methacrylate) (PMMA) that tend to 
segregate into nanodomains. We then use eN&B to 
discriminate, with molecular sensitivity, the 
oligomeric state of the receptor during real time 

activation. Our substrates accelerated the dynamics 
of receptor oligomerization process when compared 
to antibody-induced ligand clustering. Such an 
efficiency was induced even when ligand surface 
coverage was 9-fold lower in the nanopatterned 
presentation. Therefore, our ligand presenting 
platform is thought to induce multivalent ligand-
receptor interactions, and might be a useful strategy 
to precisely tune and potentiate receptor responses. 
This feature can benefit applications such as the 
design of new bioactive materials and drug-delivery 
systems. 
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Figure 1. Nanopatterned ephrinB1 in diblock copolymers 

induces oligomerization efficiently. Enhanced Number and 
Brightness allows imaging receptor dynamics at the 
nanoscale. 
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Over the past two decades researchers have been 

working to create synthetic small-scale machines 

ranging from molecular entities or miniaturized 

structures, to more complex assemblies of micro- 

and nanomaterials. These machines are able to 

navigate in complex environments by harvesting 

fuel from the surrounding media or from external 

power sources. One of the most sought-after 

applications for these miniaturized machines is to 

perform minimally invasive interventions, in which 

these devices will ultimately reduce risk, cost, and 

discomfort compared to conventional interventions. 

This has driven researchers to produce a myriad of 

small-scale robots loaded with therapeutic cargo.  

 

One of the main aspects investigated has been the 

fabrication and optimization of the motility 

component of these small agents, and one of the 

most promising approaches is to use electromagnetic 

systems to wirelessly control and actuate magnetic 

micro and nanostructures. While many efforts have 

been dedicated to locomotion, there are many other 

challenges in small-scale robotics, for instance, the 

development of miniaturized mobile platforms 

capable of integrating multiple functionalities. We 

present here magnetoelectric-composite small-scale 

machines that, under the same source of energy, are 

able to perform two different functionalities 

depending on how magnetic fields are applied. The 

magnetostrictive component enables this machine to 

propel, while the magnetoelectric composite can be 

used to generate wirelessly a piezoelectric field [1]. 

The first part of this talk will focus on the concept of 

magnetically induced piezochemical potential, 

which can be exploited, for instance, to induce 

chemical processes such as electrodeposition [2] 

(Figure 1). In the second part of this talk, we will 

focus on the potential biomedical applications of 

these magnetoelectric small-scale robots. As an 

example, we will show how core-shell 

magnetoelectric nanowires are able to release in 

vitro anti-cancer drugs on-demand using the 

magnetoelectric approach [3]. 
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Figure 1. Schematic illustration of the 

magnetoelectrochemical reduction of noble metal ions. 
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Abstract (Arial 10) 
 
Charge transport through molecular structures is 
interesting both scientifically and technologically. To 
date, DNA is the only type of polymer that transports 
significant currents over distances of more than a 
few nanometers in individual molecules. 
Nevertheless and in spite of large efforts to elucidate 
the charge transport mechanism through DNA a 
satisfying characterization and mechanistic 
description has not been provided yet. For molecular 
electronics, DNA derivatives are by far more 
promising than native DNA due to their improved 
charge-transport properties.  
In recent years we have invested great efforts to 
address the above issues. Measuring the charge 
transport in DNA was elusive due to great technical 
difficulties leading to carious results. We were 
recently able to devise an experiment in which 
double-stranded DNA is well positioned between 
metal electrodes. Electrical measurements give 
surprisingly high currents over 100 base-pairs (~30 
nm) elevated from the surface. The temperature 
dependence indicates backbone-related band-like 
transport. 
In collaboration with the Kotlyar group, We were also 
able to synthesize and measure long (hundreds of 
nanometers) DNA–based derivatives that transport 
significant currents when deposited on hard 
substrates. Among the molecules metal containing 
DNA which is true metal-organic hybrid, a smooth 
and thin metal coated DNA and G-quadruplex DNA. 
Step by step we improve the synthesized constructs 
and the measurement methods of single DNA-based 
molecules. I will present new and surprising results 
on dsDNA molecules. I will present new DNA-based 
molecules and report on our measurements of their 
properties. 
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Our group uses advanced microscopy techniques to 
visualize and track in living cells and tissues self-
assembled nanomaterials with therapeutic potential. 
The understanding of materials-cell interactions is 
the key towards the development of novel 
nanotechnology-based therapies for treatment of 
cancer and infectious diseases. 
Many biological structures are made of multiple 
components that self-organize into complex 
architectures. Here we want to mimic this 
phenomenon to develop novel bioactive materials 
such as nanoparticles or nanofibers able to build 
themselves (1D or 3D self-assembled 
nanomaterials). Having the self-assembly motif 
decorated with different functionalities allows a 
modular and tunable approach that eases sample 
preparation.[1] 
To study the behavior of such complex 
nanomaterials in action we make use of a variety of 
optical microscopy techniques, in particular super 
resolution microscopy (SRM). SRM can achieve a 
resolution down to 20 nm and represents an ideal 
tool to visualize nanosized objects in the biological 
environment. In particular we demonstrate how 
STORM (Stochastic Optical Reconstruction 
Microscopy) can be used to image a wide range of 
nanomaterials beyond the diffraction limit: 
nanoparticles[2], BTA fibers[3], peptidic 
nanostructures [4], etc.  
Remarkably, STORM allows this observation in the 
biological environment, thus we are able to follow 
the journey of nanomaterials inside the body: from 
protein corona formation[5] to extravasation, 
targeting and tracking nanomaterials inside the 
cell.[6,7] Moreover, we were able to achieve 
correlative SRM and TEM, thus having key 
information on the cellular ultrastructure.[8] 
Combining the powerful information obtained by 
STORM and the unique self‐assembled materials 
we aim to create efficient platforms for targeted drug 
delivery and immunotherapy. 
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Section 1 

How nanoparticles shapes tunes cell behaviours 
Understanding how the physicochemical properties 
of nano-sized delivery systems affect cellular 
behaviour is a crucial topic that still lacks of 
analytical investigation. We are now able to 
generate an enormous set of nano-sized structures 
with defined physicochemical properties1. However, 
it is important to remember that the nanoscopic 
nature of these structures can interfere with the 
physiological processes taking place within the cells 
at the mesoscopic level2. Therefore, it is paramount 
to explore, and even categorise, the boundless field 
of interactions between nanoparticles, cellular 
components and molecular targets according to the 
physicochemical properties of the nanoparticles 
investigated.3–5 In addition, there is a general lack of 
characterisation criteria, in terms of both 
nanomaterials physicochemical properties and final 
biological effects. Consequently, despite more than 
a decade of research works, unanimously accepted 
theories regarding the role of nanoparticle shape in 
inducing specific molecular outcomes in cells are yet 
far from being proposed. 
In this work, we explore the biomolecular effects 
induced by polymeric nanoparticles with different 
shapes (sphere and tubular vesicles) on cancer and 
non-cancer cell lines. We used the pH-responsive 
amphiphilic diblock copolymer poly(2-
(methacryloyloxy)ethyl phosphorylcholine)–poly(2-
(diisopropylamino)ethyl methacrylate) (PMPC–
PDPA),6 which can form vesicles (known as 
polymersomes) or tubes, under specific conditions. 
First, we isolated discrete geometrical structures 
(spheres and tubes) from a heterogeneous sample 
using specific purification techniques. Then, we 
characterised the cellular internalisation and the 
kinetics of uptake of both types of polymersomes in 
either tumour or non-tumour cells. We also 
investigated the cellular metabolic response as a 
function of the shape of the structures internalised, 
and demonstrated that tubular vesicles induce a 
significant decrease in the replication activity of 
tumour cells. We related this effect to the significant 
up-regulation of the tumour suppressor genes p21 
and p53 with a concomitant activation of caspase 
3/7. Moreover, we observed that primary (non-
tumour) cells were completely unaffected by 

nanoparticle shape, both in terms of cell division and 
genes expression. Finally, we demonstrated that 
combining the intrinsic shape-dependent effects of 
tubes with the delivery of doxorubicin we could 
significantly increase the cytotoxicity of the system. 
Our results illustrate how geometrical conformation 
of nanoparticles could impact on cell behaviour and 
how this could be tuned to create novel drug delivery 
systems tailored to specific biomedical application. 
All these data shed light first on the importance of 
using homogeneous samples of nanoparticles (in 
this case the shape) for a given biological 
application. Furthermore, it is evident that cells are 
able to “sense” different geometries, which involves 
molecular and genetical activations. Finally, tumour 
cells were demonstrated to sense and respond 
differently to shape compared to non-tumour cells, 
thus providing new suggestions for the development 
of novel nanoparticle-based anticancer therapies. 
 
 

TubesSpheres

 
Figure 1. Polymeric spheres (left) and tubes (right) to 

study how shape affect cell behavior. 

 
 
 

 
Figure 2. Uptake of spherical (top) and tubular (bottom) 

polymersomes. 

 
 

Section 2 
Nano-therapies for intracellular pathogens 

The human innate immune system - our frontline 
defence against potential pathogens - includes a 
range of effector cells. Examples are professional 
phagocytes, such as granulocytes (i.e., basophils, 
eosinophils and neutrophils) and mononuclear 
phagocytes (macrophages, dendritic cells, and 
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monocytes).7 Phagocytes are responsible for the 
clearance of bacterial pathogens from the host, and 
have attracted much interest in the context of 
focused antimicrobial drug delivery. In parallel, some 
of the deadliest pathogens have acquired the ability 
to evade the phagocytes’s unique panel of molecular 
defences. As a consequence, while such 
phagocytes have evolved to eradicate invading 
pathogens, certain bacteria have simultaneously 
developed strategies to exploit macrophages as 
their preferential niche in which to evade host killing. 
This is known as the ‘macrophage paradox’ and it is 
the product of millions of years of co-evolution.8 
Pathogens may inhabit different compartments in 
the macrophage; L. monocytogenes, S. flexneri and 
the R. rickettsii proliferate within the macrophage 
cytosol, Listeria pneumophila colonises the ER-like 
vacuoles, and Salmonella enterica exploits the late 
endosomal compartments. More recently, a similar 
strategy has been reported for S. aureus, suggesting 
that these bacteria are capable of hiding within 
professional phagocytes. M. tuberculosis, survives 
within macrophages phagosomes, considered the 
most detrimental environment for pathogens. Yet, M. 
tuberculosis has evolved proteins that hinder 
phagosome maturation, and prevent its fusion with 
lysosomes.9 The optimal design of drug delivery 
systems should incorporate targeting specificity for 
the host cells type, the presence of the pathogen, 
and the pathogen sub-cellular location. Hence, there 
is a need for novel antibacterial compounds that 
combine potent antibacterial activity with the ability 
to cross biological barriers and finally reach the 
intracellular niche where the microorganisms hide - 
even more critical today with the emergence of drug 
resistant strains. Here we propose the use of 
synthetic vesicles - known as polymersomes - that 
are able to target infected phagocytes, to reach 
intracellular pathogens in their sub-cellular 
compartment, and locally release their antibacterial 
cargo. These polymersomes are formed through the 
self-assembly of amphiphilic copolymers in aqueous 
media, and combine the advantages of long-term 
stability with the potential to encapsulate a broad 
range of cargoes.6 We have previously 
demonstrated that the pH sensitive block copolymer 
poly(2-(methacryloyloxy) ethyl-phosphorylcholine)- 
co-poly(2-(diisopropylamino)ethyl methacrylate) 
(PMPC-PDPA) can combine specific cellular 
targeting ef- ficiency (through the PMPC block and 
its affinity toward the scavenger receptor B1),6 with 
effective endosomal escape and cytosolic delivery 
following internalisation (by the pH sensitive PDPA). 
In this study, we describe the half-life and bio-
distribution of the PMPC-PDPA polymersomes in 
vivo, showing the dynamics of accumulation within 
different tissues. We then show the bio-molecular 
mechanism of cellular uptake and intracellular 
trafficking (namely, the polymersomes localisation in 
specific sub-cellular organelles). Finally, we 
demonstrate the potential of this strategy to 
revolutionise the treatment of several intracellular 
pathogens both in vitro and in vivo, namely S. 

aureus, M. bovis-attenuated Bacillus Calmette–
Guérin (BCG), M. tuberculosis, and M. marinum. We 
demonstrate in vitro that PMPC-PDPA 
polymersomes loaded with antimicrobials 
(gentamicin, lysostaphin, vancomycin, rifampicin, 
and isoniazid) are able to decrease, and potentially 
even eradicate, these intracellular pathogens. Using 
embryos of the zebrafish (Danio rerio) as a model, 
we further demonstrate that encapsulated 
antimicrobials can effectively reduce the bacterial 
burden in disseminated infections in vivo.  
 

 
Figure 3. In vivo circulation (D. rerio) of polymersomes, 

and macrophages (in green) targeting 
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The combination of biological components and 
artificial ones that emerges into “living machines” is 
a research field that spans from active matter at the 
nanoscale to soft robotics.  
In this talk, I will summarize or recent advances in 
this field of hybrid machines from the nano-bots to 
3D Bioprinted actuators. Nano-bots are made of 
nanoparticles which act as chassis and enzymes as 
engines that convert bio-available fuels into products 
creating chemical gradients around the particles. In 
the presence of their substrates, enzyme catalysts 
generate a propulsion force for the nanoparticles to 
overcome Brownian forces that dominate at the 
nanoscale. In addition to the two main components, 
nanobots can transport drugs into their pores, active 
as smart drug delivery systems. Although nanobots 
have been mainly tested in vitro, and some initial 
reports claim their use in in vivo settings, they may 
be eventually used in vivo for transporting drugs to 
target locations in a controlled and directed manner. 
However, fundamental understanding on motion 
mechanism, materials considerations, in vitro 
assessment of drug delivery, toxicity, and their 
shape and size dependence on those parameters is 
needed. We have explored the role of catalysis, the 
number and distribution of enzymes on the particles, 
as well as their capabilities as drug vehicles in 
different viscous and physiological media.  
Nanobots can sense the environment where they 
swim, and be imaged by molecular and medical 
imaging techniques such as STORM or PET-CT. 
At a larger scale, hybrid micro-robots combine 
microparticles with motile cells for efficient delivery, 
and biofilm penetration.  
On a larger scale, we use 3D bioprinting techniques 
to fabricate cm-scaled hybrid BioRobots based on 
the combination of hydrogels and cells that contract 
in synchrony upon external stimuli, and exercise 
training, alike artificial muscles. 
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Figure 1. Cover images from reference 3 and reference 4. 
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Abstract 
 

Tumor progression is dependent on a 
number of sequential steps, including initial tumor-
vascular interactions and recruitment of blood 
vessels, as well as established interactions of tumor 
cells with their surrounding microenvironment and its 
different immune, endothelial and connective cellular 
and extra-cellular components. Failure of a 
microscopic tumor, either primary, recurrent or 
metastatic, to complete one or more of these early 
stages may lead to delayed clinical manifestation of 
the cancer. Micrometastasis, dormant tumors, and 
minimal residual disease, contribute to the 
occurrence of relapse, and constitute fundamental 
clinical manifestations of tumor dormancy that are 
responsible for the majority of cancer deaths. 
However, although the tumor dormancy 
phenomenon has critical implications for early 
detection and treatment of cancer, it is one of the 
most neglected areas in cancer research and its 
biological mechanisms are mostly unknown.  
 

To that end, we created several models of 
patient-derived cancer models mimicking pairs of 
dormant versus fast-growing, primary versus 
metastatic and drug-sensitive versus drug-resistant 
cancers using cutting-edge techniques of patient-
derived xenografts, 3D printing and genetically-
modified mouse models. We investigated the 
molecular changes in tumor-host interactions that 
govern the escape from dormancy and contribute to 
tumor progression. Those led to the discovery of 
novel targets and provided important tools for the 
design of novel cancer nano-sized theranostics 
(therapeutics and diagnostics) (1-3). Our libraries of 
precision nanomedicines are synthesized as highly 
controlled micellar, nanogels, coiled or globular 
particulated supramolecular structures consisting of 
linear, hyperbranched or dendritic polymers based 
on polyglutamic acid (PGA), polyethyleneglycol 
(PEG), poly(N-(2-hydroxypropyl)methacrylamide) 
(HPMA) copolymer, polyglycerol (PG), poly(lactic-
coglycolic acid) (PLGA) and hybrid systems (4-9).  

We hypothesize that the acquired 
knowledge from this multidisciplinary research 
strategy will revolutionize the way we diagnose and 
treat cancer (Figure 1). 
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Figure 1. A comprehensive approach to address tumor 

dormancy- from bed-site to bench and back.  
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Medicine is taking its first steps towards patient-
specific precision care. Nanoparticles have many 
potential benefits for treating cancer, including the 
ability to transport complex molecular cargoes 
including siRNA and protein, as well as targeting 
specific cell populations and metastasis.  
The lecture will discuss ‘barcoded nanoparticles’ that 
target sites of cancer where they perform a 
programmed therapeutic task. Specifically, particles 
that inform the physician regarding patient-specific 
drug potency against the primary tumor and 
metastasis.  
The evolution of drug delivery systems into synthetic 
cells, programmed nanoparticles that have an 
autonomous capacity to synthesize diagnostic and 
therapeutic proteins inside the body, and their 
promise for treating cancer and immunotherapy, will 
be discussed. 
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Figures 

 
Figure 1. Barcoded nanoparticles performing a diagnostic 

assay directly inside the patient’s primary tumor and 
metastasis, indicating which medicine is best for the specific 
patient.  
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Abstract  
In recent years, DNA nanotechnology has matured 
to enable robust production of complex 
nanostructures and hybrid materials. We have 
combined DNA nanotechnology with sensitive 
optical detection to create functional single-molecule 
devices that enable new applications in single-
molecule biophysics. Starting with superresolution 
nanorulers [1], a single-molecule mirage [2] and 
energy transfer switches [3] we developed DNA 
origami nano-adapters for targeted placement of 
single molecules in zeromode waveguides used for 
DNA sequencing [4]. 
Furthermore, a plasmonic fluorescence amplifier [5] 
is used for sensitive biosensing and single-molecule 
detection on low-tec detection devices such as a 
smartphone. The optical antennas assembled by 
DNA origami are further developed to improve 
fluorescence detection in molecular diagnostics. 
Finally, we present a molecular force spectroscopy 
employing DNA origami force clamps that work 
autonomously without any physical connection to the 
macroscopic world [6]. We used the conformer 
switching of a Holliday junction as a benchmark and 
studied the interaction of DNA binding proteins with 
DNA when the DNA is under 0-15 pN tension.  
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Figure 1. Sketch of a biomolecular sandwich assay of 

pathogenic DNA using signal amplification by a self-
assembled DNA origami optical antenna.  
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Graphene is a relatively new material that, in 
addition to many other interesting properties, has a 
high electrical conductivity and is considered 
biocompatible [1]. Due to these properties, graphene 
is interesting for the production of biocompatible 
sensors in the field of cell-based assays. Cells play 
a central role in these assays and the sensor signal 
is a measure of the effect that certain parameters 
have on the behaviour of the cells.  
We report on sensors that can be used to test the 
efficacy of antiviral substances. To this end, so-
called indicator cell lines are used which produce a 
confluent cell monolayer on interdigital electrodes of 
the sensor and isolate them electrically. Added 
viruses lead to a morphological change of the cells 
or to a detachment of the cells from the cell 
monolayer, the so-called cytopathic effect (CPE).  
The addition of antiviral substances inhibits cell 
infection or viral replication in the cells and thus the 
cytopathic effect. This circumstance can be used to 
infer the inhibition of the cytopathic effect and thus 
the efficacy of the antiviral substances from the 
changes in the measured impedance values. 
The sensors are manufactured by printing of two 
substances. The interdigital structures are produced 
from conductive ink with graphene platelets. For 
improved adhesion of the confluent cell monolayer, 
an additional protein layer is applied. Printing was 
done by a roll-to-roll gravure printing machine at a 
speed of 40 m/min [2]. Corona activation 
immediately before printing was necessary in order 
to increase the wetting of the film substrate. The 
achieved thickness of the printed graphene 
electrodes was around 5 µm. Inline drying of such 
thick layers was challenging but could be performed 
with near-infrared dryers.  
Thin films comprising the printed sensor structures 
in multiwell plate format were bonded to bottomless 
well plates. The connection of the printed sensor 
contact pads to a board was realized using ZIF 
(Zero Insertion Force) connectors (see Figure 1). 
First tests showed that the impedance value 
increases when cells (here: TZM-bl) grow in a well 
up to confluency. After addition of SDS (sodium 
dodecyl sulfate), the cells dissolved and the 
measured impedance abruptly decreased by about 
100 Ω. Next, it was examined whether the virus-
induced cytopathic effect on the cell culture and its 

inhibition by the antiviral substance Efavirenz (non-
nucleoside reverse transcriptase inhibitor) is 
reflected in the time course of measured impedance 
values (Figure 2). The TZM-bl / HIV-1 pseudovirus 
system, well established at IBMT, was used. 1x104 
cells (TZM-bl) were used per well. Virus stock (HIV-1 
pseudovirus PVO.4 in a concentration usually used 
in neutralisation assays) or virus stock plus 1 µM 
Efavirenz were added 24 h after cell addition.  
It could be shown that online monitoring of the viral 
effect on cell culture and inhibition of the virus-
induced cytopathic effect by antiviral substances is 
possible with the help of the developed sensors. 
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Figures 
 

 
 
Figure 1. The sensor in well plate format is connected to a 

circuit board. The ribbon cables lead to the measuring device. 
On the left an enlarged picture of one well with an interdigital 
structure is shown. 

 

 
 
Figure 2. Impedance curves of 12 wells. The legend 

indicates whether medium or cells were in the respective 
wells and whether only HIV-1 pseudo virus stock PVO.4 or 
PVO.4 plus Efavirenz was added. By means of an offset shift 
of the measured curves, all curves of a group are combined. 
Addition of viruses changes the slope of the impedance curve 
(time 2000 - 3500 min). Efavirenz in the used concentration 
inhibits this effect. 
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The intrinsic characteristics of the tumor 
microenvironment (TME), including acidic pH and 
overexpression of hydrolytic enzymes, offer an 
exciting opportunity for the rational design of TME-
drug delivery systems (DDS). 
The physico-chemical parameters of a polypeptide-
conjugate, and hence its biological performance, are 
defined by an intricate interplay of multiple structural 
factors. This highlights the need for detailed 
structure-activity relationship studies to develop the 
hierarchical strategies of polypeptide conjugate 
design. However, structural complexity also 
represents a unique opportunity, since small 
changes at the structural level might endow 
therapeutics with outstanding and unexpected 
biological performance [1,2]. 
In our group, we have overcome the main classical 
limitations for the synthesis of defined polypeptides 
using precise controlled reactions followed by an 
adequate characterization yielding to well-defined 
polypeptidic architectures (including stars, graft and 
block-copolymers) by NCA polymerization 
techniques [3]. In addition, post-polymerization 
techniques allow us the introduction of a variety of 
functionalities yielding a set of orthogonal reactive 
attachment sides [4]. Using these techniques and 
following a bottom-up strategy we have been able to 
obtain star-based polypeptide architectures with the 
capacity to self-assemble yielding supramolecular 
nanostructures with interesting properties [5]. This 
strategy enabled in vitro and in vivo evaluation, 
revealing a lack of toxicity, an enhanced in vitro cell 
internalization rate and significantly greater terminal 
and accumulation half-life in vivo together with a 
significant lymph node accumulation [5]. 
 
In order to target TME with the developed carriers, 
we synthesized and characterized pH-responsive 
biodegradable poly-L-glutamic acid (PGA)-based 
combination conjugates with the aim of optimizing 
anticancer effects. Different hydrazone pH sensitive 
linkers that can promote the specific release of the 
drug from the polymeric backbone within the TME 
have been implemented, together with a range of 
drug loading  in order to achieve optimal effects on 
primary tumor growth, lung metastasis (∼90% 
reduction), and toxicological profile in a preclinical 
metastatic triple-negative breast cancer (TNBC) 

murine model. The use of transcriptomic analysis 
helped us to identify the molecular mechanisms 
responsible for such results including a differential 
immunomodulation and cell death pathways among 
the conjugates. This data highlights the advantages 
of targeting the TME, the therapeutic value of 
polymer-based combination approaches, and the 
utility of –omics-based analysis to accelerate 
anticancer DDS [6]. 
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Nanocelluloses are cellulosic products with at least 
one dimension in the nanoscale. Nanocellulose can 
be extracted from natural sources like wood, cotton 
or algae but it can also be directly produced by 
microorganisms [1].  

 
Bacterial nanocellulose (BNC) is a biopolymer 
naturally synthesized and secreted by 
Komagataeibacter xylinus that forms a 3D-network 
of pure cellulose nanofibres (Image 1) resembling 
the structure of collagen. BNC exhibits attractive 
properties for biomedical applications such as high 
liquid holding capacity, high tensile strength, 
flexibility and porosity [2]. On the other hand, there 
are still a limited number of natural biomaterials that 
meet all the requirements to fit in the regenerative 
medicine settings. Thus, our goal is to develop 
versatile and portable supports based on BNC for 
cell-manipulation, envisioning regenerative medicine 
applications.  
 
The BNC pellicles were obtained after 3-day static 
cultures of Komagataeibacter xylinus. The BNC films 
were then thoroughly washed and autoclaved 
(Image 2b) before being used for culturing human 
dermal fibroblasts. When appropriate, BNC was 
functionalized with TiO2 nanoparticles by a 
microwave-assisted method [3]. Attachment, 
morphology, distribution and growth kinetics of cells 
cultured on these BNC-based supports were studied 
by cell viability assays and confocal microscope 
imaging.  
 
Firstly, structural characterization of BNC and BNC 

functionalized with TiO2 nanoparticles (BNC/TiO2) 

will be presented. Then, we will show in detail that 

both BNC and BNC/TiO2 films support the 

attachment and proliferation of human dermal 

fibroblasts (Image 2c). Growth kinetics on BNC 

substrates is very similar to that on culture plates 

with the advantage of representing a transportable 

platform for adherent cells. Moreover, cell 

morphology studies showing that fibroblasts exhibit 

their expected phenotype on BNC and BNC/TiO2 

substrates (Image 2a) will be presented. Altogether, 

our data point out that BNC is a promising and 

versatile biomaterial to be used i.e. as a cell carrier 

in cell transplantation therapies and that BNC 

functionalization with model functional nanoparticles 

(TiO2) does not alter its properties.  
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Figures 

 
 
Figure: Image 1 shows a scanning microscope image of the 

bacterial nanocellulose fibres. Image 2a and 2c depict human 
dermal fibroblast growing on top of bacterial nanocellulose 
substrates at different magnifications under confocal 
microscope. 2b corresponds to a digital picture of the 
bacterial nanocellulose hydrogels used in our research.  
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Biocatalytic micro- and nanoswimmers are able to 
navigate due to the enzymatic conversion of 
substrates into products.1 Biocatalysis offers a 
unique combination of properties, such as 
biocompatibility, bioavailability and versatility, 
making it greatly appealing for certain biomedical 
applications.2 However, to make these 
implementations feasible, a deeper understanding 
on the fundamental aspects that rule self-propulsion 
is still required. We have focused our research on 
the role of the enzyme type, quantity and 
distribution. 
In order to achieve active motion, asymmetry has 
been claimed to be crucial3, yet an enhanced 
Brownian diffusion (self-propulsion) has been 
reported for non-Janus nanoparticles.4 In this 
project, the effect of enzyme quantity and 
distribution was investigated with stochastically 
optical reconstruction microscopy (STORM) to 
detect single enzymes on polystyrene 
microswimmers with and without an outer silica 
surface.5 The binding efficiency was observed to be 
significantly higher on the rough silica, although both 
present a non-homogeneous enzyme distribution. 
This was correlated with the propulsive force 
measured using optical tweezers and the speeds 
produced by these forces, which were obtained 
through optical tracking. 
We also tested the capacity of different enzymes to 
study the versatility of such systems.  
Acetylcholinesterase (AChE), glucose oxidase 
(GOx) and aldolase (ALS) were used to propel 
hollow silica microcapsules and the motion behavior 
was compared with microswimmers powered by 
urease (UR). The motion behavior appeared to be 
strongly dependent on the enzyme type and its 
intrinsic properties. The different enzymes are 
studied to elucidate what are the relevant enzymatic 
parameters ruling self-propulsion. Among these 
properties, the catalytic rate appeared to be a key 
factor for the generation of active motion, which was 

further confirmed by exposing urease 
microswimmers to a competitive reversible inhibitor. 
These results provide new insights on the underlying 
mechanism of active motion and on the intelligent 
design of enzymatic micro- and nanoswimmers. 
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Figures 

 
Figure 1. A) Comparison between the conventional 
fluorescence and STORM images. SEM micrographs of B) 
PS- and C) PS@SiO2-microswimmers. STORM single-
molecule detection of urease on the D) PS- and E) PS@SiO2- 
microswimmers’ surface. F) Average velocities of different 
enzymatic microswimmers. Inset: Representative tracking 
trajectories of the microswimmers. G) Average velocity of 
urease microswimmers, extracted from the MSD analysis, for 
different inhibitor concentrations with substrate (urea) present 
in excess (500 mM). Inset: Correlation of velocity with 
enzymatic activity depending on inhibition. 
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Promethean Particles is a UK-based SME that 
designs and develops inorganic nanomaterials in 
liquid dispersions. The company’s technology is 
based on a patented reactor design that allows truly 
continuous hydrothermal (or solvothermal) synthesis 
of inorganic nanoparticles [1]. Promethean use small 
scale reactor systems for rapid prototyping to tune 
the optimum product for each application and backs 
this up with pilot-scale production facilities, as well 
as a multi-ton scale nanoparticle manufacturing 
plant (capacity more than 1000 tons per year), see 
figure 1.a. Our unique production process allows us 
to tailor the nanoparticles to get the best functionality 
for an end use application. 
 
Innovation is a large focus of our business, as a 
direct outcome of our R&D activities. We are 
currently active partners in three Innovate UK-
funded projects and four EU-funded Horizon 2020 
projects. One of our Innovate UK projects aims to 
develop a novel multifunctional bioglass-based 
coating for the next generation of prostheses. The 
cost of implant failure can be massive, both 
financially for medical services (€ 800 m/year in 
Europe alone in 2010 for dental implants) and 
personally to the patient where amputations can be 
life altering. Bioglass-based coatings can help bone 
integration of the implant and reduce these costly 
infections from occurring. 
 
Due to the versatility of our lab-scale technology, we 
are able to tailor bioglass-based materials using 
different components and with dopants such as ZnO 
and Cu. We have achieved excellent control over 
the ratio of components, the particle size within an 
amorphous matrix (see figure 1.b-c) and the solid 
phase. Further tests have been performed by our 
partners Johnson Matthey (JM) and Queen’s Mary 
University London (QMUL). Our bioglass-based 
materials are used by JM to coat substrates which 
are then tested by QMUL to investigate their 
biocompatibility and antimicrobial properties. Within 
this project, Bioglass-based materials are 
demonstrating promising antimicrobial activities.  
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Figure 1. (A) Promethean’s multi-ton scale nanoparticle 

manufacturing plant (capacity more than 1000 tons per year). 
(B) SEM image of a bioglass-based material. (C) TEM image 
of a bioglass-based material. 
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In nature bacteria live in mixed microbial 
communities shaped by the action of bioactive 
metabolites secreted by the residing 
microorganisms. The identification and tracking of 
such chemical exchange processes is fundamental 
for understanding how they modulate microbial 
community and function. In this framework, most 
chemical imaging approaches have focused on the 
analysis of metabolic interactions taking place 
between microbial populations co-cultured 
separately. With the aim to mimic the complexity of 
natural microbial communities, herein we applied 
surface enhanced Raman scattering (SERS) as an 
imaging tool

1,2 
for the non-invasive detection and 

visualization of bioactive metabolites secreted by 
Escherichia coli and Pseudomonas aeruginosa 
bacteria cultured as mixed populations. As shown in 
this study, SERS enabled the simultaneous 
detection and visualization of indole and pyocyanin 
in situ, and revealed the down-regulation of 
pyocyanin expression due to indole signaling. The 
SERS-based sensing strategy described not only 
provides a complementary tool to investigate the 
chemistry underpinning multispecies microbial 
communities, but it can also be implemented for the 
detection and monitoring of microbial metabolites 
with potential medical, pharmacological, or 
biotechnological interest. 
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Figure 1. In situ SERS detection of secreted bioactive 

metabolites produced by mixed E. coli and P. aeruginosa 
bacterial populations  
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Nanomedicines unique features have great potential 
for therapeutic applications. However, product 
development at scale with precisely controlled 
attributes for optimal clinical performance is a major 
challenge. The lack of robust manufacturing 
methods for nanoformulations is a barrier for the 
introduction of innovative products to the market. 
Novel microfluidic technology allows design flexibility 
and control over nanoparticle formation parameters 
that are critical for product quality and performance. 
A microfluidic pilot line is being developed at the 
Centre for Process Innovation (CPI) to accelerate 
nanomedicine development by allowing rapid, 
controlled and reproducible nanoformulations 
production. A modified NanoAssemblrTM BlazeTM 

from Precision Nanosystems is utilised to scale up 
nanoformulations production up to 80 mL/min. 
Microfluidic technology will be used for the 
production of liposomes, lipid nanoparticles and 
polymer nanoparticles entrapping hydrophilic and 
hydrophobic Active Pharmaceutical Ingredients 
(APIs). At-line particle size analysis and in-line 
formulation purification will be integrated to optimise 
product quality and process efficiency. This facility 
will provide the test bed to demonstrate scalability 
and process robustness to prospective 
manufacturers.  
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Nanomaterials with very low atomicity deserve 
consideration as potential pharmacological agents 
owing to their very small size and to their properties 
that can be precisely tuned with minor modifications 
to their size [1]. Here, it is shown that silver clusters 
of three atoms (Ag3-AQCs)—developed by an ad 
hoc method—augment chromatin accessibility. 
Targeting of DNA has been proven to cause 
relatively potent and selective destruction of tumor 
cells. However, resistance mechanisms hamper 
their effectiveness; for instance, a sufficient amount 
of cisplatin (CDDP) may fail to reach the DNA. Ag3-
AQCs increases DNA accessibility. The 
coadministration of CDDP with Ag3-AQCs increases 
not only the amount of CDDP bound to DNA but also 
CDDP cytotoxicity. Given the differential effect that 
Ag3-AQCs present between the tumor and healthy 
tissue, coadministration of Ag3-AQCs increases the 
therapeutic index of chemotherapy. This effect only 
occurs during DNA replication. Coadministration of 
Ag3-AQCs increases the cytotoxic effect of DNA-
acting drugs on human lung carcinoma cells. In mice 
with orthotopic lung tumors, the coadministration of 
Ag3-AQCs increases the amount of cisplatin 
(CDDP) bound to the tumor DNA by fivefold without 
modifying CDDP levels in normal tissues. As a 
result, CDDP coadministered with Ag3-AQCs more 
strongly reduces the tumor burden. Evidence of the 

significance of targeting chromatin compaction to 
increase the therapeutic index of chemotherapy is 
now provided. Our results thus underscore the 
importance of targeting chromatin compaction to 
increase the efficacy of chemotherapeutic drugs. 
Together, our findings establish the groundwork for 
exploring the potential therapeutic properties of 
clusters, a goal that mainly depends on the 
development of efficient synthetic procedures 
capable of providing precise size control at the 
lowest scale of nanomaterials. 
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The cytotoxicity and cellular uptake of the magnetite 
nanoparticles were examined by characterization 
and cell response studies. Magnetite NPs were 
characterized by using transmission electron 
microscopy, X-ray diffraction, Brunauer–Emmett–
Teller surface area analysis, dynamic light scattering 
and zeta sizer analyses. The Mössbauer 
spectroscopy was used in order to magnetically 
characterize the NPs. hPDLF cells were exposed to 
different concentrations of magnetite NPs and tested 
for viability, membrane leakage and generation of 
intracellular reactive oxygen species. Additionally, 
cell response was determined in real time using an 
impedance based biosensor system. The data 
obtained showed that the toxic cell response of 
hPDLF cells to magnetite nanoparticles is dose and 
time dependent.  
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Figures 

 
 
Figure 1. TEM micrograph of Fe3O4. Scale bar: 100 nm. 

  

 
 
Figure 2. TEM micrograph showing the morphology of 

Fe3O4-treated hPDLF cells. Scale Bar: 1 mm. 
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One of the most common problems related to 
contact lenses is the risk of eye microbial infection, 
which is a significant health issue given the large 
population of contact lenses wearers worldwide [1]. 
Soft contact lenses are made of hydrogel materials, 
and are commonly used because of its comfort and 
superior properties, in comparison to rigid contact 
lenses. However, the high water content of soft 
contact lenses makes them prone to bacterial 
growth, and thus, good hygiene practices are 
required for wearing such contact lenses [2].  
Previous studies have demonstrated that bacteria 
and fungi can cause corneal infections with serious 
consequences. Pseudomonas aeruginosa and 
Klebsiella pneumoniae have been identified as 
common pathogen agents in corneal infections [3].  
 
Antimicrobial Peptides (AMPs), effective against 
these bacteria, have been anchored on commercial 
contact lenses, with the objective of imparting 
bactericidal activity on those materials. The hydrogel 
chemical modification was performed under mild 
conditions (room temperature, pH=7.4) Covalent 
anchoring was achieved by using appropriate 
linkers, capable of binding the lens surface at one 
side and the AMP at the other side. Examples of 
surface-modified contact lenses are shown in Fig. 1. 
 
Contact lenses, surface-functionalized with AMPs, 
were characterized by analytical techniques that 
included wettability, Raman confocal microscopy 
and fluorescence studies. The results demonstrated 
that chemical binding of AMPS, on the surface of 
contact lenses, was quantitative and irreversible in 
normal conditions. Stability studies, with a 
fluorescently tagged peptide, showed that covalently 
bound AMPs were stable on the surface of contact 
lenses, in PBS solutions, for long storage periods. 
 
Microbiology studies were performed to evaluate the 
efficacy of contact lenses, surface-modified with 
AMPs, in inhibiting the formation of biofilms. The 

bacteria strains studied were P. aeruginosa, K. 
pneumonia, and S. aureus. The results showed that 
AMP-modified contact lenses greatly decreased the 
amount of bacteria adhered on their surface. 
Moreover, the possible cytotoxicity of AMP-modified 
contact lenses was evaluated using human retinal 
pigment epithelial cells and immortalized human 
corneal epithelial cells. These cells were cultured in 
contact with AMP-modified contact lenses. The 
results demonstrated that AMP-modified contact 
lenses were not cytotoxic against the above cells. In 
these cytotoxicity experiments, results were 
compared to those of both positive and negative 
controls, using sodium dodecyl sulfate as a model 
cytotoxic agent. All these results demonstrated that 
AMP-modified contact lenses offer the potential to 
minimize corneal bacterial infection and represent a 
suitable platform for future ophthalmic devices. 
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Figure 1.  (A) Scheme of a contact lens with an active agent 

anchored to its surface by covalent binding thorough a linker; 
(B) Example of contact lenses surface-functionalized with a 
fluorescent dye; (C) AMP-modified contact lens, showing its 
transparency. 
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The enhanced permeability and retention (EPR) 

effect is the only described mechanism enabling 

nanoparticles (NP) flowing in blood to reach tumours 

by a non-active targeting mechanism. Using the 

transparent zebrafish model infected with 

Mycobacterium marinum we show that an EPR-like 

process also occurs allowing different NP to 

extravasate from the vasculature to reach 

granulomas that assemble during tuberculosis (TB) 

infection1. PEGylated liposomes and other NP types 

cross endothelial barriers near infection sites within 

minutes after injection and accumulate close to 

granulomas (figure 1). We show that NP can 

concentrate strongly in distinct foci on the ablumenal 

side of the endothelium. EM analysis suggests that 

NP cross the endothelium via the paracellular route. 

PEGylated NP also accumulated efficiently in 

granulomas in a mouse model of TB infection with 

Mycobacterium tuberculosis, arguing that the 

zebrafish embryo model can be used to predict NP 

behaviour in mammalian hosts. In earlier studies we 

and others showed that uptake of NP by 

macrophages that are attracted to infection foci is 

one pathway for NP to reach TB granulomas. This 

study reveals that when NP are designed to avoid 

macrophage uptake they can also efficiently target 

granulomas via a mechanism that shares some 

features with EPR.  
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Figures 
 

 
 
Figure 1. Accumulation of intravenously injected PEGylated 
liposomes in a zebrafish M.marinum granuloma. 
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Here, we present the characteristics of the photonic 
integrated circuits technology developed for the 
European pilot line PIX4life. In addition, the details 
of two different silicon nitride fabrication platforms 
are summarized. 

Photonic Integrated Circuits (PICs): Many high 

accuracy, high sensitivity biophotonic measurement 

systems are based on expensive, bulky free space 

optics built with complex lens arrangements, being 

difficult to stabilize in a robust way, miniaturize and 

scale up for production. Examples of these are 

fluorescent, absorption and hyperspectral 

microscopes, OCT scanners (see Fig. 1) and 

sources for cytometers (see Fig. 2) [1, 2, 3, 4, 5]. 

Silicon nitride photonic integrated circuits:  

Silicon nitride has gained a lot of interest in the last 

10 year. Its chemical, mechanical and optical 

properties make it a suitable material for integrating 

optical systems into PICs. Furthermore, the 

availability of fabrication facilities and the 

compatibility with CMOS integration, make it the 

perfect platform for low loss, visible range 

applications. SiN-based life-science applications are 

explored widely e.g., for the development of bio-

chemical and medical sensing applications as well 

as light sources for the newest microscopy and 

spectroscopy techniques [3, 5, 6, 7, 8]. 

The PIX4life pilot line (https://pix4life.eu) is 

composed of a consortium having both companies 

and research institutes. It started in 2016 providing 

an end-to-end and scalable framework and supply 

chain for the development of silicon nitride (SiN) 

photonic integrated circuits (PIC), mainly focusing on 

life science applications working at visible 

wavelengths (400-1100 nm). The capabilities of 

PIX4life span from design and test services, to 

packaged PICs ready to use in a larger module or 

system. These services are mostly aimed for life-

science users not familiar with photonic integration 

technology, and towards support, alignment and 

extension of the current European know-how in 

design tools, hybrid integration and micro-fluidic 

assembly. 

The core of PIX4life are the two SiN waveguide 

platforms, BioPIX and TriPleX™, offered 

respectively by imec (Belgium) and LioniX 

International (Netherlands). The most important 

characteristic of these SiN PIC platforms is their low 

propagation loss at visible and short near-infrared 

wavelengths, at which silicon PICs are opaque.  

Both foundries organize periodic Multi-Project Wafer 

(MPW) runs, where multiple users can place their 

PIC designs for low-cost prototyping by sharing 

wafer space. During 2018 and 2019, PIX4life is 

operating in early Open-Access mode. Since the 

services is subsidesed by the EU, the pilot line 

reviews all incoming requests for development of 

SiN PICs. Priority is given to European customers 

developing life science applications. 

BioPIX: Manufactured by the Belgian research 

institute imec, the BioPIX technology comprises two 

different flavours: one for short-visible wavelengths 

(from 400 to 700 nm); BioPIX150, and a second one 

for long visible to short near-infrared wavelengths 

(from 700 to 1000 nm), BIOPIX300. The waveguide 

thickness of the two flavours is 150 and 300 nm 

respectively. To maintain CMOS compatibility, the 

waveguides are deposited on top of a 2.3 to 3.3 µm 

silicon dioxide layer via PECVD technique [9,10]. 

TripleX™ Vis: Manufactured by the Dutch company 

LioniX International, TripleX™ is the branding name 

of their thin LPCVD SiN waveguide embedded in 

silicon dioxide (thermal oxide below and TEOS 

above). Originally designed for ultra-low propagation 

loss in the C-Band, their performance in the visible 

range has been improved for four different 

wavelengths: 405, 488, 532, and 640 nm [11, 12]. 

The PIX4life project is funded by the European 
Community as part of the Horizon 2020 research 
and innovation program (grant agreement nº 
688519).  
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Figures 

 
Figure 1. Example of OCT application from MedLumics S.L.[13] 

 

 

 
Figure 2. Example of laser light combiner from TOPTICA Photonics AG & 

Chair of integrated photonics, RWTH Aachen University 
 

 
Figure 3. Example of sensing chip from LioniX International  

 

 
Figure 4. Pilot line logo 
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Cancer vaccines are promising alternatives for 
cancer treatment. However, limited effects on tumor 
regression have been obtained due to multiple tumor 
immune evasion mechanisms [1]. OX40 is an 
immune checkpoint co-stimulator expressed by 
activated cytotoxic T cells and regulatory T cells. It 
triggers the expansion and trafficking of effector T 
cells, while overcoming the suppression of CD4+ 
Tcells by inhibiting foxp3, TGF-β and IL-10 
expression. However, limited outcomes have been 
obtained with anti-OX40 agonists at clinical settings 
[2]. This study characterized the immune-mediated 
antitumor responses induced by a multifunctional 
nano-vaccine combined with anti-OX40 in a triple 
negative breast cancer mouse model. 
Poly(lactide acid) (PLA) nanoparticles (NP) were 
synthesized by the double emulsion solvent 
evaporation method to incorporate alpha-
lactalbumin, as breast cancer antigen, and the toll-
like receptor ligands (TLRl)  CpG and Poly (I:C). To 
potentiate the delivery of these TLRl to tumor 
microenvironment, NP surface was modified by 
hyaluronic acid to target CD44 overexpressed on 
4T1 mouse breast cancer cells [3]. NP size, surface 
charge (ZP) and morphology were analyzed by 
Dynamic Light Scattering, Laser Doppler 
Electrophoresis and Atomic Force Microscopy, 
respectively. Antigen and adjuvants entrapment 
efficiencies (EE) were quantified by HPLC and 
Oligreen reagent, respectively. Cell viability was 
assessed by Alamar Blue assay. NP internalization 
and DC activation profile were evaluated in vivo by 
flow cytometry. The immunotherapeutic potential of 
our multifunctional nano-vaccines was assessed, 
isolated and in combination with anti-OX40 
monoclonal antibody, in 4T1 mammary carcinoma.  
NP presented a mean diameter close to 200 nm with 
low polydispersity index (PdI) values (lower than 
0.16), surface charge close to neutrality, and EE 
superior to 85%. NP showed no negative effects on 
the viability of DC after 72 h of incubation, even at 

high NP concentrations (up to 1 mg/mL). Targeted 
PLA NP, labeled with rhodamine, were extensively 
taken up by DC, but also by 4T1 breast cancer cells. 
Nano-vaccines induced the DC activation and 
maturation, significantly increasing the expression of 
CD80, CD86 and MHC-I surface markers.  
A noteworthy tumor remission was observed in 4T1 
tumor-bearing animals treated with the 
multifunctional nano-vaccine combined with anti-
OX40. These animals presented a long-term 
survival, with a tumor volume 4-fold lower than that 
obtained in OX40-treated mice (Figure 1). Of note, 
the combinatorial schedule did not induce any signs 
of toxicity in treated animals. The analysis of the 
different subpopulations of cells within the tumor 
microenvironment evidenced a marked infiltration of 
effector immune cells, namely cytotoxic T 
lymphocytes specific for the entrapped breast 
cancer antigen, thus evidencing the role of the nano-
vaccine in the overall immune-mediated anti-tumor 
response observed in animals treated with this 
combination immunotherapy.  
This study reveals the synergy between a multi-
targeting nano-vaccine and anti-OX40 in triple-
negative breast cancer, providing important insights 
for the establishment of novel combination regimens 
against this poorly immunogenic tumor. 
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Figures 
 

 
Figure 1. Combination of polymeric nano-vaccine with anti-
OX40 monoclonal antibodies prolongs triple negative breast 
carcinoma mice survival  

 
 
 

 
 
 
 
 
 

54



N a n o B i o & M e d 2 0 1 8  n o v e m b e r  2 0 - 2 2 ,  2 0 1 8  -  B a r c e l o n a  ( S p a i n )  

 

Hydrated Biomembranes and 
Nanomaterials: Perspectives 
for Blood-Brain-Barrier 
Crossing of Nanoparticles. 
 

Giancarlo Franzese1,2  
 

1Interdisciplinary and Statistical Physics Section-
Condensed Matter Physics Department, Universitat de 

Barcelona 
2Institute of Nanoscience and Nanotechnology (IN2UB) 

 
gfranzese@ub.edu 

 

 

The Blood-Brain-Barrier (BBB) is the tight 
membrane that protects our brain and represents 
the major hindrance to the use of chemotherapeutic 
agents for brain tumors.  
 
Recently it has been showed by in vitro and in vivo 
studies that the adsorption of apolipoprotein E4 
(ApoE4) on lipid nanoparticles (NPs) produces a 
protein corona that enhances the BBB-crossing, 
improving brain NP accumulation 3-fold compared to 
undecorated particles [1-2]. Therefore, it is possible 
to increase the ability to cross the BBB for 
engineered NPs carrying a loose layer of proteins. 
Nevertheless, the NP-protein corona composition––
and, as a consequence, the cellular biological 
response to the NP––change over time as a 
consequence of the competition among the plasma 
proteins once the NP is in the blood stream, as we 
showed [3]. 
 
In collaboration with experimental groups, we 
develop a multiscale approach for the study of bio-
membranes, proteins, NPs and nanomaterials in 
aqueous solution oriented to applications to the BBB 
crossing for oncological treatments. We model the 
kinetics of NP interaction with proteins [3-5], of 
proteins with water [6-10], and of water with 
membranes and nanomaterials [11-14], with the aim 
of finding how to optimize the NP-protein corona 
formation to cross the BBB.  
 
In particular, here, we will focus on our recent results 
by all-atom simulations showing that the water-
membrane interface has a structural effect at 
ambient conditions that propagates further than the 
often-invoked 1 nm length scale and that the 
translational and rotational dynamics of water 
molecules is strongly determined by their local 
distance to the membrane so that we can identify 
the existence of an interface between the first 
hydration shell, partially made of hydration water 
bound to the membrane, and the next shells entirely 
made of unbound hydration water. These results 
could drastically affect the kinetics of the protein-
corona, determining the fate of NPs during the BBB 
crossing. 
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Figure 1. Cartoon of NP-Protein corona complexes near a 

cellular membrane [3]. 
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Abstract  
 
Building blocks of life show well-defined chiral 
symmetry which has a direct influence on their bio-
chemical properties and role in Nature. Chirality, 
geometrically understood as the lack of symmetry 
under specular reflection, is typically exhibited by 
bio-molecules with a single configuration, i.e. left or 
right handed. Such molecules are involved in 
physiological processes like odor, taste, metabolism, 
neural transmission etc. However, when they are 
artificially synthetized both enantiomers, the 
mirrored images, occur. In general, the asymmetric 
specie does not follow the natural pathways and in 
the worse scenario one enantiomer acts as a 
medicine while the other has detrimental effects. 
Therefore, it is of mayor importance for the 
pharmaceutical industry to properly synthesize and 
characterize the artificial chiral compounds [1-3]. 
 
On the side of characterizing chiral molecules, 
several techniques have been developed over the 
years to differentiate enantiomers. Such techniques 
include circular dichroism (CD), optical rotatory 
dispersion (ORD) or Raman optical activity (ROA), 
where CD is the most widely used. However, the 
weak chiro-optical activity of the molecules and low 
sensitivity of the technique makes high 
concentration and sample volumes a requirement. 
Additionally, the location of the molecular 
resonances in the ultraviolet (UV) spectral range 
makes CD equipment expensive [4,5]. 
 
Recent developments in nanotechnologies and 
photonic sensors come with promising properties 
that can boost sensitivity in bio-sensing applications 
[6,7]. In the field of chirality, plasmonic structures 
have been specially designed to mimic the 
properties of chiral molecules as well to generate 
optical fields that better interact with such molecules. 
These structures can be used as sensors as their 
optical responses are modified under molecular 

interaction. This approach allows translating the CD 
measurements from the UV to the visible (VIS) 
spectral range and enables better sensitivity and 
lower sample volumes than the classical CD 
technique [8]. However, the best implementation 
remains unknown and controvert due to low 
reproducibility of the results presented in the 
literature over the last years. One of the major 
drawbacks is to find the optimal sensor, which 
provides the optimal near and far fields while 
keeping the experimental implementation feasible. It 
has been a matter of discussion if sensors producing 
near-optimal near field configurations and 
simultaneously high CD signals are the most 
appropriate for sensing, as their large CD might 
over-shadow the molecular signatures. At the same 
time, the theoretical optimization of these 
parameters has often led unrealizable 
nanostructures due to nanofabrication limitations.  
The other major drawback is the reproducibility of 
the methods and the standards for comparing 
results. On this side, discussions about the 
molecular coating of the sensors, solvent 
compatibility or the significance of the molecular 
model have been raised [9,10]. 
 
In this contribution [11] we present a novel 
plasmonic sensor configuration that allows the 
discrimination of chiral molecules. The sensor 
consists of handed gold nanostructures of 
gammadion shape, distributed in a racemic (50/50 
mixture) matrix with C4 symmetry. Its optical 
response enhances the electric field as well as the 
optical chirality in the near field. Thus, the interaction 
with molecules is enhanced, while the bare sensors 
exhibit a flat CD signal, providing background-free 
CD measurements for molecular detection (Fig. 1a-
b). We have used a complete chiral molecular model 
based on L-, D-, and the racemic mixture of 
phenylalanine, which allows us to evaluate the 
opposite chiral effects while having a reference 
system. Additionally, we have used molecular 
thermal evaporation (MTE) technique to deposit a 
dense molecular layer on top of the sensors in a 
controllable and reproducible way (Fig. 1c-d). Our 
results show the discrimination of phenylalanine 
enantiomers through positive or negative peaks 
while the racemic mixture shows a flat signal (Fig. 
2). 
 
As an outlook, we therefore present preliminary 
results that show that this approach is also suitable 
for microfluidics systems with much lower density of 
chiral molecules [12]. 
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Figures 
 

 
Figure 1.  Optical characterization of handed and racemic 
gammadion arrays and phenylalanine coatings. (a) SEM 
images of the racemic G+- array. (b) CD spectra of the 
fabricated nanostructures. (c) SEM image of a 150 nm thin 
layer of DL phenylalanine. (d) CD spectra of the molecular 
coatings, named CDm to be distinguished from sensors CD. 
 
 

 
Figure 2.  Enantiomer detection in the visible spectral range 
using racemic gammadion arrays. (a) The molecules were 
deposited on different sensor arrays, showing the 
corresponding (b) CD spectrum. 
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Iron oxide nanoparticles (IONPs) and specially 
nanocubes (IONCs) represent one of the most 
promising iron-based NPs for biomedical 
applications. Nevertheless, once reached control 
over the size and crystallinity of the NP at the 
nanoscale, the performance limit of the material is 
reached. Structuration of NPs into dimers or its 
controlled aggregation into micron to centimeter 
scale structures are smart strategies to: on one 
hand, improve some of the performances beyond 
the material’s one; on the other hand, implement 
nanoscale properties into a macroscopic structure. 
Here, we show four different approaches to exploit 
IONPs and IONCs as building blocks for more 
complex structures, and increase their performances 
beyond the material’s limit. IONPs can be produced 
as dimers combining a gold domain which provides 
synergetic effects for magnetic mediated 
hyperthermia. Controlled aggregation of IONCs into 
magnetic nanobeads or microcapsules within a 
polymeric shell provide structures with excellent 
performances for MRI imaging and drug release 
respectively. Finally, gelation process of IONPs 
allow producing macroscopic gels showing a 
superparamagnetic behavior. 
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Figure 1. TEM images of the evolution from simple IONPs (a) 

to iron oxide-gold dimers (b), IONC nanobeads (c), IONC 
microcapsules (d) and IONP-gels and aerogels (e) by 
exploiting different structuring and assembly strategies.  
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Immunotherapy is nowadays a powerful strategy in 
cancer therapy with very exciting outcomes. In 
particular, modulation of immune checkpoint 
receptors have gain special attention. These 
immune regulators limit activation and proliferation 
of T cells and other immune cells enrolled in these 
signaling pathways. Under normal conditions, they 
are essential in modulating immune responses; 
however, they are also one of the major 
mechanisms used by tumors to evade immune 
system recognition and destruction. To date, several 
immune checkpoint receptors have been identified 
and used as therapeutics in oncology, as 
programmed cell death protein 1 (PD-1). When 
engaged by one of its ligands (PD ligand 1 (PD-L1) 
and PD ligand 2) PD-1 limits autoimmunity. PD-1 
ligands are upregulated in many human cancers and 
their blockade could lead to activation of T cells and 
therefore enforce tumor recognition. In fact, PD-
1/PD-L1 pathway is one of the most successful 
pathways in the context of clinical cancer 
immunotherapy with several approved drugs. The 
most successful therapies relay on the use of 
antibodies. However, despite their outstanding 
success, they still have numerous disadvantages as 
severe immune-related adverse [1, 2].  
Recently, the hypothesis of small-molecule 
modulators as safer therapeutic alternatives has 
been raised. However, limited efforts have been 
directed toward immune checkpoint receptors. Our 
study is focused on the discovery of small molecules 
targeting PD-L1 that can block PD-1/PD-L1 
interaction in order to overcome antibody therapy 
disadvantages. The limited structural information 
concerning PD-L1 led us to a detailed structural 
characterization based on in silico studies in order to 
assess structural flexibility, gating or binding 
pockets. Following a computer assisted drug 
discovery approach to achieve PD-L1 inhibitors, we 
accomplished a de novo design campaign based on 
the (2-methyl-3-biphenylyl)methanol derivatives 
generating several scaffolds. Potential PD-L1 
inhibitors were selected using several parameters. 
The binding affinity and functionality of selected PD-
L1 inhibitors were assessed on different human and 

mice cancer cell lines by ELISA and Flow 
Cytometry. 
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Figure 1. The crystallographic inhibitor docked and 
superimposed on the 5J89 structure. 
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Sr1-xMnxFe12-yYyO19 (0.0≤x=y≤0.5) nanohexaferrites 
were synthesized through citrate sol-gel auto 
combustion method. Structure, microstructure and 
magnetic properties have been investigated with 
respect to Mn and Y content using XRD, FE-SEM, 
Mossbauer spectroscopy and VSM techniques. The 
magnetic properties of Sr1-xMnxFe12-yYyO19 (0.0 ≤ x=y 
≤ 0.5) were examined. The blocking temperature 
(TB) shifts to lower temperatures with rising Mn2+ and 
Y3+ contents. This is attributed to the decrease of 
particles size with Mn2+ and Y3+ substitutions. The 
AC susceptibility experiments confirmed that the 
magnetic interactions are weakened in substituted 
nanohexaferrites. This is derived from the 
replacement of both Sr2+ and Fe3+ ions by 
respectively Mn2+ and Y3+ ions. From 57Fe 
Mössbauer spectroscopy data, the variation in line 
width, isomer shift, quadrupole splitting and 
hyperfine magnetic field values on Mn and Y 
substitutions have been determined. 
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Figure 1. Room Temperature Mössbauer spectra of 

  Sr1-xMnxYyFe8-yO19 samples 
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DNA nanotechnology is a unique assembly tool to 
engineer structures with accurate control in the 
location of any introduced functionality.[1] 
 

In this regard, fluorophores can be arranged at 
controlled distances into DNA nanostructures to 
investigate molecular processes that occur on the 
nanometer scale based on the Förster resonance 
energy transfer (FRET) mechanism.[2] However, the 
use of this fluorescent pairs in biological samples is 
limited to shallow imaging depths due to the light 
scattering. Photoacoustic tomography (PAT)- a 
recently emerged high resolution modality for in vivo 
imaging that that combines optical excitation with 
ultrasound detection- represents an interesting 
approach to study such processes at centimeter 
depths.[3]  
 

In this respect, we have shown the possibility to 
produce controlled distance dependent 
photoacustics (PA) signal using several DNA helices 
containing Near Infrared (NIR) fluorophore-quencher 
pairs located over a range of different controlled 
distances (Figure 1). Indeed, we have demonstrated 
their potential use to reveal deep FRET processes 
within tissue mimicking phantoms.[4]  
 

We have also proved that PA signal of NIR 
fluorophores can be enhanced by precise 
positioning into DNA nanostructures.[4] This 
property together with their biocompatibility make 
DNA nanostructures very promising as contrast 
agents nanocarriers (NCs) for cancer imaging using 
PAT. Namely, some of our investigated DNA NCs 
bearing NIR fluorophores present superior PA signal 
generation capabilities and tumor accumulation 
when compared to the free fluorophore.  
 

Finally, we have shown that DNA nanostructures 
can be tailored to act as nanoprobes for 
photoacoustics pH imaging using a ratiometric 
approach (Figure 2). Interestingly, these nanoprobes 
work in a pH range relevant for tumour 
microenviroment.[5] 

These reported achievements evidence the multiple 
applications that DNA nanotechnology can offer to 
PA bioimaging.  
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Figures 

 
Figure 1. Scheme and graph showing the enhancement of 
PA signal as the distance between fluorophore and quencher 
attached to a DNA helix is reduced. 
 

high pHlow pH

  
        

Figure 2. Scheme of the pH responsive DNA-based 
nanoprobes and images of samples held in phantoms 
showing the PA signal dependence with pH. 
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Drug release of ibuprofen encapsulated 
biodegradable polymer microspheres have been 
studied in many works [1,2,3]. In the present study, 
ibuprofen release profile from microspheres based 
on blend of poly(lactic acid) (PLA) and poly(lactic-co-
glycolic acid) (PLGA) with poly(vinyl alcohol) as 
emulsifier within a phosphate buffer solution (PBS) 
is determined and compared to drug release profile 
of PLGA microspheres. PBS was selected as media 
since buffer anions seemed to regulate drug release, 
it was prepared using 0,2 M monobasic and 0,2 M 
dibasic sodium phosphate to achieve pH 8 at 37 ºC 
[1]. PLGA-Ibuprofen and PLA/PLGA-Ibuprofen 
microspheres were prepared by oil-in-water 
emulsion solvent evaporation method, the blend of 
50 wt.% PLA and 50 wt.% PLGA is formed by 
physical interactions between them. Once the 
aqueous solutions of microspheres were prepared, a 
centrifugation process following by a drying process 
at 40 ºC during 4 h were carried out to obtain 
microspheres ready for drug release experiments.  
Figure    1 shows both PLGA-Ibuprofen and 
PLA/PLGA-Ibuprofen drug release profiles 
determined by UV-Vis spectroscopy, results indicate 
that microspheres with blended polymers as shell 
material exhibit lower release rate, whereas PLGA-
Ibuprofen achieve its full release at about 5 min, 
PLA/PLGA-Ibuprofen does at approximately 10 min 
from the beginning of experiment, which hints that 
polymer hydrophobicity is a key factor to explain 
ibuprofen release rate; the presence of methyl 
groups in PLA interferes with water penetration into 
the matrix and consequently, reduces rate of 
polymer degradation [4]. Thermogravimetric analysis 
(TGA) was performed from 30 to 700 ºC under 
nitrogen atmosphere on ibuprofen, PLA/PLGA-
Ibuprofen, PLA/PLGA-Ibuprofen after drug release 
experiment in PBS media and PLA/PLGA without 
ibuprofen, first derivative of TGA (DTG) was applied 
to obtain curves in Figure 2. Results state that after 
drug release, signal of degradation stage 
corresponding to ibuprofen diminishes to 
unnoticeable, which corroborates that drug release 
was successfully completed while PLA/PLGA/PVA 
structure remains and exhibits a signal similar to 
blank PLA/PLGA microspheres. 
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Figures 

 
Figure 1. Drug release profiles of PLGA-Ibuprofen and 

PLA/PLGA-Ibuprofen. 

 
 

Figure 2. DTG of Ibuprofen, PLA/PLGA-Ibuprofen, 

PLA/PLGA-Ibuprofen after drug release experiment in PBS 
media and PLA/PLGA microspheres without active principle. 
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Current robotics systems are facing many 
challenges in a world that requires them to adapt to 
different environments and interact with humans and 
other living organisms. For this reason, many recent 
advances in material science have opened up the 
possibility of combining biological systems with 
artificial materials to obtain hybrid bio-robotic 
devices that can offer complex capabilities, like self-
healing, high adaptability and response to different 
stimuli.1 Several groups have developed hybrid bio-
actuators based on cardiac2 and skeletal muscle 
cells,3 which, in particular, have shown three-
dimensional architectures and some of the 
commented complex behaviours. 
 
In parallel, the 3D bioprinting technique has 
emerged as a powerful tool for the development of 
functional three-dimensional tissues and, in 
particular, skeletal muscle tissue.4 Although 3D 
printing of artificial materials has been used to 
fabricate scaffolds or molds for hybrid bio-actuators, 
3D bioprinting of skeletal muscle tissue, together 
with soft skeletons, has not been reported in the field 
of hybrid bio-robotics. Here, we present our recent 
advances in the fabrication of 3D bioprinted hybrid 
bio-actuators based on skeletal muscle tissue, 
taking advantage of the unique versatility, rapid-
prototyping and simplicity of the technique.5 We 
report a full characterization and optimization of the 
printing from the material point of view, but also 
paying special attention to the biocompatibility, as 
well as differentiation, maturation and alignment of 
cells inside the bioprinted hydrogel.  
 
We take advantage of the multi-material printing 
capabilities of the technique to 3D-bioprint a hybrid 
biological actuator whose contractions can be 
completely controlled by external electric fields. We 
prove the adaptability of the hybrid bio-actuator 
applying training protocols at different frequencies 
and with different stiffnesses of the mechanical 
constraints. By analysing the expression of 
maturation-related proteins and the evolution of the 
force with time, we find that these bio-actuators can 

adapt to the requirements of the performance 
according in several ways. In particular, medium 
frequencies show the greater improvement beyond 
the natural maturation, while low and high 
frequencies cannot produce a sufficiently large 
improvement. These results will help understand the 
training capabilities of future bio-hybrid actuators 
and acquire basic knowledge on the behaviour of 
3D-engineered skeletal muscle tissue.  
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Figures 
 

 

Figure 1. a) Image of a 3D-bioprinted bio-actuator composed 

of two PDMS posts and a skeletal muscle tissue ring. b) After 
applying electric pulse stimulation, the force exerted by the 
tissue can be calculated by measuring the deflection of the 
posts, c) and its evolution with time can be studied. 
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The ability to rapidly quantify the elemental 
concentration of individual cells, as well as the 
distribution in concentration throughout the cell 
population, has been a limiting factor in life science 
applications focusing on uptake rates, bioavailability, 
and bioaccumulation for drug delivery and toxicity 
assessment. Traditional methods for measuring 
uptake rates can be a time-consuming process with 
long instrument analysis and sample preparation 
time, often leading to qualitative or population-
averaged results. We present a new technique, 
Single Cell ICP-MS (SC-ICP-MS), which is capable 
of quantifying this offering a unique opportunity to 
quantitatively measure the metal content in 
individual cells, unveiling new capabilities to study 
intrinsic metals and the uptake of dissolved (ionic) 
and nanoparticulate metals into cells, providing new 
insights into drug delivery, toxicity assessment, 
bioavailability, and bioaccumulation mechanisms. 
Here we provide insights into the uptake of cisplatin 
into ovarian cancer lines as well as nanoparticles 
into algae cells to show the power of this technique 
for the development of targeted drugs and the 
toxicity of metals to environmental systems, giving 
fast and in-depth information on the mass and 
distribution mass of metals in cells that can be linked 
to biological cellular responses. 
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Figures 

 
Figure 1. Platinum content distribution in A2780-CP70 
ovarian cancer cell line exposed to 1 and 4 hours of Cisplatin. 
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Our research focuses on the development of novel 
fit-for-purpose electrochemical sensing tools, which 
exploit the use of chemically and mechanically 
stable synthetic materials to design nanostructured 
biosensors [1,2]. Materials that can easily tailor their 
electrochemical properties and morphological 
features (Figure 1), are highly desired.  
Our recent research has led to the creation of the 
next generation of highly versatile electrochemical 
biosensing platforms by harnessing silicon 
fabrication and modification methods [3,4,5]. These 
novel structures feature major advantages for 
electrochemical analysis, such as high surface-to-
volume ratio, unique charge transport properties, 
control over morphological features, even in 
multilayered configurations, and ease of surface 
modification and control of the electric properties. 
We have produced arrays of nanoneedles intended 
to be used as wearable sensors, and porous 
membrane-based electrochemical biosensors that 
have been successfully used for the label-free 
detection of DNA, toxins and even whole viruses 
(Figures 2 & 3). 
This new set of porous silicon-based nanostructures 
is designed to unlock new sensing paradigms and 
potentially achieve greater sensitivities and shorter 
analysis times, providing solutions for 
environmental, biosecurity and healthcare issues. 
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Figure 1. Porous silicon structures prepared by 

electrochemical anodisation (A), and metal-assisted chemical 
etching (B) and (C). 
 
 
 

 
 
 

 
 
 
 
 
Figure 2. Fabrication and functionalisation of a porous silicon 

membrane-based immunosensing platform for the 
electrochemical detection of MS2 bacteriophage, used as 
model of enteric viruses. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. (A) Scheme of the sensing mechanism based on 

electrochemically measuring the partial nanopore blockage 
caused upon analyte binding. (B) Effect of the pore size of a 
porous silicon membrane attached onto a gold electrode, on 
the differential pulse voltammetry signal measured upon 
incubation of increasing concentrations of MS2 
bacteriophage. 
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The formation of new blood vessels is fundamental 
for the supply of nutrients and oxygen to cancer cells 
and greatly contributes to tumor progression, 
invasion and metastasis [1, 2]. “Angiogenic switch” 
in tumors is strictly related to the secretion of pro-
angiogenic factors such as Vascular Endothelial 
Growth Factor (VEGF). Over-expression of FLT1, a 
subtype receptor of VEGFr family, has been 
correlated with severe disease progression and poor 
prognosis, as well as metastasis and cancer 
recurrence in humans [3]. 
 
In the past thirty years, nanotechnology has been 
proposed as a valuable tool to target 
chemotherapeutics to solid tumors with the goal to 
improve response, to alleviate side effects as well as 
to overcome multidrug resistance. Polymeric 
nanoparticles (NPs) are in the limelight in cancer 
nanotechnology due to the advantages of prompt 
manipulation of the overall features (size, surface, 
release rate, biodegradability) through appropriate 
tailoring of the chemistry of building blocks.  
Here we combine the concept of limiting 
angiogenesis to the delivery of a lipophilic 
chemotherapeutic through multifunctional NPs with 
the final aim to ameliorate antitumor efficacy. To this 
purpose biodegradable NPs bearing an 
antiangiogenic anti-FLT1 hexapeptide on the surface 
and transporting Docetaxel (DTX) in the core were 
developed.  
 

Amphiphilic diblock (DBL) poly(-caprolactone)-
polyethyleneglycol (PCL-PEG1500) copolymers 
conjugated with an anti-FLT1 peptide (GNQWFI-
NH2) at PEG-OH end where synthesized and 
characterized. This copolymer was mixed in 
appropriate ratios with unmodified PCL-PEG to give 
core-shell NPs entrapping DTX by nanoprecipitation 
(Fig. 1). NPs of PCL-PEG were produced as control. 
NPs antiangiogenic properties were evaluated by 
endothelial tube formation assay in endothelial cells 
(HUVEC). Cytotoxicity was evaluated in a triple 
negative breast cancer cell line (MDA-MB-231). 
Finally, activity of NPs was tested in chicken embryo 
chorioallantoic membranes (CAMs) previously 

xenografted with MDA-MB-231 cells. On 9-days old 
CAMs, MDA-MB-231 cell tumors were treated once 
a day, for a total of five days, with free DTX or 

loaded in NPs in the concentration of 1 M/day. 
 
 
 

 
 
Fig. 1. Composition of NPs employed for the study. 

 
Formulation parameters were selected to give NPs 
with a size around 100 nm and entrapping DTX with 
high efficiency, thus sustaining its release along time 
in simulated biological conditions. anti-FLT1 was 
partly confined to the surface of NPs and located 
amid PEG chains.  A soft protein corona was formed 
around NPs in human serum. 

 

 
 
Fig. 2. In vitro tube formation assay in HUVEC cells. 

Representative images and summary of results on percent 
inhibition of tube formation after cell incubation for 16 h 

with 5 g/ml of DTX free or delivered in NPs.  
 
 

anti-FLT1-NPs were internalized in HUVEC through 
VEGFR1 receptor and found more antiangiogenic 
than free peptide at equivalent peptide 
concentrations. Moreover, the loading of the 
chemodrug potentiated the inhibition of formation of 
properly conformed tubes in vitro (Fig. 2). 
Concerning cytotoxicity, DTX delivered by NPs 
showed a clear dose-dependent cell mortality in both 
HUVEC and MDA-MB-231, reaching 20% of cell 
survival after 72 h of treatment.   
Finally, we tested the formulations in MDA-MB-231 
cells xenografted on CAMs. In this model, 
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antiangiogenic properties of anti-FLT1-NPs were 
found to be statistically comparable to free DTX, 
while an anticancer effect higher than that of free 
DTX and fully PEGylated NPs was found.  
 
Taken together, these results point at anti-FLT1 NPs 
as a novel platform to potentiate anticancer activity 
of DTX in highly resistant triple negative breast 
cancer. 
 
This work was supported by Italian Association for 
Cancer Research (IG2014 #15764). 
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The Lagmuir-Blodgett technique (LB) has been used 
to fabricate biomimetic lipid membranes in order to 
investigate in an easier way the lipid-lipid 
interactions and the processes that take place at the 
membrane level.  With this aim, mixed monolayer LB 
films of 1,2-dipalmitoyl-sn-glycero-3-phosphocholine 
(DPPC) and cholesterol (Chol) in the 1:1 ratio have 
been prepared onto solid mica substrates by means 
of LB. Upon immersion in water or in an aqueous 
HEPES solution (pH 7.4) the monolayer LB films 
were spontaneously converted into well-organized 
bilayers leaving free mica areas in between [1]. The 
process has been demonstrated to be reversible 
upon removal of the aqueous solution resulting thus 
in remarkably free of defects monolayers. The latter 
process has been summarized in Figure 1. In 
addition, the nanomechanical properties exhibited by 
the as-formed bilayers have been determined by 
means of AFM breakthrough force studies which 
allow studying the local properties of the mimic 
membranes in a quantitative way with the possibility 
of controlling the environmental conditions [2]. The 
bilayers formed by immersion of the monolayer in an 
aqueous media exhibit nanomechanical properties 
and stability under compression analogue to those 
of DPPC:Chol supported bilayers obtained by other 
methods previously described in the literature [3]. 
Consequently, the hydration of a monolayer LB film 
has been revealed as an easy method to produce 
well-ordered bilayers that mimic the cell membrane 
and that could be used then as model cell 
membranes. 
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Figures 
 

 
 

Figure 1. Scheme of the reversible transition from monolayer 

to bilayer and subsequent transition to monolayer after 
drying. 
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Abstract  
I+Med, the Company 

i+Med is an innovative and technologically 
company established in 2014 and structured as a 
cooperative, in the field of development and 
commercialization of biomedicine solutions based on 
nanohydrogels for the controlled release of drugs, 
vitamins, growth factors and other compounds of 
interest. Within its business objectives, it also 
intends to develop new production methods, 
adapted to new technologies. i+Med has an 
innovative character and can design, develop and 
manufacture new products in the field of biomedical 
engineering, thanks to the research expertise of the 
team and their experience not just in the 
development of the product and manufacture but 
also in the quality assurance and medical device 
certification.  

In i+Med we develop our own products and also 
we develop drug products and medical devices for 
third parties in the field of encapsulation, 
vehiculization and controlled release based on our 
technologies. The company is the owner of two 
patents about nanogels for biomedical applications, 
and manufactures medical devices with CE Mark 
and following the European regulation 2017/745. We 
are certified and manufacturers by the Spanish 
Agency of Drugs and Medical Devices (AEMPS).  
 
Competitive Advantages 
Development of different types of polymeric matrices 
that can integrate many properties in one product: 

 Time: less recovery time of the patient 

 Usability: Easy to use 

 Packaging: ergonomic, safe.  

 Morphology/structure/formulation: adaptable 
polymers depending on final application 

 Patient/final user: Better recovery, improvement 
in quality of life  

 Ratio cost/profit: profitable. 

 controlled release of drugs over conventional 
pharmacological treatments: greater control of 
the dose (quantity and frequency), prevents 
overdoses, increases the effectiveness of the 
treatment and minimizes the side effects, the 
periods of treatment and monitoring of the patient 
and the pharmaceutical expenditure. 

 
Our R+D projects / research lines 
Four selected projects are described herein: 

1.- Biomimetic nanohydroxyapatite (nHAp): (Fig.1) 
nHAp is a natural mineral produced by the organism. 
I+Med has applied a synthesis method that mimics 
the physiologic biosynthesis conditions to get 
biomimetic nanoparticles avoiding toxic residues. 
The product will be used as active ingredient with 
remineralizing and antibacterial properties to be 
applied in Odontology. The main properties apart 
from the nanometric size that helps to get better into 
the inner layers of the enamel, is their spherical 
shape to increase the biocompatibility. 
 
2.- Long-lasting eye drops: (Fig 2) 
I+Med has developed long-lasting eye drops to treat 
dry eye syndrome. They are made of a viscoelastic 
hydrogel formulation with highly mucoadhesive 
properties that extend the treatment up to 12 hours. 
These drops have humectant and lubricating 
properties and also release in a controlled way a 
natural antiinflamatory ingredient, the ectoin. The 
innovative packaging avoids the use of 
preservatives that can affect negatively the ocular 
surface in chronic treatments. 
 
3.- Therapeutic coatings for advanced biomedical 
products: (Fig.3) 
Biodegradable polymeric coatings with controlled 
load and release properties of antibiotic ingredients 
in cardiac stimulating devices (CEDs o 
pacemakers). The risk of post-surgical infections 
and the need to remove the implanted device is the 
origin of this project. 
It is based in the combination of hydrogels 
technology combined with anchoring monolayers 
covalently bonded to the surface of the device, to 
get a protective physical barrier against bacteria and 
biofilm formation, with hydrophilic character and 
controlled release properties to prevent from 
potential post-surgical infections.  
The coatings are characterized by ATR-FTIR, NMR, 
XPS, electronic microscopy, contact angle, 
biocompatibility, etc. 
 
4.- Ophthalmic Viscoelastic Device (OVD): (Table 1) 
Our own product developed for ophthalmic 
surgeries, such as cataracts to be used as 
replacement of aqueous humour. It is made of high 
molecular weight Hyaluronic acid solution at specific 
concentrations to get the required viscoelastic 
properties 
 
 
 

Figures 
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Espectro de Rayos X (XRD) de nHAp 

 
Figure 1. XRD spectra of the obtained nHAp 

 
Figure 2. In vitro release profile of the ectoin for 24h. In 6h 

50% of the total amount is released, and a 75-80% in the first 
12h.  

 
 
Figure 3. Contact angle measurement of a flat sample 

coated (left) and uncoated (right): a decrease in contact angle 
after coating is observed, which means an increase in 
wettability. 

 

 
Table 1. Properties of the different models of OpHLINE 

product. 
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The development of BRAF inhibitors (BRAFi) 

targeting the V600E mutation in the BRAF gene, and 

their use in combination with MEK inhibitors (MEKi) 

result in a marked improvement compared to the 

monotherapy of BRAFi1. In parallel, immune 

checkpoint therapy significantly enhanced the 

clinical outcome of melanoma treatment compared 

to standard therapy2. However, results are far from 

the initially expected, mainly due to the complex 

mechanisms behind anti-tumor immunity and cancer 

resistance. The combination of complementary 

approaches, such as cancer nano-vaccines, immune 

checkpoint modulators and BRAF and MEK -

targeted nano-sized drugs can improve the clinical 

outcome. The pre-clinical development of these 

therapies suffers from the lack of proper metastatic 

melanoma immunocompetent models to predict their 

behaviour in clinical settings. Therefore, we 

developed a spheroid model formed of BRAF-

mutated melanoma cells and their microenvironment 

to evaluate the effect of the developed 

combinational therapies.  

In our study, C57BL/6 mice were immunized with 3 

weekly injections of poly(lactic-co-glycolic acid) and 

poly(lactic acid)-based cancer nano-vaccine bearing 

antigenic peptides. The splenocytes were isolated 

following an immunization protocol. Multicellular 

spheroids were obtained using the hanging-drop 

method3, with mCherry-labeled D4M.3A murine 

melanoma, astrocytes and GFP-labelled endothelial 

cells isolated from C57BL/6 mice. Spheroids were 

then embedded in reduced matrigel in the presence 

and in the absence of splenocytes isolated either 

from healthy naïve, immunized, or D4M.3A 

subcutaneous tumor-bearing C57BL/6 mice, seeded 

in a 96-well plate and treated with monotherapy or 

combination of immune checkpoint modulators, 

poly(lactic-co-glycolic acid)-based nanoparticles 

bearing BRAFi and MEKi or poly(glutamic acid)-

based polymer therapeutic bearing BRAFi and 

MEKi.  

We obtained spheroids mimicking the primary 

tumors with BRAF-mutated D4M.3A cells and 

stromal cells and evaluated the inhibition of 

sprouting and invasion in the presence of different 

targeted monotherapies and combinations of 

polymeric nanomedicines. All the different spheroids 

were embedded in matrigel containing splenocytes 

isolated from immunized, naïve or melanoma-

bearing mice. Endothelial sprouting and cancer cell 

invasion were inhibited following treatment with 

immune checkpoint modulators and targeted therapy 

combinations. Confocal analysis of spheroids 48 

hours after treatment allowed for the identification of 

the morphological and migration properties of the 

cancer cells, and for the identification of the different 

subpopulations of T cells, immune checkpoint 

receptors and their response to treatment. 

 We developed a method to efficiently evaluate and 

screen combinational therapies for primary and 

metastatic melanoma treatment. We hope this 

method will enable us to accurately predict the 

response to treatment, while reducing the number of 

mice required for the preclinical evaluation of 

polymeric precision nanomedicines. 
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Figures 

 
Figure 1. Biodegradable polymer-drug conjugate bearing 

BRAFi + MEKi inhibits murine and human melanoma cell 
sprouting 
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Nitric oxide (NO) is a small, inorganic free radical 
that plays a multiple role in human physiology and 
pathophysiology.[1] NO is involved in a number of 
biological processes, such as vasodilation, platelet 
aggregation, neurotransmission, and macrophage-
mediated immunity. NO plays also a key role in 
tumour biology where it displays either stimulatory or 
inhibitory effects on cancer progression and 
metastasis. These effects are strictly depending on 
several factors including concentration and dose.[2] 
NO-donors are products that can release NO under 
physiological conditions, and that can consequently 
be used as NO-prodrugs. Classical NO-donors, such 
as S-nitrosopenicillamine, and S-nitrosoglutathione 
were able to reduce the efflux of the anticancer drug 
Doxorubicin (DOX) in human cancer cells.[3] The 
mechanism responsible for this effect is the nitration 
of critical tyrosine residues of P-gp, ABCB1, and 
MRPs/ABCCs transporters. On these bases, new 
DOX derivatives have been proposed in which 
moieties containing NO-releasing groups are 
covalently linked to DOX. Some of these products 
can overcome multidrug resistance (MDR) by 
inhibiting the ABC transporters that extrude the drug. 
However, these NO donors have different NO 
release kinetics, and spatiotemporal control is totally 
lacking. This makes it necessary to use high 
concentrations of the NO donors and prolong their 
incubation time to reach an intracellular 
concentration sufficient for protein nitration.  Light is 
a powerful and minimally invasive “microsyringe” for 
the injection of NO into biological systems, with 
excellent spatiotemporal accuracy, using suitable 
NO photodonors (NOPs).[4,5] These compounds must 
satisfy several prerequisites for bio-application, 
including excitation with visible light, and formation 

of non-toxic and non-visible-light-absorbing side 
photoproducts.  
In this contribution, we report engineered 
combination of NOPs with DOX as such, covalently 
linked or delivered through polymeric nanoparticles 
as innovative strategy to overcome the main 
drawbacks of DOX. We show that photoregulation of 
NO release at doses not toxic to cells, but able to 
inhibit several efflux pumps that are mainly 
responsible for MDR, may be a suitable approach 
not only to potentiate the anticancer activity of DOX, 
but also to reduce its toxicity towards healthy cells 
such as cardiomyocytes and fibroblasts (Figure 1).  
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Figure 1. Potentiated anticancer activity of DOX through 

release of NO from NOP regulated by visible light stimuli. 
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Tropical illnesses are frequent infections in tropical 
and subtropical regions from Africa, Asia and 
America, that affect specially to low-income persons 
in developing countries, while in Europe only affect 
to turist that travel to these zones. The study is 
focused to investigate hidatidosis, leishmaniosis and 
dengue, all of them included in the 17 deseases not 
attended by the World Health Organisation. 
The research will be based in analysis of breath 
samples, easy to obtain and don´t represent any 
discomfort or risk for the pacient´s health. For this 
project will be taken samples from pacients already 
diagnosticated with one of these illnesses and from 
pacients with other tropical diseases to establish the 
control group. Analysis will be done through 
chemical analytic processes to identify biomarkers. 
After this will be developed chemical steam sensors 
with hight affinity, selecting the most appropiate 
sensible nanomaterials. Researchers will analyse 
different techniques (resistive sensors, transistors, 
sensors to mesure changes in weight, infrared 
spectroscopy, etc) and finally will be developed one 
integrated prototype using the best techniques. 
During the last six months the prototype will be 
tested in different hospitals from Africa and America. 
This project aims at demonstrating the feasibility of a 
non-invasive, safe and patient-friendly methodology 
for on-site rapid diagnosis of tropical diseases. The 
proposed approach is based on breath samples 
analyses, which are easy to obtain and present no 
discomfort or risk for patients health. In this study 
will be enrolled patients with three different types of 
neglected tropical diseases (Hydatidosis, 
Leishmaniasis and Dengue) from different 
geographical locations (Europe, South America and 
Maghreb). Breath sampling will follow a 
standardised procedure. Analytical chemistry 
methods will be employed for the identification of the 
breath volatile biomarkers of these diseases. A pool 
of potential nanomaterials with high affinity towards 
the identified VOCs will be selected (e.g., gold 
nanoparticles, carbon nanotubes and 
semiconducting nanowires, either pristine or 
functionalised with selected hydrophobic organic 
molecules and/or biomolecules). 

For maximising the possibility of success of our 
methodology, we will investigate the synergic effect 
of 
different advanced and complementary chemical 
sensing techniques: Mid-Infrared Quantum Cascade 
Laser 
spectroscopy and different types of Chemical Gas 
Sensors devices. These techniques are particularly 
attractive, since they can be miniaturised and are 
suitable for building on-site portable systems. 
Advanced pattern recognition algorithms will be 
employed for building discriminative models for the 
identification of the fingerprints of the different 
tropical diseases studied, and multisensors data 
fusion will be then applied for obtaining enhanced 
resulyts. A point of care prototype will be proposed 
on the basis of the results obtained and validated 
on-site. 
By our deeply involvement as system integrator of 
TROPSENSE device under Marie-Curie H2020 
project have performed successfully also following 
objectives : 
1. To develop a non-invasive and safely 
methodology for the early and fast diagnosis of 
tropical deseases 
2. The simptoms of these diseases are difficult to 
identify. The main project´s objective is to obtain a 
fast tool, inexpensive, portable, non-invasive and 
easy to use for the diagnosis of these deseases. 
 
 
 
 

Figures 

 
Figure 1. Analysis of breath samples composition 
 

 
Figure 2. Schematic representation of the point-of-care 

prototype 
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Nanocelluloses are cellulosic products with at least 
one dimension in the nanoscale. Nanocellulose can 
be extracted from natural sources like wood, cotton 
or algae but it can also be directly produced by 
microorganisms [1].  

 
Bacterial nanocellulose (BNC) is a biopolymer 
naturally synthesized and secreted by 
Komagataeibacter xylinus that forms a 3D-network 
of pure cellulose nanofibres (Image 1) resembling 
the structure of collagen. BNC exhibits attractive 
properties for biomedical applications such as high 
liquid holding capacity, high tensile strength, 
flexibility and porosity [2]. On the other hand, there 
are still a limited number of natural biomaterials that 
meet all the requirements to fit in the regenerative 
medicine settings. Thus, our goal is to develop 
versatile and portable supports based on BNC for 
cell-manipulation, envisioning regenerative medicine 
applications.  
 
The BNC pellicles were obtained after 3-day static 
cultures of Komagataeibacter xylinus. The BNC films 
were then thoroughly washed and autoclaved 
(Image 2b) before being used for culturing human 
dermal fibroblasts. When appropriate, BNC was 
functionalized with TiO2 nanoparticles by a 
microwave-assisted method [3]. Attachment, 
morphology, distribution and growth kinetics of cells 
cultured on these BNC-based supports were studied 
by cell viability assays and confocal microscope 
imaging.  
 
Firstly, structural characterization of BNC and BNC 

functionalized with TiO2 nanoparticles (BNC/TiO2) 

will be presented. Then, we will show in detail that 

both BNC and BNC/TiO2 films support the 

attachment and proliferation of human dermal 

fibroblasts (Image 2c). Growth kinetics on BNC 

substrates is very similar to that on culture plates 

with the advantage of representing a transportable 

platform for adherent cells. Moreover, cell 

morphology studies showing that fibroblasts exhibit 

their expected phenotype on BNC and BNC/TiO2 

substrates (Image 2a) will be presented. Altogether, 

our data point out that BNC is a promising and 

versatile biomaterial to be used i.e. as a cell carrier 

in cell transplantation therapies and that BNC 

functionalization with model functional nanoparticles 

(TiO2) does not alter its properties.  
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Figures 

 
 
Figure: Image 1 shows a scanning microscope image of the 

bacterial nanocellulose fibres. Image 2a and 2c depict human 
dermal fibroblast growing on top of bacterial nanocellulose 
substrates at different magnifications under confocal 
microscope. 2b corresponds to a digital picture of the 
bacterial nanocellulose hydrogels used in our research.  
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Biocatalytic micro- and nanoswimmers are able to 
navigate due to the enzymatic conversion of 
substrates into products.1 Biocatalysis offers a 
unique combination of properties, such as 
biocompatibility, bioavailability and versatility, 
making it greatly appealing for certain biomedical 
applications.2 However, to make these 
implementations feasible, a deeper understanding 
on the fundamental aspects that rule self-propulsion 
is still required. We have focused our research on 
the role of the enzyme type, quantity and 
distribution. 
In order to achieve active motion, asymmetry has 
been claimed to be crucial3, yet an enhanced 
Brownian diffusion (self-propulsion) has been 
reported for non-Janus nanoparticles.4 In this 
project, the effect of enzyme quantity and 
distribution was investigated with stochastically 
optical reconstruction microscopy (STORM) to 
detect single enzymes on polystyrene 
microswimmers with and without an outer silica 
surface.5 The binding efficiency was observed to be 
significantly higher on the rough silica, although both 
present a non-homogeneous enzyme distribution. 
This was correlated with the propulsive force 
measured using optical tweezers and the speeds 
produced by these forces, which were obtained 
through optical tracking. 
We also tested the capacity of different enzymes to 
study the versatility of such systems.  
Acetylcholinesterase (AChE), glucose oxidase 
(GOx) and aldolase (ALS) were used to propel 
hollow silica microcapsules and the motion behavior 
was compared with microswimmers powered by 
urease (UR). The motion behavior appeared to be 
strongly dependent on the enzyme type and its 
intrinsic properties. The different enzymes are 
studied to elucidate what are the relevant enzymatic 
parameters ruling self-propulsion. Among these 
properties, the catalytic rate appeared to be a key 
factor for the generation of active motion, which was 

further confirmed by exposing urease 
microswimmers to a competitive reversible inhibitor. 
These results provide new insights on the underlying 
mechanism of active motion and on the intelligent 
design of enzymatic micro- and nanoswimmers. 
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Figures 

 
Figure 1. A) Comparison between the conventional 
fluorescence and STORM images. SEM micrographs of B) 
PS- and C) PS@SiO2-microswimmers. STORM single-
molecule detection of urease on the D) PS- and E) PS@SiO2- 
microswimmers’ surface. F) Average velocities of different 
enzymatic microswimmers. Inset: Representative tracking 
trajectories of the microswimmers. G) Average velocity of 
urease microswimmers, extracted from the MSD analysis, for 
different inhibitor concentrations with substrate (urea) present 
in excess (500 mM). Inset: Correlation of velocity with 
enzymatic activity depending on inhibition. 
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The imaging of intracellular pathogens inside host 
cells is complicated by the low resolution and 
sensitivity of fluorescence microscopy and by the 
lack of ultrastructural information to visualize the 
pathogens. Herein, we present a new method to 
visualize these pathogens during infection that 
circumvents these problems: by using a metabolic 
hijacking approach to bioorthogonally label the 
intracellular pathogen Salmonella typhimurium and 
by using these bioorthogonal groups to introduce 
fluorophores compatible with stochastic optical 
reconstruction microscopy (STORM) and placing 
this in a correlative light electron microscopy (CLEM) 
workflow, the pathogen can be imaged within its 
host cell context with a resolution of 20 nm. This 
STORM-CLEM approach thus presents a new 
approach to understand these pathogens during 
infection[1]. 
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Figure 1. Cover feature of publication. 

 
 
 

 

 
 

Figure 2. Graphical illustration of the newly developed 

STORM-CLEM technique on bioorthogonally labeled 
pathogenic bacteria, inside host immune cells. 
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Nanotechnology is an emerging field that predicts 
good perspectives in many biomedical or industrial 
applications. For this reason, the presence of 
nanoparticles in the environment is spectacularly 
rising and thus the human exposure. Therefore, we 
have to make a deep research on the action of 
molecular mechanisms that are under the effect of 
these nanoparticles to achieve a better 
understanding of their exposure associated risks in 
regard to human’s health.  
MicroRNAs (miRs) are small non-coding single-
strand RNA molecules of 20-24 nucleotides-long, 
which main function is posttranscriptional regulation 
of gene expression. They participate in numerous 
biological processes, such as cancer, inflammatory 
processes, etc.  Consequently, changes in their 
expression can serve as biomarkers for early 
detection of tumoral phenotype.  
The main objective of this study is to establish if 
there are expression changes in a battery of 
microRNAs related to cancer and other processes 
that can lead cell stress after an in vitro long-term 
low-dose exposure to nanomaterials. We choose 
these methodologies (long-term, low doses) to try to 
get closer to what happens in reality. In addition, cell 
transformation caused by the nanomaterials used 
was proven by previous long-term exposure studies.   
For that purpose, Human lung epithelial BEAS 2B 
cells were exposed chronically during different times 
and doses to different nanomaterials, specifically, 
titanium dioxide nanoparticles (nano-TiO2) and multi 
walled carbon nanotubes (MWCNT). Then, the cells 
were collected before and after the tumoral-like 
phenotype acquisition and changes in the 
microRNAs expression were evaluated by qPCR 
technique. This study revealed changes in the 
microRNAs expression during the long term 
exposure and at the different doses.   
In conclusion, some of the microRNAs evaluated are 
not useful as biomarkers. Nevertheless, some others 
show different microRNA expression before and 
after the acquisition of the tumoral-like phenotype. 
Therefore, we propose that they can be useful 
biomarkers for the establishment of tumoral-like 
phenotype or as exposure biomarkers. 
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Figure 1. MicroRNA expression changes of cells treated with 
TiO2-NPs with ssignificant changes in the late stages, 
indicating the transformation process. P [0’01,0’05]; **P 
[0’001,0’01]; *** P [0, 0’001].   
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Figure 2. MicroRNA expression changes of cells treated with 
TiO2-NPs with significant changes since early stages, 
indicating being sensitive to the NM exposure. P [0’01,0’05]; 
**P [0’001,0’01]; *** P [0, 0’001].    
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Figure 3. MicroRNA expression changes of cells treated with 
MWCNT with ssignificant changes in the late stages, 
indicating the transformation process. P [0’01,0’05]; **P 
[0’001,0’01]; *** P [0, 0’001].   
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Figure 4. MicroRNA expression changes of cells treated with 
MWCNT with ssignificant changes in the late stages, 
indicating the transformation process. P [0’01,0’05]; **P 
[0’001,0’01]; *** P [0, 0’001].   
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The use of Generally Regarded as Safe (GRAS) 
bacteria as cell factories for the recombinant protein 
production is taking on increasing importance [1,2]. 
In contrast with the traditional systems such as 
Escherichia coli, GRAS-derived products show 
relevant advantages. The absence of endotoxins in 
these products is one of the main advantages, 
especially if the recombinant proteins have to be 
used for therapeutic purposes. In this context, 
Lactococcus lactis have been broadly explored in 
the last years as a promising microbial cell factory 
for protein production purposes [3,4]. Aiming to 
expand the catalogue of GRAS recombinant 
systems, we have explored the possibilities of 
Lactobacillus plantarum as expression system. 
Although the production of soluble proteins has 
already been described in this microorganism [5-7], 
the formation of protein-based nanoparticles has 
been never explored in this GRAS microorganism. 
Thus, the aim of this work has been focused in the 
study of the production of both soluble and 
nanoparticulated formats of metalloproteinase 9 
(MMP-9), which is a relevant protein in the immune 
response and in tissue remodeling processes. 
The first step accomplished has been the cloning of 
the gene of interest in L. plantarum. Specifically, we 
have used pSIP plasmid and L. plantarum NC8 
strain. After that, we have evaluated the production 
of soluble MMP-9 and MMP-9 nanoparticles, 
observing an aggregation rate of 99,3%. At this 
point, we have proven for the first time that it is 
possible to produce L. plantarum nanoparticles and 
use them for the isolation of pure and functional 
soluble protein. In addition, we have also seen that 
these nanoparticles are active and can be used in 
this appealing format. 

Thus, these results prove that L. plantarum can be 
used as a new platform for the production of 
functional, endotoxin-free protein-based 
nanoparticles that can be used not only to produce 
these nanoparticles but also for the isolation of 
functional soluble proteins. 
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Figure 1. Protein production in Lactobacillus plantarum. 
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Drug targeting and drug delivery together with 
magnetic recording and storage are among the 
novel applications developed when nanostructured 
magnetic materials achieved at the nanoscale. 
Nanocrystals (NCs) usage allows control of 
crystallinity; enables facet and morphology 
engineering that is beneficial for improving of 
magnetic performance. However, the efficient 
performance is determined by NC implementation 
strategy along with the proper surface chemistry that 
allows maintaining peculiar NCs properties at the 
nanoscale and results into improved efficiency at 
macroscale. Assembly of NCs into gels and 
aerogels provides preserving intrinsic NC properties 
while obtaining porous nanomaterials with high 
crystallinity, tuned composition and controlled 
surface facets at the macroscale resulting in 
improved performance. At the same time 
mesoporous gels and aerogels show high 
accessible surface area that they provide to reactive 
species and fluids.  
Iron oxide NCs are of great importance which mainly 
attributed to their magnetic behaviour under certain 
conditions. Nanostructuration and amplified surface 
area of NC-based aerogel can boost the 
performance of iron oxide NC building blocks and 
facilitate their usage for application where interaction 
with the media is crucial, including biomedical 
application, sensing, separation, decontamination, 
catalysis, etc.  
We present a novel method to produce crystalline 
oxide aerogels which is based on the cross-linking of 
preformed colloidal NCs triggered by propylene 
oxide (PO) [1]. Iron oxide colloidal NCs with tuned 
sizes were produced in solution from the 
decomposition of a suitable salt in the presence of 
oleic acid [2]. The native surface ligands were 
replaced by amino acids, rendering the NCs 
colloidally stable in polar solvents [3]. The NC 
colloidal solution was then gelled by adding PO, 
which gradually stripped the ligands from the NC 
surface, triggering NC assembly. Such aerogels 
displayed both high surface areas and excellent 
crystallinity associated with the crystalline nature of 
the constituent building blocks, even without any 
annealing step. Due to well-defined crystallographic  
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Figure 1. Optical photographs and SEM image of NC-based 

iron oxide aerogel (a-b). Optical photographs of the aerogels 
produced using sol-gel approach, shoving 50% shrinkage 
after annealing at 400 °C (c). SEM image of the sol-gel based 
aerogel (d). Magnetic hysteresis loops at room temperature 
of as-produced aerogels (e). Adsorption and desorption 
isotherms of iron oxide aerogels obtained after thermal 
treatment (f) 

 
structure, such NC-based iron oxide aerogels 
showed already excellent magnetic behavior without 
necessity of further heat treatment, required to 
transform the amorphous into crystalline structure of 
aerogels produced from ionic precursors using 
conventional sol-gel chemistry. 
Developed procedure, allows to produce aerogels 
with precise control over the magnetic properties 
which show appealing properties for hyperthermia 
applications. Moreover, assembled iron oxide NCs 
into aerogel being highly magnetic can demonstrate 
a great promise as reusable electrodes for 
application related with environmental remediation. 
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Production of singlet oxygen is a major component 
of anticancer and antimicrobial PDT.[1,2] Its facile 
generation by photosensitisation, together with its 
high reactivity against a wide variety of cellular and 
tissue components, make singlet oxygen a highly 
attractive species for oxidation-based treatment of 
localised diseases.[3] The amount of singlet oxygen 
actually produced during PDT depends on several 
variables and is therefore difficult to control, which 
detracts from the efficacy and safety of PDT 
treatments.[4] Developing tools for monitoring singlet 
oxygen during treatments can contribute to improve 
the clinical outcome. As part of our efforts towards 
this end, we report herewith the results in the 
development of fluorescent nanoprobes and their 
performance in cells.[5-7]  
 
Under that purpose, a number of nanoprobes for 
singlet oxygen detection in biological systems have 
been developed, namely a polyacrylamide-based 
biocompatible fluorescent nanoprobe (nanoSOSG), 
the mesoporous silica-bound Anthracene 
DiPropionic Acid (nanoADPA) and dichloro-dihydro-
fluorescein diacetate (nanoDCFH-DA). The reactivity 
against singlet oxygen has been optimized by 
choosing appropriate linkers. The nanoparticle 
scaffolds shield the fluorescent probes from the 
external medium but not from singlet oxygen, 
thereby preventing unwanted interactions with 
proteins and the photosensitizer. Moreover, 
internalization by HeLa cancer cells or E. coli 
bacteria has been observed and intracellular singlet 
oxygen and other ROS sensing has been 
demonstrated as well.  
 
The higher resistance to oxidation by air and to self-
sensitized photooxidation, as well as lower affinity 
for interaction with proteins, make these nanoprobes 
safer and more reliable fluorescence markers for 
ROS in cells. The “nano” approach overcomes many 
of the shortcomings of molecular probes and is a 
useful strategy to extend their utility to complex 
biological systems. 
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Abstract 

 

Previous efforts at the Faculty of Pharmacy and Food Sciences of the University of Barcelona, have achieved to 
obtain cationic solid lipid nanoparticles (cSLN), with an average size of less than 200 nm, by the hot 
microemulsion method, which have been tested as a vehicle for pDNA and siRNA, in the transfection of cell lines  
[1,2]. It is of scientific interest to evaluate the capacity of SLN transporting different types of biomolecules with 
pharmacological potential. Chondroitin sulfate (CHON) is a major component of the extracellular matrix of several 
connective tissues, including skin, bone, ligaments, tendons and cartilage. For that reason, CHON is a potential 
therapeutical agent in Osteoarthritis (OA), which is characterized by progressive structural and metabolic changes 
in joint tissues [3]. Studies recommend topical administration in treating OA as first line therapy, and the 
development of topical systems with nanotechnology may introduce a new perspective for future treatment of OA 
[4]. 

An experimental factorial design, to optimize the production of SLN of CHON, was employed. The variables were 
defined as Concentration (mg/ml), Stirring rate (rpm) and Reaction time (min). Different properties were tested, 
including entrapment efficiency of CHON, zeta potential and particle size. A titration method was validated to test 
entrapment efficiency of CHON. A calibration curve was obtained from 0.10 to 1.20 mg mL–1 (r > 0.9994). Within-
day % RSD was 0.7 and between-day % RSD was 1.11. Specificity/ selectivity experiments revealed the absence 
of important interference from excipients, mean recovery from spiked samples for CHON was 93.6 %.  

 

 

 

 

 

 

 

 

 

 

Fig 1. Pareto Chart to determine the magnitude 
and the importance of the effects in the 
responses. Bars that cross the reference line are 
statistically significant at the 0.05 level with the 
current model terms. The EE is mainly influenced 
by the Concentration of CHON. The combination 
of factors such as: Stirring rate with the 
Concentration and Stirring rate with the Reaction 
time have an important effect, and they should be 
considered in the production of SLN (A). Only the 
factor Concentration is statistically significant for 
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The optimal factors were attained by Minitab® program, using design of experiment (DOE) and pareto chart, see 
Figures 1 and 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
In conclusion, the titration method is a simple, rapid and reliable method for the determination of chondroitin 
sulfate loaded to SLN. The DOE revealed that reaction time does not have a significant impact in the evaluated 
responses. However, concentration (0.4 mg/ml) and stirring rate (20 000 rpm) were determinant to maximize 
entrapment efficiency of CHON in SLN and to get the optimum size and zeta potential of SLN. 
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Fig 2. Graph of the main effects, according to the factors 
and levels defined. The concentration level of 0.4 mg/ml is 
statistically significant to produce the highest EE around 55 
%. The level of Stirring rate of 20,000 rpm is the main effect 
for EE. The reaction time is not statistically significant (A). 
Likewise, the 0.4 mg/ml level of concentration of CHON is a 
main effect for Zeta potential, with values around -40 nm. 
The Stirring factors and the reaction time do not significantly 
influence the response (B). The particle size shows not 
statistically significant changes for the different levels of the 
factors: Concentration and Reaction time, however, the 
Stirring factor of 20,000 rpm, is statistically significant to 
obtain particle size less than 120 nm (C). The two-way 
ANOVA results are statistically significant at the 0.05 level 
with the current model term.  

A B 

C 
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The growing incidence and increasing societal costs 
caused by neurodegenerative disorders in an ageing 
population, together with the lack of effective 
treatments, point out the need for novel approaches 
in order to address their enormous burden. Only in 
Europe it has been estimated that 35 % of all 
disease burden is attributable to brain-related 
disorders.1 In particular, Alzheimer’s Disease (AD) is 
one of the largest global public health challenges to 
be faced. Moreover, Central Nervous System (CNS) 
drug discovery and development is a challenging 
task due to the presence of the most impenetrable 
biological barrier in the human body- the Blood Brain 
Barrier (BBB).2 Indeed, only 2 % of small-molecule 
drugs and almost 0 % of biologic drugs do reach the 
brain, thus limiting the development of efficient 
treatments for brain diseases.3  
 
Focus on designing non-invasive strategies for brain 
targeting and active delivery through 
nanotechnological approaches, we are developing a 
polymer-based platform for intranasal delivery using 
polyglutamates underpinned on previously 
established findings of our lab (Fig.1).4,5 These 
versatile biodegradable carriers with controlled 
architecture and self-assembled behavior hold 
several key features.  
First, they are crosslinked with reversible disulfide 
chemistries, prone to disassemble under reductive 
media to facilitate chemical adsorption to the 
mucosa via disulfide interchange with cysteine-rich 
glycoproteins and also to allow greater 
diffusion/penetration rates in brain. In parallel, 
surface modification with targeting motifs has been 
exploited to improve the ability to cross the mucosal 
barrier that would synergize with the disulfide cross-
linking motifs. Screening studies have been 
performed through mucodiffusion evaluation by 
NMR techniques and ex vivo permeation assays in a 
sheep mucosal model. 
Second, they can bear a rationally designed 
combination therapy. In this direction, we have 
identified adequate neuroprotectant-neurorescuer 
drug combination therapy for the treatment of AD 

and linking chemistry of the resultant combinations 
is now under development.  
If successful, this novel delivery method for 
intranasal delivery will be of interest for other CNS-
related diseases 
 
. 

References 
 

 
[1] Olesen, J. Eur J Neurology 2003, 10 (5), 471. 
[2] Obermeier, B. Nature medicine 2013, 19 (12), 1584 
[3] Pardridge, W. Drug Discov Today 2007, 12, 54. 
[4] Duro-Castano, A. et al., Adv Mater 2017, 29:39. 
[5] Vicent, M. J.; Duro Castaño, A; Nebot, V.J. 

WO2017025298 (A1) 
 

 

Figure 

 
Figure 1. A novel polymer-based combination platform for 

efficient intranasal delivery. 
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The food industry has used titanium dioxide (TiO2) 
since it was approved by the Food and Drug 
Administration (USA) in 1966 as a food additive [1]. 
Recent evidence indicates that the use of nanosized 
titanium dioxide (TiO2NPs) in consumer and 
industrial products has exponentially increased due 
to their refractive, photocatalytic and pigmenting 
properties [2]. Even though TiO2 was classified by 
the International Agency for Research on Cancer 
(IARC) as a possible human carcinogen on group 
2B in 2010, the Nanotechnology Consumer Products 
Inventory has documented around 100 consumer 
products containing TiNPs and TiO2NPs to date [3]. 
Estimations based on the consumption of TiO2-
containing food lead to the conclusion that, in the 
US, children and adults may be ingesting around 1–
2 and 0.2–0.7 mg/kg bw/day of TiO2, respectively 
[4]. This highlights the relevance of ingestion as an 
important entryway of TiO2 and TiO2NPs in humans. 
 
Considering oral exposure as one of the main entry 
routes to the human body, the lack of conclusive 
studies reporting the impact of newly engineered 
TiO2NPs is striking. Accordingly, our study aims to 
evaluate the biointeractions, biodistribution, and 
toxicokinetics of TiO2NPs in the intestinal barrier by 
assessing the biological effects of three differently-
shaped TiO2NPs (nanospheres, nanorods and 
nanowires). For this purpose, we used an in vitro 
model comprised of Caco-2/HT29 cocultures. After 
21 days, the coculture acquires a barrier structure 
that faithfully mimics the human small intestine 
epithelium at both the morphological and functional 
level [5]. Derived from a human colon 
adenocarcinoma, Caco-2 cells, as enterocyte-like 
cells, are able to express microvilli, tight junctions 

(TJ) and present paracellular, transcellular, active 
and transcytotic transport [6]. On the other hand, the 
other human colon adenocarcinoma-derived cell 
line, HT29, is characterized by its ability to produce 
and secrete mucus [7]. According to this, we chose 
the Caco-2/HT29 model to determine whether the 
mucus layer, as well as the barrier structure, could 
be compromised by the exposure to TiO2NPs. 
Moreover, we aimed to assess if the potential 
adverse effects are shape- and structure-dependent 
by comparing the most commercialized TiO2NPs, 
namely nanospheres (anatase-structure), nanorods 
(rutile-structure) and nanowires (TiO2-structure). For 
this purpose, we analyzed the barrier’s integrity and 
permeability after 24 and 48 h of TiO2NPs’ exposure, 
detected cellular uptake and intracellular localization 
by using laser confocal microscopy, and assessed 
the barrier functionality by gene expression. In 
addition, genotoxic and oxidative DNA damage were 
also evaluated by using the comet assay. 
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Figure 1. TEER measurements of Caco-2/HT29 co-culture 

barriers before and after 24 and 48 h of exposure to 
TiO2NPs-S (a and b), TiO2NPs-R (c and d), and TiO2NPs-W 
(e and f). Results were analyzed with a paired Student’s t-test 
and represented as mean ± SEM. *P < 0.05, **P < 0.01, 
***P < 0.001 

 
 
 

 

 
 
Figure 2. Three-dimensional confocal images of the Caco-
2/HT29 co-culture barriers z-scans from Fig. 6. Images were 
taken after exposures of 24 or 48 h to TiO2NPs-S (a and b), 
TiO2NPs-R (c and d), and TiO2NPs-W (e and f). Cell nuclei 

(blue) were stained with Hoechst, and mucus (red) was 
stained with WGA. NPs were visualized by reflection and 

marked with a green mask. White arrows indicate NPs in the 
cell cytoplasm and NPs-nucleus interactions. Images were 
processed with the Imaris 7.2.1 software 
 
 

 
 
 
Figure 3. DNA damage studies using the Comet assay 

complemented with the FPG enzyme. Genotoxic damage 
observed after 24 (a) or 48 (b) h of exposure to TiO2NPs (-S, 
−R and -W). Mean oxidative damage observed after 24 (c), 
and 48 (d) h of exposure to TiO2NPs (-S, −R and -W). (*) 

denotes significant differences according to the one-way 
ANOVA with Tukey’s post-test (*P < 0.05, 
**P < 0.01***P < 0.001). Results are represented as 
mean ± SEM 
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Nanotechnology has become a booming discipline 
due to the wide range of applications of new 
nanomaterials (NMs). Among these, graphene 
stands out as an attractive carbon-based NM due to 
its physicochemical properties: its optical and 
electric properties make it a perfect candidate for 
applications in a variety of fields such as physics, 
healthcare, material science and, recently, 
biomedicine [1, 2].  
 
Nowadays, humans are exposed to a large range of 
different nanoparticles through occupational and 
environmental exposure, or through food and 
healthcare products [3, 4]. Pulmonary, intestinal and 
skin barriers protect us to face nanoparticles 
exposure [5]. Accordingly, our study aims to 
evaluate the biointeractions, biodistribution, and 
toxicokinetic of graphene nanoparticles in the 
intestinal barrier by assessing the biological effects 
induced by graphene oxide (GO) and graphene 
nanoplatelets (GNPs). 
 
For this purpose, we use a co-culture in vitro model 
composed by differentiated Caco-2 and HT29 cells. 
Both human colon adenocarcinoma-derived cell 
lines mimic the small intestine epithelium at 
morphological and functional level after 21 days of 
differentiation [5]. While enterocyte-like Caco-2 cells 
are able to express microvilli, tight junctions (TJ), 
and present paracellular, transcellular, active and 
transcytotic transport [6], HT29 cells have the ability 
to produce and secrete mucus [7]. 
 
According to this, we chosed the Caco-2/HT29 in 
vitro model to determine the commitment of both the 
mucus layer and the barrier structure in face of the 
exposure to graphene nanomaterials. For this 
purpose, we studied the barrier’s integrity and 
permeability after 24 h of both GO and GNPs 
exposure and analysed cellular uptake by laser 
confocal microscopy. Also, genotoxic and oxidative 
DNA damage was assessed by the comet assay 
and the evaluation of ROS-related gene expression 
changes. In addition, expression levels of 36 human 
cytokines were determined after 24 h of GO and 
GNPs treatment.  
 
The obtained results showed the barrier’s integrity 
and permeability remain intact after GO and GNPs 

treatments. In addition, the amount of NM retained 
on the mucus layer of the barrier appeared to be 
dose dependent for both treatments while 
nanoparticles inside the cells only were found when 
the barrier was treated with GNPs. However, Caco-
2/HT29 barrier cells showed genotoxic damage after 
the treatment with GO and GNPs, while oxidative 
damage was not found at any tested concentration. 
The study of the expression of HO1, SOD2 and 
GSTP1 genes supported these results. Ongoing 
experiments will confirm the barrier oxidation state. 
 
 

References 
 

 
[1] Banerjee A. N., Interface Focus, 3 (2018)  
[2] Madni A., Noreen S., Maqbool I., Rehman F., 

Batool A., Kashif P. M., Rehman M., Tahir N., Khan 
M. I., Journal of Drug Targeting, 10 (2018) 858–83 

[3] Gottschalk F., Nowack B., Journal of 
Environmental Monitoring, 13 (2011) 1145–55  

[4] Piccinno F., Gottschalk F., Seeger S., Nowack, B., 
Journal of Nanoparticle Research, 9 (2012) 

[5] Vance M. E., Kuiken T., Vejerano E. P., McGinnis 
S. P., Hochella M. F., Rejeski D., Hull M. S., 
Beilstein Journal of Nanotechnology, 6 (2015) 
1769–80 

[6] Antunes F., Andrade F., Araújo F., Ferreira D., 
Sarmento B., Eur J Pharm Biopharm, 83 (2013) 
427–35  

[7] Artursson P., Palm K., Luthman K., Adv Drug Deliv 
Rev, 46 (2001) 27–43  

[8] Lesuffleur T., Barbat A., Dussaulx E., Zweibaum 
A., Cancer Res, 50 (1990) 6334–43 

 
 
 
 
 

Figures 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
Figure 1. TEM (A) and XPS (B) characterization of GO (A1 
and B1) and GNPs (A2 and B2) nanomaterials.  
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Figure 2. DNA damage studies using the Comet assay 
complemented with the FPG enzyme. Genotoxic damage 
observed after 24 h of exposure to GO (A) and GNPs (C). 
Mean oxidative DNA damage observed after 24 h of 
exposure to GO (B) and GNPs (D). (*) denotes significant 
differences according to the one-way ANOVA with Tukey’s 
post-test (*P < 0.05, **P < 0.01***P < 0.001). Results are 
represented as mean ± SEM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Three-dimensional confocal images of the Caco-2/HT29 co-culture barrier. Images were taken after exposures of 24 h 
to GO (A) and GNPs (B). Cell nuclei (blue) were stained with Hoechst, and mucus (red) was stained with WGA. NPs were 
visualized by reflection and marked with a green mask. Images were processed with the software Imaris 8.2.1. 
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Cancer-associated fibroblasts (CAF) are a key 
population of the tumor microenvironment. Indeed 
they participate to the setting of the whole tumor 
microenvironment with neoangiogenesis, 
extracellular matrix production, and 
immunosuppressive cells recruitment [1]. They are 
also part of the metastasis event, and of the 
chemoresistance of the tumor [1,2].  
Following the results of some teams working with 
pancreatic tumor models [3,4], we hypothesize that 
some new nanomedicines, specifically targeting and 
killing CAF population, would lead to an impairment 
of the tumor microenvironment and an improved 
sensitivity to further immuno- or chemotherapy. To 
assess this experimental treatment, we used a 
colorectal cancer (CRC) model, because stroma-rich 
CRC are a challenging disease in clinic, with a poor 
response to classical combination of 
chemotherapeutical drugs [5].  
The nanomedicine is based on a lipid nanocapsule 
(LNC), constituted of an oily core that can contain 
the drug, and a membrane with a mix of lecithin and 
hydroxystearic acid with a Poly(Ethylene-Glycol) 
arm. To assess the added value of a targeted 
nanomedicine, we are associating an human 
antibody, ESC11 [6] or a single chain variable 
fragment against the extracellular Fibroblast 
Activation Protein (FAP) with a post-insertion 
method.  
In vitro, we used an immortalized human CAF cell 
line CT5.3hTERT [7]. Their FAP expression was 
checked by Flow cytometry with the human 
monoclonal antibody. We assessed their sensitivity 
to a set of different drugs including cytotoxics, 
kinase inhibitors and other drugs. Acriflavine (ACF), 
an HIF-1 pathway inhibitor, and paclitaxel (PTX), an 
antimicrotubulin agent, were selected as drug 
candidates to inhibit CAF with an IC50 below 1µM at 

48h of incubation. Both drugs were encapsulated in 
our LNC with high drug loading of 1.5 mg/mL of 
formulation (PTX) or up to 2.5mg/mL (ACF), thanks 
to the use of reverse micelles. 
In vivo, the mouse colon carcinoma cell line CT26 
was subcutaneously grafted on syngeneic BalbC 
mice. We tuned the CAF infiltration by treating mice 
with intraperitoneal injection of oxaliplatin, a 
chemotherapeutic agent. After 2 weeks of treatment, 
tumors are extracted for Immunofluorescence 
quantification of CAF with Smooth Muscle Actin 
(SMA) staining. Oxaliplatin treatment increases SMA 
expression in the tumor. Different schedules of 
treatment were assessed and the combination of the 
2 formulations with ACF and PTX administered the 
same day gave the best effect after a single 
intratumoral injection.  
We compared the CT26 with another syngeneic 
tumor cell line, MC38, for its microenvironment in 
term of stromal and immune cell infiltration. 
An orthotopic model was geared to get closer to 
colorectal environment, by injecting cells on the 
caecal wall. The combination therapy, twice per 
week intraveinously, is administered to evaluate the 
efficacy of the untargeted nanomedicine alone. 
The future objectives are to combine this treatment 
with classical therapy to assess the 
microenvironment impairment on tumor sensitivity. 
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The TNF cytokine family member namely tumour 
necrosis factor (TNF)-related apoptosis–inducing 
ligand (TRAIL), was described capable of inducing 
apoptosis in tumor cells while sparing most normal 
cells [1, 2]. This fact made that TRAIL was soon 
considered as potentially useful drug for anti-cancer 
therapy and a large number of phase II/III clinical 
trials were carried out using TRAIL-based therapy 
on a wide variety of human cancers [3]. 
Unfortunately, although TRAIL therapies was probed 
as safe molecule, TRAIL-based therapies showed 
very limited therapeutic activity in clinical trials [4, 5]. 
In order to overcome TRAIL resistance, better 
sensitization strategies [6, 7], as well as novel TRAIL 
formulations with improved bioactivity can be of 
great usefulness for future clinical use of this death 
ligand as anti-tumor agent [8, 9]. 
TRAIL has four membrane-bound receptors in 
humans: TRAIL-R1/DR4, TRAIL-R2/DR5, TRAIL-
R3/DcR1 and TRAIL-R4/DcR2. In addition, TRAIL 
has been described to be able to bind to the soluble 
receptor osteoprotegerin (OPG). Among these five 
receptors, only DR4 and DR5 are able to transduce 
the apoptotic signal upon TRAIL binding while DcR1 
and DcR2 act as decoy receptors and do not 
transmit apoptotic signal [10]. 
Our group demonstrated that, in physiological 
conditions, TRAIL was indeed released by activated 
human T cells in its transmembrane form, inserted in 
the membrane of lipid microvesicles called 
exosomes [11]. On this basis, we have generated 
artificial lipid nanoparticles containing membrane-
bound TRAIL (LUV-TRAIL) resembling those natural 
exosomes. Preparation of LUV (Large Unilamellar 
Vesicles)-type lipid nanoparticles with soluble 
recombinant TRAIL (sTRAIL) anchored on their 
surface resembling the lipid composition of natural 
exosomes was carried out as previously described 
[12]. Briefly, a mixture of phosphatidylcholine (PC), 

sphingomyelin (SM), cholesterol (CHOL), and 1,2-
dioleoyl-sn-glycero-3-{[N-(5-amino-1-carboxypentyl)-
iminodiacetic acid]succinyl}(nickel salt) (DOGS-NTA-
Ni) in the weight ratio of 55:30:10:5 were firstly dried 
under a nitrogen and next under vacuum. Lipid 
mixture was resuspended in PBS buffer. Then, 
resuspended lipids were freeze-thawed 10 times 
and extruded 10 times through two polycarbonate 
membranes with a pore size of 0.2 µm using an 
extruder. LUV and soluble TRAIL (rTRAIL-His6, 
corresponding to amino acids 95–281 cloned into 
the pET-28c plasmid) kindly provided by Dr. M. 
MacFarlane) [13] were incubated in PBS buffer for 
30 minutes at 37°C. Then LUV with soluble TRAIL 
anchored on their surface (LUV-TRAIL) were 
ultracentrifugated for 6 hours at 100,000g at 4°C, 
supernatant was removed, and finally, the pellet 
containing LUV-TRAIL was resuspended in an equal 
volume of sterile PBS buffer and stored at 4ºC until 
use. 
We already demonstrated that LUV-TRAIL was 
more effective inducing apoptosis than soluble 
TRAIL both in vitro and in vivo when compared to 
soluble TRAIL against distinct hematologic 
malignancies as well as epithelial carcinoma cells 
[14-19]. However, although LUV-TRAIL showed 
more pro-apoptotic potential than soluble TRAIL all 
tumor cell lines tested, they only induced a limited 
cytotoxicity in soluble TRAIL-resistant cells. In this 
line, optimization of LUV-TRAIL in order to enhance 
its cytotoxic ability is a plausible experimental 
approach. Therefore, we have generated a novel 
version of LUV-TRAIL encapsulating inside them the 
chemotherapeutic drug doxorrubicin (DOX). For that, 
DOX was loaded inside liposomal lumen by the pH 
gradient method [20]. First, LUV-AS were prepared 
by using 300 mM (NH4)2SO4 (ammonium sulphate, 
AS) at pH=4 instead of PBS to resuspend the dry 
lipid film. The rest of the LUV-AS generation protocol 
was similar to that of normal LUV. Once obtained, 
the LUV-AS were incubated with DOX at a molar 
drug-to-lipid ratio of 1/3.8. After the incubation, the 
obtained liposomal DOX formulation (LUVDOX) was 
incubated with TRAIL to obtain LUVDOX-TRAIL with 
final concentrations of total lipid, TRAIL and DOX of 
2.5 mM, 12 μg/ml and 775 μM, respectively (Figure 
1). LUVDOX-TRAIL with a concentration of DOX 10 
times less than those previously described 
(LUVDOX-TRAIL 1/10) was also generated. To 
assess the encapsulation efficiency of DOX inside 
the liposomal lumen, the absorbance of DOX at 480 
nM was measured and calibration curve using free 
DOX (concentration range from 0 to 40 μM) was 
used to finally quantify the amount of encapsulated 
DOX. 
Finally, cytotoxic ability of LUVDOX-TRAIL were 
analyzed by annexin V staining in a panel of 
different cancer types. LUVDOX-TRAIL significantly 
improved LUV-TRAIL cytotoxicity in all cancer cell 
lines tested when compared to LUV-TRAIL (Figure 
2). Moreover, we show that LUVDOX-TRAIL with a 
particular concentration of DOX (ten times less than 
initially use), LUVDOX-TRAIL maintained their 
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greater cytotoxicity against tumor cells while were no 
toxic againts normal cells (Figure 3). Our results 
validate the potential clinical application of LUVDOX-
TRAIL as anti-tumor agent. 
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Figures 

 
 
Figure 1. Schematic illustration of the preparation of 
LUVDOX-TRAIL. 

 
 
 

 
 
Figure 2. Cytotoxicity assays using LUV-TRAIL, LUVDOX, 
and LUVDOX-TRAIL in a panel of different cáncer types. 
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Figure 3. Cytotoxicity assays using LUV-TRAIL, LUDOX, and 

LUVDOX-TRAIL with two DOX concentrations (64.56 and 
6.45 µM) in normal peripheral blood mononuclear cells 
(PBMCs). 
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Abstract  
 
Building blocks of life show well-defined chiral 
symmetry which has a direct influence on their bio-
chemical properties and role in Nature. Chirality, 
geometrically understood as the lack of symmetry 
under specular reflection, is typically exhibited by 
bio-molecules with a single configuration, i.e. left or 
right handed. Such molecules are involved in 
physiological processes like odor, taste, metabolism, 
neural transmission etc. However, when they are 
artificially synthetized both enantiomers, the 
mirrored images, occur. In general, the asymmetric 
specie does not follow the natural pathways and in 
the worse scenario one enantiomer acts as a 
medicine while the other has detrimental effects. 
Therefore, it is of mayor importance for the 
pharmaceutical industry to properly synthesize and 
characterize the artificial chiral compounds [1-3]. 
 
On the side of characterizing chiral molecules, 
several techniques have been developed over the 
years to differentiate enantiomers. Such techniques 
include circular dichroism (CD), optical rotatory 
dispersion (ORD) or Raman optical activity (ROA), 
where CD is the most widely used. However, the 
weak chiro-optical activity of the molecules and low 
sensitivity of the technique makes high 
concentration and sample volumes a requirement. 
Additionally, the location of the molecular 
resonances in the ultraviolet (UV) spectral range 
makes CD equipment expensive [4,5]. 
 
Recent developments in nanotechnologies and 
photonic sensors come with promising properties 
that can boost sensitivity in bio-sensing applications 
[6,7]. In the field of chirality, plasmonic structures 
have been specially designed to mimic the 
properties of chiral molecules as well to generate 
optical fields that better interact with such molecules. 
These structures can be used as sensors as their 
optical responses are modified under molecular 

interaction. This approach allows translating the CD 
measurements from the UV to the visible (VIS) 
spectral range and enables better sensitivity and 
lower sample volumes than the classical CD 
technique [8]. However, the best implementation 
remains unknown and controvert due to low 
reproducibility of the results presented in the 
literature over the last years. One of the major 
drawbacks is to find the optimal sensor, which 
provides the optimal near and far fields while 
keeping the experimental implementation feasible. It 
has been a matter of discussion if sensors producing 
near-optimal near field configurations and 
simultaneously high CD signals are the most 
appropriate for sensing, as their large CD might 
over-shadow the molecular signatures. At the same 
time, the theoretical optimization of these 
parameters has often led unrealizable 
nanostructures due to nanofabrication limitations.  
The other major drawback is the reproducibility of 
the methods and the standards for comparing 
results. On this side, discussions about the 
molecular coating of the sensors, solvent 
compatibility or the significance of the molecular 
model have been raised [9,10]. 
 
In this contribution [11] we present a novel 
plasmonic sensor configuration that allows the 
discrimination of chiral molecules. The sensor 
consists of handed gold nanostructures of 
gammadion shape, distributed in a racemic (50/50 
mixture) matrix with C4 symmetry. Its optical 
response enhances the electric field as well as the 
optical chirality in the near field. Thus, the interaction 
with molecules is enhanced, while the bare sensors 
exhibit a flat CD signal, providing background-free 
CD measurements for molecular detection (Fig. 1a-
b). We have used a complete chiral molecular model 
based on L-, D-, and the racemic mixture of 
phenylalanine, which allows us to evaluate the 
opposite chiral effects while having a reference 
system. Additionally, we have used molecular 
thermal evaporation (MTE) technique to deposit a 
dense molecular layer on top of the sensors in a 
controllable and reproducible way (Fig. 1c-d). Our 
results show the discrimination of phenylalanine 
enantiomers through positive or negative peaks 
while the racemic mixture shows a flat signal (Fig. 
2). 
 
As an outlook, we therefore present preliminary 
results that show that this approach is also suitable 
for microfluidics systems with much lower density of 
chiral molecules [12]. 
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Figures 
 

 
Figure 1.  Optical characterization of handed and racemic 
gammadion arrays and phenylalanine coatings. (a) SEM 
images of the racemic G+- array. (b) CD spectra of the 
fabricated nanostructures. (c) SEM image of a 150 nm thin 
layer of DL phenylalanine. (d) CD spectra of the molecular 
coatings, named CDm to be distinguished from sensors CD. 
 
 

 
Figure 2.  Enantiomer detection in the visible spectral range 
using racemic gammadion arrays. (a) The molecules were 
deposited on different sensor arrays, showing the 
corresponding (b) CD spectrum. 
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Improvements on breast lesions’ treatment are 
allowing patients to survive to breast cancer disease 
for longer periods. There is, however, an increase in 
the incidence of the metastatic disease as the tumor 
cells have time to settle into different organs, such 
as the brain. 
 
The management of breast cancer brain lesions 
requires drugs that efficiently overcome the blood-
brain barrier (BBB) but that also recognize cancer 
cells and accumulate in the intracranial tissues. 
Breaching the BBB is an important step to consider 
when designing new therapeutic approaches for the 
treatment of the metastatic disease. 
 
Our study reveals a potential dual role for a natural 
antimicrobial plant defensin, PvD1. PvD1 is shown to 
interfere with the integrity of breast tumor cells and 
with the breast cancer cells’ adhesion to human 
brain endothelial cells [1]. 
 
We have used atomic force microscopy (AFM), zeta 
potential and fluorescence spectroscopy techniques 
to study the interaction of PvD1 with human breast 
and brain cells. Our data suggests that the plant 
defensin internalizes in cancer cells while remaining 
in the membrane of brain cells with no significant 
changes at the biomechanical level. AFM also 
revealed PvD1 ability in suppressing cell-to-cell 
adhesion by promoting not only the de-adhesion of 
breast tumor cells, but also by preventing breast 
tumor cells’ attachment to the BBB cells. 
 
PvD1 is presented as a potential alternative strategy 
for managing the formation of brain lesions derived 
from breast cancer with an innovative therapeutic 
mechanism of action: manipulation of the 
biomechanical properties of tumor cells and 

suppression of tumor cell adhesion to the BBB 
surface. 
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Introduction:  
Chitosan (CS) is a linear cationic polysaccharide 
that is obtained commercially by the deacetylation of 
the chitin which is a biopolymer that is widely 
distributed in nature. Due to its characteristics of 
biocompatibility, biodegradability and non-
immunogenicity, constitutes a suitable biomaterial 
for the design of nanoparticles, allowing in vivo 
applications

 [1]
. It is also considered as a GRAS 

substance by the FDA.  
This polysaccharide has in its structure primary 
amino groups with a pKa of 6.5, therefore, in 
moderately acidic media these groups are 
protonated allowing the interaction with multivalent 
negatively charged molecules such as the 
polyelectrolyte sodium tripolyphosphate (TPP). 
Thus, the interaction between them in defined 
proportions and with the established parameters of a 
suitable technique leads to the self-assembly and 
the formation of chitosan-TPP nanoparticles.  
The aim of this work is to define and characterize 
the most suitable formulation of chitosan cationic 
polymeric nanoparticles with the addition of a diblock 
copolymer of ethylene oxide and propylene oxide 
(poloxamer P188), evaluating their potential 
application as non-viral gene delivery system

 [2, 3]
. 

Materials & Methods: 
The CS-based nanoparticles were produced using a 
modified ionotropic gelation method

 [4,5]
 in the 

presence of the TPP ionic cross-linker molecule. 
Briefly, a solution of chitosan (low molecular weight) 
at 0.2% (w/v) was prepared in acetic buffer solution 
at pH=5 and was stirred overnight to allow the 
complete dissolution of the polymer. In one part of 
the chitosan solution, 1% (w/v) and 0.5% (w/v) 
poloxamer P188 was added to evaluate the stability 
of nanoparticles in the presence of this surfactant. 
The solutions were filtered to discard not dissolved 
chitosan molecules. Then, a solution of 0.84 mg/mL 

TPP was added dropwise to the chitosan solution for 
5 minutes under constant stirring at room 
temperature. The final suspension was centrifuged 
and filtered to obtain de CS-based nanoparticles. 
The stability of two different ratios of CS-TPP 
nanoparticles, 6:1 and 3:1, was assessed at 4 °C 
and 25 °C. The particle size and the zeta potential 
were measured by the laser diffraction method 
(Mastersizer) and the laser Doppler 
microelectrophoresis method (Zetasizer) 
respectively. The morphology of the nanoparticles of 
CS-TPP-1%P188 was characterized by transmission 
electron microscopy (TEM), and finally the loading 
efficiency with different amounts of plasmidic DNA 
was performed by agarose gel electrophoresis. 
Results: 
Stability studies showed the presence of aggregates 
in the nanoparticles formulation of CS-TPP without 
P188 at day 7 at 4 °C and at day 3 at 25 °C, while 
formulations containing the surfactant maintained 
their size at that time. In addition, we observed that 
the nanoparticles with the highest amount of P188 
were smaller in size, which may explain their higher 
stability. Regarding the zeta potential, all the 
formulations maintained the values over the time. 
However, the initial zeta potential of the ratio 3: 1 
nanoparticles was lower, therefore being discarded 
as non-viral gene delivery system. The TEM images 
confirm the results obtained with the Mastersizer, 
showing spherical nanoparticles with a homogenous 
distribution. Finally, the loading efficiency performed 
by agarose gel electrophoresis suggested that CS-
TPP-1%P188 nanoparticles are capable to complex 
DNA at the studied proportions, and no free DNA 
was observed in the gel. 
Conclusions: 
The characterization of the different chitosan 
nanoparticles obtained and the stability studies 
determining particle size and zeta potential over time 
at different conditions allow the selection of the most 
stable and suitable formulation. In addition, 
polyplexes with DNA were obtained with 100% 
loading efficiency, demonstrating its potential 
application a non-viral gene delivery system.  
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Figures  

 

 
Figure 1 and 2. Variation of the size as a function of time at 

4° C and 25 °C respectively of chitosan-TPP nanoparticles 
with and without poloxamer P188. The ratios of Chitosan-
TPP assessed were 6:1 and 3:1. 
 

 
 
 
 
 
 

 
Figure 3 and 4. Variation of the zeta potential as a function of 

time at 4 °C and 25 °C respectively of chitosan-TPP 
nanoparticles with and without poloxamer P188. The ratios of 
Chitosan-TPP assessed were 6:1 and 3:1. 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 

Average size Shape 

(0,131 ± 0,010) µm Spherical 

 
Figure 5 and table 1. Morphological analysis of CS-TPP-

1%P188 nanoparticles by transmission electron microscopy 
(TEM). 

 
Figure 6. Loading efficiency of CS-TPP-1%P188 

nanoparticles to different amounts of plasmidic DNA by 
agarose gel electrophoresis. 
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Catalytic nanomotors are structures able to propel in 
fluids due to the conversion of a substrate into 
products. 1 Inspired by nature, bio-hybrid micro- and 
nanomotors that use enzymes as power sources 
have recently been developed. 2,3 These biocatalytic 
nanomotors have unique properties, such as 
biocompatibility, bioavailability and versatility, which 
make them excellent candidates for biomedical 
applications. Herein, we present the potential of 
enzymatic nanorobotic devices for cancer therapy. 
In this regard, we explored the effect of active 
motion on the doxorubicin anti-cancer drug release 
and intracellular delivery, using urease‐powered 
nanomotors. We observed a four-fold increase on 
drug release from active nanomotors in the 
presence of fuel compared to passive nanoparticles, 
leading to an improved anti-cancer efficiency 
towards HeLa cells. This arises from a synergistic 
effect of the boosted drug release and the ammonia 
produced by urea breakdown.4 The potential of 
urease-powered nanomotors as anti-cancer agents 
was further explored by modifying their surface to 
target cancer cells in 3D cell cultures (spheroids). A 
14-fold increase of the penetration of targeted 
nanomotors into 3D spheroids was observed, when 
compared to passive non-targeted nanoparticles. 
These results could pave the way towards the 
implementation of enzyme-powered nanomachines 
as smart drug delivery vehicles to address current 
challenges in nanomedicine. 
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Figures 

 
 Figure 1. Enhanced anti-cancer drug release and delivery 
efficiency to HeLa cells by actively moving urease-powered 
nanomotors.  
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Nanoparticles (NPs) have a clinical interest because 
of their usefulness for non-invasive imaging, 
diagnosis and therapy. Using NPs in cancer 
immunotherapy is a promising therapeutic strategy. 
Important challenges are targeting the therapy to 
specific locations [1], [2] and the induction of specific 
cytotoxic activity against cancer cells. Natural killer 
(NK) cells are one type of immune cell that is 
currently used in cancer immunotherapy with very 
promising results [3]. 
 
It is known that the activation of NK cells with 
cytokines such us interleuquin (IL)15 enhance their 
effector functions [4], [5]. NPs coated with activating 
molecules could be an effective new approach to 
generate robust and potent immune responses 
against cancer through the innate immune response. 
In this study we show a nanoformulation, based on 
biocompatible, biodegradable and traceable 
materials, which is able to selectively enhance NK 
cell function.  
 
Spherical hydrophobic Iron Oxide NPs (IONPs) 
coated with PEG-phospholipid were used. 
Recombinant human his-tagged IL15 (hIL15HIS) 
was expressed and purified for a his-tag based bio-
conjugation strategy (Figure 1).  
 
Activation of human NK cells from Peripheral Blood 
Mononuclear Cells (PBMCs) was explored by 
incubating the cells with the activation molecule.  
 
We are able to demonstrate in vitro that his-tagged 
human IL15 (hIL15HIS) is able to enhance NK cell 
mediated-activity in a similar way, or even slightly 
stronger, compared with the commercial hIL15 
administered in solution.  
 
We expect that in on going and future experiments, 
that the transpresentation of IL15 using the 

hIL15HIS-IONP nanoformulation, compared with 
soluble IL15, will significantly enhance NK cell 
mediated-activity against cancer cells. 
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Figure 1. Schematic representation of the strategy used for 

the preparation of hIL15HIS-IONP.  
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In the field of nanomedicine, the design of 
biocompatible nanocarriers to achieve a selective 
and efficient targeting either to treat or tag specific 
tumour or diseased cells is a challenge. Among the 
numerous developed colloidal systems, 
nanoparticles have demonstrated to be excellent 
carriers for drug delivery (1). Nanoparticles are 
advantageous for biomedical applications for 
different reasons. They can be designed using non-
toxic, biocompatible and biodegradable compounds, 
employing low-energy methods at low temperature 
to maintain the material properties (2). Nanoparticles 
can be designed with the required characteristics, 
such as shape, size, surface charge, conformation 
and hydrophilicity, which have been described in the 
literature to play an important role for the 
nanoparticle fate in the body (3) 
 
When new drugs are developed for their use in 
cancer research, it is very important to evaluate their 
performance in a fast and accurate way. In this 
direction, the ability of monitoring the viability of 
cancer cells that have been treated with a specific 
drug can determinably influence the applied therapy 
and have a strong effect on the associated morbidity 
rates. Cell viability and cytotoxicity assays are used 
for drug screening and cytotoxicity tests of 
chemicals. In particular, the MTT assay is a 
colorimetric assay for assessing cell metabolic 
activity. This method is a well-used standard 
because it is easy-to-use and safe. However some 
considerations must be taken into account to 
improve the reproducibility of the MTT assay (4). In 
addition, MTT assay is a not automated process that 
needs large technical operation and the viability 
rates are obtained after 3 days. A faster and more 
reliable method to address cell viability during 
nanoparticle-assisted cancer treatment assays in 
vitro would then be highly desirable. 
 
The study of cell electrical response at different 
frequencies provides one with information 
concerning not only geometrical aspects of the cells 
(size, shape, etc…) but also information about cell 
internal structure and composition (5). It has already 

been demonstrated, for example (6), that cells have 
unique electrical properties that can be used to 
identify cell populations. Of particular interest results 
to determine whether the cell is alive or dead using 
purely electrical methods. 
 
In this context, the aim of this work is to develop a 
fast and easy protocol to monitor experimentally 
nanoparticle-based cancer drug treatment, which 
can be further extended to other cancer-treatment 
methodologies. The device presented is a 
combination of a therapeutic nanosystem based on 
polymeric drug-carrier nanoparticles, and a 
microfluidic device to test an on-set viability 
assessment monitoring technology based on Single-
cell electrical impedance spectroscopy analysis (7). 
This type of label-free technique has many 
advantages, the most important being the possibility 
to detect the cancer cell viability based on their 
intrinsic electrical properties (8), overcoming the 
limitations of the existing methods as sensitivity, 
reproducibility and, especially, long test waiting 
times. This permits the detection and identification of 
cells without the need of any kind of pre-treatment 
steps, like fluorescence labelling, used typically in 
commercial flow cytometers or colorimetric assays 
(7).  
 
In this work, a sc-EIS microcytometer (8) has been 
used in order to address the viability test. The chip is 
made in a glass wafer by means of standard UV 
photolithography and metal evaporation. It is 
composed by 100nm thick gold coplanar electrodes, 
a 30 µm thick layer of SU8 to make a microfluidic 
channel and a flat PDMS gasket used to seal the 
channel (Figure 1). The Poly(lactic-co-glycolic acid) 
(PLGA) nanoparticles have been produced from 
nano-emulsions by the PIC method using the PBS 
0.16 M (W)/polysorbate 80 (S)/[4 wt% PLGA in ethyl 
acetate] (O) system (Figure 2). A HeLa cells 
suspension, previously treated with PLGA 
nanoparticles drug-loaded with Paclitaxel, was 
injected into the microcytometer. Impedance signals 
acquired were processed to make the cell viability 
assessment by comparing the amplitude of the high 
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(HF) and low frequency (LF) components. The 
viability results obtained from the MTT assay and 
the microfluidic device were then compared. 
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Figures 

 
Figure 1. (a) Picture of the microfabricated impedance 
cytometer showing the zoom of the sensing area. (b) HeLa 
cells crossing the constricted channel sensing area with gold 
electrodes 
 

 
 
 

 
 
Figure 2. Schematic of the PLGA nanoparticle synthesis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

101



N a n o B i o & M e d 2 0 1 8  N o v e m b e r  2 0 - 2 2 ,  2 0 1 8  -  B a r c e l o n a  ( S p a i n )  

 

A Portable System for 
Measuring the Tactile 
Temporal Discrimination 
Threshold in Cervical 
Dystonia 
 

Yaiza Montes-Cebrián1,2, 
Albert Álvarez-Carulla1, Jordi Colomer-Farrarons1, 

Eugene O’Rourke2, Ihedinachi Ndukwe3, Sean 

O’Riordan3, Michael Hutchinson3, Pere LL. Miribel-

Català1, Richard B. Reilly2. 
 

1 Discrete-2-Integrated Research Group (D2In), 
Department of Electronics and Biomedical Engineering 

Faculty of Physics, University of Barcelona 
Barcelona, Spain 

 
2 Trinity Centre for Bioengineering, Trinity College Institute 

of Neuroscience, School of Engineering, 
Trinity College, The University of Dublin, Ireland 

 
3 Department of Neurology, St Vincent’s University 

Hospital, Dublin, Ireland 
 

ymontes@ub.edu 
 

 

 

Background 
This multidisciplinary study combined both 
bioelectronics and neuroscience, with the aim of 
developing a tool to probe the underlying 
neuropathology of the movement disorder Dystonia. 
 

Dystonia is the third most common neurological 
movement disorder - after Parkinson's disease and 
Essential Tremor [1] Fahn. It is characterized by 
sustained or intermittent muscle contractions 
causing abnormal, often repetitive, movements or 
postures.  The hypothesis of the pathomechanisms 
of dystonia is based on disordered inhibition 
affecting brainstem mechanisms of covert attentional 
orienting.  Temporal discrimination is the shortest 
time interval at which an observer can discriminate 
two sequential stimuli as being asynchronous.  
Temporal discrimination provides a mechanism for 
probing covert attentional orienting [2]. Visually 
assessed temporal discrimination thresholds (V-
TDT) have demonstrated that covert attention is 
abnormal in cervical dystonia patients [3]. A portable 
system for V-TDT testing has been previously 
developed [4] , [5]. 
 

In this study, we developed a portable biosensor 
platform for measuring digit based tactile based 
temporal discrimination threshold (T-TDT). By 
combining tactile with visual temporal discrimination 
thresholds, it is hypothesised that one can increase 
the discrimination ability to probe covert attentional 
orienting in dystonia. The new portable instrument 
for T-TDT testing was validated against the gold 
standard methods described in the literature. 
  

Methods 
A hardware and software system were developed to 
produce two vibro-tactile stimuli of 5msec duration 
with precise inter-stimulus intervals (ISI). In the 
'staircase' mode of the TDT experiment the ISI is 
varied from 0msec in increasing steps of 5ms. At 
each ISI the participant is asked to state if the they 
perceive a single stimulus, i.e. synchronous, or two 
stimuli separated in time as asynchronous. The test 
ends when the participant responds "asynchronous" 
for three consecutive increasing ISIs. The 
experiment is then ended by the Experimenter 
pressing a stop button. The TDT is then reported as 
the first of these ISIs. 
 

In another mode of the experiment a random 
method of ISI presentation can be selected. Here 
the ISI is randomized between 0 to 100 ms. The 
experiment ends after a set duration with the 
Experimenter pressing a stop button. 
 

The system realised has small dimension. The 
device was designed and built in-house at the Trinity 
Centre for Bioengineering, Trinity College Dublin.  
 
The system is divided into three main blocks: the 
control unit, the vibrotactile stimulation unit and the 
Experimenter’s user interface. See Figure 1. 
 

The control unit is based on an Arduino ATmega328 
microcontroller and includes a USB port to provide 
power and data communications. The 
microcontroller controls the vibrotactile stimulation 
unit that produces square pulses that generates the 
stimuli presented to the participant’s fingers.  
 
To generate the tactile stimuli, two vibration motors 
were employed. Vibrotactile stimulation generation is 
more power efficient than electrotactile stimulation 
systems [6]. Microcontrollers can only provide a 
small amount of current from their output as these 
are intended to send control signals, not to act as 
power sources. In order to control a high-current DC 
load, such as a DC motor it is necessary to use a 
motor driver. In this device a Metal-oxide-
semiconductor Field-effect transistor (MOSFET) was 
employed as a switch for high-current loads. 
 

The microcontroller also controls the user interface 
consisting of a 2.4” touch Thin Film Transistor-Liquid 
Crystal Display (TFT-LCD) screen. This screen 
provides the experimenter with a means for entering 
data relevant to the TDT experiment (experimental 
mode). The interface also allows data (experimental 
mode, ISI interval when stimulus asynchrony 
detected etc.) to be sent and saved to a computer 
via serial port avoiding errors in data collection. 

  

Results 
 

To validate the system, two TDT test were 
performed to two healthy control participants (2 
females of 22 and 26 years old) with a mean TDT 
raw score of 30 msec and 32.5 msec respectively. 
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These values compare to the those in the literature 
[7], [8]. 
 

Discussion 
 

The portable platform developed is a reliable and 
accurate method for tactile temporal discrimination 
testing in outpatient clinic environments.  
Furthermore, as it is a portable and easy-to-use 
system it increases the opportunity to gather more 
TDT data in the target population.  Further 
development will focus on integrating both visual 
and tactile temporal discrimination threshold testing 
in one multimodal portable system. 
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Figure 1. Block diagram of the system. 

 

 
Figure 2. Picture of the device. 
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Extracellular vesicles (EVs) are membranous 
vesicles released by almost all cell types and can be 
classified into microvesicles and exosomes based 
on their size and the origin of their formation. EVs 
have been recently gaining considerable scientific 
interest due to their confirmed involvement in 
numerous essential cellular processes [1] and their 
established participation in the pathology of 
numerous parasitic diseases [2]. Malaria is a life-
threatening disease caused by the parasite 
Plasmodium that is transmitted to people through 
the bites of infected female Anopheles mosquitoes 
during a blood meal. According to the World Health 
Organization, in 2016, there were an estimated 216 
million cases of malaria in 91 countries, leading to 
445,000 deaths [3]. EVs containing parasite proteins 
and nucleic acids are released from both early and 
late Plasmodium stages. It has been demonstrated 
that EVs mediate cell–cell communication and are 
internalized by Plasmodium-infected red blood cells 
(pRBCs) [4,5]. Moreover, host-derived vesicles from 
endothelial cells, erythrocytes and platelets have 
been also found to increase their quantity during 
infection and have been related to enhanced 
disease pathogenesis [6], promoting the pRBC 
adhesion to brain capillaries characteristic of severe 
malaria [7,8].  The potential use of EVs as drug 
delivery vehicles has been recently gaining 
increased attention due to intrinsic cell targeting 
properties imparted by their surface ligand and 
adhesion molecules, their natural ability to deliver 
cargo into cells, and their protection from 
degradation in the circulation. In addition, they are 
able to cross biological filters such as the blood–
brain barrier and, they are nearly non-immunogenic 
when used autologously [9]. In this way, we are 
proposing EVs derived from pRBCs or non-infected 
red blood cells (RBCs) as a targeted drug delivery 

system for the treatment of malaria. The 
supernatants of pRBC and RBC cultures have been 
used to isolate EVs, which were purified combining 
sequential rounds of centrifugation at increasing 
speed, high molecular weight cut-off filters and size 
exclusion chromatography (SEC). Purified EVs 
derived from pRBCs and RBCs were characterized 
by dynamic light scattering, cryogenic transmission 
electron microscopy, and proteomic and lipidomic 
analyses. The antimalarial drug chloroquine (CQ) 
has been loaded in RBCs before EV isolation and 
the capacity of the resulting CQ-loaded EVs to 
inhibit the growth of Plasmodium falciparum 
parasites was evaluated. EVs derived from RBCs 
were used as control in this study. EVs from both 
pRBCs and RBCs exhibited vesicular shape and 
size around 200 nm with low polydispersity (Figure 
1). EVs had different protein composition as a 
function of their origin, whereas no significant 
differences in lipid composition have been detected 
between EVs derived from RBCs and pRBCs. Both 
EVs and CQ-loaded EVs interfere with parasite 
growth (Figure 2 and 3). Further experiments will be 
performed to improve the efficiency of CQ-loaded 
EVs to inhibit the growth of parasites and to 
understand the effect of EVs without drugs on 
parasite growth. Funding: grant BIO2014-52872-R 
(MINECO, Spain), and European Commission under 
Horizon 2020’s Marie Skłodowska-Curie Actions 
COFUND scheme (Grant Agreement no. 712754), 
Severo Ochoa programme (Grant SEV-2014-0425 
(2015-2019)). 
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Figures 
 

 
Figure 1. Cryogenic transmission electron microscopy (cryo-

TEM) images of extracellular vesicles derived from non-
infected RBCs (A) and Plasmodium-infected RBCs (B). 

 
 

 
 

Figure 2. Growth inhibition of Plasmodium falciparum at ring 

stage treated for 48 h with EVs derived from RBC and RBC 
pre-loaded with chloroquine. 
 
 

 
 

Figure 3. Growth inhibition of Plasmodium falciparum at late 

stage treated for 48 h with EVs derived from RBC and RBC 
pre-loaded with chloroquine. 
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Supramolecular hydrogels are very attractive 
biomaterial for drug delivery system due to versatile 
properties as biocompatibility, easy synthesis, 
reversible sol-gel transition and processability. [1] 
Particularly, poly(pseudorotaxane) supramolecular 
hydrogels (PSH) based on cyclodextrin (CD) rings 
threaded by self-assembling into poly(ethylenglycol) 
(PEG) chains have been used as matrix for 
injectable drug delivery systems. [2] With the aim of 
enhance the drug release control, nanomaterials 
based on carbon such as graphene oxide (GO) have 
been added in nanocomposite hydrogels for improve 
the response to external stimuli like variations of 
temperature and pH environment. [3] Drug delivery 
systems with pH-responsive drug release are focus 
of interest due to the micro-environment of tumors 
have an acidic pH. [4] This work shows a low-cost 
GO/PSH nanocomposite for controlled pH-
responsive doxorubicin hydrochloride (DOX) 
release. 

Table 1. Supramolecular hydrogels composition. 

PSH 
α-CD 

(mg/mL) 
PEG 

(mg/mL) 
DOX 

(mg/mL) 
GO 

(mg/mL) 

PEG/α-CD 64 200 0.1 0 

GO/PEG/α-
CD 

64 200 0.1 1 

GO was synthesized from graphite according to 
modified Hummers method. The synthesis of 
GO/PSH were formulated by mixing of precursors 
solution of α-CD, PEG, GO and DOX to obtain the 
final concentrations showed in Table 1. The 
nanocomposite hydrogel and GO were 
characterized by means of XRD, TEM, FTIR and 
UV-VIS spectroscopy. The cumulative release of 
DOX was quantified by absorptiometry at 488 nm. 
The experiments were performed using PBS at pH 
values of 7.4 and 5.5 at 37 °C for study the pH-
dependence of releasing. 

Our results show that GO and GO/PSH 
nanocomposite were successfully synthesized. The 
FTIR spectra of GO confirm the presence of oxygen 
rich functional groups, with bands at 3200 cm-1, 
1712 cm-1 and 1040 cm-1 associated to stretching of 
O-H, C=O and C-O bonds respectively. UV-Visible 
spectra of a GO suspension in water showed a main 

peak around 230 nm corresponding to π→π* 
electronic transitions in the aromatic basal plane and 
a shoulder around 300 nm consistent with n→π* 
transitions due to oxygen atoms present in the 
functional groups.  
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Figure 1. Microstructural analysis of GO and PSHs. a) XRD 

patterns of GO and PSH nanocomposites measured in 
powder and hydrogel state respectively. b) TEM 
microphotography of polypseudorotaxane aggregates 
(indicated by arrows) on a GO sheet in GO/PEG/α-CD 
xerogel. 

Figure 1a display the XRD patterns of GO (powder) 
and GO/PEG/α-CD (hydrogel state). The XRD 
pattern of GO exhibited a peak at 12.37° (d= 0.71 
nm) corresponding to 001 planes reflections of few-
layer GO. On the other hand, the XRD pattern of the 
supramolecular hydrogel matrix (PEG/α-CD) showed 
the characteristic peaks of columnar hexagonal 
structures with an intense reflection at 19.6 °. This 
structure is associated to the channel type crystal 
where α-CD rings are threading with the PEG 
through "head-to-head/tail-to-tail” sequences. [5] 
The diffractogram of GO/PEG/ α-CD confirm that 
incorporation of GO does not affect the formation 
and microstructure of the PSH. The Figure 1b show 
a TEM microphotography of poly(pseudorotaxane) 
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aggregates with channel type assembly over a GO 
sheet surface. The columnar supramolecular 
structures interact with the basal plane of GO 
probably through hydrogen bonding between their 
functional groups (epoxy, hydroxyl groups) and 
external hydroxyl groups from 
poly(pseudorotaxanes). 
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Figure 2. In vitro DOX cumulative release from PEG/α-CD 

(circles) and GO/PEG/α-CD (triangles) at 37 °C and pH= 7.4 
(blue lines) or pH= 5.5 (red lines). 

In Figure 2 is shown the cumulative release of DOX 
from synthesized PSHs in physiological and acidic 
pH conditions at 37 ° C. During the first 200 hours is 
possible observe a slight pH-dependence on DOX 
release from PEG/α-CD, however, after 340 hours 
100% release of DOX was reached out from this 
PSH under both pH conditions. When GO was 
incorporated (GO/PEG/α-CD), a significant pH-
dependence of DOX release was observed. While 
100% of DOX was released from PEG/α-CD at 340 
hours, only 37% of the drug was released at same 
time from GO/PEG/α-CD meaning a pH-responsive 
controlled release. This behavior could be explained 
because an attractive ionic interaction is produced 
between carboxylate groups on GO and ammonium 
groups in DOX. [6] In acidic environment (pH = 5.5) 
this carboxylate groups are protoned and the ionic 
union with DOX is disrupted releasing the drug. 

In conclusion, a novel PSH nanocomposite was 
developed as platform for controlled DOX release 
system. Poly(pseudorotaxane) aggregates of 
PEG/α-CD can interacts with GO probably by means 
of hydrogen bonding. The GO/PEG/α-CD 
nanocomposite shows a pH-responsive release of 
DOX due to attractive and pH-dependent ionic 
interaction between GO and the anticancer drug. 
This work displays a DOX-loaded GO/PEG/α-CD 
nanocomposite as low-cost and facile synthesis 
biomaterial with potential use in localized and pH 
responsive drug delivery systems to improve the 
drug accumulation inside tumor sites. 
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Abstract 
 
Introduction 
Historically, vaccination represent greatest medical 
advancements and successful strategies employed in 
the prevention of infectious diseases. First-
generation vaccines contain attenuated or inactivated 
microbes, such as viruses or bacteria but they have 
shortcomings related to their safety (i.e. virulence). 
More recent, second-generation vaccines such as 
subunit vaccines or conjugate vaccines such as 
Pneumococcal conjugate vaccines have proved to be 
more efficient and non-virulent. The conjugate 
vaccines are very effective in generating strong and 
long-lasting antigen-specific T cell responses and can 
induce strong immune response in young children 
despite of their immature immune system. Although 
the pneumococcal vaccines have reduced the burden 
of epidemics, they still have the limitation of serotype 
replacement. To overcome this, we have developed 
a glycoconjugate based on the universal 
pneumococcal surface adhesin-A (mPsaA) as a 
carrier protein and a synthetic mimic of 
pneumococcal serotype 14 tetrasaccharide 
(Pn14TS). The presence of mPsaA in all 
pneumococcal serotypes and effectiveness as 
immunogen has made it a preferred choice as a 
carrier protein.  
 
Methods and Results 
Initially, the Pn14PS was synthesized chemically and 
the mPsaA was expressed in E. coli BL21 (DE3) 
strain, then purified using affinity chromatography. 
The obtained mPsaA and Pn14PS were successfully 
conjugated by thiol-maleimide coupling chemistry to 
obtain protein/sugar conjugates at ratio 1/5.4 as 
confirmed by MALDI-TOF. The secondary structure 
of the mPsaA was evaluated by circular dichroism 
(CD) after the conjugation and lyophilization. The CD 
spectra revealed that the secondary structure of 
mPsaA was stable throughout the process of 
conjugation and conservation.  The mPsaA-Pn14TS 
loaded chitosan nanoparticles (CNPs) were prepared 
by ionic gelation method. The Dynamic light 
scattering (DLS) measurement showed that the 
obtained CNPs had a size of 118 ±3 nm and zeta 
potential of 31 ±1 mV.  

 
Scheme 1: Graphical Abstract 
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The encapsulation efficiency of mPsaA-Pn14TS in 
the CNPs was found to be 70 ±3 %. 
The evaluation of the nanoparticles by nanoparticle 
tracking analysis (NTA) revealed that the average 
particle size of CNPs was 101 ±33 nm, and particle 
count of 1.69 x 1010 per 1 mg of CNPs (fig 1A). The 
surface characterization of the CNPs by scanning 
electron microscopy (FEG-SEM) revealed the 
morphology of the CNPs that were spherical in shape 
and had smooth surface (fig 1B). The CNPs 
lyophilized in the presence of 5% trehalose (w/v) 
could be easily resuspended without variation in their 
size. In addition, antigen-loaded nanoparticles were 
stable over a period of 24 h in simulated nasal fluid.  
 
Recognition and uptake by the antigen presenting 
cells (APC) is the prerequisite for the activation of the 
immune system. In order to confirm the interaction of 
CNPs with APCs the studies were performed with 
human monocyte-derived dendritic cells (MoDCs). 
The internalization of the mPsaA-Pn14TS loaded 
CNPs by the APCs was confirmed by confocal 
microscopy and flow cytometry by fluorescently 
labelling the CNPs. The flow cytometry results 
showed the maximum uptake of nanoparticles was 
observed in less than 2 hours.  
 
Finally, preliminary immunization studies performed 
in the mice revealed that the groups immunized with 
mPsaA-Pn14TS produced a robust IgG response 
against the Pn14TS, when compared to the mice 
treated with mPsaA alone or BSA-Pn14TS conjugate. 
 
Conclusion 
The stable semi-synthetic glycoconjugate was 
synthesized and was successfully encapsulated into 
CNPs. The results obtained from preliminary 
immunization studies in mice are encouraging. 
Further studies are ongoing to evaluate the potential 
of the nanoparticulate systems when coupled with 
mPsaA-Pn14TS. 
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Figure 1: Characterization of Antigen loaded 
Chitosan nanoparticles A) Nanoparticle tracking 
analysis; B) FEG-SEM 
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The Lagmuir-Blodgett technique (LB) has been used 
to fabricate biomimetic lipid membranes in order to 
investigate in an easier way the lipid-lipid 
interactions and the processes that take place at the 
membrane level.  With this aim, mixed monolayer LB 
films of 1,2-dipalmitoyl-sn-glycero-3-phosphocholine 
(DPPC) and cholesterol (Chol) in the 1:1 ratio have 
been prepared onto solid mica substrates by means 
of LB. Upon immersion in water or in an aqueous 
HEPES solution (pH 7.4) the monolayer LB films 
were spontaneously converted into well-organized 
bilayers leaving free mica areas in between [1]. The 
process has been demonstrated to be reversible 
upon removal of the aqueous solution resulting thus 
in remarkably free of defects monolayers. The latter 
process has been summarized in Figure 1. In 
addition, the nanomechanical properties exhibited by 
the as-formed bilayers have been determined by 
means of AFM breakthrough force studies which 
allow studying the local properties of the mimic 
membranes in a quantitative way with the possibility 
of controlling the environmental conditions [2]. The 
bilayers formed by immersion of the monolayer in an 
aqueous media exhibit nanomechanical properties 
and stability under compression analogue to those 
of DPPC:Chol supported bilayers obtained by other 
methods previously described in the literature [3]. 
Consequently, the hydration of a monolayer LB film 
has been revealed as an easy method to produce 
well-ordered bilayers that mimic the cell membrane 
and that could be used then as model cell 
membranes. 
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Figures 
 

 
 

Figure 1. Scheme of the reversible transition from monolayer 

to bilayer and subsequent transition to monolayer after 
drying. 
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MgxFe3-xO4 magnetic nanoparticles (0≤x≤0.6) coated 
with oleic acid (OA), citric acid (CA), and 
polyethylene glycol (PEG), were synthesized in the 
form of ferrofluids.  Some of these magnetic 
nanoparticles (MNPs) were additionally radiolabeled 
by β-emitter yttrium-90 (90Y).  The main objective 
was to test the MNPS and optimize their 
characteristics for magnetic hyperthermia and 
regional radiotherapy, which can be used either 
individually or simultaneously in cancer treatment. A 
complete characterization was made for all samples 
from which information about external morphology of 
MNPs, their size distribution and magnetic 
characteristics was obtained.  
 
The cytotoxicity of the coated MNPs was tested in 
vitro on four cell lines: HeLa (human cervical 
adenocarcinoma cells), LC174 (human colon cancer 
cells), A549 (lung cancer cells) and MRC5 (healthy 
fetal lung fibroblast cells).  The obtained results 
show that the examined cancer lines demonstrate 
different sensitivity to MNPs and that cytotoxicity 
depends on the type of nanoparticle coating. It was 
found that HeLa cells exhibit the highest sensitivity, 
regardless of the type of coating while at the same 
time healthy cells are almoust insensitiv to MNPs.   
 
The labeling yield for all MNPs is very high and  for 
PEG coated nanoparticles is almost 100%. Stability 
of 90Y-labeled MNPs was investigated in both saline 
and human serum at 37oC up to 72h. It was found 
that MNPs/PEG/90Y stability  is almost 100% while 
citric acid nanoparticles (MNPs/CA/90Y) demonstrate 
lower stability of 65%.  
 
Magnetic hyperthermia measurements show that all 
samples have good heating ability. SPA values of 
MNPs doped with Mg  are increasing with 
concentration x and applied frequency, showing 

improvement of  heating efficiency comparing to 
pure magnetite. Measured SPA values are  
comparable or higher with so far known commercial 
ferrofluids. 
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Recently, Hiraoka et al. have synthesized a gear-
shaped amphiphile molecule 1, shown in Figure 1. 
1s are self-assembled into a cubic-shaped 
hexameric structure, nanocube (16), in 25% aqueous 
methanol [1, 2]. Another gear-shaped molecule (2), 
in which three methyl groups of 1 are replaced with 
hydrogen atoms, does not form the nanocube (26). 
Hiraoka et al. further found that 1 is not assembled 
in pure methanol. Previously, the static molecular 
orbital of density functional theory studies have 
already reported [3]. The purpose of this work is to 
elucidate the stability of these hexameric capsules 
16 and 26 in water [4], in methanol [5], and in 25% 
aqueous methanol with the aid of molecular 
dynamics simulation. 
 
In all solvents, the nanocube 16 structure for all 
trajectories are maintained. On the other hand, the 
26 structure in water for one trajectory and seven 
trajectories in 25% aqueous methanol are collapsed. 
In methanol solvent, the 26 for all trajectories are 
collapsed. The number of collapsed trajectories of 26 
is raised, as the number of methanol solvent 
molecules is increased. We focus on the nanocube 
structure of the ππ stacking between pyridines and 
CHπ interactions between the methyl group and 
pyridine. The CH-π network among pyridyl groups 
and CH3 groups can be constructed on the 16 as 
shown in Figure 2 because the nanocube structure 
can be stable by van der Waals force. 
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Figures 

 
Figure 1. Chemical formulae of gear-shaped amphiphile 
molecules, 1 (R = CH3) and 2 (R = H). 

 
 
 

 
 
 
 
 
 
Figure 2. Black atoms are the CH-π network in nancube 16. 
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In recent years, food trade globalization has brought 
several benefits for consumers such as lower prices, 
supplies available all year and a greater variety of 
foods. Nevertheless, it has raised growing concern 
for food safety and genetic traceability, driving a 
need for technological innovations. In particular, 
such technologies have to be compliant with the 
food distribution and market requests for accuracy, 
rapidity, and low costs. Traditional methods (real-
time PCR, sequencing (DNA barcoding [1]), or 
microbiological assays) have important drawbacks, 
as they require expensive instrumentation, qualified 
personnel, long times, and high-quality DNA 
extraction. We developed a universal approach that 
combines an asymmetric PCR [2] to a fast and 
colorimetric read-out based on DNA-functionalized 
gold nanoparticles [3, 4]. In the presence of the 
target, the gold nanoparticles aggregate and a red-
to-purple color change is visible at room temperature 
within 5 minutes. This technique is useful for 
applications in several fields, due to its specificity, 
sensitivity, versatility, and cost-effectiveness. This 
approach has been applied to two cases of study. 
The first application, in the food-safety field, deals 
with the detection of Fusarium langsethiae in cereal 
crops. It is a toxigenic fungus and the main producer 
of two toxins (T-2 and HT-2), which are damaging 
both for human health and crop yields. Our 
colorimetric technology can specifically detect the 
presence of this fungus in the genomics extracted 
from real plants, distinguishing it from other similar 
species that belong to the genus Fusarium (such as 
Fusarium culmorum, graminearum, and 
sporotrichioides). When the sample is contaminated 
with F. langsethiae, the aggregation of the gold 
nanoparticles causes a color-shift visible by naked-
eye (Figure 1). The second application, related to 
food authentication, aims the discrimination of Sepia 
officinalis, usually substituted with other two species 
(Sepia hierredda and pharaonis) that look similar 

and are genetically analogous. When an unknown 
sample contains the S. officinalis, a color change of 
the gold nanoparticles occurs (Figure 2). 

 
 
References 
 

 
[1] Hebert, P.D., Cywinska, A., Ball, S.L., 

deWaard, J.L., Proc. R. Soc. Lond. B, 270 
(2003); 

[2] Wooddell, C.I., Burgess, R.R., Genome Res., 
6 (1996) 886; 

[3] Valentini, P., Pompa, P.P., Angew. Chem. Int. 
Ed. Engl., 55 (2016) 2157; 

[4] Valentini, P., Galimberti, A., Mezzasalma, V., 
De Mattia, F., Casiraghi, M., Labra, M., 
Pompa, P.P., Angew. Chem. Int. Ed., 56 
(2017) 8094; 

 
 
 
 
 

Figures 
 
 
 

 
Figure 1. Specificity test for the colorimetric detection of F. 

langsethiae. Sample 1: F. langsethiae, 2: F. culmorum, 3: F. 
graminearum, 4: F. sporotrichioides, NC: mQH2O. 

 
 
 

 
 
 

Figure 2. Colorimetric discrimination of S. 
officinalis. Sample 1: S. officinalis, 2: S. 
hieredda, 3: S. pharaonis, NC: mQH2O. 
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Abstract: 
 
New chemistries are being devised to generate 
polymers from non-food stock sources, or by novel 
fermentation and bioengineering techniques. 
Polymers obtained from renewable resources are 
already under investigation for drug delivery, and 
presently there are many examples using 
carbohydrates and polypeptides [1]. 
 
Polymeric materials based on synthetic polymers 
bearing amino acids in the main-chain or in the side-
chain are very interesting biomimetic materials. 
Apart from being biodegradable and/or 
biocompatible, these materials exhibit properties that 
combine those from both the amino acid sequences 
and the synthetic counterpart. The application of 
certain stimuli provokes conformational, physical or 
chemical changes that can be utilized in biomedicine 
as well as in bio- and nano-technology [2]. 
 
Globalide (Gl), a macrolactone derived from a non-
toxic hydroxy fatty acid, is particularly interesting 
because it contains one unsaturation that can be 
used for functionalization via thiol-ene chemistry [3]. 
Graft copolymers were prepared following the 
synthetic route depicted in Figure 1. 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
 

Figure 1. Synthetic route to poly(globalide)-g-poly(-

amino acid)s graft copolymers. 

 

Gl was polymerized by enzymatic ROP to render 
polyglobalide (PGl) with Mn around 15,000 g mol-1. 
Amine functionalization of PGl was performed by 
thiol-ene click reaction with 2-boc-aminoethanethiol 
and removal of the protecting group with 
trifluoracetic acid (TFA). Grafting was made by ROP 
of duly protected amino acids N-carboxyanhydrides 
(NCA) initiated by the amino side groups of modified 
PGl. By treatment with TFA-HBr, the Bc or Cbz 
protecting groups were fully removed from the PBLG 
or PZLLys side chains, respectively, to render 
polypeptidic chains with the carboxylic or amine 
groups in the free form. All copolymers were 
characterized by 1H and 13C-NMR, FT-IR, GPC, 
TGA and DSC techniques. After removal of the Bc 
or CBz protecting group, water-soluble copolymers 
PGlx-g-PLGAy and PGlx-g-PLLysy were obtained. 

 
Nanoparticles (NPs) with diameters in the ~80-170 
nm range were prepared from the PGlx-g-PBLGy and 
PGlx-g-PZLLysy. Figure 2 displays the size 
distribution and TEM micrograph of NPs made of 
PGl20-g-PBLG50. 

 

10 100 1000

D (nm)  
 
Figure 2. DLS profile and TEM image of NPs made of 

PGl20-g-PBLG50. 

Water-soluble copolymers PGlx-g-PLGAy and PGlx-
g-PLLysy were obtained after deprotection of PGlx-g-
PBLGy and PGlx-g-PZLLys. Aqueous polymer 
solutions of these compounds were prepared, and 
the NPs size distribution was directly measured by 
DLS. NPs with diameters in the ~30-150 nm range 
were formed as it is shown in Figure 3.   
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Figure 3. DLS profile and TEM image of NPs made of 

PGl20-g-PLGA50. 
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By using the emulsion/evaporation technique, the 
PGl20-g-PLGA50 and PGl20-g-PLLys50 copolymers 
provided NPs with diameters in the ~300-500 range. 
These NPs exhibited good stability when incubated 
in water for several days as it is displayed in Figure 
4. 

1 10 100 100010000

D (nm)

 0

 12 h
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Figure 4. DLS and TEM measurements of NPs made after 

one week of incubation in water: a) PGl20-g-PLGA50 and b) 
PGl20-g-PLLys150. 

These results give support to the potential of these 
copolymers to be used as carrier and delivery 
systems for active biomedical agents.  
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INTRODUCTION 
The controlled release of drugs from biodegradable 
polymer nanoparticles (NPs) is having a great 
medical impact in a wide range of therapeutic areas 
[1]. Elastin-like Recombinamers (ELRs) are an 
interesting option to achieve this goal because of 
their ability to perceive their environment and 
respond to changes in it. The ELR biopolymers are 
polypeptides whose sequence is formed by repeats 
of the sequence (VPGXG)n, or their permutations, 
which gives the elastin its unique mechanical 
properties, i.e. extraordinary elasticity, self-assembly 
capability and excellent resistance to stress. 
Moreover, ELRs are a new class of biomaterials with 
an extraordinary biocompatibility and an interesting 
bioactivity [2]. Thus, new NPs production processes 
have been developed to protect the functionality of 
this type of polymers. Carbon dioxide, CO2, in 
supercritical state (scCO2) becomes a very powerful 
solvent [3] and serves as a completely clean 
separation agent since it uses mild temperatures in 
the process that do not harm the product, it is a non-
flammable, non-corrosive, non-toxic, non-
carcinogenic element, has a large selective capacity 
and does not generate waste. 
 
MATERIALS & METHODS 
Materials 
Dimethyl sulfoxide (DMSO) was purchased from 
Sigma Aldrich with a purity ≥ 99.7%. Carbon dioxide 
was supplied by Carburos Metálicos S.A. with a 
purity of 99.95%. The selected ELRs are amphiphilic 
polymers which contain 1107 amino acids [4] with 
Glutamic acid and Isoleucine as guest residues 
(ELR1). The same biopolymer with a block which 
contains peptide loop presented in the human 
fibronectin protein with the well-known RGD (ELR2) 
[5] sequence for cell adhesion was used for future 
cell assays. These ELRs have been designed and 

bioproduced by BIOFORGE. Docetaxel (DTX) was 
provided by Apollo Scientific with a purity of 99%. 
Deuterium oxide was purchased from Sigma Aldrich 
with a purity of 99.9 atom % D. 
 
Methods 
Supercritical-Antisolvent (SAS) pilot plant is 
equipped with diaphragm pump (Dosapro, France) 
to reach the scCO2 conditions. When the mass flow 
is constant and the working pressure and 
temperature remain stable, a defined amount of ELR 
and DTX dissolved in DMSO is pumped by a 
chromatographic pump (Gilson 305 pump) into the 
precipitator at the desired flow rate through a coaxial 
nozzle. This process uses the capacity of scCO2 to 
be dissolved in the solvent [6], so an instantaneous 
supersaturation of the solution takes place in the tip 
of the nozzle and the solute precipitates in particles. 
Particles formed by DTX and ELR were recovered 
out of the precipitator vessel in a porous metal filter 
with a screen size of 1µm. 
The proportions of each material in the particles 
were determined by NMR spectroscopy (Agilent 
Technologies) by comparison of methyl groups 
integral value belonging specifically to the ELR and 
the integral of the aromatic protons belonging to the 
DTX. Surface charge of the particles (ζ-Potential) 
and micelles was measured by Dynamic light 
scattering (DLS) using a Zetasizer Nano ZS 
(Malvern Instruments Ltd.). Samples analysed by 
DLS were dissolved at 1 mg/mL in ultrapure 
deionized water and three measurements were 
taken per sample at 37ºC and neutral pH. 
Furthermore, the nanoparticle agglomerate 
morphology was studied by Scanning Electron 
Microscopy (SEM) (ESEM QUANTA 200 FEG). 
In vitro drug delivery experiment was performed in 
triplicate using dialysis method at 37 ºC. 1 mg of 
ELR1+DTX was dispersed in 1mL of 7:3 (v/v) 
water/ethanol release medium compromising 0.6 mg 
of DTX encapsulated (Table 1). Previously activated 
dialysis bags (MWCO 12000 kD) were filled, sealed 
in both ends and then immersed in 30 mL glass vials 
filled with 20 mL of release medium. Vials were 
stirred at 80 rpm and 37 ºC in an incubator during all 
the experiment. Samples of 2 mL were withdrawn at 
predetermined time intervals from the release 
medium and the same volume was replaced with 
fresh medium to maintain sink conditions. A triplicate 
of the same amount of DTX dissolved in 1 mL of 
release medium was used as control. The released 
DTX was measured by UV-vis spectrometer (UV-Vis 
NanoDrop 2000, Thermo scientific) following the 
Lambert and Beer’s law with a quartz cuvette at 234 
nm wavelength. 
 
RESULTS & DISCUSSION 
Preliminary precipitation experiments with pure ELR 
were performed to determine the best operating 
conditions that proved to be 110 bar, 308.15 K and 
30 mg/mL in ELR weight. 
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Entry Experiment %ELR %DTX %DMSO 

1 ELR1 control 96.40 - 3.40 

2 ELR2 control 96.90 - 3.10 

3 ELR1+DTX 38.62 57.93 3.45 

4 ELR2+DTX 38.57 57.85 3.58 

Table 1, experiments carried out with ELR1, ELR2 and DTX. 

Initial ratio 1:1 w/w (ELR:DTX) was not kept in the 
particles after processing (entry 2 and 3, table 1). A 
small amount of ELR was lost during the experiment 
and the final ratio was 1:1.5 w/w, respectively. This 
might be caused because the drug precipitates first 
and some amount of ELR is washed down with the 
scCO2. This new rate must be taken in consideration 
for future cell assays. SEM images of the samples 
(Figure 1) clearly show that the particles produced 
during the SAS experiments did not present 
aggregation and had a smooth surface with a range 
size between 3-10 μm (n=1035). The stability of the 
micelles of ELR containing DTX were measured by 
DSL during 5 days after its preparation as previously 
described. The differences in size, which vary 
between 35±11 and 45±14 nm, are not statistically 
remarkable; and polydipersity index below 0.2 found, 
indicates a monodisperse behaviour. This feature 
was confirmed measuring the ζ-Potential, where the 
NPs show values around -30 mV, which indicates 
that they had charge enough to repel between each 
other avoiding aggregation. 
Figure 2 represents the % of drug release loaded in 
the ELR1-DTX and the control samples versus time 
during 96 h. As it can be observed, 55 ± 11% of the 
drug is released in the first 10 h of experiment, and 
then, the release velocity started to decrease until 
the total release at 96 h. However, in the control 
sample 53 ± 2% is released in the first 2 h reaching 
the total release at 24 h of experiment. These results 
show a clear delay in the delivery of the drug. 

Mathematical model Parameters COD R2 

Ritger-Peppas 
k1 = 0.2100±0.0040 

k2 = -0.0118±0.0005 
0.9969 

Lindner-Lippold 

k1 = 0.2988±0.0480 

n = 0.2812±0.3054 

b = -0.0660±0.0445 

0.9787 

Peppas-Shalin 

k1 = 0.2230±0.0070 

k2 = -0.0134±0.0008 

n = 0.4731±0.01260 

0.9979 

Table 2, parameters and COD R2 of the equations fitted from 

the drug delivery profile. 

Release profile from Figure 2 was then fitted with the 
well-known semiempirical equation of Ritger-
Peppas, which describes the kinetic release of 
active compounds, with Lindner and Lippold 
equation, which is a modification of the generalized 
equation of Higuchi to describe the burst effect, and 
with biexponential equation of Peppas-shalin, which 
is a generalization of Ritger-Peppas equation to 
determine the contribution of the Fick diffusion 
process and the relaxation of the polymer chains 
regardless of the geometry of the release system. 
Lindner-Lippold fitting shows that it is not statistically 
able to describe well the releasing because of its 

lower value of coefficient of determination (COD R2) 

(Table 2). On the other hand, Ritger-Peppas and 
Peppas-Shalin equations have similar COD R2, so 
both of them are enough accurate to describe the 

process of diffusion of the drug to the release 
medium. 
CONCLUSIONS 
In this work, micro-particles of a highly hydrophobic 
drug coated with Elastin like Recombinamers were 
produced successfully with scCO2 by SAS, making 
a drug delivery system with amount of solvent 
residues well below the legal limits. Thanks to the 
amphiphilic behaviour of the biopolymer, the drug 
delivery system keeps stable in time and the drug 
delivery profiles show a controlled release, 
compared with the control samples, following Fick 
diffusion processes as it is shown with the 
mathematical models proposed. 
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Figures 

 
Figure 1. SEM photomicrographs from ELR1+DTX. (A) size 

bar 200 µm, (B) size bar 20 µm. 

 
Figure 2. % drug release of ELR1-DTX and control sample 

vs. time (h). 
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Scientists have dreamt for long of miniature robots 
that can be controlled and navigated inside human 
body, to help the medical doctors to diagnose and 
treat the diseases.1 Recently, these 
micro/nanorobots have demonstrated to be useful 
tools for several biomedical applications, including 
drug carriers and delivery vehicles, biological 
sensing, cell transport as well as cell and tissue 
penetration, highlighting their great potential for 
developing smart drug delivery systems along with 
their efficacy in sensing and microsurgical 
applications.2 However, in order to facilitate the 
biomedical applications of the micro/nanorobots, in 
particular for in vivo applications, imaging and real-
time tracking of these tiny agents are crucial before 
they can be safely applied on a living body.3 The use 
of current optical microscope-based 2D and 3D 
techniques for whole-body in vivo imaging is limited 
to superficial areas, just below the skin or the 
surface of internal organs and cavities, because 
visible light has an inherently low capacity for 
penetrating biological tissue.  

 
Figure 1. Schematic approach of PET-CT for the tracking of 
micromotors. 

Here, we show that positron emission tomography 
(PET), a molecular imaging technique widely used in 
medical imaging, can also be used to track a large 
population of tubular Au/PEDOT/Pt micromotors 
(see Figure 1).  
We used catalytic self-propelled micromotors 
containing a surface layer of gold as a model of an 
active system. The gold layer allows for 
radiolabeling using the positron emitting isotope 124I 
(halflife:4.2 days) due to the high affinity binding 
between gold and iodine. Two identical longitudinal 
tubular phantoms were prepared to examine the 
suitability of PET-CT for tracking the location of 

micromotors (both self-propelled and inert) at a 
macroscopic level. We observed that PET-CT could 
track the location of swarming micromotors (see 
Figure 2A) over 15 min, providing quantitative 
information on the temporal evolution of their spatial 
distribution within the phantoms. Afterwards, for 
validation purposes, we repeated the previous 
experiment using similar phantoms to those used in 
PET-CT and we acquired optical images of the 
bubbles released from the micromotors (Figure 2B) 
and micromotor trajectories while swimming. The 
PET-CT results were in good agreement with 
tracking observations obtained using optical 
microscopy, demonstrating that PET is a suitable 
technique for the imaging of large populations of 
active micromotors in opaque environments.4 

Finally, we have used the same type of micromotors 
for their tracking using PET-CT in a rat being able to 
observe the distribution of the tubular structures in 
vivo. As Figure 2C displays, after 48 hours, the 
micromotors accumulated in the thyroids, lungs and 
liver. 
This work demonstrated the use of this mature 
imaging technology for the in vivo localization of 
artificial swimmers and open new opportunities for 
the medical tracking and better control of 
micro/nanomotors for biomedical applications. 

 
Figure 2. Imaging of micromotors: (A) PET-CT images 
corresponding to different times (up to 15 min) of analysis for 
two in vitro Phantoms: micromotors without (1) and with (2) 
fuel. (B) Optical imaging of self-propelled catalytic Au-
micromotors inside the phantom tubes (d = 4 mm). (C) PET-
CT images of microtubular structures without fuel in vivo after 
48h of analysis to demonstrate traceability (1: thyroid; 2: lung; 
3: liver) 
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