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It has been 13 years since the establishment of EuroNanoMed (ENM).
During all those years, research and innovation funding organisations
in Europe and beyond have been joining forces to fund excellent
multidisciplinary and translational research and innovation projects
that covered: Regenerative medicine, Diagnostics and Targeted delivery
systems.

EuroNanoMed is a platform for funding agencies and ministries
established since 2008. National and Regional research funding
programmes join together with the goal of creating and funding
collaborative research and innovation projects that can convert research
in nanotechnology into practical gains in medicine.

Twelve joint transnational calls have been launched and a total of 120
transnational projects have been funded, including 628 research groups
from over 21 countries.

EuroNanoMed III (2016-2021) was the last ERA-Net Cofund Action on
Nanomedicine under Horizon 2020 that built upon the achievements
on its predecessors to support the European Nanomedicine research
community.

During this period, ENMIII has successfully funded Projects from a
wide range of technical areas such as analytical tools, nanoimaging,
nanomaterials and nanodevices, novel therapeutics and drug delivery
systems, clinical, regulatory and toxicological issues. The medical
domains have changed across the timeline. Most of the Projects are
related with oncology/cancer, neurology and infectious diseases but
we can also mention projects on dermatology, ophtalmology and/or
metabolism.

In this booklet we would like to highlight the very important role
that Spanish research on Nanomedicine is playing in the European
ecosystem, summarizing the great success that Spanish research
groups have had in the 5 Joint Translational Calls that EuroNanoMed
III calls has launched since 2016.

Thanks to the crucial support of the State Research Agency (AEI),
CDTI and the Carlos I1I Health Insititute (ISCIII) by cofounding these
projects, the participation and the success rate of Spanish entities in
these calls have been outstanding.

From a total number of 61 projects that have been funded under
EuroNanoMed III 22 have been coordinated by Spanish researchers
and 13 more had Spanish representatives as partners. Overall, Spain has
participated in almost 60% of all the funded projects. This impressive
number is also reflected in the participating research groups. From a
total of 309 research groups involved, 58 are from Spain, being the
second country with more funded participants just after France.



EuroNanomed III had the goal of creating and funding collaborative
research and innovative projects and to convert research in
nanotechnology into practical gains in medicine. The participation
of ISCIII and CDTI in these calls has for sure strengthen the
participation of hospitals, public health institutes and companies
which are essential for the translation of the basic research done
so far in nanomedicine into the clinics. We can highlight that out of
the B8 participating Spanish institutions, 24 are research centers, 24
hospitals or public health institutes and 10 companies.

TOTAL
SPANISH
FUNDED RESEARCH SPANISH  NUMBER OF
YEAR COORDINA-
PROJECTS GROUPS PARTNERS SPANISH
TORS
GROUPS
2017 16 82 4 8 13
2018 12 57 6 8 14
2019 13 65 3 8 14
2020 10 53 3 4 6
2021 10 52 5 7 l

EuroNanomed III has shown that the Spanish Nanomedicine
ecosystem is in very good shape. Excellent research is carried out
in the field, and this is proved by the outstanding results obtained
in Horizon 2020, not only in the EuroNanomed III calls but also in
NMBP calls.

During Horizon 2020, nanotechnology has played an important role as
a novel-technology with growing application in the field of medicine.
Horizon Europe will surely bring new funding opportunities that will
help.'consolidate this-role and bring more nanotechnology tools for
treatment and diagnosis into the market. Nanomed Spain will continue
giving support to all the Spanish stakeholders in the field to make sure
that their success in Horizon Europe keeps the same track and Spanish
nanomedicine stays at the front of the European research.



The Spanish Platform far Nanomedicine (NANOMED Spain) was created in 2005 and
now has more than 180 members, including companies, hospitals, technology centers,
research centers and public administrations.

Nanomed Spain’s main mission is to accelerate the development of innovative medical
and pharmaceutical products based on nanotechnology, as well as the translation of
nanomedicine from the early stages of research to its arrival in the market and clinic. It
does this by encouraging the collaboration of all relevant actors in the sector (academ-
ia, industry, hospitals and administration), facilitating a common space for dialogue
and cooperation between all these agents.

OBJETIVES

 Encourage public-private collaboration.

e Develop common analyses and strategies in are-
as of innovaton and knowledge transfer.

e Internationalize Spanish industry thorugh coop-
eration and coordination between European and
Spanish activities.

 Defend Spanish interests and priorities with in-
ternational funding agencies.

More information about the nanomedicine sector.
Help to advance your nanomedicine project and to find partners.
Become a member.

www.nanomedspain.net
nanomedspain@ibecbarcelona.eu

@NANOMEDSpain



Projects Coordinated by Spanish
institutions
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CALL

="y Current biological technologies for skin diseases

fective skin substitutes manufactured in a GMP
facility in a relative short period of time.

<~ 4 aim to provide a matrix and antimicrobial sup-
”ﬁx port. However, due to existing limitation it is
y M aﬂ {}Ggi{g i’} necessary to develop bioequivalent and cost-ef-

Granada Health Research Institute has developed a novel biomaterial based on
nanostructured fibrin-agarose hydrogel that has proven to be effective for the tis-
sue-engineered construction of artificial human corneas, oral mucosa, peripheral
nerve regeneration and skin.

Here we propose a multidisciplinary healthcare approach combining bioengi-
neered skin, growth factor- and antibiotic-loaded nanoparticles (NPs) towards an
improved chronic wound therapy.

The NanoGrowSkin project will focus on the development of new advanced thera-
py tools/technologies in skin regeneration for the treatment of burns, by providing
new alternative therapeutic options for many patients with chronic wounds.

The first aim to be accomplished by NanoGrowSkin will be the optimization of
human artificial skin models by using pharmaceutical quality products and the
implementation of novel methods, such as nanomedicine technologies. This will
allow the generation of biomaterials with improved and suitable biomechanical
and antimicrobial properties for its therapeutic use in clinical approaches. In order
to achieve this first goal, necessary histological, rheological and genetic guality
controls are envisaged.

The second aim of NanoGrowSkin will be to adapt the production of these new
tools towards an optimal regulatory framework, including GMP regulation and
EMA guidelines.

Thirdly, NanoGrowSkin has foreseen a wider exploitation model. It will include
the development of a market access approach in order to estimate the benefits of
this treatment for the entire society. The envisaged model will include the calcu-
lation of cost per patient as well as potential cost-savings and/or cost-effective
measures for the affordable introduction of the tissue engineered treatment.

Miguel Alaminos, ibs.GRANADA, Spain

COORDINATOR PARTNERS

Maria Villar Vidal, OSI Health XXI, Spain

Loredana Cecchetelli, Istituto Biochimico Italiano, Italy

Muriel Cario-André,Université de Bordeaux, France

Christophe Egles,Université de Technologie de Compiégne, France
Abhay Pandit, NUIG, Irland

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)

PROJECT




PUBLICATIONS

Vela-Romera, A., Carriel, V., Martin-Piedra, M. A., Aneiros-Fernandez, J., Campos, F., Chato-Astrain, J., Pra-
dos-Olleta, N., Campos, A., Alaminos, M., and Garzon, 1. (2019). Characterization of the human ridged and non-
ridged skin: a comprehensive histological, histochemical and immunohistochemical analysis. Histochemistry
and cell biology, 151(1), 57-73. https://doi.org/10.1007/s00418-018-1701-x

Martin-Piedra, M. A., Alfonso-Rodriguez, C. A., Zapater, A., Durand-Herrera, D., Chato-Astrain, J., Campos, F.,
Sanchez-Quevedo, M. C., Alaminos, M., and Garzon, I. (2019). Effective use of mesenchymal stem cells in hu-
man skin substitutes generated by tissue engineering. European cells and materials, 37, 233-249. https://doi.

org/10.22203/eCM.v037al4

Quantin, P, Ghazi, K., Pereira, U., Smith, A., Degardin, L., Vigneron, P., Ficheux, H., Garlick, J., Rapetti, L., and
Egles, C. (2020). Utilization of a mouse/human chimeric model for long term metabolic testing of human skin.
Journal of pharmacological and toxicological methods, 102, 106663. https://doi.org/10.1016/j.vascn.2019.106663

Vairo, C., Basas, J., Pastor, M., Palau, M., Gomis, X., Almirante, B., Gainza, E., Hernandez, R. M., Igartua, M.,
Gavalda, J., and Gainza, G. (2020). In vitro and in vivo antimicrobial activity of sodium colistimethate and ami-
kacin-loaded nanostructured lipid carriers (NLC). Nanomedicine : nanotechnology, biology, and medicine, 29,
102259. https://doi.org/10.1016/j.nan0.2020.102259

Chato-Astrain, J., Chato-Astrain, 1., Sanchez-Porras, D., Garcia-Garcia, O. D., Bermejo-Casares, F., Vairo, C.,
Villar-Vidal, M., Gainza, G., Villullas, S., Oruezabal, R. I., Ponce-Polo, A., Garzdn, 1., Carriel, V., Campos, F., and
Alaminos, M. (2020). Generation of a novel human dermal substitute functionalized with antibiotic-loaded na-
nostructured lipid carriers (NLCs) with antimicrobial properties for tissue engineering. Journal of nanobiotech-
nology, 18(1), 174. https://doi.org/10.1186/s12951-020-00732-0

Gadekar, A., Bhowmick, S., Pandit, A., A Glycotherapeutic Approach to Functionalize Biomaterials-Based Sys-
tems (2020). Adv. Funct. Mater. 30(44), 1910031. https://doi.org/10.1002/adfm.201910031

Ionescu, A. M., Chato-Astrain, J., Cardona Pérez, J. C., Campos, F., Pérez Gomez, M., Alaminos, M., and
Garzon Bello, I. (2020). Evaluation of the optical and biomechanical properties of bioengineered human skin
generated with fibrin-agarose biomaterials. Journal of biomedical optics, 25(5), 1-16. https://doi.org/10.1117/1.
JB0.25.5.055002

Campos, F., Bonhome-Espinosa, A. B., Chato-Astrain, J., Sdnchez-Porras, D., Garcia-Garcia, 0. D., Carmona,
R., Lopez-Lopez, M. T., Alaminos, M., Carriel, V., and Rodriguez, I. A. (2020). Evaluation of Fibrin-Agarose Tis-
sue-Like Hydrogels Biocompatibility for Tissue Engineering Applications. Frontiers in bioengineering and bio-
technology, 8, 596. https://doi.org/10.3389/fbioe.2020.00596

Campos, F., Bonhome-Espinosa, A. B., Carmona, R., Duran, J., Kuzhir, P,, Alaminos, M., Lépez-Lopez, M. T., Rod-
riguez, I. A., and Carriel, V. (2021). In vivo time-course biocompatibility assessment of biomagnetic nanoparti-
cles-based biomaterials for tissue engineering applications. Materials science and engineering. C, Materials for
biological applications, 118, 111476. https://doi.org/10.1016/j.msec.2020.111476

Irastorza-Lorenzo, A., Sdnchez-Porras, D., Ortiz-Arrabal, O., de Frutos, M. J., Esteban, E., Fernandez, J., Jan-
er, A., Campos, A., Campos, F., and Alaminos, M. (2021). Evaluation of Marine Agarose Biomaterials for Tissue
Engineering Applications. International journal of molecular sciences, 22(4), 1923. https://doi.org/10.3390/
ijms22041923

THESIS

Jesus Chato Astrain; Generacidn y evaluacion de modelos biomiméticos de cancer de piel no melanoma y de
sustitutos bio-artificiales de nervio periférico para la evaluacién de protocolos terapéuticos, 2021

Anuja Gadekar; Dissertation to obtain the doctoral thesis; On course.

TRANSLATION OF RESULTS

The project allowed a significant improvement of the
current model of bioengineered human skin used as
ATMP for critically burnt patients
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CALL

2._ I NTRATA RG ET Improved understanding of tu-

B . 8 % mor cellular heterogeneity and
of the dual role of the immune system in the progression of cancer has led
to the design of new cancer immunotherapies aimed to target cancer cells
as well as immune cells. However, these advanced therapies still have major
draw-backs related to their limited access to their cell (cancer cells vs im-
mune cells) and tissue (primary tumor site and metastatic niches) targets,
which often result in a poor efficacy/toxicity balance. Moreover, the inability
of these therapies (i.e. mAb or siRNAs) to cross the cell membrane makes
them unsuitable to reach intracellular targets.

The objective of the 2-INTRATARGET project, has been to address these
challenges by engineering Multifunctional Polymeric Nanocarriers (MPNs)
aimed to deliver: 1) monoclonal antibodies (mAb) into cancer cells, thus tar-
geting intracellular oncoproteins in the tumor or in their metastatic niches
and 2) RNA molecules into the Tumor Associated Macrophages (TAM), to
re-educate them and switch the tumor-promoting immune suppressive mi-
croenvironment to one that Kills tumor cells and promotes adaptive immune
responses.

In the frame of this 2-INTRATARGET consortium we have developed and
evaluated MPNs with the capacity to deliver different active molecules (i.e.
siRNA, dsRNA, small drugs and mAbs) inside cancer cells and TAMs. We
have engineered more than 10 prototypes (>100 formulations were screened)
loaded with the selected drugs, using different techniques and polymers,
which have been screened based on their physicochemical properties (i.e.
size, zeta-potential, drug loading) and stability.

To target and reprogram TAMs into M1l-antitumor macrophages, we test-
ed 15 MPN prototypes containing different TLR agonists, e.g. imiquimod,
resiquimod and Poly (I:C). Finally, we selected the best TLR-loaded-MPNs
based on their low toxicity, capacity to deliver the active compounds in the
targeted endosomal compartment and to stimulate the anti-tumor cytotox-
ic activity of macrophages. In vivo, TLR-loaded-MPNs strongly inhibited
primary tumor growth in immunocompetent lung cancer models, and lung
metastasis in fibrosarcoma murine models.

COORDINATOR PARTNRS

Paola Allavena, Istituto Clinico Humanitas (ICH), Italy
Ivan Penuelas,University of Navarra (UNAV), Spain
Ruth Schmid,SINTEF, Norway

Yilmaz Capan,ILKO, Turkey

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)

PROJECT

Maria Jose Alonso, University of Santiago de Compostela (USC), Spain




To target cancer cells, we have engineered and tested 15 MPNs loaded with
siRNAs or mAbs to inhibit KRAS. These prototypes have been optimized
in terms of physicochemical characteristics, drug loading and intracellular
delivery. Preliminary experiments using anti-KRAS G12V mAb and siRNA
anti-KRAS loaded in different MPNs have shown a synergistic effect with
gemcitabine in a pancreatic cancer model.

Overall, this 2-INTRATARGET project allowed us to build a solid EU-consor-
tium with complementary expertise in nanotechnology and cancer immuno-
therapy. In the next years, we will continue working and expanding this line
of research, including different antibody combination therapies, in the frame
of a recently approved 2"2-INTRATARGET project (2021-2024).

PUBLICATIONS

Anfray, C., Ummarino, A., Anddn, F. T., and Allavena, P. (2019). Current Strategies to Target Tumor-Asso-
ciated-Macrophages to Improve Anti-Tumor Immune Responses. Cells, 9(1), 46. https://doi.org/10.3390/
cells9010046

Maeda, A., Digifico, E., Andon, F. T., Mantovani, A., and Allavena, P. (2019). Poly(I:C) stimulation is superior than
Imiquimod to induce the antitumoral functional profile of tumor-conditioned macrophages. European journal of
immunology, 49(5), 801-811. https://doi.org/10.1002/eji.201847888

Allavena, P., Anfray, C., Ummarino, A., and Anddn, F. T. (2021). Therapeutic Manipulation of Tumor-associated
Macrophages: Facts and Hopes from a Clinical and Translational Perspective. Clinical cancer research : an of-
ficial journal of the American Association for Cancer Research, 27(12), 3291-3297. https://doi.org/10.1158/1078-
0432.CCR-20-1679

Quattrini, F., Berrecoso, G., Crecente-Campo, J., and Alonso, M. J. (2021). Asymmetric flow field-flow fraction-
ation as a multifunctional technique for the characterization of polymeric nanocarriers. Drug delivery and
translational research, 11(2), 373-395. https://doi.org/10.1007/s13346-021-00918-5 Erratum in: Drug delivery and
translational research, 11(2), 396.

Dacoba, T. G., Anthiya, S., Berrecoso, G., Fernandez-Marino, 1., Ferndndez-Varela, C., Crecente-Campo, J., Tei-
jeiro-Osorio, D., Torres-Andon, F., and Alonso, M. J. (2021). Nano-Oncologicals: A Tortoise Trail Reaching New
Avenues. Adv. Funct. Mater., 31(44), 2009860. https://doi.org/10.1002/adfm.202009860

Berrecoso, G., Crecente-Campo, J., and Alonso, M. J. (2020). Unveiling the pitfalls of the protein corona of
polymeric drug nanocarriers. Drug delivery and translational research, 10(3), 730-750. https://doi.org/10.1007/
s13346-020-00745-0

Dacoba, T. G., Anfray, C., Mainini, F., Allavena, P., Alonso, M. J., Torres Andon, F., and Crecente-Campo, J.
(2020). Arginine-Based Poly(I:C)-Loaded Nanocomplexes for the Polarization of Macrophages Toward M1-Anti-
tumoral Effectors. Frontiers in immunologuy, 11, 1412. https://doi.org/10.3389/fimmu.2020.01412

TRANSLATION OF RESULTS

- Collaboration with the company Sylentis in the con-
text of siRNA anti-KRAS.

- Collaboration of the company Libera Bio in the con-
text of mAb anti-KRAS. The company is now extending
the knowledge and facing the advanced preclinical de-
velopment phase.

Overall, the major innovations are: (i) the possibility to
target the KRAS oncoprotein, recognised as an undrug-
gable target until now and, (ii) the design of a new com-
bination immunotherapy targeted to TAM.

NANOMED SPAIN - Plataforma Espariola de Nanomedicina 11
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CALL

COORDINATED

NANOpheles: Development of
nanovectors for the targeted
delivery in Anopheles mosquitoes
of agents blocking transmission
of Plasmodium parasites

The unmet medical and patient
k. need of malaria eradication will
¥ NANO ph8|ES not be achieved unless the tar-
geted delivery of new drugs is
vastly improved. The objective
of NANOpheles is to design
polymeric nanovectors for the delivery of antimalarial agents to Plasmodium
stages in the mosquito, and to characterise the efficacy of nanovectors and
antimalarial agents to reduce mosquito infectiousness. This objective will
be achieved through (i) synthesis of nanocarriers capable of encapsulating
antimalarials and preventing their degradation in storage conditions, (ii) en-
gineering targeted nanovectors capable of delivering their antimalarial con-
tents to Plasmodium stages in the Anopheles mosquito, and (iii) evaluating
the effect of selected nanovectors (loaded with antimalarial agents) on the
mosquito stages of Plasmodium and their transmission capacity in a murine
model of malaria. NANOpheles unites leading laboratories with expertise in
nanoparticle synthesis, targeted drug delivery to

PROJECT

Plasmodium-infected cells, molecular and cell biology of malaria, mouse
models and mosquito vectors of malaria and clinical aspects of malaria.

Main results:

1. Identification of a synthetic polymer capable of solubilizing lipophilic
drugs for their delivery to mosquitoes. It can also be applied to diseases
other than malaria.

2. Identification of a natural polymer (heparin) with targeting and antimalar-
ial activities towards Plasmodium stages in the mosquito.

3. Identification of a synthetic polymer with targeting to the ookinete stage
in the mosquito.

4. Identification of a synthetic polymer with targeting to the mosquito mid-
gut endothelial cells.

5. Discovery of a new antimalarial drug targeting mosquito stages of Plas-
modium.

COORDINATOR )F()Z\gir'\ll?lzzusg:uets Fernandez, Fundacié Institut de Bioenginyeria de Catalunya (IBEC), Spain
Jos Paulusse, University of Twente (UT), The Netherlands

Christian Grandfils, CUniversity of Liege (ULg), Belgium

Krijn Paaijmans, Barcelona Institute for Global Health (ISGlobal), Spain

Inga Kiamos-Siden, Foundation for Research and Technology- Hellas (FORTH), Greece
Fatima Nogueira, Universidade Nova de Lisboa, Portugal

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



PUBLICATIONS

Marti Coma-Cros, E., Biosca, A., Marques, J., Carol, L., Urban, P., Berenguer, D., Riera, M.C., Delves, M., Sinden,
R.E., Valle-Delgado, J.J., Spanos, L., Siden-Kiamos, I., Pérez, P., Paaijmans, K., Rottmann, M., Manfredi, A., Fer-
ruti, P., Ranucci, E., Fernandez-Busquets, X. (2018) Polyamidoamine nanoparticles for the oral administration of
antimalarial drugs. Pharmaceutics, 10(4), 225. doi: 10.3390/pharmaceutics10040225

Kréger, A.P.P.; Komil, M.I.; Hamelmann, N.M., Juan, A,, Stenzel, M.H., Paulusse, J.M.J. (2019) Glucose Sin-
gle-Chain Polymer Nanoparticles for Cellular Targeting. ACS Macro Lett. 8(1) 95-101. doi: 10.1021/acsmacro-
lett.8b00812

Moles, E., Kavallaris, M., and Fernandez-Busquets, X. (2019) Modeling the distribution of diprotic basic
drugs in liposomal systems: perspectives on malaria nanotherapy. Front. Pharmacol. 10, 1064. doi: 10.3389/
fphar.2019.01064

Lantero, E., Fernandes, J., Aldez-Versoén, C.R., Gomes, J., Silveira, H., Nogueira, F., Fernandez-Busquets, X.
(2020) Heparin Administered to Anopheles in Membrane Feeding Assays Blocks Plasmodium Development in
the Mosquito. Biomolecules, 10, 1136. doi: 10.3390/biom10081136

Biosca, A., Bouzén-Arnaiz, 1., Spanos, L., Siden-Kiamos, 1., Iglesias, V., Ventura, S., Fernandez-Busquets, X.
(2020) Detection of Protein Aggregation in Live Plasmodium Parasites. Antimicrobial Agents and Chemother-
apy, 64(6), e02135-19. doi: 10.1128/AAC.02135-19.

Borgheti-Cardoso, L.N., San Anselmo, M., Lantero, E., Lancelot, A., Serrano, J.L., Hernandez-Ainsa, S., Fernan-
dez-Busquets, X., and Sierra, T. (2020) Promising nanomaterials in the fight against malaria. J. Mater. Chem. B,
8(41), 9428-9448. doi: 10.1039/d0tb01398f.

Kréger, A.P.P,, Paats, J.D., Boonen, R.J.E.A., Hamelmann, N.M. Paulusse, J.M.J. (2020) Pentafluorophenyl-based
Single-chain Polymer Nanoparticles as a Versatile Platform towards Protein Mimicry. Polymer Chemistry, 11
6056. doi: 10.1039/D0OPY00922A (Special Pioneering Investigators Issue)
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TRANSLATION OF RESULTS

Two patents being currently filed.
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CALL

According to the World Health Organi-
zation, 15 million persons suffer a stroke

=
magdbrls worldwide each year, and neuro-repair

treatments could offer the opportunity
to treat stroke patients by extending

PROJECT

the therapeutic time window.

By engineering novel magnetic nano-biomaterials we will achieve tissue
repair in the context of an ischemic event. We will take advantage of na-
notechnology to deliver therapeutic growth factors, secreted by progenitor
cells, into the injured brain. MAGBBRIS aims at demonstrating that growth
factors secreted by endothelial progenitor cells can be encapsulated in mag-
netic biomaterials and safely transplanted into mouse brains with the guid-
ance of magnetic fields, to induce tissue repair.

MAGBBRIS consortium is made up by highly multidisciplinary materi-
als-science, biomedical and clinical research with industrial partnership. The
project will provide a new medicinal product ready to be tested in a preclin-
ical multicentric studuy.

Multimodal nanocapsules made of poly(D,L-lactic-co-glycolic acid, PL-
GA-NCs) labelled with SPIONs and Cy fluorophores for the imaging track-
ing and magnetic retention have been designed and successfully produced
for the encapsulation of Endothelial Progenitor Cells secretome. The process
has been standardized and the characterization shows that reproducibili-
ty has been achieved. The average size of the NCs has consistently been
under 300 nm. Therapeutic secretome from stroke-derived EPCs has been
produced in medium-scale batches in GMP-like protocols by our industrial
partner who has provided standardized secretome batches of 15mg/mL free
of FBS and fully functional, in vitro. In parallel the magnetic targeting has
been achieved with FeNdB focused magnet prototypes for the mouse im-
plantation and a prototype for the human use, developed with appropriate
anatomical and functional characteristics.

Anna Rosell, Vall d’Hebron Research Institute. Barcelona, Spain.

Anna Roig, Agencia Estatal Consejo Superior de Investigaciones
Cientificas (CSIC). Institut de Ciéncia de Materials de Barcelona (ICMAB).
Bellaterra, Spain.

Fabien Gosselet,University of Artois, Faculty Jean Perrin. Lens, France.
Maria Picchio,Ospedale San Raffaele IRCCS. Milano, Italy.

Filip Jelen,Pure Biologics Ltd. Wroctaw, Poland.

Peter Kopcansky, Institute of experimental physics, Slovak Academy of
Sciences, SAS. Kosice, Slovakia.

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



We have shown the incorporation of the PLGA-NC into vessel-like structures
in vivo and inside endothelial cells of the BBB in vitro. The therapeutic ac-
tions of the encapsulated secretome on endothelial cells have been demon-
strated in angiogenesis tests and on the BBB models where the secretome
protected from the ischemia-induced permeability. In vivo PLGA-NC have
been successfully administered in a mouse model of cerebral ischemia with
specific brain targeting in the damaged area when administered intraarte-
rially by endovascular procedures further improved by the magnet implan-
tation for a short time. This administration has proved its safety when ad-
ministered shortly after ischemia while increasing the amount of PLGA-NC
in the targeted injured brain, confirmed by MRI and fluorescent molecular
imaging taking, advantage of the multimodal imaging properties of our na-
nocarrier. Finally, the in vivo administration of the therapeutic PLGA-NC
with the secretome is being tested to confirm the in vivo efficacy of the pro-
duced nanomedical product.

PUBLICATIONS

Pradillo, J.M., Grayston, A., Medina-Alonso, V., Arrte, M., Lizasoain, I., Rosell, A. (2019). Effects of aging and
comorbidities on endothelial progenitor cells. Conditioning Medicine, 2(1):18-29.

Esquiva, G., Grayston, A., and Rosell, A. (2018). Revascularization and endothelial progenitor cells in stroke.
American journal of physiology. Cell physiology, 315(5), C664-C674. https://doi.org/10.1152/ajpcell.00200.2018

Zhang, Y., Garcia-Gabilondo, M., Grayston, A., Feiner, I., Anton-Sales, I., Loiola, R. A,, Llop, J., Ramos-Cabrer,
P., Barba, I., Garcia-Dorado, D., Gosselet, F., Rosell, A., and Roig, A. (2020). PLGA protein nanocarriers with
tailor-made fluorescence/MRI/PET imaging modalities. Nanoscale, 12(8), 4988-5002. https://doi.org/10.1039/
c9nr10620k

Zhang, Y., Garcia-Gabilondo, M., Rosell, A., and Roig, A. (2019). MRI/Photoluminescence Dual-Modal Imaging
Magnetic PLGA Nanocapsules for Theranostics. Pharmaceutics, 12(1), 16. https://doi.org/10.3390/pharmaceu-
tics12010016

Gosselet, F., Loiola, R. A,, Roig, A., Rosell, A., and Culot, M. (2021). Central nervous system delivery of mole-
cules across the blood-brain barrier. Neurochemistry international, 144, 104952. https://doi.org/10.1016/j.neu-
int.2020.104952

Grayston, A,, Zhang, Y., Garcia-Gabilondo, M., Arrae, M., Martin, A., Kopcansky, P., Timko, M., Kovac, J., Strbak,
0., Castellote, L., Belloli, S., Moresco, R. M., Picchio, M., Roig, A., and Rosell, A. (2022). Endovascular administra-
tion of magnetized nanocarriers targeting brain delivery after stroke. Journal of cerebral blood flow and metabo-
lism : official journal of the International Society of Cerebral Blood Flow and Metabolism, 42(2), 237-252. https://
doi.org/10.1177/0271678X211028816

Loiola, R. A., Garcia-Gabilondo, M., Grayston, A., Bugno, P., Kowalska, A., Duban-Deweer, S., Rizzi, E., Hachani,
J., Sano, Y., Shimizu, F., Kanda, T., Mysiorek, C., Mazurek, M. P,, Rosell, A., and Gosselet, F. (2021). Secretome

of endothelial progenitor cells from stroke patients promotes endothelial barrier tightness and protects against
hypoxia-induced vascular leakage. Stem cell research and therapy, 12(1), 552. https://doi.org/10.1186/s13287-021-
02608-y

Torras, M., Moya, C., Pasquevich, G. A., and Roig, A. (2020). Accurate iron quantification in colloids and nano-
composites by a simple UV-Vis protocol. Mikrochimica acta, 187(9), 488. https://doi.org/10.1007/s00604-020-
04454-w

TESIS

- Yajie Zhang, Nanocapsules as Drug Delivery Carriers for Pro-angiogenic Therapies. 2020.
- Alba Grayston, Advanced medical products for stroke in a pre-clinical model. 2021.
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NANOSIM: Biodegradable
Nanoparticles of Simvastatin as
new therapeutic tool for chronic
liver disease

Liver cirrhosis is the fifth cause of

i i*gu‘ﬂlahroﬂ i |Q_)
J* — EELL\I‘{H _ death in adults aged 50 to 70 years o
s ~=——i=== and is responsible for 85% of liver 3
e NANOS'M transplants. Approximately 29 million =

people in the European Union still
suffer from a chronic liver condition despite major progress in the knowl-
edge and management of liver disease. Unfortunately, there is no treatment
(other than the removal of the causing agent) available to stop or slow the
progression of this chronic disease.

The purpose of the NANOSIM project is to develop an unprecedented new
therapy for chronic liver diseases with safe and specific biodegradable pol-
ymeric micelles loaded with simvastatin, precisely directed to liver sinusoi-
dal endothelial cells (LSEC). This will allow increasing drug concentration to
maximize its efficacy and reduce its toxicity, becoming a therapeutic tool for
hampering progression of liver damage. By the perfect match between na-
notechnology, chemistry and hepatology, we will deliver a novel treatment,
easy to produce, effective and ready to be assayed in humans.

Statins are considered one of the most promising drugs to change the nat-
ural history of chronic liver diseases, by slowing/stopping the progressive
inflammation and fibrosis of the liver. However, statins have side effects that
increase in patients with advanced chronic liver disease, limiting the use of
high doses and preventing their full therapeutic potential. The present pro-
ject proposes a series of studies aimed at the development and characteri-
zation of simvastatin encapsulated in biodegradable nanoparticles, specifi-
cally targeted to LSEC, evaluating their toxicity and safety. The project also
proposes pre-clinical studies to analyze the efficacy and side effects in an
experimental animal model of severe liver cirrhosis as the bile duct ligation
model, the most susceptible model to simvastatin toxicity, but also in models
of nonalcoholic esteatohepatitis without fibrosis.

Joan Genesca, Vall d'Hebron University Hospital (HUVH_COORDINATOR), Spain
COORDINATOR DARTNERS

Norman Metanis, The Hebrew University of Jerusalem (HUJI), Israel
Mig Wei, Cellvax S.A., France

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



PUBLICATIONS

Hide, D., Gil, M., Andrade, F., Rafael, D., Raurell, I., Bravo, M., Barbera, A., Gracia-Sancho, J., Vargas, V., Au-
gustin, S., Genesca, J., Schwartz, S., Jr, and Martell, M. (2020). Simvastatin-loaded polymeric micelles are more
effective and less toxic than conventional statins in a pre-clinical model of advanced chronic liver disease. Na-
nomedicine : nanotechnology, biology, and medicine, 29, 102267. https://doi.org/10.1016/j.nan0.2020.102267

3 COMMUNICATIONS TO CONFERENCES

Master Final Thesis. Mar Gil. Study of the effect of Pluronic F127 polymeric micelles (PM-F127) loaded with sim-
vastatin on the different liver cell types in healthy rats (HUVH). 2019.

THESIS

Mar Gil. Targeted biodegradable nanoparticles of simvastatin as new therapeutic tool for chronic liver disease
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CONCORD: Cationic Gold
nanoparticles mediated
MRNA cytoplasmatic-targeted
delivery for production of
CAR-T lymphocytes for

Chronic Lymphoid Leukemia
immunotherapy

Al Chimeric  Anti-
CONCORD Y R e ger: Réceptor I'I'

Diviebaping niw nanavectors for the teatnend o €L o i (CAR T) cell ther-

apy is a type of
immunotherapy based on the ex-vivo engineering of patient T-lymphocytes
to produce special chimerical receptors on their surface that target specifi-
cally tumoral cells when re-introduced in the patient. CAR T cell therapy tar-
geting CD19 is showing very promising results with recurrent and refractory
Chronic Lymphocytic Leukaemia. However, modified CAR T lymphocytes
stay active indefinitely and conseguently patients experience permanent
eradication of normal B-cell requiring monthly infusions of immunoglobu-
lins for survival. Besides, T-lymphocytes are modified using lenti- or retrovi-
ral vectors, which, though acceptably safe, are not free of oncogenic inser-
tional mutagenesis risk and consequent regulatory barriers.

To overcome the permanent elimination of B-cells, mRNA transfections are
more and more used as a tool for transient protein overexpression. However,
the use of mMRNA as an overexpression tool is challenging since isolated
mRNA is easily degraded, and protein levels quickly decline after 24-48h,
while the treatment should last for at least 2-3 weeks to eradicate tumoral
cells from the patient. Current methods for non-viral mMRNA delivery, es-
pecially lipofectamine or electroporation, are quite toxic. As an alternative,
we propose to bind the mRNA to Au (solid and hollow) nanoparticles (NPs)
functionalized with amine-terminated groups as a safer way to transport
mRNA to the cytosol via endocytosis and further escape from endosomes
through the proton sponge effect.

COORDINATOR PARTNERS

Manel Juan Otero,Hospital Clinic de Barcelona, Spain.

PROJECT

Neus G. Bastus,Institut Catala de Nanociencia i Nanotecnologia ICN2, Spain

Giovanna Damia,IRCCS-Istituto di Ricerche Farmacologiche Mario Negri, Italy.

Raf Korenstein,Tel Aviv University, Sackler School of Medicine,
Ignasi Gispert, Applied Nanoparticles S.L., Spain

Israel

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



By adjusting conditions, the slow release of the loaded mRNA inside the
cell will be controlled, therefore extending the mRNA half-life and protein
expression. AuNPs are of special interest for delivery due to their biocom-
patibility, tuneable surface chemistry, and their special optical and electron-
ic properties that allow fine monitoring of the evolution, distribution and
modifications of them and their chemical environment.

In this context, CONCORD is designing and developing transfection nan-
ovectors for the sustained release of mMRNA inside the cell for longer ther-
apeutic levels of CAR expression. This objective involves two different as-
pects: i) the design of the nanovector: synthesis, functionalization, loading
with mRNA, characterization, and dispersion in biological media, and ii) the
testing of the nanovector: the study of the molecular mechanisms regulating
the interaction cells-nanovectors, evaluation of hazard and risk assessment
and evaluation of their efficacy and therapeutic power.
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PANIPAC: Photoactivable
nanoparticles to
immunostimulate the tumor
microenvironment in pancreatic
cancer

Bo g R 4 oparticles to immunostimulate

i ‘ li i i h the tumor microenvironment in

pancreatic cancer) sets out to

tackle a pressing medical need for developing innovative therapeutic ap-

proaches that improve the outcome and survival of pancreatic cancer pa-

tients. Therapeutic strategies involving the manipulation of the immune

system to defeat tumors are gaining momentum in cancer research. Sin-

gle-agent checkpoint inhibitors, including agents that alter immune sup-

pressive signals in other human cancers, have shown a limited efficacy in
pancreatic cancer.

PANIPAC (Photoactivable nan-
R Ahl!nA’&P otoactivable nan

PROJECT

PANIPAC project aims to generate an impact in the treatment of pancreatic
cancer, making use of the evidences of immunological responses stimulated
by Photodynamic therapy (PDT) treatment, enhanced by appropriate na-
noparticles (NPs). We propose to develop nanoparticles able to penetrate
and accumulate in pancreatic tumors, and efficiently deliver the associated
compounds. This means to develop a tailored nanosystem for the targeted
delivery of therapeutic molecules to pancreatic cancer cells, including verte-
porfin, an antiangiogenic drug that is under clinical evaluation for photody-
namic therapy in locally advanced pancreatic cancer.

The main objective of PANIPAC is to make an impact on the treatment of
PDAC, making use of the existing evidences for the potential use of nano-
technology to manipulate and/or re-educate the immune cells of the tumor
microenviroment (TME), and to locally deliver substances that can stimulate
immunological responses, especially photosensitizers for controlled Photo-
dynamic Therapy (PDT), which are also able to induce a potent local inflam-
matory reaction offering the possibility of boosting an immune response
within a re-educated tumor microenvironment to promote the infiltration of
effector T (Teff) cells.

Rafael Lopez, Consorcio Centro de Investigacién Biomédica en Red, M.P. (CIBER), Spain
Bruno Sainz, Jr Universidad Autonoma de Madrid / Instituto de Investigaciones Biomédicas
"Alberto Sols" CSIC-UAM, Spain

Maria Pia Protti, IRCCS Ospedale San Raffaele, Italy

Simona Mura, CNRS, Université Paris-Saclay, France

Serge Calet, STANIPHARM, France

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



We will meet this objective with the development of nanoparticles activated
by light (NALs), composed of bioactive lipids, to induce a controlled inflam-
matory reaction in the TME of PDAC, and reset the immunogenicity for an
improved response to immunotherapies.

The first step is to develop NALs that can efficiently reach PDAC to deliver:
1) verteporfin for PDT, 2) the bioactive lipids, and 3) other active molecules,
such as anakinra or IFNd.

In a second phase, we will validate the potential of the developed technolo-
gy to improve the immunogenicity of PDAC tumors, for the establishment of
combinatory therapies with checkpoint inhibitors

Please visit https://metastarg-panipac.ciberonc.es/panipac

PUBLICATIONS

Protti, M. P., and De Monte, L. (2020). Thymic Stromal Lymphopoietin and Cancer: Th2-Dependent and -Inde-

pendent Mechanisms. Frontiers in immunology, 11, 2088. https://doi.org/10.3389/fimmu.2020.02088
11 COMMUNICATIONS TO CONGRESSES
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METASTARG: Targeted

multifunctional nanoemulsions to
interrupt metastasis progression

METASTARG (Targeted multi-
6 METASTARG functional nanoemulsions to in-
terrupt metastasis progression) is
an innovative solution relying on nanotechnology for the early detection

and treatment of occult micrometastases to cause a direct impact in patient
survival, quality of life, and health-economics.

METASTARG is set to explore the full potential of nanotechnology to detect
and eliminate occult micrometastases, interrupt metastasis progression and
improve cancer survival.

From a technological point of view, the main challenges are related to the
targeting capacity of the proposed nanotechnology to efficiently reach oc-
cult micrometastases, by definition small clusters of cells poorly vascular-
ized, and to avoid possible toxic effects that could worsen the situation of
cancer patients.

Bearing this in mind, we follow an innovative approach that merges pharma-
ceutical innovation and a deeper molecular understanding of the metastatic
process.

Objectives

-To optimize the technology to allow detection of occult micrometases, and
simultaneous delivery of anticancer drugs.

-To understand the biophysics of targeting metastasis to improve nanopar-
ticles interaction with occult micrometastases.

-To generate a solid proof-of-concept of the potential of nanoparticles in
oncology.

-To advance in the translation of nanoparticles to a clinical setting.

PLEASE VISIT https://metastarg-panipac.ciberonc.es/metastarg

COORDINATOR M.P. (CIBER), Spain

PARTNERS
Gerdénimo Fernandez Gomez, Aptus Biotech S.L., Spain

PROJECT

Maria de la Fuente, Consorcio Centro de Investigacion Biomedica en Red,

Lorena Diéguez, International Iberian Nanotechnology Laboratory (INL),

Portugal

Luca Roz, Fondazione, Fondazione IRCCS Istituto Nazionale dei Tumori

(INDT), Italy
Serge Calet,STANIPHARM, France

Speranta Valeria Tanasescu, “Ilie Murgulescu” Institute of Physical

Chemistry of the Romanian Academy, Romania

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



PUBLICATIONS

Tanasescu, S., Gheorghe, D., Precupas, A., Botea Petcu, A., Sandu R., Popa, V. T. ( Thermodynamic descriptors of
the interaction at the bio/nano interface. In Nanomaterials functional properties and applications vol. 28, Series
Micro and nanoengineering. Ed. Academiei Romane, Bucuresti. 2020. ISBN 978 973 27 3290 8

Grimaudo, M. A., Herreros Pomares, A., Alonso, M., Calabuig Farifas, S., Jantus Lewintre, E., de la Fuente, M.
Biofabrication of 3D tumor models in cancer research. In Biomaterials for 3D Tumor Modeling chapter 3 Materi-
als Todauy. Elsevier, USA. 2020:67-90. ISBN: 9780128181287

THESIS

Abi Judit Vazquez Rios. Development of targeted therapeutic strategies for metastatic lung cancer. 2020

In Januray 2021 we included 17 communications to congresses
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Infectious diseases affecting the central nervous system (CNS) remain an
important source of morbidity and mortality. A major obstacle for curing
brain diseases is the blood-brain barrier (BBB), which impedes therapeutic
agents to reach the brain and target the related pathogens. In this project,
we want to develop a drug delivery nanosystem coated with antibody frag-
ments, also called nanobodies (Nbs) as a proof of concept for crossing BBB
and combating brain infections caused by bacteria, virus and parasite. To
do this, we will generate nanobodies (Nbs) against neurotropic pathogens
using two bacterial (Neisseria meningitides and Borrelia burgdorferi), herpes
simplex virus (HSV) and the protozoan parasite Trypanosoma brucei as the
model systems. These Nbs will be further engineered to bear the transferrin
receptor ligand in order to overcome BBB via the receptor-mediated transcy-
tosis. The so-created Nbs will be then conjugated to the drug-loaded nano-
particles constructed with polymer or dendrimer nanovectors. The obtained
nanotherapeutics will be characterized for their size, morphology, surface
charge and stability as well as drug loading and release profile etc.

PROJECT

The ability of these nanotherapeutics to across BBB will be assessed using
an in vitro model of BBB, and their biological activity against the neurotropic
pathogens N. meningitides, B. burgdorferi, herpes simplex virus (HSV) and
T. brucei will be assessed in vitro using cell based experiments and in vivo
using animal models. The success of this project will validate the proof-of-
concept study to combine the nanobody technology with the nanotechnol-
ogy based drug delivery for effectively overcoming BBB and treating brain
infections. We expect to generate, in this project, clinical useful pilot results
for the best performing candidates for future translation, and at the same
time, research data of general scientific interest useful to the broad scientific
community.

Jose A. Garcia-Salcedo,Fundacion para la Investigaciéon Biosanitaria de
COORDINATOR Andalucia Oriental (FIBAO) - Instituto de Investigacion Biosanitaria de
Granada (ibs.GRANADA), Spain

PARTNERS

Ling Peng,Centre Nationale de Recherche Scientifique (CNRS), France
Sylwia Czarnocka-Sniadata, Nanosanguis, Poland

Antonio Alcami, Centro de Biologia Molecular Severo Ochoa, Spanish
Research Council, (CSIC), Spain

Mangesh Bhide,Institute of Neuroimmunology, Slovak academy of
Sciences (SAS), Slovakia

Aristidis Tsatsakis, University of Crete, Greece

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



PUBLICATIONS

Lyu, Z., Ding, L., Tintaru, A., and Peng, L. (2020). Self-Assembling Supramolecular Dendrimers for Biomedical
Applications: Lessons Learned from Poly(amidoamine) Dendrimers. Accounts of chemical research, 53(12), 2936-
2949. https://doi.org/10.1021/acs.accounts.0c00589

Chen, J., Ellert-Miklaszewska, A., Garofalo, S., Dey, A. K., Tang, J., Jiang, Y., Clément, F., Marche, P. N, Liu, X,,
Kaminska, B., Santoni, A., Limatola, C., Rossi, J. J., Zhou, J., and Peng, L. (2021). Synthesis and use of an am-
phiphilic dendrimer for siRNA delivery into primary immune cells. Nature protocols, 16(1), 327-351. https://doi.
org/10.1038/s41596-020-00418-9

Sarandi, E., Kruger Krasagakis, S., Tsoukalas, D., Rudofsky, G., and Tsatsakis A. (2021) A Clinical Trial for the
Identification of Metabolic Biomarkers in Hashimoto’s Thyroiditis and in Psoriasis: Study Protocol. Pathophysi-
ology.; 28(2):291-3086. https://doi.org/10.3390/pathophysiology28020019
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The evaluation of patients after brain injuries remains a primary unmet clin-
ical need. The current diagnosis, prognosis, and rehabilitation efficacy are
mainly assessed by clinical examinations, neuroimaging, and electrophysio-
logical tests during prolonged hospital stays. Our proposal aimed to offer as
an alternative a novel nanobiosensor platform to selectively quantify multi-
ple brain injury and recovery biomarkers (miRNAs and proteins) in biofluids
with high sensitivity and in a short time. The nanophotonic biosensor plat-
form employs silicon interferometric nanowaveguides combined with oligo-
nucleotide bioreceptors to selectively recognize the biomarkers. To reach the
final goal, ABISENS is aimed to carry out the following milestones:

PROJECT

-Receptor synthesis for the detection of protein and miRNA targets. Oligo-
nucleotides were the bioreceptors envisioned for target detection: aptam-
ers for protein detection and complementary oligonucleotide probes for
miRNAs detection. Aptamer selection and screening have been made by
UNIBO (France). So far, they have prepared SELEX libraries for three can-
didates and found and characterized one promising aptamer candidate for
one protein biomarker. On the other hand, ICAQ-CIBER (Spain) has already
accomplished the design and selection of complementary oligonucleotide
probes to detect the selected miRNAs. Different probes have been synthe-
sized, carrying amino groups and biotin groups to facilitate the sensor bio-
functionalization.

-Nanodevice production. ICN2-CIBER (Spain) has already accomplished
the design and manufacturing of a multiplexed 8 channel photonic sensor
and a polymeric microfluidic cartridge to flow the samples over each of the
sensors surface. A silicon sensor chip carrying a beam splitter to propagate
the light to 8 different sensing waveguides was designed, fabricated and op-
tically characterized. A microfluidic cartridge was designed and fabricated
containing microchannels to flow the sample independently to each wave-
guide sensor. This task is currently in progress.

Laura M. Lechuga,Consorcio Centro de Investigacion Biomédica en Red,

COORDINATOR M.P. (CIBERY), Spain

PARTNERS

Caterina Pistarini, Instituti Clinici Scientifici Maugeri Spa Societa Benefit
(ICSM), Italy

Carmelo Di Primo, Institut Européen de Chimie et Biologie, University of
Bordeaux (UNIBO), France

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



Another task carried out was the nanobiosensor optimization for the de-
tection of single and multiple biomarkers. Different protocols were selected
to immobilize the oligonucleotide probes on the sensor surface. From all of
them, biotin-functionalized probes showed the most sensitive and reproduc-
ible protocol, and currently calibration curves are being produced for miRNA
detection. Furthermore, biofunctionalization protocols are being developed
for the attachment of antibodies for the protein biomarkers quantification.

-Sample collection and sensor validation. ICSM (Italy) has already enrolled
the patients and collected the serum and plasma samples at different times
after the brain injury. These patient samples have already been evaluated for
two of the selected protein biomarkers BDNF and NFL, using SiIMOA and
ELISA as orthogonal techniques. In the future, these samples will also be
evaluated with the nanobiosensor for its validation.

NANOMED SPAIN - Plataforma Espanola de Nanomedicina
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nAngioDerm: Ion-release
materials to promote
angiogenesis on dermal
regeneration

Ringa nAngioDerm will develop nanostructured
. . —
ion-release platforms and devices that pro- O
mote the in situ regeneration of damaged 3
skin without the need of cells or growth factors. Within the consortium, we ELC
have developed CaZn nanoparticles and collagen-gelatin scaffolds that can
recruit cells for wound re-vascularization and regenerate skin injuries.
Elisabeth Engel,Institute for Bioengineering of Catalonia
COORDINATOR (IBEC),The Barcelona Institute of Science and Technology, Spain

PARTNERS

Dimitrios Zeugolis, Technological Education Institute of Epirus,
(TEI of Epirus), Greece

Joan Pere Barret,Hospital Universitario Vall d’Hebron (HUVH),
Spain

Olivier Stéphane,Université Grenoble Alpes, Service Courrier
Université Grenoble Alpes (UGA),France

Denis Barbier, MicroLight3D SAS, France

PUBLICATIONS

Blanco-Fernandez, B., Cano-Torres, I., Garrido, C., Rubi-Sans, G., Sanchez-Cid, L., Guerra-Rebollo, M., Rubio,
N., Blanco, J., Perez-Amodio, S., Mateos-Timoneda, M. A., and Engel, E. (2021). Engineered microtissues for the
bystander therapy against cancer. Materials science and engineering. C, Materials for biological applications,
121, 111854. https://doi.org/10.1016/j.msec.2020.111854

Blanco-Fernandez, B., Gaspar, V. M., Engel, E., and Mano, J. F. (2021). Proteinaceous Hydrogels for Bioengineer-
ing Advanced 3D Tumor Models. Advanced science (Weinheim, Baden-Wurttemberg, Germany), 8(4), 2003129.
https://doi.org/10.1002/advs.202003129

Rubi-Sans, G., Castano, O., Cano, 1., Mateos-Timoneda, M.A,,

Perez-Amodio, S., Engel, E. Engineering Cell-Derived Matrices:

From 3D Models to Advanced Personalized Therapies (2020)

Advanced Functional Materials, 30(44), 2000496. https://doi.org/10.1002/adfm.202000496

Perez-Amodio, S., Rubio, N., Vila, O. F., Navarro-Requena, C., Castafo, O., Sanchez-Ferrero, A., Marti-Munoz, J.,
Alsina-Giber, M., Blanco, J., and Engel, E. (2021). Polymeric Composite Dressings Containing Calcium-Releasing
Nanoparticles Accelerate Wound Healing in Diabetic Mice. Advances in wound care, 10(6), 301-316. https://doi.
org/10.1089/wound.2020.1206

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)
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Betalactam (BL) allergy is self-reported by approx-

imately 10% of the population with adverse drug

. reactions (ADR), being most frequently induced

by an IgE mediated mechanism. This ADR has

implications for patients safety and Health Sys-

DrNanODA" tems costs since prescription of alternative anti-

biotics could induce bacterial resistance, could be

more expensive and could potentially be more toxic. IgE-mediated BL aller-

gy varies among patients, with some reacting only to one BL and others to

several of them; it tends to change over time and differs between European
countries, depending on BL consumption.

BL allergy diagnosis is challenging, relying on patient clinical history, in
which previous BL-ADR evidence are often inaccurately reported; and on
drug provocation and/or skin tests, which are not risk-exempt and require
specialized healthcare professionals for results interpretation and patient
management.

In vitro testing stands out as the more rational alternative diagnostic meth-
od, showing however various limitations, such as low sensibility. Immuno-
assay for quantifying specific IgE is the most used one, although limited to
few BLs. Basophil activation test is also used, although the lack of knowl-
edge about the activation mechanisms has hampered a wider clinical appli-
cation. Thus, nowadays these tests do not fulfil the clinician’s needs.

DrNanoDAIl proposes the development of nanoparticles decorated with BL
dendrimeric antigens, innovative solutions to surpass the current limita-
tions. In order to offer new in vitro tools for BL-allergy accurate diagnosis,
this proposal will combine nanotechnological and immunological approach-
es with BL-allergy clinical expertise, implementing a multi-omics workflow
and involving the industry for scaling up nanomaterials and clinical test val-
idation steps.

Major developments of our project include the preparation of different parti-
cles and their preliminary immunological evaluation with patients’ samples,
with the following outcomes so far: (i) Radio Immunoassays using nanopar-
ticles, which improve protocol management and the sensitivity of current
available techniques. (ii) Basophil activation test using nanoparticles, im-
proves the sensitivity of this test compared when performed with the free
drug.

Maria José Torres, Universidad de Malaga-BIONAND, Spain.

Jean Louis Gueant, Inserm and University of Lorraine, France.

PROJECT

Rosa Pettinato, IRCCS Associazione Oasi Maria SS. - ONLUS, Italy.
David Rodriguez, DIATER Laboratorio de Diagndsticos y Aplicaciones

Terapéuticas, S.A, Spain.
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This European-wide collaboration will be crucial to generate a new BL-al-
lergy diagnosis tool suitable for personalized medicine, which will impact
positively on the European Health Systems.
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CELLUX: CeO2 Nanoparticles-
assisted stem cell-based
therapy: an innovative
nanopharmaceutical approach
to treat retinal degenerative
diseases.

Chronic inflammation is now regarded as
a major pathogenic pathway common in
many different pathologies. Age-related
Macular Degeneration (AMD) is a neuro-
degenerative and complex disorder with
multifactorial etiology, currently inevita-
ble and orphan of treatment, that repre-
sents a major cause of blindness in peo-
ple over 50 and affects millions of people
worldwide. Its progression is associated
with an increase of oxidative stress and inflammatory response in the eye
leading to retinal cell death. Recently, a new agent has been added to the
group of antioxidant/anti-inflammatory substances with therapeutic prop-
erties: cerium oxide nanoparticles (CeO2NPs). CeO2NPs have a unique
electronic structure that when reduced to the nanoscale, oxygen defects
appear at their surface, behaving as sites for free radical scavenging. Thus,
the main objective of CELLUX is to develop a novel pharmaceutical-based
CeO2NPs eye drops to treat AMD that in combination with stem cell-based
therapeutic strategies, will not only stop degeneration but restore vision-

PROJECT

Despite the COVID-19 global situation, the progress of the CELLUX project
is going as planned. Although it is true that we had some delays in several
deliverables, all partners are committed to making an effort to achieve each
task on time, now that the situation is getting better. One of the first goals of
the project was to test whether our newly CeO2NP and eye drops were safe.
We tested it using different models, from the ocular microbiome, biological
media, cells, invertebrate animals, to mice and rats. We did not observe any
cytotoxicity, increased cell death, immune response, or irritation in any of
these systems.

Anna Duarri, Vall d’Hebron Institut de Recerca, Spain

Maria Dusinska, NILU-Norwegian Institute for Air Research, Norway
Luisa Diomede, Istituto di Ricerche Farmacologiche “Mario Negri” IRCCS,
ITtaly

Alena Sevcu, Technical University of Liberec, Czech Republic

Els Verhoeyen, Centre International de Recherche en Infectiologie (CIRI)/
INSERM U1, France

Ignasi Gispert, Applied Nanoparticles, Spain
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Moreover, regarding another goal on whether the CeO2NP could act as a po-
tent antioxidant, this was also proved in cells and animal models. However,
this part is still ongoing. We also described a new potential particularity of
our CeO2NP eye drops. We observed that using in vitro models and in vivo
ocular treatment in mouse models of neovascular AMD, CeO2NP inhibits
neovascularization, making these NP even more interesting for further clin-
ical applications.
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NANOE GLI0O 1. Nanoparticle synthesis,

During the development of the project, several nanoparticles have been
synthesized including:

a. -cyclodextrin derivatives. Two of them were selected for further studies
following siRNA interaction and toxicity experiments.

b. Nine phosphodendrimers in the first round. After testing for siRNA inter-
action and toxicity, a second round comprising 7 phosphodendrimers was
synthesized . Four of them were selected to proceed with transfection effi-
ciency studies.

c. Several additional nanoparticles were prepared allowing them to be trans-
formed in situ as glyconanodendrimersomes.

d. Twelve peptides with a site modification or sequence deletion from the
lead peptide (DEA). The sequence-activity-relationship will be studied later.
In addition, 12 branched peptides with divalent, trivalent, tetravalent or oc-
tavalent structures which were obtained by conjugating DEA on multiden-
tate skeletons; and 15 amphiphilic dendrimers of different generations with
4 to 32 amino groups on the surface (called N-terminus) for siRNA interac-
tions, and with C18 chains or BBB crossing carrier on its C -terminus were
also synthesized and characterized.

e. Eight dihydropyridine derivatives were synthesized and tested for inter-
action with siRNA and toxicity. All of them showed a good toxicity pattern.

2. Toxicity on neurons and astrocytes

Two -cyclodextrin , 4 phosphodendrimers, and 10 dihydropyridine-based
nanoparticles that showed ability to bind siRNA and to protect it from
degradation by RNAses were tested for toxicity in primary mouse corti-
cal neurons and astrocytes, in human glioblastoma T98G cell line, and in
2 cell lines generated by partner 6 from glioblastoma tissue obtained from
patients. These studies allowed to identify the concentration range that is
not toxic for neurons and astrocytes that are the cell types sharing anatomic
space with glioblastoma cells in vivo. In addition, neither of the tested na-
noparticles was toxic up to 15 uM for either T98G glioblastoma cells or the
patient-derived glioblastoma cells.

Valentin Cefia, CIBERNED, ISCIII. Spain

Jean-Pierre Majoral,CNRS. Sciences Chimiques. France
René Rouy, and Yves St. Pierre, Universite du Quebec. Canada
Hui-Ting Chen, National Yang-Ming University. Taiwan
Daniel Boismenu, Glycovax Pharma Inc. Canada

Maria Angeles Vaz, Hospital ramoén y Cajal. Spain

Aiva Plotniece, State Education Development Agency. Latvia
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Toxicity studies for glyconanodendrimersomes, the peptide-based, and am-
phiphilic dendrimers are under wau.

3. Transfection efficiency in glioblastoma

The nanoparticles tested for toxicity on neurons, astrocytes, the cell line
T98G, and the patients-derived cell lines were tested for their ability to effi-
ciently transfect siRNA aimed to knockdown the protein p42-MAPK which
is involved in proliferation and survival of glioblastoma cells. From the nan-
oparticles studied, two -cyclodextrins and 6 dihydropyridine-derived nano-
particles showed a high transfection efficiency (reduction of p42-MAPK pro-
tein levels of more than 70%). The phosphodendrimers tested did not show
high transfection efficiency. Thus, they will be further modified and studied
to achieved the desired transfection efficiency level.
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Drug delivery to the Central Nervous System (CNS) is limited by complex bi-
ological barriers generally termed the blood-brain barriers (BBB).The nano-
technology-enabled innovation to be developed in INTREPIDUS is a drug
delivery system that will lay the foundations for a new route of administering
drugs to the CNS. This new concept is called pseudodelivery and is based on
a patented implantable device able to put in touch target molecules present
in the Cerebrospinal Fluid (CSF) with drugs infused inside of the device.
This is achieved by means of a smart architecture of selectively-permeable
nanoporous membranes that allow the influx of small molecules (targets)
at the time of preventing the efflux of therapeutics of larger molecular size
(nanosieve). Acting directly on the CSF is expected to be highly effective
while no immune responses are expected from biological drugs as they do
not enter in contact with cells (immunoisolation). Thus, the ultimate aim is
to change the paradigm of route of administration of drugs for a wide num-
ber of neurological conditions: from peripherally delivered to intrathecally
pseudodelivered. Specifically in this project, we will develop and test an in-
trathecally implantable device to be used in combination with two types of
drugs: enzymes and antibodies. The project is composed of interconnected
work packages aimed at refining the design of the device, manufacturing
all components, and assembling the prototype. Proof-of-concept is being
shown at multiple levels: in vitro, ex vivo (human and mice CSF) and in vivo.
Strategies to optimize biocompatibility and biofouling of nanoporous mem-
branes are implemented throughout the project since membranes need to be
fully biocompatible and remain operational for the long term.

Manuel Menéndez Gonzalez,FINBA, Spain
COORDINATOR PARTNERS
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Bogdan-Ionel Tamba, University of Medicine and Pharmacy “Grigore T. Popa”
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Tomasz Ciach,Warsaw University of Technology (WUT), Poland

Katarzyna Leczycka-Wilk, NanoSanguis Ltd., Poland

Mabrouk Mostafa, Egypt National Research Centre (ENRC), Egypt
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PLATMED: Biomimetic platelet-
derived nanomedicines for
treatment of thromboembolic
stroker

Stroke is a disease that occurs unexpectedly and has a disastrous outcome.
Approximately 15 million people will experience a stroke episode every year
worldwide, of which 33% are left with a permanent disability, whereas 40%
of cases will result in death. Thrombolysis with intravenous recombinant
tissue plasminogen activator (rtPA) is the only approved drug treatment for
patients with acute ischemic stroke, but its use is limited by a narrow thera-
peutic window, selective efficacy, and haemorrhagic complications.The main
ambition of the PLATMED project is to fabricate a new model of “smart”
nanomedicines in order to improve the thrombolytic efficacy of rtPA, reduce
the risk of systemic bleeding and haemorrhage, and evaluate the recanaliza-
tion rate by imaging techniques. This innovative strategy is expected to im-
prove the outcome of rtPA-treated stroke patients, increase the therapeutic
time-window, and thus the number of stroke patients that can benefit from
this treatment.

PROJECT

Francisco Campos Pérez, Health Research Institute of Santiago
COORDINATOR de Compostela (IDIS), Spain.

PARTNERS

Beatriz Pelaz, University of Santiago de Compostela (USC),
Spain.

Denis Vivien, University Caen-Normandy, GIP Cyceron, France.
Dusica Maysinger: McGill University, Canada.

Op2Lysis company, France.
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2N2-INTRATARGET:
Nanocarriers to deliver
antibodies towards intracellular
targets in cancer cells/TAMs at
primary/metastatic sites

zﬂzsmNTRATARG E | The use of antibodies in clinical

oncology has represented a key
breakthrough for the treatment of cancer. More than 30 mAb are already in
the market, including immune checkpoint blockade (ICB) treatments. De-
spite the advances, these new treatments have failed to deliver according to
the expectations. This is in part due to the inadequate tissue biodistribution
of mAb and, hence, to their associated side effects. In addition, the use of
mAbs has been so far restricted to extracellular targets, whereas hundreds
of important intracellular oncoproteins inside cancer cells or immune-relat-
ed cells, still remain “undruggable”. In this context, we envisage the imple-
mentation of nanotechnology as great opportunity to make these targets
druggable by facilitating the intracellular delivery of antibodies in the target
tissues.

PROJECT

Thus, the objective of this 2A2-INTRATARGET proposal is to address these
challenges by engineering Multifunctional Polymeric Nanocarriers (MPNs)
with the capacity to deliver antibody-based entities inside cancer cells or tu-
mor associated macrophages (TAMs) in two different tissue compartments,
the primary tumor and its metastatic niche (i.e. lymph nodes). The selected
active candidates are full monoclonal antibodies (mAb), minibodies (mini-
Abs) and nanobody-fused-proteins (nAb-FP) against specific targets, KRAS,
STAT3 and TGF-b, which represent key pathways for tumor proliferation,
metastatic spread and immune evasion. Some on-going clinical trials have
been initiated to block extracellularly TGF-b or to inhibit KRAS or STAT3 us-
ing small molecule inhibitors or siRNA approaches, however their effective
inhibition has still not been successfully achieved. We expect that the ef-
fective implementation of these combination therapies will have a dramatic
impact towards the cure of lung tumors resistant to immunotherapy and in
metastatic cancer.

Maria José Alonso Fernandez, Instituto de Investigacion Sanitaria de
Santiago de Compostela (IDIS), Spain

PARTNERS:

Paola Allavena, Humanitas Clinical and Research Center (ICH), Italy
Alfonso Calvo, University of Navarra (UNAV), Spain

Ruth Schmid, SINTEF Industry, Norway

Jean-Christophe Rain, HYBRIGENICS SERVICES, France

COORDINATOR
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In the first year of the project, we have synthesized the first antibodies for
the relevant targets. Plasmids have been validated and antibody selection is
ongoing. We have also progressed on the formulation of nanostructures with
model-nanobodies, showing promising results in terms of cellular internal-
ization both in cancer cells and macrophages in vitro. We are also working
on the optimization of the in vivo models of lung cancer for the subsequent
phases of the project.

This 2A2-INTRATARGET project allowed us to build a solid EU-consortium
of 5 partners with complementary expertise in the fields of Nanomedicine,
Antibodies and Cancer Immunotherapy. We have designed a working plan
comprising: (i) development of antibody-based entities, mAb, miniAb and
nAB-FP against selected targets; (ii) engineering and characterization of
MPNs loaded with antibody-based entities; (iii) in vitro screening of MPNs
using 2D and 3D models; (iv) in vivo antitumoral efficacy; (v) in vivo PK/BD
studies and preliminary toxicology studies.
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TRANSLATION OF RESULTS

Collaboration of the company Libera Bio in the context
of mAb anti-KRAS. The company is now extending the
knowledge and facing the advanced preclinical devel-
opment phase

Overall, the major innovations are related to the provi-
sion of new nanotechnological formulations allowing
the intracellular activity of antibodies. As a proof of
concept, we expect to develop therapeutic entities to
target and inhibit KRAS, STAT3 or TGF-b intracellularly
in cancer cells or the last two inside TAMs, with impli-
cations for the treatment of solid tumors.
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Glioblastoma (GBM) is one of the deadliest types of cancer, and new treat-
ments in the last decades have had little impact on patient survival. Immu-
notherapy tries to activate the host immune system against the tumor and
it is considered a key opportunity to provide a real breakthrough in glioblas-
toma treatment. Unfortunately, GBM is poorly immunogenic and is charac-
terized by an immunosuppressive environment, rendering immunotherapy
ineffective and highlighting the urgent need for innovative approaches.

PROJECT

The RAIN project starts from the understanding that radiotherapy, used in
the first-line treatment of glioblastoma, has a direct immune effect caused
by the release of tumor antigens in the tumor microenvironment by dying
cells. Still, this immune stimulation alone is insufficient to provide antican-
cer effects due to the profound immunosuppression of the GBM microen-
vironment. RAINs are delivery systems for local implantation at the GBM
resection cavity consisting of nanoparticle-delivered immune stimulating
molecules and RNA inhibitors against immunosuppressive pathways aimed
at boosting the antitumoral effects of radiation and immune checkpoint in-
hibitors. The delivery of these molecules in nanostructured formulations is a
critical element, because these drugs, although very potent, have important
pharmaceutical limitations: (a) they can be toxic if spread around the blood-
stream, (b) they require stabilization of long-term effects and (c) they have
to reach intracellular targets.

The RAIN team will first identify photon radiotherapy protocols that gen-
erate the most effective immune responses and simultaneously design dif-
ferent types of nanomedicines for immune activation. Then, the team will
study the antitumoral effect of the prototypes in combination with radio-
therapy and with the immune checkpoint inhibitor anti-PD-1 in different
glioblastoma models in an effort to move these nanomedicines towards a
clinical translation.

Marcos Garcia-Fuentes, Instituto de Investigaciones Sanitarias de
Santiago de Compostela (IDIS), Spain.

PARTNERS

Hsieh-Tsai Chih, National Taiwan University of Science and Technologuy,
Taiwan

Yolanda Prezado, Institut Curie - CNRS, Paris

Long-Sheng Lu, Taipei Medical University and Taipei Medical University
Hospital, Taiwan

Bernard Gallez, Université Catholique de Louvain (UCLouvain), Belgium
Ilaria Marigo, Istituto Oncologico Veneto-IOV-IRCCS, Italy
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GLEBioassay aims to develop a multiplexed point of care nanobiosensing
platform to monitor the efficacy of the naxitamab-based immunotherapy in
neuroblastoma. Naxitamab is a humanized anti-GD2 monoclonal antibody
elicitor of the complement dependent toxicity and the antibody dependent
cellular cytotoxicity. It is less immunogenic and more effective than previ-
ous chimeric antibody-based immunotherapies and FDA has recently ap-
proved its use against refractory/relapsed high-risk neuroblastoma. Some
patients can develop human anti-human antibodies (HAHAs), thus provok-
ing the deferment or suspension of the therapy. Conversely, this treatment
induces in some patients a vaccine effect, when they start producing their
own anti-GD2 antibodies. Currently, there is no standardized and accurate
method to determine naxitamab, HAHAs and anti-GD2 in patients under-
going therapy. In this context, the main goal of the project is to develop a
novel platform to monitor the pharmacodynamics and pharmacokinetics of
naxitamab in real samples, yielding the results in one step.

Based on our previous expertise and two recently patented technologies,
GLEBioassay will bring an electrophoretical paper-based portable platform
with an electrochemical readout for multiplexed immunosensing. In con-
trast to lateral flow systems where the sample runs through capillarity with
optical detection; in our approach the mobility is ruled by electrophoresis
enabling a continuous flow, separating its components and cleaning the
whole pad. On the other hand, we will use a fast stamping method of laser
scribed graphene nanofilms. This technique allows an electrochemical de-
tection using antibodies tagged with electroactive nanoparticles with the
advantage of a lower limit of detection and more accurate results. Due to
the versatility of the proposed platform, the outcome of the project can also
be applied to different scenarios or other immunotherapies where a fast and
efficient point of care biosensor is needed.

COORDINATOR

Nanotecnologia, Spain.
PARTNERS

Carlos Javier Rodriguez Hernandez, Fundacio Privada per a la Recerca i la

Docéncia Sant Joan de Déu (FSJD), Spain
Serhat Sev.Nehir Biyoteknoloji Ltd., Turkey
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Malaria, a parasitic disease caused by different species of Plasmodium, is a
leading cause of mortality in many developing countries and a public health
concern worldwide. The World Health Organization (WHQO) has launched
an ambitious plan to eradicate malaria that will require population screen-
ing, which is not feasible with current diagnostic tools. Nowadays, malaria
point-of-care (POC) testing relies on rapid diagnostic tests (RDTs), which are
easy to use but display insufficient sensitivity. Other unmet needs are the
generation of a quantitative response, a robust and reproducible production
path, and long-term stability under a wide range of temperatures and hu-
midity conditions.

Responding to this challenge, this project aims to develop a cost-effective
analytical system that, by exploiting synthetic receptors and tags, will ex-
hibit long-term storage stability, and fast and quantitative malaria diagnosis
with minimal user intervention, facilitating remote interpretation.

A multidisciplinary consortium has been assembled to tackle this goal by
integrating the know-how of its members. Magnetic nanobeads (MNB) will
be used to optimize fast and sensitive single-step bioassays, in which: i)
synthetic receptors selected and produced in vitro will substitute antibod-
ies (Ab) to improve room temperature storage stability, and ii) electroactive
nanotags (ENT) will substitute enzyme labels to reduce sample matrix inter-
ference and provide rapid direct detection. Handling will be minimized by
using economical paper microfluidic electrodes to automate the assay, while
a customized hand-held electrochemical platform will deliver quantitative
and robust results.

The system, which should reach TLR4 by the end of the project, will provide
a fast diagnosis from whole blood and include the elements for automated
operation with little user handling. Moreover, although initially oriented to
malaria diagnosis, similar technology could be employed in future in other
medical fields.

Una Rieksina, University of Latvia, Latvia
Sibel Ozkan, Ankara University, Turkey
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This project aims to demonstrate that the targeted delivery of exogenous an-
tigens to the extracellular matrix (ECM) of brain tumors provides a safe and
specific target for chimeric antigen receptor T-cell (CART) for the treatment
of glioblastoma (GBM). GBM is the most common brain tumor in adults and
despite all the advances combining surgery, chemotherapy and radiothera-
py, it is still a disease with no cure. CART therapy is one of the most prom-
ising approaches in the treatment of GBM. The main obstacle limiting CART
efficacy is the scarcity of highly expressed tumor antigens in GBM. In this
regard, the ECM could provide a niche for abundant antigens suitable for
activating CART,; nonetheless, as these antigens are also present in healthy
tissues, including the brain, a direct target by CART would lead to severe
side effects.

In this project, we hypothesize that the components of the ECM could be-
come ideal targets for CART therapy if labelled with FITC-peptides, enabling
a tumor treatment using CART directed to FITC (FITC-CART). Therefore, we
propose to deliver FITC-peptides to the ECM by incorporating these conju-
gates in small nanoparticles that mimic low-density lipoproteins (LDLNP),
taking advantage of the known capacity of LDL to accumulate into brain
tumors. The nanoparticle-based delivery of exogenous antigens will promote
local accumulation of antigens in the tumor avoiding unspecific antigen
build-up in healthy organs, which will result in the activation of CART only
at the ECM of brain tumors.

This project describes an original approach for the treatment of GBM us-
ing CART therapy. Building upon the collective expertise of the consortium,
this project will 1) Identify new peptides with selective affinity for the ECM
of brain tumors; 2) synthesize FITC-peptide loaded LDLNP 3) deliver and
release the FITC-peptides at the tumor ECM 4) produce and deliver FITC-
CART to ECM 5] study the efficacy of the CART activated by FITC-peptides
in GBM animal models.

Jacobo Cruces, GalChimia S.A., Spain

Dinorah Friedmann- Morvinski, Tel Aviv University (TAU), Israel

Tambet Teesalu, University of Tartu, Estonia

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)

PROJECT

Pablo Hervella, Health Research Institute of Santiago de Compostela, Spain

Anat Globerson Levin, Tel Aviv Sourasky Medical Center (TAS), Israel




2021

CALL

Osteoarthritis (OA) is the most common form of arthritis and a leading cause
of pain and disability worldwide. Current treatments are limited to symptom
relief. There is an urgent need to develop innovative therapeutic strategies
that aim to restore joint function for the benefit of millions of people world-
wide. Major limitations relate to the complexity of the underlying pathogen-
ic mechanisms for the different clinical phenotypes, and even more for the
unmet need for efficient delivery strategies. OA treatment might be attained
by personalizing care, accompanied by the development of targeted thera-
peutics that can successfully be delivered making use of nanotechnologu.

We aim to develop innovative nanopharmaceuticals based on the associa-
tion of peptides that target senescence and inflammation to nanoemulsions
that can safely be administered to the synovial joint via intra-articular injec-
tion, and provide sustained and long-lasting, symptom and structure modi-
fication, for the enhanced treatment of OA.

Interfering peptides targeting senescent cells can modulate tissue regen-
eration and response to injury. Anti-inflammatory peptides from biological
venoms have shown to reduce inflammation and pain. In this proposal we
will develop new combinatorial targeted therapies by loading these peptides
into biocompatible and biodegradable, safe-by-design and versatile, lipid
nanoemulsions. The most promising combinations will be assessed in vitro,
ex vivo and in vivo. Optimization of critical formulation parameters, nuclear
imaging tracking, and pharmacokinetic studies, will allow to select a nano-
pharmaceutical composition for preclinical evaluation. The results obtained
in this proposal will help us to make state-of-the-art advances in order to
successfully advance our research to the clinic. Attention to critical man-
ufacturing processes, exploitation, dissemination and managerial activities
will ensure translatability of the candidate nanopharmaceuticals.

COORDINATOR

Compostela, Spain

PARTNERS
Maria Mayén, Fundacién Profesor Novoa Santos, Spain

Ali Mobasheri, State Research Institute Centre for Innovative Medicine, Lithuania

Franck Pavan, V-NANO, France

Luminita Labusca, NATIONAL INSTITUTE OF RESEARCH AND DEVELOPMENT

FOR TECHNICAL PHYSICS (NIRDTP), Romania

NANOMED SPAIN - Plataforma Espanola de Nanomedicina

PROJECT

Maria de la Fuente, Fundacion Instituto de Investigacion Sanitaria de Santiago de
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2017

CALL

PARTNER

AMI: Antidrug-antibody and
drug Molecular detection in
Inflammatory diseases with
organic electronics platform

The vision of AMI is a nanoscale label-free platform for the assessment of
the immune reaction against biologicals targeted at inflammatory pathol-
ogies. The AMI platform is based on arrays of label-free electrolyte-gated
organic field effect transistors with multiple gates functionalized either with
the target biomarker for specific antidrug-antibody (ADAs) recognition, or
with ADAs for dosing the circulating drug in patient fluids. The role of LEI-
TAT in the project has aided the integration of a user-friendly microfluidic
interface (also called microfluidic cartridge) to enable the non-specialist to
operate the platform. LEITAT has also developed a portable and ergonomic
device to improve the acceptance by potential end users. This point-of-care
device incorporate a pre-programmed series of micropumps and microvalves
to carry out the sequential recognition and rinsing of the ADAs in whole
blood. LEITAT has improved the portability of the whole system and has
developed an aliquot dispensing system to control it. Based on the results
obtained during the project and the feed-baked collected from all the part-
ners, LEITAT has tested the portable device outside of the laboratory to be
tested in real hospital situation employed by the practitioners, medical staff
and other end-users.

PROJECT

Fabio Biscarini, Universita degli Studi di Modena e Reggio Emilia, Italy
Jordi Ricart Campos, LEITAT, Spain

Paolo Samori, Université de Strasbourg, France

Pablo Fanjul Bolado, DropSens S.L, Spain

Robert Zimmer, ImmuPharma, France

PUBLICATIONS

We have 3 posters presentation in conferences.

TRANSLATION OF RESULTS

Provide microfluidic cartridges and the automated
point-of-care device to the partners for the hospital
implementation

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)
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CALL

Around 2 million patients in Europe, Japan and the US are annually diag-
nosed with Alzheimer’s disease (AD). At present, there is no effective ther-
apy. There is an urgency to improve our understanding of the early patho-
genesis of AD. Evidence is growing that transcriptomic, metabolic and
immunologic changes are preceding the amuyloid and tau pathology char-
acterizing AD. One of the major hurdles hampering progression of research
is that there is a paucity of brain tissue in early stages of disease. Recently
exosomes have gained a significant interest in the research community due
to their ability to pass the blood-brain barrier. The presence of these na-
noparticles in body fluids such as blood, urine and saliva make them an
appealing resource for non-invasive etiologic and diagnostic research that
can be translated into preventive and therapeutic interventions. Technolo-
gy for precise, high-throughput isolation of exosomes from complex body
fluids is pre-requisite, but is currently lacking. The aim of this project is to
develop a beyond the state-of-the art nanotechnology driven analytical
platform for isolation of exosomes and use this platform to investigate meta-
bolic, proteomic, immunologic and transcriptional changes in AD. Our novel
electrodriven separation and fractionation method ? nanochannel induced
ion depletion zone isotachophoresis ? will be employed for fully controllable
isolation of exosomes and their use for biomarker discovery in Alzheimer’s
disease. EXIT will integrate nanotechnology, transcriptomics, genetics and
metabolomics with large existing EU biobanks, enabling to investigate large
sample cohorts of blood and paired cerebrospinal fluid (CSF) and blood.
Within EXIT nanotechnologists, analytical chemists, biologists, geneticists,
epidemiologists and clinicians will work together to make the long-awaited
breakthrough in exosome isolation and rapidly translate this breakthrough
into etiologic, preventive and therapeutic applications.

Thomas Hankemeier, Leiden University, The Netherlands

COORDINATOR PARTNERS

Elizaveta Vereshchagina,SINTEF, Norway
Antonio Chiesi, HansaBioMed Life Sciences, Estonia

PROJECT

Cornelia Van Duijn, Erasmus Medical Center Rotterdam, The Netherlands
Agustin Ruiz, Fundacié ACE. Institut Catala de Neurociencies Aplicades, Spain

NANOMED SPAIN - Plataforma Espanola de Nanomedicina
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CALL

PARTNER

ARROW-NANO: New
Approaches to Rare Respiratory
Orphan fibrotic diseases With

locally administered targeted
NANOparticles

The present project aims at developing a new treatment of two rare severe
respiratory disorders, bronchiolitis obliterans syndrome (BOS) and Systemic
Sclerosis-Interstitial Lung Disease (SSC-ILD) by using nanovectors loaded
with drugs and targeted specifically to diseased cells. Conventional systemic
treatments of these fibrotic disorders are poorly effective due to insufficient
drug accumulation, limited efficacy and high toxicity. We have demonstrat-
ed in vitro that drugs loaded into specifically targeted (coated with anti CD44
antibody) gold nanoparticles (GNPs) were more effective in inhibiting pri-
mary pathological cells (from BOS and SSC-ILD) than lone drugs, without
affecting normal airway epithelium. The same GNPs administered to normal
mice by inhalation selectively localized in the lungs without peripheral tox-
icity. When tested on a mouse model of pulmonary fibrosis (intratracheal
administration) these GNPs were effective in preventing pulmonary fibro-
sis. However, long-term treatment might result in accumulation of GNPs in
macrophages suggesting that chronic administration may cause excessive
gold store. The aim of this project is to engineer novel, fully biocompatible
targeted nanovectors (liposomes) that can be safely and repeatedly admin-
istered by inhalation. To do this, consortium will: 1) manufacture liposomes
functionalized with ligands targeting CD442) screen in vitro efficacy/toxicity
of the novel liposomes compared with lone drugs or drug loaded-GNPs3)
determine biodistribution, efficacy, and toxicity of the novel liposomes in an-
imal models of BOS and SSc-ILD4) plan a translation from the bench results
to phase I clinical trials in both diseases. This project takes advantage of
the complementary competences of the partners and their already existing
collaboration. The design and fabrication of nanovectors bears high innova-
tion potential and the consortium has already foreseen intellectual property
rights protection and commercialization.

PROJECT

Federica Meloni,IRCS Policlinico San Matteo Foundation, Italy
COORDINATOR PARTNERS

Elias Fattal, Centre National de la Recherche Scientifiques (CNRS), France
Santos Castafneda, Hospital Universitario de la Princesa, IIS-IP, Madrid, Spain
Walter Klepetko, Medical Universiy of Vienna, Austria

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)
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CALL

PARTNER

TEMPEAT: Temperature-
responsive polypeptide
nanocarriers for abdominal
therapies

We envisioned that an ELP-micelle with encapsulated chemo-drugs in com-
bination with photosensitizers can further induce synergetic effects com-
pared to a mono-therapy, especially in in vivo treatments. Together with a
selected nanobody for a specific tumor, functionalized ELPs can recognize
and selectively destroy the target while limiting damage to other normal tis-
sues. The rational strategy can be described as: (1) intraperitoneally admin-
istered ELP micelles, with the decorated VHHSs, will localize at the targeted
tumor, allowing close contact of photosensitizers with cells. (2) Tumor sites
will be irradiated by NIR light to induce the production of oxygen radicals
that selectively Kill the cancer cells that the ELP particles are binding. (3)
Further washing steps with cold solutions will induce the disassembly of
ELP micelles to release chemo-drugs for further treatment.

PROJECT

In the final report we describe our achievements in creating these respon-
sive ELP micelles. In section A the development of suitable photosensitizers
is described which can be integrated with the ELP micelle system. B reports
on the successful conjugation of the photosensitizer to the ELP. C deals with
the selection and incorporation of suitable targeting ligands. Section D and
E, finally, describe the integration of the different components and the in
vitro and in vivo assessment of the efficacy of these multifunctional and
responsive particles.

Jan C.M. van Hest, Eindhoven University of Technology, The Netherlands
COORDINATOR PARTNERS

Leon Masuger, Radboud UMC/Radboud University, The Netherlands
Tomas Torres,UNIVERSIDAD AUTONOMA DE MADRID, Spain
Sébastien Lecommandoux,University of Bordeaux, France

Catelijne Stortelers, Ablynx, Belgium

NANOMED SPAIN - Plataforma Espanola de Nanomedicina 49



PUBLICATIONS

Ibrahimova, V., Gonzalez-Delgado, J. A., Levéque, M., Torres, T., Garanger, E., and Lecommandoux, S. (2021).
Photooxidation Responsive Elastin-Like Polypeptide Conjugates for Photodynamic Therapy Application. Bio-
conjugate chemistry, 32(8), 1719-1728. https://doi.org/10.1021/acs.bioconjchem.1c00251

Ferreira, J. T., Pina, J., Ribeiro, C., Fernandes, R., Tomé, J., Rodriguez-Morgade, M. S., and Torres, T. (2020).
Highly Efficient Singlet Oxygen Generators Based on Ruthenium Phthalocyanines: Synthesis, Characterization
and in vitro Evaluation for Photodynamic Therapy. Chemistry (Weinheim an der Bergstrasse, Germany), 26(8),
1789-1799. https://doi.org/10.1002/chem.201903546

Lo, P. C.,, Rodriguez-Morgade, M. S.,, Pandey, R. K.,, Ng, D.,, Torres, T.,, and Dumoulin, F., (2020). The unique
features and promises of phthalocyanines as advanced photosensitisers for photodynamic therapy of cancer.
Chemical Society reviews, 49(4), 1041-1056. https://doi.org/10.1039/c9¢cs00123h

TRANSLATION OF RESULTS

Inventors: Lecommandoux,S., Garanger, E., Ibrahimo-
va, E., Torres Cebada,T., and Gonzélez Delgado, J. A.

Title: Bioconjugate comprising a photosensitizer unit,
method for its preparation and use thereof.

Organization: European Patent Office
Code: EP21305116.2

Date: 29/1/2021

Priority country: Europe

Extended countries: Europe
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CALL

PARTNER

NANO-VERTEB: Next generation
Antibacterial Nanostructured

Osseointegrated customized
VERTEBRAL replacement

Vertebral body replacement represents one of the most challenging and in-
vasive procedures. Even though modern surgical techniques for en bloc re-
section of vertebral body are consolidating, this procedure is burdened by
high complication rates (45.5%) as surgical site infections, that are critical
and difficult to treat, poor bone regeneration and mechanical instability, also
correlated with infections.

PROJECT

NANO-VERTEBRA project proposes a breakthrough approach to realize cus-
tomized prosthesis to replace vertebral bodies affected by tumors or major
traumatic events, specifically engineered to reduce infections and increase
patients’ surgical options.

The project proposes to implement personalized vertebral prosthesis, by
combining nanostructured antibacterial and ceramic coatings to prevent
infections and to promote fast and effective bone regeneration. An optimi-
zation of implant architecture by 3D modeling and additive manufacturing
technologies will be also performed to maximize coverage of the prosthe-
sis by nanocoatings, boost integration, and guarantee suitable mechanical
properties and to be patient specific.

COORDINATOR Milena Fini, IRCCS-IOR Istituto Ortopedico Rizzoli, Italy
PARTNERS

Mariana Braic, National institute for Research and Development in
Optolectronics - INOE 2000, Romania

Donato Monopoli Forleo, Instituto Tecnologico de Canarias, Spain
Tung-Wu Lu, National Taiwan University, Taiwan

PUBLICATIONS

Girolami, M., Sartori, M., Monopoli-Forleo, D., Ghermandi, R., Tedesco, G., Evangelisti, G., Pipola, V., Pesce, E.,
Falzetti, L., Fini, M., and Gasbarrini, A. (2021). Histological examination of a retrieved custom-made 3D-printed
titanium vertebra : Do the fine details obtained by additive manufacturing really promote osteointegration?. Eu-
ropean spine journal : official publication of the European Spine Society, the European Spinal Deformity Socie-
ty, and the European Section of the Cervical Spine Research Society, 30(10), 2775-2781. https://doi.org/10.1007/
s00586-021-06926-w

TRANSLATION OF RESULTS

Development of a custom-made implants service for
vertebral body replacement

NANOMED SPAIN - Plataforma Espariola de Nanomedicina 51
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CALL

PARTNER

NAN-4-TUM: Development of
CXCR4 targeting-nanosystem-
probes for molecular imaging
of cancer cells and tumor
microenvironment

Molecular tumor imaging still faces criticisms in sensitivity, specificity, spa-
tial resolution and depth penetration. The use of nanoparticles as imaging
agents overcomes cancer-imaging limitations. Nanoparticles offer an impor-
tant additional advantage compared to traditional imaging agents, i.e. ther-
anostic capability to combine diagnosis and therapy. CXCR4 is a key factor
for tumor growth and metastasis in several types of human cancers. The
development of a PET-nanosystem probe targeting CXCR4 in solid tumors
with higher sensitivity will allow praecox detection of primary and second-
ary lesions of CXCR4 overexpressing tumors. The selected probe is a selec-
tive antagonistic peptide leading to CXCR4 signaling blockade, which allows
the specific targeting of solid tumors, but regression of malignant lesions
as well. The members of the consortia have designed and produced self-as-
sembly supramolecular dendrimers and pegylated liposomes with excellent
physicochemical properties for the in vivo delivery, which are currently be-
ing conjugated to the CXCR4 antagonistic peptide and PET tracer. We have
selected breast, colorectal, gastric and pancreatic cancer tumor types to be
targeted with the nanoparticles according CXCR4 expression and tumor bur-
den (incidence and mortality). Accordingly, we are testing the cell auton-
omous (epithelial tumor cells) and non-cell autonomous (immune system)
therapeutic potential of CXCR4 antagonistic peptide both in vitro an in vivo
in these tumor types.

PROJECT

Stefania Scala, IRCCS - Istituto Nazionale tumori di Napoli Fondazione G. Pascale, Italy
COORDINATOR PARTNERS

Ling Peng, cAix-Marseille University, French National Scientific Research Center, France
Diego Arango del Corro, Institut de Recerca Biomedica de Lleida, Spain

Hajduch Marian, Palacky University Olomouc, Czech Republic

Sebatien Walchli, Oslo University Hospital, Norway

Kao Chai-Lin,Kaohsiung Medical University, Taiwan

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



TRANSLATION OF RESULTS

The results from this project have the potential to im-
prove cancer diagnosis and treatment. Cancer contin-
ues to be a major health problem for the European pop-
ulation, with about three million new cases diagnosed
every year. The translation of the results is considered
by means of the First in Man clinical trial in patients
with solid tumors using CXCR4-PET-NAN probe (pro-
ject aim 3, work package 3).

Additionally, the exploitation will be evaluated during
the scope of the project and will include a prior patent-
ability analysis and a valorization plan. Patenting will
be the first protection option to be considered and will
be performed after a proper freedom-to-operate analy-
sis. This work will be conducted with the legal depart-
ments of the respective partners, who will evaluate the
patentability of the project outcomes and will provide
full consulting services to ensure that the project ex-
ploitability is maximized. After intellectual property
protection, different transferability actions will be con-
sidered, depending the TRL achieved after project clo-
sure. In case the consortium is not able to directly mar-
ket the resulting technology, licensing will be sought to
a third entity which is capable of pushing the results to
the next level, including regulatory approval, large scale
manufacturing and commercialization. Alternatively,
the interaction with potential investors or interested
stakeholders could provide additional financing to com-
plete de development. Finally, the creation of a spin-off
company to raise capital could also be considered with
the same purpose.

NANOMED SPAIN - Plataforma Espanola de Nanomedicina
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CALL

54

PARTNER

ENAMEP: Exosomes as innovative
Nanomedicine Approaches to reverse
obesity and its MEtabolic and
Psychotic complications with specific
targeting of the hypothalamus

This program will establish an innovative exosome-based nanomedicine ap-
proach challenging obesity-related diseases. Controlling central regulation of
obesity through this approach would spawn the definition of new strategies
to monitor efficacy of therapy with minimal side effects. The use of these ex-
osomes is the only way to target specific hypothalamic area by intravenous
delivery, making them affordable for therapeutic use.

PROJECT

Genetic ablation or loss of function of AMP-activated protein kinase alpha 1

(AMPKT1) in steroidogenic factor 1 (SF1) neurons of the ventromedial nucleus of
the hypothalamus (VMH) induces feeding-independent resistance to obesity
due to sympathetic activation of brown adipose tissue (BAT) thermogenesis.
Here, we show that body weight of obese mice can be reduced by intravenous
injection of small extracellular vesicles (sEVs) delivering a plasmid encoding an
AMPK1dominant negative mutant (AMPK1-DN) targeted to VMH-SF1 neurons.
The beneficial effect of SFI-AMPK1-DN-loaded sEVs is feeding-independent
and involves sympathetic nerve activation and increased UCPIl-dependent
thermogenesis in BAT. Our results underscore the potential of sEVs to specifi-
cally target AMPK in hypothalamic neurons and introduce a broader strategy to
manipulate body weight and reduce obesity.

Dr. Ramaroson Andriantsitohaina, University of Angers, France
COORDINATOR PARTNERS

Lépez Péerez Miguel Antonio, University of Santiago de Compostela, Spain
Johan Anders Ferng, Haukeland University Hospita, Norway

Marc Gregoire, INSERM, France

PUBLICATIONS

Milbank, E., Dragano, N., Gonzalez-Garcia, 1., Garcia, M. R., Rivas-Limeres, V., Perdomo, L., Hilairet, G., Ruiz-Pi-
no, F., Mallegol, P., Morgan, D. A., Iglesias-Rey, R., Contreras, C., Vergori, L., Cunarro, J., Porteiro, B., Gav-
alda-Navarro, A., Oelkrug, R., Vidal, A., Roa, J., Sobrino, T,, ... Lépez, M. (2021). Small extracellular vesicle-me-
diated targeting of hypothalamic AMPK1 corrects obesity through BAT activation. Nature metabolism, 3(10),
1415-1431. https://doi.org/10.1038/s42255-021-00467-8

TRANSLATION OF RESULTS

Inventors: Milbank E, Martinez MC, Andriantsitohaina R and Lopez M

Title: Populations of small extracellular vesicles for use in the treatment of obesity
Organization: European Patent Office

Code: P201130250

Date: 17/8/2021

Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)



2019

CALL

Brain-tumor glioblastoma (GB) is still considered as one of the worst unmet
clinical need in spite of implementation of the therapeutic arsenal available
and recent developments in nanomedicine and immunotherapy. With inev-
itable relapse its prognosis remains devastating. The reasons behind this
failure are the tumor heterogeneity and the peritumoral infiltrative niche.
A complex interaction between the initial tumor location, its attraction by
the peritumoral microenvironment defines a heterogeneous pathway that
is probably the more relevant target if we want to develop more curative
therapies. In contrast with direct targeting of infiltrated cancer cells for their
elimination, GLIOSILK aims to evaluate new bio-interactive interventional
silk-fibroin (SF)-based nano-implants in their capability to recruit in con-
trolled brain areas the cells submitted to a chemo-attractant SDF-1 signal.
By developing biocompatible SF-based nano-scaffold and use of well mas-
tered cross-cutting methods, the capability of newly built bio-interactive
deposits to define a confined in situ gradient and to effectively trap GB cells
before elimination (eg. by radiations) while ameliorating the evolution of the
disease will be determined. Overall, this multidisciplinary work's purpose is
to make significant breakthrough in overcoming treatment resistance in GB,
and other solid tumors toward clinical transfer.

PROJECT

Emmanuel Garcion, Cancer and Immunology Research Centre Nantes-Angers (INSERM), France
Carmen Alvarez-Lorenzo, Instituto de Investigacion Sanitaria de Santiago de Compostela (FIDIS),
Spain

Francois Berger, Centre Hospitalier Universitaire de Grenoble Alpes, France

Franco Valzania, Azienda Unita Sanitaria Locale - IRCCS di Reggio Emilia (AUSL-IRCCS), Italy
Miguel Abal, NASASBIOTECH S.L., Spain

PUBLICATIONS

Molina-Pena, R., Haji Mansor, M., Najberg, M., Thomassin, J. M., Gueza, B., Alvarez-Lorenzo, C., Garcion, E.,
Jérome, C., and Boury, F. (2021). Nanoparticle-containing electrospun nanofibrous scaffolds for sustained re-
lease of SDF-1. International journal of pharmaceutics, 610, 121205. https://doi.org/10.1016/j.ijpharm.2021.121205
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PARTNER

GOTTARG: Glutamate
Oxaloacetate Transaminase
Nanoparticles targeted to the
Brain for Neuroprotection in
Ischemic Stroke

This project will develop and test the first targeted and long-acting nanomed-
icine with neuroprotective properties for ischemic stroke, and with potential
application in other neurological diseases related with glutamate excitotox-
icity. The Team will demonstrate that the targeted delivery of a long-acting
glutamate oxaloacetate transaminase (GOT) nanoparticle to- or near to- the

PROJECT

brain enhances the neuroprotection in a model of ischemic stroke. In addi-
tion to the design and synthesis of the nanomedicine, this project will in-
vestigate the mechanism of neuroprotection to conclude pre-clinical studies
and place the Team in a position to embark upon clinical testing.

COORDINATOR

PUBLICATIONS

Marc A. Gauthier, Institut National de la Recherche Scientifiqgue (INRS), Canada.
PARTNERS

Maria Pérez-Mato, Health Research Institute of Santiago de Compostela (IDIS), Spain.
Devrim Gozuacik, Sabanci University Nanotechnology Research and Application Center
(SUNUM), Sabanci University, Turkey

Espen Mariussen, Norwegian Institute for Air research, Norway

Zaghmi, A., Dopico-Lépez, A., Pérez-Mato, M., Iglesias-Reuy, R., Hervella, P., Greschner, A. A., Bugallo-Casal,
A., da Silva, A., Gutiérrez-Fernandez, M., Castillo, J., Pérez, F. C., and Gauthier, M. A. (2020). Sustained blood
glutamate scavenging enhances protection in ischemic stroke. Communications biology, 3(1), 729. https://doi.
org/10.1038/s42003-020-01406-1

56 Spanish Participation in ERA-Net Cofund Action on Nanomedicine (2016-2021)
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PARTNER

CALL

nanolLight: Photosensitive
nanotools for neuronal
stimulation and rescue of
degenerative blindness

The goal of nanoLight is to compensate for nervous system pathologies in
which neuronal degeneration has induced a specific loss of function. Nov-
el photosensitive nanotools (PNTs) that can be delivered to the tissue with
minimally invasive microinjections and anchored target to neurons to con-
vert light stimuli into an electrical stimulation. The project will focus on three
parallel strategies exploiting both organic and inorganic PNTs.

Poly(3-hexylthiophene) (P3HT) nanoparticles (synthesized by IRCSS) have
been employed as a photosensitive tool for the restauration of visual func-
tions in a rat model of Retinitis Pigmentosa (RP). The nanoparticles have
been injected in the subretinal space of the dystrophic rats with an ongoing
retinal degeneration at the level of the photoreceptors. In vivo electrophys-
iological characterization depicted a recovery in the amplitude of visually
evoked potentials and an improved visual acuity up to 240 days.

In addition to the above P3HT nanoparticles synthesized by IRCSS, P3HT
nanowires, (Au-terminated poly(3,4-ethylenedioxythiophene) (PEDOT) na-
nowires and Au-P3HT nanorods has been developed,

iPNTs. Silicon microdiodes in suspension fabricated at CSIC has been sent
to IRCCS for biocompatibility studies. In order to maximize the light trap-
ping efficiency, the photogenerated charges separation, and the charge in-
jection into the electrolyte solution, combining finite-difference time-do-
main (FDTD) simulations and semiconductor band engineering.

COORDINATOR PARTNERS

Serge Picaud, Sorbonne Université , France

Jaume Esteve Tinto, Consejo Superior de Investigacion Cientificas (CSIC), Spain

Anne Labouret, SOLEMS S.A., France
Daniel Pérez, Nanoimmunotech S.L., Spain

NANOMED SPAIN - Plataforma Espanola de Nanomedicina

PROJECT

Fabio Benfenati, IRCSS - Ospedale Policlinico San Martino , Italy

Gaspar Szilvesterz,International Centre of Biodynamics, Romania
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PUBLICATIONS

Maya-Vetencourt, J. F., Manfredi, G., Mete, M., Colombo, E., Bramini, M., Di Marco, S., Shmal, D., Mantero, G.,
Dipalo, M., Rocchi, A., DiFrancesco, M. L., Papaleo, E. D., Russo, A., Barsotti, J., Eleftheriou, C., Di Maria, F., Cos-
su, V., Piazza, F., Emionite, L., Ticconi, F., ... Benfenati, F. (2020). Subretinally injected semiconducting polymer
nanoparticles rescue vision in a rat model of retinal dystrophy. Nature nanotechnology, 15(8), 698-708. https://
doi.org/10.1038/s41565-020-0696-3

Munteanu, R. E., Moreno, P. S., Bramini, M., and Gaspar, S. (2021). 2D materials in electrochemical sensors for in
vitro or in vivo use. Analytical and bioanalytical chemistry, 413(3), 701-725. https://doi.org/10.1007/s00216-020-
02831-1

Polonschii, C., Gheorghiu, M., David, S., Gaspar, S., Melinte, S., Majeed, H., Kandel, M. E., Popescu, G., and Ghe-
orghiu, E. (2021). High-resolution impedance mapping using electrically activated quantitative phase imaging.
Light, science and applications, 10(1), 20. https://doi.org/10.1038/s41377-020-00461-x

Thesis: Yue Zhang, Opto-Magneto-Electrical Nanoactuators for Wireless Cell Stimulation, December 2020, UAB

TRANSLATION OF RESULTS

Inventors: Milbank E, Martinez MC, Andriantsitohaina
R and Lépez M

Title: Eye-injectable polymeric nanoparticles and meth-
od of use therefor

Organization: USA Patent Office
Code: US PCT 16/005,248
Date: 12/12/2019



2020

CALL

PARTNER

NANO4STROKE: Anti-
inflammatory miRNA
nNanoshuttles as therapeutic
strategy for stroke

The goal of NANO4STROKE is to generate an innovative nanomedicine for
stroke based on therapeutic miRNA carried by synthetic vesicular nano-
shuttles. The strong inflammatory reaction triggered by the ischemic cas-
cade contributes to exacerbate tissue damage. Bio-inspired artificial nano-
shuttles of cerebroprotective/anti-inflammatory miRNA will be merged in
one smart drug delivery nanoplatform to target the injured neurovascular
unit(NVU)/blood-brain-barrier, thus releasing therapeutic miRNA where the
brain microvascular endothelial cells reside and influence secondary neu-
roinflammatory responses. NANO4STROKE will build on the miRNA-asso-
ciated therapeutic efficacy showed by biologic nanovesicles toward brain
ischemia. 1/ promising subsets of therapeutic miRNA will be drawn from the
miRNome of biologic nanovesicles. 2/ selected miRNA will be loaded into
ad hoc brain-targeting liposomes by cutting-edge microfluidics-associated
strategy. 3/ synthetic vesicular nanoshuttles will be validated in a NVU-on-
chip model. 4/ the biodistribution, toxicity and functional recovery will be
addressed in an aged co-morbid model of stroke. The first part of our con-
tribution as partners in this project has been: a) the characterization of the
effect of natural exosomes obtained from endothelial cells under hypoxic or
normoxic conditions in vitro in a model of inflammation; b) RNAseq data of
endothelial cells to identify putative targets for nanoshuttle functionaliza-
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Inherited ichthyoses are rare genetic diseases (prevalence 13.3 per million
people in Europe) that occur at birth. They cause abnormal thickening of
the skin, dryness, scaling, redness, itching and painful skin fissures involv-
ing life-long disfigurement and social ostracism. All forms of ichthyosis
lead to a defective epidermal barrier and more than half of patients shows
Autosomal Recessive Congenital Ichthyosis (ARCI) in which the metabo-
lism of ?-O-acylceramides is impaired. This lipid species and, more precise-
ly, linoleic acid (LA) esterified to ?-hydroxyacyl sphingosine (CerEQS), are
essential for building a healthy stratum corneum (SC), the outermost epi-
dermal layer responsible for the skin barrier. Current treatments of the ich-
thyoses are mainly symptomatic, untargeted, often minimally effective and
with significant side effects. Thus, replacement of the missing ceramides
is a promising therapeutic approach. The peculiar structure of the CerEOS
quintessentially containing esterified LA seems fundamental for proper skin
repair. However, the low solubility and extreme lipophilicity of CerEQOS are
challenging for its chemical synthesis and delivery to deeper SC to reach
full effect. Moreover, the nanoscale organization of the SC makes difficult
the entry of substances. This justifies an approach based on nanotechnolo-
gy that allows the delivery of the mentioned lipids in the place where they
have their biological function. The aim of LIPARCI is to develop an innova-
tive lipid substitution system based on synthetic LA-esterified CerEOS and
LA-esterified ?-hydroxy fatty acids included in nanostructured lipid systems
that will be validated for rescuing the epidermal barrier using pre-clinical in
vitro and animal models of ichthyosis. LIPARCI should thus allow the future
development of highly efficient pathogenesis-based therapy of ichthyoses
exhibiting impaired CerEOS metabolism as a primary defect.
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Because of their high prevalence, 5% of the population worldwide, an un-
treated decline of hearing impairments, has a profound negative impact on
the affected individuals' quality of life, impeding communication, and lead-
ing to social isolation, depression, reduced physical and cognitive functions.
Impaired synaptic transmission, degeneration of auditory neuron neurites,
and neuronal loss characterize most of these disorders. Despite the major
recent progress on hearing loss mechanisms, treatment options are most-
ly missing, and the economic and societal burden on healthcare systems
worldwide keeps increasing. To date, the cochlear implant, which bypasses
the damaged hair cells by providing direct electrical stimulation of the pri-
mary auditory neurons, is used to restore functional hearing in many pa-
tients who were profoundly deaf. However, their beneficial outcomes vary
significantly among patients, often impacted by the number and functional
state of auditory neurons. A therapeutic approach would allow the preven-
tion or delay of degenerative processes is thus urgently needed.

We previously identified a new drug that is promising to restore cochlear
synaptogenesis. Local administration of this drug through the tympanic
membrane is a preferable option. Still, the efficacy of such a way of admin-
istration relies on the drug's capacity to remain long enough at the cochlear
round window level. The objective of NANOEAR is to develop a novel nano-
particle-based pharmacologic strategy for treating deafness caused by au-
ditory synaptopathy in a well-defined group of deaf patients suffering from
Clarin-1 mutation.

WP1: Develop a unique nanoparticle formulation with DX243 and in vitro
characterization

WP2: Validate the efficacy of drug-loaded nanoparticles on human-derived
inner ear organoids

WP3: Provide in vivo proof of concept of the drug-loaded nanoparticles in
synaptopathy preclinical models
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