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IC1
Plasmonics meets Nanomedicine
Massimo La Deda®?, Angela Candreval, Loredana Ricciardi?

! Department of Chemistry and Chemical Technologies, University of Calabria, I-87036 Rende (CS),ltaly; 2
CNR, Institute of Nanotechnology-Nanotec, UOS Cosenza, I-87036 Rende (CS), Italy

The use of light in medicine impacts the two aspects of the photon that can be seen as an
energy quantum as well as a bit of information. In the first case, light is used as a therapeutic
agent, directly when biological molecules (nucleic acids, proteins or small molecules such as
glutathione) absorb light and undergo a change, or indirectly, when the effect is achieved via
an administred photosensitizer (PS) which is the effective light absorber [1]. In the second
case, light acts as a diagnostic agent, in particular the nearly noninvasive nature of
fluorescence is particularly appreciated by cell biologists, who use fluorescence to image
labeled biomolecules in living cells; frequently the used fluorescent probes can be divided into
three groups: fluorescent proteins, organic dye molecules and nanosized fluorescent particles,
such as quantum dots, nanodiamonds and noble-metal nanoclusters [2].

The optical properties of plasmonic nanomaterials, which arise from the resonance of the
oscillation modes of a surface plasma of electrons, are particularly interesting for applications
in biology. This phenomenon, known as localized surface plasmon resonance (LSPR), leads to
metallic nanoparticles (NPs) absorption of light in a specific region, with a spectral profile that
is strongly dependent on their physico-chemical properties and the surrounding environment.
The use of engineered nanoparticles can combine the therapeutic and diagnostic aspect of
light into a single teranostic agent [3]. The therapeutic action is triggered by the light that
induces a local increase in temperature (photothermal therapy, PTT) or the generation of
singlet oxygen (photodynamic therapy, PDT): in both cases plasmonic NP is coupled with a PS
that harvests incident light and transfers exciton to metal nanoparticles (for PTT) and O2 (for
PDT). In the case of highly-luminescent transition metal complex as PS also luminescence is
detected, making functionalized gold nanoparticles an example of nanotheranostic device
[4,5].

In view of a direct application in medicine, the coupling of the gold NPs with a proper PS
creates newsworthy challenges, regarding the optimal conditions for a talking between the
NP plasmonic modes and the excited states of the PS, and the necessary correlation with the
spectral therapeutic window of living tissues. In this context two approaches can be seen: the
first involves the modification of the photophysical properties of the PS, while the second one
involves the tuning of the plasmonic properties of the NPs. This talk will present the results
obtained in vivo on human glioblastoma mouse xenograft model by treatment with a
nanotheranostic device constituted by gold NPs coated by a silica shell doped with an Iridium
complex, and the strategies to modify the plasmonic response of the gold core by changing its
shape and coating.

[1] G. Stochel, A. Wanat, E. Kuli$, Z. Stasicka 1998. “Light and metal complexes in medicine.” Coord. Chem.
Rev. 171:203-220.
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[2] T. Xia, N. Li, X. Fang 2013. “Single-Molecule Fluorescence Imaging in Living Cells.” Rev. Phys. Chem.
64:459-80.

[3] B. Sumer, J. Gao 2008. “Theranostic nanomedicine for cancer.” Nanomedicine. 3(2):137-140.

[4] L. Ricciardi, M. Martini, O.Tillement, L. Sancey, P. Perriat, M. Ghedini, E. I. Szerb, Y. J. Yadav, M. La Deda
2014 “Multifunctional material based on ionic transition metal complexes and gold-silica nanoparticles:
synthesis and photophysical characterization for application in imaging and therapy.” J. Photochem.
Photobiol. B: Biol. 140:396—-404.

[5] L. Ricciardi, L. Sancey, G. Palermo, R. Termine, A. De Luca, E. I. Szerb, I. Aiello, M. Ghedini, G. Strangi,
M. La Deda 2017 “Plasmonic mediated cancer phototherapy: the combined effect of thermal and
photodynamic processes”, Nanoscale 9:19279-1928
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Intercalation of Bioactive Molecules into Nanosized ZnAl Hydrotalcites for
Combined Chemo and Photo Cancer Treatment.

Cecilia Martini®, Claudia Ferroni®, Marzia Bruna Gariboldi?, Anna Donnadio®, Annalisa
Aluigi®, Giovanna Sotgiu®, Fabiola Liscio®, Paolo Dambruoso?, Maria Luisa Navacchia?,
Tamara Posati* and Greta Varchi?

L|SOF-CNR, Via Gobetti 101, 40129 Bologna; ? Department of Biotechnology and Life Science, University
of Insubria, Via Ravasi 2, 21100 Varese; 3 Department of Pharmaceutical Sciences, University of Perugia,
Via del Liceo 1, 06123 Perugia; * IMM-CNR, Via Gobetti 101, 40129 Bologna.

Hydrotalcites-like compounds (HTlc), also known as layered double hydroxides, represent a
class of lamellar solids with net positive charge balanced by exchangeable interlayer anions
[1]. HTlc exhibit excellent properties, ability to accommodate a wide range of anionic species
with different sizes, biocompatibility, pH-dependent stability and low toxicity, that make them
suitable as inorganic drug delivery system for anticancer therapy [2]. Two different molecules
were selected for being separately intercalated into ZnAl-HTlc, with formula [Zno 72Alp.25(0H)]
Bro2s:0.69 H,0: the anticancer drug norcantharidin (NCTD), known for promoting cell cycle
arrest in G2/M phase, and the tetra-sulfonated aluminum phthalocyanine (AIPcS4), a
photosensitizer used in photodynamic therapy that can be activated by near-infrared light.
The obtained hybrid ZnAl-HTlc, were characterized in terms of X-ray powder diffraction
pattern, thermogravimetric analysis, SEM microscopy, drug release profile, in vitro
cytotoxicity, and ability to produce ROS and 0, upon light irradiation. Our data clearly indicate
that the two selected compounds are efficiently intercalated within HTIc layers. Remarkably,
in vitro preliminary studies, performed on a panel of cancer cell lines, indicated a greater
cytotoxicity of the two drugs once loaded on HTlc either when administrated singularly or in
combination. In addition, the analysis of the synergistic effect of the two formulations was
evaluated by determining their combination index, which showed a greater cytotoxicity when
using as a 1:2 ratio of AIPcS4@HTIc and NCTD@HTIc, respectively.

[1] V. Ambrogi, L. Perioli, M. Ricci, L. Pulcini, M. Nocchetti, S. Giovagnoli, C. Rossi 2008. “Eudragit® and
hydrotalcite-like anionic clay composite system for diclofenac colonic delivery.” Microporous Mesoporous
Mater 115: 405.

[2] T. Posati, F. Bellezza, L. Tarpani, S. Perni, L. Latterini, V. Marsili, A. Cipiciani 2012. “Selective
internalization of ZnAl-HTlc nanoparticles in normal and tumor cells. A study of their potential use in
cellular delivery.” Appl. Clay Sci. 55: 62.
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Nanocomplexes based on a cationic porphyrin and an anionic cyclodextrin
with antimicrobial photodynamic properties

Roberto Zagami,* James D. Pipkin,? Vince Antle,?> Domenico Franco,? Laura De Plano,?
Salvatore Patané,* Salvatore Guglielmino,?® Luigi Monst Scolaro*?® and Antonino

Mazzaglia®

L CNR-ISMN, c/o Dip. ChiBioFarAm, University of Messina, Viale F. Stagno d’Alcontres 31, 98166, Messina,
Italy; 2 Ligand Pharmaceuticals Inc, San Diego, CA USA; 3 Dip. ChiBioFarAm, University of Messina, Viale F.
Stagno d’Alcontres 31, 98166, Messina, Italy. “Dip. MIFT, Universita di Messina, Viale F. Stagno d’Alcontres
31, 98166, Messina, Italy C.I.R.C.M.S.B., University of Messina, Messina, Italy.

Nowadays, novel less-expensive nanoformulations for in situ-controlled and safe delivery of
photosensitiser (PS) against opportunistic pathogens in body-infections areas needs to be
developed. Following our ongoing research on nanophototerapeutics [1-3], here we propose
the design and characterization of a novel photosensitizing nanosystem based on the
marketed cyclodextrin  CAPTISOL® (sulphobutylether-beta-cyclodextrin, SBE-beta-CD) to
fabricate efficient biocompatible systems for antimicrobial photodynamic therapy (aPDT).
Firstly, interaction studies were carried out in order to investigate the complexation between
CAPTISOL® with the tetracationic water soluble meso-tetrakis(N-methylpyridinium- 4-
yl)porphine (TMPyP). Nanocomplexes based on CAPTISOL® and TMPyP ( NanophotoCapitsol)
were prepared in aqueous media and characterized by complementary spectroscopy and
microscopic tecniques such as UV/vis, fluorescence spectroscopy, atomic force microscopy (
AFM) and scanning-near field optical luminescence (SNOL), thus investigating complex
stoichiometry, stability constant, photophysical and morphological properties. Furthermore
size and C-potential were measured by Dynamic light scattering and Electrophoretic Light
Scattering, respectively. Release and stability studies were performed in physiological
conditions pointed out the role of CAPTISOL® to sustain the PS release. Finally,
photoantimicrobial activity of the NanophotoCapitisol vs free porphyrin were investigated
against Gram-negative Pseudomonas aeruginosa ATCC 27853, by showing as the proposed
nanosystems can control along the time the release of porphyrin to photokill Gram-negative
bacterial cells.

[1] Castriciano, M.A., Zagami, R., Casaletto M. P., Martel. B., Trapani, M., Romeo, A., Villari, V., Sciortino,
M. T., Grasso, L., Gugliemino, S., Monsu Scolaro, L., Mazzaglia A. (2017) Bioamacromolecules, 18, 1134.
[2] Scala, A., Piperno, A., Grassi, G., Monsu Scolaro, L, Mazzaglia, A. (2017) in Nanoconstructs Based on
Cyclodextrins for Antimicrobial Applications. In Nano- and Microscale Drug Delivery Systems,
Grumezescu, A. M., Ed. Elsevier: pp 229-244.

[3] Zagami,R., Sortino, G., Caruso, E., Malacarne, M., Banfi, S., Patane,S., Monsu Scolaro,L. Mazzaglia, A.
(2018) Langmuir, 34, 8639.

Financial support from Ligand (San Diego, CA, US) is gratefully acknowledged
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Structral Colours and Light management in Algae.
Silvia Vignolini

University of Cambridge, Department of Chemistry, Lensfield Road. Cambridge CB2 1EWUK;

Nature’s most vivid colours rely on the ability to produce complex and hierarchical photonic
structures with lattice constants on the order of the wavelength of visible radiation [1].
Structural coloration is widespread in the marine environment. Within the large variety of
marine organisms, macroalgae represent a diverse group of more than 24 000 species. Some
macroalgae have developed complex optical responses using different nanostructures and
material compositions [1]. In this talk, | will describe the mechanisms that are employed to
produce structural color in algae and provide a discussion on the functional relevance by
analyzing the geographical distribution and ecology in detail. | will discuss on how structural
color is influenced by local factors such as radiation intensity and turbidity of the water.

[1] S. Kinoshita, et al. (2008) “Physics of structural colors” . Rep. Prog. Phys. 71(7), 076401.

[2] C. J. Chandler et al 2016. “Structral Colours in Marine Algae.” Adv. Optical Mater. 2016, DOI:
10.1002/adom.201600646
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Light propagation through colloid-polymer mixtures: towards uniform
irradiance sources for phototherapy applications

Elisabetta Dattola’, Alessio Gnerucci®, Paola Faraoni?, Stefano Colagrande?, Franco
Fusi', Giovanni Romano?

! Department of Experimental and Clinical Biomedical Sciences “Mario Serio”, Viale Pieraccini 6, 50139,
Florence, Italy

Phototherapy is a widespread method for treating several dermatological diseases such as
acne, vitiligo, and psoriasis. One of the main drawbacks of conventional light sources for
phototherapy is that they are not uniform in their output. Non- uniform illumination of the
skin treatment area is not desirable, in fact the risk is to have insufficient radiation in some
points and dangerously excessive in others. Emission uniformity of light-emitting sources is a
very desirable property also for in vitro experiments to measure e.g. PDT efficacy studies in
the case of new photosensitizers and/or photosensitizer carriers, to keep radiant exposure at
the sample level (Watt/cm?2) as much constant as possible.

In order to obtain a uniform light emission, we developed a diffusing gel in the visible-UVAUVB
bands. We used two biocompatible materials for gel synthesis: Intralipid® and methocel.
Intralipid® is composed of soy fat droplets (with a mean diameter of 0.5 micron) and egg yolk
phospholipids suspended in water, used for parenteral nutrition; due to its light diffusion
properties, it is used as a light scattering medium for tissue phantom studies. Methocel is a
cellulose-derived polymer, with a good transparency across the whole UV-visible spectral
range and stable over time. By dispersing Intralipid into methogel we have tried to obtain a
diffusing, yet non liquid thus more easily handable material, to further define a gel-like
illuminator, whose light-diffusion properties are exploited to obtain a uniform illumination
source for phototherapy. Starting from the definition of the best protocol to obtain
transparent methocel at different concentrations, we have studied light propagation through
colloid-polymer mixtures by varying both the Intralipid® concentration and the material
thickness. To this aim, light has been injected in the mixture by external UVA illumination
(metal-vapour and LED sources), undergoing scattering by the Intralipid® component. To
quantify light emission by the mixture (e.g. radiant exposure), we used a Gafchromic® EBT3
film dosimeter [3], whose 2D darkening response was analysed by film scanning and
subsequent image analysis methods to convert scanned images from films into radiant
exposure maps of the light emitted by the mixture and received by an illuminated surface. The
obtained illumination profiles were correlated with the injected light parameters, mixture
thickness and Intralipid® concentration. The obtained results show that emission uniformity
increases at both increasing thickness and concentration, accompanied on the other side by
a decrease in radiant exposure.
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[1] Papageorgiou P. et al (2000). “Phototherapy with blue (415 nm) and red (660 nm) light in the
treatment of acne vulgaris”. British journal of Dermatology, 142(5), 973-978.

[2] Nicolaidou E., et al (2009). “Narrowband ultraviolet B phototherapy and 308-nm excimer laser
in the treatment of vitiligo: a review”. Journal of the American Academy of Dermatology, 60(3), 470-477.
[3] Borca V. C,, et al (2013). Dosimetric characterization and use of GAFCHROMIC EBT3 film for
IMRT dose verification. Journal of applied clinical medical physics, 14(2), 158-171.
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Photoluminescent iridium(lll) complexes functionalised with a cationic
triphenylphosphonium side chain

Eleonora Bettalico*?, Matthew Stout?, Luca Rigamonti®, Erika Ferrari®, Massimiliano
Massi?

! Departmentof Chemical and Geological Sciences, University of Modena and Reggio Emilia, via Campi,
103, 41125 Modena, Italy; 2 Curtin Institute of Functional Molecules and Interfaces and
Department of Chemistry, Curtin University, Kent Street, Bentley 6102 WA (Australia)

A family of four tetrazolato ligands functionalised with a triphenylphosphonium lateral chain
and the corresponding iridium(lIl) complexes were obtained through different synthetic steps
and characterised via 1H, 13C and 3P NMR and UV-vis spectroscopies. The compounds are
distinguished by variations of the aryl substituent on the tetrazolato ligands. The
photophysical proprieties of these derivatives were evaluated in organic media, revealing an
emission predominantly arising from mixed metal-to-ligand and ligand-to-ligand charge
transfer excited states of triplet multiplicity. The functionalisation with the
triphenylphosphonium salt causes a systematic red-shift of the emission profiles, comparing
to the corresponding neutral and methylated complexes previously reported. The
luminescence proprieties of these probes can be modulated through a specific alkylation of
N1 or N2 atom of the tetrazole ring. The lipophilicity and the behaviour of complexes with
different alkylating position were also examined through in vitro tests.

10
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Hybrid photosynthetic enzymes as versatile photoactive soft materials.
G. Buscemi, S. la Gatta, A. Agostiano, F. Milano, R. Ragni, G.M. Farinola and M. Trotta

Istituto per i Processi Chimico Fisici — CNR — Bari; Dipartimento di Chimica — Universita di Bari;

The complexity of the natural photosynthetic systems is difficult to reproduce in vitro;
however, complexity is inherently associated to the efficiency of the living multienzyme
character of photosynthesis and any biomimetic attempts must cope with this stringent
requirement.

In this regard, we have designed and assembled efficient organic-biological hybrid systems
formed by small to medium size organics molecules responsible of a given specific role and
the photoenzyme responsible for energy transduction in photosynthetic organisms.
Applications of photoresponsive enzymes as soft photoconverting material in different
environment will be presented to show drawbacks, limitations and potentials of such hybrid
systems, along with some future interesting developments.

REFERENCES
1 Enhancing light harvesting capability of the photosynthetic reaction centre by a tailored
molecular fluorophore. 2012 Angewandte Chemie Int. Ed. 51, 11019.

2 Synthetic Antenna Functioning As Light Harvester in the Whole Visible Region for Enhanced
Hybrid Photosynthetic Reaction Centers 2016 Bioconj. Chemistry 27, 1614.

3 Highly oriented photosynthetic reaction centers generate a proton gradient in synthetic
protocells 2017 PNAS 114, 3837.

4 Functional Enzymes in Nonaqueous Environment: the Case of Photosynthetic reaction centers
in Deep Eutectic Solvents, 2017 ACS Sustainable Chem. Eng., 5, 7768.

5 A highly efficient heptamethine cyanine antenna for photosynthetic Reaction Center: From
chemical design to ultrafast energy transfer investigation of the hybrid system, 2019 BBA-Bioenergetics,
1860 350-359.

6 Photonics and Optoelectronics with Bacteria: Making Materials from Photosynthetic
Microorganisms. Adv. Func. Materials, 2019 in press (doi.org/10.1002/adfm.201805521)
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UV-light Sensitive Visible and Near-Infra Red Emitting Lanthanide tris(p-

diketonate) Complexes and their Optoelectronic Applications
Zubair Ahmed, Andrea Barbieri

Institute of Organic Synthesis and Photoreactivity (ISOF), National Research Council of Italy (CNR),
Bologna, Italy (Tel: +39 051 6399933; Fax: +39 051 6399844)

UV-light sensitive visible- and near-infrared (NIR)- luminescent lanthanide (Ln) complexes are
used in an impressive number of applications, such as sensors [1,2], bioassays [3], or OLEDs
(organic light-emitting diodes) [4], owing to their peculiar photophysical properties. Such
complexes with organic ligands, of high absorption coefficients, show excellent
photoluminescence quantum yield (PLQY) and stability. Regarding the strategies to enhance
the PLQY, the most common is the suppression of the radiationless deactivation pathways due
to the presence of high-frequency oscillators (e.g. -OH, —CH groups) around the Ln centre.
Recently, a different approach to maximize the PLQY of Ln(B-DKs) has been proposed (named
“Escalate Coordination Anisotropy”, ECA). It is based on the assumption that coordinating the
Ln ion with different ligands will break the centrosymmetry of the molecule leading to less
forbidden transitions (loosening the constraints of the Laporte rule). Such complexes are very
interesting for biomedical applications [1,4]. Literature reports many OLEDs based on such
complexes, but with low efficiency and stability. Consequntly, there is a need to develop some
new Ln complexes with enhanced PLQYs and stabilities to get efficient and stable devices. For
this purpose, UV-light sensitized Ln(Ill) complexes with various fluorinated/non-fluorinated B-
diketones and O/N-donor neutral ligands were synthesized. The complexes were
characterized thoroughly and their photophysical properties were studied to select the best
ones for the fabrication of stable and efficient OLED. Finally, the OLEDs were fabricated and
investigated using these complexes as emitting layers along with other organic layers like NPB
(hole-transporting layer), BCP (hole-blocker) and Algs (electron-transporting layer). The
devices show strong red (612 nm) and near infra- red (998-1064 nm) electroluminescences
corresponding to characteristics transitions of Eu(lll), Yb (I11) and Nd(lIl) ions.

UV-light % ‘

1) J.-C. G. Bunzli, Chem. Rev. “Lanthanide Luminescence for Biomedical Analyses and Imaging,” 2010,
110, 2729.

12
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2) C. P.Montgomery, B.S. Murray, E.J. New, R. Pal, D. Parker, “Cell-penetrating metal complex optical
probes: targeted and responsive systems based on lanthanide luminescence,” Acc. Chem. Res.
20009, 42, 925.

3) J. M. Zwier, H. Bazin, L. Lamarque, G. Mathis, “Luminescent lanthanide cryptates: from the bench
to the bedside,” Inorg. Chem. 2014, 53, 1854.

4) S. V. Eliseeva, J.-C. G. Bunzli, “Lanthanide luminescence for functional materials and bio-sciences,”
Chem. Soc. Rev. 2010, 39, 189.

We acknowledge support from Marie Sktodowska-Curie Individual Fellowship H2020-MSCA-IF-
2016 nr. 749287 WHITELIGHT.
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IC3
Overview of photodynamic therapy and immune response
Gianfranco Canti

Department of Medical Biotechnology and Translational Medicine School of Medicine University of
Milano

Photodynamic therapy (PDT) is an oncology clinical treatment option that is characterized by
the combined use of light and a photosensitizing agent, called photosensitizer, which in turn
produces a cytotoxic event able to kill cancer cells. Indeed, the PDT therapeutic effect is
mediated by the reactive oxygen species (ROS) and by the singlet oxygen that are formed in
the presence of molecular oxygen and upon irradiation of the photosensitizer with light at a
specific wavelength.

Moreover, the cells damage produced by PDT is even more rapid thanks to the concomitant
microvascular degeneration and the induction of apoptotic, inflammatory and immunological
mechanisms. PDT can initiate membrane-level events involving transduction signals. This
includes an increase in the expression of stress proteins and activation of genes that regulate
apoptotic processes. Thanks to their role in the processes of cell adhesion and antigen
presentation, some PDT-induced stress proteins may be involved in the development of an
immune mediated response that occurs during photodynamic therapy. A remarkable
inflammatory reaction is one of the essential events in the PDT-induced tumor destruction
mechanism by releasing a wide variety of mediators such as vasoactive substances,
components of the complement cascade, cytokines (lI-6, II-2, TNF, etc.), growth factors and
other immunoregulatory factors. Therefore, PDT is able to generate a remarkable "Antitumor
Immunity" by activating cytotoxic T lymphocytes and the combination of these two
approaches might represent a promising option for treating against aggressive and metastatic
tumors.
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Blue LED light effects in cultured human keloid fibroblasts

Giada Magni?, Federica Cherchi?, Marco Fraccalvieri®, Elisabetta Coppi?, Martina
Banchelli', Anna Maria Pugliese?, Paolo Matteini®, Roberto Pini®, Francesco S.
Pavone* and Francesca Rossi?

INational Research Council, Instistute of Applied Physics “Nello Carrara” CNR-IFAC, Via Madonna del Piano
10, 50019 Sesto Fiorentino (Fl), Italy; 2Department NEUROFARBA, Division of Pharmacology and
Toxicology, University of Florence, Via G. Pieraccini 6, 50139 Firenze (Fl) Italy; AOU Citta della Salute e
della Scienza di Torino, Sede Ospedale San Lazzaro, Via Cherasco 23, 10100 Torino (TO), Italy; “European
Laboratory for Non-linear Spectroscopy, Via Nello Carrara 1, 50019 Sesto Fiorentino, (Fl), Italy.

Keloids are wounding-induced fibroproliferative human tumor-like skin scars of poorly defined
pathogenesis [1]. These scars are characterized by an exaggerated synthesis of collagen
probably due to the increase of fibroblasts density and their proliferation rate [2-3]. Currently,
keloid treatment can be divided into three main categories: non-invasive medical therapies,
surgical and other invasive therapies, and new therapies under investigations [4]. About the
last choice, physical treatments are recently proposed and new technologies and devices have
been developed [5].

In our study, we used a Blue LED light (410-430nm, 22 J/cm?2) to conduct in vitro experiments:
11 human keloids and 7 boundary tissues from 10 patients were used to perform fibroblast
primary cultures which were irradiated at different treatment times in the range 5+60s. Two
colorimetric tests (Cell Counting Kit-8 and Sulforhodamine B based assay) were performed to
study cell metabolism and proliferation. 168 tests at 24h and 112 tests at 48h after irradiation
were executed. Raman spectroscopy was used to study eventual direct effects on cytochrome
C. We also investigated possible effects of Blue LED light on membrane currents correlated to
cell cycle modulation with patch-clamp recordings. 24h after irradiation, a significant
reduction of metabolism was observed in the samples with the following irradiation times: 20,
30, 45 and 60s (n=63), without changes in cell proliferation (n=62). At 48h, the decrease in cell
metabolism was confirmed (n=41) and accompanied by a decrease in cell proliferation (n=42).
Electrophysiological recordings showed an enhancement of voltage-dependent outwards
currents activated by a depolarizing ramp protocol (from -80mV to +80mV; 800ms) after a 30s
irradiation; n=18. The effect peaked 3min after irradiation and was reverted to baseline levels
in about 5 min. Blue LED light irradiation directly affects human keloid fibroblasts: it decreases
cell metabolism and inhibits membrane currents. This treatment could represent a non-
invasive approach in the management of hypertrophic scars and keloids.

[1] Zhao, R., Liang, H., Clarke, E., Jackson, C., Xue, M., 2016. “Inflammation in chronic wounds”. Int. J. Mol.
Sci. 17.

[2] Andrews, J.P., Marttala, J., Macarak, E., Rosenbloom, J., Uitto, J., 2016. “Keloids: The paradigm of skin
fibrosis —pathomechanisms and treatment,” Matrix biology: journal of the International Society for Matrix
Biology. 51, 37-46
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[3] Gauglitz, G.G., Korting, H.C., Pavicic, T., Ruzicka, T., Jeschke, M.G., 2011. “Hypertrophic Scarring and
Keloids: Pathomechanisms and Current and Emerging Treatment Strategies”. Molecular Medicine 17(1-
2),113-125

[4] Ma, X., Chen, J., Xu, B., Long, X., Qin, H., Zhao, R.C., Wan, X., 2015. “Keloid-derived keratinocytes
acquire a fibroblast-like appearance and an enhanced invasive capacity in a hypoxic microenvironment in
vitro”. International Journal of Molecular Medicine 35(5), 1246-1256

[5] Kuffler, D.P., 2015. “Photobiomodulation in promoting wound healing: a review”. Reg Med. 11:1
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Photoinactivation of Pseudomonas aeruginosa biofilm by blue light

Eleonora Marteqani®, Fabrizio Bolognese?, Nicola Trivellin?, Enrico Caruso?, Viviana T.
Orlandi?

! Department of Biotechnologies and Life Sciences, University of Insubria — Varese
2 Department of Information engineering, Univestity of Padua

Pseudomonas aeruginosa is an opportunistic pathogen that can cause severe nosocomial
infections in different body districts, including wounds, ulcers and urinary tract. This
microorganism takes advantage of a combination of resistance mechanisms to overcome the
action of antimicrobials and, as a result, infections become difficult to treat, especially when
P. aeruginosa grows as biofilm [1]. Within recent anti-Pseudomonas approaches, antimicrobial
Blue Light Therapy (aBLT) gained increasing interest. aBLT is based on the effect of visible light,
particularly in the region from 390 to 500 nm, to control the bacterial growth and biofilm
formation of a broad-spectrum of pathogens, including bacteria, yeasts and fungi [2]. The
mechanism of action is not fully understood. It has been hypothesized that endogenous
photosensitizers may induce photo-oxidative stress upon irradiation causing photo-oxidation
of microbial macromolecules and cellular death, as a consequence [3].

In this study, blue light at 410 and 455 nm were used to inhibit and/or eradicate biofilm of P.
aeruginosa PAO1, chosen as model microorganism. A multi-well plate was used as in vitro
setup. Crystal violet staining of adherent biofilm, combined with cell viability of planktonic and
sessile populations, permitted to evaluate the effect of blue light on cells and matrix. Confocal
microscopy analyses have been also performed to evaluate the efficacy of aBL.

Upon increasing radiant exposures, blue light at 410 nm successfully inhibited biofilm
formation of P. aeruginosa PAO1, causing a significant decrease in adherent biomass and cell
viability of adherent and planktonic phases. Blue light at 455 nm showed a very good inhibitory
effect. Fifteen P. ageruginosa strains isolated from catheters-associated urinary tract
infections, characterized by a different ability to form biofilm, were sensitive to aBL.
Moreover, blue light at 410 nm was also active in eradicating young and old biofilms of PAO1
strain. Interestingly, blue light seems to affect the ability to form matrix. Further investigations
are needed to evaluate how blue light damages biofilm machinery.

Blue light at 410 nm is effective in inhibiting and eradicating P. aeruginosa biofilm in a dose-
light dependent manner. This approach could be exploited in different applications in which
P. aeruginosa growth control is needed, such as clinical, environmental and industrial fields.

[1] Azam, Mohd W., and Asad U. Khan. "Updates on the pathogenicity status of Pseudomonas
aeruginosa." Drug discovery today (2018).

[2] Hamblin, Michael R., and Heidi Abrahamse. "Can light-based approaches overcome antimicrobial
resistance?" Drug Development Research 80.1 (2019): 48-67.

[3] Wang, Yucheng, et al. "Antimicrobial blue light inactivation of pathogenic microbes: State of the
art." Drug Resistance Updates33 (2017): 1-22.

18



Societa Italiana di Fotobiologia — 2019 SIFB Congress — Bologna
Light-indiced therapies (infection & dermatology)

PL1
Dye Doped Silica Nanoparticles as Organized Systems for Nanomedicine
Luca Prodi

Dipartimento di Chimica “Giacomo Ciamician” — Alma Mater Studiorum - Universita di Bologna — Via Selmi
2 —40126 Bologna

Silica nanoparticles are versatile platforms with many intrinsic features, including a low
toxicity. Proper design and derivatization yield particularly stable, very bright nanosystems
displaying multiple functions,® which can be used for either otpical and photoacoustic
imaging? and for photoluminescence (PL) and electrochemi-luminescence (ECL) sensing.3 In
addition, silica nanoparticles can also be used for as platforms for phto-dynamic and photo-
thermal therapies.2 For these reasons, silica nanoparticles already offer unique opportunities,
and further improvement and optimization can substantially expand their possible
applications in fields of high impact, such as medical diagnostics and therapy, environmental
and food analysis, and security.

In this context, we have developed a direct micelle assisted strategy based on the use of
Pluronic F127 as high molecular weight surfactants. The one-pot synthesis yields PEGylated
silica nanoparticles endowed with very high monodispersity, colloidal stability and core-shell
structure. These nanoparticles were recently reported with the acronym PluS NPs (Pluronic
Silica NanoParticles). These NPs had a silica core of about 10 nm and an overall hydrodynamic
diameter of about 25 nm. Interestingly, PluS NPs can be tailored for optimization of processes
such as directional energy transfer, which provide those systems with extremely valuable
functions: high light-harvesting capability, signal-to-noise maximization, multiplex output, and
signal amplification. /n-vivo experiment proved the absence of toxic effects on mice even after
three months after injection. We also found that cellular uptake was influenced by
nanoparticle functionalization while the drug loading ability can be tuned with a suitable
choice of the silica precursor.

1 M. Montalti, L. Prodi, E. Rampazzo, N. Zaccheroni, “Dye Doped Silica Nanoparticles as
Luminescent Organized Systems for Nanomedicine”, Chem. Soc. Rev., 2014, 43, 4243,
2 S. Biffi, L. Petrizza, C. Garrovo, E. Rampazzo, L. Andolfi, P. Giustetto, I. Nicolov, G. Kurdi, M.

Danailov, G. Zauli, P. Secchiero, L. Prodi, “Multimodal NIR-Emitting PluS Silica Nanoparticles with
Fluorescent, Photoacoustic and Photothermal Capabilities”, Int. J. Nanomedicine, 2016, 11, 4865.

3 G. Valenti, E. Rampazzo, S. Bonacchi, L. Petrizza, M. Marcaccio, M. Montalti, L. Prodi, F.
Paolucci, "Variable Doping Induces Mechanism Swapping in Electrogenerated Chemiluminescence of
Ru(bpy)s** Core-Shell Silica Nanoparticles", J. Am. Chem. Soc., 2016, 138, 15935.

4 M. Helle, E. Rampazzo, M. Monchanin, F. Marchal, F. Guillemin, S. Bonacchi, F. Salis, L. Prodi,
L. Bezdetnaya, “The Surface Chemistry Architecture of Silica Nanoparticles Determine the Efficiency of in
Vivo Fluorescence Lymph Node Mapping”, ACS Nano, 2013, 7, 8645.
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Light-controlled delivery of cancer immunotherapeutics.
P&l Kristian Selbo?

! Department of Radiation Biology, Institute for Cancer Resaerch, The Norwegian Radium Hospital, Oslo
University Hospital, Momtebello, Ullernchausseen 70, 0379 Oslo, Norway

Cancer immunotherapeutics such as immunotoxins and peptide-based cancer vaccines are
taken up into cells by means of endocytosis. The majority of these drugs are subsequently
sequestered and degraded in late endosomes and lysosomes. This resistance mechanism
results in poor anti-cancer activities of immunotoxins and weak CD8+ T-cell responses after
therapeutic cancer vaccines. Thus, there is a need for drug delivery methods which can
improve the endosomal escape of immunotherapeutics having intracellular targets.
Photochemical internalization (PCl) is an intracellular drug delivery method based on light-
activation of lysosomotropic photosensitizers followed by ROS-generation and a subsequent
membrane-disruption of endosomes and lysosomes, leading to cytosolic release of the
entrapped drugs of interest. PCl has been found safe and tolerable in one clinical trial [1] and
is currently under evaluation in to other clinical trials; one in combination with gemcitabine,
followed by systemic cisplatin/gemcitabine, for the treatment of inoperable
cholangiocarcinoma [2] and one for the PCI of vaccine antigens (HPV peptides and KLH) for
induction of B- and T-cell immune responses in combination with the adjuvant poly-ICLC
(Hiltonol) [3].

The overall aim of our project is to develop and explore PCl as a rational strategy to enhance
intracellular release and efficacy of (1) immunotoxins targeting cancer stem cells (CSCs) and
(2) therapeutic cancer vaccines.

In this presentation, fimaporfin (TPCS2a)-based PCl of immunotoxins targeting CSC markers
such as CD133, CD44, CSPG4, EpCAM and CD105 (Endoglin) will be demonstrated. In addition,
cancer cells over-expressing stem cell markers important for detoxification such as ABCG2
(BCRP/CD338), ABCB1 (P-gp/MDR1) and ALDH are highly sensitive to photochemical
treatment using PCl photosensitizers. Mechanistic evidence showing that PCl strongly
enhance MHC class | presentation of peptide vaccine antigens important to mount robust
CD8+ specific antitumor responses will also be provided.

[1] Sultan, A. A.; Jerjes, W.; Berg, K.; Hogset, A.; Mosse, C. A.; Hamoudi, R.; Hamdoon, Z.; Simeon, C.;
Carnell, D.; Forster, M.; Hopper, C. 2016, Disulfonated tetraphenyl chlorin (TPCS2a)-induced
photochemical internalisation of bleomycin in patients with solid malignancies: a phase 1, dose-
escalation, first-in-man trial. Lancet Oncol, 17: 1217-1229.

[2] ClinicalTrials.gov Identifier: NCT02947854

[3] ClinicalTrials.gov Identifier: NCT01900158
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Targeting tumor cells with photosensitizer-protein complexes.

Paolo Bianchini*?, Marco Cozzolino*?3, Francesca Pennacchietti*?, Luigi Cavanna®,
Stefano Bruno®, Pietro Delcanale®, Roberta Bedotti®, Stefania Abbruzzetti*®, Alberto
Diaspro*?3, Cristiano Viappiani*®

INanoscopy, Istituto Italiano di Tecnologia, via Morego 30, Genoa 16163, Italy; 2 Nikon Imaging Center,
Istituto Italiano di Tecnologia, via Morego 30, Genoa 16163, Italy; * Department of Physics, University of
Genoa, via Dodecaneso 33, Genoa 16146, Italy; * Dipartimento di oncologia-ematologia. Azienda USL di
Piacenza. Via Taverna, 49, 29121 Piacenza, Italy; ® Dipartimento di Scienze degli Alimenti e del Farmaco,
Universita di Parma, Parco area delle Scienze 27/A, 43124 Parma, Italy; © Dipartimento di Scienze
Matematiche, Fisiche e Informatiche, Universita di Parma, Parco area delle Scienze 7/A, 43124 Parma,
Italy

Bioavailability of photosensitizers for cancer photodynamic therapy is often reduced by their
low solubility in water. Proteins can be exploited to overcome this issue and deliver
photosensitizing molecules to target cells in high yield. We have bound several naturally
occurring photosensitizers to proteins either through hydrophobic or covalent interactions,
achieving fully functional photosensitizing systems that proved effective against bacteria [1-
6] and cultured tumor cells. In this work we show that proteins can be engineered or
chemically modified to comprise a targeting sequence or domain, that confers selectivity
towards specific cell lines. In particular, we report the development of a genetic construct that
targets the human prostate cancer cell line PC3 and is able to deliver a highly efficient
photosensitizer. Fluorescence emission by the photosensitizing molecules allows tracking the

location of the construct and assessing its effectiveness in targeting of tumor cells.

[1.] Pezzuoli, D., et al., Serum albumins are efficient delivery systems for the photosensitizer hypericin in
photosensitization-based treatments against Staphylococcus aureus. Food Control, 2018. 94: p. 254-262.
[2.] Delcanale, P., et al., Tuning the local solvent composition at a drug carrier surface: Effect of dimethyl
sulfoxide/water mixture on the photofunctional properties of hypericin-b-lactoglobulin. Journal of
Materials Chemistry B, 2017. 5: p. 1633--1641.

[3.] Delcanale, P., et al., Zinc-substituted myoglobin is a naturally occurring photo-antimicrobial agent with
potential applications in food decontamination. Journal of Agricultural and Food Chemistry, 2016. 64: p.
8633-8639.

[4.] Rodriguez-Amigo, B., et al., The complex of hypericin with b-lactoglobulin has antimicrobial activity
with perspective applications in dairy industry. Journal of Dairy Science, 2015. 98: p. 89-94.

[5.] Delcanale, P., et al., Subdiffraction localization of a nanostructured photosensitizer in bacterial cells.
Scientific Reports, 2015. 5: p. 15564.

[6.] Comas-Barceld, J., et al., A self-assembled nanostructured material with photosensitising properties.
RSC Advances, 2013. 3: p. 17874-17879.
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Novel non-symmetrical diaryl porphyrins inhibit cellular proliferation and
migration of human cancer cell lines.

Enrico Caruso, Emanuela Marras, Monica Cerbara, Miryam Chiara Malacarne, Elena
Monti and Marzia Bruna Gariboldi.

Department of Biotechnology and Life Sciences (DBSV). University of Insubria, Via J.H. Dunant 3, 21100
Varese (VA), Italy.

Various classes of photosensitizers, many of which include the cyclic tetrapyrrole core
structure typical of porphyrins, are currently in clinical use or at different stages of preclinical
and clinical development for photodynamic therapy (PDT) of cancer. However, the available
PSs are less than ideal for clinical use, due to uncomfortable adverse effects, such as
phototoxic and photoallergic reactions, or suboptimal tissue penetration, and research for
novel PSs featuring more favorable properties is ongoing. Recently, it has been shown that
mixed non-symmetrical diaryl porphyrins, with two different pendants, are more
photodynamically active than symmetrical diaryl porphyrins.

In the present study, we investigate the in vitro photodynamic effects of four novel non-
symmetrical diaryl porphyrins, two of which bear one pentafluoro-phenyl and one bromo-
alkyl (apolar) pendant, whereas the two others bear one pentafluoro-phenyl and one cationic
pyridine pendant. The effect of the four compounds on cell viability (in 2D and 3D cell
culture), along with their cellular uptake, and their ability to induce apoptosis, necrosis and/or
autophagy and to inhibit spontaneous cell migration were evaluated on a small panel of human
cancer cell lines and compared with the properties of m-THPC (Foscan), currently the most
successful PS approved for clinical use in cancer PDT.

The results of the cytotoxicity studies indicate that the two molecules bearing the cationic
pendant are more potent in vitro than those with the apolar pendant, and that they are as
potent as Foscan. Furthermore, a greater potency of diaryl porphyrins with a positive charge
in inducing cell death, as compared to those with the bromo-alkyl pendant, has also been
observed; most importantly, some of these novel compounds exhibit features that might
make them superior to the clinically approved PS Foscan.

23



Societa Italiana di Fotobiologia — 2019 SIFB Congress — Bologna
Light-induced therapies (cancer)

OC11

Does RNASET?2 positively influence PDT-induced oxidative stress?

Miryam Chiara Malacarne’, Enrico Caruso?, Stefano Banfi*, Marzia Bruna Gariboldi?,
Annarosaria De Vito!, Francesco Acquati?

tUniversity of Insubria, Department of Biotechnology and Life Sciences, Via Dunant 3, 21100 Varese, Italy

Introduction. Photodynamic therapy (PDT) is a highly selective and low-invasive therapy for
the treatment of solid tumors. The PDT involves the use of a photosensitizing molecule (PS) in
association with light of an appropriate wavelength. In the presence of molecular oxygen (O,),
following a series of energy transfers, reactive oxygen species (ROS) are produced, among
which there is also the singlet oxygen ('0;). This species of oxygen has a high level of
cytotoxicity and causes most of the cell damage induced by PDT. ROS produced in this way
leads to cell death by apoptosis, necrosis or autophagy. In several cell lines, the RNASET2 gene
is correlated to an increase in mortality following the induction of stresses such as lack of
amino acids or hypoxia [1]. Thus, this work aims to verify if RNASET2 could also influence the
stress induced by PDT.

Material and Methods. To this purpose, OVCAR-3 cells (deriving from ovarian
adenocarcinoma) were used, which differ in the expression of the gene in analysis (expressing
the RNASET2 gene and its silenced counterpart, which is characterized by a reduced
expression of the gene under study). In addition to this, the effect of the recombinant
RNASET2 glycoprotein (deriving from Pichia pastoris), added to the medium at different
concentrations and time, has also been verified. The tests were performed with a PS belonging
to the BODIPY family, compounds generally used as fluorescent dyes [2] that can be modified
with the introduction of iodine atoms thus becoming an alternative class of PSs [3], which has
recently found application in photodynamic therapy [4]. To gain some insights into the
mechanism of PS-induced phototoxicity, induction of apoptotic, autophagic and necrotic cell
death, and generation of reactive oxygen species (ROS) were evaluated in cancer cells
following exposure to the PSs and irradiation. The effect of the PSs on the migratory activity
of the cells was also assessed.

Results and Discussion. The results obtained confirm that the RNASET2 gene leads to an
increase in cellular mortality under the stress induced by PDT; however this result was not
replicable following the addition of the recombinant glycoprotein in the cell culture.

Reference

[1] M. Lualdi, E. Pedrini, K. Rea, L. Monti, D. Scaldaferri, M. Gariboldi, A. Camporeale, P. Ghia, E. Monti, A.
Tomassetti, F. Acquati, Roberto Taramelli, 2015. " Pleiotropic modes of action in tumor cells of RNASET2,
an evolutionary highly conserved extracellular RNase" Oncotarget 6 (10): 7851-7865

[2] Y. Nakamura, H. Makino, D. Citterio, K.J. Suzuki, 2008. "Bright, Color-Tunable Fluorescent Dyes in the
Visible-Near-Infrared Region" J. Am. Chem. Soc. 130 (5): 1550-1551.

[3] T. Yogo, Y. Urano, Y. Ishitsuka, F. Maniwa, T. Nagano, 2005. " Highly Efficient and Photostable
Photosensitizer Based on BODIPY Chromophore " J. Am. Chem. Soc. 127 (35): 12162-12163
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[4] E. Caruso, M. Gariboldi, A. Sangion, P. Gramatica, S. Banfi, 2017. "Synthesis, photodynamic activity,
and quantitative structure-activity relationship modelling of a series of BODIPYs" J. Photochem Photobiol
B: Biol. 167: 269-281
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PBL (Psoralens + Blue light): blue light activates 8-MOP and TMA triggering
vesical (T24) tumor cell apoptosis and death.

Miolo G, Menilli L, Tasso A, Sturaro Giulio and Conconi MT

Department of Pharmaceutical and Pharmacological Sciences, University of Padova

BACKGROUND. Psoralens and angelicins (furocoumarins) are natural and synthetic
compounds with high antiproliferative potency under UVA irradiation mainly used for the
treatment of skin diseases (PUVA therapy) or immunological disorders in extracorporeal
photopheresis (ECP). To improve their activity against psoriasis or vitiligo and avoid severe
side effects mainly related to the formation of interstrand crosslinks (XLs) with DNA pyrimidine
bases, a variety of derivatives, hopefully monofunctional, have been synthesized. Although
angelicins, due to their angular geometry, do not generally form XLs, some of them, i.e. (TMA),
can crosslink folded DNA upon UVA. Furthermore, furocoumarins produce ROS that impair
cellular functions through lipid peroxidation, oxidation of guanine and strand breaks in nucleic
acids, oxidation of proteins and inactivation of enzymes.

To photoactivate 8- MOP and 4,6,4'-trimetylangelicin (TMA) towards bladder (T24) cancer cell
lines, a new approach based on less toxic and more penetrating visible radiation (BL, 420 nm)
is proposed.

RESULTS. TMA and 8-MOP showed high antiproliferative activity towards cancer cells, through
induction of apoptosis. Besides ROS generation (less efficient under BL than UVA), the
proapoptotic effect seemed related to the activation of p38 and inhibition of p44/42
phosphorylation. Moreover, no phosphorylation of the histone H2AX, nuclear B -catenin and
GSK3B occurred. Moreover, Cyclin D1, c-Myc and CD44v6 expression were reduced through
inhibition of the Wnt pathway. Overall, with respect to previous experiments, our compounds
appeared a little less sensitive to PBL vs T24 than vs prostate cancer cells (DU145), showing a
specificity of the test compounds towards different tumor cell lines. The strong
photocytotoxicity of TMA and 8-MOP can be related to the kind and number of DNA lesions.
Under BL, no mutagenic crosslinks, no photocleavage nor photooxidative lesions were
detected on isolated DNA by TMA phototreatment, but only MAs can form. However,
generation of XLs still remained for 8-MOP under BL but in a lower amount than under UVA.

CONCLUSIONS. Overall, our results indicate that 8-MOP, and particularly TMA, can be
efficiently activated by BL and may be considered good candidates for targeted PBL of bladder
cancers and possibly for other solid tumors.
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Photoactive nanomaterials for medical applications.
Jiri Mosinger

Faculty of Science, Charles University, Prague, Czech Republic

Highly efficient antimicrobial polymer nanofiber membranes and nanoparticles that use
inactivation of a pathogen via photosensitized generation of singlet oxygen will be presented.
The antimicrobial mechanism includes excitation of the photosensitizer encapsulated or
externally bounded to nanomaterials by visible light, formation of its triplet states followed by
energy transfer to triplet oxygen leading to singlet oxygen formation. Since singlet oxygen is a
great oxidant of biological targets, the antibacterial and antiviral effect is very powerful. The
singlet oxygen-sensitized delayed fluorescence of a photosensitizer can be observed and used
as a sensitive tool for detection of oxygen, imaging of singlet oxygen and distribution of a
photosensitizer [1]. Modifications of nanomaterials with NO-photodonors photoproducing
NO radical with the aim to increase their antimicrobial effect will be also mentioned [2].

[1] Mosinger, J., Lang, K., Kubat, P. 2016. “Photoactivatable nanostructured surfaces for biomedical
applications.” Topics in Current Chemistry 370: 135-168.

[2] Dolansky, J., Henke, P., Mald, Z., Zarska, L., Kubat, P., Mosinger, J. 2018. “Antibacterial nitric oxide- and
singlet oxygen-releasing polystyrene nanoparticles responsive to light and temperature triggers”
Nanoscale 10: 2639-2648.

28



Societa Italiana di Fotobiologia — 2019 SIFB Congress — Bologna

0OC13

Heterocomposites from diatoms microalgae.

Danilo Vona?, Roberta Ragni®, Stefania R. Cicco?, Gabriella Leone’, Marco Lo Presti?,
Gianluca Maria Farinola®

Dipartimento di chimica, Universita degli Studi di Bari “Aldo Moro”, Via Orabona 4, 70126, Bari, Italy*
Istituto per la chimica dei composti organometallici (CNR-ICCOM)-Bari, Bari 70126, Italy?

Diatoms, a brown type of microalgae, spontaneously uptake silicic acid from the ocean and
build highly porous biosilica structures, starting from silica-derived pool vesicles. These
nanotextured hydrated biogenic silica structures naturally self-assemble at mild conditions,
conversely the industrially produced silica. All the biosilica production occurs in coupling with
photosynthesis. Quite recently, diatoms gained more attention in different fields like
photonics, sensing, optoelectronics and biomaterial science [1], since their silica shells, called
frustules, can be chemically decorated via silane surface reaction [2] or biochemically
functionalized via in vivo feeding with small molecules. Then facile extraction methods enable
the collection of functionalized silica structures directly from fed diatoms. Here we present
green production of phosphorescent nanoparticles from living Thalassiosira weissflogii
diatoms fed with a luminescent cationic Ir-complex [3], together with a variety of emissive
silica structures extracted using in vivo or in vitro manipulation of diatoms with new synthesis
fluorescent dyes; these resulting functionalized silica walls were used for photonics [4] and
silica-based singlet oxygen generation in the Photodynamic Therapy field. We also managed
to produce biosilica functionalized with pharmacological moieties in order to produce natural
ensembles, which resulted useful as bidimensional scaffold for bone tissue engineering. [5] A
last remarkable approach of functionalization is based on the coating of both living diatoms
and their shells with polydopamine (PDA) to produce metal-based heterostructures [6] or for
incorporating enzymes during dopamine polymerization. In conclusion, orthogonal methods
for functionalization of biosilica from algae lead to proficient perspectives of manufacture of
new generation materials for bioelectronics or biomedicine.

Acknowledgements

This work was supported by the European Commission through the EU project 800926-
HyPhOE (Hybrid Electronics based on Photosynthetic Organisms).
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materials from bio-medicine to photonics.” J. Mater. Res., 32(2): 279-291

[2] R. Ragni, S. R. Cicco, D. Vona, G. M. Farinola, 2018. “Multiple Routes to Smart Nanostructured Materials
from Diatom Microalgae: A Chemical Perspective.” Adv. Mater., 30(19): 1704289

[3] G. Della Rosa, D. Vona, A. Aloisi, R. Ragni, R. Di Corato, M. Lo Presti, S.R. Cicco, E. Altamura, A. Taurino,
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Naphthalene diimides, a versatile platform for biomedical applications
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Naphthalene diimides (NDIs) are extremely versatile compounds. Their optoelectronic
properties can be effectively tuned by substituents on the aromatic core, thus giving origin to
absorption and emission in the red spectroscopic window, which makes them appealing for
fluorescence imaging and photodynamic therapy (PDT).[1] Additionally, thanks to their
chemical accessibility and large planar surface NDIs have been explored as appealing scaffolds
for the design of RNA and DNA G-quadruplex (G4) ligands. We have shown that tri-, and tetra-
substituted NDIs are potent and reversible ligands targeting G-rich nucleic acids (NAs) folding
into G4s. Recently, we have published a series of NDIs having excellent water solubility and
cellular entry, merged with promising features for theranostic applications. In particular the
tetra-substituted NDI compound 1 was able to produce singlet oxygen, and induced photo-
cytotoxicity.[2] Nuclear uptake was evidenced by fluorescence confocal imaging exploiting the
intrinsic NDI fluorescence. (see figure)
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Lately we investigated NDI dyads, see scheme below, for their potential as anticancer drugs
and light-responsive systems to sense G4 DNA.[2] We will briefly illustrate the biophysical and
biological results obtained with these DNA ligands based on the NDI platform.
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Silk fibroin hydrogels as potential drug delivery system in photodynamic
therapy
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The number of suggested biomedical applications of silk fibroin (SF) grew steadily in the recent
years.[1] The properties of SF (e.g., mechanical robustness, biocompatibility, biodegradability,
optical transparency) and its versatility to be processed into diverse forms (e.g., films, sponges,
hydrogels, microparticles, microneedles etc.) made it an appealing material for regenerative
medicine applications and as a component of medical devices. In addition, SF hydrogels lend
themselves to the incorporation and release of biologically active compounds and have been
explored at matrices for drug delivery systems.[2] SF has been used for the controlled delivery
of various therapeutic agents, but to the best of our knowledge, the SF-mediated delivery of
photosensitizers has not been explored to date. Photosensitisers are the drugs used in
photodynamic therapy (PDT), a clinically approved modality that achieves selective
d