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From nanotech to nanomed: work in progress

Wednesday, 26th September @ 09:00: Opening Speech (Auditorium) - Plenary Speech - Abstract ID: 344

Dr. Paolo Bigini 1

1. Istituto Ricerche Farmacologiche Mario Negri

Everybody knows the story of Penelope and her canvas.

Determined to wait for her husband’s return, Penelope begins to weave a burial shroud for Odysseus. Smartly,

she undoes her weaving each night so that the work is never done. Even if far from our common interests, the

story of Penelope teaches us that, an apparent waste of time, can indeed be extremely important to reach an

objective.

Why talking about Penelope’s story to open a congress of Nanomedicine and Nanobiology? Because scientists,

especially those who are involved in innovation and basic research, can share similarities with this episode

taken from the Homeric poem.

Similarly to Penelope’s work, the passage from nanotech to nanomed often requires a long lasting process where

we have to try, evaluate, often confute, sometimes destroy our original theories and finally start again. Unfor-

tunately, unlike Penelope, we sometimes risk to lose our real objective. For this reason, we should always focus

our attention on the premises, the aims, and the pitfalls characterizing this multidisciplinary activity.

It is first crucial honestly ask ourselves why we are spending time, money and energy to develop nanobodies

for biomedical needs. The question may appear trivial but the answer cannot always be taken for granted.

First, the awareness of the limits of the current therapy is crucial to define the starting point of the research.

This approach requires all researchers involved in each single project to share the principles regulating the

anatomy, the physiology, the pharmacology and the pathology regardless of their background. Contrary to the

main physico-chemical aspect, all features theoretically regulating or influencing the behaviour of materials

under biological matrices, must be known by everybody.

Over the last decade, important steps have been undertaken in this direction. The growing number of re-

searchers having a background that covers the material science and the biological science, for example, will

probably lead to a better, faster and hopefully cheaper collaborations. Another important achievement is the

increasing colonization of the so called “nowhere land”, that in nanomedicine indicates all those validation pro-

cesses that take place from the nanomaterial synthesis- in vitro characterization to the proofs of efficacy in cells

or animals. To better explain this peculiar approach, an overview about some of the anatomical, kinetics and

pharmacological parameters recently investigated in our laboratory, will be taken into consideration. They are

likely to unveil interesting analogies between our work and Penelope’s activity.
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Treatment of Bacterial Infections with Peptide-Targeted
Porous Silicon Nanoparticles
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Prof. Michael Sailor 1

1. University of California, San Diego

The use of porous Si nanoparticles for peptide-targeted delivery of siRNA and small molecule drugs to treat

lethal bacterial infections in mice will be described. Porous Si nanoparticles can be simultaneously loaded and

sealed using aqueous solutions of the desired therapeutic in the presence of calcium or magnesium ions. The

resulting core-shell nanostructures consist of a drug-loaded nanoparticle core infiltrated with a biodegradable

shell of calcium or magnesium silicate. Attachment of functional peptides impart targeting and cell penetration

properties to the constructs that show improved gene silencing and therapeutic outcomes in vivo. The intrinsic

photoluminescence that derives from quantum confinement in the silicon skeleton provides a built-in lumines-

cent probe that can be used for in vivo and in vitro imaging and self-reporting drug delivery.
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Nanomedicines: Advantages, Accomplishments and
Challenges
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1. Department of Pharmacy, University of Patras & Foundation for Research and Technolohy Hellas, Institute of Chemical

Engineering Sciences, FORTH/ICE-HT, Rio 26504

In the last years a number of advanced nanotechnologies have been developed as carriers for drug delivery,

providing possibilities to control drug release rates, as well as drug bio-distribution, while additionally preserv-

ing the stability of the drug. Between the various types of nanomedicines for drug delivery, our laboratory has

expertise in the design and development of liposomal formulations.

Liposomes offer numerous advantages as drug carriers, due to their great biocompatibility. They have been

proven to efficiently sustain the retention of drugs at the site of administration, and/or protect them from

degradation, offering numerous therapeutic advantages. However, although many accomplishments have been

achieved, several challenges are currently unresolved; one of the current challenges is the potential to target

specific diseases and/or overcome biological barriers with ligand-targeted liposomes (a technology that has not

been yet translated into pharmaceutical products).

In this plenary lecture examples of the accomplishments and potential ways to overcome current challenges

(such as the use of topical administration routes, and the potential to boost liposome targeting potential by

development of bio-inspired vesicles) will be discussed or proposed.
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Streamlining the innovation of nanomedicines and
nanomaterials through application of cutting edge hazard

approaches
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Johnston 1

1. Heriot-Watt University

The terms ‘de-risking’ and ‘safer-by-deisgn’ are used frequently in drug development and nanomaterial design

respectively. Both essentially require the use of hazard information to inform product design and development,

allowing developers to avoid investing in hazardous products and therefore reducing resource requirements.

Where possible this process involves mining existing data before design of a testing strategy to fill the data

gaps. Integrated Approaches to Testing and Assessment (IATAs; as outlined by the OECD) can provide a useful

process to streamline the hazard acquisition process, thereby improving the efficiency of the process. It is

recommended that IATAs rely on in silico modelling and in vitro approaches where possible, enabling such a

strategy to adopt a 3Rs approach.
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Broad Spectrum Anti Virals
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1. Ecole Polytechnique Fédérale de Lausanne

In this talk novel approaches to develop antiviral drugs will be presented. Specifically, nanoparticles capable

of irreversibly damage viruses will be presented. It will be argued that that the mechanism of action is that

of exerting a pressure on the viral shell. This property, combined with the fact that the particles have minimal

toxicity to mammalian cells, renders the particles a potential candidate to the first virucidal drug to get approval

for medical use. In particular the case of herpes simplex 2 will be discussed. Other effects of nanoparticles on

virus stability and infectivity will be presented.
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Magnetite hydrogel for targeted drug delivery
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Magnetic gels and aerogels are fast developing areas in the material science. Due to the large specific surface

area, well-developed microstructure and excellent sorption properties, such materials find applications in dif-

ferent areas of industries including biomedicine. The vast majority of the known magnetic gels and aerogels

represent multicomponent systems consisting of magnetic nanoparticles (such as magnetite) and polymers,

responsible for the formation of a gel structure [1]. The main disadvantage of such systems is deficiency of

covalent bonds between MNPs and the hydrogel networks, the stability of resultant materials cannot be guar-

anteed. To overcome this problem, the surface of the MNP is modified by several functional groups serving as

nanocrosslinkers. However, this process leads to the complexity of synthetic procedures and results in a low

magnetization of the final material. An alternative strategy in the production of iron oxide gels is a direct gela-

tion of iron salts in water or alcohol solutions by weak bases [2]. The drawback is however, that the materials

produced using this technique consist of non-magnetic iron oxides, mainly of goethite [3].

We describe the pure magnetite gel (designated as ferria gel) prepared by the direct gelation of a magnetite

hydrosol for the first time. The gelation of the magnetite hydrosol occurs under influence of a propylene oxide

proton scavenger and results in the formation of dense and highly magnetic gel. The hydrogel consists of 10 nm

magnetite nanoparticles linked by interparticle Fe-O-Fe bonds and has the appearance of a dark-brown viscous

thixotropic material (Fig.1). The water content in the hydrogel could be to 93.6% mass while volume fraction

reaches 99% vol. The gel shows excellent sorption capacity for heavy metals adsorption. This value for lead-ion

sorbents is 44 and 53 mg/g in neutral and acid medium, respectively. Comparing these results with the earlier

published [4], it can be concluded that the ferria gel holds great potential as an ion sorbent. The gel sorptive ca-

pacity is 225% higher than that of magnetite nanoparticles. In addition, the material shows superparamagnetic

behavior with coercivity 65 emu/g at 6000 Oe. The material shows excellent biocompatibility and minor cyto-

toxic effects at concentrations up to 207 μg/mL. By entrapping of organic molecules in the process of gelation,

it is possible to create a stimuli-responsive drug delivery system with burst release profile under the influence

of US irradiation due to fully biocompatible composition and excellent drug loading capacity.

The magnetite gels prepared could be used for production of a magnetite aerogels, magnetic drug delivery

systems with controlled release and highly-efficient sorbents for hydrometallurgy.

1. J. Zhang, S. Xu and E. Kumacheva, Journal of the American Chemical Society, 2004, 126, 7908–7914.

2. J. D. Walker and R. Tannenbaum, Chemistry of materials, 2006, 18, 4793-4801.

3. A. E. Gash, T. M. Tillotson, J. H. Satcher Jr, J. F. Poco, L. W. Hrubesh and R. L. Simpson, Chemistry of Materials,

2001, 13, 999–1007.

4. M. Kumari, C. U. Pittman and D. Mohan, Journal of colloid and interface science, 2015, 442, 120–132.
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Visual appearance of synthesized gel. a - a drop of ferria gel does not flow down from the glass. b - the vial

with ferria gel is attracted by a magnetic field and lifted into the air.png
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Drug-loaded multiple emulsions in the treatment of brain
tumors
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Biochemistry and Biophysics; University of Warsaw, Faculty of Biology: Institute of Genetics and Biotechnology, 3. University of

Warsaw, Faculty of Biology: Institute of Genetics and Biotechnology

Introduction:
Treatment of brain tumors is associated with overcoming the blood-brain barrier, which provides a protec-

tive function against unwanted substances. The methods of drug administration to the brain are developed by

passing through or bypassing the blood-brain barrier. One possible way around the problem of bypassing the

blood-brain barrier is when a drug is administered intraoperatively. This involves inserting an implant in the

tumor environment or in the cavity after tumor removal. In this paper, we propose a brain-implant in the form

of multiple emulsions for prolonged delivery of doxorubicin hydrochloride (DOX) as an effective treatment for

deadly glioblastoma (Fig.1). Emulsions including microemulsions and dendrimers are at the development stage

for drug delivery to the brain [1, 2].

Methods:
Doxorubicin-loaded multiple emulsions were prepared in a Couette-Taylor flow biocontactor. Characterization

of emulsions was performed using a fluorescence microscope and image analysis software. The experimental

studies included the influence of the structure of emulsions, DOX concentration and the pH of the environment

on the cancer cells’ viability (U87MG and LN229 glioblastoma cell lines) and the release rates of DOX. The in vitro

release profiles of doxorubicin were obtained by measuring drug concentration using a spectrofluorometer. An

in vitro cytotoxicity study was carried out with the indicator AlamarBlue.

Results and Discussion:
The result showed the possibility to modulate and optimize release rates depending on the emulsions’ structures

and the pH of the environment, (Fig.2). Doxorubicin encapsulated in the emulsions with smaller drops (E2)

was released faster compared to the emulsions (E1). At a lower pH (6.3) of the acidic environment of a tumor,

the release of doxorubicin was faster compared to a pH neutral environment. In the presence of tumor cells,

the release profiles can be seen below the profiles without the presence of cells (Fig. 2). These results were

due to the drug consumption by cells. The emulsions implant showed an ability to significantly reduce the

number of malignant cells of the glioblastoma and reduce the dosage of doxorubicin compared to classical

therapy (doxorubicin in solution).

References:

[1] Y.Chen, L.Liu: Advanced Drug Delivery Reviews, 2012, 64, 640–665.

[2] E.Dluska, A.Markowska-Radomska, A.Metera, B.Tudek, K.Kosicki: Nanomedicine, 2017, 12, 2183.
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A new strategy to deliver Dexamethasone from PEDOT
coatings
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Conductive polymers have considerably emerged during the last three decades within research fields that span

from organic photovoltaics and electrochromic devices to biomedical applications. Neural interfaces represent

an important tool for enabling better fundamental understanding of the central and peripheral nervous sys-

tems, as well as for restoring damaged or lost sensorimotor functions. The well-known conductive polymer

poly(3,4-ethylenedioxythiophene (PEDOT), is typically electrodeposited onto microelectrodes to reduce the to-

tal impedance as well as to improve the charge storage capacity, necessary for the goal of neural stimulation.

One of the main concern related to chronically implanted intracortical neural microelectrodes is related to the

adverse reaction of the surrounding tissue, which is known to encapsulate the neural microelectrodes after

few weeks post implantation, leading to the loss of neural recording/stimulating activity. With the aim to mini-

mize the inflammatory reaction and gliosis, it is possible to deliver anti-inflammatory drugs directly by neural

implants coated with PEDOT based drug delivery systems.

Typically, the “ionic approach” is followed to incorporate negatively charged drugs within PEDOT films. Follow-

ing this method, the potent glucocorticoid Dexamethasone-phosphate can be incorporated during the electrode-

position and, subsequently, released by applying cathodic triggers that bring PEDOT to its neutral and reduced

state. This approach has several drawbacks: 1) the need of inducing current-voltage stimulus 2) uncontrollable

passive drug release due to spontaneous ion exchange and subsequent drug diffusion into the bulk solution and

3) release of oligomers as well as EDOT units during electrochemical release. Method 1. In order to circumvent

these disadvantages, a new Dexamethasone functionalized EDOT monomer was prepared and used to prepare

electrodeposited PEDOT coatings in which the drug is chemically linked to the polymer backbone, enabling a

biochemically triggered drug release system. In particular, Dexamethasone was successfully integrated into

a new electropolymerized PEDOT–Dex composite, leading to a self�adjusting drug release system based on a

biochemically hydrolysable bond between Dexamethasone and PEDOT. The incorporation of Dexamethasone

within the new PEDOT-Dex composite films preserves an optimal surface morphology as well as the electro-

chemical properties, as confirmed by SEM and EIS characterization.
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GDA, a web-based tool for the integrated analysis of genomics
and pharmacological data
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INTRODUCTION. Several major screenings of genetic profiling and drug testing in cancer cell lines proved that

the integration of genomics portraits and compound activities is effective in discovering new genetic markers

of drug sensitivity and clinically relevant anticancer compounds. Despite most genetic and drug sensitivity

data are publicly available, the availability of user-friendly tools for their integrative analysis remains limited,

thus hampering an effective exploitation of this information.

METHODS. Here we present GDA (http://gda.unimore.it/), a web-based tool for Genomics and Drugs integrated

Analysis that combines drug sensitivity data for more than 50,800 compounds with mutations and gene

expression profiles across 73 cancer cell lines [1]. GDA is composed of 4 main analysis modules that allow

identifying i) drugs active in cancer cell lines bearing specific gene mutations; ii) gene mutations characterizing

cancer cell lines that are sensitive to a selected compound; iii) drugs active in cancer cell lines bearing the

activation of a specific gene signature; and iv) up- and down-regulated genes in cancer cell lines that are

sensitive to a specific compound (Figure 1).

RESULTS. In a case-study application, we first searched for drugs active in cancer cell lines with BRAF mis-

sense mutations. The analysis returned, among the most active compounds, the Imatinib analogs Dabrafenib,

Vemurafenib, and Selumetinib. Then, to search for genes likely interfering with the anticancer action of e.g.,

Vemurafenib, we investigated the gene expression profiles of cell lines that, although bearing BRAF missense

mutations, are resistant to the treatment with Vemurafenib. The comparison indicated that cells resistant to

Vemurafenib over-express a gene set that is functionally enriched in the KEGG pathway of insulin resistance,

ultimately mediated by activation of the PI3K/Akt pathway. Intriguingly, this result supports previous

evidences of a mechanistic link between insulin, the PI3K/Akt pathway, and attenuated therapeutic efficacy of

BRAF inhibitors and suggests that the resistance to Vemurafenib might be overcome by the concomitant use of

PI3K inhibitors.

CONCLUSIONS. As personalized targeted therapies, precision nanomedicine, and drug-re-purposing are

gaining increasing attention, GDA represents a resource to formulate hypotheses on the interplay between

genomics traits and drug sensitivity or resistance in cancer.

References
[1] Caroli J, Sorrentino G, Forcato M, Del Sal G, Bicciato S. GDA, a web-based tool for Genomics and Drugs inte-

grated analysis. Nucleic Acids Res. 2018 Jul 2;46(W1):W148-W156

12



International Conference On Nanomedicine And Nanobiotechnology 2018

Figure 1.png

13



International Conference On Nanomedicine And Nanobiotechnology 2018

Interaction of nanoparticles with cellular and model
membranes: influence of surface charge, size and membrane
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All the bio-applications of nanoparticles (NPs) for therapeutics rely on a detailed understanding of their interac-

tion with the cellular membrane. In our group we have recently tested how NPs different in shape, size, surface

functionalization and charge interact with neuronal networks (Dante, Petrelli et al. 2017); the main finding was

that NPs were adhering selectively to active neuron membranes as a function of NPs surface charge, but not to

steady-state potential glial cells membrane. To gain insights on the NP/membrane interaction on the nanoscale,

we considered steady-state potential model lipid membranes interacting with polymer-coated semiconductor

nanorods (NRs). In details, the adsorption of positive and negative NRs to supported lipid bilayers (SLBs) and

lipid monolayers (LMs) of different lipid compositions was tested by quartz crystal microbalance with dissi-

pation monitoring (QCM-D) and by surface pressure-area isotherms, respectively. The results showed that the

interaction is regulated by two key factors, i.e. the zeta potential difference and the membrane complexity in

terms of lipid domains presence. Since the polymer coating of the NRs was shown to regulate the interaction, in

order to elucidate the effect of the NP size we have employed fluorescent polymeric micelles of different dimen-

sion (60 and 300 nm in diameter). We have tested their interaction with different cell lines, namely post-natal

mouse neuronal cells, mouse neuroblastoma Neuro2a (N2a) cells and Chinese hamster ovary (CHO) cells using

confocal microscopy. Preliminary results showed adhesion of micelles on the cell lines with a dynamic mem-

brane potential (i.e. neurons and neuron-like N2a), reinforcing the hypothesis of an interaction dynamically

driven by surface potential; the investigation on model membranes showed that micelles (both sizes) induce

modifications also on model membranes, adhering initially to the membranes and then removing lipids from

the SLBs.

Dante, S., et al. (2017). “Selective Targeting of Neurons with Inorganic Nanoparticles: Revealing the Crucial Role

of Nanoparticle Surface Charge.” ACS Nano 11(7): 6630-6640.
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Magnetic micro- and nanocapsules are the emerging class of nanoformulations that can be applied for tar-

geted drug delivery [1-2]. Various approaches are applied for the synthesis of magnetic carriers, such as

polyelectrolytes- mediated self-assembly, bioscaffold-based formulations, or microemulsion synthesis of mag-

netic NPs doped organic or inorganic polymers [3-4]. While hybrid materials have variable sizes and structures,

the presence of foreign molecules reduces specific magnetization values of such materials, so their magnetiza-

tion rarely reaches 40 emu/g. On the other hand, the introduction of additional components can increase cyto-

toxicity of these hybrid materials or interfere with their legal status and application potential of such systems

as the materials listed for oral or parenteral administration [5].

We present a facile and universal method to synthesize single-component magnetite-based nanocontainers (des-

ignated as MNCs) by template-promoted formation of magnetite gel using the microemulsion technique and

demonstrate the potential of such systems as drug carriers for biomedical applications, particularly for throm-

bolytic treatment. Containers synthesized have adjustable size and consist of ~10 nm magnetite nanoparticles

linked by Fe-O-Fe interparticle bonds. The diameter of NCs can be varied in a wide range by the regulation of

microemulsion composition and emulsifying conditions (Fig.1). The MNCs exhibit a developed microstructure

and textural properties with total surface area up to 135 m2/g, excellent magnetization up to 60 emu/g and low

cytotoxicity against both HeLa and postnatal human fibroblast (up to 260 μg/mL). Synthesis conditions allow

to immobilize molecules of various nature, including complex and labile biomolecules such as thrombolytic

enzymes and other proteins. The applied magnetic field can concentrate MNCs in the necessary place, keeping

for a certain period of time, until the encapsulated preparation is released, thereby minimizing the side effects

caused by nonspecific distribution.

The systems developed are perspective as a drug depot, particularly for magnetically controlled thromboly-

sis, thus opening doors to the creation of injectable drug carriers with low cytotoxicity and high magnetization

value.
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The coupling of nanoparticles to cancer-targeting biomolecules (e.g. antibodies) is fundamental to their use

in cancer theranostics and biomedicine. However, conventional bioconjugation techniques such as physi-

cal adsorption or chemical conjugation often suffer from low coupling yield, poorly controlled orientation of

biomolecules causing a reduction/loss of function, and steric hindrance during target binding. These issues limit

the applications of nanostructures for theranostics and personalised medicine.

We have developed a rapid and facile method of nanoparticle biomodification based on solid-binding peptides

(SBPs). SBPs are short amino acid sequences that can act as molecular linkers to direct the orientated immo-

bilisation of proteins onto solid materials without impeding their biological activity [1]. We have established

a versatile bioconjugation platform technology based on a silica-binding SBP (referred to as the ‘Linker’) that

binds with nanomolar affinity to a range of silica-based materials. The linker (L-) sequence can be incorporated

into proteins of interest and the resulting fusion proteins exhibit strong binding to silica surfaces [2]. Here, the

linker was fused to two different proteins (i) Protein G (PG), which binds to antibodies, and (ii) Barstar (Bs),

which binds to proteins tagged with its binding partner Barnase (Bn). The resulting fusion proteins, L-PG and

L-Bs, mediated the orientated immobilisation of target-specific antibodies or Bn-tagged proteins onto silica sur-

faces, respectively. This bioconjugation occurred within minutes and without any complex chemical reactions.

Using L-PG and L-Bs, cancer-targeting antibodies or Bn-tagged proteins were attached to silica-coated nanopar-

ticles with differing modalities (e.g. drug-doped, fluorescent dye-doped, lanthanide-doped upconversion, and

superparamagnetic). These functionalised nanoparticles were applied successfully in the targeted imaging and

therapy of a variety of cancer cell types, including brain, breast, colorectal, and bladder cancers. Moreover, the

method allowed the surface-design of nanoparticles that selectively interacted with antigens in complex biolog-

ical fluids, such as whole blood. This method is a promising alternative to commonly-used chemical conjugation

techniques in nanobiotechnology, theranostics and other biomedical applications.

[1] Care A, Bergquist PL, Sunna A (2015) Solid-binding peptides: smart tools for nanobiotechnology. Trends

Biotechnol, 33:259-268.

[2] Care A, Bergquist PL, Sunna A (2017) Solid-binding peptides in biomedicine. Adv Exp Med Biol 1030:21-36.
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Breast cancer is the most common type of cancer and a leading cause of death among Western women. Metas-

tasis, a process in which primary tumor cells spread to distant sites of the body to form secondary tumors, is

the primary cause of death for breast cancer patients. Most breast cancers (75%) express the estrogen receptor

(ER), and ER antagonists such as tamoxifen have been used in ERa-positive breast cancer patients for breast

cancer prevention and treatment. Unfortunately, up to half of all ER-positive tumors either do not respond to

these endocrine therapies or, after initial successful treatment, the tumors recur as endocrine-resistant breast

cancer. Further, tamoxifen resistant breast cancer is known to become more aggressive and metastasize to

other organs. Our recently published studies have established ER coactivator MED1 as a key mediator in both

tamoxifen-resistance and metastasis of human breast cancer. Importantly, MED1 has been reported to be over-

expressed in 40-60% of human breast cancers and the overexpression of MED1 highly correlates with poor

survival of breast cancer patients treated with tamoxifen.

In this study, we have used RNA nanotechnology-based approached to assemble pRNA-HER2apt-siMED1

nanoparticles to specifically target breast cancer to combat breast cancer metastasis and therapeutic resistance.

Specifically, we utilized a highly stable three-way junction (3-WJ) RNA delivery system to incorporate breast

cancer cell targeting HER2 aptamers and MED1 siRNAs. These highly stable nanoparticles specifically bound to

HER2-overexpressing breast cancer cells, efficiently depleted MED1 expression and significantly decreased ER-

mediated gene transcription. Importantly, these bio-safe nanoparticles efficiently targeted and penetrated into

HER2-overexpressing tumors after systemic administration in orthotopic xenograft mouse models. In addition

to their ability to greatly inhibit tumor growth and metastasis, these nanoparticles also lead to a dramatic re-

duction in the stem cell content of breast tumors when combined with tamoxifen treatment in vivo. Moreover,

we have recently isolated RNA aptamers that can specifically disrupt ER/MED1 interactions. Significantly, RNA

nanoparticles containing these MED1 targeting aptamers also showed great efficacy in blocking breast cancer

metastasis in these models. Overall, we have generated multifunctional RNA nanoparticles that specifically

targeted breast cancer cells to overcome metastasis and therapeutic resistance.
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Interactions between nano/micro-materials and living cells are critical in many applications such as imaging

and drug delivery.[1,2] Controlling the exact parameters influencing the internalization of particles in cells is

however very difficult to accomplish in a systematic manner and the literature is often confusing if not contro-

versial.

In our project, we focus on polymer vesicles – also referred as polymersomes – as models of particles. They are

constituted of a hydrophobic bilayer membrane confining an aqueous cavity and can be multi-functionalized to

obtain smart particles for imaging and therapy.[3] We aim at formulating a library of polymer vesicles of different

sizes with different block copolymers which would allow to systematically change one vesicle characteristics

at a time in culture with different types of living cells to have insight on which parameters, such as their size,

membrane thickness and elasticity, are controlling the particles internalization into cells.

First, we have synthesized and/or characterized a series of block copolymers: four poly(ethylene glycol)-

b-poly(trimethylene carbonate) and three commercial poly(ethylene glycol)-b-poly(butadiene) of hydrophilic

weight fraction able to form a stable vesicular morphology. Second, we have studied their self-assembly into

vesicles using different techniques to access nano-sizes up to micro-sizes (see Figure 1). Around 100 nm sized

polymersomes were obtained using nanoprecipitation controlled by a microfluidic system. Film hydration as-

sisted by electroformation was used to form micro-sized polymersomes which were extruded at different pore

size to obtain sub-micro-vesicles. Our library of vesicles was characterized using scattering experiments (light

and neutrons) and microscopy (cryo-TEM or confocal). Our polymersomes have different size and, according

to each block copolymer properties, different membrane thickness, membrane elasticity and surface stealth

property have been obtained and could have an influence on the interactions between polymersomes and cells.

References
[1] A. Verma, F. Stellacci, Small 2010, 6, 12–21.

[2] H. Hillaireau, P. Couvreur, Cell. Mol. Life Sci. 2009, 66, 2873–2896.

[3] J. Rodríguez-Hernández, F. Chécot, Y. Gnanou, S. Lecommandoux, Prog. Polym. Sci. 2005, 30, 691–724.
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Introduction: Gold nanoparticles (Au NPs) and gold nanoclusters (Au NCs) having characteristic plasmonic or

highly photoluminescence features have become one of the most important types of nanomaterials that have

been extensively investigated in many fields. The sub-nanometer sized Au NCs show unique physical and

chemical properties such as well-defined molecular structure, discrete electronic transitions and characteristic

size-tunable photoluminescence. Most of the protein-stabilized Au NCs exhibit intense red photoluminescence

(λemission ~ 650 nm) which originates from the icosahedron gold core and partially independent from the applied

protein.

Results andDiscussion:In this work presented here, we highlighted the biocompatible fabrications of Au NPs and

Au NCs using proteins (bovine serum albumin (BSA); lysozyme (LYZ), gamma-globulin (γG)), nucleotide (adeno-

sine monophosphate (AMP) and amino acids (histidine (His); tryptophan (Trp), cysteine (Cys) which result in

different nanostructures having tunable blue, green, yellow and orange emissions. The main goal of this work

was to investigate the spontaneous interactions of AuCl4
- and the studied biomolecules as well to optimize the

gold/ligand ratios and pH on the formation of gold constructs. Based on the experimental results we provided

important information on the gold intermediates and the formation mechanisms of the plasmonic or fluores-

cent nano-objects. Moreover, the fluorescent Au NCs were used for selective detection of different transition

metal ions (e.g. Fe3+), anions and small molecules in aqueous solutions.

Methods: The size as well as the structure of the prepared gold nano-objects were characterized by several

methods: Uv-Vis, fluorescence, FT-IR, CD spectroscopy, mass spectrometry, DLS, HRTEM, XPS, XRD, SAXS.
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Overcoming the barrier posed by the cell membrane for efficient in vitro and in vivo delivery of macromolecules,

such as proteins, peptides and nucleic acids, to intracellular compartments remains a major challenge, despite

a large number of potential solutions proposed in the last decades. Successful delivery of macromolecular

cargo to the cytoplasm and the nucleus would allow to exploit a large number of potential applications ranging

from fundamental biology to treatment of diseases including but not limited to cancer. There is therefore an

urgent need for a safe, efficient and flexible intracellular delivery technology.

We have synthesised and characterised a series of membrane-penetrating, amino acid-based polymers with

well controlled size, structure and hydrophobicity-hydrophilicity balance to mimic cell-penetrating peptides.

The grafted polymers with pendant hydrophobic amino acids, the comb-like polymers with long hydropho-

bic aliphatic side chains, and the hyperbranched polymers with multivalency have been compared with their

counterpart linear polymers regarding the pH-induced change of polymer conformation and the consequent

membrane-lytic activity. The effects of charge, structure and amphiphilicity of the polymers on their capacity

to deliver different sized and different types of macromolecular payloads into different cell types have been

systematically investigated. The mechanisms controlling the intracellular trafficking process have been eluci-

dated. The immunogenicity and the in vitro and in vivo toxicity of the biopolymers have also been examined.

The optimal biopolymers are non-immunogenic and non-toxic. They are essentially non-lytic at physiological

pH, but can cause complete membrane disruption at endosomal pH. They have been successfully employed

for functional delivery of the therapeutic protein, peptide and RNA into the cell interior for treatment of vari-

ous cancers in vitro and in vivo. This represents a novel platform for cytoplasmic delivery of biomacromolecular

drugs.
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Introduction

Microbubbles (MB) have been shown to be useful for blood-brain barrier (BBB) opening in a non-invasive, re-

versible and local manner when stimulated by focused ultrasound (FUS). In this context, perfluorohexane (PFH)

nano-emulsions (NE) may constitute an advantageous approach. PFH is liquid at body temperature and has low

solubility in blood. The formulation of PFH in O/W NE allows intravenous administration and facilitates PFH

droplets reaching brain capillaries, where they may undergo a phase transition to MB upon activation with FUS.

In this study, the incorporation of PFH into polymeric NE prepared by a low-energy method has been investi-

gated, as well as its use for the preparation of PFH-loaded nanocapsules (NC) as MB precursors.

Methods

NE were prepared by the phase inversion composition (PIC) method. NC were obtained from the NE by dialysis.

NE and NC were characterized by Dynamic Light Scattering (DLS), Enhanced Dark Field Microscopy (EDFM),

and Transmission Electron Microscopy (TEM). NE stability was assessed by light transmission and backscat-

tering (Turbiscan Lab Expert) at 25ºC. PFH in the NC was determined by elemental fluor microanalysis and

hyperspectral mapper classification of hyperspectral images of NC. Biocompatiblity of the NC was assessed by

means of MTT assay.

Results and discussion

PFH-NE were obtained at high oil-to-surfactant ratios with hydrodynamic droplet sizes typically below 300 nm.

The incorporation of the PFH in the oil component of the polymeric NE dramatically decreases its stability

against sedimentation, but this can be addressed by the addition of an apolar low-density oil. The PFH-NE were

used as templates for the preparation of PFH-loaded polymeric NC. These show globular shape and sizes below

250 nm by DLS. Successful PFH encapsulation in the NC has been evidenced by VNIR spectral angle mapper

classification of hyperspectral images and F elemental microanalysis. Cytotoxicity tests reveal that loading of

PFH in the NC does not produce a cytotoxic effect, while the apolar oil has a negative impact on cell viability.

Preliminary assays suggest successful vapourization of the PFH in the NC to form MB.
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Introduction
Scattering scanning near-field optical microscopy (s-SNOM) was proved to be able to successfully map the refrac-

tive index (RI) and extinction coefficient (EC) without the need of a specific dye. While quantitative nanoscale

microscopy has a major importance in bio-medicine fields, usually the obtained images cover a very small area,

unresolved by classical techniques, leading to difficulties in interpreting the results. Therefore, our approach

was to combine (in a single multimodal instrument) several micro- and nano-scale techniques able to visualize

the same field-of-view. In this way, the nanoscale images are put in a wider context by visualizing the same

area in a microscale image obtained using a classical microscopy technique.

Methods
We used samples containing HeLa cells deposited on glass invaded by Staphylococcus Aureus (SA) bacteria. The

samples were stained using Giemsa stain as fluorescent dye for visualize the cells in fluorescence microscopy.

Microscale investigations were performed using Confocal Laser Scanning Microscopy (CLSM) in fluorescence

mode. Nanoscale investigations were performed using Atomic Force Microscopy (AFM) in tapping mode (topog-

raphy and phase imaging) and s-SNOM (for mapping the RI and EC). For CLSM, a 40x and 0.6 NA objective was

used, and the samples were excited with a laser emitting at 488 nm. The probe used for AFM and s-SNOM was

a gold-coated Silicon probe (HQ:NSC18/Cr-Au, μmasch) with the tip radius <35 nm. The s-SNOM uses a pseudo-

heterodyne detection scheme and the raw data was post-processed using an algorithm based on the oscillating

point-dipole model [1] to convert the s-SNOM images into refractive index (n) and extinction coefficient (k) maps

of the investigated area of the sample.

Results
The CLSM image in Figure 1 shows several HeLa cells invaded by SA bacteria, with no other small details. The

square in Figure 1 delimits the area where the AFM and s-SNOM investigations were performed. The topography

image – Figure 2 a) – shows clearly the bacterial cells and a fraction from a HeLa cell. The AFM phase image

(which usually underlines material differences) shows a small difference between HeLa cell and the bacteria.

Figure 3 shows the most important results: the RI map from Figure 3 a) show a clear difference between bacteria

cells (RI around 1.4) invaded part of the HeLa cell (RI of 1.55) and the unaffected part of the HeLa cell (RI around

1.3). The EC map (Figure 3 b)) reveals even clearer these differences, as the glass substrate and the unaffected

part of the HeLa cell have an EC close to zero, while the SA cells and invaded part of the HeLa cell have an EC

between -0.1 and -0.35.

Discussion
The multimodal approach was proved very important in this experiment. AFM revealed the topography, helping

to distinguish between HeLa and SA. s-SNOM revealed the invaded and the unaffected parts of the HeLa cell.

While the CLSM was unable to reveal details, it was important for visualizing the nanoscale images in their

microscale context.

[1] Tranca, Denis E., et al. Nanomedicine: Nanotechnology, Biology and Medicine 14.1, 47-50 (2018).
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One-dimension (1D) nanostructures, such as cylinders and fiber-like morphologies are of interest for

nanomedicine, particularly for their potential use as theranostic agents. 1D nanostructures provide advan-

tageous capabilities when compared to different architectures. For example, they offer promise with respect

to overcoming natural barriers in living organisms, in a better and more effective way than other “traditional”

morphologies, i.e. spheres, discs, vesicles and cubic cages,1 owing to increased retention times and the abil-

ity to deliver payloads to specific and more hindered sites.1,2 Despite advances in the self-assembly and syn-

thetic chemistry fields, precise control over 1D morphologies remains a challenge, as most of the reported self-

assembled 1D structures are difficult to realise in a pure morphological form, and dimensional control and

access to uniform samples is not possible. Recently an advantageous method that provides easy access and ex-

clusive formation of 1D nanostructures, by using crystalline blocks in amphiphilic block copolymers, has been

developed in our group. Crystallisation-driven self-assembly takes advantage of the core crystallisation to al-

low for the control over the shape, by changing the block copolymer ratio of amphiphilic block copolymers.3

In this presentation recent developments of 1D morphologies towards biomedical applications will be pre-

sented. In particular, the exclusive formation of uniform 1D fiber-like micelles made of poly(spiro[fluorene-

9,5’-[1,3]dioxin]-2’-one) -b-poly(ethylene glycol) (PFTMC-b-PEG), from lengths of ca. 40 - 160 nm, polycarbonates

have been used for its biodegradable characteristics and PEG has been incorporated in a number of drugs,

as PEG decreases nonspecific interactions. Cell viability experiments have demonstrated the absence of cyto-

toxicity for the fiber-like micelles at different lengths, and up to 100 μg/mL. The cytotoxicity of the possible

degradation product of PFTMC-b-PEG, 9H-fluorene-9,9-dimethanol, was assessed, results indicate a potential

non-cytotoxic concentration of 1D fiber-like micelles up to 700 μg/mL. Thus, holding great promise towards the

use of fiber-like micelles in the nanomedicine field for use as delivery vectors, imaging and theranostic agents.

(1) Black, K. C. et al., ACS Nano 2014, 8, 4385–4394.

(2) Geng, Y. et al., Nat. Nanotechnol. 2007, 2, 249–255.

(3) Gilroy, J. B. et al., Nat. Chem. 2010, 2, 566–570.
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Magnetic hyperthermia which exploits the heat generated by magnetic nanoparticles (MNPs) when exposed to

an alternative magnetic field (AMF) is now in clinical trials for the treatment of cancers. However, this thermal

therapy requires a high amount of MNPs in the tumor to be efficient. On the contrary the hot spot local effect

refers to the use of specific temperature profile at the vicinity of nanoparticles for heating with minor to no

long-range effect. This magneto-thermal effect can be exploited as a relevant external stimulus to temporally

and spatially trigger a drug release. We will focus the presentation on two examples based on the use of this

hot spot effect for drug release. For that purpose, we designed to kinds of magnetic nanosystems; magnetic

nanogels made of thermosensitive and biocompatible polymers (figure a) or core-shell nanoparticles with a

magnetic core and a molecularly imprinted polymers as shell (scheme b). 1,2 The DOX release of such functional

MNPs was investigated in vitro and in cells under AMF excitation. We demonstrated that this local heat can

be used for the controlled release of doxorubicin and more interestingly, after internalization in cells, these

magnetic systems internalize DOX more efficiently than free DOX, but also DOX intracellular release can be

remotely triggered under AMF, in athermal conditions, thus enhancing DOX cytotoxicity.

(1) Cazares-Cortes, E.; Espinosa, A.; Guigner, J.-M.; Michel, A.; Griffete, N.; Wilhelm, C.; Ménager, C. Doxoru-

bicin Intracellular Remote Release from Biocompatible Oligo(Ethylene Glycol) Methyl Ether Methacrylate-Based

Magnetic Nanogels Triggered by Magnetic Hyperthermia. ACS Appl. Mater. Interfaces 2017, 9 (31), 25775–25788.

(2) Griffete, N.; Fresnais, J.; Espinosa, A.; Wilhelm, C.; Bée, A.; Ménager, C. Design of Magnetic Molecularly

Imprinted Polymer Nanoparticles for Controlled Release of Doxorubicin under an Alternative Magnetic Field

in Athermal Conditions. Nanoscale 2015, 7 (45), 18891–18896.
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Introduction
The Zika virus (ZIKV) epidemic started in Brazil in 2015, and it has given rise to an alarming number of infec-

tion cases, also related to microcephaly and Guillain-Barré syndromes. In the meantime, silica nanoparticles

(SiO2NP) have arisen as antimicrobial materials, especially due to the possibility of tuning their superficial char-

acter by chemical functionalization. Virus-SiO2NP favorable interactions has been proved to disturb virus-cell

recognition and therefore to inhibit viral infection. Apparently, there is a relationship between the particle size

and the antiviral efficacy, and smaller SiO2NP are found to be more efficient in the unspecific interaction with

viral envelopes, and consequently in blocking viral entry into the cells. Therefore, SiO2NP of different diameters

were synthesized and tested as alternatives for ZIKV transduction inhibition.

Methods
SiO2NP were prepared by modified Stöber method throughout the hydrolysis and condensation of tetraethyl

orthosilicate in the presence of different quantities of NH4OH catalyst in EtOH medium. These materials were

characterized by DLS, zeta potential, FTIR and SEM. VERO cells, derived from African green monkey kidney

cells, were infected with a Brazilian strain of ZIKV. The virus was harvested under conditions of low cytopathic

effect and purified using PEG-8kDa, 24% sucrose cushion ultracentrifugation, and a potassium tartrate (10-35%) /

glycerol (7.5-26%) gradient. The purified ZIKV was analyzed by STEM and AFM. GFP-modified VERO cells (2.105)

were infected with ZIKV - previously incubated with the SiO2NP (from 30 to 120 nm of diameter and from 0

to 1 mg mL-1) - at a multiplicity of infection (MOI) of 0.01. After 48 hours of infection, the viable cells were

quantified by flow cytometry. ZIKV-SiO2NP interaction could be identified by nano-IR operating via s-SNOM in

a synchrotron beamline.

Results and Discussion
The synthesized SiO2NP presented spherical shape as shown by SEM (Figure 1a-d) and diameters varying from

30 to 120 nm, measured by DLS. The zeta potentials values for SiO2NP were between -56 and -39 mV (Figure

1f). FTIR spectra presented the characteristics silica bands (νO-H 3,500 cm-1, δO-H 1,600 cm-1, νO-H 3,500 cm-1,

νas
Si-O-Si 1,100 cm-1, νs

Si-OH 950 cm-1 and δSi-O-Si 780 cm-1). ZIKV is an enveloped virus containing an RNA genome

complexed with an icosahedral protein capsid. The purified ZIKV presented a spherical-like shape morphology

by tapping mode AFM and by STEM images (Figure 1e), with the particle diameter at around 50 nm. SiO2NP from

30 to 100 nm interact to ZIKV and reduce its infection capacity. This effect is higher to smaller nanoparticles:

120 nm SiO2NP does not show this effect, while 30 and 40 nm ones (at 1 mg/mL) completely inhibit ZIKV action

(Figure 1g). Nano-IR experiments showed that the ZIKV-SiO2NP interaction leads to a spectrum which combine

Si-O-Si band and ZIKV RNA band centered at 1240 cm-1 (Figure 1h).

Conclusions
ZIKV-SiO2NP interactions disturb ZIKV-VERO cells recognition, inhibiting their viral transduction ability. The

smaller the SiO2NP, the higher is the inhibition action against ZIKV, indicating that ZIKV-SiO2NP interactions

leads to non-toxic aggregates formation and consequent ZIKV partial inactivation or even complete inhibition.
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Abstract
The mammalian-bacterial cell relationship has existed as a long commensal affair since the time of human evo-

lution but it is only now becoming increasingly evident that bacteria can behave both as cancer causative or

cancer prevailing agents, and can even remit cancer in certain situations. Different bacteria have preferential

homing tendency for specific tumor types. For instance, Helicobacter pylori is found more often in colorectal

and gall bladder tumors while strains of Mycoplasmahave preference for ovarian, lung, breast and colorectal

cancer sites and so on. Despite these facts, design of new cancer and bacterial therapies have been studied

under separate frameworks for as long as we know. We believe it is imperative to develop systems that not

only target cancer but also clear bacteria from the cancer niche. Moreso, since the undirected and inappropri-

ate use of drugs poses serious global threats from cells acquiring resistance. These emerging trends mandate

the development of novel methodologies that allow facile modulation of multidrug action in a controlled fash-

ion. Use of nanoparticles in tandem with drugs helps to meet this goal by increasing the drug’s avidity, overall

bioavailability and easier internalisation into mammalian cells, targeting bacteria that otherwise escape an-

tibacterial action by host cell-localisation. We have developed multifunctional nanocargos with dual capability

to simultaneously target cancer and cancer-cell internalized bacterial cells. The efficacy of the drug delivery

platforms has been tested on S. typhi-infected liver cancer (HuH-7) and cervical cancer (HeLa) cell models. The

nanocargos comprise of liposomes loaded with anticancer drug doxorubicin in the core and antibacterial sushi

S3 peptides on the surface. Folic acid is also attached on the liposomal surface to impart specificity for cancer

cell targeting. Our results demonstrate that the co-packaged system is significantly more effective in killing both

cell types than either drug alone on the nanoparticles or in the free form. We believe this is due to the enhanced

internalisation of the liposomes through the endosomal pathway due to the positively charged sushi peptides.

Interestingly, the presence of bacteria inside cancer cells also renders the anticancer drug less effective com-

pared to non-infected cancer cells. More studies are underway to establish the full efficacy of our system as

dual drug delivery platforms.
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Introduction: The selective induction of cell death in cancer cells is the desired therapeutic goal of anticancer

treatment. Targeted nano-therapeutic agents are showing promise for the selective removal of cancer cells.

In a previous study, we showed that gold nanoparticle spheres (AuNS) bi-functionalized with a pro-apoptotic

peptide and a receptor targeting peptide can selectively induce apoptosis in cells that express the receptor [1].

Several studies have demonstrated the application of gold nanorods (AuNR) for the treatment of cancer using

photothermal therapy(PTT). In the current study, we investigate the use of AuNRs bi-functionalized with the

same receptor targeting peptide for selective induction of apoptosis using PTT.

Materials and methods: AuNRs were synthesized by the seed-mediated growth method with cetyltrimethy-

lammonium bromide (CTAB). The AuNRs were then stabilized and bi-functionalized with the peptides. Subse-

quently, the AuNRs were characterized by UV-vis spectroscopy, Transmission Electron Microscopy(TEM) and

Zeta potential measurements. Human cancer cells that express the receptor of interest were investigated by

subjecting a panel of cancerous cell lines to immunocytochemistry. Cell lines that expressed the receptor were

exposed to the AuNRs and subjected to PTT using a laser. The viability of the cells was evaluated using the water

soluble tetrazolium (WST)-1 Cell Proliferation assay and the induction of apoptosis examined by flow cytometric

analysis.

Results and Discussion: This study supports our previous findings by showing that Caco-2 cells express the

target receptor, along with two other cell lines. Cells subjected to PTT showed a decrease in viability after 2

minutes with a significant decrease after 5 minutes of treatment.

Conclusion: The findings indicated that the laser effectively killed the cells by heating up the AuNRs. Thus, the

AuNR conjugate showed great promise for PTT in cells that expressed the target of interest.

References:[1]N.R.S. Sibuyi, N. Thovhogi, K.B Gabuza, M.D. Meyer, M. Drah, M.O. Onani, A. Skepu, A.M. Madiehe

and M. Meyer; Nanomedicine, 2017,12(14), 1631-1645.

32



International Conference On Nanomedicine And Nanobiotechnology 2018

Lipid Coated Calcium Carbonate/phosphate Nanoparticles as a
Novel Gene/drug Co-delivery Platform for Cancer Treatment

Wednesday, 26th September @ 15:45: Targeted drug delivery, organ biodistribution and nanocarriers
(Auditorium) - Oral - Abstract ID: 257

Ms. Yilun Wu 1, Prof. Zhi Ping (Gordon) Xu 2, Dr. Wenyi Gu 1

1. The University of Queensland, 2. AIBN, The University of Queensland

Calcium carbonate/phosphate based nanoparticles (NPs) are widely considered as promising non-virus gene

delivery vehicles. The coating of lipids outside endows these NPs with the colloidal stability, targeting ability, and

long blood circulation. Inspired by the pH sensitivity of calcium phosphate and calcium carbonate, we herein

developed lipid-coated calcium carbonate/phosphate (LCCP) hybrid NPs for gene/drug co-delivery to cancer cells

(Figure A). The TEM image shows that the LCCP NPs were around 40 nm in size, with the core diameter of 15 nm

(Figure B). The coating lipids can be observed with negative staining (insert in Figure B). The loaded genes can be

released from LCCP in a pH-dependent manner, and the released dsDNA band intensity increased from pH 7.4,

6.0, to 5.5 at the same time point (Figure C). With further modification with folic acid (FA) via PEG in the outer

layer lipid, the LCCP-PEG-FA NPs can be effectively taken up by B16F0 melanoma cells. The mean fluorescence

of cells treated with LCCP-PEG-FA was 3 times stronger than that of unmodified NP (LCCP-PEG), suggesting the

FA-mediated specific internalization of LCCP-PEG-FA by B16F0 cells (Figure D). Moreover, we demonstrated the

LCCP NPs can be used for cancer treatment via gene/drug co-delivery. Here, cell death siRNA (CD siRNA) and

a-tocopheryl succinate (a-TOS) were used as model gene and hydrophobic drug in our study. The viability of

B16F0 cells was decreased to 85% upon single treatment with gene or drug loaded NPs (CD/FA or TOS/FA) at

6 nM of CD siRNA or 5 µM of a-TOS, respectively. Much stronger inhibition was observed in cells treated with

CD/TOS/FA NPs (55%) than treated with CD/FA or TOS/FA (85% each) at 6 nM of CD siRNA or 5 µM of a-TOS (Figure

E), demonstrating the combinational synergy for cancer therapy. In consistence, the LCCP based NPs present a

great potential as a platform for gene/drug co-delivery and cancer therapy.
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In the field of biomedicine, single layer graphene (SLG) grown by chemical vapour deposition (CVD) has been

witnessing an increasing interest, since it can be easily transferred onto any other substrates and, therefore,

exploited for biosensor development [1]. One of the most important aspects to be studied in this regard is cell-

material interaction.

With the aim to study how SLG influences cell behaviour, we have compared proliferation curves of mouse Neu-

roblastoma (N2a) cells, an adherent cell line, on different substrates (Fig. 1). Specifically, we have compared

SLG and glass, either coated or not with PDL. The proliferation rate was higher on SLG substrates (either PDL

coated or not) with respect to glass. Furthermore, in order to study the effect of SLG on N2a differentiation, we

monitored neuronal differentiation and the neurite length on SLG versus glass substrates during 48 h incuba-

tion with retinoic acid (RA) treatment. We observed higher and statistically significant neuritogenesis on SLG

substrates with respect to control; neurites were significantly longer on SLG as well.

Focusing on the obtained results and on the results of our previous study of single neuron synaptogenesis by

patch clamp [2], where neurons grown on SLG during the first and second week after cell seeding resulted to

be fully functional and demonstrated earlier synaptogenesis compared to the control, we aimed to move closer

towards the SLG application and, thus, we have investigated the electrophysiological development of neuronal

cultures on SLG at the whole network level. We functionalized the surface of Micro-Electrode Arrays (MEAs)

by transferring SLG via wet etching and recorded the network activity up to completion of network maturation

comparing it to conventional MEAs. Confocal microscopy images of immunolabeled samples demonstrated

morphology of healthy cells on both SLG and control substrates. Neural specific MAP2 immunostaining demon-

strated the higher number of neurons on SLG with respect to the control. Moreover, we have observed network

bursts activity at an earlier developmental phase and strongly synchronized neuronal network development

on SLG-MEA versus control suggesting an improved neuron/electrode coupling (Fig. 2).

References:

• J.W. Suk et al, ACS Nano, 5 (2011) 6916-6924

• S. Keshavan et al, Acta biomaterialia, 65 (2018) 363-375
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The use of nanotechnology in medical products has been demonstrated at laboratory scale, and many resulting

nanomedicines are in the translational phase towards clinical applications, with global market trends indicating

a strong growth of the sector in coming years.

The translation of nanomedicines towards the clinic and subsequent commercialisation may require the devel-

opment of new or adaptation of existing standards to ensure the quality, safety, and efficacy of such products.

This work addresses some identified needs, and illustrates the shortcomings of currently used standardised

methods when applied to medical-nanoparticles to assess particle size, drug loading, drug release and in vitro

safety. Alternative physicochemical and in vitro toxicology methods, with potential to qualify as future stan-

dards supporting the evaluation of nanomedicine, are provided.
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The emergence of antibiotic resistance amongst pathogenic bacteria due to the intensive use of antibiotics has

renewed the interest towards natural bioactive compounds for therapy with antibacterial properties such as

(+)-Usnic acid (UA, Figure 1a).[1] Unfortunately, its low aqueous solubility[2] together with its hepatotoxicity[3]

has hampered its clinical applications. Based on these premises the potentiality of liposomes composed of a

natural saturated or unsaturated phospholipid and a synthetic surfactant derived from L�prolinol (1-4, Figure

1b) as UA delivery systems was investigated. The synthetic derivatives were chosen because of the promising

results obtained in the past on formulations based on these compounds.[4] Antibacterial activity of these for-

mulations was evaluated on a Gram+ strain, Staphylococcus aureus subsp. Aureus (ATCC® 29213™), at the aim

of correlating the physicochemical and biological properties of the formulations with their composition. The

obtained results show that subtle variations of the molecular structure of liposome components can induce

significant differences in their physicochemical and biological behavior.

[1] K. Ingólfsdóttir. Phytochemistry 61 (2002) 729–736

[2] T. Kristmundsdóttir et al. Journal of pharmacy and pharmacology 54 (2002) 1447–1452

[3] N. Pereira da Silva Santos et al. European Journal of Pharmaceutics and Biopharmaceutics 64 (2006) 154–160

[4] C. Bombelli et al. Molecular Pharmaceutics 5 (2008) 672-679

Figure 1. a. -usnic acid b. l-prolinol derivatives.jpg
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Targeted therapies that interfere with a specific molecular target which is involved in tumour growth or progres-

sion, have been demonstrated to be effective in cancer treatment. However, drug resistance develops rapidly

(within months) and will eventually result in tumor relapse. A rapid and non-invasive method to monitor drug

response would promote precision medicine and improve treatment efficacy. Circulating tumour cell (CTC)

analysis has emerged as a useful monitoring tool, but its routine usage is restricted by either limited multiplex-

ing capability or sensitivity. Here we demonstrate the use of antibody-conjugated and Raman reporter-coated

gold nanoparticles for simultaneous labelling and monitoring of multiple CTC surface markers (named as ‘cell

signature’), without the need for isolating individual CTCs (Nature Communications 2018, 9, 1482). We observed

cell heterogeneity and phenotypic changes of melanoma tumour cells during molecular targeted treatment. Fur-

thermore, we followed the CTC phenotypic changes of 10 stage-IV melanoma patients receiving immunological

or molecular targeted therapies (Figure 1). Our technique maps the phenotypic evolution of patient CTCs sen-

sitively and rapidly and shows drug-resistant clones having different CTC signatures of potential clinical value.

We believe our proposed method is of general interest in the CTC relevant research and translation fields.

Ctc phenotype characterisation .jpg
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Introduction: Pancreatic cancer has a low incidence compared to other types of solid tumours, however, it is an

extremely lethal disease ranking among the top 5 most frequent causes of cancer related death in the UK1. Our

group has previously shown that the RALA peptide can encapsulate negatively charged moieties and achieve

efficient intracellular delivery 2-3. This project is designed to develop and characterise two novel RALA-based

nanoparticles (NPs) that encapsulate a miR143-encoded plasmid and the active form of the first-line chemother-

apeutic agent in pancreatic cancer, gemcitabine-triphosphate.

Experimental: The size and charge of the designed NPs were measured using DLS and the stability measured

under different conditions. Consequently, pancreatic cancer cell lines (PANC-1 and MIA-PaCa2) were treated

with RALA/pEGFP-N1 NPs to evaluate the cellular uptake efficiency and cell viability, via flow cytometry and MTS

cytotoxicity assay 48 h post-transfection. qRT-PCR and western blot analysis were conducted on RALA/pCMV-

MIR-143 treated cells, to evaluate the expression levels of miR-143 and K-RAS as a target gene respectively.

Results: NPs were formed with a diameter ≤ 150 nm and a charge of 20-40 mV. Cells treated with RALA/pEGFP-

N1 and RALA/FITC-12-UTP expressed the highest fluorescence at N:P 10 and w:w 10 respectively in all cell lines

with no discernible toxicity ˂10%. miR-143 showed increased levels in PANC-1 after 48 h of transfection while

no change was recorded in MIA-PaCa2. As a result, the K-RAS target protein levels were decreased in PANC-1

after the transfection with RALA-pCMV-MIR-143 NPs.

Discussion and Conclusions: The designed NPs were formed in the optimal size and charge for cellular uptake

with successful delivery of an intact therapeutic cargo which was translated by up-regulation of miR-143 after

the transfection. Further studies will be conducted to assess the functionality and the therapeutic effect of the

delivery system both in vitro and in vivo.

References:
[1] Pancreatic cancer statistics, Cancer Research UK. Online, accessed 06-Jan-2018.

[2] McCarthy H. O. et al. J.Control Release. 2014; 189: 141-149.

[3] Massey A.S. et al. Mol.Pharm. 2016; 13: 1217-1228.
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We report on a novel approach for topical delivery based on accommodation of drug loaded submicron par-

ticles in hair follicles followed by sustained active molecules transportation into the circulation. The proposed

delivery system is represented by 600-nm porous biodegradable calcium carbonate carriers, which provide the

degradation-driven in situ release of the loaded substance [1-3]. We demonstrate a deep and plentiful filling of

hair follicles with the topically applied carriers in vivo in rats under the sonophoresis. The described method

provides transdermal drug administration for the purposes of localized and systemic adsorption. The carriers

serve as a depot while accommodated in the hair follicles and provide sustained systemic uptake of the drug.

The study offers an illuminating insight into the carrier degradation and drug distribution inside the hair folli-

cles in vivo.

The proposed investigation provides a novel non-invasive cheap and easily practicable protocol for transder-

mal and topical drug administration allowing its prolonged systemic delivery. The drug delivery to different

target regions of the hair follicle (e.g. bulge region, sebaceous glands) may contribute to regenerative medicine,

immunomodulation and aetiology of androgenetic alopecia, acne and other sebaceous gland dysfunctions [4-

6]. In the meantime, the systemic uptake of transported drug opens an avenue for perspective delivery routes

beyond the scope of dermatology [7].

The study was supported by Russian Science Foundation (Project No. 17-73-20172).

1. Svenskaya Yu. et al., Biophysical chemistry, 2013, 182, 11-15.

2. Parakhonskiy B.V. et al., Angewandte Chemie International Edition, 2012, 51(5), 1195-1197.

3. Svenskaya Y.I. et al., Colloids and Surfaces B: Biointerfaces, 2016, 146, 171–179.

4. Knorr F. et al., European Journal of Pharmaceutics and Biopharmaceutics, 2009, 71(2), 173-180.

5. Wosicka H. et al., Journal of dermatological science, 2010, 57(2), 83-89.

6. Lademann J. et al., Journal of Innovative Optical Health Sciences, 2015, 1530004.
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Introduction: Intracellular gene delivery systems have great potential in a broad list of biomedical applications.

The common cell transfecting techniques, based on viral or nonviral systems, chemical transfection agents, mi-

croinjection, and electroporation, are all aimed to achieve maximal efficacy while ensuring high cell viability.

The use of various nanomaterials to gene delivery, especially Au nanoparticles (AuNPs) is very promising ow-

ing to their unique chemical, physical and low cytotoxic properties. AuNPs being coupled with a pulsed or a

continuous-wave (CW) laser serve as membrane-penetrating agents with enhanced loading capacity and pro-

tect the delivered biomolecules from nucleases. AuNP-mediated laser optoporation is based on the plasmonic

enhanced absorption of laser energy by AuNPs. Typically, this technology is realized in a homogeneous format,

in which the appropriate transfecting medium with suspended AuNPs is added to the cells. Despite its simplic-

ity and possible broad applicability in biomedicine, such AuNP-mediated laser transfection format has serious

drawbacks, related to uncontrollable cell damage from intense laser pulses and from random attachment of

AuNPs to the cell surface. Here, we present a novel laser transfection approach that uses Au nanostar (AuNS)

monolayers immobilized on the chemically activated bottoms of microplate wells in combination with CW laser

irradiation (Figure 1).

Methods: AuNSs were synthesized by the two-step seed-mediated method and further immobilized on the acti-

vatedwith polyvinylpyridine bottoms of culturemicroplate wells. The AuNS colloids and layers were characterized

by UV-Vis spectrophotometry; TEM and SEM microscopy . The optoporation parameters were optimized by using

propidium iodide (PI) as a model penetrating agent. The laser transfection of HeLa cells with pCMV-GLuc 2 con-

trol plasmid was carried out in 12- and 96-well plates and compared with standard TurboFect transfection. The

optoporation efficiency were checked with luminescence test for luciferase activity and additionally proven by PCR

with specific sequencing primers. The cell viability was evaluated with a standard MTT assay.

Results: The Au monolayer density of 48 µg/cm2, the irradiation time of about 150 s, and the working tempera-

ture range of 42–45 °C were defined as optimal in optoporation experiments with PI. The efficacy of our technique

in terms of secreted luciferase by transfected HeLa cells with the pCMV-GLuc 2 control plasmid (295±9.8 RLU),

was greater than that obtained by transfection with the TurboFect (220±11.3 RLU). The cell viability in plasmonic

optoporation (92±7%) was also greater than that in transfection with TurboFect (75±7%).

Discussion: We have presented a new approach to cell optoporation that uses AuNS layers in combination with

CW NIR laser irradiation with the following advantages: the AuNS layers do not directly contact with target

biomolecules and the cells; the AuNS layers form a friendly, nontoxic substrate for cell growth and adhesion be-

cause of the spiky morphology of AuNSs. We believe that our platform could be compatible with various cell types

andmolecules of interest. Future work could be aimed at improvement of the proposed approach with nanosecond

pulse lasers.

Acknowledgements: This work was supported by the Russian Science Foundation (project no. 17-74-10090).
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Cancer stands out as a disease that could benefit immensely from targeted drug delivery. The presence of

molecular biomarkers that differentiate cancer cells from healthy cells is an often-overlooked opportunity for

developing ‘smart’ therapy with the ability to seek out and kill specific diseased cells. Despite the increasing

knowledge of cellular makeup, finding the right ligand that can bind to these marker proteins remains a major

setback in the development of effective and selective chemotherapy. The aim of our work is to find a viable

ligand that can be used as a molecular address for delivering anticancer agents into medulloblastoma cells.

Herein, we propose that peptides derived from phage display screening are a valuable class of ligands for tar-

geted drug delivery application. To find a ligand for medulloblastoma cell, we have performed a phage display

screening of a library of small heptapeptides against primary medulloblastoma cell line, DAOY. The result of

this screening process has provided us with over 30 peptide sequences with a high binding affinity towards

the target cell. After validation through ELISA binding studies, a worthy candidate, namely E1-3 peptide, was

selected. Conjugation of E1-3 onto an anticancer drug, doxorubicin, has proven successful, yielding a peptide-

drug conjugate with up to 25-fold improved selectivity towards cancer cell over the free drug at a nanomolar

concentration (Fig. 1). In order to achieve an even stronger ligand-receptor interaction, we incorporated the

peptides onto the surface of ellipsoidal polymersomes to achieve a multivalent display. Anisotropic polymer-

somes formed out of the self-assembly of PEG43-b-P(NIPAM21-co-PDMI9) in water were previously characterised

in our group to be effective for tumour spheroid penetration (Fig. 2).1 We also showed that the selectivity of the

polymersomes can be modulated by the density of the peptide ligands. Ultimately, in vivo testing will attest to

the translational efficacy of these polymersomes. This presentation will discuss some of the highlights of taking

this short peptide from its discovery stage to potential application in drug delivery and provide insights into the

use of cell-targeting peptides in disease therapy.

Reference:

• Wong, C. K.; Mason, A. F.; Stenzel, M. H.; Thordarson, P., Nat. Comm.2017, 8 (1), 1240.
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B-cell chronic lymphocytic leukemia (B-CLL) is the most prevalent hematologic malignancy in western coun-

tries. The identification of the overexpression and spatial organization of B-lymphocyte specific membrane

proteins, such as cluster of differentiation 20 (CD20), can be used in the diagnosis of B-CLL. Here we present lipid-

encapsulated gold nanoparticles (AuNPs) with Raman dyes that have been conjugated to anti-CD20 antibodies

through polyethylene glycol (PEG) linkers. The lipid/PEG coating provides stability and prevents non-specific

adsorption of the AuNPs and the narrow emission bands of the Raman dyes provide potential for multiplex-

ing. The gold nanoparticle core enhances the Raman signal (surface enhanced Raman scattering) and allows

for visualization of the spatial organization of surface proteins with dark field microscopy. The methods used

to facilitate the encapsulation of the AuNPs with lipids and bioconjugation to antibodies will be discussed. The

success of our method was confirmed with transmission electron microscopy (TEM), Raman, dynamic light scat-

tering and nanoparticle tracking analysis. Dark field microscopy images will be presented to demonstrate the

use of the AuNPs in surface protein detection with B-lymphocytes.
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The development of multicomponent nanoparticles with magnetic and plasmonic properties opens new oppor-

tunities in their application as sensitive nanoprobes for biomolecular diagnostics. We employ multicomponent

nanoparticles in a label-free homogeneous biosensing method to detect biomolecules directly in the sample

solution. The biosensing principle relies on the optical observation of changes in the rotational movement of

nanoparticles upon target molecule binding (Fig. 1a) [1]. This measuring principle reaches its highest sensi-

tivity when nanoparticles with highly uniform magnetic and plasmonic properties are used. Our innovative

approach enables a reliable fabrication of such hybrid nanoparticles with superior control in size, shape, and

material composition compared to fabrication methods based on chemical synthesis.

To that end, we employ physical methods including nanoimprint lithography, thin film deposition, and lift-

off processing to fabricate monodisperse hybrid nanoparticles of high quality, good reproducibility, and large

quantity [2]. The proposed top-down fabrication technique enables the imprinting of nanoparticles with a broad

variety in shape and material composition. Our hybrid nanoparticles are elliptically shaped and consist of mul-

tiple plasmonic (Au), magnetic (Ni80Fe20), sacrificial (AZO), and spacer (TiOx) layers with a remarkably narrow

size variation of less than 4 % (Fig. 1b-c).

The optical properties strongly correlate with the geometry of the particles as well as their fabrication-related

variations, and they need to fulfill several requirements arising from the measurement principle. The desired

plasmon-optical properties for distinct nanoparticle material compositions and geometrical designs are inves-

tigated by numerical simulations (Fig. 1d). The localized plasmon resonance in the gold layer is tunable within

the desired visible to near-infrared regime by modifying the architecture of the nanoparticle. Extinction cross

section calculations suggest a clear signal increase of about two orders of magnitude in presence of plasmonic

amplification, which is key in further increasing the sensitivity of the presented biosensing method. We used

FTIR spectroscopy measurements to experimentally study the light scattering properties of nanoparticle arrays

as well as nanoparticles suspended in aqueous solutions.

We will also present a comparative study using both chemically synthesized Co-nanorods and nanoimprinted

nanoparticles (Fig. 1e-f) [3]. The biosensing measurements based on BSA detection proof the high potential of

imprinted multicomponent nanoparticles as suitable nanoprobes for in-vitro diagnostics.

The authors acknowledge funding by the Federal Ministry of Transport, Innovation and Technology (BMVIT)

supported by the Austrian Research and Promotion Agency (project LAMPION, #861414), and funding by the

Lower Austria Forschungs-und Bildungsges.m.b.H. (NFB) within the Life Science Call.

[1] S. Schrittwieser et al., ACS Nano 6 (2012) 791–801.

[2] M. J. Haslinger et al., Microelectronic Engineering 153 (2016) 66–70.

[3] A. Shoshi et al., Proceedings 2017, 1, 541.
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5-Fluorouracil (5-FU) is a strong chemotherapeutic agent largely used in the treatment of many solid tumors

(breast, colon, and skin cancer).[1] Unfortunately, 5-FU has a very narrow therapeutic window and in many

cases (about 75%) patients are not treated with the optimal dose of drug with consequent severe toxic effects

or reduced therapeutic efficacy.[2] Nowdays there aren’t easy, fast and cheap methods to detect and measure

its target enzymes to obtain a personalized dosing. On this aim, polydiacetylenic (PDA) liposomes decorated

with 5-FU on the surface were prepared to be used as sensors to detect and dose thymidine phosphorylase

(TP), one of the target enzymes of 5-FU. These surfactants have a ene-yne moiety in the hydrophobic chain

that confers them the property to polymerize when aggregated if irradiated at 254 nm. The obtained system

has a high conjugation that imparts a blue color to the solution and that confers it a high sensitivity to

external stimulation such as a variation of temperature or pH of the solution or the interaction with specific

molecules: in this cases the extent of the polymerization can be modified inducing a colorimetric variation

of the solution.[3] Based on these premises, liposomes containing 10,12-pentacosadiynoic acid (PCDA, Figure

1) and a 5-FU derivative in the presence or in the absence of 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC)

or 1,2-dimirystoyl-sn-glycero-3-phosphocholine (DMPC) were prepared to investigate the induction of a

colorimetric change upon the interaction with TP (Figure 1). The 5-FU derivatives, added in formulations to

confer specificity to the system, are three non ionic diacetylenic surfactants (1, 2, 3) differing for the polar

chain length (3, 4 or 6 oxyethylene units, respectively, Figure 1). Bovine serum albumin was also added to the

same formulations as negative control.

[1] J. L. Arias, Molecules, 2008, 13, 2340.

[2] M. Wasif Saif, A. Choma, S. J. Salamone, E. Chu, J. Natl. Cancer Inst., 2009, 101, 1543.

[3] J. A. Dong, J. M. Kim, J. Acc. Chem. Res., 2008, 41, 805.

Figure 1. pcda-dopc-5fu derivatives on the left or pcda-dmpc-5fu derivatives on the right liposomes after the

addition of pbs blank samples a tp b or bsa negative control c .jpg
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Advances in biotechnology have resulted in the rise of numerous peptide and enzyme therapeutics systems.

Unfortunately, the intrinsic physico-chemical and biological properties of proteins and peptides (e.g. large

molecular size, high immunogenicity, and poor stability) make their delivery highly challenging. Polymeric

nanoparticles (NPs) have emerged as promising carriers for bio-molecule delivery due to their potential to en-

capsulate, stabilize, protect, and be modified to target pathological tissues. Previously we demonstrated that

brain targeted polymeric NPs (g7-PLGA NPs), loaded with a model protein (FITC-Albumin), traversed the BBB,

reaching the central nervous system (CNS) in wild type and pathological (C57BL/ IDS and IDUA knockout) mouse

models leading to higher accumulation in neuronal cells (fig 1). While the delivery of a protein was enhanced,

translation to enzyme therapeutics is still riddled with complications, since enzymes not only require delivery

to the site of interest, but must also maintain high amounts of activity through both the formulation and delivery

processes.

Therefore, three enzymes (β-glucosidase, iduronate 2-sulfatase, and galactosylceramidase) were encapsulated

in PLGA NPs to investigate the impact of variables during formulation, as well as ways to protect, stabilize or

increase the loading efficiency of the enzymes.

During the formulation process, sonication and contact with the organic solvent represented the most stressful

factors leading to the loss of enzymatic activity. To preserve the activity stabilizing molecules (e.g. albumin,

trehalose, PEG, and tween) added during NP formulation, were evaluated. Among the stabilizers tested, BSA

and tween were established as the most promising. More specifically, BSA exhibited both an increased rate of

encapsulation as well as a stabilizing effect. Tween, on the other hand, showed only a stabilizing effect without

increasing encapsulation. Even after the enzyme was released from the NPs, the enzyme activity was retained

when compared to formulations without stabilizers.

These experiments with enzyme-loaded g7-NPs are a promising approach to deliver sufficient amounts of func-

tional enzyme to the brain of metabolic disease models and creating formulations capable of correcting the

pathological phenotype.

Diapositiva1.jpg
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Introduction
Magnetite nanoparticles are interesting in biotechnology as they can be manipulated by a magnetic field and

functionalized with different molecules. Although magnetotactic bacteria biomineralize magnetosomes (the

ideal magnetic nanoparticle), scaling-up magnetosome production is still challenging, thus promoting the re-

search on biomimetic, meaning inorganic magnetite synthesis by magnetosome-asociated proteins. MamC pro-

tein from Magnetococcus marinus MC-1 is a strong candidate since controls the morphology and size of the crys-

tals, producing BMNPs with novel surface properties that are superparamagnetic at body temperature while

having a large magnetic moment per particle under an external magnetic field.

Methods

These BMNPs were functionalized with the DO-24 monoclonal antibody (mAb) directed against the ectodomain

of the human Met/HGF receptor (overexpressed in many cancers) and the chemotherapy drug doxorubicin

(DOXO). The stability, immunocompetence and release of the molecules absorbed were assayed. Real-time cy-

totoxicity and cellular interaction of the functionalized nanoparticles were evaluated with cell lines expressing

or not Met/HGF. Breast tumors were induced in BALB/c mice to check the cytocompatibility, biodistribution

and toxicity of the unfunctionalized BMNPs and DOXO-BMNPs in the absence/presence of a magnetic field. The

hyperthermia response of the different BMPs was also analyzed.

Results
Non-functionalized BMNPs were cytocompatible while the functionalized complexes became cytotoxic and

showed good stability at physiological pH (DOXO release is pH dependent). DOXO-mAb-BMNPs present hyper-

thermia and discharge DOXO within the nuclei. The in vivo BMNPs administration did not show any morpho-

logical alterations and the DOXO-BMNPs under a magnetic field showed BMNPs accumulation in the tumor site

and growth decrease of the tumor.

Discussion
The mAb and DOXO coupling to the BMNPs does not alter their magnetic properties. The DOXO internalization

from DOXO-mAb-BMNPs was more efficiently in the presence of a magnetic field and in the Met+ cells, suggesting

the selective recognition of DO-24 and the magnetic properties of the BMNPs enhance DOXO internalization.

DOXO release in the tumor site was comparable to soluble DOXO. Therefore, these nanocarriers could represent

an effective targeted drug delivery, which might be combined with hyperthermia to increase efficiency, resulting

in a targeted local treatment of localized tumors with a decrease in the systemic side effects.
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Toxicity to the patient organism is an important issue of the conventional chemotherapy treatment of cancer.

The possible route to overcome the overall poisoning of organism is targeted delivery and controlled release of

cytotoxins to the cancer cells. In recent years, we witness accelerated research in the field of antibody-drug con-

jugates (ADCs). The ADCs can be enhanced by a use of suitable platform, typically polymers, to create polymer–

drug–target ligand conjugates [R. Duncan, Nat Rev Cancer 6, 688-701 (2006)]. Here the polymer backbone serves

as a universally accepting base for bonding of targeting ligands and drugs. 2D materials as graphene, MoS2 are

nowadays of high interest in biomedical applications. The field effect transistors (FETs) based on single layer

of functionalized MoS2 layer exhibit extraordinary high sensitivity for detection (down to 10 fg/ml) of cancer

related antigens. The rapid progress in covalent and non-covalent functionalization of exfoliated MoS2 layers

opens new opportunities for binding of biocompatible molecules and proteins. In this work we prepared exfoli-

ated MoS2 nanoplatelets and modified with suitable photo-activated or biodegradable linker molecules to which

the cytotoxins in form of small molecules or proteins will be attached. The linker molecules allow controlled

release of cytotoxin in cancer cells. The added value of MoS2 is the strong Raman signal and photoluminiscence

in red part (above 600 nm) of visible spectrum. Basic characterization of MoS2 modified with polyethylene gly-

col or zwitterions (sulfobetain, carboxybetain) in terms of the degree of oxidation, exfoliation and nanoparticle

size, are performed by the small-angle X-ray scattering (SAXS) and by XPS. The functionality and selectivity of

the designed MoS2 platform is tested in-vitro using confocal fluorescence/Raman microscopy.

Acknowledgements
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The research of non-invasive therapy for the treatment of neurodegenerative diseases is one of the most im-

portant topics of the last years by the pharmaceutical technology. Even if less than 1% of both industrial and

university research projects on neuroscience displays of a Blood-Brain Barrier (BBB) crossing and CNS targeting

aims, the study and progress of drug delivery strategies to cross the BBB are supposed to be widely addressed.

Non-invasive techniques based on colloidal carriers could represent a huge potential, since nanocarriers (poly-

meric nanoparticles, nanoliposomes, solid-lipid nanoparticles (SLN), nanostructured lipid carriers (NLC), mi-

celles, nanogels and dendrimers) could protect the drugs (or gene material) and deliver them to CNS.

Above a wide overview on the most interesting and recent applications of nanomedicines to the CNS targeting,

in this talk, the most recent works on poly-lactide-co-glycolide and other polymer-based NPs differently mod-

ified for BBB crossing will be reviewed. In particular, different strategies based on different ligands for BBB

crossing, as exogenous-like peptides, endogenous-like peptides BBB-receptor antibodies and glyco-peptides will

be detailed. In vivo and in vitro results will be commented to underline which mechanism is responsible for

BBB crossing, which pathways are exploited for cell entry and specific accumulation-tropism in brain areas and

even in cell type are present, dependently on type of ligands.

With this talk, we will therefore try to draw an overview of the main advantages of the use of nanomedicine-

based approach for innovation in crossing the most “defensive” barrier in our body, with particular relevance

to neurodegenerative diseases. Besides these aspects, a critical analysis on the main causes that slow the appli-

cation of nanomedicine to brain disorders will be discussed along with the identification of possible solutions

and possible interventions.
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Protein phosphorylation is one of the most prominent post-translational mechanisms for protein regulation,

which is frequently impaired in cancer. Through the covalent addition of phosphate groups to certain amino-

acids, the interactions of former residues with nearby amino-acids are drastically altered, resulting in major

changes of protein conformation that impacts its biological function. Herein, we report that these conforma-

tional changes can also disturb the protein’s ability to interact with and adsorb onto bare gold surfaces. Based

on the direct interaction of proteins with the gold interface, we further developed an extremely simple method

for aberrant phosphorylation detection that circumvents the current need for phospho-specific antibodies. The

novel interfacial bio-sensing method, which only requires 50 ng of purified protein, was applied to EGFR phos-

phorylation analysis in several lung cancer cell lines and also enabled monitoring their cell sensitivity to tyro-

sine kinase inhibitors (TKI) ― a drug frequently used in the clinic for lung cancer treatment.

Detection of protein phosphorylation.jpg

55



International Conference On Nanomedicine And Nanobiotechnology 2018

Development of Glutathion-Ag2S Near Infrared Emitting
Quantum Dots for Optical Imaging and Photothermal Therapy

of Cancer

Wednesday, 26th September @ 17:30: Nanomedicine for immune system and cancer diagnosis & therapy
(Room 1) - Oral - Abstract ID: 104

Mrs. Mahshid Hashemkhani 1, Prof. Havva Funda Yağcı Acar 1, Ms. Kubra Bilici 1, Prof. Alphan
Sennaroğlu 1, Mr. Abdullah Muti 1

1. koc university

Introduction: Optical imaging is one of the new but fast growing diagnostic modalities, which requires non-

toxic, highly luminescent quantum dots, preferentially active in the near infrared region. Emission of Ag2S

quantum dots (QDs) in near infrared I (NIR- I) fit to this profile perfectly. In addition, there is a huge drive

towards development of theranostic nanoparticles. Photothermal therapy (PTT) is one of the new methods being

investigated for local tumor therapy. Irradiation of sensitizers in the NIR region provides local temperature

increase and eventually ablate tumors. There are not many studies investigating the PTT potential of Ag2S QDs.

In this work, aqueous synthesis of glutathione (GSH) coated Ag2S NIR QDs with strong emission in the medical

imaging window (700-900 nm), their physical and chemical properties as well as their dark cytotoxicity and PTT

potential will be discussed.

Methods:GSH-Ag2S QDs were prepared in water from the salts. Stoichiometry, pH and temperature ere studied

to tune emission wavelength and intensity. Cytotoxicity was evaluated with MTT assay. PTT potential was

investigated using a tunable, green-pumped continuous–wave Ti3+: sapphire laser (808 nm).

Results and Discussions: Aqueous colloidal GSH-Ag2S QDs with excellent stability was achieved with emission

maxima between 800-900 nm. QDs were well internalized by HeLa cell and provided strong optical signal in

the NIR. QDs showed no toxicity up to 150 µg/ml dose in HeLa cell lines but induced significant cell death when

exposed to 795 nm laser irradiation.

Figure 1.jpg

Figure 2.jpg
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Nanomedicine is one of most strategic field of research in University of Modena and Reggio Emilia. Since 2017,

UNIMORE is part of European Technology Platform for Nanomedicine and developed an internal platform

around Nanomedicine. More than 50 researchers, 30 laboratories, 200 pepole working and 10 different de-

partments are involved. UNIMORE Laboratories could show expertise in working on nanomedicine, products,

characterizing and scaling up nanomedicines, up to studying nanotoxicology and ethical aspects. Moreover, we

would like to show novel ideas or competences that could find spaces in scientific teams targeting to strategic

goals within the Nanomedicine purposes. In summary, we would show our portfolio in the field of nanother-

apeutics, nanodiagnostic, regenerative medicine and nanodevices and their application in target diseases as

neurodegenerative disorders, cancer and inflammation.

116011897 116000112 competencies.png
116011893 116000112 dipartimenti.png
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Pathologic conditions affecting the brain such as neurodegenerative diseases are amongst the most un-treatable

diseases. A major obstacle for the application of therapeutics is that a great number of pharmacologically active

molecules (estimated 98%) is not able to reach the Central Nervous System (CNS) and to exert their activity as

not able to cross Blood-Brain Barrier (BBB).

A possible strategy is to exploit nanocarriers engineered with proper ligands to trigger BBB crossing without

apparent damage to deliver drugs or genetic material into the brain.

Among neurodegenerative disorders, this talk will focus the attention on Alzheimer (AD) and Huntington (HD)

diseases. Regarding HD, recent solid biological evidences described that brain cholesterol (chol) biosynthesis is

reduced suggesting that chol is less available to neurons, letting to detrimental condition for neuronal function.

To test the impact of strategies aimed at supplying chol to brain cells, we developed new drug delivery systems

(DDS) by using only chol as constituent (chol nanoparticles, chol NPs) or mixing chol with low amount of PLGA

(chol-PLGA NPs), where chol is structural particle component and active compound (drug) at the same time.

Chol based DDS were surface modified with g7, a glycopeptide that enhances BBB crossing capability.

A second challenge involved the formulation of tailored nanomedicines for AD. We developed NPs made of

PLGA loaded with different kinds of active molecules able to reduce/arrest Abeta aggregation (curcumin, Zn2+,

peptide) and modified on their surface with g7 (g7-NPs).

Preparations were optimized considering physical-chemical features of drug in order to achieve the best com-

promise between encapsulation, kinetic of drug release, surface modification and dimension suitable for i.p.

administration. Before going into functional and efficacy study, we developed several preliminary experiments

to explore the ability of the most promising DDS specifically developed for AD or HD to interact with neuronal

cells.

In vivo experiments on both WT and mouse models for HD/AD clearly showed that these DDS are able to cross

the BBB in all treated mice and to impact most biochemical parameters with some rescue in memory loss and

behaviour.
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Introduction
Nowadays, food trade globalization has raised growing concern for food safety and genetic traceability. To

address such issues, traditional methods typically rely on real-time PCR, microbiology assays, or sequencing

(DNA barcoding). Although these techniques have proven very effective, they require long times, high-quality

DNA extraction, expensive instrumentation, and qualified personnel. These drawbacks do not satisfy the food-

market requests for accuracy, rapidity, and low costs.

Methods
We developed a nanotechnology approach that couples an asymmetric PCR to a fast and colorimetric read-out

based on functionalized gold nanoparticles. The red-to-purple color change in presence of the target is visible

at room temperature within 5 minutes. The overall approach is specific, sensitive, versatile, and cost-effective

and it is useful for applications in several fields.

Results and discussion
Two applications in the field of food safety and food frauds have been performed. The first case study deals

with the identification of Fusarium langsethiae in cereal crops. It is a toxigenic fungus and the main producer

of two toxins (T-2 and HT-2), which are both dangerous for human health and damaging for crop yields. Our

colorimetric technology can detect specifically the presence of this fungus in the genomics extracted from real

plants, distinguishing it from other similar species that belong to the genus Fusarium (such as Fusarium cul-

morum, graminearum, and sporotrichioides). In particular, a sample contaminated with F. langsethiae causes

aggregation of the gold nanoparticles, with a consequent color-shift visible by naked-eye, unlike other species

(Figure 1). The second application deals with the discrimination of Sepia officinalis, usually substituted with

other two species (Sepia hierredda and pharaonis) that look similar and are genetically analogous. When an

unknown sample contains the S. officinalis, a color change of the gold nanoparticles occurs (Figure 2).
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DNA methylation and histone deacetylation (HDAC) are key epigenetic processes involved in normal cell devel-

opment, cellular reprogramming and tumorigenesis. Therapeutic strategies based in DNA methyltransferase

(DNMT) and HDAC inhibitors, are currently in use and under development for the treatment of certain cancers,

where they appear to be involved in the transcriptional silencing of tumour-suppressor genes. More recently

genome wide DNA methylation profiling has been proposed for the use in disease diagnosis, and undoubtedly

histone modification profiling for disease characterization will follow suit. However, whether epigenome se-

quencing technologies will be feasible for the rapid analysis of such multidimensional modifications in clinic

diagnosis and patient treatment monitoring remains to be seen, and alternative detection technologies will al-

most certainly be needed to complement current approaches.

Here we describe the use of electrochemical impedance spectroscopy (EIS) for selectively identifying and quan-

tifying global DNA methylation and histone H3 acetylation. Using endometrial (Hec50) and breast (control

(MCF12A) and cancer derived (MCF7)) cell models, we demonstrate that this analytical platform can differ-

entiate cancer from non-cancer derived cells. Furthermore, we were able to monitor cellular responses to

5-Aza-2′-deoxycytidine (Decitabine, DNMT inhibitor) and suberoylanilide hydroxamic acid (Vorinostat, HDAC

inhibitor) treatments in vitro.

EIS demonstrated that DNA methylation levels were very similar between MCF7 and MCF12A cells (Figure 1A).

When compared to MCF7 cells, HEC50 endometrial cancer cells displayed a higher level of global methylation.

Using EIS levels of global histone H3 acetylation were found to be significantly higher in MCF7 cell compared to

MCF12A (Figure 1B) and is indicative of an increase in open chromatin architecture in these cells.

EIS platform were used to assesses MCF7 and HEC50 cells for response to 5-Aza-Cdr and SAHA treatments (Fig-

ure 2A and 2B). Above the differentiation limit, the response to 5-Aza-Cdr was clearly measurable, showing

an expected decrease in DNA following treatment. For endometrial cancer cells a similar trend was observed,

the differential response to 5-Aza-Cdr treatment was detectable at a lower level of input DNA, and the ΔΩ was

always numerically greater for HEC50 cells.

Histone H3 acetylation (AcH3) was similarly analyzed following exposure of cells to SAHA. Increased AcH3 was

observed in the treated samples compared to untreated controls in both MCF7 and HEC50 compared to that

observed for 5-Aza-Cdr treatment (Figure 3A and 3B). Similar was measured in HEC50.

In addition, EIS was used to evaluate serum samples from type II endometrial cancer patients and clearly

demonstrated significant hypomethylation of the circulating cell-free DNA. This observation is consistent with

genome-wide methylation studies, where despite hypermethylation of selected genes, an overall trend of hy-

pomethylation was also observed (Figure 4).
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Introduction:DNA vaccine, a novel technology for preventing against diseases, is administered by injection

of genetically engineered DNA into the body. The field of the DNA vaccinations is becoming more interesting

for immunization as it can improve both humoral and cellular immune responses. In addition, DNA vaccine

revealed superior stability of vaccine and ease of mass production when compared to conventional vaccines.

The limitation of DNA vaccination in the practical use is the low delivery of plasmid DNA into targeted cells to

promote the expression of encoded antigens. The efficiency of DNA vaccination can be improved by stabilizing

DNA against degradation, and use the proper delivery systems to deliver DNA into antigen-presenting cells

(APCs). Skin layers are abundant of APCs, which an important cell for inducing immune responses. The injection

of DNA vaccine directly to APCs in skin can improve the immunogenicity. Therefore, hollow microneedle (HMN)

and cationic nanocarriers were used for improving the efficiency of DNA vaccination to deliver DNA into the

targeted cells.

Methods:Cationic nanocarrier:plasmid DNA encoding ovalbumin (pOVA) complexes were formulated at var-

ious weight ratios (w/w). The particle size, surface charge, transfection efficiency, cytotoxicity and effect of

serum on transfection efficiency were investigated. Different cationic nanocarriers (PEI, niosome, Lipofec-

tamine 2000 and Superfect) were compared in an in vitro skin permeation. Appropriate ratios of cationic

nanocarriers were chosen to deliver into the skin using HMN. Immunization study of cationic nanocarriers

was performed in mice with the HMN compared to subcutaneous injection. Interferon-gamma (IFN-

g) and interleukin-4 (IL-4) secretion was determined using enzyme-linked immunosorbent assay (ELISA) kits.

Results:The skin permeation of pOVA in in vitro showed that the combined of nanocarrier and pOVA complexes

slightly improved skin penetration when compared with naked pOVA. Immunization study in mice revealed that

the level of IgG immune response using a HMN was significantly higher than the subcutaneous immunization.

The highest IgG immune responses were detected in mice immunized with PEI:pOVA and niosome:pOVA com-

plexes. The levels of IFN-g (Th1 cytokines) and IL-4 (Th2 cytokines) secreted in the mice immunized via a hollow

MN were significantly higher than the levels for the subcutaneous injected mice. The highest observed levels

of IFN-g and IL-4 were present in the PEI:pOVA and niosome:pOVA complexes, respectively, indicating the use-

fulness of cationic nanocarrier as a DNA vaccine carrier. The results indicated the ability of skin immunization

with pOVA to induce both humoral and cellular immune responses. Regarding the safety issue, no skin infection

or pinpoint bleeding at the site of injection was observed in any of the mice immunized with HMN.

Conclusion:Targeted delivery of DNA vaccine using the combination of PEI or niosome and HMN to APCs is an

effective approach for enhancing the potency of DNA vaccination. These immunologic advantages, combined

with safety benefits, revealed that HMN delivery of pOVA to the skin may offer a useful method of immunization

in the future.

Acknowledgements:Thailand Research Funds (PHD/0232/2558) and the National Vaccine Institute.

References:1. Liu MA. Immunol Rev. 2011. 62–84.
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Introduction: Leukemia is a type of blood cancer that initiates in the bone marrow and results in the unregulated

production of immature white blood cells (leukemic cells). The most homogenous subgroup of the disease is

chronic myeloid leukemia (CML) accounting for nearly 1.5 million patients worldwide. Virtually all cases harbor

the genetic translocation t(9;22)(q34.1;q11.2) resulting in the BCR-ABL1 gene fusion, that encodes for BCR-ABL1

tyrosine kinase. CML treatment is conveyed through tyrosine kinase inhibitors (TKI), however 30% patients

display resistance to first line therapy (imatinib, IM). Nanotechnology offers unprecedent advantages to tackle

the shortcomings of current CML management procedures and enable a more precise approach. Indeed, gold

nanoparticles (AuNPs) can function in vivo as nanocarriers in a theranostic design, that links treatment with

diagnosis according to patient’s molecular profile, and overcome treatment resistance.

Methods: A CML cell line was challenged with AuNPs functionalized with polyethylene glycol and a hairpin-

shaped antisense single stranded DNA, that selectively targets the e14a2 BCR-ABL1 transcript expressed by K562

cells. BCR-ABL1 gene silencing and several downstream targets involved in proliferation and apoptotic path-

ways were assessed (Figure 1). A gold nanobeacon (Au-nanobeacon), coupling a fluorescent molecule to the

distal end of the hairpin-shaped silencing oligonucleotide, was also tested to allow real-time monitoring of gene

silencing, using fluorescence microscopy.

Results: BCR-ABL1 expression was effectively decreased in vitro using AuNPs as vectors for gene therapy. The

nanoconstruct reduced IM’s IC50, when tested in a combined approach, and potentiated a viability decrease

of K562 cells resistant to the drug (Figure 1). Furthermore, the Au-nanobeacon strategy proved to be highly

specific for cells that express the e14a2 BCR-ABL1 transcript, and improved visualization and control over the

effects of the Au-nanoconstruct in vitro.

Conclusions: These results show that combination of the nanoconstruct and IM makes K562 cells more vul-

nerable to chemotherapy and that the Au-nanoconjugate alone may overcome IM-resistance mechanisms, thus

providing an effective treatment for CML patients who exhibit drug tolerance. The study strongly suggests that

AuNPs are a suitable and flexible tool for CML nanotheranostics, improving detection and a personalized treat-

ment strategy.
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The impact of NPs on global health still needs to be clarified. Current uncertainties may negatively influence

the public perception of the hazard posed by the presence of NPs, particularly in food and cosmetics products.

Different analytical approaches have been developed to establish the presence of NPs in these products. Al-

though no guidelines have been defined to establish reference methods for their reliable characterization and

quantification, very recently the European Food Safety Authority has produced a Guidance on risk assessment

of nanoscience and nanotechnologies in the food (1), recommending that NP shape and size “should be provided

as measured by more than one independent technique, one being electron microscopy”.

To overcome the main drawbacks of this technique (i.e., time consuming and limited number of samples ana-

lyzed), we developed a quantitative semiautomatic method based on images obtained with transmission elec-

tron microscopy (TEM) to visualize the morphology of each single particle and to determine very precisely their

size distribution. This method, was validated by analyzing Titanium dioxide reference nanomaterial, and em-

ployed to quantify roughly 700 NPs in each E171 food-grade raw materials and commercial chewing gums, in

which E171 is commonly employed as white pigment.

Furthermore, to verify the chemical composition of NPs, we selected transmitted electrons by their energy loss

provoked by the interaction with specific elements, obtaining an energy-loss spectrum of a selected region by

Electron Energy Loss Spectroscopy (EELS) and we merged the element energy-loss signal obtained by Electron

Spectroscopic Image (ESI) with the TEM image of our sample to better understand the element distribution

inside our particles.

TEM is also considered a very powerful method to identify NPs in cells or tissues. We will show the impor-

tant role played by TEM analysis to provide crucial information when NPs were used for 3 different purposes

(tracking cells, drug delivery and blood-brain barrier passage).

We verified that iron oxide nanoparticles (SPIOn), used to track human Amniotic Fluid stem Cells (hAFCs) after

transplantation in the lateral ventricles of a murine model of amyotrophic lateral sclerosis, did not modify the

morphology of organelles such as endoplasmic reticulum, Golgi apparatus, mitochondria, endosomes assuring

that stem cell phenotype was not affected by NP internalization.

In another study, we carried out TEM analyses to demonstrate the biocompatibility and biodegradability of PCL-

NPs, which are internalized and then completely degraded by lysosomes in microglial cells, producing the exit

of the drug stored inside and making them suitable to be loaded with a tetracycline antibiotic to reduce the

inflammatory response mediated by microglia activation, in a mouse model of spinal cord injury.

Finally, we studied the ability of NPs to cross the blood– brain barrier (BBB) in a transgenic model of Alzheimer’s

disease with liposomes bifunctionalized to facilitate BBB crossing and to degrade amyloid plaques and in an in

vitro cellular model of the BBB to test whether the biomolecules present in biological fluids that accumulated

on the NP surface could affect the passage from the “blood” to the “brain” side.

Reference: 1) EFSA Scientific Committee, Guidance on risk assessment of the application of nanoscience and

nanotechnologies in the food and feed chain: EFSA Journal 2018;16(7):5327
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Bloodstream bacterial infections are now the world’s leading cause of premature deaths and the third in line

after cancer and cardiovascular related mortalities. In the absence of an early confirmation of this bloodstream

bacterial infection, clinicians are forced to prescribe empirical antibiotic therapy to patients, which increases

their risk of toxicity, super infections, emergence of drug resistance and associated medical costs. The only

way to tackle this issue is to design rapid point of care (POC) assays which can be used by the critical care

physician at the patients’ bedside to allow early diagnosis. We have developed SeptifloTM, a sensitive, specific,

user-friendly disposobale assay that can be used to differentiate between Gram-negative and Gram-positive bac-

terial infections in under 10 min. Our approach involves direct detection of pathogen-associated biomarkers

such as lipopolysaccharide (LPS) and lipoteichoic acid (LTA), which are usually released at the onset of infec-

tion, on an affinity membrane. The specificity of Gram-status is conferred by peptide, antibody or drug ligands

attached to gold nanoparticles, the latter being used as signal amplification probes in the subsequent step. This

allows ultrasensitive concentration-dependent colorimetric visualization of target molecules on the membrane

by naked eye down to 100 fg/mL detection limit without any instrumentation. No cross-interference between the

biomarkers is seen during Gram stratification. The assay results also display better performance than commer-

cial ELISAs. A direct comparison with polymerase chain reaction (PCR) has so far yielded up to 94% accuracy in

31 patients While more clinical validation studies are underway, we believe that Septiflo is uniquely positioned

to aid in better management of sepsis/bacteremia at the pre-symptomatic stage due to its sensitivity, detection

strategy, low cost, simplicity and bedside utility.

Point-of-care detection of bacteremia in critically ill patients .jpg
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Introduction
Near-infrared (NIR) responsive nanoparticles are of great interest in the biomedical field as antennas for pho-

tothermal therapy and also as triggers for on-demand drug delivery. Thermoresponsive copolymers derived

from oligo (ethylene glycol) methacrylate are promising biocompatible materials suitable as injectable drug

delivery systems. These polymers undergo a reversible transition to water-insoluble materials over a certain

temperature called lower critical solution temperature (LCST). The present work reports the preparation of

hollow gold nanoparticles (HGNPs) with plasmonic absorption in the NIR region covalently bound to a ther-

moresponsive polymeric shell being the final construct used as an on-demand drug delivery system for the

release of analgesic drugs. The photothermal heating induced by the nanoparticles was able to produce the

collapse of the polymeric shell thus generating the release of the contained local anesthetic bupivacaine in a

spatiotemporal controlled way.

Methods
HGNPs were synthesized using the galvanic substitution method. The thermoresponsive disulfide-P(MEO2MA-

co-OEGMA500) polymer was prepared by atom transfer radical polymerization (ATRP), and the polymer was

covalently bound to the surface of HGNPs. HGNPs@P(MEO2MA-co-OEGMA500) were used as starting material to

tailor a thick nanogel shell on the surface of the metallic nanoparticles using the nanoprecipitation polymeriza-

tion method. The NPs obtained were characterized by TEM, UV-vis, TGA, zeta potential and FTIR. Photothermal

heating was also evaluated by irradiating using a 808nm-laser diode. The NPs cytotoxicity and evaluation of

cell apoptosis were performed on four mammalian cell lines.

Results and Discussion
The release of the local anesthetic bupivacaine was controlled spatiotemporally and in a reversible manner by

collapsing the thermoresponsive polymeric shell after NIR-light induced photothermal heating from a swollen

hydrated state to a shrunken dehydrated one. The NPs presented excellent reversible heating under NIR light

excitation. Bupivacaine released at physiological temperature (37 ºC) showed a pseudo-zero order release that

could be spatiotemporally modified on-demand after applying several pulses of light/temperature above and be-

low the LCST of the polymeric shell. Additionally, the potential application of the resulting NPs in the biomed-

ical field is also supported through their demonstrated cytocompatibility at concentrations up to 0.2 mg/mL,

obtained after their incubation with four different mammalian cell lines.
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Introduction

The limitations of many anticancer drugs have stimulated the exploration of new approaches for cancer diag-

nosis and treatment. Recently, we reported the synthesis of a novel pentamethinium salt with an incorporated

quinoxaline unit and described its structure. Based on this study, we invented a novel approach for concurrent

cancer diagnosis and treatment using methinium system incorporated in silica nanoparticles.

Methods

First, the subcellular distribution of our fluorescent compounds and their relevant nano�complexes was studied

in U-2 human sarcoma cells by real�time live�cell fluorescence microscopy. Then, in order to determine the

potential anticancer activity, MTT assay was used to evaluate IC50. Next, we used UV-Vis titration experiments

to determine the binding affinity of a drug or a drug-nanoparticle complex for human serum albumin (HSA),

the major transport protein present in human blood plasma.

Results

When the cells were exposed to the methinium system, the drug rapidly accumulated in mitochondria, thus

indicating the potential of the drug to stain the tumor or metastases and possibly enable surgical resection.

Moreover, the tested substances showed high cytotoxicity towards the malignant pancreatic and human os-

teosarcoma cell lines. We also revealed high binding affinity of our compounds for HSA and therefore we believe

in high efficacy of our nano-complexes and prolonged in vivohalf-life.

Discussion

Consequently, our findings indicate that methinium system incorporated in silica nanoparticles could well im-

prove cancer diagnosis due to its unique fluorescent properties, and cancer treatment by selective cytotoxicity

towards malignant cell lines as well as potential use of HSA-drug complex as advanced delivery system.
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Introduction
Magnetic nanoparticles are promising tools in nanomedicine since they can improve the biodistribution of phar-

maceuticals, provide a versatile scaffold for loading molecules, protect the payload from early degradation, and

allow for monitoring of their spatial location by magnetic resonance imaging. The development of nanoparticles

for medical applications will allow individualized therapy leading to higher efficiency in the treatment, dimin-

ishing side effects, and reducing healthcare costs. In spite of the great potential demonstrated by nanomedicine,

future developments of nanotherapeutics are needed to produce targeted nanocarriers in a straightforward and

reproducible way. In this work, new insights are presented on the coupling of monoclonal antibodies to iron

oxide nanoparticles by means of peptide coupling.

Methods
Iron oxide nanoparticles were synthetized by thermal decomposition to produce highly monodisperse

nanocrystals. Aqueous phase transfer was performed by carboxy-silane condensation. Nanoparticles were

further functionalized with antibodies through peptide coupling. Physicochemical characterization of the

nanoconjugates was carried out by several techniques, such as infrared spectroscopy (IR), thermogravimet-

ric assay (TGA), and transmission electron microscopy (TEM). The amount and activity of the attached antibody

was quantified by ELISA.

Results and Discussion
Colloidally stable iron oxide nanoparticles were successfully functionalized with carboxylic acids to allow fur-

ther reaction with monoclonal antibodies (Fig. 1A). The nanoparticles were studied by TEM, and the images

show monodisperse nanoparticles with spherical morphology and a mean size diameter of 12.3 ± 4.5 nm (Fig.

1B). The IR spectrum of the functionalized nanoparticles showed vibrational bands corresponding to the chem-

ical groups of the ligands, as expected after the phase transfer procedure (Fig. 1C). Additionally, TGA measure-

ments showed a weight loss at 400 °C attributed to the silane ligands. The attachment of the antibody to the

nanoparticles was performed by peptide coupling, leading to nanoconjugates composed of a magnetic core and

antibodies in the outer shell. The activity of the antibody was confirmed by ELISA, and the amount was found

to be 2 units of antibody per magnetic core. In vitro and in vivo studies are foreseen in the forthcoming months.

Figure 1 n guldris.png
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Introduction
TiO2 nanoparticles (NPs) are used in dermatological preparations, particularly due to their photoprotective

properties. But due to the size, the physiological effects of penetrated nanoparticles could have an undesired

impact on the organism. There are several research reports providing contradictory information about tox-

icity and distribution. Thus, we aimed on testing the cytotoxicity of TiO2 NPs with surface modified using

monochloroacetic acid (MCAA) and dichloroacetic acid (DCAA).

Methods
Two types of TiO2 NPs capped with DCAA and MCAA were characterized using TEM, DSL, FTIR, XRD and TGA. Cell

lines used for testing were: normal prostatic (PNT1A), neuroblastoma (SH-SY5Y) and skin malignant melanoma

(A375). Screening of the cytotoxicity was performed by examination of intercellular accumulation using label-

ing with tdTomato, formation of reactive oxygen species, induction of apoptosis or necrosis, ability to damage

DNA and hemolytic assays. Differential proteome analysis was done using 2D DIGE followed by MALDI-TOF

and western blotting.

Results
It was found that TiO2 had oval-to-spherical shape with diameter ranging 15-20 nm. FT-IR proved successful

surface modification. We found that both types of NPs are able to enter to intracellular space and accumulate

within cytoplasm. NPs also caused formation of ROS with consequent DNA damage and apoptosis. Proteomic

analyses disclosed that TiO2 NPs induced differential expression patterns and differentially expressed proteins

belonged mostly to molecular pathways affecting response to stimulant, metabolic processes, cellular compo-

nent organization and angiogenesis.

Discussion
Altogether, in vitro cytotoxic screenings show moderate toxic effects of TiO2 NPs. These NPs however affect

fundamental molecular pathways and long-term exposure could seriously influence health.

The authors gratefully acknowledge financial support from the AZV project 15-28334A and AF-IGA-IP-2018/016.
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Introduction

Dye-doped nanoparticles are intriguing fluorescent systems in which collective properties can arise, that are

ascribable to the ensemble of dyes rather than to the individual ones. Tailored design of such nanoparticles can

yield valuable properties for application in bioanalysis, imaging and medical diagnostic.

Methods

PluS NPs were prepared with a direct micelle-assisted method, purified with dialysis and characterized with

TEM, DLS and steady state and time resolved absorbance and emission spectroscopy. They show narrowly

dispersed morphology, with a silicacore diameter of 11 nm and a hydrodynamic diameter in water –due to the

presence of the PEG shell– of 25-30 nm. The number of embedded dyes was estimated experimentally from the

molar extinction of PluS NPs, by assuming the average molar extinction coefficient of the embedded dyes to be

as the one of rhodamine B in ethanol.

All NP solutions show very weak light scattering and can be treated from the photophysical point of view as any

solution of molecular species. DLS measurements show no aggregation of the NPs, even after several months.

We irradiated diluted solutionsof PluS NPs samples and of rhodamine B dye (RB) (absorbance irradiationwave-

length was about 0.1) in cuvettes for small volume (50μL) in order to irradiatehomogeneously the whole solution.

We used an Ar+ion laser (Melles Griot, IMA1 – Multiwavelength, 43 series ion laser) at 514 nm as the irradiation

source (nominal power about 100 mW).

Finally, we studied the photophysical behavior of individual nanoparticles under high power irradiation. We

spin coated diluted solutions of RB or of Plus NPs doped with RB on coverglass slides.

Fluorescence microscopy images were recorded with a high sensitivity cooled CCD Photon Max 512 (Princeton

Instruments) and analyzed with Matlab.

Results and Discussion

We investigated the behavior of increasingly doped PluS NPs under strong excitation field, a condition com-

monly met in fluorescence microscopy techniques, where intense excitation beams are focused onto small sam-

ple areas.

We observe a generally enhanced photostability of RB dyes when embedded in PluS NPs compared to dyes

dispersed in water, witnessing the expected shielding effect of silica network towards embedded dyes.

Moreover, we observed a very peculiar behavior of PluS NPs towards photobleaching, with a strong dependence

on doping degree. While NPs with low doping degrees feature an exponential decay of their brightness under

strong irradiation conditions, highly doped NPs feature an initial increase of brightness, followed by a slow

decay. We attribute this phenomenon to the selective photobleaching of self-quenched dyes, resulting thus in a

simultaneous switch-on of the luminescence of the other dyes. This phenomenon can only take place because of

the fast communication (energy exchange) between dyes within the same PluS NP, and can thus be considered

as a peculiar property stemming from a collectivebehavior of dyes in a confined space.

These results highlight the possibility of taking profit of self-quenching, which–upon smart design of fluorescent

nanoprobes– can result in enhancement and extended duration of brightness for fluorescent probes to be used

under strong irradiation conditions.
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Introduction: The noble metal-based nanohybrid systems are in particularly focus due to their size-, shape-

, composition-, aggregation- and surface roughness-dependent optical properties. Different nanostructures

(nanoparticles/NPs or nanoclusters/NCs) can be synthesized depending on the molar ratio of gold precursor

and the biomolecules (amino acids, peptides, nucleotides) as reducing agent.

Method: The synthetized gold nanoproducts were characterized by several techniques. The optical properties

were identified based UV-Vis and Fluorimetric spectrophotometry. Their sturcture was analyzed by FT-IR and

XPS and the size was assigned based on DLS and TEM. The fluorescence microscopy was used for the bioimaging

protocols.

Results and discussion: The noble-metal NPs with diameter larger than ca. 2 nm show unique plasmonic prop-

erties, while the subnanometer sized NCs (d < 2 nm) exhibit characteristic size-dependent photoluminescence.

In our work presented, different proteins (lysozyme/LYZ, bovine serum albumin/BSA, gamma globulin/γG) and

small biomolecules (amino acids, nucleotides) have been used to synthesize of gold/biomolecule hybrid com-

posites. The prepared nearly monodispersed nanohybrid systems show high stability under physiological con-

ditions without application of any other stabilizing agent indicating their utilizations in biomedical applica-

tions. We used plasmonic Au/Ag alloy NPs to enhance the fluorescence of two biologically important proteins

(Hemoglobin and Ferritin). The proteins show increased fluorescence intensity in the presence of plasmonic

NPs. Furthermore, the nanoclusters are promising materials for bioimaging agents of drug carriers. For this

purpose, we used several types of carriers (e. g. protein-, polysaccharide- and liposome-based).
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Introduction. The World Health Organization estimates that around 7 million people die every year from

exposure to nanoparticles in the polluted air that penetrate deep into the lungs and cardiovascular system,

causing diseases as stroke, heart disease, lung cancer, chronic obstructive pulmonary diseases and respiratory

infections. Fossil fuels emissions derived from industrial activity and inefficient conveyance are among the

principal source of air pollution. In addition to carbon dioxide, diesel combustion emits heavy metals and

polycyclic aromatic hydrocarbons (PAHs), classified by the International Agency for Research on Cancer

(IARC) as probable carcinogenic substances for humans. Airway damage becomes severe when a series of

physiological events occur after diesel exhaust chronic exposure; inflammation in a primary stage, followed

by an augmented immunological response.

Objectives.The aim of this study was to determine the effect of the diesel exhaust nanoparticles (DEnP) on

human lung cell lines. To analyze qualitatively and quantitatively the main components of diesel exhaust of

cold engine emissions (CEE) and to compare them with optimal temperature emissions (OTE). Furthermore, to

evaluate the response to DEnP exposure on epithelial (NL20-TA) and fibroblast-like (MRC-5) human lung cells

lines.

Methods. To determine the polycyclic aromatic hydrocarbons (PAHs) derived from the combustion of diesel, an

espectrofluorometric assay was performed. The elemental analysis of metal compound was assessed with scan-

ning electron microscopy. The size, structure, and mass of these nanoparticles were determined by electronic

microscopy. The proliferation/inhibition of the NL20-TA and MRC-5 cells lines was evaluated by the sulphorho-

damine B test. Finally, presence of adhesion molecules ICAM-1 and VCAM-1 was assessed by ELISA and those

associated with the phagocytosis: clathrin and dynamin were evaluated by measuring the chromophores emis-

sion of their antibodies through an espectrofluorometric assay.

Results. Differences in the content of PAHs in the samples of CEE compared to the OTE filters were found (Figure

1), all together with the amount of ash found in the samples (Figure 2 and 3). Inhibitory concentration 50 (IC50)

of DEnP was of 20 μg/ml for both cell lines, and the exposure to 36 h elicited the higher cell proliferation before

a decrement of cell viability (Figure 4). Significant increase in the expression of adhesion molecules ICAM-1,

VCAM-1 and those associated with phagocytosis clathrin, and dynamin in cells treated with DEnP compared

with control were observed (data not shown).

Conclusions. DEP are internalized by fagocitocis and increase adhesion factors, causing hyperproliferation and

cell death.
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Introduction:
Cancer remains the principal cause of death worldwide. Generally, in order to impede the growth of proliferat-

ing tumor cells, cytotoxic drugs are given.However the major drawback is damage to normal cells which is why

extensive research is being carried out on using natural substances. Being chemoprotective in nature, these

products are classified either as potent antioxidants which impart protective properties. One such compound

is morusin, a prenylated flavonoid derived from the root bark of Morus alba which has been stated to possess

anti-inflammatory, anti-oxidant, anti-bacterial activities. Recent studies have reported inhibition of NF-κB and

STAT-3 signalling by morusin in prostrate, pancreatic and liver cancer cells. However, the poor solubility of

the drug results in low bioavailability and rapid degradation thus hindering its clinical utilization. Hence, there

arises the need for a suitable Nano formulation in order to enhance the solubility and bioavailability of the drug

for enhanced therapeutic effect.

Methods:

We have synthesized a niosome system composed of non-ionic surfactant span 60 and cholesterol using thin-

layer evaporation technique. The synthesized nanoparticles were analyzed using DLS, TEM and SEM for their

particle size and morphological characteristics. Further, the drug encapsulation was confirmed through FTIR

and U. V spectroscopy. We also evaluated the drug release and anticancer efficacy of the morusin niosomes in

time and concentration dependent manner.

Results:
The average particle size of the morusin loaded niosome was around 479nm and the particles were spherical

in shape (SEM and TEM image of morusin loaded niosmes in Figure 1).Controlled and sustained release of

morusin from niosomes, enhanced therapeutic efficacy and increased uptake was observed in cancer cells

compared to free drug alone (Figure 1).

Discussion:
We have synthesized morusin loaded niosomal nano-formulation for cancer inhibition.The encapsulation of

morusin in the nano-carrier enhanced its aqueous solubility, bioavailability as well its therapeutic efficacy

against cancer cells compared to the free drug alone. We anticipate that morusin loaded niosomes will open

new scenarios for precise delivery of morusin to cancer sites as well as lay foundation for the development of

novel targeted therapies in future.
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Introduction: Synthetic scaffolds based on carbon nanotubes (CNTs), generally referred as ‘buckypapers’, have

been employed in bone, neural, muscle, and dental tissue engineering thanks to their properties at the nanoscale

(i.e., high mechanical strength, electrical and/or thermal conductivity) [1,2,3]. To evaluate the adhesion and

growth of bone cells on a novel hydrophilic polyamidoamine-coated bidimensional buckypaper, a 3D-printed

device was fabricated to allow the growth of cells on these scaffolds.

Methods: Pristine BPs and polyamidoamine-coated BPs were enclosed in a home-made 3D-printed device and

three different cell types (i.e., HEK-293T, osteoblast SAOS-2 and osteoclast) were seeded on them. The BPs sur-

faces were characterized by scanning electron microscopy, energy dispersive X-ray, atomic-force microscopy,

thermogravimetric analysis and Raman microscopy techniques.

Results:BPs showed a network of CNTs with different length and a cross-linked aspect. The PAMAM function-

alization is recognizable as a thin layer that covers the entire surface.

Pristine BPs after 1, 3 and 7 days from cell seeding showed a high toxicity compared to the PAMAM-coated BPs.

The functionalization of BPs with PAMAM generated a suitable scaffold for cell growth as shown by cell clusters

at different time points. PAMAM dendrimer was also able to increase the cell adhesion for the internalization

of small oligonucleotides. Moreover, the presence of PAMAM on the BP surface allowed also to transfect cells

with a precursor miRNAs, showing a great potential as a multifunctional material.

Discussion: We highlighted the effective role of PAMAM in the coating of buckypaper scaffolds, that were able

to generate suitable substrates for the growth of bone cells.
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Therapeutic drugs can leak from nanocarriers before reaching their cellular targets. Here we describe the

concept of a chemical switch which responds to environmental conditions to alternate between a lipid-soluble

state for efficient cargo loading and a water-soluble state for stable retention of cargos inside liposomes. A cue-

responsive trigger allows release of the molecular cargo at specific cellular sites. We demonstrate the utility

of a specific glycosidic switch for encapsulation of potent anticancer drugs and fluorescent compounds. Stable

retention of drugs in liposomes allowed generation of high tumor/blood ratios of parental drug in tumors after

enzymatic hydrolysis of the glycosidic switch in the lysosomes of cancer cells. Glycosidic switch liposomes could

cure mice bearing human breast cancer tumors without significant weight loss. The chemical switch represents

a general method to load and retain cargos inside liposomes, thereby offering new perspectives in engineering

safe and effective liposomes for therapy and imaging.

Fig 1 final.jpg
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Introduction
Biomimetic magnetic nanoparticles (BMNPs) synthetized in presence of heterologous protein MamC from mag-

netotactic bacteria have been demonstrated to provide novel suitable physicals and chemical characteristics

that make them useful drug carriers and hyperthermia agents for local treatments of diseases. In comparison

to other nanoparticles, they display a larger magnetic moment per particle which make them to strongly re-

spond to an externally applied magnetic field, which improves the efficiency of the guidance of the BMNPs to

the target site. Moreover, MamC remains attached to the nanoparticles providing the surface of the BMNPs with

new functional groups that allow coupling and drug release responding to a natural stimuli such changes in the

environmental pH occurring in cancer cells. This is an advantage over other nanoparticles that are smaller

having a smaller magnetic moment per particle and also, they need to be coated previous to functionalization.

Methods
BMNPs functionalized with inhibitors of choline kinase α (ChoKα), which are related with the reduction of

cancer cell proliferation and with bacteriocin AS-48, which has demonstrated to be effective in antimicrobial

chemotherapy of infectious diseases, were evaluated as drug delivery system. Moreover, BMNPs covered by

liposomes (called magnetoliposomes) were evaluated as hyperthermia agent.

Results
Kinetics adsorption and release of inhibitors of ChoKα and AS-48 demonstrated that both compounds were able

to attach to BMNPs by electrostatic interaction. In this way, the adsorption to BMNPs was carried out at pH

7.4 with a yield greater than 30 % and the release was carried out at pH 5. Magnetoliposomes synthetized,

in presence of an alternating magnetic field, reached the effective temperature in a hyperthermia treatment

(greater than 42 °C) in less than one minute and were able to maintain it during 30 min. In addition, under

these hyperthermia conditions the lipid coating disappeared.

Discussion
The results obtained show that BMNPs are a suitable and versatile tool in nanotechnology being able to be

functionalized with a broad range of substances. In this case, the complexes showed great potential for their

use as drug delivery system and hyperthermia agents for their application in cancer and infectious diseases.
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Introduction. Alveolar macrophages (AM) are sites of infection by pathogens such as Mycobacterium tubercu-

losis. On the basis of the presence of mannose receptors on AM membranes, mannose moieties have been con-

sidered as ligands for macrophage active targeting. Mannosylated derivatives were synthesized to decorate the

surface of Rifampicin (RIF) loaded Solid Lipid Nanoparticle assemblies (SLNas) for an inhaled anti-tuberculosis

(TB) therapy by Dry Powder Inhaler (DPI) device with the goal to relate surface functionality with respirability

performance.

Methods. Biocompatible lipid components such as fatty acids and their derivatives were processed using the

melt emulsification technique. SLNas surface decoration was obtained by means of four newly synthesized

mannose derivatives having surfactant effect. The obtained mannosylated carriers were examined for their

intrinsic properties (size, morphology and shape, surface charge, bulk and tap density, aerodynamic diame-

ter, physical state of the components, drug loading and in vitro release) associated to respirability features as-

sessed by Next Generation Impactor (NGI). Mannosylation occurrence was investigated using X-ray Photoelec-

tron Spectroscopy for Chemical Analysis. Furthermore, SLNas cytotoxicity, macrophage internalization, and

ability to provide RIF intramacrophagic transport were evaluated on J774 cell line by MTT test, flow cytometry,

and confocal microscopy.

Results and Discussion. SLNas exhibited adequate drug payload, in vitro release, and cell internalization (Fig.

1, Confocal microscopy images of J774 cells incubated for 6 h with Nile Red labeled SLNas after blue nuclei and

green lysosome staining) with consequent efficient RIF translocation inside macrophages (about 70%). A rele-

vant increase in drug content within macrophages provided by SLNas compared to free RIF solution (Fig. 2, In-

tracellular RIF percentage inside J774 cell line) confirmed both RIF difficulty to diffuse across macrophage mem-

branes and SLNas efficacy to promote drug transport into cells. Furthermore, it is noteworthy that the presence

of these new surface-active agents reduced powder cohesiveness without impairing respirability (fine particle

fraction ranging from 30% to 50%) (Fig. 3, SLNas aerodynamic distribution by NGI upon powder aerosolisa-

tion). SLNas proposed in this research can be prepared by a green-technology avoiding organic solvents. Thus,

these new SLNas may represent an encouraging opportunity in a perspective of an efficacious anti-TB inhaled

therapy.
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Nowadays, new nanomaterials with their unique biochemical and physical properties make them of interest in

various applications. In the preparing of nanoparticles, nanobiotechnology is becoming very useful; it provides

a platform for eco-friendly green synthesis of nanoparticles. Such biosynthesis, with using a biological sources

as well as agricultural wastes, is less toxic and cost effective when compare to physical or chemical technique.

In this study, we used an environmentally friendly extracellular synthesis method for the production of silver

nanoparticles (AgNPs). This extracellular assay of AgNPs production is highly beneficial because no additional

processes are required to separate the particles from the living cells. At the beginning, the physico-chemical

characterizations of nanoparticles, with size distribution, UV-Vis spectroscopy, Atomic Force Microscopy (AFM)

and Scaning Electron Microscopy (SEM) were employed. To assessed the antimicrobial potential of this nanoma-

terial, the antibacterial and antifungal activities of colloids of silver nanoaprticles suspension were investigated.

Prezentacja1.jpg
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Introduction: Transmucosal routes of drug delivery offer distinct advantages over peroral administration for

systemic effect. Buccal mucosa has an excellent accessibility with a high patient acceptability. Famotidine (FT)

is a competitive inhibitor of histamine H2-receptors. It has bioavailability of 40 to 45% due to extensive first

pass metabolism and susceptibility to gastric degradation. The aim of the present study is the formulation

of famotidine as buccoadhesive cup and core tablet, characterized by rapid dissolution of the cup loading dose

formulated in a more soluble liquisolid form of famotidine, followed by an extended dissolution of maintenance

dose from the bioadhesive core.

Methodology: Fast disintegrating cups were prepared with famotidine liquisolid systems based on PG or glyc-

erin as liquid vehicle, avicel®PH 101 as a carrier, aerosil®200 or neusilin®US2 as coating material and Ac-Di-

Sol® or chitosan as super disintegrant, while, bioadhesive cores were prepared using HPMC K4M, xanthan gum

and guar gum. Physical characterization, disintegration, in- vitro dissolution were carried out on the prepared

tablets. In -vivo studies were also performed on the chosen formula.

Results: After 5mins, 23.1 to 55% of drug dissolved with disintegration time ranged from 35 to 63 sec, and then

a sustained pattern obtained over 8 hrs. Using SLS as penetration enhancer increased the cumulative amount

permeated across membrane simulating buccal membrane with flux of 405.84 µg/cm2 /hr. Storage of under

(40°C /75%RH), did not affect stability of the formulae. Further, the bioavailability study indicated that the

prepared optimal buccoadhesive cup and core tablet showed a less intersubject variability appeared indicating

good predictability of clinical efficacy, Cpmaxmarkedly increased by more than two folds than that of oral tablet,

a shorter Tmax was obtained reaching Cpmax, rapidly, also, AUC(0-∞)was increased by 1.5 folds, compared to oral

“Famotin®20” tablet.

Keywords:Buccoadhesive tablet, Cup and core tablets, Famotidine, Bioavailability study, LC/MS/MS.
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Over the past few decades several successful examples of nano-sized systems with great therapeutic potentials

have been reported. In particular, in cancer therapy, the potentials of nano-based carriers in “assisting” and

improving the efficacy of drugs is highly demonstrated in preclinical settings, however it seldom translates to

clinics. As of today, the “magic bullet” seems to pertain to small molecules, therapeutics antibodies or antibody

drug conjugates rather than nanoparticle-based drug delivery systems. Still, nanoparticle carriers hold great

potential, their large surface area and loading capacities/physical features allow generating complex systems

whose capabilities are yet not fully unraveled. Indeed, while the EPR effect is not sufficient to bring sufficient en-

hanced potency, (multi) functionalization with bioactive ligands capable to respond to different environments

is showing great promise. On the downside, the response of living organisms to signals is often non-linear.

As a consequence, quantitative formulation composition parameters may play an important role in determin-

ing efficacy, demanding for high control in nanoparticle assembly. In addition, high versatility translates into

difficulties in GMP manufacturing, reducing clinical and industrial translatability. While exploring the poten-

tials of stimuli responsive nano-formulations, it becomes important to pay attention to formulation composition

related effects, reproducibility, scalability and costs.

89



International Conference On Nanomedicine And Nanobiotechnology 2018

Multifunctional Polyglycerol based Nanotherapeutics as
potential PEG-Alternatives

Thursday, 27th September @ 09:30: Plenary Speeches (Auditorium) - Plenary Speech - Abstract ID: 442

Prof. Rainer Haag 1

1. Institute of Chemistry and Biochemistry, Freie Universität Berlin

Polymer therapeutics in medicine are increasingly gaining acceptance and recognition as an independent area

of scientific endeavor and pharmaceutical development.1,2 The combination of a high density of endgroups and

a compact well defined molecule structure makes particularly dendritic architectures attractive for biomedical

applications. The synergy between their multivalency and size in nanoscale provides a range of options for

chemical “smartness” along their molecular scaffold to achieve environment sensitive modalities.3

Due to their low degree of molecular weight dispersity, flexible design, and biocompatible nature, polyglyc-

erols (PGs) have a broad range of potential applications in medicine and pharmacology.4 The versatility of the

polyglycerol scaffold for application in the biomedical field has been comprehensively reviewed.5 Dendritic

and linear polyglycerol architectures have already been demonstrated to be useful in therapeutic approaches

related to multivalency because of the synergy between the nano-sized dimensions combined with the high den-

sity of functional groups.6,7 A challenging approach to the application of multivalent interactions is the mimicry

of functional biomacromolecules with therapeutic relevance.8 Due to their high biocompatibility and excel-

lent water-solubility, polyglycerols have been considered as perfect alternatives to PEG. Several attempts have

been made to mimic specific glycoarchitectures, (i) the neutral species with hydroxyl end groups represents a

good analogue of polysaccharides, and (ii) polyanionic derivates present similar activities to negatively charged

polysaccharides, e.g., heparin, polysialic acid.8

Our group also demonstrated that polyanionic, dendritic polyglycerol sulfates (dPGS) exert strong binding affin-

ity to cellular targets involved in the inflammatory process by inhibiting leucocyte infiltration in vivo.7 We

have further demonstrated that dPGS acts as a novel type of synthetic nanocarrier suited for inflammation-

specific targeting and molecular imaging. Translation into the diagnostic appli cation was accomplished by in

vivofluorescence imaging in a rat rheumatoid arthritis (RA) model, demon strating fast and highly selective tar-

geting of tissue inflammation.9 In a recent study we compared the diagnostic potential of a NIR-dye-labeled sys-

tem and the therapeutic efficacy of dPGS in RA. We also demonstrated that dPGS acts favorably in osteoarthri-

tis models, leading to chondroprotective properties9. Furthermore, we demonstrated chemical versatility by

synthesizing shell-cleavable dPGS and mixed polyanions to modify pharmacokinetics and selectivity in bone

targeting 10,11 and include dPGS into micelles or nanogels for targeting and drug transport12.
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Hybrid materials are a class of systems where different components are integrated in order to convey new

properties to the single system. In particular porous silica materials and capsules have attracted a lot of interest

since they combine their rigid and stable silica framework with an emptiness that allow the entrapment and

release of desired molecules. They can therefore be used as a delivery system, as sequestering agents and as

catalytic substrate. Our interest in these materials is mainly in the biomedical area and we have to face the

problem related to the fate of the inorganic nanocontainers in in vitro and in vivo applications. Indeed the issue

related to the use of materials for therapy and imaging in living organism, is their accumulation in vital organs

that often prevent their use in clinical use. In addition, for silica, the literature shows that the degradation is

not controlled and the data span from hours to months.

Therefore we decided to tackle the problem of a controlled degradation and elimination group by creating

new type of breakable hybrid nanoparticles, able to response and degrade upon external stimuli (e.g. reductive

agents, pH, etc.), have been developed in our group1,2. The insertion of responsive linkers in the framework of

these particles, results not only in the destruction and safe excretion of the nanoparticles from the cells, but also

in a faster and better delivery of the payloads. Moreover, to expand the breakability properties of this material

for other purpose, the possibility to entrap proteins into a breakable silica shell has also been realized in our

laboratory3. It has been shown that the activity of different proteins remains intact after their delivery into

cancer cells.The encapsulation of different drugs and biomolecules will be shortly described with particular

emphasis to the release of siRNA for the inhibition of tumor growth [4].
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Topical remedies, such as creams, gels, ointments and bandages, rubbed or applied to the skin, have been used

over centuries. Being the largest organ in the body (1.5 – 2 m2 in adults), skin can be a good candidate for

drug administration. Administration of therapeutic agents across the skin enables drugs to avoid p.o. first-pass

chemical or enzymatic degradation in the gastrointestinal tract or liver.

However, the outermost layer of skin, stratum corneum(15 – 20 µm thick), which protects the human body from

toxic chemicals, makes it challenging for high molecular weight and hydrophilic molecules to pass passively

through this membrane

To address this limitation, different methods have been investigated to enhance the permeability of the stra-

tum corneum. On the one hand, the design of chemical formulations with chemical skin enhancers such as

solvents and surfactants as well as the synthesis of co-drug modified therapeutics to disrupt the structure of

thestratum corneum have been proposed. On the other hand, physical techniques including mechanical and

thermal approaches have been used to generate micrometer disruptions in the stratum corneum structure. An-

other interesting strategy is based on the use of microneedles filled with drugs to pierce the stratum corneum

and enhance drug permeation. Other studies have shown that heat can be used as an external trigger to increase

skin permeability, thus facilitating transdermal drug delivery.

In this presentation, I will discuss our results on the use of thermal activation to enhance skin permeation.

To this end, we demonstrated the potential of photothermal active graphene-based patches to enhance skin

permeation. The choice of graphene is made based on its various benefits such as strong absorption in the

near infrared (NIR), rapid light-to-heat conversion under low-power NIR irradiation, high loading capacity,

ease of functionalization and facile solution phase processing. Moreover, graphene offers the possibility to pre-

pare countless number of multifunctional nanocomposites or nanohybrids through incorporation/assembling

of functional building blocks, opening new avenues for delivery of various therapeutics. The use of NIR irradia-

tion is very advantageous as most of biological molecules are transparent to this irradiation, thus limiting their

inactivation/denaturation.
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The nano-bio interface is key towards an effective nanomedicine since the interface confers the biological iden-

tity of any nanomaterials or nanostructures. Instead of developing new nanomaterials or nanostructures, we

focus on the bioengineering of nanoscale interface to biology using model nanoparticles with the goal of en-

abling new capabilities in the diagnosis and treatment of cancer and infectious diseases. Here, I will first dis-

cuss our recent insights on the biological responses of the nano-bio interface, particularly on their vascular

behavior including margination and trans-endothelial migration in microvascular flow. I will then discuss two

approaches we adopted to exploit the protein corona nano-bio interface in drug loading to achieve multimodal

cancer therapy both in vitro and in vivo, and in enhancing the translation of mRNA for modulating biological

processes at the biomolecular level. Our research in these areas highlights our contributions in providing a less

chartered paradigm in exploiting the nano-bio interface beneficially.

Understanding and engineering the nano-bio interface for modulating biology.jpg

93



International Conference On Nanomedicine And Nanobiotechnology 2018

Silica encapsulated J-aggregate coated gold nanoparticles for
surface-enhanced Raman scattering detection of cell surface

proteins

Thursday, 27th September @ 13:30: Posters Session (Hall) - Poster - Abstract ID: 335

Ms. Caroline Pao 1, Mr. Christopher M. Walters 1, Mr. Brandon P. Gagnon 1, Mr. Colin R. Zamecnik 1,
Prof. Gilbert C. Walker 1

1. University of Toronto

The multiplexed detection of cell surface proteins plays an integral role in the differentiation of cell types and

the diagnosis of disease. Currently, the use of flow cytometry to evaluate fluorescently-labelled surface proteins

is the gold standard technique for the diagnosis of diseases such as chronic lymphocytic leukemia, the most

prevalent blood cancer in the western world. However, the number of proteins that can be detected at once is

limited by the broad emission signals and there is a current push to create Raman-based labels whose narrower

spectral signature allows for greater multiplexing. Molecular Raman scattering is typically weak however, and

methods to enhance the scattering and decrease unwanted fluorescence background are desired. Detection

methods focusing on the coupling of the localized surface plasmon resonances (LSPRs) of plasmonic surfaces

with Raman active dyes as a way to generate probes have been shown to be the most promising methods to

address the brightness limitation.

This study demonstrates a way to design an ultrabright surface-enhanced Raman spectroscopy (SERS)

signal while simultaneously quenching the fluorescence background through silica encapsulation of the

semiconductor–metal composite nanoparticles. Using a multistep approach, a J-aggregate-forming organic dye

is assembled on the surface of gold nanoparticles using a cationic linker. Excitonic resonance of the J-aggregate–

metal system shows an enhanced SERS signal at an appropriate excitation wavelength. Further encapsulation

of the decorated particles in silica shows a significant reduction in the fluorescence signal of the Raman spectra

(5x reduction) and an increase in Raman scattering (7x enhancement) when compared to phospholipid encap-

sulation. This reduction in fluorescence is important for maximizing the useful SERS enhancement from the

particle, which shows a signal increase on the order of 104 times greater than J-aggregated dye in solution and

24 times greater than the commercially available Oxonica S421 SERS tag. The silica layer also serves to promote

colloidal stability. The combination of reduced fluorescence background, enhanced SERS intensity, and tempo-

ral stability makes these particles highly distinguishable with potential to enable high-throughput applications

such as SERS flow cytometry. Furthermore, the combination of SERS-active dyes with the gold nanoparticles

impart dual-mode dark field and SERS capabilities. Antibody conjugation methods, selective targeting of CD20

proteins on LY8 lymphoma cells, and future applications in Raman mapping and SERS flow cytometry will also

be discussed.

1. Walters, C. M.; Pao, C.; Gagnon, B. P.; Zamecnik, C. R.; Walker, G.C. “Bright Surface-Enhanced Raman Scat-

tering with Fluorescence Quenching from Silica Encapsulated J-Aggregate Coated Gold Nanoparticles”, Adv.

Mater. 2018, 30, 1705381.
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Introduction
Glioblastoma (GBM) is the most common primary brain tumor characterized by a very limited response to stan-

dard therapeutic treatments. The integrity of the blood brain barrier (BBB) at the peripheral regions of the

tumor limits the amount of drug that can reach GBM cells, and an inevitable recidivism is generally observed

even after surgery. Recently, the use of engineered polymer nanocarriers combined with radiotherapy has

been proposed to overcome limitations of current therapies. Radiation-mediated MMP overexpression modify

BBB permeability allowing nanoparticles with diameters higher than 100 nm to accumulate into the tumor,

without damaging healthy tissues. Matrix metalloproteinases (MMP) are a family of proteolytic enzymes that

degrade multiple components of the extracellular matrix. A large body of experimental and clinical evidence

has implicated MMPs in tumor invasion, neoangiogenesis, and metastasis.

In this work, new engineered polymeric nanoparticles (NPs) were developed to penetrate GBM tumors and

selectively release a chemotherapeutic agent, in order to treat GBM effectively.

Biocompatible and biodegradable Poly(lactic-co-glycolic acid) (PLGA)-poly(ethylene glycol) (PEG) nanoparticles,

loaded with doxorubicin (DOXO) were functionalized with a targeting peptide. In particular, an Activable Low

Molecular Weight Protamine (ALMWP)-based peptide was selected for conjugation because it can be activated

only where MMPs are overexpressed (Figure 1), such as in GBM microenvironments.

Methods
PLGA-PEG polymer was firstly synthesized by carbodiimide chemistry from commercial PLGA and amino-PEG-

acid and the resulting copolymer was further functionalized with a maleimide group, to obtain a PLGA-PEG-

MALE polymer. This macromolecule was finally conjugated with a cysteine-terminated ALMWP through a

Micheal-type-addition. DOXO was finally encapsulated by a standard nanoprecipitation method, and a water

dispersion of DOXO-loaded NPs conjugated with ALMWP peptide were obtained with controlled size, function-

ality, and drug loading. Patient-derived primary GBM Stem Cell (GSC) cultures were established from surgical

samples of patients undergoing surgery for brain tumor removal. Nuclear DOXO accumulation was detected by

live-cell imaging microscopy (Cell-R, Olympus) over 12 hours of NPs incubation.

Results
DOXO-loades NPs with a size higher then 100nm were obtained. Doxorubin encapsulation efficiency for PLGA-

PEG-MALE-ALMWP and PLGA-PEG-MALE-LMWP were 3.5% and 3%, respectively. Nanoparticles activity was

preliminary evaluated in vitro using GSC lines established from 3 different GBM patients overexpressing MMP-

2 and -9. Overall the results showed an enhance ALMWP-DOXO-NPs uptake compared to encapsulated DOXO

(DOXO-NPs) but comparable to NPs conjugated to the non-activable cell-penetrating peptide (LMWP-NPs). Note-

worthy, in ICH003 cells, characterized by a higher level of MMP2 compared to ICH001 and ICH013, ALMWP-

DOXO-NPs cellular internalization occurs more promptly than LMWP-NPs (Figure 2).

Conclusion
PLGA-PEG-MALE-ALMWP-DOXO NPs were produced to actively target GBM cells versus healthy tissues. Prelim-

inarily in vitro evaluations indicate that the proteolitic activity of GSC-derived MMPs are able to cleave/activate

the ALMWP-peptide allowing cell-penetrating peptide explosion and NPs intracellular uptake.
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Aiming to improve lack of specificity and bioavailability limitations that a great number of drugs display, Drug

Delivery Systems (DDSs) were developed with great success, especially in the case of cancer treatment. However,

despite their proved efficiency, there are certain drawbacks to be attained in order to improve their efficacy and

specificity.

Currently, DDSs that undergo an OFF/ON switch upon a specific signal, known as “Smart” DDSs, are being under

investigation. These DDSs take advantage of signals that are present or overproduced in certain pathological

conditions (e.g., acidic pH, GSH and ROS), to specifically deliver drugs to a target disease. Thus, smart DDSs

were developed in order to respond to acidic pH or high GSH levels in tumors and tumor cells, respectively, for

cancer application. However, innovation in smart DDSs able to respond to Reactive Oxygen Species (ROS), whose

levels are increased in a number of pathologies, has not received such attention until recently. Considering that

high levels of ROS are common in several pathologies as cancer, diabetes, cardiovascular, inflammatory and

neurological diseases, ROS responsive DDSs represent a major topic for innovative therapeutic options.

Thioketal (TK) is a responsive moiety that can be excised by ROS. Linkers containing TK are easily synthesized

and most importantly, the byproducts originated from their excision are biocompatible. Therefore, they are

good candidates as linking group for the design of ROS responsive DDSs. Our research group is currently inno-

vating on TK-based polymers, starting from Methoxypolyethylene glycol (mPEG) and Poly-lactide-co-glycolide

(PLGA) for prodrug and nanoparticle formulation, respectively.

In this presentation, beside an overview of the advancements in smart and ROS responsive DDSs, we will show

results obtained by our group, regarding the synthesis, characterization and ROS induced drug release of the

model polymer prodrugs: mPEG-TK-Cy5 and mPEG-TK-Melphalan. Furthermore, we will also present our re-

sults on the preparation of TK functionalized PLGA NPs for the delivery of drugs in high ROS environments. We

will finally highlight the significance of TK-based DDSs for the specific and transversal delivery of drugs into

disease sites.
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Toxicity plays an important role in the treatment of cancer. There can increase the success of the treatment by

reducing or even eliminating dangerous factor, a systemic toxicity of the patient organism. The conventional

chemotherapy represents toxicity for the oncological patient, which attracts scientists to seek and continually

develop new methods of detecting and treating the one of worst disease of mankind. Diagnostics of oncologi-

cal diseases stays at the forefront of the current medical research. A large number of oncological markers are

available for the early diagnostics.In our work will be used the presence of monoclonal antibody specific to a

hypoxia-inducible enzyme CA IX (Carbonic Anhydrase IX) that is expressed in aggressive tumors, hence, it can

be used as a tumor biomarker [Švantová, E., et al., FEBS Letters, 557, 439-445 (2004)]. There are pros and cons

of using GO (graphene oxide) or MoS2(molybdenum disulfide) as 2D nanoplatform cancer targeting. GO pre-

pared by modified Hummers and Offeman method from exfoliated graphite, is a nano scalable and covalently

decorated platform with oxygen-containing functional groups, resulting in sp2/sp3 hybridization and different

oxidation degree. GO as carrier is functionalized with magnetic nanoparticles and the monoclonal antibody

specific for the CA IX marker. The antibody specific to CA IX linked via an amidic bond to the poly-L-lysine

cover of magnetic nanoparticle [Antal, I. et al. Colloids Surfaces B: Biointerfaces, 163, 236–245 (2018)]. The

alternative is exfoliated MoS2 nanoplatelets and modified with suitable linker molecules to which the cytotox-

ins will be attached. The linker molecules allow controlled the release of cytotoxin in cancer cells. The added

value of MoS2 is the strong Raman signal and photoluminescence in red part (above 600 nm) of the visible

spectrum. Basic characterization of GO and MoS2 in terms of the degree of oxidation, exfoliation and nanopar-

ticle size was determined by physical and chemical analyses as X-ray photoelectron spectroscopy (XPS), Raman

spectroscopy and atomic force microscopy (AFM). Previous results have confirmed our assumptions about the

success of nanoplatforms in living cells. Acknowledgements This work was supported by the Slovak Research

and Development Agency under the contract APVV-14-0120 and APVV-15-0641.
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Protein Coated Superparamagnetic Iron Oxide Nanoparticles (SPIONs) for Targeted Delivery of miRNA to Breast

Cancer

Introduction:miRNAs have high potential as therapeutic target in cancer research.1 Some miRNAs do regulate

autophagy which plays a crucial role in pathogenesis and progression of several human diseases including can-

cer. Biocompatible, target specific nanoparticles are needed to carry miRNAs at a therapeutic dose to the tumor

site. Superparamagnetic iron oxide nanoparticles (SPION) are the only FDA approved nano-oxide with the FDA

approval and have been clinically used for contrast enhancement in MRI. With the motivation of combining

imaging modalities with the therapeutic agents, there have been a great effort in developing SPION based ther-

anostic nanoparticles for delivery of drugs or genes for cancer therapy combined with MRI imaging. In case

of gene delivery, cationic nanoparticles are preferred to carry such anionic cargo. Polyethyleneimine (PEI) and

PEI coated nanoparticles are usually the most successful ones, yet suffer from the toxicity of cationic vehicle.

Here, we have developed ultrasmall and colloidally stable, protein coated SPIONs as miRNA delivery vehicles.

We will also discuss selective delivery of miRNA to Her2 positive cell lines (SKBR3, MDA 453) in vitro and breast

tumor in vivo via anti-Her2 conjugation to SPIONs.

Materials and methods: SPIONs were synthesized from iron salts in basic aqueous medium with poly(acrylic

acid) coating. Protein conjugations to nanoparticles were performed via amidation reactions. A far red Alex-

afluor dye was also conjugated to nanoparticles for the optical tracking of SPIONs via fluorescence microscopy

and IVIS animal imaging system. miRNA delivery was confirmed via protein expression. Biodistribution of

nanoparticles were determined by ICP-MS and IVIS animal imaging system. Targeting was confirmed with flu-

orescent microscopy in vitro. Animal studies were performed with nude mice xenograft model.

Results and Discussions:
Ultrasmall, colloidally stable, non-cationic SPIONs with a protein coating conjugated with anti-Her2 tag and a

fluorescent dye were successfully synthesized. These nanoparticles selectively target SKBR3 and MDA 453 over

MCF7. Successful delivery of miRNA to target cells and tumor tissue was confirmed with the changes in the

protein expression level of specific miRNAs of breast cancer cells in vitro and in vivo. SPIONs were selectively

concentrated in the tumor xenograft after intravenous administration. A significant reduction in tumor volume

was detected when miRNA delivery was coupled with the use of chemotherapeutic agent.

Acknowledgement:

This project was funded by TUBITAK 213M669.
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Introduction
Photothermal therapy (PTT) emerged as a local, effective therapeutic method in cancer treatment. PTT is usually

performed with dyes or nanoparticles which has strong absorbance in near-infrared region such as graphene,

carbon nanotubes, and metallic nanoparticles. Hence, they generate local temperature increase and ablate

tumor cells. Superparamagnetic iron oxide nanoparticles (SPIONs), which are widely used in magnetic hyper-

thermia and MRI, recently emerged as biocompatible PTT agents. However, PTT has still some drawbacks in

clinical applications including the requirement for high particle concentration, large aggregate size and high

laser irradiation power. In case of SPIONs, although many studies relate the photo-thermal heating effect of SPI-

ONs to absorbance, the mechanism is not well understood yet. First part of this talk is dedicated to understand

the factors affecting the photothermal heating phenomenon using small SPIONs which are suitable for biomed-

ical applications. For this purpose, wavelength, intensity and power dependence of polyacrylic coated SPION

based photothermal heating is studied. Second part focuses on the effect of surface coating using polyacrylic

acid, lauric acid and aminopropyl triethoxysilane coated SPIONs. Lastly, PTT potential of these nanoparticles

are demonstrated in the in vitro studies.

Methods
SPIONs with different coatings were synthesized by a co-precipitation method in water from iron salts. A tun-

able, green-pumped continuous–wave Ti3+: sapphire laser operating in the 728-838 nm wavelength region was

employed to study the photothermal heating generated by SPIONs both in colloidal solution and in vitro.

Results and Discussion
Our results indicated that temperature increase obtained from the NIR irradiation of PAA/SPIONs is not depen-

dent on the excitation wavelength within the 728-838 nm range, sample attenuation or intensity of the laser

irradiation but on the laser power. Our results also showed that different coated SPIONs had PTT potential.

In addition, the same photothermal effect was obtained from the same solution after several heating/cooling

cycles. Lastly, applicability of these nanoparticles for PTT was tested in in vitro studies successfully.
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INTRODUCTION. Ligand-protected nanoparticles (NPs), functionalized by organic and biocompatible coatings,

offer several opportunities in nanomedicine. However, there is concern about their possible toxicological ef-

fects, since they also involve potential harmful side effects on health. Therefore, a number of studies is aimed at

investigating the molecular mechanisms which take place in the interaction between ligand-protected NPs and

biological membranes. In particular, current results on the role played by positively and negatively charged

ligands are still debated1,2.

METHODS. We focused on the interaction between charged monolayer-protected gold NPs and model phospho-

lipid membranes. We prepared neutral zwitterionic 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC)

liposomes and we studied the effects of the NP coating charge at their biointerface. We synthesized charged

NPs with diameter of ~ 5 nm, passivated with both hydrophobic and charged alkanethiols. We used −COO− ω-

functionalized thiols for anionic NPs (NP-) and −N+(CH3)3 ω-functionalized thiols for cationic NPs (NP+). The NPs

diameter was measured by FESEM and DLS techniques; the monolayer surface charge and composition were

characterized by Z-Potential and NMR analyses. To investigate the perturbation induced by NP− and NP+ on

neutral lipid membranes we quantified experimentally the NPs-induced leakage from POPC liposomes loaded

with calcein (Fig.1).

RESULTS. In both cases permanent membrane damage does not occur. Although a small fluorescence increase

was observed for both NP- and NP+, our leakage assays show that NP+ induce a slightly larger transient perme-

abilization of POPC liposomes than NP− do.

DISCUSSION. Molecular dynamics simulations suggest that the anionic carboxylate-terminated ligands change

their protonation state when interacting with the membrane and therefore are more likely to translocate into

the membrane without perturbing its structure. To test this hypothesis, new release experiments employing

NP- with a different terminal anionic functional group are in progress. We anticipate that the carboxylate-

terminated ligand protonation could be exploited for the design of NPs with a stable, controlled and less disrup-

tive interaction with cell membranes.

1. Tatur et al, Langmuir, 2013, 29, 6606-6614.

2. Van Lehn et al, Nano Letters, 2013, 13, 4060-4067.
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Introduction.

Atherosclerosis is an inflammatory disease of the blood vessels wall in which plaques build up on the inner sur-

face of arteries. ApoB-100 and Phosphatidylcholine-specific phospholipase C (PC-PLC) are important contribu-

tors to atherosclerosis development. Recently we developed multifunctional nanomicelles (NM) with improved

colloidal stability and in vivo circulation time due to stabilisation with the zwitterionic compound phosphatidyl-

choline (PC).[1]

Methods

We synthesised a new kind of phosphatidylcholine-coated nanomicelles, active for several imaging techniques,

by a nanoemulsion step. MRI, due to iron oxide core; fluorescence, due to the use of a hydrophobic dye and PET,

due to the use of 89Zr. First, the NM were characterised and their interaction with the enzyme (PC-PLC) studied.

Then, these NM were intravenously injected in ApoE-/- mice and their accumulation in the plaque studied by

MRI, Fluorescence imaging and gammacounter biodistribution. Finally, immunohistochemsitry was used to

check the colocalisation between ApoB-100, PC-PLC enzyme and our NM

Results

First, the study of the protein corona on these NM revealed a major component; ApoB-100 protein. Secondly,

we studied the effect of the enzyme over the NM, in vitro, leading to a dramatic change on the size due to

the hydrolysis of the phosphatidylcholine. After this, the intravenous injection of the NM, in atheroscleroitc

ApoE-/- mice, lead to a clear accumulation in the aorta. Hybrid imaging revealed plaque accumulation of the

nanomicelles and colocalisation with PC-PLC expression and ApoB-100 in the plaque.[2]

Discussion

This study shows how protein corona composition can be used for the active targeting to atherosclerosis. That,

together with the enzymatic action of a characteristic enzyme in atherosclerosis result in a clear an specific

accumulation on the plaque.

References

1. Groult H, et al. Phosphatidylcholine-coated iron oxide nanomicelles for in vivo prolonged circulation

time with an antibiofouling protein corona. Chemistry 2014;20:16662-71.

2. Lechuga-Vieco, Ana V. et al. Nanomedicine: Nanotechnology, Biology and Medicine , Volume 14 , Issue 3

, 643 - 650
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The recent and rapid progress in nanotechnologies paved the way for the investigation of nanomaterials in clin-

ical settings for early detection, diagnosis and targeted treatment of cancer, which represents a major health

burden in developed countries.[1] The ability to produce inorganic nanoparticles of tunable size and compo-

sition, combined with their surface properties suitable for chemical functionalization have generated intense

efforts to develop novel theranostic tools based on multifunctional nanomaterials.[2]

Lung cancer is the most frequently diagnosed cancer in men and women and represents the most common

cause of cancer-related deaths, both in the United States and in Europe, with a significant rate of 27% and 21%

of total cancer deaths.[3] While cancer cell biomarkers such as epithelial growth factor receptors have been

widely investigated as therapeutic targets for the treatment of lung cancers, evidence has accumulated that the

microenvironment of a given tumor has a crucial role in its progression, metastasis and response to chemother-

apeutic intervention. In particular, carcinoma associated fibroblasts (CAFs), which are key components of the

tumor stroma, appear as promising target for both diagnosis and treatment of several types of cancer.[4] A

specific characteristic of CAFs is the expression of fibroblast activation protein α (FAP-α), a transmembrane

protease which is not found in normal, healthy adult tissues, except in granulation tissue of healing wounds.

This protease is present in 90% of epithelial tumors and plays a role in their growth.[5]

In this context, we present the synthesis of a highly specific and selective inhibitor of FAP-α which was further

functionalized to be evaluated as targeting ligand for lung tumor microenvironment. This ligand was evaluated

for its selective association to FAP-α and was further conjugated to avidin coated bismuth ferrite (BiFeO3, BFO)

harmonic nanoparticles (NPs) through biotin-avidin interaction.

Taking advantage of the second harmonic generation properties of the BFO NPs, the resulting functionalized

nanomaterials were evaluated for targeted lung cancer imaging by multiphoton microscopy.

References
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Introduction
A challenge in cancer therapy is to selectively deliver therapeutics to cancer cells while avoiding healthy tissues.

Conjugation of therapeutic agents with cancer cell-specific antibodies is one means of enhancing localized deliv-

ery. The rationale being, the antibody-antigen affinity and selectivity results in accumulation of antibody-drug

conjugate (ADC) in diseased tissue, with minimal exposure to healthy tissues.

An indication that could benefit from ADC therapy is high-grade glioma (HGG), an aggressive Grade IV brain

cancer with no cure. HGGs are characterized by diffuse tumor margins and populations of highly infiltrative,

chemotherapy resistant cells. Current standard-of-care treatment puts overall life expectancy from diagnosis

at only 12 – 15 months (median 14.6), and 5-year survival at 3% - a time frame that has barely shifted in over 40

years of research. As such, novel therapeutics for treatment of HGG are desperately needed.

Various ADCs are being investigated for targeting residual, post-resection secondary tumor forming HGG cells.

ADCs contain 3 essential structural elements: a targeting moiety (antibody), a payload (drug) and linkers for

conjugation of targeting moiety to payload. First generation ADC linkers arise from one of two strategies –

thioether or amide conjugation, through endogenous cysteine or lysine residues, respectively. Both strategies

are non-site-specific, yielding heterogenous populations of ADCs with mixed drug-antibody ratios (DAR). The

associated heterogeneity leads to difficulties with product characterisation and manufacture; batch to batch

variation; toxicity from instability in vivo (as was the case with the first ADC approved, Mylotarg); premature

payload release; and bias during product efficacy studies. To minimise these issues, various site-specific con-

jugation strategies are being investigated for second generation ADCs with a homogenous population and a

defined DAR.

Methods
In this study, a novel ADC for potential HGG treatment developed through site specific conjugation strategies

will be presented. Through molecular cloning and unnatural amino acid technology, an azide group was intro-

duced into an antibody fragment (4B3 scFv) that has shown specificity for EphA2 receptor – a tyrosine kinase

family receptor overexpressed across a variety of cancers, including HGG. The azide group functions as a site

specific ‘handle’, to allow payload conjugation through a highly specific, covalent, biorthogonal reaction known

as strain-promoted azide alkyne cycloaddition (SPAAC) reaction (‘click’ chemistry).

Results and Discussion
4B3 scFv in its non-conjugated form has been thoroughly characterised in our laboratory and in the laboratory

of A. Boyd (Queensland Institute of Medical Research, QIMR) both in vitroand in vivo, for specificity to human

EphA2 receptor (mouse xenograft models).

Of the ‘click’ functionalised 4B3 scFv, and a bivalent 4B3-PEG-4B3 counterpart, initial characterisation and bind-

ing studies have been carried out including SDS-PAGE, HPLC, flow cytometry against EphA2 expressing and

EphA2 knockout glioma cells, ELISA, and mass spectroscopy. Subsequent phases of the study will involve biva-

lent 4B3 click-conjugation with a cytotoxic payload in the form of a bioactive linker consisting of dual cathepsin-

B cleavage sites flanking a central pro-apoptotic peptide (4B3-TOXIN-4B3). The proposed ADC will be investi-

108



International Conference On Nanomedicine And Nanobiotechnology 2018

gated in vitroand in vivo as a potential therapeutic against HGG.
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Introduction: Lipid and polymeric nanoparticles (NPs), dendrimers and peptides have been developed as car-

riers for chemotherapeutics and biological agents, in order to target cancer cells and impair aberrant prolif-

eration. Previous studies have shown that cationic nanoparticles can cause high cytotoxicity, poor in vivo bio-

distribution as well as poor in vitro transfection, while the anionic systems can effectively be internalised.

Methods: This study was initially focused on U87 (glioblastoma) and MCF7 (mammary cancer) in vitrotoxicity

where the cells were treated for 24 hours with lipid nanoparticles and their viability measured by MTS assay.

In vivo efficacy assessment was conducted using Balb/c mice after allograft tumor injection using the 4T1 cell

line (murine mammary gland tumor).

Results: This study showed no impairment of cell viability (lack of toxicity) for U87 cells treated with NP con-

centrations of 117, 235 and 471ug/mL (Figure 1i). The MCF7 cells treated with the same NPs concentrations

similarly no impairment of cell viability at NP concentrations of 117, 235 and 471ug/mL. The treatment of mice

using lipid NPs combined with siRNA GAPDH showed a significant reduction in tumour size after 10 days of

treatment indicating that the lipid NP/siRNA GAPDH therapy was efficacious invivo (Figure1ii).

Conclusion: These results suggest that the lipid NP developed for the treatment of highly aggressive tumors

showed potential as a gene therapy system where treatment with siRNA GAPDH may impair tumour growth by

targeting tumor metabolism.

Screen shot 2018-07-21 at 10.41.51.png
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Introduction:

Near infrared imaging (NIR) represents a powerful, non-invasive diagnostic technique for tissue imaging. Con-

jugated polymer nanoparticles (CPNs) represent a strong candidate as NIR agents as they outperform their or-

ganic counterparts in photostability, brightness and processability. In this study two different NIR conjugated

polymers (P3, P4) were encapsulated within diblock-PEG-PLGA (PP) or silica/Pluronic®F127 (Si). We investigated

the CPN’s photophysical properties, colloidal stability and toxicity. As intravenous injection is a likely adminis-

tration route for clinical applications, a series of in vitro and ex vivo toxicity assays were performed modelling

different cellular components of the circulatory system.

Methods:
Nanoparticles were manufactured using a modified nanoprecipitation method producing either core shell PP

or Si-CPN, containing 5% and 0.05% conjugated polymer, respectively. Particles’ photophysical properties were

characterised; stability in water was monitored over 20 days.

Haemolysis and platelet aggregation studies were performed on human blood. The CPNs effect on macrophage

(J774A.1) and endothelial (bEnd3) cell lines were assessed using MTT assay and high content fluorescence imag-

ing analysis quantification of viability, morphometry, membrane permeability and nanoparticle association1.

Concentrations tested ranged between 0.1-300 µg·ml-1.

Results:
Core shell CNPs with NIR polymers exhibited excellent colloidal and photophysical properties.

In phantom mouse studies they showed higher signal to background ratios for emission at 820 nm than NIR

emissive agent indocyanine green. Significant haemolytic activity was observed only for the CPNs at the high-

est concentration tested, nanoparticle-induced platelet aggregation was not observed2. Cell viability was >70%

and >50% for all concentrations of CPNs tested on bEnd3 and J774A.1 cell lines, respectively. Si-CPNs showed low

cell association (<10% at all concentrations), as opposed to PP-CPNs (>70% for 0.1 µg ml-1). High content image

analysis was used in conjunction with machine learning algorithms to highlight subtle changes in cell morpho-

metric and functional profiles at the highest concentration tested.

Conclusion:
Two promising NIR fluorescence agents with high stability, excellent optical performances and good biocom-

patibility for in vivo imaging were developed.
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Introduction: Nimodipine (NM) is the only FDA-approved drug for treating subarachnoid hemorrhage induced

vasospasm. NM has poor oral bioavailability (5–13%) due to its low aqueous solubility, and extensive first pass

metabolism. The objective of this study is to develop radiolabeled NMloaded LPM and to test its ability prolong

its circulation time, reduce its frequency of administration and eventually target it to the brain tissue.

Methods: NM was radiolabeled with 99mTc by direct labeling method using sodium dithionite. Different reac-

tion conditions that affect the radiolabeling yield were studied. The in vivo pharmacokinetic behavior of the

optimum NM loaded LPM formulation in blood, heart, and brain tissue was compared with NM solution, after

intravenous and intranasal administration.

Results and discussion: Results show that the radioactivity percentage (%ID/ g) in the heart of mice following

administration of 99mTc-NM loaded LPM were lower compared with that following administration of 99mTc-

NM solution, which is greatly beneficial to minimize the cardiovascular side effects. Results also show that the

%ID/g in the blood, and brain following intravenous administration of 99mTc-NM-loaded LPM were higher at

all sampling intervals compared with that following intravenous administration of 99mTc-NM solution. This

would be greatly beneficial for the treatment of neurovascular diseases. The drug-targeting efficiency of NM

to the brain after intranasal administration was calculated to be 1872.82%. The significant increase in drug

solubility, enhanced drug absorption and the long circulation time of the NM-loaded LPM could be promising

to improve nasal and parenteral delivery of NM.
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Introduction

Nanoparticles (NPs)-based tumor therapy is an emerging approach that uses enhance permeability and reten-

sion (EPR) effect to deliver drugs to malignancies. While the approach shows promise, its application is still

limited by low NPs uptake by tumor tissues, indicating strategies to improve drug delivery are needed. Devel-

oping these will require greater understanding of NPs behavior in tumor microenvironment, particularly in

the context of NP extravasation, diffusion and interaction with tumor and stroma cells. To help achieve this, we

have established a technique for high-resolution imaging of NPs-host interactions within intact tissues of live

mice using intravital microscopy (IVM).

Methods

4T1 murine breast cancer cells, B16 murine melanoma and 22Rv1 human prostate cancer cells were transduced

with lentivirus carrying GFP/RFP genes to get fluorescently labeled cell lines. Tumors were established by subcu-

taneous injection and 7-10 days after implantation fluorescently tagged magnetic nanocubes (MNCbs), magnetic

nanoclusters (MNCls) or magnetic liposomes (MNLs) were injected through the tail vein of anesthetized mice.

To image target host cells fluorescently labelled antibodies (anti-CD45, anti-CD11b, anti-Ly6g, anti-F4/80) were

injected. IVM was performed at the time of NPs administration using inverted Nikon AR1 confocal microscope.

Results

Immediately after intravenous administration MNCbs, MNCls and MNLs counterstained tumor vasculature.

While fluorescent intensity (FI) of MNCbs and MNCls gradually decreased within 30 minutes after injection

MNLs demonstrated stable intravascular fluorescence even 6 hours post injection. For all three NPs vascula-

ture leakage was identified by gradual increase in interstitial FI. This type of extravasation was characterized

by deep penetration into tissues (up to 200 um), gradient decrease of FI around the vessels and permanent NPs

access to interstitial space. For MNLs an additional extravasation pattern was identified – multiple invagina-

tions up to 30 µm depth (Fig 1; arrows). These foci of leakage were forming rapidly within first 20 min after

NPs injection and did not further expand into tissues. Vascular leakage was more profound in orthotopic 4T1

and B16 tumors rather than in 22Rv1 and heterotopic 4T1 models. Intravascular monocytes were capturing

MNLs immediately after injection (Fig 2; arrows), but these cells did not extravasate into tissues. Opposite to

monocytes neutrophils were able to capture all three NPs and transfer it through the vessel wall. 2-6 hours

after injection MNCbs and MNCls were mostly found in tumor macrophages (Fig 3; arrows), while MNLs were

accumulated in perivascular cells, presumably pericytes (Fig 4; arrows).

Discussion

Three different extravasation routes were identified using IVM (foci of vast leakage, multiple local invaginations

and neutrophil mediated transport). Interestingly NPs accumulation in tumor microenvironment was mostly

associated with non-tumor cells (monocytes, neutrophils, macrophages and pericytes). Preferential extravasa-

tion route and target cells was an NP type dependent phenomenon with MNCb and MNCl mainly extravasating

through foci of vast leakage and captured by macrophages, and MNLs preferentially leaking through small in-

vagination and accumulating in pericytes. Understanding the mechanisms of NPs extravasation and potential
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role of host cells in NPs delivery is essential for optimizing nanodrug targeted delivery.

The study was funded by NUST «MISiS» (grant #К4-2017-046).
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Heparin and heparin conjugated nanoparticles (NPs) maintained within the circulation could be useful tools

for nanomedicine: By inhibiting cancer metastasis via blocking growth factors such as vascular endothelial

growth factor (VEGF) or fibroblast growth factor (FGF); or by binding to P-selectin and competitively inhibit-

ing metastatic cancer cell adhesion to vascular endothelium and subsequent spreading. Heparin reduces hep-

aranase enzyme activity facilitating tumour cell migration. Herein, heparin and two structurally related poly-

mers, chondroitin and alginate serving as controls were grafted onto the surface of silica NPs by coupling of

amine functionalised NPs to the activated polymers using EDC as a coupling agent. Polymer grafted NPs had

average particle size ~ 200 nm and negative zeta potential values (~ -56) compared to the positive value (~ +31) of

amine functionalised NPs. Heparin, chondroitin and alginate conjugated NPs were fluorescently labelled with

different fluorophores; TAMRA, FAM and Alexa 633, respectively, in order to investigate their cellular effects in

a single experiment. Big silica particles labelled with TAMRA have been also synthesised by stober process and

seeding growth method. The average size of these NPs was ~ 1.6 μm. Preliminary cell uptake studies of these

functionalised nanoparticles were conducted using human umbilical vein endothelial cells (HUVEC). Both con-

focal microscopy and flow cytometry data showed that all 200 nm-NPs types were taken up by the cells. Surpris-

ingly, big heparin conjugated particles were internalised by HUVEC although they have shown lower cellular

uptake compared to the small NPs. Partial P-selectin dependent cellular uptake of heparin conjugated NPs was

observed after stimulation HUVECs with histamine. Indicating that heparin conjugated NPs could be utilised to

bind to these receptors, consequently reducing the spread of metastatic cancer cells.

P-selectin dependent heparin conjugated nps

uptake.jpg
Metastastatic stages and the role of heparin

conjugated nps1.jpg
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Big vs small heparin conjugated nps uptake.png.jpg
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Mesenchymal stem cells (MSC) belong to the most promising types of stem cells for regeneration therapy, which

is rapidly developing in the fields of modern medicine. Their visualization is essential for proper understand-

ing of MSC in restoring organ function. It may reveal key information about the position and the movement of

the transplanted cells during the time, survival of cells in target tissue and finally about a correlation of their

presence with regeneration efficiency. Here, we present positively charged carbon dots with quaternary am-

monium attached on the carbon core (CDs) as a new potential biocompatible candidate for fluorescent imaging

of human mesenchymal stem cells. We performed a series of cytotoxicity assays to analyze viability, genotoxi-

city, generation of reactive oxygen species, influence on cell cycle and character of MSC to reveal the effect of

positive charged CDs on human mesenchymal stem cells. We also visualized intracellular distribution of CDs

by fluorescent and confocal microscopy and identified uptake mechanism together with exocytosis of CDs as a

function of concentration and time.

The safe labeling conditions that do not influence the viability of MSC as well as their differentiation, migration,

adhesive properties and surface markers expression were set up to 100 µg/ml concentration in a medium and

24 hours incubation time. Moreover, CDs exhibited strong fluorescence inside cells under these conditions both

whether being adhesive in cellular plates or in pellets. We hereby demonstrate that CD-labeling of MSC can be

highly promising approach for stem cell imaging after stem cell therapy.

Cytotoxicity analysis.jpg Microscopy imaging.jpg
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Cd-labeled msc fluorescence.jpg
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MicroRNAs (miRNAs), short non-coding RNAs, have emerged as promising next-generation biomarkers of di-

verse diseases. Currently, there is no sufficient diagnostic method using miRNAs as biomarkers for prac-

tical applications. Here, we established a new graphene oxide (GO)-based strategy for facile miRNA detec-

tion with enzyme-free enhanced sensitivity, which is applicable for point-of-care testing (POCT). The proposed

miRNA sensing strategy is fundamentally based on the DNAzyme-mediated colorimetric assay in response to

target miRNA. The use of GO allows for enhancing the color development based on target-dependent activated

DNAzyme, which extends the applicability for POCT. This system provides distinct visualization of the target at

the 10-9 M scale with the naked eye without any complicated amplification steps.
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Introduction

Functionalized Virus-Like particles (VLPs) are promising nanoparticle vehicles for therapeutic bimolecular de-

livery or diagnostic applications. Our lab has done extensive work in developing a Hepatitis B core (HBc) pro-

tein based VLP, with an artificially introduced disulfide bond network for stability. Additionally, these particles

have their surface modified so as to minimize recognition by the immune system. These particles can be engi-

neered to target cancer cells by functionalizing their surface with targeting agents, such as antibody fragments

or DNA/RNA aptamers. The presence of multiple targeting agents on each VLP enhances targeting specificity

due to avidity effects. In this work, we present on developing VLPs functionalized with antibody fragments,

based on the J591 antibody, to target Prostate Specific Membrane Antigen (PSMA), a protein over-expressed on

prostate cancer cell-lines.

Methods

Both the scaffold proteins, the HBc subunits, and the functionalizing proteins, J591 scFv, were expressed using a

modified PANOx-SP cell free protein synthesis system (CFPS). The total and soluble protein expression were mea-

sured by adding 5 uM of radio-labeled leucine in the CFPS reaction and measuring incorporated radioactivity

using liquid scintillation counting. Proteins were analyzed by SDS/Page and autoradiograms. VLPs, assembled

from purified HBc subunits in the presence of 1.5 M NaCl, were analyzed using size exclusion chromatography,

using Sepharose 6 fast flow columns, and dynamic light scattering, using a Zetasizer Nano NS. nnAAs were in-

corporated on both the spikes of the VLP (presenting azide side chain) and the antibody fragments (presenting

alkyne side chain) by global methionine replacement in the CFPS reaction. These proteins were conjugated

using Cu(I) catalyzed ‘Click’ conjugation reactions. Quikchange site directed mutagenesis was used to mutate

genes to insert amino acids in the proteins.

Results

HepB subunits were expressed at a titer of 930 ug/ml of soluble protein. Purified subunits were assembled with

79% of the subunits forming assembled VLP. The diameter of assembled VLPs were measured to be 38.17 ± 1.47

nm by dynamic light scattering. Single chain variable fragments were expressed at titers of 99 ug/ml of soluble

protein. Using Cu(I) catalyzed ‘Click’ conjugation reactions, up to 46 scFvs were conjugated to the surface of

each VLP.

Discussion

During conjugation reactions, higher order conjugation reactions were observed due to non-natural amino acids

being incorporated at the N-terminus of the protein, instead of methionine. The cleavage of these N-terminal

non-natural amino acids were maximized by redesigning the N-terminus of the protein by inserting small amino

acids like alanine or valine before the second amino acid. This was done to activate methionyl amino peptidase,

an enzyme present in the cell extract used in the CFPS reactions, by increasing access of the N-terminal amino

acid to it’s active site. By modifying both proteins, higher order conjugation products were avoided as shown

in Figure 1. This platform can be extended to detect rare cells in blood, by further functionalizing the particle

with bioluminescent proteins, which serve as reporter signals. Additionally, these VLPs could also be designed

to load therapeutic biomolecules, while assembling HBc subunits, and used as delivery platforms.
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Figure 1 autoradiogram of conjugation products.png
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With combining the magnetic (FePt) and plasmonic (Au) entity in a single nanoparticle (NP) we are able to

produce multifunctional NPs enabling both the diagnostic (MRI) and the therapeutic (photo-termal therapy) ac-

tion. In this work we have combined the advanced synthesis procedures to synthesise the hybrid FePt/SiO2/Au

NPs. With the aim to increase the magnetization, the “multi-core” FePt nanoparticles, where 4-8 FePt nanopar-

ticles (“single-core”) were joined in one nanostructure. This was achieved by changing the ratio between the

two surfactants (oleylamine and oleic acid). The step from “single-core” FePt nanoparticles towards the larger,

“multi-core” FePt nanoparticles (>20 nm), led to an increase in the magnetization m(1.5T) from 8 to 19.5 emu/g,

without exceeding the superparamagnetic limit, and was attributed to the exchange interactions within one

“multi-core” FePt nanoparticle. The MRI investigation showed that such NPScan used as T2 contrast agents for

MRI as high r2 values of 87 ± 4 (mM-1s-1), with a suitable r2/r1 ratios of 12.9 were obtained. To implement the

multi-functionality of photo-termia FePt NPs were firstly covered with SiO2 layer. Furthermore, a new synthesis

approach, i.e., Au double seeding, for the preparation of the Au nanoshells around the FePt/SiO2 cores, is pro-

posed. The photo-thermal and the MRI response were first demonstrated on an aqueous suspension of hybrid

FePt/SiO2/Au NPs. The cytotoxicity together with the internalization mechanism and the intracellular fate of the

hybrid NPs were evaluated in vitro on normal (NPU) and a half-differentiated cancerous cell line (RT4). The con-

trol samples as well as the normal cell line incubated with the NPs showed no significant temperature increase

during the in vitro photo-thermal treatment (ΔT< 0.8 °C) and thus the cell viability remained high (~90%). On

the contrary, due to the high NPs uptake by the cancerous RT4 cell line, significant heating of the sample was

observed (ΔT= 4 °C) and, consequently, after the laser irradiation cell viability dropped significantly to ~60%.

These results further confirm that the hybrid FePt/SiO2/Au NPs developed in the scope of this work were not

only efficient but also highly selective photo-thermal agents. Furthermore, the improvement in the contrast

and the easier distinction between the healthy and the cancerous tissues were clearly demonstrated with the in

vitro MRI experiments, proving that hybrid NPs have an excellent potential to be used as the contrast agent.

Figure1: Innovative hybrid FePt/SiO2/Au NPs as both, highly efficient and selective photo-thermal therapy agent

and MRI contrast agent.
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The rapid development of nanomaterials has led to an increase in the number and variety of engineered nano-

materials (ENMs) in the environment. The expanding production of ENMs has led to serious concerns regarding

their impact on human health and environment. Given this degree of exposure, it is striking that implications

for environmental and human health remain mostly unknown or poorly understood. Identifying ENMs haz-

ardous to natural organisms is difficult, given the wide variety of nanoparticles (NPs) (e.g. material, size, shape,

charge) and the complexity of biological entities (e.g. membrane and media composition). Although there is a

vast literature that highlight the biological impact of the NP exposure, a detailed physicochemical description

of NP and cell interactions and adverse outcomes relevant to predict in vivo behaviour does not exist. In fact,

most of the published studies offer no conclusive nanotoxicological data for in vitromodels which might make it

possible to predict an in vivo response. In order to be able to distinguish between harmless and harmful ENMs

significant progress must be made in understanding the relevant interactions at nano-bio interface.

One route to being able to predict nanotoxicological responses is through in silico approaches that, based on

a detailed understanding of toxicity pathways and nano biomolecular structure and dynamics, correlate ma-

terials descriptors with toxicological outcomes. Such a model is only possible if there exist reliable physical

property data either from experiment and nanoscale simulation. Since one of the first steps in a toxicological

response will be the NP meeting the cell membrane, it is clear that, prominent amongst the materials descrip-

tors, will be the NM and lipid interaction characterised by its heat of adsorption. In this work, we will present

the first experimental quantification data and thermodynamic properties of NP and model membrane interac-

tion obtained via calorimetry, coupled with TEM and DLS and other physical chemical analysis. Studies that

could be used for the construction of an in silico model able to predict potential membrane perturbations and

consequently, cytotoxic effects. For the experiments, different formulations of model membranes (liposomes)

and NPs have been used.

Figure1.png
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Combination treatment of cancer is a promising approach to enhance anticancer effects and to reduce side ef-

fects. Maximal combined effects are expected to be obtained when two individual drugs are delivered to a tumor

at the optimal drug ratio. However, it is not easy to obtain maximal combined effects because the pharmacoki-

netics and biodistribution of each drug are different. In this study, we prepared liposomes encapsulating two

anticancer drugs, panobinostat and vincristine to deliver them to the tumor at the optimal drug ratio. Panobi-

nostat, a histone deacetylase (HDAC) inhibitor, has the potential to increase the effects of concomitant drugs

by an epigenetic mechanism. We screened an approved drug library to find drugs that shows synergistic anti-

cancer effect with panobinostat and identified candidate drugs including vincristine. Combination treatment

with panobinostat and vincristine synergistically inhibit the growth of cancer cell lines (HCT116 human colon

carcinoma cells, MDA-MB-231 breast carcinoma cells, HeLa cervical carcinoma cells etc.). Confocal microscopic

data showed that multipolar spindles were observed in HCT116 cells treated with panobinostat and vincristine,

suggesting that the combined treatment synergistically induces cell apoptosis. Optimal drug ratio was found to

be “panobinostat : vincristine = 10 : 3 (molar ratio)” from the results of in vitro antiproliferative effects of the

combined treatment. Finally, we attempted to prepare liposomes encapsulating panobinostat and vincristine at

the optimal drug ratio for simultaneous delivery of two drugs to the tumor. Our results showed that liposomes

encapsulating panobinostat and vincristine with high encapsulation efficiency were successfully prepared. Our

findings are expected to provide new insights to develop advanced cancer chemotherapy.
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Introduction: Magnetic nanoparticles exhibit extraordinary properties, which make them excellent candidates

for biomedical applications. Iron oxide nanoparticles have been used in magnetic resonance (MR) imaging,

drug delivery, and cancer hyperthermia. In the present work, we report the engineering of novel temperature-

sensitive magnetoliposomes for photothermally-induced drug release and MR imaging.

Methods: Magnetoliposomes were prepared using lipid film hydration and extrusion, and doxorubicin (DOX)

was encapsulated in the liposome aqueous core using a remote loading method. The developed magnetoli-

posomes were characterized using dynamic light scattering (DLS), transmission electron microscopy (TEM),

differential scanning calorimetry (DSC), inductively coupled plasma mass spectrometry (ICP-MS). DOX release

was assessed in response to near-infrared radiation (NIR) laser. Magnetoliposomes were also studied to evaluate

their capabilities as MR contrast agents.

Results: Structural characterization using TEM and DSC revealed that small (4.5nm) nitrodopamine palmi-

tate (NDPM)-coated magnetic nanoparticles (NPs) were successfully incorporated into the bilayer of lysolipid-

containing magnetoliposomes without compromising DOX loading. More interestingly, our data successfully

showed that low-energy NIR laser induced hyperthermia at much lower magnetic NPs concentrations (ug/ml),

compared to magnetic hyperthermia (>10mg/ml). In support of this, DOX release from our magnetoliposomes

was triggered using low-energy NIR laser (800 nm), resulting in quick and efficient on-demand drug release

(>90% in 5 minutes). Furthermore, our lysolipid-containing magnetoliposomes revealed as a highly efficient T2

MRI contrast agent with 300-higher relaxivity ratio r2/r1 compared to free hydrophilic iron oxide NPs.

Conclusion: We report the development of our novel magnetoliposomes that could be used in combination

with NIR laser, offering efficient hyperthermia treatment, and on-demand drug release, besides being a highly

sensitive T2 MRI imaging agent for image-guided drug delivery.

Acknowledgments: This work was supported by Prostate Cancer UK (Grant CDF-12-002), and the Engineering

and Physical Sciences Research Council (EPSRC) (EP/M008657/1).

126



International Conference On Nanomedicine And Nanobiotechnology 2018

Graphene oxide nanoplatforms for cancer cells targeting

Thursday, 27th September @ 15:30: Nanomedicine for immune system and cancer diagnosis & therapy (Room
1) - Oral - Abstract ID: 88

Dr. Maria Omastova 1, Ms. Nikola Bugarova 1, Dr. Matej Micusik 1, Dr. Zdeno Špitálsky 2, Mr. Michal
Bodik 3, Dr. Peter Siffalovic 3, Ms. Martina Koneracká 4, Dr. Miriam Zaťovičová 5

1. Polymer institute, Slovak academy of sciences, 2. Polymer Institute, Dúbravská cesta 9, 845 41 Bratislava, 3. Institute of

Physics, Slovak academy of sciences, 4. Institute of Experimental Physics, Watsonova 47, Košice, 5. Institute of Virology,

Biomedical Research Center, Dubravska cesta 9, Bratislava

The rapid course of cancer and the toxicity of conventional chemotherapy for the human organism are suffi-

cient reasons to seek and continually develop new methods of detecting and treating this malignant disease.

Diagnostics of oncological diseases stays at the forefront of the current medical research. A large number of

oncological markers are available for the early diagnostics. The CA IX (Carbonic Anhydrase IX) is a cell surface,

a hypoxia-inducible enzyme that is expressed in aggressive tumors, hence, it can be used as a tumor biomarker

[Švantová, E., et al., FEBS Letters, 557, 439-445 (2004)].

Herein we propose a nano scalable graphene oxide platform functionalized with magnetic nanoparticles and

the monoclonal antibody specific for the CA IX marker. The antibody specific to CA IX linked via an amidic

bond to the poly-L-lysine cover of magnetic nanoparticle [Antal, I. et al. Colloids Surfaces B: Biointerfaces, 163,

236–245 (2018)]. Graphene oxide (GO), the oxidized form of graphene, has a carrier role of created particle

and loading place for further attaching of drugs. GO is covalently decorated with oxygen-containing functional

groups, resulting in sp2/sp3 hybridization and different oxidation degree. The better reactivity and hydrophilic

character designate the GO for biological and medical use in targeted therapy. GO nanolayers were prepared

by modified Hummers and Offeman method from exfoliated graphite, after several centrifuge and ultrasonic

cycles. Basic characterization of GO in terms of the degree of oxidation, exfoliation and nanoparticle size was

determined by physical and chemical analyses as X-ray photoelectron spectroscopy (XPS), Raman spectroscopy

and atomic force microscopy (AFM).

This whole prepared GO-based nanoplatform containing magnetic nanoparticles as contrast agents, and spe-

cific monoclonal antibody to CA IX enzyme, provide targeting tumor cells and its bioimaging in an early stage,

by magnetic resonance effect. Previous results have confirmed our assumptions about the success of nanoplat-

form in living cells.
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Carbon nanomaterials (CNMs) are promising materials for nanomedicine applications, including imaging

probes, carriers for delivery of drugs and therapeutic agents, due to the attractive physicochemical characteris-

tics [1]. Although numerous studies have preliminary investigated the in vitro adverse effects induced by CNMs

and demonstrated their suitability for these kind of applications, their toxicity need to be further tested by using

an in vivo system, significantly more complex than cultured cells. In this study, we evaluate and compare the

bio-interactions of oxidized carbon nano-onions (oxi-CNOs), oxidized carbon nano-horns (oxi-CNHs), graphene

oxide (GO) and oxidized nano diamonds (oxi-NDs) in zebrafish (Danio Rerio) during the development, in terms

of biosafety assessment [2, 3]. Zebrafish is an excellent vertebrate model for high throughput screening of the

whole-animal toxicity of nanomaterials, due to its external development and optical transparency [4]. Briefly,

we treated zebrafish embryos with different concentration of the four carbon nanomaterials by simple soaking

in their solution or by microinjection. We determined the toxicological endpoints, in order to investigate the

interactions of the different carbon based nanomaterials with zebrafish (Figure 1). In particular, the survival

and hatching rates, the cardiac and swimming activities and the presence of malformations were monitored at

six different stages of development, from the gastrula until the completed developed larvae, by a visible test.

The evidence accumulated from these experiments clearly demonstrate that oxi-CNOs, oxi-CNHs and oxi-NDs

have a concentration dependent behavior on these parameters, but exert no adverse effects on the vertebrate

model (Figure 2). In contrast, GO induce a developmental delay of the zebrafish, with a reduction of the cardiac

and swimming activities at the highest concentrations tested. Consequently, our results demonstrate the bio-

compatibility and biosafety of oxi-CNOs, oxi-CNHs and oxi-NDs and the toxicity of GO at high doses. Moreover,

we report that CNOs are the more biocompatible carbon nanomaterials, showing the most promising features

for biological applications.
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Among the available potential drug delivery systems, nanometer-sized drugs are particularly interesting since

they hold certain advantages such as enhanced permeation and retention (EPR) effect that allow effective de-

livery of anticancer agents to tumors without causing side effects. Previously, our group has successfully fabri-

cated various SN-38 derivatives nano-prodrugs (NPs), nanoparticles composed of only water-insoluble prodrug

compounds, with high water dispersion stability and anticancer efficiency. However, the main challenge in

the development of these nanoparticles is aggregation occurred when they enter biological environment. Fac-

ing changes such as pH, osmotic pressure in complex system such as human blood plasma, it is difficult for

nanoparticle to maintain its dispersion stability for sufficient durations for the delivery of anticancer agents.

In this work, we attempt to improve bioavailability of SN-38 derivative NPs by mean of surface modification

with coordination complexes between metal ions and tannic acid (TA), natural polyphenolic compound. It is

purposed that strong interfacial adhesion of TA on hydrophobic NPs surface accompanying with supramolec-

ular assembly between TA and FeIII could provide NPs a stable shell that prevents interparticle aggregation or

particles dissolution in the biological environment. SN-38-5β-cholanate NPs fabricated by novel reprecipitation

method was chosen as a model in the study.

Tannic and iron complexes layer coated NPs was prepared by addition of tannic acid and iron chloride into

aqueous dispersion of nano-prodrugs. Deposition occurred due to the adsorption of the polyphenols and si-

multaneous cross-linking of TA by FeIII can be observed by rapid change in color of nano-prodrugs dispersion

from white to dark blue upon addition. UV-Vis measurement of NPs coated with TA-FeIII complexes (TA-FeIII/NPs)

shows new absorption band around 600 nm which indicate the strong coordination between TA and FeIII. More-

over, TA-FeIII/NPs show superior colloidal stability as they did not aggregate after addition of phosphate buffer

saline (PBS) which has high ionic strength, comparing to non-coated NPs which rapidly aggregated. We be-

lieve that the improvement in colloidal stability of TA-FeIII/NPs by this coating strategy may lead to increase

in bioavailability and efficiency of the drug delivery. Cells associations, in vitroanticancer activity and blood

retentivity of TA-FeIII/NPs will be discussed.

Figure 1 illustration of coating strategy.jpg

Figure 2 chemical structure of sn-38-5 -cholanate

prodrug.jpg
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Figure 3 sn-38-5 -cholanate nano-prodrugs fabricated by reprecipitation method.jpg
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Nowadays, cancer is the leading cause of death in developed countries. The emergence of new multimodal

nanodevices for in vivo imaging offers the perspective of cancer detection at a very early stage.[1] The recent

progress in nanotechnologies has generated high expectation that nanomaterials could provide unprecedented

contrast agents in imaging set-ups and multifunctional platforms for drug delivery.[2] In this context, harmonic

nanoparticles (HNPs), which are composed by non-centrosymmetric materials, can be easily imaged by their

second harmonic generation signal in multiphoton imaging platforms.[3]

We recently disclosed efficient protocols for the biocompatible coating [4] and post-functionalization of bismuth

ferrite (BiFeO3, BFO) HNPs as well as their favorable properties for targeted imaging of human cancer cells and

tissue [5]. Herein, we report the conjugation of BFO HNPs to caged molecular cargos through a photocleavable

linker based on coumarinyl derivatives. Excitation of these functionalized HNPs in the near IR region generated

second harmonic UV emission [6] and subsequent selective release of a conjugated cargo molecule, used as

model for surface functionalization. In addition, we studied the different mechanisms involved in the uncaging

of molecular cargos from the HNPs surface.

The suitability of this methodology for the decoupled imaging of cancer cells and exposure to uncaged molecular

cargos was investigated in lung cancer neoplastic cells by tuning the excitation wavelength in multiphoton

imaging setup.
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Introduction
Breast cancer is the most common type of cancer that affects millions of women worldwide. It is a het-

erogeneous disease maintaining inter and intra tumor heterogeneity. Single and combination chemotherapy

has their own set of advantages depending on the stage of the disease though it does contribute to increased

toxicity. Nano-medicine platform incorporating combination anti-cancer treatment might overcome these chal-

lenges and generate synergistic anti-cancer effects and also reduce drug toxicities. This study aims to develop

polymeric nanoparticles (NPs) containing combination therapy of GANT61 and Curcumin for the first time to

provide enhanced anti-tumor activity in breast cancer cells and to target the heterogeneous tumor mass com-

prising of cancer stem cells (CSCs) and bulk tumor cells in a single lethal shot.

Methods
GANT61-Curcumin polymeric NPs was synthesized using solvent evaporation technique and characterized for

their surface morphology, size, surface chemistry, and chemical bonding patterns using the following techniques

SEM, TEM, DLS, XPS, and FTIR respectively. Following this, the dual drug NPs was analyzed for their cellular

uptake, cytotoxicity, and cytomorphological changes in breast adenocarcinoma cells. Pursuing further, we also

carried out studies that analyze the mode of cell death, inhibition of target protein expression by the dual drug

NPs in the breast cancer cells. Finally, we carried out studies to investigate the reduction of CSC population,

colony formation ability, and migration ability of the breast cancer cells upon treatment with our dual drug

NPs.

Results
The synthesized dual drug NPs had a spherical, smooth surface morphology, and an average size of

347.4 d. nm. The dual drug NPs revealed successful encapsulation of the drugs inside the polymeric matrix and

there was no major chemical interaction between the two drugs and the polymer. Upon exposure to the dual

drug NPs, breast cancer cells undergo cell death and cytomorphological changes along with a reduction in their

target protein expression, CSC population, colony formation ability, and migration potential as revealed by their

in vitro cell studies.

Discussion
The dual drug NPs induced cytotoxic effects to breast cancer cells at a mid-minimal concentration due to syn-

ergistic anti-cancer effects of GANT61 and Curcumin thus providing a novel perspective in the aid of existing

anti-cancer nano-medicine therapies to target a heterogeneous tumor mass effectively and prevent relapse in

the future.
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Graphene-based materials, including graphene oxide (GO), reunite a unique combination of physicochemical

features, with numerous commercial applications, from inks and spray coatings to drug delivery. The trans-

lation of GO from the bench to the bedside depends on the thorough assessment of its toxicological profile, in

order to engineer safer-by-design materials. Despite inconsistencies among studies on the potential pulmonary

toxicity of GO, lateral dimension appears as an essential parameter for the structure-activity relationship of this

material.

In order to confirm whether this hypothesis is true, we first produced 2 different GO dispersions comprised of

sheets with controlled lateral dimensions but similar surface chemistry and thickness. We then evaluated their

pulmonary impact at 1,7, 28 and 90 days after a single intranasal instillation of 50 μg (~ 2.5 mg/kg) in C57BL/6

mice.

Lung histopathology was characterised by interstitial inflammation without fibrosis, and size-dependent for-

mation of granulomas that persisted for up to 90 days after administration. Granuloma formation induced by

the larger sheets (l-GO, 1 – 30 μm) was characterised by significant recruitment of interstitial macrophages and

monocyte-derived dendritic cells, as well as secretion of cytokines involved in Th1/Th17-polarised phenotypes.

Despite the formation of smaller granulomas, the smaller sheets (s-GO, 50 nm – 2 μm) did not exert significant

effects in the lung parenchyma. However, this material elicited more pronounced oxidative-stress-mediated

effects in the airways, which induced significant cytotoxicity and acute recruitment of neutrophils.

Considering the reduced effects of s-GO compared to l-GO, we engineered a third GO dispersion, comprised

with the smallest sheets (us-GO, 10 – 300 nm). This material did not induce significant or persistent biological

response in the lungs. Raman spectroscopy-based imaging demonstrated the presence of us-GO, primarily in

airway macrophages up to 28 days after administration. All GO materials were found to be biotransformed in

the lungs, from a crystalline to an amorphous structure, hence demonstrating the ability of lungs to process

these materials.

Taken together, these results clearly indicate a size-dependent response to GO after pulmonary exposure. In

a safety-by-design approach, we revealed that us-GO has the greatest potential for biomedical applications, in-

cluding drug delivery to airway macrophages and immunotherapy. Nevertheless, further investigations on the

possible long-term impact of higher doses and/or repeated exposures are warranted to ensure its translation to

nanomedicines.
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Introduction: Radiotherapy (RT) is used with curative intent for the treatment of locally advanced or

oligometastatic prostate cancer (PCa). However, normal tissue toxicity limits the clinical potential of RT. Gold

nanoparticles (AuNP) are effective radiosensitisers, however, clinical translation is impeded by short systemic

circulation and target cell uptake (1).This project examines the use of RALA, an amphipathic peptide, known to

enhance the uptake of negatively charged moieties including nucleic acids (2, 3). We hypothesise that RALA will

enhance the internalisation of AuNPs, in turn augmenting the radiosensitivity of PCa.

Methods: The Turkevitch reduction method was utilised to synthesise citrate-capped AuNP. Citrate AuNP and

RALA-AuNP complexes were characterised using dynamic light scanning(DLS) and laser Doppler electrophore-

sis. AuNP cell uptake was determined using ICP-MS, enhanced darkfield hyperspectral imaging(Cytoviva) and

fluorescence lifetime imaging microscopy(FLIM). The radiosensitising potential was assessed using the gold

standard clonogenic assay. The mechanisms behind the identified radiosensitisation were studied using flow

cytometry, ROS measurements and x-ray fluorescence (XRF) imaging.

Results and Discussion
RALA-AuNP complexes were formed by self-assembly via electrostatic interaction and characterised using DLS.

Complexes formed from w:w ratio >20:1 (20 mg RALA: 1 mg AuNPs) yielding nano-complexes with sizes <150

nm, a positive surface charge and PDI values of < 0.6 indicating sample homogeneity. ICP-MS and fixed cell

microscopy studies demonstrated that RALA enhances AuNP endocytosis in both PC-3 and DU145 cells lines as

much as 3-fold without inducing direct toxicity. Importantly, complexes induced no long-term toxicity in any

of the cell lines. When used in combination with radiation all RALA-AuNP conjugates resulted in significant

radiosensitisation (sensitiser enhancement ratio (SER) 1.66, with a dose enhancement factor (DEF) of 2 at 2

Gy), compared to radiation only controls. Importantly, minimal internalisation and radiosensitisation were

observed in the non-tumour PNT-2C2 cells (SER <1). In a study first of its kind, using XRF it was demonstrated

that utilising RALA as a delivery vehicle resulted in the accumulation of monodispersed AuNP within the cell

nucleus, likely resulting in enhanced DNA damage and a corresponding increase in radiosensitisation.

Conclusion: This work demonstrates that using RALA as a delivery vehicle for AuNP enhances cell internalisa-

tion, with localization to the nucleus resulting in significant radiosensitisation in PCa cells. Current work aims

to study the in vivo tumour retention and tumour growth delay of RALA-AuNP following local intra-tumoural de-

livery. A modified tumour responsive RALA delivery system will be explored enabling systemic AuNP delivery

for oligo-metastatic disease
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Introduction
The massive spread of multifactorial pathologies (e.g., diabetes, cancer, neurological and cardiovascular dis-

eases) induced by damaged molecular pathways has urged the development of multi-target treatments. Several

strategies based on the use of nanomaterials have been explored to overcome the limits of current pharmaco-

logical approaches. In this framework, platinum nanoparticles (PtNPs) emerged for their efficient and broad

catalytic properties and versatile surface functionalization, which make them ideal platforms for the combi-

nation therapy of complex diseases. As proof of concept, this work is centred on the therapeutic potential of

PtNPs-based nanovector for the treatment of Cerebral Cavernous Malformation (CCM), as a model of complex

disease. This pathology is associated with the down-regulation of three CCM genes and the suppression of au-

tophagy, which lead to increased intracellular ROS levels and reduced expression of endothelial markers.

Methods
We developed a “green” synthetic method to obtain pure, monodisperse, and endotoxin-free citrate-capped Pt-

NPs ranging from 5 to 20 nm and with spherical or flower-like shapes, which were characterized by several

physico-chemical methods. We evaluated the toxicological profile and the cellular internalization of PtNPs by

different toxicity assays (WST-1, LDH, TUNEL, and DCFH-DA) and ICP-AES and TEM analyses on different cell

lines. We investigated in detail the in vitro catalytic properties of PtNPs, namely their ability to mimic the antiox-

idant enzymes peroxidase (HRP), catalase (CAT), and superoxide dismutase (SOD). We exploited the antioxidant

properties and the versatile surface modification of citrate-capped PtNPs to engineer a nanovector to incorpo-

rate the autophagy inducer rapamycin. After a systematic chemical and toxicological characterization of the

nanovector, we investigated its antioxidant profile and its ability to recover the autophagic flux in the cellular

model of the CCM disease. Finally, we tested its ability to restore tubulogenesis in CCM-silenced HUVECs by

the in vitro angiogenesis assay.

Results and Discussion
We showed that citrate-capped PtNPs are internalized in cells within endo/lysosomal vesicles, not exerting de-

tectable toxicity, independently of their size and shape. We demonstrated that PtNPs possess broad enzymatic

properties with superior performance than natural enzymes, together with higher ability to adapt to varying

environmental conditions. Finally, we selected the highly catalytic 5 nm particles (Pt5) to generate rapamycin-

conjugated PtNPs (Pt5@Rap) as novel bifunctional therapeutic agents in the treatment of CCM pathology. We

demonstrated that low concentrations of Pt5@Rap are able to reactivate autophagy and counteract ROS overpro-
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duction in the mouse model of the human CCM, thus restoring the wild-type cellular phenotype. Furthermore,

we demonstrated that the nanovector is also able to restore the ability of CCM depleted HUVECs to generate

capillary-like structures (Figure 1). Overall, this work provides experimental evidence that PtNPs are a versatile

tool in nanomedicine for the development of multifunctional drugs, simultaneously integrating the functions

of nanocarriers and high-performance antioxidant drugs.

Ptnps as nanotechnology-based tool for the combination therapy of oxidative stress-related complex

diseases.png
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Introduction:

After nano-conversion into reduced stabilized state, many heavy metals show wide range of antimicrobial

activities , many folds higher than that of respective ionic state. Higher antimicrobial actions of silver nano-

particles (AgNPs) are indicated by smaller size, triangular shape and higher zeta potential .Similar input can

be obtained from increased antimicrobial actions between ionic and nano-state of equivalent heavy metal con-

centrations .

Methods:

Different silver nanoparticles were prepared by chemical reduction method from silver nitrate.Thus citrate,

poly vinyl pyrrolidone, carboxy methyl cellulose capped AgNPs were prepared using glucose as reducing agent.

Physical characterization of prepared AgNPs for hydrodynamic size were determined by UV-Vis absorption

spectrophotometer .The size of the AgNPs were documented by the lognormal size distribution curve obtained

from DLS results. It was further confirmed by transmission electron microscopy showing shape and size of

silver AgNPs. Zeta potential values ensured stability of such AgNPs in aqueous dispersion.

Difference of MIC values of nano-silver preparations and equivalent concentration of ionic silver solu-

tions against eight test organisms were determined by micro broth dilution method.Following test organ-

isms included:Reference strains & multidrug resistant clinical isolates of Staphylococcus aureus, E.coli , Pseu-

domonas aeruginosa and Candida albicans .

Their resistograms were checked by automated susceptibility testing device. Their enhanced antimicrobial ac-

tion or “bonus effects” were considered as biological parameter of respective nano-preparations. Such results

were compared with size, shape, zeta potential values.

Results:

Citrate ,CMC and PVP capped silver nanoparticles showed average size of 10 nm,9.5 nm, 20nm respectively

with triangular shape. Their UV-absorption spectrum were 410 nm, 409nm, 420 nm respectively. Zeta potential

values of prepared silver nano particle were -28 mV,-25 mV, -30 mV respectively.

The bonus effects of three different AgNPs were between128 to 512 folds(table-1).

Discussion:

Extent of nano-conversion can be better evaluated by enhanced antimicrobial efficacy for nano-antimicrobials.

This can also be applied for extent of degradation during storage and suitable for resource limited laboratory.
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Chronic lung disease has been associated with a number of environmental factors, such as exposure to airborne

particles, including nanomaterials, and respiratory infections. Influenza A virus (IAV) causes widespread infec-

tions every year, with estimated 3-5 million severe cases and up to 500,000 deaths worldwide. However, despite

the epidemiology of flu infections, only few studies have explored their relationship with exposure to nanoma-

terials.

Here, we questioned whether co-exposure to graphene oxide (GO) and IAV (5 p.f.u./mouse, H1N1 A/PR/8/34)

altered the inflammatory response and susceptibility to viral infections. For this purpose, we established two

different exposure models: (1) administration of GO in mice infected with IAV 8 days after infection (~8% weight

loss); (2) administration of GO in mice 1 day before infection with IAV. The impact of GO in the viral infection in

the lung was evaluated 2, 4 and 7 days (and 15 days in model 2) after a single intranasal instillation of 50 μg in

C57BL/6 mice. We compared the effect of 2 different nanometre-sized GO dispersions: one that had previously

induced cytotoxicity and significant neutrophil recruitment (s-GO, 50 nm – 2 μm); the other did not induce

significant biological response in the lungs of healthy mice (us-GO, 10 – 300 nm).

Both GO materials did not affect the infectivity of IAV or tissue damage, irrespective of exposure model. How-

ever, us-GO consistently downregulated the secretion of TNF-α, which is involved in antiviral response. On the

other hand, exposure to s-GO before infection slightly enhanced the secretion of IL-6.

In conclusion, our results suggest that whilst exposure to GO did not affect the pathology of IAV, it might modu-

late the inflammatory response to the virus. Further work is warranted to support the potential implementation

of this material in the development of a drug delivery system for pulmonary infections.
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Introduction: Magnetic hybrid nanocomposites (mNCs) have opened new perspectives in biomedical and envi-

ronmental applications [1]. Hybrid organic-inorganic mNCs are being explored to synergistically combine the

modified bioactive release provided by the organic encapsulation and the intrinsic physico-chemical proper-

ties from the inorganic counterpart [2]. In this context, we present the preparation of drug loaded magnetic

nanocomposites showing responsive drug delivery vehicles, heat generating sources in magnetic hyperthermia

(MH) therapy and multifunctional performance as T2-contrast agents in magnetic resonance imaging (MRI).

Methods: mNCs were prepared following simple, versatile and scalable melt-emulsification methods. Obtained

formulations were fully characterized not only from a physico-chemical point of view, but also in terms of

cytotoxicity and functional performance in MRI, MH, and drug release. In vitro and in vivo studies were

performed to validate the potential of these formulations as theranostic drugs.

Results and Discussion: mNCs prepared presented a size, polydispersity index and stability suitable for

biomedical applications. Also their encapsulation and loading efficiency of drugs and magnetic nanoparticles

were optimized to allow a combined use as diagnostic and therapeutic probes. Measured values of relaxivity

(over 400 mM-1s-1) and specific absorption rate (SAR, over 500 Js-1g-1) demonstrate the high potential of mNCs.

In vitro results suggest a synergistic effect between heat generation and control drug delivery over cancer cells

and in vivo studies corroborate an important growth inhibition in tumor mouse models.

Conclusions: The high potential shown by mNCs in in vitro and in vivo tests allow to propose them as next

generation drugs for the diagnosis and therapy of cancer.

[1] Sandre and S. Lecommandoux. ACS Nano, 5 (2011), 1122.

[2] K. Oumzil, M. A. Ramin, C. Lorenzato, A. Hemadou, J. Laroche, M. J. Jacobin-Valat, S. Mornet, C.-E. Roy, T.

Kauss, K. Gaudin, G. Clofent-Sanchez and P. Barthelemy, Bioconjugate Chem., 27(2016), 569.

144



International Conference On Nanomedicine And Nanobiotechnology 2018

Delivery of glycosaminoglycan to skin using topical route: a
way to biorevitalization

Thursday, 27th September @ 13:30: Posters Session (Hall) - Poster - Abstract ID: 241

Ms. Sarita Mishra 1, Dr. Subia Bano 1, Dr. Munia Ganguli 1

1. CSIR-Institute of Genomics and Integrative Biology

Topical delivery of biomolecules is considered to be a favored route for local administration of therapeutics.

This is true especially in case of dermatological diseases like photo-damage, psoriasis, atopic dermatitis where

manifestations are long term and localized. The Global Burden of Disease (GBD) Study, 2010 estimated skin

conditions to be the fourth leading cause of nonfatal disease burden. This clearly demonstrates the unmet need

towards skin research area. The topmost layer of skin – stratum corneum which consists of dead skin cells

makes it challenging for high molecular weight and hydrophilic molecules to cross this barrier. Additionally,

the ‘500 Da rule’ states that the molecular weight of any compound to penetrate the skin should be less than 500

Da. To address these issues, researchers are trying to devise new innovative methods to synthesize nano-range

molecules. We are developing the topical application of one such biomacromolecule called glycosaminoglycans

(GAGs). These are a class of glycopolymers present ubiquitously in human body and have a molecular weight

ranging from hundred to million daltons. They consist of a family of members showing wide range of different

physicochemical and biological properties in normal and diseased states. The decrease in GAG content with

increasing age and UV-induced damage, makes its supplementation, a tool in skin rejuvenation process. We are

utilizing a skin penetrating peptide devised in our lab to synthesize the topical formulation for GAG delivery. The

electrostatic interaction between negatively charged GAGs and positively charged peptide results in formation

of nanocomplexes which can also penetrate the skin. The synthesis of nanoparticles is confirmed using dynamic

light scattering, atomic force microscope, colorimetric assay. Also, the treatment of nanoparticles in HaCaT cells

(human keratinocyte cell line) upon UVB irradiation (200mJ/cm2) showed reduced levels of inflammatory and

oxidative stress markers. Furthermore, the hierarchy of events involved in its mechanism of action in skin

are also being deciphered and its skin penetration ability has been confirmed using artificial skin membrane.

Therefore, our work is targeted towards building novel approaches for its easier and efficient delivery using in

vitro and ex vivo models.

Abstract figure.jpg
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Currently, treating advanced and metastatic Prostate Cancer (PCA) still remains challenging as patients at an

advanced disease stage do not always benefit from available treatment options as side-effects often outweigh

the clinical benefits. Therefore, novel, more effective therapies tailored to the unmet needs of this patient group

are required. Pro-static, is a cell-surface biomarker over-expressed in advanced PCA for which a suitable Pro-

static-targeting antibody has been identified to assess its therapeutic potential.

This study aimed to:

1. Evaluate Pro-static’s normal tissue profile (to confirm if antibody-based drug delivery systems are appropri-

ate);

2. Compare Pro-static’s expression pattern and cellular localisation in normal versus PCA cells;

3. Characterise the antibody’s effect in PCA cells.

Normal epithelial prostate cells (PNT2 cells) and PCA cells originating from bone metastasis (PC3 cells) were the

cell lines applied in this study. Pro-static’s expression in healthy tissues was profiled by performing immuno-

histochemistry (IHC) on normal tissue-microarrays (TMAs) and staining patterns were compared to advanced

PCA tissues (positive control). Pro-static’s expression and cellular localisation was studied by fluorescence mi-

croscopy and the antibody’s effect in PC3 cells was characterised by receptor internalisation, cell migration and

proliferation assays.

Compared to advanced PCA tissues, Pro-static’s expression was significantly lower in normal tissues shown by

IHC/TMA analyses. In PNT2 cells, multiple, weak fluorescent punctuates were observed, which demonstrated

Pro-static’sexpression was minimal.In contrast, in PC3 cells a bright fluorescent signal demonstrated the expres-

sion was higher and predominantly located at the cell-membrane.

Interestingly, antibody treatment triggered Pro-static cell-uptake and accumulation in the lysosomes within

240min, led to inhibition of cell migration and significantly reduced cell proliferation in PC3 cells.

In conclusion, Pro-static was minimally expressed in normal tissues, and is located at the cell-membrane in

cancerous PC3 cells. Upon antibody treatment, cell migration and proliferation were reduced and Pro-static

was readily internalised by PC3 cells via receptor internalisation. Thus, Pro-static may be a suitable therapeutic

target to improve the treatment of advanced PCA.
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Artificial nerve guidance conduit is a three-dimensional scaffold which nerve cells in primary sites move toward

other nerve parts. It is multi-step process which involves guiding axonal growth and nerve cell migration. Nerve

cell growth, proliferation and migration are governed by complex interactions between the cells and their mi-

croenvironment. This work addresses the need for three-dimensional scaffold that would facilitate detailed,

quantitative study of nerve guidance conduit. We propose a semi-permeable nanoporous membrane based ar-

tificial nerve guidance conduit that provides immoblized growth factors to never cells. The developed artificial

nerve guidance conduitartificial nerve guidance conduit can provide physiological 3D micro environment in

vitro, resulting interaction of nerve cells and growth factors within semi-permeable nanoporos membrane.

Figure 1.jpg

Figure 2.jpg
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The antimicrobial resistance represents one of the most serious troubles in 21st century as highlighted by the

World Health Organization (WHO), since the beginning of the century1. It involves all those microorganisms

able to develop any resistance mechanism when exposed to antimicrobial drugs such as antibiotics, antifungals

or antivirals and it extensively increases the health cost, giving rise to lengthier stays in hospitals and more

intensive cares. A promising alternative strategy in the fight against resistant bacteria is represented by antimi-

crobial peptides (AMPs)2. These short molecules usually contain between 12 and 50 amino acids and can be

considered as bullets to hit physical aspects of an essential structure for microorganisms survival such as their

membrane; in fact, AMPs do not need specific receptors for binding, thus limiting the development of a definite

mechanism of resistance by microorganisms. AMPs generally have an amphipathic behavior and own a posi-

tive charge conferring them specificity against non-eukaryotic membranes. Here, we investigated the activity

of Magainin H2, an analog of Magainin 2 that exhibits an increased hydrophobicity, on different model lipid

bilayers (Supported Lipid Bilayers, Giant Unilamellar Vesicles) using different biophysical techniques: Atomic

Force Microscopy, Micropipette Aspiration technique, optical and fluorescent microscopy. We also compared

the effect of the peptide on lipid bilayers with different lipid composition, charged and uncharged, with or with-

out cholesterol. We demonstrated that the peptide-lipid interaction is strongly related to the model system used;

in particular, the typical lateral expansion of membrane induced by the interaction with peptides, is initially

strongly reduced if it is observed in Supported Lipid Bilayers due to the strong interaction with the substrate.

By comparing different biophysical techniques, we suggested the monolayer spontaneous curvature of lipids as

the major parameter determining the membrane resistance to the permeabilization by Magainin H2. In light

of the obtained results, we have also speculated a possible sequence of events leading to the formation of pores

by Magainin H2. This study fills the gap between theoretical and experimental studies on Magainin H2 and

highlights the importance of carefully choosing a lipid model system to study the mechanism of action of AMPs.
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Introduction

Although squalene-based drug nanoparticles have already shown their efficiency in vivo, little is actually known

of their stability and fate in biological medium. Here, through in vitro physico-chemical characterizations we

assess the evolution of Squalene-Adenosine nanoparticles (SqAd NPs) in presence of bovine serum albumin

(BSA), the main protein component of plasma.

Methods
The NPs were prepared by nanoprecipitation of SqAd conjugate monomers solubilized in ethanol into an aque-

ous solvent. After ethanol removal, the NPs were mixed with phosphate buffer saline (PBS) and BSA. The NPs

structure and stability was assessed by small angle neutron scattering (SANS) and cryo-transmission electron

microscopy (cryoTEM). The nature of the interaction between SqAd and BSA was more specifically character-

ized by circular dichroism analysis (CD), fluorescence spectroscopy and isothermal titration calorimetry (ITC).

Results
Colloidal stability of the nanoparticles – While SqAd NPs quickly aggregate in PBS, they are shown to be stable

in presence of BSA. SANS measurements can be fitted by a distribution of spherical particles. Additionally, in

presence of BSA, a decrease of the NP radius (-14%) and of the volume fraction (-33%) is observed. Likewise,

cryoTEM observations of Sq-Ad NPs with BSA show a shift of the size distribution.

Spectroscopic characterization of the SqAd – BSA interaction – In presence of SqAd NPs, the CD spectrum of BSA is

modified, indicating a change in secondary conformation, in particular a decrease in the α-helix content. Like-

wise, the BSA intrinsic fluorescence is quenched, showing the formation of a complex. Further characterization

by ITC indicates an enthalpy-driven exothermic interaction.

Discussion
The colloidal stability of SqAd NPs is enhanced in presence of BSA. However, a significant decrease of radius

is observed suggesting an extraction of the SqAd from the NPs. The spectroscopic analyses indeed show a spe-

cific interaction between the SqAd monomers and BSA. These results may have implication in the uptake and

transport of bioactive squalenoid monomers in vivo. Indeed, they suggest that if the NPs act as a convenient

reservoir to inject bioactive SqAd molecules, they are partly disassembled in the biological medium while the

resulting monomers are carried along by serum albumin.
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Introduction: Hydrogels have been extensively investigated for biomedical applications for their biocom-

patibility and the resemblance with living tissue. The introduction of addressable groups into the skeleton

could allow the generation of “smart” materials. Herein, we report the synthesis and characterization of

polyamidoamines-based hydrogels and the evaluation of their properties for gastrointestinal surgery and fistu-

las closure.

Methods: Hydrogel synthesis was accomplished via a one-pot Michael-like addition of N,N-

methylenebisacrylamide with a diamine as a crosslinker. Amino-group containing moieties can be inserted

into the hydrogel to give to the material special properties.

Biocompatibility has been assessed monitoring for 7d cell viability inside the hydrogel. Ex-vivo test were con-

ducted on porcine stomach and intestine to evaluate adhesion and in-vivo gelation.

Results: Various hydrogels with different morphological, swelling and mechanical properties were obtained by

changing the reaction conditions and the relative concentrations of every component of the polymeric network.

Swelling test conducted at different pH showed a maximum up to 96% at pH=5.

Cell viability test was performed and cell growth and proliferation were observed up to seven days.

Injection tests in the submucosa layer of porcine stomach and in the intestine, have shown that our hydrogels

have good adhesion properties and a fast gelation time (less than three minutes).

Discussion: Hydrogel formation time and swelling has been tested at different pH to simulate the real condi-

tions in different tissues. The hydrogels are liquid and easily injectable while in the sol phase. Initial injection

tests, in the submucosa layer of a porcine stomach and in the intestine, have shown that our hydrogels have per-

fect adhesion properties and a fast gelation time (less than five minutes). Due to the versatility in the synthesis

and the large number of precursors we can use, a modulation of the adhesion and of the mechanical properties

is possible. Redox-responsive degradable hydrogels were also prepared and preliminary in-vivo results demon-

strated that the material can be a suitable candidate for endoscopic submucosal dissection and fistula closure.
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Background. Silver nanoparticles (AgNPs) proved to have strong anti-bacterial, anti-viral, and anti-fungal prop-

erties which make them extremely attractive to be used for the treatment of infectious diseases such as otitis

media. Chronic otitis media is a significant public health issue having high morbidity and complications: sen-

sorineural hearing loss, vestibular impairment and intracranial complications. Despite the obvious positive

aspects of the use of AgNPs in the treatment of otitis media, there is a concern regarding the potential toxicity of

these particles on the structures of the inner ear, since they can reach these structures through the round and

oval windows.

Aim.Our study proposed to assess the toxicity of AgNPs in cochlear cells in vitroas a function of concentration

and size.

Material and methods.HEI-OC1 auditory sensorial cell line and HaCaT (immortalized normal human ker-

atinocyte) cell line were used. The cells were treated with silver PVP nanospheres purchased from Nanocom-

posix with four diameters: 5, 25, 50 and 110 nm. The samples were examined on a JEOL-JEM 1010 transmission

electron microscope at 80 kV acceleration voltage and photographed with a Mega VIEW III camera The viability

of the cells after treatment was assessed with the Alamar Blue viability test.

Results.
Silver nanoparticles were uptaken by cochlear cells as well as by keratinocytes as shown by TEM. While after 4h

exposure, only the 50 nm NPs were observed in both cell lines and the 5 nm NPs in the HaCaT cells, after 24h, all

sizes of nanoparticles could be visualised in both cell lines, either in vesicles, either in lysosomes, or dispersed in

the cytoplasm. The cells showed signs of distress: vacuolizations, autophagosomes, signs of apoptosis, or celular

debris. AgNPs of all sizes reduced the viability of the treated cells proportionally with their concentration. This

effect was cell line dependent, HEI-OC1 cells being more affected. NPs concentrations which reduced viability

with 50% (inhibitory concentration IC50) were lower for HEI-OC1 cells than for HaCaT cells: for the 5nm AgNPs

the difference was 20 fold, for the 25nm AgNPs was 9.7 fold, for the 50nm AgNPs was 8.8 fold and for the 110nm

AgNPs was 18.4 fold. The toxicity of AgNPs toward the tested cells was decreasing with the nanoparticles’ size.

For the HaCaT cell line, IC50 was 82.61 µg/ml for the 5nm NPs, 99.6 µg/ml for the 25nm NPs, 154.4 µg/ml for the

50 nm NPs and 158.9 µg/ml for the 11onm NPs. On the HEI-OC1 cell line, the IC 50 values were: 3.88 µg/ml for

the 5 nm NPs, 10.26 µg/ml for the 25 nm NPs, 17.5 µg/ml for the 50 nm NPs and 16.6 µg/ml for the 110 nm NPs.

Conclusions.
The effects of AgNPs on cochlear cells are size and dose dependent. Having these in mind, the use of these

materials for several treatments can be tailored so they do not harm the structure and function of these cells,

while exerting their therapeutic effects.
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Long term survival of patients suffering from Glioblastoma (GBM) is still an unsolved challenge making GBM

the most lethal brain tumor worldwide. Residual tumor cells left beyond frank tumor margins are the main

responsible of disease recurrences. Their visualization for further complete resection still remains un unmet

need. Low specificity, limited spatial resolution, inhomogeneous fluorescence at the periphery of the tumor are

some of the frequently encountered problems that lead to large degree of inaccuracy, complicating the intraop-

erative setting of tumor resection. Raman microscopy has emerged as an attractive alternative to the traditional

imaging technologies applied in neurosurgery. For improved sensitivity of Raman scattering, gold nanoparti-

cles (GNPs) are used due to their tuneable optical properties and versatile functionalization. GNPs have found

wide application in Raman imaging studies such as visualization of targeted tumor-specific biomolecules, thus

providing an accurate mapping of tumor spread.

Non-toxic, Raman active GNPs were developed by the attachment of a Raman active molecule, and a polyethy-

lene glycol shell. Further, GNPs were conjugated to anti-epidermal growth factor receptor (anti-EGFR) mono-

clonal antibodies. EGFR was chosen as first target because its protein overexpression on cytoplasmic membrane

in about 40-50% of GBM makes it easily accessible. The specificity of particles binding was investigated in vitro

with human GBM cells expressing high to low EGFR levels: LN229wtEGFR, BS153 and U87MG, respectively,

while mouse astrocytes, IMA2.1, were used as EGFR-negative cells. Raman active GNPs with no anti-EGFR an-

tibodies were used as further control. A deep characterization was performed to find the best parameters to

ensure a clear Raman detection of GBM cells while minimizing non-specific binding.

Raman analysis showed that anti-EGFR GNPs bound specifically to the surface of the GBM cells with high affinity

allowing for discrimination of tumor cells from the control cells (Fig 1). Furthermore, a comparable high Raman

signal intensity was detected among the different GBM cell lines independently on the expression level of EGFR.

This work supplies an in vitro demonstration that GNPs, visualized with Raman imaging, may be implemented

intraoperatively for immediate GBM-specific cell visualization improving the dismal outcomes of patients.
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The use of self-assembled monolayer-protected gold nanoparticles (SAM-AuNPs) as targeted drug vectors, nan-

othermal agents or diagnostic devices requires a precise control of how SAM-AuNPs behave in biological envi-

ronments. The interaction of NPs with cell membranes, in particular, is crucial for any delivery of NPs into cells,

and is the subject of intense research efforts aimed at understanding the molecular basis of active, endocytic

internalization pathways as well as of passive membrane permeation and onset of toxicity. A clear picture of

the driving forces governing this phenomenon is still lacking, especially when dealing with mixed, patterned

monolayers. Hindering this already tough quest is the multitude of methodologies employed in both the theo-

retical and experimental studies conducted up to now. In addition, biological systems are inherently complex,

while in silico models demand simplified conditions.

To fill this gap, we carefully designed in silico models and in vitro experiments using as far as possible similar

conditions. We selected ultrasmall water-soluble SAM-AuNPs, featuring well-defined shell morphologies (Janus

or striped), using mixtures of immiscible thiols that lead to the generation of surface anisotropy via ligand self-

arrangement.

Combining coarse-grained and all-atom molecular dynamics simulations we obtained a detailed molecular char-

acterization of our amphiphilic AuNPs, and their fundamental interaction with a simple monocomponent lipid

bilayer was investigated both computationally and experimentally using SPR experiments. To increase the com-

plexity, we introduced a more realistic three-component membrane, bridging the studies of toxicity and uptake

carried out at cellular level with BODIBPY labelled AuNPs. The combined evidence show that NPs with nanoscale

stripe-like domains behaved quite differently from NPs with separated domains or homoligand shells. Ligand

molecular characteristics and organization affected both the affinity towards the membranes as well the num-

ber and the kind of ligands involved at the nano-bio interface. At a cellular level, chain organization translates

into different time/concentration dependent internalization capacities.

Overall, this study demonstrates that a detailed control over the nanoscale surface heterogeneity of SAM-

protected NPs has significant implications for surface-related biological processes.
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Introduction: Brain tumours account for a majority of central nervous system tumours with glioblastomas

(GB) as the most aggressive primary brain tumours in adults, with a median survival time of 12-15 months

and a 5-year survival rate of less than 5% [1]. Neuroblastomas (NBs) are the most frequent solid extra-cranial

tumours diagnosed in childhood with a 5-year survival rate below 40% [2]. Treatment options for GB and NB

are plagued with systemic toxicity, drug resistance, poor targeted drug delivery efficiency and the inability

of most anti-cancer agents to cross the blood brain barrier (BBB). This necessitates the development of

novel therapeutic strategies that encompass high specificity and demonstrates the potential to cross the BBB.

Nanoparticles (NPs) are currently being implemented to decrease the limitations associated with current

cancer treatments. Targeting molecules such as chlorotoxin (CTX) has emerged as a promising targeting

molecule for brain tumours. The aim of this study is to develop chlorotoxin (CTX) functionalized gold (Au),

platinum (Pt) and bimetallic gold platinum (AuPt) NPs for cell specific delivery into glioblastoma (U87 and

U251) and neuroblastoma (SH-SY 5Y and SK-N-BE(2)) cancer cell lines for controlled nanoparticle-mediated

hyperthermia treatment for thermal ablation of cancer cells.

Methods: The physico-chemical properties of nanoparticle systems were ascertained using ultraviolet-visible

spectroscopy; photon correlation spectroscopy, transmission electron microscopy (TEM) and fourier transform

infrared spectroscopy. Furthermore, biological characterization of NPs involved preliminary investigation of

cytotoxicity using WST-1 assay.

Results: The physico-chemical characterization and stability studies in different biological buffers of citrate

and PEG capped NPs showed the successful synthesis of biologically stable sub-10nm NPs (Figure 1-4). The

cytotoxicity assay demonstrated a concentration-dependent decrease in the cell viability of U87, U251, SK-N-BE

(2) and SH-SY-5Y cells exposed to NPs for 24, 48 and 72 hours. Furthermore CTX peptide had no significant

effect on cell viability and additional studies on FITC-labelled CTX demonstrated high cell binding efficiency to

all cell lines when investigated with flow cytometry.

Discussion: Preliminary data from this study showed that synthesized citrate and PEG-capped NPs are

relatively stable in biological buffers and demonstrated promising anti-cancer potential in GB and NB cell lines.

In future, we will investigate whether CTX-functionalized NPs will enhance the intracellular delivery of NPs

into GB and NB cell lines; inhibit cell growth, demonstrate the potential to cross the BBB in vitro and generate

heat energy to thermally ablate cancer cells, resulting in cell death.
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microscopy image of citrate capped platinum

nanoparticles.jpg

Figure 4. high resolution transmission electron

microscopy image of citrate capped bimetallic

gold platinum nanoparticles.jpg
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Nanomedicine is the biomedical application of nanoscale materials for diagnosis and therapy of disease. Due

to their unique features, nanoparticles have emerged as attractive candidate for optimized therapy through

personalized medicine. In this sense, multimodal imaging and theranosis are the cutting-edge technologies

where the advantages of nanomaterials are maximized.

Because each imaging modality has certain advantages as well as limitations, the integration of several imag-

ing agents with different properties into multifunctional nanocarriers will allow the precise and fast diagno-

sis of diseases through synergistic multimodal imaging (‘Multiple-in-One”). In other terms, the detection of

pathophysiological changes in early disease phases at high spatial resolution will be allowed by combining the

strengths of morphological/anatomical and molecular imaging modalities. For example, because of its high syn-

ergistic improvement of currently used imaging instruments for diagnosis, the combination of PET and Optical

Imaging with Computed Tomography (CT) or Magnetic Resonance (MRI) techniques has generated a strong inter-

est. In fact, optical images provide functional information about the disease with high sensitivity. On the other

hand, CT and MRI offer high spatial resolution images with unbeatable anatomical information. Therefore, a

combination of these different imaging modalities can accomplish high sensitivity and high spatial resolution

simultaneously and provide more detailed anatomical or biological information about the target disease.[1]

In this work, we report the controlled synthesis of Gold–Mesoporous Silica Janus nanocarriers containing iron

oxides nanoparticles inside the siliceous shell . Due to their orthogonal dual chemical behavior, these Janus par-

ticles enabled the efficient application of silane and sulfur-gold chemistry. By this strategy, the tumor-targeting

peptide cRGD and an Alexa Fluor dye have been covalently linked on the siliceous and gold surfaces, respec-

tively (Figure). After an exhaustive physical and chemical characterization, the developed multimodal imaging

nanoplatform has been successfully assessed as contrast agent in vitro and its potential toxicity over different

cell lines has been evaluated. Finally, the hybrid Janus nanoparticles have been tested as multimodal contrast

agent in vitro by tumor-targeted imaging of a fibrosarcoma-bearing mice model. After tail intravenous injection,

trimodal imaging (MRI, Optical and CT) has been successfully promoted in a selective manner demonstrating

the high potential of this Janus multimodal imaging platform (Figure).[2] Considering that in a previous work a

similar platform has been assessed as stimuli-responsive carrier for drug delivery, these hybrid Janus nanopar-

ticles can be endorsed as a powerful and flexible platform with integrated imaging and carrier functionalities

to be equipped with therapeutic features in order to generate an advanced multifunctional nanocarrier for

targeted cancer theranosis.

[1] D.E. Lee, H. Koo, I.C. Sun, J.H. Ryu, K. Kim and I.C. Kwon, Chem Soc Rev 41, 2656 (2012).

[2] Sánchez, A.; Ovejero Paredes, K.; Ruiz-Cabello, J.; Martinez-Ruiz, P.; Pingarron, J.M.; Villalonga R.; Filice,

M. ACS Appl Mater Interfaces, 2018, ASAP, DOI: 10.1021/acsami.8b10452.
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Carbon nanotubes (CNT) are incredible materials for many bionanotechnological and biomedical applications.

Unfortunately, CNTs display properties that represent a double-edge sword. Their (i) surface reactivity, (ii) mor-

phology, and (iii) biopersistence are unique properties to be controlled and exploited in biotechnology. CNTs can

adsorb ca. 1/3 of their mass of proteins as part of their biocorona[1]. This fact makes CNTs highly customizable

for many different applications in biotechnology, for example for cellular receptor targeting. Functionalized

CNTs invade cells by receptor-mediated endocytosis. Their shape and dimensions allow CNT endo-lysosomal

escape and, once in the cytoplasm, these nanofilaments intermingle with the intracellular cytoskeletal poly-

mers[2,3] and interfere with different biomechanical cellular mechanisms implicated in cell migration[4–6] and

cell division[2,7,8]. These effects are countered when CNTs are attached to different (nano)structures, becoming

fully biocompatible. This property can be used in the design of multi-structured targeted therapeutic carriers.

Unfortunately, as for any nanostructure to be used as nanomedicines or as part of sophisticated nanodelivery

vectors, their biopersistence is a major drawback. The talk will delve into different aspects of the design of

biodegradable CNT-coated nanostructures that we have recently investigated in our laboratories[9,10]. Among

the topics we will discuss: (i) antitumoral properties of biodegradable CNTs, (ii) CNT as an interactive coating

for nanocarriers, and (v) CNT-coated carrier system biodegradation.

[1] L. Rodríguez-Fernández, R. Valiente, J. González, J. C. Villegas, M. L. Fanarraga, ACS Nano 2012, 6, 6614–

6625.

[2] L. M. Sargent, et al., Mutat. Res. - Genet. Toxicol.Environ. Mutagen. 2012, 745, 28–37.

[3] L. García-Hevia, F. Fernández, C. Grávalos, A. García, J. C. Villegas, M. L. Fanarraga, Nanomedicine 2014,

9, 1581–1588.

[4] C. Dong, R. Eldawud, L. M. Sargent, M. L. Kashon, D. Lowry, Y. Rojanasakul, C. Zoica Dinu, J. Mater. Chem.

B 2015, 3, 3983–3992.

[5] L. García-Hevia, et al., Adv. Healthc. Mater. 2015, 4, 1640–1644.

[6] E. González-Domínguez, et al., Int. J. Nanomedicine 2017, 12, DOI 10.2147/IJN.S141794.

[7] K. J. Siegrist, et al., Part. Fibre Toxicol. 2014, 11, 6.

[8] D. K. Singh, P. K. Giri, P. K. Iyer, J. Phys. Chem.C 2011, 115, 24067–24072.

[9] E. González-Domínguez, et al., Int. J. Nanomedicine 2017, 12, 6317–6328.

[10] N. Iturrioz-Rodríguez, et al., Angew.Chemie Int. Ed. 2017, 56, 13736–13740.
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Introduction

Carbon nanotubes (CNTs) are extensively studied in the context of biomedical applications,1 both as starting ma-

terials for forming scaffolds for tissue engineering2 and as nanofillers in various composite material.3 There still

exists a large discrepancy about the cytotoxicity of these materials in vitro and in vivo. Naturally, the biomedi-

cal use of CNTs will depend on the physicochemical properties such as size, charge, chemical functionalization,

which in turn strongly depend on the type of CNTs produced by variety of synthetic routes.

Methods

The most commonly used technique called chemical vapour deposition (CVD) allows large parameter optimiza-

tion that can lead to production of single wall CNTs (SWCNTs), multiwall CNTs (MWCNTs), bundled, needle-like

or carpet-like structures.4 In this project, we synthesize variety of CNTs of high intrinsic purity (>98%) and sub-

sequently employed selection of biomolecules as their dispersants in water environment. Catalysts used during

synthesis influenced physiochemical properties and structure of fabricated materials, which were studied by

Raman spectroscopy, electron microscopy, atomic force microscopy and spectrofluorometric measurements.

Results and Discussion

The distribution of the diameters of obtained CNTs was perfectly controlled using electrophoresis technique

as well as gradient centrifugation rout. Carefully selected aqueous dispersions of biomolecules-functionalized

CNTs were used to either form scaffolds or as nanofillers in electrospun polymeric fibre matrices. Finally, the

materials-cell interactions were studied, which showed stronger cells adhesion, proliferation and regeneration

capabilities with CNTs materials.
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It is well-known that the commercially available eye-drops hardly penetrate into eye, because the cornea at

the surface of eye has a strong barrier function to prevent an invasion of foreign materials from the outside.

Recently, it was reported that fluorescent nanoparticles dispersed in an aqueous medium could effectively pen-

etrate to the inside of eye. Nanoparticles showing some pharmacological effects in eye-drops, however, have

not been reported so far. In this presentation, fabrication of the newly designed nano-drugs for eye drops, the

penetration behavior into eye, and the drug efficacy will be introduced. I have focused on the drug of brinzo-

lamide for glaucoma treatment as the target compound, and synthesized the two kinds of the prodrugs (Figure

1), which were connected with hydrophobic substituents, cholesterol or trimethyl lock (TML), in order to de-

crease the solubility for water and to make much amount of brinzolamide enter into eye inside. The resulting

prodrug nanoparticles with 50-200 nm in size could be fabricated at the state of aqueous dispersion by the re-

precipitation method. Hydrolysis rate of prodrug nanoparticles were measured in the aqueous humor of rat

eye. Unexpectedly, cholesterol prodrug nanoparticles were not hydrolyzed by the enzyme existed in aqueous

humor. On the other hand, the nanoparticles of TML prodrug were hydrolyzed by the enzyme, and then brinzo-

lamide molecules could be finally released in the aqueous humor. This result suggested that the hydrolysis rate

of brinzolamide prodrug nanoparticles could be successfully controlled by changing the chemical structure of

hydrophobic substituents. The aqueous dispersion of TML prodrug nanoparticles was administered to right eye

of rat in order to evaluate ocular hypotensive effect. As a result, intraocular pressure of right eye decreased ap-

proximately by 2 mmHg, compared with that of left eye administered saline as a control (Figure 2). On the other

hand, intraocular pressure of rat was not lowered in the case of the administration of cholesterol nanoparticles.

In addition, the resulting TML prodrug nanoparticles were not toxic to the corneal epithelium after repeated ad-

ministration for 1 week. The nano eye-drops may have applications as a next-generation ophthalmic treatment.

Figure 1. chemical structure of brinzolamide

prodrugs..png

Figure 2. ocular hypertensive effect of prodrug

nanoparticles of cholesterol a and tml b ..png
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Superparamagnetic iron oxide nanoparticles (SPIONs) are attracting great attention in biomedical applications,

especially in diagnosis and in treatment due to their easy production and functionalization, unique magnetic

properties and biocompatibility. An interesting strategy to enhance SPIONs stability in biological media is by

pre-forming a protein corona onto the nanoparticle (NP) surface. Albumin, a protein able to bind and trans-

port drugs, is extremely robust with respect to pH, temperature and organic solvents and is non-immunogenic.

Recently, our group reported on a strategy to functionalize 6 nm citrated coated- SPIONS with a monolayer of

bovine serum albumin (BSA). We also elucidated a strong electrostatic interaction between the BSA and the

SPIONS and quantified the binding constant involved (1,2).

Here, we extend such approach to human serum albumin (HSA) and to NP of different sizes. We have stud-

ied the interaction of HSA with SPIONS of three diameters of (S1= 4, S2 = 6 and S3 =9 nm). The SPIONs were

fabricated by microwaves-assisted synthesis and stabilized in aqueous media using sodium citrate. Structural

characterization suggests the formation of a HSA monolayer with “a side on” on the SPIONs surface. Negative

staining TEM images show NPs coated with a HSA shell of a thickness of 3 nm. In addition, DLS measurements

show an increase of 7 nm in the hydrodynamic size for HSA coated-NPs which are in good-agreement with pre-

vious work (1,2). Moreover, by using the Stern-Volmer law, we determined a static-quenching mechanism that

confirm a strong interaction in the HSA-SPIONS complex. Our results indicate that HSA adsorbs onto the NP

surface to form a monolayer of 3 nm regardless of the NP size.

Figure 1.TEM images for SPIONS (a) 4 nm, (b) 6 nm, (c) 9 nm.Insets show Negative staining TEM images of single

HSA-SPIONs.

(1) S. Yu, A. Perálvarez-Marín, C. Minelli, J. Faraudo, A. Roig, A. Laromaine.Nanoscale, 2016, 8, 14393.

(2) S. Yu, A. Roig, A. Laromaine. J. Nanopart. Res.,2014, 16, 2484.

Figure 1.jpg
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Introduction: Recently, graphene and its derivatives have been played a remarkable role on the studies of anti-

cancer drugs, genes and peptide delivery even though cytotoxicity of the graphene have been still investigating.

Graphene oxide (GO) as water soluble derivative of graphene is the most preferable one as starting material for

biological application, while reduced graphene oxide (rGO) is more effective for most of application because of

wider and less defect free surface area. However, rGO has a serious solubility problem for desired applications.

The use of surface modification with biocompatible polymers is a promising approach to increase solubility,

but may not be enough to make G biocompatible since it has different cytotoxicity mechanisms like absorbing

cell nutrition on its wide surface area and creating reactive oxygen species through its functional groups. An

effective method to obtain surface PEGylated rGO instead of edge PEGylated GO can address mentioned cytotox-

icity mechanism and provide better biocompatible graphene derivatives. This method also allows combining

different treatment on the surface of biocompatible graphene nanoplatform.

Methods:Poly(poly(ethylene glycol methacrylate)-co-methyl methacrylate-co-1-pyrene methacrylate)

(P[PEGMA-co-MMA-co-PMA]) copolymer with different PEGMA brush length (500 or 2000 g/mol) were

synthesized via ATRP and effectively coated on the graphene surface through π-π interaction using multiple

pyrene groups in the copolymer while it was simultaneously reduced to rGO during coating using hydrazine

as reducing agent (Figure 1). Biocompatibility of obtained water dispersible PEGylated-rGO was tested

using different cytotoxicity assays on healthy human lung (MRC-5), and kidney (HEK-293T) cells lines. Once

most biocompatible composition was determined, this biocompatible graphene nanoplatform was used

to build a dual drug delivery system. For this purpose the composition of copolymer used for PEGylation

was changed by incorporation of azide functional monomer into structure to be able to introduce second

polymer later on the biocompatible graphene sheets. Poly(poly(ethylene glycol methacrylate)-co-methyl

methacrylate-co-1-pyrene methacrylate-co-3-azido propyl methacrylate) P[PEGMA-co-MMA-co-PMA-co-

AzPMA] copolymer was similarly coated on the graphene surface and followed by Doxorubicin (Dox) loading

via π-π interaction. Finally, acid labile hydrazone linkage containing, alkyne functional cationic poly(hexyl

methacrylate-co-(2-(dimethylamino)ethyl methacrylate)-co-(N,N,N-trimethylaminoethyl methacrylate iodide))

(P(HMA-co-DMAEMA-co-TMAEMA)) copolymer was grafted onto rGO surface as a second polymer layer which

can carry desired nucleic acid for therapeutic purpose as second drug.

Results:Water dispersible PEGylated-rGOs were obtained with coating efficiencies ranging between 59% to 71%.

The results showed that PEGylated-rGO can safely be used up to 200 μg/mL depending of the length and number

of PEG brushes in the copolymer. Drug loading efficiency was calculated as 62.86% and 74.80% for 500 and 2000

g/mol PEG brush containing coated rGO, respectively. Azide groups not only effected drug-loading efficiency but

also affected rate of the drug release (Figure 2a and b).

Discussion: PEGylation method is more effective than the covalent functionalization. Both 500 and 2000 g/mol

PEG brushes provide biocompatible composition with their different drug release rate which can be selected

based on treatment. Azide groups lower the drug loading efficiency and enhanced the release rate because of

electrostatic interaction.

*The authors thank TUBITAK for financial support of this work (Project No: 116Z534 and 115Z845).
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Nano- and micro-scale topological cues have become recognized as major regulators of cell growth, migration

and phenotype. In tissue-engineering, the insertion of intricate and anisotropic topography in scaffolds is aimed

to imitate the natural niche of cultured cells, which is characterized by a high degree of spatial organization of

the extracellular matrix (ECM) and basement membrane components. Complex and anisotropic architecture in

culture platforms is created using various techniques, such-as mold-based techniques, photolithography, elec-

trospinning and others. While these techniques enable fabrication of cell matrices with elaborate topology, the

requirement of expensive equipment and expertise, the applicability only in 2D, or the inability of achieving

fine, sub-micron features are limiting. In recent years, we presented incorporation of alginate-coated mag-

netic nanoparticles (MNPs) into alginate scaffolds. Here, we present a method of creating novel, magnetically

aligned, three-dimensional tissue culture matrix with three distinct classes of anisotropy - surface topography,

macrostructure and physical properties

Iron-oxide nanoparticles were coated with alginate with different molecular weights, resulting in groups of

MNPs with different size distribution. The MNPs were incorporated into alginate solutions, then crosslinked

using Ca2+ions, and frozen in a magnetic field of about 2400 Gauss between two opposing Neodymium disc mag-

nets. After freeze-drying, the inner-pore macro structure of the scaffold was visualized using micro-computed

tomography (micro-CT) and analyzed using image processing tools. To test for mechanical anisotropy we mea-

sured the Young modulus of medium-wetted scaffolds, by compressing the scaffolds and monitoring their stress-

strain behavior. To test the effect of magnetically aligned scaffolds on cultured cells, C2C12 mouse myoblasts

were seeded (1.5*106 cells/scaffold) on aligned and isotropic scaffolds, stained for F-actin on days 7 and 14,

photographed using confocal microscopy, and the images were quantified for cell direction using OrientationJ.

Scanning electron microscope (SEM) images show the magnetic alignment and formation of topographic

features. Quantification of the Fourier transform of the SEM images verified the alignment of the surface to-

pography. The extent of surface alignment, as featured by the density and size of the topographic features,

was dependent on MNP concentration and MNP size. Analysis of micro-CT images of the inner pore structure

revealed that the pore directions in the aligned scaffolds were more narrowly distributed around a common

angle, compared to those of the isotropic scaffolds, implying that the magnetic alignment caused the pores to

align. Compression tests showed that the stiffness of aligned scaffolds, in the direction of the alignment, was

significantly greater than the stiffness of isotropic scaffolds, but also higher than scaffolds, aligned perpendic-

ularly to the direction of the compression. When C2C12 were cultured on the scaffolds, a significantly higher

proportion of cells was lined-up in the direction of the magnetic alignment, both 7 and 14 days after seeding, in

scaffolds with 1.2% and 2.4% (w/v) MNPs. The alignment of MNPs along the magnetic field lines altered the to-

pography and macrostructure of the scaffold, changed its physical properties and caused cultured cells to grow

and elongate in the direction of the alignment.
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Introduction
Pristine and carboxylated carbon nanotubes (CNTs and CNTs-COOH) have received considerable interest as

promising drug delivery systems. We previously reported a novel strategy to deliver miRNAs by polyamine (PEI

and PAMAM) coated-CNTs. These polymers impart hydrophilicity to CNTs, which facilitates their suspension

in aqueous solutions and generate a positively charged surface able to bind negatively charged nucleic acids.

Here, we exploited the higher solubility of carboxylated CNTs compared to pristine ones and we compared the

transfection efficiency of compounds having different lengths (CNTs and NHs).

Methods
The amount of polymer bound to CNTs was assessed by thermogravimetric analysis (TGA), whereas the size

by dynamic light scattering (DLS). Cytotoxicity of polymer-coated CNTs was analyzed on HeLa cells using MTT

assay, whereas the cellular uptake of miRNAs complexed to polyamine-coated CNTs was evaluated by confocal

microscopy. Cellular internalization was evaluated also by cytofluorimetry using different inhibitors of endo-

cytic pathways.

Results
All of the compounds are able to bind polymers independently by the size. These compounds are also quite

stable for long time. The toxicity of PAM-CNTs-COOH and PAM-NHs-COOH resulted quite modest even at high

doses. The transfection on HeLa cells by CNTs-COOH is good although the shorter NHs-COOH seem to have a

better efficiency. PAM-CNTs-COOH were internalized with a caveolin-dependent endocytosis mechanism while

for NH-CNTs-COOH the mechanism is more complex, maybe due to the size of these compounds.

Discussion
We suggest that CNTs-COOH or NHs-COOH may be used as alternative drug delivery compounds for miRNA

delivery into human cells.
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Poor intratumoral drug delivery is known to limit efficacy of cancer therapy agents. Encapsulation of

chemotherapeutics in nano-sized carriers provides a possibility to increase drug levels in tumor and reduce

side-effects. However, these carriers often are less effective than anticipated due to slow release of content.

This is changed by the design of trigger-responsive carriers, such as those triggered by locally induced hyper-

thermia (HT, e.g. 42°C in the tumor). Through the use of these smart drug delivery systems (SDDS) drug levels

in the tumor can be increased over 30-fold. However, as a result, local drug concentrations may exceed the

capacity of tumor cells to take up released drug. Inability to rapidly absorb locally delivered drug results in re-

duced efficacy, as well as undesired redistribution of the drug away from the tumor to the system. In addition,

chemotherapeutics, as well as other drugs, are selected and formulated in nanomedicine based on classic pre-

sumptions. A drug currently used in the free form for the treatment of a certain cancer is used also formulated

as a nanomedicine, ignoring the fact that a completely new setting arises with new, nano-device determined,

pharmacokinetics and intratumoral kinetics. Use of nano-devices may change pharmacokinetics to such an

extent that the treatment becomes rather loco-regional. This is especially true for nano-devices which can be

triggered to release content when present at the site of interest (i.e. the tumor). We argue that this approach is a

loco-regional treatment requiring a different thinking with respect to the chemotherapeutic. In such setting the

drug of choice should be determined by the characteristics of the nano-device, the intratumoral drug kinetics

when delivered in this mode, and the kinetics of interaction of the drug with the target cells.

Here we selected a chemotherapeutic, idarubicin, based on expected performance when delivered at high levels

in a relatively small volume. We selected idarubicin as it is an anthracycline just like doxorubicin, a chemother-

apeutic predominantly used in trigger-sensitive nano-devices, making comparison useful. Idarubicin is more

hydrophobic with an expected faster uptake and better retention by cells. Importantly, idarubicin is currently

solely used for hematological cancers because of the before mentioned characteristics, and would never be a

candidate for treatment of solid cancers. However, based on our hypothesis that triggered drug delivery is actu-

ally a loco-regional approach, this chemotherapeutic may outperform doxorubicin and proof our point. Taken

together, we show here that indeed selection of a drug more appropriate for loco-regional delivery improves

delivery and response. Thinking outside of the current paradigm is needed to rejuvenate the nano-medicine

field and achieve a setting in which successful application can be realized.
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Introduction
Antibiotic resistant bacteria are a worldwide spreading problem, since new resistance mechanisms emerge

faster than new drugs development. In this scenario, there is urgency in finding alternative strategies for this

field. Among them, the use of nanoparticles has drawn scientist’s attention. Silica nanoparticles (SiO2NPs) are

chemically stable and biocompatible, representing a promising material for this application. Bacteria have low

complex structure with an outer membrane composed of lipopolysaccharides (LPS) free from surface specific

receptors to be used as target. On the other hand, carbohydrate-carbohydrate interactions are relevant for bi-

ological processes. Therefore, this study proposes the synthesis of SiO2NPs functionalized with gluconamide

carbohydrate in order to increase their interaction with the bacteria and likely act as a driving force to prefer-

entially target the SiO2NPs to these pathogens.

Methods
SiO2NPs were prepared by modified Stöber method and then functionalized with n-(3-

triethoxysilylpropyl)gluconamide (Figure 1A), while tetracycline antibiotic (TC) can also be encapsulated

in the particles. The materials were thoroughly characterized and the behavior of such particles in biological

fluids was analyzed in terms unspecific protein adsorption and stability in different mediums. The antimi-

crobial and targeting properties were determined againstEscherichia coli. The effect on bacteria structure

was investigated using nano-Fourier Transform Infra-Red technique operating via s-SNOM in a synchrotron

beamline. The targeting potential was also evaluated by molecular dynamic simulations. Finally, the cytotoxic

effects were examined by hemolytic activity and NIH3T3 cell viability.

Results and Discussion
The synthesized SiO2NPs presented a quasi-spherical shape as shown by SEM (Figure 1B) and diameters around

100 nm. The functionalization was evidenced by the nitrogen peak presence in X-ray photoelectron spectrum,

zeta potential change from -44.4 mV for the non-functionalized particle to -27.2 mV for the functionalized one

and 1.5 % wt. of organic groups determined by thermogravimetric analysis. Gluconamide moieties presence

also increased SiO2NPs stability and decreased tendency of unspecific protein adsorption if compared to the

non-functionalized particles. The targeting properties were evaluated by incubating these materials with E.

coli. The microscopy image (Figure 1C) shows the bacteria rod-like shape covered by spherical particles. This

nanoparticle-bacteria interaction was investigated by molecular dynamic simulations which showed the no-

table affinity between gluconamide moieties and bacteria LPS (Figure 1D-E). In addition, nano-FTIR experiments

demonstrated that the bacteria membrane structure is affected only in the SiO2NPs surroundings (~50-100 nm)

due to a strong nanoparticle-bacteria interaction. The minimal inhibitory concentration (MIC) of bare TC was

determined as 5 μg.mL-1 for the studied strain. Using the carbohydrate targeting strategy, the MIC was 1 μg.mL-1,

which means a five-fold decrease of required antibiotic dose. In addition, these gluconamide functionalized

nanoparticles were not hemolytic nor cytotoxic (Figure 1F-G).

Conclusions
Gluconamide functionalized nanoparticles were successfully synthesized and demonstrated to strongly interact

with bacteria LPS without residual toxicity. This strategy might be used to decrease the usage and required dose

of antibiotics, contributing to non-development of resistant bacteria.
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Introduction. meta-Tetrakis(3-hydroxylphenyl)chlorin (mTHPC, Foscan®) is one of the most potent clinically

approved photosensitizer (PS) for photodynamic therapy (PDT) and is characterized by high absorption in the

deep red. mTHPC is partially aggregated in the bloodstream resulting in unfavorable biodistribution and rel-

evant side effects. In order to improve the mTHPC tumor selectivity different attempts of nanovectorisation

were conducted. Liposomal mTHPC (Foslip®) is monomeric in biological medium and has favorable pharma-

cokinetic properties. However, a rapid liposome destruction during circulation and rapid mTHPC release are

obvious shortcomings. Alternatively, mTHPC nanovectorisation could be realized by extracellular vesicles (EVs).

Derived from the cells, EVs possess a natural stability in bloodstream and ability to deliver cargo molecules into

cells. This formulation is interesting for PDT due to the ability to encapsulate porphyrins and to redistribute

them into cancer cells.[1]

Multicellular spheroid (MCTS) is a non-vascularized micro-tumor tridimensional model of cells. Compared to

monolayer cells, MCTS show microenvironment similar to in vivosituation, making it as a suitable model to

study PDT parameters (Figure 1).[2]

Aim. To determine whether mTHPC nanovectorisation by EVs could influence mTHPC distribution and photo-

dynamic activity compared to liposomal and free mTHPC.

Materiel and methods. Stability of mTHPC-EVs was performed by transmission electronic microscopy and

NTA. Diffusion of PS in HT29 spheroids was studied by confocal microscopy and cell survival after irradiation

by clonogenic assay. In vivostudy was performed after HT29 subcutaneous xenografts.

Results. Membrane integrity of mTHPC-EVs was conserved in circulation in contrast to Foslip®, which is rapidly

destroyed.[3] In MCTS, mTHPC-EVs demonstrated 2 and 4-times higher photocytotoxicity compared to liposomal

and free mTHPC. Indeed, 50% of EV-mediated cell photoinactivation was observed at 12 J.cm-2, while much less

photokilling was noted with all mTHPC formulation. This result can be related to the increased mTHPC diffusion

in MCTS, deeper than 100 µm, observed with mTHPC-EVs (Figure 2). In vivopreliminary results showed an

improvement of PDT efficacy. In fact, 47 days were required to obtained 10-times initial tumor volume (10x V0)

after intravenous injection of mTHPC-EVs compared to Foslip® and mTHPC where 10x V0 was already reached

at 30 and 35 days respectively.

Conclusion. Integration of mTHPC in EVs improves diffusion and photocytotoxicity in HT29 spheroids and

xenografts. These results could be explained by an enhanced uptake of EVs by cancer cells and an increased

stability in circulation. Overall, EVs should be considered as perspective nanocarriers for mTHPC-mediated

PDT.

Acknowledgments. The authors thank biolitec research GmbH (Jena, Germany) for gently providing mTHPC
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Carbon-based nanomaterials have emerged as platforms for biomedical applications because of their low tox-

icity and ability to be internalized by cells [1]. The development of imaging probes and drug delivery devices

based on carbon nanomaterials for biomedical studies requires the understanding of their biological response

as well as the efficient and safety exposition of the nanomaterial to the cell compartment where it is designed

to operate.

Multi-shell fullerenes, also known as carbon nano-onions (CNOs) are structured by concentric shells of carbon

atoms and display several unique properties, such as a large surface area to volume ratio, low density and a

graphitic multilayer morphology [2]. In my research group we have developed a versatile and robust approach

for the functionalisation of CNOs, involving the facile introduction of a number of simple functionalities onto

their surface. Our results have shown that chemical functionalization of the CNOs dramatically enhance their

solubility and reduce their inflammatory properties in vitro and in vivo [3]. We reported the absence of ad-

verse effects induced by CNOs on short and long term toxicity in Hydra [4] and in zebrafish [5] suggesting a

reasonable degree of biosafety of this new class of nanomaterials. We have developed intracellular imaging

systems based on CNOs functionalised with BODIPY derivatives [6], with special attention to the biologically im-

portant near-infra red (NIR) region [7] and pH dependent fluorescence on-off switching [8]. The on/off emission

of the fluorescent CNOs is fast and reversible both in solution and in vitro, making this nanomaterial suitable

as pH-dependent probes for diagnostic applications [8].

We have also developed a synthetic multi-functionalisation strategy for the introduction of different function-

alities (receptor targeting unit and imaging unit) onto the surface of the CNOs The modified CNOs display high

brightness and photostability in aqueous solutions and their selective and rapid uptake in two different cancer

cell lines without significant cytotoxicity is demonstrated. The localization of the functionalized CNOs in late-

endosomes cell compartments is revealed by a correlative approach with confocal and transmission electron

microscopy [9].

Recently, we showed internalization of fluorescent CNOs in hippocampal cells without neurophysiological and

behavioral alterations of hippocampal-mediated functions [10]. These results encourage further development

as brain disease-targeted diagnostics or therapeutics nanocarriers.
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Introduction
Glioblastoma (GBM) is among the deadliest human cancers because recurrence is unavoidable and fatal, with

only 3-5% of patients surviving beyond 5 years. Therefore, it’s urgent to develop novel treatments to selectively

kill therapy-resistant cell populations. The radio- and chemo- resistance of GBM Stem-like Cells (GSCs) and their

innate tumor-initiating aptitude, make them a crucial target for effective therapeutic strategies. Due to the

infiltrative nature of GBM and the presence of the Blood Brain Barrier (BBB), reaching GSCs dispersed into the

brain is hardly difficult and complex.

Several drug delivery nanosystems are currently undergoing advanced clinical trials or have received approval

for clinical applications in oncology. Among them, several liposomal drugs have been already approved for

cancer treatment. Liposomal doxorubicin (DOXO) is still the drug of choice for the treatment of breast cancer,

ovarian cancer and multiple myeloma.

Recently, a peptide derived from the receptor-binding domain of ApoE (mApoE) (amino acid residues 141-150)

has been identified, displaying enhanced BBB crossing capacity.

Using mApoE-functionalized liposomes as carriers for DOXO (mApoE-DOXO-LIPs) we aimed at investigating

whether mApoE could simultaneously favor BBB crossing, GSCs targeting and tumor growth inhibition.

Methods
The intracellular uptake of mApoE-DOXO-LIP or DOXO-LIP was evaluated in 3 different patient-derived GSCs

cultures through nuclear DOXO quantification by confocal microscopy. GSC primary cultures were established

from surgical samples of patients undergoing surgery for brain tumor removal. Cell viability was measured

by MTT assay. LDL-R expression was detected by immunostaining. Orthotopic xenografts were generated by

GSC1intracranial injection in NOD/SCID immune deficient mice. LIPs were administered intra peritoneum.

Results
In vivo biodistribution in healthy mice indicated that DOXO encapsulation into mApoE-LIPs allows drug BBB

crossing and enhances its accumulation into brain and prevents DOXO accumulation to the heart (Fig. 1A). Aug-

mented mApoE-LIPs penetrability was confirmed in in vitro experiments using a BBB cellular model (Fig.1B,C).

In addition, mApoE-LIP encapsulated DOXO preserves endothelial cells viability while retaining a significant

cytotoxic activity against GBM cells (Fig.1D,E). Conjugation of DOXO-LIP with mApoE significantly augmented

the nuclear accumulation of DOXO in all GSC cultures (Fig.2A,B) and this corresponds to a dose-dependent in-

hibition of GSCs cell viability when exposed to mApoE-DOXO-LIP. No noteworthy cell death was observed by

incubating GSCs with non-targeted DOXO-LIP (Fig.2C). Moreover, we show that a single dose radiation (2Gy)

enhances the GSC expression of LDL-R, mApoE receptor, hence determining significant increase in the respon-

siveness to mApoE-functionalized liposomes carrying DOXO (Fig. 3). Administration of mApoE-DOXO-LIPs and

DOXO-LIPs to GSC orthotopically transplanted mice showed that mApoE-functionalized liposomes can inhibit

in vivotumor growth, confirming their double ability to cross BBB and to exert cytotoxic activity on GSC (Fig. 4).

Conclusion
Using mApoE-functionalized liposomes, we provide the proof of concept, both in vitro and in vivo, for a dual-

targeting strategy able to improve BBB crossing and to ensure GSCs targeting. We also show that sublethal dose
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radiation (2Gy) increase LDL-R expression in GSCs, with a subsequent mApoE-functionalized liposomes uptake

and a more efficient lethal effect suggesting a possible use of mApoE-LIPs in combination with radiotherapy.

Figura1-biodistribution and in vitro bbb

model.jpeg
Figure2-lips uptake and cytotoxicity.jpeg

Figure3-ir effect on ldl-r expression uptake and

cytotoxicity.jpeg
Figure4-in vivo experiment on xenograft.jpeg
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Osteoarthritis (OA) is a progressive and degenerative joint disorder caused due to wear and tear of tissue joints

and cartilages. The clinical syndrome is manifested by the inflammation of joints and tissue degeneration inca-

pacitating the quality of life. To date, OA is regarded as the common multifactorial arthritis affecting millions of

individuals especially women resulting disability in gait and increased agony with age advancement. Current

treatment regimens include injection of high dose of steroids, oral intake of steroids and replacement surgeries.

Intra-articular injection of heavy doses ultimately leads to severe side effects, whereas, when used topically

results in hypersensitive reactions. Oral route due to poor availability cannot unable disease prognosis. Re-

placement surgeries are the final option with challenges such as low success rate, cost, and prolonged follow

ups. To overcome the challenges the work presents nanoengineered dual drug release formulation against OA.

Osteoarthritic drug (DMOD), was encapsulated in polymeric nanoparticle, whereas, the pain relieving drug en-

capsulated in thermoresponsive polymeric nanoparticle(Np). The dual drug loaded nanoparticles were further

incorporated into biodegradable gel chitosan serving as immobilizing matrix. Study reports the sustained re-

lease of DMOD from polymeric Np, and burst release of NSAID from thermoresponsive polymeric Np on appli-

cation of heat pad. Cs gel served as a good immobilizing matrix and controlled the release of drug onto the target

site. (D-PCL, A-PNVCL)Cs was found to be biocompatible to L929 cells. Rheology and inversion tests suggest the

smooth extrudability of the gel, the ideal characteristic for intra-articular injection. The in vivo biocompatibility

studies in wistar rats demonstrated significant compatibility of the material without causing any hypersensitive

reactions to the animals.

The results suggest the matrix (D-PCL, A-PNVCL)Cs as a promising candidate to be used for curing osteoarthritis.
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Summary:

The recent rapid developments in microfluidics technologies has enabled the realization of miniaturized laborato-

ries. These Labs-on-a-Chip will play an important role in future medicine, both in point-of-care devices for drug

or biomarker monitoring, as well as in early diagnostic devices. We developed a pre-filled ready-to-use capil-

lary electrophoresis platform for measuring ions in blood. It is used to monitor lithium in finger-prick blood of

manic-depressive patients, but can also be used for measuring calcium in blood for prevention of milk fever, or for

measuring creatinine in blood or sodium in urine for early detection of ESRD. Microfluidics can also be exploited to

manipulate and experiment with cells on chip. We have developed a microsystem for sperm analysis and selection

for artificial insemination, where we can electrically detect and sort healthy sperm cells. Using microdevices we

have been able to electroporate and transfect genes into individual cells, and a microdroplet platform was used

for encapsulation of single cells in microdroplets, ordering of these microdroplets and 1:1 fusion of these droplets

to form hybridomas. We believe this is a very powerful new tool that can be used for high-throughput single cell

experimentation. Apart from diagnostic and cell manipulation devices, microfluidic devices are increasingly used

to realise advance disease and organ-models, as illustrated by the blood-brain barrier chip and a blood vessel on

a chip to study atherosclerosis.
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The Nobel Prize in Chemistry 1987 was awarded to Cram, Lehn and Pedersen for their development and use

of molecules with structure-specific interactions of high selectivity. Twenty years later in 2016, Nobel Prize in

Chemistry recognized supramolecular chemistry and molecular recognition again by awarding Sauvage, Stod-

dart and Feringa for the design and synthesis of molecular machines. This talk takes cyclodextrin and cucur-

bituril as examples to develop cancer nanotheranostics that make use of the dynamic and responsive nature

of non-covalent interactions. By the formation of host–guest complexes with macrocyclic hosts, the anticancer

drugs can be easily formulated to prepare nanomedicines showing satisfactory anti-tumor efficacy and reduced

normal organ toxicity.
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The possibility of carrying out Functional and Molecular Imaging protocols by means of MRI is very attractive

for the superb anatomical resolution that is attainable by this technique. However, MRI suffers from an intrinsic

insensitivity (with respect to the competing imaging modalities) that has to be overcome by designing suitable

amplification procedures involving the use of properly designed chemicals. This approach relies first on the

development of paramagnetic contrast agents endowed with an enhanced sensitivity and on the identification

of efficient routes of accumulation of the imaging probes at the sites of interest. In this context much attention

has been devoted to the design and use of self-assembled systems based on amphiphilic molecules as well on

the use of whole cells, where the imaging reporters are represented by highly stable paramagnetic Gd(III) com-

plexes. Besides relaxation agents much attention is currently devoted also to the use of Paramagnetic Metal

Complexes as CEST agents (CEST= Chemical Exchange Saturation Transfer). In these systems one exploits the

paramagnetic perturbation in terms of its effect on the shift of the resonance of protons that are involved in

a slow/intermediate exchange with water. Upon applying a second rf field at the absorption frequency of the

exchangeable protons, a net saturation effect is detected on the water signal. These are frequency encoding sys-

tems that allow multiple agents detection in the same anatomical region as well as they offer the possibility of

designing innovative responsive probes that report on specific parameters of the microenvironment in which

they distribute. To overcome sensitivity issues, also for this class of agents, the use of Liposomes (LipoCEST)

and RBCs (ErythroCEST) appear to offer valuable solutions. Both spherical and osmotically shrunken LipoCEST

agents have been developed so far. In spherical LipoCEST the intraliposomal water resonance is in the ±4 ppm

range (dipolar shift). On the contrary, in not spherical LipoCEST the intraliposomal water resonance is more

shifted, reaching values up to ±30 ppm. This is the consequence of the Bulk Magnetic Susceptibility contribu-

tion, due to the alignment of LipoCEST in respect to the main magnetic field. Multicolor LipoCEST have been

developed in which the water resonance is modified at will by changing the properties of metal complexes

entrapped in the cavity. The use of nano- and micro-sized CEST systems has been shown to enhance CEST

sensitivity yielding a detection threshold in the (sub)picomolar range (in term of particles) corresponding to

nanomolar concentration of lanthanides. In such a way, nanosized CEST agents appear promising both for in

vivo applications (e.g. targeting experiments) as well as for the development of in vitro responsive agents able

to quantify biomarkers in biological specimens
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Bone tissue engineering (BTE) still presents many challenges due to the need to fine-tuning stem cells functions

in a more effective manner ex vivo, and maintain the cellular phenotype (e.g. osteoblast) in vivo upon re-

implantation. This lecture overviews our contributions in the development of nanoparticles systems for BTE1,

and in particular, surface engineered dendrimer nanoparticles to be used as intracellular carriers of drugs

and growth factors aimed at controlling the behavior of stem cells, namely their proliferation and osteogenic

differentiation.2-5The dendrimer nanoparticles were developed by means of grafting carboxymethylchitosan

(CMCht) onto poly(amidoamine) (PAMAM) dendrimers. Such structures organize into sphere�like nanoparticles

which were found to be able to control deliver dexamethasone intracellularly, in different cell types, to be non-

cytotoxic, and when loaded with dexamethasone (Dex), it can promote the osteogenic differentiation of stem

cells in 2D (e.g. TCPS) and onto 3D matrices (e.g. polymeric and ceramic scaffolds). The in vivo performance

of the developed Dex-loaded dendrimer nanoparticles implanted subcutaneously in the back of Fischer 344/N

rats (Syngeneic), in the absence of the typical osteogenic supplements, revealed the ability of the NPs towards

promoting new bone formation. In summary, we aim to engineer nanotools for the stem cell “tune-up” and

develop new strategies that can open up a new regenerative strategy for bone tissue regeneration.
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The process of translating novel biological insights into effective interventions is a highly complex undertaking,

requiring significant dedicated expertise and infrastructure. The hope generated by the revolution in biology

stemming from the unravelling of the human genome and subsequent explosion of a variety of ’omics fields

was not met with an increase in effective medical interventions.

Development failure rates remain stubbornly high, while concomitant to this reality is the continuing trend that

industry is reducing its investments in the early phases of discovery and translational research and develop-

ment.

The field of translational science is a highly multi-disciplinary enterprise, tasked with gaining a fuller mecha-

nistic understanding of both disease process and the mode of action that a would-be therapeutic would utilise

to modulate its effects. This is a move away from more empirical methods of development, and is in part a

response to increasing scrutiny from regulators, who are more and more requiring that developers show (a)

understanding of the mechanisms behind their investigational drugs, and (b) increasing onus on the ability to

stratify potential responders from non-responders ex ante on the basis of companion diagnostic tests.

Due to these developments in the field, the development pipeline finds itself in a transitional stage, where de-

velopers are trying to validate tools that can support in discriminating early in the R&D process which drug

candidates have high potential versus those that will fail, as well as significant resources deployed to identify

and validate potential biomarkers for patient stratification and prognostication. It is in this biology-driven,

technology-rich area that academia is proving to be a significant driver of productivity, both in terms of novel

tools for development, as well as in the very interventions that ultimately will transition along the pipeline

towards the patient.

The presentation will provide an overview of the current state of affairs of translational research in Europe, and

the role of the major stakeholders in these efforts, such as the latest regulatory developments, industry trends

and the role of research infrastructures such as EATRIS. EATRIS ERIC was created to defragment the substantial

European efforts in this field, with the mission to improve productivity of the translational R&D pipeline, by

providing high quality research services to public and private research entities.
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Introduction
Mefloquine (MQ) is a quinoline based antimalarial drug, which is potent against multiple drug-resistant Plas-

modium falciparum. It is widely prescribed for the prophylactic treatment of malaria. Due to extensive usage of

MQ, constant monitoring of the drug level in human body is of paramount importance in order to ensure that

optimum drug exposure is achieved. The present work describes a gold nanourchins (AuNUs) based electro-

chemical sensor for the determination of MQ.

Method
AuNUs were synthesized via seed-mediated method and characterized using ultraviolet-visible spectroscopy,

energy-dispersive X-ray spectroscopy, field emission scanning electron microscopy, zeta-sizer and electrochem-

ical techniques (electrochemical impedance spectroscopy and cyclic voltammetry). Fabrication of the sensor

was done by drop-coating the synthesized AuNUs onto a glassy carbon electrode. This working electrode was

then used for all electrochemical experiments.

Results and discussion
The fabricated sensor exhibited enhanced voltammetric response, which was attributed to the excellent con-

ductivity and high surface area of AuNUs. Under optimum square wave voltammetric conditions, the sensor

displayed two linear response ranges (from 2.0 x 10-9 to 1.0 x 10-6 M and from 1.0 x 10-6 to 1.0 x 10-3 M) with a de-

tection limit of 1.4 nM. The electrode demonstrated good reproducibility, stability and selectivity over common

interferents. The utility of the sensor was successfully assessed for quantification of the drug in pharmaceutical

preparation and spiked human urine sample. Thus, the present study demonstrates a promising approach for

determination of MQ with practical utility in quality control and clinical analysis.
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Introduction: Nanomedicines gain much more relevance in biomedical applications if they are tailored to be

degradable as a response to certain stimuli. Such stimulus may be enzymatic removal of protecting groups, a

pH change, light or more recently, to the presence of ROS in cancer. ROS have a crucial role in human physi-

ological and pathophysiological processes. At high concentrations, ROS react readily with proteins, lipids, car-

bohydrates, and nucleic acids, often inducing irreversible functional alterations or even complete destruction.

An emerging body of data indicates that ROS such as, hydrogen peroxide (H2O2) is a component of cell sig-

naling pathways that are necessary for the growth, development, and fitness of living organisms. However,

imbalances in H2O2 production lead to oxidative stress and inflammation events, which damage tissue and or-

gan systems and are correlated with the onset and advancement of various diseases, including cancer diabetes

cardiovascular and neurodegenerative diseases.

Methods: In this way, new oxidative responsive amphiphilic diblock copolymers based on novel

methacrylamide monomers bearing pinacol-type boronic ester functional moieties and N-(2-

hydroxypropyl)methacrylamide (HPMA) were synthesized by a reversible addition-fragmentation chain

transfer (RAFT) polymerization and characterized by standard techniques (1H NMR and SEC).

Results and discussion: From this new block copolymers Polymersomes (PSomes) displaying triggered degrada-

tion in the presence of reactive oxygen species (ROS) were prepared and fully characterized (Fig. 1) The PSomes

specifically degraded under concentrations of ROS (such as H2O2) that are commonly found in the intracellular

environment of certain tumors and of inflamed tissues. The full characterization of the PSomes and their degra-

dation under presence of H2O2 was probed by dynamic and static light scattering techniques. The aforementioned

PSomes has potential as cancer targeted drug delivery systems, due to the overproduction of ROS around cancer

cells.

Acknowledgemets: This research was supported by the Czech Science Foundation (grant # 17-09998S) and by

the Czech Academy of Sciences (Grant MSM200501602).
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Polyurethane hydrogels have a wide range of biomedical applications, e.g. as drug delivery systems or wound

healing dressings. Polyurethane nanocomposite hydrogels containing Cloisite®30B (organofillized montmoril-

lonite) have unique swelling and release properties in comparison with unmodified hydrogels. The presence

of nanoparticles significantly improves the swelling capability and on the other hand slows down the release

process of an active substance from the hydrogel matrix. In our measurements three different nanocomposite

systems with various amounts of Cloisite®30B were investigated. We examined the swelling of drug (naproxen

sodium and paracetamol) solutions by the nanocomposite matrix and the release process of these active sub-

stances from the hydrogel. The most common mechanism of drug release from hydrogels is passive diffusion.

The kinetics of both these processes were carefully analyzed by the use of the Korsmeyer-Peppas, the modified

Hopfenberg and Weibull models. The models were fitted to precise experimental data allowing quantitative

and qualitative analysis. The performed research indicates the high potential of polyurethane nanocomposite

hydrogels as a new type of biomedical materials with the possibility of drug release.
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Introduction
Superparamagnetic iron oxide nanoparticles (SPIONs) have been used for many years as magnetic resonance

imaging contrast agents, for tissue reparation, or for drug delivery. Bare SPIONs are often insufficiently stable

for a specific accumulation in target tissue. Surfaces of SPIONs with various polymers can make stability, release

kinetics and tissue selectivity more efficient. The aim of this work is to investigate in detail the influence of the

composition of the surface coating on the colloidal stability of SPIONs. The study aimed at the preparation of

biocompatible core-shell SPIONs coated with polyvinylpyrrolidone (PVP), polyoxyethylene stearate (POES) and

chitosan (Chit). Thereafter, the core/shell SPIONs were loaded with doxorubicin or ellipticine. The prepared

structures were characterized and their effect on tumor and non-tumor cell lines was also tested.

Methods
After synthesis, surface coating of SPIONs was optimized in distinct conditions (temperature, ultrasound treat-

ment and time-dependence) towards the best binding of doxorubicin and ellipticine. Then, SPIONs were charac-

terized using scanning electron microscopy, dynamic and electrophoretic light scattering, spectrofluorometry

and infrared spectroscopy. Release kinetics of immobilized agents was tested in buffers mimicking various

physiologic conditions. Three different human cell lines were used in this study: MDA-MB-231, MDA-MB-468

and HBL-100. To investigate toxicity/biocompatibility, MTT, clonogenic assay, hemolytic assay, single cell gel

electrophoresis, determination of free radicals and western blotting were performed.

Results and Discussion
We designed, prepared and tested cytotoxicity and biocompatibility of various modified SPIONs. The highest

yield in immobilization of cytotoxic agents was achieved in case of Chit (0.31 mg/ml) with antitumor agent

doxorubicin (4.84 μg/ml). The process resulted in highly stable SPIONs (stable in dispersion for more than 6

h) having the highest release in slightly acidic environment adequate to hypoxic or endosomal environment.

Bare SPIONs had only negligible cytotoxicity. Surface coating and drugs immobilization resulted in higher

cytotoxicity, compared to free drugs, due to a synergistic interplay.

The work was financially supported byAZV (15-28334A) and AF-IGA-IP-2018-007.
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As cancer remains a threat to mankind, new approaches of treatments have paved a way for its possible

cure. The contemporary preferred line of treatments involves surgery, radiation therapy and chemotherapy.

Monotherapy- a common treatment regimen for cancer treatment is associated with non-specificity, reduced

retention time due to low solubility, long term side-effects and multidrug resistance and thus, demands devel-

opment of alternate and modified therapeutics. The challenge is not only to combat the issues faced by conven-

tional drugs but to make progression in this regard in terms of advanced functional nanomaterials with much

superior properties of therapeutic value and targeted efficacy. In this regard, metal nanoclusters with lumi-

nescent properties and viable functionalization option opens up a new domain in theranostics. Among many

metals (Au, Ag, Pt and Cu) available, copper constitutes to be an essential element for human body. Therefore, a

novel theranostic nanodrug was formulated with blue emitting transferrin stabilized copper nanoclusters and

doxorubicin (Tf-CuNC-Dox-NPs), with enhanced drug-loading capability, specific tumor targeting and monitor-

ing of drug release based on FRET assisted strategy have been incorporated together for possible applications in

cancer theranostics. The as-synthesized formulated nanodrug was found to be effective in targeted delivery of

anticancer drug Dox to TfR overexpressed cells (HeLa and MCF-7) as compared to the less TfR expressed HEK-

293 and 3T3-L cells. Uptake and release of Dox from the nanoparticulate system was monitored by Förster res-

onance energy transfer (FRET) assisted bioimaging. FRET from the blue emitting Tf-CuNCs as donor to the Dox

acting as acceptor led to the NPs emitting in the red thus acting as a probe. Interestingly, the blue emission of Tf-

CuNCs could be effectively recovered in the cytoplasm of cancer cells with overexpressed transferrin receptors,

allowing simultaneous and gradual release of Dox into the nucleus following internalization. Tf-CuNC-Dox-NPs

that resulted in efficient synergistic killing of cancer cells, as revealed by cell viability, dual staining, cell cycle

analysis and apoptosis detection assay. The synergistic effect was complemented by the isobologram plot where

all the data points were below the line of additivity, which represented synergistic interactions of drugs. The

HeLa and MCF-7 cells showed higher rate of cell mortality as compared to HEK-293 and 3T3-L1 cells. Further

in vivo studies on mice bearing Daltons Lymphoma Ascites (DLA) tumor showed enhanced therapeutic activity.

Overall, this study is a first of its kind that employs Tf-Cu NCs-Dox-NPs (nanodrug) for diagnostic imaging and

FRET assisted targeted delivery of drugs for both in-vitro and in-vivo conditions.

Reference

• Goswami, U.; Dutta, A.; Raza, A.; Kandimalla, R.; Kalita, S.; Ghosh, S.S.; Chattopadhyay , A. Transferrin –

Copper Nanocluster - Doxorubicin Nanoparticles as Targeted Theranostic Cancer Nanodrug. ACS. Appl.

Mater. Interfaces, 2018, 10(4), 3282-3294.
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Introduction.
Herein we investigate two intracellular dynamic processes (i) siRNA therapeutics cellular trafficking and ac-

tivity, (ii) the intracellular binding of DNA nanoswitches to Transcription Factor (TF) proteins. We employed a

combination of Stochastic Optical Reconstruction Microscopy (STORM) and fluorescence resonance energy trans-

fer (FRET) to elucidate the endosomal escape of DNA and siRNA. We imaged the single DNA and RNA molecules

released in the cytosol upon burst of the maturing endosomal compartments, the single broken endosomal

vesicles and the TF targeting process, with high spatial resolution.

Methods
To probe the intracellular fate of DNA and siRNA, dual-labelled biomolecules and antibodies were used. Trans-

fection of PC3 cells with Quasar 570/Quasar 670-labelled DNA and siRNA was performed for 4 hours. STORM

images were acquired and processed using a Nikon N-STORM system configured for total internal reflection

fluorescence imaging (TIRF).

Results and Discussion
In the first study, our results suggest that the DNA-nanoswitch can bind to a specific TF directly in living cells,

probing its activity in situ. Importantly, the DNA nanoswitch serves as a dynamic probe for sensing and com-

paratively quantifying in real time the intracellular silencing of TF. This TF-responsive nanoswitch can be po-

tentially used as a simple, rapid, functional sensing device as an alternative to standard antibody-based staining

techniques and multi-step reporter gene technologies (Nanoscale2018, DOI: 10.1039/C7NR07814E). The second

study shows that the architecture of siRNA nanocarriers is a crucial parameter to control the mechanism of

endosomal escape of siRNA driven by the “sponge effect”. Our findings suggest that the disassembly of carrier-

siRNA constructs is the rate limiting step for intracellular delivery of siRNA. The sustained release of siRNA

payload occurs in the cytosol via the slow equilibrium dissociation process of the constructs.

Fig.1. a) Multi-color STORM super-resolution images of the DNA-switch (red) and early ( 2a, 3a) and late endo-

somes (2b) (green), scale bar is 200 nm.
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Introduction:
The search for resistant-proof, non-traditional antibacterial agents are gaining importance in view of dwindling

of antibiotic development and increasing irrational antibiotic therapy in recent time. Antibiotics, antifungal

agents only act on dividing cell, unable to act on dormant cell population. For this reason repetitive dosages

of antibiotic are required. Silver nanoparticles have tremendous potential to be a potent drug owing to its

antimicrobial properties, for multiple targets of action.

Methods:
Two different types of colloidal silver nano-particles had been prepared from silver nitrate using tri -sodium

citrate and Carboxy Methyl Cellulose (CMC) as source of capping agents.

From fresh sub cultured plate, colonies were inoculated at five different times into cation adjusted Mueller

Hinton Broth (CMHB) , adjusted to 0.5 McFarland standards. Then they were refrigerated for 24 hours at 4°Cto

make them static cells. Before storing the bacterial suspension at 4°C, one loopful of bacterial suspension were

plated on nutrient agar by semi-quantative method and plate were incubated at 37°C for 24 hours. After 24

hours, silver nanoparticles and equivalent concentration of native silver were added to refrigerated inoculum

in two set at 37°C and in another two set at 4 degree and twofold serial dilution were prepared in each set.

After 24 hours, one loopful of bacterial suspension were plated on nutrient agar by semi-quantative method

and incubated at 37°C for 24 hours. Colony count were compared.

Same procedure were performed with antibiotics (cell wall synthesis inhibitor & DNA synthesis inhibitor),

antifungal agent (fluconazole)

Nano treated bacterial inoculum(1/2 MIC Concentration) were washed with PBS, reconstituted in CMHB and

added to antibiotics, antifungal agents. Then two fold serial dilution were performed at both temperature.

Results:
The citrate capped silver nanoparticle shows 64 folds,256 fold 512 fold and CMC capped silver nanoparticle

shows 256 folds, 256 fold, 512 fold diluted MICs than those of equivalent concentration of aqueous silver nitrate,

against S. aureus, E. coli, C. albicans (reference strain & clinical isolates) respectively at both 37° C and 4° C.

Antibiotic penicillin inhibit S. aureus at 0.12 ug/ml, amikacin inhibit E. coli at 4 ug/ml and fluconazole inhibit

C. albicans at 8 ug/ml only at 37 degree celcius, but not 4 degree Celsius. There are more colonies on plate

incubated at 37°C than 4°C. But amikacin, penicillin, fluconazole inhibit silver nanoparticle treated inoculum at

½ MIC concentration at 37 and 4°C.

Discussion
In present investigation both types of silver Nanoparticles have shown antimicrobial activity against dividing

and static cells. But antibiotics, antifungal agents can act on dividing cell at 37°C. When nano treated inoculum

are treated with antibiotic, there will be inhibition of microbial growth at 37 and 4°C due to irreversible damage

caused by silver nanoparticle at 4°C. As nano-particles work on all active or dormant cell population, their

prolong course with repetitive dosages may not be required like antibiotics. Using these properties such nano-

silver preparation can be used at sub-toxic dose synergistically even with apparently resistant antibiotics.
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Introduction: Histotripsy is a non-invasive and non-thermal ultrasound ablation technique, which mechanically

ablates the tissues using very short, focused, high-pressured ultrasound pulses to generate dense cavitating

bubble cloud. Histotripsy requires very large negative pressures (≥28MPa) to generate cavitation in a target

tissue, guided by real-time ultrasound imaging guidance. Recently, we have developed nanoparticle-mediated

histotripsy (NMH) in order to significantly reduce the pressure required to deliver histotripsy into target tissue

selectively, enhance treatment efficiency, and allow for the selective ablation of tumor cells while creating no

effect on the neighboring healthy cells. In our previous work, perfluorocarbon filled nanodroplets (NDs) with

the size of ~200 nm were used as cavitation nuclei for histotripsy, as they are able to significantly lower the

cavitation threshold. However, although NDs were shown to be an effective histotripsy agent, their generation

requires multistep synthesis, lack of long-term stability and determination of PFC concentration in the treatment

dose is not possible. This study aims to develop a new generation histotripsy agent, nanocones (NCs), that can

be easily produced, has longer self-life, stable, smaller in size and allow users to calculate PFH amount for

consistent treatments.

Methods: Nanocones was obtained through host-guest interaction between water soluble, methylated beta-

cyclodextrin (MCD) and perflurohexane (PFH) by mixing them in water at room temperature (Figure 1). PFH

amount in the complex was calculated using calibration curve obtained by Gas Chromatography. The size of the

nanocones was determined using DLS. Cell viability assay and their hemolytic activity were tested to investigate

their biocompatibility. Finally, histotripsy efficiency was tested by applying histotripsy pulses to the agarose gels

phantom using pulse repetition frequency of 1 Hz at a driving voltage of 45, 60 and 85 volts which corresponds

to 16.0, 20.5 and 28.5 MPa, respectively. A 500 kHz transducer was used with 5 cycles per pulse and the results

were recorded using a high-speed camera.

Results: NCs was obtained with the 98% yield of inclusion complex formation between MCD and PFH. Their

structure was confirmed by 1H-NMR and 19F-NMR studies that showed presence of PFH in the cavity of MCD.

Scanning electron microscopy results showed morphology change and F atom distribution of nanocones. They

did not show hemolytic activity against red blood cells and not significantly effected cell viability of the healthy

human embrionic kidney cells (HEK 293T). Cavitation threshold experiment showed that NCs were able to lower

the threshold (Figure 2).

Discussion: The developed nanocones address the mentioned limitations of NDs. Their size was smaller than

50 nm that might provide better chance to accumulate into tumor tissue through EPR effect and allows selective

treatment. Quantitative complexation allows to calculate PFH in the planned dose that supports the superi-

ority of the NCs that are easy to produce, cost-effective, stable and a biocompatible new histotripsy agent for

nanoparticle-mediated histotripsy. Finally, NCs were able to lower the cavitation pressure threshold of his-

totripsy as low as 16.0 MPa compared to control phantoms, demonstrating the ability of NCs to function as

effective histotripsy agents for NMH.
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Despite the great need of blood substitutes, their development remains highly challenging and clinical trials

have not yet proven successful. Blood substitutes have to overcome the acute renal toxicity associated with the

delivery of free haemoglobin in the circulatory system, and to prevent fast clearance from the bloodstream.

Recently, nanoparticles have attracted much attention as new scaffolds for haemoglobin-based oxygen carriers

(HBOCs),1 providing that the interaction between the nanoparticles and haemoglobin at a molecular scale and

its effect on the oxygenation properties of haemoglobin are finely controlled.2,3

Here, we show that silica nanoparticles can act as an effector for human adult haemoglobin (HbA) and sickle cell

haemoglobin (HbS), and allow manipulating their oxygenation properties while maintaining their tetrameric

structure in physiological conditions.4 The increase of the oxygen affinity could be associated with the structural

changes of adsorbed hemoglobin. The cooperative oxygen binding exhibited by adsorbed haemoglobin and the

comparison with the oxygenation properties of diaspirin cross-linked haemoglobin confirmed the preservation

of the tetrameric structure of haemoglobin loaded on silica nanoparticles. Adsorbed haemoglobin-based oxygen

carriers represent a promising approach for the rational design of blood substitutes using nanoparticles to

manipulate the structure and activity of haemoglobin. The use of nanoconstructs is particularly interesting for

the treatment of vaso-occlusive crisis in sickle cell patients.5 The in vivo studies reported for nanoparticle-based

system suggest that these new HBOCs may become a suitable blood substitute in the future.

1. Sen Gupta A. Bio-inspired nanomedicine strategies for artificial blood components. Nanomedicine and

Nanobiotechnology. 2017;9:1–33.

2. Devineau S, Zanotti JM, Loupiac C, et al. Myoglobin on silica: A case study of the impact of adsorption on

protein structure and dynamics. Langmuir. 2013;29:13465–13472.

3. Devineau S, Zargarian L, Renault JP, Pin S. Structure and Function of Adsorbed Hemoglobin on Silica

Nanoparticles: Relationship between the Adsorption Process and the Oxygen Binding Properties. Langmuir.

2017;33(13):3241–3252.

4. Devineau S, Kiger L, Galacteros F, et al. Manipulating hemoglobin oxygenation using silica nanoparticles: a

novel prospect for artificial oxygen carriers. Blood Adv. 2018;2(2):90–94.

5. Archer N, Galacteros F, Brugnara C. 2015 Clinical trials update in sickle cell anemia. Am. J. Hematol.

2015;90(10):934–950.
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Nanometer-sized drugs (nanodrugs) have been received considerable attention for their potential application

as a therapeutic agent for cancer, due to their tumor targeting efficacy. Various types of nanocarriers have been

proposed to fabricate nanodrugs. The introduction of drug into nanocarriers, however, would cause several

problems, such as low drug loading (less than 10 wt%), side effects by themselves, and so on. In order to solve

these problems, we have put forward nano-prodrugs, which are composed of prodrug molecules without using

nanocarriers as a novel designed nanodrugs (Figure 1).

In the present study, we have selected SN-38 as a model compound so as to obtain nano-prodrugs. SN-38 is

the biologically active metabolite of irinotecan, which is commercially available, and exhibits potent antitumor

activity. First, prodrugs of SN-38 with various substituents were synthesized through biodegradable ester bond.

Next, the nano-prodrugs of SN-38 prodrug were fabricated by using the reprecipitation method. When the

hydrophobic substituents such as saturated alkyl chain were employed, nano-prodrug with less than 100 nm

in size could be obtained successfully. Finally, the anticancer properties were surveyed by evaluating the cell

viabilities, after treated with SN-38 nano-prodrug or irinotecan. As a result, all SN-38 nano-prodrugs exhibited

higher cytotoxicity than irinotecan against HepG2 cells. In addition, in vitro cytotoxic activities decreased as

the length of the fatty acid chain increased (Figure 2). The cytotoxicities of these nano-prodrugs were unrelated

to particle size or efficacy of cellular uptake, but critically depended on their hydrolysis rate within cancer cells.

In conclusion, we have succeeded in synthesizing SN-38 prodrug and fabricating the corresponding nanopar-

ticles, that is, nano-prodrugs. It was proved that the hydrophobicity of conjugated substituents in SN-38 was

one of the most important factors to obtain SN-38 nano-prodrugs. In addition, the drug release rate from nano-

prodrugs can be controlled successfully by changing the length of the introduced fatty acid chain.

Figure 1. nano-prodrugs.png

Figure 2. cytotoxic activity of sn-38

nano-prodrugs.png
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Recently, Mn(II)-containing nanomaterials1 have been explored widely as attractive alternatives to Gd(III)-

based T1-weighted magnetic resonance imaging (MRI) contrast agents (CAs)2for cancer diagnosis. However, to

our best knowledge, no Mn-based MRI CAs have been reported to sensitively respond to the very weakly acidic

environment (pH 6.5~7.0, i.e. pH range in actual tumor microenvironment) with satisfactory imaging perfor-

mance. This talk will present our recent work on devising a novel Mn-based layered double hydroxide (Mn-LDH)

with a two-step method: i.e., first co-precipitation to get the Mg3Al-LDH suspension and then subsequent iso-

morphic substitution of partial Mg2+ with Mn2+ ions. It shows outstanding T1-MRI performance ultrasensitive to

the very weak acidity (pH 6.5~7.0), and clear MR imaging of tumor tissues in mice for at least two days (Figure 1

and 2a), which may result from the unique microstructure of Mn ions in Mn-LDH (Figure 2b-d), as demonstrated

by extended X-ray absorption fine structure (EXAFS). Thus, this novel Mn-LDH nanoparticle with ultrasensitive

pH response, high relaxivity, and prolonged imaging time, has high potential for cancer CAs. This research has

been published in Adv. Mater.(2017, 29, 1700373).

Furthermore, the development of biomaterials has accelerated a shift from isolated tumor diagnosis or ther-

apy towards non-invasive imaging-guided combinational therapy.3 In our second exploration, novel defect-rich

multifunctional Cu-LDH nanoplatform was devised delicately to perform on-target tumor theranostics via excel-

lent T1 weighted MR imaging-guided synergistic photothermal-/chemo-therapy with minimal impacts on nor-

mal tissues (Figure 3). As characterized with EXAFS and X-ray photoelectron spectroscopy, smaller Cu-LDH

nanoparticles possess a considerable amount of defects around Cu cations (Figure 4a and b), an advantageous

microstructure that enables a high photothermal conversion of 808 nm NIR laser (53.1%). The exposure of Cu-

OH octahedra on the LDH surface makes the photothermal conversion significantly acid-enhanced (53.1% at

pH 7.0 vs. 81.9% at pH 5.0, Figure 4c). This Cu peculiar microstructure also makes T1-MRI very pH-sensitive

(Figure 4d), a desirable guide for subsequent tumor photothermal therapy. Combined photothermal therapy

and chemotherapy lead to complete elimination of tumor tissues in vivo with a low agent injection dose (Fig-

ure 4e). Therefore, this novel defect-rich Cu-LDH nanoplatform is one of promising tumor-specific nanother-

anostic agents for non-invasive imaging-guided combinational therapy. This research has been published in

Biomateirals(2018, 177, 40-51).
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With increasing energy demands and rising levels of CO2, methods are being explored to convert common

gases such as CO2 and N2 into useful energy-abundant products. Biocatalysis and photocatalysis are emerging

tools for alternative fuel generation or unique chemical synthesis. Enzymes are “super-catalysts”, enabling

high selectivity, fast turnover rates, and low activation barriers. With the recent rise of nanotechnology, new

materials exploiting electronic, optic and catalytic properties have been developed. Such nanomaterials are

rapidly becoming standard elements utilized especially in science and engineering applications. By integrating

nanomaterials with similarly sized enzymes, artificial activation of the enzymes with a synergetic effect can be

achieved. The talk will focus on methods to establish electrical communication between proteins and electrodes

for a variety of sensing and energy applications. Semiconductors photoactivation for fuel production will be

presented, and the synergetic effect of nano-bio hybrid based configurations will be discussed.

References:

• A. W. Harris, O. Yehezkeli*, G. R. Hafenstine, A. P. Goodwin and J. N. Cha Light-Driven Catalytic Upgrading

of Butanol in a Biohybrid Photoelectrochemical System ACS Sustainable Chem. Eng., 5, 8199–8204, (2017).

• G. R. Hafenstine, K. Ma, A. W. Harris, O. Yehezkeli, E. Park, D. W. Domaille, J. N. Cha, and A. P. Goodwin,

Multicatalytic, Light-Driven Upgrading of Butanol to 2-Ethylhexenal and Hydrogen under Mild Aqueous

Conditions. ACS Catal., 7, 568–572, (2017).

• M. Ke, O. Yehezkeli, E. Park, and J. N. Cha. Enzyme Mediated Increase in Methanol Production from

Photoelectrochemical Cells and CO2. ACS Catal. 6, 6982–6986, (2016)

• O. Yehezkeli*, N. M. Badford, E. Park, M., Ke, and J. N. Cha. Semiconductor based Solar Driven Photochem-

ical Cells for Fuel Generation from CO2 in Aqueous Solutions, ChemSusChem , 9, 3188–3195. (2016).
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There is an urgent need to develop effective treatments for triple negative breast cancer (TNBC). The disease

is characterised by aggressive progression, lack of standard therapies and low overall survival of the patients.

Existing targeted therapies are not applicable to TNBC; thus, chemotherapy remains the standard of care for

the treatment of TNBC. Here, we developed docetaxel (DTX)-loaded redox responsive crosslinked micelles us-

ing biocompatible and biodegradable functionalised mPEG-b-poly(D,L-lactide-co-α-N3-ε-caprolactone) for the

treatment of TNBC. The empty micelles did not show cytotoxicity in vitro in any of the three cell lines used

(MDA-MB-231, MCF7 and MCF10A), whereas DTX-loaded reducible crosslinked micelles had higher cytotoxic-

ity against TNBC cells. Crosslinked and non-crosslinked micelles showed high cellular uptake in MDA-MB-231

(TNBC) cells which was found to be concentration-dependent. The crosslinked micelles induced higher levels of

apoptosis in MDA-MB-231 cells. They also promoted an increase in the activity of caspase-3/7 in comparison to

the cells treated with DTX-loaded uncrosslinked micelles and free docetaxel. Biodistribution results in healthy

mice showed that crosslinked micelles have an increased stability in vivo in comparison to their non-crosslinked

counterpart. Moreover, both formulations were found to be biocompatible and did not promote any adverse

effect in vivo. These data demonstrate that crosslinked micelles can potentially have efficient distribution and

accumulation at the tumour sites. Taken together, these results suggest that reducible crosslinked micelles may

be an effective and promising nanocarrier for forthcoming clinical applications to TNBC.

Summary of dtx-loaded redox-responsive crosslinked micelles in vitro and in vivo effects.jpg
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Gold nanoparticles have gained interest in cancer research as theranostic platforms because their surface can

be easily functionalized with biomolecules for drug delivery, gene therapy and specific accumulation at the

tumor site. However, when exposed to biological fluids such as blood or serum, nanomaterials change their

surface composition with the formation of a protein corona, which can hinder the therapeutic function and

cytotoxicity effects of the nanomaterial. Recently, efforts have focused on understanding protein corona for-

mation upon nanoparticle exposure to a static environment, such as a human serum solution. While it is well

known that the nature of the protein corona depends on the composition of the biological environment, its be-

havior in tumor microenvironment is still not completely understood. Increased protease activity and lower

pH in tumor microenvironment can affect the biological and physical properties of the protein corona. Using

the PANC1 cell line, we measure the time dependent degradation of nanoparticle protein coronas attributed to

proteolytic activity of this aggressive pancreatic ductal adenocarcinoma (PDAC) cell line. In addition, we vary

protein corona composition to tune its degradation rate. While some studies have designed coronas for their

carrier properties, optimizing their properties for protease degradation has been relatively unexplored. Re-

sults can enable engineering protein corona properties for optimal biodistribution, stability, cell interaction,

and uptake.
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Introduction: Silver nano-particles (AgNPs) have higher antibacterial activity than that of free ions of silver. The

mechanism of added action after physical transformation is yet to be fully elucidated but it is established that

damage of bacterial cell wall is influenced by zeta potential, reduced size, shape and concentration of AgNPs.

The evidence of cell damage by AgNPs on different group of microbes may be demonstrated by Scanning and

Transmission Electron Microscopic examination.

Methods: AgNPs were prepared by reduction of silver nitrate by trisodium citrate , adjusted to 100 ug/ml con-

centration. Nano size was monitored by UV spectroscopy,DLS. Escherichia coli ATCC 25992, Pseudomonas aerug-

inosa ATCC 27853, Staphylococcus aureus ATCC 29213 and Candida albicans ATCC SC5314 were recovered from

stock in BHI broth; then adjusted to 0.5 McFarland standard. One ml. of each bacterial suspension were mixed

with 1 ml. of AgNPs, resulting effective concentration of 50 ug/ml. Tubes were incubated at 37°C for 24 h. Thin

smears were prepared on glass slides and fixed in glutaraldehyde. After sputter coating slides were examined

by electron microscopy at higher magnification and resolution.

Results : The electron micrograph showed that AgNPs were present on the cell membrane and they appeared

to be attached to the lipopolysaccharide layer present in the cell wall of Gram-negative, E. coli bacteria . The

wrinkled cell wall may indicate leakage of cytoplasmic contents outside the cell of E.coli.

In P. aeruginosa Silver ions penetrate bacterial cell, cause irreversible damage on bacterial cells, alteration of

membrane permeability and respiration, denature ribosomes, thus leading to cell disruption .

The ultrastructural differences visualized under SEM with silver nanoparticles treatment were changes in the

surface appearance of the yeast from smooth to rough thus indicating outer cell wall damage. On the fungus ,

true hyphae was mostly absent, as filamentation was inhibited. TEM measurement of the cell-wall width of C.

albicans after treatment resulted in significant enlargement demonstrating membrane permeabilization.

In S.aureus , Cell responses to Ag-NPs mainly were presented by damage of cell structures. The Ag-NPs are

adsorbed on cell wall of S. aureus ,penetrated and accumulated in cells without aggregation and damaging of

neighboring cytoplasm. The cytoplasm of S. aureus became amorphous, Other changes are late deformation

of S. aureus cells. They showed lysed cells with broken walls and membranes and decreases and heterogeneity

in electron density in the cytoplasm The localized separation of the cell membrane from the cell wall could be

discerned.

Discussion: Patchy cell wall disintegration and morphological alterations with protoplasmic protrusion at places

were observed in all test organisms, but more prominent in E. coli, in P. aeruginosa and least in S.aureus ,C. al-

bicans.

Damage of bacterial cell wall or cell membrane by physical force of AgNPs is demonstrable by electron mi-

croscopy. This may be predominant mechanism of nano-antimicrobial action, which directly alters cell physi-

ology and may indirectly exert enhanced antimicrobial action by increased influx of silver ions or antibiotics.
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Introduction: Gold nanorods (NRs) have found applications in biomedical areas due to their optical properties,

stability and low toxicity in biological medium. However, the accumulation of nanomaterials in the target

tissue, as well as their circulation time are dependent on the ability of not been recognized by the immune

system1. Among the strategies used to overcome these barriers, the coating of nanoparticles with endogenous

materials had been highlighted by its low cost and biocompatibility2. We aimed to develop a multifunctional

system using gold nanorods coated with extracted cell membranes and macrophages exosomes from RAW264.7

cells.

Methods: NRs were synthesized using the seed growth method. The resulting nanorods were covalently func-

tionalized with poly(ethylene glycol) methyl ether thiol (PEG). RAW264.7 exossomes were extracted using two

steps of ultracentrifugation, after 48 h of incubation with serum exosomes depleted.

Results and discussion: Peglated nanorods with a longitudinal plasmonic band in the infrared region were

produced with a potential zeta of 5.3 mV. Nanosight results showed that 1,44*1011 exosomes/mL were extracted

within 3*106 cells/mL of RAW 264.7 cells. The RAW 264.7 exosomes exhibited a diameter of 150 nm, with PdI of

0.435, as revealed by DLS analyzes. The exosomes surface charge was estimated at -9.2 mV.

Conclusion: We were able to extract exosomes with a good yield, as well as to synthesize nanorods that absorbs

light in the infrared region, making them suitable for applications as theranostic agents.

1. Dickerson, E. B. et al. Gold nanorod assisted near-infrared plasmonic photothermal therapy (PPTT) of

squamous cell carcinoma in mice. Cancer Lett. 269, 57–66 (2008).

2. Parodi, A. et al. Synthetic nanoparticles functionalized with biomimetic leukocyte membranes possess

cell-like functions. Nat. Nanotechnol. 8, 61–68 (2012).
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Arginine-rich protein motifs have been described as potent cell-penetrating peptides (CPPs) but also as rather

specific ligands of the cell surface chemokine receptor CXCR4, involved in the infection by the human immun-

odeficiency virus (HIV). CXCR4 is also highly relevant for targeted drug delivery since this receptor is overex-

pressed in the stem cells of more than 20 human neoplasias, including frequent ones such as colorectal and

pancreatic cancers and lymphoma.

Polyarginines are commonly used to functionalize nanoscale vehicles for gene therapy and drug delivery, aimed

to enhance cell penetrability of the therapeutic cargo. However, the conditions under which these peptides do

act as either unspecific or specific ligands was unknown. We have developed self-assembling nanoparticles com-

bined to arginine-rich peptides of different lenghts, and explored the cell penetrability of differently charged

polyarginines in two alternative presentations, namely as unassembled fusion proteins or assembled in multi-

meric protein nanoparticles. Characterization of the nanoparticles was performed by Electron Microscopy and

Dynamic Light Scattering, and in vitro delivery was performed to characterize the dependance of the different

vectors on CXCR4 receptors. By this, we have observed that arginine-rich peptides switch between receptor-

mediated and receptor- independent mechanisms of cell penetration. The relative weight of these activities is

determined by the electrostatic charge of the construct and the oligomerization status of the nanoscale mate-

rial, both regulatable by conventional protein engineering approaches. Since polyarginines are highly cationic

and they act also as oligomerization domains, R9 and related species can confer to fusion proteins both self-

assembling and cell-targeting properties. Being CXCR4 an appealing target in innovative cancer therapies and

in antiretroviral treatments, R9 and related peptides might represent an additional instrument for the design

of improved vehicles for intracellular drug delivery.
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Cellulose nanocrystalline (CNC) dispersion is well known for 50 years and many researches put their attention

in this theme. Unique compilation of physical and chemical properties makes it material useable to obtain new

functional materials, for example, photonic crystals, supercapacitors, sensors, detectors, devices for microelec-

tronic and electrooptic purposes.

One of the most curious property is self-organization, what means that there is cholesteric liquid crystalline

phase. The self-assembling of extruded cellulose particles renders an anisotropic phase with birefringence.

This fact makes it possible to see the colorful interference in polarized light. However, the specific self or-

ganized phase of CNCs—a chiral nematic (cholesteric) phase—was not determined until 1992 [1]. In the late

1990s, Gray and co-workers showed that the chiral nematic organization of the CNCs could be retained in solid

films prepared by evaporation-induced self-assembly (EISA) (Fig. 1) [2]. The term EISA is widely applied to this

process, but it is important to note that the self-assembly occurs under thermodynamic (equilibrium) control in

solution and the evaporation merely increases the concentration of the components in solution.

According with these facts we can use inkjet printing method to create hidden patterns visible only in polarized

light. First printed sample showed us in polarized light only blue color, what would be improved in future (Fig.2).

The obtaining such structures which are transparent with daylight and have an iridescent color in polarized

light are very attractive for protection from forgery, light filters, various kinds of sensors including for medical

issues.

Work is supported by grant of the Russian Science Foundation (16-19-10346).

1. Revol, J. F.; Bradford, H.; Giasson, J.; Marchessault, R. H.; Gray,D. G. Int. J. Biol. Macromol 1992, 14, 170.

2. J.-F. Revol, L. Godbout, D.G. Gray. J. Pulp Pap. Sci., 24,146 (1998)

Figure 1 - afm of helicoidal strusture of dried cnc

film.png
Figure 2 - printed sample of cnc dispertion

between two polarizers.jpg
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Prion diseases are a group of fatal transmissible neurological conditions whose disease aetiology is charac-

terised by a change in conformation of the normal intrinsic cellular prion protein (PrPc) into a highly ordered

insoluble conformer (PrPsc). The emergence of Variant Creutzfeldt-Jakob disease (vCJD) is considered to be an

effect of dietary exposure to the bovine spongiform encephalopathy (BSE) agent through contaminated meat

products. Since vCJD is known to be infectious and transmissible, there is a potential risk to public health

through blood transfusion.

We undertook a study to develop an assay that can be used as a screening tool to detect infectious PrPsc protein

at low levels in human blood with high sensitivity and selectivity. We used aptamers and Tunable Resistive

Pulse Sensing (TRPS) to detect prion proteins without an amplification step. A single stranded (ssDNA) aptamer

to a PrPc domain was grafted onto nanoparticles. The functionalized nanoparticles were then used to detect the

cellular prion protein (PrPc) in saline by monitoring the relative change in velocity through nanopores, which

is then converted to particle charge. By varying the concentration of aptamer relative to the binding capacity

of the nanoparticles, a significant change in charge distributions was observed. Mean charge values were -

1.94 mV for 0%; -4.43 mV for 33%; and -7.30 mV for 100%. The assay was further developed by monitoring

the functionalized particle’s translocation velocity as a function of prion protein concentration. Increasing the

concentration of the protein caused shielding of the polyanionic DNA by the positive protein at pH 7.4, thus

decreasing the velocity of the protein/particle conjugate. The lowest concentration to have a significant change

in velocity distribution was 0.1 nM, with a 2.5% decrease relative to 0 nM. The higher concentration of 50 nM

had a bigger effect of 24% decrease. The aptamer had little non-selective binding to major plasma proteins.

TRPS technology presented here offers the ability to observe the interaction of an aptamer and the prion protein

using a particle by particle assay design. Any relative change to the functionalized particle’s signal could be

observed, demonstrating its capability and suitability to detect biological targets.
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Introduction:Tumor cells present aberrant mitochondria metabolism, recent therapeutic strategies include

drugs that modulate reactive oxygen species production 1. Elesclomol (ELC), is a promising anticancer drug,

briefly the ELC-Copper complex (ELC-Cu) interacts with the mitochondria inducing oxidative stress leading to

cell death2. ELC has poor water solubility, which is a major obstacle for pharmaceutical use, the encapsulation

into nanocarrier holds the promise improving the drug bioavailability. To monitor metabolism in cancer cells,

fluorescence of endogenous NAD(P)H cofactors has been used for label free imaging 3.

Methods:In our studies, for the first time, we encapsulate ELC-Cu in promising Monoolein (MO) based nanocar-

riers for drug delivery. The nanocarriers were physiochemical characterized and the formulations studied with

two in vitro cell models. A custom-built Multi-Photon Fluorescence Lifetime Imaging Microscopy (MP-FLIM)

set-up was used to discern NAD(P)H cofactors, whose emission spectra are indistinguishable, this allowed to

differentiate between free or protein bound NAD(P)H cofactors in live cells.

Results and Discussion:The obtained nanocarriers are monodisperse in size, with negative surface charge,

dependent on the ratio between MO/stabilizer and biocompatible. Cellular uptake is verified via flow cytometry

and accumulation close to the mitochondria via confocal microscopy with DiD-labeled nanocarriers (Fig. 1A).

Cell viability in vitroanalysis of nanocarriers loaded with ELC-Cu complex shows higher cytotoxicity compared

to free ELC-Cu drug. We use for the first time MP-FLIM to follow endogenous NAD(P)H cofactors with sub-

cellular resolution on live cells (Fig.1B and 1C) exposed to anticancer drug-loaded nanocarriers. The relative

change of bound/unbound NAD(P)H lifetime contributions indicates the therapeutic action.

Conclusion:We developed a novel nanocarrier for ELC-Cu delivery showing anticancer activity and promising

characteristics for systemic administration. Furthermore, we propose the MP-FLIM technique for the evaluation

of anticancer drug delivery systems and associated drug action biological mechanisms.

References: 1. Raza, M. H. et al. J. Cancer Res. Clin. Oncol. 143, 1789–1809 (2017) 2. Hasinoff, B. B. et al.

Biochem. Pharmacol. 93, 266–276 (2015) 3. Blacker, T. S. et al. Free Radic. Biol. Med. 100, 53–65 (2016).
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One of the main obstacles to establishing enzymatic biofuel cells as alternative power sources in

portable/medical electronic devices is the degradation of the biological components and therefore the limited

durability of discharge. We present electrode assemblies that enable electrical communication between redox

enzymes and carbon supports acting as nano-bio hybrids for the on-demand generation of electrical power.1-3

We further demonstrate a methodology to reenergize such assemblies by magnetically triggering the replace-

ment of the active materials following the exhaustion of the catalytic components of the cell. The reenergization

process turns the enzymatic biofuel cells into “externally rechargeable” devices, extending their usage beyond

the conventional single full discharge timeframe.

Carbon coated magnetic nanoparticles, ccMNPs, are modified with fructose dehydrogenase, FDH, or bilirubin

oxidase, BOD. The enzyme-modified ccMNPs are channeled towards, and away from, designated current

collectors by externally applying magnetic field gradients, Scheme 1. The magneto-assisted loading of the

current collectors results, in the presence of the respective fuels, in direct electron transfer currents, which

are electrochemically monitored. Using permanent magnets as binding and releasing elements, the anodic

and cathodic layers are repeatedly refreshed, Scheme 2, leading to a prolonged, sustainable operation of the

biofuel cell assembly.

The enzymatic functionalization of ccMNPs supports the magnetically induced on-demand generation of

anodic or cathodic currents, Figure 1. The successful induction of bioelectrocatalysis and the long-term

discharge with an operational cycle of 18.5 hours are demonstrated on a fructose/oxygen cell based on FDH-

and BOD-functionalized magnetic nanoparticles, Figure 2. This cell supported an open circuit voltage of

EOCV = 0.55 V and power densities up to P= 125 µW cm-2 when discharged against a constant external resistance

of R = 39 kΩ.

The methodology shows versatility with regard to different electrode substrates, redox enzymes (and the respec-

tive fuels and oxidizers), and the discharge conditions applied. A continuous replacement of the biodegraded

components minimizes the effects of biofouling and enzyme stability issues.

The magnetically reenergizable enzymatic biofuel cell systems are promising devices that enable control by

a non-invasive external field. Enzyme modified ccMNPs are utilized for the in situ replacement of active

electrode material in power generation. The nanoparticles pose an attractive medium to seamlessly transport

a specific biocatalyst in and out of a permanently installed cell configuration.

This strategy turns the enzymatic biofuel cell into a reusable alternative energy resource that can be imple-

mented in future assemblies. The methodology is promising, for example, for biologically-powered implanted

medical devices requiring continuous body fixation, high biocompatibility, low toxicity, cost efficiency, and

environmental compatibility.

References

1. A. Trifonov, K. Herkendell, R. Tel-Vered, O. Yehezkeli, M. Woerner, I. Willner, ACS Nano, 7, 11358, 2013.

2. K. Herkendell, R. Tel-Vered, and A. Stemmer, Nanoscale, 9, 14118, 2017.
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Introduction: Due to the current misuse of antimicrobials, by 2050, it is estimated that more people will die

from antimicrobial resistant infections than cancer. Biofilm formation further limit treatment options, requir-

ing >1000 x higher antibiotic concentration for eradication compared to their planktonic counterpart, making

current treatment insufficient. Biofilms form on surfaces of e.g. biomedical implants, and cause recalcitrant

implant-associated infections – an increasing problem in Europe due to an aging population. In the near future,

we are thus facing increasing numbers of untreatable infections. This project aims to develop a novel treat-

ment option, capable of clearing both antimicrobial resistant and biofilm infections. Iron oxide nanoparticles

(IONP) serve as the scaffold in the creation of a complex antibacterial drug delivery system. IONP are intrin-

sically antibacterial, superparamagnetic, and FDA approved. Exploiting the magnetic properties of IONPs, an

external magnetic field can heat up the particles. The heat serve a dual function as bacterial treatment, and as

an external trigger for drug release. By creating a thermoresponsive layer on the IONP surface and attaching

bacteria-specific targeting molecules, a site specific, externally triggered, drug delivery device can be created,

providing localized and multivalent antibacterial treatment in high concentrations.

Method: A lipid layer, composed of DPPC and DSPE-PEG2000, was self-assembled on the surface of 15 nm oleic

acid coated IONPs by the thin film hydration method. Octadecyl Rhodamine B (R18) was used as a reporter

for drug loading and release, due to its fluorescent and self-quenching properties. R18 was incorporated in

the self-assembly process and the release was assessed by production of fluorescence after heating. A mag-

netherm setup, with controllable frequency and field strength, was used to characterize the magnetic heating.

The Staphylococcus aureus specific DNA aptamer, SA31, was expressed with a 3’-amine, fluorescently labeled

by a NHS-ester reaction, and tested for S. aureus biofilms binding specificity in vitro.

Results: The lipid layer self-assembly process created a clear brown aqueous solution with almost no parti-

cle aggregates. Dynamic light scattering confirmed that the solution contained monodisperse particles with

a hydrodynamic diameter of 28 nm. Negative stained TEM images confirmed the formation of a lipid layer

surrounding the IONP core. The particles were stable in solution for several weeks without precipitating or

forming aggregates. The particles displayed good bulk magnetic heating properties, and preliminary studies

showed heat-induced release of R18, confirming the thermoresponsive properties of the lipid layer, and the

ability to release incorporated drugs. The SA31 aptamer showed specific binding towards S. aureus biofilms,

confirmed by fluorescence localization.

Discussion: A thermoresponsive coating on IONPs with heat controlled model-drug release was successfully cre-

ated, showing proof-of-concept for triggered drug release from the particles. In future work, the SA31 aptamer

will be attached to the lipid surface by click-chemistry, to an incorporated DSPE-PEG2000-Malemide moiety, and

biofilm-targeting and antibacterial properties will be tested against S. aureus biofilms.
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We proposed to use interaction of nanoparticles with light or ultrasound that: 1) produces direct thermal or

mechanical damage to tumors and bacterial cells; and 2) enhances drug delivery in cancer and bacterial cells.

Limited penetration of anti-cancer drugs and genes in tumors substantially reduces efficacy and safety of can-

cer chemo- and biotherapy. Antibiotic resistance becomes one of the major health problems. Interaction of

pulsed laser light or ultrasound with strongly-absorbing or porous nanoparticles may enhance drug delivery

in the abnormal cells or produce direct damage to these cells without drugs. The nanoparticles incorporating

optically absorbing materials (such as gold, carbon, dye, etc.), or porous, biodegradable nanoparticles can be

used for this therapeutic approach. Our experimental studies were performed with optically- and ultrasound-

active nanoparticles in vitro in a number of cell lines and in vivo in small animals. Mice with human breast,

colon, and prostate tumors were used in the studies. Optically-absorbing nanoparticles and biodegradable poly-

mer PLGA (150 – 200 nm sized) nanoparticles were manufactured in our laboratory for optical and ultrasound

therapy, respectively. High-resolution optical and ultrasound imaging systems were used to analyze thermal

and mechanical damage in vitro and in vivo as well as cell viability. Substantial reduction of viable cells was

obtained when optimal parameters of laser light and ultrasound were used. Moreover, we achieved precise

(sub-mm) severe damage to tumors without damage to normal tissues in vivo. Our results demonstrated that

the interaction of nanoparticles with pulsed laser light produce thermal or mechanical damage to abnormal

cells, while ultrasound enhances drug delivery in the cells.
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Heterogeneous enzymatic self-wiring in mesoporous carbon
nanoparticle pores: application in biosensors and biofuel

cells.
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Redox-active enzymes are long known as biological nano-units that facilitate energy harvesting from various

molecular substances. Hence enzymes are frequently used in bioelectronic applications such as biosensors and

biofuel cells. One of the main problems that need to be addressed, however, when designing such devices is

the electrical insulation that typically exists between the redox cofactors of the enzymes and their underlying

electrode supports, hindering the charge transfer process and the efficiency of bioelectrocatalysis. Here we

present a novel methodology to enzymatically self-generate platinum nanoclusters (PtNCs) which extend from

the flavin adenine dinucleotide (FAD) cofactor of glucose oxidase (GOx) following the immobilization of the

enzyme on mesoporous carbon nanoparticles (MPCNPs) matrix. The metallic NCs facilitate enhanced direct

electron transfer (DET) which is exploited for the bioelectrocatalytic oxidation of glucose and the construction

of an all-DET glucose/O2 biofuel cell.

Glucose oxidase was adsorbed onto a MPCNPs-modified glassy carbon. The MPCNPs pores were pre-loaded

with PtCl6
2- ions and glucose. The enzyme acted as a capping unit which entrapped the substances inside the

nanopores. Under anaerobic conditions, the spatially confined enzymatic reaction allowed the oxidation of the

sugar substrate with the concurrent reduction of the platinum ions into metallic clusters, extending from the

vicinity of the FAD. The bioelectrocatalytic properties of this “inside out”-grown assembly were tested and an

all-DET biofuel cell based on this anode was demonstrated.

The enzymatic self implanting of the PtNCs between the GOx FAD cofactor and the walls of the MPCNPs matrix

yielded an electrode assembly supporting enhanced DET bioelectrocatalytic properties (up to ket=2580 e-.s-1,

Eox>-0.08 V vs. Ag/AgCl) and a current response correlating with the synthetic growth time and the NC size.

Figure 1 depicts STEM images of 15 and 60 minutes enzymatically-synthesized PtNCs and their size distribution

histograms. We have mechanistically investigated the electrode and compared it to a similar, electrochemically-

synthesized assembly showing a reverse, “outside-in”, PtNCs growth direction. Figures 2 (A) and (B) schemati-

cally depict both of the approaches and their corresponding biocatalytic currents are shown in Figure 2 (C). An

all-DET biofuel cell was then constructed using a bilirubin oxidase (BOD)-based MPCNPs cathode, showing su-

perior behavior compared to related assemblies and a power output of 45 μW.cm-2, see Figure 3. The favorable

charge transfer characteristics of the self-wired enzymatic assembly and its compatibility with BOD cathodic

systems suggest that a single heterogeneous step may be utilized to effectively yield DET-based biosensing elec-

trodes and biofuel cell elements. Whereas the synthetic

conjugation between enzymatic activity and nanopore reactors is fundamentally interesting, the simplicity,

avoidance of leaking mediating units, and other merits of the assembly depict a promising candidate for indus-

trial bioelectronic applications.
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Introduction: Detailed kinetic and thermodynamic characterization of physiological relevant receptor-ligand

interactions provides several important data on the mechanisms of the drug binding and release process. Sur-

face plasmon resonance (SPR) spectroscopy is capable of real-time monitoring of these interactions without use

of labels via immobilization one of the binding partners (endogen bioligands such as human serum albumin,

transferrin, DNA etc.) onto the sensor surface. Ruthenium complexes have emerged among the most promising

alternatives to platinum based compounds (cisplatin, carboplatin and oxaliplatin) which are undoubtedly suc-

cessful anticancer drugs. Ruthenium compounds such as the organometallic moiety (pentamethylcyclopenta-

dienyl)rhodium(III) (RhCp*) and its complexes have different physico-chemical and pharmacokinetic behavior

compared to the platinum drugs and they have different mechanism of action, in this way they are the subject

of extended drug discovery efforts. Recognition the exact molecular mechanism of the action of ruthenium

compounds on endogen bioligand (human serum albumin:HSA) might promote future metal-based anticancer

drug development.

Results and Discussion: In our study reversible bonded amount of metal complexes or ligands have been mea-

sured on different HSA-modified gold surface at different temperatures under physiological conditions. The

main object of our SPR experiments was to provide quantitative kinetic (rate of association and dissociation)

and thermodynamic data for better understanding of the mechanism of the assumed protein-drug molecule

bindings. The extracted sensorgrams were fitted via nonlinear parameter estimation method by using pseudo

first order kinetic model. Based on the concentration dependence of the estimated observed rate constants the

real rate constants as well as the equilibrium constants and the Gibbs free energy change were calculated at dif-

ferent temperatures. The temperature dependent enthalpy- and entropy change for binding interaction were

obtained by nonlinear regression analysis with integrated van’t Hoff equation.

Methods: The sensorgrams were measured via a wavelength modulated, temperature-controlled and two-

channel SPR imaging apparatus (developed at the Institute of Photonics and Electronics, Prague, Czech Republic)

and recorded by the SPR UP (1.1.11.3 2014 IPE AS CR) control software. The evaluation of extracted data was car-

ried out in an own development spreadsheet environment and nonlinear parameter estimation based software

proceeding.
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Biomimetic mesoporous silica for vaccine applications
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INTRODUCTION. One of the most important advancements in vaccinology has been the recognition that efficient

defense responses are strongly dependent on the proper activation of unspecific, innate mechanisms in naïve

immune cells. Such a phenomenon can be elicited through biochemical signatures known as pathogen associ-

ated molecular patterns (PAMPs), which are known to occur in some of the most efficient live vaccines. With

the possibility to control structures at the molecular level, with specific morphologies and sizes, nanotechnology

represents one of the fields with more opportunities in vaccine development, especially for acellular alterna-

tives. In this work, SBA-type nanoporous silica particles were decorated with PAMPs-displaying bilayers, and

their ability to interact with human macrophages was analyzed.

METHODS. SBA-15 particles were prepared by condensation of tetra-ethyl-ortho-silicate in the presence

of Pluronic 123, and further cationized through functionalization with amino propyl tri-ethoxy silane.

Phosphatidyl-innositol-mannosides (PIM) from mycobacteria were used as PAMPs. PIM-displaying liposomes

were prepared by rehydration of lipid pellicles at 50°C to form multilamellar vesicles. Then, unilamellar vesicles

were obtained by membrane extrusion, and physisorbed onto SBA-15 particle surfaces by a simple incubation

step. Macrophages were derived from THP-1 cells after treatment with phorbol myristoyl acetate. Characteri-

zation methods included TEM, SEM, EDS, zeta potential measurements, nitrogen absorption-desorption curves,

Raman spectroscopy and visualization of particle-macrophage interactions using differential interference con-

trast (DIC) microscopy.

RESULTS AND DISCUSSION. Bacillary shaped SBA-15 particles showed mesoporous structures with 5 nm-

diameter pores, suitable for carrying purposes. Physisorption of PIM-containing liposomes onto silica particles

was promoted through electrostatic interactions. Raman and electron microscopy analyses showed the pres-

ence of hybrid constructs, with EDS signals of Si and C all along the particle surfaces. Optical tweezers were

used to guide particles in the proximity of macrophage cell surfaces, as seen by DIC microscopy. It was shown

that SBA-15 particles were rapidly attached and internalized by macrophages only after functionalization with

PAMPs.

CONCLUSIONS. These results demonstrate the feasibility to produce nanovaccine carriers based on SBA-15 par-

ticles that mimic bacteria. Further research is needed to confirm whether the presence of PAMPs allows the

activation of innate immune responses in these biomimetic silica constructs.

ACKNOWLEDGMENTS. Financial support was received from Dirección General de Asuntos del Personal

Académico, Universidad Nacional Autónoma de México, through Grants IT203518 and IN111815.
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Biophysical and biological contributions of polyamine-coated
carbon nanotubes and bidimensional buckypapers in the
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Introduction
Recent findings in nanomedicine have revealed that carbon nanotubes (CNTs) can be used as a potential novel

gene delivery vector system. In our previous work, we functionalized CNTs with two polyamine polymers,

polyethyleneimine (PEI) and polyamidoamine dendrimer (PAMAM). These compounds have low cytotoxicity,

are able to conjugate microRNAs and transfect them efficiently to endothelial cells.

The diameter and length of CNTs are important parameters to be taken into account when evaluating the effects

on drug delivery efficiency. In order to investigate the biophysical and biological contributions of polymer-

coated CNTs in the delivery of miRNAs to human cells, we decided to investigate three different preparations,

characterized by different dimensions and aspect ratios.

Methods
Three different solutions of PEI- or PAMAM-coated CNTs were prepared. The amount of polymer bound to CNTs

was assessed by thermogravimetric analysis (TGA), whereas the size by dynamic light scattering (DLS). Cytotox-

icity of polymer-coated CNTs was analyzed on HEK 293T cells using MTT assay, whereas the cellular uptake of

miRNAs complexed to polyamine-coated CNTs was evaluated by confocal microscopy. A home-made support of

buckypapers (BPs) was realized by filtering a suspension of PAM-CNTs and cell growth and transfection were

examined by optical and confocal microscopy.

Results
We extensively characterized long and very short polymer-coated CNTs that resulted to have different proper-

ties. We found that longer CNTs may also transfect cells by “piercing” cells effectively, ultimately contributing to

overall transfection. Interestingly, bidimensional sheets of CNTs (ie, BPs) are versatile supports for cell cultures,

and when properly functionalized they have a reduced toxicity.

Discussion
The characterization of the biophysical and biological properties of polyamine-coated CNTs and bidimensional

BPs allowed us to evaluate precisely their contributions in microRNA delivery to human cells.
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Polymers aid in a variety of medical applications by enhancing the pharmacological properties of single

molecule, including their cell penetration properties.1,2 This enhanced penetration can be achieved in a

variety of ways, including adjusting the charge on the polymer and the secondary structure. This morphology

is particularly important when attempting to deliver drugs to the eye for treatment of conditions such as

glaucoma and age-related macular degeneration. Drug penetration is important since delivery to the drug to

the back of the eye requires drugs to overcome many barriers including the cornea, which itself is a highly

complex network of protective cell, membranes and barriers.3,4 The currently favoured method of delivering

drugs that do not cross the cornea is intravitreal injection,5 however this method is poorly concordant

with patients’ wishes as it is an uncomfortable procedure. In addition, it requires a trained professional

to administer and so is resource-intensive. In comparison eye drops are more acceptable to patients, who

may self-administer outside of the clinic, however, the penetration issues need to be overcome. Thus, a

polymer system may be designed and produced in order to navigate the cornea allowing eye drops to be-

come a viable delivery method for a wider range of drugs than are currently available by topical administration.

Here we present a high throughput method of screening the efficacy of different topically administered poly-

mers with a variety of chemistries, working upon previously reported research.6 This allows us to explore the

range of possible uses for the polymers in the context of drug delivery, including for ocular delivery. The method

displayed combines the use of controlled polymer formation with the addition of simple click chemistry meth-

ods to enable drug delivery, see figure.
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Introduction Bisphosphonates (BPs) are commonly used for the

treatment of osteoporosis, but recent evidence indicates an anti-cancer potential through the inhibition of the

melovanate pathway. However, this therapeutic potential of BPs has been hindered by poor bioavailability and

toxicity in addition to gastrointestinal adverse effects. This study utilises an amphipathic peptide termed RALA

to condense BPs into nanoparticles to deliver a greater therapeutic effect thereby enhancing bioavailability1,2.

Experimental methods The size and zeta potential of RALA/BP

complexes at a range of w/w ratios were measured using a Malvern Zetasizer over a range of time points and

temperatures. Cellular uptake following treatment of LN-229 glioblastoma cells with RALA/BP was analysed

using flow cytometry and cell viability assessed using MTS reagent. 3-D LN-229, T98G and PC-3 spheroid models

were treated with free BP and RALA/BP nanoparticles (NPs) to observe growth delay over a 10-day period.

Results RALA successfully complexed BPs

such as alendronate and risedronate, to produce stable cationic NPs <100 nm from 4-40oC over a 28-day period.

Results also indicated successful complexation of RALA with an Alexa-Fluor 647 tagged risedronate (AF647-RIS)

to produce NPs of an optimal size for cellular uptake by LN229 glioma cells. AF647 was detectable in LN229

cells following 30 min treatment with RALA/AF647-RIS NPs with 94% positive uptake vs AF647-RIS alone (36.7%

uptake). Dose-response studies induced a significant potentiation factor in vitro and reduced tumour growth in

vivo. It was observed that the RALA/BP nanoparticles were more effective anticancer agents than free BP.

Discussion and Conclusions Results demonstrate the potential of RALA as

the optimal delivery platform by modulating the anticancer effects of RALA/BP complexes. In vivo studies will

assess biodistribution and therapeutic effect of RALA/BP particles following systemic delivery. Further work

will involve analytical techniques such as UV-HPLC to quantify BP from tissue samples in ex-vivo analysis. It is

hypothesised these findings will validate the use of BPs as repurposed anticancer agents when complexed with

the RALA delivery system.

References [1] Massey AS, Pentlavalli S, Cunningham R,Mol

Pharm2016;13(4):1217–28. [2] McCarthy HO, McCaffrey J, McCrudden CM, J Control Release2014;189:141–9.
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Nanoparticle-based Cancer Phototherapy Does Not Promote
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Cancer phototherapy, such as photodynamic therapy (PDT) and photothermal therapy (PTT) have been re-

ported to able to trigger anti-tumour responses upon cell death, commonly known as immunogenic cell death

(ICD) which favours the regression of primary tumours as well as resistance against metastasis. However,

phototherapy-induced anti-tumour immunity is largely an exception than a rule, as most studies to date only

demonstrate limited efficacy in both in vitro and in vivo. This begets the question on whether the choice of cancer

cell model or mono-phototherapy results in sub-optimal immune responses. We demonstrate using a poorly im-

munogenic B16-OVA melanoma model and treated it with low-dose combined PDT and PTT with AuNR-MS-Ce6,

where in vitro studies demonstrated complete cell kill with combined phototherapy. Using murine macrophage

cell line J774a.1 and dendritic cell line DC2.4, we demonstrate that combined phototherapy results in reduced

antigen and co-stimulatory molecules expression. High dose PDT was performed to match the level of efficacy

to the combined phototherapy and also demonstrated reduced expression, which suggests that the choice of

cancer cell line is crucial in the ability to exploit ICD for effective cancer therapy.

Aunr characterisation.png
B16-ova cell viability compiled.png

20180614-200pm nr-ms-ce6.png 20180627 j774-nmc.png

230



International Conference On Nanomedicine And Nanobiotechnology 2018

Nanoformulation Hydrogel for Bacterial Infections

Friday, 28th September @ 13:30: Posters Sessions (Hall) - Poster - Abstract ID: 186

Dr. Vimal Rohan K 1

1. Academy of Medical Sciences

Bacterial infections invading skin pose a great threat to mankind and should be addressed immediately. Bacte-

rial recalcitrance and multidrug resistance is the underlying etiology , escalating virulence rather than averting

them. Overconsumption of drug moieties by mankind has paved the way to bacterial chromosome alteration,

gaining complete resistance over the consumed antibiotics. Lack of proper infection management has led to

relapse resulting in serious life threatening sequelae like; chronic septicemia, kidney disorders (pyelonephri-

tis, renal damage) , which could be a leading cause for the rise in mortality rates. Staphylococcus aureus

(S.aureus), Echerichia coli (E.coli), Pseudomonas aeruginosa (P.aeruginosa), methicillin-resistantStaphylococcus

aureus (MRSA) are the major nosocomial pathogens responsible for causing bacterial skin and implant related

infections. Hence our pursuit was in developing a localized dual drug nanocomposite system coated with Schiff

base assembly for the complete destruction of bacteria from skin, soft tissues and implant related surfaces

serving as more potent delivery system for resistant bacteria. Besides, the presence of human serum albumin

being encapsulated in nanoparticle, results in faster onset of healing, due to the presence of growth factors. The

nanoparticles are finally incorporated in a carrier gel matrix which has reported antibacterial properties and

together serve to be a carrier matrix for the ease of application.

The prepared [V-PCL] nanoparticle (np’s) exhibited an average diameter of 90.4±65nm with a zeta potential

of -34.2±6mV.Whereas, [HAS-PCL]np’s was found to be in a size range of 120±55nm with-32.4±5mV stability.

[V-PCL,HAS-PCL]UV gel was found to be extremely biocompatible towards L929cells on examination and was

found to heal at a faster pace. Nanoparticle when examined through SEM was seen to deeply penetrate the

dermis and ruin bacterial cell integrity. The antibacterial potential of the nanocomposite sytem was found

several folds high when compared with only antibiotic. The rate of penetration was high with excellent patient

compliance. [V-PCL, HAS-PCL]UV satisfied the rheological property to be applied on skin and smooth tissues.

This work substantiates use of [V-PCL, HAS-PCL]UV for curing blood borne bacterial skin and implant related

infections.
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Introduction: Nanoliposomes have the potential to increase bioavailability, stability, improve time-controlled

drug releasing, enable cell-specific targeting and decrease adverse effects of drugs. In this study, we evaluated

the potential protective effect of lycopene, a potent antioxidant carotenoid, given in free and encapsulated form

in methotrexate-induced haptotoxicity in rats.

Methods:Experiments were performed on 48 male Wistar rats divided into eight groups of 6 animals, treated

daily by an intraperitoneal injection. MTX-group received methotrexate in a single dose (20 mg/kg) on the first

day; other experimental groups received the same dose of methotrexate and: empty nanoliposomes (10 ml/kg)

(MTX-NL-group), lycopene (6 mg/kg) (MTX-LYC-group) and encapsulated lycopene (6 mg/kg) (MTX-ENL-group),

for 10 days. The remaining four groups served as controls and received for 10 days: corn oil (0.2 ml/day) (C-

group), empty nanoliposomes (10 ml/kg) (NL-group), lycopene (6 mg/kg) (LYC-group) and encapsulated lycopene

(6 mg/kg) (ENL-group). Quantitative evaluation of structural and functional changes of liver was performed by

histopathological (HE staining) and biochemical serum analyses and determination of oxidative stress param-

eters.

Results:Methotrexate induced severe functional and morphological alterations of liver with conspicuous dis-

organization of hepatic cords. Hepatocytes diffusely exhibited apoptosis and degeneration with vacuolation

of the cytoplasm. Portal veins and sinusoid capillaries showed congestion. Marked inflammatory infiltrate

was present in the portal tract (Figure 1E). Pathohistological findings were followed by AST and ALT increase

(Figure 2) and disturbances of tissue antioxidant status (Table 1). Application of both forms of lycopene amelio-

rated changes in serum AST and ALT and oxidative damage markers and markedly reversed structural changes

of liver tissue induced by methotrexate. Animals that received nanoliposome-encapsulated lycopene showed

higher degree of recovery then those treated with free lycopene (Figures 1 and 2, Table 1).

Discussion: Encapsulated lycopene was shown to possess stronger antioxidant activity which could be possibly

related to its position in the lipid bilayer and its higher stability in nanoliposomes which might prolong the

presence of lycopene in circulation. Treatment with nanoliposome-encapsulated lycopene compared to free

lycopene has an advantage since it more efficiently reduced methotrexate-induced hepatotoxicity.
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Fourteen isolates of Serratiamarcescenswere collected from patients suffering from septicemia. All these iso-

lates revealed different levels in tannase production. Tannase was partially purified fromSerratiamarcescensb9

by precipitation method at 70% saturation of ammonium sulfate. Au, Pt, SnO2 and SiO2 nanoparticles were pre-

pared by laser ablation and examined by transmission electron microscopy (TEM), X-ray diffraction pattern

and UV-Visible absorption spectroscopy. Conjugation of SiO2 nanoparticles to tannase by feeding and pulses

methods were prepared and characterized by TEM, X-ray diffraction pattern and UV-Visible spectrum. SiO2

nanoparticles conjugated partially purified tannase by feeding showed higher effectiveness and higher signifi-

cant level against all tested UTI causing in comparison with ciprofloxacin antibiotic, SiO2 nanoparticles alone,

partially purified tannase alone and partially purified tannase by pulses. So that we can conclude that feed-

ing method was the best method for enhancement partially purified tannase activity to maximum level thus

SiO2 nanoparticles conjugated partially purified tannase may be useful antibacterial agent for the treatment of

urinary tract infection.
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