	[image: image1.jpg]



	[image: image2.png]Maria Sktodowska-Curie

Memorial

Cancer Center and

& |nstitute of Oncology
Gliwice Branch





	[image: image3.png]





MINISYMPOSIUM
Nanostructures in medical applications
Gliwice, 01.04.2014

Dear Participants,
Welcome to the Center of Oncology in Gliwice!
You will find here the Program of the Minisymposium as well as the lecture abstracts.
We hope our Minisymposium might be a prelude to an interesting discussion and exchange of ideas.
Yours sincerely,
Professor Maria Sokół          Professor Piotr Widłak             dr Aleksander Sochanik
	
	
	
	
	
	
	


	
	
	


The Silesian Section of Maria Skłodowska –Curie Memorial

Polish Radiation Research Society

Department of Medical Physics, Maria Skłodowska-Curie Memorial Cancer Center
and Institute of Oncology, Branch in Gliwice

Association for the Support of Cancer Research

MINISYMPOSIUM

Nanostructures in medical applications
Gliwice, 01.04.2014

Venue:

Święcki Hall, Maria Skłodowska-Curie Memorial Cancer Center and Institute of Oncology, Wybrzeże Armii Krajowej 15, 44-101 Gliwice, Poland

12:00 – 12:40 Jonathan Coulter (School of Pharmacy, Belfast): Enhanced radio-sensitivity of PTEN-deficient prostate carcinomas through the inhibition of treatment induced CXCL8 signalling.

12:40 – 13:20 Janusz Kasperczyk (Centre of Polymer and Carbon Materials, Polish Academy of Sciences, Zabrze): Tailoring the chain microstructure of biodegradable polyesters
 for medical applications.

13:20 – 14:00 Lunch break

14:00 – 14:40 Helen McCarthy (School of Pharmacy, Belfast): Nitric oxide mediated radio-sensitivity using novel bio-inspired delivery systems.  
14:40 – 15:20 Katarzyna Jelonek (Centre of Polymer and Carbon Materials, Polish Academy of Sciences, Zabrze): Bioresorbable filomicelles for sustained release
of hydrophobic anticancer drugs.

15:20 - 16:00 Andrzej Gamian (Ludwik Hirszfeld Institute of Immunology and Experimental Therapy, Polish Academy of Sciences, Wrocław): Biocompatibility of nanoparticles loaded with photosensibilizers for practical use in support of anticancer therapy.

Enhanced radio-sensitivity of PTEN-deficient prostate carcinomas through the inhibition of treatment induced CXCL8 signaling 

Jonathan Coulter
School of Pharmacy, Belfast.
Background:  CXCL8 signalling levels are elevated in localised high-grade prostate cancer (CaP). We have shown exposure of CaP cells to chemical DNA-damaging agents potentiates CXCL8 signaling, which underpins an autocrine mode of therapeutic resistance. Data from in vitro and in vivo CaP models has shown loss of the tumor suppressor PTEN also increases expression of the pro-inflammatory chemokine CXCL8. Experiments were designed to determine whether exposure to ionising radiation (IR) selectively induced CXC-chemokine signaling in PTEN-deficient CaP cells, and to determine how CXCL8 signaling may modulate their radiosensitivity. 

Methods:  shRNA-directed strategies were used to establish cell-based models of CaP with differential expression of PTEN. These clonal (DU145) and heterogeneous (22Rv1) populations were subjected to IR under normal or hypoxic culture conditions. PTEN was reconstituted in PC3 cells and was driven by tetracycline-regulated expression of the gene. Autocrine CXCL8 signaling was attenuated using siRNA to down-regulate gene expression of its receptors, CXCR1 and CXCR2. The effects of modulating chemokine signaling on cell viability following exposure to clinically-relevant doses of IR were assessed by colony formation assays, cell proliferation assays, and analysis of apoptosis and cellular senescence. The effect of CXCL8 signaling inhibition in vivo was determined using a PC3 and DU145 xenograft model in SCID mice using novel lipophilic pepducins.

Results:  Exposure to IR (3 Gy) increased gene expression of CXCL8, CXCR1 and CXCR2 – with PTEN-deficiency enhancing this response. Inhibition of CXCL8 signaling in all PTEN-depleted models resulted in consistently increased radiosensitivity (SER 1.2, 1.13 and 1.39 in DU145, 22RV1 and PC3 CaP cells respectively; p<0.05). Reconstitution of PTEN expression in PC3 cells abrogated the capacity of CXCL8 signaling blockade to confer radiosensitivity. The combination of IR and CXCL8 signaling-inhibition conferred increased apoptosis in all prostate cancer models. In vivo, treatment of PC3 and DU145 xenografts with x1/2pal-i3 combined with IR resulted in a significant delay in tumour growth compared to control. Subsequent analysis of gene expression in these tumours confirmed that CXCL8 signaling inhibition attenuated IR-induced expression of anti-apoptotic proteins Bcl-2 and C-FLIP.

Conclusions:  Our results demonstrate the role of treatment-induced CXCL8 signaling as a mechanism of resistance to IR in PTEN-depleted CaP cells. Inhibition of IR-induced CXCL8 signaling provides a novel therapeutic opportunity to enhance the radiosensitivity of PTEN-depleted CaP cells. However, mechanistic results indicate that other genetic factors including p53 status dictate the resultant induction of treatment-induced apoptosis.

Tailoring the chain microstructure of biodegradable polyesters for medical applications

Janusz Kasperczyk1,2

1Centre of Polymer and Carbon Materials, Polish Academy of Sciences, Zabrze, Poland;

2Department of Biopharmacy, School of Pharmacy, Medical University of Silesia, Sosnowiec, Poland.

Biodegradable apliphatic polyesters obtained from lactide, glycolide and ε-caprolactone are valuable biodegradable materials used in medicine in the fields of temporary therapeutic applications in surgery, controlled drug delivery and tissue engineering. These materials are approved for medical application and have confirmed biocompatibility. Their degradation products include hydroxyacids that can be metabolized and absorbed in human body. Moreover, our copolymers are synthesized with the use of low toxic initiators such as zirconium, calcium or magnesium acetylacetonates. 

Monitoring of polyester chain microstructure is essential to design materials appropriate for medical requirements, because it gives the possibility to control its mechanical properties, degradation time and kinetics of drug release. High resolution 1-H and 13-C NMR is used in analysis of biodegradable polyester chains. Microstructure analysis of several copolymers and terpolymers of lactide, glycolide ε-caprolactone and TMC were performed. Apart from average length of blocks, new structural parameters as randomization ratio and transesterification coefficient were proposed for the purposes of characterization of the chain microstructure. Changing the parameters of polymerization process such as temperature, solvent, kind of initiator, enables to design the microstructure of co-polyester chains through modification of transesterification reactions. 

iNOS Gene Therapy and the Evolution of Bio-inspired Delivery Systems

Helen O. McCarthy, Cian M. McCrudden, Jonathan A. Coulter, Vicky Kett, Tracy Robson
School of Pharmacy, Queen’s University Belfast, 97 Lisburn Road, Belfast BT9 7BL, Northern Ireland. Corresponding author: Helen O. McCarthy,  E-mail: h.mccarthy@qub.ac.uk 

Breast and prostate cancer have become the most common female and male malignancies throughout the developed world. Sadly, the current options for disseminated disease, involving chemo and hormone therapy are mainly palliative, because of the development of hormone refractory or chemotherapy resistant tumours. For patients in this position the outcome is bleak. Thus, there is a desperate unmet need for better treatment options for this group of patients. Gene therapy has been identified as being appropriate for the treatment of metastatic disease but the stumbling block has been an effective delivery system.1-3 

Only by understanding the biological barriers to be overcome, sequences can be designed and engineered to perform discrete functions for successful gene delivery. These barriers include stability in systemic circulation, extravasation to tissues and organs, internalisation into the cell, endosomal disruption and most importantly active transport to the nucleus. Many peptide guided gene delivery systems are limited because they do not perform all the necessary functions for gene delivery.4 To this end, we have designed a novel 30 amino acid peptide delivery sequence, termed RALA, which consists of arginine/alanine/leucine/alanine repeats that result in a hydrophobic and hydrophilic region facilitating interaction with the lipid bilayers enabling transport of DNA across cellular membranes, endosomal disruption and importantly transport of DNA to the nucleus. We have consistently demonstrated that RALA condenses any nucleic acid into nanoparticles that are stable and highly functional both in vitro and in vivo. 

With respect to the therapeutic payload, we have delivered the cytotoxic and radio-chemo sensitising inducible nitric oxide synthase (iNOS) transgene under the control of the human osteocalcin promoter.5-9 The transcription factor largely responsible for activating this promoter is the master transcription factor RUNX2. RUNX2 has been shown to be highly expressed in tumours that metastasise to bone, and therefore widespread activation of the hOC promoter should be achieved, regardless of the heterogeneous tumour microenvironment. We have previously utilized the human osteocalcin (hOC) promoter to drive iNOS expression. Initial studies resulted in exquisite specificity for androgen independent prostate cancer cells in vitro coupled with cytotoxicity comparable to that of constitutively expressed iNOS.7 Our in vivo data also confirms the potency of hOC-iNOS gene therapy in a mouse xenograft model of human prostate (PC-3) cancer. Multiple intra-tumoural injections slowed tumour growth dramatically and led to some complete responses. On average, tumour growth was delayed by 59 days compared to vector only controls.10 This data thus supports the premise that tumour-specific promoters can effectively drive iNOS monotherapy giving long-term tumour control. 

In this study we have compiled overwhelming evidence to support RALA/hOC-iNOS as a viable therapeutic approach for those with metastatic breast and prostate cancer. More specifically we have shown that RALA can overcome the biological barriers and deliver the cargo DNA to the nucleus and that there is no vector neutralization after repeated delivery of the nanoparticles in C57BL/6 mice and no evidence of anti-RALA/DNA antibodies. Most crucially though, RALA/hOC-iNOS demonstrates exquisite potency at delaying tumour initiation, reducing tumour burden and enhancing survival in animal models of highly aggressive metastatic breast tumours (via intracardiac injection). In our metastatic breast cancer model, water-treated control mice had a median survival of 31.5 days post inoculation, and survival was, unsurprisingly, unaffected by RALA only treatment (30 days). Median survival of mice that received iNOS gene therapy was significantly improved when under the control of the CMV (40 days) or hOC (38.5 days) promoters; crucially there was no reduction in efficacy with the hOC promoter compared to the constitutive CMV promoter. Similar results have also been found in a metastatic prostate model. We have designed a peptide (RALA) that is able to deliver our transcriptionally targeted iNOS gene systemically in vivo to achieve a significant therapeutic effect. Studies are ongoing to further develop this exciting technology.
KEYWORDS:  Breast Cancer, Prostate Cancer, Inducible Nitric Oxide Synthase, Peptide delivery, Nanoparticle
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Bioresorbable PLA/PEG filomicelles for sustained release of hydrophobic anticancer drugs’

Katarzyna Jelonek1, Suming Li2, Xiaohan Wu2, Janusz Kasperczyk1,3

1Centre of Polymer and Carbon Materials, Polish Academy of Sciences, Zabrze, Poland;
2Institut des Biomolecules Max Mousseron, UMR CNRS 5247, University Montpellier I,
34060 Montpellier, France ;
3Department of Biopharmacy, School of Pharmacy, Medical University of Silesia, Sosnowiec, Poland.
Block copolymers with amphiphilic character spontaneously assemble to form a variety of nano- and micro- structures under aqueous solution, which have significant potential as drug carriers. Micelles allow to incorporate drugs of poor water solubility in hydrophobic core, while the outer hydrophilic corona provides biocompatibility and allows prolonged circulation in blood by avoiding rapid clearance by the liver and spleen after intravenous administration. Polymeric micelles have other advantages, such as a simple preparation, efficient drug loading without chemical modification of the parent drug, high structural stability, low toxicity and controlled drug release. Moreover, worm-like micelles (filomicelles) are novel carriers that provide larger core volume (per carrier) for drug loading with an ability to flow readily through capillaries and pores because of their small cross-section as well as flexibility. They can provide longer circulation time than spherical micelles. Thus, these kinds of carriers may be an advantageous solution for antitumor drugs that offer great therapeutic potential, however their application is limited due to poor aqueous solubility and very low therapeutic index e.g. paclitaxel. Paclitaxel is regarded as one of the most efficient anticancer drug and has demonstrated activity against a wide variety of tumors, including ovarian cancer, metastatic breast cancer, non-small cell lung cancer, head and neck malignancies and other cancers. It is a potent inhibitor of cell replication that works by blocking cells in the G2 or M phase of the cell cycle by binding to cellular microtubules. 

The aim of the project is to develop biodegradable system for sustained release of anticancer drug. A series of PLA-PEG copolymers was synthesized and characterized. Filomicelles were prepared by solvent evaporation or dialysis method and characterized by means of DSL, TEM and AFM. In vitro degradation and drug release was studied. The influence of factors as drug content, stability, size, chain length inner core segment on release profile and rate was determined.

Biocompatibility of nanoparticles loaded with photosensibilizers for practical use in support
of anticancer therapy

Jadwiga Pietkiewicz1, Urszula Bazylińska2, Joanna Rossowska3,
Anna Choromańska1, Andrzej Gamian1,4, Kazimiera Anna Wilk2 

1Department of Medical Biochemistry, Medical University of Wroclaw, Chalubinskiego 10,
50-368 Wroclaw; 

2Faculty of Chemistry, Wroclaw University of Technology, Wybrzeze Wyspianskiego 27,
50-370 Wroclaw; 

3Institute of Immunology and Experimental Therapy, Polish Academy of Sciences, Weigla 12,
53-114 Wroclaw;

 4Wroclaw Research Center EIT+, Stablowicka 147, 50-066 Wroclaw, Poland.
In the recent years much effort has been made in the nanomedicine research to develop new effective and biocompatible drug delivery systems having a colloidal phase as a key prerequisite for their effectiveness. Among these systems an important role is played by the template-mediated nanocarriers that form high kinetically stable oil-core nanodispersions of enhanced therapeutic efficiency. The attractiveness of polymeric nanocarriers lies in their  ability to incorporate many hydrophobic drugs into the oil phase thereby enhancing their solubility and permeation [1]. The previous our works has been carried out to explore the biological potential of the polymeric nanocapsules loaded with hydrophobic cyanines as effective delivery system of photosensitizer in photodynamic therapy of cancer cells [2,3]. In this report we described physicochemical properties and biocompatibility of multilayer nanocapsules prepared by subsequent adsorption of opposite charged polyelectrolyte layers (dextran and chitosan sulfate sodium salt) on the nanoemulsion liquid core (layer-by-layer (LbL) approach) [1,3]. The L-b-L nanocapsules based on o/w nanoemulsion droplets stabilized by new generation of biocompatible saccharide-derived surfactants, i.e. linear 2-(dodecyldimethylammonio)-ethylgluco-heptonamide bromide (D2GHA-12) or dicephalic N,N-bis[3,3’(trimethylammonio)propyl] dodecanamide dimethylsulfate (C12(TAPAMS)2) and loaded with hydrophobic cyanine-type photosensibilizers: zinc phtalocyanine ZnPc or cyanine IR-780 were characterized for size, shape and morphology (by DLS, SEM and AFM) and colloidal stability. Additionally, were fabricated analogs functionalized with polyoxyethylene glycol. The obtained nanocarriers offer simultaneously the ease of manufacture with little energy input, a high solubilization capacity and long time-stability. These nanocapsules were subjected to in vitro biological analysis for evaluate their biocompatibility and suitability for use in support of anticancer therapy. After parenteral administration, the nanocarriers may interact with plasma proteins and various cells present in the blood stream and for these reason therapeutic efficiency  of delivered cargo may be diminished. We characterized biocompatibility of obtained nanocapsules by determination of cytotoxic effect on target cancer cells as well as by estimation of hemolytic activity against human erythrocytes. Additionally, we determined the cytotoxicity of nanocapsules against control normal cells – macrophages and endhotelial cells. Moreover, the degree of macrophage uptake of nanocapsules was examined and the serum albumin influence on this process has been establish for preliminary assessment of  biodistribution. The low hemolytic potential and insignificant cytotoxicity against target cancer cells and macrophages as well as endothelial cells indicate good biocompatibility of obtained nanocapsules. Serum albumin at physiological concentration decreased of macrophage uptake of nanocarriers, which suggest the prolongation of their half-life in the circulation. Nanocapsules functionalized with polyoxyethylene glycol were more safe for normal and cancer cells and do not undergo internalization by macrophages. 
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