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Background and preliminary data 
Prostate cancer is among the top ten causes of death worldwide and the second most common type of cancer 
among men.1 Cells mainly affected by carcinoma are terminally differentiated epithelial cells: luminal, basal, and 
neuroendocrine.2,3 Primary region interested by disease is posterior prostate. Progression of PCa occurs by several 
steps; starting with an intraepithelial neoplasia, followed by localized PCa, subsequent advanced adenocarcinoma 
with local invasion, metastatic PCa. Adjacent lymph nodes are usually the first sites of metastasis from the 
primary tumor; followed by liver, lung, and bone.4 
Most of the new diagnoses are localized prostate carcinomas (80%). The remaining, represent advanced and 
metastatic cases. With regard to the former, the survival rate is very high, in contrast to advanced and metastatic 
cases in which it dramatically decreases from 26% to 30% at 5 years.5 As a matter of fact, physical properties of 
the extracellular matrix (ECM) influence cellular processes by regulating intracytoplasmic pathways involved in 
cell proliferation, differentiation and migration that create a favorable environment for cancer progression and 
metastasis propagation.6 To date, to study PCa invasion processes, it is appropriate to focus our attention on 
primary cancer cell cultures that represent a natural model of disease as opposed to immortalized cells, that are 
not often predictive of actual tumor behavior.7  
Integrins are considered a promising target in the therapy of PCa, being involved in the modulation of adhesion 
and migration of cancer cells and promoting intracytoplasmatic trafficking. They also play a key role in cell 
proliferation, cell invasion and metastasis.8 
In particular, the interaction between integrins and the ECM induces the activation of signal molecules such as 
Focal Adhesion Kinase (FAK), expressed in adhesion and migration of cells.9 Increased levels of FAK correlate 
with increased migratory capacity of cells, if compared to those with low FAK levels. 
In addition, the expression of a class of integrins featuring the αV subunit, represent a family of heterodimeric 
cell surface receptors which have been shown to promote malignancies in PCa. By inhibiting this subunit,  the 
blockade of cell cycle was achieved, resulting in the inhibition of tumor growth and metastasis.10 
The identification of new targets, new receptors and new molecules able to target integrins, has allowed to 
improve the research on targeted tumor therapy in recent decades, thus resulting in the development of therapies 
focused only and exclusively on the patient's tumor cells, eliminating the generalized toxicity of chemotherapeutic 
drugs.11,12 
Abituzumab, a monoclonal antibody, able to bind the αV subunit of the extracellular domain of integrin, is on the 
rise for its capacity to suppress PCa metastasis by preventing cell-cell and cell-ECM interaction, cell invasion, 
cell migration, and molecular pathways. It acts by blocking molecular pathways such as FAK and Akt, which are 
involved in cell growth, motility, invasion and tumor growth.13 
In addition to drug therapy, some studies have shown that the intake of flavonoids such as lutein and quercetin in 
a proper diet, can inhibit process of metastasis by blocking Akt/mTOR/c-Myc signaling pathway.14 
The aim of this proposal is the disentangling of the integrins role and their consideration (together with the 
selected flavonoids) as Abituzumab targets, adopting a multidisciplinary approach which encompasses molecular 
biology, targeted in vitro therapy and innovative methods like Lab-On-Chips (LOCs) devices.  
LOCs technologies have seen a breakthrough burst in translational research, with the aim to mimicking and real-
time monitoring of biological events in an always more reproducible environment, thus improving the validity of 
the bioassays. In this context LOC devices will allow to partially reproduce tumor microenvironment having a 
disruptive impact on the understanding of disease’s features. 
These devices have several advantages such as low costs, limited reagent consumption, use of small volumes and 
limited risk of contamination, offering a unique system for high throughput assays.15 
The on-chip invasion and migration assays were optimized at CNR Nanotec taking advantage on the expertise 
developed in monitoring cell adhesion and shape modification through electrochemical methods. In particular, a 
miniaturized and automatic Boyden chamber, able to detect migrated cells in response to differential membrane 
functionalization (using ECM proteins) was realized, through electrochemical impedance spectroscopy (EIS) 
technology.16 In that case, different cell behavior was detected thanks to the presence of electrodes able to “sense” 
migrated cells at the endpoint of the experiment. This method, although highly sensitive, selective and easy to 
miniaturize, was based on a relatively unstable configuration, as it was obtained by assembling different materials 
(SU8, PDMS, polycarbonate membranes), more prone to a research prototype, rather than an exploitation for 



complex biological assays and high-throughput studies. In the case of HOPE proposal, we aim to realize a robust 
device able to real time detect cells crossing the membrane, by customizing the membrane itself, with the presence 
of electrodes related to a specific group of pores. In this way, local invasion events will be investigated, thus 
correlating biomolecular pathways to real behavior of cells. Outer architecture of the modified transwell will be 
obtained by further customizing microfluidic connections, with the possibility to seed cells or, in turn, provide 
medium enrichment/exchange or drug delivery into the wells. Available techniques and instruments for 
microfabrication (micromilling machines, 3D printers), will allow the realization of a fully plug-n-play and on 
demand microfluidic device, including active membrane and related electrical connections. 
The possibility to benefit from three-dimensional (3D) devices will allow to mimicking different biological 
microenvironment, realizing a detection tool to investigate invasion mechanisms of cells detaching from 
spheroids/tumoroids mass, and fill in the gap between two-dimensional cell cultures and animal models, offering 

a new approach in medical research, biology and pharmacology. 
Also, the inhibition of such events will be took in consideration, after 
Abituzumab and flavonoids treatment. 
In Figure 1, a 3D system characterized by two chambers, a lower and 
upper chamber, separated by a metal porous membrane (with pore 
size range 8-14µm) obtained by femtosecond laser (fs) ablation17 is 
reported. Two compartments are linked to tubes (inlet and outlet), 
through which you can regulate the flow bioreactor for physiological 
barriers simulation (a).  
Preliminary data concern the use of a commercial setup, in which a 
customized membrane can be inserted, separating two chambers. The 
system is equipped for multicompartment and microfluidic assays 
and we were able to maintain in culture PC-3 cell lines in a static fluid 
mode. Considering preliminary experiments, it is possible to use a 
passivated multilayered membrane, microfabricated by laser 
ablation, made of Copper/Kapton/Copper (which can be identified 
as a capacitive element if a current is applied), coated with a 
nanometric gold layer to make it biocompatible. Membrane pores 
have a diameter of 12 µm, funnel-shaped to enhance the passage 
from the seeding compartment to the migration side. PC-3 cells were 
seeded in device and after 48h showed both adhesion near pores and 
ability to cross them, as demonstrated by optical and fluorescent 
microscope acquisitions (b and c). In parallel, the possibility to 

obtain spheroids/tumoroids from commercial cell lines was also explored, in order to prepare them into standard 
polystyrene wells and transfer into a LOC tool to perform invasion assays (d and e).  
Hypothesis and aims. 
Starting from background and preliminary data and focusing on integrins function in the progression of PCa, 
HOPE hypothesis is to outline the key role that integrins could play in PCa onset and in the processes of local 
invasion and metastasis. In support of this, PCa cells show an ECM with different characteristics with respect to 
normal cells.8 The αV integrin subfamily is involved in tumor growth. In general, integrins are constituted of two 
subunits: α (larger) and β (smaller). An α subunits could dimerize with a β subunits; αV subunit instead binds 
five β subunits. Both α and β have a long extracellular domain, a single transmembrane domain, and a short non-
catalytic intracellular domain.  
Each integrin binds a specific set of ligands, including ECM ligands; as a result, specific intracellular pathways 
are activated involving phosphorylation of FAK and Akt. 
In particular, FAK protein activation occurs at intracellular level when integrins with altered structure mediate 
signal transduction from outside to inside of cell binding to cytoskeletal actin.  
Clinical studies demonstrated that drugs (antibodies, peptides, small molecules and peptidomimetics18) targeting 
integrin αVβ3 were able to block the solid tumors growth such as hormone-refractory PCa.19,20 
The main goals of this proposal are to investigate molecular mechanism activation implicated in the processes of 
invasion and metastasis of PCa, mimicking their behavior into on-chip devices and test targeted drug treatment 
able to inhibit the abovementioned processes. 
These goals will be pursued through the following aims: 

1. Characterization of the αV integrin subunit on immortalized cell lines (in adhesion or as spheroids), 
exploring the Akt pathway activation (phosphorylation) and cytoplasmic FAK protein activation 
implicated in local invasion mechanism and metastasis. 

2. Use primary cancerous and control cells from patients and healthy donors to investigate the 
correspondence of identified pathways in real samples. 

Figure1: (a) Multilayered membrane made of 

Copper/Kapton/Copper coated with a nanometric 

gold layer and inserted in a migration device; 

images of PC-3 cells captured near the pores of 

membrane after having crossed them acquired by 

optical (b) and fluorescent (c) microscope. Scale bar 

50µm. (d) spheroid from PC-3 cell line stained by 

DAPI Dextran (e). Scale bar 275µm 



3. Explore the effects on signal pathways involved in invasion and migration after Abituzumab 
administration and/or flavonoid treatments (lutein and quercetin). 

4. Application of LOC system to perform migration and invasion assays also in combination with drug 
screening tests. 

Research plan 
Aim 1: Characterization of the αV integrin subunit on immortalized cell lines (in adhesion or as spheroids), 
exploring the Akt pathway activation (phosphorylation) and cytoplasmic FAK protein activation 
implicated in local invasion mechanism and metastasis. Initially, the αV subunit of integrin will be 
characterized on PC-3 cell line derived from human bone metastases, on LNCaP cell line derived from human 
supraclavicular lymph node metastasis originated by prostate adenocarcinoma and on DU145 cell line derived 
from central nervous system metastasis of prostate adenocarcinoma. 
In detail, the signal pathway of Akt and the cytoplasmic FAK protein will be studied. Molecular biology, 
biochemical and immunological techniques will be used to achieve these goals. 
Task 1A: The αV subunit of integrin will be explored by western blot and immunofluorescence technique. 
Regarding the immunoblotting, after 48h from the seeding of the three different cell lines, we'll proceed with the 
cells collection, the protein extraction, the dosage protein assay and finally western blot.  
The immunofluorescence will be performed using disposable slides in a multiwell (24-wells).  After 48h, the cells 
will be fixed with 4% paraformaldehyde. Then the slides will be analysed by immunofluorescence and confocal 
microscopy. 
Task 1B: the exploration of the Akt pathway and protein FAK will be performed by applying western blot 
technique and immununofluorescence assay (as above). In details, Akt and FAK phosphorylation will be explored 
in the three selected commercial cell lines (PC-3, LNCaP and DU145). 
Similarly, Real Time PCR (RT-PCR) will be performed to investigate differentially expressed mRNA. After 48h 
from cell seeding, cells will be collected, total RNA and messenger RNA (mRNA) will undergo retrotranscription 
into complementary DNA (cDNA) and used for RT-PCR. 
 
Aim 2: Use of primary cancerous and control cells from patients and healthy donors to investigate the 
correspondence of identified pathways in real samples. 
To investigate the αV subunit of integrin (task 1A) on real sample, Akt pathway activation and protein FAK 
activation (task 1B) involved in PCa invasion and metastasis, the experiments described in aim 1 will be 
performed on patient-derived primary cells.21 
Thanks to the collaboration with Professor Maiorano of the University of Bari, primary prostate cancer cells and 
healthy prostate cells will be isolated from patient biopsies. 
Cell isolation from biopsy will be carry out only after expressed informed consent of patients and all the activities 
will be previously approved and authorized by Ethical Committees of the involved Institutions. 
 
Aim 3: Explore the effects on signal pathways involved in invasion and migration after Abituzumab 
administration and/or flavonoid treatments (lutein and quercetin). 
Western blot, immunofluorescence, and RT-PCR assays will be performed to achieve this goal. 
Task 3A: Proceeding in the same order as described in previous aims, Akt pathway activation and protein FAK 
activation will be investigated initially on PC-3, LNCaP and DU145 cell lines and subsequently on primary 
patient cells after administration of the monoclonal antibody Abituzumab. 
Task 3B: The same experiments will be repeated by administering in combination with Abituzumab, lutein and 
quercetin, two selected flavonoids on the raise for their ability to block Akt/mTOR/c-Myc signaling pathway thus 
inhibiting metastasis process. 
Task 3C: The wound healing assay will also be performed under all the experimental conditions described. After 
the cells have reached a confluent monolayer, they will be mechanically removed in a central area. We'll evaluate 
the ability of cells to migrate in the direction of the cell-free area until they cover it and how much time it will 
take to repopulate the scratch. 
 
Aim 4: Application of LOC systems to perform migration and invasion assays also in combination with 
drug screening tests. 
Task 4A: The migration assay will be performed on porous multilayered membranes using a commercial 
multicompartment system connected with microfluidics.  
After assembling the membrane in the multicompartment device, initially PC-3, LNCaP and DU145 cells in the 
form of both monolayers and spheroids will be seeded separately. 
Cell seeding will be performed using the inlet tube of the upper chamber of device. The lower chamber will also 
be filled with culture medium through the device inlet tube. The system will be connected to the microfluidic 
setup. 24 hr and 48 hr after cell seeding, electrical measurements will be performed across membrane thanks to 



the presence of microelectrodes. Subsequently, the automation of the assay will allow the time-lapse 
measurements at defined and close-range time points. 
Task 4B: Setup customization through 3D printing and micro milling techniques  
Task 4C: The experiment will be repeated with the administration of Abituzumab alone and combined with 
lutein and quercetin.  
Task 4D: Invasion assay will be performed after covering the membrane with Matrigel.  
Proceeding with same experimental plan, the immortalized cell line will be replaced with primary PCa cells and 
healthy prostate cells isolated from patients’ biopsies. 
 
Aims Gantt graph 
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Expected Results and Impact on cancer 
The overall aim of this research project is to provide new insights into the molecular biology driving 
invasion/migration processes of PCa cells, exploiting also an innovative approach based on LOC technologies. 
The expected outcome of HOPE proposal is the possibility to design a platform which will be able to give patients 
a complete picture of the disease and of the effective therapies considering monoclonal antibody treatment and/or 
flavonoids22 administration by studying in vitro models, derived from their own cells. 
HOPE proposal aims to strongly impact on the management of PCa by notably revolutionize standard approach, 
but also considering a strong commitment to patient-centric medicine. The possibility to work in such a 
personalized way, introducing biopsy-derived specimen, is expected to introduce innovative methods, 
significantly improving disease outcome. 
Moreover, such an approach could be of great importance because of its feasibility of translation into other 
application and other biofluids. 
Considering the possibility to obtain cell culture (in adhesion or as spheroids) into multicompartment devices 
which will allow for automatic transwell assays in response to modified tumor microenvironments or drugs 
administration. 
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