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Advanced radiotherapy techniques for brain re-irradiation: the experience of
CRO Aviano

Neurosurgical treatment of gliomas

Tilen Žele, Andrej Porčnik, Roman Bošnjak
Mauro Arcicasa, L. Vinante

Department of Neurosurgery, University Medical Centre Ljubljana, Slovenia

CRO AVIANO (PN) ITALY

Introduction
The optimal management after brain tumor recurrence is not standardized and the best
therapeutic choise has to be individualized. Re-irradiation (RE-RT) is an option but require
advanced radiation techniques able to minimize the dose to healthy tissues. We report the
ten-years experience of the Aviano (CRO) Cancer Center.
Material and methods
41 patients underwent RE-RT for brain tumor recurrence. Histologies were Grade II Glioma
in 6 cases, grade III Glioma in 12 and Glioblastoma in 23. The mean age at recurrence was
51 years and the mean time between the first and the first radiotherapy and RE-RT was 32
months. The radiation dose of first treatment was 54-60Gy, while the dose for RE-RT was
30-60Gy, 1.8-2Gy/fraction. All patients were treated with Volumetric Modulated Arc
Therapy (VMAT) or Tomotherapy. Periodic follow-up was performed with clinical visit, MRI
and neurocognitive tests. Toxicities were scored with CTCAE scale V.4.0.
Results
The cumulative dose of first RT plus the RE-RT was 84-120Gy (higher than the dose
constraints of brain region). VMAT or Tomotherapy were able to conform the high-dose
region on the target volume and spare healthy tissues. All patients completed RE-RT
without grade ≥3 acute or late toxicities. No cases of optic neurotoxicity, retinopathy or
severe brain radionecrosis were detected. Neurocognitive tests showed a stable or slight
decline in cognitive functions.
Conclusion
RE-RT is not feasible for all patients due to the risk of toxicity. The use of advanced RT
techniques as VMAT or Tomotherapy allowed a maximal spare of healthy tissues and
avoided severe toxicities. In the next future protontherapy will increases the ability to
spare health tissues and for this reason it will be useful for brain reirradiation.
Protontherapy is the most advanced technology in radiotherapy but it requires large
economical resources and expertise. CRO Aviano is actually investing in this new
equipment, that could be offered to patients in a interregional context.
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Gliomas represent approximately 30% of all brain tumors and approximately 80% of all
malignant brain tumors. Gliomas are classified as low grade gliomas (LGG) and malignant
gliomas. Primary treatment is surgical. Goal of surgical treatment of gliomas is maximal
safe resection – removal of as much tumor as possible without causing neurological deficit.
Preoperative planning consists of acquisition and analysis of preoperative morphologic and
functional images, selection of surgical approach and trajectory, and planning the extent
of resection. In majority of cases, the surgery is done under general anesthesia. In cases,
where the location of the tumor is in vicinity or in region of primary speech (i.e. eloquent)
areas, the procedure is done under regional anesthesia (awake craniotomy). For precise
intraoperative tumor localization during surgery, frame-less neuronavigation is used. It
allows localization of surgical instrument during surgery based on preoperative images.
Injury of eloquent regions (primary motor, sensory, visual cortex, etc.) can be avoided
after they have been identified by various intraoperative electrophysiological methods.
During awake craniotomy the patient's speech is monitored by examiner who talks to the
patient and detects possible speech difficulties. During stimulation of cortical surface
patient names objects on pictures or repeats words after examiner. When stimulating the
speech area speech changes or becomes silent. Removal of the tumor is done by bipolar
coagulation and aspiration (CUSA), avoiding identified eloquent areas. Fluorescent dye 5aminolevulinic acid (5-ALA) is used for intraoperative visualization of malignant tumor
margins. Extent of resection significantly effects the overall survival and progression free
survival of patients.
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Dynamic expression of 11 miRNAs in 83 consecutive primary and corresponding
recurrent glioblastoma: correlation to treatment, time to recurrence, overall
survival and MGMT methylation status

New discoveries in molecular genetics of diffuse gliomas

Jernej Mlakar
Boštjan Matos, Emanuela Boštjančič, Alenka Matjašic, Mara Popović, Damjan Glavač

Institute of pathology, Faculty of medicine, University of Ljubljana

University Medical Centre Ljubljana, Faculty of Medicine Ljubljana

Background: Glioblastoma (GBM) is the most common and the most malignant glioma
subtype. Among numerous genetic alterations, miRNAs contribute to pathogenesis of GBM
and it is suggested that also to GBM recurrence and resistance to therapy. Based on
publications, we have selected 11 miRNAs and analyzed their expression in GBM. We
hypothesized that selected miRNAs are differentially expressed and involved in primary as
well as in recurrent GBM, that show significant expressional differences when different
treatment options are in question, and that are related to certain patients and tumor
characteristics.
Patients and methods: Paraffin embedded tissues, obtained from primary and
corresponding recurrent tumor from 83 patients with primary GBM were used. Eleven
miRNAs (miR-7, miR-9, miR-15b, miR-21, miR-26b, miR-124a, miR-199a, let-7a, let-7b, let7d, and let-7f) were selected for qPCR expression analysis. For patients who received
temozolamide (TMZ) as chemotherapeutic drug, O6-methylguanine-DNA methyltransferase
(MGMT) methylation status was defined using the methyl-specific PCR.
Results: There was a significant change in expression of miR-7, miR-9, miR-21, miR-26b,
mirR-124a, miR-199a and let7f in recurrent tumor compared to the primary. In recurrent
tumor, miR-15b, let-7d and let-7f significantly changed comparing both treatment options.
We also observed difference in progression free survival between patients that received
radiotherapy and patients that received radiotherapy and chemotherapy, and longer
survival for patients who received chemotherapy after second surgery compared to not
treated patients. miR-26b showed correlation to progression free survival and let-7f to
overall survival. We did not find any expression difference between the tumors with and
without methylated MGMT.
Conclusions: Our data suggest that analyzed miRNAs may not only contribute to
pathogenesis of primary GBM, but also to tumor progression and its recurrence. Moreover,
expression of certain miRNAs appears to be therapydependent and as such they might
serve as additional biomarker for recurrence prediction and potentially predict a therapyresistance.
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The 2016 edition of the WHO Classification of Tumors of the Central Nervous System has
introduced a combined morphologic and molecular approach to classification of CNS
tumors. One of the most important changes was the partition of diffuse gliomas into IDHmutant and IDH-wild type gliomas, the former having a much better prognosis than the
former. However, glioblastomas remain as an entitiy with a grave prognosis, even in the
case of IDH-mutant glioblastomas. IDH-mutant gliomas are thought to have a relatively
uniform pathogenesis, while pathogenesis of IDH-wild type is more varied. In addition,
oligodendrogliomas have been defined as gliomas with IDH mutation and a combined
deletion of chromosome arms 1p and 19q. There was some uncertainty left in the
classification of IDH-wild type diffuse astrocytomas and anaplastic astrocytomas, which
have been left as a permitted although an uncertain and posibly a provisional entity. As a
major breakthrough, diffuse gliomas originating in the midline structures, most frequently
in pons, have been found to harbour a histone mutation H3 K27, which has been introduced
as a prerequisite to making this diagnosis.
Since the publication of the new WHO classification just three years ago, much has
happened in the field of molecular classification of brain tumors. This has been driven by
methods for determining genome-wide methylation profiles of tumors. This has brought
about even more new entities. Glioblastomas have been divided into several subgroups,
each with its own typical set of recurring genetic abberations. Also, the status of lowergrade diffuse gliomas that are IDH-wild type, has been somewhat clarified. Lastly, diffuse
gliomas of children, which appear to be etiologically quite different from adult gliomas,
and were not well defined at the publication of the WHO classification, were placed into
several categories, again each with a defined molecular alteration.
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Similarities between stem cell niches in glioblastoma and bone marrow; rays of
hope for novel treatment strategies

Integrative therapy in glioblastoma: A Preclinical study

Massimo Nabissi, Oliviero Marinelli, Beatrice Pantolini
1

1,2

2

3

Cornelis J. F. van Noorden , Vashendriya V.V. Hira , Barbara Breznik , Miloš Vittori ,
Annique Loncq de Jong1, Jernej Mlakar4, Roelof-Jan Oostra1, Mohammed Khurshed1, Remco
J. Molenaar1, Tamara Lah2
1

Departments of Medical Biology and Medical Oncology, Cancer Center Amsterdam,
Amsterdam UMC, Amsterdam, The Netherlands; 2Department of Genetic Toxicology and
Cancer Biology, National Institute of Biology, Ljubljana, Slovenia; 3Department of Biology,
Biotechnical Faculty; 4Institute of Pathology, University of Ljubljana, Ljubljana, Slovenia
Glioblastoma is the most aggressive primary brain tumor. Slowly-dividing and therapyresistant glioblastoma stem cells (GSCs) reside in protective peri-arteriolar niches and are
held responsible for glioblastoma recurrence. Recently, we showed similarities between
GSC niches and hematopoietic stem cell (HSC) niches in bone marrow. Acute myeloid
leukemia (AML) cells hijack HSC niches and are transformed into therapy-resistant
leukemic stem cells (LSCs). Current clinical trials are focussed on removal of LSCs out of
HSC niches to differentiate and to become sensitized to chemotherapy. In the present
study, we elaborated further on these similarities by immunohistochemical analyses of 17
biomarkers in paraffin sections of human glioblastoma and human bone marrow. We found
all 17 biomarkers to be expressed both in hypoxic peri-arteriolar HSC niches in bone
marrow and hypoxic peri-arteriolar GSC niches in glioblastoma. Our findings implicate that
GSC niches are being formed in glioblastoma as a copy of HSC niches in bone marrow.
These similarities between HSC niches and GSC niches provide a theoretic basis for the
development of novel strategies to force GSCs out of their niches, in a similar manner as in
AML, to induce GSC differentiation and proliferation to render them more sensitive to antiglioblastoma therapies.
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School of Pharmacy, University of Camerino
Glioblastoma (GBM) is one of the most aggressive malignant cancers with an overall
survival averaging one year despite multimodality therapeutic interventions including
surgery, radiotherapy and concomitant and adjuvant chemotherapy as temozolomide (TMZ)
have increased the median survival by few months. Due to the weak effectiveness of
classical chemotherapies and targeted drugs, the interest about the use of less toxic
agents has increased. Interestingly, multiple natural compounds, as plant cannabinoids,
have shown anti-tumor and pro-apoptotic effects in TMZ resistant GBM cell lines and also
displayed synergistic effects with TMZ. So, combine more low toxic agents can lead to a
potential benefit and a synergism effect with cannabinoids and TMZ can be obtained. In
this presentation will be presented preliminary data about the combination effects of CBD
with others low-toxic molecules in GBM cell lines.
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RNA sequencing for theranostics of metastatic, primary and recurrent brain
tumors

Multi-target prediction and its applications in medicine

Sašo Džeroski
1,2,3

1,2,3

1,

1,2

Anton Buzdin
, Maxim Sorokin
, Andrew Garazha , Alexander Glusker , Daria
Allina1,4, Alexey Moiseev1,2, Maria Suntsova1,2, Ella Kim5, Nurshat Gaifullin6, Victor
Tkachev1, Nicolas Borisov1,2, Alf Giese7
1

Omicsway Corp., Walnut, CA, USA; 2I.M. Sechenov First Moscow State Medical University,
Moscow, Russia; 3Shemyakin-‐Ovchinnikov Institute of Bioorganic Chemistry, Moscow,
Russia; 4 Pathology department, Morozov Children's City Hospital, Moscow, 119049, Russia;
5
Johannes Gutenberg University Mainz, Mainz, Germany; 6M.V.Lomonosov Moscow State
University, Faculty of Fundamental Medicine, Moscow, Russia; 7International Neuroscience
Institute, Hannover, Germany
We developed molecular guided tool for individualized selection of chemotherapeutics in
recurrent glioblastoma (GBM) and other brain tumors based on gene expression analysis. In
2016-18 we collected biopsies from primary and recurrent GBM tumors. Biopsy materials
were used to establish primary stem cell lines and to examine RNA-sequencing profiles.
Totally, 128 tissue samples and 42 stem cell cultures corresponding to 44 GBM tumors were
analyzed. These included 23 primary, 19 recurrent and 2 secondary recurrent GBM cases,
most of the cases were sampled several times. We then compared results for primary and
recurrent GBM by using Oncobox analytic platform to interrogate activation of molecular
pathways and to differentially ranked anticancer target drugs. We identified gene
expression signature of recurrent GBM which corresponds to the treatment by
temozolomide (TMZ) and radiation therapy. Our analysis showed downregulation in
recurrent GBM of several pathways crosslinking cell cycle progression and DNA repair. The
modeled efficiency of TMZ was statistically significantly lower in recurrent GBM, for both
tissue samples and stem cell cultures. Oncobox-deduced efficiency scores for TMZ in
primary tumors were strongly associated with progression free survival (HR=0.29, 95% CI:
0.088-0.96, p=0.043). Clinical utility of the Oncobox platform for brain tumors is now
investigated in a prospective clinical trial. As for March 2019, for 5 patients we collected
clinical response data to the first line treatment with TMZ and radiation therapy. For two
patients second line treatment was prescribed according to Oncobox recommendations.
6/7 treatment outcomes detected for the five GBM patients were predicted correctly by
the Oncobox platform. However, efficiencies of the standard brain tumor treatment plans
are strongly limited. We conclude that further prospective clinical investigations are
needed and seek for collaborations in establishing multi-center studies of second-opinion
systems utility for treatment of recurrent GBM, including off-label/experimental
therapeutics for the advanced patients.
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Jozef Stefan Institute, Ljubljana, Slovenia

Increasingly often, we need to learn predictive models from big or complex data, which
may comprise many examples and many input/output dimensions. When more than one
target variable has to be predicted, we talk about multi-target prediction. Predictive
modeling problems may also be complex in other ways, e.g., they may involve
incompletely/partially labelled data, as in semi-supervised learning, or data placed in a
network context. The talk will first give an introduction to the different tasks of multitarget prediction, such as multi-target classification and regression, hierarchical versions
thereof, and versions of the tasks that involve additional complexity (such as semisupervised multi-target regression and network-based hierarchical multi-label
classification). It will continue to present methods for solving such tasks, in particular
predictive clustering trees and ensembles thereof. Finally, it will present example
applications of multi-target prediction in medicine. These will include finding interesting
groups of patients with similar clinical features and finding biomarkers with their
characteristics, as well as finding biomarkers for combinations of clinical features.
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The NFL-TBS.40-63 peptide targets and kills human glioblastoma stem cells
where is also targets nanocapsules

Utility of GliotrackTM, the liquid biopsy platform for Gliomas

Joel Eyer

Vineet Datta

INSERM

Datar Cancer Genetics Limited

Glioblastoma is the most common and aggressive brain tumour. Glioblastoma stem cells,
named also brain tumour-initiating cells (BTICs), are responsible for tumour initiation,
progression and recurrence due to their high resistance to current treatments. Targeting
these cancer stem cells represents a crucial challenge for developing new therapeutic
strategies.
Previously we showed that the NFL-TBS.40-63 peptide, corresponding to a tubulin-binding
site on neurofilaments, targets and reduces in vitro and in vivo the viability of glioblastoma
cells without affecting healthy cells (1). Here, the objective is to evaluate the effect of
this peptide on BTICs isolated from human glioblastoma patients.
By flow cytometry and immunochemistry we showed that the peptide targets massively
BTICs, inhibits their proliferation and induces their death through an alteration of their
microtubule network. The peptide also provokes an increase of their adhesion and a
decrease of their self-renewal ability. Moreover, lipid nanoparticles functionalized with
this peptide demonstrate a massive and selective entry in BTIC. The uptake mechanism of
the peptide alone, or the peptide functionalized nanocapsules, was neither altered after
ATP depletion nor at 4°C, suggesting an energy and temperature-independent uptake,
characteristic of a direct translocation mechanism.
These results indicate that the NFL-TBS.40-63 peptide represents a specific therapeutic
drug for glioblastoma treatment by targeting and killing both glioblastoma cells and BTICs
to prevent recurrence. This peptide also allows the targeting of lipid nanocapsules in
BTICs.

Tumors of the central nervous system (CNS) constitute approximately 3% of all
malignancies. Although relatively rare, the associated morbidity and mortality and the
significant proportion of affected young and middle-aged individuals has a major bearing
on the death-adjusted life years compared to other malignancies.
Glioblastomas have traditionally been divided into primary and secondary. Primary
glioblastomas are those that arise de novo, account for 90% of all glioblastomas and are
more aggressive than secondary glioblastomas and tend to occur in older individuals.
Primary glioblastomas are almost invariably IDH wild-type. They tend to have amplification
of EGFR and overexpression of MDM2, PTEN mutation and/or loss of heterozygosity of
chromosome 10p.
Biopsy of CNS tumors impose significant risks associated with the procedure. This
invasive procedure or the associated hemorrhage can lead to neurological deficit or can
pose life threatening risk. Thus, longitudinal monitoring with serial biopsies is
unviable in CNS malignancies, limiting ability to monitor treatment response,
appreciate clonal evolution to determine new susceptibilities or acquired mechanisms of
resistance to therapy, and distinguish tumor recurrence from pseudoprogression.
Response to treatment in CNS malignancies is primarily monitored by neuroimaging.
Liquid biopsy opens multiple opportunities in clinical management of GBM due its
non-invasive sampling method. It enables longitudinal monitoring of disease evolution and
treatment response. Further, it helps to address tumor heterogeneity as the nucleic acids
analysed in liquid biopsy are released from all areas of tumor. Gliomas release intracellular
components into circulation. Tumor-derived biomarkers include Circulating Glial Cells
(CGCs), extracellular vesicles (e.g., exosomes) and cell-free nucleic acids which
accumulate in plasma, serum and/or cerebrospinal fluid (CSF).
Circulating cell-free tumor DNA (ctDNA) are fragments of DNA, released from dying
tumor cells. The presence of ctDNA has been correlated with overall tumor burden and
disease activity. Presence of certain unique molecular signatures can help to
distinguish between malignant / non-malignant disorders and has potential to indicate
morphological type of malignant neoplasm. Much like non-malignant cells, viable tumor
cells secrete extracellular vesicles called exosomes which contain tumor cell derived
mRNA, miRNA, other nucleic acids and proteins. These circulating biomarkers may be
useful as easily accessible diagnostic, prognostic and/or predictive biomarkers to guide
patient management. This approach may help to circumvent problems related to tumor
heterogeneity and sampling error at the time of diagnosis.

14

15

Can an advanced search for cancer stem cell biomarkers lead to efficient
glioblastoma gene/immuno-therapy?

1

1

1

1

2

Radovan Komel ,, Neja Šamec , Ivana Jovčevska , Alja Zottel , Marko Vidak , Jernej
Mlakar3, Marija Vidmar Skoblar4
1

Medical Centre for Molecular Biology, IBK, Faculty of Medicine, University of Ljubljana,
Slovenia; 2Institute for Bioinformatics, Faculty of Medicine, University of Ljubljana,
Slovenia; 3Institute of Pathology, Faculty of Medicine, University of Ljubljana, Slovenia;
4
Institute of Oncology, Ljubljana, Slovenia
Glioblastoma (GBM), an advanced grade IV glioma, represents the most aggressive and
presently incurrable form of brain tummor tissues. The cause of poor prognosis lies in the
presence of glioblastoma stem cells, which are resistant to chemo- and radio-therapy after
seemingly successful surgery. Using a reverse proteomics approach based on the induction
and use of recombinantly produced hypervariable domains of camelid heavy chain
antibodies (referred to as Nanobodies), we were able from glioblastoma cell/tissue
preparations to identify and retrieve a panel of 9 protein biomarkers more or less specific
for glioblastoma stem cells. With extensive bioinformatics analysis and then
experimentally validated approach, two more membrane-specific biomarkers were added
to the panel. The advantage of the nanobodies-based approach mentioned above is that in
addition to the identified biomarkers, we also obtain specific nanobodies, which are a tool
for further research and development of appropriate diagnostic and therapeutic
procedures. Extremely small (12-15 kDa; 2.5x4 nm) and robust Nanobodies are suitable for
the development of targeted therapeutic approaches. Our research has shown that they
have a pronounced cytotoxic and antiproliferative effect on GBM stem cells as well as on
differentiated glioblastoma cells. The current study focuses on two cell-internal protein
biomarkers, TUFM and NUCL, whose specific nanobodies in in vitro experiments are
successfully delivered to glioblastoma cell line cells and achieve up to 80% reduction in
glioblastoma cell viability. Nanobodies can be delivered in native form, but the first
experiments also indicate the possibility of more specific delivery using engineered
archaeosomes (specific liposomes) and extracellular vesicles, exosomes. Furthermore,
delivery of genetic information incorporated into an expression plasmid under the control
of a brain-specific inducible promoter is under consideration, which would form the basis
of an appropriate gene therapy procedure. With regard to the membrane-specific
biomarkers, FREM2 has been the subject of ongoing research regarding the responsive
nanobody as a leader molecule in lipoprotein / vesicular delivery, and in parallel to
initiating the study of T-cell engineering for the development of glioblastoma
immunotherapy.
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Research for a more efficient personalized therapy of glioblastoma

Tamara Lah Turnšek, Barbara Breznik, Metka Novak, Bernarda Majc, Vashendriya Hira,
Mateja Mlinar
Department of Genetic Toxicology and Cancer Biology, National Institute of Biology,
Ljubljana, Slovenia

Glioblastoma is the most frequent and aggressive brain tumour in humans mostly due to
therapy resistant glioblastoma stem cells (GSCs) in addition to inter-tumour heterogeneity
that is due to infiltration of a plethora of host cells. Besides endothelial cells,
mesenchymal stem cells (MSCs) and their differentiated progenies, immune cells at various
differentiation states, including monocytes, comprise resident brain tumour
microenvironment. For new biomarker sudies and for drug testing, cell models, such as
GSC tumorospheres that mimic GSC in vivo, in cancer tissue have been developed. We have
established the biobank of patients-derived GSC tumorosheres (PDS) that can be tested in
vitro for the efficacy of a drug for the particular patient, leading to a more individualized
therapy. Within this cell models we have explored three GSC-specific targeting
opportunities that are related to their expressions of: transmembrane protein tetraspanin
CD9, the chemokine CCL5 and its receptor CCR5 and into interactions between GSCs and
MSC.
The tetraspanin CD9 has been shown to be involved in various cellular activities, including
tumor cell invasion, apoptosis and resistance to chemotherapy. We have also demonstrated
that this marker is selectively expressed stemness marker, not present in normal neural
stem cell (NSC) spheroids what makes it an excellent cancer target. The CD9 mRNA levels
are highly expressed in glioblastoma tissues of mesencymal subtype compared to low grade
glioma or non-tumour brain samples. Moreover, we found that CD9-silenced GSCs showed
less invasive phenotype in zebrafish embryo brain.
The chemokine CCL5 /RANTES is a versatile inflammatory mediator, which interacts
mostly, but not exclusively with the receptor CCR5 and thereby promotes intracellular and
intercellular interactions in the tumour and its microenvironment. CCL5/CCR5 signalling
axis is a good target to therapy, as we confirmed its increasing expression is more
malignant and recurrent glioma. In indirect GB and MSC cultures, where MSC secrete CCL5,
the invasion of glioblastoma cells was inhibited by synthetic CCR5 antagonist Maraviroc®.
Tumor-infiltrating mesenchymal stem cells (MSCs) reside in glioblastoma stem cell niches
in glioblastoma tissue and differentiay affect GB subtypes and possibly on GSC stem-like
phenotype. We are exploring their interactions and the efffects of MSCs on therapeutic
sensitivity of GSCs in vitro as well as in vivo using zebrafish embryo model. This is
important with from perspective potentialof MSCs, as dug delivery celllular vector to
erredicate GSCs.
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Novel cellular models and machine learning approaches for a precision medicine
approach in glioma

Elettra: Progress report on putative protein targets for glioblastoma

Paola Storici, Silvia Onesti
Daniela Cesselli

Structural Biology Laboratory – Elettra Sincrotrone Trieste

Department of Medicine, University of Udine, Udine, Italy

Translational medicine aims to transfer the progress achieved in basic scientific research
to define innovative approaches for the diagnosis and treatment of diseases.
With this specific objective, our research group focused on the use of adult human stem
cells isolated from human gliomas as an approach to precision medicine aimed at
identifying new prognostic and predictive factors of response to therapy and to design new
strategies for glioma treatment. In particular, the collaboration with neurosurgery has led
to the demonstration that in gliomas, in addition to the stem cells capable of initiating the
tumor (GSC), there is a population of stem cells, lacking the genetic mutations that
characterize the tumor, but capable of supporting the tumor growth itself. These cells,
called GASC (glioma-associated stem cells) are able, through the release of nanocesicles
called exosomes, to increase the biological aggressiveness of the glioma-initiating cells. It
is important to remember that the in vitro characteristics of these cells, called GASC
(Glioma Associated Stem Cells), allowed to create a prognostic score that is the strongest
predictor of overall survival and disease-free survival in LGG patients, exceeding the value
of the prognostic factors currently in use.
The results obtained support the study of this patient-based cellular approach as a method
for:
1. to identify new prognostic and predictive factors of response to therapy to support
clinicians in therapeutic choices in low- and high- grade gliomas
2. to devise new therapeutic strategies that aim to hit the tumor by targeting the tumor
stroma and the cell's migration capacity.
Finally, we explored the potential of applying artificial intelligence algorithms to define a
multiparametric prognostic stratification of patients affected by grade II glioma. In
particular, the use of decision trees made it possible to: 1. identify prognostic factors; 2.
to define the threshold levels to be used for the various parameters and 3. the hierarchy to
be used. This study supports a stratification of patients based on the different combination
of clinical, molecular and imaging data using a supervised non-parametric learning
method. If validated in independent studies, it could demonstrate how machine learning
algorithms applied to oncology can foster precision medicine approaches. In fact, the
algorithm defined for low-grade gliomas, simple and easy to use, is based on commonly
available parameters, and could be useful to identify classes of patients who can benefit
from different therapeutic and follow-up approaches.
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The Elettra Structural Biology laboratory focus on the molecular and structural aspects of
proteins that are deregulated in cancer and are potential targets for anti-tumor
treatments. In the frame of the TRANS-GLIOMA project we are studying a few proteins that
trigger cellular processes supporting glioblastoma development and progression. More
specifically our interest is on proteins that play a role in DNA damage response and in the
autophagy activation pathway. In the talk we will present the most recent data obtained
on the biochemical and structural characterization on proteins linked with the
comprehension of these mechanisms and that are known to be overexpressed in brain
tumors.
- A number of helicases involved in DNA repair and genome stability have important roles
in the development and progression of gliomas and glioblastomas. Among those high levels
of RecQ4 has been detected in cells from Glioblastoma patients, and transient knock-down
of RecQ4 significantly affected tumor sphere formation. The iron-sulphur cluster helicase
RTEL1 was also shown to be implicated in glioma and glioblastoma development. We will
present our progresses towards the biochemical and structural characterization of these
two helicases, and discuss their roles as putative drug targets.
- Autophagy is responsible for degrading and recycling damaged cellular contents and is
crucial to sustain cellular energetics not only in starvation but also to maintain cellular
homeostasis. Evidence has implicated autophagy in tumor survival and progression. We will
present the ongoing activities on the characterization of the ULK1 kinase complex – that
triggers the activation of autophagy cascade - and of the Usp1 deubiquitinase – that
apparently plays a role in ULK1 modulation. Both are over-expressed in glioblastoma and
are druggable targets. We will report our progresses in the comprehension of the
structural/functional aspects that may help to understand their molecular mechanism and
possible correlation in autophagy.
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Circulating Biomarkers in Glioblastoma: Progress and Potential

Aline S. C. Fabricio, Massimo Gion
Regional Center for Biomarkers, Department of Clinical Pathology, Azienda ULSS 3
Serenissima, Venice (VE), Italy

GLIOMA biobank: single platform for clinicians and researches working on
glioblastoma
Matjaž Hren, Jasna Lalić, Blaž Nemec, Saša Trkov
BioSistemika d.o.o.

The aggressiveness and complexity of glioblastoma call for the need to develop noninvasive
biomarkers for early diagnosis of the disease and prediction of response to treatment.
Despite extensive research to develop an effective biomarker for detection and prognosis
of glioblastoma, only few strategies have come out with promising results. Greater
progress has been made in tissue-based biomarkers, which are gathered by means of biopsy
collection. However, therapeutically, there is a lack of tools and biomarkers to monitor
disease progression and response. Circulating biomarkers have also emerging as potential
significant tools for early diagnosis and monitoring of disease. In fact, the availability of a
minimally invasive tool that could assess tumor activity and molecular phenotype in situ
has the potential to greatly enhance patient care. In this presentation, we will summarize
recent findings on circulating biomarkers in glioblastoma, providing an insight into their
potential to act as a biomarker for non-invasive diagnosis and optimization of treatment
choice and monitoring. In addition, possibilities for overcoming methodological challenges
for the implementation of circulating biomarkers in glioblastoma will be discussed, offering
also an outlook for future investigations.

Collaboration is the core of science from its beginnings. When it comes to interdisciplinary
approaches collaboration becomes more challenging as differences in vocabulary, scientific
backgrounds, and types of data being produced and managed become more obvious.
However, it is clear that interdisciplinary approaches yield excellent results. We would like
to present a use case how a digital GLIOMA biobanking platform could be connecting
clinicians and researchers from universities and research institutes working on biomedical
research of glioblastoma. The platform will host in one place all relevant clinical,
diagnostic and research data related to biological samples obtained from glioblastoma
patients. Its main aim would be to have this information connected, annotated and
available in a controlled way to clinicians and researchers. It should facilitate the flow of
clinical information important for conducting research work from clinicians to researchers
and vice versa, transfer of research information back to clinicians.
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Patient viewpoint and a simple idea

POSTERS

Roberto Pugliese

Molecular characterization of glioblastomas and glioma stem cells (GSC) using a
targeted home-made NGS panel

Elettra Sincrotrone Trieste S.C.p.A.

Sometimes it is important to take the patient's point of view into consideration.
The talk tells a story of glioblastoma, describes the mission and contents of the
website glioblasoma.it and some related initiatives. Finally, the idea of an advisor based
on some recent developments in the field of Artificial Intelligence is presented.
The advisor, inspired by this experience could help those who will face in the future a high
grade glioma.
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INTRODUCTION: Glioblastoma (GBM) is characterized by a median survival of 14-16 months
(Gilbert M. Clin. Oncol.2013). The need of new effective therapies has encouraged
researchers to better molecular characterized tumors and to the development of glioma
stem cell models (GSCs), considered responsible for glioblastoma development,
progression, recurrence and resistance to therapy (Manini I. Int J Mol Sci. 2018). Next
generation sequencing (NGS) and gene-expression analysis have identified four different
molecular subtypes in GBM: "proneural", "neural", "mesenchymal" and "classic" (Verhaak R.
G. Cancer Cell 2010). The aim of this work was to optimize an NGS panel for the molecular
characterization of glioblastomas and GSCs, in order to improve patients' prognostic
stratification and for the identification of new therapeutic targets.
METHODS: The NSG panel designed (Qiagen) targets 170 hot spot mutations in 25 genes and
Copy Number Variations (CNV) of 7 genes in order to classified glioblastomas into the 4
molecular classes. Sequencing was performed on the Illumina Miseq platform while variant
calling and data interpretation were conducted with CLS and QCI-I software (Qiagen). 32
patient-derived glioblastoma tissues and 10 GSC lines were analyzed.
RESULTS: Genomic variants were identified with a median coverage of 1000X. By
integrating point mutations and CNV, glioblastomas were classified: 47% as classical, 12,5%
as neural and 9,4% as proneural. No mesenchymal were found. Remaining GBM showed
genomic alterations not easily define. The most frequent point mutations were identified
on hTERT promoter, EGFR, ATRX, CDKN2A, PIK3CA, TP53 and IDH1 while CNV were found in
EGFR, CDKN2A/B, PTEN, ATRX, TP53, ATM, CDK4/6 and FGFR3. Considering GSC molecular
profiles some concordances with tissue of origin were highlighted, but in some cases new
mutations to further investigate emerged.
CONCLUSIONS: The NGS panel created for the molecular characterization of both
glioblastomas tissues and GSC offers the possibility to obtain new information to be
transmitted to clinicians, in order to better customize clinical management of patients
with glioblastoma.
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Evaluation of exosomal uptake patways as key factor in tumor –
microenvironment cross communication

Comparison of different methods for exosomes isolation from plasma of cancer
patients

Federica Caponnetto
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Aline S.C. Fabricio3

Department of Medicine, University of Udine, Udine, Italy
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Glioblastoma cells are supported by the surrounding microenvironment thanks to different
molecules, such as exosomes which are novel biologically active nanoparticles able to
affect the recipient cells. For this reason, in order to disconnect the flowing
communication between the tumor and its microenvironment, drugs interacting with
exosomal uptake could be a potential new therapeutic approach.
As the uptake pathways identified seem to be several, we tested drugs interfering with
clathrin dependent (Chlorpromazine) and lipid rafts mediated (Filipin III) endocytosis,
macropinocytosis (Monensin and Chloroquine), and phagocytosis (Cytochalasin D).
Exosomes isolated from glioma associated stem cells (GASC), deriving from the tumor
microenvironment, have been isolated using polymeric precipitation (ExoQuick TC).
Once they have been properly characterized through flow cytometry, BCA assay and
nanoparticle tracking analysis (NTA), uptake assays have been performed on U87 previously
treated with the drugs mentioned above for 24 hours. Finally, the effect of such exosomal
uptake inhibition has been tested through a motility assay on u87 cells.
Data suggest that Chlorpromazine, Chloroquine and Filipin III significantly inhibit exosomial
uptake of u87. This phenomenon correlates with a significant reduction of u87 motility. In
summary, exosomal uptake inhibition could be crucial in identifying and disrupting the
tumor supporting action carried out by the microenvironment.
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Background: The possibility to study exosomes as early, predictive and prognostic
biomarkers of glioblastoma from liquid biopsy would represent a valuable alternative to
tissue biopsies. In fact, the isolation of exosomes from body fluids represents a promising
and minimally invasive alternative to surgical biopsies for the detection of biomarkers.
However, exosomes isolation from serum or plasma is especially difficult and is still under
validation because of the small volume usually available, its high viscosity, the co-isolation
of a complex assortment of non-vescicular contaminant proteins (mainly lipoproteins and
albumin) and other particles.
Aim: to compare four different exosomes methods regards to the efficiency of exosome
isolation and the purity of isolated exosomes.
Methods: Ultracentrifugation (UC, Beckman Coulter, Indianapolis, USA); precipitation
ExoQuick (System Biosciences, California, USA); SEC combined with precipitation Exo-Spin
(Cell Guidance System, UK) and qEV-IZON SEC columns (Izon Science Ltd, New Zeland)
were evaluated. Two sample pools were prepared: 1 pool of plasma collected from healthy
patients and another 1 pool of plasma collected from patients with prostate cancer from
CRIBT biobank. From each of these 2 pools, 15 exosomal fractions were extracted (3
fractions for each of the 4 methods studied + 1 additional fraction for Izon SEC), totaling
30 exosomal fractions. These fractions were characterized by NTA technique and subject
to determination of total protein and albumin concentration.
Results: All the four methods tested allowed the isolation of exosomes with different
efficiencies and degree of protein contaminants. Exospin e Exoquick are the methods
which provide the highest recovery of particles but also highest albumin contamination. A
better performance in terms of exosomes purity (assessed as particles/µg protein and as
albumin concentration) was achieved with Izon SEC method.
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High FREM2 Gene and Protein Expression Are Associated with Favorable
Prognosis of IDH-WT Glioblastomas

Semaphorin7A on exosomes: a pro-migratory signal in the glioma
microenvironment
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World Health Organization grade IV diffuse gliomas, known as glioblastomas, are the most
common malignant brain tumors, and they show poor prognosis. Multimodal treatment of
surgery followed by radiation and chemotherapy is not sufficient to increase patient
survival, which is 12 to 18 months after diagnosis. Despite extensive research, patient life
expectancy has not significantly improved over the last decade. Previously, we identified
FREM2 and SPRY1 as genes with differential expression in glioblastoma cell lines compared
to nonmalignant astrocytes. In addition, the FREM2 and SPRY1 proteins show specific
localization on the surface of glioblastoma cells. In this study, we explored the roles of the
FREM2 and SPRY1 genes and their proteins in glioblastoma pathology using human tissue
samples. We used proteomic, transcriptomic, and bioinformatics approaches to detect
changes at different molecular levels. We demonstrate increased FREM2 protein expression
levels in glioblastomas compared to reference samples. At the transcriptomic level, both
FREM2 and SPRY1 show increased expression in tissue samples of different glioma grades
compared to nonmalignant brain tissue. To broaden our experimental findings, we
analyzed The Cancer Genome Atlas glioblastoma patient datasets. We discovered higher
FREM2 and SPRY1 gene expression levels in glioblastomas compared to lower grade gliomas
and reference samples. In addition, we observed that low FREM2 expression was associated
with progression of IDH-mutant low-grade glioma patients. Multivariate analysis showed
positive association between FREM2 and favorable prognosis of IDH-wild type glioblastoma.
We conclude that FREM2 has an important role in malignant progression of glioblastoma,
and we suggest deeper analysis to determine its involvement in glioblastoma pathology.

26

It is well accepted that Glioblastoma multiforme (GBM) contains a subpopulation of selfrenewing and highly tumorigenic stem cells (Glioma Stem Cells, GSC). GSC reside in
specialized niches, in which they receive maintenance stimuli and protection and interact
with components of the surrounding microenvironment. GSC remodel the
microenvironment, establishing a continuous crosstalk to maintain and contribute to
disease progression. Increasing evidences highlight that exosomes are one of most
important mediators of this cross talk, transporting complex cargoes (RNA, microRNA,
protein and lipids). We have previously established an in vitro model mimicking the GBM
microenvironment, comprised of GSC and Glioma associated Stem Cells (GASC). GASC are
devoid of tumor-initiating property, in vivo, and do not show genetic aberrations of the
tumour of origin. They are able to support the biological aggressiveness of tumour cells, in
vitro, through the release of exosomes.
To get an insight into the molecular messages exchanged between GASC and GSC we
performed a descriptive proteomic analysis of GASC-exosomes and identified, among the
others, Semaphorin7A (SEMA7A). SEMA7A was described as a pro-migratory cue in
physiological and pathological conditions, and we hypothesised that it could modulate GSC
migratory properties. Here, we described that SEMA7A is exposed on GASC-exosomes’
surface and signals to GSC through Integrin β1. This interaction activates focal adhesion
kinase into GSC and increases their motility, in our patient-based in vitro model. Our
findings suggest SEMA7A-β1-integrin as a new target to disrupt the communication between
GSCs and the supporting microenvironment.
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CCL5/CCR5 signaling is important for invasion of glioblastoma in its
microenvironment
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The chemokine CCL5 /RANTES is a versatile inflammatory mediator, which interacts
mostly, but not exclusively with the receptor CCR5 and thereby promotes intracellular and
intercellular interactions in the tumour and its microenvironment. Glioblastoma (GB)
microenvironment consists of resident differentiated cancer cells, glioblastoma stem cells
(GSC), mesenchymal stem cells (MSC) and infiltrating immune cells. In glioblastoma the
CCL5/CCR5 signalling axis involves mainly PI3K/ Akt kinase signalling, affecting cell
invasion. It has also been demonstrated that CCL5 is mostly associated with a more
aggressive mesenchymal glioblastoma subtype and had an impact on shorter survival of
glioblastoma patients. However CCL5 also mediates glioblastoma interactions with stromal
cells, in particular the immunomodulatory cell components.
We localised the expression levels of CCL5 and CCR5 in series of GB tumour tissues,
differentiated GB cells and GSC lines established from fresh patient tumour samples. Using
immunohistochemistry we found that CCL5 is expressed in close proximity of MSC and that
CCR5 is expressed in macrophages and differentiated GB cells but not in astrocytes. CCL5
and CCR5 mRNA levels are highly expressed in GB tumour tissues compared to low grade
glioma or non-tumour brain samples. When using CCR5 antagonist Maraviroc, cell viability
of differentiated GB cells is not affected, but invasion of CCR5-positive GB cells towards
MSC that secrete CCL5, is significantly inhibited. We conclude that Maraviroc decreases GB
invasion and targeting CCL5/CCR5 axis is a promising anti-GB treatment strategy.
Keywords: CCL5, glioblastoma, mesenchymal stem cells, invasion
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Glioblastoma cancer stem cell targeting with anti-TUFM nanobody
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Glioblastoma (GB) is the most common primary malignant brain tumor for which prognosis
still remains poor, despite the combination of new preoperative and intraoperative
neuroimaging, radical surgery, and recent advances in radiotherapy and chemotherapy. To
improve GB therapy, sustained drug delivery to glioma cells is needed, and this might be
achieved through an anti-proteomic approach based on nanobodies (camelid single-domain
antigen-binding fragments of heavy-chain antibodies). In our study we identified and
determined the function of novel glioblastoma stem cell (GSC) target protein, while
searching for proteins with reduced expression in neural stem cells (NSC). The
mitochondrial translation elongation factor (TUFM) was identified by mass spectrometry as
a target antigen of a GSC specific nanobody. Differential overexpression of TUFM was
determined in different GBM cell lines (GSCs, U87MG and U251MG) and GBM tissue at the
protein and mRNA levels, as compared to their expression in neural stem cells and normal
brain tissue. We further used in silico three-dimensional (3D) modelling where relatively
long molecular dynamics simulations were performed that suggested a stable interaction of
human TUFM antigen with anti-TUFM nanobody. With immunocytochemistry we defined the
specificity of anti-TUFM nanobody towards GBM stem cells, and GBM cell lines (U251MG
and U87MG cells) and showed that anti-TUFM nanobody signal superimpose with
commercial TUFM antibodies. Furthermore anti-TUFM nanobody had pronounced inhibitory
effect on GBM stem cell growth (GSC cell survival was reduced to 34.7% after 24 h of 100
µg/mL of anti-TUFM treatment). By administering the anti-TUFM nanobody to GB cells, we
were able to achieve its binding to TUFM antigen and the associated inhibitory, potentially
therapeutic effect, which could in the future help to develop a specific approach for the
treatment of glioblastoma.
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Morphological features of high-grade canine gliomas

The isolation of human glioblastoma cells
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Domestic canine patients with spontaneous high-grade gliomas provide us with a unique
opportunity to study naturally-occurring disease in higher-order mammals whose brain and
body often differ only moderately in size and complexity from human patients. Because
these dogs live in close physical proximity to their owners, they often encounter many of
the same indoor and outdoor environmental exposures as well.
Some studies report the incidence of primary brain tumors ranging from 20 per 100,000
(0.02%) in a population of dogs in the United Kingdom in a single year, to 1.9% of a
population of 6,175 dogs necropsied in a multi-year single-center study in the United
States, with 70% of those being gliomas.
In this study we retrieved the clinical data and neuropathological reports of a 10-year
record of high-grade canine gliomas collected at the Department of Veterinary Science of
the University of Pisa from 2009 to 2018. In 51 affected dogs, tumors included 13
glioblastomas, 2 gliosarcomas, 16 gliomatosis cerebri, and 20 anaplastic
oligodendrogliomas. The mean age was 7.8 years and the incidence rate ratio was 1.55 for
males/females. Brachycephalic canine breeds, such as Boxer and Bulldog, were
overrepresented. Localization of the tumors was mainly supratentorial (34/51), and in 5
cases in the spinal cord. Diffuse and invasive growth, highly pleomorphic cell populations,
high mitotic rates, areas of necrosis flanked by pseudopalisading cells, and peripheral
tortuous to glomeruloid neovascularization were characteristic of high-grade canine
tumors.
Dogs, in general, and certain breeds disproportionately, suffer from gliomas very similar in
gross and histopathological appearance to their human counterparts. Appropriate
investigation on canine high-grade glioma could serve as a valuable large-animal model for
promising insights on the corresponding human disease.

To study mechanisms of neurotrauma and neurodegeneration, in vitro organ culture
systems with live neural cells are highly appealing. Glioblastoma (GBM) cells are especially
a focus in research. We established a relatively quick and easy protocol for isolation of
these cells from the brain biopsies with a high yield and low risk for contamination. Human
GBM cells can be obtained following cranial tumour operations. In sterile conditions,
fragments of viable tissue that was removed during the operation were collected. The
tissue was cut, grinded and seeded through mesh system. After sequential centrifugation
and separation, sediment was harvested and cells seeded in suspension, supplemented
with special media (DMEM Advanced) containing high nutrient level (FBS) and antibiotics
(streptomycin, penicillin). Characterization was made and sub-isolation cells followed. In
appropriate environment, isolated cells retained viability and proliferated quickly.
Attachment was observed after 10 hours and proliferation after 4 days. Time to confluence
was about 3 weeks. Cell proliferation, apoptosis and cell senescence were examined after
this time in culture. The cells were stable. Under standard culture conditions, cell
proliferation and cluster formation was observed. Cell viability was 80%. The availability of
such system will permit the study of cell properties, biochemical aspects and the potential
of therapeutic candidates for pathological disorders in a well-controlled environment.
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Nanobodies anti-TUFM (Nb225) and anti-vimentin (Nb79) show cytotoxic and
anti-migratory effect in glioblastoma cells

Influence of cannabinoids THC and CBD on brain tumor glioblastoma with
differentially expressed cannabinoid receptors CB1 and CB2
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Glioblastoma is one of the deadliest cancers. The recurrence of disease is usually
inevitable and is also the main reason of treatment failure. One of the most important
causes that contribute to high mortality is presence of glioblastoma stem cells. They are
resistant to chemotherapy, radiotherapy and can form a new tumour inside brains. One of
proposed tools to target glioblastoma stem cells is application of nanobodies, antigenrecognizing parts of heavy-chain only antibodies produced by animals such as alpacas,
llamas and sharks. They are distinguished by quite a few advantages such as watersolubility and high stability. In our study, we determined the effect of anti-TUFM (Nb225)
and anti-vimentin (Nb79) nanobodies on survival and migration of glioblastoma cells. First,
we determined the effect of temozolomide and nanobodies on glioblastoma stem cells
(NCH), glioblastoma mature cells (U251MG and U87MG) and astrocytes as a control. Final
time-points were 24, 48 and 72 hours of incubation. The results showed that temozolomide
had only minor effect on glioblastoma cells and none to the astrocytes. Both of
nanobodies, Nb225 and Nb79 showed no cytotoxic effect to astrocytes but decreased
survival of glioblastoma stem cells by 15-30%. Next, we determined the effect of two doses
of temozolomide and nanobodies. Cells were treated with temozolomide or nanobodies for
72 hours when another dose was applied and incubation was prolonged for another 72
hours. Two doses of temozolomide showed no effect on NCH and astrocytes. Two doses of
Nb225, on the other hand, decreased survival of NCH644 by around 80%. Lastly, we
determined effect of nanobodies on cell migration. Nb79 completely inhibited migration of
U87MG. To conclude, we propose Nb225 as an agent to target glioblastoma stem cells and
Nb79 as an agent to reduce glioblastoma cell migration.
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The brain tumor glioblastoma (GB) is an incurable disease and only allows short lifespan
after diagnosis. Standard therapeutic approaches that include surgical tumor removal,
irradiation and chemotherapy are not very efficiently prolonguing the time of GB
recurrence. One of the potential new options is the use of different types of cannabinoids
(such as tetrahydrocannabinol-THC and cannabidiol-CBD). From published studies it is
evident that these substances induce apoptosis and inhibit angiogenesis and invasion of GB,
most likely via binding to cell membrane receptors. Therefore, we determined the
influence of isolated natural cannabinoids THC and CBD, on the viability of established GB
cells in 2D cultures and GB stem cells in 3D cultures and the primary cultures of patientderived cells, using MTT and MTS assay, respectively. Using immunohistochemistry and
immunocytochemistry we demonstrated that diffrent GB cell lines and tumor tissues
express both CB1 and CB2 receptor proteins, which are also expressed in normal
astrocytes. In GB stem cell lines, high expression of CB1 and CB2 was also determined by
immunofluorescence and we found CB2.
We have confirmed a decrease in the viability of GB cells when Cannabis component,
either THC or CBD, were added. GB is a heterogenous tumor and inter-tumor variability in
the content of cannabinoid receptors is expected. If the levels of receptors coincide with
the responsiveness of the patient's cells to the corresponding cannabinoids, a more
informed personalized approach of their clinical use, related to the expression of their
receptors would be possible.
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