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2. RESEARCH PLAN 

Italian Abstract  
Il Glioblastoma multiforme (GBM) è il più comune e aggressivo tumore cerebrale maligno             
nell’adulto. La temozolomide è al momento l’unico farmaco approvato in grado di prolungare             
la sopravvivenza di pazienti con GBM primario. Nonostante ciò, la prognosi dei pazienti             
rimane infausta: il GBM inevitabilmente ricorre, portando la sopravvivenza media dei           
pazienti a 14 mesi. Una delle ragioni principali per la ricorrenza del GBM è la resistenza delle                 
cellule staminali di glioblastoma (GSCs) alle terapie. Le GSCs per il loro fabbisogno             
energetico utilizzano la fosforilazione ossidativa (OXPHOS), il cui funzionamento necessita          
di un’attiva traduzione mitocondriale. In uno studio precedente in cui abbiamo esplorato il             
potenziale terapeutico dell’inibizione della traduzione mitocondriale come strategia        
terapeutica per il GBM, abbiamo identificato la combinazione di quinupristin/dalfopristin          
(Q/D), un farmaco approvato dall’FDA, come potente inibitore della proliferazione delle           
GSCs. La citotossicità di Q/D è di un ordine di grandezza superiore rispetto a quella della                
temozolomide. Sebbene i dati che abbiamo accumulato siano molto promettenti, siamo certi            
che il potenziale terapeutico di molecole derivate da Q/D può essere ancora incrementato.             
Recentemente, abbiamo progettato e sintetizzato 30 analoghi di dalfopristin con una maggiore            
affinità per il ribosome mitocondriale e un miglior profilo farmacocinetico. 
In questo progetto proponiamo la caratterizzazione e la prioritizzazione in vitro e in vivo dei               
30 analoghi sintetizzati. In dettaglio, innanzitutto correleremo la suscettibilità a Q/D con le             
diverse classi molecolari di GBM, con l’obiettivo di identificare quelle più sensibili e poter in               
futuro selezionare i pazienti con le possibilità migliori di rispondere alla terapia            
farmacologica, secondo una logica di Precision Medicine. Successivamente, testeremo e          
caratterizzeremo le 30 molecole sintetizzate usando modelli in vitro e in vivo (Drosophila             
melanogaster) e selezioneremo le 3 molecole con il miglior profilo farmacologico. Infine,            
valuteremo l’efficacia in vivo delle tre migliori molecole usando modelli murini basati su             
xenotrapianto ortotopico di GSCs.  
Considerando l’urgenza medica di identificare nuovi approcci terapeutici per il GBM,           
l’obiettivo finale del nostro progetto è quello di selezionare una molecola candidata per             
successivi studi preclinici e clinici per il trattamento del GBM. 
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English  Abstract  
Glioblastoma multiforme (GBM) is the most common and aggressive malignant primary brain            
tumor in adults. GBM almost invariably recurs, and patient survival remains very poor.             
Temozolomide is so far the only drug proved to slightly prolong survival in newly diagnosed               
GBM. One of the main reasons for GBM recurrence is the refractoriness of glioblastoma stem               
cells (GSCs) to drug-induced ablation. GSCs highly rely on oxidative phosphorylation           
(OXPHOS), which functioning requires mitochondrial translation. We explored the         
therapeutic potential of targeting mitochondrial translation and identified an FDA-approved          
combination of two molecules, quinupristin/dalfopristin (30:70 w/w) (Q/D), as the most           
effective compound on GSCs. The cytotoxicity of Q/D is an order of magnitude greater than               
that of temozolomide. Although promising, the cytotoxic potential of these molecules can be             
further improved. We have recently designed and synthesized 30 dalfopristin analogues           
endowed with a higher affinity for the mitoribosome and with an improved pharmacokinetic             
profile. 
In this research project, we propose the in vitro and in vivo characterization and prioritization               
of the 30 dalfopristin analogues. In detail, we will first correlate Q/D sensitivity to GBM               
molecular subclasses in order to identify those more responsive, with the future perspective to              
stratify patients and select those with better chances of undergoing a successful therapy. Then,              
we will test and characterize the 30 analogues using both in vitro and in vivo (Drosophila                
melanogaster) models in order to select the three molecules with the best drug profile.              
Finally, we will evaluate the in vivo efficacy of the three best analogues in mice bearing                
orthotopic glioma xenografts.  
Considering the urgent medical need for novel therapeutic approaches in the context of GBM              
treatment, the ultimate ambitious goal of the proposed project is to provide a molecule              
candidate for further preclinical and clinical evaluation for GBM therapy. 
 

Background and Rationale  

Background. Glioblastoma multiforme (GBM) is the most common and aggressive          
malignant primary brain tumor in adults, accounting for 47.1% of all malignant central             
nervous system tumors and for the majority (56.1%) of all gliomas. It has an incidence rate of                 
3.2 per 100.000 people and a median age at diagnosis of 64 years (Ostrom et al., 2017).                 
Although the therapy involves radical treatments, such as surgical resection of the tumor             
followed by radiotherapy and chemotherapy, patients survive, on average, 12 to 15 months             
post-diagnosis, with a 5-year survival rate of 5.5% (Ostrom et al., 2017). GBM aggressively              
infiltrates normal surrounding brain parenchyma, rendering complete surgical resection very          
difficult. Temozolomide (TMZ) is currently the only chemotherapeutic drug used in the clinic             
in combination with radiotherapy to treat newly diagnosed GBM. Unfortunately, TMZ           
increases the median survival of radiation treated patients of 2.5 months only (Stupp et al.,               
2005). The tumor inevitably recurs, underlying the importance of developing new and more             
effective therapies. Strenuous efforts have been made in the past years to develop novel              
strategies to cure GBM, with unsuccessful outcomes (Khosla, 2016). A major problem when             
treating GBM is that the tumor population is highly heterogeneous. Within the different cell              
types composing the tumor mass, the subgroup of glioblastoma stem cells (GSCs) is             
considered responsible for tumor initiation, progression, drug resistance and therefore disease           
recurrence (Bao et al., 2006; Chen et al., 2012; Galli et al., 2004; Singh et al., 2004). Hence,                  
new therapies able to selectively target GSCs are urgently needed and could lead to GBM               
recurrence prevention. 
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GSCs have been shown to depend on mitochondrial metabolism for their energy production.             
Importantly, a high oxidative phosphorylation (OXPHOS) activity in GBM tumors is a strong             
and independent negative prognostic factor for the overall survival of GBM patients (Griguer             
et al., 2013). Therefore, OXPHOS undoubtedly represents an attractive target in the treatment             
of GBM. The essential protein core of OXPHOS consists of five complexes, namely I, II, III,                
IV, and V, located in the inner mitochondrial membrane. In order to assemble each complex               
(with the exception of complex II), genes from the mitochondrial and nuclear genomes have              
to be coordinately expressed. The mitochondrial genome encodes 13 out of the 131 proteins              
forming these complexes (Anderson et al., 1981), which are translated by the mitochondrial             
translation system on the mitochondrial ribosomes, also called mitoribosomes. Given their           
endosymbiotic origin, the mitoribosomes share striking structural and functional similarities          
with the bacterial ones (Amunts et al., 2015; Brown et al., 2014). 
Given the emerging evidence on the GSC addiction to OXPHOS, we systematically            
investigated whether the inhibition of mitochondrial translation could be exploited to treat            
GBM by suppressing GSC growth. In the light of the similarities between bacterial and              
mitochondrial ribosomes, we hypothesized that bacterial ribosome targeting antibiotics could          
be exploited to inhibit mitoribosome, affecting mitochondrial translation and OXPHOS          
assembly, and hence leading to detrimental effects on GSCs viability. We performed a             
high-content screening using a focused, custom-made library of compounds and identified an            
FDA-approved combination of two molecules, quinupristin/dalfopristin (30:70 w/w) (Q/D), as          
the most effective compound on GSCs (see Preliminary Results).  
Rationale. The cytotoxicity of Q/D is an order of magnitude greater than that of              
temozolomide, the only drug currently used in therapy. Although promising, the cytotoxic            
potential of these molecules can be further improved.  
Q/D chemical structures can be modified in order to strengthen the affinity toward the              
mitoribosome and, hence, potentially increase specificity and potency, opening the route to            
medicinal chemistry optimization. By selectively introducing new moieties on their chemical           
scaffold, it is possible to improve streptogramin poor pharmacokinetics properties, increasing           
water-solubility and plasma half-life. In this research project, we propose the in vitro and in               
vivo characterization and prioritization of 30 dalfopristin analogues that we have recently            
synthesized in the lab, with the ultimate goal to provide a molecule candidate for further               
preclinical and clinical evaluation for GBM therapy. 

 
Preliminary results 

PR1. Identifying a class of antibiotics cytotoxic for GSCs and prioritizing a hit             
compound 
We performed a high content screening using a focused, custom-made library composed of             
molecules belonging to several classes of bacterial ribosome-targeting antibiotics. We tested           
the compounds at 100 μM in technical triplicate on two GSC lines, and acquired the data                
through a high content imaging system measuring several morphological parameters related           
both to cytotoxicity and to mitochondrial integrity. We finally identified the class of             
streptogramins as the most promising. Streptogramins are structurally divided into two           
groups, group A and group B, which act synergistically in bacteria. We tested several              
combinations of group A and B streptogramins and evaluated their cytotoxicity by            
constructing dose-response curves and by calculating the deriving growth inhibition (GI50)           
values. The GI50 value is defined as the compound concentration causing the 50% inhibition              
of the cellular growth, and, therefore, is a parameter of compound cytotoxicity. The             
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combination of quinupristin (group B) and dalfopristin (group A) in 30:70 (w/w) ratio             
emerged as the most potent one, and was thus selected as the hit compound. Molecular               
structures of quinupristin and dalfopristin are represented in Figure 1. 
Quinupristin/dalfopristin combination, hereafter Q/D, was approved as an antibiotic by the           
FDA in 1999. 

 
Figure 1. Quinupristin and Dalfopristin structures. 

PR2. Q/D is widely cytotoxic on GSCs, is much more potent than TMZ and is selective                
for GSCs compared to normal astrocytes and fibroblasts  
We demonstrated that Q/D is cytotoxic on a wide panel of patient-derived GSCs (Figure 2A,               
GI50 values ranged from 2.5 to 32.5 μM after 48h of treatment and from 1.7 to 12.2 μM after                   
72 h of treatment). In addition, we demonstrate that Q/D effectively prevents GSCs expansion              
(Figure 2B), affecting GSC clonogenic potential (Figure 2C). Q/D resulted to be over an              
order of magnitude more effective in GSCs growth inhibition than temozolomide, the only             
drug used in first-line GBM therapy (Figure 2D). 
Finally, we demonstrated that Q/D is at least 3 times more cytotoxic for GSCs in comparison                
to normal astrocytes and to normal lung fibroblasts (Figure 2E). 

 
Figure 2. A. The sensitivity of 21 GSC lines derived from 18 tumor samples at 48 and 72 h post-Q/D                    
treatment. B. Effects of Q/D treatment on the viability of cells grown in suspension. Example images from                 
days 0, 4 and 9. C. Neurospheres formation assay. D. Representative dose-response curves to Q/D and                
TMZ for COMI GSCs. E. Q/D GI50 values for 8 GSC lines compared to Q/D GI50 values of astrocytes                   
derived from human fetal neural stem cells CB660 (astrocytes) and for human lung fibroblasts MRC5               
(fibroblasts). 
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PR3. Validating the mechanism of action 
We demonstrated that Q/D selectively inhibits mitochondrial translation using 35S-methionine          
metabolic labeling and immunoblotting. In-gel activity assays and other assays showed that            
the functionality of the five complexes composing the OXPHOS chain is decreased upon drug              
treatment and the mitochondrial respiration is impaired. 
PR4. Evaluating Q/D effectiveness in vivo 
Using a patient-derived GSCs orthotopic xenograft mouse model, we showed that Q/D is able              
to reduce the growth of GSCs also in vivo, potently reducing the degree of brain invasion by                 
GSCs and significantly increasing the survival of GBM-bearing mice (Figure 3). 

 
Figure 3. A. Q/D reduces the growth and invasion of GSC brain xenografts. Coronal brain sections of                 
GFP-expressing GSC xenografts (upper panels), scale bar 1000 μm. Details of brain regions invaded by               
GSCs (lower panels), scale bar 200 μm. B. Kaplan-Meier survival analysis of Q/D treated mice (n = 4) and                   
control-treated mice (n = 4). Arrows represent treatment days (200 mg/kg i.p.). p = 0.018, log-rank test. 
 
Taken together, our results suggest that mitochondrial translation represents a therapeutic           
target for GBM and shows that Q/D, acting via inhibition of mitochondrial translation, is              
extremely effective against GSCs both in vitro and in vivo. 
PR5. Resolving the structure of the Q/D binding pocket: toward the development of             
analogues 
Using Cryo-electron microscopy, we obtained the structure of Q/D bound to the human             
mitochondrial ribosome at 3.9Å, which defines the specific binding site of Q/D on the human               
mitoribosome and the consequent rearrangements it induces. Moreover, this structure sets the            
basis for the computational design of Q/D analogues with a higher affinity toward the              
mitoribosome. 
PR6. Choosing between quinupristin (Q) and dalfopristin (D)  
We evaluated quinupristin (Q) and dalfopristin (D) as single molecules by assessing Q and D               
effect on cell growth and by determining the effect of the single molecules on mitochondrial               
translation by 35S metabolic labeling and immunoblotting. Both Q and D resulted to be              
cytotoxic for GSCs more or less to the same extent of Q/D combination, but while D was able                  
to inhibit mitochondrial translation as efficiently as Q/D combination, Q was not. The lack of               
mitochondrial translation inhibition by Q could be justified by the observation that            
streptogramins B alone have a lower affinity for the ribosome compared to streptogramins A              
and B combination, as previously described in bacteria. The cytotoxic effect of Q could be               
explained by the fact that Q, unable to bind to the mitoribosome in the absence of D, binds to                   
other targets, exerting an unspecific effect. Therefore, streptogramins A are more attractive            
than streptogramins B when considering streptogramins as single agents.  
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PR7. A computational chemistry approach to identify streptogramin A analog 
Using structure-based ligand design (SBLD) approaches in combination with state-of-the-art          
open-source algorithms, such as StarDrop, which allowed predicting ADME (absorption,          
distribution, metabolism, excretion) profiles in silico, we have defined a series of new             
streptogramins A analogues, endowed with an improved affinity toward the mitoribosome and            
more favorable pharmacokinetics properties.  
PR8. Streptogramin A analogue synthesis 
We have recently synthesized a small library of 30 carefully selected streptogramin A             
analogues in a scale of 15-20 mg each. Each newly synthesized analogue has been purified by                
liquid chromatography and fully characterized using advanced NMR techniques (including          
2D hetero-correlated experiments), high-resolution mass spectrometry and infrared        
spectroscopy. The chemical purity of the products to be used for the biological studies has               
been verified by HPLC analysis. 

 
Specific aims and expected results 

Despite the strenuous efforts made in the past years to develop better strategies to cure GBM,                
no novel drugs have been approved for newly-diagnosed GBM since 2005, and patient             
survival remains extremely poor.  
Our main goal is to fill this therapeutic gap and, to do so, we propose inhibition of                 
mitochondrial translation as a novel therapeutic approach for GBM treatment. Here, we aim at              
improving the therapeutic potential of Q/D, a drug we have identified for its selective              
cytotoxicity on GSCs. In details, Q/D consists of a combination of two molecules belonging              
to the streptogramin class of antibiotics, with Q and D being a member of the group B and A,                   
respectively. Unfortunately, Q/D is characterized by an unfavorable pharmacokinetic profile:          
it is administered by i.v. injection because of its low oral bioavailability, and presents a rapid                
clearance. Starting from the structure of the mitoribosome with Q/D bound that we solved              
using Cryo-EM, we have recently designed and synthesized 30 streptogramin group A            
analogues. These molecules are endowed with a higher affinity for the mitoribosome and thus,              
with improved efficacy and selectivity for GSCs. Moreover, the chemical moieties we have             
introduced on the streptogramin A scaffold should improve the unfavorable pharmacokinetic           
profile. 
With the proposed research we aim at: 

- correlating Q/D sensitivity to GBM molecular subclasses in order to identify those            
more responsive. In a future perspective, this will allow to stratify patients and select              
those with better chances of undergoing a successful therapy;  

- testing, characterizing and prioritizing the 30 streptogramin A analogues we have           
recently synthesized in order to select the three molecules with the best drug profile,              
using both in vitro and in vivo (Drosophila melanogaster) models; 

- evaluating the in vivo efficacy of the three best analogues in mice bearing orthotopic              
glioma xenografts.  

Considering the urgent medical need for novel therapeutic approaches in the context of GBM              
treatment, the ultimate ambitious goal of the proposed project is to provide a streptogramin A               
analogue molecule candidate for further preclinical and clinical evaluation. 
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Personnel involved in the project  
 
Alessandro Quattrone: Principal investigator (see Section 4) 

Denise Sighel 
Role in the project: Dr. Denise Sighel will supervise, together with Prof. Alessandro             
Quattrone, the entire project, sharing the knowledge she gained on Q/D and streptogramin A              
analogues. She will supervise the post-lauream fellow, helping him/her in performing the            
experiments. Scientific background: Dr. Denise Sighel graduated in Pharmaceutical         
Chemistry and Technology at the University of Padua with the thesis entitled ” Approach to               
the Synthesis of a potent and selective inhibitor of the DNA-PK: (OH)2-HAT-560″. She then              
obtained the Ph.D. in Biomolecular Sciences at the University of Trento working on a project               
aiming at the inhibition of mitochondrial translation as a novel strategy to eradicate             
glioblastoma stem cells. She identified and extensively characterized Q/D as a potent inhibitor             
of GCS growth. She synthesized the streptogramin A analogues whose biological activity will             
be evaluated in this project. She is now involved in a project aimed at identifying new                
anticancer drugs in an “atavistic” perspective. Involvement in the project: 40% 

Post-doc to be defined (24 months) 
Role in the project: He/she will carry out the experiments described in Milestones 1, 4 and 5                 
(Tasks 5.2 and 5.3). Scientific background: Ph.D. in Biomolecular Sciences or similar. Good             
expertise with animal models, and in particular mouse models and drug testing in mice.              
Further experience in Drosophila melanogaster will be considered. Involvement in the           
project: 100% 

Post-lauream to be defined 
Role in the project: He/she will carry out the experiments described in Milestones 2 and 3.                
He/she will be supervised and helped by Dr. Zasso (especially for Milestone 2) and Dr. Sighel                
(especially for Milestone 3). He/she will be involved in Task 5.1, with the active help of Dr.                 
Sighel, who has already performed the chemical reactions needed. Scientific background:           
Master’s Degree in Biotechnology, Pharmaceutical Chemistry and Technology, or similar.          
Good expertise in cell culture and molecular biology techniques. Further experience in            
organic synthesis will be considered. Involvement in the project: 100% 

Jacopo Zasso  
Role in the project: Dr. Zasso has great experience in GSC culturing and molecular biology               
techniques. He will help the post-lauream fellow in preparing the samples for DNA, RNA and               
MB sequencing (Task 2.1). Dr. Zasso has also experience in iPSC differentiation and this              
knowledge will be precious for Task 3.3. Scientific background: Dr. Jacopo Zasso obtained             
his Bachelor's Degree in Pharmaceutical Biotechnology at the University of Milan in 2009,             
then his Master's Degree in Drug Biotechnology at the University of Milan in 2013 with the                
thesis entitled “Identification of REST-governed molecular networks in glioblastoma cells          
with stem-like properties”. He further cultivated his research interests in stem cell biology at              
the University of Trento, completing in 2018 the Ph.D. in Biomolecular Sciences at the Centre               
for Integrative Biology. His Ph.D. project focused on the identification of REST-regulated            
molecular circuitries and targets exploitable for hGSCs-targeted therapies. 
Involvement in the project: 10% 
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Alessia Soldano  
Role in the project: Dr. Soldano, who has been working with Drosophila melanogaster for 11               
years and has been using GBM models in Drosophila melanogaster since 2016, will supervise              
and help the post-doc to fellow while performing the experiments of Milestone 4. Scientific              
background: Dr. Soldano obtained her Ph.D. in Molecular and Developmental Genetics           
(Biomedical Sciences) at the VIB (Vlaams Instituut voor Biotechnologie) and KULeuven,           
Leuven in 2012. During her Ph.D., she mainly studied the role of Amyloid-precursor protein              
during brain development of Drosophila melanogaster. She then continued her research career            
performing a three-year PostDoc at the Laboratory of Ion Channel Research (VIB-KU            
Leuven). She worked on a project aimed at unveiling the role of the nervous system and in                 
particular, of the sensory system in the detection of pathogens in the environment in              
Drosophila melanogaster. She further clarified the role of the cation channel dTRPA1 in             
triggering avoidance of the contaminated food. She is currently working as a PostDoc at the               
Laboratory of Translational Genomics, studying the role of epitranscriptome reprogramming          
in the nervous system of Drosophila melanogaster supported by a Marie Curie Individual             
Fellowship (H2020). Involvement in the project: 10% 

Ines Mancini 
Role in the project: Professor Mancini will supervise the post-lauream fellow while            
re-synthesizing the three selected analogues for the in vivo tests (Task 5.1). Scientific             
background: Professor Mancini currently works at the Laboratory of Bioorganic Chemistry,           
Department of Physics, Università degli Studi di Trento ( Italy). Her research activities             
include topics in Natural products chemistry, Organic synthesis, and Medicinal Chemistry.           
Current projects are on structural characterization of metabolites from marine organisms,           
plants and actynomicetes (LC-ESIMS, NMR), synthesis of streptogramin A analogues and           
antitumor polyarsenicals also using microwave-assisted reactions. Involvement in the project:          
10% 

CIBIO Facilities 
CIBIO provides a range of Core facilities, which are independent technology-based           
laboratories where dedicated and qualified personnel run and maintain sophisticated          
instruments, allowing access to internal researchers and to external customers. The CIBIO            
Core Facility managers and technicians assist researchers in the design, set up, and, if              
required, execution of the experiments. In order to successfully address the scientific            
questions posed in this proposal, we will specifically access to: i) the Next Generation              
Sequencing Facility will perform the sequencing experiments described in Task 2.1; ii) the             
High-Throughput/High Content Screening Facility, which has a solid experience in drug           
screening, will help in Task 3.2; iii) the Mass Spectrometry Facility, where we will perform               
LC/MS analysis and high-resolution mass spectrometry; iv) the Cell Technology Facility,           
which will help us in growing and differentiate iPSCs for BBB permeability assays (Task              
3.3); v) the Bioinformatics Facility, which will support us in the analysis of the data coming                
from the Milestone 2 (GSCs clusterization) and in analyzing and integrating the data coming              
from Milestone 3 and 4; vi) the Model Organism Facility, who will help us with the                
experiments in mice (Milestones 1 and 5).  
More details on CIBIO Facilities can be found at https://www.cibio.unitn.it/42/core-facilities. 
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Methods 

Milestone 1. Choosing between D and Q/D in vivo (months 1-6 of the project) 
Studies performed in vivo evaluating the antibacterial activity of streptogramin A and B have              
demonstrated that when used in combination streptogramins A and B display a synergistic             
effect on their oral pharmacokinetic parameters, resulting in improved systemic exposures and            
hence, in better in vivo activities (Bacque et al., 2005). Therefore, despite Q alone is not able                 
to inhibit mitochondrial translation in vitro (see Preliminary Results PR6), and one could             
think to focus on D analogues alone, it is important to understand if D alone is able to exert                   
the same therapeutic effect of Q/D or if, instead, Q improves D activity in vivo. 
According to the results of this preliminary experiment, we will decide whether to evaluate              
the in vivo efficacy of the selected analogues of D alone or in combination with Q (see                 
Milestone 5). 
Task 1.1 Testing the therapeutic potential of D vs Q/D in vivo. GFP and luciferase-expressing               
patient-derived GSCs will be transplanted orthotopically in the brain of NOD/SCID mice and             
tumor progression will be assessed by monitoring the signal with an in vivo imaging system.               
Upon tumor development (approximately after eight weeks), we will treat the mice by i.p.              
injection with vehicle (ctrl mouse), D or Q/D for three weeks, as we already did when                
evaluating Q/D efficacy (see PR4). We will then compare the survival of GBM-bearing mice              
upon D or Q/D treatment. 

Milestone 2. Clusterization of GSCs into GBM subclasses and correlation to D            
sensitivity (months 1-6) 
Like for any newly proposed anticancer drug, a major issue for increasing the chances of               
therapy success is the possibility to stratify patients. The genetic analyses performed on GBM              
patient tumor samples in the last ten years have revealed the presence of different GBM               
subclasses, characterized by distinct mutations, gene expression, and methylation profiles.          
Most importantly, these subclasses show different clinical outcomes and display different           
degrees of treatment resistance. It is therefore important to identify if one or more GBM               
subclasses are particularly sensitive to mitochondrial translation inhibition in order to direct            
our efforts toward a specific GBM class. The cellular reliance on OXPHOS for energy              
demand is another important parameter that can be integrated with the molecular analysis to              
cluster GSCs and predict D sensitivity. The correlation between the data coming from GBM              
subclasses clusterization and OXPHOS reliance and the data on D (and/or Q/D) sensitivity             
will allow us to identify GBM subclasses particularly responsive to mitochondrial translation            
inhibition. 
Task 2.1 Genetic classification of GSCs to identify GBM subclasses. Currently, we have             
collected a panel of 29 GSC lines, whose sensitivity to Q/D has been already tested. All the                 
lines showed to be sensitive to Q/D, with GI50 values ranging from 1 to 30 μM. Unfortunately,                 
the poor molecular information we have on these lines prevented us from identifying a proper               
correlation between GBM subclass and sensitivity to Q/D. We will, therefore, analyze our             
panel of GSC lines by DNAseq, RNAseq, and MB-seq (Jia et al., 2018) in order to                
characterize the mutational, transcriptional and methylome landscapes of these cells and           
cluster them according to the most updated TGCA classification of GBM tumors (Ceccarelli             
et al., 2016; Brennan et al.,  2016).  
Task 2.2 Metabolic classification of GSCs: do they use OXPHOS? We will characterize our              
lines based on their cellular bioenergetics using the Agilent Seahorse XF ATP Real-Time rate              
assay that measures total ATP production rates in living cells and that is able to distinguish                
between the fractions of ATP produced from OXPHOS and glycolysis.  
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Task 2.3 Evaluating D sensitivity. We will evaluate the sensitivity of our panel of GSCs to D                 
alone constructing dose-response curves and calculating the deriving GI50 values as we            
already did for Q/D. D alone has been already tested on three lines, resulting in GI50 values                 
very similar to that of Q/D. 

Milestone 3. Assessing analogues effectiveness in glioma stem cells and predicting           
ADME in vitro (months 5-12 of the project) 
We will evaluate the newly synthesized compound (30 molecules) for their biological activity,             
by assessing their efficacy in inhibiting the mitochondrial translation, their cytotoxicity on            
GSCs, and their in vitro ADME properties, including the capability to permeate the             
blood-brain-barrier (BBB). All these features are proxies of the pharmacological efficacy of a             
compound. This comprehensive approach, together with Milestone 4, will enable us to            
prioritize the candidates with the best drug profile and select the three of them with the                
strongest therapeutic potential for subsequent in vivo studies in mice.  
Task 3.1 Determining selective inhibition of mitochondrial translation. We will evaluate the            
molecules with the best drug profile for their ability to selectively inhibit mitochondrial             
translation using immunoblotting. In particular, we will quantify the expression ratio of            
COX1 and COX4, two proteins belonging to the complex IV of the OXPHOS chain, which               
are translated by the mitochondrial and cytosolic translation systems respectively, as we            
already did for Q/D. 
Task 3.2 Determining cytotoxicity (GI50 values). Based on the results of Milestone 2, we will               
test the 30 newly synthesized compounds on 3 different GSC lines belonging to the subclass               
of GBM resulted more sensitive to Q/D and will evaluate the compound cytotoxicity by              
constructing dose-response curves and by calculating the GI50 values as we already did when              
selecting Q/D. This Task will be performed in collaboration with the High Throughput             
Screening (HTS) Facility present at CIBIO. The treatments will be performed in an automated              
way using a “contact-free” technology provided by an acoustic dispenser, avoiding           
operator-related errors, time-consuming operations (such as multiple drug dilution) and          
allowing the miniaturization of the assay. If needed, this technology will allow us to test the                
analogues in combination with Q. The readout of the assay will be based on phenotypic               
features (cell morphology and cell toxicity). 
Task 3.3 Predicting ADME and the capability to permeate the BBB in vitro. Metabolic              
stability and absorption through the gastrointestinal tract are two of the main parameters             
influencing the bioavailability of a drug. We will assess the metabolic stability of the              
synthesized analogues in suspension cryopreserved hepatocytes by determining the in vitro           
half-life and intrinsic clearance. For the assessment and prediction of absorption and            
permeation properties, we will use monolayers of human colon adenocarcinoma Caco-2 cells,            
a widely used system to study drug permeability across intestinal membranes. 
BBB permeability is an important feature when delivering drugs to the brain. Although in              
GBM the BBB is compromised in the core part of the tumor, it remains intact in the                 
surrounding parts (van Tellingen et al., 2015). I will model the capability of the analogues to                
cross the BBB using BBB-like endothelial monolayers obtained by differentiation of iPSCs            
(Lauschke et al., 2017).  
This Task will be performed with the help of the Mass Spectrometry and Cell Technology               
Facilities. 
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Milestone 4. Testing analogues in vivo in Drosophila melanogaster (months 6-12 of            
the project) 
To assess the therapeutic potential of the newly synthesized compound we will perform a first               
in vivo analysis in Drosophila melanogaster. Despite the evolutionary distance of this species             
from mammals, Drosophila is actively used in cancer drug discovery projects (Mirzoyan et             
al., 2019; Tickoo and Russell, 2002) because it shares the core genetic wiring involved in               
cancer onset and progression. This intermediate step between the in vitro characterization and             
the testing in mice is of great importance. In fact, it will allow evaluating the toxicity and the                  
effect of all the promising compounds in a living organism, in a fast, cheap and efficient way.                 
Moreover, this phase will be fundamental to narrow down the number of compounds with              
stronger therapeutic potential, therefore, reducing the number of mice required in the next in              
vivo steps. 
Task 4.1 Analyzing the effect of the analogues on the in vivo growth of GBM. We will take                  
advantage of an existing Drosophila GBM model, which is obtained by the constitutive             
coactivation of the EGFR-Ras and PI3K signaling in the glia. These genetic modifications             
give rise to transplantable tumors in larvae, mimicking human GBM and mouse GBM             
models. Newly hatched larvae harboring GBM will be grown on food mixed with the              
compounds of interest at the selected concentration for 4 days. The volume of the brain will                
subsequently be examined to determine the effect of the tested compounds on GBM growth. 

Milestone 5. Testing analogues in-vivo in mice (months 12-24 of the project) 
Finally, in order to select the most potent streptogramin A analogue to be subjected to further                
preclinical and clinical studies, we will evaluate the therapeutic potential of the three selected              
analogues in vivo using a patient-derived GSCs orthotopic xenograft mouse model. After            
identifying the most potent compound, we will deeply study its pharmacokinetics (PK) and             
toxicological profile in vivo in mice.  
Task 5.1 Re-synthesizing the three selected analogues. In order to have enough material to be               
used for the in vivo experiments, we will synthesize the three selected molecules on a larger                
scale (200-500 mg) following the synthetic route we have already optimized. As done for the               
30 analogues we have recently synthesized, the molecules will be purified by HPLC and fully               
characterized using advanced NMR techniques,  and high-resolution mass spectrometry.  
Task 5.2 Testing analogues in-vivo in mice. We will test the activity of the three compounds                
with the strongest therapeutic potential in vivo using patient-derived GSCs orthotopic           
xenografts in mice. GFP and luciferase-expressing GSCs will be transplanted orthotopically           
in the brain of NOD/SCID mice and tumor progression will be assessed by monitoring the               
luciferin signal with an in vivo imaging system. Upon tumor development (approximately            
after eight weeks), we will treat the mice by i.p. injection of the drug for three weeks, as we                   
already did when evaluating Q/D efficacy. We will divide the animals into five groups:              
control-vehicle treated group, D (or Q/D) treated reference group and three groups treated             
with the best three analogues (alone or in combination with Q, depending on the results of                
Milestone 1). To evaluate the effect of the tested compounds we will assess several              
parameters such as tumor mass, brain invasion, and overall survival of the mice. 
Task 5.3 Studying D analogues pharmacokinetics (PK) and toxicology in vivo. We will             
determine absorption, biodistribution, metabolism, elimination, and toxicology of the three D           
analogues. CD-1 mice will be treated with the three selected D analogues (alone or in               
combination with Q, depending on the results of Milestone 1) by i.p. injection for three               
weeks. Blood, urine and fecal samples will be collected and subjected to HPLC analysis to               
determine PK parameters such as AUC, clearance, half-life, volume of distribution, Cmax,            
and Cmin. The organs (liver, spleen, lung, and kidney) of the CD1 mice will be collected at                 
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the end of the treatment and subjected to histological examination to evaluate drug-related             
toxicity. 

 
Gantt chart of the project 
 

 
 
Risks of possible failure and mitigation activities 

Coming as the continuation of a four-year activity of our Laboratory, this proposal is              
well-grounded on promising and solid preliminary results and on the expertise that we gained              
by working on GSCs and streptogramins. Milestone 1, 2, 3 and 4 will be carried out                
independently by each other, allowing to be performed in parallel.  
Below a feasibility analysis of the relevant tasks of the five milestones. 
Milestone 1: Feasibility: For this first part of the work we will rely on our previous                
experience of glioblastoma mouse models. We have already successfully used these models to             
test Q/D effectiveness in vivo. Therefore, we consider this milestone very low risk. 
Milestone 2: Feasibility: The Next Generation Sequencing Facility at CIBIO has a great             
experience in massively parallel sequencing of nucleic acid fragments to address a variety of              
experimental questions including DNA re-sequencing, SNP discovery, detection of structural          
variants, genome-wide measurement of mRNA transcripts levels and a number of other            
applications. Therefore we consider this milestone low risk.  
Pitfalls and caveats: In 2015 Xie et al. developed a library of annotated and validated cell                
lines derived from surgical samples of GBM patients, maintained under conditions to preserve             
GSC characteristics. This collection, which they call the Human Glioblastoma Cell Culture            
(HGCC) resource, consists of a biobank of 48 GC lines and an associated database containing               
high-resolution molecular data (Xie et al., 2015). As an alternative to characterize and cluster              
our GSC lines, we could use the HGCC, evaluate Q/D and D sensitivity and correlate the                
sensitivity to the molecular data provided in Xie’s work.  
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Milestone 3: Feasibility: Almost all the protocols of this milestone (Task 3.1 and 3.2) have               
been optimized and already successfully used during our previous activity. 
Key facility or resources: For Task 3.2: in the case more GBM molecular subclasses will               
display the same sensitivity to Q/D, we will use 2 GSCs per each subclass selected. We will                 
carry out the assay with the support of the High-Throughput-Screening Facility, which runs             
4-6 focused small molecule screenings each year. All the data coming from this task will be                
analyzed with the help of the Bioinformatics Facility. For Task 3.3: all the collected samples               
will be analyzed by LC-MS with the support of the Mass Spectrometry Facility. The Cell               
Technology Facility will help me with Caco-2 monolayer generation and iPSC differentiation.            
Pitfalls and caveats: Cryopreserved hepatocytes in suspension allow only a short incubation            
period with the compound (max. 4h). If necessary, we will use plated cryopreserved human              
hepatocytes (incubation times > 8 h). Caco-2 cell monolayers could produce variable results,             
due to different culture-related conditions. To increase reproducibility we will check the            
extent of cell differentiation by quantitative RT-PCR on markers. The use of stem-cell BBB              
models is very recent, thus they have not yet been extensively characterized. In case of               
difficulties, we will use the more classical but less elegant bovine brain endothelial cell              
model. 
Milestone 4: Feasibility: The task described in this milestone will be performed under the              
supervision and with the active help of Dr. Alessia Soldano, who has been working with               
Drosophila melanogaster for 11 years and has been using GBM model in Drosophila             
melanogaster since 2016 (see Personnel involved in the project section). Alessia Soldano’s            
experience significantly lowers the risks related to this milestone. 
Pitfalls and caveats: The model obtained by the constitutive coactivation of the EGFR-Ras             
and PI3K signaling in the glia is very faithful to human GBM, because the neoplasia arises                
upon mutations in pathways demonstrated to bear driving mutations in human GBM, and             
represented at high frequency in the GBM “classical” subgroup. If this model should not              
represent the most suitable model for our work (e.g. if the GBM “classical” subgroup will not                
be identified as the GBM molecular subclass most sensitive to GBM), we will express and               
mutate in Drosophila melanogaster those genes mutated in the GBM molecular subclass we             
will select as the most responsive to Q/D. 
Milestone 5: Feasibility: For Task 5.1 we will rely on the synthetic routes already optimized               
for the synthesis of the 30 streptogramin A analogues. For Task 5.2 we will rely on our                 
previous experience of glioblastoma mouse models; indeed, we have already successfully           
used these models to test Q/D effectiveness in vivo. Therefore, we consider Tasks 5.1 and 5.2                
low risk, while we consider Task 5.3 medium risk 
Pitfalls and caveats: We consider Task 5.3 medium risk. If needed, we will outsource this               
task to a specialized company. 
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3. BUDGET 
 
Total budget requested: 150.000 € 
  

COSTS 
  

  EURO 

Consumables:  
(plastics, enzymes, kits, chemical reagents, iPSCs,      
cell culture media and supplements, drosophila      
consumables, drugs to anesthetize mice, sequencing      
reagents, antibodies, western blot reagents) 

  45.000 

CIBIO facilities:  
(next generation sequencing, model animals, high      
throughput screening, cell technologies, mass     
spectrometry, bioinformatics) 

  16.000 

Meetings and travel costs:   2.000 

Other expenses:  
(publications) 

  3.000 

Personnel:  TBD post-doc  
24 months 

60.000 

  TBD post lauream  
18 months 

24.000 
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4. INFORMATION ON THE SCIENTIFIC COORDINATOR 
 
Personal data: 
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Address: via Diaz 8, 38122 Trento 
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Phone: 3406252006  
email: alessandro.quattrone@unitn.it 
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Italy 
2007 – Head of the Department of Cellular, Computational and Integrative Biology,          

University of Trento, Italy 
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Italy. Area of interest: Cancer (Glioblastoma multiforme and neuroblastoma),         
Drug screening, Epigenetics, Translatome profiling, RNA Binding protein,        
RNA biology - metabolism and trafficking. 

● PREVIOUS POSITIONS 
2006 – 2010 Associate Professor, University of Trento, Italy. Experimental Biology        

Teaching and scientific activity as Principal Investigator. Area of interests:          
cancer. 

2003 – 2006 Visiting professor, University of Florence, Italy. Functional Genomics        
Teaching and scientific activity as Principal Investigator. Area of interests:          
cancer, genomics. 

2002 – 2003 Research director, Unit of Medical Genetics, Scientific Hospital (IRCCS), San          
Giovanni Rotondo (FG), Italy. Area of interests: neurological mendelian         
disorders. 

2001 – 2002 Associate Professor, Blanchette Rockefeller Neuroscience Institute, Johns       
Hopkins University at West Virginia University, Rockville Campus (MD).         
Neurobiology Teaching and scientific activity as Principal Investigator. Area         
of interests: neurobiology 

1998 – 2001 Visiting Scientist, National Institute of Neurological Disorders and Stroke,         
National Institute of Health, Bethesda, MD. Teaching and scientific activity as           
Senior Associate Investigator. Area of interest: neurobiology 

1998 Visiting Professor, Cancer Biology, University of Parma and University of          
Florence, Italy. Cancer Biology Teaching activity.  

1994 Visiting fellow (Accademia dei Lincei-Royal Society Fellowship), Imperial        
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Cancer Research Fund, London, UK. Scientific activity as Research Scientist.          
Area of interests: cancer 

1991-1996 Research Associate, General Pathology Institute, University of Florence, Italy.         
Winner of the Italian National Research Council Fellowship and Italian          
Association for Cancer Research Fellowship. Scientific activity as Research         
Scientist. Area of interests: cancer 

❏ OTHER EXPERIENCES (different from research) 

● REVIEWING ACTIVITIES 
2012 – EU Expert Evaluators and Panel Chair for H2020 Marie-Sklodowska Curie          

Actions for the programs Individual Fellowship and Innovative Training         
Networks 

2017 EU Vice-Chair Panel Evaluator for the H2020 FET-OPEN within Future and           
Emerging Technology program 

2017 – Member of the Editorial Board of the journal Scientific Reports  
2009 – 2017 External Reviewer and Advisor for the venture fund Atlante Ventures of Banca            

Intesa  
2013 – Member of the Scientific Advisory Board of several biotech companies and           

startups (Immagina Biotechnology, Sybilla Biotech, CellPly, Tethys) 

● MEMBERSHIPS OF SCIENTIFIC SOCIETIES 
2012 – American Association for Cancer Research (AACR) 
2009 – Associazione Italiana Biologia Genetica (AIBG) 

● INSTITUTIONAL RESPONSIBILITIES  
2007 – Founding Director, Centre for Integrative Biology, University of Trento, Italy 
2012 – Scientific Director of the Laboratory of Biomolecular Sequence and Structure          

Analysis for Health (Labssah), http://www.labssah.eu 
2013 – 2015 Delegate of the Rector for Research, University of Trento, Italy  

Publications of the Scientific Coordinator and Technology transfer activities 
As for August 2019, I am author/co-author of 116 publications, with the following             
bibliometrics. 

  Scopus Scholar Web of Science 

Citations 2956 4367 2600 

H index 30 35 29 

 
Publications (maximum 30) 
  

1. D’Agostino VG, Sighel D, Zucal C, Bonomo I, Micaelli M, Lolli G, Provenzani A, Quattrone               
A, Adami V. Screening Approaches for Targeting Ribonucleoprotein Complexes: A New           
Dimension for Drug Discovery. SLAS DISCOVERY: Advancing Life Sciences R&D, 2019           
Mar 24(3), 314-331.  
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2. Re A, Nardella C, Quattrone A, Lunardi A. Editorial: Precision Medicine in Oncology. Front              
Oncol. 2018 Oct 26;8:479.  

3. Tebaldi T, Zuccotti P, Peroni D, Köhn M, Gasperini L, Potrich V, Bonazza V, Dudnakova T,                
Rossi A, Sanguinetti G, Conti L, Macchi P, D’Agostino V, Viero G, Tollervey D, Hüttelmaier               
S, Quattrone A. HuD Is a Neural Translation Enhancer Acting on mTORC1-Responsive            
Genes and Counteracted by the Y3 Small Non-coding RNA. Mol Cell. 2018 Jul             
19;71(2):256-270.e10.  

4. Sidarovich V, De Mariano M. Aveic S. Pancher M, Adami V. Gatto P, Pizzini S, PasiniL,                
Croce M, Parodi F, Cimmino F, Avitabile M, Emionite L, Cilli M, Ferrini S, Pagano A,                
Capasso M, Quattrone A, Tonini GP, Longo L (2018). A High-content screening of             
anticancer compounds suggests the multiple tyrosine kinase inhibitor Ponatinib for          
repurposing in neuroblastoma therapy. Molecular Cancer Therapeutics. 2018 Jul 17(7),          
1405-1415.  

5. Dassi E, Quattrone A. DynaMIT: the dynamic motif integration toolkit. Nucleic Acids Res.             
2016 Jun 2;44(10):4988. doi: 10.1093/nar/gkw119. Epub 2016 Feb 18. Erratum for: Nucleic            
Acids Res. 2016 Jan 8;44(1):e2.  

6. Zucal C, D’Agostino VG, Casini A, Mantelli B, Thongon N, Soncini D, Caffa I, Cea M,                
Ballestrero A, Quattrone A, Indraccolo S, Nencioni A, Provenzani A. EIF2A-dependent           
translational arrest protects leukemia cells from the energetic stress induced by NAMPT            
inhibition. BMC Cancer. 2015 Nov 5;15:855.  

7. Dassi E, Greco V, Sidarovich V, Zuccotti P, Arseni N, Scaruffi P, Tonini GP, Quattrone A.                
Translational compensation of genomic instability in neuroblastoma. Sci Rep. 2015 Sep           
24;5:14364.  

8. Pasini L, Re A, Tebaldi T, Ricci G, Boi S, Adami V, Barbareschi M, Quattrone A. TrkA is                  
amplified in malignant melanoma patients and induces an anti-proliferative response in cell            
lines. BMC Cancer. 2015 Oct 24;15:777.  

9. Brina D, Miluzio A, Ricciardi S, Clarke K, Davidsen PK, Viero G, Tebaldi T, Offenhäuser N,                
Rozman J, Rathkolb B, Neschen S, Klingenspor M, Wolf E, Gailus-Durner V, Fuchs H,              
Hrabe de Angelis M, Quattrone A, Falciani F, Biffo S. eIF6 coordinates insulin sensitivity              
and lipid metabolism by coupling translation to transcription. Nat Commun. 2015 Sep            
18;6:8261.  

10. Lauria F, Tebaldi T, Lunelli L, Struffi P, Gatto P, Pugliese A, Brigotti M, Montanaro L,                
Ciribilli Y, Inga A, Quattrone A, Sanguinetti G, Viero G. RiboAbacus: a model trained on               
polyribosome images predicts ribosome density and translational efficiency from mammalian          
transcriptomes. Nucleic Acids Res. 2015 Aug 3. pii: gkv781.. 

11. Sidarovich V, Adami V, Quattrone A. High-throughput screening for chemical modulators of            
post-transcriptionally regulated genes. J Vis Exp. 2015 Mar 3;(97).  

12. Viero G, Lunelli L, Passerini A, Bianchini P, Gilbert RJ, Bernabò P, Tebaldi T, Diaspro A,                
Pederzolli C, Quattrone A. Three distinct ribosome assemblies modulated by translation are            
the building blocks of polysomes. J Cell Biol. 2015 Mar 2;208(5):581-96.  
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13. Sidarovich V, Adami V, Gatto P, Greco V, Tebaldi T, Tonini GP, Quattrone A. Translational               
downregulation of HSP90 expression by iron chelators in neuroblastoma cells. Mol           
Pharmacol. 2015;87(3):513-24.  

14. Dassi E, Quattrone A. Fingerprints of a message: integrating positional information on the             
transcriptome. Front Cell Dev Biol. 2014 Aug 14;2:39.  

15. Re A, Workman CT, Waldron L, Quattrone A, Brunak S. Lineage-specific interface proteins             
match up the cell cycle and differentiation in embryo stem cells. Stem Cell Res. 2014               
Sep;13(2):316-28.  

16. Sidarovich V, Adami V, Quattrone A. A cell-based high-throughput screen addressing           
3’UTR-dependent regulation of the MYCN gene. Mol Biotechnol. 2014 Jul;56(7):631-43.  

17. Boi S, Tebaldi T, Re A, Cantaloni C, Adami V, Barbareschi M, Cristofolini M, Pasini L,                
Quattrone A. Increased frequency of minimal homozygous deletions is associated with poor            
prognosis in primary malignant melanoma patients. Genes Chromosomes Cancer. 2014          
Jun;53(6):487-96.  

18. Corrado G, Tebaldi T, Bertamini G, Costa F, Quattrone A, Viero G, Passerini A.              
PTRcombiner: mining combinatorial regulation of gene expression from post-transcriptional         
interaction maps. BMC Genomics. 2014 Apr 23;15:304.  

19. Latorre E, Castiglioni I, Gatto P, Carelli S, Quattrone A, Provenzani A. Loss of protein kinase                
Cδ/HuR interaction is necessary to doxorubicin resistance in breast cancer cell lines. J             
Pharmacol Exp Ther. 2014 Apr;349(1):99-106.  

20. Dassi E, Re A, Leo S, Tebaldi T, Pasini L, Peroni D, Quattrone A. AURA 2: Empowering                 
discovery of post-transcriptional networks. Translation 2014 Jan 29; 2(1): e27738.  

21. Tebaldi T, Dassi E, Kostoska G, Viero G, Quattrone A. tRanslatome: an R/Bioconductor             
package to portray translational control. Bioinformatics. 2014 Jan 15;30(2):289-91.  

22. Dassi E, Zuccotti P, Leo S, Provenzani A, Assfalg M, D’Onofrio M, Riva P, Quattrone A.                
Hyper conserved elements in vertebrate mRNA 3′-UTRs reveal a translational network of            
RNA-binding proteins controlled by HuR. Nucleic Acids Res. 2013 Mar 1;41(5):3201-16.  

23. Ooi WF, Re A, Sidarovich V, Canella V, Arseni N, Adami V, Guarguaglini G, Giubettini M,                
Scaruffi P, Stigliani S, Lavia P, Tonini GP, Quattrone A. Segmental chromosome aberrations             
converge on overexpression of mitotic spindle regulatory genes in high-risk neuroblastoma.           
Genes Chromosomes Cancer. 2012 Jun;51(6):545-56.  

24. Polvani S, Calamante M, Foresta V, Ceni E, Mordini A, Quattrone A, D’Amico M, Luchinat               
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Feb 140(2), 709-720.  

 
Patents, spin-off and collaborations with companies  

● Provenzani A., Quattrone A., D'Agostino V. G., Notarangelo M., Modelska A., Pesce I.,             
Zucal C.. «Method and stationary phase for isolating extracellular vesicles from biological            
material» (WO2019122003). 2019. 

● Clamer, M., Viero, G., Guella, G. and Quattrone, A. «New molecules for isolation of              
polyribosomes, ribosomes, uses and kits thereof». 2016. 
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● Bertini I., Luchinat C., Quattrone A., Calamante M. «Prodrugs activated by           
RNA-dependent DNA-polimerases». Italian patent PTIT Protera s.r.l., PCT application,         
July 2005. 

● Nelson T., Quattrone A., and Alkon D.L. «Artificial low-density lipoprotein carriers for            
transport of substances across the blood-brain barrier». United States Patent Application           
20040204354, October 2004. 

● Schiavone N., Quattrone A. and Capaccioli S. «Thermal Cycler for Biotechnologic           
Reactions, and in particular for the Polymerase Chain Reaction, and the relevant            
blister-based containers». Rilascio 1997. Brevetto italiano N° MI97A 000300. 

● Morelli S., Nicolin A., Quattrone A. «Antisense transcript expressed in B Lymphocytes            
and synthetic oligonucleotides useful to inhibit the activity thereof» Invention Patent N°            
MM/95041/PCT. (P.F. ACRO, CNR). 

● Capaccioli S., Del Rosso M., Fibbi G., Quattrone A. «Antisense oligonucleotides           
inhibiting uPAR gene expression». Applicant’s agent’s file reference SCB 270 PCT.           
International Application N° PCT/EP95/02793 (PF. ACRO, CNR). Deposito 1995, rilascio          
1997. Europe: N° 95 - 926907.7, Japan: N° 50 5424/96, United States: N° 776.062. 

 
Other funded projects: 

- “Drugging m6A-mediated mRNA recognition in neuroblastoma”. AIRC: Investigator        
Grant IG 2018; 493.000 euro. Fondazione AIRC per la ricerca sul cancro 

- “An "atavistic" approach to drug discovery in cancer”. 500.000 euro. Private donation 
- “European Epitranscriptomics Network”. 550.000 euro. COST Action 

Collaborations: 
- Dr. Lucia Ricci-Vitiani, Department of Oncology and Molecular Medicine, Istituto          

Superiore di Sanità, Rome, Italy 
- Prof. Roberto Pallini, Institute of Neurosurgery, Università Cattolica del Sacro Cuore,           

Fondazione Policlinico A. Gemelli, Rome, Italy 
- Prof. Pietro Luigi Poliani, Spedali Civili, University of Brescia, Italy  
- Dr. Alexey Amunts, Science for Life Laboratory, Department of Biochemistry and           

Biophysics, Stockholm University, Solna (Stockholm), Sweden 
 
 
5. SUPPLEMENTAL INFORMATION 
We have submitted a research article describing the identification and characterization of            
Q/D to the “Molecular Cell” journal, and we are waiting for a response. We have two patents                 
in filing phase, to be completed soon: one on the repurposing of Q/D as an anticancer drug,                 
and one on the dalfopristin analogues. 
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