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This 34th Pezcoller Symposium, is the first under 
the scientific direction of Dr. William G. Kaelin 
and the renewed Scientific Standing Committee. 
We are deeply indebted to all of them for having 
accepted this challenging task, to ensure to the 
symposia, topics at the cutting edge of cancer 
science and the best experts in the field. 
Both this year’s topic and faculty indeed, fit per-
fectly with the tradition of excellence, begun in 
1989 by Enrico Mihich and continued for many 
years by David Livingston. 
A great deal of interest in fact has been raised in 
this symposium, aimed at “identifying and clar-
ifying the advances that have changed, or will 
change the way we study cancer and the ways 
we treat patients”, as stated by Dr. Kaelin in 
focus and goals. 
We have more than 260 registered participants 
this year, with the largest number of submitted 
posters and 57 of them have been accepted for 
presentation, by the selection committee coor-
dinated by Dr. Massimo Loda.
In addition to the traditional formula of 25 min-
utes for each presentation, followed by a robust 
discussion, we have added this year a new ses-
sion:  the Career Development Panel Discussion. 
This will be chaired by Dr. Kaelin itself, to em-
phasize the special focus of the Pezcoller Sym-
posia on young researchers.
Once again we have the pleasure of hosting the 
editors of 3 leading scientific journals and pro-
viding all interested researchers with the Sym-
posium’s highlights. Thanks to the collaboration 
with the CIBIO Department of the University of 
Trento and the European School of Oncology 
(ESO), they will be presented in an ESO interna-
tional event on September 7th 2023.
Among other major activities of the Foundation 

over the course of this year, I would like to men-
tion the Pezcoller – AACR International Award for 
Extraordinary Achievement in Cancer Research, 
given to Tak W. Mak from Toronto, a true giant in 
cancer research. Moreover, in collaboration with 
EACR, we awarded young European researchers 
with the Pezcoller – EACR Women in Cancer Re-
search Award, won by Johanna Joyce, the Trans-
lational Cancer Researcher Award, won by Nico-
la Aceto and the new EACR – Mark Foundation 
– Pezcoller Foundation Rising Star Award, won by 
Isidro Cortes-Ciriano.
The Pezcoller Foundation also continues to sup-
port young researchers in Italy, through the7 
two-year fellowships, awarded in collaboration 
with SIC, and the travel scholarships, in collabo-
ration with AACR. 
We are especially proud of all these collabora-
tions and activities, aimed at Excellence in Can-
cer Research and support to young researchers, 
that are the fundamental pillars of our activi-
ties.   
In the current issue of the Pezcoller Journal, we 
have included some information on the call for 
nominations for the Awards, the fellowships and 
the scholarships that may potentially interest 
some participants and their institutes. 
Finally, I can’t thank enough all those who made 
a key contribution to the organization and man-
agement of this Symposium: the chairman Wil-
liam Kaelin, the members of the Standing Com-
mittee and of the Poster selection Committee, 
the staff of the Pezcoller Foundation, the Ori-
kata agency and Jam Session technical services 
and, last but not least, the Humanities Depart-
ment of the University of Trento, for hosting the 
Symposium in this so prestigious and comforta-
ble venue.

2023 June 
Editorial

Enzo Galligioni
President

Picture on front page:
Dr William G. Kaelin, Chairman 
of Pezcoller Symposia since 2022
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8.00 Registration
8.30 Welcome Enzo Galligioni

8.40 Focus and Goals William G. 
Kaelin  

8.50 Moderator:  Giulio Draetta
The David Livingston Lecture
“Micromapping: A new approach to 
mapping of intra- and extracellular 
microenvironments.” 
David W. MacMillan, Ph.D. 
(2021 Nobel Laureate)

(Princeton University)

9:30 Discussion

9.45 “Inspiration from Nature on 
Drugging “Undruggable” Targets”
Gregory Verdine, Ph.D.
(Harvard University)

10.10 Discussion

10.25 Co� ee break & poster exhibition

10.40 Moderator:  Francesca Demichelis

 “Integrating Genomics and 
Computation for Cancer Target and 
Drug Discovery”
Xiaole Shirley Liu, Ph.D
(GV20 Therapeutics)

11.05 Discussion

11.20 “Machine learning for identifying
translatable biomarkers and 
targets 
in oncology”
Daphne Koller, Ph.D. (Insitro, Inc.) 

New technologies for studying 
and treating cancer

34th Pezcoller Symposium

Moderators:
Kaelin William G. (2019 Nobel Laureate)

Ambrogio Chiara
Bardelli Alberto
Bonini Chiara
Del Sal Giannino

Demichelis Francesca
Draetta Giulio
Loda Massimo
Piccolo Stefano
Schulman Brenda A.

June 19–20, 2023
University of Trento, Auditorium of Humanities Department
Via Tommaso Gar, 14, Trento

Day 1 – Monday, June 19, 2023
Central European Summer Time (CEST)

11.45 Discussion

12.00 “The power of ONE: Immunology in 
the age of single cell genomics” 
Ido Amit, Ph.D.
(Weizmann Institute of Science) 

12.25 Discussion

12.40 Lunch & poster exhibition

14.20 Moderator:  Chiara Ambrogio
“Ubiquitin ligases and signaling”    
Brenda A. Schulman, Ph.D.
(Max Planck Institute of 
Biochemistry) 

14.45 Discussion 

15.00 “Single cell spatial proteomics: 
Technology and applications to 
oncology”
Matthias Mann, Ph.D.
(Max Planck Institute of Biochemistry) 

15.25 Discussion 

15.40 Moderator: Giannino Del Sal
“Illuminating dark proteome-
mediated transcriptional control in 
cancer by live-cell single-molecule 
imaging”  
Shasha Chong, Ph.D.
(California Institute of Technology) 

16.05 Discussion 

16.20  “Fighting cancer via identifi cation 
and characterization of molecular 
glue degraders”

Georg Winter, Ph.D.
(CeMM- Research Center for 

Molecular Medicine of the Austrian 

Academy of Sciences)

16.45 Discussion

8.30 Moderator: Alberto Bardelli
The Enrico Mihich Lecture 
“Updates with CAR T cells”
Carl H. June, M.D.
(Parker Institute for Cancer 
Immunotherapy at the University of 
Pennsylvania)

9.10 Discussion 

9.25 “NK cell engineering for cancer 
immunotherapy”  
Katy Rezvani, M.D., Ph.D.
(MD Anderson Cancer Center)

9.50 Discussion 

10.05 “Targeting KRAS mutants using 
covalent chemistry and the immune 
system”
Kevan Shokat, Ph.D.
(University of California, San Francisco) 

10.30 Discussion 

10.45 Co� ee break & poster exhibition

11.00 Moderator: Chiara Bonini
“Engineering next-generation 
tumoroids for precision medicine”
Matthias Lütolf, Ph.D.
(EPFL)

11.25 Discussion

11.40 “Spatially resolved single-cell 
genomics & cell atlas of the brain”   
Xiaowei Zhuang, Ph.D.
(Harvard University)

12.05 Discussion

12.20 Lunch & poster exhibition

13.20 Moderator: Massimo Loda
Maria Begnudelli Awards: oral talks 
of the 3 best poster presenters

14.20 Moderator: Stefano Piccolo
“Resolving variant e� ects at scale 
with Saturation Genome Editing” 
Greg Findlay, Ph.D., M.D.
(The Francis Crick Institute)   

14.45 Discussion 

15.00 “Where Does He Get Those 
Wonderful Toys? A Tour of the 
Functional Genomics Toolbox” 
John Doench, Ph.D.
(Broad Institute of MIT and Harvard)

15.25 Discussion 

15.40 “Early detection of cancer using 
cell-free DNA fragmentomes”
Victor E. Velculescu, M.D., Ph.D.
(Johns Hopkins University School of 
Medicine)

16.05 Discussion 

16.20 Moderator: Brenda A. Schulman
“New Approaches for Finding Tiny 
Tumors: Towards Early Detection, 
Intervention, and Treatment of 
Ovarian Cancer”
Angela M. Belcher, Ph.D.
(Koch Institute for Integrative Cancer 
Research, Massachusetts Institute of 
Technology)

16:45 Discussion 

17:00 “Using chemistry to fi nd new cancer 
targets” 
Deepak Nijhawan, M.D., Ph.D.
(UT Southwestern Medical Center, 
Harold C. Simmons Comprehensive 
Cancer Center)

17:25 Discussion 

17.40 Closing remarks

Day 2 – Tuesday, June 20, 2023
Central European Summer Time (CEST)

17.00 Moderator:  William G. Kaelin

Career Development Panel Discussion

17.45 END OF DAY 1

20.00 Symposium dinner, at Grand Hotel 
Trento
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• Amit Ido
 Weizmann Institute of Science, Rehovot, ISR

• Belcher Angela M.
 Koch Institute for Integrative Cancer Research, Massachusetts

Institute of Technology, Cambridge, MA

• Chong Shasha
 California Institute of Technology, 
 Pasadena, CA

• Doench John
 Broad Institute of MIT and Harvard, Cambridge, MA

• Findlay Greg
 The Francis Crick Institute, London, UK

• June Carl H.
 Parker Institute for Cancer Immunotherapy, University of Pennsylvania,
 Philadelphia, PA

• Koller Daphne
 Insitro, Inc., San Francisco, CA

• Liu Xiaole Shirley
 GV20 Therapeutics, Cambridge, MA

• Lütolf Matthias
 EPFL, Lausanne, CH

• MacMillan David W.
 Princeton University, California Institute of Technology, Princeton, NJ

• Mann Matthias
 Max Planck Institute of Biochemistry, Munich, DE

• Nijhawan Deepak
 UT Southwestern Medical Center, Harold C. Simmons Comprehensive
 Cancer Center, Dallas, TX

• Rezvani Katy
 MD Anderson Cancer Center, Houston, TX

• Schulman Brenda A.
 Max Planck Institute of Biochemistry, Martinsried, DE

• Shokat Kevan
 University of California, San Francisco, CA

• Velculescu Victor E.
 Johns Hopkins University School of Medicine, Baltimore, MD

• Verdine Gregory L.
 Harvard University, Cambridge, MA

• Winter Georg
 CeMM, Research Center for Molecular Medicine of the Austrian
 Academy of Sciences, Vienna, AT

• Zhuang Xiaowei
 Howard Hughes Medical Institute, Harvard University, Cambridge, MA

• Kaelin William G.
 Dana-Farber Cancer Institute, Boston, MA

• Ambrogio Chiara
 University of Torino, ITA

• Bardelli Alberto
 IFOM, Milano, ITA

• Bonini Chiara
 Università Vita-Salute San Raffaele, Milano, ITA

• Del Sal Giannino
 ICGEB, University of Trieste, ITA

• Demichelis Francesca
 CIBIO Department, University of Trento, ITA

• Draetta Giulio
 MD Anderson Cancer Center, Houston, TX

• Loda Massimo
 Weill Cornell Medicine, New York, NY

• Piccolo Stefano
 University of Padova, ITA

• Schulman Brenda A.
 Max Planck Institute of Biochemistry, Martinsried, DE

Discussants

TRENTO, ITALY
JUNE 19-20, 2023

34th Pezcoller Symposium
NEW TECHNOLOGIES FOR STUDYING 
AND TREATING CANCER



The Pezcoller Foundation Journal - June 2023 The Pezcoller Foundation Journal - June 20238 9

Ab
st

ra
ct

s

Ab
st

ra
ct

s34th Pezcoller Symposium

New Technologies for Studying 
and Treating Cancer
Trento, Italy, June 19-20, 2023

ABSTRACTS OF ORAL PRESENTATIONS

Micromapping: A New Approach to 
Mapping of  Intra- and Extracellular 
Microenvironments

David W. C. MacMillan

Merck Center for Catalysis, Princeton Universi-
ty, Princeton, NJ 08544, USA

This lecture will describe µMap, a new photore-
dox-based approach to microenvironment map-
ping that provides a powerful means to probe 
biological pathways at the subcellular level. 
µMap uses a light-driven energy transfer me-
chanism to activate warheads proximal to lo-
calized iridium catalysis, which, in turn, label 
neighboring biomolecules in a complex intra- or 
extracellular environment. We will discuss the 
development of this new technology and its ap-
plication in a number of biological contexts, in-
cluding intrasynaptic labeling, target identifica-
tion, mapping of the interactome of checkpoint 
inhibitors and CAR-T cells, and mapping of chro-
matin state changes.

Inspiration from Nature on Drug-
ging “Undruggable” Targets

Gregory L. Verdine

Harvard University and Harvard Medical School, 
LifeMine Therapeutics, FogPharma
 
There currently exists a substantial Action-
ability Gap separating the ability of biologi-
cal science to identify human disease drivers 
versus the ability of interventional science to 
invent therapeutics that modulate those driv-
ers.  The Actionability Gap pervades all ther-
apeutic areas, but is particularly striking in 
cancer, because so much is known about the 
molecular details of disease etiology, most of 

the truly impactful targets are intracellular 
where the druggability challenge is particular-
ly high, and the unmet medical need warrants 
extreme urgency.   How best to tackle this 
problem?   For the past several decades, the 
speaker and his research teams have turned 
to nature as inspiration for fundamentally new 
approaches toward tackling intractable drug 
discovery challenges.   These approaches and 
their tangible outcomes will be reviewed.

Integrated Genomics and Compu-
tation for Cancer Target and Drug 
Discovery

X. Shirley Liu, Ph.D.

GV20 Therapeutics, Cambridge, MA, USA

Despite the exciting clinical benefits of im-
mune checkpoint inhibitors, only a minority 
of cancer patients respond to treatment. Ad-
dressing resistance to immune checkpoint in-
hibitors is an urgent unmet need and requires 
new approaches for target identification and 
drug discovery. 
GV20 Therapeutics adopts an interdisciplinary 
approach integrating functional genomics, big 
data AI, and cancer immunology for cancer 
target identification and drug discovery. Our 
platform computationally extracts antibodies 
from large cohorts of patient tumor RNA-seq 
profiles, and uses AI to pair targets and cor-
responding antibodies in silico, de novo with 
speed and scale. We then leverage in-house 
and public functional genomics and proteom-
ics data to de-risk the AI-identified targets 
from patient tumors and provide insights on 
target function, before we conduct systemat-
ic in vitro and in vivo validation experiments.
We used this approach to discover our lead 
program, GV20-0251, which is a first-in-class 
monoclonal antibody against a novel immune 

checkpoint IGSF8. In multiple syngeneic tumor 
models, anti-IGSF8 antibody has single-agent 
efficacy and is synergistic with anti-PD1 in 
controlling tumor growth, and the safety of 
GV20-0251 is currently being tested in the 
clinic. Our efforts represent the beginning of 
rationally combining genomics and AI to un-
lock the hidden information from patient tu-
mors to develop cancer immunotherapeutics.

Machine learning for identifying 
translatable biomarkers and targets 
in oncology

Daphne Koller

Insitro, Inc.

Modern medicine has been transformative to 
the care of patients with certain types of can-
cers, turning a death sentence into a chron-
ic disease or even (occasionally) a complete 
cure. However, progress recently has slowed 
considerably, with many of the new interven-
tions providing limited benefit or highly heter-
ogeneous responses. A key factor in this trend 
is that we simply don›t understand the un-
derlying biology of disease, and are therefore 
unable to predict which interventions might 
meaningfully modulate clinical outcomes and 
in which patients. At insitro, we are pursuing 
an oncology discovery strategy that relies on 
primary human data at its core, bypassing 
reductionist cell systems or non-translata-
ble animal models. These high content, mul-
ti-modal data are interpreted via cutting edge 
machine learning models to create a meaning-
ful representation of human pathophysiologi-
cal states, which enables us to identify novel 
targets and biomarkers for coherent patient 
segments, and use those to accelerate the de-
velopment of effective therapeutic interven-
tions.

The power of  ONE: Immunology in 
the age of  single cell genomics 

Ido Amit

Weizmann Institute of Science 

The immune system is a complex, dynamic and 
plastic network composed of various interact-
ing cell types that are constantly sensing and 
responding to environmental cues. From very 
early on, the immunology field has invested 
great efforts to characterize the various im-
mune cell types and elucidate their functions. 
However, accumulating evidence indicates 

that current technologies and classification 
schemes are limited in their ability to account 
for the functional heterogeneity of immune 
processes. Single cell genomics hold the po-
tential to revolutionize the way we charac-
terize complex immune cell assemblies and 
study their spatial organization, dynamics, 
clonal distribution, pathways, and crosstalk. 
This emerging field can greatly affect basic 
and translational research of the immune sys-
tem. I will discuss how emerging single cell 
genomic studies are changing our perspective 
in cancer immunology. Finally, I will consider 
recent and forthcoming technological and an-
alytical advances in single cell genomics and 
their huge potential impact on the future of 
immunology research and immunotherapy.

Ubiquitin ligases and signaling

Brenda A. Schulman1, 2

1 Max Planck Institute of Biochemistry, Martins-
ried, Germany

2  St. Jude Children›s Research Hospital, Mem-
phis, TN, USA

The specificity of ubiquitylation depends on a 
vast collection of E3 ligase enzymes that mod-
ify particular protein substrates at the right 
time and place in a cell.  With approximately 
300 different family members in humans, and 
even more in plants and other organisms, the 
largest cohort of E3 ligases are the modular, 
multisubunit Cullin-RING ligases (CRLs).  CRLs 
comprise nearly half of all E3 ligases; they me-
diate a large fraction of all protein degrada-
tion, and regulate virtually every facet of cell 
biology, including the cell cycle, DNA repair, 
stress responses, signaling, immunity, circadi-
an rhythms, and a plethora of other pathways.  
Many bacterial and viral pathogens subvert 
and/or hijack CRL pathways to promote infec-
tion and evade host defense systems. More-
over, defects in specific CRL pathways subu-
nits underlie numerous cancers.  Meanwhile, 
CRLs are amongst the hottest platforms for 
therapeutic targeted protein degradation.  To 
understand this immense regulation, a major 
focus of our lab is to identify pathways and 
determine molecular mechanisms underlying 
CRL activities.  
In will present our latest data investigating 
the underlying molecular mechanisms, and 
profiling, CRL responses to biological stimuli 
including metabolic signals, cytokines, and 
drugs mediating targeted protein degrada-
tion.  From a conceptual perspective, our data 
reveal a systemwide mechanism for multipro-
tein complex formation: a limiting component 
is recycled from idling complexes to fuel mix-
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lization of the subset of complexes needed at a 
given time. This averts supply chain problems, 
obviates a need for producing new parts, pre-
vents buildup of superfluous and potentially 
toxic molecular machines, and allows rapidly 
establishing degradation pathways needed for 
cellular regulation.

Single cell spatial proteomics: Tech-
nology and applications to oncology

Prof. Dr. Matthias Mann

Max Planck Institute of Biochemistry, Martins-
ried, Germany

Breakthroughs in mass spectrometry-based 
proteomics, computational biology, and deep 
learning have recently come together to ena-
ble new biomedical insights. In this talk, I will 
summarize these advances and how they ena-
ble a broad range of systems-wide interroga-
tions of the proteome. One of these emerging 
directions is single cell proteomics. When cou-
pling new mass spectrometric instrumentation 
with low flow chromatography, thousands of 
proteins can be quantified specifically and ac-
curately, allowing us to describe cellular het-
erogeneity. We leverage this sensitivity in our 
new workflow termed Deep Visual Proteomics 
(DVP), combining high-content microscopy, 
AI-driven image recognition, and ultrahigh sen-
sitivity MS in order to connect visual, spatial 
and molecular proteomics data at single cell 
type level. We are applying DVP to precision 
medicine in a variety of diseases, using ar-
chived formalin-fixed paraffin embedded tis-
sue. These include single cell-type analysis of 
borderline ovarian cancers where we comple-
ment our DVP proteomics approach with tran-
scriptomics data to uncover distinct proteomic 
and transcriptomic signature that reflect the 
malignant progression and disease outcome. In 
the field of dermatology, we are applying DVP 
to analyze different cell-types present in the 
skin of patients suffering from severe cutane-
ous drug reactions and melanoma, in order to 
identify disease drivers that may ultimately 
lead to new therapeutic options. We believe 
that the spatial resolution of our DVP approach 
has great potential for the characterization of 
cell types in cancer helping to pave the way 
towards precision oncology.

Illuminating dark proteome-mediat-
ed transcriptional control in cancer 
by live-cell single-molecule imaging

Shasha Chong

Caltech, California Institute of Technology

Mammalian transcription factors (TFs) ubiq-
uitously contain intrinsically disordered 
low-complexity domains (LCDs), but how these 
LCDs perform transactivation functions re-
mains unclear. Using quantitative single-cell 
and single-molecule imaging, we found that TF 
LCDs undergo dynamic, multivalent, and selec-
tive protein-protein interactions, which drive 
the formation of local high-concentration TF 
“hubs” at synthetic and endogenous genomic 
loci. The formation of LCD interaction hubs 
plays an essential role in transactivation. We 
next tuned the level and localization of LCD-
LCD interactions of the oncogenic TF EWS::F-
LI1 in Ewing sarcoma cells and found that ef-
ficient activation of endogenous human genes 
by EWS::FLI1 requires narrow optimum of LCD-
LCD interactions at the genes. Increasing LCD-
LCD interactions toward putative liquid-liquid 
phase separation (LLPS) represses transcrip-
tion of these endogenous genes. Likewise, 
ectopically creating LCD-LCD interactions to 
sequester EWS::FLI1 into a well-documented 
LLPS compartment, the nucleolus, represses 
EWS::FLI1-driven transcription and inhibits 
malignant transformation of Ewing sarcoma. 
We further found that a TF diffuses signif-
icantly more slowly in the nucleolus than in 
the nucleoplasm, demonstrating an important 
impact of LLPS on TF dynamic behaviors and 
single-molecule diffusion measurement as an 
effective approach to diagnose LLPS in living 
cells. Our findings reveal fundamental mecha-
nisms underpinning transcriptional control and 
suggest potential therapeutic strategies for 
targeting oncogenic TFs.

Fighting Cancer via Identification 
and Characterization of  Molecular 
Glue Degraders

Georg E. Winter

CeMM Research Center for Molecular Medicine 
of the Austrian Academy of Science, Vienna, 
Austria

Targeted protein degradation is a pharmaco-
logical paradigm that is based on small mol-
ecules that induce molecular proximity be-
tween disease-causing proteins and effectors 
of the cellular degradation machinery. Here, I 
will discuss our efforts in employing multi-om-
ics approaches in order to identify and char-
acterize small-molecule degraders that target 
previously undruggable proteins for degrada-
tion by the proteasome or for clearance via 
macroautophagy. Additionally, I will discuss 
how we are using deep mutational scanning 

to experimentally infer functional hotspots in 
E3 ubiquitin ligases and review the associated 
implications for the emergence of resistance 
mechanisms for small-molecule degraders.

Updates with CAR T cells

Dr. Carl H. June

Parker Institute for Cancer Immunotherapy at 
the University of Pennsylvania

Advances in the understanding of basic immu-
nology have ushered in two major approach-
es for cancer therapy over the past 10 years. 
The first is checkpoint therapy to augment 
the function of the natural immune system. 
The second uses the emerging discipline of 
synthetic biology and the tools of molecular 
biology and genome engineering to create 
new forms of engineered cells with enhanced 
functionalities.   The emergence of synthetic 
biology approaches for cellular engineering 
provides a broadly expanded set of tools for 
programming immune cells for enhanced func-
tion. Barriers to therapy of solid tumors will 
be discussed. 
Reference: Good CR, Aznar MA, Kuramitsu S, 
et al.  An NK-like CAR T cell transition in CAR 
T  cell dysfunction. Cell. 2021;184(25):6081-
100.e26.

NK cell engineering for cancer im-
munotherapy

Dr Katy Rezvani

MD Anderson Cancer Center

Dr. Rezvani will discuss a new frontier in NK cell 
therapeutics: engineering NK cells with chimer-
ic antigen receptors.  She will discuss the oppor-
tunities and challenges of NK cell CAR engineer-
ing, and present pre-clinical and early phase 
clinical data on cord blood-derived NK cells ex-
pressing CD19 CAR and IL-15 to enhance their 
in vivo persistence in patients with relapsed or 
refractory blood cancers. In addition, she will 
discuss novel strategies for the gene editing of 
CAR NK cells to enhance their function by tar-
geting immune checkpoints. Finally, she will 
discuss the approach of precomplexing NK cells 
with an anti-CD16 bispecific antibody targeting 
CD30 to redirect their specificity, and updates 
on a clinical trial using this approach in patients 
with CD30-expressing lymphoma.

Targeting KRAS mutants using cova-
lent chemistry and the immune system

Kevan Shokat

University of California, San Francisco

Somatic mutations in the small GTPase K-Ras 
are the most common activating lesions found 
in human cancer, and are generally associat-
ed with poor response to standard therapies. 
Efforts to directly target this oncogene have 
faced difficulties due to its picomolar affinity 
for GTP/GDP  and the absence of known al-
losteric regulatory sites. I will discuss the de-
velopment of small molecules that irreversibly 
bind to a common oncogenic mutant, K-Ras 
G12C. These compounds rely on the mutant 
cysteine for binding and therefore do not af-
fect the wild type protein (WT).  New covalent 
molecules targeting K-Ras G12S and G12R are 
currently under development and will be dis-
cussed.  I will also discuss ways to leverage the 
immune system to overcome drug resistance.

Engineering next-generation tumor-
oids for precision medicine

Matthias Lütolf

EPFL

Organoids form through poorly understood mor-
phogenetic processes in which initially homo-
geneous ensembles of stem cells spontaneously 
self-organize in suspension or within permissive 
three-dimensional extracellular matrices. Yet, 
the absence of virtually any predefined pattern-
ing influences such as morphogen gradients or 
mechanical cues results in an extensive heter-
ogeneity. Moreover, the current mismatch in 
shape, size and lifespan between native organs 
and their in vitro counterparts hinders their even 
wider applicability. In this talk I will discuss some 
of our ongoing efforts in developing next-gener-
ation organoids that are assembled by guiding 
cell-intrinsic self-patterning through engineered 
stem cell microenvironments. In particular, I will 
highlight how we are using these technologies to 
build next-generation patient-based tumor mod-
els for precision medicine.

Spatially resolved single-cell genom-
ics & cell atlas of  the brain

Xiaowei Zhuang

Howard Hughes Medical Institute, Harvard Uni-
versity
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ent genes function collectively to give rise to 
cellular behavior and tissue function. Under-
standing the behaviors and functions of cells 
and tissues thus require imaging at the genome 
scale, which will advance our understanding in 
many areas of biology, ranging from the reg-
ulation of gene expression in cells to the de-
velopment of cell fate and the organization of 
cell types in complex tissues. We developed 
a single-cell transcriptome and genome imag-
ing method, multiplexed error-robust fluores-
cence in situ hybridization (MERFISH), which 
allows RNA, DNA, and epigenetic marks to be 
imaged at the genome scale. This approach 
enabled spatially resolved transcriptomic pro-
filing, epigenomic profiling, and 3D-genome 
organization mapping in single cells. The 
ability to perform single-cell gene expression 
profiling in intact tissues further enabled the 
identification, spatial mapping, and functional 
annotation of distinct cell types in intact tis-
sues. In this talk, I will describe the MERFISH 
technology and its applications, with a focus 
on mapping the molecular, spatial, and func-
tional organizations of cell types in the mouse 
and human brain.

Resolving variant effects at scale 
with Saturation Genome Editing

Greg Findlay

The Francis Crick Institute, London

Our incomplete understanding of how rare 
variants contribute to disease phenotypes sub-
stantially limits the clinical utility of genomic 
data. To address this, we developed Satura-
tion Genome Editing (SGE), a CRISPR-based 
method to assay all possible single nucleo-
tide variants across targeted genomic regions. 
We’ve used SGE to functionally characterise 
over 10,000 variants across the tumour sup-
pressor genes  BRCA1  and  VHL. The resulting 
variant effect maps reveal loss-of-function 
variants acting via diverse mechanisms and 
predict human disease risk with extremely 
high accuracy. Ongoing work centres on scal-
ing SGE and related technologies to more cell 
types, phenotypic assays, and genes, towards 
the ultimate goal of being able to predict the 
consequences of any variant encountered clin-
ically.

Where Does He Get Those Wonder-
ful Toys? A Tour of  the Functional 
Genomics Toolbox

John Doench

Broad Istitute of MIT and Harvard

We will cover two technologies that allow ex-
ploration of the genome at broad scale and 
fine resolution. For the former, Cas12a, un-
like Cas9, allows for multiplexing guide RNAs 
from a single transcript, simplifying combina-
torial perturbations, and we will share work 
mapping synthetic lethal interactions with 
knockout screens, as well as progress in de-
veloping Cas12a for CRISPR activation screens. 
Additionally, base editor technology enables 
nucleotide-level manipulation, and we will 
present screens using this approach to map 
cancer-relevant genes and pathways. 

Early detection of  cancer using cell-
free DNA fragmentomes

Victor E. Velculescu 

MD, PhD. Johns Hopkins University School of 
Medicine

Cell-free DNA in the blood provides a non-in-
vasive diagnostic avenue for patients with 
cancer. However, characteristics of the ori-
gins and molecular features of cell-free DNA 
are poorly understood. We have developed an 
approach to evaluate fragmentation patterns 
of cell-free DNA (cfDNA fragmentomes) across 
the genome using low coverage whole genome 
sequencing.  We have found that cfDNA frag-
mentomes reflect an integrated view of chro-
matin, genome, and transcriptome states of 
normal and cancer cells of an individual.  Ma-
chine learning models of multifeature frag-
mentome data show high performance for 
early detection of many common cancers, 
including lung, liver, ovarian, pancreatic and 
others, in individuals who are at average or 
high-risk of developing these diseases.  These 
findings provide a biological basis for changes 
in cfDNA fragmentation in patients with can-
cer and provide an accessible approach for 
noninvasive cancer detection.    

Developing Tools to Detect Millim-
eter and Sub-millimeter Ovarian and 
Fallopian Tumors.
Towards Early Detection and Inter-
ception of  Ovarian Cancer 

Angela M Belcher 

Massachusetts Institute of Technology 
Koch Institute for Integrative Cancer Research 

Recent studies have suggested that ovarian 
cancer has a probable origin at the fallopian 
tube (FT) epithelium, through the emergence 
of early pre-cancerous lesions called serous 
tubal intra-epithelial carcinoma (STICs). We 
currently lack a high-throughput and repro-
ducible way to identify and study STICs and 
other precancerous lesions in the FTs. We 
have developed a suite of imaging instru-
ments to image sub-millimeter sized tumors 
in whole animals and human tissues. For im-
aging, we have focused on a particular form 
of near-infrared (NIR) optical imaging, in the 
second near-infrared optical window (NIR-II: 
1000 - 1700 nm), which offers significant ad-
vantages for high-resolution imaging over oth-
er imaging techniques. NIR operates within 
the biological “window” increasing the ability 
to see through and within biological tissues 
use of non-radioactive molecular probes; has 
low tissue autofluorescence background; re-
duced scattering; large Stokes’ shift allowing 
for greater contrast; and insensitivity to pho-
tobleaching; and relatively low cost for wide-
scale deployment. In order to leverage these 
advantages of our NIR-II nanoprobes, we have 
also designed a hyperspectral NIR-II optical 
imaging system, which can perform spectral 
analysis without requiring a priori knowledge 
of the photo-physical origins of the signal, re-
sulting in improved signal-to-noise. Previously 
we have demonstrated the ability to identify 
clusters as small as a few cells, ~ 100 μm in 
size, well beyond the resolution of macro-

scopic (whole body) imaging systems such as 
CT or MRI. By suitably adapting our hyperspec-
tral imaging system for whole-organ imaging 
of excised FT specimens ex vivo, we aim to 
detect the presence of STIC clusters located 
anywhere within the entire tube, instead of 
relying on chance detection from sectioning 
only ~ 0.5% of the organ. In addition, this will 
allow us to identify, characterize and collect 
live precancerous cells to better understand 
the biology, including the variability in their 
malignant potential and genetic makeup.

Using chemistry to find new cancer 
targets

Deepak Nijhawan 

UT Southwestern Medical Center, Harold C. 
Simmons Comprehensive Cancer Center

Orphan cytotoxins are small molecules for which 
the mechanism of action (MoA) is either un-
known or ambiguous. Unveiling the mechanism 
of these compounds may lead to useful tools 
for biological investigation and in some cases, 
new therapeutic leads. In select cases, the DNA 
mismatch repair-deficient colorectal cancer cell 
line, HCT116, has been used as a tool in forward 
genetic screens to identify compound-resistant 
mutations, which have ultimately led to target 
identification. To expand the utility of this ap-
proach, we engineered cancer cell lines with 
inducible mismatch repair deficits, thus pro-
viding  temporal control over mutagenesis. By 
screening for compound resistance phenotypes 
in cells with low or high rates of mutagenesis, we 
increased both the specificity and sensitivity of 
identifying resistance mutations. We have used 
these cells as a platform to identify compound 
resistant mutations for novel orphan cytotox-
ins emerging  from high throughput phenotypic 
screens of large chemical libraries.  These re-
sults have led to new chemical strategies to tar-
get proteins important for cancer cell growth.
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An arginine to citrulline conversion 
controls the epigenome and the pro-
teome of  cancer cells leading to the 
acquisition of  resistance 

F. Agostini, A. Ferino, Y. Cortolezzis, L. Xodo, E. 
Di Giorgio

Laboratory of Biochemistry, Dept. of Medicine, 
University of Udine.

KRAS mutations are frequently observed in 
pancreatic ductal adenocarcinoma (PDAC), in 
colorectal adenocarcinoma (CRC) and in non-
small cell lung cancer (NSCLC). These tumors 
were reported to be KRAS-addicted, but dif-
ferently from what thought at the beginning a 
relevant part of KRAS dependency is metabolic. 
We have recently demonstrated that the block-
age of KRAS signaling achieved by knocking-out 
the down-stream target NRF2 or by forcing the 
degradation of KRAS with LC-2 causes a met-
abolic reprogramming of pancreatic cancer 
cells, which switch off glycolysis and become 
auxotrophic to arginine. A similar metabolic 
resetting was observed in patient’s derived or-
ganoids treated with neoadjuvant FOLFIRINOX 
therapy suggesting that targeting the depend-
ency from exogenous arginine could represent 
an exploitable strategy to overcome cancer re-
sistance to therapy. Interestingly, in all these 
models in which a boost in arginine metabolism 
was observed the expression of Peptidyl Arginine 
Deiminases (PADIs) was switched-on. PADIs com-
prise five members (PADI1,2,3,4,6) which cata-
lyze the deimination of peptidyl-arginine into 
citrulline. Histone citrullination promotes gene 
expression by creating a relaxed chromatin, 
while citrullination of enzymes can affect their 
activity because it modifies their secondary and 
tertiary structure. We found that hypoxia trig-
gers the expression of PADI1 and PADI3, both 
in normal and in PDAC, CRC and NSCLC cancer 
cells and this up-regulation is linked to a pertur-
bation of pyruvate kinase activity. Inhibition of 
PADI enzymes with BB-Cl amidine perturbed the 
viability of cancer cells. CRC and PDAC patients 
with higher mRNA expression levels of PADI1 and 
PADI3 were characterized by a worse prognosis. 
With this project we aim to: a) define the citrulli-
nome by identifying the citrullinated proteins in 
hypoxia and normoxia; b) identify the signature 
of genes under the control of PADI1 and PADI3 
by evaluating the transcriptome in BB-Cl ami-
dine treated cells and knocked-down for PADI1 
and PADI3; c) identify the direct transcriptional 

targets of PADI1 and PADI3 by obtaining the H3R-
8cit profile in PADI1 and PADI3 knocked-down 
cells in respect to control cells; d) identify the 
epigenetic and post-transcriptional mechanisms 
that control the expression of PADI1 and PADI3; 
e) evaluate the contribution of PADI1 and PADI3 
enzymes in controlling the metabolic resetting 
of cancer cells that have acquired resistance 
to KRAS inhibition, NRF2 blockage and FOLFIRI-
NOX therapy and that are all characterized by a 
re-expression of PADI1 and PADI3 enzymes.
Even though we are only at the beginning of this 
project, a better comprehension of the role of 
PADIs is of particular interest because it will al-
low to understand more deeply the molecular 
mechanisms that sustain the metabolism of can-
cer cells. This could also allow the identification 
of new and more specific targets for therapy. 

EMID2 selected through in vivo se-
cretome screening for its tumor mi-
croenvironment-modulating and an-
ti-invasive properties 

Alfi Edoardo

In the past, strategies to combat cancer have 
primarily focused on impeding the prolifera-
tion of cancer cells. However, contemporary 
approaches have shifted their attention to the 
surrounding environment in which the tumor is 
situated. Notably, the extracellular matrix of 
cancer cells differs in composition and struc-
ture from that of normal cells. To identify pro-
teins capable of restraining tumor growth and 
expansion by modulating the tumor microenvi-
ronment, we conducted an in vivo screening of 
an Adeno-Associated Vector secretome library in 
a mouse model of cancer. Among the proteins 
tested, EMID2 demonstrated the strongest abil-
ity to inhibit cancer cell invasiveness. The in-
tegration of EMID2 in the extracellular matrix 
altered its mechanical properties and structure, 
which resulted in reduced cancer cell migration 
and angiogenesis. These changes were primarily 
attributed to the protein›s capacity to impede 
the maturation of TGFβ and the activation of 
cancer-associated fibroblasts.

Gold Nanoparticles and endothelial 
progenitor cells: a win-win alliance 
for targeting tumours

C. Anceschi1*, E. Frediani 1, F. Margheri1, A. 
Chillà1, F. Ratto2, P. Armanetti3, L. Menichetti3, 

Abstracts Of Posters
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1 Department of Experimental and Clinical Bi-
omedical Sciences, University of Florence, 
Firenze

2 Institute of Applied Physics “N. Carrara”, Na-
tional Research Council Sesto Fiorentino, Italy

3 Institute of Clinical Physiology (IFC) National 
Research Council, Pisa, Italy 

INTRODUCTION: Plasmonic photothermal ther-
apy utilizes biologically inert Near Infrared 
(NIR) gold nanoparticles (AuNPs) that convert 
light into heat capable of eliminating cancer-
ous tissue. This approach has lower morbidity 
than surgical resection and can potentially syn-
ergize with other treatment modalities includ-
ing chemotherapy and immunotherapy. In this 
work, we propose tumor tropic cellular vectors, 
called Endothelial Colony Forming Cells (ECFCs), 
enriched with gold chitosan-coated nanorods 
(AuNRs). ECFCs display a great capability to in-
take AuNRs without losing viability and exerting 
an in vitro and in vivo antitumor activity per se.

METHODS Conventional optical and Transmission 
electron microscopes (TEM), Photoacoustic im-
aging (PA) were used to evaluate AUNRs intracel-
lular uptake in Melanoma cells (M6) and ECFCs.  
Melanoma spheroids were employed to investi-
gate the behavior of AuNRs-ECFC in 3D-culture. 
The tumor tropic properties of AuNRs-ECFC 
were confirmed in vivo, using a human melano-
ma xenograft rat model.

RESULTS: The PA signal provided from ECFC load-
ed with AuNRs exhibited a stronger enhance-
ment compared to AuNRs-M6. As expected, 
ECFCs loaded with AuNRs, thanks to their abili-
ty to enter the spheroid, exert their antitumor 
activity by reducing the volume of the sphere, 
compared to control spheroids plated with un-
loaded ECFCs. Besides, the PA signal provided 
from AuNR–ECFCs inside spheroids exhibited a 
strong enhancement compared to M6-AuNRs 
ones. Histological analyses of explanted tumor 
mass demonstrate that gold is still retained af-
ter 1 week from injection and organs including 
liver, spleen, kidney, and lung did not show any 
morphological alteration compared to control 
rats treated with unloaded ECFCs.

CONCLUSIONS: We demonstrated in vitro that 
AuNRs-loaded ECFCs are able to generate high-
er photoacoustic signals than AuNRs loaded in 
M6 cells. 3D cultures confirm the cytostatic ef-
fect of AuNRs-ECFC on tumor. In vivo, we show, 
via immunohistochemical analysis, a great tu-
mor-homing efficiency of AuNRs–ECFCs after a 
bolus intravenous administration and their per-
manence inside the tumor masses 1 week after 
administration. These important AuNRs proper-

ties will be exploit in the so called “Trojan Horse 
Strategy” to perform NIR-infrared photothermal 
ablation and re-sensitize melanoma cells to ra-
diotherapy.

Targeting carbonic anhydrase ix to 
overcome gastric cancer drug resist-
ance and stimulate immunogenic 
cell death 

Elena Andreucci1, Alessio Biagioni1, Sara Peri2, 
Giampaolo Versienti1, Fabio Cianchi2,3, Lorenzo 
Antonuzzo2,4, Daniela Massi5, Lido Calorini1, Lu-
cia Magnelli1, Laura Papucci1 
1 Department of Experimental and Clinical Bio-
medical Sciences “Mario Serio”, University of 
Florence, Italy 

2 Department of Experimental and Clinical Med-
icine, University of Florence, Italy 

3 Unit of Digestive Surgery, Careggi University 
Hospital, Florence, Italy 

4 Clinical Oncology Unit, Careggi University Hos-
pital, Florence, Italy 

5 Department of Health Sciences, University of 
Florence, Florence, Italy  

Background. Gastric cancer (GC) represents the 
fifth most frequently diagnosed malignancy and 
the fourth leading cause of cancer-related death 
worldwide. When upfront surgery is not pursua-
ble, multimodal perioperative chemotherapy 
(pCT) is used to improve patients› overall sur-
vival. However, GC progressively gains chemore-
sistance, limiting therapies, thus the identi-
fication of suitable targets to overcome drug 
resistance is of fundamental interest. Amongst 
the potential biomarkers, the carbonic anhy-
drase IX (CAIX) has gained the most attention. 
Methods. GC patients who underwent pCT FLOT 
(i.e., Leucovorin, 5-Fluouracil, Docetaxel, and 
Oxaliplatin) followed by gastrectomy at the 
Careggi hospital in Florence were classified as 
responder and non-responder, depending on the 
tumor regression grade, and formalin-fixed par-
affin-embedded GC sections were analyzed by 
immunohistochemistry to detect the CAIX lev-
els. GC cells were sorted at FACS for the CAIX 
expression or forced to overexpress CAIX by 
using the pRP-EGFP/Neo-CMV>hCA9 plasmid. 
FLOT-resistant GC cells were generated accord-
ing to the “high-level laboratory models”. The 
ureido-benzene-sulphonamide SLC-0111 was 
used to inhibit CAIX activity in GC cells. Colony 
formation, MTT, and caspase 3/7 flow cytometry 
assay were performed following GC cell treat-
ment with single or combined SLC-0111/FLOT. 
GC spheroids were treated as well and evaluat-
ed with the ReViSP software. The expression or 
release by GC cells of damage-associated mo-
lecular patterns (DAMPs) as Annexin A1 (ANXA1), 

Calreticulin (CALR), High Mobility Group Box 1 
(HMGB1), and C-X-C motif chemokine ligand 10 
(CXCL10) was evaluated in flow cytometry and 
ELISA following the single and combined SLC-
0111 treatment.
Results. CAIX expression in GC patients was 
significantly higher in the non-responder group 
than in the responder one. In the experimental 
setting, the CAIX-high-expressing AGS GC cells 
were more resistant to the pCT FLOT than the 
CAIX-low-expressing counterpart. In line with 
this observation, the forced overexpression of 
CAIX in AGS cells significantly impaired thera-
py response compared to control cells. More-
over, FLOT-resistant AGS and ACC-201 GC cells 
overexpressed CAIX compared to control cells. 
SLC-0111 significantly improved the therapy 
response in terms of cancer cell death of both 
wild-type and resistant GC cells. Moreover, the 
SLC-0111 treatment was able to induce in GC 
cells a death with immunogenic potential, as 
suggested by the increased level of the DAMPs 
CALR, ANXA1, HMGB1, and CXCL10 following the 
SLC-0111 treatment.
Conclusion. Overall, these data suggest a cor-
relation between CAIX and GC drug resistance 
highlighting the efficacy of SLC-0111 in boosting 
the therapy response of GC cells, in re-sensitiz-
ing resistant GC cells to pCT, and potentially in 
warming up the tumor by inducing immunogenic 
death of GC cells.

Characterization of  glioblastoma het-
erogeneity by spatial transcriptomics

Chiara Maria Argento1, Enrico Sebastiani1, Ema-
nuele Filiberto Rosatti1, Denise Sighel1, Franc-
esco Corsini2, Luciano Annicchiarico2, Sara 
Longhi1, Alessia Soldano1, Toma Tebaldi3, Silvio 
Sarubbo2, Alessandro Quattrone1.

1 Laboratory of translational genomics, depart-
ment CIBIO, University of Trento, Trento, Italy

2 Department of Neurosurgery, Azienda Provin-
ciale per i Servizi Sanitari, “S. Chiara” Hospi-
tal, Trento, Italy 

3 Laboratory of RNA and Disease Data Science, 
department CIBIO, University of Trento, Tren-
to, Italy

IDH1 wild-type glioblastoma (GBM) is the most 
frequent and aggressive brain tumor in adults, 
whose peculiar hallmark is a marked subclon-
al heterogeneity resulting in strong adaptation 
ability. The source of dynamic reorganization 
within the spatial context of GBM still needs to 
be characterized. 
To this aim, we describe GBMs by integrating 
topological data derived by spatially resolved 
transcriptomics, patient-derived glioblastoma 
organoids (GBOs), and glioma stem cells (GSCs). 

We sampled four areas per tumor: the tumoral 
core, the inner edge of the tumor, the external 
edge of the tumor, and a distal area from the 
tumor. We analyzed each area through spatial 
transcriptomics using the 10X genomics Visium 
technology, which allows the analysis of sam-
ples’ transcriptomes within their morphological 
context at a high cell resolution. Spatial tran-
scriptomics relies upon using a slide filled with 
barcoded spots that specifically capture tran-
scriptomic information within the spatial organ-
ization of tissue. 
After integration of st-RNAseq data from the ar-
eas through canonical correlation analysis, the 
tumoral core area and the inner edge of the 
tumor area cluster together in the low dimen-
sional embedding, as do the external edge and 
the distal area, but separately from the previous 
areas.
The paired distribution is consistent among the 
analyzed patients. We observed a differential 
content of cancer cells and a peculiar profile of 
chromosomal aberrations within the different 
areas.
GBOs are a new and powerful in vitro model; 
we derived them from the four areas. We appre-
ciated different efficiencies of the derivation, 
and different growth rates between the four 
areas consistent with the preliminary st-RNAseq 
results: the tumoral core and the inner edge of 
the tumor areas showed both greater GBO deri-
vation efficiency and growth rates with respect 
to the other two areas.
The derivation of GSCs from the different areas 
has been successful for only two of the four ar-
eas, the tumoral core area and the inner edge 
of the tumor, with different proliferation capac-
ities for each patient.
We finally performed a preliminary characteri-
sation of both GBOs and GSCs through immuno-
fluorescence analysis of widespread GBM mark-
ers, comparing the GBOs with the original tissue 
sections and highlighting a different expression 
of the markers between the areas.

YAP mediates the sensitivity to FK866 
in Triple Negative Breast Cancer

Ágata SA Carreira1, Elena Cerri1, Alessandro 
Provenzani1 

1 Department of Cellular, Computational and In-
tegrative Biology (CIBIO), University of Trento, 
Trento, Italy;

Presenting author: Carreira Ágata, University 
of Trento, Via Sommarive 9, Trento, 38123, Ita-
ly. as.assuncaocarreira@unitn.it 

INTRODUCTION: Disruption of the balance be-
tween cell proliferation and cell death disturb 
cell and tissues homeostasis and often drive 
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stream effectors of the Hippo pathway, and 
function as transcriptional co-activators of con-
text-specific pro or anti-surval target genes. YAP 
and TAZ coordinate several NAD+-dependent 
processes like glycolysis, fatty acid oxidation 
and glutaminolysis in nutrient-deprivation con-
ditions. However, correlations between NAD(H) 
levels and YAP/TAZ metabolic function are still 
poorly understood. 

MATERIAL AND METHODS: YAP stable silenced 
cells were obtained by infecting the triple neg-
ative breast cancer (TNBC) cell line MDAMB231 
(MDA) with lentiviral particules containing 
pLKO-shYAP. Metabolic and non-metabolic via-
bility assays were used to assess the sensitivi-
ty to to the NAD+-depleting agent FK866 in at-
tachement conditions, while the soft agar assay 
was performed to evaluate the ability of cells 
to grow in ancorage-independent conditions. 
Mitochondrial respiration was assesed through 
the Seahorse MitoStress test. Real-Time PCR and 
Western Blot were performed to determine the 
expression levels of genes/proteins involved in 
NAD+ and mitochondrial metabolism as well as 
in YAP transcriptional programs.
 
RESULTS AND DISCUSSION: We showed that 
FK866 treatment decrease YAP phosphorylation 
status at serine 127, thus increasing its nuclear 
translocation, in a cancer cell model of TNBC 
which is sensitive to FK866. The stable silenc-
ing of YAP in MDA rescued FK866 toxicity both 
in 2D and in 3D culturing, promoting a dose de-
pendent FK866-resistant like phenotype. At the 
metabolic level, the silencing of YAP on MDA p. 
induces the FK866-dependent expression of the 
mitochondrial biogenesis gene PGC1-α, and an 
increase of the mitochondrial respiratory capac-
ity and mass.
 
CONCLUSION: We show a relation between 
sensitivity to FK866 and YAP activation, whose 
dampening can sustain the acquirement of re-
sistance to this small molecule in TNBC, likely 
through the modulation of mitochondrial met-
abolic traits.

This project has received funding from the Eu-
ropean Union’s Horizon 2020 research and in-
novation programe under the Marie Skłodows-
ka-Curie grant agreement No 81328.

Gene co-expression networks’ hubs as 
therapeutic targets for basal-like breast 
cancer 

L. Avalle1*, A. Savino1*, Michele Cugusi1, S. Ner-
alagundi1, G. Di Blasio1, G. Accetta1, I. Miglio1, 

A. Griffa1, F. Anselmi2, I. Molineris2, P. Prove-
ro3,4, V. Poli1

1 Department of Molecular Biotechnology and 
Health Sciences, Molecular Biotechnology 
Center, University of Turin, Turin, Italy 

2 Department of Life Sciences and Systems Biol-
ogy, Molecular Biotechnology Center, Universi-
ty of Turin, Turin, Italy

3 Department of Neurosciences “Rita Levi Mon-
talcini”, University of Turin, Turin, Italy

4 Center for Omics Sciences, Ospedale San Raf-
faele IRCCS, Milan, Italy 

* equal contributors

Breast cancer (BC) is a highly heterogeneous dis-
ease for which no general treatment is currently 
available, in particular, the aggressive basal-like 
BC (BLBC) subtype still represents an unmet 
medical need. Intrinsic features determining 
aggressiveness of tumor cells, such as survival, 
proliferation and invasion are the result of the 
orchestrated activity of many components in-
teracting with each other, determining specific 
gene regulations. Gene co-expression networks 
are considered useful tools to define prognostic 
gene signatures, and identify centrally connect-
ed genes as potential therapeutic targets.

To reconstruct BC transcriptional co-expression 
networks, we applied Weighted Gene Coexpres-
sion Network Analysis to the METABRIC dataset, 
a large primary BC data collection comprising 
1981 samples belonging to all molecular sub-
types. This led to the identification of 21 mod-
ules, representing groups of genes topologically 
close in the whole gene expression network, 
significantly correlated with survival and tu-
mor grade. We next searched for modules more 
tightly interconnected in the BLBC subtype and 
identified a module, named E2F targets. The ex-
pression levels of this specific module strongly 
correlate with clinical features and poor progno-
sis, supporting its relevant biological functions. 
We next posited network centrality (kWithin) as 
a reliable parameter to identify module’s regu-
lators, selecting as potential activators of the 
module the most central Transcriptional Factors 
(TF). Analysis of available datasets describing 
gene expression perturbations upon TFs modu-
lation revealed coherent regulation of the mod-
ule’s genes, with no effect on other modules, 
confirming that genes with high kWithin are 
upstream regulators of the module. Five of the 
most central and not yet studied TF hubs of E2F 
target module, namely PTTG1, TEAD4, E2F3, 
TFDP1 and CEBPG, were chosen as potential reg-
ulators of the entire gene set and inactivated in 
multiple BLBC cell lines, by means of both RNA 
silencing and CRISPR-mediated KO. In vitro val-
idations showed that targeting the chosen TFs 

reduced aggressiveness features in BLBC cells.
In conclusion, our work allowed to identify gene 
expression modules highly relevant in BC as well 
as their central TF regulators. Upon experimen-
tal validation, this approach could be success-
fully extended to other BC subtypes, and to all 
tumors for which gene expression data are in-
creasingly available, allowing for the identifica-
tion of druggable targets.

Circular RNAs can regulate can-
cer-related protein expression through 
direct interaction with mRNAs. 

Manuel Beltran, Francesca Rossi, Michela Dami-
zia, Chiara Grelloni, Alessio Colantoni, Adriano 
Setti, Gaia Di Timoteo, Dario Dattilo, Alvaro 
Centrón-Broco, Carmine Nicoletti, Maurizio 
Fanciulli, Patrizia Lavia & Irene Bozzoni.
 
Department of Biology and Biotechnology 
Charles Darwin, Sapienza University of Rome, 
Rome. 
Institute of Molecular Biology and Pathology 
CNR, Rome. 
Center for Life Nano- & Neuro-Science, Fon-
dazione Istituto Italiano di Tecnologia (IIT). 
Section of Histology and Medical Embryology, 
Sapienza University of Rome. 
IRCCS Regina Elena National Cancer Institute 

Circular RNAs (circRNAs) are a subfamily of ncR-
NA characterized by the absence of 3’ nor 5’ 
ends as they are covalently linked in a post-tran-
scriptional process known as a back-splicing 
reaction. During the last years, interest in cir-
cRNAs increased as they are deregulated in a 
myriad of pathological processes such as cancer. 
Many studies suggest that circRNAs act as miR-
NA ‘sponges’, although due to stoichiometric is-
sues, this mechanism cannot be generalized and 
might apply only to very specific cases. 
Our project tries to understand the molecular 
mechanisms in which these molecules drive the 
regulation of specific genes via circRNA:mRNA 
interaction and the impact of this interplay on 
oncogenic development. Our approach to find-
ing direct mRNA interactors of circRNAs consists 
of treating cells with trimethylpsoralen, which 
crosslinks base-paired RNA regions in vivo, pull-
ing-down circRNAs followed by RNA sequencing 
to capture mRNA interactors. Firstly, we discov-
ered that circZNF609, through a direct interac-
tion which overlaps its back-splicing junction, 
can increase CKAP5 mRNA stability and transla-
tion in several cancer cell lines by favouring the 
recruitment of the transcript of the RNA-binding 
protein ELAVL1. CKAP5 is a key factor in micro-
tubule dynamics stability, therefore, through 
this mechanism, circZNF609 can regulate mi-

crotubule function in cancer cells and sustain 
cell-cycle progression. CircZNF609 knockdown 
or circZNF609/CKAP5 interaction blocking can 
increase different cancer cells’ sensitivity to 
microtubule-targeting chemotherapeutic drugs. 
More recently, we discovered that also other 
circRNAs can regulate protein translation of in-
teracting mRNAs coding for factors with a cru-
cial role in cancer. These observations point out 
that circRNAs directly regulate gene expression 
through circRNA/mRNA interactions and explore 
the possibility of modulating those interactions 
to improve cancer therapies. 

Glutamine regulates BCR/Abl ex-
pression in hypoxic chronic myeloid 
leukemia cells via fatty acids metab-
olism

Alessio Biagioni1,2, Caterina Mancini1, Giulio 
Menegazzi1, Silvia Peppicelli1, Daniele Guasti3, 
Daniele Bani3, Giuseppe Pieraccini4, Persio Dello 
Sbarba1.

1 Department of Experimental and Clinical Bio-
medical Sciences “Mario Serio”, University of 
Florence, Florence, Italy

2 Pezcoller Foundation, Trento, Italy
3 Department of Experimental and Clinical Med-
icine, University of Florence, Florence, Italy

4 Mass Spectrometry Center (CISM), University 
of Florence, Florence, Italy

INTRODUCTION
Under very low oxygen tension, Chronic Myeloid 
Leukemia (CML) cells undergo the suppression 
of the BCR/Abl oncoprotein, whereas a BCR/
Abl-independent subset of cells, commonly re-
ferred to as leukemia stem cells, is maintained. 
Such cell population retains the capacity, when 
transferred to normoxic conditions, to gener-
ate a BCR/Abl-expressing progeny which is, in 
vivo, responsible for the relapse of the disease, 
demonstrating to be also resistant to the tyros-
ine kinase inhibitors (TKi) by lacking their mo-
lecular target. Moreover, under oxygen restric-
tion, glutamine plays a major role, stabilizing 
c-Myc expression and inducing cancer cells to 
diverge towards a more pronounced fatty acids 
(FA) metabolism.

MATERIAL AND METHOD
K562 and KCL22 cell lines were subjected to 
glucose and/or glutamine deprivation in hypox-
ic conditions (96hrs at 0.1% O2). Cells metabol-
ic profile was generated through the Seahorse 
XFe96 Analyzer while L-Glutamine-13C5 was ex-
ploited via LC/MS to determine its contribution 
in FA de novo synthesis. BODIPY 493/503 was 
used to measure the intracellular neutral lipid 
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etry whose presence and morphology were also 
determined via transmission electron microsco-
py. BCR/Abl was evaluated via Western Blotting 
whilst CD36 was determined through flow cy-
tometry.

RESULTS AND DISCUSSION
We observed that glutamine is capable to boost 
glycolysis, leading to a faster BCR/Abl down-
regulation in hypoxic conditions, and decrease 
the basal and maximal cell respiration capac-
ity. We also identified that under oxygen and 
glucose shortage, CML cells were characterized 
by numerous lipid droplets. Such an augmented 
neutral lipid content was due to a glutamine-de-
pendent CD36 upregulation, which is capable to 
uptake FA from the extracellular milieu. In these 
conditions, CML cells rapidly lose BCR/Abl ex-
pression, a phenomenon which was validated by 
the treatment with exogenous BSA-Palmitate, 
capable to reduce BCR/Abl expression, while 
the use of the sulfosuccinimidyl oleate, a spe-
cific CD36 inhibitor, sustained the oncoprotein 
maintenance instead.

CONCLUSION
Our results suggest that FA may play a funda-
mental role in hypoxic-induced BCR/Abl sup-
pression and that such FA degradation might be 
needed for the oncoprotein re-expression once 
normoxic conditions are restored. This phenom-
enon might be therefore exploited to sustain 
BCR/Abl expression in hypoxic cells to be more 
susceptible to TKi.

Long-range oncogene regulation by 
3D chromatin conformation in acute 
T cell leukemia

Francesco Boccalatte1,2,3, Javier Rodriguez-Her-
naez1,2, Giovanni Gambi1,2,  Kleopatra Avram-
pou1,2,  Ziyan Lin4, Palaniraja Thandapani1,2,  
Giorgio Inghirami5, Bettina Nadorp1,6, Aristote-
lis Tsirigos2,4 and Iannis Aifantis1,2

1 Department of Pathology, NYU School of Medi-
cine, New York, NY, USA

2 Perlmutter Cancer Center, NYU Langone 
Health, New York, NY, USA

3 Department of Pediatrics, University of Padua, 
PD, Italy

4 NYU Applied Bioinformatics Laboratory, New 
York, NY, USA

5 Department of Pathology, Weill-Cornell Medi-
cal College, New York, NY, USA

6 Department of Medicine, NYU School of Medi-
cine, New York, NY, USA

In the last decade, the three-dimensional (3D) 

architecture of chromatin has emerged as a fun-
damental mechanism to control gene expres-
sion, and therefore virtually any cell function. 
Alterations of chromatin structure may happen 
at different levels, such as A/B compartments, 
topology associated domains (TADs) and chroma-
tin loops, where the folding of chromatin allows 
for long-range interactions between enhancers 
and promoters of oncogenes, thus favoring cell 
growth. Independently from their genetic driv-
er lesions, about 2/3 of acute lymphoblastic 
leukemia cases show alterations of epigenetic 
elements, most of them controlling growth and 
differentiation. Our group focused on charac-
terizing the enhancer/promoter activity and in-
teractivity at the genome-wide level in a set of 
patients affected by canonical or high-risk acute 
T cell leukemia (T-ALL) and demonstrated that 
chromatin conformation can correctly stratify 
disease subgroups and provide important in-
formation on their oncogenic program. For in-
stance, we identified long-range enhancer ele-
ments driving the expression of surface markers 
of diagnostic value (at the CD1 locus) or onco-
genes that associate with disease aggressiveness 
(at the MYCN locus) in specific T-ALL subtypes.
In our study, we show that 3D enhancer-promot-
er interactivity analysis reveals key oncogenic 
networks. By ranking interactions in terms of 
number of connections and their strength we 
were able to identify hubs that regulate the 
expression of subtype-specific genes, directly 
connected with cell proliferation and differenti-
ation stages. The results of this study allowed us 
to identify chromatin loops that correlate with 
differential expression of new potential disease 
markers and pharmacological targets at the ge-
nome-wide level. Taken together, these results 
produced a better understanding of T-ALL dis-
ease mechanisms and their heterogeneity, thus 
predicting potential therapeutic vulnerabilities 
and hopefully the development of more target-
ed regimens.

Single-cell meta-analysis of glioblas-
toma reveals a fast-cycling cell popu-
lation expressing markers of alterna-
tive lengthening of telomeres. 

Vittorio Bontempi, Emma Busarello, Irene Pec-
chini, Toma Tebaldi, Marina Mione 

Glioblastoma multiforme (GBM) is the most 
aggressive primary brain tumor with a life ex-
pectancy of 12 months and a 5-year survival of 
6.8%. It is characterized by a high level of both 
inter and intratumoral heterogeneity, result-
ing in treatment failure. Recent studies on the 
mechanisms of telomere maintenance (TMM) in 
cancer have added an additional layer of com-

plexity, reporting two main mechanisms de-
pending on the activation of telomerase reverse 
transcriptase (TERT) or Alternative lengthening 
of Telomeres (ALT) in tumor cells. Around 10-15% 
of GBMs use the ALT mechanism, which relies 
on homologous recombination-based telomere 
elongation. This mechanism is characterized by 
heterogenous telomere length, reduced TERT 
activity and expression, increased c-circles, 
increased DNA damage, high telomeric recom-
bination and increased levels of the telomeric 
transcript TERRA. Two previously established 
isogenic models of GBM in zebrafish in our lab, 
which differ only for the TMM they use (ALT- and 
ALT+), allowed us to look at transcriptome-wide 
differences, revealing an overexpression of 
genes involved in the pre-replicative complex 
and cell cycle in the ALT+ brain tumors. Among 
these, the pre-replicative complex genes ORC4, 
ORC6, MCM2, RPA3 and CDC45 showed a strong 
correlation with the ALT phenotype. 
Given the complexity just described, our aim is 
to dissect transcriptome diversity at the level 
of single-cell RNA-seq, to possibly identify spe-
cific subpopulations of ALT+ cells and find novel 
markers and therapeutic targets for ALT+ glio-
blastoma, improving patient stratification. We 
analyzed 4 different datasets of single cell RNA-
seq of GBMs, comprising a total of 230k cells and 
59 patients. Importantly, 14% of glioma patients 
showed a distinct subset of glioma cells with an 
increased expression of the pre-replicative com-
plex genes, compared to the other glioma cells 
in the same tumor. Putative ALT+ cells accounted 
for 15% of the tumor cells. Analysis of cell cycle 
markers revealed that all cells in this subpopu-
lation are in the S or G2 phases, and Gene On-
tology analysis confirmed an enrichment of cell 
cycle processes among highly expressed genes. 
Lastly, at least one patient in every dataset con-
tained the cluster of putative ALT+ cells, except 
for the one composed only of GBMs with mutant 
IDH, which is a widely used marker of good prog-
nosis. These findings suggest that a specific sub-
set of fast cycling glioma cells in IDH wild type 
tumors might drive the ALT phenotype. 
Further studies will compare single-cell RNA-seq 
of the two GBM models in zebrafish to validate 
the association between ALT and specific tran-
scripts and correlate them with the levels of 
TMM heterogeneity in GBMs.

Switching off  CK2-mediated activa-
tion of survivin offers new therapeutic 
opportunities in neuroblastoma

Cazzanelli Giulia

CK2 is a Ser/Thr kinase involved in multiple 
cellular processes, including apoptosis, cell cy-
cle progression and DNA damage control, found 

overexpressed in a variety of cancers, especial-
ly hematological malignancies. Recently it has 
been shown that CK2 has a very relevant role in 
medulloblastoma (MB) cancer progression. The 
inhibition or downregulation of CK2 has been 
proven efficacious in cancerous cells, but cur-
rently only one CK2 inhibitor, silmitasertib (CX-
4945), is in clinical trials for the treatment of 
various malignancies. 
We discovered three novel CK2 inhibitors that, 
although less potent in kinase assay with respect 
to CX-4945, showed superior efficacy in cancer-
ous cells. The most active inhibitor (CK2-TN03) 
was tested on cell lines derived from tumors of 
neuroepithelial tissues, i.e. MB, neuroblastoma 
(NB) and glioblastoma (GB). CK2-TN03 was sig-
nificantly more active than CX-4945 in MB and NB 
cell lines and both inhibitors induced cell death 
in NB cells more dramatically than in MB cells. 
CK2-TN03 and CX-4945 only marginally impacted 
GB cells viability, indicating a cancer-specific ef-
fect. The analysis of the viability following CK2-
TN03 treatment of various NB cell lines harbor-
ing different genetic backgrounds and the stall 
in mitosis before going to apoptosis of CK2-TN03 
treated cells identified the anti-apoptotic pro-
tein survivin as the most probable CK2-down-
stream target of our inhibitor. Importantly, sur-
vivin is amplified in all high-risk neuroblastomas 
and its function is affected by direct inhibition 
of its phosphorylation by CK2. We demonstrat-
ed that following CK2-TN03 treatment, survivin 
RNA and protein levels are reduced through CK2 
regulation of the MDM2/p53 balance via AKT1 
and BRD4/MYCN. We also showed that CK2-TN03 
caused an increased in caspases 3/7 activity in 
actively replicating NB cells, but did not affect 
the viability of non-cycling cells. Finally, CK2-
TN03 significantly reduced tumor growth in mice 
xenografts without any apparent toxicity.
As the anti-NB effect of CK2 inhibition has nev-
er been reported before, we believe we could 
provide an additional therapeutic indication for 
CK2 inhibitors. CK2-TN03 could be an alterna-
tive, possibly better, option for the treatment of 
this pediatric tumor.

Chemical inhibition of the m6A 
methyltransferase METTL3 sensi-
tizes triple-negative breast cancer to 
DNA damaging therapy

Bianca Cesaro1, Alessia Iaiza2, Marco Tarullo2, 
Fabio Piscopo2, Eleonora Cesari3, Dante Roti-
li4, Antonello Mai4,5, Claudio Sette3,6, Francesco 
Fazi1,5, Alessandro Fatica2

1 Department of Anatomical, Histological, Fo-
rensic & Orthopedic Sciences, Section of His-
tology & Medical Embryology, Sapienza Univer-
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00168, Italy.

4 Department of Drug Chemistry and Technol-
ogies, Sapienza University of Rome, Piazzale 
Aldo Moro 5, 00185 Rome, Italy.

5 Pasteur Institute, Cenci-Bolognetti Founda-
tion, Sapienza University of Rome, Piazzale 
Aldo Moro 5, 00185 Rome, Italy.

6 Department of Neuroscience, Section of Hu-
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Among the different types of breast cancer, tri-
ple-negative breast cancer (TNBC) is the one 
with the most unfavourable prognosis and high 
risk of recurrence. Conventional chemotherapy 
and DNA damaging agents are the main treat-
ment for this cancer. METTL3 methyltransferase 
is responsible for the deposition of N6-meth-
yladenosine (m6A) modification, which is the 
most abundant internal mRNA modification, 
regulating different aspects of RNA metabolism, 
including splicing, export, decay, and transla-
tion. METTL3 was found up-regulated in differ-
ent types of cancer, including breast cancer, and 
it has been reported to play a crucial role in 
cancer progression and drug resistance. TNBC 
is characterized by high METTL3 methyltrans-
ferase activity, and this correlates with inva-
siveness and metastasis. Notably, the inhibition 
of METTL3 by small molecule has shown prom-
ise as a potential therapeutic approach in acute 
myeloid leukemia. However, the specific can-
cer types in which inhibitors of METTL3 may be 
most effective have yet to be fully determined. 
Here, we show that STM2457, a specific METTL3 
inhibitor, strongly affect TNBC cells prolifera-
tion and migration. Moreover, STM2457 strongly 
synergizes with DNA damaging agents utilized 
in TNBC therapy, such as platinum-salts and the 
PARP1/2 inhibitor Olaparib. By using two TNBC 
patient-derived organoids with wild-type BRCA1 
and BRCA2 genes, we show that the catalytic in-
hibition of METTL3 significantly synergizes with 
DNA-damaging chemotherapy and, more impor-
tantly, sensitizes TNBC organoids to PARPs inhi-
bition. In conclusion, our data indicate that the 
use of small molecule inhibitors of METTL3 may 
provide great benefit in conventional treatment 
for TNBC and pave the way for novel targeted 
therapies.

Plasma-derived EV RNA cargo decon-
volution is informative for assessing 
metastatic prostate cancer response to 
treatment.

Yari Ciani, Department of Cellular, Computa-
tional and Integrative Biology (CIBIO), Universi-
ty of Trento, Trento, Italy. 
Federico Vannuccini, Department of Cellular, 
Computational and Integrative Biology (CIBIO), 
University of Trento, Trento, Italy.
Vera Mugoni, Department of Cellular, Computa-
tional and Integrative Biology (CIBIO), Universi-
ty of Trento, Trento, Italy.
Orsetta Quaini, Department of Cellular, Compu-
tational and Integrative Biology (CIBIO), Univer-
sity of Trento, Trento, Italy.
Francesco Orlando, Department of Cellular, 
Computational and Integrative Biology (CIBIO), 
University of Trento, Trento, Italy.
Caterina Nardella, Department of Cellular, 
Computational and Integrative Biology (CIBIO), 
University of Trento, Trento, Italy.
Ugo De Giorgi, Istituto Romagnolo per lo Studio 
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Santa Chiara Hospital,APSS,Trento, Italy
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Prostate cancer patients almost inevitably de-
velop resistance to hormonal therapy, enter-
ing a state referred to as castration-resistant 
prostate cancer (CRPC). Liquid biopsies allow 
for the interrogation of all components shed by 
tumor cells into biofluids, including extracellu-
lar vesicles (EV) and cell-free DNA (cfDNA). In 
the framework of the multi-institutional PRIME 
(PRostate cancer plasma Integrative Multi-mod-
al Evaluation) program, we profiled the EV-as-
sociated transcriptome from the plasma of 58 
CRPC patients upon Enzalutamide treatment at 
multiple time points (n=3; baseline, 12 weeks, 
and progression) and of 16 healthy donors (HD). 
Plasma samples were collected across multiple 
Italian institutions with harmonized procedures 
and processed using ONCE (ONe Aliquot for Cir-
culating Elements), an in-house developed ap-
proach for the concomitant isolation of EVs and 
cfDNA from a single plasma aliquot. 
RNA was extracted from plasma EV with the 
IZON qEV RNA Extraction kit and treated with 
RNase-Free DNAse I. Libraries were prepared us-
ing the Takara Bio SMARTer smRNA-Seq kit for 
total RNA and sequenced on NovaSeq 6000 with 
a SR150 protocol.  
We leveraged transcript and read-specific in-
tegrity metrics with EV biophysical features 
and transcriptional deconvolution approaches 

to dissect the contribution of different tissues 
to the circulating EV-associated RNA signal in 
the plasma. We observed that transcript reads’ 
length and coverage uniformity depend on the 
putative cell of origin and the RNA biotype. 
Specifically, YRNAs, mitochondrial transcripts, 
and blood-related transcripts show uniform 
coverage and longer reads compared to other 
RNA biotypes and to RNAs from other tissues 
of origin. Stratifying the CRPC patients by the 
time of response to Enzalutamide, we detect-
ed significantly larger EV diameters in the short 
responders (p-value<0.01) and identified 732 
genes differentially represented in plasma EV 
between short- and long-treatment responders 
(FDR<0.05; n=677 and n=55 upregulated in short 
and in long responders, respectively). Most of 
the highly represented genes in short respond-
ers (n=434) are concordantly more expressed in 
CRPC tissues than the whole blood, in line with 
the presence of prostate cancer cell-specific 
transcriptome within the plasma-derived EV-
RNA signal. Furthermore, the integration of EV 
transcriptomics with cfDNA genomics (through 
targeted sequencing) of oncogenes confirmed 
the identification of circulating tumor-derived 
EV signal in the plasma.
We ultimately aim to develop an analytical plat-
form that allows the identification of circulating 
putative markers for treatment stratification of 
patients by integrating EV transcripts quantifi-
cation and read-specific features, EV biophysi-
cal characteristics, and cfDNA genomics. 

FUNDING
PRIME Accelerator Award 2018, Italian Associa-
tion for Cancer Research Foundation (AIRC) and 
Cancer Research UK (CRUK).

Identifying and characterizing novel 
HSP90 inhibitors with senolytic activ-
ity in a hormone-induced breast can-
cer-senescence model. 

L. Cis1, S. Atlante2, S. De Martino3, C. Cencioni3, 
A. Aiello3, D. Pirolli4, M. Malavolta5, S. Nanni1, 
M.C. De Rosa4, C. Gaetano2 and A. Farsetti3

1 Università Cattolica del Sacro Cuore, Rome, 
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3 National Research Council CNR-IASI, Rome, It-
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Cell senescence is characterized by halted cell 
proliferation and the acquisition of a pro-in-

flammatory profile termed Senescence Asso-
ciated Secretory Phenotype. A wide array of 
intrinsic and extrinsic stimuli can trigger cell 
senescence. Cancer cells can enter into senes-
cent state following treatments that inflict DNA 
damage. Intriguingly, these cells can evade the 
senescent state, gaining enhanced proliferative 
capabilities and resistance to further treatment, 
thereby prompting tumor recurrence. Senolytics 
offer the potential to eradicate selectively se-
nescent cells, thus preventing tumor recurrence 
and even catalyzing tumor regression. Several 
senolytics with varying targets have been rec-
ognized. 
Nevertheless, these drugs, particularly those 
aimed at HSP90 (such as 17-DMAG), pose safety 
and specificity challenges. Our research, there-
fore, strives to identify and characterize innova-
tive HSP90 inhibitors with senolytic features for 
application in hormone-driven cancers. We uti-
lized in silico strategy to pinpoint several new, 
optimized HSP90-inhibiting compounds with 
minimal cytotoxicity, exploiting a combined 
structure- and ligand-based virtual screening 
approach. Among them, two HSP90α inhibitors, 
K4 and K5 (IC50 155 nM and 372 nM, respective-
ly), exhibited senolytic activity in vitro without 
any observable cytotoxicity in non-senescent 
cells (patent pending). Furthermore, prolifera-
tion and mortality assays performed on various 
tumor cell lines derived from hormone-driven 
cancers revealed that these drugs elicit a cyto-
static effect rather than a cytotoxic one. 
Consequently, due to its pronounced responsive-
ness, we selected the MCF7 cell line as our in 
vitro model. Senescence was induced via treat-
ment with 4-Hydroxytamoxifen (Tam, 10uM 
96h). Growth curve and beta-galactosidase 
(β-gal) assays confirmed that Tam effectively 
blocked MCF7 cell proliferation and triggered 
senescence up to 35-40% of cells compared to 
control. To assess the potential senolytic activi-
ty of K4 and K5, we treated senescence-induced 
cells with both drugs (10 uM, 96h). β-gal staining 
was notably reduced, with only 10% of senes-
cent cells remaining with K4 or K5 compared to 
DMSO. 
Interestingly, compared to control, the mor-
tality rate rose significantly with K5 (up to 2.5 
fold) but not with K4. Western blot analysis 
confirmed that p21 and γH2AX were stabilized 
by Tam, thereby corroborating the senescence 
status and induction of DNA damage. Moreover, 
Cyclin D1 was reduced by Tam, indicating cell 
cycle arrest, but its expression was revived after 
treatment with K5 or DMSO. Our findings suggest 
that the two newly identified HSP90 inhibitors, 
particularly K5, display senolytic properties and 
may be leveraged with tamoxifen to inhibit pro-
liferation and stimulate cell death in breast can-
cer cells.



The Pezcoller Foundation Journal - June 2023 The Pezcoller Foundation Journal - June 202324 25

Po
st

er
s

Po
st

er
s Profiling of metastases in resectable 

lung cancer reveals a key role for miR-
NA-PD-L1 axis in the resistance to 
neoadjuvant chemotherapy 

Cuttano R.1, Colangelo T.1, Afanga K.M.1, Dama 
E.1, Mazzarelli F.1, Melocchi V.1, Bianchi F.1  

1 Fondazione IRCCS Casa Sollievo della Sofferen-
za, San Giovanni Rotondo - Italy

Neoadjuvant chemotherapy (NACT) followed by 
surgery is the treatment of choice for resect-
able locally advanced non–small-cell lung can-
cer (NSCLC) (Stage IIIA). However, the majority 
of NACT-treated patients show resistant lymph 
nodal metastases (LNmets) and poor prognosis. 
Therefore, there is an urgent need to understand 
molecular mechanisms underlying NACT-resist-
ance in LNmets and to identify predictive bio-
markers. To this purpose, we performed coupled 
miRNome and transcriptional profiling of LN-
mets and found that a microRNA signature (aka 
LN-signature) accurately predicts NACT response 
in treatment naïve LNmets (AUC=0.81-0.82). 
Mechanistically, we discovered using in vitro and 
in vivo NSCLC experimental models that miRNA/
PD-L1 regulatory axis drives NACT resistance, 
hallmarks metastases with active IFN-γ response 
pathway (an inducer of PD-L1 expression), and 
impacts T cells viability and relative abundanc-
es in tumor-microenviroment (TME). We further 
confirmed our findings in independent cohorts 
of NSCLC patients as well as using external NS-
CLC transcriptome datasets. Our data provides 
reliable miRNA-based biomarkers that predict 
heterogeneity of response to NACT treatment in 
LNmets and novel mechanistic insights that con-
nect NACT response and anti-tumor immunity.

CDKN1B/p27kip1 expression is 
critical for growth, progression and 
treatment response of  luminal breast 
cancer

Dall’Acqua Alessandra

Breast cancer (BC) is the most frequent malig-
nancy among women worldwide. About 70% of 
BC belong to the luminal subtype (LBC, estro-
gen receptor, ER+, progesterone receptor, PR+/-, 
HER2 not amplified) and patients rely on hormo-
nal therapy and CDK4/6 inhibitors (CDK4/6i), as 
most common therapeutic approaches. 
The cell cycle inhibitor p27Kip1 (CDKN1B, here-
after p27) has been involved in LBC growth, 
progression and treatment response, but data 
regarding its role are still controversial. 
To study p27 role in LBC, we exploited the 

MIND (Mouse INtraDuctal) injection technique, 
uniquely maintaining in mice the features of 
human LBC. We intraductally injected p27WT 
and p27 knock-out (KO) LBC cells, in mammary 
glands of 6-8 weeks old NSG female mice. 
Nine months after injection, mice were sacri-
ficed, mammary glands collected, distant organs 
evaluated for the presence of metastasis. First, 
absence of p27 induced a substantial anticipat-
ed onset (20 vs 25 weeks). Further, the ducts 
injected with p27KO LBC cells were engorged 
with tumor cells and tumors were bigger in size 
than those from p27WT cells. Strikingly, distant 
dissemination to the lung tissue was observed 
only when p27KO LBC cells were injected. 
Pathological analyses of the tumors indicated 
that loss of p27 induced a strong downmodula-
tion of PR, both at transcriptional and protein 
level, coupled with an upregulation of ER ex-
pression. Clinical data indicate that PRlow/- LBC 
are more aggressive and respond less to hormo-
nal therapy. We thus tested whether the vari-
ation in the hormonal repertoire impacted on 
p27KO LBC response to therapy and assessed 
that loss of p27 conferred resistance to tamox-
ifen and CDK4/6i, either alone or in combina-
tion. 
At mechanistic level, we observed that ER sta-
bility was altered in p27KO cells. Both CDK4 and 
CDK6 were able to bind ER, especially under hor-
monal stimulation, and this binding was greatly 
increased in p27KO cells. Treatment with CD-
K4/6i in the presence of hormones impacted on 
ER ubiquitination and stability, rescuing ER S118 
phosphorylation and suggesting a possible repro-
gramming of ER/PR transcriptional program. 
Altogether, here we discover a new p27/ER/PR 
axis and crosstalk that establish a prognostic and 
predictive value for p27 in the response of LBC 
to therapies. Future experiments, integrating 
these findings with ChIPseq molecular profiling 
data will also provide novel insights to improve 
the clinical management of LBC patients.

Fusion transcriptome profiling defines 
the monoclonal nature of multifocal 
epithelioid hemangioma of bone
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MD2; Alberto Righi, MD3; Beatrice Valenti, PhD1;  
Elisa Del Savio, PhD1; Davide Baldazzi, PhD1; 
Stefania Benini, PhD3; Marta Sbaraglia, MD4; 
Brayan Vega Jimenez, MD3; Daniel Vanel3, MD; 
Davide Maria Donati, MD2; Angelo Paolo Dei Tos, 
MD4,5; Roberta Maestro, PhD1
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3 Department of Pathology, IRCCS Istituto Orto-
pedico Rizzoli, Bologna, Italy;

4 Department of Pathology, Azienda Ospedaliera 
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5 Department of Medicine, University of Padua 
School of Medicine, Padua, Italy.

AIMS: Vascular tumors of bone are rare tumors 
characterized by unusual morphology, varia-
ble classifications, and unpredictable behavior. 
Among these, epithelioid hemangioma (EH) of 
bone remains a highly controversial entity due 
to frequent multifocal presentation. Indeed, the 
WHO classifies EHs of soft tissues as benign tum-
ors, whereas bone EHs are considered interme-
diate-locally aggressive tumors. 
To gain insights into the clinical behavior and 
biology of bone EH we retrospectively analyzed 
42 patients treated in a single institution from 
1978 to 2021.

METHODS AND RESULTS: Multifocal presentation 
was detected in 17 of 42 patients (40%) primari-
ly as synchronous lesions. Patients were treated 
with curettage (57%), resection (29%) or biopsy 
followed by radiotherapy or embolization (14%). 
Follow up (minimum 24 months) was available 
for 38 patients, with only 5 local recurrences 
(13%) and no death of disease.  
To clarify whether the synchronous bone lesions 
in multifocal EH represent multicentric disease 
or metastases, 4 cases were profiled by RNA-se-
quencing. Separate lesions from the same pa-
tient showed a very similar transcriptional pro-
file and expressed the same fusion transcript 
(involving FOS or FOSB) with identical gene 
breakpoints.
 
CONCLUSIONS: These results indicate that in EH 
of bone, multifocal lesions are clonally related 
and therefore represent metastasis of a same 
neoplastic clone rather than simultaneous inde-
pendent tumors. This finding is an apparent con-
tradiction with the benign clinical course of the 
disease and suggests that tumor dissemination 
in bone EH likely reflects a phenomenon of pas-
sive spreading, with tumor cells colonizing distal 
sites while maintaining their benign biological 
nature.

Lipid metabolism rewiring by long 
noncoding RNA malat1-targeting in 
prostate cancer: an integrated omics 
and mathematical modeling approach. 
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ni1, F. Spallotta3, A. Aiello1, L. Cis4, V. Pecci4, 
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This study stems from our experimental evi-
dence revealing a key role of MALAT1 in Prostate 
cancer (PCa) metabolism. MALAT1 targeting 
restored PCa glucose metabolism with conse-
quences on pyruvate transformation and cell 
proliferation, bringing it a step closer to that of 
normal prostate epithelial cells.  
Our aim is deciphering how MALAT1 affects the 
regulation of crucial lipid metabolic enzymes, 
focusing on Choline Kinase A (CHKA) and Cer-
amide Kinase (CERK), two key enzymes involved 
in lipogenesis and bioactive lipid synthesis, and 
the Androgen Receptor (AR) signaling, in terms 
of transcriptional regulation.  
In MALAT1-depleted cells, transcriptomics and 
metabolomics showed a decrease in CHKA ex-
pression associated with reduced phosphocho-
line-containing metabolites. Phospholipid bio-
synthesis and sphingolipid metabolism were the 
most enriched pathways associated with MALAT1 
targeting, according to the decrease of CHKA 
and CERK mRNAs (30-50%). 
Besides, CHKA and CERK genes are regulated 
positively and negatively by dihydrotestoster-
one (DHT)/AR, respectively. Combining MALAT1 
targeting with DHT, hormone responsiveness was 
retained in both androgen-sensitive (LNCaP) and 
castration-resistant PCa (22RV1) cells. Of inter-
est, MALAT1 targeting repressed PSA in both cell 
lines, while catalytic subunit of human telomer-
ase was induced in LNCaP and inhibited in 22RV1 
cells, respectively. Conversely, combination of 
MALAT1 targeting with AR antagonists did not 
change the effect of MALAT1 silencing on CHKA 
and CERK mRNAs, while it enhanced PSA repres-
sion. Mechanistically, nuclear translocation by 
immunofluorescence and recruitment of AR onto 
CHKA, CERK and PSA regulatory regions by chro-
matin ImmunoPrecipitation was observed upon 
MALAT1 targeting in LNCaP cells, mimicking that 
induced by DHT. In 22RV1 cells, upon MALAT1 
targeting alone, recruitment of AR variant 7 
(ARV7) rather than AR was found. Addition of 
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ARV7 along target genes regulatory regions, sug-
gestive of a MALAT1-/DHT-dependent chromatin 
remodeling. Next, RNA-IP revealed that AR asso-
ciates with MALAT1 in basal conditions and this 
interaction is abrogated upon DHT. Moreover, we 
developed a mathematical model based on Ordi-
nary Differential Equation able to describe and 
predict the modulation of the leading players in 
metabolic reprogramming upon MALAT1 deple-
tion. We validated this model’s first version on 
pyruvate and glucose metabolism data, aiming 
to extend it to lipid metabolism. 
In conclusion, these findings support an unprec-
edented role of MALAT1 in choline metabolism 
and ceramide phosphorylation. MALAT1 target-
ing unveils a novel unliganded AR-dependent 
transcriptional repression of CHKA, CERK and 
PSA and pave the basis of a RNA-based thera-
peutic option, specifically suitable for castra-
tion-resistant PCa.

TrkB is a potential therapeutic target 
for invasive cutaneous squamous cell 
carcinoma.

R. Monetta, V. Bartolocci, D. Campagna, F. Delle 
Monache, C. Valente, M. Teson, Y. A. Minafò, F. 
Ricci, L. Fania, I. Bondanza, D. Castiglia, M. 
Mancini, G. Scaglione, E. Candi, D. Abeni,  S. 
Mastroeni, and E. Dellambra.

Istituto Dermopatico dell’Immacolata, IDI-
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Cutaneous squamous cell carcinoma (SCC) is one 
of the most common age-associated malignancy. 
Although most of SCCs are treated by surgery, 
a subset of them displays a higher likelihood of 
recurrence and metastasis causing death. Now-
adays, no satisfactory diagnostic biomarkers for 
high risk SCCs has been proposed. 
We previously demonstrated that the age-relat-
ed expression switch of the neurotrophin BDNF 
and its receptor TrkB in fibroblasts and keratino-
cytes could make aged skin prone to tumorigen-
esis. Although TrkB is frequently overexpressed 
in various tumors and its upregulation promotes 
tumor progression, still little is known about 
SCC. Based on our results, the aim of the study 
was to identify new SCC biomarkers and thera-
peutic approaches.
The correlation between the expression levels 
of TrkB and/or specific downstream proteins 
(E-cadherin, Yap1, Notch1), and histological 
characteristics of SCCs was investigated. Immu-
nohistochemical analysis of tumor specimens 
showed that the expression levels of TrkB and 
nuclear Yap1 were significantly higher in inva-
sive SCC than in situ lesions. On the contrary, 

E-cadherin and Notch1 expression was signifi-
cantly lower in invasive SCC. Notably, the ROC 
analysis indicated that the combination of these 
four proteins is an effective diagnostic signature 
able to discriminate both the SCC types and high 
risk invasive SCC.  
To investigate if TrkB may be a therapeutic tar-
get, two SCC cell cultures were treated with a 
TrkB-specific inhibitor (ANA-12). ANA-12 treat-
ment inhibited the STAT3 pathway, reduced the 
expression of the EMT-transcription factor Slug, 
induced E-cadherin expression and, in turn, re-
covered cell-cell adhesion properties. In paral-
lel, Yap1 translocated into cytoplasm and Notch1 
to membrane similarly to normal keratinocytes. 
Furthermore, ANA-12 treatment induced p21 
translocation in the nucleus where the protein 
plays an anti-proliferative role. Indeed, ANA-12 
treated SCC cells displayed reduced prolifera-
tion and migration. p21 can also suppress IL-6 
transcription. Notably, ANA-12 reduced IL-6 ex-
pression and secretion from SCC cells. ANA-12 
administration significantly inhibited SCC inva-
sion in 3D SCC in vitro models.
Therefore, our data indicate that TrkB signaling 
pathway regulates tumor progression, the spe-
cific signature “TrkB, E-cadherin, Yap1, Notch1” 
may be a diagnostic biomarker for invasive SCC 
risk, and TrkB may be an attractive target for 
new SCC therapies.

Multi-omics profiling of  epithelioid 
sarcomas
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Epithelioid sarcoma (ES) is a very rare mesen-
chymal neoplasm characterized by the loss of 
expression of the chromatin remodeling factor 
SMARCB1/INI1. According to the WHO classifica-
tion, ES is distinguished into two distinct sub-
types: the classic type (C-ES) and the proximal 
type (P-ES), with P-ES generally pursuing a more 
aggressive clinical course. Little is known about 
ES biology and the molecular determinants that 
account for the distinctive pathological and 
clinical features of ES variants.
To shed light on these issues, we performed a 
multi-omics profiling (RNA-, miRNA-, target 
DNA-sequencing and DNA methylation array) of 
24 primary, untreated ES. Unsupervised cluster-
ing of the transcriptome identified two separate 
groups corresponding to the two histopatholog-
ical ES subtypes, indicating that the morpho-
logical classification pinpoints two molecularly 
distinct entities. P-ES showed over-expression 
of genes involved in cell cycle and chroma-
tin remodeling, denoting that, in addition to 
SMARCB1/INI1 deficiency, this variant exhibits 
a wider deregulation of chromatin metabolism. 
Conversely, C-ES over-expressed genes associ-
ated with cell adhesion, migration, and vessel 
development.
Targeted DNA-sequencing failed to highlight re-
current gene alterations, besides SMARCB1 loss. 
Thus, to gain insight into these transcriptomic 
differences, we evaluated the involvement of 
epigenetic mechanisms. Unsupervised clustering 
of the miRNome showed a trend towards separa-
tion of P-ES and C-ES, similar to what observed 
in RNA-sequencing. The integration of miRNA- 
and RNA-sequencing data revealed that miRNAs 
play an important role in shaping the distinctive 
transcriptomes of the two subtypes. In particu-
lar, our results point to a miR-137:EZH2:miR-
24:MYC/E2F/HELLS circuit as possibly implicat-
ed in the promotion of cell proliferation and 
chromatin remodeling in P-ES. Interestingly, 
HELLS has been also reported to assist DNMTs 
in both maintenance and de novo DNA methyla-
tion. Accordingly, P-ES and C-ES showed differ-
ent DNA methylation profiles, with P-ES being 
characterized by a higher level of genomic DNA 
methylation, mainly affecting genes involved in 
cell migration and vessel development.
Overall, our study demonstrates that P-ES and 
C-ES are biologically different entities, char-
acterized by distinctive miRNA:gene circuitries 

and DNA methylation profiles that cooperate in 
shaping the clinicopathological features of this 
disease.

Efficacy of  small molecule HuR in-
hibitors in breast cancer models
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The Human antigen R (HuR) protein is an 
RNA-binding protein, ubiquitously expressed in 
human tissues, that orchestrates the maturation 
and processing of target RNAs both in the nucle-
us and in the cytoplasm. HuR binds AU-rich ele-
ments of its target transcripts modulating their 
half-lives and translatability. HuR is also crucial 
in promoting a proper differentiation of sever-
al cellular lineages. Due to its pleiotropic role 
and the incredibly high number of target genes 
(approximately 7% of the human protein-cod-
ing gene transcripts), it is not surprising that 
an altered expression or localization of HuR is 
observed in several inflammatory and tumoral 
diseases. 
We have developed a class of synthetic small 
molecules called tanshinone mimics (TMs) that 
disrupt HuR-mRNA interaction and, here, we 
show their anticancer efficacy in triple-negative 
breast cancer cell lines.  TMs inhibited cancer 
cell growth, proliferation and affected energet-
ic metabolism. We also investigated the modula-
tion of M1 polarization markers of a macrophage 
cell line induced by the conditioned medium of 
the triple-negative cell line MDA-MB-231. We 
observed a decreased M1 polarization, repre-
sented by a reduction in CXCL10, IL1β, and IL6 
expression.
To show the relevance of HuR in this model, we 
generated a HuR Knock Out MDA-MB-231 cell 
model by CRISPR-Cas9 technology and charac-
terized the relative phenotype. Interestingly, we 
did not observe major differences among wild-
type and KO populations in 2D culturing, but HuR 
KO cells xenografted into nude mice produced a 
significantly lower tumoral mass than wild-type 
cells. Collectively, these data indicate that TMs 
are endowed with biological activity in cancer 
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formation in vivo.

miR-223 levels dictate taxol sensitiv-
ity in breast cancer 

Favero Andrea

miR-223 is a well-known regulator of the immune 
response, playing a central role in myeloid dif-
ferentiation and granulocyte function. In solid 
tumors, miR-223 function is highly context-de-
pendent, but in breast cancer (BC), its expres-
sion is consistently downregulated, suggesting a 
tumor suppressive role in the mammary gland. 
Taxol is an antineoplastic drug that represents 
a pillar in the therapeutic plan of many BC pa-
tients. We observed that taxol systematically 
induced miR-223 upregulation in BC cells, both 
in vitro and in vivo. We asked whether miR-223 
could represent a predictive biomarker of taxol 
response in BC. In vitro, we generated miR-223/
low and miR-223/high BC cells using lentiviral 
transduction of shRNA particles and overexpres-
sion strategies. These models were used to as-
sess taxol sensitivity, in dose-response curves, 
and gene expression, in microarray followed 
by pathway enrichment analyses with the GSEA 
software. Intracellular modulation of potential 
miR-223 targets was investigated by immunob-
lotting and immunofluorescence analyses, while 
miR-223 levels were evaluated by qRT-PCR. In 
vivo, we employed the MMTV-Δ16HER2/miR-223 
WT and KO animals, which develop multifocal 
mammary tumors with a 100% penetrance at 15 
weeks of age, and treat them with taxol, twice 
a week for 8 weeks. We observed that, not only 
BC cells upregulated miR-223 upon treatment 
with taxol, but also that miR-223 overexpressing 
cells were more sensitive to taxol compared to 
their control counterpart, suggesting that miR-
223 might be might be necessary for the cyto-
toxic activity of this drug. To investigate this 
point, we exploited MMTV-Δ16HER2/miR-223 
WT and KO mice, demonstrating that tumors 
from miR-223 KO mice were more resistant to 
taxol, compared to the WT counterpart. Gene 
expression analysis followed by GSEA, compar-
ing taxol-treated BC cells displaying miR-223/
low or miR-223/high expression levels, showed 
that the WNT5-ROR1 axis was among the top-en-
riched pathways in miR-223/low BC cells. On the 
opposite, miR-223 overexpressing cells displayed 
a global downregulation of the WNT5A-ROR1 
pathway and, as expected, ROR1-silenced cells 
showed a higher sensitivity to taxol than control 
cells. Collectively, our data demonstrated that 
miR-223 modulates taxol sensitivity in BC, both 
in vitro and in vivo. The WNT5-ROR1 pathway, 
known to be involved in BC metastasis and drug 
resistance, was hyperactivated in miR-223/low 

taxol-resistant BC cells. Further studies are in 
progress to assess whether the identified tar-
gets or pathways might be druggable, alone or 
in combination, to improve the efficacy of taxol 
and overcome resistance in BC patients.

Cyclic disulfide redox probes and bi-
oreductive prodrugs: applications to 
seco-duocarmycins targeting the thi-
oredoxin system 

Dr. Jan G. Felber, LMU Munich. jan.felber@cup.
lmu.de 
Dr. Oliver Thorn-Seshold, LMU Munich, Buten-
andtstr. 9, 81377 Munich. 

Specialised cellular networks of oxidoreduc-
tases coordinate the dithiol/disulfide homeo-
stasis. To design probes and prodrugs selective 
for distinct physiological redox states, they 
must resist nonspecific activation by cellular 
monothiols. Recently, we presented a rational 
design of unique dichalcogenide structures, in-
tegrated them into modular fluorogenic probes, 
screened for biological selectivity and identified 
the first dichalcogenide motifs with excellent 
stability to monothiols, yet high selectivity for 
each the key redox-active protein, thioredoxin 
(Trx) or its upstream enzyme thioredoxin reduc-
tase (TrxR). Herein, we present a novel series of 
activatable prodrugs of the duocarmycin class 
of DNA-alkylating agents (#200carmycin). The 
structural elements essential for activity were 
masked by conjugation. Prodrugs were designed 
for activation by members of the thioredox-
in system, such that they liberate the agent’s 
strong cytotoxic effect after reduction primarily 
inside solid tumours. We mechanistically con-
trolled both activation in cells and profiled the 
genetic markers that differentiate reduction vs. 
hydrolysis between different cancer cell types. 
We applied these prodrugs for in vivo studies to 
characterise their antitumour activity. Exem-
plarily showing how selective reduction sens-
ing units are modularly utilized from imaging 
towards drug delivery opens new strategies to 
freely combine enzyme-triggered activators and 
bioactive cargos towards fine-tuned and cus-
tom-oriented therapeutics.

CRISPR/Cas9 screenings and in sil-
ico investigations nominate low-fre-
quency alterations in DNA repair 
genes as biomarkers for castration-re-
sistant prostate cancers. 
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PARP inhibitors (PARPi) have received regulatory 
approval for the treatment of several tumors, 
including prostate cancer (PCa), and demon-
strated remarkable therapeutic potential for 
metastatic castration-resistant prostate cancer 
(mCRPC) patients characterized by defects in 
homologous recombination repair (HRR) genes. 
Yet, clinical trial results suggest that further 
improvements are possible, for instance, in pa-
tients’ enrolment criteria. Indeed, about 50% of 
BRCA1/2-deficient patients do not respond to 
PARPi, sensitivity to the treatment is heteroge-
neous, and a limited number of marker genes 
have been tested for PARPi. We aimed to iden-
tify and characterize low-frequency DNA repair 
gene (DRG) alterations that could represent po-
tential novel biomarkers for mCRPC therapy. 
To characterize the full spectrum of DRG aberra-
tions, germline variants and somatic alterations 
of 302 DRGs involved in the principal repair 
pathways were analyzed at the allele-specific 
level in the SU2C-PCF dataset (N=429 mCRPC 
patients). Survival analyses were performed to 
correlate the identified DRG defects with pa-
tients’ outcome and response to androgen re-
ceptor-signaling inhibitors (ARSI). This approach 
identified concomitant germline and somatic 
alterations in base and nucleotide excision re-
pair pathways (joint frequency of aberration of 
about 10% for each pathway) as significantly as-
sociated with poor response to ARSI and worse 
prognosis (p=0.0071 and p=0.04, respectively). 
In parallel, 11 CRISPR/Cas9 genotoxic screens 
were performed on PCa cell lines using a custom 
sgRNA pooled library targeting 356 DRGs com-
bined with the administration of several DNA 
damaging agents, most of which are currently 
used in the clinic. Based on the validation ex-
periments and the frequency of aberrations in 
the SU2C-PCF cohort, we further investigated 
LIG1 loss (aberrant in 6% of mCRPC patients) 
as a vulnerability in the context of PARPi treat-
ment. We confirmed the synthetic lethality be-
tween the two DRGs in multiple PCa models. We 
observed that concomitant inactivation of LIG1 
and PARP increased DNA damage and led to the 
induction of apoptosis. Altogether, these results 
show that low-frequency DRG defects are rele-
vant for mCRPC patient stratification and that 
they can be exploited through a synthetic lethal 
approach (as for LIG1 loss and PARPi) to improve 
the therapeutic options of CRPC patients.

Non-invasive detection of  neuroen-
docrine prostate cancer through tar-
geted cell-free DNA methylation

Gian Marco Franceschini, Orsetta Quaini, Kei 
Mizuno, Francesco Orlando, Yari Ciani, Sheng-
Yu Ku, Michael Sigouros, Emily Rothmann, Ali-
cia Alonso, Matteo Benelli, Caterina Nardella, 
Joonghoon Auh, Dory Freeman, Brian Hanratty, 
Mohamed Adil, Atish D. Choudhury, Olivier Ele-
mento, Scott T. Tagawa, Felix Feng, Orazio Caf-
fo, Consuelo Buttigliero, Umberto Basso, Peter 
Nelson, Eva Corey, Michael C. Haffner, Ana Apa-
ricio, Francesca Demichelis, Himisha Beltran

Metastatic castration-resistant prostate can-
cer (CRPC) is a heterogeneous disease in which 
treatment resistance can arise through multi-
ple mechanisms. While most CRPCs are driven 
by androgen receptor (AR) signaling, up to 20% 
develop AR-independence[1]. AR-independence 
has been associated with aggressive clinical 
features and changes in tumor phenotype, in-
cluding histologic transformation from castra-
tion-resistant adenocarcinoma (CRPC-Adeno) 
to neuroendocrine prostate cancer (CRPC-NE) 
arising through divergent clonal evolution[2]. 
The current diagnosis of CRPC-NE remains chal-
lenging due to the need for metastatic biopsy 
as well as to intra-patient tumor heterogeneity. 
Sequencing of plasma cell-free DNA is an ide-
al tool to overcome those limitations[3], [4]. 
Still, cancer-specific mutations or copy number 
changes are only modestly enriched in CRPC-NE 
compared to CRPC-Adeno. 
Conversely, we and others have observed ex-
tensive DNA methylation changes associated 
with CRPC-NE [2]. In principle, whole-genome 
bisulfite cfDNA sequencing (WGBS) offers a 
comprehensive picture of the patient’s disease 
status with optimal information on methylation 
content. Given the cost and computational bur-
den of high-depth whole genome sequencing, 
only coarse low-pass variants of WGBS are suita-
ble for large-scale clinical studies. As most CpG 
sites in the genome are non-informative or high-
ly redundant, we aimed to dramatically reduce 
the sequencing space to a minimal set of CpGs 
that can accurately probe the CRPC phenotypes 
of interest.
We present the NEMO assay (NEuroendocrine 
detection and MOnitoring), a targeted DNA 
methylation sequencing platform for CRPC dis-
ease monitoring and neuroendocrine phenotype 
detection. We grounded the selection of in-
formative regions upon an extensive analysis of 
published datasets from CRPC metastatic tum-
ors, white blood cells (WBC), and plasma cfDNA 
from healthy individuals. First, we demonstrat-
ed that a few dozens of CpG-rich regions are 
sufficient to accurately estimate the fraction of 
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TC), which we orthogonally validated through 
genomic-based tumor content estimation and 
in vitro dilutions. Next, we leveraged the DNA 
methylation of the collection of genomic regions 
that can distinguish CRPC-NE from CRPC-Adeno, 
accounting for the variable tumor content in 
cfDNA. We showcase the capability of the NEMO 
design to detect CRPC-NE on independent data, 
including cell lines, organoids, and patient-de-
rived xenografts. The clinical utility of NEMO is 
demonstrated in its application to multiple clin-
ical cohorts from the Italian the PRIME consorti-
um, Dana Farber Cancer Institute, Weill Cornell 
Medicine, and two Phase 2 clinical trials of ali-
sertib [5] and chemotherapy for aggressive vari-
ant and neuroendocrine prostate cancer [6]. Fi-
nally, a binary classifier to detect CRPC-NE cases 
achieves an AUC of 0.94 (CI:0.88-0.99) across 
plasmas with any detectable tumor content and 
0.98 (CI: 0.93-1) with at least 50% of tumor con-
tent, with as few as 25kbp of genomic space and 
~1500 CpGs, highlighting the robustness of the 
approach.
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Epidermal Growth Factor Receptors (EGFRs) are 
among the most studied tyrosine kinase recep-
tors. Academic interest in this particular re-
ceptor is motivated by the correlation between 
dysfunctional EGFR signaling and cancer. EGFR 
signaling is regulated by different mechanisms, 
the most important one being endocytosis. The 
receptors can be internalized via multiple path-
ways, usually grouped in two distinct mecha-
nisms: the Clathrin-Mediated Endocytosis (CME) 
and the Non-Clathrin Endocytosis (NCE). CME is 
active both at low and high doses of ligand, and 
receptors internalized via CME tend to be recy-
cled. On the other hand, NCE is active only at 
high EGF doses, and receptors internalized via 
NCE are mainly degraded.
We propose a mathematical model of EGFR dy-
namics to describe the trafficking of these re-
ceptors. The goal of the model is to make pre-
dictions and test hypothesis on the mechanisms, 
such as receptor phosphorylation and ubiquiti-
nation, regulating the two pathways.
The model consists of two major components. 
The first component consists of an extension 
of the Early Activation Model (EAM) [1]. This 
component describes the binding of the recep-
tor to its ligand, the conformational changes of 
the receptor, the recruitment of adaptors, the 
phosphorylation of the tyrosine sites, and the 
ubiquitination of the receptor. The second com-
ponent consists of the trafficking laws that de-
scribe the internalization of receptors, as well 
as the recycling and the degradation.
The overall model consists of an autonomous 
Ordinary Differential Equation (ODE) governing 
the evolution of the amount of ligand (both in 
the medium and in the endosomes), the amount 
of two molecular players involved in receptor 
ubiquitination (Cbl and Grb2), and the number 
of receptors in various configurations.
The model is able to reproduce the phosphoryl-
ation and ubiquiti-nation signals. Moreover, as it 
can be seen in the preliminary results presented 
in Figure 1, it is also able to correctly estimate 
the internal-ization rate Ke of EGF. This is the 
average rate of change of the ratio between in-
ternalized EGF and EGF bounded to receptors at 
the Plasma Membrane (PM). It is a crucial value 
since it defines the probability of an occupied 
receptor being internalized in one minute and 
can be used to determine other important cel-
lular rate constants [2]. This model allows us to 
simulate different experimental scenarios (e.g., 
knock downs of endocytic pathways and recep-
tor recycling) and can be used to make predic-

tions to suggest which experiments may be of 
interest in validating hypothesis. Moreover, the 
model can help in obtaining insights on the role 
of the receptor configuration in its fate and sig-
naling outcome.

[1]	 Fabrizio Capuani et al. “Quantitative analysis reveals 
how EGFR activation and downregulation are coupled in 
normal but not in cancer cells”. In: Nature communica-
tions 6.1 (2015), p. 7999.

[2]	 H Steven Wiley and Dennis D Cunningham. “The endo-
cytotic rate constant. A cellular parameter for quanti-
tating receptor-mediated endocytosis.” In: Journal of 
Biological Chemistry 257.8 (1982), pp. 4222–4229.

Characterization of  novel second-gen-
eration small molecules for the im-
provement of  cancer immunotherapy

Gottardi Zamperla M.1,3, Barbi V.2,3, Illi B., Cen-
cioni C.4, Garofalo M.5, Gagliardi S.5, Murari E.3, 
Magistrali A.3, Mongelli A.3, Farsetti A.4, Fossati 
G.6, Steinkühler C.6, Gaetano C.3, Atlante S.3,4 
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ment of Translational Medicine and Surgery, 
00168 Rome, Italy; 

3 Laboratorio di Epigenetica, Istituti Clinici Sci-
entifci (ICS) Maugeri IRCCS, 27100 Pavia, Italy;
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5 Genomic and Post-genomic Unit, Istituto di Ri-
covero e Cura a Carattere Scientifico (IRCCS) 
Mondino Foundation, Pavia, Italy; 

6 Research and Development, Italfarmaco Group, 
Cinisello Balsamo, Italy.

INTRODUCTION: The current immunotherapy, 
based on inhibiting immunological checkpoints 
by mAbs, represents a breakthrough in cancer 
treatment. Unfortunately, the effectiveness of 
mAbs cannot be extended to all tumor types. 
Moreover, they often cause autoimmune reac-
tions in treated patients, and about 15% of them 
have to stop the treatment due to adverse ef-
fects. Histone acetylation and histone deacetyl-
ation, performed by histone acetyltransferases 
(HATs) and histone deacetylases (HDACs), are 
essential epigenetic modifications that remodel 
chromatin structure and alter gene expression. 
Aberrant epi-modifications in specific genome 
regions, such as oncogenes or tumor suppressor 
genes, and the mistargeting of specific non- his-
tone proteins, can alter cell proliferation and 
motility, leading to carcinogenesis. Specifically, 
HDAC6, which is mostly localized in the cyto-
plasm, has many functions in different biolog-
ical pathways, through its deacetylase activity 
of several substrates such as α-tubulin, HSP90 
chaperone, FOXP3, HIF1α and p53. It plays a 

crucial role in oncogenic transformation, pro-
gression and metastasization, which makes 
HDAC6 a relevant target for treating cancer. 
This study focuses on characterizing new sec-
ond-generation selective HDAC6 inhibitors, in-
cluding ITF3756, which shows epigenetic activi-
ty and potential antitumor properties.

METHODS AND RESULTS: ITF3756 was tested in 
a nanomolar range on human T cell leukemia 
Jurkat cells and human breast cancer HCC1806 
cells. A significative increase in α-Tubulin acetyl-
ation was observed in treated samples analyzed 
by immunofluorescence staining and capillary 
electrophoresis. While ITF3756-treated samples 
showed a slight or no decrease in total HDAC 
activity, unexpectedly, a significative increase in 
total HAT activity was observed, with a conse-
quent increase in H3K9 and H3K27 acetylation 
levels. Similar results were observed in murine 
melanoma cells B16F10, where CRISPR/Cas9 si-
lenced HDAC6. It was therefore hypothesized 
that ITF3756 could interfere with the interac-
tion between HDAC6 and the HAT p300. CO-IP 
experiments showed a decreased p300-HDAC6 
interaction upon ITF3756 treatment. Further-
more, multi-omic analysis (ATAC-seq, ChIP-Seq, 
and RNA-seq) demonstrated that HDAC6 inhibi-
tion/inactivation led to chromatin remodeling, 
with consequent gene expression modulation in 
the biological processes, cellular components, 
and molecular function pathways.

CONCLUSIONS: Our results provide evidence 
that HDAC6 inhibition/inactivation might in-
terfere with epigenetic complexes formation/
stabilization, and it is associated with increased 
histone acetylation, leading to changes in chro-
matin structure, gene expression, protein syn-
thesis, and cellular function associated with 
cancer progression. Our data suggest that a 
combined-therapeutic strategy, epi-immuno-
therapy, might synergistically potentiate cancer 
treatment.

LINE-1 hypomethylation is associ-
ated with poor outcomes in locore-
gionally advanced oropharyngeal 
squamous cell carcinoma

Roberto Guerrieri1, Mariateresa Casarotto1, 
Valentina Lupato2, Giorgio Giurato3,4, Sandro 
Sulfaro5, Annamaria Salvati3,4,6, Elisa D’Angelo7,  
Carlo Furlan8, Anna Menegaldo9, Lorena Babo-
ci1, Barbara Montico1, Irene Turturici10, Riccar-
do Dolcetti11-13, Salvatore Romeo14, Vittorio Bag-
gio15, Stefania Corrado16, Gianluca Businello17, 
Maria Guido17,18, Alessandro Weisz3,4,6, Vittorio 
Giacomarra2, Giovanni Franchin10, Agostino 
Steffan1, Luca Sigalotti19, Emanuela Vaccher20, 
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BACKGROUND: Human papillomavirus (HPV) pos-
itivity represents a strong prognostic factor for 
both reduced risk of relapse and improved sur-
vival in patients with oropharyngeal squamous 
cell carcinoma (OPSCC). However, a subset of 
HPV-positive OPSCC patients still experience 
poor outcomes. Furthermore, HPV-negative OP-
SCC patients are still lacking suitable prognostic 
biomarkers. Here, we evaluated the prognostic 
value of LINE-1 methylation level in OPSCC pa-
tients, and further addressed the relationship 
between LINE-1 methylation status and p53 
protein expression as well as genome-wide/
gene-specific DNA methylation. Results. DNA was 
extracted from 163 formalin-fixed paraffin-em-
bedded tissue samples retrospectively collected 
from stage III-IVB OPSCC patients managed with 
curative intent with up-front treatment. Quan-
titative methylation-specific PCR revealed that 
LINE-1 hypomethylation was directly associated 
with poor prognosis (5-year overall survival - OS: 
28.1% for LINE-1 methylation<35% versus 69.1% 
for ≥55%; p<0.0001). When LINE-1 methylation 
was dichotomized as <55% vs. ≥55%, interaction 
with HPV16 emerged: compared with hyper-
methylated HPV-16 positive patients, subjects 
with hypomethylated HPV16-negative OPSCC 
reported an adjusted higher risk of death (HR: 
4.83, 95% CI: 2.24-10.38) and progression (HR: 
4.54, 95% CI: 2.18-9.48). Tumor protein p53 
(TP53) gene is often mutated and overexpressed 
in HPV-negative OPSCC. Since p53 has been 
reported to repress LINE-1 promoter, we then 
analyzed the association between p53 protein 
expression and LINE-1 methylation levels. Fol-
lowing p53 immunohistochemistry, results indi-
cated that among HPV16-negative patients with 
p53≥50%, LINE-1 methylation levels declined 
and remained stable at approximately 43%; any 
HPV16-positive patient reported p53≥50%. Final-
ly, DNA methylation analysis demonstrated that 
genome-wide average methylation level was 
significantly lower in HPV16-negative OPSCC pa-
tients who relapsed within two years. The sub-
sequent integrative analysis of gene expression 
and DNA methylation identified 20 up-regulat-
ed/hypomethylated genes in relapsed patients, 
and most of them contained LINE-1 elements in 
their promoter sequences. Conclusions. Evalua-
tion of the methylation level of LINE-1 may help 
in identifying the subset of OPSCC patients with 
bad prognosis regardless of their HPV status. 
Aberrant LINE-1 hypomethylation might occur 
along with TP53 mutations, and lead to altered 
gene expression in OPSCC.

Activity-based profiling of  cull-
in-RING E3 networks by conforma-
tion-specific probes

Lukas T. Henneberg1, Jaspal Singh2, David M. 
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Sidhu2,8, Brenda A. Schulman1,3
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The cullin-RING E3 ligase (CRL) network com-
prises over 300 unique complexes that switch 
from inactive to activated conformations upon 
site-specific cullin modification by the ubiqui-
tin-like protein NEDD8. Assessing cellular rep-
ertoires of activated CRL complexes is critical 
for understanding eukaryotic regulation. How-
ever, probes surveying networks controlled by 
site-specific ubiquitin-like protein modifications 
are lacking. We developed a synthetic antibody 
recognizing the active conformation of NEDD8-
linked cullins. Implementing the probe to pro-
file cellular networks of activated CUL1-, CUL2-
, CUL3- and CUL4-containing CRLs revealed the 
complexes responding to stimuli. Profiling sev-
eral cell types showed their baseline neddylat-
ed CRL repertoires vary, and prime efficiency of 
targeted protein degradation. Our probe also 
unveiled differential rewiring of CRL networks 
across distinct primary cell activation pathways. 
Thus, conformation-specific probes can permit 
nonenzymatic activity-based profiling across a 
system of numerous multiprotein complexes, 
which in the case of neddylated CRLs reveals 
widespread regulation and could facilitate de-
velopment of degrader drugs.

Intracellular osteopontin stimulates 
the release of  cytokines by mast cells 
to restrain neuroendocrine prostate 
cancer 

Roberta Sulsenti1, Barbara Frossi2, Renata Fer-
ri1, Sabina Sangaletti1, Valeria Cancila3, Clau-
dia Chiodoni1, Daniele Lecis1, Giuseppe Renne4, 
Claudio Tripodo3, Carlo E. Pucillo2, Mario P Co-
lombo1 and Elena Jachetti1 
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dei Tumori, Via Giovanni Antonio Amadeo 42, 
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2 Immunology Section, Department of Medicine, 
University of Udine, Udine, Italy. 

3 Tumor Immunology Unit, Department of Health 
Sciences, University of Palermo, Palermo, Italy

4 Division of Uropathology and Intraoperative 
Consultation, IEO, European Institute of On-
cology IRCCS, Milan, Italy.  

Fatal neuroendocrine prostate cancer (NEPC) of-
ten emerges in patients relapsing after hormone 
therapies. Besides, de novo NEPC can rarely oc-
cur in treatment-naïve patients. The processes 
which guide NEPC onset and development are 
still poorly characterized, making challeng-
ing the identification of predictive/prognostic 
biomarkers and of effective therapies. Tumor 
cell plasticity known to drive the trans-differ-
entiation from adenocarcinoma to NEPC, can 
be influenced also by tumor microenvironment 
(TME)-derived stimuli.  
Investigating the TME, we recently found that 
mast cells (MCs) accumulate within hormone- 
sensitive prostate cancer favoring its growth, 
whereas are excluded by NEPC both in patients 
and in the transgenic TRAMP spontaneous mouse 
model. TRAMP mice backcrossed with MC-defi-
cient KitWsh mice showed increased frequen-
cy of de-novo NEPC. The frequency of de-novo 
NEPC similarly raised also in TRAMP mice defi-
cient for the matricellular protein osteopontin 
(OPN). Reconstituting KitWsh -TRAMP mice with 
wild type, but not with OPN-deficient MCs, low-
ered the frequency of NEPC to that of untreated 
TRAMP mice.  
We found that MCs stain positive for OPN in 
human and murine tumor sections and in vitro 
cultures, but release a tiny amount of OPN in 
supernatants if compared to NEPC cells. Nota-
bly, OPN has both secreted (sOPN) and intracel-
lular (iOPN) forms; the latter can bind to MyD88 
and regulate the signaling downstream toll-like 
receptors (TLRs) toward the production of cy-
tokines. In vitro, wild type, but not OPN-/- or 
MyD88-/-MCs, inhibited the growth of NEPC cells 
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which induces apoptosis, verified by detection 
of activated caspase-3. Also, in silico analyses 
showed that genes related to inflammatory re-
sponse and TLRs signaling is down regulated in 
human and murine NEPC. Looking for candidate 
ligands able to trigger the TLR pathway, we dis-
covered that the protein SDC1 is over-expressed 
by NEPC cells.  
Our data suggest that SDC1 could activate the 
TLRs/MyD88/iOPN axis in MCs causing the re-
lease of cytotoxic cytokine restraining NEPC 
growth. This pathway could be exploited to set 
up innovative MC-based therapies efficiently im-
proving NEPC targeting. 

The FOXP3+ pro-inflammatory T 
cell: A Potential Therapeutic Target 
in Crohn’s Disease

Robyn Laura Kosinsky, Ph.D., Michelle M. Gon-
zalez, M.D., Dominik Saul, M.D., Luísa Leite 
Barros, M.D., Mary R. Sagstetter, Yaroslav Fed-
yshyn, Asha Nair, Ph.D., Zhifu Sun, M.D., Feda 
H. Hamdan, Ph.D., Hunter R. Gibbons, Ph.D., 
Brooke R. Druliner, Ph.D., Steven A. Johnsen, 
Ph.D., William A. Faubion, M.D.

Intestinal inflammation displays a major risk 
factor for cancer, however, the contribution of 
CD4+ cell populations remains to be elucidated. 
We provide an in-depth transcriptional assess-
ment of CD4+  cells driving chronic inflammation 
in ileal biopsies isolated from Crohn’s disease 
(CD) patients compared to healthy individuals 
using single cell RNA-sequencing. We identified 
five distinct FOXP3+ regulatory T (Treg) sub-
populations. Tregs isolated from healthy con-
trols represent the origin of pseudotemporal 
development into inflammation-associated sub-
types. These pro-inflammatory Tregs displayed 
a unique responsiveness to TNFα signaling and 
an impaired suppressive activity in vitro as well 
as an elevated cytokine response in an organoid 
co-culture system. As predicted in silico, the 
histone deacetylase inhibitor Vorinostat nor-
malized gene expression patterns, rescuing the 
suppressive function of FOXP3+ cells in vitro. To-
gether, we identified a novel, pro-inflammatory 
FOXP3+ T cell subpopulation in CD patients and 
developed a pipeline to specifically target these 
cells using the FDA-approved drug Vorinostat.

ANP32E drives vulnerability to ATR 
inhibitors through R-loops formation 
in Triple Negative Breast Cancer.

Sara Lago, Vittoria Poli, Lisa Fol and Alessio Zippo

Department of Cellular, Computational and In-
tegrative Biology-CIBIO, University of Trento, 
38123 Trento, Italy.

Triple Negative Breast Cancer (TNBC) is often 
characterized by MYC oncogene overactivation, 
causing dysregulation of gene expression and 
uncontrolled proliferation. We found that the 
expression of ANP32E chaperone protein is in-
creased in dependency of MYC in human mam-
mary epithelial cells, with associated induction 
of genome instability. TCGA data confirmed 
that ANP32E is overexpressed in TNBCs with re-
spect to the other BC subtypes. TNBC patients 
show higher frequency of genomic mutations, 
correlating with higher ANP32E expression. In-
vestigation of the DNA damage response (DDR) 
pathways showed an upregulation of several 
genes in correlation with ANP32E overexpres-
sion. We demonstrated that inhibiting the DDR 
master regulator ATR triggers vulnerability of 
TNBC overexpressing ANP32E in vivo and leads 
to Double-Strand Breaks and micronuclei accu-
mulation in vitro. We hypothesized the involve-
ment of R-loops (DNA:RNA hybrids) in DDR trig-
gering, due to their accumulation after ANP32E 
overexpression and the generation of R-loop 
dependent Transcription Replication Conflicts. 
To clarify the underlying mechanism, we tested 
several DDR players, showing that ANP32E over-
expressing cells have: i) sustained stimulation 
of DDR measured as phRPA32, phChk1, γH2A.X 
and 53BP1 activation; ii) enhanced recruit-
ment of DDR players to specific chromatin loci; 
iii) R-loops accumulation at ANP32E chromatin 
bound sites; ii) elongating RNApolII stalled at 
R-loops sites, resulting in reduced nascent RNA.
With the advantage of Next Generation Se-
quencing technologies, we mapped R-loops ge-
nome wide and observed an accumulation of 
longer, thus more stable, R-loops in dependen-
cy to ANP32E overexpression. Those sites also 
showed an increased phosphorylation of RPA32, 
a surrogate marker for Transcription Replica-
tion Conflicts. The consequent dependency of 
cancers with such biological background from a 
constant activation of DDR puts the bases for a 
successful therapy based on ATR inhibitor drugs.  
Moreover, we observed an empowering of ATR 
inhibitor effect thanks to the synergism with an-
ti-proliferative molecules such as Navitoclax.
In summary, dissection of the molecular mech-
anism linking ANP32E overexpression to the de-
pendency on DDR specific players and fragile 
sites will help to rationally design patient-spe-
cific therapies and identify novel biomarkers for 
TNBC diagnosis.

Hijacking integrin/Hippo signaling 
in prostate cancer blocks neuroendo-
crine progression 
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Introduction 
Neuroendocrine (NE) differentiation in prostate 
cancer (PC) associates with metastasis and poor 
prognosis. While NEPC arises by trans-differenti-
ation of castration-refractory adenocarcinoma, 
rare pre-existing castration-resistant (CR)PC-
like cells exist in untreated primary PC, some 
of which display NE features. The mechanism by 
which the presence of androgens confines NEPC 
precursors and inhibit their ability to exert full 
pathogenic potential remain to be fully eluci-
dated. We hypothesized that the loss of more 
differentiated, androgen-sensitive PC cells 
caused by castration provides the opportunity 
for novel interactions between androgen-inde-
pendent cancer stem/like cells (CSCs), and be-
tween CSCs and the extracellular matrix (ECM), 
eventually supporting NEPC aggressiveness. 
Material and method 
Taking advantage of well-defined lines of mouse 
prostate CSCs with exocrine (PAC-SCs) or neu-
roendocrine features (PNE-SCs) and decellular-

ized extracellular matrix (ECM), we conducted 
an in-depth investigation of the interactions 
between neuroendocrine and exocrine PC cells, 
and of the interactions between these cells and 
the ECM in the contexts of androgen-sufficien-
cy and ablation. We interfered with identified 
molecular pathways in vitro by pharmacologic 
inhibition and gene knock out. We assessed the 
in vivo therapeutic efficacy of inhibitors in pri-
mary metastatic models of NEPC and in vitro on 
human CRPC organoids.  

Results and discussion 
Without androgens, PAC-SCs promoted integrin 
α2 upregulation and YAP activation in PNE-SCs, 
supporting proliferation and invasion, whereas 
differentiated PC cells did not. PC-derived ECM, 
which was stiffer than wild type prostate, also 
supported PNE-SC proliferation and α2 upregu-
lation. RANK/RANKL and NF-kB inhibition pre-
vented a2 upregulation in PNE-SCs, indicating 
a cell-to-cell and cell-to-matrix contact-driven 
process. Integrin α2β1 or YAP inhibition also 
restrained PNE-SC invasion in vitro. While mi-
croenvironment-conditioned PNE-SCs showed 
metastatic behavior in vivo, YAP inhibition al-
most completely blocked NEPC in castrated 
mice and prevented metastasis. YAP inhibitors 
also restrained growth of human organoids from 
CRPC. 
 
Conclusion 
Our findings highlight how interacting and sens-
ing the surrounding environment is pivotal for 
PC development and progression; in fact, mo-
lecular and cellular composition, organization 
and remodeling of the lesion may have profound 
influence on tumor development and progres-
sion. Moreover, this work suggests the possibility 
to act on the integrin α2-YAP axis as a potential 
strategy for PC patients to improve standard-
of-care treatment and prevent therapy-related 
NEPC development.

Oncogenic enhancers prime quies-
cent metastatic cells to escape NK 
immune surveillance by eliciting a 
transcriptional memory

Michelatti Daniela

Metastasis arises from disseminated tumour 
cells (DTCs) that are characterized by intrin-
sic phenotypic plasticity and the capability of 
seeding to secondary organs. DTCs can remain 
latent for years before giving rise to sympto-
matic overt metastasis. In this context, DTCs 
fluctuate between a quiescent and proliferative 
state in response to systemic and microenviron-
mental signals including immune-mediated sur-
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mechanisms sustain DTCs plasticity has not been 
addressed. By interrogating the epigenetic state 
of metastatic cells, we found that tumour pro-
gression is coupled with a re-arrangement of the 
spatial chromatin context of oncogenic enhanc-
ers, that leads to the activation of a robust tran-
scriptional response upon repeated exposure to 
retinoic acid (RA). We showed that this adap-
tive mechanism sustains the quiescence of DTCs 
through the activation of the master regulator 
SOX9, and increases the fitness of metastatic 
cells by supporting the escape of quiescent DTCs 
from NK-mediated immune surveillance. Over-
all, these findings highlight the contribution of 
oncogenic enhancers in establishing transcrip-
tional memories as an adaptive mechanism to 
reinforce cancer dormancy and immune escape, 
thus amenable for therapeutic intervention.

HiCONA: Hi-C Organization with 
Network Analysis

Morelli Leonardo

Chromosome conformation capture (3C) tech-
niques exploit digestion and subsequent rele-
gation of cross-linked chromatin in cell nuclei, 
allowing the identification of spatial proximity 
between DNA sequences. The output of 3C tech-
niques is a matrix, representing the chromatin 
interactome of a population of cells. In order 
to better understand intrinsic relationships be-
tween chromatin interactions, we decided to 
take advantage of network analysis: contact 
maps are interpreted as distance matrices and 
easily transformed into adjacency matrices of 
chromatin networks.
We developed HiCONA, a python package which 
is able to perform several network analysis 
tasks, starting from standard 3C inputs. In par-
ticular, HiCONA generates chromatin network 
starting from files in cool format. Subsequently, 
it performs network sparsification, in order to 
increase the speed of analysis and to improve 
network handling. Starting from the sparse net-
work, we are able to weight the contribution 
of some standard chromatin annotation (ChIP-
peaks, ChromHMM states) to global network 
measures. On the other hand, it is possible to as-
sociate local network measures to chromatin an-
notations. In addition, HiCONA enables the clus-
ter analysis of chromatin networks, exploiting 
the Nested Stochastic Block Model: which allows 
the comparison between different experiments. 
Finally, through the network motifs analysis, it 
is possible to scan chromatin network, search-
ing for enriched chromatin interaction confor-
mations. With HiCONA we dissected the major 
rules of chromatin dynamics and regulation, by 
comparing different 3C-derived datasets.

Telomeric lncRNA TERRA as a po-
tential target for ALT-positive tumors 

Claudio Oss Pegorar1, Irene Pecchini1, Vittorio 
Bontempi1, Marina Mione1 & Emilio Cusanelli1 

1 Department of CIBIO, University of Trento, 
Povo (TN), Italy

Telomeres are nucleoprotein structures found 
at the end of eukaryotic chromosomes and their 
role is to prevent chromosome degradation and 
fusions. Due to the “End Replication Problem”, 
telomeres in somatic cells shorten after each 
cell division, leading to cell cycle arrest, cel-
lular senescence, and ultimately cell death. In 
order to achieve replicative immortality, cancer 
cells elongate telomeres using two mutually ex-
clusive mechanisms: via the reactivation of the 
holoenzyme telomerase, detected in 85-90% of 
human tumors, or via the Alternative Lengthen-
ing of Telomeres (ALT), relying on the homolo-
gous recombination (HR) among telomeres, used 
by 10-15% of human cancers. The ALT telomere 
maintenance mechanism is prevalent in specif-
ic cancer types. For example, 45% of pediatric 
glioblastomas show ALT features. Notably, in 
response to anti-telomerase treatments, tu-
mors are capable of activating a switch in the 
telomere maintenance mechanism known as Tel-
omerase-to-ALT transition, enabling cells to sur-
vive the treatment. Very little is known about 
both the Telomerase-to-ALT transition and the 
mechanisms that trigger ALT remain to be de-
fined. Telomeres also give rise to a class of lncR-
NAs called TERRA (telomeric-repeat containing 
RNA) which play a variety of roles in the cell, 
mainly related to telomere homeostasis. As TER-
RA has been shown to promote HR in ALT-positive 
tumors and its expression is induced in ALT-pos-
itive tumors, as compared to ALT-negative tu-
mors, we hypothesized that TERRA may act as 
a trigger of ALT and its downregulation impair 
the ALT onset and the telomerase-to-ALT tran-
sition, potentially, causing the death of tumor 
cells unable to maintain telomere homeostasis. 
To test this hypothesis, we are currently working 
on a zebrafish model that, through the overex-
pression of the human oncogene RAS, generates 
a brain tumor that resembles a pediatric glio-
blastoma. These tumors have been character-
ized to be ALT-positive and to express increased 
levels of TERRA. We are currently performing a 
downregulation of TERRA through the micro-in-
jection of an antisense oligonucleotide which 
promotes TERRA degradation (TERRA-ASO) in 
single cell embryos of our RAS model. We are 
planning to confirm TERRA downregulation and 
measure whether TERRA-ASO drives a change in 
the ALT status of the tumor at a molecular level 
and investigate its effects on tumor growth and 

development. Our findings will help define the 
use TERRA a possible novel therapeutic target to 
treat ALT-positive tumors.

Development of  PROTACs for Can-
cer Treatment

Eleonora Parolin1, Graziano Lolli1, Ines Manci-
ni2, Andrea dalle Vedove1, Giulia Cazzanelli1,
Marta Stefania Semrau3 and Paola Storici3

1 Department of Cellular, Computational and In-
tegrative Biology, University of Trento, Povo, 
TN, Italy.

2 Department of Physics, University of Trento, 
Povo, Trento, TN, Italy. 

3 Protein Facility, Elettra Sincrotrone Trieste 
S.C.p.A, Basovizza, TS, Italy.

Bromodomain Adjacent To Zinc Finger Domain 2A 
(BAZ2A), also known as TIP5, is a large multi-do-
main protein. BAZ2A is part of the nucleolar re-
modeling complex containing SNF2H (NoRC) and 
is involved in silencing a fraction of mammalian 
rRNAs. The key event in this mechanism consists 
of recognizing the acetylated lysine (Kac)16 at 
histone H4, mediated by the BAZ2A bromodo-
main. Recently, BAZ2A was found overexpressed 
in late-stage prostate cancer. In particular, TIP5 
establishes epigenetic alterations favoring ag-
gressive phenotype and promoting stem cell-like 
features. Thus, blocking the recognition of Kac 
exerted by BAZ2A bromodomain can represent 
a valid strategy for the treatment of prostate 
cancer.
Here, we show a successful example of struc-
ture-based drug design approach, leading to the 
discovery of two potent BAZ2A bromodomain 
inhibitors. However, cell-based assays revealed 
that simple inhibition is insufficient to exert an 
antiproliferative effect.
Consequently, we exploited inhibitors to devel-
op PROTAC degraders. PROTAC technology ex-
ploits a heterobifunctional molecule binding to a 
protein of interest (POI) and E3 ubiquitin ligase. 
By forcing the contact between a BAZ2A bromo-
domain and E3 ligase, developed degraders can 
mediate target ubiquitination and consequent 
degradation through the 26S proteasome. Ob-
tained molecules will be tested on cancer cell 
lines, and degradation will be verified by west-
ern blotting. In addition, ternary complexes will 
be structurally characterized by X-ray crystallo-
graphic analysis.
In conclusion, we developed the first BAZ2A 
PROTAC degrader that represent a valid alter-
native to reduce metastatic potential and avoid 
disease reoccurrence in late-stage prostate can-
cer.

High-resolution molecular atlas of  a 
lung tumor in 3D 
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ya Boltengagen1, Sonja Fritzsche5, Jose Nimo5, 
Lukas Ruff6, Gabriel Dernbach3,6,7, Philipp Jur-
meister8, Sarah Murphy9, Mark Gregory9, Yan 
Liang9, Michelangelo Cordenonsi10, Stefano Pic-
colo10,11, Fabian Coscia5, Andrew Woehler12,13, 
Nikos Karaiskos1, Frederick Klauschen2, Nikolaus 
Rajewsky1, 13, 14, 15,16, 17*

1 Laboratory for Systems Biology of Regulatory 
Elements, Berlin Institute for Medical Systems 
Biology (BIMSB), Max-Delbrück-Centrum for 
Molecular Medicine in the Helmholtz Associa-
tion (MDC), Hannoversche Str. 28, 10115 Berlin

2 Charité – Universitätsmedizin Berlin, corpo-
rate member of Freie Universität Berlin and 
Humboldt- Universität zu Berlin, Berlin School 
of Integrative Oncology (BSIO), Charitéplatz 1, 
10117 Berlin, Germany

3 Institute of Pathology, Charité - Universitäts-
medizin Berlin, corporate member of Freie 
Universität Berlin and Humboldt-Universität 
Berlin, 10117 Berlin, Germany

4 Human Technopole, Palazzo Italia, Viale Rita 
Levi-Montalcini 1,20157 Milan, Italy

5 Spatial Proteomics Group, Max-Delbrück-Cen-
trum for Molecular Medicine in theHelmholtz 
Association (MDC), Berlin, 13125 Germany

6 Aignostics GmbH, 10555 Berlin, Germany
7 BIFOLD - Berlin Institute for the Foundations 
of Learning and Data, Berlin, Germany.

8 Institute of Pathology, Ludwig-Maximil-
ians-Universität, München

9 NanoString® Technologies, Inc., Seattle, WA 
98109, USA

10 Department of Molecular Medicine, University 
of Padua, Padua, Italy

11 IFOM ETS, the AIRC Institute of Molecular On-
cology, Milan, Italy

12 Systems Biology Imaging Platform, Berlin In-
stitute for Medical Systems Biology (BIMSB), 
Max-Delbrück-Centrum for Molecular Medicine 
in the Helmholtz Association (MDC), 10115 
Berlin, Germany

13 Howard Hughes Medical Institute, Janelia re-
search campus, 19700 Helix Drive, Ashburn, 
Virginia 20147

14 Charité - Universitätsmedizin, Charitépl. 1, 
10117 Berlin, Germany

15 German Center for Cardiovascular Research 
(DZHK), Site Berlin, Berlin, Germany

16 NeuroCure Cluster of Excellence, Berlin, Ger-
many

17 German Cancer Consortium (DKTK)



The Pezcoller Foundation Journal - June 2023 The Pezcoller Foundation Journal - June 202338 39

Po
st

er
s

Po
st

er
s 18 National Center for Tumor Diseases (NCT), 

Site Berlin, Berlin, Germany
*  Corresponding author

Solid tumors are complex, three-dimensional 
(3D) tissues shaped by the crosstalk between 
malignant, stromal and immune cells. However, 
while cells live and interact in 3D cellular neigh-
borhoods, histology and spatial omics mostly fo-
cus on 2D tissue sections.
Addressing this technological limitation, we 
present the first 3D molecular reconstruction of 
a human tumor (non-small cell lung cancer) by 
combining the in situ quantification of 960 can-
cer-related genes across ~340,000 cells (CosMx) 
with measurements of tissue-mechanical com-
ponents. Through the unbiased analysis of 3D 
cellular neighborhoods in the tumor microenvi-
ronment, we assigned 18 different cell types to 
10 distinct tumor, stromal, and immune multi-
cellular niches. In this way, we identified tumor 
cells infiltrating beyond the tumor surface and 
went on to analyze the spatio-temporal dynam-
ics of tumor invasion. Interestingly, pseudotime 
revealed that pro-invasive epithelial-to-mesen-
chymal (EMT) already occurred in one region at 
the tumor surface. We then leveraged our mul-
timodal atlas to investigate the mechanical, cel-
lular and molecular make-up of such EMT niche.
Importantly, myofibroblasts and M2 macrophages 
specifically co-localized with pre-invasive tumor 
cells and their combined molecular signature 
predicted poor patient survival. On the other 
hand, cytotoxic T-cells did not infiltrate this 
niche but colocalized with inhibitory dendritic 
and regulatory T cells. Leveraging the sensitive 
detection of receptor and ligand expression, we 
systematically scored cell-cell interactions in 3D 
neighborhoods and identified which signalling 
axes orchestrated tumor invasion, T cell recruit-
ment and immune escape. Compared to 2D, 3D 
neighborhoods improved the characterization 
of immune niches by identifying dendritic nich-
es, capturing the 3D extension of T-cell niches 
and boosting the quantification of niche-spe-
cific cell-cell interactions, including druggable 
immune checkpoints. Overall, we provide the 
proof-of-principle for the computational recon-
struction and systematic molecular exploration 
of 3D cellular neighborhoods, leading to the 
identification of targetable molecular mech-
anisms active in the patient under study (e.g. 
with anti-VEGF and anti-CTLA4 agents). We en-
vision that 3D molecular pathology will inform 
large-scale clinical studies aimed at assessing 
the benefit of mechanism-based, personalized, 
combination therapies in the immuno-oncology 
era.

In vitro implication of  an oleocan-
thal-enriched evoo extract-associat-

ed ros production in the Treatment 
of  resistant gastric cancer

S. Peri2, J. Ruzzolini1, G. Versienti1, S. Urciuoli3, 
L. Calorini 1, C. Nediani1, L. Magnelli1, L. Pap-
ucci1
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medical Sciences “Mario Serio”, University of 
Florence, Viale Giovanni Battista Morgagni, 50 
– 50134 Firenze

2 Department of Experimental and Clinical Med-
icine, University of Florence, Largo Brambilla 
3 - 50134 Firenze

3 PHYTOLAB (Pharmaceutical, Cosmetic, Food 
supplement Technology and Analysis)-DiSIA, 
Scientific and Technological Pole, University of 
Florence, Italy

INTRODUCTION
Gastric Cancer (GC) remains a critical problem 
for health system being the fifth malignancy for 
incidence and the fourth for mortality globally. 
GC has no specific symptoms, therefore the diag-
nosis of the majority of GC is at advanced stag-
es when surgery, the only curative approach, is 
substituted or supported by chemotherapy (CT). 
However frequently CT fails due to patients’ re-
sistance. The possibility to use nutraceuticals in 
association with CT in a “complementary thera-
py” to enhance efficacy of treatment and even-
tually limits side effects reducing dosage could 
represent a breakthrough in tumor therapy. The 
use of extra-virgin olive oil (EVOO) has gained 
the interest of many scientists thanks to its mul-
tiple biological activities and its extremely low 
toxicity for the organism. In particular, Oleocan-
thal (OC), an EVOO compound, characterized by 
an ibuprofen-like chemical action, shows effects 
in many types of cancer. The aim of this work is 
to verify whether an OC-enriched EVOO extract 
(OCF) might be useful to overcome GC resist-
ance.

METHODS
We used the AGS gastric adenocarcinoma cell 
line and its resistant subpopulations obtained 
in our laboratory through chronic exposure to 
5-Fluorouracil (5FUr), Cisplatin (CISr) or Pacl-
itaxel (TAXr). Cells treated with OCF were ana-
lyzed through MTT, Annexin V-PI cytofluorimet-
ric assay, cell cloning ability, ROS evaluation, 
Western Blot and Real-Time PCR.

RESULTS
We found that 60 μM OCF promotes the apop-
totic death of 25-50% wild type AGS, 5FUr and 
TAXr, but not CISr cells, which needs at least 240 
μM. We suggest that OCF efficacy may be due 
to cell cycle inhibition in accordance with its 
ability to promote ROS production, driving a p21 

up-regulation mediated by p53 increase. CISr’s 
OCF higher resistance seems to be dependent 
to greater levels of antioxidants enzymes coun-
teracting OCF-induced intracellular ROS pro-
duction. Treating GC resistant cells with 60 μM 
OCF plus 5-Fluorouracil, Paclitaxel or Cisplatin, 
we found a potentiating effect respect to mo-
no-treatment in all resistant GC cells, including 
CISr. This last finding is of particular importance 
in view of the therapeutic protocol represented 
by FLOT regimen where these drugs are used.

CONCLUSIONS
These preliminary results open-up the possibili-
ty to evaluate efficacy of OCF in vivo, as valua-
ble adjuvant in resistant GC treatment.

NAT so perfect: Limitations of  nor-
mal adjacent tissue as a standard 
control in colorectal cancer research

Patricia Raude1, Dominik Saul, MD2,3, Onur Mert 
Batmaz1, Christina Parpoulas1, Robyn Laura Ko-
sinsky, PhD1

1 Robert Bosch Center for Tumor Diseases, Stutt-
gart, Germany

2 Division of Endocrinology, Mayo Clinic, Roch-
ester, MN, USA

3 Department of Trauma and Reconstructive Sur-
gery, Eberhard Karls University Tübingen, BG 
Trauma Center Tübingen, Germany

Normal adjacent tissue (NAT), characterized by 
histological normalcy, is utilized as a “healthy” 
control to be compared to tumor tissue in most 
cancer studies. Previous work has already de-
tected transcriptome-wide differences between 
NAT and tissue isolated from healthy individu-
als by bulk RNA-sequencing. However, which 
cell populations contribute to the difference 
between NAT and healthy tissues and how they 
differ at the gene expression levels remains un-
known. This knowledge could be used to identi-
fy biomarkers to differentiate between healthy 
tissue and NAT. 
Here, we analyzed datasets of state-of-the-art 
next-generation sequencing techniques including 
single-cell RNA sequencing (scRNAseq) and spa-
tial transcriptomics of colorectal cancer (CRC) 
samples, corresponding NAT as well as colorec-
tal biopsies isolated from healthy individuals. In 
general, NAT displayed a substantial infiltration 
of immune regulatory cells, especially B and T 
cells. In fact, most of these cells were highly 
distinct at the gene expression level when com-
paring NAT to healthy samples and, as expected, 
NAT displayed a significant enrichment of inflam-
mation-associated pathways. By incorporating 
scRNAseq and spatial transcriptomic profiling of 

CRC sections, we identified nine marker genes 
for differentiation between healthy, NAT, and 
tumor samples. The differential regulation of 
these nine markers was validated in bulk RNAseq 
datasets as well as in immunohistochemically 
stained human CRC and healthy tissue. Final-
ly, to evaluate how to revert the gene expres-
sion pattern of NAT to the healthy situation, we 
employed A Single-cell Guided pipeline to Aid 
Repurposing of Drugs (ASGARD) analysis, a bioin-
formatics tool that identifies treatment options 
based on transcriptomic changes. As suggested 
by our in silico findings, treating human CRC cell 
lines with histone deacetylase inhibitors in vit-
ro reversed the expression patterns of the nine 
markers we found. Together, our findings will 
lead to a better selection of control tissue, ena-
ble the identification of the healthy/NAT tissue 
margin in CRC patients, and establish a pipeline 
for the research community to use suitable con-
trols in their studies. In addition, we identified 
a treatment option to shift the transcriptome 
of NAT and tumor into the direction of healthy 
tissue. This treatment regimen opens up a new 
view on cancer treatment and post-surgical care 
to allow for the complete removal of cancer-like 
features within the colorectum.

Deciphering the role of  Pin1 in the 
interplay between nuclear mech-
anotransduction and innate immuni-
ty in breast cancer

Rustighi A.1,2, Bertolio R.1,2, Guissouegou Dou-
bi M.2, Triboli L.1,2, Zanatta R.1,2, Albano M.1,2, 
Napoletano F.1,2, Sommaggio R.3, Benvenuti F.4, 
Cancila V.5, Rosato A.3, Tripodo C.5,7, Scita G.7, 
Foiani M.7, Piccolo S.6,7, Del Sal G.1,2,7
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este, 34127 Trieste, Italy. 
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4 Cellular Immunology group, ICGEB, Area Sci-
ence Park, 34149 Trieste, Italy. 
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Biomechanical alterations characterize most 
tumors and elicit cell responses contributing to 
tumor progression. Transduction of mechanical 
signals from the ECM to chromatin by cytoskel-
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adaptation of nuclear envelope (NE) structure, 
chromatin
organization, and gene expression to mechani-
cal cues. In mechanically challenged cells, lack 
of key mechanosensors causes NE/DNA damage, 
with cytosolic leakage of DNA, triggering cGAS/
STING innate immunity pathway. We recently 
found that in normal cells, the prolyl isomerase 
Pin1 plays a key role in the maintenance of NE 
and heterochromatin (HC), in response to me-
chanical stress (Napoletano et al., Cell Reports 
2021). Pin1 loss/inhibition led to NE malforma-
tions, HC relaxation, causing mobilization of 
transposable elements (TEs) and DNA damage, 
which led to IFN-I induction and cell death. 
Cancer cells experience mechanical challenges 
during tumor progression and mount a nuclear 
mechano-protective response, whose failure 
causes NE/genome damage, leading to cGAS/
STING/IFN-I pathway activation and promoting 
immune surveillance. In cancer, Pin1 is upregu-
lated and amplifies tumorigenic pathways, while 
its depletion/inhibition curbs tumor
growth, sensitizing to therapies. We posit that 
in cancer cells, Pin1 could maintain NE/genome 
integrity, and that Pin1 loss/inhibition could 
cause NE/DNA damage and HC relaxation lead-
ing to TE hyperactivity, thus activating cGAS/
STING/IFN-I. We assessed the role of Pin1 in me-
chanical response of cancer cells, using breast 
cancer (BC) cells 3D-cultured in matrices with 
defined composition and mechanical properties. 
Also, we assessed the role of Pin1 in maintaining
NE/genome integrity, generating Pin1 CRISPR KO 
BC cells and mouse models, in which Pin1 can 
be specifically knocked-out in cancer cells. In 
mechanically challenged BC cells, Pin1 was re-
cruited to the NE and required to maintain NE 
structure and HC condensation. Pin1 KO caused 
NE ruptures,
HC relaxation, TE upregulation, DNA damage, 
and cGAS/STING/IFN-I activation. In vivo, using 
the syngeneic 4T1/Balb/c BC lung metastasis 
model, Pin1 knockdown in metastatic cells led 
to cGAS/STING activation and immune cells in-
filtration, with reduction of tumor mass. Impor-
tantly, similar effects were obtained with Pin1 
inhibitors, which also synergized with Immune 
checkpoint blockade (ICB). We have provided 
evidence that Pin1 could be a key regulator of 
mechanoresponse in cancer cells and treatment 
with Pin1 inhibitors could sensitize BC cells to 
ICB.

Generating patient-specific networks 
to unveil mechanisms of  cancer drug 
resistance 
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Cancer is primarily a signaling disease: genet-
ic and epigenetic alterations drastically impact 
key pathways, leading to tumor onset and pro-
gression. Most of targeted approaches are di-
rected against signaling molecules. However, 
the success of targeted therapies is often limit-
ed and drug resistance mechanisms arise, lead-
ing to therapy failure and dismal patient prog-
nosis. To address this issue, a comprehensive, 
patient-specific characterization of signaling 
network rewiring can offer the unprecedented 
opportunity to identify novel promising, effec-
tive combinatorial treatments. Here, to identi-
fy genotype-driven anti-cancer strategies, we 
developed “SignalingProfiler”, a strategy sup-
porting the integration of high-sensitive mass 
spectrometry-based (phospho)proteomics, RNA 
sequencing datasets with literature-derived 
signaling networks. We applied this approach 
to propose novel combinatorial treatments in-
creasing the drug sensitivity of acute myeloid 
leukaemia patients, carrying internal tandem 
duplications (ITDs) in the FLT3 gene. 
Our approach enabled to generate FLT3-ITD gen-
otype-specific predictive models and revealed 
a novel and conserved role of the WEE1-CDK1 
axis in drug resistance. Remarkably, pharma-
cological suppression of WEE1 kinase synergiz-
es and strengthens the pro-apoptotic effect of 
TKIs therapy in cell lines and patient-derived 
primary blasts. Finally, our work demonstrates 
how unbiased, system-level studies have the 
potential to accelerate the discovery of more 
granular, patient-specific mechanisms of disease 
and chemoresistance toward the identification 
of more effective therapeutic approaches.

Inhibition of  mitochondrial trans-
lation by streptogramin antibiotics 
suppresses glioblastoma stem cell 
growth

Denise Sighel, Emanuele Filiberto Rosatti, Ja-
copo Vigna, Giulia Battistini, Michela Notaran-
gelo, Shintaro Aibara, Valentina Adami, Chiara 
Ambrosini, Francesca Broso, Mariachiara Bucca-
relli, Matteo Pavan, Lucia Ricci-Vitiani, Joanna 
Rorbach, Roberto Pallini, Sandrine Roulland, 
Stefano Moro, Alexey Amunts, Ines Mancini, An-
gelika Modelska, and Alessandro Quattrone

IDH wild-type glioblastoma (GBM) is the most 
common central nervous system malignancy in 
adults. It is highly aggressive and inevitably le-
thal, having a median survival of 12-15 months 
after diagnosis and a 5-year survival of less than 
5%. New therapeutic strategies for glioblasto-
ma treatment, especially tackling the tumour’s 
glioblastoma stem cell (GSC) component, are 
an urgent medical need. GSCs rely highly on ox-
idative phosphorylation (OXPHOS), whose func-
tion requires mitochondrial translation. Here 
we explore the therapeutic potential of tar-
geting mitochondrial translation and report the 
results of high-content screening with putative 
blockers of mitochondrial ribosomes. We iden-
tify the streptogramin antibiotic combination 
quinupristin/dalfopristin (Q/D) as an effective 
suppressor of GSC growth. Q/D also decreases 
the clonogenicity of GSCs in vitro, consequent-
ly dysregulating the cell cycle and inducing ap-
optosis. Cryoelectron microscopy reveals that 
Q/D binds to the large mitoribosomal subunit, 
inhibiting mitochondrial protein synthesis and 
functionally dysregulating OXPHOS complexes. 
Guided by docking calculations we have syn-
thesized a series of twenty-two streptogramin 
A derivatives and we performed a structure-ac-
tivity relationship refinement to evaluate the 
capability of these compounds to suppress GSC 
growth and inhibit mitochondrial translation, 
either alone or in combination with quinupris-
tin. Among all, the fluorine derivatives and in 
particular flopristin resulted in being more po-
tent than the corresponding lead compounds 
and penetrating to a greater extent into the 
cells. Taken together these data suggest that 
targeting mitochondrial translation could 
be explored to therapeutically suppress GSC 
growth in GBM and that Q/D or the flopristin 
derivative could potentially be repurposed for 
cancer treatment and are worthy of further in 
vivo evaluation.

Adoptive cell therapy with Cy-
tokine-Induced Killer cells retarget-

ed with immunotools against HER-2 
expressing breast cancer.

Roberta Sommaggio, Elisa Cappuzzello, Emil-
ia Vigolo, Giulia D’Accardio, Anna Dalla Pietà, 
Matthias Peipp, Antonio Rosato

BACKGROUND: Cytokine-Induced Killer (CIK) 
cells are a heterogeneous population of T lym-
phocytes expressing CD3 and CD56, expanded 
and activated ex vivo from peripheral blood 
mononuclear cells (PBMCs) or cord blood, with 
the addition of recombinant human interferon-γ 
(rhIFN- γ), anti-CD3 monoclonal antibody (mAb), 
and recombinant human interleukin-2 (rhIL-2).
CIK cells are achieving considerable clinical 
relevance, due to the low risk of acute graft 
versus host disease (GvHD) in both autologous 
and allogeneic settings, their feasibility, and 
the limited costs of production. In this study we 
combined CIK cells with both the mAb Trastu-
zumab (TRS), due to the CD16a expression, or 
with the engineered mAb Trastuzumab (TRS) 
V90Lec13, which bears two amino acid substitu-
tions (S239D/I332E) and lacks Fc fucosilation, or 
with the bispecific single chain Fragment varia-
ble (bsscFv) Her2xCD3.

MATERIALS & METHODS: CIK cells were obtained 
from PBMCs of both healthy donors and breast 
Her2+ cancer patients, by the addition of IFNγ, 
OKT3 and IL-2. The effector cell cytotoxicity 
and the dose-dependent activity of HER2xCD3 
and TRS V90lec13 were evaluated with a 4-hours 
Calcein- AM assay or with a 72-hours real-time 
cell analysis (XCELLigence) against HER-2-ex-
pressing breast cancer cell lines. The concentra-
tion of cytokines released upon the co-colture 
of CIK cells with target cells was assessed with 
a multiplex assay (MACSPlex). The biodistribu-
tion of the bsAb was evaluated in NSG mice upon 
the chemical conjugation of HER2xCD3 with a 
fluorophore.

RESULTS: CIK cells from patients cultured in 
GMP condition are able to expand in clinically 
relevant number. The bsAb HER2xCD3 showed 
to bind exclusively to HER-2 target antigen and 
CD3 complex on the effector cells and the com-
bination with CIK cells resulted in a significant 
improvement of the antigen-specific cytotoxic 
activity against breast cancer cell lines, as the 
combination of CIK cells with TRS or the (TRS) 
V90Lec13. In particular, in a real time analysis 
showed that even at a very low effector/target 
(E/T) ratio, such as 0.1:1 E/T ratio, CIK cells 
combined with HER2xCD3 had a remarkable 
cytotoxicity, that completely kill target cells. 
Interestingly, TRS-resistant tumor cell lines 
showed to be sensitive to HER2xCD3-redirected 
CIK cell lytic activity. Moreover, bsAb
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trations, and the cytokines released from CIK 
cells matched with a proinflammatory profile, 
with no significant concentration of cytokines 
correlated with Cytokines Release Syndrome 
(CRS). The analysis of the in vivo biodistribution 
showed that the bsAb arrives efficiently at the 
tumor site where accumulates and reaches the 
maximum concentration 8 hours after i.v. injec-
tion.

CONCLUSIONS: Taken together, these results 
highlight the potentiality of using recombinant 
immunotools to improve the antigen-specific cy-
totoxic activity of CIK cells against HER-2 posi-
tive tumor cells.

The ATG5 autophagy-independent 
interactome in epithelial to mesen-
chymal transition 

Giulia Tedesco, Valentina Damiano, GiuliaVanin, 
Manuela Santarosa, Roberta Maestro

Unit of Oncogenetics and Functional Oncog-
enomics, Centro di Riferimento Oncologico di 
Aviano (CRO) IRCCS, Aviano, Italy

Autophagy is a highly conserved catabolic 
process used by cells to degrade and recycle 
non-functional cellular components such as 
proteins and organelles and to maintain cellu-
lar homeostasis. During autophagy, autophago-
somes, double-membraned vesicles enclosing 
intracellular substrates, deliver their content 
to lysosomes for recycling. Autophagy addiction 
is a common feature in advanced and drug-re-
sistant tumors and it is often associated with 
activation of epithelial-mesenchymal transition 
(EMT), a molecular program that boosts tumor 
cell aggressiveness. ATG5 is a key autophagic 
molecule that interacts with ATG12 and ATG16 
to induce autophagic vesicle elongation. Recent 
studies indicate that ATG5 affects EMT in both 
autophagy-dependent and -independent man-
ner. Data collected in our laboratory suggest 
that ATG5 plays an autophagy-independent role 
in modulating EMT, but the mechanism of ac-
tion remains to be elucidated. To identify the 
molecular mechanisms behind the proposed au-
tophagy-independent activity of ATG5 and de-
termine whether this activity may be involved 
in breast cancer subtypes characterized by mes-
enchymal features (basal-like and triple nega-
tive breast cancer, TNBC), we interrogated the 
data from the TCGA-BRCA project. This analysis 
revealed that ATG5 expression was increased 
in TNBC, compared to other BC subtypes and 
associated with poor prognosis. Modulation of 
ATG5 in BC cell lines affected the transcription 

of both epithelial (E-cadherin) and mesenchy-
mal markers (ZEB1, vimentin). Since ATG5 is not 
a transcription factor, we hypothesized that it 
may participate to EMT by acting as a cofactor. 
Therefore, we profiled the ATG5 interactome in 
TNBC cell lines overexpressing either ATG5 or 
an autophagy-deficient ATG5 allele (ATG5Фdef). 
Liquid chromatography mass spectrometry (LC-
MS/MS) of affinity purified ATG5 interactors iden-
tified a number of positive hits. These included 
a group of known autophagic genes (validating 
the approach) but also a number of non-auto-
phagic proteins we are currently investigating in 
deeper detail.

Dedifferentiated liposarcoma with 
rhabodmyoblastic differentiation: 
molecular dissection of  a particular-
ly aggressive sarcoma variant

Beatrice Valenti1, Maria Elena Ciuffetti1, Davide 
Baldazzi1, Ilaria De Benedictis1, Monica Bren-
ca1, Dominga Racanelli1, Sandro Pasquali, Silvia 
Brich2, Silvia Stacchiotti2, Paola Collini2, Marta 
Sbaraglia3, Alessandro Gronchi2, Angelo Paolo 
Dei Tos3,4, Roberta Maestro1

1 Unit of Oncogenetics and Functional Oncog-
enomics, Centro di Riferimento Oncologico di 
Aviano (CRO Aviano) IRCCS, National Cancer In-
stitute, Aviano, Italy. 

2 Departments of Surgery, Pathology, Fondazione 
IRCCS Istituto Nazionale dei Tumori, Milan. 

3 Department of Pathology, Azienda Ospedaliera 
Universitaria di Padova, Padua, Italy. 

4 Department of Medicine, University of Padua 
School of Medicine, Padua, Italy.

Dedifferentiated liposarcomas (DDLS) are rare 
and aggressive adipogenic tumors arising in the 
limbs and in the retroperitoneum. The gain of 
myogenic features, namely rhabdomyoblastic 
dedifferentiation, marked by the activation of 
myogenin (MYOG), correlates with poor out-
come. To shed light on the pathobiological char-
acteristics of this aggressive DDLS variant, we 
investigated the transcriptome of 42 retroper-
itoneal DDLS (9 MYOG+ and 33 MYOG-). Unsu-
pervised analysis of RNA-sequencing data high-
lighted a net separation between MYOG+ and 
MYOG- DDLS. Functional annotation of differ-
entially expressed genes, besides enrichment of 
myogenic signaling (with activation of numerous 
genes involved both in early and late skeletal 
muscle differentiation, besides MYOG), showed 
enrichment of proliferation-related pathways 
(e.g. MYC, E2F) in MYOG+ vs MYOG- DDLS. Con-
versely, an enrichment for immune-related sig-
natures was observed in MYOG- DDLS. Both in 

silico and in situ analyses indicated that MYOG+ 
DDLS are less infiltrated by immune elements 
that MYOG- tumors. This reduced infiltration 
correlated with a lower expression of genes of 
the antigen presenting machinery. Our data sug-
gest that rhabdomyoblastic DDLS are character-
ized by a profound transcriptional reprogram-
ming, with activation of a whole set of genes 
involved in skeletal muscle differentiation and 
cell proliferation, and a reduced immune infil-
tration. The hyperactivation of the MYC signa-
ling is known to induce phenomena of immune 
exclusion. Thus, this pathway could contribute, 
at least in part, to the aggressive clinical course 
of this variant by promoting both unfueled cell 
proliferation and evasion from immune surveil-
lance.

Bcl-2 family inhibitors sensitize hu-
man cancer models to therapy

Elisabetta Valentini1*, Marta Di Martile1*, Mat-
teo Brignone1, Marica Di Caprio1, Isabella Man-
ni2, Michela Chiappa3, Ilaria Sergio4, Martina 
Chiacchiarini1, Chiara Bazzichetto1, Fabiana 
Conciatori1, Simona D’Aguanno1, Carmen D’An-
gelo5, Rino Ragno6, Michelangelo Russillo7, Gi-
anni Colotti8, Francesco Marchesi9, Maria Laura 
Bellone10, Fabrizio Dal Piaz10, Maria Pia Felli4, 
Giovanna Damia3, Donatella Del Bufalo1. *Equal 
contribution
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Cancer patients often show intrinsic/innate or 
acquired resistance to treatments that ulti-
mately results in death, thus, managing these 
patients represents a challenge, and new ther-
apeutic options are needed. One attractive 
strategy is the combination of currently avail-
able therapies with inhibitors of anti-apoptot-
ic proteins from the Bcl-2 family, which are 
often expressed at high levels in various types 

of cancers. Thus, favouring apoptosis could rep-
resent a valuable approach overcoming resist-
ance.BH3 mimetics, targeting the Bcl-2 family 
anti-apoptotic proteins, represent a promising 
therapeutic opportunity in cancers. In 2016, 
venetoclax/ABT-199, a specific Bcl-2 inhibitor, 
was approved by the FDA for the treatment of 
several kinds of leukemia and lymphoma, thus 
validating the relevance of targeting apoptotic 
machinery in onco-hematological neoplasms. In 
addition, the first clinical study analyzing the 
efficacy of venetoclax in solid tumors evidenced 
a good activity in metastatic breast cancer. Ex-
perimental findings support the use of anti-ap-
optotic protein inhibitors in combination ther-
apy both in melanoma and ovarian carcinoma. 
Inhibition of BRAF and/or MEK/ERK pathways, 
which together with immunotherapy represent 
the standard-of-care for melanoma treatment, 
has been reported to modulate the expression 
of some members of the Bcl-2 family. We have 
recently identified IS21, a pan-inhibitor of an-
ti-apoptotic proteins with antitumor activity 
in different histotypes, including melanoma. 
Based on these data, the aim of this project was 
to evaluate the efficacy of IS21 and other BH3 
mimetics, both as single agents and combined 
with the currently used antineoplastic agents 
in T-cell acute lymphoblastic leukemia, ovarian 
cancer and melanoma. Our results showei) IS21 
was active in T-cell acute lymphoblastic leu-
kemia, melanoma, lung, pancreatic, and ovar-
ian cancer cell lines; ii)Bcl-xL and Mcl-1 protein 
levels predicted IS21 sensitivity in melanoma 
and ovarian cancer, respectively. In combination 
experiments, BH3 mimetics sensitized leukemia 
cells to chemotherapy, ovarian cancer cells to 
PARP inhibitors and melanoma models to MAPK 
inhibitors.We showed that this enhancing effect 
was related to the potentiation of the apoptotic 
pathway, both in hematologic and solid tumors.
In conclusion, our data suggest the use of inhib-
itors of anti-apoptotic proteins as a therapeutic 
strategy to enhance the efficacy of anticancer 
treatment.

The transcription factors NFATc1 
and NFATc2 control glucocorticoid 
resistance in paediatric T-cell acute 
lymphoblastic leukemia 

Veltri G.1, Peloso A.1, Cani A.1, Borile G.1, Russo 
L.2, Simon K.1, Chiara F.1, Minuzzo S.3, Indracco-
lo S.3, Biffi A. 1, Bresolin S. 1, Ntziachristos P.4, 
Serafin V.1,3 
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Resistance to Glucocorticoids (GCs), such as 
prednisone and dexamethasone, represents the 
major obstacle in the treatment of pediatric 
T-cell Acute Lymphoblastic Leukemia (T-ALL) 
patients. Indeed, for those patients that display 
GC resistance (~25%), no novel therapeutic op-
tions are available, and the prognosis is dismal. 
Therefore, the identification of new mecha-
nisms underlying GC resistance can suggest al-
ternative therapeutic approaches to overcome 
GC resistance clinical issue. In a previous study 
we demonstrated that LCK kinase contributes 
to GC resistance and that its inhibition, both in 
vitro and in vivo, sensibilizes T-ALL cells to GC. 
Recently, we uncovered the involvement of the 
NFAT family of transcription factors, downstream 
LCK, in GC resistance in T-ALL cells.  Specifically, 
we observed that NFATc1 and NFATc2 are more 
expressed in GC resistant T-ALL patients at the 
diagnosis and that their specific gene silencing 
in T-ALL GC resistant cell line models increas-
es dexamethasone response, by restoring the 
Glucocorticoid Receptor transcriptional activi-
ty. Conversely, NFATc1 or NFATc2 overexpression 
in a murine T-ALL GC sensitive cell line confers 
resistance to dexamethasone treatment. Addi-
tionally, we observed that NFATc1 gene silenc-
ing in T-ALL GC resistant cells results in a de-
creased amount of intracellular cholesterol, as 
well as a reduced number of plasma membrane 
lipid rafts (LRs), and consequently a decreased 
expression/activation of LCK kinase, anchored 
in LRs. Furthermore, we revealed that NFATc1 
modulates cholesterol biosynthesis in T-ALL GC 
resistant cells by directly regulating the tran-
scription of the HMGCS1, DHCR7 and EBP en-
zymes.  Overall, these results indicate the ex-
istence of a positive feedback loop between LCK 
and NFATc1 to modulate GC response in T-ALL 
cells, in which cholesterol is a key player. In 
agreement, the addiction of exogenous choles-
terol to T-ALL NFATc1 knock-down cells, rebuilds 
GC resistance. Otherwise, NFATc2 gene silencing 
leads to a downregulation of the Wnt/β-catenin 
signalling pathway and increases GC resistant 
T-ALL cell differentiation. In agreement, the in-
duction of Wnt/β-catenin signaling activation, 
by Wnt3a stimulation, restores the resistance 
to dexamethasone treatment in NFATc2 knock-
down T-ALL cells. Finally, the in vitro inhibition 
of cholesterol biosynthesis by simvastatin or of 
Wnt/β-catenin by ICG-001, increases GC sen-
sitivity in T-ALL GC resistant cells. Altogether 

these results suggest that NFATc1 and NFATc2 
guide GC resistance in T-ALL cells regulating dif-
ferent well-known cellular biological processes 
involved in chemotherapy resistance, such as 
cholesterol biosynthesis and Wnt/β-catenin sig-
naling.  Therefore, the pharmacological inhibi-
tion of these signaling pathways can represent 
new therapeutic options for T-ALL GC resistant 
patients to overcome GC resistance, ameliorat-
ing their outcome.

Synthesis, Characterization and 
Evaluation of  Arsenicin A Related 
Polyarsenicals as Inhibitors of  Glio-
blastoma Stem Cell Growth 

Jacopo Vigna1,2, Denise Sighel1, Emanuele Filib-
erto Rosatti1, Andrea Defant2, Alessandro Quat-
trone1, and Ines Mancini2 

1 Department of Cellular, Computational and In-
tegrative Biology, CIBIO, University of Trento, 
38123 Trento, Italy. 

2 Laboratory of Bioorganic Chemistry, Depart-
ment of Physics, University of Trento, 38123 
Trento, Italy. 

BACKGROUND: Glioblastoma is a highly aggres-
sive type of brain tumor that represents a signifi-
cant medical challenge due to its aggressiveness 
and resistance to current therapies. Developing 
novel drugs that target this tumor is a urgent 
priority. One promising chance is represented 
by organic polyarsenicals related to the marine 
metabolite Arsenicin A (Figure 1a) isolated from 
a New Caledonian sponge [1], that has already 
shown remarkable antitumor activities in NCI-US 
screening. [2] 

OBJECTIVE: Chemical synthesis of Arsenicin A 
analogs and evaluation of their properties in the 
inhibition of glioblastoma stem cells (GSCs). 

RESULTS: We recently reported the efficient and 
selective synthesis of new polyarsenical com-
pounds. [3] These analogs share the peculiar 
adamantane-like arsenicin A cage with differ-
ent alkyl substituents or a arsenic-sulfur related 
core structures (Figure 1b). The latter thio-an-
alogs were unambiguous characterized with the 
support of simulated NMR spectra. The alkyl 
compounds 1-3 have the best chemico-physical 
properties and were for this selected for bio-
logical investigation against GSCs. The inhibition 
results were compared with current available 
chemotherapy drug (Temozolomide) and arsenic 
trioxide (ATO), a compound approved by FDA for 
the treatment of acute promyelocytic leukemia 
but characterized by not so favorable chemi-
co-physical properties. The synthesized com-

pounds inhibited the growth of nine GSC lines 
potently, with GI50 values in the submicromolar 
range, both under normoxic and hypoxic con-
ditions, and presented high selectivity toward 
non-tumor cell lines (Figure 1c). Moreover, we 
found that these molecules can strongly induce 
apoptosis in COMI cells in a dose-dependent 
manner at concentration around their GI50 val-
ues.

CONCLUSION: We have efficiently produced, pu-
rified and structurally characterized synthetic 
alkyl polyarsenicals able to inhibit the growth of 
GSCs in a potent and selective way.

[1] Mancini I. et al. Chemistry Eur. J. 2006, 12, 8989.
[2] Mancini I. et al. Sci Rep 2017, 7, 11548.
[3] Vigna J. et al. Mar. Drugs 2023, 21, 186.

Extracellular matrix-targeted PS-
MA-CAR T cell therapy: a next-gen-
eration approach to treat Prostate 
Cancer.

Giulia D’Accardio1*, Emilia Vigolo2*, Roberta Som-
maggio1, Elisa Cappuzzello2, Antonio Rosato1,2

1 Department of Surgery, Oncology and Gastro-
enterology, University of Padua, Padua, Italy

2 Veneto Institute of Oncology IOV-IRCCS, Pad-
ua, Italy

* These authors contributed equally to this work

BACKGROUND: Adoptive cell therapy (ACT) with 
T lymphocytes expressing Chimeric Antigen Re-
ceptors (CAR-T) has emerged as a promising im-
munotherapeutic strategy to treat haematolog-
ical malignancies. However, CAR-T cell therapy 
in solid tumor remains challenging, mainly due 
to the immunosuppressive tumor microenviron-
ment (TME). The high-density extracellular ma-
trix (ECM) contributes to tumor immunosuppres-
sion by blocking immune cell infiltration, hence 
it has recently emerged as a novel therapeutic 
target. Among others, the prostate cancer (PCa) 
ECM is particularly rich in collagen and hyalu-
ronic acid. Our group have successfully devel-
oped CAR-T cells against the prostate-specific 
membrane antigen (PSMA), but the immunosup-
pressive TME still remains a primary challenge.

MATERIALS AND METHODS: Herein, we developed 
a next-generation PSMA CAR-T cells engineered 
to coexpress either collagenase (MMPs) or hyalu-
ronidase (PH20), to overcome the poor invasion 
and trafficking of CAR-T cells in PCa. We tested 
the co-expression of the transgenes by Western 
blotting and flow cytometry analysis in Jurkat 
cells and primary T cells. The PSMA-CAR cyto-
toxicity was assessed in-vitro by co-culturing 

engineered T cells and either LNCaP or PC3-PiP 
cells, which constitutively express the PSMA an-
tigen. PH20 functionality was assessed by per-
forming particle exclusion assay to measure in 
vitro the pericellular matrix formation and sub-
sequent degradation. While, MMP14 collagenase 
activity was evaluated by transwell cell invasion 
assay in Matrigel.

RESULTS: Firstly, we cloned either collagenase 
(MMPs) or hyaluronidase (PH20) downstream 
the PSMACAR transgene in a clinically relevant 
lentiviral vector. We then infected Jurkat (PSMA 
CAR.E-J) and primary T (PSMA CAR.E-T) cells, 
and we observed a high expression of both PS-
MA-CAR and enzyme proteins. Next, the PSMA 
CAR.E-T cells showed a higher cytotoxic activ-
ity when co-cultured with PC3-PiP and LNCaP 
cells, when compared to the PSMA CAR.E-T cells 
co-cultured with PSMA-negative PC3 cells. Last-
ly, preliminary results demonstrated that PSMA 
CAR.E-J cells are able to successfully degrade 
both HA- and collagen-based ECM mimicking 
matrix, favouring effector cells migration to-
wards tumor cells.

CONCLUSIONS: Our preliminary data indicate 
that we successfully obtained cytotoxic PSMA 
CAR.E-T cells, which are able to deliver genet-
ically encoded payloads such as ECM-degrading 
enzymes. In this work, we propose a promising 
strategy to enhance CAR-T cells infiltration, in-
vasion and finally therapeutic efficacy on PCa, 
which can be easily applied to other ACT and 
other tumor types.

IL-1ß+ macrophages fuel pathogenic 
inflammation in pancreatic cancer

Vittoria FM1,2, Caronni N1,2, La Terza F1,3, Mez-
zanzanica L1,2, Cuzzola V1,2, Leonardi C1,3, Barre-
si S1, Citro A4, Crippa S2,5, Doglioni C2,6, Schiavo 
Lena M6, Piemonti L4, Barbiera G1, Genua M1, 
Ostuni R1,2.
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Pancreatic ductal adenocarcinoma (PDAC) is a 
lethal disease with high resistance to therapies. 
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co-exist in the tumor microenvironment (TME), 
leading to dysregulated reparative and cytotox-
ic responses. Tumor-associated macrophages 
(TAMs) control immune dynamics in the TME, 
but their heterogeneity and plasticity have 
hampered our understanding of the underlying 
mechanisms. Here, we combined single-cell and 
spatial genomics with functional experiments 
to elucidate macrophage functions in PDAC. We 
uncovered an inflammatory cross-talk between 
tumor cells and TAMs that fuels disease progres-
sion. In particular, scRNAseq analysis of human 
PDAC and of mouse models of pancreatic cancer 
uncovered IL-1ß+ TAMs, a subset co-expressing 
inflammatory and reparative genes. Virtually 
undetectable in the healthy pancreas, IL-1ß+ 
TAMs accumulated during PDAC progression in 
descrete inflamed area of the tumor stroma and 
were elicited by a local synergy between pros-
taglandin E2 (PGE2) and tumor necrosis factor 
(TNF)-a. IL-1ß release in the TME induced an in-
flammatory reprogramming of tumor cells that, 
in turn, released increasing levels of PGE2 and 
TNFa, thus supporting a positive feedback loop 
sustaining the IL-1ß TAM state. Interfering with 
the PGE2-IL-1ß axis elicited TAMs reprogram-
ming and antagonized tumor cell-intrinsic and 
-extrinsic inflammation, leading to PDAC control 
in vivo. IL-1ß+ TAMs are conserved across human 
cancers and correlate with patient survival in a 
context-dependent manner.
In conclusion, our data highlight a key role of 
the PGE2-IL-1ß axis in driving pathogenic
inflammation and fueling cancer progression. 
Thus, targeting IL-1ß+ TAMs may represent a 
powerful therapeutic strategy to reprogram im-
mune dynamics in cancer.

Cardiac extracellular matrix com-
position and stiffness in adult mice 
contribute to the inhibition of  cancer 
cell migration

Thi Van Anh Vu, Michele Zanetti, Laura Andolfi, 
Nina Volf, Daniela Lorizio, Isotta Pasti, Andrea 
Colliva, Banfi Cristina, Serena Zacchigna

Cardiac metastases are uncommon and the 
ectopic injection of cancer cells into the my-
ocardium results in their poor local invasion 
and infiltration, and the formation of small and 
avascular tumors. Extracellular matrix (ECM) 
composition and stiffness are recognized to play 
an essential role in the control of tumor migra-
tion, invasiveness, and metastases by multiple 
mechanisms, including regulating the activity of 
transcription factors and stimulating angiogene-
sis. Accordingly, cancer cell migration depends 
on the protein composition and the specific 

structure of the ECM. On the other hand, low 
ECM stiffness decreases epithelial, endotheli-
al, and cancer cell proliferation and migration. 
An intriguing possibility is that the cardiac ECM 
composition and stiffness contribute to the mi-
gration suppression of cancer cells in the adult 
heart. To experimentally explore this possibility, 
we compared the composition and mechanical 
properties of cardiac ECM with those of lung 
ECM, as the lung is often colonized by cancer 
cells. We used two complementary approach-
es to obtain and study organotypic ECM: first, 
we decellularized the ECM from the two organs 
and, second, we purified both cardiac and lung 
primary fibroblasts and let them produce ECM 
ex vivo for a total of seven to eleven days. In 
both cases, the obtained ECM was characterized 
by proteomics, JPK II atomic force microscopy, 
and live cell time-lapse imaging assay assessing 
the capacity to support the migration of cancer 
cell lines including LG1233 lung adenocarcino-
ma cells expressing Green Fluorescent Protein 
(LG-GFP), C57BL/6-derived B16 melanoma cells 
(B16), murine colorectal carcinoma cells (CT26), 
and Lewis lung carcinoma cells (LLC).
We observed that 90 proteins were upregulat-
ed in the cardiac ECM, resulting in a significant 
difference in the cardiac ECM architecture and 
a 2-fold lower stiffness compared to the lung 
ECM. Functionally, the migration of LG-GFP, B16, 
CT26, and LLC cells on cardiac ECM decreased 
significantly compared to those on the lung ECM. 
Taken together, these results indicate that car-
diac ECM composition and stiffness suppress the 
migration of cancer cells, possibly justifying the 
low incidence of local and distal metastasis in 
the heart.
Keywords: migration, extracellular matrix, pro-
tein, stiffness, cancer cell.
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tionable oncogene in multiple can-
cers

Daniel Zingg1,2,*, Jinhyuk Bhin1,2,3, Chi-Chuan 
Lin4, Julia Yemelyanenko1,2, Sjors M. Kas1,2, Lu-
kasz Wieteska4, Frank Rolfs1,2,5, Xue Chao1,2, Ca-
trin Lutz1,2, Ian M. Silverman6, Jessica K. Lee7, 
Marieke van de Ven8, Edwin Cuppen9, Anne 
Vaslin Chessex10, Timothy C. Burn6, Connie R. 
Jimenez5, Shridar Ganesan11, John E. Ladbury4, 
Lodewyk F. A. Wessels2,3 & Jos Jonkers1,2

1	Division of Molecular Pathology, Netherlands 
Cancer Institute, Amsterdam, The Nether-
lands.

2	Oncode Institute, Utrecht, The Netherlands.
3	Division of Molecular Carcinogenesis, Netherlands 

Cancer Institute, Amsterdam, The Netherlands.
4	School of Molecular and Cellular Biology, Uni-

versity of Leeds, Leeds, UK.
5	OncoProteomics Laboratory, Department Med-

ical Oncology, Cancer Center Amsterdam, Am-
sterdam UMC, Vrije Universiteit Amsterdam, 
Amsterdam, The Netherlands.

6	 Incyte Research Institute, Wilmington, DE, USA.
7	Foundation Medicine, Inc., Cambridge, MA, USA.
8	Mouse Clinic for Cancer and Aging, Nether-

lands Cancer Institute, Amsterdam, The Neth-
erlands.

9	Hartwig Medical Foundation, Amsterdam, The 
Netherlands.

10	Debiopharm International SA, Lausanne, Swit-
zerland.

11	Department of Medicine, Division of Medical 
Oncology, Rutgers Cancer Institute of New Jer-
sey, New Brunswick, NJ, USA.

*	 d.zingg@nki.nl

Human cancers frequently bear driver altera-
tions in genes encoding receptor tyrosine kinases 
(RTKs), which has led to effective therapeutics 
targeting oncogenic signaling of RTK variants. 
Somatic hotspot mutations and structural am-
plifications and fusions affecting fibroblast 
growth factor receptor 2 (FGFR2) likewise occur 
in multiple tumor types including breast cancer. 
However, clinical responses to FGFR inhibitors 
have remained variable, emphasizing a need to 
better understand which FGFR2 alterations are 
oncogenic and therapeutically targetable. We 
applied transposon-based screening and tumor 
modeling in the mouse mammary gland to un-
cover truncation of the last exon (E18) of Fgfr2 
as a potent driver mutation. Mouse and human 
FGFR2-E18 encodes the C-terminus of this RTK. 
Human oncogenomic datasets revealed a pleth-
ora of somatic FGFR2 alterations potentially 
causing transcription of E18-truncated FGFR2. 
These alterations were comprised of canonical 
in-frame fusions as well as diverse FGFR2 var-
iants of unknown significance (VUS), which in-
cluded non-canonical rearrangements, E1-E17 
partial amplifications, and E18 nonsense and 
frameshift mutations. Functional in vitro and in 
vivo interrogation of a compendium of E18-trun-
cated and full-length Fgfr2 variants pinpointed 
FGFR2 E18-truncation as a potent single-driver 
alteration in cancer. The FGFR2 C-terminus is 
crucial to fine-tune FGFR2 signaling. However, 
permutation of previously annotated C-terminal 
FGFR motifs did not recapitulate the pro-tum-
origenic signaling and in vivo tumorigenicity of 
E18-truncated Fgfr2. Conversely, our function-
al annotation efforts led to the discovery of a 
phenylalanine–serine motif in the FGFR2 C-ter-
minus that mediates binding to the kinase do-
main and therewith directly suppressed kinase 
domain activity. Consequently, permutation of 
the phenylalanine–serine kinase domain bind-
ing and suppression (KDBS) motif in conjunction 

with other FGFR2-regulatory C-terminal sites 
fully phenocopied the oncogenic driver com-
petence of E18-truncated Fgfr2 and delineated 
how the C-terminus prevents FGFR2 from aber-
rant oncogenic activation. Together, these data 
suggest that genomic alterations that generate 
stable E18-truncated FGFR2 variants are action-
able therapeutic targets, which we confirmed 
in preclinical mouse and human tumor models, 
and in a clinical trial. Thus, we uncovered a nov-
el paradigm in oncogenic FGFR2 signaling and 
propose that breast and other cancers harboring 
any FGFR2 variant that truncates E18 should be 
considered for FGFR-targeted therapies.

Anti-hPSCA NK92 cell immuno-
therapy for the treatment of  pancre-
atic cancer

Gaia Zuccolotto Alessandro Penna, Antonio Ro-
sato, 

Veneto Institute of Oncology (IOV) – IRCCS , Pad-
ua, gaia.zuccolotto@iov.veneto.it

BACKGROUND
Pancreatic cancer (PC) is one of the leading 
causes of malignancy-related death, with almost 
half-million new diagnosis every year. Aberrant 
over-expression of the human prostate specific 
membrane antigen (hPSCA) has been detected 
in the vast majority of patients diagnosed with 
PC. This molecule can be used as potential tar-
get for treatments, in particular for ready-to-
use immunotherapy and adoptive cell therapy 
(ACT). NK92 cells are a new strategy among 
ACTs, able to avoid the immunosuppressive tu-
mor microenvironment, due to the absence of 
most inhibitory killer-cell immunoglobulin-like 
receptors (KIRs), with well-defined expansion 
kinetics and high transduction efficiency. Fur-
thermore, this cell line is already approved for 
the clinical use towards different tumor types 
and shows high cytotoxic activity, even after ir-
radiation required by authorities.

METHODS
We designed a new CAR anti-hPSCA to transduce 
NK92 cells, in order to create a ready-to-use 
therapy and to avoid problems related to oth-
er ACTs. We analyzed the expression of the CAR 
molecule and the phenotype of NK92 cells, be-
fore and after the transduction. Firstly, we test-
ed anti-hPSCA CAR-NK92 cells for cytotoxic ac-
tivity, cytokine release ability and degranulation 
in presence of target cells. Moreover, we have 
evaluated the therapeutic activity of CAR-NK92 
in vivo in an orthotopic xenograft mouse models 
of human pancreatic cancer.
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After 72h from the transduction of NK92 cells, 
the CAR anti-hPSCA and the eGFP, as reporter 
gene, under the control of a bi-directional pro-
moter, were already detectable. The phenotypic 
profile of activated NK cells was stable before 
and after the transduction. Cytotoxic activity of 
CAR-NK92 cells was evaluated after 4h-co-incu-
bation with target cells, showing a high and spe-
cific lysis of the antigen expressing tumor cells, 
as well as specific cytokines release ability and 
the activation of degranulation after antigen 
engagement. In vivo, in a disseminated and or-
thotopic tumor mouse models, the CAR-NK-92 
cell therapy has shown a control of the tumor 
growth and a significant improvement of surviv-
al of the mice treated.

CONCLUSIONS
Pancreatic cancer is still a hurdle in terms of ef-
fective treatments. NK-92 cells are a promising 
strategy in the Adoptive cell therapy landscape, 
concerning the economic aspect, the high-scala-
ble manufacturing, and the manageable handling 
procedure. Overall, the preliminary data of this 
work demonstrated that this CAR NK-92 therapy 
paves the way of a new therapeutic approach 
for PC, based on the development of an Off-the-
Shelf, renewable, effective and low-cost product 
that can be advanced as a ready-to-use drug.

A multiplexed spatial profiling of  the 
tumor microenvironment of  exten-
sive-stage Small Cell Lung Cancer to 
find predictive biomarkers of  benefit 
from carboplatin-etoposide plus ate-
zolizumab first-line treatment

Anna Tosi1, Martina Lorenzi2, Paola Del Bianco1, 
Giovanna Crivellaro3, Stefano Frega4, Alessan-
dra Ferro4, Alessandro Dal Maso4, Laura Bonan-
no4, Valentina Guarneri1,2, Giulia Pasello1,2 and 
Antonio Rosato1,2

1 Immunology and Molecular Oncology Diagnos-
tics, Veneto Institute of Oncology IOV-IRCCS, 
Padova, Italy

2 Department of Surgery, Oncology and Gastro-
enterology, University of Padova, Padova, Italy

3 Veneto Network of Oncology, Veneto Institute 
of Oncology IOV - IRCCS, Padova, Italy

4 Division of Medical Oncology 2, Veneto Insti-
tute of Oncology IOV – IRCCS, Padova, Italy

BACKGROUND: First-line systemic treatment 
with carboplatin-etoposide plus atezolizum-
ab (CEA) is a new standard of care for exten-
sive-stage small cell lung cancer (ES-SCLC). 

No predictive biomarkers for patient selection 
have been identified so far.

METHODS: This is a single-center translational 
study on ES-SCLC patients receiving first-line 
CEA, investigating the predictive value of tissue 
biomarkers. Gene expression profiling (GEP) was 
performed analyzing 770 immune/cancer-relat-
ed genes, while two 9-color multiplex immuno-
fluorescence (mIF) panels were used to assess 
immune checkpoint expression, tumor-infiltrat-
ing immune cell populations and their spatial re-
lationships. Moreover, the expression of ASCL1, 
NeuroD1 and POU2F3 transcription factors was 
investigated to define ES-SCLC subtypes. The 
level of each biomarker was correlated with 
clinical endpoints. 

RESULTS: Forty-two patients were included; 
median follow-up was 7.7 months. Overall re-
sponse rate was 66%, median time to treatment 
failure (TTF), progression free survival (PFS), 
duration of response (DoR) and overall survival 
(OS) were 5.3 (95%CI 4.8-5.7), 5.3 (95%CI 3.9-
6.6), 3.6 (95%CI 1.5-5.8) and 7.8 months (95%CI 
2.9-12.6), respectively. Responding patients and 
those with a longer duration of response had 
a higher cell proliferation, DNA damage repair 
and epigenetic regulation scores. Non-respond-
ing patients had a higher density of intratumor-
al CD163+ M2-polarized tumor-associated mac-
rophages as compared to responders. Moreover, 
a higher CD163+/CD8+ cell ratio was associated 
with a shorter DoR, TTF and OS, as well as a 
higher percentage of CD8+ cells in close prox-
imity to CD163+ macrophages. Patients with a 
higher density of tumor-infiltrating lympho-
cytes, and those with a higher percentage of 
CTL close to tumor cells had a better outcome. 
Furthermore, higher expression of exhaustion 
CD8 markers, and higher density of PD-1+ or PD-
L1+ cells were associated with a better progno-
sis, as well as a higher percentage of PD-1+ T 
cells in close proximity to PD-L1+ tumor cells 
or macrophages. NeuroD1+ tumors had differ-
ent molecular and phenotypical characteristics 
as compared to the other subtypes, that were 
associated to a more aggressive phenotype and 
worst patient outcome.

CONCLUSIONS: We identified predictive and 
prognostic immune signatures, immune cell 
populations and cell-to-cell interactions in ES-
SCLC patients receiving chemo-immunotherapy 
through a multiplexed spatial profiling. These 
results highlight the importance of the tumor 
microenvironment and spatial interactions in 
tumor response and survival.

Super-resolution genetics in haploid 
stem cells: decoding Hedgehog sign-
aling in development and cancer

Di Minin Giulio

Institute of Molecular Health Sciences, Swiss 
Federal Institute of Technology ETH Höngger-
berg, Switzerland 

All somatic cells in mammals carry two sets of 
chromosomes, while haploid cells are restrict-
ed only to gametes and occasionally found in 
tumors with genome instability. Advances in 
the generation of haploid embryonic stem cells 
(ESCs), capable of self-renewal and differen-
tiation, have laid the groundwork for numer-
ous biomedical applications in developmental 
biology and reproductive medicine. Our group 
was the first to derive mammalian haploid em-
bryonic stem cells and deeply contributed to 
explore their developmental potential. Hap-
loid cells possess one copy of each gene, fa-
cilitating the generation of loss-of-function 

mutations in a single step and enabling the 
development of efficient functional genomic 
strategies. In these years, the methodology 
reached a maturity that allows us to challenge 
complex phenotypes with a sensitivity unreach-
able with any other screening approach. Using 
this cellular system, we explored the role of 
the Hedgehog (HH) pathway during develop-
ment and diseases. The HH pathway is one 
of the signaling cascades crucially involved in 
shaping embryo development. We used genetic 
screens in haploid ESCs to identify novel modu-
lators of the HH pathway, and we discovered an 
unexplored function of the Golgi compartment 
in signaling activation. Additionally, we aim to 
understand the molecular events leading to HH 
signaling deregulation in multiple tumors. For 
this purpose, we take advantage of the plas-
ticity of haploid ESCs to generate tumor models 
reflecting the earliest events of cellular trans-
formation. Deep mutagenesis of their haploid 
genome will allow us to detect so far missed 
connections unveiling oncogenic-induced lethal 
interactions highly relevant for the develop-
ment of new cancer therapies.
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33. Trento, 13 - 14 June 2022
WHAT ARE THE OBSTACLES TO CANCER IM-
MUNOTHERAPY SUCCESS? 

32. Virtual, 21 - 22 June 2021
AGING AND CANCER 

31. Trento, 17 - 18 June 2019
CANCER AS CORRUPTED TISSUE 

30. Trento, 25 - 26 June 2018
OVERCOMING THE INNATE RESISTANCE OF 
CANCER TO THERAPY 

29. Trento, 22 - 23 June 2017
BUILDING NEW BRIDGES BETWEEN BASIC 
AND CANCER SCIENCE  

28. Trento, 20 - 21 June 2016
INITIAL STEPS ON THE ROUTE TO TUMORI-
GENESIS 

27. Trento, 18 - 20 June 2015
CHALLENGING ROADBLOCKS TO CANCER 
CURES 

26. Trento, 19 - 21 June 2014
CANCERS DRIVEN BY HORMONES

25. Trento, 20 - 22 June 2013
METABOLISM AND TUMORIGENESIS

24. Trento, 14 - 16 June 2012
MOLECULAR BASIS FOR RESISTANCE TO TAR-
GETED AGENTS

23. Trento, 16 - 18 June 2011
ENGINEERING AND NANOTECHNOLOGY IN 
CANCER  

22. Trento, 10 - 12 June 2010
RNA BIOLOGY AND CANCER 

21. Trento 11 - 13 June 2009
UNCONVENTIONAL THERAPEUTIC TARGETS 
IN CANCER 

20. Trento 11 - 13 June 2008 
MOLECULAR BIOLOGY OF CANCER: 20 YEARS 
OF PROGRESS PUNCTUATED BY THE PEZCOL-
LER SYMPOSIA 

19. Trento 14 – 16 June 2007
HYPOTHESIS DRIVEN CLINICAL INVESTIGA-
TION IN CANCER

18. Trento: 27 - 29 June 2006
TUMOR MICROENVIRONMENT: HETEROTYPIC 
INTERACTIONS

17. Trento: 16 – 18 June 2005
MOLECULAR UNDERSTANDING OF SOLID 
TUMORS 

16. Trento, 10 – 12 June 2004
STEM CELLS AND EPIGENESIS IN CANCER 

15. Rovereto, 12 – 14 June 2003
MOLECULAR IN VIVO VISUALISATION OF 
CANCER CELLS

14. Trento, 30 May – 1 June 2002
THE NOVEL DICHOTOMY OF IMMUNE INTER-
ACTIONS WITH TUMORS 

13. Rovereto, 31 May – 2 June 2001
FOCUSING ANALYTICAL TOOLS ON COM-
PLEXITY IN CANCER 

12. Trento, 1 -3 June 2000
SIGNALING CROSS-TALKS IN CANCER CELLS 

11. Rovereto, 5- 7 June 1999
MOLECULAR HORIZONS IN CANCER THERA-
PEUTICS 

10. Trento, 29 June - 1 July 1998
THE GENETICS OF CANCER SUSCEPTIBILITY 

9. Rovereto, 4 – 7 June 1997
THE BIOLOGY OF TUMORS 

8. Trento, 17 – 19 June 1996
GENOMIC INSTABILITY AND IMMORTALITY IN 
CANCER

7. Trento, 14 – 16 June 1995
CANCER GENES. FUNCTIONAL ASPECTS 

6. Rovereto, 29 June – 1 July 1994
NORMAL AND MALIGNANT HEMATOPOIESIS: 
NEW ADVANCES 

5. Trento, 9 – 11 June 1993
APOPTOSIS 

4. Rovereto, 24 – 26 June 1992
ADHESION MOLECULES: CELLULAR RECOGNI-
TION MECHANISMS

3. Trento, 5 – 7 June 1991
TUMOR SUPPRESSOR GENES  

2. Rovereto, 11 – 13 June 1990
THE THERAPEUTIC IMPLICATIONS OF THE 
MOLECULAR BIOLOGY OF BREAST CANCER 

1. Trento, 19 – 21 June 1989
DRUG RESISTANCE: MECHANISMS AND RE-
VERSAL
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Extraordinary Achievement  
in Cancer Research 2023

MOTIVATION
He is being recognized for leading the group 
that  cloned the human T-cell receptor  beta 
chain, a key component of the immune respon-
se, which has helped stimulate a remarkable se-
ries of advances in cancer immunology research.

Mak’s group was among the first to generate ge-
netically modified mouse models to study the 
molecular mechanisms driving immune system 
development and control and how perturba-
tions to such processes contribute to tumorige-
nesis. His examinations of these mouse models 
helped elucidate critical intracellular signaling 
pathways that govern immune responses, mali-
gnant cell transformation, cellular survival, and 
programmed cell death.His discoveries have had 
substantial translational impacts – his team de-
monstrated that CTLA-4 is a negative regulator 
of T-cell activation, a finding that James P. Alli-
son, PhD, later leveraged to conceptualize and 
design the first immune checkpoint inhibitor 
employed as a cancer therapeutic. Mak’s cha-
racterization of T-cell receptors has also paved 
the way for the development of CAR T cell te-
chnology, a treatment option now approved for 
certain leukemias and lymphomas. Mak’s work 
on oncogenic IDH enzymes also led to the de-
velopment of IDH1/2 inhibitors and their sub-
sequent approval for the treatment of acute 
myeloid leukemia. His group is currently inve-
stigating how various IDH mutations are capable 
of driving brain and blood cancer malignancies 
and confer the ability of cancer cells to survi-
ve under harsh environmental conditions that 
would normally result in cell death. He has also 
recently bolstered the concept that immune re-
sponses are connected directly to the nervous 
system through effector T cell secretion of the 
neurotransmitter acetylcholine.

This International Award was established in 1997 to annually recognize a scientist who has made a 
major scientific discovery in basic or translational cancer research, continues to be active in cancer 
research, has a record of recent noteworthy publications and holds promise for substantive contri-
butions to progress in the field of cancer. Twenty-six top international scientists have been awarded 
so far and four of them have been subsequently awarded with the Nobel Prize, for the same moti-
vations.

Tak W. Mak is senior scientist at the Princess 
Margaret Cancer Centre, University Health 
Network, Professor in the departments of me-
dical biophysics and immunology at the Temerty 
Faculty of Medicine at the University of Toronto 
and Professor in the department of pathology at 
the University of Hong Kong
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Tak W. Mak presented an Award lecture at the AACR Annual Meeting,  
on April 16, 2023 in Orlando, Florida.

Tak W. Mak officially awarded during the Ceremony in Trento, Italy, on 
May 13, 2023.

Tak W. Mak’s Lecture during the Award Ceremony in Trento, Italy, on  
May 13, 2023
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September 15, 2023

DESCRIPTION
The prestigious Pezcoller Foundation‐AACR In-
ternational Award for Extraordinary Achieve-
ment in Cancer Research was established in 1997 
to recognize a scientist of international renown 
who has made a major scientific discovery in ba-
sic cancer research or who has made significant 
contributions to translational cancer research.
Eligible candidates must continue to be active 
in cancer research; have a record of recent, 
noteworthy publications; and be conducting 
ongoing work that holds promise for continued 
substantive contributions to progress in the field 
of cancer.
The Award is intended to honor an individual 
scientist. However, more than one scientist 
may be co‐nominated and selected to share the 
award in the event that their investigations are 
intimately related in subject matter and have 
resulted in work that is worthy of the award and 
a joint nomination.
The Award recipient will receive an unrestricted 
grant, a commemorative award, and present a 
scientific lecture in conjunction with the AACR 
Annual Meeting immediately following their se-
lection. The Award recipient will also present 
scientific lectures at the University of Padua and 
at the University of Trento in Italy, just prior to 
the official Award ceremony in Trento, Italy in 
May 2023.

ELIGIBILITY CRITERIA
Cancer researchers affiliated with any institu-
tion involved in cancer research, cancer medi-
cine, or cancer-related sciences anywhere in 
the world may be nominated. Such institutions 
include those in academia, industry, or govern-
ment.
Individuals who have previously been awarded 
the Nobel Prize in any category are ineligible to 
receive this Award.
Institutions and/or organizations are not eligible 
to receive the Award.

NOMINATION CRITERIA
Nominations may be submitted by any indivi-
dual, whether an AACR member or nonmember, 
who is currently or has previously been affiliated 
with any institution involved in cancer research, 
cancer medicine, or cancer-related sciences.
Self-nominations are prohibited.

Nominators must maintain strict confidentiality 
of their nominations. 
Eligible nominations must include the following:
•	A nomination letter written in English (Max: 

1,000 words), which comprehensively descri-
bes the candidate’s major scientific discovery 
in basic cancer research or significant contri-
butions to translational cancer research, and 
the impact of these accomplishments on the 
field. Letter must specifically outline the can-
didate’s current research activity and indicate 
how their research holds promise for conti-
nued substantive contributions to the cancer 
field. All publications that directly support the 
mentioned research accomplishments must be 
referenced within the provided letter.

•	A brief scientific citation (Max: 50 words) hi-
ghlighting the major scientific contribution(s) 
justifying the award candidate’s nomination.

SELECTION PROCESS
Eligible nominees will be considered by a presti-
gious Pezcoller Foundation‐AACR International 
Award for Extraordinary Achievement in Cancer 
Research Selection Committee consisting of an 
international cohort of renowned cancer leaders 
appointed by the AACR President in consultation 
with the Pezcoller Foundation Council.
The Pezcoller Foundation‐AACR International 
Award for Extraordinary Achievement in Cancer 
Research Selection Committee will consider all 
nominations as they have been submitted and 
are restricted from combining submitted nomi-
nations, adding new nominees, or otherwise ma-
king alterations to any submitted nomination.
Once chosen, the primary and alternate award 
recipient selections made by the Pezcoller Foun-
dation‐AACR International Award for Extraordi-
nary Achievement in Cancer Research Selection 
Committee shall be sent to the AACR Executive 
Committee and the Pezcoller Foundation Coun-
cil for final consideration and ratification. Se-
lection of the Award recipient shall be made on 
the basis of the candidate’s scientific accompli-
shments without regard to race, gender, natio-
nality, geographic location, or religious or poli-
tical views.

For all information:

Call for Nominations for the 2024 Award

NOMINATION DEADLINE 
FOR 2024 AWARD
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EACR Awards
Since 2012, the Pezcoller Foundation and the European Association for Cancer Research, EACR, have 
collaborated to support excellence in cancer research. Presently, three Pezcoller Foundation – EACR 
Cancer Research Awards are made jointly by the two organizations, to celebrate academic excellence 
and achievements in the field of cancer research. They are

•	The Pezcoller Foundation – EACR Translational Cancer Researcher Award, to Young European researchers 
•	The Pezcoller – Marina Larcher Fogazzaro – EACR Women in Cancer Research Award, to European Women 

working in cancer research 
•	The EACR – Mark Foundation – Pezcoller Foundation Rising Star Award, to very promising, early career 

cancer researchers (established in 2023 thanks to the new collaboration with the Mark Foundation, USA)

Winners of the Pezcoller Foundation – EACR Awards

2023 Translational Cancer Researcher Award:
Nicola Aceto
ETH Zurich

2023 Women in Cancer Research Award:
Johanna A. Joyce
Ludwig Institute for Cancer Research, University of Lausanne

2023 Rising Star Award:
Isidro Cortes-Ciriano
EMBL-EBI Cambridge, UK

The call for Nominations for the 2024 Awards, is now open. Deadline: 14 September 2023: www.eacr.org

The Pezcoller Foundation
SIC Fellowships
The Pezcoller Foundation actively promotes and supports cancer research, with particular attention to Ita-
lian young researchers, through the Pezcoller Foundation – SIC Fellowships. 
These are two-year fellowships, € 30,000/year, for researchers working in Italian institutions, awarded on a 
competitive basis in collaboration with the Italian Cancer Society.
These are the recipients of the 2023-2024 Pezcoller Foundation – SIC Fellowships

Alessio Biagioni, Università di Firenze, Dipartimento di Medicina Sperimentale 
e Clinica, with the research project: Hypoxia-induced lipid metabolism suppor-
ts tumor progression and angiogenesis in liquid and solid cancers

Andrea David Re Cecconi, Istituto Mario Negri, Milano, with the research 
project: Musclin as a promising therapeutic option for cancer cachexia

Beatrice Foglia, University of Torino, with the cancer research project: Onco-
statin M and tumor inflammatory signature as prognostic markers of Nash-re-
lated HCC

Fabiana Conciatori, Istituto Nazionale Tumori Regina Elena Roma IRCCS, with 
the research project: Characterizing IL-8/CXCR1-2 axis in tumor stroma-inte-
ractions in genetically/molecularly defined CRC models

Federica Portale, Humanitas Mirasole Milano, with the research project: Dis-
section of Natural killer cells dynamics and functions in prostate cancer

Luigi Ippolito, University of Firenze, with the cancer research project: Dis-
secting the lactate-driven Discoidin Domain Receptor-1 activation in suppor-
ting prostate cancer cells dissemination

Martina Di Modica, Fondazione IRCCS Istituto Nazionale Tumori Milano, with 
the research project: Role of gut microbiota in Her2-positive breast cancer 
recurrence

Next call for application will open in 2024, for the 2025-2026 period
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