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Introduction

The Italian Institute for Genomic Medicine (IIGM) (formerly known as Human Genetics
Foundation - Torino) is an operating body of the Compagnia di San Paolo since 2007.

The IIGM is a research center of excellence and training in human genomics, epigenomics,
and immunology, and carries out its activities through a model of efficiency and
transparency, aiming at maximizing resources for research activities, training, and high-
level education.

The Institute shares scientific partnerships and collaborations with University of Turin

(UniTo), Polytechnic of Turin (PoliTo) and University of Milan.

In December 2018 IIGM and the Piedmont Foundation for Oncology (FPO) — IRCCS created
a joint research platform in the FPO-IRCCS building in Candiolo (To), where IIGM
laboratories moved in July 2019.

IIGM has organized the new laboratories in accordance with new operational procedures
and structural methods: the spaces on have been organized according to the criterion of
“functionality and sharing”, so to create more opportunities for interaction between
research teams, favoring the sharing of scientific notions and the spring of new ideas and

projects.

IIGM’s research projects are financed by the Compagnia di San Paolo as well as external
funders (i.e. AIRC, Ministry of Health, European Community), and address cancer genomics
and bioinformatics, epigenetic modifications related to malignant diseases, genomics
instability and tumor immunity, immune-regulation, genomic epidemiology, quantitative
and computational biology, immunotherapy. A total of 8 groups are currently hosted at
IGM:

e Salvatore Oliviero (also at UniTo)

e Andrea Pagnani (also at PoliTo)

e Mattea Cereda (also at University of Milan)

e Alessio Gordon Naccarati

e Luigia Pace



e |lio Vitale
e Tobias Haas (also at University Cattolica of Rome)

e Carlo Campa

IIGM has several scientific collaborations aimed at fostering the basic, translational and
clinical research activities, through the activation of joint research projects involving both

clinical and laboratory activities.

Operating structure

The Foundation carries out its activities through a streamlined but effective management
structure, and through close collaboration with the consortium PR.I.S.MA. and the
Compagnia di San Paolo itself.

This model of efficiency and transparency of management allows to maximize the

resources for the core activities of research and service to the scientific community.

The Board of Directors consists of five members, including the President, who is the legal
representative of the Foundation, with signing rights and being invested with all the powers

for both ordinary and extraordinary administration of the Foundation.

The Scientific Director manages the ordinary administration delegated to him by the Board
of Directors, and collaborates with the President coordinating the institutional activity

according to the indications and deliberations of the Board itself.

The operating office coordinates and optimizes the planning and operational activities of
the Foundation in order to make all internal activities effective, performing and functional

for the general management of the institute itself.

The Foundation has a Control Body, which exercises the powers and functions provided as
stated in art. 2403 et seq. of the Civil Code, and a Supervisory Body, which oversees the

correct application of the principles provided for by the "Model of organization,
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management and control" pursuant to Legislative Decree 231, and has entrusted the task
of voluntary auditing of the financial statements to Ernst & Young for the three-year period

2019-2020-2021.

Dr. Sabrina Bertinetti Dr. Simonetta Guarrera, MSc.
General Secretariat Scientific Secr. & Lab. Managing

The IIGM pursues a policy of state-of the-art research providing its researchers with

innovative and up-to-date instrumentation.

* The IIGM’s Metabolic Facility hosts the Seahorse XF Analyzer, an in vivo metabolic
analyzer which allows to study key cellular functions such as mitochondrial respiration
and glycolysis. The instrument is operating under the supervision of Dr. B. Pardini, and is
available under a “all-inclusive service” or a “collaborative” regimen;

* The Flow Cytometry and Cell Sorting Facility, run by Dr. D. Baeyv, is offering services to
researchers from the IIGM, the Candiolo Cancer Institute FPO-IRCCS, the Academia, and
other research institutes;

* The Genomic Facility was established in 2019 to provide access to the most advanced
technologies for genomic analysis to researchers from [IGM, FPO-IRCCS Candiolo,
University of Turin, and other institutions in Italy and abroad. The facility is operated by
dedicated personnel (Dr. K. Gizzi, Dr. C. Parlato) and is available under a “all-inclusive

service” or a “collaborative” regimen.



IIGM Principal Investigators

IIGM operational structure

Cancer Genomics and Bioinformatics Unit
Prof. Matteo CEREDA, PhD

International experiences:

King’s College London, London, UK

IEOQ, Istituto Europeo di Oncologia, Milan, IT

MRC Laboratory of Molecular Biology, Cambridge, UK

Immunotherapy Unit
Dr. Tobias L. HAAS, PhD

Assistant Professor, Catholic University of the Sacred Heart,
Rome

International experiences:

Istituto Oncologico del Mediterraneo, Fondazione IOM
Ricerca, Catania, IT

Istituto Superiore di Sanita — ISS, Roma, IT

German Cancer Research Center (DKFZ), Heidelberg, Germany

Genetic and Molecular Epidemiology Unit
Dr. Alessio Gordon NACCARATI, PhD

International experiences:
Institute of Experimental Medicine (IEM), Czech Academy of
Sciences, Prague, Czech Republic

Immuno-Regulation Unit
Dr. Luigia PACE, PhD

International experiences:

Curie Institut, Paris, France

HELMHOLTZ Centre for infection research, Hannover,
Germany



Epigenomics Unit
Prof. Salvatore OLIVIERO, PhD
Full Professor in Molecular Biology, University of Turin

International experiences:

Albert Einstein College of Medicine, The Bronx, NY, USA
Harvard Medical School, Boston, USA

EMBL, Heidelberg, Germany

Statistical Inference and Computational Biology Unit
Prof. Andrea PAGNANI, PhD
Full Professor (L.240), Polytechnic University of Turin

International experiences:
University of Paris-Sud ORSAY, Paris, France.

Genomic Instability and Tumor Immunity Unit
Dr. llio VITALE, PhD

International experiences:
Gustave Roussy Cancer Campus (INSERM U848), Villejuif,
France

Chemical Biology Unit
Dr. Carlo C. CAMPA, PhD

International experiences:
Department of Biosystems Science and Engineering, ETH
Zurich, Basel, Switzerland



FACILITIES

Flow Cytometry and Cell Sorting Facility

The mission of the IIGM's Flow cytometry and cells sorting Facility is to support

the research projects by providing to IIGM, FPO-IRCCS researchers the access
to modern multiparametric methods of rapid cell analysis and single cell
manipulations.

The facility, run by Dr. D. Baev, was established in 2017 as a shared resource
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Dr. Denis BAEV, PhD. ;y;‘

facility for the IIGM (former HuGeF) and UniTo MBC users. Originally the

facility had one flow cytometer (BD FACS Canto, 2 laser- 6 FL channels) and the
cells sorter (BD Aria lll, 2 lasers, 6 FL channels). In 2018, thanks from the generous support from the
Compagnia di San Paolo, the IIGM FCCSF acquired 2 analyzers, the BD FACS Celesta (3 lasers, 12 FL channels)
and BD LSR Fortessa X20 (3 lasers, 14 FL channels, HTS option) and performed the complete upgrade of the
existing Aria lll sorter to 3 laser, 14 FL channel configurations, similar to the original optical layout of the X20
instrument.
In 2020 the BD Fortessa X20 instrument was upgraded to 4 laser 18 color configuration and the Beckman
Coulter Cytoflex (2 lasers, 6FL channels, 96 well plate option) was adopted as an instrument for the entry-
level analyses.
Currently, the IIGM FCCSF provides with the full spectra of flow cytometry and cell sorting services for the

IIGM, FPO-IRCCS Candiolo and external customers.



IIGM’s Genomic Platform

The IGM’s Genomic Platform was established in 2019 with the goal to provide IIGM researchers, the scientific
communities of the FPO-IRCCS Candiolo Cancer Institute, of the University of Turin, and of other institutions
in Italy and abroad, with the access to the most advanced technologies for genomic analysis, supporting
researchers in their projects.

All instruments were acquired thanks to the contribution of Compagnia di San Paolo.

Genomic Facility: sequencing and microarray analyses

The activities of the Genomic Platform include consulting and analyses planning with
the users, and laboratory analyses, and are offered as all-inclusive services or as

scientific collaboration. The Facility is run by Dr. K. Gizzi and Dr. C. Parlato with the

support of Dr. S. Guarrera, and is well equipped with a state-of-the-art NovaSeq6000
massive parallel sequencer (lllumina Inc) which allows a modular and scalable
approach to sequencing with the availability of several sequencing formats, providing
both the necessary high throughput processing for big-scale sequencing projects, as
well as the flexibility to accommodate small and medium size projects at relatively

moderate costs. A GridlION (Oxford Nanopore Technologies) sequencer for

proofreading long-reads sequencing is also available.
Dr. C. Parlato, BSc.

Being equipped with a high resolution iScan microarray scanner (Illumina), and with
three automatic liquid handlers for the preparation of samples and microarrays, the
Genomic Facility provides whole-genome genotyping analyses (microarray genotyping

assays) and methylation analyses services (microarray methylation analysis) as well.
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Dr. S. Guarrera, MSc.

Bioinformatic support

The Genomic Facility is supported by the IIGM’s Bioinformatics section, coordinated

by Dr. M. Cereda, which provides support for primary data processing and data storage

and management until delivery to the user.

Dr. M. Cereda, PhD.



Dr. B. Pardini, PhD

(Lab managing).

Dr. S. Guarrera, MSc.

The Metabolic Facility of IIGM was set up with the acquisition of a Seahorse XF

Analyzer (Agilent) thanks to the kind support of Compagnia di San Paolo.

The facility is supervised by Dr. B. Pardini with the support of Dr. S. Guarrera, and can
be accessed in terms of:

- Scientific collaboration regimen: the facility is open to experienced researchers who
wish to set up analyses by themselves, upon agreements with 1IGM’s facility
personnel

- Service regimen: for non-experienced users who wish to take advantage of an all-

inclusive service.



Cancer Genomics and Bioinformatics Unit

Unit research members:

Matteo Cereda, principal investigator

Marco Del Giudice, post-doctoral fellow (till 30/04/2022)
Serena Peirone, post-doctoral fellow

Sarah Perrone, PhD student

Francesca Priante, PhD student
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Brief description of the UNIT

The Cancer Genomics and Bioinformatics (CGB) unit studies molecular mechanisms driving tumorigenesis
combining computational and molecular biology approaches. Modern biology is facing new challenges
caused by the massive production of omics data. Extracting relevant information from these Big Data while
taking into account their intrinsic heterogeneity is a crucial issue. This holds particularly true for complex
diseases, such cancer, and in light of an RNA-based biology. To face this challenge, we employ the most recent
bioinformatics and experimental approaches to develop novel paradigmsthat can reveal oncogenic
mechansims and options for the clincal managmentes of patients.

Our goal is to unravel RNA processing defeatcs that could be instrumental for developing RNA-based
therapeutic options. Our research focuses on (i) RNA processing regulation in cancer, (ii) tumor genetics and
clonal evolution, and (iii) omics Big Data science. Eventually, all our interests cross at identifying
molecular mechanisms that are favorable clinical intervention points.

In the last four years we consolidated tools and strategies to systematically study genomic and transciptomic
alteration in cancer and provide the scientific community with candidate actionable targets. By exploiting
thousands of sequencing data, we developed computational approaches that highlighted the role of PTEN in
modulating the tumor immune composition as well as its impact on disease-free survival of patients (Lauria
et al. 2020). We combined bioinformatics and molecular biology approaches to uncover a new role for
pioneer transcription factor FOXA1 as the major director of splicing regulation in prostate cancer (Del Giudice
et al. 2022). We demonstrated that this regulation influences patient prognosis revealing splicing defeats
that are novel biomarkers of disease recurrence. During this time we also contributed: (i) to show that an
inherited PMS2 splicing mutation in a patient with “POLE-LYNCH” collision syndrome predispose to the
development of multiple neoplasms (Berrino, Filippi, et al. 2022); (ii) to improve the the ontology of HER2-
low breast carcinomas (Berrino, Annaratone, et al. 2022); and (iii) to report d a novel lymphocyte-
independent antitumor activity of anti—PD-1 antibodies in non—small cell lung cancer (NSCLC) that is capable

of inhibiting chemopersistent PD-1+ NSCLC cells (Rotolo, et al. 2022).

RESEARCH QUESTION(S):

Assessing RNA processing defects to identify novel intervention points in adult and pediatric cancer.

MAIN RUNNING FUNDINGS

e Italian Association of Cancer Research (AIRC). My First AIRC Grant. Deciphering alternative splicing
deregulation in cancer to identify novel therapeutic targets. 2017-2023

e [talian Ministry of Health. Grant Ricerca Finalizzata Giovani Ricercatori - Theory-Enhancing, Italian Ministry
of Health. Targeting alternative splicing neo-junctions as a novel source of neo-antigens in pediatric and

adult tumors. Principal Investigator. GR-2019-12368827. 2021-2023.
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e [talian Ministry of Health. Grant Ricerca Corrente 2021. Advanced Bioinformatics for precision Oncology.
Principal Investigator. FPRC 5xmille 2018 ADVANCE/A-Bi-C. 2021-2023.
e Fondazione Cariparo. Grant Ricerca pediatrica. Deconvolution of medulloblastoma resistome through

high- resolution tracking of drug-tolerant subclones. Co-principal Investigator. 2021-2023.

Main achievements in the period covered by the Scientific Report

Deciphering alternative splicing regulation in prostate cancer

(Pl: Matteo Cereda, Team: Marco Del Giudice, Serena Peirone, Francesca Priante)

COLLABORATIONS:

e Dr Prabhakar Rajan, Barts Cancer Institute, Queen Mary University, London

MAIN OBJECTIVES OF THE PROJECT

Alternative splicing (AS) is dysregulated in prostate cancer and has been linked to transcriptional programs
activated by canonical oncogenic transcription factors. However, their relative contribution to alternative
splicing regulation is yet to be defined. The main objectives of the projects were (1) to define the relative
contribution of four key prostate cancer transcription factors on splicing regulation, (2) to evaluate putative

epi-trascriptional regulation of AS; and (3) to identified putative actionable targets.

RESULTS ACHIEVED during the reporting period

By integrating omics data of 2500 primary and metastatic PC patients and cell lines, we found that the pioneer
transcription factor FOXA1 finely shapes the mRNA isoform repertoire of prostate cancer (see Del Giudice et
al., 2022). We showed for the first time that FOXA1 has a striking preference in actively binding regulatory
regions of splicing factors compared to genes in other fundamental biological processes. By controlling these
trans-acting factors, FOXA1 lessens the noise of isoform production toward an optimal dominant mRNA
product. This regulation reduces the burden of nonsense mediated decay and influences patient prognosis.
We revealed the inclusion of FLNA exon 30 as a novel biomarker of prostate cancer disease recurrence. In
this study we showed that FOXA1 affects splicing factor expressions to a greater extent than the non-pioneer
TFs (i.e. AR, MYC). FOXA1 may open different channels to transmit transcriptional signals to splicing factor
loci as exemplified by its common pioneer function for AR- and MYC-driven PC transcriptional programs. We
are currently assessing whether FOXA1 directs MYC in modulating the expression of splicing factors in
neuroendocrine prostate cancer (NEPC), a lethal subtype of AR-independent prostate cancer. We generated
RNA-seq and long-read Oxford Nanopore direct RNA sequencing upon FOXA1 and MYC depletions to map
the full-length transcriptome of AR PC3 cells (Fig.2A-D). We found that FOXA1 and MYC share AS regulatory
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programs (Fig.2E-F). FOXA1 and MYC actively and concomitantly bind regulatory regions of oncogenic splicing
factors, tuning the expression of distinct productive isoforms (Fig.2F-H). Using long-reads direct RNA we
found that FOXA1- and MYC-mediated regulation of splicing factors also occurs via RNA methylation and
polyadenylation. We identified m6A sites that were significantly methylated upon FOXA1 and MYC depletion
(Fig.2l). These sites were enriched in splicing factors for both transcription factors (Fig.2J). Using MeRIP
sequencing data upon FOXA1 depletion we validated that FOXA1 mediates m6A methylation of splicing
factors (Fig.2K-M), including demethylation of the productive isoform of the oncogenic spliceosome factor
SF3B1. FOXA1 maintains DNA hypomethylation inducing the expression of TET1. Similarly, we found that
FOXA1 controls the expression of distinct m6A regulators, including ALKBH5, by actively binding their
enhancer regulatory regions (Fig.20-Q). Furthermore, to assess whether FOXA1l-mediated regulation of
isoform expression levels correlated with changes in mRNA stability levels, we measured the stabilization of
MRNA isoform levels after transcription inhibition with actinomycin D as proposed previously (Fig.3A-B).

Overall, downregulated isoforms at 4 hours were less stable in presence of FOXA1l (Fig.3C).
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Furthermore, the density of significantly demethylated m6A sites by FOXAL per isoform was higher for
FOXA1l-mediated destabilized mRNAs (Fig.3D). Thus, we are currently investigating whether FOXAl-mediate

m6A demethylation may result in decreased RNA stability levels. Furthermore, alternative polyadenylation
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(APA) is affected by transcription factors and chromatin remodeler. Using long-read sequencing data upon
FOXA1 and MYC depletions we observed that FOXA1- and MYC-mediated APA resulted in mRNAs with shorter
poly(A) tails, which were enriched for splicing factors (Fig.3E-F). FOXA1 and MYC significantly upregulated
polyA-binding proteins and polymerase (Fig.3F). We are currently assessing whether these findings could
support additional layers (m6A methylation and APA) in transcriptional regulation of splicing factors for

FOXA1 (Fig.3H), and MYC, in NEPC.
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In collaboration with Prof. Caterina Marchio’ and Prof. Sabrina Arena at the IRCCS FPO Candiolo Cancer
Institute, we sequenced the transcriptome of 40 fresh-frozen NEPCs to validate our results.

We identified also prognostic and actionable RNA targets in prostate cancers (Del Giudice et al. 2022). One
of them featured the progression of pediatric bone sarcomas. We are currently designing SSOs to target FLNA

exon 30 and NDRG1 exon 2 and test them in commercially available and patient-derived cell lines.

Molecular characterization of pediatric bone sarcoma transcriptomes

(PI: Matteo Cereda, Team: Serena Peirone, Francesca Priante)

COLLABORATIONS:

e Prof Franca Fagioli, Regina Margherita Children’s Hospital, University of Turin

MAIN OBJECTIVES OF THE PROJECT
Pediatric bone sarcomas (BSs) are aggressive diseases with heterogeneous molecular features and few

therapeutic targets. Within the national clinical trial SAR_GEN-ITA (NCT04621201) we aimed at characterizing
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the transcriptomes of BSs to identify alterations that are shared across tumors, thus could represent putative

therapeutic targets.

RESULTS ACHIEVED during the reporting period

As part of the SAR-GEN_ITA clinical trial (ClinicalTrial.gov id:NCT04621201), we have enrolled 28
osteosarcomas (OSs) and 18 Ewing’s sarcoma (EWS) pediatric patients. For these patients we generated
whole exome and total RNA sequencing data. Genomic profiling confirmed the low mutational rate and
revealed high genomic instability of these BS. To expand the number of actionable targets we sought to
investigate transcriptomic alterations in the tumors. OSSs and EWSs reveal transcriptomic programs that are
shared across samples of the same subtypes. Using data from osteoblast cell lines as control, we found
significantly alternatively spliced events (ASEs) in BSs, which were enriched for splicing factors. Amongst
other ASEs, we identified the inclusion of FLNA exon 30, which we showed to promote PC recurrence (Del
Giudice et al. 2022). Using digital droplet PCR on cDNA we validated a higher FLNA ex.30 inclusion in BSs
compared to controls. Our conventional motifs analysis highlighted splicing factors as candidate AS regulators
of BSs. Furthermore, we identified new junctions that could potentially generate targetable neo-epitopes,

private to each patient. We are currently assessing these results.

mRNA processing regulation in KRAS-mutated cancers

(PI: Matteo Cereda, Team: Serena Peirone)

COLLABORATIONS:

e Prof C. Ambrogio (Molecular Biotechnology Center (MBC), University of Torino)

MAIN OBJECTIVES OF THE PROJECT

KRAS was considered undruggable until the introduction of KRAS®'%C inhibitors (G12Ci) to the clinic. Even if
G12Ci demonstrate ~40% response rate in cancer patients, the resistance mechanisms to them are poorly
understood. The lack of clonal resistance alterations remains a critical issue for clinical management of
patients who progress on G12Ci therapy. We aim at (1) identifying candidate epi-transcriptional regulators
and aberrant mRNA isoforms driving clonal resistance in naive or resistant KRAS®'* models, (2) selecting AS-
driven adaptive resistance mechanisms that are common to KRAS G12C patients and are suitable for RNA-
based therapeutic approaches; and (3) targeting of selected AS-driven resistances with RNA-based therapies

in naive and resistant KRAS G12C tumor models.

RESULTS ACHIEVED during the reporting period
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In collaboration with Prof. Chiara Ambrogio, we began assessing mRNA processing in KRAS G12C tumor
models, either G12Ci treatment naive or resistant, to identify regulators and aberrant mRNA isoforms driving
clonal resistance. We used the KRas'™KRAS®'%¢ system generated by the Ambrogio lab. Briefly, we transduced
HRas-/-; NRas-/-; KRaslox/lox MEFs with HA-tagged KRAS G12C. Treatment with tamoxifen abolished
expression of endogenous wild-type KRAS, thus allowing characterization of a loss of heterozygosity (LOH)
phenotype. We then sequenced the transcriptome of KRAS G12C tumor cells, both naive and resistant to
G12Ci. Naive and G12Ci-resistant cells showed different gene expression and AS patterns as a function of
mutant KRAS allelic frequency, with samples expressing exclusively mutant KRAS G12C having a greater
number of aberrant mRNA isoforms triggering nonsense-mediated decay. Amongst other differentially
expressed cancer genes in KRAS LOH resistant cells, we found two RNA binding proteins — SF3B1 and BARD1
— for which inhibitors are already approved by the FDA or under clinical trial investigation. Our convention
analysis of cis- and trans- acting regulatory elements (Del Giudice et al. 2022) at ASEs revealed the
recruitment of different splicing factors across conditions, corroborating a heterogeneous rewiring of
transcriptional regulation. We are currently assessing these findings to provide the community with a
harmonized dataset of AS events that comprehensively characterize resistance to G12Ci therapy and

compounds/SSOs that can revert defective AS.

Development of new computational approaches for omics Big Data analyses

(PI: Matteo Cereda, Team: Marco Del Giudice, Serena Peirone, Sarah Perrone)

MAIN OBJECTIVES OF THE PROJECT
e Provide the scientific community with novel computational methods designed to interpret the

complexity of omics Big Data in cancer

RESULTS ACHIEVED during the reporting period

We used available transcriptomic data to develop new computational tools to account for inter-sample
tumor heterogeneity and identify the altered biological processes under the phenotype of interest (Lauria et
al. 2020; Del Giudice et al. 2021, 2022). We introduced the paradigm shift of “less is more” when analyzing
large heterogeneous RNA-seq data increasing the accuracy of detecting real defective cellular mechanisms
as compared to conventional approaches. We showed that our Gene Set Enrichment Class Analysis (GSECA)
algorithm outperformed 'state-of-art' algorithms achieving the highest performance in detecting truly
altered biological processes in large heterogeneous cohorts. Appling GSECA to 5,941 samples from 14
different cancer types, we highlighted the role of PTEN in controlling immune-related processes in the
majority of cancer type, particularly in those showing a significant alteration of the TIME composition. PTEN

loss appears to establish an immunosuppressive TIME through the activation of STAT3 in PC. Furthermore,
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low PTEN expression levels have a detrimental impact on disease-free survival in PC patients. With this work
we showed that results of our approach can provide means to select clinical conditions that affect patient
survival and their management.

Cancer heterogeneity is nowadays explored using single-cell sequencing approaches. However, these data
are intrinsically marked by technical noise and sparsity. Therefore, we have adapted our algorithm to handle
single-cell RNA-sequencing data, namely scGSECA. Again, our algorithm showed higher performances than
other available methods in detecting truly altered biological processes (data not shown). Applied to
transcriptomes of ~22.000 cells from cancer and healthy tissues, scGSECA highlighted the proposed bimodal
distribution of gene expression profile of a differentiated cell. Interestingly, undifferentiated cells showed
unimodal distributions of expression profiles. We are currently assessing whether the type of expression level
distribution could be instrumental for the identification of cancer stem cells and guide the reconstruction of

tumor evolution.

AWARDS, PATENTS, DISSEMINATION WITH MEDIA

e Member of the Molecular Tumor Board of Piedmont and Valle d’Aosta Italian regions.

NEWFUNDED PROJECT(S)
e Italian Ministry of of Education, Universities and Research (MIUR). Grant FARE2020 Ricerca in lItalia.
Settore: ERC-2020-COG. Understanding early steps of KRas-driven oncogenesis in vivo to identify novel

actionable targets for cancer therapy. 2023-2025
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Epigenetics Unit

Unit research members:

e Salvatore Oliviero, principal investigator
e |van Molineris, researcher

e Valentina Proserpio, researcher

e Andrea Lauria, postdoctoral fellow

e Isabelle Polignano, postdoctoral fellow
e Hassan Dastsooz, postdoctoral fellow
e Guohua Meng, postdoctoral fellow

e Annalaura Tamburrini, PhD student

e Mirko Giuseppe Scrivano, PhD student
e Claudia Vaccari, PhD student

e Chiara Cicconetti, PhD student

e Francesca Anselmi, technician

e Daniela Donna, technician

e Daniele Forte, postdoctoral fellow

e Yegane Feizi, undergraduate student
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Brief description of the UNIT

Our research unit combines molecular, cellular, and global genomic approaches to investigate epigenetic and
epitranscriptomic modifications that occur in response to environmental or developmental signals and that
are deregulated in tumor transformation. Several experimental tests have shown that the factors that bind
DNA to specific sequences in collaboration with non-coding RNA and chromatin-modifying enzymes control
epigenetic changes. The study of the interaction between these components is necessary to understand the
rules that govern gene expression and cell fate. The work of the Unit is aimed at studying the mechanisms
that determine these modifications and deciphering the rules to understand, and eventually influence, cell
fate. Projects in progress in the laboratory address the study of epigenetic modifications that determine
stem cells fate and those involved in tumor transformation. These experiments allowed us to identify and

characterize new molecular markers and cellular targets for anticancer therapies.

MAIN RUNNING FUNDINGS

e AIRC, 2023-2027 Epigenetic modifications in cell transformation.
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Main achievements in the period covered by the Scientific Report

Role of DNA methylation in stem cells development

Team: A. Lauria, V. Proserpio, M. Maldotti, F. Anselmi, G. Meng.

COLLABORATIONS:

e Prof. Graziano Martello, University of Padova

MAIN OBJECTIVES OF THE PROJECT
1. Regulation of DNA methylase in stem cells by cellular metabolism
2. The role of DNA methylation in stem cell differentiation

3. Regulatory networks of embryonic stem cells (ESCs) self-renewal

RESULTS ACHIEVED during the reporting period

1. Epiblast and embryonic stem (ESC) cells give rise to all adult cells. The cellular plasticity is associated with
genome hypomethylation. After fertilization, the zygotic genome is demethylated to allow the differentiation
of embryonic cells into different tissues. In the embryo, the Jak / Stat signaling pathway is active by E2.5 and
E3.5, as shown by phosphorylation of Stat3 and transcriptional activation of its targets Socs3 and Tfcp2l1.
Our experiments show that LIF / Stat3 signaling induces genomic hypomethylation via metabolic
reconfiguration. Stat3 -/- ESCs showed decreased production of alpha-ketoglutarate from glutamine,
resulting in reduced expression of Dnmt3a / Dnmt3b and DNA methylation. In particular, genome
methylation is dynamically controlled by modulating the availability of alpha-ketoglutarate by Stat3 in
mitochondria. Alpha-ketoglutarate binds metabolism to the epigenome, reducing the expression of Otx2 and
its Dnmt3a / Dnmt3b targets. Genetic inactivation of Otx2 or Dnmt3a / Dnmt3b causes genomic
hypomethylation even in the absence of active LIF / Stat3. Stat3 -/- ESCs showed increased methylation in
control regions and impaired expression of transcripts. Single-cell analysis of Stat3 -/- embryos confirmed the
dysregulated expression of the Otx2, Dnmt3a / b genes. Several tumors show Stat3 hyperactivation and
abnormal DNA methylation, so the molecular modulus we observe could be exploited under pathological

conditions.

2. Proper DNA methylation during the early stages of development is essential to determine cell specification.
However, the molecular targets as well as the mechanisms that determine the specificity of the methylation
mechanism during differentiation are not fully elucidated. The role of DNA methylases in the differentiation

of embryonic stem cells was made by differentiation of embryonic stem cells to neuroectoderm and
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mesoendoderm. The de novo DNMTs DNMT3A and DNMT3B are strongly induced in the transition from
embryonic stem cells to epiblasts. Their level of expression rises considerably from ESCs to Epiblasts with an
increase of DNA methylation. DNMT3B knockout shows a strong impairment of DNA methylation in epiblasts.
DNMT3A is mainly expressed in neuroectoderm cells while DNMT3B is mostly expressed in the
mesoendoderm. Interestingly, the knockout of DNMT3A or DNMT3B show quite different phenotypes, while
DNMT3A KO are impaired in neural development DNMT3B KO do not appear to play a role in this
developmental pathway. Most of the alterations are observed in intragenic and intergenic regulatory regions.
To elucidate the mechanisms underlying the regulation of DNA methylation we generated homozygous
DNMT3A and DNMT3B knockout cell lines from the E14 mouse embryonic stem cell (ESCs) line (Figure 1). To
study the early stages of development and the impact of gene knockout in vitro, ESC Dnmt3a -/- (3AKO),
Dnmt3b - /- (3BKO) and wild type (WT) were differentiated. We found that in vitro at epiblast-like cells stage,
corresponding to E 6.5 of the mouse embryo that DNMT3B is highly expressed and responsible for the
epigenetic priming of epiblast cells to ensure mesoendoderm specification. We identify DNMT3B dependent
regulatory elements on the genome which, in 3BKO, impair the differentiation into meso-endodermal (ME)
progenitors and redirect EpiLCs towards the neuro-ectodermal lineages. We also identified the differentially
methylated regions on the SOX2 superenhancer region that regulate Sox2 expression. Thus, DNMT3B-
dependent methylation at the epiblast stage is essential for the

priming of the meso-endodermal lineages and identified key DNMT3B targets on the genome.

a Lif Withdrawal b Clustering
-~ ™ 5.0 - -
ESC Embryoid Bodies (EBs) - i m
P . R — 25+ . --145 L
o s s o o :
- _ _ = ¥ 00 yx & @
EBs formation =
T T T =2 o5 %
r ] S ]
=5.0 1 » -]
3BKO-B126 Bl scRnAseq — 2
- :
3AKO-A38 L
N :
3Days 9Days o p m
d % 0.01 ﬁ ; g
2 - - -
Pseudoteomporal ordering Differentiation path = -25 %
50 ' 5o e §
Pseudotime Epiblast to e ——*——————r—ii—— §
25 L s Meso-endoderm -50-25 00 25 @
75 o s e%’—' =¥ | (Epi-ME) UMAP 1
% o0 A4 | Cluster
50 = FY . W
z _2" ® 0-Epiblastike Cells [, o Genotype
25 7 25 2,0} Epiblast to 4 - Epiblast-like Cells . g‘;gg 2?26
0.0 ol ([;“?fée’l';” ® 1-Ectoderm . wr
04 L " pi-Ec
50 I e & || ® 2-Ectoderm Differentiated
-50 -25 00 25 — ® 3-Meso-endoderm

UMAP 1

Figure 1. scRNA-seq profiling of Dnmt3a-/- and Dnmt3b-/- differentiating EBs. a Overview of the
experimental design and visualisation of collected time points. b UMAP embedding of 487 WT, 3AKO and
3BKO single cell transcriptomes. Cells are coloured by cluster (top panel) and genotype/time of cells’
collection (bottom panel). 3AKO = lightblue/darkblue, 3BKO= light orange (3Days)/ dark orange (9Days),
WT= light grey (3Days)/dark grey (9Days). c Gene expression levels distribution of representative epiblast
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(Leftyl, Pou5f1), meso-endoderm (Gata4, T) and ectoderm markers (Sox2, Tubb3) in the five identified cell
clusters.

3. Human embryonic stem cells (hESCs) are kept in culture in the undifferentiated pluripotent state by
defined factors. The transforming growth factor-betal (TGF-B1) plays an important role in keeping hESCs
pluripotency. We addressed, in collaboration with the University of Padova, the downstream effectors of
TGF-B1 for the pluripotency. By RNAseq performed in the presence of TGF-[11 or in the presence of its
inhibitor SB43 we identified the downstream target of TGF-f1. Among the known regulators involved in
pluripotency such as NANOG, KLF7, and MYC we also identified ZNF398, a member of the Kriippel-associated
box domain zinc finger proteins (KZFPs), as a new regulator of ECS pluripotency. Ectopic expression of each
of these factors could maintain expression of pluripotency markers in presence of SB43. To understand the
molecular mechanism by which ZNF398 promotes pluripotency, we performed Chromatin
immunoprecipitation (ChlIP). Interestingly, ZNF398 binds the genome in close proximity to the transcription

factor SMAD3

Identification and characterization of non-coding RNAs in gene regulation

Team: M. Maldotti, F. Anselmi, I. Molineris, A Tamburrini, |. Polignano, M. Scrivano.

MAIN OBJECTIVES OF THE PROJECT
1. Functional role of IncRNAs interaction with p300
2. Functional role of IncRNAs interaction with DNMT3B

3. Analysis of coexisting RNA conformations.

RESULTS ACHIEVED during the reporting period

1. Nuclear IncRNAs control gene transcription by interacting with epigenetic factors. Whole-genome screens
have shown that a large fraction of long non-coding RNAs (IncRNAs) play a role in cellular processes and
cancers, although the underlying molecular mechanisms remain largely unclear. Starting from the idea that
IncRNAs can regulate the activity of epigenetic factors, we performed several screenings looking for IncRNAs
that interact with epigenetic modulators. We found that histone acetyltransferase p300/CBP, a general
transcriptional coactivator that introduces the H3K27ac modification on mutant enhancer in a large number
of tumors, interacts with over hundred IncRNAs. We further analyzed one of them: IncSmad7. We found that
I IncSmad7 maintains ESC self-renewal

and it interacts to the C-terminal domain of p300. IncSmad7 also contains predicted RNA-DNA Hoogsteen
forming base pairing. By Chromatin Isolation by RNA precipitation followed by sequencing (ChIRPseq)

together with CRISPR/Cas9 mutagenesis of the target sites we demonstrated that IncSmad7 binds and
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recruits p300 to enhancers in trans, to trigger enhancer acetylation and transcriptional activation of its target
genes. Thus, these results unveil a new mechanism by which p300 is recruited to the genome (Figure 2). Our
data unveil a repertoire of RNAs interacting with p300 and provide new insights into the mechanistic aspects

underlying the regulation of enhancer activity.

IncSmad7

AC H3K27ac

Figure 2. The IncRNA lincSmad7 interacts with the epigenetic factor p300 and recruits it to the genome,
resulting in acetylation of enhancers and transcriptional activation of target genes.

2. We previously demonstrated that de novo DNMTs show target specificities. However, a clear
understanding of how DNA methyltransferases recognize their target sites, and which are the upstream and
downstream events contributing to their tumorigenic processes, is still missing. DNMT3B is highly expressed
in colorectal cancer (CRC) and the major driver of altered DNA methylation. The mechanisms of its
deregulation and of its altered targeting in CRC have not yet been clarified. To understand the contribution
of IncRNAs to the DNMT3B function we screened the

DNMT3B RNA interactome in the HCT116 cell line by UV photoactivatable ribonucleoside enhanced
crosslinking and immunoprecipitation followed by sequencing (PAR-CLIP-seq) from two biological replicates.
After removing potential PCR duplicates by using a Unique Molecular Identifier (UMI) the DNMT3B-
interacting IncRNAs were identified. These IncRNAs are highly expressed in CRCs with respect to normal colon
tissue. Of them 41 were coexpressed with DNMT3B in PDX and enriched in the CRC subtype CRIS-D,

characterized by WNT activation, a bottom crypt phenotype and expressing LGR5 Figure 3).
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Figure 3. DNMT3B interacting IncRNAs are expressed in CRC. a. DNMT3B expression in normal colon and in
CRCs. b. Vulcano plot showing the level of expression of the identified IncRNAs in comparison IncRNAs
expressed in normal and colon tumours. c. Venn diagram showing the identified IncRNAs interacting with
DNMT3B (IncIntDNMT3B) and IncRNAs expressed in PDX (CRC). d. DNMT3B expression in the different CRC
subtypes. The IncRNAs are enriched in the CRIS-D subtype.

Analysis of cell-specific transcriptome from a collection of 244 CRC tumours of patient-derived xenograft
(PDX) ordered by DNMT3B expression revealed a correlation with a previously defined CRISd subtype
(characterized by chromosomal instability, activation of the WNT pathway and a LGR5 positive stem cell

signature with a bottom crypt phenotype.

3. RNA structural analysis by means of chemical probing is powerful but it suffers from the intrinsic limitation
of providing only an averaged measurement of the base reactivities of all coexisting conformations that are
simultaneously sampled by an RNA species in biological samples. In collaboration with a formed post-doctoral
fellow of the lab we developed DRACO, a method for the deconvolution of alternative RNA conformations
from mutational profiling experiments. Analysis of the SARS-CoV-2 genome using dimethyl sulfate mutational
profiling allowed us to identify multiple regions that fold into two mutually exclusive conformations, including

a conserved structural switch in the 3’ untranslated region.
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Statistical Inference and Biological Modeling Unit

Unit research members

Andrea Pagnani, principal investigator (full professor PoliTo)

Andrea Gamba, researcher (associate professor PoliTo)

Alfredo Braunstein, researcher (associate professorPoliTo)

Luca Dall’Asta, researcher (associate professor PoliTo)

Andrea De Martino, researcher (tenure track researcher PoliTo)

Carla Bosia, researcher (tenure track researcher PoliTo)

Guido Uguzzoni, researcher (IIGM)

Louise Budzyinski, researcher (IIGM)

Elsi Ferro (PhD student PoliTo)

Matteo De Leonardis (PhD student PoliTo)

Anna Paola Muntoni (researcher PoliTo/ IGM)

Luca Sesta (PhD student PoliTo)

Francesco Caredda (PhD student PolTo)

Elisa Floris (PhD student PoliTo)

Andrea Piras (PhD student UniTo)

Roberto Mulet, visiting scientist, (University of Havana)

Barbara Ariane Pérez Fernandez, visiting scientist, (University of Havana)
José Antonio Pereiro Morejon, visiting scientist, (University of Havana)
Alberto Batista, visiting scientist (University of Havana)

Lisandra Calzadilla Rosado, visiting scientist, (Centro de Imunlogia Molecular, Cuba)
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e Candela Szischik, visiting scientist, (CONICET Buenos Aires)
e Ariel Scagliotti, visiting scientist (University General Sarmiento Buenos Aires)

e David Ippolito Margarit, visiting scientist (University General Sarmiento Buenos Aires)

Brief description of the UNIT

Advances in sequencing and other high-throughput experimental technologies have fueled the genomic
revolution and deeply transformed the world of biological research over the two decades. Remarkable
examples of data obtained using such technologies include more than one thousand fully sequenced
genomes (roughly doubling every two vyears), genome-wide measurements of gene expression or
methylation profiles, experimental determination of genome-scale protein-protein interaction networks, and
whole organism metabolic reconstruction. Alongside high-throughput measurements, this paradigmatic shift
is observable also in the “systematization” of our knowledge into databases and templates, gathering all
information currently available (ontological, functional, compartmental, etc.). Databases such as KEGG,
Biocyc, Human Proteome Atlas, Pfam, etc. provide a collection of elementary components and their
connections in a growing number of different contexts. Due to the nature of the problems involved, however,
the pace of progress of experimental and bioinformatics techniques has often been unequal: analyzing
optimally a large amount of experimental data requires in many cases the solution of hard problems which
are intractable by conventional computational tools.

The perimeter of each research activity in our group is delimited by: (a) the research themes characterized
by the toolbox and methods developed, and (b) the choice of the application domains. Each research project
is a puzzle piece of the wider research project. Principal research themes covered by the group are: (i) the
inference of interaction networks from data, and (ii) the analysis of static and dynamical processes on
networks. Application domains can be broken down into four main areas: (i) the inference and modeling of
multi-scale biological networks, (ii) the rational design of biological molecules, (iii) the quantitative study of
cell energetics in proliferative regimes, (iv) quantitative biological modeling.

RESEARCH QUESTIONS

The design of novel proteins with desired functions is a complex problem with enormous repercussions in
the pharmaceutical, biomedical, and industrial sectors (e.g. monoclonal antibodies, synthetic enzymes,
engineered cytokines, etc...) However, designing new proteins is a difficult task, due to the huge
combinatorial complexity of the sequence space and the many structural constraints that must be satisfied.
For example, a small protein of 100 amino acids has 10'3° possible variants, more than the atoms in the
universe, the overwhelming majority of which are non-functional. To find the best variant for a given
purpose, it is necessary to employ sophisticated experimental solutions (e.g., Phage Display, Selex, Directed
Evolution, Deep Mutational Scanning) combined with advanced computational approaches.

Metabolic networks encode the thousands of chemical reactions through which cells break down nutrients
to fuel biosynthesis, growth, and replication. Mathematical models of metabolism, most notably genome-
resolution ones, are highly developed and widely used for purposes ranging from the optimization of
biotechnological processes to the discovery of new drug targets. While remarkably successful in predicting
cell viability, these methods mostly fail to capture the heterogeneity of cellular behavior. This is a key issue
as, for instance, not all cells in a population respond to drugs in the same way, and the persistence of non-
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responsive cells is the main source of resistance to treatment. A possible route to understanding cellular
diversity consists of inverse-modeling metabolism using experimentally measured reaction rates.
Unfortunately, experiments only probe a very small part of the network, and reliably inferring the activity of
the entire network from such a small sample inevitably requires the use of advanced inference methods.

Protein sorting plays a vital role in ensuring the appropriate localization of specific molecules within cells.
Misregulation of protein sorting can result in severe pathologies. In particular, protein mislocalization has
been identified as a significant contributor to the development and progression of cancer. While significant
progress has been made in understanding the biochemistry of protein sorting, a systemic understanding of
the process remains elusive. One difficulty is that the process is highly dynamic and involves the complex
interplay of protein aggregation and lipid membrane bending. Using a statistical physics approach, we have
recently proposed a dynamic model of protein sorting whose predictions compare favorably with
experimental observations. The model provides a useful framework for interpreting experimental data and
investigating the possibility of interfering with the process for therapeutic purposes.

The entire stochastic process that leads a DNA molecule to be transcribed into RNA and then eventually
translated into proteins is tightly controlled and regulated. MicroRNAs, small non-coding RNA molecules
often involved in crucial biological processes in higher eukaryotes and plants, fine-tune this regulation at the
post-transcriptional level. Together with transcription factors, microRNAs form a complex and highly
interconnected regulatory network where transcriptional and post-transcriptional regulators, as well as their
targets, may compete for shared resources (ribosomes, RNAses, etc.) and crosstalk with each other. By
combining wet-lab experiments and theoretical modeling, we contributed to characterizing the microRNA-
mediated cross-correlation effects amongst different targets that compete for binding to the same pool of
microRNAs at the steady state. We discovered that microRNA-mediated regulation is always related to noise
control of target RNAs and proteins and can convey and couple fluctuations in asymmetric manners in
networks of competing targets. However, how different levels of competition translate into out-of-
equilibrium behaviors is unknown, an open point related to cell timing (i.e., for cells the time necessary to
reach a precise level of protein expression can be of vital necessity).

MAIN RUNNING FUNDINGS

INFERNET, “New algorithms for inference and optimization from large-scale biological data” H2020, Funded
by the European Union’s H2020 research and innovation program under the Marie Sklodowska-Curie grant
agreement number 734439 for 900.000 Euros. The project ended on December 31st, 2022. Project Scientific
Coordinator: Andrea Pagnani.
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Main achievements in the period covered by the Scientific Report

Computational Methods for Optimizing the physicochemical properties of Proteins
PI: A. Pagnani — Team : G. Uguzzoni, A.P. Muntoni, L. Sesta, L. Budzynski, M. De Leonardis, F. Caredda
COLLABORATIONS:

e Martin Weigt (Sorbonne Université de Paris),

e Francesco Zamponi (Ecole Normale de Paris),

e Olivier Rivoire, and Clement Nizak (Sorbonne Université / College de France),
e Jorge Fernandez De Cossio Diaz (Paris Sciences et Lettres University).

MAIN OBJECTIVES OF THE PROJECT

The main objective of the project is to develop innovative machine-learning methods that, starting from the
sequencing samples of a screening experiment, produce an accurate statistical mapping of the genotype-
phenotype association of the protein that can be used for the generation of new amino acid sequences with
biochemical functions of interest. The approach can be used in an iterative cycle with Directed Evolution
experiments, where previously tested variants are used to learn a computational model that provides a data-
driven rational design of the new variant candidates to be tested. At each iteration, the in-silico model is
refined, it gains from collected data from previous rounds and performs an optimal exploration of the space
of possible molecule candidates.

Antibodies, and other binding proteins, are the subjects of intense interest in biological and pharmaceutical
research, with an expanding market of products and services. The present project relates to the general
problem of the in-silico design of proteins with high affinity with a specific target molecule. Despite the
intense research work from an experimental and theoretical point of view, the problem of the prediction of
amino acid sequences that generate a specific behavior remains a difficult problem. This is particularly true
for applications that require a high performance in terms of specificity, as in the case of industrial enzymes,
or proteins with therapeutic purposes such as monoclonal antibodies. The experimental process of direct
evolution is a powerful approach to protein engineering. This approach has been applied to the optimization
of enzymes and antibodies for chemical synthesis. In the last decade, thanks to the spread of a new type of
experimental biochemistry analysis technique called "deep mutational scanning"”, they have combined large-
scale selection of a combinatorial library of mutants specific to directed evolution, with high-throughput
sequencing techniques, to quantify the functionality of ~ 10° variants of a given protein (Figure 1).
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Fig 1: Experimental and computational pipeline
RESULTS ACHIEVED during the reporting period

Concerning the Deep Mutational Scanning type of experiments, the computational pipeline we developed
consists of probabilistic modeling of the three phases of each experiment panning cycle: 1) selection, 2)
amplification, and 3) sequencing. In brief, what we observe are the sequenced reads from the library at any
specific time step. The other phases are described in terms of latent variables referring to the number of
amplified and selected mutants. The probability that a mutant is selected (e.g., by physical binding to the
target) depends on the specific mutant sequence composition. In [3] we showed how the inference strategy
can predict the selectivity of artificially generated sequences with unprecedented accuracy. A key feature
of the inference of mutational landscapes is the ability to efficiently generate artificial sequences with a given
target specificity. Different computational strategies and specific modeling have been devised for this aim.
Generating artificial sequences, from our standpoint, means being able to efficiently generate a set of
sequences with indistinguishable statistical characterizations from the training set. Of course, in these cases,
a matter of concern is that the artificial set generated is very different from the training set. All our proposed
computational strategies generate sequences that are very different from the natural ones [2].

Metabolic Networks

co-PI Andrea De Martino — Team: Alfredo Braunstein, Anna Paola Muntoni, Andrea Pagnani; Alberto Batista,
Lisandra Calzadilla Rosado, Roberto Mulet, Barbara Ariane Pérez Fernandez, José Antonio Pereiro Morejon

COLLABORATIONS:

e Daniele De Martino, Instituto Biofisika, Bilbao;
e Loretta L. Del Mercato, CNR-NANOTEC (Lecce)

MAIN OBJECTIVES OF THE PROJECT

The main goal is to address the problem of inverse modeling metabolic networks from strongly undersampled
population-level data on reaction rates. In brief, given empirical data for (i) the fluxes through a small number
of metabolic reactions quantified via bulk methods (e.g. Mass Spectrometry, nanoSIMS), (ii) the distribution
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of a macroscopic observable (e.g. the growth rate or the carbon incorporation rate) at single-cell resolution
across a population of cells, or (iii) the (spatially resolved) concentration of a key signaling molecule in cell
cultures, we want to find the most likely distribution of the fluxes through all intracellular metabolic reactions
(including the vast majority that is experimentally inaccessible) across the whole population.

RESULTS ACHIEVED during the reporting period

The huge difference between the number of reactions for which experimental information can be obtained
(usually a few tens) and the number of variables to be inferred (thousands for a genome-scale reconstruction)
would seem to make inference hopeless. There is however a mitigating factor: variables are topologically
interconnected, i.e. they form a network that can be reconstructed at genome-level detail. Together with the
assumptions of homeostasis and time scale separations between metabolism (fast) and regulation (slow),
this implies that feasible flux configurations are non-equilibrium steady-state material flows across a known
network, driven by the import of nutrients from the environment. If S represents the NxM matrix of the
stoichiometric coefficients of metabolic reactions (with N the number of reactions and M that of
compounds), feasible flux vectors v, therefore, satisfy the mass-balance conditions Sv = 0. As v is continuous,
when ranges of variability for each flux are supplied, solutions span a convex polytope F of dimension at least
equal to N-rank(S). The inference problem to be solved therefore consists in finding the probability
distribution P(v) over F that is the most likely generator of the empirical data. Because the dimension of F for
a typical genome-scale network makes exact computational methods (e.g., Monte Carlo) impracticable,
developing controlled approximations is the first essential step. In this context, we have shown that
Expectation Propagation (EP), a message-passing algorithm for approximate Bayesian inference, allows for
high-quality, scalable, and high-efficiency reverse modeling.

On a different (related) topic, we have developed an inference pipeline for the online reconstruction of the
cell-to-cell proton signaling network in cancer cell cultures from (high-resolution) spatial pH measurements.
When microenvironmental pH inhomogeneities are induced by high cellular metabolic activity, diffusing
protons are known to act as signaling molecules, driving the establishment of exchange networks sustained
by the cell-to-cell shuttling of overflow products such as lactate. We have provided direct experimental
characterization of such networks by devising a method to quantify single-cell fermentation fluxes over time
through the integration of high-resolution pH microenvironment sensing via ratiometric nanofibers with
constraint-based inverse modeling (Figure 2).
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Fig 2: Experimental and inference pipeline

This addresses issues ranging from the homeostatic function of proton exchange to the metabolic coupling
of cells with different energetic demands, allowing for real-time noninvasive single-cell metabolic flux
analysis.
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Dynamical modeling of protein sorting
Co-Pls: Andrea Gamba, Luca Dall’Asta - Team: Elisa Floris, Andrea Piras

o COLLABORATIONS: Guido Serini, Department of Oncology, University of Torino, and IRCCS Candiolo,
Candiolo;

e Marco Zamparo, Dipartimento di Fisica, Universita degli Studi di Bari;

e |[gor Kolokolov and Vladimir Lebedev, Landau Institute for Theoretical Physics, Moscow;

e Emilio Hirsch, Department of Molecular Biotechnology and Health Sciences, Molecular Biotechnology
Center, University of Torino;

e Carlo Campa, Italian Institute for Genomic Medicine, Candiolo;

e Francesco Saverio Pezzicoli, Laboratoire Interdisciplinaire des Sciences du Numérique, Université Paris-
Saclay, Gif-sur-Yvette.

MAIN OBJECTIVES OF THE PROJECT

The main objectives of this project are to develop and extend a comprehensive dynamical model of molecular
sorting using statistical physics methods, apply the model to the interpretation of experimental data, and
investigate the possibility of interfering with the molecular sorting process for therapeutic purposes.

RESULTS ACHIEVED during the reporting period

We have developed a theoretical model for protein sorting that describes the dynamic behavior of molecules
on a cell membrane region [6]. Our model is based on the assumption that protein sorting arises from the
formation of sorting domains through phase separation, in conjunction with the domain-induced bending of
lipid membranes. The model considers the rate of insertion of proteins into the membrane (k/), their diffusion
rate (kD), their aggregation in sorting domains (with an aggregation coefficient g), and their extraction rate
(kE) when a domain reaches a characteristic size (Fig. 3). The model predicts the size distribution of sorting
domains and demonstrates the existence of an optimal parameter region where the sorting process is most
efficient. Our model’s predictions are in agreement with experimental measures of endocytic sorting of low-
density lipoproteins in primary human endothelial cells (Fig. 3d,e). These findings suggest that the observed
process of molecular sorting operates in close proximity to the predicted optimal regime and support the
hypothesis that phase separation is a primary driver of protein sorting.
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Fig. 3: Dynamical modeling of protein sorting
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According to the physical theory of phase separation [7], there is a critical size, such that smaller phase-
separated domains have short lifetimes and tend to dissolve, while larger domains can grow indefinitely.
Based on the success of our model in describing the statistical properties of endocytic sorting [6], we
reasoned that if molecular sorting is driven by phase separation, the existence of a critical domain size would
lead to the observation of transient sorting domains that are never extracted from the membrane system,
and of larger domains that instead grow to the point where they can bend the lipid membrane and ultimately
become engulfed into a newly-formed lipid vesicle. Our analysis of quantitative experiments on endocytic
sorting confirms this hypothesis [16]. Two classes of sorting domains (“unproductive”, or “abortive”, and
“productive”) are observed in the experiments, and their statistical properties can be measured. To further
validate our predictions, we fitted the theoretical curves predicted by the model with the experimental
statistical distribution of productive and unproductive sorting domains in the endocytic sorting of transferrin
receptors obtained by the groups of Sandra Schmid and Gaudenz Danuser [eLife 9, e53686 (2020)], finding
very good agreement between theory and observations [16]. This provides further support to the hypothesis
that the formation of sorting domains is driven by a phase separation process.

microRNA-target interaction out-of-equilibrium
Pl: Carla Bosia — Team: Elsi Ferro, Candela Szischik, Andrea De Martino.
COLLABORATIONS:

e Alejandra Ventura (Universidad de Buenos Aires and CONICET),

e Carlo Cosimo Campa (ltalian Institute for Genomic Medicine - 1IGM),

e Mario Matteo Modena (ETH Zurich), Chiara Enrico Bena (French National Institute for Agriculture,
Food and Environment - INRAE),

e Velia Siciliano (Istituto Italiano di Tecnologia - IIT),

e Francesca Ceroni (Imperial College London),

e Silvia Grigolon (Laboratoire Jean Perrin at Sorbonne Université and CNRS).

MAIN OBJECTIVES OF THE PROJECT

Environmental fluctuations, henceforth called extrinsic noise, can be a source of noise in molecular networks.
Together with intrinsic fluctuations due to the probabilistic nature of chemical reactions, extrinsic noise
shapes gene expression and may lead to cell differentiation. Both theoretical and in vitro studies have
hypothesized that miRNAs, under particular stoichiometric conditions, can induce bimodality in the
expression of their targets simply due to stochastic effects related to their peculiar titrative interaction and
not due to bistable systems. We are interested in the dynamic aspects of such interactions in a context of
competition for intracellular resources (also known as gene expression burden). In particular, we aim to
answer questions like (i) are there preferential microRNA expression frequencies that optimally repress
microRNA-target over time? (ii) How does this combine with the expression of other targets of the same
microRNAs over time? (iii) How intracellular resources (ribosome, RNAses, etc..) are consequently
redistributed?

RESULTS ACHIEVED during the reporting period

We studied the role of extrinsic noise in miRNA-mediated bimodal gene expression, both in silico (Gillespie
simulations) and in vitro (transfection of synthetic constructs into immortalized cells), and with stochastic
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models of gene regulation developed by the unit, to link theoretical predictions to experimental contexts of
interest. The temporal aspect of these types of interactions is of increasing interest. In collaboration with C.C.
Campa we produced single-cell time trajectories for a miRNA target and a control within the same cell.
Depending on the specific synthetic construct, the miRNA-target has been engineered with an increasing
miRNA-target interaction strength. These data will be used to calibrate the resource-aware model and infer
biological parameters of interest.

In collaboration with Prof. A. Ventura (Universidad de Buenos Aires and CONICET) and her Ph.D. student C.
Szischik, we have developed the theoretical framework required to interpret data produced by the unit when
microRNA’s level of expression changes over time with specific frequencies. We engineered an optogenetic
microRNA gene whose expression levels, responsive to light pulses of a particular wavelength, will be varied
over time by a time-varying light pulse. The temporal responses of the targets of this miRNA and the
physiological repercussions on the cells under investigation in response to different input signals will then be
studied. Experimental data are produced with the support of an optogenetic platform provided by M. M.
Modena from ETH Zurich. Overall, the results achieved during the reporting period demonstrate significant
progress toward the project's main objectives and may have relevant implications for our understanding of
molecular sorting and its potential therapeutic applications.
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Immune Regulation Unit

Unit research members

e Luigia Pace (PI)

e Carlo De Intinis PhD, post-doc fellow (IIGM)

e Ines Elia PhD, post-doc fellow (1IGM)

e Stefano Carello, post-doc fellow (IIGM)

e Valentina Russo d Stabile PhD student (IIGM, UniTo)
e Nadia Brasu, Stabile PhD student (1IGM, UniTo)

e Gaia Montecchiesi Stabile PhD student (IIGM, UniTo)
e Simona Aversano Stabile PhD student (1IGM, UniTo)

e Simone Attisani master student (UniBicocca)

e Shahrzad Shiran master student (UniTo)

Brief description of the UNIT (half a page minimum, 1 page maximum)

The immuno-regulation Unit was started at the beginning of 2018. The research activities of the new
laboratory aim at understanding the fundamental mechanisms underlying the development of the immune
responses, especially the long-term immunological memory processes in the context of tumours and
infections.

RESEARCH QUESTIONS:
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The research program is developed on three major axes:

1) defining how T lymphocytes integrate complex environmental stimuli and transform these signals into
specific epigenetic and differentiation programs;

2) to determine the ontogenesis and function of the T lymphocyte subpopulations involved in the antitumor
response.

3) to unravel the diversity of memory CD8+ T and B cell responses following SARS-CoV-2 infection and after
mRNA vaccination.

These studies will allow acquiring new knowledge on the functional identity of T lymphocytes and on
epigenetic memory mechanisms, thus opening to new perspectives in the manipulation of the immune
responses in the promising field of immunotherapy, as well as in the development of new vaccines.

The strategy of the laboratory is based on multidisciplinary approaches, at the crossroads of immunology,
epigenetics, cancer biology and bioinformatics. To this end, our research group use a wide variety of
methodologies, including immunological models relevant to the study of cancer and infection, genetic and
genomic techniques, analysis of epigenetic markers and chromatin structure, new algorithms for
bioinformatics analysis and modelling.

MAIN RUNNING FUNDINGS

e Armenise-harvard Carrer Development Award, 2018-2023, Role of Heterochromatinin T
Lymphocyte Memory Development.

e AIRC, 2020-2025, deciphering the molecular framework regulating stemness and cytotoxicity of t
lymphocytes to potentiate immunotherapy.
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Main achievements in the period covered by the Scientific Report

Study of the epigenetic control during T cell fate commitment

MAIN OBJECTIVES OF THE PROJECT

This project aims at understanding the mechanisms of immunological memory, focusing on elucidating
the contribution of chromatin structure and dynamics to lineag diversification, functional specialization and
long-term survival of memory T lymphocytes.

The main objectives are:

1. Examine the role of heterochromatin factors during memory T cell differentiation.

2. Analysis of heterochromatin factors during the anti-tumor immune response.

ACHIEVED RESULTS:

Understanding the mechanisms of the epigenetic regulation involved in the effector and memory T
lymphocyte development has considerable implications in multiple fields of medicine, including cancer
immunotherapy. In cancer, in fact, the T lymphocytes differentiate to a dysfunctional state, known as
exhaustion, characterized by a poor ability to functionally respond to tumour antigens. How the exhaustion
processes are established, which mechanisms can inhibit this dysfunctional state are subject of intense
research.

Although multiple studies reveal an enormous complexity of T lymphocyte subsets, the low number of
recovered cells has often represented a limiting factor for a detailed molecular analysis of both epigenetics
and nuclear lymphocyte dynamics. To overcome this difficulty, we have developed a new ChIP-seq protocol
for epigenetic markers, including H3K9me3, starting from a low number of lymphocytes.

Although H3K9me3, is a highly conserved epigenetic mark, it remains to be established how this silencing
marker regulates the expression of our genome, and how its enrichment correlates with the state of
differentiation of T lymphocytes. In this project, the profiles of H3K9me3 have been analyzed by ChIP-seq
analysis both in T lymphocytes and in stem cells, applying a new segmentation model of the
immunoprecipitation / input signals, followed by data mapping, filtering and normalization of read counts.
The genome regions enriched for H3K9me3 have been annotated to the most proximal gene in order to
evaluate the effect of H3K9me3 on on lineage specific transcriptional programs.

Several epigenetic factors could be involved in the process of lymphocyte differentiation. In order to
understand the key factors involved in the immune response, the Unit is developing a CRISPR/CAS9 screening
for several epigenetic factors involved in heterochromatin architecture.

Memory CD8+ T cell diversity and B cell responses correlate with protection against SARS-CoV-2
following mRNA vaccination

MAIN OBJECTIVES OF THE PROJECT

Study of protective immunity and immunological memory in healthy subjects and cancer patients following
mRNA vaccination against the SARS-CoV2 virus.

RESULTS ACHIEVED during the reporting period

In the last years, infection with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused
remarkable morbidity and mortality. Memory B cells, CD4+ T cells and CD8+ T cells elicited by SARS-CoV-2
MRNA vaccination have a critical role in the protection against infection and represent key determinants in
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the vaccine boost. Both Pfizer/BioNTech and Moderna mRNA vaccines have showed 91% and 93% protective
immunity over several months, respectively, and up to 95% efficacy in preventing symptomatic COVID-19
disease caused by the wild-type (WT) SARS-CoV-2 and delta and omicron VOCs. So far, understanding
immune responses to SARS-CoV-2 messenger RNA (mMRNA) vaccines is of great interest, principally because
of the poor knowledge about the mechanisms of protection.

In the present study, we enrolled 400 subjects, and we analyzed longitudinally B cell and T cell memory
programs, against the spike (S) protein derived from ancestral SARS-CoV-2 (Wuhan-1), B.1.351 (beta),
B.1.617.2 (delta) and B.1.1.529 (omicron) variants of concern (VOCs) after immunization with an mRNA-
based vaccine (Pfizer). According to the magnitude of humoral responses 3 months after the first dose, we
identified high and low responders. Opposite to low responders, high responders were characterized by
enhanced antibody-neutralizing activity, increased frequency of central memory T cells and durable S-specific
CD8+ T cell responses. Reduced binding antibodies titers combined with long-term specific memory T cells
that had distinct polyreactive properties were found associated with subsequent breakthrough with VOCs in
low responders. These results have important implications for the design of new vaccines and new strategies
for booster follow-up (Brasu et al, Nature Immunology, 2022; Figure 1).

Dose1 Dose 2 Dose 3

0 3 weeks 9 months
S-specific 1gG
ata s l 3 months
il J 1
LR =—"—> HR Dealta Omicron

<B months 10-15 months

VLR VLR VgLR

Serum antibodies Abundance of 8- and §"°C-specific
CD8&"and CD4" T cells
WT VOC e ~ -~ + N
S"'- and $"-specific B cells “. ~ CD8"andCD4" memory T cell subsets
B cell CD4" coDs”
T cell T cell

Figure 1: Assessing the effect of infection-elicited immune memory on responses to SARS-CoV-2 vaccination.
Members of the cohorts differed first in their infection history before vaccination (VN, naive before
vaccination; VR, infection-recovered before vaccination) and later in the magnitude of their early antibody
response to vaccination (LR, low responders; HR, high responders). PBMC samples were obtained at the
indicated sampling times and subjected to detailed analyses to follow SARS-CoV-2 specific CD4+ and CD8+ T
cell subsets and effector function and spike-specific B cells over time. The members of the cohort were also
tracked for more than a year for breakthrough infection. Modified from A. Sant, et al. Nature Immunol 2022).

To determine the ontogenesis and function of the T lymphocyte subpopulations involved in the anti-tumor
response following therapeutic vaccination

MAIN OBJECTIVES OF THE PROJECT

Analysis of the role for adenoviral-based vectors to promote broadening, expansion, and differentiation of T
cells to sustain an antitumor response in mouse and humans.

ACHIEVED RESULTS:

After chronic exposure to cancer or viral infection, CD8+ T cells acquire an exhausted phenotype,
characterized by a poor ability to respond to antigenic stimulation. Tumor-reactive lymphocytes
progressively become exhausted and rarely acquire memory features. Conversely to exhausted T cells, the
Tcfl+ stem-like CD8+ T (Tstem) progenitors of exhausted cells resemble self-renewal memory stem-like cells
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and proliferate after blockade of the PD-1 inhibitory pathway before differentiating into terminally exhausted
CD8+ T cells. In line with their capacity to respond to immunotherapy, an increased percentage of Tcf1+ CD8+
T cells has been correlated with prolonged duration of responses to checkpoint blockade therapy in patients
with cancer. As a consequence, understanding the functional programs to sustain Tcfl+ CD8+ T cell
differentiation represents a critical step for the improvement of immunotherapy, aimed at increasing their
number and maintaining their self-renewal capacity, thus overcoming resistance to checkpoint blockade
treatment in cancer.

Several studies have shown that the clinical efficacy of PD-1 checkpoint blockade depends on the magnitude,
quality, and tumor-infiltrating properties of CD8+ T cells targeting mutation-associated neoantigens. As
opposite to self-antigens, neoantigens are self-mutated peptides, without preexisting central tolerance and
with the potential of inducing stronger immune response and effective antitumor activity. As a consequence,
neoantigens have become of great interest as targets of cancer vaccines. Adenovirus (Ad)-vectored vaccines
encoding tumor neoantigens have been shown to eradicate large tumors when combined with anti-
programmed cell death protein 1 (anti-PD-1) in murine models; however, the mechanisms and translational
potential have not yet been elucidated.

We have recently showed that gorilla Ad vaccine targeting tumor neoepitopes enhances responses to anti-
PD-1 therapy by improving immunogenicity and antitumor efficacy. Single-cell RNA sequencing
demonstrated that the combination of Ad vaccine and anti-PD-1 increased the number of murine
polyfunctional neoantigen-specific CD8+ T cells over anti-PD-1 monotherapy, with an accumulation of Tcfl+
stem-like progenitors in draining lymph nodes and effector CD8+ T cells in tumors. Combined T cell receptor
(TCR) sequencing analysis highlighted a broader spectrum of neoantigen-specific CD8+ T cells upon
vaccination compared to anti-PD-1 monotherapy. The translational relevance of these data is supported by
results obtained in the first 12 patients with metastatic deficient mismatch repair (dMMR) tumors vaccinated
with an Ad vaccine encoding shared neoantigens. Expansion and diversification of TCRs were observed in
post-treatment biopsies of patients with clinical response, as well as an increase in tumor-infiltrating T cells
with an effector memory signature. These findings indicate a promising mechanism to overcome resistance
to PD-1 blockade by promoting immunogenicity and broadening the spectrum and magnitude of neoantigen-
specific T cells infiltrating tumors (D’Alise M, et al. Science Translational Medicine, 2022; Figure 2).

chustor (ordored by hisrarchical clustoring)
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Figure 2: GAd-7+aPD-1 leads to accumulation of TPEX in lymph node. (A) Microenvironment distribution of
neoepitope specific Adpgk+ CD8+ T cells (t = tumor, In = lymph node). (B) Adpgk+ CD8+ T cells are distributed
in distinct clusters. (C) Fisher’s exact test of cell frequencies found in each cluster displays accumulation of
TPEX in lymph nodes of mice treated with aPD-1+GAd-7 combined therapy. (D) TCR analysis highlights clonal
expansion in TPEX, effector and exhausted phenotypes (adapted from D’Alise M et al., Science Transl.
Medicine, 2022).

Awards, patents, dissemination

-Interviews with journalists for the dissemination and promotion of research activity.

-Patent: “Method for in vitro evaluation of the immune response after vaccination with a mRNA vaccine”,
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2022.
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Genomic Instability and Tumor Immunity Unit

Unit research members

e llio Vitale, principal investigator

e Gwenola Manic, researcher

e Luca Mattiello, postdoctoral fellow

e Alessandro D’Ambrosio, postdoctoral fellow

e Andrea Guarracino, PhD student until 31/05/2021
e Sara Soliman Abdel Rehim, PhD student

e Ginevra Campia, fellow

e Federica D’Amico, undergraduate student

Brief description of the UNIT (half a page minimum, 1 page maximum)

The main research interests of the Unit concern the mechanisms regulating genomic stability and the
processes governing tumor immunity. We place a particular focus on cancer stem cells (CSCs), the
subpopulation of malignant cells with pronounced tumor-initiating, tumor-propagating and tumor-

disseminating potential and elevated resistance to currently used therapies. CSCs are resilient to adverse
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microenvironmental conditions and have been associated with therapeutic failure and tumor relapse. It is
thus fundamental to develop novel (immuno)therapeutic approaches specifically targeting CSCs.

Our research activity proceeds in two parallel and interlinked fashions. In a first line of investigation , we
analyze the mechanisms regulating DNA replication and chromosome segregation in CSCs, with the objective
of identifying specific vulnerabilities and targets for prophylactic and therapeutic purposes. In a second line
of investigation, we explore the mechanisms adopted by CSCs to evade the surveillance of the immune
system with the aim of developing novel approaches to increase CSC immune visibility and attack.

To explore these aims, we have developed a series of experimental methodologies to profile the mutational,
transcriptomic, proteomic, and antigenic landscape of patient-derived models and to quantify dynamic
parameters such as chromosomal instability (CIN), tumor heterogeneity, immunogenicity and (clonal)
response to therapies. Current approaches include NGS studies, karyotypic and functional analyses,
videomicroscopy, microfluidics, algorithm development, murine models of cancerogenesis, syngeneic
murine models, and humanized mice.

We believe that the identification of the mechanisms regulating genomic stability and governing tumor

immunity can guide the design of novel immunotherapeutic regimens.

RESEARCH QUESTION(S):

How frequent and relevant are pre-mitotic and mitotic defects associated with CIN in CSCs?

Can the DNA damage response constitute a specific vulnerability of CSCs?

Do replication stress and mitotic stress activate a specific cellular response impacting on therapeutic
resistance and immunogenicity of CSCs?

What are the principal mechanisms adopted by CSC to evade surveillance of the immune system?

Is boosting chromosomal instability an effective strategy to increase the immunogenicity of CSCs?

MAIN RUNNING FUNDINGS

e Associazione Italiana per la Ricerca sul Cancro (AIRC). Project title: “Exploiting karyotypic aberrations and

chromosomal instability in cancer stem cells for precision immunotherapy” (Pl: |. Vitale): € 149.150
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Main achievements in the period covered by the Scientific Report

Mechanisms regulating genetic and chromosomal stability in CSCs

(Team: G. Manic, A. Guarracino, S. Soliman, L. Mattiello, G. Campia)

COLLABORATIONS:
e Prof Livio Trusolino, Candiolo Cancer Institute - FPO, IRCCS, Candiolo, Italy
e Dr Mauro Biffoni, ISS, Rome, Italy
e Dr Lorenzo Galluzzi, Weill Cornell Medical College, New York, NY, USA

MAIN OBJECTIVES OF THE PROJECT
1. Characterize the response to replication and mitotic stress in cancer cells and CSCs.
2. Identify the intracellular pathways and extracellular signals linked to the response to replication and
mitotic stress in cancer cells and CSCs.

3. Develop novel therapeutic strategies directed against CSCs.

RESULTS ACHIEVED during the reporting period

We previously established a panel of spheroids and organoids derived from colorectal (CRC) cancer-patients,
which are two experimental models to enrich and study CSCs. Taking advantage of these models, we
demonstrated that CSCs tend to undergo DNA replication errors but have a high tolerance to replication
stress (RS) due to a very robust DNA damage response. In this period of research activity, we provided
evidence that a high level of constitutive RS is a marker of the sensitivity of CSCs from CRC to DNA damaging
agents, including 5-FU, oxaliplatin and irinotecan (which are conventionally used in the clinics against CRC)
as well as to inhibitors of the RS response, including ATR-CHK1 inhibitors. We also identified a non-genetic
mechanism of resistance of CSCs to these agents based on the upregulation of PARP1, one crucial player of
the DNA damage response also involved in the management of RS. We showed that PARP1 determines
resistance to RS inducers by decelerating the DNA replication process (Figure 1A). This role of PARP1 results
in an enhanced DNA replication fidelity with consequent decrease in the level of RS. We also provided
evidence that PARP1 inhibition with so-called PARP1 trappers sensitizes cancer cells and CSCs to RS inducers
such as irinotecan, also fostering their pro-immunogenic potential (Figure 1B).

Using our panel of primary spheroids and organoids, we also showed that a considerable fraction of CSCs
displays a weak mitotic checkpoint, a surveillance mechanism best known as spindle assembly checkpoint
(SAC) that monitors and ensures correct sister chromatid segregation. We finally performed a drug screening
on cell lines representative of SAC functionality, demonstrating that SAC deregulation increases the

resistance to therapy and the immunogenicity of CSCs (Figure 1C).
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Figure 1. Role of PARP1 in the RS response of CSCs. A. Primary spheroids sensitive or insensitive to RS
induction were treated as reported (I, inhibitor) and then subjected to DNA fiber assay upon incubation with
IdU. Fiber lengths are illustrated. Mann—Whitney test (left) and Kruskal-Wallis ANOVA followed by Dunn’s
post-hoc test (center/right). B. Primary spheroids treated as reported (CTR, Control; IRI, Irinotecan; TZ,
Talazoparib) were analyzed by live microscopy upon staining with the vital dye propidium iodide (PI, in red).
C. Primary spheroids with distinct SAC robustness (strong: SACHIGH; weak: SACLOW) were administered for
72h with 20 or 200 nM of a library of 349 cancer-relevant compounds, prior to the assessment of cell
proliferation/survival by CellTiter GLo® Luminescent Cell Viability assay. Grey points in the scatterplot
indicate filtered out cases (log2/mean viability < 1 or A < 20).

We are now conducting multi-omic studies with the objective of identifying modulated targets/pathways of

the response of CSCs to RS and SAC deregulation.

Mechanisms of immune evasion by cancer stem cells

(Team: G. Manic, A. Guarracino, S. Soliman, L. Mattiello, G. Campia)

COLLABORATIONS:
e Dr Antonella Sistigu (Universita Cattolica del Sacro Cuore, Roma)

e Prof Ruggero De Maria (Universita Cattolica del Sacro Cuore, Roma)

MAIN OBJECTIVES OF THE PROJECT
1. Investigate the impact of immunogenic therapy on cancer stemness.
2. Identify the strategies adopted by CSCs to evade immune surveillance.

3. Develop novel strategies to sensitize CSCs to immunogenic therapy.

RESULTS ACHIEVED during the reporting period

In this period of activity, we optimized murine models of CSCs to explore the immune escape of CSCs and
their resistance to immunotherapy. We demonstrated that the treatment with inducers of immunogenic cell

death (ICD, a type of regulated cell death activating an adaptive immune response in immunocompetent
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hosts) favors the emergence and selection of subpopulations of therapy-resistant cells with phenotypic and
functional properties of CSCs. We confronted breast CSC and non-CSC fractions with histocompatible
splenocytes in microfluidic devices. By videomicroscopy we showed that non-CSCs attracted and stably
interacted with splenocytes at 24h, while CSCs failed to do so, migrating towards splenocytes and starting a
transient interaction only upon 48h (Figure 2A). Using a syngeneic murine model, we observed that CSCs
induced by immunogenic therapy display high aggressiveness and low immunogenicity. This was
demonstrated by the high percentage of immunocompetent mice developing tumors (Figure 2B) and lung
metastasis (not shown) once xenografted with syngeneic CSCs.

In following epigenetic analyses, we revealed a key role of the demethylase KDM1B in promoting and
maintaining cancer stemness. Through ATAC-Seq studies in CSCs and non-CSCs isolated from cancer cells
subjected to immunogenic therapy, we observed that CSCs display a higher chromatin accessibility in
stemness associated genes as well as in the gene encoding KDM1B (Figure 2C). Importantly, in in vivo studies,
we observed that the treatment with the KDM1B inhibitor tranylcypromine (TCP) reduced the fraction of
CSCs induced by ICD inducers (Figure 2D), an effect that was associated with an enhanced antitumor efficacy

of immunogenic therapy (Figure 2E).
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Figure 2. CSC immunogenicity. A. Time-lapse analysis of splenocyte migration towards AT3 cell-isolated CSC
and non-CSC fractions in microfluidic devices. Plots represent trajectories of individual splenocyte towards
target cancer cells (black spots). Quantification of interaction times are also shown. B. In vivo evaluation of
the tumorigenicity of parental MCA205 cells (PAR) and MCA205-isolated CSCs and non-CSCs in C57BI/6J (Wt)
or NSG mice. The percentage of tumor-free mice is shown. C. Representative Kdm1b loci from ATAC-seq
studies in PAR and CSCs. D,E. Ex vivo multiparametric flow cytometry analysis of CSCs (CD44H) percentages
(D) and in vivo MCA205 tumor growth control in mice treated as illustrated (E). Tumor growth curves are
reported. DOX, doxorubicin; OXP, oxaliplatin; TCP, tranylcypromine. Ordinary two-way RM ANOVA test with

Bonferroni’s correction (D) and Log-rank (Mantel-Cox) test (E).

We are now exploring the mechanisms behind the low immunogenicity of CSCs. We are also trying to validate

results on KDM1B to unveil whether epigenetic therapy can improve immune-mediated targeting of CSCs.
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”

o Title of the project “Chromosomal instability and immunogenicity of CSCs

(Team: G. Manic, A. Guarracino, S. Soliman, L. Mattiello, G. Campia)

COLLABORATIONS:
e Dr Antonella Sistigu (Universita Cattolica del Sacro Cuore, Roma)
e Dr Lorenzo Galluzzi (Weill Cornell Medical College, New York, USA)

e Prof Matteo Cereda (IIGM, Candiolo)

MAIN OBJECTIVES OF THE PROJECT
1. Explore the immunogenic potential of CSCs with an increased chromosome number.
2. Determine the mutational, antigenic, transcriptomic, and proteomic profiles of CSCs with an
increased chromosome number.

3. Develop novel strategies to increase the immune visibility and immune attack of CSCs.

RESULTS ACHIEVED during the reporting period

In this period of activity, we demonstrated that an increase in ploidy due to whole-genome duplication boosts
the immunogenic potential of CSCs, both in vitro and in vivo. We used a model of humanized mice, i.e.,
immunodeficient NSG mice subjected to the protocol of humanization through injection of peripheral blood
mononuclear cells (PBMCs) from histocompatible healthy donors. Humanized mice were xenografted with
primary colorectal CSCs with different ploidy and tumor development and growth were followed over the
time. We observed that hyperploid CSCs (H-CSCs, i.e., CSCs with a redoubled genome content) grew less
efficiently than their pseudo-diploid counterparts (D-CSCs) when injected in humanized mice (Figure 3A).
This evidence supports the existence of an immunosurveillance mechanism directed against CSCs that
underwent whole-genome duplication.

To characterize the immunogenicity of H-CSCs, we profiled the mutational and antigenic landscape, by whole-
exome sequencing (WES, also including healthy tissue) and RNASeq. By integrating data on the tumor
mutational burden (TMB), copy-number and mutation multiplicities, we revealed a higher number of
mutations (but not of distinct mutations) in H-CSC clones than D-CSC clones (Figure 3B). We could also
identify a panel of unique mutations and, using prediction algorithms, a list of potential unique neoantigens
present in H-CSCs (Figure 3B). We are now performing antigen validation and exploring deregulated
pathways associated with H-CSC immunogenicity.

We finally revealed a mechanism of immunoediting of H-CSCs. In humanized mice, upon initial antitumor
effects, the immune response against H-CSCs resulted in the selection of CSCs with a reduced ploidy and
increased capability to escape immune surveillance and grow as tumors (Figure 3D). We ascribed such an

effect to the high CIN levels of H-CSCs. This evidence indicates that CIN has a duplex, antithetic effect in CSCs,
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as it increases CSC immunogenicity but eventually promotes the generation of a progeny with high potential

to evade immune surveillance.
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Figure 3. Ploidy increase and CSC immunogenicity. A. Tumor growth analysis of pseudo-diploid (D) and

hyperploid (H) CSCs as reported. Mann—Whitney test (left, below), and Kruskal-Wallis ANOVA followed by

Dunn’s post-hoc test (right). B. Determination of the tumor mutational burden (TMB) of CSCs and lists of

potential antigens of H-CSCs identified by integration of WES+RNASeq and prediction algorithm. C. Flow

cytometry-mediated analysis of cell cycle profiles on explanted H-CSC-derived tumors stained with DNA dye.

Our future research will try to identify specific strategies to limit ploidy reduction, keeping up the

immunogenicity of H-CSCs.
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NEWFUNDED PROJECTS

e Associazione Italiana per la Ricerca sul Cancro (AIRC). Project Title: “Harnessing replication stress for
effective therapies against microsatellite and chromosomal unstable colorectal cancers” (Pl: . Vitale).
2023-2027

e Associazione Italiana per la Ricerca sul Cancro (AIRC). Project Title: “Exploring the impact of the
mitotic checkpoint on clonal response and therapy resistance of colorectal cancer” (Fellowship for L.
Mattiello under supervision of I. Vitale). 2023-2024

e |IGM - ltalian Institute for Genomic Medicine. Project Title: “Identifying the mechanisms and
biomarkers of resistance to PARP1 inhibitors in cancer stem cells”. (Pl: |. Vitale IIGM and Dr P. Pichierri
INBB). 2023.

e Ministero della Salute. Project Title: “Deconstructing cancer therapy resistance: integration of
advanced in vitro, in vivo and in silico models to dissect patient-specific mechanisms of
chemo/immunotherapy resistance, identify novel therapeutic vulnerabilities and generate
personalized strategies to target relapse-inducing cancer cells”. (Pl: |. Vitale). 2023-2025

e Ministero della Salute. Project Title: “Investigating the mitotic checkpoint in patient-derived models

for effective (immuno)therapy against colorectal cancer” (Pl: G. Manic). 2023-2026
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Immunotherapy Unit

I

Unit research members

e Tobias Longin Haas, head of Unit (IIGM), assistant professor (UCSC)
e Jolanda Magri, Ph.D. student (UCSC)

e Roberta Giampa, fellow technician (IIGM)

e Matteo Menotti, Ph.D., post-doctoral fellow (IIGM) until 31/08/2022
e Alessandro Abbati, fellow technician (IIGM) until 31/09/2021

Brief description of the UNIT

The Immunotherapy unit is composed of a small group of young and early-stage scientists following a line of
research that emerged from a high throughput screening for antibodies binding to surface molecules of
primary colorectal cancer cells performed at the UCSC in Rome. The unit was established at IIGM at the
beginning of 2020 and dedicates its activities to generating novel strategies to involve natural immunity in
fighting and eradicating solid tumors.

In the last years, it became evident that supporting the anti-tumor activities of the immune system can
provide a very effective weapon in the fight against cancer. Starting from this assumption, immune

checkpoint inhibitors (ICls) were developed. This new class of drugs can unleash forces of T cells that are
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usually suppressed by the tumor or by the tumor microenvironment and result in remarkable clinical
outcomes in several solid tumors including lung cancer and melanoma.

One of the main findings of these studies was that tumors with a high mutational load that have an
immunologically active (or immunologically hot) microenvironment are more susceptible to ICI treatment,
while tumors with lower mutation rates, containing few infiltrated immune cells have an immunologically
cold tumor microenvironment and do not respond as well. The aim of the research done in this unit is to
boost the intrinsic anti-tumor activity of T cells and to turn an immunologically cold into an immunologically
hot tumor (e.g., colorectal cancer (CRC)).

The main strategies to reach these aims are based on proprietary monoclonal antibodies specifically binding
surface structures on primary tumor cell cultures developed in collaboration with Prof. De Maria at the UCSC.
The sequence information of these antibodies was used to generate scFvs enabling the generation of novel
“bispecific T cell engagers” (BiTEs) and “chimeric antigen receptor T cells” (CAR T cells). In the projects
performed at IIGM novel formats of the BiTEs and innovative fourth-generation CAR T cells are developed,
not only targeting the tumor cells but also aimed at fueling an inflammatory response within the tumor

microenvironment.

RESEARCH QUESTION(S):

Project 1:

In the first project, we investigate if it is possible to generate therapeutically effective bi-specific T cell
engagers (BiTEs) based on proprietary tumor-targeting antibodies identified in a high throughput hybridoma
screening. Because solid tumors are very hard to treat with this kind of approach, we opted for a
combinatorial approach creating BiTEs activating the T cell receptor complex and BiTEs that bind and activate
co-stimulatory receptors on the surface of the T cells.

Project 2:

Heterogeneity in the expression of tumor antigens is one of the main obstacles in treating solid tumors. Thus,
we set up the second project to answer the question of whether modified 4" generation CAR T cells may be
a suitable vector to deliver “danger signals” into a solid tumor and thus exert a stronger anti-tumor response

by activating or reprogramming tumor-associated antigen-presenting cells.

MAIN RUNNING FUNDINGS
e Period: 02/01/2020-01/01/2025: Tobias Haas is co-Pl of the project entitled: “Development of
therapeutic antibodies and CAR T cells for the treatment of advanced colorectal cancer and
glioblastoma” (AIRC Investigator Grant — 1G 2019)

e Period: 02/01/2020-01/01/2023: Tobias Haas is co-PI for the research carried out at the IRCCS
Fondazione Policlinico Universitario A. Gemelli in work packages 2 and 3 of the project: "Progetto di
ricerca sulle cellule T CAR per i tumori ematologici maligni e solidi". (Ministero della Salute RCR-
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2019-23669115)
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Main achievements in the period covered by the Scientific Report

Generation and validation of novel BiTEs antibodies

(Team: Matteo Menotti, Roberta Giampa, Alessandro Abbati)

COLLABORATIONS:
e Dr U. Warnken (German Cancer Research Center, Heidelberg, Germany)
e Prof R. De Maria (Universita Cattolica del Sacro Cuore, Roma)

e Dr Eleonora Ponterio, Istituto Superiore di Sanita, Roma)

MAIN OBJECTIVES OF THE PROJECT

1. Design, manufacturing, and purification of bispecific antibodies (BiTEs) activating human and murine
T cells based on the sequence information of the TAA-specific 13C4 antibody.

2. Enhance the immunological potential of T lymphocytes against tumor cells by using BiTEs targeting
co-stimulatory receptors on the T cells.

3. Test the ability of antibodies to activate T lymphocytes against tumor cells in vitro and in vivo.

RESULTS ACHIEVED during the reporting period

Using recombinant DNA technologies, we generated bispecific T cell engagers (BiTEs). Canonical BiTEs

crosslink the endogenous T cell receptor complexes in the presence of tumor cells expressing a respective

tumor-associated antigen leading to the activation of the lymphocyte.
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Figure 1: (A) The strategy of activating T cells in the presence of tumor cells. (B) description of the TAA
identified by high content hybridoma screening, (C) Co-stimulatory BiTEs used. (D) /In vivo model systems to
be used to test the BiTE function in mouse models.

The BIiTEs designed and generated at IIGM consist of two monoclonal antibody (mAb)-derived antigen-
binding domains, that are expressed as single chain fragments of the variable chains (scFvs) linked by a
flexible amino acid sequence. The activation of the T cells is obtained by the binding of the BIiTE to the CD3
epsilon receptor (CD3e), within the T-cell receptor (TCR) complex. We generated a second BIiTE acting as a
co-stimulatory signal (Figure 1A). The activation of the T cell will cause the release of perforin and granzyme
B and the subsequent apoptotic death of the tumor cell expressing the tumor-associated antigen (TAA) that
was found to be specifically expressed on the surface of CRC (see Figure 1B). To obtain a stronger T cell
activation we have also designed two more BiTEs to be used in combination with the previous one that has,
instead of the CD3e scFv, another sequence that can bind and activate the CD28 co-receptor or 4.1BBon T
lymphocyte. Using the TAA/CD28-BiTE in combination with the TAA/CD3e-BiTE will allow us to support the
activation via CD3e and to activate naive T-cells, which are usually not fully activated by a single stimulation.
While using the TAA/4.1BB-BiTE will co-activate the tissue-resident memory T cells (Figure 1C). The function
of these BIiTE formats will be tested in xenograft models using CRC PDX-derived tumors and furthermore in
syngeneic mouse models. To this end, we designed 5 independent BiTEs (TAA/huCD3; TAA/HuCD2S;
TAA/hu4.1BB; TAA/muCD3 and TAA/muCD28, Figure 1D).
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Figure 2: (A) Workflow for the expression of the recombinant BiTEs. (B) Evaluation of the surface binding on
T cells and tumor cells by flow cytometry. The binding was visualized with an anti-V5 antibody that binds the
C-terminus of the BIiTE. Functional analyses of the BIiTE (upper panel: increase of the T cell activation markers
CD25/CD69, middle panel: release of IL-2 upon co-culture of T with target cells. Lower panel: the real-time
proliferation of the EGFP-positive target cells in the presence of T cells +/- the BiTEs indicated.
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In the last couple of years, we set up a functional workflow of cloning, expressing, and purifying the BiTEs
described above (Figure 2A). For all the BIiTE formats we tested the binding to both, the tumor-associated
antigen (TAA) recognized by our proprietary scFv derived from 13C4 and the second target (CD3e, CD28, and
4.1BB) expressed on the surface of human or murine T cells. As exemplified in Figure 2B, we obtained BiTEs
that showed binding on the surface of tumor cells via the 13C4 scFv portion and binding to the surface of T
cells via the CD3e-targeting scFv, or the CD28-targeting scFv, respectively. Furthermore, we evaluated the
ability of our BiTEs to activate lymphocytes in the presence of tumor cells by measuring the abundance of
the T cell activation markers CD69 and CD25. As expected, T cells enhanced the expression of both markers
when cultured with primary colon cancer cells and the BiTE TAA/CD3 (Figure 2C, upper panel, center
histogram), the second BiTE TAA/CD28 alone does not affect lymphocyte activation (left histogram) but
amplifies the effect of BiTE TAA/CD3 when combined with it (right histogram). A similar effect was observed
for the secretion of the pro-inflammatory cytokine IL2. (Figure 11C middle panel). While the coculture of
human T cells with tumor cells and the TAA/CD3-BiTE activated the cells as expected, the addition of the
TAA/CD28 BIiTE enhanced the cytokine secretion and thus the activation of the T cells. To monitor the anti-
tumoral activity of the T cells in the presence of the BiTEs over time, we used primary CRC tumor cells
engineered to express an enhanced green fluorescent protein (EGFP) and performed real-time proliferation
assays using the IncuCyte system. As shown in Figure 2C (lower panel) the number of cells expressing the
EGFP is blunted in the presence of the TAA/CD3 BiTE and the combination of TAA/CD3 and TAA/CD28 BiTE.
Thus, we can deduce that lymphocytes have also gained cytotoxic activity and eliminated the targets. Recent
results showed that by using suboptimal doses of the TAA/CD3-BiTE, the addition of the TAA/CD28 BiTE
results in stronger anti-tumor activity in vitro (data not shown). The next steps of this project will be to
evaluate the ability of BiTEs to perform their function also in vivo using immunocompromised mice with
subcutaneous tumors. Because our 13C4 scFv recognizes and binds to both human and murine tumor cells,
we have also produced two other BiTEs that are able to activate murine lymphocytes (data not shown). We

will use these BiTEs to test their preclinical validity in an immuno-competent mouse model (C57BL/6 mice).

Generation of 4th generation CARs targeting TAAs in solid tumors

(Team: Jolanda Magri, Matteo Menotti, Roberta Giampa)

MAIN OBJECTIVES OF THE PROJECT

1. Design of fourth-generation CAR T cells.
2. Selection of the best promoter that allows secretion of the entolimod protein upon CAR T cell activation.

3. Validation of the antitumor efficacy of CAR T cells in vitro and in vivo.

RESULTS ACHIEVED during the reporting period
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The second project is based on the recent finding that vaccination approaches targeting tumor-associated
antigens (TAAs) in solid tumors can help to break the immunological tolerance. It was shown that
intratumoral administration of immunomodulators can improve the immunogenicity of cancer vaccines.
However, even if some adjuvants are licensed for clinical use, intratumoral injection is not always feasible,
considering metastatic disease and patient compliance. On the other hand, a weakness of the current CAR T
cell therapy is that, due to tumor heterogeneity, antigen loss is commonly observed, this permits the
outgrowth of antigen-negative cells and hampers the long-term response to the treatment.

To overcome these limitations, we have engineered CAR T cells that, following their activation, not only cause
the direct lysis of the target cells but also secrete a modified version of a toll-like receptor 5 (TLR5) ligand,
leading to the activation of the innate immune system. Our hypothesis is that this construct will get expressed
and secreted by CAR T cells when they infiltrate the tumor mass and get in contact with the TAA recognized
by the CAR. In turn, the TLR5 ligand will then activate innate immune cells present in the tumor
microenvironment (TME). Once activated, these cells will take up tumor antigens derived from tumor cells
killed by the CAR T cells and migrate into the lymph nodes to present these peptides which results in the
expansion of new tumor-specific T cells. These will subsequently migrate back into the tumor, as well as into
possible metastases, contributing to their elimination independent of the TAA recognized by the CAR T cells
(Figure 3). Given the fast-moving field of CAR T cell therapies, we are confident that in case we see efficacy
in vitro and in animal models, this treatment regime has some potential to be translated into the clinical
setting.
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Figure 3: Scheme of the hypothesis

To develop a tumor model in which the percentage of TAA-positive and -negative tumor cells can be tuned
(see Figure 4A), we generated murine CRC tumor cells (MC38) expressing a non-functional, truncated form
of the human epidermal growth factor receptor (trEGFR, Figure 4B). These cells can be co-injected with
trEGFR-negative tumor cells in syngeneic C57BL/6 mice to establish a tumor consisting of TAA-positive and
negative cells. Furthermore, this will allow us to work with a fully immunocompetent model to study the

effects of CAR T cells on the TME.
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Figure 4: (A) The system used to create a heterogenous expression of the TAA. (B) Expression of trEGFR
recognized by the cetuximab scFv in MC38 cells stably transfected with a pCDNA3.1 vector encoding for the
gene of interest. (C) Killing ability and (D+E) cytokine production was measured by ELISA of CAR-T cells (IC50
and IC59) co-cultured with target cells for 48 h at different E:T ratios. The viability of MC38 target cells
expressing luciferase was measured through luminescence detection. Data are represented by at least 3
independent experiments. * p-value <0,05.

The variable portion of the commercial antibody Cetuximab, able to recognize trEGFR, has been used to
design the extracellular part of the chimeric receptor expressed on T cells. We transduced primary murine T
cells with two independent CAR-expressing vectors (IC50 and IC59), differing only in the presence of a
puromycin resistance cassette, and tested their killing ability, cytokine production, and activation status of
the CAR T cells in coculture with target cells. Indeed, after 48 hours of coculture, the viability of target cells
measured by their expression of a luminescent signal was significantly reduced (Figure 4C). The killing of
target cells was accompanied by secretion of the activation-induced cytokines IL2 (Figure 4D) and IFNy
(Figure 4E), and upregulation of the activation markers CD25 and CD69 (data not shown). These results
indicated that the CAR T got activated and killed selectively trEGFR-positive target cells in vitro, laying the
foundation for in vivo experiments.

To achieve the synthesis and secretion of the entolimod protein (TLR5-ligand) by T cells, we designed several
DNA constructs carrying entolimod together with sequences of signal peptides for secretion into the
supernatant. These include the immunoglobulin K signal peptide (IgKk SP) or the so-called "cell-penetrating
peptides" (CPPs) capable of passing through the cellular lipid membrane, namely transportan, an amino acid
repeat of arginine (polyR) and a protein sequence belonging to homeoproteins termed SecPen (Secretin-
Penetratin). These constructs were cloned into a plasmid vector under a constitutive promoter. We tested

the production and secretion of 8 different entolimod constructs shown in Figure 5A using transiently
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transfected HEK293T cells and detected activity in all supernatants (data not shown). By western blot,
however, we observed different levels of protein production and secretion among the various constructs
(data not shown). Based on these data, we chose the IgK SP alone or the IgK SP in combination with polyR as
our “lead constructs” for further analyses. Then we generated 3T3 murine fibroblasts stably expressing
entolimod to assess the continuous production of our ligand and possible related toxic effects. We confirmed
the production and secretion of both entolimod constructs in supernatants of transduced 3T3 cells by
western blot (Figure 5B) and validated its ability to stimulate TLR5 in a sensor cell line (Figure 5C). Moreover,
we were able to detect TLR5 stimulation upon a permeability assay that suggested the ability of entolimod
to diffuse through cell membranes and possibly through the tumor mass (Figure 5D).
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Figure 5: (A) Representative scheme of entolimod constructs cloned in a pCDNA3.1 vector for production and
secretion by cells. (B) Western Blot analysis of supernatants of 3T3 murine fibroblasts stably producing
entolimod in constructs 1 and 4. (C) TLR5 binding and stimulation by entolimod and flagellin (control)
measured through a colorimetric-based assay using supernatants of 3T3 entolimod-producing cell lines. (D)
Diffusion assays through MDCK cell impermeable monolayer of entolimod constructs 1 and 4 and
measurement of TLR5 stimulation. (E) TLR5 stimulation by flagellin (control) and entolimod produced under
the control of the inducible 6xNFAT promoter upon CD3/CD28 stimulation of transduced primary murine T
cells.

To achieve inducible production of entolimod by T cells, we designed an inducible promoter based on six
repetitions of the consensus sequence bound by the nuclear factor of activated T cells (NFAT) transcription
factor, which is recruited upon T cell activation. Indeed, we detected TLR5 stimulation by the supernatants
of CD3/CD28 activated T cells transduced with the inducible construct and not in control cells, indicating
inducible secretion of entolimod (Figure 5E).

We are currently improving transduction efficiencies and expansion of primary murine T cells for the in vivo

validation of our 4" generation CAR T cells. Moreover, the ongoing RNAseq experiments performed on T cells

and macrophages cocultured in the presence or absence of entolimod will unravel genomic signatures that
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will be validated in further experiments.

Awards:

Tobias Haas is Pl of the project entitled "Development of Monoclonal Antibody-based Therapeutics for the
Treatment of Cancer, in Particular Colorectal Cancer" receiving a £100.000 award from LifeArc for preclinical

development of a monoclonal antibody inhibiting CRC growth.

Linea PREMIO, Premio pubblicazione di alta qualita (2019)

Universita Cattolica del Sacro Cuore

Linea PREMIOQ, Premio pubblicazione di alta qualita (2017)

Universita Cattolica del Sacro Cuore
Patents:

Tobias Haas is co-inventor of patent application W02014072940A1; PCTIB2013/059993: Inhibitor of integrin

for treatment or prevention of tumours.
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Chemical Biology Unit

Unit research members

e Carlo Cosimo Campa, Principal investigator
e Luca Gozzelino, Post-doctoral fellow

e Giampaolo Placidi, PhD student

e Simone Tealdi, PhD student

e Aastha Jaipuria, Undergraduate student

e Stefano Romanazzi, Undergraduate student

Visiting scientist over the year
e Gabriele Rigano, Undergraduate student, Polytechnic school of Turin

e Paulius Gibieza, Post-doctoral fellow, Lithuanian University of Health Sciences

Brief description of the UNIT

Despite significant advances in human genetics over the past two decades, the percentage of the human
proteome that is targeted by small molecules remains quite small compared to the total number of genes
found to be associated with a disease phenotype. In part, this is due to the lack of technologies that can
systematically address the vulnerability of uncharacterized disease-relevant proteins or pathways and the

associated scientific and commercial opportunities.
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Alterations in membrane trafficking pathways are associated with many human diseases, including cancers,
neurodegenerative disorders, and more than 340 distinct Mendelian diseases, reflecting new opportunities
for target discovery. However, current approaches do not systematically address the vulnerability of

membrane trafficking pathways to pharmacological inhibitors.

The Chemical Biology unit aims to develop and validate enabling technologies that have the potential to drive
a sea change in the ability of basic scientists to achieve relevant clinical and health goals. Particular attention
is paid on pathways that enable the internalization and delivery of biomolecules and biopharmaceuticals into

cell’s intracellular compartments.

Our research program has three main goals:
1) to develop new technologies for the analysis of membrane trafficking pathways.
2) to understand the structure-function relationships of membrane trafficking networks.

3) to identify drugs that can reverse disease phenotypes caused by alterations in membrane trafficking.

The research unit's activities include the development of biosensors and gene editing tools for high-
throughput identification of novel biomarkers and drug inhibitors that, by acting on specific intracellular

trafficking pathways, have the potential to transform the therapeutic treatment of incurable diseases.

MAIN RUNNING FUNDINGS

e Italian Association for Cancer Research (AIRC), “Mixing of Rab GTPase membrane domains reduces
glioblastoma response to immunotherapeutic agents”, 2021-25.
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Main achievements in the period covered by the Scientific Report

Visualize feedback loops on the surface of a single endosome using correlation analysis

COLLABORATIONS:

e Dr Carla Bosia and Elsi Ferro (Polytechnic of Turin and IIGM)

MAIN OBJECTIVES OF THE PROJECT
The ability to parse out biochemical signalling events in time and space would help to identify both network
topology and activity patterns characterizing biomolecular systems. However, current approaches do not

allow to resume the relationship between molecular signalling components into a single estimate.

RESULTS ACHIEVED during the reporting period

We demonstrate that both the direction and the extent feedback loops in biochemical circuits can be
qguantified by the spatial correlation. We combine both FRET-based imaging and statistical approaches to the
analysis of the information signalling flow occurring at the surface of endocytic organelles.

By measuring the association between the active fraction of signalling molecules and changes in their
molecular level, we report unprecedented observations of feedbacks and putative crosstalk between Rab5
and Rab11 biomolecular switches on the membrane surface of a single endosome (Figure 1). Theoretical
prediction and experimental data provide clues on Rab protein stoichiometry in controlling feedback signal
and support a role for Zfyve26 as a Rab5-Rab11 signalling regulator. Our spatial mapping provides a powerful
system to visualize and understand the information flow in biochemical signalling networks even at the

submicrometric scale.
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Figure 1. Schematic of the imaging system used for the investigation of feedback loops at the surface of endocytic
vesicles. The activation mechanisms and abundance of both Rab5 (green) and Rab11 (purple) molecular switches
was employed to obtain information about feedbacks and functional crosstalk’s.
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Engineering Rab GTPase biosensors for drug discovery

(Team: Luca Gozzelino)

MAIN OBJECTIVES OF THE PROJECT

The ability to visualize signalling activities of membrane trafficking pathways would help to identify both
molecular components of biological signalling networks and chemical compounds capable of rescuing disease
phenotypes caused by membrane trafficking alterations. However, current technologies do not allow the

estimation of membrane trafficking pathway activity using high-throughput platforms.

RESULTS ACHIEVED during the reporting period

We demonstrate that genetically-encoded Rab small GTPase indicators are powerful tools for detection of
membrane trafficking pathways activity at high-throughput.

Inspired by proteins that fluorescence in response to chemical ligands, we have developed a green emitting
fluorescent Rab activity reporter that exhibits a high molecular brightness and a linear response to Guanine
Nucleotide Exchange Factors (GEFs) and GTPase Activating proteins (GAPs). We demonstrated the utility of
this genetically encoded biosensor for the identification of novel Rab11 regulators. Our biosensor technology
provides a powerful system to quantify the signalling activity of membrane trafficking routes even in complex

experimental settings take advantage of size reduction to minimize research costs.

Perturbation of membrane trafficking pathways with small molecules in glioblastoma

(Team: Luca Gozzelino, Simone Tealdi, Aastha Jaipuria, Giampaolo Placidi)

MAIN OBJECTIVES OF THE PROJECT

The ability to interfere with membrane trafficking pathways would help control the cell surface proteome
and, consequently, the ability of cells to sense and respond to environmental changes. However, it is unclear
whether disruption of intracellular transport could be a strategy to improve antibody-based cancer

treatments.
RESULTS ACHIEVED during the reporting period

We demonstrated that the endocytic recycling trafficking pathway is involved in the control of EGFR cell
surface expression in a human model of glioblastoma (GBM), a brain tumour resistant to EGFR monoclonal

antibody therapies.

Using a Rabl11l biosensor-based approach, we found that chemical inhibition of phosphatidylinositol 4,5-
bisphosphate synthesis, a membrane lipid constituent, reduced Rabl1l activation and simultaneously
decreased EGFR surface expression in GBM cells. This effect was not rescued by overexpression of Rab11

isoforms (RAB11A, RAB11B, RAB25), although these were found to control the protein level of EGFR. These
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data suggest that PIP5K2C blocks EGFR in intracellular compartments and reduces receptor surface

expression.

To understand the impact of targeting the Rab11 recycling axis in GBM, we searched for Cetuximab-resistant
patient cell lines. We found 4 distinct GBM clones derived from patients with different mutational signatures
characterized by high resistance to Cetuximab. In these cells, pharmacological inhibition of
phosphatidylinositol 4,5-bisphosphate synthesis reduced cell proliferation in a dose-dependent manner, thus
demonstrating that blocking receptor recycling could be a strategy to target tumour cells resistant to
antibody-based treatment. Notably, we did not observe an additive effect between Cetuximab and
phosphatidylinositol 4,5-bisphosphate reduction, as the combined treatment did not significantly increase
the percentage of dead cells compared with the single agent. This could be explained by the downregulation
of EGFR induced by chemical inhibition of phosphatidylinositol 4,5-bisphosphate synthesis, which decreases

the availability of EGFR, the target of Cetuximab, from the cell surface.

Generation of glioblastoma mouse models for identification of novel therapeutic targets

(Team: Luca Gozzelino, Stefano Romanazzi)

COLLABORATIONS:

e Dr L. Avalle (University of Turin)

MAIN OBJECTIVES OF THE PROJECT

The ability to identify genes that are fundamental during the interaction between cancer cells and their
immune microenvironment would help identify therapies that could synergize with signals occurring in the
tumour niche. However, current genomic engineering technologies do not allow the modelling of transient

gene interactions that might be crucial only at the tumour niche.
RESULTS ACHIEVED during the reporting period

We demonstrate that our CRISPR platform, designed to perform multiple genome engineering when encoded
in a single transcript, can be optimized to achieve better transcriptional regulation and inducible response to
stimuli characterizing the glioblastoma microenvironment. In our experimental design, the use of this
optimized genomic engineering tool will allow the generation of syngeneic mouse model of glioblastoma that
will enable discovery of novel immunotherapy targets for tumours characterized by an immunosuppressive
microenvironment. We encoded both Cas12a and CRISPR RNAs (crRNAs) downstream of a Polymerase type
Il promoter to facilitate simultaneous Cas protein and crRNA expression in a single transcript. We tested
various combination of both promoter, polyadenylation and posttranscriptional regulatory element

sequences to identify the best construct able to repress transcription of a fluorescent reporter. In addition,
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we benchmarked several repressor domains to find the best variant that could allow the size constraints
imposed by lentiviral vectors to be met.

To improve the stability of crRNAs, we split the single-transcript CRISPR system, thus generating two mRNAs,
the first containing the Cas enzyme and the second harbouring crRNAs. Notably, to combine this system into
a lentiviral vector, we fused the promoters in a bidirectional orientation. Unfortunately, this system did not
provide increased transcriptional repression efficiency. Lastly, to enable transcriptional repression of genes
in the presence of specific environmental stimuli, we designed novel promoters responsive to tumour
cytokines found abundant in “cold” glioblastoma tumours. Using this trial-and-error approach, we generated

a novel CRISPR platform specifically designed for in vivo discovery of novel immunotherapy targets.

Generation of glioblastoma mouse models for identification of novel therapeutic targets

(Team: Luca Gozzelino, Simone Tealdi, Stefano Romanazzi)

COLLABORATIONS:

e Dr L. Avalle (University of Turin)

MAIN OBJECTIVES OF THE PROJECT

The ability to identify genes that are fundamental during the interaction between cancer cells and their
immune microenvironment would help identify therapies that could synergize with signals occurring in the
tumor niche. However, current genomic engineering technologies do not allow the modeling of transient

gene interactions that might be crucial only at the tumor niche.
RESULTS ACHIEVED during the reporting period

We demonstrate that our CRISPR platform, designed to perform multiple genome engineering when encoded
in a single transcript, can be optimized to achieve better transcriptional regulation and inducible response to
stimuli characterizing the glioblastoma microenvironment. In our experimental design, the use of this
optimized genomic engineering tool will allow the generation of syngeneic mouse model of glioblastoma that
will enable discovery of novel immunotherapy targets for tumours characterized by an immunosuppressive
microenvironment. We encoded both Cas12a and CRISPR RNAs (crRNAs) downstream of a Polymerase type
Il promoter to facilitate simultaneous Cas protein and crRNA expression in a single transcript. We tested
various combination of both promoter, polyadenylation and posttranscriptional regulatory element
sequences to identify the best construct able to repress transcription of a fluorescent reporter. In addition,
we benchmarked several repressor domains to find the best variant that could allow the size constraints
imposed by lentiviral vectors to be met.

To improve the stability of crRNAs, we split the single-transcript CRISPR system, thus generating two mRNAs,
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the first containing the Cas enzyme and the second harbouring crRNAs. Notably, to combine this system into
a lentiviral vector, we fused the promoters in a bidirectional orientation. Unfortunately, this system did not
provide increased transcriptional repression efficiency. Lastly, to enable transcriptional repression of genes
in the presence of specific environmental stimuli, we designed novel promoters responsive to tumour
cytokines found abundant in “cold” glioblastoma tumours. Using this trial-and-error approach, we generated

a novel CRISPR platform specifically designed for in vivo discovery of novel immunotherapy targets.

NEWFUNDED PROJECT
. Cariplo foundation and Telethon Foundation “Disease mechanism and pharmacological approaches

for TBC1D8B-induced steroid-resistant nephrotic syndrome.”, 2023-2025
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Unit Genetic and molecular epidemiology

Unit research members

Alessio Gordon Naccarati, principal investigator

Barbara Pardini, senior researcher

Sonia Tarallo, senior researcher

Paolo Vineis, senior researcher (honorary member)
Francesca Cordero, researcher at UniTO (visiting scientist)
Giulio Ferrero, researcher at UniTO (visiting scientist)
Amedeo Gagliardi, PhD student

Giulia Francescato, PhD student

Carla Di Battista, post-graduate fellow

Virginia Alberini, post-graduate fellow

Former Members over the report years:

Antonio Francavilla, post doc fellow until October 2022
Giulia Piaggeschi, post doc fellow until December 2022
Cecilia Martuzzi, bachelor thesis until May 2022

Laura Zanatto master thesis until April 2021

Elton Jalis Herman master thesis until October 2021

VISITING SCIENTISTS Over the report years:

Agata Sofia Asuncao Carreira PhD student (CIBIO, Trento)
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¢ Arda Keles Phd student on Cost Action STSM (Turkey)
e Barbora Stefikova Erasmus intership (Czech Rep.)

e Beatriz Garcia Fontana EMBL postdoc fellow (Spain)
¢ Cristina Garcia Fontana, EMBL postdoc fellow (Spain)
e Egeria Scoditti, researcher (CNR, Lecce)

e Katerina Vyklicka PhD student Erasmus intership (Czech Rep.)

Brief description of the UNIT

The Unit follows a research program focused on the integration of data from the clinics (diseases and
intermediate phenotypes) and the environment (exposures, lifestyles, dietary habits) with epigenomic and
other omics analyses collected in large observational studies. The program of the Unit has three main
objectives: (a) to develop and apply new laboratory techniques for the identification of "fingerprints" left on
molecules (RNA, DNA, proteins) by environmental exposures in human populations; (b) to identify novel
markers in blood and other body fluids that can be used for an early and possibly non-invasive diagnosis of
complex diseases such as cancer; (c) to develop and apply cutting-edge methods for statistical analysis and
biological interpretation of data from omics technologies.

This Unit work combines population research with the development of molecular tests designed to be
transferred into the practice of early diagnosis and primary prevention. The parallel development of high-
throughput laboratory technologies, the collaboration with a vast network of researchers (often with a
driving function of our Unit in terms of study design and strategic development), and the multidisciplinary
approach have made our Unit a unique example in the system of research. The main translational impact
derives from the collaboration with several national and international hospitals and institutes; in particular,
with the Piedmont Center for Cancer Prevention, we share several lines of research, and the CRC Screening

Programs and Molecular Analyses Network.

RESEARCH QUESTION(S):

o To investigate the role of non-coding RNAs (microRNAs, PIWI-interacting RNAs, long non-coding
RNAs, circular RNAs, etc.) and gut microbiome in molecular pathology of solid cancers and their potential as
innovative diagnostics and novel therapeutic targets in oncology.

° To perform comprehensive and high-throughput analyses of non-coding RNAs, mainly RNAseq and
small RNAseq, in tumor tissue or patient’s body fluids for the identification of potential susceptibility,
diagnostic, prognostic, and predictive biomarkers to be applied in the clinics.

° To design and coordinate multi-centric prospective studies for the validation of the biomarkers

identified in retrospective studies and collaborate on the development of diagnostics to enable higher level
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of individualization in clinical management of solid cancer patients (mainly gastrointestinal and urologic

cancers).

MAIN RUNNING FUNDINGS

. AIRC Associazione Italiana per la Ricerca sul Cancro. Principal Investigator of the project: “Fecal non-
coding RNA markers for a precision medicine approach: how they reflect colorectal cancer onset and
progression” funded by (IG 2020 ID 24882). From 01/01/2021 to 31/12/2025.

. EU commission. Partner in the project “Gut OncoMicrobiome Signatures (GOMS) associated with
cancer incidence, prognosis and prediction of treatment response” (Proposal number SEP-210511940 Call
H2020-SC1-BHC-2018-2020, PI Prof Laurence Zitvogel). From: 01/01/2019 to 30/06/2024.

. AIRC Associazione ltaliana per la Ricerca sul Cancro. Collaborator in the project " Combining faecal
biomarkers to improve prediction of individual’s risk of pre-invasive and invasive colorectal lesions" funded
by (1G2019 N. 23473, PI Dr. Carlo Senore). From 01/01/2020 to 31/12/2024.

. Compagnia di San Paolo. Partner in the project “DP3: Diagnosi precoce e prognosi del tumore

prostatico: un modello integrato tra biologia e tecnologia”. From 01/01/2020 to 31/12/2023
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Main achievements in the period covered by the Scientific Report

Fecal microRNA and microbial markers for a precision medicine approach: how they reflect colorectal
cancer onset and progression and possible application to screening

(co-Pl: A.G. Naccarati — Team: B. Pardini, S. Tarallo, G. Ferrero, G. Francescato, C. Di Battista)

COLLABORATIONS:

e Dr P. Vodicka, (Institute of Exp. Medicine, Czech Academy of Sciences, Prague, Czech Rep.)

¢ Prof N. Segata (Center for Integrative Biology, Cibio, University of Trento, Trento, Italy)

¢ Prof E. Budinska (Masaryk University, Brno, Czech Rep.)

e Dr C. Senore (Unita di Epidemiologia, Screening e Registro Tumori, Torino)

¢ Dr R. Sinha (National Cancer Institute, Bethesda, USA)

¢ Prof P. Costelli, Prof. F. Penna (Department of Clinical and Biological Sciences, University of Torino)
e Prof. A. Boleij (Radboud University Medical Center, Nijmegen, The Netherlands)

e Dr M. Gariboldi (Fondazione IRCCS Istituto Nazionale dei Tumori, Milano)

¢ Dr Trine Rounge (Cancer Registry of Norway, Oslo, Norway)

MAIN OBJECTIVES OF THE PROJECT

Current screening programs for non-invasive detection of colorectal cancer (CRC) are based on fecal tests
with limited accuracy for early malignancies or precancerous lesions. Evaluating novel biomarkers in stool
could improve screening strategy. The hypothesis is that specific stool biomarker profiles (microRNAs and
gut microbiome) can accurately characterize patients with sporadic CRC. The main aim of this project is to
investigate microRNA expression profiles by deep sequencing in fecal samples in relation to cancer or
precancerous lesions. A further objective of the study is to study other small non-coding RNAs detectable
with small RNA sequencing and relate miRNA profiles to microbiome composition. All biomarkers are finally

tested in the CRC screening setting with leftover from fecal immunochemical test (FIT).

RESULTS ACHIEVED during the reporting period

We comprehensively evaluated stool microRNA (miRNA) profiles as biomarkers for non-invasive CRC
diagnosis. A total of 1,273 small RNA sequencing experiments were performed in multiple biospecimens. In
a cross-sectional study, miRNA profiles were investigated in fecal samples from an Italian and a Czech cohort
(155 CRC, 87 adenomas, 96 other intestinal diseases, 141 colonoscopy-negative controls). A predictive miRNA
signature for cancer detection was defined by a machine learning strategy (Figure 1 A).

Twenty-five miRNAs showed altered levels in stool of CRC patients in both stool cohorts (adj. P<.05) (Figure
1B). A five-miRNA signature, including miR-149-3p, miR-607-5p, miR-1246, miR-4488, and miR-6777-5p,
distinguished patients from controls (AUC=0.86, 95% CI=0.79-0.94) and was validated in an independent
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cohort (141 CRC and 80 healthy volunteers; AUC=0.96, 95% CI=0.92-1.00; Figure 1C). The signature classified
controls from low-/high-stage tumors, and advanced adenomas (AUC=0.82, 95% Cl=0.71-0.97).

miRNA profiles in stool were compared with those of 132 tumor/adenoma paired with adjacent mucosa, 210
plasma extracellular vesicles samples, and 185 FIT leftover samples. Tissue miRNA profiles mirrored those of
stool samples, while fecal profiles of different gastrointestinal diseases highlighted miRNAs specifically
dysregulated in CRC. miRNA profiles in FIT leftover samples showed good correlation with those of stool
collected in preservative buffer and their alterations can be detected in adenoma or CRC patients. Our
comprehensive fecal miRNome analysis identified a signature accurately discriminating cancer aimed at

improving a non-invasive diagnosis and screening strategies (Pardini et al, 2023 in press).
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FIGURE 1 A. Study design and workflow. B High correlation between overlapping differentially expressed
miRNAs in stool samples of the Italian cohort and Czech cohort investigated. C Performance of the identified
stool miRNA signature for the classification of CRC patients with respect to colonoscopy-negative controls.

In the same samples, microbiome composition has also been investigated in collaboration with Prof. Segata’s
lab in the frame of the Oncobiome project. A study focused on the relationship between gut microbiome
composition and CRC staging is currently in progress and a manuscript is in preparation. Shotgun
metagenomics was also performed in 1300 FIT leftover samples (including subjects with cancer/precancer
lesions matched with healthy controls) collected in collaboration with the Piedmont screening and whose
clinical/demographic data will be analysed in collaboration with Dr Sinha’s group. Both miRNAs and
microbiome are investigated also in Lynch syndrome (Francescato et al. in preparation) and FAP subjects
(Pomposo et al., submitted) in the context of the Oncobiome project and compared with results from

sporadic CRC, precancer lesions, and other gastrointestinal diseases.

Host/tumor integrated omics analyses to characterize colorectal cancer heterogeneity
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(PI: B. Pardini— Team: A.G. Naccarati B. Pardini, S. Tarallo, G. Ferrero, A. Gagliardi, C. Di Battista)

COLLABORATIONS:

e Dr P. Keski-Rahkonen (International Agency for Research on Cancer, Lyon, France)
¢ Prof N. Segata (Center for Integrative Biology, Cibio, University of Trento, Trento)
e Prof E. Budinska (Masaryk University, Brno, Czech Rep.)

e Dr E. Berrino (Candiolo Cancer Institute, Torino)

MAIN OBJECTIVES OF THE PROJECT

This project follows in parallel the development of the previous one and is based on the possibility to better
characterize the CRC cohort investigated for the stool molecular markers, thanks to the possibility to collect
multiple biospecimens and a perform several different omics (Figure 2). The main objective is to assess if
data resulting from different omics could be integrated in one or more models to have a better view of CRC
heterogeneity.

To investigate the relationship between plasma metabolomics, gut microbiome, and gut transcriptome in
relation to CRC subtype classification and mutational/genomic status in CRC and pre-cancer lesion. To
evaluate the possibility to integrate various omics relevant for CRC in two longitudinal studies on CRC

patients.

RESULTS ACHIEVED during the reporting period
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Figure 2 Omics analyses investigated according to different collected biospecimens
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We have performed a comprehensive description of CMS subtypes of our cohorts by integrating RNAseq with
target genomic sequencing, small RNAseq and immune infiltrate profile and we have investigated how each
CMS reflects in the stool miRNome and gut metagenomic landscape to identify possible CMS-specific
signatures in surrogate tissue, allowing a non-invasive classification of CRC.

Plasma metabolomic was explored in samples from 265 subjects from the Italian (n=118) and the Czech
cohort (n=147), including 72 colonoscopy-negative subjects, 101 and 52 patients with CRC or colorectal
adenomas, respectively. The analysis showed 364 metabolite clusters that were quantified consistently in
both cohorts. Among them, 67 were observed as associated with altered levels in CRC patients with
respect to control subjects by a regression analysis corrected by sex, age, BMI, and smoking status. These
features include human and microbiome-specific metabolites and an integrative analysis between their levels
and the prevalence of specific microbial metabolic pathways is ongoing.

The metagenomic data of the Italian and Czech cohorts are currently investigated in relationship to the extent

of the tumor immune-infiltrate by deconvolution analysis of RNA-Seq and by the analysis of immunoscore.

Study of the microRNA expression profiles and intestinal microbiota composition in relation to
different dietary habits and lifestyle

(co-Pl: S. Tarallo — Team: A.G. Naccarati, B. Pardini, G. Francescato, G. Ferrero)

COLLABORATIONS:
e Dr M. Cahova (Institute for Clinical and Experimental Medicine, Prague - Czech Republic)
e  Prof D. Ercolini (Universita di Napoli Federico I, Napoli).

e Prof V. Krogh (Fondazione IRCCS Istituto Nazionale dei Tumori, Milano)

MAIN OBJECTIVES OF THE PROJECT

Investigating fecal molecular markers in relation to different gastrointestinal diseases, the Unit naturally
evolved an interest in study their profiles in relation to different dietary habits and particular lifestyle to
explore how these factors contribute to the inter- and intra-individual diversity and may influence results on
clinical investigations. Thus, the aims of the present project are to explore fecal miRNome and microbiome,
as well as other omics, in relation to vegan and vegetarian diet, or in concomitance with a one-month

ketogenic diet administered to obese subjects before undergoing bariatric surgery.

RESULTS ACHIEVED during the reporting period
We performed small-RNA and shotgun metagenomic sequencing in fecal samples from 120 healthy
volunteers with dietary recording, equally distributed among vegans, vegetarians and omnivores and

matched for gender and age. We found 49 miRNAs differentially expressed among vegans, vegetarians and
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omnivores (adj.p<0.05) (Figure 3A). All the altered miRNAs confirmed their trends of expression levels in
vegans and vegetarians when compared to an independent cohort of 45 omnivores. Two miRNAs related to
lipid metabolism, miR-636 and miR-4739, were inversely correlated to the non-omnivorous diet duration,
independently of subjects’age (Figure 3B). Seventeen miRNAs correlated (|rho|>0.22, adj.p<0.05) with the
estimated intake of nutrients, particularly animal proteins, phosphorus and, interestingly, lipids. In
omnivores, higher Prevotella and Roseburia and lower Bacteroides abundances than in vegans and
vegetarians were observed. Lipid metabolism-related miR-425-3p and miR-638 expression levels were
associated with increased abundances of microbial species, such as Roseburia, SpCAG182, and Akkermansia
muciniphila, specific of different diets (Figure 3C). An integrated analysis identified 25 miRNAs, 25 taxa, and
7 dietary nutrients that clearly discriminated (AUC=0.89) the three diets. Stool miRNA profiles are
associated with specific diets and support the role of lipids as a driver of epigenetic changes and host-

microbial molecular interactions in the gut (Tarallo et al., Gut 2022).
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Figure 3 A) Median levels of the differentially expressed miRNAs in stool according to different diet, B) miRNA
profiles in relation to the years of non-omnivorous diet, C) differential expression of miR-425-3p according
to relative abundance of specific microbial species; D) PCA analyses showing lipid profiles in the investigated
cohorts stratified according to the diet.

In a recent study, we sought to determine whether diet-dependent markers explaining the observed health
benefits of a vegan diet could be identified in gut Mlcrobiome and serum Metabolome (MIME) of vegans

from different geographic regions. Lean, healthy vegans (102) and omnivores (73) from two different
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geographical areas (Czech Republic, Italy) participated in this cross-sectional study. We investigated their
glucose and lipid metabolism and used an integrated multi-omics approach (16S rRNA sequencing, serum
metabolomics and lipidomics profiling) to identify country- and diet-specific MIME markers. Czech and Italian
vegans exhibited different lipid profiles compared to omnivores characterized by decreased serum
concentration of sphingomyelins, ceramides, cholesterol esters and lipid species containing saturated fatty
acid compared with omnivores. Using a machine learning approach, we were able to discriminate between
vegans and omnivores based on separate omics datasets, regardless of the country of origin. By combining
all MIME features, we identified a vegan diet-specific multi-omics signature independent of geographical
influence that allows classification of vegans and omnivores with a 93% accuracy. This signature includes 29%
of non-lipid metabolites in serum, 16% of serum lipids, and 13% of gut bacterial taxa (Figure 3D). Most of the
MIME markers that are down-regulated in vegans are predominantly associated with adverse health
outcomes, whereas those that are up-regulated are associated with a healthy phenotype and low risk of
NCDs. Our findings support the use of a plant-based diet in the treatment of metabolic disorders (Cahova et

al. submitted)

Analysis of the expression of microRNAs and other small non-coding RNAs in subjects on a gluten-free

diet and in pediatric patients with suspected celiac disease

(co-PlI: A.G. Naccarati (former co- PI A. Francavilla) — Team: B. Pardini, C. Di Battista, S. Tarallo)

COLLABORATIONS:
o Dr. P. Calvo, Dr. I. Giraudo (Ospedale Infantile Regina Margherita, Torino)

o Dr D. Ribaldone and Dr G.P. Caviglia (Universita di Torino)

MAIN OBJECTIVES OF THE PROJECT

Celiac disease (CD) is a complex autoimmune disease and the diagnosis is based on the positivity of serum
tissue-transglutaminase 2 (TG) IgA antibodies, confirmed by histopathological analyses of duodenal biopsy.
This approach presents some limitations. The only treatment for CD is to adhere to a lifelong gluten-free diet
(GFD). Novel biomarkers for CD diagnosis and monitoring of the GFD adherence/effects are needed. The aim
of the initial project was to explore specific molecular patterns related to a strict dietary regime (with
negative TG serology) or a not strict/short time adherence to GFD (with related gastrointestinal symptoms
and positive TG serology) in adults. In the running project the fecal molecular markers and other markers are

investigated in newly diagnosed pediatric celiac disease.
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RESULTS ACHIEVED during the reporting period

In the observational study on the adults, we performed small RNA and shotgun metagenomic sequencing in
stool from 63 treated CD (tCD) and 3 untreated subjects as well as 66 sex- and age-matched healthy controls.
tCD included 51 individuals on strict GFD and with negative transglutaminase (TG) serology (tCD-TG-) and 12
symptomatic with not strict/short-time of GFD adherence and positive TG serology (tCD-TG+). Samples from
additional 40 healthy adult individuals and a cohort of 19 untreated pediatric CD subjects and 19 sex/age
matched controls were analyzed to further test the outcomes. Several miRNA and microbial profiles were
altered in tCD subjects (adj. p<0.05). Findings were validated in the external group of adult controls. In tCD-
TG-, GFD duration correlated with five miRNA levels (p<0.05): for miR-4533-3p and miR-2681-3p, the longer
the diet adherence, the less the expression differed from controls. tCD-TG+ and untreated pediatric CD
patients showed a similar miRNA dysregulation. Immune-response, trans-membrane transport and cell death
pathways were enriched in targets of identified miRNAs. Bifidobacterium longum, Ruminococcus bicirculans
and Haemophilus parainfluenzae abundances shifted (adj. p<0.05) with a progressive reduction of
denitrification pathways with GFD length. Integrative analysis highlighted 121 miRNA-bacterial relationships
(adj. p<0.05). Specific molecular patterns in stool characterize CD subjects, reflecting either the long-term
GFD effects or the gut inflammatory status, in case of a not strict/short-time adherence. Our findings suggest
novel host-microbial interplays and could help the discovery of biomarkers for GFD monitoring over time
(Francavilla et al, Gut microbes 2023).

Awards, patents, dissemination

. 2023 AACR-PEZCOLLER FOUNDATION SCHOLAR-IN-TRAINING AWARDS to Giulia Francescato
° 2022 EACR Travel Grant to Amedeo Gagliardi.
. Bando Ricerca Locale 2022 — support for publications of young researchers to Giulia Francescato for

the article: Gagliardi A, Francescato G, et al. The 8924 region hosts miRNAs altered in biospecimens of
colorectal and bladder cancer patients. Cancer Med 2023;12(5):5859-5873.

. Christian Boulin Fellowship 2022 to visit the Genomics Core Facility at the EMBL Heidelberg to Sonia
Tarallo and Barbara Pardini

. The Unit is part of the ColoMARK (Grant agreement ID: 101072448) initiative funded under the Marie
Sktodowska-Curie Actions programme for Doctoral Networks. Carla Di Battista has been accepted for a PhD

position in Barcelona in this highly competitive and prestigious programme.
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TECHNOLOGICAL UNITS

The IIGM pursues a policy of state-of the-art research providing its researchers with innovative and up-to-
date instrumentation.

IIGM laboratories are equipped with advanced instruments for Next Generation Sequencing (NGS), flow
cytometry and cell-sorting, and "in vivo" metabolic analyses, managed by dedicated Technological Units.
The equipment is available as an internal facility to IIGM researchers and to scientists from our institutional
partner FPO-IRCCS Candiolo. Staff from the IIGM Technological Units cooperate with the “Sequencing” and
“Flow Cytometry (FLOCC)” facilities at the FPO-IRCCS, taking advantage of the reciprocal instruments and
expertise. Joint activities are coordinated in periodic workgroup meetings.

Access to the facilities is also available to external users as part of scientific collaborations with the 1IGM, or
as a customer service.

Three facilities are currently active in IGM:

e Genomic Platform

e Flow Cytometry and Cell Sorting Facility (FCCSF)

e Seahorse

The activities of the facilities include both consulting in the planning phase of the study and the subsequent

technical execution of the experiments.

Genomic Platform

Two sequencers are currently active in IIGM:

- the GridION (Oxford Nanopore Technologies) sequencer, which enables proofreading long read sequencing;
- the NovaSeq6000 (lllumina Inc.), a state-of-the-art, high-throughput sequencer that provides the flexibility
to accommodate small and medium size sequencing projects, as well as the necessary high throughput
processing for big-scale sequencing projects at relatively moderate costs.

For smaller sequencing projects, two lllumina MiSeq sequencers and one Illumina NextSeq500 sequencer (all
from lllumina Inc.) are also available in the context of the collaboration with the FPO-IRCCS Sequencing
Facility.

The Genomic Platform is also equipped with the high-sensitivity microarray scanner iScan (lllumina Inc.) for
large-scale genotyping and methylation analysis projects.

A Beckman Coulter Biomek i7 automated liquid handler for NGS library preparation was recently acquired

and is currently in a set-up phase.

The Genomic Platform Technical Unit provides the following analyses:
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. Bulk RNA sequencing: Total RNA-Seq

o Transcriptome sequencing: mRNA-Seq.

. Targeted enrichment: exome sequencing; selected gene-panels (eg. TruSight Oncology 500 Assay)
o Genome and metagenome sequencing

. ChIP-Seq

Implementation of the following techniques is on-going:

. Discovery of small non-coding RNAs: sSRNA-Seq.
J Single-cell genomic applications (scRNA-Seq, scDNA-Seq).
o Genome-wide DNA methylation analysis: Methyl-Seq.

IIGM staff personnel collaborate with several companies (eg. Promega, lllumina, New England Biolabs),
involved in developing MGS-related products, eg. acting as Beta-tester for newly launched products and fine-

tuning existing protocols.

Staff Personnel
Simonetta Guarrera (supervisor and scientist), Katiuscia Gizzi (technician), Caterina Parlato (technician),

Barbara Pardini (scientist)

Main Projects

Since its establishment in 2020, the Genomic Platform provided technical and scientific support as
collaborator or service provider to several sequencing projects.

Currently, IGM is partnering an ambitious pilot project aiming at the genomic characterization of about 6,000
newborns in the Regina Margherita Hospital of Turin in the years 2023-2024. The Genomic Unit is involved

in the project setup and methods testing since the inception of the project.

Flow Cytometry and Cell Sorting

The mission of the Flow Cytometry and Cell Sorting Facility" (FCCSF) is to support researchers with access to
modern multiparametric methods of rapid cell analysis and single-cell manipulation.

Being equipped with three cytometers and one cell sorter, the IIGM FCCSF provides the full spectra of flow
cytometry and cell sorting services:

- Beckton Dickinson FACS Celesta BVR (3 lasers, 12 FL channels)

- Beckton Dickinson LSR Fortessa X20 (4 lasers, 18 FL channels, HTS option)

- Beckman Coulter Cytoflex (2 lasers, 6FL channels, 96 well plate option), as an instrument for the entry-level

analyses.
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- Beckton Dickinson FACS Aria lll high-speed cell sorter (3 laser, 14 FL channel configurations)

Staff Personnel

Denis Baev (scientist)

Seahorse
The Seahorse Core Facility provides access to the Seahorse XF technology, and operates a state-of-the-art
Seahorse XFe96 Extracellular Flux Analyzer (Agilent Biotechnologies), which allows parallel analysis of

mitochondrial respiration and glycolysis in real time.

Staff Personnel

Barbara Pardini (supervisor and scientist), Simonetta Guarrera (scientist)

Main Projects

The Seahorse facility staff supported the metabolic experiments in the context of projects addressing:

- Mitochondrial Pyruvate Carrier 2 inhibition and metabolic adaptation to NAD(H) shortage in breast cancer
(Collaboration with the University of Trento)

- The role of the adipocyte-derived extracellular vesicles in the survival and function of pancreatic B cells
(Collaboration with the University of Turin)

- Metabolism of mesothelioma cells in presence of vitamins and other micro and macronutrients

(Collaboration with the University of Turin)

7



IIGM Publications in the period 2021-2023

1. Abondio P, De Intinis C, da Silva Gongalves Vianez Junior JL, Pace L. Single Cell Multiomic Approaches to
Disentangle T Cell Heterogeneity. Immunol Lett. 2022 Jun;246:37-51. doi: 10.1016/j.imlet.2022.04.008. Epub
2022 May 13. PMID: 35577000.

2. Adenoviral-based vaccine promotes neoantigen-specific CD8<sup>+</sup> T cell stemness and tumor
rejection. Sci Transl Med. 2022 Aug 10;14(657):eabo7604. doi: 10.1126/scitranslmed.abo7604. Epub 2022
Aug 10. PMID: 35947675; PMCID: PM(C9844517.

3. Alfano R, Robinson O, Handakas E, Nawrot TS, Vineis P, Plusquin M. Perspectives and challenges of
epigenetic determinants of childhood obesity: A systematic review. Obes Rev. 2022 Jan;23 Suppl 1:e13389.
doi: 10.1111/0br.13389. Epub 2021 Nov 23. PMID: 34816569.

4. Allione A, Viberti C, Cotellessa |, Catalano C, Casalone E, Cugliari G, Russo A, Guarrera S, Mirabelli D,
Sacerdote C, Gentile M, Eichelmann F, Schulze MB, Harlid S, Eriksen AK, Tjgnneland A, Andersson M, Dollé
MET, Van Puyvelde H, Weiderpass E, Rodriguez-Barranco M, Agudo A, Heath AK, Chirlaque MD, Truong T,
Dragic D, Severi G, Sieri S, Sandanger TM, Ardanaz E, Vineis P, Matullo G. Blood cell DNA methylation
biomarkers in preclinical malignant pleural mesothelioma: The EPIC prospective cohort. Int J Cancer. 2023
Feb 15;152(4):725-737. PMID: 36305648

5. Avalle L, Raggi L, Monteleone E, Savino A, Viavattene D, Statello L, Camperi A, Stabile SA, Salemme V, De
Marzo N, Marino F, Guglielmi C, Lobascio A, Zanini C, Forni M, Incarnato D, Defilippi P, Oliviero S, Poli V.
(2022) STAT3 induces breast cancer growth via ANGPTL4, MMP13 and STC1 secretion by cancer associated
fibroblasts. Oncogene. Mar;41(10):1456-1467.

6. Baker A, Biazzo |, Braunstein A, Catania G, Dall'Asta L, Ingrosso A, Krzakala F, Mazza F, Mézard M, Muntoni
AP, Refinetti M, Sarao Mannelli S, Zdeborova L. Epidemic mitigation by statistical inference from contact
tracing data. Proc Natl Acad Sci U S A. 2021 Aug 10;118(32):€2106548118. doi: 10.1073/pnas.2106548118.
PMID: 34312253; PMCID: PM(C8364197.

7. Batista-Tomds AR, De Martino A, Mulet R. Path-integral solution of MacArthur's resource-competition
model for large ecosystems with random species-resources couplings. Chaos. 2021 Oct;31(10):103113. doi:
10.1063/5.0046972. PMID: 34717338.

8. Behkamal B, Naghibzadeh M, Pagnani A, Saberi MR, Al Nasr K. Solving the a-helix correspondence problem
at medium-resolution Cryo-EM maps through modeling and 3D matching. J Mol Graph Model. 2021
Mar;103:107815. doi: 10.1016/j.jmgm.2020.107815. Epub 2020 Nov 28. PMID: 33338845.

9. Bendova P, Pardini B, Susova S, Rosendorf J, Levy M, Skrobanek P, Buchler T, Kral J, Liska V, Vodickova L,
Landi S, Soucek P, Naccarati A, Vodicka P, Vymetalkova V. Genetic variations in microRNA-binding sites of
solute carrier transporter genes as predictors of clinical outcome in colorectal cancer. Carcinogenesis. 2021
Apr 17;42(3):378-394. doi: 10.1093/carcin/bgaal36. PMID:33319241.

10.Berrino E, Annaratone L, Bellomo SE, Ferrero G, Gagliardi A, Bragoni A, Grassini D, Guarrera S, Parlato C,
Casorzo L, Panero M, Sarotto |, Giordano S, Cereda M, Montemurro F, Ponzone R, Crosetto N, Naccarati A,
Sapino A, Marchio C. Integrative genomic and transcriptomic analyses illuminate the ontology of HER2-low
breast carcinomas. Genome Med. 2022 Aug 29;14(1):98. doi: 10.1186/s13073-022-01104-z. PubMed PMID:
36038884; PubMed Central PMCID: PMC9426037.

78



11.Berrino E, Filippi R, Visintin C, Peirone S, Fenocchio E, Farinea G, Veglio F, Aglietta M, Sapino A, Cereda M,
Visintin R, Pasini B, Marchio C. Collision of germline POLE and PMS2 variants in a young patient treated with
immune checkpoint inhibitors. NPJ Precis Oncol. 2022 Mar 8;6(1):15. doi: 10.1038/s41698-022-00258-8.
PubMed PMID: 35260767; PubMed Central PMCID: PMC8904527.

12.Betto RM, Diamante L, Perrera V, Audano M, Rapelli S, Lauria A, Incarnato D, Arboit M, Pedretti S, Rigoni
G, Guerineau V, Touboul D, Stirparo GG, Lohoff T, Boroviak T, Grumati P, Soriano ME, Nichols J, Mitro N*,
Oliviero S*, G. Martello* (2021) Metabolic control of DNA methylation in naive pluripotent cells. Nature
Genetics 53 :215-229.

13.Bonnet H, Bogard B, Hubé F, llieva M, Uchida S, Ariza-Mateos MA, Serganov A,Pardini B, Naccarati A,
Santulli G, Varzideh F, Xiao H, Shiu PKT. The <i>Non-Coding RNA</i> Journal Club: Highlights on Recent
Papers-11. Noncoding RNA. 2022May 5;8(3):31. doi: 10.3390/ncrna8030031. PMID: 35645338; PMCID:
PM(C9149905.

14.Brasu N, Elia I, Russo V, Montacchiesi G, Stabile SA, De Intinis C, Fesi F, Gizzi K, Macagno M, Montone M,
Mussolin B, Grifoni A, Faravelli S, Marchese S, Forneris F, De Francesco R, Sette A, Barnaba V, Sottile A, Sapino
A, Pace L. Memory CD8+T cell diversity and B cell responses correlate with protection against SARS-CoV-2
following mRNA vaccination. Nat Immunol. 2022 Oct;23(10):1445-1456. doi: 10.1038/s41590-022-01313-z.
Epub 2022 Sep 22. PMID:36138186.

15.Braunstein A, Gueudré T, Pagnani A, Pieropan M. Expectation propagation on the diluted Bayesian
classifier. Phys Rev E. 2021 Apr;103(4-1):043301. doi: 10.1103/PhysRevE.103.043301. PMID: 34005851.
16.Budzynski L, Pagnani, A. Small-coupling expansion for multiple sequence alignment. Phys Rev E. 2023,Mar;
107(4):044125. doi:10.1103/PhysRevE.107.044125

17.Carreira ASA, Ravera S, Zucal C, Thongon N, Irene C, Astigiano C, Bertola N,Buongiorno A, Roccuzzo M,
Bisio A, Pardini B, Nencioni A, Bruzzone S, Provenzani Mitochondrial rewiring drives metabolic adaptation to
NAD(H) shortage intriple negative breast cancer cells. Neoplasia. 2023 May 4;41:100903.
doi:10.1016/j.ne0.2023.100903. Epub ahead of print. PMID: 37148658.

18.Casalone E, Birolo G, Pardini B, Allione A, Russo A, Catalano C, Mencoboni M, Ferrante D, Magnani C,
Sculco M, Dianzani |, Grosso F, Mirabelli D, Filiberti RA, Rena O, Sacerdote C, Rodriguez-Barranco M, Smith-
Byrne K, Panico S, Agnoli C, Johnson T, Kaaks R, Tumino R, Huerta JM, Riboli E, Heath AK, Trobajo-Sanmartin
C, Schulze MB, Saieva C, Amiano P, Agudo A, Weiderpass E, Vineis P,Matullo G. Serum Extracellular Vesicle-
Derived microRNAs as Potential Biomarkers for Pleural Mesothelioma in a European Prospective Study.
Cancers (Basel). 2022Dec  25;15(1):125. doi: 10.3390/cancers15010125. PMID: 36612122;
PMCID:PM(C9817828.

19.Cella F, Perrino G, Tedeschi F, Viero G, Bosia C, Stan GB, Siciliano V. MIRELLA: a mathematical model
explains the effect of microRNA-mediated synthetic genes regulation on intracellular resource allocation.
Nucleic Acids Res. 2023 Apr 24;51(7):3452-3464. doi: 10.1093/nar/gkad151. PMID: 36912077; PMCID:
PMC10123119.

20.Cervena K, Novosadova V, Pardini B, Naccarati A, Opattova A, Horak J, Vodenkova S, Buchler T, Skrobanek
P, Levy M, Vodicka P, Vymetalkova V. Analysis of MicroRNA Expression Changes During the Course of Therapy
In Rectal Cancer Patients. Front Oncol. 2021 Sep 2;11:702258. doi: 10.3389/fonc.2021.702258.PMID:
34540669; PMCID: PM(C8444897.

21.Cervena K, Pardini B, Urbanova M, Vodenkova S, Eva P, Veskrnova V, Levy M,Buchler T, Mokrejs M,
Naccarati A, Vodicka P, Vymetalkova V. Mutational landscape of plasma cell-free DNA identifies molecular
features associated with therapeutic response in patients with colon cancer. A pilot study. Mutagenesis.2021
Oct 6;36(5):358-368. doi: 10.1093/mutage/geab024. PMID: 34214148.

79



22.Cumova A, Vymetalkova V, Opattova A, Bouskova V, Pardini B, Kopeckova K, Kozevnikovova R, Lickova K,
Ambrus M, Vodickova L, Naccarati A, Soucek P, Vodicka P. Genetic variations in 3'UTRs of SMUG1 and NEIL2
genes modulate breast cancer risk, survival and therapy response. Mutagenesis. 2021 Aug27;36(4):269-279.
doi: 10.1093/mutage/geab017. PMID: 34097065.

23.D'Alise AM, Brasu N, De Intinis C, Leoni G, Russo V, Langone F, Baev D, Micarelli E, Petiti L, Picelli S, Fakih
M, Le DT, Overman MJ, Shields AF, Pedersen KS, Shah MA, Mukherjee S, Faivre T, Delaite P, Scarselli E, Pace
L.

24.Del Giudice M, Foster JG, Peirone S, Rissone A, Caizzi L, Gaudino F, Parlato C, Anselmi F, Arkell R, Guarrera
S, Oliviero S, Basso G, Rajan P, Cereda M. FOXA1 regulates alternative splicing in prostate cancer. Cell Rep.
2022 Sep 27;40(13):111404. doi: 10.1016/j.celrep.2022.111404. PubMed PMID: 36170835; PubMed Central
PMCID: PM(C9532847.

25.Del Giudice M, Peirone S, Perrone S, Priante F, Varese F, Tirtei E, Fagioli F, Cereda M. Artificial Intelligence
in Bulk and Single-Cell RNA-Sequencing Data to Foster Precision Oncology. Int J Mol Sci. 2021 Apr 27;22(9).
doi: 10.3390/ijms22094563. Review. PubMed PMID: 33925407; PubMed Central PMCID: PMC8123853.

26.Elia I, Realini G, Di Mauro V, Borghi S, Bottoni L, Tornambe S, Vitiello L, Weiss SJ, Chiariello M, Tamburrini
A, Oliviero S, Neri F, Orlandini M, Galvagni F. (2022) SNAI1 is upregulated during muscle regeneration and
represses FGF21 and ATF3 expression by directly binding their promoters. FASEB J. Jul;36(7):e22401.

27.Enrico Bena C, Del Giudice M, Grob A, Gueudré T, Miotto M, Gialama D, Osella M, Turco E, Ceroni F, De
Martino A, Bosia C. Initial cell density encodes proliferative potential in cancer cell populations. Sci Rep. 2021
Mar 17;11(1):6101. doi: 10.1038/s41598-021-85406-z. PMID: 33731745; PMCID: PMC7969775.

28.Fernandez-de-Cossio-Diaz J, Uguzzoni G, Pagnani A. Unsupervised Inference of Protein Fitness Landscape
from Deep Mutational Scan. Mol Biol Evol. 2021 Jan 4;38(1):318-328. doi: 10.1093/molbev/msaa204. PMID:
32770229; PMCID: PMC7783173.

29.Fernandez-Rozadilla C, Timofeeva M, Chen Z, Law P, Thomas M, Schmit S, Diez-Obrero V, Hsu L,
Fernandez-Tajes J, Palles C, Sherwood K, Briggs S, Svinti V, Donnelly K, Farrington S, Blackmur J, Vaughan-
Shaw P, Shu XO, Long J, Cai Q, GuoX, Lu Y, Broderick P, Studd J, Huyghe J, Harrison T, Conti D, Dampier C,
DevallM, Schumacher F, Melas M, Rennert G, Obdn-Santacana M, Martin-Sanchez V,Moratalla-Navarro F, Oh
JH, Kim J, Jee SH, Jung KJ, Kweon SS, Shin MH, Shin A,Ahn YO, Kim DH, Oze I, Wen W, Matsuo K, Matsuda K,
Tanikawa C, Ren Z, Gao YT,Jia WH, Hopper J, Jenkins M, Win AK, Pai R, Figueiredo J, Haile R, Gallinger S,Woods
M, Newcomb P, Duggan D, Cheadle J, Kaplan R, Maughan T, Kerr R, Kerr D,Kirac I, Bohm J, Mecklin LP,
Jousilahti P, Knekt P, Aaltonen L, Rissanen H,Pukkala E, Eriksson J, Cajuso T, Hanninen U, Kondelin J, Palin K,
Tanskanen T, Renkonen-Sinisalo L, Zanke B, Mannisto S, Albanes D, Weinstein S, Ruiz-NarvaezE, Palmer J,
Buchanan D, Platz E, Visvanathan K, Ulrich C, Siegel E, Brezina S, Gsur A, Campbell P, Chang-Claude J,
Hoffmeister M, Brenner H, Slattery M, Potter), Tsilidis K, Schulze M, Gunter M, Murphy N, Castells A, Castellvi-
Bel S, Moreira L, Arndt V, Shcherbina A, Stern M, Pardamean B, Bishop T, Giles G, Southey M, Idos G,
McDonnell K, Abu-Ful Z, Greenson J, Shulman K, Lejbkowicz F, Offit K, Su YR, Steinfelder R, Keku T, van
Guelpen B, Hudson T, Hampel H,Pearlman R, Berndt S, Hayes R, Martinez ME, Thomas S, Corley D, Pharoah
P,Larsson S, Yen Y, Lenz HJ, White E, Li L, Doheny K, Pugh E, Shelford T, Chan A,Cruz-Correa M, Lindblom A,
Hunter D, Joshi A, Schafmayer C, Scacheri P, Kundaje A, Nickerson D, Schoen R, Hampe J, Stadler Z, Vodicka
P, Vodickova L, Vymetalkova V, Papadopoulos N, Edlund C, Gauderman W, Thomas D, Shibata D, Toland A,
Markowitz S, Kim A, Chanock S, van Duijnhoven F, Feskens E, Sakoda L,Gago-Dominguez M, Wolk A, Naccarati
A, Pardini B, FitzGerald L, Lee SC, Ogino S, Bien S, Kooperberg C, Li C, Lin Y, Prentice R, Qu C, Bézieau S, Tangen
C, MardisE, Yamaji T, Sawada N, lwasaki M, Haiman C, Le Marchand L, Wu A, Qu C, McNeil C,Coetzee G,
Hayward C, Deary |, Harris S, Theodoratou E, Reid S, Walker M, OoilLY, Moreno V, Casey G, Gruber S,
Tomlinson |, Zheng W, Dunlop M, Houlston R, Peters U. Deciphering colorectal cancer genetics through multi-
omic analysis 0f100,204 cases and 154,587 controls of European and east Asian ancestries. Nat Genet. 2023

80



Jan;55(1):89-99. doi: 10.1038/541588-022-01222-9. Epub 2022 Dec 20.Erratum in: Nat Genet. 2023 Feb 13;:
PMID: 36539618; PMCID: PMC10094749.

30.Ferrero G, Carpi S, Polini B, Pardini B, Nieri P, Impeduglia A, Grioni S, Tarallo S, Naccarati A. Intake of
Natural Compounds and Circulating microRNA Expression Levels: Their Relationship Investigated in Healthy
Subjects  With  Different Dietary Habits. Front Pharmacol. 2021 Jan 14;11:619200.
doi:10.3389/fphar.2020.619200. PMID: 33519486; PMCID: PMC7840481.

31.Ferro E, Bosia C, Campa CC. RAB11-Mediated Trafficking and Human Cancers: An Updated Review. Biology
(Basel). 2021 Jan 4;10(1):26. doi: 10.3390/biology10010026. PMID: 33406725; PMCID: PM(C7823896.

32.Floris E, Piras A, Dall'Asta L, Gamba A, Hirsch E, Campa CC. Physics of compartmentalization: How phase
separation and signaling shape membrane and organelle identity. Comput Struct Biotechnol J. 2021 May
24;19:3225-3233. doi: 10.1016/j.csbj.2021.05.029. PMID: 34141141; PMCID: PM(C8190439.

33.Floris E, Piras A, Pezzicoli FS, Zamparo M, Dall'Asta L, Gamba A. Phase separation and critical size in
molecular sorting. Phys Rev E. 2022 Oct;106(4-1):044412. doi: 10.1103/PhysRevE.106.044412. PMID:
36397477.

34.Francavilla A, Ferrero G, Pardini B, Tarallo S, Zanatto L, Caviglia GP, Sieri S, Grioni S, Francescato G, Stalla
F, Guiotto C, Crocella L, Astegiano M, Bruno M, Calvo PL, Vineis P, Ribaldone DG, Naccarati A. Gluten-free
diet affects fecal small non-coding RNA profiles and microbiome composition in celiac disease supporting a
host-gut microbiota crosstalk. Gut Microbes. 2023 Jan-Dec;15(1):2172955. doi:
10.1080/19490976.2023.2172955. PMID: 36751856; PMCID:PM(C9928459.

35.Francavilla A, Gagliardi A, Piaggeschi G, Tarallo S, Cordero F, Pensa RG, Impeduglia A, Caviglia GP,
Ribaldone DG, Gallo G, Grioni S, Ferrero G, Pardini B, Naccarati A. Faecal miRNA profiles associated with age,
sex, BMI, and lifestyle habits in healthy individuals. Sci Rep. 2021 Oct 19;11(1):20645. d0i:10.1038/s41598-
021-00014-1. PMID: 34667192; PMCID: PM(C8526833.

36.Freni-Sterrantino A, Fiorito G, D'Errico A, Robinson O, Virtanen M, Ala-Mursula L, Jarvelin MR, Ronkainen
J, Vineis P. Work-related stress and well-being in association with epigenetic age acceleration: A Northern
Finland Birth Cohort 1966 Study. Aging (Albany NY). 2022 Feb 2;14(3):1128-1156. doi:
10.18632/aging.203872. Epub 2022 Feb 2. PMID: 35113041.

37.Fujimura Y, Watanabe M, Ohno K, Kobayashi Y, Takashima S, Nakamura H, Kosumi H, Wang Y, Mai Y,
Lauria A, Proserpio V, Ujiie H, lwata H, Nishie W, Nagayama M, Oliviero S, Donati G, Shimizu H, Natsuga K.
(2021) Hair follicle stem cell progeny heal blisters while pausing skin development. EMBO Rep. 5: e50882.

38.Gagliardi A, Francescato G, Ferrero G, Birolo G, Tarallo S, Francavilla A, Piaggeschi G, Di Battista C, Gallo
G, Realis Luc A, Sacerdote C, Matullo G, Vineis P, Naccarati A, Pardini B. The 8q24 region hosts miRNAs altered
in biospecimens of colorectal and bladder cancer patients. Cancer Med. 2023 Mar;12(5):5859-5873. doi:
10.1002/cam4.5375. Epub 2022 Nov 10. PMID: 36366788;PMCID: PMC10028171.

39.Galassi C, Vitale |, Galluzzi L. Using epigenetic modifiers to target cancer stem cell immunoevasion. Cancer
Cell. 2021 Dec 13;39(12):1573-1575. doi: 10.1016/j.ccell.2021.11.003. PMID: 34906316.

40.Galluzzo A, Gallo S, Pardini B, Birolo G, Fariselli P, Boretto P, VitacolonnaA, Peraldo-Neia C, Spilinga M,
Volpe A, Celentani D, Pidello S, Bonzano A, Matullo G, Giustetto C, Bergerone S, Crepaldi T. Identification of
novel circulating microRNAs in advanced heart failure by next-generation sequencing. ESC Heart Fail. 2021
Aug;8(4):2907-2919. doi: 10.1002/ehf2.13371. Epub 2021 May2. PMID: 33934544; PMCID: PM(C8318428.

81



41.Gesmundo |, Pardini B, Gargantini E, Gamba G, Birolo G, Fanciulli A, Banfi D, Congiusta N, Favaro E,
Deregibus MC, Togliatto G, Zocaro G, Brizzi MF, Luque RM, Castafio JP, Bocchiotti MA, Arolfo S, Bruno S, Nano
R, Morino M, Piemonti L, Ong H, Matullo G, Falcon-Pérez JM, Ghigo E, Camussi G, Granata R. Adipocyte-
derived extracellular vesicles regulate survival and function of pancreatic B cells. JCI Insight. 2021 Mar
8;6(5):e141962. doi: 10.1172/jci.insight.141962. PMID:33539327; PMCID: PM(C8021102.

42.Giunta EF, Annaratone L, Bollito E, Porpiglia F, Cereda M, Banna GL, Mosca A, Marchio C, Rescigno P.
Molecular Characterization of Prostate Cancers in the Precision Medicine Era. Cancers (Basel). 2021 Sep
24;13(19). doi: 10.3390/cancers13194771. Review. PubMed PMID: 34638258; PubMed Central PMCID:
PMC8507555.

43.Guarracino A, Pepe G, Ballesio F, Adinolfi M, Pietrosanto M, Sangiovanni E, Vitale |, Ausiello G, Helmer-
Citterich M. BRIO: a web server for RNA sequence and structure motif scan. Nucleic Acids Res. 2021 Jul
2;49(W1):W67-W71. doi: 10.1093/nar/gkab400. PMID: 34038531; PMCID: PMC8262756.

44.Ho JS, Di Tullio F, Schwarz M, Low D, Incarnato D, Gay F, Tabaglio T, Zhang J, Wollmann H, Chen L, An O,
Chan THM, Hall Hickman A, Zheng S, Roudko V, Chen S, Karz A, Ahmed M, He HH, Greenbaum BD, Oliviero S,
Serresi M, Gargiulo G, Mann KM, Hernando E, Mulholland D, Marazzi |, Wee DKB, Guccione E. (2021)
HNRNPM controls circRNA biogenesis and splicing fidelity to sustain cancer cell fitness. eLife 10: e59654.

45.Houshmand M, Vitale N, Orso F, Cignetti A, Molineris |, Gaidano V, Sainas S, Giorgis M, Boschi D, Fava C,
Passoni A, Gai M, Geuna M, Sora F, lurlo A, Abruzzese E, Breccia M, Mulas O, Caocci G, Castagnetti F, Taverna
D, Oliviero S, Pane F, Lolli ML, Circosta P, Saglio G. (2022) Dihydroorotate dehydrogenase inhibition reveals
metabolic vulnerability in chronic myeloid leukemia. Cell Death Dis. Jun 30;13(6):576.

46.Klionsky DJ, Abdel-Aziz AK, Abdelfatah S, Abdellatif M, Abdoli A, Abel S, Abeliovich H, Abildgaard MH,
Abudu YP, Acevedo-Arozena A, ........Vitale |, Vocadlo DJ, et al. Guidelines for the use and interpretation of
assays for monitoring autophagy (4th edition)<sup>1</sup>. Autophagy. 2021 Jan;17(1):1-382. doi:
10.1080/15548627.2020.1797280. Epub 2021 Feb 8. PMID: 33634751; PMCID: PMC7996087.

47.Lauria A, Meng G, Proserpio V, Rapelli S, Maldotti M, Polignano IL, Anselmi F, Incarnato D, Krepelova A,
Donna D, Levra Levron C, Donati G, Molineris |, Neri F, Oliviero S. (2023) DNMT3B supports meso-endoderm
differentiation from mouse embryonic stem cells. Nat Commun. 14(1):367.

48.Levra Levron C, Watanabe M, Proserpio V, Piacenti G, Lauria A, Kaltenbach S, Tamburrini A, Nohara T,
Anselmi F, Duval C, Elettrico L, Donna D, Conti L, Baev D, Natsuga K, Hagai T, Oliviero S, Donati G. (2023)
Tissue memory relies on stem cell priming in distal undamaged areas. Nat Cell Biol. Apr 20. doi:
10.1038/s41556-023-01120-0.

49.Liaci C, Prandi L, Pavinato L, Brusco A, Maldotti M, Molineris |, Oliviero S, Merlo GR. (2022) The Emerging
Roles of Long Non-Coding RNAs in Intellectual Disability and Related Neurodevelopmental Disorders. Int J
Mol Sci. May 30;23(11):6118.

50.Lindstrom S, Wang L, Feng H, Majumdar A, Huo S, Macdonald J, Harrison T, Turman C, Chen H, Mancuso
N, Bammler T; Breast Cancer Association Consortium(BCAC); Gallinger S, Gruber SB, Gunter MJ, Le Marchand
L, Moreno V, Offit K; Colorectal Transdisciplinary Study (CORECT), Colon Cancer Family Registry Study(CCFR),
Genetics And Epidemiology Of Colorectal Cancer Consortium (GECCO); de Vivo I, O'Mara TA, Spurdle AB,
Tomlinson |; Endometrial Cancer Association Consortium (ECAC); Fitzgerald R, Gharahkhani P, Gockel I,
Jankowski J, Macgregor S, Schumacher J, Barnholtz-Sloan J, Bondy ML, Houlston RS, Jenkins RB, Melin B,
Wrensch M, Brennan P, Christiani D, Johansson M, Mckay J, Aldrich MC, Amos Cl,Landi MT, Tardon A;
International Lung Cancer Consortium (ILCCO); Bishop DT, Demenais F, Goldstein AM, lles MM, Kanetsky PA,
Law MH; Ovarian Cancer Association Consortium (OCAC); Amundadottir LT, Stolzenberg-Solomon R, Wolpin
BM; Pancreatic Cancer Cohort Consortium (Panscan); Klein A, Petersen G, Risch H; Pancreatic Cancer Case-

82



Control Consortium (Panc4); PRACTICAL Consortium; ChanockSJ, Purdue MP, Scelo G, Pharoah P, Kar S, Hung
RJ, Pasaniuc B, Kraft P. Genome-Wide Analyses Characterize Shared Heritability Among Cancers and Identify
Novel Cancer Susceptibility Regions. J Natl Cancer Inst. 2023 Mar 17:djad043. doi:10.1093/jnci/djad043. Epub
ahead of print. PMID: 36929942.

51.Malavasi F, Faini AC, Morandi F, Castella B, Incarnato D, Oliviero S, Horenstein AL, Massaia M, van de Donk
NW(CJ, Richardson PG (2021) Molecular dynamics of targeting CD38 in multiple myeloma. Br. Journal of
Haematology. 193: 581-591

52.Maldotti M, Lauria A, Anselmi F, Molineris |, Tamburrini A, Meng G, Polignano IL, Scrivano MG, Campestre
F, Simon LM, Rapelli S, Morandi E, Incarnato D, Oliviero S. (2022) The acetyltransferase p300 is recruited in
trans to multiple enhancer sites by IncSmad?7. Nucleic Acids Res. 50: 2587-2602.

53.Manic G, Galluzzi L, Vitale I. Catastrophic DNA replication in unscheduled tetraploid cells. Trends Genet.
2022 Aug;38(8):787-788. doi: 10.1016/j.tig.2022.04.005. Epub 2022 Apr 27. PMID: 35490031.

54.Manic G, Musella M, Corradi F, Sistigu A, Vitale S, Soliman Abdel Rehim S, Mattiello L, Malacaria E,
Galassi C, Signore M, Pallocca M, Scalera S, Goeman F, De Nicola F, Guarracino A, Pennisi R, Antonangeli F,
Sperati F, Baiocchi M, Biffoni M, Fanciulli M, Maugeri-Sacca M, Franchitto A, Pichierri P, De Maria R, Vitale I.
Control of replication stress and mitosis in colorectal cancer stem cells through the interplay of PARP1,
MRE11 and RAD51. Cell Death Differ. 2021 Jul;28(7):2060-2082. doi: 10.1038/s41418-020-00733-4. Epub
2021 Feb 2. PMID: 33531658; PMCID: PMC8257675.

55.Mattiello L, Soliman Abdel Rehim S, Musella M, Sistigu A, Guarracino A, Vitale S, Corradi F, Galassi C,
Sperati F, Manic G, De Maria R, Vitale I. The Targeting of MRE11 or RAD51 Sensitizes Colorectal Cancer Stem
Cells to CHK1 Inhibition. Cancers (Basel). 2021 Apr 19;13(8):1957. doi: 10.3390/cancers13081957. PMID:
33921638; PMCID: PMC8073980.

56.Meng G, Lauria A, Maldotti M, Anselmi F, Polignano IL, Rapelli S, Donna D, Oliviero S. (2021) Genome-
Wide Analysis of Smad7-Mediated Transcription in Mouse Embryonic Stem Cells Int J Mol Sci.
18;22(24):13598.

57.Mirzadeh Azad F, Polignano IL, Proserpio V, Oliviero S (2021) Long Noncoding RNAs in Human Stemness
and Differentiation. Trends Cell Biol. 31: 542-555.

58.Moisoiu T, Dragomir MP, lancu SD, Schallenberg S, Birolo G, Ferrero G,Burghelea D, Stefancu A, Cozan RG,
Licarete E, Allione A, Matullo G, lacob G, Balint Z, Badea RI, Naccarati A, Horst D, Pardini B, Leopold N, Elec F.
Combined miRNA and SERS urine liquid biopsy for the point-of-care diagnosis and molecular stratification of
bladder cancer. Mol Med. 2022 Apr 1;28(1):39. doi:10.1186/s10020-022-00462-z. PMID: 35365098; PMCID:
PM(C8973824.

59.Montacchiesi G, Pace L. Epigenetics and CD8+ T cell memory. Immunol Rev. 2022 Jan;305(1):77-89. doi:
10.1111/imr.13057. Epub 2021 Dec 18. PMID: 34923638.

60.Morandi E, Manfredonia I, Simon LM, Anselmi F, van Hemert MJ, Oliviero S, Incarnato D. (2021) Genome-
scale deconvolution of RNA structure ensembles. Nature Methods, 18: 249-252.

61.Musella M, Guarracino A, Manduca N, Galassi C, Ruggiero E, Potenza A, Maccafeo E, Manic G, Mattiello L,
Soliman Abdel Rehim S, Signore M, Pietrosanto M, Helmer-Citterich M, Pallocca M, Fanciulli M, Bruno T, De
Nicola F, Corleone G, Di Benedetto A, Ercolani C, Pescarmona E, Pizzuti L, Guidi F, Sperati F, Vitale S, Macchia
D, Spada M, Schiavoni G, Mattei F, De Ninno A, Businaro L, Lucarini V, Bracci L, Arico E, Ziccheddu G, Facchiano
F, Rossi S, Sanchez M, Boe A, Biffoni M, De Maria R, Vitale |, Sistigu A. Type | IFNs promote cancer cell
stemness by triggering the epigenetic regulator KDM1B. Nat Immunol. 2022 Sep;23(9):1379-1392. doi:

83



10.1038/541590-022-01290-3. Epub 2022 Aug 24. PMID: 36002648; PMCID: PMC9477743.

62.Muntoni AP, Braunstein A, Pagnani A, De Martino D, De Martino A. Relationship between fitness and
heterogeneity in exponentially growing microbial populations. Biophys J. 2022 May 17;121(10):1919-1930.
doi: 10.1016/j.bpj.2022.04.012. Epub 2022 Apr 14. PMID: 35422414; PMCID: PMC9199093.

63.0nesto V, Forciniti S, Alemanno F, Narayanankutty K, Chandra A, Prasad S, Azzariti A, Gigli G, Barra A, De
Martino A, De Martino D, Del Mercato LL. Probing Single-Cell Fermentation Fluxes and Exchange Networks
via pH-Sensing Hybrid Nanofibers. ACS Nano. 2023 Feb 28;17(4):3313-3323. doi: 10.1021/acsnano.2c06114.
Epub 2022 Dec 27. PMID: 36573897; PMCID: PMC9979640.

64.Pace L. Temporal and Epigenetic Control of Plasticity and Fate Decision during CD8+ T-Cell Memory
Differentiation.  Cold Spring Harb  Perspect Biol. 2021 Dec 1;13(12):a037754. doi:
10.1101/cshperspect.a037754. PMID: 33972365; PMCID: PMC8635004.

65.Paola Muntoni A, De Martino A. Optimal metabolic strategies for microbial growth in stationary random
environments. Phys Biol. 2023 Mar 21;20(3). doi: 10.1088/1478-3975/acclbc. PMID: 36878007. IF: 2.583

66.Pardini B, Dragomir MP. SCIRT IncRNA Blocks the Shot of Breast Cancer Cells Self-Renewal Mechanism.
Cancer Res. 2021 Feb 1;81(3):535-536. doi: 10.1158/0008-5472.CAN-20-3903. PMID: 33526468.

67.Piaggeschi G, Rolla S, Rossi N, Brusa D, Naccarati A, Couvreur S, Spector TD, Roederer M, Mangino M,
Cordero F, Falchi M, Visconti A. Immune Trait Shifts in Association With Tobacco Smoking: A Study in Healthy
Women. Front Immunol.2021 Mar 9;12:637974. doi: 10.3389/fimmu.2021.637974. PMID: 33767708;
PMCID:PMC7985448.

68.Pin F, Beltra M, Garcia-Castillo L, Pardini B, Birolo G, Matullo G, Penna F, Guttridge D, Costelli P.
Extracellular vesicles derived from tumour cells as a trigger of energy crisis in the skeletal muscle. J Cachexia
Sarcopenia Muscle.2022 Feb;13(1):481-494. doi: 10.1002/jcsm.12844. Epub 2021 Dec 20. PMID:34931471;
PMCID: PMC8818645.

69.Placidi G, Campa CC. Deliver on Time or Pay the Fine: Scheduling in Membrane Trafficking. Int J Mol Sci.
2021 Oct 29;22(21):11773. doi: 10.3390/ijms222111773. PMID: 34769203; PMCID: PM(C8583995.

70.Placidi G, Mattu C, Ciardelli G, Campa CC. Small molecules targeting endocytic uptake and recycling
pathways. Front Cell Dev Biol. 2023 Mar 10;11:1125801. doi: 10.3389/fcell.2023.1125801. PMID: 36968200;
PMCID: PMC10036367.

71.Porta M, Gasull M, Pumarega J, Kiviranta H, Rantakokko P, Raaschou-Nielsen O, Bergdahl IA, Sandanger
TM, Agudo A, Rylander C, Ngst TH, Donat-Vargas C, AuneD, Heath AK, Cirera L, Goiii-Irigoyen F, Alguacil J,
Giménez-Robert A, TjgnnelandA, Sund M, Overvad K, Mancini FR, Rebours V, Boutron-Ruault MC, Kaaks R,
Schulze MB, Trichopoulou A, Palli D, Grioni S, Tumino R, Naccarati A, Panico S, Vermeulen R, Quirds IR,
Rodriguez-Barranco M, Colorado-Yohar SM, Chirlaque MD, Ardanaz E, Wareham N, Key T, Johansson M,
Murphy N, Ferrari P, Huybrechts |, Chajes V, Gonzalez CA, Bueno-de-Mesquita B, Gunter M, Weiderpass E,
Riboli E, Duell EJ, Katzke V, Vineis P. Plasma concentrations of persistent organic pollutants and pancreatic
cancer risk. Int J Epidemiol. 2022 May9;51(2):479-490. doi: 10.1093/ije/dyab115. PMID: 34259837; PMCID:
PM(C9082788.

72.Rotolo R, Leuci V, Donini C, Galvagno F, Massa A, De Santis MC, Peirone S, Medico G, Sanlorenzo M, Vujic
I, Gammaitoni L, Basirico M, Righi L, Riganti C, Salaroglio IC, Napoli F, Tabbo F, Mariniello A, Vigna E, Modica
C, D'Ambrosio L, Grignani G, Taulli R, Hirsch E, Cereda M, Aglietta M, Scagliotti GV, Novello S, Bironzo P,
Sangiolo D. Novel Lymphocyte-Independent Antitumor Activity by PD-1 Blocking Antibody against PD-1+

84



Chemoresistant Lung Cancer Cells. Clin Cancer Res. 2023 Feb 1;29(3):621-634. doi: 10.1158/1078-0432.CCR-
22-0761. PubMed PMID: 36165915; PubMed Central PMCID: PMC9890136.

73.Russo V, Brasu N, Pace L. Combined Measurement of RNA and Protein Expression on a Single-Cell Level.
Methods Mol Biol. 2022;2386:263-288. doi: 10.1007/978-1-0716-1771-7_16. PMID: 34766276.

74.Sabo AA, Dudau M, Constantin GL, Pop TC, Geilfus CM, Naccarati A, Dragomir MP. Two Worlds Colliding:
The Interplay Between Natural Compounds and Non-Coding Transcripts in Cancer Therapy. Front Pharmacol.
2021 Jul 6;12:652074. doi:10.3389/fphar.2021.652074. PMID: 34295245; PMCID: PMC8290364.

75.Scoditti E, Naccarati A, Carpi S, Polini B, Ebada SS, Nieri P. Editorial: Non-Coding RNAs as Mediators of the
Activity of Natural Compounds. Front Pharmacol. 2021 Aug 19;12:751956. doi: 10.3389/fphar.2021.751956.
PMID:34489715; PMCID: PMC8416989.

76.Shiu PKT, llieva M, Holm A, Uchida S, DiStefano JK, Bronisz A, Yang L, AsahiY, Goel A, Yang L, Nuthanakanti
A, Serganov A, Alahari SK, Lin C, Pardini B, Naccarati A, Jin J, Armanios B, Zhong XB, Sideris N, Bayraktar S,
Castellano L, Gerber AP, Lin H, Conn SJ, Sleem DMM, Timmons L. The Non-Coding RNA Journal Club: Highlights
on Recent Papers-12. Noncoding RNA. 2023 Apr18;9(2):28. doi: 10.3390/ncrna9020028. PMID: 37104010;
PMCID: PMC10144170.

77 .Stepien M, Keski-Rahkonen P, Kiss A, Robinot N, Duarte-Salles T, Murphy N, Perlemuter G, Viallon V,
Tjgnneland A, Rostgaard-Hansen AL, Dahm CC, Overvad K, Boutron-Ruault MC, Mancini FR, Mahamat-Saleh
Y, Aleksandrova K, Kaaks R, Kiihn T, Trichopoulou A, Karakatsani A, Panico S, Tumino R, Palli D, Tagliabue G,
Naccarati A, Vermeulen RCH, Bueno-de-Mesquita HB, Weiderpass E, Skeie G, RaménQuirds J, Ardanaz E,
Mokoroa O, Sala N, Sanchez MJ, Huerta JM, Winkvist A, Harlid S, Ohlsson B, Sjoberg K, Schmidt JA, Wareham
N, Khaw KT, Ferrari P, Rothwell JA, Gunter M, Riboli E, Scalbert A, Jenab M. Metabolic perturbations prior to
hepatocellular carcinoma diagnosis: Findings from a prospective observational cohort study. Int J Cancer.
2021 Feb 1;148(3):609-625. doi:10.1002/ijc.33236. Epub 2020 Aug 28. PMID: 32734650.

78.Tarallo S, Ferrero G, De Filippis F, Francavilla A, Pasolli E, Panero V,Cordero F, Segata N, Grioni S, Pensa
RG, Pardini B, Ercolini D, Naccarati A. Stool microRNA profiles reflect different dietary and gut microbiome
patterns in healthy individuals. Gut. 2022 Jul;71(7):1302-1314. doi:10.1136/gutjnl-2021-325168. Epub 2021
Jul 27. PMID: 34315772; PMCID: PM(C9185830.

79.Tarallo S, Pardini B, Fox AH, Ingram H, Taccioli C, Taube JH, Mani SA. The Non-Coding RNA Journal Club:
Highlights on Recent Papers-8. Noncoding RNA. 2021 Mar 19;7(1):23. doi: 10.3390/ncrna7010023. PMID:
33808546; PMCID:PMC8006035.

80.Tealdi S, Ferro E, Campa CC, Bosia C. microRNA-Mediated Encoding and Decoding of Time-Dependent
Signals in Tumorigenesis. Biomolecules. 2022 Jan 26;12(2):213. doi: 10.3390/biom12020213. PMID:
35204714; PMCID: PM(C8961662.

81.Tirtei E, Campello A, Asaftei SD, Mareschi K, Cereda M, Fagioli F. Precision Medicine in Osteosarcoma:
MATCH Trial and Beyond. Cells. 2021 Jan 31;10(2). doi: 10.3390/cells10020281. Review. PubMed PMID:
33572496; PubMed Central PMCID: PMC7911557.

82.Trinquier J, Uguzzoni G, Pagnani A, Zamponi F, Weigt M. Efficient generative modeling of protein
sequences using simple autoregressive models. Nat Commun. 2021 Oct 4;12(1):5800. doi: 10.1038/s41467-
021-25756-4. Erratum in: Nat Commun. 2022 Apr 1;13(1):1889. PMID: 34608136; PMCID: PMC8490405.

83.van Nunen E, Hoek G, Tsai MY, Probst-Hensch N, Imboden M, Jeong A, Naccarati A, Tarallo S, Raffaele D,
Nieuwenhuijsen M, Vlaanderen J, Gulliver J, Amaral AFS, Vineis P, Vermeulen R. Short-term personal and
outdoor exposure to ultrafine and fine particulate air pollution in association with blood pressure and lung

85



function in healthy adults. Environ Res. 2021 Mar;194:110579. doi:10.1016/j.envres.2020.110579. Epub
2020 Dec 4. PMID: 33285152.

84.Vitale |, Pietrocola F, Guilbaud E, Aaronson SA, Abrams JM, Adam D, Agostini M, Agostinis P, Alnemri ES,
Altucci L, Amelio I, Andrews DW, Ageilan RI, Arama E, Baehrecke EH, Balachandran S, Bano D, Barlev NA,
Bartek J, Bazan NG, Becker C, Bernassola F, Bertrand MJM, Bianchi ME, Blagosklonny MV, Blander JM,
Blandino G, Blomgren K, Borner C, Bortner CD, Bove P, Boya P, Brenner C, Broz P, Brunner T, Damgaard RB,
Calin GA, Campanella M, Candi E, Carbone M, Carmona-Gutierrez D, Cecconi F, Chan FK, Chen GQ, Chen Q,
Chen YH, Cheng EH, Chipuk JE, Cidlowski JA, Ciechanover A, Ciliberto G, Conrad M, Cubillos-Ruiz JR, Czabotar
PE, D'Angiolella V, Daugaard M, Dawson TM, Dawson VL, De Maria R, De Strooper B, Debatin KM,
Deberardinis RJ, Degterev A, Del Sal G, Deshmukh M, Di Virgilio F, Diederich M, Dixon SJ, Dynlacht BD, El-
Deiry WS, Elrod JW, Engeland K, Fimia GM, Galassi C, Ganini C, Garcia-Saez AJ, Garg AD, Garrido C, Gavathiotis
E, Gerlic M, Ghosh S, Green DR, Greene LA, Gronemeyer H, Hacker G, Hajndczky G, Hardwick JM, Haupt Y, He
S, Heery DM, Hengartner MO, Hetz C, Hildeman DA, Ichijo H, Inoue S, Jdatteld M, Janic A, Joseph B, Jost P,
Kanneganti TD, Karin M, Kashkar H, Kaufmann T, Kelly GL, Kepp O, Kimchi A, Kitsis RN, Klionsky DJ, Kluck R,
Krysko DV, Kulms D, Kumar S, Lavandero S, Lavrik IN, Lemasters JJ, Liccardi G, Linkermann A, Lipton SA,
Lockshin RA, Lopez-Otin C, Luedde T, MacFarlane M, Madeo F, Malorni W, Manic G, Mantovani R, Marchi S,
Marine JC, Martin SJ, Martinou JC, Mastroberardino PG, Medema JP, Mehlen P, Meier P, Melino G, Melino S,
Miao EA, Moll UM, Muinoz-Pinedo C, Murphy DJ, Niklison-Chirou MV, Novelli F, Nufiez G, Oberst A, Ofengeim
D, Opferman JT, Oren M, Pagano M, Panaretakis T, Pasparakis M, Penninger JM, Pentimalli F, Pereira DM,
Pervaiz S, Peter ME, Pinton P, Porta G, Prehn JHM, Puthalakath H, Rabinovich GA, Rajalingam K, Ravichandran
KS, Rehm M, Ricci JE, Rizzuto R, Robinson N, Rodrigues CMP, Rotblat B, Rothlin CV, Rubinsztein DC, Rudel T,
Rufini A, Ryan KM, Sarosiek KA, Sawa A, Sayan E, Schroder K, Scorrano L, Sesti F, Shao F, Shi Y, Sica GS, Silke
J, Simon HU, Sistigu A, Stephanou A, Stockwell BR, Strapazzon F, Strasser A, Sun L, Sun E, Sun Q, Szabadkai G,
Tait SWG, Tang D, Tavernarakis N, Troy CM, Turk B, Urbano N, Vandenabeele P, Vanden Berghe T, Vander
Heiden MG, Vanderluit JL, Verkhratsky A, Villunger A, von Karstedt S, Voss AK, Vousden KH, Vucic D, Vuri D,
Wagner EF, Walczak H, Wallach D, Wang R, Wang Y, Weber A, Wood W, Yamazaki T, Yang HT, Zakeri Z,
Zawacka-Pankau JE, Zhang L, Zhang H, Zhivotovsky B, Zhou W, Piacentini M, Kroemer G, Galluzzi L. Apoptotic
cell death in disease-Current understanding of the NCCD 2023. Cell Death Differ. 2023 May;30(5):1097-1154.
doi: 10.1038/s41418-023-01153-w. Epub 2023 Apr 26. PMID: 37100955; PMCID: PMC10130819.

85. Vitale I, Yamazaki T, Wennerberg E, Sveinbjgrnsson B, Rekdal @, Demaria S, Galluzzi L. Targeting
Cancer Heterogeneity with Immune Responses Driven by Oncolytic Peptides. Trends Cancer. 2021
Jun;7(6):557-572. doi: 10.1016/j.trecan.2020.12.012. Epub 2021 Jan 11. PMID: 33446447.

86. Vitale I, Manic G, Galluzzi L. Oncosuppressive functions of PIDD1 in response to centrosome
amplification. Cell Death Dis. 2021 Feb 11;12(2):175. doi: 10.1038/s41419-021-03467-4. PMID: 33574219;
PMCID: PMC7878771.

87. Vitale |, Shema E, Loi S, Galluzzi L. Intratumoral heterogeneity in cancer progression and response to
immunotherapy. Nat Med. 2021 Feb;27(2):212-224. doi: 10.1038/s41591-021-01233-9. Epub 2021 Feb 11.
PMID: 33574607.

88.Vitale S, Russo V, Dettori B, Palombi C, Baev D, Proietti E, Le Bon A, Belardelli F, Pace L. Type | interferons
induce peripheral T regulatory cell differentiation under tolerogenic conditions. Int Immunol. 2021 Jan
28;33(2):59-77. doi: 10.1093/intimm/dxaa058. PMID: 32840576.

89.Yusipov |, Bacalini MG, Kalyakulina A, Krivonosov M, Pirazzini C, Gensous N, Ravaioli F, Milazzo M, Giuliani
C, Vedunova M, Fiorito G, Gagliardi A, Polidoro S, Garagnani P, lvanchenko M, Franceschi C. Age-related DNA
methylation changes are sex-specific: a comprehensive assessment. Aging (Albany NY). 2020 Dec
3;12(23):24057-24080. doi: 10.18632/aging.202251. Epub 2020 Dec 3. PMID: 33276343; PMCID:
PMC7762479.

86



90.Zamparo M, Valdembri D, Serini G, Kolokolov 1V, Lebedev VV, Dall'Asta L, Gamba A. Optimality in Self-
Organized Molecular  Sorting. Phys Rev  Lett. 2021 Feb  26;126(8):088101.  doi:
10.1103/PhysRevlLett.126.088101. PMID: 33709726.

91.Zouiouich S, Mariadassou M, Rué O, Vogtmann E, Huybrechts |, Severi G, Boutron-Ruault MC, Senore C,
Naccarati A, Mengozzi G, Kozlakidis Z, Jenab M, Sinha R, Gunter MJ, Leclerc M. Comparison of Fecal Sample
Collection Methods for Microbial Analysis Embedded within Colorectal Cancer Screening Programs. Cancer
Epidemiol Biomarkers Prev. 2022 Feb;31(2):305-314. doi:10.1158/1055-9965.EPI-21-0188. Epub 2021 Nov
15. PMID: 34782392.

87



	Cancer Genomics and Bioinformatics Unit
	Epigenetics Unit
	Immunotherapy Unit
	Chemical Biology Unit
	Unit Genetic and molecular epidemiology

