") Check for updates

Molecular

ncology

Volume 17, Supplement 1, June 2023

Drug ReSIStaNCe ......eecuerierieiieceeeeeree e 264
EACR 2023 Congress Epi:::t:tli'ci: the SPotlight.....cccoviiiieiieeeee, 268

Abstracts Poster in the Spotlight.........cccceiiiiiiiiniieeeee 316

Experimental / Molecular Therapeutics, Pharmacogenomics

................................................................................................ 328
co ntents IMMUNONEIAPY...eii it 388
PROFFERED PAPER PRESENTATIONS ....... 2 Molecular and Genetic Epidemiology ........ccoceevererenenenncns 413
Rising Star and Top ADbStracts........cccceeverierieenieeneeseeseeseee 2 Prevention and Early Detection ... 416
Symposium: Interface between the Microbiome and Immune Radiobiology / Radiation Oncology ......ccceeeerieerieeneeneeniens 420
SYSTEM .. 3 PoSter in the SPOtlght........c.c.eeecveceeeereeeeeeeseeseeeeereseeeeeene 431
Symposium: Drug Resistance ..., 4 Signalling Pathways. .......c..c.eeeereuniueineeseeenceneinessesessessesenees 432
Symposium: Mechanism Based Clinical Trial........ccccooeeunnnene. 5 Translational RESEArch ............c.c.cucomrucrerceeneeeneuesuseseseeeneeans 449
Symposium: Challenging DrugTargets ...........ccovnenninnininennes 7 TUMOUT BIOIOGY e.vuveiutierecteicieteeete st tese et es b aesennaas 480
Joint EACR-SIC Symposium: Spatial Transcriptomics ........... 8 Poster in the SPotlight........ccceeecueueiecueieeereeeereeeeereieenas 536
Symposium: Cell Adaptation and Competition...........c.cceovenee. 9 Tumour Evolution and Heterogeneity ..........ccceevveevecuennnen. 554
Symposium:Tumour Metabolism and Epigenetic Control ..10 Poster in the SPotlight........ccceeecucueicreieeereeeereeeee e 556
Joint EACR-AACR Symposium: Computational Biology and Poster in the SPotlight........ccceeecucueicreieeereeeereeeee e 559
Al in Research and Cancer Care .........cccceeeiinicicnicsicsicsicniens 11
TUMOUT IMMUNOIOGY c.eeeiiiiiieieeeeee e 570
Symposium: NormalTissue and the Biology of Early Cance;z Poster in the Spotlight..........cccoivniiiiniieeee 580
Symposium: Drugging the RAS Pathway ..........o...eesrrrereeeee. 13 Poster in the Spotlight.........cccceiiiiiiiiiieeeeee 582
Symposium: Advanced T-Cell TRErapy ... eeeeeeeesrreereeeens 14 Poster in the Spotlight.........cccceiiiiiiiiiieeeeee 593
Symposium: Cancer Models..........cccoeviiviiiiiininiiinicee 15
fymlposium:Tumour Ecology and Evolution at Single Cell o Proffered Papers
BVEI s

10-minute talks awarded for the highest scored abstracts,
Symposium: Tumour Dormancy / Persistence / Senescence17 embedded in the scientific symposia sessions. These
presentations are not accompanied by a poster.

Symposium: Neoantigens & Vaccines ........ccceeceeereenrieeeannen. 19
Symposium: Liquid BiopSies......ccccvvcerrieereniinsiie e 20 Posters in the Spotlight
Symposium: Chemical Biology .....ccccceuvveeveeeeceenciererenesenenns 21 Tuesday 13 June, 17:30- 18:30, Poster and Exhibition Hall

Wednesday 14 June, 17:15- 18:15, Poster and Exhibition Hall

POSTER PRESENTATIONS

(Tuesday/Wednesday) .............ccocceeereceeee 22 Dedicated sessions taking place in the spotlight area within the
Poster and Exhibition Hall. Poster presenters with high scoring
Bioinformatics and Computational Biology ......c.ccceceereeneene 22 abstracts will give short presentations of up to 10 minutes. Their

posters will also be available to view during the Poster

Biomarkers inTissue and Blood ........c.cccovceeviiiieesieeniieeiiees 52 . . .
Discussion Sessions.
Cancer Cell BiolOgy ...cccueerieriieieeie e 107
Poster in the Spotlight .......cccooeiiiiiiiiiieeeeeee 220
(08 1o Yot =Tl €1=To T o oY ot J RS RTRRN 224
Poster in the Spotlight .......cccooeiiiiiiiiieeeeee 248
Poster in the Spotlight .......cccoviiiiiiiiiieeeeee 249
CarCiNOGENESIS ..ccecviiiiriiiieeeiieesiee e siee e e e sae s see s s reesnanes 252

Molecular Oncology 17 (Suppl. 1) (2023) 1-597

© 2023The Authors. Molecular Oncology is published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original
work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.1002%2F1878-0261.13471&domain=pdf&date_stamp=2023-06-08

PROFFERED PAPER PRESENTATIONS

Rising Star and Top Abstracts

EACR23-0090
High risk of metastatic recurrence in
colorectal cancer by residual EMP1+ tumor

cells

A. Cadiellas Socias’, C. Cortina', X. Hernando-Momblona’,
S. Palomo-Ponce', C.S.0. Attolini’, E. Batlle'

!'IRB Barcelona, Cancer Science, Barcelona, Spain

’IRB Barcelona, Biostatistics, Barcelona, Spain
Introduction

30-40% of colorectal cancer (CRC) patients undergoing
curative resection of the primary tumor will relapse in the
following years. In these patients, disseminated tumor cells
are undetectable until they regenerate the disease in foreign
organs, such as the liver and lungs. The identity and
features of the residual tumor cells responsible for CRC
relapse remain elusive due to the impossibility of analyzing
this clinically occult population in patients.

Material and Methods

By analyzing the transcriptomes of individual tumor cells
in multiple primary CRC patient samples, we discovered
that genes associated with an elevated risk of relapse are
expressed by a defined subset of tumor cells that we named
High Relapse Cells (HRCs). To investigate HRCs, we
established a human-like CRC mouse model that,
following surgical resection of the primary tumor,
undergoes metastatic relapse. We also developed
methodology to isolate residual disseminated tumor cells
before metastases are detectable.

Results and Discussions

HRCs are abundant at invasion fronts, retain an epithelial
program and express genes involved in cell adhesion,
locomotion and extracellular matrix remodeling. In
addition, single-cell profiling demonstrated that residual
tumor cells occult in mouse livers after primary CRC
surgery resembled the HRC population present in patients.
Over time, HRCs in micrometastasis gave rise to multiple
cell types, including Lgr5+ stem cell-like cells, and
generated macrometastases that can kill the host. Using
Empl (epithelial membrane protein 1) as a marker gene for
HRCs, we tracked and selectively eliminated this cell
population. Genetic ablation of HRCs prior to extirpation
of the primary CRC prevented metastatic recurrence and
mice remained disease-free after surgery. Furthermore, the
analysis of the tumor microenvironment revealed that
micrometastases generated by HRCs are initially T cell
infiltrated but become excluded during metastatic
outgrowth coinciding with fibroblast and macrophage
recruitment. Treatment with neoadjuvant immunotherapy
had limited impact on the primary CRC yet eliminated
micrometastases and saved mice from relapsing after
surgery.

Conclusion

Our findings reveal the features of the tumor cell
population responsible for CRC recurrence and anticipate
that therapies targeting HRCs, including neoadjuvant
immunotherapy, may help prevent metastatic relapse.

EACR23-0616
Interferon-encompassing 9p21.3 deletions

promote immune evasion and metastasis
F.M. Barriga'?, K.M. TsanoV?, Y.J. Ho?, N. Sohail’,

A. Zhang®, T. Baslan’, A.N. Wuest, 1. Del Prioré’,

B. Meskauskaite®, G. Livshits®, D. Alonso-Curbelo®,

J. Simon®, A. Chaves-Perez’, D. Bar-Sagi®, C. lacobuzio-
Donahué’, F. Notta®, R. Chaligné’, R. Sharma’®, D. Pe er*?,
S.W. Lowe*®

'VHIO, Preclinical and Translational Research,
Barcelona, Spain

’MSKCC, Cancer Biology and Genetics, New York,
United States

SMSKCC, Computational and Systems Biology, New York,
United States

“OICR, PanCuRx Translational Research Initiative,
Toronto, Canada

SIRB Barcelona, Cancer Science, Barcelona, Spain

SNYU, Biochemistry, New York, United States

"MSKCC, Pathology, New York, United States

SHHMI, Howard Hughes Medical Institute, Chevy Chase,
United States

Introduction

Somatic chromosomal deletions are prevalent in cancer,
yet their functional contributions remain ill-defined.
Among these alterations, loss of chromosome 9p21.3 is the
most frequent homozygous deletions across cancers and
portends the worse prognosis of all copy number
alterations. The biology of 9p21.3 loss has been largely
ascribed to the disruption of tumor suppressor genes
CDKN2A/B, which activate the p53 and RB pathways.
However, 9p21.3 loss frequently encompasses a cluster of
16 type I interferons (IFNs), whose role in cancer remains
poorly understood.

Material and Methods

To dissect the biology of 9p21.3 and other large deletions,
we developed Molecular Alteration of Chromosomes with
Engineered Tandem Elements (MACHETE), which is a
rapid and flexible approach based on CRISPR-Cas9 that
enables the creation of megabase-sized deletions in cellular
models. By applying MACHETE to mouse models of
pancreatic cancer and melanoma, we engineered 9p21.3
syntenic deletions: loss of CDKN2A/B (Small, DS) or
concomitant loss of the type I IFN cluster

and CDKN2A/B (Large, DL). Using orthotopic
transplantation of DS and DL cells in syngeneic hosts, we
measured tumor initiation, progression, and response to
immune checkpoint blockade. Tumors were then analyzed
by immunophenotyping, bulk and single cell
transcriptional profiling, and further functional studies.
Results and Discussions

We identified that IFN-deficient DL cells evaded
immunoediting, had higher rates of metastasis, and showed
blunted responses to immune checkpoint blockade. These
phenotypes were dependent on an adaptive immune
response. Characterization of immune infiltrating cells
showed that tumor-derived IFNs dictated the activation of
the IFN pathway in antigen presenting cells and to an anti-
tumor state in CD8 T cells, which was conserved in human
cancers. By using an extended allelic series of deletions,
we identified that the tumor-specific Interferon epsilon
(Ifne) was necessary and sufficient to blunt metastasis.
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Conclusion

Our study identified that 9p21.3 coordinates cell intrinsic
and extrinsic tumor suppression by simultaneous disruption
of CDKN2A/B and type I IFNs. We identify a novel tumor
suppressive activity in this locus driven by the poorly
characterized Ifie, which elicits an anti-metastatic response
via adaptive immunity. 9p21.3 affects 15% of all cancers,
making this one of the most frequent genetic mechanisms
of immune evasion. Overall, the experimental framework
we developed will enable the study of large genomic
deletions across cancers.

EACR23-1186
Single-strand mismatch and damage
patterns revealed by single-molecule DNA

sequencing

M.H. Liv', C. Benjamin', U. Choi', R. Bandler', E. Lassen’,
M. Gronska-Peski', A. Schwing', Z. Murphy',

D. Rosenkjcer?, S. Picciotto’, V. Bianchi’, L. Stengs®,

M. Edwards®, C. Loh!, T. Truong’, R. Brand®, A.B. Skytte’,
U. Tabori*, J. Shoag’, G. Evrony'

INYU Grossman School of Medicine,

Center for Human Genetics & Genomics, New York City,
United States

2Cryos Sperm & Egg Bank, Cryos International, Aarhus,
Denmark

3Case Western Reserve University School of Medicine,
Department of Urology, Cleveland, United States
“Hospital for Sick Children,

Division of Haematology/Oncology, Toronto, Canada
SUniversity of Pittsburgh School of Medicine,

Division of Gastroenterology, Pittsburgh, United States
Introduction

Mutations accumulate in the genome of every cell of the
body throughout life, causing cancer and other genetic
diseases. Almost all of these mosaic mutations begin as
nucleotide mismatches or damage in only one of the two
strands of the DNA prior to becoming double-strand
mutations if unrepaired or misrepaired. However, current
DNA sequencing technologies cannot resolve these initial
single-strand events from which mutations originate.
Material and Methods

We developed a single-molecule, long-read sequencing
method that achieves single-molecule fidelity for single-
base substitutions when present in either one or both
strands of the DNA. It also detects single-strand cytosine
deamination events, a common type of DNA damage. This
was accomplished by: (1) a large number of independent
sequencing passes for each molecule to create a high-
quality consensus sequence for each strand; (2)
eliminating in vitro artifacts; and (3) a computational
pipeline distinguishing single- from double-strand changes.
Results and Discussions

We profiled 110 human samples from diverse tissues,
including from individuals with cancer-predisposition
syndromes and tumors. We define the first single-strand
mismatch and damage signatures: SBS10ss, SBS14ss, and
SBS30ss (ss, single-strand). We find correspondences
between these single-strand signatures and known double-
strand mutational signatures, which resolves the identity of
the initiating lesions. Tumors deficient in both mismatch
repair and replicative polymerase proofreading show
distinct single-strand mismatch patterns compared to
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samples deficient in only polymerase proofreading. In the
mitochondrial genome, our findings support a mutagenic
mechanism occurring primarily during replication.
Conclusion

We demonstrate the highest fidelity for single base changes
of any DNA sequencing method to date, and the first
detection of single-strand changes to DNA. Since the
double-strand DNA mutations interrogated by prior studies
are only the endpoint of the mutation process, our approach
to detect the initiating single-strand events at single-
molecule resolution will enable new studies of how
mutations arise in healthy tissues and in cancer.

Symposium: Interface between the
Microbiome and Immune System

EACR23-0186
INKT cells contribute to colorectal cancer
progression inducing neutrophils pro-

tumorigenic functions

G. Lattanzi', F. Strati®, F. Facciotti’

"University of Milan,

Department of Oncology and Hemato-oncology, Milano,
Italy

2University of Milano Bicocca,

Department of Biotechnology and Biosciences, Milan, Italy
Introduction

invariant Natural Killer T cells (iNKT) account for a
relevant fraction of tissue resident, effector T cells in the
intestine and are considered an attractive platform for
cancer immunotherapies since they overcome major
limitations related to the use of conventional T cells.
Although iNKT cells are cytotoxic lymphocytes, their
functional role in colorectal cancer (CRC) is still
controversial, limiting their therapeutical use in CRC.

The tumor microenvironment (TME) is an important factor
of CRC. Immune cells and the microbiota, which are
elements of the TME, influence each other affecting CRC
developmental trajectory.

Material and Methods

To gain insights into the functionality of iNKT cells in
CRC and their crosstalk with the TME, we examined the
immune cell composition and iNKT cell phenotype in CRC
patients (n=118) and in three different murine models of
CRC. We performed high dimensional single-cell flow
cytometry and metagenomic analysis of paired tumor and
non-tumor tissue sites. Functional hypothesis were
validated in vitro, in vivo and with RNA-seq experiments.
Survival analyses of CRC patients were performed to
clinically translate our findings.

Results and Discussions

We observed that iNKT cells are enriched in CRC lesion
and express a pro-tumor phenotype with the expression of
IL17 and GM-CSF. The tumor-associated

pathobiont Fusobacterium nucleatum, enriched in our CRC
cohort, induced IL17 and GM-CSF expression in iNKT
cells blunting their cytotoxic capability and

promoting iNKT cell-mediated recruitment of neutrophils
with myeloid derived suppressor cells like (MDSCs)
phenotype and functions. Additionally, iNKT cell
depletion decreased tumor burden by reducing the
recruitment of immune suppressive neutrophils. /n
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vivo activation of iNKT cells with aGalCer restored their
anti-tumor functions suggesting that iNKT cells can be
modulated to overcome CRC-associated pro-tumor
phenotype. CRC patients' survival analyses demonstrated
that tumor co-infiltration by iNKT cells and neutrophils
correlates with negative clinical outcomes.

Conclusion

Our results reveal a functional plasticity of human
intestinal iNKT cells in CRC, suggesting a pivotal role of
iNKT cells in shaping the TME and cancer developmental
trajectory with implications for treatment of CRC.

EACR23-1485
Stability of the Gut Microbiota during Anti-
PD1 Immunotherapy Defines Complete

Response in Melanoma Patients

A.D. Macandog', C. Catozzi', A. Nabinejad', M. Caponé’,
G. Madonna®, P.F. Ferrucci®, N. Segata’, E. Cocorocchio®,
P. Ascierto’, T. Manzo', L. Nezi'

!Istituto Europeo di Oncologia - IRCCS,

Experimental Oncology, Milano, Italy

’Istituto Nazionale Tumori - IRCCS Fondazione "G. Pascal
e’

Melanoma Cancer Immunotherapy and Development Ther
apeutics Unit, Napoli, Italy

3Istituto Europeo di Oncologia - IRCCS,

Tumor Biotherapy Unit, Milano, Italy

“University of Trento, Department CIBIO, Trento, Italy
SHumanitas-Gavazzeni, Medical Oncology, Bergamo, Italy
Introduction

The advent of immune checkpoint inhibition (ICI) therapy
markedly improved the outcome for melanoma. However,
response remains heterogeneous, with about half of the
patients being refractory or developing relapse. Although a
causal link between the gut microbiota and modulation of
antitumor response has been established, current
knowledge is limited to findings from cross-sectional
analyses. Here, we follow the gut microbiota of melanoma
patients over the course of anti-PD1 therapy, to delineate
gut changes related to host response and identify gut and
host factors involved.

Material and Methods

To study response-related gut microbiota changes during
ICI, patients with unresectable melanoma from two Italian
Hospitals (n=19) were followed at baseline and over the
course of anti-PD1 immunotherapy (n=13) to collect fecal
and blood samples. Patients were annotated following
RECIST 1.1 classification and PFS. Additionally, baseline
fecal samples from tumor-free subjects were used as
reference to compare gut diversity trends between response
groups at therapy. Finally, cross-study validation was
carried on metagenomes (n=281) from Europe (n=4), UK
(n=2) and USA (n=3) baseline cohorts.

Results and Discussions

Our results demonstrate that the gut microbiota is fairly
variable during ICI therapy. However, changes are less
pronounced among complete responders (CR), especially
at later cycles. We identify and validate a core of
longitudinally stable gut microbiota taxa in CR, which
comprise mostly Clostridia taxa. These core CR taxa
associate consistently with positive systemic markers,
supporting their immune modulatory potential. At the
functional level, our data demonstrate a key role for

specific bacterial cell components in driving a productive
immune response.

Conclusion

Overall, we propose microbiota stability during ICI therapy
as a consequential feature of an immune-beneficial
Clostridia-rich gut among complete responders.

Symposium: Drug Resistance

EACR23-0444

Exportin 1 inhibition prevents
neuroendocrine transformation on
targeted therapy in the lung and prostate

through SOX2 downregulation

A. Quintanal-Villalonga', V. Durani’, A. Sabet', E. Redin-
Resano', K. Kawasaki', S. Zaidi', H. Sridhar’, P. Manoj',
W. Karthaus’, M. Haffner’, C.L. Sawyers*, C.M. Rudin’
'Memorial Sloan Kettering Cancer Center, Medicine,
New York, United States

?Ecole polytechnique fédérale de Lausanne, Medicine,
Lausanne, Switzerland

3Fred Hutchinson Cancer Center, Pathology, Seattle,
United States

‘Memorial Sloan Kettering Cancer Center,

Human Oncology & Pathogenesis Program, New York,
United States

Introduction

In lung and prostate adenocarcinomas (ADs) treated with
targeted inhibitors, lineage plasticity mediates
neuroendocrine (NE) transformation in up to 14% and 30%
of EGFR-mutant lung and AR-dependent prostate tumors
respectively, and leads to extremely poor prognosis. Even
if ADs at high risk of transformation (TP53/RB1 loss) can
be identified, no therapy to prevent transdifferentiation is
available. Previously we have described a strong
dependency of small cell lung carcinomas (SCLCs) on
exportin 1 (XPO1), a nuclear protein exporter involved in
cancer with potent and safe inhibitors available in the
clinic, such as selinexor. The present work aims to study
the role of XPO1 in NE transformation.

Material and Methods

Exportin 1 expression was assessed in transforming clinical
specimens. Isogenic 7P53/RB1-knock out AD cell lines
were generated and sensitivity to the exportin 1 inhibitor
selinexor was assessed in these. Patient-derived xenograft
(PDX) models of NE transformation were treated with
targeted therapy, selinexor or their combination, and
transcriptome sequencing was performed in these, followed
by functional validation.

Results and Discussions

XPO1 expression was upregulated in clinical specimens
undergoing NE transformation. Interestingly, increased
exportin 1 levels were observed already in pre-
transformation ADs, suggesting that exportin 1
upregulation may occur at early stages of transformation.
Consistently, we observed increased XPO1 mRNA
expression on 7P53/RBI-mutant lung and prostate AD
clinical samples relative to wild type tumors, as well as
increased exportin 1 expression and sensitivity to selinexor
after TP53/RB1-knock out in isogenic AD cell lines,
suggestive of an increased dependency on exportin 1 in
tumors at high risk of NE transformation. In this line,
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selinexor prevented NE transformation and dramatically
delayed relapse in lung and prostate xenograft models
treated with targeted therapy. In these, exportin 1 inhibition
prevented upregulation of SOX2, a transcription factor
necessary for NE-T. SOX2 ectopic overexpression rescued
the NE transformation phenotype in selinexor-treated NE
transformation models, suggesting that SOX2
downregulation by selinexor is the mechanism by which
NE transformation is inhibited.

Conclusion

We nominate exportin 1 as a therapeutic target to constrain
plasticity and prevent NE transformation. The clinical
availability of selinexor will allow immediate clinical
translation of these results in a disease setting with
extremely limited therapeutic options.

EACR23-0879

Sequential redox vulnerabilities with
therapeutic potential during the
acquisition of drug resistance in

BRAFV600E lung adenocarcinoma

D. Santamaria’, M.J. Nokin?, E. Darbo’, E. Richard’,

S. San José', S. de Hita!, V. Prauzet-Mauleon’, B. Turcg’,
B. Koopmansch?, F. Lambert*, J. Horné’, E. Ziemons®,

A. Villanueva®, A. Biomme’, D. Cataldo®, P. Porporato®,

E. Nadal’, P. Lito'’, M. Awad"!, C. Ambrogio®
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IBMCC CSIC- Molecular Mechanisms of Cancer Program,
CSIC-University of Salamanca, Salamanca, Spain
Laboratory of Biology of Tumor and Development LBTD-
GIGA-Cancer, University of Liege, Liege, Belgium
3Bordeaux Institute of Oncology BRIC,

INSERM U1312- University of Bordeaux, Bordeaux,
France

“University Hospital Center of Liege,

Department of human genetics, Liege, Belgium
SLaboratory of Pharmaceutical Analytical Chemistry- CIR
M, University of Liege, Liege, Belgium
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""Memorial Sloan Kettering Cancer Center,

Department of Medicine, New York, United States
""Dana—Farber Cancer Institute,

Department of Medical Oncology, Boston, United States
Introduction

The current therapy for BRAF"*"*_driven lung cancer
consists of a dual blockade of RAF and MEK kinases often
combining dabrafenib with trametinib (D/T). This regimen
results in extended survival when compared to single agent
treatments but, as with other targeted therapies, disease
progression is unavoidable. There is limited information of
how BRAF""E_driven lung adenocarcinomas adapt to this
targeted treatment and persist before clinical relapse is
detected. At this point, a significant fraction of resistant
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tumours display mutations in the RAS-ERK pathway and
counteract the inhibitors effect by reactivating oncogenic
signalling. While a number of molecular mechanisms
mediating disease progression have been suggested, this
has not yet resulted in novel second-line targeted
treatments. As a consequence, patients displaying resistant
disease are treated with rather inefficient palliative chemo-
immunotherapy regimens.

Material and Methods

In this work, we have performed whole genome Crispr-
screening, generated PDX-derived cell lines and
implemented drug treatments in vivo to investigate the
mechanistic basis and associated vulnerabilities of early
stage D/T resistance in BRAF"*"_driven lung cancer.
Results and Discussions

We demonstrate here that oxidative stress together with the
concomitant induction of antioxidant responses is an early
feature boosted by D/T treatment in BRAF"*"**-mutant lung
cancer. Yet, the nature of the oxidative damage and the
choice of redox detoxification systems display substantial
differences during the process leading to drug resistance.
While persister cells suffer from lipid peroxidation and rely
on GPX4 to prevent ferroptosis-driven cell death, D/T
resistant tumours harbouring NRAS secondary mutations
enhance cystine transport to boost antioxidant responses.
Accordingly, timely inhibition of these detox programs by
GPX4 or HDAC inhibitors decrease resistant cell viability
and extend therapeutic efficacy.

Conclusion

- Redox-dependent vulnerabilities are a common feature
during the process leading to the acquisition of D/T
resistance in BRAF"*"2_driven lung cancer.

- The nature of the oxidative detoxification programs
elicited by early persister cells and fully resistant tumours
are mechanistically different and identify stage-specific
therapeutic vulnerabilities.

- Timely inhibition of these detox programs by GPX4 or
HDAC inhibitors decrease resistant cell viability in a ROS
dependent manner and extends both therapeutic efficacy
and survival in vivo using PDX-derived models.

Symposium: Mechanism Based Clinical
Trial

EACR23-0842

Anaplastic Lymphoma Kinase receptor can
be effectively targeted in Consensus
Molecular Subtype 1 (CMS1) colorectal

cancer

M. Mazzeschi', M. Sgarzi', D. Romaniello’, F. Ambrosi,
A. Morselli', C. Girone', F. Pagano’, K. Rihaw#’,

G. D'Uva’, M. Ferracin', M. Fiorentino’, A. Ardizzoni',
B. Gy6rfh”, R. Palmer’, N. Li®, C.J. Lengner’, Y.P. Mossé’,
M. Lauriola’

"University of Bologna,

Department of Medical and Surgical Sciences, Bologna,
Italy

’Maggiore Hospital- AUSL Bologna, Pathology Unit,
Bologna, Italy

3IRCSS Azienda-Ospedaliero Universitaria di Bologna,
Medical Oncology, Bologna, Italy

‘Semmelweis University,
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Introduction

Colorectal cancer (CRC) is characterized by specific
molecular features that contribute to a significant degree of
inter-individual heterogeneity. This heterogeneity
underscores the need for personalized medicine to treat
patients effectively. The Consensus Molecular Subtypes
(CMSs) classification stratifies CRC into four well-defined
molecular subgroups, providing support to the use of
targeted therapies. Unfortunately, so far only a few
targetable biomarkers are known in the CRC setting,
leaving a big portion of patients not eligible for any
individualized treatment regimen. Through a bioinformatic
meta-analysis of a dataset of 1700 CMS-stratified CRC
patients, we determined that high levels of anaplastic
lymphoma kinase (ALK) expression were negatively
correlated with relapse-free survival (RFS) exclusively in
the CMS1 subtype'. Conversely, we did not observe such a
correlation in the other 3 subgroups.

Material and Methods

Stemming from these observations, we generated the
hypothesis that ALK pharmacological inhibition may elicit
therapeutic potential in CMS1 patients. Thus, we tested
both small ALK-TKIs and an ALK-directed antibody-drug
conjugate (ADC) on many CRC models stratified
according to the CMS classification, through several in
vitro (2D-3D) and in vivo assays. To unveil the
mechanism, we applied single-cell sequencing on CRC
patients and tested for the abundance of ALK ligands.
Results and Discussions

Notably, ADC-based inhibition of ALK had a remarkable
effect in mice, by blunting tumor growth. This may be due
in part to the activity of the two ALKAL1 and ALKAL2
ligands, which activate ALK signaling and may contribute
to the initiation of cell migration and invasion, thus
facilitating metastatic spread. Interestingly, by single-cell
RNA sequencing, we found that the above-mentioned
ligands are expressed both in the epithelial tumor tissue
and in the cancer-associated fibroblasts, suggesting a
paracrine secretion sustaining cancer cells, which may
explain the stronger efficacy of the ADC compared to the
TKIs. Mechanistically, we found that CMS1 cells display
several mRNA copies of both ALK and ALKAL?2 ligand,
along with a higher ALK protein amount compared to the
other subtypes, suggesting a role for ALK abundance in the
differential response to its inhibition.

Conclusion

Collectively, our data suggest that ALK inhibition by
means of ALK-directed antibody-drug conjugate may
represent an attractive target that may broaden the
therapeutic opportunities for CMS1 colorectal cancer
patients.
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Introduction

Mismatch repair (MMR) proficient (MMRp) metastatic
colorectal cancers (mCRCs) are usually unresponsive to
immunotherapy, while MMR deficient (MMRd) tumors
often respond to immune checkpoint blockade (ICB). In
the ARETHUSA clinical trial (NCT03519412), we
reported that the MMR machinery can be
pharmacologically inactivated by temozolomide (TMZ)
and that this process can be monitored through mutational
signature analysis and MMR gene mutations. We
demonstrated that a subset of initially MMRd CRC patients
achieved long lasting disease stabilization from ICB after
receiving temozolomide (TMZ) priming treatment which
caused the emergence of an inactivating MSH6 mutation
and the TMZ mutational signature. We reported that TMZ
treatment can induce heterogeneous genomic
consequences, leading to three different patient subtypes,
identifiable through blood and tissue samples analysis. In
particular, we described a dose-dependent accumulation of
mutations with a molecular signature visible at the clonal
level (subtype B2) in 2/21 patients, at subclonal level
(subtype B1) in 15/21 patients and not present in 4/21
patients (subtype A).

Material and Methods

The abundance and diversity of T-cell receptors (TCRs) in
tumor micro-environment after TMZ treatment were
analysed in patients enrolled in the ARETHUSA trial.
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Results and Discussions

We identified expanded clonotypes in patients that
acquired a clonal increase of mutations due to the priming
treatment. TCR diversity of immune infiltrate confirmed
the three-class classification based on Tumor Mutational
Burden (TMB) and mutational signatures analysis. We also
found a linear correlation (Spearman rank corr, pvalue
0.0048) between diversity of T-cells (Simpson Index) in
the micro-environment and the number of mutations
induced by TMZ. According to this model, increasing the
number of TMZ-induced mutations would increase the
likelihood that TMZ-driven neoantigens will produce a
clonal expansion of T-cells in the tumor. Indeed, the subset
of TMZ-treated patients whose tumors displayed

acquired MSH6 mutation, TMZ mutational signature and
increased TMB not only achieved temporary disease
stabilization upon ICB, but also showed clonal expansion
of T-cells in the tumour microenvironment post TMZ
treatment.

Conclusion

Collectively, these findings indicate that the inactivation of
MMR achieved through TMZ priming is able to reshape
the immune microenvironment and could modulate the
immune response in CRC.

Symposium: Challenging Drug Targets
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Introduction

Lineage plasticity, the ability to transdifferentiate among
distinct phenotypic identities, facilitates therapeutic
resistance in multiple cancers. In lung adenocarcinomas
(LUADs), this phenomenon includes small cell and
squamous cell (LUSC) histologic transdifferentiation in the
context of acquired resistance to targeted inhibition of
driver mutations. The incidence of transdifferentiation into
squamous carcinoma in EGFR mutant tumors, the setting
where this histologic shift has been most extensively
described, occurs in up to 9% of cases relapsed on
osimertinib and has been associated with poor prognosis.
The paucity of well-annotated pre- and post-
transdifferentiation clinical samples has precluded the
performance of informative molecular analyses: little is
known about the molecular mechanisms leading to this
histological transition.

Material and Methods

Multi-parameter profiling of mixed histology
(LUAD/LUSC) tumors, together with pre- and post-
transdifferentiation clinical samples, could provide insight
into factors licensing lineage plasticity between these
histologies and promoting squamous transdifferentiation of
LUAD. We performed detailed genomic (whole-exome
sequencing), epigenomic, transcriptomic (RNAseq),
proteomic (antibody arrays), and single-cell RNAseq and

Molecular Oncology 17 (Suppl. 1) (2023) 1-597

ATACseq characterization. Clinical findings were
validated in preclinical models including cell lines and
patient-derived xenograft treatments.

Results and Discussions

Our results suggest that LUSC transdifferentiation is
primarily driven by transcriptional reprogramming rather
than mutational events, and indicate that the resulting
squamous tumors retain transcriptomic and methylation
profiles of their previous LUAD state. We observed
coordinated upregulation of PI3K/AKT, MYC, and PRC2
pathway genes in the LUSC component of mixed histology
tumors. Concurrent activation of PI3K/AKT and MYC
induced squamous features in EGFR-mutant LUAD
preclinical models, further augmented under the selective
pressure of osimertinib. Pharmacologic inhibition of
EZH1/2 in combination with osimertinib prevented relapse
and squamous transdifferentiation in an EGFR-mutant
patient-derived xenograft model, and inhibition of EZH1/2
or PI3K/AKT signaling re-sensitized resistant
transdifferentiated LUSC tumors to osimertinib.
Conclusion

Our findings provide the first comprehensive molecular
characterization of LUSC transdifferentiation, suggesting
putative drivers and promising therapeutic targets to
constrain or prevent lineage plasticity in this setting.
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Introduction

Acute leukaemias associated with the chromosomal
translocations involving the Histone-Lysine-N-
methyltransferase 24 (KMT2A) gene are highly aggressive
and chemorefractory. Transcriptomics-based
characterization and chemical interrogation identified
kinases as key drivers of KMT2A-rearranged (KMT2A-R)
leukemic cells’ survival and resistance. In contrast, the role
of protein phosphatases is unexplored. In this study, we
uncover the essential role of the oncogene SET, encoding
the endogenous inhibitor of the tumor suppressor
SER/THR phosphatase PP2A, in the KMT2A4-R leukaemia
pathogenesis.
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Material and Methods

The expression of SET was analysed in a large acute
myeloid leukaemia (AML) RNA-seq dataset. The in

vitro experiments were performed on KMT2A4-R leukemic
cell lines, primary samples and patient-derived
xenotransplants (PDX). SET silencing was achieved by
lentiviral vector-mediated delivery of specific ShRNAs.
The cellular effects of Fingolimod (FTY720) were
evaluated by proliferation, cell cycle and apoptotic cell
death assays; the effects on gene expression and protein-
phosphorylation were analysed by RNA-seq and phospho-
proteomics, respectively.

Results and Discussions

SET mRNA was found expressed in all the AML subtypes
and SET expression positively correlated with poor overall
survival in AML. Silencing of SET by shRNA completely
abolished the clonogenic ability of KMT2A4-R leukemic
cells and transcription of the KMT24 target

genes HOXA9 and HOXA10. Immunoprecipitation and
ChIP assays showed that SET interacted with both
KMT2A wild-type and fusion proteins and was recruited to
the HOXA10 promoter. Consistent with these results,
treatment with FTY 720 disrupted SET-PP2A interaction,
led to cell cycle arrest and increased the response

of KMT2A-R PDX to standard chemotherapy in vitro.
These effects were mirrored by the decreased
phosphorylation of key PP2A targets, namely ERK1,
ARKB and MYC and reduced the expression of key genes
critical for sustaining this disease, as revealed by phospho-
preoteomics and RNA-seq. Silencing PPP2CA, the gene
encoding the catalytic subunit of PP2A, restored phospho-
ERK1 levels and rescued the KMT2A-R cells from
FTY720-induced apoptosis, indicating that the FTY720-
effects observed in KMT2A4-R cells specifically depended
on PP2A activation.

Conclusion

Our results identify SET as a novel player in KMT24-R
leukaemia and provide evidence that SET antagonism
could serve as a novel strategy to treat this aggressive and
poorly treatable form of leukaemia.

Joint EACR-SIC Symposium: Spatial
Transcriptomics
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Introduction

Tumours are complex ecosystems where several neoplastic
and non-transformed populations (the tumour
microenvironment — TME) interact in heterogeneous and
dynamic ways. Descriptive studies in patients often lack
the temporal and spatial resolution needed to fully
recapitulate this variability. Mouse models allow

longitudinal and spatially extensive studies, representing a
necessary complement to descriptive human analyses.
Among in vivo models, patient-derived xenografts
(PDTXs) have been excluded from ecological studies due
to the absence of a human TME and the immune-
compromised status of the host. Evidence however
suggests that PDTXs might be good candidates for
ecosystem analyses because they contain composite
tumour and TME compartments where cells form
functional interactions. To demonstrate this, we perform
the first in-depth description of PDTX ecosystems and
confirm their potential as model systems for tumour
ecology.

Material and Methods

We characterize the ecosystem of selected breast cancer
xenografts using single cell RNA-sequencing (scRNA-
seq), three-dimensional imaging with serial two-photon
tomography (STPT), two-dimensional in

situ transcriptomics and imaging mass cytometry (IMC).
Results and Discussions

High-resolution scRNA-seq reveals unprecedented
complexity in the PDTX ecosystem. We describe multiple
TME cell types that overlap with populations found in
other pre-clinical and clinical studies. These cells have
varying frequencies in different PDTXs and include
immune populations with tumour-reactive phenotypes.
Expanding previous descriptions, we show pervasive inter-
and intra-model transcriptional variation in the PDTX
tumour compartment. Using ligand-receptor analysis, we
study how different populations interact with each other
and generate complex ecological dynamics. Using STPT,
IMC and in situ transcriptomics we show that tumour and
TME cell distribution is largely model-specific, suggesting
a concerted organisation of PDTX ecosystems by the cell-
autonomous compartment. In agreement with this, we
show that regional variations in tumour phenotypes result
in heterogeneous TME features within specific samples.
Conclusion

Our work unveils the phenotypic and spatial heterogeneity
of PDTX ecosystems, showing their variable organisation
between and within models. By providing evidence of
potential interactions between different populations, our
study suggests the functional relevance of this variation.
Overall, these findings support a wider application of
PDTXs for the study of tumour ecology.
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Introduction

20% of all breast cancers is attributed to triple-negative
breast cancer (TNBC). TNBC metastasizes to visceral
organs including the lungs. Secondary lung metastases
have shown modest efficacy and/or resistance to traditional
targeted therapies and chemotherapy. Poor response to
therapies addresses the complexity of tumour and the
surrounding microenvironment. Thus, interrogating tumour
microenvironment (metastatic-niche) is needed to
understand resistance mechanisms and find new
therapeutic targets.

Material and Methods

An experimental lung metastasis in vivo model was
generated via intravenous inoculation of murine syngeneic
TNBC cell line (E0771). MRI imaging and histological
staining of metastatic lungs were performed to characterize
tumour growth and vascularization. For transcriptional
analysis, spatial FAC-sorting of metastatic-niche cells was
achieved using a new niche labelling technology. Single-
cell RNA-seq droplet-based platform was used for gene
expression profiling of isolated metastatic-niche cells and
stromal cells from healthy lungs.

Results and Discussions

MRI in vivo imaging and histological analysis of metastatic
lungs showed that EO771 TNBC adopt non-angiogenic and
angiogenic growth patterns. Single-cell expression analysis
of early- and late-metastatic niches reveals spatial and
temporal remodelling of metastatic-niche stroma compared
to the normal lung counterpart. At early stage of
metastases, a subset of capillary type II ECs upregulates
MHC class II antigen-processing machinery indicating its
role in generating an immunosuppressive tumour
microenvironment early on. In addition, inflammatory
mesothelial cells increased with an enrichment of
interferon and cytokine-mediated pathways. In advanced
metastases, several stromal cells emerge including
neophalanx/breach/tip ECs and cancer-associated
mesothelial (CAM) cells. Neophalanx/breach/tip ECs and
capillaries present in the late niche upregulate genes related
to glycolysis and oxidative phosphorylation and
downregulate sphingolipid metabolism demonstrating high
production of energy to support angiogenesis. CAM cells
detected at late stage of metastases exhibited heterogenous
phenotype with an upregulation of epithelial-mesenchymal
transition (EMT) pathway.

Conclusion

Targeting those identified immunosuppressive ECs and
CAM cells could be an effective strategy for treatment of
metastatic disease. However, further investigation of the
mechanisms driven by CAM cells to support angiogenesis
and metastatic progression is warranted.

Symposium: Cell Adaptation and
Competition
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Introduction

Although the vast majority of cancer deaths are due to
metastasis, the mechanisms underlying this process remain
poorly described. The literature on the subject mainly
focuses on the late stages of tumorigenesis, ignoring early
dissemination, especially in colorectal cancer CRC. Our
first goal is to show that a process of early tumor
dissemination occurs in CRC. Our second goal is to assess
the role of early disseminated cells (eDTC) in distant
organs.

Material and Methods

We have generated an inducible mouse model that enables
us to lineage trace dissemination at very early stages of
tumoral development thanks to the expression of RFP and
deletion of the APC gene specifically in the intestinal
epithelium. eDTCs were searched in the liver, the main
organ that is prone to getting colonized by metastatic CRC
cells, using tissue clearing followed by microscopy,
intravital live imaging, and immunolabelling. The impact
of eDTC:s in the liver was assessed using different global
approches: scRNAseq, spatial transcriptomics,
CyTOF/hyperion and validated with immunostaining. Elisa
assays were performed to quantified circulating cytokines
in the plasma of mice.

Results and Discussions

In the liver of mice bearing intestinal adenomas, we first
demonstrate the presence of eDTCs along with a
microenvironmental remodeling characterized by a strong
infiltration of myeloid cells and a change in the
extracellular matrix. Concomitantly, in mouse plasma, we
detect higher level of cytokines involved in the myeloid
cell enrichment and this was validated in the blood of
patients with intestinal adenomas. Finally, this liver
remodeling has a strong impact on metastatic colonization
where we have demonstrated that it enhances the
welcoming of future waves of late metastatic cells.
Conclusion

This project functionally validates for the first time the
existence of an early dissemination process in CRC in mice
and proposes a causal role of these cells in an early pre-
metastatic niche preparation. Further studies to deeply
characterize the liver remodeling are ongoing in order to
identify potential actionable targets to prevent this early
pre-metastatic niche preparation.
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Introduction

Individual gene expression-based subtyping, such as
consensus molecular subtyping (CMS) of colorectal cancer
(CRC), has been able to establish transcriptomic CRC
tumour landscape relating to its molecular features and
prognostic significance. Here, we propose, rather than
individual gene-level classification, pathway-level
subtyping may offer broader insights into biological
behaviour of a tumour, which ultimately may be more
informative for stratification and therapeutic decision-
making.

Material and Methods

Single sample pathway scores were generated from CRC
transcriptomic dataset (n=361 primary tumours diagnosed
at all stages; GSE156915) and were utilised to perform
unsupervised k-means clustering for class discovery and
classifier development. Subsequently, the defined tumour
clusters were comprehensively characterised with a series
of in silico methods, immunohistochemistry (IHC) and
computational image analysis. For validation, independent
bulk (n=>1000 patients) and single cell (n=60000 cells)
cohorts were used, including both human CRC tissue and
mouse models.

Results and Discussions

Pathway-level CRC classification defined three “Pathway-
Derived Subtypes” (PDS1-3), molecularly and
biologically unique in their transcriptomic landscape.
While PDS2 represent tumours with stroma/immune-
dense, regenerative stem-like features with elevated
pathways such as TGF-f and inflammatory response,
PDS1 and PDS3 display contrasting epithelial biology.
PDS1 tumours showed enrichment for MYC targets, highly
proliferative with stem-like features and good prognosis,
while PDS3 revealed a heterogeneous yet differentiated-
like phenotype associated with reduced polycomb
repressive complex 2 (PRC)-mediated gene repression and
poor prognosis. Furthermore, the inverse correlation
between MYC-PRC targets emerged in association with
PDS1 and PDS3 across many bulk and single cell CRC
cohorts, which was determined to represent a subtle shift in
proliferative vs repressive biology using trajectory analysis
in mouse and human CRC tissue.

Conclusion

This study proposes a novel PDS classification of CRC
with biologically and clinically divergent tumours between
more proliferative, better prognosis PDS1 and
phenotypically ‘lethargic’, poor prognosis PDS3. This
underlying tumour biology reflects the MY C-PRC targets
association underpinning stem-to-differentiated-like shift
that may expose therapeutic vulnerabilities and inform
future treatment strategies.

10

Symposium: Tumour Metabolism and
Epigenetic Control

EACR23-0270
Non-liver cancers rewire liver metabolism

in the host

O. Goldman', E. Hajaj', L. Adler!, C. Tommaso®,

N. Darzi', H. Tishler!, Y. Aviav', L. Fellus-Alyagor’,

R. Oren®, E. David’, R. Seger’, N. Erze®, I. Amit’,

A. Tanay’, J.S. Lee®, . Wolf’, A. Erez’

"Weizmann Institute of Science, Molecular Cell Biology.,
Rehovot, Israel

’Weizmann Institute of Science, Brain Science, Rehovot,
Israel

$Weizmann Institute of Science, Veterinary Resources,
Rehovot, Israel

*Weizmann Institute of Science, System Immunology,
Rehovot, Israel

SWeizmann Institute of Science,

Immunology and Regenerative Biology, Rehovot, Israel
Tel Aviv University, Sackler Faculty of Medicine,

Tel Aviv, Israel

"Weizmann Institute of Science,

Computer Science and Applied Mathematics, Rehovot,
Israel

8Sungkyunkwan University, Artificia Intelligence, Suwon,
South Korea

Tel Aviv University, Sourasky Medical Center, Tel Aviv,
Israel

Introduction

During the late stages of tumor progression, 80% of cancer
patients are prone to deteriorate to a metabolic
phenomenon termed cancer-associated cachexia (CAC).
CAC manifests as weight loss and muscle and adipose
tissue atrophy and is responsible for at least 20% of cancer
deaths. To date, no biomarkers or efficient therapy for
counteracting CAC exists.

The liver is the main metabolic organ in mammals. One of
the crucial metabolic activities in the liver is disposing of
excess toxic ammonia by converting it to urea via the urea
cycle (UC). We previously demonstrated a downregulation
of the UC in the livers of Breast cancer bearing mice and
children. Thus, we hypothesized that non-hepatic cancers
could regulate liver metabolism and contribute to cancer
growth and the systemic manifestation of CAC.

Material and Methods

Using cutting edge technologies such as scRNAseq,
CyTOF, AAV vectors, and live infusions of labeled
isotopes, we characterized change in liver metabolism
throughout carcinogenesis.

Results and Discussions

We found in breast and pancreatic cancer bearing mice
liver metabolic alterations at the transcriptional,
translational, and functional levels starting early during
carcinogenesis. Interestingly, we find that the liver secretes
increasing levels of CCL2, resulting in recruitment of
myeloid cells to the liver. Liver NPCs scRNAseq, together
with the hepatocytes RNAseq, suggest inter-cellular
crosstalks between immune cells and hepatocytes, resulting
in activation of ERK-IL6-STAT3 pathway. This activation
subsequentially causes for depletion of HNF4a via
miRNA-24. Furthermore, in-vivo inhibition of this
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pathway maintained the expression levels of HNF4a,
restored liver metabolism, and reduced tumor size.
Notably, the consequent changes in liver metabolism result
in elevated metabolites that promote cancer proliferation
and restrict T-cell survival and activation. Re-expression of
the HNF4a in vivo by viral therapy preserves liver
metabolism, decreases tumor growth, and alleviates CAC.
Our findings further suggest that early changes detected in
a routine liver biochemical profile before and at the time of
diagnosis in patients without known liver metastasis can
predict CAC and worse cancer outcomes in human
patients.

Conclusion

We demonstrated that systemic metabolic events that lead
to CAC occur at early carcinogenesis and can be identified
by standard liver biochemical tests. Furthermore, our
findings suggest that targeting the ERK-IL6-STAT3-
HNF4a signaling pathway can restrict pre-CAC
manifestations.

EACR23-0805
Linoleic acid potentiates CD8+ T cell

metabolic fitness and anti-tumor immunity
C. Nava Lauson', S. Tiberti!, P. Corsetto’, P. Tyagi,

P.D. Greenberg?, J.B. Huppa’, I. Caruana®, S. Rodighiero’,
L. Nezi', T. MANZO'

! European Institute of Oncology,

Department of Experimental Oncology, Milan, Italy
2University of Milan,

Department of Pharmacological and Biomolecular Science
s, Milan, Italy

3European Institute of Oncology,

Department of Experimental Oncology-, Milan, Italy
*Fred Hutchinson Cancer Research Center,

Clinical Research Division and Program in Immunology,
Seattle, United States

SInstitute for Hygiene and Applied Immunology,

Medical University of Vienna- Center for Pathophysiology-
Infectiology and Immunology, Vienna, Austria

SUniversity Hospital of Wiirzburg,

Department of Paediatric Haematology- Oncology and Ste
m Cell Transplantation, Wiirzburg, Germany
Introduction

Adoptive T Cell Therapy (ACT) aims to re-educate the
immune system against cancer, enabling unprecedented
clinical responses. Yet, efficacy of ACT in solid tumors is
still marginal. The metabolic state represents a major
hurdle limiting ACT efficacy. Indeed, specific lipids can
harm CD8" T cell (CTL) mitochondrial integrity, leading
to defective anti-tumour responses. However, the extent to
which lipids can affect CTL functions and fate remains
unexplored.

Material and Methods

We screened different lipids and assess their ability to
shape CTL differentiation and activity using multi-
parametric flow cytometry, functional assays, together with
a complete transcriptomic and epigenomic profiling.
Metabolic profile of CTL cells was examined by
bioenergetic flux measurements paired with metabolomic
and lipidomic analysis. Finally, the anti-tumour responses
of metabolically-edited CTL was evaluated in a pre-clinical
mouse model, known to poorly respond to immunotherapy,
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as well as in the clinical setting of human CAR-redirected
T cells.

Results and Discussions

We identified Linoleic Acid (LA) as a major positive
regulator of CTL activity by improving metabolic fitness,
preventing exhaustion and stimulating a memory-like
phenotype with superior effector functions.
Mechanistically, LA treatment enhances the formation of
ER-mitochondria contacts (MERC), which in turn
promotes calcium (Ca®") signaling, mitochondrial
energetics, and CTL effector functions. As a direct
consequence, the anti-tumour potency of LA-instructed
CDS8 T cells is superior towards different type tumors,
both in vitro and in vivo following adoptive transfer into
tumour bearing mice.

Conclusion

In conclusion, our study demonstrates that LA could be
considered as a molecular switch to fine-tune memory T
cell formation and metabolic fitness maintenance, linking
lipid metabolism to anti-tumour surveillance. This pave the
way for a new generation of adoptive T cell-based
therapies, where LA can be used to during ex vivo CAR-
and TCR- T cell manufacturing to achieve metabolic
reprogramming and long-term functionality, broadening
the therapeutic efficacy of ACT to a wide range of
malignancies. Thereby, we propose here a novel strategy to
boost ACT efficacy by implementing CTL long-term
functionality, metabolic fitness and preventing exhaustion
through lipid-induced mitochondrial rewiring
(PCT/EP2022/081824).

Joint EACR-AACR Symposium:
Computational Biology and Al in
Research and Cancer Care

EACR23-0087
Pan-cancer whole genome comparison of

primary and metastatic solid tumors

F. Martinez-Jimenez'?, A. Movasati’, S.R. Brunner’,

L. Nguyen®, E. Cuppen®*, A. Van Hoeck’

'Vall d'Hebron Institute of Oncology VHIO, Pre-
clinical and translation department, Barcelona, Spain
’Hartwig Medical Foundation, Data mining, Barcelona,
The Netherlands

3University Medical Center Utrecht- Utrecht,

Human Genetics, Utrecht, The Netherlands

‘Hartwig Medical Foundation, Clinical and pre-clinical,
Barcelona, The Netherlands

Introduction

Metastatic cancer remains almost inevitably a lethal
disease. Despite the many efforts to understand these
phenomena, we still have limited knowledge of the
contribution of genomic changes that equip tumors with
these extraordinary capacities. Thus, it is essential to
characterize genomic differences between primary and
metastatic cancers and quantify their impact on therapy
resistance to be able to understand and harness therapeutic
interventions that establish more effective and more
personalized therapies.

Material and Methods

Here, we present a large-scale unified analysis of more
than 7,000 whole-genome sequenced (WGS) tumor
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samples (re-)analyzed by the same data-processing
pipeline. Importantly, this dataset encompasses unpaired
primary and metastatic tumor samples from 71 cancer
types, including 23 cancer types with large representation
from both clinical stages.

Results and Discussions

In general, our analysis shows that metastatic tumors have
a low intra-tumor heterogeneity, high genomic instability
and increased frequency of structural variants with
comparatively a modest increase in the number of small
genetic variants. However, these differences are cancer
type specific and are heavily impacted by the exposure to
cancer therapies. Five cancer types, namely breast,
prostate, thyroid, kidney renal clear cell carcinoma and
pancreatic neuroendocrine, are a clear exception to the
rule, displaying an extensive transformation of their
genomic landscape in advanced stages. These changes
were supported by increased genomic instability and
involved substantial differences in tumor mutation burden,
clock-based molecular signatures and the landscape of
driver alterations as well as a pervasive increase in
structural variant burden. The majority of cancer types had
either moderate genomic differences (e.g., lung
adenocarcinoma and colorectal carcinomas) or highly
consistent genomic portraits (e.g., ovarian serous
carcinoma and skin melanoma) when comparing early- and
late-stage disease. Exposure to treatment further scars the
tumor genome and introduces an evolutionary bottleneck
that selects for known therapy-resistant drivers in
approximately half of treated patients.

Conclusion

Our data showcases the potential of whole-genome
analysis to identify distinctive features of late-stage tumors
and provides a valuable resource to further investigate the
biological basis of cancer and resistance to cancer
therapies.

EACR23-1138
Mutational processes and genomic
aberrations driving cancer evolution in

1011 lung tumours

K. Thol', M. Litovchenko', R. Bentham', M. Dietzen’,

C. Bailey’, A. FrankellP’, O. Pich’, T. Baker®, K. Litchfield',
C. Hiley', C. Swanton?, N. McGranahan'

"University College London, Department of Oncology,
London, United Kingdom

’The Francis Crick Institute,

Cancer Evolution and Genome Instability Laboratory,
London, United Kingdom

*The Francis Crick Institute,

Cancer Genomics Laboratory, London, United Kingdom
Introduction

Lung cancer is the leading cause of cancer-related deaths
worldwide. Lung cancer genomes have been shown to be
heterogeneous, highly mutated and subject to frequent
copy number aberrations. However, less is known about
the specific genomic aberrations driving lung
tumorigenesis and the biological processes that induce
them. Here, we aim to fully unravel the extent to which
lung cancer genomes are disrupted, and distinguish which
disruptions have a ‘cancer driver’ functionality.
Additionally, we aim to identify the processes that induce
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genomic disruptions in the genome and their timing during
the course of lung tumour evolution.

Material and Methods

1011 lung tumour samples with matched normal tissue,
including 8 distinct histological subtypes, from the 100,000
genomes project were subject to whole genome sequencing
(WGS), and mutation, copy number and structural
rearrangement calling. Five bioinformatics tools were
employed and combined for de-novo coding and non-
coding cancer gene discovery. Mutational signatures were
extracted de novo using hierarchical Dirichlet processes.
Results and Discussions

Within our cohort we find a subset of tumours that only
have identified cancer driver mutations or genomic
rearrangements in the non-coding parts of the genome.
This subset would have been entirely missed without high
quality WGS data. Using mutational signatures, we
detected significant differences in mutational processes
between histological subtypes of lung cancer, with
different smoking-induced genomic aberrations found in
lung adenocarcinomas and squamous cell carcinomas.
Moreover, smoking-induced mutations enabled us to infer
smoking history where this information is missing. The
timing of occurrence of copy number aberrations varied
between adenocarcinomas with and without mutations
associated with tobacco smoking, emphasising that lung
tumours with an aetiological link to smoking are
genomically distinct from those without. We observe that
constraints imposed by histology on single base
substitutions are stronger at earlier evolutionary time
points, however, subsequently, these constraints weaken
and the evolutionary space expands.

Conclusion

This work presents the largest whole genome analysis of
lung cancer to date and demonstrates the importance of
WGS for clinical decision making. It also contributes to
our insight into the evolutionary histories of lung tumours,
which may ultimately underpin improvements in the
discovery of clinical biomarkers and treatment strategies.

Symposium: Normal Tissue and the
Biology of Early Cancer

EACR23-0211

Epithelial Grem1 drives ectopic stem cell
niche formation through stromal
remodelling and tissue co-evolution in

intestinal cancers

E. Mulholland', H. Belnoue-Davis', G. Valbuena',

E. Gil Vazquez', A. Ligeza', S. Leedham'

"University of Oxford,

Wellcome Centre for Human Genetics, Oxford,

United Kingdom

Introduction

Polarised Wnt and BMP gradients restrict stem cells to the
intestinal crypt base. Greml, a BMP antagonist, has been
identified as the cause of ectopic stem cell niches and crypt
foci (ECF) (ECF) in Hereditary Mixed Polyposis syndrome
(HMPS) and sporadic traditional serrated adenomas (TSA).
Although Grem1 expression in epithelial cells has been
linked to ECF development, its impact on intestinal
homeostasis and stromal remodelling remains unclear. In
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this study, we examined the effect of epithelial Grem1 on
cell-fate determination and stromal remodelling.
Additionally, we investigated the role of Wnt signalling in
Grem1-driven ECF formation and tested a new anti-Grem1
antibody as a potential therapy.

Material and Methods

We generated Vill-Grem1 mice which is a model of HMPS
with epithelial Grem1 over-expression, and analysed their
intestinal morphology, cell-fate determination, and stromal
remodelling. We inhibited Wnt signalling using a PORCN
inhibitor (LGK974) and examined the impact on ECF
formation. We also tested the efficacy and safety of a novel
anti-Grem1 antibody in preventing and regressing ECF
phenotype in Vill-Grem1 mice.

Results and Discussions

Epithelial Grem1 disrupted homeostatic intestinal
morphogen gradients and altered cell-fate determination,
promoting the persistence of Olfm4+, AXIN2+, Lgr5-
progenitor cells that have exited the stem-cell niche. These
cells formed ECF, proliferated, accumulated somatic
mutations, and initiated intestinal neoplasia. Grem! also
promoted the expansion of Wnt2b+ CD55+ fibroblasts in
the stromal compartment. Inhibition of Wnt signalling
using a PORCN inhibitor significantly reduced polyp size
and ECF number in Vill-Grem1 mice compared to vehicle
controls. Treatment with the anti-Grem1 antibody
prevented polyp initiation in Vill-Grem1 mice when given
early and induced polyp regression in aged mice,
significantly prolonging lifespan in both treatment arms.
Prolonged treatment (>500 days) with the anti-Grem1
antibody was safe in these models, with no adverse effects
identified.

Conclusion

Epithelial Grem1 disrupts intestinal homeostasis and
promotes ECF formation by altering cell-fate
determination, leading to ectopic stem cell persistence.
Grem]1 promotes stromal remodelling and Wnt2b+ CD55+
fibroblast expansion. Inhibiting Wnt signalling or targeting
Grem1 with an anti-Grem! antibody may prevent or
regress ECF in TSA or HMPS patients, offering new
targets for colorectal cancer treatment.

EACR23-1245
Lung adenocarcinoma promotion by air

pollutants
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Introduction

A complete understanding of how environmental
exposures may promote cancer formation is lacking.
Exposure to air pollution particulate matter < 2.5um
(PM2.5) is associated with lung cancer incidence but the
underlying mechanism is unclear. Over 70 years ago,
tumour formation was proposed to occur in a two-step
process: an initiating step which induces mutations in
normal cells, followed by a promoter step which triggers
cancer development. We investigated EGFR-driven lung
cancer, more common in never-smokers, and its
association with air pollution.

Material and Methods

In this multidisciplinary study, we integrate
epidemiological analysis of 32,957 EGFR-driven lung
cancer cases in four within-country cohorts, mechanistic
studies using genetically engineered mouse models, in
vitro organoid culture and ultradeep mutational profiling of
histologically normal lung tissue from 295 individuals
from 3 clinical cohorts.

Results and Discussions

We find a positive association between EGFR mutant lung
cancer incidence and PM2.5 levels and evidence that 3
years of exposure may be sufficient for this association. In
mouse models, air pollutants induce macrophage influx to
the lung and interleukin-1f (IL-1B) release which is
sufficient to provoke a progenitor-like state

within EGFR mutant epithelia fuelling tumorigenesis.
Anti-IL-1p therapy inhibited pollutant-promoted tumour
formation. Driver mutations in EGFR and KRAS were
identified in 18% and 53%, respectively, of human normal
lung samples, where environmental black carbon deposits
were associated with EGFR mutant cell expansion. In
normal human lung samples, driver mutations

in EGFR and KRAS were identified in 18% and 53% of
individuals respectively. In addition, environmental black
carbon deposits in the lung (anthracosis) were associated
with EGFR mutant cell expansion.

Conclusion

This work supports a model by which PM2.5 promotes
lung adenocarcinoma formation from pre-

existing EGFR mutant cells via an inflammatory axis,
shedding light on the aetiology of lung cancer in never
smokers. Our results reveal a mechanistic basis for PM2.5
driven lung cancer providing opportunities for molecular
targeted cancer prevention in at-risk individuals.

Symposium: Drugging the RAS
Pathway
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EACR23-0367
Collective MAPK activity waves are
emergent properties that control breast

cancer cell response to therapy

P.A. Gagliardi', A. Frismantiene', M. Dobrzynski’,

O. Pertz!

"University of Bern, Institute of Cell Biology, Bern,
Switzerland

Introduction

The development of fluorescent biosensors of ERK
(MAPK) kinase activity has revealed the temporal
dimension of single-cell signaling. More recently, we have
shown that individual cell dynamics can self-organize in
signaling waves, such as the apoptotic MAPK waves, that
induce survival of the neighbors in normal epithelia.
Material and Methods

Here, by combining fluorescent biosensors, automated
time-lapse microscopy, single-cell image and data analysis,
and computational modeling, we explored the role of
collective MAPK activity waves in cancerous mammary
cell response to chemotherapy in vitro.

Results and Discussions

In isogenic variants of MCF10A cells harboring the
oncogenic mutations PIK3CA E545K and H1047R, or in
the breast cancer cell line MCF7, we observed apoptosis-
induced collective MAPK-activity waves in response to
doxorubicin treatment. In addition, we observed
spontaneous, apoptosis-independent, collective MAPK-
activity waves, making these cellular systems highly
dependent on cell-cell communication of MAPK activity.
Co-treatment of doxorubicin with inhibitors of the MAPK-
activity waves, reduces MAPK activity and survival in the
neighboring cells, amplifying the effect of doxorubicin and
causing a faster collapse of the cancerous cellular
community.

Conclusion

This shows the importance of dynamic communication
among cancer cells. Inhibition of collective MAPK-activity
waves might be a general strategy to improve the effect of
chemo- or targeted therapies.

EACR23-1198

Optimizing RAS inhibition with dual
blockade of oncogenic and wild-type RAS
M. Holderfield', S. Cai’, J. Dinglasan', N. Montazer’,

L. Lai', B. Lee!, K. Yang', J.A.M. Smith', M. Singh',

D. Wildes'

Revolution Medicines- Inc., Biology, Redwood City,
United States

Introduction

Mutant-selective KRAS G12C(OFF) inhibitors have
clinically validated the targeting of oncogenic KRAS.
However, onset of resistance to these inhibitors is often
coincident with RTK activation or the emergence of
secondary RAS mutations, highlighting the need for
therapeutic strategies that more broadly suppress RAS
signaling. While the current approved KRAS G12C
inhibitors target the inactive, GDP-bound state of KRAS
(RAS(OFF)), at Revolution Medicines, we have pursued a
novel drug mechanism, which is specifically designed to
target RAS(ON). Our compounds enter a tumor cell, bind
initially to a widely expressed second protein called
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cyclophilin A, and form a binary complex. This binary
complex presents a new protein binding surface that is
optimized for a selective high-affinity interaction with a
particular RAS(ON) target. Formation of the tri-complex
rapidly inactivates RAS signaling by sterically preventing
binding and activation of downstream RAS pathway
effectors.

Material and Methods

We have developed several in vitro models with acquired
or engineered resistance to KRAS G12C(OFF) or tri-
complex KRAS G12C(ON) inhibitors that recapitulate and
validate many of the putative resistance mutations
observed in patient tumors during escape from first
generation KRAS G12C(OFF) inhibitors.

Results and Discussions

Tumors with secondary mutations in the KRAS Switch I1
domain demonstrated resistance only to KRAS
G12C(OFF) inhibitors and remained sensitive to tri-
complex KRAS G12C(ON) inhibitors. Other escape
mechanisms such as activating RTK mutations, which
caused strong resistance to KRAS G12C(OFF) inhibition,
induced relatively modest potency shifts for a KRAS
G12C(ON) inhibitor, which was reversed by addition of a
SHP2 or RTK inhibitor. Additionally, the combination of a
KRAS G12C(ON) inhibitor with a RAS MULTT inhibitor
(a tri-complex RAS(ON) inhibitor that targets both wild-
type and multiple oncogenic forms of K- H- and NRAS
proteins) not only improved response to KRAS G12C
inhibition and overcame many RTK-mediated resistance
mechanisms, but also suppressed expansion of secondary
non-G12C RAS mutations.

Conclusion

Collectively these data suggest that blockade of both
oncogenic and wild-type RAS signaling may be necessary
to maximize anti-tumor response and highlight the utility
of combining a mutant selective RAS(ON) inhibitor with
RAS MULTI to forestall resistance.

Symposium: Advanced T-Cell Therapy

EACR23-0044
Transient cell-in-cell formation underlays

tumor escape from immunotherapy

Y. Carmi', A. Gutwillig’

ITel-Aviv University, Pathology, Ramat Aviv Tel Aviv,
Israel

?Tel-Aviv university, Pathology, Tel Aviv, Israel
Introduction

Despite the remarkable successes of cancer
immunotherapies, the majority of patients will experience
only a partial response followed by a relapse of resistant
tumors. While treatment resistance has frequently been
attributed to clonal selection and

immunoediting, comparisons of paired primary and
relapsed tumors in melanoma and breast cancers indicate
that they share the majority of clones.

Material and Methods

Whole genome and mRNA sequencing were used to
compare the neoantigen burden on primary and
immunotherapy-relapsed tumor cells. Super-resolution
electron and confocal microscopy were used to identify
tumor cell-in-cell structures.
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Results and Discussions

we demonstrate in both mouse models and clinical human
samples that tumor cells evade immunotherapy by
generating unique transient cell-in-cell structures, which
are resistant to killing by T cells and chemotherapies.
While the outer cells in this cell-in-cell formation are often
killed by reactive T cells, the inner cells remain intact and
disseminate into single tumor cells once T cells are no
longer present. This formation is mediated predominantly
by IFNy-activated T cells, which subsequently induce
phosphorylation of the transcription factors signal
transducer and activator of transcription 3 (STAT3) and
early growth response-1 (EGR-1) in tumor cells. Indeed,
inhibiting these factors prior to immunotherapy
significantly improves its therapeutic efficacy.
Conclusion

Overall, this work highlights a currently insurmountable
limitation of immunotherapy and reveals a previously
unknown resistance mechanism which enables tumor cells
to survive immune-mediated killing without altering their
immunogenicity

EACR23-0980
Single-Cell Signalling Analysis of
Engineered yd T cell Biotherapeutics for

the Treatment of Colorectal Cancer

C. Nattress', V. Petra', D. Fowler’, J. Sufi,

F. Cardoso Rodriguez', M. Ramos Zapatero',

A. Campbell', X. Qin', J. Opzoomer!, M. Barisa’,

J. Fisher’, C. Tape'

"University College London Cancer Institute,

Department of Oncology, London, United Kingdom
2University College London-

Great Ormond Street Institute of Child Health,
Developmental Biology and Cancer, London,

United Kingdom

Introduction

Colorectal cancer (CRC) is a devastating disease that kills
~700,000 people worldwide annually, with
immunotherapies struggling against the
immunosuppressive CRC tumour microenvironment
(TME). Tumour infiltrating yo T cells confer a prognostic
benefit to CRC patients and can kill cancer via multiple
innate and adaptive mechanisms, including antibody-
dependent cellular cytotoxicity (ADCC) against tumour
antigens (e.g., B7-H3). We hypothesise that y5 T cells can
be exploited as an ‘off-the-shelf” anti-CRC biotherapeutic
but their complex interactions within the CRC TME need
to be elucidated, as well as any heterogeneity that exists
between yd T cell donors.

Material and Methods

We performed 3D cultures of CRC patient-derived
organoids (PDOs) and human Vy9Va2 T cells, either
unmodified or engineered to secrete a modified IL15
cytokine (stIL15-yds). The addition of anti-B7-H3 IgG also
allows anti-PDO ADCC, with antigen specificity assessed
using CRISPR-Cas9 PDO models. Using 126-plex Thiol
Organoid Barcoding in situ (TOBis) mass cytometry (MC),
we measured over 60 parameters per cell across 510 PDO-
and 780 yd-cultures. Cell-type specific signalling analysis
across multiple yd donors and CRC PDOs including post-
translational modifications (PTMs), cell-state and
immunological phenotype were analysed computationally.
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Results and Discussions

stIL15-yds exhibit superior proliferation, purity and
viability, with responses to cytokine engineering varying
between different y8 donors (e.g., '*’1dU and pSTATS
[Y694] expression). Multiple stIL15-yds demonstrated
significant cytotoxicity against CRC PDOs (cCaspase3
[D175]+), commonly outperforming standard-of-care
chemotherapies. ADCC varies between y6 donors and is
associated with FcyR CD16 expression. Furthermore, the
amount of PDO killing achieved via ADCC varies across
different PDOs. Following co-culture with PDOs, stIL15-
vd signalling is regulated in a PDO-specific manner, with
significant regulation of stIL15-yd cell-state (e.g., pRB
[S807/811] and '?’1dU), PTMs (e.g., pSTAT3 [Y705] and
pERK1/2 [T202/Y204]) and immunological phenotype
(e.g., Granzyme B and CD69) observed. Moreover, we
detect differential regulation of individual stIL15-yd cell-
cycle phases following co-culture with CRC PDOs.
Conclusion

Candidate stIL15-yd donors demonstrate rapid and
substantial cytotoxicity against a range of CRC PDOs
when compared to standard-of-care chemotherapies. The
proportion of ADCC killing, as well as the regulation of
stIL15-yds by PDOs, happens in a PDO-specific manner.

Symposium: Cancer Models

EACR23-0169
A time-resolved single-cell analysis of

melanoma dermal invasion

N. Van Raemdonck!, O. Marin-Béjar’, J. Pozniak’,

M. Ciwinska', M. Planque’, J. van den Oord®, C. Scheele’,
S.M. Fendt', J.C. Marine'

KU Leuven - VIB, Oncology, Leuven, Belgium

’Germans Trias i Pujol Research Institute,

Cancer department, Barcelona, Spain

’KU Leuven, Imaging & Pathology, Leuven, Belgium
Introduction

Cutaneous melanoma initiates with the abnormal
proliferation of malignant epidermal melanocytes. A key
step towards the development of an aggressive and
metastatic disease is when some malignant cells cross the
basement membrane and enter the dermis. The molecular
and cellular mechanisms enabling dermal invasion of
melanoma cells are largely unknown. This is due to a lack
of accurate in vivo model systems that recapitulate this
event.

Material and Methods

To fill out this gap, we have developed a novel melanoma
mouse model, which allows activation of a BrafV**°®-driven
melanomagenic program in tail epidermal melanocytes
and in vivo fate mapping of the melanoma cells. The model
takes advantage of an X-linked spontaneous Eda’™

% mutation (Tabby) which abrogates the formation of hair
follicles in the tail, thereby ensuring that melanoma early
development remains strictly confined to the epidermis.
Results and Discussions

Using intravital microscopy, we observed that individual
melanoma cells change their morphology before entering
the dermis and cross the basement membrane through a
limited number of gaps created by “leading” cells. We
leveraged single-cell RNA sequencing (10X Genomics) to
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portray the transcriptional heterogeneity of early melanoma
lesions and to monitor the transcriptional changes that
accompany dermal invasion. We discovered that this
process associates with a partial de-differentiation of
melanoma cells and the upregulation of a hypoxia-related
gene signature.

Conclusion

All in all, we have established a suitable in vivo model to
study the cellular and molecular mechanisms underlying
melanoma dermal invasion. This model provides a unique
platform for the discovery of novel biomarkers of dermal
invasion and therapeutic interventions that intercept the
disease before its lethal dissemination to vital organs.

EACR23-0433

An automation workflow for high-
throughput manufacturing scaffold-
supported 3D tissue arrays and single-cell-

based analysis

R. Cao', N. L%, S. Latour?, J. Cadavid®, C. Tan’,

A. Forman®, H. Jackson?, A. McGuigan®

"University of Toronto,

Institute of Biomedical Engineering, Toronto, Canada
2University of Toronto,

Department of Chemical Engineering and Applied Chemist
ry, Toronto, Canada

3University of Toronto,

Department of Chemical Engineering and Applied Chemist
ry- Institute of Biomedical Engineering, Toronto, Canada
“Univeristy of Toronto, Department of Molecular Genetics,
Toronto, Canada

Introduction

Patient-derived tumour organoids have emerged as a useful
tool to model tumour heterogeneity and 3D cancer biology.
Currently, a major barrier to progress is the ability to scale
these patient-specific culture models and enable detailed
analysis of distinct cell populations that exist in the patient.
To address this challenge, we developed an automated
workflow to generate engineered microtissues and
integrated with downstream single-cell-based and
multiplexed analysis methods.

Material and Methods

One strategy to enable high-throughput organoid cultures
that also enables easy image-based analysis is the Scaffold-
supported Platform for Organoid-based Tissues (SPOT)
platform developed by our research group. SPOT allows
the generation of flat, thin and low-volume microtissues in
96- and 384-well plate footprints that are compatible with
image-based readouts. To improve scalability, in this
study, we optimize an automation approach to generate
3D-engineered microtissues in SPOT using a liquid
handler. Furthermore, we develop an automated cell
extraction protocol to support downstream single-cell-
based analysis, and showing its potential for multiplexed,
high-dimensional analysis.

Results and Discussions

Using the optimized automated seeding protocol, we have
shown comparable intra- and inter-sample variation to
standard manual manufacturing. As a proof-of-value
demonstration, we generated 3D complex tissues
containing distinct tumour-stromal cell compositions and
performed single-cell-based end-point analysis. We probed
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the impact of co-culture on the tumour cell population and
captured physiologically-relevant cell responses. Using
three orthogonal methods: high-throughput flow
cytometry, cytometry by time of flight (CyTOF), and high-
content imaging analysis, we show a correlated increase of
proliferation in cancer cells when co-cultured with stromal
cells. We have also incorporated primary patient-derived
organoids into the pipeline to capture patient-level tumour
heterogeneity.

Conclusion

The SPOT platform coupled with the automation
workflow, particularly multiplexed CyTOF, is a powerful
and novel way for studying cellular responses in a tissue-
mimicking 3D microenvironment at scale. We envision
that our work will offer new avenues for discovering novel
personalized therapeutics as it offers the potential for
investigating patient-level heterogeneity, with the
possibility of combining with big-data analysis in the
future.

Symposium: Tumour Ecology and
Evolution at Single Cell Level

EACR23-0359
Tracing growth and metastasis dynamics

in melanoma at single cell resolution
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D. Pedri', R. Browaeys®, Y. Saeys®, F. Bosisio®, A. Rustgi®,
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Introduction

Cellular plasticity endows cancer cells with capacity
towards a phenotypic state. Except from the genetic origin
of cellular plasticity, cancer cells can transit to reversible
phenotypic states as a result of microenvironmental cues
and are often driven by stochastic epigenetic and/or
transcriptional fluctuations. Melanoma is a prime example
of heterogeneous and plastic tumors where the origin and
magnitude of cell state diversity and dynamics remain
poorly understood. Equally is not known the origin and
molecular features of metastatic initating cells (MICs).
Material and Methods

Here we performed a comprehensive and exhaustive
approach to address the mode of tumor growth and the
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origin of metastasis in melanoma. We generated new
clinically-relevant lineage tracing reporter mouse
models of melanoma to trace growth dynamics of cancer
cells and the plasticity of MICs. We combined them with
advanced 3D imaging, quantitative mathematical
modelling and single-cell and spatial transcriptomics.
Results and Discussions

We demonstrated that tumors follow a hierarchical model
of growth supported by a population of Melanoma Stem-
like Cells (MSCs) that exhibit a transcriptomic signature of
pre-migratory neural crest cells established transiently
during embryonic development. Multimodal analysis
unraveled unique cell type and state interactions and
importantly demonstrated that MSCs reside

in perivascular niches favouring tumor

growth. Endothelial Cells were found to have a key role in
the acquisition of stemness properties. Co-culture assays
led to melanoma dedifferentiation and proliferation
advantage. Of note, supplementing melanoma cells with
ECs accelerated the growth of tumors in vivo, where MSCs
pool was increased. Consistent with a model in which only
a fraction of cells are fated to fuel growth, temporal single-
cell tracing of a population of melanoma cells harbouring

a mesenchymal-like state driven by the Transcription
Factor PRRX1 revealed that these cells do not contribute to
primary tumour growth but, instead, constitutes a pool of
metastatic-initiating cells that switch cell identity while
disseminating to secondary organs.

Conclusion

Taken together, these results uncouple growth and
metastatic dissemination and pave the way for the
development of strategies that exploit the “chameleonic”
nature of cancer cells to target MSC niche-dependent
specification mechanisms and inhibit early dissemination
of melanoma.

EACR23-0480
Spatial Architecture of Myeloid and T Cells
Orchestrates Immune Evasion and Clinical

Outcome in TRACERX
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Introduction

The role tumour microenvironment (TME) in cancer is
tightly linked to the cell phenotypes and their spatial
context, which can be modulated by cancer cells in favour
of immune escape and tumour promotion. An improved
understanding of the TME during tumour evolution is
critical to defining optimal therapeutic strategies.
Multiplexed imaging is a powerful tool for profiling cell
phenotypes and spatial tissue organisation; however, data
analysis often involves complex steps and substantial
manual intervention.

Material and Methods

To characterise the co-evolution of the tumour and its
TME, we performed imaging mass cytometry (IMC) of
151 tumour and 49 normal regions from 81 patients within
TRACERYx, a longitudinal, prospective study of early-stage
non-small cell lung cancer (NSCLC). To address the need
for reproducible, benchmarked, and interpretable
workflows for multiplexed imaging analysis, we first
developed TRACERx-PHLEX, a user-friendly
computational pipeline for comprehensive analysis of the
TME, validated and compared against standard tools.
PHLEX encapsulates deep learning-enhanced cell
segmentation, detection of spatially resolved protein
expression, automated cell-type annotation and
interpretable spatial analysis.

Results and Discussions

Fully automated, open-source and portable, TRACERx-
PHLEX outputs spatial catalogues of cell-type specific co-
expression of therapeutic targets and produces clinically
relevant spatial information. We applied PHLEX on IMC
and integrated it with paired genomics data in TRACERx.
We showed that tumours with high clonal neoantigen
burden had high intra-tumour CD8 T cell infiltration and
spatial hubs of CD8 T cells and M2-like macrophages.
Immune cold tumours were distinguished by dense
fibroblast arrangements. Tumour-Associated Neutrophils
(TANS) defined a distinct TME that supports subclonal
expansion, glycolysis and hypoxia, characterised by sparse
T cell infiltration and modulated by cancer-neutrophil
crosstalk through PI3K and RAS signalling. Finally, we
demonstrated that TANSs predict clinical outcome in
NSCLC. Histopathology-derived TAN scoring revealed a
high risk of relapse and metastasis in TAN-high cancers in
independent discovery (n=44) and validation (n=331)
TRACERx cohorts.

Conclusion

Our findings support a central role of the neutrophil-rich
TME in driving metastasis and delineate optimal
therapeutic strategies based on spatial heterogeneity of
immune-checkpoint expression.

Symposium: Tumour Dormancy /
Persistence / Senescence

EACR23-0260
Clearance of apoptotic cells by neutrophils
triggers an anti-inflammatory and
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Introduction

Cancer therapies lead to apoptosis of cancerous and
sometimes also of non-malign cells. Apoptotic cell debris
is removed by various categories of phagocytes via
efferocytosis. Here we show that neutrophils play a central
role in the clearance of apoptotic cells in primary and
metastatic colorectal cancer (CRC) and generate a tumor-
supportive microenvironment.

Material and Methods

Blood and cancer tissue samples of patients with primary
or metastatic CRC were analyzed by
immunohistochemistry and flow cytometry to characterize
immune cell infiltration or apoptotic cell death as defined
by the presence of caspase-cleaved cytokeratin-18 (M30).
Apoptosis was induced in both primary patient-derived and
established CRC cell lines by combined TNFalpha-
treatment and UV-C irradiation or chemotherapeutic
agents. Neutrophils were prepared from blood of healthy
volunteers and co-cultured with either autologous
monocyte/macrophages, apoptotic tumor cells, or their
extracellular vesicle (aEVs).

Results and Discussions

Apoptosis led to a substantial release of neutrophil-
attracting chemokines, most importantly interleukin-8 (IL-
8). Accordingly, tumor associated neutrophils accumulated
at sites of apoptotic tumor cells in CRC tissue. The same
areas were also highly infiltrated by macrophages, while T
cells were virtually absent. Attracted neutrophils induced
an M2-like CD86low CD163+ CD206+ phenotype in co-
cultured monocyte-derived macrophages and suppressed
the release of pro-inflammatory cytokine. Furthermore, we
found apoptotic cell derived extracellular vesicles (aEVs)
in the circulation of patients with CRC liver metastases.
Efferocytosis of aEVs by neutrophils induced an activated
phenotype (CD11bhigh CD16high CD66bhigh
CD62L1ow), however, classical inflammatory responses
such as NETosis, respiratory burst, degranulation, or
secretion of pro-inflammatory cytokines could not be
observed. Instead, efferocytosing neutrophils released
various growth factors including fibroblast growth factor-2
and hepatocyte growth factor (HGF). Accordingly, we
observed a correlation of free HGF and of HGF+
neutrophils with apoptotic debris in the circulation.
Conclusion

These data suggest that removal of apoptotic cells results in
a population of non-inflammatory but regenerative
neutrophils that create an immunosuppressive and
resolution-promoting tumor microenvironment, supporting
the growth of tumor cells that survived anti-tumor
treatment.

EACR23-1430
Clearance of senescent macrophages
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ameliorates tumorigenesis in KRAS-driven

lung cancer
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Introduction

Cellular senescence was initially thought to function
primarily as a potent tumour suppressive mechanism that
limits the ability of oncogenically-stressed cells to
proliferate, and this is often accompanied by a process of
immunoclearance. However, upon persistent damage,
accumulation of senescent cells in the tumour
microenvironment can drive a variety of cancer-promoting
activities through the proinflammatory senescence-
associated secretory phenotype (SASP), but this remains
poorly understood in the case of lung cancer.

Material and Methods

We have generated a new mouse model, termed p/6-FDR,
that can be used to identify, isolate, trace and

ablate p16™**_expressing cells in vivo. We use the p16-
FDR model in combination with distinct oncogenic KRAS-
driven non-small cell lung carcinoma (NSCLC) murine
models and naturally-aged mice to investigate the role that
pl6INK4a-expressing cells play in influencing lung
tumour development. Our experimental settings include
molecular characterisation by single cell transcriptomic
studies, a variety of functional and histopathology
analyses, and validation/proof-of-concept with NSCLC
clinical samples.

Results and Discussions

Using a new p/6-FDR mouse line, we show that
macrophages and endothelial cells are the predominant
senescent cell types in murine KRAS-driven lung tumours.
Single cell transcriptomics identify a population of tumour-
associated macrophages (TAMs), expressing a unique
array of pro-tumourigenic SASP factors and surface
proteins. Interestingly, this population of TAMs with
senescent features is also present in normal aged lungs.
Genetic or senolytic ablation of senescent cells, or
macrophage depletion following CSF1R blockade, result in
a significant reduction in tumour burden and increased
mouse survival of KRAS-driven lung cancer models.
Mechanistically, senescent macrophages promote tumour
immunosuppression by reducing CD8+ T cell
accumulation and increasing numbers of regulatory T cells,
while they stimulate the tumour vasculature maintenance.
Of translational relevance, we reveal the presence of
macrophages with senescent features in human lung
premalignant lesions, including atypical adenomatous
hyperplasia and adenocarcinoma in situ, but not in
adenocarcinomas.
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Conclusion

Together, our results have uncovered a population of
(targetable) senescent macrophages contributing to the
initiation and progression of lung cancer, thus opening
potential therapeutic avenues and cancer preventative
strategies for patients bearing lung multifocal primary
lesions.

Symposium: Neoantigens & Vaccines
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Unconventional effectors of immune
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Introduction

Immune checkpoint blockade (ICB) is thought to primarily
activate conventional CD8" af T cells, which recognize
tumor antigens presented by HLA class I molecules.
However, mismatch repair-deficient (MMR-d) cancers
with HLA class I defects are resistant to these cytotoxic
effectors and yet can show deep responses to ICB, offering
a unique model to study powerful unconventional
antitumor immunity.

Material and Methods

To identify unconventional effectors of ICB in HLA class
I-negative cancers, we applied a suite of genomic, (single-
cell) transcriptomic and imaging CyTOF-based techniques
on MMR-d cancers with/without B2M mutations before
and after ICB. This included patients from TCGA

and our DRUP and NICHE clinical trials. The findings
were further validated and studied mechanistically
through in vitro experimentation with cell lines and
patient-derived organoid (PDTO) — immune cell co-culture
systems.

Results and Discussions

In the DRUP study, we paradoxically observed
significantly enhanced responsiveness to ICB of B2M-
mutant (vs B2M-wildtype) MMR-d cancers. Across
multiple cohorts, B2M-mutant MMR-d

cancers showed profound infiltration by yo T cells,
whereas the levels of other effectors (including CD4" and
NK cells) were unaffected by B2M status. These yd T cells
were mainly composed of Vd1 and Vd3 subsets, and
expressed high levels of PD-1, markers of activation and
proliferation, a broad repertoire of cytotoxic molecules,
and killer-cell immunoglobulin-like receptors (KIRs). In
vitro, y3T cells isolated from MMR-d colon

Molecular Oncology 17 (Suppl. 1) (2023) 1-597

cancers exhibited a cytolytic response towards MMR-d
colon cancer cell lines and PDTOs, which could be
markedly enhanced by knocking out B2M. Paralleling
observations in af§ T cells, in vitro tumor reactivity of y6 T
cells was largely confined within PD-1 expressing subsets.
Blocking experiments uncovered central determinants of
tumor recognition by yo T cells in this context. Finally, by
comparing paired tumour samples of MMR-d colorectal
cancer patients obtained before and after dual PD-1 and
CTLA-4 blockade in the NICHE trial, we found that

ICB specifically increased the intratumoral frequency

of cytotoxic y6 T cells in HLA class [-negative cancers.
Conclusion

These data indicate that yd T cells

are unconventional effectors of ICB therapy in patients
with HLA class I-negative, MMR-d colon cancers. This
underlines the potential of yd T cells in cancer
immunotherapy, in particular for cancers with antigen
presentation defects.

EACR23-0350

Endogenous retroelements as cancer-
specific antigens

T. Hofland', R. Thompson', J. Attig!, G.R. Young',
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!Francis Crick Institute, Retroviral Immunology, London,
United Kingdom

Introduction

Immunotherapy relies on cancer-specific antigens to target
T cell responses to tumour cells. Although neo-antigens
have been the main focus as T cell targets, their
individualistic nature makes it difficult to translate these
therapies for multiple patients or tumour types. Our lab has
recently described increased expression of endogenous
retroelements (ERE) across cancer types. We identified
ERE-transcripts with cancer-specific expression that could
serve as tumour antigens, with broad expression across
patients and multiple tumour types, highlighting their
immunotherapeutic potential. However, it is unknown if
effective anti-tumour T cell responses can be induced to
ERE antigens.

Material and Methods

To determine the immunogenicity of ERE peptide
epitopes, we co-cultured human peptide-pulsed dendritic
cells (DC) with CD8 T cells in vitro. ERE-specific T cells
were identified by tetramer staining, and sorted for 10X
single cell TCR profiling. Additionally, we used HHD
mice (which express HLA-A2) to expand ERE-specific
CD8 T cells in vivo. HHD mice were immunized with
peptide-pulsed DCs and ERE-specific CD8 T cells were
sorted for TCR sequencing. Isolated human and murine
TCRs were cloned into an expression vector and
transduced into Jurkat cells to study their functionality.
Results and Discussions

We expanded human T cells recognizing peptide epitopes
from several cancer-specific ERE-transcripts that associate
with multiple cancer types (e.g. melanoma, oesophageal,
colon, stomach and lung cancer), leading to the
identification of multiple ERE-specific TCRs. This level of
T cell expansion indicates that EREs can serve as
immunogenic cancer targets. ERE-specific TCRs showed
variable sensitivities to their cognate antigen, but it is
unclear how sensitive a TCR needs to be in order to induce
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anti-tumour responses. We therefore immunized HHD
mice to the same ERE epitopes (which are not tolerized in
mice) to compare the sensitivity of human TCRs (which
may be partly tolerized) with murine TCRs, which would
define the therapeutic potential of our human TCRs. Anti-
tumour responses of ERE-specific TCRs are currently
being examined in in vitro co-cultures with primary human
cancer cells and in in vivo tumour challenge experiments in
mice.

Conclusion

We show that EREs harbour immunogenic epitopes that
can serve as cancer-specific antigens. T cell responses to
EREs could be a novel addition for immunotherapeutic
strategies that could potentially benefit a large number of
patients across cancer types.

Symposium: Liquid Biopsies
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Minimally invasive proteome sampling
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Introduction

Although the clinical features of cutaneous squamous cell
carcinoma (¢cSCC) and basal cell carcinoma (BCC) are
well described, and in the absolute majority of cases the
clinical diagnosis is done according to the subsequent
histological verification, sometimes the clinical phenotypes
of these cancers are ambiguous and discrepancies between
the clinical presentations and histologic analyses rise. To
address the need in improved tissue-spatial sampling of
biomarkers, and to extend the technology state of the art in
enabling precise personal medicine, we developed a novel
tissue liquids sampling approach with molecular biopsy
using electroporation. We show that electroporation-based
molecular sampling, coined “e-biopsy”, selectively extracts
liquids from solid tissues with informative proteomes.
Material and Methods

We report the development of a novel tissue sampling
approach with molecular biopsy using electroporation. The
method, coined e-biopsy, enables non-thermal
permeabilization of cells in the skin for efficient vacuum-
assistant extraction of informative biomolecules for rapid
diagnosis. We used e-biopsy for ex vivo proteome
extraction from 3 locations per patient in 21 ¢SCC and in
21 BCC pathologically validated human tissue samples.
The total 126 extracted proteomes were digitalized with
mass spectrometry. The obtained mass spectra presented
significantly different proteome profiles for cSCC and
BCC with several hundreds of proteins significantly

20

differentially expressed in each tumor in comparison to
another.

Results and Discussions

Notably, 17 proteins were uniquely expressed in BCC and
7 were uniquely expressed in cSCC patients. Statistical
analysis of differentially expressed proteins found 31
cellular processes, 23 cellular functions and 10 cellular
components significantly different between cSCC and
BCC. Machine Learning classification models constructed
on the sampled proteomes allowed separation of cSCC
patients from BCC with 81% accuracy, 78.7% precision
and 92.3% recall, which is comparable to manual initial
diagnostics in clinical setup. Finally, the protein-protein
interaction analysis of 11 most informative proteins,
derived from Machine Learning framework, enabled
detection of a novel protein-protein interaction network
valuable for further understanding of skin tumors.
Conclusion

Our results provide evidence that the e-biopsy could
potentially be used as a tool to support cutaneous tumors
classification with rapid molecular profiling.

EACR23-0102
Individualised Predictions of Response to
Treatment in Metastatic Breast Cancer

using ctDNA
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"University of Cambridge, MRC Biostatistics Unit,
CAMBRIDGE, United Kingdom
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Introduction

Evaluation of response to treatment is essential in the
management of metastatic disease. Monitoring of
circulating tumour DNA (ctDNA) has been proposed as an
attractive (inexpensive and minimally invasive) method to
track response to treatment. Here we describe a
probabilistic framework to predict response to treatment in
metastatic breast cancer (mBC) using longitudinal ctDNA
data.

Material and Methods

A cohort of 188 mBC patients had DNA extracted from
serial plasma samples (total 1098, median=4; median
(range) follow-up 1.15 (0-12.4) years). Plasma DNA was
assessed using sWGS and the ctDNA levels were estimated
using ichorCNA. Response to treatment was determined
through CT imaging. Both the evolution of the longitudinal
ctDNA levels and the trajectories of the response to
treatment were modelled.

Results and Discussions

We show that longitudinal ctDNA monitoring predicts
response to treatment in mBC. We found that (1) the
incorporation of ctDNA to monitor response to treatment
offers clinical utility, outperforming CA 15-3, and (2) the
model allows for individualised dynamically updated
predictions as additional ctDNA measurements become
available.

Conclusion

Our results demonstrate the promise of ctDNA monitoring
in predicting treatment response and its potential for
personalised clinical decision-making. We provide
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quantitative estimates of response to treatment. Our
proposal considers the probability of treatment response for
each patient individually, by doing so, it can identify
individual patients with extremely high-risk of non-
response to treatment for which the treatment should be
discontinued. We anticipate our modelling framework will
be a starting point for more sophisticated models in
additional cancer types.

Symposium: Chemical Biology

EACR23-0419

Biochemical and biological
characterization of novel, irreversible
ALDH1A3 inhibitors for use in breast

cancer therapy
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Introduction

Aldehyde dehydrogenase 1 isoforms (ALDH1) are cancer
stem cell (CSC) markers and, in breast cancer, they are
associated with triple-negative/basal-like subtypes and
aggressive disease. Gene silencing and functional
validation studies on ALDH1A3 suggest that this isoform
could be a target in breast cancers that are commonly
dependent on its activity for tumour growth. Nonetheless,
the translation of research into clinical medicine remains a
challenge, mainly due to the dearth of selective inhibitors.
Material and Methods

To facilitate the identification of novel inhibitors of this
enzyme, a compound library was generated in order to
increase the chemical and biological relevance of the
4-dimethylamino-4-methylpent-2-ynthioic acid S-methyl
ester (DIMATE), a small-molecule inhibitor of ALDHI,
currently in clinical evaluation. The most promising
compounds were subjected to in-depth biochemical and
enzymatic characterization using human recombinant
ALDH enzymes. Automated capillary-based immunoassay
in combination with flow cytometry were implemented for
the identification of proteins involved in the cell death
response signalling. Cell migration studies and preclinical
efficacy studies were conducted in various cell lines and in
orthotopic breast cancer xenograft models.

Results and Discussions

Through a tiered screening approach, two structural
analogues of DIMATE were identified as irreversible,
label-selective inhibitors of ALDH1A3, with higher
inhibitory potency than that of DIMATE. Both compounds

Molecular Oncology 17 (Suppl. 1) (2023) 1-597

induced apoptosis mediated by ROS-dependent, prolonged
JNK activation. Evaluation of the antitumor activity
showed a significant inhibition of primary breast tumour
growth and metastasis to lymph node and lungs, enhancing
the in vivo activity of DIMATE.

Conclusion

Our work confirms the role of ALDH1A3 as an important
target in breast cancer cells and proposes new promising
molecules for translational clinical research.

EACR23-1129
Discovery of 1-0436650, a potent and
selective SHP2 allosteric inhibitor for the

treatment of RAS driven solid tumors

F. Puca’, D. Fabbrini®, F. Scalabri’, C. Alli%, V. Pucci’,

C. Montalbetti®, R. Di Fabio®, A. Petrocchi®, A. Carugo’,
C. Toniatti'

'IRBM Spa, Oncology, Pomezia, Italy

’IRBM Spa, Small Molecules R&D department, Pomezia,
Italy

*IRBM Spa, Translational Research department, Pomezia,
Italy

“IRBM Spa, Experimental Pharmacology department,
Pomezia, Italy

Introduction

SHP2 (Src homology region 2-containing protein tyrosine
phosphatase 2) is a target of interest for cancer therapy due
to its key role in the regulation of RAS/MAPK signal
transduction downstream of Receptor Tyrosine Kinases
(RTKs). We report here the identification of 1-0436650, a
novel, highly potent, orally available SHP2 allosteric
inhibitor, with potential for the treatment of tumors with
dysregulated RTK/RAS/ERK signaling pathways.
Material and Methods

High-throughput biological, biochemical and
pharmacodynamic (PD) assays were used to inform
Structure Activity Relationship studies which led to the
identification of a chemical series of potent SHP2
inhibitors. Iterative optimization of physicochemical and
pharmacological properties resulted in the identification of
1-0436650, an orally available SHP2 inhibitor with
excellent drug-like properties. The therapeutic potential of
1-0436650 was evaluated in a series of ex vivo and in vivo
experiments.

Results and Discussions

1-0436650 is a potent inhibitor of the SHP2 enzyme in
vitro (IC50 = 5 nM) with a very slow koff rate (2.42E-05
1/s). When tested in cell line, it strongly inhibits pERK, a
downstream marker of MAPK pathway activity, in a dose
dependent manner. 1-0436650 exhibits significant anti-
proliferation activity against RAS or EGFR mutant cancer
cell models alone and in combination with different FDA
approved drugs. In particular, the combination of I-
0436650 with the KRAS G12C inhibitors Sotorasib and
Adagrasib, the EGFR inhibitor Osimertinib and the
CDK4/6 inhibitor Ribociclib results in synergistic growth
inhibition of multiple RTK/KRAS-driven cancer cell
lines. Further, 1-0436650 effectively inhibits tumor growth
in vivo in SHP2-dependent human xenograft models.
Conclusion

1-0436650 is a potent, selective and orally available SHP2
inhibitor with opportunity for once-a-day dosing in
humans. Of note, its synergistic effect when combined with
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selected pharmacological agents makes it a valuable
therapeutic option against a multitude of RTK/KRAS-
driven tumors and metastases.

POSTER PRESENTATIONS
(Tuesday/Wednesday)

Bioinformatics and Computational
Biology

EACR23-0022

Facilitating drug discovery and structural
biology of large protein assemblies such as
the Ras-Raf signalosome by simulations of
biomolecular binding from the first
principles
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V. Mysore®, J. Kapp’, A. Pluckthun’
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Introduction

It is increasingly feasible to simulate the physical process
of protein-protein and protein-small molecule binding and
to generate native structures of biomolecular complexes
using molecular dynamics from first principle of

physics. With experimental validation, such simulations
can produce atomic-detailed structural models of protein-
small molecule and protein-protein complexes, including
structure of large functional protein assemblies.

Material and Methods

The work discussed here were based on the so-called
"swimming" molecular dynamics simulations combined
with a number of experimental validations

Results and Discussions

In this talk we will show that such swimming simulations
correctly recapitulated the small-molecule binding of
several drug target and provided critical insights to drug
discovery at molecular level. We will also present our
modeling the structure of megadalton membrane-anchored
Ras-Raf signalosome underlying the activity of MAPK
pathway using such simulations.

Conclusion

The structural model of the Ras-Raf signalosome provides
explanations for a large body of divers experimental
findings under one framework. It suggests that disrupting
the assembly of the Ras-Raf signalosome is essential to
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success of drug discovery aiming to attenuate the activity
of the MAPK pathway and minimize drug resistance.

EACR23-0042
The world’s first digital cell twin in cancer
electrophysiology: a new direction in

cancer research (Part )

C. Baumgartner', S. Langthaler!

!Graz University of Technology,

Institute of Health Care Engineering with European Testin
g Center of Medical Devices, Graz, Austria

Introduction

The introduction of functional in-silico models, in addition
to in-vivo tumor models such as cell line-derived xenograft
or patient-derived xenograft models opens up new
possibilities in cancer research and drug development with
the increasing availability of experimental data. The
world's first digital twin of the A549 cell's
electrophysiology in the human lung adenocarcinoma,
unveiled in 2021, enables for the first time the
investigation and evaluation of new research hypotheses
about modulating the function of ion channels in the cell
membrane, which are important for a better understanding
cancer development and progression, as well as for the
development of new drugs and predicting treatments.
Material and Methods

The developed mathematical model which is based on a
hidden Markov (HMM) description of the underlying ion
channel mechanisms of the electrophysiologcial system,
allows virtual simulations of the cell’s rhythmic oscillation
of the membrane potential Vi, that can trigger the transition
between cell cycle phases. The model consists of 11 known
functionally expressed ion channels in the cell's plasma
membrane with their specific voltage and calcium
dependence.

Results and Discussions

The cell twin is able to predict the promotion or
interruption of cell cycle progression through targeted
activation and inactivation of ion channels, leading to
abnormal hyper- or depolarization of the membrane
potential, a potential key signal for the known cancer
hallmarks. For example, model simulations of blockade of
transient receptor potential cation channels (TRPC6),
which are highly expressed during S-G2/M transition,
results in a strong hyperpolarization of the cell’s membrane
potential that can suppress or bypass the depolarization
required for the S-G2/M transition, allowing for possible
cell cycle arrest and inhibition of mitosis. All simulated
research hypotheses could be verified by experimental
studies in the literature.

Conclusion

Functional, non-phenomenological digital twins, ranging
from single cells to cell-cell interactions and 3D tissue
models, representing a mirror image of the real biological
system at different levels of abstraction, open new avenues
for modern cancer research through "dry lab" approaches
that optimally complement established in-vivo and in-vitro
methods. In particular, the A549 cell model confirms that
the changing membrane potential is a potential key signal
for the known cancer hallmarks which should be paid more
attention in research and development in cancer
electrophysiology.
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The world’s first digital cell twin in cancer
electrophysiology: simulation and
prediction of ion channel mediated cell

proliferation (PART Il)
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!Graz University of Technology,

Institute of Health Care Engineering with European Testin
g Center of Medical Devices, Graz, Austria

Introduction

Advances in molecular targeting of ion channels involved
in tumor development and progression may open up new
avenues for therapeutic approaches in cancer based on the
cells’ bioelectric properties. However, the complexity of
the underlying mechanisms requires a holistic view and
strategy to effectively identify and explore potential key
targets. In silico models can therefore provide deeper
insight into the complex role of electrophysiological
properties in cancer and reveal the impact of altered ion
channel expression and aberrant changes of the membrane
potential on malignant processes. With the vision of
establishing such approaches in the context of cancer cells,
we recently introduced a first model of the A549 lung
cancer cell line, describing the electrophysiological
processes underlying cell proliferation. The model focusses
solely on channels of the plasma membrane, not
considering the interplay of inner membrane channels. To
further increase the accuracy, we now propose an extension
of the model by taking into account the complex local
intracellular calcium dynamics, which significantly affect
the entire electrophysiological properties of the cell and
control cell cycle progression.

Material and Methods

The initial model was extended by a spatio-temporal
modeling approach, addressing the heterogenous calcium
profile and dynamics in the ER-PM junction provoked by
local calcium entry of store operated calcium channels
(SOCs), and release from the ER by SERCA pumps, RyR
and IP; receptors. Changes of cytosolic calcium levels due
to diffusion from the ER-PM junction and responding
plasma membrane channels were simulated and the
dynamics evaluated based on calcium imaging data.
Results and Discussions

Calcium signaling and hyperpolarization of the cell
membrane are considered important key signals for the
transition from G1 to S phase. Corresponding simulations
of a calcium depletion from intracellular stores in G1 phase
using the model lead to a reliable hyperpolarization of the
membrane potential, providing an electrophysiological
explanation of the processes behind G1/S transition.
Conclusion

The local calcium distribution and time evolution in
microdomains of the cell is highly significant for the
activity of responding ion channels and, subsequently, the
electric properties of the cell membrane. Thus, this further
development represents an important step on the route
towards a profound and valid model for oncological
research and development of novel therapeutic strategies
supported by model simulations.

EACR23-0118
Study on suppression of dual-
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Introduction

The co-crystallized structures of MEK1/2 and their
allosteric inhibitors reveal distinct interactions between the
allosteric inhibitors and the MEK1/2 activation loop
residues. The suppression mechanism of phosphorylation
of MEK1/2 at Ser218/222 for each allosteric inhibitor is
different. The structural analyses will determine whether,
and how, distinct inhibitors suppress the phosphorylation
of MEK1 and MEK2 and may guide future therapeutics
development.

Material and Methods

Computational Details

In this study, we explored the suppression mechanism of
the phosphorylation process in the presence of MEK
allosteric inhibitors such as selumetinib, trametinib,
cobimetinib, and CH5126766 by employing molecular
dynamics simulations and quantum mechanics/molecular
mechanical calculations.Results and Discussions

The simulations of wildtype MEK 1/2 shows that Ser222
can come close to y-phosphate but not Ser218. We have
found the conformation where Ser222 is within 5 A of
distance which makes Ser222 accessible for y-phosphate.
The activation energy barriers from QM/MM study for the
transfer of y-phosphate to Ser222 are in close agreement
with previous report. The conformation analysis from the
simulations of MEK1/2 in the presence of allosteric
inhibitors, reveals that the inhibitor restricts the flexibility
of Ser222 through strong interactions with the activation
loop, Lys97, and water mediates interactions with amino
acids in the vicinity. The strong interaction of water
molecules with halogen atoms (Br, Cl, and I) in the
allosteric inhibitor further stabilizes the complex and may
also contribute to water-mediated MEK/RAF interactions.
The results reveal that all the inhibitors act as screeners
between the activation loop and Mg-ATP and restricting
the flexibility of the activation loop through strong
interaction causes the suppression of the phosphorylation
process of MEK1/2.

Conclusion

The results were compared using CHARMM General
Force Field (CGenFF) and in-house built Al force fields
for allosteric inhibitors. The results conclude that a strong
interaction of allosteric inhibitors with the activation loop
restricts the movement of Ser218/222 towards Mg-ATP,
which could be the dominant factor for the suppression of
phosphorylation in MEK1/2. This research will provide
novel insights to design effective anti-cancer therapeutics
for targeting MEK1/2 in the future.
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Introduction

Gene expression is controlled by many factors. While
transcription factors (TFs) perform this control at the
transcriptional level, microRNAs (miRNAs) are involved
at the post-transcriptional level. Biological networks and
circuits based on TFs, miRNAs and their targets are
extremely important for a better understanding of cellular
processes. For this purpose, we developed an algorithm
and designed a web tool that creates biological circuits by
using experiment-specific and literature-based data
together.

Material and Methods

Circuit analysis tool was created using Python software
language (v.3.7.4) to construct regulatory circuits from the
high-throughput data containing expression values of genes
and miRNAs. The datasets to be uploaded are mRNA (also
including TFs) and miRNA files that show significant
expression changes under two different conditions like
tumor and normal tissues. Then, the absolute log(FC)
values were calculated by performing the log2
transformation for each molecule in the sets (MRNA list
and miRNA list) by Pandas and Math libraries offered by
Python. Each molecule is labelled "up" or "down" and the
direction of the intermolecular relationship is determined.
Results and Discussions

The mRNA (TF) and miRNA lists showing significant
expression changes were combined and all possible mRNA
(TF)-miRNA pairs were obtained. Significant relationships
were extracted by comparing all possible pairs with known
pairs in databases (Data bases and direction of the
relationship: TargetScan: miRNA-mRNA relationship,
miRNA ----| mRNA or miRNA----| TF. TransmiR: TF-
miRNA relationship, TF ----> miRNA. hTFtarget: TF-
mRNA relationship, TF ----> mRNA). All TF-mRNA, TF-
miRNA, miRNA-mRNA and miRNA-TF pairs showing
significant expression changes were obtained and
intersected with each other. As a result, two different types
of open circuit and one closed type circuit files were
created.

Conclusion

The algorithm developed to create biological circuits
extracting the TF — miRNA — mRNA relationships will
soon be available as a web tool under the name
“Integrative Regulatory Circuit Finder”.

EACR23-0221
3D-Quantitative Structure-Activity
Relationship approach in the design of
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novel Rho-associated protein kinases

(ROCK) inhibitors

M. Beljkas', S. Oljacié!, M. Petkovié®, K. Nikolié!

!Faculty of Pharmacy- University of Belgrade,
Department of Pharmaceutical Chemistry, Belgrade,
Serbia

Faculty of Pharmacy- University of Belgrade,
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Introduction

Rho-associated protein kinases (ROCK1 and ROCK2) are
involved in various cellular functions as the key regulators
of numerous substrates. Alterations in ROCK activities are
associated with many diseases, including cancer. ROCKs
play a critical role in the initiation and growth of cancer
through the activation and stabilization of some oncogenes
and in cancer progression through influence on migration,
invasion, and angiogenesis. Recent studies have shown an
association between the overactivity of ROCKs and lower
survival in patients with the most aggressive carcinomas,
such as pancreatic ductal adenocarcinoma (PDAC).
Moreover, the activity of ROCK is related to tumor cells
and the tumor environment, which contributes to tumor
progression. Therefore, ROCKs are very good drug targets
in anticancer research. In this study 3D-quantitative
structure-activity relationship (3D-QSAR) method was
applied to examine the structures of ROCK1 and ROCK2
pharmacophores and design dual ROCK1 and ROCK2
inhibitors as novel anticancer agents.

Material and Methods

The dataset of structurally diverse ROCK1 and ROCK2
inhibitors with ICs values was downloaded from the
ChEMBL database. Conformations of all compounds were
optimized by use of Hartree-Fock with 3-21G basis set
method. The bioactive conformations of the ligands for the
3D-QSAR study were generated by a molecular docking
study that was performed by GOLD software 2022.1.0.
Pentacle software 1.07 was used to generate 3D-QSAR
models for ROCK1 and ROCK2 isoforms. All compounds
were divided into a training set and a test set to prepare
both 3D-QSAR models.

Results and Discussions

The molecular determinants responsible for ROCK1 and
ROCK?2 inhibiting activities have been identified by 3D-
QSAR modeling and comparative analysis of the ROCK1
and ROCK2 pharmacophores. Both created 3D-QSAR
models met all the internal and external validation criteria.
Validated 3D-QSAR models were used to design new
ROCK1 and ROCK2 inhibitors and predict their activities.
The most active designed compounds were further
evaluated using in silico ADMET (Absorption,
Distribution, Metabolism, Excretion, Toxicity) profiling.
Based on these findings, novel dual ROCK1/ROCK2
inhibitors were selected for further synthesis.

Conclusion

According to the obtained results, both 3D-QSAR models
can be considered as a reliable prediction of the ROCK1
and ROCK?2 inhibiting activity of novel compounds and
thus significantly facilitate the selection of the best
candidates for further synthesis and biological evaluation.

EACR23-0251
A transcriptome-wide gene expression
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Introduction

The number of effective therapies approved for metastatic
colorectal cancer (mCRC) is still limited and multiple
strategies are continuously explored to expand the drug
target repertoire. Among these, the identification of
overexpressed genes has prompted the discovery of
actionable oncogenic dependencies in multiple tumour
types.

Material and Methods

Starting from RNA sequencing data, we identified
transcriptome-wide gene expression outliers, defined as
samples showing abnormal expression for a particular
gene, across 226 CRC cell lines, considering both
overexpression and underexpression events as positive or
negative outliers. Then, the distance of each outlier from
gene-specific reference points, absolute expression values
and differential expression values were considered in a
multi-filter strategy to select extreme gene expression
outliers, with the hypothesis that they are more likely to be
functionally relevant in cancer cells. We also profiled
genetic and epigenetic features of CRC cell lines based on
whole exome sequencing and DNA methylation
microarray data.

Results and Discussions

Extreme positive and negative gene expression outliers
were found for 3,533 and 965 genes, respectively, and only
some of them were associated with underlying genetic and
epigenetic alterations. Gene expression alterations with
known therapeutic or diagnostic value in CRC were
pinpointed as extreme positive and negative outliers thus
confirming the validity of the approach. Annotation of
overexpressed enzyme genes according to the Target
Development Level (TDL) classification revealed
numerous enzymes for which inhibitors are already
available. We next explored underexpression events to
identify potential synthetic lethal targets. Intriguingly, we
found that CRC models lacking expression of

the MTAP gene were sensitive to treatment with an
inhibitor of the PRMTS5:MTA complex currently under
clinical development.

Conclusion

We found that mapping extreme and transcriptome-wide
positive and negative gene expression outliers in CRC cell
lines is an effective strategy to identify putative drug

comprehensive atlas of CRC extreme gene expression
outliers which includes events with diagnostic or
therapeutic relevance. This resource could also serve as a
reference for further discoveries in CRC and other tumour

types.

EACR23-0441

Cancer signatures for reproducible gene
expression analysis of single-cell and
spatial transcriptomic data: the
computational way to achieve precision

medicine
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Introduction

Cancer is a complex disease, characterized by extensive
genomic aberrations with an impact on gene expression
and cell biological processes. Many studies and some
clinical trials proposed gene expression signatures as a
valuable tool for understanding cancer mechanisms,
defining subtypes, monitoring patient prognosis and
therapy efficacy. However, one of the major concerns is
the lack of a computational implementation of the
proposed signatures. That would provide detailed signature
definition and would assure reproducibility, dissemination
and usability of the classifier. An additional challenge is to
define if these signatures, derived by bulk data analysis, are
transferable to the new single-cell and spatial
transcriptomic data, allowing the evaluation of intra-
sample heterogeneity and the dissection of cell type
contribution.

Material and Methods

A list of gene expression signatures covering numerous
cancer hallmarks was collected from the literature. Then,
they were implemented with R, the main programming
language in computational biology.

Results and Discussions

With the aim of providing a tool able to improve
reproducibility and usability of gene expression signature,
we proposed signifinder, an R package that collects and
implements more than 40 expression-based signatures from
cancer literature. Collected signatures can attribute a score
for each sample that summarizes many different tumor
aspects, such as predict the response to therapy or the
survival association, as well as quantify the environmental
statuses, such as hypoxia status, or the activity of the
immune response. signifinder can be applied to spatial and
single-cell transcriptomic data with the attempt to study
patient, sample and cell heterogeneity. For the first time,
these new package features allow the analysis of the cancer
signatures on these innovative types of transcriptomic data.
Further, to help the researcher in dealing with the data
interpretation signifinder is equipped with a workbox with
plenty of graphical visualizations to allow an easy results
exploration. signifinder has been included in the
Bioconductor project since the 3.16 release.

targets and biomarkers, independently from the underlying Conclusion

genetic or epigenetic alterations. We indeed present a
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With the promise of tailored and optimized predictions for
individual cancer patients, gene-expression signatures
collected by signifinder can help in automatically
investigating tumor samples, leading us a step closer to
reproducible expression signature analysis for precision
medicine.

EACR23-0464
Explainable Machine learning identifies
survival predictors in metastatic colorectal

cancer patients
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Cartagena, Spain

“Santa Lucia University Hospital, Pathology, Cartagena,
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Introduction

Colorectal cancer (CRC) is the leading cause of cancer
death in Western countries, after lung cancer in men and
breast cancer in women. About 50% of patients with
localized CRC will develop metastases, and 21% of
patients already have metastases at diagnosis. The 5-year
survival rate for metastatic CRC (mCRC) is 14%.
Therefore, it is crucial to identify survival predictors at the
time of metastasis diagnosis to provide these patients with
proper and risk-adjusted treatment and follow-up.
However, the enormous number of patient-associated
information which could impact survival prediction is
difficult to manage with conventional bioinformatics
methods. The application of artificial intelligence (Al), and
more specifically explainable machine learning (XML) is
suitable to transform such data into real understandable and
useful knowledge such as survival prediction.

Material and Methods

A total of 488 patients with mCRC from Murcia Region,
Spain were enrolled in this study which is part of the
REVERT project consortium (GA848098; www.revert-
project.eu). Available information included demographic,
lifestyle, comorbidities, clinical, histological, molecular,
variables and blood tests at CRC diagnosis. Data were
processed with the SIBILA XML tool
(https://github.com/bio-hpc/sibila), where different
machine learning models were geratedtrained (KNN,
XGBOOST, RLF, RP, ANN,RF, SVM), and XML
techniques were applied (LIME, SHAP, permutation
importance and counterfactuals) to yield information about
the most relevant factors that influence survival.

Results and Discussions

Binary classification ML models were obtained with
XGBOOST, RLF and RF (AUC values of 0.915, 0.926 and

26

0.953, respectively). In general terms, older age and
hypertension were predictors of worse survival although
the best ones were related to metastasis localization; liver
and bone metastasis being associated with worse and better
survival, respectively. Synchronic metastasis, n-stage and
tumor budding predicted bad survival as well

as BRAF mutation, PIK3CA or KRAS native status. Some
blood test results such as high lymphocyte, low neutrophil
counts, and low gamma-glutamyl transferase were
associated with better survival.

Conclusion

XML models based on clinical, histological and
biochemical data could be useful to predict which patients
will have worse outcome and thus, be candidates for a
more aggressive or intense treatment or follow-up.

EACR23-0468
Quantitative Digital Image Analysis of
Ultra-High Plex Immunofluorescence on

Tissue Microarrays of Lung Cancer

B. Ben Cheikh', R. Nandigama®, N. Ma®, R. Savai’,

O. Braubach’

! Akoya Biosciences- Inc, Marketing, LOS ANGELES,
United States

’Max Planck Institute for Heart and Lung Research,
Oncology Basic Research Unit, Munich, Germany

3dkoya Biosciences- Inc, Marketing, Menlo Park,

United States

Introduction

Ultra-high plex tissue imaging platforms, such as the
PhenoCycler-Fusion, are transforming immuno-oncology
research by enabling the simultaneous detection of more
than 100 protein biomarkers at single-cell resolution.
Quantitative image analysis of such large and complex
datasets requires careful development of computational
methods to accurately extract meaningful information.
Tissue microarrays (TMA), in particular, can pose several
challenges to analyses, owing primarily to batch effects
and technical variability across large numbers of cores. We
describe the development of an image analysis workflow
for TMA datasets.

Material and Methods

200 lung cancer tissues were collected from patients with
different EGFR and KRAS mutation status (EGFR"/KRAS"
, EGFR/KRAS" and EGFR/KRAS") and placed on 4 TMA
slides. The samples were then imaged using PhenoCycler-
Fusion with a 42-antibody panel including, immune,
tumor, proliferation, and apoptosis markers. A total of 382
TMA cores were analyzed using an advanced
computational workflow. The first step of the workflow
consists of nuclear and cell segmentation using a fine-
tuned Deep Learning model, resulting in a total of 2.16
million cells across the whole dataset. This was followed
by calculation of average protein expressions from the
corresponding cell compartments, i.e. membrane vs.
nucleus. Batch effect correction was then performed using
a spectral graph method to minimize the technical
variability between TMA cores. Unsupervised clustering
using a GPU-accelerated Leiden algorithm was then
performed on the batch-corrected feature matrix. A total of
36 clusters were identified and manually annotated into 15
cell phenotypes based on their protein expression patterns
on a hierarchical clustering heatmap. Cell phenotype
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percentages were calculated from each TMA core and
compared between the 3 mutation groups, as well as spatial
proximity and cellular neighborhood.

Results and Discussions

When compared to EGFR/KRAS" group,

EGFR'/KRAS and EGFR/KRAS" tumors showed a
significant increase in the percentages of tumor cell
subtypes and a decrease in certain immune cell subtypes.
Spatial analyses indicated statistically significant
differences in the organization of these cell types between
the 3 groups.

Conclusion

The results of our study show that ultra-high plex
immunofluorescence on TMA slides combined with
adequate computational tools provides a unique
opportunity to better understand the spatiotemporal
architecture of lung cancer and identify new therapeutic
targets.
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Deep Learning Based Algorithm For
Postoperative Glioblastoma MRI
Segmentation: A Promising New Tool For
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Introduction

Clinical and surgical decisions for glioblastoma patients
depend on a tumor imaging-based evaluation. Artificial
Intelligence (AI) can be applied to Magnetic Resonance
Imaging (MRI) assessment to support clinical practice. In a
real-world context, the current obstacles for Al are low-
quality imaging and post-operative reliability. The aim of
this study is to train an automatic algorithm for
glioblastoma segmentation on a clinical MRI dataset and to
obtain reliable results both pre- and post-operatively. To
reproduce a real clinical scenario, the dataset includes
cases with missing sequences and non-volumetric scans.
Material and Methods

The dataset used for this study comprises 237 (71
preoperative and 166 postoperative) MRIs from 71 patients
affected by a histologically confirmed Grade IV Glioma.
The implemented U-Net architecture was trained by
transfer learning to segment the resection cavity (RC), the
enhancing tumor volume (ET) and the whole tumor
volume (WT) in post-operative images. The learning phase
was carried out first on BraTS2021 dataset for preoperative
segmentation. Performance is evaluated using DICE score
(DS) and Hausdroff 95%.

Results and Discussions

The overall mean DS are 91.09 (+ 0.60) and 72.31 (+
2.88), respectively obtained in pre-operative and post-
operative scenarios. The overall mean Hausdroff 95% is
8.35 (+ 1.12) for preoperative segmentation and 23.43 (+
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7.24) for the postoperative assessment. These results are
obtained using the two most informative MRI sequences
(Tlce and T2-FLAIR). Remarkably, the RC segmentation
obtained a mean DS of 63.52 (+ 8.90) in postoperative
MRIs.

Due to the benefits granted by informatic tools and
strategies, our results are in line with the existing literature
on this topic. Differently from previous studies, this work
is not biased by restrictive inclusion/exclusion criteria for
MRI scans. Therefore, we present this work as a starting
point to apply Al to clinical practice for glioblastoma with
remarkable reliability both in the preoperative and
postoperative context.

Conclusion

The performances achieved by the algorithm are consistent
with previous literature for both pre-operative and post-
operative glioblastoma’s MRI evaluation. Through the
proposed algorithm, it is possible to reduce the impact of
low-quality images and missing sequences. Some strategies
have been proposed in this work to overcome current
limitations, with promising results. Clinical applicability of
this tool requires further confirmation from multi-
institutional datasets.

EACR23-0516

Cancer cell states from high-throughput
expression data: the definition of cancer
heterogeneity through a collection of
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P. Martini®, D. Risso®, C. Romualdi’, E. Calura’
"University of Padova, Biology, Padova, Italy

2University of Brescia,

Molecular and Translational Medicine, Brescia, Italy
3University of Padova, Statistical Sciences, Padova, Italy
Introduction

Over the years, transcriptional signatures have been
frequently studied because of their potential to show
ongoing cancer activities. Gene expression signatures,
defined as a specific collection of genes, can be
summarized into a score that provides single-sample
predictions about all complex traits of the disease such as
response to therapy, hypoxia, immune response activity,
epithelial-to-mesenchymal transition and others. Similarly,
a new emerging trend in new high-resolution technologies,
aims to identify cancer cell states, defined through the use
of gene expression modules that have been summarized
into cell-specific scores. All studies conducted so

far, proposing gene expression signatures as tools to
dissect and understand cancer mechanisms, lack of
reproducibility and public open-source implementations.
The R package signifinder, finally provides the
infrastructure to collect, implement and compare
expression-based signatures from cancer literature,
improving their reproducibility and usability.

Material and Methods

Here, we present three applications of the

Bioconductor signifinder R package on the analysis of
bulk, single cell and spatial transcriptomic datasets. The
three analyses characterized and discussed the bulk ovarian
cancer (OVC) transcriptome dataset of The Cancer
Genome Atlas (TCGA); the glioblastoma single-cell
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dataset of Darmanis et al. and finally the spatial
transcriptomic 10x Visium data called “Human Breast
Cancer: Ductal Carcinoma In Situ, Invasive Carcinoma
(FFPE).

Results and Discussions

Through the analysis of TCGA-OVC bulk data, we were
able to identify areas of biological interest (i.e., signatures
guided by the same transcriptional regulatory programs),
and show the co-occurrence of different processes. This
demonstrates that identifying the main biological
characteristics of samples is made easier by using
combinations of transcriptional signatures. In addition, the
use of signifinder on new high-resolution technologies,
such as single-cell RNA-seq and spatial transcriptomics,
implement the definition of the intra-tumor cell
heterogeneity and highlights spatial-specific patterns of
expression signatures.

Conclusion

Cancer cells exploit existing gene expression modules,
expressing them at different levels and with different levels
of heterogeneity. With signifinder, heterogeneity in these
systems can be finally evaluated, quantified, and weighted
to evaluate the importance of the signature prediction at the
patient level, having a role in prediction of treatment
options.
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CopyClust: A Reliable DNA Copy Number-
Based Machine Learning Algorithm for
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Introduction

Breast cancer is a major cause of cancer-related deaths
among women worldwide. Integrative Cluster subtypes
(IntClusts) classify breast cancer tumours into 10 distinct
groups based on DNA copy number and gene expression,
each with unique biologic drivers of disease and clinical
prognoses. Gene expression data is often lacking, and
accurate classification of samples into IntClusts with DNA
copy number data only is essential. Current classification
methods achieve low accuracy (~70%) when gene
expression data is absent, warranting the development of
new approaches.

Material and Methods

1,980 breast cancer samples from METABRIC (internal
validation) and 1,075 samples from TCGA (external
validation) with available DNA copy number and gene
expression data were used to train and validate a multi-
class XGBoost machine learning algorithm (CopyClust).
IntClust label was assigned from the original dataset for
METABRIC samples and determined via the iC/0 R
package for TCGA samples using DNA copy number and
gene expression data. Using METABRIC samples, a
piecewise constant function was fitted for each IntClust
and unique breakpoints across the 10 profiles were
identified and converted into ~500 distinct genomic
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regions. The mean copy number in each region was
calculated for each sample and used as features

for CopyClust. Model classification performance was
internally validated on 392 held-out METABRIC samples
and rebuilt and externally validated on the TCGA dataset.
Results and Discussions

CopyClust achieved high recall (82%), top-2 recall (97%),
and precision (82%) of IntClust subtype on internal
validation and performed similarly during external
validation. Class-specific recall remained high (>75%)
among all groups despite the small sample size of some
IntClusts. Misclassification was identified among IntClusts
with similar copy number profiles, indicating that gene
expression data may have driven the initial development of
the IntClusts.

Conclusion

CopyClust achieves a significant improvement over current
methods (>10%) in classification accuracy of IntClust
subtypes for samples without available gene expression
data and is an easily implementable algorithm for IntClust
classification of breast cancer samples with DNA copy
number data.
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Introduction

Acute myeloid leukemia (AML) is a disease in which
myeloid precursor cells stop differentiating into functional
blood cells and increase their proliferation leading to bone
marrow failure. Low survival rates for poor-risk karyotype
cases accentuates the need of new targeted therapies. Here,
we used a multiomic approach to investigate relationships
between immunophenotype, signaling pathway activation
and ex-vivo drug responses in AML cases with poor-risk
karyotypes.

Material and Methods

We reanalyzed data from a study of 52 AML poor-risk
cases, consisting of genomic (NGS for 54 genes),
transcriptomic (33,567 transcripts), proteomic (6,637
proteins, 26,710 phosphopeptides and 84 kinase activities),
immunophenotypic (35 differentiation markers, DM)

and ex-vivo drug response (357 compounds) datasets.
Results and Discussions
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Expression of each DM correlated with the expression and
phosphorylation of hundreds of proteins and the sensitivity
to multiple compounds. Classification of AML cases into
primitive (n=12) and mature (n=10) revealed that primitive
cells were more sensitive to 22 compounds including
azacitidine and navitoclax. In contrast, mature cells were
preferentially sensitive to 17 compounds including the
MLCI inhibitor A-1210477, the TLR8 agonist motolimod,
the ROS inducer auranofin and 4 IAPs inhibitors. To
rationalize specific drug sensitivities of each group we
determined the molecular differences between mature and
primitive cases across omics data. Mature and primitive
samples, respectively, significantly increased the
expression of 360 and 567 proteins, and the
phosphorylation of 2767 and 2313 sites. Primitive cells
increased the expression of SOD1 and VDAC, which are
linked to sensitivity to BCL2 inhibitors. Mature cells
increased the phosphorylation of stress response proteins
like ASK1, P38A, JINK1 at and ATF7 at regulatory sites,
but were more resistant to the P38 and JNK inhibitors
ralimetinib and tanzisertib, respectively.

Conclusion

The higher activity of the stress response pathway in
mature cells could be the reason for their higher sensitivity
to compounds that either induce (Auranofin) or modulate
(IAPs inhibitors) the stress response. Overall, our
integrative analysis is a rich source of molecular
information to rationalize specific drug sensitivities of poor
risk AML cases with mature and primitive phenotypes.
This knowledge could be used for the implementation of
precision medicine in AML by selecting therapeutic
approaches based on specific immunophenotypic and
proteomic signatures.
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Establishment and validation of prognostic
risk model based on Neutrophil
Extracellular Traps gene signature in
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S.Y. Huang', Y.L. Su', C.T. Lin'

'Kaohsiuang Chang Gung Memorial Hospital,

Division of Hematology Oncology- Department of Internal
Medicine, KAOHSIUANG, Taiwan

Introduction

Urothelial carcinoma of bladder cancer (UBC) remains a
global challenge with limited therapeutic options. Although
immunotherapy made major breakthrough within years, the
picture is vague in anticancer immunity among tumor
microenvironment (TME). As we known, neutrophils are
the main component of myeloid cells in the TME.
However, the clinical significance and function of the
neutrophils remain unclear in UBC. Neutrophil
extracellular traps (NETSs) are known to play an important
role in chemotherapy resistance, tumor metastasis and
immune escape of cancers. Our study aimed to investigate
NET-related genes and their clinical prognostic value in
patients with UBC.

Material and Methods

We identified NET-related genes expressed in multiple
public gene sets (TCGA-BLCA, GSE series)
simultaneously. In order to avoid overfitting and confirm
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the practicability, we set up a prognostic risk model
through univariable, least absolute shrinkage and selection
operator (LASSO) and multivariable Cox algorithms. A
nomogram was further used to explore the clinical value of
the model. The discriminatory value of the nomogram was
evaluated using the receiver operating characteristic (ROC)
and area under curve (AUC). Internal and external
validation were conducted to test the clinical applicability
and reproducibility.

Results and Discussions

Four NET-associated genes were selected to constructed
the risk model. In the training cohort, the low-risk UC
patients showed significantly better overall survival (OS)
than that of in high-risk UC patients (p<0.0001). The
nomogram of Kaplan—-Meier (K-M) analysis also showed a
significant prognostic value, and the area under the curve
(AUC) value at 1, 3 and 5 years are 0.66, 0.64, 0.63
respectively. Internal validation further strengthened the
credibility of the clinical prognostic model with acceptable
K-M analysis (p<0.05) and AUCs (0.82 at 1 years, 0.76 at
3 years and 0.77 at 5 years). Similar to internal validation,
external validation also showed significant results(p<0.05).
In clinical feature with muti-variate cox regression,
advanced stage (Stage III: HR 1.6, p=0.029; Stage IV: HR
2.5, p<0.001) showed comparative differences to the risk
score (HR 2.1, p<0.001). Moreover, the difference in
immune infiltration was significant in UC patients with
different risks, especially in neutrophil and
macrophage(M2).

Conclusion

NET-related gene signature is identified to constructed a
novel prognostic risk model in UBC patients.
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Deep Learning Methods for Predicting
Homologous Recombination Deficiency
from Histopathology Slides and Gene

Expression Profile Data
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"University College London,
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Introduction

Homologous recombination deficiency (HRD) is often
associated with sensitivity to DNA damage response
inhibitors. Recent advancements in Al-based methods offer
the capability to predict expression profiles for certain
genes or even complex phenotypes like microsatellite
instability directly from histopathology slides. Diagnosing
HRD in H&E-stained slides would be a cost-effective way
to inform treatment allocation in the clinic, but studies to
date have only developed models based on BRCA1/2
mutation status and do not consider the current HRD state
of the tumour. Here, we present a deep learning-based
framework that employs a Graph Neural Network (GNN)
and Multiple Instance Learning (MIL) to predict and
interpret the HRD status in breast cancer directly from
H&E-stained slides.

Material and Methods

We employ a transcriptomic signature of HRD developed
in breast cancer to explore key genes involved in the
process and the ability to detect this phenotype in H&E
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slides. Our pipeline begins with a GNN module to rank
genes involved in HRD based on their gradient importance,
which helps prioritise master regulators of this process.
This is followed by an MIL module that is trained on
matched RNA-seq and H&E slides from the TCGA-BRCA
cohort to predict HRD status only from diagnostic H&E
slides.

Results and Discussions

Our importance score highlighted 22 significant genes
from an expanded list of 130 genes in the original
transcriptional signature, resulting in a reduced gene
signature with excellent classification capability, i.e. AUC
= 85% for distinguishing HRD from HR proficient tumours
in the TCGA-BRCA dataset. The MIL module
outperformed transfer learning, achieving an AUC of 79%
in the diagnostic H&E slides from TCGA-BRCA.
Conclusion

The proposed deep learning methods, including the GNN-
based and MIL-based modules, exhibit promising results in
predicting HRD status from RNA-Seq and H&E slides.
The proposed importance score can provide valuable
insights for gene selection and prioritization for further
validation or investigation. Further work will aim to
improve the performance of the proposed pipeline and
expand our initial experiments to other datasets.
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Introduction

The genome and transcriptome of a tumour provide
complementary information essential for establishing
robust molecular profiles. Mutations in DNA are well-
studied and used to direct targeted treatments in clinic.
Approximately 30-50% of these mutations are detectable in
matched RNA. However, identifying mutations directly
from RNA is fraught with technical challenges. Moreover,
there is a subset of somatic RNA-only (RO) variants that
could have a regulatory role and are understudied. Here,
we present a pipeline to accurately and efficiently detect
variants in RNA bulk sequencing data. This work is an
extension of the previously published RNA-MuTect
pipeline in Yizhak et al., 2019 (Science).

Material and Methods

RNA Variant Calling: the pipeline uses STAR-aligned
RNA-seq BAMs files as input. We follow GATK best
practices for the pre-processing of the reads followed by
variant calling with three different mutation callers:
mutect2, strelka2 and sage. A voting consensus approach is
followed and filtering is applied following in Yizhak et
al., 2019 methods. The pipeline is written in Nextflow.
Data: subset of 241 samples were taken from The Cancer
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Genome Atlas (TCGA) as a training set. The panel of
normals were generated with samples from The Genotype-
Tissue Expression (GTEX) project and normal adjacent
tumour for TCGA.

Results and Discussions

We have improved the previously published work in
detecting variants from RNA, creating a robust pipeline to
detect mutations in RNA. Using a subset of 241 tumours
from The Cancer Genome Atlas (TCGA) we have
compared our pipeline against the original version of
RNA-MuTect and showed more than 80% detected
variants overlap with the two methods. We demonstrate the
robustness of our consensus approach, as artifacts (more
common in RNA-seq data) are removed. Furthermore, the
pipeline leverages Nextflow's parallelisation capabilities
and robust error handling mechanisms to ensure efficient
and reliable performance. We have started to apply the new
pipeline to breast cancer datasets and perform
computational analysis using both DNA and RNA
sequencing data to characterize ITH profiles.

Conclusion

The pipeline that we present here is able to robustly detect
somatic events in RNA-seq data and it also compares these
RNA events with SNVs identified in DNA from matched
samples. The introduction of the consensus approach
removes background noise from the results, enabling more
accurate downstream analysis. The pipeline is now used by
us to study intratumoral heterogeneity.
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Introduction

Oncogenic KRAS mutations are one of the most pervasive
in cancer, found in approximately 40-50% of colorectal
cancers (CRCs). Preclinical models, in combination with
the ease and affordability of molecular profiling, have
enabled the development of transcriptional signatures that
can be used as surrogate biomarkers of KRAS-driven
biologies. Although such tightly controlled pre-clinical
systems are well suited to the development of
transcriptional signatures to represent mechanistic cascades
following genotype induction, it remains to be seen how
representative the phenotypic trajectories of such models
align to the observable complexity and heterogeneity
across human tumours.

Material and Methods

Five RAS-related gene expression signatures, identified
from the Molecular Signatures Database (MSigDB) and the
literature, were applied to four independent CRC cohorts
with bulk transcriptomic data (n=1,695 in total) and one
large single-cell RNA-seq cohort (n=42,954 epithelial cells
from n=62 patients) that all had accompanying mutational
status data. The association between these signatures and
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the KRAS mutational status of samples was assessed using
Gene Set Enrichment Analysis (GSEA), single sample
GSEA (ssGSEA) and Receiver Operating Characteristic
(ROC) curves.

Results and Discussions

While GSEA assessment of a series of RAS-related
signatures indicated some significant associations with
mutational status, when tested across a series of
independent cohorts these analyses revealed no consistent
significant findings. There was no significant association
between ssGSEA scores for any signature

and KRAS mutational status. A lack of association
remained even when BRAF mutant samples or samples
with mutations in other key MAPK/PI3K pathway genes
were excluded from these analyses. Moreover, when these
analyses were broken down according to

specific KRAS mutations, there remained no association
between signature expression levels and

specific KRAS mutation. Even, in the single-cell RNA-Seq
cohort where only the epithelial cells were analysed,
eliminating the potential confounding effect of the tumour
microenvironment, RAS-related signatures were again,
remarkably, unrelated to KRAS mutational status.
Conclusion

Data presented here indicates that some of the most widely
used RAS-specific transcriptional signatures are
independent of KRAS mutational status.

EACR23-0678
Identification of differentially A>I(G) RNA-
edited sites by ADAR in genotoxic drugs

sensitivity in breast cancer

Y. Bernal', A. Blanco', R. Armisén’

!Instituto de Ciencias e Innovacion en Medicina- Facultad
de Medicina- Clinica Alemana- Universidad del Desarroll
0,

Laboratory of Cancer Functional Genomics- Centro de Ge
nética y Genomica., Santiago, Chile

Introduction

The most abundant RNA editing in mammals is the
conversion from adenosine to inosine, translated as
guanosine (A>1(G)), and it is catalyzed by RNA-specific
adenosine deaminase (ADAR). The A>I(G) RNA editing
has been implicated in various diseases, including cancer.
Breast cancer (BC) patients with poor overall survival have
a high tumoral expression of ADAR. Our aim is to identify
A>I(G)RNA-edited sites of high confidence that are
associated with high- or low-sensitivity to genotoxic drugs
(PARP inhibitors, anthracyclines, and alkylating agents) in
BC cell lines. In addition, we modeled the genotoxic drug
sensitivity with a machine-learning approach using the
differentially RNA-edited sites identified.

Material and Methods

Drug sensitivity data (IC50) was obtained from The
Genomics of Drug Sensitivity in Cancer Project (GDSC) to
classify BC cell lines and RNA-seq data from the Cancer
Cell Line Encyclopedia. 1dentification of A>I(G) RNA-
edited sites is performed using REDITools and excluded
common and somatic variants and includes strict filters.
Differential RNA edited sites are assessed with REDITs
based on a beta-binomial model and annotated using
Ensembl Variant Effect Predictor. Random forest and
logistic regression are used to model drug sensitivity.

Molecular Oncology 17 (Suppl. 1) (2023) 1-597

Results and Discussions

From the GDSC database, we selected 25 BC cell lines
with high- (<p25 of IC50) and low-sensitivity (>p75 of
IC50) to genotoxic drugs. Of all identified RNA editing
sites that passed our filters of coverage (>30x) and a
minimum of 5 edited reads, on average 6,737 (£326) that
represent 2.3% were differential RNA editing sites. PARP
inhibitors, anthracyclines, and alkylating agents shared
only 957 (6%) of all differential RNA-edited sites. In our
analysis of functional consequences interpretation, we
highlight that RNA-edited sites affect splicing and
missense changes with probable and possible predicted
damage. We found that the regulation of biological and
RNA metabolic processes is enrichment in the Gene
Ontology analysis of 957 RNA-edited sites. Finally, we
prioritize only high-confidence and top 25 RNA-edited
sites with higher edition levels to predict the response to
drugs in BC.

Conclusion

Identifying differential A>I(G) RNA-edited sites between
high- and low-sensitivity to genotoxic drugs in BC cell
lines could be relevant to understanding the drug response
from an epitranscriptome view.

EACR23-0717

Integrative omic analysis of faecal samples
shows novel miRNA-mediated host-
microbiota interactions in colorectal

cancer

G. Ferrero', B. Pardini®, S. Tarallo®, B. Zwinsovd®,

L. Vodickova®, P. Vodicka®, N. Segata’, F. Cordero’,

E. Budinska®, A. Naccarati®

"University of Turin,

Department of Clinical and Biological Sciences,
Orbassano, Italy

’Italian Institute of Genomic Medicine,

Molecular epidemiology and exposomics, Candiolo, Italy
*Masaryk University, RECETOX- Faculty of Science, Brno,
Czech Republic

“Institute of Experimental Medicine of the Czech Academy
of Sciences, Department of Molecular Biology of Cancer,
Prague, Czech Republic

SUniversity of Trento, Department CIBIO,

Department of Cellular- Computational and Integrative Bi
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Introduction

Dysbiosis of the gut microbiota has been linked to
colorectal cancer (CRC). Alterations of human microRNAs
(miRNAs) are also implicated in CRC and recent findings
support a crosstalk between gut microbiota and miRNAs
released in the gut lumen. miRNAs and microbial species
can be profiled from fecal samples representing a reliable
biospecimen to explore host-microbial interactions. In a
pilot study, we demonstrated that combining fecal miRNA
and microbial species levels can accurately distinguish
CRC patients from healthy (Tarallo et al., 2019. mSystems.
4(5):€00289-19; doi:10.1128/mSystems.00289-19).
Moreover, we observed that this combined information can
also accurately classify subjects with specific dietary habit
(Tarallo et al., 2022. Gut. 71(7):1302-1314. doi:
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10.1136/gutjnl-2021-325168; and Francavilla et al.,

2023. Gut Microbes 15(1):2172955; doi:
10.1080/19490976.2023.2172955).

Material and Methods

To evaluate candidate host-microbial interactions mediated
by miRNAs in CRC, we performed an integrative analysis
of shotgun metagenomes and small RNA-Sequencing
(sRNA-Seq) on stool samples from 442 healthy subjects,
162 patients with inflammatory or diverticular diseases, 64
with precancerous lesions, or 281 CRC from three
independent European cohorts. Microbial profiling was
performed using MetaPhlAn 4.0, while Docker4Seq was
applied for miRNA quantification. Rank regression models
were applied to compute the miRNA-microbial
associations.

Results and Discussions

The levels of fecal miRNAs dysregulated in CRC patients
were evaluated in relation to the microbial abundances
observing significant associations (adj. p<0.05), including
a correlation between miR-1276 and Fusobacterium
nucleatum and Parvimonas micra levels, all increasing in
CRC patients, and an anticorrelation between miR-6777-5p
and Escherichia coli levels. The association significance
progressively increased/decreased from healthy subjects to
late-stage tumors. In addition, significant associations were
observed also considering miRNA levels measured in
tumor/adjacent tissue by SRNA-Seq.

Conclusion

Our data suggest that a specific microbial composition may
regulates the expression and release of miRNAs in the gut
lumen, with their subsequent detection in stool.
Conversely, these miRNAs may regulate microbial gene
expression defining network of cross-kingdom molecular
interactions.

EACR23-0734

IDPredict: A machine learning framework
for the prediction of disordered proteins as
potential predictive biomarkers for
targeted therapies based on network

topological data

K. Schulc', G. Kovdcs?, B. Kovdcs', P. Csermely’,

D.V. Veres’

ISemmelweis University,

Department of Molecular Biology, Budapest, Hungary
*Turbine Ltd., Turbine Ltd., Budapest, Hungary
Introduction

The identification of predictive oncotherapeutic biomarkers
is a promising area of precision medicine. In

the IDPredict framework, we suggest a machine learning
method based on network topological motif analysis to the
prediction for intrinsically disordered proteins (IDPs) with
predictive biomarker properties. With the analysis of
motifs containing IDPs and oncotherapeutic targets, their
complex regulation is well modelled. A Biomarker
Probability Score was developed to assess the biomarker
potential of each disordered protein-target pair.

Material and Methods

Motifs were identified on the directed edges of three
networks using the FANMOD program. Cytoscape plugins
were used for network analysis. IDPs and biomarkers were
annotated based on the DisProt and CIViCmine databases,
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respectively. Machine learning models were developed
with the Python scikit-learn, XGBoost and SHAP
packages. A Biomarker Probability Score was developed
based on the ranks of eight independent predictions.
Results and Discussions

We have shown that IDPs form common motifs with
known oncotherapeutic targets, where many IDPs are
predictive biomarkers for the given target (Human Cancer
Signaling Network: 23%). Thus, we developed machine
learning models based on topological data and biological
characteristics of 109 target-IDP pairs, whose predictive
biomarker properties were previously known. After
multiple cross-validations and testing, eight different
models with >0.88 LOOCYV accuracy were used to predict
potential predictive biomarker properties for the other
identified 695 pairs in our networks. The resulting
Biomarker Probability Score was showed to perform well
in the discrimination of potential predictive biomarkers. As
one of the examples, a clinically relevant predictive
biomarker was identified for ponatinib, a multikinase-
inhibitor with BCR-ABL as its main target.

Conclusion

We show based on network topology analysis that
intrinsically disordered proteins have great potential as
predictive biomarkers. Our results imply that investigation
of their motifs helps to identify novel predictive
biomarkers, which can be both further studied individually
and validated experimentally. As predictive biomarkers are
vital for therapeutical decision making, developing a tool
for predictive biomarker identification may have effect on
the daily clinical practice.

EACR23-0787
Cell-of-origin identification based on gene
mutational profiles and chromatin state in

melanoma

P. Stancl', R. Karli¢!

!Faculty of science- University of Zagreb,

Department of biology, Zagreb, Croatia

Introduction

Cancers of unknown primary origin (CUP) pose a
challenge for clinicians as they make up 3-5% of all
cancers. Identification of the correct cell-of-origin (COO)
of cancers can facilitate accurate diagnosis and
administration of appropriate treatment. Various WGS-
based methods for the prediction of COO have been
developed. However, whole-exome (WXS) sequencing
methods of similar accuracy are still lacking. The aim of
our research was to develop a model based on mutational
profiles in genes and epigenetic features of the COO to
identify the COO.

Material and Methods

We analyzed a publicly available melanoma cohort from
the International Cancer Genome Consortium. We
downloaded ChIP-seq data for six histone modifications
from 68 cell-types was downloaded from the Roadmap
Epigenome project and calculated FPKM values over all
genes on the hg19 human genome. We trained a multiple
linear regression model with 10-fold cross-validation to
compute the amount of variance of aggregated mutations
across genes explained by the epigenome of each COO.
The model with the highest variance explained indicates
the predicted COO. We applied wavelet transformation to
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normalize different datasets to a common scale and
analysed the performance of models trained on distinct sets
of genes, grouped according to biotype and function.
Results and Discussions

The model based on gene mutational profiles predicted the
correct cell of origin of melanoma. Wavelet transformation
showed a significant increase in prediction accuracy, with
an explained variance of around ~60% for both all and only
protein-coding genes. Residual and over-representation
analyses detected a specific group of protein-coding genes
involved in melanin metabolic processes and pigmentation
as informative for predicting COO. Genes involved in
tumorigenesis annotated by COSMIC showed the highest
explained variance of ~65% as well as the largest
percentage of correctly identified COO in individual
melanoma patients.

Conclusion

The study demonstrates that the cell's epigenome and
cancer's gene mutation profile can be used to predict the
cell-of-origin. Developing a gene-based method that can
utilize variants from WXS could be useful for diagnosing
and treating cancer patients as it is more cost and time-
efficient compared to WGS data.

EACR23-0788
Mechanistic insights into the interactions
between cancer drivers and the tumour

immune microenvironment

H. Misetic', M.R. Keddar', J.P. Jeannon?, F. Ciccarelli’
'King's College London,

School of Cancer & Pharmaceutical Sciences, London,
United Kingdom

’King's College London,

Department of Head & Neck Surgery, London,

United Kingdom

Introduction

The crosstalk between cancer and the tumour immune
microenvironment (TIME) has attracted significant interest
in the latest years because of its impact on cancer evolution
and response to treatment. Despite this, cancer-specific
tumour-TIME interactions and their mechanisms of action
are still poorly understood.

Material and Methods

Here, we compute significant interactions between cancer-
specific genetic drivers and five anti- and pro-tumour
TIME features in 32 cancer types using Lasso regularised
ordinal regression. Focusing on head and neck squamous
cancer (HNSC), we then rebuild the functional networks
linking specific TIME driver alterations to the TIME state.
Results and Discussions

The 477 TIME drivers that we identify are multifunctional
genes whose alterations are selected early in cancer
evolution and recur across and within cancer types.
Tumour suppressors and oncogenes have an opposite effect
on the TIME and the overall anti-tumour TIME driver
burden is predictive of response to immunotherapy. TIME
driver alterations predict the immune profiles of HNSC
molecular subtypes, and perturbations in keratinization,
apoptosis and interferon signalling underpin specific
driver-TIME interactions.

Conclusion

Overall, our study delivers a comprehensive resource of
TIME drivers, gives mechanistic insights into their
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immune-regulatory role, and provides an additional
framework for patient prioritisation to immunotherapy.

EACR23-0810

A novel approach for methylation data
analysis leads to the discovery of a
candidate subtype in LGG with the worst

prognosis.

A. Velle!, C. Ambrosino®, C. Romualdi', S.M. Pagnotta’
"University of Padova, Department of Biology, Padova,
Italy

2University of Sannio, Dept. of Science and Technology,
Benevento, Italy

Introduction

DNA methylation is known to regulate gene expression by
altering the accessibility of DNA to the transcription
machinery. These epigenetic modifications have been
shown to play a crucial role in cancer's pathological origin
and development.

In this study, we characterize Low-Grade Glioma (LGG)
by methylation profiles downloaded from TCGA. Most
LGG have an excellent long-term prognosis, so being able
to molecularly characterize bad prognosis groups is crucial
to inform treatment.

A novel bioinformatics procedure has been designed for
unsupervised methylation data clustering and a
downstream analysis to identify the methylated regions
associated with the clusters. The pipeline results confirm
known Low-Grade Glioma subtypes and detect a new
group with the worst prognosis in the cohort and evident
proliferative functional traits.

Material and Methods

The cohort analyzed in this study comprises 516 LGG
samples from TCGA. Bioconductor package
TCGAbiolinks was exploited to download methylation
beta values obtained from the [llumina Infinium
HumanMethylation450 platform. After data pre-processing
and a features reduction step according to the AWST
protocol, an unsupervised hierarchical clustering (with
euclidean distances and Ward’s linkage) on methylation
data has been run. yaConsensus CRAN package allowed to
check the clustering stability. The Cox-Proportional
Hazard models were adopted to study each cluster's
survival profile (corrected by age). The new pipeline
includes a novel way to think about enrichment analysis in
the case of methylation data. massiveGST methodology
paired with a new notion of a gene set allowed us to
associate probes to genes and genomic regions.

Results and Discussions

The clustering is stable, as suggested by the analysis of the
consensus similarity matrix with a sampling rate of 75%,
and is not associated with a few probes. In fact, 15% of the
features still reproduce the same partition.

The clusters obtained with our procedure partially overlap
with subtypes from supervised procedures in the literature.
In addition, a new subgroup in the molecular IDH-wildtype
subtype arises, segregating samples associated with the
worst prognosis. Consistently with the bad prognosis, we
detected increased proliferation processes and decreased
immune-related activities and cell adhesion.

Conclusion
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The new pipeline can reconstruct known results and
suggest the existence of new groups. In this study, a new
candidate subtype with the worst prognosis has been
identified and functionally characterized.

EACR23-0839
In Silico Saturation Mutagenesis to
Identify Clonal Hematopoiesis Driver

Mutations
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!Institute for Research in Biomedicine IRB Barcelona,

The Barcelona Institute of Science and Technology,
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Centro de Investigacion Biomédica en Red en Cancer,
Instituto de Salud Carlos IlI, Barcelona, Spain

3Research Program on Biomedical Informatics,
Universitat Pompeu Fabra, Barcelona, Spain

*Institucié Catalana de Recerca i Estudis Avancats ICREA,
Catalunya, Barcelona, Spain

Introduction

Clonal hematopoiesis (CH) is a common condition
characterized by a clonal expansion in the blood caused by
somatic mutations in hematopoietic stem cells that confer
them a selective advantage. CH is usually linked to aging
or to chemotherapy exposure, and is associated with
increased risk of hematological cancer and other diseases
such as certain solid tumors. Although in recent years the
main CH driver genes have been characterized, identifying
which specific mutations in those genes are capable of
driving CH is still an unsolved problem. Here, we propose
a machine learning-based approach for in silico saturation
mutagenesis of CH genes to identify CH driver mutations.
Material and Methods

We repurposed a machine learning method originally
devised to identify cancer driver mutations to apply it to
blood somatic mutations from more than 36,000
individuals. With this repurposed method, BoostDM-CH,
we built gene-specific models that identify CH driver
mutations. We evaluated our method by identifying CH
mutations in independent cohorts in comparison with the
state-of-the-art rule-based approaches. We further
validated our approach by studying the association of CH
with several medical conditions in close to 470,000
individuals with whole-exome sequencing from the UK
Biobank.

Results and Discussions

We obtained reliable BoostDM-CH models for twelve
genes, including the most common CH drivers DNMT3A,
TET2, and ASXL1. These models provide a thorough
picture of all potential driver mutations in each gene,
defining the specific features that characterize them and
providing a better understanding of the mechanisms
leading to clonal expansion in the blood. The evaluation of
BoostDM-CH in independent cohorts evidenced that it has
an accuracy comparable to state-of-the-art manually
curated rules in identifying CH driver mutations, with the
advantage of being automatic and unbiased. Using the
large cohort from the UK Biobank, we showed that CH
driver mutations identified by BoostDM-CH models highly
correlate with age while non-drivers show no association.
Similarly, only BoostDM-CH drivers are associated with
an increased risk of hematological cancer (especially

34

myeloid neoplasms), and some solid tumors such as lung
and breast cancers, and sarcoma.

Conclusion

We developed and validated gene-specific machine
learning models for in silico saturation mutagenesis to
identify CH driver mutations. These comprehensive
models may support the identification and clinical
interpretation of CH mutations in newly sequenced
individuals.
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Introduction

Ovarian cancers with similar histopathologic profiles but
diverse immunogenomic profiles may respond very
differently to the same treatment, leading to distinct
clinical outcomes. There is thus considerable value in
identifying the main immunogenomic drivers of inter-
tumour heterogeneity within ovarian cancer. We analysed
somatic mutation, mRNA expression, and multiplex
immunofluorescence data, together with clinical metadata,
from 197 patients with ovarian cancer, most of whom were
sensitive to platinum-based chemotherapy.

Material and Methods

Analysis was done using Multi-Omics Factor Analysis, an
extension of Principal Component Analysis to multi-modal
settings. Joint modelling of the different types of data
enabled the detection of multi-modal patterns that defined
subtypes of ovarian cancer. The cohort enabled the
comparison of high grade serous ovarian cancer (HGSOC)
with other disease subtypes, in particular clear cell and
endometrioid.

Results and Discussions

Gene expression and immune response were the
predominant drivers of inter-tumour heterogeneity. We
observed a pattern of mutually exclusive mutations in
TP53 vs ARID1A, KRAS, PIK3CA and CTNNBI1
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(p<0.01). HGSOC patients exhibited a high prevalence of
TP53 mutation compared to other subtypes (p<0.01).
Higher levels of immune infiltration of macrophages and
CD8 T-Cells were associated with HGSOC (p<0.01). Two
distinct subtypes of HGSOC were identified, one
exhibiting immune exclusion and one with immune
infiltration into the tumour core. High expression levels of
MHC Class II genes was correlated with increased density
of CD8 T-Cells and macrophages (Spearman’s rho > 0.7 in
the tumour core), and inversely correlated with the
presence of proliferating tumour cells. This relationship
was substantially stronger in the tumour core than in the
invasive margin.

Several combinations of somatic mutation, gene expression
and immune response patterns were identified as key
drivers of inter-tumour heterogeneity, with many
displaying significant relationships with histology and/or
survival outcomes. Additionally, differences were
identified in the relationship between gene expression and
the immune response in the tumour core and in the
invasive margin.

Conclusion

The histopathologically homogeneous HGSOC patient
group is immunogenomically heterogeneous. These
findings highlight opportunities for immuno-oncology-
based therapies for early stage ovarian cancer patients
beyond the existing standard chemotherapy regimens.
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’Norwegian University of Science and Technology,
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Dipartimento della ricerca traslazionale e della diagnostic
a avanzata dei tumori, Aviano, Italy

Introduction

Doxorubicin (DOXO) is a well-known chemotherapy drug
for Multiple Myeloma(MM). However, maximizing
DOXO treatment efficacy with low toxicity is challenging
due to its possible side effects. Here we propose a
pharmacokinetic/pharmaco-dynamic (PK/PD) simulation
environment, developed based on an in vitro experimental
and modeling approach to support DOXO treatment
optimization.

Material and Methods

The PK/PD simulator allows defining a desired DOXO
treatment regimen (i.e., dose amount and duration) and
simulating the resulting DOXO PK and its effects on
MMIR cells. It consists of two modules. The first one
models DOXO PK by three compartments, describing
DOXO administration in the extracellular space and its
diffusion into MM cell cytoplasm and nucleus, where it
binds to the DNA, causing its damage. This model was
developed from DOXO concentration data collected from
in vitro experiments with MMIR cells exposed for 3 hrs to
two DOXO doses (200 and 450nM). The second module is
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a logistic model, linking the DOXO dose to the number of
living cells in time, based on a concurrent action of cell
proliferation and death rates. PK and PD models are
interconnected by a Hill function, where DNA-bound
DOXO (available from PK model) controls cell death rate.
The PK/PD model was identified on MMI1R counts
measured for 20 days after 3-hr DOXO administration at
different doses (0, 10, 20, 40, 50, 200, 450,
900nM),proving to well capture both cell growth and death
dynamics.

Results and Discussions

In order to describe the simulator functioning, we run two
20-day simulations, each one with different DOXO
regimens given after 50 hrs of cell proliferation: 1) a
single3-hr administration of 200nM; 2) a repeated 3-hr
administration of 50nM every three days. Setting the initial
cell number at 5000 cells, the maximum cell count reached
was similar in the single- vs. repeated-dose trial: 25418 and
25638. After20 days, MMI1R proliferation was suppressed
in both trials, resulting in 1642 vs.17 cells alive, with the
single- vs. repeated-dose regimen, respectively. A lower
peak of DNA-bound DOXO concentration was obtained
with the repeated-low-dose regimen (71nM vs 132nM).
Results suggest that multiple low dosing allows effective
cell death with potentially lower toxicity than a single high
DOXO dose.

Conclusion

The proposed PK/PD simulator represents a supportive
solution to guide future DOXO testing in MM, allowing
optimization of the DOXO regimen by limiting DOXO
exposure and preventing potential side effects.

EACR23-0895
The association of FGFR2 expression and
splice isoforms with breast cancer

subtypes.

R. Duarte’, T. Dix-Peek’, C. Dickens', J. Valcarcel’
"University of the Witwatersrand, Internal Medicine,
Johannesburg, South Africa

Centre for Genomic Regulation,

Gene Regulation- Stem Cells and Cancer, Barcelona,
Spain

Introduction

Gene expression profiling of breast cancer tumours has
identified 5 molecular subtypes, each with different growth
rates, treatment responses and clinical outcomes.

Over the past 15 years, genome-wide association studies
have identified loci associated with breast cancer. The
Fibroblast Growth Factor Receptor 2 (FGFR?2) gene was a
top-scoring candidate and the association was verified in a
series of replication studies.

FGFR2 belongs to a receptor tyrosine kinase family
involved in many biological processes and undergoes
mutually exclusive splicing giving rise to isoforms that are
expressed either in epithelial (FGFR2 I1Ib) or
mesenchymal cells (FGFR?2 Ilic).

Using data retrieved from The Cancer Genome Atlas and a
series of publicly available databases we investigated the
association between FGFR2 expression, isoform
expression, and breast cancer subtype.

Material and Methods

The cBioPortal for cancer genomics was used to
interrogate FGFR2 expression. Plot data of log
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transformed FGFR2 gene expression were downloaded in
.csv format for PAMS50 subtypes. FGFR?2 splice variants
were downloaded from Ensemble Genome Browser 108
together with reference genome information, and transcript
variants aligned using MUSCLE. The TCGA Splice Seq
database was used to interrogate FGFR?2 splice patterns.
All data were analysed using STATA v14.2.

Results and Discussions

Elevated FGFR?2 expression was significantly associated
with luminal, estrogen receptor (ER+) positive and
invasive lobular carcinomas, whereas

lower FGFR2 expression was associated with basal,
epidermal growth factor receptor 2 (HER2) positive, or
triple-negative breast cancer and invasive ductal
carcinomas. The FGFR?2 IIIb isoform was significantly
enriched in ER+ breast cancer, while the

mesenchymal FGFR2 Illc isoform was significantly
prevalent in HER2+ cancer. Increased levels

of FGFR?2 and I11b splice isoform were associated with less
aggressive breast cancer phenotypes, while decreased
levels of FGFR?2 expression and increased //lc splice
isoform expression were associated with more aggressive
phenotypes.

Conclusion

As FGFRs are increasingly being considered as therapeutic
targets for a variety of cancers, including breast, there is a
need to determine the mechanism by which they facilitate
progression of cancer. The expression of FGFR2, and its
isoforms, relate to breast cancer

subtypes. FGFR2 expression is related to maintaining
epithelial characteristics of breast cancer whereas

low FGFR?2 is associated with more aggressive, basal
forms.

EACR23-0911

Mutation-Attention (MuAt): deep
representation learning of somatic
mutations for tumour typing and
subtyping
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L. Aaltonen’, O. Stegle®, J. Korbel’, E. Pitkiinen’
!Institute for Molecular Medicine Finland FIMM,
Helsinki Institute of Life Science- University of Helsinki,
Helsinki, Finland

2University of Helsinki,

Department of Medical and Clinical Genetics- Faculty of
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3Centre for Molecular Medicine Norway NCMM,
University of Oslo and Oslo University Hospital, Oslo,
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‘German Cancer Research Center DKFZ,

Division of Computational Genomics and Systems Genetics
, Heidelberg, Germany

SEuropean Molecular Biology Laboratory EMBL,
European Bioinformatics Institute- Wellcome Genome Ca
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Introduction

Cancer genome sequencing enables accurate classification
of tumours and tumour subtypes. However, prediction
performance is still limited using exome-only sequencing
and for tumour types with low somatic mutation burden
such as many pediatric tumours. Moreover, the ability to
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leverage deep representation learning in discovery of
tumour entities remains unknown.

Material and Methods

We introduce here Mutation-Attention (MuAt), a deep
neural network to learn representations of simple and
complex somatic alterations for prediction of tumour types
and subtypes. In contrast to many previous methods, MuAt
utilises the attention mechanism on individual mutations
instead of aggregated mutation counts. We trained MuAt
models on 2,587 whole cancer genomes (24 tumour types)
from the Pan-Cancer Analysis of Whole Genomes
(PCAWG), and 7,352 cancer exomes (20 types) from the
Cancer Genome Atlas (TCGA). For external validation, we
tested MuAt on 9,796 whole-genome sequenced (WGS)
tumours across 7 tumour types available in the 100,000
Genomes Project, Genomics England (GEL), and WGS of
256 colorectal cancer cases from Katainen et al.

Results and Discussions

MuAt achieved prediction accuracy of 89% for whole
genomes (PCAWG) and 64% for whole exomes (TCGA),
and a top-5 accuracy of 97% and 90%, respectively. MuAt
models were found to be well-calibrated, and perform well
in over 10,000 independent cancer genomes. We show
MuAt to be able to learn clinically and biologically
relevant tumour entities including acral melanoma, SHH-
activated medulloblastoma, SPOP-associated prostate
cancer, microsatellite instability, POLE proofreading
deficiency, and MUTYH-associated pancreatic endocrine
tumours without these tumour subtypes and subgroups
being provided as training labels. Finally, scrutiny of MuAt
attention matrices revealed both ubiquitous and tumour-
type specific patterns of simple and complex somatic
mutations.

Conclusion

Integrated representations of somatic alterations learnt by
MuAt were able to accurately identify histological tumour
types and identify tumour entities, with potential to impact
precision cancer medicine.
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Introduction

The standard of care(SOC) treatment for microsatellite
stable metastatic colorectal cancer(mCRC) is a backbone
of “one-fits-all” 5-Fluorouracil-based chemotherapy
combined with oxaliplatin, and/or irinotecan. Complete or
long-lasting responses(CR-LLR) occur in 20-30% of
patients, while 15-20% are refractory. In mCRC first-
line(1L) response is a proxy of survival, refractory patients
are thus exposed to side effects lowering their quality of
life. The development of biomarkers to predict 1L SOC
response is a pivotal unmet clinical need in mCRC to
optimize the cost-benefit balance in individual patients.
Our study aims at developing an unsupervised bag-of-
words artificial intelligence (Al)-based model based on
pathological images to predict 1L outcomes in patients
with outlier response (progression or CR/LLR).

Material and Methods

32 patients were retrospectively enrolled at Niguarda
Cancer Center, and classified as “sensitive” if they
achieved CR or >10 months LLR to any 1L(N=10), or
“refractory” if progression occurred at first disease
reassessment(N=22). H&E slides of the primary CRC
resections were digitalized to obtain whole slide images
(WSI), that were were first divided into tiles of 224x224
pixel(0.5pum/pixel), and classified either as tumor or not
using a VGG19 convolutional neural network. First-order
and texture features were extracted from all tumoral tiles,
which were consequently grouped into homogenous
clusters through a 3x3 self-organized map (SOM). Finally,
for each patient, the percentage of tiles belonging to each
tiles’ cluster was computed and used by a dendrogram to
create clusters of similar patients.

Results and Discussions

6 clusters of patients were identified: 3 were composed of
all but one refractory patients, 1 of a majority of sensitive
patients, and 2 contained both groups. Each of these
patients’ clusters was characterized by the presence of the
majority of tiles belonging to only one cluster of

tiles. When the three clusters of refractory patients were
pooled together to classify patients either as refractory or
sensitive, a negative predictive value (NPV) of 92%
(12/13) was obtained. In this study, NPV is the most
clinically relevant metric to ensure that sensitive patients
are not wrongly prevented to receive treatment.
Conclusion

We demonstrated the potential of a pathomics signature to
predict outcomes of 1L SOC in mCRC patients.
Preliminary findings should be further validated on a larger
cohort of patients that we are collecting through a multi-
institutional study.

EACR23-1001
Activation of developmental branching

Molecular Oncology 17 (Suppl. 1) (2023) 1-597

morphogenesis marks aggressive lung

adenocarcinomas
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"University of Southampton,

Cancer Sciences- Faculty of Medicine, Southampton,
United Kingdom

Introduction

Non-small cell lung cancers (NSCLC) are a heterogenous
group of tumours often heavily infiltrated by stromal and
immune cells, which can influence tumour progression and
response to therapy.

Material and Methods

Single-sample Gene Set Enrichment Analysis
(ssGSEA) was used to calculate enrichment scores in bulk
transcriptome data for previously described developmental
lung programmes, and cell-specific gene expression
modules - identified by WGCNA (Weighted Gene Co-
expression Network Analysis) of single-cell RNA-seq
samples (42 LUAD, 13 LUSC, 17 Normal). Survival
analysis was performed using log-rank tests. In vitro
analysis was carried out using collagen-embedded 3D tri-
cultures (consisting of H441, MRCS5 and THP1 cells)

and qPCR.

Results and Discussions

As observed during development, branching
morphogenesis (BM) and alveogenesis (ALV) programmes
were inversely correlated in NSCLC (R=-0.83, p<2.2e-16).
Cell-specific gene expression modules showed this
progression involved the replacement of alveolar type II
(AT2) cells with basal epithelial cells, in a stepwise
manner from Normal, through adenocarcinomas (LUAD),
to squamous cell carcinomas (LUSC). Increased expression
of the BM programme was associated with poor prognosis
in LUAD (p<0.0001, n=508) and changes in the tumour
microenvironment, including macrophage and
myofibroblast recruitment/activation. In vitro analysis
showed that fibroblasts and macrophages induced
downregulation of ALV markers and upregulation of BM
markers in H441 (LUAD) spheroids.

Conclusion

Activation of BM in LUAD creates more aggressive
tumours, likely due to a transdifferentiation of AT2 cells
into basal-like cells, which may be regulated by
interactions with fibroblasts and macrophages.
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Introduction

Mutational signature fitting analysis identifies specific
patterns of alterations in order to estimate the prevalence of
mutational processes that have been active over time in a
genome. This analysis requires to arbitrarily set up several
parameters and currently there is no standardized
procedure. We wondered whether different approaches
may lead to discrepant signatures due to technical aspects
rather than biological differences. To address this issue, we
performed a comparative study investigating the impact of
specific arbitrary parameters on fitting mutational
signatures in a sample.

Material and Methods

We exploited the highly heterogeneous genetic profile of
colorectal cancer (CRC) to evaluate how arbitrary
parameters impact on mutational signature fitting. We
exploited a large preclinical dataset of 230 CRC cell lines
encompassing the main molecular subtypes and a second
clinical validation dataset of 152 CRC patients from
TCGA. We compared the performance of five different
tools, different sized reference datasets and data from
multiple sequencing workflows (Whole-Genome
Sequencing, Whole-Exome Sequencing, and Pan-Cancer
Panel). For each feature, we performed a technical and
biological evaluation assessing the ability of mutational
signatures to stratify CRCs based on their genetic profile,
considering microsatellite stable mismatch repair
proficient, mismatch repair deficient and POLE mutated
subtypes.

Results and Discussions

The use of multiple algorithms and reference datasets led
to statistically different results, highlighting how arbitrary
choice of different parameters can determine variability in
calling the mutational signature contributions. Using
independent cohorts of both germ-line matched and tumor
samples, we identified the minimum number of mutations
necessary for the analysis. In addition to the actual number
of alterations, also tumor mutation quality showed a
profound impact on the results. Therefore, we
recommended the use of a metanormal when the germinal
matched sample is not available. Finally, considering that
tumor specimens are not generally profiled at whole-
genome level, we determined the feasibility of mutational
signature analysis using a Pan-Cancer Panel that is often
used in the clinic.

Conclusion

Our work demonstrates that different arbitrary choices can
impact on CRC mutational signatures profiling,
highlighting the need of a standardized method for
performing such analyses before implementing this
biomarker in clinical laboratories.
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Introduction

Proteolysis Targeting Chimeras (PROTACs) are a novel
promising therapeutic strategy in oncology. They act as
proximity-inducing agents, recruiting a ubiquitin ligase
(E3) and a protein of interest (POI). The association of the
ternary complex (TC) triggers the POI ubiquitination and
degradation, disrupting its catalytic and scaffolding
functions. This allows targeting previously undruggable
pathways and minimizes resistance. Instances of POIs
which are targeted by oncologic PROTAC:S are the
Androgen Receptor (AR), and the Bromodomain-
containing protein 4 (Brd4).

However, there are some limitations: first, a rational drug
design is limited by difficulties in determining the 3D
structure of TCs. Second, PROTACS are larger than
classical small molecules, displaying limitations to oral
dosing. Consequently, novel ad hoc strategies are needed
for an all-round design optimization. To this aim, we
applied a plethora of chromatographic and computational
tools.

Material and Methods

Computational tools: Maestro (conformational sampling,
CS), NAMD2 (molecular dynamics, MD); SwissDock,
Chimera 1.16, MOE (TC modeling, virtual screening); R
(Machine Learning, ML). Molecular properties were
experimentally measured via HPLC as previously
described.

Results and Discussions

We first employed machine learning models to rationalize
the in vitro degradation activity of published AR-targeting
PROTAC:S. Then, with the aid of Artificial Intelligence-
predicted protein structures, we set up a method to model
3D TCs and explain their structure-activity relationship.
Interestingly, we discovered that the common cell-based
degradation assays are strongly influenced by poor cell
permeability.

We then took a series of PROTAC candidates designed
against Brd4 and, with a set of validated chromatographic
indexes, we experimentally characterized molecular
properties related to oral bioavailability (polarity,
lipophilicity). Moreover, we applied advanced
computational simulations to rationalize (and predict) their
experimental behavior.

We utilized the learnt lessons to computationally design
PROTAC candidates targeting B-catenin. First, we
identified molecules able to bind the POI, then we
generated a library of potential compounds. Finally, we
modeled ternary complexes and run simulations to select
the most promising ones.

Conclusion

We report two case studies providing design strategies to
overcome major PROTAC limitations: we applied them to
design novel potential B-catenin degraders.
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Introduction

Non-small cell lung cancer (NSCLC) is the most prevalent
subtype of lung cancer. It is one of the main causes of
cancer-related deaths globally. Due to the limited efficacy
of current treatments for NSCLC, it remains necessary to
identify new tumour-associated biomarkers to improve
patients' diagnosis and prognosis.

Material and Methods

To conduct this study, two NCBI-GEO datasets containing
RNA expression profiles of NSCLC and healthy tissues
were collected. In total the dataset included 179 samples
from NSCLC-affected lung tissues and 151 samples from
healthy tissues. As the data comes from various
experiments their integration through the removal of batch
effect was performed. In further steps, the analysis was
carried out using bioinformatics tools and techniques,
including dimensionality reduction techniques (UMAP,
PCA). Next, two GLMs to find differentially expressed
genes (DEGs) by comparing a group of NSCLC and
healthy tissues were constructed. Both models took into
account the batch effect, but additionally, the second model
incorporated also the tissue type which varies in healthy
samples. The obtained model p-values were corrected for
multiple testing and adjusted p-value of <0.05 with
[log,FC[>0.6 states DEG.

Results and Discussions

After normalization and filtration of the RNA-seq data, the
14873 genes common to NSCLC and healthy tissues were
analysed. Among these genes, 75 DEGs (5 up-regulated,
70 down-regulated) for GLM adjusted for batch effect and
124 DEGs (11 up-regulated and 113 down-regulated) for
GLM adjusted for batch and tissue type were extracted. It
should be noted that all of the differentially expressed
genes identified by the first GLM were also found by the
second GLM. The most significantly up-regulated DEGs
were HLA-G, PRR4, LGALS4, PTCH2, and CAPNG, all
of which are involved in cell proliferation and
differentiation.

Conclusion

In summary, we provided an integrative analysis of RNA-
seq human samples from various sources. As a result of
bioinformatical investigation 75 and 124 DEGs in NSCLC
by two GLMs were obtained. Future research will focus on
exploring the potential of the identified DEGs as
biomarkers and on investigating their clinical significance
in NSCLC diagnosis and treatment through pathway
enrichment analysis. The findings could potentially
contribute to the development of new biomarkers for
NSCLC, improving its diagnosis and treatment. To reveal
more complex relation between DEGs and investigated
phenotype the pathway enrichment analysis needs to be
performed.
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Introduction

In recent years, there has been a growing body of evidence
linking somatically acquired mitochondrial dysfunction to
cancer. However, robust estimates of the prevalence,
patterns and impact of these events remain limited due to
small sample sizes and incomplete analyses. Therefore, it
is not yet understood how these alterations could provide a
mechanism for tumour initiation and growth, and also how
they may affect a patient’s response to treatment. This lack
of systematic analysis for mitochondrial dysfunction is
most prevalent in ovarian cancer.

Material and Methods

Here, we have analysed 324 whole-genome sequenced
High Grade Serous Ovarian Cancer (HGSOC) samples
with blood matched normals using pipelines that navigate
the bioinformatic complexities of the mitochondrial
genome.

Results and Discussions

We find frequent somatic mutations in the tumours
mitochondrial DNA, the most deleterious of which are
associated with reduced overall survival.

Conclusion

This may constitute a novel biomarker for HGSOC patient
prognosis and lead to greater stratification of patients.

EACR23-1103

Elucidating tumor plasticity and drug
resistance mechanisms on 3D organoids of
lethal prostate cancer using a network-
based framework for single-cell

multimodal data
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!Columbia University, Department of Systems Biology,
New York City, United States

’Columbia University,

Department of Genetics and Development, New York City,
United States

3Columbia University,

Department of Molecular Pharmacology and Therapeutics,
New York City, United States

Introduction

Although major mechanisms of resistance to targeted
therapies include mutation of the drug target, recent
evidence suggests cell-adaptive mechanisms as alternative
avenues for escaping treatment. In several cancers, tumor
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cells become plastic in response to target inhibition, and
change their identity and molecular programs without
acquiring further mutations. In the case of castration-
resistant prostate cancer (CRPC) after standard-of-care
androgen deprivation therapy (ADT), tumor cells often
switch lineage to survive drug pressure, acquiring
neuroendocrine (NE) features and transforming into
neuroendocrine prostate cancer (NEPC). Existing targeted
therapies for CRPC and NEPC provide limited

benefit, representing an unmet clinical need. Hence, the
elucidation of tumor plasticity and consequent
heterogeneity that contribute to drug resistance is of
paramount importance to identify novel therapeutic
opportunities.

Material and Methods

The Califano, Shen, and Abate-Shen labs have recently
developed a network-based, computational and
experimental framework to characterize molecular and
drug sensitivity profiles of ~100 Genetically-Engineered
Mouse Models (GEMM)-derived tumors of prostate
cancer. This study revealed that tumors derived from
GEMMs with loss of function of both Pten and Trp53
(NPp53) display significant heterogeneity in regulatory
programs and histopathologic features, including NE
differentiation. In particular, using 3D organoid lines from
the NPp53 model generated by the Shen lab, we have
further characterized regulatory programs that promote
tumor plasticity and heterogeneity. Specifically, we
reverse-engineered genome-wide regulatory networks
using multimodal single-cell RNA-Seq and ATAC-Seq
data to identify Master Regulator (MR) proteins
implementing tumor cell identities, and characterized their
epigenetic landscape.

Results and Discussions

Our network-based regulatory analysis has identified
several distinct cell populations in CRPC, including cells
activating epithelial-to-mesenchymal (EMT) programs and
NE differentiation, all resistant to ADT. Cross-species
analysis has successfully aligned these cells to human
CRPC and NEPC tumors.

Conclusion

We have leveraged single-cell, multimodal data from
mouse CRPC and NEPC primary tumors and organoids to
characterize their heterogeneity and elucidate regulatory
programs of drug-resistant, lethal prostate cancer.

EACR23-1123
Homologous Recombination deficiency
classification and PARP inhibitor response

of reference-free colorectal cancer samples
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M. Russo’, C. Marchio', F. Di Nicolantonio, S. Arend’,
A. Bardelli’

"University of Torino, Department of Oncology, Candiolo,
Italy

Introduction

PARP inhibitors (PARP1) are known to promote a
synthetic lethal interaction with tumors bearing the
homologous recombination deficiency (HRD) phenotype
(also defined as “BRCAness”), therefore accurate HRD
prediction represents an urgent medical need to select
patients candidate for these therapies.
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Although BRCAness is well known to occur in a fraction
of breast, ovarian, prostate and pancreatic tumors, recent
evidence has shown that up to 15% of colorectal cancers
(CRC) carry defects in the HR pathway, opening up new
avenues for new therapeutic options in CRC patients.
HRDetect is a recently developed tool that is able to
predict HRD in tumors, by the concomitant analysis of
somatic and matched germline DNA; however, the latter is
not always available.

Material and Methods

We used WGS data from more than 70 breast samples
from the original HRDetect work as a validation dataset to
develop a new tool called HRDirect, based on the
HRDetect pipeline.

We also exploited a collection of CRC patient-derived
organoids with matched germline DNA to confirm that our
tool could be applied to tumor types other than breast or
ovarian origin.

Finally we validated the power of HRDirect in predicting
response to olaparib by comparing the performance of our
test and the commercial assay AmoyDx HRD by Amoy
Diagnostics in a set of more than 30 CRC cell lines.
Results and Discussions

We proved that HRDirect is able to predict HRD from a
reference-free tumor sample. HRDirect predictions on
tumor-only samples reproduced the expected results with a
very low discordance (Cohen’s kappa: 0.97).

After having confirmed that our tool performs well also on
matched CRC organoids, we obtained scores from
HRDirect and AmoyDX HRD: both approaches resulted
equivalent at predicting the sensitivity of CRC cell lines to
PARPi.

Both tests were unable to identify HRD in samples
characterized by ATM loss, a feature characterized by lack
of molecular scars. For this reason, we propose to combine
the HRDirect scoring with ATM immunohistochemistry
(IHC) analysis to improve the overall HRD prediction.
Conclusion

Our results highlight that combining HRDirect and ATM
THC can potentiate the identification of HRD tumors, with
an immediate translational and clinical impact.

This finding results of interest not only for the analysis of
clinical samples missing the germline DNA, but also for
preclinical models that have been demonstrated to be
valuable platforms for olaparib or other PARP inhibitors.

EACR23-1142
Mathematical model for cancer clonal
evolution using advanced branching

process

D. Volpatto', S. Pernice', E. Genuardi®, E. Grassi’,

L. Trusolino®, A. Bertotti’, R. Sirovich?, S. Ferrero’,

M. Ladetto’, F. Cordero’

"University of Torino, Computer science, Turin, Italy
2University of Torino,

Molecular Biotechnologies and Health Sciences, Turin,
Italy

3University of Torino, Oncology, Turin, Italy
“University of Torino, Mathematics G. Peano, Turin, Italy
3 Antonio e biagio e cesare Arrigo hospital,

Division of Hematology, Alessandria, Italy
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The aim of this work is to refine stochastic processes used
for cancer modelling taking into account passenger
mutations and differentiating cells based on their genetic
profile, providing a mathematical description of the tumor's
clonal evolution. This is particularly useful since the
subclone multiplicity and the degree of intratumor
heterogeneity have been reported as prognostic biomarkers.
Furthermore the simulation of the cancer evolution based
on genetic profiles can be used to forecast the courses of
the disease and to simulate the target therapy effects.
Material and Methods

Branching processes, widely used in population dynamics
analysis, are the main mathematical tools used to study the
cancer evolution. This type of process is capable of
describing how probable it is for an individual to have a
given progene, something that perfectly matches with
cancer evolution. We implemented the model on R to
simulate a tumor expansion and we used data of both solid
and liquid tumors (such as colorectal carcinoma and mantle
cell lymphoma) to calibrate the model and to verify the
results obtained.

Results and Discussions

We built a branching process capable of describing
mutations that change tumor fitness and ability to further
mutate: our model requires a multidimensional approach
and relies on two kinds of parameters (i) the growth rate of
cells associated with a given genetic profile and (ii) the rate
at which new mutations are acquired. The selective
advantage that each driver mutation provides makes the
growth rate increase accordingly, while accumulation of
somatic (also known as, passenger) mutations increases the
probability of driver genes to mutate. Whenever a driver
mutation is supposed to occur, we let it be randomly
chosen according to a probability distribution given by
genes dependencies knowledge. Finally carrying capacity
of the tissue is taken into account limiting the expansion
otherwise of explosive kind and competitive behaviour
between clones sharing space and resources are included.
Conclusion

Compared to pre-existing mathematical models, our
approach takes into account both driver and passenger
mutations, and it is able to distinguish individual driver
mutations instead of just counting them. Moreover, our
branching approach is able for each subclone to (i) profile
it from a genomic point of view and (ii) to estimate the
number of cells. To the best of our knowledge, this
represents a step towards the realisation of a virtual tumor
to encompass the challenge of personalized medicine.

EACR23-1153
Image integrative spatial transcriptomics

analysis to uncover tumor heterogeneity
R. Gindra', S. Béirthel’, D. Saur’, T. Peng'

!Helmholtz Munich - German Research Center for Environ
ment and Health, Institute of Al for health, Miinchen,
Germany

Center for Translational Cancer Research - TranslaTUM,
School of Medicine - Technical University of Munich,
Miinchen, Germany

Introduction

Spatial transcriptomics (ST) technologies aid in
understanding cellular patterns in healthy and diseased
tissues by mapping gene-expression across them. The

Molecular Oncology 17 (Suppl. 1) (2023) 1-597

popular sequencing based ST approaches currently are
limited by sequencing resolution with spots containing
multiple cells. To overcome this, several cell
deconvolution methods exist to comprehensively map the
cell types in-situ for diverse tissues thus allowing to
understand the spatial context at a higher resolution.
However, precise spatial localization of cell-types on a
pixel level in tissues with high structural variability like
cancer tissues remains challenging.

Material and Methods

Here, we developed the i-Stanly toolkit, a multi-modal
representation learning model that uses single cell
reference gene-expressions, spatial gene-expression, and
corresponding histology images to perform tissue region
prediction. We use the learning mechanism as a precursor
to precisely localize/segment cell-types at a pixel level. In
particular, two complementary modalities, cell-type gene
expressions estimated from transcriptomic data using
Cell2location, a bayesian deconvolution model and rich
morphological features from histological images using
CTransPath, a self-supervised image model are integrated
in a co-attention mechanism to perform region prediction.
The network is trained in a supervised setting, posing it as
a classification problem while learning relevance of
different cell-type expressions on the corresponding
images.

Results and Discussions

We assess the i-Stanly toolkit in two different cancer tissue
cohorts (Her2 positive breast cancer, Pancreatic ductal
adenocarcinoma) and show higher resolution
mapping/segmentation of cell-types across different
technologies and spot resolutions. To compare the
performance with single modality methods, we also train
an image only model and a gene-expression only model to
perform tissue region prediction. We show that i-Stanly
exceeds classification performance compared to gene-
expression model and performs equivalent to the image-
only model.

Conclusion

Our results present i-Stanly as a highly adaptable pipeline
for pixel-level mapping/segmenting heterogeneous cell-
types, thereby introducing a multimodal computational
toolkit for detailed exploration of the tumor
microenvironment composition, spatial neighborhoods and
complex cell-cell communication networks.

EACR23-1178
'MedClass' application for normalisation
and classification of thyroid cancer types

based on gene signatures
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T. Tyszkiewicz®, P. Tudrej’, D. Rusinel®, M. Oczko-
Wojciechowska®, S. Student’

ISilesian University of Technology,

Biotechnology Center and Department of Systems Biology
and Engineering, Gliwice, Poland

“Silesian University of Technology,

Faculty of Automatic Control Electronics and Computer Sc
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Gliwice, Poland

Introduction

Significant progress has been made in recent years through
targeted therapies and immunotherapy in the treatment and
diagnosis of thyroid cancer. Using personalised therapies,
the quality and level of treatment can change for the better,
considering the need for surgery and other complementary
therapies, while minimizing side effects and their excessive
aggressiveness. Molecular classifiers may be used to help
identify thyroid malignant nodules and choose the best
option of treatment. An attempt was made to create an
application that allows normalisation of the data entered,
molecular classification of thyroid cancer subtypes based
on selected gene signatures in the model entered by the
user, and graphical interpretation to help with the analysis.
Material and Methods

The interactive application was created using Shiny
package, the programming language R, free version of the
integrated development environment RStudio. Part of the
analysis was done through Bioconductor use. The
application normalises data using the comparative
normalisation algorithm. It is based on calibration samples
and housekeeping genes, whose expression values remain
constant regardless of the type and origin of the sample on
a microarray set. The normalisation process acquired
expression values manifested as multiplicities of the
calibration sample. The classification process is based on
the loaded or prepared model according to the specified
guidelines.

Results and Discussions

The work results in an application that normalises data and
classifies them according to gene signatures and the
Bethesda System for Reporting Thyroid Cytopathology.
The result consists of a class: malignant/benign,
determined by probability, and a graphical analysis
representation displayed as a table and visualised on
interactive graphs (the user can analyse all results
simultaneously or separately). At the end of the analysis,
the user can also download the customised report. The
application is structured and contains among others
"Home", "Normalisation", "Classification", "Report" and
"Instruction", which have possible sub-tabs.

Conclusion

The MedClass application was designed to be implemented
in the patient's diagnostic and treatment system. The
concept of the application assumed the creation of a user-
friendly graphical interface and intuitive functions. Using
it, staff can easily and quickly assess and analyse the
results.

EACR23-1229
Profiling of the olfactory receptor family
expression in colon carcinoma by using in

silico approaches

Y. Oztemur Islakoglu', P. Korhan'?, E. Bagirsakci'?,

G. Solmaz'?, N. Atabey'”

!Izmir Biomedicine and Genome Center,

Basic and Translational Research Program, Izmir, Turkiye
’Izmir Tinaztepe University, Galen Research Center, Izmir,
Turkiye

3Dokuz Eyliil University,

Izmir International Biomedicine and Genome Institute,

42

Izmir, Turkiye

Introduction

Colon adenocarcinomas (CC) are the most common type of
colorectal cancer, with approximately 600.000 deaths/per
year. Early diagnosis options are very limited for CC, and
reliable biomarkers are crucial to its clinical practice.
Olfactory receptors (ORs), the most prominent family of
GPCRes, are previously thought to be associated only with a
sense of smell, are expressed in many normal tissues
besides olfactory epithelium and sensory neurons, and play
a role in many physiological processes, including blood
pressure regulation, triglyceride metabolism, sperm
movement, and muscle regeneration. Recent studies
showed the significance of ORs in the development and
progression of different cancers and revealed that many
ORs are essential markers for cancer. However, up to date
there are limited studies are focusing on importance of ORs
in CC. In this study, we aimed to investigate important
ORs, that family has nearly 850 members in CC using
bioinformatics approaches.

Material and Methods

This study aims to determine specific OR types expressed
in the colon. For this purpose, we created OR-related meta-
data obtained from different cohorts, such as TCGA, using
bioinformatics tools and databases such as UALCAN,
cBioPortal, and UCSC Xena Browser. We analyzed all OR
family members and determined that (i) different ORs are
expressed in colon tissue and (ii) expression levels of
specific OR types differ in normal colon and CC samples.
Results and Discussions

In light of these bioinformatics data, we identified ORs in
all primary CC tumors, and their adjacent normal, and
ORS5I1E] is an important candidate for CC. Furthermore, it
is shown that ORS1EL1 is expressed in colon tissue, and it is
differentially expressed (DE) in colon cancer samples
when compared to normal samples. In addition, increased
ORS5I1E1 levels were determined during tumor progression.
Lastly, we grouped patients according to ORS1E1
expression pattern and identified DE genes between high
and low-expressed patient samples. Consequently, our data
suggests that ORS1E1 may be an important biomarker
candidate for CC.

Conclusion

This study provides the opportunity to combine patient
data from a large number of samples and presents new and
comprehensive information to identify the roles of ORs in
CC.

This study is supported by the TUBITAK project,
#1225547.

EACR23-1248
Sequence homology of bacterial and
mitochondrial genes implicated in cancer

pathogenesis

A. Basgaran', S. Paschke', E. Lymberopoulos', M. Hobbs',
D. Delanoue’, J. Arney!, M. Alomari’, N. Sharma'
!BioCorteX LtD, BioCorteX LtD, London, United Kingdom
Introduction

Bacteria have been implicated in the pathogenesis of
various cancers. While the precise mechanisms remain
unclear, it has been suggested that epigenetic
reprogramming, immune evasion, and dysregulated
mitochondrial function could play a role. Given the
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bacterial origins of mitochondria, we explore the overlap
between mitochondrial genes implicated in cancer
pathogenesis and genes from bacterial species.

Material and Methods

Using the BioCorteX CarbonMirrorTM platform, we
examine the nucleotide sequences of key mitochondrial
genes implicated in cancer pathogenesis (ATP6, ATPS,
COl1, CYB, ND3, ND4, ND5, TL1). We examine for
sequence homology against a subset of 8,570 bacterial
species and 63,000 strains with thresholds of 70% in
sequence homology and 80% in length similarity. The
platform includes a deterministic engine based upon first
principles - note it did not include any a priori bacteria-
cancer connections.

Results and Discussions

Within the subset of 6026 strains processed, 5290 strains
contain at least one of the eight mitochondrial genes at the
required threshold. Four mitochondrial genes in total had
bacterial overlap: ATP8, CO1, ND3 and TL1.

The mitochondrial gene ATP8 was present in 18 out of
6026 strains investigated. 10 of these were Helicobacter
pylori strains, and both this species and the ATP8 gene
have established causative links with gastric cancer
through gene mutation.

Similarly, the mitochondrial gene ND3 was found in 2
bacterial strains of the species Campylobacter jejuni, a
common cause of diarrhoea. Again, both this bacterial
species and ND3 mutations have been implicated in
colorectal tumorigenesis.Conclusion

The BioCorteX engines have rediscovered the mechanisms
underlying two key bacteria and cancer pathogenesis from
first principles: Helicobacter pylori and gastric cancer
through the ATP8 mitochondrial pathway,

and Campylobacter jejuni and colorectal cancer through
the ND3 mitochondrial pathway. With the application of a
more extensive list of oncogenes and bacterial strains, the
BioCorteX CarbonMirrorTM platform can be further
leveraged to discover thousands of mechanistic actionable
insights into the microbiome’s role in cancer pathogenesis,
opening a novel field for cancer therapeutics.

EACR23-1253
Game-theoretic image segmentation in

medical and synthetic images

T. Zytecki’, J. Mielczarek', D. Borys®

ISilesian University of Technology,

Faculty of Automatic Control- Electronics and Computer S
cience, Gliwice, Poland

“Silesian University of Technology,

Department of Systems Biology and Engineering, Gliwice,
Poland

Introduction

There are many ways to segment images, they can be
divided into two groups - finding the edges of the object
and dividing the image into regions. Division of the image
into regions uses the pixel values themselves, which means
that local interference does not significantly affect the final
result. Unfortunately, there is a tendency to
oversegmentation in this group of methods. The methods
for finding the edges of objects use the gradient of the
image, which makes them much better at locating the right
object. Goals of this thesis were to implement and study
the algorithm described in A. Chakraborty’s and J. S.
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Duncan’s work "Game-Theoretic Integration for Image
Segmentation”’.

Material and Methods

In order to conduct the research, synthetic, natural and
dermoscopic images from a publicly available PH2
database were used. Segmentation was carried out for 20
different photos of moles, and for each the Dice index was
calculated. The openCV library was used to work with
images in Python, and the scipy library for optimization.
The openCV library for Python is based on the numpy
library. In the edge-seeking module, the cost function is
optimized using the Nelder-Mead minimalization function,
while the edge-dividing module uses the ICM algorithm to
segment the image.

Results and Discussions

Integration used does indeed improve the performance of
the respective segmentation methods. The algorithm used
is able to match the input contour of the image to the object
to some extent. However, this approach requires
initialization, which is not problematic in the region
splitting module but requires a fairly accurate
representation of the true edge of the object in the edge
detection module. With a good mapping of the object's
initial edge, this game-theory integration gives better
segmentation results than using the involved methods
separately.

Conclusion

The research shows that the selected approach to
segmentation in its original form gives not good enough
results to be practical. The most problematic was the
module searching for edges, in which a function was used
that was not suitable for effective optimization by known
methods. However, game theory seems to be a potential
and promising strategy in the segmentation of medical
images.

EACR23-1262

Deep multiple instance learning of single-
cell transcriptomics predicts the anti-
cancer response to immune checkpoint

therapy

Y. Chung', D. Kim', K. In?’, J. Leé’

!SungKyunKwan University,

Department of Artificial Intelligence, 2066- Seobu-

ro- Jangan-gu- Suwon-si- Gyeonggi-do, South Korea
2SungKyunKwan University, School of Medicine,

2066- Seobu-ro- Jangan-gu- Suwon-si- Gyeonggi-do,
South Korea

Introduction

Immune checkpoint inhibitors (ICIs) provide durable
clinical responses, but only a subset of patients benefit
from the treatment. The identification of predictive
biomarkers for ICI response is a pressing question in the
field; nonetheless, the complexity of the immune response
and the limitation of data make it difficult to tackle. In
recent years, artificial intelligence (Al) has emerged as a
promising tool for predicting ICI response based on
patient-specific characteristics. In this work, we present an
Al model that leverages single-cell RNA-seq (scRNA-seq)
data from peripheral blood mononuclear cells (PBMCs) to
predict ICI responses in patients with solid tumors.
Material and Methods
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Multiple instance learning (MIL) is one of the forms of
weakly supervised learning where the set of training data is
called a bag, and a label is provided for the entire bag. The
scRNA-seq data consists of transcriptomic profiles of a
large number of cells, while the ICI response label is
assigned to each patient, which naturally formulates a MIL
problem. We develop TRIPS — a Transformer-based deep
multiple instance learning framework leveraging scRNA-
seq data from cancer patients to predict responses to ICI
treatment.

Results and Discussions

TRIPS consists of two major components: i) Extracting the
features using a pre-trained model, and ii) Aggregating the
features to predict ICI response. Specifically, we make use
of a pre-trained model trained on large-scale scCRNA-seq
data to learn a robust representation for sScRNA-seq data.
Then, we propose an inter/intra-cellular self-attention
(IICSA), which aggregates the features by applying a self-
attention framework both intracellularly and intercellularly.
We apply TRIPS to a PBMC scRNA-seq dataset of 55
NSCLC patients treated with anti-PD1 to predict the
response to the therapy. TRIPS exhibits highly predictive
performance (AUC=0.790, ACC=0.764), that surpasses the
existing PDL1 score-based prediction (AUC=0.730,
ACC=0.759). In our study, we have unveiled the potential
of natural killer cells, gamma delta T cells, and
proliferating T cells as predictors of anti-PD1
responsiveness by utilizing attention scores for the class
token in our model.

Conclusion

To our knowledge, this is a pioneering study that proposes
a predictive deep learning model for ICI response based on
scRNA-seq data for the first time. Once validated and
tested in the clinic, the scCRNA-seq based biomarkers of
PBMC samples have a great potential to enable minimally
invasive prediction of the response to ICL.

EACR23-1296

A better data integration for cancer
prevention: proposal of a cancer research
framework including the integration of
environmental and internal exposome data

in Cancer Registries.

C. Ambrosino’, F. Savoia®, C. Cali’, M.F. Vitalé’,

V. Ciullo®, A. Pizzolante®, F. Mario®, C. Enzo’
ICNR-IEOS, Molecular oncology, Napoli, Italy

’4.0.R.N. Santobono-Pausilipon - Ospedale Pausilipon,
Childhood Cancer Registry Campania,

Via Posillipo- 226- 80123 Napoli NA, Italy

34sINA3Sud, Cancer Registry, Brusciano NA, Italy
“Istituto Zooprofilattico del Mezzogiorno,

Ambiente e Salute, Portici NA, Italy
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Introduction

Several European initiatives suggest the need to reach a
better use of data. The EOSC4Cancer project aims to
prepare and enrich services, data, and tool from the cancer
research community, extending the use and integration of
data relevant to cancer research. Cancer Registries
currently represent the most complete tool for collecting
population cancer data and, therefore, the best tool for

44

promoting research on environmental exposures as risk
factors for the onset of cancer. Web-based interactive
platforms of geo-referenced cancer incidence data are now
available, which allow the analysis of data from small
areas; this approach is currently considered the best tool for
detecting environmental effects on health by also
estimating the weight of social and behavioural
determinants as risk factors. We propose to establish an
open science workflow in which the cancer registries data
are integrated to external and internal exposome data.
Material and Methods

The georeferenced incident cancer cases of the
ASLNa3Sud Cancer Registry are integrated with the
georeferenced environmental and socio-economic data of
the same area with the aim of describing the geographical
variability of the risk of lung cancer and investigating the
association with environmental and socio-economic
factors. A recently developed Municipal Environmental
Pressure Index (MIEP) was used by weighted integration
of multiple geospatial variables, as measured in the SPES
study (doi: 10.2144/fs0a-2020-0164.) and the Deprivation
Index (DI), as calculated by ISTAT. Spatial analysis was
conducted through hierarchical Bayesian models that
calculate relative risks for each geographic unit; crude
models were compared with those that introduce
environmental and socioeconomic risk factors.

Results and Discussions

The geographic pattern of lung cancer risk shows a marked
component of heterogeneity between areas in both males
and females. The association between lung cancer
incidence and DI was found, while the relationship
between MIEP and lung cancer incidence appears weak.
Conclusion

We propose that contextual assessment and correction for
each of the individual risk factors, MIEP and DI, is
important for predicting and weighing the impact that
environmental factors and/or socioeconomic factors have
on the incidence of different types of cancer.

EACR23-1299
Characterization of ovarian high-grade
serous carcinoma phenotypes using

inferred transcription factor activities
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A. Virtanen®, S. Hietanen?, J. Hynninen®, S. Hautaniemi'
"University of Helsinki,

Research Program in Systems Oncology- Research Progra
ms Unit- Faculty of Medicine, Helsinki, Finland
2University of Turku,

Cancer Research Unit- Institute of Biomedicine and FICA
N West Cancer Centre, Turku, Finland

3Helsinki University Hospital,

Department of Pathology- University of Helsinki and HUS
Diagnostic Center, Helsinki, Finland

“University of Turku and Turku University Hospital,
Department of Obstetrics and Gynecology, Turku, Finland
Introduction

Dysregulation of transcription factor (TF) can lead to
cancer progression, metastasis and chemotherapy
resistance. Ovarian high-grade serous carcinoma (HGSC)
is the most common and aggressive subtype of ovarian
cancer. We hypothesized that characterization of
transcriptional phenotypes based on TF activities allows
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biomarker-based prediction and targeting of
chemoresistance in HGSC.

Material and Methods

We constructed TF-target regulatory networks based on
gene coexpression and cis-regulatory motif enrichment
analysis of 350 fresh HGSC tumor samples from 160
patients, resulting in 339 TF regulons. For each regulon,
we modeled the TF and copy number regulations on gene
expression using Gaussian Bayesian networks. We
assumed the target gene expression levels depend linearly
on their DNA copy number levels and on the latent TF
activities. Given the observed gene expression and copy
number profiles, we estimated the regulatory weights and
the local distribution of the latent TF activities using an
expectation-Maximisation (EM) procedure.

Results and Discussions

With estimated TF activities in each tumor sample, we
identified seven TF modules: chromatin remodeling-
associated TFs (e.g., EP300, KMT2A), mesenchymal-
associated TFs (e.g., ZEB1, TWIST1), AP-1 TFs (e.g.,
FOS, JUN), two inflammation-associated TF modules
(mesenchymal-dependent and -independent inflammatory
modules, e.g. NFKB1/2, STAT3), proliferation-associated
TFs (e.g., E2F1/2, MYBL1/2) and interferon-associated
TFs (e.g., IRF1/7, STAT1). Our findings highlight that
tumors with distinct TF activity profiles coexist at different
anatomic sites within an individual patient before
chemothreapy. Ascites samples are significantly different
from solid tumors in the mesenchymal and inflammatory
TF modules, and omentum and peritoneum metastases
have higher activities of mesenchymal and proliferation
modules than tubo-ovarian samples. Survival analysis
demonstrated that mesenchymal, mesenchymal-dependent
inflammatory and the AP-1 TF modules are associated
with significantly shorter platinum-free interval and overall
survival, suggesting their roles in promoting
chemoresistance.

Conclusion

We characterized the transcriptional heterogeneity over
different anatomic sites in HGSC based on the inferred TF
activities. Our results show that the mesenchymal,
mesenchymal-dependent inflammatory and the AP-1 TF
modules are associated with poor patient prognosis.

EACR23-1303

Are prostate cancer cell lines clinically
relevant? An integrated clinicomics
approach to validating 42 cell lines against

well characterised global patient cohorts.
Z. Ahmed', S. Heavey'

"University College London,

Division of Surgery and Interventional Sciences, London,
United Kingdom

Introduction

The majority of cancer drug discovery pipelines involve
widespread in vitro screening at early stages, despite the
well documented imperfections of cell line models. A
range of in silico, in vivo and ex vivo approaches are
gaining in popularity, with the aim of partially or fully
replacing the use of cell lines, however we cannot ignore
the plethora of historical data from cell lines, nor write off
any use for them in the future — especially within advanced
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models such as 3D bioengineered models, organoids and
tumour-on-a-chip. Therefore, we must also ask ourselves if
and how cell lines hold clinical relevance, and which ones
are relevant in which ways.

Material and Methods

Here, we dissect the clinical and biological characteristics
of 42 prostate cancer cell lines, comparing them to over
10,000 well characterised human cases from 23 studies in 8
countries, and where possible, against broader global
epidemiological information. We firstly present baseline
comparisons between cell lines and human samples
including age, race, cancer stage, cancer subtype, site of
sample and other clinical data, as well as biological
comparisons including somatic, germline and driver
mutations, gene expression, deletions, and copy number
alterations.

Results and Discussions

We find that the most commonly used cell lines are
accurately representative of only a very small proportion of
actual prostate cancer cases, with poor validity relating to
sample site and patient race, among others. We also
suggest potential sub-cohorts of publicly available datasets
for validation of specific cell line findings, as well as
inclusion and exclusion criteria for prospective ex vivo
work, and hypothesize which patients could ultimately
benefit from specific cell line findings. Finally we
contextualise the utility of each of the most used cell lines,
highlighting their relevance to each stage of the prostate
cancer clinical pathway, for use in discovery research, and
the most relevant phases for them to be used within drug
development pipelines.

Conclusion

With cancer drug discovery success rates remaining poor,
we must work to improve the clinical validity of pre-
clinical models. Here, we identify specific sub-cohorts of
publicly available human prostate cancer samples that are
recapitulated well by specific cell lines, allowing
researchers to validate and further investigate their cell line
findings in relevant subsets of publicly available datasets,
and offer clinical sub-cohorts for consideration where
existing findings may be most relevant.

EACR23-1305
Metabolic enzymes essential for GB cell
aggressive behaviors identified from single

cell transcriptome analyses.

M.S. Saurty-Seerunghen’, L. Bellenger’, T. Daubon’,

H. Chneiweiss', C. Antoniewski’, E.A. El-

Habr', M.P. Junier'

!Institute Biology Paris Seine - IBPS,

Neuroscience Paris Seine-

NPS- CNRS UMRS8246- Inserm Ul130- UPMC- Sorbonne
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’Institute Biology Paris Seine - IBPS,

ARTbio Bioinformatics Analysis Facility, Paris, France
3Institut de Biochimie et Génétique Cellulaires,

CNRS UMRS5095- Inserm U1029- Université de Bordeaux,
Bordeaux, France

Introduction

Glioblastoma is a devastating brain tumor. It is
characterized by a diversity of genomic anomalies, and the
ability of its cancer cell populations to adapt their behavior
to the constantly changing environment of a growing tumor
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and to therapies. Because metabolism is an obligatory step
in shaping cell behavior, we looked for metabolic activities
required for sustaining two glioblastoma cell properties
critical for tumor aggressiveness, motility and
tumorigenicity, regardless of the diverse genetic contexts
encountered in patients’ glioblastoma.

Material and Methods

To obtain a systemic view of the metabolic pathways at
play in the complex setting of fully-grown tumors as
observed at diagnosis, we combined analyses of publicly
available single cell RNA-sequencing data obtained from
glioblastoma resections with in vitro and in vivo
experimental manipulations.

Results and Discussions

Data reduction based on experimentally-defined molecular
signatures allowed to group cells according to their
potential properties, and to identify their corresponding
sets of overexpressed genes encoding metabolic enzymes.
Computational analyses integrating expression network
modeling or trajectory modeling disclosed metabolic
enzymes essential for sustaining glioblastoma cell motile
and tumor-initiating properties, respectively. The
soundness of the prediction of the computational modeling
was experimentally verified using a collection of human
glioblastoma cells, tissue organoids and intracerebral
xenografts combined with pharmacological and genetic
manipulations and a variety of cell biological and
biochemical assays. As a result, the cysteine metabolism
enzyme 3-Mercaptopyruvate sulfurtransferase (MPST) and
the most downstream component of the polyunsaturated
fatty acid synthesis pathway ELOVL2, were demonstrated
to be essential for GB cell motility and tumorigenicity,
respectively.

Conclusion

Our result show that specific metabolic reprogramming are
linked to specific cancer cell behaviors and maintained
across heterogeneous genomic landscapes. They further
show the relevance of analyses of single cell
transcriptomes for unraveling metabolic dependencies of
cell malignancy.

EACR23-1324

Pan-cancer evaluation of apoptosis,
necroptosis, pyroptosis, ferroptosis and
netosis in terms of prognosis and tumor

microenvironment

T._Sanavia', V. Alberini’, L. Nicolé’, P. Fariselli'
"University of Torino, Department of Medical Sciences,
Torino, Italy

?Ospedale Dell’Angelo,

Unit of Surgical Pathology & Cytopathology, Mestre, Italy
Introduction

Apoptosis, necroptosis, pyrptosis, ferroptosis and netosis
represent different pathways of programmed cell death that
play important roles in the development and treatment of
cancer. These types of cell death are often disrupted during
neoplastic onset and progression, resulting in survival and
proliferation of cancer cells. In this study we investigated
their mechanisms and effects at a pan-cancer level,
focusing on the expression of the related genes, their
impact on the patients’ prognosis and their correlation with
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the immune infiltrate characterizing the tumor
microenvironment.

Material and Methods

Gene expression RNA-seq data were obtained from The
Cancer Genome Atlas (TCGA), investigating 32 different
tumor types and considering 10,788 samples. The
signatures of genes characterizing five types of cell death
pathways (apoptosis, necroptosis, pyroptosis, ferroptosis
and netosis) were identified through literature review and
biological annotation from databases (e.g. KEGG and
Wikipathways). Differential gene expression analysis
between tumor types was carried out using Kruskall-Wallis
and Wilcoxon tests. Survival analysis was then applied to
identify the most prognostic genes through Cox regression
model, while Spearman’s rank correlation test was used to
assess, in each tumor type, the association between gene
expression and the immune infiltrate, retrieved by
deconvolution methods on RNA-seq data. Enrichment
analysis using Fisher’s exact test, PPI annotations from
STRING database and hierarchical clustering helped in
interpreting and visualizing the obtained results.

Results and Discussions

Overall, 383 genes were associated with the five cell death
pathways. Higher differential gene expression distributions
across the tumor types was mainly observed in a subset of
tumors: CHOL, DLBC, UCS, ACC, MESO and ESCA.
Genes significantly associated with the patients’ prognosis
were mainly identified in MESO, ESCA, PAAD and
UVM. In particular, ferroptosis-related prognostic genes
were found in ESCA and mainly associated with CD4 and
T-helper cell populations, while pyroptosis-related
prognostic genes in UVM were found linked with
macrophages and B cell populations.

Conclusion

This preliminary analysis has allowed a first stratification
in each tumor type of different types of cell death and
immune cell populations. Interesting conclusions have
been drawn for specific tumors which should be carried out
in further studies.

EACR23-1345

The spatial transcriptomic landscape of
prostate cancer within the tumour
microenvironment: analysis of
compartmentally and pathologically
segmented radical prostatectomy

specimens from SCREEN cohort

V. Thavarajah’, G. Akman', A. Freeman’, H. Aiman’,

J. Crompton’, A. Enica’, W. Hayley', U. Okoli’,

U. Cheema', S. Heavey'

"University College London,

Division of Surgery and Interventional Sciences, London,
United Kingdom

2University College London Hospital,

Department of Histopathology, London, United Kingdom
Introduction

Within the prostate cancer field, the spatial transcriptomics
era has begun in earnest, with a small number of studies
showcasing the competing technologies and providing
ample food for thought in terms of the biological
complexity they can reveal. As hoped, we are now teasing
apart the complex interplay between intratumoural
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heterogeneity, microenvironment, immune infiltration and
tissue architecture at the RNA level. Here, we set out to
provide a novel dataset using the GeoMx Digital Spatial
profiler (DSP) platform from NanoString, to thoroughly
characterise a cohort of radical prostatectomy specimens
from the SCREEN study.

Material and Methods

We present data from 3 Gleason 7 radical prostatectomy
specimens, recruited using the PEOPLE method of MRI-
guided biobanking, including 3 tumour biopsy samples
containing 21 regions of interest (ROIs) of which 3 are
adjacent benign. 3 distant benign samples were also
scanned. Region selection was based on pathologist-
contouring into 27 ROIs, further segmented into PanCK+
and - staining, providing a total of 54 areas of interest for
sequencing using the Whole Transcriptome Atlas (WTA).
We compared benign prostate epithelium versus its
surrounding stromal microenvironment, in both tumour-
adjacent regions and distant patient matched benign
regions.

Results and Discussions

Notably we found that benign tissue in the immediate
tumour environment appeared altered, broadly mirroring
the gene expression of both the tumour itself, and the
distant benign tissue. Additionally, within the adjacent
benign tissue, epithelial and stromal tissues were difficult
to distinguish from each other, whereas within tumour
tissue and distant benign tissue, expression appeared to be
broadly segregated into compartment specific genes as
expected. We also present overviews of the spatial
expression of commonly investigated prostate cancer
genesets, expression of inflammatory markers and immune
infiltration, and the morphology of the specimens using
fluorescent markers, as well as offering comparisons to
existing spatial and bulk transcriptomic data from the
literature.

Conclusion

Overall, we conclude that spatial transcriptomic evaluation
of radical prostatectomy specimens in a compartment
specific design is feasible, confirms some theories
suggested from previous bulk and spatial work, and offers
food for thought for future work. Chiefly, if adjacent
benign tissue behaves similarly to tumour tissue — what
happens to it when treated with therapeutics, and can we
profile this response spatially?

EACR23-1366

Can we recapitulate the true prostate
tumour microenvironment via short term
explant culture? A spatial transcriptomic
interrogation of explants and matched
primary specimens from the SCREEN
cohort

V. Thavarajah’, G. Akman',

L. Maria Carmona Echeverria’, G. Shaw?, A. Sridhar’,
J. Kelly!, H. Whitaker!, O. Uzoamaka', U. Cheema',

S. Heavey'

"University College London,

Division of Surgery and Interventional Sciences, London,
United Kingdom

2University College London Hospitals,

University College London Hospitals, London,
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United Kingdom

Introduction

The success of drug development pipelines for cancer
treatment remains both lower than desired, and hard to
predict. We posit that enhancing the clinical relevance of
models used at strategic points in pre- clinical and clinical
development can improve our ability to predict which
drugs will, and will not, offer clinical utility. The field of in
vitro and ex vivo modelling of cancer has evolved rapidly
in recent years, incorporating organoid, tumour on a chip
and explant methods among others. Researchers typically
reason that these models should offer improved clinical
relevance over typical cell line or xenograft approaches.
However, the vast majority of published models are not
well validated against patient matched tissue, nor are they
characterised in depth using the latest endpoint analyses,
such as spatial transcriptomics. This leaves significant
questions unanswered, that we must investigate if we can
truly improve drug development success rates via use of
such models.

Material and Methods

We studied a total of 145 areas of interest using the GeoMx
Digital Spatial Profiler Whole Transcriptome Atlas. We
compared the pathology and morphology of explants
versus matched patient samples, as well as gene expression
of a wide range of biologically and clinically relevant
pathways, framed under the recently updated 14 hallmarks
of cancer, with the addition of prostate-specific genes and
pathways of interest.

Results and Discussions

Our findings suggest that explant morphology, tissue
organisation and architecture is broadly reflective of
matched prostate specimens, however key morphological
differences emerge, including some epithelial deterioration,
visible at both the pathological and transcriptomic levels.
Encouragingly, the explants appear to be
immunocompetent, suggesting a potential role for
screening certain immunotherapies via explant culture in
future. However, we also observed potential phenotypic
plasticity, with the cultured explants exhibiting some
alteration in key Androgen Receptor related genes and
pathways, and perhaps taking on a more neuroendocrine
phenotype post culture.

Conclusion

Here we showcase the clinically relevant aspects of explant
culture over competing in vitro, in vivo and ex vivo
models, and the hope it may provide in improving drug
development, as well as identifying key hurdles to
overcome to ensure clinical relevance.

EACR23-1384
Chemical imaging for segregation of
colorectal cancer response in patient-

derived xenograft models.
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School of Physics- Clinical & Optometric Sciences- Centra
| Quad, Dublin, Ireland

Introduction

Dysfunctional apoptosis is a key characteristic of the
development of chemotherapy resistance in cancer. Small
molecules sensitizers of apoptosis such as APT-199, that
target anti-apoptotic BCL-2 family proteins can restore or
induce cell death signalling in cancer cells.

Material and Methods

Here two patient-derived xenograft (PDX) mice models of
metastatic colorectal cancer (mCRCs; CRC0076 and
CRCO0344) were interrogated for spectral imaging markers
discriminating on response to 5-fluoro-uracil(FU)- based
chemotherapy (FOLFOX), ABT-199, and a combination of
both. Spectral imaging referenced previous findings in

vivo which reported differential tumour growth responses
towards ABT-199 [1].

Results and Discussions

Here, we used Fourier transform infrared (FTIR)
spectroscopy approach to generate chemical images from
the two PDX models providing detailed spatially resolved
information about the biochemical composition and
molecular structure of mCRC tissue. Traditional and
advanced machine learning approaches were used to
segregate tissues from each PDX on treatment pathway and
response, identifying spectral biomarkers differentiating on
response -ABT199, FOLFOX and the combined regimen.
Conclusion

We predict that using FTIR spectoscopy, we are able to
deploy more accurate machine learning model that will
uncover the biochemicall and spatial information of
mCRCs due to the massive spectral data generated from
chemical images.

References[1] A. C. O’Farrell et al., “Implementing
Systems Modelling and Molecular Imaging to Predict the
Efficacy of BCL-2 Inhibition in Colorectal Cancer Patient-
Derived Xenograft Models,” Cancers (Basel)., vol. 12, no.
10, pp. 1-19, Oct. 2020, doi:
10.3390/CANCERS12102978.
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Introduction

Soft-tissue Sarcomas (STS) account for less than 1% of
adult and 15% of pediatric tumors, representing an
heterogeneous group of rare cancers, with an average life
expectancy remaining at 1.5 years. The search for systemic
treatments that improve overall survival is an urgent need.
Drug repurposing is an interesting approach in diseases
with a lack of dedicated resources, such as sarcoma. Our
group has developed a methodology that uses cell
mechanisms modeling together with machine learning
methodologies in order to evaluate the potential impact of
certain drugs over a disease. Here we have obtained a list
of candidate drugs for repurposing in STSs.
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Material and Methods

To evaluate the deregulation of signaling pathways in STS,
we used RNA-Seq data from TCGA and

GTEx repositories, preprocessed with the same pipeline
and available through Recount2. We then used Hipathia
tool to conduct a mechanistic pathway analysis of STSs
compared with paired normal tissue.

We constructed the map of action by extracting all the
pathway’s circuits (receptor-effector) that were deregulated
in STS. We selected genes target of known drugs (KDTs)
from the Drugbank DB and implemented Multi-Output
Random Forest (with SHAP for per-circuit explainability)
to use KDTs expression data to predict the circuits activity
values, thus to infer the effect of the selected drug targets
over the activity of the STS’ map.

The circuits were annotated using uniprot and CHAT tool,
and manually curated.

Results and Discussions

We obtained significantly deregulated mechanisms for the
different STS’ subtypes, with only a few mechanisms
being shared by all subtypes, which supports the
heterogeneity shown in STSs, most of them were related to
tumorigenesis, angiogenesis and EMT. Using these
deregulated circuits, we constructed the STS mechanistic
map.

Moreover, the application of multi-output regression
methodologies revealed relevant potential known drug
targets for each STS subtype that are functionally related to
hallmarks of cancer.

Conclusion

We have used a machine learning methodology for the
prediction of potentially causal relationships between
known drug targets and cell activities related with STS
subtypes and hallmarks, using the constructed map of the
disease as a functional frame. These findings would lead to
a more efficient drug repurposing for STS’ patients’
treatment.

EACR23-1388
Development and validation of innovative
methods to dissect longitudinal data

improving outcome prediction.
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"University of Turin, Computer Science, Turin, Italy
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“University of Turin,
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3 Antonio e Biagio e Cesare Arrigo Hospital,

Division of Hematology, Alessandria, Italy

Introduction

Longitudinal data are useful to explore the evolution of a
given event. This type of data consists of portions of
functions or curves, with quantities observed as they
evolve through time. The advances in technologies give us
the possibility to study surrogate tissues to monitor the
phenomena of interest over time. From the computational
point of view, the analysis of longitudinal data is limited in
fitting the data with a specific function (i.e. exponential)
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and then comparing the parameter values of the function to
aggregate similar evolution trends.

Material and Methods

We implemented CONNECTOR a computational
methodology for unsupervised analysis of longitudinal
data. It can analyze any sample consisting of measurements
collected sequentially over time by a model-based
approach for clustering functional data. CONNECTOR is
based on a functional clustering algorithm based on a
mixed-effect model that is particularly effective when
observations are sparse and irregularly spaced. A new
CONNECTOR’ module for the prediction of the risk class
label was implemented. This was performed using Bayes'
optimal allocation rule, on the estimated probabilities of
belonging to each class given the observed values.

Results and Discussions

Two cases of study are proposed. In the first, ASO RQ-
PCR data to follow the minimal residual disease (MRD)
was generated from bone marrow and peripheral blood
samples of 117 patients in the FIL MCLO0208 trial, offering
first-line high-dose chemoimmunotherapy and autologous
transplantation to younger mantle cell lymphoma (MCL)
patients. CONNECTOR identified four patient risk clusters
predicting patients' outcomes: median TTP was not reached
for favorable MRD kinetics clusters while 36 and 27
months for unfavorable MRD kinetics, p<0.0001. 89 out of
95 patients (94%) were correctly reclassified. An
independent validation on a European cohort, on behalf of
the MCL network, is now running. In the second case
study, more than 1500 growth curves of patient-derived
xenograft derived from metastatic colorectal cancer, the
clusters generated by CONNECTOR allow the
identification of a subset of cetuximab-resistant tumors
associated with novel unrecognized molecular and
phenotypic features. Other cases are now evaluated for
prediction purposes.

Conclusion

The CONNECTOR framework and its modules are a user-
friendly tool to efficient comprehended longitudinal data,
providing hints to increase interpretability and molecular
accuracy and to use the new model found for improving
the outcome prediction.

EACR23-1391
Evaluating Microsatellite Instability Tools

and Benchmarks

H. Anthony', C. Seoighe'

"University of Galway,

School of Mathematical and Statistical Sciences, Galway,
Ireland

Introduction

Microsatellite instability (MSI) is a phenomenon seen in
several cancer types which has been used as a biomarker
for immune checkpoint inhibitor efficacy. The variation in
microsatellite size that is the hallmark of MSI is largely
attributed to a cell’s inability to correct errors during DNA
synthesis, leading to an increase in the number of
insertions and deletions. Microsatellite instability has
frequently been identified by PCR of five microsatellites
and through IHC staining of the mismatch repair proteins.
However, with the advent of next generation sequencing
(NGS), researchers have created computational tools to
categorize samples as MSI high (MSI-H) or low (MSI-L)
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or being microsatellite stable (MSS) using NGS data. Most
of these tools have been solely trained and tested on whole
exome sequencing data (WXS) from The Cancer Genome
Atlas (TCGA). This can be problematic as the tools were
published with claims that they can be used with a variety
of sequencing types, tumor purities, coverage thresholds
and, in some cases, without a matched normal sample. This
raises the question of how accurate these tools are for the
task of classifying tumor samples using real-world data
from different platforms or scenarios where a large set of
normal samples is not available.

Material and Methods

We benchmarked several leading MSI tools on datasets
resembling different real-world sequencing scenarios.
These included 10 random MSI-H, MSI-L, and MSS
samples from the TCGA whole genome sequencing (WGS)
datasets, 20 random MSI-H, MSI-L, and MSS samples
from the TCGA WXS dataset, and 92 TSO-500 gene panel
samples. We then used best practice settings for each tool
to determine MSI status for all samples. Accuracy and
precision were then compared for all tools on each dataset.
Results and Discussions

Early results suggest that the accuracy of MSI tools that do
not require a matched normal sample is significantly
impacted by reducing the number of normal samples used
to create a baseline, and we found a lack of concordance
between tools trained on WXS data and the results of the
TSO-500 pipeline. Concerningly, the accuracy of most
tools was diminished on the WGS data and there are
potential issues with reproducing the original results of the
WXS data.

Conclusion

There is a need to thoroughly test tools which have clinical
and research applications. Although most MSI tools claim
accuracies close to 100%, we found discrepancies when
testing them outside their optimal conditions and on
different sequencing types.

EACR23-1393
From small to Great: a new computational
workflow for data analysis and

modelization

D. Tortarolo’, S. Pernice', F. Clapero®, M. Beccuti’,

G. Serini’, F. Cordero’, D. Valdembri’

"University of Turin, Computer Science, Turin, Italy
2IRCCS Candiolo Cancer Institute, Oncology, Turin, Italy
Introduction

In recent years, there has been a collective effort to
uncover how multiple levels of regulations and signaling
pathways integrate during the onset and progression of
complex diseases such as cancer. In this context, it has
become evident that a shift has to be made toward a more
holistic perspective, and computational modeling arises as
instrumental in gaining a functional understanding of
complex data. However, we are still missing a
comprehensive workflow which can support scientists in
all phases of scientific discovery, from raw data analysis to
computational model creation and analysis.

Material and Methods

Herein, we propose a workflow for (i) the analysis of the
large amounts of heterogeneous data produced in a lab, and
(i1) the creation, (iii) parametrization and (iv) analysis of a
computational model of the phenomenon of interest. We
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developed a new Shiny application, based on R, that
integrates tools specifically developed or adapted for the
elaboration of raw Western Blot (WB), Reverse
Transcription-quantitative PCR (RT-qPCR) and Enzyme-
Linked ImmunoSorbent Assay (ELISA) experiments,
together with well-known tools, such as ImageJ, for raw
Immunofluorescence (IF) and live IF data processing. All
lab data can be integrated into a computational model, that
can be intuitively drawn, parametrised and analysed using
GreatMod software, a quantitative modeling framework
based on the graphical formalism Petri Net and its
generalizations.

Results and Discussions

Our workflow provides biologists a comprehensive set of
tools for the analysis of the most common lab experiments.
It was developed with a keen attention to data analysis
standardisation and reproducibility since it is able to
provide all the preliminary and intermediate steps of data
analysis. Our workflow is accessible to scientists without
advanced R language knowledge, and can provide the right
supporting tools for integration of lab data into a
computational model, an often burdensome step that
discourages cellular biologists from exploiting
computational techniques. To showcase ourworkflow's
functionalities and potential, we developed a toy model of
integrin recycling in endothelial cells, which plays a role in
the malignant potential of a tumour.

Conclusion

Our workflow provides an exhaustive platform where
scientists can experience the discovery process from the
analysis of a single datum to the creation of a complex
computational model, all in one place and with an
emphasis on reproducibility.

EACR23-1398
Interventional constraints for

representation learning in cancer omics

D. Kirkham', O.M. Rueda’, S. Mukherjee'

"University of Cambridge, MRC Biostatistics Unit,
Cambridge, United Kingdom

Introduction

Many recent machine learning (ML) applications in cancer
make use of protein-protein interaction (PPI) networks to
constrain models. PPI networks are general and lack
specialisation to a cell type or particular task. Through
transfer learning, we propose the use of large-scale loss-of-
function screens carried out on cancer cell lines (CCLs) to
more appropriately guide model constraints, providing a
domain-specific, experimentally derived approach to
constraining ML models. Our method also provides a route
to directly quantify the usefulness of loss-of-function
screens in providing insight into outcomes such as drug
response in CCLs.

Material and Methods

We evaluate the usefulness of providing constraints
derived from the large-scale CRISPR knockout screen
DepMap (n=973) to a semi-supervised machine learning
model based on a variational autoencoder. The output of
this model is a constrained low-dimensional representation
of RNA-Seq gene expression for a CCL. Our method maps
the information contained in the gene expression input
which is associated with sensitivity of the CCL to gene
knockouts into individual dimensions of the representation.
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These constraints allow the formation of direct associations
between CRISPR screening outcomes (gene dependency)
and other outcomes in cancer-related datasets. We use
these constrained representations as inputs to models
predicting drug response in selected cell lines from the
GDSC2 dataset (n=684) and in further datasets covering
patient-derived xenografts (PDXs) and patients.

Results and Discussions

We demonstrate the effect of constraining representations
to encode sensitivity to gene loss-of-function by generating
inputs for models of drug response. For the MAPK
pathway, we directly encode information related to CCL
dependency on genes in this pathway into representations
of gene expression, then use these representations to
predict response to MAPK inhibitors. This reproduces
known relationships between gene dependency and drug
response and suggests potential novel interactions. We also
consider the effect of added constraints on model
robustness in making predictions across cancer types and
subtypes.

Conclusion

We show the transferability of large scale loss-of-function
screens by using them to constrain representations of omics
data used as inputs for tasks such as predicting drug
response. This allows us to directly draw relationships
between gene dependency and drug response, and also
produce an interpretable and robust representation of RNA-
Seq data.

EACR23-1408
Mathematical modelling of cell cycle
shortening on the basis of an microfluidic

experiment

R. Cichorowski’, S. Student’

ISilesian University of Technology,

Department of Data Science and Engineering- Gliwice- Po
land, Gliwice, Poland

“Silesian University of Technology,

Department of Systems Biology and Engineering- Gliwice-
Poland, Gliwice, Poland

Introduction

The necessity of mathematical modelling is important in
current times. The improvement of computational
technology makes it possible to simulate very complex
models. The creation of a model of examining phenomena
shed new light on these phenomena. The creation of
mathematical descriptions requires an appropriate approach
to the problem. There are three main steps in the modelling
process. First step is a good understanding of modelling
phenomena to select experimental methods to gain
valuable and important data. Second step is the selection of
mathematical methods which describe phenomena in the
best way - different phenomena have specific behavior,
which determine the way of mathematical description.
Third step is verification of the constructed model in the
light of a considered phenomenon. Nowadays
mathematical modelling has a crucial role in different
branches of biology, especially in oncology, to understand
a lot of various processes on different levels of biological
matter organization. The aim of this work is to find a
proposal of a mathematical model of cell cycle shortening
on the basis of a microfluidic experiment with HeLa cell
line.
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Material and Methods

The experiment was performed on a HeLa cell line in an
appropriately designed microfluidic system. It examines a
HeLa cells' development under the same microenvironment
conditions during the same period of time for each run. The
most important stage was to find and select the most
influential features to the model with particular emphasis
on the neighborhood of the single cell. The experimental
data were collected as a series of images for each run. Then
the features were found through the sets of numerical data
extracted from images series and the most significant were
selected. The results were verified in the current state of
cell and molecular biology knowledge to correct the
proposed models.

Results and Discussions

Proposed model was used for the numerical simulation of
cell population development based on the computer
implementation of the cellular automaton. The results of
the many simulations showed how modelling are
computational effective, and how the results are
statistically significant and how accurate in the light of
current biological knowledge is.

Conclusion

Results of this work can show the cell cycle shortening
influence on cell population development especially on
cancer cells population.

EACR23-1433

CrossWGCNA identifies mediators of
trumor-stroma interactions from laser
capture microdissection and spatial

transcriptomics data

A. Savino', F. lorio’, P. Provero®, V. Poli’

!Human Technopole, Computational Biology, Milan, Italy
2University of Turin,

Department of Neurosciences “Rita Levi Montalcini”,
Turin, Italy

3University of Turin,

Molecular Biotechnology and Health Sciences, Turin, Italy
Introduction

Tumors are surrounded by several cell types influencing
their growth and migration. Despite their well-recognized
role, experimentally studying these communications is
laborious, and mostly limited to the analysis of one signal-
receptor interaction at a time.

Gene co-expression networks have been widely employed
and proven valuable in inferring genome-wide gene
interactions but have been exclusively applied to individual
tissues or samples comprising a non-separable admixture
of cell types. Nevertheless, the principle of co-expression
networks could be extended to the study of inter-cellular
communication, to provide a simple way of selecting genes
mediating inter-tissue interactions, which could be then
assessed experimentally.

Material and Methods

We developed crossWGCNA, an adaptation of the
WGCNA algorithm (Weighted Gene Co-expression
Network Analysis) to study inter-tissue interactions. In our
method, expression measures of the same gene in different
tissues or cell types define different nodes. Edge weights
are based on genes’ correlations and self-loops are
removed. Intra- and inter-tissue connectivities (Kin and kex)

Molecular Oncology 17 (Suppl. 1) (2023) 1-597

are defined as the sum of nodes' edges with other nodes of
the same or the alternate cell compartment, and Kex/Kin is
used as the main metric for prioritizing highly interacting
genes. We applied crossWGCNA to breast cancer data
from laser capture microdissected tumors, analysed
separately in their stromal and epithelial compartments,
and implemented a set of functions for applying
crossWGCNA to spatial transcriptomics data and
identifying coordinated gene sets at the epithelium-stroma
boundaries.

Results and Discussions

As expected, genes with functions in signaling display high
communication scores. Moreover, we show the reliability
of our approach with extensive computational validations,
making use of epithelial cells — fibroblasts co-cultures and
single-cell data from primary tumors. We explored genes
expressed in the stroma that are coupled with specific pro-
tumoral pathways , and highly correlated gene sets and
gene pairs. For example, in a spatial transcriptomic dataset
of breast cancer, EFNA1, known to regulate adhesion and
migration, is coupled with high COL6A2 expression in the
stroma, indicating an interaction between ephrins
expression and extracellular matrix composition.
Conclusion

In conclusion, crossWGCNA allows quantifying the
transcriptional coupling between tissues and to identify
potential mediators of inter-tissue interactions.

EACR23-1457

CROCODILE: A Robust Deconvolution
Pipeline for Identifying Clinically Relevant
Rare-Cell Populations from Bulk

Transcriptomics Data

K Im', J. Lee'

Sungkyunkwan university, Medicine, Suwon, South Korea
Introduction

Identifying clinically relevant rare-cell populations is
essential in cancer research. Tumor microenvironment
heterogeneity is one of the major obstacles in accurately
predicting treatment response. While single-cell
sequencing technologies can identify rare cell populations
that shed light on resistance mechanisms, such
technologies are limited in availability and require robust
cell-type markers. The deconvolution of bulk
transcriptomics provides a complementary method for
estimating cell-type specific expression, but it requires
auxiliary labels.

Material and Methods

We develop a novel computational pipeline, termed
Clinically relevant and Objective Cluster Detection In
buLk sEquencing Data (CROCoDILE), that integrates
single-cell and bulk transcriptomics to identify clinically
relevant rare cell populations from bulk RNAseq data,
where the phenotypic label is available. CROCoDILE uses
a cell-type specific signature matrix from single-cell
RNAseq (scRNA-seq) data and applies deconvolution
methods to bulk RNA-seq data, identifying cell types
including rare cell populations relevant to specific
phenotypes. We evaluate the meaningful clusters based on
the association with the given clinical phenotype, and
iteratively refine the clustering until convergence We
analyze two lung cancer immunotherapy cohorts with bulk
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pretreatment bulk RNAseq data (n=228 and 43 patients,
respectively) based on the scRNA-seq reference profiles
from cancerous and healthy lung tissues. We compare the
identified rare-cell populations between the two cohorts
and investigate their associations with immunotherapy
response.

Results and Discussions

Our analysis confirms CD8 T progenitors as positively
associated with ICI response and identifies several cell
clusters expressing high levels of NNMT, MDK, and
IGHGT as negatively associated with immunotherapy
response. We also identify IncRNA RP11-16E12.2 as
negatively associated and KB-1980E6.3 as positively
associated with ICI response, potentially serving as ICI
prediction markers. CROCoDILE balances cell-type
information and phenotypic information in bulk
transcriptomics, providing a novel approach to identify
clinically relevant rare-cell populations.

Conclusion

CROCOoDILE offers a novel approach to identifying rare-
cell populations in bulk transcriptomics data, providing
potential ICI response markers and highlighting the
importance of considering rare-cell populations in cancer
patients' treatment response and prognosis.

EACR23-1523
Developmental Deconvolution for

classification of cancer origin

E. Moiso', S. Mildrum?, A. Farahani®, A. Hendricks',

H. Marblé, S. Levine', J. Lenner?’, S. Garg'

IMIT, Koch Institute, Cambridge, United States

’MGH, Department of Pathology, Boston, United States
Introduction

Cancer is partly a developmental disease, wiith
maliganncies named based on cell of tissue of origin.
However, a sustematic atlas of tumor originis is lacking.
Material and Methods

We map the transcriptional profile of more than 1000000
cells, grouped in 56 developmental trajectories to the
trascriptome of over 10000 tumors across 33 cancer types.
We deconvolute tumor transcriptomes into signals for
individual developmental trajectories. Using these signals
as input we train a developmetal multilayer perceptron (D-
MLP) that outputs cancer origin.

Results and Discussions

We analyze tumors from patients with cancer of inknown
primary (CUP), selecting the most difficult cases in which
extensive miltimodal workup yeld no definitive tumor
type.

inyerstingly CUPs formfor groups distinguished by
developmental trajectories, and classification reveals
diagnosis for patient tumors.

Conclusion

Out framework represents the first quantitative and
systematic measurement of the contribution of
developmental programs to tumor formation.

Moreover it exploits this informatiin in conjunction with a
newly developed Al model to assist pathologists in CUP
diagnosis.

EACR23-1525
Multi-modal machine learning approach
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for cancer outcome prediction

D. Meerzaman', Q. Cher?, G. Flanigan®

!NIH/NCI, CBIIT, Rockville, United States

*NIH/NCI,

Ccomutational biology and bioinformatics branch,
Rockville, United States

NIH/NCI,

Computational Biology and Bioinformatics Branch,
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Introduction

The question of how O°-alkylguanine DNA
alkyltransferase (MGMT) methylation status can be used
as a marker for clinical subtyping or treatment prediction in
glioblastoma multiforme (GBM) has been a topic of much
recent discussion. From the 2021 move from the World
Health Organization to look at MGMT expression through
the lens of mutation as predictive of patient survival to the
controversial Brain Tumor Segmentation (BraTS)
challenge subtask to predict methylation status from MRI
scans, the topic of MGMT in GBM has generated interest
but still leaves many open questions about the exact
relationship of methylation to how GBM manifests and
how an individual’s MGMT is determined as methylated or
unmethylated.

Material and Methods

We use hematoxylin and eosin stained whole slide
histopathology images from The Cancer Genome Atlas to
predict methylation beta values for individual CpG islands
within the MGMT promoter region. This was done with a
23 CpG positions from a set of 355 cases analyses with
either Illumina 27k or Illumina 450k methylation arrays.
We ran the same procedure looking at the 144 CpG
positions only covered in the 225 cases analyzed using the
Illumina 450k methylation array. We use a ResNet based
feature extractor combined with a deep neural network
classifier to predict the beta values.

Results and Discussions

While predictive accuracy varies with position, we have
achieved an accuracy of 65% with a loss around 0.05 in 50
epochs for many promising positions. This should help to
address some of the disparities in how MGMT is classified
as methylated or not methylated, as there is currently no
clear standard methodology.

Conclusion

The results provided can be used as a basis to move
towards a by-position method of determining MGMT
methylation instead of a number or proportion of positions
methylated approach, improving accuracy and inter-
institution comparability of future studies.

Biomarkers in Tissue and Blood

EACR23-0023

A phosphorylation mapping tool for
monitoring tyrosine kinase inhibition in
lung cancer patients

A. Wuethrich', M. Ahmed', N. Constantin', K. Karthik',
P. Mainwaring', A. Kulasinghe®, L. Carrascosa’,

A.L Sina!, K. O'Byrné’, M. Trau'

The University of Queensland,
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Introduction

Protein phosphorylation is one of the most common post-
translational modifications that regulates key cellular
functions. This modification is frequently impaired in
kinase pathways in lung cancer resulting in a permanently
active constitutive phosphorylation to initiate tumour
growth. Although aberrations to phosphorylation pathways
are targeted with tyrosine kinase inhibitors (TKI), the
development of drug non-responsiveness limits the long-
term clinical benefits of TKI. A liquid biopsy test to probe
for changes in kinase phosphorylation has significant
potential to aid TKI selection and for therapy monitoring.
We herein describe a multiplexed phosphoprotein analyser
chip (MPAC) that enables sensitive detection of kinase
phosphorylation status derived from circulating
extracellular vesicles (EVs). Using MPAC, we monitored
kinases involved in MAPK and PI3K/AKT/mTOR
pathways in non-small cell lung cancer (NSCLC) models
and patient samples.

Material and Methods

MPAC involves the extraction of kinases from plasma
extracellular vesicles (EVs) followed by electrochemical
read-out of extracted kinase to infer phosphorylation status.
MPAC is applied to profile the phosphorylation levels of
EVs-derived EGFR, ALK, ROS1, BRAF, ERK, mTOR,
and PD-L1 in TKI-treated cell lines and plasma of
advanced NSCLC patients (n=33). In a second cohort of 65
early to advanced NSLC patients, MPAC derived EVs
phospho-PD-L1 levels are corelated against tissue
proportion score PD-L1.

Results and Discussions

MPAC enabled phosphoproteomic analysis of kinases
requiring an input of 250 ul plasma or approx. 0.5 ng of
extracted kinase. MPAC is sensitive to detect 2%
phosphorylated kinase spiked into 98% non-
phosphorylated kinase. Using EGFR and ALK inhibitors in
cell line models, we monitor changes in phosphorylation of
kinase pathways. To indicate aberrations in cellular
pathways, we generated a phosphorylation heatmap by
EVs phosphoproteomic profiling of seven kinases in
NSCLC patients and non-cancer individuals. Interestingly,
we find that EVs phospho-PD-L1 correlates with tissue
proportion score PD-L1 (Pearson, r=0.9892), potentially
enabling blood-based assessment of tumour PD-L1
expression.

Conclusion

MPAC enables streamlined assessment of phosphorylation
status in kinases using a simple electrochemical read-out.
The technology generated heatmaps of seven EVs-derived
kinases in plasma of NSCLC patients that provide a
dynamic snapshot of which pathways are over-activated
and could be targeted by TKI.

EACR23-0025

Metabolomics approach in search for
potential diagnostic biomarkers from
Glioblastoma liquid biopsy.
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Introduction

Among the Central Nervous System (CNS) tumors,
glioblastoma (GBM) is the most common primary
malignant one (49.1%), and only 6.8% of patients survive
five years post-diagnosis. In the early stages, brain tumors
may not show well-defined and characteristic clinical
symptoms, delaying diagnosis. Although genetic
alterations have been associated with CNS tumor
prognosis, they are not completely clear, and depend on
biopsy collection, what limits early diagnostic approaches.
Searching for early GBM markers are of particular
importance, especially in samples of easier access, such as
peripheral blood. Then, the aim of this study was to
explore molecular targets in blood samples through
metabolomics approach, which might reflect GBM
metabolic alterations and indicate differential targets as
potential tools for early diagnosis.

Material and Methods

The work was approved by the Research Ethics Committee
(Protocol 3.491.414), and the subjects freely consented to
participate. Blood samples were collected from 50 healthy
volunteers (Control group) and 24 patients with
glioblastoma (GBM group). Plasma samples were prepared
and submitted to mass spectrometry analysis (MS).
Multivariate statistical analysis was applied through partial
least-squares discriminant analysis (PLS-DA), followed by
analysis of Variable Importance in Projection (VIP) score.
With a VIP score > 2.5, the most important GBM markers
were selected; a heatmap and Receiver Operating
Characteristic - ROC curves were built, and the area under
the curve (AUC) was evaluated. The selected biomarkers
were identified through tandem MS, metabolomics
databases analysis and literature search.

Results and Discussions

The PLS-DA showed good separation between CT and
GBM groups and a promising biomarkers profile for GBM
was achieved (VIP score > 2.5): m/z 143 (5-
Hydroxymethyluracil), m/z 931 (3-O-
Sulfogalactosylceramide), m/z 111 (Pyruvate), m/z 294
(Arginyl-Proline), and m/z 819 (phosphatidylserine).
Pyruvate and 5-hydroxymethyluracil ROC curve presented
the better AUC when analyzed together, with AUC =
0.986. Considering the biological importance, pyruvate is
commonly found in tumors due to Warburg effect; 5-
hydroxymetyluracil might represent a byproduct of DNA-
demethylation process, involved in tumorigenesis.
Conclusion

Although the present results are still preliminary and must
be validated in a larger casuistry, they highlight potential
plasma metabolites for GBM early diagnosis from a liquid
biopsy.
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Introduction

Glioblastoma (GBM) are responsible for the majority of
deaths caused by primary brain tumors with a higher
recurrence rate, greater resistance to treatments, and poor
prognosis. A lot of efforts are not completely efficient in
preventing relapses and increasing patient survival. Long
non-coding RNAs (LncRNAs) have been coverd in several
studies as promising biomarkers for use as potential
therapeutic or diagnostic targets in many tumor types,
including gliomas. The LncRNA RP11-731F5.2 (RP11)
has been associated with evolution of gastric cancer,
chronic obstructive pulmonary disease, and hepatocellular
carcinoma. However, RP11 expression data associated
with GBM genesis, tumor progression and risk of
recurrence do not exist. Thus, the aim of this project was to
analyze the differential expression of RP11 in healthy glial
cells, primary GBM and recurrent GBM.

Material and Methods

All patients consented to participate in this study. Five
patients accomited by recurrent GBM, operated by the
Neurosurgery service - Botucatu Medical School - were
included. The patients had: First surgery for GBM
resection (CNS-G); Second surgery for recurrent GBM
resection (CNS-RG). Control Group (CG) was composed
by 5 healthy dead glia cell donors. Total RNA was isolated
from each sample. Random primers were used to
synthesize cDNA, which was analyzed as a template in the
real-time polymerase chain reaction (QPCR) using Power
SYBR Green PCR Master Mix at the StepOne

Plus™ System®. The qPCR reaction was carried out as
follows: 50°C for 2 min; 95°C for 2 min; 40 cycles: 95°C
for 15 sec. and 62°C for 1 min. Gene expression was
normalized with Beta-Actin to calculate relative expression
using the 274 method.

Results and Discussions

The mean age was 62 years old (56-68) for both CNS-G
and CNS-RG patients, and 58 years old (54-64) for CG.
Biological groups (CG; CNS-G; CNS-RG) were created to
analyze the differential expression of RP11, adopting CG
as a reference group. The data showed up-regulation of
RP11 in CNS-G group (RQ (log2) =7.60) and in CNS-RG
group (RQ (log2) =5.50) when compared to CG. In

silico analyses showed a strong chemical interaction
between RP11 and LncRNA KCNQIOTI, which plays an
important function associated with genesis, tumor
progression and chemoresistance in gliomas through
intracellular signaling cascade pathways.

Conclusion

The RP11 could be a biomarker involved in gliomagenesis
and its relapses, but complementary studies and larger
number of cases are necessary.
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Introduction

Hepatocellular carcinoma (HCC) has a high mortality rate.
Chronic infection with hepatitis B and C viruses is among
the main causes of HCC. Although advances in the
treatment of infection have contributed to reduce the risk of
HCC, the diagnosis of infection and cancer has occurred
late for most patients. Due to nonspecific symptoms, early
detection requires monitoring of individuals high risk using
imaging tests and alpha-fetoprotein dosage. Such tests are
limited, making the search for early HCC markers
essential. LncRNAs have regulatory roles in tumorigenesis
and progression. LncRNAs are released by tumors into
body fluids, suggesting their usefulness as non-invasive
markers in liquid biopsies. Thus, the aim of this study was
to verify the differential expression of IncRNA RP11-
731F5.2 in the plasma of advanced chronic hepatitis C
(CHC) patients, evaluating it as a risk marker for HCC.
Material and Methods

Approval for this study was granted by the Research Ethics
Committee. Plasma was separated from the blood of 21
CHC patients with advanced fibrosis (METAVIR F3/F4),
(male, mean age 57) and 12 healthy donors (male, mean
age 57,6). Three biological groups were created: HCCpos
and HCCneg; grouped according to the development or not
of HCC in up to 5 years of follow-up) and, Control Group
(healthy donors). RNA was extracted by Plasma
Circulating RNA Purification kit. RNA was reverse
transcribed to cDNA and qPCR was performed using the
Power SYBR Green PCR Master Mix, according to the
manufacturer’s protocol. Gene expression was normalized
with Beta-Actin to calculate relative expression using the
2724CT method.

Results and Discussions

RP11-731F5.2 was upregulated in HCCneg and HCCpos
groups when compared to the healthy donor group, (RQ
(log2) = 3.108 and 4.108). Comparison between HCCneg
and HCCpos showed that patients affected by HCC were
upregulated (RQ (log2) = 0.827). Due to the lack of data
about function and interactions of this LncRNA, we
performed in silico analyz