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ABSTRACT

Synthetic lethality (SL) is an innovative framework for discovering novel anticancer treatments
for personalized targeted therapies. Two genes are synthetically lethal if the inhibition of either gene
alone has no effect on cell viability, but their simultaneous impairment leads to cell death. In this
context, the Food and Drug Administration approved in 2014 the PARP inhibitor (PARP1) olaparib
for oncology patients with BRCA1/2 mutations.

My Ph.D. research project is focused on pancreatic cancer, an oncological need. It is aimed at
exploiting a new paradigm, dubbed “fully small-molecule-induced synthetic lethality”, which was
already presented in previous studies by the research group of Professors A. Cavalli (Italian Institute
of Technology) and M. Roberti (University of Bologna). It is based on the possibility of triggering
SL by using only small molecules: a PARPi and a RAD51/BRCA2 disruptor that mimics the
BRCA2-defective condition.

RADS51 and BRCAZ2 are two key proteins in the homologous recombination (HR) pathway. Their
interaction is mediated by eight motifs of BRCA2, among which the fourth (BRC4) has the highest
affinity for RADS1. The first section of this thesis describes the effects on cell cultures of a synthetic
BRC4 peptide, which reproduced the expected outcomes of HR pathway inhibition, such as the
reduction of RADS1 nuclear foci following DNA damage and the increased response to
chemotherapeutic agents. A subsequent proteomic study in BRC4-exposed cultures led to identify a
statistically significant downregulation of three proteins (FANCI, FANCD?2, RPA3) involved in the
DNA damage response.

The second section of the thesis is focused on the biological characterization of compound 46, a
RAD51/BRCAZ2 inhibitor identified by IIT colleagues. 46 was studied on both 2D and 3D pancreatic
cancer models in combination with the PARP1 talazoparib. Taken together, the obtained results

suggested that the talazoparib-46 combination is a potential inducer of SL.
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ABBREVIATIONS

19F NMR: “Fluorine Nuclear Magnetic Resonance

AKT: ak strain transforming kinase (protein kinase B)
APTX: aprataxin

ARID1A: AT-rich interactive domain-containing protein 1A
ATM: ataxia-telangiectasia mutated protein

ATR: ataxia-telangiectasia and Rad3-related protein
ATRIP: ATR-interacting protein

BARDI1: BRCAL associated RING domain 1

BCL-2: B-cell lymphoma protein 2

BER: base excision repair

BRCA1-2: breast cancer susceptibility proteins 1 and 2
CHK1-2: checkpoint kinases 1 and 2

CKS1B: Cyclin-dependent kinases regulatory subunit 1B
C-MYC: cellular myelocytomatosis oncogene encoded protein
CSL: conditional synthetic lethality

CtIP: CtBP (carboxy-terminal binding protein) interacting protein
DBS: DNA double strand breaks

DDR: DNA damage repair

D-loop: displacement loop

DNA-PK: DNA-dependent protein kinase

ds: double-strand

DSBR: double-strand break repair

EPT: exocrine pancreatic tumour

Exol: exonuclease 1




FA: Fanconi Anemia

FDA: food and drugs administration
FOLFIRINOX: folinic acid, 5-fluroruracil, irinotecan, and oxaliplatin
H2AX: histone family member X

HER2: human epidermal growth factor receptor 2
HR: homologous recombination

KRAS: Kirsten rat sarcoma virus protein

LI1G3: DNA ligase Illa

MAD?2: mitotic arrest deficient 2-protein

MMR: mismatch repair

mo: months

MREI11: double-strand break repair meiotic recombination protein
NBS1: Nijmegen breakage syndrome protein 1
NCSL: non-conditional synthetic lethality

NER: nucleotide excision repair

NET: neuroendocrine pancreatic tumour

NHEJ: non-homologous end joining

NSCLC: non—small-cell lung cancer

OS: overall survival

P53: tumour protein 53

PALB2: partner and localizer of BRCA2

PAR: poly-ADP-ribose

PARP: poly-ADP ribose polymerase

PARPi: PARP inhibitor

PDAC: pancreatic ductal adenocarcinoma

PI3K: phosphoinositide 3-kinase

PI5SP4Ks: phosphatidylinositol-5-phosphate 4-kinases
PLK1: polo-like kinase 1

PNKP: polynucleotide kinase phosphatase

POL B: DNA polymerase f3

POL&: DNA polymerase &

PP2A: protein phosphatase 2A




RADS1-54: radiation-sensitive proteins 50 and 51
RBBPS: retinoblastoma-binding protein 8

ROS: reactive oxygen species

RPA: replication protein A

SAR: structure—activity relationship

SCLC: small-cell lung cancer

SDSA: synthesis-dependent strand annealing

SL: synthetic lethality

SSB: single strand break

STAG?2: stromal antigen 2

SWI/SNF: (switch/sucrose nonfermenting) chromatin remodeling complex
SWS1: Short-wavelength sensitive opsin

SWSAP1: SWIM-type zinc finger 7 associated protein 1
TLZ: talazoparib

WHO: World Health Organization

XRCC1-3: X-ray repair cross-complementing proteins 1-3
YH2AX: phosphorylated H2AX
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1. INTRODUCTION

1.1 Cancer overview

In the mid-19" century, the pathologist Rudolf Virchow postulated that “the body is a cell state in
which every cell is a citizen. Disease is merely the conflict of the citizens of the state brought about
by the action of external forces.” ! His "cellular theory" proposed that all diseases, including cancer,
originated from alterations within cells. To date, according to the World Health Organization
(WHO), cancer is referred to as a class of diseases in which a mass of aberrant cells divides without
control and possibly invades nearby tissues following different progression stages, which are
peculiar for each tumour type (Fig. 1).%* It is noteworthy that the term "cancer" originates from the
Latin word for crab, which was associated with the description of a malignancy; as a crab grasps
with its claws, a malignant tumour holds on the invaded tissues.

Cancer represents the second leading cause of death worldwide, behind cardiovascular disease.
In 2020, an approximate total of 19.3 million new cancer cases were estimated globally, and they
are expected to rise by 47 % in twenty years.’ To date, lung cancer is the leading cause of cancer
death among both men and women, followed by liver and stomach; breast cancer is the second
leading cause of cancer cell death in women.%’ Although continuous research efforts have notably
reduced mortality rates for several cancers like breast, prostate, and colorectal, advancements in the
diagnosis and treatment are crucially needed for other types of cancers, such as pancreatic cancer,
which is the third leading cause of cancer-related death in USA, Germany, Italy, Austria, Czechia,

Finland, Hungary, Malta, Spain and Switzerland.®’

Invasive cancer

Metastasis to
different organs

Cell In situ cancer
with Hyperplasia Dysplasia - ,;
genetic 8 ‘ ’
mutation - 1 fake

1

. . . Blood vessel . . . N

Figure 1. Exemplification of tumour development stages. A cell carrying mutations divides fast leading
to hyperplasia. The cell descendants divide excessively, accumulating different mutations and becoming
abnormal (dysplasia). The mass of abnormal cells is defined as a tumour. If it is still contained within
its original tissue, it is called in-situ cancer. Additional mutations may allow the tumour to spread into
the blood or lymph nodes and establish new tumours (metastases) in different organs.




1.1.1 Pancreatic cancer

Pancreatic cancer is a highly aggressive malignancy characterized by rapid progression, fatal
outcome, and reduced therapy effectiveness. It is the 7" leading cause of cancer-related death
worldwide, characterized by a low 5-year survival rate of 9%.!%!! In 2020, approximately 500,000
new cases of pancreatic cancer were documented globally. The global rate incidence calculated in
2020 was 4.9 per 100000 and is predicted to increase globally to 18.6 per 100000 in 2050.%!%!3 Its
extreme malignancy is due to the lack of early symptoms and a consequent rapid tumour progression
from stage 0 (carcinoma in situ, resectable) to stage IV (advanced or metastatic cancer) (Fig. 2);!1"!4
moreover, 50% of patients are found to develop metastasis by the time of diagnosis, and 75% die

within a year from the diagnosis.'%!°

Stage () Stage I-11 Stage I1I-1V

Figure 2. Pancreatic cancer stages. Stage 0: no spread. Pancreatic cancer is limited to the top layers of cells in the
ducts of the pancreas. Stage I-1I: the tumour has spread to nearby lymph nodes. Stage III-VI: the tumour has spread
to nearby organs.

The poor prognosis and lack of effective treatments urge for increased research efforts in
developing new treatment regimens, making pancreatic cancer an important oncological need.

Pancreatic cancer is divided into two categories: neuroendocrine pancreatic tumour (NET) which
is the rarest form (less than 5% of all pancreatic cancer cases) and onsets from the endocrine tissue
of the pancreas made by small cell clusters called islets (or islets of Langerhans); exocrine
pancreatic tumour (EPT), which includes more than 95% of all pancreatic cancers and develops
from the exocrine gland and pancreatic ducts.!!

EPTs are subdivided into four different subtypes, which are listed below. (Fig. 3)

1. Ductal adenocarcinoma: it occurs in the lining of pancreatic ducts and accounts for more
than 90 % of diagnosed pancreatic cancers.'¢
2. Squamous carcinoma: it is an extremely rare EPT form (0.5 — 2 %), with only a few

documented case reports and no available standard treatments or guidelines.!’
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3. Adenosquamous carcinoma: its estimated incidence is between 0.38 and 10 % of all EPTs.
Regarding the histological pattern, it shows both ductal adenocarcinoma and squamous carcinoma
features.'®

4. Colloid carcinoma: it is a histological variant of ductal adenocarcinoma, characterized by
abundant stromal mucin and floating malignant cells that reach 50% of the tumour volume. It

accounts for only 1-3% of EPT forms.!”

Exocrine pancreatic cancer subtypes

Ductal adenocarcinoma

Sguamous carcinoma

Ductal Adenosquamous carcinoma
adenocarcinoma

90 % Colloid carcinoma

Figure 3. Representative scheme of EPTs subtypes. Pancreatic ductal
adenocarcinoma represents the major EPT subtype.

1.1.2 Pancreatic ductal adenocarcinoma

The present thesis study is focused on pancreatic ductal adenocarcinoma (PDAC). It represents
more than 90 % of all pancreatic cancers and has a 5-year overall survival of about 10%.'%%° Risk
factors for PDAC are pancreatitis, which is a local inflammation in the pancreas; systemic
inflammation caused by metabolic disorders such as obesity and type II diabetes mellitus; smoking;
excessive alcohol consumption; and inherited cancer predisposition.?!?> The only curative treatment
1s surgery resection followed by adjuvant chemotherapy, but only 10-20 % of patients exhibit the
main criteria for resectable PDAC tumours, such as position (head or uncinate process), no arterial
and venous proximity, no other organ involvement and absence of metastases.”>>> Therefore,
chemotherapy becomes the first-line treatment for locally advanced and metastatic pancreatic cancer
(Table 1). The currently available treatment is based on gemcitabine plus nab-paclitaxel and/or
FOLFIRINOX (FOLinic acid, 5-Fluroruracil, IRINotecan, and Oxaliplatin), which has been

approved by the Food and Drugs Administration (FDA). 263!
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Type of treatment

Single-agent Gemcitabine

Gemcitabine +

Erlotinib vs Gemcitabine

FOLFIRINOX vs

Gemcitabine

Gemcitabine + nab-

paclitaxel vs Gemcitabine

Gemcitabine +
Capacitabine

vs Gemcitabine

Approval

Type of PDAC
by FDA
Locall
Y 1996
advanced/metastatic
Locally
advanced/unresectable/ 2005
metastatic
Metastatic 2011
Metastatic 2013
Resectable 2022

Clinical
Ref
endpoint

median survival -

of = 6 mo

improved OS
by 10 days

33

Improved OS 34

by 11 mo

Improved OS 35

by 8.5 mo

Improved OS
by 28 mo

36,37

Table 1. Landmark FDA-approved treatment for pancreatic ductal adenocarcinoma. (0OS) = overall
survival (PDAC) = pancreatic adenocarcinoma. (mo) = months.

Currently, the development of acquired chemoresistance appears as one of the most impactful
obstacles in decreasing PDAC patients’ survival. The main reasons affecting therapy efficacy are
metabolic alterations which increase the availability of metabolic substrates allowing a fast energy
supply for PDAC growth;*® aberrant expressions of genes associated with cellular survival and

).39
b

alterations in drug efflux pumps;* overexpression of enzymes implicated in cellular drug

apoptosis resistance (e.g. the phosphoinositide 3-kinase-PI3K, the B-cell lymphoma 2-BCL-2

metabolism (e.g. aldehyde dehydrogenases);*' overexpression of the ABC transporter genes, whose

function is to extrude drugs out of the cell.** Therefore, the availability of effective treatment

regimens for PDAC still remains an important need in oncological medicine.
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1.2 The concept of synthetic lethality

Synthetic lethality (SL) was first described in the early 20" century by Calvin Bridges, an
American geneticist.** He was studying the fruit fly Drosophila melanogaster model and identified
gene mutations compatible with cell viability when presented separately, but resulting in cell death
when appearing together in the same cell. Twenty years later, the same phenomenon was observed
and cited by Theodore Dobzhansky in a different fruit fly model (Drosophila pseudoobscura).**
Then, several studies conducted also in Saccharomyces cerevisiae reported the finding of several
synthetic lethal partners of cell-division-cycle genes (CDC45 and CDC54) mutated.*

The original concept of SL is based on the assumption that the simultaneous perturbation, in
terms of mutation, overexpression, or gene inhibition of two genes is lethal, whereas the impairment

of either gene alone is consistent with cell viability.*® (Fig. 4)

A.

Cell viability Cell viability Cell death

ﬁ = Active gene t = Gene impaired

Figure 4. Schematic representation of synthetic lethality concept. Two genes are synthetic lethal when
their simultaneous impairment results in cell death. A.B. Alteration of either gene A or gene B does not
affect viability. C. Inactivation of both at the same time is lethal.

SL is now emerging as an important cancer therapeutic paradigm, able to exploit genetic
vulnerabilities in tumoral cells while sparing normal cells, thus overcoming the limitations of
conventional chemotherapy. It can be used to selectively kill cancer cells by identifying the cancer-
associated molecular changes that are absent in healthy cells, specifically targeting their synthetic
lethal partners.

Several studies have expanded the concept of SL, defining different sub-classifications that

increase its complexity, aiming to provide a more comprehensive knowledge of SL.*"~°
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In this paragraph two SL subtypes are briefly discussed: conditional synthetic lethality (CSL) and
non-conditional synthetic lethality (NCSL), which are described below and reported schematically
in Fig. 5.

1. Conditional synthetic lethality (CSL) refers to the variation in synthetic lethal outcomes
observed in different tumoral cells of the same cancer type. The main reason is due to internal or
external factors, such as hypoxia, levels of reactive oxygen species (ROS), and the use of drugs or
radiation, that lead to tumoral cell heterogeneity, resulting in condition-dependent genetic
interactions.’>> An example is reported in a glioblastoma model. Treatment of glioblastoma cell
lines characterized by a mutation in the STAG2 (stromal antigen 2) gene with PARP (poly adenosine
diphosphate [ADP] — ribose) polymerase inhibitors resulted in synthetic lethality only after

chemotherapy with the DNA-damaging agent temozolomide.>*

2. Non-conditional synthetic lethality (NCSL) could be further divided into synthetic dosage
lethality (SDL) and classic synthetic lethality (CSL);

e SDL is based on the evidence that cancer cells often exhibit oncogene overexpression, which
can be due to multiple genetic events, such as somatic copy number alterations, or epigenetic
changes that increase gene transcription.*> Identifying and inhibiting synthetic lethal partners of
the overexpressed oncogenes can result in cancer cell death. Recent SDL studies in the
yeast Saccharomyces cerevisiae, by using homologs of genes commonly overexpressed in cancers,
have highlighted SDL partners, which are conserved in human cancer cells. The first reported is
mitotic arrest deficient 2 (MAD2), which is a protein involved in the mitotic spindle checkpoint. It
is described as overexpressed in several tumoral types (malignant lymphoma, liver and lung cancer,
and colorectal carcinoma) and exhibited SDL in combination with the knockdown or the inhibition
of protein phosphatase 2A (PP2A), a protein that regulates by dephosphorylation the function of
many critical cellular molecules such as protein kinase B (AKT), tumour protein (P53), cellular
myelocytomatosis oncogene (C-MYC).*8 Several studies identified as an oncogene commonly
overexpressed in lung, breast, and liver cancers, the Cyclin-dependent kinases regulatory subunit 1
(CKS1B), which binds the catalytic subunit of cyclin-dependent protein kinases. Its SDL-reported
partner is polo-like kinase 1 (PLK1), which is a protein involved in the M phase of the cell cycle.*®~

6! Additionally, it is well documented that a large number of tumours are characterized by Kirsten

rat sarcoma virus (KRAS) or MYC oncogene activation, which are still considered undruggable
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targets. The identification and inhibition of synthetic lethal targets of KRAS/MYC could have a

corresponding anti-cancer therapeutic effect.526*

e CSL occurs when a loss of function mutation of a single gene sensitizes tumoral cells to the
inhibition of a different gene involved in a complementary pathway.®* Several examples of CSL are
reported. TP53 mutated breast cancer cells rely on phosphatidylinositol-5-phosphate 4-kinases
(PISP4Ks) for their growth; its inhibition could be a highly effective treatment option for TP53
deficient cancers.®® Furthermore, defects in AT-rich interactive domain 1A (ARID1A), which is a
component of the SWItch/Sucrose Non-Fermentable (SWI/SNF) chromatin remodelling complex,
sensitize tumoral cells to inhibitors of ATR (Ataxia-Telangiectasia and Rad3-related) protein kinase,
which is a critical component of the DNA damage repair (DDR) cellular pathway.® It is well known
that, compared to healthy cells, neoplastic cells are characterized by a high genetic instability, which
is commonly caused by impaired DDR pathways. The direct consequence is that cancer cells become
vulnerable to DNA damage and addicted to the conserved repair pathways’ activity. A landmark
achievement in the application of CSL in the therapeutic field is the administration of PARP inhibitor
(PARPi) to breast cancer patients carrying mutations in the breast cancer susceptibility genes 1 and
2 (BRCA1 and BRCA?2).97%% [t represents one of the most effective cancer therapies in the last
decade. The reason is that patient cancer cells become unable to set efficient DNA repair due to the
simultaneous inhibition of two different DNA repair pathways. BRCA1/2 genes are essential
components of homologous recombination (HR) repair, a pathway involved in repairing the DNA
double-strand breaks (DBSs), while PARP is involved in the single strand breaks (SSBs) repair
pathway. The inhibition of PARP in BRCA1/2 mutated cells results in catastrophic DSBs during

replication and, ultimately, in cell death.®

Overall, NCSL and CSL provide important advice for revealing cancer-specific susceptibilities

and identifying cancer-specific treatments.

15



Tumoral cell with = N
. . 3 \
mutation in gene A Internal/ e 2

s, -
/.9 external | =———— *, Cell death <
A factors ziEs h
Al T NG
y

' PPN ol |
Healthy cell 1. Conditional Inhibition |‘,' N
¢ synthetic of gene B
lethality
-
2. Non- L

conditional

\. > A synthetic p
lethality . b

S \

|
7
25
Ml

v

s gk 7

\ ; Inhibition > > Cell death {\
of gene B R k. S

-
Tumoral cell with Y ,’\\, N

. /
overexpression of gene A v !

Figure 5. Exemplification of synthetic lethality. SL is divided into conditional synthetic lethality and
nonconditional synthetic lethality. 1. Conditional synthetic lethality. Synthetic lethal interactions
may be reliant on specific internal factors, such as hypoxia, high ROS, or external factors, such as
drugs/radiation. Without these conditions, inhibition of gene B in cells with a mutation/
overexpression in gene A is consistent with cell viability. 2. Non-conditional synthetic lethality.
Mutation/overexpression of gene A alone is viable in tumoral cells. Inhibition of gene B in cells
results in cell death.

1.3 Overview of the DNA damage response

The maintenance of genomic integrity is a process crucial for the sustenance of cellular functions.
Alterations of the genetic sequence are a hallmark of genome instability, which can ultimately results
in the development of several diseases, including cancer.”® Several endogenous and exogenous DNA
damaging factors, such as ROS, ultraviolet (UV) light, and chemotherapeutic agents, can lead to
different types of DNA injuries; it has been reported that human cells are characterized by 10*-10°
DNA lesions per day.”! Each of them prompts the DDR that provides the activation of different DNA
repair pathways as well as cell cycle checkpoints, DNA damage tolerance, and, eventually, the
induction of cell death.”

Six major DNA repair pathways are used to identify and remove the different incurred damages,
depending on both the damage type and the phase of the cell cycle during which they occur. (Fig.6)
The Nucleotide Excision Repair (NER) identifies and corrects bulky DNA lesions caused by
ultraviolet (UV) radiation, intrastrand crosslinks induced by drugs, and cyclopurines generated by

73

reactive oxygen species (ROS), acting as a ‘“cut-and-paste” like mechanism.”” Hereditary
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deficiencies in the NER pathway commonly lead to sensitivity to UV, manifesting as Xeroderma
Pigmentosum disease, and increased cancer incidence at a young age.”*"*

The Base Excision Repair (BER) pathway corrects base alterations such as deamination,
oxidation, and alkylation.”®"” It is also involved in the repair of SSBs, which are discontinuities in
one strand of the DNA double helix originating during programmed DNA metabolic events or
induced by ROS or alkylating agents.’® These abnormalities represent one of the most common DNA
damage types.”® Defects in the BER pathway lead to genomic instability and cellular transformation,
which progressively result in cancer onset.

The Mismatch Repair (MMR) pathway is activated following base-base mismatches and
insertion/deletion mis-pairs within the duplex DNA, which can occur during DNA replication.
Inactivation of MMR results in the accumulation of errors in the DNA sequence, leading to the so-
called microsatellite instability, which characterizes specific types of tumours, such as
colorectal cancer.?!#2

The Fanconi Anemia (FA) pathway is involved in the recognition and repair of interstrand
crosslinks, lesions that are caused by endogenous metabolites or drugs, such as aldehydes and
mitomycin C, respectively. In these lesions, the complementary DNA strands are linked through a
covalent bond, which prevents transcription and replication.®* Moreover, the FA pathway interplays
with other DNA repair processes, such as the HR pathway described below.®* Mutations in the FA
genes cause the FA autosomal recessive disorder, which culminates in cancer onset.®

The most deleterious type of DNA injury is the DSB, which occurs when the two complementary
strands of the DNA helix are broken simultaneously. It is reported that a single unrepaired DSB can
result in aneuploidy, genetic aberration, or cell death. The main causes of DSB are different
exogenous or endogenous factors, such as ionizing radiation, chemical agents, or even natural
impediments that cause a block in the progression of the replication fork.®®%” The two main
mechanisms involved in repairing DNA DSBs are non-homologous end joining (NHEJ) and HR.

NHE]J is the predominant pathway since it can occur through all cell cycle phases. It employs a
variety of enzymes that modify DSB DNA ends until they are compatible for ligation, making itself
a potentially error-prone repair pathway. % On the other hand, HR is a high fidelity pathway that
occurs during the S/G2 phase since it involves the sister chromatid as a DNA donor to restore any
lost information. ¥

Although every type of DNA damage is preferentially repaired by its corresponding specific
mechanism, all the pathways are strictly connected and intertwined, leading to a complex and well-
coordinated network able to sense and transmit the damage signals to effector proteins, maintaining

genome integrity. Currently, the inhibition of specific DNA damage responses, together with the
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induction of DNA damage by using chemotherapy and radiotherapy, is considered an effective

strategy to kill cancer cells.
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Figure 6. Schematic representation of DNA damage repair mechanisms.

1.3.1 DNA single-strand breaks and PARP-1

DNA SSBs represent the most common type of DNA damage, arising more than 10,000 times
per mammalian cell each day.”® Unrepaired SSBs during DNA replication can be converted to the
more deleterious DNA DSBs through the collapse of the replication fork.”! SSBs are discontinuities
in one strand of the DNA double helix and can arise from oxidized nucleotides/bases during
oxidative stress, intermediate products of DNA repair pathways, and abortive activity of
topoisomerases during gene transcription.”>>
PARP are part of a group of 17 proteins crucial in various stages of cellular processes. These

proteins are involved in stress response, chromatin modification, DNA repair, and in triggering cell

death by inducing apoptosis.”® Among the PARP proteins, PARP-1 plays a pivotal role in the BER
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pathway, which is one of the major cellular mechanisms used to repair SSBs.”’ In detail, when a
SSB occurs in the DNA, PARP-1 is recruited at the DNA damage site by using its amino-terminal
DNA binding domain. Then, it acts as a damaged sensor and starts attaching adenosine diphosphate
(ADP)-ribose units (derived from the ADP donor nicotinamide adenine dinucleotide-NAD™) to itself
and other target proteins through a process called poly-ADP-ribosylation (PARylation).% This post-
translational modification serves as a signal for recruiting different proteins to the damaged site.
These include XRCC1 (X-ray repair cross-complementing protein 1), which acts as a scaffold
protein facilitating the coordination and recruitment of enzymes involved in the SSB repair, such as
the end-processing enzymes polynucleotide kinase phosphatase (PNKP) and aprataxin (APTX),
which then interact with DNA polymerase p (POLB) and DNA ligase 1l a (LIG3).%>1% POLB
replaces the missing nucleotides in the damaged DNA strand. Once the gap is repaired, LIG3 seals
the nick in the DNA backbone, finalizing the repair process.0103

1.3.2 PARP-1 inhibitors

Due to its critical role in DNA repair and its overexpression in several tumours, such as breast,
uterine, ovarian, lung, and pancreatic cancers, PARP-1 has emerged as a druggable target for
anticancer therapy in the past decade.!**!% A PARPi directly targets the catalytically active site of
PARP molecules, competing with NAD+ and halting the formation of the ADP-ribose extensions.
PARP inhibitors are also able to trap PARP-1 at the level of the SSB, interfering with the whole
repair mechanism. %6108

They have been strictly linked to the concept of SL, especially when administered in BRCA—
mutated cancers, which are HR deficient and, therefore, rely on PARP-1 and BER for survival.'®~
"1 This combination marked a milestone for cancer therapy, representing the first personalized and
targeted therapy specifically designed for addressing ovarian cancer and affirming the validation of
the concept of SL in the development of oncological drugs.

To date, four PARPi have been approved by the FDA to treat different BRCA1/2 mutated
tumours: olaparib (Lynparza), rucaparib (Rubraca), niraparib (Zejula) and talazoparib (Talzenna).
(Fig. 7) A fifth PARPi, veliparib (ABT-888), is currently undergoing several clinical trials for breast
and lung cancers; however, it is not yet approved for use in clinical practice.!'>!'* Additionally, two

other PARP1 were approved in China: fuzuloparib (AiRuiY1) and pamiparib (PARTRUVIX™), The

first has received approval to treat ovarian cancer; phase II and III trials are currently exploring its
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potential for treating other solid cancers, such as those affecting the pancreas, breast, prostate, and
lungs.!'* Pamiparib (PARTRUVIX™) was approved for the treatment of germline BRCA-mutated,
recurrent and advanced ovarian, fallopian tube, or primary peritoneal cancers, which were

previously subjected to two or more lines of chemotherapy.!!®

Olaparib (Lynparza) Rucaparib (Rubraca) Olaparib (Lynparza)
Monotherapy for Maintenance treatment of BRCA First-line maintenance
advanced ovarian mutated,  recurrent  ovarian, treatment for patients
cancer in patients with fallopian tube, primary peritoneal, with germline BRCA-
germline BRCA metastatic castrate-resistant mutated  metastatic

mutations treated with
three or more prior lines

prostate cancer in patients who
responded to platinum-based

pancreatic cancer.?%

of chemotherapy.*** chemotherapy.?66-267
2014 2017 2018
Niraparib (Zejula) Talazoparib (Talzenna) Treatment
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recurrent  epithelial  ovarian,
fallopian tube, or primary
peritoneal cancer in patients who

of patients with deleterious or
suspected  deleterious  germline
BRCA-mutated, HER2-negative
locally advanced or metastatic breast

270

responded to platinum-based cancer.
chemotherapy, regardless of
BRCA mutation status.?*

Figure 7. Timeline FDA approval for PARPI.

1.3.3 Talazoparib

In October 2018, the FDA approved the PARPi talazoparib (TLZ) to treat adult patients diagnosed
with human epidermal growth factor receptor 2 (HER2)-negative, locally advanced, or metastatic
breast cancer with suspected or confirmed deleterious germline BRCA mutations.''® This decision
was based on the results of the phase Il EMBRACA trial.!!” The trial demonstrated that TLZ
treatment, compared to single-agent chemotherapy not involving platinum (such as capecitabine,

eribulin, gemcitabine, or vinorelbine), exhibited significant enhancements in progression-free
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survival (median 8.6 vs. 5.6 months).!!® Cytotoxicity of PARPi is linked to their combined ability to
inhibit the catalytic NAD+ domain and trap PARP-1 at the DNA damage site is the basis for PARP1
cytotoxicity. TLZ was shown to be characterized by greater stereospecific PARP-DNA trapping
ability, being 100-fold more potent than niraparib, which in turn shows higher effectiveness than
rucaparib and olaparib.!'*'?° Moreover, TLZ is active at lower concentrations compared to the other
PARPi (PARP-1 ICso= 0.57 nM vs Olaparib PARP-1 ICso= 1 nM).!?!

TLZ is currently in early-phase clinical development, and studies are ongoing to analyse its
effectiveness in different solid tumours, such as lung, ovarian, prostate, and pancreatic cancers.'?*
124 To date, it is considered a promising inhibitor with potentially advantageous features in the PARPi

drug class.

1.3.4 DNA double-strand breaks

A DNA DSB represents one of the most harmful types of DNA damage.!”® Programmed
formation of DSBs happens during different cellular processes, such as meiosis I for ensuring normal
chromosome segregation, formation of T-cell receptors, or class switching of immunoglobulins in
B-lymphocytes.'?*!?7 However, there are several inadvertent causes of DSBs, which can be divided

into:

¢ Endogenous factors. They include ROS generated during cellular metabolism or errors that
can occur during normal cellular processes like DNA replication or recombination. 2812

% Exogenous factors. Examples are chemotherapeutic drugs, including DNA-alkylating agents
such as cisplatin, methyl methanosulfonate and temozolomide, and ionizing radiation (X-rays or

gamma rays).!3%13!

If DSBs are not properly repaired, the main consequence is the rise of genomic instability, which
may contribute to several diseases such as cancer; furthermore, persistent unrepaired DSBs can
trigger cell death pathways. Therefore, cells have evolved complex DNA repair mechanisms to

address DSBs correctly; among these, HR is considered the most accurate.
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1.3.5 Focus on homologous recombination

HR is a high-fidelity and error-free DNA double-strand break repair process (Fig. 8).!3? The DSBs
recognition is achieved through different serine-threonine kinases that act as damage sensor-
proteins, such as ataxia-telangiectasia mutated (ATM), Ataxia telangiectasia and Rad3-related
protein (ATR), DNA-dependent protein kinase (DNA-PK).!** To allow the DNA repair process,
ATM phosphorylates different checkpoint proteins, such as P53, checkpoint kinase 1 (CHK1), and
checkpoint kinase 2 (CHK2), which stop the progression of the cell cycle. Overall, ATM and the
other damage sensor-proteins can phosphorylate about 900 factors; one of them is the H2A histone
family member X (H2AX), referred to as y-H2AX in its phosphorylated form, which generates focal
points and co-localizes with other DNA damage repair-related proteins, such as those of the MRN
complex.!*13° This complex is composed of three proteins: the double-strand break repair meiotic
recombination protein MREI11, the DNA repair protein RADS50, and the Nijmegen breakage
syndrome 1 protein NBS1.!3¢

NBSI1 interacts with the other members of the MRN complex through its C-terminal domain and
with y-H2AX through its N-terminal domain, allowing the recruitment of the entire MRN complex
into the nucleus at the DSB site.!*” DNA repair by HR can be conceptually divided into three steps:
pre-synapsis, synapsis, and post-synapsis.

The pre-synapsis stage is aimed at performing the DNA-end resection needed for repair. The
MRN complex, together with the DNA endonuclease RBBP8 (also called CtIP), operates a
nucleotide cleavage necessary for creating the 3’ tailed ssDNA overhang useful for DNA repair, after
which exonuclease 1 (Exol) or endonuclease DNA2 together with bloom syndrome helicase (BLM)
promote extensive resection, 38139140

At this stage, ATM promotes the coating of the generated ssDNA by the Replication Protein
complex (RPA1, RPA2, RPA3); this step is essential to preserve the integrity of the ssDNA and to
prevent the annealing with other homologous ssDNA.!*! Then, the ATR protein, along with its
binding partner ATR-interacting protein (ATRIP), is recruited to the RPA-coated ssDNA to further
promote the checkpoint signalling. It phosphorylates different substrates such as the partner and
localizer of BRCA2 (PALB2), which, together with BRCA1-BARD1 (BRCA1 Associated RING
Domain 1) proteins, recruits BRCA2 protein.!**!%* BRCA?2 is critical for the recruitment of the
Radiation Sensitive Protein 51 (RADS51) at the DNA damage site. In particular, BRCA2, together
with its partner Exoribonuclease II, mitochondrial (DSS1), is able to displace RPA proteins, to
promote RADS51 filament formation on the ssDNA, leading to RADS51 searching and invasion of
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the homologous DNA sequence.'* Different proteins support the elongation and stabilization of the
RADS1 filaments: RADS51B, RADS51C, RAD51D, XRCC2 (X-Ray Repair Cross Complementing
2), XRCC3 (X-Ray Repair Cross Complementing 3), SWS1 (Short-wavelength sensitive opsin) and
SWSAP1 (SWIM-Type Zinc Finger 7 Associated Protein 1), which form three functional
complexes: the BCDX2 complex (RAD51B, RAD51C, RAD51D and XRCC2) the CX3 complex
(RAD51C and XRCC3) and the Shu complex (SWS1 and SWSAP1), 145144146

During the synapsis step, the BRCA1-BARDI1-PALB2 complex assists the BRCA2-DSSI1-
RADS51 complex in the search for a double-stranded (ds) homologous template. The RADS51
nucleoprotein filament invades the homologous donor dsDNA, causing the formation of the so-
called synaptic complex, consisting of three encased DNA strands. The 3’ end of the invading strand
intertwined with its complementary donor DNA leads to the formation of a displacement loop (D-
loop) intermediate.'*”!* RAD54 protein removes RAD51 from DNA, thus allowing polymerases &
(POLY) to bind and use the annealed 3’ overhang as a primer for DNA synthesis; furthermore, POLS
extends the D-loop and relaxes the DNA template. 415

In the post-synapsis step, two different pathways are involved in resolving the D-loop: Synthesis-
Dependent Strand Annealing (SDSA) and Double-Strand Break Repair (DSBR).

SDSA is the preferred pathway during mitosis.!*! It leads to the extension of the invaded strand
and the creation of a newly synthesized DNA strand, which is subsequently disengaged from the
DNA template and re-anneals with the original DNA strand, replacing the damaged or broken
section. Importantly, SDSA does not involve a crossover, which is the exchange of DNA between
the paired homologous DNA templates. Instead, it restores the original sequence while preserving
the integrity of the flanking regions.!>*!%3

DSBR is the most important pathway during meiosis.!>* It generates the so-called Holliday
junctions, which form two homo-duplex/two hetero-duplex structures and result in the exchange of
genetic material between the two DNA molecules.!*

Since the complex interplay and coordination between RADS51 and BRCA2 is the core of HR

pathway, it has garnered significant attention, also given its implications in several tumour types.
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Figure 8. Schematic representation of the HR pathway.



1.3.6 RADSI1 and BRCA2, the HR core proteins

RADS1 is an ATP-dependent recombinase of 339 amino acids, whose gene is localized on
chromosome 15. It is mainly present in an equilibrium between monomers and homo-oligomers in
the cytosol. Each RADS51 monomer consists of an N-terminal domain, which is joined to the C-
terminal ATPase domain by a small helical linker.'*"!>® The ATP-binding sites are critical for the
protein's function in HR. ATP hydrolysis is involved in the dynamics of RADS51 filament assembly
and disassembly.!3*!%" Moreover, two flexible DNA binding loops (L1 and L2) are present within
the ATPase domain (Fig.9).'®!

Since RADS1 lacks the nuclear localization sequence, it needs BRCA2 as a carrier for the
transport into the nucleus at the site of DNA damage, where it forms nucleoprotein filament covering
the 3’ tailed ssDNA. Then, it promotes search and invasion of the homologous DNA sequence

essential for the accurate repair of the DSB. 162163
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14 exons

Figure 9. Schematic representation of RADS51 domains.

In several cancer forms (ovarian, lung, breast, pancreatic, and prostate tumours), different studies
have correlated the overexpression of RADS1 protein with worse survival and prognosis, making

this protein an attractive therapeutic target to investigate 64168

. In particular, Zhang et al.
demonstrated that RADS51 promotes tumoral cell proliferation by enhancing aerobic glycolysis in
pancreatic cancer.'® R. Sarwar et al. showed a direct correlation between RADS51 increased
expression and large tumour size, proximal lymph node, and distant metastases in several cases of
thyroid carcinoma.'”® J. Hu et al. connected RAD51 overexpression with poor lung cancer patients'
survival, demonstrating that depletion of RADS51 resulted in enhanced DNA double-strand breaks,
defective colony formation, and increased cell death.!%® Overexpression of RAD51 is reported to be

associated with enhanced resistance to DNA damage induced by chemical agents and/or ionizing

radiation. Min-Shao Tsai et al. suggested that the suppression of RADS51 expression may be
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considered as a potential therapeutic target to overcome the chemoresistance of gemcitabine in non—
non-small-cell lung cancer (NSCLC).!”! Moreover, RAD51 protein level seems to be correlated also
to increased resistance of Etoposide (VP16) in small cell lung cancer (SCLC), and reduced radiation-
and chemo-sensitivity in osteosarcoma cells.!7>!73

BRCAZ2 is a tumour suppressor protein, whose gene is localized on chromosome 13. It is a large
protein (3418 amino acids) characterized by an N-terminal domain that interacts with PALB2 and

shows a DNA binding domain whose specific role is unknown;!"*!7

a central region (exon 11) that
is mainly involved in the direct interaction with RADS51 through eight well-conserved composed of
35-40 amino acids and called BRC repeats;'!’® a C-terminal domain that can bind both ssDNA and
dsDNA and also shows an additional RAD51 binding motif that stabilizes the RADS51 filament.!””-178
Moreover, the C-terminal domain contains three nuclear localization signals (NLS) that control
BRCAZ2 localization (Fig.10).!7-1%

BRCA2 function in HR can promote both RADS51 defibrillation and defibrillation. In the
cytoplasm, it induces RADS51 defibrillation to support its nuclear translocation; in the nucleus, the
same function is implemented following the DNA repair.'®! On the contrary, RAD51 fibrillation is
promoted at the DNA-damaged sites, thus favouring the formation of an active RADS5I1
nucleoprotein filament; furthermore, BRCA2 stabilizes the RADS5]1 fibrils and hides the protein

nuclear export signal when RADS51 nuclear retention is necessary. 32184
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Figure 10. Schematic representation of BRCA2 domains.

Mutations of BRCA2 predispose to different types of cancer; in particular, they are directly
associated with an increased possibility of developing early-onset breast cancer.'®> They have a role
also in the onset and development of additional types of human malignancies, including prostate,
colorectal, stomach, and pancreatic cancers.'**!3” To date, more than 1800 different mutations have
been identified in the BRCA2 gene; the most common are shift or missense mutations, resulting in

premature truncation or non-functional protein, and are prevalently sited in exon 11.'8¢:183.189 BRCA

26



mutations are considered markers indicating a deficiency in repairing double-strand breaks through
the HR pathway and, therefore, predicting a favourable response to PARPi.!?%!°!

Among the eight BRC repeats of the central region of BRCA2, BRC4 was shown to be the most
efficient in binding RADS51 and, to date, the interaction between BRC4 and RADS51 is the only
structurally elucidated.'” Two BRC4 hydrophobic pockets are critical for its interaction with
RADS1: the first one (1524-FxxA 1527 sequence, zone-I) is located at its N-terminal and the second
one (1545-LFDE-1548 sequence, zone-II) at the C-terminal.

The 1524-FxxA 1527 mimics the oligomerization motifs of RAD51 monomer and is involved in
the inhibition of RAD51 filament formation. '3:1°2 On the contrary, the 1545-LFDE-1548 sequence
interacts with RADS51 with a binding that is not expected to perturb the RADS51 inter-protomer
interface and was hypothesized to promote RADS51 filament formation, which, as stated above, is
essential for its function in DNA repair. 193194

The BRC4 sequence is often used as a model to reproduce the BRCA2-RADS51 interaction, a key
step in the HR pathway and a promising therapeutic target.

To date, different small molecules and peptides have been reported to disrupt the interaction
between RAD51 and the BRC repeats, or between RADS51 multimers.!”> 2! However, due to its

promising relevance as an effective therapeutic approach, the exploration and development of new,

more potent compounds are currently ongoing.
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2.  AIM OF THE THESIS

My Ph.D. project is contextualized within the AIRC project “A chemical biology approach to
synthetic lethality by means of DNA repair inhibitors,” which originated from a collaboration
between the Italian Institute of Technology of Genova (IIT) and the University of Bologna. It is
based on the hypothesis that the disruption of the RAD51/BRCA2 protein interaction, which is
crucial in the DNA double-strand breaks repair by HR, could trigger SL in combination with PARPi.
In fact, according to the concept of SL, the simultaneous impairment of two different DNA repair
mechanisms - DNA SSBs repair by PARPi and DNA DSBs repair by RAD51/BRCAZ2 inhibitors -
is expected to cause cell death in cancer cells characterized by high genetic instability.

Importantly, patients with BRCA2-defective tumours exhibit increased sensibility to PARPi, such
as olaparib, which has received FDA approval for treating BRCA-mutant tumours. Unfortunately,
the applicability of these treatments is restricted to tumours that carry the desired mutation.

In this context, our research group recently proposed a new anticancer drug discovery concept,
dubbed “fully small-molecule-induced synthetic lethality”, that combines the administration of
RAD51-BRCA2 disruptors with PARPi to BRCA2-wild type models of pancreatic cancer. The
compounds’ combination is supposed to mimic the increased sensitivity to PARPi observed in
oncology patients with BRCA2 deficiencies, widening the population of patients eligible for
treatment with PARPI.

The research field was restricted to pancreatic cancer and, in particular, to its most malignant
subtype: pancreatic adenocarcinoma. It lacks markers of early detection and screening programs,
and most efforts to improve the current therapy regimens fail in advanced clinical trials, leading to
a low 5-year overall survival rate and making pancreatic adenocarcinoma an important oncological
need.

The potential applicability of the “fully small-molecule-induced synthetic lethality” was
previously validated by our group, providing the basis for identifying more powerful RAD51-
BRCA2 inhibitors.202-204

The aim of my research project was to characterize the biological effects of novel RADS51-
BRCAZ2 disruptors, active at low concentration and potentially able to trigger SL in combination
with PARPi, in BRCA2 wild-type models of pancreatic adenocarcinoma. For this study, both 2D
and 3D cell cultures were used. My work can be structured into two sections.

Section I was mainly devoted to elucidating the biological effects of RADS51/BRCA2 disruption

in cultured cells; to this aim, we exposed cell cultures to a synthetic BRC4 peptide since, as
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explained in the Introduction paragraph 1.3.6, the fourth BRC repeat of BRCA2 lacks the protein's
nuclear localization sequence and is involved in the control of RADS1 fibril polymerization/de-
polymerization.

Section II describes the effect of a novel RAD51/BRCA?2 small molecule inhibitor, identified and
synthesized by chemists colleagues from IIT and University of Bologna. Taking advantage of an in-
house fluorinated fragment library, a '°Fluorine Nuclear Magnetic Resonance ('°F NMR) screening
on the oligomeric RAD51 protein was performed. The hits derived from the '°F NMR screening
were subjected to structure-activity relationship (SAR) studies generating two series of compounds.
These studies allowed to identify a molecule (ARN24922, referred to as 46 in the published article
and in the present thesis) which, in both 2D and 3D models of pancreatic cancer, showed the ability
to reproduce the effects of RAD51/BRCA2 disruption and to trigger SL in combination with the
PARPI talazoparib.
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3. SECTIONI

The BRC4 peptide: a tool for studying the effects of
RADS1/BRCA2 inhibition

3.1 Introduction

As explained in paragraph 1.3.6, RAD51/BRCAZ2 interaction is mediated by eight evolutionarily
conserved motifs, called BRC repeats, each consisting of about 35 amino acids. They show a
significantly different capacity to bind RADS51, with BRC4 exhibiting the highest affinity.
Consequently, BRC4 appears to be the most suitable and specific tool for studying the molecular
consequences of RAD51/BRCA2 disruption.

In preliminary evaluations, we observed that in its native form, BRC4 exhibited inefficient
cytoplasmic penetration. To overcome this problem, we adopted a myristoylated form of this
peptide, in which a reducible disulfide links a C-terminal BRC4 Cys to a myristoylated Cys-
Lys(Myr)-Lys-Lys-Lys sequence, allowing both membrane permeation and intracellular release.

In my experiments, I analysed the BRC4 effects on HR pathway activity and on pancreatic cancer
cell line viability. Finally, a proteomic analysis was applied to identify a proteomic fingerprint of
HR impairment.

The obtained data can be useful in view of future investigation of novel RAD51-BRCA?2 small

molecule inhibitors.
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3.2 Materials and methods

3.2.1 Cell cultures

Two PDAC lines, BxPC-3 and HPAC, were used for this study. Both cell lines express functional
BRCA2.2052% They were grown in RPMI 1640 (Merck, Cat. #R0883) supplemented with 10% FBS,
100 U/mL penicillin/streptomycin, 2 mM glutamine. The two PDAC cell lines express a functional

BRCAZ2 protein. The cell cultures were routinely tested for Mycoplasma contamination.

3.2.2 BRC4 Peptide

Native and myristoylated BRC4 (myrBRC4) peptides were purchased from Thermo-Fisher
Scientific. The complete myrBRC4 sequence was as follows:
KEPTLLGFHTASGKKVKIAKESLDK VKNLFDEKEQ[C][C][K(myristoyl[KKKNH2, (MW
4902.47 Da). A scrambled myrBRC4 peptide carrying a double mutation [F1524A, T1526A] was

used in control, untreated samples.

3.2.3 Homologous Recombination Quick Assay (HR-QA)

HR was assessed by using a commercially available kit (Norgen, Cat. #35600). This assay is
based on cell transfection with two plasmids able to recombine upon cell entry. The efficiency of
HR was assessed by Real-Time PCR, using primer mixtures included in the assay kit. Different
primer mixtures allow to differentiate between the original plasmid backbones and their
recombination product. BxPC-3 cells (2 x 10° per well) were seeded in a 24-well plate and allowed
to adhere overnight. Co-transfection with the two plasmids (1 pg each) was performed in
Lipofectamine 2000 (Invitrogen, Cat. #11668019), according to the manufacturer’s instructions. The
transfection lasted 5 h, during which different doses of compounds, dissolved in culture medium
supplemented with 0.6% DMSO, were administered to cells. After washing with PBS, cells were
harvested, and DNA was isolated using QIAamp DNA Mini kit (Qiagen, Cat. #51304). Sample
concentration was measured using an ONDA Nano Genius photometer. The efficiency of HR was
assessed by Real-Time PCR, using 25 ng of template and primer mixtures included in the assay kit,

following the protocol indicated by the manufacturer. Data analysis was based on the 222 method:
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(Recombination Product/Backbone Plasmids) treated versus (Recombination Product/Backbone

Plasmids) control.

3.2.4 Cell immunofluorescence assay

Immunofluorescence was used for studying RADS51 nuclear translocation. To visualize RADS1
in cell nuclei, BxPC-3 cells were seeded on glass coverslips placed in a 6-well culture plate (2 x 10°
cells/well) and allowed to adhere overnight. Cultures were then preincubated with the desired
compounds for 1 h and subsequently exposed to 50 uM cisplatin (CPL) (MedChemExpress, Cat.
#HY-17394) or 200 nM doxorubicin (DOXO) (Selleckchem, Cat. # S1208) for an additional 1.5 h.
Medium containing CPL or DOXO was removed, and cells were maintained in the presence of the
desired compounds for 5 h. After this time, cultures were fixed in PBS containing 4% formalin for
15 min, permeabilized in 70% ethanol, air-dried, and washed twice with PBS. Samples were
incubated in 5% bovine serum albumin (BSA) in PBS for 30 min and subsequently exposed to anti-
RADS5I1 rabbit monoclonal antibody (1:1000 in 5% BSA/PBS, BioAcademia, Cat. #70-001)
overnight at 4 °C. After washing, coverslips were incubated with a secondary anti-rabbit rhodamine-
labelled (Novus Biologicals, Cat. #NB120-6792, 1:1000 in 5% BSA/PBS), for 30 min, washed, air-
dried, and mounted with a solution 2 pg/mL DAPI in DABCO. Images were acquired using a Nikon
fluorescent microscope equipped with filters for FITC, TRITC, and DAPI. The percentage of cells
bearing RADS51 nuclear foci was estimated by two independent observers analysing approximately

200 cells for each treatment sample.

3.2.5 Cell viability assay

Cell viability was assessed with the CellTiter-Glo Luminescent Cell Viability Assay (Promega,
Cat. #G7571). For this experiment, 2 x 10* cells were seeded using the complete medium in a 96-
multiwell white plate and allowed to adhere overnight. The next day, the medium was replaced, and
treatments were conducted entirely in the absence of serum. After a brief wash, cells were pre-
incubated with 5 uM myrBRC4 for 1 h. CPL (50 and 100 uM) or DOXO (200 nM and 1 puM) was
subsequently added to wells for 1.5 h. The medium was then removed to eliminate the
chemotherapeutic agents, and cells were maintained in the presence of 5 uM myrBRC4 for an
additional 48 h. After treatments, the multiwell plate was allowed to equilibrate at room temperature

for 30 min, and the CellTiter-Glo reactive was directly added to each well. The plate was kept on a
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shaker for 10 min to induce cell lysis, and its luminescence was measured following the

manufacturer’s instructions using a Fluoroskan Ascent FL reader (Labsystems).

3.2.6 Western Blot Analysis

BxPC-3 and HPAC cells were seeded in T25 flasks and allowed to adhere overnight. Cells were
then treated with 5 uM myrBRC4 peptide; 24 h after the treatment, they were harvested and lysed
in RIPA buffer containing protease (Roche, Cat. #04693124001) and phosphatase (Merck, Cat.
#78420) inhibitors. The homogenates were left for 10 min on ice and then centrifuged for 20 min at
12000 rpm. 100 pg protein of the supernatants (measured according to Bradford) was loaded onto a
4-12% polyacrylamide gel for electrophoresis and run at 170 V. The separated proteins were blotted
on a low fluorescent PVDF membrane (Amersham Hybord Cat. #GE10600060) using a standard
apparatus for wet transfer with an electrical field of 70 mA for 16 h. The blotted membrane was
blocked with 5% BSA in TBS-Tween and probed with the primary antibodies (Abcam). The
antibodies were: rabbit anti-RPA3 (1:200 in BSA/TBS tween, Cat. #ab97436), rabbit anti-FANCI
(1:1000 in BSA/TBS-Tween, Cat. #ab245219), rabbit anti-FANCD2 (1:5000 in BSA/TBS tween,
Cat. #ab178705), and rabbit anti-Actin (Sigma-Aldrich, Cat. #A2066, 1:2000 in BSA/TBS-Tween).
Binding was revealed by a Cy5-labelled secondary antibody (anti-rabbit-IgG, Jackson
Immunoresearch, Cat. #111175144). The fluorescence of the blots was assayed with the Pharos FX

Scanner (BioRad) at a resolution of 100 um, using the Quantity One software (BioRad).
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3.3 Results and Discussion

3.3.1 BRC4 peptide inhibits HR activity

The ability of the BRC4 peptide to inhibit the HR pathway was analysed by using BxPC-3 cells.
The treatment was performed in the absence of serum to avoid interference with peptide activity due
to degradation by proteases contained in the serum.?"’

As shown in Fig.11 A, the wild-type myrBRC4 peptide (red bars) showed a dose-dependent HR
inhibition, reaching 85.1% at 30 uM, with an estimated ICso = 10 uM. In its scrambled form (black
bars), myrBRC4 was unable to impair HR at 5 pM, while, surprisingly, it led to HR inhibition at
both 10 uM and 30 puM, although its effect was weaker than of BRC4 wild-type; these results suggest
off-target effects probably caused by increasing dose of the peptide. Therefore, the 5 pM myrBRC4

dose was selected for the next experiments.

3.3.2 Evaluation of RADS1 nuclear foci as a marker for
compromised HR

Further evidence of compromised HR was gathered by examining the RADS51 localization in
BxPC-3 cell nuclei following DNA damage. To induce massive DNA damage, cells were treated
with cisplatin (CPL) or doxorubicin (DOXO). In particular, DOXO represents the major anti-cancer
treatment in clinical use. It hinders topoisomerase II, an enzyme involved in DNA regulation, which
usually facilitates DNA unwinding during transcription. This interference prevents the proper
rejoining of the DNA double-strand, ultimately halting the process of DNA replication.?%8-2%

CPL is one of the most powerful chemotherapeutic drugs, especially administered in combination
with other compounds. It is used to treat several cancers, including ovarian, breast, lung, and prostate
tumours. It covalently binds to DNA bases, forming DNA adducts that inhibit transcription and DNA
synthesis.?!*?!! An immunofluorescence assay was performed to detect RAD51 nuclear foci. In
detail, BxPC-3 cells were treated with 50 uM CPL or 200 nM DOXO for 1.5 hours, followed by 5
uM myrBRC4 treatment. As depicted in Fig. 11 B, the immunohistochemical assessment of RADS1
revealed remarkable nuclear foci in BxPC-3 cells treated with 50 uM CPL and 200 nM DOXO.
However, this effect was significantly reduced when the drug was co-administered with 5 uM
myrBRC4. Additionally, the percentage of RADS51-labeled nuclei in cultures exposed to 5 uM
myrBRC4 alone mirrored that observed in cells treated with the combination of CPL or DOXO and
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5 uM myrBRC4. Notably, the scrambled peptide in combination with CPL or DOXO did not
significantly affect the RADS51 nuclear foci, supporting the expected mechanism of action of the 5
uM myrBRC4 peptide.

3.3.3 HRimpairment increases the cytotoxic effects of anticancer
drugs

As a following step, we studied whether the HR impairment and RADS51 nuclear foci reduction
observed in myrBRC4 exposed cells result in increased toxicity of the two used chemotherapeutic
agents. The effect of the combined administration of myrBRC4 with CPL or DOXO was then
evaluated by using a cell viability assay (Fig. 11 C). BxPC-3 cells were treated with 5 uM wild-type
myrBRC4 or scrambled myrBRC4 peptides for 48 hours. Cells were maintained in a medium
without serum. The bar graph represented in Fig. 10 C shows a significant decrease in cell viability
when BxPC-3 cells were treated with 5 uM myrBRC4 in combination with 50 and 100 uM CPL or
1 uM DOXO, compared to cells treated with CPL or DOXO alone.

These data suggest that myrBRC4 peptide is able to increase the cytotoxicity effects of the
chemotherapy drugs, suggesting the impairment of DNA repair pathways concurrently with the

induction of DNA damage as a promising anticancer strategy.
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Figure 11. (A) homologous recombination (HR) assay: evaluation of the percentage of HR inhibition at
5, 10, and 30 uM myrBRC4 peptide (red) or scrambled myrBRC4 peptide (black).

(B) Immunofluorescence detection of RADS51 foci in BxPC-3 cells nuclei. 50 uM CPL or 200 nM DOXO
were administered alone or in combination with 5 uM myrBRC4 or scrambled myrBRC4 peptides to
cells. Representative pictures showing DAPI-stained cell nuclei and the corresponding labelling of
RADSI nuclear localization. A higher magnification detail of the 200 nM DOXO-treated sample is
included. The bar graph shows the percentage of RADS51-lableled nuclei obtained by analysing
approximately 300 cells for each treatment. Data were statistically evaluated by applying the two-way
ANOVA with multiple comparisons. A statistically significant difference was found between cells treated
with myrBRC4 in combination with CPL or DOXO compared to cells treated with CPL or DOXO alone.
(O) Cell viability assessed in BxPC-3 cultures exposed to CPL (50 or 100 uM, 1.5 h) or doxorubicin
(DOXO, 200 nM or 1 uM, 1.5 h) and treated for 48 h with 5 uM myrBRC4 or scrambled myrBRC4. Data
were analysed by two-way ANOVA with multiple comparisons.** p < 0.01.
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3.3.4 Proteomic profile of BxPC-3 cells following myrBRC4
peptide treatment

BRC4 can be considered the most appropriate and precise tool for investigating the molecular
outcomes resulting from RADS1/BRCA2 disruption. To deeply characterize the impact of the
inhibition of RADS51/BRCA2 interaction also on cellular pathways different from HR, a mass
spectrometry (MS) proteomic campaign was carried out in collaboration with Dr. Giorgio Oliviero
from the University College of Dublin on BxPC-3 cells treated with 5 uM myrBRC4 for 24 hours.
The proteomic data analysis was performed by Dr. Viola Previtali and Dr. Sam Myers (IIT) and is
completely reported in the published article.

This study led to the identification of a total of 3595 proteins, which were filtered with specific
criteria (p-value < 0.05 and log> (fold change) > 1 or <— 1), resulting in the detection of 225 proteins
displaying differential expression between myrBRC4-treated and untreated cells. Among these, 29
exhibited upregulation, while 196 showed downregulation. Following more stringent criteria (p-
value < 0.01 or 0.001 as significant threshold, and log> (fold change) > 2 or < — 2 as differential
abundance threshold), 20 proteins were identified in the treated samples compared to untreated, as
the top hits with significant up- or downregulation.

To enhance the identification of specific proteomic signatures following myrBRC4 peptide
treatment, the proteins exhibiting upregulation and downregulation were cross-referenced with the
RADS51 and BRCA?2 interactomes obtained via the BioGRID tool (Biological General Repository
for Interaction Datasets). Two proteins were found at the intersection of RADS51 and BRCA2
networks (FANCI: Fanconi anemia, complementation group I, and FANCD2: Fanconi anemia group
D2 protein). Thus, attention was turned to FANCI and FANCD2 proteins, which appeared to be
downregulated following myrBRC4 peptide treatment and are in common with BRCA2 and RADS1
interactomes. FANCI and FANCD?2 belong to the FA family, which is constituted of 22 proteins.*!?
FANCI and -D2 form the so-called ID complex that coordinates the ICL DNA damage repair and
the response to replication stress, as well as the apoptosis signalling in case of a DNA damage repair
failure.>!321> Moreover, the ID complex plays a crucial role in stabilizing RAD51 filaments by
directly engaging with RADS51, a pivotal step in the HR process.?!®?!7 It is also remarkable that the
overexpression of both FANCI and FANCD2 proved to be markers of poor prognosis in a wide
spectrum of cancers.?'®222 Among all the differentially expressed proteins, we also considered
RPA3, which is in common only to the RADS51 interactome but showed downregulation with the

highest observed statistical significance. Furthermore, this protein is functionally related to both
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FANCI and FANCD?2 (Fig. 12). RPA3 is one of the three subunits of the RPA complex, a nuclear
factor binding to single-stranded DNA and involved in several DNA repair processes, including
HR.?® Elevated levels of all three RPA subunits denote increased resistance to radiotherapy and
poorer prognoses among patients in different cancer types.?**

To confirm the proteomic analysis, the level of FANCI, FANCD2, and RPA3 was assessed in
myrBRC4 exposed cells by immunoblotting.

Figure 12. Functional interaction network among the proteins identified using
the proteomic analysis. The image was downloaded from http.//string-db.org.
The protein-protein interaction enrichment p-value is 0.000619; according to
STRING database, this level of enrichment indicates that the proteins are at least
partially biologically correlated, as a group.

3.3.5 Validation of FANCI, FANCD2, and RPA3 protein
downregulation in pancreatic cancer cells

To validate the downregulation of FANCI, FANCD2, and RPA3 proteins, a western blot analysis
was performed on the same pancreatic cancer cell line (BxPC-3) used for the MS and proteomic
analysis.

As for the proteomic analysis, cells were treated with 5 uM myrBRC4 peptide for 24 h in a

serum-free medium.
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Figure 13. Immunoblotting evaluation of FANCD2, FANCI, and RPA3 proteins after a 24-
hour treatment with 5 uM myrBRC4 peptide in BxPC-3 cell line. (A) Immunoblotting
images. (B) Protein level changes were assessed through bands densitometric reading. For
each protein, the levels measured in myrBRC4 treated cells were compared to the
corresponding values obtained in untreated cultures, and normalized on actin levels. *, **
**% correspond to p < 0.05, 0.01, and 0.001, respectively, as assessed by Tukeys Multiple
Comparisons test.

In BxPC-3 cells treated with the myrBRC4 peptide, a statistically significant decrease was
observed for all three proteins compared to the untreated control cultures (Fig. 13). Specifically, a
decrease of approximately 50%, 30%, and 90% was observed for FANCD2, FANCI, and RPA3,
respectively, corroborating the proteomic analysis.

BxPC-3 cell line is a reliable model to study different aspects of pancreatic adenocarcinoma,
since it is characterized by P53 mutation, as usually observed in the pancreatic tumours encountered
in clinical practice.?>22° However, a further validation of the proteomic analysis was carried out
using a different pancreatic cancer cell line: HPAC. Compared to BxPC-3 cells, this cell line is
characterized by the expression of wild-type TP53 and shows distinct proliferation timing.?%
Notably, TP53 and cell proliferation duration are critical factors influencing DNA damage repair
and responses to anticancer treatments.

As illustrated in Figure 14, despite these distinctions, the results obtained in myrBRC4-exposed
HPAC cells were at least in part aligned with the proteomic data obtained in BxPC-3 cells, showing
a 20% and 30% decreased level for FANCI and RPA3, respectively. However, the FANCD2 protein
resulted in an increase. This discrepancy can be explained by considering that FA proteins aren't
consistently active but become activated during specific phases of the cell cycle. Consequently, the
different cell proliferation timings might have influenced the response to a 24-hour RAD51/ BRCA2
inhibition induced by the myrBRC4 peptide.
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Figure 14. Inmunoblotting evaluation of FANCD2, FANCI and RPA3 proteins after a 24 h treatment with
5 uM myrBRC4 peptide in HPAC cell line. (A) Immunoblotting images. (B) Protein level changes were
assessed through bands densitometric reading. For each protein, the levels measured in myrBRC4 treated
cells were compared to the corresponding values obtained in untreated cultures and normalized on actin
levels. *, ** correspond to p < 0.01 and p < 0.05 respectively, as assessed by Tukey s Multiple Comparisons
test.

34 Conclusions - SECTION 1

Among the eight BRC repeats localized in the central domain of BRCA2, the BRC4 repeat shows
the highest affinity for RAD51.!%? Previous reports in the literature have shown that small synthetic
peptides resembling the BRC4 repeat, as well as small organic molecules that mimic BRC4, can
hinder RAD51-BRCA2 interaction.?®>** To date, the BRC4 peptide has demonstrated a superior
affinity compared to non-peptide compounds and is considered the most fitting tool to further
explore the complexity of the HR pathway. In this context, it was selected to mimic the interaction
between RADS51 and BRCAZ2 proteins to better characterize the outcomes of HR pathway inhibition,
which could be significant in designing innovative anticancer treatments.

For the described experiments, the BRC4 peptide was derivatized with myristic acid since, as
well known, myristoylation is a reversible modification that increases cell permeation and allows
intracellular release. !>

We demonstrated that the myrBRC4 peptide, in a low micromolar dose, interferes with the
correct mechanism of HR DNA damage repair in BxPC-3 cells (Fig. 10 A). Confirmation of HR
impairment by myrBRC4 was obtained by observing that the peptide treatment can prevent RADS1

nuclear foci after the DNA damage caused in BxPC-3 cultures by two widely used genotoxic

chemotherapeutic agents (CPL and DOXO) (Fig. 10 B). The absence of RADS51 at the DNA injury
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sites made BxPC-3 cancer cells unable to repair DNA damage, leading to an increased cell response
to the two chemotherapeutic agents (Fig. 10 C). These data also suggested the myrBRC4 peptide as
a promising and powerful tool for better characterising the outcomes of RAD51/BRCAZ2 inhibition.

For these reasons, a proteomic fingerprint of BxPC-3 pancreatic adenocarcinoma cells was
obtained following treatment with myrBRC4. It showed that peptide treatment affected the level of
several proteins involved in different molecular functions.

To be consistent with the Ph.D. project aim, the analysis was restricted to the proteins shared by
the RADS1 and BRCA?2 interactomes; the study resulted in the identification of FANCI and
FANCD?2 as downregulated proteins in common to both interactomes. A third protein (RPA3) was
also considered for further studies due to its strong statistical significance and its interaction with
FANCI and FANCD2 (Fig. 11). The downregulation evidenced by the proteomic analysis was
validated in immunoblotting experiments performed in two different pancreatic cancer cell lines:
BxPC-3 cells (Fig. 12) — the culture used for the MS and for the following proteomic analysis, and
HPAC cells (Fig. 13) — a pancreatic cancer cell line, characterized by conserved TP53 function and
a different proliferation rate compared to BxPC-3 cells. Among the three proteins, RPA3 displayed
the most evident reduction, an outcome confirming the robust statistical evidence derived from the
proteomic analysis. RPA3 is a nuclear protein binding to ssDNA, contributing not only to HR but
also to various other DNA repair mechanisms. Interestingly, elevated RPA3 levels have been
correlated with poorer prognoses in patients with different cancer types, particularly those displaying
increased RADS1 nuclear foci post-irradiation. 2**

FANCI and FANCD?2 are among the 22 FA-associated proteins involved also in the HR pathway,
alongside the key proteins BRCA2 and RADS1. Notably, the FANCI-FANCD?2 complex directly
engages with RADS51 and is crucial for filament stabilization - a critical step in HR.2®
Overexpression of FANCI, FANCD2 is connected to poor prognosis.>!3222

The results propose FANCI, FANCD?2, and RPA3 as markers of HR inhibition and could serve
as a reference point for exploring and characterizing different RAD51/BRCA2 small molecule
disruptors’ activity. Moreover, the induction of HR deficiency through the BRC4 peptide might be
considered as a possible approach to broaden the use of PARP inhibitors, which to date have shown
success only in breast and ovarian cancer patients carrying germline BRCA1 or BRCA2 mutations.

The described results also encourage the exploration of advanced formulations, such as
nanoparticles and intelligent delivery methods, aiming at enhancing the drug-like properties of the

BRC4 peptide itself for its potential use in oncology medicine.
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4. SECTION I

Biological validation of a RADS1/BRCA2 small molecule
inhibitor as a promising candidate to synergize with PARPI in 2D
and 3D models of pancreatic cancer

4.1 Introduction

RADS51/BRCA? interaction has been studied in a variety of medicinal chemistry approaches.
Ligand-based Nuclear Magnetic Resonance (NMR) has been successfully exploited for the hit
identification in Fragment-Based Drug Discovery (FBDD).?*%?*” FBDD allows a more accurate
exploration of chemical space, the use of high throughput screening, and a better understanding of
protein-ligand molecular interactions.?*® By using this approach and exploiting a chimeric RadA-
RADSI1 construct, Scott et al. successfully identified fragments able to disrupt the BRC4-RADS51
interaction.?*° Nevertheless, to the best of our knowledge, no NMR fragment-based screening on the
full-length wild-type form of human RADS51 has been performed so far. Therefore, we decided to
exploit the full-length RADS51 protein and performed a '’F NMR fragment-based screening aimed
at identifying novel hits able to disrupt the RAD51/BRCA2 interaction. To this aim, we took
advantage of the IIT in-house fluorinated fragment library, built following the Local Fluorine-
Environment (LEF) approach.?*® This initial screening led to the identification of two hit compounds
subsequently developed in SAR studies that generated two distinct series of derivatives, among
which the pyrazolopyrimidine derivative 46 (Fig.15) showed the most appealing biological profile,
inhibiting RAD51/BRCAZ2 in both biophysical and biochemical assays.

The aim of the experiments described in Section II was to enhance the biological study of 46 in
different pancreatic cancer cell lines. For this reason, I also spent a six-month period at the Dublin
City University, under the supervision of Dr. Naomi Walsh, where I had the opportunity to analyse

the effects of 46 in combination with the PARPI talazoparib also in 3D pancreatic cancer models.
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Figure 15. 46 chemical structure.
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4.2 Materials and methods

4.2.1 Cell cultures

Three different pancreatic ductal adenocarcinoma cell lines were used: BxPC-3 cells were grown
in RPMI 1640 (Merck, Cat. #RO0883) supplemented with 10 % FBS, 100 U/mL
penicillin/streptomycin, 2 mM glutamine; AsPC-1 and HPAC cells were grown in RPMI 1640
supplemented with 5 % FBS, 100 U/mL penicillin/streptomycin, 2 mM glutamine. HEK-293 cell
line was grown in DMEM High Glucose (Merck, Cat. #D6546) supplemented with 10 % FBS, 100
U/mL penicillin/streptomycin, and 2 mM glutamine. A normal human pancreatic epithelial cell
culture was obtained by Cell Biologics (Cat. #H6037). It was grown in its specific medium (Cell
biologics, Cat. #H6621) and added with epithelial cell growth supplements (Cell biologics, Cat.

#H6621-Kit). All the cultures were routinely tested for Mycoplasma contamination.

4.2.2 Organoid cultures

The PT291 organoid was derived from xenografts of invasive pancreatic
adenocarcinoma/cholangiocarcinoma of a female patient.?**?*! The PDM41 organoid (pancreatic
ductal adenocarcinoma) is commercially available from ATCC (Cat. #HCM-CSHL-0094-C25). The
Complete Human Feeding Media (CHFM) components were as follows: DMEM/F12 GlutaMAX™
Supplement (Thermofisher, Cat. #10565018), Antibiotic Antimycotic 100 X (Merck, Cat. #A5955),
L-WRN (Wnt3a-R-spondin3 Noggin) conditioned media (50 % v/v), 500 nM A83-01 (Merck, Cat.
#SMLO0788), 50 ng/mL EGF (ThermoFisher, Cat. #PHGO0311), 100 ng/mL hFGF10 (Biolegend, Cat.
#559308), 0.01 uM Gastrine (Tocris, Cat. #3006), 1.25 mM N-acetylcysteine (R&D, Cat. #5619),
10 mM Nicotinammide (Merck, Cat. # N0636), B-27 Supplement 1X (Life Technologies, Cat.
#17504-044) 10.5 uM ROCKi (Merck, Cat. #Y-27632). The organoid establishment was performed
as follows: cells were resuspended in Cultrex BME (R&D System Biotechne, Cat. #3432-005-01);
20 pL of organoid in BME solution was pipetted onto a 24-multiwell poly-HEMA coated plate. The
plate was placed at 37 °C for 15 min to allow the BME to polymerize, and then CHFM with 10.5
uM ROCKIi was added to each well. Two days after establishing the organoid sample, cells were fed
using CHFM without ROCKi, then subsequently fed every two days.
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4.2.3 Homologous Recombination Quick Assay (HR-QA)

Homologous recombination (HR) was assessed using a commercially available kit (Norgen, Cat.
#35600). This assay is based on cell transfection with two plasmids able to recombine upon cell
entry. The efficiency of HR was assessed by Real-Time PCR, using primer mixtures included in the
assay kit. Different primer mixtures allow differentiation between the original plasmid backbones
and their recombination product. Briefly, BxPC3 cells (2 x 10° per well) were seeded in a 24-well
plate and allowed to adhere overnight. Co-transfection with the two plasmids (1 pg each) was
performed in Lipofectamine 2000 (Invitrogen, Cat. #11668019), according to the manufacturer’s
instructions. During the 5 h of transfection, cells were exposed to different doses of compounds,
dissolved in DMSO. After washing with PBS, cells were harvested, and DNA was isolated using
QIAamp DNA Mini kit (Qiagen, Cat. #51304). Sample concentration was measured using an ONDA
Nano Genius photometer. The efficiency of HR was assessed by Real-Time PCR, using 25 ng of
template and primer mixtures included in the assay kit, following the protocol indicated by the

2 -AACt

manufacturer. Data analysis was based on the method: (Recombination Product/ Backbone

Plasmids) treated versus (Recombination Product/Backbone Plasmids) control.

4.2.4 mClover Lamin A Homologous Recombination assay (mCl-
HR)

50 uM 46 was added to HEK293 cells (6 x 10*well) grown on coverslips in a 24-well plate 1 h
before transfection. Cells were transfected with 500 ng sgRNA plasmid targeting Lamin A (pUC
CBA-SpCas9.EF1a-BFP. sgLMNA, Addgene Plasmid, Cat. #98971) and 500 ng donor plasmid
(pCAGGS Donor mClover-LMNA, Addgene Plasmid, Cat. #98970) using Lipofectamine2000
(Invitrogen, Cat. #11668019). The next day, cell culture media was replaced by fresh media
containing 50 uM 46. 3 days after transfection, cells were fixed in PBS containing 4 % formalin for
15 min and washed twice with PBS before mounting. Images acquired using a Nikon fluorescent
microscope equipped with filters for FITC, TRITC and DAPI were analysed by using the Cell

Counter Plug-in of the ImageJ software.

4.2.5 Cells immunofluorescence assay

Immunofluorescence was used for studying RADS1 nuclear translocation. To visualize RADS1

in cell nuclei, BxPC-3 cells were seeded on glass coverslips placed in a 6-well culture plate (2 x 10°
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cells/well) and allowed to adhere overnight. Cultures were then pre-incubated with 30 uM 46 for 1
h and subsequently exposed to 50 uM cisplatin for an additional 1.5 h. Medium was removed, and
cells were maintained in the presence of 30 uM 46 for 5 h. After this time, cultures were fixed in
PBS containing 4 % formalin for 13 min, permeabilized in 70 % ethanol, air-dried, and washed twice
with PBS. Samples were incubated in 5 % bovine serum albumin (BSA) in PBS for 30 min and
subsequently exposed to anti-RADS51 rabbit monoclonal antibody (1:1000 in 5 % BSA/PBS,
BioAcademia, Cat. #70-001) overnight at 4 °C. After washing, coverslips were incubated with a
secondary antirabbit rhodamine-labelled (Amersham Hybord, Cat. #10600060 1:1000 in 5 % BSA/
PBS), for 30 min, washed, air-dried, and mounted with a solution 2 pg/ mL DAPI in DABCO.
Images were acquired using a Nikon fluorescent microscope equipped with filters for FITC, TRITC,
and DAPI. The percentage of cells bearing RADS51 nuclear foci was estimated by two independent

observers analysing approximately 200 cells for each treatment sample.

4.2.6 Cell viability assay

Cell viability was assessed with the PrestoBlue cell viability kit (Thermofisher, Cat. #A13261).
1-10 x 10 cells, depending on cell type and incubation time, in 200 pL of culture medium were
seeded in a 96-multiwell plate and allowed to adhere overnight. The day after, cells were treated
with different doses of compounds, alone or in combination. Cell viability was assessed with the
PrestoBlue cell viability kit (Thermofisher, Cat. #A13261). 1-10 x 10° cells, depending on cell type
and incubation time, were seeded in 200 pL of culture medium in a 96-multiwell plate and allowed
to adhere overnight. The day after, cells were treated with different doses of compounds, alone or in
combination. After 6 days of treatment, 20 puL of the PrestoBlue cell Viability Reagent was added to
each well, and incubated for 4 h at 37 °C. The fluorescence intensity was measured with the i-

control™ Microplate Reader Software by Tecan.

4.2.7 Cell death inhibitors assay

BxPC-3 and HPAC cells were seeded in a 96-multiwell plate and allowed to adhere overnight.
The day after, cells were treated with 2 uM talazoparib and 30 uM 46, alone and in combination. 72
h later, 20 uM Z-VAD-FMK or 20 uM Nec-1 (Merck, Cat. #627610; #480065) was added and then
re-added to cultures every 24 h until the sixth day of treatment. The cell viability was assessed by

using the PrestoBlue cell viability kit (Thermofisher, Cat. #A13261), as described previously.
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4.2.8 Organoid viability assay

Organoid viability was assessed using the CellTiter-Glo® 3D Cell Viability Assay (Promega,
Cat. #G9681). 5 x 10° cells in 10 pL of Cultrex Basement Membrane were seeded into each well of
a 96-multiwell polyHEMA-coated black-sided, clear bottom plate. The plate was incubated at 37 "C
for 20 min to allow the BME to solidify; then, 100 uL of CHFM, supplemented with ROCKi, was
added to each well. After 3 days, organoids were treated with 2X concentration of talazoparib and
46 in 100 pL of CHFM and maintained for 6 days, alone or in combination. At the end of the
treatment, 25 uL of the viability reagent was added to each well. After 5 min shaking and 25 min
room temperature incubation, the luminescence intensity was measured with the i-control™

Microplate Reader Software by Tecan.

4.2.9 Immunofluorescence organoid assay

PT291 was seeded on glass coverslips placed in an 8-chamber plate (1 x 10* cells/well) and
allowed to adhere and grow for 3 days. PT291 was treated with 50 uM 46 for 24 h. The medium was
removed, and organoids were washed with PBS containing 0.1 % Tween and 2 % BSA (wash buffer)
for 5 min. Then, they were fixed in 4 % Formalin in PBS for 20 min, permeabilized in 0.5 % Triton-
X for 45 min, and washed twice with the wash buffer. Samples were blocked for 1.5 h with 10 %
FBS in PBS and subsequently exposed to the anti- y-H2AX mouse monoclonal antibody
(BioLegend, Cat. #613402) 1:250 in wash buffer) overnight at 4 “C. After washing, coverslips were
incubated with an anti-mouse FITC-conjugated secondary antibody (Novus Biologicals, Cat.
#NB720-F, 1:200 in wash buffer) for 1 h at room temperature, washed, and counterstained with
DAPI for 5 min. Images were acquired using a Nikon fluorescent microscope equipped with filters
for FITC, TRITC, and DAPI. Images were analysed by using the Cell Counter Plug-in of the ImageJ

software.
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4.3 Results and Discussion

4.3.1 Evaluation of HR impairment following 46 treatment
through different assays

The HR-QA assay was performed as a first experiment aimed at evaluating HR inhibition by 46.
It is a rapid tool used for compounds screening that, in our experience, can give a reliable indication
of a cell’s HR efficiency in a relatively high-throughput manner.?>?** The compound was
administered at a wide range of doses (1-400 uM) to BxPC-3 cells. As shown in Figure 16, 46
produced a statistically significant dose—response effect in reducing cell HR up to 30 uM; a plateau
effect was observed for doses higher doses, indicating that the compound has reached its maximum

HR inhibition rate. The calculated ICso value was 7.83 + 3.19 uM.
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Figure 16. HR inhibition caused by increasing doses of 46 administered to BxPC-3 cells during
5 h of plasmid transfection. HR was evaluated by real-time PCR, as described in the
Experimental Methods section. A plateau effect was observed for doses higher than 30 uM, with
no statistically significant difference in the HR inhibitory power caused by 46, measured in the
dose range 30—400 uM (assessed by ANOVA). To extrapolate the IC50 value, data were analysed
by applying the least squares regression fit, the theoretical regression curve (R* = 0.91) is shown

in the graph.

A further HR inhibition study was performed by applying the m-Clover Lamin A assay (mCl-
HR).?*>2%3 This assay relies on the HR-dependent incorporation of a mClover-carrying sequence
into a DSB generated by Cas-9 within the LMNA gene. Following the cleavage performed by Cas-
9, the DNA DSB is repaired through HR utilizing the mClover donor plasmid containing the

corresponding sequence, resulting in the reconstitution of a fluorescent mClover-Lamin A fusion
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protein (Fig. 17). This assay requires cells that are highly proliferative and transfection-permissive,
thus it was conducted using embryonic kidney cells (HEK-293) instead of BxPC-3 cells, which have

limited transfection efficacy and a slower growth rate. 24424

donor
—] | TMNA gene |—
o
repair I_ RADS51/BRCA2
i by HR inhibitor

sgRNA

—7| mClover ‘ LMNA —

mClover LaminA
fusion protein

/\

Successful HR Inhibited HR

Figure 17. Schematic depiction of the mClover-LaminA assay for DNA repair by HR. HEK-293
cells were transfected with the assay plasmids (Lamin A-targeting sgRNA and mClover Lamin A
donor constructs) and analysed for mClover Lamin A-positive cells, following treatment with the
desired RA51/BRCA2 inhibitor.

First, the transfection efficacy of HEK-293 cells was evaluated using a GFP-bearing plasmid,
revealing an efficiency of approximately 45% (Fig. 18), and thus confirming HEK-293 as a

transfection-permissive cell line.

GFP DAPI

200 pm 200 pm

Figure 18. Representative microscopic fields showing fluorescence of HEK-293 cells
transfected with the GFP plasmid as a transfection control. The GFP-transfected cells
fluorescence (on the left) intensity was found to be = 45%, compared to the DAPI staining of
cells nuclei (on the right). The fluorescent analysis was performed by using the Cell Counter
Plug-in of the ImageJ software.




Even though the HR-QA identified 30 uM as the 46 lowest effective dose for inhibiting HR
activity, mClover-transfected HEK-293 cultures were exposed to 50 uM. This slightly higher dose
was chosen considering the longer incubation period required for the mCI-HR assay (3 days
compared to the 5 hours for HR-QA). As illustrated in Figure 19, the untreated m-Clover-transfected
cultures (Ctr) exhibited = 20% cells with Lamin A fluorescence. However, treatment with compound
46 notably decreased the number of Lamin A fluorescent cells to approximately 3.7%. This
significant reduction in HR inhibition (about 80%) mirrored the outcomes observed in BxPC-3 cells

using the HR-QA assay, highlighting the potential of compound 46 as a BRCA2-RADS5]1 inhibitor.
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Figure 19. mCI-HR assay on HEK-293 cells. A) Representative microscopic fields showing
fluorescence of HEK-293 transfected with the assay plasmids (Lamin A-targeting sgRNA-spCas9
and mClover Lamin A donor). 46 (50 uM) administration led to a remarkable decrease in HR
positive cells, compared to the Ctr. The blue fluorescence shows DAPI-stained DNA. Scale bar,
200 um. B) The graph shows the percentage of HR-proficient cells in untreated and 46 (50 uM)
exposed samples, highlighting a statistically significant decrease (* p = 0.0199) due to the
treatment. Approximately 200 cells per sample were analysed in two independent experiments, and
the fluorescence intensity was measured by using the ImageJ software. Statistical significance was
assessed by Student s t-test.

To validate the results obtained in the HR inhibition assays, an immunofluorescence detection of
RADS1 nuclear foci was carried out following treatment with DNA-damaging agents. In fact, a
decrease in RADS1 nuclear foci is a recognized indicator of compromised HR. To achieve this,
extensive DNA damage was induced in BxPC-3 cells by 50 uM CPL for 1.5 hours. Subsequently,

cells were treated with 30 pM of compound 46 for 5 hours. As shown in Fig. 20, the administration
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of compound 46 alone did not appear to induce DNA damage, as RADS51 foci were not observed in
BxPC-3 cultures. On the contrary, as expected, RADS51 foci were visible in approximately 35% of
cells in the CPL-treated cultures. However, upon the addition of compound 46, RADS51 foci were
significantly reduced. These observations are in agreement with the results obtained in the HR

experiments, providing substantial support for the expected mechanism of action of the compound.
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Figure 20. Immunofluorescence detection of RADSI nuclear foci. A) Representative
pictures showing DAPI-stained BxPC-3 cell nuclei merged with the corresponding RADS 1-
labelling. A higher magnification detail of RADS51 nuclear foci was included for the CPL-
exposed culture. B) The bar graph shows the percentage of labelled assessed in the cell
cultures. In CPL-exposed cultures, RADS5 1 labelling was detected in 35% nuclei (**** p <
0.0001, compared to Ctr), in cells exposed to both 46 and CPL only 18% cell nuclei showed
RADS1 labelling, a statistically significant reduction compared to CPL-exposed cells (***
p = 0.0004). RADS5I-labeled nuclei were assessed by two independent observers who
analysed the treated cultures, counting approximately 200 cells for each treatment sample.
Data were statistically evaluated by applying the one-way ANOVA test.
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4.3.2 Analysis of 46/talazoparib combination in three different
BRCAZ2- proficient pancreatic cancer cell lines

According to the concept of SL, the impairment of RAD51/BRCA2 interaction mediated by 46
is expected to increase the antineoplastic activity of PARPi. When RADS51 functions in HR DNA
damage repair are compromised, cells become more reliant on alternative repair pathways like
PARP-mediated repair.?%47

The effects on cell viability of the RAD51/BRCA2 inhibition combined with PARP inhibition by
TLZ were evaluated in three PDAC cell lines: HPAC, BxPC-3, and AsPC-1. HPAC and BxPC-3 are
cell lines derived from a primary tumour, while the AsPC-1 line was isolated from the ascitic fluid
of a PDAC metastasis.??®** 2% The heatmap graph reported in Fig. 21 illustrates the different

expression of relevant genes related to the HR pathway in these cell lines.
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Figure 21. Different HR gene expression among BxPC-3, AsPC-1, HPAC cells. The Heatmap graph
was obtained using Depmap, the Cancer Dependency Map portal (https://depmap.org/portal/); as
reported in Depmap, relative gene expression values are inferred from RNA-seq data using the RSEM
tool and are reported after log2 transformation, using a pseudo-count of 1; log2(TPM+1). It shows
the gene expression profile of the main HR genes (indicated at the bottom of the graph) in the three
PDAC cell lines used (indicated at the left of the graph). The reported colours are referred to the scale
on the right: the more intense the red, the more expressed the gene; otherwise, the more intense the
green, the less expressed the gene.

Specifically, BxPC-3 cells exhibit elevated levels of RADS1, a condition associated with cell
survival, drug resistance, and unfavourable patient prognosis.!®>?*! These cells also display the
highest P53 expression, even though, together with AsPC-1 cells, carry various loss-of-function or
missense mutations resulting in either the absence or impaired function of the protein. Conversely,
HPAC is the only cell line expressing wild-type P53.25%%53 In this aspect, HPAC cells represent an

exception within the landscape of common PDACsS in clinical practice, where these cancer types
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typically exhibit mutated P53.25%2%5 Nonetheless, we considered valuable to incorporate this model
into our experiments for the investigative purposes of our study.

The ability of 46 to improve the antineoplastic effect of TLZ, was investigated in the three
selected PDAC cultures. TLZ, an FDA-approved PARPi since 2018, is used for treating adult
patients diagnosed with HER2-negative, locally advanced, or metastatic breast cancer with
suspected or confirmed deleterious germline BRCA mutations.''® Ongoing research on pancreatic
cancer has also been exploring TLZ's efficacy.?>¢2°® Compared to other PARPi, TLZ shares a similar
mechanism of action and demonstrates higher antineoplastic activity in vitro. Additionally, TLZ was
found to be approximately 100 times more potent in trapping PARP1.108:120

In preliminary experiments, all the three cell cultures were exposed to different doses of TLZ (0—
5 uM) for six days to determine the ICso values (Fig. 22). Remarkably, the calculated ICso values
were similar across the cell lines: 1.8 uM for BxPC-3, 2.27 uM for HPAC, and 2.66 uM for AsPC-
1. Consequently, a standardized dose of 2 uM TLZ was chosen to investigate its combined effect

with 46 across all three cultures.
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Figure 22. Dose-response curves of TLZ in HPAC, AsPC-1 and BxPC-3
cells. Six days of TLZ treatment (0-5 uM); ICso was calculated by applying
polynomial regression to the collected data.

46 was administered at 30 and 50 pM, either alone or in combination with TLZ, for six days.
This long exposure time was selected because cell death is expected to be a consequence of
progressive DNA damage accumulation due to the simultaneous impairment of DNA SSBs and
DSBs repair induced by PARPi and 46, respectively. In BxPC-3 cells, the administration of 46 alone
led to a 25-30% reduction in cell viability at both doses (Fig. 23). Interestingly, this effect was
amplified by the addition of TLZ, displaying a 60% reduction (with p < 0.05). This outcome is in
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agreement with the HR-QA data (Fig. 16), demonstrating consistent effects for both 46 doses and
aligning with the mCIl-HR experiment illustrated in Fig. 19.

A similar statistically significant impact of the 46/TLZ combination was observed in HPAC cells.
In contrast, the effect appeared less marked in AsPC-1, yet remaining statistically significant at the
50 uM concentration. A plausible explanation for this observation can be inferred from the heatmap
depicted in Fig. 21. Specifically, AsPC-1 cells exhibit notably lower BRCA?2 expression compared
to BxPC-3 and HPAC cells, while the expression level of RADS2 is more than 2-fold higher than
BRCA2. Therefore, it can be hypothesized that in AsPC-1 cells, alternative HR mechanisms,
particularly the RADS52-mediated HR, which is independent of BRCA2, might prevail, thus
explaining the compromised efficacy of RAD51/BRCA?2 inhibition.*>-*6
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Figure 23. Evaluation of BxPC-3, AsPC-1, HPAC cell viability following 46/TLZ combination.
Antiproliferative effect caused by 46, administered at 30 and 50 uM singularly or in combination
with 2 uM TLZ, measured in BxPC-3, AsPC-1 and HPAC cells after six days of treatment. Data
were statistically analysed using the two-way ANOVA followed by Tukey s multiple comparisons
test, to evaluate the differences between the effects caused by the compounds’ combination vs
those caused by the single TLZ treatment. * p < 0.05; ** p < 0.005; *** p = 0.0001.

Subsequently, we explored whether the results shown in Fig. 23 could be explained by the
involvement of cell death, which is a desired outcome in antineoplastic treatments. Given the
reduced efficacy observed in AsPC-1 cultures, this experiment was performed in HPAC and BxPC-
3 cells. These cells were treated with the 46/TLZ combination for six days, in the presence of either
20 uM Z-VAD-FMK (a widely-used pan-caspase inhibitor) or 20 uM Necrostatin-1 (Nec-1, a

necroptosis inhibitor).?*!-*2 46 was administered at 30 uM, which is the lowest dose causing
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statistically significant effects in the cell viability experiments (Fig. 23). Upon treating cultures with
the 46/TLZ combination, the addition of Z-VAD-FMK resulted in a statistically significant increase
in cell viability (Fig. 24 A). On the contrary, the administration of Nec-1 did not affect the
antiproliferative effect of the 46/TLZ combination (Fig. 24 B). These results confirmed the
involvement of apoptosis, reproducing the desired mechanism of SL triggered by the combination

of RAD51/BRCA2 and PARP inhibitors.
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Figure 24. Evidence of cell death pathways following the 46/TLZ treatment in HPAC (left)
and BxPC-3 (right) cells. (A) Involvement of apoptosis. Cells were treated for six days with
30 uM 46, given singularly or in combination with 2 uM TLZ. 20 uM Z-VAD-FMK was
added mid-treatment and then every 24 h. Data were statistically analysed using two-way
ANOVA followed by Tukey s multiple comparisons test (*p < 0.05, compared to the culture
treated with 46/TLZ).

(B) Involvement of necroptosis. Cells were treated for six days with 30 uM 46, singularly or
in combination with 2 uM TLZ. 20 uM Nec-1 was added mid-treatment and then every 24 h.
Data were statistically analysed using two-way ANOVA followed by Tukeys multiple
comparisons test. No evidence of necroptosis was observed.

To investigate the selectivity of the 46/TLZ combination for cancer cells, we assessed the toxicity
of this combination on normal epithelial cells isolated from the human pancreas (H-6037). H-6037
cells were treated with either 30 pM 46 alone or in combination with 2 uM TLZ for six days.
As shown in Fig. 25, administration of TLZ had no impact on the viability of H-6037 cells, while

the effect of 46 alone resulted in a mild inhibition, < 20%. These effects were lower than those
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observed in the cancer models (Fig. 23). Additionally, the administration of 46 was unable to
increase the antiproliferative effects of TLZ, since no statistically significant difference was
observed between the cells exposed to 46 alone and those receiving the combination treatment.
Though preliminary, these findings align with the hypothesis that concurrent inhibition of PARP and
RADS51/BRCA2 function should preferentially affect cancer cells.
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Figure 25. Evaluation of H-6037 cell viability following treatment with 46/TLZ
combination for after six days. H-6037 were treated with 30 uM 46 and 2 uM TLZ,
given alone or in combination. Data were statistically analysed by two-way ANOVA
followed by Tukey s multiple comparisons test. 30 uM 46 caused a = 20% inhibition
of H-6037 cell viability (p < 0.05). No statistically significant difference was
observed when the effect of the 46/TLZ combination was compared with those
caused by the two compounds administered as single treatments; ns= not

significant.

4.3.3 Analysis of 46/talazoparib combination in 3D models of
pancreatic adenocarcinoma

In two-dimensional (2D) cell culture, cells are grown on flat surfaces, thus forced into a planar
shape, and exposed to a uniform administration of nutrients, growth factors, and drugs. Moreover,
in 2D cultures, cells lack complex cell-cell and cell-environment interactions found in living tissues.
Conversely, in three-dimensional (3D) cultures, cells are embedded in a gel or scaffold that mimics
the natural extracellular matrix (ECM) and provides a three-dimensional structure, allowing for in
vivo-like cell-cell and cell-environment interactions. Moreover, 3D cultures are characterized by

heterogenous cell polarities and phenotypes, which are more representative of native tissue
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architecture, allowing researchers to study cell behaviour in conditions that better mimic in vivo

situations (Fig. 26). 263264
2D cell 3D cell
culture culture
kw\f“J
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@_____)
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» Uniform distribution of nutrients, » Differential distribution of nutrients,
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Figure 26. Differences between 2D and 3D culture models. A schematic representation of the
traditional 2D monolayer cell culture and 3D cell culture systems and their main differences.

Consequently, the effect of the compounds’ association (50 uM 46 with 2 uM TLZ) was assessed
on two distinct PDAC organoids, PT291 and PDM41. The PT291 organoid was derived from
xenografts of an invasive pancreatic adenocarcinoma/cholangiocarcinoma from a female patient
(Fig. 27); the PDM41 organoid is characterized by an adenocarcinoma ductal type histology and is
commercially available (Fig. 28) (details reported in section 4.2.2).
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Figure 27. PT291 organoid growth and development. Representative images showing PT291 on day
0, day 3, day 7 and day 10.

59



3 "‘ 5 '._-): ) ) - \
& Vo & Sl A
&;’f 2 F (,.,3) &
@ )i A £
Day 0 Day 3 Day 7 Day 10

Figure 28. PDMA41 organoid growth and development. Representative images showing PDM41 on day
0, day 3, day 7 and day 10.

The impairment of organoid viability caused by the 46/TLZ combination following a six-day
treatment is represented in Fig. 29. The combination treatment significantly increased the effects of
TLZ in both organoid models, in agreement with the results obtained in the 2D cellular assays.
Particularly, in PT291 the co-administration with 46 resulted in a 50% decrease in cell viability

compared to the treatment with TLZ alone.
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Figure 29. Antiproliferative effect caused by 46 administered singularly or in combination with 2
uM TLZ and evaluated in two different 3D models of PDAC: the PT291 (A) and the PDM41 (B).
(A) The six-day co-administration of the two compounds led to a marked decrease in organoids
viability, strongly potentiating the anti-proliferative effect of TLZ. The two-way ANOVA test, followed
by Tukey s multiple comparisons test, indicated a statistically significant difference produced by the
coadministration compared to the single TLZ treatment (*** p = 0.0003). (B) In PDM41 PDAC
organoid culture the compounds’ association showed a less remarkable, but statistically significant
effect (* p = 0.0116, compared the single TLZ treatment).

In a final experiment, we verified whether the combined treatment 46/TLZ can produce increased

DNA damage, as expected in cells with both HR repair and PARP function impairment. This
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experiment was performed in the PT291 organoid. Following the 46/TLZ treatment, the DNA
damage level was evaluated using an immunofluorescent assay for detecting y-H2AX foci, a
recognized DNA damage marker (Fig. 30). Interestingly, when given as single treatments, both 46
and TLZ did not cause significant y-H2AX labelling, compared to the untreated PT291. However,
their combination resulted in a threefold increased level of y-H2AX foci, in line with the viability
experiment results (Fig. 29).

These data are in agreement with the postulated mechanism of action of the compounds, which
are expected to significantly compromise DNA integrity when administered in combination.

Moreover, these findings further confirmed the data of the previous experiments.
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Figure 30. Evaluation of DNA damage in the PT291 organoid culture treated for 24 h with 2 uM TLZ
and 50 uM 46, given singularly or in combination. (A) Representative pictures showing DAPI-stained
cell nuclei and the corresponding immune-labelling of y-H2AX, a marker of DNA damage. In PT291, the
coadministration of 46 and TLZ led to increased y-H2AX labelling. (B) The bar graph shows the
percentage of y-H2AX labelled nuclei, assessed with the aid of ImageJ software. The statistical analysis
was carried out by applying one-way ANOVA followed by Tukey'’s multiple comparisons test;, a
statistically significant difference was found between the organoid culture treated with TLZ alone and
that exposed to the compounds’ combination. *p = 0.0127.
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4.4 Conclusions — SECTION I1

Compound 46, which is derived from a '’F NMR fragment screening on the oligomeric RAD51
form, proved to inhibit HR in a low micromolar range. Two different HR inhibition assays (HR-QA
and mCIl-HR) proved its supposed mechanism of action. Importantly, in combination with TLZ, 46
induced cell apoptosis, which is a desired anticancer goal and represents a confirmation of the
desired SL induction. Notably, the combination was studied on three PDAC cell lines with the aim
of providing a more comprehensive understanding of the potential efficacy and limitations of the
RADS51/BRCA2 inhibitor. In fact, the used cell lines are characterized by different expression
patterns of the main HR genes and are derived from PDAC with different clinical features. The study
of 46/TLZ combination was also implemented in 3D culture systems, which represent a more
physiologically and clinically relevant platform for drug discovery research. Taken together, all the
obtained results confirmed 46 as a promising RAD51/BRCA2 small molecule inhibitor able to
increase the antineoplastic effect of PARPi TLZ.

This work adds credence to the SL paradigm for tackling unmet oncological needs such as
pancreatic cancer. Moreover, 46 can be considered as a useful tool for further investigation of the

SL mechanism based on RADS51, as well as a starting point for further drug discovery campaigns.
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S.  CONCLUSIONS

SL exploits the inherent vulnerabilities of cancer cells by targeting specific genetic or molecular
weaknesses, representing a promising avenue for medicinal chemistry in the field of anticancer
therapies. In the context of DNA damage repair, the SL concept can be applied by targeting two
separate DNA repair pathways; when a pathway is defective, cells can still survive by relying on the
alternative pathway. However, if the two pathways are simultaneously compromised, cells become
vulnerable.

In this context, the described research project was aimed at inhibiting the HR DNA repair
pathway by targeting the interaction between RADS1 and BRCA2 proteins, which makes cancer
cells more sensitive to PARPi. To inhibit the RADS51/BRCA?2 interaction, the experiments reported
in Section [ used a peptide derived from a BRCA2 sequence (BRC4), which is directly involved in
the interaction with RADS51; this study enabled to outline the potential outcomes of HR inhibition.
Moreover, for the first time, it allowed to obtain a proteomic fingerprint consequent to HR inhibition
after cell exposure to BRC4. The acquired data can be useful in view of further investigations aimed
at obtaining a biological characterization of novel RAD51/BRCA2 small molecule inhibitors.
Section II reports studies aimed at characterizing the biological activity of a potential
RADS1/BRCA2 disruptor identified during a drug discovery campaign performed at IIT and
University of Bologna: compound 46. The performed experiments highlighted the potential of 46 to
trigger SL in combination with talazoparib. Talazoparib is a potent PARP1 approved by FDA in 2018
for treating adult patients diagnosed with HER2-negative, locally advanced, or metastatic breast
cancer with suspected or confirmed deleterious germline BRCA mutations.

Overall, the present study added important notions useful for the application of a chemical
biology approach involving the use of small molecules, to trigger synthetic lethality by means of
DNA repair inhibitors. This approach has the potential to enhance the efficacy of anticancer

treatments targeting DNA damage repair, making them applicable to a broader spectrum of patients.
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