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Zusammenfassung:

Poly (ADP-ribose) Polymerase Inhibitoren (PARPi) zielen auf DNA-
Reparaturmechanismen ab und fiilhren in Tumorzellen mit defekter homologer
Rekombination (HR) zu einer sogenannten synthetischen Letalitdt. Trotz ihres
vielversprechenden Potenzials in der Krebstherapie gibt es Herausforderungen, vor
allem durch die unspezifische Hemmung der PARP-Aktivitat. Haufige Nebenwirkungen
umfassen Resistenzen, unerwlinschte Toxizitat und die Stérung wichtiger zellularer
Prozesse. Um diese Hlrden zu Uberwinden, konzentriert sich die aktuelle Forschung
darauf, neue Zielstrukturen zu finden, die eine prazisere und gezieltere Hemmung
ermdglichen. Ein vielversprechender Ansatz ist ALC1 (Amplified in Liver Cancer 1),
einen ATP-abhangiger Chromatin-Remodeler, der an DNA-Reparaturprozessen beteiligt
ist. ALC1 wird durch Poly-ADP-Ribose (PAR) aktiviert und verandert die Zuganglichkeit
von DNA-Schaden durch Nukleosomen-Verschiebung. Dies stellt eine potenzielle
synthetisch letale Schwachstelle in Krebsarten mit homologer Rekombinationsdefizienz
(HRD) dar.

Eisbach Bio GmbH hat ALC1-Inhibitoren (ALC1i) entwickelt, eine neue Klasse von
synthetisch letalen Wirkstoffen, die darauf abzielen, ahnliche genetische Schwachstellen
wie PARP-Inhibitoren anzugreifen, jedoch auf spezifischere Weise. In dieser Studie
wurden ALC1i verwendet, um das therapeutische Potenzial von ALC1-Hemmung in der
Krebsbehandlung zu untersuchen. In Zellkulturen fiihrte ALC1-Hemmung zur Anhaufung
von DNA-Schaden, veranderte die Dynamik von Reparaturproteinen an beschadigten
DNA-Stellen und fixierte PARP1 auf Chromatin. Dies resultierte in einer synthetisch
letalen Spezifitat fir Tumorzellen und folglich im Zelltod von HR-defizienten Zellen mit
einer Selektivitdt von mehr als 20-fach. Weitere Analysen von Zelllinien unter ALCH1i
zeigten Sensitivitat in Krebszellen, die Giber HRD hinausging. Auch in PARPI-resistenten
Zellen blieb ALC1-Inhibition wirksam. Kombinationstherapien unter Einbeziehung von
ALC1i  zeigten synergistische Effekte mit verschiedenen zugelassenen
Chemotherapeutika und experimentellen Wirkstoffen, einschlielich PARPi und
Topoisomerase-1-inhibitoren (TOP1i). Im Xenotransplantat-Modell zeigte ALC1i hohe
Wirksamkeit. Trotz der effektiven Bindung von PARP an Chromatin an DNA-
Schadensstellen durch ALC1i gab es keine offensichtlichen Nebenwirkungen. Diese
Beobachtung deutet darauf hin, dass die mit der PARP-Inhibition verbundene Toxizitat
eher mit der Beeintrachtigung zentraler zellularer Mechanismen als mit dem
Bindungsvorgang selbst verknipft sein kdnnte. Die beobachtete synthetisch letale
Spezifitat fur Tumorzellen, zusammen mit der nachgewiesenen Wirksamkeit in
verschiedenen Krebskontexten, positioniert ALC1-Inhibition als vielversprechenden

Kandidaten fur weitere Entwicklung von neuen Medikamenten.
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Abstract:

Poly(ADP-ribose) polymerase inhibitors (PARPi) have shown great potential in cancer
treatment by selectively targeting DNA repair pathways and inducing synthetic lethality,
leading to improved patient outcomes. However, their non-specific inhibition of PARP
activity presents challenges such as drug resistance, undesirable toxicities, and
disruption of crucial cellular housekeeping functions performed by PARP1. To address
these challenges, there is a current focus on targeting new downstream targets that can
offer more precise and targeted inhibition. Among the emerging candidates is ALC1
(Amplified in Liver Cancer 1), an ATP-dependent chromatin remodeler linked to DNA
repair processes. The poly-ADP-ribose (PAR)-activated remodeler ALC1 impacts DNA
lesion accessibility through nucleosome sliding and is a synthetic-lethal vulnerability in
homologous recombination-deficient (HRD) cancers.

Eisbach Bio GmbH has developed ALC1 inhibitors (ALC1i), a new class of synthetic
lethal medicines aiming to target the same genetic vulnerabilities as PARP inhibitors but
in a more specific manner. In this thesis, inhibitors were employed to investigate the
therapeutic potential of ALC1 inhibition in cancer treatment. In cellular contexts, ALC1i
led to accumulation of DNA damage, changed DNA repair protein dynamics at DNA
damage sites, and trapped PARPs on chromatin. This resulted in tumor-cell-specific
synthetic lethality and, consequently, tumor cell death of HR-deficient over HR-proficient
cells with a >20-fold selectivity. Further analysis of cell lines under ALC1i showed
sensitivity in cancer cells extending beyond HRD. Importantly, ALC1 inhibition remained
effective against PARP inhibitor-resistant cells. Combination treatments involving ALC1i
showed synergistic effects with various approved chemotherapeutics and investigational
agents, including PARPI. Moreover, when combined with Topoisomerase 1 inhibitors
(TOP1i), like irinotecan, ALC1i showed high synergistic potential. In xenograft models,
ALC1i have demonstrated great efficacy as a monotherapy, significantly reducing tumor
growth. Despite the effective trapping of PARP on chromatin at DNA damage sites by
ALC1i there were no apparent toxic side effects. This observation indicates that the
toxicity associated with PARP inhibition may be linked more to its housekeeping
functions rather than the process of trapping itself.

The outcomes of this study emphasize the prospective value of ALC1 inhibition as a
novel and promising therapeutic approach in cancer treatment and personalized
medicine. The observed tumor-cell-specific synthetic lethality, along with the
demonstrated effectiveness in diverse cancer contexts, positions ALC1 inhibition as a
noteworthy candidate for further exploration and development in the pursuit of advanced

cancer therapies.
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1. Introduction

1.1. Exploring traditional and emerging approaches in cancer
therapy

Cancer is a complex and diverse group of diseases that has long been a major challenge
for medical science. Over the decades, various treatment strategies have been
developed to combat its continuous spread. Classical methods such as surgery, radiation
therapy, and chemotherapy, collectively known as classical cancer treatments, have
emerged as cornerstones in the persistent search for effective treatments in the battle
against this complex disease (Debela et al., 2021). These time-tested approaches have
been fundamental in extending patient lifespans and mitigating symptoms. Even
complete remission was achieved in a considerable number of cases. Nonetheless,
conventional chemotherapies lack specificity and give rise to significant issues, such as
side effects resulting from their unspecific toxicity or the development of drug resistance
(Nurgali et al., 2018).

Immunotherapy has brought a groundbreaking shift to cancer treatment by utilizing the
immune system to identify and eliminate malignant cells, reshaping the treatment
landscape. Rather than directly attacking cancer cells like traditional approaches,
immunotherapy focuses on strengthening and guiding the immune system's natural
response to combat tumors. This innovative strategy has led to significant breakthroughs
such as checkpoint inhibitors that activate immune cells, allowing them to better identify
and combat cancerous cells (Yum et al., 2020). Immunotherapy offers the potential for
longer-lasting responses and fewer side effects compared to traditional treatments.
Beyond the groundbreaking progress in immunotherapy, cancer treatment has seen
significant advancements with the introduction of biologics and targeted therapy.
Biologics, also known as biological therapies, involve using substances derived from
living organisms or their components to selectively target molecules crucial for the
proliferation and survival of cancer cells. These therapies can include monoclonal
antibodies, cytokines, and vaccines designed to interfere with the cancer cells' signaling
pathways or enhance the immune system's response (Papiez & Krzysciak, 2021).
Similarly, targeted therapy uses precision medicine to find and target specific molecular
changes in cancer cells. This approach improves treatment effectiveness and reduces
harm to healthy tissues, leading to fewer side effects compared to traditional treatments.
(Baudino, 2015). The introduction of biologics and targeted therapy marks a major shift
in cancer treatment, making it more personalized by matching treatments to the specific

characteristics of a patient's cancer.
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1.2. Synthetic lethality: hitting the weak spot

Improved cancer treatment needs innovative strategies that target weaknesses in cancer
cells while protecting healthy tissue. Among these strategies, the principle of synthetic
lethality has emerged as a promising avenue. This approach takes advantage of the
genetic and molecular abnormalities in cancer cells to deliver targeted treatment,
effectively causing their destruction (Topatana et al., 2020). The fundamental concept of
synthetic lethality, which originated from studies in model organisms like fruit flies and
yeast, revolves around exploiting the interconnectedness of cellular pathways (Boone et
al., 2007; Brough et al., 2011; Dobzhansky, 1946). The classical definition involves
identifying genetic mutations or alterations in cancer cells that, in isolation, allow the cells
to survive but become lethal when combined with another specific genetic alteration or
when a particular pathway is blocked. This lethal interaction disrupts vital cellular
processes necessary for growth and division, ultimately leading to cell death (O’Neil et
al., 2017; Topatana et al., 2020).

The research by Akimov & Aittokallio, 2021 underscores the significance of considering
factors beyond gene mutations as contributors to synthetic lethal interactions. These
factors encompass protein and microRNA expression, pathway activation,
microenvironmental shifts, and treatment responses. Traditionally, the term "synthetic
lethality" has been associated with changes in cell viability rather than just the binary
alive/dead outcome. To address this limitation, Akimov & Aittokallio, 2021 proposed an
extended definition that involves the combined perturbation of multiple cellular
components, resulting in changed phenotypes and decreased cell viability exceeding the
sum of their individual effects. This redefined concept involves quantitative analysis of
genetic interactions inspired by a synergy scoring approach used in drug combination
screens. By linking observable phenotypes to gene mutations, this approach provides a
more robust way to distinguish synthetic lethal interactions than relying solely on
mutations. The principle of the extended definition of synthetic lethality is shown in Figure
1.
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Figure 1: Principle for synthetic lethality

Possible outcome
cell death

A mutation in gene 1 (red) in combination with inhibition of gene 2 (blue) (e.g., via
inhibitor) leads to decreased cell viability, resulting in cell death (left path). Middle and
right paths include factors beyond genetic alterations (e.g., protein and microRNA
expression, pathway activation, microenvironmental shifts, etc.) (Akimov & Aittokallio,
2021). Perturbation 1 changes the cell phenotype; multiple perturbations additionally
reduce cell viability. A double mutation (in gene 1 and gene 2) ultimately leads to cell
death (right pathway) (created with Scientific Image and lllustration Software |
BioRender).

A great example is the groundbreaking identification of synthetic lethal interactions
involving deficiency in Poly (ADP-ribose) polymerase (PARP) and breast cancer genes
1 and 2 (BRCA1 and BRCA2) (Farmer et al., 2005). Many studies have shown the
heightened susceptibility of BRCA-mutant cancer cells to inhibition of the DNA repair
enzyme PARP. This has led to a new wave of research focused on treatments based on
biomarkers and synthetic lethality for different types of cancer (Pilié et al., 2018).

Finding the weak spot, the cancer’s specific genetic vulnerabilities (“Achilles heels”), is
the key to personalized medicine, allowing a more dynamic and effective treatment for

patients with fewer side effects.
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1.3. The weak spot: targeting DNA damage response in cancer

DNA damage response (DDR) pathways are highly attractive as targets for synthetic
lethality as they play a crucial role in maintaining genomic integrity. Cancer cells
frequently harbor defects in DDR pathways, rendering them reliant on alternative
mechanisms for survival. The principle of synthetic lethality exploits this vulnerability by
identifying genes or proteins that, when inhibited in conjunction with compromised DDR,
drive cancer cells to a state of lethality. The interplay of DNA repair processes, such as
homologous recombination (HR) and base excision repair (BER), presents multiple

opportunities for therapeutic intervention.

1.3.1. DNA damage response

DDR is a sophisticated network of cellular mechanisms that act as a guardian to preserve
the integrity of genetic material. It becomes activated in response to various forms of
damage, encompassing DNA breaks, modifications, and crosslinks, often arising from
endogenous and exogenous sources such as replication stress or ionizing radiation (IR)
(Friedberg et al., 2006; Saxena & Zou, 2022). The DDR orchestrates a spectrum of
molecular processes by encompassing DNA repair, cell cycle checkpoints, and
apoptosis (Giglia-Mari et al., 2010). This orchestration is essential for detecting,
signaling, and repairing DNA damage, safeguarding genomic stability, avoiding mutation
accumulation, and upholding cellular functionality. Understanding the complexities of the
DNA damage response is crucial for uncovering how DNA repair works and has the
potential to develop advanced cancer treatments. Important mediator- and effector

proteins involved in the different DNA damage repair pathways are shown in Figure 2.
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Figure 2: DNA damage repair pathways and effector proteins

The DNA damage repair pathways are divided into double-strand break (DSB) repair (in
blue) and single-strand break (SSB) repair (in red). Damage sensor, signaling, and
effector proteins for the corresponding repair pathways are shown in this figure. Rational
targets for DDR for future drug development are highlighted in red, including DNAPK,
ATM, ATR, RAD51, PolQ, PARP and APE1. Repair pathways include non-homologous
end-joining (NHEJ), homologous recombination (HR), alternative (Alt)- NHEJ or
microhomology mediated end-joining (MMEJ), single-strand annealing (SSA), inter-
strand crosslink (ICL) repair, single-strand break (SSB) repair, base excision repair
(BER), tran-lesion synthesis (TLS), nucleotide excision repair (NER), mismatch repair

(MMR) (figure from Brown et al., 2017).

In mammalian cells, DNA double-strand breaks (DSBs) can arise from various factors
like replication fork stalling, physical stress, or exogenous factors like IR (Cannan &
Pederson, 2015; Saxena & Zou, 2022). The response to DSBs via chromatin structure
relies on a concept involving phosphorylated H2AX (yH2AX), which undergoes
phosphorylation at serine 139 in response to IR or physiologically induced DSBs, where
it accumulates, forms foci, and recruits other components of DDR (Scully & Xie, 2013).

Two fundamental repair mechanisms can respond to two-ended DSBs: non-homologous
end joining (NHEJ) and homologous recombination (HR). References suggest that NHEJ
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can work in all phases of the cell cycle (X. Zhao et al., 2017) and is involved in the rapid
ligation of DNA after minimal processing of DNA ends, including central factors like
Ku70/80 and DNA-PKcs. HR is restricted to S and G2-phase (X. Zhao et al., 2017) and
includes additional layers regulated by the cell cycle (Brown et al., 2017; Spies et al.,

2021). The mechanisms of DSB repair are shown in Figure 3.
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Figure 3: Mechanisms of DSB repair
DSB repair pathway choice (A) factors include cell cycle stage and chromatin shape.
NHEJ (B) operates in the interphase. Central factors for NHEJ include Ku70/80 and
DNA-PKcs. Single-strand annealing (SSA) (C) is used in S and G2 phase. RAD52
recombinase catalyzes the annealing of ssDNA. Repair through HR (D) needs the intact
sister chromatid as a template to restore lost genetic information and therefore only takes
place in S and G2 phase after DNA replication. 30 nucleotide ssDNA overhangs at the
DSB ends are first bound by Protein A (RPA). Substitution of RPA by RAD51 is mediated
by proteins like BRCA1, BRCA2, and PALB2 and RAD51 nucleo-protein-filaments are
promoted by BRDX2, CX3, and Shu-complex. After homology search by stable RAD51
filaments and strand invasion, DNA repair synthesis is enabled. DSB repair results in
either non-crossing over or crossing over products by resolving Holliday Junctions (HJ).
Synthesis-dependent strand annealing (SDSA) results in non-crossing-over products.
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Break-induced repair (BIR) occurs in case of a broken replication fork, where a second
end of the DSB is unavailable. The intact sister chromatid is used as a template.

Respective DNA repair enzymes are shown in (E) (figure from Spies et al., 2021).

The mechanism of HR repair is specifically required for the repair of one-ended DSBs
primarily related to DNA replication (X. Li & Heyer, 2008). One-ended double-strand
breaks (DSBs) can occur either from direct endonucleolytic activity at stalled forks or
indirectly when the fork encounters a DNA nick. In repairing these one-sided DSBs, it
appears that homologous recombination (HR) is the only pathway that reliably achieves
effective and successful repair (X. Li & Heyer, 2008).

HR repair begins when the MRN complex (MRE11-RAD50-NBS1) identifies and binds
to DSBs following DNA damage (Bian et al., 2019). Extensive ssDNA overhangs are
generated by Exo1 together with BLM (Bloom Syndrome RecQ Like Helicase) and other
helicases (Spies et al., 2021). Replication protein A (RPA complex) occupies 3’ends,
which leads to secondary structures for an efficient HR. Dedicated mediators like BRCA2
and the BRCA1-BRD1 complex bind the ssDNA and RAD51 monomers to replace RPA
with RAD51 (Cejka & Symington, 2021; Sung & Klein, 2006), leading to homology
search. After invading the homologous DNA duplex, base-pairing with the
complementary sequence on the sister chromatid is initiated. Homologous pairing and
formation of a three-stranded DNA helix intermediate is facilitated by BRCA1-BARD1
together with RAD51 (Cejka & Symington, 2021; Sung & Klein, 2006). After base-pairing,
RAD51-mediated ATP hydrolysis leads to the formation of a D-loop by the non-base-
paired strand (Spies et al., 2021). RAD54 facilitates unloading of RAD51 to promote DNA
repair synthesis. Then, a mechanism called gene conversion extends the invading strand
using DNA from the sister chromatid as a template (Spies et al., 2021). During the D-
loop extension in HR, DNA double-strand break repair (DSBR) can form a Holliday
Junction, leading to crossover or non-crossover products. Alternatively, in the synthesis-
dependent strand annealing (SDSA) pathway, the newly synthesized strand is displaced
and anneals with the other DSB end, yielding non-crossover products (Nagaraju et al.,
2006).

Alternative end joining (alt-EJ), also recognized as microhomology-mediated end joining
(MMEJ), is thought to come into play when DSBs cannot be effectively repaired through
c-NHEJ (Scully et al., 2019). This backup mechanism engages when c-NHEJ or HR
encounters difficulties during DNA-end-processing during repair (Caracciolo et al., 2019;
lliakis et al., 2015). Alt-EJ involves minimal processing of DSB ends to expose short
single-stranded microhomology sequences. When PARP1 outcompetes the Ku complex,
a DSB sensor for c-NHEJ, it directs DSB repair towards alt-EJ (Robert et al., 2009; M.
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Wang et al., 2006; Yang et al., 2018). Alt-EJ involves DNA polymerase © (POLQ), which
inhibits HR via a RAD51-binding domain, and PolQ-helicase activity, promoting the
displacement of RPA from resected double-strand-breaks. This displacement enables
the annealing of DSBs and their subsequent joining (Ceccaldi, Liu, Amunugama, Hajdu,
et al., 2015; Mateos-Gomez et al., 2017).

The trend for antitumor agents targeting mediators of DDR, based on the principle of
synthetic lethality, has emerged in recent years, including developing inhibitors against
PARP, WEE1 and POLQ (Brown et al., 2017). Small molecule inhibitors aimed at DDR
proteins, like Ataxia telangiectasia mutated and Rad3-related (ATR) or ataxia-
telangiectasia mutated (ATM) inhibitors, are making their way into clinical trials
(Middleton et al., 2021; Priya et al., 2023).

One of the most successful targeted therapies for synthetic lethality with DDR are PARP
inhibitors (PARPI). In cells with a deficiency in the HR repair pathway, like BRCA
mutations, the repair pathway for DSBs is compromised. Inhibiting additional repair
pathways dependent on PARP leads to an accumulation of DNA damage that the
compromised BRCA-dependent repair pathway cannot effectively repair, ultimately
causing the cancer cells to perish. This lethal interaction disrupts vital cellular processes

necessary for growth and division, ultimately leading to cell death.

1.3.2. PARP enzymes, the essence of DDR

Poly (ADP-ribose) polymerase enzymes (PARPs), with PARP1 as a prominent
representative, are multifaceted players in various molecular processes (Kanev et al.,
2023). Their roles encompass DNA repair, DNA replication, transcriptional regulation,
ribosome biogenesis, biomolecular condensate formation, and programmed cell death
(D. Huang & Kraus, 2022; Leung, 2020), making them vital players in safeguarding the
integrity of the cell's genetic material (Krishnakumar & Kraus, 2010; Schiewer &
Knudsen, 2014).

Operating within diverse DNA repair pathways (Curtin, 2012; Rouleau et al., 2010), they
are essential for the recognition of SSBs, the detection of DSBs, and an expanding range
of DNA-based structures (Hu et al., 2014; Khodyreva & Lavrik, 2016; Langelier & Pascal,
2013; Sefer et al., 2022). Emerging research highlights PARP1's crucial role in DNA
replication, including Okazaki fragment maturation, replication fork stability, and stress-
induced fork restart. (Hanzlikova et al., 2018; Jackson & Moldovan, 2022).

Through their enzymatic activity, PARP enzymes (PARP1 & PARP2 in particular)
catalyze the polymerization of ADP-ribose units through NAD+ on target proteins.
(Chaudhuri & Nussenzweig, 2017; Demény & Virag, 2021). This alteration can influence

protein function, cellular distribution, binding interactions, and overall stability. PARP1
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triggers the production of PAR by linking an initial ADP-ribose molecule to amino acid
residues on target proteins. (Leidecker et al., 2016; Martello et al., 2016; Pedrioli et al.,
2018; Rack et al., 2020). PARylation causes chromatin to relax at the damaged site and
serves as a molecular scaffold to help recruit PAR-binding proteins (Teloni & Altmeyer,
2016). This recruitment ensures efficient and accurate DNA repair, maintaining genomic
integrity. Specific categories of DNA damage, notably DNA nicks and DSBs, provoke a
substantial increase in the catalytic activity of PARP1 (Hassler & Ladurner, 2012;
Konecny & Kristeleit, 2016). The mechanism of PARPs using NAD+ to generate and

remove ADP-ribose is shown in Figure 4.
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Figure 4: Mechanism of Mono- and poly-ADP-ribose generation

Via NAD+, proteins are ADP-ribosylated on glutamate, aspartate, or other residues by
PARP. Nicotinamide (NAM) is back-converted into NAD+ in the phosphatidyl-ribosyl-
pyrophosphate (PRPP) and NAD-salvage cycle under the consumption of ATP. Protein-
bound poly-ADP-ribose is cleaved by the endo- / exo-glycohydrolases PARG and ADP-
ribosylhydrolase 1 or 3 (ARH1/3), leading to depolymerization of these chains to mono-
ADP-ribose units and freely diffusible polymers. Terminal ADP-ribosyl glycohydrolase
(TARD1) or MacroD1/D2 remove the last unit of protein-bound PAR-chains or Protein-
attached mono-ADP-ribose leading to free mono-ADP-ribose, which is hydrolyzed by
nucleoside diphosphate linked moiety X hydrolase family members (NUDIX) to AMP and
ribose-phosphate (figure from Demény & Virag, 2021).
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The function of PARP1 in DNA repair was summarized by Kanev et al. (2023) and
is visualized in Figure 5:

PARP1 is involved in classical non-homologous end joining (c-NHEJ) and
homologous recombination (HR), though the exact molecular mechanism
remains to be fully understood (Chaudhuri & Nussenzweig, 2017). Studies have
demonstrated that PARP1 interacts with and adds PAR chains to the catalytic subunit
of DNA-dependent protein kinase (DNA-PKcs), which is essential in classical non-
homologous end joining (c-NHEJ). This interaction enhances DNA-PKcs kinase
activity and directs subsequent events in the c-NHEJ pathway (Ruscetti et al., 1998;
Spagnolo et al., 2012). Additionally, PAR facilitates the recruitment of the chromatin
remodeler CHD2 (chromodomain helicase DNA binding protein 2), that positions
Histon H3.3 near DNA breaks, facilitating chromatin expansion and the
development of the c-NHEJ-complex  (Luijsterburg et al, 2016).
As mentioned before, PARP1's crucial role in alt-EJ is highlighted when it outcompetes
the Ku complex, thereby redirecting DSB repair towards alt-EJ (Robert et al., 2009; M.
Wang et al.,, 2006; Yang et al., 2018). It facilitates recruitment of POLQ, that
associates with annealed break-ends, extending them prior to the ligation-process
(Mateos-Gomez et al., 2015; Wyatt et al., 2016) (Figure 5A). Ultimately, engagement of
XRCC1-LIG3 facilitates to the closing of the breaks (Masani et al., 2016).
In the absence of HR, cells become increasingly dependent on the alt-EJ-repair
pathway. Inhibiting POLQ disrupts DNA repair in these cells, particularly in tumors with
BRCA1/2 deficiencies, leading to synthetic lethality (Ceccaldi, Liu, Amunugama,
Hajdu, et al., 2015; Mateos-Gomez et al., 2015; Zatreanu et al., 2021).

Concerning HR, PARP1 has been observed to recruit subunits of the heterotrimeric
MRN complex, which consists of Mre11, Rad50 and Nbs1, binding to DNA double-
strand breaks (J.F. Haince et al., 2008). Furthermore, the ATM kinase has a site that
binds to PAR, and this binding activates its function in repairing DNA damage
(Aguilar-Quesada et al., 2007; J. F. Haince et al., 2007). PARP1 and PARylation help
recruit BRCA1, which is essential for preparing DNA ends during repair through
homologous recombination (M. Li & Yu, 2013). However, it's important to emphasize
that all these mentioned proteins can be recruited through alternative mechanisms
independent of PARP1. This suggests that their recruitment may not be solely
dependent on PARP1 but rather facilitated by PARP1-induced chromatin relaxation
near DNA breaks (Kanev et al., 2023).
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In the realm of DNA repair, PARP1's most extensively studied role is in SSB-repair.
Demonstrating high affinity, PARP1 promptly binds to SSBs, leading to PARYylation
near these breaks (Eustermann et al., 2015). Recognizing the PAR chains, X-ray repair
cross-complementing 1 (XRCC1) serves as a scaffold for various enzymes involved in
DNA-repair. These enzymes, including AP (aprataxin), PNKP (polynucleotide kinase 3'-
phosphatase), POLB (DNA polymerase ), and LIG3 (DNA ligase 3), work together to
process DNA ends, synthesize new DNA, and seal the breaks (Caldecott, 2019;
Caldecott, 2022) (Figure 5D).

BER stands as a crucial DNA repair pathway responsible for replacing bases damaged
by alkylation, deamination, or oxidation. (Beard et al.,, 2019). In the canonical
BER process, a glycosylase enzyme eliminates the modified base, and the resulting
abasic site undergoes processing aided by APE1, the apurinic/apyrimidinic
endonuclease 1. POLB fills the single-base pair missing sections, and ligation is carried
out through LIG1/LIG3 (Kim & Wilson, 2012). Although not traditionally classified as a
BER protein, PARP1 speeds up the process by attaching to damaged DNA and
bringing in other proteins, like POLB, XRCC1, and LIG3, to help fix the damage
(Helleday, 2011) (Figure 5C).

Also, PARP1 helps remove DNA damage caused by topoisomerase 1 (TOP1) when it
gets stuck on the DNA, which can happen during DNA copying, transcription, or when
treated with certain cancer drugs like irinotecan (Pommier et al., 2014; Tubbs &
Nussenzweig, 2017). Tyrosyl-DNA phosphodiesterase 1 (TDP1) cleaves TOP1ccs
from DNA, which is facilitated by its interaction with the CAT domain of PARP1 (Das et
al., 2014). Upon binding to PARP1, TDP1 undergoes PARYylation, promoting its stability
and enhancing its ability to bind and remove TOP1ccs. Subsequently, the PARP1-
TDP1 complex recruits XRCC1 and its associated proteins to repair the SSBs

generated during the removal of the cleavage complex (Das et al., 2014) (Figure 5 B).
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Figure 5: PARP1 plays pivotal roles in DNA repair pathways

(A) PARP1 competes with Ku, favoring POLQ-dependent alternative end joining (alt-
EJ) over classical NHEJ. (B) PARP1 works with TDP1 to help cut the TOP1ccs,
allowing the DNA to be repaired. (C) PARP1 attaches to the single-strand breaks that
occur during the base excision repair process after APE1 has acted on the DNA. (D)
Recognizing SSBs, PARP1 recruits XRCC1. XRCC1 helps process the broken DNA
ends with the help of PNKP and AP, which then allows the DNA to be repaired and
sealed by POLB and LIG3. (created using Scientific Image and lllustration Software |
BioRender, modified from (Lord & Ashworth, 2017)

The recognition of PARPs involvement in DDR led to the development of targeted
therapies, such as PARPI, holding promise in treating cancers with defective DNA repair
mechanisms (Lord & Ashworth, 2017), thereby underscoring the clinical relevance of
PARP enzymes in the context of DDR pathways.

PARPI have been established to selectively inhibit PARP1/2 and exploit a defect in the
HR phenotype in BRCA1/2-deficient cells (Lord & Ashworth, 2017).
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1.4. Homologous recombination deficiency and PARP inhibition

1.4.1. The principle of homologous recombination deficiency

Homologous recombination deficiency (HRD) has gained substantial clinical importance
as an important concept in oncology. It can arise due to genetic alterations in essential
genes important for HR (like BRCA1 or BRCAZ2), leading to impaired DNA DSB repair
(Bonnet et al., 2022). Such a defect in DNA repair mechanisms can lead to genomic
instability, increased susceptibility to DNA-damaging agents, and the accumulation of
genetic alterations associated with cancer development and progression (Hanahan &
Weinberg, 2011; Marquard et al., 2015). A compromised Homologous Recombination
Repair pathway is often associated with various types of tumors, including breast,
ovarian, prostate, and pancreatic cancers (Stewart et al., 2022). This vulnerability forms
the foundation of synthetic lethality strategies, where inhibiting a compensatory pathway
alongside a pre-existing DNA repair defect leads to extensive DNA damage
accumulation and cell death. Exploiting synthetic lethality with HRD has advanced
targeted therapies like PARP inhibitors (PARPi) (Lord & Ashworth, 2017), offering a

novel approach to precision medicine in treating HRD-associated cancers.

1.4.2. PARP inhibitors for the treatment of HRD-cancers

In 2005, the synthetic lethality of PARP was initially observed in the context of BRCA
mutations (Farmer et al., 2005). PARP inhibitors hamper alternative DNA repair
pathways, leading to synthetic lethality in cancers with HR deficiencies (Bryant et al.,
2005; Farmer et al., 2005; Pommier et al., 2016).

Small molecule inhibitors (SMIs) have been designed to specifically target these proteins
that have become essential for the survival of specific cancer types. Numerous PARPI
have been approved by the food FDA and are used in the clinic mainly to treat patients

with ovarian or breast cancer. The six most common PARPI are shown in Figure 6.
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Figure 6: Most common PARPI, presented by (D.-H. Kim & Nam, 2022)

Various mechanisms underlying the inhibition of enzymatic activity by PARPi have been
unveiled and are broadly categorized into two groups. One approach involves binding a
PARPI to the enzyme's active site, hindering its enzymatic function. Alternatively, a
PARPI can attach to the PARP-chromatin complex, capturing the enzyme in an inactive
state on chromatin so-called protein-trapping. "PARP trapping" refers to the increased
recruitment, association, or retention of enzymes on DNA damage sites in living cells
(Shen et al., 2015; William Menzer et al., 2022). For instance, olaparib predominantly
acts as an active site binder, whereas talazoparib exerts more potent trapping effects
(Fan et al., 2020; Franzese et al., 2019; CO’Cearbhaill, 2018).
The conventional understanding suggests that the cellular potency and toxicity of
PARPi primarily arise from their ability to trap PARP enzymes on chromatin, thereby
hindering DNA repair mechanisms (Hopkins et al., 2019).

The figure of Pommier et al. (2016) (Figure 7) describes the mechanism of PARP
inhibition via protein-trapping in DDR: when an SSB occurs, PARP1 binds to the break
and generates PAR-polymers, leading to auto-PARYylation of itself, other proteins
associated with chromatin and histones. This auto-PARylation helps loosen the
chromatin to bring in repair proteins. Auto-PARylation lets PARP1 detach from the DNA,
allowing it to interact with other repair factors organized by XRCC1.

The poly (ADP-ribose) glycohydrolase PARG removes PARylation, facilitating
PARP1 reactivation. PARPi hinder NAD+ binding and PARYylation, preventing PARP

dissociation from the SSB. As a
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result, unrepaired SSBs accumulate, and PARP trapping occurs. HR repair factors like
BRCA1/2 and replication bypass pathways are required for cell survival to repair ensuing
DSBs and the trapped PARP. PARP1 plays a role in the restoration of DNA structures
termed "collapsed replication forks" featuring specific ends called DNA structure-specific
ends (DSEs). Additionally, it contributes to the retraction and reinitiation of halted

replication forks and the mending of double-strand-breaks (Pommier et al., 2016).
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Figure 7: Effect of PARP inhibitors on PARP-dynamics in DDR
PARP1 binds to a SSB (shown in A), utilizes NAD+ (shown in B) to add PAR chains to

itself (auto-PARYylation) and to histones and proteins in the chromatin, helping to loosen

the chromatin and bring in repair proteins. Auto-PARylation triggers PARP1 to
dissociate from the DNA (shown in C), allowing other repair proteins to access the
damage via XRCC1 (D). The glycohydrolase PARG (E) removes PARYylation, allowing
PARP1 reactivation. PARPi obstruct NAD+ binding and PARYylation at the NAD+ site
(see B), hintering PARP detachment from the single-strand-break. Unrepaired SSBs
accumulate (F), and PARP trapping ensues (G). Cell survival necessitates other HR
repair factors like BRCA1 and 2 and replication bypass pathways (H) to repair the
ensuing DSBs and trapped PARP. PARP1 also helps to repair damaged forks with
DNA structure-specific ends (DSEs) (I), restarts them (see J), and the repairs DNA
double-strand breaks (M). PARPI effectively trap PARP at structure specific ends

(shown in K and L) and breaks (N) (figure from Pommier et al., 2016).
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Several enzymes involved in chromatin remodeling, histone modification, and other
chromatin-related activities are recruited to DNA damage sites in a PAR-dependent
context (Luijsterburg et al., 2016; Sellou et al., 2016; Timinszky et al., 2009). These
enzymes lead to changes in chromatin compaction, suggesting their contribution to the
regulation of DNA-repair processes. However, the mechanisms involved in releasing
PARP1 and PARP2 from DNA lesions remain unclear. The specific impact of these
chromatin-based procedures on the recruitment and release dynamics of PARP1 and
PARP2 from DNA lesions requires further investigation. Thus, future studies are needed
to elucidate the relationship between chromatin modifications and the dynamics of
PARP1 and PARP2 at DNA damage sites (Blessing et al., 2020).

The importance of PARP trapping in the cytotoxic mechanism of PARPI appears to be
context-dependent, as demonstrated by Murai, Zhang et al. (2014). They presented
evidence challenging the notion that PARP trapping is the sole driver of the cytotoxic
effects of PARP-inhibitors. They reported that while PARPi combinations with
temozolomide demonstrated significant PARP trapping activity, the efficacy of these
inhibitors in combination with other DNA-damaging agents like irinotecan or platinum
seemed to be less dependent on PARP1 trapping. These and other findings highlight the
need to reevaluate the underlying mechanisms contributing to the cellular toxicity of
PARPI.

Selecting the appropriate PARPI is crucial, depending on how they function (trapping vs.
catalytic inhibitor) and the patient's genetic background. Understanding and
characterizing cancer cells with HRD is critical for studying the underlying mechanisms
of this genomic alteration and developing targeted therapies. By identifying the distinctive
vulnerabilities linked to HRD, clinicians can precisely identify individuals likely to respond
well to treatments that target these specific weaknesses. This approach optimizes

therapeutic outcomes while minimizing adverse effects.
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1.4.3. HRD-characterization for patient selection

In recent years, extensive efforts have been made to identify and characterize cancer
cells with HRD. Cell lines serve as invaluable models for investigating the molecular
basis of HRD and evaluating novel therapeutic strategies. Comprehensive
characterization of cancers with HRD involves assessing key genomic features, like
mutations in HR-related genes, changes in DDR pathways, and genomic signatures
associated with HRD. Additionally, functional assays can be employed to evaluate the
cellular response to DNA-damaging agents and determine the sensitivity to targeted
therapies (Stewart et al., 2022).

1.4.3.1. Analyzing genomic scars in HRD

Scoring HRD by measuring genomic scars and mutational signatures can help to predict
sensitivity to potential targeted therapies for a better patient outcome in the clinic. A
mutation in the DNA repair gene BRCA1/2 is well-known as a marker for HRD, making
cancer cells more sensitive to DNA-damaging agents like platinum drugs (J. Zhang et
al., 2016). The Myriad Genetics score to predict such sensitivity can be combined from
three independent DNA-based measures of genomic instability looking at genomic

single-nucleotide-polymorphisms (SNP) array data (see Figure 8):

e Telomeric allelic imbalance (TAIl) (Birkbak et al., 2012); an analysis of the number
of chromosomal sub-regions exhibiting allelic imbalance extended to the
telomeres.

e Loss of heterozygosity (LOH), where one allele is lost at many sites of the
genome by deletion or copy number variations (Abkevich et al., 2012).

e Large-scale ftransitions (LST) representing chromosomal breaks between

adjacent regions of >10Mb (Popova et al., 2012).
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Figure 8: Loss of heterozygosity, Myriad Genetics BRCA mutation (“Loss of
Heterozygosity Myriad Genetics BRCA Mutation BRCA1 BRCA2,” n.d.)

By combining these and other parameters, HRD tests have been validated for clinical
purposes in various settings looking at BRCA1/2 and HR-related genes. The FDA has
approved two tests, the Myriad Genetics’ myChoice CDx (MyChoice® CDX FDA-
Approved Targeted Therapies - Managed Care, 2023), and the Foundation Medicine’s
FoundationOne CDx, which is a next generation sequencing based approach, identifying
substitutions, copy number variations, insertions, and deletion alterations in over 324
genes. This test also detects microsatellite instability (MSI) (“FoundationOne CDX |
Foundation Medicine,’n.d.).

Even though these models of testing for HRD have benefited patients in selecting the
right treatments, it is still a long way until HRD can become an effective predictive
biomarker. With the increasing number of genes related to the HR-network, many
patients for potential treatment are still left out. This kind of genomic scar analysis misses
significant factors for treatment options, like epigenetic changes, development of

resistances, and restoration of the HR (De Lartigue PhD, 2020).
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1.4.3.2. Other approaches: HR-signature by Peng et al. (2014)

An increasing number of genes are known to be involved in the HR pathway. Therefore,
it is not easy to assess the status of HRD by looking at single genes. A study from the
MDA cancer center (G. Peng et al., 2014) used a transcriptional profiling-based approach
to identify molecular changes associated with HRD. By analyzing microarray data to
search for genes differently expressed in control cells vs. HR-deficient cells, they could
not only score the status of HRD but also predict specific sensitivity to PARPi in human
cancer cells. A complex of 230 genes involved in DNA replication, DNA recombination
and cell cycle regulation was selected to measure HRD-gene signature. The principle of
this HRD signature suggests that the analysis of genetic alterations in individual genes
involved in the HR pathway may not reflect the overall functional mechanism of the HR
repair network (G. Peng et al., 2014). However, this method has not been implicated in

clinical practice yet.

1.4.3.3. yH2AX and RADS51 foci formation as a functional readout for HRD

Since the analysis of the genomic scar alone will not provide a complete overview of the
HRD status, a functional assay for assessing HR-proficiency can be applied. Using
approaches to investigate the activity of DNA repair proteins or localization at damage
sites will give a direct readout about the function of the HR repair mechanism. One such
assay is the RAD51 foci formation assay. Forming RAD51 foci at the site of damage is
one feature of a proficient HR repair. In an immune-fluorescent microscopic readout,
RAD51 foci can be counted and analyzed (Ballabeni et al., 2013). As H2AX gets
phosphorylated in the case of DSBs, it is used as an additional feature to screen DSB
repair. It can be used as a biomarker for treatment, as it indicates DNA damage induced
by genotoxic agents.

This approach can be used to assess HRD in cell culture, patient-derived xenograft
(PDX) material, or direct formalin-fixed paraffin-embedded (FFPE) material from a

cancer patient (Castroviejo-Bermejo et al., 2018)(see Figure 9).
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Figure 9: Method to validate HRD from patient material using RAD51 foci formation
assay

The RAD51 score demonstrates a comprehensive ability to distinguish and effectively
predict the response to PARPI in FFPE tumor samples. It is feasible to assess the RAD51
score in breast cancer samples even without previous exposure to DNA-damaging
agents. Red dots indicate RAD51 foci, a functional HR, and following resistance to drugs

like PARPI (figure from Castroviejo-Bermejo et al., 2018).

In a study by Cruz et al. (2018), they used RAD51 foci formation (immunofluorescence
(IF) readout) and analysis of the genomic scar to determine the sensitivity to PARP
inhibitors in PDX samples. In their hands, the RAD51 nuclear foci readout gave the most
typical results in PDX and patient material (Cruz et al., 2018). To this date, no validated

functional biomarkers for HRD have been implicated in clinical practice.
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A summary of methods for HRD prediction can be found in Figure 10. Genetic and

epigenetic alterations in specific genes have been identified as a key to HRD. Alterations

can disrupt the HR repair (HRR) pathway, impairing DNA repair mechanisms.

Consequences of HRD can be evaluated by investigating the genome for indications of

genomic instability, such as chromosomal instability and other genomic signatures of

functional assessment (Stewart et al., 2022).
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Figure 10: Homologous recombination deficiency: an overview

The biology of HRD interplays with the response to therapy (blue). Assessments that
may cause HRD ((epi)genetic events) or help to determine HRD (functional assessment
like RAD51 foci assay or analysis of genomic signature) are shown in green (figure from
Stewart et al. 2022).
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1.4.4. Downsides of PARPi

1.4.4.1. PARPI-resistance

Besides its downsides, targeted therapy via PARPi has shown clinical benefits. It has
evolved as a potent target for an increasing list of cancer-types in single-agent therapy
or combination with other treatments, including applications in the context outside of
BRCA germline mutations (Esmo, 2023; H. S. Kim et al., 2020). Given the remarkable
response observed in ovarian cancer patients, PARPi are undergoing evaluation in
clinical trials involving individuals with endometrial and cervical cancer (Chelariu-Raicu
et al., 2023; Kunos et al.,, 2015; Thaker et al., 2017). Furthermore, the phase Il
OReO/ENGOT Ov-38 trial revealed the advantages of PARP inhibitor rechallenge for
patients experiencing platinum-sensitive relapsed ovarian cancer (Pujade-Lauraine et
al., 2021). Niraparib demonstrated enhanced progression-free survival in patients when
administered as maintenance therapy following first-line platinum-based chemotherapy
in advanced stage (lll to IV) high-grade ovarian cancer, as well as after platinum-based
chemotherapy for recurrent disease (McLaren et al., 2021).

However, sustained antitumor responses were often hampered by the emergence of
resistance. PARPI-resistance is widespread in clinical settings, with over 40 % of patients
deficient in BRCA1/2 experiencing a lack of response to these inhibitors (H. Li et al.,
2020). The broad inhibition of PARP activity may allow cancer cells to find alternative
DNA repair mechanisms, rendering the inhibitors less effective over time (Dias et al.,
2021).

Several mechanisms have been identified in preclinical models, including cellular
extrusion of PARPI (Christie et al., 2019; Durmus et al., 2014), suppression of NHEJ
(Choi et al., 2016), restoration of BRCA1/2 function (Lin et al., 2018; Pettitt et al., 2018),
recovery of PARP activity via loss of poly (ADP-ribose) glycohydrolase (Gogola et al.,
2018), PARP1 downregulation or deactivation (Murai et al., 2012; Pettitt et al., 2018),
and restoration of replication fork stability (Murai et al., 2018; Rondinelli et al. 2017;
Schlacher, 2017). These and many more factors limit PARPi-induced DNA damage and
impair their efficacy. An overview of known mechanisms of PARPi-resistance was

summarized by Franchet et al. (2021) (Figure 11).
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Figure 11: Possible mechanisms of PARPi-resistance

HR-dependent resistance mechanisms (left) include reversion mutations like BRCA1 or
BRCAZ2 and loss of DNA end resection inhibition. HR-independent mechanisms (right)
can occur through upregulated drug efflux pumps, PARP activity alteration, or increased

stabilization of replication forks (figure from Franchet et al., 2021).

A recent study from Bhin et al. (2023) revealed the diverse non-reversion process of
PARRPI resistance in BRCA-deficient tumors. The study aimed to assess the influence of
known non-reversion resistance mechanisms in the context of PARPi-resistant BRCA1-
deficient vs. BRCA2-deficient mouse breast tumors. Integrating the assessment of
homologous recombination (HR) status through the formation of RAD51 foci, along with
a comprehensive multi-omics analysis of tumors exhibiting sensitivity or resistance to
PARP inhibitors (PARPI), uncovered unique resistance profiles in tumors lacking BRCA1
or BRCAZ function. The investigation highlighted two predominant mechanisms of non-
reversion resistance: HR reinstatement via 53BP1 loss in BRCA1-deficient tumors and
the reinstatement of PARP signaling through PARG loss in BRCA2-deficient tumors. In
BRCA1-deficient tumors, HRD and sensitivity to PARPi could be partially reversed by
inactivating the 53BP1-RIF1-shieldin pathway. They suggest that inactivating the 53-
BP1-RIF1shieldin pathway in BRCA1 KO tumors can rescue DNA end resection but will
fail to restore HR repair. On the other hand, tumors lacking BRCA2 could not recover
homologous recombination (HR) activity, underscoring the essential involvement of
BRCAZ2 in the loading of RAD51 during the HR mechanism (Bhin et al., 2023).

In addition to resistance development, non-specific targeting of PARP enzymes (PARP4,
PARPS5) by PARPI can lead to undesirable toxicities (Goodman, 2022), affecting normal

cellular functions and potentially causing adverse effects. Next to DDR, PARP1 is
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involved in essential housekeeping functions within cells, including the maintenance of
the regulation of gene expression (Ciccarone et al., 2017; Kraus & Lis, 2003; Marjanovi¢
et al., 2017). Disruption of these vital cellular processes by non-specific PARP inhibition
can harm the overall cellular homeostasis.

Adverse effects of PARPi include a spectrum of hematologic toxicities. Also,
gastrointestinal disorders, including vomiting, are associated with off-target kinase
inhibition, a phenomenon commonly observed with kinase inhibitors (Tian et al., 2022).
Additionally, cardiotoxicity events are evident, particularly with niraparib use, showcasing
manifestations such as increased blood pressure, heart rate, and hypertension (Tian et
al., 2022) . The NOVA trial results indicated that niraparib treatment resulted in Grade
[1I-1V hypertension in 9% of patients, with a median duration of 15 days (del Campo et
al., 2019; Tian et al., 2022).

While PARPI hold promise as therapeutic agents, the non-specificity of their action on
PARP1 underscores the need for further research and development of more selective

inhibitors to minimize off-target effects and maximize therapeutic benefits.

1.4.4.2. Overcoming PARPiI-resistance and toxicity

Overcoming PARPI resistance and toxicity presents a critical challenge in cancer
treatment. Two distinct pathways have been identified as potential contributors to this
issue. Firstly, the trapping of PARP at DNA lesions may lead to unintended toxicity.
Secondly, inhibiting essential housekeeping functions performed by PARP enzymes is
another avenue through which toxicity may arise.

In the past few years, there has been a distinct focus on developing PARP1-specific
inhibitors to minimize potential off-target effects targeting other PARP-family members
(Goodman, 2022). On the other hand, researchers are actively investigating downstream
targets of PARP1, aiming to create inhibitors that selectively modulate its DDR function
while sparing its other essential roles. This approach holds promise in refining PARP1
inhibition strategies, providing potential solutions to overcome the challenges associated
with its various functions, and paving the way for more targeted and effective therapies
in cancer treatment. Among these is the emerging candidate ALC1, an ATP-dependent
chromatin remodeler associated with DNA repair processes (Verma et al., 2021).
Exploring the potential of ALC1 as a downstream target of PARP1 underscores the
dynamic landscape of DNA repair strategies, offering prospects for enhancing the

effectiveness of therapeutic interventions across a broader range of cancer types.
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1.5. ALC1 (CHD1L)

1.5.1. Introducing ALC1

Amplified in Liver Cancer 1 (ALC1), alternatively known as Chromodomain-Helicase-
DNA-Binding Protein 1-Like (CHD1L), is a poly (ADP-ribose)-regulated chromatin
remodeling enzyme that has emerged as relevant in cancer, particularly in its response
to PARP inhibitors (Hewitt et al., 2021; Verma et al., 2021). As a validated oncogene,
ALC1 is amplified in BRCA1/2 deficient ovarian and breast cancer and potentiates
cancer cell-killing properties of the PARPI olaparib (Juhasz et al., 2020; Zimmermann et
al., 2018).

ALC1 is an allosterically regulated remodeler that relaxes chromatin and plays a vital
part in the DDR (Sellou et al., 2016).

The ALC1 enzyme features a two-lobed catalytic Snf2-like ATPase domain, sharing
characteristics with ATP-dependent DExx-box helicases. This domain is linked to a C-
terminal macrodomain, responsible for targeting chromatin in an activity-dependent
manner influenced by PARP1 (Ahel et al., 2009; Gottschalk et al., 2009, 2012; Singh et
al., 2017). The ALC1 ATPase and its macrodomain operate jointly, helping to regulate
ALC1's activity through the activation of PARP1. When a small chain of at least three
ADP-ribose units (called Tri-ADP-ribose) binds to ALC1's macrodomain, it initiates
conformational alterations that interfere with self-inhibitory connections. This, in turn,
enables DNA-dependent ATPase activity in vitro and chromatin remodeling in vivo
(Dasovich et al., 2021; Singh et al., 2017).

This reciprocal interplay of the PAR-binding macrodomain and the catalytic ATPase
component of ALC1 resembles the allostery found in DNA methyltransferases (Guo et
al., 2014; Jeltsch & Jurkowska, 2016). The allosteric regulation of ALC1 is shown in
Figure 12.

41



Targeting ALC1 for Synthetic Lethality in Cancer: A Superior Alternative to PARP Inhibitors

Snf2-type ATPase module of ALC1

ALC1 region

@ Unliganded ALC1 macrodomain module
PAR-bound ALC1 macrodomain

Activated PARP1 enzyme

DNA / nucleosome substrate

000600

Inactive, gated ATPase Active, ungated ATPase

Figure 12: ALC1 is regulated by modular allostery
Autoinhibition is achieved through interactions of ALC1s ATPase (1) and macrodomain
(3). As a product of PARP1 (4), PAR triggers ALC1-promoted chromatin relaxation as an

allosteric activator in the event of DNA damage (figure from Singh et al., 2017).

ALC1 is crucial for chromatin dynamics. It uses ATP to slide nucleosomes, affecting how
nucleosomes are arranged within the chromatin organization (Ahel et al., 2009;
Gottschalk et al., 2009). Ahel et al. (2009) demonstrated that the wild-type ALC1
orchestrates ATP-dependent nucleosome sliding, whereas the ATPase-dead mutant
K77R exhibited no such activity. The nucleosome repositioning function of ALC1 was
dependent on the histone H4 tail, highlighting a specific molecular prerequisite for its
activity. ALC1-mediated nucleosome movement exhibited a directional preference,
tending to shift nucleosomes from central positions to regions proximal to the ends of
DNA fragments. This directional propensity aligns ALC1's function with enhancing
chromatin accessibility rather than conventional nucleosome reorganization or spacing
(Ahel et al., 2009). ALC1 exhibits selectivity for oligo-ADP-ribose, and its ATPase activity
prevents the macrodomain of ALC1 from binding to PARP1 under non-DNA damage
conditions. This ensures that PARP1-dependent chromatin relaxation occurs exclusively
when PARP1 is activated, such as during DNA damage (Singh et al., 2017).
In the study by Verma et al. (2021), ALC1 was identified as a critical factor influencing
PARRP inhibitor toxicity in HRD cells. Loss of ALC1 significantly decreased the viability of
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BRCA-mutant cells and enhanced sensitivity to PARP inhibitors by approximately 250-
fold. Chromatin accessibility was reduced with decreased association of repair factors
leading to replication-associated DNA damage (Verma et al., 2021). Ding et al. (2022)
showed that depletion of ALC1 can reverse acquired resistance to talazoparib.

All these findings suggest that substances promoting the stable inactive state of ALC1,
diminishing its catalytic effectiveness, or interfering with its capacity to identify PAR may

have the potential to inhibit the robust chromatin relaxation capabilities.

1.5.2. ALC1 impact on protein dynamics at DNA lesions

ALC1 is implicated in different repair pathways like BER, where ALC1-mediated
nucleosome remodeling is essential in the sequence of events following base excision
by DNA glycosylases but precedes the action of APEX1. The absence of ALC1 results
in the generation of harmful BER intermediates, causing the formation of single-strand
gaps and eventual collapse of replication forks (Hewitt et al., 2021; Ooka et al., 2018).
Inhibiting this cellular process enhances sensitivity to PARPI, establishing a crucial
reliance on HR (Hewitt et al., 2021).

Research conducted by Juhasz et al. (2020) revealed that the chromatin remodeler
ALC1 plays a significant role in facilitating the timely mobilization of PARP1 from DNA
lesions. It was discovered that ALC1 can indirectly remove inactive PARP1 by
associating with PARylated chromatin. As a result, ALC1 deficiency led to enhanced
trapping of inhibited PARP1, which interfered with binding DNA repair factors involved in
both NHEJ and HR repair to DNA lesions. Furthermore, they discovered that ALC1
overexpression, commonly observed in different tumor entities, decreases the sensitivity
of BRCA-deficient cells to PARPi. These findings suggest that ALC1-dependent PARP1
mobilization is crucial in developing PARPI resistance. They propose a model where
ALC1 impacts olaparib-mediated synthetic lethality through PARP trapping (Figure 13)
(Juhasz et al., 2020).
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DNA repair x

Figure 13: Olaparib-mediated synthetic lethality through ALC1

In case of DNA damage (red star), PARP1 recruits to the damaged area and PARYylates
proteins, including itself. The displacement of PARP1 from these locations encompasses
a dual mechanism, combining auto-PARYylation and ALC1-mediated mobilization. This
process is essential for recruiting repair factors such as Ku70 or Rad51, leading to
functional DNA repair (left path). Blocking auto-PARYylation in ALC1-deficient cells, such
as using PARP inhibitors (PARPi), impedes the disengagement of PARP1 from DNA
lesions. This obstruction hampers the recruitment of subsequent repair factors, ultimately

resulting in cell death (right path) (figure from Juhasz et al., 2020).

When PARylation signaling is present, the absence of ALC1 affects the removal of
PARP1 from DNA damage sites, but other processes like PARP1 auto PARYylation can
partially compensate, allowing DNA repair to proceed. When PARylation is impaired,
ALC1 becomes crucial in mobilizing PARP1 from the damaged sites. Efficient removal
of PARP1 by ALC1 is essential for the proper functioning of downstream DNA repair
pathways. The study demonstrates that ALC1's ability to move along the chromatin fiber
is responsible for displacing PARP1 from the damage sites (Juhasz et al., 2020).
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1.5.3. ALC1 inhibitors

Small molecule inhibitors targeting ALC1 offer a potential strategy to modulate the
activity of this cancer-related poly (ADP-ribose)-regulated chromatin remodeler. By
specifically targeting ALC1, researchers aim to overcome ALC1-related oncogenic
effects and uncovering new opportunities for personalized and effective cancer
treatments as an alternative to PARPI.

Since 2019, Eisbach Bio GmbH has worked on developing inhibitors targeting ALC1
(ALC1i). Eisbach Bio GmbH designed SMis to target and inhibit the allosteric enzymatic
activity of ALC1. In a high throughput screen (HTS), a FRET-based (fluorescence
resonance energy transfer) biochemical assay was utilized, which enabled the
evaluation of compound efficacy in inhibiting ALC1's nucleosome-sliding activity under
allosteric activation. Promising hits from the initial screen were validated using compound
titrations in the nucleosome-sliding assay and an ATPase-based readout, offering a
comprehensive understanding of their inhibitory effects. This approach ensured the
validation of hits across different functional aspects of ALC1's activity. The selected
compounds' efficacy was also evaluated in cell-based assays, including survival-
readouts and protein dynamics at DNA lesions under treatment conditions. A list of ALC1i
used in this study can be found in Supplementary Table 1.

Inhibiting ALC1 using an allosteric inhibitor offers a targeted approach to modulating its
activity. Unlike competitive inhibitors, which directly compete with the substrate at the
enzyme's active site, allosteric inhibitors bind to specific allosteric sites on ALC1. This
binding event triggers a carefully orchestrated conformational change in the enzyme's
three-dimensional structure, leading to a controlled reduction in its catalytic activity. This
allosteric modulation enables fine-tuning of ALC1's function, allowing for more precise
and context-dependent regulation of cellular processes in response to specific signals or
conditions.

Another attempt to create ALC1 inhibitors was started by Abbott et al. (2020). Their paper
presents pioneering research on inhibitors targeting the oncogenic protein ALC1 in the
background of colorectal cancer. The researchers unveiled a novel biological role for
ALC1 as a DNA binding component of the TCF transcription complex, pivotal for fostering
TCF-driven epithelial-mesenchymal transition (EMT) and other malignancy-associated
traits. The findings presented in their study from 2018, and their follow-up study (Prigaro
et al., 2022) establish a fundamental basis for the creation of more therapeutic
approaches that target ALC1, offering a strategy to address colorectal cancer and other
malignancies driven by ALC1 (Abbott et al., 2020).
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1.6. Synergistic effects of ALC1i with approved and investigational
drugs

1.6.1. Combining DDR-targeting drugs to enhance treatment outcome
Contemporary cancer therapy includes a wide range of approaches, from single
treatment modalities to complex combinations. Although chemotherapy remains
fundamental, its effectiveness is limited by side effects and drug resistance. Drug
combinations have emerged as a strategy to overcome these challenges. Research has
shown that combined therapies are more advantageous than monotherapy, emphasizing
the need to achieve synergistic effects. These synergistic effects occur when the
combined impact exceeds the sum of individual drug effects, allowing for dose reduction
and reduced toxicity, ultimately improving treatment outcomes (Duarte & Vale, 2022;
Foucquier & Guedj, 2015; J. Tang et al., 2015).

Examples of classical drug combinations include 5-fluorouracil with leucovorin for the
treatment of colon cancer (Arkenau et al., 2003). Also, combination therapies pairing
PARPI with agents that inhibit complementary DNA repair pathways or enhance immune
responses, have demonstrated promising results (Bhamidipati et al., 2023). PARPis'
ability to induce DNA damage in various cancer types has ignited interest in their
potential as sensitizers to traditional chemotherapy or radiation therapy (Sim et al.,
2021). In early-phase ftrials, the combination of olaparib with the pan-PI3K inhibitor
buparlisib has shown promising preliminary efficacy, with an overall response rate of
30% observed in patients with breast and ovarian cancer (Matulonis et al., 2017).
Exploring synergistic effects between HRD-targeting drugs and FDA-approved drugs
opens new avenues for enhancing cancer treatment efficacy and overcoming drug
resistance. Combination therapies involving PARP inhibitors (PARPi), and other DNA
damage response (DDR)-targeting drugs present a rational and promising strategy for
further combination efforts. The DDR is crucial in coordinating cell cycle progression and
DNA repair, providing essential time for damage repair (Clay & Fox, 2021).

Key DNA damage repair factors, including ATM and CHK2, regulate cell cycle
checkpoints during the G1/S phase, allowing repair before replication initiation (Bertoli et
al., 2013; O’Connor, 2015). S-phase checkpoint proteins, ATM, CHK1, and WEE1, are
crucial in delaying replication to allow sufficient time for dealing with DNA damage
(Barnum & O’Connell, 2014; O’Connor, 2015). These kinases respond to different types
of DNA damage while regulating the cell cycle, making them potential targets for
maximizing DNA damage at different cell cycle stages. Combining inhibitors targeting
these enzymes with other HRD-synthetic lethal inhibitors presents a rational approach

to cancer treatment.
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A synergistic effect may be induced when ALC1i is combined with DNA-damaging
agents, such as PARPI, topoisomerase inhibitors (TOP1i, TOP2i), or other agents
targeting key components of the DDR. The inhibition of ALC1 may lead to inefficient DNA
repair, rendering chromatin less accessible to DNA repair enzymes and accumulating
DNA damage. By simultaneously exposing cells to further DNA-damaging agents, this
synthetic lethal combination exploits the compromised DNA repair capacity caused by
ALC1 inhibition, leading to selective cancer cell death. The synergy between ALC1i and
DNA-damaging agents provides a hopeful approach to boost the effectiveness of cancer
therapies and overcome resistance mechanisms, providing potential breakthroughs in
personalized and effective cancer therapy.

The individual mechanism of action and the rationale for combining different DNA-
damaging agents and FDA-approved or investigational drugs with an ALC1i are
described in Table 1. The most common reference models for drug combinations were
summarized by Duarte & Vale (2022) and are explained in the methods section of this

thesis.
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Table 1: Mechanism of action and rationale for drug combinations with ALC1i (for references, refer to Supplementary Table 2)

Drug

PARPI

TOP1i

TOP2i

ATMi

ATRI

Olaparib, Rucaparib,
Niraparib, Veliparib,

Irinotecan (active
metabolite SN-38),

AZ32, AZD-1056,

Effect on DDR

Impaired SSB, BER, and
partially DSB repair through
lack of PAR and protein
trapping

Interrupt DNA replication,
induce DNA SSBs breaks via
TOP1ccs; replication fork

collapse

Increase levels of TOP2-DNA
cleavage complex resulting in
DSBs, DNA-protein
crosslinks, and inhibition of
DNA strand re-ligation

Phosphorylates CHK1 and
CHK2 to inactivate CDK1 and
induce G2-cell cycle arrest;
initiates strand resection to
generate tracts of ssDNA to
form substrates for HR repair

ATR induces HR-dependent
repair; responsible for
signaling ssDNA, particularly
in response to replication
stress

Impact on cell

cycle

G2-M arrest

G2 arrest

Late-S-G2
arrest

G2/M
checkpoint

inhibition

G2/M
checkpoint
inhibition

Additional information

Direct activation of ALC1 upon PAR synthesis by PARPSs;
potentiation of PARPI sensitivity in ALC1 gene knockouts.
ALC1 deficiency impacts PARP1 trapping, leading to
impaired binding of NHEJ and HR proteins to DNA and
suppressing these crucial DNA repair mechanisms.

PARP-trapping independent synergy between PARPi and
TOP1i.

Lack of synergy between etoposide and PARPI, aligning
with the minimal involvement of PARP in repairing

etoposide-induced lesions.

ATMi with PARP1i initially triggers G2 delay, followed by
checkpoint bypass, resulting in mitotic cell death. ATMi
leads to suppression of HR repair and promotes the
process of PARylation. PARPi with ATMi effectively
counteract the PARylation induced by ATMi. A Combined
treatment results in a significantly higher level of DNA
damage. Synergy between ATMi and PARP1i is not reliant
on PARP1 trapping.

ATR activation is triggered by extensive ssDNA structures.
ALC1 inhibition leads to dysfunctional SSB-repair,
necessitating the activation of the ATR pathway to initiate
this DNA repair process.

Rationale for Synergy

ALC1i may enhance the trapping ability of PARPI by affecting the
dynamics of PARP recruitment and release. Inhibition of ALC1 could
potentially prolong the residence time of PARP enzymes on DNA
lesions, increasing the likelihood of PARP trapping and consequently
amplifying the therapeutic efficacy of PARPI
Combining ALC1i with TOP1i may promote replication fork disruption
and contribute to additional accumulation of DNA damage, which
cannot be effectively repaired due to changes in chromatin
accessibility or reorganization. Co-administering ALC1i with TOP1i is
expected to lead to a synergistic potentiation of cell-killing effects
independent of the PARP-trapping ability.

TOP2i induces DSBs, activating DNA recombination and repair
processes that involve ALC1. Additional ALC1i may lead to the
accumulation of unrepaired DNA damage, enhancing cancer cell-
killing when combined with TOP2i. Considering the close relation in
the mechanism of action of PARPi and ALC1i, the effects of ALC1i
combined with TOP2i are expected to be rather additive than
synergistic

Given the observed similarities between ALC1i and PARPI in
inducing cell cycle arrest in the G2/M phase and potentially causing
accumulation of DNA damage and PARP1 trapping, it can be
hypothesized that ALC1i may also synergize with ATMi in promoting
DNA damage accumulation and checkpoint activation.

Given the reliance on ATR activity in the context of ALC1i, it is
reasonable to hypothesize that ATRi combined with ALC1i would
demonstrate a synergistic antiproliferative effect. Combined with

accumulating damage through ALC1i, cell cycle checkpoint inhibition
may result in mitotic catastrophe, a state of cell death stemming from

unresolved DNA damage during mitosis.
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BRDi

Alkylating
Agent

Taxane

VEGFR;,
FGFRI

Weeli

Thymidylate
Synthase
Inhibitor

BRD BAY-299
DNA-
Mitomycin C
crosslinker
Microtubule Paclitaxel
VEGFR,
Lenvatinib
FGFR
Wee1 Adavosertib
Thymidylate

5-Fluorouracil
Synthase

BRDi disrupt interaction
between the bromodomain
and the acetyl group, resulting
in the downregulation of
specific genes

Crosslinking the
complementary strands of
DNA, mainly targeting the

CpG sequence

Inhibiting the process of
mitosis; disrupting dynamics
of microtubules, resulting in

subsequent cell death; leading
to increased generation of
reactive oxygen species
(ROS)

FGFRI have been shown to
hinder DNA DSB repair

Critical role in DNA damage
recognition/repair; leads to
apoptosis upon treatment with
DNA-damaging agents

Induces DNA damage, (DSBs
and SSBs) by incorporating
FdUTP into DNA during the S
phase. Main repair
mechanisms involve MMR
and BER.

n.d.

Non-specific to
cell cycle, but
maximum
effect during
late G and

early S-phases;

M-phase arrest

Induce GO/G1

cell cycle arrest

G2/M
checkpoint
inhibition

Activity during
the S phase of
the cell cycle
and is inactive
in GO or G1

phases

Functional disruption of TAF1 bromodomain leads to
impaired DNA end resection, reduced loading of RPA and
Rad51, and compromised HR, ultimately resulting in
genome instability and heightened sensitivity to DNA

damage

The diverse DNA damage caused by Mitomycin C leads to
a significant impediment to cellular proliferation and
extensive cell death. Treatment with Mitomycin C led to

G2/M cell cycle arrest

Paclitaxel enhances the activity of NADPH oxidase
associated with plasma membranes, leading to increased
generation of reactive oxygen species (ROS).

VEGFRI can induce a hypoxic and acidic tumor
microenvironment, leading to DNA damage and
sensitization of tumors to DNA repair pathway inhibitors.

Previous studies have reported synergistic effects between

VEGFR/FGFR inhibitors and PARPI.

Cells lacking the G1 cell cycle checkpoint (like many p53-
deficient cancer cells) rely on the G2 checkpoint in
response to DNA damage. Inhibiting the G2 checkpoint can
sensitize p53-deficient tumors to antineoplastic agents,

enhancing their cytotoxic effects

DNA damage can occur in all cell cycle phases in
proliferating cells, and the repair mechanisms involved vary

depending on the specific phase

It can be hypothesized that the deficiency in HR caused by the TAF1
inhibitor BAY-299 would synergize with the inhibition of other DNA
repair pathways mediated by ALC1 inhibition.

The addition of ALC1i to Mitomycin C may further hinder the repair of
this DNA damage, thereby enhancing the antiproliferative effect of
Mitomycin C

Paclitaxel exerts its effects by disrupting microtubule dynamics and
causing cell cycle arrest, specifically in the mitotic phase. Conversely,
ALC1i induce cell cycle arrest at the G2/M phase. Due to these
distinct mechanisms of action, the likelihood of synergistic effects
between ALC1i and paclitaxel is low. Instead, additive effects are
more probable, given the diverse pathways targeted by each agent.

As PARPI synergize with VEGFRI, a similar synergistic effect may be

observed in combination with ALC1i.

The combination is expected to accumulate unrepaired DNA
damage, as WEE1i prevents cell cycle arrest at the G2 checkpoint,
pushing damaged cells into mitosis prematurely. This may trigger
mitotic catastrophes, like combinations with ATMi or ATRi. The
combination therapy may sensitize cancer cells that have developed
resistance to single-agent treatments, potentially improving overall
therapeutic efficacy.

DNA damage, including SSBs and DSBs, arising from FdUTP
incorporation during S-phase via 5-FU treatment in combination with
DNA damage accumulating through ALC1i is expected to show at
least additive effects.
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1.6.2. Summary of DNA damage induction potential and cell cycle
regulation of inhibitors used in this study

Combination therapies involving ALC1i exhibit significant synergistic potential in cancer
treatment by leveraging their impact on cell cycle regulation and DNA repair. The
summarized findings from the section above were used to create an overview of the
mechanism of different inhibitors on DNA damage induction and cell cycle regulation to
explain the rationale for potential synergistic effects in combination treatments with an
ALC1i (Figure 14).
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Figure 14: Effect of different inhibitors on DNA damage induction and the cell cycle

Cell cycle checkpoints are indicated in blue, and checkpoint regulators in grey (ATR,
ATM, p53, WEE1). Inhibition of one of these enzymes (marked in red) leads to retraction
of the checkpoint. Orange flashes indicate induced DNA damage. Inhibitors highlighted
in green lead to cell cycle arrest at the G2/M phase (PARPI, TOP1i, TOP2i, ALC1i) or to
arrest in the M-phase (Paclitaxel). Inhibitors shown in brown will lead to cell cycle arrest
in S-phase (5-FU, Mitomycin C), G2-phase (Mitomycin C), or G1-phase (Lenvatinib).
lonizing radiation (IR) (yellow) induces DNA damage, leading to cell cycle arrest in the
G1/S checkpoint, Intra-S-checkpoint, and G2/M-checkpoint (created with Scientific

Image and lllustration Software | BioRender).
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Dysfunctions in checkpoint regulators like p53 can result in the breakdown of checkpoint
control, causing cells to become more dependent on alternative checkpoints. ATR, ATM,
and WEE1 are vital in regulating the intra-S-phase and G2/M checkpoints. Inhibition of
these enzymes (ATRI, ATMi, WEE1i) disturbs the checkpoints, causing cells to progress
through the cell cycle, potentially leading to mitotic catastrophe. Most D DR-inhibitors that
disrupt the cell cycle also induce DNA damage or lead to the accumulation of existing
damage. Inhibitors that induce cell cycle arrest at the G2/M phase include PARPI, TOP1i,
TOP2i, and ALC1i. Paclitaxel arrests the cells in the M-phase, while 5-FU leads to arrest
in the S-phase. Mitomycin C shows the highest effect in G-and S-phases, whereas
Lenvatinib affects the G1-phase. IR induces DNA damage, triggering cell cycle arrest at
the G1/S, Intra-S, and G2/M checkpoints. Combining ALC1i with these inhibitors
provides a multifaceted approach for testing combination therapies for a better clinical

outcome (for references, see Supplementary Table 2).
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2. Hypothesis and Objectives

2.1. Objective

PARP1 is a widely recognized and effective drug target in cancer therapy. However,
ALC1, a downstream regulator, is emerging as a potentially superior target. Inhibiting
ALC1 is expected to provide a higher level of specificity to DNA damage, avoiding the
challenges linked to interfering with PARP1's essential roles in cellular maintenance.
Inhibiting ALC1 may not only increase DNA damage but also interfere with HRD to
effectively kill cancer cells with fewer side effects. Reducing ALC1 levels makes cells
more sensitive to PARPI, potentially offering a way to overcome resistance to these
drugs. Tackling PARPI resistance through ALC1 inhibition opens new treatment
possibilities, especially in cancers with functional HR pathways. Combining ALC1
inhibition with FDA-approved drugs, similar to the effects seen with PARPI, could

improve cancer treatment results.
2.2. Research Hypothesis

2.2.1. ALCH1i is synthetic lethal with HRD and beyond
e PARRPi-sensitive cells are also ALC1i-sensitive
e ALCH1i kills cancer cells with HRD
e Mutations in BRCA1&BRCA2 can be used to predict ALC1i sensitivity
e Treatment with ALC1i leads to increased DNA damage accumulation
o Cells treated with ALC1i go into cell cycle arrest
o ALC1i changes protein dynamics at DNA lesions and leads to PARP trapping
e ALC1i monotherapy has tumor-suppressing activity in xenograft models
e ALC1i shows less toxicity and side effects than classical PARPI like olaparib or

talazoparib

2.2.2. Combination of ALC1i with FDA-approved or investigational drugs
will lead to synergistic cell-killing effects in cancer

e ALC1iis synergistic with PARPi and correlates with the trapping ability of PARPI
o ALCH1i will synergize with different inhibitor classes that are involved in cell cycle
inhibition and DDR

2.2.3. ALC1i treatment can overcome resistance to PARPi
¢ Long-time treatment of cancer cells with PARPi will lead to the development of
drug resistance

e ALC1i can overcome PARPI resistance
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3. Material and Methods

3.1. Cell line characterization and HR classification

3.1.1. Assay principle
Different methods were used to assess the HR repair capacity of cell lines. Methods
include analysis of the mutational profile of cell lines, BRCA status, sensitivity to PARPI

and functional readout by RAD51 foci formation assay.

3.1.2. BRCA status and PARPi sensitivity of a cell panel
BRCA status, HR-status, RAD51 foci formation, and PARPI sensitivity for the celllines
were curated from publicly available databases. For each cell line, reported genetic
alterations, functional DNA repair readouts, and pharmacological response data were
collected. All sources used for the annotation of cell lines are listed in Supplementary
Table 15. When discrepant results were reported across different references for the
same parameter, these cases were flagged with **. Table 17 summarizes the results and

compares the literature-derived annotations with in-house generated data.

3.1.3. Selection of previously reported HR-related genes
A compilation was made using public resources to generate a comprehensive list of
genes involved in HR and its signature. The following studies were considered: K. B.
Kim et al., 2021; Peng et al., 2014; Toh & Ngeow, 2021; Yamamoto & Hirasawa, 2021.
A list of over 600 genes was curated. These genes were identified as directly or
indirectly associated with HR and encompassed various aspects of the HR pathway.
The list includes genes vital for DNA repair, replication, recombination, and genome

stability. The list of genes can be found in Supplementary Table 3.

3.1.4. Mutational profiling of cell lines

Mutational profiles for HRD-related genes were retrieved from the DepMap project's
public release 23Q2 (DepMap: The Cancer Dependency Map Project at Broad Institute,
n.d.). The mutational information was extracted from the dataset associated with this
release. The mutational profiles were derived from CRISPR knockout screens
conducted in the project Achilles and genomic characterization data from the Cancer
Cell Line Encyclopedia (CCLE) project, both integrated into the DepMap release. The
mutational data were processed and reported according to the conventions outlined in
the accompanying README.txt file. The mutational profiles for CHD1L are publicly
available on figshare with the citation: DepMap, Broad (2023). The dataset can be
accessed at https://doi.org/10.6084/m9.figshare.22765112.v2. Mutations were filtered

for “deletions” and marked for mutations (Supplementary Table 4).
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3.1.5. IR-induced yH2AX and RAD51 foci formation in cancer cell lines

The RAD51 foci formation capability of various cell lines was summarized using publicly
available data. This information was obtained from previously published studies and
databases, which provided insights into the response of different cell lines to DNA
damage and their ability to form RAD51 foci in the context of HR. An in-house
immunofluorescence assay was performed to validate RAD51 foci formation in selected
cell lines.

Cancer cells were grown on glass coverslips overnight. The coverslips were placed in
appropriate growth media culture dishes and incubated under standard cell culture
conditions. The cells on the coverslips (at confluency >70 %) were subjected to
irradiation to induce DNA damage. Two conditions were tested: 1 Gy and 0 Gy (control).
Irradiation was performed at the specified dose rate. Following irradiation, the cells were
allowed to recover for 2 h or 24 h. The recovery period allowed the cells to respond to
DNA damage and initiate DNA repair processes. After the recovery period, the cells were
fixed to preserve their morphology and retain RAD51 foci. Fixation was achieved by
treating the cells with 4 % formaldehyde for 10 min. Iris Baur and Claudia Bohland
from the Anna Fried| laboratory at the LMU, prepared immunofluorescence slides.
The cells were subsequently treated as outlined in the methods section 3.8.

To better characterization the cell lines, spontaneous DNA damage before irradiation,
and DNA repair function after 24 h (h), images were analyzed manually using contrast
enhancement for the yH2AX-channel in Fiji (Imaged). Foci were counted for each time
point (2 h, 0 Gy, 2 h 1 Gy, 24 h 0 Gy, 24 h 1 Gy) (performed by Iris Baur and Claudia
Bohland, Anna Friedl lab, LMU). The cells were categorized into the following groups:
nuclei with no yH2AX foci, 1-10 yH2AX foci, 11-20 yH2AX foci and >20 yH2AX. A fraction
diagram was created for the tested cell line using GraphPad Prism for Mac OS X (Version
9.4.1.).

3.2. Cell-culture maintenance

3.2.1. Cell-propagation of adherent cell lines

Cell lines were obtained from different vendors. The cell lines included in the cell-panel
can be found in Supplementary Table 5.

Cells were maintained in the cell-culture media indicated in Table 2. All cell lines were
routinely cultured in media containing antibiotics (100 U penicillin / 0.1 mg/mL
streptomycin) if not stated otherwise, with a splitting-routine twice a week. Cells were
grown in 5 % CO2 and 95 % air at 37 °C.

54



Targeting ALC1 for Synthetic Lethality in Cancer: A Superior Alternative to PARP Inhibitors

3.2.2. Cell-freezing and thawing

Cells were trypsinized and collected in fresh medium containing 20 % FBS and 10 %
DMSO. Mr. Frosty™ (Thermo Scientific) was used to freeze the cells down to -80 °C.
The cells were transferred to a nitrogen tank and stored at <-160 °C. The cell amount
frozen down was usually 2 T75 culture flask.

Cells were removed from the nitrogen storage tank for cell-thawing and slowly thawed to
room temperature. The cells were added to 5 mL medium and spun down at 300 g for 5
minutes. The old medium was aspirated, and the cells were resuspended in fresh and
pre-warmed cell culture medium and added to a T75 flask. Cells were incubated at 37
°C and 5 % CO2 until they reached 80 % confluency.

3.2.3. Material

Table 2: Material cell-culture maintenance

Consumable Supplier Catalog # Storage, Aliquots
Pen Strep (Penicillin
Gibco 15140-122 -20 °C, 5 mL aliquots
Streptomycin), 100 mL
FBS Gibco 10270-106 -20 °C, 50 mL aliquots
FBS (Honduras origin) Sigma F7524 (443,00 €) = -20 °C, 50 mL aliquots
L-Glutamine, 100 mL Gibco 25030-024 -20 °C, 5 mL aliquots
MEM NEAA, MEM Non-
Gibco 11140-050 4°C
Essential Amino Acids
Insulin, human Sigma 19278 4°C
Hydrocortisone Sigma H4001 4°C
HEPES, pH 7,5 Serva 25245 4°C
Ham’s F12 Sigma N6658 4°C
RPMI-1640 Gibco/Thermo Fisher Scientific 21875-034 4°C
RPMI-1640 (w/o phenol red) Gibco/Thermo Fisher Scientific 11835030 4°C
DMEM-high glucose (+L-
Gibco 41965 4°C
Glutamine)
DMEM-high glucose Sigma D5671 4°C
McCoy’s 5A medium (+ L-
Gibco 16600-082 4°C
Glutamine)
MEM Gibco 31095-029 4°C
Mr. Frosty Roth AC96.1
Trypsin-EDTA Sigma T3924 100 mL
1x PBS Sigma D8537 500 mL
Sterile tips Fisher brand Thermo Fisher Scientific/Fisher
SureOne scientific
5mL, 10 mL and 25
Serological pipettes Greiner-Bio
mL
Cryovials Thermo Fisher Scientific 377267 1.8 mL vials
Cell culture flasks T-75 TPP 90076, 90026 T-75, T-25
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Consumable

Glass tips
Falcon tubes

Sterile DMSO
Equipment
Cell incubator
Laminar flow hood
Hemocytometer
Inverted microscope
Pipet boy
Vacuum pump

Water bath

Freedom Evo200

Supplier
ROTH

Greiner-Bio

Sigma

Supplier

Heraeus

Heraeus

NanoEn Tek (ordered by ROTH)
Zeiss
Thermo Scientific
Vacuu-brand

P-D Industriegesellschaft GmbH

Tecan

3.3. SRB-cellular survival assay

3.3.1. Assay principle

Catalog #
4522

227 261,188 271

34969
Catalog number
Hera Cell
Lamin Air HB2448
2N14712

Axiovert 25

BVC-21
TYP WB 20

Storage, Aliquots

15 mL and 50 mL

falcons

room temperature

Comment

Single-use, C-Chip

With washer and

Sunrise reader

The sulforhodamine B (SRB) assay is commonly employed to ascertain cell density and

in vitro cytotoxicity screening, based on the measurement of cellular protein content. The

assay depends on SRB's capacity to attach to the protein constituents of cells (under

mild acidic conditions) that have been fixed to tissue-culture plates by tri-chlor-acetic acid

(TCA). The dye dissociates under alkaline conditions. As the interaction between SRB

and cellular components is stoichiometric, the quantity of dye extracted from stained cells

correlates directly with the cell mass (Vichai & Kirtikara, 2006). The assay principle for

the SRB survival readout modified by Eisbach Bio GmbH is shown in Figure 15.
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Day 1: seed cells in 96-well Day 1: add compound Day 5 or 11: fix cells, stain with
plate titrations SRB, colorimetric readout
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Figure 15: Assay principle of SRB-cellular survival assay

A) Cells were seeded in 96-well plates, let adhere for 3-5h at 37 °C, 5 % CO2. cells were
treated with compound titrations and incubated for 96h or 11 days. After fixation with 10
% ice-cold TCA, cells were stained with sulforhodamine-B sodium salt, washed with 1 %
acetic acid, and dissolved using 10mM Tris pH10.5. B) picture of a typical SRB survival

assay plate after SRB staining. Cells were treated with different inhibitors for 96h.

3.3.2. SRB-cellular survival assay

The assay was based on modified from the patent

(PCT/EP2021/084089, William Menzer et al.,

well plates in 100 pL cell-culture medium. Cell count was adjusted to the doubling rate

run the protocol

2022). In short, cells were seeded in 96-

of each cell line. Results from the SRB-cellular survival assay exhibit-ed a linear range
over densities from 100 — 10.000 cells per well, and the sensitivity was comparable to
those of fluorometric methods.

A compound master-mix (11x) was prepared in cell-culture medium and added to the
cells (10 pL). The dimethyl sulfoxide (DMSOQO) concentration in the master-mix was
adjusted accordingly. The standard concentration range for cellular survival assay was
50- 0 uM in a 2x dilution. Vehicle (DMSO; final concentration on cells 0.5 %) was used
as a control for 100 % survival rate. Empty wells filled with cell culture medium were used
as a 0 % survival control. The outer wells of the 96-well plate were not used to avoid
edge effects. Cells were cultured at 37 °C, CO2 5 % for 96 h or 11 days, and fixed with
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100 pL ice-cold 10 %(w/v) TCA / well for 1h. After a 3x wash with 200 pL H20 / well,
Cells were stained with 0.057 % (w/v) sulforhodamine B (SRB) dissolved in 1 % (v/v)
acetic acid. SRB was incubated for 30 minutes at room temperature (RT). After
washing the cells 3x with 200 pL / well 1 %) Acetic Acid, 100 L / well 10 mM Tris

(pH 10.5) solution was added to solubilize the stain. The 96-well plates were placed on

a shaker at 800 rpm for 5 minutes, and absorbance was measured at 492 nm using the
SUNRISE TECAN. The data was normalized to 100 % survival (=DMSO control)

versus 0 % survival (empty wells) using the following formula: % survival= (ODsample

— mean Odall-dead)/ (mean ODall-alive — mean Odall-dead) *100.

Each assay included 2 technical replicates. Inhibitor vs. response curves were fitted

using GraphPad Prism for Mac OS X (Version 9.4.1.) non-linear regression,

variable slope (four parameters). Half-maximal inhibitory concentration (IC50)

values were determined by PRISM, half maximal effective concentration (EC50)

values were estimated manually. For material, see Table 3.

3.3.3. Material

Table 3: Material SRB-cellular survival assay

Consumable

96-well plates

96-well plates

TCA

Acetic acid

Sulforhodamine B sodium salt

Sterile filter tips, Sapphire

Serological pipettes

Glass tips
Falcon tubes
Trypsin-EDTA
PBS
Integra sterile tips
Cell culture medium
Equipment
Plate reader
Cell incubator

Laminar flow hood

Vendor

Corning

Greiner

Sigma

Sigma
Sigma

Greiner-Bio

Greiner-Bio

ROTH
Greiner-Bio
Sigma
Sigma
Integra
see Table 2
Supplier
Tecan
Heraeus

Heraeus

Catalog #

3599, 3598, 3628

655182, 65180

T4885

33209

$1402

771261, 773261,

737265, 750261

606180, 607180,
760180

4522

227 261,188 271
T3924
D8537

4444, 4424, 4414

Catalog Number
Sunrise
HeraCell

LaminAir HB2448

Comment

Flat-bottomed, clear, polystyrene,
TC-treated
Flat-bottomed, clear, polystyrene,
TC-treated
Prepare fixation solution of 10 %
TCAin MQ, store at4 °C

Prepare 1 % ) acetic acid solution

make SRB solution: L , store at 4 °C

10 L, 20 pL, 200 pL, and 1250 pL

5mL, 10 mL and 25 mL

15 mL and 50 mL
100 mL
500 mL

Comment

490-530nm

58



Targeting ALC1 for Synthetic Lethality in Cancer: A Superior Alternative to PARP Inhibitors

Hemocytometer NanoEnTek 2N14712 Single-use, C-Chip
(ordered by ROTH)
Inverted microscope Zeiss Axiovert 25
Pipet boy Thermo Scientific
Vacuum pump Vacuubrand BVC-21
P-D
Water bath Industriegesellschaft TYP WB 20
GmbH
Freedom Evo200 Tecan With washer and Sunrise reader

3.4. Synergy of ALC1i with approved and investigational drugs

3.4.1. Assay principle

The synergy assay is a technique used to evaluate the interaction between two or more
drugs or treatments to determine whether their combined effect is greater than the sum
of their individual effects. The principle of the synergy assay involves quantifying and
comparing the effects of the individual treatments and their combination on a biological
response, such as cell growth inhibition, apoptosis induction, or biomarker modulation.
The summarized models for the analysis of drug combinations by Duarte & Vale (2022)
are shown in Figure 16 and defined as follows:

The Bliss Independence Model assumes the independence of drug actions in
combinations, with drugs acting on distinct sites and contributing to the observed effect,
expressed as probabilities (Greco et al., 1995). Although its application depends on
knowledge of mechanisms of action, it assumes exponential dose-response
relationships and is limited to effects within a probability range (Foucquier & Guedj, 2015;
Goldoni & Johansson, 2007; Mc, 1989).

The Loewe synergy model is a dose-effect-based approach for quantifying drug
interactions. It defines an additive effect based on the isobole representation, assuming
dose equivalence and sham combination principles. This model predicts drug
interactions by comparing combined doses of two drugs to their individual doses.
Isobologram analysis further visualizes these interactions graphically (Lederer et al.,
2019; Sidorov et al., 2019). The model's applicability is limited to drugs following the Hill
equation, with similar dose-response trends as well as equal peak effects (Sidorov et
al., 2019).

The Zero Interaction Potency (ZIP) synergy model is a recent reference model
designed to assess expected responses in drug combinations. It combines features
from other models, including Bliss and Loewe. Unlike other models, ZIP evaluates how
drugs interact by measuring variations in the potency of dose-response graphs for both
single and combined treatments. This approach assumes that when drugs are

combined, they 5
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stay separate and do not influence each other, leading to only slight alterations in
corresponding response patterns (Yadav et al., 2015). The effectiveness of this model
relies on accurately modeling dose-response trends, particularly for determining
factors like the relative half-maximal effect concentration (EC50), which becomes
challenging if data quality is suboptimal (Viot et al., 2019). In this thesis, the

assessment of synergistic effects was conducted using the ZIP synergy model.

3.4.2. ZIP synergy score in 96h SRB survival assay

The synergy of ALC1i with other drugs was determined in the 96h survival assay in a 2-
D titration format. The assay was run based on the protocol modified from Menzer, Sahiri,
and Schomburg (2025).

In brief, different cancer cell lines from the cell-panel were tested using a combination of
ALC1i and other drugs. Like in the SRB-cellular survival assay, cells were seeded into
96-well plates containing volume of 80 yL. Compounds were prepared as a master mix
solution in single agent titrations in a separate 96-well plate as a 10x Stock. 10 pL of
each compound concentration were added to the according wells of the plate containing
the cancer cells. The final volume per well containing cells and both drugs was 100 pL
total. Cells were incubated for 96 h and processed as described in 3.3.2 SRB-cellular
survival assay. The ZIP synergy score was determined by adding the 96h-SRB readout
of at least three technical replicates into an open-source program called “SynergyFinder”.
As a stand-alone web application, the SynergyFinder (SynergyFinder - Documentation),
by Aittokallio (2022); lanevski et al. (2019), (2020) was used for an interactive analysis
and visualization of drug combination screening data. Drug interaction patterns were
determined by analyzing the variation in potency of the dose-dependent graphs
between individual drugs and their combinations. Some frequently employed reference
models in the SynergyFinder include the Highest Single Agent (HSA), Bliss, Loewe,
and Zero Interaction Potency (ZIP) models. The ZIP model enables a comprehensive
assessment of various types of drug interaction patterns that may arise in high-
throughput drug combination screening and thus was used in this analysis
(SynergyFinder - Documentation). As the default settings provide, the function of the
cNMF algorithm was used to detect and replace outlier measurements, and the
four-parameter logistic regression (LL4) was used for curve fitting (lanevski et al.,
2019). The SynergyFinder builds a dose-response matrix on the results of a two-drug

combination and scores the synergy based on the chosen model (Figure 16).
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Figure 16: Visualization of synergy scoring by the SynergyFinder

Cell-viability results of a two-drug combination are used to build a dose-response matrix
for each concentration used. The relative inhibition (%) is calculated and indicated in red.
The synergy score is calculated based on the chosen model and shown in a 2-D synergy
distribution diagram, where red color indicates higher synergy and green color indicates

antagonistic effects (image from SynergyFinder - Documentation)

The data presented in this thesis was obtained using Version 2.0 and 3.0. The average
summary synergy score is computed from all dose combinations in the 2-D titration
matrix. The area with the highest level of synergy, referred to as the Most Synergistic
Area (MSA), corresponds to the 3-by-3 dose-window with the greatest synergy in the
dose-response matrix. For a comprehensive understanding of the synergy scores

generated by this program, refer to Table 4.

Table 4: Synergy Score interpretation (SynergyFinder - Documentation)

Synergy score Interpretation
Less than -10 interaction between two drugs is likely to be antagonistic
between -10 and 10 interaction between two drugs is likely to be additive
MSA higher than 10 interaction between two drugs is likely to be synergistic

3.4.3. Material

Refer to the material list in methods section 3.3.

All ALC1i used in this study are listed in Supplementary Table 1. All additional drugs
used in this study are listed in Supplementary Table 6.

3.5. DNA damage detection in Comet assay

3.5.1. Assay principle
The comet assay, or single-cell gel electrophoresis, is a laboratory technique to evaluate

DNA damage in individual cells. It involves subjecting cells to electrophoresis in an
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agarose gel, allowing fragmented DNA to migrate toward the anode, producing a
distinctive comet-like visual pattern that can be quantified to assess the extent of DNA
damage (Olive & Banath, 2006).

3.5.2. Comet assay

A modified version of the protocol from (Olive & Banath, 2006) was used for the
alkaline comet assay. In short, cells were plated in 6-well dishes and exposed to
varying concentrations of EIS-1 (0.25 yM — 2.50 yM) or DMSO (0.00 uM) for 48 h.
Dust-free frosted-end microscope slides were coated with 1 % agarose and dried
overnight. Cells were trypsinized and collected in 0.4 mL ld cell-culture-medium. 1.2
mL 1 % low-glling-temperature agarose (40 °C) was added to the cells, added onto
the slides, and dried for 2 minutes. Alkaline lysis and electrophoresis were used to
detect DNA breaks. The glass-slides were incubated in freshly prepared A1-lysis (1.2 M
NaCl, 100 mM NazEDTA, 0.26 M NaOH (pH > 13)) solution at 4 °C for 3h in the dark
following a 20-minute incubation in A2-rinse-solution (0.03 M NaOH, 2 mM N&DTA
(pH ~12.3)) at room temperature. Gel-electrophoresis of the glass-slides was
conducted in A2 solution for 25 minutes at a voltage of 0.6 V/cm at a current of about
40mA. Glass slides were carefully washed with distilled water and stained with 2 uyg/mL
Hoechst in PBS for 20 minutes in the dark. Slides were imaged using a LEICA DMIL
LED microscope with a LEICA DFC 3000 G camera system and a Cool LED pE-300
system for fluorescence imaging. The 20x/0.30 pH1 objective was used (Table 5).
Individual comets were analyzed using the free software “OpenComet” (Version v1.3.1)
(Gyori et al., 2014). In short, the Open-Comet plugin was run with default options (auto,
background correction) for head finding. All images were reviewed and corrected
manually by the following rules:

Color Threshold (IJ Iso Data, red) was used to visualize all cells. Comets were excluded
if A) a comet included more than one cell, B) the surrounded cell did not reach the color
threshold because it was out of focus (no red signal) or C) cells that were too small
(artifact from agarose preparation) (Figure 17). After excluding all flagged cells, the raw
data for the Tail Moments was plotted in GraphPad Prism for Mac OS X (Version 9.4.1.).
The Tail Moment is calculated as the tail length times tail DNA % (Gyori et al., 2014).
Contrast and brightness of images presented in this thesis were adjusted for better

visualization purposes.
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C)

Figure 17: Adjustment to OpenComet Plugin for analysis of comets

Left image shows the output of the OpenComet macro, right image shows adjustment

using the threshold method (red).

3.5.3. Material

Table 5: Material Comet assay

Consumable
NaCl (g)
Na,EDTA

NaOH
1 % low melt agarose
Coverslips
Glasslides
Trypsin
Cell medium
Hoechst 33342
Equipment
Cell incubator
Laminar flow hood
Hemocytometer
Inverted microscope
Pipet boy

Vacuum pump

Water bath

PowerPac™ Basic

Power Supply

fluorescence

microscope

Supplier
AQUA-Light GmbH
Sigma
ROTH
Bio & Sell
VWR
Epredia
Sigma
see Table 2
Fisher Scientific
Supplier
Heraeus
Heraeus
NanoEnTek (ROTH)
Zeiss
Thermo Scientific

Vacuubrand

P-D Industriegesellschaft GmbH

Bio-Rad

Leica

Catalog # Comment
Lysis buffer
E5134 Lysis buffer/ Rinse solution
P031.5 Lysis buffer/ Rinse solution
BS.20.47.025
ECN 631-1582
ISO 8037/1
T3924
H3570
Catalog # Comment
HeraCell

LaminAir HB2448
2N14712 Single-use, C-Chip

Axiovert 25

BVC-21
TYP WB 20

1645050

LEICA DMIL LED microscope
(LEICA DFC 3000 G camera
system & Cool LED pE-300

system)
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3.6. yH2AX and cleaved PARPi protein levels in Western Blot

3.6.1. Assay principle
The assay principle for detecting yH2AX and cleaved PARP1 in a Western blot involves
detecting and quantifying specific protein markers associated with DNA damage and

apoptosis.

3.6.2. Western Blot

The assay was run based on the protocol modified from the patent Menzer, Sahiri, and
Schomburg (2025).

Cancer cells were plated in 6-well plates and exposed to increasing concentrations of
drugs or vehicle (DMSO) for different time points. Subsequently, the cells were collected
and lysed using 1xSDS supplemented with benzonase (Millipore-E1014). The amount of
1xSDS was adjusted to the confluency in the 6-well; 100 pL 1xSDS was used for an 80
% confluent 6-well. Following denaturation for 10 minutes at 95 °C, lysates were spun
down at 18.000 RCF for 10 minutes at room temperature, and the supernatant was
transferred into fresh Eppendorf tubes. The lysate samples were loaded onto a gradient
gel (Mini-PROTEAN TGX Stain-Free Precast Gels, 4-20 %, Bio-Rad 456-8095) for gel
electrophoresis and run at 200 V, 400 mA for 25 minutes. The separated proteins were
transferred onto a nitrocellulose membrane using the TransBlot turbo system (Bio-Rad)
with the program pre-set “mixed molecular weight.” To prevent nonspecific binding, the
membrane was incubated with intercept blocking buffer from LiCor for 1 h, following
incubation with primary antibodies for 1h at room temperature and then secondary
antibodies for another 1h at room temperature in the dark.

The following antibodies were used: Anti-ALC1, Anti- yH2AX, Anti- alpha-tubulin, 2 °AB
(Licor): IRDye 800CW Goat anti-Rabbit, IRDye 680RD Donkey anti-Mouse
(Supplementary Table 7). The membrane was imaged using the LiCor system. The
protein quantity was assessed by analyzing the bands using FIJI (Image J), and the
protein bands were normalized to the corresponding a-tubulin bands. For treatment
analysis, the protein amounts in the different treatment groups were normalized to the
DMSO control (Table 6).
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3.6.3. Material

Table 6: Material Western Blot

Consumable Supplier Catalog # Comment
Benzonase Millipore E1014
Pierce BCA Protein Assay Kit Thermo 23227

250 mM Tris HCI pH 6.5, 8 % SDS,
4x SDS sample buffer self-made 0,2 % Bromophenol-blue, 40 %
Glycerol, 20 % Beta-mercaptoethanol
Page Ruler Plus Pre-stained

Thermo 26619 10-250 kDa
Protein Ladder
Mini-PROTEAN TGX Stain- 12 well or 15 well, 4-
Bio-Rad 456-8095
Free Precast Gels, 20%
TransBlot Turbo Midi-Size
Bio-Rad BR20200120
nitrocellulose
TransBlot Turbo Midi-size
Bio-Rad BR20201109
Transfer Stacks
Intercept Blocking buffer Li-Cor 927-60001
10x TBS self-made 200 mM Tris, 1500 mM NaCl
TBST self-made 1x TBS + 0,1 % Tween
Falcon tubes Greiner Bio 227 261, 188 271 15 mL and 50 mL
Equipment Supplier Catalog # Comment
Centrifuge Eppendorf Centrifuge 5427R
Thermoblock Eppendorf Thermomixer compact
Roller CAT RM5
PowerPac™ Basic Power
Bio-Rad 1645050
Supply
Mini Protean Tetra
SDS-PAGE chamber Bio-Rad 1658004EDU

System

Trans-Blot Turbo Transfer
Bio-Rad 1704150
System

3.7. yH2AX detection and Annexin V staining in FACS

3.7.1. Assay principle

The assay principle for detecting yH2AX using flow cytometry (FACS) is based on the
principle of immunostaining. Cells are fixed to preserve their cellular structures and
immobilize the proteins. The fixed cells are permeabilized using a suitable
permeabilization agent to allow the antibodies to penetrate the cells and access their
intracellular targets. The primary antibody is typically labeled with a fluorochrome, or a
fluorophore-conjugated secondary antibody is used for detection. This antibody-antigen
binding event enables the visualization and quantification of desired target proteins
within the cells.
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3.7.2. FACS analysis of yH2AX signal

MDA-MB-231 and SUM149PT cells were plated into 6-well plates and treated with EIS-
1. SN-38 was used as a positive control for yH2AX signaling. The concentration of the
vehicle (DMSQO) was equal in all samples and the “no treatment” control. Cells were
incubated at 37 °C and 5 % CO, for 120 h. FACS analysis was performed with the help
of Dr. Markus Lechner (Eisbach Bio GmbH).

The cell supernatant was harvested, and the remaining adherent cells were trypsinized.
All collected cells were combined in a centrifuge tube for further processing. The
collected cells were washed once with 1xPBS to eliminate any residual media.
Subsequently, the cells were stained with fixable live/dead far red dye at a dilution of
1:1000 in PBS, with a volume of 1 mL per sample. The staining was performed on ice
for 15 minutes. Following staining, the cells were fixed by adding 3 times the volume of
4 % paraformaldehyde (PFA) and incubated for 15 minutes at room temperature. The
fixed cells were centrifuged at 600g for 5 minutes, and the pellet was washed once with
PBS.

The pellet was resuspended in 500 yL of ice-cold 100 % methanol to permeabilize the
cells. After centrifugation at 600 g for 5 minutes, the permeabilized cells were washed
once with PBS. Next, the cells were incubated with an anti- yH2AX antibody (Abcam,
AB11174) at a dilution of 1:500 in FACS buffer (1 % BSA in PBS). A volume of 200 pyL
of the antibody solution was added per sample, and the cells were incubated for 40 min.
at room temperature. Following the primary antibody incubation, the cells were washed
once with PBS.

For secondary antibody staining, the cells were incubated with an anti-rabbit 488
antibody (Invitrogen, a11034) at a dilution of 1:3000 in FACS buffer for 40 minutes at
room temperature (Supplementary Table 7). After the incubation, the cells were washed
once with PBS. The stained cells were resuspended in FACS buffer and analyzed using
a FACS Fortessa (BD Bioscience) flow cytometer. Gating was performed: Single-cell
discrimination via SSC-A / SSC-H cutoff followed by dead cell discrimination via gating
on APC-negative cells. Data analysis was performed using FlowJo 10.9.0 (Becton
Dickinson & Company) (Material, Table 7).

For the apoptosis assay, MDA-MB-231 and SUM149PT cells were treated for only 48 h.
Cell staining was performed using the protocol provided by the Annexin V-FITC/7-AAD
Apoptosis Kit from Elabscience (E-CK-A212), and FACS analysis was performed with
Dr. Markus Lechner (Eisbach Bio GmbH). In short, living cells were stained with Annexin

V and counterstained with DAPI (for dead cells) right before FACS analysis.
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3.7.3. Material

Table 7: Material FACS analysis of yH2AX signal

Consumable Supplier Catalog # Comment
6-well plates TPP 92006
Trypsin-EDTA Sigma T3924 100 mL
1x PBS Sigma D8537 500 mL
fixable live/dead far red dye Invitrogen L34975
Formaldehyde Sigma-Aldrich 1.00496.0700
Methanol Roth CP43.1
FACS buffer self-made PBS + 1 % BSA
BSA Sigma A7030
Annexin V-FITC/7-AAD
Apoptosis Kit Elabscience E-CK-A212
Equipment Supplier Catalog # Comment
Cell incubator Heraeus HeraCell
Laminar flow hood Heraeus LaminAir HB2448

Hemocytometer NanoEnTek (ordered by ROTH) 2N14712 Single-use, C-Chip
Inverted microscope Zeiss Axiovert 25
Pipet boy Thermo Scientific
Vacuum pump Vacuubrand BVC-21

FACS Fortessa flow cytometer

FlowdJo 10.9.0

BD Bioscience

Becton Dickinson & Company)

3.8. yH2AX and RAD51 foci formation assay

3.8.1. Assay principle

The foci formation assay is used to assess DNA damage and DSBs within cells. This
assay utilizes the phosphorylation of the histone variant H2AX at serine 139 (resulting in
yH2AX formation) and the formation of RAD51 foci as a sensitive marker for DSBs. The
principle of the foci formation assay involves the detection and quantification of these
foci, which enables the assessment of DNA damage and repair kinetics within cells (Kuo
& Yang, 2008).

3.8.2. Immunofluorescence for yH2AX and RAD51 foci detection

Cancer cells were plated on glass coverslips and treated with different concentrations of
ALC1i or corresponding concentrations of DMSO for 24 h. After incubation, cells were
washed 2x with PBS, fixed with 4 % Formaldehyde for 10 minutes, washed 2x with PBS,
and permeabilized with 0.25 % Triton X-100 in PBS for 10 minutes. After blocking the
cells with 3 % BSA in PBS for 1h, a primary antibody diluted in 3 %BSA/PBS was added
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to the coverslips for 1h. Before adding the secondary antibody, cells were washed 3x
with PBS. Alexa Fluor 488-con- jugated fluorescent secondary antibodies (Thermo
Fisher) and Cy3 (Dianova) in 3 %BSA/PBS were added and incubated for 1h in the dark.
All steps of slide preparation were performed at room temperature. After a last 3x PBS
wash, coverslips were mounted in Fluoroshield (Sigma) containing DAPI and dried
overnight at 4 °C in the dark. The following dilutions of antibodies were used: primary
antibodies yH2AX (Novus, NB100-74435) 1:500 and RAD51 (Sigma, PC130) 1:200 and
secondary antibodies Alexa Fluor 488 (Invitrogen, a11034) 1:1500 and Cy3 (Dianova,
515-165-062) 1:500 (Supplementary Table 7). Immunofluorescence slides were
prepared with the help of Lucas Kalczynski.

Fluorescence imaging was performed on a Zeiss AxioObserver Z1 confocal spinning-
disk microscope equipped with an sCMOS ORCA Flash 4.0 camera (Hamamatsu) using
the C-Apo-63x water immersion objective lens. Images were taken as Z-Stacks with a
range of 3.5 uyM, 11 slices in 0.35 uM intervals with an optimum of 0.29 uM. The laser
power of the DAPI and the AF488 channel was 10 %, and the laser power of the mCherry
channel was set to 30.4 %.

For analysis of nuclear foci, czi. -images were processed with the following steps:
Using a self-written Fiji (ImagedJ) Macro (“Image processing Z-project.ijm”), czi. - images
were processed to a Z-Project with the projection of “Max Intensity”, channels were re-
arranged in the order of red(yH2AX), green(RAD51), blue(DAPI) and saved as a “tiff"-file
in a new folder. Next, images were normalized to 16-bit using a Python macro ("Z-project
pixel norlaization.py”) that divided 32767 by each image array maximum. Contrast and
brightness of images presented in this thesis were adjusted for better visualization
purposes.

The BIC Macro-toolkit “FociCounter” for Imaged from the University Konstanz (FOCI/
Counter | BIC Macro Toolkit | Image Analysis | Service | Bioimaging Centre, 2017) was
used for foci analysis. The foci options are listed in section 7.3. Macros. The “Maxima
Score “settings were adjusted accordingly to negative controls (cells with no treatment)
and positive controls (cells with high dose DNA-damaging inducing agent like SN-38) in
an HR-proficient, ALC1i-sensitive cell line (PSN-1). The program ,Batch Co-localization
Counter “was used to process all images (Material: Table 8).

The number of nuclei with <5 foci, 25 foci, and 215 foci for the yH2AX and RAD51
channels was determined and normalized to the total cell number per condition. The
fraction of nuclear foci numbers was calculated. For statistical analysis, a two-way

ANOVA test was used. The Macros used in this assay can be found in the supplement.
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3.8.3. Material

Table 8: Material Foci assay

Consumable Supplier Catalog # Comment
cell culture medium see Table 2
Coverslips VWR ECN 631-1582
Glasslides Epredia 1ISO 8037/1
6-well plates TPP 92006
Gibco (Thermo Fisher
10x PBS J62036.K2
Scientific)
Formaldehyde Sigma-Aldrich 1.00496.0700
TritonX-100 Sigma X100
BSA Sigma A7030
antibodies Supplementary Table
7
Fluoroshield Sigma F6057
Nail-polish Essence Shine last & go!

Equipment Supplier Catalog # Comment
Confocal laser-scanning Capable of local photo-
. Zeiss AxioObserver Z1 .
microscope perturbation

OpenSource image

Fiji software .

processing program

Python software
Cell incubator Heraeus HeraCell
NanoEnTek (ordered by ) )
Hemocytometer 2N14712 Single-use, C-Chip
ROTH)
Inverted microscope Zeiss Axiovert 25
Laminar flow hood Heraeus LaminAir HB2448

Pipet boy Thermo Scientific
Vacuum pump Vacuubrand BVC-21
Water bath Lauda E200

3.9. Cell cycle analysis in FACS

3.9.1. Assay principle
Flow cytometry-based cell cycle analysis is a technique used to assess the distribution
of cells within different phases of the cell cycle. This assay utilizes the ability of flow
cytometry to measure the DNA content of individual cells, allowing the determination of
cell cycle phases based on DNA content (Pozarowski & Darzynkiewicz, 2004). The
principle of FACS (Fluorescence-Activated Cell Sorting) cell cycle analysis involves
labeling cells with DNA-specific dyes, followed by their analysis using flow cytometry to
quantify the DNA content and identify different cell cycle phases.
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3.9.2. FACS analysis

The assay was run based on the protocol modified from the patent Menzer, Sahiri, and
Schomburg (2025).

Cells were plated into 6-well plates and treated with EIS-1 or DMSO for 48 h. Further
steps were performed with the help of Dr. Markus Lechner at Eisbach Bio GmbH.

Cells were trypsinized and washed in PBS before fixation/permeabilization via dropwise
addition of ice-cold ethanol to a final concentration of 80 % ethanol while vortexing. Cells
were centrifuged at 800 g for 10 minutes, ethanol was discarded, and the pellet was
washed once with PBS. After another centrifugation step, cells were resuspended in 500
ML PBS and transferred into FACS tubes through a cell strainer. Cells were stained with
10 ug/mL DAPI (in PBS) for at least 10 minutes before analysis of cell cycle stages using
a FACS Fortessa (BD Bioscience) flow cytometer. First, a forward scatter (FSC) versus
side scatter (SSC) plot was used to identify the main population of intact cells. A gate
was set to exclude debris and other small particles that may interfere with accurate cell
cycle analysis. A gate was set to exclude doublets and aggregates to ensure the analysis
of only single cells. This gate was based on DAPI signal height versus pulse width, where
cells with similar DNA content but different pulse widths were considered single cells.
After gating for single cells, the distribution in different cell cycle phases (G0/G1, S, and
G2/M) was analyzed on a linear histogram for the DAPI signal using FlowJo 10.9.0
software. The determination of the proportion of cells in each phase was achieved by
establishing gates or regions on the DNA content histogram to separate the distinct cell
cycle phases into the G1 phase (2n DNA content), the intermitted S-phase followed by
the G2/M phase peak (4n DNA content). (Material: Table 9)

3.9.3. Material
Table 9: Material cell cycle analysis FACS
Consumable Supplier Catalog # Comment
6-well plates TPP 92006
Trypsin-EDTA Sigma T3924 100 mL
1x PBS Sigma D8537 500 mL
DAPI Sigma D9542
Formaldehyde Sigma-Aldrich 1.00496.0700
Ethanol Roth P075.6
FACS buffer self-made PBS + 1 % BSA
BSA Sigma A7030
Equipment Supplier Catalog # Comment
Cell incubator Heraeus HeraCell
Laminar flow hood Heraeus LaminAir HB2448
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Hemocytometer NanoEnTek (ordered by ROTH) 2N14712 Single-use, C-Chip
Inverted microscope Zeiss Axiovert 25
Pipet boy Thermo Scientific
Vacuum pump Vacuubrand BVC-21
Water bath P-D Industriegesellschaft GmbH TYP WB 20
FACS Fortessa flow cytometer BD Bioscience
FlowJo 10.9.0 Becton Dickinson & Company)

3.10. Live-cell recruitment assay

3.10.1.Assay principle

The Live Cell Recruitment assay (LCI) is used to study the dynamics of proteins in cells
in real time. The assay uses time-lapse microscopy and involves monitoring protein
dynamics in response to specific stimuli like micro-laser irradiation to induce DNA
damage. The principle of the LCI assay applies the labeling of proteins and subsequent
observation to assess recruitment and retention properties at the site of DNA lesions.
Using the 355 nm laser, a fast and local chromatin de-condensation is observed upon
DNA damage. This decondensation is controlled by poly (ADP-ribosyl)-ation by PARP1.
PARP1 modulates the chromatin structure by introducing the posttranslational
modification poly-ADP-ribose, thereby recruiting different repair proteins. The chromatin
remodeler ALC1 is such a protein that is recruited to these DNA damage sites through
direct binding of PAR, and activated ALC1, in turn, relaxes the local chromatin structure.

The assay principle is explained in Figure 18.
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Figure 18: Principle of live-cell recruitment assay

U-2 OS cells are transiently transfected with a fluorophore-tagged nuclear protein
(green). DNA damage is induced in the cell nucleus using a 355 nm laser. Dynamics of
the protein at the damage site are indicated in a darker green color. Scenario A) shows
regular recruitment of the protein to the DNA lesion. Under normal conditions, the protein
has a short retention time at the damage site. It is released from the damage site (B).
External factors, like treatment with a potent PARPI (e.g., talazoparib), can lead to longer
protein retention at the damage site. The protein is “trapped” (C). Treatment of the cells
with a specific inhibitor can change protein retention at damage site and alter the
recruitment of the protein to the damage. D) shows reduced recruitment of the protein to
the DNA lesion, with either a short retention time (E) or a prolonged retention time (F)

(modified from (Sahiri et al., 2022) created using Microsoft PowerPoint).

3.10.2.Live-cell recruitment assay

The assay was run based on the protocol modified from Sabhiri et al. (2022).

In brief, U-2 OS cells were seeded into 8-well Nunc Lab-Tek chambers in DMEM and
cultured overnight at 37 °C, 5 % CO.. Fluorophore-tagged plasmids with target inserts
(Supplementary Table 8) were sequenced, and quality was checked using the IMPLEN
Nanophotometer. The cells were transfected with the plasmids using XtremeGene HP
DNA transfection reagent (Sigma) and incubated for 24 h at 37 °C, 5 % CO.. 1 h before
imaging, cells were treated with compounds (ALC1i or PARPi1) prepared in Leibovitz's
L-15 media containing 1 % PenStrep and 10 % FBS. DMSO (<1 %) was used as a
vehicle control. Cells were imaged at 37 °C in the absence of CO, using a Zeiss

AxioObserver Z1 confocal spinning-disk microscope with a sCMOS ORCA Flash 4.0
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camera from Hamamatsu through a C-Apo 63x water immersion objective lens. Using
the 355 nm laser operated through a single-point head (UGA-42 firefly, Rapp
OptoElectronics), DNA damage was induced for 400 ms along a line of 74 pixels. The
355 nm laser power for the protein-trapping assay was set to 10 %. The 355 nm laser
power in the protein-recruitment setup was adjusted to a lower laser power (2.5 %-5 %).
Cells with a medium-low nuclear fluorophore intensity were imaged.

Imaging frames in seconds (s) for the protein-trapping and protein-recruitment assay are
shown in Table 10. Contrast and brightness of images presented in this thesis were

adjusted for better visualization purposes.

Table 10: Time-laps microscopy frames for recruitment and trapping LCI

recruitment
frame 1 . 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23
t[min] 0.00 a“"'e 0.08 0.17 0.25 033 042 0.50 058 067 075 0.83 0.92 1.00 1.08 147 125 225 325 425 525 6.25 7.25 8.25

tis] 0.00 500 1000 1500 2000 2500 3000 3500 _ 40.00 4500 _50.00 5500 6000 6500 7000 _ 7500 | 13500 19500 255.00 31500 375.00 435.00 49500

trapping
frame 1 2 3 4 5 6 7 s 0 10

t[min] 000 | amece] 025 050 | 533 1033 1533 2033 2533 3033 3533

ts) 0.00 15.00 30.00 330.00 _630.00 930.00 1230.00 1530.00 1830.00 2130.00

The signal intensity of fluorophore-tagged proteins at the site of DNA damage was
analyzed as follows: A custom-made Fiji/lmageJ macro (Stackreg_extract single-
nuclei.ijm) (modified from (Sahiri et al., 2022) was used to isolate single cells and fix their
position using StackReg (Thevenaz et al., 1998). The single nuclei images were saved
as a .tiff in a new folder. Another custom-made macro in Python was used for “Image
Analysis for Peak Detection and Area Calculation “(written by Dr. Adrian Schomburg and
William Menzer at Eisbach Bio GmbH). The macros can be found in the supplement.

The results were saved as CSV files. Cells that did not survive until the last imaging
frame or created a hole in the damage site were flagged. All results per condition were
compiled in a new Excel workbook as technical replicates. All flagged cells and cells with
a signal intensity > 3.5 x10”6 were excluded from the analysis. Raw signal (as AUC) and
values normalized to the maximum of all frames were plotted using GraphPad Prism for
Mac OS X (Version 9.4.1.). Error bars indicate the SEM. All technical and biological

replicates per condition were compiled into one graph. (Material: Table 11)

3.10.3.Material

Table 11: Material Live-cell recruitment assay

Consumable Supplier Catalog # Comment
Lab-Tek Il chambered Thermo Scientific 155409 4- or 8-chambered
Gibco/Thermo Fisher
DMEM 31885-023 with 10% FBS, PS, FBS, L-glut
Scientific

Leibovitz L-15 medium, Phenol
44 Gibco 21083-027 with 10% FBS, Pen/Strep
red free
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XtremeGene HP Sigma 6366236001 Transfection reagent
XtremeGene HP Sigma 6366546001 Transfection reagent
OPTI-MEM Gibco 31985-062 100 mL
PBS Sigma D8537 500 mL
Trypsin-EDTA Sigma T3924 100 mL
Sterile tips Fisherbrand SureOne | Thermo Fisher Scientific
Serological pipettes Greiner-Bio 5mL, 10 mL and 25 mL
Glass tips ROTH 4522
Falcon tubes Greiner-Bio 227 261, 188 271 15 mL, 50 mL falcons
Equipment Supplier Catalog # Comment
Nanophotometer IMPLEN N50
Confocal laser-scanning Zeiss AxioObserver Z1 Capable of local
microscope photoperturbation
Fili software OpenSource image processing
program
Python software
Cell incubator Heraeus HeraCell
Hemocytometer NanoEnTek (by ROTH) 2N14712 Single-use, C-Chip
Inverted microscope Zeiss Axiovert 25

Laminar flow hood Heraeus LaminAir HB2448

Pipet boy Thermo Scientific

Vacuum pump Vacuubrand BVC-21

3.11. Resistant cell lines

3.11.1.Assay principle

Generating resistant cell lines is a valuable technique in biomedical research that allows
scientists to study the mechanisms of drug resistance and develop more effective
therapies. By exposing a cell line to a specific drug over time, the cells undergo genetic
and phenotypic changes that enable them to survive and proliferate in the presence of
the drug. These resistant cell lines provide a powerful tool to investigate the molecular
pathways involved in drug resistance, identify novel targets for therapy, and test the
efficacy of potential drug candidates. Furthermore, studying resistant cell lines can help
researchers gain insights into the underlying mechanisms of disease progression and
identify biomarkers that can support personalized medicine approaches. Overall,
generating resistant cell lines contributes significantly to our understanding of drug
resistance and facilitates the development of more targeted and efficient treatments for

various diseases.
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3.11.2.Generation of resistant cell lines

Resistant cell lines were obtained by culturing parental cancer cell lines with different
mutational profiles in increasing concentrations of other drugs for over 4 months. In short,
parental cell lines (DU-145, PSN-1, HCT 116) were seeded in culture dishes and treated
with a low starting dose of the following compounds: talazoparib, olaparib. The medium
was exchanged, and fresh compound was added every 2-4 days. As soon as cells
reached 80% confluency, they were split into two new flasks. One flask was kept at the
same concentration; the other was treated with an increased concentration of the same
drug. The cell lines DU-145, 20 and DU-145, 23 were generated using different starting
concentrations of talazoparib for acquiring drug resistance.

If the cells in the increased concentration survived, the lower-concentration cells were
deleted. The procedure was repeated until high concentrations of the drugs were
tolerated by the cells. Frozen stocks of the polyclonal cells were prepared, and colony-
selection plates (dilution of cells over a plate for single-cell selection) were seeded in 96-
well format. The cells were seeded in a drug-containing medium and incubated for >10
days at 37 °C and 5 % CO.. Colonies were picked, expanded, and frozen stocks were
prepared. Monoclonal cell lines were tested in the SRB-survival assay. Selected Clones
were tested in an eight-week stability assay. Therefore, cells were maintained without

the corresponding drug for over 8 weeks. Fold resistance was tested in the SRB assay.

3.11.3.Material

Refer to the material list in methods section 3.2. and 3.3.
3.12. In vivo studies

3.12.1.Assay principle

Mouse xenograft experiments involve transplanting human or non-murine animal tumor
cells or tissues into immunodeficient mice to study tumor growth, metastasis, and the
effects of various treatments. For better investigation of a drug effect in an organism,
immunocompetent mice can be implanted with mouse-tumor cells. Here, the interplay of

the drug with the immune system can be observed.

3.12.2.Mouse Xenograft

SUM149PT cells were cultured at 37 °C and 5 % CO,. Before implantation, cells were
trypsinized, checked for viability, and counted to the final working concentration of
6x1076 cells/mouse in PBS 1to1 diluted with GelTrex (Gibco). Cells were implanted
subcutaneously into the right flank of male NMRI nude mice, obtained from Charles River

laboratories at 8-12 weeks. Tumor size was monitored 3 times a week using calipers
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(length and width), and body weight was recorded. At the size of >250 mm?, mice were
randomized into groups of 8 and treated daily with different concentrations of EIS-1,
formulated in SyrSpend or vehicle via oral gavage. A final necropsy was performed with
mice bearing tumors >1500 mm?3and >10mm width.

Tumor cells for the xenograft experiment were expanded and prepared following the
cellular procedure protocol mentioned in Methods part 3.2. Xenograft experiments were
run at the animal facility at the BMC by Dana Matzek, Dr. Adrian Schomburg, William
Menzer, and Dr. Markus Lechner from Eisbach Bio GmbH. Tumor growth inhibition (TGI)
was calculated using the following formula: %TGI= ((Vc1-Vt1)/(Vc1-Vt0))*100. The data

was analyzed using GraphPad Prism (Version 9.4.1.).

3.12.3.Material

For cell line propagation and preparation, refer to the material list in Methods section 3.2.

Table 12: Material for cell line implantation

Consumable Supplier Catalog # Comment
LDEV-free, hESC-qualified basal-
Gibco™ Geltrex™ Gibco A1413302 membrane-Matrix, reduced growth
factors
PBS Sigma D8537 500 mL
Equipment Supplier Catalog # Comment
Cell incubator Heraeus HeraCell
Laminar flow hood Heraeus LaminAir HB2448

Hemocytometer NanoEnTek (by ROTH) 2N14712 Single-use, C-Chip
Inverted microscope Zeiss Axiovert 25
Pipet boy Thermo Scientific
Vacuum pump Vacuubrand BVC-21
P-D
Water bath Industriegesellschaft TYP WB 20
GmbH

3.13. Statistical Analysis

For Data analysis, GraphPad Prism for Mac OS X (Version 9.4.1.) was used. All error

bars indicate the Standard Error of Mean (SEM) of at least two replicates unless stated
otherwise (Table 13).

Table 13: Statistical tests used

Assay

yH2AX and RAD51 foci

formation

Comet assay

Figure

Figure 26, Figure 27, Figure

28

Figure 30

Statistical test

way ANOVA

ordinary one-

way ANOVA

ordinary two-

p-values
GP: 0.1234 (ns), 0.0332 (*), 0.0021
(**), 0.0002 (***), <0.0001 (****)
GP: 0.1234 (ns), 0.0332 (*), 0.0021
(**), 0.0002 (***), <0.0001 (****)
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4. Results

4.1. Evaluation of ALC1i: Unveiling selectivity, toxicity, and
correlation to PARPiI sensitivity

4.1.1. Selectivity and cytotoxicity assessment of ALC1 inhibition in short
term cellular survival assay

A wide range of Eisbach-ALC1i molecules from different chemical ALC1i-clusters
(Supplementary Table 1) were tested for selectivity and cytotoxicity in the 96h SRB-
cellular survival assay to evaluate the synthetic-lethal potential of ALC1i after
biochemical validation (data not shown here). PARPi were used as a control for
synthetic lethality with HRD. To further validate the hits, the 11-day assay format
was used. The triple-negative breast cancer cell lines MDA-MB-231 and SUM149PT
were used as a standard cell pair to evaluate compound selectivity as they
showed different sensitivity in preliminary experiments. SUM149PT harbor a BRCA1
mutation leading to a short splice variant of the BRCA1-protein, which may be partially
functional (Gu et al., 2016; Poti et al., 2018), while MDA-MB-231 are BRCA1 wild type
(Drew et al., 2010) cells.

After extensive testing, the results highlighted the best-performing molecules that
exhibited the most potent effects on cell survival. Results of the 96h cellular survival
assay for the best ALC1i molecules are shown in Figure 19. The ALC1i differed in their
chemical structure and were derived from compound clusters A (EIS-1, EIS-2, EIS-5),
cluster C (EIS-4, EIS-6) and cluster B (EIS-3). Survival of the cells was normalized to
vehicle control (DMSO), and inhibitor vs. response curves were fitted using GraphPad
Prism. The values for all IC50, SEM, estimated EC50, and number of replicates are

shown in Supplementary Table 9.
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Figure 19: 96h cellular survival assay with HR-cell-pair
SUM149PT and MDA-MB-231 cells were treated with active ALC1i (EIS-1, EIS-2, EIS-
3, EIS-4), inactive ALC1i (EIS-6, EIS-5) or PARPI (olaparib, talazoparib). Cells were

cultured for 96h and stained with SRB to analyze cellular survival [%]. Survival was

normalized to cells treated with vehicle (DMSO) and “all dead control”. Inhibitor vs.

response curves were fitted using GraphPad Prism non-linear regression. Error bars

indicate the SEM of all replicates (number of replicates are shown in Supplementary

Table 9).
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The 96h cellular survival assay results demonstrated distinct responses to ALC1 and
PARP inhibition. Compared to MDA-MB-231 cells, SUM149PT cells displayed
pronounced sensitivity to best-performing ALC1i (active ALC1i) while showing relatively
low sensitivity to inactive ALC1i cluster members. EC50 values [uM] and the fold-
selectivity between the two cell lines are shown in Table 14. Both cell lines exhibited

comparable sensitivity to PARPI olaparib and talazoparib in the 96h format.

Table 14: EC50s and fold change selectivity of SUM149PT and MDA-MB-231 cells in 96h cellular survival assay

Chemical Cluster | EIS-Compound EC50 SUM149PT [uM] EC50 MDA-MB-231 [uM] Fold Selectivity

A EIS-1 4.000 33.000 8.250

A EIS-2 0.014 0.200 14.286

A EIS-5 >50.000 >50.000 1.000

B EIS-3 2 38.000 19

C EIS-4 13.5 >50.000 3.704

C EIS-6 40.000 >50.000 1.250
PARPI olaparib 14.000 16.000 1.143
PARPI talazoparib >10.000 >10.000 1.000

The effect of different ALC1i treatments was compared in other cell lines from the cell
line panel to determine if there was a significant decrease in cell survival when a specific
genetic alteration or deficiency was combined with the treatment. Bar graphs in Figure
20 represent the estimated EC50 values [uM] for all cell lines. Individual survival curves

of all cell lines can be found in Supplementary Figure 4 - Supplementary Figure 10.
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Figure 20: EC50 values of cell-panel in 96h survival assay

Different cancer cell lines were treated with titrations of active ALC1i (EIS-1, EIS-2, EIS-
3, EIS-4), PARPI (olaparib, talazoparib) or inactive ALC1i (EIS-5, EIS-6). Cells were
cultured for 96h and stained with SRB staining to analyze cell survival [%]. Inhibitor vs.
response curves were fitted using GraphPad Prism non-linear regression. Bar graphs

represent EC50 values of fitted survival curves. Due to the solubility limits of the
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compounds, the highest assay concentration reached was 50 uM for ALC1i and olaparib
and 10 uM for talazoparib. IC50 values, SEM, EC50, and number of replicates are
indicated in Supplementary Table 9; full IC50 curves are shown in Supplementary Figure

4 - Supplementary Figure 10.

The 96h cellular survival assay demonstrated differential sensitivity among the cell lines,
with some exhibiting high sensitivity and reduced survival rates. In contrast, others
displayed resistance and higher cell survival, independent of their tumor origin.

Cell lines like HCT-116, PSN-1, SUM149PT, DLD-1, DLD-1 BRCA -/- and MDA-MB-436
showed high sensitivity to all active ALC1i, whereas cell lines like MDA-MB-231, Capan-
1 or PC-3 exhibited low sensitivity. ALC1i EIS-4 was the least potent ALC1i tested,
exhibiting minor variations in sensitivity between cell lines. While some cell lines showed
simultaneous sensitivity to ALC1i and PARPI (e.g., HCT 116, PSN-1, DLD BRCA2-/-),
others were less sensitive to PARPI despite pronounced ALC1i sensitivity (e.g., DLD-1,
SUM149PT).
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4.1.2. Correlation between PARPi and ALC1i sensitivity in various cell lines
As EIS-1 was the first compound from cluster A that showed a preferable selectivity
between MDA-MB-231 and SUM149PT, its potency was compared to PARPI. Figure 21
compares sensitivity to olaparib with sensitivity to EIS-1. The 96h survival assay results
revealed that many cell lines exhibited heightened sensitivity to ALC1i and PARPI.
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Figure 21: EC50 comparison of EIS-1 with olaparib in cellular survival

Different cancer cell lines were treated with EIS-1 or olaparib. Cells were cultured for 96h
and stained with SRB to analyze cell survival [%]. Survival curves were normalized to
100% survival (DMSO control) and 0% survival (all cells dead). Inhibitor vs. response
curves were fitted using GraphPad Prism non-linear regression. Bar graphs represent
EC50 values of fitted survival curves. Due to the solubility limits of the compounds, the

highest assay concentration reached for ALC1i and olaparib was 50 uM.

The experimental results demonstrate a correlation between sensitivity to olaparib and
ALCA1i, specifically ALC1i EIS-1, in various cell lines. Cell lines including MDA-MB-436,
DLD-1 BRCA2 -/-, SW-620, PSN-1, and HCT116 exhibited a consistently high sensitivity
to both olaparib and all active ALC1i tested. On the other hand, cell lines like MDA-MB-
231, Capan-1, and PC-3 displayed lower sensitivity to both olaparib and ALCH1i.
However, certain cell lines, like DLD-1, HepG2, and SUM149PT, showed resistance to
olaparib despite pronounced sensitivity to ALC1i. These highlight alternative
vulnerabilities in these cells and emphasize the necessity of exploring multiple

therapeutic targets.
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4.1.3. Extended evaluation of ALC1 inhibition in long term cellular survival
assay

The long-term impact of ALC1i on cell survival was tested utilizing the 11-day SRB
cellular survival assay. Like the 96h assay format, cell lines were treated with ALC1i-
titrations, and inhibitor vs. response curves were fitted for survival analysis. SUM149PT
and MDA-MB-231 cells were used as the standard cell pair for general screening (see

Figure 22). Raw values and number of replicates can be found in
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Figure 22: 11-day cellular survival assay of MDA-MB-231 and SUM149PT cells

SUM149PT and MDA-MB-231 cells were treated with titrations of ALC1i (EIS-1, EIS-2,
EIS-3, EIS-4). Cells were cultured for 11 days and stained with SRB to analyze cell
survival [%]. Survival was normalized to cells treated with vehicle (DMSO) and “all dead
control”. Inhibitor vs. response curves were fitted using GraphPad Prism non-linear
regression. Error bars indicate the SEM of all replicates (the number of replicates is

shown in Supplementary Table 10).

SUM149PT cells were susceptible to ALC1i EIS-1 and its cluster member EIS-2 with
increased selectivity compared to MDA-MB-231 cells (see Table 15). Only EIS-1 from
the A-cluster showed increased potency in the 11-day assay. The EC50 of EIS-2, EIS-3

and EIS-4 were similar or even lower to the 96-h survival assay.

83



Targeting ALC1 for Synthetic Lethality in Cancer: A Superior Alternative to PARP Inhibitors

Table 15: EC50 and selectivity of ALC1i in the 11-day survival assay

Chemical Cluster | EIS-Compound EC50 SUM149PT [uM] EC50 MDA-MB-231 [uM] Fold Selectivity
A EIS-1 0.1600 3.9000 24.3750
A EIS-2 0.0009 0.0066 7.3333
B EIS-3 1.4000 14.0000 10.0000
C EIS-4 7.8000 36.0000 4.6154

Again, other cell lines were tested for sensitivity to ALC1i in the 11-day assay format.
EC50 values are shown as bar graphs in Figure 23. Individual curves of cell lines are

shown in Supplementary Figure 11- Supplementary Figure 14.
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Figure 23: EC50 values of cell-panel in 11-day survival assay

Different cancer cell lines were treated with titrations of active ALC1i (EIS-1, EIS-4, EIS-
3, EIS-2). Cells were cultured for 11 days and stained with SRB to analyze cell survival
[%]. Inhibitor vs. response curves were fitted using GraphPad Prism non-linear
regression. The Bar graphs represent the EC50 of fitted curves. Due to the solubility
limits of the compounds, the highest assay concentration reached for ALC1i was 50 uM.
IC50 values, SEM, EC50, and number of replicates are indicated in Supplementary Table
10.
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MDA-MB-436 and 22Rv1 maintained high sensitivity to ALC1i, indicating sustained
vulnerability in these cells, while MDA-MB-231 and PC-3 remained resistant to all ALC1i
throughout the 11-day treatment period. DU-145 and Hep G2 cells, which initially
displayed high sensitivity in the 96-h assay format, exhibited reduced sensitivity in the
long-term treatment, suggesting potential adaptation or acquired resistance mechanisms
like drug-transporter mutations. The fold-selectivity between the DLD-1 and DLD-1
BRCAZ2 -/- cell line increased, indicating a heightened sensitivity of the BRCA2 knockout

cells to the tested drugs.

4.1.4. Summary of the results

In general, long-term treatment of cells with EIS-1 and EIS-2, which belong to the same
cluster, led to drastically reduced EC50 values, while for EIS-3 and EIS-4, no systematic
reduction was seen. The selectivity of EIS-1 increased from 8.250-fold in the 96h assay
to 24.375-fold in the 11day assay. These results suggest that the underlying mechanism
of ALC1 inhibition via ALC1i may vary between the different chemical clusters. The
results emphasize the dynamic nature of cellular responses to different treatment
durations and underscore the importance of varying assay setups in determining drug
sensitivity. The effect of ALC1i on cancer cells suggests therapeutic opportunities for
targeting ALC1 across different cancer subtypes. Thus, the observed differences in
sensitivity among the cell lines highlight the need for further investigation into the
underlying mechanisms driving these divergent responses to optimize treatment
strategies for cancer subtypes and possible target mutations.

EIS-1 was chosen as the cluster representative due to its strong performance in initial
biochemical and biophysical assays (data not shown here) and its notable selectivity
between cell lines, particularly MDA-MB-231 and SUM149PT.
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4.2. Potential ALC1i implications and HR-related insights through
genomic profiling and functional readout

The partial correlation between ALC1i sensitivity and PARPI sensitivity in the cell line
panel raises the question of whether HR deficiency influences sensitivity to ALC1i. The
cell lines from this study were characterized by employing various genomic profiling
techniques, such as protein expression, mutation analysis, HRD profiling from public

data, and a functional assay.

4.2.1. ALC1 protein expression in different cell lines

To investigate the potential correlation between ALC1 protein expression and sensitivity
to ALC1i, Western Blot analysis was employed to assess the ALC1 protein levels in the
cell lines. Figure 24 shows a representative image of the Western Blot and the analysis
of ALC1 levels normalized to a-tubulin. To test for a correlation of ALC1 expression and
ALC1i sensitivity, cell lines that were sensitive to ALC1i in the 96h survival assay were

highlighted in dark grey, cell lines that were less sensitive are shown in light grey.
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Figure 24: ALC1 expression in cell-panel
Western Blot analysis of cell lysates was performed using the indicated antibodies. A
representative image is shown in A). Protein levels were quantified with FIJI (Image J)

and plotted in GraphPad Prism (B). Bar graphs show ALC1 protein expression
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normalized to a-tubulin, with error bars representing the SEM of two technical replicates.

ALC1i-sensitive cell lines are marked in dark grey, and ALC1i-insensitive cell lines in

light grey.

Out of the 13 cell lines tested, 8 were sensitive to ALC1 inhibition (ALC1i), while the
remaining 5 were insensitive. Western Blot analysis revealed that among the ALC1i-
sensitive cell lines, 6 exhibited high levels of ALC1 protein expression (PSN-1, Capan-
1, MDA-MB-436, Hep G2, 22Rv1, DU-145), one showed a medium level (HCT116), and
one cell line, specifically SUM149PT, demonstrated a lower level of ALC1 protein. In
contrast, all 5 cell lines insensitive to ALC1i consistently displayed low expression levels
of ALC1 protein (PC-3, BXPC-3, U-2 OS, MDA-MB-231, HCC1937). These findings
suggest a strong correlation between high ALC1 protein expression and sensitivity to

ALC1i. This relationship was mathematically confirmed via a Pearson correlation
analysis between the quantified protein levels and log:.-transformed ECso. values,
which revealed a statistically significant inverse correlation (r = -0.6721, P = 0.0119;
Supplementary Fig. 27). Approximately 45% of the variation in drug sensitivity could be
attributed to ALC1 expression levels (R? = 0.4518).

These results indicate that cell lines with higher levels of ALC1 protein are more likely
to be affected by ALC1 inhibition, while those with low ALC1 expression tend to be
resistant. This relationship highlights the potential of ALC1 protein levels as a
predictive biomarker for responsiveness to ALC1i treatment. However, based on the
exceptional sensitivity of SUM149PT cells, ALC1 expression alone may not be the sole
determinant for ALC1i sensitivity.

4.2.2. Complexities of BRCA mutations and their impact on PARPI
sensitivity
While BRCA mutations are known indicators of impaired DNA repair pathways and
increased susceptibility to PARPI, it is crucial to acknowledge the complexity of these
interactions. Some cell lines with dysfunctional BRCA might display resistance to PARPI
due to the presence of compensatory DNA repair mechanisms or other genetic
alterations. Conversely, specific cell lines without BRCA mutations could exhibit
sensitivity to PARPI due to defects in different DNA repair pathways or genetic contexts.
Information about the BRCA status and PARPiI-sensitivity of cell lines was compiled from
public data and is summarized in Table 17. Cell lines with a known BRCA deficiency
include DLD-1 BRCA2-/-, MDA-MB-436, 22Rv1, Capan-1, SK-BR-3, and HCC1937.
SUM149PT expresses a truncated version of BRCA1 that may partially be functional (Gu
et al., 2016). Cells with a high sensitivity to PARPi include HCT 116, PSN-1, DLD-1
BRCA2-/-, MDA-MB-436, and Capan-1. Only three of the cell lines sensitive to PARPI

harbor a BRCA deficiency.
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4.2.3. Exploring the HR-associated gene network within the cell-panel
Besides BRCA1 and BRCA2, many other factors contribute to HR proficiency.
Therefore, a list of genes related to HR repair was compiled for this study,
utilizing published resources as a reference. Multiple databases and scientific
literature were combined to ensure the inclusion of well-established HR-
associated genes. The compiled gene list encompassed key players involved in
HR pathway regulation, including DNA repair genes, HR-specific genes, and genes
involved in HR-related processes such as DNA strand exchange and Holliday junction
resolution. This curated gene list can be found in Supplementary Table 3. The
mutational profile of each cell line was downloaded from DepMap and screened to
identify deletion mutations related to DNA repair. The number of deleterious mutations
(hemizygous or homozygous) in HR-related genes can be found in Figure 25 A. In
addition, the relationship between HR gene deletion burden and sensitivity to the ALC1
inhibitor EIS-1 was assessed by correlating deletion counts with log:.-transformed

ECso values after 96 h treatment, as shown in Figure 25B.
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Figure 25: Deleterious mutations in HR-related genes in the cell-panel A) Mutational
profiles of cell lines were obtained from DepMap (Corsello et al., 2019; DepMap).
Variants were filtered for deletions in a predefined panel of HR-genes, shown as bar
graphs. A detailed list of deleterious mutations is provided in Supplementary Table 4. B)
Correlation analysis between HR gene deletion burden and sensitivity to EIS-1,
assessed by log:.-transformed ECso. values after 96 h treatment. Each data point
represents one cell line. Spearman correlation coefficients and two-tailed p values are

shown.
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The mutational analysis revealed a spectrum of deleterious mutations in HR-associated
genes across the cell line panel. Cell lines with a high number of HR gene deletions
included HCT 116, 22Rv1, DU-145, and DLD-1, whereas cell lines with few or no
deletions included HepG2, MDA-MB-231, PSN-1, and others. However, HR gene
deletion burden alone did not significantly correlate with sensitivity to the ALC1 inhibitor
EIS-1, as assessed by log o-transformed ECs o values after 96 h treatment (Spearman
p=-0.30,p=0.22,n=18).

4.2.4. Insights and discrepancies of RAD51 foci formation and HR
repair capacity in cell panel

RAD51 foci formation analysis was performed in a subset of cell lines to verify literature-
based data. The RAD51 protein is a key mediator of HR and forms nuclear foci at sites
of DNA damage, indicating active HR repair. Cells were exposed to 1 Gy irradiation to
induce DNA DSBs and subsequently immune-stained for nuclear yH2AX and RAD51
protein. Iris Baur and Claudia Bohland, Anna Friedl laboratory, LMU, performed the
irradiation and staining of the cells. Confocal microscopy was used to visualize foci. The
FociCounter plugin (FOCI Counter | BIC Macro Toolkit | Image Analysis | Service |
Bioimaging Centre, 2017) in ImagedJ was used to quantify fractions of cells with =5
yH2AX foci, as a sign of efficient DNA damage induction, and 25 RAD51 foci, as a sign
of ability for active HR repair, in the nuclei of the cells. Representative images of all cell
lines are shown in Figure 26 and Supplementary Figure 2. DNA damage was efficiently
introduced by radiation, as shown in Figure 27 (yH2AX foci). RADS1 foci formation ratios
are shown in Figure 28. The raw data for Foci formation can be found in Supplementary

Table 11, Supplementary Table 12, Supplementary Table 13.
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Figure 26: yH2AX and RAD51 foci formation capability of chosen cell lines

Nuclear foci formation was detected via IF in different cell lines. Cells were treated with
0/1 Gy for 2 h, fixed, stained for anti-yH2AX (red) and anti-RAD51 (green) foci, and
counterstained with DAPI (blue). Z-stack images were taken using a spinning-disk-
confocal microscope. Z-images were stacked using Fiji (ImageJ). Images represent

merged channels of all three colors.
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Figure 27: yH2AX foci formation capability of chosen cell lines

Nuclear foci formation was detected via IF in different cell lines. Cells were treated with
0 Gy or 1 Gy for 2 h, fixed, and stained for yH2AX. Data was analyzed using the Foci
Counter Macro (ImageJ). Fractions of foci per nuclei were calculated. Bar graphs were
fitted in GraphPad Prism for fractions of nuclei with <5 yH2AX foci (grey) and = 5 yH2AX
foci (red). Data represents the mean of 2-4 biological replicates. Statistical analysis
includes a two-way ANOVA test. P-values and SD can be found in Supplementary Table

11, Supplementary Table 12.
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Figure 28: RAD51 foci formation capability of chosen cell lines

Nuclear foci formation was detected via IF in different cell lines. Cells were treated with
0 Gy or 1 Gy for 2 h, fixed, and stained for RAD51. Data was analyzed using the Foci
Counter Macro (ImageJ). Fractions of foci per nuclei were calculated. Bar graphs were
fitted in GraphPad Prism for fractions of nuclei with <5 RAD51 foci (grey) and = 5 RAD51
foci (green). Data represents the mean of 2-4 biological replicates. Statistical analysis
includes a two-way ANOVA test. P-values and SD can be found in Supplementary Table

11, Supplementary Table 13.
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All cell lines at time point 2h showed a strong increase in fractions of yH2AX foci positive
cells in at least 2 biological replicates after irradiation with 1Gy, except the MDA-MB-436
and HCT 116 cells, which revealed no significant result but showed the same trend as
all other cell lines.

The results showed variation in RAD51 foci positive fractions across the cell lines,
indicating differences in HR repair capacity.

The calculation indicates that the DLD1 BRCAZ2 -/- cells have increasing RAD51 foci
counts, although no foci were detectable by eye (Supplementary Figure 1). This
discrepancy was attributed to a high nuclear background intensity in the green channel,
which led the ImageJ macro to count RAD51 foci erroneously. Thus, DLD-1 BRCA2 -/-
cells were categorized as RAD51 foci negative. Also, the cell lines MDA-MB-436 and
SUM149PT showed low or no fractions of RAD51 foci-positive cells after IR.

Although SUM149PT cells carry a BRCA1 mutation, it is noteworthy that they may still
express a truncated version of BRCA1 (Gu et al., 2016). This truncated BRCA1 protein,
while insufficient for efficient HR repair, may still participate in HR to some extent. The
reliance on the truncated BRCA1 variant can result in incomplete HR, leading to the
persistence of general DNA damage indicated by the low levels of IR-independent
RADS51 foci fractions in those cells.

The cell lines BXPC3, DLD-1, DU-145, PSN-1, and HCT-116 significantly increased
RAD51 foci formation after IR, indicating intact HR repair.

MDA-MB-231 cells showed no significant increase but shared the same trend as the
other HR-proficient cell lines. They exhibit RAD51 foci positive fractions after IR, as
shown in the images in Figure 26. Compared to other HR-proficient cell lines, PC-3 cells
showed a mild but obvious increase in IR induced foci, which is why they were
categorized as “medium” RAD51 foci proficient.

A summary of the results on the RAD51 foci formation capability of the Eisbach-cell panel

compared to references is shown in Table 17.
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For assessment of spontaneous DNA damage before and DNA damage repair capacity
after irradiation, yH2AX foci were manually analyzed at the following time points: 0 Gy,
2h;0Gy, 24 h; 1 Gy, 2 h; 1 Gy, 24 h (See Supplementary Figure 3,Supplementary Table
14). Despite notable standard deviations in the data, these results can shed light on the
repair competence of the different cell lines.

Cells with a high level of DNA damage before irradiation, indicated by yH2AX foci positive
fractions >25% (before IR), include DLD1 BRCA2 -/-, PC-3, BX-PC-3, MDA-MB-231, DU-
145 and HCT 116.

Cell lines with high fractions (>25 %) of yH2AX negative nuclei 24 h after irradiation
include HCT 116, SUM149PT, DU-145, DLD-1, and MDA-MB-436. >25 % yH2AX foci
positive fractions at 24 h post-IR were detected in PSN-1 and DLD-1 BRCA2 -/- cells,
but also in BX-PC-3, MDA-MB-231, and PC-3.

The results from the in-house foci formation assay are summarized in Table 16. Cells
with a greater fraction of RAD51 positive cells at timepoint 1 Gy, 2 h were labeled as
RAD51 foci formation “high”. Cells with yH2AX foci positive fractions >25% at timepoint
0 Gy, 2 hor 1 Gy, 24 h were labeled “high”.

Table 16: Results-summary of foci formation assay

Cell Line EIS-1 EC50 [uM] 11- RAD51 Foci YH2AX Foci Level YH2AX Foci 24h
day Formation before IR after IR

SUM149PT 0.16 low low low
MDA-MB-436 0.32 low low low
HCT 116 0.34 high high low
PSN-1 0.71 high low high
DLD-1 BRCA2 -/- 1.30 low high high
BXPC-3 1.80 high high high
DLD-1 3.80 high low low
MDA-MB-231 3.90 high high high
PC-3 4.50 medium high high
DU-145 6.20 high high low

There is no overall correlation between the EC50 of EIS-1 in the 11-day survival assay
with the capability to form RAD51 foci, the yH2AX level before IR, and the yH2AX level
24 h after IR. Cell lines with high yH2AX levels before irradiation include cells susceptible
to ALC1i but also BXPC-3, MDA-MB-231, and PC-3, which low sensitivity to ALC1i. A
similar correlation was found between the repair capacity of yH2AX foci 24 h after IR.
HCT 116 cells that are highly sensitive to ALC1i have a low number of yH2AX foci 24 h
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after IR, assuming a good DNA repair, compared to PSN-1 cells, which are also very
sensitive to ALC1i but indicate a hampered repair at timepoint 24 h.

The results obtained from the in-house foci formation assay have been summarized in
Table 17, elucidating the relationship between HR repair and ALC1i sensitivity. Notably,
no consistent overall correlation exists between the EC50 of EIS-1 in the survival assay
and the cells' capacity for RAD51 foci formation, as well as the levels of yH2AX before
and 24 h after irradiation. However, a distinct pattern emerges from the data. The two
cell lines that exhibited low or no IR-induced RAD51 foci were found to be sensitive to
ALC1i treatment, suggesting an association between defective HR and heightened
ALC1i sensitivity. Interestingly, this relationship presents distinctions in cases such as
HCT 116 and PSN-1 cells. Despite their proficient formation of IR-induced RAD51 foci,
their pronounced sensitivity to ALC1i suggests a more complex sensitivity mechanism

that surpasses the scope of HR-related synthetic lethality.

4.2.5. Summary of the cell lines characterization

Cell lines within the Eisbach panel exhibited heterogeneous responses to ALC1
inhibition in both short- and long-term cellular survival assays. Sensitivity to ALC1
inhibitors partially overlapped with sensitivity to PARP inhibitors, while several cell lines
displayed pronounced ALC1i sensitivity despite limited or absent PARPI
responsiveness. Genomic profiling revealed a broad spectrum of deleterious mutations
and deletions in HR-associated genes across the panel; HR gene deletion burden
alone did not significantly correlate with ALC1 inhibitor sensitivity. While HR gene
deletion burden alone was not predictive of ALC1i sensitivity, cell lines with a high
number of deletions were frequently observed among the most sensitive models.
Functional analysis of homologous recombination capacity using RAD51 foci formation
further differentiated cell line responses. Cell lines with impaired RAD51 foci formation
were consistently sensitive to ALC1 inhibition, whereas several RAD51-proficient cell
lines also exhibited sensitivity, indicating that functional HR deficiency alone does not
fully explain ALC1i response patterns. Analysis of ALC1 protein expression showed
that most ALC1i-sensitive cell lines expressed high levels of ALC1 protein, whereas
ALC1i-insensitive cell lines consistently displayed low ALC1 expression, suggesting
that target abundance contributes to ALC1 inhibitor sensitivity. A summary of the main

results from the cell-line characterization can be found in Table 17.
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Table 17: Cell line analysis (for references, see Supplementary Table 15)

- IR-induced RAD51 PARPi Olaparib
: EIS-1 EC50 | EIS-1 EC50 BRCA-Deficient (*Partially HR-Gene HR Status - | il o ;
Cell Line [uM] 96h [uM] 11d functional allele, ** conflicting data) | Deletions (DepMap) (functional test) Foci (reference/in-house; ™ Sensitivity Sgnsmwty Conclusion
conflicting data) reference inhouse
HRP, MSI . . HRP, PARPI
HCT 116 1.97 0.34 - 33 high yeslyes high high Sereliive
Hep G2 3.00 13.00 ; 0 yes/n.d. high medium IR PRI
moderate
. . HRP, PARPI
PSN-1 3.01 0.71 - 0 yeslyes high high sensitive
SUM149PT 4.00 0.16 BRCAT* 1 no*/no low medium HRD, PARPi
moderate
BRCAS /. 436 1.30 BRCA2 n.d. no/no high high
M e 469 0.32 BRCA1 0 no/no high high
DU-145 5.56 6.20 - 12 HRP yeslyes high high
22rv1 6.00 1.00 BRCA1** 18 yes/n.d. low n.d. AR PR
resistant
SW-620 7.33 n.d. ; 1 n.d./n.d. n.d. high e LR
sensitive
DLD-1 7.50 3.80 - 11 yeslyes low low
Capan-1 9.00 n.d. BRCA2 2 HRD no/n.d. high high
u-20s 13.00 n.d. ; 0 yes/n.d. medium low n.d., PARPI
resistant
HUH-7 18.00 1.90 - 0 yes/n.d. medium n.d. n.d.
SK-BR-3 20.00 n.d. BRCA1** 0 yes/n.d. medium medium n.d.
BXPC-3 24.00 1.80 - 3 HRP yeslyes low low
MDA-MB- . HRP, PARPI
231 33.00 3.90 - 0 yes/yes low medium Y S
PC-3 50.00 4.50 - 1 yes/yes low-medium low
HCC1937 >50 n.d. BRCA1 0 yes/n.d. high low n.d.
Ovcar-4 >50 n.d. - 0 yes/n.d. medium low n.d.
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Within this broader panel-level characterization, the isogenic DLD-1 cell pair provides
an illustrative example of the limitations of HRD-based stratification and the complexity
of ALC1i sensitivity. Initially, these cells were used to predict HRD-selectivity, with
DLD-1 cells being PARPi resistant and the BRCA2 knockout DLD-1 cell line displaying
PARPi sensitivity and RADS51 foci deficiency. As ALC1 is closely associated with
PARP proteins (Blessing et al., 2020; Juhasz et al., 2020; Verma et al., 2021), a similar
selectivity was expected for ALC1i. However, both DLD-1 cell lines were categorized as
sensitive to ALC1i in the 96h cellular survival assays, contrary to the anticipated
HRD-selective response. Notably, the DepMap analysis unveiled the presence of a
BRCAZ2 deleterious mutation in the DLD-1 cells, suggesting a potential BRCAness
phenotype even before complete BRCAZ2 knockout. This revelation indicates that the
DLD-1 parental cell line was already partially deficient in BRCA2, which might have led
to compensatory mechanisms. Consequently, knocking out BRCA2 might have
disrupted these compensations completely.

These findings highlight the complexity of HRD-associated cellular responses and
the need for a comprehensive understanding of underlying mechanisms in the
context of targeted cancer therapies.

Cell lines with compromised HR function, demonstrated by low or no IR-induced
RAD51 foci formation and mutations in BRCA1/2 (MDA-MB-436, SUM149PT, and
DLD-1 BRCA2 -/-), were generally more sensitive to ALC1i, implying a potential
synthetic lethal interaction with HR-deficiency. However, some cell lines that displayed
proficient RAD51 foci formation also exhibited high ALC1i sensitivity (HCT 116, Hep
G2, PSN-1, DU-145, and 22Rv1), indicating that HRD is not the sole determinant of
ALC1i response.

The mutational analysis further emphasized the complexity of DNA repair capacity
assessment. It revealed that relying solely on foci formation or the presence of BRCA
mutations may not offer a complete picture. The interplay of various factors, including
mutation type, genetic context, and repair pathway interactions, underscores the need
for a holistic approach that combines genetic information and functional assays for a
comprehensive assessment of DNA repair.

The observed complexity in ALC1i sensitivity is further underscored by the MSI-high
status of HCT 116 cells. HCT 116 cells are known to be microsatellite instability-
high (MSI-H), which means they have a higher frequency of mutations in
microsatellite regions due to impaired DNA mismatch repair (MMR) mechanisms
(Ellegren, 2004; Smeby et al., 2020). The MSI-H phenotype of HCT 116 can
contribute to the high frequency of deletion mutations in HR-associated genes
(Smeby et al., 2020). This additional layer of genetic alteration highlights that a

multifaceted interplay of factors beyond HRD influences ALC1i sensitivity.
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The compiled and summarized characterization data were employed to construct a
comprehensive Venn diagram, providing an illustrative overview of the distinct cell lines'
response to ALC1i. This visual representation concisely depicts the intersections and
distinctions between the cell lines' BRCA status, PARPI sensitivity, DNA repair capacity

via functional readout (RAD51 foci formation), and ALC1i sensitivity (see Figure 29).
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Figure 29: Venn diagram of cell line characterization for ALC1i sensitivity

Cell lines were categorized based on collected data. Categories include sensitivity to
EIS-1 in 96-h survival assay (blue), sensitivity to PARPI (red), deficiency in IR-induced
RAD51 foci formation (green), BRCA-deficiency (yellow), no category (grey) (created

with Scientific Image and lllustration Software | BioRender).

This study highlights that while HR deficiency is a critical factor contributing to ALC1i
sensitivity, it is not the sole determinant. All cell lines that exhibit sensitivity to PARPI
consistently display sensitivity to ALC1i. This robust correlation between the responses
to these two distinct classes of drugs suggests that the most reliable predictor for a cell
line's sensitivity to ALC1i is its responsiveness to PARPI. Additional factors beyond HRD
and PARPI sensitivity should be considered. Altogether, these findings hold significant
promise for refining patient stratification and treatment selection, offering a practical and

effective approach to optimizing therapeutic outcomes in cancer treatment.
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4.3. Mechanisms of ALC1i: Assessing DNA damage levels and
repair pathways

Their influence on DNA damage levels was investigated to understand the mode of
action of ALC1i further. The comet assay assessed the induction of DNA strand breaks.
In addition, DNA damage markers yH2AX and cleaved PARP1 were quantified to provide
in-formation about the extent of DNA damage, activation of repair pathways, and
potential cell fate decisions, such as repair or apoptosis. yH2AX is a marker for DSB,
while cleaved PARP1 is an indicator of apoptotic cell death and is generated by caspase-

mediated cleavage of PARP1 during DNA damage-induced cell death.

4.3.1. DNA damage detection under ALC1i treatment

The alkaline comet assay enables the visualization and quantification of DNA strand
breaks (SSB and DSB), offering information about the genotoxic effects of different
treatments or conditions. The higher the strand break level, the higher the fraction of
nuclear DNA that leaves the nucleus, forming the tail of a comet-like structure upon
applying an electric field.

SUM149PT cells were subjected to various concentrations of EIS-1 treatment for 48 h.
The OpenComet software was utilized to assess comet formation and measure Tail
Moments. Figure 30 displays images of the cells exhibiting comet formation, and the

corresponding calculated Tail Moments of the comets are also presented.
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Figure  30: DNA damage  detection using alkaline comet  assay
SUM149PT cells were treated for 48 h with EIS-1, and alkaline comet assay was run.
Cells were stained with Hoechst and imaged using a fluorescence microscope. Comet
images of SUM149PT cells are shown in A). Quantification of Comets is shown in B).
Bar graphs represent the Tail Moment (TM). Differences in TM were tested by an
ordinary one-way ANOVA test. Error bars indicate SEM of at two biological replicates
(>190 cells per condition). Raw values of the TM values are shown in Supplementary
Table 16. A positive control with talazoparib was run in a previous experiment. positive
comet formation was detected under treatment with talazoparib as well as EIS-1 (data

not shown).

Notably, comet formation was observed across all tested concentrations. Even at the
lowest concentration of 250 nM, a significant increase in Tail Moments was observed,
indicating the presence of DNA damage in response to EIS-1 treatment in ALC1i-

sensitive cells. 100
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4.3.2. Elevated levels of cleaved PARP1 and yH2AX as indicators of DNA
damage in ALC1i response

Western blot analysis was employed to assess the impact of ALC1 inhibition on DNA
damage and apoptosis. PSN-1 cells, selected as an ALC1i-sensitive and HR-proficient
cell line, were subjected to EIS-1 treatment for 48 h. Protein levels of yH2AX and cleaved
PARP1, an indicator of apoptosis, were analyzed (Figure 31). Analysis of biological
replicates and a control with talazoparib can be found in Supplementary Figure 15.

Treatment with EIS-1 resulted in a comparable increase in cleaved PARP1 levels.

50.000uyM  25000pM 12500pyM  6250uM  3.125pM  0.000 uM
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Figure 31: yH2AX and PARP1 protein expression in PSN-1 cells under EIS-1 treatment
PSN-1 cells were treated with increasing concentrations of EIS-1 or DMSO for 48 h. For
Immunodetection, the indicated antibodies were used. Image shows a representative
Western Blot. For quantification of biological replicates and a control with talazoparib,

see Supplementary Figure 15.

The results revealed a concentration-dependent increase in the DNA damage marker
yH2AX, and the apoptosis marker cleaved PARP1 at concentrations exceeding 6.25
MM. These findings indicate that ALC1i treatment triggers DNA damage and
apoptotic responses in PSN-1 cells, suggesting the involvement of ALC1 in maintaining

genomic integrity and cell survival in HR-proficient ALC1i-sensitive cells.
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To validate the yH2AX signal observed in the previous experiments, FACS analysis was
performed on MDA-MB-231 and SUM149PT cells, treated with EIS-1 for 120h. Post-
treatment, cells were fixed and permeabilized for antibody staining, including a live/dead
stain and yH2AX-specific antibody. SN-38 served as the DNA damage-inducing control

for yH2AX signal. Results for treatment with EIS-1 are shown in Figure 32.
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Figure 32: yH2AX levels under EIS-1 treatment

FACS analysis of SUM149PT and MDA-MB-231 cells treated with EIS-1 (orange, green,
rose), SN-38 (red), or DMSO (black) for 120h. Cells were stained for yH2AX. One
biological replicate is shown. The experiment was repeated once, showing similar results
(see Supplementary Figure 16). FACS and graphical illustration were performed by Dr.
Markus Lechner, Eisbach Bio GmbH.

FACS analysis of the yH2AX signal confirmed a concentration-dependent increase in
ALC1i-sensitive SUM149PT cells. The lowest concentration of EIS-1 to elicit a noticeable
rise in the yH2AX signal was 0.5 yM. This observation suggests that ALC1 inhibition led
to DNA damage accumulation, as indicated by the increased yH2AX signal, specifically
in the ALC1i-sensitive SUM149PT cells. In contrast, no significant change in the yH2AX
signal was observed in ALC1i-resistant MDA-MB-231 cells following ALC1i treatment.
An Annexin V staining-based Fluorescence-Activated Cell Sorting (FACS) assay was
employed for additional validation of apoptosis induction. In SUM149PT cells, a
concentration-dependent elevation of Annexin V was observed upon treatment with EIS-
1, indicative of apoptotic activity. However, this effect was not evident in MDA-MB-231
cells. Detailed data regarding these findings are shown in Supplementary Figure 17.
These results indicate a fundamentally differential response to ALC1 inhibition in ALC1i-

sensitive vs. ALC1i-resistant cells.
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4.3.3. ALC1 inhibition leads to formation of yH2AX and RAD51 foci

To further investigate the impact of ALC1i on the DNA damage response, a yH2AX and
RADS51 foci formation assay was performed. HR-proficient, ALC1i-sensitive PSN-1 cells
were selected for the dose-range finding experiment. A dose titration of EIS-1 was
applied to the cells for 24 h. The cells were fixed and stained for yH2AX and RAD51.
The number of foci per cell nucleus was quantified, and the fraction of cells exhibiting
more than 15 foci for yH2AX and more than 5 foci for RAD51 was determined. These
measurements allowed for assessing concentration-dependent changes in yH2AX and
RADS51 foci formation, providing insights into the DNA damage and repair dynamics in
response to ALC1i treatment. Merged images of the yH2AX channel (red), RAD51
channel (green), and DAPI channel (blue) are shown in Figure 33 A), and calculated
fractions are shown in Figure 33 B, C). Single-channel images for all concentrations are

shown in Supplementary Figure 18.
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Figure 33: yH2AX and RAD51 foci formation under ALC1i treatment in PSN-1 cells
PSN-1 cells were treated with EIS-1 for 24 h, fixed and stained for yH2AX and RAD51,

6.250 M
50.000 pM

25 50

and counterstained with DAPI. Z-images were stacked using Fiji (ImagedJ). Merged IF-
images of nuclear foci formation DAPI (blue), RAD51 (green) and yH2AX (red) are shown

in A). Quantification of (A) as fractions of cells with 215 or <15 yH2AX foci per nucleus
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is shown in B) and quantification of A) in fractions of cells with =5 or <56 RAD51 foci per
nucleus is shown in C). The mean of biological replicates (n) is indicated in grey. Each
biological replicate included >30 cells. For statistical analysis, a two-way ANOVA test in
GraphPad PRISM was used. P-values are indicated in Supplementary Table 17,
Supplementary Table 18.

Treatment of PSN-1 cells with concentrations of EIS-1 exceeding 3.125 uM resulted in
a notable and statistically significant increase in the fraction of cells exhibiting more than
15 yH2AX foci per nucleus. This observation suggests a concentration-dependent
induction of DNA damage in response to ALC1 inhibition. Concurrently, there was also
a corresponding increase in the fraction of cells displaying more than 5 RAD51 foci per
nucleus, indicating an upregulation of HR-dependent repair processes. These findings
suggest that ALC1 inhibition with EIS-1 triggers DNA damage and elicits a DNA repair
response mediated by RAD51 in HR-proficient PSN-1 cells. The significant changes in
the formation of yH2AX and RAD51 foci further support the notion that ALC1 is critical in
the DNA damage response and repair pathways.

The cell pair MDA-MB-231 and SUM149PT was used to assess further differences in
sensitivity to ALC1i in the foci formation assay. Both cell lines were subjected to a 24-h
treatment with a titration of EIS-1, followed by the analysis of foci formation fractions as
described in the assay above. Representative merged images (yH2AX (red), RAD51
(green), and DAPI (blue)) for chosen drug concentrations for both cell lines are shown in
Figure 34; graphs represent the analysis of foci-positive cells for all concentrations used.
Single-channel and merged images of the cell lines with the complete drug titration are

shown in Supplementary Figure 19 and Supplementary Figure 20.
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Figure 34: yH2AX and RAD51 foci formation under EIS-1 treatment in screening cell pair
MDA-MB-231 and SUM149PT

Cells were treated with EIS-1 for 24 h, fixed and stained for yH2AX (red) and RAD51
(green), and counterstained with DAPI (blue). Z-images were stacked using Fiji
(Imaged). Representative IF-images of merged channels of A) SUM149PT and B) MDA-
MB-231 cells are shown on the left. Quantification of yH2AX foci in fractions of cells with
215 or <15 foci per nucleus is shown in C) and D). Quantification of RAD51 foci in
fractions of cells with 25 or <5 foci per nucleus is shown in E) and F). Data represent the
mean of biological replicates (n) indicated in the graph. Each biological replicate included
>30 cells. For statistical analysis, a two-way ANOVA test in GraphPad PRISM was used.

P-values are indicated in Supplementary Table 17, Supplementary Table 18.

ALC1i-sensitive SUM149PT cells exhibited a significant concentration-dependent
increase in both yH2AX and RAD51 positive fractions when treated with EIS-1
concentrations > 0.391 yM. This finding suggests that higher concentrations of EIS-1

induced DNA damage or lead to increased accumulation of DNA damage in SUM149PT
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cells. As SUM149PT cells were deficient in IR-induced RAD51 foci formation, the RAD51
foci detected in SUM149PT cells indicate DNA damage beyond DSBs. In MDA-MB-231
cells, which are insensitive to ALC1i, no concentration-dependent increase in yH2AX or
RAD51 positive fractions was observed. Only the highest concentrations (>6.25 uM)

showed a mild increase in foci formation in the ALC1i insensitive cell line.

4.3.4. Selective G2/M arrest induced by EIS-1 in ALC1i sensitive cells

The impact of ALC1 inhibition on the cell cycle was investigated in MDA-MB-231 and
SUM149PT cells. Both cell lines were treated with EIS-1 (10 uM to 250 nM) for 48 h, and
DNA content was stained using DAPI. SN-38 was used as a positive control for cell cycle
arrest. Cell cycle states were analyzed using FACS analysis. The results of the cell cycle

analysis are presented in Figure 35.
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Figure 35: Cell cycle analysis of MDA-MB-231 & SUM149PT cells under EIS-1 treatment
FACS analysis of SUM149PT and MDA-MB-231 cells treated with EIS-1 or SN-38 for
48h. G1 indicated in blue, G2/M indicated in red. B) normalized G2/G1 peak ratio to
DMSO controls of either MDA-MB-231 (blue) or SUM149PT (red) cells. Error bars
indicate SD of two biological replicates (SN-38 without error bars, no clear G1 phase
visible for AUC fitting and
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quantification). FACS and graphical illustration were performed by Dr. Markus Lechner,
Eisbach Bio GmbH.

Treatment with EIS-1 in ALC1i-sensitive SUM149PT cells resulted in a concentration-
dependent significant G2/M arrest even at very low concentrations, starting from 250 nM.
In MDA-MB-231 cells, minimal effects on the cell cycle were observed. In contrast, both
cell lines exhibited a substantial G2-phase arrest when treated with SN-38, the well-
known cell cycle-arresting agent. These findings demonstrate the ability of EIS-1 to
induce a concentration-dependent G2/M arrest selectively in ALC1i-sensitive cells, which
correlates with the presence of DSB. An increase in Rad51 foci accumulation can thus,

at least in part, be explained by a higher fraction of G2 phase cells.

4.3.5. Revealing changes in DNA repair protein dynamics at DNA lesions:
Insights into ALC1i effects on protein recruitment and trapping

To understand the impact of ALC1 inhibition through small molecule inhibitors, different
DDR proteins, like PARPs, ALC1, or XRCC1, were examined in their dynamics of
recruiting to DNA lesions in live cell microscopy. U-2 OS cells were transiently
transfected with fluorophore-tagged DNA repair proteins. DNA damage was introduced
using a 355 nm laser, allowing the visualization of their localization at DNA damage sites
in real time.

Protein retention was measured over 35 minutes. To induce a lot of DNA damage, the
laser power was set to 10%. In this assay setup, strong protein trappers could be
visualized. Protein trapping data was calculated as the area under the curve (AUC). This
raw data was normalized to the maximum signal per nucleus to better visualize the
trapping effect towards the end of the imaging time.

For a more specific analysis, protein behavior was analyzed using the 8-minute assay
setup, where more imaging frames were added at the beginning of the assay. To also
detect weak protein trappers and have the chance to analyze the protein recruitment to
the damage site, less DNA damage was induced using reduced laser power. The raw

data as AUC is shown to better visualize the protein recruitment.

4.3.5.1. Trapping of PARP enzymes through ALC1i

The first experiment aimed to replicate the known differences in PARP1 trapping ability
exhibited by various PARPiI using the here-developed assay conditions. U-2 OS cells
were transiently transfected with PARP1-GFP and treated with ALC1i or different PARPI
for 1 h before imaging. DNA damage was induced with 10% laser power, and images
were captured over 35 minutes. The dynamics of PARP1-GFP retention at the damage

site were analyzed and presented in Figure 36.
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Figure 36: Effects of PARPi and ALC1i on retention dynamics of PARP1-GFP at DNA
damage sites

U-2 OS cells were transiently transfected with PARP1-GFP. DNA damage was induced
using a 355 nm laser with 10% laser power. Cells were treated with PARPi (A, B) or
ALCA1i (C, D) for 1h. PARP1-GFP retention at the DNA lesion was observed over time.
Images of cells at tO (before the damage; 0 min), t1 (right after damage induction; 0.5
min), and t2 (end of the assay; 35.33 min) are shown in A, C. Signal intensity relative to
the maximum signal is shown in B, D. Curves were fitted using GraphPad Prism. The
data includes 1-4 biological replicates. Error bars indicate the SEM of 6-39 nuclei per

condition.
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Representative images of the time points before the damage, 0.5 minutes after the
damage, and at the end of the assay, 35.33 minutes after the damage, are shown in
Figure 36, A, C). At 35.33 minutes, diverse effects of the PARPi on PARP1 retention at
the lesion were observed. Under normal conditions, PARP1 rapidly recruited to the
damage within milliseconds, and the signal dissipated entirely after 35 minutes.
Treatment with talazoparib had the most significant impact on PARP1 retention, as the
PARP1 signal persisted at the site of damage throughout the entire time course, a
phenomenon referred to as protein trapping. Olaparib and rucaparib exhibited
milder effects on PARP1 retention, while veliparib showed the weakest effect. These
results reproduced the relative PARP1 trapping strengths reported in classical PARP
trapping assays (Huan et al., 2020), thereby validating the live-cell imaging approach
as a suitable method to assess and compare protein trapping dynamics at DNA
damage sites. The impact of ALC1i on PARP1 retention dynamics is shown in C), D).
EIS-1 exhibited the ability to trap PARP1 in a concentration dependent matter, as
evidenced by increased retention dynamics. Concentrations as low as 0.05 uM lead to
the trapping of PARP1.

Early recruitment dynamics of PARP1-GFP under PARPi and ALC1i treatment were
analyzed in greater detail using the 8-minute imaging setup, where less DNA damage
was induced. EIS-1, talazoparib, olaparib, and veliparib reduced the recruitment of
PARP1-GFP, while rucaparib resulted in significantly increased recruitment.
Supplementary Figure 21, A) displays representative images at various time points,
including before the damage, 10 seconds after the damage, 30 seconds after the
damage, and 495 seconds after the damage. The raw signal of the area under the curve
highlights the differences in recruitment signals. Data normalized to the maximum
reflects the effect on PARP1 trapping from the 35.33-minute assay. EIS-1,
talazoparib and rucaparib trapped PARP1 the most, while olaparib and veliparib
revealed milder effects.

The dose-dependent effect of EIS-1 on the retention of PARP2-GFP was
also investigated; the results are presented in Supplementary Figure 22. In
general, the recruitment of PARP2 to DNA lesions was weaker compared to PARP1
recruitment. Here, only at the highest concentration of EIS-1 (0.1 uM) had a noticeable
trapping effect on PARP2. PARP-3-GFP dynamics at DNA lesions were also tested in
the live cell imaging assay (see Supplementary Figure 23). Only a weak recruitment
signal was observed after DNA damage induction with the 10% 355 nm laser in the
control group. The effects were too weak to analyze compound effects in this assay
setup. While this live-cell imaging assay allows sensitive detection of protein retention
dynamics, classical PARP trapping assays based on protein extraction and washout

conditions were not performed in this study.
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4.3.5.2. Modulation of recruitment dynamics of other DNA repair proteins at DNA
damages sites by ALC1i

Next, the dynamics of ALC1 at DNA lesions were examined by analyzing U-2 OS cells
transiently transfected with EGFP-ALC1 and treated with different concentrations of EIS-
1 for 1 h. ALC1 protein retention is illustrated in Supplementary Figure 24. In the 35-
minute assay using 10% laser power, only the highest concentration of EIS-1 exhibited
a modest effect on the protein trapping of ALC1.

A closer look at the protein dynamics using the 8-minute assay under less DNA damage
(reduced laser power) revealed significant differences. When examining the raw signal
represented by the AUC, a concentration-dependent effect on the recruitment of ALC1

in response to ALC1i treatment was evident (Figure 37).
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Figure 37: Effect of EIS-1 and PARPi on EGFP-ALC1 recruitment

U-2 OS cells were transfected with EGFP-ALC1 and subjected to DNA damage using a
355 nm laser with a laser power of 2.5%. Cells were treated with ALC1i or PARPI for 1h.
Protein recruitment to the DNA lesion was observed over time. Images of cells at various
timepoints are shown in A). The raw signal as the area under the curve (AUC) is shown
in B) and signal intensity relative to the maximum signal is shown in C). The data includes

1 biological replicate. Error bars indicate the SEM of 7-16 nuclei per condition.

Concentrations of ALC1i >0.05 puM significantly decreased ALC1 recruitment. The signal
intensity normalized to the maximum signal intensity also indicates a concentration-
dependent ALC1-trapping effect that was not visible in the “high DNA damage” assay

conditions from the long-term assay. As talazoparib is known to reduce PARYylation,

110



Targeting ALC1 for Synthetic Lethality in Cancer: A Superior Alternative to PARP Inhibitors

which is necessary for ALC1 activation, it was used as a control for the reduction of ALC1
recruitment. Like EIS-1, talazoparib significantly decreased ALC1 recruitment and
showed a trapping-like effect of ALC1. The signal intensity normalized to the maximum
visualizes ALC1 trapping under EIS-1 and talazoparib treatment.

As another downstream effector of PARP1 PARylation at DNA damage sites, XRCC1
interacts with and recruits other repair proteins to damaged DNA sites, facilitating the
repair process (Reber et al., 2022). The effect of ALC1i and PARPi on XRCC1 protein
dynamics at DNA lesions was tested and is shown in Supplementary Figure 25 and
Figure 38. U-2 OS cells were transiently transfected with XRCC1-YFP and treated with
talazoparib or EIS-1 for 1 h before imaging. The retention of XRCC1 was monitored for
35.33 minutes (Supplementary Figure 25). Under vehicle treatment, a substantial
amount of XRCC1 was recruited to the DNA damage, resulting in a strong signal that
exceeded the imaging time limit of the assay. No protein trapping in the “high DNA
damage” long-term assay was observed under the treatment with EIS-1 or talazoparib,
as the signal of XRCC1 was still present at the end of the assay under control conditions.
The raw signal (AUC) analysis indicated a concentration-dependent effect of EIS-1 and

talazoparib on XRCC1 recruitment.
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Figure 38: Effect of ALC1i and PARPI treatment on XRCC1-YFP recruitment

U-2 OS cells were transiently transfected with XRCC1-YFP. DNA damage was induced
in the nucleus using a 355 nm laser with a laser power of 2.5 %. Cells were treated with
different concentrations of EIS-1 or PARPI for 1h. Protein recruitment to the DNA lesion
was observed over time. Images of cells at t0 (before the damage; 0 s), t1 (right after the

damage; 10 s), t2 (30 s) and t3 (end of the assay; 495 s) are shown in A. For visualization
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of diverse signal intensities, raw signal as area under the curve (AUC) is shown in B.
Signal intensity relative to the maximum signal is shown in C. Curves were fitted using
GraphPad Prism. The data includes 1-3 biological replicate. Error bars indicate the SEM

of 7-34 nuclei per condition.

The raw signal (AUC) in panel B shows that talazoparib and EIS-1 significantly reduced

XRCC1 recruitment in a concentration dependent manner.

4.3.6. Summary of the results

ALC1 inhibition triggered DNA damage and apoptotic responses in ALC1i-sensitive cells.
Concentration-dependent increases in the DNA damage marker yH2AX and the
apoptosis marker cleaved PARP1 were observed, indicating the involvement of ALC1 in
maintaining genomic integrity and cell survival in ALC1i-sensitive cells. FACS analysis
confirmed the selective increase in DNA damage in ALC1i-sensitive cells. Treatment with
ALC1i increased the fraction of cells displaying DNA damage foci (yH2AX) and RAD51
foci independent of the HR-status of the ALC1i-sensitve cell lines, PSN-1 (HRP) and
SUM149PT (HRD). Only a mild increase in foci positive fractions was observed in ALC1i-
insensitvie MDA-MB-231 cells. This underscores the notion that the sensitivity to ALC1i
is not exclusively reliant on the HR-status.

ALC1i-sensitive cells treated with EIS-1 showed a concentration-dependent increase in
apoptotic cells and a cell cycle arrest in the G2/M phase.

EIS-1 exhibited significantly impacts on protein dynamics at DNA damage sites, similar
to talazoparib. Concentrations as low as 50 nM reduced recruitment of essential damage
repair proteins such as PARP1, PARP2, ALC1, and XRCC1. Notably, EIS-1
demonstrated trapping effects on PARP1 and PARP2 and reduced the recruitment of
ALC1 and XRCC1 to DNA lesions.

While these effects were assessed using live-cell imaging, additional biochemical
trapping assays employing permeabilized cells could further refine the mechanistic

understanding of ALC1 inhibitor—-mediated trapping.

4.4. Evaluation of the tumor suppressing potential of ALC1i
monotherapy in xenograft models

The monotherapy potential of ALC1 inhibition was tested in xenograft experiments.
ALC1i-sensitive SUM149PT cells were implanted subcutaneously in immunosuppressed
NMRI nude mice. EIS-1 was administered daily as oral gavage, with concentrations
ranging from 3.91 mg/ko to 125mg/kg, formulated in SyrSpend. Tumor volume was
measured 3 times a week. Tumor cells for the xenograft experiment were expanded and
prepared following the cellular procedure protocol mentioned in the methods section.
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Further steps of the xenograft experiments were run at the animal facility at the BMC
by Dana Matzek, William Menzer, Dr. Adrian Schomburg and Dr. Markus Lechner at
Eisbach Bio GmbH. The average tumor volume per group is shown in Figure 39,
A). Growth curves of individual animals are shown in Figure 39, B).
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Figure 39: In vivo efficacy of EIS-1 SUM149PT xenograft

The efficacy of EIS-1 was tested in a SUM149PT breast cancer xenograft model in NMRI
nude mice. EIS-1 was given daily via oral gavage at doses from 3.91 mg/kg to 125 mg/kg
in SyrSpend. Tumor growth curves for individual mice (6-11 per group) are shown, with

the vehicle group in black and treated groups in blue.

Treatment with EIS-1 demonstrated consistent TGl effects between 50% and 87%
across all tested concentrations. There was no pronounced observed concentration-
dependent effect on tumor growth inhibition. The individual growth curves showed
significant tumor regression in all concentration groups, with few escapers and no
resistance observed. This indicates that EIS-1 exhibits potent anti-tumor activity at
concentrations as low as 3.91mg/kg in the background of BRCA1 mutant, HR-deficient

tumor cells. Raw data of the xenograft is shown in Supplementary Table 19.

4.4.1. Summary of the results

The study evaluated the monotherapy potential of ALC1 inhibition using the ALC1
inhibitor EIS-1 in xenograft experiments. The individual growth curves of the tumors
exhibited significant tumor growth inhibition in all concentration groups, indicating potent
anti-tumor activity of EIS-1, even at low concentrations, in the context of BRCA1
mutations. Any mice removed from the xenograft experiment were withdrawn due to
tumor volume exceeding limits or the development of tumor ulcerations.

An external toxicology profile assessment was conducted for EIS-1 (data not shown
here). Despite ALC1i's ability to trap PARP, the study subjects exhibited no signs of
toxicity, even at the highest tested dose of 1000 mg/kg, as indicated by stable weight

and other markers. 113
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4.5. The synergistic potential of ALC1i with PARPi and other drugs
This section explores the synergistic effects observed when ALC1i is combined with
other therapeutic agents, shedding light on the potential for enhanced treatment
outcomes through combination therapy. By elucidating the potential synergistic cell-
killing capabilities of ALC1i in combination with existing or emerging drugs, this study
provides insights into developing more effective treatment strategies in oncology. For
information about the drug mechanism and rationale for combination with ALC1i, see
Table 1.

4.5.1. Correlation of PARPi’s trapping ability with synergistic action of
ALC1i

Demonstrating the synergy of ALC1 inhibition with PARP inhibitors is crucial as it holds
the potential to effectively overcome PARP inhibitor resistance, thereby enhancing the
therapeutic efficacy and addressing a critical challenge in cancer treatment.

The synergistic effects of ALC1i in combination with PARPi were investigated in cell lines
with different genetic backgrounds and tumor origins. 2-D titrations of the compounds
were administered to the cells in the 96-h cellular survival assay format. Following the
SRB readout, the survival data was analyzed using the SynergyFinder platform, which
utilized the ZIP model for synergy detection. To explain the synergy model used in this
thesis, refer to the methods section.

Figure 40 displays the most synergistic area scores and synergy maps obtained from
the analysis. ZIP-synergy scores, SEM, MSA scores, and curve fitting for all cell lines
are shown in Supplementary Table 20. More data can be found in patent Menzer, Sahiri,
and Schomburg (2025).
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Figure 40: Synergy of ALC1i with PARPI

EIS-1 was tested in combination with various PARP inhibitors (talazoparib, olaparib,
rucaparib, niraparib, veliparib) across different cell lines using a 96-h survival assay with
a 2-D titration of ALC1i vs. PARPI. ZIP Synergy scores and MSA scores were determined
using SynergyFinder. Bar graphs of MSA scores in multiple cell lines are presented in
(A), with error bars indicating SEM and grey numbers indicating the number of biological
replicates. Each biological replicate included three technical replicates. Red stars mark
the cell lines that did not show a good curve fit for at least one of the agents dosed.
Synergy Maps (B) were created to visualize the synergy of EIS-1 with different PARPI in
DU-145 cells, showing the synergy distribution diagram based on cell growth inhibition.

Red indicates higher synergy (>0), while green indicates antagonistic effects (<0).

As mentioned in the methods section, precise curve fitting is critical for the ZIP-synergy
model. The concentration of each compound was adjusted to create a total cell growth
inhibition curve in the individual cell lines. The cell lines BXPC3, 22Rv1, and Hep G2
were categorized as "less sensitive to PARPI" in the cell line categorization; thus, a good
curve fit for single-agent PARPI could not be achieved for all the cell lines. The cell lines
with an incomplete curve fit in the single-agent titration were marked with a red star (see
Figure 40, A).
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Despite the incomplete curve fitting, the results of the different cell lines show the same
trend. The data demonstrated reproducibility, as indicated by the error bars in the DU-
145 and PSN-1 cell lines. The highest synergy scores were observed in DU-145 cells
and PSN-1 cells.

The synergy of PARPi with ALC1i could be achieved in cell lines independent of their
tumor origin, mutational profile, or drug sensitivity towards ALC1i and PARP1i:

HepG2 (ALCH1i-sensitive, PARPI-insensitive), DU-145, PSN-1 and HCT 116 (PARPi-
sensitive, ALC1i-sensitive), 22Rv1 (ALC1i-sensitive, BRCA-deficient, PARPiI-insensitive)
and BXPC-3 (ALC1i-insensitive, PARPi-insensitive).

Specifically, the combination treatment of EIS-1 with talazoparib exhibited high synergy
scores in all cell lines tested. The degree of synergy was found to correlate with the

trapping ability of the PARPI, as previously established in the study.

4.5.2. Enhanced efficacy through combination of ALC1i with other FDA-
approved or investigational drugs

The synergistic effects of ALC1i with various other FDA-approved and investigational
drugs were explored using the 96-h cellular survival assay and analyzed through the
SynergyFinder platform. The mechanism of action and rationales for combination with
ALC1i are shown in Table 1. The results, depicted in Figure 41, include the most
synergistic area scores and synergy maps obtained from treating the PARPi-sensitive
and ALC1i-sensitive PSN-1 cell line with EIS-1 combined with different drugs. Overall
ZIP synergy scores, SEM, and most synergistic area (MSA) for all drug combinations

are shown inSupplementary Table 21.
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Figure 41: Synergy of EIS-1 with other cancer therapeutics in PSN-1 cells

The synergy of EIS-1 with different cancer therapeutics was tested in PSN-1 cells in the
96h SRB survival assay with a 2-D titration of ALC1i vs. different drugs. ZIP synergy
score and MSA score were determined using the SynergyFinder. The MSA scores are
shown as bar graphs in A). Synergy Maps (B) were created for EIS-1 in combination with
different cancer therapeutics, showing the synergy distribution diagram based on cell
growth inhibition. Red indicates higher synergy (>0), while green indicates antagonistic

effects (<0). Results include one biological replicate and three technical replicates.

Significant synergy was observed in combinations of EIS-1 with TOP1i and other PARPI.
These combinations exhibited high synergy scores, indicating an enhanced cell-killing
effect when the drugs were used together. Combination with TOP2i and BRDi revealed
lower overall ZIP scores but also reached an MSA score >10.

Cell cycle checkpoint inhibitors (CCCi) (ATMi, ATRi, and WEE1i) also revealed high MSA
scores in combination with EIS-1, with WEE1i being the weakest synergizing agent.

In contrast, FGFRI, 5-FU, and Paclitaxel did not demonstrate significant synergistic
effects. The MSA scores for these combinations remained below 10, indicating limited
or no synergy.

While in vitro experiments, such as those involving monolayer cell cultures, provided
insights into potential treatments like ALC1i, it is essential to acknowledge their
limitations in predicting in vivo outcomes accurately.

Building upon the promising in vitro results, the in vivo efficacy of the combination
treatment of EIS-1 and irinotecan (active metabolite for cellular testing: SN-38) was
tested by Xin Zhang (Eisbach Bio GmbH) in a PSN-1 xenograft model (data not
presented). When administered as a single agent, EIS-1 displayed mild effectiveness in
promoting tumor regression. Similarly, irinotecan demonstrated a moderate impact on
tumor regression when administered alone. When combined, EIS-1 with irinotecan
exhibited a remarkable synergistic effect, substantially reducing tumor size. The
observed tumor growth inhibition (TGI) exceeded 100%, indicating that the combination
therapy yielded more significant effects than either agent alone. These findings underline
the potential of EIS-1 and irinotecan as a synergistic treatment strategy for enhancing
tumor regression in PSN-1 xenograft models.

The reasons behind the sensitivity of PSN-1 in vitro remain unclear and warrant further
investigation. The results obtained in cell-based studies may not always perfectly reflect
the responses observed in living organisms. The in vivo context introduces additional
complexities and factors that can influence the effectiveness of therapeutic interventions

and highlights the necessity of in vivo testing in addition to cellular assays.
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4.5.3. Summary of the results

The combination treatment of EIS-1 with talazoparib showed high synergy scores, which
correlated with the trapping ability of PARPI. Significant synergy was observed in
combinations of EIS-1 with ATMi, ATRi, TOP1i, and other PARPi. Wee1 inhibitors, BRD
inhibitors, and TOP2i showed milder synergistic effects, whereas drugs like FGFRI, 5-
FU, and Paclitaxel did not demonstrate significant synergy. High synergistic effects of

ALC1i were observed when combined with talazoparib and TOP1i.

4.6. Overcoming PARPi resistance in cancer cell lines

Exploring PARPI resistance as a potential biomarker for ALC1i-sensitivity is an essential
endeavor in the context of cancer treatment. Overcoming resistance to PARP inhibitors
is a critical challenge in cancer therapy. Results from the cellular survival assay and cell
line characterization showed ALC1i-sensitivity in cells that exhibited low or no sensitivity
to PARPI. Generating resistant cell lines aimed to facilitate the development of more
efficacious treatment strategies, investigate the potential of ALC1i in PARPI resistance,

and study the cross-resistance of the different ALC1 inhibitor classes.

4.6.1. Unlocking the potential of ALC1 inhibition to overcome PARPi
resistance

To investigate the development of drug resistance to PARPI, three cell lines were
subjected to increasing concentrations of different PARPi over four months. Clones were
selected from these treated cells, and monoclonal cell lines were established. The
chosen clones were then assessed for their resistance level to PARPi and their sensitivity
to ALC1i using the 96-h SRB-cellular survival assay. To evaluate the stability of the drug
resistance, the cell lines were maintained without treatment for eight weeks, and their
survival was monitored for several weeks. The EC50 values obtained from the stability

assay are presented in Figure 42.
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Figure 42: Stable sensitivity to EIS-1 in PARPi resistant cell lines
Talazoparib-resistant PSN-1 clone E (A), Olaparib resistant DU-145 clone 2 (B), and
Olaparib resistant HCT 116 clone 2 (C) were maintained without PARPI for over 8 weeks.
Resistance against EIS-1 and PARPi was tested in the 96h SRB-survival readout.
Data represents a mean of two technical replicates per assay. Resistant cells were
tested against their parental cell lines. Inhibitor vs. response curves were fitted using
GraphPad Prism. Bar graphs represent EC50 values of fitted survival curves over 8
weeks. Due to solubility limits of the compounds, the highest assay concentration
was 50 pM for ALC1i and Olaparib, and 5 uM for talazoparib. Raw values of the fold

resistance (EC50) to parental cell line are indicated in Supplementary Table 22.

The talazoparib-resistant PSN-1 cell line (Clone E) (A), olaparib-resistant DU-145 cell
line (Clone 2) (B), and olaparib-resistant HCT 116 cell line (Clone 2) (C) were compared
to their respective parental cell lines. The resistance to PARPi remained stable over the
eight weeks, even in the absence of PARPI, as indicated by the increased EC50 values
observed in the resistant cell lines. Overall, the PARPi-sensitive cell lines PSN-1 and
HCT 116 developed higher fold resistance to PARPi than DU-145 cells. Resistance
to one PARPI always leads to resistance to the other PARPI.

As demonstrated by the stability assay, the EC50 values for all the tested drugs remained
stable over the eight-week period. Despite their resistance to PARPI, all three PARPi-
resistant cell lines retained their sensitivity to ALC1i. The development of resistance to

talazoparib corresponded to resistance against olaparib and vice versa. For a detailed
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compilation of the EC50 values, please refer to Supplementary Table 22. The findings
emphasize the potential of ALC1i in overcoming PARPI resistance and underscore the
interplay between different PARPi molecules in the context of drug resistance.
P-glycoprotein (P-gp) contributes to drug resistance in cancer through inherent or
acquired overexpression. It hinders the accumulation of anticancer drugs within cells,
preventing their cytotoxic effects. P-gp achieves this by using ATP to actively transport
drugs across the plasma membrane against concentration gradients. As a member of
the eukaryotic ATP binding cassette (ABC) superfamily, P-gp's role in drug efflux is a
significant factor in cancer resistance (Steinbach & Legrand, 2007) .

To further assess the sensitivity of talazoparib-resistant cell lines to ALC1i, a whole set
of resistant clones was investigated in the 96h cellular survival assay. SN-38, a substrate
of p-glycoprotein, was used as a control for potential mutations related to drug
transporter efflux pumps.

Talazoparib-resistant monoclonal cell lines derived from two different parental DU-145
cell lines (20 and 23; resistance acquired through different starting concentrations of
talazoparib) and one parental PSN-1 cell line (resistance acquired through same starting
concentration of talazoparib) were tested against ALC1i, PARPI, and SN-38. Figure 43
presents the fold-change in EC50 of different resistant clones compared to the parental
cell line. EC50 values and fold-resistance are shown in Supplementary Table 23,

Supplementary Table 24. Survival curves are shown in Supplementary Figure 26.
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Figure  43: Diversity = of  talazoparib-resistant  monoclonal cell lines

Talazoparib-resistant DU-145 (A) and PSN-1 (B) monoclonal cell lines were tested
against their parental cell line in the 96h SRB-survival readout. Cells were treated with
talazoparib, EIS-1, or SN-38. Inhibitor vs. response curves were fitted using GraphPad
Prism non-linear regression. Bar graphs represent the fold change in EC50 values
compared to the parental cell line based on two technical replicates. Dashed lines at
1 represents no change in EC50, orange dashed line at 3 indicates a 3-fold-
resistance. Due to the solubility limits of the compounds, the highest assay
concentration reached for EIS-1 was 50 pM, and for talazoparib, 5 yM. EC50 values
above the solubility limit were marked with the value of the highest dose possible. Raw
values of the fold resistance (EC50) to parental cell line are indicated in Supplementary
Table 23, Supplementary Table 24. Corresponding survival curves are shown in

Supplementary Figure 26.
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Figure 43 displays the EC50 values of the parental cell lines compared to the monoclonal
cell lines resistant to PARPI. A table containing the fold change EC50 values can be
found in Supplementary Table 25.

All the clones exhibited >3-fold resistance to talazoparib. All DU-145 clones derived from
cell line 20 and the clones 23.9, 23.11 and 23.12 showed <3-fold resistance to ALC1i or
SN-38, suggesting that ALC1i treatment might overcome PARPI resistance in these cell
lines. 6/14 DU-145 clones exhibited >3-fold resistance to EIS-1, with one cell line
showing increased resistance to SN-38.

Since PSN-1 cells are more sensitive to PARPI, the resistance to talazoparib was even
more pronounced than the DU-145 cells. Most of the clones displayed >10-fold increase
in resistance to PARPI. Only 9/19 PSN-clones showed a >3-fold increase in resistance
to ALC1i. 3/9 of those clones also showed increased resistance to SN-38. These findings
indicate a potential alteration in the drug efflux transporter rather than a resistance to
ALC1i. 4/10 clones that showed elevated resistance to SN-38 were still sensitive to
ALCA1.

4.6.2. Summary of the results

The study's results demonstrate the development and stability of drug resistance to
PARRPI in different cell lines. The resistant cell lines exhibited increased resistance to the
PARRPI talazoparib and olaparib. Despite their resistance to PARPi, some resistant cell
lines remained sensitive to ALC1i, highlighting the potential of ALC1i to overcome PARPI
resistance in selected patient cohorts. The study also revealed the interplay between
different PARPi molecules, with the development of resistance to one PARPI

corresponding to resistance against other PARPI.
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5. Discussion and Conclusion

5.1. Discussion

5.1.1. ALCA1 is synthetic lethal with HRD and beyond

The exploration of ALC1 as a downstream target of PARP1 has shown encouraging
results, revealing ALC1 inhibition as a promising strategy to overcome resistance and
reduce the toxicity linked to PARP inhibitors. By specifically focusing on ALC1, an ATP-
dependent chromatin remodeler linked to DNA repair processes by sliding nucleosomes,
the research has unveiled a targeted strategy to modulate PARP-dependent DDR
function. This approach addresses the persistent challenge of PARP1's involvement in
essential housekeeping functions and offers a potential solution to PARPI resistance.
Using an HTS approach, Eisbach Bio GmbH discovered a set of allosteric-regulated
ALC1i with the potential to inhibit the nucleosome-sliding activity of ALC1. This study
highlights the potential of ALC1 inhibition as a viable alternative to PARPI.

5.1.1.1. Cell line characterization for ALC1i-sensitivity assessment

The findings from the cell line study provide insights into potential biomarkers for patient
cohort selection of ALC1 inhibition. In the short-term cellular survival assay, all active
ALC1i compounds, regardless of their chemical cluster, demonstrated an effect by
selectively targeting ALC1i-sensitive cells (SUM149PT) over ALC1i-insensitive cells
(MDA-MB-231). However, the outcomes of long-term cell treatment with ALC1i
compounds revealed variations between the chemical clusters. Specifically, EIS-1 and
EIS-2, which share the same chemical cluster (A), demonstrated a substantially
increased sensitivity to ALC1i over time. In contrast, EIS-3 (B cluster) and EIS-4 (C
cluster) displayed no systematic reduction in EC50 values over time, indicating a
potential divergence in the mechanisms underlying ALC1 inhibition among different
chemical clusters. These findings underscore the complexity of ALC1i responses and
hint at the possibility of varying underlying mechanisms across distinct chemical groups.
The conventional approach to selecting patient cohorts for PARPI treatment focused
primarily on identifying HRD, with a significant focus on BRCA deficiency as a defining
criterion. However, the findings presented in this study challenge this theory. The
observation that only 3 out of 7 cell lines with BRCA deficiency exhibited sensitivity to
PARPI underscores this subgroup's complexity of treatment response. Cells lacking any
obvious HRD markers, such as BRCA mutations or RAD51 foci, still exhibited sensitivity
to PARPI, suggesting that the potential for treating patients extends beyond HRD.

Notably, the results from this thesis results indicate that this may also apply to ALCA1i.
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Consistent with the principle of synthetic lethality, the outcomes of the cellular survival
assay established a pronounced sensitivity to ALC1i among cell lines harboring HR
deficiencies characterized by the RADS1 foci formation capacity. All cell lines marked as
HRD (low or no IR-induced RAD51 foci after irradiation) were sensitive to ALC1i (MDA-
MB-436, SUM149PT, DLD-1 BRCAZ2 -/-, Capan-1). All cell lines sensitive to olaparib also
displayed sensitivity to EIS-1. These cell lines include HCT 116, SW-620, PSN-1, DU-
145 (RAD51 foci positive) and Capan-1, MDA-MB-436 and DLD-1 BRCA -/- (RAD51 foci
deficient). The strong correlation of PARPI sensitivity with ALC1i sensitivity was the most
predictive biomarker in the cell lines tested. Cell lines with low sensitivity to Olaparib that
demonstrated potential sensitivity to ALC1i include DLD-1 and Hep G2 cells. Those cell
lines were not categorized as BRCA deficient nor HRD (indicated by RAD51 foci),
suggesting alternative vulnerabilities in these cells. Among the cell lines studied, those
categorized as BRCA-deficient also exhibited varying responses. 5/7 BRCA-deficient cell
lines were sensitive to ALC1i, and 3/7 were sensitive to PARPI. This observation further
underscores the complexity of cell line characterization and the need for more refined
biomarkers beyond BRCA mutations. In summary, 9/11 ALC1i-sensitive cell lines were
categorized as exhibiting at least one of the following biomarkers: BRCA-deficient,
PARPi-sensitive, or RAD51 foci deficient. All cell lines insensitive to ALC1i were
characterized as RADS51 foci proficient, had no known BRCA mutation, and were
insensitive to PARPI.

ALC1i sensitivity was also explored by analyzing ALC1 protein expression. Among the
cell lines categorized as ALC1i-sensitive, all except the SUM149PT cells exhibited high
levels of ALC1 expression compared to ALC1i-insensitive cells. The cell lines Hep G2
and PSN-1 demonstrated the highest ALC1 expressions within the cell panel. Given that
ALC1 overexpression is a common feature in many tumors, the observed correlation
between ALC1i sensitivity and elevated ALC1 expression suggests that ALC1
expression could serve as a predictive biomarker for ALC1i sensitivity. This
overexpression may indicate a dependency of these cells on ALC1-related pathways,
highlighting their potential vulnerability to ALC1 inhibition. To validate this hypothesis,
future investigations may involve testing an expanded cell line panel or including patient
material.

The study suggests that patient cohorts for ALC1i treatment may initially be selected
based on HRD, given the strong correlation between HRD and ALC1i sensitivity in the
cell lines tested. This approach mirrors the patient cohort selection strategy for PARPI
and is already established in the clinic. However, the sensitivity to ALC1i is not limited to
HRD. Additional biomarkers like ALC1 protein level or MSI, demonstrated by the highly

125



Targeting ALC1 for Synthetic Lethality in Cancer: A Superior Alternative to PARP Inhibitors

sensitive HCT116 cells, can refine patient selection and accommodate individuals who

may benefit from ALC1i treatment despite not fitting the conventional HRD criteria.

5.1.1.2. ALC1 inhibition leads to DNA damage accumulation and apoptosis

This study's combination of multiple assays furnished substantial evidence that ALC1
inhibition selectively leads to accumulation of DNA damage and induces apoptotic
responses in ALC1i-sensitive cells. The comet assay revealed clear signs of
accumulated DNA damage, as demonstrated by the increased presence of comet-like
tails indicative of DNA fragmentation. Western blot analysis further supported these
findings in ALC1i-sensitive cells, showing elevated levels of the apoptosis marker
cleaved PARP1 and yH2AX, a well-established marker of DNA damage. Flow cytometry-
based analysis confirmed the accumulation of DNA damage with high yH2AX positive
cells and apoptotic cells, further validating the presence of DNA damage.
Concentrations <1 uM led to increased yH2AX levels in HR-deficient, ALC1i sensitive
SUM149PT cells, while no signs of DNA damage were observed in HR-proficient, ALCi
insensitive MDA-MB-231 cells at concentrations as high as 4 yM. ALC1i demonstrated
concentration-dependent effects on the accumulation of DNA damage.

Similarly, accumulation of yH2AX and RADS51 foci indicates the activation of DDR
pathways. At EIS-1 concentrations as low as 200 nM, foci formation was visible in ALC1i-
sensitive SUM149PT cells, while at concentrations >12.5 yM, ALC1i insensitive MDA-
MB-231 cells did not show a significant increase of foci-positive fractions, highlighting
the strong selectivity of ALC1i. As SUM149PT cells were categorized as deficient in
forming IR-induced RADS51 foci, RAD51 foci induced via ALC1i treatment indicate DNA
damage beyond double-ended DSBs. RAD51 foci have been noted in cells during the
mitotic S-phase, and they are hypothesized to mark the locations where repair processes
occur for stalled or damaged replication forks (Tarsounas et al., 2003; Tashiro et al.,
1996).

Recent evidence suggests that RAD51, in addition to its known role following
replication fork collapse, also has a role besides fork breakage (Wassing & Esashi,
2021). It promotes the process of replication fork reversal, where stalled replication
forks are reversed. Fork reversal is independent of the strand exchange function of
RAD51 that is essential in HR (Mason et al., 2019). RAD51 is attracted to stalled
replication forks without the involvement of BRCA2 even in the absence of an extended
RAD51 nucleoprotein structure (Chaudhuri et al., 2016; Schlacher et al., 2011;
Tarsounas et al., 2003; Wassing & Esashi, 2021; Zadorozhny et al., 2017).
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Fork reversal, mediated by RAD51, helps protect stalled replication forks, but without
BRCA1 or BRCA2 stabilizing RAD51, it can lead to fork degradation and genome
instability (Lemacon et al., 2017).

This suggests that RADS51-mediated fork reversal, instead of protecting against
genomic instability, can trigger mutagenic replication in BRCA-deficient cancer cells
(Lemacon et al., 2017), which may lead to high sensitivity to inhibitors interfering with
DNA repair in cell lines like SUM149PT.

5.1.1.3. ALC1 inhibition leads to cell cycle arrest

The results from this study demonstrate that cells treated with ALC1i undergo G2 phase
cell cycle arrest, highlighting ALC1 inhibition's significant role in regulating cell cycle
dynamics. ALC1 inhibition induced a concentration-dependent G2-phase arrest in
ALC1i-sensitive SUM149PT cells, starting from as low as 100 nM of EIS-1, indicating the
potency of this compound. In contrast, minimal effects on the cell cycle were observed
in MDA-MB-231 cells treated with EIS-1, suggesting that ALC1 inhibition has minimal
impact on cell cycle modulation in HR-proficient cells. The concentration-dependent
increase in RAD51 foci-positive cells in combination with the G2 arrest suggests a link
between ALC1 inhibition, DNA damage accumulation, and cell cycle arrest. Cells treated
with ALC1i experience G2 phase cell cycle arrest as a consequence of accumulating
DNA damage that cannot be effectively repaired. This leads to accumulating unrepaired
DNA lesions, ultimately triggering cell death pathways and providing a therapeutic
advantage in cells with defects in DNA repair.

The G2-phase arrest observed in ALC1i-sensitive SUM149PT cells, even at low
concentrations of EIS-1, mirrors the response seen in cells treated with DNA damage-
inducing agents like PARP inhibitors (Jelinic & Levine, 2014; Kruglov et al., 2020). This
is particularly notable in HR-deficient cells, where the inability to repair DNA damage
efficiently leads to sustained G2 arrest. These studies suggest that ALC1 inhibition might
exploit similar vulnerabilities, causing a failure to repair DNA damage effectively, which
could trigger cell death pathways.

ALC1’s known interactions with key cell cycle regulators, such as cyclin-dependent
kinases (CDKs) and their activation by proteins like TCTP (Cheng et al., 2013; Xiong et
al., 2021), further support the mechanism behind the G2 arrest observed in this study.
The disruption of ALC1 function may interfere with the proper activation of CDKs, crucial
for G2/M transition, as also noted by Cheng et al. (2013). This could explain the G2/M
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arrest observed in ALC1i-sensitive cells, further validating the idea that ALC1 plays an

essential role in regulating cell cycle progression and maintaining DNA repair capacity.

5.1.1.4. ALC1 inhibition changes protein dynamics at DNA damage sites

PARPi have shown efficacy in cancer therapy by trapping PARP enzymes to hinder DNA
repair. Murai et al. (2014) suggest that the importance of PARP trapping in cytotoxicity
is context-dependent. While trapping PARPs at DNA lesions is considered crucial for
inhibition, it is essential for this action to be specific to the context of DNA damage,
avoiding indiscriminate targeting of other cellular processes, such as transcription
factors. A potential strategy to achieve this specificity involves targeting ALC1, an
enzyme activated in response to DNA damage through PARP1-mediated poly-ADP-
ribosylation (PARylation). Notably, Juhasz et al. (2020) demonstrated that an ALC1
knockout resulted in PARP trapping. Focusing on ALC1 as a target allows for the
introduction of PARP trapping only in the presence of DNA damage, thereby sparing
other non-damaging cellular contexts.

Protein kinetics at DNA lesions were assessed using the live-cell recruitment assay. The
findings of this study highlight distinct effects of various PARPi and ALC1i on the
retention and recruitment of essential proteins involved in DNA repair processes.
Previously reported variations in PARP-trapping abilities among different PARPi were
confirmed in this study. While talazoparib exhibited the most substantial effect on PARP1
trapping, veliparib showed the weakest effect, highlighting the importance of
understanding the specific characteristics of each inhibitor. Treatment with the ALC1
inhibitor EIS-1 also induced PARP1 trapping. With concentrations as low as 0.05 uM,
EIS-1 was even more potent than talazoparib in trapping PARP1.

The study also shed light on the dynamics of other DDR-associated proteins at DNA
lesions. While EIS-1 modestly increased ALC1 protein trapping at higher concentrations,
it significantly decreased ALC1 recruitment at concentrations > 0.05 yM. As expected,
talazoparib decreased ALC1 recruitment and displayed trapping-like effects. Since
PARRPI are specifically developed to compete with NAD+ for binding to the catalytic cages
of PARP enzymes, they disrupt PARYylation-dependent biological processes (Murai et
al., 2012; Rouleau et al., 2010), necessary for ALC1 activation and recruitment. The
investigation of XRCC1 protein dynamics revealed concentration-dependent effects of
talazoparib and EIS-1 on XRCC1 recruitment. Both PARPi and ALC1i reduced XRCC1
recruitment, indicating their impact on the downstream repair processes mediated by
XRCC1. These findings contribute to understanding the complex interactions between
PARPI, ALC1i, and other DNA repair proteins at the site of DNA damage. Further
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research is warranted to elucidate the underlying mechanisms driving these observed

effects and to explore the clinical implications of these findings.

5.1.1.5. ALC1i shows promising in vivo efficacy as monotherapy

Building upon the promising results observed in the in-vitro studies, the effect of ALC1
inhibition was tested in vivo. The results obtained from the xenograft experiments
highlight the potential of ALC1 inhibition as a monotherapy for cancer treatment. In the
xenograft model using HR-deficient SUM149PT cells, treatment with the ALC1i EIS-1
resulted in consistent tumor growth inhibition across various concentrations. Notably,
even the lowest tested concentration of 3.91mg/kg demonstrated potent anti-tumor
activity. These findings support that ALC1 inhibition holds promise as an effective
monotherapy for various cancer treatments even at low concentrations.

These results provide a strong rationale for further exploring the therapeutic potential of
ALC1i in preclinical and clinical settings. Safety pharmacology studies conducted
following GLP guidelines have indicated that EIS-1 has no impact on the central nervous
or cardiovascular and respiratory systems (Eisbach Bio GmbH data not shown here).
The results presented allow crucial insights into the potential toxicity mechanisms
associated with PARPI. In spite of the demonstrated efficiency of the ALC1i EIS-1 in
trapping PARP1 at DNA lesions, EIS-1 exhibits a very favorable toxicity profile. This
observation implies that the adverse effects commonly associated with PARPi may be
linked more closely to their impact on essential cellular functions rather than the intended
PARP trapping mechanism. The safe tox profile of ALC1i, particularly in comparison to
traditional PARPI, suggests the potential for a more targeted and selective approach in

cancer therapy.

5.1.2. Combination of ALC1i with FDA-approved and investigational drugs
leads to synergistic cancer cell-killing

Combination therapies have succeeded in oncology, particularly when established
cancer drugs are combined. Achieving synergistic effects with two different medications
in treating proliferative diseases remains the exception rather than the norm. There is a
pressing medical need to develop novel combination therapies that combine
chemotherapeutic agents with established effectiveness in cancer treatment with novel

anticancer drugs that enhance the effects of established treatment regimens.

5.1.2.1. ALCT1i is synergqistic with PARPI
Based on the hypothesis in the introduction, combinatorial effects of ALC1i using small
molecules from different chemical clusters were tested in combinations with PARPi and

other FDA-approved or investigational drugs in different genetic backgrounds.
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The results of this study support the hypothesis that ALC1 is closely associated with
PARP proteins, based on several lines of evidence from previous studies (Blessing et
al., 2020; Juhasz et al., 2020; Verma et al., 2021). ALC1's ability to be directly activated
upon poly-(ADP-ribose) synthesis by PARP1 and other PARP family members, its
influence on the recruitment and release of PARP family members to damaged
chromatin, and the potentiation of PARPi function upon genetic interference with the
ALC1 gene all suggest a strong connection between ALC1 and PARPSs.

The combinatorial effect of ALC1i with different PARPi was tested in various cell lines
with diverse genetic backgrounds. The results revealed high synergy scores between
EIS-1 and PARPI, including talazoparib, olaparib, rucaparib, niraparib, and veliparib.
Additionally, the synergy scores correlated with the trapping ability of these PARPi. The
results imply that the combination therapy involving ALC1 inhibition can potentially
enhance the effectiveness of PARP inhibition in various cancer types, irrespective of
their tumor origin. By utilizing specific ALC1 inhibitors like EIS-1, the trapping ability of
PARPI can further be potentiated, enhancing the efficacy of DNA repair inhibition in
cancer treatment. The synergy observed in this study underscores the importance of
targeting ALC1 alongside PARP inhibition for improved therapeutic outcomes. The
results also underline the potential of combinations in treatment resistant cells. Tumor
cell killing could be achieved in ALC1i insensitive, as well as PARPI insensitive cells in

combination treatments.

5.1.2.2. ALC1i synergizes with TOPi

Following previous results of Murai et al. (2014) that showed synergy of PARPI with
TOP1i independent of PARP-trapping, we hypothesized that the inhibition of ALC1, in
conjunction with  TOP1 inhibition, could potentiate the inhibition of cancer cell
proliferation through additive or synergistic effects. Findings from the present study
demonstrate that inhibiting ALC1 synergistically impacts the cellular response to DNA
damage induced by TOP1i. A synergistic enhancement of the effects of both inhibitors
was observed through the combination of TOP1i and ALC1i. Notably, irinotecan and
topotecan exhibited high synergy scores in combination with ALC1i, indicating the
potential for synergistic interactions with other TOP1i. In vivo, the efficacy of the
combination treatment of Irinotecan with EIS-1 was tested in a xenograft mouse model
using PSN-1 cells (data not shown here). This combination exhibited a significant
synergistic effect, resulting in a substantial reduction in tumor size. These findings
provide compelling evidence for the potential clinical relevance of combining ALC1
inhibition with TOP1 inhibition in cancer treatment. The synergistic interaction allows for

achieving therapeutic efficacy with lower doses of irinotecan, which may help reduce the
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incidence and severity of side effects associated with the drug. This can lead to improved
patient tolerance and adherence to treatment. The results of ALC1i in combination with
TOP1i hold exceptional interest, as Irinotecan shares the same mechanism of action as
the payload of promising novel antibody-drug conjugates such as Enhertu (Nami et al.,
2018). Combination treatment with Enhertu also revealed high synergy with EIS-1 in the
HER2-positive cell line SK-BR-3 (Eisbach data not shown).

After exploring the synergistic potential of a TOP1 inhibitor with ALC1i, the combination
of TOP2i with ALC1i was investigated for synergistic effects. The results align with the
hypothesis that combining ALC1 inhibition with TOPZ2 inhibitors, such as teniposide, may
lead to increased cancer cell-killing but yield milder synergy than the combination with
TOP1i. The data supports the idea that DSBs through TOP2 poisons in combination with
additionally inhibited ALC1i results in the accumulation of DNA damage, that cannot
effectively be repaired. The observed mild but noticeable synergistic effects when
combining the specific EIS-1 with teniposide further validate this hypothesis. The
heightened synergistic effects observed between ALC1i and TOP1i, in contrast to TOP2i,
can be explained by the distinct nature of DNA damage induced by these inhibitors and
the specific repair mechanisms engaged by the cell. TOP1i triggers the formation of DNA
SSBs through the creation of TOP1ccs (see Table 1), necessitating efficient repair
mechanisms. In this context, the cell heavily relies on ALC1 to repair SSBs. The close
functional relationship between ALC1 and TOP1, coupled with their collaborative
involvement in particular DNA repair pathways, likely contributes to the observed
synergy. On the other hand, TOP2i induces DSBs, repairable through HR or NHEJ,
pathways that are not as intricately tied to ALC1. The specificity of ALC1's involvement
in the repair of TOP1i-induced SSBs may explain the higher synergy observed with

TOP1i compared to the repair processes associated with TOP2i-induced DSBs.

5.1.2.3. ALC1i synergizes with cell cycle checkpoint inhibitors

Combining cell cycle checkpoint inhibitors (CCCi), such as ATM, ATR, or WEE1
inhibitors (ATRi, ATMi, and WEE1i) with ALC1i has demonstrated a striking synergistic
effect in cancer cell-killing. This synergy arises from their complementary mechanisms
of action in the cell cycle context, culminating in enhanced therapeutic outcomes. Based
on findings from combination treatments with PARPi and CCCi, the synergy can be
explained as follows: ALC1i leads to DNA damage accumulation, which activates the
ATR Pathway (Barnieh et al., 2021) to initiate DDR mechanism and cell cycle arrest.
This leads to cell cycle delay, preventing cells from progressing into the sensitive phases
like mitotic phase or S-phase. When combined with CCCi, such as ATRi, ATMi, or

WEEI, the cell cycle checkpoints are compromised. The cell cycle can progress even
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with a lot of DNA damage present. The cells eventually enter S-phase or mitosis, but in
an uncontrolled and aberrant manner. The accumulation of DNA damage becomes
cytotoxic, leading to a potentiated cellular response and, ultimately, cancer cell death.

This versatility allows for tailored treatment strategies based on the specific
characteristics of the cancer type and patient, enhancing the clinical relevance of this
approach. In conclusion, combining CCCi with ALC1 inhibition represents a promising

avenue in cancer therapy.

5.1.2.4. Synergistic effects of ALC1i with other therapeutic agents

Mitomycin C generates oxygen radicals, leading to alkylating DNA and interstrand
crosslinks (Tomasz & Palom, 1997). These effects inhibit DNA synthesis and can induce
various types of DNA damage including NER or HR (Lee et al., 2005; Palom et al., 2002).
It was hypothesized that the inhibition of ALC1 would impair the repair of mitomycin C-
induced DNA damage, thereby potentiating the anti-proliferative effect of mitomycin C.
The results of the co-dosing experiments with an ALC1i and mitomycin C revealed a high
degree of synergy. The synergy observed suggests that when ALC1 is inhibited, it may
interfere with the repair of DNA damage caused by mitomycin C, leading to stronger anti-
cancer effects. These findings emphasize the potential benefit of combining ALC1
inhibitors with mitomycin C in clinical treatment strategies.

Inhibitors that target bromodomains disrupt the interaction between bromodomains and
acetyl groups, resulting in the downregulation of specific genes like MYC (Pérez-Salvia
& Esteller, 2016). Bromodomain inhibitor BAY-299, targeting TAF1
(Thesgc.Org/Chemical-Probes, 2022), plays a crucial role in inhibiting HR, highlighting
its potential as a therapeutic agent in disrupting DNA repair mechanisms (H. Peng et al.,
2021). Based on these findings, it was hypothesized that the inhibition of TAF1
bromodomain function by BAY-299 would lead to insufficient HR repair, which, when
combined with inhibiting other DNA repair pathways through ALC1 inhibition (ALC1i),
would result in synergistic effects. A synergy-survival assay was performed using EIS-1
in combination with BAY-299 to test this hypothesis. ALC1 and TAF1 bromodomain
inhibition demonstrated synergistic effects with MSA scores >10. This suggests that the
inhibition of ALC1, in conjunction with the impaired HR repair caused by TAF1
bromodomain inhibition, enhances the disruption of DNA repair mechanisms and impairs
genome instability. The synergistic effects observed suggest that targeting multiple DNA
repair pathways can increase genomic instability while enhancing sensitivity to DNA
damage.

Although 5-FU can induce DNA damage mainly repaired by MMR and BER (Wyatt &
Wilson, 2008) and affects the cell cycle, combining it with ALC1 inhibition did not show
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any synergistic effect. MSA scores lower than ten were observed in the combinatorial
treatment of EIS-1 with 5-FU, tested in PSN-1 cells. The lack of synergy between these
treatments could be attributed to several factors, including potential variations in the
effects of 5-FU on the cell cycle across different cell lines. Although 5-FU is known to
cause DNA damage and disrupt DNA replication, its precise impact on the cell cycle can
differ depending on the specific cellular context (Yoshikawa et al., 2001). The diverse
responses of different cell lines to 5-FU treatment may explain why there is no synergy
observed when combined with ALC1 inhibition. Another reason might be that 5-FU
primarily exerts its effects during the S-phase of the cell cycle, where it interferes with
DNA synthesis and replication (Shah & Schwartz, 2001). Treatment of cells with EIS-1
led to G2/M cell cycle arrest. The differences in how 5-FU and ALC1 inhibition affect the
cell cycle might potentially limit 5-FU's ability to function as intended when ALC1
inhibitors are present. The lack of synergy in this combination highlights the complex
interactions between different therapeutic agents and the diverse responses of cancer
cells to treatment. Thus, higher synergy scores could be observed in different cellular
contexts.

The study conducted by Lai et al. (2020) demonstrated the synergistic effects of
combining a PARPi with an FGFR inhibitor. Their findings revealed that single-agent
treatment with olaparib or PD173074 (FGFRI) had limited efficacy in PANC-1 and SUIT-
2 cells. When these agents were combined at low doses, a significant and dose-
dependent reduction in cell viability was observed. Given the connection between
PARP1 activity and ALC1-mediated DDR, it was expected that ALC1 inhibition would
also exhibit synergistic effects with FGFRI. In this study, where Levatinib was combined
with the EIS-1 in PSN-1 cells, results revealed an MSA score of 8.79, indicating an
additive effect with a mild tendency towards synergy. The observed effect was less
pronounced than expected. Further investigations are needed to explore the underlying
mechanisms and optimize the combination approach for enhanced therapeutic efficacy.
The hypothesis regarding the combinatorial treatment of taxanes with ALC1i suggested
no expected synergy. This hypothesis was based on the understanding that taxanes,
such as paclitaxel, disrupt microtubule dynamics and induce cell cycle arrest, specifically
in the mitotic phase, while ALC1 inhibitors lead to G2/M-phase arrest. The results from
this study showed no indication of synergy between the specific ALC1i, EIS-1, and
paclitaxel. A rather additive effect was observed. Additional DNA damage might be

required to induce synergistic effects of taxanes with ALC1i.
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A key advantage of combining ALC1i with targeted therapies like PARPi or TOPI is their
ability to not only prevent resistance development but also achieve high tumor specificity.
This specificity arises from genetic defects in tumor cells, such as mentioned impaired
DNA repair mechanisms, which make them particularly susceptible to these
combinations. By targeting these vulnerabilities, ALC1i enhances the efficacy of these
therapies while sparing normal cells, which have intact DNA repair pathways.

In contrast, non-targeted chemotherapeutics like mitomycin C, which traditionally exert
cytotoxic effects on both tumor and normal cells, can also benefit significantly from
combination with ALC1i. By inhibiting ALC1, the ability of tumor cells to repair or tolerate
the DNA damage induced by these agents is substantially compromised. Meanwhile,
normal cells, with their more robust repair systems, experience less disruption. This
selective impairment amplifies the cytotoxic effects in tumor cells, effectively increasing
the therapeutic window. Consequently, the combination of ALC1i with these non-
selective agents improves their specificity and efficacy, offering a refined approach to

cancer treatment that leverages tumor-specific vulnerabilities.

5.1.2.5. The potential of ALC1i in combination with ionizing radiation as a new
treatment cohort

The investigation also explored the synergistic potential of combining ionizing radiation
(IR) with ALC1 inhibition (data not presented here). Radiation therapy provides
significant advantages in treating solid tumors due to its ability to precisely target the
tumor while minimizing damage to surrounding healthy tissues. It induces DNA damage
in cancer cells, leading to cell death or impaired division. Combining radiation with ALC1i
enhances this effect, as ALC1i inhibits the cancer cells' ability to repair radiation-induced
DNA damage, making them more vulnerable. This dual approach prevents repair
mechanisms, improving tumor control and potentially increasing the chances of tumor
cell killing.

Preliminary tests conducted on the PSN-1 cell line yielded promising outcomes. This
combination approach warrants further investigation due to its potential to leverage the
DNA-damaging effects of ionizing radiation in conjunction with ALC1i, possibly leading
to enhanced therapeutic effects. In addition to cellular tests, future plans include
conducting in vivo experiments combining IR and EIS-1. These experiments will utilize a
subcutaneous mouse xenograft model to further assess potential synergistic effects,
where EIS-1 will be orally administered to the mice alongside localized irradiation at the
tumor site. This comprehensive in vivo approach aims to provide insights into the
combination's effectiveness in a more complex physiological context, potentially opening
avenues for its clinical use. The prospect of synergizing IR with ALC1i holds promise for

enhancing patient outcomes in cancer therapy. Optimizing treatment regimens and
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dosages to minimize potential toxicities while maximizing therapeutic benefits is crucial
for realizing the full potential of this combined approach, ultimately leading to improved
patient outcomes in cancer management. Combining ALC1i with IR provides the
advantage of localized treatment, allowing focused intervention at the tumor site. This
approach minimizes the potential for systemic interactions and synergistic effects in

other regions of the body.

5.1.3. Overcoming resistance to PARPi and ALC1i: A path towards
personalized cancer treatments

PARPI have succeeded in treating cancers with HR deficiencies, such as those with
BRCA1/2 mutations, leading to their approval for various cancer types. However, the
emergence of resistance often hampers sustained antitumor responses. Preclinical
models have identified multiple mechanisms of resistance, including restoration of HR
(Tan et al., 2021), cellular extrusion of PARPi (Rottenberg et al., 2007) or inhibition or
downregulation of PARP1 (Murai et al, 2012; Pettitt et al, 2013, 2018).
These factors limit PARP inhibitor-induced DNA damage, impairing their overall
efficacy. As suggested by (Juhasz et al., 2020), ALC1-dependent PARP1 mobilization
could be vital in overcoming PARPI resistance. Altering the activity levels of ALC1 via

small molecule inhibitors could overcome PARPI resistance.

5.1.3.1. ALC1i can overcome PARPI resistance

PARPi-resistant cell lines were generated and tested for the sensitivity of PARPi and
ALC1i. This resistance remained stable over eight weeks, indicating that once
developed, it can persist even without treatment. These findings highlight the need for
alternative treatment strategies to overcome PARPI resistance.

An interplay between different PARPi molecules was observed, where resistance
developed through talazoparib led to cross-resistance to olaparib, suggesting common
underlying mechanisms in resistance to various PARPi. Understanding these
mechanisms can aid in developing targeted therapies and combination approaches to
combat PARPI resistance.

Over 30 clones were derived from two distinct cell lines treated with PARPI for over 4
months, and potential mutations in drug transporters were evaluated using SN-38, a
substrate of P-glycoprotein. All clones developed a resistance to talazoparib, along with
a resistance to olaparib. In addition, the clones exhibited diverse changes in sensitivity
to SN-38 and ALCH1i, suggesting that the clones developed independent resistance
mechanisms. Despite their resistance to PARPI, most cell lines remained sensitive to
ALC1i. This highlights ALC1i as a potential treatment option for patients who have

developed resistance to PARPI during their treatment. 135
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If resistance to ALCi was seen, in most cases it correlated with a resistance to SN-38.
This suggests a mutation in the drug efflux pump, leading broad resistance to multiple
drugs due to the pump's active removal of compounds from the cell. A subset of
clones displaying resistance to ALC1i, despite lacking resistance to SN-38, suggests
the presence of a distinct mechanism specific to ALC1i. These observations
underscore the need for further analysis of these clones to unravel the specific factors
associated with ALC1i resistance. Investigating these mechanisms could provide
valuable insights into the target engagement and downstream factors of ALCA1,
potentially overcoming resistance in cancer treatment. The ability of ALC1i to
overcome PARRPI resistance provides new possibilities for therapeutic intervention and

offers hope for patients who have exhausted PARPI options.

5.1.3.2. Characterization of Resistance

The study provides insights into the development and stability of resistance to PARPI,
paving the way for personalized treatment strategies based on the specific mechanisms
of resistance encountered in individual patients. These findings have significant
implications for improving therapeutic outcomes.

Future research can build upon these findings to optimize combination therapies
and develop novel treatment approaches for patients with PARPi resistance. The
following steps include the identification of patient biomarkers for the treatment of
individuals with developed PARPI resistance by further profiling the PARPi-resistant
cell lines. Comparing multi-omics profiles of clones that exhibit no significant
decrease in sensitivity to EIS-1 with clones that display decreased sensitivity to EIS-1
will help identify genetic alterations or protein changes associated with resistance to
EIS-1. To validate the identified biomarkers, further studies will involve functional assays
to determine the consequences of the genetic or protein alterations in vivo. EIS-1

sensitivity will be tested in CDX models derived from PARPI-resistant patients.

5.2. Conclusion and Outlook

This study highlights the potential of ALC1 inhibition as a novel therapeutic strategy in
cancer treatment. By modulating DNA damage response mechanisms, ALC1i provide a
new alternative to traditional PARPI. Despite its ability to trap PARP1 at DNA lesions,
ALC1i exhibited a low toxicity profile, suggesting a more targeted approach to cancer
therapy while minimizing risks to essential cellular functions. This favorable tolerability
is supported by in vivo xenograft experiments, in which daily oral administration of the
ALC1 inhibitor EIS-1 resulted in robust tumor growth inhibition without overt signs of
intolerability, as well as by GLP-compliant safety pharmacology studies indicating no

adverse effects on the central nervous, cardiovascular, or respiratory systems.
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The results highlight ALC1i as a potential solution for overcoming resistance to PARPI.
This finding provides an alternative for patients who have developed resistance to
conventional therapies and lack further treatment options.

An important distinguishing feature of ALC1 inhibition is its favorable toxicity profile.
While PARP inhibitors are clinically effective, their use is frequently limited by
hematological toxicities, which are thought to arise from interference with essential
PARP-dependent housekeeping functions in normal cells. In contrast, ALC1 is recruited
to chromatin predominantly in response to PARP-dependent DNA damage signaling,
suggesting that its inhibition may preferentially affect damage-associated repair
processes rather than basal cellular homeostasis. Consistent with this concept, ALC1i
achieved robust antitumor activity in vivo without signs of intolerability, and GLP-
compliant safety pharmacology studies revealed no adverse effects on central nervous,
cardiovascular, or respiratory systems. Although comprehensive repeat-dose and
tissue-specific toxicology studies will be required to fully define the clinical safety
profile, these findings support the notion that ALC1i may offer a wider therapeutic
window than conventional PARP inhibitors.

The synergistic effects of ALC1i in combination with approved chemotherapeutics offer
an opportunity to improve treatment efficacy. ALC1i can synergize with various agents,
such as PARPi, ATRIi, and TOPi. This approach can maximize the effectiveness of
chemotherapy by targeting critical pathways in cancer cells. Importantly, these
combinations may allow dose reductions of established agents, potentially mitigating
treatment-associated toxicities while maintaining or enhancing antitumor efficacy.

While HRD is an important biomarker for predicting sensitivity to ALC1i, functional drug
testing in cell lines shows that mutational profiles alone are insufficient for predicting
drug response. ALC1 protein expression and factors like MSI are also crucial for
understanding therapeutic outcomes. These observations emphasize that ALCH1i
sensitivity arises from a multifactorial interplay of genetic, functional, and protein-level
determinants rather than from a single genomic alteration.

The potential of ALC1i highlights the need for improved patient selection and tumor
characterization. Traditional biomarkers like HRD may not predict drug sensitivity
across all tumors, so functional drug testing on patient-derived cells offers a more
reliable approach. New strategies are needed for functional testing that align with
clinical practice, addressing challenges such as clinician preferences and compatibility
with other tests. Developing clinically feasible functional assays will be critical for
translating the therapeutic promise of ALC1 inhibition into routine patient care.
Incorporating personalized treatment strategies, combining functional assays with
mutational profiling, can optimize therapy and help overcome resistance to existing
treatments. Refining tumor characterization and functional testing methods will be
essential for integrating ALC1i into routine cancer care and improving patient outcomes.
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7. Appendix A:

7.1. Supplementary figures

7.1.1. Nuclear Foci formation after irradiation with 1gy
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Supplementary Figure 1: Foci formation in DLD-1 and DLD-1 BRCA2-/-

Cells were treated with 1 Gy for 2 h, fixed and stained with primary antibodies anti-
yH2AX (Novus) (red), anti-RAD51 (Sigma) (green), secondary antibodies Goat anti-
Rabbit IgG Alexa Fluor™ 488 (Invitrogen) and sheep IgG anti-mouse 1gG-Cy3 (Dianova),
and counterstained with DAPI (blue). A) IF-images represent merged channels of all
three colors. High background signal for RAD51 channel in DLD-1 BRCAZ2-/- is shown in

the right image. Fractions of cells with RAD51 foci were calculated using Fiji (ImageJ)
and are shown in B).
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Supplementary Figure 2: Single channel images of foci formation after irradiation
Cells were treated with 1 Gy for 2 h, fixed and stained with anti-yH2AX (left), anti-RAD51
(middle), and counterstained with DAPI (right). Single channel images are shown in

greyscale.
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Supplementary Figure 3: Spontaneous DNA damage before irradiation and DNA
damage 24 h after irradiation.

Cells were treated with 0 Gy or 1 Gy for 2 h and 24 h, fixed and stained with anti-yH2AX
(Novus) and sheep IgG anti-mouse IgG-Cy3 (Dianova). Stacked IF-images were
analyzed for fractions of yH2AX foci per nuclei. Bar graphs were fitted in GraphPad
PRISM for foci-fractions of nuclei with no yH2AX foci (black), 1-10 yH2AX foci (medium
grey), 11-20 yH2AX foci (dark grey) and >20 yH2AX foci (light grey). Each Bar represents
a timepoint and radiation (0 Gy, 2 h 0 Gy, 24 h; 1 Gy, 2 h; 1 Gy, 24 h). The line at 25 %
was set as a limit for the categorization of yH2AX negative cells indicating a low level of
DNA damage.
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7.1.2. 96h cell survival assay
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Supplementary Figure 4: 96h cellular survival assay of EIS-1 in the cell-panel

Different cancer cell lines were treated with EIS-1. Cells were cultured for 96h and
stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated
with vehicle (DMSQO) and an “all dead control”. Inhibitor vs. response curves were fitted
using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.

Number of replicates is indicated in Supplementary Table 9.
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Supplementary Figure 5: 96h cellular survival assay of EIS-3 in the cell-panel

Different cancer cell lines were treated with EIS-3. Cells were cultured for 96h and
stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated
with vehicle (DMSQO) and an “all dead control”. Inhibitor vs. response curves were fitted
using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.

Number of replicates is indicated in Supplementary Table 9.
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Supplementary Figure 6: 96h cellular survival assay of EIS-2 in the cell-panel

Different cancer cell lines were treated with EIS-2. Cells were cultured for 96h and
stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated
with vehicle (DMSQO) and an “all dead control”. Inhibitor vs. response curves were fitted
using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.
Number of replicates is indicated in Supplementary Table 9.
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Supplementary Figure 7: 96h cellular survival assay of EIS-4 in the cell-panel

Different cancer cell lines were treated with EIS-4. Cells were cultured for 96h and

stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated

with vehicle (DMSQO) and an “all dead control”. Inhibitor vs. response curves were fitted

using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.

Number of replicates is indicated in Supplementary Table 9.
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Supplementary Figure 8: 96h cellular survival assay of olaparib in the cell-panel

Different cancer cell lines were treated with olaparib. Cells were cultured for 96h and
stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated
with vehicle (DMSQO) and an “all dead control”. Inhibitor vs. response curves were fitted
using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.

Number of replicates is indicated in Supplementary Table 9.
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Supplementary Figure 9: 96h cellular survival assay of talazoparib in the cell-panel

Different cancer cell lines were treated with talazoparib. Cells were cultured for 96h and
stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated
with vehicle (DMSO) and an “all dead control”. Inhibitor vs. response curves were fitted
using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.

Number of replicates is indicated in Supplementary Table 9.
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Supplementary Figure 10: 96h cellular survival assay of inactive ALC1i in the cell-panel
Different cancer cell lines were treated with inactive ALC1i (EIS-5 and EIS-6). Cells were
cultured for 96h and stained with SRB to analyze cell survival [%]. Survival was
normalized to cells treated with vehicle (DMSO) and an “all dead control”. Inhibitor vs.
response curves were fitted using GraphPad Prism non-linear regression. Error bars

indicate SEM of all replicates. Number of replicates is indicated in Supplementary Table
9.
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7.1.3. 11days cell survival assay
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Supplementary Figure 11: 11-day cellular survival assay of EIS-1 in the cell-panel

Different cancer cell lines were treated with EIS-1. Cells were cultured for 11 days and
stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated
with vehicle (DMSO) and an “all dead control”. Inhibitor vs. response curves were fitted
using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.

Number of replicates is indicated in Supplementary Table 10.
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Supplementary Figure 12: 11-day cellular survival assay of EIS-3 in the cell-panel

Different cancer cell lines were treated with EIS-3. Cells were cultured for 11 days and
stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated
with vehicle (DMSQ) and an “all dead control”. Inhibitor vs. response curves were fitted
using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.

Number of replicates is indicated in Supplementary Table 10.
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Supplementary Figure 13: 11-day cellular survival assay of EIS-2 in the cell-panel

Different cancer cell lines were treated with EIS-2. Cells were cultured for 11 days and
stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated
with vehicle (DMSQO) and an “all dead control”. Inhibitor vs. response curves were fitted
using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.

Number of replicates is indicated in Supplementary Table 10.
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Supplementary Figure 14: 11-day cellular survival assay of EIS-4 in the cell-panel

Different cancer cell lines were treated with EIS-4. Cells were cultured for 11 days and
stained with SRB to analyze cell survival [%]. Survival was normalized to cells treated
with vehicle (DMSO) and an “all dead control”. Inhibitor vs. response curves were fitted
using GraphPad Prism non-linear regression. Error bars indicate SEM of all replicates.

Number of replicates is indicated in Supplementary Table 10.
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7.1.4. yH2AX and cleaved PARP1 Western Blot
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Supplementary Figure 15: yH2AX and PARP1 protein expression in PSN-1 cells under
EIS-1 treatment

PSN-1 cells were treated with increasing concentrations of EIS-1 or DMSO for 48 h. For
Immunodetection, the following antibodies were used. 1 °AB: Anti-PARP1 (Santa Cruz,
8007), Anti- yH2AX (Abcam, AB11174), Anti-alpha tubulin (sigma, T9026); 2 °AB (Licor):
IRDye 800CW Goat anti-Rabbit 925-32211, IRDye 680RD Donkey anti-Mouse 925-
68072. The protein quantity was assessed by analyzing the bands using FIJI (Image J).
The protein amounts were normalized to a-tubulin. A) Bar graphs represent yH2AX
levels in different treatment groups, normalized to the DMSO control. B) Bar graphs
represent PARP1 and cleaved PARP1 levels in different treatment groups, normalized
to the DMSO control. Error bars indicate the SEM of biological replicates n (indicated in
grey). A Welch’s-test was used for statistical analysis. C) Control experiment showing

PSN-1 cells treated with EIS-1 vs. talazoparib.
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7.1.5. yH2AX FACS
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Supplementary Figure 16: yH2AX expression under EIS-1 treatment, FACS analysis
(replicate 2) (modified from Dr. Markus Lechner, Eisbach Bio GmbH)

SUM149PT and MDA-MB-231 cells were treated with a titration of EIS-1 (green, orange,
red, blue), SN-38 (red) or DMSO (black) for 120 h. Cells were fixed with formaldehyde,
permeabilized with methanol and stained with a live/dead stain (Thermo Fischer) and
yH2AX primary antibody (Abcam). A 488 nm secondary AB was used (Invitrogen).
Levels of yH2AX were quantified using FlowJow 10.9.0. The data represents the second

biological replicate.
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7.1.6. Annexin V staining
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Supplementary Figure 17: Annexin V staining of MDA-MB-231 and SUM149PT cells
(modified from Dr. Markus Lechner, Eisbach Bio GmbH)
MDA-MB-231 (A) and SUM149PT (B) cells were treated with EIS-1, SN-38 or vehicle
(DMSO) for 48 h. Cells were stained with Annexin V. A, B) The dot plot diagrams
represent the different levels of Annexin V (x-Axis) vs. DAPI (y-Axis). Dead cells are
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represented in the upper left square (Q1). Healthy cells are represented in the lower left
square (Q4). Cells undergoing apoptosis are represented in the lower right square (DAPI
negative, Annexin V positive) (Q3). Annexin V and DAPI positive cells represent cells in
late apoptosis in the upper right square (Q2). C) Total levels of Annexin V positive cells
were quantified using FlowJow 10.9.0. and plotted as a bar graph diagram using

GraphPad Prism. Data represents one biological replicate.

7.1.7. yH2AX and RAD51 foci formation
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Supplementary Figure 18: yH2AX and RAD51 foci formation under EIS-1 treatment in
PSN-1 cells

PSN-1 cells were treated with EIS-1 for 24 h, fixed and stained with primary antibodies
anti-yH2AX (Novus) (left) and anti-RAD51 (Sigma) (middle), secondary antibodies Goat
anti-Rabbit 1IgG Alexa Fluor™ 488 (Invitrogen) and sheep IgG anti-mouse IgG-Cy3

(Dianova), and counterstained with DAPI (right). Z-images were stacked using Fiji

(ImageJd).
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Supplementary Figure 19: Images of yH2AX and RAD51 foci formation in SUM149PT
cells under EIS-1 treatment

yH2AX and RAD51 foci formation in HR-deficient SUM149PT cells under ALCHi
treatment. Representative images of nuclear foci formation by immunofluorescence
following 24 h treatment with different concentrations of EIS-1. Single color channel
images (YH2AX on the left, RAD51 in the middle, DAPI on the right) and a merge of all

the channels in color are shown. Z-images were stacked using Fiji (ImageJ).
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Supplementary Figure 20: Images of yH2AX and RAD51 foci formation in MDA-MB-231
cells under EIS-1 treatment

Cells were treated with EIS-1 for 24 h, fixed and stained with primary antibodies anti-
yH2AX (Novus) and anti-RAD51 (Sigma), secondary antibodies Goat anti-Rabbit IgG
Alexa Fluor™ 488 (Invitrogen) and sheep IgG anti-mouse IgG-Cy3 (Dianova), and
counterstained with DAPI. Z-images were stacked using Fiji (ImageJ). Representative
IF-images of individual channels (YH2AX : left, RAD51: middle-left, DAPI: middle-right

and merged channels: right) are shown.
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7.1.8. LCI recruitment assay
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Supplementary Figure 21: Diverse effects of ALC1i and PARPI on recruitment dynamics
of PARP1-GFP

U-2 OS cells were transiently transfected with PARP1-GFP. DNA damage was induced
in the nucleus using a 355 nm laser with a reduced laser power of 5 %. Cells were treated
with ALC1i or PARPI for 1h. PARP1-GFP recruitment to the DNA lesion was observed
over time. Images of cells at t0 (before the damage; 0 s), t1 (right after the damage; 10
s), 2 (30 s)and t3 (end of the assay; 495 s) are shown in A. For visualization of diverse
signal intensities, raw signal as area under the curve (AUC) is shown in B. Signal
intensity relative to the maximum signal is shown in C. Curves were fitted using
GraphPad Prism. The data includes one biological replicate. Error bars indicate the SEM

of 4-11 nuclei per condition.
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Supplementary Figure 22: Dose-response of EIS-1 in PARP2-GFP retention

U-2 OS cells were transiently transfected with PARP2-GFP. DNA damage was induced
in the nucleus using a 355 nm laser with a laser power of 10 %. Cells were treated with
different concentrations of EIS-1 for 1h. Protein retention at the DNA lesion was observed
over time. Images of cells at t0 (before the damage; 0 min), t1 (right after the damage;
0.5 min) and t2 (end of the assay; 35.33 min) are shown in A. Signal intensity relative to
the maximum signal is shown in B. Curves were fitted using GraphPad Prism. The data

includes 1-3 biological replicate. Error bars indicate the SEM of 6-39 nuclei per condition.
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Supplementary Figure 23: PARP3-GFP dynamics at DNA damage sites
U-2 OS cells were transiently transfected with PARP3-GFP. DNA damage was induced
in the nucleus using a 355 nm laser with a laser power of 10 %. Representative images

show PARP3-GFP protein retention at the DNA lesion was observed over time.
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Supplementary Figure 24: Effects of EIS-1 on retention dynamics of EGFP-ALCA1

U-2 OS cells were transiently transfected with EGFP-ALC1. DNA damage was induced
in the nucleus using a 355 nm laser with a laser power of 10 %. Cells were treated with
a titration of EIS-1 for 1Th. EGFP-ALC1 retention at the DNA lesion was observed over
time. Images of cells at t0 (before the damage; 0 min), t1 (right after the damage; 0.5
min) and t2 (end of the assay; 35.33 min) are shown in A. For visualization of diverse
signal intensities, raw signal by area under the curve (AUC) is shown in B. Signal
intensity relative to the maximum signal is shown in C. Curves were fitted using
GraphPad Prism. The data includes one biological replicate. Error bars indicate the SEM

of 9-14 nuclei per condition.
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Supplementary Figure 25: Effects of EIS-1 and talazoparib on retention dynamics of
XRCC1-YFP

U-2 OS cells were transiently transfected with XRCC1-YFP. DNA damage was induced
in the nucleus using a 355 nm laser with a laser power of 10 %. Cells were treated with
different concentrations of EIS-1 or talazoparib for 1Th. XRCC1-YFP retention at the DNA
lesion was observed over time. Images of cells at tO (before the damage; 0 min), t1 (right
after the damage; 0.5 min) and t2 (end of the assay; 35.33 min) are shown in A. For
visualization of diverse signal intensities, raw signal as area under the curve (AUC) is
shown in B. Signal intensity relative to the maximum signal is shown in C. Curves were
fitted using GraphPad Prism. The data includes 1-2 biological replicates. Error bars

indicate the SEM of 7-17 nuclei per condition.
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7.1.9. Resistant cells
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Supplementary Figure 26: Survival of talazoparib-resistant monoclonal cell lines
Talazoparib-resistant DU-145 (A) and PSN-1 (B) monoclonal cell lines (grey) were
tested versus their parental cell line (blue) in the 96h SRB-survival readout. Cells were
treated with talazoparib, EIS-1 or SN-38. Inhibitor vs. response curves were
fitted using GraphPad Prism. Error bars indicate SEM of 2 technical replicates. Due to
solubility limits of the compounds, the highest assay concentration reached for EIS-1
was 50 yM and talazoparib, 5 pM. EC50 values above the solubility limit were marked
with the value of the highest dose possible. IC50 values, SEM, EC50 and number

of replicates are indicated in Supplementary Table 23, Supplementary Table 24.

7.1.10. Correlation ALC1 protein with ALC1i sensitivity
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Supplementary Figure 27: Correlation between ALC1 protein expression and EIS-1
sensitivity. A Pearson correlation analysis was performed to evaluate the relationship
between baseline ALC1 protein levels, quantified from the Western blot analysis shown
in Figure 24A, and drug sensitivity expressed as log: o-transformed EIS-1 ECs. values
(uM). The analysis revealed a statistically significant strong inverse correlation (r =
-0.6721, R*? = 0.4518, P = 0.0119), demonstrating that higher ALC1 expression
significantly correlates with increased sensitivity (lower ECs.) to the compound. In the
scatter plot, the solid black line represents the simple linear regression best-fit, while the

shaded region indicates the 95% confidence intervals. 183
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7.2,

Supplementary Tables

Supplementary Table 1: List of ALC1i

ALC1i
EIS-1
ElS-2
EIS-3
EIS-4
EIS-5
EIS-6

Chemical Compound Cluster

Cluster A

Cluster A

Cluster B

Cluster C

Cluster A

Cluster C

Supplementary Table 2: References to Table 1 (Mechanisms and rationale for drug combinations

with ALC1i)

Drug
PARPI
TOP1i

TOP2i

ATMi

ATRi

BRDi

Alkylating
Agent

Taxane

VEGFR,
FGFRi

Wee1i
Thymidylate

Synthase
Inhibitor

References (Effect on DDR)

(Juhasz et al., 2020; Kanev et al.,
2023)

(J. Liu et al., 2019; Pommier et al.,
2014; Tubbs & Nussenzweig, 2017)
(for Biotechnology Information,
2023a; Nitiss, 2009)

(Mimitou & Symington, 2009; H.
Tang & Poon, 2011; You et al.,
2009)

(Bradbury et al., 2022; H.-J. Kim et
al., 2016)

(Pérez-Salvia & Esteller, 2016)

(Teus et al., 2009)

(Alexandre et al., 2007; Jordan &
Wilson, 1998; Re & Af, 1993; Schiff
& Horwitz, 1980)

(Ferrarelli, 2019)

(Di Rora et al., 2020)

(Curtin et al., 1991; Peters et al.,
2000; Wyatt & Wilson, 2008)

References (Impact on
Cell Cycle)
(Jelinic & Levine, 2014;
Kruglov et al., 2020)

(Maurya et al., 2011)

(for Biotechnology
Information, 2023a)
(Barnum & O’Connell,
2014; Faulhaber et al.,
2021; O’Connor, 2015; H.
Tang & Poon, 2011)
(Barnum & O’Connell,
2014; Bradbury et al.,
2022; Faulhaber et al.,
2021; O’Connor, 2015)

n.d.

(Nakayama et al., 2020;
Tomasz, 1995)

(Jordan et al., 1993; Schiff
& Horwitz, 1980)
(Nakahara et al., 2022)

(Barnum & O’Connell,
2014; Di Rora et al., 2020;
O’Connor, 2015)

(Shah & Schwartz, 2001)

References (Additional
Information)
(Blessing et al., 2020; Juhasz
et al., 2020)

(Murai, Zhang, et al., 2014)

(Bowman et al., 2001; Murai,
Zhang, et al., 2014)

(Loser et al., 2010; Mak et
al., 2020; Williamson et al.,
2010)

(Barnieh et al., 2021; Hewitt
et al., 2021; Ooka et al.,
2018)

(H.-Y. Peng et al., 2021)

(Nakayama et al., 2020; Teus
et al., 2009)

(Alexandre et al., 2007)

(Ivy et al., 2016; Lai et al.,
2020)

(for Biotechnology
Information, 2023b)

(Gottifredi & Prives, 2005;
Kastan & Bartek, 2004)
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Supplementary Table 3: HR-related genes (K. B. Kim et al., 2021; G. Peng et al., 2014; Toh &
Ngeow, 2021; Yamamoto & Hirasawa, 2021)

53BP1 CDKN2B FGF23 KDM5C PARP2 RMI2 TP53I3
AADAT CDKN2C FGF3 KDMG6A PARP3 RMI2 b TP63
ADM CEBPA FGF4 KDR PARP4 RNF43 TRAF2
AHSA1 CENPA FGF5 KEAP1 PARPBP ROS1 TRAF7
ALDH3B1 CENPE FGF6 KEL PAX5 RPA1 TRAPPC13
ALDH6A1 CENPJ FGF9 KIT PAXX RPA1b TSC1
ALG8 CHAF1A FGFR1 KLF4 PBRM1 RPA2 TSC2
ANLN CHEK1 FGFR2 KLHL6 PCNA RPA3 TSHR
ARID1a CHEK2 FGFR3 KMT2A PD-1 RPA4 TTK
ARID1b CIC FGFR4 KMT2B PD-L2 RPS6KA4 TYRO3
ARSD COL2A1 FH KMT2C PDGFB RPS6KB1 U2AF1
ASF1B COP1 FLCN KMT2D PDGFRA RPS6KB2 VEGFA
ASPM CREBBP FLT1 KNSTRN PDGFRB RPTOR VHL
ATM CRKL FLT3 KRAS PDK1 RSPO1 VTCN1
ATP10B CRLF2 FLT4 LATS1 PER1 RSPO2 WRN
ATR CSF1R FOXA1 LATS2 PGD RUNX1 WT1
ATRIP b CSF3R FOXL2 LCK PGR RUNX1T1 XIAP
ATRX CTCF FOXO1 LIG4 PHF6 RYBP XPO1
AURKB CTLA4 FOXP1 LMO1 PHOX2B SDC4 XRCC2
BAP1 CTNNA1 FRS2 LRP1B PIK3C2B SDHA XRCC3
BARD1 CTNNBH1 FTO LYN PIK3C2G SDHAF2 XRCC4
BBOX1 CUL3 FUBP1 MAD2L2 PIK3C3 SDHB XRCC5
BIRC2 CUL4A FYN MAGOH PIK3CA SDHC XRCC6
BIRC3 CuL4B GABRAG MALT1 PIK3CB SDHD YAP1
BLM CUX1 GADD45A MAP2K1 PIK3CD SESN1 YES1
BMPR1A CXCR4 GATA1 MAP2K2 PIK3CG SETBP1 ZFHX3
BRAF CYLD GATA2 MAP2K4 PIK3R1 SETD2 ZNF217
BRCA1 CYP2C19 GATA3 MAP2K7 PIK3R2 SF3B1 ZNF703
BRCA1 (FANCS) DAXX GATA4 MAP3K1 PIK3R3 SGK1 ZRSR2
BRCA2 DCLRE1C GATA6 MAP3K13 PIM1 SH2B3
BRCA2 (FANCD1) DCUN1D1 GEN1 MAP3K14 PLCG1 SH2D1A
BRD4 DDB1 GID4 MAP3K4 PLCG2 SHLD1
BRI3BP DDR1 GLI1 MAPK1 PLK2 SHLD2
BRIP1 DDR2 GNA11 MAPK3 PMAIP1 SHPRH
BRIP1 (FANCJ) DDX3X GNA13 MAPK8 PML SHQ1
BRIP1 b DICER1 GNAQ MAX PMS1 SLC34A2
BTG1 DIS3 GNAS MCLA1 PMS2 SLIT2
BTG2 DLL3 GPS2 MDCA1 PNKP SLX4
BTK DMC1b GRIN2A MDM2 PNRC1 SMAD2
BUB1 DNA2 GRM3 MDM4 POLA1 SMAD3
C100rf119 DNAJB1 GSK3B MED12 POLD1 SMAD4
C100rf73 DNMT1 H1-2 MEF2B POLE SMARCA2
C11orf82 DNMT3A H2AX MEN1 POLQ SMARCA4
C13orf3 DNMT3B H2BC5 MERTK PPARG SMARCAD1
C140rf145 DOT1L H3-3A MET PPM1D SMARCB1
C150rf42 E2F3 H3-3B MGA PPP1R3A SMARCD1
C160rf59 EED H3-4 MGMT PPP2R1A SMC1A
C160rf68 EGFL7 H3-5 MITF PPP2R2A SMC3
C170rf41 EGFR H3C1 MLH1 PPP4R4 SMC5
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Clorfl12
Clorf54
C1QTNF6
C200rf19
C200rf82
Cdorf34
C50rf38
C6orf48
CALR
CARD11
CASP8
CBFB
CBL
CBLB
CCDC138
CCDC92
CCN6
CCNA2
CCNB1
CCNB1IP1
CCND1
CCND2
CCND3
CCNET1
CD274 (PD-L1)
CD276
CD68
CD74
CD79A
CD79B
CD8A
CDC20
cbc27
cDC6
cbc7
CcDC73
CDCA2
CDCA3
CDCA5
CDCA7
CDCA8
CDH1
CDK12
CDK2
CDK4
CDK6
CDK8
CDKN1A
CDKN1B
CDKN1C
CDKN2A

EIF1AX
EIF4A2
EIF4E
ELF3
ELOC
EML4
EMSY
ENO1
EP300
EPCAM
EPHA2
EPHA3
EPHAS5
EPHA7
EPHB1
ERBB2
ERBB3
ERBB4
ERCC1
ERCC2
ERCC3
ERCC4
ERCC5
ERCC6
ERG
ERRFI1
ESR1
ETV1
ETV4
ETV5
ETV6
EWSR1
EXO1
EZH2
EZR
FADD
FANCA
FANCC
FANCD2
FANCE
FANCF
FANCG
FANCI
FANCL
FANCM
FAS
FAT1
FBXW7
FGF10
FGF14
FGF19

H3C10
H3C11
H3C12
H3C13
H3C2
H3C3
H3C4
H3C6
H3C7
H3C8
HDAC2
HDAC9
HELQ
HERC2
HFM1
HGF
HLA-A
HNF1A
HOXB13
HRAS
HSD3B1
HSP90AA1
HSP90AB1
ICOSLG
ID3
IDH1
IDH2
IFNGR1
IGF1
IGF1R
IGF2
IKBKE
IKZF1
IL10
IL7R
INHA
INHBA
INO80
INPP4A
INPP4B
INSR
IRF2
IRF4
IRS1
IRS2
JAK1
JAK2
JAK3
JUN
KAT6A
KDM5A

MLH3
MPL
MRE11
MRE11A
MSH2
MSH3
MSH6
MST1
MST1R
MTAP
MTOR
MUTYH
MXD4
MYB
MYC
MYCL
MYCN
MYD88
MYOD1
NBN
NBN
NCOA3
NCOR1
NEGR1
NF1
NF2
NFE2L2
NFKBIA
NHEJ1
NKX2-1
NKX3-1
NOTCH1
NOTCH2
NOTCH3
NOTCH4
NPM1
NRAS
NSD1
NSD3
NT5C2
NTRK1
NTRK2
NTRK3
NUP93
NUTM1
PAK1
PAK3
PAKS
PALB2
PALB2
PARP1

PPP6C
PRC1
PRDM1
PREX2
PRG4
PRKAR1A
PRKCI
PRKDC
PRKN
PTCHA1
PTEN
PTK2
PTPN11
PTPRB
PTPRD
PTPRS
PTPRT
QKI
RAB35
RAC1
RAD21
RAD50
RAD51
RAD51AP1
RAD51B
RAD51C
RAD51D
RAD52
RAD54L
RAF1
RARA
RASA1
RB1
RBM10
RECQL4
REL
RET
REV3L
RFC1
RFC2
RFC3
RFC4
RFC5
RHEB
RHOA
RICTOR
RIF1
RIF1 b
RIT1
RMI1
RMI1 b

SMC6
SMO
SNCAIP
SOCS1
SOS1
SOX10
SOX17
SOX2
SOX9
SPEN
SPOP
SRC
SRSF2
SSBP1
STAG2
STAT3
STAT4
STAT5A
STATS5B
STK11
STK19
STK40
SUFU
Suz12
SYK
TBC1D4
TBX3
TCF3
TCF7L2
TEK
TENT5C
TERC
TERT
TET1
TET2
TFE3
TGFB1
TGFBR1
TGFBR2
TMEM127
TMPRSS2
TNF
TNFAIP3
TNFRSF14
TOP1
TOP2A
TOP3A
TOP3A b
TOPBP1
TP53
TP53BP1
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Supplementary Table 4: Deleterious mutations in Eisbach cell-panel (DepMap: The Cancer

Dependency Map Project at Broad Institute)

HCT 116
ATRX
CDH1
CDKN2A
CTNNB1
EP300
EPHAS5
FANCA
FLT3
FLT4
GATA2
HDAC9
HNF1A
KDM5A
KMT2B
KMT2C
LATS1
MDM4
MET
MSH3
NCOR1
NOTCH1
PIK3CD
PIK3R3
POLD1
PPM1D
PPP4R4
PREX2
PTPRS
PTPRT
SHPRH
SMC3
TFE3
ZRSR2

22rv1
BARD1
CUX1
DCLRE1C
EP300
FANCE
FOXP1
GPS2
IL7R
JAK1
MEN1
MSH3
NKX3-1
PIK3CG
SPEN
TP53
TP53BP1
XRCC2
ZFHX3

DU-145
BRD4
CIC
CREBBP
FANC
FAT1
FLT1
FOXA1
KMT2C
NF2
PIK3C2B
STK11
Suz12

DLD-1
BRCA2
CTLA4
DCLRE1C
ERCC4
ETV4
HDAC2
MSH6
NT5C2
PLCG2
RNF43
SHPRH

BXPC-3
BRAF

FCGBP
FCGBP

Capan-1
BRCA2
PTK2

SUM149PT
BRCA1

SW-620
PRKDC

PC-3
TP53
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Supplementary Table 5: Cell-panel

Cell Line

MDA-MB-231

MDA-MB-436

SUM149PT

U-2 0S

BxPC-3

DLD-1

DLD-1 BRCA2

Capan-1

HCC 1937

Huh-7

HCT 116

SW-620

PC-3

22Rv1

PSN-1

Hep G2

DU-145

SK-BR-3

Ovcar-4

From (Company + ID)

ATCC (HTB-26)

ATCC (HTB-130)

1)Dr. John Martens/ Erasmus
University Medical Center, NL
2) BIOIVT - Elevating Science
from Prof. Dr. Andreas Ladurner,
Department of Physiological
chemistry, LMU

ATCC (CRL-1687)
Horizon (HD PAR-008 )
Horizon (HD 105-007)
ATCC (HTB-79)

ATCC (CRL-2336)

from Prof. Dr. Oliver T. Keppler
lab, LMU

Sigma Aldrich (91091005)

Sigma Aldrich (87051203)

Sigma Aldrich (90112714)

Sigma Aldrich (5092802)

Xin Zhang (Eisbach Bio, UK-
Essen, Jens Sieveke lab)

Sigma Aldrich (85011430)

ATCC (HTB-81)

from Prof. Dr. Elfride N6Rner
Lab, Helmholtz center Munich
Merck (SCC258) from Prof. Dr.
Peter Murray (immunoregulation

group IMP)

Cell Culture
Media

DMEM

DMEM

Ham’s F12

DMEM

RPMI-1640

RPMI-1640

RPMI-1640

RPMI-1640

RPMI-1640

DMEM

McCoy’s 5A

DMEM

DMEM

RPMI-1640
(w/o phenol
red)

RPMI

DMEM

MEM

DMEM

DMEM

Supplement/Additives (end
conc.):
10 % FBS, L-Glutamine 2
mM (for Sigma)

10 % FBS, 10 pyg/mL Insulin,
L-Glutamine 2 mM (for
Sigma)

5 % FBS, 5 yg/mL Insulin, 1
pg/mL Hydrocortisone, 10
mM HEPES

10 % FBS, L-Glutamine 2
mM

10% FBS
10% FBS
10% FBS
20% FBS

10% FBS

10 % FBS, L-Glutamine 2
mM

10% FBS

10 % FBS, L-Glutamine 2
mM

10 % FBS, L-Glutamine 2
mM

10 % FBS

10 % FBS

10 % FBS, L-Glutamine 2
mM
10 % FBS, 1 mM sodium
pyruvate
10 % FBS, L-Glutamine 2
mM

10 % FBS, L-Glutamine 2
mM

Ratio

1to4

1to4

1to5

1to10

1to4

1to10

1to5

1to3

1to2

1to20

1t020

1to10

1to4

1to4

1to16

1to10

1t010

1to4

1to4

Splitting
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Supplementary Table 6: Chemotherapeutics and FDA and investigational drugs

Compound
Mitomycin C
AZ32
AZD-0156
AZD1390
Ceralasertib
Elimusertib
BAY-299
Lenvatinib
AZD5305

niraparib

olaparib

pamiparib

rucaparib

talazoparib

veliparib
Paclitaxel
SN38
Topotecan

Teniposide

5-Fluorouracil

Adavosertib

Type of Inhibitor
alkylating agent
ATMi
ATMi
ATMi
ATRI
ATRI
BRDi
FGFRi
PARPI

PARPI

PARPI

PARPI

PARPI

PARPI

PARPI
taxane
TOP1i
TOP1i

TOP2i
thymidylate synthase (TS)
inhibitor

Weeli

Supplier
Selleckchem
Hycultec/MedChem Express
Hycultec/MedChem Express
Hycultec/MedChem Express
Hycultec/MedChem Express
Hycultec/MedChem Express
Hycultec/MedChem Express
Hycultec/MedChem Express
Hycultec/MedChem Express

Hycultec/MedChem Express

Hycultec/MedChem Express

Hycultec/MedChem Express

Hycultec/MedChem Express

Hycultec/MedChem Express

Hycultec/MedChem Express
Hycultec/MedChem Express
Hycultec/MedChem Express
Hycultec/MedChem Express

Hycultec/MedChem Express

Hycultec/MedChem Express

Hycultec/MedChem Express

ID

50-07-7

HY-112305

HY-100016

HY-109566

HY-19323

HY-101566

HY-107424

HY-10981

HY-132167

HY-10619

HY-10162

HY-104044

HY-10617A

HY-16106

HY-10129

HY-B0015

HY-13704

HY-13768

HY-13761

HY-90006

HY-10993

Information

Solubility limit
in cell-assay
50 uM

Solubility limit
in cell-assay
5-10 uM
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Supplementary Table 7: Antibodies

Antibodies (primary) Supplier Catalog Number Source Dilution
Department of
ALCA1 Physiological - rabbit WB: 1102000
Chemistry, LMU

Monoclonal anti-a-tubulin antibody

Sigma T9026 mouse WB: 1to50000
produced in mouse clone DM1A
WB: 1t02500,
Anti-gH2AX (rabbit) Abcam ab11174 rabbit
FACS: 1t0500
PARP1(and cleavedPARP1) SantaCruz Sc8007 mouse WB: 1t0500
IF: 1t0200; WB:
RAD51 Sigma PC130 rabbit
1t02500
yH2AX Novus NB100-74435 mouse IF: 1t0500
Antibodies (secondary) Vendor Catalog Number Source Dilution
IRDye 800CW goat anti-rabbit . . )
Li-Cor 925-32211 goat anti-rabbit WB: 1t015000
925-32211
IRDye 680RD donkey anti-mouse donkey anti-
Li-Cor 925-68072 WB: 1015000
925-68072 mouse
Goat anti-Rabbit IgG (H+L) Alexa IF: 1t01500;
Invitrogen a11034 goat anti-rabbit
Fluor™ 488 FACS: 1to3000
sheep IgG anti-mouse IgG (H+L)- ) sheep anti-
Dianova 515-165-062 IF: 1t0500
Cy3, MinX Hu, Bo, Ho mouse

Supplementary Table 8: Plasmids used for LCl-assay

Insert Plasmid Name Reference
EGFP-ALC1 pEGFP-C1_hsCHD1L(hs1-989) Sellou et al. 2016
PARP1-GFP pEGFP-N1_hsPARP1(hs1-1014)-GSGSGS-EGFP Eisbach Bio GmbH
PARP2-GFP pEGFP-N1_hsPARP2(hs1-583)-GSGSGS-EGFP Eisbach Bio GmbH
PARP3-GFP pEGFP-N1_hsPARP3(hs1-533)-GSGSGS-EGFP Eisbach Bio GmbH
XRCC1-YFP PEYFP-N1_hsXRCCY(hs1-633(Q399R))-EYFP Blessing et al. 2020
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Supplementary Table 9: IC50 values, SEM, and estimated EC50 values of the 96h survival assay

Compound Cell Line cs0 SEM Technical Blological EC50 [uM]
(Prism) Replicates Replicates

EIS-4 22rv1 53.019 32.811 2 3 25.000
EIS-4 BXPC-3 26.089 4.676 2 5 30.000
EIS-4 Capan-1 25.874 6.507 2 2 >50

EIS-4 DLD-1 23.906 2.826 2 2 22.000
EIS-4 DLD-1 BRCA2 -/- 27.701 5.314 2 2 22.000
EIS-4 DU-145 39.545 15.993 2 2 34.000
EIS-4 HCC1937 33.375 18.003 2 4 24.000
EIS-4 HCT 116 31.165 2.758 2 2 25.000
EIS-4 Hep G2 25.045 6.962 2 2 25.000
EIS-4 MDA-MB-231 33.602 17.382 2 4 >50

EIS-4 MDA-MB-436 27.529 2.841 2 4 33.000
EIS-4 PC-3 41.648 16.678 2 4 35.000
EIS-4 PSN-1 20.296 1.862 2 2 22.000
EIS-4 SUM149PT 14.942 0.888 2 3 13.500
EIS-4 SW-620 66.001 637.093 2 2 >50

EIS-4 U-2 0S 26.381 10.801 2 2 30.000
EIS-5 MDA-MB-231 22.806 3.571 2 1 >50

EIS-5 SUM149PT 131.820 2 1 >50

EIS-3 22RV1 9.139 2.470 2 3 7.500
EIS-3 BXPC-3 6.125 0.439 2 3 6.125
EIS-3 Capan-1 40.333 59.564 2 1 38.000
EIS-3 DLD-1 15.698 8.990 2 3 10.000
EIS-3 DLD-1 BRCA2 -/- 27.606 41.724 2 3 11.000
EIS-3 DU-145 11.379 1.266 2 6 11.000
EIS-3 HCC1937 49.415 75.419 2 2 26.000
EIS-3 HCT 116 6.712 0.304 2 3 7.000
EIS-3 Hep G2 26.227 2410.511 2 1 26.227
EIS-3 MDA-MB-231 29.295 6.327 2 6 38.000
EIS-3 MDA-MB-436 7.231 0.307 2 3 7.231

EIS-3 Ovcar-4 19.696 2.386 2 2 24.000
EIS-3 PC-3 12.736 2.994 2 3 14.000
EIS-3 PSN-1 7.706 0.354 2 7 7.706
EIS-3 SK-BR-3 29.263 19550.508 2 1 >50

EIS-3 SUM149PT 1.960 0.120 2 8 2.000
EIS-1 22Rv1 2.538 1.283 2 5 4.000
EIS-1 BXPC-3 12.770 3.484 2 3 24.000
EIS-1 Capan-1 7.876 0.943 2 2 9.000
EIS-1 DLD-1 7.501 0.575 2 3 7.501

EIS-1 DLD-1 BRCA2 -/- 4.363 0.328 2 3 4.363
EIS-1 DU-145 5.563 0.342 2 7 5.563
EIS-1 HCC1937 7.607 0.865 2 2 >50

EIS-1 HCT 116 1.966 0.108 2 5 1.966
EIS-1 Hep G2 2.545 0.406 2 3 3.000
EIS-1 HUH-7 15.775 1.556 2 1 18.000
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Compound

EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-6
EIS-6
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
talazoparib

talazoparib

Cell Line

MDA-MB-231
MDA-MB-436
Ovcar-4
PC-3
PSN-1
SK-BR-3
SUM149PT
SW-620
U-2 0S
MDA-MB-231
SUM149PT
22RV1
BXPC-3
Capan-1
DLD-1
DLD-1 BRCA2 -/-
DU-145
HCT 116
Hep G2
HUH-7
MDA-MB-231
Ovcar-4
PC-3
PSN-1
SK-BR-3
SUM149PT
U-2 0S
BXPC-3
Capan-1
DLD-1
DLD-1 BRCA2 -/-
DU-145
HCC1937
HCT 116
Hep G2
MDA-MB-231
MDA-MB-436
Ovcar-4
PC-3
PSN-1
SK-BR-3
SUM149PT
SW-620
U-20S
22RV1
BXPC-3

IC50
(Prism)
535.648

4.694
5.602
12.406
3.011
10.956
2.577
7.334
7.819
30.657
77.930
0.017
0.277
0.266
0.089
0.030
0.081
0.019
0.027
0.051
0.165
0.133

0.109

0.036

0.227

0.011

26.143
17.578
5.477
20.474
0.996
9.615
15.296
4.007
58.212

6.509

0.650

3.949

20.559
4.239
14.213

6.426

2.621
920.024

0.105

1.521

SEM

3352.609
1.900
1.731
2.874
0.216
2.011
0.647
8.520
2.000

6563.783

193.551
0.009
0.103
0.027
0.009
0.007
0.010
0.004
0.005
0.008
0.060
0.048
0.042
0.004
0.010
0.008

500.764
4.645
1.142
4.612
0.841
1.281
7.967
0.682

351.846
4.137
0.824
0.803
11.428
0.295
3.718
0.582
0.470

173261.197
0.076
1.276

Technical
Replicates
2

N N N N N N N DN DN D DN DN DD D NN D DN DNDDNDDNDNDNDDNDNDDNDDNDDNDNDDNDDNDDNDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDND

Biological
Replicates
9

2
2
8
9

= A OO N N 2 - N N 0 =

- N O

A A AN AN A A

N =2 NN

EC50 [uM]

33.000
4.694
>50
50.000
3.011
20.000
4.000
7.334
13.000
>50
40.000
0.017
0.300
0.300
0.095
0.030
0.080
0.019
0.048
0.070
0.200
1.000
0.150
0.036
0.300
0.014
0.360
>50
9.000
>50
1.500
8.000
>50
5.000
30.000
16.000
0.600
50.000
50.000
4.400
30.000
14.000
4.000
50.000
0.600
>10
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Compound

talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib

talazoparib

Cell Line

Hep G2
MDA-MB-231
PC-3
SUM149PT
DLD-1

DLD-1 BRCA2 -/-

DU-145
HCT 116
MDA-MB-436
Ovcar-4
PSN-1
SK-BR-3
SW-620

IC50
(Prism)
0.508
n.d.
4.353
0.006
0.759
0.156
0.689
0.010
0.009
0.167
0.036
0.856
0.322

SEM

0.261
0.000
16.637
0.046
0.091
0.297
0.176
0.046
0.104
0.243
0.038
0.060
0.034

Technical
Replicates
2

N N N N N N N N DN N DNDDN

Biological
Replicates
1
1
1

A N A W N A

-

EC50 [uM]

3.400
>10
8.000
>10
0.625
0.060
0.360
0.020
0.020
2.500
0.034
1.200
0.078

Supplementary Table 10: IC50 values, SEM, and estimated EC50 values of the 11-day survival

assay

Compound

EIS-4
EIS-4
EIS-4
EIS-4
EIS-4
EIS-4
EIS-4
EIS-4
EIS-4
EIS-4
EIS-4
ElS-4
EIS-3
EIS-3
EIS-3
EIS-3
EIS-3
EIS-3
EIS-3
EIS-3
EIS-3
EIS-3
EIS-3
EIS-3
EIS-1
EIS-1

Cell Line

22rv1
BXPC-3
DLD-1
DLD-1 BRCA2 -/-
DU-145
Hep G2
HUH-7
MDA-MB-231
MDA-MB-436
PC-3
PSN-1
SUM149PT
22rv1
BXPC-3
DLD-1
DLD-1 BRCA2 -/-
DU-145
Hep G2
HUH-7
MDA-MB-231
MDA-MB-436
PC-3
PSN-1
SUM149PT
22rv1
BXPC-3

IC50 (Prism)

68.247
38.473
16.562
22.926
1.514
55.371
50.060
31.478
25.524
10.156
33.198
6.851
11.550
3.867
6.991
4.579
9.131
1.615
24.463
13.639
6.387
57.027
3.495
1.307
0.908
3.544

SEM

485.870
58.370
1.181
6.440
18840.476
1464.761
225.658
12.825
5.967
2.262
28.353
0.495
88.674
0.459
2.021
0.955
0.830
58661.570
1015777.885
1.851
0.273
225.939
0.157
0.082
0.190
23.389

Technical
Replicates
2

N N N N N DN N DN N DNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDMDNDDNDDNDDN

Biological
Replicates
1
1
1

EC50
[uM]
16.000
37.000
17.000
21.000
>50
>50
17.000
36.000
34.000
9.700
17.000
7.800
12.000
4.900
6.200
5.500
11.000
>50
>50
14.000
7.400
>50
3.700
1.400
1.000
1.800
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Compound

EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
EIS-2
olaparib
olaparib
olaparib
olaparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib

talazoparib

Cell Line

DLD-1
DLD-1 BRCA2 -/-
DU-145
HCT-116
Hep G2
HUH-7
MDA-MB-231
MDA-MB-436
PC-3
PSN-1
SUM149PT
DLD-1
DLD-1 BRCA2 -/-
DU-145
HCT-116
MDA-MB-231
SUM149PT
DU-145
MDA-MB-231
PSN-1
SUM149PT
DLD-1
DLD-1 BRCA2 -/-
DU-145
MDA-MB-231
PSN-1
SUM149PT

IC50 (Prism)

3.673
0.937
5.433
0.357
12.068
1.686
3.490
0.261
3.822
0.675
0.137
0.074
0.009
0.202
0.005
0.007
0.001
4.739
1.120
0.917
0.004
4156.213
0.003
0.046
0.003
0.002
0.000

SEM

0.350
0.298
3.765
0.207
0.655
0.257
0.985
0.058
0.693
0.072
0.020
0.002
0.006
0.104
0.001
0.001
0.000
0.337
0.700
0.137
0.009
16164730.938
0.002
0.021
0.001
0.018
0.004

Technical
Replicates
2

N N NN N DN N DN DNDDNDDNDDND B DNDDNDNDNDDNDDNDDNDDNDDNDMDNDDNDDNDDN

2

Biological
Replicates
2
2
3

EC50
[uM]
3.800
1.300
6.200
0.340
13.000
1.900
3.900
0.320
4.500
0.710
0.160
0.086
0.013
0.210
0.005
0.007
0.001
4.800
1.000
0.900
0.006
0.100
0.003
0.051
0.003
<0.008
<0.0004

Due to solubility limits of the compounds, the highest assay concentrations reached for ALC1i and olaparib were 50 uM

and 5-10 uM for talazoparib.
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Supplementary Table 11: IR-induced Foci formation, Raw Data (FociCounter)

Cell Line

BXPC-3
BXPC-3
DLD-1
DLD-1
DLD-1 BRCA2-/-
DLD-1 BRCA2-/-
DU-145
DU-145
HCT 116
HCT 116
MDA-MB-231
MDA-MB-231
MDA-MB-436
MDA-MB-436
PC-3
PC-3
PSN-1
PSN-1
SUM149PT
SUM149PT
BXPC3
BXPC3
DLD-1
DLD-1
DLD-1 BRCA2-/-
DLD-1 BRCA2-/-
DU-145
DU-145
HCT 116
HCT 116
MDA-MB-231
MDA-MB-231
MDA-MB-436
MDA-MB-436
PC-3
PC-3
PSN-1
PSN-1
SUM149PT
SUM149PT

Foci

YH2AX
YH2AX
yH2AX
YH2AX
YH2AX
YH2AX
YH2AX
YH2AX
YH2AX
YH2AX
YH2AX
YH2AX
YH2AX
yH2AX
YH2AX
YH2AX
YH2AX
YH2AX
YH2AX
yH2AX
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51
RAD51

Condition

2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy
2h 0Gy
2h 1Gy

Fraction <5

Foci
0.54
0.17
0.59
0.20
0.59
0.25
0.62
0.31
0.58
0.23
0.66
0.18
0.69
0.47
0.71
0.44
0.72
0.21
0.80
0.28
0.91
0.55
0.81
0.69
0.84
0.72
0.85
0.71
0.83
0.44
0.76
0.65
0.93
0.88
0.82
0.78
0.88
0.63
0.89
0.88

Fraction 25

Foci
0.46
0.83
0.41
0.80
0.41
0.75
0.38
0.69
0.42
0.77
0.34
0.82
0.31
0.53
0.29
0.56
0.28
0.79
0.20
0.72
0.09
0.45
0.19
0.31
0.16
0.28
0.15
0.29
0.17
0.56
0.24
0.35
0.07
0.12
0.18
0.22
0.12
0.37
0.1
0.12

SD Fraction

<5
1.39
0.45
0.21
0.13
0.21
0.03
0.06
0.34
0.01
0.23
0.11
0.06
0.63
0.23
0.11
0.35
0.21
0.07
0.12
0.11
2.61
1.23
0.18
0.26
0.17
0.22
0.06
0.31
0.12
0.20
0.16
0.18
0.53
0.33
0.08
0.44
0.23
0.21
0.11
0.10

25
1.27
1.97
0.19
0.11
0.11
0.14
0.07
0.09
0.16
0.02
0.15
0.01
0.23
0.09
0.11
0.13
0.11
0.05
0.12
0.09
0.03
0.95
0.09
0.05
0.18
0.10
0.05
0.07
0.04
0.09
0.17
0.14
0.03
0.04
0.02
0.08
0.06
0.19
0.05
0.05

SD Fraction
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Supplementary Table 12: yH2AX positive foci fractions after irradiation with 1 Gy

yH2AX-Foci

BXPC3

DLD-1

DLD-1 BRCA2 -/-
DU-145

HCT 116
MDA-MB-231
MDA-MB-436
PC-3

PSN-1
SUM149PT

Number of Replicates

A A D2 A DA DN DM DD P ®

Two-way ANOVA Test

(multiple comparison) p-Value
- 0.0012
N 0.0018
) 0.0106
' 0.011
ne 0.1285
- <0.0001
ne 0.1438
) 0.0123
- <0.0001
o <0.0001

Supplementary Table 13: RAD51 foci positive fractions after irradiation with 1Gy

RAD51-Foci

BXPC3

DLD-1

DLD-1 BRCA2 -/-

DU-145

HCT 116

MDA-MB-231

MDA-MB-436

PC-3

PSN-1

SUM149PT

Number of Replicates

Two-way ANOVA Test

(multiple comparison) p-Value
' 0.0126
" 0.0075
ns 0.4409
' 0.0296
- 0.0088
ne 0.402
ns 0.0723
ns 0.6071
) 0.0134
ns 0.9833
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Supplementary Table 14: Manually assessed yH2AX foci fractions of cell lines for all timepoints

Cell Line YH2AX Foci Condition Fractions of SD Blological
Nuclei (%) Replicates

DLD-1 BRCA2 -/- negative 0Gy,2h 16.6 21 3
DLD-1 BRCA2 -/- negative 0Gy,24h 13.9 4.8 3
DLD-1 BRCA2 -/- negative 1Gy,2h 2.2 24 3
DLD-1 BRCA2 -/- negative 1Gy,24h 5 45 3
DLD-1 BRCA2 -/- 1-10 0Gy,2h 49.9 9.2 3
DLD-1 BRCA2 -/- 1-10 0Gy,24h 59.9 9.4 3
DLD-1 BRCA2 -/- 1-10 1Gy,2h 29.7 21.8 3
DLD-1 BRCA2 -/- 1-10 1Gy,24h 52.9 22 3
DLD-1 BRCA2 -/- 11-20 0Gy,2h 24.6 4.4 3
DLD-1 BRCA2 -/- 11-20 0Gy,24h 17.7 6.2 3
DLD-1 BRCA2 -/- 11-20 1Gy,2h 33.7 8.5 3
DLD-1 BRCA2 -/- 11-20 1Gy,24h 32 1.1 3
DLD-1 BRCA2 -/- >20 0Gy,2h 11.9 8.8 3
DLD-1 BRCA2 -/- >20 0Gy,24h 8.5 71 3
DLD-1 BRCA2 -/- >20 1Gy,2h 344 20.2 3
DLD-1 BRCA2 -/- >20 1Gy,24h 10.1 3.6 3
MDA-MB-436 negative 0Gy,2h 27.4 17.4 3
MDA-MB-436 negative 0Gy,24h 39 16.2 3
MDA-MB-436 negative 1Gy,2h 12.5 10.7 3
MDA-MB-436 negative 1Gy,24h 26.8 12.8 3
MDA-MB-436 1-10 0Gy,2h 50.9 0.9 3
MDA-MB-436 1-10 0Gy,24h 46.7 13.1 3
MDA-MB-436 1-10 1Gy,2h 50.8 8.3 3
MDA-MB-436 1-10 1Gy,24h 62.6 16.8 3
MDA-MB-436 11-20 0Gy,2h 19.5 15.3 3
MDA-MB-436 11-20 0Gy,24h 9.1 1.4 3
MDA-MB-436 11-20 1Gy,2h 254 7.5 3
MDA-MB-436 11-20 1Gy,24h 6.4 6.1 3
MDA-MB-436 >20 0Gy,2h 2.2 1.9 3
MDA-MB-436 >20 0Gy,24h 5.1 45 3
MDA-MB-436 >20 1Gy,2h 11.3 10.2 3
MDA-MB-436 >20 1Gy,24h 4.2 1.6 3
SUM149PT negative 0Gy,2h 48.5 3.1 3
SUM149PT negative 0Gy,24h 36.8 10.1 3
SUM149PT negative 1Gy,2h 5.3 45 3
SUM149PT negative 1Gy,24h 26 4.5 3
SUM149PT 1-10 0Gy,2h 35.6 6.4 3
SUM149PT 1-10 0Gy,24h 40 10.7 3
SUM149PT 1-10 1Gy,2h 34.6 6.7 3
SUM149PT 1-10 1Gy,24h 56.5 8.9 3
SUM149PT 11-20 0Gy,2h 7.8 3.5 3
SUM149PT 11-20 0Gy,24h 15.8 4.9 3
SUM149PT 11-20 1Gy,2h 45.1 25 3
SUM149PT 11-20 1Gy,24h 9.6 3.9 3
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Cell Line

SUM149PT
SUM149PT
SUM149PT
SUM149PT
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
PC-3
DLD-1
DLD-1
DLD-1
DLD-1
DLD-1
DLD-1
DLD-1
DLD-1
DLD-1
DLD-1

YH2AX Foci

>20
>20
>20
>20
negative
negative
negative
negative
1-10
1-10
1-10
1-10
11-20
11-20
11-20
11-20
>20
>20
>20
>20
negative
negative
negative
negative
1-10
1-10
1-10
1-10
11-20
11-20
11-20
11-20
>20
>20
>20
>20
negative
negative
negative
negative
1-10
1-10
1-10
1-10
11-20
11-20

Condition

0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h

Fractions of
Nuclei (%)
6
8.5
15.4
4.6
22.4
19.8
12.5
29.1
48
52.9
29.7
40.4
15.4
17
374
211
14.6
10.5
20.5
10.5
20.3
18.9
2.7
15.9
54.4
46.3
35.5
57.8
14.9
24.4
36.2
12.5
9.8
10.3
25.6
13.7
33
43.9
0.9
35.5
39.8
37.2
51.7
345
141
14.8

6.7
7.9
0.6

19.4
141
9.9
22.3
5.5
5.7
13.2
9.7
5.4
121
6.5
11.6
14.6
7.6
12.8
7.2
9.8
12.8
3.1
6.6
121
13.7
12.5
3.2
4.5
22
7.3
43
2.6
13.3

3.1
11.5
13.8

1.6
13.6
12.7

14.3
8.9
7.6
9.8

Biological

Replicates

W W W W W W W WwWwwWwwwowowowowowowowowowowowowowowowowowowowowowowowowowowowowowwww ww
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Cell Line

DLD-1
DLD-1
DLD-1
DLD-1
DLD-1
DLD-1
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
BX-PC-3
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
MDA-MB-231
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1

YH2AX Foci

11-20
11-20
>20
>20
>20
>20
negative
negative
negative
negative
1-10
1-10
1-10
1-10
11-20
11-20
11-20
11-20
>20
>20
>20
>20
negative
negative
negative
negative
1-10
1-10
1-10
1-10
11-20
11-20
11-20
11-20
>20
>20
>20
>20
negative
negative
negative
negative
1-10
1-10
1-10
1-10

Condition

1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h
0Gy,2h
0Gy,24h
1Gy,2h
1Gy,24h

Fractions of
Nuclei (%)
33.1
22.3
13
4.2
14.3
7.8
17.5
235
21
13
59.8
55.9
39
60.8
14.7
16.1
28.4
16
8.1
45
27.2
9.8
24.3
18.7
0.7
17.9
39.8
56.3
39.5
56.7
23.3
15.2
42
15.2
12.7
9.8
17.7
10.8
35.2
36.1
3.7
18.1
38.3
42.7
39.5
53.5

13.1
13.3
19.5
4.2
2.5
9.4
3.5
141
3.6
1.6
13.2
28
21.6

5.5
10.1
7.8
2.9
7.9
4.3
13.6
8.7
9.8
4.3
1.2
6.5
2.9
4.7
11.9
6.4
1.6
1.2
15.8
3.2
6.3
8.2
5.3
4.8
6.4
17.2
3.1
15
5.2
3.8
15.9
8.8

Biological

Replicates

W W W W W W W WwWwwWwwwowowowowowowowowowowowowowowowowowowowowowowowowowowowowowwww ww
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Fractions of Biological
Cell Line YH2AX Foci Condition SD
Nuclei (%) Replicates
PSN-1 11-20 0Gy,2h 13.1 4.8 3
PSN-1 11-20 0Gy,24h 14.2 9.9 3
PSN-1 11-20 1Gy,2h 27.5 3.6 3
PSN-1 11-20 1Gy,24h 22.2 8.6 3
PSN-1 >20 0Gy,2h 13.5 6.2 3
PSN-1 >20 0Gy,24h 7 7.8 3
PSN-1 >20 1Gy,2h 29.5 15.4 3
PSN-1 >20 1Gy,24h 6 8.6 3
HCT 116 negative 0Gy,2h 19.5 1
HCT 116 negative 0Gy,24h 9.1 1
HCT 116 negative 1Gy,2h 2.8 1
HCT 116 negative 1Gy,24h 31.2 1
HCT 116 1-10 0Gy,2h 55.3 1
HCT 116 1-10 0Gy,24h 45.5 1
HCT 116 1-10 1Gy,2h 50.4 1
HCT 116 1-10 1Gy,24h 60.5 1
HCT 116 11-20 0Gy,2h 21.2 1
HCT 116 11-20 0Gy,24h 27.3 1
HCT 116 11-20 1Gy,2h 38.5 1
HCT 116 11-20 1Gy,24h 7.3 1
HCT 116 >20 0Gy,2h 4.2 1
HCT 116 >20 0Gy,24h 18.1 1
HCT 116 >20 1Gy,2h 8.2 1
HCT 116 >20 1Gy,24h 0.9 1
Supplementary Table 15: References to Table 17
Cell Li Reference BRCA Reference HR Reference RAD51 Reference PARPi
ell Line
Deficient Status Foci Sensitivity
(De Bernardi et al., (Corsello et al., 2019;
(Gol et al., 2019; J.
HCT 116 2021; Smeby et al., Paviolo et al., 2020;
Huang et al., 2018)
2020) Smeby et al., 2020)
(Y. Wang et al., (Corsello et al., 2019;
Hep G2
2015) Guillot et al., 2014)
(Bakr et al., 2021; (Bakr et al., 2021;
PSN-1
Fokas et al., 2012) Corsello et al., 2019)
(Gu et al., 2016;
(Gu et al., 2016; Poti . (Hill et al., 2014; Poti et
SUM149PT Wilkerson et al.,
etal., 2018) al., 2018)
2016)
(Hucl et al., 2008; )
DLD-1 BRCA2 (Hucl et al., 2008; (Hucl et al., 2008; X. Liu
Jimenez-Sainz et
-/- Ikegami et al., 2020) et al., 2012)
al., 2022)
(Johnson et al., (Keung et al., 2020; Zhu
MDA-MB-436 (Y. Zhao et al., 2022)
2013) etal., 2021)
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DU-145

22rv1

SW-620

DLD-1

Capan-1

U-2 0S

HUH-7

SK-BR-3

BXPC-3

MDA-MB-231
PC-3

HCC1937

Ovcar-4

(Feiersinger et al.,

2018)

(Feiersinger et al.,

2018; J. Lietal.,
2017)

(DepMap: The Cancer

Dependency Map
Project at Broad

Institute; Hucl et al.,

2008)

(Porcelli et al., 2012)

(Wesierska-Gadek &

Heinzl, 2014)

(Drew et al., 2010)

(Arun et al., 2015)

(Dillon et al., 2022)

(Engelke et al.,
2013)

(Engelke et al.,
2013)

(Dillon et al., 2022;

Mansour et al.,
2018)

(Miao et al., 2022;
Shenoy et al., 2017)

(Hucl et al., 2008;
Jimenez-Sainz et

al., 2022; Schultz et

al., 2003)

(Tarsounas et al.,
2003; Yuan et al.,
1999)

(Garai et al., 2012)

(Chen et al., 2021;
Palagyi et al., 2010)

(Hill et al., 2014;
Wilkerson et al.,
2016)
(Engelke et al.,
2013; Yuan et al.,
1999)

(Hill et al., 2014)
(Xiao et al., 2013)

(Yuan et al., 1999)

(Lu et al., 2022)

(Cahuzac et al., 2022)

(J. Lietal., 2017; H.
Zhang et al., 2022)

(X. Liu et al., 2012)

(Drew et al., 2010)

(Corsello et al., 2019;
DepMap: The Cancer
Dependency Map
Project at Broad
Institute)
(Corsello et al., 2019;
DepMap: The Cancer
Dependency Map
Project at Broad
Institute)
(Keung et al., 2020;
Wesierska-Gadek &
Heinzl, 2014)

(Falchi et al., 2017)

(Drew et al., 2010)
(Zhou et al., 2021)

(Arun et al., 2015)

(Corsello et al., 2019;
DepMap: The Cancer
Dependency Map
Project at Broad
Institute)
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Supplementary Table 16: Analysis of Tail Moments in comet assay

Assay Incubation

Number Cell Line Time Compound = Concentration1 = Tail Moment %CV n (cells)
13 SUM149PT 48 h DMSO 0.00 pM 1.65677E+15  331.40 220
13 SUM149PT 48h EIS-1 0.25 uM 8.8204E+15  122.80 187
13 SUM149PT 48 h EIS-1 0.50 M 9.2572E+15  120.63 154
13 SUM149PT 48h EIS-1 1.00 uM 1.03835E+16  110.07 147
13 SUM149PT 48h EIS-1 2.50 uM 7.47728E+15  134.34 86
14 SUM149PT 48h DMSO 0.00 UM 3.79715E+15  235.28 429
14 SUM149PT 48h EIS-1 0.25 uM 5.16458E+15  176.59 229
14 SUM149PT 48h EIS-1 0.50 UM 435177E+15  216.79 208
14 SUM149PT 48h EIS-1 1.00 uM 8.39868E+15  105.55 130
14 SUM149PT 48h EIS-1 2.50 uM 148457E+16  83.84 105
Supplementary Table 17: Dose-response yH2AX foci formation under ALC1i treatment
_ _ _ Fraction Fraction Biol. o A«ZN‘S?I);
CellLine = ALC1i Concentration ;1 5' SD 215. SD Replicates = Significance adjuste(,i
oci Foci n p-Value
SUM149PT = EIS-1 0.00 pM 0988 0002 0012  0.002 5
SUM149PT  EIS-1 0.195 uM 0.864 0044 0136  0.044 3 ns 0.2039
SUM149PT  EIS-1 0.391 uM 0860 0043 0140  0.043 g ns 0.1778
SUM149PT  EIS-1 0.781 uM 0602 0150 0308  0.150 3 0.0001
SUM149PT  EIS-1 1.563 uM 0625 nd. 0375  nd. 1 - 0.0014
SUM149PT = EIS-1 3.125 uM 0609 0081 0391  0.081 3 <0.0001
SUM149PT  EIS-1 6.250 UM 0606 0133 0394  0.133 2 <0.0001
SUM149PT = EIS-1  12.500 uM 0352  0.040 0648  0.040 2 <0.0001
MDg:"B' EIS-1 0.00 uM 0986 0014 0014 0014 6
MOTT EIS1 0.195uM 0983 0001 0017  0.001 3 ns 0.9997
MD2A3"1V'B' EIS-1 0.391 uM 0975 0007 0025  0.007 3 ns 0.9527
MDghv'B' EIS-1 0.781 uM 0951 0025 0049  0.025 2 e 0.0092
MDg';"B' EIS-1 1.563 uM 0979  nd. 0021  nd. 1 ns 0.9996
MDg';"B' EIS-1 3.125 uM 0937 0030 0063  0.030 2 - 0.0014
MDg';"B' EIS-1 6.250 uM 0890 0012 0110 0012 2 <0.0001
MOSPT  EIS1 12500uM 0974 0035 0026 0035 2 ns 0.9802
PSN-1  EIS-1 0.000 uM 0997  0.004 0003  0.004 2
PSN-1  EIS-1 3.125 uM 0756 0070 0244  0.070 2 ns 0.0572
PSN-1  EIS-1 6.250 UM 0663 0006 0337  0.006 2 * 0.0105
PSN-1  EIS-1  12.500 uM 0586 0139 0414  0.139 2 - 0.0029
PSN-1  EIS-1  25.000 uM 0480 nd. 0520  nd. 1 - 0.0026
PSN-1  EIS-1  50.000 uM 0603 nd. 0397  nd. 1 * 0.0131
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Supplementary Table 18: Dose-response RAD51 foci formation under ALC1i treatment

Cell Line

SUM149PT
SUM149PT
SUM149PT
SUM149PT
SUM149PT
SUM149PT
SUM149PT

SUM149PT
MDA-MB-
231
MDA-MB-
231
MDA-MB-
231
MDA-MB-
231
MDA-MB-
231
MDA-MB-
231
MDA-MB-
231
MDA-MB-
231

PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1

ALCH1i

EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1

EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1

Concentration

0.00 uM
0.195 uM
0.391 uM
0.781 uM
1.563 uM
3.125 uM
6.250 uM
12.500 uM

0.00 uM
0.195 UM
0.391 uM
0.781 uM
1.563 M
3.125 uM
6.250 UM

12.500 uM

0.000 pM
3.125 uM
6.250 uM
12.500 uM
25.000 pM
50.000 pM

Fraction

<5 Foci Sb
0.885 0.060
0.854 0.086
0.779 0.083
0.666 0.022
0.720 n.d.
0.603 0.037
0.507 0.106
0.447 0.107
0.758 0.028
0.752 0.147
0.783 0.152
0.715 0.022
0.750 n.d.
0.728 0.048
0.526 0.139
0.659 0.074
0.746 0.131
0.375 0.045
0.194 0.009
0.207 0.009
0.267 n.d.
0.281 n.d.

Fraction
25 Foci
0.115
0.146
0.221
0.334
0.280
0.397
0.493
0.553

0.242

0.248

0.217

0.285

0.250

0.272

0.474

0.341

0.254
0.625
0.806
0.793
0.733
0.719

Supplementary Table 19: SUM149PT Xenograft raw data

Tumor Volume [mm?]

day0

number of mice on

day0
StDEV day0

Tumor Volume [mm?]

day30

number of mice on

day30
StDEV day30

Supplementary Table 20:

Vehicle,
SyrSpend

266.36
11.00
53.47

972.86

2.00

549.83

125
mg/kg
po

287.50
6.00
75.88
419.51
4.00

141.83

62.5
mg/kg
po

275.12
6.00
69.29
536.96
2.00

238.49

SD

0.060
0.086
0.083
0.022
n.d.
0.037
0.106
0.107

0.028
0.147
0.152
0.022
n.d.
0.048
0.139

0.074

0.131
0.045
0.009
0.009
n.d.
n.d.

313
mg/kg
po

247.01
6.00
35.88
562.18
5.00

127.99

Biol.
Replicates

n

5
3
3
3

a N N W

= N N N N DN

15.6
mg/kg
po

253.17
6.00
33.59
351.40
4.00

168.76

Significance

ns

ns

*k

ns

Kkkk
*kk K

*kkk

ns
ns
ns
ns

ns

ns

7.81
mg/kg
po

258.50
6.00
40.37
435.25
4.00

195.29

EIS-1 in combination with PARPI in different cell lines

a

2-way-

ANOVA;

djusted

p-Value

0.994
0.253
0.001
0.213

<0.0001
<0.0001
<0.0001

>0.9999

1.000

0.989

>0.9999

3.91
mg/kg
po

249.29
6.00
15.36
558.33
5.00

222.48

0.999

0.047

0.733

0.003
0.000
0.000
0.002
0.002

203



Targeting ALC1 for Synthetic Lethality in Cancer: A Superior Alternative to PARP Inhibitors

ALCH1i
Cluster

A

> >» >» >» » » >» >» >» >» > > » > > > > > > > > > > > > 2> > > > > > > > > > > 2> > > >

Assay
Number

189
187
189
187
189
187
189
187
189
187
285
225
171
171
171
165
225
171
165
225
171
208
208
208
208
208
175
175
175
175
175
223
223
223
223
223
176
176
176
176
176

Cell Line

DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
DU-145
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
22rv1
22rv1
22rv1
22rv1
22rv1
BXPC-3
BXPC-3
BXPC-3
BXPC-3
BXPC-3
HCT 116
HCT 116
HCT 116
HCT 116
HCT 116
Hep G2
Hep G2
Hep G2
Hep G2
Hep G2

Compound
1

EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1

Compound
2

talazoparib
talazoparib
niraparib
niraparib
rucaparib
rucaparib
olaparib
olaparib
veliparib
veliparib
talazoparib
talazoparib
talazoparib
niraparib
rucaparib
rucaparib
olaparib
olaparib
olaparib
veliparib
veliparib
talazoparib
niraparib
rucaparib
olaparib
veliparib
talazoparib
niraparib
rucaparib
olaparib
veliparib
talazoparib
niraparib
rucaparib
olaparib
veliparib
talazoparib
niraparib
rucaparib
olaparib

veliparib

ZIP-Score
Synergy
28.98

26.38
16.31
15.63
16.25
10.77
24.31
16.23
11.17
16.79
28.46
13.08
21.1
9.63
12.18
8.71
11.61
13.54
12.22
8.10
8.47
10.59
3.86
5.85
11.21
2.00
14.17
7.80
4.96
10.01
4.66
5.79
4.05
6.72
0.02
1.19
7.89
7.13
5.67
7.01
8.80

SEM
(+1-)
0.74
2.05
0.82
1.32
2.26
1.28
0.88
1.74
0.91
2.04
0.62
n.d.

0.69
0.71

0.59
0.97
n.d.

0.65
0.94
n.d.

0.88
0.66
0.50
0.70
0.74
0.68
1.30
1.07
1.43
1.79
2.99
n.d.

0.44
0.41

0.44
n.d.

1.17
1.51

1.72
1.48
1.70

MSA
Score

61.83
51.00
43.25
36.58
36.94
22.81
38.47
30.58
21.07
26.44
65.27
26.36
42.96
30.00
28.47
26.40
35.08
31.76
32.82
21.86
15.80
20.52
16.16
16.23
18.27
8.12
19.27
12.65
8.85
16.40
5.29
19.86
14.17
18.60
15.26
8.52
27.48
20.55
15.88
17.71
18.31

Curve
Fit

flag

flag

flag

flag
flag
flag
flag
flag
flag

flag
flag

flag

flag
flag
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Supplementary Table 21: Synergy results of other combination treatments

ALC1i
cluster

A

> >» >» >» >» >» >» >» >» » >» > >» > >» > > > > > > > > > > > > > > > > >

Assay
Number

272

258
244
244
272
258
244
272
258

289

194
194
194
194
194
194
192
192
220
220
192
267
223
198

246

245

242
192
164
192
245
244
244

Cell Line

PSN-1

PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
PSN-1
22rv1
BXPC-3
DU-145
PC-3
PSN-1
SUM149PT
22rv1

BXPC-3

DLD-1
BRCA2 -/-

DLD-1
DU-145
HCC1937

HCT116

MDA-MB-
231
MDA-MB-
436
MDA-MB-
436

PC-3
PSN-1
PSN-1

SUM149PT
SW-620
PSN-1
PSN-1

Compound Compound

1

EIS-1

EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1

EIS-1

EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1

2
5-FU

Adavosertib
AZ32
AZD-1056
AZD1390
BAY-299
Ceralasertib
Elimusertib

Lenvatinib

Mitomycin
C

Paclitaxel
Paclitaxel
Paclitaxel
Paclitaxel
Paclitaxel
Paclitaxel
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38

SN-38

SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
Teniposide

Topotecan

Drug Class
thymidylate
synthase
inhibitor
Wee1i
ATMi
ATMi
ATMi
BRDi
ATRI
ATRIi

VEGFi, FGFi
alcylating agent
taxane
taxane
taxane
taxane
taxane
taxane
TOP1i
TOP1i
TOP1i
TOP1i
TOP1i
TOP1i
TOP1i
TOP1i

TOP1i

TOP1i

TOP1i
TOP1i
TOP1i
TOP1i
TOP1i
TOP2i
TOP1i

ZIP-Score
Synergy

-1.93

7.34
8.95
13.37
13.65
7.13
5.47
11.58
-0.90
8.55

5.84
-7.19
1.68
1.45
1.54
-3.48
7.32
4.71
-0.31
3.92
12.70
6.27
1.00
7.22

2.31

0.58

5.49
12.76
9.55
-5.08
0.73
4.04
16.01

MSA

6.54

18.49
30.45
44.97
44.20
16.13
19.09
37.66
8.79

25.50

9.80
3.04
5.30
5.09
5.59
10.13
13.47
8.18
4.46
17.89
30.41
9.91
7.84
9.75

10.23

7.04

11.71
33.95
39.29
14.41
15.56
13.64
40.97

Curve
Fitting

flag

flag

flag

flag

flag

flag

flag

flag
flag

flag
flag

flag
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Supplementary Table 22: 96h survival assay results for 8-week stability assay of PARPi-resistant

cells

Assay
Number
281

281
281
281
281
281
282
282
282
282
282
282
283
283
283
283
283
283
284
284
284
284
284
284
281
281
281
281
281
281
282
282
282
282
282
282
283
283
283
283
283
283
284
284

Cell Line
DU-145
DU-145, olaparib-R, clone 2
HCT 116
HCT 116, olaparib-R, clone 2
PSN-1
PSN-1, talazoparib-R, clone E
DU-145
DU-145, olaparib-R, clone 2
HCT 116
HCT 116, olaparib-R, clone 2
PSN-1
PSN-1, talazoparib-R, clone E
DU-145
DU-145, olaparib-R, clone 2
HCT 116
HCT 116, olaparib-R, clone 2
PSN-1
PSN-1, talazoparib-R, clone E
DU-145
DU-145, olaparib-R, clone 2
HCT 116
HCT 116, olaparib-R, clone 2
PSN-1
PSN-1, talazoparib-R, clone E
DU-145
DU-145, olaparib-R, clone 2
HCT 116
HCT 116, olaparib-R, clone 2
PSN-1
PSN-1, talazoparib-R, clone E
DU-145
DU-145, olaparib-R, clone 2
HCT 116
HCT 116, olaparib-R, clone 2
PSN-1
PSN-1, talazoparib-R, clone E
DU-145
DU-145, olaparib-R, clone 2
HCT 116
HCT 116, olaparib-R, clone 2
PSN-1
PSN-1, talazoparib-R, clone E
DU-145

DU-145, olaparib-R, clone 2

Compound

EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib

olaparib

Information

2weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
8weeks after treatment
8weeks after treatment
8weeks after treatment
8weeks after treatment
8weeks after treatment
8weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
8weeks after treatment

8weeks after treatment

Fold Resistance (Ec50) to

Parental Cell Line

1.14

1.85

1.95

1.96

1.80

1.82

0.96

1.47

1.04

1.40

1.69

4.67

10.28

13.59

1.82

5.98

>8.17

4.17

8.20

14.93

3.20
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284
284
284
284
281
281
281
281
281
281
282
282
282
282
282
282
283
283
283
283
283
283
284
284
284
284
284
284

Supplementary Table 23: 96h survival assay results for talazoparib-resistant DU-145 cells

Assay number

306
306
306
306
306
306
306
306
306
306
306
306
306
306

HCT 116 olaparib
HCT 116, olaparib-R, clone 2 olaparib
PSN-1 olaparib
PSN-1, talazoparib-R, clone E olaparib
DU-145 talazoparib
DU-145, olaparib-R, clone 2 talazoparib
HCT 116 talazoparib
HCT 116, olaparib-R, clone 2 talazoparib
PSN-1 talazoparib
PSN-1, talazoparib-R, clone E talazoparib
DU-145 talazoparib
DU-145, olaparib-R, clone 2 talazoparib
HCT 116 talazoparib
HCT 116, olaparib-R, clone 2 talazoparib
PSN-1 talazoparib
PSN-1, talazoparib-R, clone E talazoparib
DU-145 talazoparib
DU-145, olaparib-R, clone 2 talazoparib
HCT 116 talazoparib
HCT 116, olaparib-R, clone 2 talazoparib
PSN-1 talazoparib
PSN-1, talazoparib-R, clone E talazoparib
DU-145 talazoparib
DU-145, olaparib-R, clone 2 talazoparib
HCT 116 talazoparib
HCT 116, olaparib-R, clone 2 talazoparib
PSN-1 talazoparib
PSN-1, talazoparib-R, clone E talazoparib

Cell Line
DU-145

DU-145, talazoparib, clone 20.1

DU-145, talazoparib, clone 20.2
DU-145, talazoparib, clone 20.4
DU-145, talazoparib, clone 20.6
DU-145, talazoparib, clone 23.1

DU-145, talazoparib, clone 23.2
DU-145, talazoparib, clone 23.3
DU-145, talazoparib, clone 23.4
DU-145, talazoparib, clone 23.7
DU-145, talazoparib, clone 23.8
DU-145, talazoparib, clone 23.9
DU-145, talazoparib, clone 23.10
DU-145, talazoparib, clone 23.11

8weeks after treatment
8weeks after treatment
8weeks after treatment
8weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
2weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
3weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
4weeks after treatment
8weeks after treatment
8weeks after treatment
8weeks after treatment
8weeks after treatment
8weeks after treatment

8weeks after treatment

Compound
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1

1.82

0.96

1.47

128.06

>118.39

3.93

>29.07

>125.57

166.67

1.82

> 250.00

2.22

3.40

153.15

Cell Line
1.00

0.69
0.82
0.91
1.31
3.59
3.00
3.19
4.19
5.61
5.59
2.60
3.08
2.00

Fold Resistance (EC50) to Parental
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Fold Resistance (EC50) to Parental

Assay number Cell Line Compound Cell Line
306 DU-145, talazoparib, clone 23.12 EIS-1 1.38
306 DU-145 olaparib 1.00
306 DU-145, talazoparib, clone 20.1 olaparib 1.56
306 DU-145, talazoparib, clone 20.2 olaparib 1.56
306 DU-145, talazoparib, clone 20.4 olaparib 2.06
306 DU-145, talazoparib, clone 20.6 olaparib 1.70
306 DU-145, talazoparib, clone 23.1 olaparib 2.50
306 DU-145, talazoparib, clone 23.2 olaparib 1.56
306 DU-145, talazoparib, clone 23.3 olaparib 1.63
306 DU-145, talazoparib, clone 23.4 olaparib 3.13
306 DU-145, talazoparib, clone 23.7 olaparib 0.63
306 DU-145, talazoparib, clone 23.8 olaparib 1.25
306 DU-145, talazoparib, clone 23.9 olaparib 1.50
306 DU-145, talazoparib, clone 23.10 olaparib 2.56
306 DU-145, talazoparib, clone 23.11 olaparib 1.15
306 DU-145, talazoparib, clone 23.12 olaparib 1.44
306 DU-145 SN-38 1.00
306 DU-145, talazoparib, clone 20.1 SN-38 1.15
306 DU-145, talazoparib, clone 20.2 SN-38 1.36
306 DU-145, talazoparib, clone 20.4 SN-38 1.50
306 DU-145, talazoparib, clone 20.6 SN-38 1.23
306 DU-145, talazoparib, clone 23.1 SN-38 2.42
306 DU-145, talazoparib, clone 23.2 SN-38 2.26
306 DU-145, talazoparib, clone 23.3 SN-38 1.79
306 DU-145, talazoparib, clone 23.4 SN-38 4.18
306 DU-145, talazoparib, clone 23.7 SN-38 1.58
306 DU-145, talazoparib, clone 23.8 SN-38 2.52
306 DU-145, talazoparib, clone 23.9 SN-38 1.49
306 DU-145, talazoparib, clone 23.10 SN-38 2.26
306 DU-145, talazoparib, clone 23.11 SN-38 1.64
306 DU-145, talazoparib, clone 23.12 SN-38 1.80
306 DU-145 talazoparib 1.00
306 DU-145, talazoparib, clone 20.1 talazoparib 3.80
306 DU-145, talazoparib, clone 20.2 talazoparib 7.04
306 DU-145, talazoparib, clone 20.4 talazoparib 7.04
306 DU-145, talazoparib, clone 20.6 talazoparib 7.04
306 DU-145, talazoparib, clone 23.1 talazoparib 7.04
306 DU-145, talazoparib, clone 23.2 talazoparib 7.04
306 DU-145, talazoparib, clone 23.3 talazoparib 7.04
306 DU-145, talazoparib, clone 23.4 talazoparib 7.04
306 DU-145, talazoparib, clone 23.7 talazoparib 3.66
306 DU-145, talazoparib, clone 23.8 talazoparib 7.04
306 DU-145, talazoparib, clone 23.9 talazoparib 8.02
306 DU-145, talazoparib, clone 23.10 talazoparib 7.04
306 DU-145, talazoparib, clone 23.11 talazoparib 7.04
306 DU-145, talazoparib, clone 23.12 talazoparib 7.04
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Supplementary Table 24: 96h survival assay results for talazoparib-resistant PSN-1 cell lines

Assay number

255, 263,
255,

255, 263,
255,

263,

273, 295, 296
263, 273
295

295

295

296

296

295

295

296

296

296

296

296

295

295

295

296

296

295
273, 295, 296
263, 273
295

295

295

296

296

295

295

296

296

296

296

296

295

295

295

296

296

295

295, 296
263

295

295

295

Cell Line
PSN-1

PSN-1 talazoparib resistant clone E

PSN-1, talazoparib, clone 10
PSN-1, talazoparib, clone 11
PSN-1, talazoparib, clone 13
PSN-1, talazoparib, clone 14
PSN-1, talazoparib, clone 15
PSN-1, talazoparib, clone 16
PSN-1, talazoparib, clone 17
PSN-1, talazoparib, clone 18
PSN-1, talazoparib, clone 2
PSN-1, talazoparib, clone 20
PSN-1, talazoparib, clone 23
PSN-1, talazoparib, clone 24
PSN-1, talazoparib, clone 3
PSN-1, talazoparib, clone 4
PSN-1, talazoparib, clone 5
PSN-1, talazoparib, clone 6
PSN-1, talazoparib, clone 7
PSN-1, talazoparib, clone 9
PSN-1

PSN-1 talazoparib resistant clone E

PSN-1, talazoparib, clone 10
PSN-1, talazoparib, clone 11
PSN-1, talazoparib, clone 13
PSN-1, talazoparib, clone 14
PSN-1, talazoparib, clone 15
PSN-1, talazoparib, clone 16
PSN-1, talazoparib, clone 17
PSN-1, talazoparib, clone 18
PSN-1, talazoparib, clone 2
PSN-1, talazoparib, clone 20
PSN-1, talazoparib, clone 23
PSN-1, talazoparib, clone 24
PSN-1, talazoparib, clone 3
PSN-1, talazoparib, clone 4
PSN-1, talazoparib, clone 5
PSN-1, talazoparib, clone 6
PSN-1, talazoparib, clone 7
PSN-1, talazoparib, clone 9
PSN-1

PSN-1 talazoparib resistant clone E

PSN-1, talazoparib, clone 10
PSN-1, talazoparib, clone 11
PSN-1, talazoparib, clone 13

Compound
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1
EIS-1

olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
olaparib
SN-38
SN-38
SN-38
SN-38
SN-38

Fold Resistance (EC50) to

Parental Cell Line

1.000
4.517
1.532
1.535
2.764
1.185
0.924
4.990
3.071
2.231
6.526
3.206
2.687
4.606
4.784
2.835
3.839
4.222
0.867
2.321
1.000
10.627
9.157
9.639
9.639
1.928
5.784
9.157
12.049
9.157
5.784
5.061
9.880
12.049
8.916
5.302
5.543
5.302
6.747
4.338
1.000
1.555
2.254
2.649
4.909
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Assay number

255, 263,
255,

296
296
295
295
296
296
296
296
296
295
295
295
296
296
295
273, 295, 296
263, 273
295
295
295
296
296
295
295
296
296
296
296
296
295
295
295
296
296
295

Cell Line
PSN-1, talazoparib, clone 14
PSN-1, talazoparib, clone 15
PSN-1, talazoparib, clone 16
PSN-1, talazoparib, clone 17
PSN-1, talazoparib, clone 18
PSN-1, talazoparib, clone 2
PSN-1, talazoparib, clone 20
PSN-1, talazoparib, clone 23
PSN-1, talazoparib, clone 24
PSN-1, talazoparib, clone 3
PSN-1, talazoparib, clone 4
PSN-1, talazoparib, clone 5
PSN-1, talazoparib, clone 6
PSN-1, talazoparib, clone 7
PSN-1, talazoparib, clone 9
PSN-1

PSN-1 talazoparib resistant clone E

PSN-1, talazoparib, clone 10
PSN-1, talazoparib, clone 11
PSN-1, talazoparib, clone 13
PSN-1, talazoparib, clone 14
PSN-1, talazoparib, clone 15
PSN-1, talazoparib, clone 16
PSN-1, talazoparib, clone 17
PSN-1, talazoparib, clone 18
PSN-1, talazoparib, clone 2
PSN-1, talazoparib, clone 20
PSN-1, talazoparib, clone 23
PSN-1, talazoparib, clone 24
PSN-1, talazoparib, clone 3
PSN-1, talazoparib, clone 4
PSN-1, talazoparib, clone 5
PSN-1, talazoparib, clone 6
PSN-1, talazoparib, clone 7
PSN-1, talazoparib, clone 9

Compound
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38
SN-38

talazoparib

talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib
talazoparib

talazoparib

Fold Resistance (EC50) to

Parental Cell Line
0.895

0.729
13.910
2.933
3.027
6.273
2.400
13.637
4.091
1.615
2.931
2.487
2.973
13.637
241
1.000
92.687
92.687
92.687
92.687
14.274
7.836
92.687
92.687
92.687
92.687
77.486
92.687
92.687
48.197
92.687
92.687
55.612
92.687
24.099
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Supplementary Table 25: Fold Change in EC50 compared to parental cell lines

PSN-1 Clone talazoparib EIS-1 SN-38
clone E 92.7 4.5 1.6
clone 2 92.7 6.5 6.3
clone 16 92.7 5.0 13.9
clone 24 92.7 4.6 41
clone 5 92.7 3.8 2.5
clone 17 92.7 3.1 29
clone 4 92.7 2.8 2.9
clone 13 92.7 2.8 4.9
clone 23 92.7 27 13.6
clone 18 92.7 2.2 3.0
clone 11 92.7 1.5 26
clone 10 92.7 1.5 23
clone 7 92.7 0.9 13.6
clone 20 77.5 3.2 24
clone 6 55.6 4.2 3.0
clone 3 48.2 4.8 1.6
clone 9 241 2.3 24
clone 14 14.3 1.2 0.9
clone 15 7.8 0.9 0.7

PSN-1 1.0 1.0 1.0
DU-145 clone talazoparib EIS-1 SN-38
clone 23.9 8.0 2.6 1.5
clone 23.8 7.0 5.6 2.5
clone 23.4 7.0 4.2 4.2
clone 23.1 7.0 3.6 24
clone 23.3 7.0 3.2 1.8
clone 23.10 7.0 3.1 2.3
clone 23.2 7.0 3.0 23
clone 23.11 7.0 2.0 1.6
clone 23.12 7.0 1.4 1.8
clone 20.6 7.0 1.3 1.2
clone 20.4 7.0 0.9 1.5
clone 20.2 7.0 0.8 1.4
clone 20.1 3.8 0.7 1.2
clone 23.7 3.7 5.6 1.6

DU-145 1.0 1.0 1.0
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8. Appendix B:

8.1. Use of Al Tools for writing assistance

In the preparation of this thesis, Al programs such as ChatGPT and Grammarly
were utilized for specific tasks, including checking grammar and spelling as well
as suggesting synonyms and alternative wording for the text.

8.2. Macros
The macros used in this thesis can be found on GitHub under the following link:

https://github.com/KatharinaSahiri/lmage Processing EisbachBio

¢ Image processing Z-project.ijm
e Z-project pixel normalization.py
¢ Image Analysis for Peak Detection and Area Calculation

e Stackreg_extract single-nuclei.ijm
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The Toolkit options used in the FociCounter are shown in Supplementary Figure 28.

Macro Toolkit options:
OPT_CELL_MODEL_ENABLED=1
OPT_CELL_MODEL_SPLIT_AREA=30000
OPT_CELL_MODEL_MIN_AREA=4000
OPT_CELL_MODEL_SPLIT_CIRCULARITY=0.72
OPT_CELL_MODEL_FILTER_AREA=60000
OPT_CELL_MODEL_FILTER_CIRCULARITY=0.504
OPT_CELL_MODEL_SPLIT_AR=1.8
OPT_FLOATING_POINT=.
OPT_DECIMAL_PLACES=6
OPT_SKIP_WAIT_FOR_USER=1
OPT_SHIFT_COLORS=

OPT_SHIFT_X=

OPT_SHIFT_Y=

OPT_BRUSH_WIDTH=2

OPT_BRUSH_FILL=0

OPT_BRUSH_ARROW=0
OPT_BRUSH_ARROW_ANGLE=30
OPT_BRUSH_ARROW_LENGTH=10
OPT_BRUSH_ARROW_BOTH=0
OPT_FONT_SIZE=42
OPT_FONT_NAME=SansSerif
OPT_MONTAGE_ROI_COLOR=Cyan
OPT_MONTAGE_TIME_ORIT=Upper Left
OPT_MONTAGE_EVENT_ORIT=Upper Left
OPT_MONTAGE_SCALE_COLOR=White
OPT_MONTAGE_SCALE_WIDTH=10
OPT_MONTAGE_SCALE_HEIGHT=0.25
OPT_MONTAGE_SCALE_ORIT=Lower Right
OPT_MONTAGE_PADDING_COLOR=White
OPT_MONTAGE_PADDING_WIDTH=10
OPT_FOCI_THRESHOLD_METHOD=Huang
OPT_FOCI_CHAN_SELECT=Blue
OPT_FOCI_CHAN_MASK=White
OPT_FOCI_CHAN_MEASURE=Red
OPT_FOCI_FIND_MAXIMA_BIG=6000
OPT_FOCI_FIND_MAXIMA_SMALL=6000
OPT_FOCI_CHAN_MEASURE_2=Green
OPT_FOCI_FIND_MAXIMA_BIG_2=5000
OPT_FOCI_FIND_MAXIMA_SMALL_2=5000
OPT_FOCI_PRE_MEDIAN=0
OPT_FOCI_PRE_MAX=0
OPT_CROSSING_WIDTH=1.5
OPT_CROSSING_GROW=0.5
OPT_CROSSING_LENGTH=5
OPT_CROSSING_DELETE_SLICE=2
OPT_CROSSING_THRESHOLD_METHOD=Huang
OPT_CROSSING_CHAN_CORE=Blue
OPT_CROSSING_CHAN_SELECT=Red
OPT_BACKROI_TITLE=

OPT_BACKROI=

OPT_GUI_PIN_WINDOWS=1
OPT_GUI_ARRANGE_WINDOWS=1
OPT_USER_VALENTINA_BLOB_CHAN_CORE=b
OPT_USER_VALENTINA_BLOB_CHAN_MEASURE=g
OPT_USER_VALENTINA_BLOB_METHOD=Intermodes
OPT_USER_VALENTINA_BLOB_AREA_PER_BLOB=1
OPT_USER_TIAGO_LINEAPROX_SMOOTH=3
OPT_USER_TIAGO_LINEAPROX_AREA_MIN=1.2
OPT_USER_TIAGO_LINEAPROX_AREA_MAX=8
OPT_USER_TIAGO_LINEAPROX_MINOR=1.8
OPT_USER_TIAGO_LINEAPROX_MAX_SLICE=10

Supplementary Figure 28: Macro-Toolkit options for FociCounter (FOCI Counter |
BIC Macro Toolkit | Image Analysis | Service | Bioimaging Centre, 2017)
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Attributions

Supplementary Table 26: Attributions to Results

Method

IR-induced yH2AX and RAD51
foci formation of Eisbach-cell
panel lines

YH2AX detection and Annexin V

staining in FACS

Cell cycle analysis in FACS

yH2AX and RAD51 foci
formation assay

YH2AX and cleaved PARPi
protein levels in Western Blot

Live-cell recruitment assay

In vivo studies

Name

Iris Baur and Claudia Béhland, Anna
Friedl lab, LMU

Dr. Markus Lechner, Eisbach Bio GmbH

Dr. Markus Lechner, Eisbach Bio GmbH

Lucas Kalczynski, Eisbach Bio GmbH

Frederick Zwicker

Dr. Adrian Schomburg, Wiliam Menzer

Dana Matzek, William Menzer, Dr.
Markus Lechner, Dr. Adrian Schomburg
(Eisbach Bio GmbH)

Attribution

Irradiation of cells and preparation
of microscopy slides

Support with cell staining and
FACS

Support with cell staining and
FACS

Assistance with preparation of
microscopy slides

Assistance with Western Blot and
antibody staining

Design of a python script to
analyze protein dynamics as AUC

Tumor cell implantation, dosing
and tumor size measurements
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