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Abstract

Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest cancer diseases in
the human body, especially due to the lack of effective therapies in advanced stages.
In the past, histone deacetylases (HDACs) showed to be applicable targets. Yet, HDAC
inhibitors show no relevance in therapy of PDAC. Therefore, a drug-screening
containing 101 agents with different mode of actions was performed using murine
isogenic HDAC-2 proficient and deficient cell lines, and ferroptosis-inducer Erastin was
found as a potential partner for a combination therapy with HDAC inhibition.

Zusammenfassung

Das duktale Pankreaskarzinom (PDAC) ist eines der todlichsten malignen
Tumorerkrankungen des Menschen, insbesondere wegen der eingeschrankten
Therapierbarkeit in fortgeschrittenen Stadien. In der Vergangenheit erwiesen sich
Histondeacetylasen (HDACs) als geeignete Angriffspunkte. Bisher haben sie keine
Relevanz in der Therapie des PDAC. Daher wurde ein Screening mit 101 Wirkstoffen
verschiedener Wirkmechanismen an murinen isogenen HDAC-2 -profizienten und -
defizienten Zelllinien durchgefuhrt und hierbei der Ferroptose-Induktor Erastin als
potenzieller Partner fur eine Kombinationstherapie mit HDACInhibition gefunden.



Introduction

Anatomy and physiology of pancreas

The pancreas is a secondary retroperitoneal organ in the upper abdomen, which can
be divided into head, body and tail. It has exocrine functions (98% of the pancreas)
and endocrine functions (1-3%), which makes it a central organ in the human body
(Welsch et al., 2014; Schinke et al., 2015). It is located on the height of the second
lumbal vertebra and its head is located next to the descendent duodenum (Schiinke et
al., 2015) (figure 1).

The exocrine pancreas is a serous gland with epithelial cells organized in acini with
apical zymogene granula, producing a lot of pancreatic secret (1500-3000 mi/day),
enzymes (e.g. amylase) and proenzymes (e.g. trypsinogen), which are released into
the pancreatic duct for secretion into the chymus in the duodenum to catalyze the
digestion of proteins, carbohydrates or fatty acids (Pape et al., 2014; Welsch et al.,
2014; Schiinke et al., 2015). Besides the metabolic enzymes, the exocrine pancreas
also produces bicarbonate in its epithelial cells of the intercalated duct to neutralize the
acidic chymus coming from the stomach (Pape et al., 2014).

1-3% of the pancreatic tissue are the Langerhans insula, which represent the
endocrine pancreas (Welsch et al., 2014). Depending on the metabolic situation,
different hormones like insulin or glucagon are getting released into the blood and do
their duty at the targeting tissue, e.g. hepatocytes (Pape et al., 2014). The main type
of cells (60-70%) in the endocrine pancreas are the (-cells which produce insulin,
followed by a-cells (20%) (glucagon) and 10-15 % ©&-cells (somatostatin) (Pape et al.,
2014; Rassow et al., 2016).
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Figure 1: Anatomy of the pancreas. From Gilroy, Atlas of Anatomy, 15t ed. Abb. 13.34. lllustrator: Markus Voll, ©2019 Thieme
Medical Publishers. Inc. All Rights Reserved. (Gilroy, 2009).

Pancreatic ductal adenocarcinoma (PDAC)



According to the recent 2022 cancer statistics, 32,970 US-men and 29,240 US-women
will be newly diagnosed with pancreatic cancer (figure 2) in 2022 and with 25,970
estimated deaths of male patients and 23,860 estimated deaths of female patients
(figure 3) in 2022, pancreatic cancer is one of the deadliest cancers (Siegel et al.,
2022). In 2018, pancreatic cancer was the 4" deadliest cancer in the United States
after cancers of the lung and bronchus, breast-/prostate cancer and cancer of the colon
and rectum (Siegel et al., 2021).

Estimated new cases in the U.S. 2022

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M Prostate M Breast M Lung & bronchus
Colon & rectum H Urinary bladder m Uterine corpus
B Melanoma H Kidney & renal pelvis B Non-Hodgkin lymphoma
B Oral cavity & pharynx B Thyroid H Leukemia
M Pancreas m Others

Figure 2: Estimated new cancer cases 2022. With 3% of all new cancer diagnosis, pancreatic cancer is the 8 most common
new cancer for women and the 10t most common new cancer for men. The results shown here are in whole or part based
upon data generated by Siegel et al. CA: a Cancer Journal for Clinicians. 2022. (Siegel et al., 2022).



Estimated cancer caused deaths in the U.S. 2022

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M Prostate Breast Lung & bronchus
Colon & rectum B Urinary bladder H Uterine corpus
M Esophagus M Brain & nervous system B Non-Hodgkin lymphoma
H Liver & intrahepatic bile duct B Ovary H Leukemia
H Pancreas Others

Figure 3: Estimated cancer caused deaths 2022. Pancreatic cancer is the 4t" deadliest cancer. The results shown here are in
whole or part based upon data generated by Siegel et al. CA: a Cancer Journal for Clinicians. 2022. (Siegel et al., 2022).

The 5-year-survival of pancreatic cancer is 11%, the lowest 5-year-survival percentage
of all cancers (Siegel et al., 2022). Even if the cancer survival for the most cancers in
general improved over the last years (e.g. because of new techniques of diagnosis,
therapy or vaccinations like HPV-vaccination), it is not the case for pancreatic cancer:
pancreatic cancer is mostly diagnosed at advanced or metastasized stages and
therefore mostly has a poor prognosis and survival (Siegel et al., 2021).

The most common cancer of the pancreas is the pancreatic ductal adenocarcinoma
(PDAC) (Cascinu et al., 2010; Renz-Polster et al., 2013). Typically for a cancer entity,
PDAC also harbours many genetic mutations. The most frequent driver genes are
KRAS, CDKN2A, SMAD4/DPC4 and TP53 (Jones et al., 2008; Hong et al., 2011;
Zamboni et al., 2013; Esposito et al., 2014). Accumulation of genetic mutations lead to
development and progression of precursor lesions, including pancreatic intraepithelial
neoplasia (PanIN; most frequent precursor lesion) (figure 4), intraductal papillary
mucinous neoplasia (IPMN) and mucinous cystic neoplasms (MCN) (Esposito et al.,
2014).
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Figure 4: Development of PDAC. Development of PDAC and its precursor lesions (PanIN) due to accumulation of genetic
mutations of genes like KRAS, CDKN2A, SMAD4/DPC4 and TP53. The figure presented is based on a figure generated by Li et
al. Cell stress. 2019. (Li et al., 2019)

PanlIN lesions can be classified into three grades: PanIN-1A and -1B as early and low-
grade lesions, PanIN-2 are intermediate-grade lesions and PanIN-3 as carcinoma in
situ (Zamboni et al., 2013; Distler et al., 2014). PanIN lesions are just detectable under
the microscope (lesion usually < 5mm) and not reliable via imaging (computed
tomography, magnetic resonance imaging or endoscopic ultrasonography) (Ott et al.,
2007; Canto et al., 2012; Zamboni et al., 2013; Esposito et al., 2014). Although PanIN-
lesions are not easy to detect, they offer an opportunity to cure a neoplasia before it
develops into an invasive pancreatic cancer (Zamboni et al., 2013).

The most frequently mutated oncogene (>95 %) is KRAS (Hruban et al., 1993; Jones
et al., 2008; Hong et al., 2011). KRAS codes for a membrane-bound GTP-binding
protein, the KRAS protein, which fulfills several functions in the cell, e.g. proliferation
or cellular survival: after bondage with GTP, KRAS protein gets activated. This leads
to activation of more than 80 downstream signaling pathways and effector proteins,
e.g. mTOR (mechanistic target of rapamycin), MAPK (mitogen-activated protein
kinase), as well as activation of nuclear transcription factors (e.g. MYC) leading to
stimulation of proliferation, dedifferentiation and tumor progression (Buscail et al.,
2020). The activating KRAS-mutation leads to constitutive signaling of this pathway,
as the mutation leads to reduced hydrolysis of GTP to GDP and reduced inactivation
of KRAS (Waters and Der, 2018; Hafezi et al., 2021). Also found in the PanIN-lesions
(PDAC precursor lesion), KRAS-mutation seems to be one of the earliest events in the
genesis of PDAC (figure 4) (Tada et al., 1996; Moskaluk et al., 1997; Jones et al.,
2008).

Current recommendations for treatment of PDAC

The recommendation for PDAC treatment depends on the clinical stage. In this context,
a differentiation can be made between localized resectable disease (10-15% of the
newly diagnosed patients), locally advanced disease (30-35%) and metastatic disease
(50-55%). Resectability is defined as the ability to remove the cancer completely,
considered when there is no or minimal contact with major vessels (e.g. hepatic artery)
(Park et al., 2021).
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The only possibility to cure patients from PDAC is surgery (Wagner et al., 2004; Doi et
al., 2008; Leitlinienprogramm Onkologie, 2021). The goal is the complete resection in
healthy tissue (RO), which shows the best long-term survival rate (Wagner et al., 2004;
Fusai et al., 2008; Hartwig et al., 2011). The best surgical procedure depends on the
tumors location within the pancreas (e.g. pancreaticoduodenectomy for tumors in the
pancreas head). But even after reaching the RO-status after surgery, the 5-year-
survival rate is 24,2% (Wagner et al., 2004; Leitlinienprogramm Onkologie, 2021).
Although data varies between different observations, several studies in the past
showed a benefit for patients receiving adjuvant chemotherapy (Principe et al., 2021).
Patients with resectable disease should receive surgery in combination with adjuvant
chemotherapy to increase the progression-free survival and overall survival after RO-
resection. Therefore an adjuvant chemotherapy should be performed with modified
FOLFIRINOX (fluorouracil, oxaliplatin, irinotecan, leucovorin) (overall survival 54,4%
(Conroy et al., 2018)) or a combination of gemcitabine and capecitabine (overall
survival 28% (Neoptolemos et al., 2017)) or gemcitabine alone (overall survival 25,5%
(Neoptolemos et al., 2017)), depending on the patients functional status (Park et al.,
2021).

Patients with borderline resectable or locally advanced tumors should receive
neoadjuvant chemotherapy to eradicate metastasis or to increase the chances for
downstaging and surgery. Therefore, these patients should receive modified
FOLFIRINOX or a combination of gemcitabine and albumin-bound paclitaxel (Park et
al., 2021).

Patients suffering from metastatic disease should receive palliative care, including
chemotherapy (gemcitabine and albumin-bound paclitaxel or modified FOLFIRINOX),
symptomatic therapy (e.g. with potent pain killers) and supportive care (e.g. placement
of an endobiliary metallic stent in patients with biliary obstruction) (Park et al., 2021).

Not only in other types of cancer like chronic myeloid leukemia, also in PDAC targeted
therapies start to establish: due to the POLO trial (U.S. Federal Government), Patients
with BRCA-gen mutation and metastatic pancreatic cancer showed longer
progression-free survival when treated with a PARP (poly(adenosinde diohosphate-
ribose) polymerase)-inhibitor Olaparib (Golan et al., 2019). In 2019, the FDA approved
Olaparib for maintenance treatment for patients with BRCA-mutated metastatic PDAC
(U.S. Food and Drug Administration, 2019).

Histone deacetylases (HDAC), HDAC-inhibitors and their role in PDAC

Histones are proteins interacting with the DNA and after binding lead to regulation of
DNA-packing. The binding of DNA lead to a tighter and more compact form of DNA,
called heterochromatin, and reduces gene transcription (Marifio-Ramirez et al., 2005).
The unit of DNA wrapped around histone proteins is called nucleosome (Marifio-
Ramirez et al., 2005). Nucleosomes consist of 8 histone sub-units (H2A, H2B, H3, H4)
and about 146 base pairs wrapped around (figure 5 A) (Singh and Mueller-Planitz,
2021). Besides of the mentioned function of controlled DNA condensation, they also
play an important role in transcription process (Singh and Mueller-Planitz, 2021).
Histone deacetylases (HDAC) are necessary to change the chromatin structure by
removing the acetylation from the histone proteins (Venugopal and Evans, 2011). This
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regulates the expression of target genes (Feng et al., 2014). Due to the removal of the
acetylation from the €-amino group of lysines at the N-terminal tail of histone proteins,
heterochromatin gets formed, which inhibits the transcription of genes (Yang and Seto,
2008; Haberland et al., 2009). Essential to fulfill their functions, HDACs (especially
class |, see below) are part and catalytic core of multiple co-repressor complexes (Kelly
et al., 2018). The three major co-repressor complexes are Sin3, CoREST (co-
repressor for element-1-silencing transcription factor) and NuRD (nucleosome
remodeling and deacetylation), all containing DNA-binding motifs, directing HDACS,
with the help of transcription factors, to the specific chromatin regions (Kelly and
Cowley, 2013).

HDACSs also affect non-histone proteins, which are involved in different functions (e.g.
chaperon proteins, enzymes for cell motility, enzymes of the adaptive immune system
or metabolic enzymes) or transcription factors (e.g. p53) (Feng et al., 2014; Roche
and Bertrand, 2016; Shvedunova and Akhtar, 2022). The deacetylation of histones
also lead to epigenetic repression and is important for transcriptional regulation or the
control of the cell cycle (Roche and Bertrand, 2016). The antagonistic reaction is
catalyzed by histone acetyltransferases (HAT) (figure 4). They add an acetyl group to
histones and thereby relax the structure of the chromatin (euchromatin) to increase the
transcription of genes (Epping and Bernards, 2009; Lane and Chabner, 2009).

HDACs are zinc- or NAD*-dependent enzymes which means, that they need Zn?*
(class I, IlI, IV) or NAD* (class Ill) for deacetylation (Yang and Seto, 2008; Seto and
Yoshida, 2014; Roche and Bertrand, 2016). Phylogenetic analysis showed homology
of the human HDAC with those of yeast, so that the 18 HDAC molecules can be
classified into four classes (Schneider et al., 2010; Feng et al., 2014; Seto and Yoshida,
2014). Class | HDACs contain HDACs 1, 2, 3 and 8 and are homologue to those of
yeast RPD3, class Il HDACs contain HDAC 4, 5, 6, 7, 9 and 10, which are homologue
to those of yeast HDA1, HDACSs of class Il are related to yeast Sir2 and class IV HDAC
contains HDAC 11, showing homologies with class | and Il HDAC’s (Schneider et al.,
2010; Feng et al., 2014; Seto and Yoshida, 2014; Damaskos et al., 2015). HDAC's are
localized in the cytoplasm and/or the nucleus (Damaskos et al., 2015).

HDAC-expressions and -overexpressions, especially of class | HDACs, can be found
in a lot of human malignancies (e.g. ovarian cancer and prostate cancer) (Weichert,
2009; Schneider et al., 2010; Li and Seto, 2016; Shinke et al., 2018; Rana et al., 2020).
Also in 56% of PDAC, high expression of HDAC-1 is reported (Miyake et al., 2008;
Schneider et al., 2010). Together with the expression of HIF-1q, it could predict a poor
prognosis (Miyake et al., 2008; Schneider et al., 2010). In their experiments, Wang et
al. found the expression of class | and class Il HDAC in all of their PDAC cell lines in
variable levels (Wang et al., 2012). HDAC-2 shows high expression in moderately
differentiated and undifferentiated PDAC (Schneider et al., 2010) and seems to
facilitate PDAC metastasis (Kraul3 et al., 2022). Depletion of HDAC-2 can make PDAC
cells more sensible to etoposide, a topoisomerase Il inhibitor, or the tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) (Fritsche et al., 2009; Schiiler et al.,
2010). HDAC-7 shows high expression levels in PDAC too (Ouaissi et al., 2008).

HDAC-inhibitors (HDACI) can inhibit all HDAC isoforms (pan-HDACI, e.g. Vorinostat)
or specific isoforms (isoform-selective-HDACI, e.g. MS-275, a class | inhibitor)
(Eckschlager et al., 2017). Based on their chemical structures, HDACI can be divided
into five groups: hydroxamate/hydroxamic acid, short-chain fatty acids, benzamide,

13



cyclic peptide and sirtuin inhibitors (Seto and Yoshida, 2014; Damaskos et al., 2015;
Roche and Bertrand, 2016; Eckschlager et al., 2017). A central mechanism of HDACI
is the binding to the Zn?*ion in the catalytic domain of class | HDAC, which is essential
for the deacetylation catalyzed by HDACs, which leads to higher expressions of the
target genes.

Inhibition of HDAC’s prevent the deacetylation of lysine of histones which consequently
leads to more acetylated lysine groups. Deacetylated lysine groups have a positive
charge. With the binding acetylation, this positive charge gets neutralized, leading to
reduced interaction with the negatively charged DNA (Damaskos et al., 2015). This
leads to an increasing transcription of genes in the control of e.g. cell cycle (e.g.
increased expression of CDKN1A), differentiation, angiogenesis (e.g. downregulation
of VEGF) or apoptosis (e.g. by influencing the expression of death inducing genes)
(Richon and O'Brien, 2002; Damaskos et al., 2015; Eckschlager et al., 2017) which in
turn leads to an inhibition of cancer growth. Due to the relaxed chromatin structure, the
access of polymerases or transcription factors to the DNA is much easier, leading to
the described increase in transcription (Richon and O'Brien, 2002; Damaskos et al.,
2015) (figure 5 B).

—\ /
Q
Histone

Q Histone
DNA 3
0
2. © b < Heterochromatin state
6| oF

‘ Lysine residue

Acetylation

O Transcription factor

O Polymerase

Histone @ © positive/negative
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HDACi
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Figure 5: Nucleosome and mode of action of HDAC and HAT. (A) Nucleosome consists of 8 histone subunits (H2A, H2B, H3,
H4), formed by two molecules of each histone protein, and DNA wrapped around it. (B) Due to negative charged DNA and
positive charged lysine residues from the histone, the histone binds with the DNA (heterochromatin, 1.). After acetylation of
lysine, catalyzed by histone acetyltransferase (HAT), the positive charge gets neutralized, leading to lose DNA (euchromatin,
2.). Now, polymerases, transcription factors, etc. can access the DNA, leading to transcription. The antagonistic effect is
catalyzed by histone deacetylase (HDAC), leading to compact chromatin structure. Inhibitors of histone deacetylases (HDACi)
lead to increasing expression of proteins necessary for inhibition of the cell cycle, differentiation or apoptosis (Aktories, 2017).

Another important effect of HDACi seems to be the regulation of proteins that are
relevant for DNA repair (e.g. KU70 or FEN1) and are regulated by acetylation and may
be increased by HDAC inhibition (Eckschlager et al., 2017), because due to the
acetylation of proteins like KU70 (induces repair of double-strand brakes by binding
the DNA endings), the binding to the DNA for its repair is reduced (Bose et al., 2014).
Inhibition of HDAC-1 and HDAC-2 decreases the DNA-damage repair process (double
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strand brakes), mediated by BAL-associated protein (BBAP) (Bhaskara, 2015;
Eckschlager et al., 2017). BBAP is part of protecting cells against DNA-damage (see
below) (Eckschlager et al., 2017). DNA-damage due to problems in DNA repairment
causes genome instability, which can lead to cell death (Bhaskara, 2015; Li et al.,
2020). HDACI can also induce reactive oxygen species (ROS), which could lead to
higher oxidative stress and cell death (Ruefli et al., 2001; Trachootham et al., 2006;
Wolf et al., 2014).

HDACI can be promising anti-cancer agents, e.g. Vorinostat has been approved for
treating refractory cutaneous T-cell lymphomas (CTCL) by the U.S. Food and Drug
Administration (FDA) (table 1) (Duvic et al., 2007; Falkenberg and Johnstone, 2014).
Also recent studies show the potential of HDACIi as effective drugs in solid tumors, e.g.
triple negative breast cancer (Fedele et al., 2017).

Table 1: Overview of HDACi approved by the FDA or in phase-3-trials. The results shown here are in whole or part based
upon data generated by Nepali and Liou. Journal of biomedical science 28, 27. 2021 (Nepali and Liou, 2021) and Li et al.
Frontiers in Cell and Developmental Biology 8:576946. 2020 (Li et al., 2020).

FDA-approved HDACI HDACI in phase-lll-trial
Vorinostat/SAHA  Pan HDACI Givinostat Hydroxomate
(Cutaneus T cell (Polycythaemia HDACI
lymphoma) vera)
Romidepsin Class | HDACI Abexinostat Pan HDACI
(Cutaneus T cell (Renal cell
lymphoma, carcinoma)
peripheral T cell
lymphoma)
Belinostat Pan HDACI Entinostat/MS-275 Class | HDACI
(Peripheral T cell (Hormone receptor-
lymphoma) positive, locally
advanced or
metastatic  breast
cancer)
Panobinostat Pan HDACI Tucidinostat HDACi of HDAC
(Multiple myeloma) (advanced, 1,2,3,10
hormone receptor-
positive, breast
cancer)
Pracinostat Class I, I, IV

(intermediate/ high- (except HDAC 6)
risk Myelofibrosis) HDACI

Tacedinaline Inhibits HDAC 1-3
(Non-small lung

cancer, pancreatic

cancer)

Valproic acid Class I/l HDACI

(Flioblastoma)
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Knock-out model: dual-recombinase system

Isogenic models offer the opportunity to determine the effect of individual genes on
cancer development and to investigate and focus on the implications of addressing
these genes. Therefore, PDAC cells of genetically engineered mouse models were
used to evaluate the effect of HDAC-2 knock-out. Therefore, an inducible dual-
recombinase system has been developed in the past by combining flippase-FRT and
Cre-loxP recombination systems (Schonhuber et al., 2014). This means, that the mice
expresses Flippase (Flp)-recombinase, which is directed by (pancreas specific) Pdx1
promoter, which activates the expression of CreER by removing the FSF-stop-cassette
(FRT-stop-FRT). CreER is a recombinase fused with an estrogen receptor which can
be activated by Tamoxifen (also called CreERT (Cre estrogen receptor tamoxifen))
(Kim et al., 2018). The FRT-stop-FRT cassette is located between the CreER-gene
and its promotor Rosa26AC and prevents the expression of CreER. After activation of
Pdx1-Flp, the expression of CreER is induced (figure 6) (Schénhuber et al., 2014). The
activation of oncogenic Kras®12P is similarly regulated, while exons 2-6 of the Trp53
gene (Wu et al., 2017) are flanked by FRT sites leading to Trp53 inactivation due to
Pdx1-Flp activity. Both lead to development of murine PanIN lesions and PDAC
(Schonhuber et al., 2014).

== 3
| Pdx1 | | Flp I
L Y

| creer |

o | |
=

=
| CreER [
| I

Figure 6: Knock-out model. As “inhibitor” of CreER-expression, FSF-cassette is located between the CreER-gene and its
promotor. After Pdx1-Flp activation, the FSF-cassette gets removed, leading to expression of CreER.

The Cre/loxP-system can be used for selectively excising genes out of the DNA and
binding the remaining DNA-endings together.

To get a Tamoxifen-inducible Cre/loxP-system, the Cre recombinase was fused with
an estrogen receptor (CreERT; see above). A new version of this fusion protein is called
CreER™, a mutated form of CreERT which is more sensitive towards Tamoxifen
treatment (Kristianto et al., 2017; Kim et al., 2018). Treatment with Tamoxifen leads to
an induction of Cre activity, as CreER'? is normally located in the cytoplasm and bond
to heat shock protein 90 (Schonhuber et al., 2014; Kim et al., 2018). Tamoxifen disrupts
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this interaction between CreER'™ and heat shock protein 90, which leads to
translocation of CreERT into the nucleus for interaction with loxP sites (Schonhuber et
al., 2014; Kim et al., 2018). loxP sites are necessary for recognition of the target gene
region by Cre as the targeted gene region is flanked by the genetic sequence of loxP
(flanked by loxP = floxed). After recognition, Cre excises the floxed sequence of the
targeted gene(s) (figure 7) (Kim et al., 2018). The floxed regions used in our model
were HDAC-2 exons 2-4. Consequently, after a treatment with Tamoxifen, the cells
were deficient of HDAC-2.

[P |
] creer |
[ HDAC-2 gen, ]
] creer | ] loxP loxP [
Exons2-a
ER™
+ Tamoxifen {
I -
] creR [ 1 loxP
|||

Figure 7: Scheme of the HDAC-2 knock-out mechanism. Exon 2-4 of HDAC-2 gene is floxed and gets exercised by CreER'? after
Tamoxifen treatment. This leads to HDAC-2 knock-out.

Objective

In the past, HDACi as anti-cancer drugs in pancreatic cancer failed in clinical studies
regarding relevant antitumor effects (Arlt and Schafer, 2016). To find effective, specific
and novel combination therapies, an unbiased drug screen was implemented
containing 101 drugs with different mode of actions (tables 1 — 9). Therefore, two
HDAC-2 proficient (HDAC-2 (+)) and deficient (HDAC-2 (-)) murine cell lines were
treated with the drug library. The goal was to find new potential therapies against PDAC
with an HDAC-2 inhibitor as a combination partner. Goal of this thesis is to explore new
possibilities and potential therapeutical solutions in the fight against PDAC. The results
are presented in the following.

Material and Methods

Material
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Cell lines

Table 2: Cell lines.

Cell line Genotype Morphology Date isolated Source
PPT-F1648 FSF-Kras®120/+, Mesenchymal 01.06.2012 Department of
FSF-Trp®3del/+, Internal
Pdx1-Flp, R26“A¢ Medicine I,
FSF-CreERT2/+ Klinikum rechts
Pdk!oxP/+, der Isar,
Hdac2'oxF/loxP Technical
PPT-F2612 FSF-Kras®120/+, Epithelial 17.04.2013 University of
FSF-Trp53del/+, Munich
Pdx1-Flp, R26°A¢-
FSF-CreERT2/FSF-
CreERT2
Hdac é/oxP/loxP
Reagents
Table 3: Reagents.
Product — Reagents Manufacturer
30% Acrylamide/Bisacrylamide-stock solution Carl Roth, Karlsruhe
(29:1)

4-Hydroxytamoxifen
Ammonium Persulfate (APS)
Agarose

Aqua 1000 ml

Bovine serum albumin
Bradford reagent 5x
Crystal Violet

ddH20

Dimethyl sulfoxide (DMSO)

Dulbecco’s Modified DMEM; high glucose
Dulbecco’s Phosphate Buffered Saline
Ethanol Absolut

Ethanol 100%
Ethylenediaminetetraacetate (EDTA)

Fetal Calf Serum (FCS)

Glycerol

Glycine

Isopropanol

Methanol

PageRuler Prestained Protein Ladder
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Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
B. Braun Melsungen AG,
Melsungen

Sigma-Aldrich, Steinheim
Serva, Heidelberg
Sigma-Aldrich, Steinheim
SAV Liquid Production
GmbH, Flintsbach am Inn
Carl Roth, Karlsruhe
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Otto Fischar, Saarbriicken
Merck, Darmstadt
Invitrogen
Karlsruhe

Gibco, Schwerte
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Carl Roth, Karlsruhe

Carl Roth, Karlsruhe
Thermo Scientific,
Schwerte

GmbH,



(Penicillin-Streptomycin-solution (Pen Strep)
Phosphatase-Inhibitor-Mix

Potassium chloride

Powdered milk

Protease inhibitor cocktail tablets

RLT-Buffer

Sodium Chloride

Sodium Dodecyl Sulfate pellets
Sodium hydrogen phosphate
Tetramethylethylenediamine (TEMED)
Tris Pufferan

Trypan Blue 0,4%, 0,85% NaCl

Tween 20

B-Mercaptoethanol

Kits and Assays

Table 4: Kits and Assays.

Kits and Assays
CellTiterGlo Luminescent Cell Viability Assay

Antibodies

Table 5: Antibodies.

Antibody Dilution  Species
of origin

Goat

number

Anti-mouse 1:10000 5470
IgG (H+L)
(DyLight™
680
Conjugate)
Anti-rabbit
lgG (H+L)
(DyLight™
800 4X PEG
Conjugate)
Hdac?2
(D6S5P)

1:10000 Goat 5151

1:500 Rabbit 57156

B-Actin 1:5000 Mouse A5316

Drugs
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Catalogue

Gibco, Schwerte

Serva, Heidelberg

Merck, Darmstadt

Carl Roth, Karlsruhe
Roche Diagnostics GmbH,

Mannheim

Qiagen GmbH, Hilden
Merck, Darmstadt
Serva, Heidelberg
Fluka, Steinheim

Carl Roth, Karlsruhe
Carl Roth, Karlsruhe
Lonza, Walkersville, MD
Carl Roth, Karlsruhe
Carl Roth, Karlsruhe

Manufacturer

Promega
Madison

Manufacturer

Cell Signaling
Technology,
Leiden

Cell Signaling
Technology,
Leiden

Cell Signaling
Technology,
Leiden
Sigma-
Aldrich,
Steinheim

Corporation,

RRID

AB10696895

AB10697505

AB2756828

AB476743



All drugs used for the screening (listed under “b. Methods — Cell culture: Drug

screening”, table 12-20) were purchased from Selleck Chemicals

(www.selleckchem.com).

Table 6: Drugs.

Product — Reagents Manufacturer
Entinostat (MS-275) E-3866 LC Labratories, Woburn

Buffer/Medium/Solution

Table 7: Buffer/Medium/Solution.

Buffer/Medium/Solution Composition
Dulbecco’s Modified DMEM, high -500 mlI DMEM
glucose (supplemented with FBS and - 10% (v/v) FBS

Pen Strep) - 1% Pen Strep
EDTA-Solution  (0.05%) for cell -2,5mlEDTA 1%
culture, 50 ml - 47,5 ml PBS
Freezing Medium - 70 ml DMEM

-20 ml FCS

-10 ml DMSO
IP-Buffer (pH 7,9) - 150 mM NacCl

-1 mM EDTA

- 1% Triton X-100

-50 mM TRIS
Laemmli (1x), 100 ml - 20 ml Laemmli (5x)

- 80 ml ddH20
Laemmli (5x) -0,3M TRIS

- 50% (v/v) Glycerine

- 0,35 M SDS (pH 6,8)

- 50 mg Bromophenol blue

- 5% (v/v) B-Mercaptoethanol
Lysis buffer - 200 pl IP-Buffer

- 2 pl Phosphatase inhibitor

- 8 ul Protease inhibitor (25x)
PBS (10x) 1, pH 7,4 - 80 gr. NaCl

-2 gr. KCI

- 14,4 gr. NazHPO4

- 800 ml ddH20

- with HCl to pH 7,4

- fill up with ddH20 to 1l

Protease inhibitor (25x) - 1 protease inhibitor cocktail tablet

- 2 ml ddH20
RIPA-buffer - 4,206 gr. NacCl
- 3,028 gr. TRIS
- 2,5 gr. Sodiumdeoxychelate
-0,5¢gr. SDS
-5 mlI NPO4
- 25x Protease
- 100x Phosphatase
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Running buffer (10x) 1l

Separation gel (10%), two gels

Separation gel buffer (1,5 M TRIS/HCI
pH 8,8), 100 ml

Skim Milk

Stacking gel (2x), two gels

Stacking gel buffer (0,5 M TRIS/HCI pH
6,8), 100 ml

Transfer buffer 1I, pH 8,3

Devices

Table 8: Devices.

Product

Anthos Photometer 2001
AxioCam MRc

Axiovert 25 Inverse microscope
Centrifuge 5415 R

Centrifuge 5451R

CLARIOstar Plate Reader

CO2 Incubator

Combitips advanced 0,2 ml, 1 ml, 2,5
ml, 5 ml, 10 ml

FLUOstar optima

LI-COR Odyssey
Mini-PROTEAN Tetra Cell

- H20

- 10 gr. SDS

-30 gr. TRIS

- 144 gr. Glycin

- fill up with ddH20 to 1l

- 6150 pl ddH20

- 3900 pl separation gel buffer
- 4950 pl acrylamide 30%

- 150 ul SDS 10%

- 75 ul APS 10%

- 22,5 yl TEMED

- 18,171 gr TRIS

- 50 ml ddH20

- with HCl to pH 8,8

- fill up with ddH20 to 100 ml
- 500 ml PBS

- 25 gr Powdered milk

- 4500 pl ddH20

- 1950 pl collection gel buffer
- 1125 pl acrylamide 30%

- 75 ul SDS 10%

- 37,5 ul APS 10%

- 15 ul TEMED

-6 gr. TRIS

- 50 ml ddH20

- with HClI to pH 6,8

- fill up with ddH20 to 100 ml
- 2,9 gr. Glycin

-5,8gr. TRIS

- 700 ml ddH20

- 3,7 ml SDS 10%

- 200 ml Ethanol

- fill up with ddH20 to 1l

Manufacturer

Anthos Mikrosysteme, Krefeld
Carl Zeiss, Oberkochen

Carl Zeiss, Oberkochen
Eppendorf, Hamburg
Eppendorf, Hamburg

BMG Labtech, Ortenberg
Sanyo, Minchen

Eppendorf, Hamburg

BMG Labtech, Ortenberg
LI-CO, Lincoln, NE
Bio-Rad, Hercules



Mini-Trans-Blot Cell

Multipette E3x

Multiscan RC

Nebauer chamber

Pipettes 10 pl, 100 pl, 200 pl, 1000 pl
PowerPac HC Power Supply

Bio-Rad, Hercules

Eppendorf, Hamburg
ThermoFisher Scientific, Waltham
Assitent, Sondheim vor der Rhdn
Eppendorf, Hamburg

Bio-Rad, Hercules

Rotina 280
Rotina 46 R
Shaker

Stripettor Ultra Pipet Controller

Thermomixer compact
Vortex Genie 2

Software

Table 9: Software.

Hettich Zentrifugen, Tuttlingen
Hettich Zentrifugen, Tuttlingen

Henning GmbH, Berlin
Corning, Corning
Eppendorf, Hamburg

Bender & Hobein AG, Zurich

Product Manufacturer RRID

Axio Version 4.3 Carl Zeiss, Jena SCR_021351
Flourstar optima BMG Labtechnologies, Ortenberg -

Programm Version 1.30-0

Graph Pad Prism 5 Graph Pad Software, La Jolla, CA SCR_002798
Image Studio Software Li-COR, Lincoln, NE SCR_015795
Version 5.2.5

Microsoft Excel 2016 Microsoft Corporation, Redmond, WA SCR_016137
Microsoft PowerPoint Microsoft Corporation, Redmond, WA -

2016
Online Tools/Databases
Table 10: Online Tools/Databases.

Product Internet-adress RRID

ClustVis https://biit.cs.ut.ee/clustvis/ SCR_017133
Gene set https://www.gsea-msigdb.org/ SCR_016863
enrichment analysis

4.0.3, BROAD

Institute

SynergyFinder 3.0 https://synergyfinder.fimm.fi SCR_019318
Venny 2.1 https://bioinfogp.cnb.csic.es/tools/venny/ SCR_016561

Various materials

Table 11: Various materials.

Product

5 ml Polystrene Round-Bottom Tube

Assay Plates, 96 wells

Cell Culture Flasks 50 ml, 250 ml, 550

ml
Cell Scraper

Manufacturer
BD Falcon,
Corning, Corning

Sarstedt, Newton
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Cellstar tubes 15 ml, 50 ml Greiner Bio-One GmbH, Kremsmiuinster

CellTrics 30 um Sysmex, Gorlitz

Clear Line Filter Tips 10 pl, 100 ul, 200 Biosigma, Cona

pl, 1000 pl

Injekt-F 1ml B. Braun Melsungen AG, Melsungen
Pasteur Pipettes Hirschmann Laborgerdte GmbH & Co.

KG, Eberstadt
Serological Pipette 2 ml, 5 ml, 10 ml, Greiner Bio-One GmbH, Kremsmunster
25 ml, 50 ml

Tissue Culture Dish 100 x 20 mm Corning, Corning

Tissue Culture Plate 96 Well Corning, Corning

Whatman Papier 3MM Chr GE Healthcare Life Sciences, Freiburg
Amersham Protran 0,2 um NC GE Healthcare Life Sciences, Freiburg
100 Sterican 0,45 x 25 mm Gr. 18 B. Braun Melsungen AG, Melsungen
Methods

Cell culture: preparing Medium

The medium used for the experiments was Dulbecco’s Modified Eagle’s Medium — high
Glucose 500 ml bottles (DMEM). 50 ml fetal calf serum (FCS) and 5 ml of the Penicillin-
Streptomycin solution was added to DMEM prior to use.

Cell culture: washing cells and exchange of medium

After aspirating the DMEM from the T75-cell culture flask, 5 ml PBS was added to wash
the cells and to remove media residue. After 30 seconds of incubation the PBS got
removed. Finally, 10 ml of new DMEM was added.

Cell culture: freezing cells

To freeze cells, the cells were grown till 80% confluency in a T75-flask. First, the cells
were washed (see Cell culture: washing cells/exchanging of medium). After removing
the PBS, 1 ml EDTA 0,05% was added to the cells to detach them from the flask,
followed by resuspending them in 10 ml of DMEM. After detaching, the suspension
was filled into 15 ml falcon-tubes and centrifuged at 1000 rpm for 5 minutes.
Subsequently the supernatant was aspirated, and the cell pellet was resuspended and
singularized with 4 ml freezing medium. After preparation of the cryo-tubes, 1 ml of the
suspension was filled in each of the tubes. The tubes were frozen at -80°C and
transferred into liquid nitrogen tanks after one week.

Cell culture: thawing cells

The frozen samples were thawed in the 37°C water bath. After thawing, the samples
were transferred into a falcon tube filled with 5 ml DMEM. Subsequently they were put
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into the centrifuge at 1000 rpm for 5 minutes. Afterwards the supernatant was aspirated
and another 10 ml DMEM was added to the tubes to resuspend and singularize the
cells. Afterwards the whole suspension was transferred into a T75-culture flask and
put into the incubator.

Cell culture: splitting cells

To split cells, the cells were grown till 80% confluency in a T75-flask. First, the cells
were washed (see Cell culture: washing cells/exchanging of medium). After aspirating
the PBS, 1 ml EDTA 0,05% was added to the cells to detach them. While the cells
detached from the bottom of the flask, the new flasks/dishes were prepared by filling
them with DMEM:

- T75 bottle: 10 ml

- 10 cm-dish: 5 ml
Depending on the cell line, after 5 (F1648) to 10 (F2612) minutes of incubation with
EDTA, the cells were detached with 10 ml DMEM and singularized. Next, 0,5-1 ml of
the suspension was transferred into the previously prepared flask respectively 0,5 ml
in the 10 cm-dish.

Cell culture: drug screening

The drug library was divided into nine screens, containing 5-12 different compounds.
The following descriptions of the drugs are copied from the official descriptions of
www.selleckchem.com (viewed October 13", 2019) where the compounds were
bought (Selleck Chemicals).

Table 12: Drugs of screen 1 with mode of action (Selleck Chemicals).

Veliparib Potent inhibitor of PARP1 and PARP2

Linsitinib Selective inhibitor of IGF-1R

Pelitinib Potent irreversible inhibitor of EGFR

Galunisertib Potent inhibitor of TGFB-receptor | (TBRI)

GDC-0152 Antagonist of XIAP-BIR3, ML-IAP-BIR3, clAP1-BIR3 and clAP2-
BIR3

UNC1999 Selective inhibitor of EZH2 and EZH1

SF1670 Highly potent and specific PTEN inhibitor

4EGI-1 Competitive elF4E/elF4g interaction inhibitor

CB-839 Potent and selective glutaminase inhibitor

Ulixertinib Potent and reversible ERK1/ERK2 inhibitor

Sabutoclax Pan-Bcl-2 inhibitor, including Bcl-xL, Bcl-2, Mcl-1 and Bfl-1

Saracatinib Potent Src inhibitor

Table 13: Drugs of screen 2 with mode of action (Selleck Chemicals).

Alisertib Selective Aurora A inhibitor
Ispinesib Potent, specific and reversible inhibitor of KSP (kinesin spindle
protein)

24


http://www.selleckchem.com/

Indirubin
Birinapant
Crenigacestat
Wz4003
PTC-209 HBr

AZD6738
LJHG685
UNCO0638

Lapatinib
CuDC-101

Potent cyclin-dependent kinases and GSK-3f inhibitor

SMAC mimetic antagonist, mostly to clAP1

Oral Notch inhibitor

Highly specific NUAK kinase inhibitor

Hydrobromide salt of PTC209, a potent and selective BMI-1
inhibitor

Selective ATR kinase inhibitor

Potent pan-RSK inhibitor

Potent, selective and cell-penetrant chemical probe for G9a and
GLP

Potent EGFR and ErbB2 inhibitor

Potent multi-targeted inhibitor against HDAC, EGFR and Her2

Table 14: Drugs of screen 3 with mode of action (Selleck Chemicals).

Orantinib
Trametinib
GSK2656157
RO5126766
HTH-01-015
UNC0379

STF-083010
NVP-CGMO097
RI-1
Elesclomol
Vemurafenib
Pracinostat

Potent against PDGFR autophosphorylation

Highly specific and potent MEK1/2 inhibitor
ATP-competitive and highly selective inhibitor of PERK
Dual RAF/MEK inhibitor

Potent and selective NUAK1 inhibitor
Selective, substrate competitive
methyltransferase SETDS8

Specific IRE1a endonuclease inhibitor
Highly potent and selective MDM2 inhibitor
RADS51 inhibitor

Potent oxidative stress inducer

Inhibitor of B-RafV600E

Potent pan-HDAC inhibitor

inhibitor of N-lysine

Table 15: Drugs of screen 4 with mode of action (Selleck Chemicals).

Milciclib
AZD1208
Erastin

CWO069

GSK2830371
GSK503
Spautin-1

GSK591

Enzastaurin
BX-795
Adavosertib
Sapanisertib

Potent, ATP-competitive CDK inhibitor for CDK2

Potent Pim kinase inhibitor

Ferroptosis activator by acting on mitochondrial VDAC,
exhibiting selectivity for RAS-mutated tumor cells

Allosteric and selective inhibitor of microtubule motor protein
HSET

Allosteric Wip1 phosphatase inhibitor

Potent and specific EZH2 methyltransferase inhibitor

Potent and specific autophagy inhibitor, and inhibits the
deubiquitinating activity of USP10 and USP13

Potent and selective inhibitor of the arginine methyltransferase
PRMT5

Potent PKC selective inhibitor

Potent and specific PDK1 inhibitor

Potent and selective Weel inhibitor

Potent and selective mTOR inhibitor
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Table 16: Drugs of screen 5 with mode of action (Selleck Chemicals).

Pevonedistat
JIB-04
JSH-23
LLY-507

MI-463
Epacadostat

MS023
Luminespib
BX-912
AZD7762
Alpelisib
PYR-41

Small molecule inhibitor of Nedd8 activating enzyme (NAE)
Pan-selective Jumonji histone demethylase inhibitor

Inhibitor of NF-kB transcriptional activity

Potent and selective inhibitor of protein-lysine methyltransferase
SMYD2

Potent inhibitor of Menin-MLL interaction

Potent and selective indoleamine 2,3-dioxygenase (IDO1)
inhibitor

Potent, selective and cell-active Type | PRMT inhibitor

Highly potent HSP90 inhibitor for HSP90a/

Potent and specific PDK1 inhibitor

Potent and selective inhibitor of Chk1

Potent and selective PI3Ka inhibitor

Cell-permeable inhibitor of ubiquitin-activating enzyme E1, with
no activity at E2

Table 17: Drugs of screen 6 with mode of action (Selleck Chemicals).

NMS-873
EPZ004777
GSK-J1
MI-503
Napabucasin
NSC87877
MK-2206 2HCI
Rigosertib
Selisistat
BI1-D1870
PFI-2 HCI

P22077

Allosteric and specific p97 inhibitor

Potent, selective DOTLL inhibitor

Highly potent H3K27 histone demethylase inhibitor
Potent and selective Menin-MLL inhibitor

Stat3 and cancer cell stemness inhibitor

Cell-permeable inhibitor of SHP-1 and SHP-2

Highly selective inhibitor of AKT1/2/3
Non-ATP-competitive inhibitor of PLK1

Potent and selective SIRTL1 inhibitor

ATP-competitive inhibitor of S6 ribosome for RSK1/2/3/4
Potent selective and cell-active lysine methyltransferase SETD7
inhibitor

Inhibitor of ubiquitin-specific protease USP7 and USP47

Table 18: Drugs of screen 7 with mode of action (Selleck Chemicals).

Poziotinib
BRD4770
SGC707

A-196
ML264
Abexinostat
Ruxolitinib
KU-60019
Salubrinal

C646

Irreversible pan-Her inhibitor

Histone methyltransferase G9a inhibitor

Potent, selective and cell-active allosteric inhibitor of protein
arginine methyltransferase (PRMT3)

Potent and selective inhibitor of SUV420H1 and SUV420H2
Selectively inhibitor of kruppel-like factor 5 (KLF5)

Pan-HDAC inhibitor mostly targeting HDAC-1

Potent and selective JAK1/2 inhibitor

Improved analogue of KU-55933 (specific ATM inhibitor)
Selective inhibitor of elF2a dephosphorylation and inhibits ER
stress-mediated apoptosis

Inhibitor for histone acetyltransferase, and inhibits p300
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ML324
OTX015

Selective inhibitor of Jumoniji histone demethylase (JMJD2)
Potent BET bromodomain inhibitor

Table 19: Drugs of screen 8 with mode of action (Selleck Chemicals).

PX-478 2HCI
B1-847325
Entrectinib
BI-78D3
SMER28
EED226

Thiomyristoyl
PRT4165
CPI-455 HCI
LY2109761
AZD5153
A-1210477

Selective hypoxia-inducible-factor-1a (HIF-1a) inhibitor
Selective dual MEK/Aurora kinase inhibitor
Pan-TrkA/B/C, ROS1 and ALK inhibitor

Competitive JNK inhibitor

Small-molecule enhancer (SMER) of autophagy

Potent and selective allosteric Polycomb repressive complex 2
(PRC2) inhibitor

Potent and specific SIRT2 inhibitor

Bmil/Ring1A inhibitor

Specific KDM5 inhibitor

Selective TGFB-receptor type I/l (TBRI/Il) dual inhibitor
Potent and selective BET/BRD4 bromodomain inhibitor
Potent and selective MCL-1 inhibitor

Table 20: Drugs of screen 9 with mode of action (Selleck Chemicals).

Erdafitinib

Ralimetinib
MX69
BAY-876
LLY-283

Potent and selective pan fibroblast growth factor receptor
(FGFR) inhibitor

Potent inhibitor of p38 MAPK

MDM2/XIAP inhibitor that binds to MDM2 RING protein

Potent and selective GLUTL1 inhibitor

Potent and selective SAM-competitive chemical probe for
PRMT5

Status of research of the used drugs

2%

® Preclinical Trials/no information Phase-I clinical trials (present/past)

® Phase-ll-clinical trials (present/past) ® Phase-lll-clinical trials (present/past)

m Clinical use

Figure 8: Developmental status of the drugs used in the screening.

27



One screen needed 5 days to be completed:
Day 1:

After splitting the Tamoxifen (HDAC-2 deficient)- and ethanol-treated (HDAC-2
proficient) cells (see cell culture: splitting) to one 10 ml bottle and two 10 cm-dishes
(for harvesting proteins), the cell suspension was put into a 50 ml Falcon-tube and
singularized. Afterwards, 20 pl of the suspension was put into a 0,5 ml Eppendorf-Tube
and 20 pul of Trypan Blue 0,4% was added, followed by another singularization of the
cells. Next, the cells were counted with a Neubauer-chamber (see counting cells with
Neubauer-chamber). In order to seed 1000 cells in 100 pl per well in the 96-well-plate
later, dependent on the counting result, the cell suspension was diluted to 10000
cells/ml. The next step contained seeding the cells with a multistep pipette into the
wells. After finishing this procedure, the cells were put in the incubator (37°C; 5% CO2)
until the next day.

Day 2:
To treat the cells with the drugs, the preparations of the right concentrations were

necessary. The drugs were added to the cells on the 96-well-plate following the
scheme in figure 9.

Drug 1 Drug 2 Drug 3 Drug 4

a

Concentration drugs (uM)

A\ /
Figure 9: Layout of drugs and concentrations on a 96-well-plate. On each plate, four drugs were tested. For every
concentration, technical triplicates were performed. The prepared seven-point drug dilutions contained the indicated
concentrations. Additionally, the cell lines were treated with the vehicle (DMSO/water) as control.

In the beginning, the 1,5 ml Eppendorf tubes for the drug dilutions series (seven-point
drug dilution: 10 uM — 0,01 uM) were prepared. The stock solutions of the drugs
(10mM, frozen at -80°C) were thawed and diluted to 60 pM in DMEM. Afterwards the
dilution series were prepared in a 1:3 manner. The DMSO-control was prepared
similarly as the stock solutions of the drugs were dissolved in DMSO (exception
Ralimetinib, which was diluted in H20).

20 pl of the drug dilution series and the control dilutions (DMSO/H20) were added to
each well to achieve the final drug concentrations indicated in figure 9. In the end, the
plates were incubated (37°C; 5% CO2) for 72 hours.
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Day 3 + 4:
Incubation in the incubator (37°C; 5% CO>).
Day 5:

Initially, the CellTiterGlo was prepared following the instructions of the manufacturer
(Promega Corporation), filled into aliquots and put into the freezer until further use.
Prior to use, the CellTiterGlo aliquots were thawed. Afterwards, 25 pl CellTiterGlo was
added to each well in a darkened room. Next, the plates were covered with aluminium
foil and put on a shaker for 10 minutes. Afterwards, the plates were incubated for
additional 20 minutes, followed by the measurement of the luminescence with the
Fluostar optima-photometer.

o 55 3 D Luminescent measurement of
& ATP-concentration
\ /
e +/L -Ceus g

B Adding drugs in ? ?
different concentrations

C Adding CellTiter-Glo

A
/Qg\\\ = CellTiter-Glo

A Seeding cells 0 = Drugs

Figure 10: Scheme of the screening procedure. 24 hours after (A) seeding the cells into 96-well-plates, (B) the drug treatment
was started. (C) After 72 hours, the CellTiterGlo reagent was added to the wells and after 30 minutes of incubation, (D) the
cell viability was measured.

The results were analyzed using the program GraphPad Prism 5 after normalizing the
raw data to the DMSO control. A scheme of the screening procedure can be viewed in
figure 10.

Cell culture: counting cells with Neubauer-chamber

20 pl of the singularized cells were put into a 0,5 ml Eppendorf tube and mixed with 20
pl Trypan blue 0,4%. The chamber and the necessary cover glass were prepared by
cleaning them with 80% ethanol, followed by fixing the cover glass on the chamber.
Furthermore, 10 pl from the cell-dye suspension was applicated between the cover
glass and the chamber. Subsequently, all cells in the 4 quadrants were counted. After
counting, the following formula was used to calculate the cells per ml (x = number of
cells, counted in all 4 chambers):
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x
7 X 10* cells /ml

For every screening, 100 pl containing 1000 cells were seeded in every well of the 96-
well-plates per cell line. Depending on the result, the cells were diluted to 10000
cells/ml (see above).

Cell culture: harvesting proteins

When the cells were seeded on day 1 of the screening, additionally cells were seeded
to 10 cm dishes with 0,5 ml cell suspension into 5 ml DMEM. At 80% confluence in the
dishes, the proteins were harvested to confirm the HDAC-2 knock-out with WesternBlot
later. Therefore, the lysis buffer was prepared, which contained 200 pl of IP-buffer, 2
ul phosphatase-inhibitor x100 and 8 pl protease-inhibitor x25 per 10 cm-dish. After
aspirating the medium and washing the dishes with 5 ml PBS, 200 pl of the lysis buffer
was added on each dish, the cells were collected using a cell scraper. The cell
suspension was filled into 1,5 ml Eppendorf tubes and they were blast-froze in liquid
nitrogen before storing them in a freezer at -80°C until further use.

Cell viability assay CellTiterGlo

The CellTiterGlo assay is a method to indirectly measure the viability of cells by
measuring the adenosine triphosphate (ATP) level of a cell population via
luminescence. The assay binds and reacts with ATP: Catalyzed by luciferase, luciferin
reacts together with ATP and Oz to the luminescent product oxyluciferin (Promega
Corporation). The luminescence emission signal is directly linked with ATP-level and
cell viability (Promega Corporation).

The CellTiterGlo assay consists of 2 components which needed to be prepared prior
to use according to the instructions of the manufacturer (Promega Corporation). The
prepared reagent was frozen until further use.

The day the prepared CellTiterGlo was needed, aliquots were thawed 4 to 5 hours prior
to use and therefore put into a darkened place. After thawing, the reagent was added
to the 96-well-plates from the screening by adding 25 pl CellTiterGlo in each well under
light-protection. Afterwards the plates were put on the shaker for 10 minutes, followed
by 20 minutes incubation time without shaking, both under light-protection. After
incubation, luminescent measurement of the plates with Fluostar optima-photometer
was performed (gain: 1500, luminescent filter: lens from the top, room temperature).

Bradford reagent and measurement of the protein concentration of samples

The Bradford reagent is an assay used to measure the protein concentration of

samples by a photometric measurement. The reagent contains triphenylmethane dye

which builds complexes with nonpolar and cationic rests of the tertiary structure of

proteins. The resulting complex shows an absorption maximum at 595 nm, the reagent
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itself has an absorption maximum at 470 nm. By change of absorption maximum of a
probe, protein concentrations can be measured by comparing them with a calibration
curve.

First, the Bradford reagent was mixed with sterile water in a 1:5 manner in a 50 ml
falcon tube. Meanwhile a 96-well-plate was prepared. The first 6 wells were necessary
for the calibration curve, which was generated by adding BSA 1 pg/pl into the wells in
indicated concentrations (figure 11). Meanwhile the protein samples for the
measurement were thawed and centrifuged at 4°C for 15 minutes (16000 rpm).

Well-Nr. 1 2 3 4 5 6
BSA " VA V.V .-V . Vo
(M) >o¢®¢a¢o§°§

Figure 11: Occupancy for the BSA calibration curve. To receive a calibration curve for the photometric measurement of protein
concentration, the first six wells of the plate were used. Therefore, bovine serum albumin (BSA) in different concentrations
was added to the prepared Bradford reagent: no BSA was added to the first well, the concentrations of the remaining five
wells were 0,5 ug — 8 ug.

For the sample wells, 1 pl of each sample was added into the prepared 300 ul Bradford
reagent (n=3). A change of the color from green to blue was observed after adding
standard or sample. Afterwards, the plate was put into the Anthos-photometer to
measure the absorption at 595 nm.

Gel electrophoresis and WesternBlot

First, the electrophoresis chambers were prepared. Next, the separation gels were
prepared and filled into ¥ of the electrophoresis chambers. To prevent formation of air
bubbles, a few drops of isopropanol was added on top of the separation gel. After the
separation gel polymerized entirely, the stacking gel was prepared and filled on top of
the separation gel. A spacer was put into the polymerizing separation gel to form
pockets for protein loading.

After the stacking gel polymerized, the protein samples were prepared. Depending on
the protein concentrations of the harvested samples (measurement with Bradford
reagent, see above), Laemmli-reagent and the protein samples were mixed in an
eppendorf tube, to receive 2 ug/ul protein of each sample in the aliquot. Afterwards the
aliquots were boiled up for 5 minutes at 95°C to denaturate the proteins. Meanwhile
the gels were prepared by removing the spacer and the Mini-PROTEAN Tetra Cell
were prepared by filling the trough with running buffer.

After the aliquots were boiled up for 5 minutes, 60 pg of protein per sample were filled
into the foreseen pockets in the stacking gel. In one of the pockets 1 pl of the
PageRuler marker was loaded to determine the size of the bands. After the gels were
put in the trough, the electrophoresis was started using 80 V. After the samples
reached the separation gel, the voltage was raised to 120 V.
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Prior to use, one blotting membrane and six prepared Whatman papers were briefly
incubated in transfer buffer. In the next step, three Whatman papers were stockpiled,
followed by the gel and the blotting membrane, topped with the remaining three
Whatman papers. To prevent air bubbles, the pile was smoothened and chucked into
the blotting device, which was put into the blotting chamber filled with transfer buffer.
The blotting was started for 120 minutes at 350 mA.

After the blotting was completed, the blotting membrane was washed in PBS two times
for 5 minutes, followed by a blocking process with 5% Skim Milk for 30 minutes.
Furthermore, the blotting membrane was shrink-wrapped in plastic foil, followed by
adding 3 ml of the primary antibody (solved in 5% skim milk/PBS) and putting it on a
shaker at 4 °C overnight.

The next day, the primary antibody was aspirated and the membrane was washed two
times with PBS for 10 minutes, before the membrane got shrink-wrapped again,
followed by adding 3 ml of fluorescent secondary antibody. Again, the membrane was
wrapped into aluminum foil to protect the antibodies from light and put on the shaker
for 1 hour.

Afterwards, the antibodies were aspirated and the blotting membranes were washed
two times with PBS for 10 minutes, before the blotting membrane were shrink-wrapped
one last time in plastic foil and 3 ml of the prepared mixture of anti-B-Actin-antibody
and the fluorescent secondary antibody were added, followed by wrapping the
membrane into aluminum foil and incubating it on the shaker for 1 hour. Finally, the
membranes were washed two times with PBS for 10 minutes, prior to scanning them
by using Li-COR-Odysee (figure 12).
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Figure 12: WesternBlot. Draft of the knock-out measurement, exemplary for HDAC-2 knock-out: After the blotting, the
membrane gets blocked with skim milk, to prevent untargeted bindings of the antibodies. The primary antibody binds the
proteins. The secondary fluorescent antibody binds the primary antibody. The primary anti-8-Actin-antibody and the
fluorescent secondary antibody were already mixed together in advance and are added to the membrane in the following
step.
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RNA-sequencing

Previously generated and normalized RNA-sequencing data of the HDAC-2 cell lines
F2612 and F1648 were used. Briefly, mMRNA was extracted from the Tamoxifen treated
cell lines and control cell lines. After quality control with densitometry, RNA-sequencing
was carried out by the facility for genomics and proteomics of the Deutsches
Krebsforschungszentrum. For more explicit description see Kraul} et al., 2022.

The changes in gene expression between HDAC-2 proficient and deficient cell lines
were analyzed using the Log2 fold changes. To generate the Log2 transformed fold
changes, the DeSeq2 package in RStudio was used (Krauf et al., 2022).

Cell culture: Tamoxifen treatment for HDAC-2 knock-out

The dual recombinase system, used to induce HDAC-2 knock-out in murine PDAC cell
lines, has already been described previously (Schénhuber et al., 2014; Kim et al.,
2018).

First, cells were seeded on 10 cm dishes and treated with 4-OH-Tamoxifen (diluted in
100% ethanol) for 8 days. This induced HDAC-2 knock-out due to the recombinase
system. Since 4-OH-Tamoxifen (dissolved in ethanol 100%) is less stable in solution
and when exposed to UV-light, 600 nM 4-OH-Tamoxifen was added each day by
changing the media supplemented with 4-OH-Tamoxifen and the cells were split every
2-3 days. The control cell lines were treated simultaneously with the same amount of
vehicle (ethanol). After finishing the treatment, the cells were labeled with T8d
(treatment with 4-OH-Tamoxifen -> HDAC-2 knock-out) or E8d (treatment with ethanol
-> no HDAC-2 knock-out) and proteins were harvested to confirm the knock-out of
HDAC-2 with WesternBlot.

Cell culture: Clonogenic assay

24-well-plates were used and 1000 cells/well (HDAC-2 proficient or deficient)
singularized in 500 pl of DMEM were seeded. 24 hours later, the drug dilutions of
Erastin (100 pl 6-fold concentration of the final indicated concentrations) were added
to the wells (figure 13).
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Concentration Erastin (uM)

Figure 13: Clonogenic assay. Layout of the 24-well-plates for the Erastin concentrations: after seeding 1000 cells in every well,
drug dilutions of Erastin (0,01 uM — 10 uM) and, as Erastin was solved in DMSO, the DMSO control was added to the wells. To
achieve technical triplicates, three wells were needed for every concentrations/control.

DMEM was changed every second/third day. On day 7 after seeding the cells the
medium was removed and the wells were washed carefully using 1 ml of PBS. After
removing the PBS, each well was carefully filled with 200 pl of 0,2% CrystalViolett-
solution, to fix and stain the cells. After 10 minutes of incubation, the CrystalViolett
solution was removed, followed by washing the wells two times with 1 ml of water for
60 minutes. After the second washing process, the water was removed, and the plates
were left for drying. After the plates were dry, they were scanned and subsequently
600 pl of 1% SDS was added to every well to solubilize the CristalViolett staining in the
wells. After incubation of 2,5 hours, the CLARIOstar-photometer was used for
photometric measurement.

Calculation of the z-score and definition of hits in the screening

The results of the ICso-values and the AUC-values of the screening were analyzed by
calculation of the z-scores. The z-score (z;) is the amount of standard deviations (s)
above or below a certain data (x;) from the mean (x).

X; — X

Z; =
l s

XIC50-Erastin F2612E8d —XIC50 of Erastin in all tested cell lines

For example: z ; =
p IC50—Erastin F2612E8d Standarddeviation IC50 all cell lines

Afterwards, the difference between the z-scores of the Tamoxifen-treated cell lines and
the corresponding ethanol-treated cell lines was calculated:

Az = ZTamoxifen — ZEthanol

A drug was defined as a hit when Az-score of ICs0 as well as Az-score of AUC-values
in both HDAC-2 cell lines were <0. A negative Az indicated a higher sensitivity of the
tested drug in HDAC-2 deficient cell lines. Afterwards the dose-response curves of the
drugs were analyzed manually to confirm the observed results.
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Cell culture: Combination treatment of HDAC-2 proficient cells with Erastin and MS-275

To further validate the results from the screening, HDAC-2 proficient cell lines F2612
and F1648 were treated with a combination treatment of Erastin and MS-275.
Therefore, we performed cell viability assays using CellTiterGlo (for more information
regarding CellTiterGlo see “Cell viability assay CellTiterGlo”). The cell lines were
treated with Erastin (10-0,01 uM) and MS-275 (2 uM or 4 uM) (figure 14). To determine
the differences between the combination and a treatment with each compound alone,
the cell lines were simultaneously treated with only Erastin or MS-275.

+ + - - Erastin
MS-275

* - ¥ (2 or 4 pM)

- - - + Control

Concentration drugs (uM)

N

Figure 14: Layout for the validation experiments (Erastin + MS-275) with a 96-well-plate using cell viability assay. HDAC-2
proficient cell lines were simultaneously treated with a combination of Erastin and MS-275 (2 or 4 uM), Erastin only and MS-
275 only.

Synergy Finder

To identify a potential synergy between Erastin and MS-275, the online tool
SynergyFinder was used (https://synergyfinder.fimm.fi). It compares measured drug
responses with expected drug combination responses calculated by means of synergy
scoring models. The used synergy scoring model was the Zero interaction model (ZIP-
model), which quantifies the degree of synergy and the expected response as if the
single compounds wouldn’t affect the potency of each other and models the drug
interaction by comparing the change in potency of each drug with the dose-response
curve of the combination (Yadav et al., 2015; SynergyFinder, 2020; lanevski et al.,
2022).

Clonogenic assays (n=3) of F2612 were performed and measured as previously
descirbed (see “Clonogenic Assay”), six 24-well-plates were seeded, and the cells
were treated with Erastin (3 uM — 0,1 uM) and MS-275 (4 uM - 0,0625 uM) in technical
triplicates (figure 15).
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Figure 15: Clonogenic matrix for synergy finder. Layout for the cell treatment with Erastin and MS-275 with indicated
concentrations.

To receive representative synergy scores after measurement, the highest (and lowest
for MS-275) concentrations (10 and 3 uM for Erastin, 4 uM and 0,0625 pM for MS-275)
were removed prior to analysis. Next, the values of the individual concentration
treatments were uploaded as a table to the SynergyFinder-tool. “ZIP-model”’ as
reference model and “Inhibition” as readout was chosen. All other settings were set to
default. The tool consequently calculated synergy scores (mean and highest), dose-
response curves, dose-response matrix and visualized the synergy scores with 3D and
2D models. Furthermore, dose-response curves of the multi-dimensional synergy of
combinations (MuSyC) reference model were created by the tool. MuSyC reveals if an
observed synergy is caused due to enhanced potency or/and efficacy of the
compounds (lanevski et al., 2022).

Gene set enrichment analysis (GSEA)

GSEA offers the possibility to compare HDAC-2 proficient and deficient PDAC cells
(F2612 and F1648) regarding significantly enriched pathways. Previously generated
RNA-sequencing data were used and analyzed, using the software GSEA 4.0.3
(Mootha et al., 2003; Subramanian et al., 2005). Briefly, rlog transformed countmatrix
of RNA-sequencing data was used to compare HDAC-2 proficient and deficient cell
lines.

To detect overlapping positively or negatively enriched pathways in F2612 and F1648,
the pathways with adjusted p-values <0,05 in F2612 and F1648 were compared using
Venny 2.1.

Statistics
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Unless stated otherwise, experiments were done in at least biological and technical
triplicates. The screening was performed as one biological replicate in technical
triplicates. Validation experiments were additionally performed in biological triplicates.
For comparison of two independent kind of cell lines (HDAC-2 proficient and deficient
cell lines) regarding the consequences of the treatments, unpaired t-test (two tailed)
was used to explore statistical significance, except for the evaluation of significance
towards the findings from SynergyFinder (one-way analysis of variance with
Bonferroni’s multiple comparison test was used to determine significance). GraphPad
Prism 5 was used to visualize the results and perform the statistical calculations. No
statistical method was used to predetermine sample size. The experiments were not
randomized. The investigator was not blinded to allocation during experiments and
outcome assessment.

Results

Drug screening and validations

To identify new HDACIi-based combination therapies against PDAC, an explorative
unbiased drug screening using 101 drugs targeting a variety of targets (see tables 12
— 20 in materials) in different concentrations was performed in two HDAC-2 proficient
and HDAC-2 deficient PDAC cell lines (F1648, F2612). The knock-outs were confirmed
on protein level by performing WesternBlots (figure 16).

Tamoxifen

80 kDa

+ - +

Screen1 Screen 2 Screen 3 Screen4 Screenb Screen 6 Screen7 Screen 8+9

HDAC-2

B-Actin

F1648

+ - + - + + - + - * - + Tamoxifen

(T R — Lo i —“——" HDAC-2

45kD T — e G T T — e G S—— e g w— . PACtin

Screen 1+2 Screen3 Screen 4 Screen5 Screend ScreenT Screen 8+9

Figure 16: Tamoxifen induces HDAC knock-out in murine PDAC cell lines. Indicated murine PDAC cell lines were treated with
ethanol or Tamoxifen (600 nM, 8 days). Knock-out of HDAC-2 was confirmed on a protein level using Western Blot analysis. 8-
actin was used as a loading control.

As a screening result, we observed differences in drug sensitivity between proficient
and deficient cell lines. For analysis the 1Cso- and AUC-values of the dose-response
curves were used (tables 25 - 26) and the z-scores were calculated (table 27). Based
on the ICso- and AUC-values, the z-ratios (A z-scores) between proficient and deficient
cell lines were calculated (table 28). A drug was defined as a hit, if z-ratios of ICsp and
AUC were both negative in the HDAC-2 cell lines F2612 and F1648, indicating
increased drug sensitivity in HDAC-2 deficient cell lines (figure 17 B, C and D).
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Figure 17: Definition of screening hits in HDAC-2 cell lines. (A) Visualization of screening hits and analysis of the results. (B)
shows the overlap of the calculated negative z-ratios. (C) shows the overlap of the calculated positive z-ratios. (D) Heatmap
of the overlapping compounds (negative z-rations shown in blue, positive z-rations shown in red).

Consequently, five drugs were identified as hits (figure 17 B and D and table 21).
Furthermore, curve fitting was confirmed manually.
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Table 21: Overview over Az-scores of identified compound hits.

Az ICs0 F1648 Az ICso F2612 Az AUC F1648 Az AUC F2612

BX-795 -1,881 -1,346 -1,021 -2,171
Erastin -0,030 -1,062 -0,305 -0,505
GSK503 -1,958 -0,051 -0,595 -2,321
JIB-04 -2,327 -0,418 -2,131 -0,103
Sapanisertib -0,251 -0,831 -1,015 -0,359

In order to validate the identified hits, we first repeated the viability experiments (figure
18) and were able to confirm the results of Erastin and JIB-04. For Erastin-treatment
in HDAC-2 deficient cell lines we observed a significant reduction of ICso-values of
38,11% in F2612 and 39,85% in F1648 as well as a reduction of AUC-values of 9,22%
in F2612 and 15,70% in F1648 compared to the HDAC-2 proficient cell lines. For JIB-
04-treatment in HDAC-2 deficient cell lines we observed a significant reduction of 1Cso-
value of 29,77% in F2612 and 57,94% in F1648 as well as a reduction of AUC-value
of 7,42% in F2612 and 36,78% in F1648 compared to HDAC-2 proficient cell lines

(table 22). To calculate the reduction of AUC- and ICso-values, the following equation

was used: Reductionicsoauc = (1 — %} x 100 [%)].
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Figure 18: Dose-response curves of the identified hits with cell viability assay. After the screening, hits were validated (n=3
biologically independent samples) and dose-response were generated for F1648 and F2612. Measurement of cell viability after
72 hours by using CellTiter-Glo assay. Significance of the biological triplicates were calculated by using unpaired t-test (*pauc
<0,05; °°pauc <0,01, *picso <0,05). Data are presented as mean values +/- SEM.
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Table 22: Overview and comparison of ICso- and AUC-values in cell viability assay. n=3 biologically independent samples.

BX-795

Erastin

GSK503

JIB-04

Sapanisertib

ICs0 (LM)
AUC
Reduction
ICso
Reduction
AUC

ICs0 (LM)
AUC
Reduction
ICs0
Reduction
AUC

ICs0 (LM)
AUC
Reduction
ICs0
Reduction
AUC

ICs0 (UM)
AUC
Reduction
ICs0
Reduction
AUC

ICs0 (UM)
AUC
Reduction
ICs0
Reduction
AUC

F1648 F1648
HDAC-2 (+) HDAC-2 (-)
5,461 4,491
605,8 562,5
17,76%
7,15%
0,271 0,163
149 125,6
39,85%
15,70%
47,37 10,86
863,9 799,0
77,07%
7,51%
0,2927 0,1231
96,09 60,75
57,94%
36,78%
0,02976 0,02244
53,44 56,03
24,69%
-4,85%

F2612 F2612
HDAC-2 (+) HDAC-2 (-)
7,576 5,594
698,2 612,7
26,16%
12,25%
3,175 1,965
256 232,4
38,11%
9,22%
9,410 7,296
791,7 7136
22,47%
9,86%
0,3554 0,2496
111,9 103,6
29,77%
7,42%
0,1083 0,06125
192,9 159,4
43,44%
17,37%

We further evaluated Erastin. Erastin is a ferroptosis inducer, targeting the cystine-
glutamate antiporter xc and opens voltage dependent anion channels in the outer
mitochondrial membrane (VDAC) and thus leads to ferroptosis, a non-apoptotic cell
death (Yagoda et al., 2007; Dixon et al., 2012; Cao and Dixon, 2016; Conrad and Pratt,

2019).

Effect of Erastin treatment with the mean ICso-value concentration of F2612 (2,57 uM)
on HDAC-2 proficient and deficient PDAC cells was visualized after 72 hours (figure

19).
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Figure 19: Pictures of cell lines treated with DMSO or 2,57 uM Erastin (F2612). Treatment of HDAC-2 proficient cells with (A)
DMSO (control) or (C) Erastin 2,57 uM. Treatment of HDAC-2 deficient cells with (B) DMSO (control) or (D) Erastin 2,57 uM.
The pictures taken were representative to the cell density in the dish.

Next, we further validated the effect of Erastin in clonogenic assays (n=3) using the
cell line F2612. We could confirm the reduction in clonogenic growth in HDAC-2
deficient cell lines after 7 days of Erastin treatment, however the findings were not
significant (figure 20). The clonogenic growth curve was used to determine AUC- and
ICso-values. Thus, for F2612 we observed a reduction of 42,59% for ICso-value and
19,42% for AUC-value (table 23).

42



A F2612 HDAC-2 (+) F2612 HDAC-2 (-) B Erastin

5 o F2012E8d
g = F2012 780
*
S 100
i,
T
3 2 4 ° 1 2
concentration log,, pM
_ Erastin 1
= C "
g 100
£ ¥
I * [
'; 4
'g c 4
2
e 5 .
= R
g .
s
§ HDAC-2{+) HDAC-2(-)
D F2612
+ Tamoxifen

Figure 20: Validation of the effect of Erastin with clonogenic assay. (A) Visualization of the clonogenic growth: HDAC-2
proficient and deficient cell line (F2612) treated with Erastin with indicated concentrations for 7 days. (B) Dose-response curve
of clonogenic assay (n=3 biologically independent samples, ns). (C) Reduction of the relative clonogenic growth of HDAC-2
proficient and deficient cell lines (F2612) treated with Erastin 1 uM (ns, two-tailed unpaired t-test), as this concentration
showed the biggest difference in clonogenic growth between proficient and deficient cells. (D) Indicated murine PDAC cell lines
were treated with ethanol or Tamoxifen. Knock-out of HDAC-2 was confirmed on a protein level using Western Blot analysis.
B-actin was used as a loading control. All data are presented as mean values +/- SEM.

Table 23: Clonogenic assay mean ICso- and AUC-values and its reductions. Mean ICso- and AUC-values and its reductions
comparing HDAC—2 proficient and deficient cells from the clonogenic assay experiments (n=3 biologically independent
samples) with Erastin (F2612): the combination of HDAC-2 deficiency and Erastin treatment show a reduction of 42,59% for
ICso- and a reduction of 19,42% for AUC-value.

F2612 HDAC-2 (+) F2612 HDAC-2 (-)
IC50 (uM) 1,965 1,128
AUC 277,1 223,3
Reduction ICso 42,59% (ns)
Reduction AUC 19,42% (ns)

Analysis of combination of Erastin and MS-275 with HDAC-2 proficient cells

To evaluate if the observed effects in the genetic models were reproducible and could
be translated in an actual pharmacological treatment, HDAC-2 proficient cell lines
F2612 and F1648 were receiving a treatment with Erastin and MS-275. Cell viability
assay CellTiterGlo was performed for evaluation.

The results showed a reduction of cell viability in cell lines receiving the combination
of Erastin and MS-275 compared to those receiving either one of them (figure 21). For
F1648 cell line receiving the combination of Erastin and MS-275 2 uM (n=2) we
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observed a reduction of ICso-value of 57,93% and a significant reduction of AUC-value
of 25,30%, in F2612 we observed for this drug combination (n=2) a reduction of ICso-
value of 69,01% and a reduction of AUC-value of 26,80%. In cell lines treated with
Erastin and MS-275 4 uM, we observed in F1648 (n=2) a reduction of ICso-value of
97,23% and a significant reduction of AUC-value of 51,24% and in F2612 we observed

for this drug combination (n=2) a reduction of ICso-value of 98,45% and a reduction of
AUC-value of 49,74%.
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Figure 21: Combination treatment of HDAC-2 proficient cell lines F2612 and F1648 with Erastin and MS-275 using cell
viability assay. Treatment of (A) F1648 and EB) F2612 with Erastin and MS-275 2 uM. Treatment of (B) F1648 and (F) F2612
with Erastin and MS-275 4 uM. Comparison of AUC-values of the duplicates of (C) F1648 and (G) F2612. Comparison of ICso-
values of the duplicates of (D) F1648 and (H) F2612. Significance of the biological duplicates were calculated by using unpaired
t-test (°pauc <0,05; **picso <0,01). All data are presented as mean values +/- SEM (n=2 biologically independent samples). The
presented data were generated with the support of Lukas Kraupfs.



Analysis of synergy

Based on the results, we next wanted to evaluate if synergy between Erastin and MS-
275 exists. Therefore, we used the online tool SynergyFinder
(https://synergyfinder.fimm.fi). We calculated the synergy score for clonogenic assay
in HDAC-2 proficient cell line F2612 (n=3) (figure 22). SynergyFinder compares the
observed drug combination responses (e.g. dose-response matrix) with the expected
responses calculated by means of synergy scoring models (reference model), leading
to classification of synergy or antagonism depending on the observed deviation
(lanevski et al., 2022). The used reference model was the Zero interaction potency
model (ZIP-model). The ZIP-model quantifies the degree of synergy and the expected
response as if the single drugs wouldn'’t affect the potency of each other and it models
the drug interaction by comparing the change in potency of the dose-response curves
of each drug with the dose-response curve of the combination (Yadav et al., 2015;
SynergyFinder, 2020). For each measured dose combination, an individual synergy
score is visualized to find the most synergistic area. The synergy score is averaged
over all the measured dose combinations. SynergyFinder defines the results of the
synergy score as followed:

- ZIP < -10 antagonistic

- -10 < ZIP < 10 additive

- ZIP > 10 synergistic

With help of SynergyFinder we were able to show existing synergy between Erastin
and MS-275 with a summery synergistic score of 14,05 and a most synergistic area
score of 18,95 (figure 23 A — C). The best synergy (34,07) was observed for a
combination of 1uM MS-275 and 0,3 uM Erastin. To determine significance of the
findings, one-way analysis of variance with Bonferroni’s multiple comparison test was
performed showing a significant difference between cells treated with Erastin 0,3 uM
in combination with MS-275 1 uM compared to cells only treated with MS-275 1 uM
(figure 23 F). Generated combination dose-response-curves of the multi-dimensional
synergy of combinations (MuSyC) reference model revealed that a synergistic potency
shift with a fold change of 4,59 for Erastin treated cells induced by MS-275 can be
detected (figure 23 D) as well as a synergistic potency shift with a fold change of 21,44
for cells treated with MS-275 induced by Erastin (figure 22 E).
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Figure 22: SynergyFinder matrix and input dose-response curves. (A) Matrix generated with clonogenic assay: HDAC-2
proficient cell line (F2612) treated with Erastin and MS-275 with indicated concentrations for 7 days. Dose-response curves
generated with clonogenic assay (n=3 biologically independent samples) after treatment with (B) Erastin or (C) MS-275. (D)
Dose-response matrix generated by SynergyFinder showing inhibiton of cell viability after combination treatment of Erastin
and MS-275 with indicated concentrations. The presented data were generated with the support of Lukas Kraufs.
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Figure 23: Visualization of synergy between Erastin and MS-275. (A) 2D and (B) 3D synergy map highlighting synergistic
regions, showing (C) a summery synergy score of 14,05 and a most synergistic area score of 18,95 (using ZIP-model). (D)
Combination dose-response curves of the multi-dimensional synergy of combinations (MuSyC) reference model showing a
synergistic potency shift of Erastin treated cells induced by MS-275 (fold change: 4,59) or (E) a synergistic potency shift of MS-
275 treated cells induced by Erastin (fold change 21,44). (F) Significant difference in cell viability between cells treated with
Erastin 0,3 uM and MS-275 1 uM compared to cells only treated with MS-275 1 uM (One-way ANOVA with Bonferroni’s
multiple comparison test). n=3 biologically independent samples.

Analysis of RNA-sequencing data

RNA-sequencing data of HDAC-2 cell lines F2612 and F1648 previously generated
were used. The data were analyzed regarding genes relevant for induction of
ferroptosis and HDAC inhibition as well as genes which are relevant in the pathways
showing positive enrichment in HDAC-2 proficient cell lines in GSEA (see below).
SLC7A11 and VDAC2 are direct targets of Erastin (Conrad and Pratt, 2019; Zhao et
al., 2020). GPX4 is an important enzyme for detoxification of reactive oxygen species
and needs glutathione as cofactor (Yang et al., 2014). EIF2AK4 is a kinase, leading to
phosphorylation of the eucaryotic translation initiation factor elF2a, which activates the
integrated stress response against cellular stress via ATF4 (table 24) (Suragani et al.,
2012; B'chir et al., 2013; Wortel et al., 2017).

Table 24: Extract from the RNA-sequencing data necessary for the thesis. (NA = no data) The Log2 Fold Change (Log2FC) is
a ratio comparing the gene expression between HDAC-2-proficient and -deficient cells. A negative Log2FC equals a lower
expression in the deficient cells, while a positive Log2FC means a higher expression in the deficient cells. The p-value as
indicator for significance shows, that not all data from the sequencing are statistically significant. Especially ATF4 shows
significantly lower resp. higher expression in the HDAC-2-deficient cells in both cell lines.

F2612 F1648
Log2FC p-value Log2FC p-value
SLC7A11 -0,96 0,181 -0,62 0,003
ATF4 -0,69 0,003 -0,33 0,002
EIF2AK4 -0,13 0,4 0,09 0,155
GPX4 0,11 0,524 0,01 0,926
VDAC2 0,15 0,252 -0,13 0,255

Analysis of Gene set enrichment analysis

Gene set enrichment analysis (GSEA) using the previously generated RNA-
sequencing data of HDAC-2 cell lines F2612 and F1648 was performed to determine
the behavior of the cell lines after HDAC-2 knock-out. We overlapped the results from
each cell line. We confirmed five enriched Reactome pathways in HDAC-2 proficient
cell lines, including the transport of amino acids across the plasma membrane, the
response of kinases to amino acid deficiency and heme deprivation and the cellular
response to starvation (figure 24).
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Figure 24: Gene set enrichment analysis of F1648 and F2612. RNA-sequencing data of HDAC-2 cell lines F2612 and F1648
were analyzed with GSEA. Five pathways show a significant negative enrichment in both HDAC-2 cell lines, the enrichment
plots for the depicted reactome pathway signatures are shown.

Discussion and interpretation of the results

With a 5-year-survival of 11%, pancreatic cancer has a very poor prognosis and is
predicted to be the third leading cause of cancer related deaths in women and fourth
leading cause of cancer related deaths in men by 2040 (Jain and Bhardwaj, 2021,
Rahib et al., 2021; Siegel et al., 2022). It is mostly diagnosed in advanced stages,
meaning that surgery, as only way to cure the disease, is often not possible anymore
(Wagner et al., 2004; Park et al., 2021). This highlights the necessity for drug-based
therapies. Although chemotherapeutic schemes like FOLFIRINOX are available, due
to therapy resistance of the cancer the success is often limited (Jain and Bhardwaj,
2021). This shows the importance of new drug-based therapeutic strategies.

HDACI like Vorinostat seem to be promising anti-cancer agents, as Vorinostat has
already been approved by the FDA for treatment of refractory cutaneous T-cell
lymphomas (Falkenberg and Johnstone, 2014). Different studies also see potentials of
HDAC: for treatment of pancreatic cancer, e.g. to overcome chemotherapy resistances
(Roca et al., 2022). While studies in the past showed HDACI as potential partner within
a drug-combination, many clinical trials did not show the expected success, especially
the utility of HDACi as single agent (Hontecillas-Prieto et al., 2020). To find new
potential combination-based drug therapies for treatment of pancreatic cancer, a drug
screening was established using isogenic murine HDAC-2 proficient and deficient
PDAC cell lines as a model system. The response to 101 drugs with different mode of
actions was tested in the drug screening experiment. Based on the results of the
unbiased screening with HDAC-2 proficient and deficient cells, Erastin was further
evaluated as a potential partner for a combination therapy with HDACI.

In both HDAC-2 cell lines, cell lines treated with Erastin showed a significant reduction
of cell viability. Those findings were reproducible performing different assays such as
clonogenic assay, although significance has not always been confirmed. Further
investigations and validations are necessary, e.g. by using different models such as
primary human PDAC cell lines or a larger cohort of murine PDAC cell lines.

To determine if the observed results in the knock-out screening could be translated
into actual pharmacological treatments, a treatment of HDAC-2 proficient cell lines with
actual compounds was necessary. After combination treatment with Erastin and MS-
275 (class-I-HDACI), we confirmed reduced cell viability and synergistic effects.

Erastin was originally found in a compound screening as a small molecule that killed
cancer cells which were overexpressing Small T oncoprotein (ST) and oncogenic RAS,
leading to its name Erastin (“Eradicator of RAS and ST-expressing cells”) (Dolma et
al., 2003). Although KRAS is the most frequently mutated oncogene in PDAC (Hong
et al., 2011), ferroptosis induced by Erastin is not only relevant in RAS-mutated cancer
cells and can be induced regardless of the RAS-status (Conrad and Pratt, 2019).
Erastin has a poor water solubility and has an unstable metabolism in the body, limiting
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its in-vivo use. However, after chemical manipulation, Erastin (like Piperazine-Erastin
or Imidazole Ketone Erastin (IKE)) could be a good option for cancer treatment in vivo,
what has already been shown in the past in mouse lymphoma models by Zhang et al.,
where a treatment with IKE showed reduced tumor growth (Zhang et al., 2019; Zhao
et al., 2020). Erastin induces ferroptosis. Ferroptosis is an iron-dependent oxidative
non-apoptotic cell death. Induction of ferroptosis leads to increase and accumulation
of lipid peroxidation, lipid peroxids/lipid-ROS/reactive oxygen species (ROS), depletion
of plasma membrane polyunsaturated fatty acids and cell damage (Cao and Dixon,
2016; Liu et al., 2021). One important antioxidant system is the xc" -GSH-glutathione
peroxidase 4 system, which leads to detoxification of reactive oxygen species and
inhibits ferroptosis with the help of glutathione (GSH) (Yang et al., 2014; Zhao et al.,
2020).

Erastin induces ferroptotic cell death by irreversibly inhibiting the cystine-glutamate
antiporter xc” and simultaneously opens voltage dependent anion channels (VDAC) 2
and 3 (Yagoda et al., 2007; Dixon et al., 2012; Cao and Dixon, 2016; Conrad and Pratt,
2019):

Due to inhibition of xc, the uptake of cystine decreases while the concentration of
glutamate increases. This could lead to a lower synthesis and faster depletion of
glutathione (GSH), which is an important antioxidant in the cell by reducing the
concentration of reactive oxygen species (ROS) and acts as a cofactor for glutathione
peroxidase (GPX). GPX4 catalyzes reactions to reduce toxic lipid peroxide PLOOH
(lipid-ROS), produced from polyunsaturated fatty acids (PUFA) from the cell
membrane, to nontoxic lipid-alcohols PL-OH by using GSH as cofactor (Yang et al.,
2014; Imai et al.,, 2017). This makes GPX4 a regulator of ferroptosis. A low
concentration of GSH consequently leads to a higher concentration of ROS and
especially lipid-ROS, due to reduced ROS detoxification. This increase of ROS-levels
due to Erastin-treatment could lead to imbalance and to oxidative cell death, more
specifically ferropotosis (Yang et al., 2014).

Another important effect of Erastin is the opening of VDAC channels. VDAC proteins
are responsible for the exchange of metabolites and other substrates through the
mitochondrial membrane (e.g. ATP or respiratory substrates) (Maldonado and
Lemasters, 2012; Zhao et al., 2020). Together with the complexes I, 11l and IV of the
respiratory chain, closed VDACs are also necessary to provide a stable mitochondrial
membrane potential. Due to an opening of the VDAC channels, the mitochondrial
membrane potential increases due to hyperpolarization (DeHart et al., 2018). The
effect of the reopening of VDAC results in a reverse of the Warburg metabolism,
meaning an increase in oxidative phosphorylation, ROS-synthesis and decrease of
glycolysis (Yagoda et al., 2007; Imai et al., 2017; Maldonado, 2017; Zhao et al., 2020).

Zille et al. assumed that class-I-HDACi promote ferroptosis induced by Erastin in
fibrosarcoma cancer cells (Zille et al., 2019). Beside the effects mentioned in the
introduction, HDACI like MS-275, Domatinostat or Vorinostat (=SAHA) lead to
increasing ROS-levels (Ruefli et al., 2001; Zhang and Zhong, 2014; Roca et al., 2022).

Analyzing RNA-sequencing data using GSEA after HDAC-2 knock-out revealed
negative enrichment of the EIF2AK4-EIF2A/elF2a-ATF4 pathway, amino acid

deprivation, amino acid transport across the plasma membrane and the elongation of
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translation. Also, the data from the RNA-sequencing showed a significant
downregulation of ATF4 after HDAC-2 knock-out. These findings are strong hints for
the postulated lower xc” -expression mediated by reduced ATF4-expression via lower
expression of xc -subunit SLC7A11 initiated by HDACI, what Wolf et al. and Lewerenz
et al. showed in glioma cells (Lewerenz et al., 2012; Wolf et al., 2014; Koppula et al.,
2018).

ATF4 is part of the Integrated Stress Response (ISR)-pathway, which is necessary for
responding to cellular stress (B'chir et al., 2013; Masson, 2019). Important ways for
activation of this pathway are amino acid deprivation and heme deprivation and
hypoxia, both sensed by specific protein kinases GCN2 (EIF2AK4; general control non-
depressible protein 2) and HRI (EIF2AK1; heme-regulated elF2a kinase) (Suragani et
al., 2012; Wortel et al., 2017; Masson, 2019). Both kinases lead to phosphorylation of
the eukaryotic translation initiation factor elF2a. After phosphorylation, elF2a reduces
translation of MRNA and activates a transcriptional stress response via ATF4 (Masson,
2019). A central regulator for GCN2 activity is deacetylated tRNA as tRNA synthetase
enzymes fail to aminoacetylate tRNA due to amino acid deprivation (Zaborske et al.,
2009) (figure 25).

amino acid deprivation

|

I:‘["@l";’ @ N / translation of mRNAl
deacetylated tRNA \ \
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ISR

Figure 25: elF2a-ATF4 pathway. Heme deprivation and hypoxia lead to activation of HRI (heme-regulated elF2a kinase) and
amino acid deprivation leads to increasing levels of deacetylated tRNA which activates GCN2 (general control non-depressible
protein 2). Both kinases induce phosphorylation of elF2a, which reduces translation and increases ATF4-induced stress
response.

The downregulation of ATF4 mRNA may contribute to the increased Erastin sensitivity
of HDAC-2 deficient murine PDAC cells. However, further experiments using cells with
ATF4 knock-out could be treated with Erastin to investigate changes in sensitivity. This
could be further validated by reconstituting ATF4 in these knock-out lines.

GPX4 is also necessary to reduce oxidative stress. Results published by Wang et al.
showed that HDACI Quisinostat lead to downregulation of GPX4 (Wang et al., 2021).
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However, the analyzed RNA-sequencing data did not confirm the mentioned regulation
of GPX4.

Suggesting that Erastin or HDACI lead to higher oxidative stress due to higher levels
of ROS, a combination of both agents should further increase ROS-levels. Such higher
ROS-levels, due to a combination of HDACIi and inhibition of xc”, have already been
detected with ROS-measurement in human breast cancer cells and human colon
cancer cells: the ROS-levels were higher after a combination of HDACi and Xc-
inhibitors than either one of the agents alone (Miyamoto et al., 2020). Yang et al. also
showed, that class-I-HDACIi enhances ferroptotic cell death after Erastin treatment in
lung cancer cells and were able to show similar results regarding cell lethality and
ROS-levels after a combination of Vorinostat and Erastin like Miyamoto et al. (Yang et
al., 2020). This could explain the observed results, however ROS-measurements have
not been performed. As the combination of Vorinostat and Erastin showed similar
effects on apoptosis as each drug alone, Yang et al. are convinced that the
combination lead to ferroptosis (Yang et al., 2020).
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Figure 26: Regular pathway in the cell. Antiporter x:, which expression is influenced by ATF4, is responsible for transporting
cystine in exchange for glutamate into the cell to build glutathione (GSH). GSH is necessary for the GPX4-catalyzed reduction
of lipid-ROS (PL-OOH) to nontoxic lipid-alcohols (PL-OH). Characteristic for a cancer cell, VDAC is closed due to bonding of free
tubulin. Due to the closed VDAC in the mitochondrial membrane, the mitochondrial membrane potential stays stable.
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Figure 27: Inhibition with Erastin and Class-I-HDACi. Erastin induces ferroptosis by irreversibly inhibiting xc, which leads to a
reduced production and faster depletion of glutathione (GSH). Decreasing detoxification of lipid-ROS is the consequence. Lipid-
ROS can induce increasing DNA-damage. Erastin also leads to opening of VDAC, which induces oxidative phosphorylation and
consequently increases ROS-production in the mitochondria and transport of ROS from the mitochondria into the cytoplasm.
Those higher ROS-levels lead to increasing DNA-damage. HDAC-inhibition could enhance the DNA-damaging effects of Erastin
induced ROS-levels by reducing the expression of xc via reduced expression of ATF4.

The figures 26 and 27 show the hypothesis of possible interactions leading to the
observed synergistic effects of a cotreatment of HDACi and Erastin: the combination
of increasing ROS-levels due to different mechanisms (xc-inhibition, lower xc-
expression, reduced GSH-production and VDAC-opening) lead to much higher
oxidative stress within the cells, leading to increasing cell lethality. With the data
collected for this thesis, the described suspected mechanism of how HDACi and
Erastin could interact cannot be confirmed for PDAC, but the data can give a hint for
such interaction and working mechanism, which must be addressed in future
experiments.

To understand how both drugs synergistically interact and to evaluate the postulated
working mechanism of a combination of Erastin with HDACi in PDAC cells, further
investigations are necessary. Therefore, more validations of the experiments using
Erastin and MS-275 in different concentrations and with different assays should be
performed as well as ROS-measurements (like those of Myamoto et al. or Roca et al.).
To evaluate, if the effect is caused by ferroptosis, experiments using ferrostatin (binds
the necessary iron for ferroptosis) to reverse the effect should be performed. Also,
DNA-damage should be measured to evaluate if the increasing ROS-levels lead to
increasing DNA-damage. Furthermore GSH-measurement could be performed to
measure the depletion and decreased production of GSH due to the inhibition. The
presented observations suggest, the combination could also interact with the cellular
metabolism (Zhao et al., 2020), which require further investigations. In case that further
investigations show promising results, the tolerability has to be evaluated for a potential
clinical use in the future. As previously mentioned, Erastin would need further chemical
manipulation prior to in-vivo use, while MS-275 already has a dosage form for oral use
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and showed to be well tolerated in earlier phase-I-trials at a dose of 6 mg/m? with no
severe side effects (Kummar et al., 2007).

The other promising hit JIB-04, a pan-selective Jumonji histone demethylase inhibitor,
needs further investigations too.

Besides surgery, drug-based therapies are and will be the most important instrument
in the fight against PDAC. The presented data show promising results for a therapy
combining MS-275 and Erastin, but further investigations are necessary. The goal of
most of the therapies in medicine are the healing and recovery of the patient.
Sometimes, certain therapies alone can achieve this goal and sometimes, therapies
are part of a holistic concept. Maybe the combination of Erastin and HDACI could be a
useful radiosensitizer with the advantage that additional to the ROS-production
induced by radiotherapy, the drug-combination would lead to increasing ROS-levels
as well (Zhao et al., 2020). Experiments using Erastin as radiosensitizer, e.g. to
increase the sensitivity of breast cancer to y-rays, seem promising (Cobler et al., 2018).
Radiotherapy already plays a role in neoadjuvant treatment of borderline-resectable
pancreatic cancer (Leitlinienprogramm Onkologie, 2021). But even if new drug-based
therapies show increased survival-rates or symptom-free lifetime instead of curation
from cancer, it would be a great success too.

Supplement

Table 25: F2612 ICsp- and AUC-values from the screening according to drug (NA = no results)

HDAC-2(+)  HDAC-2(+)  HDAC-2(-)  HDAC-2(")

ICs0 AUC ICs0 AUC

4EGI-1 15,11 285,9 27,03 287,6
A1210477 35,56 313 NA 386

A-196 435,6 297,8 NA 324,1
Abexinostat 0,6466 180 0,2793 152,4
Adavosertib 0,09242 104,3 0,09105 107.,9
Alisertinib 0 271,6 20,16 278,1
Alpelisib 4,361 253,7 2,953 232,7
AZD1208 0,009101 288,1 NA 279,3
AZD5153 0,6457 173,5 0,4078 168,5
AZD6738 0,8379 179,7 0,7216 195,1
AZD7762 0,06647 98,85 0,08121 108,8
BAY-876 0,02951 79,34 0,05292 91,4

BI-78D3 27,8 294,7 0 285,9
B1-847325 0,02261 66,16 0,09609 105,4
BI-D1870 10,27 281,1 7,839 269,2
Birinapant NA 293,4 114,7 275,1
BRD4770 2,947 269,3 1,795 234,2
BX-795 7,726 288,1 4,955 261,1
BX-912 26,09 290,6 21,6 302,8
C646 959,2 280,1 24,14 316,9
CB-839 0,3399 157,4 2,448 2249
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CPI-455 HCI
Crenigacestat
CUDC-101
CWO069
EED226
Elesclomol
Entrectinib
Enzastaurin
Epacadostat
EPZ004777
Erastin
Erdafitinib
Galunisertib
GDC-0152
GSK J1
GSK2656157
GSK2830371
GSK503
GSK591
HTH-01-015
Indirubin
Ispinesib
JIB-04
JSH-23
KU-60019
Lapatinib
Linsitinib
LJH685
LLY-283
LLY-507
Luminespib
LY2109761
MI-463
MI-503
Milciclib
MK-2206 2HCI
ML264
ML324
MS023

MX69
Napabucasin
NMS-873
NSC87877
NVP-CGMO097
Orantinib
OTX015
P22077
Pelitinib
Pevonedistat
PFI-2 HCI

138,2
5,33E-15
2,337
33,77

0
0,01892
1,957
315,2
44,61
113,9
3,642
6,517
30,07
18,8

0

15,36
147,6
8,401
10,85
2,348
6,38E-07
4,165
0,3012
NA
10,03
6,918
28,02
6,88E-11
22,14
1,926
0,01018
49,39
1,774
34,67
0,4067
3,209
NA
8,627
22,2
22,62
2,853
5,713
14,99
7,74
NA
3,691
34,78
0,7849
1,463
35,91
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221

306,6
298,8
50,66
245,3
277,4
307,5
290,2
253,8
303,9
300

306,1
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309,7
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298,5
2544
2254
274,3
243,7
166,3
314,3
279,5
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292,7
233,7
54,04
315,6
230

302,4
182,2
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311,1
283,8
280,3
312,2
246,3
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302,4
275,7
366,9
523

273,6
185,3
232,2
2854
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NA
1397
1,507
2594
NA
0,0145
3

0
31,27
67,51
1,905
5,499
65,21
89,49
137,2
53,54
0
6,289
16,06
2,939
97,39
1,926
0,2615
17,79
5,997
4,083
176,4
28,59
193,7
1,834
0,01102
80,43
1,964
26,44
0,5132
2,627
25,54
4,328
24,27
1987
1,433
11,25
27,18
22,78
140,5
0,4406
16,23
1,216
1,85
16,13

384,1
261,1
218,2
281,8
372

33,76
266,4
287,7
303,8
2914
224,3
247,3
249,7
283,1
282

270,8
290,7
278,6
249,6
234,1
306,8
200,4
163,7
316,9
279,2
241,8
2743
280,3
279,8
231,7
63,01
320,1
236,1
284,2
187

2311
303,4
274,2
276

272,7
224,1
318,8
286,9
254,6
294,6
216,4
291,4
205,6
246,9
309,1
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Poziotinib 10,78 277,3 4,904 240,1
Pracinostat 0,2924 221,7 0,2529 153,1
PRT4165 0 293,4 NA 375,7
PTC-209 HBr 2,111 242,6 1,549 221,2
PX-478 2HCI NA 308,1 1074 280,8
PYR-41 14,08 320,7 12,36 330,9
Ralimetinib 14,64 300,5 62,55 265,1
RI-1 8,851 288,9 10,47 2994
Rigosertib 1,168 196,9 0,7741 185

RO5126766 0,5125 166,9 0,4285 159,8
Ruxolitinib NA 305,2 11,72 305,7
Sabutoclax 2,711 231,1 3,755 246,6
Salubrinal NA 299,8 25,3 310,7
Sapanisertib  0,06672 102,8 0,05146 94,93
Saracatinib 0,8597 187,1 1,7 220

Selisistat 111,5 293,2 102,5 286,4
SF1670 2,605 2445 4,199 268,7
SGC707 1,97E+07 278,7 11,1 307,5
SMER28 85,79 262,4 NA 367,8
Spautin-1 2,857 255 4,853 264,6
STF-083010 30,52 291,5 59,82 285,8
Thiomyristoyl 10,5 307,8 NA 381,8
Trametinib 0,02682 73,68 0,02608 74,87
Ulixertinib 0,5078 168,5 1,012 203,8
UNCO0379 1,17 213,4 0,9608 196,6
UNCO0638 1,447 184,2 1,302 217,7
UNC1999 3,8 268,6 3,969 266,5
Veliparib NA 326,1 11879 274,3
Vemurafenib 15,35 306,1 NA 314,1
WZ4003 4,621 245,3 3,246 236,8

Table 26: F1648 ICso- and AUC-values from the screening according to value (NA = no results)
HDAC-2 (+) HDAC-2 (+) HDAC-2 (-) HDAC-2 (-)
ICs0 AUC ICso0 AUC

4EGI-1 68,02 264,3 329,9 312,1
A1210477 11,42 312,6 115,6 295,2
A-196 NA 310,9 18400 293,2
Abexinostat 0,05504 90,09 0,0973 107,4
Adavosertib 0,1198 121,3 0,1274 117,4
Alisertinib 10,28 339,3 NA 376,2
Alpelisib 2,79 265,1 4,239 237,1
AZD1208 NA 335,8 35,54 282,3
AZD5153 0,01549 38,56 0,05777 97,2

AZD6738 0,9869 211,8 1,826 240,3
AZD7762 0,101 118,2 0,1466 118,2
BAY-876 0,07139 104 0,3603 153,3
BI-78D3 8,61 283,1 9,047 280



BI-847325
BI-D1870
Birinapant
BRD4770
BX-795
BX-912
C646
CB-839
CPI-455 HCI
Crenigacestat
CuUDC-101
CWO069
EED226
Elesclomol
Entrectinib
Enzastaurin
Epacadostat
EPZ004777
Erastin
Erdafitinib
Galunisertib
GDC-0152
GSK J1
GSK2656157
GSK2830371
GSK503
GSK591
HTH-01-015
Indirubin
Ispinesib
JIB-04
JSH-23
KU-60019
Lapatinib
Linsitinib
LJH685
LLY-283
LLY-507
Luminespib
LY2109761
MI-463
MI-503
Milciclib
MK-2206 2HCI
ML264
ML324
MS023

MX69
Napabucasin
NMS-873

0,04285
5,129
NA
1,225
9,448
10,6
0,0002006
16,95
78,91
4969
0,9813
0,1964
49,28
0,0007202
0,4156
NA

NA
21,87
0,2456
5,877
94,5
274,2
111,2
NA
1577
91,16
NA
3,223
NA
3,793
0,3488
NA
6,307
NA

0

NA

0

NA

NA

0
2,799
211,7
0,8452
9,265
23,64
1,45
NA
1,96E+08
2,867
6,516

70,87
256,4
330,7
208,2
285,3
299,6
301
273,1
289,9
280,5
218,4
264,5
300,1
27,76
153,2
321,3
324,2
345,8
149,8
241,7
248,3
286,2
277,4
510,2
265,5
288
323,5
256,5
386,1
268,3
170,4
355,4
259,6
352,9
232,1
323,2
283,4
331,8
17,5
292,8
273,4
306,2
207
310,4
267,3
2194
353,1
272,2
248,6
272,8
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0,1127
9,282
NA
1,769
5,576
0
16,17
179,3
NA

NA
1,263
26,74
87,47
NA
1,309
0

NA
10,78
0,1964
25,43
40,75
NA

0

NA
411,9
9,899
16,58
9,014
30,95
8,576
0,1277
13,47
7,143
NA
10,81
NA
1,38E+11
6,581
0

NA
2,808
300,1
0,4738
NA
35,33
1,491
NA
2987
3,656
0

113,3
318,2
303

214,6
272,6
252,4
301,5
300,2
314,9
321,1
220,4
266,8
285,3
376,7
232,8
288

364,2
304,4
132

252,5
286,3
303,7
249,2
349,8
278,4
282,9
290,7
295,6
294,9
394,1
116,6
322,2
263,8
364,3
319,6
346,3
265,1
300,9
14,65
342,5
255,5
258,2
165,6
325,9
281,2
225,6
341,8
293,1
258,2
296,8



NSC87877 19,15 315,5 87,8 261,8
NVP-CGMO097 NA 380,7 0 277,7
Orantinib NA 329,7 1,263 283,7
OTX015 0,03833 74,21 0,0892 109,8
P22077 10,25 291,1 NA 321,6
Pelitinib 0,8837 193,1 1,524 238,4
Pevonedistat 2,023 261,1 1,864 236,2
PFI-2 HCI NA 295,6 36,27 307,6
Poziotinib 0,473 161,3 0,6378 169,9
Pracinostat 0,02683 66,6 1,176 208,2
PRT4165 NA 321,1 28,67 307,1
PTC-209 HBr 1,353 199,2 2,664 277,2
PX-478 2HCI 2,44E+07 254,5 NA 353,1
PYR-41 17,63 305,4 78214 233,1
Ralimetinib 193,9 260,9 NA 322,7
RI-1 4,865 240,7 NA 302,9
Rigosertib 0,2809 174,6 0,7395 193,8
RO5126766 0,3319 157,2 NA 371,7
Ruxolitinib 4,49E+10 927,3 NA 1039
Sabutoclax 6,479 295,2 8,52 276,3
Salubrinal NA 305,8 10,68 303

Sapanisertib  0,03167 75,94 0,02706 53,73
Saracatinib 1,069 222.,8 1,696 210,2
Selisistat 1,27E+11 284,1 62,25 292,1
SF1670 0,6443 178,3 0,8965 211,7
SGC707 81,79 302,4 NA 300,5
SMER28 NA 308 0 294,8
Spautin-1 11834 299,2 46,63 288,9
STF-083010 0,001016 269,6 NA 323

Thiomyristoyl 0 273,5 314,7
Trametinib 0,01539 49,04 0,9956 203,8
Ulixertinib 1,301 223,4 3,954 255,5
UNCO0379 1,383 231,3 8,903 292,2
UNCO0638 2,758 281,8 2,578 282,2
UNC1999 4,741 277,3 7,615 284,6
Veliparib 17285 257,9 1299 275,2
Vemurafenib  NA 346,3 NA 306,5
WZzZ4003 9,231 293 8,707 304,5

Table 27: Overview over the calculated z-scores of the ICso- and AUC-values (rounded to two decimals).

F1648 z-scores F2612 z-scores

HDAC-2 (+) HDAC-2 (-) HDAC-2 (+) HDAC-2 (-)

I1Cs0 AUC I1Cs0 AUC ICs0 AUC IC50 AUC
4EGI-1 -0,28 -1,19 1,48 1,26 -0,64 -0,08 -0,56 0,01
A1210477 -0,78 -0,35 1,13 -0,78 -0,34 -0,34 -0,99 1,47
A-196 -0,74 0,32 0,71 -0,96 -0,71 -0,62 -0,74 1,26
Abexinostat -0,80 -1,03 -0,64 -0,61 1,40 1,15 0,04 0,48
Adavosertib 0,65 1,08 1,06 0,59 -0,82 -1,06 -0,89 -0,61
Alisertinib 0,01 0,46 -1,01 1,19 -1,01 -0,89 0,99 -0,76
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Alpelisib
AZD1208
AZD5153
AZD6738
AZD7762
BAY-876
BI-78D3
BI1-847325
BI-D1870
Birinapant
BRD4770
BX-795
BX-912
C646
CB-839
CPI-455 HCI
Crenigacestat
CuDC-101
CW069
EED226
Elesclomol
Entrectinib
Enzastaurin
Epacadostat
EPZ004777
Erastin
Erdafitinib
Galunisertib
GDC-0152
GSK J1
GSK2656157
GSK2830371
GSK503
GSK591
HTH-01-015
Indirubin
Ispinesib
JIB-04
JSH-23
KU-60019
Lapatinib
Linsitinib
LJH685
LLY-283
LLY-507
Luminespib
LY2109761
MI-463
MI-503
Milciclib
MK-2206 2HCI
ML264
ML324
MS023

MX69
Napabucasin
NMS-873
NSC87877
NVP-CGM097
Orantinib

-0,96
-0,71
-0,89
-0,21
0,06
-0,37
-0,23
-0,60
-1,34
NA
-0,98
1,23
-0,34
-0,53
-0,38
-0,71
1,11
-0,93
-0,66
0,08
-1,12
-1,20
-0,58
-4,02
-0,67
-0,77
-0,51
1,29
1,11
0,68
#WERT!
1,46
1,50
-4,57
-0,37
-0,86
-0,29
0,94
-5,12
-0,58
-2,74
-0,65
-0,71
-0,50
-1,27
-1,15
-1,07
0,85
0,51
1,46
1,15
-0,72
-0,75
-15,87
1,50
0,18
0,14
-0,53
-0,88
-0,72

1,20
1,49
-1,26
0,20
0,78
-0,09
-0,45
-0,76
-0,93
1,30
-0,85
0,69
0,57
0,07
0,55
-0,51
-0,27
-0,78
-0,80
-0,36
-0,56
-1,44
1,45
-0,03
1,45
-0,69
-0,68
-0,87
-0,73
0,15
1,43
-1,32
0,12
1,27
0,11
1,44
-0,10
0,64
1,48
-1,06
0,78
-1,28
0,55
0,27
1,15
-0,80
-1,22
1,25
0,84
1,26
0,68
-1,17
-0,95
1,00
-0,80
0,30
-0,89
1,03
1,47
0,29

0,79
0,71
-0,75
1,46
1,37
1,49
-0,20
1,03
0,52
NA
-0,23
-0,66
-1,25
-0,49
1,49
-2,59
-0,83
-0,44
-0,44
0,96
-1,20
-0,31
-0,58
-4,02
-0,91
-0,80
1,50
-0,59
-0,97
-0,86
-1,28
-0,17
-0,46
0,66
1,49
-0,24
1,41
-1,39
-0,71
-0,12
-2,74
-0,52
-0,71
1,50
1,15
-1,15
-1,07
0,87
1,16
-0,44
-1,37
1,14
-0,73
-15,87
-0,50
1,03
-1,27
1,48
-0,88
-0,71

-0,67
-0,53
-0,35
1,29
0,78
1,43
-0,94
1,02
1,39
0,11
-0,62
-0,34
-1,46
0,11
0,98
0,00
1,36
0,64
-0,68
-0,73
1,50
0,17
-0,29
1,42
-0,14
-0,99
-0,31
0,58
0,76
-1,43
-0,10
-0,10
-0,48
0,32
1,36
-0,42
1,41
-1,49
-0,26
-0,65
0,95
1,13
1,02
-1,32
0,53
-0,91
1,21
0,34
-1,35
-1,16
1,01
-0,47
-0,76
0,72
0,29
0,96
0,26
-1,29
-0,34
-0,93
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0,94
0,71
1,21
-0,51
-0,93
-0,64
1,40
-1,08
0,96
NA
1,40
0,39
0,98
1,50
-0,57
0,71
-0,83
1,39
-0,38
-1,04
0,79
0,34
1,15
0,71
1,28
1,31
-0,44
-0,96
-0,82
-0,86
0,71
-0,54
-0,49
-1,15
-0,65
-0,86
-0,16
0,44
-5,12
1,45
0,71
-0,31
0,71
-0,50
-0,56
0,51
0,15
-1,03
-0,80
0,78
-0,50
-4,49
1,38
0,71
-0,50
0,16
-0,03
-0,65
-0,21
0,72

0,44
-0,31
0,84
-1,04
-1,32
-0,85
1,39
-0,95
0,00
-0,31
1,37
0,91
0,18
-1,31
-1,30
-0,89
-0,05
1,06
1,38
-0,39
-0,42
0,42
-0,85
-0,63
-0,68
1,09
1,48
1,11
0,96
0,87
-0,48
0,37
1,34
-0,73
-0,88
-0,84
-0,40
0,48
-0,68
0,87
-0,90
0,27
-1,25
1,09
-0,82
0,67
-0,11
-0,95
0,67
-0,19
-0,64
1,01
1,00
-0,81
1,29
0,14
-0,67
0,47
-0,38
1,28

-0,76
-0,71
0,42
-0,74
-0,51
-0,49
-0,97
0,64
-0,13
NA
-0,19
-0,96
0,60
-0,48
-0,55
-2,59
-0,28
-0,03
1,49
-1,04
0,33
1,16
-0,58
-0,71
0,30
0,25
-0,55
0,26
-0,29
1,04
0,71
-0,75
-0,55
0,49
-0,46
1,10
-0,95
0,02
0,71
-0,75
-0,71
1,49
0,71
-0,50
-0,59
0,64
0,92
-0,68
-0,86
-0,24
-0,65
-0,42
0,10
0,71
-0,50
-1,37
1,17
-0,30
1,09
0,71

-0,96
-0,64
0,76
-0,45
-0,24
-0,48
0,00
0,69
-0,45
-1,10
0,10
-1,26
0,71
1,13
-0,22
1,40
-1,04
-0,92
0,10
1,48
-0,52
0,85
-0,31
-0,76
-0,64
0,59
-0,49
-0,82
-0,99
0,41
-0,85
1,06
-0,98
-0,87
-0,60
-0,18
-0,92
0,37
-0,54
0,84
-0,82
-0,12
-0,32
-0,04
-0,86
1,04
0,12
-0,64
-0,16
0,09
-1,05
0,63
0,71
-0,91
-0,78
-1,40
1,30
-0,21
-0,75
-0,64



OTX015 -0,58 -0,77 -0,55 -0,59 1,49 1,43 -0,35 -0,07

P22077 -0,80 -0,17 -1,60 1,36 1,12 -1,04 -0,33 -0,15
Pelitinib -0,65 -0,53 1,25 1,40 -0,94 -0,87 0,34 0,00
Pevonedistat 0,94 1,32 0,27 -0,61 -1,42 -0,92 0,21 0,22
PFI-2 HCI -2,55 -0,34 0,59 0,73 0,56 -1,26 -1,15 0,87
Poziotinib -0,77 -0,91 -0,74 -0,75 1,36 1,16 0,15 0,50
Pracinostat -0,81 -1,36 1,46 0,65 -0,29 0,84 -0,36 -0,13
PRT4165 -0,71 -0,09 0,71 -0,48 0,71 -0,86 -0,71 1,42
PTC-209 HBr -0,96 -1,08 1,26 1,27 0,32 0,23 -0,63 -0,42
PX-478 2HCI 0,71 -1,06 -0,71 1,28 -0,71 0,21 -0,71 -0,44
PYR-41 -0,50 0,18 1,50 -1,46 -0,50 0,52 -0,50 0,75
Ralimetinib 1,12 -0,89 -0,97 1,20 -0,82 0,45 -0,30 -0,75
RI-1 -1,11 -1,47 2,79 0,69 0,27 0,21 0,83 0,57
Rigosertib -1,27 -1,30 0,00 0,62 1,18 0,93 0,09 -0,26
RO5126766 -1,02 -0,54 -4,69 1,50 0,98 -0,45 0,05 -0,51
Ruxolitinib 0,71 0,72 -0,71 1,00 -0,71 -0,86 0,71 -0,86
Sabutoclax 0,42 1,14 1,20 0,49 -1,01 -1,08 -0,61 -0,54
Salubrinal -1,74 0,21 -0,71 -0,39 -1,74 -1,09 0,71 1,27
Sapanisertib -0,68 -0,27 -0,94 -1,29 1,23 0,96 0,39 0,60
Saracatinib -0,61 0,79 0,84 0,01 -1,09 -1,41 0,85 0,62
Selisistat 1,50 -1,10 -0,50 0,72 -0,50 0,97 -0,50 -0,58
SF1670 -0,87 -1,21 -0,72 -0,36 0,31 0,48 1,28 1,09
SGC707 -0,58 0,40 -0,58 0,25 1,15 -1,46 -0,58 0,80
SMER28 -0,71 -0,01 -0,71 -0,31 0,71 -1,04 -0,71 1,35
Spautin-1 1,50 1,08 -0,50 0,58 -0,50 -1,06 -0,50 -0,60
STF-083010 -1,01 -1,02 -1,01 1,36 0,01 -0,04 0,99 -0,30
Thiomyristoyl -0,71 -1,01 -0,71 -0,10 0,71 -0,26 -0,71 1,38
Trametinib -0,52 0,73 1,50 1,48 -0,49 -0,38 -0,49 -0,36
Ulixertinib -0,25 0,29 1,47 1,17 -0,77 -1,22 -0,44 -0,25
UNCO0379 0,44 -0,05 1,50 1,41 -0,50 -0,48 -0,55 -0,88
UNCO0638 0,98 0,83 0,74 0,84 -0,76 -1,17 -0,96 -0,49
UNC1999 -0,16 0,37 1,46 1,24 -0,70 -0,68 -0,60 -0,93
Veliparib 0,88 -0,86 -1,09 -0,28 -1,25 1,44 0,21 -0,31
Vemurafenib NA 1,47 NA -0,62 NA -0,64 NA -0,22
WZ4003 0,94 0,68 0,76 1,02 -0,62 -0,73 -1,08 -0,98

Table 28: Overview over A z-scores in ICsp- and AUC-value of F1648 and F2612

F1648 IC50 A F2612I1C50A F1648 AUCA F2612AUCA

Z-Score Z-Score Z-SCcore Z-SCore
4EGI-1 1,76550817 0,08036069 2,44569544 0,0869808
A-1210477 1,9104283 -0,6520909 -0,4307476 1,80715953
A-196 1,44850535 -0,0342918 -1,2711136 1,8887168
Abexinostat 0,1567889 -1,3627203 0,42061856 -0,670657
Adavosertib 0,40716947 -0,0733977 -0,4905143 0,45278243
Alisertib -1,0197744 1,99986879 0,73436944 0,12936047
Alpelisib 1,74805193 -1,6985901 -1,8667911 -1,4000933
AZD1208 1,4145758 -0,0003622 -2,016134 -0,3316258
AZD5153 0,14108767 -0,7938684 0,91337203 -0,0778796
AZD6738 1,67645723 -0,2323585 1,09872284 0,59369585
AZD7762 1,30833058 0,42291212 1,5543E-15 1,07682075
BAY-876 1,85841107 0,15058462 1,51875142 0,37152418
BI-78D3 0,03727943 -2,3715521 -0,4899744 -1,3908952
B1-847325 1,63452051 1,7194641 1,77730405 1,64368161
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BI1-D1870
Birinapant
BRD4770
BX-795
BX-912
C646
CB-839
CPI-455 HCI
Crenigacestat
CuDC-101
CW069
EED226
Elesclomol
Entrectinib
Enzastaurin
Epacadostat
EPZ004777
Erastin
Erdafitinib
Galunisertib
GDC-0152
GSK J1
GSK2656157
GSK2830371
GSK503
GSKb591
HTH-01-015
Indirubin
Ispinesib
JIB-04
JSH-23
KU-60019
Lapatinib
Linsitinib
LJH685
LLY-283
LLY-507
Luminespib
LY2109761
MI-463
MI-503
Milciclib
MK-2206
ML264
ML324
MS023
MX69
Napabucasin
NMS-873
NSC87877

1,85743991
NA
0,75069696
-1,88131
-0,9065271
0,03418647
1,8730803
-1,8821992
-1,9390403
0,48219351
0,2203647
0,87088358
-0,07587
0,8907245
0

0
-0,2351975
-0,0300817
2,00710373
-1,8765199
-2,0792624
-1,5340417
NA
-1,6276314
-1,9577068
5,23228024
1,86199993
0,62197208
1,69819239
-2,3267987
4,40959645
0,45467418
0
0,13096875
0

2
2,42437558
0

0
0,01651093
0,65453645
-1,9014069
-2,5204174
1,86351444
0,01212339
0
-1,9999865
0,85237086
-1,412486
2,01568513

-1,087271
NA
-1,5897112
-1,3463611
-0,3839912
-1,9769201
0,02432178
-3,2964128
0,54514779
-1,4207335
1,87317796
0
-0,4656279
0,82552036
-1,7320508
-1,4142136
-0,9838424
-1,0620294
-0,1044971
1,22680763
0,53604324
1,89272049
1,41421356
-0,2061955
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Figure 28: Western Blots (from left to right): F1648 PPT P13 T8d (not used) — F1648 PPT P13 E8d (not used) — F2612 PPT P14
E8d (Screen 1) — F2612 PPT P14 T8d (Screen 1) — F2612 PPT P15 E8d (Screen 2) — F2612 PPT P15 T8d (Screen 2); used in
figure 16, the blue frame marks the used part of the blot for the figure, the yellow frame marks a part of the blot which got
inverted prior to adding to the figure.

Figure 29: Western Blots (from left to right): F2612 PPT P16 E8d (Screen 3) — F2612 PPT P16 T8d (Screen 3) — F2612 PPT P17
E8d (Screen 4) — F2612 PPT P17 T8d (Screen 4) — F2612 PPT P10 E8d (Screen 5) — F2612 PPT P10 T8d (Screen 5) — F2612 PPT
P11 E8d (Screen 6) — F2612 PPT P11 T8d (Screen 6); used in figure 16, the blue frame marks the used part of the blot for the
figure.
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Figure 30: F2612 PPT P12 E8d (Screen 7) — F2612 PPT P12 T8d (Screen 7) — F2612 PPT P13 E8d — F2612 PPT P13 T8d — F2612
PPT P15 E8d (Screen 8+9) — F2612 PPT P15 T8d (Screen 8+9); used in figure 16, the blue frame marks the used part of the
blot for the figure.
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Figure 31: Western Blots (from left to right): F1648 PPT P12 T8d (Screen 1+2) — F1648 PPT P12 E8d (Screen 1+2) - F1648 PPT
P13 E8d (Screen 3) — F1648 PPT P13 T8d (Screen 3) — F1648 PPT P16 E8d (Screen 6) — F1648 PPT P16 T8d (Screen 6) — F1648
PPT P17 E8d (Screen 7) — F1648 PPT P17 T8d (Screen 7); used in figure 16, the blue frame marks the used part of the blot for
the figure, the yellow frame marks a part of the blot which got inverted prior to adding to the figure.
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Figure 32: Western Blots (from left to right): F1648 PPT P14 E8d (Screen 4) — F1648 PPT P14 T8d (Screen 4) — F1648 PPT P15
E8d (Screen 5) — F1648 PPT P15 T8d (Screen 5) — F2800 PPT P11 E8d (not used) — F2800 PPT P11 T8d (not used) — F2800 PPT
P12 E8d (not used) — F2800 PPT P12 T8d (not used); used in figure 16, the blue frame marks the used part of the blot for the
figure.
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Figure 33: Western Blots: F1648 PPT P18 E8d (Screen 8+9) — P1648 PPT P18 T8d (Screen 8+9); used in figure 16, the blue
frame marks the used part of the blot for the figure.
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Figure 34: Western Blots (from left to right): F1648 PPT P13 E8d — F1648 PPT P13 T8d — F2612 PPT P11 E8d (used for
Clonogenic assay) — F2612 PPT P11 T8d (used for Clonogenic assay) — F2800 PPT P25 E8d — F2800 PPT P25 T8d; used in
figure 20, the blue frame marks the used part of the blot for the figure.

Concentration Erastin (uM)
10 3 1 0,3 0,1 DMSO

Concentration MS-275

Figure 35: F2612 Clonogenic assay synergy matrix, for use in figure 22 the figure got processed.

Figure 36: Result of the screening for plagiarism with iThenticate (September 26th, 2022).
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Anatomy and physiology of%creas

Th@Hancreas is a secondary retroperitoneal organ in the upper abdomen, which can
be divided into head, body and tail. It has exocrine functions (98FZif the pancreas)
and endocrine functions (1-3%), which makes it a central organ in the human body
(Welsch et al., 2014; Schinke et al., 2015). It is located on the height of the second
lumbal vertebra and its head is located next to the descendent duodenum (Schiinke et
al., 2015) (figure 1).

The exocrine pancreas is a serous gland with epithelial cells organized in acini with
apical zymogene granula, producing a lot of pancreatic secret (1500-3000 mil/day),
enzymes (e.g. amylase) and proenzymes (e.g. trypsinogen), which are released into
the pancreatic duct for secretion into the chymus in the gEfipdenum to catalyze the
digestion of proteins, carbohydrates or fatty acids (Pape et al., 2014; Welsch et al.,
2014; Schinke et al., 2015). Besides the metabolic enzymes, the exocrine pancreas
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also produces bicarbonate in its epithelial cells of the intercalated duct to neutralize the

acidic chymus coming from the stomach (Pape et al., 2014).
101

1-3% of the %creatic tissue are the Langerhans insula, which represent the
endocrine pancreas (Welsch et al., 2014). Depending on the metabolic situation,
different hormones like insulin or glucagon are getting released into the blood and do
their duty at the targeting tissue, e.g. hepatocytes (Pape et al., 2014). The main type
of cells (60-70%) in the endocrine pancreas are the B-cells which produce irff#in,
followed by a-cells (20%) (glucagon) and 10-15 % d-cells (somatostatin) (Pape et al.,
2014; Rassow et al., 2016).

Pars superior
Ductus duodeni
pancreaticus Ductus Corpus
AcCcessorius e panc_reatlcus pancreatis

duodeni

Ductus . %
pancreaticus \ Jejunum
H ] ™,
\ \
Pars
ascendens

Pars hé:rlzontal L .
duodeni '%aput Proc. uncinatus

pancreatis  pancreatis duoden

Figure 1: Anatomy of the pancreas. From Gilroy, Atlas of Anatomy, 1% ed. Abb. 13.34. llustrator: Markus Voll, ©2019 Thieme
Medical Publishers. Inc. All Rights Reserved. (Gilroy, 2009).

Pancreatic ductal adenocarcinoma (PDAC)

cording to the recent 2022 cancer statistics, 32,970 US-men and 29,240 US-women
will be newly diagnosed with pancreatic cancer (figure 2) in 2022 and with 25,970
estimated deaths dffihale patients and 23,860 estimated deaths of female patients
(figure 3) in 2022, pancreatic cancer is one of the deadEEist cancers (Siegel et al.,
2022). In 2018, pancreatic cancer was the 4" deadliest cancer in the United States
after cancers of the lung and bronchus, breast-/prostate cancer and cancer of the colon
and rectum (Siegel et al., 2021).




Estimated new cases in the U.S. 2022
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M Pancreas B Others

Figure 2: Estimated new cancer cases 2022. With 3% of all new cancer dia , pancreatic cancer is the 8" most common
new cancer for women and the 10" m:ommon new cancer for men. sults shown here are in whole or part based
upon data generated by Siegel et al. CA: a Cancer Journal for Clinicians. 2022. (Siegel et al., 2022).

Estimated cancer caused deaths in the U.S. 2022

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W Prostate W Breast W Lung & bronchus

m Colon & rectum B Urinary bladder W Uterine corpus

W Esophagus W Brain & nervous system W Non-Hodgkin lymphoma

M Liver & intrahepatic bile duct B Ovary W Leukemia

W Pancreas W Others
Figure 3: Estimated cancer caused deaths 2022. Pancreq cer is the 4% deadliest cancer. The results un here are in
whole or part based upon data generated by Siegel et al. Cancer Journal for Clinicians. 2022. (Siegel ., 2022).

The 5-year-survival of pancreatic cancer is 11%, the%vest 5-year-survival percentage
of all cancers (Siegel et al., 2022). Even if the cancer survival for the most cancers in
general improved over the last years (e.g. becegie of new techniques of diagnosis,
therapy or vaccinations like HPV-vaccination), it is not the case for pancreatic cancer:




pancreatic cancer is mostly diagnosed at advan?:l or metastasized stages and
therefore mostly has a poor prognosis and survival (Siegel et al., 2021).

The most commofffiancer of the pancreas is the pancreatic ductal adenocarcinoma
(PDAC) (Cascinu et al., 2010; Renz-Polster et al., 2013). Typically for a cancer entity,
PDAC also harbours many genetic mutations. The [ilpst frequent driver genes are
KRAS, CDKN2A, SMAD4/DPC4 and TP53 (Jones et al., 2008; Hong et al. g#11;
Zamboni et al., 2013; Esposito et al., 2014). Accumulation of mgtic mutations lead to
development and progression of precursor lesions, including pan@gatic intraepithelial
neoplasia (PanIN; most frequent precursor lesion) (figure 4), Intraductal papillary
mucinous neoplasia (IPMN) and mucinous cystic neoplasms (MCN) (Esposito et al.,
2014).

MNormal

][] [ -

[KRAS —
|coKnN2A )
SMAD4/DPC4

Figure 4: Development of PDAC. Development of PDAC and its precursor lesions (PaniN) due to accumulation of genetic
mutations of genes like KRAS, COKN2A, SMAD4/DPC4 and TP53. The figure presented is based on a figure generated by Liet
al. Cell stress. 2019. (Li et al., 2019)

PanlIN lesions ggFbe classified into three grades: PanIN-1A and -1B as gggly and low-
grade lesions, PanIN-2 are intermediate-grade lesions and PanIN-3 as carcinoma in
situ (Zamboni et al., 2013; Distler et al., 2014). PanIN lesions are jgE}etectable under
the microscope (lesion usually < 5mm) and not reliable via imaging (comiiited
tomography, magnetic resonance imaging or endoscopic ultrasonography) (Ott et al.,
2007; Canto et al., 2012; Zamboni et al., 2013; Esposito et al., 2014). Although PanIN-
lesions are not eto detect, they offer an opportunity to cure a neoplasia before it
develops into an invasive pancreatic cancer (Zamboni et al., 2013).

The most frequently mutated oncogene (>95 %) is KIZES (Eruban etal., 1993; Jones
et al., 2008; Hong et al., 2011). KRAS codes for a membrane-bound GTP-binding
protein, the KRAS protein, which fulfills several functions in the cell, e.g. proliferation
or cellular survival: after bondage with GTP, KRAS protein gets activated. This leads
to a tion of more than 80 downstream signaling pathways and effector proteins,
e.g. mlTOR (mechanistic target of rapamycin), MAPK (mitogen-activated protein
kinase), as well as activation of nuclear transcription factors (e.g. MYC) leading to
stimulation of proliferation, dedifferentiation and tumor progression (Buscail et al.,
2020). The activating KRAS-mutation leads to constitutive signaling of this pathway,
as the mutation leads to reduced hydrolysis of GTP to GDP and reduced inactivation
of KRAS (Waters and Der, 2018; Hafezi et al., 202 Iso found in the PanIN-lesions
(PDAC precursor lesion), KRAS-mutation seems to be one of the earliest events in the
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genesis of PDAC (figure 4) (%a et al.,, 1996; Moskaluk et al.,, 1997; Jones et al,,
2008).

Current recommendations for treatment of PDAC

The recommendation for PDAC treatment depends on the clinical stage. In this context,
a differentiation can be m between localized resectable disease (10-15% of the
newly diagnosed patients) ,&Iw advanced disease (30-35%) and metastatic disease
(50-55%). ectability is defined as the ability to remove the cancer completely,
considered when there is no or minimal contact with major vessels (e.g. hepatic artery)
(Park et al., 2021).

The only possibility to cure patients from PDAC is surgery (Wagner et al., 2004; Doi et
al., 2008; Leitlinienprogramm Onkologie, &GiR1). The goal is the complete resection in
healthy tissue (RO), which shows the best long-term survival rate (Wagner et al., 2004;
Fusai et al., 2008; Hartwig et al., 2011). The best surgical procedure depends on the
tumors location within the pancreas (e.g. pancreaticoduodenectomy for tumorflin the
pancreas head). But even after reaching the RO-status after surgery, the 5-year-
survival rate is 24,2% (Wagner et al., 2004; Leitlinienprogramm Onkologie, 2021).
Although data varies between different observations, several studies in the past
showed a benefit for patients receiving adjuvant chemotherapy (Principe et al., 2021).
Patients with resectable diseagggghould receive surgery in combination with adjuvant
chemotherapy to increase the progression-free survival and overall survival after RO-
resection. Therefore an adjuvant chemotherapy should be performed with modified
FOLFIRINOX (fluorouracil, oxaliplatin, irinotecan, leucovorin) (overall survival 54,4%
(Conroy et al., 2018)) or a combination of gemcitabine and capecitabine (overall
survival 28% (Neoptolemos et al., 2017)) or gemcitabine alone (overall survival 25,5%
(Neoptolemos et al., 2017)), depending on the patients functional status (Park et al.,
2021).

@a\tients with borderline resectable or locally advanced tumors should receive
neoadjuvant chemotherapy to eradicate metastasis or to increase the chances for
downstaging and surgery. Therefore, these patients should receive modified
FOLFIRINOX or a combination of gemcitabine and albumin-bound paclitaxel (Park et
al., 2021).

Patients sufferifigl] from metastatic disease should receive palliative care, including
chemotherapy (gemcitabine and albumin-bound paclitaxel or modified FOLFIRINOX),
symptomatic therapy (e.g. with Efitent pain killers) and supportive care (e.g. placement
of an endobiliary metallic stent in patients with biliary obstruction) (Park et al., 2021).

Not only in other types of cancer like chronic myeloid leukemia, also in PDAC f@rgeted
therapies start to establish: due to the POLO trial (U.S. Federal Government), ¥atients
with BRCA-gen mutation and metastatic pancreatic cancer showed longer
progression-free survival when treated with a PARP (polyf#adenosinde diohosphate-
ribose) polymerase)-inhibitor Olaparib (Golan et al., 2019). In 2019, the FDA approved

parib for maintenance treatment for patients with BRCA-mutated metastatic PDAC
(U.S. Food and Drug Administration, 2019).
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Histone deacetylases (HDAC), HDAC-inhibitors and their role in PDAC

Histones are proteins interacting with the DNA and after binding lead to regulation of
DNA-packing. The binding of DNA lead to a tighter andflore compact form of DNA,
called heterochromatin, and reduces gene transcription (Marifio-Ramirez et al., 2005).
The unit of DNA wrapped around histone proteins is called nufEsome (Marifio-
Ramirez et al., 2005). Nucleosomes consist of 8 histone sub-units (H2A, H2B, H3, H4)
and about 146 base pairs wrapped around (figure 5 A) (Singh and Mueller-PI .
2021). Besides of the mentioned function of controlled DNA condensation, they also
play an important role in transcription process (Singh and Mueller-Planitz, 2021).
Histone deacetylases (HDAC) are necessary to change the chromatin structure by
removing [fiflacetylation from the histone proteins (Venugopal and Evans, 2011). This
regulates the ex|ession of target genes (Feng et al., 2014). Due to the removal of the
acetylation from the €-amino group of lysines at the N-terminal tail of h§E§ane proteins,
heterochromatin gets formed, which inhibits the transcription of genes (Yang and Seto,
2008; Haberland et al., 2009). Essential to fuffill their functions, HDACs (especially
class |, see below) are part and caltic core of multiple co-repressor complexes (Kelly
et al., 2018). The three major co-repressor complexes are Sin3, CoREST (co-
repressor for element-1-silencing transcription factor) and NuRD (nuclecsome
remodeling and deacetylation), all containing DNA-binding motifs, directing HDACs,
with the help of transcription factors, to the specific chromatin regions (Kelly and
Cowley, 2013).

HDACs also affect non-histone proteins, which are involved in different functions (e.g.
chaperon proteins, enzymes for cell motility, enzymes of the adaptive immune system
or metabolic enzymes) or transcription factors (e.g. p53) (Feng et al., 2014; Roche
and Bertrand, 2016; Shvedunova and Akhtar, 2022). The deacetylation of histones
also lead to epigenetic repression and is important for transcriptional regulation or the
control of the cell cycle (Roche and Bertrand, 2016). The antagonistic reaction is
catalyzed by histone acetyltrafiferases (HAT) (figure 4). They add an acetyl group to
histones and thereby relax the structure of the chromatin (euchromatin) to increase the
transcription of genes (Epping and Bernards, 2009; Lane and Chabner, 2009).

Cs are zinc- or NAD*-dependent enzymes which means, that they need Zn2*
(class I, II, IV) or NAD* (class Ill) for deacetylation (Yang and Seto, 2008; Seto and
Yoshida, 2014; Roche and Bertrand, 2016). Phylogenetic afilysis showed homology
of the human HDAC with those of \§iz8t, so that the 18 HDAC molecules can be
classifi@nto four classes (Schneider et al., 2010; Feng et al., 2014; Seto and Yoshida,
2014). Class | HDACs contain HDACs 1, 2, 3 and 8 and are homologue to those of
yeast RPD3, class Il HDACs contain HDAC 4, 5, 6, 7, 9 and 10, which are homologue
to those of yeast HDA1, HDACs of class il are related to yeast Sir2 and class IV {F§C
contains HDAC 11, showing homologies with class | and Il HDAC’s (Schneider et al.,
2010; Fe tal., 2014; Seto and Yoshida, 2014; Damaskos et al., 2015). HDAC's are
localized in the cytoplasm and/or the nucleus (Damaskos et al., 2015).

C-expressions and -overexpressions, especially of class | HDACs, can be found
in a lot of humarfggnalignancies (e.g. ovarian cancer and prostate cancer) (Weichert,
2009; Schneider et al., 2010; Li and Seto, 2016; Shinke et al., 2018; Ranaaal., 2020).
Also in 56% of PDAC, high expression of HDAC-1 is reported (Miyake et al., 2008;
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Schneider et al., 20§7)). Together with the expression of HIF-1a, it could predict a poor
prognosigiflliyake et al., 2008; Schneider et al., 2010). In their experiments, Wang et
al. found the expression of class | and class Il HDAC in all of their PDAC cell lines in
variable levels (Wang et al., 2012). HDAC-2 shows high expression in moderately
differentiated and undifferentiated PDAC (Schneider et al.,, 2010) and seems to
facilitate PDAC metastasis (KrauB et al., 2022). Depletion of HDAC-2 cffianake PDAC
cells more sensible to etoposide, a topoisomerase |l inhibitor, or the tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) (Fritsche et al., 2009; Schiiler et al.,
2010). HDAC-7 shows high expression levels in PDAC too (Quaissi et al., 2008).

HDAC-inhibitors (HDACi) can inhibit all HDAC isoforms (pan-HDEZZ) e.g. Vorinostat)
or specific isoforms (isoform-selective-HDACI, e.g. MS-275, a class | inhibitor)
(Eckschlager et al., 2017). Based on their chemicgll structures, HDACi can be divided
into five groups: hydroxamate/hydr@gRmic acid, short-chain fatty acids, benzamide,
cyclic peptide and sirtuin inhibitors (Seto and Yoshida, 2014; Damaskos et al., 2015;
Roche and Bertrand, 2016; Eckschlager et al., 2017). A central mechanism of HDACi
is the binding to the Zn?*ion in the catalytic domain of class | HDAC, which is essential
for the deacetylation catalyzed by HDACs, which leads to higher expressions of the
target genes.

Inhibition of HDAC's prevent the deacetylation of lysine of histones which consequently
leads to more acetylated lysine groups. Deacetylated lysine groups have a positive
charge. the binding acetylation, this positive charge gets neutralized, leading to
reduced Interaction withfe negatively charged DNA (Damaskos et al., 2015). This
leads to an increasing transcription of genes in the control of e.g. cell cycle (e.g.
increased expression of CDKN1A), differentiation, angiogenesis (e.g. downregulation
@EJEGF) or apoptosis (e.g. by influencing the expression of death inducing genes)
(Richon and O'Brien, 2002; Damaskos et al., 2015; Eckschlager et al., 2017) which in
turn leads to an inhibition of cancer growth. Due to the relaxed chromatin structure, the
access of polymerases or transcription factors to the DNA is much easier, leading to
the described increase in transcription (Richon and O'Brien, 2002; Damaskos et al.,
2015) (figure 5 B).
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Figure 5: Nucdleosome and mode of action of HDAC and HAT. {A) Nucleosome consists of 8 histone subunits (H2A, H2B, H3,
H4), formed by two molecules of each histone protein, and DNA wrapped around it. (B) Due to negative charged DNA and
positive charged lysine residues from the histone, the histone binds with the DNA (heterochromatin, 1.). After acetylation oj
lysine, catalyzed by histone acetyltransferase (HAT), the positive charge gets neutralized, leading to lose DNA (euthmmaﬁﬁ
2.). Now, polymerases, transcription factors, etc. can access the DNA, leading to transcription. The antagonistic effect is
catalyzed by histone deacetylase (HDAC), leading to compact chromatin structure. Inhibitors of histone deacetylases (HDACI)
lead to increasing expression of proteins necessary for inhibition of the cell cycle, differentiation or apoptosis {Aktories, 2017).

Another Ffortant effect of HDACi seems to bgihe regulation of proteins that are
relevant for DNA repair (e.g. KU70 or FEN1) and are regulated by acetylation and may
be increased by HDAC inhibition (Eckschlager et al., 2017), because due to the
acetylation of proteins like KU70 (induces repair of double-strand brakes by binding
DNA endings), the binding to the DNA for its repair is reduced (Bose et al., 2014).
nhibition of HDAC-1 and HDAC-2 decreases the DNA-damage repair process (double
strand brakes), mediated by BAL-associated protein (BBAP) (Bhaskara, 2015;
Eckschlager et al., 2017). BBAP is part of protecting cells against DNA-damage (see
below) (Eckschlager et al., §EJ 7). DNA-damage due to problems in DNA repairment
causes genome instability, whi@gjcan lead to cell death (Bhaskara, 2015; Li et al.,
2020). HDACi can also ind§E® reactive oxygen species (ROS), which could lead to
higher oxidative stress and cell death (Ruefli et al., 2001; Trachootham et al., 2006;
Wolf et al., 2014).
HDACI can be promising anti-cancer agents, e.g. Vorin@g#jt has been approved for
treating refractory cutaneous lymphomas (CTCL) by the U.S. Food and Drug
Administration (FDA) (table 1) (Duvic et al., 2007; Falkenberg and stone, 2014).
Also recent studies show the potentiaffffHDACi as effective drugs in solid tumors, e.g.
triple negative breast cancer (Fedele et al., 2017).

Table 1: Overview of HDACI approved by the FDA or in phase-3-trials. The results shown here are in whole or par@ed
upon data generated by Nepali and Liou. Journal of biomedical science 28, 27. 2021 (Nepali and Liou, 2021) and Li et al.
Frontiers in Cell and Developmental Biology 8:576946. 2020 (Li et al., 2020).
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FDA-approved HDACIi

HDAC: in phase-lll-trial

Vorinosta HA Pan HDACI Givinostat Hydroxomate
(Cutaneus T cell (Polycythaemia HDACI
lymphoma) vera)
Romidepsin Class | HDACI Abexinostat Pan HDACi
(Cutaneus T cell (Renal cell
lymphoma, carcinoma)
peripheral T cell
lymphoma) @
Belinostat an HDACiI EffAnostat/MS-275 Class | HDACi
(Peripheral T cell (Hormone receptor-
lymphoma) positive, locally
advanced or
metastatic  breast
cancer)
Panobinostat Pan HDACi dinostat HDACi of HDAC
(Multiple myeloma) (advanced, 1,2,3,10
hormone receptor-
positive, breast
cancer)
Pracinostat Class I, I, IV
(intermediate/ high- (except HDAC 6)
risk Myelofibrosis) HDACi
Tacedinaline Inhibits HDAC 1-3
(Non-small lung
cancer, pancreatic
cancer)
Valproic acid Class I/l HDACi

(Flioblastoma)

Knock-out model: dual-recombinase system

Isogenic models offer the opportunity to determine the effect of individual genes on
cancer development and to investigaf] and focus on the implications of addressing
these genes. Therefore, PDAC cells of genetically engineered mouse models were
used to evaluate the effect of HDAC-2 knock-out. Therefore, an induci dual-
recombinase system has been developed in the past by combining flippase- FRT and
Cre-loxP recombination systems (Schénhuber et al., 2014). This means, that the mice
expresses Flippase (Flp)-recombinase, which is directed by (pancreas specific) Pdx1
promoter, which activates the expression of CreER by removing the FSF-stop-cassette
(FRT-stop-FRT). CreER is a recombinase fused with an estrogen receptor which can
be activated by Tamoxifen (also called CreERT (Cre estrogen receptor tamoxifen))
(Kim et al., 2018). The FRT-stop-FRT cassette is located between the CreER-gene
and its promotor Rosa26%AG and prevents the expression of CreER. After activation of
Pdx1-Flp, the expression of CreER is induced (figure 6) (Schonhuber et al., 2014). The
activation of oncogenic Kras@'?" is similarly regulated, while exons 2-6 of the Trp53
gene (Wu et al., 2017) are flanked by FRT sites leading to Trp53 inactivation due to
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Pdx1-Flp activity. Both lead to Qelopment of murine PanIN lesions and PDAC
(Schénhuber et al., 2014).

®Jl

- =

Figure 6: Knock-out model. As “inhibitor” of CreER-expression, FSF-cassette is located between the CreER-gene and its
promotor. After Pdx1-Flp activation, the FSF-cassette gets removed, leading to expression of CreER.

The Cre/loxP-system can be used for selectively excising genes out of the DNA and
binding the remaining DNA-endings together.

To get aﬁnoxifen-inducible Cre/loxP-system, the Cre recombinase was fused with
an estrogen receptor (CreERT; see above). A new version of this fusion protein is called
CreER™2, a mutate m of CreERT which is more sensitive towards Tamoxifen
treatment (Kristianto et al., 2017; Kim et al., 2018). Peatment with Tamoxifen leads to
an induction of Cre activity, as CreERZf§ normally located in the cytoplasm and bond
to heat shock protein 90 (Schénhuber et al., 2014; Kim et al., 2018). Tamoxifen disrupts
this interaction between CreER™ and heat shock protein 90, which leads to
translocation of CreER™ into the nucleus for interaction with loxP sites (Schénhuber et
al., 2014; Kim et al., 2018). loxP sites are necessary for recognition of the target gene
region by Cre as the targeted gene region is flanked by the genetic sequence of loxP
(flanked by loxP = floxed). After recognition, Cre excises the floxed sequence of the
targeted gene(s) (figure 7) (Kim et al., 2018). The floxed regions used in our model
were HDAC-2 exons 2-4. Consequently, after a treatment with Tamoxifen, the cells
were deficient of HDAC-2.

15




Figure 7: Scheme of the HDAC-2 knock-out mechanism. Exon 2-4 of HDAC-2 gene is floxed and gets exercised by CreER™ after
Tamaoxifen treatment. This leads to HDAC-2 knock-out.

Objective

In the past, HDACi as anti-cancer drugs in pancreatic cancer failed in clinical studies
regarding relevant antitumor effects (Arlt and Schéafer, 2016). To find effective, specific
and novel combination therapies, an unbiased drug screen was implemented
containing 101 drugs with different mode of actions (tables 1 — 9). Therefore, two
HDAC-2 proficient (HDAC-2 (+)) and deficient (HDAC-2 (-)) murine cell lines were
treated with the drug library. The goal was to find new potential therapies against PDAC
with an HDAC-2 inhibitor as a combination partner. Goal of this thesis is to explore new
possibilities and potential therapeutical solutions in the fight against PDAC. The results
are presented in the following.

Material and Methods

Material

Eall lines

Table 2: Cell lines.

Cell line Genotype Morphology  Date isolated @Jrce

PPT-F1648 FSF-KrasS120/+, Mesenchymal 01.06.2012 epartment of
FSF-Trp53del/+, Internal
Pdx1-Flp, R26%46 Medicine II,
FSF-CreERT2/+ Klinikum rechts
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PdkloxP/+, der Isar,
Hdac2'oxF/1ox? Technical
PPT-F2612 FSF-Kras®120/+, Epithelial 17.04.2013 University of
FSF-Trps3del/s, Munich
Pdx1-Flp, R26%¢
FSF-CreERT2/FSF-
CreERT2
Hdac. zfoxP/!oxP
Reagents
Table 3: Reagents.
Product - Reagents Manufacturer
30% Acrylamide/Bisacrylamide-stock solution Carl Roth, Karlsruhe
(29:1)

4-Hydroxytamoxifen
Ammonium Persulfate (APS)
Agarose

Aqua 1000 ml

Bovine serum albumin
Bradford reagent 5x
Crystal Violet

ddHz0

methyl sulfoxide (DMSO)

ulbecco’s Modified DMEM; high glucose
Dulbecco’s Phosphate Buffered Saline
Ethanol Absolut
Ethanol 100%
Ethylenediaminetetraacetate (EDTA)

Fetal Calf Serum (FCS)

Glycerol

Glycine

Isopropanol

ff2thanol

PageRuler Prestained Protein Ladder

(Penicillin-Streptomycin-solution (Pen Strep)
Phosphatase-Inhibitor-Mix

Potassium chloride

fAwdered milk

Protease inhibitor cocktail tablets

RLT-Buffer
Sodium Chloride
Sodium Dodecyl Sulfate pellets
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igma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
B. Braun Melsungen AG,
Melsungen
Sigma-Aldrich, Steinheim
Serva, Heidelberg
Sigma-Aldrich, Steinheim
SAV Liquid Production
GmbH, Flintsbach am Inn
Carl Roth, Karlsruhe
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Otto Fischar, Saarbriicken
Merck, Darmstadt
Invitrogen
Karlsruhe

co, Schwerte

Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Carl Roth, Karlsruhe
Carl Roth, Karlsruhe
Thermo Scientific,
Schwerte
Gibco, Schwerte
Serva, Heidelberg
Merck, Darmstadt
Carl Roth, Karlsruhe
Roche Diagnostics GmbH,
Mannheim
Qiagen GmbH, Hilden
Merck, Darmstadt
Serva, Heidelberg

GmbH,




Sodium hydrogen phosphate

Tetramethylethylenediamine (TEMED)

Tris Pufferan

Trypan Blue 0,4%, 0,85% NaCl

Tween 20

B-Mercaptoethanol

Kits and Assays

Table 4: Kits and Assays.

and Assays
CellTiterGlo Luminescent Cell Viability Assay

Antibodies

Table 5: Antibodies.

Antibody

Anti-mouse
lgG (H+L)
(DyLight™
680
Conjugate)
Anti-rabbit
IgG (H+L)
(DyLight™
800 4X PEG
Conjugate)
Hdac2
(D6S5P)

B-Actin

Drugs

Dilution

1:10000

1:10000

.

1:500

1:5000

Species
of origin
Goat

Goat

Rabbit

Mouse

Catalogue
number

5470

5151

57156

A5316

Fluka, Steinheim

Carl Roth, Karlsruhe
Carl Roth, Karlsruhe
Lonza, Walkersville, MD
Carl Roth, Karlsruhe
Carl Roth, Karlsruhe

Manufacturer

Promega
Madison

Manufacturer

Cell Signaling
Technology,
Leiden

Cell Signaling
Technology,
Leiden

Cell Signaling
Technology,
Leiden
Sigma-
Aldrich,
Steinheim

Corporation,

RRID

AB10696895

AB10697505

AB2756828

AB476743

All drugs used for the screening (listed under “b. Methods — Cell culture: Drug

screening”,

table

(www.selleckchem.com).

Table 6: Drugs.

Product - Reagents
Entinostat (MS-275) E-3866

12-20)

were

purchased

from Selleck Chemicals

Manufacturer

LC Labratories, Woburn
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Buffer/Medium/Solution

Table 7: Buffer/Medium/Solution.

Buffer/Medium/Solution

Dulbecco’s Modified DMEM, high
glucose (supplemented with FBS and

Pen Strep)

EDTA-Solution (0.05%) for

culture, 50 ml
Freezing Medium

IP-Buffer (pH 7,9)

Laemmli (1x), 100 ml

Laemmli (5x)

Lysis buffer

PBS (10x) 11, pH 7,4

Protease inhibitor (25x)

RIP A-buffer

Running buffer (10x) 11

Separation gel (10%), two gels

Composition

- 500 ml DMEM

-10% (v/v) FBS

- 1% Pen Strep

-2,5ml EDTA 1%

-@8)5 ml PBS

- 70 ml DMEM

-20 ml FCS

-10 ml DMSO

- 150 mM NacCl

-1 mM EDTA

- 1% Triton X-100

-50 mM TRIS

- 20 ml Laemmli (5x)

- 80 ml ddH20

- 0,3 MTAIS

- 50% (v/v) Glycerine

- 0,35 M SDS (pH 6,8)

- 50 mg Bromophenol blue
- 5% (v/v) B-Mercaptoethanol
- 200 ul IP-Buffer

- 2 ul Phosphatase inhibitor
- Protease inhibitor (25x)
- 80 gr. NaCl

-2 gr. KCI

- 14,4 gr. NazHPO4

- 800 ml ddH=0

- with HCl to pH 7,4

- fill up with ddH20 to 1l

- 1 protease inhibitor cocktail tablet

- 2 ml ddH20

- 4,206 gr. NaCl

- 3,028 gr. TRIS

- 2,5 gr. Sodiumdeoxychelate
-0,5¢gr. SDS

-5 ml NPO4

- 25x Protease

- 100x Phosphatase

- H20

-10 gr. SDS

-30 gr. TRIS

- 144 gr. Glycin

- fill up with ddHz0 to 1l

- 6150 pl ddHz20

- 3900 pl separation gel buffer
- 4950 pl acrylamide 30%
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Separation gel buffer (1,5 M TRIS/HCI

pH 8.8), 100 ml

Skim Milk

Stacking gel (2x), two gels

Stacking gel buffer (0,5 M TRIS/HCI pH

6,8), 100 ml

Transfer buffer 11, pH 8,3

Devices

Table 8: Devices.

Product
thos Photometer 2001
ioCam MRc
Axiovert 25 Inverse microscope
Centrifuge 5415 R
Centrifuge 5451R
CLARIOstar Plate Reader
CO:2 Incubator 1

1)
Combitips advanced 0,2 ml, 1 ml, 2,5

ml, 5 ml, 10 ml
FLUOstar optima

OR Odyssey
Mini-PROTEAN Tetra Cell
Mini-Trans-Blot Cell
Multipette E3x
Multiscan RC
NebauerfiEamber

Pipettes 10 ul, 100 ui, 200 ul, 1000 pl

PowerPac HC Power Supply
Rotina 280

- 150 ul SDS 10%

- 75 ul APS 10%

-22,5 uyl TEMED

- 18,171 gr TRIS

- 50 ml ddH20

- with HCI to pH 8,8

- fill up with ddH20 to 100 ml
- 500 ml PBS

- 25 gr Powdered milk

- 4500 pl ddH20

- 1950 pl collection ggFEuffer
- 1125 pl acrylamide 30%

- 75 pl SDS 10%

- 3724 APS 10%

- 15 ul TEMED

-6 gr. TRIS

- 50 ml ddH=0

- with HCl to pH 6,8

- fill up with ddH20 to 100 ml
- 2,9 gr. Glycin

-5,8 gr. TRIS

- 700 ml ddH=0

- 3,7 ml SDS 10%

- 200 ml Ethanol

- fill up with ddH=0 to 1l

Manufacturer

Anthos Mikrosysteme, Krefeld
Carl Zeiss, Oberkochen

Carl Zeiss, Oberkochen
Eppendorf, Hamburg
Eppendorf, Hamburg

BMG Labtech, Ortenberg
Sanyo, Miinchen

Eppendorf, Hamburg

BMG Labtech, Ortenberg

LI-CO, Lincoln, NE

Bio-Rad, Hercules

Bio-Rad, Hercules

Eppendorf, Hamburg
ThermoFisher Scientific, Waltham
Assitent, Sondheim vor der Rhén
Eppendorf, Hamburg

Bio-Rad, Hercules

Hettich Zentrifugen, Tuttlingen




Rotina 46 R

Shaker

Stripettor Ultra Pipet Controller
Thermomixer compact

Vortex Genie 2

Software

Table 9: Software.

Hettich Zentrifugen, Tuttlingen
Henning GmbH, Berlin
Corning, Corning

Eppendorf, Hamburg

Bender & Hobein AG, Zurich

Product Manufacturer RRID
Axio Version 4.3 Carl Zeiss, Jena SCR_021351
Flourstar optima BMG Labtechnologies, Ortenberg -
gramm Version 1.30-0
Graph Pad Prism 5 Graph Pad Software, La Jolla, CA SCR_002798
Image Studio Software Li-COR, Lincoln, NE SCR_015795
Version 5.2.5
Microsoft Excel 2016 Microsoft Corporation, Redmond, WA SCR_016137
Microsoft PowerPoint Microsoft Corporation, Redmond, WA -
2016
Online Tools/Databases
Table 10: Online Tools/Databases.
Product Internet-adress RRID
ClustVis https://biit.cs.ut.ee/clustvis/ SCR_017133
Gene set hitps://www.gsea-msigdb.org/ SCR_016863
enrichment analysis
4.0.3, BROAD
Institute
?rnergyFinder 3.0 https://synergyfinder.fimm.fi SCR_019318
enny 2.1 hitps://biocinfogp.cnb.csic.es/tools/venny/ SCR_016561

Various materials

Table 11: Various materials.

Product

5 ml Polystrene Round-Bottom Tube
Assay Plates, 96 wells

Cell Culture Flasks 50 ml, 250 ml, 550
ml

Cell Scr@r

Cellstar tubes 15 ml, 50 ml

CellTrics 3@11

Clear Line Filter Tips 10 pl, 100 ul, 200
pl, 1000 pl

Injekt-F 1ml

Pasteur Pipettes

Manufacturer

BD Falcon,

Corning, Corning

Greiner Bio One, Frickenhausen

Sarstedt, Newton

Greiner Bio-One GmbH, Kremsmiinster
Sysmex, Gorlitz

Biosigma, Cona

B. Braun Melsungen AG, Melsungen
Hirschmann Laborgerdate GmbH & Co.
KG, Eberstadt
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Serological Pipette 2 ml, 5 ml, 10 ml, Greiner Bio-One GmbH, Kremsmiinster

25 ml, 50 ml

Tissue Culture Dish 100 x 20 mm Corning, Corning
Tissue Culture Plate 96 Well Corning, Corning
patman Papier 3MM Chr GE Healthcare Life Sciences, Freiburg
mersham Pgatran 0,2 ym NC GE Healthcare Life Sciences, Freiburg
100 Sterican 0,45 x 25 mm Gr. 18 B. Braun Melsungen AG, Melsungen
Methods

Cell culture: preparing Medium

The medium used for the experiments was %becco 's Modified Eagle’s Medium — high
Glucose 500 ml bottles (DMEM). 50 ml fetal calf serum (FCS) and 5 ml of the Penicillin-
Streptomycin solution was added to DMEM prior to use.

Cell culture: washing cells and exchange of medium

194]
After aspirating the DMEM from the T75-cell culture flask, 5 ml PBS was added to wash
the cells and to remove media residue. After 30 seconds of incubation the PBS got
removed. Finally, 10 ml of new DMEM was added.

Cell culture: freezing cells

To freeze cells, the cells were grown till 80% confluency in a T75-flask. First, the cells

e washed (see Cell culture: washing cells/exchanging of medium). After removing
the PBS, 1 ml EDTA 0,05% we@ided to the cells to detach them from the flask,
followed by resgending them in 10 ml of DMEM. After detaching, the suspension
was filled into 15 ml falcon-tubes and centrifuged at 1000 rpm for 5 minutes.
Subsequently the supernatant was aspirated, and the cell pellet was resuspended and
singularized with 4 ml freezing medium. After preparfiflion of the cryo-tubes, 1 ml of the
suspension was filled in each of the tubes. The tubes were frozen at -80°C and
transferred into liquid nitrogen tanks after one week.

Cell culture: thawing cells

e frozen samples were thawed in the 37°C water bath. After thawing, the samples
were transferred il a falcon tube filled with 5 ml DMEM. Subsequently they were put
into the centrifuge at 1000 rpm for 5 minutes. Afterwards the supernatant was aspirated
and another 10 ml DEfEM was added to the tubes to resuspend and singularize the
cells. Afterwards the whole suspension was transferred into a T75-culture flask and
put into the incubator.
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Cell culture: splitting cells

To split cells, the cells were grown till 80% confluency in a T75-flask. First, the cells
were washed (see Cell cultur@l washing cells/exchanging of medium). After aspirating
the PBS, 1 ml EDTA 0,05% was added to the cells to detach them. While the cells

detached from the bottom of the flask, the new flasks/dishes were prepared by filling
them with DMEM:

- T75 bottle: 10 ml

- 10 cm-dish: 5 ml
Depending on the cell line, after 5 (F1648) to 10 (F2612) minutes of incubation with
EDTA, the cells were detached with 10 ml DMEM and singularized. Next, 0,5-1 ml of
the suspension was transferred into the previously prepared flask respectively 0,5 ml
in the 10 cm-dish.

Cell culture: drug screening

The drug library was divided into nine screens, containing 5-12 different compounds.
The following descriptions of the drugs are copied from the official descriptions of
www.selleckchem.com (viewed October 13", 2019) where the compounds were
bought (Selleck Chemicals).

Table 12: Drugs of screen 1 with mode of action {Selleck Chemicals).

Veliparib Potent inhibitor of PARP1 and PARP2

Linsitinib Selective inhibitor of IGF-1R

Pelitinib Potent irreversible inhibitor of EGFR

Galunisertib tent inhibitor of TGFB-receptor | (TBRI)

GDC-0152 ntagonist of XIAP-BIR3, ML-IAP-BIR3, clAP1-BIR3 and clAP2-
BIR3

UNC1999 Selective inhibitor of EZH2 and EZH1

SF1670 Highly potent and specific PTEN inhibitor

4EGI-1 Competitive elF4E/elF4g interaction inhibitor

CB-839 Potent and selective glutaminase inhibitor

Ulixertinib tent and reversible ERK1/ERK2 inhibitor

Sabutoclax an-Bcl-2 inhibitor, including Bcl-xL, Bel-2, Mcl-1 and Bfl-1

Saracatinib Potent Src inhibitor

Table 13: Drugs of screen 2 with mode of action (Selleck Chemicals).

Alisertib lective Aurora A inhibitor

Ispinesib tent, specific and reversible inhibitor of KSP (kinesin spindle
Eotein)

Indirubin otent cyclin-dependent kinases and GSK-3p inhibitor

Birinapant SMAC mimetic antagonist, mostly to clAP1

Crenigacestat Oral Notch inhibitor

W24003 Highly specific NUAK kinase inhibitor

PTC-209 HBr Hydrobromide salt of PTC209, a potent and selective BMI-1
inhibitor
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AZD6738
LJH685
UNC0638

Lapatinib
CuDC-101

Selective ATR kinase inhibitor
[lotent pan-RSK inhibitor
Potent, selective and cell-penetrant chemical probe for G9a and
GLP
gatent EGFR and ErbB2 inhibitor
otent multi-targeted inhibitor against HDAC, EGFR and Her2

Table 14: Drugs of screen 3 with mode of action (Selleck Chemicals).

Orantinib
Trametinib
GSK2656157
RO5126766
HTH-01-015
UNC0379

STF-083010

NVP-CGM097

RI-1
Elesclomol
Vemurafenib
Pracinostat

Potent against PDGFR autophosphorylation
Highly specific and potent MEK1/2 inhibitor
ATP-competitive and highly selective inhibitor of PERK
Dual RAF/MEK inhibitor
tent and selective NUAK1 inhibitor

Selective, substrate competitive
methyltransferase SETD8
@ecific IRE1a endonuclease inhibitor

ighly potent and selective MDM2 inhibitor
RAD51 inhibitor
Potent oxidative stress inducer
Inhibitor of B-RafV600E
Potent pan-HDAC inhibitor

inhibitor of N-lysine

Table 15: Drugs of screen 4 with mode of action (Selleck Chemicals).

Milciclib
AZD1208
Erastin

CwWo069

GSK2830371
GSK503
Spautin-1

GSK591

Enzastaurin
BX-795
Adavosertib
Sapanisertib

Potent, ATP-competitive CDK inhibitor for CDK2
fotent Pim kinase inhibitor
Ferroptosis activator by acting on mitochondrial VDAC,
PXhibiting selectivity for RAS-mutated tumor cells
Allosteric and selective inhibitor of microtubule motor protein
HSET
Allosteric Wip1 phosphatase inhibitor

tent and specific EZH2 methyltransferase inhibitor
Potent and specific autophagy inhibitor, and inhibits the
e ubiquitinating activity of USP10 and USP13
Potent and selective inhibitor of the arginine methyltransferase
PRMT5
Potent PKCp selective inhibitor

tent and specific PDK1 inhibitor

otent and selective Wee1 inhibitor

Potent and selective mTOR inhibitor

Table 16: Drugs of screen 5 with mode of action {Selleck Chemicals).

Pevonedistat

JIB-04
JSH-23

all molecule inhibitor of Nedd8 activating enzyme (NAE)
an-selective Jumoniji histone demethylase inhibitor
Inhibitor of NF-kB transcriptional activity
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LLY-507

MI-463
Epacadostat

MS023
Luminespib
BX-912
AZD7762
Alpelisib
PYR-41

@Jtent and selective inhibitor of protein-lysine methyltransferase
SMYD2
tent inhibitor of Menin-MLL interaction
Potent and selective indoleamine 2,3-dioxygenase (IDOf1)
pAhibitor
Potent, selective and cell-active Type | PRMT inhibitor
Highly potent HSP90 inhibitor for HSP90a/3
fAtent and specific PDK1 inhibitor
Potent and selective inhibitor of Chk1
tent and selective PI3Ka inhibitor
Cell-permeable inhibitor of ubiquitin-activating enzyme E1, with
no activity at E2

Table 17: Drugs of screen 6 with mode of action (Selleck Chemicals).

NMS-873
EPZ004777
GSK-J1
MI-503
Napabucasin
NSC87877
MK-2206 2HCI
Rigosertib
Selisistat
BI-D1870
PFI-2 HCI

P22077

Allosteric and specific p97 inhibitor
Potent, selective DOT1L inhibitor
Highly potent H3K27 histone demethylase inhibitor
Potent and selective Menin-MLL inhibitor
gats and cancer cell stemness inhibitor
ell-permeable inhibitor of SHP-1 and SHP-2
EEphly selective inhibitor of AKT1/2/3
Non-ATP-competitive inhibitor of PLK1
tent and selective SIRT1 inhibitor
EP-competitive inhibitor of S6 ribosome for RSK1/2/3/4
otent selective and cell-active lysine methyltransferase SETD7
bEpibitor
Inhibitor of ubiquitin-specific protease USP7 and USP47

Table 18: Drugs of screen 7 with mode of action (Selleck Chemicals).

Poziotinib
BRD4770
SGC707

A-196
ML264
Abexinostat
Ruxolitinib
KU-60019
Salubrinal

C646
ML324

OTX015

Irreversible pan-Her inhibitor
Histone methyltransferase G9a inhibitor
Potent, selective and cell-active allosteric inhibitor of protein
arginine methyltransferase (PRMT3)

tent and selective inhibitor of SUV420H1 and SUV420H2
Selectively inhibitor of kruppel-like factor 5 (KLF5)

n-HDAC inhibitor mostly targeting HDAC-1

otent and selective JAK1/2 inhibitor

Improved analogue of KU-55933 (specific ATM inhibitor)
Selective inhibitor of elF2a dephosphorylation and inhibits ER
firess-mediated apoptosis
Inhibitor for histone acetyltransferase, and inhibits p300
Selective inhibitor of Jumoniji histone demethylase (JMJD2)
Potent BET bromodomain inhibitor
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Table 19: Drugs of screen 8 with mode of action {Selleck Chemicals).

PX-478 2HCI
BI-847325
Entrectinib
BI-78D3
SMER28
EED226

Thiomyristoyl
PRT4165
CPI-455 HCI
LY2109761
AZD5153
A-1210477

4

gelective hypoxia-inducible-factor-1a (HIF-1a) inhibitor
Felective dual MEK/Aurora kinase inhibitor
Pan-TrkA/B/C, ROS1 and ALK inhibitor

Competitive JNK inhibitor

Small-mole enhancer (SMER) of autophagy

Potent and selective allosteric Polycomb repressive complex 2
(PRC2) inhibitor

Potent and specific SIRT2 inhibitor

Bmi1/Ring1A inhibitor

Specific 5 inhibitor

Selective B-receptor type I/l (TBRI/Il) dual inhibitor
Btent and selective BET/BRD4 bromodomain inhibitor
Potent and selective MCL-1 inhibitor

Table 20: Drugs of screen 9 with mode of action {Selleck Chemicals).

Erdafitinib

Ralimetinib
MX69
BAY-876
LLY-283

otent and selective pan fibroblast growth factor receptor
(FGFR) inhibitor
tent inhibitor of p38 MAPK
DM2/XIAP inhibitor that binds to MDM2 RING protein
[Potent and selective GLUT1 inhibitor
Potent and selective SAM-competitive chemical probe for
PRMT5

Status of research of the used drugs

2

=

J

» Preclinical Trials/no information ] ﬁase-l clinical trials (present/past)

= Phase-ll-clinical trials (present/past] = Phase-lll-clinical trials (present/past)

m Clinical use

Figure 8: Developmental status of the drugs used in the screening.

One screen needed 5 days to be completed:

Day 1:
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After splitting the Tamoxifen (HDAC-2 deficient)- and ethanol-treated (HDAC-2
proficient) cells (see cell §flure: splitting) to one 10 ml bottle and two 10 cm-dishes
(for harvesting proteins), the cell suspension was put into ml Falcon-tube and
singularized. Afterwards, 20 pl of the suspension was put into a 0,5 ml Eppendorf-Tube
and 20 pl of Try@an Blue 0,4% was added, followed by another singularization of the
cells. Next, the cells were counted with a Ng&bauer-chamber (see counting cells with
Neubauer-chamber). In order to seed 1000 cells in 100 ul per well in the 96-well-plate
later, dependent on the counting result, the cell suspension was diluted to 10000
cells/ml. The next step contained see the cells with a multistep pipette into the
wells. After finishing this procedure, the cells were put in the incubator (37°C; 5% COz)
until the next day.

Day 2:
To treat the cells with the drugs, the preparations of the right concentrations were

necessary. The drugs were added to the cells on the 96-well-plate following the
scheme in figure 9.

Drug 1 Drug 2 Drug 3 Drug 4

Concentration drugs (uM)

J

Figure 9: Layout of drugs and concentrations on a 96-well-plate. On each plate, four drugs were tested. For every
concentration, technical trr'ph'fgn' were performed. The prepared seven-point drug dilutions contained the indicated
concentrations. Additionally, the cell lines were treated with the vehicle (DMSO/water) as control.

In the beginning, the 1,5 ml Eppendorf tubes for the drug dilutions series (seven-point
drug dilution: 10 yM — 0,01 yM) were prepared. The stock solutions of the drugs
(10mM, frozen at -80°C) were thawed and diluted to 60 uM in DMEM. Afterwards the
dilution series were prepared in a 1:3 manner. The DMSO-control was prepared
similarly as the stock solutions of the drugs were dissolved in DMSQO (exception
Ralimetinib, which was diluted in H20).

20 pl of the drug dilution series and the control dilutions (DMSQ/H=20) e added to
each well to achieve the final drug concentrations indicated in figure 9. In the end, the
plates were incubated (37°C; 5% COg) for 72 hours.

Day 3 + 4:
Incubation in the incubator (37°C; 5% COg).

27




Day 5:

Initially, the CellTiterGlo was prepared following the instructions of manufacturer
(Promega Corporation), filled into aliquots and put into the freezer until further use.
Prior to use, the CellTiterGlo aliquots were thm. Afterwards, 25 ul CellTiterGlo was
added to each well in a darkened room. Next, the plates were covered with aluminium
foil and put on a shaker for 10 minutes. Afterwards, the plates were incubated for
additional 20 minutes, followed by the measurement of the luminescence with the
Fluostar optima-photometer.

f D Luminescent measuremant of
/ C? ATP-concentration

T HDAC2+f-cells f
/ Q .
."lll { --'] L.W
! B Adding drugs in F.
/ different concentrations J }
/ Ak
."rll ____,.-"""
.llll‘ 7,../"’
f."
Y
/
/ % A
/
5\

€ Adding CellTiter-Glo

.-’/'
\ - A = CellTiter-Glo
~ “/—
ASeeding cells \ e & = Drugs

Figure 10: Scheme of the screening procedure. 24 hours r (A) seeding the cells into 96-well-plates, (B) the drug treatment
was started. (C) After 72 hours, the CellTiterGlo reagent was added to the wells and after 30 minutes of incubation, (D) the
cell viability was measured.

The results were analyzed using the program GraphPad Prism 5 after normalizing the
raw data to the DMSO control. A scheme of the screening procedure can be viewed in
figure 10.

Cell culture: counting cells with Neubauer-chamber

18

20 pl of the singularized c.ells were putinto a 0,5 ml Eppendorf tube and mixed with 20
ul Trypan blue 0,4%. The chamber and the necessary cover glass were prepared by
cleaning them with 80% ethanol, folldi#@d by fixing the cover glass on the chamber.
Furthermore, 10 pl from the cell-dye pension was applicated between the cover
glass andffe chamber. Subsequently, all cells in the 4 quadrants were counted. After
counting, the following formula was used to calculate the cells per ml (x = number of
cells, counted in all 4 chambers):

x
7 X 10* cells/ml
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For every screening, 100 ul containing 1000 Qs were seeded in every well of the 96-
well-plates per cell line. Depending on the result, the cells were diluted to 10000
cells/ml (see above).

Cell culture: harvesting proteins

When the cells were seeded on day 1 of the screening, additionally cells were seeded
to 10 cm dishes with 0,5 ml cell suspension into 5 ml DMEM. At 80% confluence in the
dishes, the proteins were harvested to confirm the HDAC-2 knock-out with WesternBlot
later. Therefore, the lysis buffer was prepared, which contained 200 pl of IP-buffer, 2
pl phosphatagfi-inhibitor x100 and 8 pl protease-inhibitor x25 perfi# cm-dish. After
aspirating the medium and washing the dishes with 5 ml PBS, 200 pl of the lysis buffer
was added on each , the cells were collected using a cell scraper. The cell
suspension was filled into 1,5 ml Eppendorf tubes and they were blast-froze in liquid
nitrogen before storing them in a freezer at -80°C until further use.

Cell viability assay CellTiterGlo

116
The CellTiterGlo assay g method to indirectly measure the viability of cells by
measuring the adenosine triphosphate (ATP) level of a cell population via
luminescence. The assay binds and reacts with ATP: Catalyzed by luciferase, luciferin
reacts together with ATP and Oz to the luminescent product oxyluciferin (Promega
Corporation). The luminescence emission signal is directly linked with ATP-level and
cell viability (Promega Corporation).

The CellTiterGlo assay consists of 2 components which needed to be prepared prior
to use according to the instructions of the manufacturer (Promega Corporation). The
prepared reagent was frozen until further use.

The day the prepared CellTiterGlo was needed, aliquots were thawed 4 to 5 hours prior
to use and therefore put into a darkened place. After thawing, the reagent was added
to the 96-well-plates from the screening by adding 25 pl CellTiterGlo in each well under
light-protection. Afterwards the plates were put on the shaker for 10 minutes, followed
by 20 minutes incubation time without shaking, both under light-protection. After
incubation, luminescent measurement of the plates with Fluostar optima-photometer
was performed (gain: 1500, luminescent filter: lens from the top, room temperature).

Bradford reagent and measurement of the protein concentration of samples

The Bradford reagent is an assay &ed to measure the protein concentration of
samples by a photometric measurement. The reagent contains triphenylmethane dye
which builds complexes with nonpolajd cationic rests of the tertiary structure of
protefffE) The resulting complex shows an absorption maximum at 595 nm, the reagent
itself has an absorption maximum at 470 nm. By change of absorption maximum of a
probe, protein concentrations can be measured by comparing them with a calibration
curve.
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1
First, the Bradford reagent was mixed with sterile water in a 1:5 manner in a 50 ml
falcon tube. Meanwhile a 96-well-plate was prepared. The first 6 wells were necessary
for the calibration curve, which was generated by adding BSA 1 pg/ul into the wells in
indicated concentrations @fjure 11). Meanwhile the protein samples for the
measurement were thawed and centrifuged at 4°C for 15 minutes (16000 rpm).

Well-Nr. 1 2 3 4 5 6
BSA VYYYY N/
Figure 11: Occupancy for the BSA calibration curve. To receive a calibration curve for the photometric measurement of protein
concentration, the first six wells of the plate were used. Therefore, bovine serum albumin (BSA) in different concentrations

was added to the prepared Bradford reagent: no BSA was added to the first well, the concentrations of the remaining five
wells were 0,5 ug — 8 ug.

For the sample wells, 1 ul of each sample was added into the prepared 300 ul Bradford
reagent (n=3). A change of the color from green to blue was observed after adding
standard or sample. Afterwards, the plate was put into the Anthos-photometer to
measure the absorption at 595 nm.

Gel electrophoresis and WesternBlot

First, the electrophoresis chambers were prepared. Next, the separation gels were
prepared and filled into 34 of the ele horesis chambers. To prevent formation of air
bubbles, a few drops of isopropanofgg added on top of the separation gel. After the
separation gel polymerized entirely, the stacking gel was prepared and fillgfjon top of
the separation gel. A spacer was put into the polymerizing separation gel to form
pockets for protein loading.

After the stacking gel polymerized, the protein samples were prepared. Depending on
the protein concentrations of the harvested samples (measurement with Bradford
reagent, see above), Laemmli-reagent and the protein samples were mixed in an
eppendorf tube, to receiEER pg/ul protein of each sample in the aliquot. Afterwards the
aliquots were boiled up for 5 minutes at 95°C to denaturate the proteins. Meanwhile
the gels were prepared by removing the spacer and the Mini-PROTEAN Tetra Cell
were prepared by filling the trough with running buffer.

After the aliguots were boiled up for 5 minutes, 60 g of protein per sample were filled
into the foreseen pockets in stacking gel. In one of the pockets 1 ul of the
PageRuler marker was loaded ¥&&etermine the size of the s. After the gels were
put in the trough, the electrophoresis was started using 80 V. After the samples
reached the separation gel, the voltage was raised to 120 V.

Prior to use, one blotting membrane and six prepared Whatman papers were briefly

incubated in transfer buffer. In the next step, three Whatman papers were stockpiled,

followed by the gel and the blotting membrane, topped with the remaining three

Whatman papers. To prevent air bubbles, the pile was smoothened and chucked into
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the blotting device, which was put into the blotting chamber filled with transfer buffer.
The blotting was started for 120 minutes at 350 mA.

After the blotting was completed, the blotting membrane was washed in PBS two times
for 5 minutes, followed by a blocking process with 5% Skim Milk for 30 minutes.
Furthermore, the blotting membrane was shrink-wrapped in plastic foil, followed by
adding 3 ml of the primary antibody (solved in 5% skim milk/PBS) and putting it on a
shaker at 4 °C overnight.

The next day, the primary antibody was aspirated and the membrane was washed two
times with PBS for 10 minutes, before the membrane got shrink-wrapped again,
followed by adding 3 ml of fluorescent secondary antibody. Again, the membrane was
wrapped into aluminum foil to protect the antibodies from light and put on the shaker
for 1 hour.

Afterwards, the antibodies were aspirated and the blotting membranes were washed
two times with PBS for 10 minutes, before the blotting membrane were shrink-wrapped
one last time in plastic foil and 3 ml of the prepared mixture of anti-B-Actin-antibody
and the fluorescent secondary antibody were added, folloffld by wrapping the
membrane into aluminum foil and incubating it on the shaker for 1 hour. Finally, the
membranes were washed two times with PBS for 10 minutes, prior to scanning them
by using Li-COR-Odysee (figure 12).
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— * Secondary antibody (800
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b Primary anti-HDAC-antibody
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= & @:5" & &
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& & B - antibody

Figure 12: WesternBlot. Draft of the knock-out measurement, exemplary for HDAC-2 knock-out: After the blotting, the
membrane gets blocked with skim milk, to prevent untargeted bindings of the antibodies. The primary antibody binds the
proteins. The secondary fluorescent antibody binds the primary antibody. The primary anti-8-Actin-antibody and the
fluorescent secondary antibody were already mixed together in advance and are added to the membrane in the following
step.

RNA-sequencing

Previously generated and normalized RNA-sequencing data of the HDAC-2 cell lines
F2612 and F1648 were used. Briefly, mMBRNA was extracted from the Tamoxifen treated
cell lines and control cell lines. After quality control with densitometry, RNA-sequencing
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was carried out by the facility for genomics and proteomics of the Deutsches
Krebsforschungszentrum. For more explicit description see Krauf3 et al., 2022.

The changes in gene expression between HDAC-2 proficient and deficient cell lines
were analyzed using the Log2 fold changes. To generate the Log2 transformed fold
changes, the DeSeqg2 package in RStudio was used (KrauB3 et al., 2022).

Cell culture: Tamoxifen treatment for HDAC-2 knock-out

e dual recombinase system, used to induce HDAC-2 knock-out in murine PDAC cell

lines, has already been described previously (Schénhuber et al., 2014; Kim et al.,
2018).
First, cells were seeded on 10 cm dishes and treated with 4-OH-Tamoxifen (diluted in
100% ethanol) for 8 days. This induced HDAC-2 knock-out due to the recombinase
system. Since 4-OH-Tamoxifen (dissolved in ethanol 100%) is less stable in solution
and when exposed to UV-light, 600 nM 4-OH-Tamoxifen was #ded each day by
changing the media supplemented with 4-OH-Tamoxifen and the cells were split every
2-3 days. The control cell lines were treated simultaneously with the same amount of
vehicle (ethanol). After finishing the treatment, the cells were labeled with T8d
(treatment with 4-OH-Tamoxifen -> HDAC-2 knock-out) or E8d (treatment with ethanol
= no HDAC-2 knock-out) and proteins were harvested to confirm the knock-out of
HDAC-2 with WesternBlot.

Cell culture: Clonogenic assay

24-well-plates were used and 1000 cells/well (HDAC-2 proficient or deficient)
singularized in 500 pyl of DMEM were seeded. 24 hours later, the drug dilutions of
Erastin (100 pl 6-fold concentration of the final indicated concentrations) were added
to the wells (figure 13).

Concentration Erastin (uM)

Figure 13: Clonogenic assay. Layout of the 24-well-plates for the Erastin concentrations: after seeding 1000 cells in every well,
drug dilutions of Erastin (0,01 uM — 10 uM) and, as Erastin was solved in DMSO, the DMSO control was added to the wells. To
achieve technical triplicates, three wells were needed for every concentrations/control.
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DMEM was changed every second/third day. On day 7 after seeding the cells %
medium was removed and the wells were washed carefully using 1 ml of PBS. After
removing the PBS, each well was carefully filled with 200 ul of 0,2% CrystalViolett-
solution, to fix and stae cells. After 10 minutes of incubation, the CrystalViolett
solution was removed, followed by washing the wells two times with 1 ml of water for
60 minutes. After the second washing process, the water was removed, and the plates
were left for drying. After the plates were dry, they were scanned and subsequently
600 ul of 1% SDS was added to every well to solubilize the CristalViolett staining in the
wells. After incubation of 2,5 hours, the CLARIOstar-photometer was used for
photometric measurement.

Calculation of the z-score and definition of hits in the screening

The results of the ICso-values and the AUC-values of the screening were analyzed by
calculation of the z-scores. The z-score (z;) is the amount of standard deviations (s)

above or below a certain data (x;) from the mean (x).
X — X

Zi =
S

X]Cs0-Erastin F2612E8d —XICs0 o f Erastinin all tested cell lines
Standarddeviation IC50 all cell lines

For example: z;cso- grastin r2612880 =

Afterwards, the difference between the z-scores of the Tamoxifen-treated cell lines and
the corresponding ethanol-treated cell lines was calculated:

4z = ZTamoxifen — ZEthanol

A drug was defined as a hit when Az-score of ICso as well as Az-score of AUC-values
in both HDAC-2 cell lines were <0. A negative Az indicated a higher sensitivity of the
tested drug in HDAC-2deficient cell lines. Afterwards the dose-response curves of the
drugs were analyzed manually to confirm the observed results.

Cell culture: Combination treatment of HDAC-2 proficient cells with Erastin and MS-275

To further v te the results from the screening, HDAC-2 proficient cell lines F2612
and F1648 were treated with a combination treatment of Erastin and MS-275.
Therefore, we performed cell viability assays using CellTiterGlo (for more informggign
regarding CellTiterGlo see “Cell viability assay CellTiterGlo"). The cell lines were
treated with Erastin (10-0,01 M) and MS-275 (2 uM or 4 uM) (figure 14). To determine
the differences between the combination and a treatment with each compound alone,
the cell lines were simultaneously treated with only Erastin or MS-275.
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+ + - - Erastin

MS-275
(2 or 4 uM)

- - - + Control

Concentration drugs (uM)

N
Figure M.Byout for the validation experiments (Erastin + MS5-275) with a 96-well-plate using cell viability assay. HDAC-2
proficient cell lines were simultaneously treated with a combination of Erastin and M5-275 (2 or 4 uM), Erastin only and M5-
275 only.

Synergy Finder

To identify a potential synergy between Erastin and MS-275, the online tool
SynergyFinder was used (https://synergyfinder.fimm.fi). It compares measured drug
responses with expected drug combination responses calculated by means of synergy
scoring models. The used synergy scoring model was the Zero interaction mode! (ZIP-
model), which guantifies the degree of synergy and the expected response as
single compounds wouldn’t affect the potency of each other and models the drug
interaction by comparing the change in potency of each drug with the dose-response
curve of the combination (Yadav et al., 2015; SynergyFinder, 2020; lanevski et al.,
2022).

Clonogenic assays (n=3) of F2612 were performed and measured as previously
descirbed (see “Clonogenic Assay”), six 24-well-plates were seeded, and the cells
were treated with Erastin (3 uM — 0,1 uM) and MS-275 (4 uM - 0,0625 pM) in technical
triplicates (figure 15).
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Figure 15: Clonogenic matrix for synergy finder. Layout for the cell treatment with Erastin and MS-275 with indicated
concentrations.

To receive representative synergy scores after measurement, the highest (and lowest
for MS-275) concentrations (10 and 3 pyM for Erastin, 4 yM and 0,0625 yM for MS-275)
were removed prior to analysis. Next, the values of the individual concentration
treatments were uploaded as a table to the SynergyFinder-tool. “ZIP-model” as
reference model and “Inhibition” as readout was chosen. All other settings were set to
default. The tool Ejnsequently calculated synergy scores (mean and highest), dose-
response curves, dose-response matrix and visualized thynergy scores with 3D and
2D models. Furthermore, dose-response curves of the multi-dimensional synergy of
combinatiof§ (MuSyC) reference model were created by the tool. MuSyC reveals if an
observed synergy i used due to enhanced potency or/and efficacy of the
compounds (lanevski et al., 2022).

Gene set enrichment analysis (GSEA)

GSEA offers the possibility to compare HDAC-2 proficient and deficient PDAC cells
EFE12 and F1648) regarding significantly enriched pathways. Previously genef#i§d
RNA-sequencing data were used and analyzed, using the software GSEA 4.0.3
(Mootha et al., 2003; Subramanian et al., 2005). Briefly, rlog transformed countmatrix
of RNA-sequencing data was used to compare HDAC-2 proficient and deficient cell
lines.

To detect overlapping positively or negatively enriched pathways in F2612 and F1648,
the pathways with adjusted p-values <0,05 in F2612 and F1648 were compared using
Venny 2.1.

Statistics
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Unless stated otherwise, experiments were done in at least biological and technical
triplicates. The screening was performed as one biological replicate in technical
triplicates. Validation experiments were additionally performed in biological triplicates.
For comparison of two independent kind of cell lines (HDAC-2 proficf#t and deficient
cell lines) regarding the consequences of the treatments, unpaired t-test (two tailed)
was used to explore statistical significance, exgfipt for the evaluation of significance
towards the findings from SynergyFinder (one-way analysis of variance with
Bonferroni’s multiple comparison test was used to determine significance). GraphPad
Prism 5 was used to v[Zlalize the results and perform the statistical calculations. No
statistical method was used to predetermine sample size. The experiments were not
randomized. The investigator was not blinded to allocation during experiments and
outcome assessment.

Results

Drug screening and validations

To identify new HDACi-based combination therapies against PDAC, an explorative
unbiased drug screening using 101 drugs targeting a variety of targets (see tables 12
— 20 in materials) in different concentrations was performed in two HDAC-2 proficient
and HDAC-2 deficient PDAC cell lines (F1648, F2612). The knock-outs were confirmed
on protein level by performing WesternBlots (figure 16).

Tamoxifen

F2612
60 kDa HDAC-2

- + - + - + - + - + - + - + - +
ukna__-- e

Screen 1 Screen 2 Screen ¥ Screen 4 Screen S Screen 6 Screen T Screen §+9

F1648

+ - + - + + - + - + o + Tamoxifen

B0KDa . -— — i | e — — —— HDAC-2

=

LT R e — — G —— e S— — — ——  PActin

Screen 1+2 Screend : ms.r_r.eenn Screen 5 Screen Screen T Screen 8+0
Figure 16: Tamoxifen induces HDAC knock-out in murine PDAC C'EJ}S. Indicated murine PDAC cell lines were treated with
ethanol or Tamoxifen (600 nM, 8 days). Knock-out of HDAC-2 was confirmed on a protein level using Western Blot analysis. 8-
actin was used as a loading control.

As a screening result, we observed differences in drug sensitivity between proficient
and deficient cell lines. For analysis the ICso- and AUC-values of the dose-response
curves were used (tables 25 - 26) and the z-scores were calculated (table 27). Based
on the ICso- and AUC-values, the z-ratios (A z-scores) between proficient and deficient
cell lines were calculated (table 28). A drug was defined as a hit, if z-ratios of ICs0 and
AUC were both negative in the HDAC-2 cell lines F2612 and F1648, indicating
increased drug sensitivity in HDAC-2 deficient cell lines (figure 17 B, C and D).
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Figure 17: Definition of screening hits in HDAC-2 cell lines. (A) Visualization of screening hits and analysis of the results. (B)
shows the overlap of the calculated negative z-ratios. (C) shows the overlap of the calculated positive z-ratios. (D) Heatmap
of the overlapping compounds (negative z-rations shown in blue, positive z-rations shown in red).

Consequently, five drugs were identified as hits (figure 17 B and D and table 21).
Furthermore, curve fitting was confirmed manually.
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Table 21: Overview over Az-scores of identified compound hits.

Az ICso F1648 Az ICso F2612 Az AUC F1648 Az AUC F2612

BX-795 -1,881 -1,346 -1,021 -2,171
Erastin -0,030 -1,062 -0,305 -0,505
GSK503 -1,958 -0,051 -0,595 -2,321
JIB-04 -2,327 -0,418 -2,131 -0,103
Sapanisertib -0,251 -0,831 -1,015 -0,359

In order to validate the identified hits, we first repeated the viability experiments (figure
18) and were able to confirm the results of Erastin and JIB-04. For Erastin-treatment
in HDAC-2 deficient cell lines we observed a significant reduction of ICse-values of
38,11% in F2612 and 39,85% in F1648 as well as a reduction of AUC-values of 9,22%
in F2612 and 15,70% in F1648 compared to the HDAC-2 proficient cell lines. For JIB-
04-treatment in HDAC-2 deficient cell lines we observed a significant reduction of ICso-
value of 29,77% in F2612 and 57,94% in F1648 as well as a reduction of AUC-value
of 7,42% in F2612 and 36,78% in F1648 compared to HDAC-2 proficient cell lines

(table 22). To calculate the reduction of AUC- and ICse-values, the following equation

was used: Reductionicsorauc = (1 — %} x 100 [%].
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Figure 18: Dose-response curves of the identified hits with cell viability assay. After the screening, hits were validated (n=3
biologically @lependent samples) and dose-response were generated for F1648 and F2612. Measurement of cell vry after
72 hours by using CellTiter-Glo assay. Significance of the biological triplicates were calculated by using unpaired t-test (“pauc
<0,05; **pavc <0,01, *picso <0,05). Data are presented as mean values +/- SEM.
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Table 22: Overview and comparison of ICsy- and AUC-values in cell viability assay. n=3 biologically independent samples.

BX-795

Erastin

GSK503

JIB-04

Sapanisertib

We further evaluated Erastin. Erast

ICso (UM)
AUC
Reduction
ICso0
Reduction
AUC

ICso (UM)
AUC
Reduction
ICso
Reduction
AUC

ICso (UM)
AUC
Reduction
ICso
Reduction
AUC

ICs0 (UM)
AUC
Reduction
ICso
Reduction
AUC

ICso (UM)
AUC
Reduction
ICso
Reduction
AUC

F1648 F1648
HDAC-2 (+) HDAC-2 (-)
5,461 4,491
605,8 562,5
17,76%
7,15%
0,271 0,163
149 125,6
39,85%
15,70%
47,37 10,86
863,9 799,0
77,07%
7,51%
0,2927 0,1231
96,09 60,75
57,94%
36,78%
0,02976 0,02244
53,44 56,03
24,69%
-4,85%

F2612 F2612
HDAC-2(+) HDAC-2(-)
7,576 5,504
698,2 612,7
26,16%
12,25%
3,175 1,965
256 2324
38,11%
9,22%
9,410 7,296
791,7 713,6
22.47%
9,86%
0,3554 0,2496
111,9 103,6
29,77%
7,42%
0,1083 0,06125
192,9 159,4
43,44%
17,37%

a ferroptosis inducer, targeting the cystine-

glutamate antiporter x.- and opens voltage dependent anion channels in the o@F)
mitochondrial membrane (VDAC) and thus leads to ferroptosis, a non-apoptotic cell
death (Yagoda et al., 2007; Dixon et al., 2012; Cao and Dixon, 2016; Conrad and Pratt,

2019).

Effect of Erastin treatment with the mean ICso-value concentration of F2612 (2,57 uM)
on HDAC-2 proficient and deficient PDAC cells was visualized after 72 hours (figure

19).
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Figure 19: Pictures of cell lines treated with DMSO or 2,57 uM Erastin (F2612). Treatment of HDAC-2 proficient cells with (A)
DMSO (control) or (C) Erastin 2,57 uM. Treatment of HDAC-2 deficient cells with {(B) DMSO (control) or (D) Erastin 2,57 M.
The pictures taken were representative to the cell density in the dish.

Next, we further validated the effect of Erastin in clonogenic assays (n=3) using the
cell line F2612. We could confirm the reduction in clonogenic growth in HDAC-2
deficient cell lines after 7 days of Erastin treatment, however the findings were not
significant (figure 20). The clonogenic growth curve was used to determine AUC- and
|Cso-values. Thus, for F2612 we observed a reduction of 42,59% for |Cso-value and
19,42% for AUC-value (table 23).
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Figure 20: Validation of the effect of Erastin with clonogenic assay. (A) Visualization of the clonogenic growth: HDAC-2
proficient and deficient cell line (F2612) treated with Erastin with indicated concentrations for 7 days. (B) Dose-response curve
of clonogenic assay (n=3 biologically independent samples, ns). (C) Reduction of the relative clonogenic growth of HDAC-2
proficient and deficient cell lines (F2612) treated with Erastin 1 uM (ns, two-tailed unpaired t-test), is concentration
showed the biggest difference in clonogenic growth between proficient and deficient cells. (D) Indicate rine PDAC cell lines
were treated with ethanol or Tamoxifen. Knock-out of HDAC-2 was confirmed on a protein level using Western Blot analysis.
B-actin was used as a loading control. All data are presented as mean values +/- SEM.

Table 23: Clonogenic assay mean ICsp- and AUC-values and its reductions. Mean ICsp- and AUC-values and its reductions
comparing HDAC—2 proficient and deficient cells from the clonogenic assay experiments (n=3 biologically independent
samples) with Erastin (F2612): the combination of HDAC-2 deficiency and Erastin treatment show a reduction of 42,59% for
ICs0- and a reduction of 19,42% for AUC-value.

F2612 HDAC-2 (+) F2612 HDAC-2 (-)
IC50 (puM) 1,965 1,128
AUC 2771 2233
Reduction ICso 42,59% (ns)
Reduction AUC 19,42% (ns)

Analysis of combination of Erastin and MS-275 with HDAC-2 proficient cells

To evaluate if the observed effects in the genetic models were reproducible and could
be translated in an actual pharmacological treatment, HDAC-2 proficient cell lines
F2612 and F1648 were receiving a treatment with Erastin and MS-275. Cell viability
assay CellTiterGlo was performed for evaluation.

The results showed a reduction ofr;eqwability in cell lines receiving the combination
of Erastin and MS-275 compared to those receiving either one of them (figure 21). For
F1648 cell line receiving the combination of Erastin and MS-275 2 uM (n=2) we
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observed a reduction of ICso-value of 57,93% and a significant reduction of AUC-value
of 25,30%, in F2612 we observed for this drug combination (n=2) a reduction of ICso-
value of 69,01% and a reduction of AUC-value of 26,80%. In cell lines treated with
Erastin and MS-275 4 yM, we observed in F1648 (n=2) a reduction of ICsp-value of
97,23% and a significant reduction of AUC-value of 51,24% and in F2612 we observed
for this drug combination (n=2) a reduction of ICse-value of 98,45% and a reduction of
AUC-value of 49,74%.
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Figure 21: Combination treatment of HDAC-2 proficient cell lines F2612 and F1648 with Erastin and MS5-275 using cell
viability assay. Treatment of (A) F1648 and EB) F2612 with Erastin and MS-275 2 uM. Treatment of (B) F1648 and (F) F2612
with Erastin and MS-275 4 uM. Comparison of AUC-values of the duplicates of (C) F1648 cm;) F2612. Comparison of ICsa
values of the duplicates of (D) F1648 H} F2612. Significance of the biological duplicates were calculated by using unpaired
t-test (“pavc <0,05; **picso <0,01). All data are presented as mean values +/- SEM (n=2 biologically independent samples). The
presented data were generated with the support of Lukas Krauf.
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Analysis of synergy

Based on the results, we next wanted to evaluate if synergy between Erastin and MS-
275 exists. Therefore, we used the online tool SynergyFinder
(https://synergyfinder.fimm.fi). We calculated the synergy score for clonogenic assay
in HDAC-2 proficient cell line F2612 (n=3) (figure 22). SynergyFinder compares the
observed drug combination responses (e.g. dose-response matrix) with the expected
responses calculated by means of synergy scoring models (reference model), leading
to classification of synergy or antagonism depending on 2 observed deviation
(lanevski et al., 2022). The used reference model was the Zero interaction potency
model (ZIgE)odel). The ZIP-model quantifies the degree of synergy and the expected
resp?se as If the single drugs wouldn't affect the potency of each other and it models
the drug interaction by paring the change in potency of the dose-response curves
of each drug with the dose-response curve of the combination (Yadav et al., 2015;
SynergyFinder, 2020). For each measured dose combination, an individual synergy
score is visualized to find the most synergistic area. The synergy score is averaged
over all the measured dose combinations. SynergyFinder defines the results of the
synergy score as followed:

- ZIP <-10 antagonistic

- -10<ZIP <10 additive

- ZIP > 10 synergistic

With help of SynergyFinder we were able to show existing synergy between Erastin
and MS-275 with a summery synergistic score of 14,05 and a most synergistic area
score of 18,95 (figure 23 A — C). The best synergy (34,07) was observed for a
combination @EEM MS-275 and 0,3 uM Erastin. To determine significance of the
findings, one-way analysis of variance with Bonferroni’'s multiple comparison test was
performed showing a significant difference between cells treated with Erastin 0,3 uM
in combination with MS-275 1 yM compared to cells only treated with MS-275 1 uM
(figure 23 F). Generated combination dose-response-curves of the multi-dimensional
synergy of combinations (MuSyC) reference model revealed that a synergistic potency
shift with a fold change of 4,59 for Erastin treated cells induced by MS-275 can be
detected (figure 23 D) as well as a synergistic potency shift with a fold change of 21,44
for cells treated with MS-275 induced by Erastin (figure 22 E).
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Figure 22: SynergyFinder matrix and input dose-response curves. (A) Matrix generated with donogenic assay: HDAC-2
proficient cell line (F2612) treated with Erastin and MS-275 with indicated concentrations for 7 days. Dose-response curves
generated with clonogenic assay (n=3 biologically independent samples) after treatment with (B) Erastin or (C) MS-275. (D)
Dose-response matrix generated by SynergyFinder showing inhibiton of cell viability after combination treatment of Erastin
and MS-275 with indicated concentrations. The presented data were generated with the support of Lukas Krauf.
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Figure 23: Visualization of synergy between Erastin and MS-275. (A) 2D and (B) 3D synergy map highlighting synergistic
regions, showing (C) a summery synergy score of 14,05 and a most synergistic area score of 18,95 (using ZIP-model). (D)
Combination dose-response curves of the multi-dimensional synergy of combinations (MuSyC) reference model showing a
synergistic potency shift of Erastin treated cells induced by MS-275 (fold change: 4,59) or (E) a synergistic potency shift of MS-
275 trL’atr_’ induced by Erastin (fold change 21,44). (F) Significant difference in CL’H@

Erastin 0,3 uM and MS-275 1 uM compared to cells only treated with M5-275 1 uM (One-way ANOVA with Bonferroni’s
multiple comparison test). n=3 biologically independent samples.

ity between cells treated with

Analysis of RNA-sequencing data

RNA-sequencing data of HDAC-2 cell lines F2612 and F1648 previously generated
were used. The data were analyzed regarding genes relevant for induction of
ferroptosis and HDAC inhibition as well as genes which are relevant in the pathways
showing positive enrichment in HDAC-2 proficient cell lines in GSEA (see below).
SLC7A11 and VDAC2 are direct targets of Erastin (Conrad and Pratt, 2019; Zhao et
al., 2020). GPX4 is an important enzyme for detoxification of reactive oxygen species
fld needs glutathione as cofactor (Yang et al., 2014). EIF2AK4 is a kinase, leading to
phosphorylation of the eucaryotic translation initiation factor elF2a, which activat@gghe
integrated stress response against cellular stress via ATF4 (table 24) (Suragani et al.,
2012; B'chir et al., 2013; Wortel et al., 2017).

Table 24: Extract from the RNA-sequencing data necessary for the thesis. (NA = no data) The Log2 Fold Change (Log2FC) is
a ratio comparing the gene expression between HDAC-2-proficient and -deficient cells. A negative Log2FC equals a lower
expression in the deficient cells, while a positive Log2FC means a higher expression in the deficient cells. The p-value as
indicator for significance shows, that not all data from the sequencing are statistically significant. Espedially ATF4 shows
significantly lower resp. higher expression in the HDAC-2-deficient cells in both cell lines.

F2612 F1648
Log2FC p-value Log2FC p-value
SLC7A11 -0,96 0,181 -0,62 0,003
ATF4 -0,69 0,003 -0,33 0,002
EIF2AK4 -0,13 0,4 0,09 0,155
GPX4 0,11 0,524 0,01 0,926
VDAC2 0,15 0,252 -0,13 0,255

Analysis of Gene set enrichment analysis

Gene set enrichment analysis (GSEA) using the gfgjously generated RNA-
sequencing data of HDAC-2 cell lines F2612 and F1648 was performed to determine
the behavior of the cell lines after HDAC-2 knock-out. We overlapped the results from
each cell line. We confi five enriched Reactome pathways in HDAC-2 proficient
cell lines, including the transport of amino acids across the plasma membrane, the
response of kinases to amino acid deficiency and heme deprivation and the cellular
response 1o starvation (figure 24).
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Figure 24: Gene set enrichment analysis of F1648 and F2612. RNA-sequencing data of HDAC-2 cell lines rzsjzmi F1648
were analyzed with GSEA. Five pathways show a significant negative enrichment in both HDAC-2 cell lines, the enrichment
plots for the depicted reactome pathway signatures are shown.

Discussion and interpretation of the results

ﬁh a 5-year-survival of 11%, reatic cancer has a very poor prognosis and is
predicted to be the third leading cause of cancer related deaths in women and fourth
ZEyiing cause of cancer related deaths in men by 2040 (Jain and Bhardwaj, 2021;
Rahib et al., 2021; Siegel et al., 2022). It is mostly diagnosed in advanced stages,
meaning that surgery, as only way to cure the disease, is often not possible anymore
(Wagner et al., 2004; Park et al., 2021). This highlights the necessity for drug-based
therapies. Although chemotherapeutic schemes like FOLFIRINOX are available, due
to therapy resistance of the cancer the success is often limited (Jain and Bhardwaj,
2021). This shows the importance of new drug-based therapeutic strategies.

HDACI IVorinosrar seem to be promising anti-cancer agents, as Vorinostat has
already been approved by the FDA for treatment of refractory cutaneous T-cell
lymphomas (Falkenberg and Johnstone, 2014). Different studies also see potentials of
HDAC:i for treatment of pancreatic cancer, e.g. to overcome chemotherapy resistances
(Roca et al., 2022). While studies in the past showed HDACi as potential partner within
a drug-combination, many clinical trials did not show the expected success, especially
the utility of HDACi as single agent (Hontecillas-Prieto et al., 2020). To find new
potential combination-based drug therapies for treatment of pancreatic cancer, a drug
screening was established using isogenic murine HDAC-2 proficient and deficient
PDAC cell lines as a model system. The response to 101 drugs with different mode of
actions was tested in the drug screening experiment. Based on the results of the
unbiased screening with HDAC-2 proficient and deficient cells, Erastin was further
evaluated as a potential partner for a combination therapy with HDACGi.

In both HDAC-2 cell lines, cell lines treated with Erastin showed a significant reduction
of cell viability. Those findings were reproducible performing different assays such as
clonogenic assay, although significance has not always been confirmed. Further
investigations and validations are necessary, e.g. by using different models such as
primary human PDAC cell lines or a larger cohort of murine PDAC cell lines.

To determine if the observed results in the knock-out screening could be translated
into actual pharmacological treatments, a treatment of HDAC-2 proficient cell lines with
actual compounds was necessary. After combination treatment with Erastin and MS-
275 (class-I-HDACI), we confirmed reduced cell viability and synergistic effects.
109

Erastin was originally found in a compound screening as gmall molecule that killed
cancer cells which were over essing Small T oncoprotein (ST) and oncogenic RAS,
leading to its name Erasﬁng radicator of RAS and ST-expressing cells”) (Dolma et
al., 2003). Although KRAS Is the most frequently mutated oncogene in PDAC (Hong
etal., 2011), ferroptosis induced by Erastin is not only relevant in RAS-mutated cancer
cells and carffje induced regardless of the RAS-status (Conrad and Pratt, 2019).
Erastinhas a poor water solubility and has an unstable metabolism in the body, limiting
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its in-vivo use. However, after chemical manipulation, Erastin (like Piperazine-Erastin
or Imidazole Ketone Erastin (IKE)) could good option for cancer treatment in vivo,
what has already been shown in the past in mouse lymphomgfijodels by Zhang et al.,
where a treatment with IKE showed reduc@umor growth (Zhang et al., 2019; Zhao
et al., 2020). Erastin induces ferroptosis. Ferroptosis is an iron-dependent oxidative
non-apoptotic cell death. Induction of ferrop§fjis leads to increase and accumulation
of lipid peroxidation, lipid peroxids/lipid-ROS/reactive oxygen species (ROS), depletion
of plasmaff#mbrane polyunsaturated fatty acids and cell damage (Cao and Dixon,
2016; Liu et al., 2021). One | rtant antioxidant system is the xc" -GSH-glutathione
peroxidase 4 system, which leads to detoxification o ctive oxygen species and
inhibits ferroptosis with the help of glutathione (GSH) (Yang et al., 2014; Zhao et al.,
2020).

Erastin induces ferroptotic cell death bfgjreversibly inhibiting the cystine-glutamate

antiporter x¢' and simultangfusly opens voltage dependent anion channels (VDAC) 2
and 3 (Yagoda et al., 2007; Dixon et al., 2012; Cao and Dixon, 2016; Conrad and Pratt,
2019):

Due to inhibition of xc, the uptake of cystine decreases while the concentration of
@ama‘[e increases. This could lead to a lower synthesis and fa depletion of
glutathione (GSH), which is an important antioxidant iffgpe cell by reducing the
concentration of reactive oxygen species (ROS) and acts as a cofactor for glutathione
peroxidase (GPX). GPX4 catalyzes reactions to reduce toxic lipid peroxide PLOOH
(lipid-ROS), ggxgpduced from polyunsaturated fatty acids (PUFA) from the cell
mbrane, to nontoxic lipid-alcohols PL-OH by using GSH as cofactor (Yang et al.,
2014; Imai et al., 2017). This makes GPX4 a regulator of ferroptosis. A low
concentration of GSH consequently leads to a higher concentration of ROS and
especially lipid-ROS, due to reduced ROS detoxification. This increase of ROS-levels
due to Erastin-treatment could lead to imbalance and to oxidative cell death, more
specifically ferropotosis (Yang et al., 2014).

Another important effect of Erastin e opening of VDAC channels. VDAC proteins
are responsible for the exchange of metabolites and other substrates through the
mitochondrial membrane (e.g. ATP or respiratory @strates) (Maldonado and
Lemasters, 2012; Zhao et al., 2020). Together with the complexes I, Ill and IV of the
respiratory chain, closed VDACs are also necessary to provide a stable mitochondrial
membrane potential. Due to an opening of the VDAC channels, the mitochondrial
membrane potential increases due to hyperptmzation (DeHart et al., 2018). The
effect of the reopening of VDAC results in a reverse of the Warburg metabolism,
meaning an incre n oxidative phosphorylation, ROS-synthesis and decrease of
glycolysis (Yagoda et al., 2007; Imai et al., 2017; Maéonado, 2017; Zhao et al., 2020).
r

Zille et al. assumed that class-I-HDACi promote optosis induced by Erastin in
fibrosarcoma cancer cells (Zille et al., 2019). Beside the effects mentioned in the
introduction, HDACi like MS-275, Domatinostat or Vorinostat (=SAHA) lead to
increasing ROS-levels (Ruefli et al., 2001; Zhang and Zhong, 2014; Roca et al., 2022).

Analyzing RNA-sequencing data using GSEA after HDAC-2 knock-out revealed

negative enrichment @fifjhe EIF2AK4-EIF2A/elF2a-ATF4 pathway, amino acid

deprivation, amino acid transport across the plasma membrane and the elongation of
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translation. Also, the data from the RNA-sequencing showed a significant
downregulation of ATF4 after HDAC-2 knock-out. These findings are strong hints for
the postulated lower xc -expression mediated by reduced ATF4- ssion via lower
expression of xc*-subunit SLC7A11 initigfgd by HDACi, what Wolf et al. and Lewerenz
et al. showed in glioma cells (Lewerenz et al., 2012; Wolf et al., 2014; Koppula et al.,
2018).

ATF4 is part of the Integrated Stress Response (ISR)-pathway, which is necessary for
responding to cellular stress (B'chir et al., 2013; Masson, 2019). Important ways for
activation of this pathway are amino acid deprivation and heﬂe deprivation and
hypoxia, both sensed by specific protein kinases GCN2 (EIF2AK4; general control n
depressible protein 2) and HRI (EIF2AK1; heme-regulated elF 2a kigfgse) (Suragani et
al., 2012; Wortel et al., 2017; Masson, 2019). Both kinases lead to phosphorylation of
the eukaryotic translation initiatior@ctor elF2a. After phosphorylation, elF2a reduces
translation of mRNA and activates a transcriptional stress respons@a ATF4 (Masson,
2019). A central regulator for GCN2 activity is deacetylated tRNA as tRNA synthetase
enzymes fail to aminoacetylate tRNA due to amino acid deprivation (Zaborske et al.,
2009) (figure 25).
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25: elF2a-ATF4 pathway. Heme deprivation and hypoxia lead to activation of HRI (heme-regulated elF2a kinase) and
amino acid deprivation leads to increasing levels of deacetylated tRNA which activates GCNZ (general control non-depressible
protein 2). Both kinases induce phosphorylation of elF2a, which reduces translation and increases ATF4-induced stress
response.

The downregulation of ATF4 mRNA may contribute to the increased Erastin sensitivity
of HDAC-2 deficient murine PDAC cells. However, further experiments using cells with

ATF4 knock-out could be treated with Erastin to investigate changes in sensitivity. This
could be further validated by reconstituting ATF4 in these knock-out lines.

GPX4 is also necessary to reduce oxidative stress. Results published by Wang et al.
showed that HDACi Quisinostat lead to downregulation of GPX4 (Wang et al., 2021).
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However, the analyzed RNA-sequencing data did not confirm the mentioned regulation
of GPX4.

Suggesting that Erastin or HDACi lead to higher oxidative stress due to higher levels
of ROS, a combination of both agents should further increase ROS-levels. Such higher
ROS-levels, due to a combination of Ci and inhibition of xc", have already been
detected with ROS-measurement in human breast cancer cells and human colon
cancer cells: the ROS-levels were higher after a combination of FAACI and xc-
inhibitors than either one of the agents alone (Miyamoto et a§72020). Yang et al. also
showed, that class-I-HDACi enhances ferroptotic cell death after Erastin treatment in
lung cancer cells and were able to show similar results regarding cell lethality and
ROS-levels after a combination of Vorinostat and Erastin like Miyamoto et al. (Yang et
al., 2020). This could explain the observed results, however ROS-measurements have
not been performed. As the combination of Vorinostat and Erastin showed similar
effects on apoptosis as each drug alone, Yang et al. are convinced that the
combination lead to ferroptosis (Yang et al., 2020).
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Figure 26: Regular pathway in the cell. Antiporter x., which expression is influenced by ATF4, is responsible for transporting
cystine in exchange for glutamate into the cell to build glutathione (GSH). GSH is necessary for the GPX4-catalyzed reduction
of lipid-ROS (PL-O0H) to nontoxic lipid-alcohols (PL-OH). Characteristic for a cancer cell, VDAC is closed due to bonding of free
tubulin. Due to the closed VDAC in the mitochondrial membrane, the mitochondrial membrane potential stays stable.
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Figure 27: Inhibition with Erastin and Class-I-HDACI. Erastin induces ferroptosis by irreversibly inhibiting x:, which leads to a
reduced production and faster depletion of glutathione (GSH). Decreasing detoxification of lipid-ROS is the consequence. Lipid-
ROS can induce increasing DNA-damage. Erastin also leads to opening of VDAC, which induces oxidative phosphorylation and
consequently increases ROS-production in the mitochondria and transport of ROS from the mitochondria into the cytoplasm.
Those higher ROS-levels lead to increasing DNA-damage. HDA C-inhibition could enhance the DNA-damaging effects of Erastin
induced ROS-levels by reducing the expression of x. via reduced expression of ATF4.

The figures 26 and 27 show the hypothesis of possible interactions leading to the
observed synergistic effects of a cotreatment of HDACi and Erastin: the combination
of increasing ROS-levels due to different mechanisms (xc-inhibition, lower Xc-
expression, reduced GSH-production and VDAC-opening) lead to much higher
oxidative stress within the cells, leading to increasing cell lethality. With the data
collected for this thesis, the described suspected mechanism of how HDACi and
Erastin could interact cannot be confirmed for PDAC, but the data can give a hint for
such interaction and working mechanism, which must be addressed in future
experiments.

To understand how both drugs synergistically interact and to evaluate the postulated
working mechanism of a combination of Erastin with HDACi in PDAC cells, further
investigations are necessary. Therefore, more validations of the experiments using
Erastin and MS-275 in different concentrations and with different assays should be
performed as well as ROS-measurements (like those of Myamoto et al. or Roca et al.).
To evaluate, if the effect is caused by ferroptosis, experiments using ferrostatin (binds
the necessary iron for ferroptosis) to reverse the effect should be performed. Also,
DNA-damage should be measured to evaluate if the increasing ROS-levels lead to
increasing DNA-damage. Furthermore GSH-measurement could be performed to
measure the depletion and decreased production of GSH due to the inhibition. The
presented observations suggest, the combination could also interact with the cellular
metabolism (Zhao et al., 2020), which require further investigations. In case that further
investigations show promising results, the tolerability has to be evaluated for a potential
clinical use in the future. As previously mentioned, Erastin would need further chemical
manipulation prior to in-vivo use, while MS-275 already has a dosage form for oral use
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and showed to be well tolerated in earlier phase-I-trials at a dose of 6 mg/m? with no

severe side effects (Kummar et al., 2007).

The other promising hit JIB-04, a pan-selective Jumoniji histone demethylase inhibitor,
needs further investigations too.

Besides surgery, drug-based therapies are and will be the most important instrument
in the fight against PDAC. The presented data show promising results for a therapy
combining MS-275 and Erastin, but further investigations are necessary. The goal of
most of the therapies in medicine are the healing and recovery of the patient.
Sometimes, certain therapies alone can achieve this goal and sometimes, therapies
are part of a holistic concept. Maybe the combination of Erastin and HDACi could be a
useful radiosensitizer with the advantage that additional to the ROS-production
induced by radiotherapy, the drug-combination would lead to increasing ROS-levels
well (Zhao et al., 2020). Experiments using Erastin as radiosensilfzgr, e.g. to
increase the sensitivity of breast cancer to y-rays, seem promising (Cobler etal., 2018).
Radiotherapy already plays a role in neoadjuvant treatment of borderline-resectable
pancreatic cancer (Leitlinienprogramm Onkologie, 2021). But even if new drug-based
therapies show increased survival-rates or symptom-free lifetime instead of curation
from cancer, it would be a great success too.

Supplement

Table 25: F2612 |Cso- and AUC-values from the screening according to drug (NA = no results)

HDAC-2 (+) HDAC-2 (+) HDAC-2 () HDAC-2 ()

ICs0 AUC ICso AUC

4EGI-1 15,11 285,9 27,03 2876
A1210477 35,56 313 NA 386

A-196 435,6 297,8 NA 3241
Abexinostat 0,6466 180 0,2793 1524
Adavosertib  0,09242 104,3 0,09105 1079
Alisertinib 0 271,6 20,16 278,1
Alpelisib 4,361 253,7 2,953 2327
AZD1208 0,009101 2881 NA 2793
AZD5153 0,6457 173,5 0,4078 168,5
AZD6738 0,8379 179,7 0,7216 195,1
AZD7762 0,06647 98,85 0,08121 108,8
BAY-876 0,02951 79,34 0,05292 91,4

BI-78D3 27,8 294,7 0 2859
BI-847325 0,02261 66,16 0,09609 105,4
BI-D1870 10,27 281,1 7,839 2692
Birinapant NA 293,4 114,7 2751
BRD4770 2,947 269,3 1,795 2342
BX-795 7,726 2881 4,955 261,1
BX-912 26,09 290,6 21,6 302,8
C646 959,2 280,1 24,14 3169
CB-839 0,3399 157,4 2,448 2249
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CPI-455 HCI 138,2 271 NA 3841

Crenigacestat 5,33E-15 286 1397 261,1
CuDC-101 2,337 221 1,507 2182
CWo069 33,77 306,6 259,4 2818
EED226 0 298,8 NA 372

Elesclomol 0,01892 50,66 0,0145 33,76
Entrectinib 1,957 245,3 3 2664
Enzastaurin 315,2 277.,4 0 2877
Epacadostat 44 .61 307,5 31,27 3038
EPZ004777 1139 290,2 67,51 2914
Erastin 3,642 253,8 1,905 2243
Erdafitinib 6,517 303,9 5,499 247,3
Galunisertib 30,07 300 65,21 2497
GDC-0152 18,8 306,1 89,49 2831
GSK J1 0 290,2 137,2 282

GSK2656157 15,36 309,7 53,54 2708
GSK2830371 147 .6 283,4 0 290,7
GSK503 8,401 298,5 6,289 2786
GSK591 10,85 254.4 16,06 2496
HTH-01-015 2,348 225,4 2,939 234 1
Indirubin 6,38E-07 274,3 97,39 3068
Ispinesib 4,165 243,7 1,926 2004
JIB-04 0,3012 166,3 0,2615 163,7
JSH-23 NA 314,3 17,79 3169
KU-60019 10,03 279,5 5,997 2792
Lapatinib 6,918 236,2 4,083 2418
Linsitinib 28,02 288,4 176,4 2743
LJH685 6,88E-11 234 28,59 280,3
LLY-283 22,14 292,7 193,7 2798
LLY-507 1,926 233,7 1,834 2317
Luminespib 0,01018 54,04 0,01102 63,01
LY2109761 49,39 315,6 80,43 320,1
MI-463 1,774 230 1,964 236,1
MI-503 34,67 302,4 26,44 2842
Milciclib 0,4067 182,2 0,5132 187

MK-2206 2HCI 3,209 250 2,627 2311
ML264 NA 3111 25,54 3034
ML324 8,627 283,8 4,328 2742
MS023 22,2 280,3 24,27 276

MX69 22,62 312,2 1987 2727
Napabucasin 2,853 246,3 1,433 2241
NMS-873 5,713 277,3 11,25 318.,8
NSC87877 14,99 302,4 27,18 2869
NVP-CGM097 7,74 275,7 22,78 2546
Orantinib NA 366,9 140,5 2946
OTX015 3,691 523 0,4406 2164
P22077 34,78 273,6 16,23 2914
Pelitinib 0,7849 185,3 1,216 2056
Pevonedistat 1,463 232,2 1,85 2469

PFI-2 HCI 35,91 285,4 16,13 3091
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Poziotinib 10,78
Pracinostat 0,2924
PRT4165 0
PTC-209 HBr 2,111
PX-478 2HCI NA

PYR-41 14,08
Ralimetinib 14,64
RI-1 8,851
Rigosertib 1,168
RO5126766 0,5125

Ruxolitinib NA
Sabutoclax 2,711
Salubrinal NA

Sapanisertib  0,06672
Saracatinib 0,8597
Selisistat 111,5
SF1670 2,605
SGC707 1,97E+07
SMER28 85,79
Spautin-1 2,857
STF-083010 30,52
Thiomyristoyl 10,5
Trametinib 0,02682
Ulixertinib 0,5078
UNCO0379 1,17
UNC0638 1,447
UNC1999 3.8
Veliparib NA
Vemurafenib 15,35
WZ4003 4,621

Table 26: F1648 |Csp- and AUC-values from the screening according to value

HDAC-2 (+)
AUC

HDAC-2 (+)
ICso

4EGI-1 68,02
A1210477 11,42
A-196 NA
Abexinostat 0,05504
Adavosertib 0,1198
Alisertinib 10,28
Alpelisib 2,79
AZD1208 NA
AZD5153 0,01549
AZD6738 0,9869
AZD7762 0,101
BAY-876 0,07139
BI-78D3 8,61

277,3
221,7
2934
242,6
308,1
320,7
300,5
288,9
196,9
166,9
305,2
231,1
299,8
102,8
187,1
293,2
2445
278,7
262,4
255

291,5
307,8
73,68
168,5
213,4
184,2
268,6
326,1
306,1
245,3

264,3
312,6
310,9
90,09
121,3
339,3
265,1
335,8
38,56
211,8
118,2
104

283,1
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4,904
0,2529
NA
1,549
1074
12,36
62,55
10,47
0,7741
0,4285
11,72
3,755
25,3
0,05146
1,7
102,5
4,199
111
NA
4,853
59,82
NA
0,02608
1,012
0,9608
1,302
3,969
11879
NA
3,246

(NA = no results)

HDAC-2 (-)
ICso0

329,9
115,6
18400
0,0973
0,1274
NA
4,239
35,54
0,05777
1,826
0,1466
0,3603
9,047

2401
1531
375,7
221,2
280,8
3309
265,1
2994
185

1598
305,7
246,6
310,7
94,93
220

286.4
268,7
307.,5
367.,8
264.,6
285,8
3818
74,87
203,8
196,6
217,7
2665
274,3
3141
236.,8

HDAC-2 (-)
AUC

312,1
2952
2932
107,4
1174
3762
237,1
2823
97,2
2403
1182
1533
280




BI-847325
BI-D1870
Birinapant
BRD4770
BX-795
BX-912
C646
CB-839
CPI-455 HCI
Crenigacestat
cuDC-101
CW069
EED226
Elesclomol
Entrectinib
Enzastaurin
Epacadostat
EPZ004777
Erastin
Erdafitinib
Galunisertib
GDC-0152
GSK J1
GSK2656157
GSK2830371
GSK503
GSK591
HTH-01-015
Indirubin
Ispinesib
JIB-04
JSH-23
KU-60019
Lapatinib
Linsitinib
LJH685
LLY-283
LLY-507
Luminespib
LY2109761
MI-463
MI-503
Milciclib
MK-2206 2HCI
ML264
ML324
MS023
MX69
Napabucasin
NMS-873

0,04285
5,129
NA
1,225
9,448
10,6
0,0002006
16,95
78,91
4969
0,9813
0,1964
49,28
0,0007202
0,4156
NA

NA
21,87
0,2456
5,877
94,5
2742
111,2
NA
1577
91,16
NA
3,223
NA
3,793
0,3488
NA
6,307
NA

0

NA

0

NA

NA

0
2,799
2117
0,8452
9,265
23,64
1,45
NA
1,96E+08
2,867
6,516

70,87
256,4
330,7
208,2
285,3
299,6
301
273,1
289,9
280,5
218,4
264,5
300,1
27,76
153,2
321,3
324,2
345,8
149,8
2417
248,3
286,2
277.4
510,2
265,5
288
323,5
256,5
386,1
268,3
170,4
355,4
259,6
352,9
2321
323,2
283,4
331,8
17,5
292,8
273,4
306,2
207
3104
267,3
2194
353,1
272,2
248,6
272,8
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1,38E+11
6,581
0

NA
2,808
300,1
0,4738
NA
35,33
1,491
NA
2987
3,656
0

113,3
318,2
303

2146
2726
2524
3015
300,2
3149
3211
2204
266,8
285,3
376,7
2328
288

364,2
3044
132

2525
286,3
303,7
2492
3498
2784
2829
290,7
295,6
2949
3941
116,6
322,2
263,8
364,3
319,6
346,3
265,1
3009
14,65
3425
2555
258,2
165,6
3259
281,2
2256
3418
2931
258,2
296.8




315,5
380,7
329,7
74,21
2911
1931
261,1
295,6
161,3
66,6

321,1
199,2
254,5
305,4
260,9
240,7
174,6
157,2
927,3
295,2
305,8
75,94
2228
284,1
178,3
302,4
308

299,2
269,6
273,5
49,04
2234
231,3
281.8
277,3
257,9
346,3
293

87,8

0
1,263
0,0892
NA
1,524
1,864
36,27
0,6378
1,176
28,67
2,664
NA
78214
NA

NA
0,7395
NA

NA
8,52
10,68
0,02706
1,696
62,25
0,8965
NA

0
46,63
NA

0,9956
3,954
8,903
2,578
7,615
1299
NA
8,707

261.,8
277,7
283,7
1098
321,6
2384
236,2
307.,6
169,9
208,2
3071
2772
3531
233,1
322,7
302,9
193,8
371,7
1039
276,3
303
53,73
210,2
2921
211,7
300,5
2948
288,9
323
314,7
203,8
2555
2922
2822
2846
2752
3065
304,5

Table 27: Overview over the calculated z-scores of the ICse- and AUC-values {rounded to two decimals).

NSC87877 19,15
NVP-CGMO097 NA
Orantinib NA
OTX015 0,03833
P22077 10,25
Pelitinib 0,8837
Pevonedistat 2,023
PFI-2 HCI NA
Poziotinib 0,473
Pracinostat 0,02683
PRT4165 NA
PTC-209 HBr 1,353
PX-478 2HCI 2,44E+07
PYR-41 17,63
Ralimetinib 193,9
RI-1 4,865
Rigosertib 0,2809
RO5126766 0,3319
Ruxolitinib 4,49E+10
Sabutoclax 6,479
Salubrinal NA
Sapanisertib  0,03167
Saracatinib 1,069
Selisistat 1,27E+11
SF1670 0,6443
SGC707 81,79
SMER28 NA
Spautin-1 11834
STF-083010 0,001016
Thiomyristoyl 0
Trametinib 0,01539
Ulixertinib 1,301
UNC0379 1,383
UNC0638 2,758
UNC1999 4,741
Veliparib 17285
Vemurafenib NA
W2Z4003 9,231
48 z-scores
C-2 (+)

ICso AUC
4EGI-1 0,28 -1,19
A1210477 0,78 -0,35
A-196 0,74 0,32
Abexinostat 0,80 -1,03
Adavosertib 0,65 1,08
Alisertinib 0,01 0,46

HDAC-2 (-)

ICs0 AUC
1,48 1,26

1,13 -0,78
0,71 -0,96
-0,64 -0,61
1,06 0,59

-1,01 1,19

59

F2612 z-scores

HDAC-2 (+)
ICso AUC
-0.64 -0,08
0,34 -0,34
0,71 -0,62
1,40 1,15

0,82 -1,06

-1,01 -0,89

HDAC-2 (-)
1C50

-0,56

-0,99

-0,74

0,04

-0,89

0,99

AUC
0,01
1,47
1,26
0,48
-0,61
-0,76




Alpelisib
AZD1208
AZD5153
AZD6738
AZD7762
BAY-876
BI-78D3
BI-847325
BI-D1870
Birinapant
BRD4770
BX-795
BX-912

C646
CB-839
CPI-455 HCI
Crenigacestat
cuDC-101
CW069
EED226
Elesclomol
Entrectinib
Enzastaurin
Epacadostat
EPZ004777
Erastin

Erd afitinib
Galunisertib
GDC-0152
GSK J1
GSK2656157
GSK2830371
GSK503
GSK591
HTH-01-015
Indirubin
Ispinesib
JIB-04
JSH-23
KU-60019
Lapatinib
Linsitinib
LJHE685
LLY-283
LLY-507
Luminespib
LY2109761
Mi-463
MI-503
Milciclib
MK-2206 2HCI
ML264
ML324
MS023
MX69
Napabucasin
NMS-873
NSC87877
NVP-CGM097
Orantinib

0,96
0,71
0,89
0,21
0,06
0,37
0,23
0,60
-1,34
NA
0,98
1,23
0,34
0,53
0,38
0,71
1,11
0,93
-0,66
0,08
1,12
-1,20
0,58
-4,02
0,67
0,77
0,51
1,29
1,11
0,68
#WERT!
1,46
1,50
-4,67
0,37
0,86
0,29
0,94
5,12
0,58
2,74
0,65
0,71
-0,50
41,27
1,15
1,07
0,85
0,51
1,46
1,15
0,72
0,75
-15,87
1,50
0,18
0,14
0,53
0,88
0,72

1,20
1,49
-1,26
0,20
0,78
-0,09
-0,45
-0,76
-0,93
1,30
-0,85
0,69
0,57
0,07
0,55
-0,51
-0,27
-0,78
-0,80
-0,36
-0,56
1,44
1,45
-0,03
1,45
-0,69
-0,68
-0,87
-0,73
0,15
1,43
-1,32
0,12
1,27
0,11
1,44
-0,10
0,64
1,48
-1,06
0,78
-1,28
0,55
0,27
1,15
-0,80
1,22
1,25
0,84
1,26
0,68
1,17
-0,95
1,00
-0,80
0.30
-0,89
1,03
1,47
0,29

0,79
0,71
-075
1,46
1,37
1,49
-0,20
1,03
0.52
NA
-023
-0,66
-1,25
-0,49
1,49
-2,59
-0,83
-0,44
-0,44
0,96
-1,20
-0,31
-0,58
-4,02
-0,91
-0,80
1,50
-0,59
-0,97
-0,86
-1,28
-017
-0,46
0,66
1,49
-0,24
1,41
-1,39
-0,71
-0,12
-2.74
-0,52
-0,71
1,50
1,15
-1,15
-1,07
0,87
1,16
-0,44
-1,37
1,14
-073
-15,87
-0,50
1,03
-1,.27
1,48
-0,88
-0,71

-0,67
-0,53
-0,35
1,29
0,78
1,43
-0,94
1,02
1,39
0,11
-0,62
-0,34
-1,46
0,11
0,98
0,00
1,36
0,64
-0,68
-0,73
1,50
0,17
-0,29
1,42
-0,14
-0,99
-0,31
0,58
0,76
-1,43
-0,10
-0,10
-0,48
0,32
1,36
-0,42
1,41
-1,49
-0,26
-0,65
0,95
1,13
1,02
-1,32
0,53
-0,01
1,21
0,34
-1,35
-1,16
1,01
-0,47
-0,76
0,72
0,29
0,96
0.26
-1,29
-0,34
-0,93
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0,94
0,71
1,21
0,51
0,93
0,64
1,40
1,08
0,96
NA
1,40
0,39
0,98
1,50
0,57
0,71
0,83
1,39
0,38
1,04
0,79
0,34
1,15
0,71
1,28
1,31
0,44
0,96
0,82
0,86
0,71
0,54
0,49
4,15
0,65
0,86
0,16
0,44
5,12
1,45
0,71
0,31
0,71
0,50
0,56
0,51
0,15
1,03
0,80
0,78
0,50
4,49
1,38
0,71
0,50
0,16
0,03
0,65
0,21
0,72

0,44
-0,31
0,84
-1,04
-1,32
-0,85
1,39
-0,95
0,00
-0,31
1,37
0,91
0,18
-1,31
-1,30
-0,89
-0,05
1,06
1,38
-0,39
-0,42
0,42
-0,85
-0,63
-0,68
1,09
1,48
1,11
0.96
0,87
-0,48
0,37
1,34
-0,73
-0,88
-0,84
-0,40
0,48
-0,68
0,87
-0,90
0,27
-1,25
1,09
-0,82
0.67
-0,11
-0,95
0,67
-0,19
-0,64
1,01
1,00
-0,81
1,29
0.14
-0,67
0.47
-0,38
1,28

-0,76
-0,71
0,42
-0,74
-0,51
-0,49
-0,97
0,64
-0,13
NA
-0,19
-0,96
0,60
-0,48
-0,55
-2,59
-0,28
-0,03
1,49
-1,04
0.33
1,16
-0,58
-0,71
0,30
0,25
-0,55
0,26
-0,29
1,04
0,71
-0,75
-0,55
0,49
-0,46
1,10
-0,95
0,02
0,71
-0,75
-0,71
1,49
0,71
-0,50
-0,59
0,64
092
-0,68
-0,86
-0,24
-0,65
-0,42
0,10
0,71
-0,50
-1,37
1,17
-0,30
1,09
0,71

-0,96
-0,64
0,76
-0,45
-0,24
-0,48
0,00
0,69
-0.45
-1,10
0,10
-1,26
0,71
1,13
-0,22
1,40
-1,04
-0,92
0,10
1,48
-0,52
0,85
-0,31
-0,76
-0,64
0,59
-0,49
-0,82
-0,99
0,41
-0,85
1,06
-0,98
-0,87
-0,60
-0,18
-0,92
0,37
-0,54
0,84
-0,82
-0,12
-0,32
-0,04
-0,86
1,04
0,12
-0,64
-0,16
0,09
-1,05
0,63
0,71
-0,91
-0,78
-1,40
1,30
-0,21
-0,75
-0,64




0OTX015 0,58 -0,77 -0,55 -0,59 1,49 1,43 -0,35 -0,07

P22077 0,80 -0,17 -1,60 1,36 1,12 -1,04 -0,33 -0,15
Pelitinib 0,65 -0,53 1,25 1,40 0,94 -0,87 0,34 0,00
Pevonedistat 094 1,32 0,27 -0,61 -1,42 -0,92 0,21 0,22
PFI-2 HCI -2,55 -0,34 0,59 0,73 0,56 -1,26 -1,15 0,87
Poziotinib 0,77 -0,91 -0,74 -0,75 1,36 1,16 0,15 0,50
Pracinostat 0,81 -1,36 1,46 0,65 0,29 0,84 -0,36 -0,13
PRT4165 0,71 -0,09 0,71 -0,48 0,71 -0,86 -0,71 1,42
PTC-209 HBr 0,96 -1,08 1,26 1,27 0,32 0,23 -0,63 -0.42
PX-478 2HCI 0,71 -1,06 -0,71 1,28 0,71 0.21 -0,71 -0.44
PYR-41 0,50 0,18 1,50 -1,46 0,50 0,52 -0,50 0,75
Ralimetinib 1,12 -0,89 -0,97 1,20 0,82 0,45 -0,30 -0,75
RI-1 -1,11 -1,47 -2,79 0,69 0,27 0,21 0,83 0,57
Rigosertib 1,27 -1,30 0,00 0,62 1,18 0,93 0,09 -0,26
RO5126766 -1,02 -0,54 -4,69 1,50 0,98 -0,45 0,05 -0,51
Ruxolitinib 0,71 0,72 -0,71 1,00 0,71 -0,86 -0,71 -0,86
Sabutoclax 0,42 1,14 1,20 0,49 -1,01 -1,08 -0,61 -0,54
Salubrinal -1,74 0,21 -0,71 -0,39 1,74 -1,09 0,71 1,27
Sapanisertib 0,68 -0,27 -0,94 -1,29 1,23 0,96 0,39 0,60
Saracatinib 0,61 0,79 0,84 0,01 -1,09 -1,41 0,85 0,62
Selisistat 1,50 -1,10 -0,50 0,72 -0,50 0,97 -0,50 -0,58
SF1670 0,87 -1,21 -0,72 -0,36 0,31 0,48 1,28 1,09
SGC707 0,58 0,40 -0,58 0,25 1,15 -1,46 -0,58 0,80
SMER28 0,71 -0,01 -0,71 -0,31 0,71 -1,04 -0,71 1,35
Spautin-1 1,50 1,08 -0,50 0,58 0,50 -1,06 -0,50 -0,60
STF-083010 -1,01 -1,02 -1,01 1,36 0,01 -0,04 0,99 -0,30
Thiomyristoyl 0,71 -1,01 -0,71 -0,10 0,71 -0,26 -0,71 1,38
Trametinib 0,52 -0,73 1,50 1,48 0,49 -0,38 -0,49 -0,36
Ulixertinib 0,25 0,29 1,47 1,17 0,77 -1,22 -0,44 -0,25
UNCO0379 0,44 -0,05 1,50 1,41 -0,50 -0,48 -0,55 -0,88
UNC0638 0,98 0,83 0,74 0,84 0,76 -117 -0,96 -0,49
UNC1999 0,16 0,37 1,46 1,24 0,70 -0,68 -0,60 -0,93
Veliparib 0,88 -0.86 -1,09 -0,28 -1,25 1,44 0.21 -0,31
Vemurafenib  na 1,47 NA -0,62 NA -0,64 NA -0,22
WZ4003 0,94 0,68 0,76 1,02 0,62 -0,73 -1,08 -0,98

Table 28: Overview over A z-scores in ICsg- and AUC-value of F1648 and F2612

F1648I1C50 A F2612I1C50A F1648 AUC A F2612AUCA

Z-Score Z-score Z-Score Z-Sscore
4EGI-1 1,76550817 0,08036069 2,44569544 0,0869808
A-1210477 1,9104283 -0,6520909 -0,4307476 1,80715953
A-196 1,44850535 -0,0342918 -1,2711136 1,8887168
Abexinostat  0,1567889 -1,3627203 0,42061856 -0,670657
Adavosertib  0,40716947 -0,0733977 -0,4905143 0,45278243
Alisertib -1,0197744 1,99986879 0,73436944 0,12936047
Alpelisib 1,74805193 -1,6985901 -1,8667911 -1,4000933
AZD1208 1,4145758 -0,0003622 -2,016134 -0,3316258
AZD5153 0,14108767 -0,7938684 0,91337203 -0,0778796
AZD6738 1,67645723 -0,2323585 1,09872284 0,59369585
AZD7762 1,30833058 0,42291212 1,5543E-15 1,07682075
BAY-876 1,85841107 0,15058462 1,51875142 0,37152418
BI-78D3 0,03727943 -2,3715521 -0,4899744 -1,3908952
BI-847325 1,63452051 1,7194641 1,77730405 1,64368161
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BI-D1870
Birinapant
BRD4770
BX-795
BX-912
C646
CB-839
CPI-455 HCI

Crenigacestat

CuDC-101
CW069
EED226
Elesclomol
Entrectinib
Enzastaurin
Epacadostat
EPZ004777
Erastin
Erdafitinib
Galunisertib
GDC-0152
GSK J1
GSK2656157
GSK2830371
GSK503
GSK591
HTH-01-015
Indirubin
Ispinesib
JIB-04
JSH-23
KU-60019
Lapatinib
Linsitinib
LJH685
LLY-283
LLY-507
Luminespib
LY2109761
MI-463
MI-503
Milciclib
MK-2206
ML264
ML324
MS023
MX69

Napabucasin

NMS-873
NSC87877

1,85743991
NA
0,75069696
-1,88131
-0,9065271
0,03418647
1,8730803
-1,8821992
-1,9390403
0,48219351
0,2203647
0,87088358
-0,07587
0,8907245
0

0
-0,2351975
-0,0300817
2,00710373
-1,8765199
-2,0792624
-1,5340417
NA
-1,6276314
-1,9577068
5,23228024
1,86199993
0,62197208
1,69819239
-2,3267987
4,40959645
0,45467418
0
0,13096875
0

2
2,42437558
0

0
0,01651093
0,65453645
-1,9014069
-2,5204174
1,86351444
0,01212339
0
-1,9990865
0,85237086
-1,412486
2,01568513

-1,087271
NA
-1,56897112
-1,3463611
-0,3839912
-1,9769201
0,02432178
-3,2964128
0,54514779
-1,4207335
1,87317796
0
-0,4656279
0,82552036
-1,7320508
-1,4142136
-0,9838424
-1,0620294
-0,1044971
1,22680763
0,53604324
1,89272049
1,41421356
-0,2061955
-0,0508814
1,64416044
0,19002624
1,9571522
-0,7949514
-0,4177924
5,82381002
-2,1934222
-1,4142136
1,79770053
1,41421356
2,49E-09
-0,0338919
0,13693476
0,76524115
0,34856406
-0,060937
0,54523381
-0,1583252
4,07135661
-1,2711818
1,41421356
2,0035E-05
-1,5340515
1,20026629
0,35791991
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2,32037642
-1,1942873
0,23294003
-1,0211129
-2,0331548
0,03309378
0,43273622
0,50539172
1,62324374
1,41895131
0,11875737
-0,3774687
2,05343196
1,60916944
-1,7422858
1,44685018
-1,5898832
-0,3048647
0,3762092
1,45579
1,48300203
-1,5838032
-1,5258728
1,21557553
-0,5947143
-0,9487737
1,24774384
-1,8639634
1,51211872
-2,1306026
-1,7395635
0,40641725
0,16463162
2,40903359
0,46636033
-1,5955325
-0,6189611
-0,1148828
2,43947132
-0,9084344
-2,1902591
-2,429152
0,33768903
0,6906255
0,1881511
-0,2803018
1,09417086
0,66577895
1,14212898
-2,3267547

-0,4468039
-0,7890057
-1,2775305
-2,17087
0,52551883
2,43570222
1,07784852
2,28639216
-0,9955362
-1,9865318
-1,2805143
1,86693998
-0,0994526
0,4265512
0,53890522
-0,1338336
0,04608357
-0,5052534
-1,9716149
-1,9270062
-1,9490884
-0,4605385
-0,3700527
0,68788383
-2,3205518
-0,1388449
0,27763098
0,66424134
-0,5204669
-0,1029659
0,13623088
-0,0290298
0,08087168
-0,3881986
0,93473954
-1,1247197
-0,0400622
0,36157852
0,22087768
0,3095782
-0,8304732
0,28164081
-0,4117628
-0,3825767
-0,2913307
-0,1066635
-2,0679306
-1,5396138
1,97493136
-0,6715959




NVP-CGMO097 0

Orantinib
OTX015
P22077
Pelitinib

Pevonedistat

PFI-2
Poziotinib
Pracinostat
PRT4165
PTC-209
PX-478
PYR-41
Ralimetinib
RI-1
Rigosertib
RO5126766
Ruxolitinib
Sabutoclax
Salubrinal
Sapanisertib
Saracatinib
Selisistat
SF1670
SGC707
SMER28
Spautin-1
STF-083010

Thiomyristoyl

Trametinib
Ulixertinib
UNC0379
UNCO0638
UNC1999
Veliparib
Vemurafenib
WZ4003

0,01282814
0,02890467
-0,801375
1,90397124
-0,6681419
3,14698501
0,03402659
2,26952978
1,41421356
2,2168975
-1,4142758
1,9999248
-2,0892113
-1,6865444
1,26366251
-3,6725479
-1,4142136
0,77455157
1,03309171
-0,251168
1,45102406
-2
0,15228977
-7,206E-06
0
-1,9951615
-3,397E-05
0
2,01504228
1,72037818
1,94329943
-0,2391262
1,62324006
-1,9659704
NA
-0,1765105

1,29842055
1,4270417
-1,8468989
-1,4502933
1,28190224
1,62623226
-1,7162218
-1,2132298
-0,0780097
0
-0,9503405
6,2251E-05
-4,399E-05
0,51621512
0,56125701
-1,085383
-0,9294788
3,6882E-10
0,39619394
2,44730528
-0,8314151
1,94464995
-1,418E-10
0,96252933
-1,7320539
-1,4142136
0,00033785
0,97955433
-1,4142136
-0,0015212
0,32695615
-0,0540609
-0,1926295
0,09545149
1,46088845
NA
-0,4631716
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-1,8180081

-1,2221417
0,17452956
1,52987308
1,93501417
-1,9270891

1,07796873
0,15366529
2,01070246
-0,3881485
2,34799562
2,34120247
-1,6353773
2,00233224
2,1593979

1,91780377
2,03742693
0,28356104
-0,6549327
-0,6059929
-1,0152773
-0,7773003
1.81927848
0,84880271
-0,1492401

-0,2994491

-0,5001754
2,38768489
0,90942285
2,21122286
0,88139595
1,4605132

0,00820477
0,87583886
0,58500416
-2,0882776
0,34002742

-0,3724269
-1,920888
-1,5035337
0,89284396
0,86712555
1,13767912
2,12898824
-0,6646917
-0,9741115
2,28175847
-0,6441937
-0,6482234
0,23071713
-1,1985204
0,36452858
-1,1886388
-0,0674393
0,0012693
0,5371141
2,35904396
-0,3597583
2,02961753
-1,5463867
0,61500076
2,26216576
2,39105564
0,46618286
-0,2548652
1,63342938
0,01700281
0,96926097
-0,4029002
0.68714961
-0,2519536
-1,751631
0,41975429
-0,2513246




Figure 28: Western Blots (from left to right): F1648 PPT P13 T8d (not used) — F1648 PPT P13 E&d (not used) —F2612 PPT P14
E8d (Screen 1) - F2612 PPT P14 T8d (Screen 1)— F2612 PPT P15 E&d (Screen 2) — F2612 PPT P15 T8d (Screen 2); used in
figure 16, the blue frame marks the used part of the blot for the figure, the yellow frame marks a part of the blot which got
inverted prior to adding to the figure.

Figure 29: Western Blots (from left to right): F2612 PPT P16 E8d (Screen 3)— F2612 PPT P16 T8d (Screen 3) — F2612 PPT P17
E8d (Screen 4) — F2612 PPT P17 T8d (Screen 4) — F2612 PPT P10 E8d (Screen 5) — F2612 PPT P10 T&d (Screen 5)— F2612 PPT
P11 E8d (Screen 6) —F2612 PPT P11 T&d (Screen 6); used in figure 16, the blue frame marks the used part of the blot for the
figure.




Figure 30: F2612 PPT P12 E8d (Screen 7) — F2612 PPT P12 T&8d (Screen 7) — F2612 PPT P13 E8d — F2612 PPT P13 T8d — F2612
PPT P15 E&d (Screen 8+9) —F2612 PPT P15 T8d (Screen 8+9); usedin figure 16, the blue frame marks the used part of the
blot for the figure.

N | [ —
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Figure 31: Western Blots (from left to right): F1648 PPT P12 T8d (Screen 1+2) — F1648 PPT P12 E8d (Screen 1+2) - F1648 PPT
P13 E8d (Screen 3) —F1648 PPT P13 T&d (Screen 3) — F1648 PPT P16 E8d (Screen 6) — F1648 PPT P16 T8d (Screen 6) —F1648
PPT P17 E&d (Screen 7) — F1648 PPT P17 T8d (Screen 7); used in figure 16, the blue frame marks the used part of the blot for
the figure, the yellow frame marks a part of the blot which got inverted prior to adding to the figure.
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Figure 32: Western Blots (from left to right): F1648 PPT P14 E8d (Screen 4) — F1648 PPT P14 T8d (Screen 4) — F1648 PPT P15
E8d (Screen 5) — F1648 PPT P15 T8d (Screen 5)— F2800 PPT P11 E&d (not used) — F2800 PPT P11 T8d (not used) — F2800 PPT
P12 E8d (not used) — F2800 PPT P12 T8d (not used); used in figure 16, the blue frame marks the used part of the blot for the
figure.

Figure 33: Western Blots: F1648 PPT P18 E8d (Screen 8+9) — P1648 PPT P18 T8d (Screen 8+9); used in figure 16, the blue
frame marks the used part of the blot for the figure.
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Figure 34: Western Blots (from left to right): F1648 PPT P13 E8d — F1648 PPT P13 T8d — F2612 PPT P11 E8d (used for
Clonogenic assay) — F2612 PPT P11 T8d {used for Clonogenic assay) — F2800 PPT P25 E8d — F2800 PPT P25 T8d; used in
figure 20, the blue frame marks the used part of the blot for the figure.

Concentration MS-275

0,0625 IEMES
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Figure 35: F2612 Clonogenic assay synergy matrix, for use in figure 22 the figure got processed.

Figure 36: Result of the screening for plagiarism with iThenticate (September 29", 2022).
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