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1. Introduction

1.1. B-cell developement

B-cells are an essential component of the adaptive immune system,
primarily responsible for producing B-cell receptors (BCRs) which are
specific to particular antigens and allow B-cells to recognize and bind to
pathogens (Cano & Lopera, 2013). Upon cognate antigen interaction and
T cell-dependent stimulation, activated B cells can participate in germinal
center (GC) reactions within the B cell follicles of secondary lymphoid
organs. GC reactions involves the proliferation of B cells, somatic
hypermutation (SHM), and selection in specialized regions of the GC, all of
which serve to improve BCR affinity (Cyster & Allen, 2019; MacLennan,
1994; Rauschmeier et al., 2021). B cells that maturate in the GC reaction
can carry out class switch recombination and acquire activation-induced
cytidine deaminase (AlID)-dependent mutations of their immunoglobulin
genes. B cells can leave the GC reaction as long-lived memory B cells or
antibody secreting plasmacells (Vieira & Rajewsky, 1990).

Memory B cells are classified based on their GC maturation
experience. They are categorized into two main types: IgM memory B cells
(IgM MBCs) and IgG-, IgA- or IgE- class switched memory B cells
(IgG/IgA/IgE MBCs). IgM MBCs generally have on average lower IgV
mutation frequencies in their BCR genes compared to 1IgG/IgA/IgE MBCs.
This is because IgM MBCs develop earlier in the GC reaction, undergoing
fewer rounds of somatic hypermutation (SHM). IgM MBCs are more likely
to participate in secondary GC reactions upon reencounter of cognate or
structurally similar antigen (Seifert et al., 2015; Y. Shi et al., 2003). In
contrast, 1gG/IgA/IgE MBCs, which have undergone class switch
recombination, tend to differentiate into plasma cells more readily and
possess highly Ig-mutated, high-affinity BCRs (Budeus et al., 2015; Seifert
& Kuppers, 2009)

However, class switching and SHM can lead to somatic mutations
that contribute to malignant transformation. B-cell lymphomas, a group of
hematological cancers, arise from such transformed B-cells, most frequently
originating from germinal center or post-germinal center B cells (Lossos et
al., 2000).
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1.2. B-cell ymphomas

Lymphomas represent a heterogenous group of lymphoid cancers and
exhibit a wide range of clinical behaviors and outcomes (Jiang et al., 2017;
SH et al., 2017; Shankland et al., 2012). Hodgkin lymphomas make up
around 10% of all diagnosed lymphomas, while non-Hodgkin lymphomas
(NHL) represent the vast majority (90%) of all ymphoma diagnoses (W. Cai
et al., 2021; Sedeta et al., 2022). In general, lymphomas are categorized
based on the specific type of cell of origin or normal counterpart, reflecting
the complexity due to the varied immune functions of lymphocytes across
different lineages and differentiation stages (Jiang et al., 2017), and these
various subtypes differ often significantly in their progression and response
to treatment (Shankland et al., 2012).

1.21. Diffuse Large B-cell Lymphoma
Diffuse large B-cell ymphoma (DLBCL) is the most common type of non-

Hodgkin lymphoma, encompassing a heterogeneous group of diseases with
varied clinical presentations, outcomes, and molecular characteristics
(Alaggio et al., 2022; Pan et al., 2022; Sehn & Gascoyne, 2015; Takahara
et al., 2023). DLBCL is primarily classified into two subtypes: activated
B-cell (ABC-DLBCL) and germinal center B-cell (GCB-DLBCL) (Figure 1)
(Y. Liu & Barta, 2019; Richards et al., 2013). Both are characterized by Ig
mutations in their BCR genes (Chapuy et al., 2018; Takahara et al., 2023).

Specifically, DLBCLs exhibiting high SHM levels in the
immunoglobulin heavy chain variable region genes are associated with an
increased presence of immunoglobulin-derived neoantigens, enhancing
their immunogenicity (Xu-Monette et al., 2019). Neoantigens are derived
from tumor-specific genetic alterations and play an essential role in tumor
immunology as they are recognized as foreign antigens by immune cells
(Schumacher & Schreiber, 2015). Nevertheless, a significant proportion of
DLBCL subtypes exhibits reduced expression of major histocompatibility
complex class | (MHC-I), as a prevalent immune escape mechanism in
approximately half of these lymphomas (Fangazio et al., 2021). Moreover,
DLBCLs often show high activity of activation-induced cytidine deaminase
(AID), potentially leading to heightened immunogenicity through additional
neoantigens (Chapuy et al., 2018; Takahara et al., 2023).
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ABC-DLBCL represents an aggressive lymphoma subtype
(Roschewski et al., 2020). It is distinguished by a high frequency of IgV gene
mutations and an activated cellular phenotype that resembles post-GC
immunoblasts (Seifert et al., 2013). ABC-DLBCL is marked by chronically
active B-cell receptor signaling, resulting in persistent activation of the
NF-kB pathway, ABC-DLBCL are driven by mutations in genes such as
CD79, CARD11, MYD88, and TNFAIP3 (Alizadeh et al., 2000; Davis et al.,
2001, 2010; Seifert et al., 2013). This signaling cascade results in the
continuous production of cytokines, including interleukin-6 (IL-6) and IL-10,
which further promote the expression of genes important for B cell survival
(Lam et al., 2008; Schmitt et al., 2021).

GCB-DLBCL is a subtype of DLBCL characterized by distinct genetic
and molecular features, setting it apart from other forms of DLBCL. GCB-
DLBCL is known for its activation of the PI3K signaling pathway, which is
often driven by tonic BCR signaling. It frequently harbors alterations in
genes, such as EZH2, CREBBP or SGK1, as well as BCL2 translocations
(Chapuy et al., 2018; Compagno et al., 2009; Davis et al., 2010; Grondona
et al., 2018; Schmitt et al., 2021; Schmitz et al., 2018).



Introduction 16

@ cD5* B cell @ Naive B cell
. -
CLL
(unmutated)

\

=

Germinal
center © . :
Proliferation

Follicular
_ » | lymphoma
_____ — —» | GCB-DLBCL
Somatic
NLP Hodgkin
- lymphoma

hypermutation
MALT
lymphoma
@

Selection
Class
@ switching

cell lymphoma

Burkitt -
lymphoma

— )
-
-
-~
-
-

e
/

Post - -
transplant | « i
lymphoma
Classical ,//
Hodgkin
lymphoma

Apoptosis

©

Mantle cell | o ——
lymphoma

Splenic

Memory marginal zone
B cell lymphoma
Primary

1 SO | effusion |« —— =

(mutated) o lymphoma = | ABC-DLBCL
i | i Plasma-
B cell ! l st
|

prolymphocytic

¥
Lymphoplasma-
leukemia ! cytoid lymphoma
i ——— Multiple
leukemia myeloma

Plasma
cell

Figure 1: Germinal center reaction and cellular origin of human B cell
lymphomas. The key stages of mature B-cell differentiation within the germinal
center and their connection to lymphomagenesis are illustrated. Antigen-activated
B cells first expand extensively within the dark zone, where they initiate somatic
hypermutation (SHM). B cells with improved antigen affinity due to changes in the
immunoglobulin variable (IgV) genes are selected within the light zone. Positively
selected cells will undergo repeated cycles of mutation, proliferation and selection
before they differentiate into memory B cells or plasmablasts. A certain number of
germinal center B cells also undergo class switch recombination. The origins of

most lymphomas can be traced back to cells at these germinal or post-germinal
center stages (modified after Seifert et al., 2013).
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The heterogeneity of DLBCL not only complicates its diagnosis and
classification but also raises significant challenges in treatment. DLBCL is a
common type of non-Hodgkin lymphoma, accounting for about 30-58% of
NHL cases in the EU and 25-35% in the US (Dulac Il et al., 2013; Kanas et
al., 2022). Approximately one-third of DLBCL patients experience relapse
or are refractory to standard treatment (Frontzek et al., 2022; Xu-Monette et
al., 2019).

DLBCL can be divided into four stages based on the extent of the
disease. Stage one is classified through only one single lymph node or a
group of lymph nodes in the same spot being affected. Stage two includes
the involvement of two or more lymphatic areas on the same side of the
diaphragm, mainly in the upper part of the patient’s body. These stages are
also known as limited or Ann Arbor stages | and Il. Stage three is classified
through the infiltration of lymphatic regions on both sides of the diaphragm.
Stage four is considered the most severe stage, in which not only lymphatic
areas but also organs such as the liver, spleen, or bone marrow are
infiltrated. These stages are also called advanced stages or Ann Arbor
stage Ill or IV (Cheson et al., 2014; Jones, 2020; Mamgain et al., 2022;
Morley-Jacob & Gallop-Evans, 2012; Rojek & Smith, 2022). Survival rates
for DLBCL can differ depending on the stage of the disease. Patients who
receive curative treatment have an overall five-year survival rate of
approximately 65,3% (Harrysson et al., 2021). However, for patients with
relapsed or refractory DLBCL, the five-year overall survival rate is lower,
ranging from 11-26% depending on the timing of relapse (Harrysson et al.,
2018).

Current treatment options are variable, with different treatment
modalities, efficiencies, and potential side effects. R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone) remains the
standard first-line treatment for DLBCL(Sehn & Gascoyne, 2015). While it
is known to be the first treatment option, it continues to pose significant
challenges (Modi et al., 2021). Common side effects include
myelosuppression, infection risks, and cardiovascular events, particularly in
older patients (Doraiswamy et al., 2021). Targeted therapies have

expanded the treatment landscape for DLBCL. CAR T-cell therapy, which
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targets CD19, has shown promise in treating relapsed/refractory DLBCL.
Clinical trials for CAR T-cell therapies such as ZUMA-1 (NCT02348216),
JULIET (NCT02445248), and TRANSCEND (NCT03483103) have reported
substantial efficacy in refractory DLBCL, leading to durable remissions in a
significant portion of patients, although it is associated with significant risks,
including cytokine release syndrome (CRS) and neurotoxicity (Abramson et
al., 2020; Neelapu et al., 2017; Schuster et al., 2019; Sehgal et al., 2019;
Shouse & Herrera, 2021). Bispecific antibodies have been introduced to
manage relapsed or refractory B-cell lymphomas, including DLBCL.
These antibodies engage two different antigens, typically one on the cancer
cell and one on T-cells, to bring the immune cells into proximity with the
cancer cells, thereby promoting their destruction (Hutchings, 2023).
Bispecific T-cell engagers (BiTE), like blinatumomab, link CD3-positive
T cells to CD19-positive B cells. In a phase 2 study, blinatumomab achieved
a 43% overall response rate in relapsed/refractory DLBCL patients. Adverse
events include neurological symptoms such as tremors, encephalopathy,
and aphasia, which need careful management during treatment (Viardot et
al., 2016, p. 2).

1.3. Epigenetic regulatory mechanisms in tumorgenesis

In tumorigenesis, especially in DLBCL, not only genomic alterations play a
role but also epigenetic regulatory mechanisms that promote tumor cell
survival (Baylin & Jones, 2011; Feinberg et al., 2016; Hanahan & Weinberg,
2011; S. V. Sharma et al., 2010).

Epigenomics is the study of the complete set of epigenetic
modifications across a cell's genetic material. These modifications don't
alter the DNA sequence but can significantly impact gene activity and
expression (K. C. Wang & Chang, 2018). Key types of epigenomic
modifications include DNA methylation and histone modification (Berger et
al., 2009; Kouzarides, 2007; Mann & Bartolomei, 2002; Waddington, 2012).
Epigenomics sheds light on how gene expression is regulated across
various cells and tissues, and how these patterns shift in response to
environmental factors, disease, and development (Jirtle & Skinner, 2007).
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Recent studies underscore the impact of the tumor microenvironment on
tumor epigenetics (Lin et al.,, 2020). Epigenetic changes can lead to
abnormal cell behavior and tumorigenesis. Hypomethylation, for instance,
can lead to genomic instability and the activation of oncogenes (Sheaffer et
al., 2016; Van Tongelen et al., 2017). On the other hand, hypermethylation
of CpG islands within promoter regions of tumor suppressor genes can
result in their silencing, contributing to uncontrolled cell growth (Esteller,
2002; Y. Li & Tollefsbol, 2010). For example, BCL-6 and MYC are genes
involved in the pathogenesis of DLBCL. BCL6 is essential for maintaining
the germinal center B-cell phenotype, which is crucial for normal B-cell
development and function. Dysregulation of BCL6 can occur through
various mechanisms, including mutations, translocations, and epigenetic
modifications such as promoter hypermethylation, which leads to the
downregulation of its tumor suppressor activities and a poor prognosis
(Yang & Green, 2019). Similarly, MYC plays a significant role in the
pathogenesis of aggressive lymphomas. MYC overexpression, often due to
translocations, leads to increased cellular proliferation and survival, and
when co-occurring with BCL2 or BCL6 rearrangements, it is associated with
a poorer prognosis and aggressive disease behavior (Karube & Campo,
2015).

1.3.1. Histone modifications

Chromatin architecture is fundamental to genomic organization, playing an
essential role in the compaction and organization of DNA within the
eukaryotic nucleus (Misteli, 2020). Nucleosomes, consisting of about 146
base pairs of DNA wrapped around core histone octamers (H2A, H2B, H3,
H4), alongside the linker histone H1, mediate DNA packaging (Bannister &
Kouzarides, 2011; Khorasanizadeh, 2004; Kimura, 2013).

The reversible modifications of histones, such as acetylation and
methylation, are crucial for the dynamic regulation of chromatin states,
influencing gene expression, DNA repair, and replication (Kouzarides,
2007; Voss & Hager, 2014). These modifications serve not only as a
mechanism for structural adjustment but also for signaling within the cellular
machinery, affecting chromatin-protein interaction and regulating its
function across different cellular processes (Vaughan et al., 2021).
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The range of histone modifications creates a detailed system that
determines chromatin structure and accessibility. This system is essential
for ensuring genome stability and enabling cells to respond to environmental
changes (Chen et al., 2012; Nightingale et al., 2006). Understanding the
complex regulation mechanisms of histones offers insights into the cellular
mechanisms that discriminate between health and disease, hence,
systematically interfering with such mechanisms — e.g., by inhibition of
histone deacetylases, represents potential therapeutic options in cancer
(Cheng et al., 2019; Kelly et al., 2010).

1.3.1.1. Role of histone deacetylases

Histone acetyltransferases (HATSs) catalyze the transfer of acetyl groups
from acetyl-coenzyme A to the e-amino group of lysine residues on histones,
neutralizing the lysine's positive charge (Berndsen & Denu, 2008; Fragou et
al., 2011). This neutralization blocks histone interaction with the negatively
charged DNA backbone, facilitating transcriptional activation by making
DNA more accessible to transcription factors (Chueh et al., 2015). In
contrast, histone deacetylases (HDACs) remove acetyl groups from
histones, resulting in chromatin condensation and subsequent
transcriptional repression (Kuo & Allis, 1998; Verdin & Ott, 2015) (Figure 2).
This dynamic regulation by HATs and HDACs extends beyond histones,
affecting various non-histone proteins involved in critical cellular functions
such as the cell cycle, DNA damage repair, and autophagy (Y. Luo & Li,
2020; Narita et al., 2019; Shu et al., 2023).

The HDAC enzyme family is categorized into four distinct classes
based on sequence homology to yeast orthologs (Emiliani et al., 1998;
Ververis et al., 2013). Class | HDACs, including HDAC1, HDAC2, HDACS,
and HDACS, are comparable to the yeast Rpd3 protein (Emiliani et al.,
1998). These enzymes are primarily nuclear, ubiquitously expressed across
different tissues, and have been implicated in transcriptional repression as
well as the development and progression of various cancers such as
classical Hodgkin’s lymphoma (Adams et al., 2010; E. Seto & Yoshida,
2014). Class Il HDACs are divided into Class Ila (HDAC4, HDACS5, HDACY7,
and HDAC9) and Class IIb (HDAC6 and HDAC10), exhibiting tissue-specific
expression and differential localization within the cell, which can be
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modulated by phosphorylation (Hsu et al., 2017; Montgomery et al., 2007).
The sirtuin family, or Class |ll HDACs (SIRT1-7), stands apart from other
classes by requiring Nicotinamide adenine dinucleotide (NAD™) for their
deacetylase activity and shares sequence similarities with the yeast Sir2
protein, suggesting a unique regulatory mechanism distinct from zinc-
dependent HDACs (North & Verdin, 2004). Finally, Class IV of the HDAC
family is uniquely represented by HDAC11, which exhibits homology with
both Class | and Il HDACs, positioning it as a bridge within the HDAC
superfamily (Ropero & Esteller, 2007; M.-Q. Shi et al., 2024). HDAC11 plays
a significant role in metabolic regulation. The enzyme's involvement in
metabolic pathways highlights a broader range of functions beyond its
traditional roles in histone deacetylation and transcriptional repression. This
points to its significant influence on cellular metabolism and energy balance
(Chen et al., 2022; Ropero & Esteller, 2007).

Relaxed chromatin

Chromatin
remodelling

. "" CIAR,
Condensed chromatin {',, lj!!,,l"'l,,l‘!'lll / Gene@

Figure 2: Mechanisms of chromatin remodeling and gene expression
regulation. This figure illustrates the dynamic process of chromatin remodeling
and its impact on gene expression. The upper part of the figure shows relaxed
chromatin, where histone acetylation (Ac) by histone acetyltransferases (HAT)
results in an open chromatin structure, allowing gene transcription to occur (Gene
On). Acetyl groups are recognized by reader proteins that promote transcriptional
activation. The lower part illustrates condensed chromatin, where histone
deacetylases (HDAC) remove acetyl groups, leading to a more compact chromatin
structure and repression of gene transcription (Gene Off) (modified after Verdin &
Ott, 2015).
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1.3.1.2. Histone deacetylase inhibitors

HDAC inhibitors (HDACis) are capable of inducing cancer cell cycle arrest,
promoting apoptosis, and influencing various signaling pathways involved
in tumor progression (Marks & Xu, 2009; Zhang & Zhong, 2014). HDACI
have emerged as promising therapeutic agents in oncology, offering a novel
approach to cancer treatment by modulating the chromatin landscape of
cancer cells (Y. Li & Seto, 2016; Shanmugam et al., 2022). HDACi can
correct the abnormal chromatin modifications observed in cancer cells
(Shanmugam et al., 2022; Verza et al., 2020). By inhibiting HDAC activity,
these compounds increase the acetylation of histones, leading to a more
accessible chromatin structure and the reactivation of genes involved in cell
cycle arrest, apoptosis, and suppression of tumor growth (Lane & Chabner,
2009; Y. Li & Seto, 2016). Additionally, HDACi can modulate non-histone
proteins such as immunosuppressant program death ligand-1 (PD-L1) and
programmed death ligand-2 (PD-L2) on the cell surface of tumor cells (Knox
et al., 2019; Ray et al., 2018).They are categorized into four main classes
based on their structural features and specificity towards HDAC enzymes
(H.-J. Kim & Bae, 2011; Park & Kim, 2020) (Table 1).

Table 1: HDACI classes and their corresponding targets.

Class | HDAC1, HDAC2, HDAC3, HDAC8

Class lla HDAC4, HDACS5, HDAC7, HDAC9

Class lIb HDAC6, HDAC10

Class lll SIRT1, SIRT2, SIRT3, SIRT4, SIRT5, SIRTS,
SIRT7

Class IV HDAC11
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Group | HDAC: target Class | HDAC enzymes. Located primarily in
the nucleus, these enzymes significantly impact gene expression through
the deacetylation of histones and non-histone proteins (Glozak et al., 2005).
Group | inhibitors are particularly effective in inducing apoptosis and
differentiation in cancer cells (Bolden et al., 2006).

Group Il HDACi are divided into groups lla and lIb, targeting Class Il
HDAC enzymes that shuttle between the nucleus and cytoplasm. These
inhibitors play a crucial role in modulating not only histone acetylation but
also acetylation of non-histone proteins (p53, STAT3, NF-kB, MDM2)
thereby regulating gene expression, migration, and angiogenesis in cancer
cells (Bradner et al., 2010; Shukla & Tekwani, 2020; Wagner et al., 2010).

Group Il HDACI (sirtuin inhibitors) target class Ill HDAC enzymes
(Sirtuins) (Bursch et al., 2024). These NAD*-dependent enzymes are
involved in various cellular processes, including aging, transcription, and
DNA repair (Carafa et al., 2016). Inhibitors in this group have been shown
to alter cancer cell metabolism and enhance sensitivity to chemotherapy
and radiation therapy (Minucci & Pelicci, 2006; Zhao et al., 2022).

Group IV HDACI specifically target HDAC11, a Class IV enzyme.
Although this group is the least understood, studies have started to uncover
how HDAC11 can influence immune responses, indicating that targeting this
enzyme might be beneficial for cancer treatments (S.-S. Liu et al., 2020;
Martin et al., 2018; West & Johnstone, 2014).

1.3.1.3. Histone deacetylase inhibitors in lymphoma treatment

HDAC inhibitors such as vorinostat, romidepsin, belinostat, and
panobinostat have been approved by the U.S. Food and Drug
Administration (FDA) for various therapeutic uses in anti-tumor therapies.
These inhibitors are primarily used for treating hematological malignancies
like cutaneous T-cell lymphoma and multiple myeloma (Imai et al., 2019;
Mottamal et al., 2015; San-Miguel et al., 2014). Additionally, other countries
have also approved HDACI for similar global uses. For instance, chidamide
(CS055/HBI-8000) is approved in China for the treatment of peripheral T-
cell lymphoma (M. Zhu et al., 2024). These inhibitors are primarily used for
their ability to induce cell cycle arrest and apoptosis in cancer cells by
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modulating gene expression through epigenetic mechanisms (Mrakovcic et
al., 2019; Ning et al., 2012).

HDAC inhibitors have also become an essential part of combination
cancer therapies. Studies have shown that combining HDAC inhibitors with
other therapeutic compounds can enhance efficacy and reduce resistance
(Mazzone et al., 2017; P. Sharma et al., 2017). Panobinostat, a pan-HDACi
was tested in a notable study in combination with rituximab, an anti-CD20
monoclonal antibody, in patients with relapsed or refractory DLBCL. The
study found that the combination therapy had an overall response rate of
30%, with responses noted in both patient groups (Assouline et al., 2016;
Taylor & Lindorfer, 2007). Another example involves the combination of
HDACEG6 inhibitors with CD47 blockade, which significantly enhances anti-
tumor immunity. HDACG6 inhibition has been found to modulate macrophage
phenotypes and boost the efficacy of CD47-targeted therapies, facilitating
the phagocytosis of cancer cells by macrophages (Gracia-Hernandez et al.,
2024). Similarly, tacedinaline (CI-994), a class | HDAC inhibitor, targets both
intrinsic tumor growth and leptomeningeal spread in MYC-driven
medulloblastoma while also enhancing the tumor's vulnerability to anti-
CDA47-induced macrophage phagocytosis via NF-kB-TGM2-mediated tumor
inflammation. This combined strategy highlights the potential of epigenetic
modulation to improve the efficacy of immunotherapy in aggressive cancers.
(Marquardt et al., 2023).
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1.4. Aim of the thesis

The primary aim of this dissertation was to evaluate the antitumor effects of
a set of newly synthesized Histone Deacetylase Inhibitors (HDACIi) on
Diffuse Large B-Cell Lymphoma (DLBCL) in vitro and to establish advanced
models for assessing drug responses. This included the evaluation of
cytotoxic effects on non-neoplastic cells, such as peripheral blood
mononuclear cells (PBMCs) from healthy donors and stromal cell lines, as
well as a comparative analysis of existing proteomics and whole-genome
sequencing data from the utilized cell lines. A promising drug candidate was
identified for further in vitro evaluation, including cell cycle analyses using
fluorescence-activated cell sorting (FACS).

Additionally, co-culture systems were employed to assess the interactions
between stable GFP-labeled lymphoma cells and their microenvironment,
specifically stromal cells derived from patient lymph nodes.
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2. Material and Methods

21. Cell lines and culture conditions

In this study, 24 lymphoma cell lines were used (Table 7), encompassing
diffuse large B-cell lymphoma (DLBCL), mantle cell lymphoma (MCL), and
follicular lymphoma (FL). Detailed information regarding these cell lines and
their culture conditions is outlined in Tables 7 and 8. All cell lines were
cultured at 37°C with 5% CO:2. Suspension cells were passaged at dilutions
ranging from 1:2 to 1:6 using the appropriate growth medium every two to
three days. Adherent cells were passaged with 0.05% Trypsin (Gibco) at
dilutions between 1:3 and 1:5. For cryopreservation, cells were sedimented
(5 min at 300 x g), resuspended in a freezing solution composed of fetal
bovine serum (FBS; Sigma-Aldrich) with 10% dimethyl sulfoxide (DMSO;
AppliChem), at a density of 2.5 to 3 x108 cells per mL. and stored at -80°C
in a freezing container (Life Technologies) for a minimum of 24 hours,
cooling the samples at a rate of approximately -1°C/min.

2.2. Preparation of library plates

This study utilized an HDACI library consisting of 41 inhibitors (Table 6),
arranged on  384-well plates (Corning) with  staurosporine
(MedChemExpress) serving as a positive control compound. Drugs were
dispensed using the D300e Tecan digital dispenser and a previously
created dispensing protocol made with D300e control (version 3.4.3). Each
inhibitor was dispensed in singlicate across five concentrations, ranging
from 0.00433 to 10 uM on a logarithmic scale, enabling evaluation across a
broad concentration spectrum. All wells were standardized to the maximum
DMSO concentration of 0.1%, with 15 wells containing only DMSO and 12
wells were filled with staurosporine at a concentration of 25 uM. The outer
two rows and columns were excluded, and the inhibitors were distributed in

a randomized manner.
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2.3. Screening of cell lines with inhibitor libraries

Half an hour prior screening, the library plates were removed from the -80°C
storage and allowed to equilibrate to room temperature. This step is crucial
to prevent cells from experiencing cold shock while seeding. The viability of
cells in DMSO post-incubation was evaluated.

Two automated pipetting systems utilized: the Multidrop Combi (Life
Technologies), a peristaltic pump-based dispenser, and the Cybio Well
Vario (Analytic Jena), a robot equipped with automated simultaneous tips-
based pipetting. To assess the efficiency and accuracy of each system, two
cell lines were seeded onto separate 384 well plates using the
predetermined optimal cell numbers. This assay provided a quantitative
measure of cell viability, allowing for a direct comparison of the performance
between the Multidrop Combi and Cybio Well Vario pipetting systems.

24, Cell seeding using Multidrop Combi

Prior to cell seeding, the tubes of the Multidrop Combi were thoroughly
washed to eliminate any potential contaminants. Initially, the tubes were
rinsed with PBS. Subsequently, the tubes were washed twice with a 0.1%
MICRO-90 solution in water, allowing the solution to act for 2.5 minutes
during each wash. Following this, the MICRO-90 was removed by washing
the tubes twice with 80% ethanol. To ensure the removal of any residual
solution that could be harmful to the cells, a final wash with water was
performed. For cell seeding, a cell suspension was prepared in a 50 mL
tube according to cell number validation. The pre-printed drug plate was
then placed in the designated position, and the seeding protocol was

executed.

2.5, Cell seeding using Cybio Well Vario

The seeding protocol from CyBio Composer was utilized to seed cells into
pre-printed drug plates. Before cell seeding, the tips were washed with 80%
ethanol using the CyBio washing station. After the washing process was
completed, the pre-prepared cell suspension was placed in the system's
reservoir. Subsequently, the cell suspension was automatically pipetted into

the drug plates. After seeding, the plates were removed from the system by
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hand, and the tip tray was washed again with 80% ethanol. A final wash

with water was performed to remove any residual ethanol.

2.6. CellTiter-Glo luminescent cell viability assay

To measure cell viability, the CellTiter-Glo Luminescent Cell Viability Assay
(Promega) was utilized. The CellTiter-Glo reagent was prepared following
the manufacturer's instructions and then diluted 1:1 with Dulbecco’s
Phosphate Buffered Saline (DPBS, Gibco). 30 uL of the reagent was
dispensed into each well of the 384-well plates. This was achieved using
the Cybio Well Vario for multiple plates simultaneously or a Rainin 8-
channel multipipette (Mettler Toledo) for single plates. After dispensing, the
plates were incubated for 30 min at room temperature in the dark.
Luminescence was measured using the Spark 10M microplate reader
(TECAN), providing quantitative data on cell viability for each condition

tested.

2.7. Density gradient centrifugation

Peripheral blood mononuclear cells (PBMCs) were isolated using density
gradient centrifugation. Peripheral blood (PB) samples were layered over
15 mL of lymphocyte separation medium Pancoll (Pan Biotech), a
polysaccharide solution with a density of 1.077 g/mL, and sedimented for
35 min at 18°C. This procedure effectively separates PBMCs from serum
and erythrocytes. PBMCs were washed twice with DPBS containing 0.5%
w/v bovine serum albumin fraction V (BSA; Pan Biotech; PBS/BSA) and

sedimented for 5 min at 300 x g.

2.8. Lentivirus transduction

Lentivirus transduction was performed to stably label DLBCL cell lines with
green fluorescent protein (GFP). Two transduction methods were employed
to ensure the best labeling. Cells should be in the exponential phase while

performing transduction.

2.9. Lentivirus transduction using Lenti-X™ Transduction Sponge
In a 24-well plate (Greiner), target cells were incubated with 20 pL lentivirus
within a sponge for 24 h at 37°C to enhance transduction. After incubation,
the transduced cells were released from the sponge using 1 mL of release
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buffer (TAKARA) that depolymerized the alginate. Eluted cells were washed
and replated for expansion over the next 72 hours. The efficiency of the
transduction was assessed using fluorescence microscopy (Keyence) and
fluorescence-activated cell sorting (FACS, BD).

2.10. Lentivirus transduction using Polybrene

Target cells were incubated with 20 yL of lentivirus and Polybrene (Sigma-
Aldrich) diluted 1:1000 in a 15 mL tube. The cell suspension was then
sedimented at 800 x g for 30 minutes at 32 °C. Following centrifugation, the
virus-containing medium was aspirated, and each cell pellet was
resuspended in the appropriate medium. The resuspended cells were
transferred to a 24-well culture plate and incubated for 72 hours.
Transduction efficiency was evaluated using fluorescence microscopy and
FACS.

211. Flow cytometry

Cell aliquots ranging from 2.5 x10° to 5 x10° cells in 50 to 100 pL of
PBS/BSA were prepared. Cells were stained with 2 uL of directly labeled
antibodies (Table 9). After an incubation for 20 min at 4°C in the dark, cells
were washed twice with 4 mL of PBS/BSA (400 x g, 5 min, 18°C). The
analyses were performed using the BD FACSymphony A1 (Becton
Dickinson Bioscience). Flow cytometry data was analyzed with FlowJo and

FACS Diva (Becton Dickinson Bioscience) software.

Table 2: Antibodies used in flow cytometry analyses

Anti-human CD19-BV711 Mouse SJ25C1 BioLegend 363022
Anti-human CD20-PerCy5.5 Mouse 2H7 BD Biosciences = 560736
Anti-human PD-L1-BV605 Mouse 29E.2A3 BioLegend 329724

Anti-human PD-1-APC Mouse EH12.2H7  BiolLegend 329908
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2.12. Cell cycle analysis

To evaluate the impact of HDACi (e.g. YAK477) on cycle arrest and
apoptosis induction, cells were treated with 2 yM of YAK477 or DMSO as a
control for 72 h. Following treatment, cells were fixed with ethanol (Otto
Fischer) and stained with propidium iodide (PI; Life Technologies) to identify
cell cycle phases such as G0/G1, S, and G2/M. Initially, a minimum of
1 x 108 cells were harvested and transferred into a 2 mL tube (Eppendorf).
After sedimentation at 400 g for 5 min, supernatant was discarded, and cells
were washed with ice-cold DPBS. Subsequently, cells were added to
900 pL of 70% ethanol while vortexing to prevent clumping. Cells were fixed
by incubating at -20°C for 2 h. Post-fixation, cells were sedimented at
500 x g for 5 min, supernatant was carefully discarded, and cells were
washed with DPBS. To ensure selective desoxyribonucleic acid (DNA)
staining, 100 yL of DPBS containing RNase [100 pg/mL] (Merck) were
added. 150 pL of PI [50 pg/mL] (Life Technologies) were added, and cells

were stained overnight at 4°C. The analyses were performed using FACS.

2.13. Live cell imaging

Live-cell imaging was conducted using the Incucyte® S3 Live-Cell Analysis
System (Sartorius) to evaluate the co-culture assay. The experiment
specifically focused on the interaction between a DLBCL cell line and
stromal cells derived from patient lymph nodes. A DLBCL cell line (e.g. OCI-
Ly7), labeled with GFP, was used along with a non-fluorescent stromal cell
line (e.g. LNSC 177). Stromal cells were seeded into wells of a 96-well plate
according to their validated cell number in 50 uL IMDM. Once the stromal
cells were adherent, the medium was carefully discarded, and 100 uL of
fresh medium containing DLBCL cells was added. Following a 15- minute
incubation at room temperature, the plate was placed in the Incucyte, which
captured two images per well every four hours over a total period of 92
hours. For comparative analyses, DLBCL cells were also plated in

monoculture.
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2.14. Data analysis

Graphs for cell number validation were created with GraphPad Prism 9
(version 9.03) (GraphPad Software). Analyses of drug screen data on the
bioinformatic level were performed by Dr. Junyan Lu at UKHD and Thomas
Naake, EMBL. Their names and contributions are mentioned in the
respective places. The proteomic profiles of lymphoma cell lines were
analyzed using proDA, a statistical method designed for differential protein
expression analysis. Flowcytometric data was analyzed using Flowjo
(version 10.10) (BD Bioscience). Live cell imaging data was analyzed using
the green object count per image normalized to time point zero in Sartorius
Basic Analyzer.
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3. Results

3.1. Validation of cell numbers highlights growth variability in
lymphoma cell lines

It is crucial to validate the appropriate seeding densities for each cell line
individually to ensure the best outcomes in subsequent HTS. The cell
numbers need to be high enough to produce a measurable ATP signal, but
not leading to overcrowding, which would negatively impact cell viability. To
determine the optimal seeding density, initial cell numbers ranging from
1,000 to 12,000 cells per well were tested for each cell line. After 72 hours
of incubation, ATP levels were assessed using the CellTiter-Glo assay. The
results indicated that lymphoma cell lines on average exhibited optimal
growth when seeded between 5,000 and 8,000 cells per well (Table 10).

Table 3: Cell number validation results for lymphoma cell lines.

ABC-DLBCL HBL-1 8,000
ABC-DLBCL OCl-Ly3 3,500
ABC-DLBCL OCI-Ly18 6,000
ABC-DLBCL Riva (RI-1) 7,000
ABC-DLBCL SU-DHL-2 2,500
ABC-DLBCL TMD-8 3,500
ABC-DLBCL U-2932 3,000
ABC-DLBCL WSU-DLCL2 6,000
DSCL WSU-FSCCL 7,500
FL SC-1 10,000
GCB-DLBCL Farage 8,000
GCB-DLBCL K422 6,000
GCB-DLBCL OCl-Ly1 6,000
GCB-DLBCL OCl-Ly2 6,000
GCB-DLBCL OCl-Ly7 5,500
GCB-DLBCL OCI-Ly8 5,500
GCB-DLBCL Pfeiffer 5,000
GCB-DLBCL SU-DHL-4 7,500
GCB-DLBCL SU-DHL-5 5,500

GCB-DLBCL SU-DHL-8 12,000
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MCL HBL-2 7,000
MCL JEKO-1 10,000
MCL Z-138 8,000
PMBCL U-2940 9,000
Stroma LNSC177 5,000

The linear regression range was used to identify the optimal cell numbers
representing exponential growth (Figure 3). The growth patterns varied
substantially across different lymphoma subtypes. Specifically, at lower
seeding densities (1,000 to 3,000 cells per well), most of the cell lines exhibited
suboptimal growth, detectable by lower luminescence readings. ABC-DLBCL
cell lines, such as OCI-Ly3, U-2932, and SUDHL-2 reached their growth
plateau more quickly compared to GCB-DLBCL cell lines like Farage, K422,
and OCI-Ly2. This difference in growth dynamics necessitated the adjustment
of seeding densities to ensure optimal growth conditions for each cell line.
Notably, some cell lines required higher initial densities to achieve similar
growth characteristics. For instance, non-DLBCL cells, including SC-1, HBL-2,
and U-2940, exhibited robust growth even at higher seeding numbers. Beyond

the optimal seeding range, a decrease in luminescence was observed.
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Figure 3: Correlation between cell number and viability across different cell
lines. Examples for luminescence readings (Relative Light Units, RLU) from the
CellTiter-Glo Assay (ranging from 1x10° to 6x106), representing ATP levels and cell
viability, are plotted against the number of cells initially seeded per well for different
lymphoma cell lines (1000-12000 on y axis).

3.2, Comparison of our two automated pipetting systems
To identify a suitable pipetting method for the upcoming high-throughput
drug screen, the performance of two different pipetting systems, the Cybio

Well Vario and the Multidrop Combi, was compared.
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Figure 4: Comparison of cell viability between Cybio and Multidrop DMSO
control groups. Cell viability was assessed using a luminescence assay (RLU),
with higher luminescence values indicating greater cell viability. Statistical
evaluation was done using students t-test (****p < 0.0001).

The Cybio method exhibited significantly higher luminescence among the
cell lines tested compared to the Multidrop instrument, indicating better cell
viability after using the Cybio instrument (Figure 4). Based on these results,
the Cybio Well Vario system was chosen for screening cell lines in this

study.
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3.3. Viability assessment of tumor cell lines treated with HDAC
inhibitors

The initial screening of the HDACI library, consisting of 41 newly
synthesized and modified compounds, was conducted on 18 tumor cell
lines, mainly GCB- and ABC-DLBCL, and 3 peripheral blood mononuclear
cell (PBMC) samples from healthy donors. To ensure the robustness of the
data, quality control steps were implemented, including staurosporine (25
MM) as a positive control and 15 wells with DMSO 0.1% as a negative
control. Cell lines exhibiting inconsistent viability in DMSO control wells
were excluded from the analysis (U-2932, HBL-2, OCI-Ly8). Furthermore,
drugs demonstrating excessive toxicity to non-cancerous PBMCs (viability
below 0.8 post-treatment) were also excluded. Cell viability results (Figure
5) illustrate the impact of various HDAC inhibitors on different cell lines. The
drugs are arranged from left to right based on their cytotoxic potential, with
those on the left showing highest reduction of cell viability. Many class 1/
inhibitors showed a high effect on cell viability. To focus on effective drugs,
those with a median absolute deviation (MAD) of less than 0.05 and median
viability greater than 0.9 were excluded from the analysis. To evaluate the
overall effect of HDACi on the tested cell line cohort, the area under curve
(AUC) for each drug and sample was calculated using the trapezoidal rule
(Junyan Lu).
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After quality control three cell lines that showed inconsistent viability in the
DMSO control were excluded. Nine compounds were excluded that showed
high toxicity on non-cancerous cells (PBMC viability < 0.8): MPK544,
FFK186, LAK41, YAK61, LAK31, KSK64, HLK89, LAK67, and BBK69.
Furthermore, 12 compounds were excluded that had less effect on
lymphoma cell lines (MAD <0.05 and median viability > 0.9): FUKK94,
FUKK103, YAK545, YAK312, FFK29, LAK402, BLK31, LAKZnfD, YAK540,
SHOK73, LAK121, and SIS17. In summary, we used 23 HDACi compounds
and 15 cell lines for further analysis. This comprehensive evaluation
ensured that only those drugs with significant anti-cancer activity and

minimal toxicity to normal cells were considered for further studies.
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3.4. Correlation of genetic mutations and HDAC inhibitor
response in DLBCL cell lines

The responsiveness of selected lymphoma cell lines to the selected HDACI

revealed two distinct response clusters: six cell lines classified as resistant

(response cluster 1), and nine cell lines classified as sensitive (response

cluster 2). No significant correlation was found between the responsiveness

to HDACi and the subclasses of DLBCL cell lines (Figure 6).
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Figure 6: Lymphoma cell line responses to HDAC Inhibitors correlated with
predominant gene mutations detected by whole genome sequencing. The
heatmap displays selected cell lines, along with information on the four most
prevalent genes identified through whole genome sequencing and their
responsiveness to specific HDAC inhibitors (x-axis). The y-axis enumerates the
HDACI and their respective classes. The color gradient within the matrix denotes
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the response levels, with different hues representing varying degrees of sensitivity
(red) or resistance (blue) to each HDAC inhibitor. This Figure was prepared by Dr.
J. Lu, UKHD.

Four genetic mutations showed a correlation with response to the HDAC
inhibitors: CREB Binding Protein (CREBBP), Enhancer of Zeste Homolog 2
(EZH2), Lysine Methyltransferase 2D (KMT2D) and Histone Cluster 1 H1
Family Member D (HIST1H1D). CREBBP mutations were exclusively
observed in sensitive cell lines, suggesting a potential link between these
mutations and increased sensitivity to HDACi. Conversely, mutations in
EZH2 and KMT2D were slightly less common in the sensitive cluster, and
HIST1H1D mutations were also less prevalent among the sensitive cell
lines. This genetic and response profiling provides insight into the potential
molecular mechanisms influencing the responsiveness of DLBCL cell lines
to HDAC inhibitors, highlighting the potential for deeper molecular

investigations and eventually, targeted therapeutic strategies.

3.5. YAK477 as a potential drug target for CREBBP mutant
lymphomas

While comparing the responses between sensitive and resistant cell lines,

we identified the class Ila HDAC inhibitor, YAK477, which showed the most

significantly different targeted effect (Figure 7).
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Figure 7: Effect of YAK477 on different lymphoma entities. Scatter plot
showing the viability of various DLBCL subtypes and other lymphoma cell lines in
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response to YAK477 treatment. The x-axis categorizes cell lines into sensitive and
resistant clusters, while the y-axis represents cell viability. This figure was modified
after J. Lu, UKHD.

The dose-response curve (Figure 8) demonstrates that YAK477 targets
CREBBP mutant lymphoma cell lines more effectively than CREBBP wild-
type lymphoma cell lines. Additionally, YAK477 shows no significant
cytotoxic effects on non-cancerous cells, such as PBMCs and stroma cells.

YAKA477
120
100 1 _— l | 1’ —— CREBBPmut (ICso=410.2398, R2=1.00, n = 4)
—— CREBBPmut (ICs; = 30208731.5783, R2= 1.00, n = 4)
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Figure 8: Dose-response curve of YAK477 on CREBBP mutant and wild-type
cells such as non-cancerous cells. Shown are dose-response curves illustrating
the effect of YAK477 on cell viability, focusing on CREBBP mutant (blue) and
CREBBP wild-type (red) cells. Non-cancerous cell lines, including PBMC (black)
and stromal cells (gray) are also shown for comparison. Cell viability is plotted as
a percentage against the logarithmic scale of inhibitor concentration (nM). The
IC50 values, goodness of fit (R2), and the number of replicates (n) are provided for

each condition, indicating the concentration at which YAK477 reduces cell viability
by 50%.

These findings suggest that YAK477 is a promising candidate for selectively
targeting CREBBP mutant DLBCL, with minimal impact on normal cells in

vitro.
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3.6. Correlation between proteomic profiles and HDAC inhibitor
sensitivity in lymphoma cell lines

The proteomic profiles of lymphoma cell lines were analyzed to identify
correlations between protein expression and sensitivity to HDAC inhibitors
(Figure 9). Initially, proteins were sorted based on their raw p-values.
Proteins with a raw p-value below 0.05 were considered significant and
selected for further downstream analysis, resulting in a focus on 298
proteins. Subsequently, these proteins were ranked according to their p-
values, from the lowest (< 0.01) to the highest (0.05). The four most
significantly expressed proteins, selected for further evaluation were
Eukaryotic Translation Initiation Factor 4 Gamma 3 (EIF4G3), RAS Protein
Activator Like 1 (RASAL1), Insulin-like Growth Factor 2 mRNA Binding
Protein 1 (IGF2BP1), and Gamma-Glutamylcyclotransferase (GGCT).
These proteins were identified as the most predominant markers associated
with sensitivity to HDAC inhibitors.



Results 42

cluster

EIF4G3
PRKACB

I
[
'[Eg IIII CIRBP
RAP1GDS1

NOSIP
HSPA1B|HSPA1A
ANXAG

KE&E I high expression

]
|

FARS2 B
ITPR2
MPP1
GGCT
RALA

1

0

-1

MC I_2
T 25 low expression
PPA2

NDUFA4 response cluster

WDFY4 1
MAPRE?2 I )

—n
5x5333
rHEZXm

2 x;p

8 b

> [
TEXS
NS
X
~

ARFGAP3

—@-
o%@3
000
Etaw
ﬂg#

¢-19H
(447
VAL
1-0S
8-anL
L-18H

ERMCLE]
¢ 1HAanNs
y-1HANS
8-1HANSs
L-AT-100
¢-AT100
L-AT-100
ovee-N
8€L-Z

Figure 9: Proteomic profiling of cell lines in response to HDAC inhibitors. The
heatmap displays proteomic data from selected cell lines, categorized into a
sensitive group (response cluster 1) and a resistant group (response cluster 2), in
response to HDAC inhibitors (x-axis). The y-axis lists the most significant proteins

identified through proteomic analysis. This figure was prepared by T. Naake,
EMBL.
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High expression levels of EIF4G3 and GGCT were predominantly found in
the sensitive cluster, indicating a potential link between these proteins and
RASAL1 and
IGF2BP1 were upregulated in the resistant cluster, suggesting their

increased sensitivity to HDAC inhibitors. Conversely,

association with reduced sensitivity to HDAC inhibitors (Figure 10).
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Figure 10: Expression Levels of Highly Significant Proteins in Lymphoma
Subtypes. Expression levels of four proteins with the highest significance in
distinguishing between sensitive and resistant lymphoma clusters. EIF4G3 (A) and
GGCT (D) are highly expressed in sensitive cell lines (blue) and RASAL1 (B) and
IGF2BP1 (C) are highly expressed in resistant cell lines (yellow). Different
lymphoma subtypes are represented by distinct shapes. This figure was modified
after T. Naake, EMBL.
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The pathway enrichment analysis revealed significant differences in the
regulation of various pathways between HDACI resistant and sensitive
lymphoma cell lines. In resistant cell lines, several pathways were
upregulated, as indicated by the red bars. Notably, the "HATs Acetylate
Histones" pathway was significantly upregulated (p < 0.01), suggesting
increased histone acetylation activity may contribute to resistance
mechanisms. Another crucial upregulated pathway in resistant cell lines is
the "Reactome Membrane Trafficking," which may play a role in cellular
processes that reduce the efficacy of HDAC inhibitors.

On the other hand, pathways downregulated in resistant cell lines
(indicated by blue bars) included "KEGG Apoptosis" (p < 0.01), which
underscores the reduced apoptotic activity in these cells, potentially
contributing to their survival despite HDACi treatment (Figure 11).
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Figure 11: Canonical pathway analysis from proteomics data of DLBCL cell
lines. Bar chart illustrating the canonical pathways identified from proteomics
analysis of DLBCL cell lines, which were tested in the drug screen. Pathways are
listed on the vertical axis, and the horizontal axis represents the -log10(p-value)
indicating the statistical significance of each pathway. The bars are color-coded to
show the direction of regulation, with blue indicating downregulated pathways and
red indicating upregulated pathways in resistant cell lines. This figure was prepared

by T. Naake, EMBL.

3.7. Impact of YAK477 on cell cycle distribution over time

Flow cytometry analysis was performed to assess the impact of YAK477
treatment on cell proliferation over five days of treatment. Via event gating
single cells were identified and evaluated.
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Figure 12: Flow cytometric cell cycle analysis with propidium iodide. The
gating strategy for single cells using PI staining is shown. This gate was applied to
the scatter plot to gate out obvious debris. For analysis of the cell cycle, a PI
histogram plot was applied to detect sub-G1 cells, GO/G1 phase, S phase, and

G2/M phase.

The histogram was evaluated for the cell cycle phases G1, S, G2 and
mitosis. sub-G1 phase was considered as dead cells according to the
Nicoletti assay.
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Figure 13: Impact of YAK477 on cell cycle distribution in DLBCL cells over
three and five days. Overlay histograms (A) comparing the cell cycle distribution
of DLBCL cells treated with YAK477 (blue) and DMSO control (red). The x-axis
represents propidium iodide staining intensity, reflecting DNA content, while the y-
axis shows the cell count. Peaks in the histograms correspond to different cell cycle
phases. And bar graphs (B) showing cell cycle distribution of DLBCL cells (Riva)
treated with 2uM YAK477 compared to DMSO control at two time points. Cell cycle
phases, encompassing sub-G1, G0/G1, S, and G2/M phases are displayed along
with the percentage of cell count in each phase. The left panel depicts the
distribution after 3 days of treatment, whereas the right panel shows the distribution
after 5 days. Statistical significance is based on the unpaired student t-test (p-value

**p<0.01).

After three days, the cell cycle histograms as well es the bar graphs show
no statistically significant difference in the distribution of cell cycle phases
between the DMSO control and YAK-477-treated group (Figure 13). After
five days of treatment, YAK477-treated cells showed a significant increase
in the sub-G1 phase population compared to the control group, indicating a
higher number of apoptotic cells. These findings suggest that YAK477

induces apoptosis in a time-dependent manner.
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(72h)

3.8. Establish GFP-labeled DLBCL cell lines for conducting co-
culture assay
Prior to labeling, a cell number validation for transduction was conducted in
a 24-well plate to ensure the highest number of viable cells for the
procedure. Cells were seeded at densities of 10 x108, 5 x10% and 1 x108
and incubated for 72 hours. Following incubation, cell number and viability
were assessed using trypan blue exclusion. Cells seeded at 10 x108
showed a slight decrease in cell number with a viability of 56%. Cells seeded
at 5 x10°® exhibited a modest increase in cell number (5.4 x108) with a
viability of 72.2%. Cells seeded at 1 x10® more than doubled in number after
72 hours (to 2.75 x108) with a mean viability of 75.5%, indicating promising
growth and high viability. Based on these results, an initial seeding density

1 x108 cells was selected for transduction.

Two different transduction protocols were evaluated to enhance
transduction efficiency in lymphoma cell lines. The transduction process
was carried out using the TAKARA Transduction Sponge in comparison to
an in-house standard transduction protocol with Polybrene. After a 72-h
cultivation period post-transduction, fluorescence microscopy and flow
cytometry were used to evaluate transduction efficiency. Cell viability was
assessed using trypan blue exclusion. Fluorescence microscopy revealed
a strong GFP signal, particularly in cells forming clusters (Figure 14). The
mean cell viability was observed to be 68% after Takara transduction, while

54% viability was observed with polybrene transduction.
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Figure 14: Visualization of OCI-Ly7 cells after GFP transduction.
Representative images of OCI-Ly7 cells after 72 hours of incubation following GFP
transduction using Takara Sponge (A) and Polybrene (B), captured with phase
contrast microscopy. The left panel shows the cells under phase contrast
microscopy, highlighting their overall morphology and clustering. The middle panel
displays GFP-labeled OCI-Ly7 cells, emphasizing the fluorescence intensity of the
labeled cells. The right panel provides an overlay of the phase contrast and GFP
images, offering a combined view of GFP-cell distribution and clustering within the
sample. All images were captured at 10x magnification, with scale bars indicating
100 pm.

Flow cytometry was employed to quantify the efficiency of transduction. The
first row of plots corresponds to the Takara kit, while the second row
represents the polybrene method. GFP-positive cells were quantified,
revealing a transduction efficiency of 44.2% with the Takara kit and 26.1%
with the Polybrene method (Figure 15).
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Figure 15: Flow cytometric analysis of GFP transduction efficiency in an
DLBCL cell line before flow cytometric cell sorting. The initial gating strategy
identified living cells after (63.7%) and singlet cells (98.6%). Among the singlet
cells, 44.2% were GFP-positive. Post-sorting, living cells comprised 92.6% of the
population, with singlets accounting for 98.9%. After flow cytometric cell sorting
and a brief incubation period, the percentage of GFP-positive singlet cells
increased to 98.3%.
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The results from fluorescence microscopy and flow cytometry demonstrate

both, that the Takara kit provided higher cell viability, as well as higher

transduction efficiency compared to the traditional polybrene method.

Therefore, the Takara kit was chosen for subsequent experiments. In the

next step, the transduced cells were sorted for GFP to enrich the population

with predominantly GFP-labeled cells (Figure 16).
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Figure 16: Flow cytometric analysis of GFP signal after flow cytometric cell
sorting. Post-sorting, living cells comprised 92.6% of the population, with singlets
accounting for 98.9%. After flow cytometric cell sorting and a brief incubation
period, the percentage of GFP-positive singlet cells increased to 98.3%.

After cells were sorted for their GFP signal, 98% GFP-positive cells were

identified.

3.9. Growth kinetics of DLBCL cells in co-culture with stromal

cells under various conditions

The growth kinetics of OCI-Ly7 cells, which are known to be resistant to

HDAC inhibitors, were analyzed under different conditions to understand

the impact of the microenvironment represented by stromal cells. The

experimental setup included OCI-Ly7 cells in monoculture and OCI-Ly7

cells co-cultured with stromal cells.

Fluorescence microscopy images taken at 0-, 52-, and 92-hours

post-treatment showed minimal GFP signal and cell proliferation in OCI-Ly7

cells (Figure 17). The only noticeable change was the formation of clusters.

In contrast, the presence of stromal cells in co-culture significantly boosted

the proliferation of OCI-Ly7 cells. Using the cell-by-cell analysis model from

Incucyte, we observed a significant increase in the number of cells in the

co-culture condition.
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Figure 17: Live cell imaging of DLBCL cell lines under monoculture and co-
culture conditions. Live cell imaging was performed to evaluate OCI-Ly7 cells
and their co-culture with stromal cells under two different conditions over a time
course of 0, 52, and 92 hours. The conditions include untreated OCI-Ly7 cells and
co-culture of OCI-Ly7 with stromal cells. GFP labeling was used to visualize the
OCI-Ly7 cells, with green fluorescence indicating GFP-positive cells. Images were
taken at 20x magnification. Scale bars represent 200 um.

The growth kinetics graph, based on live cell imaging data, further supports
these observations. OCI-Ly7 cells grown in monoculture displayed minimal

growth over time. However, when co-cultured with stromal cells, OCI-Ly7

cells showed a significant increase in relative cell count (Figure 18).
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Figure 18: Analysis of OCI-Ly7 cell proliferation under various co-culture
conditions over 92 hours, derived from live cell imaging data. Growth curves
showing the relative cell count of GFP-labeled OCI-Ly7 cells over 92 hours under
four different conditions: monoculture of OCI-Ly7 (red) and co-culture with non-

cancerous stroma cells (black). The x-axis represents the incubation time in hours,
while the y-axis represents the relative cell count of OCI-Ly7 cells.

These results underscore the significant role of the tumor microenvironment

in modulating growth dynamics.
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4. Discussion

Our findings revealed that certain HDAC inhibitors, notably YAK477, show
potential in targeting DLBCL cell lines, especially those harboring CREBBP
mutations. These results underscore the potential of epigenetic therapies in
the treatment of lymphoma.

41. High-throughput drug screening and whole genome
sequencing
This study showed that many HDAC inhibitors, especially class /I
inhibitors, significantly reduced cell viability in DLBCL cell lines. This finding
aligns with previous studies demonstrating the efficacy of HDAC inhibitors
in inducing cell cycle arrest and apoptosis in various cancers (Y. Cai et al.,
2013). YAK477, a Class lla HDAC inhibitor showed toxic efficacy, in
particular on CREBBP-mutant DLBCL cell lines. This result points to a
potential use in personalized cancer treatment. CREBBP mutations disrupt
acetylation processes, making cells more vulnerable to deacetylase
inhibition (Hellwig et al., 2020; Juskevicius et al., 2017). Our results align
with other studies that have found CREBBP mutant cancers to be more
sensitive to HDAC inhibitors, highlighting YAK477's potential as a treatment
(Ednersson et al., 2020; Greenawalt et al., 2017; Juskevicius et al., 2017).

Moreover, previous studies have showed that mutations in CREBBP,
along with EP300 mutations, are linked to poorer outcome in overall
survival, progression-free survival, and event-free survival for DLBCL
patients (Genta et al., 2022; Juskevicius et al., 2017). CREBBP mutations
are more frequently found in relapsed or refractory DLBCL compared to
primary cases, suggesting an additional role in resistance to standard
treatments (Greenawalt et al., 2017). Additionally, the functional role of
CREBBP in regulating transcription and chromatin remodeling further
suggests that CREBBP mutations render DLBCL cases more accessible to
HDAC inhibition (Juskevicius et al., 2017; Lee et al., 2014).

Additionally, genes such as EZH2, KMT2D, and HIST1H1D were
slightly less common in sensitive cell lines. EZH2, a histone
methyltransferase involved in gene silencing, had reduced expression in
sensitive cell lines (Simon & Lange, 2008). Lower expression might be
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linked to a more open chromatin state, making the cells more vulnerable to
HDAC inhibition (K. H. Kim & Roberts, 2016). KMT2D, another histone
methyltransferase, is frequently mutated in DLBCL, and its lower expression
in sensitive cells might indicate a reduced capacity for methylation-mediated
gene silencing, enhancing the efficacy of HDAC inhibitors (Zhang et al.,
2015). HIST1H1D encodes a histone H1 variant involved in chromatin
compaction (Yusufova et al., 2021). Lower levels of HIST1H1D might also
contribute to a more relaxed chromatin structure, facilitating the action of
HDAC inhibitors (Fyodorov et al., 2018).

Class Ila HDAC inhibitors, including YAK477, primarily target
enzymes like HDAC4, HDAC5, HDAC7, and HDAC9, which play key roles
in deacetylating non-histone proteins. This process influences various
cellular activities, such as differentiation and apoptosis (G. Li et al., 2020;
Milazzo et al., 2020). Selective inhibitors in this class, like MC1568, have
been observed to promote apoptosis without significantly disrupting the cell
cycle. It was found to have minimal impact on cell cycle progression but
amplified the apoptotic response when combined with other cancer
treatments (G. Wang et al., 2012). YAK540, another selective inhibitor in
this class, triggers apoptosis by upregulating pro-apoptotic genes and
activating caspase pathways, while leaving the cell cycle largely unaffected
(Bollmann et al., 2022). To gain a deeper understanding of YAK477’s
mechanism, further studies involving apoptosis assays and autophagy

markers are necessary.

4.2. Protein expression and sensitivity

The study identified specific proteins associated with sensitivity and
resistance to HDAC inhibitors in DLBCL. GGCT and EIF4G3 were found to
be highly expressed in sensitive cell lines, while RASAL1 and IGF2BP1

being highly expressed in resistant cell lines.

Gamma-glutamyl cyclotransferase (GGCT) is known to promote
tumor growth by regulating glutathione metabolism, and its high expression
is generally linked to poor prognosis in various cancers (Kageyama et al.,
2015). However, in this study elevated levels of GGCT in diffuse large B-
cell lymphoma (DLBCL) cell lines sensitive to HDACi were found. This
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sensitivity may be mediated through GGCT’s interaction with the p53
pathway, a vital regulator of cell cycle and apoptosis (Lee et al., 2014).
HDAC and SIRT proteins typically reduce p53 activity, promoting cancer cell
survival under oxidative stress conditions. HDAC inhibitors promote
acetylation of histones and non-histone proteins, resulting in a more relaxed
chromatin structure, and with this, activate tumor suppressor genes, which
may also include p53 (Juan et al., 2000; J. Luo et al., 2000, 2001; Vaziri et
al., 2001). The presence of functional p53 enhances the apoptotic effects of
HDACI, underscoring the importance of this pathway for the inhibitors'
effectiveness (Frohlich et al., 2016; J. Luo et al., 2001; Mrakovcic et al.,
2017, 2019). EIF4AG3 (Eukaryotic Translation Initiation Factor 4 Gamma 3)
plays a crucial role in the initiation of protein synthesis. This factor acts as a
scaffold for assembling other initiation factors, facilitating the binding of
MRNA to the ribosome (Marcet-Palacios et al., 2011; Prévét et al., 2003).
High expression of EIF4G3 in sensitive cell lines might suggest that
enhanced translation initiation is important for HDAC inhibitors' efficacy,
potentially by increasing the production of pro-apoptotic proteins (Hayashi
et al., 2000). circElIF4G3 has been found to suppress gastric cancer
progression by inhibiting B-catenin and promoting ©&-catenin ubiquitin
degradation. This suggests that EIF4G3 could be involved in regulating cell
growth and apoptosis (Zang et al., 2022).

In contrast, RASAL1 (RAS Protein Activator Like 1) and IGF2BP1
(Insulin Like Growth Factor 2 MRNA Binding Protein 1) are associated with
resistance. RASAL1 negatively regulates RAS signaling, which is involved
in cell proliferation and survival (Chang et al., 2019; Jin et al., 2017; Meng
et al., 2017). In HDACi-resistant DLBCL cell lines, RASAL1 expression is
upregulated, enhancing survival pathways and reducing the efficacy of
HDAC inhibitors. Studies have shown that HDAC inhibitors such as
trichostatin A and vorinostat can induce apoptosis in various DLBCL cell
lines, but resistance is often mediated through changes in signaling
pathways including the RAS/ERK pathway, where RASAL1 plays a big role.
This regulation is critical in maintaining cell survival despite HDACI
treatment (Chen et al., 2014; Z. Huang et al., 2017; Qiao et al., 2012; M.
Seto et al., 2011). IGF2BP1 (Insulin-like growth factor 2 mRNA-binding



Discussion 55

protein 1) is known to stabilize mRNAs that encode growth-promoting
genes. This stabilization enhances the translation of these mRNAs, thereby
promoting cell proliferation and survival. This process has been observed in
various cancers where |GF2BP1 is overexpressed (X. Huang et al., 2018;
Singh et al., 2023; T.-Y. Zhu et al., 2023). By stabilizing these mRNAs,
IGF2BP1 also contributes to resistance to apoptosis (Du et al., 2021).

4.3. Canonical pathway analysis

Canonical pathway analysis showed that particular pathways were
differently expressed on protein level in sensitive and resistant cell lines.
Notably, apoptosis pathways were downregulated, while the histone
acetyltransferases (HATs) pathway was upregulated in the resistant cell
lines. Pathways related to apoptosis were significantly underrepresented in
resistant cell lines, indicating that these cells are less responsive to
apoptosis-inducing agents, like HDAC inhibitors. Apoptosis is essential for
programmed cell death in response to cellular stress and damage
(Bertheloot et al., 2021). By downregulating this pathway, resistant cells can
avoid the cytotoxic effects of HDAC inhibitors, leading to drug resistance.
The reduction in apoptosis pathway activation may indicate that resistant
cells can continue to survive and proliferate even when exposed to drugs
that normally induce cell death (Bolden et al., 2006; Fulda, 2009). In
contrast, the HATs pathway, which involves the addition of acetyl groups to
histones and results in a relaxed chromatin structure that promotes gene
activation, was upregulated in resistant cells. This upregulation suggests
that resistant cells have a greater ability to activate transcription, which
could result in the expression of genes that enhance cell survival and
proliferation. The increased acetylation state may help resistant cells
sustain high levels of gene expression necessary for growth and resistance
to HDAC inhibitors (Bolden et al., 2006; Roth et al., 2001).
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4.4. Co-culture systems

This study showed that OCI-Ly7 cells, a GCB-DLBCL cell line, exhibited
different growth phenotypes when cultured alone compared to when co-
cultured with stromal cells. showed increased growth when co-cultured with
stromal cells compared to when grown in monoculture. This aligns with
research indicating that stromal cells can protect lymphoma cells from drug-
induced cell death, suggesting that treatments must target both the tumor
and its surrounding environment (Cader et al., 2013; Dus-Szachniewicz et
al., 2022).

The tumor microenvironment (TME) plays a crucial role in
determining how tumors responsiveness to treatment and hence, influences
clinical outcome (Q. Wang et al., 2023). Previous data indicate that soluble
factors released by tumor or stromal cells can contribute to
microenvironment-mediated drug resistance. Additionally, the interaction
between tumor cells and stromal fibroblasts or elements of the extracellular
matrix can diminish the effectiveness of therapies (Wu & Dai, 2017).
Moreover, the TME can affect the immune response, either promoting or
inhibiting tumor growth, which further complicates treatment strategies
(Tuccitto et al., 2019). The development of combination therapies targeting
both tumor cells and the TME has shown promise in overcoming drug
resistance. For example, combining nanoparticles designed to modulate the
TME with traditional chemotherapeutic agents can significantly improve
drug delivery and efficacy (Amini et al., 2019). This highlights the
importance of considering the TME's role in crafting effective cancer

treatments.

4.5. Future directions: exploring combinational therapies

The varying levels of CD20, CD19, PD-L1, and PD-1 expression in the
different B-cell lymphoma cell lines (Figure 19) suggest opportunities for
further research into personalized combination therapies. Although this
study didn't focus on exploring treatment synergies, the differences in
expression patterns emphasize the need to consider these markers in
developing targeted therapies.



Discussion 57

- o~ . .
o - I high expression
—vanweg 0?8 - 3333 3
§IFIIIIII8224 %0 25558328
cellline S G000 O0OO00 O 7] X3S 43333 N ND T
2888888885533%%¥283833: :Bxsurfacemarker
] u EEECE W oo
HE HE N | B cp-19
HEEE ENEEEEEY EENEEEEEEEEN Fo-U1
FEENE ENENE BN 'Y Emm W PD-1

I low expression

Figure 19: Expression levels of four surface markers across B-cell ymphoma
cell lines. Heatmap showing the expression levels of CD20, CD19, PD-L1, and
PD-1 surface markers across various B-cell lymphoma cell lines. The color
gradient shows expression levels, where red indicates high expression and blue
indicates low expression.

For example, the integration of HDAC inhibitors (HDACi) with immune
checkpoint inhibitors, such as PD-1 or PD-L1 blockades, has shown
promise in other cancer types (Sui et al., 2018). Previous studies have
demonstrated that such combinations can enhance antitumor immune
responses, leading to improved outcomes. Specifically, the combination of
HDACIi with PD-1/PD-L1 inhibitors has been found to upregulate PD-L1
expression, thereby increasing the efficacy of PD-1 blockade therapies in
several cancer models (e.g., melanoma, colon cancer) (Bissonnette et al.,
2016; Woods et al., 2015). In B-cell ymphomas, HDACS inhibition has been
found to upregulate PD-L1 expression, enhancing the efficiency of
anti-PD-L1 therapy and leading to tumor regression (Deng et al., 2019). A
study involving Hodgkin lymphoma patients demonstrated that the
combination of vorinostat, an HDACI, with pembrolizumab, a PD-1 inhibitor,
led to a significant overall response rate (Collins, 2023; P. Sharma et al.,
2017). It would be valuable to investigate whether similar combinational
approaches could yield beneficial effects. Moreover, the expression data
presented in this study could serve as a foundation for selecting patients
who might benefit most from such strategies. Future studies should aim to
validate these combinations in preclinical models of B-cell lymphoma and

explore the potential for clinical translation.
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4.6. Shortcomings

| recognize several limitations in my study that should be considered when
interpreting the results. My study included a relatively small sample size of
24 lymphoma cell lines. Selection bias is a potential limitation, as the cell
lines were chosen based on availability and existing data. This could affect
the external validity of my findings. Studies involving a more diverse and
representative selection of cell lines would enhance the generalizability of
the results. Moreover, larger sample sizes are necessary to validate these
findings and assess the effectiveness of the HDAC inhibitors we tested,
particularly YAK477 and its effect on CREBBP mutant lymphomas. The
preclinical nature of my study, which was conducted entirely in vitro, restricts
the ability to directly apply the findings to clinical settings. In vitro conditions
cannot fully mimic the complexity of the tumor microenvironment and
patient-specific factors present in vivo. Additionally, the study was limited by
funding and time constraints, which prevented me from exploring
combinational therapies that could potentially enhance the effectiveness of
HDACI. Investigating these combinations might offer a more comprehensive
understanding of treatment strategies and their effectiveness in clinical
settings.

These limitations might have influenced my findings by potentially
introducing bias and affecting the generalizability of my results. However,
the study also has several strengths, such as using a newly developed
HDACI library and detailed genetic and proteomic analyses, which support
the validity of my conclusions. In conclusion, while acknowledging these
limitations, my study offers valuable insights into the potential of HDAC
inhibitors, especially YAK477, for treating diffuse large B-cell ymphoma and
contributes to the existing body of knowledge. Addressing these limitations
in future research will further enhance our understanding and improve the

generalizability of the findings.



Discussion 59

4.7. Contributions to veterinary research

The study of HDAC inhibitors in human medical research has significant
implications for veterinary medicine, particularly in understanding diseases
like DLBCL, which affect both humans and animals such as canines. DLBCL
is the most common type of non-Hodgkin lymphoma in both humans and
canines, sharing similar clinical presentations and biological behaviors
(Breen & Modiano, 2008; Marconato et al., 2013). The molecular
characteristics and clinical behavior of DLBCL in dogs are remarkably
similar to those in humans. For instance, both human and canine DLBCL
show common genetic alterations and similar biological behaviors. An
integrated analysis of exome and RNA sequencing data from canine DLBCL
identified numerous genetic similarities with human DLBCL, including
mutations in key oncogenic pathways such as MYC, TP53, and NF-kB
signaling (Giannuzzi et al., 2022; Richards et al., 2011, 2013).

The clinical presentation and progression of DLBCL in canines
closely resemble those observed in human patients. This includes
similarities in tumor morphology, immunophenotype, and response to
conventional therapies such as the CHOP regimen (Giannuzzi et al., 2022).
Standard therapies like CHOP can be highly toxic, leading to severe side
effects in both humans and animals (Sitzia et al., 1997; S.-L. Wang et al.,
2016). HDAC inhibitors are already being investigated in veterinary
medicine, showing promising results in animal models. A study on
panobinostat revealed its potent antitumor effects in canine DLBCL,
showing dose-dependent inhibitory effects on proliferation and inducing
significant apoptosis in canine lymphoma cells (Dias et al., 2018).

The research on HDACi in human DLBCL not only advances human
medicine but also significantly contributes to veterinary oncology by
providing insights into similar diseases in animals. The parallels in disease
pathology and treatment responses between humans and canines make
HDAC inhibitors a promising area for developing safer and more effective
therapies for DLBCL across species.
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5. Summary

This dissertation investigates the preclinical evaluation of histone
deacetylase inhibitors (HDACI) as a potential treatment for diffuse large B-
cell lymphoma (DLBCL). DLBCL is the most common form of non-Hodgkin's
lymphoma and is characterized by its heterogeneity in clinical presentations,
outcomes and molecular features. The study focused on evaluating the
cytotoxic effects of 41 newly synthesized HDAC inhibitors on a range of
lymphoma cell lines. Further attention was paid to the identification of
potential biomarkers for DLBCL response to the tested HDACI. In addition,
the study investigated the importance of the tumor microenvironment
(TME), which was represented here by stromal cells.

One of the most important findings of the study is the identification of
YAK477 as a promising HDACi. YAK477 showed promising efficacy in
reducing cell viability in DLBCL cell lines, especially those with CREBBP
mutations. The study also provided valuable insights through proteomic
profiling and identified high expression levels of EIF4G3 and GGCT in
HDACIi-sensitive cell lines. These proteins were found to be potential
biomarkers for sensitivity to HDAC inhibitors. In contrast, proteins such as
RASAL1 and IGF2BP1 were upregulated in resistant cell lines, indicating
reduced sensitivity to HDAC inhibitors.

In addition, the tumor microenvironment appears to have a major impact on
tumor development, as it can support tumor cell growth and distribution.
GFP-labeled DLBCL cells incubated together with stromal cells showed

increased growth in live cell microscopy.
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6. Zusammenfassung

Diese Dissertation untersucht die praklinische Bewertung von
Histondeacetylase-Inhibitoren (HDACI) als potenzielle
Behandlungsmethode fur das diffuse groRzellige B-Zell-Lymphom
(DLBCL). DLBCL ist die haufigste Form des Non-Hodgkin-Lymphoms und
zeichnet sich durch seine Heterogenitat in klinischen Prasentationen,
Ergebnissen und molekularen Merkmalen aus. Die Studie konzentrierte
sich auf die Bewertung der zytotoxischen Effekte von 41 neu synthetisierten
HDAC-Inhibitoren an einer Reihe von Lymphomzelllinien. Ein weiteres
Augenmerk galt der Identifizierung potenzieller Biomarker fur das
Ansprechen von DLBCL auf die getesteten HDACi. Weiterfuhrend
untersuchte die Studie die Bedeutung der Tumormikroumgebung (TME),
welche hier durch Stromazellen dargestellt wurde.

Eine der wichtigsten Erkenntnisse der Studie ist die Identifizierung von
YAK477 als vielversprechenden HDACIi. YAK477 zeigte eine
vielversprechende Wirksamkeit bei der Reduzierung der Zellviabilitat in
DLBCL-Zelllinien, insbesondere in solchen mit CREBBP-Mutationen. Die
Studie lieferte auch wertvolle Erkenntnisse durch proteomisches Profiling
und identifizierte hohe Expressionsniveaus von EIF4G3 und GGCT in
HDACi-sensitiven Zelllinien. Diese Proteine erwiesen sich als potenzielle
Biomarker fur die Sensitivitat gegentuber HDAC-Inhibitoren. Im Gegensatz
dazu waren Proteine wie RASAL1 und IGF2BP1 in resistenten Zelllinien
hochreguliert, was auf eine verminderte Sensitivitat gegentuber HDAC-
Inhibitoren hinweist.

Zudem scheint die Tumormikroumgebung einen gro3en Einfluss auf die
Tumorentwicklung zu haben, da sie das Tumorzellwachstum und dessen
Verteilung unterstutzen kann. GFP markierte DLBCL Zellen, die zusammen
mit Stromazellen inkubiert wurden, zeigten in der Lebendzellmikroskopie
ein verstarktes Wachstum.
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Table 4: Devices used in this work.

All-in-one Fluorescence Microscope
BZ-X series

BD FACSymphony A1

Centrifuge 5425 R

Centrifuge Megafuge ST1R Plus

Counting chamber, Neubauer improved

Cybio Well vario — Multichannel
Automated Pipetting System

D300e Digital Dispenser

Eppendorf Multipette E3x

EVE™ Automatic cell counter
Heracell™ 150i CO: - Incubator
Herasafe™ 2025 Class Il Biological
Safety Cabinet

Incucyte® S3 Live-Cell Analysis System

Multidrop™ Combi Reagent Dispenser

Pipet-Lite Multi Pipette L8-300XLS+

Pipetboy accu-jet S

Primovert Light microscope

Spark 10M Multimode microplate reader

Vortex-Genie 2

Keyence Deutschland GmbH

BD Biosciences, Heidelberg, Germany
Eppendorf, Hamburg, Germany

Life Technologies GmbH, Darmstadt,
Germany

Brand Scientific GmbH, Wertheim,
Germany

Analytik Jena GmbH 6 Co. KG, Jena,
Germany

Tecan Group LTd., Mannedorf,
Switzerland

Eppendorf, Hamburg, Germany
NanoEntek, Inc., Seoul, Korea

Life Technologies GmbH, Darmstadt,
Germany

Life Technologies GmbH, Darmstadt,
Germany

Sartorius AG, Goéttingen, Germany

Life Technologies GmbH, Darmstadt,
Germany

Mettler-Toledo GmbH, Erftstadt,
Germany

Brand Scientific GmbH, Wertheim,
Germany

Carl Zeiss AG, Oberkochen, Germany

Tecan Group LTd., Mannedorf,
Switzerland

Scientific Industries, Inc., New York, USA

Table 5: Software used in this work.

BD FACSDiva BD Biosciences, Heidelberg, Germany

CyBio Composer Analytik Jena GmbH+Co. KG
D300e control (version 3.4.3) Tecan Group LTd., Mannedorf, Switzerland

FILLit for Multidrop Combi Life Technologies GmbH, Darmstadt, Germany
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FlowJo (version 10.10)

GraphPad Prism 9 (version 9.03)

Microsoft Office

Spark control

BD Biosciences, Heidelberg, Germany

Microsoft (Redmond, USA)

Graphpad Software (San Diego, USA)

Tecan Group LTd., Mannedorf, Switzerland

Table 6: Consumables used in this work.

12 well Cell Culture Plate

150 mL Polystyrene
Reservoir

150 mL Reservoir base

24 well Cell Culture Plate

384 well Cell Culture
Plate

6 well Cell Culture Plate

96 well Cell Culture Plate

BD Vacutainer

Cell culture flasks 25 cm?

Cell culture flasks 75 cm?

CyBio TipTray 384/60 uL

D4+ casette

Mr. Frosty freezing
container

Multidrop tubing
Nunc Cryo Tubes 1 ml

Parafiim® M

Pipette tips 10 pl, 20 pl,

Greiner Bio-One,
Kremsmunster, Austria

INTEGRA Biosciences GmBH,
Biebertal, Germany

INTEGRA Biosciences GmBH,
Biebertal, Germany

Greiner Bio-One,
Kremsmunster, Austria

Corning, New York, USA

Greiner Bio-One,
Kremsmunster, Austria

Greiner Bio-One,
Kremsmunster, Austria

Becton Dickinson GmbH,
Heidelberg, Germany

Greiner Bio-One,
Kremsmunster, Austria

Greiner Bio-One,
Kremsmunster, Austria

Fluotics LTD., New York, USA

Tecan Group LTd., Mannedorf,
Switzerland

Life Technologies GmbH,
Darmstadt, Germany

Life Technologies GmbH,
Darmstadt, Germany

Life Technologies GmbH,
Darmstadt, Germany

Sigma-Aldrich Chemie GmbH,
Taufkirchen, Germany

Biozym Scientific GmBH,

665180

6318

6301

662160

734-4104

639160

651160

368861

690175

658175

736-0997
30097371

5100-0001

24072670

24073295

377224

P7543

VT0400, VT0220,
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100 pl, 200 pl, 1,000 pi

Safe-Lock Tubes 1.5 ml
Safe-Lock Tubes 2.0 ml

Serological pipettes 5 ml,
10 ml, 25 ml

T8+ casette

Tubes 0.5 ml

Tubes 15 mli, graduated,
sterile

Tubes 50 mli, graduated,
sterile

White 384 well plates,
sterile

White 96 well plate,
sterile

Table 7: Chemicals, reagents and kits used in this work.

Bovine Serum Albumin
(BSA)

CellTiter-Glo Luminescent
Cell Viability Assay

CellTiter-Glo luminescent
viability assay

Dimethyl Sulfoxide for cell
culture (DMSO)

Dulbecco’s phosphate
buffered saline (DPBS)

Ethanol 80%

Heat Inactivated Fetal
Bovine Serum (FBS)

Iscove’s Modified
Dulbecco’s Medium
(IMDM) Medium

L-Glutamine (200nM)

Lenti-X Transduction

Hessisch Oldendorf, Germany

Eppendorf, Hamburg, Germany
Eppendorf, Hamburg, Germany

Sarstedt AG 6 Co. KG,
Nimbrecht, Germany

Tecan Group LTd., Mannedorf,
Switzerland

Eppendorf, Hamburg, Germany

Greiner Bio-One,
Kremsmiinster, Osterreich

Greiner Bio-One,
Kremsmiinster, Osterreich

Corning, New York, USA

Greiner Bio-One,
Kremsmunster, Austria

PAN Biotech, Aidenbach,
Germany

Promega, Walldorf, Germany

Promega, Walldorf, Germany

AppliChem GmbH, Darmstadt,
Germany

Life Technologies GmbH,
Darmstadt, Germany

Otto Fischer GmbH & Co. KG,
Saarbriicken, Germany

Sigma-Aldrich, Taufkirchen,
Germany

Life Technologies GmbH,
Darmstadt, Germany

Life Technologies GmbH,
Darmstadt, Germany

Takara Bio Europe SAS, Saint-

VT0230, VT0038,

VTO0370
0030 120.086
0030 120.094

86.1253.001,
86.1254.001,
86.1685.001

30097370

3217305
188 271-N

227 261

734-4104

651160

P06-1391500

G7573

G7573

A3672

14190-250

PZN11193404

F9665

12440-053

25030-024

631478
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Sponge
MICRO-90

Pancoll human

Penicillin (10.000 U/mL)-
Streptomycin (10 mg/mL)

(PIS)

Polybren Infektions- /
Transfektionsreagenz

Propidium lodide (100mg)

(P1)

Roswell Park Memorial
Institute (RPMI) 1640

Medium

Staurosporine (10mM)

Trypan Blue solution 0.4%

Trypsin-EDTA (0.05%),

phenol red

Germain-en-Laye, France

International products
coorporation, Burlington, USA

PAN Biotech, Aidenbach,
Germany

Life Technologies GmbH,
Darmstadt, Germany

Sigma-Aldrich, Taufkirchen,
Germany

Life Technologies GmbH,
Darmstadt, Germany

Life Technologies GmbH,
Darmstadt, Germany

MedChemExpress EU,
Sollentuna, Sweden

Sigma-Aldrich, Taufkirchen,
Germany

Life Technologies GmbH,
Darmstadt, Germany

M-9050-12

P04-60500

15140-122

TR-1003-G

P1304MP

22400-089

HY-1541

T8154

25300-096

Table 8: The Inhibitor library used in this work was provided by Prof. Thomas

Kurz.

LAK 402
FJKK 103
FJKK 133
HLK 40
LAK 107
LAK 121
SHOK 73
BLK 31
YAK 577
LAK 67
KSK 64
MPK 544
LAK 31
LAK 41

Class |
Class |
Class |
Class |
Class |
Class |
Class |
Class |
Class |
Class I/l
Class I/l
Class I/l
Class I/l
Class I/l

FFK 24

FFK 29

YAK 540
YAK 545
YAK 477
MPK 169
MPK 576
MPK 265
MPK 264
MPK 803
MPK 805
YAK 312
LAKZnfD
LAK 129

Class lla
Class lla
Class lla
Class lla
Class lla
Class IIb
Class lIb
Class IIb
Class IIb
Class IIb
Class IIb
Class IIb
Class IIb

Dual BRD/HDAC-
inhibitors
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LAK 61

LAK 39

YAK 61

FFK 186

MPK 460

BBK 69
TOK 27

Class I/l

Class I/l

Class I/l

Class I/l

Class I/l

Class I/l
Class I/l

LAK 169

LAK-FFK 11

FJKK 94

FJKK 81

HLK 89

SIS17

Table 9: Overview of cell lines used in this work.

Farage
HBL-1
HBL-2
JEKO-1
K422
OCl-Ly1
OCl-Ly2
OCI-Ly3
OClI-Ly7
OCI-Ly8
OCl-Ly18
Pfeiffer
Riva (RI-1)
SU-DHL-2
SU-DHL-4
SU-DHL-5
SU-DHL-8
SC-1
TMD-8
U-2932
U-2940

WSU-FSCCL
WSU-DLCL2

GCB-DLBCL
ABC-DLBCL
MCL

MCL
GCB-DLBCL
GCB-DLBCL
GCB-DLBCL
ABC-DLBCL
GCB-DLBCL
GCB-DLBCL
ABC-DLBCL
GCB-DLBCL
ABC-DLBCL
ABC-DLBCL
GCB-DLBCL
GCB-DLBCL
GCB-DLBCL
FL
ABC-DLBCL
ABC-DLBCL
PMBL

DSCL
ABC-DLBCL

CRL-2630
T8204-ABM
T8205-ABM
CRL-3006
K422

ACC 722

ACC 761
ACC 688

ACC 699
CRL-2632
ACC 585
CRL-2956
CRL-2957
ACC 571
CRL-2961
ACC 558

ACC 633
ACC 634
ACC 612
ACC 575

M1
M1
M1
M1
M1
M2
M2
M1
M2
M1
M1
M1
M1
M1
M1
M1
M1
M1
M1
M1
M1
M1
M1

Dual BRD/HDAC-
inhibitors
Dual BRD/HDAC-
inhibitors
Dual HDAC/LSD1
inhibitors
Dual HDAC/LSD1
inhibitors
Dual HDAC/LSD1
inhibitors
HDAC 11

suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension
suspension

suspension
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Z-138 MCL CRL-3001 M2 suspension
LNSC177 Stroma M1 adherent

Table 10: Overview of media composition.

M1 RPMI 1640 1% L-Glutamine, 1% P/S, 10% FBS

M2 IMDM 1% L-Glutamine, 1% P/S, 10% FBS
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