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ABSTRACT

Abstract

Diffuse intrinsic pontine gliomas (DIPG) are incurable pediatric high-grade tumors. The majority
of all DIPG carries a mutation in one of the histone 3 genes leading to a substitution of lysine 27
to methionine (H3 K27M) characterized by malfunction of the histone methyltransferase
enhancer of zeste homolog 2 (EZH2) that mediates H3K27 trimethylation (H3K27me3). Presence
of H3.3K27M-mutation results in an epigenetic imbalance characterized by global loss of
H3K27me3 and gain of H3K27 acetylation (H3K27ac) mediated by CREB binding protein
(CBP/p300). Therefore it could be hypothesized that the histone acetyltransferase (HAT)
CBP/p300 and readers recognizing H3K27ac like bromodomain and extra-terminal domain (BET)

proteins might play a dominant role in H3.3K27M-mutated DIPG cells.

Thus, this project aims to identify the probable distinct genetic and resulting tumor-biological
effects in DIPG cells caused by presence of H3.3K27M-mutation within the same cellular and
genetic background, as well as to determine the H3.3K27M-dependent functions of H3-writers

(CBP/p300) and readers (BET proteins) in DIPG cells with H3-wildtype and H3.3K27M-mutation.

In order to study the impact of H3.3K27M-mutation in DIPG cells, isogenic cell lines with and
without H3.3K27M-mutation were generated using CRISPR/Cas9 system and compared with
each other to investigate H3.3K27M-dependent eigenome, transcriptome and consequent

expression tumor-associated characteristics.

Introduction of H3.3K27M-mutation resulted in loss of H3K27me3 and gain of H3K27ac, while
removal of H3.3K27M-mutation led to reduction of H3K27ac and restored H3K27me3 level.
Moreover, presence of H3.3K27M-mutation caused elevated cell proliferation, clonogenicity
and migration/invasion ability of isoDIPG cells. Furthermore, H3.3K27M-mutation influenced

the expression of several different histone marks as well as epigenetic key players in DIPG cells.

To investigate and dissect the function of BET family members and CBP/p300 in isoDIPG cells,
small molecules were used to inhibit specific functions of the writer/reader proteins.
Subsequently, siRNA-mediated knockdown of the proteins of interest was performed to dissect

specific functions of BRD2, 3 and 4 or CBP and p300.

Indeed CBP and p300 as well as BET family members BRD2 and BRD4 had a more profound
impact on reduction of tumor associated characteristics in isoDIPG-H3.3K27M compared to
isoDIPG-H3WT cells. Interestingly, western blot analyses revealed that CBP catalyzed H3K27ac
in isoDIPG-H3.3K27M cells, while p300 was responsible for H3K27ac isoDIPG-H3WT cells.

Moreover, the study pointed out to a specific function of CBP in regulation of apoptosis, while

\



ABSTRACT

p300 turned out to mediate MAPK cascades in isoDIPG-H3.3K27M cells. Within BET proteins
family, BRD2 and BRD4 played a more profound role than BRD3 in isoDIPG-H3.3K27M cells,

regulating biological processes including cell cycle and Wnt signaling.

In summary, the present study reveals that presence of H3.3K27M-mutation in isoDIPG cells is
a leading cause for the malignant phenotype observed in DIPG cells. Moreover, H3.3K27M-
mutation modulates the function of H3K27-associated CBP writer and BRD2 and BRD4 readers

in isoDIPG cells in vitro and in vivo, playing important roles in H3.3K27M-DIPG cells.

Vi
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1 Introduction

1.1 Pediatric high grade gliomas (pedHGG)

Tumors of the central nervous system (CNS) are, after leukemia, the most common pediatric
malignancies accounting for 20-25% of all pediatric cancers (Bueren et al. 2017). There are
several different types of CNS tumors, including malignant high grade tumors that are very likely
to grow and spread, and low grade, less aggressive tumors. Approximately 10-15% of all CNS
tumors in children are pediatric high-grade gliomas (pedHGG) (Stupp et al. 2014). They most
likely arise from transformed glial progenitor cells of the brain or spinal cord (Canoll and
Goldman 2008). HGG in children are very rare, with only 60-70 new cases in Germany per year,
but show a malignant behavior growing very fast and diffusely migrating within the CNS

(Hayward et al. 2008).

Despite major therapeutic improvements in pediatric oncology, pedHGG still have extremely
poor prognosis with a median overall survival rate of 14-15 months (Hatoum et al. 2022).
Conventional therapy resembles the one used for adult patients, consisting of irradiation with
temozolomide (Stupp et al. 2005) which usually provides only temporary improvement (Cohen
et al. 2011). This unfavorable prognosis is also due to the fact that migrating tumor cells evade
radiochemotherapy since they acquire stem cell-like characteristics with marked chemo- and
radioresistance (Stupp et al. 2005). Additionally, molecular mechanisms such as DNA repair by
0-6-methylguanine-DNA-methyltransferase (MGMT) or tumor protein (TP53) mutation leads to
aversion to standard treatment (Satoru and van Meir 2017; Messaoudi et al. 2015). Moreover,
hypoxic environment of the tumor often results in insufficient transport of therapeutic drugs to
the designated area (Haar et al. 2012; Messaoudi et al. 2015). Another limitation of therapy
options for pedHGG patients is the inability of many applied therapeutic agents to efficiently

cross the blood-brain barrier.

Interestingly, HGG in children differ strongly from HGG in adult patients, showing distinct
epigenetic pattern and a different frequency of common somatic mutations (Paugh et al. 2010).
For instance, isocitrate dehydrogenase 1 or 2 (IDH1 or IDH2) mutations are present in adult
glioblastomas, while very rare in pedHGG (Sturm et al. 2012). Contrastingly, mutations in histone
3 (either lysine 27 substitution to methionine — H3K27M, or glycine 34 to arginine/valine —
H3G34R/V) are predominantly observed in pediatric patients (Sturm et al. 2012). In conclusion,

pedHGG patients are indeed in need for specific therapeutic options.
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1.1.2 Diffuse intrinsic pontine gliomas (DIPG)

According to the World Health Organization (WHO) classification from 2016, pedHGG include
anaplastic astrocytoma (AA, Grade Ill), glioblastoma (GMB, WHO Grade 1V), diffuse intrinsic
pontine glioma (DIPG, WHO Grade 1IV) and diffuse midline glioma with histone H3K27M-
mutation (DMG, WHO Grade IV) (Louis et al. 2016). DIPG are located in the pons of the brain
stem and grow diffusely (Figure 1). According to the Central Brain Tumor Registry of the United
States, approximately 8-12% of all reported brain tumors in children are HGG and nearly half of
those are DIPG (Fangusaro 2012). DIPG can rapidly spread to other areas of the brain including
midbrain, medulla or cerebellar peduncles (Grigsby et al. 1989) and are thought to be the most
aggressive kind of brain tumors with an overall survival rate less than 12 months after diagnosis
(Figure 2A) (Cohen et al. 2011). Complete or even subtotal tumor resection is not possible in
DIPG since they occur in the pons close to critical for regulation of respiratory and circulatory

functions and grow amidst cranial nerves and other essential neuronal tracts (Bailey et al. 2018).

Figure 1 | Magnetic resonance imaging illustrates diffuse intrinsic pontine gliomas (DIPG).
(A) P (brainstem pons), B (bar), CM (cervical cord), GH (cerebrum), HP (pituitary gland), KH (cerebellum),
M (medulla oblongata), SV (lateral ventricle), 3rd V (third ventricle), Pi (pineal nerve with cyst) (adapted
from Karremann et al. 2021). (B) Arrow indicates tumor mass in the pons (adapted from Perwein et al.
2021).

DIPG are almost exclusively childhood tumors and about 85% of them carry a heterozygous point
mutation in one histone 3 (H3) gene variant, either in H3.3 (encoded by H3F3A) or less frequently
in H3.1 (encoded by HIST1H3B/C), which both result in a lysine (K) to methionine (M)
substitution (H3K27M) (Schwartzentruber et al. 2012; Hoffman et al. 2018). Presence of
H3K27M-mutation leads to an altered function of histone-lysine N-methyltransferase (HMT)

enhancer of zeste homolog 2 (EZH2) which results in global loss of H3K27-trimethylation



INTRODUCTION

(H3K27me3) and H3K27-hyperacetylation (H3K27ac) (Schwartzentruber et al. 2012; Khuong-
Quang et al. 2012). Balanced function of histone acetyltransferase (HAT) and HMT is disturbed,
and loss of H3K27me3 leads to increased H3K27ac levels (Krug et al. 2019; Piunti et al. 2017).
Interestingly, survival rate of DIPG patients does not significantly correlate with the H3-mutation

status, but with the subtype of mutated H3 (Figure 2B) (Castel et al. 2018; Hoffman et al. 2018).
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Figure 2 | Kaplan-Meier curves represent overall survival rate based on histone H3-status.

(A) Diffuse intrinsic pontine gliomas (DIPG) represent the lowest survival rate among other pediatric high
grade gliomas including glioblastoma (GBM), anaplastic astrocytoma (AA) and rare glial tumors grade Il|
and IV. (B) H3.3K27M-mutation does not change the survival rate for DIPG patients compared to H3-WT
(adapted from Hoffman et al. 2018).

The malignant phenotype of CNS tumors is graded by World Health Organization (WHO) from |
to IV and classified according to histological and molecular criteria under special consideration
of the clinical course (Wang et al. 2013). In 2021, a new edition of the WHO classification was
released with an extension and renaming of the superordinate brain tumor diagnosis of diffuse
midline glioma, H3K27M mutant which had been introduced in 2016 including DIPG. The
renamed diagnosis is now diffuse midline glioma (DMG), H3K27-altered. It is still characterized
by midline location, diffuse growth pattern and molecular changes that result in reduced/lost
H3K27me3, but now comprises 4 subtypes. Besides the previously DMG with H3.3 or H3.1K27M
mutation, there are now two new subtypes either characterized by overexpression of EZH
inhibitory protein (EZHIP) or the presence of epidermal growth factor receptor (EGFR) alteration
in combination with H3K27M mutations or EZHIP overexpression (Gielen et al. 2022). Therefore,
for the purpose of this study DIPG cells which harbor H3.3K27M-mutation and reflect DMG cells
according to the latest WHO classification will be referred to as H3.3K27M-DIPG. Whereas, DIPG
cells with H3K27-wildtype (WT) are herein referred to as H3WT-DIPG.
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1.2 Epigenetic regulatory mechanisms

Epigenetics is the study of heritable changes in gene expression that does not influence changes
in the DNA sequence (Berger 2007). Disruption of epigenetic regulatory mechanisms can cause
malignant changes on cellular level which are usually associated with cancer initiation (Sharma
et al. 2010). Therefore, understanding of epigenetic regulatory mechanisms is essential for

discovering new therapeutic options for cancer patients.

Chromatin is formed by nucleosomes consisting of two super-helical turns of DNA, wrapped
around an octamer consisting of two molecules each of the four core histone (H) proteins: H2A,
H2B, H3 and H4 (Luger et al. 1997). In order to be able to change accessibility of DNA to
regulatory proteins, chromatin is folded into higher level structures. Epigenetic modifications at
the N-terminal residues of histone tails thereby define accessibility of DNA to transcription

factors.

Histone modifications, DNA methylation and non-coding RNAs are three crucial epigenetic
mechanisms that modify chromatin structure and accessibility, therefore regulating gene

expression without affecting DNA sequence (Sharma et al. 2010).

1.2.1 Epigenetic gene regulation by histone modifications

Characterization of histone modifications and their functions has highlighted potential
mechanisms of altered epigenetic regulation in brain cancer (Kundaje 2015). These specific
epigenetic modifications are mediated by so called epigenetic writers, readers and erasers

(Figure 3) (Boland et al. 2014).

H3K27ac is associated with transcriptional activation (Bedford et al. 2010; Zheng et al. 2004),
whereas H3K27me3 leads to repression of gene transcription (Hashizume 2017). HAT such as
CREB-binding protein (CBP/p300) and HMT such as EZH2 act as epigenetic writers and catalyze

acetylation and trimethylation at H3K27, respectively (Zheng et al. 2004).

Histone deacetylases (HDAC) and lysine demethylases (KDM) are epigenetic erasers which
remove the respective histone marks (Hashizume 2017; Wang et al. 2009; Caslini et al. 2019;

Kania et al. 2022).

Additionally, epigenetic readers such as bromodomain and extra-terminal domain (BET)
proteins, as well as CBP/p300 and chromobox (CBX) proteins, recognize acetylation and
trimethylation groups, respectively, and mediate transcriptional activation or repression

(Filippakopoulos and Knapp 2014; Hashizume 2017).
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H3K27me3 confers to ubiquitination of lysine 119 at histone H2A (H2AK119ub), which is thought
to have tumor-suppressor function (Lecona et al. 2015), and is catalyzed by ring finger protein 1
(Ringl) as a part of the polycomb repressive complex 1 (PRC1), while ubiquitination is removed

by deubiquitinases (DUB) (Li and Reverter 2021).

While histone acetylation is primarily associated with transcriptional activation, trimethylation
can be an activating or repressive mark. Trimethylation of lysine 4 at histone H3 (H3K4me3) is
associated with transcriptionally active chromatin (Beacon et al. 2021; Facompre et al. 2017). In
contrast, trimethylation of lysine 9 at histone H3 (H3K9me3) is linked to closed chromatin state

and repression of transcription (Ren et al. 2020).

Acetylation of H4 (H4ac) and lysine 16 at histone H4 (H4Kl6ac) are associated with

transcriptional activation (Taylor et al. 2013; Dhar et al. 2017).
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Figure 3 | Schematic representation of epigenetic gene regulation network.

(A) Heterochromatin state: writers such as EZH2 mediate H3K27me3 which can be read by CBX proteins.
Ring1 ubiquitinates H2AK119ub. HDAC are responsible for removing acetylation marks from the histones.
(B) Euchromatin state: epigenetic writer CBP/p300 mediates H3K27ac and readers, such as BET proteins,
recognize acetylated residues. KDM and DUB remove H3K27me3 and H2AK119ub marks, respectively
(adapted from Wiese et al. unpublished); (abbreviations explained in the text).

It has been shown that some histone marks are likely to occur in combination while others are
mutually exclusive having different effect on gene expression. These observations suggest a
crosstalk between different histone marks and emphasize complexity of epigenetic gene

regulation (Zhang et al. 2015).

1.2.2 Epigenetic gene regulation by DNA methylation and non-coding RNAs

Apart from histone modifications, DNA methylation appears to play an important role in gene
regulation. Gene silencing is established by methylation of cytosine residues in CpG islands of
promotor regions (Sharma et al. 2010; Zheng et al. 2021). As a result, methylation prevents
binding of transcription factors to their target sites and represses gene activation (Watt and
Molloy 1988). This observation also suggests that different epigenetic mechanisms act together

to determine definite gene expression pattern.

Additionally, non-coding RNAs are also involved in epigenetic gene regulation. Small non-coding
RNAs, for example, silence enzymes which are responsible for DNA methylation and histone
modifications, and subsequently impact epigenetic regulation. Interestingly, long non-coding
RNAs were also shown to direct chromatin remodeling complexes to specific regions in order to

alter DNA methylation and histone modifications (Chen and Xue 2016).

Thus, DNA methylation occurs in parallel with other epigenetic modifications and regulation
mediated by non-coding RNAs, indicating the complexity of epigenetic gene regulation to

determine definite gene expression pattern.

1.3 Epigenetic impact of H3.3K27M-mutation in DIPG cells

H3.3K27M-mutation is a heterozygous point mutation in histone H3 and is found in
approximately 65% of DIPG, resulting in a lysine (K) to methionine (M) substitution (Hoffman et
al. 2018). Presence of this mutation causes an impaired function of polycomb repressive
complex 2 (PRC2) and is responsible for reprogramming the epigenetic landscape (Bender et al.
2013). H3.3K27M-mutation alters function of EZH2 which results in chromatin remodeling and
following changes in gene expression (Figure 4) (Harutyunyan et al. 2019). This interference

leads to global loss of H3K27me3 with focally increased expression of this histone mark, and



INTRODUCTION

global gain of H3K27ac (Schwartzentruber et al. 2012; Khuong-Quang et al. 2012). Dysregulation
of the epigenetic landscape has been described in different types of cancers (Kim and Roberts
2016); for instance EZH2 is found to be overexpressed in many different tumors including adult
high-grade gliomas (Helin and Dhanak 2013; Zhang et al. 2015). Since its increased activity is
associated with poor prognosis, EZH2 is thought to have tumor driving function. Besides
overexpression of EZH2 mutations, loss of function mutations in myeloid neoplasm and T-cell
acute lymphoblastic leukemia were also reported (Ernst et al. 2010; Ntziachristos et al. 2012).
These findings suggest that EZH2 may display both, tumor driver and tumor suppressor functions
in dependence on the respective cell context and might therefore play a dual role in

tumorigenesis (Greer and Shi 2012).
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Figure 4 | H3.3K27M-mutation impacts epigenetic regulatory mechanisms.

Presence of H3.3K27M-mutation impairs function of EZH2, which results in global loss of H3K27me3 with
local gain of the methylation mark. To compensate the epigeneticimbalance, H3K27ac is elevated through
histone acetyltransferases such as CBP/p300. Hyperacetylation potentially results in stronger binding of
BET proteins (adapted from Wiese et al. unpublished); (abbreviations explained in the text).

Despite global hypomethylation, H3K27me3 is preferentially maintained at unmethylated CpG
islands, resulting in inhibition of crucial tumor suppressive genes in H3.3K27M-DIPG (Zheng et
al. 2021). This phenomenon is thought to be due to lower affinity and recruitment of EZH2 to
lysine (K) in comparison to methionine (M) in H3.3K27M-DIPG, not allowing PRC2 complex to
spread (Lewis et al. 2013). In line with these findings, it was shown that residual PRC2 activity
can still be detected in H3.3K27M-DIPG cells, which activity is essential for DIPG cell proliferation
(Mohammad et al. 2017).
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Since histone methylation and acetylation are well-balanced, H3.3K27M-induced
hypomethylation (H3K27me3) inevitably leads to compensatory hyperacetylation of H3
(H3K27ac) (Lewis et al. 2013). Hyperacetylated genes, such as proto-oncogene MYC or cyclin-
dependent kinases, at H3K27 are involved in regulation of cell cycle and other tumor-promoting

mechanisms (Weinberg et al. 2017).

In this regard, Wiese et al. found that H3.3K27M-mutation is associated with enhanced cell
proliferation and stem cell-like characteristics with increased sphere formation ability and

stemness-associated markers compared to H3WT pedHGG (Wiese et al. 2020).

1.4 Function of selected epigenetic writers and readers

Epigenetic modifications represent one of cancer hallmarks and together with genetic changes
are involved in tumor initiation and progression. In consequence, any interference of regular

epigenetic landscape favors notably altered gene expression and tumorigenesis.

H3.3K27M-mutation results in decrease of H3K27me3 and subsequently elevated levels of
H3K27ac (Piunti et al. 2017). Accordingly, acetylation-dependent epigenetic writers and readers

might be crucial for the aggressive tumor phenotype observed in H.3.3K27M-DIPG cells.

1.4.1 Function of cAMP response element binding protein (CREB) binding protein
(CBP/p300)

cAMP response element binding protein (CBP) and its paralog E1A-binding protein (p300) belong
to the family of histone acetyltransferases (HAT) (Wang et al. 2013). They are transcriptional
coactivators and interact with more than 400 different proteins (Bedford et al. 2010). CBP/p300
consist of the bromodomain (BD) which recognizes and interacts with acetylated histones
(reader function) and the acetyltransferase domain that acetylates histones (especially H3K27)
(writer function) (Figure 5) (Xu et al. 2006; Spiegelman and Heinrich 2004; Stauffer et al. 2007).
Essentially, CBP and p300 are considered to possess identical function. They share a high
percentage of sequence identity within their domains (Zeng et al. 2008; Liu et al. 2008).
However, they exhibit much lower homology outside of their domains and have been described

to interact with distinct partners (Dancy and Cole 2015).
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Transactivation Acetyltransferase Transactivation
domain domain domain
RID CH1 KIX BD CH2 CH3 SID Qp

cr ITHH I N 1 K
psoo [ N Il N 1 N

Figure 5 | Schematic representation of CBP and p300 domains and homologous regions.
Receptor-interacting domain (RID); cysteine and histidine-rich regions 1-3 (CH1-3); binding site of CREB
(KIX); bromodomain (BD); steroid receptor co-activator-1 interaction domain (SID); glutamine- and
proline-rich domain (QP) (adapted from Karamouzis et al. 2007).

CBP/p300 regulate many different biological processes in the cell. They are thought to act as a
“bridge” between different transcription factors and basal transcriptional machinery (BTM)
components (Goodman and Smolik 2000). CBP/p300 were reported to function as scaffold
proteins in formation of transcriptional complexes, including assembly of B-interferon gene
promoter (Merika et al. 1998). CBP/p300-HAT activity is also responsible for acetylation of some
transcription factors (such as p53 or p73), therefore modulating the function of key
transcriptional regulators (Wang et al. 2013). Furthermore, CBP/p300 bind additional acetyl-
transferase factors and recruit other epigenetic key players, such as histone methyltransferases

(HMT) (Vandel and Trouche 2001; Ogryzko et al. 1998).

CBP and p300, just like other proteins that control cell growth, are also regulated by
phosphorylation. It was shown that p300 is negatively regulated by cyclin E/CDK2, a checkpoint
kinase that regulates G1/S cell cycle transition (Perkins et al. 1997). Previous studies reported
that function of CBP could be regulated by calcium/calmodulin (CaM)-dependent protein kinase
IV (CaMK4) (Chawla et al. 1998; Hardingham et al. 1999). Moreover, other study has shown that
phosphorylation of CBP is carried out by mitogen-activated protein kinase (MAPK), which
regulates cell proliferation, cell cycle and apoptosis (Janknecht and Nordheim 1996; Pearson et

al. 2001).

CBP and p300 were also reported to have an essential function in several developmental
processes (Chrivia et al. 1993; Yao et al. 1998; Ramos et al. 2010; Kasper et al. 2014; Fang et al.
2014). Several investigations demonstrated that mice carrying CBP and p300 mutations showed
deficiency in learning and memory (Tanaka et al. 1997; Oike et al. 1999) although no association
of CBP/p300 with synaptic functions have been shown yet in human. However, studies in
Xenopus model revealed a particular function of CBP/p300 in neural determination, suggesting
an important role in suppressing neural fate (Ilzumi et al. 2003). Moreover, p300, but not CBP,
was also reported to play a role in myogenesis especially of skeletal muscles, thereby being
involved in myoblast determination protein 1 (myo-D) signaling (Fauquier et al. 2018; Eckner et
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al. 1996; Sartorelli et al. 1997). Another study reported involvement of p300 in very early B

lymphopoiesis, however, both, CBP and p300, seem to control mature B cells (Xu et al. 2006).

Despite clear differences between function of CBP and p300, their individual roles in establishing

functional chromatin state at a genome-wide level have not been yet addressed.

1.4.1.1 Function of CBP/p300 in cancer

Since protein acetylation is linked to tumorigenesis (Zheng et al. 2004), CBP and p300 certainly
play a crucial role in cancer. Dysregulation of the transcriptional and epigenetic functions of
CBP/p300 is commonly associated with different types of cancer, such as colon, ovarian or lung

cancer (lonov et al. 2004; Ward et al. 2005; Ansari et al. 2023).

CBP and p300 seem to contribute to the opposite cellular processes, participating in many
tumor-suppressor pathways and at the same time are important for the function of many

oncogenes (Goodman and Smolik 2000).

Function of CBP and p300 in reduction of cell proliferation seems to be mediated via interaction
with tumor suppressor p53, which contributes to transcriptional activation of mouse double
minute 2 homolog (MDM2), cyclin-dependent kinase inhibitor 1 (p21) and Bcl-2-associated X
protein (BAX) promoters (Avantaggiati et al. 1997; Gu et al. 1997; Lill et al. 1997). p53-CBP/p300
interaction was also shown to be involved in p53 transcriptional activation and in p53-mediated
apoptosis (Shikama et al. 1999; Grossman et al. 1998). CBP/p300 also interacts with a variety of
other tumor suppressors, such as breast cancer type 1 susceptibility protein (BRCA-1) (Pao et al.

2000).

CBP was reported to be the mediator of many oncogenes, such as activator protein 1 (AP-1)
which controls cell proliferation and apoptosis (Ramos et al. 2010; Ameyar et al. 2003). Although
mechanism of this interaction is still poorly understood, relation between CBP and another
proto-oncogene, c-myb, has been explored in more details. This interaction leads to activation
of c-myb and CBP target genes, such as mitochondrial import protein (MIM-1) (Oelgeschlaeger
et al. 1996). Interestingly, c-myb has been shown to have an antagonistic function to (GATA
Binding Protein 1) GATA-1, which also interacts with CBP, and block erythroid differentiation
(Takahashi et al. 2000). Additionally, it has been reported that CBP/p300 elevate E2F
transcription factor 1 (E2F1)-mediated transcriptional activation which is involved in cell cycle

regulation (Trouche et al. 1996).

Overall, the capacity of CBP and p300 to bind several transcriptional regulators are mediated by

different mechanisms, contributing to transcriptional specificity.
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1.4.1.2 Targeting CBP/p300 using small molecules in cancer

As CBP and p300 are crucial for cell maintenance and play a major role in tumorigenesis (Wang
et al. 2013; Pastori et al. 2014), small molecules that selectively bind to certain domains of these
proteins, subsequently blocking their function, have been developed. Several studies have

already tried to investigate the effect of inhibiting CBP/p300 in different carcinomas.

C646 and A-485 are two novel histone acetyltransferase inhibitors of CBP/p300. Inhibition of
histone acetylation as well as cell proliferation by C646 suggests its suitability for anticancer
treatment (Bowers et al. 2010). Treatment with C646 led to cell cycle arrest in pancreatic cancer
(Ono et al. 2021) and in acute myeloid leukemia (Gao et al. 2013). It also sensitized lung cancer
cells to radiotherapy (Oike et al. 2014). A-485 was shown to increase cell death and inhibit long-
term cell proliferation in non-small-cell lung carcinoma (Zhang et al. 2020). It also displayed
antitumor effects in growth hormone pituitary adenoma (Ji et al. 2022). Another study showed
that A-485 treatment of small lung cancer promoted tumor growth arrest via autophagy (Ansari

et al. 2023).

Inhibition of BD function of CBP/p300 by CBP112 impaired aberrant self-renewal of leukemic
cells and increased cytotoxic activity of BET inhibitor, JQ1 (Picaud et al. 2015), providing new
opportunity for combinatory treatment in tumor studies. CBP112 also sensitized cells to
chemotherapy in various types of cancer (Strachowska et al. 2021). Another study demonstrated
that the combination of CBP112 and HAT inhibitor, A-485, led to synergistic inhibition of prostate
cancer cell proliferation (Zucconi et al. 2019). Clinical trials in prostate cancer showed that
inhibition of CBP/p300 BD as a single treatment or in combination with BET proteins inhibitors
could have beneficial effects (Welti et al. 2021; Yan et al. 2019). Furthermore, it was shown that
inhibition of BD by GNE-049 and HAT by A-485 of CBP/p300 effectively blocked estrogen
receptor function and consequently inhibited cell proliferation in luminal breast cancer (Waddel

et al. 2021).

CBP30, which also inhibits BD of CBP/p300, has already been studied as anticancer agent,
thereby showing significantly less side effects compared to other epigenetic inhibitors currently
used in clinical trials (Hammitzsch et al. 2015). Treatment with CBP30 reduced MYC expression

and cell proliferation in prostate cancer (Garcia-Carpizo et al. 2018).

Wiese et al. showed that treatment with Wnt/R-catenin inhibitor (ICG-001) led to antitumor
effects in pedHGG (Wiese et al. 2017; Wiese et al. 2020). Additionally, ICG-001 was reported to

suppress cell proliferation and reduce chemoresistance in gastric cancer (Liu et al. 2017), and to
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induce apoptosis in colon cancer (Emami et al. 2004). Treatment with ICG-001 also showed
strong antiproliferative effect, leading to cell cycle arrest and programmed cell death in uveal
melanoma (Kaochar et al. 2018). Surprisingly, in osteosarcoma it was revealed that, although
ICG-001 inhibited cell proliferation in vitro, in vivo it had a pro-migratory effect (Danieau et al.

2021).

Since most of the clinical investigations of small molecules inhibiting CBP/p300 stop at | or Il
phase of clinical trials due to their severe side effects or lack of tumor repression, there is an

urgent need for different therapeutic approaches.

1.4.2 Function of bromodomain and extra-terminal domain (BET) proteins

Proteins of the bromodomain and extra-terminal domain (BET) family include four
bromodomain-containing (BRD) members: BRD2, BRD3, BRD4 and BRDT, and contain two N-
terminal acetyl-lysine (Kac) binding bromodomains (BD1 and BD2) followed by an ET domain
(Zaware and Zhou 2019). BRD4, but not BRD2 or BRD3, possesses an additional carboxyterminal
domain (CTD) (Figure 6). The most important function of BET proteins is regulation of gene
transcription, including recruitment and regulation of different transcription factors which can
either increase partners binding or lead to their degradation (Cheung et al. 2021). Moreover,
BET proteins were also reported to interact with chromatin remodeling proteins such as nuclear
receptor binding SET domain protein 3 (NSD3) or jumonji domain containing 6, arginine
demethylase and lysine hydroxylase (JMJD6) through their ET domain (Rahman et al. 2011),
thereby actively organizing chromatin structure for gene transcription (Hsu et al. 2017). Apart
from controlling transcription, BET proteins have a crucial function in DNA double-strand break

(DSB) repair during S phase (Barrows et al. 2022).

Although BET proteins share similar functional domains (Figure 6), they display non-redundant
functions, emphasizing the importance to understand distinct and overlapping functions of BET

proteins (Cheung et al. 2007).

BD1 BD2 ET

803 [l | T
CTD
BRD4 | || | | B

Figure 6 | Schematic representation of domain organization of BET proteins.
Bromodomains (BD1 and BD2); extra-terminal domain (ET); carboxyterminal domain (CTD) (adapted from
Hajmirza et al. 2018).
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BRD2 plays a main role in chromatin organization. It has been shown that BRD2, but not BRD4,
is recruited by chromatin architectural/insulator protein (CTCF), suggesting function of BRD2 in
boundary activities (Hsu et al. 2017). Furthermore, BRD2 is known to recruit E2F-1 and E2F-2
transcription factors mediating transcription in hyperacetylated chromatin (Denis et al. 2006;
LeRoy et al. 2008). BRD2 promotes variety of cell cycle regulators, such as cyclin A or cyclin E
(Sinha et al. 2005). BRD2 and BRD4 are reported to share similar functions. They were shown to
promote DNA repair, replication and regulation of replication stress response signaling (Li et al.
2018; Sansam et al. 2018). Moreover, in mouse embryonic stem cells (mESC), BRD2 and BRD4
were demonstrated to control pluripotency, recruiting GLTSCR1/like-containing BAF complex-
glioma tumor suppressor candidate region gene 1 (GBAF-GLTSCR1) to form BAF complex
(Gatchalian et al. 2018).

Generally, BRD3 is thought to have mostly overlapping cellular functions with BRD2 (Stonestrom
et al. 2015). Nevertheless some studies showed more distinct function of BRD3, for instance in
nucleosome remodeling in the context of transcription (LeRoy et al. 2008) or its interactions with
RNA molecules (Daneshvar et al. 2020). BRD3 was also reported to bind to several chromatin
remodeling complexes, such as nucleosome remodeling deacetylase (NuRD) or BRG1/BRM-
associated factor (BAF) complexes (Wai et al. 2018) and transcription factors, such as erythroid
transcription factor (GATA1), facilitating stable connection with chromatin (Lamonica et al.

2011; Stonestrom et al. 2015).

BRD4 is probably the most studied member of BET proteins family. Elongation of transcription
is coupled with splicing and genome stability, therefore BRD4 regulates alternative splicing by
mediating interactions with heat shock factor 1 (HSF1) (Hussong et al. 2017). Recently it has
been shown that interactions of BRD4 with RNA/DNA may have a crucial function in BRD4
chromatin binding (Miller et al. 2016; Rahnamoun et al. 2018). Furthermore, it was also
demonstrated that BRD4 is able to recognize a combination of histone marks, such as
phosphorylation and acetylation, and not just a single mark (Filippakopoulos et al. 2012). BRD4
is known to interact with a variety of transcription factors either enhancing binding partner
stability, for example in prostate cancer where p300 acetylates JMJD1A at K421 that recruits
BRD4 to block JIMJD1A from degradation (Xu et al. 2020), or inducing degradation, for instance
c-myc phosphorylation by BRD4 which leads to its degradation (Devaiah et al. 2020). It was also
reported that BRD4 forms a complex with CBP/p300 through its bromodomain which results in

elevation of HAT activity, and thus, modifies chromatin structure (Wu et al. 2018).
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1.4.2.1 Function of BET proteins in cancer

BET proteins, especially BRD4, were implicated in cancer. BRD3 and BRD4 gene translocations
were shown to cause aggressive human squamous carcinoma (Lee et al. 2017). Moreover,
elevated expression of BRD4 was reported in a variety of cancers, leading to dysregulation of of
tumor-promoting genes expression (Delmore et al. 2011; Mertz et al. 2011). BRD4 was also
shown to form a complex with positive transcription elongation factor b (P-TEFb) which results
in a P-TEF-b-dependent stimulation of RNA polymerase Il (Jang et al. 2005). This interaction
demonstrates translation from H3K27ac mark to active transcription which is required for the
expression of tumor driving oncogenes (such as c-myc) (Da Costa et al. 2013) and its aberration
commonly appears in midline carcinomas (French 2010). Additionally, many studies suggested
that overexpression of BRD4 observed in many types of cancer is likely due to enhanced
transcription and translation (Bhattacharyya et al. 2017; Tonouchi et al. 2018; Shi et al. 2019;
Choe et al. 2018). Since it was shown that phosphorylation of BRD4 is often linked to its
upregulated oncogenic function (Wang et al. 2017; Wu et al. 2013), new therapeutic strategies

targeting BRD4 phosphorylation may be beneficial.

Potential role of BRD2 was also implicated in cancer (Belkina and Denis 2012). BRD2 was shown
to regulate transcription of cyclin D1 (CCND1) (Cheung et al. 2017) which overexpression
correlates with early cancer onset and tumor progression (Diehl 2002) and may lead to increased
chemotherapeutic resistance as well as protection from apoptosis (Shintani et al. 2002).
Whereas BRD3 was shown to play a prominent role in repression of tumor cell differentiation

(Roberts et al. 2017).

1.4.2.2 Targeting BET proteins using small molecules in cancer

Pharmacological inhibition of BET proteins has emerged as a new therapeutic strategy targeting
transcriptional expression of c-myc-dependent target genes. The best known BD inhibitor, JQ1,
inhibits BET proteins interaction with acetylated histones (Filippakopoulos et al. 2010). In vivo
efficacy of JQl in inhibition of cancer cell growth was proven in several different types of cancers
including multiple myeloma (Delmore et al. 2011), acute myeloid leukemia (AML) (Zuber et al.
2011), breast cancer (Shu et al. 2016), pedHGG (Wiese et al. 2020) and melanoma (Fontanals-
Cirera etal. 2017).

Another BET proteins inhibitor, OTX-015, has been shown to reduce cell growth, promote cell
cycle arrest and apoptosis, reducing c-myc expression in diffuse large B-cell ymphoma (DLBCL)

cells (Boi et al. 2015). Moreover, OTX-015 was reported to be able to penetrate the blood-brain-
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barrier (Berthon et al. 2016). However, in phase | of clinical trials in lymphoma and multiple

myeloma, OTX-015 failed to display any significant antitumor activity (Amorim et al. 2016).

TEN-010, structurally similar to JQ1, is currently being explored in clinical trials in solid tumors.
Preliminary data revealed disease progression upon treatment with TEN-010 (Shapiro et al.
2015). GSK525762 is another BET proteins inhibitor being investigated in hematologic
malignancies. Preliminary data showed many adverse effects including thrombocytopenia,

anemia, and fatigue (O'Dwyer et al. 2016).

Since none of the reported BET proteins inhibitors showed effectiveness in clinical trials,
combinatory therapy approach or advances in the development of next-generation compounds

might be necessary to overcome the resistance that could develop to BET proteins inhibition.
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2 Aim of study

Diffuse intrinsic pontine gliomas (DIPG) represent the pediatric tumor type with the worst
prognosis. Many attempts to change the fatal clinical situations have failed, neither DIPG-
specific nor novel treatment approaches could be established. Thus, standard treatment options
still resemble those used in adult glioblastoma patients with radiotherapy and temozolomide
chemotherapy. Up to 85% of DIPG carry a heterozygous point mutation resulting in lysine to
methionine substitution (H3K27M) either in histone 3.3 (encoded by H3F3A) or less frequently
in histone 3.1 (encoded by HISTIH3B/C) which both result in hyperacetylation and
hypotrimethylation at H3K27. Since H3K27 hyperacetylation obviously appears to represent a
kind of a hallmark of H3.3K27M DIPG, it may be hypothesized that epigenetic writers such as
H3K27 histone acetyltransferase cAMP response element binding protein (CREB) binding protein
(CBP/p300) and epigenetic readers recognizing acetylated histones such as bromodomain and
extra-terminal domain (BET) proteins (and also CBP/p300) may play a more significant role in
H3.3K27M-DIPG when compared to H3WT-DIPG cells. Thus, the present project aimed to
identify H3.3K27M-mutation-associated epigenetic and tumor-biological effects in H3.3K27M-

mutated DIPG cells and to investigate how CBP/p300 and BET proteins may be involved.

To be able to identify distinct epigenetic and tumor-biological effects in DIPG cells associated
with H3.3K27M-mutation, isogenic CRISPR/Cas cell lines were generated by introducing
H3.3K27M-mutation into originally H3-wildtype DIPG cells (VUMC-DIPG-010) and by removing
H3.3K27M-mutation from originally H3.3K27M-mutated DIPG cell line (HSJD-DIPG-012). Thus,
each resulting pair of DIPG cell lines differed only in the H3-mutation status, but otherwise had
the same cellular and genetic background. Isogenic DIPG cell lines pairs were analyzed with

regard to their tumor phenotype characteristics, nucleosome and transcriptome.

In order to investigate potential functions of CBP/p300 and BET proteins in dependence on H3-
mutation status in isogenic DIPG cells, small molecules were employed inhibiting distinct
functions of their respective targets: CBP30 and OTX-015 inhibiting reader functions of
CBP/p300 and BET proteins, respectively, and A-485 inhibiting histone acetyltransferase writer
activity of CBP/p300. To dissect the role of CBP and p300 and different BET proteins members,
siRNA was used to specifically knock down the respective proteins of interest. After inhibition
and knockdown of CBP, p300 and BET proteins in isogenic DIPG cells with different H3-mutation
status, functions of the proteins of interest were investigated regarding tumor biology as well

as H3K27ac-associated gene regulatory processes.
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In summary, the present project aimed to determine H3.3K27M-dependent tumor-biological
effects and the particular function of CBP/p300 and BET proteins in isogenic H3.3K27M-DIPG
and H3WT-DIPG cell lines.
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3 Materials and Methods

3.1 Materials

3.1.1 Cell lines, culture media and inhibitors

For CRISPR/Cas9 transfection, two different patients-derived cell lines were used (Table 1).
VUMC-DIPG-010 was kindly provided by Dr Esther Hulleman (VU University Medical Center,
Amsterdam, the Netherlands) and HSJD-DIPG-012 by Dr Angel Montero Carcaboso (Sant Joan

de Deu Hospital, Barcelona, Spain).

Table 1| Cell lines used in the present study

Cell line H3-status Origin

VUMC-DIPG-010  H3WT VU University Medical Center Amsterdam, the Netherlands

HSJD-DIPG-012 H3.3K27M Hospital Sant Joan de Deu, Barcelona, Spain

Isogenic cell lines used for further experiments can be found in Table 2.

Table 2 |Isogenic cell lines used in the present study

Original cell line Isogenic cell line H3-status Clone number
H3WT #1, #2, #3
VUMC-DIPG-010 isoDIPG-010
H3.3K27M #1, #2, #3
H3WT #1, #2, #3
HSJD-DIPG-012 isoDIPG-012
H3.3K27M #1, #2, #3

Cells were cultured under spheroid conditions in TSM work. Composition of media can be found

in Table 3.
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Table 3 | Media used for cell culture in the present study

Medium Composition

TSM base 1:1 Neurobasal®-A Medium: DMEM/F-12, 1% HEPES buffer, 1mM Sodium
pyruvate, 1x MEM NEAA, 1x GlutaMAX, 1% Penicillin-Streptomycin

TSM diff TSM base, 10% FCS
TSM base, 0.5X B27° Supplement, 20 ng/mL EGF, 20 ng/mL FGF,

TSM work

10 ng/mL PDGF-AA, 10 ng/mL PDGF-BB, 2 pg/mL Heparin

Ingredients used for supplementing media are listed in Table 4.

Table 4| Supplements used for cell culture in the present study

Additional supplements

Manufacturer

Place of origin

B27 Supplement (50x)
DMEM/F-12 (1:1) (1x)
Fetal calf serum (FCS)
GlutaMAX™-| (100x)

Heparin sodium salt from porcine
intestinal mucosa

HEPES Buffer (1x)

MEM NEAA (100x) Minimum Essential
Medium Non-Essential Amino Acids

Neurobasal R-A Medium (1x)
OptiMEM” |

PDGF-AA

PDGF-BB
Penicillin-streptomycin
Recombinant human EGF
Recombinant human FGF

Sodium Pyruvate 100mM (100x)

Gibco® by life technologies™
Gibco® by life technologies™
Biochrom

Gibco® by life technologies™
Sigma-Aldrich

Gibco® by life technologies™
Gibco® by life technologies™

Gibco® by life technologies™
Gibco® by life technologies™
PeproTech
PeproTech
Gibco® by life technologies™
PeproTech
PeproTech

Gibco® by life technologies™

Waltham, USA
Waltham, USA
Cambridge, UK
Waltham, USA

St. Louis, USA

Waltham, USA

Waltham, USA

Waltham, USA
Waltham, USA
Waltham, USA
Waltham, USA
Waltham, USA
Waltham, USA
Waltham, USA

Waltham, USA

Inhibitors with their working concentrations used for this study are presented in the Table 5

below.
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Table 5 | Inhibitors used in the present study

MATERIALS AND METHODS

Inhibitor Working concentration = Manufacturer Place of origin
A-485 50 nM Tocris Bristol, UK
BAY-876 500 nM Selleckchem Houston, USA
Birabresib (OTX-015) 50 nM Selleckchem Houston, USA
C646 - Selleckchem Houston, USA
CBP112 - Selleckchem Houston, USA
CBP30 1uM Selleckchem Houston, USA
1CG-001 ) MedChemExpress Monmouth
Junction, USA
ISOX-DUAL - Tocris Bristol, UK
Jjal - Tocris Bristol, UK
MS346 - LKT Labs St. Paul, USA
Tazemetostat (EPZ-6438) 3 uM Selleckchem Houston, USA
Temozolomide (TMZ) 10 uM or 100 uM Selleckchem Houston, USA

3.1.2 In vivo model

In order to perform chorioallantoic membrane (CAM) assay, specific pathogen free (SPF) chicken
eggs were used, which had been obtained from VALO BioMedia, Osterholz-Scharmbeck. Eggs
used for CAM are specific pathogen free from flocks that have been confirmed to be free of

specific disease pathogens.
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3.1.3 Instruments

Instruments used in the present study are listed in Table 6.

Table 6| Instruments used in the present study

Instrument

Manufacturer

Place of origin

7900HT Fast Real-Time PCR System

Blotting system

Cell culture incubator

Cell culture sterile bench

Cell culture centrifuge
ChemoCam Imager
Electrophoresis power supply

Electrophoresis system for agarose
gels

Freezer (-20 °C)

Freezer (-80 °C)

Fridge (+4 °C)

Gel documentation

Genetic Analyzer 3500

Heating block — Thermostat plus

Ice machine EF103

Incubator

Incubator 8204 BSS 300 MP GTFS

Infinite F50 absorbance plate reader

Lamp KLI500

Applied Biosystems
Biometra

Heraeus, Thermo
Scientific

Labotect, The Baker
Company inc.

Eppendorf
Intas

Peqlab

Peqlab

Bosch

PHCbi

Liebherr

Intas

Thermo Scientific
Eppendorf

Scotsman

Rostfrei

ProCon & Grumbach
automatic systems
GmbH & Co.KG

Tecan

Leica Microsystems
GmbH

Waltham, USA
Gottingen, Germany

Waltham, USA

Rosdorf, Germany

Hamburg, Germany
Gottingen, Germany
Erlangen, Germany

Erlangen, Germany

Gerlingen, Germany

Etten-Leur, the
Netherlands

Moringen, Germany
Gottingen, Germany
Waltham, USA
Hamburg, Germany
Vernon Hills, USA

Netphen-Deuz,
Germany

Micke, Germany

Wiesbaden, Germany

NufRlloch, Germany
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LSRII FACS instrument

Luminescent image analyzer LAS-4000

mini
Microcentrifuge

Micropipettes (1, 2, 10, 20, 100, 200,
1000 pl)

Microscope

Microtome RM2165

Microwave oven

Mini-PROTEAN Tetra Cell
electrophoresis system

Multipette

Neubauer cell counting chamber
Paraffin Embedding Station EC 350

Paraffin Stretching Bath GFL 1052
Power supplier EV231

Printer

Pump VDEO530

Rotator

RS 225 X-Ray Research System

Shaker MTS4

Shaker for bacteria
Sonifier

Spectrophotometer NanoDrop® ND-
1000

SynergyMx microplate reader

Thermocycler

Thermomixer 5436

Becton Dickinson

Fujifilm

Eppendorf

Eppendorf

Zeiss

Leica Microsystems
GmbH

Brother

BioRad

Eppendorf
Brand

Thomas Medical
Systems

GFL Lab Unlimited
Peqlab

Mitsubishi

Adam.Baumiller GmbH

GLW

Gulmay Medical
Systems

W.Krannich
GmbH+Co0.KG

Sartorius

Dr. Hielscher GmbH

Thermo Scientific

BioTek”®

Biometra®

Eppendorf

MATERIALS AND METHODS

Heilderberg,
Germany

Disseldorf, Germany

Hamburg, Germany

Hamburg, Germany

Oberkochen,
Germany

NufRlloch, Germany

Berlin, Germany

Feldkirchen,
Germany

Hamburg, Germany
Wertheim, Germany

Mitterhofen, Austria

Dublin, Ireland
Erlangen, Germany
Berlin, Germany
Helmstedt, Germany
Petersberg, Germany

Camberley, UK

Gottingen, Germany

Gottingen, Germany
Teltow, Germany

Waltham, USA

Bad Friedrichshall,
Germany

Gottingen, Germany
Hamburg, Germany
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Transferpette-8 (1-20 pl) BRAND Wertheim, Germany
W.Krannich Gottingen, Germany
Vortex
GmbH+Co.KG
W.Krannich Gottingen, Germany
Water bath GFL 1003
GmbH+Co.KG
Water purification system Sartorius Gottingen, Germany

Consumables used in this study are presented in Table 7.

Table 7| Consumables used in the present study

Consumable Manufacturer Place of origin
Boyden chamber Merck Darmstadt, Germany
Cryovials Nunc Waltham, USA

Cell scraper Sarstedt Niimbrecht, Germany
Combitips Eppendorf Hamburg, Germany
Cuvettes Roth Karlsruhe, Germany
Falcon tubes (15 mL) Sarstedt Niimbrecht, Germany
Falcon tubes (50 mL) Sarstedt Niimbrecht, Germany
Filters for solutions (0.2 um and 0.45 um) Sartorius Gottingen, Germany
Flasks for cell culture (75 cm? and 175 cm?)  Sarstedt Niimbrecht, Germany
Gloves (nitrile) LABSOLUTE Renningen, Germany

Low Protein Binding Collection Tubes (1.5 Waltham, USA

Thermo Scientific
mL)

Microscope slides Epredia Waltham, USA

Microplates (384-well) Greiner-bio-one Kremsminster, Austria

Nunclon Delta Surface cell culture plates Waltham, USA

(6-well, 12-well and 96-well)

Thermo Scientific

) Pechiney Plastic Akron, USA
Parafilm

Packaging
Pasteur pipettes Brand Wertheim, Germany
PCR tubes (0.2 mL) Sarstedt Niimbrecht, Germany
Petri dishes Falcon Falkensee, Germany

Pipette filter tips (10, 100, 200, 1000 pL) Starlab Hamburg, Germany
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Pipette tips (10, 200, 1000 pL)
Pipettes (5, 10 and 25 ml)

PVDF membrane (pore size 0.45 um)
Reaction tubes (1.5 mL and 2 mL)

Scalpels

Tissue cassettes M491-4

Whatman paper

Sarstedt
Sarstedt
Merck

Sarstedt

Technic cut

Simport

Sartorius

MATERIALS AND METHODS

Nimbrecht, Germany
Nimbrecht, Germany
Darmstadt, Germany
Nimbrecht, Germany
Berlin, Germany

Saint-Mathieu-de-
Beloeil, Canada

Gottingen, Germany

3.1.4 Basic chemicals, reagents and solutions

Basic chemicals and reagents used for this study are listed in Table 8.

Table 8| Chemicals and reagents used in the present study

Chemical/Reagent

Manufacturer

Place of origin

6x DNA Loading Dye

10x DNase | Buffer
B-Mercaptoethanol

Acetic acid

Acetic acid glacial

Agarose

Albumin bovine Fraction V (BSA)
Albumin Standard

Ammonium persulfate (APS)
Ampicillin

A-Sepharose

Bacto tryptone

Bacto Yeast extract

BC Assay Reagent A

BC Assay Reagent B

BlueStar Prestained Protein Marker

BrdU (Bromdesoxyuridin)

Thermo Scientific
Ambion®
Sigma-Aldrich
Merck

Merck

Canvax

Serva

Thermo Scientific
Roth

Roth

Invitrogen
Becton Dickinson
Becton Dickinson
Interchim
Interchim
Genetics

Roche

Waltham, USA
Kaufungen, Germany
St. Louis, USA
Darmstadt, Germany
Darmstadt, Germany
Valladolid, Spain
Halle, Germany
Waltham, USA
Karlsruhe, Germany
Karlsruhe, Germany
Waltham, USA
Kelberg, Germany
Kelberg, Germany
Mannheim, Germany
Mannheim, Germany
Waltham, USA

Basel, Switzerland
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Bromphenolblue

Calcium chloride (CaCl,)
Collagen

Coomassie Brilliant Blue
Crystal violet solution

DAB Chromogen

DAB Substrate Buffer

DEPC (diethyl pyrocarbonate)
Dimethyl sulfoxide (DMSO)
DirectPCR Lysis Reagent (Cell)
dNTP mix

Eosin

Ethanol

Ethidium bromide

Ethylenediaminetetraacetic acid (EDTA)

Formaldehyde solution min. 37%

Formamid

Formic acid 98-100%
Glycerin

Glycerol

Glycin

Glycoblue

Goat Serum
G-Sepharose

Hematoxylin

Hydrochloric acid (HCI) fuming 37%

Immu-Mount
Isopropanol

L-glutamine

Lipofectamine RNAIMAX

Sigma-Aldrich
Sigma

Sigma

BioRad
Sigma-Aldrich
Zytomed
Zytomed

Roth

Roth

Viagen

Thermo Scientific
Roth

Roth

Roth
Sigma-Aldrich
Merck

Merck
AppliChem
Merck

Sigma

Roth

Thermo Scientific
Merck

GE Healthcare
Merck

Roth
ThermoScientific
Roth

Invitrogen

Thermo Fischer
Scientific

MATERIALS AND METHODS

St. Louis, USA

St. Louis, USA

St. Louis, USA
Hercules, USA

St. Louis, USA

Berlin, Germany
Berlin, Germany
Karlsruhe, Germany
Karlsruhe, Germany
Hilden, Germany
Waltham, USA
Karlsruhe, Germany
Karlsruhe, Germany
Karlsruhe, Germany
St. Louis, USA
Darmstadt, Germany
Darmstadt, Germany
Darmstadt, Germany
Darmstadt, Germany
St. Louis, USA
Karlsruhe, Germany
Waltham, USA
Darmstadt, Germany
Chicago, USA
Darmstadt, Germany
Karlsruhe, Germany
Waltham, USA
Karlsruhe, Germany
Waltham, USA

Waltham, USA
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Luminol Sigma-Aldrich St. Louis, USA
Magnesium chloride (MgCl,) Roth Karlsruhe, Germany
Matrigel® Matrix Corning Wiesbaden, Germany
Methanol Chemsolute Renningen, Germany
N,N,N’,N’-Tetramethylethylenediamine Roth Karlsruhe, Germany
(TEMED)

Nonidet-P40 (NP40) Fluka Buchs, Switherland
Paraformaldehyde (PFA) Merck Darmstadt, Germany
p-coumaric acid Sigma-Aldrich St. Louis, USA
Peroxygen (H.03) Merck Darmstadt, Germany
Phenol/chloroform/isoamylalcohol Roth Karlsruhe, Germany
Phenylmethylsulfonyl fluoride (PMSF) Roth Karlsruhe, Germany
Potassium chloride (KCI) Roth Karlsruhe, Germany
Potassium dihydrogen phosphate (KH2PO,) Roth Karlsruhe, Germany
Powdered milk Roth Karlsruhe, Germany
Propidium iodide Sigma St. Louis, USA
Protease Inhibitor Cocktail Tablets Roche Basel, Switzerland
Protein A - Sepharose™ 4B Invitrogen Waltham, USA
Protein G Sepharose High Performance GE Healthcare Chicago, USA
Quick-Load Purple 1 kb DNA Ladder siz\:\-/air;gland Ipswich, USA

Roti’® - Histokit Roth Karlsruhe, Germany
Rotiphorese® Gel 40 (29:1) Roth Karlsruhe, Germany
SeaKem® LE Agarose Biozym Oldendorf, Germany
Sodium acetate Roth Karlsruhe, Germany
Sodium citrate Roth Karlsruhe, Germany
Sodium chloride (NaCl) Roth Karlsruhe, Germany
Sodium dodecyl sulfate (SDS), ultra pure Roth Karlsruhe, Germany
di- Sodium hydrogen phosphate (Na;HPQ,) Roth Karlsruhe, Germany
sparQ PureMag Beads Quantabio Beverly, USA
Thiazolyl Blue tetrazolium bromide (MTT) Alfa Aesar Ward Hill, USA

26



Thymidine
Tris

Triton X-100

Trypan Blue Stain (0.4%)

Tween 20

Xylol

MATERIALS AND METHODS

Roth Karlsruhe, Germany
Roth Karlsruhe, Germany
Sigma St. Louis, USA
Gibco® by life Waltham, USA
technologies™

Sigma-Aldrich St. Louis, USA

Roth Karlsruhe, Germany

Self-made solutions can be found in Table 9.

Table 9| Self-made solutions used in the present study

Name

Composition

10x Crystal violet staining solution

4x Laemmli probe buffer (LPP)

4x separating (LT) buffer (pH 8.8)

4x stacking (UT) buffer (pH 6.8)
Antigen retrieval buffer
Blocking solution

Blotting buffer

Cytoplasmic extract (CE) buffer

Coomassie destaining solution

Coomassie staining solution

Crystal violet staining solution

ECL solution A

ECL solution B

Laemmli running buffer

5% crystal violet solution, 27% formaldehyde (min.
37%), 10% methanol, 10% 10x PBS, 48% H,0

240 mM Tris-HCI (pH 6.8), 40% glycerin, 8% SDS, 20%
B-mercaptoethanol, 0.04% bromphenolblue

1.5 M Tris-HCI (pH 8.8), 0.4% SDS

0.5 M Tris-HCl (pH 6.8), 0.4% SDS

0.01 M sodium citrate, 0.01 M citric acid (pH 6.0)
5% powdered milk/BSA in TBS-T

25 mM Tris, 192 mM glycine, 10% methanol

10 mM HEPES, 60 mM KCI, 1 mM EDTA, 1mM DTT, 1
mM PMSF, 0.075% NP40, 1x Protease Inhibitor (pH
7.6)

40% ethanol, 10% acetic acid glacial

0.2% Coomassie Brilliant Blue, 30% isopropanol, 10%
acetic acid

0.5% crystal violet, 1% formaldehyde, 1% methanol, 1x
PBS

2.5 mM luminol, 0.36 mM p-coumaric acid, 0.1 M Tris-
HCI (pH 8.5)

0.0182% H,0, 0.1 M Tris-HCl (pH 8.5)

25 mM Tris, 192 mM glycin, 0.01% SDS
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LB Medium

MTT solution

MTT lysis buffer

Nuclear extract (NE) buffer

Permeabilization buffer

PBS

TBS-T (pH 7.4)

TE Buffer (pH 8)

MATERIALS AND METHODS

5 g Yeast extract, 10 g NaCl, 10 g Tryptonein 1 L

ddH,0

5 mg/ml MTT in PBS

33% DMSO, 5% formic acid, 62% isopropanol

20 mM Tris Cl, 420 mM NacCl, 1.5 mM MgCl,, 0.2 mM
EDTA, 1 mM PMSF, 25% glycerol, 1x Protease Inhibitor

(pH 8.0)

0.1% Trition in PBS

5.48 mM NacCl, 0.108 mM KCI, 0.08 mM KH,PO4, 0.4

mM Na;HPO,

20 mM Tris-HCI, 150 mM NaCl, 0.1% Tween

10 mM Tris, 0.1 mM EDTA (pH 8)

Commercial kits can be found in Table 10.

Table 10| Commercial kits used in the present study

Kit REF number Manufacturer Place of origin
BigDye® Terminator v1.1 Cycl Applied Waltham, USA
igDye ' errmna orv ycle 4337450 Pp ie altham
Sequencing Kit Biosystems
Blue S'Green gPCR Kit Separate ) Oldendorf,
331416XL B
ROX 1ozym Germany
Cell Proliferation ELISA, BrdU 11 647 229 Roch Basel,
oche .
(colorimetric) 001 Switzerland
Th Fisch Walth USA
CloneJET PCR Cloning Kit K1232 ermo rischer tvaitham,
Scientific
NucleoSpin Gel and PCR Clean- Diren, G
Kit:c eoSpin Gel an ean-up 240609.50 Macherey-Nagel Uren, Germany
ReliaP RNA Cell Mini Madi USA
eliaPrep ell Miniprep 26012 Promega adison,
System
RevertAid First Strand cDNA Thermo Waltham, USA
o K1621 N
Synthesis Kit Scientific
Cell Signali D , USA
SignalFire Elite ECL Reagent 12757S ell Signaiing anvers
Technology
ZR Plasmid Miniprep D4016 Zymo Research  Irvine, USA
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3.1.5 Enzymes and antibodies

The enzymes used in this study are listed in Table 11.

Table 11| Enzymes used in the present study

MATERIALS AND METHODS

Enzyme

Manufacturer

Place of origin

DNA Blunting Enzyme
DNase | (RNase-free)

HOT FIREPol DNA Polymerase

Proteinase K

RiboLock RNase Inhibitor

Thermo Fisher
Ambion
Solis BioDyne

Roche

Thermo Scientific

Waltham, USA

Kaufungen, Germany

Tartu, Estonia

Basel, Switzerland

Waltham, USA

RNase A Roche Basel, Switzerland
T4 DNA Ligase Thermo Fisher Waltham, USA
TrypLE™ Express Gibco”® by life technologies™  Waltham, USA

Antibodies used for western blots are presented in Table 12.

Table 12| Antibodies used for western blots in the present study
Antibody Origin  Dilution REFnumber Manufacturer Place of origin
Anti-B-actin HRP mouse 1:10000 A3854 Sigma-Aldrich  St. Louis, USA
Anti-Atg7 rabbit  1:1000 8558S Cell Signaling Danvers, USA
Anti-Bax rabbit  1:1000 ab32503 Abcam Cambridge, UK
Anti-BRD2 rabbit  1:1000 ab139690 Abcam Cambridge, UK
Anti-BRD3 rabbit  1:1000  A302-368A  BETHYL Hamburg,

Germany

Anti-BRD4 rabbit  1:1000 ab243862 Abcam Cambridge, UK
Anti-Caspase 3 rabbit  1:1000 9662S Cell Signaling Danvers, USA
Anti-CBP rabbit  1:500 7389S Cell Signaling Danvers, USA
Anti-CD133 rabbit  1:1000 64326S Cell Signaling Danvers, USA
Anti-Cdk2 rabbit  1:1000 ab32147 Abcam Cambridge, UK
Anti- rabbit 1:1000  abl08349  Abcam Cambridge, UK

CDKN2A/p16INK4a
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Anti-cleaved
Caspase 3

Anti-cleaved PARP
Anti-c-myc
Anti-E-cadherin
Anti-EZH2
Anti-GFAP
Anti-Glutl

Anti-Histone H2A
(ubiquityl K119)

Anti-H3K27M-
mutation

Anti-Histone H3.3
(phospho S31)

Anti-Histone H3 (tri
methyl K4)

Anti-Histone H3 (tri
methyl K9)

Anti-Histone H3
(acetyl Lys27)

Anti-Histone H3 (tri
methyl K27)

Anti-Histone H3 (di
methyl K36)

Anti-Histone H3 (tri
methyl K36)

Anti-Histone H4
(acetyl K5 + K8 +
K12 + K16)

Anti-Histone H4
(acetyl K16)

Anti-LC3B

Anti-MMP9

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:2000

1:2000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

96645

56255

ab32072

3195S

52465

GA52461-2

ab115730

8240S

74829S

ab92628

ab213224

ab176916

ab177178

9733

ab176921

ab282572

ab177790

ab109463

3868S

ab38898

MATERIALS AND METHODS

Cell Signaling

Cell Signaling
Abcam

Cell Signaling
Cell Signaling
Dako

Abcam

Cell Signaling

Cell Signaling

Abcam

Abcam

Abcam

Abcam

Cell Signaling

Abcam

Abcam

Abcam

Abcam

Cell Signaling

Abcam

Danvers, USA

Danvers, USA
Cambridge, UK
Danvers, USA
Danvers, USA
Jena, Germany
Cambridge, UK

Danvers, USA

Danvers, USA

Cambridge, UK

Cambridge, UK

Cambridge, UK

Cambridge, UK

Danvers, USA

Cambridge, UK

Cambridge, UK

Cambridge, UK

Cambridge, UK

Danvers, USA

Cambridge, UK
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Anti-mouse IgG
HRP

Anti-Nanog

Anti-N-cadherin

Anti-Nestin

Anti-Oct4
Anti-p21
Anti-p300
Anti-PARP

Anti-PAX6

Anti-rabbit IgG HRP

Anti-SOX2

Anti-SQSTM1/p62

Anti-Vimentin

Anti-ZEB1

goat

mouse

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

rabbit

goat

rabbit

mouse

rabbit

rabbit

1:10000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:10000

1:1000

1:1000

1:1000

1:1000

115-035-174

sc-374103

13116S

ABD69

27508

ab109520

54062S

95325

604335

7074

ab97959

88588S

5741S

33965

MATERIALS AND METHODS

Immuno
Research

Santa Cruz
Biotechnology

Cell Signaling

Merck
Millipore

Cell Signaling
Abcam

Cell Signaling
Cell Signaling
Cell Signaling
Cell Signaling
Abcam

Cell Signaling
Cell Signaling

Cell Signaling

Cambridge, UK

Dallas, USA

Danvers, USA

Burlington, USA

Danvers, USA
Cambridge, UK
Danvers, USA
Danvers, USA
Danvers, USA
Danvers, USA
Cambridge, UK
Danvers, USA
Danvers, USA

Danvers, USA

3.1.6 Oligonucleotides and siRNA

Oligonucleotides were synthesized by metabion international AG (Go6ttingen, Germany) (Table

13 and Table 14). Oligonucleotides for quantitative real-time PCR were designed using

NCBI/Primer-BLAST (Ye et al. 2012). Primers were designed to span exon junctions when

possible and to target all isoforms of one gene, if possible. Primer specificity was verified using

nucleotide BLAST® from NCBI.
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MATERIALS AND METHODS

Table 13| Oligonucleotide primers for qPCR with their corresponding sequences used in the
present study

Primer Forward (5’-3’) Reverse (3’-5’)

B-ACTIN CTGGGAGTGGGTGGAGGC TCAACTGGTCTCAAGTCAGTG
BRD2 GCACCAAGCTCCCCAAAAAG ATCGTAACTCATGGGCCTGC
BRD3 TTGAACCTGCCGGATTATCATAAAA GCATACATTCGCTTGCACTCC
BRD4 AACAGCAATGTGAGCAAGAAGG GCTTGTTGATGTCCAAGCTGAG
CDH1 CCTGCCAATCCCGATGAAAT ACTCTGAGGAGTTCAGGGAG
CDH2 TGGGAATCCGACGAATGG TGCAGATCGGACCGGATACT
CDK8 CCAGATAGTAAAGCATTCCACTTGCT GGTCCTGCATAGCCTGTTCTGA
CDKN2A  CGGTCGGAGGCCGATCCAG GCGCCGTGGAGCAGCAGCAGCT
c-MYC GGCCCCCAAGGTAGTTATCCTT CGTTTCCGCAACAAGTCCTCT
CREBBP GTGCATAAACTCGTCCAAGCC CTGCTGTTGGCAGACTCGTA
CTNNB1 GCTGGGACCTTGCATAACCTT ATTTTCACCAGGGCAGGAATG
DKK1 GAAGGTTCTGTTTGTCTCCGGTC ACAACACAATCCTGAGGCACAGT
EP300 GCGGCCTAAACTCTCATCTC TCTGGTAAGTCGTGCTCCAA
EZH2 AAACAGCTCTTCGCCAGTCT GATGCAACCCGCAAGGGTAA
GATA4 CTTGCAATGCGGAAAGAGG TGCTGGAGTTGCTGGAAG

GFAP CTGGAGAGGAAGATTGAGTCGC ACGTCAAGCTCCACATGGACCT
HPRT TATGCTGAGGATTTGGAAAGG CATCTCCTTCATCACATCTCG
IL10 CTTGCTGGAGGACTTTAAGG CTGGATCATCTCAGACAAGG
JDP2 GCTGAAATACGCTGACATC CTCACTTTTCACGGGCTGG
MMP2 TGCTGGAGACAAATTCTGGAGATAC GGATCCATTTTCTTCTTCACCTCAT
NANOG CTCCAACATCCTGAACCTCAGC CGTCACACCATTGCTATTCTTCG
NES ACTTCCCTCAGCTTTCAG GTGTCTCAAGGGTAGCAG
PROM1 TGGATGCAGAACTTGACAACGT ATACCTGCTACGACAGTCGTGGT
POU5F1 GAGAACCGAGTGAGAGGCAACC CATAGTCGCTGCTTGATCGCTTG
SNAI1 CAATCGGAAGCCTAACTACAG CTGCTGGAAGGTAAACTCTG
SNAI2 TCCAAAAAGCCAAACTACAGCG TCTCTGGTTGTGGTATGACAGG
SOX2 CCCTGCTGCGAGTAGGACAT CCCTGCAGTACAACTCCATG
TP53 TTGCAATAGGTGTGCGTCAGA AGTGCAGGCCAACTTGTTCAG
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TWIST1 TCTACCAGGTCCTCCAGAGC TAGGTCTCCGGCCCTGC

VEGFA CTGAGGAGTCCAACATCAC GTCTTGCTCTATCTTTCTTTGG
VIM CCTTGAACGCAAAGTGGAATC GACATGCTGTTCCTGAATCTGAG
WNT3 GCATCTACGACGTGCACACCT CATGAGACTTCGCTGAATCCG
ZEB1 ACAACAAGACACTGCTGTCA TGGACAGGTGAGTAATTGTGAA
ZEB2 TTCCTGGGCTACGACCATAC TGTGCTCCATCAAGCAATTC

Table 14| Oligonucleotide primers for conventional PCR and Sanger sequencing with their
corresponding sequences used in the present study

Primer  Forward (5’-3’) Reverse (3’-5’)
SeqH3 GGTCTCTGTACCATGGCTCG AGACCTCCAGGTAAGATTATGGC
pJET1.2 CGACTCACTATAGGGAGAGCGGC AAGAACATCGATTTTCCATGGCAG

ON-TARGET plus siRNA pools each consisting of four different siRNAs to reduce off target effects
were used for siRNA-mediated knockdown of BRD2, BRD3, BRD4, CBP and p300. As control an
unspecific siRNA was used. siRNAs were purchased from Dharmacon (Lafayette, Colorado,

United States) and their target sequences are listed in Table 15.

Table 15| siRNAs with their corresponding sequences used in the present study

siRNA ID number Target sequence (5’-3’)

siControl D-001810-20 UGGUUUACAUGUUUUCCUA

siBRD2 LQ-004935-00-0005 CACGAAAGCUACAGGAUGU
GGGCCGAGUUGUGCAUAUA
CCUAAGAAGUCCAAGAAAG
GUCCUUUCCUGCCUACGUA

siBRD3 LQ-004936-00-0005 AAUUGAACCUGCCGGAUUA
CGGCUGAUGUUCUCGAAUU
GGAGAGAUAUGUCAAGUCU
GCGAAUGUAUGCAGGACUU

siBRD4 LQ-004937-00-0005 AAACCGAGAUCAUGAUAGU
CUACACGACUACUGUGACA
AAACACAACUCAAGCAUCG
CAGCGAAGACUCCGAAACA

siCBP LQ-003477-00-0005 GCACAGCCGUUUACCAUGA
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UCACCAACGUGCCAAAUAU
GGAUGAAGUCACCGGUUUG
AAUAGUAACUCUGGCCAUA

sip300 LQ-003486-00-0005 GGACUACCCUAUCAAGUAA
GACAAGGGAUAAUGCCUAA
GUUCAAUAAUGCCUGGUUA
CGACAGGGAUGCAGCAACA

3.1.7 HDR templates and CRISPR/Cas9 target sequences

HDR templates used for CRISPR/Cas9 genetic modification with their corresponding sequences

are listed below in Table 16.

Table 16 | HDR templates used in the present study. Mutation- (H3.3K27M) and wildtype-
(H3WT) specific triplets are highlighted in grey

HDR template Sequence

HDR-H3.3WT AGCACCCAGGAAGCAACTGGCTACAAAAGCCGCTCGCAAGAGTGC
GCCCTCTACTGGAGGGGTGAAGAAACCTCATCGTTACAGGTATTAA
AAAACAGGAAAAAAATGGGACAAAGTCTCTCTTGTAT

HDR-H3.3K27 AGCACCCAGGAAGCAACTGGCTACAAAAGCCGCTCGCATGAGTGCG
CCCTCTACTGGAGGGGTGAAGAAACCTCATCGTTACAGGTATTAAA
AAACAGGAAAAAAATGGGACAAAGTCTCTCTTGTAT

CRISPR/Cas9 target sequences are presented in Table 17.

Table 17| CRISPR/Cas9 target sequences used in the present study

CRISPR/Cas9 target Strand PAM Sequence

CD.Cas9.VFTZ4576.AQ B CGG AGAGGGCGCACTCTTGCGAG

CD.Cas9.VFTZ4576.AN + AGG CGTTACAGGTATTAAAAAAC
3.1.8 Plasmids

For subcloning and consequential Sanger sequencing, pJET1.2 plasmid was used and obtained

from Thermo Fisher (Waltham, Massachusetts, United States).
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3.1.9 Software

The software used in this study is listed in Table 18.

Table 18| Software used in the present study

MATERIALS AND METHODS

Software

Company

Place of origin

7900HT Fast Real-Time PCR System
Citavi

Flowing Software 2.5.1
GENtle

GraphPad PRISM
Image J. 1.48

Magellan for F50 7.0SignalFire™
Elite

Microsoft Office 2013

Scry

Applied Biosystems
Swiss Academic Software
Turku Bioscience

University of Cologne,
Germany

GraphPad Software

National Institutes of
Health

Tecan Group Ltd.

Microsoft

Christian Dullin

Waltham, USA
Wadenswil, Switzerland
Turku, Finland

Cologne, Germany

San Diego, USA

Bethesda, USA

Maéannedorf, Switzerland

Redmond, USA

Gottingen, Germany
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3.2 Methods

3.2.1 Cell culture

Cell lines used in the present study: VUMC-DIPG-010 (herein referred to as isoDIPG-010 after
CRISPR/Cas9 transfection) and HSID-DIPG-012 (herein referred to as isoDIPG-012 after
CRISPR/Cas9 transfection) were grown and maintained as gliomaspheres in TSM base (Table 3),
supplemented with fibroblast- (FGF) and epidermal- (EGF) growth factors, protein B-27, H-PDGF
AA-BB and heparin (Table 4). Cells were maintained in an incubator at 37°C with a humidity of
5% CO,. For passaging or seeding cells were collected and centrifuged at 1000 rpm for 5 min.
Spheres from the cell pellets were treated with 1x-trypsin-EDTA to obtain single cells, washed
with 1x PBS and resuspended in TSM Base. 100 pL of the cell suspension was used for cell
counting using a Neubauer counting chamber. The desired quantity of cells was suspended in
corresponding media and seeded. The remaining cells were used for cell maintenance and

cultured in TSM work.

3.2.1.1 Inhibitor treatment and irradiation

Unless stated otherwise, inhibition of EZH2 methyltransferase activity in isoDIPG-012 and
isoDIPG-010 cells was achieved by 3 uM EPZ-6438 treatment. A-485 (50 nM) was used as HAT
activity inhibitor of CBP/p300. CBP30 (1 uM) and OTX-015 (50 nM) served as BD inhibitors of
CBP/p300 and BET proteins, respectively. For this purpose, 50 000 cells/mL were seeded under
spheroid conditions as gliomaspheres before treatment. Approximately 24 h after seeding, cells
were treated with corresponding concentrations of used inhibitors diluted in DMSO.

Corresponding volume of DMSO was used as control.

Toinvestigate cell viability with regard to their response to irradiation upon treatment with small
molecules, cells were seeded in a 96-well plate at a concentration of 50 000 cells/mL and
incubated at 37°C overnight. The following day, cells were treated with appropriate amount of
corresponding inhibitor and/or 10 or 100 uM TMZ. The next day, cells were irradiated at a dose
rate of 1 Gy/min. 24 hours later cells were treated again with the respective inhibitor and/or

TMZ and incubated for 72 h at 37°C prior harvesting.
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3.2.1.2 3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium bromide (MTT) assay

In order to study cell viability and proliferation of CRISPR/Cas9 clones as well as upon siRNA-
mediated knockdown or inhibitor treatment, MTT (3-(4.5-dimethylthiazol-2-yl)-2.5-
diphenyltetrazolium bromide) cell viability assay was performed. For this purpose, isoDIPG-010
and isoDIPG-012 cells were seeded at a concentration of 50 000 cells/mL under spheroid
conditions in a 96-well plate. Cells were incubated for total amount of 120 h at 37°C. After O h,
12 h,24 h,48 h,72 h, 96 h and 120 h cells were harvested by incubation with 10% MTT solution
(Table 9) at 37°C for 4 h. Medium was aspirated and MTT-lysis buffer (Table 9) was added to the
cells. Plates were then shaken for 15 min and absorbance was measured using TECAN Infinite
F50 absorbance plate reader at 560 nm. Experiments were repeated three times and samples

were conducted in triplicates.

3.2.1.3 Crystal violet assay

Another method used to investigate cell viability was crystal violet assay. For this purpose,
isoDIPG-010 and isoDIPG-012 cells were seeded at a concentration of 50 000 cells/mL under
spheroid conditions in a 96-well plate. Cells were incubated for total amount of 120 h at 37°C.
After certain time points (Oh, 12 h,24 h,48 h, 72 h, 96 h, 120 h) cells were incubated with crystal
violet staining solution (Table 9) at RT for another 20 min on a bench rocker with a frequency of
20 oscillations per minute. Medium was aspirated and 200 uL of methanol was added to the
cells and plates were shaken for 20 min. Absorbance was measured using TECAN Infinite F50
absorbance plate reader at 570 nm. Experiments were repeated three times and samples were

conducted in triplicates.

3.2.1.4 Bromodeoxyuridine (BrdU) assay

BrdU assay was used as another way to study cell proliferation. For this purpose, isoDIPG-010
and isoDIPG-012 cells were seeded at a concentration of 50 000 cells/mL under spheroid
conditions in a 96-well plate. Cells were incubated at 37°C. After 0 h, 12 h, 24 h, 48 h, 72 h,96 h
and 120 h cells were incubated with BrdU labeling solution (Table 10) at 37°C for 8 h. Medium
was aspirated and cells were dried at 60°C overnight. The next day FixDenat (Table 10) was
added to the cells and incubated at RT for 30 min. After removal of the solution, cells were
incubated with anti-BrdU-POD working solution (Table 10) at RT for 90 min. Cells were then
rinsed three times with 1xPBS and incubated with substrate solution (Table 10) at RT for 5 min.
Absorbance was measured using TECAN Infinite F50 absorbance plate reader at 450 nm.

Experiments were repeated three times and samples were conducted in triplicates.
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3.2.1.5 Sphere formation assay

To investigate the effect of H3.3K27M-mutation and siRNA-mediated transfection or inhibitor
treatment on stem cell-like properties, isoDIPG-010 and isoDIPG-012 cells were seeded under
spheroid conditions (in TSM work) at a concentration of 5000 cells/mL in a 12-well plate. After
six days, 10% fetal calf serum (FCS) was added and cells were incubated for another 6 h. After
incubation time, 10x crystal violet staining solution (Table 9) was added to the cells and
incubated for 20 min at RT, gently shaking. Wells were then washed with water and dried at
37°C overnight. Taken photos were analyzed using Image) tool “Particle Analyzer” (Schneider et

al. 2012). Experiments were repeated three times.

3.2.1.6 Colony formation assay

To study the effect of H3.3K27M-mutation and siRNA-mediated transfection or inhibitor
treatment on clonogenicity, isoDIPG-010 and isoDIPG-012 cells were seeded under
differentiating conditions (with 10% FCS) at a concentration of 5000 cells/mL in a 12-well plate.
After seven days, 10x crystal violet staining solution (Table 9) was added to the cells and
incubated for 20 min at RT, gently shaking. Wells were then washed with water and dried in the
incubator at 37°C overnight. Taken photos were analyzed using Imagel) tool “ColonyArea”

(Schneider et al. 2012). Experiments were repeated three times.

3.2.1.7 Migration and invasion assays

To study migration and invasion abilities of isoDIPG-010 and isoDIPG-012 cells, with and without
inhibitor treatment or after siRNA-mediated knockdown, migration and invasion assays were
performed. To this end, cells were seeded at a density of 500 000 cells/mLin a 6-well plate. After
48 h of preincubation, 100 000 cells/mL were distributed among wells of the adapted Boyden
chamber (Table 7) using membranes with 8 um pores, and incubated for 8 h at 37°C. To attract
cells to migrate or invade, medium without growth factors (EGF and FGF) was used. For invasion
assay, ECM was added to create a matrix for the cells to invade through. After 8 h of incubation,
membranes were stained with crystal violet solution (Table 9) for 20 min at RT, washed three

times with PBS, air-dried and analyzed using ImageJ (Schneider et al. 2012).
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3.2.1.8 Fluorescence-Activated Cell Sorting (FACS)

To investigate the effect of CBP/p300 and BET proteins inhibition on cell cycle phase distribution
of DIPG cells, fluorescence-activated cell sorting (FACS) analysis was performed. To this end,
isoDIPG-010 and isoDIPG-012 cells were seeded at a density of 500 000 cells/mLin 10 cm? dishes
and treated with 2 mM thymidine to prevent DNA synthesis and S phase progression. After 24
h, cells were distributed to different dishes for the respective treatment and subsequently
incubated for another 24 h. Following the treatment cells were collected by centrifugation, lysed
(0.1% sodium citrate, 0.1% Triton-X 100 in dH,0) and stained with propidium iodide staining
solution (0.1% sodium citrate, 0.1% Triton-X 100, 100 pg/mL PI in dH,0) for 2 h at 4°C. After

measurements data was analyzed using flowing software (University of Turku).

3.2.2 Molecular biology

3.2.2.1 CRISPR/Cas9 transfection

In order to introduce H3.3K27M-mutation to VUMC-DIPG-010 (originally H3-wildtype) and to
remove it from HSJID-DIPG-012 (originally carrying H3.3K27M-mutation), CRISPR/Cas9 system
was used (Table 19).

Table 19| Ingredients used in the present study to perform CRISPR/Cas9 editing

Ingredient REF number Manufactured Place of origin
Alt-R CRISPR-Cas9 gRNA 1072533 IDT Coralville, USA
Alt-R S.p. Cas9 D10A Nickase V3 1081062 IDT Coralville, USA
Alt-R HDR Enhancer 1081072 IDT Coralville, USA
Lipofectamine RNAIMAX 13778100 Invitrogen Waltham, USA

Native bacterial CRISPR system in S. pyogenes required Alt-R CRISPR-Cas9 gRNA (guide RNA)
providing high editing potency (Figure 7). 10 uM RNA oligos diluted in nuclease free duplex
buffer were stored at -20°C. To form the RNP complex, 10 pL of 10 uM Alt-R CRISPR-Cas9 gRNA,
3.2 plL Alt-R S.p. Cas9 D10A nickase V3 inducing single-stranded breaks in order to reduce off-
target effects and promoting homology-directed repair (HDR) were diluted in 88.4 uL PBS and

stored at 4°C.

In order to generate isogenic cell lines, reverse transfection of the RNP complex was performed

in a 96-well plate. For each well of a 96-well plate 3 uL of each RNP complex, 3 uL of each
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enyzme, 1.5 pL of 2 nM HDR template and 11.5 pL of Opti-MEM were mixed and incubated for
5 min at RT. Finally, 25 pL of the incubation mix was mixed with 0.6 pL of lipofectamine RNAIMAX
and 24.4 uL of Opti-MEM. Cells at a density of 50 000 cells/mL diluted in a complete medium
without antibiotics were then added to the transfection complexes. To enhance homology-
directed repair, 20 uM HDR enhancer was added to the mix. The plate was incubated at 37°C for
48 h. 12 h after transfection medium volume was doubled to reduce toxicity of the transfection

reagent. After transfection was complete, single cells were isolated and cultured until they grew

in colonies.
Alt-R S.p. Cas9 D10A
. . Nickase V3
mutation site
(A/T) x
target ¥ ‘ i . 3
gDNA " —L—Lu——im-m 5
cleavage sites are 58 bp apart
HDR 5' - AGCACCCAGGAAGCAACTGGCTACAAAAGCCGCTCGCAWGAGTGCGCCCTCTACTGGAGGGGTGAAGAAACCTCATCGTTACAGGTATTAAAAAACAGGAAAAAAATGGGACAAAGTCTCTCTTGTAT - 3'
template ' ! 4

35 bp homology arms I 35 bp homology arms

mutation site
(A/T)

Figure 7| CRISPR/Cas9 approach to generate isogenic cell lines.

To introduce and remove the H3.3K27M-mutation to VUMC-DIPG-010 and from HSJD-DIPG-012
respectively, the RNP reverse transcription was performed. The RNP complex contained of gRNA, nickase
V3 and lipofectamine RNAIMAX diluted in OptiMEM.

3.2.2.2 siRNA-mediated transfection

In order to achieve knockdown of BRD2, BRD3, BRD4, CBP and p300 in isoDIPG-012 and isoDIPG-
010 cell lines, spheroid cells were seeded at a density of 50 000 cells/mL using complete medium
without antibiotics and immediately transfected with a control siRNA and a pool of four siRNAs
targeting BRD2, BRD3, BRD4, CBP or p300, respectively (Table 16) at a final concentration of 30
nM. siRNA transfection was performed using Lipofectamine 3000. For each well of a 6-well plate
2.5 pl of each siRNA pool (75 pmol final) and 3.5 pL Lipofectamine 3000 were separately diluted
in 250 pL OptiMEM. After 5 min incubation, both solutions were mixed together and incubated
for 20 min. The incubation mix (500 pL) was added to the plated cells. To reduce cell toxicity
caused by transfection reagent, additional medium was added to double the volume after 12 h.
The amount of siRNA, lipofectamine 3000 and OptiMEM were adjusted according to the used

tissue culture format.
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3.2.2.3 Isolation of nucleic acids

3.2.2.3.1 Isolation of genomic DNA

Genomic DNA isolation was achieved using a DirectPCR-Cell and proteinase K mix (Table 8)
according to manufacturer’s instructions. DNA was dissolved in dH,0 and concentration was

measured using nanodrop-spectrophotometer (Table 6). DNA was stored at -20 °C.

3.2.2.3.2 Isolation of RNA

RNA isolation was conducted using the RNA isolation kit (Table 10) according to manufacturer’s
instructions. RNA was isolated from frozen cell pellets kept at -80°C. To avoid contamination of
RNA with genomic DNA, isolated RNA was digested with DNasel (Table 11) for 30 min. Quality
and quantity of RNA were determined using nanodrop-spectrophotometer (Table 6) and

agarose gel electrophoresis (Table 6), respectively.

3.2.2.3.3 Isolation of plasmid DNA from E.coli

Plasmid DNA was isolated from overnight E.coli bacterial suspensions (3.2.3.1). CloneJET PCR
cloning kit (Table 10) was used for cloning procedures and ZR plasmid miniprep kit (Table 11)
for isolation of plasmid DNA according to manufacturer’s instructions. DNA was dissolved in

dH,0 and stored at -20 °C.

3.2.2.4 Purification and extraction of nucleic acids from agarose gels

DNA fragments were extracted and purified from agarose gels using the nucleospin gel and PCR

clean-up kit (Table 10) according to the manufacturer's instructions.

3.2.2.5 Amplification of nucleic acids

3.2.2.5.1 Detection of transcripts by Polymerase chain reaction (PCR)

For Sanger sequencing, transcript was examined by PCR using specific primers and the following

cycling conditions:
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95°C 12 min

95°C 15s

58°C 30s 40 x
72°C  30s

72°C 10 min

For analytical proposes a reaction was set up as follows:

1x Taq buffer, 2.5 mM MgCl,, 0.2 uM primer each, 0.2 mM dNTPs each and 0.6 U HotStartTaq
DNA polymerase (Table 11) in a final volume of 50 pL per reaction. 3 puL of genomic DNA
(3.2.2.3.1) was used as template. dH,0, instead of gDNA, served as negative control. Resulting

products were analyzed on 1 % agarose gels.

Successful transformation (3.2.2.6) was verified by colony PCR using specific primers (Table 14)

and the following cycling conditions:

95°C 3 min

94°C 30s

60°C 30s 25 x
72°C 10 min

For analytical proposes a reaction was set up as follows:

1x Taq buffer, 1.5 mM MgCl,, 0.2 uM primer each, 0.2 mM dNTPs each, 0.5 U HotStartTag DNA
polymerase (Table 11) and in a final volume of 20 pL per reaction. dH,0 served as a negative

control. Resulting products were analyzed on 1 % agarose gel.

3.2.2.5.2 Synthesis of copy DNA (cDNA)

RNA samples were used to synthesize cDNA using the RevertAid first strand cDNA synthesis kit
(Table 10) according to manufacturer’s instructions. Briefly, 2000 ng of single stranded RNA
derived from cell cultures was added to 3 pmol random hexamer primer in a total volume of 13
ul. Of these, 1 uL served as minus RT control to ensure lack of genomic DNA contamination. After
initial sample incubation at 65°C for 5 min, the following master mix was added to a final volume
of 20 pL: 5x reaction buffer, 20 U RiboLock RNase inhibitor, 10 mM dNTPs, 200 U RevertAid M-
MuLV RT. Samples were incubated for 5 min at 25°C, followed by 60 min at 42°C and 5 min at
70°C. Resulting cDNA was stored at -20°C.
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3.2.2.5.3 Quantitative real-time PCR (qPCR)

Quantitative real-time polymerase chain reaction (qPCR) was used to confirm the siRNA
knockdown of BRD2, BRD3, BRD4, CBP and p300, and to investigate transcription of specific
mMRNAs oligonucleotides. gPCR was performed using Blue S'Green qPCR kit separate ROX (Table
10) according to the manufacturer’s instructions. In a total volume of 10 pL per sample, 15 ng of
cDNA and 0.4 uM of each primer (Table 13) were used. Samples were amplified in standard
cycling conditions (primer Tm = 60°C). The amount of PCR product per cycle was measured using
the Applied Biosystems’ 7900HT Fast Real-Time PCR system (Table 6). Relative gene expression

was calculated using 2"*2 (Fleige and Pfaffl 2006). B-actin was used as a housekeeping gene.

3.2.2.6 Molecular cloning

Purified DNA transcripts amplified by PCR (3.2.2.5.1) for subcloning into pJET2.1 (3.1.8)
according to manufacturer’s instructions. Resulting ligation reaction was used for
transformation of competent E. coli (3.2.3.1). Successfully transformed bacterial colonies were
checked using colony PCR (3.2.2.5.1) and purified DNA was used for Sanger sequencing
(3.2.2.7.1).

3.2.2.7 Sequencing

3.2.2.7.1 Sanger sequencing

In order to verify successfully generated CRISPR/Cas9 clones, Sanger sequencing was used. Each
clone’s isolated DNA (3.2.2.3.1) was amplified (3.2.2.5.1) using specific primers (Table 14).
Transcripts had been subcloned (3.2.2.6) into pJET2.1 and 400 ng of purified DNA from each
E.coli clone was used for sequencing reaction as follows: 0.80 pL Ready Reaction PreMix, 2 pL
BigDye sequencing buffer, 10 uM primer in a final volume of 10 uL per reaction. Sequencing

reaction was performed under following cycling conditions:

96°C 1min
96°C 10s }
60°C 4 min 30x

The PCR product was purified, pellet was resuspended in 10 puL formamide and sequenced using

Genetic Analyzer 3500 (Table 6).
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3.2.2.7.2 mRNA sequencing

To discover differentially regulated genes in isoDIPG-H3WT and isoDIPG-H3.3K27M cells, as well
as upon inhibitor treatment or siRNA-mediated knockdown, isoDIPG-010 and isoDIPG-012 cells
were seeded at a density of 50 000 cells/mL in a 6-well plate. After 48 h of incubation with
inhibitors or knockdown, cells were collected and RNA was isolated from three independent
biological replicates using RNA isolation kit (Table 10) according to manufacturer’s instructions.
Library preparation and sequencing analysis were performed by the Transcriptome and Genome
Analysis Laboratory (TAL) — Microarray and Deep-Sequencing Facility Gottingen. Statistical
evaluation of the sequencing results was carried out according to Babelova et al. in cooperation
with Dr. Gabriela Salinas-Riester and Dr. Maren Sitte (NIG) (Babelova et al. 2015). The threshold
values for the relevance of the corresponding genes were set as follows: for the relative
difference in gene expression level (fold change, FC), FC <0.75 and FC 2 1.5 and a false discovery

rate (FDR)-corrected p value of < 0.05 was determined.

3.2.3 Microbiology

3.2.3.1 Generation of chemically competent E.coli

10 mL LB-medium (Table 9) was inoculated with 200 uL of an overnight E. coli suspension.
Bacterial culture was incubated until an ODgoo of 0.6 was reached. Bacterial suspension was
incubated on ice for 10 min and afterwards centrifuged for 30 min at 4°C with 3000 rpm.
Resulting pellets were resolved in 10 mL ice cold 100 mM CaCl, and incubated on ice for another
30 min. After another centrifugation step for 30 min at 4°C with 3000 rpm, E. coli pellets were
resolvedin 1 mLice cold 100 mM CaCl,, supplemented with 175 uL 86% glycerin. Aliquots of 100

uL competent bacterial suspensions were snap frozen in liquid nitrogen and stored at -80°C.

3.2.3.2 Transformation of E.coli

Plasmid DNA was introduced in E. coli bacteria using heat shock. 10 plL of ligation reaction
(3.2.2.6) was added to 50 pL of chemically competent E. coli bacterial solution (3.2.3.1). After
30 min incubation on ice, the transformation mix was set to 42°C for 45 s. After the bacteria mix
was cooled down on ice, 250 pL LB medium (without antibiotics) was added and incubated at
37°C and 300 rpm for 45 min. The mixture was then plated on LB agar plates and cultivated

overnight at 37°C.
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3.2.4 Biochemistry

3.2.4.1 Protein isolation and determination of protein concentration

3.2.4.1.1 Isolation of nuclear and cytoplasmic proteins for SDS-PAGE

To separate nuclear and cytoplasmic protein fractions, cell cultures grown in 10cm?® dishes at a
density of 50 000 cells/mL, 72 h after incubation, were centrifuged and cell pellets were either

stored at -80°C or used immediately for protein isolation.

In order to isolate proteins, pelleted cells were resuspended in cellular extract (CE) buffer (Table
9), supplemented with 1x protease inhibitor cocktail (Table 8). Cells were centrifuged for 5 min
at 1000 rpm and pellets were then resuspended in nuclear extract (NE) buffer (Table 9)
supplemented with 1x protease inhibitor cocktail (Table 8). Salt concentration was adjusted by
adding the corresponding amount of 5 M NaCl. Protein extracts were then sonicated for 15 s
and incubated on ice for 30 min. After centrifugation for 5 min at 4°C supernatant was
transferred to a new tube. Protein samples were stored at -80°C or immediately used for

bicinchoninic acid (BCA) assay.

3.2.4.1.2 Bicinchoninic acid (BCA) assay

To determine concentration of proteins, bicinchoninic acid (BCA) assay (Table 8) was performed.
Protein extracts were diluted in water (1 puL and 3 uL of protein extract) and added in duplicates
onto a 96-well plate. 200 puL of BC assay working reagent (1:50 reagent A and reagent B) was
added to each well and incubated for 30 min at 37°C. Formed purple complexes were measured
at 563 nm by the BioTek SynergyMx microplate reader (Table 6). In order to determine protein

concentration, a standard curve with BCA dilutions of known concentrations (0-30 pg) was used.

The appropriate amount of protein samples was diluted in NE buffer and 4x Laemmli-probe
buffer (Table 9) to obtain a final protein concentration of 1 ug/uL. Proteins were denaturated

by cooking for 5 min at 95°C and stored at -20°C or used immediately for SDS-PAGE.
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3.2.4.2 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and

western blot

To detect proteins of interest, protein samples were separated using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Molecular weight of the proteins was
determined with a pre-stained protein ladder (Table 8). Proteins were concentrated in the

stacking gel (Table 20) at 60V, followed by separation at 100 to 200 V.

Table 20| Composition of polyacrylamide gels used for SDS-PAGE

SDS-polyacrylamide gel Composition

12.5 % RotiphoreseR Gel 40 (29:1), 1x stacking

king gel
Stacking ge buffer (UT), 0.1 % APS, 0.1 % TEMED

15 % 37.5 % RotiphoreseR Gel 40 (29:1), 1x

Separating gel
eparating g€ separating buffer (LT), 0.1 % APS, 0.1 % TEMED

Separated proteins were transferred onto methanol-activated PVDF membranes by the wet blot
system (Table 6). Blotting was performed for either 45 min at 500 mA (for smaller proteins) or
2 h at 200 mA (for bigger proteins). Membranes were then blocked with blocking solution (5%
BSA or 5% milk) to avoid unspecific binding of the primary antibody and incubated overnight
with primary antibody at 4°C with dilution according to the manufacturer’s instructions. After
membranes were washed 3 times with TBST, the horseradish peroxidase (HRP) coupled
secondary antibody diluted in TBST with 5% milk or BSA. Membranes were incubated for 1 h at
RT and washed again 3 times with TBST. Proteins bound to antibody-complexes were visualized
after incubation with 1:1 (v/v) ECL solution A and B (Table 9). The resulting chemo-luminescent
signals were detected with ChemoCam Imager (Table 6). Finally, membranes were washed with

TBST to remove ECL solution residues and air-dried for storage at 4°C.

3.2.5 In vivo model systems

In order to investigate the role of H3.3K27M-mutation as well as CBP/p300 and BET proteins in

DIPG in vivo, chick chorioallantoic membrane (CAM) assay was used.

3.2.5.1 Chick chorioallantoic membrane (CAM) assay

Specified pathogen-free (SPF) eggs defined as hatching eggs, which are derived from chicken
flocks free from specified pathogens, were used to study the effect of specific CBP/p300 and BET

proteins inhibitors on tumors in vivo. Eggs were incubated horizontally for 10 days prior
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inoculation at 37 °C in a 60% humidified atmosphere with one hour scheduled rotation. At day
10-post fertilization, a hacksaw blade was used to make an approximate 1 cm? square incision
on the eggshell under sterile conditions and the eggshell window fragment was removed to
access the CAM beneath. Eggs were then further incubated without rotation. After 7 days of
incubation, total amount of 3 million 48 h pre-stimulated cells mixed with Matrigel (total volume
of 35 uL) was added onto the scored CAM. One tumor was implanted per embryo. Chick embryos
were gently placed back into the incubator and maintained at 37°C for further 7 days. Tumors
were harvested from CAM and stored in 4% PFA at RT overnight before being embedded in

paraffin for subsequent microtome sectioning.

3.2.6 Statistics

Experiments were performed using three independent biological replicates unless stated
otherwise. Results obtained from the replicates were summarized as mean + standard error of
the mean (SEM). Data were compared by student’s t-test using Microsoft Excel or GraphPad
Prism; p values < 0.05 were considered to be statistically significant with the subsequent mode
of further semi quantitative description: */# p < 0.05; **/## p < 0.01; ***/### p < 0.005;
*REX [HiHHE p < 0.001.
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4 Results

Recent genomic studies have revealed that around 85% of all diffuse intrinsic pediatric gliomas
(DIPG) carry a heterozygous point mutation in one histone 3 (H3) variant, either in H3.3
(encoded by H3F3A) or, less frequently, in H3.1 (encoded by HIST1H3B/C) which both resultin a
lysine (K) to methionine (M) substitution (H3K27M) (Lewis et al. 2013). H3.3K27M-mutation
influences global chromatin changes with hypotrimetylation and hyperacetylation at H3K27
(Castel et al. 2015). Epigenetic disruption is often associated with promoting tumorigenesis (Lu
et al. 2020). This imbalance in the epigenetic landscape is thought to be a reason for the
observed malignant phenotype of DIPG (Castel et al. 2018). To find out if H3.3K27M-mutation
contributes to the malignant phenotype observed in DIPG, isogenic cell lines with and without
H3.3K27M-mutation were generated using CRISPR/Cas9 and analyzed with regard to their

tumor-biological characteristics, gene expression pattern and epigenetic landscape.

The observed hyperacetylation in H3.3K27M-DIPG cells suggests that acetylation-associated
proteins might play a more prominent role compared to H3WT-DIPG cells. Indeed, epigenetic
readers that set and writers that recognize acetylation marks at histones, respectively, such as
CREB-binding protein (CBP/p300) and epigenetic reader bromodomain and extraterminal
domain (BET) proteins, have been proven to play a significant role in tumor malignancy,
oncogenesis and tumor development (Wang et al. 2013; Pastori et al. 2014; Wiese et al. 2020).
Moreover, treatment with BET proteins inhibitor JQ1 resulted in reduction of different tumor
characteristics in DIPG cells (Piunti et al. 2017). These findings indicate that CBP/p300 as well as
BET proteins may indeed play an important role in the aggressive tumor phenotype observed in

DIPG patients.

In order to investigate the reader function of CBP/p300 and BET proteins in H3WT-DIPG and
H3.3K27M-DIPG cells, treatment with CBP30 and OTX-015, respectively, had been carried out.
To unravel the writer function of CBP/p300 in dependence on H3-mutation status in DIPG cells,
histone acetyltransferase (HAT) inhibitor A-485 was used. Finally, to be able to distinguish
different functions of BRD2, BRD3 and BRD4, as well as CBP and p300 from one another, siRNA-
mediated knockdown of the proteins of interest was carried out. Obtained results from
CBP/p300 and BET proteins inhibition and knockdown were compared with each other with
regard to tumor-biological and gene regulatory effects in isoDIPG cells with and without H3.3

K27-mutation.
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4.1 Impact of H3.3K27M-mutation in diffuse intrinsic pontine gliomas

(DIPG)

The majority of DIPG is characterized by presence of H3.3K27M-mutation (Lewis et al. 2013)
which results in global chromatin changes with hypotrimetylation and hyperacetylation at
H3K27 (Castel et al. 2015). To be able to identify epigenetic and tumor-biological changes in
DIPG cells caused by H3.3K27M-mutation within the same cellular and genetic background,
isogenic DIPG cell lines were generated using CRISPR/Cas9 system and were analyzed with

regard to the tumor-biological characteristics and gene regulatory effects in vitro and in vivo.

4.1.1 H3.3K27M-mutation is responsible for decreased H3K27me3 and elevated
H3K27ac levels in isoDIPG cells

To investigate if the aggressive phenotype of DIPG indeed depends on the dominant H3.3K27M-
mutation within the same cellular and molecular background, DIPG cell clones with and without
H3.3K27M-mutation and had been generated using CRISPR/Cas9 technology. To this end,
H3.3K27M-mutation was introduced to originally H3-wildtype (H3WT) VUMC-DIPG-010 cells and
removed from originally H3.3K27M-mutated (H3.3K27M) HSJD-DIPG-012 cell line (Figure 8A).

Out of six examined VUMC-DIPG-010 clones which originally carried an H3WT allele, three clones
were successfully genetically edited, exhibiting presence of H3.3K27M-mutation as proven by
Sanger sequencing (Figure 8B) and corresponsing western blot analyses of histone marks at
H3K27 (Figure 8C; Appendix A). Introduction of H3.3K27M-mutation resulted in loss of
H3K27me3 and gain of H3K27ac as depicted by western blot (Figure 8C and 8D; Appendix A).

In opposite, out of six examined originally H3.3K27M-mutated HSJD-DIPG-012 clones, three did
not show presence of H3.3K27M-mutation after CRISPR/Cas9 transfection (Figure 8B and 8C).
Loss of H3.3K27M-mutation was associated with an increase of H3K27me3 and decreased levels
of H3K27ac compared to unsuccessfully engineered HSJD-DIPG-012 cells with H3.3K27M-
mutation (Figure 8C and 8D; Appendix A).

H3.3K27M-mutated isogenic DIPG cells were herein referred to as isoDIPG-H3.3K27M cells
(isoDIPG-010-H3.3K27M and isoDIPG-012-H3.3K27M) and H3WT carrying isogenic DIPG cells as
isoDIPG-H3WT cells (isoDIPG-012-H3WT and isoDIPG-010-H3WT).
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Figure 8 | Efficiently generated CRISPR/Cas9 DIPG cells reflect molecular and epigenetic
features observed in unmodified H3K27M-DIPG and H3WT-DIPG cells, respectively.
CRISPR/Cas9-mediated gene editing of VUMC-DIPG-010 cells, originally H3WT, and H3.3K27M-mutated
HSJD-DIPG-012 cells resulted in four different cell lines used for further studies. (B) Presence of
H3.3K27M-mutation and H3WT was evaluated using Sanger sequencing and (C) western blot analyses
with specific antibodies against H3K27M-mutation, H3K27me3 and H3K27ac. B-actin served as a loading
control.

In summary, CRISPR/Cas9 technology was used to successfully generate isogenic DIPG cell lines
with and without H3.3K27M-mutation. Created isoDIPG-H3.3K27M cells resembled loss of
H3K27me3 and gain of H3K27ac commonly observed in non-engineered H3.3K27M-DIPG cells.
Removal of H3.3K27M-mutation from originally H3.3K27M-DIPG cells reversed the observed

phenotype: restored H3K27me3 and reduced H3K27ac levels.

4.1.2 H3.3K27M-mutation is responsible for enhanced tumor-related biological

characteristics in isoDIPG cells

Previous studies showed that H3.3K27M-DIPG cells exhibit increased cell viability, proliferation
and clonogenicity under stemness and differentiating conditions (Wiese et al. 2020). H3.3K27M-
DIPG cells were also proven to display higher migration and invasion levels compared to H3WT-

DIPG cells (Cockle et al. 2015; Kluiver et al. 2020).

To examine if H3.3K27M-mutation leads to increased tumor-associated biological characteristics
of the isogenic DIPG cell clones, cell viability and cell proliferation were assessed using 3-(4.5-
Dimethylthiazol-2-yl)-2.5-diphenyltetrazolium bromide (MTT) assay (Figure 9A), crystal violet
(CV) staining (Figure 9B) and bromodeoxyuridine (BrdU) assay (Figure 9C) after 24 h, 72 h and
120 h after seeding.

Introduction of H3.3K27M-mutation significantly increased cell proliferation and cell viability of
isoDIPG-010-H3.3K27M clones to a comparable level of originally H3.3K27M-mutated HSJD-
DIPG-012 cells compared to isoDIPG-010-H3WT control cells, while removal of H3.3K27M-
mutation from HSJD-DIPG-012 cells caused decrease in cell proliferation and cell viability levels
of isoDIPG-012-H3WT clones to a comparable level observed in original H3WT VUMC-DIPG-010
cells (Figure 9A, 9B and 9C).

Brightfield (Figure 9D) confirmed these results obtained from proliferation assays (Figure 9A-C).
DIPG cells carrying H3.3K27M-mutation formed larger neurospheres on day 3 and day 5 after

seeding compared to their H3WT counterparts.
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Figure 9 | H3.3K27M-mutation in isoDIPG cells leads to strong cell viability and proliferation
potential.

Cell viability and cell proliferation of isoDIPG cells assessed by (A) MTT, (B) CV and (C) BrdU assays were
determined after day 1, day 3 and day 5 after seeding and normalized to time point day 1. (D)
Representative brightfield microscopy images of proliferating cells were taken at indicated time points.
Bar size 1 mm.

To address clonogenicity and stem cell-like properties of isoDIPG cells, sphere formation (Figure

10A) and colony formation (Figure 10B) abilities were assessed.

Introduction of H3.3K27M-mutation into originally H3-wildtype DIPG cells led to around 4-fold
increase of colony and sphere formation ability compared to isoDIPG-H3WT cells. Removal of
H3.3K27M-mutation from originally H3.3K27M-mutated DIPG cells resulted in around 4-fold
decrease of colony and sphere formation abilities compared to isoDIPG-H3.3K27M cells (Figure
10A and 10B). In line with these results, expression of stemness markers OCT4 (POU5F1), SOX2
and Nanog was elevated in isoDIPG-H3.3K27M cells compared to isoDIPG-H3WT cells on protein
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level determined by western blot analyses (Figure 10C; Appendix B), as well as on mRNA level

assessed by gqPCR (Figure 10D).

Interestingly, expression of the stemness markers PAX6 and CD133 was found to be increased
on protein level in isoDIPG-H3WT cells compared to isoDIPG-H3.3K27M cells (Figure 10C;
Appendix B). However, on mRNA level, CD133 (PROM1) was found to be elevated in isoDIPG-
H3.3K27M cells when the mutation had been introduced and in isoDIPG-H3WT cells when the
mutation had been removed (Figure 10D). Moreover, expression of Nestin and GFAP was
upregulated in isoDIPG-H3.3K27M compared to isoDIPG-H3WT cells on protein (Figure 10C;
Appendix B) and mRNA (Figure 10D) level. Altogether, these results point out to a crucial role
of H3.3K27M-mutation in regulation of stemness-associated genes and stem cell-like

characteristics in DIPG cells.
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Figure 10 | isoDIPG cells carrying H3.3K27M-mutation show increased stem cell-like
properties and elevated levels of selected stemness markers.

Sphere formation ability of isoDIPG cells was evaluated after 6 days of incubation cultured under spheroid
conditions. Spheres were distinguished according to their size as small (50 — 100 um), medium (100 — 300
um) and large (> 300 um). (B) Colony formation assay was evaluated after 7 days of incubation under
monolayer conditions. (C) Western blot analyses were performed using specific antibodies for stemness
markers as indicated. R-actin served as loading control. (D) Expression of stemness markers on mRNA level
was investigated using qPCR and normalized to B-actin. * p < 0.05; ** p < 0.01; ***p < 0.005; ****p <
0.001.
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The ability of tumor cells to infiltrate into surrounding tissue is an important characteristic of
the aggressive tumor phenotype observed in DIPG. To address migratory and infiltrative
properties of isoDIPG-H3WT and isoDIPG-H3.3K27M cells, migration (Figure 11A) and invasion

(Figure 11B) assays were performed.

Introduction of H3.3K27M-mutation into originally H3-wildtype DIPG cells resulted in around 4-
fold increase of migration (Figure 11A) and invasion (Figure 11B) abilities compared to isoDIPG-
H3WT cells. While removal of H3.3K27M-mutation from originally H3.3K27M-mutated DIPG
cells resulted in around 4-fold decrease in their migratory and infiltrative abilities compared to
isoDIPG-H3.3K27M cells (Figure 11A and 11B). In line with these results, expression of
mesenchymal markers ZEB1, Vimentin and MMP9 was elevated in isoDIPG-H3.3K27M cells
compared to isoDIPG-H3WT cells on protein level (Figure 11C; Appendix C), as well as on mRNA
level (Figure 11D). Interestingly, expression of N-cadherin (CDH2) was significantly increased on
mRNA-level in isoDIPG-H3WT compared to isoDIPG-H3.3K27M cells (Figure 11D), while on
protein level its expression remained unchanged (Figure 11C; Appendix C). Furthermore, the
epithelial marker E-cadherin (CDH1) was elevated in isoDIPG-H3.3K27M cells compared to

isoDIPG-H3WT cells on protein (Figure 11C; Appendix C), as well as on mRNA level (Figure 11D).
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Figure 11 | H3.3K27M-mutation in isoDIPG cells led is associated with increased invasiveness.
(A) Migration and (B) invasion assays, as well as (C) western blot analyses using specific antibodies for
mesenchymal markers as indicated. B-actin served as a loading control (D) Expression of mesenchymal
markers on mRNA level was investigated using qPCR and normalized to R-actin. * p < 0.05; ** p < 0.01;
**%*p < 0.005; ****p < 0.001

In summary, introduction of H3.3K27M-mutation to originally H3-wildtype DIPG cells led to a
significant increase of cell viability and proliferation as well as the ability to form spheres and
colonies with an elevated expression of stemness markers compared to isoDIPG-H3WT cells.
isoDIPG-H3.3K27M cells exhibited also significantly higher levels of migration and invasion
abilities associated with increased expression of mesenchymal markers. Whereas removal of
H3.3K27M-mutation from originally H3.3K27M-mutated DIPG cells led to reduction of cell
proliferation, clonogenicity and invasive phenotype compared to isoDIPG-H3.3K27M cells. These
findings strongly support the hypothesis that H3.3K27M-mutation may indeed essentially

contribute to the aggressive tumor phenotype observed in isoDIPG-H3.3K27M cells.

4.1.3 Presence of H3.3K27M-mutation affects expression of different epigenetic

histone modifications in isoDIPG cells

It is well known that H3.3K27M-mutation affects H3K27ac and H3K27me3 levels (Bender et al.
2013; Castel et al. 2015). Recent studies suggested that also other histone modifications that
are dependent on presence of H3.3K27M-mutation might be relevant for epigenetic regulation
in DIPG (Kumar et al. 2017; Vethantham et al. 2012; Yu et al. 2021; An et al. 2020; Foglizzo et al.
2018; Tamburri et al. 2020). In order to confirm already known or identify new H3.3K27M-
mutation-dependent histone marks, western blot analyses were performed (Figure 12;

Appendix D).

Histone modifications that are mainly associated with transcriptional repression (Benayoun et
al. 2014; Tamburri et al. 2020; Martire et al. 2019); were reduced in isoDIPG-H3.3K27M cells
compared to their wild type counterparts, including ubiquitination of lysine 119 of histone 2A
(H2AK119ub), phosphorylation of serine 31 of histone 3.3 (H3.3531p) and trimethylation of
lysine 9 of histone 3 (H3K9me3).

In opposite, histone marks associated with active chromatin (An et al. 2020; Yu et al. 2021) were
found to be elevated in isoDIPG-H3.3K27M cells, including trimethylation of lysine 4 of histone
3 (H3K4me3), dimethylation of lysine 36 of histone 3 (H3K36me2) and acetylation of histone 4
(H4ac) (An et al. 2020; Yu et al. 2021).
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Acetylation of lysine 16 of histone 4 (H4K16ac) and trimethylation of lysine 36 of histone 3
(H3K36me3) are histone marks linked to activation and repression of transcription (Taylor et al.
2013; Su et al. 2020). Levels of H4K16ac were found to be decreased in isoDIPG-H3.3K27M cells,

while H3K36me3 remained unaffected by presence of H3.3K27M-mutation in isoDIPG cells.

isoDIPG-010 isoDIPG-012

H3WT H3.3K27M H3WT H3.3K27M

VUMC-DIPG-010
HSJD-DIPG-012
VUMC-DIPG-010
HSJD-DIPG-012

#1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3

H2AK119ub | &

= 17 kDa
H3.3531p - 17kDa

- e — » - — -
H3K4me3 v w— - - 17 kDa
H3K9me3 - — - 17 kDa
H3K36me2 = 17 kDa
H3K36me3 - 17 kDa

H4ac y p—
= 10 kDa

H4K16ac | A1
= 10 kDa
B-actin

= 35kDa

Figure 12 | H3.3K27M-mutation affects expression of different epigenetic histone
modifications in isoDIPG cells.

Western blot analyses using specific antibodies for different histone modifications, as indicated. $-actin
served as loading control.

In summary, H3.3K27M-mutation displayed not only well-established effect on histone marks
H3K27ac and H3K27me3, but also showed an interaction with several other epigenetic
modifications, indicating an even more global epigenetic function of H3.3K27M-mutation in

DIPG cells.

4.1.4 Presence of H3.3K27M-mutation affects expression of epigenetic key players in

isoDIPG cells

Since presence of H3.3K27M-mutation is associated with hyperacetylation and
hypotrimethylation of lysine 27 of histone 3 (Bender et al. 2013; Piunti et al. 2017), it could be
assumed that H3.3K27M-mutation may also affect expression of different epigenetic key players
involved in H3K27ac and H3K27me3, including histone acetyltransferases CBP and p300, H3K27
methyltransferase EZH2 or BET proteins that function as transcriptional activators. In order to
investigate the expression of these epigenetically relevant proteins, western blot (Figurel3A;

Appendix E) and gPCR (Figure13B) analyses were performed. Upon introduction of H3.3K27M-
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mutation CBP and p300 as well as BRD2, 3 and 4 expression was elevated, while deletion of

H3.3K27M-mutation resulted in decreased expression of these proteins on both, mRNA

(Figure13B) and protein (Figure13A; Appendix E) level. In addition, expression of EZH2 on mRNA

and protein level (Figurel3A and 13B) was strongly decreased in presence of H3.3K27M-

mutation in isoDIPG cells.
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Figure 13 | H3.3K27M-mutation affects the expression of different epigenetic key players
involved in H3K27 acetylation and trimethylation in isoDIPG cells.

(A) Western blot analyses using specific antibodies detecting different epigenetic proteins as indicated. 8-
actin served as loading control. (B) Expression of epigenetic proteins on mRNA level was investigated using
gPCR and normalized to B-actin. * p < 0.05; ** p < 0.01; ***p < 0.005; ****p < 0.001

In summary, H3.3K27M-mutation appears to regulate expression of epigenetic key players

involved in H3K27 acetylation and trimethylation in DIPG cells.

4.1.5 Irradiation affects stemness potential of H3.3K27M-mutated DIPG cells

Standard treatment strategy for DIPG patients includes chemotherapy using temozolomide
(TMZ) combined with radiotherapy (Stupp et al. 2005). Irradiation is known to cause DNA
damage (Fu and Phillips 1991) and is used to prevent tumor progression. However, especially

stemness-like DIPG cells evade radiochemotherapy (Stupp et al. 2005).

To investigate the effect of irradiation on stem cell-like characteristics of DIPG cells, sphere
formation assay was performed. In addition, western blot analyses were carried out to study the
impact of irradiation on apoptosis. Irradiation led to an approximately 2-fold decrease of sphere
formation ability in isoDIPG-H3.3K27M cells compared to non-irradiated control cells, while
there was no significant difference observed in isoDIPG-H3WT cells (Figure 14A). However,
irradiation led to elevated levels of the apoptosis marker cleaved Caspase 3 not only in isoDIPG-

H3.3K27M, but also in isoDIPG-H3WT cells (Figure 14B; Appendix F).
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Figure 14 | Irradiation reduces stemness characteristics and induces apoptosis in isoDIPG cells.
Sphere formation assay was evaluated after 5 days after irradiation. Spheres were distinguished according
to their size as small (100 — 200 um) and large (> 200 um). (B) Western blot analyses were performed
using specific as indicated. R-actin served as loading control. * p < 0.05; ** p < 0.01; ***p < 0.005; ****p
<0.001

In conclusion, irradiation significantly decreased stem cell-like properties in isoDIPG-H3.3K27M
cells and induced apoptosis in both, isoDIPG-H3WT and isoDIPG-H3.3K27M cells. These findings

suggest H3-dependent effects of irradiation in DIPG cells.
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4.1.6 Glutl inhibition decreases cell viability and sensitizes especially isoDIPG-

H3.3K27M cells to irradiation and temozolomide

Previous studies showed that glucose transporter 1 (Glut1) suppresses the diffuse phenotype in
a DIPG mouse model (Miyai et al. 2021) and Glutl inhibition sensitizes radioresistant breast
cancer cells to irradiation (Zhao et al. 2016) making it a promising therapeutic target for DIPG

patients.

To study DIPG cell viability upon Glutl inhibition, MTT cell viability assay was performed after
treatment with increasing concentrations of Glutl inhibitor, BAY-876. Irrespectively of H3-status

isoDIPG cells strongly responded to Glutl inhibition (Figure 15).
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Figure 15 | Glutl inhibition reduces cell viability in isoDIPG cells independently of H3-mutation
status.

MTT assays illustrating viability of isoDIPG-010 and isoDIPG-012 cell lines (isoDIPG-H3WT cells shown in
shades of grey, isoDIPG-H3.3K27M cells shown in shades of blue) upon treatment with increasing
concentrations of BAY-876 for 72 h.

To study whether Glutl inhibition sensitizes DIPG cells to standard treatment, combinatory MTT
cell viability assay was performed (Figure 16). Thus, two different concentrations of

temozolomide, 10 and 100 uM, were used in combination with 500 nM BAY-876 treatment and

8 Gy dose of irradiation.

Single treatment with temozolomide reduced cell viability to a significantly higher extent in
isoDIPG-H3WT cells, while isoDIPG-H3.3K27M cells reacted stronger to a single dose of
irradiation. Single treatment with Glutl inhibitor resulted in a comparable reduction of cell
viability, irrespectively of H3-mutation status. Interestingly, especially isoDIPG-H3.3K27M cells
had been susceptible to double treatment with BAY-876 and TMZ or irradiation, respectively.
When BAY-876 was used in combination with combined radiochemotherapy, isoDIPG-H3WT and
isoDIPG-H3.3K27M cells were both sensitized towards combined temozolomide and irradiation

treatment (Figure 16).
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Figure 16 | Glutl inhibition sensitizes isoDIPG cells to standard therapy.

MTT viability assay illustrating viability of (A) isoDIPG-H3WT and (B) isoDIPG-H3.3 K27M cells upon single
and combinatory treatment with two different temozolomide concentrations (10 and 100 uM), 500 nM
BAY-876 and dose of 8 Gy irradiation. */#p < 0.05; **/## p < 0.01; *** /### p < 0.005; **** /#### p < 0.001
# used for comparison between isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

In summary, Glutl inhibition seemed to sensitize especially isoDIPG-H3.3K27M cells towards
standard treatment therapy making it an attractive target for future investigations to identify

new therapeutic options for DIPG patients.

4.1.7 mRNA sequencing reveals differently expressed gene sets in isoDIPG-H3WT and
isoDIPG-H3.3K27M cells

H3.3K27M-mutation has a very strong effect on the epigenetic landscape of affected DIPG cells

which is very much likely associated with a global change of gene expression. To investigate the
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impact of H3.3K27M-mutation on global gene expression, the transcriptome of isoDIPG cell lines
was determined by whole genome mRNA-sequencing. Dendrogram (Figure 17A) and principal
component analysis (PCA) plots (Figure 17B) revealed that originally H3-wildtype VUMC-DIPG-
010 cells after introduction of H3.3K27M-mutation (isoDIPG-010-H3.3K27M) shared a majority
of expressed genes with originally H3.3K27M-mutated HSJD-DIPG-012 cells (isoDIPG-012-
H3.3K27M) (Figure 17). On the other hand, when H3.3K27M-mutation had been removed from
originally mutated HSID-DIPG-012 cells (isoDIPG-012-H3WT), isoDIPG-012-H3WT cells still
shared the majority of genes with originally mutated isoDIPG-012-H3.3K27M cells rather than
originally H3-wildtype VUMC-DIPG-010 cells (isoDIPG-010-H3WT) (Figure 17).
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Figure 17 | H3.3K27M-mutation mediates specific gene expression pattern in isoDIPG cells.
(A) Dendrogram and (B) principal component analysis (PCA) plot were used to cluster isogenic cell lines
with and without H3.3K27M-mutation based on their similarity in regard to gene expression profiles.
Proportion of variance captured is expressed as percentage for both the first and second principal
components (component 1 and 2).

In order to investigate the role of H3.3K27M-mutation in gene regulation and to identify
commonly regulated subsets of genes after introduction of H3.3K27M-mutation in isoDIPG-010
and genes enriched in isoDIPG-012-H3.3K27M cells compared to their isoDIPG-H3WT
counterparts, venn diagram and gene ontology analyses were performed. Venn diagram analysis
revealed that more than 40% of genes in isoDIPG-H3.3K27M cells compared to their isoDIPG-
H3WT counterparts were commonly enriched in isoDIPG-012 and isoDIPG-010 cells (Figure 18A).
GO annotation analysis revealed that these genes are involved in biological processes like signal
transduction, cell migration and cell motility (Figure 18B) and KEGG pathways including P53
signaling, pluripotency of stem cells and metabolic signaling (Figure 18C). Analysis of the top 50
commonly upregulated genes in both isoDIPG-H3.3K27M cell lines revealed the
overrepresentation of different genes associated with tumor growth and aggressiveness, the

HOX genes homeobox B4 (HOXB4), homeobox B8 (HOXB8) and homeobox B5 (HOXB5), but also
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DAB adaptor protein 2 (DAB2), mesothelin (MSLN), fibroblast growth factor binding protein 1

(FGFBP1), gap junction protein beta 5 (GJB5), FXYD domain containing ion transport regulator 5

(FXYD5), caveolin 2 (CAV2) and annexin A3 (ANXA3) (Figure 18D).
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Figure 18 | H3.3K27M-mutation induces similar gene signatures in isoDIPG-010 and isoDIPG-
012 cells.

(A) Venn diagram analysis identified commonly enriched genes in isoDIPG-010 and isoDIPG-012 cells in
the presence of H3.3K27M-mutation in comparison to their respective isoDIPG-H3WT cell counterparts.
(B) Gene ontology and (C) KEGG pathway analyses identified biological processes and KEGG pathways
regulated by commonly expressed genes in the presence of H3.3K27M-mutation (log2FC <1.0, adjusted
p-value <0.05). (D) Relative mRNA expression of selected genes from the top50 regulated genes
associated with tumor biology in isoDIPG-012-H3.3K27M and isoDIPG-010-H3.3K27M cell lines compared
to their respective isoDIPG-H3WT counterparts.

Venn diagram analysis revealed that almost 30% of all genes enriched in isoDIPG-H3WT cells
compared to their isoDIPG-H3.3K27M counterparts were commonly enriched in isoDIPG-012
and isoDIPG-010 (Figure 19A). GO annotation analysis revealed that these similarly expressed
genes were involved in biological processes like nervous system development, angiogenesis and
cell differentiation (Figure 19B), and KEGG pathways including axon guidance and focal adhesion
(Figure 19C). Analysis of the top 50 commonly upregulated genes in both isoDIPG-H3WT cell
lines revealed the overrepresentation of different genes associated with tumor biology
compared to isoDIPG-H3.3K27M cells, including PiggyBac transposable element derived 5
(PGBDS5), glutathione S-transferase mu 3 (GSTM3), cadherin 6 (CDH6), cadherin 2 (CDH2),
frizzled class receptor 8 (FZD8), activator of transcription and developmental regulator AUTS2
(AUTS2), insulin like growth factor binding protein like 1 (/IGFBPL1), POU class 4 homeobox 1
(POUA4F1), secreted frizzled related protein 1 (SFRP1), growth arrest specific 1 (GAS1) and meis
homeobox 1 (MEIS1) Figure 19D.
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development compared to isoDIPG-H3.3K27M cells.
(A) Venn diagrams diagram analysis identified commonly enriched genes in isoDIPG-010-H3WT and
isoDIPG-012-H3WT cells in comparison to their respective isoDIPG-H3.3K27M cell counterparts. (B) Gene
ontology and (C) KEGG pathway analyses identified biological processes and KEGG pathways regulated by
commonly expressed genes in the absence of H3.3K27M-mutation (log2FC <1.0, adjusted p-value <0.05).
(D) Relative mRNA expression of selected genes from the top50 regulated genes associated with tumor
biology in isoDIPG-012-H3WT and isoDIPG-010-H3WT cell lines compared to their respective isoDIPG-

H3

.3K27M counterparts.

Figure 19 | isoDIPG-H3WT cells share different gene sets associated with differentiation and
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To study molecular interactions dependent on presence of H3.3K27M-mutation in DIPG cells,

KEGG pathway map was generated using ShinyGo (http://bioinformatics.sdstate.edu/go/).

Genes that were strongly expressed in isoDIPG-H3.3K27M cells in comparison to isoDIPG-H3WT
cells were involved in pathways like Wnt signaling, calcium signaling, p53 signaling as well as cell

cycle (Appendix G).

As it has already been shown above, removal of H3.3K27M-mutation resulted in less change in
global gene expression than introduction of H3.3K27M-mutation. To investigate the differences
between both isoDIPG-10-H3WT and isoDIPG-12-H3WT and between isoDIPG-10-H3.3K27M
and isoDIPG-10-H3.3K27M cells, volcano plots and GO annotation analyses were performed.
Volcano plots showed less differential regulated genes in isoDIPG-012-H3.3K27M and isoDIPG-
010-H3.3K27M cells (Figure 20A) when compared to the isoDIPG-H3WT cell lines, where
significantly more genes were differentially regulated between isoDIPG-010 and isoDIPG-012
cell lines (Figure 20B). Gene ontology analysis was used to discover biological processes
exclusively enriched either in isoDIPG-010-H3WT or isoDIPG-012-H3WT cells. In isoDIPG-010-
H3WT cells, identified processes were involved in cell differentiation and neuron development
(Figure 20C), while in isoDIPG-012-H3WT cells, enriched genes were involved in nervous system
development processes as well as in cell differentiation, cell migration and cell adhesion (Figure
20D). Analysis of the top 50 commonly regulated genes exclusively regulated in isoDIPG-012-
H3WT cells revealed the overrepresentation of different genes associated with tumor biology,
including glypican 6 (GPC6), Wnt family member 5A (WNT5A), BMP/retinoic acid inducible
neural specific 3 (BRINP3), collagen type IV alpha 1 chain (COL4A1), proprotein convertase
subtilisin/kexin type 2 (PCSK2), RAN binding protein 17 (RANBP17) and CCDC26 long non-coding
RNA (CCDC26) (Figure 20E).
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Figure 20 | Removal of H3.3K27M-mutation results in less change in global gene expression
than introduction of H3.3K27M-mutation in isoDIPG cells.
Volcano plots identified differently expressed genes in isoDIPG-010 and isoDIPG-012 in the presence (A)
and absence (B) of H3.3K27M-mutation. Gene ontology analysis identified biological processes and
pathways regulated by exclusively expressed genes in (C) isoDIPG-012-H3WT and (D) isoDIPG-010-H3WT
cells (log2FC <1.0, adjusted p-value <0.05). (E) Relative mRNA expression of top50 genes associated with
tumor biology was shown exclusively in isoDIPG-012-H3WT cell line.
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In summary, mRNA sequencing data suggested that presence of H3.3K27M-mutation may be
crucial, but not the only factor responsible for the malignant phenotype observed in DIPG-
H3.3K27M cells. Moreover, DIPG cell lines carrying H3.3K27M-mutation share gene expression
profiles associated with commonly regulated biological processes and KEGG pathways, such as
cell proliferation, cell motility, cell migration, MAPK signaling pathway, p53 signaling pathway
and pluripotency of stem cells, which may explain the effect of presence of H3.3K27M-mutation

on proliferation, stem cell-like characteristics and invasiveness in isoDIPG-H3.3K27M cells.

4.1.8 H3.3K27M-mutation impacts tumor growth in vivo

In order to study the effect of H3.3K27M-mutation on tumor growth, chicken embryo
chorioallantoic membrane (CAM) assay was used, which has already been proven to be a
suitable in vivo model to study tumor biology and therapeutic options in DIPG (Li et al. 2015;

Power et al. 2022).

Introduction of H3.3K27M-mutation resulted in DIPG cells derived tumors to be significantly
larger in size (Figure 21A and 21C) and volume (Figure 21B and 21D) compared to their H3-
wildtype equivalent. Accordingly, removal of H3.3K27M-mutation led to significantly smaller

isoDIPG-012-H3WT cells derived tumors compared to isoDIPG-012-H3.3K27M cells (Figure 21).
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In conclusion, CAM assay revealed that tumors harboring H3.3K27M-mutation grew significantly

bigger in size and volume than their H3-wildtype equivalents.

Overall, presence of H3.3K27M-mutation resulted in an increase of tumor-related
characteristics, such as cell proliferation, stemness characteristics and invasive phenotype
compared to H3-wildtype equivalent in vitro and in vivo. In addition, these characteristics were
reflected by the expression profile of isoDIPG cells, with isoDIPG-H3.3K27M cells regulating

pluripotency of stem cells, p53 signaling pathway, MAPK cascade and cell cycle.

4.2 H3.3K27M-dependent function of CBP/p300 and BET proteins in
isoDIPG cells

Our previous studies showed that especially isoDIPG-H3.3K27M cells display very pronounced
tumor cell characteristics, including cell proliferation rate, stem cell-like properties and
malignant phenotype. These features may be at least partially associated with the higher
expression of H3K27ac levels observed in isoDIPG-H3.3K27M cells compared to their H3-
wildtype counterparts. In line with previous findings, DIPG cells carrying H3.3K27M-mutation
might be more dependent on proteins associated with H3K27ac, such as epigenetic writers and
readers CBP/p300 and BET proteins, respectively, which have been shown to play a role in tumor
maintenance (Wiese et al. 2017; Piunti et al. 2017; Wiese et al. 2020; Zheng and Jefcoate 2004;
Belkina and Denis 2012). Therefore, targeting epigenetically relevant proteins that might be
responsible for the observed hyperacetylation at H3K27 or mediate their impact on gene

expression may be a promising therapeutic option for DIPG patients.

To this end, nine small molecules (Table 21) were used to inhibit CBP/p300 and BET proteins in
isogenic DIPG cells. Subsequently, siRNA-mediated knockdown of CBP, p300, BRD2, BRD3 and
BRD4 was conducted in two isogenic cell lines — isoDIPG-010 and isoDIPG-012 with and without
H3.3K27M-mutation to differentiate distinct functions of CBP and p300 as well as of the three

BET proteins: BRD2, BRD3 and BRD4.
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Table 21 | Small molecules and their targets used in the present study

Inhibitor Target protein Target function

A-485 CBP/p300 HAT domain of CBP/p300
C646 CBP/p300 HAT domain of CBP/p300
CBP112 CBP/p300 BD

CBP30 CBP/p300 BD

ICG-001 CBP/p300 N-terminus of CBP/p300
ISOX-DUAL CBP/p300 and BRD4 BD of CBP/p300 and BRD4
Jai BET proteins BD of BRD2/3/4

MS346 BRD4 BD of BRD4

OTX-015 BET proteins BD of BRD2/3/4

4.2.1 Cell viability assay unravels the most potent CBP/p300 and BET proteins

inhibitors in isoDIPG cells

To investigate the effectiveness and possible H3-mutation-dependent effects of different
CBP/p300 and BET proteins inhibitors on cell viability, MTT cell viability assays were performed.
For this purpose, isoDIPG-010 and isoDIPG-012 cells were treated with increasing concentrations
of five different exclusive CBP/p300 inhibitors (CBP30, A-485, CBP112, C646, ICG-001), three
exclusive BET proteins inhibitors (OTX-015, JQ1, MS346) and one dual inhibitor (ISOX-DUAL)
(Table 22).

Overall, no cell line depending effect was observed: isoDIPG-10 and isoDIPG-12 cells with the
same H3-mutation status responded similarly to each tested CBP/p300 and BET proteins
inhibitors (Figure 22).

CBP/p300 inhibition

In order to inhibit bromodomain (BD) function of CBP/p300 in isoDIPG cells, CBP112 (Picaud et
al. 2015) and CBP30 (Hammitzsch et al. 2015) were used. A-485 (Zhang et al. 2020) and C646
(Shrimp et al. 2015) were chosen to inhibit histone acetyltransferase (HAT) activity of CBP/p300,
while ICG-001 was used to inhibit binding of co-factors to the N-terminus of CBP/p300, including

R-catenin as canonical Wnt signaling pathway activator (Gang et al. 2014).

CBP30 and A-485 significantly decreased cell viability, to a higher extent in isoDIPG-H3WT cells

when compared to isoDIPG-H3.3 K27M cells, with approximate ICg of 1 uM for CBP30 and 50

nM for A-485 (Figure 22A and 22B). Treatment with CBP112 resulted in only slight reduction of
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cell viability with approximate ICg of 1 uM for isoDIPG-H3WT cells, whereas in isoDIPG-
H3.3K27M cells 1Cso was not reached (Figure 22C). Treatment with C646 and ICG-001 showed
effective reduction of cell viability, independently of H3-mutation status with approximate I1Cso

of 1 uM (Figure 22D and 22E).
BET inhibition

JQ1 and OTX-015 were used in order to inhibit bromodomains of BRD2, BRD3 and BRD4 in
isoDIPG cells (Berthon et al. 2016), whereas MS346 was chosen to exclusively inhibit BRD4

bromodomains (Zhang et al. 2013).

Treatment with OTX-015 resulted in a significant reduction of cell viability, to a higher extent in
isoDIPG-H3WT cells, with ICgo oscillating around 50 nM for isoDIPG-H3WT cells and 500 nM for
isoDIPG-H3.3 K27M cells (Figure 22G). MS346 and JQ1 treatment decreased cell viability in a
dose dependent manner, independently on H3-mutation status, with approximate 1Cgo of 1 uM

for MS346 and 100 nM for JQ1 (Figure 22H and 22l).
CBP/p300 and BET inhibition

ISOX-DUAL binds to CBP/p300 and BRD4 bromodomains and inhibits their interaction with
chromatin (Chekler et al. 2015). MTT viability assay showed slight reduction in cell viability of
isoDIPG cells, independently of H3-mutation status with ICg oscillating around 5 uM (Figure

22F).
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Figure 22 | Selected CBP/p300 and BET proteins inhibitors reduce cell viability in isoDIPG-
H3WT and isoDIPG-H3.3K27M cells.

MTT cell viability assays (H3WT shown in shades of grey, H3.3K27M shown in shades of blue) upon
treatment with increasing concentrations of studied inhibitors 72 h after seeding. Chosen concentrations

for further experiments are depicted by bars in green (1 uM for CBP30), light green (50 nM for A-485),
and blue (50 nM for OTX-015).

In summary, every selected CBP/p300 and BET proteins inhibitor affected cell viability in
isoDIPG-H3WT and isoDIPG-H3.3 K27M cells to a different extent. Three out of nine tested
molecules were chosen for further experiments — 1 uM CBP30, 50 nM A-485 and 50 nM OTX-
015, since only those showed differences in cell viability in dependence on H3-mutation status

and haven’t been investigated closely in DIPG cells.
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4.2.2 Verification of successful siRNA-mediated knockdown of CBP, p300, BRD2, BRD3
and BRD4 in isoDIPG cells

To further investigate the role of CBP/p300 and BET proteins in dependence on H3-mutation
status in particular and to be able to distinguish between CBP and p300, as well as between
BRD2, BRD3 and BRD4 function, siRNA-mediated knockdown of the proteins of interest was
performed. To validate the successful knockdown of CBP, p300, BRD2, BRD3 and BRD4, gPCR

and western blot analyses were carried out.

Interestingly, absolute expression of CBP, p300, BRD3 and BRD4, but not BRD2, was found to be
significantly elevated in isoDIPG-H3.3K27M cells compared to isoDIPG-H3WT cells on mRNA
level. These results are also reflected on protein level apart from BRD3, which expression was

found not to be affected by presence of H3.3K27M-mutation in isoDIPG cells.

However, gPCR (Figure 23A) as well as western blot (Figure 23B) analyses showed successful

knockdown of CBP, p300, BRD2, BRD3 and BRD4 in isoDIPG-010 and isoDIPG-012 cell lines.

CBP knockdown turned out to be exceptionally efficient in isoDIPG-010 and isoDIPG-012 cell
lines. isoDIPG-H3WT cells showed reduction of CBP expression on mRNA level of approximately
60% in isoDIPG-010-H3WT and 90% in isoDIPG-012-H3WT, while in isoDIPG-H3.3K27M cells of
approximately 65% in isoDIPG-010-H3.3K27M cells and 90% in isoDIPG-012-H3.3K27M cells.
Knockdown of p300 resulted in decreased levels of EP300 on mRNA level of around 70% in
isoDIPG-H3WT cells and 75% in isoDIPG-010-H3.3K27M cells, and nearly 100% in isoDIPG-012-
H3.3K27M cells. BRD2 knockdown showed reduction of BRD2 on mRNA level of approximately
65% in isoDIPG-010-H3WT cells and almost 100% in isoDIPG-012-H3WT cells. Whereas in
isoDIPG-H3.3K27M cells BRD2 knockdown resulted in decreased BRD2 expression of around 85%
in isoDIPG-010-H3.3K27M cells and 70% in isoDIPG-012-H3.3K27M cells. BRD3 knockdown
showed reduction of BRD3 mRNA level of approximately 75% in isoDIPG-010-H3WT cells and
70% in isoDIPG-012-H3WT cells. While in isoDIPG-H3.3K27M cells, siRNA mediated knockdown
of BRD3 resulted in decreased BRD3 expression of around 80% in isoDIPG-010-H3.3K27M cells
and almost 100% in isoDIPG-012-H3.3K27M cells. Knockdown of BRD4 caused reduction of BRD4
on mRNA level of approximately 55% and 90% in isoDIPG-010-H3WT and isoDIPG-012-H3WT
cells, respectively. siRNA-mediated knockdown of BRD4 resulted in reduction of BRD4 mRNA
expression of around 80% and 90% in isoDIPG-010-H3.3K27M and isoDIPG-012-H3.3K27M cells,

respectively.
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Figure 23 | Verification of successful knockdown of CBP, p300, BRD2, BRD3 and BRD4 on
mRNA and protein level in isoDIPG cells.

siRNA-mediated knockdown of CBP, p300, BRD2, BRD3 and BRD4 was validated 48 h after transfection on
mRNA level using (A) qPCR relative to R-actin housekeeping gene expression and 72 h after transfection
on protein level using (B) western blot analyses. R-actin served as loading control. */# p < 0.05; ** /##t p <
0.01; *** /tHt# p < 0.005; **** /H##it# p < 0.001 # used for comparison between isoDIPG-H3WT and isoDIPG-
H3.3K27M cells.

In summary, although slight differences in the effectiveness of siRNA mediated knockdown on
MRNA level were observed, protein expression of CBP, p300, BRD2, BRD3 and BRD4 was

completely abolished in all tested isoDIPG cell lines.
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4.2.3 CBP/p300 and BET proteins regulate expression of H3K27me3 and H3K27ac in
isoDIPG cells

Previous findings suggest that hypotrimethylation and hyperacetylation at H3K27 in isoDIPG
cells is induced by H3.3K27M-mutation which is associated with elevated expression of tumor-
biological characteristics. In consequence, it can be assumed that the aggressive phenotype of
isoDIPG-H3.3K27M cells may depend on the observed epigenetic changes. Thus, histone
acetylation-associated proteins might be involved in regulation of H3K27 marks. In order to
investigate these hypotheses, effects of CBP/p300 and BET proteins inhibition on H3K27me3
and H3K27ac levels were investigated using western blot analyses. To this end, HAT-activity of
CBP/p300 was inhibited using A-485. In addition, CBP/p300 and BET protein bromodomains
were inhibited by CBP30 and OTX-015, respectively. In addition, to dissect the specific function
of CBP and p300, as well as BRD2, BRD3 and BRD4, siRNA-mediated knockdown was performed.

CBP/p300

Levels of H3K27me3 were not very strongly affected by inhibition or knockdown of CBP/p300 in
isoDIPG-H3WT cells in comparison to isoDIPG-H3.3K27M cells which show a very profound
increase of H3K27me3 levels upon knockdown of CBP, but not p300 (Figure 24A and 24B;
Appendix H). In contrast, inhibition of BD (CBP30) and HAT activity (A-485) of CBP/p300 resulted
in decreased H3K27ac levels, irrespectively of H3-mutation status (Figure 24A and 24B;
Appendix H). Interestingly, knockdown of p300 strongly reduced H3K27ac expression in
isoDIPG-H3WT cells and knockdown of CBP in isoDIPG-H3.3K27M cells (Figure 24A and 24B;
Appendix H). These data suggest that p300 is responsible for H3K27ac in isoDIPG-H3WT cells,
whereas CBP appears to be crucial for H3K27 acetylation in isoDIPG-H3.3K27M cells.

BET proteins

In isoDIPG-H3WT cells, H3K27me3 was restored only upon knockdown of BRD3, while in
isoDIPG-H3.3K27M cells upon BRD2 and BRD3 knockdown (Figure 24A and 24B; Appendix H).
Contrastingly, H3K27ac was found to be elevated upon BET inhibition by OTX-015, as well as
BRD2, BRD3 and BRD4 knockdown in isoDIPG-H3WT cells, but downregulated in isoDIPG-
H3.3K27M cells (Figure 24A and 24B; Appendix H), suggesting a differential role of BET proteins

in dependence on H3-mutation status in DIPG cells.
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Figure 24 | CBP/p300 and BET proteins regulate expression of H3K27me3 and H3K27ac in
isoDIPG cells.

Expression of H3K27me3 and H3K27ac levels was investigated using western blot analysis after (A)

CBP/p300 and BET proteins inhibition and (B) siRNA-mediated knockdown of the indicated proteins of
interest. B-actin served as loading control.

In summary, CBP/p300 and BET proteins appear to strongly affect the epigenetic profile of DIPG
cells by influencing H3K27ac and H3K27me3 levels. CBP regulates H3K27acin isoDIPG-H3.3K27M
cells, while p300 plays similar role in isoDIPG-H3WT cells. Furthermore, H3K27me3 is being
restored after knockdown of CBP, BRD2 and BRD3 in isoDIPG-H3.3K27M cells.
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4.2.4 CBP/p300 and BET proteins are important for expression of tumor-related

characteristics in isoDIPG cells

Previous studies showed that inhibition of CBP/p300 and BET proteins reduce tumor
characteristics (Wiese et al. 2017; Piunti et al. 2017; Wiese et al. 2020; Zheng and Jefcoate 2004;
Belkina and Denis 2012). Since isoDIPG-H3.3K27M cells were found to have significantly higher
expression of H3K27ac compared to isoDIPG-H3WT cells, acetylation-associated proteins might

play a more profound role in DIPG cells carrying H3.3K27M-mutation.

4.2.4.1 CBP/p300 and BET proteins are essential for proliferation of isoDIPG-H3.3K27M

cells

To examine the impact of CBP, p300, BRD2, BRD3 and BRD4 on cell proliferation in dependence
on H3-mutation status, cell viability and cell proliferation assays were performed using isoDIPG-
010 and isoDIPG-012 cell lines after siRNA-mediated knockdown as well as inhibition of
CBP/p300 and BET proteins.

CBP/p300

Knockdown of CBP and p300 caused only a slight reduction of cell viability and cell proliferation,
independently of H3-mutation status (Figure 25; Appendix 1). Whereas inhibition of CBP/p300
BD (CBP30) and HAT activity (A-485) resulted in significantly stronger effects in isoDIPG-H3WT
cells compared to isoDIPG-H3.3K27M cells (Figure 25; Appendix I).

BET proteins

Viability and proliferation of isoDIPG-H3WT cells was reduced only upon inhibition of BET
proteins using OTX-015, while knockdown of BRD2, BRD3 and BRD4 caused no changes (Figure
25; Appendix I). In opposite, in isoDIPG-H3.3K27M cells, reduction of cell viability and
proliferation was observed upon knockdown of BRD2 and BRD4, whereas siBRD3 transfection

had only slight, but no significant effect (Figure 25; Appendix I).
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Figure 25 | CBP/p300 and BET proteins are essential for proliferation of isoDIPG cells.
Cell viability and cell proliferation of isoDIPG cells assessed by (A) MTT, (B) CV and (C) BrdU assay were
determined after day 1, day 3 and day 5 after seeding and normalized to time point day 1. */# p < 0.05;

*EBH p < 0.01; *¥**/### p < 0.005; **** /Hit## p < 0.001 # used for comparison between isoDIPG-H3WT
and isoDIPG-H3.3K27M cells.

In conclusion, whereas knockdown of CBP and p300 resulted in comparable effects in isoDIPG-
H3WT and isoDIPG-H3.3K27M cells, BRD2 and BRD4, but not BRD3, appear to play a role in cell

viability and proliferation exclusively in isoDIPG-H3.3K27M cells, but might be dispensable in
isoDIPG-H3WT cells.

4.2.4.2 CBP/p300 and BET proteins are crucial for clonogenicity of isoDIPG cells

To assess clonogenicity under stem cell-like spheroid and differentiating monolayer culture
conditions after siRNA-mediated knockdown as well as after inhibition of CBP/p300 and BET
proteins, sphere formation and colony formation assays were performed. Additionally,

expression of common stemness markers was evaluated using qPCR (Figure 26).
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used for comparison between isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

CBP/p300

NN
§§
NN
NN
NN
NN
NN
§§
Z%ﬂ

7

NN/
NN\

010
012

3

/

NN
RN/

\.
\

010 B
012

HHHE

##H kkkk R
% %k %k %k

small

medium

B7ZN

large

010
012

siEP300 I

control I
OTX-015 I

010
012
010
012
010
012
010
012
010
012

100
100

siBRD2 I

siBRD3

siBRD4

100

100

100

100

100

100

010
012
010
012

siBRD3
siBRD4

CBP/p300 and BET proteins are essential for stemness features of isoDIPG-
H3.3K27M cells.
isoDIPG-H3WT and isoDIPG-H3.3K27M cell lines were subjected to (A) sphere and (B) colony formation
assays. (C) mRNA expression of stemness markers POU5F1 (OCT4), SOX2, NES (Nestin) and PROM1
(CD133) was investigated using gPCR and normalized to R-actin after knockdown and inhibition of
CBP/p300 and BET proteins, as indicated. Percentage of the remained expression was summarized and a
color code was used to highlight different gene expression levels in dependence on the respective
knockdown and inhibition effects. */# p < 0.05; **/## p < 0.01; *** /### p < 0.005; **** /##t##t p < 0.001 #

Knockdown of CBP and inhibition of BD and HAT activity of CBP/p300 using CBP30 and A-485,

respectively, resulted in a strong decrease of sphere formation ability in both tested cell lines,

to a significantly higher extent in isoDIPG-H3.3K27M cells of approximately 50%, while in

isoDIPG-H3WT with only approximately 20% reduction compared to untreated control cells

(Figure 26A). However, knockdown of p300 was less efficient and caused only slight sphere

reduction of 10%, irrespectively of H3-mutation status (Figure 26A).

82



RESULTS

Colony forming capacity was evaluated under differentiating culture conditions. As already
shown in sphere formation assay, BD inhibition with CBP30 as well as CBP knockdown resulted
in pronounced reduction of colony formation to a significantly higher extent in isoDIPG-
H3.3K27M cells with 50% inhibition for CBP30 treatment and 70% for CBP knockdown, while in
isoDIPG-H3WT with approximately 45% reduction compared to untreated control cells (Figure
26B). In comparison, inhibition of CBP/p300 HAT activity by A-485 and p300 knockdown resulted
in less severe effects, but still significant in isoDIPG-H3WT and isoDIPG-H3.3K27M cells of

approximately 20%, irrespectively of H3-mutation status (Figure 26B).

Additionally, the overall stronger effect of inhibition and siRNA-mediated knockdown of
CBP/p300 on clonogenicity in isoDIPG-H3.3K27M cells had been reflected by strong regulation
of common stemness markers on mRNA level. OCT4 (POU5F1), SOX2, Nestin and CD133
(PROM1) expression were evaluated and remained overall mainly unchanged in isoDIPG-H3WT
cells, whereas inhibition and knockdown of CBP/p300 in isoDIPG-H3.3K27M cells showed strong
effects especially on expression of OCT4, SOX2 and CD133 (Figure 26). Interestingly, differential
effects were found after knock down of p300 which resulted in strongest reduction of OCT4
(Figure 26C), but not of the glioma stemness marker CD133 (Figure 26C), whereas CBP
knockdown showed opposite effects pointing to the differential function of CBP and p300 in
isoDIPG-H3.3K27M cells.

BET proteins

In isoDIPG-H3WT cells, sphere as well as colony formation abilities were decreased only upon
BET bromodomain inhibition by OTX-015 of approximately 20% in isoDIPG-H3WT and 40% in
isoDIPG-H3.3K27M cells compared to untreated control cells (Figure 26A and 26B). Additionally,
in isoDIPG-H3.3K27M cells clonogenicity was diminished not only after OTX-015 treatment, but
also upon knockdown of BRD2 and BRD4 of approximately 60% compared to untreated control

cells. Only BRD3 knockdown had no effect on stemness potential (Figure 26A and 26B).

In addition, the overall stronger effect of BET inhibition and knockdown on clonogenicity in
isoDIPG-H3.3K27M cells was reflected by stronger regulation of selected stemness markers on
MRNA level. OCT4 (POU5F1), Nestin and CD133 (PROM1) expression had been evaluated and
remained overall mainly unchanged in isoDIPG-H3WT cells, whereas inhibition and knockdown
of BET proteins in isoDIPG-H3.3K27M cells showed stronger effects on Nestin, SOX2 and CD133
expression (Figure 26C). Interestingly, expression of OCT4 was the only marker that turned out
to be more affected in isoDIPG-H3WT cells compared to isoDIPG-H3.3K27M cells upon BET
proteins inhibition and knockdown, suggesting different mechanism behind maintaining stem
cell-like characteristics in dependence on H3-mutation status in DIPG cells (Figure 26C).
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Moreover, in isoDIPG-H3.3K27M cells knockdown of BRD2 affected OCT4 expression more
profoundly (Figure 26C), while knockdown of BRD4 had a stronger effect on Nestin and CD133

expression (Figure 26C), pointing out to the differential function of BRD2 and BRD4 in isoDIPG-
H3.3K2M cells.

4.2.4.3 CBP, BRD2 and BRD4 are essential for invasive properties especially in isoDIPG-
H3.3K27M cells

The ability of tumor cells to invade into surrounding tissue is an important characteristic of the
malignant phenotype observed in DIPG tumors. To investigate if CBP/p300 and BET proteins are
essential for migration and invasion ability of DIPG cells migration and invasion assays were
performed. Additionally, qPCR analyses were carried out to investigate expression of common
mesenchymal markers on mRNA level which are usually associated with the migratory and

invasive potential of glioma cells (Figure 27).
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Figure 27 | CBP/p300 and BET proteins are essential for malignant phenotype of isoDIPG-
H3.3K27M cells.

isoDIPG-H3WT and isoDIPG-H3.3K27M cell lines were subjected to (A) migration and (B) invasion assays
(C) mRNA expression of mesenchymal markers SNA/1 (SNAIL), SNAI2 (SLUG), MMP2, CDH1 (E-cadherin)
and CDH2 (N-cadherin) was investigated using gPCR and normalized to B-actin after knockdown and
inhibition of CBP/p300 and BET proteins, as indicated. Percentage of the remained expression was
summarized and a color code was used to highlight different gene expression levels in dependence on the
respective knockdown and inhibition effects. */# p < 0.05; **/## p < 0.01; *** /### p < 0.005; **** /H#iH#
p < 0.001 # used for comparison between isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

CBP/p300

Knockdown of CBP and p300 as well as inhibition of bromodomain and HAT activity of CBP and
p300 strongly reduced migration and invasion abilities in both tested cell lines, to a significantly
higher extent in isoDIPG-H3.3K27M cells. CBP30 treatment resulted in reduction of migration
and invasion abilities of approximately 40% in isoDIPG-H3.3K27M cells, while in isoDIPG-H3WT
cells with only approximately 25% reduction compared to untreated control cells (Figure 27A
and 27B). Whereas A-485 treatment as well as CBP knockdown caused reduction of
mesenchymal phenotype of approximately 60% in isoDIPG-H3.3K27M cells and in isoDIPG-
H3WT cells with only approximately 40% reduction compared to untreated control cells (Figure
27A and 27B). Knockdown of p300, however, resulted in reduction of migration ability of 40%
in isoDIPG-H3.3K27M cells, whereas in isoDIPG-H3WT cells only in a slight decrease of 10%
compared to untreated control cells (Figure 27A). Moreover, invasion ability of isoDIPG-
H3.3K27M after p300 knockdown was reduced to approximately 50%, while in isoDIPG-H3WT
only to 30% (Figure 27B).

In addition, the overall stronger effects of inhibition and siRNA-mediated knockdown of
CBP/p300 on malignant phenotype in isoDIPG-H3.3K27M cells were reflected by strong
regulation of common mesenchymal markers on mRNA level. SNAIL (SNAI1), SLUG (SNAI2),
MMP2, E-cadherin (CDH1) and N-cadherin (CDH2) expression were evaluated and remained
overall mainly unchanged in isoDIPG-H3WT cells, whereas inhibition and knockdown of
CBP/p300 in isoDIPG-H3.3K27M cells showed strong reduction of SNAIL, SLUG, MMP2, E-
cadherin and N-cadherin expression (Figure 27C). Interestingly, expression of SNAIL was found
to be strongly influenced by inhibition and knockdown of CBP/p300 in isoDIPG-H3WT cells
(Figure 27C). Furthermore, in isoDIPG-H3.3K27M cells expression of E-cadherin was reduced by
p300 knockdown, but not affected by knockdown of CBP, while N-cadherin expression was
decreased upon CBP and increased upon p300 knockdown, respectively (Figure 27C). This
finding points to an important function of CBP in mesenchymal, while p300 in epithelial

characteristics in isoDIPG-H3.3K27M cells.
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BET proteins

Inhibition of BET proteins and siRNA-mediated knockdown of BRD2 and BRD4 resulted in a
strong reduction of migration and invasion in isoDIPG-H3.3K27M cells of approximately 40% and
50%, respectively, while in isoDIPG-H3WT cells migration ability was reduced of approximately
20% compared to control cells (Figure 27A and 27B). In addition, in isoDIPG-H3WT cells level of
migration was found to be slightly reduced upon BET proteins inhibition of approximately 15%
compared to control cells (Figure 27A). Knockdown of BRD3 had no significant effect on

migration and invasion, irrespectively of H3-mutation status (Figure 27A).

Additionally, the overall stronger effects of inhibition and siRNA-mediated knockdown of BET
proteins on the malignant phenotype of isoDIPG-H3.3K27M cells were reflected by strong
regulation of common mesenchymal markers on mRNA level: SNAIL (SNA/1), SLUG (SNAI2),
MMP2, E-cadherin (CDH1) and N-cadherin (CDH2) expression were evaluated and remained
overall mainly unchanged in isoDIPG-H3WT cells, whereas inhibition or/and knockdown of BET
proteins in isoDIPG-H3.3K27M cells resulted in a strong reduction of SNAIL, SLUG, MMP2, E-
cadherin and N-cadherin expression (Figure 27C). Similar to CBP/p300 inhibition and siRNA-
mediated knockdown, expression of SNAIL has been found to be strongly influenced by
inhibition and knockdown of BET proteins in isoDIPG-H3WT cells compared to isoDIPG-
H3.3K27M cells (Figure 27C). Moreover, expression of E-cadherin was found to be significantly

upregulated upon BRD4 knockdown exclusively in isoDIPG-H3WT cells (Figure 27C).

In conclusion, CBP, p300, BRD2 and BRD4 seem to play a different role in mediating certain
tumor-associated characteristics in dependence on H3-mutation status reflected by
proliferation assays, sphere and colony formation as well as migration and invasion assays.
These findings were also supported by the differential regulation of common genes contributing
to stemness or mesenchymal phenotype by CBP/p300 and BET proteins. Overall, CBP, p300,
BRD2 and BRD4 appear to play a more profound role in the expression of tumor-associated

characteristic in isoDIPG-H3.3K27M cells compared to isoDIPG-H3WT cells.

4.2.5 CBP and p300 influence global gene expression pattern to a significantly higher
extent in isoDIPG-H3.3K27M cells compared to isoDIPG-H3WT cells

In order to discover CBP and p300-dependent differentially regulated subsets of genes in
isoDIPG-H3WT and isoDIPG-H3.3K27M cells mRNA sequencing was performed. To identify

global differences in gene expression after CBP and p300 knockdown and inhibition in isoDIPG-
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H3WT (Figure 28A) and isoDIPG-H3.3K27M cells (Figure 28B) principal component analysis (PCA)

plot was used.

The effect of knockdown of CBP and p300 on global gene expression pattern was stronger in
isoDIPG-H3.3K27M cells compared to isoDIPG-H3WT cells. In addition, inhibition of CBP/p300
bromodomain led to more profound mRNA expressional changes in isoDIPG-H3.3K27M cells
(Figure 28B). In contrast HAT inhibition of CBP/p300 resulted in stronger changes in gene
expression in isoDIPG-H3WT cells (Figure 28A).

Additionally, in isoDIPG-H3.3 K27M cells CBP/p300 BD inhibition had similar effects on gene
expression as knockdown of CBP, while CBP/p300 HAT activity inhibition shared differentially
expressed genes with p300 knockdown indicating a role of CBP associated with BD and p300
with HAT function in H3.3 K27M-mutated DIPG cells (Figure 28B).
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Figure 28 | CBP and p300 differently affect gene expression in isoDIPG-012-H3WT and isoDIPG-
012-H3.3K27M cells.

Principal component analysis (PCA) of global gene expression in isoDIPG-012- (A) H3WT and (B) H3.3K27M
cells after inhibition and knockdown of CBP and p300.

4.2.5.1 CBP and p300 play a more profound role in isoDIPG-H3.3K27M cells

To investigate transcriptional regulatory function of CBP and p300 in dependence on H3-
mutation status, venn diagram and gene set enrichment analyses were performed using 2-fold

enriched and 0.5-fold reduced genes upon inhibiton and knockdown of CBP and p300.

818 genes in isoDIPG-H3WT cells and 950 in isoDIPG-H3.3K27M cells were differentially

regulated after inhibition of BD of CBP/p300 by CBP30 (Figure 29A). Although the expression of

only 87 genes were found to be commonly changed in isoDIPG-H3WT and isoDIPG-H3.3K27M
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cells after CBP30 treatment, these genes revealed an enrichment of biological processes such as

nervous system development, cell locomotion, motility and migration (Appendix J).

Inhibition of HAT activity of CBP/p300 by A-485 revealed 1189 differentially regulated genes in
isoDIPG-H3WT cells that are involved in cell morphogenesis as well as neurogenesis and Wnt
signaling pathway. While in isoDIPG-H3.3K27M cells 923 genes were differentially regulated
upon A-485 treatment and associated with processes like cell proliferation and migration, but

also angiogenesis, cell death and apoptotic processes (Figure 29B; Appendix J).

Knockdown of CBP revealed only 7 differentially expressed genes in isoDIPG-H3WT cells, while
in isoDIPG-H3.3K27M cells 2054 genes were found to be associated with important tumor-
associated mechanisms such as cell migration and cell proliferation, as well as regulation of
apoptosis, already indicating a more profound role of CBP in isoDIPG-H3.3K27M cells (Figure
29C; Appendix J).

In contrast p300 knockdown was less effective in isoDIPG-H3.3K27M cells than knockdown of
CBP resulting in 439 differentially regulated genes associated with processes such as cell
migration, proliferation and adhesion, but also in blood vessel development (Figure 29D;

Appendix J). Only 42 genes were differentially regulated in isoDIPG-H3WT cells.

A. B.
bromodomain inhibition of CBP/p300 HAT-activity inhibition of CBP/p300
1023 166 757
C D.
knockdown of CBP knockdown of p300
6 1 2053 39 3 436
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Figure 29 | CBP and p300 display a more profound function in isoDIPG-012-H3.3K27M cells.
Venn diagram analyses showed commonly regulated 0.75-fold downregulated and 1.5-fold upregulated
(adjusted p-value <0.05) genes in isoDIPG-H3WT and isoDIPG-H3.3K27M cells after (A) CBP/p300 HAT
activity inhibition by A-485, (B) CBP/p300 bromodomain inhibition by CBP30, (C) CBP knockdown and (D)
p300 knockdown in isoDIPG-012 cells.

In summary, CBP and p300 appear to play a more profound role in isoDIPG-H3.3K27M cells
compared to isoDIPG-H3WT cells. Moreover, gene set enrichment analysis pointed out to a
specific function of CBP and p300 in cell proliferation and migration in isoDIPG-H3.3 K27M cells.
Additionally, CBP was found to be involved in cell cycle and apoptosis, while p300 was associated

with angiogenesis.

4.2.5.2 CBP and p300 fulfill epigenetic writer and reader functions in isoDIPG-H3.3K27M

cells

To dissect specific bromodomain- and HAT-dependent function of CBP and p300, commonly
expressed genes after BD/HAT inhibition of CBP/p300 and knockdown of CBP and p300 were

assesed and subjected to GO-annotation analysis.

In isoDIPG-H3WT cells almost no genes were found to be regulated by CBP or p300 knockdown
(Appendix K). In consequence, no GO-annotation analysis of potential overlapping genes in
isoDIPG-H3WT cells after BD or HAT inhibiton of CBP/p300 and upon CBP and p300 knockdown

was carried out.

In contrast, in isoDIPG-H3.3K27M cells approximately 25% of all CBP target genes were changed
after BD inhibition of CBP/p300 (Figure 30A). These genes were mainly involved in cell
differentiation and neurogenesis (Figure 30C). On the other hand, more than 11% of all CBP
target genes were changed after HAT activity inhibition of CBP/p300 (Figure 30B) and associated
with angiogenesis processes and programmed cell death (Figure 30D). Furthermore, commonly
enriched CBP-dependend pathways after BD and HAT activity inhibition of CBP/p300 were also

discovered including cell proliferation and migration.
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Figure 30 | CBP fulfills epigenetic writer and reader function in isoDIPG-012-H3.3K27M cells.
Venn diagram analyses showed commonly regulated 0.75-fold downregulated and 1.5-fold upregulated
(adjusted p-value <0.05) genes after (A) HAT activity or (B) BD inhibition of CBP/p300 and knockdown of
CBP in H3.3K27M-mutated isoDIPG-012 cells, as indicated. Gene set enrichment analyses revealed (C) BD
and (D) HAT CBP-dependent biological processes in isoDIPG-H3.3K27M cells. Highlighted in bold common
processes were found after CBP knockdown and CBP/p300 HAT and BD inhibition.

In order to discover specific CBP/p300 BD and HAT-activity associated p300-dependent
processes in isoDIPG-H3.3K27M cells, commonly expressed genes after BD or HAT inhibition and

knockdown of p300 were investigated.

144 commonly regulated genes upon BD inhibition and knockdown of p300 were identified
(Figure 31A). Those genes were found to regulate biological processes such as regulation of
signaling and locomotion (Figure 31C). Whereas upon HAT activity inhibition and knockdown of
p300, 149 genes were found to be commonly regulated in isoDIPG-H3.3K27M cells (Figure 31B)
which were found to be associated with regulation of MAPK cascade and apoptosis (Figure 31D).
Commonly enriched p300-dependend pathways after HAT and BD inhibition were discovered

including cell proliferation, motility and migration (Figure 31C and 31D).

90



A.
BD-dependent
p300 target genes
285 144 806
CBP30
C.

BD-dependent

Response to bacterium

Cell migration

Leukocyte chemotaxis
Response to lipid

Cell motility

Localization of cell
Locomotion

Response to cAMP

Reg of cell migration

Reg of cell proliferation

Cell chemotaxis

Response to chemokine
Neg reg of cell proliferation
Myeloid leukocyte migration
Reg of locomotion
Epithelium development
Neg reg of cell communication
Neg reg of signalling

Tube development

Tube morphogenesis

144

5

-LOG10 FDR

10

HAT-dependent
p300 target genes

290 149 774

HAT-dependent

Reg of cell proliferation
Locomotion

Cell migration

Tube morphogenesis

Cell motility

Localization of cell

Tube development

Cell chemotaxis

Response to cytokine

Pos reg of cell proliferation
Chemotaxis

Taxis

Neg reg of signalling

MAPK cascade

Reg of MAPK cascade
Response to chemokine

Reg of cell migration

Neg reg of apoptotic processes
Reg of apoptotic processes
Neg reg of programmed cell death

RESULTS

5

-LOG10 FDR

Figure 31 | p300 fulfills epigenetic writer and reader function in isoDIPG-012-H3.3K27M cells.
Venn diagram analyses showed commonly regulated 0.75-fold downregulated and 1.5-fold upregulated
(adjusted p-value <0.05) genes after (A) HAT activity or (B) BD inhibition and knockdown of p300 in
isoDIPG-012-H3.3K27M cells. Gene set enrichment analyses revealed (C) BD and (D) HAT p300-dependent
biological processes in isoDIPG-012-H3.3K27M cells. Highlighted in bold common processes had been
found after p300 knockdown and p300 HAT and bromodomain inhibition.

To conclude, CBP and p300 fulfil epigenetic writer and reader function regulating specific

biological processes in isoDIPG-H3.3K27M cells. BD-dependent CBP target genes exclusively

regulate neurogenesis, whereas HAT-dependent CBP target genes are involved in regulation of

programmed cell death. p300 target genes are associated with MAPK cascade and apoptotic

processes in HAT-dependent manner.

4.2.5.3 HAT activity of CBP/p300 regulates apoptosis in isoDIPG-012-H3.3K27M cells

Since gene set enrichment analysis revealed that HAT-dependent CBP and p300 target genes

play a role in regulation of programmed cell death (Figure 30D), induction of apoptosis was

investigated in isoDIPG-H3.3K27M cells. To this end, expression of three different apoptosis
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protein markers was investigated using western blot analyses. In line with previous results,
cleaved poly(ADP-Ribose) polymerase 1 (PARP), cleaved Caspase 3 and Bcl-2 associated X-
protein (Bax) were found to be upregulated upon HAT activity inhibition of CBP/p300 in isoDIPG-
H3.3K27M cells (Figure 32A and 32B).
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Figure 32 | HAT activity of CBP/p300 is involved in apoptosis regulation in H3.3K27M-mutated
DIPG cells.

(A) Expression of cleaved PARP, cleaved Caspase 3 and Bax was investigated using western blot analyses
after HAT activity inhibition of CBP/p300 by A-485 in isoDIPG-H3.3K27M cells. B-actin served as loading
control. (B) Densitometry analysis of performed western blots. * p <0.05; ** p < 0.01; *** p < 0.005; ****
p < 0.001.

To illustrate the effect of CBP/p300 HAT activity on apoptosis-related processes, KEGG pathway
illustration was used showing upregulated (in green) and downregulated (in red) genes upon

siRNA-mediated knockdown of CBP and p300 and A-485 treatment (Appendix L).

4.2.6 BET proteins influence global gene expression pattern to a significantly higher

extent in isoDIPG-H3.3K27M cells

Principal component analysis (PCA) plot revealed differences in global gene expression after BET
knockdown and inhibition in isoDIPG-H3WT (Figure 33A) and isoDIPG-H3.3K27M cells (Figure
33B). Distance of investigated control samples after knockdown of BET proteins turned out to
be greater in isoDIPG-H3.3K27M than in isoDIPG-H3WT cells which suggests a more important
function of BET proteins in isoDIPG-H3.3K27M cells. Combined BET proteins inhibition by OTX-
015 had a strong effect on gene expression in isoDIPG-H3WT and isoDIPG-H3.3K27M cells
(Figure 33A and 33B).
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Figure 33 | BET proteins differentially affect gene expression in isoDIPG-012-H3WT and
isoDIPG-012-H3.3K27M cells.

Principal component analysis (PCA) of global gene expression in of (A) isoDIPG-012-H3WT and (B) isoDIPG-
012-H3.3K27M cells after inhibition and knockdown of BET proteins, as indicated.

To dissect distinct function of BRD2, BRD3 and BRD4 in dependence on H3-mutation status in
isoDIPG cells venn diagram and gene set enrichment analyses were performed upon BET

proteins inhibition and siRNA-mediated knockdown.

In isoDIPG-H3WT cells, 1802 differentially regulated genes were identified after OTX-015
treatment (Figure 34A). Those genes are mainly involved in cell adhesion (Appendix M).
Whereas in isoDIPG-H3.3K27M cells inhibition of BET proteins by OTX-015 revealed 2126
differentially regulated genes (Figure 34A) that play a role in blood vessel development
(Appendix M). In addition, commonly enriched pathways after BET inhibition in isoDIPG-H3WT
and isoDIPG-H3.3K27M cells were discovered including cell differentiation, migration and

motility as well as neurogenesis (Appendix M).

BRD2 knockdown had a minimal effect on global gene expression in isoDIPG-H3WT cells with
only 9 differentially regulated genes (Figure 34B). Whereas in isoDIPG-H3.3K27M cells
knockdown of BRD2 had a much more profound effect on gene expression resulting in 843
differentially regulated genes (Figure 34B) that were found to be involved in many processes
contributing to cell motility, proliferation, migration, locomotion and neurogenesis (Appendix

M).

Investigation of BRD3 function by siRNA mediated knockdown in dependence on H3-mutation
status unveiled 6 differentially regulated genes in isoDIPG-H3WT DIPG cells (Figure 34C)
(Appendix M). While in isoDIPG-H3.3K27M cells knockdown of BRD3 caused 85 genes to be
differentially regulated with no significantly regulated biological processes (Figure 34C).
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Knockdown of BRD4 in isoDIPG-H3WT cells revealed 131 differentially regulated genes (Figure
34D). Whereas in isoDIPG-H3.3K27M cells knockdown of BRD4 resulted in 704 diffferentially
regulated genes (Figure 34D) that contribute to processes including cell differentiation,

migration and motility as well as neurogenesis and cell death (Appendix M).

A. B.
bromodomain inhibition of BET knockdown of BRD2
C. D.
knockdown of BRD3 knockdown of BRD4
5 1 84 114 17 687

Figure 34 | BET proteins play a more crucial role in gene expression in isoDIPG-012-H3.3K27M
cells.

Venn diagram analyses showed commonly regulated 0.75-fold downregulated and 1.5-fold upregulated
(adjusted p-value <0.05) genes in isoDIPG-H3WT and isoDIPG-H3.3K27M cells after (A) BET proteins
inhibition by OTX-015, (B) BRD2, (C) BRD3 and (D) BRD4 knockdown in isoDIPG-012 cells.

In summary, venn diagram analysis revealed a more important function of BET proteins in
isoDIPG-H3.3 K27M cells compared to isoDIPG-H3WT cells. Furthermore, gene set enrichment
analysis pointed out to a specific role of BET proteins in isoDIPG-H3.3K27M cells being involved,

among others, in cancer-related processes such as cell proliferation, motility and migration.

4.2.6.1 BRD4 plays the most prominent role out of all BET proteins in isoDIPG-H3.3K27M

cells

In order to dissect specific bromodomain-dependent function of each member of BET protein

family in isoDIPG-H3.3K27M cells, venn diagram analyses were used.
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Genes regulated by knockdown of BRD2, BRD3 and BRD4 did not share high similarity among
each other (Appendix N). However, 487 commonly regulated genes were found upon OTX-015
treatment and siBRD2 transfection in isoDIPG-H3.3K27M cells (Figure 35A), whereas knockdown
of BRD3 and inhibition of BET proteins revealed 33 commonly regulated genes (Figure 35B).
However, these genes did not reveal any pathway enrichment. In contrast, 359 commonly
regulated genes were found after OTX-015 treatment and BRD4 knockdown in isoDIPG-
H3.3K27M cells (Figure 35C) being involved in processes such as DNA methylation, HDAC

deacetylation of histones, DNA damage and Wnt signaling (Figure 35C and 35D).
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Figure 35 | Bromodomain function of BRD4 plays a crucial role in isoDIPG-012-H3.3K27M cells.
Venn diagram analyses showed commonly regulated 0.75-fold downregulated and 1.5-fold upregulated
(adjusted p-value <0.05) genes after BET inhibition by OTX-015 and knockdown of (A) BRD2, (B) BRD3 and
(C) BRD4 in isoDIPG-H3.3K27M cells. (D) Gene set enrichment analyses revealed bromodomain-
dependent BRD4-relevant biological processes in isoDIPG-012-H3.3 K27M cells.

In summary, out of BET protein family members, BRD4 seems to be the most epigenetically-

relevant protein in isoDIPG-H3.3 K27M cells.

4.2.6.2 Inhibition of BRD4 induces cell cycle arrest in isoDIPG-H3.3K27M cells

Whole genome mRNA sequencing indicated a profound role of BRD4 in isoDIPG-H3.3K27M cells.
To study H3.3K27M-mutation-dependent function of BRD4 in cell cycle progression,
fluorescence activated cell sorting (FACS) analysis was performed after bromodomain inhibition

of BET proteins (Figure 36A) which revealed that majority of OTX-015 treated isoDIPG-
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H3.3K27M cells gathered in G1 phase (Figure 36B). In order to investigate different cell cycle-
related key players on protein and mRNA level after inhibition of BET proteins western blot and
gPCR analyses were performed. In line with the results obtained by FACS analysis, expression of
cell cycle driver c-myc and cyclin-dependent kinase 2 (CDK2) were reduced after OTX-015
treatment on protein level (Figure 36C; Appendix O) and after knockdown of BRD4 on mRNA
level (Figure 36D). In contrast, cell cycle inhibitors, cyclin-dependent kinase 4 (CDK4) and p38
mitogen-activated protein kinases, were upregulated upon BET protein inhibition (Figure 36C;
Appendix 0). Additionally, tumor suppressor proteins, p21 and pl16, were found to be
significantly elevated after OTX-015 treatment on protein level (Figure 36C; Appendix O) and
also after knockdown of BRD4 on mRNA level (Figure 36D).
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Figure 36 | Inhibition of BRD4 induces cell cycle arrest in isoDIPG-H3.3K27M cells.

(A) Fluorescence activated cell sorting (FACS) analysis was performed 24 h after OTX-015 treatment in
isoDIPG-010-H3.3K27M and isoDIPG-012-H3.3K27M cells. (B) Quantification of FACS analysis revealed cell
cycle phase distribution in isoDIPG-H3.3K27M cells. (C) Expression of c-myc, CDK2, CDK4, p38, p21 and
pl6 was investigated using western blot analyses after BET proteins inhibition in H3.3K27M-mutated
isoDIPG-010 and isoDIPG-012 cells line. B-actin served as loading control. (D) mRNA expression of cell
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cycle-associated genes was investigated using gPCR and normalized to B-actin. * p < 0.05; ** p < 0.01; ***
p <0.005; **** p < 0.001.

Furthermore, KEGG pathway analysis revealed several either upregulated (in green) or
downregulated (in red) genes associated with cell cycle after BRD4 inhibition in isoDIPG-H3.3

K27M cells (Appendix P).

4.2.6.3 BRD4 regulates canonical Wnt signaling pathway in isoDIPG-H3.3K27M cells

Whnt signaling is associated with an increased cell proliferation and stemness characteristics, as
well as oncogenesis of different tumor entities (Komiya and Habas 2008). Since gene set
enrichment analysis revealed that BRD4 is involved in Wnt signaling pathway in isoDIPG-
H3.3K27M cells (Figure 37D) expression of selected Wnt-related genes was investigated using
MRNA sequencing. Inhibition and knockdown of BRD4 had a strong effect on expression of Wnt
signaling-associated genes. Primarly, genes associated with activation of canonical Wnt signaling
pathway were found to be downregulated upon BRD4 inhibition and knockdown in H3.3K27M-
mutated DIPG cells, including WNT10B, FZD4 and WNT3A. Moreover, expression of Wnt-
components and target genes, AXIN2 and BAMBI, was decreased upon BRD4 inhibition in
isoDIPG-H3.3K27M cells. Additionally, another Wnt target gene, CCN4, was also found to be
reduced upon BRD4 inhibition in isoDIPG-H3.3K27M cells (Figure 37).
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Figure 37 | BRD4 regulates canonical Wnt signaling pathway in isoDIPG-012-H3.3K27M cells.
mRNA expression of Wnt signaling-associated genes was investigated using mRNA-sequencing in isoDIPG-
012-H3.3 K27M cells. * p < 0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001.

In summary, inhibition of BRD4 affects expression of several Wnt signaling-related genes which

results in dysregulation of canonical Wnt signaling pathway in isoDIPG-H3.3K27M cells.
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4.2.7 CBP/p300 and BET proteins inhibition reduce tumor growth in vivo

As previously shown (Figure 23), CAM assay is a suitable in vivo model to study H3.3K27M-
dependent effects of chosen putative therapeutics. In order to investigate the impact of
inhibition of CBP/p300 BD and HAT activity using CBP30 and A-485, respectively, as well as BET
proteins inhibition by OTX-015 treatment in isoDIPG-H3WT and isoDIPG-H3.3K27M cells, CAM
assay was used (3.2.5.1). Treatment with CBP/p300 and BET proteins inhibitors resulted in
significant decrease of tumor size (Figure 40B) and volume (Appendix R), irrespectively of H3-
mutation status. The strongest effects were observed after inhibition of BET proteins by OTX-

015 treatment.
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Figure 38 | Inhibition of CBP/p300 and BET proteins reduce size of isoDIPG-H3WT and isoDIPG-
H3.3K27M derived tumors in CAM assay.

(A) Respective microscope photos of freshly harvested tumors and (B) quantification of tumor size after
CBP30, A-485 and OTX-015 treatment in isoDIPG-012 cell line. * p < 0.05; ** p < 0.01; *** p < 0.005; ****
p <0.001.
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To investigate effects of CBP30, A-485 and OTX-015 treatment in H3-wildtype and H3.3K27M-
mutated DIPG tumors in vivo, expression of stemness markers OCT4 and CD133, oncogene c-
myc, tumor suppressor gene p16 and vascular growth factor V (VEGFA) was analyzed on mRNA
level using qPCR. In addition, previous in vitro results had been compared with the mRNA
expression results obtained in vivo to find out if the in vivo data are reflected by the data

obtained in vitro.

Expression of the stemness marker OCT4 was decreased after inhibition of CBP/p300 BD by
CBP30in isoDIPG-H3WT and isoDIPG-H3.3K27M cells in vivo and in vitro. Inhibition of CBP/p300
HAT activity by A-485 had no significant effect in vitro or in vivo, with the exception of isoDIPG-
H3WT cells, where the expression of OCT4 was slightly reduced. BET proteins inhibition resulted
in significantly increased expression of OCT4 in H3-wildtype tumors and remained unchanged in
isoDIPG-H3WT cells. Whereas in isoDIPG-H3.3K27M cells, OCT4 expression was significantly

decreased in vivo and in vitro (Figure 39A).

Expression of CD133 was significantly reduced upon all treatments in both, H3-wildtype and
H3.3K27M-mutated DIPG tumors and cells with the exception of CBP/p300 HAT activity

inhibition in isoDIPG-H3WT cells, where CD133 expression remained unchanged (Figure 39B).

Expression of oncogene, c-myc, was found to be downregulated after CBP30 treatment in H3-
wildtype tumors and cells, while c-myc expression remained unchanged in H3.3K27M-mutated
DIPG tumors and was reduced in isoDIPG-H3.3K27M cells. HAT activity of CBP/p300 inhibition
also resulted in decreased c-myc expression in vitro, irrespective of H3-mutation status.
Whereas, in vivo, in H3-wildtype DIPG tumors c-myc expression was significantly elevated, while
in H3.3K27M-mutated DIPG tumors c-myc level was reduced. Surprisingly, upon OTX-015
treatment c-myc expression was found to be significantly increased in H3-wildtype tumors, while
in vitro it remained unchanged. In isoDIPG-H3.3K27M cells and tumors c-myc expression was

significantly reduced (Figure 39C).

Expression of tumor suppressor gene, pl16, was found to be increased only in DIPG cells and
tumors carrying H3.3K27M-mutation after CBP30 and OTX-015 treatment, to a significantly
higher extent in vitro. Furthermore, p16 was significantly higher expressed in vitro than in vivo

(Figure 39D).

Additionally, vascular growth factor gene expression, VEGFA, was investigated. The analysis
revealed reduced levels of VEGFA in isoDIPG-H3WT and isoDIPG-H3.3K27M cells and tumors
upon all performed treatments, with the significant distinction of HAT activity inhibition of

CBP/p300 in H3.3K27M-mutated tumors (Figure 39E).
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Figure 39 | In vivo CAM analysis reflects inhibiting effects of CBP/p300 and BET proteins
inhibition in DIPG cells on tumor-related gene expression.

mMRNA expression of (A) POU5F1, (B) PROM1, (C) MYC, (D) CDKN2A and (E) VEGFA was investigated using
MRNA sequencing. * p < 0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001.

In conclusion, impact of investigated inhibitors found in vitro was also to some extent reflected
in the CAM-DIPG tumor model in vivo. CBP/p300 and BET proteins inhibition reduced cell
proliferation in vitro and tumor size in vivo of isoDIPG cells independently of H3-mutation status.
Moreover, expression of stemness markers, oncogene c-myc and tumor suppressor pl6 was

similarly affected by CBP/p300 and BET proteins inhibition in vitro and in vivo.

4.3 Combined treatment with EZH2 and CBP/p300 inhibitors has no additive effect on

cell proliferation and expression of H3K27me3 and H3K27ac in isoDIPG cells

CBP, p300 and EZH2 are epigenetically relevant proteins (Piunti et al. 2017; Greer and Shi 2012).
The present study has already proven that CBP and p300 play a significant role in isoDIPG-
H3.3K27M cells compared to isoDIPG-H3WT cells. In addition, impairment of EZH2 function
might be responsible for the epigenetic imbalance observed in isoDIPG-H3.3K27M cells. Thus,
combined treatment using CBP/p300 inhibitors (CBP30 and A-485) and EZH2 inhibitor (EPZ-
6438) was investigated to find out if additive effects might be observed and if combined

treatment could serve as novel therapeutic option.

In order to investigate the effect of combined treatment using two CBP/p300 inhibitors,
inhibiting different function of CBP/p300, on cell viability, MTT cell viability assay was carried
out. No additive effect of combinatory treatment on cell viability in isoDIPG-H3WT and isoDIPG-
H3.3K27M cells was found (Figure 40A). To study the impact of EZH2 and CBP/p300 inhibition
on cell viability in isoDIPG cells, CBP30 or A-485 treatment, respectively, was combined with
EPZ/6438 treatment. No significant additive effect of the combined treatment approaches could
be demonstrated for either CBP30/EPZ-6438 (Figure 40B) or A-485/EPZ-6438 (Figure 40C) in
isoDIPG-H3WT and isoDIPG-H3.3K27M cells.
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Figure 40 | Combined treatment approaches have no additive effect on cell viability in isoDIPG
cell lines.

MTT cell viability assay was used to assess cell viability after single and combined treatment using (A)
CBP30 and A-485, (B) EPZ-6438 and CBP30, (C) EPZ-6438 and A-485 in isoDIPG-H3WT and isoDIPG-
H3.3K27M cell lines. */# p < 0.05; **/## p < 0.01; ***/t# p < 0.005; **** /##H## p < 0.001 # used for
comparison between isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

To investigate expression of H3K27me3 and H3K27ac after combined treatment of EZH2 (EPZ-
6438) and CBP/p300 (CBP30 or A-485) inhibitors, western blot analyses were performed.
Reduction of H3K27me3 after single treatment with EPZ-6438 in isoDIPG-H3WT and isoDIPG-
H3.3K27M cells, but no additional decrease or a compensatory effect was present after
combined treatment with either CBP30 (Figure 41A) or A-485 (Figure 41B). H3K27ac levels were
found to be significantly decreased upon CBP/p300 inhibition single treatment, but again, no
compensatory nor additive effect was observed when combined treatment with EZH2 inhibitor

was performed (Figure 41A and 41B).
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Figure 41 | Combined treatment with EZH2 and CBP/p300 inhibitors do not affect expression
of H3K27me3 and H3K27ac in isoDIPG cells.

To investigate expression of H3K27me3 and H3K27ac level, western blot was performed 72 h after
treatment with EPZ-6438 and (A) A-485 or (B) CBP30 in isoDIPG-010 and isoDIPG-012 cell lines. R-actin
served as loading control.

In conclusion, combinatory treatment using EZH2 and CBP/p300 inhibitors had no additive effect
on cell viability nor expression of H3K27me3 and H3K27ac levels in isoDIPG cells, making the

combined treatment not suitable for DIPG patients as a therapeutic approach.
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5 Discussion

Diffuse intrinsic pontine gliomas (DIPG) are the most devastating pediatric tumors type with
around 85% occurrence of a heterozygous mutation either in H3F3A gene encoding for H3.3 or
in HISTIH3B/C gene encoding for H3.1 (Hoffman et al. 2018; Castel et al. 2015). Lysine (K) to
methionine (M) substitution in histone 3 (H3K27M) changes the epigenetic landscape resulting
in impaired EZH2 function and subsequently global loss of H3K27me3 mark which is associated
with repression of transcription (Lewis et al. 2013; Wang et al. 2009). At the same time global
gain of H3K27ac is observed which loosens the chromatin state and allows transcription factors
to start transcription (Piunti et al. 2017; Hashizume 2017). It has already been shown that DIPG
cells carrying H3.3K27M-mutation display an elevated proliferative activity when compared to
H3-wildtype DIPG cells and are characterized by increased stem cell-like characteristics (Wiese

et al. 2020).

Since in H3.3K27M-DIPG cells hyperacetylation is observed, proteins that are associated with
H3K27ac mark might demonstrate a distinct function in dependence on H3-mutation status.
Epigenetic writer and reader, CREB-binding protein (CBP and p300), does not only mediate
H3K27ac, but also interacts with transcription associated proteins subsequently promoting gene
transcription (Bedford and Brindle 2012; Stauffer et al. 2007). Whereas members of
bromodomain and extra-terminal domain (BET) protein family (BRD2, BRD3 and BRD4) act as
epigenetic readers and bind acetylated histone residues recruiting certain proteins to start

transcription (Belkina and Denis 2012; Conery et al. 2016).

Thus, the present study aimed to identify genetic and tumor-biological effects in DIPG cells
which may be atributed to presence of H3.3K27M-mutation. To ensure that the observed effects
are indeed due to presence of H3.3K27M-mutation in DIPG, the study was conducted using
isogenic DIPG cells lines providing the same cellular and genetic background, but differing in
their H3-mutation status. To this end, CRISPR/Cas9 system was used to either introduce
H3.3K27M-mutation to originally H3-wildtype DIPG cells or remove it from originally H3.3K27M-
mutated DIPG cells. Additionally, the role of CBP/p300 and BET proteins in dependence on H3-
mutation status was investigated using small molecules inhibiting either the epigenetic writing
or reading functions of CBP/p300 and BET proteins. Moreover, siRNA-mediated knockdown was
performed in order to dissect the specific functions of CBP and p300 as well as BRD2, BRD3 and

BRD4 in dependence on H3-mutation status in DIPG cells.

104



DISCUSSION

5.1 Impact of H3.3K27M-mutation in DIPG cells

Using CRISPR/Cas9 system, H3.3K27M-mutation was introduced to originally H3-wildtype
VUMC-DIPG-010 cell line and removed from originally H3.3K27M-mutated HSJD-DIPG-012 cells.
Successful introduction or removal of H3.3K27M-mutation was confirmed by Sanger sequencing
and western blot analyses. After genetic modification, effects of H3.3K27M-mutation on tumor
biological properties of isoDIPG cells were investigated and summarized in Table 22. Worth
noticing is the fact that originally H3-wildtype DIPG cells reacted almost identically as originally
H3.3K27M-mutated DIPG cells in which the mutation was removed from, and H3.3K27M-
mutated DIPG in which the mutation was introduced to showed similar features as originally

H3.3K27M-mutated DIPG cells.

105



DISCUSSI

ON

Table 22 | Summary of the effects observed upon introduction and removal of H3.3K27M-
mutation in isogenic DIPG cells
Single, double or triple “-” and “+” as well as the intensities of the colour green and red
semiquantitatively indicate different extents of the investigated features oberserved in the presence or
absence of H3.3K27M-mutation in isoDIPG cells.
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5.1.1 H3.3K27M-mutation globally changes the epigenetic landscape in DIPG cells

As expected, introduction of H3.3K27M-mutation resulted in strong reduction of H3K27me3
accompanied by an increase of H3K27ac levels. Removal of H3.3K27M-mutation, on the other

hand, restored H3K27me3 and decreased H3K27ac levels in isoDIPG cells.

In line with this result, Harutyunyan et al. removed H3.3K27M-mutaton from H3.3K27M-
mutated DIPG cells using CRISPR/Cas9 system and found out a significant upregulation of
H3K27me3 levels (Harutyunyan et al. 2019). Moreover, they also overexpressed H3.3K27M-
mutation in H3-wildtype pedHGG cells which led to reduction of H3K27me3 mark, proving that

presence of H3.3K27M-mutation directly affects H3K27me3 levels (Harutyunyan et al. 2019).

Previous studies showed that, although H3.3K27M-mutant histones comprise only 3-17% of the
whole H3 pool, H3.3K27M-mutation inhibits the polycomb repressive complex 2 (PRC2) which
results in global loss of H3K27me3 and increased levels of H3K27ac (Bender et al. 2013; Lewis et
al. 2013; Bechet et al. 2014). While it is well known that H3K27me3 is being retained at certain
unmethylated CpG islands and mostly lost everywhere else in the genome (Harutyunyan et al.
2020), the mechanisms behind those changes are still unclear. Different theories were proposed
trying to explain this phenomenon including preferential recruitment of PRC2 complex to
nucleosomes containing H3K27M-mutation (Chan et al. 2013; Diehl et al. 2019; Lewis et al. 2013)
or maintenance of genes that are targets of PRC2 by H3K27me3 mark in H3K27M-mutated DIPG
cells (Mohammad et al. 2017). Furthermore, Harutyunyan et al. argued that presence of
H3K27M-mutation allows deposition of H3K27me3 mark at unmethylated CpG islands, but may
deny further spread of this histone mark, which indicates that propagation of PRC2 on chromatin
does not seem not to be affected by the presence of H3K27M-mutation and supports the
H3K27M-induced defective spread of H3K27me3 (Harutyunyan et al. 2019). In contrast, Stafford
et al. found out that interaction between H3K27M-mutation and PRC2 is only temporary and
even after PRC2 dissociation from chromatin inhibition is still present which suggests a long
lasting effect of PRC2 on H3K27M-containing chromatin and only partial inhibition of PRC2
complex by presence of H3K27M-mutation (Stafford et al. 2018). Remarkably, recent studies
showed that glioma cases lacking H3K27M-mutation, but exhibiting EZH inhibitor protein
(EZHIP) overexpression, are also affected by reduction of H3K27me3, suggesting that both
oncoproteins can drive the same subtype of diffuse midline gliomas (Castel et al. 2020; Pratt et

al. 2020).

It is worth mentioning that most studies have been focusing on H3K27me3 as a main target of

H3K27M-mutation, whereas only few investigations have been carried out studying the role of
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hyperacetylation at H3K27 in tumorigenesis (Krug et al. 2019; Lewis et al. 2013; Mohammad et
al. 2017; Piunti et al. 2017). Considering increased levels of CBP/p300 and BET proteins in
isoDIPG-H3.3K27M cells, elevated levels of H3K27ac could be explained by increased functions
of these acetylation-associated epigenetic key players in isoDIPG-H3.3K27M cells with

subsequent profound impact on regulation of transcription (Sur and Taipale 2016).

Presence of H3.3K27M-mutation is associated with hypotrimethylation at H3K27 which is
probably at least partly due to lower expression of the associated methyltransferase EZH2. As a
compensatory effect, increased levels of H3K27ac as well as elevated expression of
acetyltransferase CBP/p300 and readers of H3K27ac mark, BET proteins, are demonstrated in
isoDIPG-H3.3K27M cells. Therefore, it could be assumed that H3.3K27M-mutation
disproportionately blocks spreading of PRC2 because of the hyperacetylation that PRC2 does
not overcome, resulting in an epigeneticimbalance in isoDIPG-H3.3K27M cells. In line with these
results, siRNA-mediated knockdown of CBP indeed resulted in reduction of H3K27ac and at the
same time restored H3K27me3 levels, suggesting that the epigenetic imbalance observed in
isoDIPG-H3.3K27M cells can be reversed by modifying expression of certain epigenetic key
players affected by H3.3K27M-mutation. These results point to a direct regulatory interaction
between PRC2 and CBP/p300 by most probably inhibition of CBP/p300 transcription by PRC2
resulting in modification of H3K27ac and H3K27me3 levels in isoDIPG-H3.3K27M cells.

Taken altogether, it can be concluded that removal of H3.3K27M-mutation from primary
H3.3K27M-mutated DIPG cells leads to ‘phenotype rescue’ characterized by reduction of
H3K27ac and restored H3K27me3 levels.

Notably, most of the studies so far have focused either on H3K27me3 or H3K27ac mark as a
primary target of H3.3K27M-mutation in DIPG cells. But other histone marks which might also
contribute to H3.3K27M-mediated DIPG pathogenesis have not received the same degree of

attention.

Mono-ubiquitination of histone H2A at lysine 119 (H2AK119ub) is being catalyzed by polycomb
repressive complex 1 (PRC1) (Blackledge et al. 2014; Wang et al. 2004), tightly associated with
H3K27me3 and specifically enriched at repressed CpG islands-containing promoters, thereby
playing a major role in establishing transcriptional repression (Tamburri et al. 2020). Similarly to
H3K27me3, H2AK119ub was shown in the present study to be significantly reduced in isoDIPG-
H3.3K27M cells compared to isoDIPG-H3WT cells. We also conducted inhibition of B cell-specific
Moloney murine leukemia virus integration site 1 (BMI1) as one main component of PRC1 to
mediate H2AK119ub, using PTC209. BMI1 inhinbition resulted in a stronger response of isoDIPG-
H3WT cells than of isoDIPG-H3.3K27M cells in regard to cell viability and proliferation (data not
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shown). In contrast, H2AK119ub histone mark and BMI1 were found to be elevated in
H3.3K27M-DIPG cells in comparison to H3WT-DIPG cells, but this comparison was limited due to
the low number of H3WT-DIPG samples (Balakrishnan et al. 2020). Inhibition of BMI1 also
significantly decreased cell proliferation in H3.3K27M-mutated DIPG cells (Kumar et al. 2017).
Additionally, BMI1 inhibition impaired stem cell renewal in H3K27M-DIPG cells and induced
senescence with upregulation of tumor suppressor genes, encoding for pl6 and p21
(Balakrishnan et al. 2020). Nevertheless, these previous findings are not contradictory to the
present study since the reported therapeutic responses upon BMI1 inhibition in H3.3K27M-DIPG
cells may be different to the ones our group found being stronger in isoDIPG-H3WT cells than in
isoDIPG-H3.3K27M cells. In isoDIPG-H3.3K27M cells, there is a reduction of H2AK119ub and
PRC1 expression, suggesting that any effects of BMI1 inhibition might be possibly due to PRC1-
independent effects, whereas in isoDIPG-H3WT cells, higher expression of H2AK119ub with a
strong response of cell viability and proliferation might direct towards a strong PRC1-dependent
function of BMI1. Future studies will have to dissect how PRC1-dependent and independent
functions of BMI1, which is already explored in clinical DIPG trials, contribute to potential

therapeutic responses in dependence of the H3-mutation status.

Another repressive histone mark, H3K9me3, is often associated with heterochromatin and was
reported to interact with H3K27me3 (Nicetto and Zaret 2019). Western blot analysis revealed
upregulation of H3K9me3 in isoDIPG-H3.3K27M in comparison to isoDIPG-H3WT cells. In line
with this result, it was previously reported that H3K9me3 is elevated in the regions where
H3K27me3 is lost (Harutyunyan et al. 2020), suggesting possible compensation for losing one
repressive mark by relying on another. In order to identify genes regulated by H3K9me3 in
isoDIPG-H3WT and isoDIPG-H3.3K27M cells, ChIP sequencing using H3K9me3 antibody could be

performed.

Elevated expression of H3K4me3 was observed in isoDIPG-H3.3K27M cells compared to isoDIPG-
H3WT cells. H3K4me3 is often seen to interact with H3K27me3 (Meissner et al. 2008). Since
H3K4me3 leads to activation of genes involved in essential cancer related functions, reduction
of H3K4me3 may indeed decrease the metastatic potential of cancer cells (Santos-Rosa et al.

2003; Beacon et al. 2021).

Dimethylation (me2) of H3K36 was recently suggested as a novel epigenetic signature of
H3.3K27M-DIPG (An et al. 2020). This is also reflected by the present study where H3K36me2
was found to be elevated in isoDIPG-H3.3K27M cells. Other studies also reported similar results
(Krug et al. 2019; Stafford et al. 2018) suggesting an antagonistic role of the transcription

activating H3K36me2 mark to the H3K27me3. However, it is still unclear whether upregulated
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levels of H3K36me2 observed in isoDIPG-H3.3K27M cells occurred because of general
transcriptional activation in those cells or because of any antagonistic effect in response to loss
of H3K27me3. Unlike H3K36me2, distribution of trimethylation of histone H3 at lysine 36
(H3K36me3) is more restricted and associated with transcribed gene bodies (Bhattacharya and
Workman 2020). However, the present study showed no changes in expression of H3K36me3 in

dependence on H3-mutation status.

H3.3 specific serine 31 mitotic phosphorylation (H3.3531p) mark is found in close proximity to
H3K27M and was shown in the present study to be reduced in isoDIPG-H3.3K27M cells
compared to isoDIPG-H3WT cells. H3.3S31 is phosphorylated by checkpoint kinase 1 (Chk1)
(Chang et al. 2015) which leads to transcriptional repression and activation (Martire et al. 2019).
Several studies showed that downregulation of Chk1 in pedHGG leads to cell cycle dysregulation
and sensitization to irradiation which might also open a new therapeutic window for DIPG (Qin
et al. 2022; Kumar et al. 2017; Werbrouck et al. 2019) In a yet unpublished study by our group,
a stronger impact of Chk1 inhibition by SB-218078 on cell viability was found in isoDIPG-H3WT
compared to isoDIPG-H3.3K27M cells which is in line with the elevated expression of H3.3S31p
found in isoDIPG-H3WT cells.

H3.3K27M-mutation appears to not only affect expression of different histone marks at H3, but
also H4, including acetylation of histone H4 (K5 + K8 + K12 + K16) and H4K16. H4ac is widely
associated with competence for transcription (Clayton et al. 2006; Koch et al. 2007) and was
found in the present study to be significantly upregulated in isoDIPG-H3.3 K27M cells. H4ac and
BRD4 had been shown before as regulators of stem cell pluripotency (Gonzales-Cope et al.
2016), highlighting their impact on cell differentiation. In isoDIPG-H3.3K27M cells expression of
both, BRD4 and H4ac, was also elevated when compared to isoDIPG-H3WT cells, suggesting a
more prominent role in the presence of H3.3K27M-mutation. Moreover, inhibition and siRNA-
mediated knockdown of BRD4 led in the present study to a stronger reduction of stem cell-like
properties in isoDIPG-H3.3K27M compared to isoDIPG-H3WT cells. In order to further elucidate
the connection between H4ac and BRD4, expression of H4ac could be investigated using western
blot analysis after knockdown of BRD4. Furthermore, ChlIP sequencing after BRD4 inhibition
could be performed using an H4ac antibody to identify potential interactions between BRD4 and

H4ac.

H4K16ac displays both, transcriptional activating and repressive functions, and reduced
H4K16ac expression has been strongly associated with cancer (Wang et al. 2009; Sen et al. 2016).
In accordance, the present study demonstrated reduced levels of H4K16acin isoDIPG-H3.3K27M

compared to isoDIPG-H3WT cells. Contradictory to these results, An et al. found H4K16ac to be

110



DISCUSSION

the most acetylated residue in DIPG cells carrying H3.3K27M-mutation (An et al. 2020). A
possible explanation to solve this apparent contradiction may be that the primary cell lines
studied by An et al. may contain other genetic alterations besides H3.3K27M-mutation which
might affect expression of H4K16ac. Our studies using isogenic cell lines would not support a
direct association of elevated H4K16ac and H3.3K27M, in contrary, thus the contribution of
additional genetic alterations as main drivers for elevated H4K16ac levels would be the first

conclusion.

To summarize, the present study showed that several histone marks, other than H3K27ac and
H3K27me3, are affected by presence of H3.3K27M-mutation in isoDIPG cells. In order to identify
DNA binding sites of those marks in dependence on H3-mutation status in DIPG cells, ChIP
sequencing with specific antibodies recognizing different histone marks could be performed. In
addition, to further understand the impact of these histone marks in DIPG cells, mass
spectrometry could reveal potential functional interaction partners and if their binding to
chromatin might be affected by presence of the H3.3K27M-mutation. Thus, novel potential
therapeutic targets for DIPG could be possibly identified. Since H3K27me3 and H3K27ac change
state of chromatin and therefore accessibility of DNA to different transcription factors, it could
also be assumed that there might be a shift of closed and open chromatin regions in isoDIPG-
H3.3K27M cells compared to H3-wildtype equivalents. In order to study the impact of
H3.3K27M-mutation on accessibility of chromatin in DIPG cells, an assay for transposase

accessible chromatin (ATAC) sequencing could be performed.

5.1.2 H3.3K27M-mutation induces the expression of tumor-associated characteristics

in DIPG cells

In the present study, introduction of H3.3K27M-mutation followed by global loss of H3K27me3
and gain of H3K27ac resulted in a more aggressive tumor phenotype as reflected by increased
cell viability and proliferation, stem cell-like properties as well as migration and invasion abilities

similar to originally H3.3K27M-mutated HSJD-DIPG-012 cells.

Cell proliferation investigated using three different proliferation assays and time-dependent
brightfield microscopy was found to be significantly upregulated upon introduction of
H3.3K27M-mutation and reduced after removal of H3.3K27M-mutation from primary DIPG cells
originally carrying this mutation. These results were confirmed by gene set enrichment analysis
of commonly regulated genes in isoDIPG-H3.3K27M compared to isoDIPG-H3WT cells revealing

processes such as cell motility, locomotion and proliferation to be significantly affected. These
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findings correspond to a previous study that reported reduced cell viability upon shRNA-
mediated knockdown of H3.3K27M-mutation (Welby et al. 2019). Moreover, Kfoury-Beaumont
et al. used CRISPR/Cas genome editing system to introduce H3.3K27M-mutation into human
embryonic stem cells and found out that presence of H3.3K27M-mutation led to increased stem

cell proliferation (Kfoury-Beaumont et al. 2022).

DIPG tumor cells often evade radiochemotherapy by exhibiting stem cell-like properties
(Pedersen et al. 2020). Interestingly, the present study showed increased sphere and colony
formation abilities upon introduction of H3.3K27M-mutation and reduction of these properties
after removal of H3.3K27M-mutation. These findings were supported by elevated expression of
common stemness markers on mRNA and protein level in isoDIPG-H3.3K27M cells compared to
their H3-wildtype equivalents, including OCT4, SOX2, Nanog and Nestin. In line with these
results, Rakotomalala et al. found that presence of H3.3K27M-mutation controls cell
proliferation and self-renewal potential of DIPG cells (Rakotomalala et al. 2021). Interestingly,
ability to form spheres under stemness conditions, as well as colonies under differentiating
conditions was significantly increased in isoDIPG-H3.3K27M compared to isoDIPG-H3WT cells
pointing to a strong potential of isoDIPG-H3.3K27M cells to evade radiotherapy under certain
conditions. Taken altogether, observed radiochemoresistance of isoDIPG-H3.3K27M cells could
possibly be explained by elevated stemness potential of these cells. Therefore, targeting factors
responsible for self-renewal might possibly result in better response of DIPG-H3.3K27M cells to

standard treatment.

Moreover, presence of H3.3K27M-mutation may result in increased resistance to single
treatment with temozolomide (TMZ), while single dose of irradiation had no differential H3-
mutation dependent effect in isoDIPG cells. This finding points out to a specific mechanism
behind chemo-, but not radioresistance in dependence on H3-mutation status in DIPG cells. This
interesting observation could be investigated further using mRNA sequencing after irradiation
or temozolomide in order to identify differentially regulated genes upon treatment with TMZ
that could be knocked down to study if radio- and chemotherapy would then have the same
effect on cell viability independently of the H3-mutation status of DIPG cells. However,
chemoresistance of pedHGG cell lines had been shown before to either depend on promoter
methylation and repression of O6-methylguanin-DNA-methyltransferase (MGMT) DNA repair
enzyme expression or an increased expression of homebox (HOX) genes (Gaspar et al. 2010).
EZH2 within the PRC2 complex is well-known for regulation and inhibition of HOX genes (Kanduri
et al. 2013). In consequence, in DIPG cells harboring H3.3K27M-mutation malfunctioning EZH2
and loss of H3K27me3 (Lewis et al. 2013) might lead to elevated expression of HOX genes.

Indeed, mRNA-sequencing revealed upregulation of the majority of HOX genes, including
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HOXA9, HOXA10, HOXB13, HOXC10, HOXC11 and HOXD1 in isoDIPG-H3.3K27M cells compared
to isoDIPG-H3WT cells (data not shown) that had been described before to be associated with
chemoresistance, suggesting that chemoresistance observed in isoDIPG-H3.3K27M cells might
also depend on increased HOX genes expression. Gaspar et al. also reported that CD133
(PROM1) expression in different pedHGG cell lines was associated with temozolomide resistance
(Gaspar et al. 2010). However, the present study can contribute to this finding in that way that
isoDIPG-H3WT cells exhibited higher expression of CD133 compared to isoDIPG-H3.3K27M cells;
this may suggest a particular importance of CD133 in chemoresistance of isoDIPG-H3WT cells in

lack of other stemness markers and increased HOX genes expression.

Considering the fact that tumor cells are able to migrate into the surrounding brain tissue,
thereby contributing to their malignant phenotype, migration and invasion abilities of isoDIPG
cells were also investigated. Introduction of H3.3K27M-mutation into originally H3-wildtype
DIPG cells resulted in increased migration and invasion, while reduction of these properties was
observed when H3.3K27M-mutation had been removed from originally H3.3K27M-mutated
DIPG cells.

These findings were also supported by elevated levels of mesenchymal markers ZEB1, MMP9
and Vimentin on mRNA and protein level in isoDIPG-H3.3K27M cells since these markers are
associated with a highly migratory and invasive tumor phenotype. Additionally, elevated
expression of another mesenchymal marker, SNAIL, which is associated with epithelial-
mesenchymal transition, was found in H3.3K27M-mutated human embryonic stem cells
compared to H3-wildtype human embryonic stem cells (Kfoury-Beaumont et al. 2022).
Furthermore, gene set enrichment analysis of commonly expressed genes revealed upregulation
of migration processes in isoDIPG-H3.3K27M cells, while cell differentiation processes such as
axonogenesis and neuron differentiation were found to be significantly enriched in isoDIPG-
H3WT cells. In line with these resulta, a recent study by Qi et al. also pointed to an increased
expression of several genes involved in cell invasion in H3K27M-mutated DIPG cells (Qi et al.
2019). Several previous studies have confirmed that presence of H3.3K27M-mutation blocks
normal cell differentiation (Kfoury-Beaumont et al. 2022; Haag et al. 2021). In conclusion, the
present data suggest that presence of H3.3K27M-mutation do not only promote cell
proliferation, clonogencity and invasiveness, but also derails differentiation in isoDIPG cells

which also contributes to the malignant phenotype observed in isoDIPG-H3.3K27M cells.

Furthermore, EZH2 has been reported to be overexpressed in several cancer types (Breuer et al.
2004; Bachmann et al. 2006; Sudo et al. 2005; Beke et al. 2007) and has been shown to be

important for regulation of tumor cells invasion. Different studies reported that EZH2 indeed
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acts as an oncogene and promotes tumor invasiveness (Bryant et al. 2007; Liu et al. 2017).
Moreover, Liu et al. showed that EZH2 is responsible for mediating silencing of E-cadherin which
is responsible for cell adhesion and is disrupted in many aggressive tumors, promoting invasion
(Liu et al. 2008). In contrast, the present study revealed that presence of H3.3K27M-mutation in
isoDIPG cells disrupts function of EZH2 and reduces its expression. These observations do not
correlate with increased expression of E-cadherin or an EZH2-mediated effect on migration and
invasionin isoDIPG-H3.3K27M cells, suggesting EZH2-independent mechanisms of the malignant

phenotype observed in isoDIPG-H3.3K27M cells.

Interestingly, two independent studies have suggested that presence of H3.3K27M-mutation in
DIPG cells may provide unique accessible chromatin at regions involved in NOTCH signaling and
neurogenesis with an impact for DIPG maintenance (Lewis et al. 2022; Chen et al. 2020). In
contrast, the present study showed strong reduction of NOTCH-related genes (NOTCH1,
NOTCH3, DLL1) in isoDIPG-H3.3K27M cells compared to isoDIPG-H3WT cells (data not shown).
This could be explained by dual function of NOTCH signaling in dependence on cellular context,
acting either as tumor promoter or suppressor, since Lewis et al. used monolayers and the
present study focused on tumorspheres. These findings could be further investigated in our

isogenic DIPG cell model using ATAC sequencing.

Another study revealed biological relevance of signal transducer and activator of transcription 3
(STAT3) as a therapeutic target in H3.3K27M-DIPG cells, since DIPG cells carrying H3.3K27M-
mutation were shown to express elevated levels of activated STAT3 compared to H3WT-DIPG
cells (Zhang et al. 2022). This result could be confirmed by investigating impact of STAT3 inhibitor

on tumor-related characteristics in dependence on H3-mutation status in isoDIPG cells.

Furthermore, Chung et al. showed that DIPG cells harboring H3.3K27M-mutation may display
upregulated metabolic processes including glycolysis, glutaminolysis and tricarboxylic acid (TCA)
cycle and that interruption of these processes may mediate potent therapeutic efficacy in vitro
and in vivo (Chung et al. 2020). The present study also showed upregulation of several glycolysis-
related genes such as HIF1A, SLC2A1, HK1, PKM and ALDH1A3, as well as genes involved in TCA
cycle including IDH1, IDH2 and ACO1 in isoDIPG-H3.3K27M cells compared to isoDIPG-H3WT
cells (data not shown). These findings also suggest that selected metabolic pathways might be

indeed potential therapeutic targets in DIPG.

In order to evaluate the in vitro findings of the present study in vivo, chorioallantoic membrane
(CAM) assay demonstrated that presence of H3.3K27M-mutation significantly increased size and
volume of tumor grown on the CAM. This result reflects previous findings in vitro showing
elevated cell proliferation in isoDIPG-H3.3K27M compared to isoDIPG-H3WT cells. Moreover,
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investigation of H3.3K27M-dependent expression of common stemness markers, such as
POU5F1 (OCT4) and PROM1 (CD133) on mRNA level also corresponded with findings in vitro
(data not shown). Furthermore, expression of CDKN2A (p16) was found to be decreased and
MYC (c-myc) expression elevated in isoDIPG-H3.3K2M tumors compared to isoDIPG-H3WT
tumors, respectively (data not shown), also reflecting more aggressive behavior of isoDIPG-
H3.3K27M cells in vitro. To this date only one study used CAM assays to study DIPG tumor
growth thereby reporting that CAM grown tumors do not only maintain the genetic and
epigenetic phenotype of DIPG cells, but are also a suitable jin vivo model to study anti-angiogenic
effects and perform drug screenings (Power et al. 2022). To confirm that CAM tumors in the
present study also show certain characteristics of isoDIPG cells obtained in vitro,
immunohistochemistry using antibodies against H3K27M-mutation, H3K27ac and H3K27me3
will have to be performed. Additionally, expression of specific glioma markers such as GFAP
should be investigated on mRNA and protein level. The CAM isogenic DIPG model could be used

for studying the effect of certain inhibitors in DIPG in vivo.

In conclusion, presence of H3.3K27M-mutation hints to a crucial role of H3.3K27M-mutation in
induction of malignant phenotype observed in isoDIPG-H3.3K27M cells. Expression of increased
tumor phenotype-associated characteristics in isoDIPG-H3.3K27M cells was also reflected in

vivo.

5.2 H3.3K27M-dependent function of CBP and p300 in DIPG cells

Presence of H3.3K27M-mutation in DIPG cells is accompanied by global loss of H3K27me3 and
gain of H3K27ac (Bender et al. 2013; Piunti et al. 2017). In consequence, histone
acetyltransferases responsible for acetylating H3K27 might play a major role in H3.3 K27M-
mutated DIPG cells. CBP and p300 were shown to mediate as well as interact with histone
residues (Bedford and Brindle 2012; Conery et al. 2016; Zheng et al. 2004). They consist of a
bromodomain, recognizing and interacting with acetylated histones (epigenetic reader
function), and an acetyltransferase domain, acetylating histones (epigenetic writer function) (Xu
et al. 2006; Spiegelman and Heinrich 2004; Stauffer et al. 2007). Generally, CBP and p300 are
thought to be functionally redundant proteins, since their domains share a high percentage of

identity (Zeng et al. 2008; Liu et al. 2008).

In order to study the impact of H3.3K27M-mutation on CBP and p300 function in DIPG cells,
isogenic DIPG cell lines were used. To dissect and functions of CBP/p300, suitable inhibitors that

disable specific CBP/p300 functions were investigated: two small molecules inhibiting CBP/p300
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HAT activity (A-485, C646), two inhibiting BD (CBP30, CBP112) and one inhibiting binding of

other N-terminal cofactors (ICG-001).

MTT cell viability assays were subsequently used as a read out to investigate the concentration-
dependent cell toxicity effects of the CBP/p300 inhibitors in isoDIPG-H3WT and isoDIPG-
H3.3K27M cells.

A-485 and C646 inhibit HAT activity of CBP/p300 (Mastracchio et al. 2021; van den Bosch et al.
2016). Treatment with C646 revealed significant reduction in cell viability of isoDIPG cells,
irrespectively of H3-mutation status. C646 was not further studied because of the many
described off-target effects of C646, including modulation of cys-rich proteins at very low
concentrations (Shrimp et al. 2015), which made C646 not a very promising inhibitor to study

function of CBP/p300 in isoDIPG cells.

In contrast, A-485 decreased cell viability to a significantly higher extent in isoDIPG-H3WT cells
compared to isoDIPG-H3.3K27M cells. As discussed above, isoDIPG-H3.3K27M cells display
increased chemoresistance and an elevated stemness potential, both might contribute to a
lower susceptibility of isoDIPG-H3.3K27M cells to A-485 treatment. However, compared to other
cancer types, including non-small-cell lung carcinoma with 1Cg of 6.25 uM (Zhang et al. 2020)
and growth hormone pituitary adenoma with ICso of 500 nM (Ji et al. 2022), DIPG cells responded
much stronger to A-485 with 1Cgo of 50 nM.

CBP30 and CBP112 inhibit the BD function of CBP/p300, which results in an impairment of
acetylation of different further histone residues (Hammitzsch et al. 2015; Hay et al. 2014). Cell
viability assay revealed that isoDIPG-H3WT cells were more sensitive towards CBP30 treatment
compared to isoDIPG-H3.3K27M cells which again might be explained by increased
chemoresistance and stemness potential of DIPG cells carrying H3.3K27M-mutation. CBP112
treatment resulted in slight reduction of cell viability. CBP112 was in the end excluded from
further analysis because of its limited efficiency, and the fact that it also activates p300 (Zucconi
et al. 2016), which would not allow to draw correct conclusions about potential different roles

of CBP and p300.

Treatment with ICG-001, an inhibitor of CBP/p300-R-catenin interaction and therefore canonical
Whnt-signaling (Emami et al. 2004), resulted in a significant reduction of cell viability in isoDIPG
cells, independently of H3-mutation status. Previous study carried out by Wiese et al. showed
that 1ICG-001 was very potent to decrease cell proliferation, migration and clonogenicity in

different pedHGG cell lines (Wiese et al. 2017). However, the present study aimed to investigate
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HAT and BD function of CBP and p300. Thus, ICG-001 was also excluded from further

investigations.

In summary, two small molecules were finally chosen for further experiments: CBP30 inhibiting
BD function and A-485 inhibiting HAT activity of CBP/p300. In addition, this project aimed to
dissect potentially different functions of CBP and p300. To this end, siRNA-mediated knockdown

of CBP and p300 was performed, which was validated on mRNA and protein level.

5.2.1 H3K27 is acetylated by CBP in isoDIPG-H3.3K27M cells and by p300 in isoDIPG-H3WT

cells

Presence of H3.3K27M-mutation, which frequently occurs in DIPG, results in an epigenetic

imbalance characterized by loss of H3K27me3 and hyperacetylation at H3K27 (Piunti et al. 2017).

H3K27ac, which is associated with activation of tumor-promoting genes (Bedford et al. 2010;
Zheng et al. 2004), was found to be diminished after BD and HAT inhibition of CBP/p300 in both,
isoDIPG-H3WT and isoDIPG-H3.3K27M cells. These results were expected after HAT inhibition,
since H3K27 is mainly acetylated by CPB/p300 (Bedford and Brindle 2012). Interestingly, as no
one showed this before, knockdown of CBP reduced level of H3K27ac exclusively in isoDIPG-
H3.3K27M cells, while knockdown of p300 decreased H3K27ac exclusively in isoDIPG-H3WT
cells. In line with these results, it was shown that expression of CBP and p300 influence distinct
changes in levels of histone acetylation, with CBP selectively acetylating H3 and H4K12 and p300
H4K8 (McManus and Hendzel 2003). Moreover, in developing muscle plasticity CBP and p300
were suggested to play more non-redundant roles in regulating modifications of chromatin, with
CBP acetylating genes involved in dedifferentiation, while p300 in differentiation processes
(Chakraborty et al. 2022). In summary, the present study may indeed indicate specific function

of CBP and p300 in acetylating H3K27 in dependence on H3-mutation status in isoDIPG cells.

In the present study, H3K27me3 levels, associated with repression of transcription (Hashizume
2017), were mainly unaffected by inhibition of HAT activity and BD function of CBP/p300 in
isoDIPG-H3WT and isoDIPG-H3.3K27M cells. In contrast, knockdown of CBP, but not p300,
resulted in upregulation of H3K27me3 levels, to a significantly higher extent in isoDIPG-
H3.3K27M cells. These findings may point to a compensatory H3K27me3 upregulating effect,
exclusive for isoDIPG cells harboring H3.3K27M-mutation, suggesting again a potentially

different function of CBP in dependence on H3-mutation status in DIPG cells.
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In conclusion, this study points to a specific functions of CBP and p300 in mediating H3K27ac in
isoDIPG-H3.3K27M and isoDIPG-H3WT cells, respectively. In order to investigate the direct
impact of CBP- or p300-dependent H3K27ac on transcription, ChIP sequencing with antibodies
detecting H3K27ac, CBP and p300 after CBP/p300 HAT inhibition would have to be performed
in comparison with untreated DIPG cells. Thus, specific H3K27ac-CBP and -p300 bound target
genes may be identified and further validated using mRNA sequencing to show that H3K27ac by

CBP or/and p300 contribute to gene transcription.

5.2.2 HAT activity of CBP is crucial for mediating cancer-related biological processes in

isoDIPG-H3.3K27M cells

Since it was shown that isoDIPG-H3.3K27M cells are characterized by hypotrimethylation and
hyperacetylation at H3K27, and associated with enhanced tumor characteristics, several tumor-
biological cell assays were performed in order to investigate the impact of CBP and p300 on
tumor behavior. To find out whether HAT activity or BD function of CBP/p300 is more important
in maintaining tumor-associated characteristics of isoDIPG-H3WT and isoDIPG-H3.3K27M cells,
BD inhibitor (CBP30) and HAT activity inhibitor (A-485) were used. In order to investigate
potentially specific function of CBP and p300 in dependence on H3-mutation status in isoDIPG
cells, siRNA-mediated knockdown of CBP and p300 was performed. To characterize CBP/p300-
dependent changes in tumor cell behavior, cell proliferation and viability, clonogenicitiy and

invasiveness of isoDIPG cells were examined.

MTT cell viability assay, crystal violet staining and BrdU cell proliferation assay showed
comparable results: CBP30 and A-485 treatment resulted in a higher reduction of cell
proliferation in isoDIPG-H3WT than isoDIPG-H3K27M cells. These results were also reflected in
vivo, resulting in a comparable reduction of tumor size of isoDIPG cell derived tumors grown on
CAM, irrespectively of H3-mutation status. In agreement, gene set enrichment analysis revealed
cell proliferation to be strongly regulated by CBP/p300 in both, isoDIPG-H3WT and isoDIPG-
H3.3K27M cells. Additionally, PI-FACS analysis showed that CBP30 and A-485 treatment led to
cell cycle arrest in G1 phase (data not shown). Moreover, mRNA sequencing revealed a specific
function of CBP HAT activity in regulating programmed cell death in isoDIPG-H3.3K27M cells. In
agreement, loss of CBP HAT activity has already been demonstrated to induce apoptosis in
different cancers (Santer et al. 2011; Gu et al. 2016; Inagaki et al. 2016). Reduction of CBP/p300
expression, and subsequently global hypoacetylation, were shown to accompany apoptosis
(Rouaux et al. 2003). In accordance, inhibition of HAT activity of CBP resulted in upregulation of

pro-apoptotic genes involved in both, intrinsic and extrinsic signaling cascade, and
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downregulation of anti-apoptotic genes in isoDIPG-H3.3K27M cells, highlighting the importance
of CBP in cell cycle regulation. Additionally, western blot analyses also confirmed upregulation
of pro-apoptotic proteins such as cleaved Caspase 3 and cleaved PARP upon inhibition of
CBP/p300 HAT activity in isoDIPG-H3.3 K27M cells. To investigate if loss of CBP/p300 HAT activity
induces apoptosis in isoDIPG-H3.3K27M cells, FACS analysis should be repeated with
prolongation of inhibitor incubation time to validate the present results. In addition, annexin V

counterstaining could be performed to specifically stain apoptotic cells.

In summary, reduced cell proliferation after inhibition of CBP/p300 HAT activity and BD function

in isoDIPG-H3.3K27M cells is due to not only cell cycle arrest, but also apoptosis of these cells.

Interestingly, knockdown of CBP and p300 led to decreased cell proliferation in isoDIPG cells,
irrespectively of H3-mutation status. It is well-known that CBP and p300 regulate cell cycle
progression (Kawasaki et al. 1998). Fauquier et al. reported specific function of CBP and p300 in
mediating cell cycle with CBP controlling E2F transcription factor 1 (E2F1) and cyclin-dependent
kinase 4 (CDK4) expression and p300 regulating retinoblastoma protein (Rb1) and cyclin D
(CCND1), which results in cycle arrest in G1 phase (Fauquier et al. 2018). In line with this result,
MRNA sequencing revealed that knockdown of CBP indeed downregulated E2F1 and CDK4 and
knockdown of p300 reduced expression of Rb1, having no effect on CCND1 expression (data not
shown). Interestingly, expression of cyclin dependent kinase inhibitor 1A (CDKN1A), p21, which
promotes cell cycle arrest (Karimian et al. 2016), was found to be elevated upon p300, but not
CBP knockdown in isoDIPG-H3.3K27M cells, while expression of cyclin dependent kinase
inhibitor 2A (CDKN2A), p16, was not affected (data not shown). These findings are in line with
the study carried out by Snowden and Perkins which showed that p300 is negatively regulated
by G1/S phase transition checkpoint proteins, cyclin E/CDK2 which is inhibited by p21, while
p300 has no effect on p16 in cell cycle regulation (Showden and Perkins 1998). The described
effects were observed exclusively in isoDIPG-H3.3K27M cells and not in isoDIPG-H3WT cells,
suggesting specific H3.3K27M-dependent functions of CBP and p300 in regulating cell cycle. The
observed impact of CBP and p300 on cell cycle progression in isoDIPG-H3.3K27M cells could be
further validated using FACS analysis upon knockdown of CBP and p300.

In conclusion, HAT activity of CBP/p300 has a profound function in regulating programmed cell
death in isoDIPG-H3.3K27M cells. Furthermore, CBP and p300 have been shown to affect cell
proliferation by regulating cell cycle progression to a higher extent in isoDIPG-H3.3K27M cells

compared to isoDIPG-H3WT cells.
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Stemness is often associated with tumor cells evading radiochemotherapy (Schulz et al. 2019)
and increased mesenchymal characteristics (Zhou et al. 2020) which makes stemness associated
parameters attractive therapeutic targets. HAT and BD inhibition of CBP/p300 resulted in
reduction of sphere and colony formation abilities, to a significantly higher extent in isoDIPG-
H3.3K27M compare to isoDIPG-H3WT cells. These results were also reflected by reduced
expression of several different stemness markers on mRNA level: expression of SOX2, OCT4 and
PROM1 (CD133) was affected by interfering with CBP/p300 HAT activity and BD function
exclusively in isoDIPG-H3.3K27M cells. These results suggest that HAT and BD function of
CBP/p300 contribute equally to maintaining stemness potential of isoDIPG-H3.3K27M cells.
Interestingly, knockdown of CBP significantly decreased sphere and colony formation abilities to
a higher extent in isoDIPG-H3.3K27M compare to isoDIPG-H3WT cells, whereas p300
knockdown had slight reducing effect, irrespectively of H3-mutation status. The observed results
were also supported by differential effects of CBP and p300 knockdown on the expression of
stemness markers SOX2, POU5F1 (OCT4) and PROM1 (CD133) in isoDIPG-H3.3K27M cells.
Interestingly, upon knockdown of p300, but not CBP, reduction of OCT4 expression was
observed in isoDIPG-H3.3K27M cells, indicating a role of p300 in regulating OCT4 activity. In
opposite, CD133 was found to be significantly reduced upon knockdown of CBP, but unchanged
upon p300 knockdown, suggesting that CBP might regulate expression of CD133 in isoDIPG-
H3.3K27M cells. In line with this result, it was published that inhibition and knockdown of CBP
in liver cancer cells significantly reduced CD133 expression (Tang et al. 2018). Moreover, p300
was shown to promote activation of OCT4 genes in embryonic stem cells (ESCs) (Hu et al. 2014).
Additionally, Gonzalez-Martinez et al. showed that under neurosphere-induced differentiation
conditions NSC cells upon CBP knockout differentiated into oligodendrocytes instead of
astrocytes, while upon p300 knockout neural stem cells (NSCs) were maintained at the
pluripotent stage (Gonzalez-Martinez et al. 2022). Altogether, these results highlight the
differential functions of CBP and p300 in isoDIPG-H3.3K27M cells in maintaining stemness

characteristics by regulation of partially different genes.

In summary, CBP and p300 may play distinct roles in maintaining self-renewal ability of
H3.3K27M-mutated DIPG cells. CBP/CD133 and p300/0CT4 interactions may mediate stemness
potential of isoDIPG-H3.3K27M. Moreover, HAT activity and BD function of CBP/p300 seem to
contribute equally to the level of stemness potential observed in isoDIPG-H3.3K27M cells.
Whereas in isoDIPG-H3WT cells, CBP and p300 may play a moderate role in maintaining stem
cell-like properties. In order to validate those results on protein level, western blot analyses
using antibodies against CD133 and OCT4 upon knockdown of CBP and p300 in isoDIPG-
H3.3K27M cells would need to be performed.
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Mesenchymal phenotype of tumor cells contributes to maintenance of tumor cells migration
and invasion abilities (Raggi et al. 2016). BD inhibition of CBP/p300 resulted in reduction of
migration and invasion of isoDIPG cells, irrespectively of the H3-mutation status. Interestingly,
inhibition of CBP/p300 HAT activity decreased migration and invasion to a significantly higher
extent compared to bromodomain inhibition of CBP/p300, independently on H3-mutation

status.

Knockdown of CBP and p300 reduced migration and invasion abilities of isoDIPG cells, to a higher
extent in isoDIPG-H3.3K27M compared to isoDIPG-H3WT cells. These results are in line with the
finding that isoDIPG cells carrying H3.3K27M-mutation exhibit much higher basal levels of
mesenchymal markers compared to isoDIPG-H3WT cells. These mesenchymal transcription
factors induce cell migration and are associated with maintenance of stem cell-like properties
(Batlle et al. 2000; Dong et al. 2014; Ghahhari and Babashah 2015). Consequently, SNA/2 (SLUG),
MMP2, and CDH2 (N-cadherin) were strongly affected by reduced CBP/p300 expression, to a
significantly higher extent in isoDIPG-H3.3K27M compared to isoDIPG-H3WT cells.
Contrastingly, SNA/1 (SNAIL) expression was found to be reduced to a higher extent in isoDIPG-
H3WT than in isoDIPG-H3.3K27M cells. Interestingly, knockdown of p300, but not CBP, reduced
expression of CDH1 (E-cadherin) in isoDIPG-H3.3K27M cells, indicating a role of p300 in
regulating E-cadherin expression which is a marker of more epithelial cells — in contrast to a
mesenchymal cell phenotype. On the other hand, mesenchymal marker, N-cadherin, was found
to be significantly reduced upon knockdown of CBP, and even increased after p300 knockdown,
suggesting that expression of N-cadherin may be regulated by CBP in isoDIPG-H3.3K27M cells.
These findings indicate that CBP and p300 not only regulate different target genes, but also
contribute to different phenotypes of isoDIPG-H3.3K27M cells. To further investigate this
hypothesis, western blot analyses investigating the expression of N-cadherin and E-cadherin
after CBP and p300 knockdown in isoDIPG-H3.3K27M cells should be performed. In addition,
time-dependent phenotype of isoDIPG cells should be monitored after knockdown of CBP in

comparison to p300 knockdown.

In conclusion, migration and invasion seem to be highly dependent on HAT-mediated CBP
function in isoDIPG cells. Moreover, CBP seems to exclusively regulate expression of N-cadherin,
while p300 may control E-cadherin expression in isoDIPG-H3.3K27M cells. These results suggest
a distinctive role of CBP and p300 in the malignant phenotypes of DIPG in dependence on H3-

mutation status.

Taken together, the observed effects suggest diverse roles of CBP and p300 in regulating tumor-

associated characteristics in isoDIPG-H3.3K27M cells. CBP/p300 HAT activity seems to have a
121



DISCUSSION

major function over CBP/p300 BD function in maintainting the malignant phenotype commonly
observed in isoDIPG-H3.3K27M cells. Interestingly, knockdown of CBP, but not p300, had more
profound effect on cell proliferation, stem cell-like characteristics and migration/invasion

abilities, irrespectively of H3-mutation status in isoDIPG cells.

Overall, CBP appeared to be one of the key players for acetylation of H3K27 in isoDIPG-
H3.3K27M cells, while p300 played a crucial role for H3K27ac in isoDIPG-H3WT cells. Moreover,
mostly HAT function of CBP and, to a lesser extent, of p300 appeared to be crucial for
maintaining tumor-associated characteristics, especially in isoDIPG-H3.3K27M cells.
Furthermore, impaired function of CBP/p300 HAT activity was shown to induce programmed
cell death and contributed to cell cycle inhibition in isoDIPG-H3.3K27M cells. Overall, CBP might
be a promising target to treat DIPG patients, especially since isoDIPG cells carrying H3.3K27M-

mutation seem to highly depend on CBP/p300 to maintain their aggressive tumor phenotype.

5.3 H3.3K27M-dependent function of BET proteins in DIPG cells

BET proteins BRD2, BRD3 and BRD4 play a major role in mediating histone acetylation,
remodeling chromatin and recruiting other factors crucial for transcription (Bedford and Brindle
2012). BET proteins were found to be highly expressed in isoDIPG-H3.3K27M cells compared to
isoDIPG-H3WT cells. Given the observed hyperacetylation at H3K27 in isoDIPG-H3.3K27M cells,

BET proteins might be also strongly involved in maintenance of tumor-associated properties.

To study functions of BET protein members in dependence on H3-mutation status, OTX-015 was
used to impair BET proteins binding to acetylated chromatin in isogenic DIPG cell lines. MTT cell
viability assay was applied as a readout to select the most potent BET proteins inhibitor and to
study the concentration-dependent cell toxicity of MS346, OTX-015 and JQ1 in isoDIPG-H3WT
and isoDIPG-H3.3K27M cells.

OTX-015 and JQ1 inhibit function of BRD2, BRD3 and BRD4 (Filippakopoulos et al. 2010; Berthon
et al. 2016). Treatment with JQ1 demonstrated significant reduction of cell viability,
irrespectively of H3-mutation status in isoDIPG cells. Whereas OTX-015 treatment resulted in
decreased cell viability, to a significantly higher extent in isoDIPG-H3WT compared to isoDIPG-
H3.3K27M cells. These observations reflect the results obtained after CBP/p300 inhibition by A-
485, suggesting possible functional dependence of BET proteins and CBP/p300 in isoDIPG cells.
JQ1 was reported to have a very short half-life in vitro (Filippakopoulos et al. 2010) and therefore

was not further investigated in the present study.
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Treatment with MS436, which exclusively inhibits BRD4, resulted in significant reduction of cell
viability, irrespectively of H3-mutation status in isoDIPG cells. Since it was shown that not only
BRD4, but also BRD2 may be essential in mediating transcription (Cribbs et al. 2021), MS346 was

excluded from further investigations.

Finally, OTX-015 has been a subject in many clinical trials, such as in NUT carcinoma (Stathis et
al. 2016), acute leukemia (Berthon et al. 2016) or lymphoma (Amorim et al. 2016), thus, OTX-
015 represents an already well-studied molecule and was chosen for further investigation in the

present study.

In addition, siRNA-mediated knockdown was performed in isoDIPG cells in order to dissect
specific function of BRD2, BRD3 and BRD4, which was validated on both, protein and mRNA

levels before continuing with further investigations.

5.3.1 BET proteins modulate levels of H3K27ac and H3K27me3 in isoDIPG cells

Since H3.3K27M-mutation is associated with loss of H3K27me3 and gain of H3K27ac (Piunti etal.
2017), acetylating proteins such as CBP/p300 and proteins that recognize this acetylation mark,

including BET proteins, might play a more profound role in isoDIPG-H3.3K27M cells.

H3K27ac is associated with transcriptional activation (Bedford et al. 2010; Zheng et al. 2004) and
was found to be decreased after BET inhibition, irrespectively of H3-mutation status. Whereas,
siRNA-mediated knockdown of BRD2, BRD3 and BRD4 resulted in reduction of H3K27ac
exclusively in isoDIPG-H3.3K27M cells. Surprisingly, in isoDIPG-H3WT cells, H3K27ac levels were
found to be elevated after knockdown of BRD2, BRD3 and BRD4, suggesting a distinctive role of

BET proteins in DIPG cells in dependence on H3-mutation status.

In the present study expression of H3K27me3, a histone mark associated with repression of
transcription (Piunti et al. 2017), was mainly not affected by BET proteins inhibition nor BRD4
knockdown, irrespectively of H3-mutation status. Interestingly, H3K27me3 was found to be
significantly upregulated upon knockdown of BRD3 in both, isoDIPG-H3WT and isoDIPG-
H3.3K27M cells and after BRD2 knockdown exclusively in isoDIPG-H3.3K27M cells. Increased
levels of H3K27me3 could be explained by compensatory effects following H3K27ac reduction

in isoDIPG-H3.3K27M cells.

In conclusion, this study suggests BET proteins may indirectly modulate expression of H3K27ac,
but in a completely different way in dependence on H3-mutation status in isoDIPG cells.
Moreover, these results highlight a distinct function of BRD3 in regulating H3K27me3 mark in

isoDIPG cells in dependence on H3-mutation status. To further investigate the impact of
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H3K27me3 and H3K27ac on transcription after BET proteins inhibition in isoDIPG cells, ChIP

sequencing using H3K27me3 and H3K27ac antibody should be performed.

5.3.2 BRD2 and BRD4 play a crucial role in the expression of tumor-associated

characteristics in isoDIPG-H3.3K27M cells

BET proteins are essential regulators of transcription and were shown to be involved in
maintenance of tumor associated characteristics in many tumor entities (Cheung et al. 2021). In
addition, H3K27me3 and H3K27ac levels were dependent on BET proteins in isoDIPG cells as
shown in the present study. In order to investigate if the observed epigenetic changes contribute
to the reduction of malignant phenotype in isoDIPG cells, cell proliferation and viability,
clonogenicity and invasiveness of isoDIPG cells were examined after BET proteins inhibition and

knockdown.

MTT cell viability assay, crystal violet staining and BrdU proliferation assay showed comparable
results upon knockdown and inhibition of BET proteins. OTX-015 treatment as well as
knockdown of BRD2 and BRD4 decreased cell proliferation exclusively in isoDIPG-H3.3K27M
cells, suggesting a more profound function of BRD2 and BRD4 in isoDIPG-H3.3K27M cells
compared to isoDIPG-H3WT cells. These results were in line with mRNA sequencing data and
subsequent gene set enrichment analysis revealing cell motility and cell proliferation to be
affected by BRD2 and BRD4, but not BRD3, in isoDIPG-H3.3K27M cells. These findings were also
reflected by the results of CAM assays showing reduced tumor size upon BET protein inhibition
in vivo. In line with this result, several studies showed that BET proteins inhibition resulted in
reduction of tumor growth in vivo including JQ1 in acute myeloid leukemia (Zuber et al. 2011),
breast (Shu et al. 2016) and lung cancer (Klingbeil et al. 2016) and OTX-015 in B-cell lymphoma

(Boi et al. 2015) and mesothelioma (Vazquez et al. 2017).

Furthermore, it was shown that BRD4 impairment inhibits cell cycle progression and induces cell
death mechanisms in various tumor entities (Mochizuki et al. 2008; Patel et al. 2013; Hussong
et al. 2017). Indeed, OTX-015 treatment also led to G1/S phase cell cycle arrest in the present
study. In line with these results, expression of cyclin-dependent kinase 2 (CDK2), responsible for
G1/S transition, was found to be downregulated upon BRD4 inhibition. Moreover, cell cycle
regulators, p21 and pl6 (CDKN1A and CDKN2A) were shown to be elevated upon BRD4
knockdown. It was reported that, although p16 as well as p21 are both thought to be crucial
regulators of cell senescence (Sharpless and Sherr 2015; Bracken et al. 2007), BRD4 inhibition-
induced senescence in gastric cancer seemed to be dependent more on p21 (Dong et al. 2018).

p21 is reported to be regulated by p53 (Abbas and Dutta 2009), but in the present study p53
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expression remained unchanged, suggesting a p53-independent, but BRD4-dependent
regulation of p21. Furthermore, Jang et al. indicated that regulation of MYC, proto-oncogene,
positively regulates BRD4 expression (Jang et al. 2005). In accordance, expression of MYC was
found to be indeed downregulated upon BRD4 inhibition in isoDIPG-H3.3K27M cells, suggesting
that BRD4 may be indeed crucial for MYC expression in DIPG cells carrying H3.3K27M-mutation.

In tumor cells, autophagy can induce cell death, but may also facilitate tumorigenesis (Lin et al.
2021; Marsh and Debnath 2020). In isoDIPG-H3.3K27M cells, BET inhibition induced autophagy,
which was supported by elevated levels of autophagy markers, LC3B and ATG7 (data not shown).
Although several recent studies reported BRD4 to be transcription repressor of autophagy
(Sakamaki et al. 2017; Kim et al. 2022; Wakita et al. 2020), the present study suggested BRD2 to
regulate autophagy in isoDIPG-H3.3K27M cells, which was reflected by elevated expression of
autophagy markers such as ATG5, PIK3CA, LAMP2 and ATG2B upon knockdown of BRD2.
Autophagy is often thought to act as protective and even resistance mechanism against radio-
and chemotherapy. Interestingly, the effectiveness of autophagy inhibition by chloroquine as
therapeutic option for DIPG patients in combination with temozolomide was recently
investigated in a clinical trial (Kramm et al. unpublished), which showed that patients treated
with chloroquine exhibited a significantly better overall survival (OS) with a median of 16.1
months as compared to a median OS of only 9 to 12 months without chloroquine treatment.
Thus, inhibition of autophagy in combination with BET proteins inhibition appears to be a
potentially promising novel therapeutic strategy for DIPG patients. In order to investigate if
autophagy inhibition may indeed increase the therapeutic effect of BET proteins inhibition,
chloroquine could be added to OTX-015 treatment and tumor-associated characteristcs could

be investigated.

In conclusion, BRD2 and BRD4 seem to play a more crucial role over BRD3 in regulating cell
proliferation in isoDIPG-H3.3K27M cells, with BRD4 regulating cell cycle progression amd BRD2
controling autophagy. These findings highlight distinct functions of BRD2 and BRD4 in isoDIPG-
H3.3K27M cells.

Tumor cells evading chemotherapy usually exhibit elevated levels of stemness characteristics.
Inhibition and knockdown of BRD2 and BRD4 resulted in reduction of sphere and colony
formation abilities exclusively in isoDIPG-H3.3K27M cells. These results were also reflected by
reduction of expression of several stemness markers on mRNA level: SOX2, POU5F1 (OCT4) and
PROM1 (CD133). Surprisingly, OCT4 expression was found to be significantly reduced upon BRD2
and BRD4 knockdown in isoDIPG-H3WT cells compared to isoDIPG-H3.3K27M cells, suggesting
that BRD2 and BRD4 regulate OCT4 expression in isoDIPG-H3WT cells. Interestingly, knockdown
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of BRD4 was found to be the most effective for self-renewal ability in isoDIPG-H3.3K27M cells.
In line with these data, previous results from our group showed reduction of malignant
phenotype of H3.3K27M-DIPG cells upon inhibition of BRD4 (by JQ1) (Wiese et al. 2020). Wu et
al. found that indeed BRD4 is responsible for maintaining pluripotency of stem cells (Wu et al.
2015). Additionally, Tsume-Kajioka et al. reported that not only BRD4, but also BRD2, is essential
for stem cell-like characteristics (Tsume-Kajioka et al. 2022) which supports findings from the
present study. In addition, gene set enrichment analysis revealed processes such as stem cell
differentiation to be regulated by target genes of BRD2 in isoDIPG-H3.3K27M cells, highlighting
a potential BRD2 function in maintaining stemness-associated characteristics in DIPG cells
carrying H3.3K27M-mutation. Interestingly, mRNA sequencing revealed several genes involved
in canonical Wnt signaling pathway to be affected by BRD4 in isoDIPG-H3.3K27M cells. Wnt
signaling pathway is associated with an increased cell proliferation and maintenance of
stemness characteristics (Wang et al. 2013). Observed restoration of DKK1 function is associated
with reduced cell proliferation and invasiveness of glioma cells (Wang et al. 2013). This aspect
could explain why stronger anti-proliferative effects are observed in isoDIPG-H3.3K27M cells
upon OTX-015 treatment, since those cells grow faster (Wiese et al. 2020) and may therefore be
more susceptible to Wnt signaling inhibition by OTX-015 treatment. In accordance, several
studies indicated function of BRD4 in promoting stemness characteristics through mediating

Whnt signaling pathway in different types of cancer (Song et al. 2019; Wang et al. 2021).

In conclusion, not only BRD4, but also BRD2 exhibits a crucial function in maintaining stem cell-

like characteristics, with BRD4 regulating Wnt signaling in isoDIPG-H3.3K27M cells.

Mesenchymal phenotype of tumor cells is associated with cell migration and invasion.
Knockdown of BRD2 and BRD4 reduced migration and invasion abilities, to a significantly higher
extent in isoDIPG-H3.3K27M compared to isoDIPG-H3WT cells. These results were nicely
reflected by reduced expression of mesenchymal markers: SNAI1 (SNAIL), SNAI2 (SLUG), MMP2
and CDH2 (N-cadherin). In line with these results, gene set enrichment analysis revealed cell
migration as a process strongly regulated by BRD2 and BRD4 exclusively in isoDIPG-H3.3K27M

cells, highlighting a possible function of BRD2 and BRD4 in maintaining mesenchymal phenotype.

In summary, migration and invasion depend strongly on BRD2 and BRD4 function in isoDIPG-

H3.3K27M cells.

Overall, the effects observed in the present study suggest distinct functions of BET proteins in
maintaining tumor-associated characteristics in isoDIPG-H3.3K27M cells compared to isoDIPG-

H3WT cells. This indicates that higher H3K27ac levels indeed lead to increased functions of BET

126



DISCUSSION

proteins in isoDIPG cells. Furthermore, BRD2 and BRD4 seem to play a major role over BRD3 in
tumor malignant phenotype observed in isoDIPG-H3.3K27M cells, regulating Wnt signaling, cell
cycle and programmed cell death. Interestingly, BRD2 and BRD4 do not fulfill the same role in
isoDIPG-H3.3K27M cells, for example BRD2 appears to regulate autophagy and BRD4 may
mediate Wnt signaling in isoDIPG-H3.3K27M cells.

5.4 Conclusion

DIPG are a very rare subtype of pediatric brain tumors with an overall survival median of 11
months after diagnosis (Hoffman et al. 2018). In 2012, a novel mutation was discovered in DIPG:
lysine (K) to methionine (M) substitution at position K27 in a histone H3 gene variant (H3K27M),
which results in global loss of H3K27me3 and global gain of H3K27ac (Lewis et al. 2013; Bender
et al. 2013). Because of hyperacetylation observed in isoDIPG-H3.3K27M cells, epigenetically
active proteins involved in the regulation and translation of acetylation at H3K27 into gene
transcription, including CBP/p300 and BET proteins, might have a major function in H3.3K27M-
mutated DIPG cells.

The present study revealed successfully generated isogenic DIPG cell lines using CRISPR/Cas9
system, which differ from each other only in H3-mutation status, that were used to investigate
the impact of H3.3K27M-mutation on tumor-associated characteristics and the function of
different epigenetically relevant proteins, such as CBP and p300, as well as BRD2, BRD3 and
BRDA4.

H3.3K27M-mutation was introduced to originally H3-wildtype DIPG cells and consequently
removed from originally H3.3K27M-mutated DIPG cells. In conclusion, this isogenic cell model
helped to reveal that presence of H3.3K27M-mutation is indeed responsible for the malignant

phenotype observed in DIPG cells.

Furthermore, isoDIPG-H3.3K27M cells seem to be more profoundly dependent on
acetyltransferases, CBP and p300, and BET proteins function. Inhibition and knockdown of CBP,
BRD2 and BRD4 resulted in reduction of cell proliferation, stem cell-like characteristics and
invasion, as well as changes in expression of H3K27me3 and H3K27ac levels in isoDIPG-
H3.3K27M cells. Interestingly, HAT function of p300 seems to be more crucial in isoDIPG-H3WT
cells, whereas CBP HAT activity plays a major role for H3K27ac in isoDIPG-H3.3K27M cells.

The present study hints to a specific function of CBP in regulation of apoptosis, BRD2 in
regulation of autophagy and BRD4 in cell cycle progression and Wnt signaling in isoDIPG-

H3.3K27M cells.
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Overall, this study reveals that presence of H3.3K27M-mutation is a key player important for the
malignant phenotype observed in DIPG cells carrying H3.3K27M-mutation. Moreover, CBP as a
main acetyltransferase of H3K27, and BRD2 and BRD4 as important translators of H3K27ac
appeared to be promising therapeutic targets for treatment of DIPG and require further

investigation.
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SUPPLEMENTARY MATERIAL

Supplementary material

Appendix A | Quantification of western blot analyses of H3.3 K27M, H3K27me3 and

H3K27ac expression in isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

Densitometry analyses for quantification of H3.3K27M-mutation, H3K27me3 and H3K27ac levels in
isoDIPG-010 and isoDIPG-012 was carried out using ImagelJ. B-actin was used for normalization. * p <
0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001.
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Appendix B | Quantification of western blot analyses of common stemness markers
expression in isoDIPG-H3WT and isoDIPG-H3.3K27M cells.
Densitometry analyses for quantification of PAX6, OCT4, SOX2, Nanog, Nestin, CD133 and

GFAP levels in isoDIPG-010 and isoDIPG-012 was carried out using ImagelJ. B-actin was used for
normalization. * p < 0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001.
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Appendix C | Quantification of western blot analyses of common mesenchymal markers
expression in isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

Densitometry analyses for quantification of N-cadherin, E-cadherin, MMP9, ZEB1 and Vimentin levels in
isoDIPG-010 and isoDIPG-012 was carried out using ImagelJ. B-actin was used for normalization. * p <
0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001.
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Appendix D | Quantification of western blot analyses of different histone marks expression
in isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

Densitometry analyses for quantification of N-cadherin, E-cadherin, MMP9, ZEB1 and Vimentin levels in
isoDIPG-010 and isoDIPG-012 was carried out using ImagelJ. B-actin was used for normalization. * p <
0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001.
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Appendix E | Quantification of western blot analyses of epigenetic key player expression in
isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

Densitometry analyses for quantification CBP, p300, BRD2, BRD3, BRD4 and EZH2 levels in isoDIPG-010
and isoDIPG-012 was carried out using ImageJ. B-actin was used for normalization. * p < 0.05; ** p <
0.01; *** p < 0.005; **** p <0.001.
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Appendix F | Quantification of western blot analyses of Glutl and cleaved Caspase 3
expression in isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

Densitometry analyses for quantification of Glutl and cleaved Caspase 3 levels in isoDIPG-010 and
isoDIPG-012 was carried out using Imagel. B-actin was used for normaliZatiBRLE pl £ [0705R ¥ N\IALTEBLAL
*%% 1 < 0.005; **** p < 0.001.
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ion in

is revealed H3.3K27M-dependent tumor-related pathways in isoDIPG cells (log2FC

<1.0, adjusted p-value <0.05).

DIPG cells.
KEGG pathway analys

Appendix G | lllustration of cancer-related processes dependent on H3.3K27M-mutat
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Appendix H | Western blot quantification of H3K27me3 and H3K27ac expression in isoDIPG-
H3WT and isoDIPG-H3.3K27M cells.

Densitometry analyses for quantification of H3K27me3 and H3K27ac levels after inhibition and
knockdown of CBP/p300 and BET proteins in isoDIPG-010 and isoDIPG-012 was carried out using Image)J.
R-actin was used for normalization. * p < 0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001.
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Appendix | | Cell viability assays upon CBP and BET proteins inhibition and knockdown in
isoDIPG-H3WT and isoDIPG-H3.3K27M cells.

(A) MTT cell viability assay and (B) crystal violet assay were used to investigate cell viability in isoDIPG-
H3WT and isoDIPG-H3. K27M cells after inhibition and knockdown of CBP/p300 and BET proteins. */# p

< 0.05; **/## p < 0.01; *** /### p < 0.005; **** /##H# p < 0.001 # used for comparison between isoDIPG-
H3WT and isoDIPG-H3.3K27M cells.
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AppendixJ | Gene set enrichment analyses after inhibition or knockdown of CBP/p300 in

SUPPLEMENTARY MATERIAL

isoDIPG-012-H3WT and isoDIPG-012-H3.3K27M cells.
Gene set enrichment analyses were performed after (A and B) CBP30 treatment, (C and D) A-485

treatment, (E) CBP and (F) p300 knockdown in isoDIPG-012-H3WT and isoDIPG-H3.3K27M cells (log2FC
<1.0, adjusted p-value <0.05). Highlighted in bold common processes had been found in isoDIPG-H3WT

and isoDIPG-H3.3K27M cells.
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Appendix K | Venn diagram analyses after inhibition or knockdown of CBP/p300 in isoDIPG-
012-H3WT cells.

Venn diagram analyses showed commonly regulated 0.75-fold downregulated and 1.5-fold
upregulated (adjusted p-value £0.05) genes after CBP/p300 inhibition using CBP30 and A-485,
as well as knockdown of CBP and p300 in isoDIPG-012-H3WT cells.

A. B.
BD-dependent HAT-dependent
CBP target genes CBP target genes
4 3 815 52 1187
CBP30
C D.
BD-dependent HAT-dependent
p300 target genes p300 target genes
311 33 9 1180
CBP30
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DIPG-

Iniso

Appendix L| lllustration of apoptosis and cell cycle genes regulated by HAT CBP

012-H3.3K27M cells.

KEGG pathway analysis revealed HAT CBP-dependent apoptosis-dependent genes in isoDIPG-
012-H3.3K27M cells (upregulated indicated in green, downregulated in red) (log2FC <1.0,

adjusted p-value <0.05).
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Appendix M| Gene set enrichment analyses after inhibition or knockdown of BET proteins in
isoDIPG-012-H3WT and isoDIPG-012-H3.3K27M cells.
Gene set enrichment analyses were performed after (A and B) OTX-015 treatment, (C) BRD2 and (D)
BRD4 knockdown in isoDIPG-012-H3WT and isoDIPG-H3.3K27M cells (log2FC <1.0, adjusted p-value
<0.05). Highlighted in bold common processes had been found in isoDIPG-H3WT and isoDIPG-H3.3K27M

cells.
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Appendix N| Venn diagram analysis after knockdown of BET proteins in isoDIPG-012-
H3.3K27M cells.

Venn diagram analysis showed commonly regulated 0.75-fold downregulated and 1.5-fold upregulated
(adjusted p-value <0.05) genes after knockdown of BRD2, BRD3 and BRD4 in isoDIPG-012-H3.3K27M
cells.
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Appendix O | Quantification of western blot analyses of cell cycle regulators expression in

isoDIPG-H3WT and isoDIPG-H3.3 K27M cells.

Densitometry analyses for quantification of CDK4, p21, p16, cmyc, CDK2 and p38 levels after inhibition
of BET proteins in isoDIPG-010 and isoDIPG-012 was carried out using Image). B-actin was used for
normalization. * p < 0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001.
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DIPG-012-H3.3K27M

In Iso

Appendix P| lllustration of cell cycle genes regulated by BRD4 i

cells.

KEGG pathway analysis revealed BRD4-dependent cell cycle-dependent genes in isoDIPG-012-H3.3K27M

cells (upregulated indicated in green,

downregulated in red) (log2FC <1.0, adjusted p-value <0.05).
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Appendix R| Computer tomography pictures of paraffin embedded tumors after treatment
with CBP/p300 and BET proteins inhibitors using isoDIPG-H3WT and isoDIPG-H3.3K27M cells.
Representative computer tomography photos were taken of paraffin embedded tumors after treatment
with CBP30, A-485 and OTX-015. Tumor volume was quantified using ImageJ.
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