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|. Abstract

The transcription factor WT1 is important in regulating physiological and pathological processes,
including apoptosis, cell growth and cancer. BASPL1 is a transcriptional co-suppressor of WT1; and
together, these proteins constitute the WT1/BASP1 repressor complex. The WT1/BASP1 complex
represses transcription by remodelling chromatin at the promoter region of WT1-target genes.
Transcriptional repression by BASP1 requires its N-terminal myristoylation and a central role for
lipids. Amongst other epigenetic modifications, the WT1/BASP1 complex deposits the repressive
mark H3K27me3 on histone tails in the promoter region of WT1-target gene, yet the mechanism
by which this occurs is undetermined. Previous experiments in the laboratory have indicated that
EZH2 may play a role here. EZH2 is a core component of the polycomb repressor complex 2
(PRC2), alongside SUZ12 and EED. The PRC2 has been extensively linked to the deposition of

H3K27me3 marks and inducing a transcriptionally repressive state at many target genes.

The current study used chromatin immunoprecipitation experiments to show a BASP1-dependent
significant elevation in enrichment of EZH2 and SUZ12 at WT1-target gene promoters. Thus, this
confirms that the intact PRC2 is recruited by WT1/BASP1 to WT1-target gene promoters. The
recruitment of these two core PRC2 components was shown to be mediated independently of
BASP1 myristoylation, suggesting that BASP1 directs transcriptional repression through both lipid-

dependent and lipid-independent mechanisms.

Further experiments using RNA interference demonstrated a functionally relevant role for EZH2 in
WT1-target gene repression. EZH2-targeted knockdown triggered an increase in AREG
expression compared to the baseline level. The same dataset also suggested that both BASP1
and EZH2 work synergistically to invoke transcriptional repression, where no significant difference
in AREG expression was observed during EZH2 knockdown compared to the combined
knockdown of BASP1 and EZH2. Extended research integrating both RNA interference and ChIP
techniques confirmed that trimethylation of H3K27 at WT1-target genes is EZH2-dependent, where
knockdown of EZH2 led to a reduction in H3K27me3 enrichment at the AREG promoter.

Co-immunoprecipitation experiments failed to detect an interaction between BASP1 and the
PRC2, and therefore it is proposed that the PRC2 is recruited to WT1-target genes following a
BASP1-mediated alteration in the epigenetic landscape. Taken together, this study establishes a
role for EZH2 and the intact PRC2 in BASP1-mediated deposition of H3K27me3 marks and

BASP1-dependent transcriptional repression of WT1-target genes.
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1. Introduction

1.1 Epigenetics and gene regulation

Multiple mechanisms influence transcriptional control, with mounting evidence proving that gene
expression is directly correlated to the accessibility of the DNA sequence to RNA polymerase
enzymes and transcription factors (Almassalha et al., 2017). This is primarily regulated by the
highly complex and inter-connected genomic organisation within the nucleus, which is influenced
by mechanisms which extensively remodel chromatin, including DNA methylation, post-
translational modifications of histone tails and nucleosome aggregation (Almassalha et al., 2017).
These different processes fall under the umbrella-term ‘epigenetic modifications’ and are critical in
directing correct cellular differentiation (Stypula-Cyrus et al., 2013; Wali et al., 2016).

Chromatin topology is either compact or accessible, and these are referred to as heterochromatin
and euchromatin, respectively. In heterochromatin, DNA is tightly wound around histones making
the gene inaccessible for transcription. The opposite is true of euchromatin; hence the gene is
accessible for transcriptional processes and activation.

Histone-tail modifications include phosphorylation, methylation, acetylation, ubiquitination and
SUMOylation; and which chromatin sites these occur at will influence whether they are archetypal
of heterochromatin or euchromatin (Rechtsteiner et al., 2019). Chromatin remodelling is typically
brought about via histone modifying enzymes at the protruding N-terminal tails of histones or by
ATP-dependent chromatin remodelling complexes (Clapier et al., 2017). The resulting
modifications can alter nucleosome density and chromatin compaction via conformational
changes, which in turn may recruit downstream proteins and regulatory elements that control gene

transcription (Liu et al., 2015).

1.2 WT1

The Wilms’ Tumour 1 (WT1) gene encodes the WTL1 transcription factor, which plays a major role
in a wide range of cellular processes and has also been linked to cancer initiation and progression.
It was first discovered as being involved in the paediatric renal cancer — Wilms’ Tumour, due to its
role in regulating kidney development during embryogenesis (Little and Wells, 1997). Since its
discovery, scientific interest in the WT1 protein has grown as its function in physiological and
pathological cellular processes has been established. Such processes include apoptosis, cell
differentiation and cell growth (Toska and Roberts, 2014), as well as the progression of adult
cancers (Qi et al.,, 2015). Overtime, WT1-target genes have been revealed, including growth
factors and cell division regulators. These include, although are not exclusive to: Bcl-2 (Mayo et
al., 1999), Bcl-xL (Bansal et al., 2012), BFL1 (Simpson et al., 2006), cyclin D1 (Xu et al., 2013),
VEGF (McCarty et al., 2011) and c-myc (Han et al., 2004). As a consequence of these far-ranging

target genes, studies have shown that WT1-knockout is embryonically lethal in a murine model



due to cardiac defects (Kreidberg et al., 1993), as well as hypoplastic lungs (Cano et al., 2013),
lack of spleen (Chau et al., 2011), absence of adrenal glands (Bandiera et al., 2013) and disruption
of podocyte development (Dong et al., 2015). The importance of WT1 in development is also
highlighted in Denys-Drash syndrome, in which a WT1-mutation within exon 8 or 9 leads to a
disruption of DNA binding due to premature termination of WT1 translation (Guaragna et al., 2017).
Thus, the majority of the WT1 zinc-finger DNA recognition domain is absent and therefore

development is critically affected in these individuals (Guaragna et al., 2017).

1.2.1 WT1 gene and protein

The WT1 gene, first cloned in 1990, is situated on the short arm of chromosome 11 at position 13
(11p13) and consists of 10 exons, spanning 50kb (Call et al., 1990). The gene is highly conserved
across all vertebrate species, including chicken, alligator, Xenopus laevis and zebrafish (Kent et
al., 1995).

Overtime, a detailed structure of different portions of the WT1 protein has been uncovered using
both X-ray crystallography and NMR spectroscopy (Stoll et al., 2007; Wang et al., 2018). Figure 1
illustrates how the WT1 protein possesses a proline/glutamine-rich domain at its N-terminus, which
is important in self-association both in vitro and in vivo (Moffett et al., 1995) and RNA recognition,
as displayed using structural modelling (Kennedy et al., 1996). Alongside this, the N-terminus also
houses both a repression and activation domain between residues 84 and 124, and 181 and 250,
respectively (Yang et al., 2007). These can act independently of each other to either repress or
activate the transcription of target genes, dependent on the target gene promoter, cell type and
cell cycle stage (Wang et al., 1995; Reddy et al., 1995). Functional analysis of the WT1 repression
domain showed that a region of just ten amino acids is sufficient to suppress the activity of the

WT1 activation domain, termed the suppression domain (Carpenter et al., 2004).

Four canonical Cys(2)His(2) zinc fingers exist at the C-terminus of WT1, which bind to GC-rich
domains on DNA and RNA (Bardeesy and Pelletier, 1998) (Figure 1), such as the WTE motif
(Nakagama et al., 1995) and EGF-1 consensus sequence (Englert et al., 1995). This interplay can
occur via base-specific interactions of the second and fourth zinc finger domains deep in the major
groove of the DNA (Stoll et al., 2007). Conversely, zinc finger 1 contributes to anchorage of WT1
to the target DNA or allows for interactions with RNA, depending on the particular WT1 isoform
(Stoll et al., 2007).

Two major sites of phosphorylation exist within the WT1 protein structure. This is at serine 365,
which can be phosphorylated by protein kinase A (PKA), and at serine 393 which is phosphorylated
by protein kinase C (PKC) (Figure 1). Phosphorylation can reduce WT1’s ability to bind to DNA

and hence its transcriptional effects.
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Figure 1. Schematic structure of the WT1 protein.

The residues (1-449) are indicated, with the repression and activation domains highlighted. The zinc finger
domain, comprised of zinc fingers 1-4, is also labelled. The alternate splicing sites (+17AA and +KTS) are shown
in red, and the regions of phosphorylation by PKA and PKC are shown with the blue arrows.

1.2.2 WT1 isoforms

Whilst over 36 WT1 isoforms have been observed, the most common alternate splice sites are at
exon 9, which frequently exhibits a lysine, threonine, serine (KTS) insert, and exon 5, where a 17
amino acid insert (17AA) is sometimes observed (Figure 1). These isoforms have been identified
in a broad range of cell types.

The presence or absence of the KTS insert influences the ability of the WT1 protein to interact with
DNA. WT1 forms that lack the KTS alternative splice (WT1 -KTS) act as a transcription factor (Bor,
2006), whereas, WT1 forms that contain the KTS alternative splice (WT1 +KTS) interact with RNA,
which is crucial in olfactory development (Wagner et al., 2005). It is proposed that the location of
the KTS insert at exon 9 causes displacement of the fourth zinc finger, decreasing the protein’s
DNA binding affinity (Ullmark et al., 2018). This idea is backed up through NMR analysis, which
showed that WT1 +KTS isoforms have increased flexibility of the linker between zinc fingers 3
and 4, preventing zinc finger 4 from binding in the major groove of the DNA (Laity et al., 2000).
Indeed, it was observed that both -KTS and +KTS isoforms are necessary physiologically, where
knockout of either isoforms leads to severe developmental phenotypes (Hammes et al., 2001).
Interestingly, no observable phenotypic changes are observed in £17AA knockouts (Natoli et al.,
2002). Despite this, imbalance of the isoforms is related to disease states. For example,
overexpression of the WT1 -17AA -KTS mutant induces morphological changes in ovarian cancer
cells, with enhanced migration and invasion in vitro compared to the wildtype TYK ovarian cancer
cell type (Jomgeow et al., 2006). Thus, the equilibrium between these different isoforms is essential

in maintaining physiological mechanisms.

1.2.3 WT1 and cancer

As previously mentioned, WT1 was first found to be a tumour-suppressor in the paediatric kidney
cancer Wilms’ Tumour. In vitro studies using the kidney-derived cell line RM1 showed WT1
expression reduced the number of colonies (McMaster et al., 1995). This is believed to be due to
a WT1-mediated increase in the expression of genes encoding pro-apoptotic factor Bak (Morrison

et al., 2005), alongside a downregulation of growth factor receptors including epidermal growth

10



factor receptor and the insulin receptor (Menke et al., 1997). Hence, a combination of these
mechanisms leads to an overall increase in cell death, pointing towards the role of WT1 in tumour
suppression.

Nevertheless, more recent research suggests that WT1 acts as an oncogenic factor in most adult
cancers, where wildtype WT1 can upregulate drivers of the cell cycle and anti-apoptotic factors in
many adult cancers. For example, WT1 overexpression was reported in 90% of breast cancer
samples (Loeb et al., 2001) and has been associated with poor prognosis (Miyoshi et al., 2002).
Moreover, these cases were linked to wildtype WT1 protein, rather than any mutant forms. Thus,
this strongly indicates that wildtype WT1 acts an oncogenic factor in breast cancers (Oji et al.,
2004). In accompaniment, studies have suggested that wildtype WT1 has a role in the
development and progression of other solid tumours, such as lung (Oji et al., 2002) and colon
adenocarcinomas (Oji et al., 2003); and meta-analysis showed that WT1 expression was
correlated with poor prognosis in ovarian and endometrial cancers (Qi et al., 2015). Additionally,
WT1 has been linked to non-solid tumours including acute myeloid leukaemia (AML) (Owen et al.,
2010).

The role of WT1 in cancer is possibly underpinned by dysregulation of a co-suppressor, which
would consequently lead to unregulated proliferation and cell cycling, allowing for maintenance of
survival, as observed in AML cells (Karakas et al., 2002). As well as this, WT1 may initiate
unfavourable splicing events, leading to the de-repression of the splice factor SRPK1. As a follow-
on, SRPK1 causes upregulation of SRSF1, as observed in vitro in PC3 and K562 cell lines (Belali
et al., 2020), altering VEGF splicing, and hence inducing vascularisation (Amin et al., 2011; Belali

et al., 2020). These events allow for tumour growth and metastases.

1.2.4 WT1 as an activator and a repressor

WT1 was first discovered as a transcriptional activator, where it was shown to upregulate a host
of genes associated with an active gene state, including AREG, a facilitator of kidney differentiation
(Lee et al., 1999); ETS-1, a transcription factor involved in stem cell development, cell senescence
and death, and tumorigenesis (Wagner et al., 2008); and VDR, a ligand-activated transcription
factor (Lee and Pelletier, 2001). Nevertheless, further research isolated the co-repressor protein
BASP1 at the WT1 suppression domain (Carpenter et al., 2004). This interaction was shown to be
a driver of a transcriptionally repressive state; thus, implying that WT1 can switch from an active

transcriptional regulator to a repressive one dependent on its binding partners.

1.3 BASP1

BASP1 was first isolated from rat and chicken brain, where it was discovered as a cytoplasmic

membrane-bound protein in neuronal cells (Maekawa et al., 1993). Here, BASP1 accumulation
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can alter plasma membrane structure and actin cytoskeleton organisation, leading to neuronal
growth, motility and cell surface dynamics (Mosevitsky, 2005). Further studies have reported that
BASP1 is also present in the nucleus (Carpenter et al., 2004). BASP1 contains a myristoyl group
at glycine 2, allowing it to associate with membranes and phospholipids, and sequester nuclear
lipids. Importantly, research has shown that BASP1 is recruited to WT1-target genes where it

functions as a co-suppressor of WT1 (Toska et al., 2012).

1.3.1 BASP1 gene and protein
The BASP1 gene is located at chromosome position 5p15.1 and encodes for the 22.7kDa BASP1

protein. The structure of this protein is illustrated in Figure 2, with the important structural
landmarks highlighted. This includes the myristoylated group at glycine-2, several transient
phosphorylation sites, well-conserved PEST domains and a bipartite nuclear localisation sequence
(Green et al., 2009; Toska et al., 2014).

It has been observed that myristic acid can acylate glycine-2 via N-myristoyltransferases by
forming an acid-amide bond. This mechanism allows for BASP1 to sequester lipids, such as
membrane phospholipids and the cortical cytoskeleton (Wiederkehr et al., 1997; Mosevitsky,
2005), including the phospholipid phosphatidylinositol 4,5-bisphosphate (PIP2) (Toska et al.,
2012). Moreover, recent evidence indicates that BASP1 is not only a membrane-bound protein,
with studies demonstrating that PKC can phosphorylate serine-6 on cytoplasmic BASP1,
disrupting the electrostatic interaction between BASP1 and its membrane-bound lipids (Takasaki
et al., 1999; Hartl et al., 2020).

Additionally, BASP1 also contains multiple phosphorylation sites which are targeted by PKC within
its PEST domains (regions rich in proline, glutamine, serine and threonine). PEST domains are
indicative of proteins with a high turnover rate, and thus the multiple phosphorylation sites within
these suggests that phosphorylation may play a role in regulating BASP1 stability and turnover
(Mosevitsky et al., 1997).

Also, BASP1 is a nuclear protein, where it is able to interact with nuclear lipids, via its myristoylated
motif in order to associate with nuclear phospholipids (including nuclear PIP2), and regulate gene
expression (Carpenter et al., 2004; Goodfellow et al., 2011; Toska and Roberts, 2014). These
genes include WT1-target genes where BASP1 functions as a co-suppressor; as shown
experimentally when BASP1 was isolated through interaction with the repression domain of WT1
(Carpenter et al., 2004). BASP1 is also able to interact with cholesterol via its CRAC domain, which
allows BASP1 to associate with cholesterol-rich domains within membranes and also aids in
conferring transcriptional repression (Loats et al., 2021).

Nuclear BASP1 can be SUMOylated (Small Ubiquitin-like Modifiers are added) at lysine residues
78 and 83 (Green et al., 2009) (Figure 2), allowing the protein to relocate from the chromatin to the
nuclear matrix, including redistribution to promyelocytic leukaemia (PML) bodies, which is densely

packaged and enriched (van Steensel and Belmont, 2017). Thus, the subcellular localisation of
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BASP1 seems to be important in regulation and may aid in understanding the differing function of
WT1 in different cell types (Green et al., 2009).
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Figure 2. Schematic structure of the BASP1 protein.

The residues (1-243) are labelled, as well as the PIP2 binding site which encompasses the myristoylated tail
from G2. Phosphorylation sites are shown using a blue arrow and SUMOylation sites are shown using red
arrows. Their respective specific sites are indicated above. NLS depicts the nuclear localisation sequence, and
PEST regions are highlighted.

1.3.2 BASP1’s co-suppressive properties

Although a nuclear function for BASP1 was first identified as a cofactor for WT1, BASP1 has since
been found to interact with other transcription factors (Hartl et al., 2020). BASP1 has been reported
to transcriptionally co-suppress the transcription factor yin-yang 1 (YY1), reducing smooth muscle
cell proliferation and migration (Santiago et al., 2021). BASP1 also acts as a transcriptional co-
suppressor against the oestrogen receptor a (ERa) (Marsh et al., 2017), which is a hormone
receptor associated with enhanced proliferation in breast cancer (Paterni et al., 2014). In
accompaniment, this interaction is enhanced by the addition of tamoxifen (Marsh et al., 2017) — a
commonly used ERo-targeted therapeutic agent for breast cancer. Together, BASP1 and

tamoxifen can enhance growth inhibition via its interaction with ERa.

1.3.3 BASP1 and cancer

Endogenous levels of BASP1 are protective against many adult cancers. In vitro studies show
BASP1 inhibits Myc-induced oncogenesis (Hartl et al., 2009), in which data suggests that BASP1
interferes with the Myc/calmodulin interaction (Raffeiner et al., 2017). Elevated Myc levels
counteract BASP1’s actions as observed in human leukaemia cell types (Valovka et al., 2013),
and hence it is plausible that a similar oncogenic mechanism occurs in vivo. Furthermore,
experiments have shown that BASP1 is involved in numerous cancer-protective mechanisms,
including mediating cell cycle arrest in G1 phase, induction of apoptosis and inhibition of the -
catenin pathway in gastric and thyroid cancer cell lines, thereby reducing cell migration (Guo et
al., 2016; Li et al., 2020). BASP1’s tumour suppressive role has been observed in an acute myeloid
leukaemia positive cell line, which showed BASP1 inhibited proliferation and colony formation by
inducing apoptosis and cell cycle arrest (Zhou et al., 2018). An in vivo study using murine models

showed BASP1 levels are depleted in squamous cell carcinoma cases (Ponzio et al., 2017).
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Therefore, several adult cancers are inherently linked to downregulation of BASPL.
Downregulation of BASP1 could be brought about by either direct transcriptional repression, micro-
RNA-guided downregulation or promoter methylation (Kaehler et al., 2015; Xu et al., 2015). The
latter is a common mechanism of BASP1-silencing and is demonstrated in thyroid cancer cell lines

and xenografts, where ectopic BASP1 expression was shown to inhibit growth (Guo et al., 2016).

1.4 WT1/BASP1 complex
The co-localisation of WT1 and BASP1 was first shown in a study which used purified BASP1

antibodies (Carpenter et al., 2004). This showed that the two proteins spatio-temporally co-localise
within the nucleus of cells expressing both proteins. Further work using immunofluorescence and
immunoblotting technology demonstrated the association of BASP1 at the WT1 suppression
domain at the promoters of WT1-target genes (Carpenter et al., 2004), which has since been
shown using a model cell line of podocyte differentiation (Green et al., 2009). Studies showed that
this complex has physiological roles in cell fate and differentiation in vitro, including how BASP1
controls the differentiation pathway of K562 cells (Goodfellow et al., 2011).

K562 cells in either the presence or absence of BASP1 were treated with the phorbol ester, phorbol
12-myristate 13-acetate (PMA) (Goodfellow et al., 2011). PMA is an activator of PKC, which is
associated with transcription of genes involved in cellular differentiation and growth (Griner and
Kazanietz, 2007). Beta-tubulin staining displayed how PMA treatment of K562 cells in the absence
of BASP1 brought about differentiation into rounded megakaryocytes (Goodfellow et al., 2011).
Yet, BASP1 represses the genes responsible for differentiation into megakaryocytes, and thus,
when in the presence of BASP1, PMA induced extensive arborisation, elongation and formation of
processes, with the upregulation and expression of several genes involved in neutrite outgrowth
and synapse formation (Goodfellow et al., 2011). This possibly stems from the upregulation of
P2X5 receptors which is observed when BASP1 is present (Goodfellow et al., 2011); and allows
the cells to respond to ATP and possess neuronal-like properties and morphology.

To accompany this finding, the effect of BASP1 on induced pluripotent stems cells (iPSCs) has
been explored. It found that inhibition of BASP1 in iPSCs formed from the OSKM cocktail (Oct4,
Sox2, Klf4 and c-Myc) negated the need for Sox2 in this cocktail (Boland et al., 2009; Rusk, 2017,
Blanchard et al., 2017). As a result, this cemented the idea that BASP1 is crucial in cell fate and
must be downregulated before cellular reprogramming can commence (Boland et al., 2009).
Beyond this, research identified that BASP1 represses the WT1-target gene Lin28, an RNA-
binding protein linked to pluripotency (Cho et al., 2012). Alas, these findings demonstrated that
WT1 and BASP1 interact mechanistically in vitro. However, research was essential to confirm that

this mechanism is also important in vivo.
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Tissue analysis has shown that co-expression of WT1 and BASP1 takes place at several critical
sites of WT1 activity, including within the embryonic kidney, adult brain, lungs and testes
(Mosevitsky and Silicheva, 2011), indicating that the co-localisation of these two proteins is
physiologically relevant in vivo. A recent study using mouse models of diabetic neuropathy
demonstrated how BASP1 promotes kidney podocyte apoptosis and activation of the p53 pathway
by co-repressing WT1 (Zhang et al., 2021).

Another study showed a physiological role of the WT1/BASP1 complex in cell fate in vivo, as
demonstrated using taste receptor cells isolated from mice (Gao et al., 2014; Gao et al., 2019).
Originally, it was demonstrated that WT1 directs cell fate of taste receptor cells throughout the
differentiation process by activating the LEF1 and PTCH1 genes, initiating the Wnt and Shh
signalling pathways, respectively (Gao et al., 2014). The expression of these two genes is typically
associated with progenitor cells, and hence, BASP1 must control differentiation levels by
suppressing WT1. A follow-on study using immunohistochemistry conveyed how BASP1
expression increased towards the end of the differentiation process, leading to repression of
certain genes. Thus, the WT1/BASP1 complex retains the taste cells in their differentiated state
(Gao et al., 2019). Combined, these studies display a physiological role of the interaction between
WT1 and BASP1 in vivo.

1.4.1 WT1/BASP1 recruitment of histone-modifying enzymes

Research has shown that WT1 binds to numerous factors besides BASP1. Both in vivo and in vitro
work has demonstrated an interaction of WT1 with the co-activator CREB-binding protein (CBP)
and its closely related paralog p300; termed together CBP/p300 (Wang et al., 2001). CBP was first
shown to co-immunoprecipitate with WT1 in embryonic rat kidney cells (Wang et al., 2001).
CBP/p300 are histone acetyltransferase enzymes which interact with WT1 to activate target genes
by acetylating H3K9, with disruption shown to cause numerous developmental problems (Carré et
al., 2018) (Figure 3A).

Further studies have demonstrated that BASP1 is recruited to WT1 to inhibit CBP-binding and
thus, induce transcriptional repression (Toska et al., 2014). To constitute transcriptional
repression, it was shown that the WT1/BASP1 complex deacetylated the active histone mark
H3K9ac by recruiting the histone-modifying enzyme HDACL to form a large complex (Toska et al.,
2012). The mechanism was observed to be lipid-dependent, and reliant on the binding of PIP, at
BASP1’s myristoylated tail (Toska et al., 2012). Furthermore, research has confirmed the necessity
of prohibitin in this complex, which in-turn recruits BRG1, an ATP-dependent chromatin modifying
enzyme (Toska et al., 2014) (Figure 3B). Thus, this complex works to induce transcriptional

repression.
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Figure 3. Deposition and removal of the H3K9ac mark.

A) The WT1 protein recruits CBP/p300 to the promoters of its target genes. This results in the deposition of an
active acetyl mark at H3K9. Hence, transcription is initiated.

B) WTL1 is also able to recruit BASP1 into a complex at promoters to induce transcriptional repression. BASP1
recruits histone-modifying factors into this complex, including PIP2 which binds to the myristoyl group on

BASP1. Thus, this interaction is lipid-dependent. Once PIP:z is bound, a cascade of interactions ultimately
brings HDAC1 into the complex, which deacetylates H3K9. This initiates steps towards repression of the gene.

Recent studies in the lab have uncovered further chromatin modifications which are made by the
WT1/BASP1 complex. This includes the removal of the active histone mark H3K4me3, whilst also
encompassing the deposition of repressive the histone marks, H3K9me3 and H3K27me3 (Figure
4) (Dey, 2019).

Gene activation Gene repression
Figure 4. Chromatin remodelling by the WT1/BASP1 complex.
The WT1 and BASP1 proteins work together to direct transcriptional repression by removing the active histone

marks H3K4me3 and H3K9ac (left), and instead depositing the repressive histone marks H3K27me3 and
H3K9me3 (right).
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The WT1/BASP1 complex was first shown to be important in the addition of repressive marks to
chromatin in epicardial cells (Essafi et al., 2011). Here it was shown that WT1 recruits BASP1 to
silence Wnt4 by the addition of H3K27me3 marks (Essafi et al.,, 2011). The distribution of
H3K27me3 marks allows the WT1/BASP1 complex to control epithelial-mesenchymal transition
(EMT) and the generation of progenitor cardiovascular cells (Essafi et al.,, 2011). Recently,
chromatin immunoprecipitation (ChlP) experiments have confirmed the relationship between
H3K27me3 marks and BASP1, and these findings have shown how this is a lipid-independent
mechanism, as the BASP1-G2A mutant, which lacks a myristylated tail, did not affect the addition
of repressive marks (Figure 5) (Dey, 2019).
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Figure 5. H3K27me3 recruitment at WT1-target gene promoters.

Previous work showed a significant increase in placement of the repressive histone mark H3K27me3 at the WT1-
target gene promoter, AREG, in the presence of BASP1, independent of myristylation. Error bars represent the
standard deviation of the mean, where n=7. *p<0.05 by Student’s t-test comparing BASP1-positive K562 cells
with BASP1-negative K562 cells. Data from Dey, 2019.

Interestingly, only factors which remove active marks are found to be lipid-dependent, whereas
addition of repressive marks is independent of BASP1’s myristoyl group (Dey, 2019). Recent work
has found that BASPL1 is also able to recruit cholesterol via its CRAC domain (Figure 2) during the
removal of active mark H3K4me3 (Loats et al., 2021). These findings describe a role for nuclear
lipids in transcriptional repression. Such lipids are present both within the inner nuclear membrane
(INM) and throughout the nucleus. Recent work has shown that BASP1 binds to the nuclear
envelope protein emerin in a myristoyl-dependent manner, raising the possibility that BASP1-
mediated transcriptional repression might occur at the nuclear periphery (Dey, 2019). Indeed, there
is mounting evidence that transcriptionally repressive heterochromatin is located at the nuclear
periphery (Mir et al., 2019).

Previous work has shown that the G2A-BASP1 mutant is defective in inducing transcriptional

repression (Toska et al., 2012). Instead, it has been shown that the lipid-dependent removal of
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active marks is essential to drive transcriptional repression, whereas it is currently unclear whether
lipid-independent deposition of repressive marks is critical in this process or whether removal of
active marks is sufficient (Dey, 2019). It is therefore important to determine if the BASP1-mediated
placement of H3K27me3 marks is required for transcriptional repression by the WT1-BASP1
complex.

Sites which contain both the active mark H3K4me3 and the repressive mark H3K27me3 are known
as bivalent promoters, which are important in embryonic development (Voigt et al., 2013). This is
currently an intense area of research; yet there is a lack of evidence surrounding the mechanism

by which H3K27me3 marks are added in the presence of the active histone mark.

1.4.2 Other interactions of WT1

It has long been known that WT1 is co-localised with the tumour suppressor p53. Research in the
developing kidney outlined that WT1 has a cooperative effect upon p53 by increasing stability and
DNA binding activity of p53 (Maheswaran et al., 1993; Maheswaran et al., 1995). A recent study
has unveiled that the interaction between WT1 and p53 is in fact mediated via BASP1, where
BASP1 knockdown promotes downregulation of the p53 pathway via WT1, hence reducing
apoptosis (Zhang et al., 2021). Research has delved into the effects of the WT1-p53 interaction
clinically; with a recent study indicating the potential use of both p53 and WT1 as prognostic

biomarkers in ovarian cancer (Carter et al., 2018).

1.5 EZH2 and PRC2

The deposition of trimethyl marks on H3K27 has been extensively linked to the action of the
polycomb repressor complex 2 (PRC2) (Boros et al., 2014; Prokopuk et al., 2017; Lavarone et al.,
2019), and thus, research has determined that this is an important complex in establishing and
maintaining heterochromatin states.

The polycomb group (PcG) is a group of chromatin-modifying proteins which was originally
discovered as an important regulator of Drosophila development, where it was noted that the
proteins influence the spatio-temporal expression of the Hox genes (Deevy and Bracken, 2019).
Orthologs of PcG genes have since been recognised in numerous species and have been
associated with appropriate gene expression (Laugesen and Helin, 2014). PcG proteins are able
to assemble into large protein complexes, typically the polycomb repressor complexes 1 and 2
(PRC1 and PRC2), which preferentially bind to CpG-rich domains (Laugesen et al., 2016).

Whilst the PRCL1 catalyses the monoubiquitylation at lysine 119 of H2A to form H2AK119ub (Wang
et al., 2004), the PRC2 acts as a methyltransferase complex, where it is essential in the
monomethylation, dimethylation and trimethylation of H3K27 in a spatially-defined manner (Ferrari
et al., 2014). The PRC2 is crucial in cell fate determination in embryonic stem cells and a PRC2

knockout is embryonically lethal (Pasini et al., 2007). An estimated 5-10% of histones are believed
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to carry the H3K27me3 modification (Peters et al., 2003; Ferrari et al., 2014), which is an indicative
mark of gene repression, as shown in research using mouse embryonic stem cells (Wiles and
Selker, 2017). Conversely, H3K27mel is believed to be associated with active enhancers (Barski
et al., 2007). As a result, the PRC2 is critical in deciding which genes are expressed, making it

vital in cell fate and differentiation.

1.5.1 PRC2 structure

The catalytic activity of the PRC2 is accounted for by the action of the SET domain of the core
component EZH1/2 (enhancer of zeste homolog 1/2) (Wu et al., 2013). Other integral members of
the PRC2 are suppressor of zeste 12 (SUZ12) and embryonic ectoderm development (EED).
SUZ12 interacts with non-essential PRC2 accessory proteins, including AEBP2 and JARID2 (Jain
etal., 2019). The complete function of these accessory proteins is currently being studied, although
they seem to be involved in modulation of PRC2 recruitment and enzymatic activity (Hgjfeldt et al.,
2019). On the other hand, a crystal structure of the active PRC2 showed that EED acts as a reader
within the complex, where it is able to bind to H3K27me3 via its WD40 domain. This leads to a
conformational change with nhumerous modulatory effects, including stabilising the PRC2 at its
target whilst simultaneously increasing the complex’s activity in the presence of the H3K27me3
mark by increasing EZH2 activity (Jiao and Liu, 2015; Lavarone et al., 2019).

The spatial arrangement of the PRC2 components was displayed using electron microscopy in
conjunction with chemical cross-linking and mass spectroscopy data (Ciferri et al., 2012). This data
aids our understanding of how the PRC2 regulates histone methylation. The SANT domains of
EZH2 can couple enzymatic activity to histone-tail binding by interacting with SUZ12 and EED.
EED-binding at one nucleosome positions the H3 tail from the subsequent nucleosome in close
proximity to the EZH2 SET domain (Ciferri et al., 2012). This mechanism is indicative of a positive
feedback loop, where upon H3K27 trimethylation, methylation of the neighbouring nucleosome is
favoured. Hence, this allows the histone marks to spread across the chromatin in regions of spatial
proximity (Oksuz et al., 2018). The points of interaction between the three core components of the
PRC2 are outlined in Figure 6. It is important to note that the separate components of the PRC2
are highly unstable individually due to its vast interaction surface and hence, EZH2 activity and
presence is likely to be accompanied with SUZ12 and EED (Pasini et al., 2007).

19



EED “ wD40 WD40 WD40 WD40 WD40 WD40 WD40

EZH2 WDB SANT SANT

suzi2 WDB

Figure 6. The structure of and interactions between the PRC2 factors.

The domains of the three core components of the PRC2 are outlined above, as well as the points of interaction
between different PRC2 factors. This shows specifically which domains are able to interact, and thus how the
PRC2 is biochemically formed.

There seems to be a dynamic interplay between PRC1 and PRC2 in order to reach transcriptional
repression, in which H3K27 trimethylation by PRC2 facilitates PRC1 recruitment and H2AK119
monoubiquitylation (Blackledge et al.,, 2015); thus, mediating steps towards transcriptional
repression. This recruitment is mediated by the CBX protein of PRC1, which recognises and docks
to H3K27me3 marks with a high affinity (Blackledge et al., 2015). This mechanism has been
termed the ‘hierarchical recruitment model’, nevertheless more recent studies have demonstrated
that this inter-complex crosstalk may be bi-directional. Here, PRC1 histone ubiquitination is thought
to recruit the PRC2 via the ubiquitin-interaction motif on the N-terminus of the accessory protein
JARID2 (Cooper et al., 2016).

1.5.2 PRC2 and cancer

The deposition of trimethyl marks at H3K27 initiates steps towards repression via nuclear hano-
architectural changes. Therefore, a mutation in EZH2 can alter the balance of H3K27me3
deposition and can cause chromatin to clump, change in size and undergo density distribution
changes (Zink et al., 2004). All these alterations will impact gene expression, and consequently,
many genes which would usually be repressed will instead be active.

As EZH2 holds the catalytic activity of the PRC2, a mutation causing a loss or gain of function of
EZH2 is usually deemed the most detrimental to the working of the complex. However, a mutation
in any core component can potentially lead to a conformational change and hence instability and
inactivity of the PRC2. In vivo studies have shown that EZH2 dysregulation can be oncogenic,
including in many solid cancers, but tumour suppressive in acute myeloid leukaemia and
myelodysplastic syndromes. This is because EZH2 is able to function as both a transcriptional
activator and repressor depending on the cell type and the type of methyl mark it deposits at
H3K27.
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Research has shown EZH2 upregulation can accelerate cell proliferation and survival in colorectal
cancer, melanoma and breast cancer (Yamagishi and Uchimaru, 2017). Experimental evidence
has shown that DZNep treatment, an EZH2 inhibitor, in a colorectal cancer cell line induces
autophagy and apoptosis (Yao et al., 2016); whilst, EZH2 inhibition in cholangiocarcinoma cells
arrests the cell cycle in G1, yet again reducing cell proliferation (Nakagawa et al., 2013).

As a result of these findings, EZH2 is frequently used clinically as a prognostic marker for cancers.
This includes in epithelial ovarian cancer, where upregulation of EZH2 adds H3K27me3 marks in
order to repress the ARHI tumour suppressor gene in vitro (Fu et al., 2015).

1.6 The PRC2 and WT1/BASP1 complexes

Previous work from our group using co-immunoprecipitation mass spectroscopy has shown that
EZH2 may potentially interact with BASP1; raising the possibility that BASP1 deploys EZH2 to
trimethylate H3K27 at WT1-target genes. However, further investigations are required to confirm
this hypothesis. Recent ChIP experiments have demonstrated EZH2 recruitment to the promoters
of WT1-target genes in a BASP1-dependent manner. This data is outlined in Figure 7, which shows
a significant increase in EZH2 presence at the AREG promoter during BASP1 expression. Hence,
this implies that EZH2 recruitment is BASP1-mediated; and inhibitor experiments have confirmed
that EZH2 recruitment at WT1-target genes is not coincidental and instead possibly plays a critical
role in the deposition of H3K27me3 to invoke transcriptional repression (Johnson, 2019). To
accompany these findings, past studies have outlined how the recruitment of EZH2 to promoters
is coupled with the other core components of the PRC2 for stability (Pasini et al., 2007).
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Figure 7. EZH2 recruitment at WT1-target gene promoters.

Previous work shows a significant increase in EZH2 recruitment to the WT1-target gene promoter, AREG, in the
presence of BASP1. Significant recruitment is observed in G2A-K562 cells at the AREG promoter when
compared to V-K562 levels — implying that the recruitment of EZH2 is lipid-independent. Error bars represent the
standard deviation of the mean where n=10. *p<0.05 by Student’s t test comparing BASP1-K562 or G2A-K562
with V-K562. Data from Dey, 2019.
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1.7 Aims and hypothesis

This project seeks to extend our understanding of how BASP1 and PRC2 may interact to deposit
H3K27me3 marks and influence WT1-target gene transcriptional states. Previous data collected
in the laboratory has suggested an interaction between EZH2 and BASP1 following co-
immunoprecipitation mass spectroscopy experiments, whilst also suggesting EZH2 is recruited to
target gene promoters following chromatin immunoprecipitation experiments. By uncovering this
physiological mechanism and improving knowledge of the potential WT1/BASP1/PRC2 complex;
future studies can focus on understanding how this mechanism may be aberrant in cancer states.
The study will use K562 cells; a common cell line extracted from a patient with chronic
myelogenous leukaemia (Lozzio and Lozzio, 1975) and is frequently used in WT1/BASP1 research
as they lack endogenous BASP1, whilst WT1 is still present. As a comparative tool, a K562 cell
line derivative, termed BASP1-K562 cells, were transfected to stably express BASP1 (Goodfellow
et al., 2011). Results from BASP1-K562 cells are typically compared to the vector control cell line
Vector-K562 cells (V-K562s), and past affymetrix expression assays and ChIP experiments using
BASP1-K562 cells showed that the BASP1-K562 cell line transcriptionally represses >90% of
WT1-target genes compared to V-K562 cells (Goodfellow et al., 2011). Results in this study will be
validated using MCF7 cells, a breast cancer cell line which endogenously expresses both BASP1
and WT1.

The first aim will investigate whether there is a significant fold enrichment of EZH2 at WT1-target
gene promoters, by using a different EZH2 antibody to that used previously in the laboratory.
Hence, this will further explore whether a significant increase in EZH2 recruitment occurs at the
promoters of AREG, ETS-1 and VDR during BASP1 expression. To accompany this, the
recruitment of SUZ12 at these promoters will also be tested to explore whether the intact PRC2 is
recruited. The study will explore whether recruitment of the PRC2 components is a lipid-
independent process as past research has alluded to. In accompaniment, | will explore whether
knockdown of EZH2 blocks BASP1-mediated repression, and whether this triggers a significant
change in the placement of H3K27me3 marks at WT1-target gene promoters. Previous work in the
laboratory has shown that EZH2 inhibitors block BASP1-mediated repression (Johnson, 2019). As
a result of this, it will be interesting to determine if targeted knockdown of EZH2 will produce a
similar transcriptional response, and hence confirm that EZH2 is critical in BASP1-mediated
repression and the addition of H3K27me3 marks in a BASP1-mediated manner. The final aim will
focus on whether there is an interaction between BASP1 and either EZH2 or SUZ12 in K562 cells.
This will confirm whether the PRC2 is recruited directly into the WT1/BASP1 complex or instead
that WT1/BASP1 promotes favourable conditions for PRC2 recruitment to the promoter.
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2. Materials and methodologies

2.1 Materials

2.1.1 General reagents

Fisher Scientific: Ethanol, methanol, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (Hepes),
sodium dodecyl sulfate (SDS), ammounium persulfate (APS), phosphate-buffered saline (PBS),
bromophenol blue, ethylenediaminetetraacetic acid (EDTA), cDNA synthesis Kkit.

PanReac AppliChem: Tween, glycine, sodium deoxycholate, tris-base.

Sigma: Triton X-100, LiCl, glycerol, foetal bovine serum (FBS), acrylamide/bis gel mix (gel mix),

trypsin.

Gibco: Rosewell Park Memorial Institute 1640 (RPMI) media, penicillin/streptomycin (P/S), L-
glutamine, Dulbecco’s Modified Eagle Medium (DMEM).

BioRad: SYRB green PCR mix, Clarity Western ECL Substrate.

Qiagen: RNeasy kit, PCR clean up kit, Hi-PerFect.

Others: G418 (Toku-E), MgClz (Acros Organic), dithiothreitol (DTT) (Santa Cruz Biotechnology),
protease inhibitor cocktail (Complete Mini), Rainbow Marker (Astiva). Formaldehyde and Nonident

P40 (NP-40) (Merck). NaCl and KCI (VWR Chemicals). Tetramethylethylenediamine (Temed) and

Dynabeads (Invitrogen).

2.1.2 Buffers and solutions

IP buffer: 20 mM Hepes pH 8, 100 mM KCI, 0.2 mM EDTA, 20% (v/v) glycerol, 0.5 mM DTT, 2.5
mM MgCl,, 0.05% (v/v) NP40.

Lysis buffer: 25 mM Tris pH 7.4, 150 mM NacCl, 1% (v/v) NP40, 1 mM EDTA, 5% (v/v) glycerol, 1
mM DTT.

Resolving gel: 0.375 M Tris pH 8.8, 10% (v/v) gel mix, 0.1% (w/v) SDS, 0.25% (v/v) Temed, 0.25%
(v/v) APS.

Stacking gel: 0.125 M Tris pH 6.8, 12.5% (v/v) gel mix, 0.1% (w/v) SDS, 0.375% (v/v) Temed,
0.375% (v/v) APS.
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10X SDS-PAGE running buffer: 250 mM Tris, 1.9 M glycine, 35 mM SDS.

4X SDS sample loading dye: 200 mM Tris pH 6.8, 400 mM DTT, 8% SDS, 0.1% bromophenol

blue.

Transfer buffer: 1X TrisGly, 10% (v/v) methanol.

Blocking buffer: 1X PBS, 0.1% (v/v) Tween, 5% (w/v) dried milk powder.

ChIP buffers:

ChIP buffer: 150 mM NaCl, 50 mM Tris pH 8, 5 mM EDTA, 0.5% (v/v) NP-40, 1% (v/v)

Triton X-100.

High salt ChlP buffer;: 500 mM NaCl, 50 mM Tris pH 8, 5 mM EDTA, 0.5% (v/v) NP-40, 1%

(v/v) Triton X-100.

LiCl buffer: 10 mM Tris pH 8, 1 mM EDTA, 250 mM LiCl, 1% (v/v) NP-40, 1% (w/v) sodium

deoxycholate.
TE buffer: 10 mM Tris pH 8, 1 mM EDTA.

Proteinase K buffer: 125 mM Tris-HCI pH 8, 10 mM EDTA, 150 mM NacCl, 1% (w/v) SDS.

2.1.3 Primers

Table 1. ChIP primers

CAACCTGGCTCAGGCGTCC-3’

GCCAGGAGCTCCGTTGGC-3

Primer | Forward Reverse Annealing
temperature
0
18S 5- 5- 60
GTAACCCGTTGAACCCCATT- | CCATCCAATCGGTAGTAGCG-
3 3
AREG | 5- 5-GGTGTGCGAACGTCTGTA- | 60
TTTAAGTTCCACTTCCTCTCA- | 3
3
ETS-1 | 5- 5- 60
CCTAAAGAGGAGGGGAGAGC- | AGGGGAAGTTGGCACTTTG-
3 3
VDR 5- 5- 60
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Table 2: RT-PCR primers

Primer | Forward Reverse Annealing
temperature
(°C)
GAPDH | 5-TGCACCACCAACTGCTTAGC | 5- 60
-3 GGCATGGACTGTGGTCATG
AG -3
AREG 5- 5- 60
GGCTGCTAATGCAATTTTTGAT | TGGAAGCAGTAACATGCAA
AA -3 ATGTC -3’
ETS-1 | 5-CTGACCCTGGAGACTTTGAC | 5- TTCCTCTGCACTTCCTCA | 60
-3 -3’
VDR 5- 5- 60
AAACTTGCTACCATCCCGTACG | ATGGTGAGAGTCGGCTTGA
T-3 GAT -3

Primer stocks of forward and reverse oligonucleotides were prepared at a concentration of 10uM.

2.1.4 Antibodies
Table 3. Western blot, IP and ChIP antibodies.

Antibody Species | Source Dilution for
immunoblotting

BASP1 Rabbit Pacific Immunology, California 1:2000

HA-tag Mouse Cell Signalling #23675 1:1000

EZH2 Rabbit Abcam #ab186006 1:1000

SuUz12 Mouse Invitrogen #MA5-11188 1:1000

B-tubulin Rabbit Abcam #ab6046 1:10000

Anti-mouse HRP | Goat Jackson ImmunoResearch | 1:10000
Laboratories

Anti-rabbit HRP | Goat Jackson ImmunoResearch | 1:10000
Laboratories

H3K27me3 Mouse Abcam #ab6002

Normal 1gG Mouse Cell Signalling #27298

Normal 1gG Rabbit Merck #3543076
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2.1.5 siRNAs

Table 4. siRNA proteins used during RNA interference experiments

SiRNA Source

Control Thermo Fisher #S1C001

BASP1 Sigma #EHU121851

EZH2 #1 Sigma #EHU073481

EZH2 #2 Santa Cruz Biotechnology Inc #sc-
35312

2.2 Methodologies

2.2.1 Cell culture

K562 cells
K562 cells (ECACC) were previously stably transfected with pcDNA3 plasmids (Goodfellow et al.,
2011). Cells were cultured at 37°C, 5% CO3 in RPMI culture medium with 10% (v/v) FBS, 1% (v/v)
P/S, 1% (v/v) L-glutamine and 1 mg/mL G418.

MCF7 cells
MCF7 cells (ECACC) were cultured in DMEM culture medium with 10% (v/v) FBS, 1% (v/v) P/S

and 1% (v/v) L-glutamine; at 37°C, 5% CO.. Trypsin was used to passage adherent cells.

2.2.2 Whole cell extract (WCE) preparation

40 million cells were harvested by centrifugation at 1000g for 10 minutes and washed twice with
PBS. The pellet was resuspended in 2X packed cell volume of lysis buffer with 1X protease
inhibitor. This was incubated at 4°C for 20 minutes with frequent pipetting. The WCE was
centrifuged at 130009 for 10 minutes, and the supernatant was kept.

2.2.3 Immunoprecipitation

Dynabeads Protein G (30 mg/mL) were washed twice with IP buffer. The beads were stored at 4°C
in IP buffer at the original bead volume. Samples were precleared using 10% WCE and 0.5% IP
beads in IP buffer. This was rotated for an hour at 4°C, and the supernatant kept. 1 ug antibody
was added to 100 pL precleared WCE and rotated for 2 hours at 4°C. 5 L IP beads were added
and this was rotated at 4°C for an hour. The beads were washed three times for 10 minutes in ice-
cold IP buffer and resuspended in 20 pL 1X SDS sample loading dye. 10 uL samples were loaded

onto an immunoblot, alongside control antibodies and input WCEs.
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2.2.4 Immunoblot

Gels were prepared from 10% (w/v) resolving gel and 4.5% (w/v) stacking gel. Following
polymerisation, samples were heated at 95°C for 5 minutes and loaded onto the gel. Gels were
placed in SDS-PAGE running buffer and resolved at 150V, which was increased to 200V once
samples hit the resolving gel.

Once the dye front approached the bottom of the gel, gels were removed from the cassette and
washed in transfer buffer. Proteins were transferred onto a methanol-activated immobilon-P
membrane (Merck) soaked in methanol and sandwiched between Western blotting filter paper
previously soaked in transfer buffer. Transfers took place in a semi-dry transfer cell (BIORAD) at
25V for 45 minutes.

Membranes were blocked for 20 minutes in ~15 mL blocking buffer and rocked at 4°C overnight
with appropriate antibody in blocking buffer at a dilution concentration outlined in Table 3.

The membrane was washed four times with ~15 mL blocking buffer for 5 minutes each time. The
membrane was rocked at room temperature with the specified concentration of HRP-secondary
antibody diluted in blocking buffer (Table 3) for an hour. The membrane was washed four more
times as before and covered in Clarity Western ECL Substrate (BIORAD). It was exposed using

GenHunter PerfectFilm autoradiography film.

2.2.5 Chromatin immunoprecipitation (ChIP)

ChIP beads preparation
Dynabeads Protein G (30 mg/mL) were suspended in ChIP buffer at a concentration of 50%. After
magnetising, the supernatant was removed, and the beads were resuspended in 1 mL ChlIP buffer
and 1% sheared salmon sperm DNA. This was rotated at 4°C for one hour. The beads were
magnetised and washed four times in ChIP buffer. The beads were stored at 4°C in ChIP buffer at

the original bead volume.

Harvesting cells and cross-linking
Ten million V-K562 and BASP1-K562 cells were harvested, resuspended in 1 mL PBS and
incubated with 40 yL 37% formaldehyde at room temperature for 15 minutes. Cross-linking was
guenched with 141 pL of 1 M glycine, which was left to stand for 5 minutes before centrifuging at
15009 for 5 minutes. The cells were resuspended in 1 mL ChIP buffer with 1% (v/v) protease

inhibitor cocktail.

Sonication
Sonication was performed using a QSonica Q125 Sonicator at 50% amplitude for 10 seconds
followed by cooling on ice. This was repeated 12 times, and then the chromatin was centrifuged

at 130009 for 10 minutes. 5 yL ChIP beads were added, and this was rotated at 4°C for an hour.
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Chromatin immunoprecipitation
1 yg antibody was incubated with 1 mL ChIP buffer and 5 uL ChIP beads at 4°C for four hours.
These were washed with ChIP buffer, resuspended in 450 pL of the precleared chromatin, and left
to rotate at 4°C overnight.
Beads were washed with ChIP buffer and left on ice for 5 minutes. This step was repeated with
high salt ChIP buffer, LiCl buffer and TE buffer; and finally resuspended in 100 uL proteinase K

buffer and incubated at 65°C overnight.

DNA isolation

1 yL of 2 mg/mL Proteinase K was added to the beads and this was incubated for three hours at
55°C. Samples were centrifuged at 13,000g for a minute. The supernatant was retained, and DNA
was isolated using the Qiaquick PCR purification kit (QIAGEN) according to the manufacturer’s
instructions. DNA was eluted in 100 uL nuclease-free water. The eluted DNA was prepared for g-
PCR with 5 yL SYBR green PCR mix, 2 yL nuclease-free water and 1 pL primer mix (from a 10pM
stock)(Table 1). Settings and temperatures for the g-PCR are outlined in Table 5. Melt curves were
plotted at 0.5°C increments between 65°C and 95°C.

Table 5. g-PCR settings.

Step Temperature (°C) | Time (S)

Initial denaturation 95 180

Denaturation 95 10 40 cycles
Annealing 60 10

Extension 72 10

Final extension 72 30

2.2.6 RNA interference

Transfection
MCEF7 cells were transfected with the respective siRNAs (Table 4) and set up as followed: 2X dose
control siRNA; 1X dose BASP1 siRNA, 1X dose control siRNA; 1X dose EZH2 siRNA, 1X dose
control siRNA; 1X dose BASP1 siRNA, 1X dose EZH2 siRNA. Here, one dose is equal to 0.05
nmol when diluted in RNase free water. After suspension, these were incubated at RTP for 3
minutes. 12 uL HiPerFect transfection reagent was added and incubated at RTP for 10 minutes.
The transfection solution was suspended in 0.5 mL fresh DMEM media and added to the

appropriate MCF7 cells for 48 hours.
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RNA preparation
RNA was prepared using the Qiagen RNeasy kit instructions, according to the manufacturer’s
instructions. The RNA samples were diluted in 50 pyL nuclease-free water and were either used in
cDNA synthesis or stored at -20°C.

cDNA synthesis
Each reaction was set up as followed, using the cDNA synthesis kit (Thermo Fisher):

9 uL water

1 pL oligo DT primer

1 pL random primer

2 uL RNA sample

4 uL 5X reaction buffer

2 uL 10 mM dNTP mix

1 yL M-MuLV RT
These reactions were then placed at 25°C for 10 minutes, 42°C for 30 minutes and finally 80°C for
5 minutes. The cDNA was eluted in 50 uL nuclease-free water and prepared for g-PCR alongside
5 uL SYBR green PCR mix, 2 uL nuclease-free water and 1 pyL primer mix (Table 2). Settings and
temperatures for the g-PCR are outlined in Table 5. Melt curves were plotted at 0.5°C increments
between 65°C and 95°C.

2.2.7 Data analysis and statistical tests

For ChIP and RNA interference data, average CT-values were calculated, and fold enrichment
was normalised against the control antibody. Unpaired Student’s t-tests were performed on at least
three independent ChIP experiments using GraphPad. One-way ANOVAs with Tukey’s post-hoc
test were used on three independent RNAI experiments using SPSS Statistics. Graphs were

created using Microsoft Excel.
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3. Results

3.1 Analysis of BASP1 and PRC2 expression in K562 cells

K562 cells lack endogenous BASP1 but contain endogenous WT1 and thus this characteristic has
been exploited in our laboratory. The K562 cells used in the current study were originally generated
by transfection with vectors to influence BASP1 expression (Goodfellow et al., 2011). Vector
control K562 cells (V-K562s) were previously stably transfected with an empty pcDNA3 plasmid.
On the other hand, BASP1-K562 cells have been previously transfected with a pcDNA3 plasmid
driving BASP1 expression, tagged with C-terminal human influenza hemagglutinin (HA-tag). G2A-
K562 cells were transfected with a pcDNA3 plasmid driving expression of a mutant BASP1
derivative containing a substitution of glycine at position 2 with alanine. This substitution prevents
the N-terminal myristoylation of BASP1 (Toska et al., 2012). Expression of BASP1 and BASP1-
G2A was confirmed through immunoblot analysis, where BASP1 presence is shown in BASP1-

K562 and G2A-K562 whole cell extract compared to V-K562 whole cell extract input (Figure 8A).

(A) (€

102kDa «— SUZ12

76kDa

52kDa <+— EZH2
Non-specific

52kDa bands

24kDa

Figure 8. Immunoblot analyses of whole cell extract with different antibodies.

A) A Western blot experiment was performed with V-K562, BASP1-K562 and G2A-K562 whole cell extract and
probed with BASP1 antibody. The data showed a band at 52kDa in BASP1-K562 cells and G2A-K562 cells, and
an absence of this band in V-K562 cells.

B) BASP1-K562 and V-K562 whole cell extract was probed with EZH2 antibody. Bands were observed at 102kDa.
C) BASP1-K562 and V-K562 whole cell extract was probed with SUZ12 antibody. Bands were observed at
102kDa.

Figure 8A shows a whole cell extract immunoblot probed with BASP1. Here, a single band
migrating at 52kDa was observed in the BASP1-K562 lane, whereas no band was observed in the
V-K562 lane. This band corresponds to the expected molecular weight of BASP1, and thus these
findings are consistent with the expected level of BASP1 in the respective cell type. The same is
true in the G2A-K562 cell line lane, in which a strong band is observed at 52kDa corresponding to

BASP1-G2A.
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Immunoblotting V-K562 and B-K562 whole cell extracts with either EZH2 or SUZ12 antibody
showed clear EZH2 and SUZ12 expression in both V-K562 and BASP1-K562 cell types (Figures
8B and 8C). Both Figure 8B and 8C show bands at 102kDa, which is consistent with the expected
molecular weight of both EZH2 and SUZ12. In accompaniment, these results suggest that both
antibodies are suitable for immunoblots and may be used to probe the membrane during
immunoprecipitation experiments. Despite this, it is important to note a slight difference in EZH2
levels between V-K562 cells and BASP1-K562 cells. This result was not reproducible, with the
difference here possibly attributed to an uneven whole cell extract concentration between the two
cell line samples. In addition, attention should be drawn to the non-specific immunoreactive band
in Figure 8C, running slightly above 52kDa in the input V-K562 lane. Although this should not
interfere with any SUZ12 blots, it is necessary to acknowledge this immunoreactive band due to

its similarity in size to BASP1.

3.2 Optimisation of the ChIP protocol in K562 cells

Several previous studies from the lab have demonstrated that BASP1 induces the removal of
H3K9ac marks at the promoters of WT1-target genes (Toska et al., 2012; Loats et al., 2021). A
H3K9ac ChIP was performed as a positive control to ensure that the ChIP assay was working
optimally. V-K562 cells (which contain WT1 but not BASP1) and BASP1-K562 cells (which contain
both WT1 and BASP1) were subjected to ChIP analysis with either a control antibody (IgG) or
H3K9ac antibody. Following DNA purification, presence of the H3K9ac mark was analysed using
guantitative-PCR (gPCR). The promoter region of the WT1-target gene AREG was amplified using
the corresponding primers, and results were normalised against the control promoter region of the
18S ribosomal gene. H3K9ac is an active histone mark, and as a result it is expected that its levels

are higher in the absence of BASP1.

AREG
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* p<0.01

M Aaceaa |
4 3.6 fold

50
Figure 9. BASP1 expression in K562 cells induces the
40 removal of H3K9ac at the promoter of the WT1-target
gene AREG.

ChIP experiments were performed with V-K562 and
BASP1-K562 cells using H3K9ac antibody normalised
against control IgG antibody. The data showed H3K9ac
enrichment in V-K562 cells at the promoter of the WT1-
target gene, AREG, when compared to the promoter of
the control gene, 18S. Error bars are the standard
deviation, where n=3. P-values were obtained from an
0 = unpaired Student’s t-test, where * means p<0.05. P-

V-Ks62 BKs62 Vkse2 Bxs62 values were p=0.01 for AREG.
H3K9ac IgG
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Figure 9 displays a 3.6-fold increase in the active H3K9ac mark in V-K562 cells (40.38 + 11.21)
compared to the K562 cells that express BASP1 (10.4 + 1.32) (n=3; unpaired Student’s T-test,

p=0.01). Hence, this datum confirmed previous results providing confidence that the ChIP

experiments were working optimally.

3.3 Trimethylation of H3K27 is enriched during BASP1 expression

As mentioned previously, BASP1 has been shown to direct the trimethylation of H3K27, a

repressive histone modification. It was therefore important to confirm a BASP1-dependent

increase of H3K27me3 mark placement on histone tails at the promoters of WT1-target genes.
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Figure 10. BASP1 expression in K562 cells
induces the placement of H3K27me3 at the
promoter of the WT1-target genes AREG, ETS-1
and VDR.

ChIP experiments were performed in V-K562 and
BASP1-K562 cells using H3K27me3 antibody
normalised against control IgG antibody. The data
showed significant H3K27me3 presence at the
promoters of the WT1-target genes, AREG, ETS-
1 and VDR, when compared to the promoter of the
control gene, 18S. Error bars are the standard
deviation, where n=3 for the AREG, ETS-1 and
VDR experiments. P-values were obtained from an
unpaired Student’s t-test, where ** means p<0.01
and * means p<0.05. P-values were p=0.014,
p=0.007 and p=0.039 for AREG, ETS-1 and VDR,
respectively.



An increase in the deposition of H3K27me3 marks at the promoter of the WT1-target genes AREG,
ETS-1 and VDR was observed in the presence of BASP1, as displayed in Figure 10. Here, data
depicted a 2.6-fold increase in H3K27me3 enrichment in BASP1-K562 cells (2.21 + 0.56) (unpaired
t-test; p=0.014; n=3) at the AREG promoter compared to V-K562 cells (0.84 + 0.07). The same
was true at the ETS-1 promoter which showed a 2.3-fold increase in BASP1-K562 cells (2.19 £
0.41) (unpaired t-test; p=0.007; n=3) compared to V-K562s (0.95 + 0.06). Consistent with these
findings, the VDR promoter showed a 2.7-fold enrichment of H3K27me3 deposition in BASP1-
K562 cells (2.99 £ 1.08) (unpaired t-test; p=0.008; n=3) compared to V-K562s (1.09 + 0.25). These

data display a correlation between H3K27me3 deposition and BASP1 expression in K562 cells.

3.4 PRC2 recruitment to WT1-target genes is BASP1-dependent

3.4.1 EZH2 is recruited to WT1-target gene promoters during BASP1 expression

Recent results from the laboratory demonstrated that BASP1 induces the recruitment of EZH2 to
the promoter region of WT1-target genes (Dey, 2019). To confirm these findings, a different EZH2
antibody was used against the core catalytic component of the PRC2. Consistent with the previous
data, BASP1 induced the recruitment of EZH2 to the promoter region of WT1-target genes when
compared to the control IgG (Figure 11).

A significant 2.2-fold increase in EZH2 recruitment at the AREG promoter in the BASP1-K562 cell
line (1.84 = 0.35) compared to EZH2 presence at the same promoter in V-K562 cells (0.85 + 0.13)
(unpaired t-test; p=0.002; n=4) was observed. The same is true at the ETS-1 promoter, where a
7.5-fold increase in EZH2 recruitment was found in the presence of BASP1 (1.83 + 0.52) when
compared to V-K562s (0.24 £+ 0.52) (unpaired t-test; p=0.008; n=3). Finally, this trend was
demonstrated at the VDR promoter, where BASP1-K562 cells (1.39 + 0.27) saw increased
enrichment of EZH2 compared to V-K562 cells (0.59 £ 0.19) (unpaired t-test; p=0.013; n=3). Taken
together, these results indicate that BASP1 is involved in the recruitment of EZH2 to the promoters
of WT1-target genes, suggesting a mechanism for the addition of the repressive mark H3K27me3

onto histone tails.
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25 . Figure 11. BASP1 expression in K562 cells induces
X 22fold the recruitment of EZH2 at the promoter of the WT1-
target genes AREG, ETS-1 and VDR.

[ ChIP experiments were performed in V-K562 and
BASP1-K562 cells using an EZH2 antibody
normalised against an IgG antibody. The data
showed significant EZH2 enrichment at the promoters
of the WT1-target genes, AREG, ETS-1 and VDR,
when compared to the promoter of the control gene,
18S. Error bars are the standard deviation, where n=4
for the AREG experiment, and n=3 for ETS-1 and
VDR. P-values were obtained from an unpaired
Student’s t-test, where ** means p<0.01 and * means
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3.4.2 SUZ12 is recruited to WT1-target gene promoters during BASP1 expression

Previous studies have determined that EZH2 functions in concert with the other PRC2 core
components — SUZ12 and EED (Li et al., 2019); and hence without these two proteins, EZH2 is
unable to perform its role in deposition of the repressive trimethyl mark at H3K27. The potential
recruitment of SUZ12 to WT1-target gene promoters alongside EZH2 was investigated using ChlP
experiments. Figure 12 shows the significant relative fold enrichment of SUZ12 at AREG, ETS-1
and VDR gene promoters in BASP1-K562 cells, compared to control V-K562 cells. This trend was
evident at the AREG promoter, where BASP1-K562 cells (2.56 + 0.64) saw a 1.9-fold enrichment
of SUZ12 over V-K562 cells (1.36 + 0.54) (unpaired t-test; p=0.01; n=5); the ETS-1 promoter,
where BASP1-K562 cells (1.79 + 0.60) saw a 3.6-fold increase compared to V-K562s (0.50 £ 0.17)
(unpaired t-test; p=0.02; n=3) and the VDR promoter, where a 2.3-fold increase in SUZ12 levels

34



was observed in BASP1-K562 cells (1.58 £ 0.21) compared to V-K562s (0.70 + 0.22) (unpaired t-
test; p=0.008; n=3).
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35 - * pe0.05 Figure 12. ChIP analysis of SUZ12 enrichment at
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Taken together, the data in Figures 11 and 12 demonstrate that BASPL1 is involved in the
recruitment of both EZH2 and SUZ12 to WT1-target gene promoters. The data suggest that the
intact PRC2 is recruited into the WT1/BASP1 complex to deposit trimethyl marks at H3K27 and
thus, induce transcriptional repression. Whilst ChIP experiments are very useful in determining the
presence of certain factors and complexes at target gene promoters, they are unable to distinguish
direct interactions; and hence, it is unclear from this data whether BASP1 is able to bind to either
EZH2 or SUZ12 in order to recruit them and induce gene repression, or whether this is an indirect

mechanism. The data also leaves questions surrounding whether the PRC2 presence at promoters
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of WT1-target genes is required for transcriptional repression, or whether its presence is
coincidental.

3.5 PRC2 recruitment to WT1-target genes is lipid-independent

3.5.1 EZH2 recruitment is independent of BASP1 lipidation

Previous studies in the laboratory determined that the BASP1-mediated deposition of repressive
marks, including H3K27me3, occurs in a lipid-independent manner (Dey, 2019). The current study
used an EZH2 antibody to investigate whether EZH2 recruitment also occurs in a BASP1 lipidation-
independent mechanism.

Figure 13 shows a significant fold enrichment of EZH2 recruitment at the WT1-target gene
promoters AREG, ETS-1 and VDR in both BASP1-K562 and G2A-K562 cells, compared to in V-
K562 cells. Thus, implying that BASP1 recruits EZH2 independent of BASP1 lipidation. This trend
was detected at the AREG promoter, where BASP1-K562s (8.37 + 0.51) saw a 12.2-fold
enrichment of EZH2 presence over V-K562s (0.68 + 0.88) (unpaired t-test; p=0.0002; n=3); as well
as G2A-K562s (2.69 £ 0.46), which saw a 3.9-fold enrichment of EZH2 recruitment over V-K562s
(unpaired t-test; p=0.025; n=3). The same trend was observed at the ETS-1 promoter, where
BASP1-K562 cells (5.37 £ 1.14) saw a 6.0-fold increase compared to V-K562s (0.90 + 0.41)
(unpaired t-test; p=0.003; n=3); as well as G2A-K562s (4.84 + 1.94), which saw a 5.4-fold
enrichment of EZH2 recruitment over V-K562s (unpaired t-test; p=0.023; n=3). Also, this trend was
demonstrated at the VDR promoter, where a 4.4-fold increase in EZH2 recruitment were observed
in BASP1-K562 cells (3.66 + 0.73) compared to V-K562s (0.83 + 0.50) (unpaired t-test; p=0.0095;
n=3). In accompaniment, G2A-K562 cells (1.90 + 0.16) saw a 2.3-fold enrichment of EZH2
recruitment over V-K562s (unpaired t-test; p=0.025; n=3).

Although BASP1-G2A mutants recruit EZH2 over the background at the AREG and VDR
promoters, the enrichment is reduced when compared to the wildtype BASP1 levels displayed in

Figure 13.
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Figure 13. ChIP analysis of EZH2 enrichment at
WT1-target gene promoters in mutant K562 cells.
ChIP experiments were performed in V-K562,
BASP1-K562 and G2A-K562 cells using an EZH2
antibody normalised against an IgG antibody. The
data showed significant EZH2 enrichment at the
promoters of the WT1-target genes, AREG, ETS-
1 and VDR, when compared to the promoter of the
control gene, 18S. Error bars are the standard
deviation, where n=3 for experiments at all three
promoters. P-values were obtained from an
unpaired Student's t-test, where ** means
p<0.001, ** means p<0.01 and * means p<0.05.
P-values were 0.0002, 0.0030 and 0.0095 for
AREG, ETS-1 and VDR, respectively, when
compared from BASP1-K562 results to V-K562
values. Additionally, P-values were 0.025, 0.023
and 0.025 for AREG, ETS-1 and VDR,
respectively, when compared from G2A-K562
results to V-K562 values.



3.5.2 SUZ12 recruitment is independent of BASP1 lipidation

Previous work had not investigated whether the recruitment of SUZ12 and thus the intact PRC2 is

also a lipid-independent mechanism. Figure 14 shows significant relative fold enrichment of SUZ12
at AREG, ETS-1 and VDR gene promoters in both BASP1-K562 and G2A-K562 cells, compared
to in V-K562 cells. The results demonstrate that BASP1 recruits SUZ12 independent of the

myristoyl group at glycine-2 on BASP1. This trend was detected at the AREG promoter, where
BASP1-K562s (1.82 £ 0.35) saw a 1.9-fold enrichment of SUZ12 presence over V-K562s (0.29 £
0.13) (unpaired t-test; p=0.0002; n=5); as well as G2A-K562s (3.26 + 0.71), which saw a 11.4-fold
enrichment of SUZ12 recruitment over V-K562s (unpaired t-test; p=0.0002; n=5). The same trend
was observed at the ETS-1 promoter, where BASP1-K562 cells (2.23 = 0.29) saw a 4.8-fold
increase compared to V-K562s (0.46 + 0.25) (unpaired t-test; p=0.0001; n=5); as well as G2A-
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Figure 14. ChIP analysis of SUZ12 enrichment at WT1-
target gene promoters in mutant K562 cells.

ChIP experiments were performed in V-K562, BASP1-
K562 and G2A-K562 cells using a SUZ12 antibody
normalised against an IgG antibody. The data showed
significant SUZ12 enrichment at the promoters of the
WT1-target genes, AREG, ETS-1 and VDR, when
compared to the promoter of the control gene, 18S.
Error bars are the standard deviation, where n=5 for
experiments at all three promoters. P-values were
obtained from an unpaired Student’s t-test, where ***
means p<0.001 and ** means p<0.01. P-values were
0.0002, 0.0001 and 0.0006 for AREG, ETS-1 and VDR,
respectively, when compared between results from
BASP1-K562 and the V-K562 values. Additionally, P-
values were 0.0002, 0.0001 and 0.0015 for AREG, ETS-
1 and VDR, respectively, when compared from G2A-
K562 results to V-K562 values.
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K562s (4.04 + 0.14), which saw a 4.0-fold enrichment of SUZ12 recruitment over V-K562s
(unpaired t-test; p=0.0001; n=5). Finally, this trend was also demonstrated at the VDR promoter,
where a 4.6-fold increase in SUZ12 recruitment were observed in BASP1-K562 cells (1.89 + 0.41)
compared to V-K562s (0.42 £ 0.17) (unpaired t-test; p=0.0006; n=5). In accompaniment, G2A-
K562 cells (1.88 £+ 0.50) saw a 4.5-fold enrichment of SUZ12 recruitment over V-K562s (unpaired
t-test; p=0.0015; n=5). These findings further suggested that the myristoyl group on BASP1 is not
necessary for the recruitment of the PRC2 components and hence, deposition of repressive

histone marks at the WT1-target gene promoters investigated.

3.6 MCF7 cells endogenously express BASP1 and EZH2

MCF7 cells were used to validate previous results and extend the study, as they allowed for a
robust comparison between the ectopically BASP1-expressing K562 cells and the endogenously
BASP1-expressing MCF7 cells.

MCF7 cells endogenously express both BASP1 and EZH2 proteins, as confirmed using Western
blotting (Figure 15). Figure 15A demonstrates a strong band migrating at 52kDa in the whole cell
extract from both cell lines consistent with the migration of BASP1. Figure 15A shows a higher
level of BASP1 in BASP1-K562 cells, which is as expected considering that the protein expression
is engineered within this cell line, as opposed to endogenous expression of BASP1 in the MCF7
cells.

In contrast, EZH2 levels are observed to be similar in both cell lines, with a band migrating at
102kDa in both cell lines, consistent with the molecular weight of EZH2. This is expected as the
EZH2 protein is endogenously expressed in both BASP1-K562 cells and MCF7 cells. Such results

were important to confirm before embarking on RNA interference experiments.
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Figure 15. Immunoblot analyses of whole cell extract in MCF7 cells.

A) A Western blot experiment was performed with BASP1-K562 and MCF7 whole cell extract and probed with
BASP1 antibody. The data showed bands at 52kDa in both cell lines.

B) BASP1-K562 and MCF7 whole cell extract was probed with EZH2 antibody. Bands were observed at 102kDa,
as observed in both cell lines.
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3.7 EZH2 mediates BASP1-dependent transcriptional repression of WT1 target genes

The physiological role of EZH2 at WT1-target gene promoters was investigated using RNA
interference analysis. MCF7 cells were transiently transfected individually or with combinations of
a control siRNA, siRNA targeting BASP1 or siRNA targeting EZH2. Forty-eight hours later, total
RNA was isolated and cDNA was prepared. gPCR was used to analyse the relative expression of
the WT1-target genes AREG and VDR during the knockdown of EZH2 and BASP1 compared to
GAPDH control levels. In parallel, whole cell extracts were prepared and used in immunoblots to
determine the levels of BASP1 and EZH2.

3.7.1 EZH2 siRNA 1 demonstrates a physiological role for EZH2 at WT1-target gene promoters

A significant increase in WT1-target gene expression during knockdown of both BASP1 and EZH2
was observed in MCF7 cells. This suggests a functionally relevant role of EZH2 at both WT1-target
gene promoters, AREG and VDR.

Figure 16 shows a significant increase in relative expression of AREG and VDR during knockdown
of either or both EZH2 and BASP1, where the control knockdown is normalised to a relative
expression of 1. Knockdown of endogenous BASP1 in MCF7 cells led to increased expression of
the WT1-target genes AREG (3.1-fold + 0.54) (one-way ANOVA with Tukey’s test; p=0.001; n=3)
and VDR (3.1-fold £ 0.80) (one-way ANOVA with Tukey’s test; p=0.003; n=3) compared to the
control siRNA. Transfection of siRNA targeting EZH2 similarly increased AREG (3.8-fold + 0.34)
(one-way ANOVA with Tukey’s test; p=0.001; n=3) and VDR (3.2-fold £ 0.20) (one-way ANOVA
with Tukey’s test; p=0.004; n=3) mMRNA. Thus, both BASP1 and EZH2 act as transcriptional
repressors of AREG and VDR in MCF7 cells. When MCF7 cells were transfected with a
combination of EZH2 and BASP1 siRNAs, there was only a small further increase in AREG (1.1-
fold) and no increase in VDR (1.0-fold) expression when compared to EZH2 or BASP1 siRNA
alone, with no significant differences observed between either single or double knockdown of
EZH2 and BASP1, with this observation made across both the AREG and VDR genes. These data
suggest that BASP1 and EZH2 likely act together on the same pathway to mediate transcriptional
repression of AREG and VDR.
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Figure 16. Relative expression of WT1-target genes following RNA interference in MCF7 cells, with EZH2 siRNA 1.
siRNA-mediated knockdown of BASP1 and EZH2 in MCF7 cells caused a significant increase in relative expression
of the WT1-target genes AREG and VDR, when compared to control siRNA relative expression. Error bars are the
standard deviation, where n=3 for experiments for both genes. P-values were obtained from a one-way ANOVA with
Tukey’s post-hoc test, where *** means p<0.001, ** means p<0.01 and * means p<0.05. P-values were all 0.001 for
BASP1 KD, EZH2 KD and BASP1 + EZH2 KD at the AREG gene, when compared to control KD levels. Whereas p-
values were 0.003, 0.004 and 0.005, respectively, for VDR. When results were compared between the BASP1 KD,
EZH2 KD and BASP1 + EZH2 KD groups, no significant differences were detected at either promoter (0.31 (AREG)
and 0.99 (VDR) for BASP1 KD compared to EZH2 KD, 0.05 (AREG) and 0.94 (VDR) for BASP1 KD to BASP1 +
EZH2 KD, and 0.55 (AREG) and 0.99 (VDR) for EZH2 KD to BASP1 + EZH2 KD).

Below, whole-cell extracts were prepared following siRNA transfection and an immunoblot was performed. The
immunoblot was probed with either an EZH2 (top), BASP1 (middle) and B-tubulin (bottom) antibody.

3.7.2 EZH2 siRNA 2 produced comparable results for EZH2 at WT1-target gene promoters

Similar experiments using a second siRNA targeting EZH2 knockdown produced comparable
results to those seen in Figure 16. Thus, demonstrating that knockdown of EZH2 abolishes
BASP1-mediated repression of WT1-target genes (Figure 17).

Figure 17 demonstrates a significant increase in expression of the AREG promoter during
knockdown of endogenous BASP1 (3.1 £ 0.51) (one-way ANOVA with Tukey’s test; p=0.001; n=3)

compared to baseline AREG expression, with the same trend observed at the VDR promoter (2.6
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+ 0.69) (one-way ANOVA with Tukey’s test; p=0.016; n=3). EZH2-targeted knockdown also
produced similar results at both the AREG (2.4 = 0.59) (one-way ANOVA with Tukey’s test;
p=0.014; n=3) and VDR (3.1 £ 0.42) (one-way ANOVA with Tukey’s test; p=0.004; n=3) promoters,
when compared to the control baseline level of expression. Consequently, these data confirm the
role of EZH2 as a transcriptional repressor of the WT1-target genes AREG and VDR. When the
cells were double transfected with siRNAs targeting BASP1 and EZH2, again only a small increase
in both AREG (1.1-fold) and VDR (1.2-fold) expression was observed, when compared to EZH2
siRNA alone, with no significant differences observed between either single or double knockdown
of EZH2 and BASP1, as witnessed across both the AREG and VDR genes. Once again, these
data indicate that BASP1 and EZH2 likely work collectively through the same epigenetic pathway.
It should be noted that immunoblotting revealed a more modest level of EZH2 knockdown by the

second siRNA compared to that observed with the first siRNA.
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Figure 17. Relative expression of WT1-target genes following RNA interference in MCF7 cells, with EZH2 siRNA 2.
The genes BASP1 and EZH2 were knocked down in MCF7 cells, causing a significant increase in relative expression
of the WT1-target genes AREG and VDR, when compared to control siRNA relative expression. Error bars are the
standard deviation, where n=3 for experiments for both genes. P-values were obtained from a one-way ANOVA with
Tukey’s post-hoc test, where *** means p<0.001, ** means p<0.01 and * means p<0.05. P-values were 0.001 for
BASP1 KD, 0.01 for EZH2 KD and 0.005 for BASP1 + EZH2 KD at the AREG gene, when compared to control KD
levels. Whereas p-values were 0.016, 0.004 and 0.001, respectively, for VDR. When results were compared between
the BASP1 KD, EZH2 KD and BASP1 + EZH2 KD groups, no significant differences were detected (0.29 (AREG) and
0.67 (VDR) for BASP1 KD compared to EZH2 KD, 0.68 (AREG) and 0.07 (VDR) for BASP1 KD to BASP1 + EZH2
KD, and 0.86 (AREG) and 0.32 (VDR) for EZH2 KD to BASP1 + EZH2 KD).

Below, whole-cell extracts were prepared following siRNA transfection and an immunoblot was performed. The
immunoblot was probed with either an EZH2 (top), BASP1 (middle) and B-tubulin (bottom) antibody.
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3.8 EZH2 mediates H3K27me3 deposition at WT1-target genes

The above RNAI experiments suggested that BASPL1 likely functions in concert with EZH2 to
repress transcription of WT1-target genes. To investigate whether the deposition of trimethylation
marks at H3K27 at WT1-target gene promoters was EZH2-dependent, MCF7 cells were
transfected with siRNA targeting the knockdown of either EZH2 or BASPL1, independently or
combined. The cells were used in a ChIP experiment to assess whether BASP1-dependent
H3K27me3 marks were depleted upon knockdown of EZH2 (Figure 18).

The results displayed in Figure 18 showed a significant decrease in H3K27me3 mark deposition
after knockdown of BASP1 and EZH2, both independently and combined, when compared to the
baseline H3K27me3 level seen at WT1-target genes in MCF7 cells transfected with only control
siRNA. A 2.6-fold decrease in H3K27me3 enrichment was observed during the knockdown of
BASP1 at the AREG gene promoter (from 3.23 + 0.37 to 1.25 + 0.18) (unpaired t-test; p=0.001,;
n=3), whilst this was a 2.2-fold enrichment decrease at the ETS-1 gene promoter (from 4.12 + 0.37
to 0.88 + 0.32) (unpaired t-test; p=0.0003; n=3). A similar trend was observed during EZH2
knockdown, which saw a 3.1-fold significant decrease in H3K27me3 enrichment at the AREG
promoter (1.04 + 0.63) (unpaired t-test; p=0.0003; n=3), and a 3.0-fold decrease at the ETS-1
promoter (1.30 £ 0.41) (unpaired t-test; p=0.0009; n=3). Finally, a combination of BASP1 and EZH2
knockdown resulted in a further 4.0-fold significant decrease in H3K27me3 marks (0.80 + 0.40)
(unpaired t-test; p=0.0016; n=3) at the AREG promoter. This was also observed at the ETS-1
promoter (3.3-fold change; 1.30 + 0.62) (unpaired t-test; p=0.0027; n=3).

This data indicates that BASP1 and EZH2 work in conjunction to trimethylate H3K27 at the two
WT1-target genes shown here. The data shows no significant difference between H3K27me3 mark
deposition during BASP1 and EZH2 knockdown independently, compared to H3K27me3 mark
enrichment during double BASP1 and EZH2 knockdown at the promoters. This again suggests
that BASP1 and EZH2 work along the same epigenetic pathway to mediate the trimethylation of
H3K27.
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Figure 18. Fold enrichment of
H3K27me3 marks at WT1-target gene
promoters  during  knockdown  of
BASP1/EZH2 in MCF7 cells.

MCF7 cells were transfected with
appropriate siRNA targeting BASP1 and
EZH2, either independently or combined.
These cells were wused in ChIP
experiments. A significant decrease in
H3K27me3 fold enrichment at the WT1-
target genes AREG and ETS-1 was
observed when compared to control
baseline level. Error bars are the
standard deviation, where n=3 for
experiments at both genes. P-values
were obtained from an unpaired
Student’'s t-test, where ** means
p<0.001 and ** means p<0.01 when
compared to the control KD K27me3
level. ### means p<0.001 and NS
means non-significant when values were
compared within the bracketed area. P-
values (*) were 0.0012, 0.0069 and
0.0016 for BASP1 KD, EZH2 KD and
BASP1 + EZH2 KD, respectively, at the
AREG gene compared to control levels;
whilst the p-values (#) were 0.0005,
0.067, 0.91 and 0.44 for control KD,
BASP1 KD, EZH2 KD and BASP1 +
EZH2 KD compared to 1gG. P-values (*)
were 0.0003, 0.0009 and 0.0027, for
BASP1 KD, EZH2 KD and BASP1 +
EZH2 KD respectively compared to
control knockdown of K27me3 for ETS-
1; whilst the p-values (#) were 0.0001,
0.78, 0.28 and 0.39 for control KD,
BASP1 KD, EZH2 KD and BASP1 +
EZH2 KD compared to their respective
IgG level.

Whole-cell extracts were prepared
following siRNA transfection and ran on
an immunoblot. The immunoblot was
probed with either EZH2 (top), BASP1
(middle) and B-tubulin (bottom) antibody.



3.9 Analysis of potential interaction between PRC2 components and BASP1

The results presented above suggest that BASP1 works in concert with PRC2 to direct the
trimethylation of H3K27. Immunoprecipitation (IP) experiments were used to uncover whether the
WT1/BASP1 complex and PRC2 interact. Past studies in the laboratory failed to confirm an
interaction between EZH2 and BASP1 using co-immunoprecipitation (co-IP) experiments prepared
from nuclear extract samples. In this study, numerous different approaches were taken to optimise
the experimental protocol to determine if there is an interaction between BASP1 and either EZH2
or SUZ12.

SUZ12 IPs were probed with BASP1 or the HA-tag antibody in attempt to show an interaction.
Whole cell extract was prepared from B-K562 cells and used in an immunoprecipitation experiment
with either SUZ12 antibodies or a control rabbit antibody (Figure 19A). The immunoprecipitates
were resolved by SDS-PAGE alongside control input B-K562 nuclear extract and then probed with
HA-tag antibodies. HA-tagged BASP1 was not detected in the SUZ12 immunoprecipitate.

The same experimental procedure was followed in Figure 19B, but the immunoblot was instead
probed with a rabbit BASP1 antibody. Again, BASP1 was not detected in the SUZ12
immunoprecipitate. It is interesting to note the faster migrating band observed in the SUZ12 IP
lane. It was questioned whether this was in fact a co-immunoprecipitation which had resolved
aberrantly during electrophoresis due to the action of the magnetic beads used in the
immunoprecipitation preparation. This idea was ruled out by Figure 19C, in which the SUZ12 IP
was ran alongside a SUZ12 IP prepared in the absence of whole cell extract. The same faster-
migrating band was seen in the absence of whole cell extract, indicating that the band is likely to
be the SUZ12 antibody heavy chain.

Following unsuccessful attempts at co-immunoprecipitating SUZ12 with BASP1, a co-
immunoprecipitation with EZH2 was performed. Here, B-K562 whole cell extract was prepared,
and a co-IP experiment was attempted with either EZH2 antibodies or a control rabbit antibody
which was probed with BASP1 antibody (Figure 19D). Figure 19D shows that an interaction
between BASP1 and EZH2 was not successfully detected when using BASP1-K562 whole cell
extract. Thus, as this study failed to demonstrate an interaction between BASP1 and PRC2 in B-
K562 cells, it is unclear whether the PRC2 is recruited into the WT1/BASP1 complex or whether
the action of the PRC2 in trimethylation of H3K27 at WT1-target genes promoters is triggered by
a different event.
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Figure 19. Immunoblot analyses of SUZ12/EZH2 IP with BASP1/HA-tag probe in BASP1-K562 cells.

A) A Western blot experiment was performed and probed with a BASP1 antibody. The data showed a band at
52kDa in the BASP1-K562 input lane. No band was observed in the negative control lane, and a band running
slightly lower than 52kDa was seen in the SUZ12 IP BASP1-K562 lane.

B) Western blot probed with HA-tag antibody. A band at 52kDa was seen in the input BASP1-K562 lane, whereas
no bands were seen in the control IP or SUZ12 IP lanes.

C) A Western blot analysis probed with BASP1 showed a band at 52kDa in the input BASP1-K562 lane. A non-
specific band was observed at 24kDa in the control IP lane. The SUZ12 IP BASP1-K562 lane and SUZ12 IP with
no BASP1-K562 WCE both showed a band running slightly lower than 52kDa.

D) A Western blot experiment was probed with a BASP1 antibody. The data showed a band at 52kDa in the BASP1-
K562 input lane. No band was observed in the negative control lane or in the EZH2 IP BASP1-K562 lane.
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4. Discussion

This study explored the role of the PRC2 in BASP1-mediated transcriptional repression of WT1-
target genes. This is an extension of the work performed by Dey (2019) and Johnson (2019) in
K562 and MCF7 cells. These two previous studies investigated the potential role of EZH2 in
depositing H3K27me3 marks at histone tails using ChIP experiments and inhibitor assays. The
present study aimed to confirm and extend previous work, including other interaction partners and

whether PRC2 recruitment to WT1-target gene promoters has direct functional relevance.

4.1 Characterisation of stable cell lines

Immunoblotting techniques were used to investigate the expression levels of BASP1, EZH2 and
SUZ12 in K562 and MCF7 cell lines. It was demonstrated that both BASP1-K562 and G2A-K562
cells expressed high levels of BASP1, whereas V-K562 cells did not express this protein. This
finding was important when moving onto ChIP experiments, as it confirmed the V-K562 cells as a
suitable control. Despite this, immunoblotting alone cannot confirm that the G2A-K562 cells
express the mutant BASP1. However, other studies in the laboratory at the same time using RNA-
seq have confirmed that the G2A-K562 cells express the BASP1-G2A mutant derivative
(Alexander Moorhouse, personal communication).

All the K562 cell line derivatives were observed to express similar levels of EZH2 and SUZ12.
Consequently, the fundamental difference between these two cell lines is the presence or absence
of BASP1. Any changes observed in EZH2/SUZ12 recruitment to gene promoters in ChIP
experiments between the different cell types suggests a BASP1-mediated mechanism.

MCF7 cells were shown to endogenously express both BASP1 and EZH2. This was important to
allow for targeted knockdown of the appropriate protein independently during RNA interference.
Studies using the MCF7 cells confirmed results collected using K562 cells, whilst also extending

the relevance of the findings into the repressive function of endogenously expressed BASP1.

4.2 BASP1 mediates PRC2 recruitment to WT1-target gene promoters.
A significant increase in H3K27me3 deposition at the WT1-target gene promoters AREG, ETS-1

and VDR was demonstrated in the presence of BASP1 compared to control cells that lack BASP1.
This confirms previous experimental data from the lab (Dey, 2019; Johnson, 2019), which taken
together suggests that the mechanism by which H3K27me3 marks are deposited at the promoters
of WT1-target genes is stimulated by BASP1. Yet, further ChlIP experiments were necessary to
investigate which factors were shown to be significantly enriched at WT1-target genes in BASP1-
K562 cells.
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Data collected in the current study supports previous research that EZH2 presence is significantly
enriched at WT1-target gene promoters in BASP1-expressing cells. Although this finding used a
different EZH2 antibody to demonstrate BASP1-associated EZH2 recruitment, it is not conclusive
evidence that the intact PRC2 complex is recruited. Further research was required to confirm the
recruitment of the intact PRC2 at the promoters of WT1-target genes in the presence of BASP1.
ChIP experiments showed that SUZ12 was recruited along with EZH2 to the promoter region of
WT1-target genes. This finding provides evidence which supports the hypothesis that the
canonical PRC2 complex is recruited to promoter regions of WT1-target genes in a BASP1-
dependent manner. Thus, it is possible that a mechanism involving both the WT1/BASP1 complex
and PRC2 can cumulatively deposit H3K27me3 marks, leading to transcriptional repression. In
addition, the data adds to previous knowledge that EZH2 lacks stability to work as a
methyltransferase enzyme independently of SUZ12; and thus, the intact PRC2, also containing
EED, is likely recruited to regulate this epigenetic mechanism.

Furthermore, the WT1/BASP1 complex and PRC2 share roles in establishing and maintaining
cellular differentiation. Therefore, it is possible that these two complexes work synergistically to
promote differentiation through the repression of WT1-target genes. Section 1.4 previously
discussed both in vitro and in vivo experimental details which associated the WT1-BASP1 complex
with cellular differentiation in the leukaemic cell line K562 and in taste receptor cells; and in cellular
reprogramming in iPSCs using the OSKM cocktail. Similar studies have been undertaken in linking
the PRC2 to extensive epigenetic reprogramming in mouse germ cells (Prokopuk et al., 2017).
Consequently, the shared role of the WT1/BASP1 complex and PRC2 in differentiation is

consistent with their cooperation at WT1-target genes.

4.3 BASP1-mediated recruitment of PRC2 is independent of BASP1-myristoylation

The use of G2A-K562 mutant cells, in which glycine-2 of BASP1 is mutated to alanine and thereby
prevents N-terminal myristoylation, showed that EZH2 and SUZ12 recruitment by BASP1 is
lipidation-independent. This finding supports previous data which suggests that BASP1 functions
via both lipid-dependent and lipid-independent mechanisms when acting as a co-repressor of WT1
(Dey, 2019). Thus, it can be construed that PRC2 recruitment is not reliant on the BASP1-PIP; or
BASP1-cholesterol interactions. Although both EZH2 and SUZ12 showed significant lipid-
independent recruitment across all three genes, the level of EZH2 recruitment at the AREG and
VDR promoters in G2A-K562 cells were not as distinct as previous data collected in the lab (Dey,
2019) or the data collected from the SUZ12 ChIPs. The SUZ12 ChIP data in this study suggest
the significant presence of the PRC2 in a lipid-independent manner, and thus this implies that the
EZH2 ChIPs lack robustness, rather than the mechanism of EZH2 recruitment being a less lipid-

independent mechanism than previously hypothesised.
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The data suggest that the recruitment of the PRC2 to WT1-target gene promoters does not occur
within the nuclear matrix but rather within the peripheral nucleoplasm. Past research in the lab
showed that both myristoylated and non-myristoylated forms of BASP1 protein localise to the
chromatin fractions within the nucleus, but only myristoylated-BASP1 is able to interact with the
nuclear matrix, which includes the inner nuclear membrane (INM) (Dey, 2019). Hence, it does not
appear necessary for factors associated with the deposition of BASP1-mediated repressive
histone modifications to interact with INM components, such as emerin. Yet, it is important to
confirm the exact localisation of the PRC2 at WT1-target gene promoters, and its potential
interaction with non-INM components. Heterochromatin is often located at the nuclear periphery
(FiSerova et al., 2017; Holla et al., 2020), and as a result the PRC2 has a well-defined role here
too, as demonstrated in the downregulation of the Msx1 target genes, which are important in
myoblast differentiation (Wang et al., 2011). Past studies have also displayed how YY1, another
PRC2 interaction partner, interacts with PRC2 at the nuclear periphery to regulate development
and differentiation (Harr et al., 2015). Hence, it seems plausible that BASP1 could act via a similar
mechanism. It is noteworthy that both BASP1 (Santiago et al., 2021) and PRC2 (Harr et al., 2015)
have been shown to interact with YY1 to regulate differentiation events. Despite these findings,
questions surround the significance of the lipid-independent mechanism by which BASP1 recruits
factors associated with the addition of repressive components.

Past studies have demonstrated how mimicking serine-6 phosphorylation of BASP1 by inducing a
S6D mutation can introduce a negative charge which destabilises the myristoyl group’s ability to
interact with other hydrophobic regions, which may influence membrane attachment (Toska et al.,
2012). In vivo studies have proposed that PKC phosphorylates S6 of BASP1 (Mosevitsky et al.,
1997). In the phosphorylated state of BASP1, it is likely that only lipid-independent mechanisms of
BASP1 action will be possible; and thus, this provides potentially another level of complexity to the
intricate mechanism as BASP1 may be regulated through phosphorylation events. It is suggested
that there would be a defect in transcriptional repression by BASP1 phosphorylation; and therefore,
this may act as a switch to turn the repression function off. From the data collected in this study
alongside past studies (Dey, 2019), it is possible to predict that BASP1 S6D still recruits PRC2
and thus, H3K27me3 deposition would still occur. Yet, this would need to be tested. It is also
necessary to confirm that disruption of the myristoyl group occurs in vivo in a phosphorylation state

rather than in merely a phosphomimic state which past studies have used.

4.3.1 Potential bivalency at WT1-target gene promoters

Bivalency at promoters is a concept in which chromatin adopts both the active and inactive histone
tail modifications, for example the activation mark H3K4me3 and repressive mark H3K27me3, on
the same nucleosome. As first described in embryonic stem cells (Bernstein et al., 2006), bivalency
facilitates a poised stance for the expression of developmental genes, and since also has been
described in iPSCs (Guenther et al., 2010) and adult stem cells (Cui et al., 2009).
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Thus, the phosphorylation event at serine 6 on BASP1 disrupts lipid-dependent mechanisms due
to the absence of the myristoylated tail, whereas lipid-independent mechanisms are still possible.
Thus, H3K27me3 marks could be deposited on histones at WT1-target genes promoters, whilst
the active marks H3K4me3 are still present. Therefore, post-translational modification of BASP1
provides a mechanism by which both marks are present, rendering WT1-target gene promoters
poised for rapid transcriptional regulation.

The action of the PRC2 is intricately linked with the status of poised bivalent promoters for gene
expression due to its role in H3K27me3 deposition (Ku et al., 2008). Despite this, the mechanism
by which the PRC2 is recruited to bivalent promoters to aid H3K27me3 deposition is currently
unclear. It is possible that the relationship between PRC2 and the WT1/BASP1 complex could play
a role in regulating the bivalency at WT1-target gene promoters; especially as the WT1/BASP1
complex has been demonstrated to recruit factors involved in the removal of the active mark
H3K4me3.

It is currently unclear whether the H3K27me3 and H3K4me3 histone marks observed at WT1-
target gene promoters in the absence of BASP1-myristoylation are present on the same
nucleosome. This is because the resolution of the ChIP assays performed in this study was not of
a suitable standard. Rather, a more applicable approach to understand whether these marks
typical of bivalency are present on the same nucleosome would be to use a re-ChlP assay, which
allows for the sequential use of two different antibodies detecting each of the chromatin
modifications. It would also be important to ensure thorough optimisation of the ChIP protocol to
ensure uniform DNA fragmentation at ~100bp to confirm that single nucleosomes are analysed.
Although the ChIP data shows that the PRC2 is recruited to the WT1-target gene promoters, the
technique does not indicate whether this recruitment has a functional relevance or whether it is
coincidental. Experiments performed later in the project worked to uncover a role for PRC2 in

trimethylation of H3K27 and attempted to unveil a mechanism for this interaction.

4.4 The WT1/BASP1 complex and PRC2 work synergistically to trimethylate H3K27

ChIP and RNA interference analysis demonstrated a relationship between the WT1/BASP1
complex and the PRC2 at WT1-target gene promoters. The experiments showed an important role
for EZH2 in BASP1-mediated transcriptional repression of WT1-target genes, with knockdown of
EZH2 eliciting a significant increase in AREG and VDR gene expression. Double knockdown of
both proteins produced results consistent with the hypothesised molecular mechanism, in which
both BASP1 and EZH2 work in concert to repress transcription. The same conclusion could be
drawn from the H3K27me3 ChIP data following siRNA-targeted knockdown of BASP1/EZH2 in
MCEF7 cells. These data clearly demonstrated the role of EZH2 in BASP1-mediated H3K27me3
mark deposition. The similar level of H3K27me3 reduction during both single and double

BASP1/EZH2 knockdown suggests that these proteins work together along the same molecular
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pathway to invoke transcriptional repression via the deposition of H3K27me3 marks on WT1-target
gene promoters. In accompaniment, the data showed no significant difference between
H3K27me3 levels during BASP1/EZH2 knockdown and IgG levels. This suggests that the
interaction between the WT1/BASP1 complex and PRC2 largely mediates the deposition of
H3K27me3 marks at the WT1-target genes investigated. This finding is consistent with previous
work associating the PRC2 with H3K27me3 deposition across heterochromatin, and the previous
data in the laboratory linking BASP1 with placement of H3K27 trimethylation at WT1-target genes
(Dey, 2019). While the data shows a mechanistic association between the BASP1 and PRC2
complexes, the specific events involved in the recruitment of the PRC2 complex by BASP1 are not
clear. One possible mechanism would involve direct binding in which BASP1 directly recruits the
PRC2 into a macro-complex. Another possible mechanism could involve a BASP1-mediated
alteration in the epigenetic environment at the promoters, which may provide a platform for the
recruitment of the PRC2 via an independent mechanism. Both possible mechanisms are outlined

in Figure 20.

4.4.1 Potential for a direct binding mechanism

Immunoprecipitation (IP) experiments were used to determine if BASP1 associates with the PRC2
complex in nuclear or cytoplasmic extracts. Yet, the co-IP experiments produced inconclusive
results surrounding an interaction event between BASP1 and core components of the PRC2.
Multiple attempts were made to visualise an interaction between BASP1 and the PRC2, however
all failed, including many of the positive controls. This suggests a possibility that there was a
problem with the co-IP experiment. Both whole cell extracts and nuclear extracts were used in the
co-1P, as well as different blocking buffers (Tris-based and PBS-based), and different antibodies
were trialled in the co-IP and Western blot protocols (for example, a monoclonal mouse EZH2
antibody and a polyclonal rabbit EZH2); all with very limited success. It may be useful for this
technique to be re-attempted to first detect a positive control, followed by a co-IP.

Whilst it cannot be concluded that the two complexes do not interact, it seems likely that the
mechanism takes a more intricate and complex approach to invoke transcriptional repression
through trimethylation of H3K27. Thus, the inability to co-immunoprecipitate SUZ12/EZH2 with
BASP1 antibodies suggests that Figure 20B may be a more realistic epigenetic mechanism in this
instance.

It is important to acknowledge that whilst the co-IP data failed to show positive results, BASP1
could still interact with PRC2. A past study has shown an interaction between WT1 and
EZH2/SUZ12 using co-IP experiments (Xu et al., 2011). It is possible that this interaction was
mediated via BASP1, although the role of BASP1 as a co-repressor of WT1 and thus acting as an
intermediatory compound within this interaction was not investigated in that study. However, this
leaves questions surrounding the negative co-IP results gathered in the current study. One

explanation could be that the binding site on BASP1 for PRC2 is concealed by the interaction with
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the antibodies used for the IP. Although this is a possibility, it is unlikely that all three of the
antibodies used (BASP1, EZH2 and SUZ12) occluded any interaction surface between BASP1
and PRC2 complex. Another explanation could be that perhaps the nature of the BASP1/PRC2
interaction is low affinity or transient, and therefore the binding interaction is lost during the
mechanical and chemical stresses of the IP experiment (Bracken, 2006; Ezhkova et al., 2009).

It will be important to use other approaches to explore the association of BASP1 with PRC2 and
H3K27 trimethylation. For example, immunofluorescence could be used to determine if BASP1
and PRC2 co-localise in the nuclei of cells. Not only will this visualise any potential co-localisation,
but it will also show the location of the complexes in the nucleus. As already discussed, previous
evidence indicates that the WT1/BASP1 complex is associated with the nuclear periphery where
it is in complex with the inner nuclear membrane protein, emerin (Dey, 2019). Super-resolution
microscopy will allow for higher precision analysis of co-localisation, yet neither technique confirms
a direct interaction. Instead, it is possible to use surface plasmon resonance technology to

investigate an interaction mechanism.
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Figure 20. Two proposed mechanisms of PRC2 recruitment to the WT1/BASP1 complex.

(A) A potential mechanism involves the direct recruitment of the PRC2 to the WT1/BASP1 complex to add the
H3K27me3 marks. EZH2 catalyses the deposition, whilst EED reads previously deposited H3K27me3 marks to
continue a positive feedback loop, and SUZ12 works to recruit other necessary factors into the complex.

(B) An alternative mechanism involves the indirect recruitment of the PRC2 following a WT1/BASP1 complex-
mediated alternation in the environment at the histone tail (1). From here, the WT1/BASP1 complex-mediated
change in chromatin environment recruits the PRC2 for the deposition of H3K27me3 marks.
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4.4.2 Proposed alternative mechanisms of PRC2 recruitment

Though past studies have depicted interaction events between the PRC2 and transcription factors,
they have been unable to alleviate a mechanism surrounding PRC2 recruitment involving a direct
interaction. For example, the transcription factor YY1 interacts with PRC2 at the nuclear periphery
for roles in development, yet the mechanism by which PRC2 is recruited to the area is unclear
(Harr et al., 2015).

Research has uncovered how previously placed histone modifications can increase the affinity for
PRC2 binding. The PCL subunit, a non-core component of PRC2, can interact with H3K36me3,
an active mark seen within heterochromatin (Chantalat et al., 2011), and thus recruit PRC2 to the
genome (Cai et al., 2013). It is therefore plausible that a similar mechanism occurs at WT1-target
gene promoters. Previous ChIP data showed the presence of H3K36me3 marks at many WT1-
target gene promoters (Essafi et al., 2011; Dey, 2019), although this fold enrichment was smaller
compared to other histone modification marks. H3K36me3 marks are typically found at a higher
concentration within the gene body (Sims and Reinberg, 2009), and it is therefore expected that
levels are lower within the promoter region. As a consequence, it is possible that the PRC2 is
recruited to WT1-target gene promoters through an interaction mediated by PCL-H3K36me3.
However, as these marks are less commonly associated with WT1-target genes, perhaps the
PRC?2 is recruited to WT1-target gene promoters through a more commonly associated histone
modification. It is possible that this mechanism is very similar to that outlined above, in which a
BASP1-mediated change in the epigenetic landscape could increase the affinity for PRC2. This
hypothesised mechanism is depicted in Figure 20B.

Mounting evidence indicates that long non-coding RNAs (IncRNASs) can interact with chromatin-
modifying enzyme complexes, including the PRC2. For example, the IncRNA Xist targets and
interacts with PRC2, recruiting the PRC2 to trimethylate H3K27 on the X-chromosome, leading to
transcriptional repression (Zhao et al., 2008). It is possible that a similar mechanism exists during
the recruitment of the PRC2 to WT1-target gene promoters, yet further experiments are required
to test this hypothesis. Past studies have extensively linked the KTS+ WT1 variant with RNA
interactions (Caricasole et al., 1996), and therefore perhaps an intricate mechanism exists in which
WT1 interacts with a IncRNA at the WT1-target gene, and this in-turn recruits other histone-
modifying complexes, including the BASP1 complex and the PRC2.

Another potential mechanism is associated with the canonical PRC1. Section 1.5.1 discusses a
potential interplay and positive feedback loop between PRC1 and PRC2, in which the action of
both complexes is essential for polycomb-mediated repression. Recent work used a genome-wide
association study to demonstrate the rapid displacement of PRC2 activity and loss of H3K27me3
deposition when the PRCL1 is non-functional (Tamburri et al., 2020). It was proposed that the
ubiquitination of H2AK119 by the PRC1 stabilises PcG complexes on histone tails. Thus, it is
possible that deposition of H2AK119 ubiquitination marks by PRC1 at WT1-target gene promoters

is a prerequisite for H3K27me3 deposition by PRC2, and as a result perhaps the core components
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of the PRCL1 interact with BASP1 in order to alter the environment and consequently encouraging
PRC2 recruitment. As a result, future ChIP experiments should explore whether H2AK119
ubiquitination marks are present at WT1-target gene promoters, and from this, investigations
should take place into whether either of the core components of the PRC1, the E3 ligases
RING1A/B, interact with BASP1.

4.4.3 A possible mechanism for WT1/BASP1 complex coalescence with PRC2 at WT1-target

genes

Liquid-liquid phase separation (LLPS) has attracted recent attention as a mechanism of nuclear
organisation, which describes how biological macromolecules can form membrane-less
compartments through hydrophobicity and other factors (Hyman et al., 2014; Mir et al., 2019;
Krainer et al., 2021). Moreover, it offers an explanation on how regions of heterochromatin can
gather at the nuclear periphery; thus, providing a mechanism for the formation of distinct local high-
concentration environments, which increase the probability of specific biochemical interactions.
LLPS is influenced by hydrophobic interactions, and consequently recent research has suggested
a role for myristoylated proteins in driving and modulating this state (Zhang et al., 2021). As a
direct result of this finding, it could be hypothesised that the myristoylation of BASP1 is intrinsically
associated with specific phase separated bodies. Within a single phase-separated body, multiple
molecules can function synergistically at a single gene in accompaniment with other proteins
without the requirement of a direct interaction, in a robust but plastic and reversible manner. Hence,
it is possible that myristoylated BASP1 stabilises the phase-separated body through hydrophobic
interactions, allowing for other molecules associated with the WT1/BASP1-complex to coalesce
into the same phase-separated body, which is all stabilised through a cholesterol-mediated
interaction (Loats et al., 2021).

Recent research has demonstrated that EZH2 can be myristoylated at its N-terminal glycine; and
from this is able to undergo LLPS to compartmentalise a common EZH2-substate, STAT3 (Zhang
et al., 2021). Hence, it seems plausible that myristoylated-EZH2 could be recruited into the same
phase-separated body as myristoylated-BASP1, yet via independent mechanisms. This could aid
in understanding how the proteins are both recruited the WT1-target gene promoters but were not
shown to interact. Nonetheless, there is argument that the two proteins being within the same
phase-separated body would bring about positive IP experiments. It is noteworthy that the NP-40
detergent used during the IP protocol could disrupt lipid-dependent complexes, and thus it is
unlikely that complexes within lipid droplets would co-IP. In addition, it is important to acknowledge
that the nature of LLPS seems to be spatially and temporally transient. Therefore, it is possible
that myristoylated-BASP1 is not present in the droplet at the same time as myristoylated-EZH2.
Further research regarding BASP1-mediated phase-separated bodies is hecessary to investigate

this hypothesis and further understand the significance of the BASP1-mediated lipid-independent
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recruitment of PRC2 and any potential interplay between myristoylated forms of both BASP1 and
EZH2.

This potential mechanism of coalescence is consistent with the idea that the myristoylation of
BASP1 may mediate bivalency of WT1-target gene promoters. During bivalency, the addition of
repressive histone marks is a lipid-independent process. However, as this process is absent of
BASP1-myristoylation, the formation of a phase-separated body would be negated. Consequently,
how the necessary factors involved in repressive mark deposition are brought into close proximity
remains unanswered. Nevertheless, instead, it is possible that the EZH2-myristoylation fulfils this
role and thus this mediates the formation of a phase-separated body. Here, a phase-separated
body formed by myristoylated-EZH2 would recruit unmyristoylated-BASP1, as well as other factors
involved in deposition of repressive marks at WT1-target gene promoters, into close proximity.
Therefore, this provides a mechanism by which the factors are still recruited into close proximity
to add H3K27me3 histone marks at bivalent WT1-target gene promoters, in the absence of
myristoylated-BASP1. Such a mechanism would also prevent the removal of H3K4me3, which is

necessary for the establishment and maintenance of bivalency at WT1-target gene promoters.

4.6 Significance of this study and its wider impact

The findings from this study aid in further understanding of how the PRC2 is involved in deposition
of trimethyl marks at H3K27 to transcriptionally repress WT1-target gene promoters, and how the
complex is associated with the WT1/BASP1 complex. By enhancing our understanding of the
WT1/BASP1/PRC2 association, future studies can focus on determining how this mechanism may
be commonly aberrant in cancer states. Most literature in the field outlines EZH2’s role as an
oncogenic factor (Lu et al., 2010; Li and Zhang, 2013; Fu et al., 2015), however its role in inducing
transcriptional repression through an interaction mechanism with the WT1/BASP1 complex
suggests that it might also have a potential role as a tumour suppressor. In the long-term, this may
prove useful for the development of novel cancer therapeutics, such as small molecular
compounds. For example, dependent on how the mechanism turns aberrant in cancer, a potential
therapeutic could be an agonist for EED which maintains the H3K27me3 deposition positive
feedback loop, ensuring that transcriptional repression of WT1-target genes still occurs.

Not only could these findings be useful clinically in the development of cancer therapeutics, but
they provide new insights surrounding bivalency at WT1-target gene promoters. A suggested
mechanism involves the phosphorylation of serine-6 on BASP1 may act as a molecular switch for
myristoylation, and thus this may have a role in determining which histone marks are present in
the epigenetic landscape at WT1-target genes. Current research has not determined a mechanism
of how bivalent promoters form, and hence analysis of how BASP1 interfaces with PRC2 will shed
some new light in this area. This will uncover further information surrounding mechanisms of

embryonic development and stem cell differentiation.
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4.7 Future directions

Future experiments should focus on how the PRC2 recruitment to WT1-target gene promoters is
mediated by the WT1/BASP1 complex. This would involve further studies into whether this
mechanism is direct or indirect. It would be interesting to use fluorescence microscopy to visualise
the potential co-localisation of the WT1/BASP1 complex and PRC2 within the nucleus, although
this technique will not conclude whether the interaction is direct or indirect. Further investigations
using super-resolution microscopy will add more precision to this co-localisation. Alongside this,
the use of surface plasmon resonance (SPR) technology could be useful to detect whether BASP1
and PRC2 complex interact transiently in vitro, whilst the use of FRET may shed light on this
interaction in vivo. The use of all four of these techniques would reveal any BASP1/PRC2 co-
localisation (fluorescent microscopy and super-resolution microscopy) and whether this is a direct
or indirect interaction (SPR and FRET).

Depending on the outcome of these experiments, it may prove useful to alleviate more of the
mechanistic detail surrounding how the PRC2 could be indirectly recruited to the promoters. There
is a distinct lack of conclusive research into PRC2 recruitment, and therefore it may be necessary
to investigate the role that IncRNAs or the PRC1 may play here. Research would also benefit from
investigations into whether the mechanism of PRC2 recruitment is influenced by BASP1-mediated
placement of other histone modifications. For example, RNAi against HDAC1 would prevent H3K9
deacetylation, followed by ChIP to check if H3K27 trimethylation is prevented.

As a follow-up investigation, research should work to uncover whether the mechanism operates in
vivo. An important model system could use the Cre-LoxPER system in a taste receptor cell mouse
model, which allows spatio-temporal control of BASP1 expression (Gao et al., 2014). This model
will show whether EZH2 and SUZ12 are recruited to WT1-target genes in the presence or absence
of BASP1. Current studies from the Medler lab have shown that H3K27me3 marks are significantly
reduced during BASP1 knockout in vivo (Stefan Roberts, personal communication). Consequently,

it seems highly likely that the PRC2 is also recruited in vivo.

As mentioned above, various factors have been reported to associate with the PRC2 complex.
Research should include understanding which non-essential factors SUZ12 recruits into the
complex. It seems likely that this would include AEBP2, which enhances methyltransferase activity
(O’Meara and Simon, 2012), and RbAp46/48, histone chaperone proteins which establish and
maintain the chromatin structure (Lejon et al.,, 2011). In addition, if it is demonstrated that
recruitment of the PRC2 to WT1-target gene promoters is mediated by PRC1, then it is expected
that the non-core component JARID2 would be present within the PRC2. As a whole, this will
improve our understanding of the WT1/BASP1/PRC2 complex and its importance in maintaining

repressive chromatin states.
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The results collected from the RNA interference experiments demonstrated a functional relevance
of EZH2 at WT1-target genes, using two separate EZH2 siRNAs. However, only cells transfected
with EZH2 siRNA 1 were used in the final H3K27me3 ChIP. Therefore, it is important to perform
the same experiment using EZH2 siRNA 2 to verify the results which displayed a decrease in
H3K27me3 deposition in the absence of EZH2 at WT1-target gene promoters. Moreover, it is also
important that similar RNA interference experiments are performed using SUZ12 knockdown,
allowing for confirmation that the intact PRC2 is critical in BASP1-mediated repression, or whether
the presence of SUZ12 at promoters is in fact coincidental. As a consequence, this will provide
further insight of the factors recruited by BASP1, and how these can act together as a
transcriptional repressor complex. It may also be interesting to explore whether K562 cells provide
similar results. This would validate results using both endogenously and ectopically expressed
BASP1. During this experiment, only EZH2 would need to be knocked down, with changes in
BASP1 expression explored between the BASP1-K562 and V-K562 cells.

As already discussed, re-ChlIP should be used to confirm that H3K27me3 and H3K4me3 marks at
WT1-target gene promoters are on the same nucleosome. This may reveal more information

regarding the role of BASPL1 in establishing bivalency at WT1-target gene promoters.

4.8 Conclusion

These future directions will provide further insight into the mechanism of transcriptional repression
by BASP1. This study shows that BASP1 and PRC2 complex work synergistically to trimethylate
H3K27 at WT1-target gene promoters. It is likely that this contributes to development and
differentiation mechanisms and continued investigations into the significance of lipid-
independency may have important implications in the poising of bivalent promoters. Further
exploration of the interaction between the WT1/BASP1 complex and the PRC2 will also shed light

on potential cancer mechanisms and thus aid in the development of clinically useful therapeutics.
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