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III Abstract 

 Brain Acid Soluble Protein 1 (BASP1) is a transcriptional co-suppressor of Wilms’ 
Tumour Suppressor Protein (WT1).  Previous work by our group has shown that BASP1 binds 
cholesterol through a cholesterol recognition amino acid consensus motif (CRAC motif) and 
has indicated that cholesterol binding by BASP1 may be necessary for its gene-repressive 
activity at some target genes. BASP1 represses transcription in chronic myelogenous 
leukaemia (K562) cells by mediating removal of activating histone marks including acetyl-
histone 3 lysine 9 (H3K9Ac) and trimethyl-histone 3 lysine 4 (H3K4Me3). Removal of these 
marks is dependent on an intact CRAC motif in BASP1.   

 In this study, the role of cholesterol in WT1/BASP1-mediated gene repression was 
investigated using treatment of cultured cells with atorvastatin, an inhibitor of cholesterol 
biosynthesis, followed by RNA analysis and chromatin immunoprecipitation (ChIP). In order 
to identify any cell type-specific effects, analyses were carried out in K562 cells and the breast 
cancer line MCF-7. The findings show that treatment of either cell type with atorvastatin can 
alter the function of BASP1. The results confirm that WT1/BASP1-mediated gene repression 
in K562 cells involves removal of H3K4Me3 and H3K9Ac and find that these events also occur 
in MCF-7 cells. Furthermore, treatment of either cell type with atorvastatin inhibits BASP1-
dependent removal of H3K4Me3 and H3K9Ac. 

 Several previous studies have identified a tumour suppressive role of BASP1. During 
this work, the tumorigenicity of K562 and MCF-7 cells was investigated in order to determine 
if BASP1-dependent tumour suppression withstood cholesterol depletion. In both K562 and 
MCF-7 cells, treatment with atorvastatin reduced tumorigenicity, but evidence of a BASP1-
dependent change was inconclusive.  

  The results indicate that cholesterol is necessary for WT1/BASP1-mediated H3K9Ac 
and H3K4Me3 removal, resulting in transcriptional repression of target genes. This confirms 
and expands upon previous work which identifies a novel role for cholesterol in gene 
regulation.  
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1 Introduction 

1.1 Epigenetic Control of Gene Expression 

 Transcriptional control is crucial for normal cellular development and is regulated 

through a host of mechanisms. Among other methods, cells control transcription across the 

genome through post-translational modification of histone proteins (known as histone 

modifications). These modifications usually take place in the N-terminal tails of histones, 

where the lack of structure allows for easy access to target amino acids. The resulting changes 

in transcription may be due to biophysical interactions of the DNA with the histone protein (the 

more tightly wound the DNA molecule, the less accessible the gene for transcription 

machinery, resulting in reduced transcription), or due to recruitment of chromatin remodelling 

factors by histones bearing specific modifications (Kouzarides, 2007). These chromatin 

remodelling factors can then, in turn, alter the chromatin structure to modify gene accessibility. 

It is entirely possible that some histone modifications act through both of these mechanisms 

to modulate transcription. For example, acetylation of lysine residues may both reduce the 

biophysical attractive force of DNA to histones, loosening the chromatin structure, and recruit 

chromatin remodelling factors containing bromodomains, which specifically bind acetylated 

lysine residues (Zeng and Zhou, 2002).  

1.2 Wilms’ Tumour Protein 1 (WT1) 

1.2.1 Structure and Function 

Wilms’ Tumour Protein 1 (WT1) is a transcription factor widely implicated in the 

development of both normal and cancerous tissues, through interactions with both DNA and 

RNA (Ullmark et al., 2018). The DNA and RNA binding domains of WT1 are formed by four 

zinc finger motifs at the C-terminal end of the protein (Rauscher et al., 1990). WT1 contains a 

self-association domain, and the formation of WT1 oligomers has been reported to result in 

repression of WT1 target genes (Moffett et al., 1995). WT1 also contains a suppression and 

an activation domain, which facilitate the modulation of its activity by cofactors (Carpenter et 

al., 2004). WT1 is a target for Protein Kinases C and A (PKC and PKA) and phosphorylation 

of serine residues 365 and 393 (S365 and S393) within the zinc finger domains results in 

ablation of WT1’s DNA binding ability. However, phosphorylated WT1 is still capable of binding 

RNA (Ye et al., 1996). Hence, phosphorylation results in reduced transcriptional regulation by 

WT1 and provides a mechanism to control the extent to which WT1 interacts with DNA or 

RNA. 
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The residue numbers (1-449) of key domains are indicated below, along with the binding sites of nucleic 

acids and the coregulators CBP and BASP1. Phosphate groups above represent sites of 

phosphorylation by PKA and PKC. Yellow sections represent regions of alternative splicing, L/P the site 

of inclusion of leucine/proline depending on RNA editing at position 839 in exon 6. Zn 1-4 together 

represent the zinc finger domain, Rep. the repression domain, Act. the activation domain and SD the 

suppression domain. Data from (Dey, 2019; Toska and Roberts, 2014). 

The WT1 gene gives rise to a range of WT1 isoforms through an alternative 

translational start site and alternative splicing (Bruening and Pelletier, 1996; Haber et al., 

1991). Isoforms of WT1 generated by the use of alternate start sites have not been 

characterised as having a distinct role in vivo, despite being conserved between species 

(Bruening and Pelletier, 1996; Dallosso et al., 2004; Miles et al., 2003). Furthermore, WT1 

transcripts have been identified containing either a thymidine or a cytosine base at position 

839 in exon 6, a variation which results in the incorporation of either a leucine or proline 

residue, respectively (Sharma et al., 1994). Several isoforms are generated through 

alternative splicing, as shown in Figure 1. The inclusion or exclusion of 17 amino acids (+/-

17aa) between the N-terminus and C-terminal zinc finger domain, and of a lysine, a threonine 

and a serine residue (+/-KTS) between zinc fingers 3 and 4, are used in tandem to generate 

four highly conserved WT1 splice variants (Haber et al., 1991). The ratio in which these splice 

variants are expressed appears to be significant; while the ratio of +KTS/-KTS WT1 isoforms 

is constant across cell types, the ratio of +17aa:-17aa varies not only between species, but 

also cell types and developmental stages, implying distinct (but as yet unknown (Natoli et al., 

2002)) roles for these isoforms (Baird and Simmons, 1997). Furthermore, mutations in the 

donor splice site which result in loss of the +KTS isoform have been linked to Frasier syndrome 

(FS). FS patients present with abnormal genital formation as well as kidney disease that 

begins in early childhood and progresses to end-stage renal failure by adolescence, 

demonstrating the importance of correct WT1 expression in genitourinary development 

(Barbaux et al., 1997). Interestingly, +/-KTS isoforms of WT1 display distinct subnuclear 

localisation when separately expressed in cells, with the +KTS variant showing a speckled 

pattern (indicating potential association with splicing factors) while the -KTS variant is more 

diffuse (characteristic of a transcription factor) (Englert et al., 1995; Larsson et al., 1995). 

However, when both isoforms are expressed together, this differential localisation is not seen, 

Figure 1: Schematic Linearized Structure of WT1 
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perhaps due to association of the two forms (Ladomery, 2003). Furthermore, both +KTS and 

-KTS variants have been shown to be present in ribonucleoprotein complexes in vivo  

(Ladomery et al., 1999). Though the isoforms appear to play overlapping roles, it is worth 

noting that the +KTS variant shows reduced binding affinity for DNA and increased affinity for 

RNA compared to -KTS (Caricasole et al., 2002; Larsson et al., 1995). This variation in RNA 

binding affinity, along with the increased co-localisation of +KTS WT1 with RNA splicing 

factors, has led to suggestions that the +KTS isoform may play a larger role in RNA 

processing, whilst the -KTS isoform has a more important function in DNA binding (Larsson et 

al., 1995) In vivo investigations using mouse models demonstrated the importance of the 

correct +/-KTS ratio during development. Mice which are homozygous null for either isoform 

die shortly after birth due to kidney defects, with the homozygous null +KTS mice also 

displaying complete sex reversal. Furthermore, even heterozygous mice with a reduction of 

+KTS levels present with FS-like symptoms, demonstrating the distinct functions of the two 

splice variants and their importance in development (Hammes et al., 2001).  

Correct expression of WT1 is necessary for the proper development of multiple organs 

and tissues including the kidneys, gonads, heart, lungs, spleen, mesothelium and retinal 

ganglia (Herzer et al., 1999; Kreidberg et al., 1993; Moore et al., 1999; Wagner et al., 2002). 

In fact, WT1 homozygous null mice display complete agenesis of the kidneys and gonads 

(Kreidberg et al., 1993) and do not survive gestation, likely due to oedema and pericardial 

bleeding (Wagner et al., 2003). In humans, WT1 is highly expressed in the spleen, smooth 

muscle and genitourinary system (Uhlén et al., 2015), and appears to be necessary for the 

maintenance of kidney function throughout adulthood (Guo et al., 2002). 

In addition to its functions in normal tissue, WT1 was initially identified as a tumour 

suppressor gene, mutated or lost in around 15% of cases of the paediatric kidney cancer 

Wilms’ Tumour (Haber et al., 1990; Huff et al., 1991; Little and Wells, 1997). Interestingly, 

however, the majority of Wilms’ Tumours express wild-type WT1 (Little and Wells, 1997). It is 

not known whether continued expression of WT1 in these malignancies contributes either 

positively or negatively to disease progression, but it is worth noting that this is not the only 

situation in which WT1 displays functional duality. WT1 has been described as negatively 

regulating the proto-oncogene c-myc in HeLa cells (Hewitt et al., 1995), but has also been 

shown to upregulate expression of c-myc in breast cancer-derived MCF-7 and leukaemic K562 

cells (Han et al., 2004). Various mechanisms have been put forward to explain WT1’s 

functional duality, including WT1’s variable exon structure, as well as the differential binding 

of interacting partners (Carpenter et al., 2004; Maheswaran et al., 1995; Wang et al., 2001).  
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1.2.2 Cofactor Interactions 

 WT1 has been shown to interact with a wide variety of cofactors, the majority of which 

are mediated by its zinc finger region. In developing rat kidney cells, WT1 co-

immunoprecipitates with the tumour suppressor p53. Furthermore, WT1 has been shown to 

stabilise p53, enhancing its DNA binding activity and therefore increasing activation of its 

target genes (Maheswaran et al., 1995).  This relationship may well be reciprocal, as p53 has 

also been shown, through reporter assays, to increase WT1’s gene activation function (Menke 

et al., 2002). WT1 also interacts with coactivators CREB Binding Protein (CBP) and p300 both 

in vitro and in vivo, resulting in the deposition of the activating histone mark H3K9Ac on target 

genes (Jin et al., 2011).  Furthermore, the disruption of this interaction results in reduced 

activation of WT1 target genes (Wang et al., 2001).  However, not all of WT1’s interacting 

partners are co-activators. WT1 has been shown to interact with Brain Acid Soluble Protein 1 

(BASP1), a multi-functional protein which binds to WT1 through its suppression domain and 

causes transcriptional repression of WT1 target genes (Carpenter et al., 2004).  

1.3 Brain Acid Soluble Protein 1 (BASP1) 

1.3.1 Structure and Function 

BASP1 (also known as NAP-22 and CAP-23) is an intrinsically disordered protein with 

a molecular weight of approximately 23kDa (Widmer and Caroni, 1990). As shown in Figure 

2, the N-terminus of BASP1 contains a bipartite Nuclear Localisation Signal (NLS) (Carpenter 

et al., 2004), as well as a Cholesterol Recognition Amino Acid Consensus (CRAC) motif which 

enables it to directly bind cholesterol and to associate with cholesterol-rich domains in lipid 

membranes (Epand et al., 2001), and potentially with non-membrane-bound cholesterol in the 

nucleus. Furthermore, BASP1 can undergo myristoylation (the addition of a lipid myristoyl 

group) at glycine-2 (G2), enabling it to bind the phospholipid phosphatidylinositol 4,5-

bisphosphate (PIP2) (Toska et al., 2012). However, it is worth noting that despite its lipid-

binding potential, BASP1 is not localised exclusively to lipid membranes (Carpenter et al., 

2004). BASP1 is a PKC target and phosphorylation of serine 6 (S6) in its N-terminus causes 

its release from membranes, through disrupting the electrostatic interaction between 

myristoylated BASP1 and membrane lipids (Toska et al., 2012). BASP1 can undergo 

SUMOylation (the addition of Small Ubiquitin-like Modifiers (SUMO)) at lysine residues 78 and 

83 (K78 and K83). This results in its redistribution from chromatin to the nuclear matrix, and 

in particular into nuclear domains known as promyelocytic leukaemia (PML) bodies (also 

called nuclear dots or nuclear bodies). These are spherical structures of 0.1-1.0µm which 

sequester lipids and certain SUMOylated proteins and may, through recruitment of partners, 

regulate and enhance protein interactions (discussed at more length in Section 1.4.1) 
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(Lallemand-Breitenbach and de Thé, 2010). This may account for the enhanced WT1 

cosuppressor function seen upon BASP1 SUMOylation as described in (Green et al., 2009). 

BASP1 contains several PEST sequences, regions rich in proline (P), glutamic acid (E), serine 

(S) and threonine (T), which are characteristic of proteins with a high turnover rate (Rogers et 

al., 1986). The presence of PKC target sites within BASP1’s PEST sequences implies a role 

for phosphorylation in controlling the turnover of BASP1 (Mosevitsky et al., 1997).  

The residue numbers (1-243) of key domains are indicated below, along with the PIP2 binding site 

(which includes the N-terminal myristoyl group represented by the fatty acid-like chain) and cholesterol 

binding site. The sites of myristoylation, phosphorylation by PKC (represented by phosphate groups) 

and SUMOylation (represented by grey triangles) are shown above. P indicated PEST sequences, the 

green dashed region the bipartite NLS, and the orange dashed region the CRAC motif. Data from 

(Carpenter et al., 2004; Epand, 2008). 

First isolated from neuronal cells, BASP1 has been suggested to play a role in the 

development of some sensory tissues through its interactions with WT1 (Gao et al., 2019; 

Wagner et al., 2002, 2005). Furthermore, BASP1 is co-expressed with WT1 during renal 

development and, like WT1, becomes restricted to the podocyte cells in the adult kidney 

(Green et al., 2009), implying that the WT1/BASP1 interaction seen in cultured cells also takes 

place in vivo. BASP1 co-immunoprecipitates with WT1, and specifically binds WT1’s 

suppression domain (Carpenter et al., 2004). Once bound to WT1, BASP1 represses 

transcription of WT1 target genes through several mechanisms which can be divided into lipid-

dependent and lipid-independent. It is worth noting that the mechanisms of regulation by 

WT1/BASP1 vary in a gene specific manner; whilst BASP1 requires cholesterol to regulate 

WT1/BASP1 target gene AREG, no such requirement is seen in REN (Dey, 2019).  

1.3.2 Lipid Dependent Repression 

BASP1 is able to recruit PIP2 to promoters of WT1/BASP1 target genes through its 

myristoyl moiety (Toska et al., 2012). Through study of a BASP1 mutant unable to bind 

cholesterol (Y12L) or PIP2 (G2A), it was discovered that the recruitment of PIP2 and 

cholesterol are necessary for recruitment of other components of the WT1/BASP1 repressive 

complex. These include Histone Deacetylase 1 (HDAC1) (which requires the binding of PIP2) 

Figure 2: Schematic Linearized Structure of BASP1 
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and Prohibitin (which requires both PIP2 and cholesterol) (Dey, 2019; Toska et al., 2013). 

HDAC1 catalyses the removal of acetyl groups from acetylated Histone 3 Lysine 9 residues 

(H3K9Ac), rendering the histone more positively charged and hence causing tighter DNA 

binding. Interestingly, though HDAC1 appears to be recruited independently of cholesterol, 

Dey (2019) found that it is unable to remove H3K9Ac in the absence of BASP1-bound 

cholesterol. Prohibitin acts both as a corepressor to the WT1/BASP1 complex in its own right, 

but also recruits Brahma-related gene 1 (BRG1), a catalytic subunit of the ATP-dependent 

chromatin remodelling complex SWItch/Sucrose Non-Fermentable (SWI/SNF) (Toska et al., 

2012). This complex is able to alter the position of nucleosomes along DNA, leading to 

changes in gene accessibility and hence transcription (Whitehouse et al., 1999). There is also 

some evidence of BASP1 recruitment of Lysine Demethylase 2B (KDM2B), which catalyses 

the removal of methyl groups from lysine 4 of histone 3 (H3K4Me3), among others. This 

interaction appears to require BASP1-bound cholesterol, but not PIP2, and has been 

suggested as a prerequisite for HDAC1-mediated removal of H3K9Ac (Dey, 2019). However, 

further validation of this interaction and of KDM2B recruitment to WT1/BASP1 target genes is 

necessary. The hypothesised lipid-dependent repression mechanism of the WT1/BASP1 

complex is represented in Figure 3.  

 

 

 

 

 

 

 

 

 

 

During gene activation, WT1 recruits activating cofactors CBP/p300 to the promoter, which results in 

acetylation of H3K9, loosening of the chromatin, and therefore increased transcription. During gene 

repression WT1 recruits the co-suppressor BASP1, which in turn recruits PIP2 through its myristoyl 

group, and cholesterol through its CRAC motif. PIP2 allows recruitment of HDAC1. Both cholesterol and 

PIP2 appear to be necessary for recruitment of Prohibitin, which in turn recruits BRG1. Cholesterol may 

Figure 3: Lipid-Dependent Repression by BASP1/WT1 
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also allow recruitment of KDM2B and activation of HDAC1, although this requires further investigation 

and validation. HDAC1 removes H3K9Ac and KDM2B removes H3K4Me3, both resulting in chromatin 

compaction and reduced transcription. For simplicity, lipid independent repression mechanisms are not 

represented here. References can be found in Section 1.3.2.  

1.3.3 Lipid Independent Repression 

Though BASP1 is capable of binding both cholesterol and PIP2, these interactions are 

not required for all of its gene-repressive activities. WT1/BASP1 target genes accumulate 

trimethylation of lysine 9 and lysine 27 on histone 3 (H3K9Me3 and H3K27Me3) in a BASP1-

dependent manner. However, these marks are still present in cells expressing PIP2 binding-

deficient BASP1. Furthermore, the histone methyltransferase Enhancer of Zeste Homolog 2 

(EZH2) is recruited by BASP1 (Dey, 2019). EZH2 is the functional enzymatic component of 

Polycomb Repressive Complex 2 (PRC2) and catalyses the deposition of methyl groups to 

produce H3K27Me3 and, to a lesser degree, H3K9Me3 (Viré et al., 2006). Hence, the 

repressive marks H3K27Me3 and H3K9Me3 are regulated by BASP1 in a lipid-independent 

manner.  

1.4 Nuclear Lipids 

 Lipids have been known to exist within the nucleus for many years (Stoneburg, 1939), 

though their functional importance has only recently become widely accepted. The nuclear 

lipid pool comprises a wide variety of lipid molecules, including phospholipids (such as PIP2 

and phosphatidylcholines (PC)), sphingolipids, and cholesterol among many others (Albi, 

2011). Nuclear lipids now appear to play roles in signalling, regulation of nuclear structure and 

transcription, and complex lipid metabolism is known to take place within the nucleus (Martelli 

et al., 2003).  

1.4.1 Localisation of Lipids within the Nucleus 

1.4.1.1 Lipids in the Nuclear Envelope 

The majority (70-80%) of nuclear lipids are found within the lipid bilayer that forms the 

nuclear envelope (Bernadini et al., 2007), a physical barrier separating the intranuclear space 

from the cytosol. This membrane is composed mostly of PC, sphingomyelin (SM), and 

cholesterol, and as well as providing dynamic cell structure these lipids also function as 

signalling molecules through regulated metabolism (Albi, 2011). Furthermore, it has been 

suggested that the dynamic regulation of membrane rigidity through selective metabolism of 

cholesterol and sphingolipids (the presence of which generally stiffen biological membranes 

(McMullen et al., 2004)) forms ‘anchors’ in the nuclear membrane at which RNA synthesis 

takes place (Cascianelli et al., 2008).  
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1.4.1.2 Lipids in Phase Separated Structures 

In some cell types, lipids are also found in droplets throughout the nucleus, termed 

Nuclear Lipid Droplets (NLDs) (Ohsaki et al., 2016). NLDs are not unlike their cytoplasmic 

counterparts; dynamic structures comprising a core of neutral lipids bounded by a monolayer 

of phospholipids which act as lipid stores and centres of lipid synthesis and metabolism 

(Ducharme and Bickel, 2008). Furthermore, NLDs appear to associate with PML bodies and 

their formation appears to be closely linked to expression of the protein Promyelocytic 

Leukaemia Protein II (PML-II) (Ohsaki et al., 2016). Interestingly, BASP1 was identified in the 

proteome of cholesterol-rich NLDs (Khor et al., 2014) and, as a lipid-binding protein that is 

also known to associate with PML bodies (Green et al., 2008) and the nuclear envelope (Dey, 

2019), may also play a role in the formation of NLDs.  

Recent work has identified what may be a novel type of nuclear structure, referred to 

as Nuclear Lipid Islets (NLIs) (Sobol et al., 2018). NLIs are 40-100nm diameter non-

membranous structures, with a surface enriched in PIP2 and cholesterol, as well as RNA which 

is integral to their structure. Furthermore, the surface of NLIs attracts transcription factors and 

so they may act as a scaffold to bring together transcription machinery. Given that PIP2 is also 

known to play a role in recruiting the chromatin remodelling complex SWI/SNF, it is possible 

that NLIs help to regulate chromatin compaction as well as recruiting the transcription 

machinery. It is worth considering that a similar mechanism may be involved during gene 

regulation by WT1/BASP1, where lipids are once again necessary for the recruitment of 

transcriptional regulators.  

1.4.1.3 Free Lipids Shielded by Interacting Partners 

A dynamic pool of lipids has also been identified in the nuclear matrix (Divecha et al., 

2000), comprised largely of phospholipids (including PIP2), and cholesterol. Once again, these 

lipids are integral to the nuclear structure, with the relatively high concentration of cholesterol 

potentially lending rigidity to structures within the matrix (Cascianelli et al., 2008). Furthermore, 

PIP2 has been shown to reside within the nucleus in non-detergent soluble structures (Maraldi 

et al., 1999). It is possible that these structures are formed by lipid-binding proteins which 

shield the hydrophobic moiety of PIP2 from the nucleus’ aqueous environment. This is known 

to occur in some characterised interactions, such as between the transcription factor 

steroidogenic factor 1 (SF-1) and Phosphatidylinositol (3,4,5)-trisphosphate (PIP3) (Blind et 

al., 2014). PIP3 is a phospholipid similar in character to PIP2, also comprising a polar head 

group and a hydrophobic fatty acid tail (Whitman et al., 1988), meaning similar interactions 

may occur with PIP2. Furthermore, it is possible that this kind of shielding interaction may 

occur on a larger scale than single protein/lipid interactions, through the aggregation of protein 

to form an oligomer with more shielding power. BASP1 has been suggested to form oligomers 
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containing some α-helical structure, which may be stabilised by bound PIP2 (Forsova and 

Zakharov, 2016). It is possible, then, that BASP1 may bind PIP2 and shield its hydrophobic tail 

in vivo, sequestering it in non-detergent soluble structures. Cholesterol is also known to reside 

outside of the nuclear envelope at times. It has been found to bind to chromatin both in vitro 

and in vivo (Erickson et al., 1975; Regenass-Klotz and Heiniger, 2009), and biophysical 

computational analysis has indicated that its binding may induce the compaction of chromatin 

fibres (Silva et al., 2017), implying a direct role for cholesterol in gene regulation.  

1.5 Cholesterol Biosynthesis 

 In humans, most cholesterol is biosynthesised in the endoplasmic reticulum of hepatic 

cells, though some synthesis occurs in nearly all cell types (Maxfield and van Meer, 2010). 

Cholesterol biosynthesis is a complex, multistep process and is depicted in a simplified 

manner in Figure 4. It begins with the condensation of acetyl coenzyme A (acetyl-CoA) to form 

acetoacetyl-CoA. This, in turn, condenses to form 3-hydroxy-3-methylglutaryl coenzyme A 

(HMG CoA), which is reduced by the enzyme 3-hydroxy-3-methylglutaryl coenzyme A 

reductase (HMG CoA reductase) to form mevalonate. This reaction is the rate-limiting step in 

cholesterol biosynthesis, and the point of action of the statin family of drugs, which were used 

in this investigation (see section 1.6). Following this, mevalonate is converted into activated 

5-carbon units through several ATP-dependent steps, and these units condense to form the 

30-carbon compound squalene. This long chain molecule is cyclized to form lanosterol and 

then undergoes a series of 19 reactions involving removal and addition of small functional 

groups to produce cholesterol (Cerqueira et al., 2016).  
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The key steps of cholesterol biosynthesis are outlined with the names and structures of intermediate 

molecules. P- represents phosphate groups (PO3-
4). Arrows represent catalytic steps; double arrow 

steps require 2 or more distinct enzymes and reactions. The reaction catalysed by HMG CoA reductase 

(and inhibited by statins) is highlighted. Data from (Cerqueira et al., 2016).  

1.6 Statins – Cholesterol Lowering Drugs 

 Statins are a family of drugs that lower levels of cholesterol in the blood through 

competitive inhibition of HMG CoA Reductase (Stancu and Sima, 2001). Their effectiveness 

at reducing the risk of atherosclerosis and heart disease has made them some of the most 

commonly prescribed drugs in the US (Fuentes et al., 2018). Furthermore, statins appear to 

have anticancer effects both in vitro and in vivo (reveiwed in Altwairgi, 2015), which do not 

Figure 4: Cholesterol Biosynthesis Pathway (Simplified) 
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appear to be mediated through cholesterol depletion. Mevalonate (the product of HMG CoA 

reductase) is a precursor in the synthesis of a wide variety of compounds including heme, 

vitamin K and steroid hormones, meaning the pleiotropic anticancer effects of statins may 

occur through changes in many different cellular processes (Holstein and Hohl, 2004).  

1.7 Previous Work Indicates a Gene-Specific Role for Cholesterol in WT1/BASP1-

mediated Gene Repression 

 Previous work from our group has shown that cells expressing the cholesterol-binding 

deficient Y12L mutant also exhibited de-repression of AREG but not REN (see Figure 5A; 

Dey, 2019) More recently, the effect of the statin mevinolin (also known as Lovastatin) on 

BASP1/WT1 dependent gene-repression was investigated (results shown in Figure 5B). 

Quantitative PCR (qPCR) was carried out to determine the relative levels of mRNA for a set 

of WT1/BASP1 target genes, including AREG and REN. Under treatment with mevinolin, de-

repression of the target gene AREG is seen. REN, however, remains repressed, indicating a 

gene-specific requirement for cholesterol. Thus, the results obtained with both mevinolin and 

the BASP1 Y12L mutant are consistent and point to a gene-specific role for cholesterol in 

WT1/BASP1 mediated gene repression.  

Figure 5: Previous Work Indicates that BASP1 Requires Cholesterol for its Cosuppressor 

Activity  

[A] qPCR results displaying the relative levels of mRNA from WT1/BASP1 target genes AREG and 

REN, in cell lines expressing no BASP1 (V-K562), wild-type BASP1 (B-K562) or cholesterol-binding 

deficient Y12L BASP1 (Y-K562). mRNA levels of AREG and REN were compared to those of the 

housekeeping gene GAPDH. Error bars represent SD of 3 independent experiments. * indicates p<0.05 

by student’s t-test. Data from (Dey, 2019) [B] qPCR results displaying the relative levels of mRNA from 

WT1/BASP1 target genes AREG and REN when treated with 50µM mevinolin or the equivalent volume 

of vehicle for 24 hours. mRNA levels of AREG and REN were compared to those of the housekeeping 

gene GAPDH. Error bars represent SD of 3 independent experiments. * indicates p<0.05 by student’s 

t-test. Data generated by Samantha Carrera, unpublished.  
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1.8 Project Aims 

This project aims to investigate in more depth the role of cholesterol in WT1/BASP1 

mediated gene repression, and to elucidate any BASP1/cholesterol dependent effects on the 

tumorigenicity of cancer cells. It is hoped that this work may lead to a deeper understanding 

of potential roles of lipids and lipidated proteins in the nucleus, a newly emerging and exciting 

area of research. Furthermore, both WT1 and BASP1 are well established as cofactors for a 

host of interacting partners including transcriptional regulators and growth receptors (Dey, 

2019; Toska and Roberts, 2014), meaning any findings regarding the mechanism of this 

interaction may be applicable to a wide range of gene regulation events in which they are 

involved.  

 WT1 and BASP1 both having been implicated in cancer (Hartl and Schneider, 2019; 

Toska and Roberts, 2014) also renders this investigation potentially of interest from a clinical 

perspective. Furthermore, with statins being so widely and frequently prescribed, it is important 

to understand any effects statin-mediated cholesterol depletion may have on gene regulation 

by this complex.   

This project will build on work previously conducted by our group, which indicates that 

cholesterol is necessary for BASP1/WT1 dependent repression of some target genes. By 

reducing cellular cholesterol using atorvastatin treatment, we hypothesise that BASP1 will 

exhibit reduced transcriptional repressor activity, and hence we will see reduced removal of 

the activating mark H3K4Me3, resulting in de-repression of target genes. Furthermore, as 

previous work has indicated that HDAC1 may require BASP1-bound cholesterol for its function 

in this complex, we may also see reduced removal of H3K9Ac. 

This investigation will be carried out in two different cell lines in parallel. K562 cells, a 

Chronic Myelogenous Leukaemia (CML) line which endogenously express WT1 but not 

BASP1, will be used as a BASP1 overexpressing model. As a BASP1 knock-down model 

breast cancer-derived MCF-7 cells, which endogenously express both WT1 and BASP1 but 

have been stably transfected with a plasmid driving the expression of short hairpin RNA 

(shRNA) targeting BASP1 will be used (See Materials & Methods for more detail). atorvastatin 

will be used over mevinolin as it has a higher efficacy (Davidson et al., 1997). Expression of 

several WT1/BASP1 target genes (AREG, ETS-1, VDR and JUNB) which appear to require 

cholesterol to be repressed will be examined using qPCR. Furthermore, the deposition of 

activating histone marks H3K9Ac and H3K4Me3, and repressive mark H3K27Me3 at the 

promoters of these genes will be investigated using Chromatin Immunoprecipitation (ChIP). 

Growth analyses will be performed on the cells to assess whether there is a BASP1-dependent 

change in tumorigenicity under statin treatment.  
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Under treatment with vehicle the WT1/BASP1 repressive complex is expected to form as normal, 

resulting in repression of WT1/BASP1 target genes. When cholesterol is depleted through atorvastatin 

treatment, reduced recruitment and activation of KDM2B, Prohibitin and HDAC1 is expected, resulting 

in reduced removal of H3K9Ac and H3K4Me3, and de-repression of WT1/BASP1 target genes. 

 

 

 

  

Figure 6: Graphical Hypothesis - Under Treatment with Atorvastatin WT1/BASP1 Target Genes 
are De-Repressed 

 



 

30 
 

2 Materials & Methods 

2.1 Materials 

2.1.1 Solutions & Buffers 

Blocking Buffer: 150mM NaCl (VWR), 20mM Tris (ITW Reagents) pH 7.4, 0.1% (v/v) Tween 

(ITW Reagents), 5% (w/v) dried milk powder (Marvel) 

ChIP Buffers:  

- IP Buffer: 150mM NaCl, 50mM Tris-HCl pH 8.0, 5mM EDTA (Fisher), 0.5% (v/v) 

NP-40 (Merck Millipore), 1% (v/v) Triton X-100 (Sigma) 

- High Salt: 0.5M NaCl, 50mM Tris-HCl pH 8.0, 5mM EDTA, 0.5% (v/v) NP-40, 1% 

(v/v) Triton X-100 

- LiCl: 10mM Tris-HCl pH 8.0, 1mM EDTA, 0.25M LiCl (Sigma), 1% (v/v) NP-40, 1% 

(w/v) sodium deoxycholate (Thermo) 

- TE: 10mM Tris-HCl pH 8.0, 1mM EDTA 

- PK Buffer: 125mM Tris-HCl pH 8.0, 150mM NaCl, 1% (w/v) SDS (Fisher) 

Crystal Violet Solution: 0.1% (v/v) 1% Crystal Violet (Sigma), 30% (v/v) methanol (Fisher) 

Nuclear Extract Buffer 1: 10mM Hepes (Fisher) pH 8.0, 1.5mM MgCl2 (Acros Organics), 10mM 

KCl (VWR), 1mM DTT (Thermo) 

Nuclear Extract Buffer 2: 20mM Hepes pH 8.0, 1.5mM MgCl2, 25% Glycerol (Fisher), 420mM 

NaCl, 0.2mM EDTA, 1mM DTT 

Resolving Gel: 1.5M Tris pH 8.8, 10% (v/v) Acrylamide/Bis gel mix (Bio-Rad), 10% SDS 

(Fisher) 

4X SDS Sample buffer: 250mM Tris-HCl pH 6.8, 10% SDS, 0.005% Bromophenol Blue 

(Fisher), 0.7M β-mercaptoethanol (Sigma), 40% glycerol 

SDS-PAGE Running Buffer: 100mM Tris, 200mM Glycine (Promega), 3mM SDS  

Stacking Gel: 0.5M Tris pH 6.8, 3.75% (v/v) Acrylamide/Bis gel mix, 10% SDS 

Transfer Buffer: 25mM Tris, 200mM Glycine, 10% (v/v) methanol 
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2.1.2 Primers 

qPCR: 

Primer Forward Reverse Annealing 

Temp (°C) 

AREG 5’-TGGAAGCAGTAACATGCAAATGTC-

3’ 

5’-GGCTGCTAATGCAATTTTTGATAA-

3’ 

50 

ETS-1 5’-AAACTTGCTACCATCCCGTACGT-3’ 5’-ATGGTGAGAGTCGGCTTGAGAT-3’ 60 

GAPDH 5’-TGCACCACCAACTGCTTAGC-3’ 5’-GGCATGGACTGTGGTCATGAG-3’ 60 

JUN B 5’-TGGTGGCCTCTCTCTACACGA-3’ 5’-GGGTCGGCCAGGTTGAC-3’ 60 

VDR 5’-CTGACCCTGGAGACTTTGAC-3’ 5’-TTCCTCTGCACTTCCTCA-3’ 60 

 

ChIP: 

Primer Forward Reverse Annealing 

Temp (°C) 

18S ’-GTAACCCGTTGAACCCCATT-3’ 5’-CCATCCAATCGGTAGTAGCG-3’ 60 

AREG 5’-TTTAAGTTCCACTTCCTCTCA-3’ 5’-GGTGTGCGAACGTCTGTA-3’ 60 

ETS-1 5’-CCTAAAGAGGAGGGGAGAGC-3’ 5’-AGGGGAAGTTGGCACTTTG-3’ 60 

JUN B 5’-GGTCCTGGTATTTGTCCCAG-3’ 5’-CTCGCGTCACTGTCAGGAAG-3’ 60 

VDR 5’- CAACCTGGCTCAGGCGTCC-3’ 5’-GCCAGGAGCTCCGTTGGC-3’ 60 
 

Primer stocks were prepared at a concentration of 10µM forward and reverse oligonucleotides. 
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2.1.3 Antibodies 

Antibody Species Source Dilution (if used in 

Immunoblotting) 

Volume per IP 

(if used in ChIP) 

BASP1 Rabbit Pacific Immunology, 

California 

1:2000 - 

GAPDH Mouse Millipore #mab374 1:10000 - 

H3K27Me3 Mouse Abcam #ab6002 - 4µL 

H3K4Me3 Rabbit Abcam #ab8580 - 4µL 

H3K9Ac Rabbit Abcam #ab10812 - 4µL 

Normal IgG Mouse Millipore #12-371 - 1µL 

Normal IgG Rabbit Millipore #12-370 - 1µL 

WT1 Rabbit Pacific Immunology, 

California 

1:1000 - 

α-Mouse 

HRP 

Goat Jackson 

ImmunoResearch 

Laboratories 

1:10000 - 

α-Rabbit 

HRP 

Goat Jackson 

ImmunoResearch 

Laboratories 

1:10000 - 

 

2.2 Methods  

2.2.1 Cell Culture 

K562  

K562 cells were purchased from the ECACC and were stably transfected with pcDNA3 

plasmids as detailed in (Goodfellow et al., 2011).  Cells were cultured in RPMI 1640 medium 

(Gibco, 31870-025) with 10% (v/v) FBS (Sigma) or 10% (v/v) Charcoal Stripped FBS 

(Thermo), 1% (v/v) Penicillin/Streptomycin (Gibco), 1% (v/v) L-Glutamine (Sigma) and 

1mg/mL G418 (Sigma). Cultures were incubated at 37ºC and 5% CO2. 

MCF-7  

MCF-7 cells were purchased from the ECACC and were stably transfected with 

pSilencer plasmids as detailed in (Marsh et al., 2017). Cells were cultured in DMEM (Gibco, 

41965-039) with 10% (v/v) FBS, 1% (v/v) Penicillin/Streptomycin, 1% (v/v) L-Glutamine and 

1mg/mL G418. Cultures were incubated at 37ºC and 5% CO2. 
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2.2.2 Preparation of Nuclear Extracts 

Cells were grown to approximately 80% confluency (if adherent), or 1.0x106/mL cells 

(if in suspension). Adherent cells were harvested by scraping on ice in 1mL PBS (Fisher), 

pelleted at 1000g for 3 min and washed in 1mL PBS. K562 cells (in suspension) were pelleted 

at 1000g for 3 min and washed in 1mL PBS. Supernatant was removed and cells were 

resuspended in 1 packed cell volume (PCV) of Nuclear Extract Buffer 1 (See section 2.1.1), 

then left on ice for 15 min. Suspension was taken up into a syringe and expelled through a 23-

gauge needle 5 times. Samples were centrifuged at 17000g for 30 seconds, following which 

the supernatant was discarded and the pellet resuspended in two thirds PCV of Nuclear 

Extract Buffer 2 (See section 2.1.1). Samples were rotated at 4ºC for 30 min, following which 

nuclear debris was pelleted by centrifugation at 17000g for 5 min, and the supernatant 

retained. The supernatant was diluted two-fold by addition of Nuclear Extract Buffer 2. The 

concentration of protein was determined by Bradford assay (see section 2.2.4) and the 

appropriate amount of 4X SDS sample buffer (see section 2.1.1) was added. Samples were 

boiled at 95ºC for 10 min before running SDS PAGE (see section 2.2.3). 

2.2.3 Immunoblotting 

Western blots were performed with nuclear extracts (see section 2.2.2), using the Bio-

Rad Mini-PROTEAN® Tetra Cell system. Resolving gel was prepared by the addition of 30µL 

TEMED (Flowgen) and 30µL 10% (w/v) APS (Fisher) to 12mL of resolving gel (see section 

2.1.1), and resolving gel was poured and covered with 1mL H2O-saturated propan-2-ol 

(Fisher). After polymerisation was complete, the propan-2-ol layer was removed and the 

cassette washed with dH2O. 30µL TEMED and 30µL APS were added to 8mL stacking gel 

(see section 2.1.1), the stacking gel poured, and a comb inserted to provide loading wells.  

Once polymerisation was complete, gels were set up in tanks and loaded with 10µL 

nuclear extracts (see section 2.2.2) or 10µL SpectraTM Multicolor Broad Range Protein Ladder 

(Thermo). Gels were run in SDS PAGE running buffer (see section 2.1.1), at 150V for 45 min. 

Protein was transferred from the gel using a Bio-Rad Trans-Blot® Semi-Dry Transfer Cell. Gels 

were removed from the cassettes and washed in transfer buffer (see section 2.1.1), after which 

they were placed atop Immobilon-FL transfer membrane (Merck Millipore) soaked in 

methanol. Membranes and gels were sandwiched between Western blotting filter paper 

(Thermo), also soaked in transfer buffer. Transfers were run at 25V for 40 min.  

Membranes were blocked by rocking in 15mL blocking buffer (see section 2.1.1) at 

room temperature for 1 hour, then primary antibody was added (see section 2.1.3) in 5mL 

blocking buffer, and membranes rocked overnight at 4ºC. Membranes were washed four times 

for 5 min in 15mL blocking buffer, then incubated, rocking, at room temperature with HRP-
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conjugated secondary antibody in 5mL blocking buffer. Washes were repeated as above and 

the membrane visualised using Clarity Western ECL Substrate (Bio-Rad), and exposed to 

GenHunter PerfectFilm™ autoradiography film. 

2.2.4 Bradford Assay 

Bradford assays were carried out using the Pierce™ BCA Protein Assay Kit (Thermo) 

with samples and BSA (Sigma) standards (prepared in Nuclear Extract Buffer 2) run in 

triplicate on a 96 well plate and absorbance measured at 595nm. Standard curves were 

constructed and used to estimate the protein concentration of samples, which were then 

diluted in Nuclear Extract Buffer 2 as required.  

2.2.5 Tumorigenicity Assays 

K562 cells – Cell Growth 

Cells were split to a concentration of 2.0x105 cells/mL and treated with 10µM or 20µM 

atorvastatin (Sigma) in DMSO (Corning) or the equivalent volume of DMSO alone. Cell 

numbers were counted every 24 hours using a Countess Automated Cell Counter (Invitrogen).  

MCF-7 cells – Colony Forming Efficiency 

MCF-7s were seeded on 6-well plates at a concentration of 500 cells/mL (1000 

cells/well) and grown for 24 hours before being treated with 0µM, 10µM or 20µM atorvastatin 

with the necessary volumes of DMSO to equalize the total volume added. Colonies were 

grown for 12 days. After growth, the media was removed and the wells washed with PBS, 

followed by 10 min incubation, rocking at room temperature, with 1mL methanol per well. The 

methanol was removed and 0.5mL per well Crystal Violet solution (see section 2.1.1) was 

added, followed by rocking for 5 min at room temperature. The plates were washed with dH2O 

and allowed to dry.  

2.2.6 RNA Analysis 

RNA extraction and cDNA preparation 

Cells were treated with 10 or 20µM atorvastatin for 48 or 72 hours, in media containing 

FBS or charcoal stripped FBS, then harvested and washed as described in section 2.2.2. RNA 

was isolated using the RNeasy Minikit (QIAGEN) and cDNA produced using the iScript cDNA 

Synthesis Kit (Bio-Rad) according to manufacturers’ instructions. The reaction mixture was as 

follows: 4µL 5X i-script reaction mix, 1µL Reverse Transcriptase, 13µL Nuclease-free H2O (all 

included in kit), 2µL RNA. This reaction was incubated at 25ºC for 5 min, followed by 42ºC for 

30 min and 85ºC for 5 min, following which samples were cooled to 10ºC and 100µL nuclease-

free water (QIAGEN) added.  
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2.2.7 Quantitative PCR 

Quantitative PCR (qPCR) was carried out using the Bio-Rad Miniopticon system. 

Reaction mixtures (per well) were as follows: 7µL nuclease-free water (QIAGEN), 10µL iTaq 

Universal SYBR® Green Supermix (Bio-Rad), 1µL primer stock (see section 2.1.2), 2µL cDNA 

(see RNA extraction and cDNA preparation, above). The reaction was warmed to 95ºC for 3 

min, then cycled at 95ºC for 10 sec followed by 60ºC for 10 sec followed by 72ºC for 20 sec, 

40 times. Melt curves were generated by warming to 95°C for 10 sec, followed by cooling to 

65°C for 5 sec, followed by increasing temperature by 0.5°C every 0.5 sec with a plate read 

carried out at each temperature, up to 95°C.  

2.2.8 Chromatin Immunoprecipitation (ChIP) 

Preparation of ChIP beads 

500µL of 30mg/mL Dynabeads™ Protein G (Invitrogen) were suspended in 1mL IP 

buffer (see section 2.1.1) with 10µL of 10mg/mL Sheared Salmon Sperm DNA (Ambion) and 

rotated at 4ºC for 1 hour. The beads were magnetised and washed 6 times with ice-cold IP 

buffer, then resuspended in 500µL IP buffer and stored at 4ºC.  

Preparation of antibody tubes 

Antibody preparations contained 600µL IP buffer (see section 2.1.1), 10µL working 

stock of ChIP beads (as prepared in Preparation of ChIP beads, above), 1µL 10mg/mL BSA 

(Sigma) and either α-histone modification antibody or 1mg/mL normal IgG at volumes 

described in table 2.1.3. The preparations were rotated at 4ºC overnight, washed with IP buffer 

and resuspended in 600µL IP buffer. 

Crosslinking of K562 cells  

24 or 48 hours post-treatment with 20µM atorvastatin or the equivalent volume of 

DMSO, 10 million cells were washed and resuspended in 5mL PBS. 200µL 37% para-

formaldehyde (PFA) (Sigma) was added and samples were rocked at room temperature for 

15 min, followed by quenching of the formaldehyde with 700µL ice-cold 1M glycine. The 

samples were incubated at room temperature for 5 min, centrifuged at 2000g for 5 min at 4ºC, 

washed with 5mL ice-cold PBS, centrifuged again (as above), and resuspended in 1mL IP 

buffer (see section 2.1.1) containing 0.1% (v/v) protease inhibitor cocktail Set III (Calbiochem). 

Crosslinking of MCF-7 cells 

48 hours post-treatment with 20µM atorvastatin or the equivalent volume of DMSO, 20 

million cells were washed and incubated for 15 min at room temperature with 200µL 37% PFA 

in 5mL PBS, followed by quenching of the formaldehyde with 700µL ice-cold 1M glycine. 
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Plates were washed twice with ice-cold PBS and scraped on ice in ice-cold PBS, then 

centrifuged at 2000g for 5 min at 4ºC and resuspended in 1mL IP buffer (see section 2.1.1) 

containing 0.1%(v/v) protease inhibitor cocktail Set III (Calbiochem). 

Sonication  

The samples were held on ice for 15 min, then centrifuged at 1500g for 5 min at 4ºC 

and resuspended in 1mL IP buffer. Sonication was performed using a QSonica Q125 

Sonicator (20kHz frequency) at 50% amplitude pulsing 3 sec on, 2 sec off three times, followed 

by resting on ice for 20 sec. This was repeated sixteen times. Samples were centrifuged at 

12000g for 10 min at 4ºC and the supernatant (chromatin) added to 10µL of ChIP beads, 

followed by rotating at 4ºC for 1 hour. Beads were magnetised and the supernatant 

(precleared chromatin) added to prepared antibody tubes, followed by rotation at 4ºC 

overnight.  

Immunoprecipitation 

Antibody tubes containing precleared chromatin were magnetised and the supernatant 

removed. Samples were washed in 1mL ice-cold IP buffer and held on ice for 3 min. This was 

repeated with 1mL ice-cold High Salt buffer, followed by 1mL ice-cold LiCl buffer, followed by 

1mL ice-cold TE buffer. Samples were centrifuged to pellet beads and the supernatant 

discarded. (For all buffers see section 2.1.1)  

DNA Isolation 

The following was performed on the pelleted beads (see Immunoprecipitation, above) 

and on 4µL samples of precleared chromatin (see Sonication, above). Samples were 

resuspended in 100µL PK buffer (see section 2.1.1) and incubated at 65ºC overnight. 1µL of 

2mg/mL PK (Ambion, #AM2546) was added and the samples vortexed and placed at 55ºC for 

4 hours, followed by centrifuging at 17000g for 5 min. The supernatant was retained and the 

Qiaquick® PCR purification kit (QIAGEN) was used to purify DNA according to manufacturer’s 

instructions. DNA was eluted in 100µL nuclease-free water (QIAGEN) and heated at 95ºC for 

10 min.  

DNA gel electrophoresis 

In order to ascertain the extent of chromatin shearing during sonication, DNA gel 

electrophoresis was carried out. 20µL chromatin was added to 30µL PK buffer (see section 

2.1.1) and 1µL RNAse A (Sigma) and was incubated at 37ºC for 30 min. 1µL 2mg/mL PK was 

added and the samples incubated at 62ºC for 2 hours, following which 10µL Blue/Orange DNA 

Loading Dye (Promega) was added. 2µL Electran® (VWR) was added to 30mL melted 
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ReadyPouch Agarose Gel (Invitrogen) in a Mini-Sub® Cell GT system (Bio-Rad), and 10µL of 

sample or 5µL of GeneRuler 100 bp plus DNA Ladder (Thermo) and Quick Load® Purple 1kb 

plus DNA Ladder (NEB) were loaded. Electrophoresis was performed in TAE buffer (Fisher) 

at 100V for 45 min.  
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3 Results of Growth Assays, RNA analysis and ChIP-qPCR in K562 Cell Line 

Derivatives under Atorvastatin Treatment 

3.1 Introduction 

Previous work by our group used a mutant derivative of BASP1 which is deficient in 

cholesterol binding (Y12L) to investigate the role of cholesterol in WT1/BASP1-mediated gene 

regulation. Further work was carried out in which cells were treated with the statin mevinolin, 

in order to elucidate the effect of cholesterol depletion on WT1/BASP1-mediated gene 

regulation. The results of both of these investigations were consistent and indicated that 

cholesterol binding by BASP1 is necessary for WT1/BASP1-mediated gene regulation to take 

place at WT1/BASP1 target genes including AREG, JUN B, ETS-1 and VDR (Dey, 2019). It 

was decided to investigate the effect of the more potent statin atorvastatin (Davidson et al., 

1997), in order to confirm and extend these findings. 

3.2 Analysis of the Role of Cholesterol in WT1/BASP1 Mediated Gene-Repression in 

K562 Cell Line Derivatives 

3.2.1 Expression of WT1 and BASP1 in K562 Cell Line Derivatives 

 K562 cells endogenously express WT1 but do not express BASP1. Our lab has 

previously exploited these cells to analyse the effect of wild type BASP1 and mutant BASP1 

derivatives on WT1 dependent transcriptional regulation (Dey, 2019; Goodfellow et al., 2011; 

Green et al., 2008; Marsh et al., 2017; Toska et al., 2012, 2013). Immunoblotting was 

performed to confirm that the K562 cell line derivatives express endogenous WT1 and the 

ectopically expressed BASP1, and also to determine if treatment with atorvastatin affects their 

levels in K562 cells. The cell lines, generated as described in (Goodfellow et al., 2011), were 

as follows. K562 cells stably transfected with an empty pcDNA3 plasmid, known as vector 

control K562 (V-K562 cells), and K562 cells stably transfected with a pcDNA3 plasmid driving 

expression of BASP1 with a C-terminal Human influenza hemagglutinin (HA) tag (B-K562 

cells). Nuclear extracts were prepared from these cell line derivatives and resolved by SDS-

PAGE, then transferred to membrane as described in section 2.2.3. Figure 7 shows 

immunoblots of this membrane using antibodies against BASP1, WT1 and GAPDH (acting as 

a control to indicate the total protein quantity in each well). 
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Figure 7: Confirmation that 
the K562 Cell Line 
Derivatives Express BASP1 
and WT1 

V-K562 and B-K562 cells 

were left untreated or treated 

with 20µM atorvastatin for 72 

hours, following which nuclear 

extracts were prepared. 

Nuclear extracts were 

subjected to Western Blotting 

with α-BASP1, α-WT1 or α-

GAPDH antibodies. Arrows 

indicate specific protein 

bands, asterisks indicate 

bands of several possible 

origins as detailed in the text, 

dashes at left indicate 

molecular weight in 

kiloDaltons (kDa) based on 

protein ladder.  

 

 

 

 

 

Figure 7 shows that both of the K562 cell line derivatives express endogenous WT1, 

and that the B-K562 cells express BASP1 at a high level while the V-K562 cells do not. When 

immunoblotting was carried out to detect BASP1, it was noted that a band can be seen in the 

V-K562 cells with a slightly increased mobility compared to the HA-tagged-BASP1 detected 

in the B-K562s. Given that the HA tag causes decreased protein mobility in SDS PAGE, the 

fact that the band seen in the V-K562 nuclear extract has a slightly increased mobility means 

this band may represent low level endogenous expression of BASP1 (discussed further in 

section 5.1). When immunoblotting was carried out to detect WT1, a doublet was seen at the 

predicted position of WT1 (running at approximately 50kDa). This doublet is likely caused by 

the presence of the + and - 17aa isoforms of WT1. Two more bands (indicated by asterisks) 

can also be seen above and below the central doublet, running at around 65 and 30kDa. 

These may be further isoforms of WT1 or may be non-specific antibody interactions. 

Under treatment with atorvastatin at 20µM (the highest concentration used throughout 

the investigation), it can be seen that BASP1 expression in B-K562 cells remains largely 
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unchanged. Though the overall WT1 expression does not appear to change, some change 

was observed in the relative abundance of the + and -17aa isoforms. In the untreated nuclear 

extracts, the lower band is more intense, indicating greater abundance of the -17aa isoform. 

Interestingly, it appears that the isoform ratio shifts to favour the +17aa isoform upon treatment 

with atorvastatin.  

Taken together, these results demonstrate that treatment of the K562 cell line 

derivatives with 20µM atorvastatin does not alter the level of ectopically expressed BASP1. In 

addition, although atorvastatin does not significantly affect the overall level of WT1 compared 

to treatment with DMSO, it is possible that the balance of WT1 isoforms is altered. 

3.2.2 Analysis of the Effect of Atorvastatin on the Growth of K562 Cell Line Derivatives  

In order to investigate the effects of atorvastatin on cell growth, and to establish a 

concentration of atorvastatin at which an effect on the cells can be observed, growth assays 

were performed. V-K562 and B-K562 cells were seeded at a concentration of 2x105/mL cells, 

and were then treated with 10µM atorvastatin (+; see Figure 8A), 20µM atorvastatin (++; see 

Figure 8B), or the equivalent volume of DMSO. The cells were incubated for 4 days and cell 

numbers counted each day and plotted into growth curves which are presented in Figure 8.  
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Figure 8: Analysis of the 
Effect of Atorvastatin on 
Growth of K562 Cells 

[A] V-K562 and B-K562 cells 

seeded at 2x105/mL were 

treated with 10µM atorvastatin 

(+) or the equivalent volume of 

DMSO (-) and then incubated 

for 4 days and counted each 

day. Error bars are SEM of 3 

independent experiments. A 

student’s t-test was performed 

at day 4 and the p values are 

displayed above. [B] V-K562 

and B-K562 cells seeded at 

2x105/mL were treated with 

20µM atorvastatin (++) or the 

equivalent volume of DMSO (-

) and then grown for 4 days 

and counted each day. Error 

bars are SEM of 5 

independent experiments. A 

student’s t-test was performed 

at day 4 and the p values are 

displayed above.  

 

 

 

 

 

 

Figure 8 shows that V-K562 cells appear to have a higher rate of growth than B-K562 

cells, though the difference at day 4 was not significant (p=0.3519 and p=0.7222 for [A] and 

[B] respectively). In Figure 8A it can be seen that treatment with 10µM atorvastatin did not 

have a significant effect on the growth of either V-K562 cells or B-K562 cells, though it does 

appear to somewhat slow the growth of both cell lines. However, Figure 8B shows that 

treatment with 20µM atorvastatin does appear to have an effect on cell growth, causing a 

decrease in the growth of V-K562 cells that is significant at day 4. Interestingly, this decrease 

in cell growth was not observed to the same degree in B-K562 cells, where the difference at 

day 4 was not significant, possibly indicating a BASP1-dependent effect of atorvastatin on the 

growth of K562 cells.  
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3.2.3 Analysis of the Expression of WT1/BASP1 Target Genes Under Atorvastatin 

Treatment in K562 Cell Line Derivatives 

Previous work carried out by our group reported that exogenous expression of BASP1 

in K562 cells causes repression of genes including AREG, JUN B, ETS-1 and VDR, but that 

when cells are transfected with a BASP1 mutant derivative that is defective in cholesterol 

binding, de-repression of these genes is observed (Dey, 2019). Furthermore, it was 

demonstrated by (Dey, 2019) that the statin mevinolin can inhibit BASP1-mediated repression 

of AREG. Atorvastatin is known to be a more potent inhibitor of HMG CoA Reductase than 

mevinolin (Davidson et al., 1997), and so it was decided to investigate the effect of atorvastatin 

on the mRNA abundance of several known WT1/BASP1 target genes.  

3.2.3.1 Expression of WT1/BASP1 Target Genes Under 48 Hour Treatment with 10µM 

Atorvastatin 

In order to investigate the effect of cholesterol depletion by atorvastatin on 

WT1/BASP1-dependent gene regulation, PCR analysis of mRNA levels was carried out 

against WT1/BASP1 target genes. Previous work by our group when investigating the effect 

of mevinolin indicated that resultant changes in mRNA abundance in K562 cells are usually 

visible at around 48 hours after treatment (Dey, 2019). Therefore, K562 cell line derivatives 

were treated with 10µM atorvastatin or the equivalent volume of DMSO for 48 hours, followed 

by RNA extraction and cDNA preparation. qPCR was performed using primers for the 

WT1/BASP1 target genes AREG, ETS-1 and JUN B, and the relative mRNA abundances 

compared to the housekeeping gene GAPDH are displayed in Figure 9. 
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Figure 9: Analysis of the Effect of 48 Hour 10µM Atorvastatin Treatment on Expression of 
WT1/BASP1 Target Genes in K562 Cell Line Derivatives 

V-K562 and B-K562 cells were treated with 10µM atorvastatin (+) or the equivalent volume of DMSO 

for 48 hours, following which RNA was extracted and cDNA prepared. qPCR was performed to 

determine the abundance of mRNA from WT1/BASP1 target genes AREG, JUN B and ETS-1. mRNA 

abundance was normalised to the housekeeping gene GAPDH. Error bars are SEM of three 

independent experiments. p values were obtained by a student’s t-test. Melt curves can be found in 

section 6, Supplementary Figure 1. 

As can be seen in Figure 9, significantly reduced expression was seen at all of the 

genes analysed upon expression of BASP1 (B-K562 cells). This is consistent with BASP1’s 

well characterised role as a WT1 co-suppressor (Carpenter et al., 2004; Goodfellow et al., 

2011; Toska et al., 2012). However, it was noted that a much higher level of repression was 

seen at AREG than has previously been reported (Goodfellow et al., 2011; Toska et al., 2013).  
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These previous studies found a 2-fold repression of AREG which is in contrast to the 16-fold 

BASP1-dependent repression of AREG observed here.  

Under treatment with 10µM atorvastatin, no de-repression of either AREG or JUN B 

was observed in the B-K562 cells. This was not consistent with previous studies using 

mevinolin. De-repression was, however, seen in ETS-1, which was repressed 1.8-fold by 

BASP1 in cells treated with DMSO, but only 1.1-fold in cells treated with atorvastatin.  

Taken together, these results indicate that at this concentration and exposure time, 

atorvastatin does not broadly inhibit BASP1-mediated repression of WT1/BASP1 target 

genes.  

3.2.3.2 Expression of WT1/BASP1 Target Genes Under 72 Hour Treatment with 20µM 

Atorvastatin 

Given our lab’s previous findings when working with mevinolin, and the fact that 

atorvastatin is known to be more potent, the lack of broad atorvastatin-dependent de-

repression of WT1/BASP1 target genes described in the previous section was unexpected. 

Therefore, optimisation of the treatment conditions was attempted. The cell growth assays 

shown in section 3.2.2 indicated that 20µM atorvastatin had a more pronounced effect on 

K562 cells than 10µM atorvastatin. 48 hour 20µM atorvastatin treatment was therefore tested 

as described above but this still failed to show any inhibitory effect of BASP1-mediated 

repression at the genes AREG and JUN B. One possibility for these results was that 

cholesterol within the tissue culture media may be interacting with BASP1 and negating the 

effect of atorvastatin treatment. Therefore, cells were grown in charcoal stripped media (which 

depletes lipids) and treated as above. Once again, de-repression was not observed. Another 

possibility was that treatment for a longer time might result in de-repression, and so 72 hour 

treatment with 20µM atorvastatin was trialled. This concentration and exposure time appeared 

to result in de-repression at several of the target genes investigated, as can be seen in the 

qPCR results in Figure 10. 
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Figure 10: Analysis of the Effect of 72 Hour 20µM Atorvastatin Treatment on Expression of 
WT1/BASP1 Target Genes in K562 Cell Line Derivatives 

V-K562 and B-K562 cells were treated with 20uM atorvastatin or the equivalent volume of DMSO for 

72 hours, following which RNA was extracted and cDNA prepared. qPCR was performed to determine 

the abundance of mRNA from WT1/BASP1 target genes AREG, ETS-1, JUN B and VDR. mRNA 

abundance was normalised to the housekeeping gene GAPDH. Error bars are SEM of five independent 

experiments. p values were obtained by a student’s t-test. Melt curves can be found in section 6, 

Supplementary Figure 1. 

As can be seen in Figure 10, exogenous expression of BASP1 in K562 cell lines results 

in transcriptional repression of all WT1/BASP1 target genes investigated. Though expression 

of BASP1 did appear to result in transcriptional repression of JUN B, this did not pass a t-test 

for significance. As described in section 3.2.3.1, a higher level of repression was seen at 

AREG than has previously been described. 

Under treatment with atorvastatin, marked de-repression in B-K562 cells was observed 

with VDR, where mRNA abundance is higher than in the control V-K562 cells. Interestingly, 

this is consistent with previous results from our group which indicate that when unable to bind 
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cholesterol BASP1 may exhibit some co-activator activity (Dey, 2019). Some de-repression 

was also observed at AREG and ETS-1. Once again, it is important to note the unusually high 

level of AREG repression by BASP1 seen under control DMSO treatment. Some de-

repression was seen with ETS-1, which was repressed 2-fold by BASP1 in cells treated with 

DMSO, but only 1.4-fold in cells treated with atorvastatin (and it is worth noting that the fold 

change under atorvastatin treatment failed to pass a t-test for significance). Furthermore, the 

abundance of ETS-1 mRNA in the treated B-K562 cells was higher than in the control V-K562 

cells, though the difference was only 1.3-fold and failed to pass a t-test for significance 

(p=0.7414).  

Taken together, these results indicate that exogenous expression of BASP1 in K562 

cells results in repression of WT1/BASP1 target genes, and that treatment with atorvastatin 

inhibits this function of BASP1 to some extent and therefore causes de-repression of several 

of the target genes investigated.  

3.2.4 Analysis of Histone Marks at WT1/BASP1 Target Genes Under Atorvastatin 

Treatment in K562 Cell Line Derivatives 

BASP1 mediates repression of WT1 target genes through histone modification 

processes. Chromatin immunoprecipitation to detect specific histone modifications was next 

used to determine if treatment of cells with atorvastatin can affect the BASP1-mediated effects 

on chromatin remodelling. 

3.2.4.1 Validation of the Sonication Protocol 

 Successful ChIP analysis is dependent on optimisation of the sonication conditions to 

ensure correct chromatin fragmentation. The conditions had previously been optimised for 

K562 cells by other members of the lab, but it was important to verify that they were 

successfully replicated before attempting ChIP analysis. In order to obtain accurate ChIP 

results, fragments within the range of 200-1000 base pairs (bp) are desired as larger 

fragments will reduce the accuracy of localisation to a specific gene.  V-K562 and B-K562 cells 

were subjected to crosslinking and sonication using the standard lab protocol (see section 

2.2.7). After decrosslinking, the fragmented DNA was purified and then resolved by agarose 

gel electrophoresis followed by staining with ethidium bromide (Figure 11).   
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Gel electrophoresis showing sizes of DNA 

fragments from crosslinked V-K562 and B-K562 

cells following sonication. Sonication was 

performed at 50% amplitude, 3x 3 sec on 2 sec 

off pulses, followed by resting on ice for 20 sec, 

repeated 16x. Samples were de-crosslinked as 

described in section 2.2.7, followed by the 

addition of DNA loading dye and then resolved by 

agarose gel electrophoresis. Dashes at left and 

right indicated size of markers in ladders used in 

base pairs (bp).  

 

 

 

 

 

 

Figure 11 shows that sonication of both crosslinked V-K562 and B-K562 cells was 

successful. It can be seen that in both samples the majority of fragments are approximately 

100-500bp in length, with a smaller proportion around 1000bp. It was also noted that very few 

fragments of more than 1000bp in length were present, and very little DNA remained in the 

well and was unable to enter the agarose gel. These results indicated that the sonication 

protocol used in (Dey, 2019) was successful and was not in need of further optimisation.  

3.2.4.2 Effect of 24 Hour Atorvastatin Treatment on Histone Marks H3K9Ac and 

H3K27Me3  

 Having observed some de-repression of WT1/BASP1 target genes under atorvastatin 

treatment, it became pertinent to investigate changes in histone marks at the promoters of 

these genes. To this end, the effects of atorvastatin treatment on the histone marks H3K9Ac 

and H3K27Me3 were investigated using ChIP. Changes in histone marks at a promoter usually 

precede changes in RNA levels, and therefore it is usually most informative to perform ChIP 

analysis at an earlier timepoint than RNA analysis. Therefore, ChIP was first performed after 

24 hours treatment with atorvastatin or DMSO. Antibodies were used against the activation 

mark H3K9Ac and the repressive mark H3K27Me3, selected because the BASP1-dependent 

removal of H3K9Ac is thought to be cholesterol-dependent, and H3K27Me3 cholesterol-

independent, serving as a control (Dey, 2019). After ChIP was performed, the purified DNA 

Figure 11: Sonication Shears DNA into 
Fragments of Less than 1000bp 
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was analysed by qPCR using primers to amplify the promoter regions of known WT1/BASP1 

target genes, and the enrichment of each gene normalised to the control promoter region 18S. 

These results are shown in Figure 12. 
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Figure 12: Analysis of the Effect of 24hr Treatment with 20µM Atorvastatin on Histone Marks in 

K562 Cells 

[A] ChIP analysis was performed with V-K562 and B-K562 cells which had been treated for 24 hours 

with 20µM atorvastatin or the equivalent volume of DMSO, using a control IgG or α-H3K9Ac antibody. 

Enrichment of this histone mark at promoter regions of the genes AREG, JUN B and VDR is presented 

as fold enrichment compared to a control genome region (18S). Error bars are SEM of three 

independent experiments. p values were obtained via a student’s t-test. Melt curves can be found in 
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section 6, Supplementary Figure 2. [B] ChIP analysis was performed with V-K562 and B-K562 cells 

which had been treated for 24 hours with 20µM atorvastatin or the equivalent volume of DMSO, using 

a control IgG or α-H3K27Me3 antibody. Enrichment of this histone mark at the promoter region of the 

gene AREG is presented as fold enrichment compared to a control genome region (18S). Error bars 

are SEM of three independent experiments. p values were obtained via a student’s t-test. Melt curves 

can be found in section 6, Supplementary Figure 2. 

Figure 12A shows that exogenous expression of BASP1 results in somewhat 

decreased levels of H3K9Ac at the promoters of WT1/BASP1 target genes. While the 3.2-fold 

decrease seen at AREG upon BASP1 expression is significant and in agreement with previous 

work (Toska et al., 2012), the 1.1- and 1.3-fold decreases observed at JUN B and VDR, 

respectively, failed to pass a t-test for significance. However, the general trend of reduced 

H3K9Ac upon BASP1 expression is consistent with the role of H3K9Ac as an activation mark 

and with BASP1’s role in its removal.  

When the cells underwent treatment with 20µM atorvastatin for 24 hours, no increase 

in the abundance of this mark was observed in B-K562 cells, in any of the genes investigated. 

This implies that at this concentration and exposure time, atorvastatin does not affect BASP1-

dependent removal of H3K9Ac.   

Figure 12B shows that expression of BASP1 appears to result in a 1.3-fold increase in 

H3K27Me3 enrichment at the promoter of AREG. Though this change failed to pass a t-test 

for significance, it is consistent with BASP1’s known role as a WT1 co-suppressor and with 

previous work from the lab (Dey, 2019).  Furthermore, under treatment with atorvastatin, a 

1.3-fold increase was still observed when BASP1 was present. This is consistent with BASP1-

dependent deposition of H3K27Me3 occurring through a cholesterol-independent mechanism.  

Taken together, these results indicate that expression of BASP1 in K562 cells results 

in a decrease in H3K9Ac and an increase in H3K27Me3 at the promoters of WT1/BASP1 target 

genes. Furthermore, they show that using this treatment protocol, atorvastatin does not have 

an effect on the BASP1-dependent deposition or removal of these marks.  

3.2.4.3 Effect of 48 Hour Atorvastatin Treatment on H3K9Ac 

The above ChIP analysis demonstrated that atorvastatin treatment of the K562 cells 

for 24 hours does not alter the BASP1-dependent removal of H3K9Ac marks at WT1/BASP1 

target genes. Given that the RNA analysis revealed BASP1-dependent effects of atorvastatin 

after 72 hours’ treatment, it was decided to extend treatment time before crosslinking and 

ChIP. For this reason, treatment was extended to 48 hours, following which the ChIP protocol 

was performed as in section 3.2.4.2. Once again, enrichment of H3K9Ac at promoters of 

WT1/BASP1 target genes was normalised to 18S and is shown in Figure 13.  
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ChIP analysis was performed with V-K562 and B-K562 cells which had been treated for 48 hours with 

20µM atorvastatin or the equivalent volume of DMSO, using a control IgG or α-H3K9Ac antibody. 

Enrichment of this histone mark at promoter regions of the genes AREG, ETS-1, JUN B, and VDR is 

presented as fold enrichment compared to a control genome region (18S). Error bars are SEM of four 

independent experiments. p values were obtained via a student’s t-test. Melt curves can be found in 

section 6, Supplementary Figure 2. 

Figure 13 shows that expression of BASP1 results in a decrease in abundance of 

H3K9Ac at the promoters of AREG and ETS-1. These results are consistent with previous 

studies and with BASP1’s role as a WT1 co-suppressor (Goodfellow et al., 2011; Toska et al., 

2012). In contrast, upon expression of BASP1, the promoter regions of JUN B and VDR 

displayed an increase in H3K9Ac. This is not consistent with previous results obtained by our 

lab (Dey, 2019; Toska et al., 2012), nor with the results for these genes when treated for 24 

hours (see section 3.2.4.2).  

When treated with atorvastatin, the B-K562 cells showed an increase in H3K9Ac at the 

promoter regions of both AREG and ETS-1, compared to the V-K562 cells. In fact, at AREG, 

Figure 13: Analysis of the Effect of 48hr Treatment with 20µM Atorvastatin on Activation Histone 
Mark H3K9Ac in K562 Cells 
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it was noted that the abundance of H3K9Ac in B-K562 cells treated with atorvastatin is slightly 

higher than that of the DMSO-treated V-K562 cells, implying treatment with atorvastatin 

completely negates the effects of BASP1 expression. Both AREG and ETS-1 showed BASP1-

dependent removal of H3K9Ac in cells treated with DMSO, but not in cells treated with 

atorvastatin, implying that the increase in H3K9Ac in atorvastatin-treated B-K562 cells is both 

BASP1 and atorvastatin-dependent at these promoters.  

3.2.4.4 Effect of 48 Hour Atorvastatin Treatment on H3K4Me3 

BASP1 has been reported to play a role in the removal of another activation histone 

mark, H3K4Me3, and its removal may be cholesterol-dependent (Dey, 2019). It was decided 

to investigate whether BASP1-dependent removal of this mark is affected by the treatment of 

K562 cells with atorvastatin, to which end ChIP of H3K4Me3 was performed and qPCR carried 

out using primers for promoter regions of the same set of WT1/BASP1 target genes 

investigated in section 3.2.4.3. Once again, fold enrichment was normalised to 18S and is 

shown in Figure 14. 
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Figure 14: Analysis of the Effect of 48hr Treatment with 20µM Atorvastatin on Activation Histone 
Mark H3K4Me3 in K562 Cells 

ChIP analysis was performed with V-K562 and B-K562 cells which had been treated for 48 hours with 

20µM atorvastatin or the equivalent volume of DMSO, using a control IgG or α-H3K4Me3 antibody. 

Enrichment of this histone mark at promoter regions of the genes AREG, ETS-1, JUN B, and VDR is 

presented as fold enrichment compared to a control genome region (18S). Error bars are SEM of four 

independent experiments. p values were obtained via a student’s t-test. Melt curves can be found in 

section 6, Supplementary Figure 2. 

The results in Figure 14 show that not all the genes analysed responded to the 

treatment as predicted based on previous results (Dey, 2019). While at the promoters of AREG 

and ETS-1, expression of BASP1 resulted in reduced abundance of H3K4Me3, consistent with 

previous findings by our group (Dey, 2019), increased abundance was observed at the 

promoters of JUN B and VDR. It was interesting to note that the effects of BASP1 on H3K4Me3 

show the same gene-specificity as was observed for H3K9Ac.  

Under treatment with atorvastatin, increased H3K4Me3 abundance was observed at 

the AREG promoter in B-K562 cells, to above the level seen in control V-K562 cells. This is 

consistent with the previous results from our group describing a putative co-activator function 
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for BASP1 in the absence of cholesterol. Similarly, at the ETS-1 promoter, treatment with 

atorvastatin resulted in a modest increase in H3K4Me3 abundance in the B-K562 cells 

compared to the V-K562 cells. This indicates BASP1-dependent effects of atorvastatin, though 

it is important to note that the placement of H3K4Me3 marks by BASP1 was not considered to 

be statistically significant.  

3.3 Summary 

Previous work undertaken by members of our lab using the cholesterol-binding-

deficient Y12L BASP1 mutant, as well as the statin mevinolin, suggested that cholesterol 

binding by BASP1 is necessary for WT1/BASP1-mediated gene repression. This study began 

by attempting to confirm these findings, using the more potent statin atorvastatin, and 

investigating the expression of several WT1/BASP1 target genes using qPCR. Loss of 

BASP1-dependent repression was observed at AREG, ETS-1 and VDR after atorvastatin 

treatment, indicating that atorvastatin treatment inhibits BASP1’s ability to repress these 

genes. This is consistent with our lab’s previous findings with mevinolin.  

Having observed atorvastatin-dependent de-repression of BASP1 target genes, it was 

decided to investigate atorvastatin’s effects on BASP1-dependent regulation of chromatin 

marks. Chromatin marks had previously been investigated using the Y12L mutant, but the 

effect of statins on BASP1-dependent chromatin remodelling remained unknown. The 

activation marks H3K9Ac and H3K4Me3 were investigated using ChIP followed by qPCR, and 

it was shown that atorvastatin reduces BASP1-dependent removal of activation histone marks 

(H3K9Ac and H3K4Me3) at the promoter regions of AREG and ETS-1. Reduced removal of 

activation marks at these genes is consistent with the transcriptional de-repression observed 

in RNA analysis, as well as with the results previously obtained using the BASP1 Y12L mutant.  

Having demonstrated that treatment with atorvastatin reduces the WT1-co-suppressor 

activity of BASP1 and results in de-repression of some WT1/BASP1 target genes in K562 

cells, it was decided to extend this investigation into a different cell line.  
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4 Results of Growth Assays, RNA analysis and ChIP-qPCR in MCF-7 Cell Line 

Derivatives under Atorvastatin Treatment  

4.1 Introduction  

 Previous work by our group has used siRNA and shRNA to knock-down BASP1 in the 

breast cancer cell line MCF-7, and demonstrated that BASP1 acts as a WT1 co-suppressor 

and has a tumour suppressive role in these cells (Dey, 2019; Marsh et al., 2017; Toska et al., 

2013). The results described in chapter 3 indicate that cholesterol is necessary for 

WT1/BASP1-mediated gene regulation in K562 cells. In order to determine if this is a cell-line 

specific effect and to further the findings, it was decided to investigate the effect of atorvastatin 

on BASP1 transcriptional repressor activity in MCF-7 cells.  

4.2 Analysis of the Role of Cholesterol in WT1/BASP1 Mediated Gene-Repression in 

MCF-7 Cell Line Derivatives 

4.2.1 Expression of WT1 and BASP1 in MCF-7 Cell Line Derivatives 

 MCF-7 cells endogenously express both WT1 and BASP1. Previous work by our group 

has used these cells to analyse the role of BASP1 as a WT1 co-suppressor, and its role in 

oestrogen receptor signalling and response to tamoxifen (Marsh et al., 2017). Immunoblotting 

was performed to confirm that the MCF-7 cell line derivatives endogenously express WT1 and 

BASP1. The cell lines, generated as described in (Marsh et al., 2017) were as follows. MCF-

7 cells stably transfected with a plasmid driving the expression of a control shRNA (MCF-7 

shNeg), and MCF-7 cells stably transfected with a plasmid driving the expression of shRNA 

that targets BASP1 (MCF-7 shBASP1). Nuclear extracts were prepared from these cells, 

resolved by SDS-PAGE, transferred to membrane and probed with antibodies against BASP1, 

WT1 and GAPDH (all as described in section 2.2.3) (see Figure 15).  
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Figure 15 demonstrates that both the MCF-7 shNeg and MCF-7 shBASP1 cells 

express WT1 at a similar level. In the α-BASP1 blot, though multiple non-specific bands can 

be seen, it is possible to discern the BASP1 specific band at around 50kDa. As expected, the 

intensity of this band is reduced in the shBASP1 cell sample, consistent with knock-down of 

BASP1. Furthermore, the GAPDH loading control for this blot clearly shows that more total 

protein was loaded in the shBASP1 sample, meaning that knock-down of BASP1 is likely more 

pronounced than it initially appears. The band migrating at 40kDa marked with an asterisk 

may also be a form of BASP1. (Carpenter et al., 2004) described a form of BASP1 running at 

around 40kDa, which may be represented here. Furthermore, like the 50kDa band, a decrease 

in intensity of this 40kDa band is observed in the shBASP1 cell sample, indicating successful 

knock-down of BASP1.  

These results indicate that the knockdown of BASP1 in MCF-7 shBASP1 cells was 

successful, and that both shNeg and shBASP1 cell line derivatives express WT1 at a similar 

level. 

4.2.2 Analysis of Effect of Atorvastatin on Growth and Colony Formation by MCF-7 

Cell Line Derivatives 

 In order to determine the effect of atorvastatin on the tumorigenicity of the MCF-7 cell 

line derivatives, and to establish a working concentration for further investigations, colony 

Figure 15: Confirmation 

that the MCF-7 Cell Line 

Derivatives Express 

WT1 and BASP1 

Nuclear extracts were 

prepared from MCF-7 

cells and subjected to 

Western Blotting with α-

BASP1 (left), α-WT1 

(right) and α-GAPDH 

(below respective 

membranes) antibodies. 

Arrows indicate predicted 

specific protein bands, 

asterisk indicates band of 

several possible origins, 

discussed below. Dashes 

on left indicate molecular 

weight (kDa) based on 

protein ladder.  
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formation assays were performed. After the cells had been treated, grown and stained as 

described in Section 2.2.5, both colony forming efficiency and colony size were measured.  

Figure 16: Treatment with Atorvastatin Reduces Colony Formation in MCF-7 Cells 

[A] A representative 6-well plate. Wells were seeded with 1000 cells and grown for 24hrs before 

treatment with 10µM atorvastatin (+), or 20µM (++). Colonies were grown for 12 days before staining 

with crystal violet. [B] Mean % Colony Forming Efficiency was calculated from triplicate wells in each 

cell line. Error bars are SEM from 5 independent experiments. P values were obtained using a student’s 

t-test. [C] Mean Colony Size was calculated by measuring the diameter of 10 randomly chosen colonies 

from each well on plates from 3 independent experiments. Error bars are SEM from 3 independent 

experiments. P values were obtained using a student’s t-test. 
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Figure 16 shows that MCF-7 shBASP1 cells display a significantly greater colony 

forming efficiency, and form significantly larger colonies, than shNeg cells. This is consistent 

with previous work that reported a tumour suppressor function for BASP1 in MCF-7 cells 

(Marsh et al., 2017). Treatment with atorvastatin reduced colony forming efficiency and growth 

of both the shNeg and shBASP1 cell lines. Interestingly, as shown in Figure 16B, treatment 

with atorvastatin at 20µM has a more pronounced colony suppressive effect on the shBASP1 

cells than the shNeg cells. Furthermore, treatment with 20µM atorvastatin has a much stronger 

growth-suppressive effect on shBASP1 cells than treatment with 10µM, whereas in shNeg 

cells both concentrations result in similar growth suppression.  

Figure 16C shows that treatment with atorvastatin reduces colony size by a similar 

amount in both cell lines. Furthermore, treatment with 20µM atorvastatin results in a 

proportionally similar level of growth suppression compared to 10µM in both cell lines. 

Interestingly, this result differs from the effects of 10 and 20µM atorvastatin seen on colony 

forming efficiency (Figure 16B).   

4.2.3 Analysis of Expression of WT1/BASP1 Target Genes Under Atorvastatin 

Treatment in MCF-7 Cell Line Derivatives 

  Previous work carried out by our group indicated that transfection of MCF-7 cells with 

siRNA targeting BASP1 results in de-repression of the WT1/BASP1 target gene AREG (Toska 

et al., 2013). These results, along with previous findings from K562 cell line derivatives using 

statins and the cholesterol-binding-deficient BASP1 mutant Y12L, prompted investigation of 

the effect of atorvastatin treatment of WT1/BASP1-mediated gene repression in MCF-7 cell 

line derivatives. In order to extend findings from the K562 cells and investigate whether these 

findings were cell-type specific, MCF-7 cell line derivatives shNeg and shBASP1 were treated 

with atorvastatin or DMSO and qPCR was used to measure the mRNA abundance of several 

WT1/BASP1 target genes.  

4.2.3.1 Expression of WT1/BASP1 Target Genes Under 72 Hour Treatment with 20µM 

Atorvastatin 

In order to elucidate whether atorvastatin treatment affects WT1/BASP1 mediated 

gene-repression in the MCF-7 cell line derivatives, PCR analysis of mRNA levels was carried 

out against known WT1/BASP1 target genes. Following the optimisation of treatment 

conditions described in section 3.2.3.2, MCF-7 shNeg and shBASP1 cells were treated with 

20µM atorvastatin for 72 hours, after which RNA was extracted and cDNA prepared. The 

results, normalised to GAPDH, can be seen in Figure 17. 
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Figure 17: Analysis of the Effect of 72 Hour 20µM Atorvastatin Treatment on Expression of 
WT1/BASP1 Target Genes in MCF-7 Cell Line Derivatives 

MCF-7 shNeg and shBASP1 cells were treated with 20µM (++) atorvastatin or the equivalent volume 

of DMSO for 72 hours, following which RNA was extracted and cDNA prepared. qPCR was performed 

to determine the abundance of mRNA from WT1/BASP1 target genes AREG, ETS-1, JUN B and VDR. 

mRNA abundance was normalised to the housekeeping gene GAPDH. Error bars are SEM of five 

independent experiments. p values were obtained by a student’s t-test. Melt curves can be found in 

section 6, Supplementary Figure 1. 

As can be seen in Figure 17, knock-down of BASP1 results in increased expression of 

all the WT1/BASP1 target genes analysed. This is consistent with knock-down of BASP1 

resulting in ablation of BASP1’s WT1-cosuppressor function, and hence causing de-

repression of genes which are repressed in MCF-7 shNeg cells. It is worth noting, however, 

that that the fold changes in AREG and JUN B (1.2 and 1.1-fold, respectively), were very small 

and failed to pass a t-test for significance, as did VDR (1.6-fold). In contrast, previous work 

showed that upon transfection of siRNA against BASP1, AREG was de-repressed by almost 

2-fold (Toska et al., 2013).  
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Under treatment with 20µM atorvastatin, marked de-repression of JUN B was seen in 

the shNeg cells when compared to the control shNeg cells. Interestingly, expression of JUN B 

was higher in the atorvastatin-treated shNeg cells than in the control shBASP1 cells, 

potentially indicating the putative co-activator activity of BASP1 mentioned previously. De-

repression was also observed in ETS-1, which was repressed 1.5-fold by BASP1 in control-

treated cells but showed no BASP1-dependent repression when treated with atorvastatin. 

Some de-repression was observed at VDR, where the 1.6-fold BASP1-dependent repression 

observed under DMSO treatment was reduced to only 1.3-fold under atorvastatin treatment. 

Despite the low level of BASP1-dependent transcriptional repression of AREG, it is noted that 

this is lost following atorvastatin treatment of the MCF-7 cell line derivatives 

Taken together, these results demonstrate that BASP1 mediates transcriptional 

repression of several WT1 target genes in MCF-7 cells, although the effects of BASP1 were 

not to the extent previously reported. Treatment of the MCF-7 cell line derivatives with 

atorvastatin resulted in loss of this BASP1-dependent repression.  

4.2.3.2 Analysis of the Activation Histone Mark H3K9Ac at WT1/BASP1 Target Genes 

Under 48 Hour 20µM Atorvastatin Treatment 

BASP1 acts as a WT1 co-suppressor in MCF-7 cells (Marsh et al., 2017) and is known 

to regulate the expression of target genes in some cell lines through processes including 

covalent modification of histone proteins. Having observed de-repression of some 

WT1/BASP1 target genes in the MCF-7 cell line derivatives cells under atorvastatin treatment, 

it was decided to investigate the effect of atorvastatin treatment on BASP1-dependent 

regulation of histone marks. ChIP was used to detect and quantitate the abundance of the 

activation mark H3K9Ac at the promoters of WT1/BASP1 target genes, and hence to 

determine whether treatment of cells with atorvastatin affects BASP1-mediated chromatin 

remodelling. After ChIP was performed, the purified DNA was analysed by qPCR using 

primers to amplify the promoter regions of known WT1/BASP1 target genes, and the 

enrichment of each gene normalised to the control promoter region 18S. These results are 

shown in Figure 18. 
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Figure 18: Analysis of the Effect of 48hr Treatment with 20µM Atorvastatin on Activation Histone 
Mark H3K9Ac in MCF-7 Cells 

ChIP analysis was performed with MCF-7 shNeg and shBASP1 cells which had been treated for 48 

hours with 20µM (++) atorvastatin or the equivalent volume of DMSO (-), using a control IgG or α-

H3K9Ac antibody. Enrichment of this histone mark at promoter regions of the genes AREG, ETS-1, 

JUN B and VDR is presented as fold enrichment compared to a control genome region (18S). Error 

bars are SEM of five independent experiments. p values were obtained via a student’s t-test. Melt 

curves can be found in section 6, Supplementary Figure 2.  

The results shown in Figure 18 demonstrate that knock-down of BASP1 results in an 

increase in abundance of H3K9Ac at the promoters of all the genes analysed. These findings 

are consistent with BASP1’s characterised role as a transcriptional suppressor and 

demonstrate that BASP1 mediates removal of H3K9Ac from WT1 target genes in MCF-7 cells. 

It should be noted, however, that only the change in H3K9Ac enrichment at ETS-1 passed a 

t-test for significance.  

After treatment with atorvastatin, increased abundance of H3K9Ac was observed in 

the shNeg cells at all of the promoters analysed. Thus, atorvastatin treatment of control 

(shNEG) cells leads to an increase in the steady state level of H3K9ac at the promoter regions 
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of WT1 target genes. Furthermore, in cells treated with atorvastatin, the knockdown of BASP1 

did not result in any further increase in the level of H3K9ac.  

These results indicate that BASP1 mediates removal of H3K9Ac in MCF-7 cells, as 

knock-down of BASP1 in these cells results in increased abundance of this mark. Furthermore, 

they indicate that treatment of MCF-7 cells with atorvastatin enhances the acetylation of H3K9 

at the promoters of WT1 target genes. Atorvastatin also blocked the effect of BASP1 depletion 

on H3K9 acetylation suggesting that the drug functions, at least in part, through BASP1. These 

observations are consistent with the results of RNA analysis presented in section 4.2.3.1, 

which indicate that treatment with atorvastatin causes de-repression of WT1/BASP1 target 

genes.   

4.2.3.3 Analysis of the Activation Histone Mark H3K4Me3 at WT1/BASP1 Target Genes 

Under 48 Hour 20µM Atorvastatin Treatment 

 Having analysed abundance of the activation mark H3K9Ac and found that treatment 

with atorvastatin reduced BASP1’s ability to facilitate its removal, it was decided to investigate 

the effect of atorvastatin treatment on removal of the histone mark H3K4Me3. H3K4Me3, like 

H3K9Ac, is an activation histone mark, and also appears to be BASP1-regulated and 

cholesterol-dependent in K562 cells (Dey, 2019). ChIP of H3K4Me3 was performed and qPCR 

carried out using primers for promoter regions of WT1/BASP1 target genes. Fold enrichment 

was normalised to 18S and is presented in Figure 19. 



 

63 
 

 

Figure 19: Analysis of the Effect of 48hr Treatment with 20µM Atorvastatin on Activation Histone 
Mark H3K4Me3 in MCF-7 Cells 

ChIP analysis was performed with MCF-7 shNeg and shBASP1 cells which had been treated for 48 

hours with 20µM atorvastatin (++) or the equivalent volume of DMSO (-), using a control IgG or α-

H3K4Me3 antibody. Enrichment of this histone mark at promoter regions of the genes AREG, ETS-1, 

JUN B, and VDR is presented as fold enrichment compared to a control genome region (18S). Error 

bars are SEM of five independent experiments. p values were obtained via a student’s t-test. Melt 

curves can be found in section 6, Supplementary Figure 2. 

 The results displayed in Figure 19 show that knock-down of BASP1 results in 

increased abundance in H3K4Me3 at the promoters of all of the genes analysed, Though a 

large BASP1-dependent fold-change was seen at all of the promoters, only JUN B and VDR 

passed a t-test for significance (it is worth noting that ETS-1 was also very close to passing, 

with a p-value of 0.0053).  

 After treatment with atorvastatin, all of the promoters investigated exhibited some 

decrease in BASP1-dependent removal of H3K4Me3; when treated with DMSO, BASP1-

dependent removal resulted in marked changes in abundance of 4.8- to 8.8-fold, but treatment 

with atorvastatin reduced this BASP1-dependent effect to 1.1- to 1.3-fold. Furthermore, at 

VDR, treatment with atorvastatin resulted in increased abundance of H3K4Me3 in shNeg cells 
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to almost the same level as was observed in DMSO-treated shBASP1 cells. This implies that 

atorvastatin reduces the ability of BASP1 to remove H3K4Me3 from this promoter as much as 

knock-down of BASP1.  

 The results from these experiments indicate that BASP1 mediates removal of 

H3K4Me3 in MCF-7 cells, seemingly to a high degree given the marked increase in abundance 

seen upon knock-down of BASP1. Furthermore, treatment with atorvastatin reduces the ability 

of BASP1 to facilitate removal of H3K4Me3, implying that this may be cholesterol dependent. 

These results are consistent with the results from RNA analysis in section 4.2.3.1 and with the 

results from ChIP for H3K9Ac in section 4.2.3.2, indicating that the removal of both of these 

activation marks is facilitated by BASP1 in a cholesterol-dependent manner.  

4.3 Summary 

 Previous work carried out in our lab has demonstrated that BASP1 acts as a WT1 co-

suppressor in MCF-7 cells (Toska et al., 2013). Furthermore, in K562 cells it has been found 

that cholesterol binding by BASP1 is necessary for WT1/BASP1-mediated gene repression at 

several WT1 target genes (Dey, 2019), and this finding was reproduced in chapter 3. This 

study began by using RNA analysis to confirm that BASP1 knock-down does indeed result in 

de-repression of WT1/BASP1 target genes in MCF-7 cells, indicating that BASP1 has WT1 

transcriptional co-suppressor activity. Atorvastatin was administered to reduce cellular 

cholesterol and loss of BASP1-dependent repression was observed at WT1/BASP1 target 

genes AREG, ETS-1, VDR and JUN B, indicating that treatment with atorvastatin reduces 

BASP1’s WT1 co-suppressor function at these genes. This finding was consistent with results 

obtained in K562 cells.  

 Having observed atorvastatin-dependent de-repression of BASP1 target genes, it was 

decided to investigate the effect that atorvastatin treatment has on BASP1’s ability to regulate 

chromatin marks in this cell line. First, it was necessary to characterise the effect of BASP1 

knock-down on histone marks, as the role of BASP1 in regulating histone modifications had 

not been previously investigated in this cell line. The activation marks H3K9Ac and H3K4Me3 

were investigated using ChIP followed by qPCR, and it was shown that MCF-7 cells exhibit 

BASP1-dependent removal of H3K9Ac and H3K4Me3 at the promoters of AREG, ETS-1, JUN 

B and VDR. Furthermore, it was observed that atorvastatin treatment reduces the BASP1-

dependent removal of these histone marks at the promoters of all of the above genes. These 

results are consistent with the transcriptional de-repression observed at these genes through 

RNA analysis.  

 Taken together, the results presented in this chapter confirm that BASP1 functions as 

a WT1 co-suppressor in MCF-7 cells and provide the first evidence that this occurs through 
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the removal of activation histone marks H3K9Ac and H3K4Me3. Furthermore, the results 

suggest that this function of BASP1 is inhibited by atorvastatin at the genes investigated. 

These findings are consistent with the results obtained in K562 cells, described in chapter 3, 

as well as with previous work carried out by our group in K562 cells using the Y12L BASP1 

mutant and the statin mevinolin. Hence, the data suggest that this function of BASP1 is 

cholesterol-binding-dependent in MCF-7 cell line derivatives and that this finding is not specific 

to K562 cells.   
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5 Discussion 

This study aimed to investigate the role of cholesterol in BASP1-mediated 

transcriptional repression of WT1 target genes. It confirmed and extended the work carried 

out by (Dey, 2019) in K562 cells, as well as exploring whether the observations could be 

recapitulated in a different cell line.  

5.1 Characterisation of Stable Cell Line Derivatives 

 The K562 and MCF-7 cell line derivatives were assessed by immunoblotting of nuclear 

extracts to confirm the expression levels of WT1 and BASP1. In the K562 cell line derivatives 

it was observed that while both cell lines express WT1, the B-K562 cells express a much 

higher level of BASP1 than the V-K562 cells. However, it was noted that there was some low-

level expression of BASP1 in the V-K562 cells, which was unexpected and not consistent with 

previous work. Given the apparent molecular weight of the BASP1 band observed in the V-

K562 cells, it was deemed unlikely that this band was the HA-tagged BASP1 exogenously 

expressed by B-K562 cells, and therefore unlikely that this was caused by cell line 

contamination. The mechanism by which K562 cells silence endogenous BASP1 is unknown, 

and therefore it is possible that low-level endogenous expression of BASP1 was occurring. 

Furthermore, under treatment with atorvastatin, this unexpected BASP1-reactive band was 

observed to decrease in intensity. This may be due to a transcriptional effect of atorvastatin, 

as statins have known off-target and epigenetic effects (reviewed in (Allen and Mamotte, 

2017)).  

 In immunoblots of the K562 cell line derivatives, WT1 was observed as a doublet at 

around 50kDa. This has been previously observed by members of our lab and is likely a result 

of the presence of + and -17aa isoforms of WT1. Interestingly, it appears that under treatment 

with atorvastatin, the ratio of these isoforms shifts towards the +17aa in both V-K562 and B-

K562 cells. This result has yet to be repeated but has interesting implications as the + and -

17aa isoforms have been reported to have different roles in transcription control, cancer 

progression and tumorigenicity. (Ito et al., 2006; Richard et al., 2001) reported that the +17aa 

variant of WT1 forms an activation domain which facilitates a direct interaction with Protease-

Activated Receptor 4 (PAR4) and promotes cell survival. Bands were also observed running 

above and below this doublet, which may be due to the presence of forms of WT1 originating 

from alternate start sites. WT1 is known to have an upstream alternate CUG start site, which 

generates larger WT1 proteins of 60-62kDa, an internal alternate AUG start site, generating 

N-terminally truncated forms of 36-38kDa (Scharnhorst et al., 1999), and a further exon 

residing within intron 1 of WT1, inclusion of which generates a 33kDa isoform known as AWT1 

(Dallosso et al., 2004). The expected molecular weight of these forms of WT1 is markedly 
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similar to the running positions of the unknown bands, suggesting that they may indeed be 

representative of these species.  

 In the MCF-7 cell line derivatives, BASP1 was also observed migrating at around 

52kDa, and as expected, some decrease in intensity was seen in the shBASP1 cell extract. 

Interestingly, a band was also observed migrating at around 40kDa which showed a marked 

decrease in intensity in the shBASP1 cell extract. It was suggested that this may be another 

form of BASP1, as was observed by (Carpenter et al., 2004) in whole cell extracts from multiple 

cell lines. It should be noted that the shBASP1 cells exhibit knock-down of BASP1, but not 

complete loss. The relative intensities of the bands observed are consistent with the results of 

(Winter, 2018).  

 Unlike in the K562 cell extracts, in the MCF-7 cell extracts only one band was observed 

when immunoblotting for WT1. Though this band migrates at the expected molecular weight 

for WT1, the lack of bands representing other WT1 isoforms was unexpected. Previous work 

by (Winter, 2018) described the presence (at a low level) of multiple WT1 isoforms in the same 

MCF-7 cell line derivatives, notably the - and +17aa isoforms. Though the possibility of the 

band observed being due to a non-specific antibody interaction cannot be ruled out, it is worth 

considering that (Zapata-Benavides et al., 2002) reported detectable levels of expression of 

only one WT1 isoform in MCF-7 cells.   

 The effect of atorvastatin treatment on tumorigenicity was investigated using growth 

assays and colony formation assays. In both cell lines, it was observed that expression of 

BASP1 resulted in growth retardation (and, in the MCF-7 cells, reduced colony forming 

efficiency). This is consistent with the previously described role of BASP1 as a tumour 

suppressor (reviewed in (Hartl and Schneider, 2019)).  In both cell lines it was observed that 

the addition of 20µM atorvastatin had a notable growth suppressive effect whereas the 

addition of 10µM did not; in both the K562 cell growth assays and MCF-7 colony size assays 

the addition of 10µM atorvastatin failed to have an effect which passed a t-test for significance. 

This was somewhat unexpected as previous work from our lab has indicated that 10µM 

treatment with mevinolin was strong enough to elicit a response in RNA analysis and ChIP 

experiments in K562 cells (Samantha Carrera, unpublished). However, growth assays had not 

been previously carried out by our group using mevinolin and it is entirely possible that while 

some effect may be observed on the expression of particular genes, said effect does not 

necessarily translate to a noticeable change in whole cell behaviour. Furthermore, the colony 

forming efficiency of MCF-7 shBASP1 cells exhibited a more marked decrease upon treatment 

with only 10µM atorvastatin, which was very statistically significant when analysed by t-test. 



 

68 
 

The general growth suppressive effect of atorvastatin is consistent with the well-characterised 

anticancer action of statins (reviewed in (Altwairgi, 2015)).  

 It was interesting to note that the results from the MCF-7 colony forming efficiency and 

K562 growth assay showed a more pronounced effect of atorvastatin on the cell line 

derivatives that do not express BASP1 (V-K562 and MCF-7 shNeg cells). This trend was not 

seen in the colony size assay, but in that assay effects on the two cell line derivatives are not 

markedly different, and as n=3 this is likely the least reliable of the assays performed. As the 

stronger effect is seen on cells which express less BASP1, it is likely that the loss of the tumour 

suppressive activity of BASP1 results in increased cell growth, which is then suppressed by 

the addition of atorvastatin. 

5.2 Effect of Atorvastatin on Expression of WT1/BASP1 Target Genes 

 In K562 cell line derivatives, expression of BASP1 resulted in repression of 

WT1/BASP1 target genes JUN B, ETS-1 and VDR to similar levels as have been previously 

reported (Dey, 2019; Goodfellow et al., 2011; Toska et al., 2012). AREG, however, showed a 

much higher level of repression than has been observed before – between 5- and 10-fold 

compared to the previously reported 2-fold repression. RNA analysis was performed using V-

K562 and B-K562 cells which had not been treated with DMSO and the same level of 

repression was observed, indicating that it was not caused by DMSO treatment. It is possible 

that components of the FBS within the media affected the expression of AREG, as a fresh 

batch of FBS was purchased for this investigation. As a biological reagent it is likely that the 

FBS will contain a different balance of components to that used by previous members of the 

lab. AREG encodes the protein amphiregulin, which is a growth factor and interacting partner 

to Epidermal Growth Factor Receptor (EGFR) (Shoyab et al., 1989). This means that as FBS 

contains a cocktail of growth factors, any changes in its composition could potentially affect 

AREG through feedback mechanisms. It is also possible, given the cells’ high passage 

number, that genetic drift  (as described in (Ben-David et al., 2018)) has resulted in a change 

in endogenous expression of AREG.  

The unusually high level of repression of AREG by BASP1 was not observed in the 

MCF-7 cell line derivatives. In fact, the 1.2-fold change was markedly smaller than the 2-fold 

change previously described in (Toska et al., 2013). However, the cell line derivatives used in 

this work had been transfected with siRNA rather than shRNA, and therefore may have 

achieved a greater level of knock-down (as described in (Sandy et al., 2005)). However, 

repression of all of the WT1/BASP1 target genes analysed was observed upon BASP1 

expression, which was consistent with previous findings of our lab in other cell lines (Dey, 
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2019; Goodfellow et al., 2011), and indicates that BASP1-dependent repression of these 

genes is not peculiar to K562 cells. 

Under treatment with atorvastatin, the K562 cell line derivates displayed de-repression 

of ETS-1 and VDR. Unexpectedly, no de-repression was observed in AREG or JUN B. In fact, 

JUN B appears to exhibit somewhat increased BASP1-dependent repression under treatment 

with atorvastatin. When considering this result, however, it is worth noting that the abundance 

of JUN B mRNA in the atorvastatin-treated V-K562 cells is more than 3-fold higher than in the 

control treated cells, while the abundance in the atorvastatin-treated B-K562 cells is of a 

similar level to the control treated cells. Statins, including atorvastatin, have been reported to 

have epigenetic effects including inhibition of HDAC1/2 resulting in an increase in H3 

acetylation (Lin et al., 2008; Tikoo et al., 2015). If this epigenetic regulation is occurring on 

JUN B, it would account for the high abundance of mRNA observed in the V-K562 cells, and 

hence the apparent increase in BASP1-dependent repression. However, the abundance of 

JUN B mRNA observed in the atorvastatin-treated B-K562 cells is still much reduced 

compared to the V-K562 cells, indicating a lack of de-repression. The lack of de-repression 

observed at AREG was also unexpected, as previous work by our lab in this cell line using 

mevinolin and the BASP1 Y12L mutant has reported de-repression when BASP1 is unable to 

bind cholesterol. However, it is important to note the unusually high level of BASP1-dependent 

AREG repression observed in the control treated cells. It is possible that AREG is being 

repressed to a higher level through an unknown mechanism, which is not cholesterol-

dependent and therefore disguises any cholesterol-dependent de-repression that is occurring.  

Another possibility is that the difference in effects observed in this study using 

atorvastatin compared to previous studies using mevinolin may be due to variations in the 

statins’ mechanisms of action. However, atorvastatin and mevinolin have similar chemical and 

pharmacological properties; both are lipophilic and are able to traverse biological membranes 

by passive diffusion (reviewed in (Fong, 2014)), and are metabolised by Cytochrome P450 

(CYP) 3A4 (Kantola et al., 1998; Neuvonen and Jalava, 1996), which is present in both K562 

cells (Nagai et al., 2002) and MCF-7 cells (Mitra et al., 2006). Furthermore, it is evident from 

the effects observed on cell growth that uptake of atorvastatin by the cells was successful. 

However, it is possible that the effects seen on cell growth may be BASP1-independent (as 

the growth effects observed in BASP1 expressing and non-expressing cells were not markedly 

different), or even cholesterol-independent (as statins are known to have pleiotropic and 

possibly anticancer effects (reviewed in (Altwairgi, 2015))).  

Under treatment with atorvastatin, the MCF-7 cell line derivatives displayed de-

repression of ETS-1, JUN B and VDR. Some de-repression was also seen at AREG, though 
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the small changes in mRNA abundance cast doubt on the validity of this observation. Though 

the results observed at ETS-1, JUN B and VDR are consistent with the results obtained by 

(Dey, 2019) in K562 cell line derivatives using mevinolin, the lack of change in AREG mRNA 

abundance is not consistent with the findings of Toska et al. (2013). As in the K562 cell line 

derivatives, the well-characterised WT1/BASP1 target gene AREG is not exhibiting behaviour 

in line with previous work. The fact that this is occurring in multiple cell lines suggests that 

another variable in this study – such as a component in the FBS used – is affecting AREG, 

and that its unexpected behaviour is not the result of genetic drift. 

 It was anticipated that investigation of the histone modifications at the promoter regions 

of the genes previously analysed might shed light on the mechanisms underlying the RNA 

results. ChIP analysis of H3K9Ac and H3K27Me3 was initially carried out after 24 hour 

treatment with 20µM atorvastatin. Changes in BASP1-mediated regulation of these marks 

were not seen at any of the promoter regions analysed. Previous work by (Dey, 2019) 

indicated that BASP1-dependent deposition of H3K27Me3 is cholesterol-independent and 

hence the lack of change in this mark when treated with atorvastatin is consistent with previous 

findings. However, the lack of change observed in H3K9Ac is not consistent with previous 

work (Dey, 2019).  

After undertaking optimisation of the treatment time and concentration for RNA 

analysis, the ChIP protocol was adjusted to match (treatment with 20µM atorvastatin for 48 

hours). ChIP for both H3K9Ac and H3K4Me3 was carried out since these marks had previously 

been found to be lipid-dependent (Dey, 2019). At the promoter regions of JUN B and VDR, 

abundance of both of these marks increased in the presence of BASP1. This is not consistent 

with previous findings by our lab (Dey, 2019), nor with the RNA analysis conducted earlier in 

this study, nor even with the ChIP analysis carried out for 24 hours. It is worth noting that this 

second set of ChIP analyses (48 hour treatment) was carried out several months after the first 

(24 hour treatment), potentially allowing time for genetic drift to alter the deposition of these 

marks in the K562 cell line derivatives. Both AREG and ETS-1 displayed a decreased 

abundance of the activating marks H3K9Ac and H3K4Me3 in the presence of BASP1, which 

is consistent with BASP1’s role as a WT1 co-suppressor, and with the repression of these 

genes observed in RNA analysis. Furthermore, in B-K562 cells, both of these promoters 

showed an increase in abundance of the activation marks H3K9Ac and H3K4Me3 after 

treatment with atorvastatin. This is consistent with the findings of (Dey, 2019), indicating that 

cholesterol depletion reduces the ability of BASP1 to induce removal of these marks. This 

result was not consistent with the lack of de-repression observed in RNA analysis of AREG, 

but the unusually high level of BASP1-dependent gene repression observed on AREG in the 

untreated cells casts doubt on the validity of any further observations.  
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When the same ChIP protocol was carried out on the MCF-7 cell line derivatives, the 

abundance of both H3K9Ac and H3K4Me3 decreases in the presence of BASP1 at all of the 

promoters analysed. Furthermore, under treatment with atorvastatin reduced BASP1-

dependent removal of both marks was observed. These results are consistent with the 

observations from RNA analysis in section 4.2.3.1, and indicate that the results described by 

(Dey, 2019) are not K562 cell-specific. Given the marked BASP1-dependent effect of 

atorvastatin that was observed at the gene level in MCF-7 cells, a more dramatic BASP1-

dependent effect on the RNA levels of the genes examined and also the tumorigenicity might 

be expected. However, it is possible that the general tumour suppressive activities of 

atorvastatin mask any effects that BASP1 has on cell growth.  

Previous work by members of our lab has shown that BASP1 binding of PIP2 is 

necessary to facilitate the interaction between BASP1 and HDAC1 (Toska et al., 2012). The 

data presented in this study indicate that cholesterol might also act to promote BASP1 

interactions with chromatin remodellers. In fact, these findings suggest that both PIP2 and 

cholesterol binding by BASP1 may be necessary for the BASP1-HDAC1 interaction to take 

place. The results of this study indicate that BASP1-mediated removal of H3K4Me3 may also 

be cholesterol-dependent. Removal of H3K4Me3 is catalysed by members of the Lysine 

Demethylase 5 family (KDM5) and to some extent Lysine Demethylase 2B (KDM2B) (reviewed 

in (Kooistra and Helin, 2012)). It is possible that cholesterol may facilitate the interaction of 

BASP1 with these demethylases, resulting in cholesterol-dependent removal of H3K4Me3. 

Furthermore, (Tahiliani et al., 2007) reported that a KDM5C transcriptional complex isolated 

from HeLa cells also contained HDAC1 and 2. As HDAC1 is known to interact with BASP1 to 

mediate transcriptional repression (Toska et al., 2012), it is possible that BASP1 may induce 

the formation of a PIP2 and cholesterol-dependent complex which contains both KDM5C and 

HDAC1, resulting in transcriptional repression through removal of both H3K4Me3 and H3K9Ac.  

As discussed in section 1.4.1, lipids have been shown to reside throughout the 

nucleus, their hydrophobic moieties shielded from the aqueous environment by the nuclear 

envelope, interacting protein partners or incorporation into phase separated structures. It is 

possible, then, that the cholesterol-BASP1 interaction indicated in this work may take place at 

any of these locations. Recent work (reviewed in (Shaklai et al., 2007)) has indicated that 

some gene silencing events may take place at the nuclear periphery, and in fact that proteins 

of the nuclear envelope directly participate in transcriptional regulation. (Dey, 2019) reported 

that the nuclear envelope protein emerin binds to BASP1-bound promoters and that it may 

play a role in gene repression. This implies that the BASP1- and cholesterol-mediated gene 

repression described in this study may take place at the nuclear periphery, where the 

hydrophobicity of the inner nuclear membrane provides a favourable environment for the lipid 
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components. However, shielding by protein complexes could also allow this interaction to take 

place apart from the nuclear membrane. Gel filtration analysis has demonstrated that BASP1 

is present in large complexes of around 700kDa  (Green et al., 2009), and given that BASP1 

is known to be capable of forming oligomeric complexes (Forsova and Zakharov, 2016), it is 

entirely plausible that the hydrophobic lipid moieties are shielded within these large 

complexes. In fact, this mechanism could provide a physical function for cholesterol and PIP2 

in this complex, as their hydrophobic nature renders its formation more electrostatically 

favourable. Finally, it is also worth considering that this complex may be localised to NLDs. 

These cholesterol-rich nuclear droplets are formed by phase separation and may be stabilised 

by the presence of some lipid binding proteins (Ducharme and Bickel, 2008; Khor et al., 2014). 

Therefore, it is possible that a BASP1-lipid interaction that takes place at a NLD not only 

shields the lipid moiety from the aqueous environment, but also results in stabilization of the 

NLD.  

 The potential role for nuclear lipids identified in this study and in past work from our lab 

is made particularly interesting by the findings of (Rae et al., 2004), which indicate a role for 

WT1 in regulation of genes involved in cholesterol synthesis. This suggests the existence of 

a potential feedback mechanism in which products of cholesterol synthesis are necessary for 

the repression of genes involved in cholesterol synthesis. Furthermore, (Chau et al., 2011) 

demonstrated that the phenotype of adult knock-out WT1 mice includes a decrease in body 

fat, once again indicating that there may be a functional link between lipids and WT1.  

Overall, results from this study indicate that removal of both H3K9Ac and H3K4Me3 

from WT1/BASP1 target genes occurs through a mechanism which is both BASP1- and 

cholesterol-dependent. The findings presented here describe a crucial role for cholesterol in 

gene regulation, and as such help to shed light on the potential role of nuclear lipids.  

5.3 Future Directions 

5.3.1 Cholesterol Assay and Treatment Optimisation 

 Previous work in the lab has confirmed that treatment of K562 and MCF-7 cells with 

the statin mevinolin leads to a measurable decrease in cellular cholesterol (Samantha Carrera, 

unpublished). It will therefore be important to perform a cholesterol assay in order to confirm 

that the atorvastatin treatment protocol used does result in a reduction of cellular cholesterol 

levels. Following this assay, it may be necessary to further optimise the atorvastatin treatment 

protocol used, as the timepoint at which cholesterol is most depleted could be ascertained. As 

atorvastatin is known to be metabolised by CYP3A4 (Kantola et al., 1998) which is present in 

K562 (Nagai et al., 2002) and MCF-7 cells (Mitra et al., 2006), it is possible that over the 

treatment period, metabolism of atorvastatin results in decreased inhibition of HMG CoA 
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Reductase and therefore increased cellular cholesterol. For this reason, it would be useful to 

perform cholesterol assays at several timepoints, to ensure there is still reduced cholesterol 

when RNA is extracted or ChIP performed.     

5.3.2 Effect of Atorvastatin on Differentiation of K562 Cells 

 Previous work from our lab showed that the exogenous expression of BASP1 in K562 

cells causes their differentiation into neuron-like cells rather than K562-typical 

megakaryocytes (Goodfellow et al., 2011). However, (Dey, 2019) observed that K562 cells 

exogenously expressing the Y12L BASP1 mutant which is unable to bind cholesterol 

differentiate along the same megakaryocyte  lineage as control V-K562 cells. This implies that 

binding of cholesterol is necessary for BASP1 to exert its effects on differentiation. It would be 

interesting to investigate whether treatment with atorvastatin also affects the BASP1-

dependent differentiation of K562 cells. However, (Dey, 2019) also observed that treatment 

with mevinolin diminished differentiation in a non-BASP1 dependent manner, and concluded 

that cholesterol depletion may diminish the ability of K562 cells to differentiate. This means 

that the results obtained from an investigation with atorvastatin would have to be rigorously 

quantitated before conclusions were drawn.  

5.3.3 Alternative Methods of Cholesterol Depletion: Triparanol and siRNA against 

HMG CoA Reductase  

 Statins have been reported to have pleiotropic effects (reviewed in (Liao and Laufs, 

2005)), many of which are mediated through inhibition of isoprenoid biosynthesis. Isoprenoid 

biosynthesis branches from the cholesterol biosynthesis pathway at Mevalonate, meaning the 

inhibition of HMG CoA Reductase (which catalyses the production of Mevalonate) by statins 

also inhibits the biosynthesis of isoprenoids. For this reason, it would be desirable to validate 

the results obtained in this investigation and that of (Dey, 2019) by using other methods to 

deplete cellular cholesterol. One viable option may be to treat cells with Triparanol, a synthetic 

cholesterol lowering drug that inhibits 24-dehydrocholesterol reductase, the enzyme that 

catalyses the final step of cholesterol biosynthesis (Steinberg et al., 1961). Treatment with 

Triparanol would reduce the potential pleiotropic effects of atorvastatin caused by isoprenoid 

depletion and if the results from this study could be reproduced it would provide strong 

evidence for the necessity of cholesterol for WT1/BASP1-mediated gene regulation.  

 Triparanol is known to have off-target effects, hence its withdrawal from the market in 

1962 (Endo, 2010). For this reason, it would also be desirable to use a further approach to 

deplete cellular cholesterol using siRNA targeting HMG CoA Reductase. The data collected 

would be compared with the results from Triparanol, atorvastatin, mevinolin and the BASP1 

Y12L mutant, and would provide a solid body of work from which to draw conclusions.  
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5.3.4 Global RNA Sequencing (RNAseq) or ChIP Sequencing (ChIPseq) Under 

Atorvastatin Treatment 

 Previous work by (Marsh et al., 2017) used RNAseq to identify genes that were 

regulated by treatment with Tamoxifen in the presence or absence of BASP1. This allowed 

them to identify 100 genes which were regulated by Tamoxifen in a BASP1-dependent 

manner. It would be highly interesting to perform this kind of global analysis after treatment 

with atorvastatin, and hence to identify a set of genes which were regulated by BASP1 in a 

cholesterol-dependent manner. (Dey, 2019), along with unpublished work carried out by 

Samantha Carrera in our lab, reported that BASP1-dependent gene regulation is not 

cholesterol-dependent at every target gene. Notably, as previously mentioned, REN appeared 

to be regulated via a lipid-independent mechanism. It would be interesting, then, to identify 

any other targets of lipid-independent BASP1 regulation.  

 Further to this, it would be useful to perform ChIPseq against the histone modifications 

H3K9Ac and H3K4Me3. This would allow mapping of RNA expression data obtained from 

RNAseq onto the histone modifications. It would be possible to analyse whether any genes 

that fail to show lipid-dependent de-repression under atorvastatin also show reduced removal 

of these activation marks. Using these data sets together, it would be possible to investigate 

whether the removal of these histone marks facilitated by BASP1 is always lipid-dependent.   

5.3.5 Investigation of a Potential Role for BASP1 in the Formation of NLDs 

 BASP1 has been identified in the proteome of NLDs, cholesterol-rich lipid droplets that 

reside within the nucleus and exist as phase-separated structures which are potentially 

stabilized by the presence of some lipid-binding proteins (Ducharme and Bickel, 2008; Khor 

et al., 2014). As BASP1 is known to bind lipids including cholesterol and PIP2 (Dey, 2019; 

Toska et al., 2012, 2013), as well as associate with PML bodies which may nucleate NLDs 

(Green et al., 2009; Ohsaki et al., 2016), it has been hypothesised that BASP1 may play a role 

in the formation of NLDs. It would be interesting to investigate the presence of NLDs in BASP1 

expressing and non-expressing cells such as the K562 cell line derivatives used in this 

investigation. This could be carried out using the lysochrome Nile Red as described in 

(Greenspan et al., 1985) in order to stain lipid droplets, followed by analysis of any BASP1-

dependent changes in their size or number. If expression of wild type BASP1 can augment 

the formation of NLDs, then this could be compared with mutant BASP1 derivatives (G2A and 

Y12L) to confirm that this property requires the lipid-binding activities of BASP1. This 

investigation would shed light on the formation of this novel nuclear domain, as well as on 

potential roles of myristoylated proteins in the stabilisation of lipid-based structures within the 

nucleus.   
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6 Appendix 

 

 

Supplementary Figure 3: Melt Curves of Products of RNA Analysis qPCR 

After qPCR was run as described in section 2.2.7, melt curves were generated by warming the reaction 

mixture in 0.5°C increments and carrying out a plate read at each temperature. Melt curves were run 

after each qPCR reaction, but for simplicity a representative curve from each gene analysed by RNA 

analysis is displayed. The curves shown are typical of the results obtained, and the single peaks 

observed indicate the presence of only one amplicon. 
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Supplementary Figure 4: Melt Curves of Products of ChIP qPCR 

After qPCR was run as described in section 2.2.7, melt curves were generated by warming the reaction 

mixture in 0.5°C increments and carrying out a plate read at each temperature. Melt curves were run 

after each qPCR reaction, but for simplicity a representative curve from each gene analysed by ChIP is 

displayed. The curves shown are typical of the results obtained, and the single peaks observed indicate 

the presence of only one amplicon. 

 

 

 

 

 

 


