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Chronic lymphocytic leukaemia (CLL) is currently the most common adult leukaemia in the Western world, affecting mainly the elderly population. It is a

lymphoproliferative disorder characterised by the clonal expansion of CD5+ B cells. Distinct to CLL compared to other leukaemias, its clinical behaviour and disease

pathogenesis is highly heterogenous with the majority of patients presenting with a slow growing adolent disease state, whereas other patients can present with an

extremely aggressive disease form. Recent studies have identified epigenetic mechanisms to be a crucial factor in CLL disease pathogenesis [1].

The B cell receptor (BCR) signalling pathway is essential for the survival and proliferation of both healthy B cell and leukaemic B cells. BCR activation generates a

cascade of events which amass in the activation of the B-cell, enabling B-cell differentiation and proliferation. One such kinase critical in this pathway and for the

survival of both healthy and leukaemic B cells in CLL is BTK or Bruton’s tyrosine kinase. BTK has been gaining momentum since the approval of BTK-targeted therapies

as a first line treatment for B-cell malignancies. These therapies include Ibrutinib, a BTKi which has been shown to alter the enhancer landscape in CLL [2].

MacroH2A1 is a histone variant with an important role in genomic stability. Histone H2A variants were first identified as enriched on the inactive X chromosome and

MacroH2A1 is most commonly found on heterochromatin marked by H3K27me3. MacroH2A1 is encoded by the H2AFY gene and consists of two isoforms,

MacroH2A1.1 and MacroH2A1.2 which are produced from alternative splicing of mutually exclusive exons. Once undergoing splicing, the two MacroH2A1 isoforms

have differing functions; MacroH2A1.1 binds ADP-ribose and may be involved in ADP-ribose-mediated chromatin modulation and has been shown to increase the

expression of genes involved in redox metabolism, including SOD3 whereas MacroH2A1.2 represses SOD3 gene expression. MacroH2A1.1 splicing has been shown to

be disrupted across many types of cancer [3].

Previously, we have shown that BTK inhibition with Ibrutinib can alter the enhancer landscape in CLL and lead to the loss of H3K27 acetylation in various active

regions. One of the regions identified was an enhancer linked to MacroH2A1. We hypothesised that the observed loss of H3K27ac in this identified active region

leads to the downregulation of MacroH2A1 expression upon BTK inhibition. We tested this hypothesis in primary CLL cells and in vitro.

INTRODUCTION

CONTACT

Charlotte McDonald

cmcdonald41@qub.ac.uk

QUB, WWIEM

Histone variants have emerged as highly influential regulatory elements in cancer. MacroH2A1 is a histone variant encoded by the H2AFY gene, associated with
heterochromatin and involved in stable X chromosome inactivation. Alterations in the expression of MacroH2A1 have been observed in various diseases including
malignancies, suggesting a tumour suppressive role for MacroH2A1 and/or a role linked to differentiation [5]. Our work provides the first evidence for a potential
role of MacroH2A1 in Chronic Lymphocytic Leukaemia. The fact that MacroH2A1 is downregulated upon treatment may be linked to direct or indirect consequences
of BTK signalling inhibition. Further work is needed to elucidate the functional role of MacroH2A1 as well as to get a complete picture of its gene regulation beyond
this specific enhancer.
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Previous work by the lab analysed histone modifications in CLL patient samples from both pre- and post- Ibrutinib treatment states to identify the most commonly

altered histone mark. H3K27ac was identified as significantly altered at a global level post-Ib. Further analysis carried out by using ChIP-Seq on 4 CLL patient samples

revealed Ibrutinib related H3K27ac [4]. From this, several top candidate genes found to be differentially marked were selected for validation.

The Principal Component (PC) Analysis shown below was created from the H3K27ac ChIP-Seq data. The first PC separates between pre- and post-treatment samples;

the second PC separates Patient 4 from other patients. There is a clear trend between the pre and post treatment states in all 4 patient samples with the pre

treatment (blue) samples localised to the top left of the graph and post (pink) samples clustered to the left and bottom of the graph. This shows Ibrutinib treatment

separates the untreated and treated samples into two distinguishable groups (Fig 2A).

The enrichment heatmaps in Fig2b represent the H3K27ac from the ChIP-Seq where the sites have been sorted according to their fold-change relative to the pre-

treatment state. They have been classified into hypoacetylated at the top and hyperacetylated at the bottom upon Ibrutinib treatment. All 4 patients show a similar

trend of decreasing levels of hypoacetylation and increase hyperacetylation following treatment with Ibrutinib. More peaks are significantly down-regulated in post-

treatment with Ibrutinib compared to pre-treatment. So although there is a downregulation of H3K27ac at a global level, at single active regions there is both gain

and loss of H3K27ac (Fig2B).
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The ChIP-Seq identified 8519 active regions across the 8 samples with 11 recurrent actives with H3K27ac post- treatment and 17 with active regions with H3K27ac

pre-treatment. An enhancer linked to MacroH2A1 was shown to be Ibrutinib responsive.

Active region chr5:135344895-135345566 (enhancer) showed a clear Ibrutinib-related pattern. All 4 patient samples from the ChIP-Seq showed a significant decrease

in H3K27ac from pre- to post- Ibrutinib treatment for the active region linked to MacroH2A1. To further explore this we carried out qPCR on CLL cell lines. The qPCR

showed a decrease in the expression of MacroH2A1 following BTK inhibition with Ibrutinib. H3K27ac is associated with higher activation of transcription. We expect

that the decrease in H3K27ac seen from the ChIP-Seq will correlate with a decrease in gene expression of MacroH2A1.

Fig 1. MacroH2A1 is encoded by the H2AFY gene and consists of 2 isoforms, MacroH2A1.1 and
MacroH2A1.2 which are produced from alternative splicing of mutually exclusive exons.

Fig 2. A Principal Component Analysis (PCA) from the H3K27ac ChIP-Seq of the TMM-normalized read counts in the 1,269 sites that were identified as differentially acetylated upon Ib treatment. The first
PC separates between pre- and post-treatment samples; the second PC separates Patient 4 from other patients. B Enrichment heatmaps representing H3K27ac ChIP-seq read counts per million (CPM)
± 2.5 kb around the centre of each of the differentially acetylated sites. Sites are sorted according to their fold-change relative to the pre-treatment state and classified into hypo- (top) and hyperacetylated
(bottom) upon Ib treatment.

(Lambe et al. in preparation)

Fig 3. Venn diagrams of the active regions from the H3K27ac ChIP-Seq. Regions showing downregulation of H3K27ac are represented on the
left diagram and regions showing upregulation of H3K27ac on the right diagram. Macro H3K27ac has been highlighted to be downregulated in
the left diagram.

Fig 3. A ChIP-Seq data showing the enhancer at active region chr5:135344895-135345566, associated with MacroH2A1. Highlighted in red
is the level of H3K27ac. B qPCR of CLL cell line MEC-1 showing the relative expression level of MacroH2A1 from control and Ibrutinib
treatment after 48hrs.
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