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Project background 

Alterations in epigenetic regulators are frequently observed across various cancers. Developing 
therapeutic strategies targeting these aberrations requires detailed mechanistic insights into their effects 
on chromatin organisation and gene expression regulation. Histone acetylation is a crucial mechanism of 
chromatin regulation, with the acetylated state characterised by more open and accessible chromatin. 
Among the enzymes responsible for histone acetylation, KAT6A and KAT6B have recently emerged as 
potential cancer drivers, being amplified in over 10% of all cancers. A combined KAT6A/B inhibitor is 
currently in Phase I clinical trials for advanced and metastatic cancers, showing promising early results in 
a subset of breast cancer patients (Mukohara et al., 2024). Additionally, KAT6A has been proposed as a 
therapeutic target in acute myeloid leukaemia (AML) (Su et al., 2021; Yan et al., 2021), an aggressive 
blood cancer with poor survival rates. However, only a subset of AML cell lines responds to KAT6A 
depletion, and the reasons for this differential response remain unknown. To address this, we conducted 
a synthetic lethality CRISPR screen in an AML cell line resistant to KAT6A loss, with and without KAT6A 
inhibitor treatment. This unpublished screen revealed that knockout of another histone acetyltransferase 
(HAT) complex sensitises these cells to KAT6A inhibition, suggesting a previously unrecognised 
redundancy between these two HAT complexes. In this project, the student will investigate the molecular 
mechanisms underlying this observation and explore its potential therapeutic implications. 

 



 

 
 
 

Project aims 

• Validate the identified synthetic lethal interaction across human AML cell lines with different 
mutational burdens.  

• Evaluate the impact of the identified synthetic lethal interaction on in vivo AML development. 

• Compare and contrast the genomic occupancy and target genes of synthetic lethal HATs to identify 
the convergent pathways. 

• Profile histone acetylation patterns following the loss of synthetic lethal HATs, individually and in 
combination, to elucidate their overlapping catalytic activities. 

Research proposal 

Acute myeloid leukaemia (AML) is an aggressive disease characterised by the uncontrolled growth of 
immature myeloid cells in the bone marrow, blood, and occasionally other tissues. AML is the most 
common type of acute leukaemia in adults and accounts for 15–20% of cases in children. Although the 
survival rate varies greatly between different types of AML, the overall prognosis is poor, with only about 
25% of patients surviving for 5 years after diagnosis. While some treatments that target specific mutations 
have been developed, the standard of care has not changed significantly in the past 40 years. This 
highlights the need for a better molecular understanding of the disease and more efficient therapy 
development. 

The proposed project will investigate the mechanisms driving the synthetic lethal interaction between the 
two histone acetyltransferase (HAT) complexes in acute myeloid leukaemia, an interaction recently 
identified in our lab. We hypothesise that these two complexes redundantly drive histone acetylation and 
gene activation in AML cells and that targeting both complexes can represent a powerful therapeutic 
strategy.  

 

Aim 1: Validate the synthetic lethality interaction between the two HAT complexes across AML cell 
lines and identify the specific subunits involved. 

The two HAT complexes under investigation are multi-protein assemblies, each comprising distinct 
functional modules. We will identify which subunits or modules exhibit the strongest synthetic lethality 
when disrupted alongside the other complex. This will be achieved by employing CRISPR-mediated 
knockout of individual subunits in combination with chemical inhibition of the other complex. We will 
perform these experiments across a panel of 10 human AML cell lines with varying mutational profiles (3 
sensitive and 7 resistant to inhibition of one of the complexes alone) to comprehensively validate the 
interaction. 

 

Aim 2: Investigate the impact of HAT synthetic lethality on AML development in vivo. 

We will utilize a mouse model of AML where subunits of one of the HAT complexes can be knocked out in 
a doxycycline-inducible manner. After transplantation of AML cells from these mice into recipient mice, we 
will induce the knockout and administer a chemical inhibitor of the other complex to assess how the dual 
disruption affects disease progression. Experiments will be conducted at different disease stages to 
determine the efficacy of this approach under varying conditions of disease burden. Additionally, we will 
evaluate the therapeutic potential of a PROTAC-based degradation approach targeting one of the histone 
acetyltransferase complexes in combination with inhibition of the other, assessing the combined efficacy 
in reducing AML progression. 

 

Aim 3: Map the genomic occupancy and identify target genes of the two HAT complexes to 
uncover convergent pathways. 

We will employ the Cut&Run technique to map the chromatin binding sites of both histone 
acetyltransferase complexes in AML cells. This will reveal how the loss of one complex impacts the 
localization of the other. RNA sequencing will also be conducted following knockout or chemical inhibition 



 

 
 
 

of each complex individually and in combination. This approach will help identify the genes and pathways 
regulated by these complexes, shedding light on the molecular networks maintaining AML and the 
mechanisms driving synthetic lethality. 

 

Aim 4: Profile histone acetylation patterns following the loss of either complex, individually and in 
combination, to elucidate their redundant catalytic activities. 

Using the Cut&Tag technique, we will profile changes in histone acetylation marks at key genomic sites 
regulated by both histone acetyltransferase complexes. This will allow us to map the acetylation 
landscape and assess how these modifications are altered upon disruption of each complex alone or in 
combination. By comparing these acetylation profiles, we aim to gain deeper insights into how these 
complexes regulate chromatin structure and gene expression in AML, and how disrupting their activity 
can influence cancer progression. 
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Candidate profile 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1).  

Pre-requisite qualifications of applicants:  

Intended learning outcomes: • Expertise in a range of molecular and cell 
biology, biochemistry and genomics approaches 

• Excellent understanding of chromatin regulation 
and cancer biology 

• Project management skills 
• Oral and written scientific communication skills 
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