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Despite recent progress in the treatment of Chronic Lymphocytic Leukaemia (CLL), this blood cancer
remains largely incurable. This is to a large extent because we do not really fully understand the biology of
CLL. We think that one of the underlying reasons for this heterogeneity is the fact that each patient’s
leukaemia cells carry different genetic changes. Therefore, this research proposal is aiming to identify these
genetic changes comprehensively, by using whole genome DNA and transcriptome RNA sequencing. This
work especially focus on genetic changes that are noncoding elements, meaning that they are transcribed in
RNAs that do not lead to proteins.

Doing so, we aim to improve the ways we predict how patients with CLL respond to treatment using the
summary of all the genetic changes that are present in leukaemia cells.

Aim 1: Defining active non-coding regulatory elements and investigating the dysregulation patterns of
enhancer RNAs (eRNAs)

We firstly defined enhancers using publicly available data derived from DNA. These regions were defined
across the whole genome based on chromatin state data from CLL primary cells. We defined active 56,137
enhancers. Secondly, we performed validation experiments to confirm our findings based on DNA-derived
data using RNA-derived data. We obtained clinical samples from the UK Liverpool CLL biobank from 30
patients. We isolated RNA and performed Cap Analysis of Gene Expression (CAGE) is a transcriptomics
technique that detects and quantifies transcription starts sites of genes and regulatory elements like enhancers
(which transcribes eRNA when they are active). Data is currently being analyzed to precisely measure the
dysregulation patterns. Once finalized, the results will be published.

Aim 2: Defining the mutational profile of non-coding elements and identifying non-coding drivers
We investigated the 56,137 enhancers and found 25 enhancers were recurrently mutated more frequently
than expected (FDR < 0.1), defined as significantly mutated. We selected some enhancer for further study
based on whether they regulated a target gene important in CLL / B-cell biology. Six discrete regions
spanning 117 Kb contained 50 variants and were annotated in the previously reported PAXS super-enhancer.
Another region spanning 325kb on chr3q27.2 contained seven significantly mutated enhancers and linked to
BCL6. CRISPR knock-out experiments confirmed that this region was necessary to BCL6 expression and
cell proliferation. RNA-seq of 8 samples with mutations in this region showed overall increased expression
of BCL6, although the effect was heterogenous and suggesting that some variants are more or less pathogenic
than others and variants might exert a positional effect. Further validation experiments have been performed
and the data is being analyzed. Once finalized, the results will be published.

Aim 3: Integrating all WGS data to accurately predict prognosis in patients with CLL

We combined information of the 25 candidate driver enhancers with other noncoding elements, as well as driver
genes, recurrent structural alterations, and many other genomic features. We applied non-negative matrix
factorization (NMF) to identify robust subgroups of CLLs sharing subsets of these genomic features. We defined
5 subgroups. Our model predicted individual patients who achieve a plateau after chemo-immunotherapy, and
therefore are “functionally cured”.

With this research, we wanted to reveal how non-coding regulatory elements can participate to tumorigenesis
and influence patients’ prognosis.
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October 2023 International Workshop on Chronic Lymphocytic Leukemia, Boston, USA.
1 Pauline Robbe. Whole-Genome Analysis of CLL and Interplay of Coding,
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July 2023 Japanese society of Hematology International symposium, Tsukuba, Japan.
2 Pauline Robbe. Risk-stratification of chronic lymphocytic leukaemia using
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