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An Epigenetic Journey into CLL Biology and Clinical
Behaviour - Prof. IÑAKI Martin-Subero
Professor IÑAKI Martin-Subero is a
research professor at the Institut
d'Investigacions Biomèdiques
August Pi i Sunyer (IDIBAPS) in
Barcelona, and an Associated
Professor at the University of
Barcelona.
Professor Martin-Subero is interested in
understanding the molecular
mechanisms underlying B-cell leukaemia/ lymphoma initiation and evolution
as well as their translational implications for affected patients. Specifically, his
group uses epigenomics to study the causes and consequences of corrupted
transcriptional programs.
It was significant honour to welcome Professor Martin-Subero to the Annual
UK CLL Forum Scientific Meeting, where he presented a number of published
and unpublished research stories.
Initially, we heard a brief historical overview of Iñaki early work, catalogue the
DNA methylation signatures of normal and malignant B-cells, and how his lab
generated a reference epigenome map of CLL. These seminal studies have
changed the way we view the pathogenesis of CLL and provided valuable
datasets that those working in this area use every day.
Iñaki then turned towards a study he published in November 2020, describing
the analysis of DNA methylation variability in 1,595 B-cell tumours and agematched normal controls. Using machine learning approaches, he described
how they developed a diagnostic algorithm, and used these data to calculate a
mitotic clock reflecting proliferative histories for each tumour.
Iñaki then told us about the genome analysis of histone marks, in particular
H3K27ac, an activation marker. He showed that whilst this mark is tightly
controlled in normal B-cells, CLL cells exhibit highly variable levels. H3K27ac
activity at specific genomic regions related to both good and poor prognosis,
suggesting this is a highly plastic process.
Finally, we heard about the 3D structure of CLL tumour cells and how
technologies like Hi-C can identify active and inactive nuclear compartments,
that target key B-cell transcription factors, such as EBF1. Professor MartinSubero present a wonderful and insightful talk clearly demonstrating how
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epigenetic analysis can track b-cell maturation histories, with implications for
differential diagnosis and the prediction of clinical behaviours.

Out

(Summary prepared by: Jon Stre ord, Professor of Molecular Oncology; Deputy Head
of School, Research , University of Southampton)
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OutFOXing CLL: exploiting the regulation of FOXO
transcription factors in CLL - Dr Alison Michie
Dr Alison Michie, Reader in Molecular
Lymphopoiesis, Paul O’Gorman Leukaemia
Research Centre, University of Glasgow.
Dr Michie’s research focuses on the molecular
mechanisms that regulate CLL cell survival and
proliferation, and the role played by the tumour
microenvironment in inducing these events and
chemoresistance.
While investigating signalling pathways that are
activated downstream of key receptors involved
in CLL cell survival, including the B cell receptor
(BCR), Dr Michie became interested in analysing
the role of the serine/threonine kinase mTOR,
which exists in two complexes within the cell,
mTORC1 and mTORC2. Treating primary CLL cells with a competitive mTOR
inhibitor AZD8055 blocked BCR-mediated survival, resulting in CLL cell
apoptosis, due to an inhibition of mTORC2/AKT-mediated signalling. Analysis
of the mechanisms downstream of AKT that could be responsible for apoptotic
induction revealed that AZD8055 treatment resulted in FOXO1 activation.
Forkhead box protein subgroup O (FOXO) are a family of transcription factors
that regulate a number of different cellular functions including cell cycle arrest
and apoptosis. FOXO1 expression levels were found to be significantly
upregulated in CLL cells, particularly in poor prognostic subsets, however it
was found to be inactivated by microenvironmental signals as indicated by, (i)
the promotion of FOXO1 nuclear exclusion by BCR-mediated signals in vitro
and, (ii) the negative modulation of FOXO gene targets in ex vivo primary CLL
samples. Studies demonstrated that combination of AZD8055 with the BTK
inhibitor ibrutinib further enhanced FOXO1 activation resulting in elevated CLL
cell apoptosis and activation of the FOXO transcriptional program.
Collectively, these studies show that tumour microenvironmental signals can
subvert FOXO1 activity and highlights a potential role for therapies that
promote FOXO1 activation in CLL.
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Pathways not mutations? Lessons for therapy and
immune-interactions - Prof. Alexander Egle
Prof. Alexander Egle, Paracelsus Medical Centre, Salzburg, Austria
Prof. Alexander Egle from the Paracelsus Medical Centre in Salzburg, Austria,
is a clinician-scientist who has a long-standing
interest in elucidating the molecular mechanisms of
CLL pathogenesis.
At the UK CLL Forum Scientific Day, Dr. Egle
presented two stories on the pathogenic role of
genes with assumed tumour-suppressor function in
CLL with relevance to therapy.
First Story
The gene BIRC3 (aka cIAP2) is long known to be a target of somatic DNA
mutations that destroy the gene’s function in a small subset of CLL cases.
Now, the work by Prof. Egle could show that BIRC3 is expressed at low levels
in a larger fraction of CLL cases in the absence of DNA mutations, and that
these cases are associated with a more rapid disease progression. BIRC3
protein negatively controls a physiologically important signaling pathway that
is constitutively active in CLL cells, meaning that lower expression of BIRC3
further enhances the activity of this signaling pathway. Of note, an important
downstream target of this pathway is the pro-survival protein BCL2. Indeed,
BCL2 expression was upregulated in CLL cases with low BIRC3 expression.
This finding may have clinical implications, because BCL2 is the protein target
of the inhibitory drug venetoclax. In accord, Dr. Egle’s work could
experimentally demonstrate a correlation between low BIRC3 expression and
a higher sensitivity to venetoclax treatment in cultured CLL cells. If this can be
validated in a clinical context, and upon availability of a suitable biomarker,
such approach may be useful in selecting patients for first-line treatment with
drugs targeting anti-apoptotic molecules such as BCL2.
Second Story
Dr. Egle’s group examined the possible underlying mechanisms of the reduced
expression of the IRF4 transcription factor in CLL tumour cells of a fraction of
cases (a single nucleotide polymorphism in the IRF4 gene is well known to
correlate with a lower expression of IRF4). They surprisingly observed that
CLL cells with less IRF4 expression showed a markedly lower expression of
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genes involved in antigen processing and presentation as well as T-cell costimulation, which made the CLL tumour cells less visible to T cells. This is
important information, as a possible immune-evasion phenotype of CLL cells
with low IRF4 expression would be expected to impair treatment strategies
involving immunotherapy approaches.
The studies presented by Dr.
importance of investigating the
associated genes in CLL that are
which are expressed at markedly
yet unknown mechanisms.

Egle at the Scientific Day highlight the
pathogenic mechanisms also of tumournot targeted by somatic DNA mutations, but
lower than normal amounts due to other, as

(Summary prepared by: Ulf Klein, Professor of Immunology and Haemato-oncology,
University of Leeds)

f

Annual Scienti ic Day 2021

7

Linking microenvironmental signals to metabolic
switches and drug responses in CLL - Professor Eric
Eldering
Professor Eric Eldering, Academic
Medical Centre, Amsterdam
Prof. Eldering presented his recent
research focusing on how tumour
microenvironmental (TME) signals
within the CLL lymph node,
specifically those mimicked by CD40,
cell receptor (BCR) and toll-like
receptor stimulation, regulate
metabolism in the context of drug
treatments.

B-

As an important starting point of this study, differences in glycolysis and
oxidative phosphorylation (OXPHOS) were observed in unstimulated and
TME-stimulated CLL cells. In cultured CLL cells, CD40 stimulation induced
stronger metabolic changes, both in terms of increased mitochondrial mass
and glucose uptake, compared with BCR or toll-like receptor stimulation, likely
reflecting the importance of the CLL cell–T cell interaction in the lymph node.
Also the oxygen consumption rate and glycolysis increased upon CD40
crosslinking.
To address the impact of the BCR inhibitor ibrutinib on these pathways,
metabolomic analysis was carried out on CLL cells isolated from patients prior
to, and after, ibrutinib treatment. The citric acid cycle, pyruvate metabolism,
glycolysis and fatty acid metabolism were all activated with TME signals, and
analysis of specific metabolites revealed that amino acids were used to fuel
the citric acid cycle leading to an upregulation in OXPHOS. Of note, CD40
signalling more dominantly increased OXPHOS, while BCR stimulation
contributed to glucose metabolism.
While each patient showed a specific metabolomic pattern, there was an
overall decrease in TME-mediated metabolic alterations in response to
ibrutinib treatment, suggesting that the drug suppresses CLL cell metabolic
activity. As CD40 stimulation of CLL cells is widely known to induce resistance
to the drug venetoclax, which is due to an elevation of expression of the prosurvival proteins BCL-XL and MCL1, the group were interested to address
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whether there was a link between TME-mediated CLL cell metabolic changes
and venetoclax resistance.
Upon CD40 stimulation of primary CLL cells in the presence and absence of
OXPHOS and glycolysis inhibitors, it was found that inhibiting OXPHOS with
electron-transport-chain inhibitors counteracted venetoclax resistance, while
drugs abolishing glycolysis failed to do so. The electron-transport-chain
inhibitors reduced CD40-induced upregulation of BCL-XL and MCL1
expression, but not BCL2 expression, suggesting that the electron-transportchain-mediated effect was selective. These studies place metabolic pathway
regulation at the centre of TME-induced drug resistance.

(Summary prepared by: Dr Alison Michie, Reader in Molecular Lymphopoiesis, Paul
O’Gorman Leukaemia Research Centre, University of Glasgow)
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Stromal cell protein kinase C-β inhibition enhances
chemosensitivity in B cell malignancies and overcomes
drug resistance - Dr. Eugene Park
Dr. Eugene Park, Post-Doctoral Fellow, University of Cambridge.
Hamblin Prize Winner, 2021
About the 2021 Hamblin Prize
The Hamblin Prize is awarded annually by the
UK CLL Forum Executive Committee to a UKbased group that has published the best CLLrelated publication in the previous year.
The prize was established in honour of
Professor Terry Hamblin, the founder of the
UK CLL Forum, in light of the major
contributions he made to the CLL literature
both as author and editor.
We had a number of high-quality entries for the prize this year from across the
UK and were delighted to award the 2021 Hamblin prize to Dr Eugene Park a
post-doctoral fellow from Dr Ingo Ringshausen’s group (University of
Cambridge) for his paper entitled Stromal cell protein kinase C-β inhibition
enhances chemosensitivity in B cell malignancies and overcomes drug
resistance published in Science Translational Medicine in January.
Utilising B cell malignancy mouse models this paper established the
importance of PKCβ-mediated activation of transcription factor EB, leading to
chemosensitivity through regulation of lysosome biogenesis and plasma
membrane integrity in the stroma surrounding malignant B cells. This study
highlights the importance of developing stromal-targeted therapies to promote
further effectiveness of anti-leukaemia therapies.
In effort to address whether direct stromal targeting could more precisely
mitigate environment-mediated drug resistance (EMDR), Park et al sought to
antagonize stromal expressed PKC-ß, which their group previously described
as a stroma-autonomous signaling pathway critically relied upon for survival
by malignant B cells (Lutzny et a Cancer Cell 2013). The dependency on
stroma PKC-ß was uniformly found for malignant B cells from patients with
acute and chronic malignancies (CLL, ALL, MCL).
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They demonstrate that this malignant dependency on stroma cells can be
therapeutically harnessed with small molecule PKC-inhibitors (e.g.
Enzastaurin), by greatly sensitising tumour cells to targeted (Bcl2 inhibitors)
and non-targeted chemotherapy (Fludarabine and Bendamustine). In
particular, their data demonstrate that stroma PKC-ß is of key importance for
the stabilisation of Bcl-XL in malignant B-cells, causing multi-drug resistance
to cytotoxic therapies. They employed RNA sequencing of CLL cells to identify
a stroma PKC-ß dependent gene-signature that also results in the stromal
dependency for activation of MAPK signalling in CLL cells. Their data
identified transcription factor EB (TFEB) as a down-stream target of PKC-ß
and required for lysosome biogenesis. Mechanistically, interference with TFEB
impairs plasma membrane integrity of MSCs by down-regulation of numerous
adhesion and signalling molecules (eg. VCAM) on stroma cells, required for
the reciprocal stabilisation of BCL-XL in tumour cells.
To provide in vivo pharmacological evidence of the significance of
microenvironment PKC-ß for drug resistance, they employed TCL1-deiseased
mice which were treated for with Venetoclax ± Enzastaurin, with combined
treatment significantly prolonging survival. The chemo-sensitising properties of
PKC-ß inhibition were further confirmed in an ALL-PDX model treated with
Vincristine.
Collectively, their data show for the first time that tumour-stroma cells are
targetable in B cell malignancies with small molecule PKC-inhibitors. Their
data demonstrate that mitigating environment-mediated pro-survival signals
with small molecule inhibitors enhance the effectiveness of many targeted and
non-targeted chemotherapies. A first phase I/II trial to test the chemosensitising properties of a PKC-inhibitor is currently being planned by the
group under the umbrella of the UK-NCRI.
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Turning Cold CLL ‘Hot’ to improve immunotherapy - Dr.
Alan G. Ramsay
Dr. Alan G. Ramsay is a Senior PI at
King’s College London leading a
research group (Lymphoma
Immunology) focusing on
translational research.
Immunotherapy based on antibodies
(anti-PD-1 or anti-PD-L1 drugs) that
activate T cells has revolutionized
cancer therapy. Disappointingly, clinical
responses have been low in certain non-Hodgkin lymphomas (NHLs) including
chronic lymphocytic leukaemia (CLL). Thus, identifying the biological and
immunological reasons for this lack of activity, as well as identifying more
powerful combination therapy are priority research areas.
Dr Ramsay described work from his group revealing that the drug Avadomide
can convert non-responsive immunologically ‘cold’ CLL tumours into killer T
cell-rich or “hot” ones, that can then respond to immunotherapy antibodies.
The pre-clinical study provided proof of concept that inducing inflammatory
signaling (interferon type I and II) in patient T cells could successfully reshape
the immune landscape of CLL tumours that sensitised them to the anti-tumour
activity of immunotherapy.
The article and associated commentary cab be found here:
h ps://ashpublica ons.org/blood/issue/137/2
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An overview of the current understanding of the
metabolic alterations in CLL - Dr John Riches
Dr John Riches from Barts Cancer Institute,
London, is a clinician-scientist who has a
standing interest in the pathogenesis of CLL.
At this year’s UK CLL Forum Scientific Day, Dr
Riches presented an overview of the current
understanding of the metabolic alterations in CLL
summary of his group’s own work in this field.

long-

and a

“Dysregulation of cellular energetics” is now recognised as a hallmark of
cancer. The established paradigm is that CLL cells have a metabolic
phenotype distinct from other types of cancer with increased mitochondrial
mass, expression of lipoprotein lipase, and fatty acid oxidation. Despite this
CT PET studies have shown that patients with histologically aggressive CLL,
with higher numbers of large cells and expanded proliferation centres, have
more glucose uptake as measured by fludeoxyglucose avidity.
Dr Riches presented data showing that while CLL cells are metabolically
quiescent at rest they take up more glucose and produce more lactate after
BCR-stimulation with anti-IgM, which the degree of change correlating with
initial calcium flux responses. This activation of glycolysis is mediated by
increased glucose transporter 3 (GLUT3) and hexokinase 2 (HK2) expression,
which again correlates with calcium flux responses. Notably they have
observed higher levels of glycolytic enzymes and transporters in CLL lymph
node proliferation centres
consistent with this effect occurring in vivo. Furthermore, this increase in
glycolysis can be blocked by BCR-signalling inhibitors such as ibrutinib, with
reduction in GLUT3 and HK2 levels occurring in CLL cells isolated from
patients after treatment.
He then presented his current work looking at metabolic changes associated
with TP53 and NOTCH1 abnormalities, lesions that are associated with a
higher risk of transformation to high grade lymphoma (Richter syndrome). CLL
cells with these lesions have high baseline levels of GLUT3 and HK2
suggesting that, metabolically at least, they are “one step on the way” to highgrade transformation. Ongoing work is dissecting the metabolic changes that
occur with Richter syndrome with
the aim of investigating the potential of anti-metabolic therapies for this area of
significant clinical unmet need.
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Spontaneous regression in CLL - Dr Marwan Kwok
Due to the cancellation of the Scientific meeting in March last year, we were delighted to
invite the Hamblin Prize winner for 2020 to present his work.
Dr Marwan Kwok is part of Professor Tatanja Stankovic’s group (University of Birmingham)
and was awarded the prize for his publication entitled
Integrative analysis of spontaneous CLL
regression highlights genetic and
microenvironmental interdependency in CLL
which was published in Blood. Marwan was unable
to
present his talk “live” due to clinical commitments,
but
we were delighted that he recorded a presentation.
Disease regression in CLL patients in the absence of
treatment is estimated to occur in around 1-2% of
patients. In order for regression to occur it was
hypothesized that proliferation occurs less than
death within the CLL clone, compared with
proliferation occurring more than death in
progressing CLL.
This study compared CLL patients that had undergone a partial/complete spontaneous
regression, with cohorts of indolent and progressive CLL patients. Analysis of these
samples revealed that cells from regressing patients had shorter telomeres, suggesting that
these cells had undergone prior proliferation, however they had reduced Ki67 expression
indicating that they had reduced proliferative potential during regression. Complimenting
this, regressing CLL exhibited increased FasR, which aligns with an elevation in the
propensity for apoptosis, and a decrease in the anti-apoptotic protein Mcl1.
Assessing the levels of CLL engagement in the lymph nodes, CD49d expression was found
to be lower in regressing CLL compared with non-regressing samples and was declining
over time when analysed in serial samples. In addition, the level of BCR signalling was
reduced in regressing CLL samples as indicated by reduced phosphorylation of Syk, ERK
and AKT upon BCR crosslinking. Transcriptomics analysis of the CLL patient cohorts
revealed a decrease in metabolic processes and Myc targets in the regressing CLL cohort.
Analysis of T cell subsets revealed that the exhaustive CLL T cell phenotype found in
progressive CLL patients was resolving to normal during CLL regression as indicated by a
reduction in expression of PD1 and CD160 and an elevation in Ki67 expression on CD8 T
cells. Interestingly, CLL regression was able to occur in the presence of genetic aberrations
including TP53 mutations. Indeed, the regressor CLL patients analysed all maintained
clonal equilibrium except one which underwent a clinical relapse. The relapse in this patient
was associated with an increase in BCR stimulation, suggesting that the presence of
genomic drivers is not enough to promote disease progression and that there is a
requirement for microenvironmental signaling.
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To exploit these exciting findings further, Marwan will be collaborating with Prof. Cathy Wu
(Dana-Farber Cancer Institute) to elucidate the immune aspects of CLL spontaneous
regression.

(Summary prepared by: Dr Alison Michie, Reader in Molecular Lymphopoiesis, Paul
O’Gorman Leukaemia Research Centre, University of Glasgow)
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Role of Immunoglobulin Gene Modi ication in
Autonomous Signalling and Development of CLL - Prof.
Hassan Jumaa
Hassan Jumaa is the Head of the Institute of Immunology at the
University of Ulm and has had a long
interest in the B-cell receptor, and, over
recent years, in chronic lymphocytic
leukemia (CLL).
It is clear from normal human B cells, and
from B-cell malignancies. that the B-cell
receptor (BCR) is critical for cell survival but
the big question is what kind of ligand is
driving CLL. Although many candidates have
been proposed, Hassan’s group sounded a
word of warning for investigators that the antigen-binding profile of
recombinant IgG did not always reflect that of the parental surface IgM.
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The question therefore remains open but Hassan’s group has implicated
“autonomous” signaling involving surface Ig-Ig interactions. He has illustrated
these at a molecular level for two groups of cases: one has undergone isotype
switch to IgG and is encoded by the IGHV4-34/IGKV2-30 genes; the other
includes the anomalous cases encoded by IGHV3-21/IGLV3-21 which can
behave aggressively even if somatically hypermutated.
In a lively discussion, it was agreed that, while these low affinity Ig-Ig
interactions may be important in influencing events, external antigen was still a
potential driver of proliferation and survival that requires further investigation.
(Summary prepared by: Freda Stevenson, Professor of Immunology, University of
Southampton)
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