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ABSTRACT

Oncogenic MLL-fusion proteins often hijack essential molecular mechanisms during leukemogenesis.
The histone methyltransferase SETD2 was implicated in the regulation of transcription, DNA damage and
other cellular processes. Recent studies identified a critical role for SETD2 in MLL-rearranged leukemia.
These results may help to unravel important functions of SETD2 in hematopoiesis.

Chromosomal translocations often result in the generation of
oncogenic fusion proteins. Acute myeloid leukemia (AML),
an aggressive cancer of white blood cells, features the highest
number of gene fusions among all types of cancer." The gene
encoding the histone methyltransferase MLL (Mixed Lineage
Leukemia) is involved in translocations with over 135 fusion
partner genes, resulting in the expression of over 70 known
MLL-fusion proteins in leukemia.> Moreover, it has been
recognized that patients expressing MLL-fusion proteins
have a particularly poor prognosis.®

MLL-fusion proteins are embedded in large multi-protein
complexes whose architecture determines their molecular
functions. A large number of interaction partners of MLL-
fusion proteins have been characterized, and many of them
have been shown to be necessary for the initiation and main-
tenance of MLL-rearranged leukemia.” However, although
critical effectors have been identified for some MLL-fusion
proteins, it is not clear whether the large and molecularly
diverse family of MLL-fusions share critical effectors that
could represent attractive actionable targets.

We devised an experimental pipeline to unearth conserved
molecular mechanisms across the large repertoire of known
MLL-fusion proteins. We used functional proteomics to survey
the molecular composition of distantly related MLL-fusion pro-
tein complexes in an isogenic background. This analysis resulted
in a protein-protein interaction network of 960 proteins that
shared 2047 interactions. This high number of protein interac-
tion partners suggests that many proteins engage in indirect,
rather than direct interactions with MLL-fusion proteins.
Overall, each MLL-fusion protein interacted with a unique set
of 70-110 proteins, highlighting a high degree of conservation in
the protein interactome of MLL-fusions.

Reasoning that critical effectors of MLL-rearranged leukemia
might be enriched among conserved physical interaction part-
ners, we focused on 128 proteins, which reproducibly copur-
ified with the majority of MLL-fusion proteins investigated by
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us. To systematically characterize the functional contribution
of these conserved MLL interaction partners to leukemia
development we employed a series of RNA interference
(RNAIi) screens in human leukemia cell lines. Any candidate
whose RNAi-mediated knockdown selectively impaired
proliferation of MLL-fusion expressing cells would qualify as
a specific effector of MLL-fusion proteins. This strategy iden-
tified the histone methyltransferase SETD2 (SET domain
containing 2) as a factor that is required for the proliferation
of leukemia cells expressing MLL-fusions. RNAi- and
CRISPR/Cas9-mediated perturbation of SETD2 expression
led to proliferation arrest and induced terminal myeloid
differentiation of cell lines and primary cells expressing
MLL-fusions. Interestingly, the proliferation and differentia-
tion status of leukemia cells without MLL-rearrangement were
largely unaffected by SETD2 perturbation, indicating an MLL-
fusion specific function of SETD2.

SETD?2 is the only enzyme reported to catalyze tri-methyla-
tion of Lys-36 of histone H3 (H3K36me3).* The H3K36me3
mark associates with actively transcribed genes and corre-
lates with elongating RNA polymerase II. In addition, an
interaction between H3K36me3 and other histone marks
has been previously proposed.* Chromatin immunoprecipi-
tation with reference exogenous genome (ChIP-Rx) experi-
ments in AML cells identified crosstalk between H3K36me3
and the H3K79me2 histone mark, which is catalyzed by
DOTIL (Disruptor of Telomeric silencing 1-like). The
methyltransferase DOTIL is a known effector of many
MLL-fusion proteins, and the H3K79me2 mark is highly
enriched on MLL-target genes. We found that H3K36me3
levels were highly correlated with the H3K79me2
mark across the genome, being particularly increased at
MLL-target genes. The co-localization of these two histone
marks on MLL-target genes strengthens the argument that
MLL-leukemia requires SETD2. However, the functional
implications of this dual signature remain to be elucidated.
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Figure 1. Potential functions of SETD2 in the context of MLL-rearranged leukemia. Schematic drawing of an MLL- (Mixed Lineage Leukemia) fusion protein complex.
Among other partners, the complex contains MENIN (MEN1), PC4/SFRS1 interacting protein 1 (PSIP1, LEDGF), and the histone methyltransferase SET domain
containing 2 (SETD2), which interact with the N-terminus of the MLL complex. Functional domains in the N-terminus of MLL are indicated: AT = AT-hooks, a DNA
binding domain; CxxC = motif recognizing un-methylated CpG dinucleotides. The histone methyltransferase SETD2 (SET domain containing 2) interacts with the MLL
complex. SETD2-dependent deposition of H3K36me3 is recognized and bound by PWWP domain-containing proteins that are involved in various cellular processes,

such as DNA damage repair and transcriptional elongation.

Additionally, SETD2 has been implicated in the regulation
of DNA damage repair pathways. The SETD2-dependent
H3K36me3 histone mark can be recognized by PWWP
domains, which are present in a variety of proteins asso-
ciated with the DNA damage response (Figurel).* RNAi-
mediated loss of SETD2 in MLL-fusion-expressing cell lines
caused increased DNA damage, activation of the TP53
(tumor protein p53) signaling pathway and apoptosis.
Interestingly, this SETD2-dependent phenotype was
strongly enhanced by treatment with the small molecule
DOTIL inhibitor Pinometostat (EPZ5676), indicating that
H3K79me2-H3K36me3 crosstalk is involved in maintaining
genomic integrity in MLL-fusion expressing AML.

A large body of evidence suggests that SETD2 acts as a
tumor suppressor in various types of cancer, including clear
renal cell carcinoma and leukemia.”® Loss of SETD2 was
shown to cause a proliferative advantage of MLL-fusion-
expressing cells, establishing a tumor suppressive role of
SETD2 in AML.” In contrast, findings from other labora-
tories indicate that MLL-fusion expressing AML cells are
strongly dependent on SETD2 for survival and proliferation
78 Using a conditional Setd2 knockout in the context of an
MLL-AF9 AML mouse model, a recent publication pro-
posed that different SETD2 levels might manifest in diver-
ging phenotypes. While homozygous Setd2 loss resulted in
strongly delayed MLL-AF9-induced leukemogenesis, het-
erozygous Setd2 deletion caused accelerated disease devel-
opment and chemotherapy resistance.” This is particularly
interesting as leukemia patients harboring heterozygous
SETD2 mutations often exhibit increased genomic complex-
ity, therapy resistance and relapse, indicating that SETD2
might act as a haplo-insufficient tumor suppressor.'
While the exact role of SETD2 in MLL-rearranged leukemia
remains elusive, these recent studies demonstrate its important
function in this disease. Further work will be required to achieve
a deeper understanding of the functional implications of SETD2-
activity and -mutations in AML.
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