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Abstract

Previously, we identified SETDZ2 loss-of-function mutations in 22% of MLL-rearranged (MLLr)
acute leukemia patients, implicating a mechanism for cooperativity between SE7D2 mutations and
MLL fusions. However, the detailed mechanism of how SETD2-H3K36me3 downregulation
accelerates MLLr leukemia remains unclear. Here, we show that in MLLr leukemia, both
H3K79me2 and H3K36me3 are aberrantly elevated and co-enriched in a group of genes. SETD2
inactivation leads to a global reduction of H3K36me3 and a further elevation of H3K79me2, but
does not change the expression of known MLL fusiontarget genes. Instead, this pattern of histone
changes is associated with transcriptional deregulation of a novel set of genes; downregulating
tumor suppressors (for example, ASXL 1) and upregulating oncogenes (for example, ERG). Taken
together, our findings reveal a global crosstalk between the oncogenic DOT1L-H3K79me2 axis
and the tumor suppressive SETD2-H3K36me3 axis in gene regulation, provide molecular insights
into how SETDZ2 mutations accelerate MLLr leukemogenesis through differential regulation of
additional tumor suppressors and oncogenes.
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INTRODUCTION

The SET domain containing 2 (SETDZ2) gene encodes the histone 3 lysine 36 (H3K36)
methyltransferase which is responsible for trimethylation (H3K36me3).1 SETD2loss-of-
function (LOF) mutations have been identified in various tumor types, indicating the tumor
suppressor function of SETD2.2-4 We previously identified about 6% of somatic SETD2
mutations in patients with acute myeloid leukemia (AML) and acute lymphoid leukemia
(ALL). Moreover, SETD2 mutations were enriched in about 22% of MLL-rearranged
(MLLY) leukemia patients.> Two additional reports have also shown a similar mutation
frequency of SETD2in MLLr patients.8.7 Using an M//-AF9knock-in (MA9) AML mouse
model, we found that knockdown (KD) of Sefd2 could significantly accelerate disease
development.® All of these findings indicate a strong cooperation between SETD2
inactivation and MLL fusions; however, the detailed mechanism remains unknown.

SETD?2 is the main methyltransferase generating H3K36me3.1 Thus SETD2 LOF could
reduce genome-wide H3K36me3. The high mutation frequency of SETDZ2in MLLr
leukemia also implicates the cooperation of SETD2-mediated H3K36me3 changes and MLL
fusions. H3K36me3 is a histone mark enriched at gene bodies of transcriptionally active
genes and modified along with transcription elongation of phosphorylated RNA polymerase
11.8-11Genome-wide H3K36me3 change could induce large-scale gene dysregulation, which
may be related to leukemogenesis. However this epigenetic mechanism is poorly
understood. Uncovering this mechanism would lead to a better understanding of why
SETDZ2is selected for mutation, and how SETD2-H3K36me3 downregulation contributes to
leukemia development.

Another well-studied elongation-related mark is histone H3 lysine 79 dimethylation
(H3K79me2), which is also enriched at gene bodies and correlated with transcription
activation.11-13 |n MLLr leukemia, MLL fusion proteins could recruit H3K79
methyltransferase DOT1L to MLL fusion gene targets, and induce an aberrantly high level
of H3K79me2 which results in gene activation and leukemogenesis. High expression levels
of MLL fusion gene targets, such as Hoxa9, Mecom and MeJs1, have been well documented
to be driven by aberrant H3K79me2.14-16 However, it is still unclear whether this single
histone change is sufficient to promote leukemogenesis and how it may affect the landscape
of the epigenome in pre-leukemia and in leukemia. As two frequently dysregulated
elongation marks in leukemia patients, there may be potential crosstalk between H3K79me2
and H3K36me3. We aim to understand whether gene body H3K79me2 changes will affect
H3K36me3 and whether this potential H3K36me3 change contributes to gene dysregulation
in MLLr leukemia without SETD2 LOF. Furthermore, whether downregulation of SETD2-
H3K36me3 axis could affect DOT1LH3K79me2 axis in MLLr leukemia with SETD2 LOF,
and whether this potential crosstalk could contribute to MLLr leukemia progression.

In this study, we explored the epigenetic crosstalk between H3K79me2 and H3K36me3, and
gene regulation modulated by histone changes in MLLr leukemia under SETD2 wild-type
(SETD2-WT) and SETD2 LOF conditions. We found a dynamic gene regulation crosstalk
between oncogenic DOT1L-H3K79me2 and tumor suppressive SETD2-H3K36me3
modulations which promotes leukemogenesis through differential regulation of additional
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subsets of tumor suppressor genes (TSGs) and oncogenes. We further validated that both
downregulation of TSG ASXL1 and upregulation of oncogene £RG contribute to SETD2-
H3K36me3 loss-mediated leukemia acceleration.

MATERIALS AND METHODS

Animals

The Asx/17f mice were purchased from Jackson Laboratories, and bred with Mx1-Cre
mice. To generate Asx/I22 mice, the Mx1-Cre-Asx/1™/f conditional mice received five
intraperitoneal injections of polyl:polyC every other day at a dose of 10 mg/kg of body
weight.

Immuno-blotting

Samples used for immuno-blotting were extracted using home-made 1 x SDS sample buffer.
Signal quantification was performed using ImageJ software. For each antibody, we did
multiple repeat experiments and only representative results are shown.

Chromatin immunoprecipitation

RESULTS

Chromatin immunoprecipitation (ChIP) was performed using home-made reagents. ChlP
DNA libraries were conducted with ChiP-seq kit (Bioo Scientific, 5143-02) according to the
protocol. Then the quality control (QC) passed libraries were subjected to sequencing using
Hiseq2000 platform.

Detailed materials and methods are described in supplementary information.

Global increase of H3K36me3 by MLL-AF9

H3K79me2 and H3K36me3 are two well-studied transcriptional elongation-related histone
marks enriched at active gene bodies (Supplementary Figure S1a). To explore the potential
crosstalk between these two marks, we first investigated whether the increased H3K79me2
in MLLr leukemia could affect the H3K36me3 levels when there is no genetic alteration for
SETDZ. Using immuno-blotting, we measured the global levels of these two histone marks
in c-Kit-positive (c-Kit*) hematopoiesis stem/progenitor cells (HSPCs) isolated from MA9
and C57/BL/6 wild-type (WT) mice. Interestingly, both H3K79me2 and H3K36me3 were
increased in MA9 HSPCs compared to WT HSPCs (Figure 1a). To further investigate the
genome-wide changes of these two marks, we performed ChlP-seq of H3K79me2 and
H3K36me3 in WT and MA9 HSPCs. H3K79me2 and H3K36me3 were preferentially
enriched at gene bodies, but no significant changes of peak distributions were found
(Supplementary Figure S1b). Consistent with published studies,!® a significant global
increase of H3K79me2 at gene bodies was found in MA9 HSPCs compared to WT HSPCs.
Surprisingly, a significant increase of H3K36me3 at gene bodies was also observed (Figure
1b, Supplementary Figure S1c). This suggests that there is an enhanced activity of tumor
suppressor SETD2 in MAQ9 cells with increased oncogenic DOT1L-H3K79me2 axis.
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Considering the aberrant H3K79me2 increase was known to be most prominent on MLL
fusion target genes, 1 we further studied whether H3K36me3 would show the same
preferential enrichment on MLL-AF9 targets or non-MLL-AF9 targets (non-targets) (MLL-
AF9 targets and non-targets were previously defined in published papers, the non-targets
were randomly picked genes at similar expression levels with MLL-AF9 targets1>17),
Although both H3K79me2 and H3K36me3 were increased, they showed different patterns.
The increase of H3K79me2 was much more significant on MLL-AF9 targets. However, the
increase of H3K36me3 was global and not specific on MLL-AF9 targets (Figure 1c). We
found consistent results using published ChIP-seq datal® (Supplementary Figure S1d).
Similar patterns were detected using another MLL-ENL targets set we identified in our
previous work14 (Supplementary Figure S1e). These results indicate that the increase of
H3K79me2 and H3K36me3 are not limited to MLLAF9 but may also be applied to other
MLL fusions.

To explore the potential target genes modulated by increased H3K79me2 and H3K36me3,
we determined the genes with altered changes of these two marks. Almost all of the genes
(8151/8191) with histone modification changes showed increased H3K79me2 and/or
H3K36me3 in MA9 compared to WT HSPCs. We defined these genes as H3K79me2 and
H3K36me3 targets in MA9 HSPCs respectively (Figures 1d and e, Supplementary Table
S1). The H3K79me2 targets showed a high level of consistency with the published data set
(Supplementary Figure S2a). Interestingly, we found that H3K79me?2 targets significantly
overlapped with H3K36me3 targets, suggesting these two marks were co-enriched in, and
may also co-regulate, a large set of genes. These overlapped genes were identified as
H3K79me2 and H3K36me3 co-enriched genes in MA9 HSPCs (MA9-K79-K36 genes)
(Figure 1e, Supplementary Table S1).

Gene dysregulation in MA9 HSPCs with increased H3K36me3 besides increased

H3K79me2

To explore whether increased H3K79me2 and H3K36me3 have an impact on gene
expression, we performed RNA-seq using HSPCs from MA9 and WT mice. Through
integrated ChIP-seq and RNA-seq analysis, we found that changes in H3K79me2 and
H3K36me3 were positively correlated with differences in gene expression respectively
(Figure 2a, Supplementary Figure S2b). Furthermore, gene set enrichment analysis (GSEA)
revealed that upregulated genes in MA9 HSPCs had a coordinated increase in both
H3K79me2 and H3K36me3 (Figure 2b), supporting that gene dysregulation in MA9 HSPCs
is related to the increase of both H3K79me2 and H3K36me3. Only less than 10% (94/965)
of the downregulated genes showed histone changes. By contrast, over 55% (230/415) of the
upregulated genes in MA9 HSPCs showed an increase of H3K79me2 or H3K36me3 (Figure
2¢). The downregulated genes may be related to differentiation blockage; the upregulated
genes include MLL-AF9 targets Hoxa9and Meis1. Interestingly, the largest group of MA9-
K79-K36 genes (3351 genes) showed no expression change. Among them, there were many
TSGs and oncogenes which have been reported in leukemogenesis (Figures 2b and c,
Supplementary Figure S2c, Supplementary Table S2). We speculate that this group of genes
may have been epigenetically marked by H3K79me2 and H3K36me3 in MLLr leukemia,
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and are susceptible to changes in mMRNA expression upon further alteration on the SETD2-
H3K36me3 axis.

SETD2-H3K36me3 loss-of-function further elevated H3K79me2

To explore whether the decreased H3K36me3 mediated by SETD2 LOF could further affect
H3K79me2 levels and transcriptional activities in MLLr leukemia, we first mimicked the
SETD2 LOF with MLL fusions in patients by performing KD of Setd2in MA9 HSPCs.
Enhanced proliferation and self-renewal capacities were observed (Supplementary Figure
S3a). Interestingly, an increased H3K79me2 level was also observed besides a dramatic
decrease of H3K36me3 in MAQ cells after Setd2 KD (Setd2 KD-MAQ cells) compared to
the control MAQ9 cells (Figure 3a). To further validate the crosstalk between SETD2-
H3K36me3 and H3K79me2, we constructed a FLAG tagged vector, which contains all
functional domains of SETD2, and named it as SETD2-Short (SETD2-S). Besides the
elevation of H3K36me3, a dramatic reduction of H3K79me2 was observed by ectopic
expression of SETD2 in MA9 cells (Figure 3b). Moreover, ectopic expression of SETD2
rescued H3K36me3 and reduced H3K79me2 in Setd2 KD-MA9 cells (Supplementary
Figure S3b). To explore whether MLL fusion is necessary for the H3K79me2 increase, we
performed Setad? KD in WT HSPCs. Enhanced proliferation and self-renewal capacities
were observed. A similar, but relatively mild, increase of H3K79me2 in Setd2 KDWT cells
was detected (Supplementary Figures S3c and d). These data indicate that there is a crosstalk
between SETD2 and H3K79me2, which is not MLL fusion specific, although MLL fusions
may enhance this crosstalk.

To understand the crosstalk between H3K79me2 and H3K36me3 on genome-wide, ChlP-
seq analysis was performed. No significant change was observed of peak distributions.
However, a further increase of H3K79me2 was observed besides the expected decrease of
H3K36me3 (Figure 3c, Supplementary Figures S4a and b). In MA9 HSPCs, H3K79me2
showed a preferential increase on MLL-AF9 targets but H3K36me3 showed a global
increase (Figure 1¢). To study whether the histone changes in Setd2 KD-MA?9 cells are still
different on MLL-AF9 targets and non-targets, we focused histone modification on these
two groups of genes respectively. We found that the histone alteration patterns of
H3K79me2 and H3K36me3 in Setd2 KD-MAQ cells were similar on MLL-AF9 targets or
non-targets. Same results on MLL-ENL targets and non-targets were observed
(Supplementary Figures S4c and d).

To explore the potential targets modulated by decreased H3K36me3 and further increased
H3K79me2 by SETD2 LOF, we determined the genes with altered changes of these two
marks in Setd2 KD-MAJ9 cells. Most of the genes with H3K79me2 and H3K36me3
alterations (8572/9064) showed decreased H3K36me3 and/or increased H3K79me2. We
detected a significant overlap between genes with increased H3K79me2 and decreased
H3K36me3, further supporting the co-enrichment of these two marks. We defined these
genes as H3K79me2-H3K36me3 genes modulated by Setd? KD (K79-K36- Setd”? genes)
(Figures 3d and e, Supplementary Table S1).
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Gene dysregulation in Setd2 KD-MA9 cells with decreased H3K36me3 and increased

H3K79me2

To identify the affected targets by Setd? KD, we performed RNA-seq analysis of Setd2 KD-
MAZQ cells and control MA9 cells and identified significant differentially expressed genes
(DEGS) (Supplementary Table S2). We found that both H3K79me2 and H3K36me3 showed
dramatic changes on DEGs compared to non-DEGs (Supplementary Figure S5a),
implicating the correlation between gene expression changes and histone modifications.
Upregulation of MLL direct targets is a known key driver of MLLr leukemogenesis; thus we
examined whether SETD2 inactivation accelerates leukemia through further activation of
MLL-AF9 targets. Surprisingly, MLL-AF9 targets showed no significant expression change
in Setd2 KD-MAQ9 cells (Figure 4a). The same comparison in Setd2 KD-WT cells versus
control WT cells was conducted. No significant change was detected (Supplementary Figure
S5b). These results indicate that the SETD2 LOF could mainly affect other genes but not
known MLL-AF9 target genes.

To identify the critical Setd2 KD affected genes which are modulated by H3K79me2 and
H3K36me3 dynamic changes in MA9 cells, integrated analysis of ChIP-seq and RNA-seq
was performed. Among the 3515 of MA9-K79-K36 genes co-enriched with increased
H3K79me2 and H3K36me3 in MA9 HSPCs, 1934 of MA9-K79-K36- Setd2 genes were
further modulated by increased H3K79me2 and decreased H3K36me3 through Setd2 KD.
According to RNA-seq data, among the MA9-K79-K36- Sefd”2 genes, 366 of genes showed
significant downregulation, whereas 285 of genes showed upregulation by Seftd2 KD. We
defined these DEGs as affected targets of Sefd2 KD in MA9 cells modulated by dynamic
H3K79me2 and H3K36me3 changes (MA9-K79-K36- Setd?-DEGS). MA9-K79-K36- Sefa2-
DEGs could be critical targets sensitive to Setd’? dosage and modulated by both H3K79me2
and H3K36me3 changes and contribute to cooperative leukemogenesis. Importantly, the
TSGs and oncogenes co-enriched with increased H3K79me2 and H3K36me3 in MA9 cells
were included in the MA9-K79-K36-Sefd2-DEGs. The critical functions of these TSGs and
oncogenes have been reported in leukemia patients'8-24 (Figures 2c and 4b, Supplementary
Tables S1-S3). Moreover, pathway analysis showed that AML-related disease terms were
significantly enriched in MA9-K79-K36- Setad2-DEGs (Figure 4c), suggesting their functions
in MLLr leukemogenesis. Our results suggest that H3K79me2 and H3K36me3 changes may
accelerate AML through differential regulation of subsets of TSGs and oncogenes.

To understand whether the differential regulation on the subsets of TSGs and oncogenes is
due to distinct histone modification changes, we calculated H3K79me2 and H3K36me3
ChIP signals on downregulated genes and upregulated genes respectively. Similar histone
changes on both groups of genes were found (Supplementary Figure S5c). How this similar
histone modification changes differentially affect gene regulation of TSGs and oncogenes is
unclear.

Both TSGs’ downregulation and oncogenes’ upregulation contribute to Setd2/SETD2 KD-
mediated leukemia acceleration A set of TSGs and oncogenes were included in MA9-K79-
K36-Setd2-DEGs (Figure 4b). To understand the function of these genes in leukemogenesis,
we first validated their gene expression changes in Setd2 KD-MA?9 cells. Significant
downregulation of TSGs Asx/1, Asx/Z, Bcorand upregulation of oncogenes Erg, Stat3,
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Fndc3a, Nampt, Igflrgenes were observed (Figure 5a). Increased H3K79me2 and decreased
H3K36me3 were detected at these genes by ChIP-gPCR and ChlP-seq analysis (Figure 5b,
Supplementary Figures S6a—c, S7a—S7e). Among the TSGs, the Asx/I (Additional sex
comb-like 1) gene is a member of the Enhancer of trithorax and Polycomb (ETP) genes.
ASXL1LOF mutations have been described in human myelodysplastic syndrome and AML
patients including MLLr leukemia.2>26 Clinical studies have shown that ASXL 1 mutations
are unfavorable prognostic factors which indicate poor therapy outcomes for
myelodysplastic syndrome and AML patients.2”-28 To validate the TSG function of Asx/Z in
MAQ cells, c-Kit* cells from Asx/1 knock-out (Asx/72'2) mouse were purified and
transduced with MLL-AF9. Enhanced cell proliferation and enlarged colony size were
observed in Asx/Z2A/MA9 cells compared to Asx/It/*IMA9 cells. Unlike Setd2 KD, we did
not observe significant enhancement of self-renewal capacity (Figure 5c, Supplementary
Figures S8a andb), which indicates that Asx/Z enhanced cell proliferation more than
leukemic stemness in MAQ cells.

Besides the repression of TSGs, Setd2 KD also leads to activation of oncogenes. Among the
upregulated oncogenes, Erg is the most significantly activated one (Figure 5a). The ERG
(Ets-related gene) belongs to the ETS-family transcription factors which plays an important
role in normal hematopoiesis and leukemia. High expression of £RG is related to poor
clinical outcomes in AML and ALL patients.2%-31 Thus Erg upregulation by Setd2 KD could
also be responsible for the acceleration of MLLr leukemogenesis. To validate this, we
further explored Erg functions. Significant overexpression of Erg after Setd2 KD in MA9
cells was observed (Figure 5d). We also found upregulation of £rg on both mRNA and
protein levels after Setd2 KD in WT cells, but the change was less profound compared to the
MAZO cells (Supplementary Figures S8c and d). This indicates that the upregulation of Erg
may be dependent on both Setd? dosage and MLL fusion background. To validate the
functional relevance of £rgin SETD2 LOF-MAG9 leukemia, we further performed Erg KD in
Setd2 KD-MAZ9 cells. Decreased self-renewal and proliferation capacities were found after
Erg KD, which partially rescued the effects of Setd? KD (Figure 5e, Supplementary Figures
S8e and f). Moreover, significant activation of £ERG by SETDZ KD was observed in human
cord blood (CB) CD34" cells derived MLL-AF9 cells (CB CD34* cells were transduced
with MLL-AF9 construct, CD34-MA9). £RG KD partially rescued the proliferation of
SETDZ KD effect in CD34-MAQ9 cells (Figure 5f, Supplementary Figures S8g and h).

Furthermore, Asx/I upregulation and Erg downregulation were observed by SETD2 ectopic
expression in MA9 cells. We also detected Asx/ upregulation and reversed Erg activation
by SETD2 ectopic expression in Seftd2 KD-MAQ9 cells, which rescued the Setd? KD effects
(Supplementary Figures S8i and j). These results support the key role of Asx/Z and Erg/ERG
in MA9 leukemogenesis acceleration as Setd2/SETDZ2 targets modulated by H3K79me2 and
H3K36me3 alterations.

DISCUSSION

In current study, using an MA9 genetic mouse model and through modulating the SETD2-
H3K36me3 axis, we investigated the crosstalk between the DOT1L-H3K79me2 axis and the
SETD2-H3K36me3 axis in MLLr leukemia under both SETD2-WT and SETD2 LOF
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contexts. Through integrated ChiP-seq and RNA-seq analysis, increased H3K79me2 and
H3K36me3 were observed in SETD2-WT MLLr cells, and co-enrichment of histone
changes in a large set of MA9-K79-K36 genes was identified. On mRNA expression levels,
the upregulated genes are mainly MLL fusion targets, whereas subsets of additional TSGs
and oncogenes showed no significant change but were epigenetically marked by these two
histone modifications. By gain of second hit of SETD2 LOF (KD), decreased H3K36me3
and further increased HK379me2 were observed. These new changes did not further activate
previously defined MLL fusion targets, but rather differentially regulated the previously
marked subsets of TSGs and oncogenes. Downregulated TSGs including Asx/Z and
upregulated oncogenes including £rg/ERG by Setd2/SETDZ2 KD were identified, showing
the differential regulation of these two subsets of genes by Setd2/SETDZ2 which may
partially explain the functional consequence of SETD2 LOF in MLLr leukemia
(Supplementary Figure S9).

ChlP-seq data revealed increased H3K36me3, besides H3K79me2, at gene bodies in MA9
cells (Figure 1b, Supplementary Figure S1c), which may implicate that there is globally
enhanced transcription elongation. The global increase of H3K36me3 is different from the
increase of H3K79me2 which is selectively increased on MLL fusion targets (Figure 1c,
Supplementary Figures S1d and e). Considering SETD?2 is responsible for H3K36me3
modification, our results implicate that MLL fusions may activate SETD2 either directly or
indirectly. This activation is not at specific gene loci but rather at the whole genome scale.
Moreover, a large group of MA9-K79-K36 genes were identified which were co-enriched by
H3K79me2 and H3K36me3 in MA9 cells (Figure 1e, Supplementary Table S1). Through
correlation analysis and GSEA, we found that the gene dysregulation in MAQ9 is significantly
correlated with increased H3K79me2 and H3K36me3. Many well-known MLL targets were
included in the MA9-K79-K36 genes (Figures 2a and b). These results indicate that MLL-
AF9 alters the downstream targets’ expression changes on limited genes with H3K79me2
changes. The increased H3K36me3 level mediated by SETD2 may also modulate MLL-AF9
targets in MLLr leukemia.

MAQ causes the upregulation of both H3K79me2 and H3K36me3, which suggests an
activation of SETD2 function. Activation of oncogenic pathways could lead to activated
tumor suppressor pathways. This MA9-SETD2 functional relationship may be another
example of such a regulation loop, although it is unclear how SETD2-H3K36me3 is
activated by MAJ either directly or indirectly. The high frequency of SE7DZ2 mutations in
MLLr leukemia indicated that disruption of this tumor suppressor pathway and the negative
feedback loop is an ‘onco-requisition’ step for leukemia development. We confirmed that
H3K36me3 was dramatically decreased after Sefd2 KD; however, oncogenic DOT1L-
H3K79me2 axis was further increased. Importantly, we found that ectopic expression of the
functional SETD2 fragment could elevate H3K36me3 and reduce H3K79me2, which
support the crosstalk between SETD2-H3K36me3 and H3K79me2 (Figure 3b and
Supplementary Figure S3b). However, we did not observe further activation of MLL-AF9
targets by Sefd? KD as the expression levels of these targets were maintained at a relatively
high level (Figure 4a). MA9-K79-K36-Sefd2-DEGs sensitive to Setd2 dosage and
modulated by both H3K79me2 and H3K36me3 changes were identified. Interestingly, these
genes showed opposite gene expression changes after Sefd2 KD. Downregulated genes
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include TSGs such as Asx/Z; upregulated genes contain oncogenes such as £rg which have
been reported playing key roles in hematopoiesis and/or leukemogenesis (Figure 4b,
Supplementary Table S3).

Although reactivation of SETDZ2 or downstream TSGs, such as ASXL 1, may be difficult,
activated oncogenes may be easier to be targeted in leukemia therapy, as inhibitors are
usually easier to identify than activators. We identified activation of £rg/ERG by Setd2/
SETD2KD in both mouse MA9 and human CD34-MAJ cells (Figures 5a,d,f). Also, Erg
downregulation was observed by SETD2 ectopic expression in MA9 cells (Supplementary
Figure S8i). ERG overexpression has been reported in variable human cancers such as
prostate and sarcoma besides leukemia. High levels of £ERG is a clinical biomarker of MLLr
leukemia patients with poor outcomes.32-34 In our work, we found £rg/ERG KD could
rescue the enhanced proliferation and self-renewal advantage by Setd2/SETD2 KD (Figures
5e and f), indicating the important function of £RG as a target of SETD2in MLLr leukemia
acceleration. This also implicates that £RG could be a novel therapeutic target in leukemia
patients with SETDZ2 mutations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Increased H3K79me2 and H3K36me3 levels in MA9 HSPCs. (a) Histone changes detected

by immuno-blotting. (b) ChiP-seq profiles of H3K79me2 and H3K36me3 for gene bodies
(left: **P<0.01; right: ***A<0.001) in WT and MA9 HSPCs. P-values were calculated by
two-tailed Student’s ftest. (¢) H3K79me2 and H3K36me3 profiles of selected MLL-AF9
targets (targets) (left: ***P<0.001; right: **/<0.01) and non-targets (left: ***/<0.001; right
***P<(0.001) for gene bodies in WT and MA9 HSPCs. (d) H3K79me2 and H3K36me3 ChIP
signals on each gene in MA9 compared to WT. (€) Venn diagram of genes with altered
H3K79me2 and/or H3K36me3 occupancies at gene bodies. The P-value of the overlapped
genes was calculated by hypergeometric test (**/<0.01). See also Supplementary Table S1.
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Gene dysregulation in MA9 HSPCs with increased H3K79me2 and H3K36me3 levels. (a)
The correlation between H3K79me2 and H3K36me3 differences and expression changes in
MA9 compared to WT HSPCs. Pearson’s correlation and two-tailed Student’s ~test (-
value) were calculated. (b) GSEA showing enrichment of upregulated genes at genome-wide
gene body H3K79me2 and H3K36me3 ChlIP signals respectively. MLL-AF9 targets are
shown in red, non-targets are shown in black (NES: normalized enrichment score). (¢) Venn
diagram of differentially expressed genes (DEGs) with altered H3K79me2 or/and
H3K36me3 occupancies. Genes in red show genes with no significant expression change,
but were co-enriched with increased H3K79me2 and H3K36me3. See also Supplementary

Tables S1 and S2.
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SETD2-H3K36me3 loss-of-function further elevated H3K79me2. (a) Immuno-blotting
results after Setd2 KD in MA9 cells. (b) Schematic diagram showing major functional
domains in SETD2 and the constructed SETD2-S vector. Immuno-blotting of SETD2-S and
empty vector expression in MA9 cells. (c) ChIP-seq profiles of H3K79me2 and H3K36me3
for gene bodies (left: **/2<0.01; right: ***/<0.001) in control (MA9_Control) and Setd?
KD-MAZJ cells (MA9_shSerd?2). (d) H3K79me2 and H3K36me3 ChIP signals on each gene.
(e) Venn diagram of genes with altered H3K79me2 and/or H3K36me3 occupancies at gene
bodies after Setd2 KD in MA9 cells. See also Supplementary Table S1.
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Figure 4.
Gene dysregulation in Setd2 KD-MAQ9 cells with decreased H3K36me3 and increased

H3K79me2. (a) Box plots showing that unlike upregulated genes and downregulated genes,
there was no significant expression changes of selected MLL-AF9 targets in MA9_sh Setd?
cells compared to MA9_Control cells. A-values were calculated using two-tailed #test
(***P<0.001; NS, P>0.05). (b) Workflow of using integrative ChlP-seq and RNA-seq
analysis to identify MA9-K79-K36- Setd2-DEGs. Genes co-enriched with increased
H3K79me2 and H3K36me3 in MA9 cells (MA9-K79-K36 genes), and also modulated by
increased H3K79me2 and decreased H3K36me3 through Setd? KD (K79-K36- Seta2 genes)
were identified as MA9-K79-K36-Sefd2 genes. AML-related TSGs and oncogenes are
shown in red. See also Supplementary Tables S1-S3. (c) The MA9-K79-K36- Setd2-DEGs
were mainly enriched in AML-related disease terms. Top 15 terms are shown according to
P-value.

Leukemia. Author manuscript; available in PMC 2018 December 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Buetal.

Page 16

a b [ MA9_Control [l MA9_shSetd2

I MA9_Control [l MA9_shSetd2 AsxI1 Erg
20 8 _a

Relative expression
Relative Enrichment
3
»

IS

DO SO0 F A &y & & &
W o G F ¢ & &
& & &
> o Q >
¥ ® LA &
C e AsxITIMAY = AsxiTEAMA . MA9
2 10 o
3 & r.-,"‘&
: . * &
E 1.0 4.0
° I
)
o
-

Passages

Il MA9_shSetd2+Control
%~ [ MA9_shSetd2+shErg-1
X1 MA9_shSetd2+shErg-2

g

3
g
g

g
H

a
8

a2 o

Log10 (cumulative cells) N
°

CFU per 10,000 input cells

1 2 3

IS

1st 2nd 3rd 4th
Passages Plating round

ERG mRNA CD34-MA9 . - CD34-MA9_Control

-=- CD34-MA9_shSETD2

- CD34-MA9_shSETD2+shERG-1
CD34-MA9_shSETD2+shERG-2

©

©

~

Relative expression
Log10 (cumulative cells)

1 2 3 4

B CD34-MA9_Control E H3K36me3 Passages
Bl CD34-MA9_shSETD2 _ 1.0 05
=
10 08

Figure5.
Both downregulation of Asx/ and upregulation of E£rg/ERG contribute to Setd2/SETDZ2

KD-mediated leukemia acceleration. (a) DEGs in Setd2 KD-MAQ9 cells were validated by
RT-PCR. P-values were calculated by two-tailed Student’s #test (*/£<0.05, **P<0.01,
***<0.001). Data are represented as mean * s.d. (7= 2). Representative data are shown.
(b) ChIP-gPCR of H3K79me2 and H3K36me3 at Asx/Z and Erg gene bodies. Enrichment
was normalized to input samples (*£<0.05). Data are represented as mean + s.d. (7= 2). (c)
Enhanced proliferation of Asx/Z22/MA9 cells compared to Asx/I*/MA9 cells was
observed. P-values were calculated by two-tailed Student’s #test (*A<0.05, **/<0.01). Data
are represented as mean + s.d. (7= 2). (d) Overexpression of ERG after Setd? KD in MA9
cells was detected by immuno-blotting. (€) Decreased proliferation and self-renewal
capacities in £rg KD MA9_shSeta?2 cells (MA9_sh Seta2+sh Erg) compared to control cells
(MA9_shSetd? +Control) (*~<0.05, **<0.01). Data are represented as mean = s.d. (7= 2).
(f) Activation of ERG after SETDZ KD in human CD34-MAQ9 cells (CD34-MA9_shSETD?2)
compared to control cells (CD34-MA9_Control) (***£<0.001) was detected by RT-PCR and
immuno-blotting. Enhanced cell proliferation of CD34-MA9_shSETDZ2 cells compared to
CD34-MA9_Control cells was observed. ERG KD decreased cell proliferation in CD34-
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MAQY_shSETDZ cells (CD34-MA9_shSETD2+sh ERG) compared to control cells (CD34-
MA9_shSETD?2) (*P<0.05).
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