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1. INTRODUCTION:

Leukemia accounts for ~30% of pediatric cancer diagnoses. The research project focuses on acute myeloid
leukemia (AML) with rearrangements of the AF10 gene (AF10-R), a high-risk subset associated with treatment
resistance and disease relapse. A hallmark of 70% of AML cases, including AF10-R, is the dysregulated
expression of the HOXA gene cluster and its co-factor MEIS1 (HOX/MEIS). Functionally, HOX/MEIS activation
is a critical node in leukemogenesis. The purpose of this project is to evaluate two top candidate HOX/MEIS
regulators in CALM-AF10 driven-leukemogenesis: the KAT7 complex and Casein Kinase enzymes. The
proposed studies will provide insights into mechanisms of leukemogenesis and self-renewal in AML, which may
also impact therapeutic development in additional subsets of myeloid and lymphoid malignancies.

2. KEYWORDS:
acute myeloid leukemia, self-renewal, blood cancer, pediatric cancer, leukemia stem cells, cancer stem cells,
AML, AF10-Rearranged, CALM-AF10

3. ACCOMPLISHMENTS:

What were the major goals of the project?

Our hypothesis, based on evidence from previous studies (A. J. Deshpande et al. 2014; Rau et al. 2016; Kuhn et
al. 2016, 2015; Van Vlierberghe et al. 2008), is that aberrant activation of HOX/MEIS genes can be reversed by
targeting epigenetic regulators important for sustaining their expression. Our objective is to validate the top two
candidate HOX/MEIS regulators we found in CALM-AF10 driven-leukemogenesis: the KAT7 complex and
Casein Kinase 2. HOX/MEIS genes are causal in leukemogenesis and self-renewal in the hematopoietic system.
Therefore, our findings may have an impact in a broader range of myeloid and lymphoid malignancies. The table
below lists the major goals of the project for the reporting period:

Specific Aim 1. Define mechanistically how the KAT7/JADES3 regulates Months/

HOX/MEIS expression. %Completion

Task 1. Assessment of the KAT7 complex as a pan-regulator of HOX/MEIS

genes.

Subtask 1. Effect of KAT7 and JADE3 loss on HOX/MEIS expression and 1-9

leukemogenesis in vitro.

Subtask 2. In vivo effect of Kat7 or Jade3 deletion on leukemia maintenance. 3-12

Subtask 3. Testing self-renewal by in vivo stem cell limiting dilution. 6-18

Milestone(s) Achieved: Identified KAT7/JADE3-mediated regulation of

HOX/MEIS gene expression in AML. Evaluated the genetic dependency of 18

CALM-AF10 AMLs on JADE3 and KAT?7 in vitro and in vivo.

Local IACUC Approval Completed
3/23/20

Task 2. Evaluation of the enzymatic activity of KAT7 and the reader activity of
JADE3 for HOX/MEIS expression. We will perform rescue experiments to
elucidate which activities of the KAT7 complex are involved in HOX/MEIS
regulation and we will functionally corroborate results.

Subtask 1. Identify KAT7/JADES activities involved in HOX/MEIS regulation. 12-24
Subtask 2. Functional validation of enzymatic activities of JADE3 and KAT7 1218
in HOX/MEIS regulation.

Milestone(s) achieved: identified a functional role for the enzymatic regulation
of HOX/MEIS genes by KAT7/JADE3.

Task 3. Evaluation of the role of KAT7/JADES3 regulation of epigenomic
lesions at the HOX/MEIS loci.

Subtask 1. Mapping of KAT7 acetylation mark deposition. 12-18
Subtask 2. Determining JADE3-dependent localization of KAT7 to the 1218
HOX/MEIS locus.

24




Milestone(s) achieved: correlative evidence that JADE3-mediated KAT7

acetylation at HOX/MEIS loci is required for sustaining their expression in 24
CALM-AF10 AML.

Specific Aim 2: Investigate the regulation of HOX/MEIS genes by Casein

Kinases (CKs) in AML cells.

Task 1. Evaluation of CK regulation of HOX/MEIS genes in KMT2A-germline

AML.

Subtask 1. Effect of CSNK2A and CSNK2B loss on HOX/MEIS expression and 1.9

leukemogenesis in vitro.

Task 2. Investigation of the mechanistic basis of CK-mediated HOX MEIS
regulation in CALM-AF10 AML. We will address CK regulation of HOX/MEIS
via perturbation of KMT2A stability.

Subtask 1. Test CK-mediated KMT2A stability in CALM-AF10 AML. 12-18
Subtask 2. Evaluate the role for KMT2A stability in sustaining HOX/MEIS

gene expression in KMT2A-germline AMLs. 18-24

Task 3. Evaluation of CK pharmacologic inhibition in CALM-AF10 driven

leukemogenesis. We will address a rationale for targeting CKs in KMT2A

germline AML, whereby KMT2A stabilization downregulates HOX/MEIS genes

Subtask 1. Assess whether CK pharmacological treatment reverses HOX/MEIS

expression and leukemogenesis CALM-AF10 AML.

Milestone(s) Achieved: potential therapeutic rationale for targeting CKs in 24

KMT2A germline AML.

IACUC Approval Completed
3/23/21

What was accomplished under these goals?
Specific Aim 1. Define mechanistically how the KAT7/JADE3 regulates HOX/MEIS expression.

Task 1. Assessment of the KAT7 complex as a pan-regulator of HOX/MEIS genes. We will functionally
evaluate whether there is a causal relationship between loss of KAT7 and HOX/MEIS expression in the context
of leukemia disease self-renewal, initiation, and maintenance, in both in vivo and in vitro settings.

Subtask 1. Effect of KAT7 and JADES3 loss on HOX/MEIS expression and leukemogenesis in vitro.

In the previous reporting period, we cited recent work concordant with our findings regarding the role of
KAT7/JADES in the regulation of HOX/MEIS1 genes in AML and their involvement in leukemic self-renewal
(MacPherson et al. 2020). Said study described that leukemic stem cells depend on the HBO1 complex, of which
the KAT7 acetyltransferase and the plant-homeodomain-containing reader protein JADE3 are a part of. In
addition, other recent reports have expanded on the regulation of HSC quiescence and self-renewal by HBO1
(Yang et al. 2022) and the identification of KAT7 as a fitness dependency in MLL-rearranged AML (Au et al.
2021). Chromatin landscape changes upon HBO1 loss have been described in the abovementioned findings, as
well as mechanistic insights regarding the interactions between the HBO1 and MLL complexes (Takahashi et al.
2021). Given that the recently published evidence in the context of AML has largely overlapped with our
performed and remaining statement of work items (including Tasks 1, 2, and 3 from Aim 1), we considered the
mechanistic role of JADE3/KAT?7 regulation of HOX-genes and the gaps in knowledge arising from the
redundancy of H3K4me3-reading pathways.

In our epigenetics CRISPR screen, described in the Award Project Narrative, we identified the Tudor domain-
containing H3K4me3 reader SAGA-associated factor 29 (SGF29) as a candidate regulator of HOX/MEIS gene
expression. SGF29 is part of the Spt—Ada—Gcenb5 acetyltransferase (SAGA) transcriptional co-activator complex.
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The role of SGF29 in AML remains understudied and the mechanism by which it regulates HOX/MEIS
expression is yet to be described in the literature. We assessed the impact of SGF29 deletion on human AML cell
lines and observed that CRISPR inactivation decreased the growth of the CALM-AF10+ U937 cells over time in
a flow cytometry-based competition assay (Fig. 1A, described in the previous reporting period and in A.
Deshpande et al. 2019). CRISPR-knockout of SGF29 led to increased retention of the stable CellTrace violet dye
in U937 and MOLM13 AML cells, indicating slower proliferation when compared to non-targeting controls (Fig.
1B). In the CRISPR-droplet sequencing experiment described in the FY2021 reporting period (CROP-seq), we
tested the transcriptomic effects of genetic loss of SGF29 and identified that AML self-renewal associated genes
increase their expression upon SGF29-ko, compared to non-targeting controls, while the differentiation-
associated gene LYZ concomitantly increases its expression level (Fig. 1C). SGF29-deleted cells also showed
increased uptake of fluorescently labeled heat-inactivated pHrodo™ Red E. coli bioparticles (ThermoFisher
Scientific, Cat. A10025), compared to non-targeting controls, indicative of myeloid differentiation in U937 cells
(Fig. 2A). In addition, cell cycle analysis by propidium iodide staining showed an accumulation of cells in the
GO0/G1 phase upon SGF29 knockout, compared to non-targeting controls (Fig. 2B). We obtained similar
differentiation-induction results upon loss of SGF29 in MOLM13 and OCI-AML3 AML cell lines, which harbor
distinct genetic insults that lead to high expression of HOX/MEIS genes (data not shown).

Using methylcellulose-based colony forming unit (CFU) assays, we tested the effects of Sgf29 loss in established
CALM-AF10-, MLL-AF9-, and MLL-AF10- transformed murine AMLs. Upon targeting Sgf29 coding exons
with 2 different retrovirally expressed sgRNAs, we observed a decrease in the number of blast-like colonies,
compared to the effects of using an Sgf29 intron-targeting SRNA. There was also a concomitant increase in the
number of colonies with a differentiated morphology. Wright-Giemsa stained cytospins showed terminally
differentiated or differentiating myeloid lineage cells in colonies with Sgf29 knockout, whereas cells in colonies
with intron-targeting Sgf29 sgRNAs showed immature, blast-like morphology.

As proposed in this Subtask, we are currently performing AnnexinV staining assays to assess apoptosis upon loss
of Sgf29 in murine AML.

Subtask 2. In vivo effect of Kat7 or Jade3 deletion on leukemia maintenance.

Please see note in Aim 1, Task 1, Subtask 1. In vivo effects of Kat7 and Jade3 loss on leukemia maintenance, as
described in the Statement of Work, have been reported (Au et al. 2021; MacPherson et al. 2020).

We tested the in vivo effects of SGF29 deletion in cell line xenograft models of Cas9-expressing U937 and
MOLM13 AML cells. SGF29 knockout led to significantly increased disease latency in both cell lines, compared
to transduction with non-targeting controls. We also tested SGF29 deletion in an MLL-AF10+ AML patient-
derived xenograft (PDX) model expressing split-Cas9, generated as previously reported (Liu et al. 2021). Mice
injected with NTC-targeting sgRNAs succumbed to AML disease with a median latency of 64 days, while
engraftment of samples harboring sgRNAs targeting SGF29 was abolished for up to 116 days of observation (Fig.
4A). AML disease was confirmed by monitoring engraftment of human CD45+ cells by flow-cytometry
assessment of peripheral blood, as well as measurements of spleen enlargement (data not shown).

Subtask 3. Testing self-renewal by in vivo stem cell limiting dilution

Please see note in Aim 1, Task 1, Subtask 1. Self-renewal effects of Hbo1/Kat7 loss on stem cell self-renewal using
transgenic mice have been recently reported (Yang et al. 2022; Najm and van Galen 2022).

We assessed the effects of Sgf29 loss on the clonogenicity potential of murine Lin- Sca+ Kit+ (LSK)
hematopoietic stem and progenitor cells (HSPCs), as a measure of self-renewal of normal HSPCs in vitro. We
observed that cells did not significantly alter the number of type of colonies formed in CFU assays, indicating
that Sgf29 inactivation does not influence the clonogenicity and differentiation of normal HSPCs (Fig. 4B and
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4C), unlike AML oncoprotein-transformed HSPCs (Fig. 3). We plan to perform the in vivo limiting dilution
experiments in the context of AML-transformed murine cells.

Task 2. Evaluation of the enzymatic activity of KAT7 and the reader activity of JADE3 for HOX/MEIS
expression. We will perform rescue experiments to elucidate which activities of the KAT7 complex are involved
in HOX/MEIS regulation and we will functionally corroborate the results.

Subtask 1. Identify KAT7/JADES3 activities involved in HOX/MEIS regulation.

Please see note in Aim 1, Task 1, Subtask 1. The acetyltransferase activity of KAT7 and its deposition of H3K14Ac
marks at self-renewal associated genes have been recently described (Yang et al. 2022), as well as the ancillary
scaffolding tole of KAT7 for the recruitment of BRD4 and other MLL-associated proteins to their target genes,
including MEIS1 (Au et al. 2021). We addressed the role of JADE3 as a substrate of CK2 potentially mediating
its HOX/MEIS regulatory activity (Aim 2, Task 2, Subtask 2).

In our epigenetic CRISPR screen, we identified that top-performing sgRNAs for SGF29 had homology to its
Tudor domain. The Tudor domain in SGF29 confers H3K4me2/3 reader activity, thus, we hypothesize it is
required for the indexing and transcriptional activation of HOX/MEIS genes. To assess the dependency of the
Tudor domain for SGF29 localization in the HOX/MEIS loci, we cloned a FLAG-tagged SGF29P1%R mutant
cDNA cassette, which completely disrupts binding to H3K4me3 (Bian et al. 2011). We performed ChlIP-
sequencing using a Flag antibody upon overexpression of SGF29P°R or an empty backbone control in U937
cells. Sequencing read mapping to the HOX/MEIS1 loci, as well as to the self-renewal associated gene BMI1 and
MY C was reduced in mutant SGF29-expressing U937 cells, compared to empty backbone controls (Fig. 5A). In
addition, we performed RNA-sequencing (RNA-seq) and gene-set enrichment analysis (GSEA) of SGF29
expressing cells, compared to NTC controls, and observed that a previously defined (Chen et al. 2021) gene-set
of CALM-AF10 target genes was significantly downregulated in SGF29-deficient cells (Fig. 5B). These results
indicate that the reader portion of SGF29 is required for its localization to HOX/MEIS genes, as well as to the
expression of the CALM-AF10 oncogenic program.

Subtask 2. Functional validation of enzymatic activities of JADE3 and KAT7 in HOX/MEIS regulation
Please see notes in Aim 1, Task 1, Subtask 1 and Aim 1, Task 2, Subtask 1.

We further tested the functional impact of the human SGF29P1%R mutation by CFU assays in a rescue experiment.
Murine MLL-AF9 transformed cells were transduced with non-targeting controls or an Sgf29 sgRNA and then
with an empty vector control, wild-type SGF29 or SGF29P1%R (Fig. 5C). Cells formed tight blast-like colonies in
the presence of wild-type SGF29. However, overexpression of a rescue construct harboring the D196R mutation
led to a differentiation phenotype in the presence or absence of wild-type SGF29, in a manner similar to the
deletion of SGF29 alone. These results indicate that the loss of SGF29 or its ability to interact with H3K4me3
marks in chromatin lead to a differentiation phenotype in CALM-AF10+ U937 AML cells.

Task 3. Evaluation of the role of KAT7/JADES regulation of epigenomic lesions at the HOX/MEIS loci. If our
studies show that the acetyltransferase activity of KAT7 is important for HOX/MEIS expression, we will
determine which of the acetylation marks deposited by this enzyme play a role in this process.

Subtask 1. Mapping of KAT7 acetylation mark deposition.
Please see note in Aim 1, Task 1, Subtask 1.

To evaluate the mechanistic impact of SGF29 loss in SAGA complex recruitment, acetylation and transcriptional
inactivation of self-renewal associated genes, we decided to conduct a chromatin enrichment procedure (ChEP,
(Kustatscher et al. 2014) and mass spectrometry (Figs. 6A). We characterized the chromatin-associated proteome
in U937 cells upon transduction with a non-targeting control or an SGF29-targeting sgRNA. The ChEP procedure
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enriched for transcription factors and other annotated chromatin-associated protein categories (Fig. 6B). SGF29
deletion led to a significant loss in the abundance of MEIS1, HOXA13, MYC, and SATB1 AML oncoproteins in
the chromatin fraction (Fig. 6C and 7A), compared to non-targeting control-transduced cells. We also observed
that KAT2A, a SAGA complex member upstream of SGF29, was significantly reduced in the chromatin fraction
upon SGF29 knockout. We probed KAT2A levels in the chromatin and cytoplasmic fractions and confirmed its
eviction to the cytoplasm upon SGF29 knockout (Fig. 7C, left). In addition, we performed ChIP-qPCR for
H3K9Ac, a mark deposited by the SAGA complex, upon SGF29 deletion and observed a decrease in acetylation
levels in HOXA10 and MEIS1 (Fig. 7D). Our combined results point to a novel dependency in HOX-driven
AML, whereby the SGF29 Tudor-domain reader of H3K4me3 reader

Subtask 2. Determining JADE3-dependent localization of KAT7 to the HOX/MEIS locus.
Please see note in Aim 1, Task 1, Subtask 1.
Specific Aim 2: Investigate the regulation of HOX/MEIS genes by Casein Kinases (CKs) in AML cells.

Task 1. Evaluation of CK regulation of HOX/MEIS genes in KMT2A-germline AML. We will assess whether
CK modulates HOX/MEIS expression by regulation of wild-type KMT2A in KMT2A-germline cells and address
the functional impact.

Subtask 1. Effect of CSNK2A and CSNK2B loss on HOX/MEIS expression and leukemogenesis in vitro.

In the previous reporting period, we provided evidence for the cloning and validation of casein kinase 2
components CSNK2A1(CK2[) and CSNK2B sgRNAs in mouse and human AMLs. We also used the CK2
inhibitor silmitasertib (CX-4945) to treat MEIS1-GFP reporter U937 cells and Meis1-GFP reporter murine AML
cells. We observed that MEIS1 reporters respond to genetithe ¢ loss of CSNK2A1 and CSNK2B, and that murine
and human aml cells respond to the CK2 inhibitor CX-4945 in proliferation assays, Meisl reporter assays and
Hox/Meis transcript levels by gPCR. As outlined in this subtask, we also tested the colony formation capacity of
CALM-AF10- and MLL-AF10- transformed murine AMLSs upon CK2 inhibition (Fig. 8A). In CALM-AF10-
driven leukemias, we observed a non-significant decrease in blast-like colony counts in the first round of
transplantation with CK2 inhibitor treatment, compared to DMSO, while the number of differentiated colonies
showed a sustained and statistically significant decrease in colony counts across 3 rounds of transplantation (Fig.
8A). MLL-AF10-driven AML CFUs showed a trend for lower blast-like and differentiated colony counts with
CK2 inhibitor treatment, compared to DMSO, while the changes were more pronounced in the second round of
transplantation (Fig. 8B). We further tested the effects of CK2 inhibitor treatment on AML differentiation by
assessing CD34 and CD38 marker levels in an MLL-AF10 PDX sample by flow cytometry (Fig. 8C). We
observed a slight increase of CD38 positive cells (2.5%) upon CK2 inhibitor treatment for 48h, indicative of
differentiation induction. CX-4945 treatment also increased the percentage of cells in early and late-stage
apoptosis (3- and 2- fold increases, respectively), as measured by propidium iodide and AnnexinV staining by
flow cytometry (Fig. 8C, bottom). Taken together, the mild phenotypes observed in the CFU assays could indicate
that the effective concentration of the inhibitor decreased over time, as the drug was replenished every 7 days.
Our data shows a slight increase in differentiation induction and reports in the literature point to an established
role of engagement in apoptotic pathways in hematological malignancies (Tubi et al. 2013; Cozza et al. 2014;
Chon et al. 2015).

Task 2. Investigation of the mechanistic basis of CK-mediated HOX MEIS regulation in CALM-AF10 AML.
We will address CK regulation of HOX/MEIS via perturbation of KMT2A stability.

Subtask 1. Test CK-mediated KMT2A stability in CALM-AF10 AML.

In the previous reporting period, we conducted experiments that supported our mechanistic understanding of the
CK2 regulation of HOX genes. We harnessed our CROP-Seq experiment with combined CRISPR and single-cell
RNA-se) readout, CSNK2A1 knockout bulk RNA-seq, total proteomics, and phospho-proteomics to explore the
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potential substrates mediating the HOX-regulatory activity of CK2 in AML. We tested and subsequently
discarded the role of MEIS1 as a direct CK2 substrate, via the phosphorylation of its Serine 196 residue. Given
the evidence described in the previous reporting period from CRISPR validation studies, CROP-seq, phospho-
proteomics, and previous reports in the literature, we further inquired about the role of KMT2A phosphorylation
as a meaningful mechanism for CK2-mediated regulation HOX/MEIS gene expression.

To explore the differentially expressed genes upon loss of KMT2A in greater depth, we performed bulk RNA-
seq on U937 cells targeted with a KMT2A sgRNA or a non-targeting control (NTC). We observed that loss of
KMT2A led to the downregulation of self-renewal associated genes activated in CALM-AF10+ AML, in large
concordance with the phenotype observed for CK2 deletion (Fig. 9A). In addition, we considered that CK2
deletion led to a transcriptional downregulation of CALM-AF10 target genes, which we had previously defined
(Chenetal. 2021). We thus hypothesized that an epigenetic regulator phosphorylated by CK2 could be responsible
for the observed CALM-AF10 fusion-level transcriptional response and highlighted those proteins included in
our epigenetic CRISPR screen (Fig. 9B). Among the chromatin regulator genes in our pooled library containing
CK2 phosphorylation motifs, KMT2A is the top-ranked MEIS1 activator, and its downstream transcriptional
targets are also downregulated upon CK2 deletion, as evaluated by GSEA (Fig. 9C). These results indicate that
KMT2A regulates a subset of genes that fall under CK2 control.

To test whether CK2 controls MEIS1 transcription via KMT2A phosphorylation, we cloned short cDNA
fragments encoding a portion of KMT2A flanking Serine 363, one of the CK2 phosphorylation-motif sites along
KMT2A, which we chose given its depletion upon CK2-knockout in our phospho-proteomics dataset described
in the previous reporting period. We generated KMT2A-S363 wild-type, alanine (non-phosphorylatable), and
glutamate (phosphomimetic) modified cDNA fragments of 120 bp in length, following a recently published short-
peptide tiling strategy (Ford et al. 2021). We overexpressed these KMT2A short mutant constructs in our GFP-
MEIS1 tagged U937 cell line and assessed GFP fluorescence intensity levels (Fig. 9D). We employed control
SgRNAs targeting CSNK2AL1 as a positive control for GFP repression, and the cell-essential gene RPS20 as a
negative control for GFP signal. In parallel, we performed similar experiments to explore the effects of Serine
substitutions in JADE3_S46 and JADE3_S230, KAT7_S345, and HDAC1 S421, chromatin regulators which
contain CK2 phosphorylation motifs (Fig. 1B) and decreased peptide levels in our phospho-proteomics dataset.
For KMT2A, we observed the expected phenotypes in the control arms, as well as a slight, non-significant
increase in GFP expression upon overexpression of the KMT2A wild-type S363 fragment. Given that both alanine
and glutamate fragments showed a similar effect, we deemed this result to be inconclusive. In the KAT7
experiment, there were no differences between different peptide-coding fragments. For JADE3, mutant fragments
also showed a similar phenotype. In the HDAC1 arm, we observed a decrease in GFP levels in the alanine
substitution and a concomitant increase in GFP levels with the glutamate mutant, with the wild-type fragment
resembling our negative control. We are currently repeating the HDAC1 experiment in a larger format to assess
the expression of HOX/MEIS cluster genes.

Subtask 2. Evaluate the role for KMT2A stability in sustaining HOX/MEIS gene expression in KMT2A-
germline AMLs.

To further test the role of KMT2A as a substrate by which CK2 exerts HOX/MEIS control in KMT2A-germline
AML, we focused the methyltransferase activity of KMT2A. We performed H3K4me3 ChlIP-Seq on CK2 KO or
non-targeting control transduced U937 cells. We did not observe changes in H3Kme3 levels on the HOX/MEIS
loci, or on self-renewal associated genes, such as SATB1 and MYC (Fig. 9C). We also used the CK2 inhibitor
CX-4945 to treat ML2 cells, which harbor a KMT2A-AFDN fusion and have lost the remaining wild-type
KMT2A copy. We hypothesized that ML2 cells would not decrease HOX/MEIS expression upon CX-4945 if
KMT2A was indeed a required mediator. Upon 48h treatment of U937 and ML2 cells with the inhibitor, we
measured the expression of HOXA genes by gPCR and observed that while in U937 cells there was a
concentration-dependent decrease in transcript levels, the opposite trend occurred in ML2 cells (Fig. 11A). We
then treated a panel of leukemia cell lines with CX-4945 and observed that the 1C50 was lower in ML2 cells
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compared to the U937 cell line (1.31 uM and 1.99 uM, respectively), indicating that cell viability did not directly
correlate to the sensitivity observed to HOXA gene expression (Fig. 11B). In the context of other leukemia cell
lines, ML2 has an IC50 similar to other HOX-driven AML subtypes. Taken together, our results cannot discard
a role for KMT2A mediating the activity of CK2 in KMT2A-germline AML. However, given a lack of changes
in H3K4me3 levels upon CK2 knockout, we concluded that KMT2A is not the main CK2 substrate exerting its
action over HOX/MEIS genes.

Task 3. Evaluation of CK pharmacologic inhibition in CALM-AF10-driven leukemogenesis

Subtask 1. Assess whether CK pharmacological treatment reverses HOX/MEIS expression and
leukemogenesis CALM-AF10 AML.

A recent study showed the effect of in vivo treatment of an AML patient-derived xenograft, the THP1 and CALM-
AF10+ U937 AML cell lines with CX-4945 (Klink et al. 2021). The published results overlap with the in vivo
experiments outlined in our proposed aims in this Subtask. Prior to our assessment of the published results, we
had tested the genetic loss of CSNK2AL1 in vivo using sgRNAs in the U937 cell line. A survival curve for mice
injected with U937 cells transduced with non-targeting control (NTC) vs a CK2 sgRNA (CSNK2A1) showed no
significant difference in disease latency (Fig. 12A). Given the encouraging results available in the literature, we
hypothesize that our observations could be dependent on our genetic deletion approach and decided to continue
our experiments on the mechanistic aspect of CK2 activity in our model.

To explore the potential resistance mechanisms to the CK2 inhibitor CX-4945, which could inform its mechanism
of action and potential drug synergy interactions, we performed a whole-genome CRISPR resistance screen. To
this end, we transduced a whole-genome Cas12a pooled CRISPR library in the NPM1 mutant and HOX-driven
AML cell line OCI-AML3 expressing Cas12a. We maintained the cells in culture under 2 uM CX-4945 or DMSO
treatment for 20 days to maintain drug selection pressure. We harvested an initial and final timepoint and
compared the abundance of sgRNAs in CX-4945-treated vs. DMSO samples to elucidate potential suppressor or
synthetic interactor genes (Fig. 12B). Notably, we found that HOXA13 is a potential suppressor interactor of CX-
4945 in cell viability. We tested this observation in an arrayed format and a different cell model by treating U937
cells with increasing concentrations of CX-4945 upon deletion of HOXA13 or transduction with a non-targeting
control (Fig. 12C). We observed a drop in sensitivity to the inhibitor upon loss of HOXA13, as well as an increase
in the IC50 levels, compared to the non-targeting control (HOXA13 sgl = 10.7 uM, HOXA13 sg4 = 2.63 uM,
NTC = 1.7 uM). Future experiments guided towards exploring the contribution of HOXA13 as a CK2-mediating
factor are underway in our laboratory.

Harnessing the ChEP technique described in Aim 1, Task 3, Subtask 1, we performed the enrichment procedure
for U937 cells upon CK2 knockout or transduction with a non-targeting control (Figs. 6B and 6C). We found that
the repressor proteins SUV39H1 and SETDBL increased their chromatin fraction levels upon CK2 knockout,
leading us to explore the potential inclusion of repressive marks to lower HOX/MEIS gene expression levels. Of
note, H3K9me3 marks deposited by SETDB1or SUV39H1 are known to antagonize HOX/MEIS gene expression
in AML (Muller-Tidow et al. 2010; Ropa et al. 2020; Chu et al. 2020). We treated U937 cells with a range of CX-
4945 concentrations upon knockout of SETDB1, SUV39H1, or use of a non-targeting control (Fig. 12D). We
observed that targeting SETDB1 decreased sensitivity to the inhibitor, and this indicates a partial rescue effect.
We further tested for drug combination effects in U937 cells with CX-4945 treatment and chaetocin, a SUV39H1
inhibitor, or mithramycin A, a SETDBL1 inhibitor (Fig. 12E). Chaetocin treatment showed a slightly synergistic
effect when used in combination with CX-4945 (ZIP score=0.546), while treatment with mitramycin A was
slightly antagonistic to CX-4945 (ZIP score= -3.5647). Our results from the drug treatment experiments are not
conclusive and we are currently exploring the mechanism by which CK2 loss leads to the recruitment of repressive
complexes at the HOX/MEIS loci.
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Figure 9. KMT2A shows a partial phenotype as a substrate mediating the CK2 kinase phenotype over
HOX/MEIS gene expression. (A) Bar graphs depicting normalized gene expression (transcripts per million,
TPM) of self-renewal- and differentiation-associated genes in NTC, KMT2A-knockout, and CK2-knockout arms
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screen. Those genes containing CK2 phosphorylation motifs are highlighted. (C) GSEA plot of CALM-AF10
target gene expression in CK2 knockout (left) compared to NTC (right) (n=3 for CK2 arms, n=2 for NTC). (D)
Baseline- normalized GFP mean fluorescence intensity measurements over time (MFI, y-axis; timepoints on x-
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control sgRNAs targeting CSNK2A1 or RPS20. (E) Genome tracks depicting normalized reads (scale in the y-
axis) of HOX/MEIS genes, MYC, and SATBL, in representative H3K4me3 ChlP-seq samples of CSNK2A1 wild-
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Figure 12. Figure 4. SGF29 deletion increases AML disease latency in vivo and does not impair the
clonogenicity of normal hematopoietic cells. (A) Kaplan-Meier curve for NTC versus CSNKAL knockout in
the U937 AML cell line. (B) Sorted Z-scores for CX-4945 drug interactions in a whole-genome CRISPR-Cas12a
screen with CX-4945 treatment. (C) Proliferation assay showing live cell counts in the y-axis and the log(10)
concentration of CX-4945, measured 72h after the start of treatment in U937 cells expressing 2 independent
SsgRNAs targeting HOXA13 or a non-targeting control. (D) Baseline-normalized GFP mean fluorescence intensity
measurements measured at 72 h of treatment with increasing concentrations of CX-4945 (MFI, y-axis;
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of the extension period.
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What was the impact on society beyond science and technology?
Nothing to Report.

S. CHANGES/PROBLEMS:

Changes in approach and reasons for change
Nothing to Report.

Actual or anticipated problems or delays and actions or plans to resolve them
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Books or other non-periodical, one-time publications.
Nothing to Report.
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W81XWH-20-1-0703: Investigating Mechanisms of Leukemic Self-Renewal §
in Acute Myeloid Leukemia

Pl: Karina Barbosa Guerra, Sanfor Burnham Prebys Medical Research Institution, California
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Topic Area: Cancer Research Program Mechanism: FY19, PRCRP, Horizon Award
Research Area(s): Blood cancers, Cancer in children, adolescents and young adults  Award Status: 08/01/2020-07/31/2022
Study Goals:

The purpose of this project is to evaluate two top candidate HOX/MEIS regulators in CALM-AF 10 driven-leukemogenesis: the KAT7
complex and Casein Kinase (CKs) enzymes. The proposed studies will provide insights into mechanisms of leukemogenesis and
self-renewal in AML, which may also impact therapeutic development in additional subsets of myeloid and lymphoid malignancies.

Specific Aims:

Specific Aims: Aim 1: Investigate the function of the KAT7 complex in CALM-AF10 leukemia.
Aim 2: Investigate the regulation of HOX/MEIS genes by casein kinases (CKs) in AML cells.

Key Accomplishments and Outcomes:

a) Validation of the chromatin reader SGF29 as a proliferative and functional dependency in AF10-rearranged AMLs in
vitro and in vivo.

b) Transcriptional downregulation of HOX/MEIS-cluster gene expression by a tudor reader domain mutant SGF29.

¢) Chromatin enrichment and proteomics for CSNK2A1 knockout reveal regulatory roles for chromatin repressor complex

recruitment to HOX/MEIS genes. Enrichment in SGF29 knockout cells reveals eviction of the SAGA transcriptional

complex from chromatin.

d) KMT2A has a partial role as a CK2 substrate mediating its control over HOX/MEIS gene expression.

Publications: doi 10.1038/s41467-021-26788-6, 10.1016/j.jbc.2021.101477, 10.3389/fcell.2022.917125
Patents: none to date
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